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Development of microfluidic devices — applications in cell
culture, chemical gradient and electric field.
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What is microfluidics?

« Deals with the behavior, precise control and
manipulation of fluids that are geometrically
constrained to sub-millimeter (micrometer, um), First microfiuidic GC in 2" silicon. Terry SC
scale. N il

o . . . . . et al. (1979): A gas chromatographic air

* A multidisciplinary field intersecting engineering, analyser fabricated on silicon wafer. IEEE
physics, chemistry, microtechnology and Trans. Elect. Device, V26; No.12 pp.
biotechnology. 880-1886.

«  Characteristic of liquids in microdomain
— Laminar flow
— Diffusion dominant when no mixing
— Surface charge significant
— Surface tension dominant
— Fast thermal relaxation

« Benefits using microscale

— Low sample/reagent volume

— Low energy consumption

— Reduced reaction time
Precisely controlled environment

2 J;, Modified from Wikipedia
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Chemical and Biological applications of

microfluidic chip  in our lab

» Rapid (500 sec) Microarray hybridization, 2005, Nucl. Acid. Res. E
~2003; , —
* DNA microarray synthesis, 2009, Bioeng. Biotech. E
+ Rare cell capturing (patent filed, 08/Jun/2011)[>]
* Microfluidic nanoslit sensor, 2013 Analyst >
» Sensor based on whole-cell array (Taiwan-Israel Nanoprogram)@
» Cell culturing in controlled microenvironment ]
» Electrotaxis of lung cancer cell
— Electrotaxis — short introduction E

— Multi-field chip (MFC) for electrotaxis study (2009 Biosen. Bioelect.,
2012 Biomicrofluidics)[>]

— Electrotaxis in 3D scaffold E
*  Wound healing mimicking@

’;\31;, On-going works: [>]
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Microfluidic chip —
some examples
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Sequencing, B. M. Paegel, C.
A. Emrich, G.J. Wedemayer,

Metering/PCR/Electrophoresis/Detection, ‘J_'R' Scherer, and RA.
M. Burns, et.al., SCIENCE, 282, 1998, 484 Mathies, PNAS, 99, 574, 2002

BRLES I I )
+ CINNAAINALIA
1111 T 1

T PCR, 90 sec/20 cycles, A.

Electrophoresis, Caliper Technologies, Manz et.al., Science, 280, €]
http://www.calipertech.com 1046, 1998 glycosylation; Ono et al., Lab Chip,
& p2168,,2008

Fig 1 m for sequential reaction and analysis.
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Flow characteristic in microdomain

Laminar flow

Diffusion dominant when no mixing
Surface charge significant

Surface tension dominant

yticagent
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Electroosmosis flow vs. pressure flow, 300 um
el : = x 80 um, 50 ms/step, L.E. Locascio, et.al.
Anal. Chem., 2001, 73,2509-2515
b-Galactosidase extraction
from E. Coli., P. Yager et.al,
Anal. Chem., 2002

Droplet actuation by ElectroWetting On Dielectric
(EWOD, electrical surface energy control), http.//
cjmems.seas.ucla.edu/
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Fabrication of microfluidic chip

» Semiconductor processing, soft lithography, and laser direct-writing'®

1
@ @ @ » Laser direct-writing

. . — Economical setup
*  Semiconductor processing — Serial processing — short turnover -

— High setup cost rapid development
— Parallel processing — long turnover - — Ordinary lab

mass production — No corrosive chemicals
— Clean room — Deep etching by accumulated
— Corrosive chemicals (HF, ) ablation
— Deep etching difficult — Variable depth by power/speed
— Monotonous depth control

Soft lithography (ref. G. Whitesides, Harvard Univ.)
*Economical raw material, economical instruments (office
equipment)
*PDMS is used, easy for bonding
* Substrate not rigid, substrate easily contaminated
« Still need photolithography for making the first mould.

—A modified LCD projector has been used cure PDMS TWIST valves
pattern directly without photomask http://igmwgroup.harvard.edu/

+ Substrate not compatible with aggressive organic solvents
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Semiconductor processing instruments
for microfabrication
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Cleanroom and processing instruments

NN
BT

(a) (©

W A2 7 O T

R Y

7% 7z
© i g s
(2 2
Cheng and Hsiung, Biomedical

% m % zzR= -] = ; :
e m e menameeas Microdevices, 2004, V6,
i P e
sed valve and the hydrophilic microfluidic guidance

341-347

e
8., (d)

N

ia Sinica Taiwan ROT

Fig. 3. Fabrication process of the
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Soft lithography — an example from
youtube

Video: http://www.youtube.com/watch?

« Make mould (usually SU8, a
negative tone PR)
— Spin coating
— UV Exposure for curing
— Development
» Cast PDMS monomer and cure
+ Peel off PDMS chip

sus PDMS
\ \ D U
+
Flat wafer
:\QI, [
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Microfluidic tools — Fabrication by laser )
direct-writing

*PMMA chip by CO, laser

*Glass chip by CO, laser -> by UV laser -> by green laser
*ITO micropatterning by green laser

*Photoresist structuring by UV laser

A ia Sinica Taiwan ROT
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PMMA by CO, laser
- Rapid prototyping of plastic microfluidic chip

Sens. Actuator. B:Chemistry, 2004, v99, 186-196

VIER Sensors an d Actuators B 99 (2004) 186-196

Direct-write laser micromachining and universal s

[ CO:Laser

Mirror
Py

Mirror | -
M 2 Focusing Lens
tage /

-
Substrate

Z-Platform I
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\F {

Micromechanics and Microengineering
2m - -
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Chip fabrication
procedure
- 30 ~120 min

Laser cutting X

CEE

Culture chip fabrication

Patterned parts:

First step ‘/ PMMA sheet or
PMMA chip fabricated by CO. < double-sid
laser machine ’ ?)‘ ouble-side fape

Chip assembly (bonding
or adhesion)

ia Sinica Taiwan ROT




PMMA by CO, laser
-Various aspect ratio on single chip

Cross section
sealed channels

12/Jun/2009
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Sample wells
& Cathode
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A 48-channel prototype chip for DNA sequencing and analysis

et

§
Sample
well

™~

Micro separation channels

[T

Separation
channel

Common anode

Detection
zone

Microfluidic chip for capillary electrophoresis
DNA separation/sequencing.

10 min/chip. No photomask, no hazardous etching chemicals.

17-Aug-07
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fR’ Smooth surface after thermal treatment

~5um
roughness

0.89 nm (rms)

One step thermal
treatment

2.04 nm (rms)

098 Tert  BxmactarimeAOpA W= UM SgulAsiems Date 24 01 20
Stagole=idle  Nap= 100KX  EiTe 500Ky Tee 121601

Sensors Actuators B, 2004

1/7-Aug-07 Academia Sinica Ta ROT
Chemical modification of PMMA
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Q Universal chemical modification for
biomolecule immobilization

PMMA -> -OH modification -> various organosilane modification

~F | perfluoroalkylation
[ aminoalkylation
2 |/
E [ / Si
[ /
fg g LMMLMJ
: mercaptoalkylation
]
1 J E 2
r /
F T T T T
1000 &0 0 40 20 0
o
17 - Sens. Actuator. B:Chemistry, 2004, v99,
A 186-196
17-Aug-07 ia Sinica Taiwan ROT.
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Glass chip by CO, laser

L[

12/Jun/2009
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Quartz Width
06 | 2 Goretomaion 0
- [ [
§wl n s & & 8 ot
% : . a0 Two depths jn single
’ ; N process
§ : g ¢ “x10°
@
@ 50 100 150
' ! Num:.lolb-xv‘w“s

Deep trenches can be obtained
without increasing width

Dye filled bonded chip

~ minimal feature

194
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Glass chip by low power UV laser

Q%

12/Jun/2009
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Glass chip by low power UV laser
- Laser Induced Backside Wet Etching (LIBWE) requires
1/40 laser power of direct etching

1

" «The UV system
_Qswitched @ EAEHEONTHEEEE € W
— 266 nm
— 10-15 nsec

- 1.5W@ 10kHz
— 250 uJ @ 6kHz

v
— 0.1 ~5 mm/sec

— Minimal feature 6 um \ ﬁMi'(r

Mirror

. =4 S 2 Focusing lens
- i photoabsorber e :

: Substrate

| | CNC stage |

fffi{] " Circulition Shamber :}Tw

gea

- - Y

211 minimal feature
UV ~= 6 um, 20-35 mW, 2-4.5kHz

12/Jun/2009

Glass chip by low power UV laser

- Sam ples, 2005 and 2006, J. Micromech. Microengin.

gea

ea thresholds are obtained when using
aromatic solvents with strong vibronic
the ability

o
National Taiwan University in Taiwan>  of the technique to create
The authors describe a flexible approach ‘i e
for rapid prototyping of glass micro-

¢ trenches were
structures using a laser direct-writing fabricated in glass substrates and used
method requiring no photomask genera- 1o create an integrated liquid-phase flow
tion. Specifically, the authors use
266 nm  diode-pumped solid sta
Nd:YAG laser operating at low power

reactor and concentrator.
Such a technique should prove to be
a useful tool for prototyping glass

Research Highlight, Oct, 2005, Lab-on-chip
\ Mirror Butanol —-_— O Bright field
Hiror 2 Focusinglens Rhodamine B/H,0 —

p of a DPSS laser direct-w
‘opyright 2005, [OP Publis

minimal feature
CO, ~=100 um
UV ~=6 um

12/Jun/2009

— _Fluorescence
— \‘77
Organic etchant I - =
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“>"Smooth surface by the laser backside
etching .»

s

e St tan - e
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Periodic ripple caused by Optimized motion
CNC speed fluctuation control parameters

Some struct;lj;é:madé by
the UV system

Deep, crack-free
glass structures with
~6 um feature size

03/Mar/2008 - = Sinica Ta ROT

RTA complex microfluidic chip =768
channels in a 4" glass chip for DNA

separation ..

CEEp

03/Mar/2008 A ia Sinica Taiwan ROT




Glass chip by green laser
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From UV laser to visible laser

Flexible/Economic optics selection

JOURNAL OF MICROMECHANICS AND MICROENGINEERING -

e INSTITUTE OF PHYSICS PUBLISHING
doi:10.1088/0960-1317/16/11/024

J. Micromech. Microeng. 16 (2006) 2420-2424

Crack-free micromachining on glass using
an economic Q-switched 532 nm laser

Ji-Yen Cheng', Meng-Hua Yen'Z and Tai-Horng Young?

! Research Center for Applied Sciences, Academia Sinica Taiwan,
128 Sec. 2 Academia Road, Taipei 11529, Taiwan
? Institute of Biomedical Engineering, National Taiwan University, Taiwan

" aSwitched 532 nm Laser

.| minimal feature ~= 18 um

L=\r~'>r‘)/ - w moo . .

Figure 1. Expesimestal et for LIBWE machisng of 3 shss.

Z um)

photoabsorber: rose bengal

(Ef

12/Jun/2009
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ITO micropatterning by green laser

12/Jun/2009 - = Sinica Ta ROT
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ITO micropatterning by green laser
-transparent flow meter

J. Micromech. Microengin, 2007

Air Flow outlet |

| Air Flow inlet
daptors,

532nm, 15ns, 2kHz, 10mW, 3.5 um

o A 3
m"w g =
—_ 4} =0— R4
===
@ | R4 RS RZH R @ 2
R (Heated) 12377 12317 12757 ~wa 12336 g 4
R(Flow) 12386 12326 12764 12328 H
AR 9 9 7 -8 -10
0123456728910
ing by resistance change Flow Rate (mi/min)

12/Jun/2009 A ia Sinica Taiwan ROT
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Photoresist structuring by UV laser
-direct exposure

20

12/Jun/2009 - = Sinica Ta
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Microstructures by laser direct-exposure
-on-going
= \
Sus8
——
Laser curing‘ Bar 500 um Bar 200 um
Patterning performed in average lab, no cleanroom
539 5 facility needed!
12/Jun/2009 A ia Sinica Taiwan ROT
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Chemical and Biological applications of
microfluidic chip  in our lab

Iy

()

«__Rapid (500 sec) Microarrav hvbridization. 2005 Nucl. Acid. Re&umss

» DNA amplification, 2005, Analyst
« DNA microarray synthesis, 2009, Bioeng. Biotech.
* Rare cell capturing
* Microfluidic nanoslit sensor
» Sensor based on whole-cell array
» Cell culturing in controlled microenvironment
» Electrotaxis of lung cancer cell
— Electrotaxis — short introduction
— Multi-field chip (MFC) for electrotaxis study
— Electrotaxis in 3D scaffold
*  Wound healing mimicking

Gene chip - Oligonucleotide Microarray as
an example
——
e Short
: DNA on
o B cmEel o angn. o the chip
SNP
detection
-~ Expression of
%% 13,500 genes ,
12/Jun/2009 wa.mm”x com A ia Sinica Taiwan ROT
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> Comparative Gene Expression Profiling &

using DNA microarra

/ chip

s SN |\ T oA

Sec Se¢
). Y \.()_J
WJ v & /(

UNTREATED CELL 3 TREATED CELL

Solution

Excerpt from S. Friend, et.al.,

Drug-treated vs.

’
s

AMPLES
F REACTIONS

\ ‘====:m:!
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s
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,s“,?

7

(To test drug toxicity/
efficacy)
Or
Normal vs. cancer cells
(To find cancer related
genes)

) "o A Comparative
8% Hybridization
Experiment

HYPOTHETICAL PRO!
IN CELLS TREATED

S OF GENE ACTIVITY
/ARIOUS COMPOUNDS

SO
a8

http://www.cs.wustl.edu/~jbuhler/

88 Scientific Am. 2002, Feb, p34

N/ research/array/array.png

12/Jun/2009 ia Sinica Taiwan ROT |
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Drawbacks of current DNA microarray

technology

7o

Array preparation has a high barrier by cost and/or

time.

The DNA-DNA hybridization time is long. Usually

over night (more than 12 hours).

The reaction cost is high. Usually US$ 150 to 200 for

each array.

Concentration bias: ratio between high-level and low-

level genes is exaggerated.

12/Jun/2009

A ia Sinica Taiwan ROT
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Long reaction time and concentration bias of )
DNA hybridization

* Importance of equilibrium — theory and experiment:

Optimised Set

N T RS
R
"] . T

209 r L 127
g’ I 1 / z |
2 1 / =1
2o / ; {
= 1 // 5
H (I &
o 1/ by 3|
S l/ =% High cancer 2 6
H 1 2
I, / —t— 20.0 ug

| 4

/
10 2
Time [secends] 1 2 3
Days of hybridization
Bhanot et al., (Princeton), Biophys. J., 2003 C.R. Tomlinson et al., (U. Cincinnati), Biotechnique, 2005

I
i

- Ratio of high abundant to low abundant gene is exaggerated
“ when hybridization is not complete.

12/Jun/2009 - = Sinica Ta ROT

> Simple hardware setup for the microarray/ €
microchannel integration

Nucl. Acid. Res, 2005

|

Sample Inlet Hole

Two chips in clamping plates

'\/ 2 Air Chamber

4 ”
Channel wi eight 2Qﬁm
Total volume: 10 uL

\

.\ P
R

A
A

12/Jun/2009 A ia Sinica Taiwan ROT
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Droplet mixing inside a microchannel -

recall laminar flow in microchannel

Droplet mixing: recirculation mixing inside a moving droplet :
R’Ief.: J. M. Ottino, “The kinematics of Mixing: Stretching, Chaos, and Transport”, Cambridge U. Press, 198

Sampic iniet Holo

Chann“Twudtﬁ' /height 200 um |
Total volume: 10 uL 80 FM BOMM ST

1 uL, 500 sec
:Sample Plug= ==
P| P? P'! Pn-Z Pn-| Pn
Scrambled Target Plugs ®) ,5 100 uL, 500
)E. R Famaiii e— sec
o0 100 uL, 18
80 PM 80 MM (d)l . 28.1 hou:ls ,

12/Jun/2009 - = Sinica Ta
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Shuttling plug hybridization reduces reaction time
and sample/reagent consumption

55000

45000 -

50000 --m-- Shuttle hybridisaton | | | |.-m- Shuttle hybridisation

45000 ---@-- Static microchannel hybridisation 40000 |- | ---@-- Static microchannel hybridisation

---A--- Flat glass hybridisation ---A---Flat glass hybridisation

40000 I 35000 |-
2 -A £
Za3so00f g e 2300001 e u
k) Y T k] e
z L e
3 30000 |- ;‘, 25000 |- g

25000 [ - g
Pl A g won|
2 20000 F .- 2
S o4 2 15000 |-
S 15000 S
[ A & 10000

10000 10000 -

| |
5000 [ 5000 |- g
0 s L n L TRy ° ﬂ . N L L
0 1 2 3 4 s 18 250 500 750 1000
5 Hybridization Time ( hours ) \ Hybridization Time ( seconds ) )

, + Sample/reagent consumption in microfluidic hybridization
3. device is 1/40 of that for conventional hybridization (80mer)

12/Jun/2009 A ia Sinica Taiwan ROT
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Enhanced Signal/background ratio with

shuttle hybridization

FEe

§ .
100
| .
60
40 |-
i i
0
Flat glass Static microchannel Shuttle
i L]
39:. 18 hr 10 min
12/Jun/2009 ja Sinica Taiwan ROT
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q
9

q
y

400,

Flat glass, 20 bp, 90 nM, 2 hr

S/N =PM /MM

12/Jun/2009

ia Sinica Taiwan ROT
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Shuttle Hybridization

- RNA sample/cDNA probe spots
(In collaboration with Prof. [fifg /o 8K E2 A4 BEAT)

Target:

2.5 microgram
total RNA labeled
with Cy-5-dCTP.

Probes:
8 genes (A to H)
with 3 repeats.

Hybridization
time:
10 minutes

4

12/Jun/2009 ia Sinica Taiwan ROT
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Chemical and Biological applications of
microfluidic chip  in our lab

- __Rapid (500 sec) Microarray hybridization, 2005. Nucl. Acid. Re %

» DNA amplification, 2005, Analyst
* DNA microarray synthesis, 2009, Bioeng. Biotech.
* Rare cell capturing
* Microfluidic nanoslit sensor
» Sensor based on whole-cell array
» Cell culturing in controlled microenvironment
» Electrotaxis of lung cancer cell
— Electrotaxis — short introduction
— Multi-field chip (MFC) for electrotaxis study
— Electrotaxis in 3D scaffold
*  Wound healing mimicking

'42 i,

Academia Sinica Taiwan ROT
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Circular PCR chip with radial temperature gradient

The Analyst, p931, V130, 2005
April, 2006, HEHITU R BRICEE

437
N

BicMicrofluidicd hito: /L

i bl AN N AainnA

,_.

R’Circular PCR chip with radial temperature gradient €

Ji-Yen Cheng*, Chien-Ju Hsieh, Yung-Chuan Chuang, Jing-Ru Hsieh, 2005, The Analyst, V130, p 931-940. Highlighted in Lab-on-
chip, Sep, 2005.

April, 2006, HiEIH TR RS R EE

channel pattern is somewhat restrictive
in terms of copfigurational

fo oy R@s@arch, highlights, Lab-on-chip, Sep, 2005 /.55

Yo
- ! -
essentially defined by the microdevice ®

structure). To address this limitation,

some researchers have utilized a ‘reagent  ws B

shunting’ scheme, whereby reagents t
are moved backwards and forwards e (= £
between regions held at a constant (and N g

varying) temperature. Indeed, Ji-Yen * Canducte prs.
\/ Cheng and colleagues at the Research

Center for Applied Sciences in_Taiwan

A LN S
gt
EREHFE 1 35 W

V=5uL
30 cycles/1 hour

[T

A b AD M AAINOAN

ia Sinica Taiwan ROT

22



>

DNA fe il & - B IE ] Ed i B0 B

JEH

1. R > BIAORGREE - RUE R AR
2. FNRIEE

Tt B
YR memm |} DNARRSL 1| mapsig
;R R 25 | OBOK ElO
HE. B~ %1 _PCR :

45

:’ |i,'ii oas-hitp:il - S P Tai RQI

R PCR?

461

HMIAEEZETTIONE - G ERE DNA
T TEE B EEET THIERIEERE
f& 21% » BUHIUR R 2, 4, 8, 16, ..., 20 %
i S FEHETT20-351EER - B H Al LUK
R—HEHHERE -

. Rt
e P -
il ADMAAnIANAN A Sinica Taiwan ROT
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PCR (Polymerase Chain Reaction) [fF 3
}
o f - | Cyele3 | Denaturation of DNA
95°C —sa Lo Aavsing f imers
55 OC T — — e
L ) q
72 °C T . ——
=+=Elongation of primers [
0 ) |— E—
! - d = — ]
95 oC Denaturation of DNA = !
Cycle 2 ¢ Annealing of primers ¢ Elongation of primers
55°C — _—— —
f——%_‘ l—_—f_{
72°C - — i
- —————)
H ; Elongation of primers S E—
L] | e
. i — e —
: [ s | [: 1
4? & ; . Cycles 4,5, 6, etc.
=V H fluidic A \H i Rite- Ll
e imimm odlis bri] OO AmuinnA A ja Sinica Taiwan ROT
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#E1T PCR RERIMFR( -

1. 3B @2 and 219

0| S IERE
3. VR ETER

48 | .

N

Bichli flaidic A L 4 Ritn- /L

i iimm addes basl DD INMAnIANAD A ja Sinica Taiwan ROT
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&R PCR K JEZS

7t BORSIE

8 [ZJERE -

B A 12x

S R

AL 2.
PCR cycler - PCR tube

SR ~3 °Clsec JZ FERSTE 20 ~ 100 f8FF
(uL)

= -t
; . . http://www.usascientific.com/0.2ml-seal-
BioRad, http://www.biorad.com rite-per-tube-attached-dome-cap.aspx

497,

N

[=HNV] udic Anplicotione bt /)

= ¢ e » > Siica Towen B
o
<
<

{58 &7 S i e T TR TR

50,

s
BV
BV HE RN FE

taail DN AminOAD A ja Sinica Taiwan ROT
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A0 DNA BOR A R

Denaturing arc
Extension arc

Annealing arc ﬁ;ﬁ%}iﬁg*g EEEI[}:[‘

Clamp

PMMA microfluidic chip

ITO glass heater chip
Cl
omp Outer heater ring
—————2 ot T, =
m Inner heater ring Iﬁﬁjﬂﬂf’?& HH H
M Conductive pins
- u
—— Ju—
L 4
10 AR 85 mm
N/
BicMicrofluidic-Applicati Rt
o S - P -
e ; et innmaoinng Sinica Taiwan ROT _|

52,

Ricl:

60 pixel
40
20

80 100 120

pixel 1 pixel = 0.9 mm

fluidic-Apolicati Ritoo
e

i

A bual AD N AAnIAOAN A ja Sinica Taiwan ROT
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i [ GRS NE R HEL T

o DIZEREHEURETER
o FIEBEE : 12 °Clsec
o BRS¢ 5 ot

ELi E e A S 7 DNATTK -
DNA ZE7) 5371

{%%ﬁj;ii D 3.5 /NRF 0 100 R
M Cv Ch

ME L/ > 5 Tt
BEREHAE 1 35 W
15006p- Suitable for utilization

500bp- in portable device
300bp-

PLERNEE 1 The Analyst, 2005,
V130, p931, 55 &L Lab-on-a-Chip
2005 4 /1, H 1 Research Highlight

. Rt
e P -
il ADMAAnIANAN A Sinica Taiwan ROT
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M PCR chip?
ore study on PCR chip*
Pipetting small volumaes in microplates oftan Iaads to droplets at the sides or the 7
rims of the wells. Advalytix uses advanced semiconductor lithography to struc-
_I_ ture the surface of the AmpliGrid slides in order to allow the spacific positioning AmpliGrid microliter reaction slide

of one single microliter (1 pL) on aach of the 48 discrete reaction sites. Due to the

hydrophilic nature of the reaction site, all aquaous reagents will be self-centerad

to the ideal position, even if not pipetted accurately, making sample handling

easy and pracise.

s <
AmpliGrid AG480F t
enzyme cons reaction vol ‘
e reducing the required reac ‘ “
e provides precise opt Close-up AmpliGrid AGAZOF.
ur i of opt
pl I ] ) high throughput f ot ssang soktion
v sample bers when work manually, since the technology is easy to inte- #1098 evapona
Jrate into r t of the stand automated liquid handlir ems for high ugh-
g 9 1 preaction méx
ning (HTS) applications
To enable the full potential of the AmpliGrid syster dvalytix will be offering optimised
ts f plification and reverse tran: tion. T e especiall
fesigned for the advanced, low-volume reaction geometry of the AmpliGi e
- hdophooc wea  myorophic hyarophobe ing
) . roackon site

B http://www.advalytix.com no " @Tomm g

55, Cross-section AmpliGrid AGA20F

BioMicrofluidic-Amolicati [Nt

o . -~ — -

s : PR VRN EY. ) Sinica Taiwan ROT
o
<
C

Chemical and Biological applications of
microfluidic chip  in our lab
: -__Rapid (500 sec) Microarray hybridization, 2005, Nucl. Acid. Re'
» DNA amplification, 2005, Analyst
* DNA microarray synthesis, 2009, Bioeng. Biotech.
* Rare cell capturing
* Microfluidic nanoslit sensor
» Sensor based on whole-cell array
» Cell culturing in controlled microenvironment
» Electrotaxis of lung cancer cell
— Electrotaxis — short introduction
— Multi-field chip (MFC) for electrotaxis study
— Electrotaxis in 3D scaffold
*  Wound healing mimicking
"'5@:/;
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Light-directed Synthesis

1 H H . . ) )
Chemical synthesis of oligonucleotide: 3’ -> 5
Solvents:
MTO—¢' | Acetonitrile
— Base d
b/ 'Fl;etr.:(ajhydrofuran (THF) . Detritylation ®
} vridine !
v (\) elriyl H Silanized S10, surface(or PS beads surface) ; gap;:::
O:I:LOCZH“CN - HO-Linker——SiO, Surface 4. Oxidation
¢ i —
Linker-Si0, Surface Capping
— | O Base
I Oxidation Counti
ouplin,
MTO g 5
O___Base DMTO ‘
0 0=P-O0CHCN
¢
9 0 Linker-SiO, Surface
P—OC,H,CN i
i A iPr,N-P—OC,H,CN
| . Phosphoramidite
Linker-SiO, Surface
OCH;4
@ . MeO.,_O_,OMe
. DMT: O Linker: 0
57J © DMTO ONNHWTOSOIidSuppOH
[¢]
7-8/Auq/2006 e n T
&
YL pE— = Y — <

of Oligonucleotide Array s
I: Photolithography Y

Glenn McGall et al. Proc. Natl. Acad. Sci. USA > 4
L33, p 13985, 199%. EAEAI m B
%Kﬁ # %g 0905030303 %Hﬁﬁ%{és
@ e
KR, ]
e | gElIs gl s el ,
- ? T T T T T B,

4 HIABRL
%%%%%%%%%%%% e

, s FRERRNY
581,

pi
bt

-w-0-Z-@ — MW@
#
bt

7-8/Aug/2006
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Light-directed Synthesisof =~
Oligonucleotide Array Il - 5 st
Maskless Synthesis Using B
DMD
Sangeet Singh-Gasson et al. NATURE
! R‘(ﬁglzf‘l-ll\lgl QY w17 0974419909 %
i N S SR R
/Sg/fm sl ks e iina
S e I e e e I
\ / Texas Instruments iy
~N_ 7 {3545 (DMD)
et (1024
@ 17 x 768 51
BRI S SR
% % Fafied:
5\9 J./ 1;i;aiﬁm%i¢;/rl1\§er @%
7-8/Aug/2006 -~ = Sinca Tamen ROT.
g—
R} <
<
Ink-jet Synthesis - reagent delivery:
, Array scanned across ink-jet pumps

bttt

Ink-jet pumps —

IRINInI
HTHEIH Y
bttt

Activated nucleotide monomers

GCN4 Length (nt)

IR~V S S R-V-V-\
vat. DIotecIr. Z00 T A
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Electochemical solid phase synthesis

D. D. Montgomery, U.S. Patent 6,093,302
http://www.combimatrix.com/press.shtml

—  ®® ®® ®F 0 6
H* H+ H+ H+ H+ H+
L L L L L L L L L L|
[ I 1 | — ]
1 2 3 4 5
NH, NH, PE ®E NN, ®E
L H L L L L L L L L
L ] L 1 1 1 1 1 [ I |
1 2 3 4 5

CombiMatrix’s in-situ reactant generation <
Combimatrix

Virtual Flask
Lab-on-a-Chip.

A process that
Arrays of individually confines chemical
addressable reagents within a
microelectrodes
permit synthesis of
hundreds or
thousands of different
molecules in parallel.

virtual flask over each
microelectrode.

Porous Reaction
Layer (PRL)

Biocompatible layer
that supports the
attachment of
synthesized

molecules. DNA Microarrays

Arrays of
oligonucleotides
capture molecules
synthesized on the
chip for use in
genomics and
proteomics

— applications.
@4/,

7-8/Aug/2006 A ia Sinica Taiwan ROT

31



2y
gee

DLP Microfluidic Array Synthesizer (MArS)
- integrating synthesis and hybridization

Biotechnology and bioengineering, 2009

P

synthesis
chamber

i : i
), 1>

=1
'
1
1
1==1
1
'
a

Next

chamber Modified DLP
Snumer rojector
63 ..
N
RisMMi fluidic A \H i Rite- Ll
e AU Sinica Taiwan ROT

CR’ DLP Microfluidic Array Synthesizer (MArS) &

Cheng*, J.-Y.; Chen, H.-Y., Microfluidic ARray Synthesizer (MArS) for Rapid Preparation and
Hybridization of Custom DNA Microarray. Biotechnology and Bioengineering 2009, 104, 400-407

Existing technology: Value:
1. DNA array photosynthesis by DMD 1. The first to integrate synthesis and rapid
N (digital micromirror device). hybridization
2. Robot for DNA microarray 2. The first to use commercial DLP for DNA synthesis
3 Expensive synthesis reagent (US$ 650/g || 3.  Reduce reagent by microfluidics ( 1 reagent for
x 4g/day) multiple slides)
4. Overnight (10-15 hrs) DNA hybridization 4. Reduce hybridization time to 15 minutes.
5. Fluorescence labeling

b

Reagents to next chamber

Reagents in

Steel clamp

Microtrench plat
Glass substrate
Quartz clamp =

. " fl hi . g4 -
Chemigal re&staqﬁrﬁﬁf@ﬁwdppg
hv
¢ 100um 700um Fiter
I 1T wheel
(removed) n @
w111 i
_FluoroelaStomer laHn?p UV blocking Condensing
i fiter => lens
64, et i o
Y Pattéring by DLR== UV output from commercial projector
—
ininnnO o A ja Sinica Taiwan ROT
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Rare cell capturing

(Ef

On-going:
Sandwiched SU8 micropost for CL1-5 trapping
= -for CTC capturing project )}

[Smnge Pump: AR Syringe Pumpl
Tipe—
Bubdle
Cell Solution

Captured Cell Number
(%) @yey aimde) aanejey

height 75+/-5um !
Anti-EGFR coated micropost

M O D
6 12 18 24 30 36 42
Column Number

i

Bichli flaidic A L 4 Bicl .
L mlmrmbmms EalinnA4 A ja Sinica Taiwan ROT
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Ultra-sensitive, label-free detection of nucleic acid
biomarkers and capturing of cell

Applications of Magnetic nanoparticle-enhanced SPR on gold
nanoslits

Mansoureh Mousavi (TIGP, 4t year)
Ji-Yen Cheng (#[Z[ =), Pei-Kuen Wei (Fii5Z1H1)

671

o
R? Microfluidic chip integrated wifh_gold nandgslit &
Spectrometer PC film I

A : i
I lens H | I
outlet —4_— i
| v inlet
} i \
’ < rANE. "
o X — Mid layer (PMMA 0.2 mm) Array size: 150 um?
e ,"‘ | Bottom layer (glass slide) Array period: 600 nm
/ Nanoslit width: 220 nm
Hybridization region A lens Gold nanoslit film

Functionalized MNPs

(sample volume : 7 pl) 1
1

: light beam MNPs carrying target

N, Q 9 W

N@NH

O’Kjxs Target
NH, TN

Microfluidic channel helps to
introduce small volume of

sample to the detection region a ok
- O J
* 2 probes for 1 target -> high Sample cfrﬂ'a O G i)
speCIfICIty MNPs carrylng target
* nanoparticle -> enhance SPR
detection limit ®) «.
- Probe2
68
e SPR detection chlp hybndlzatlon on gold nanoslits

ia Sinica Taiwan ROT
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sequence .

(hnRNP B1) leads to a red shift in the SPR

cancer marker, hLnRNPB1 @
2

[}

SPR response g

{ 3
The hybridization of the immobilized probe Il on 2
the gold nanoslits and the target molecule E

z

spectrum position.

Control tests

Dynamic SPR response of (a) Blank sample (no
target). (b) high concentration of non-complementary

(a)

@
N
®

=)

o
@

820

Final point
‘é‘ 828
£ it point r"‘vu\v'h’;v ........
g7 P ¥
o
H i SPR shift
4 d nm!
- 32| o
g A,
Shift g -iN
- . N g g 825 &
830 840 850 860 @ B2 N " ;
Wavelength (nm) 0 10 20 30

Blank sample (two steps

Target sequence (hnRNP B1) - 61

q%‘etet:titm of synthetic sequence of the lung synthetic DNA at 10 nM concentration WT

C;

Time (minutes)

Non-complementary sequencg
— 61 mer synthetip
DNA at 10 uM concentration

(GAPDH)

;

o
&

E method are applied to a sample '5"328
Detection limit: 30 fM = | consist of only PBS buffer =
S £
IS 2
Sorl M An ) Adeh 3 e
2 A w¥ 8827 MAsnRy Wi
- ES of WP w Y
o kY
£ 8
c c
o ©
b4 5
- b 10 20 30 3 o
ey Time (minutes) = 0 10 20 3(
Time (minutes) L9
or
@
<
<

Chemical and Biological applications of
microfluidic chip

Rapid (500 sec) Microarray hybridization. 2005, Nucl. Acid Re®

in our lab

DNA amplification, 2005, Analyst
DNA microarray synthesis, 2009, Bioeng. Biotech.

Rare cell capturing

Microfluidic nanoslit sensor

Sensor based on whole-cell array

Cell culturing in controlled microenvironment
Electrotaxis of lung cancer cell
— Electrotaxis — short introduction
— Multi-field chip (MFC) for electrotaxis study

— Electrotaxis in 3D scaffold

Wound healing mimicking

A ia Sinica Taiwan ROT
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Cancer metastasis and
chemical/physical stimulation

gz

Cancer metastasis

Don et al. Nature Reviews Genetics, v8, p341, 2007

Tumorigenic genes

' |

« Proliferative autonomy
« Genomic instabiity

+ Self-renewal

« Evasion of death

« Evasion of cytostasis

« Evasion of immunity

« Resistance to hypoxia

o ‘Mﬁaslaxis

By @ S )

= Detachment

* Motility

* Invasion

» Marrow progenitor-cell
recruitment

* Angiogenesis

» Intravasation

» Survival in circulation

« Embolism

« Capillary adhesion

» Extravasation

SAdaption to new environment
« Emergence from dormancy

» Organ-specific colonization

Dormant
) micrometastasis

Nature Reviews | Genetics

gea

A ia Sinica Taiwan ROT

36



Chemotaxis

Nangia-Makker et al., Cancer Microenvironment_2008_v1_p43
Tumor cells S"l';’“‘" T cells Apoptosis
cells

Angiogenesis

L7 Chemotaxis

LN

U Invasion

Metastasis
Adhesion/detachment

]_j{ to ECM components

Dimer/multimer
formation

Low affinity
intact Gal-3

- Signal Transduction
S5 e

)
¢ee

Substrate elasticity affec

AP

B 10% serum 5 Collagen-1 . . . % ¢
) differentiation fate  (§)
h{ ol Elasti:: S‘ubst‘rate (&) S fondat Engleretal Cell v 126 _p 677-689 2006
. ! '
0.1 —1kPa

v
8-17kPa 2540 kPa_

4 hrs

24 hrs

Physical cues may be as important as
chemical cues!

96 hrs

S 74
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Why do we study the effect of dcEF
?

83 Biological effect — in vivo

Extracellular EFs polarize the early
vertebrate embryo and serve as cues
for morphogenesis and pattern

Closure of wounds is controlled by

A
sl ™
£ il L s O O
°t a b c
r‘—— i ] I e W
a d e

aminophylline -- Enhance the wound-induced
electrical signal

Spatial differences in the transepithelial potential
(TEP) generate electric fields within intact embryos.

R. Shi et al., Three-Dimensional Gradients of Voltage During Closure of wounds in rat cornea in 30hrs
Development of the Nervous System as Invisible Coordinates for . X X
the Establishment of Embryonic Pattern, Dev Dyn., 202(2): B. Song et al., Electrical cues regulate the orientation
101-14, Feb. 1995 and frequency of cell division and the rate of wound
i C.D. MaCaig et al., Controliing Cell Behavior healing in-vivo, Proc Natl Acad Sci USA 99: 13577—
2 J./, Electrically: Curr jews and Future Potential, 13582, 2002.

Physiol Rev., 85(F):@43-978, July 2005

gea
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Electrical potential exists in/out a normal
lumen (tube interior) in rat prostate.

Background
a. TEP values vary depending on the physiological condition or the pathophysiological state of
the tissue.
b. The trans-lumen potential in normal rat prostate and has been measured to be ~4 mV, which
corresponds to a gradient of ~400 mV/mm.
c. Rat prostate cancer cell lines generally have more hyperpolarized potentials than normal cells.
Ref. Szatkowski M. et al., Electrophysiological recordings from the rat prostate gland in vitro:
identified single-cell and transepithelial (lumen) potentials. BJU Int. 86, 1068-1075, 2000.

Downward track
of recording
microelectrode

Epi
(penetrated after lumen)

ithelial cell

77

v v '
1 4
8 [ Atypical profile
> | of voltage
Mﬂ ‘E’% ' recording from
. etal.. BJU Int. 86, 10681075, 2000, . °, aprostaticduct

lumen potential (inside vs. outside) ~4 mV
Gradient : ~400 mV/mm

>

Cancer Cell Electrotaxis under weak dcEF

Breast
Adenocarcinoma
1

Prostate
Adenocarcinoma

Normal Breast Duct
Basement
membranc

Brest  Ductal 2,
epithelium  Lumen o" oo“
ol
© (3
Noooaa)

O
anonacoatS
30mV(TEPs) oﬂduubo
FECLELELRTTLT g
SSNr
DoaZag
Apical voltage  Basolateral Ty

(=70mV) voltage (-100mV)

MDA-MB-231(Human)

J. Pu et al., EGF receptor
signalling is essential for electric-
fieldmd 6n of breast
oar"[ERQIIs, J. Cell Sci., 120(Pt
19)$8395-403, Oct. 2007

Epithelial
Cell

Lumen

Voltage gated sodium
channel T-LyLu

M.B.A. Djamgoz, M. Mycielska, Z.
Madeja, S.P. Fraser and W. Korohoda,
Journal of Cell Science, 114,
2697-2705.(2001)

gea

Lung
Adenocarcinoma

CL1-5 (Our works)
CL1-5 300mV/mm

the induced directional

movements of cells toward the
ot cathode or the anode under
weak DC EFs. Endogenous
EF, which has strength of 10 to
100 mV/mm, has been known
to play physiological roles in
development and regeneration
(ref. Colin D. McCaig, Physiol Rev
85:943-978, 2005)

270 108m
3 Viem

If cells migrate:
X.Yan, J. Han, Z. Zhang, J. Wang, Q.
Cheng, K. Gao, Y. Niand Y. Wang, ",
Bioelectromagnetics, 30, 29-35.
(2009)

toward anode, > cos@ > -1

toward cathode, Y.cos6 > 1

randomly, Y.cos9-> 0

A ia Sinica Taiwan ROT
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Electrotaxis of cancer cell - literature
e ———
f 1 Metastasis Electrotaxis Directedness
Cancer type Cell line 1" ability direction ! cos@ Ref.
I L
Human breast | MDH-MB-231 || high anode 1| 075 (300mV/
1 3 1
' — 0.72(50mvI | (2)
Rat breasltl MTLn3 : high anode : mm)
cancer ce -0.24 (50mV/
MTC 1 weak anode 1 mm)
] ; I| 0.82 (300mV/
Rat prostate MAT-LyLu ! high cathode mm) -
cancer ce
AT2 | weak anode | -0.34n§](l31%0mV/
[
| . s
A549 g hioh cathode | °-76r(n3n9§’mv’ 1)
Human IunP
cancer cel

1. X.Yan, J. Han, Z. Zhang, J. Wang, Q. Cheng, K. Gao, Y. Ni and Y. Wang, "Lung cancer A549 cells migrate
directionally in DC electric fields with polarized and activated EGFRs", Bioelectromagnetics, 30, 29-35.(2009)

2. J. Pu, C.D. McCaig, L. Cao, Z.Q. Zhao, J.E. Segall and M. Zhao, "EGF receptor signalling is essential for electric-
field-directed migration of breast cancer cells", Journal of Cell Science, 120, 3395-3403.(2007) toward cathode, Y.cos > 1

3. M.B.A. Djamgoz, M. Mycielska, Z. Madeja, S.P. Fraser and W. Korohoda, "Directional movement of rat prostate randomly, ¥.cos 0= 0
cancer cells in direct-current electric field: involvement of voltage-gated Na+ channel activity", Journal of Cell Science,
114, 2697-2705.(2001) — The 1st in cancer cell electrotaxis study.

If cells migrate:

toward anode, Y.cos@ > -1

791
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gee

Summary (our hypothesis):
Physical stimulation (dcEF) may also be a
cue for cancer invasion ]

80
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Cell culturing in controlled microenvironmen

M & M:
When Microfluidics meets Microscopy

Goal: long-term and real-time observation of cells under microcontrolled
environment. Two specific topics:

1. chemical gradient

2. weak DC electric field
Both are closely related to cancer metastasis

:8‘1 =

(2 o
<
C

Chemical gradient in microfluidic chip

821,

A ia Sinica Taiwan ROT
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Real time observation of Cell culturing
- existing technology

Stage-top incubator:

Can not manipulate microenvironment
-> microfluidic devices provide:

1. Chemical gradient

2. Electric field

B
Microfluidic barrier Cell culture chamber

il

BioTechniques v40, p368, 2006, Petronis et al.

A Sinica Taiwan ROT |

Chemical gradient generation in microenvironemnt
- literature works

fluorescence

¢ D,
. Limited culturing area

E
Snlthrough RDMS /\/\

W 0 W W W 0 00 W ow w

Neutrophils ~ Coverslip Channel width (um)

POMS.

°
Normalized intensity (%)
8

Channel array generates complex gradient, Nature Biotech,
V20, p826, 2002, Jeon, Whitesides, Toner et al.

Limitations:

Diffusion dominated gradient distribution
Maximal gradient limited by diffusion
Small culturing area

radial distance (um)

Effusion between chambers : .
generates radial gradient, Lab-on- SOIUtI_On' . . .
‘847 chip, V6, p849, 2006, Frevert et Combine diffusion with lateral flow
N
al.

A ia Sinica Taiwan ROT
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Chip with chemical gradient generation for cell
culturing - configuration
- 5 b Major considerations:
@ 3 1. Nutrition
5= Medium outlet
A A % %% lQ Reagent inlet 2 Tempe'ratL'lre
¢ - BE 3. Chemical inlet
w : Medium inlet
Bnﬂlledlum utlef L
AT T Medium inlet
The rm§I sensor Fesoent m’e
Culture o Bubble trap
region
Heater (ITO glass)
TITITTITTTTTTTTTT ITO glass - ITOpahem
e = ooiesiierspe | TE@mp. control heater: + |
B SMeduminiet” B o | 16 ohm, 4.5V, ~50 % —= Medium outet
cycle, ~0.65 W. - T
o
cvtet mmm Coner giss
e et [t
With DEP facilitated cell positioning
-+
85
o ITO: Indium Tin oxide
| Shortcut to On-stage — e Towen BT

qR’A device for chemical gradient generation and
cell culturing — photo pictures

Biomicrofluidics, 2008, V2, 024105, selected in Virtual journal of Biological Physics Research
Lab-on-chip, 2009, V9, p884 — selected as hot article

3 ste for long-term cell

care [ Successfully 8 :

T & cultured

CL1-0
CL1-0/GFP-actin
CL1-5
CL1-5/GFP-actin

SH-5Y5Y @
MRC-5

Syringe pump pc-12
. HsC-3
o vesn cvetzn Hep62
A-549

A-431

Temperature (C)

HEK-293[293]
O NIH/3T3

Time (minutes)
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Homogeneous flow and medium refreshment —
simulation and experiment

S =2 um AA’: n
of

Steady and homogeneous flow
inside culture chamber

Velocity (umvs)

................

Flow speed at z=2 um

' -1 A Hele-Shaw chamber: Hyperbolic dye
front but homogeneous flow speed

Flow dirs
00:00:00 (@ @

‘ — b ©
I Flow rate= || }
. 1oun [
I 0 min 240 min 260 min
~T=100min TZ100 min 1105 min
=SS Fiow front o - Fiow front

Bl

socty (umisec)

g,

Postoa(mm)  Poson(mm) Vertical posibon (mm)

W t=800/860min | dguzedfoutont ! fowveloty

= Sinica Tatwan ROT

>

gea

Negligible shear stress on cell in the chamber

Maximum shear stress on cell in chamber

— e Ee—el U

6 x 2.95u6s_p* w: viscosity

* == *
(TS )max - 5 Q,.p" flow rate
H H: height
Gaver, Biophys. J. V75, p 72, 1998. 00.:00.:-‘00‘

50 uL/hr -> Flow speed in culture region ~= 9 um/sec
Shear stress = 0.021 dyn/cm?

Physiological shear stress: 0.75-1.5 dyn/cm?
(Cinamon, J. Immunol. Methods, v273, p53, 2003) y

881

~
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Chemical gradient — generation and simulation

Biomicrofluidics, 2008, V2, 024105, selected in Virtual journal of Biological Physics Researchs

CullureChamber) n erueeer Chemical from the central bottom hole is swept <

] os By ateral mearam 1ow

Reagent Effusion Hole

N B =, e

~J . . . 032 = —
A g Chemical inlet =2y A

g,
14 mm
I

I

Velocity (um/s)

— chemical introduced =" =
g 10 ul/ o0s
. z=2 ym
3
i I
M 3.!!!55.-“',!
= ] x (mm)
891, .
Y Flow slightly perturbed
o
&
. . Central dye / lateral medium 1
Chemical gradient — uLthour
experiments

Steady gradient controlled by flow ratio

: : l — . J .+ | 10/10 | Advantages:
[ ‘ J 1.Upstream region
I provides controlled test
t=0min t=32 min t=128 min 2.Steady but controllable
gradient
: | ] : 3.Medium continuously
[ LI (B 10730 | feg
4.Multiple steep and
= - = - - - gradual gradients in ong
t=16 min t=92 min t =240 min experiment
. | B : ] 3
‘ i l ; | l : 4 [10/50
b
t=16 min t=92 min t =240 min
Ly
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Various concentration/gradient in a single experiment

Concentration (experiment)
i

Biomicrofluidics, 2008

Jﬁwﬁw e i
s

1
‘ l.;fﬂ‘fi,,"‘; s

il
it

10
o Area'A, gradient is 0.085% |
= o 6 Area'B' gradient is 0.04% um’"
= wm““m&&&g‘?‘?wooogch
S o — LS
. e o
ey - PO R L R » ToEd
o
H
g w
25
5,
x 0
0 % s 76 10 13 1 175 20 26 20 276 0
Position (um)

Hm
4| “x ||l|"“,¢

g

NCentration (%)

e
i |1|||‘mw'

N
08SS85‘g3

il
i

=)

oa
Relative col

t=128 min

et

PC12 in NGF gradient (6th)

%

NGF: 1000ng/ml, 10ul/hr
Medium: 10ul/hr

PC12 in NGF Gradient — stitched whole view
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CL1-0 filopodium activity in EGF gradient
- with NIWOP/Dr.ZE#)& Hsu, T.-H., M.-H. Yen, et al. (2009). "Label-free quantification of asymmetric
cancer-cell filopodium activities in a multi-gradient chip " Lab on a Chip 9: 884-890.

35
30
25

10 —front
5 rear

o Area'A, gradientis 0.085% ym
et is 0.04% um

°

Teoo0s

g
£
£

Relative concentration (%)

s 288882388

o % 0 75 o @ 180 Vs 20z ;0 7 M0
Position (um)

Lab-on-chip, 2009

Number of filopodia
S

03 —300 400 600 800 1000

CCD camera )
550-700 nm Time (sec)

band pass filter
bower-regulated

lamp grid
- I H
Q EO | i - objective
- / Comparing to cell migration
cell culture . .
PZT chi analysis, chemotaxis
translation e iment time i "
stage o P7T experiment time is greatly
vertical reduced.

"
9 ;

R Application of weak dcEF on cells in 1
microchamber
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Our Electrotaxis Device — Ag/AgCI
electrodes is used to introduce constant current and EF
C.-W. Huang, J.-Y. Cheng*, M.-H. Yen and T.-H. Young, "Electrotaxis of Iag
cancer cells in a multiple-electric-field chip”, Biosensors and Bioelectronig,
3510-3516.(2009)
. - power _ — -
Ag+CI —AgCl +e~ | Supply [ AgCl+e —Ag+CI |
Anode (Agl— — 1 Cathode
AgCl) I; __ agarsalt —_ jrl (Ag/AgCIl)
bridge
medium electrotactic waste
H — chip —
M Cl- L :
foreeees ‘—+I|. |
dOUbIe ----- LK) Al :I
sided tape :
cell culture ITO heater  x.y motor
, cell culture region stage - -
& slip microscope ) Clr
95

P

2% Advantage of using Microfluidic — multiple
EFina sin% '

Advantages:

. 1. airtight-sealed
2. negligible Joule heating
3. Multiple EF strengths

V x R1 —AA—AMN—AN—ANMN——
Vg1 =
2Ri
I
R =
6*W¥*h

Electrotactic chamber ~ Medium
outlet

Huang, C.-W., J.-Y. Cheng*, M.-H. Yen and T.-H. Young | i
(2009). "Electrotaxis of lung cancer cells in a multiple-electric-

field chip." Biosensors and Bioelectronics 24: 3510-3516. Agar bridge

96
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Morphological response of lung cancer cell
under dcEF

gee

« Migration
* Orientation

» Assymetric filopodia
activity (with or. zsi12)

R Cell response - migration
- response of cells with different metastasis potential

Huang, C.-W., J.-Y. Cheng*, M.-H. Yen and T.-H. Young (2009).
"Electrotaxis of lung cancer cells in a multiple-electric-field chip."
Biosensors and Bioelectronics 24: 3510-3516.

- + , two hours

300mV/mm 300mV/mm
90 90

300 h=q32

CL1-5

Response 1: Cell Migration under EF

Under the applied EF, CL1-5 migrate toward the
anode while CL1-0 have no obvious response.

300 mV/8, 7 hours

gea
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Cell response — 2 : cell orientation under EF
- response of cells with different metastasis potential

- < +

Response 2: Cell Orientation under EF

T 300 mV/mm, more metastatic cell respond more significantly
CLs’: human lung adenocarcinoma cell lines from PC Yang, NT{

= Sinica Tawan ROT

Response of filopodia under dcEF

with Dr. Z=E

.0 100
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Asymmetric distribution of filopodia under
dcEF

Wang, C.-C., Y.-C. Ka, P.-Y. Chi, C.-W. Huang, J.-Y. Lin, C.-F. Chou, J.-Y. Cheng*
and C.-H. Lee* (2011). "Asymmetric cancer-cell filopodium growth induced by
electric-fields in a microfluidic culture chip." Lab on a Chip 11: 695-699.

(b) EF =300 mv/mm +

Distributions of EGFRs labeled by
Cy5 of two CL1-5 cells (a) before
and (b) after the treatment of a 300
mV/mm dcEF.

Buper-resolution SINAP images of a CL1-5 lung
ancer cell. (a) Before the treatment of EFs. (b)
\fter the treatment of a 180 mV/mm EF for 30
minutes.

Distribution of protein IS involved

?? Migration to%e%rd +, filopodia/EGFR polarized toward =

= Sinica Tawan ROT
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83 Improvement of MFC chip

Hsieh-Fu Tsai, Shih-Wei Peng , Chun-Ying Wu , Hui-Fang Chang , and Ji-Yen Cheng
Biomicrofiuidics 6, 034116 (2012); doi: 10.1063/1.4749826

1‘““‘%

* In MFC, multiple electric fields were created by manipula
,_cross-sectional area

» Drawbacks:
1. Flow velocity increases with increasing electric field
2. Inhomogenous cell distribution
3. Require separate control experiments (EF = 0)

fiekdx - V,
efieldx — V/cm

| ) F
Mig). on g
)|

400 5
Prm—— 2 5
E 300 N . 18 0.045
S 20 s — o 0035 7
£100 o Measured — 0025
. el + Simulated 0015 &
0 - z
0 8 1 24 0005
Location (mm) @

“*lcu(v

Fig. 3. (Upper) Simulated EF in the multi-field chip. (Lower) Simulated and mea-
sured E along the channel. The measured EF strength is 74+0.1, 205+0.8 and
331 4 1.3mV/mm. The error bars are too small to be seen in the figure.

1023,
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Aims

/ 2 C
C
C

» Network circuit design to decouple the flow field
and the electric field.

* Improve experimental throughput

1031,

—
1] L L k
2 Chip design S
(@)
- outlet -
_a/ngde_ B B - inlet 1 R1o
o AMA—
S 4
o>
cathode 10mm
“inlet 2

== cell culture area
{222 observation region

Ve Vi, Vo Vi, =(%)(%)(%):(4;R§)(%):1:0=7.93:2.75:1:0
5

2 7

1043,
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K WMaterials and Methods &
» Electric field and flow field simulation b

CFD-ACE+.

Distance (mm)

e

Materials and Methods

 Chip fabrication

Double-side tape

3 layers of PMMA thermally bonded

1067,

Sinica Taiwan ROT
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~inlet 1

double-sided
tape

[TCPS dish |

PMMA
top assembly

]

PID -
controller | [Z&*%

Y
rer

Electrotaxis in alveoli-like 3D scaffold

% 108

A ia Sinica Taiwan ROT
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Electrotaxis in alveoli-like 3D scaffold

Yung-Shin Sun , Shih-Wei Peng , Keng-Hui Lin , and Ji-Yen Cheng
Biomicrofluidics 6 , 014102 (2012); doi: 10.1063/1.3671399

Monodisperse bubbles with a

£ - £ e-by-eing
a PDMS-based micro-channel
device

® S
1
Agar
Medi bridge
?nllel:m Medium
\ /\ outlet 24

PMMA

Double
sided tape

—

(Ef

CRP. Materials and Methods
A. 3D scaffold fabrication

PDMS-based micro-channel for 1. Liquid: (7% gelatin + 1% F127) in warm DI water
making and collecting bubbles 2 Gas: N,

3. Finding conditions of liquid flow rate and gas pressure
that uniform bubbles are formed

4. Collecting bubbles from output
-> store in refrigerator for 5 min.

- store in (2% forma + 0.1% glutar)
under 4°C overnight

-> degas under vacuum

- wash in DI water for one hour and
then glycine for another hour

-> repeat washing for 3 times

-> store in PBS under 4°C before use

iL, output

A ia Sinica Taiwan ROT
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B. Fluidic chamber fabrication

-- PMMA substrates: thickness = 1 mm

1
-- Double sided tapes: thickness = 70

Medium

gee

i g Electrotaxis experiment

@ power supply

pm.
-- Two protrudent pieces (3 mm x 4.5
mm each): Used to clip the scaffold -
and prevent it from sliding away during §
observation. PMMA — S = : Double
-- Empty channel of the bottom PMMA: s sided tapg
50 mm x 12 mm in dimension. - el M
o LT egmScaffold
-- PMMA have 4 holes on it: middle two =
glued to bigger adapters for agar salt !f’
bridges and the outside two glued to I <7
smaller adapters for medium flow —
Glass slide
T
ST
@
&
<

4 —
Agar bridge —
PBS
Medium ,/
inlet Medium
N\ Scaffold =" outlet
i o
4 EF « i s —
| I
PMMA Glass slide
ITO heater
- Microscope
A ia Sinica Taiwan ROT
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CRI’I. Results and Discussion <

A. 3D scaffolds with uniform pore sizes

A. Picture of a 3D scaffold.

Dimension: 1 mm in thickness and 6

B. Bright-field confocal image of a
3D scaffold. Scale bar = 50 um.

C. Fluorescent confocal image of a
3D scaffold. Scale bar = 50 um.

D. Re-constructed 3D top-view
image of a 3D scaffold. Top-to-
bottom connected pores is around
50 pm.

E. Re-constructed 3D side-view
image of a 3D scaffold. Side-to-side
connected pores is about 20 ~ 30

Mm.
F. Re-constructed 3D image of

CL1-0 cells (stained with CellVue®)
inside a 3D scaffold.

@’ Cell migration under dcEF inside 3D scaffolds

-- Cells were able to move across neighboring bubbles through inter-
connected pores

A.t=0 min B. t =60 min

e

|

A549 cells inside a 3D
scaffold under an applied
EF of 338 mV/mm atA. t
=0 min and B. t = 60 min.
Clearly some cells
migrated through inter-
connected pores.

1. Cancer cells inside in vivo human body can move and penetrate through a
variety of surrounding biomaterials.

I 2.Apotential application of such scaffolds in tissue engineering with great
&y biocompatibility.

ia Sinica Taiwan ROT
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-- Migratory behavior of CL1-0, CL1-5 w/ GFP, CL1-5 and A549 cells:
CL1'0 9 NO biaS NO EF EF = 338 mV/mm
CL1-5 > Toward the anode (+)

A549 > Toward the cathode (-) =

120 0

Polar plots of cell migration after 2
hours. Left column: CL1-0, CL1-5 w/
GFP, CL1-5 and A549 without the
applied EF. Right column: CL1-0, CL1-5
w/ GFP, CL1-5 and A549 with the
applied EF of 338 mV/mm.

270
%

>

Cell Type (stimulation time = 2 hr) Directedness + SEM Speed £ SEM (pm/hr)
CL1-0 (2D, EF =375 mV/mm) [1] -0.005 £ 0.065 5.04+0.74

} CL1-0@GD EF =338 mV/mm) 0064005 3635027
CL1-5 (2D, EF =375 mV/mm) [1] -0.60 + 0.04 14.11 £0.86
CL1-5 (3D, EF =338 mV/mm) -0.33+£0.10 11.56 £ 1.11
A549 (2D, EF =300 mV/mm) [2] 0.76 £0.12 13.0 +2.50
A549 (3D, EF =375 mV/mm) 0.25+0.04 7.73+0.36

[1] Huang, C.W., et al., Biosensors & Bioelectronics, 2009. 24(12): p. 3510-3516.
[2] Yan, X.L., et al., Bioelectromagnetics, 2009. 30(1): p. 29-35.

I, Glass substrates: stiffness = 50 ~ 90 GPa; PMMA substrates: stiffness = 1.8 ~ 3.1

1. Cells in both environments showed identical migration directions. However, for
CL1-5 and A549 cells, the absolute values of directedness in 3D scaffolds are
smaller than those in 2D substrates.

2. Cells in 3D scaffolds moved slower than those on 2D substrates.
- Difference in environmental stiffness:

Gelatin-made scaffolds: stiffness = 3 ~ 10 kPa

GPa
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R Electrotaxis during wound-
healing

p_ /=
i

Mictofluidic-Acplicati BioMAos-Laborat QoL
e ¥

Electrotaxis wound-healing chip

C

<&

<

1

Sun, Y.-S.; Peng, S.-W.; Cheng, J.-Y., In vitro electrical-stimulated wound-healing chip for studying electric field- @
aSS|sted wound- heallng process. Biomicrofluidics 2012 6, 034117-12.

14
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Mechanism of electrotaxis

/ 119

gee

Pathways reported before

EGFR

Mitogen Activated Protein
Kinase/ERK

PI3K/AKt/PTEN

Voltage sensitive sodium
channel

Calcium channel

120

gea

T~
lon channels and ion pumps + energy
( A gt Cam )
¥ A
(Transepithelial potential) + (wound) -

Extracellular

lonic current flow — the wound electric fields |

(override other signals:
contact inhibition release,
wound void...)

— Receptor (?) —
EGF receptors, integrin, membrane lipids, channels |

g = T

v

% :
@ ; fcEmD
'.' :'__— P
"« !: a @

intracellular

0
s
s
s
.‘
0

Rho GTPase (Rac/cdc42/Rho)
Actin polyxlerlzation

Directional cell polarization, cell migration
and wound healing

Fig. 6. Electrical signaling in cell migration and wound healing. Schematic diagram
shows the generation of the endogenous wound electric signals and its integration
into some important signaling pathways for cell polarization, migration and wound
healing.

Seminars in Cell & Developmental Biology 20 (2009) 674-682
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Role of charged molecules on cell surface

Oq.
o A

T Ntotiity amd e 3 toskeleton 64 83316 (2007 |

} Electric Field-Induced Polarization of
Charged Cell Surface Proteins Does Not
Determine the Direction of Galvanotaxis

Erik I Finkelsten, Pen-hsiu Grace Chao? Glark T. Hung,*
o Crios Bulnsk

Yarema and Beﬂezzr@enome:"z_
Biology 2001 2:reviews0004.1, =

* neuraminidases (i.e. sialidases) S n

to remove negative charges

(sialic acid) b 1 HeLa
+ avidin to add positive charges
« “...polarization of charged 075 1

surface molecules, as z

measured by WGA, is induced § =

by the EF, but is not § o]

functionally coupled to EF

induction of directional motility.” 0-
_Ref. Finkelstein, 2007, Cell Motility and control neur'ase control neur'ase bno in+ blolln+
' Cytoskeleton, v64, p833 Sial. Pojarization: = succinyl
Migralion: avidin

gea

Controversy in Calcium dependency

» Requirement of calcium for electrotaxis is different between cells.
Arguments exist.

al, 2006)

* HUVEC reendothelization requires Ca?* (Z.Q. Zhao, P. Walczysko, Min
Zhao, 2008)

* Involvement of Ca2* in zebrafish keratocytes electrotaxis (Huang,
Robinson et al., 2008)

* Requirement of Calcium for cell shape & orientation change of mouse
embryo fibroblast (Onuma&Hui, 1985)

* But

« murine fibroblastic cell lines, NIH3T3&SV101 is reported to be calcium
independent (Brown&Leow, 1994)
+ (Djamgoz et al., 2006) reported a voltage-independent Ca?* influx

mechanism between two different metastasis rat prostate cancer cell
lines.

122
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From morphological study to molecular lev

PR

mechanism: e

Gene expression change under dcEF of human
lung cancer cell line CL1-5

Purpose: to predict EF sensing proteins

123

gea

Large Electric-Field Chip (LEFC) is required for
DNA microarray experiment

brid inlet  brid Gel-edltureregion-
—+ rage  Ime ni gf Medium outlet N
- BN
Medium inlet | S— T SFC: 3x15 mm?2
LB ? 40-fold
‘ LEFC: 75x24 mm?
PMMA sheet

Agarsalt Cell Agar salt

) at most 1x108 cells can be

//, N
\/ Cell culture harvested from one LEFC
Double sided tape @//Q region

15cm

/
culture dish

S

02
Huang, C.-W., H.-Y. Chen, et al. (2011). "Gene Expresgion of Human Lung Cancer Cell
Line CL1-5 in Response to a Djig# Current Electric Fiétd." PLoS ONE 6(10): €25928

124
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Gene expression profiling analysis of CL cells

Experimental ’ LEFC fabrication and system setup ‘
—procedtre: :
| Cell incubation and EF stimulation |
7

’ RNA isolation and Microarray test ‘
i

Microarray data analysis:

= | Quantile normalization (CRSD) |
Composite Regulatory 7
Signature Database

, ] | ANOVA (CRSD) |
v

analysis (CRSD) sensing protein

Signaling pathway ¢_1 Filter 1: Median intensity %_, Inference of EF
)

Subcellular “’ Filter 2: Fold change 1.5 ‘

localization analysis
(UniProtkB, 123

Encamhl) A ja Sinica Taiwan ROT

gea

A

ummary on gene expression of CL cells
- EF-regulated gene expression change

Affymetrix HG U133 Plus 2.0 array (20722 genes, 54675 probes)
EF: 300mV/mm, 2hr

n = 3 for each condition, each sample from 1-3 exp.

Probe set number CL1-5|CL1-0
CR v.s. EF, ANOVA
(p<0.05) 1631 | 1469 CL1-5 | CL1-0
e % . g uys Total gene # 362 | 260
signal strengths >
median (65.5) 432 | 292( 2| Up-regulated 238 135
! ] ! Down-regulated 124 125
ny= sy ny=
Fold change (EF/CR) 88 38
~ >150r<1/15 Number of EF affected genes are low!
& 126
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Signaling pathway analysis using EF-

regulated genes (ss2 + 260)

10 Cl4.5
Pathw ay Name p-value [Gene Symbol (Fold Change) Pathw ay Name p-value |Gene Symbol (Fold Change)
RPL18A (1.23) RPL39 (1.09) 1 ACVRI1B (1.51) FYN (1.21
1 |RPL36A (1.07) RPS12 (1.05) - WASF3 (1.2) ACP1 (1.18)
Ribosome (KEGG, hsa03010) |2.956:05 | |RPS7 (1.04) Adherens junction (KEGG) - 18.538:04 \—1re ooy
f RPL10 (1/1.47) RPL23A ! ACTG1 (1/1.05)
(1/1.05) Telomerase RNA component
PDE4C (1.63) PDE3B (1.6) gene hTerc Transcriptional 342E03 | | NFYA (111.16) NFYC (1/1.27)
Purine metabolism (KEGG, orem0e| T AK2 (1.31) TYMP (1.25) Regulation (BioCarta)
hsa00230) 16E- POLR2I (1.13) GUK1 (1.09) IR (152) RABT3 (1.25)
1 [IMPDH1 (1/1.13) o T |ePBat (123)
» . T Towe 127) Tight junction (KEGG) 2.60E-02 BTEN (11 19] ACTGT
Caspase Cascade in Apoptosis 147603 1 (1/1.05)
(BioCarta, h_caspase) : 1 CASP9 (1/1.33) CASP6

(1/1.25)

FAS signaling pathw ay (CD95)

1 [LvnA (1.27)

(BioCarta, h_fas) 3.198:03 | |CASPS (171.25) MARSKT
(11.1)

Dorso-ventral axis formation 1 |PWIL1 (1.83) ERBB4 (1.44)
4.20E-03

(KEGG, hsa04320) 1 |NoTcH2NL (1/1.37)

Induction of apoptosis through 1 [LMNA (1.27)

DR3 and DR4/5 Death 4.57E:03 [ [CASP9 (1/7.33) CASFS

Receptors (BioCarta, h_death) l

(1/1.25)

Adherens junction (KEGG,
hsa04520)

7.36E-03

1 |WAS (1.29) IGF1R (1.14)

SORBS1 (1/1.41) MAP3K7
(1/1.1)

The EF- regulated genes in CL1-5
are strongly correlated to cell
adhesion and cell movement, but
those in CL1-0 are not.

EF triggers different pathway of

CL1-0 and CL1-5.

regulated genes

Criterion: EF/CR >1.5 or CR/EF >1.5

Subcellular localization of significantly EF-

gea

38 probe sets

Unknown
18%

Secreted
8%

Cytoplasm

16%

Uncategorized
22% Others
18%

Nucleus
18%

only in CL1-5 cells!28

The results suggest the involvement of membrane proteins

88 probe sets

Unknown
22%

Cell membrane
18%

Secreted

Cytoplasm

Uncategorized
ok 15%

22%

Nucleus Others
10% %
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1. Intrinsic difference of CL1-0 and CL1-5 may be the origin of EF

Approach for EF-sensing protein prediction

2

1 .
T STTTISTTY

N \

670 genes (encoding

membrane protein)

erently

2. Genes of EF sensing proteins may not be
directly regulated by EF but should
participate in pathways related to EF
regulated genes.

‘ interaction network ‘
0—0—8@
oo .7:0 2 Membrane piQ network
X 7 of EF-regulated-ge
O .a” &
d :EF-regulated gene
3 O Sshow legend
k
; 2: <
<

EF-sensing protein prediction

Predicted EF-sensing proteins based on the two criteria in the

hypothesis

I Cl 4 5 onbe
ot

oy

Probe SetID  Gene Gene Name

Object type

Control

EF stimulation

Symbol (GeneGo) signal intensity | 1-5/1-0 | signal intensity  1-5/1-0
CL1-0 cL15| ratio| Cli0 cLi5  ratio
212063_at CD44 CD44 molecule (Indian Generic receptor 44 7682.7 | 174.61 127.1 6830.9 53.74
u blood group)
228083_at CACNA2D4 )calcium channel, voltage- Voltage-gated ion 11.6 893.7] 77.04 3.78 1139 301.31
dependent, alpha 2/delta  channel
subunit 4
225407_at MBP myelin basic protein Generic binding 27.5 1088.4| 39.58 18.07 13814 76.45
protein
203987 _at FZD6 frizzled homolog 6 GPCR 111.7 3351.1 30| 128.29 2625.2 20.46
(Drosophila)
201286_at syndecan 1 Generic receptor 258.5 2315.3 8.96 | 244.06 2204.2 9.03
203028_s_at YBA cytochrome b-245, alpha  Generic enzyme 400.4 3292.4 8.22 | 452.42 4200.1 9.28
polypeptide
202668 _at EFNB2 ephrin-B2 Receptor ligand 176.3 954.5 5.41 ] 283.45 982.81 3.47
204379_s_at FGFR3 fibroblast growth factor Receptor with 17182 150.2 |1/11.44 | 1797.7 164.19 1/10.95
receptor 3 enzyme activity

GECR:WG protein-coupled receptor
.

Criterion: ratio > 4 and!$@nal intensity > 500 at least in one cell line

A

ia Sinica Taiwan ROT
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EF-sensing protein prediction — protein level
verification of CD44

CD44s are biased to the anodic-
~ facing side in CL1-5 cells under
. dcEF.

nte

— 004
0.02
0.00

OmV/mm [l (b)

cL1-5
© o014
cL10 0.12 X
g 010
Qo
2 008
2 0.06

=t

300mV/mm

OmV/mm

300mV/mm

gee

131

[
R, <
&

For acquiring cells for protein analysis - Exp 9
design

« Aim: investigate the activation of RTKs
in CL1 electrotaxis. Because in situ
electrophoresis is the most widely
adapted model

* Use XLEFC for electrical stimulation
and cell collection.

+ XLEFC

Uniform electric field
Air-tight sealing

Avoid contamination
Avoid medium evaporation

Easily disassembled after EF
stimulation

« PathScan RTK signaling antibody array
kit for screening




Y
(e

On-going works

+ Cell behavior under dcEF stimulation:

Molecular mechanism of EF sensing (protein phosphorylation) D
Effect of EF on neuron cell differentiation

Diagnostic tool on cancer cell malignancy based on electrotaxis
Electrotaxis in vivo using model organism

+ Biosensing using nano/micro structures
— microRNA detection in urine sample for diagnosis of kidney

injury
— Whole-cell biosensor (for detecting toxicity of non-specific
source)
+ Chemical applications — extraction chip |[>
{131
D3 l/l fluidic A \H i Bicohia Lok v7 Qctl
VP —— e T Sinica Taman ROT |

microRNA as urinal marker and therapeutic agent
for acute kidney injury
LM‘WJV MERZEE A o oM B R8RS ENIREC DL B G s

* A collaboration of:
— Ji-Yen Cheng (55 = FER| BIWZE & )(nanoslit SPR microfluidic chip for miRNA
detection)
— Heng Lin (#fF &t 24 R BZ$%) (mouse model of AKI and CIN)
— His-Hsien Chen (Fi#5E GBS KRR B AR EE/BIEEEET) (Select
patient and collect samples based on clinical case histories)
. Background

—- HRRIERECE A B S B e BRI, S R S v B 8 E RSB = A -
BRI ﬁ/nﬁ%’r%iﬁ MRk - TERERIY B RS RIHEENT AR, (AREE
2009 ; 20, p171-180)

- HRIENTAENE A TERAE 30%M EHER DL 80% AR AL LK.

— Early stage diagnosis is very important for the treatment of acute kidney injury (AKI)
or contrast medium induced nephropathy (CIN).

— Current standard marker (serum creatinine) does not reveal the injury until 48 to 72
hours, which is too late for effective treatment.

1347= Blood miRNA biomarkers for AKI or CIN have been reported but the result is not
~ consistent.

A ia Sinica Taiwan ROT
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FRAEE A D°7W1N72 N2V TYION2KA
” 7 ACADEMIASINICA- The Hebrew University of Jerusalem

Bacterial Whole Cell Sensor
on a Chip for Environmental
Monitoring

2014.2.23

Tori Yi-Ching Tsai & Paul Hsieh-Fu Tsai
Principal Investigator: Dr. Ji-Yen Cheng, Shimshon
Belkin

135

>

Principle of using whole-cell as sensor for
environment monitoring
——
<
n EI \‘ OE Transcription Translation
[~ T ——> o —>
Promoter Degradative
gene
Modified from: Niverggt. al. Jodfnal of
@ Applied Microbiology 20847 96, 33—-46
13 - Disadvantage and Advantage: Non-specific, biological effect
-
BioMi i Arrll : - MA:EI o ory et A ia Sinica Taiwan ROT
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R Photo of the black AMC |
“Photo of the black AMC with &
heating wire
: gy e

69
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Photo of Current setup

*

A software for monitoing luminescence
signals: Lumi-Logger

Access the Mightex TCD1304 Linear CCD module through libusb library
and communicate through the USB protocol.

Utilize Python, PyQT, Matplotlib, Numpy, Scipy
Support automatic identification of well location and numbering.

Support time lapse and single acquisition of data and automatically
integrate the area under the curve for each well.

Automatically save filtered data and raw data.

Save all the data of each time point into a .csv file.

Able to load the .csv file and load each data set and plot it when selected.
Executable by Pyinstaller

Automatically triplicate the measurement and save the data.

Real-time plotting of area-under-the-curve for each peak.

140
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; 2 R ickminescenc Logau N o

[ Abowt
A K A A O DOV PPN DK M
Academia Sinica The Hebrew University of Jerusalem

File Path 60000
WaersDavince\Deskiop'20140217 Q 5X-1X CCD connected 50000
} Integration Parameter 5 P
‘ ExposureTime 5o 2| 0.ms Preview Snapshot s o

Acquire| | Load || Load ' Load < 20000
Ac;umulmsvep Vlmelapsa\mel\a\ Profile || Profile | Table  Plot

End Omin-1-6.. Omin-1-6.. Omin-1-6.. 3min. 3min-1-6. C""”‘v”
198 & 757 256 59346
41, 62 787 10114 39161 35 =
]
625 158 205 52672 59067 53859 §
s 8 71 5609 64797 56981
<
1 139 185 sa265  esw4 57508 3
YR 1825 s076  asewr  asst s
1808 1647 4273 s069 46619 H
a2 31469 56534 68859 .3
2908|240 |S4%6  |6s876 1500 2000 2500 3000 3500
balid 40 [% Horizontal Position
3100 48706 49
974 68 50980 6822 SO
— welll
well2
— w3
. welld
ek P— hor
ith the 2 duplcat i saved well6
with the 3 duplcate 15 saved. M:j;
we
410 count 156 614730432 welly
weil10
weil2)
well12
weil13
e 1 duplcat is smved —
8¢ 2icpcan et 15 20 25 30 | wu
b a5 el Time(Min) well16
Tomer i shed % coust 156 056293336 5
A
=T
- > Siioa Toman BOT

% An example of Data processing — peak
identification

* The program uses the Scipy’s built-in Simpson’s numerical function to
integrate the area under the curve.

. From ADC value of the CCD the recA

area is 374557.

3269755.

» From ADC value of the CCD, the DH5a stimulated with 0.2mg/mL
hydroquinolone for 2 hours is about 20000 a.u. while calculated area is

gea

w’\f !

¥ 10000
S 8000}
8 6000}
<
) T 4000
recA strain (upper panel) 2
is stimulated by an E 2000 4%
antibiotic, Nalidixihyc acid E 0
L o 35000
DH5a strain is stimulated 2 30000}
by hydroquinolone 3 25000 M
2 20000}
2 15000
Cekl000.
g 5000
3 0
= < -5000
N 0

2000 2500 3000 3500
Horizontal Position
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An example of data processing : area-under-curve and @

time lapse recording

Bioluminescence of a two channel chip each stimulated with nalidixic acid or hydroquinolone at 37°C

le7 — welll
. . o : DH5a/hydroquinolone : | — well2
(1 Smmin dlameter) g 0.8} start to-increase-at 36 min-(10min response) DHSa/10x conc/a, xz::i
i ° well5
> 10 wells per chip. 206 P’“g‘ recAlunconcentrate 2 welle
(65“ L) % 0.4l g;;mm start to increase at 87 min (Gcfrnin response) = x:::;
: = DHSalunconc/Q © recAlunconc/NA | — Well9
p Concentration: 302 — welll0
o redA/T0X conc/NA
— 4000rpm (1500xg) < 0.0} - ‘ : : : ‘
— 10min 0 50 100, ) 150 200 250
Time(Min)
Bioluminescence of a two channel chip each stimulated with nalidixic acid or hydroquinolone at room temp (23°C)
) . | — welll
2 800000 : ; : 1 — wel2
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Conclusion:
Microfluidic devices really help to speed up chemical and
biological studies.
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Microfluidics along is merely an enabling technology.
It is the problem that is important.
» Rapid (500 sec) Microarray hybridization, 2005, Nucl. Acid. Res.
» DNA amplification, 2005, Analyst
» DNA microarray synthesis, 2009, Bioeng. Biotech.
* Rare cell capturing
* Microfluidic nanoslit sensor
» Sensor based on whole-cell array
» Cell culturing in controlled microenvironment
» Electrotaxis of lung cancer cell
— Electrotaxis — short introduction
— Multi-field chip (MFC) for electrotaxis study
, — Electrotaxis in 3D scaffold
147 « Wound healing mimicking 2012, Biomicrofluidics
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Questions

$$: NSC Taiwan, contract no.: 100-2113-M-001-014-MY3

NSC 102-2923-M-001-004-MY2
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@ Contact: Ji-Yen Cheng

% Jjysheng@gate.sinica.edu.tw
RCAS, Academia Sinich “Faiwan

ia Sinica Taiwan ROT
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