Introduction to Lab-On-a-Chip system:
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LOAC (or LOC): combining different operations, which are originally
performed in laboratories, in a single microdevice. (Berthier &

Silberzan)
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Course Organization (I1)
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» Language: Chinese; lecture notes in English

» Lecture Notes on Web: (http://bernoulli.iam.ntu.edu.tw/ )

« Grading Policy: Class participation (10%);
1st & 2nd Mid-term project presentation (15 + 15%);
Final oral & written report of term project (30%+30%)
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Trend of the world

(Optomechatronics)

4 Prosperity Electronics )
Metals Steam Electricity Air Craft Blotechno_logy
Textiles trains Motor Cars  Petrochemicals Information
Nanotechnology
50 yrs? f Artificial Intelligence
.. 7?7 etc.
Depression 1930 1985 —
] ]
| ] | ] T >
1800 1850 1900 1950 2000
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Who can survive in the changing world?

# The one that is the strongest

# The one that is the most intelligent
# The one that is most rich

# The one that is most active

# The one that is most modern

# The one that works very hard
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http://en.wikipedia.org/wiki/File:Stephenson-No.1-engine.jpg
http://en.wikipedia.org/wiki/File:Ford_assembly_line_-_1913.jpg

The Simple Answer (1)

It is not the strongest of the
species that survives, nor
the most intelligent that
survives.

It is the one that is the most

adaptable to change.
[Charles Darwin
1809~1882]
e RSy A B TR R —

“Adaptable to change”

¢ \What can the “change” bring (for you)?

¢ “Change” vs. “Novelty”

& What is/are the key(s) of “adaptable to
change™?

¢ What is/are the importance of “change” that
related to students/professors?
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Why interdisciplinary?

Performance

Complexity of Target & knowledge
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The Trend of Industry

The trend of industry development depends on
the trend of human needs.

e Providing Ubiquitous Total solution

o Integration of functionality

e Built in precision/inspection/automation

e Reduce time to certification/

(mass) production/market/profit
(#2- &x)
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Lab-on-a-chip system

nd | R =

ol 4 =i
microcontroller op-amp
board -cifeuit =
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optical waveguide microfluidic device

_LCD display *

. photodiode «

. fixed \
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What are LOAC & u-fluidics?

& There are different names used in the literature:
u-fluidic, MEMS-fluidics, u-TAS, BioMEMS,
biochip, LOAC, nanofluidics, nanoflows... etc.

& u-fluidic is the study of flows, which are
circulating in artificial g#-systems. (Prof. Patrick
Tabeling)

& 1-TAS: Micro Total
Analysis Systems
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What is Microfluidic technology ?

€ Microfluidic = “Micro” + “Fluidic” (fluids manipulation)

a)

AA'S

* Typical volumes are some tens pL to several 100 pL
— A J -

@ Different names for p-fluidic: LOAC, biochip,
MEMS-fluidics, nanofluidics, p-TAS (Total Analysis
Systems) etc.
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Biological Fluids
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1. Cells & Blood
2. Proteins
3. DNA
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Introduction to Surface Tension

Surface tension is the energy required
to increase the interface of two
immiscible fluids by an unit area.

Surface tension is the force applied
along the interface of two immiscible fluids
per unit length.
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How large is one drop size

by a typical evedropper?

5 mL
0.5 mL

0.05 mL
4. 0.005mL TmL (1cc)
0.0005 mL

wo

U1 R W =

1ul
1nL 3
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Why a microfluidic platform?
¢ Length scale & volume

MICROFLUIDIC DEVICES Micropumps/ valves/ flow sensors

e
Microfilters/ microreactors
A
~ B
Manotechnology/ Nanodevices? Microneedles Microanalysis systems
— (_)____‘
1A 1nm 1 um 1mm 1m Length scale
b t ; 1S = 5 5 | ¥ i} 5 fE—
1al 1fL 1pL 1nL 1uL 1mL 1L 1000 LVolume scale
[ S, — i [ ()
Molecules Smoke particles Human hair Man
- _
Viruses - Y

OTHER OBJECTS Bacteria Conventional fluidic devices

(Nguyen and Wereley, 2003)
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How to precisely metering a tiny drop?
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Microfluidic has been around for a long time?
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The pregnancy strip is a modern/traditional test ?

# The product became available in Canada in 1971
# This is a test of hCG (human chorionic gonadotropin)

““mani

not preg,,am Q)

o

https://commons.wikimedia.org/w/index.php?curid=1815031
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The sensor design of a pregnancy strip

# pregnancy strip is a nanomaterial-based sensor

Test Site Control Site
h Reaction Site Fixed antibody ,  dye Fixed antibody | dye
CG (traps hCG) substrate (traps free antibody) ~ substrate

Free antibody o dye
(traps hCG) enzyme

T !

| | V4
— == - [ J

1 7 X

Reaction Site Test Site Control Site
Where you pee Determines if pregnant Proves test is working
NTU-IAM
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How a pregnancy strip works?

(hCG in Urine) -(00_%"'%“” e =
o

-<m;':g°

ve T i‘? bl '“”:it,t

UJINE SAMPLE is applied to the bottom
the stick. Any hCG present binds to the

UND ANTIBODIES the
tanti-hCG antibody. TEST REGION contains immobilized anti-hCG antibodies. g0 progress up the

stick into the control region, where they are

They bind alternative sites on hCG, trapping the “sandwich® bound by.a thid of antibody. Again, the
at the site. An enzyme attached to the first antibody changes el e';ywm:’('f:m el g’hagqe i
the color of a coating on the stick, evidence of a positive test. that is proof only that the antibodies g

behaving property, not proof of pregnancy.

s, — >

In microfluidic terminology:
: lateral flow transportation

YY https:/ / pregnancy.biz/ pregnancy-tests/
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Examples of Past Term Projects

Self-made battery-powered

Micropump assg_m g n 2007

published in @\\@

Electrophoresis u\<“
2011, Vol. 32,
p.423-430.
published in
Sensors and
Actuators -B:
Chemical,
2016, Vol. 222
pp- 721-727
e RSy A B TR R —

Gravity-actuated Microfluidic Chip

for Point-of-Care Urinary Creatinine Detection
Sensors and Actuators —B: Chemical, 222 pp. 721-727, 2016
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Urine chip miniature.mpg
Urine chip miniature.mpg

Centrifugal p-Fluidics on Disk ()
AU merermyg fo=—owx (wxr)

liquid switch
inlet chamber

separation
11 metering chamber with
mixing / defined volume

detection . patent issue
+ Stable motor & power are required

SN

verflow channel

valve: barrier with
hydrophobic patch

ventilation
waste

* Control by rotating speed collection reservoir
* Disposable & Low cost (for subsequent steps)

(Zengerle %IHIai;J?r)eA M

BB —
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Centrifugal p-Fluidics on Disk (11)

Splitting/Aliquoting W

for multi-channels

Sample

Wash
solution 2

* Patentissue
+ Stable motor & power are required

Wash

- Calibrant 1 solution 1
Fw
Waste
Detection
chamber /
EERE 5 A Edited By An-Bang Wang
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Target: Urinary Creatinine Assay
o%[:;:”” ———‘0 J/::i%NHZ Creatinine is produced at a fairly constant rate by muscle, and

its concentration in blood or urine is a standard to evaluate the
renal function.

Step 1: metering Sample preparation & precise

metering:
a. 3.6 pl test sample (S)

b. 60 pL reagent A (A)

3.6 uL (S) 60 pL (A) 60 pL (B) c. 60 L reagent B (B)
Step 4:
Step 2: Step 3: . .
S + A mixing (S + A) + B mixing Mixture becomes reddish

orange & then detection

A I

S+A+B
NTU-IAM
FETER IR B SR —
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Capillary-Gravitational Valve

0.+ 0
9 AP, =P, —P, = 25[“’5( cto Cofl C]
1 1
AP, =P, — P, = —20cosf, W+H
APg = AP, + AP, = —pgLsin
A
where [ — h +W-wi
(Sensors and Actuators —B: Chemical, 222, pp. 721-727, 201)
L 20W cosB. cos(B.+ a)
ﬁnp =sin~! v W —
pg [H + (W - W)l] W

With an appropriate set of geometric design (e, w, W, h, and 1),
sequential control can be realized by simply changing 8.

NTU-IAM
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Lab-on-a-chip for point-of-care of Urine test

Step 5 : B, = 90°
Collection Mixture & Detecting

Step 4 : B, = 60°
Adding Reagent B and Mixing

Step 3 : B, = 30°
Adding Reagent A

Step 2 : B, =20°
Metering Test Sample

Step 1: B, =0°
Loading Test Sample

| Slide guide for
. upper cover
‘ PP {/

Optical
receiver

Optical
detection
module 7
Slide guide

(TW Patent 1446958)

e
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Urine
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Chip vs. Clinical Method

Lab-on-a-chip method:

ReagentA  Reagont8
(60 L L)

sarpe W\ 0

Loadig chamber
(130 4t)

Meterng

wasto
chamber
Mbéng & Collacting
Chamber
Oetecton chamber
Optical leagth: 5 i

Maing
chanael

Clinical method:

0.7
—6— Lab-on-a-chip method A
06 | _a . Clinical method
05 |
[0.D.] = 6.29x10[Conc] + 4.98x10?
.04 | R2=1.00
o error<7.6 %
Oos _ ; :
[0.D.] = 5.80x103[Conc] + 6.34x10
02 | R2=0.99
01 |
0.0
0 20 40 60 80 100

Concentration (mg/dL)
The new design is suitable for POCT (<10%) in remote
areas even without electricity.

Sensors and Actuators —B: Chemical, 222 pp. 721-
727, 2016

Edited By An-Bang Wang NTU-1IAM
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*The chip is placed on the rotating stage in the

horizontal plane.

*Load reagent A, reagent B, and urine sample.

0": load samples
20": open V1 (S precise metering)
30 openV2 & V3 (S + A)

60": openV4 (S+A +B)

90": open V5 (detecting)

NTU-IAM
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A Novel DNA

Selection and Direct Extraction (SDE)
Process and its Application in DNA
recombination

(Electrophoresis, 2011, 32, pp. 423-430)

GST - + - +

K68

75 [ g -

63 [ = :

" e _§ - e B

35 . -

s -»

17 B A
— - - NTU-1IAM
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DNA Recombination

Lab process 2 % 5

i Interested gene .
1. DNA preparation 1. 3 b ) 4
(*1hr) E.coli /’ :
) 6. »

2. RE digestion
(1~2 hr)

3. Gel electrophoresis (
(~1 hr) "X [
. Gene vector °%
4. DNA extraction °
(~1 hr)
5. DNA ligation e
-~ € Demerits :

1. Low production rate

6. Transformation Time-consuming

2.

1~2d

( 2 3. Hard manipulation of large DNA
7. Cell culture & Se'e‘-t"(’“4 . 4. Exposure to dangers (EtBr, UV light)

~ r
et e E Edited By An-Bang Wang ‘F%f’”i *"R’\;Lf{ J.rl?*i*,::,"‘z*
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l Chip design

1. Preparation |

l
2.RE digestion
!

3. Gel electrophoresis
)
4. Extraction

!
5. Ligation

|
| 6. Transformation |
T [Step 3] Take out the final product

7. Cell culture &
screening

DNA recombination process

Multi-steps of DNA recombination into p-fluidic chip
Edited By An-Bang Wang N T U -P2oN
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Demonstration

(iii) 8min 30s (iv) 9min 30s (v) 9min 40s

(ii-) 7min - (vi) 12min

B B

(i) 10s

—_— | To micropump

NTU-IAM
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l System overview

Microfluidic chip + Automatic control box

[Characteristics]
* Continuous electrophoresis & extraction
* Microfluidic mixing & control
* Precision thermal control of reaction
* Real-time image processing
* Fully automatic control
* Friendly user interface

(TW Patent 1358539)

NIU-IAM
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Comparisons
Traditional technique Present LOC
Operation time ~1 day <1lhr
Amounts of DNA 3-5mg <1lmg
Manual checkpoints >10 0
Gel cut YES NO
Gel extraction pack YES NO
Exposure to UV ~1 min/sample NO

Multiple samples in

Increase manpower

Easy by fully-automatic control

parallel
Manipulation of . Feasible
large DNA Difficult (> 10kb DNA vector)
N TU -A42V

Edited By An-Bang Wang
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Novel Biomedical Detection
Easy & Fast Western Blotting
by Thin-Film Direct Coating

Analytical Chemistry, 86, pp. 5164-5170, 2014
Analytical Chemistry, 88, pp. 6349-6356, 2016.

The world smallest & lightest
slot-die precision coating system

Edited By An-Bang Wang
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Characteristics of bhiomedical fluids

» generally expensive or even limited
» Precision is strictly needed

2 &

Antibody

ITU-IAM

FPERIEERE  —

Antibody-based Immuno-detection methods

Name Users
Western blotting, WB E:;eamh Lsififize )
. . Research Institute /
Enzyme-linked immunosorbent assay, ELISA Lab / Hospital
. . Research Institute /
Immunohistochemistry, IHC Lab / Hospital
. Research Institute /
Immunocytochemistry, ICC Lab / Hospital
Turbidimetry Hospital
Research Institute /
Others Lab / Hospital
NTU-IAM
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u—fluidic -based Detection
Example; Western Blotting

® \Western blotting, also known as immunoblotting or protein blotting,

is a core technique in cell and molecular biology

mixture extracted from cells

Detecting the presence of a specific protein in a complex

Being widely used for the test of protein expression level

Expensive Biomaterial

Samplt? Electrophoresis Protein Analysis
preparation Transfer
(_) M, (kDa) 12 3
\,,,,,\( 8 =P 75 —
50 —
- 37—
k : 25 — - target
s N 7_> 15 protein
e o Edited By An-Bang W NTo-am
£ : ited By An-Bang Wang TR IER BT —
There are many tedious processes. ..

Harseradish
peroxidase
conjugated

Primary antibody secondary antibodies

Blacking buffer
Membrane
[with
transferred %.
prateins) %

Incubate blots Incubate blats 2

,
g,, Wash buffer TBST - TBST

http://en.wikipedia.org/wiki/Western_blot

overnight at4” C haurs at roam Membrane
temperature (ready ta be
visualized)
el i Edited By An-Bang W NTU-IAM
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Thin-Film Direct Coating Western Blotting

(TDC WR)

Conventional WB TDC WB
Antibody Thin-film liquid | Primary Sopis
3 p
Dish Solution PVDF n-film liquid layer antibody h;::v:g “l
p: \—r} 2 Proteins - | Coator
7 -7 Coated primary . ‘ 1)
H iy antbady tin-fom .
PVDF ———
Cover glass ——
a O O (22 mm x 22 mm — Channel
D exit width
Glass plate jon
co,v.\“@““.c‘
Coating
mfi?rgp::m "—‘—-l —‘ direction -
—
Coater —_— l T

Cover gln- —

A —

— — NTU-IAM
%.%gﬁﬁﬁﬁ gﬁﬁ Edlted By An- Bang Wang [ﬁ 7 )’Zﬁ‘dlﬁ FHJE EEAE

Performance Test of TDC WB

SThe 2963 15 07 e w9 6 3 15 0% TDC WB vs. COHV. WB:

100 w—

Canventional WB o TDCWB

o {AnliGST 0.4ug) 2 (AN-GST 0.0440) * Better SNR

o= e * less material needed
s i * Shorter time
—Beee.. -BO0e e

7 - e Ve S - s -

Incubation time 2 10 20 40 60
(min)

Conventional WB . ’
(Anti-GST 0.4 g) “-

Carventional WB

,-Vré
ToC W8
e B R
RZ e 0987 (Anti-GST 0.04 yg)
v 1 2z 3 4 14

Logs total pratein (ug) Logy total pratein (ug)

(Analytical Chemistry, 2014)
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Performance Test of TDC WB

* Reducing coating width of TDC * Reducing false signal

WB E. coli lysate
Conv. WB TDCS WB
Coater width 20 1 0.1 0.02 kgaST = t e #
(mm)

75 - -

kDa
2 -. 19 B :
TDC WB
lm' 35 - -
A”:tS)ST 4x107  2x10°  2x10%  4x10° 2“9‘0

17 - -

NTU-IAM
B T B 25 pagemmm

Edited By An-Bang Wang

Performance Test of TDCS WB

» By adding Suction after TDC coating (TDCS):
material consumption: 1/100 ~ 1/10,000
operation time: 1/36

* Automatic platform

Ab (pg ) 2 0.02~0.0002

time(min) 180 <5

Multi-Ab No Yes
SNR good excellent

(Analytical Chemistry, 2016)

NTU-IAM
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Performance comparison

e
Traditional Merck Thermo AB Wang's
Western Millipore Fisher Group
Scientific
Antibody 100% 100% 20% <1%
consumption
Operation time 3hr~ 1/2 hr 25hr~  |1/12~1/5hr
(hr) . .
overnight overnight
Automatic
sequential No No Yes Yes
operation
PRd R tAEVREEYR s gEagiLd 2 g Rl
— NTU-IAM
e W B —

Term projects in 2018/9:

Development of Quantum Dot microreactor & detection platform
1 EFE SRR RFERAT S BE

Smart Contact lens for monitoring Chronic diseases

AEAF LR AR

High performance Western Blotting Integration System

BTG REZRET CBRE

New enzyme-linked immunosorbent assay (ELISA) system
PRATESCBHBEE N N B4 LA
gPCR

NTU-IAM
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