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Development of biosensor system for fish physiological state by using
bidirectional communication technology

Endo, Hideaki

13,600,000

~N

LED
LED -

8

The aim of this research was to develop a novel bidirectional wireless
biosensing system for easily and intuitively monitoring the physiological state of fish. The system
allows for direct visual judgment of different states and real-time monitoring of fish stress
according to the commands sent by the client. We first developed a biosensor and a bidirectional
communication system for monitoring the physiologic state of fish, such as the stress response, and
attached them to multiple test fish. Next, we tried to identify specific individuals swimming in the

water by controlling the LED pattern remotely. The fish stress states could also be visualized
automatically by changing the color of the LED (Red = Yellow = Green) through 2 different preset
thresholds. The proposed biosensor system fulfilled the objectives of the research.



26292114

GOx

2014 2016

LED

LED

Ccv



ELISA

b
Gox
2
17-208-
dihidroxy-4-pregnen3-one  DHP
DHP SAM -DHP
GOx DHP
DHP
DHP
pH
DHP
3
11-Keto Testosterone  11-KT
ELISA
11-KT
SAM
- 109G -11-KT 11-KT
11-KT
11-KT
4
Edwardsiella ictaluri
E.ictaluri PCR
- E.ictaluri
E.ictaluri
HGIMS
PCR

5

LED

PC LED

AL & %

BEED21—L

EISF



11-KT

EISF LED
EISF LED
LED
LED
LED
1
a
30°C pH
7.5 25
1 200 ng ml?t
1 30
ELISA
b
0 Too 30
EISF 50 450mgdl*
144
2
DHP
pH:6.5 :30°C 14
DHP 7.8 500 2l -@ ALY
pg mi~! -O- {3+ (ELISA)
DHP E
£
ELISA e
2 DHP b
o
T
o
Gox
Gox 0 3 6 9 12 15 18 21 24
DHP 837 (1)
2 ELISA
3 25
11-KT
y =2724x +12.67
11-KT R=0.9869
-11-KT -
& 20}
#
pH 7.0 25°C |
11-KT 3 .
0.21~3.30 pmol ml-1
10 S
11-KT 0 05 10 15 20 25 30 35
11-KT RE (pmol ml")
3 11-KT



4
E. ictaluri HGIMS
15
HGIMS 10 ml min? PCR E.ictaluri
102 cfu ml
PCR PCR E. ictaluri
100

5

LED
PC LED

LED - =
LED

PC LED
LED

LED

Carbon nanotube-enhanced enzyme sensor for real-time monitoring of cholesterol levels in free-
swimming fish. Taogesi, H. Wu, M. Murata, H. Ren, H. Endo. Sens. Material. 27 805-815 (2015)
Development of mediator-type biosensor to wirelessly monitor whole cholesterol concentration in fish.
M. Takase, M. Murata, K. Hibi, R. Huifeng, H. Endo. Fish Physiol. Biochem. 40, 385-394 (2014
Development of a biocompatible glucose biosensor for wireless and real time blood glucose monitoring
of fish. M. Takase, E. Takahashi, M. Murata, H. Ohnuki, K. Hibi, H. Ren, H. Endo. Int. J. Environ. Anal.
Chem. 93 125-139 (2013)

Wireless biosensor system for real-time L-lactic acid monitoring in fish. K. Hibi, K. Hatanaka, M.
Takase, H. Ren, H. Endo. Sensors 12, 6269-6281 (2012)

Electrochemical flow injection immunoassay for cortisol using magnetic microbeads. T. Muramatsu, H.
Ohnuki, H. Ushio, K. Hibi, M. Igarashi, T. Hayashi, H. Ren, H. Endo. Int. J. Environ. Anal. Chem. 91,
161 - 173 (2011)

Wireless enzyme sensor system for real-time monitoring of blood glucose levels in fish. H. Endo, Y.
Yonemori, K. Hibi, H. Ren, T. Hayashi, W. Tsugawa, K. Sode. Biosens. Bioelecton. 24, 1417-1423
(2009)

Biosensor system for continuous glucose monitoring in fish. Y. Yonemori, E. Takahashi, H. Ren, T.
Hayashi, H. Endo. Anal. Chim. Acta, 633, 90-96 (2009)



13 12 0 5

Wu Haiyun Saito Yusuke Yoshiura Yasutoshi Ohnuki Hitoshi Endo Hideaki

154

Development of an enzyme-functionalized immunosensor for measuring maturation-inducing hormone
in fish

2020

Biochemical Engineering Journal

107460 107460

DOl
10.1016/j .bej.2019.107460

Wu Haiyun Murata Masataka Matsumoto Haruto Ohnuki Hitoshi Endo Hideaki 32

Integrated Biosensor System for Monitoring and Visualizing Fish Stress Response 2020

Sensors and Materials 4095 4095
DOl

10.18494/SAM.2020.3121

Wu Haiyun Shinoda Ryosuke Murata Masataka Matsumoto Haruto Ohnuki Hitoshi Endo Hideaki 11

Development of a novel LED color-switching type biosensor system for the visualization of fish 2019

stress responses

Analytical Methods 5623 5628
DOl

10.1039/c9ay01752f

Endo Hideaki Wu Haiyun 85

Biosensors for the assessment of fish health: a review 2019

Fisheries Science 641 654

DOl
10.1007/s12562-019-01318-y




Wu Haiyun Shinoda Ryosuke Murata Masataka Matsumoto Haruto Ohnuki Hitoshi Endo Hideaki 130
Real-time fish stress visualization came true A novel multi-stage color-switching wireless 2019
biosensor system
Biosensors and Bioelectronics 360 366
DOl
10.1016/j .bios.2018.09.042
84
29 2018
NIPPON SUISAN GAKKAISHI 350-353
DOl
10.2331/suisan.WA2524
Wu Haiyun Ohnuki Hitoshi Ota Shirei Murata Masataka Yoshiura Yasutoshi Endo Hideaki 93
New approach for monitoring fish stress: A novel enzyme-functionalized label-free immunosensor 2017
system for detecting cortisol levels in fish
Biosensors and Bioelectronics 57 64
DOl
10.1016/j .bios.2016.10.001
Wu Haiyun Ohnuki Hitoshi Murata Masataka Endo Hideaki 13
Flow immunosensor system with an electrode replacement unit for continuous cortisol monitoring 2017
for fish
Sensing and Bio-Sensing Research 122 127

DOl
10.1016/j .sbsr.2017.01.002




Shinoda Ryosuke Wu Haiyun Murata Masataka Ohnuki Hitoshi Yoshiura Yasutoshi Endo Hideaki 247

Development of an optical communication type biosensor for real-time monitoring of fish stress 2017
Sensors and Actuators B: Chemical 765 773
DOl

10.1016/j .snb.2017.03.034

Wu Haiyun Sugata Kobeni Hirai Mutsuko Yoshiura Yasutoshi Hibi Kyoko Endo Hideaki 16

Ultra highly sensitive method for detecting Edwardsiella ictaluri using high-gradient 2017
immunomagnetic separation with polymerase chain reaction

Sensing and Bio-Sensing Research 68 73

DOl
10.1016/j .sbsr.2017.11.003

29 0 15

H. Wu, L. Shen, H. Ohnuki, H. Endo

Development of Self-Powered Glucose Biosensors for Fish Stress Monitoring

PRIME 2020

2020

H. Wu, K. Yamada, M. Murata, H. Matsumoto, H. Ohnuki, H. Endo,

Visual Monitoring by A Wireless Biosensor System with Bi-Directional Communication Technology

WSCE 2019

2019




2019

2020

Y. Saito, H. Wu, H. Ohnuki, H. Endo

Development of an enzyme-functionalized immunosensor system for detecting oocyte maturation-inducing hormone in fish

Biosensors 2018

2018

H. Wu, R. Shinoda, M. Murata, H. Matsumoto, H. Ohnuki, H. Endo

LED color-switching type wireless biosensor system for the visualization of fish stress

Biosensors 2018

2018




N. Hirai, H. Wu, M. Murata, H. Matsumoto, H. Ohnuki, H. Endo

Biosensor system for simultaneous stress visualizing and monitoring for fish using optical communication technology

3rd Aquaculture Conference 2018

2018

K. Yamada, H. Wu, M. Murata, H. Matsumoto, H. Ohnuki, H. Endo

Novel remote bio-sensing system by using bi-directional communication technology for fish stress real-time monitoring

3rd Aquaculture Conference 2018

2018

H. Wu, K. Yoshida, H. Ohnuki, Y. Yoshiura, H. Endo

Fish stress monitoring system by continuous measuring cortisol using microfluidic bio-sensing technology

3rd Aquaculture Conference 2018

2018

31

2019




11-Ketotestosterone

31

2019

31

2019

Y. Saito, H. Wu, H. Ohnuki, H. Endo

Development of a immunosensor system using enzyme reaction for detecting oocyte maturation-inducing hormone in fish

International Symposium “ Fisheries Science for Future Generations” , Tokyo, Japan

2017

Y. Fujii, K. Yamada, H. Wu, H. Ohnuki, M. Murata, K. Hibi, H. Endo

Development of novel glucose biosensor for fish using self-assembled monolayer

International Symposium “ Fisheries Science for Future Generations” , Tokyo, Japan

2017




T. Sakurai, H. Wu, G. Yoshizaki, H. Ohnuki, H. Endo

Development of a novel immunosenser system for fish sex determination.

International Symposium “ Fisheries Science for Future Generations” , Tokyo, Japan

2017

H. Endo, H. Wu, R. Shinoda, M. Murata, H. Ohnuki:

Development of LED-color-switching type biosensor for the visualization of fish stress response

BBMEC 12: Workshop on Biosensor & Bioanalytical Microtechniques in Environment, Food & Clinical Analysis, Rome, Italy

2017

H. Wu, Y. Fujii, H. Ohnuki, M. Murata, H. Endo

Development of novel biosensor system for fish stress monitoring using self-assembled monolayer

BBMEC 12: Workshop on Biosensor & Bioanalytical Microtechniques in Environment, Food & Clinical Analysis, Rome, Italy

2017

30

2018




LED

30

2018

30

2018

2021

275

2020

304




(Ohnuki Hitoshi)

(60223898) (12614)
(Murata Masataka)

(40505707) (80121)
(Yoshiura Yasutoshi)

(90372052) (82708)
(Hibi Kyoko)

(30789384) (42202)




