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What is a Microarray?
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The Institute of Genomic Research

• Genomics  40-80000  Genes

• Gene expression (Mutation, Polymorphism) of single cell populations

• Miniaturization  simultaneous analysis

 High Throughput Analysis  Microarrays

• Nylon Membranes 80-100 spots/cm2

• DNA Chips up to 10000 spots/cm2

• Size of a Spot > 500 mm  Macroarray,   < 500 mm  Microarrays

Why DNA Microarrays?
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Spot: 50 – 200 µm



The Principle of DNA Microarrays
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Bioinformatic Probe 

Design+ Synthesis

DNA-Microarrays Workflow

Sample preparation Extraction of Nucleic 

Acids, Amplification/ Labeling of DNA/ RNA

Array Printing+ Immobilization

Hybridization,Scannen

Data Analysis



Contact tip

Microcontact printing

Deposition Techniques (Printing, Spotting)
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Hybridization of immobilized

probe DNA of known sequence

with target DNA carrying a

fluorescent marker

Oligonucleotide Array

 Affymetrix

D.J. Lockhart et al.

Nat. Biotechn. 1996, 14, 1675

 In-situ solid phase synthesis (directly on the

chip) of DNA by photolithography

Microarrays for Gene Expression Profiling
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• light sensitive protecting groups, light + mask techique 

• in situ combinatoric solid phase synthesis

• incubation of activated areas with protected nucleotides 

32 cycles (32 masks)  65000 oligonucleotides (8 bases)

Affymetrix
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Photolithographic  in-situ Synthesis of Oligonucleotide Arrays

Weigel HU-Berlin



Sample Preparation - RNA
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System 1 = Control

Isolate RNA

Label Cy5

System 2 = Sample

Isolate RNA

Label Cy3

Combine targets

Detection of fluorescence 

in two channels

Data analysis to identify differentially

expressed genes

Hybridization to 

probes on array
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Courtesy of Frédérique Pasquer (Institute of Plant Biology, Uni Zurich)
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Detection  Two Color Experiment
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DNA, Protein, Peptide, Carbohydrate, Cell, Tissue, … Microarrays



Fluorescence Analysis

Labeling with

organic fluorophore

Surface Plasmon Resonance

Green fluorescent 

proteins (GFP)

Mass Spectrometry

- ESI, MALDI, SELDI

Nanoparticles 

- quantum dots

- polymer nanoparticles

Electrochemical Detection

Labeling Label-free

Detection of intensity

- confocal measurement

- planar waveguide 

technology

Detection Principles for Microarrays
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Detection Principles for Microarrays
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Advantages

● Single pixel laser excitation

● Very good background suppression 

→ high S/N ratio

www.zeiss.com

Disadvantages

● Limited by choice of excitation wavelenghts

● Focus depth of some 10 mm requires substrates 

of high planarity and exact positioning

● High hardware costs

Detection of Fluorescence using Principle of Confocal Microscopy
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Typical Features of a Laser Scanner:

● Excitation → Laser, e.g. solid state (488 nm), HeNe (543 nm, 594 nm, 633),

Nd YAG (532 nm), 10-20 mW                       

● Detection → Photomultiplier tube or CCD camera

● Sensitivity → 0.02 – 1 fluorophor CY5 / mm2

● Resolution → 5 - 100 mm

● Image format → 16 or 24 bit tif

Axon Genepix  4000B

Using of Laser Scanners
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 better signal to background ratio for planar surfaces and formats with 3D structure

 especially for materials with intrinsic higher fluorescence background like polymers

Confocal Scan Non-Confocal Scan

www.tecan.com

Planar supports

Advantage of Confocal  Measurement
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Microarrays - Clinic

Tomorrow

Classic Diagnosis & 

Prognosis
Pathological classification, ELISA

Chemotherapy

Classic 

Therapy Monitoring

Molecular Diagnosis & 

Prognosis

Molecular Therapy

Molecular

Therapy Monitoring

Today
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Biosensors



Biosensors Require Exact Loading of Sensor Fields 

www.insilixa.com

 Control of behavior of biomolecules attached to surface on a nanometer scale



Biosensors

Biosensor Combination of biological recognition element a 

microfluidic chip and a physical or chemical transduces to detect an 

analyte

Blood Glucose Measurement 85% of Market



Glucose Sensing - Basic Principles

Enzymes

• Glucose Oxidase (GOx)

– Used in biosensors

– Easy to obtain, cheap

– High selectivity, withstands greater extremes of pH, T, ions

Enzyme free



Sensing basierend auf FRET

 Blutzuckerbestimmug

Glucose-Sensor

- Protein Concanavalin A (Con A) gelabelt mit Donor

- Glukose + konkurrierendes Polysaccharide (Dextran) gelabelt mit Akzeptor

 Bindung von Dextran-A an Con-A  Abnahme Donor FL-Intensität und Lebensdauer

 Bindung von Glucose  weniger Energietransfer, Zunahme FL-Signal vom Donor


