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1.1. ssDNAssDNA probeprobe is used to find DNA or is used to find DNA or 
RNA with a homologous sequence.RNA with a homologous sequence.

Dot Blot
Probe HybridizationProbe Hybridization

2.2. This will tell us if a specific sequence This will tell us if a specific sequence 
is present. is present. 

3.3. The substrate with the genetic The substrate with the genetic 
material in question is fixed on a material in question is fixed on a 
membrane.membrane.

4.4. The membrane is blocked with nonThe membrane is blocked with non--
specific proteinsspecific proteins
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specific proteins.specific proteins.

5.5. Small drops of a known sequence of Small drops of a known sequence of 
DNA with a DNA with a radioactiveradioactive or or 
fluorescentfluorescent marker is added.marker is added.

6.6. The plate is rinsed and read in the The plate is rinsed and read in the 
proper instrument.proper instrument.

Probe HybridizationProbe Hybridization
Fluorescence In Situ Hybridization (FISH)
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Spectral karyotyping and multi fluor FISH
Probe HybridizationProbe Hybridization
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Reverse Dot Blot  (RDB) assay
Probe HybridizationProbe Hybridization
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Mo Q et al. J Clin Pathol 2005;58:923-926
detecting the novel CDs15/16(+G) mutation
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DNA Array (Gene Chip)DNA Array (Gene Chip)

Technological advances in Technological advances in 
biotechnologybiotechnology, , electronicselectronics, and , and gygy,, ,,
roboticsrobotics have made it possible to have made it possible to 
miniaturize the probe hybridization miniaturize the probe hybridization 
and detection methods. Instead of and detection methods. Instead of 
studding one gene at a time.studding one gene at a time.

DNA chips allow DNA chips allow thousandsthousands oror tens tens ofof
th dth d f ifi  DNA  RNA f ifi  DNA  RNA 
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thousandsthousands of specific DNA or RNA of specific DNA or RNA 
sequences to be detected sequences to be detected 
simultaneously simultaneously on a small glass or on a small glass or 
silica slide onlysilica slide only 11--2 2 cm squarecm square. . 
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Reverse Dot Blot to DNA Arrays

Each DNA spot 
contains picomoles
(10−12 moles) of a 
specific DNAspecific DNA 
sequence, known 
as probes
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Types of DNA ArraysTypes of DNA Arrays
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MacroarraysMacroarrays

Membrane blots Membrane blots 

11--10 10 K GenesK Genes

MicroarraysMicroarrays

Glass or polypropyleneGlass or polypropylene

1010KK--100100K genesK genes

HighHigh--density Oligonucleotide Arrays density Oligonucleotide Arrays 

Silicon Silicon 

potentially up to potentially up to 4 4 million genesmillion genes
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DNA ArraysDNA Arrays
((Major Applications)Major Applications)

SequencingSequencing

GenotypingGenotypingyp gyp g

–– Mutation DetectionMutation Detection

–– Polymorphism AnalysisPolymorphism Analysis

–– Gene MappingGene Mapping

Gene Expression ProfilingGene Expression Profiling

–– OncologyOncology
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gygy

–– MicrobiologyMicrobiology

–– Etc,Etc,

Drug DiscoveryDrug Discovery

DNA ArraysDNA Arrays
(Expression Profiling)(Expression Profiling)
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Differential Differential 
Diagnosis of Diagnosis of 
LeukemiasLeukemias

by Gene Chipsby Gene Chips

AML AML andand ALLALL
38 38 ((1111++2727) patients) patients
6817 6817 genes studiedgenes studied
50 50 predictive genespredictive genes
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ProteomicsProteomics

• Proteomics: large-scale study of proteins, 
particularly their structures and functions

• The proteome: entire complement of proteins, including 
the modifications made to a particular set of proteins, 
produced by an organism or system. This will vary with 
time and distinct requirements, or stresses, that a cell or 
organism undergoes.
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organism undergoes.

• Clinical proteomics: translating bench side promise into 
bedside reality
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Proteomics MethodologyProteomics Methodology

Sample

Homogenization

LC for Protein Concentration

2-D Gel Electrophoresis

Spot Visualization

In Gel Tryptic Digestion

Protein Separation

P t i Id tifi ti
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yp g

Mass Spectrometry

Protein Database Search

Protein-Protein Interaction Analysis

Protein Identification

Bioinformatics

Functional Proteomics
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2-D Gel Electrophoresis

Isoelectric Focusing + SDS Page
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Mass Spectrometry

Mass Ionizers

MALDI: Matrix Assisted Laser Desorption Ionizationp

ESI: Electrospray Ionization

Mass Analyzers

TOF: Time OF Flight
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Quadropole MS

Ion trap/Fourier Transform Ion Cyclotron MS
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MALDI/TOF
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ProteomicsProteomics
((Major Applications)Major Applications)

Identification of Disease MarkersIdentification of Disease Markers

Discovery & Analysis of New DrugsDiscovery & Analysis of New Drugs

Development New Diagnostic KitsDevelopment New Diagnostic Kits

Detection of PathogensDetection of Pathogens

Plant Biotechnology Plant Biotechnology 

Cellular Interaction StudiesCellular Interaction Studies
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Organelle ProteomicsOrganelle Proteomics

Molecular TechniquesMolecular Techniques

Chromatography: Chromatography: AnythingAnything

Electrophoresis: Electrophoresis: AnythingAnything

Probe HybridizationProbe Hybridization
Dot Blot

BlottingsBlottings
–– Southern Blot: Southern Blot: DNADNA

–– Western Blot: Western Blot: ProteinProtein

–– Northern Blot: Northern Blot: RNARNA

ELISA: ELISA: ProteinProtein

Flow Flow CytometryCytometry: : Cells/Molecules on CellsCells/Molecules on Cells

FISH
RDB

DNA ArraysDNA Arrays
Probe Hybridization
Subtractive Hybridization

Slide 24/33

Cy yCy y

PCR: PCR: DNA/RNADNA/RNA

Sequencing: Protein / NAsSequencing: Protein / NAs

ProteomicsProteomics
2-D Electrophoresis
Mass Spectrometry

Bochips



12/19/2011

13

BiochipsBiochips

Miniaturization: To plan or make on a greatly reduced scale

–– Making tools smaller, more integrated, Making tools smaller, more integrated, less less expensive, expensive, 
automatedautomated, and , and fasterfaster

–– RoomRoom--occupying simple calculators have been replaced occupying simple calculators have been replaced 
by by very very powerful powerful lablab--topstops

Slide 25/33

–– Silicon Silicon chipschips have revolutionized have revolutionized 
microelectronics microelectronics and and 
computer Industries computer Industries 

Laboratory testsLaboratory tests must be done faster, cheaper, and more must be done faster, cheaper, and more 
reproducible, reducing human errors/contaminationreproducible, reducing human errors/contamination..

BiochipsBiochips

p , gp , g

Most Most lab tests (esp.. molecular diagnostics) are still lab tests (esp.. molecular diagnostics) are still inefficient, inefficient, 
laborious and and time-consuming.

Micro Micro analytic devices analytic devices are being developed as alternatives to are being developed as alternatives to 
the the benchbench--top top or flooror floor--standing analyzers.standing analyzers.
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pp g yg y
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Micro Analytical Devices?Micro Analytical Devices?

BiochipsBiochips

Laboratories in miniature  Capable of performing 
hundreds to thousands of  biological reactions fully 
automatically.

Lab-on-a-chip or  Micro Total Analysis System (u-TAS)
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Very promising due to:
Improved Performance
High Throughput
Low Cost
Portability (Handheld)

ApplicationsApplications

I

BiochipsBiochips

• Immunoassays
• Enzymatic assays
• Chemiluminescent assays
• Electrophoresis
• Amino acid and Protein analysis
• Cell Isolation & Selection

C ll A l i

• DNA hybridization
• DNA sequencing
• Micro PCR
• Micro LCR
• Mutation detection
• RFLP Analysis
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• Cell Analysis
• Semen Analysis 
• In Vitro Fertilization (IVF)

• Micro Multiplex ELISA



12/19/2011

15

Biochip ProductionBiochip Production

Biochip Biochip production is achieved by technologies of production is achieved by technologies of 

•• microchip industriesmicrochip industries
•• microfluidicsmicrofluidics
•• biotechnologybiotechnology
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MicrofabricationMicrofabrication
Platform:

Silicon, Glass, Quartz, Plastic

BiochipsBiochips

Techniques:
Photolithography, Ion/Laser Etching, 
Embossing, Micro Injection Molding

Components: 
Micro Channels (Conduits)
Chambers
Sieves
Valves
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Valves
Pumps
Mixers
Heaters
Electrodes
Light-Emitting Diodes
Detectors

Biosensors
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PCR BiochipPCR Biochip
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IVFIVF--Chip / WombChip / Womb--onon--aa--chipchip
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Thank You for Your AttentionThank You for Your Attention

Dr. Mohammad Reza Dr. Mohammad Reza BakhtiariBakhtiari
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bakhtiari@irost.orgbakhtiari@irost.org
http://reza-bakhtiari.persianblog.ir/


