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Microfluidics-chip Installed ELISA System
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-Rapidity, Flexibility, and Easy operation comparing to — AIFRL &L=,

_ BiNAT5/80—X
-Immunology, nephrology, cardiology, EMS B #5344 E LABOSPECT 008

- Saving life of several patients
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Example
Anti-MDAS antibody detection in human serum

o A

UTokyo Online Education 47 {83 2017 AJFKE CC BY-NC-ND Prof. Yoshizaki in ma 0

S5A1ARE. RXMES

Anti-MDAS antibody (+) Anti-MDAS5 antibody (-)

B Without medical treatment
(1) Leading to Progressive interstitial pneumonia (70 %)
(2) Leading to death (30 %)
B Medical treatment _
Giving very strong immunosuppressant drug
(serious side effects)

Requirement of sensitive analysis of anti-MDA5 antibody
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Precise Medical Treatment with micro-ELISA
Anti-MDADS antibody detection in human serum
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Fabricated channels: 50 nm
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Strategy of Micro/E-nano Nano Unit Operation

Our world : Micro : Extended-nano : Micro : Our world
fluidics : fluidics : fluidics : fluidics : fluidics
| | | |
: pm,l'nm nm{pm :
| interface Interiface |
| |
| |
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Examples of microchannel fabrication

100 um channels
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Micro-Nano Hybrid Fluidic Device
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Development of channel fabrication method

Top-down fabrication by electron beam (EB) lithography and plasma etching

- |EB spot

| Extended-nano channels

j
Substrate >'Resist
7

00 © 0o

Zj‘ /;% \\““\ 0%0°0% 0

EB & plasma etching

Optimization of EB
exposure time (0.4 us)

Roughness: 3 nm

Cross-section view |

100 nm square Depth:100 nm

\ Y s
1mm Width:106 nm
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Pressure Drive EN Fluidic Control System

Pressure
|_regulator

Spec
-Response time: ~ 100 ms
-Pressure: 0.1 ~ 4 Mpa (1 ~ 40 atm)

-4 channel regulation
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TLM: Thermal Lens Microscope

Ultrasensitive Detector of Optical Absorbance

Principle of TLM Calibration curve

Objective lens

Solute  Lead(ll)-octaethylporphyrin
Solvent Benzene

Excitation beam

@ 1.8

Excitation: 488nm, 2.0mW
16 £ Modulation : 1.6 kHz

\ Therma)/lens effect - 28
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Liquid sample
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Principle of Thermal Lens Microscope (TLM)

Objective lens

Excitation
beam

Sample /Thermal lens

Probe beam
Filter

Pinhole
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Changes of Physical and Chemical Properties of Water

In Extended-Nano Space

Table. Specific properties in extended-nano space

: Size
Property Change Material (Channel depth) Method
Viscosity of water 1.4-4x Silica, lipid bilayer 25-1000 nm Capillary forcet 2 3.4
Conductivity of water 500x% Silica 100-1000 nm Streaming -
current/potential
1
Dielectric constant of water 1/7-1/4 Silica 330-800 nm FIuores_,cence, 16
streaming potential
Proton mobility 20x Silica 40-800 nm NMR?
Proton diffusion constant  8x Silica, lipid bilayer 180-330 nm Fluorescence®
Proton concentration (pH) 19x Silica, lipid bilayer 400-1000 nm STED®
Enzymatic reaction 6x Silica, lipid bilayer 340 nm-1000 nm  Fluorescencel®
Dissociation of silanol Accelerated Silica 580 nm Streaming current!
Vapor pressure of water Decreased Silica 120-510 nm Microscopy??
Papers [1] Hibara & Kitamori et al., Anal. Chem., 2002 [6] Morikawa & Kitamori et al., Anal. Chem., 2014
[2] Tas et al., Appl. Phys. Lett., 2004 [7] Tsukahara & Kitamori et al., Angew. Chem. Int. Ed., 2007
[3] Haneveld et al., J. Appl. Phys., 2008 [8] Chinen & Kitamori, et al., Angew. Chem. Int. Ed., 2012
[4] Li & Kitamori et al., J. Phys. Chem. Lett., 2012 [9] Kazoe & Kitamori et al., Anal. Chem., 2011
[5] Morikawa, Ph. D Thesis, 2014 [10] Tsukahara & Kitamori et al, Anal. Bioanal. Chem., 2008

[11] Morikawa & Kitamori et al., Appl. Phys. Lett., 2011
[12] Tsukahara & Kitamori et al., RSC Adv., 2012
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