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8. Microarrays and
biochip assays

Topics in this lecture

Genomic impact
Why are arrays and biochip

developments so
successful....

. -
Conflicting technologies? Introduction

Mi lectroni .

dassical bologial @ Strategic developments of surface-
Tem and bead-based assays

Assay applications i i

Microfabricationis linked @ Added value by integration

to high through-put, ] . .
SR leia o ¢ Examples of integrated microfluidic
examples are presented that

make use of unique

properties found on the assays

microscale. °

Outlook: Future developments

e Summary
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Topics in this section Intl‘OdllCtiOH

Basic research and
techniques

¢ Impact of Genomics

— The beginning of understanding life
(video)

e High-throughput screening

=

— Bead chemistry
Microtechnology- — Electrical arrays
assisted ;
< — Optical arrays

-_—
Quintessence | Biosciences

nce
ve Medicine
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8.1. Introduction

Bead chemistry

analyte/enzyme
conjugate

antibody

+ Biodetection methodology based on
multiple use of instrumentation
exploiting bead attachment
chemistry.

Enable rapid parallel analysis of the
many thousands of proteins

Thursday, 18 August 2005
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8.1. Introduction

Functionalizing chemistry

Sequential immunoassay

N\
- 4

Detection antibody
conjugated to e.g.
fluorophore or enzyme

Thursday, 18 August 2005
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Analyte present  Biotin-conjugated
in sample capture antibody

Combine antibodies and
sample, mix and incubate

www.dynalbiotech.com

R. Luttge M



8.1. Introduction

SN 4 + ._( Streptavidin-coupled
7 Dynabeads®

Add Dynabeads® to capture the
complex, or ‘sandwich’, formed

www.dwmalbiotach.com
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8.1. Introduction

Wash to remove excess reagents
and inhibitors in the sample, add
substrate for chemiluminescence
or to excite fluorophores

www.dymalbictech.com

Thursday, 18 August 2005 R. Luttge _M



8.1. Introduction
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Add Blocking
Reagent and
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8.1. Introduction

Functionalized surface arrays

+ Protein targets
approaching
immobilized antibody
array

+ Hydrogel binding or
thiol-based self
assembled monolayer
(SAM)

Thursday, 18 August 2005
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8.1. Introduction

Functionalized surface detection

inactive substrate B

elektrochemical «
active substrate *
detection antibody

& target protein

\,

capture antibody

surface molecules

gold electrode

www.cherne.uni-hamburg.de
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8.1. Introduction

CMOS integrated array device
for advanced electrochemical assays

Conta

NA Test Site

WWW.HANCEEN.COM
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8.1. Introduction

Optical integrated bead array

- _. = o -

) ©) O
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Strategic developments of
surface- and bead-based assays

mes * Spotted surface arrays
— Spotting, antibody capture
and binding relation

— Examples of optical and
electrochemical arrays

— Microelectromechanical
arrays
* Bead-based microchips
— Bioanalysis using stationary

trapped beads

Thursday, 18 August 2005 Regina Luttge M



8.2. Strategic developments of surface- and bead-based assays

Successful biochips?

Reliable, accurate
Sensitive
Low non specific binding (NSB)

High spot density (the more
the better/cm?)

Comparable
High quality spot
Repeatable

Thursday, 18 August 2005 R. Luttge _.M

8.2. Strategic developments of surface- and bead-based assays

Spotting technologies

Split pen, contact printer

Pin and ring spotter

Piezo, contactless spotters
Ink-jet spotting (Agilent)

Top Spot (Biofluidix)
Photolithography (Affymetrix)
....New developments....

Thursday, 18 August 2005 R. Luttge M



8.2. Strategic developments of surface- and bead-based assays

TopSpot Technology

Spot different ligands on a glass slide

* BlOFIUlle fwww . bigfluidix.com)

- Liquid handling for the
Life Sciences enabled by
Microsystems
technology.

- Print head with 24, 96,
or 384 different media.

+ Company spin-out from
IMTEK, Freiburg,
Germany oo

Thursday, 18 August 2005 R. Luttge M

8.2. Strategic developments of surface- and bead-based assays

Top-spot protein array

Thursday, 18 August 2005 R. Luttge




8.2. Strategic developments of surface- and bead-based assays

Biomolecular interaction

From: R. Schasfoort, Biochip group,

Uhniversity of Twente

Thursday, 18 August 2005 R. Luttge _M

8.2. Strategic developments of surface- and bead-based assays

Interaction kinetics
Detection of surface plasmon resonance shift

Many models
R, are described in
SPR =00 literature

shift 100

association dissociation

(milli degrees)

250 500

l time (s)

Ab + Ag AgAb —=K,

kd kd
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8.2. Strategic developments of surface- and bead-based assays

Sensoric surface immobilization

<~ =COOH

‘f‘ =immobilized anti-PSA

% % Ll LSS

P-type G-type
Planar sensor surface Gel-type sensor surface
Thickness < 10 nm Thickness 100 nm

Stide prepared by R Schasfoort, Biochip group, University of Twente

Thursday, 18 August 2005 R. Luttge M

8.2. Strategic developments of surface- and bead-based assays

The brain tumor project

o Blo BN 2. + Using "Biochips" carrying
¥ 1000's of spotted DNA
' samples for detecting
cancer-causing DNA in
tumor tissue samples.
After being exposed to an
extract of the tissue, the

e brain tumor biochip is
Lo analyzed to provide

o digitized data on the
e tumor's genetic structure.

httpdhwwwven.edu/lifesciiphd/researchfbiockhip hitmi

Thursday, 18 August 2005 R. Luttge _M




8.2. Strategic developments of surface- and bead-based assays

Optimization by impedimetric DNA arrays

Human Genome Bioelectronic Detection
of DNA Hybnidization

Genes implicated in
Brain Tumor Etiology Bioelectronic Detection

| EEE Clinical Decision
; PR hi&ki]%
Brain Tumor Brain Tumor beChip™  (Data conditioning and
Fatients analysis at SPL)

hetp dhwwwoveu.edullifesc iphd/researchibiockip htrl
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8.2. Strategic developments of surface- and bead-based assays

Bioelectronic array

@ MOTOROLA Making things smarter and life better

Home = About Motorola - Products and Services - Shop

*Life Sciences » Biochips & Cal’tridges
B The eSensor™ DNA Biochip consists of a small circuit ;i{’
Lodelink™ Biosrray System board containing gold electrodes and single-stranded DNA :

aSensor™ DNA Detection System malecules. Each biochip containg a panel of test sites that
detects a different DNA sequence or SNP relying on the

plbg!gl pins & « -
ability of a strand of DNA to chemically recognize its i
Teshesliay complementary partner. Finding the matching chemical =4
Bicchips & Cartridges “code” of the target DNA or RNA in a sample creates a 5

characteristic bioslectronic signal.
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8.2. Strategic developments of surface- and bead-based assays

i oligonucleotide BiO*MEMS aI']_‘ay

- Microcantilever
with bio-coating.
+ Molecule inter-
action of test
sample with bio-
coating will
lead to bending.
- Specific binding
identification by
resonance shift.

% hybridization

hegp:idwww. surich.ibm. com/stnanoscience/cantilever himil
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8.2. Strategic developments of surface- and bead-based assays

Single cell detection

Importance for medical diagnostics:

Tlic et al., JVSTB, vol. 19, iss. 6, pp. 2825-2828, 2001

Thursday, 18 August 2005 R. Luttge




8.2. Strategic developments of surface- and bead-based assays

Bead arrays
S
pot Vial
(a) (b)
Gel pad Hydr ff.'l}llljr}:(}bm Teads Hydrophobic

(c)

H. Anderssan, PhD-Thesis

Thursday, 18 August 2005 R. Luttge M

8.2. Strategic developments of surface- and bead-based assays

Filter chamber design

& 2.5 mm

H. Andersson, PhiD-Thesiz O mm

Thursday, 18 August 2005 R. Luttge M



8.2. Strategic developments of surface- and bead-based assays

Fabrication result

RS )\T rf\F' f\ﬁ '\RRRRRRPF

| i l,

o\ b AR RE L

X788 18¥n WD13

gee1 20KV X280 108vm WD19

H. Andersson, PhD-Thesis
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8.2. Strategic developments of surface- and bead-based assays

Filter chamber bioassay

Adding liquids and bead solutions manually or by microdispensing.
3kPas constant overpressure applied at the inlet of the flow-
through filter chamber.

Streptavidin-coated polysterene beads with a diameter of
5.5um were used.

Samples collected at the outlet (microscope) were controlled to
confirm that beads did not pass through the filter.

H. Andersson, Phi)-Thesis and
Andersson et al., Electropharesis, 2001, 22, 249-257

Thursday, 18 August 2005 R. Luttge M



8.2. Strategic developments of surface- and bead-based assays

Luciferase reaction

252 H. Andersson, W. van der Wijngaart and G. Stemme Electrophoresis 2001, 22, 249-257
dNTP’s dNTP’s
‘ Polymerase * Polymerase
Match pei 3’_%0(:0(:1‘@1‘__!' Mi o 3'_(&(G;OCOCI‘CG‘!‘ PG
$"‘ Sulfurylase Sulfurylase
ATP Luciferase Luciferase
Light No Light
@) (b)

Figure 6. Principle of allele-specific pyro-extension. (a) Match primer annealed to the single-stranded DNA will result in
detectable light. (b) 3-End mismatch primer will not be extended by DNA polymerase, resulting in no light.

Thursday, 18 August 2005 R. Luttge M

Snapshot results

Electrophoresis 2001, 22, 249-257 Micromachined filter-chamber array 253

Figure 8. (a) A snapshot of the
maich pyro-extension. Light is
detected in the filter<chamber
and outlet. (b) A snapshot of
the mismatch pyro-extension.
A weak signal (background le-
vel) is detected in the filter-
chamber.

10 15 20
(a)
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Topics in this section Added Value by iﬂtegration

Basic research and

techniques
senstive lave e Facilitating array feedstock
Inter digit a b
capacit oL ® 3—D CapaC]_ty (flOW”through)
Quartz glass substrate arrays
Microtechnology-
assisted arrays
Ink-jet head
Ipolysiicon 1 <
.mrdmll:‘:e

i '

ink supply I:me

mmmm mﬂﬂm rgggéﬂa.;u ultrasonically driled hoie

Attp hwww-mat.eetu-berlin.de
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8.3. Added value by integration

The BioFab report gives market and technologies analysis and more than 130 world- Why Sma]l?
wide companies profiles in the field of Biochips, Microfiuidic components and
Biosensors.

New manufacturing processes / approaches
Virtual arrays: Luminex, lllumina

Flow through: Pamgene, Metrigenix
Fabrication: Corning, Genometrix

Microtechnologies +

Electrochemical detection synthesis—
Microplate - Xanthon

In-situ

Silicon Chips - CMS - Apibio oﬁfgg‘:‘;’:“’; W Opto detection
(Incyte, A o
Genomic solutions, B Tymen,
Microtechnologies Motorola, Agilent ...)

imbl
+ Optical detection Nimblegen,

Nanogen - Combimatrix - Apibio Agilent,
Spotted membranes/

Optical radiochemical Frosogene -

detection
MicroWell plate Clontech, Display
96 — 384 - 1596 System Biotech
e
Low 1 500 Medium 10 000 High

Number of probes/chip

Thursday, 18 August 2005 R. Luttge M



8.3. Added value by integration
Why small?

The BioFab report gives market and technologies analysis and more than 130 world-
wide companies profiles in the field of Biochips, Microfiuidic components and

Biosensors.

New manufacturing processes / approaches
Virtual arrays: Luminex, lllumina

Flow through: Pamgene, Metrigenix

Fabrication: Corning, Genometrix I st

Microtechnologies +
Zho abro abyomaionl cdoabo oo . I— A o eunthosie. |

Nanogen - Combimatrix - Apibio ; Agilent,
: Spotted membranes/
Optical radiochemical (it it
detection
MicroWell plate Clontech, Display
96 — 384 — 1596 System Biotech
S
Low 1 500 Medium 10 000 High
Number of probes/chip
Thursday, 18 August 2005 R. Luttge M

8.3. Added value by integration

Integration-assisted derivatization
GENOTYPING hepatitis C virus

A oxidization
{f \5 /A
u N
oligonucleotide
Polypyrrole film
deposited on the electrode surface /
Y
synthesis of
copolymer 1
—
activation of
electrode 1
activation of
electrode 2
: i
solution of pyrrole
. Eivaihe et d, % ObN-py 2
Anal Biochem 1998;255:188-94. \
R. Luttge

Thursday, 18 August 2005



8.3. Added value by integration

Array test result
hepatitis C virus SILICON CHIP

connecting area

electrode array

—_— 100um

Fluorescence results of two clinical =€
samples
T. Livache et al., Anal Biochem 1998:255:188-94.

Thursday, 18 August 2005 R. Luttge

8.3. Added value by integration

Array test result
hepatitis C virus SILICON CHIP

connecting area

electrode array

Fluorescence results of two clinical =€
samples
T, Livache et al., Anal Biochem 1998;255:188-94.
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8.3. Added value by integration

Advanced diagnostic systems

Biochip Group

University of Twente

Detection
sfmtegies

interactions

Source: RB.M Schasfoort, University of Twente

Thursday, 18 August 2005 R. Luttge
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8.3. Added value by integration

Guiding streams

The Address flow technique

Guide stream
Sample stream

15mm x 15mm glass microchip
with isotropically etched channels
Source: R.B.M Schasfoort, Unrversity of Twente and powdep blas"’ed rleserlvoirls

Thursday, 18 August 2005 R. Luttge M



8.3. Added value by integration

Perpendicular address-flow

» Control of two perpendicular fluid streams containing functional
molecules to build up a protein array.

- Since it is a closed system, proteins are not exposed to air.
* Flow is induced electroosmotically allowing a simple chip design.

microfluidic structure

Source: RB.M Schasfoort, University of Twente

Thursday, 18 August 2005 R. Luttge M

8.3. Added value by integration

Perpendicular address-flow: application

Animation: principles of building up the microarray

Microsoft
‘owerPoint Side Show

Source: RB.M. Schasfoort, University af Twente

Thursday, 18 August 2005 R. Luttge M



Examples of integrated
microfluidic assays

Topics in this section

New array and assay
techniques

Liquid and particle
sheathing defined by

pLe e e Hybrid-integrated microfluidic
assays

— Addressed tlow PDMS array

— Infineon Flow-Thru Chip

— Bead-based microfluidic assay

Thursday, 18 August 2005 Regina Luttge _M

8.4. Examples of integrated microfluidic assays

PDMS fast fab for microfluidics

N

SU-8 mould preparation on PDMS moulding, reservoir punching
Si wafer and oxygen plasma treatment A

A
5]
il
[

Pt

| 2.
[T

Bonding PDMS fo glass Gold sputtering on glass wafer

Shde prepared by: R B.M. Schasfoort, University af Twente

Thursday, 18 August 2005 R. Luttge ¥



8.4. Examples of integrated microfluidic assays

RSN RRRIN!
= T

Overview: technical process
Photolithography on Si wafer with 35um SU-8

SU-8 development

PDMS molding, Curing time: 90 mins at 70°C

Reservoir punching and oxygen plasma treatment
RIS RTRRRIR!
T T —

Photolithography on Pyrex glass

Jismer e =
ETEESeETEY {1 {1 { ey 5
Resist development and
S 50nm gold sputtering, lift-of f
. _ Pressure bonding of PDMS to glass
R e s Sthide prepared by: B B.M. Schasfaort, Umversity af Twente
Thursday, 18 August 2005 R. Luttge Y

8.4. Examples of integrated microfluidic assays

PDMS microchip

Electrical analog
of the fluid structure

Source: BB M. Schasfoort, University of Twente

Thursday, 18 August 2005 R. Luttge M



8.4. Examples of integrated microfluidic assays

Experimental results

An experimental overlay of
sample streams of 25 ym wide

500 prm

Simulation Real-time

Source: REB.M Schasfoort, University af Twente

Thursday, 18 August 2005 R. Luttge M

8.4. Examples of integrated microfluidic assays

Perpendicular addressed flow results

Image overlay assembly

>
44774

L R T T

sl b pe >

5x5 microarray 13x13 microarray

Seurce: BB M Schasfoort, Unmiversity of Twente

Thursday, 18 August 2005 R. Luttge M



8.4. Examples of integrated microfluidic assays

Resulting microarray

1 mm _ ,
Saurce: R.B. M. Schasfoort, University of Twente

Thursday, 18 August 2005 R. Luttge _M

8.4. Examples of integrated microfluidic assays

Addressed flow experiment

Biochip Group .

Source: BB M. Schasgfoort, University of Twente

Thursday, 18 August 2005 R. Luttge
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8.4. Examples of integrated microfluidic assays

Microfluidic chip array

(WD) Shi Search | Home | Mylnfineon | Mewsroom

' Quick Search |

Home > Products = Boscience

Company Information : Investor Information

Infihean

techeologies

Never stop thinking. ! " . .
P §- | Infineon Bioscience

| Welcome to Infineon Bioscience

Infineon has extensive expertise in all aspects related o silicon processing
| This includes microstructuring, process technology, and circuit development,

| efte.

|

'Inmeulo‘w:nnolomsu!or_msInﬁneon‘s alm 4D Array

t The Flow-Thru Chip

| = to develop and ifacture low-cost semic I d solution: P utilizes a porous

| through further development of existing semiconductor technologies, | Substrate constructed of a

| and network of micro-channels.

o to simplify, improve, reduce costs and speed up drug development 99:';“"5 9:’0“9‘_5“5"5 SOOW:U

——— and medical diagnosis through the use of innavative technologies ane iound ins\oe a numoer

| - oh o of channels within a defined

[ area using a proprietary

| Currently, the focus is on four biosci themes: production of porous process.

-,

i
| Whereas the fully-electronic DNA chip and the neurachip are still in the

i research phase, the flow-thru chip is available to solve questions in the area
| of gene expression profiling and genotyping.

i

1

i | silicon, Flow-thru Chip® (FTC) co-developed with MetriGenix, DNA chip with mate.,
| | fulty electronic readout and electronic neurochip. T TR

[ | Brow el

| Together with our partner Metrigenix we offer:

I TR AT e ey

| « Medium and low density Flow-Thru Chips that enable speed and Fully Electronic DNA

— . Shnlaniawmigfisdeie colipeline. e e o i
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8.4. Examples of integrated microfluidic assays

Bead-based integrated microfluidics
- Re-circulating bead flow
- Experimental design study

- Bioanalysis using dynamically trapped beads

* Magnetic bead assays

Thursday, 18 August 2005 R. Luttge M



8.4. Examples of integrated microfluidic assays

Microfluidic bead transport

Microfluidic performance

- Evaluation of microfluidic design
- Chip fabrication
« Transport test protocols

- Pressure-driven flow
- Electroosmotic flow A, Valero et al., BIOS, University of Twents

- Capillary action
- Centrifugal forces

Thursday, 18 August 2005 R. Luttge

8.4. Examples of integrated microfluidic assays

~ Re-circulating beads

* Polystyrene beads of 10 ym used as
a model for HL6O cells.

» Four point voltages scheme at
all reservoirs.

A Valero ei al., University af Twente

Thursday, 18 August 2005




8.4. Examples of integrated microfluidic assays

Thursday, 18 August 2005

8.4. Examples of integrated microfluidic assays

Bioanalysis using freely moving beads

a)

b)
net flowrate
-

¥ diverging chamned 1 comvorging channel 2 fiverging ehannal 2" comverging chamnol

Pl.‘ frappivg kol EQOF

Lettieri et al., LabChip, 2003, 3, 54-39
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8.4. Examples of integrated microfluidic assays

Particle re-circulation

s P ' adeat 7 7 o 1 um diameter protein
_ recireulation X : L o.os S pedirchlathon ¢ 0 < L]
L STy A-coated fluorescent

beads

Lettieri et al., LabChip, 2003, 3, 34-39

Thursday, 18 August 2005 R. Luttge M

8.4. Examples of integrated microfluidic assays

Video capture of particle behaviour

t=0s, E =334 V/em t=12s E=0V/em

t=34s,E=0V/em t=061s, E=334 Viem t=70s, E=334 V/iecm

Wld-rh Of Tr‘applng Channel: 50“’"‘ Lettiers et al., LabChin, 2003, 3, 34-39

Thursday, 18 August 2005 R. Luttge M



8.4. Examples of integrated microfluidic assays

Bead-flow bioassay

Initial state Bead loading and clustering Sample loading Flushing
) and binding
Na»Ba,0;, 0 , FLB 5 I

1
10 mM, pH ‘?--o (N2 BagOs [f
] bulfer)
l EOE

Fxcitation ‘J “' {
1 Angon laser Bead _ B v
ARS nm) clustering "

AN AN

Na,Ba,0y 2-pm SC beads (5 pL) PF
1000, pHY

;9///@ EOF

i FLB driven by EOF against PF

.'//
M kKl 4 3
PF PF PF

PF

ERRER—

Lettieri et al., LabChip, 2003, 3, 34-30
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8.4. Examples of integrated microfluidic asg

iotin binding results

08
a) a7

b) d)

R
Fluorescance [A.u.]

004 « FLE raachas tha dhvarging slaman
T T T

100 150 200 250 300 350
Biotin-luorescein concentration [1M] Time (s}

Lettieri et al., LabChip, 2003, 3, 34-39
Thursday, 18 August 2005 R. Luttge




8.4. Examples of integrated microfluidic assays

Innovative developments

hitpSwww.medical philips.com

- Philips has borrowed advanced materials and signal processing
capabilities from its magnetic sensor activities to increase
signals and reduce noise. Philips is currently prototyping a one-
time usable biosensor, designed for low-cost manufacture, that
could fit into a handheld reader.

Thursday, 18 August 2005 R. Luttge M

8.4. Examples of integrated microfluidic assays

Magnetic bead assay on chip

- Magnetic biochip
measurement setup.

- See also other groups
working on magnetic
assays: Pekas et al., Appl.
Phys. Lett., Vol. 85, No.
20, 15 November 2004

http e philips.com

Photo: Philips

Thursday, 18 August 2005 R. Luttge M



Outlook: Future developments

e Portable

— E.g., using multi-use magnetic
biochip technology to be used
for animal diagnostics, food
processing, and environmental
testing.

ket Siwww.seahawkbio.com/ L4 LlVing CEIIS on Chlp
— Cells as a transducer

Thursday, 18 August 2005 Regina Luttge M

8.5. Outlook: Future developments

Living cell arrays

Single or multiple engineered
cell types microarryed in
predetermined positions

Arrayed cell-specific ligands
are used to direct the cells

The arrayed cells function as
interrogators and reporters
of for example drugs

Fapur, R, et al, (1990} Biomedical Microdevices, 2, P0-100.

Shide prepared by H. Andersson, University of Twente
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‘ INSTITUTE
&L Scheid et al,
New Insights Into the Regulation of
Clathrin-Mediated Endocytosis,
TSRI Betentific Report 2003

kitp Siwww.scripps.edu/
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Summary

* Microarrays and microfluidics
biochemical assays, the workhorses of
Genomics and Proteomics.

* Arrays may give new insight into life-
science processes, e.g.,:

— “.endocytosis is essential for the efficient
uptake of nutrients and other macromolecules
into cells and for the regulation of signaling by
cell-surface receptors.”

— “Taking a biochemical approach, we (Schmid et
al.) developed and use cell-free assays that
faithfully reconstitute discrete events in
clathrin-mediated endocytosis to discover new
components of the endocytic machinery and to
probe the hierarchy of interactions leading to
coat assembly, cargo selection, vesicle budding,
membrane fission, and CCV uncoating.”




