(microfluidic system)

(um) (mm)

(microfluidic)

(micro total
anaysis system, u-TAS)
(lab. on
a chip, LOC) U-TAS
U-TAS
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PCR
(polymerase chain reaction,
PCR) Kary Mullis 1985 Mullis
PCR
DNA (double helix)
(base pairing)
PCR
(base pair)
bp
DNA
(template) (primer
25 30 bp) # (dNTP)
(polymerase) (1) denature
94 °C DNA (2)
annealing 30 65°C
DNA



(3) extension

65 75
°C 3
dNTP
denature  annedling
extension
H 1
n (cycle) 2"
(amplicons) cycle 30 268,435,456
amplicons
10° 10°
yidd=(1+¢" e
(efficiency) cycle 20
(e 0.8) Mullis
anemic mode
Anemic mode (1) primer
mismatch PCR
nontarget amplicons
amplicons
amplicons
PCR
amplicons
amplicons ugly
little fragment  primer dimmer
dNTP  polymerase
@)
PCR
PCR
Thermus aquaticus Taq polymerase
94 °C

denature

Taq polymerase

53
305
(a)
Primer
_____ - Separate strands
-t = F-- Anneal primers
\Pn'mer
3 5
o (b)
S
I Taq polymerase
extends primers
(c)
|l Separate strands
3 " 1 Anneal primers
14
S
(d)
Il I' Extend new chain
\ e
- l I' Separate strands
© i Anneal primers
o
)

Extend new chain

A
= (h)

A
(i

A I I I R A |
o) (i

e e
(k)

( “)

cycle3
(amplicon)
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(cycling half life: 80 160 cycles)

G/C
ratio Mg”
denature Taq polymerase
annealing mismatch
(
<1ls denature anneding
()]
)
Taq polymerase
Taq polymerase (95 nucls)
amplicon extension
time
PCR PCR chip

~.GeneAmp"® PCR 9700

Perkin-Elmer
GeneAmp® PCR 9700
5°Cls
reaction tubes  polyethylene
(oil-free) thin-walled

attached caps

volume to surface ratio  0.66 uL/mm’
1 mm’ 0.66 uL
PCR
100 500
uL PCR mixture

total therma mass

PCR mixture
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Microchamber
5- 15 4L PCR Mix
Thermocouple t ’ b

PC-Controlled
Solenoid

I s B ¥ 7>
PCR Mixture 0% Temperature
(PCRbuffer,dNTPs, —__# % ___  Sensing

primer, Taq Enzyme) (PCR buffer only)

2. ( @) 28 uL
PCR mixture
(chip-like glass chamber)
PCR mixture
10°C/s
20°Cls
1998 Mayo Pittsburgh
PCR ( 2
(micromachin-
ing) — PCR
1)
(power)
(system time
delay) 2

total thermal mass

()



(500 um x 5 mm o.d.)
volume to surfaceratio  0.19 uL/mm’

PE reaction tube  1/4
20 °Cls

UL mL
PCR

94 °C-25/ 54 °C-2s | 72 °C-4s
30 12 (
)

. PCR

95 °C

77°C

60 °C

Input Output
3 PCR ( )
um x 90 um 22

4:9

(Imperial

College of Science, UK) Andreas Manz

1998 Science
PCR ( 3 9

volume to surface ratio: 0.04 ulL/mm’
PE reactiontube  1/17

denature annealing extension

4:4:9

Buffer

—— Gel Electrophoresis

| Product

el
g TEMP CONTROLER

TEMP CONTROLER

Copper
heating blocks

60 °C 77°C 95°C
(pump)  PCR mixture

(continuous-flow)
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72.9 nL/s
20 0 (

PCR amplicons
58nL/s 18.8 min 20

80%
20 PCR amplicons
denautre 95 °C
annealing 60 °C 95
°C 60 °C
60 °C
Mullis PCR Escherchia

coli DNA polymerase
94 °C  denature
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Taq polymerase

PCR
Taqg polymerase
cycle3 2 Taqpolymerase
cycle 20 262,144  Taq polymerase
Taq
polymerase
Taq
polymerase PCR
PCR
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