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» Surface tension dominate
Micro/Nano Fluidic Systems
» 3-In-1 Protein Chip
— Micro filling chip
— Micro stamper chip
— Micro bio-reaction chip

* Single Protein Molecule Array
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Micro/Nano fluidic systems

I
e
- i =l
l"‘--"x.fv-\.\-" o

Continuous Fluidic Systems Digital Fluidic Systems
Inlet
: Outlet AN AR NN AR AR R R R
Pipe Inllct _ 4 = - (Aquanua Liquid ﬂa%‘ﬁ
Couplers — r . . i L

f -
o

o
1 or (100A) 7 Pt (1000A4) (Control electrode)

. : - Oxide (1000 A) or Barium Strontium
Iﬁﬁg“g;‘&fgg; Titanate (2000 A) or Parylene (6000 A)

Layers e ITO (10004), Ground electrode
CC Teflon® (200 or 2500 A) C—_—1 Glass
E q Spacer (photoresist)

Mixing
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Reaction
Channel

Optical
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uTransducers sourcebook, 98
&
1. (metering issue)
2.

(surface tension, friction,
surface interaction issues)

ﬁﬁ?? (System integration)

EWOD, CJKim, UCLA
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Length Scale

Surface tension force (line force) is dominate
IN nano scale and important in micro scale!!
F. Tseng, Nanomechanics 04, ACPOT’06 /
U Namg
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Drug delivery or bio-

Line force/body force sample transportation

>
Air blowing

A~

Solid

—————————

1.Air blowing to provide
clean actuation

F~c (1t D)sin® 2.Pr ecise dosage control

Fo~ 1 D? 3.Less distance limitation
4. Surfacetension isone
ﬂ of the dominate for ces
5. Dynamic contact angle
F,F,=1/D? between liquid and

channel wall
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Role of Surface Tension in Micro/nano Scale

Surface Tension
Driven Hg slug

Electrodes

g Channel loop (
- B

Electrolyte

J. Lee, and C.-J. Kim,
Jof MEMS, June 2000
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Capillary stop valve \
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% Pressure Barrier Calculation \
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« Ur isthetotal interfacial energy of the system and Y oung’s equation

{ UT = A‘slysl + A&lya + Aayla Y4

Yo = Vs +712 COSO, e

TI777 7777777777 77777777777 7% 7

= U = (AytAL)Ya" A2 €080, + ALYia U, is constant since the sum

:Uo' Aslyla COSQC 4 Aayla As+Asa remains invariant
P=- aJ, = ¥1a(COSO, A — oA, )
dv dv, av

In order to stop the flow, we have to make P become negative.

« contactangle @ « 90°(stop in channel flow)

* Aincrease more than Asfor given volume change

L’/CJ |
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. Process of capi Iar)/ flow \
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L —— 3D meniscus model
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Expansion angle [} (degree)
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Capillary burst valve_ Experiment

Lab ona CD

B. View from top of disc capillary inner

increasing angular velocity reservoirs
g . A: the cross-
£ section area
g ool of the
§ w00 channel
; { oo P: perimeter
: increase © 2 1000 ) of the
: ° Q 0.0 .10 Q.15 0.20 0.25 0.30 C h an n e I
wid pinned etk dH:4A/ P
champer ~ atlunction o e
UJ"':{IJC m>m¢ nto chamber dH ’
D.C. Duffy; Anal. Chem. vol.71 1999, p4669)
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(I. Treise; Lab on a chip, vol.5, 2005, p285-297)
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(Digital Micro Fluidic Systems)
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Droplet generators
HP . )

" Ink Jet

Vapor
Bubble -
I ki)

Epson

Miozzle

e, Electroformed Mickel
Mozzle Plate with Barriers

Heater

| A,

Barrier
Glass Subsirate PZT
- — transducer
PECVD =
PECVD Silicon
Silicon R B Carbide Ink
Nitride - Polyimide Aluminum e supply
TwAl Conductor
Sputtered
Silicon
Dioxide

Glass Substrate Cylindrical
" " ES.Kim, USC, MEMS98
Sharp, Inc, MEMS 96 .. —

diaphragm

nozzle plat
ink pass

electrode

insulator
heater
etching hole

substrate
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Electroformed Nickel
Mozzle Flate with Barriers

National Tsing Hua University ESS

Commercial
Inkjet Printhead

Droplet Ejection

Nozzle : 60 um

10 us time increment

Glass Substrate

PECVD
Silicon
Nitride

TalAl
Resistor
Layer

Gilass Substrate

HP 51626A Printhead

Nozzle: 60 um
Droplet: 50 um
Frequency: 8 kHz

Fastest onein market
Nozzle: 20 um
Droplet: (5 pl)
Frequency: 12 kHz
Speed: 10 m/s

L
ﬁl}ns_/l.

Satellite droplet

L T
85 us - ®

Microinjector _
e .. Nozze 40 um

100 um Droplet: 45um

30 uws
o Frequency: 18 kHz
No 50 us
satellite Faaest one

droplet  §0 us

- 80 us

- 100 us

Nozzle: 10 um

Frequency: 33 kHz
Speed: 10 m/s

120 us

Prof, Fan-Gang Tseng

Taiwan
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oy Miﬁg M S |_3| éM EMS<J§ p/nano-fluidics Lathetab

Droplet: 12 um (0.9pl

Y
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Droplet Tail Cutting

Microinjector Commercial I nkjet
E 60
gl || Current
Droplet gection )k 5| || Pulse
77 =
= /“‘,/ —+—Bubble height (um)
;3 0 —=—hubble velocity (m/s)
‘ * s o \\\ \ o
= -4 it Bubble
o4 2 2 4 8 10 12 1 8 20 2 24 2%
& o| o Waitingi \ﬁ\‘\, Heater
ol time
- (a) Top shooter
Time (us)
Tail cutting
(Lee and Tirumala, IBM, 1988) Bubble

(b) Side shooter

/CZ-Naﬁﬁ -u-Nano Bio & fluidic Systems Lab
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Bubble Merging for Tail Cutting

Bubble formation sequence (1 pusinterval)

=] water

. | —
Ll
Si Substrate \RE{L‘"\-’[} Oxide \

Heater

= -Nangy .u-Nano Bio & fluidic Systems Lab
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Hg-Lamp
Optical Image Intensified
fibre Digital Camera _
Lens (S. Nilsson, et. al., uTas’00)
system
Reagent

dispensers

Water
dispenser

_ Lens N g Control Unit
Filters LEVi tator for Camera

1. Instrumental set-up for levitation cell experiments with fluorescence imaging detection,
consisting of a Hg-lamp, an optical fibre, two alternating interference filters (405 and 435
nm), a cylindrical lens, an acoustic levitator, a lens system, and another interference filter
(510 nm). A CCD camera is used to collect images of the levitated droplets, which are then
analysed by a specially designed, in-house developed computer program for image analysis
of the levitated droplets. Three continuous flow-through pico litre dispensers are used for
additions to the levitated droplet, one for the addition of water and two for the addition of
reagents (isoprenaline and insulin).

-
e /< -Nalg) .u-Nano Bio & fluidic Systems Lab
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® - Hydraphilic Raturning ta hydrophobic
due 1o electric potertial by discharging
1. [2 _4] 2. Lee. J, Sensors and Actuators 2002

e ligih

[5] — —
4 ) [6] 7 ,_E__H_- gt ocooEm
5. [8] ; — 1111
6
{

. [9] T
i I\/Iarangon i . K. Ichimura, Science, 2002

P. Ausdlllous, Nature, 2001

drep sapineamant Gim |
" " »

Most of them are employing -
surface tension gradient!!! 0. Sendre, Physica

Review E, 1999

W,y /Cl J. C. Chen, Sckency%%
-NAg -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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* Very high voltage,

* electrolysis problem,

» char ged bio-molecules may
be attracted by electrical field

-‘ 8= 150"

i S00m
; insulator
; : layer
: droplet ! 20pum
] energized

electrode

B— %i /_
j
grounded electrodes

(Masao Washizu, IEEE 1998 )

/CZ AL -u-Nano Bio & fluidic Systems Lab
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Electrostatic

droplet

I: driving force

insulator —— .
Silicon

dioxide

gmuuded electrodes
Silicon _[.
substrate

I mm

electrodes

droplet

(Altti Torkkeli, IEEE 2001 )
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EWOD
(ElectroWetting on Dielectric)

m
Input liquids @ @ @

Hydraphilic am  Foturning to hydrophobic
due 1o electric potential by discharging
l -:- o=
(Aquanus I_IlzqulnziIEiI [l
l""'-.'-""'r ) | S | 1., A 14
fau
o

k)
C— cri100A) 7 Pt (1000A) (Control electrode)
Oxide (1000 &) or Barium Strontium
Titanate (3000 A) or Parylene (6000 A)
[T (10004), Ground electrode
C— Teflon® (200 or 2500 &) 1 Glass
[ M Spacer (photoresist)

[

(Sung Kwon Cho, |EEE 2002 )

; L WA, -Nano Bio & fluidic Systems Lab
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Electrowetting

1. Creating from reservoir

LT ]

—1
@ - 2. Cutting
B [ =
@ | = 3. Joining
Al =X =

Junction /
m
M4 2

1 Cutput products

\/ 4. Transporting

Figz. 1 Envisioned digital microfluidic circuit and the
four fundamental droplet operations necessary

CJIKim, UCLA
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Electrowetting

OWE (Opto-Electrowetting)
Creating

.".:-" Chauries

S50 Tuansium

Laasr EF:: Courspewr
'* [ Oeur

L ik
Fmvimanl

[N SwsTem
fr Leve

hmﬂrphnu& i
Silicon |
.::l.:'l MOk

Device
Lever

Substrate

Pei Y u Chiou, |IEEE 2003)
-N a!u) -u-Nano Bio & fluidic Systems Lab
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Marangoni Effect

M ar angoni
0.1l flow
0s 0s - T T -

Capillary flow

05s

Tarpaaue )

—— 30V-
Xdirection

1 2 3 4 5
Distance(mm)

F. G. Tseng et al, Transducer’03

-u-Nano Bio & fluidic Systems Lab
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Thermal Capillary Actution

-2

l|u--—--£

Figure 3. (a)-(e) Thermally induced splitting of a dodecane drop Figure 5. (a)-(c) Dodecane drop turning 90° corner. Power

on a partially wetting stripe (droplet width = 1000 ¢m). applied to each resistor = 40 mW (Time lapse = 164 s).
Resistive heaters are defined by the light gray regions. The

voltage applied to the 155 € resistor was 2.5 V. The images

were recorded at 1= 0, 6.0, 7.5, 8.0, and 8.5 s. 2

Rl R2 R3 R4

. N \)X\_/«P‘ a) R1 and R3 on
- EL NN E S N—
N

| Rl R2 R3 R4

- -
a

h

I | b.) R1 and R4 on; R3 off

L % ~Sem—
1 ) « ‘ Rl R2 R3 R4
] T | c.) Increase R2 voltage: R4 on;
¢ { . /; S RI1 off
] ) \_/ Figure 6. Cross-section of device showing sequential heating of
l resistors, R1, R2, R3, R4: a.) Voltage applied to R1 and R3: the
drop is confined on top of R2. b.) Turn off R3 and apply voltage
d RN 8 I I ) pply voltag

to R4: drop moves away from R1. c.) Apply voltage to R2 and
turn off R1: drop is positioned above R3.

Figure 4. (a)-(d) Thermocapillary actuation of dodecane drop

through mtersection (droplet width = 1000 ¢, time lapse = 104 J. P. Valentinoa, A. A. Darhuberb, and S. M. Troian, Transducers’
o). . . LA ) . V1. )

’ | s, i-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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A
S e 2R . .
Sy Marangoni +capillary+ coal esces Effect
NGl Capillary flow
M ar angoni
flow
. Ty T .
Hydrophobic = ——— Hydrophilic
Sight glass Qteam vent
Saturated
sTCAM in J- -k,.‘f' ﬁ@
Condensing surface .n'ell
Thm;“éﬂuﬁ'm PR Droplet movement
[TC] QI _.{.:nndnnsm: out ~10 cm/s, 10 times
) Copper
o\ block faster
E_j | Teflon msert
YYIIYYYYYVYYYY)
They -
'H‘\ _’.--“'
f -
Caoling water in
/CZ (Susan Daniel, Science 2001)
-N4lg -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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~

Surface Roughness \

(b} Suspended PDMS membranes {optical microscopy)

« fiat Interface

Interface rough =

. Wettability Switching by Surface Roghness Effect

- 7/
/CZ‘NM-p-Nano Bio & fluidic Systems Lab

e ESS NTHU Taiwan
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Temperature Responsive Surface

0
T T gl o
. NH; + HECH;CH;COO0H + EDC ——— - M= C—C—C—3H
[ydrophilic H;

Swollen H
SEITELALES T I
L [} C=CH; CHy MH.
Ty k"""‘“. il -d-r(-[’_su X m M cu) 2
,/// Py o %4 I Moo ?“H'}Mﬂ!‘"('%wﬁ
oot S O NH | CHy |
> 2 {,__..) 1 Hydrophobic FI}{ HEls s
'\\\ \\ N '\\\ Collapsed CH, CH, ABALL
yo_Jd (\_.J ) Bt ? . " lli
he 0 e | 2 2
Do R bttty
o~ _LecsT ' o=¢
[ 32°C NH
Y =H, 0H (.'IH
Y
H©  HyC
Figure 1. Depiction of temperature effects Figure 2. Reaction sequence leading to
on pNIPAAM. Below the LCST pNIPAAM the free-radical polymerization of
1s hydrophilic and swollen. The reverse is pNIPAAM from modified PMMA
true above the LCST. surfaces. All reactions were performed

in aqueous medium.

I].T-J

061 VfC_OJ“H: 1
0.5 ; i SIN-H
] amide 11 overtone iII / BN-H)_ o
- CH it
. 041 vu\\l H) ; v, (]}H ] | ||”| 5(C-H)
L] v "
= az 2 IR 5=
2 / W I /’L S L-Illl/ﬂ-q Bulk pNIPAAM
ﬁ - p I“IL ___ﬂ——f""_'; | L
0.2 4 -
] (1
||| pNIPAAM on PMMA _
0. : . U A il d 224 °C 40.0°C
00 —Coutrol
T T T

Wavenumbers (cm"]

-
- PR, 1-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Photonic & SAMs

; N UV (360 nm) N'fN\@ )
I 5A

fe Tis (@20 nm) A o i
Trans Cis e — ﬂ ﬂ’ ﬂ {LMﬂuEﬁ'
l=Ds. s —_—
Gt piooE
Hdﬂq—ﬂ. t-m:#._ —————————————————

c
.mn_;—u".fhuhrv-— Elucllghr—-_zﬂ E'g'.l}': !L L @ JL lL

= s
= £ -

'-E % t=B0s R —L
§ : D

E & Sarme procadura with a reverse
' direction shown abave

]
0 a0 B0 120 180 200
Irradinlion tima (5)

(K. Ichimura, Science 2000)

0§ /a
= -Nangy -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Bending molecules by Electrical
Potential

Figd. 4. Microscopic 80 A 1.0, (o]
and macroscopic re-  _ | . = n
sponses of the low- :;55-: . f ﬂ D.si {f’\\.’/\ il /-\
density SaM to an S0l f [\ /] | AVARRY
electrical potential as 2 | f"n, ﬂlﬁl'l N [al =08
monitored by SFG 5 ¥ R Al Ill' \ M'l.' 2.,
spectroscopy and con-  Sizp. | '\I“I /p‘ j\ 7A\ H’ '.Illl 0.4 |
tact angle measure- i \\ fl,-' | / N a5l
ments. Relative SFG & 107 '\éa | ol
intensities (peak ar- q;,-j._. N E—T ol —
eas) of the methylene on off on off on off on off () 3] ) (2 ) () 0= 1)
Hydrophobic modes at wavelengths so. B
7 Alkyt Chain of 2855 cm~" (solid | 101 emepms—e=p—s=—s=s
Hydrophilic synlt;ols] and 2925 2 50‘5 0.8
Carboxylate M (open symbals) = .1 |
group are shown for the low- g { T 0.6
® dersity (A) and the I 304 z |
Sulfur dense (B) S.nsMs Mmea- & opl D44
sured in o *-acetoni- ¥ | 1
Precuraor - Hydrephllic Hydrophobic WEhEMCHON (rile (0.1 M CT) when g 104 0.24
Monaolayer Hydrolysis Monclayer Monolayer a potential of +25 ol el ey o I

mY wrt., SCE was re-

Fig. 1. dealized representation of the transition between straight (hydrophilic) and bent (hydrc peatedly applied to

on off on off on off an off

Pesitive electrical potential

(=) (+] (=) (#) (=} (+) (=) {#)
Surlace polarization

phobic) malecular conformations {ions and solvent molecules are not shown). The precurse the system. Cosine of ) _ _
molecule MHAE, characterized by a bulky end group and a thiol head group, was synthesized fror the advancing (open symbols) and receding (solid symbals) contact angles for the low-density (C)

. : i A L and the dense (D) S&Ms were determined while applying either +80 or —300 mV w.r.t. 5CE to the
MHA by introducing the (2-chloropheryl)diphenylmethyl ester group. underlying gold electrode. Four switch cycles were conducted, and contact angles were measured

with an aqueous solution (0.1 M CT, pH = 11.5) at air using a goniometer (VCA-2500XE, Advanced
Surface Technology) equipped with an electrometer (65174, Keithley Instruments) and platinum
and carbon fiber microelectrodes (Kation Scientific). Contact angles averaged at least 100 data
points from nine samples with maximum errors of 3% The SAMs were examined for chemical
integrity and deprotonation by IR spectroscopy after an electrical potential was applied. The lines
are drawn as a guide to the eye.

J. Lahann et al, Science 2003.
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%ﬂ*‘;; Superhydrophobic & Gravity

Superhydrophobic Surface (SAMS) Liquid Marble (Powder coating)

[ 1 mm

Water Droplet Weight 7mg with tilt angle of Hydropphobic powder (20um) coating

%]{(M ﬁlsaﬁhi Miwa, Langmuir 2000) (Pascale Aussillous, Nature 2001)
-\l -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Comparasion
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~

(P. Aussillous, Nature 2001)

Max. Droplet
Principle Velocity Size Power
(mm/s) (ul)
 Electrstatic 10 2~50 | Yes(124V)
(Altti Torkkeli, IEEE 2001)
Electrowetting 250 1 Yes(100Vad)
(S. K. Cho, IEEE 2002)
~ Optic 0.035 2 Yes
(K. Ichimura, Science 2000)
Temperatgre Qradlent - 20 0.001 ~ 1 Ves
(Susan Daneil, Science 2001)
Roughness 7 NG
(Bo He, IEEE 2003)
Gravity 1~ 10 NG

e ESS NTHU Taiwan
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Conventional array machine system \

 Robotic machine and steel pin

« Serial process: long running
time

* Need wash: (cross
contamination)

« Expansive: position control
system

« Sample dry out: not good
for protein

Ty Rag T Ll

AP TR s
D 1 M 5

R

_.-_._-_-—-_-_._-. \ L
= NANY -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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B_ Protein molecule

[ )
substrate 6/ 6 6
6 Photochemical species

*

substrate with photoresist

UV light

_____* ??**V+TT‘?YTYTTT

patterned photoresist 6 6 6 6
S ¢

aminosilane adsorbad to substrate

IAEInIEn

photorasist removed and methylsilans
adsorped 10 substrate

Blawas, Biomaterials, 1998

. /CZ
. -NAg .u-Nano Bio & fluidic Systems Lab
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(Piezoelectric) |
== ©00:

Figure 1: 4 50um jet of water breaking up due to Rayleigh
instability into 100um droplets at 20kH:.

stage
stepper
motor

syringe
stepper
motor

l_-h-ﬁ— - - - ..-'..
Spot size: 80~50um ,‘ | |
(SPIE Microfluidics and BioMEMS 2001) Rl = 8

O Nozzle:50 p m
0 Pizeo stroke: 3~9 um
Droplet volume: 200~1400pl

e ESS NTHU Taiwan
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(Piezoactuator) : "Y : '[L' i i ‘l'
Ev—— ﬁ_“pmuq | ﬂ;um. | 'u}f"—' F-,.mu
pisturr\ a ' | O—

elastomer stamp cooling plate

reservoirs
glass ———
silicon M
lass cover— ! I~ 1
’ o supply channel
NOZZe MTRY y 00000 O from reservoir
| substrate |

1 _Nang

S _,-_; -

e ESS NTHU Taiwan

-u-Nano Bio & fluidic Systems Lab

Spot size: 400~50um

(Gustmann, Germany Transducer, 2003)

Prof. Fan-Gang Tseng
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Capillaries 0 ] suiteh
-0 4/0—
Guard \ L0 DNA
ring AlB||C||D A
L — + Topower
Dielectric : | — 7 supply
g’" EI d P eE ::".:‘:.::;::n, |
I : |
Mask ! : !
1
! I
! I

\

XEEB \ / \ _\ Electrode 3—4|(V

(Electrospray Mozorov 1999)

- /CZ
-N Hnﬁ .u-Nano Bio & fluidic Systems Lab
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Lo Biological laser printing

: . Laser Absorption Laver
Energy Meter / w == = | CCD Camera P E
|
|
|
I

l.mm

Laser/

Microscope
Objective

Protein
Solution

Target

Support \4
|

[uid Jetling 1 l_ . ._'7-|:|:|.LIIL.

Figure 5 {a) A& 2000-5pot BSA microarray after immunoassay

s P - with anti-BS& {(imaged with fluorescant detection; 266 spots
M“'roarrdy SubStrdte | shownt, Standard deviation is 10% of the average spot size of
&0 pm. ib) Higher magnification of one portion of the microarray.

(J.A. Barron Proteomics2005)

« Microscope objective to focus the laser beam
» Quartz substrate and metal or metal oxide absorption layer

- /Cl
-NAng -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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AFM tip o,

..
L Writing directic
Molecular iransport ' R
\_\ Water meniscus

Mﬁ%}ﬁ%ﬁ?ﬁ ’ ‘

(Piner, Science

(J. W. Choi,
1999) 2004)

>)<-"’A \\\ _\\‘ Cantilever

. . Microchannel _ -
Reservoi >\‘\<Q/ e
Q

(Henderson, Biomedical Microdevice 4

)
4 -N3no -u-Nano Bio & fluidic Systems Lab
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3000 1

B ESS NTHU Taiwan
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y PIP Fiow Chamber

I~
~
~
! Waveoude
‘\\ l\\
] ~

ABCDEF

SN

== Mut-Cnonnel
= | Assay Flow Cell

(b)

R o

oy

= ESS MTHU Taiwan
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B. globigii + E. herbicola + MS2

B. globigi + MS2
E. herbicols
us2
8. globigi

w2 G EH

Size (400~1500um)

(Ligler, Biosensor & Bioelectronics 02)

Prof. Fan-Gang Tseng
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iy -:"fq-'::""':-. Q>
s @Fm%%%;a@ )2
s dul=ddrlasink <
i r‘%‘%ﬁ}";&qﬁﬁ &
-"T_‘\Q{fiﬂ_ |:tq'-.\5c<"; y
e ﬁL—?\g—“ﬁ‘--i"

(um) (pl)

(Lin) | 50-100 >100 | 400 Yes
(Bernard) | 5 200 / 1

100~65 48 | 500 No

(P.O.Brown 2001)

( )l 150~50 10 |120 No
100~4kHz

- ( )| 400~50 24(9 | 125~ Yes
ds | (CP. stéineret 6) |1700

" | 2009

¥ 0.1 1 |(0.01) Yes
AFM 2 3000 /1ihr | 12

\ﬂlf‘_"_‘_’ﬂ_hg 1~0.25 1 (0.05) Y y
- /Cl_ AL -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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o) Forcein Scale
R N, - - _-J“Tr or

Mercury mot

10°N
i 1 (10°N, 1m)
IS - ~
0 _ ~ Lineforce ‘
S 105N o il
0 _ G
LL — \ J. Lee, and C.-J. Kim,
— (10N, 1Imm) Jof MEMS, June 2000
1014 N— . - o Slug flow

107 um 10° 10* mm 102101 1m 10! 10!
Length Scale

Surface tension force (line force) is dominate
In nano scale and important in micro scale!! /

/C!_N ano -u-Nano Bio & fluidic Systems Lab
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~

a3-in-1 Protein Chip

»Micro filling chip
»Micro stamper chip

»Micro bio-reaction chip

oy

= ﬂ_‘anﬂ :u-Nano Bio & fluidic Systems Lab

e ESS NTHU Taiwan
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Chip System Integration

 Filling, Stamping, Detection

1. Micro

Hand-Fill-in Filling Chip B L |

Reservoir
Micro-Fill-in ReservoiL

2. Micro Array Micro

Stamp

St am p er Arrayer chip

3. Micro Bio- Protein
reaction Chip SAM /Array

Ploeaction surace LI —

Bio-reaction chip

/a—]‘aﬁﬁ :u-Nano Bio & fluidic Systems Lab

B css NTHU Taiwan
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(=

Lo x

1. Micro Filling Chip (-
Hand fill in - -

. Micro flow channel to micro filling reservoir

. PDMS membrane sealed. Conserved in
refriaerator

a i flow channel b. Micro flow channel ~ C- Filling testing. From

connect the Hand fill-in cross section hand-fi I_I reservoir to micro
\ reservoir and g - reservolr

yeservoir

-NAalg -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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1. Micro Filling Chip ~ Cle) \

A

Samplefluid filled parallel from micro ™™ ~
reservoir into the micro stamper.

 Filling the micro stamper by the capillary
force.

Sus
A’ o W Liq

Arrayer chip

- Well
Micro ' l ' H
Stamp

Filling Process

el i raiman u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng /
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2. Stamp different types sol uti
simultaneously

Stamp two types solution Stamp 4 types sol ution

Cy3 anti-rabbit 1gG, Cy5 anti-mouse I1gG Concentration: Cy5 10, Cy3 103

120 points array
Cy310% Cy510L

Cy5102 Cy3 104

ontinuous PBS solution with 30% glycerol

printingl2 times C Lin, F. Tseng, and C. Chieng, S&A B, 2004.

-Nang -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Protein Stamp result on substrates \
with different wettability

« Thedrop size increases with the wettablity of the chip

surface. Observed from fluorescent scanner and optical
mi croscope.
78° 580 510 18°

200u

\ Su8 photo resist APTS+DSC APTS+BS® Glass
L"'/CJ _

~NAnoy C. Ho, F. Tseng, and C. Chieng, JMM, 2005.
% Ess NTHU Tawan H-NAN0O Bio & fluidic Systems Lab Prof. Fan-Gang Tseng




0.0000E+000 sec

(a)
Hydrophili
c surface
20°

Flow channel filled with [T] Drop formation

] .
\ sample fluid

B ESS NTHU Taiwan

/a -Nano -u-Nano Bio & fluidic Systems Lab

0.0000E+000 sec

(b)
Hydrophili
c surface
80°

NTHU ESS/MEMS Institute

Simulation of drop formation process

e Substrate
wettability
effect the
drop size

Experiment

PDM S stamper

/=~ Substrate

Y. Chen, F. Tseng, and C. Chieng, JCIS, 2005.

Prof. Fan-Gang Tseng
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Comparison of Computed and Measured

Spotsizes on various SubstrateSurfaces

0 20 40 60 80 100
Contact Angle of Substrate (degree)

On different wettability of surface, the spot size
of soft printing decrease with the decreasing of
the surface wettability.

C. Ho, F. Tseng, and C. Chieng, JMM, 2005.

Simulation
---- Solution

viscos ty (1.02cp)
— solution
viscosity (3.20cp)

Experiment

. fluorescent
observation spot

W optical

mi croscope observed
spot
PBS+30%qglycerol
solution( viscosity
3.20)

Prof. Fan-Gang Tseng
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Fluid
channel

Micro Stamper

io-fluid \

Micro Filling Chip

eservolr

ozzle

e £SS NTHU Taiwan

! By

Bio-Micro Caplllary
Arra f rce
-u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang
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!éﬁ A Connector-filling micro Type B PDMS stamp-
'/E" .u-Nano Bio & fluidic Systems Lab fl”lnC] Prof. Fan-Gang Tseng
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s -+,
3 2
4 a
4 3
% @
2 1
3 @
3 2
4
5

_b..

R1: anti-mouse 1gG cy5
0.6mg/tmL, g= oy

:
I\i

g
IN
w

R2: anti-mouse 1gG cy5 0.1
mg/mL, Sy

G1: anti-rabbit 1gG cy3 1.0mg/mL

G2: anti-rabbit 1gG cy3 |

0.8m%r}mL ) 0.01 01 1
G3: tl'rabblt IgG Cy3 Concentretion

g /Cl L,

Intensity
=
8

=
o

[y

0

% ESS N#ﬂj:' '!m\mcc&glmdic &lStemS Lab Prof. Fan-Gang Tseng
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f-Directed M ovements of Droplets on Radially Patter ned Surfaces
Based on Self-Assembled M onolayers (Cont’d)

pe po M DO 0O 00 00 00 0O OO
R R R e

ﬁ.i’.p’.ﬁ.-’.ﬂ”-’p’p.
S i O o OO o oo

0.276 0.396

1.836 1.876 1.916 (b) 1.956 2.036 2.076 2.116

1.756 1.796

The motions of (a) 1.1 u L DI water droplet on the dual SAMsand (b) 0.4 u L DI water droplet on the
\ single SAM systems taken using high speed CCD camerawith a speed of 250 frames/sec (unitsin sec).

/a NG -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Bio-detection Chip

APD Sensor Arrays Micro Lens

| i '\III & : ‘P‘ F 4
M

Inclined mirrors

Characteristic:
1.In parallel detectior)
_ s , v 2. Fast

Y L .. _a < 3.Near distance

U N N IO R 4. Evanescent wave
Protein anays | | eXCI tatl On, I OW
background

w7k ight input Light output
/Cé: @pﬂﬂlh -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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ELISA of tumor marker test result

Cy3

Anti-Rabbit IgGe * Hurp: liver cancer antigen
« E6 Papillomavirus antigen

Eabbit anti-Eé antibodye horse serum
for blocking

"f BV ? lﬁ ELISA (Enzyme linked

Immunosorbent assay) bio-reaction
detection.

Hurp E6 Hurp Hurp
250ng/ul 38ng/ul Ing/ul 60ng/u
|
Hurp E6 Hurp Hurp
125ng/ul 76ng/ul 30ng/ul 100ng/ul
s
= /CZ_N any -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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~

Protein Binding Efficiency
| mprovement by Mixed SAMs

0 /CZ /
= - N ‘:!!11) -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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B Lf‘.l'n'*ﬁ\i;j
@
(b)
(©

e ESS NTHU Taiwan

Single SAMsfor Protein binding

Wit /CZ
B N ﬂ ﬂﬁ -u-Nano Bio & fluidic Systems Lab

CH3
—OH \
o o Methoxyl group
%‘—OH + CH3— 0= § = CH2— CH2= CH2~ NH2 reacted with
9 hydroxyl group
f—oH
© CH APTS
(aminopropyltrimethoxysilane)
OH (iHB
0O SO;Na O o o O
3 / 7N\ 77N\ SO:Na
[~ O~ § — CH2= CH2= CH2= NH2 And N C- (CH2y—C N
9 o} 0 O O
—°H cus + CH,OH BS3
(bis-sulfo-succinimidyl suberate)
CH3
— OH O @)
Y I /°N\ SO;Na
L) / /c— (CH2)5—ICIZ N
B[ 97 T (CH N o ©O
@)
L—on 7
O Chs SOsNa:

+ Q\I-OH

Prof. Fan-Gang Tseng
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Antibody recognition/binding
efficiency on protein chip

The schematic diagram
of the principle for the
Improvement of
recognition efficiency of
antibody to antigen by
mixed SAMs surface.

The schematic diagram

‘m -~ of the principle for the
# l" “ '«‘“‘ improvement of
i ||||| binding efficiency of

antibody to antigen by
mixed SAMs surface

= -\‘;!111) .u-Nano Bio & fluidic Systems Lab

e Cs NTHU Taiwan Prof. Fan-Gang Tseng
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Antibody recognition/binding efficiency measur ement
by SPR and Fluorescence for different Mixed SAMs

The Recognize Efficiecy Of Antibody to Antigen The Binding Efficiecy Of Antibody to Antigen
0.20 0.050
0.18 4
> SPR 0.045 SPR
S 0.16
[} > 0.040
2.68 1.62
i 0144 S 0085
[0} =
N w
S 0121 2 0.030
S £
9 2
o 0.10 1 m 0.025
0.08 4 0.020
0.06 T T T T T 0.015 : : : : :
APTS/C2 = 1/0 APTS/C2 = 1/10 APTS/C2 = 0/1 APTS/C2 = 1/0 APTS/C2 = 1/10 APTS/C2 = 0/1
APTS/C2 = 1/3 APTS/C2 = 1/30 APTS/C2 = 1/3 APTS/C2 = 1/30

The Recognize Efficiecy Of Antibody to Antigen The Binding Efficiecy Of Antibody to Antigen

0.30 34
324
0.25 A
- 3.0 1
o
S 28
0.20 ©
=
2.6 1
|
o
< 2.4 4
0.15 °
=
£ 22 FI
@ uorescnce
Fluorescnce 1933
2.15
0.05 T T T T T 16 T T T T T
APTS/C2 =1/0 APTS/C2 = 1/10 APTS/C2 =0/1 APTS/C2 = 1/0 APTS/C2 = 1/10 APTS/C2 = 0/1
APTS/C2 = 1/3 APTS/C2 = 1/30 APTS/C2 = 1/3 APTS/C2 = 1/30

g /Cl C. Wu, F. Tseng, and C. Chieng, Submitted Langmuir, 2006.
-Nango -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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CH3-(CH2),-SH
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The mixed SAM surface

CH3-(CH2).-SH

? CH:s

CH:s

CH:

o 0 @
© ©

1-decanethiol (C9)

(L _Namo

= ESs NTHU Taiwan

3'9 ©

1-hexanethiol (C5)

-u-Nano Bio & fluidic Systems Lab

n-alkanethiol Surface model

Prof. Fan-Gang Tseng




\s

# /CZ
A -N ﬂﬁ? -u-Nano Bio & fluidic Systems Lab

B ESS NTHU Taiwa

* E6i1sa 156 amino acid protein

— MASTSASSQPSTLY QLCKDFGLTLRNLQICCIWCKNHLTSAEAYAYHFKDLHVV
WKKGFPYAACAFCLEFY SKVCALRHYDRSAFWHTVEQETGLLLEEQIIRCAICQK

PLSPSEKDHHIY NGRHFRFILNRWTGRCTQCRE

» E6 isaoncoprotein of human papillomavirus

assoclated with cervical cancer

* The EG6 structure is not yet available.

Oncoprotein - E6 N\

Prof. Fan-Gang Tseng /
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Predicted structures of E6

\ E(}@étjq seryer http://robetta.bakerlab.org/

-u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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MD simulation on C5:C9=1:1 (Orientationl)

= (/
-NAno .u-Nano Bio & fluidic Systems Lab

NTHU ESSMEMS Institute

(0] 100 200 300 400 500 600 700 800

Time step (ps)

Prof. Fan-Gang Tseng
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MD simulation on C5:C9=1:1 (Orientation2)

\“ /55 NARY

ESS NTHU Taiwan

-u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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MD simulation

140
120
100
80
60
40
20
0
0 0.25 0.5 0.75 1
C9/(C5+C9)
25 r AFM measurement
20
15
10
5 »
O [ [ [ [ []

0 0.25 0.5 0.75 1
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(a)
(b)  APTS

()

(f\

N7

()
—C

(h)

© sice @ apts O washbutfer @ Block Q) 106 cy3 @) 196 Cy5

< |

IgG Cy5 ( ) Goat anti-rabbit 1gG Cy5 —
~ v
M -Nm-u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng -/5/23

.;.-_-_-';=_:'.:-_ EEE NTHU Talwan

IgG Cy3 ( ) Rabbit anti-mouse IgG Cy3 /
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% 'Vapor phase bio-
blocking

(a)

Si02_no block

> Slide Wash buffer

& s Q 1gGcy3

B FOTS o 1gG Cy5

Binding time improved from hoursto
5 minutes, efficiency improved by 2-4
rf/cZ?s!!!, no tailing issue!

A LIL -u-Nano Bio & fluidic Systems Lab
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Single molecule events
possible

Low background noise

L ow-middle concentration
High paralelism

S w
=] o
E

Fluorescent intensity (a.u.)

]
V]

2 enzymes xﬂ"‘-

4‘

1 enzyme s _,,,v
.n..a

.._,
o

200 300

e TRIET  Nature Biotechnology, 2005

Disadvantages:

Ambiguity of single molecule
Immobilization/reaction
Random distribution

Low possibility of single
molecule event-huge effort to
obtain statistically meaningful
data

N~

n-::nluwswm w
Prism
¢

Confocal

RGP

R ifugrescents b Beaching
beam

Quare slide

Bead —F"’-\!
fal

Cower slip

y , Wl obiective

Contocal beam Confocal bean

long observation time -not eas
for dynamic observation
Numbers of proteins on acite
(chamber, bead)

L{)w namic range

-\‘;!111) .u-Nano Bio & flui

B ESS NTHU Taiwan

1D wave guidé

Nature Chemical Biology, 2006
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