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Light—directed, spatially addressable parallel chemical synthesis
Fodor, S. P. et al. Science 251(4995), 767-73, 1991

US Pat.#: 5445934, 5744305, 5677195
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= “Blot” DNA fragments from

agarose gel onto membrane
Membrane imprinted

with DNA bands

Add a labeled probe to the
membrane (in buffer solution).

Conventional method - southern blotting
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DNAZ] AE2 =2 dFME 7|15 S (EH2: $ Millions)

T 2003 2004 2005 2006 2007 CAGR
0= 548.2 712.7 904.9 1,130.50 1,388.80 29.3%
FHLIC} 59.6 82.9 133.1 152.3 203.3 36.1%
o= 95.4 126.5 163.3 207.2 260.1 30.7%
wE 274.3 390 534.3 722.9 963.3 39.6%
7 |E} 30 42.5 59.1 9.9 106.3 36.7%
2% 1,007.50 1,354.60 1,774.70 2,292.80 2,921.80 32.9%

* Global Industry Analysis Inc. "Biochips" 2004




HPVE], HIO|2H|=EH, O}0]

=285 2XESEw

(AF=) O}0| Zl HPV Chip Kit )




CYP 450&l(Roche, AmpliChip TM)
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“We now believe that the only disease not having some genetic
component is trauma.”

M.D. Collins Francis
(Director of the US National Human Genome Research Institute,
Bethesda, MD, USA))
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Gene Diagnostics

DNA Chip2 0{2{ 71x] 82| ZIEto]| 0|12 & =+ US

Heart disease, Cancer, HIV/AIDS, Tuberculosis, Cytomegalovirus,

Hypertension, Osteoporosis, Infertility, Alzheimer’s disease S

() MyGs
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C-DNA Chip for Gene Expression
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Single Nucleotide Polymorphism (SNP)

g

Nucleotide Polymorphism: Difference in DNA sequence among
individuals
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Pharmacogentics?| 0f
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Personalized Medicine A|CHS| =2j
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The Core Technique of Bio Chip

: Photochemistry
Integration

Surface chemistry

Bio Chip

Analysis
- Fluorescence, electrochemistry




The Various Biochips

Protein chip

Carbohydrate chip Cell chip
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NanoCone Technology

Aminosilane Gel-like
Surface (2D) Surface (3D)

» Competing technologies do not achieve
homogeneity of surface-immobilized
biomolecules.

» Severe steric hindrance and high non-
specific binding result in low accuracy and
low reproducibility eventually.

NSB Amine Surface NanoCone

/> Control of regular spacing between
surface-immobilized biomolecules

accuracy and reproducibility.

specific binding allow biomolecules to

K mimic solution-phase behavior.

provides homogeneity and results in high

» Minimized steric hindrance and low non-
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Controlled Spacing up to 10 nm
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Immobilization of Gold Nanoparticles
at the Dendron Surface
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NH

Organic interlayer } ¢
—

Dendron

Deprotection

>

Gold nanoparticle

d: 14 nm
Langmuir, 21, 4257 (2005).



Spacing between Dendron Molecules on Surface

SEM Image Distance between Dendron Moleclles
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» Particle number / area
- 130 ea/ 50 x 50 nm?2
« Density: 0.05 — 0.06 ea/nm?

0
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Distance (nm)

» Average distance: 3.2 nm
» Standard deviation: 0.4 nm
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DNA Microarray on the Dendron Surface Improves
Significantly Detection of Single Nucleotide Variations

NanoSurface Biosciences POSTECH



Fabrication of DNA Microarray
on Dendron-Modified Surface

i)

Dendron

Substrate

MM site

PM site

Nucleic Acids Research, 33(12), e106 (2005).



Comparison of Discrimination Efficiency (1)

NSB Slide

Competitor
Slide
Deletion 2"d mismatch Internal mismatch
Slide PM Inser
EndA | 29 C Int A GG GT GA TT TG TC
NSB 100 10 0.4 0.1 0.4 0.4 0.3 0.4 0 0.5 0
Competitor 100 30 15 4 9 22 21 22 6 22 0.3
Probe oligonucleotide
IMM: 5°-NH2-C6-CAT TCC GXG TGT CCA-3’ Deletion Int: 5°-NH2-C6-CAT TCC G_G TGT CCA-3°
2nd MM:  5°-NH2-C6-CAT TCC GAG TGT CYA-3’ Deletion 2nd: 5"-NH2-C6-CAT TCC GAG TGT C_A-3°
Insertion: 5 -NH2-C6-CAT TCC GAAG TGT CCA-3° Deletion End: 5-NH2-C6-CAT TCC GAG TGT CC -3’

Target: 5-Cy3-TGG ACA CTC GGA ATG-3’
Hybridization: 1 nM target at 45 °C for 1 h, 1 min washing at 50 °C



Fast & Highly Specific Hybridization

1 min
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» Detection of single nucleotide variation in model system depending on hybridization time. All
probe spots are repeated 10 times horizontally and four spots in the first column from the left
are position markers which indicate each position of spotted probes.




Short Washing Time

Dendron Modified Surface

)
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Fluorescence Intensity (a.u
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Hybridization: at 45 °C for 1 h, washing at 37 °C

Nucleic Acids Research, 33(12), e106 (2005).



Application of Streptavidin-Dyes Conjugate

‘\
One base
mismatched site

NH;  NH; NH, NH,
NHzéNHzA N“ANHZA Linker modification

Spotting with
. >
a microarrayer Matched site Mismatched site

Hybridization with
biotinylated target DNAs

Glass substrate

<l
«

Incubation with
streptavidin-dyes

Detection limit: 50 fM
Biosensors and Bioelectronics, 22(7), 1532 (2007).
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DNA Microarray on the Dendron Surface Improves Significantly
Detection of Single Nucleotide Variations in p53 Gene

NanoSurface Biosciences POSTECH



Simultaneous Detection of 7 Hotspots of p53 Gene

175 100 248 15.3 (4.2)
13,5 (3.1) 9.5 (2.3)
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5.1 (1.3) 09000099906 il Intensity (%)

239 15.9 (5.2)

oo Bboogee o i

2.4 (1.5)
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Intensity less than 16% was observed for the all mutations.

Nucleic Acids Research, 33(10), e90 (2005).



NanoCone Surface Validation
for Gene Expression DNA Microarray

NSB9 Amine Slides Vs Corning Slides (UltraGAPS™)

* The following data were acquired in-house and through a contract research organization



Extremely High Sensitivity

50 ug total RNA

10 ug total RNA

L [ ]
. L N ]

NSB9 Amine Slide

ccccc

L] ee 0 ® e 000

50 ug total RNA 1 ug total RNA

Corning
UltraGaps slide

293 RNA = Cy3, HeLa RNA = Cy5 Strong background signal Lots of missing data



No Blocking Process

No blocking, 42°C with formamide

>/POSTECH slide; No blocking, 65°C \

—> High quality image

» For gene expression analysis with
NanoCones slides, blocking agent was
not needed, while use of BSA was

Blocking, 65°C

!equired for Corning slides. /
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PRODUCTS

Surface functional group

Lateral spacing between surface functional groups

Amine

A

Epoxy

3-4nm 6-7nm

BO A a de

NSB9 Epoxy Slide

B A ) de

NSB27 Epoxy Slide

B
) Aldehyde

NSB9 Aldehyde Slide NSB27 Aldehyde Slide

@ E;
NSB9 Amine Slide

SPECIFICATION

* Ideal surface for oligonucleotide microarrays for SNP genotyping
or gene expression profiling

e The outer surface is functionalized with amino group

» Lateral spacing between amino groups: 3-4 nm

« Density of amino groups: 0.05 - 0.06 ea/nm?

» Size: 1" x 3"

FEATURES

» Optimized spacing for DNA hybridization

* Minimized steric hindrance & electrostatic repulsion
» High specificity & sensitivity

» Fast DNA hybridization

* High hybridization efficiency

* Low background signal

* Small amount of total RNA needed

NSB27 Amine Slide
SPECIFICATION

* Applicable to microarrays with cDNA, protein, peptide, aptamer, etc.

e The outer surface is functionalized with amino group
e Lateral spacing between amino groups: 6 - 7 nm

« Density of amino groups: ~ 0.01 ea/nm?

e Size: 1" x 3"

FEATURES

e Larger spacing for big biomolecules

e Minimized steric hindrance & electrostatic repulsion
e High specificity & sensitivity

* Fast bimolecular interaction

e High binding efficiency

e Low background signal




