
Molecular Techniques in RadiobiologyMolecular Techniques in Radiobiology

•• DNA DNA –– RNA RNA –– ProteinProtein

•• Gene ExpressionGene Expression

•• Gene StructureGene Structure
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DNA  and  RNADNA  and  RNA



Hydrolysis of RNA under alkaline conditionsHydrolysis of RNA under alkaline conditions



Techniques for the study of Gene Expression: Techniques for the study of Gene Expression: RNA LevelRNA Level

•• RNA IsolationRNA Isolation

•• Northern Blot AssayNorthern Blot Assay

•• RNase Protection Assay (RPA)RNase Protection Assay (RPA)

•• RTRT--PCRPCR

•• In Situ HybridizationIn Situ Hybridization

•• Microarray (DNA Chips)Microarray (DNA Chips)



Techniques for the study of Gene Expression: Techniques for the study of Gene Expression: Protein LevelProtein Level

•• SDS PAGE (Gel Electrophoresis)SDS PAGE (Gel Electrophoresis)

•• Western Blot AssayWestern Blot Assay

•• ELISA Assay (RIA)ELISA Assay (RIA)

•• Flow Flow CytometryCytometry (FACS)(FACS)

•• ImmunostainingImmunostaining

•• Protein Array Protein Array ((22--D GelD Gel))



Techniques for the study of GeneTechniques for the study of Gene

•• Gene CloningGene Cloning

•• Gene AnalysisGene Analysis



http://http://mx.nthu.edu.twmx.nthu.edu.tw/~/~cschiangcschiang



Regulation of Gene Expression Regulation of Gene Expression 



RNA ProcessingRNA Processing
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GuanidineGuanidine
DEPC waterDEPC water

(RNase free water)(RNase free water)

DNaseDNase



Northern Blot Assay 1Northern Blot Assay 1

RNA
Protein

Northern blot
RNA

Western blot
protein

RNA

Protein

1. Electrophoresis1. Electrophoresis

2. Transfer 2. Transfer 

3. Hybridization3. Hybridization
(Probing)(Probing)

4. Detection4. Detection



Northern Blot Assay 2Northern Blot Assay 2

•• Sample Target: total RNA or mRNASample Target: total RNA or mRNA

•• Detection: Detection: 

•• Gel ElectrophoresisGel Electrophoresis

•• Probe Probe LabelingLabeling

•• DetectionDetection



cDNAcDNA



Reverse Transcription (RT)Reverse Transcription (RT)

cDNAcDNA

OligoOligo dTdT primerprimer



Probe LabelingProbe Labeling

•• Nick TranslationNick Translation

•• Random Primed LabelingRandom Primed Labeling

•• PCR LabelingPCR Labeling

•• 55’’ End LabelingEnd Labeling

•• 33’’ End LabelingEnd Labeling

•• Direct LabelingDirect Labeling
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Random Primed LabelingRandom Primed Labeling
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55’’ end labeling with end labeling with polynuclotidepolynuclotide kinasekinase
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33’’ end labeling with terminal end labeling with terminal transferasetransferase
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Choice of Labeling NucleotidesChoice of Labeling Nucleotides

• Fluorescent dyes (Cy3, Cy5)
• Color detection dyes (Biotin, DIG)
• Radioisotope: 32P-dATP, 32P-rUTP
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Structure of Structure of DigoxideninDigoxidenin (DIG)(DIG)--dUTPdUTP

OHOH

BrBr



DetectionDetection

NucleotidesNucleotides

3232PP FluorochromesFluorochromes

Cy3Cy3, , Cy5Cy5, FITC, FITC

DIGDIG BiotinBiotin

AntiAnti--DIG AbDIG Ab

BiotinBiotin

AvidinAvidin

FluorochromesFluorochromes

EnzymeEnzyme

SubstrateSubstrateColorColor
ProductsProducts

AutoradiographyAutoradiography

FluorescenceFluorescence
DetectorDetector

BrBr

proteinprotein

AbAbcDNA or cDNA or ααRNARNAProbe:Probe:

Target:Target:



RNase Protection Assay (RPA)RNase Protection Assay (RPA)

RNA SamplesRNA Samples
(target)(target)

AntiAnti--sense RNAsense RNA
(probe)(probe)

HybridizationHybridization

RNase RNase 
digestiondigestion

ElectrophoresisElectrophoresis



In Vitro TranscriptionIn Vitro Transcription
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Polymerase Chain Reaction (Polymerase Chain Reaction (PCRPCR))

Cycle 1

Cycle 2

Cycle 3

• denature DNA (95oC) 
• annealing step (55-60oC)
• extension step (74oC)

After 30 cycles
230 molecules
1 pg = 1 µg

1 pg template yields 
200 to 300 ng 

Template (cDNA or DNA)Template (cDNA or DNA)
PrimersPrimers
NTPsNTPs (ATP, GTP, CTP, TTP)(ATP, GTP, CTP, TTP)
Tag polymeraseTag polymerase



RT RT --PCRPCR

mRNAmRNA
Reverse TranscriptionReverse Transcription

cDNAcDNA

PCRPCR

1 1 pgpg

1 1 µµgg

Primer pairsPrimer pairs



Real Time PCR Real Time PCR 



Real Time PCRReal Time PCR



Real Time PCRReal Time PCR



Real Time PCRReal Time PCR

CT：threshold cycle

Model of a single amplification plot



Real Time PCRReal Time PCR

Standard curve showing CT values plotted versus 
the log of the initial amount of genomic DNA.

CCTT



In situ HybridizationIn situ Hybridization

AntiAnti--sense RNAsense RNA
(probe)(probe)

Tissue slideTissue slide

++
HybridizationHybridization

RNase DigestionRNase Digestion



In situ Hybridization 2In situ Hybridization 2



DNA MicroarrayDNA Microarray

Duggan, D. et al., Nature Genet. 21, 10–14 (1999) 

probe
target



Western BlotWestern Blot

•• Sample Target: total proteinsSample Target: total proteins

•• Probe : AntibodyProbe : Antibody

•• Detection: Detection: 

•• Gel ElectrophoresisGel Electrophoresis

•• DetectionDetection



ELISA ELISA 
(Enzyme Link (Enzyme Link ImmunoSorbentImmunoSorbent Assay)Assay)

Sample 
(antigen)

Avidine-peroxidase
(Fluorochromes)

*substrate

Biotin-Ab

(2nd Ab)

Color product detectedColor product detected
by ELISA readerby ELISA reader

ELISA PlateELISA Plate

1st Ab
(capture Ab)



ELISA ELISA (Enzyme Link (Enzyme Link ImmunoSorbentImmunoSorbent Assay)Assay)



ELISAELISA--IL3 standard curve IL3 standard curve 

500   250   125   62.5  31.2  15.6   7.8  0 pg/ml

24hr     8hr

Capture antibody 4ug/ml
Detection antibody  1ug/ml



Hybridization of Nucleic AcidsHybridization of Nucleic Acids



Flow Cytometry (FACS)Flow Cytometry (FACS)



Flow Cytometry (FACS)Flow Cytometry (FACS)



Fluorescence Activated Cell Sorting



Principles of Using FACSPrinciples of Using FACS

•• Size difference (FSC)Size difference (FSC)

•• Granularity difference (SSC)Granularity difference (SSC)

•• Binding ability to Binding ability to fluorochromesfluorochromes

•• FL1FL1

•• FL2FL2

•• FL3FL3

•• FL4FL4



Example 1 of FACSExample 1 of FACS

FSAFSAFSAFSA--JmIL7JmIL7



11% 28%

6% 5%FSAN control

B7.2B7.2

IaIa

FSAN irradiated
Dy 5

FSAN-IL3 irrad.
Dy 5

FSAN-IL3 control

Example 2 of FACSExample 2 of FACS



Applications of FACSApplications of FACS

•• Cell cycle analysisCell cycle analysis

•• Chromosome analysis (DNA analysis)Chromosome analysis (DNA analysis)

•• Cell SortingCell Sorting

•• Multicolor Analysis: Multicolor Analysis: Cell Cell PhenotypingPhenotyping

•• Functional studiesFunctional studies

•• ApoptosisApoptosis



ImmunostainingImmunostaining

ProteinProtein
AbAb

AgAg



Examples of Examples of ImmunostainImmunostain
GFAPGFAP F4/80F4/80



Gene AnalysesGene Analyses

•• Screening a geneScreening a gene

•• Southern BlottingSouthern Blotting

•• DNA Sequence AnalysesDNA Sequence Analyses

•• PCRPCR

•• Gene StructureGene Structure

•• PromoterPromoter

•• intronintron



Gene CloningGene Cloning

•• Restriction Restriction EndonucleaseEndonuclease

•• VectorsVectors

•• DNADNA--mediated Gene Transfermediated Gene Transfer

•• HostsHosts

•• LibrariesLibraries



VectorsVectors

•• PlasmidsPlasmids (naked DNA)(naked DNA)
•• VirusVirus

•• RetrovirusRetrovirus
•• AdenovirusAdenovirus
•• AAVAAV
•• LentivirusLentivirus
•• PhagePhage
•• ……....

•• Inducible vectorsInducible vectors
•• Tissue Specific vectorsTissue Specific vectors



PlasmidPlasmid



Inducible vectorsInducible vectors



cloned

AFP gene

“a”
AFP promoter HCC DNA

AFP promoter GENE
AdV VECTOR

ADENOVIRAL AFP CONSTRUCTSADENOVIRAL AFP CONSTRUCTS

rhIL-2
(685 bp)

pA

AdVAFP1-IL2

E2-E4          L1-L5
Ad-5AFP1 promoter 

(1.1 kb)
MER-I

(384 bp)

+37 -1009 -2190 -2574



Genomic LibraryGenomic Library



Ordering of the clones in a DNA library (Ordering of the clones in a DNA library (genomic librarygenomic library))



Construction of a Construction of a cDNAcDNA librarylibrary from mRNAfrom mRNA



DNADNA--Mediated Gene TransferMediated Gene Transfer

Calcium
Phosphate

Cationic
LIPOSOME

Microinjection/
Gene Gun

Retrovirus
Adenovirus
AAV
HSV
etc.

Naked DNA



DNA Sequencing by Sanger MethodDNA Sequencing by Sanger Method



Strategy for automating DNA sequencing reactionsStrategy for automating DNA sequencing reactions

(fluorecent dye labeled)



DNA librariesDNA libraries

A DNA library is a collection of DNA A DNA library is a collection of DNA 

clones, gathered together as a source of clones, gathered together as a source of 

DNA for sequencing, gene discovery or DNA for sequencing, gene discovery or 

gene function studies.gene function studies.



Two dimensional electrophoresisTwo dimensional electrophoresis




