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There’s Plenty of Room at the Bottom.

~ Richard P. Feynman, 1959

L CNCES T 3, L
BaS AR EDN F A L



Length Scales: Where are We?
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" a2 A 4 5 8 (Micro-processing Chips)

" L 7 A & 7 (Microarrays)
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Capillary Electrophoresis Separation
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Polymerase Chain Reaction (PCR)

* PCR Principles e Thermal Cycles

Reaction mixture contains target 100
DNA sequence to be amplified, TARGET DNA = ] 1 1
two primers (P1, P2) and W L] 2
heat-stable Tagpolymerase b 1“‘“ ® x P?HT < 804 3 3
3]
Reaction mixture is heated e
10 95°C to denature target T o v 601
DNA. Subsequent cooling Jau [ =]
to 37°C allows primers to © 40 - 2 2
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T LM ey :
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1 Second synthesis cycle m
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.. target DNA sequence

e Commercial PCR instrument from HYBAID
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Single or Multiple PCR Chambers

" PCR chamber (Dept. of
Biological Microsystem,
IPHT Jena)

o Chamber volume: 3 ~ 10 pul

o Heating/Cooling rate: 10 ~
80 K/s

o Temperature/Heating
control: thin-film
transducers

o Thermal cycles: 30
0 PCR time: 10 ~ 30 mins

6. Thin film haater
7. Tem perulure SENSOr
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Biosensor Chips: Micro-Cantilevers
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Synthesis Chips

L Objective: Assembly a large DNA (~10,000 bps) within 24 hours

PCR Chamber

Microfluidic Chip:

SyntIT_aﬁis, Cleavage Check Valve

f%ﬂ - -,__;;E-:: ngaﬁon/Fussmn Chamber
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- Integrated Biochips for Whole Blood

Al /e

__ ll'-\\l ial ¥DID
= Application: Detection of E. coli

bacteria
" Functionalities
4 Target cell capture

v/ Cell pre-concentration and
purification

v/ Cell lysis

v DNA amplification (PCR)
and detection (eSensor)

® Size: 10cm x 6¢cm x 0.2cm

® Fabrication: Plastic
microfabrication

nm
1‘\ | |||||||||||m|m|i

R. Liu et al., “Self-Contained, Fully Integrated BIOChIpS

for Sample Preparation, PCR Amplification, and DNA
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% B > 500 spots/cm? (Incyte, Affymetrix)
~ 4% &2 <500 spots/cm?
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Important Features of DNA/Gene
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" Specificity (Accuracy): to ensure better
hybridization efficiency

= Sensitivity (Dynamic Range): to detect gene
expression differential levels

" Reproducibility (Spot-to-Spot & Array-to-

Array CVs): to minimize technical errors
assoclated with technology platforms
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Specificity (Accuracy)

Mﬁu IR

Temp. too high . ||| ||| ||| .

Hyb Signal

Right Temp. ”‘ ”l Hl Tm

Hyb Temperature
Temp. too low
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Important Featu res of DNA/Gene
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" Specificity (Accuracy): to ensure better
hybridization efficiency

= Sensitivity (Dynamic Range): to detect gene
expression differential levels
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Sensitivity (Dynamic Range)
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Important Features of DNA/Gene
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" Specificity (Accuracy): to ensure better
hybridization efficiency

= Sensitivity (Dynamic Range): to detect gene
expression differential levels

" Reproducibility (Spot-to-Spot & Array-to-

Array CVs): to minimize technical errors
assoclated with technology platforms
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Figure 6. Microarray printed
with the Pin and Ring technol-
ogy. Plant DNA printed as 150-
wm spots on polylysine-coated
slides stained with eosin. (Data
courtesy of Ray Samaha, EOS
Biotechnology.) (See Chapter 3.)

Figure 7. Pin and Ring printing on nitrocellulose. Shown is a transmission light micrograph of DNA spotted
directly onto a nitrocellulose membrane. (Data courtesy of Dr. Bertrand Jordan.) (See Chapter 3.)
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Chipmaker 2 vs. Chipmaker 3
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human sample collection
tissue banks

model systems pathology microdissection
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Manufacturing/Technology Platforms

" Spotted Microarrays
o1 Non-contact printing

* Piezoelectric pump (Packard Instrument,/ [ master
Incyte Pharmaceuticals) - r
- Syringe pump with solenoid valve mous
(Cartesian Tech) - :
stage syrings
stepper stepper
motor motor

Fgu Typcs of ink-jet di (A) Piezoelectric dis ispenser s shown with wm:.l:x. tric crystal
B e ounding a glass cap llry(ms inge-solenoid inlcje dpc rshown with a hghmol n syringe pump
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Manufacturing/Technology Platforms

(Cont )
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" Spotted Microarrays

o Contact printing
« Split-pin (TeleChem Intl.)
* Pin-And-Ring (Genetic Microsystems)
« Capillaries (Genomatrix)

Micro Spotting
Split Pin Pin
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Microarray Printing System

" Hardware
o Print head
o Plate and substrate handling
o Positioning stage
" Environmental Control
o Humidity (65% ~ 75%)

o Dust (from celling tiles, ventilation systems,
etc)

® Instrument Control Software
o Flexibility
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Printing on substrate
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" In Situ Oligo Synthesis

o Photosynthesis
 Affymetrix (photolithography)
« Xeotron (digital photolithography)

GeneChip

XeoChip
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Deprotection @
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Photogenerated Acid Failure
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Distinct
XEOTRON OTHERS
Conventional Photolabile Group Protected
Nucleotide Monomer Nucleotide Monomer
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: Qi
[P] [P]
® Readily available (DNA, RNA, © Very limited availability
nucleoside analogue, peptide _ _
monomers, etc) © Chem|Stry not |deal
® High Yield © Very difficult for analogs

® Possible for analog sequences
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Automated Microarray Synthesis
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In a stepwise synthesis,
one type of monomer is
coupled at atime to the
predetermined sites.
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If the synthesis is done using photomask approach:
A 20-mer oligo array could require 20x4 photomasks!
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Xeotron’s Microfluidic Chip
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Parallel Synthesis of Oligo-DNA
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Gene Expression Analysis

Reference Cells
normal

Test Cells
disease ...

S B =R AR

B R SN B R -




Gene Expression Data

Sample A (Cy5) vs. Sample B (Cy3)

HE-minican-020354-Cy38m70-CyaSME20-32C-24h-T4L mat

RN I I I ]

Cy3 Log Intensity

Cluster --- A Landmark of Gene Expression Study
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£ 1987 by Randy Glasbergen,
E-mail: randyg®norwich.net

long haired, skinny kid I married 25 years ago.
I need a DNA sample to make sure it’s still you.”
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Thank you for your attention!!!
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