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Integrating chemical/biochemical operations on a chip

 Hegter Figpenoil Fesenvors? LIMicrofabrication
Reaction —Semiconductor Technology
Analysis ﬂ Cm CIMiniaturization
—High Throughput Processing
[1Automation & Parallelization
—System Integration
[1Wide Variety of Applications
—Medical/Pharmaceutical, etc.
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A Variety of Microfluidic Devices

SU-8 structure , o )
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| Mlnlaturlza!lon o! Electronic Devices

LapTopPC
< (several) kg
— Multi-function/purposes

ENIAC, 1940s
30 ton,13 x 6.5 m?
— Single Purpose
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Miniaturization of Electronic Devices

Mobile Phones
<1kg
— Multi-function/purposes

ENIAC, 1940s ] AW
30 t0n113 X 65 m2 BRI | I onemreer o B ;,"" n"'*-_“
— Single Purpose
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Fluidic Devices

Desk Top Lab.
< kg
— ??years — Multi-Purposes

Chemistry/Biology Lab.
—Room+ Operators
+ Analytical Machines
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From
Deep Sea
to
Tissues and Embryos
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Conventional Method - Sampling-based

recovery

deployment

o . \
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Rosette-Sampler with CTD Sensors
Seawater Sampling by Niskin Bottles
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Changing the mode of analytical operations

[ 1 Contamination Free
[ 1 Higher Resolution

[ ] Long-term Monitoring
[ 1 Short/Zero Time lags
[ ] Real-time Decisions

Measurement & Analysi

N Situ

T. Fujii, Proc. UT2007,, Proc. ISSM2008
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Integrated in situ Analyzer
lISA-Gene: Gene Analysis/Detection
[ISA-ATP: ATP Concentration

IHHCTA _Mn-- Mn Cnannerantratinn
1HHOMATIVII. IVIHT QDUILTIUTITILI AQLIVUld

lISA-pH: pH Measurement

‘ Biological/Chemical Combined Measurement in situ
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Microfabricated Flow-through PCR device

Applied Microflu
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[ISA-Gene Setup for Deployment
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t-sea Testing of ISA-Gene _

With a microfluidic device based
In-situ Gene Analysis System
(ISA-Gene)

Hyper-Dolphin
(Remotely Operated Vehicle for
Deep Sea Exploration)

went down to 1,500m Deep

in Okinawa Trough (May 2005, July 2006, June 2008)
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Hatoma Knoll (Okinawa Trough off Ishigaki Is.)
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2008.06.12-06.18

Dive #848 —~#855

Qkinawa
ARG PANS A 282 GHREFT

Taiwdn  Ishigakiisland

Hatoma knoll
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16S rRNA Gene
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T. Fukuba, et al., Proc. MicroTAS2009
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Microfluidics-based in situ Measurement Systems

Gene ATP

ISA

T. Fukuba, et al., Proc. MicroTAS2008
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~4000m Mountable on AUVs
and ROVs

~20 inches
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Activity measurement section

R e

r RT-PCR section

Data analysis section
(DNA Chip)
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And Planetary Exploration !

To Europa 17?7
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From
Deep Sea
to
Tissues and Embryos
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Multiple Compartments/Cell types

membrane

Gastric Cell

/0\ /0 /o /o

Fat Cell
Vertical Coupling Horizontal Coupling
through a membrane through fluidic paths

Membrane-based Devices Multi-chamber Devices
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csisted Reproductive Technologies (ART)

"The first baby to be conceived by in vitro fertilization (ivF)

In 1978, Ms Louise Joy Brown was born at Oldham General Hospital, UK, through a
planned caesarean section. The ivF procedure was done by Dr. Patrick Steptoe
(Oldham General Hospital) and Dr. Robert Edwards (Cambridge Univ.).

In Japan, the first case was in 1982 at Tohoku Univ. by Dr. Suzuki.

Baby son joy for test-tube mother

The world's first "test-tube
baby", Louise Brown, has
spoken of her joy at giving
birth to her first child.

Baby Cameron was born on 20 [y
December in Bristol, where
his 28-year-old mother lives
with husband Wesley

July 25, 1978: Patrick Steptoe, Jean Purdie, and Louise -
Brown..in the amms of Bob Edwards Mullinder.

Louise Brown was the first of many

(1978) (2006)

Already ~30 years, but the success rate is still low (25-35%)
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blastocy st~ IVF (in vitro Fertilization)

endometrium ET (Embryo Transfer)

S5-7days«¢-4days <~ 3days @——_

2days

morula 8cells 4cells
- 2cells
Qo

oviduct

" . @
fimbria corpus s ovum
luteum .
ovulation
sperm
First ivF baby in 1978 15,000 babies/year (1.3%) in Japan
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Microfluidic Embryo/Endometrium Co-culture Device

Tube for lower
Top View M EopANRIL 7 Cross Sectional Views
/\\_@
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S. Ostrovidov, et al., Proc. MicroTAS2004
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Toward
High-throughput Handling
of Embryos
for
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Mouse Embryos: 80 um

200 pm

H. Kimura, et al., Proc. MicroTAS2009 F|OW Rate'1
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Time scale: real 150 min / movie 1 sec (x 9000)

Total: 100 hours Flow Rate: 0.5 uL/min
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[ 1 Modelling Tools for Molecules, Cells, Organs
(to identify their dynamics)
Addmg a new [ ] Advanced Cell/Tissue Culture Technignes
aX|S |n analyS|S (with dynamic control/manipulation)
1 Drug/Toxicity Testing System
[ ] On-site Environmental Monitoring

1 Portable Bioanalytical Tool
_ (on-site diagnosis/biodetection, etc.)
Connectmg [] Health Monitoring at Home
Sp aces (cooperation with hospitals/insurance co.)
[ ] Simultaneous Monitoring of Wide Areas
] Materials Transfer !! (On-site Synthesis)
(Materials Display via Internet)
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http://www.microfluidics.iis.u-tokyo.ac.jp

Microfluidic control Environmental measuring
Flow measurement Highly integrated system
Fluid mechanics Ultimate environment

Based on the fundamental technologies in Microfluidics,

develop “working” devices and systems

for realistic applications

iIcal engieenng
Cell chip

Miniaturization & Integration Microfabrication technigues
® High accuracy, High efficiency @ | MEMS/MNEMS

B | ow cost, Mass production

Microfiuidic devic®  ® Photolithography

B Micro evironmental | POMS Maolding
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