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Development of a disease localization system using optical biosensor mesh for
three-dimensional imaging of transdermal chemicals

litani, Kenta
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Continuously released sweat and transdermal gases contain blood-borne
chemicals. In this research, an optical biosensor network was developed to convert the concentration
distribution of chemicals released through the skin into intensity distributions of fluorescence.
Specifically, nicotinamide adenine dinucleotide (NAD)-dependent alcohol dehydrogenase was mixed with
coenzyme NAD+ in a pH-adjusted water-soluble polymer solution, and a microfiber mesh was fabricated
by electrospinning. The optical biosensor mesh can respond to ethanol with fluorescence output
without post-processing. In the future, it is believed that electrospinning the optical biosensor

mesh directly onto the body surface will enable three-dimensional imaging of chemicals released
through the skin.



dodecanoicacid  hexadecenoic
acid dimethyl disulfide

(3D)
ADH
ADH NAD NAD
NAD NAD*
NAD(NADH)
ADH NADH 340 nm 490 nm
1A
NADH NADH
®ADH NAD*
1B
ADH A7011, Sigma-Aldrich NAD* Oriental Yeast
1C
UV-LED 340 nm BPFs 400 nm
LPF BPF«

LPF uv



NADH

A alkaline -y
EtOH + NAD*<—@&=" AcH + +H C

acidic e i compressed air

ex. 340 nm fl. 490 nm .
B air dryer [—  air filter |—gas generator |

lypholized syringe needle
ADH & NAD*

taylor cone
LPFq camera

s

UV-LED  BPFe

polymer sol.

high voltage
source

” fl. emission

iQ
- L Sollector eiecirode ]
1 A ADH B ADH NAD+
C
*
uv
2A
PCL, Sigma-Aldrich PLGA, Sigma-Aldrich
PVA
lum 340 nm
400 nm 2B
SEM images dia. (pm) : , , ,
S 60 57.2 i
8 1g0- cotton PVA mix.
PCL 093+023 | <. s
g 40} do I .
T = 27.2
I - R
PLGA| (] 1.20 + 0.50 | oy 192
L .
e
=1
@®©
PVA 0.76 £ 0.33 ol—bl—u * -
O \,Qv &
<X A\
<
2 A B
ADH PCL PVA
ADH

PCL 'HFIP PVA



NAD*

uv
3 PVA  ADH
NADH 340 nm
uv
1/100 ADH
ADH NADH
PCL ADH
ADH NAD* PVA
4A
4B
ADH NAD* PVA
PVA/ADH/NAD*
4C
4D
ADH
ADH

A 160

FLint. (a.u.)

vy

)

avg. int. (a.u

4
B

n
o

ab'sorplion b:nd of NAI':)H
T fluorescence image
2l  Pvamon | PVA/ADH __ PCL/ADH |
w/ 1MEOH [}
(0] '
o 1
C 1
3 | W/ 1M EtOH
o '
21} :
© 4
/PVA”ADH w/ 10ImM EtOH
PCL/ADH w/ 1 M EtOH
/ PVA w/o ADH w/ 1 M EtOH
ok @ %_
300 320 340 360 380 400
wavelength (nm)
3 ADH PVA
PCL
NAD+
PVA/ADH 1M
PVA/ADH
10 mM
O PCL/ADH
1M
PVA 1M
O uv

| 1
- Q 0.5
5} EtOH :
(20 s) ] : g 0.4}
4t PVA/ADH/NAD'W/EtOH 4 1 = o3l EVATADHNAD 6/ EIOH |
3t PVA/ADH/NAD" w/o EtOH . Q PVA/ADH/NAD" w/o EtOH
negative control A / € 0.2} negative control A 1
2} PVA/{\_AAD‘wi EtOH i g 0.1 EZQXE‘QD;#{E]‘%”
1 L. negative contro : | aE 0 |
0 - © ' : ' '
0 0.5 1.0 1.5 0 0.5 1.0 1.5
time after applying sample (min) time after applying sample (min)
A 200 ppm PVA/ADH/NAD*
C PVA/ADH/NAD* 200 ppm
D
O PVA/ADH/NAD* 200 ppm

o PVA/ADH/NAD*
200 ppm

ADH NAD* PVA

A PVA/NAD*



ADH

PVA

PVA



5 5 0 2

litani Kenta Nakaya Misa Tomono Tsubomi Toma Koji Arakawa Takahiro Tsuchido Yuji 213
Mitsubayashi Kohji Takeda Naoya
Enzyme-embedded electrospun fiber sensor of hydrophilic polymer for fluorometric ethanol gas 2022

imaging in vapor phase

Biosensors and Bioelectronics

114453 114453

DOl
10.1016/j .bios.2022.114453

litani Kenta Suzuki Mika Toma Koji Arakawa Takahiro Mitsubayashi Kohji 142

An Enzyme Immobilized Mesh for Bio-fluorometric Acetone Gas-imaging Camera 2022

IEEJ Transactions on Sensors and Micromachines 166 167
DOI

10.1541/ieejsmas.142.166

Mitsubayashi Kohji Toma Koji litani Kenta Arakawa Takahiro 367

Gas-phase biosensors: A review 2022

Sensors and Actuators B: Chemical

132053 132053

DOl
10.1016/j .snb.2022.132053

litani Kenta Mori Hidehisa Ichikawa Kenta Toma Koji Arakawa Takahiro Iwasaki Yasuhiko 23

Mitsubayashi Kohji

Gas-Phase Biosensors (Bio-Sniffers) for Measurement of 2-Nonenal, the Causative Volatile 2023

Molecule of Human Aging-Related Body Odor

Sensors 5857 5857
DOl

10.3390/s23135857




SHINOHARA Riki HAYAKAWA Yuuki TITANI Kenta MITSUBAYASH Kohji 35

2023

Journal of Advanced Science n/a n/a

DOl
10.2978/jsas.35301

31 2 13

Kenta litani, Koji Toma, Kohji Mitsubayashi

Enzyme-based biofluorometric gas-imaging system "sniff-cam" for spaciotemporal measurement of human-derived volatile organic
compounds

The 11th Advanced Lasers and Photon Sources (ALPS2022)

2022

71

2022

71

2022




( EXPO 2022)

2022

12 CSJ 2022

2022

Kenta litani, Zhang Geng, Naoki Mizukoshi, Ming Ye, Po-Jen Chien, Kohji Mitsubayashi

Screening diabetes mellitus through monitoring lipid metabolism by measuring and imaging breath acetone using bio-
fluorometric gas sensors

Breth biopsy conference 2022

2022

39

2022




2022 SAS Symposium

2022

31

2022

44

2022

Kenta litani, Zhang Geng, Koji Toma, Takahiro Arakawa, Kohji Mitsubayashi

Bio-fluorometric imaging system for volatile organic compounds in breath and transdermal gas

Advances in Functional Materials (AFM-2023)

2023




2022

2023

Kenta litani, Kohji Mitsubayashi

Real-time biosensors for assessing biochemical conditions of humans

The 9th Joint Symposisum between IBB/TMDU and Chulalongkorn University on "Biomedical Materials and Engineering"

2023

2022

2023

2023




72

2023

Kenta litani, Naoki Mizukoshi, Geng Zhang, Kohji Mitsubayashi

Acetone vapor imaging using secondary alcohol dehydrogenase immobilized on a laser-patterned hydrophilic PTFE mesh

SPIE Future Sensing Technologies 2023

2023

Kohji Mitsubayashi, Geng Zhang, Kenta litani

Biofluorometric gas sensing and imaging for volatile markers

SPIE Future Sensing Technologies 2023

2023

Kenta litani, Tsubomi Tomono, Misa Nakaya, Yuji Tsuchido, Naoya Takeda, Kohji Mitsubayashi

Enzyme and coenzyme-integrated electrospun fiber mesh for biosensing of breath volatiles

33rd Anniversary World Congress of Biosensors

2023




Kenta litani, Mika Suzuki, Koji Toma, Takahiro Arakawa, Kohji Mitsubayashi

Gas-phase biosensor based on fluorometric imaging by S-ADH (secondary-alcohol dehydrogenase) for breath acetone

33rd Anniversary World Congress of Biosensors

2023

Kenta litani, Koji Toma, Takahiro Arakawa, Kohji Mitsubayashi

Enzyme-based fluorometric image-sensing of transdermal gases for monitoring metabolisms

IEEE Biosensors conference 2023

2023

2023

2023

TMDU (meetUP)

2023




40

2023

33 MRS

2023

Kenta litani, Misa Nakawa, Tsubomi Tomono, Kenta Ichikawa, Yuji Tsuchido, Naoya Takeda, Kohji Mitsubayashi

Biofluorometric ethanol vapor imaging using enzyme-encapsulated electrospun fiber mesh

The 8th International Symposium on Biomedical Engineering & International Workshop on Nanodevice Technologies

2023

Ryotaro Ishida, Kenta Ichikawa, Kenta litani, Koji Toma, Takahiro Arakawa, Kohji Mitsubayashi

Spatiotemporal gas-mapping of acetaldehyde concentration by biofluorometric imaging system (sniff-cam)

BIO4APPS 2023

2023




Naoya Takeda, Tsubomi Tomono, Misa Nakaya, Miwa Takano, Kenta litani, Kenta Ichikawa, Koji Toma, Takahiro Arakawa, Yuji
Tsuchido, Kohji Mitsubayashi

Enzyme-embedded electrospun polymeric microfiber sensor for fluorometric ethanol gas detection

BIO4APPS 2023

2023

Kenta litani, Naoki Mizukoshi, Ming Ye, Kenta Ichikawa, Koji Toma, Takahiro Arakawa, Kohji Mitsubayashi

Sensing and imaging of acetone vapor based on enzymatic biofluorometry

BIO4APPS 2023

2023

33

2024

2024




Takahiro Arakawa, Kenta litani, Koji Toma, Kohji Mitsubayashi 2022
Elsevier 26
Encyclopedia of Sensors and Biosensors

Kenta litani, Koji Toma, Takahiro Arakawa, Kohji Mitsubayashi 2024

Springer, Singapore

14

Wearable Biosensing in Medicine and Healthcare




