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Dr. Adrian “Fritz” Gombart,
 Office: 2135 ALS
 Office hours: Wednesdays 1100-1300
 Phone: 737-8018
 [email protected]
 Northerns
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Experiment 3: Isolation of total
 RNA from eukaryotic tissue culture
 cells for analysis of gene
 expression
 Why?
 Central Dogma of Molecular Biology
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Flow chart of Experiment 3
 Prepare RNA samples – Feb. 4th
 run RNA gel – Feb. 9th
 Northern transfer – Feb. 9th
 Probe preparation – Feb. 11th
 Prehybridization – Feb. 16th
 Hybridization – Feb. 16th
 Post-hybridization washing – Feb. 18th
 Signal detection – Feb. 18th
 Teams of 2
 Teams of 4
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Different methods to isolate RNA
 Guanidine isothiocyanate lysis and centrifugation through CsCl gradient
 - high quality RNA >200 nucleotides; lengthy protocol
 Guanidine isothiocyanate lysis and centrifugation through silica resin
 column
 - high quality RNA >200 nucleotides; quick protocol
 Trizol reagent (phenol/chloroform based); precipitation from aqueous
 phase
 - high quality RNA >200 and <200 nucleotides; very quick
 protocol
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Workflow for RNA isolation
 Spin lysate through
 homoginizer (Qiashredder)
 Provides appropriate binding
 conditions
 Guanidine-thiocyanate;
 strong denaturant protects
 RNA
 High-salt buffer allows
 continued binding of RNA to
 column
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Calculate quantity and purity of RNA
 Total RNA (µg) = A260 x [40 µg/(1 A260 x 1ml)] x dilution factor x total sample volume (ml)
 Purity: A260/A280 >1.8 indicates high purity
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If the mRNA species of interest makes up a relatively high percentage
 of the mRNA in the cell (>0.05% of the message), total cellular RNA
 can be used. If the mRNA species of interest is relatively rare, then
 may need to isolate poly(A)+ RNA.
 If RNA lacks poly A+ tail, then want total RNA
 Total RNA versus mRNA (poly A+)
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Techniques to measure gene
 expression
 • Northern blot hybridization
 • Quantitative real-time PCR
 • RNase Protection
 • cDNA arrary or Microarray hybridization
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Northern blot and hybridization
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Quantitative Reverse Transcription - PCR
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Detection of Specific mRNA Species
 Using a Nuclease Protection Assay.
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Analysis of Gene Expression by microarray
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Northern blot and hybridization
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5x RNA Loading Buffer16 µl saturated aqueous bromophenol blue solution†
 80 µl 500 mM EDTA, pH 8.0720 µl 37% (12.3 M) formaldehyde
 2 ml 100% glycerol3084 µl formamide
 4 ml 10 x Formaldehyde Agarose gel bufferRNase-free water to 10 mlStability: Approximately 3 months at 4°C
 10X FA buffer 200 mM MOPS
 50 mM sodium acetate
 10 mM EDTA
 pH to 7.0 with NaOH
 - autoclave
 Components of Buffers denature RNA
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28S ~5kb
 18S ~2kb
 Northern of total RNA samples
 2:1 ratio
 Intact RNA
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Assembly for capillary transfer
 10X SSC buffer (transfer buffer) 3M NaCl 175g/L
 0.3M Na Citrate 88g/L
 pH to 7.0 with HCl
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UV crosslinker to fix RNA to membrane
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Questions?
 Feb. 9th lecture: Nucleic acid hybridization techniques
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Northern Hybridization continued
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Flow chart of Experiment 3
 Prepare RNA samples – Feb. 4th
 run RNA gel – Feb. 9th
 Northern transfer – Feb. 9th
 Probe preparation – Feb. 11th
 Prehybridization – Feb. 16th
 Hybridization – Feb. 16th
 Post-hybridization washing – Feb. 18th
 Signal detection – Feb. 18th
 Teams of 2
 Teams of 4
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Preparation of biotinylated non-radioactive probe

Page 22
                        

U U U U U
 Nucleic Acid Hybridization
 Hybridization buffers contain salmon or
 herring sperm DNA for blocking of the
 membrane surface and target DNA,
 deionized formamide and detergents like
 SDS to reduce non-specific binding of the
 probe
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Hybridization Stringency
 • Conditions that affect the hybridization between the
 probe and the target
 • Temperature – higher temperature, higher stringency
 • salt concentration – higher salt, lower stringency
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Temperature
 Tm Calculation for DNA (no salt): Tm = 69.3oC + 0.41(% G + C)oC
 GC content has a direct effect on Tm
 For example:
 Tm = 69.3oC + 0.41(45)oC = 87.5oC (for wheat germ)
 Tm = 69.3oC + 0.41(40)oC = 85.7oC
 Tm = 69.3oC + 0.41(60)oC = 93.9oC
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•Hybridizations are always performed with salt in the form of SSC (standard sodium citrate)
 •Another formula accounts for the salt concentration
 •Under salt-containing hybridization conditions we calculate the Effective Tm
 Eff Tm = 81.5 + 16.6(log M [Na+]) + 0.41(%G+C) - 0.72(% formamide)
 Salt
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SSC Content [Na+] M
 20X 3.3000
 10X 1.6500
 5X 0.8250
 2X 0.3300
 1X 0.1650
 0.1X 0.0165
 Na+ ion concentration of different strengths of SSC
 Eff Tm = 81.5 + 16.6(log M [Na+]) + 0.41(%G+C) - 0.72(% formamide)
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Non-stringent wash: normally 2X SSC, 65oCEff Tm= 81.5 + 16.6[log(0.33)] + 0.41(45%)= 92.0oC
 Stringent wash: normally 0.1X SSC, 65oCEff Tm= 81.5 + 16.6[log(0.0165)] + 0.41(45%) = 70.4oC
 Lowering Salt concentration lowers Effective Tm
 i.e. lowering the salt requires that the probe and target be of very high homology or signal will be lost
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•Generally hybridization is done under low
 stringency (high salt, 2X SSC)
 • To detect only highly homologous targets,
 washes are done under a succession of lower salt
 conditions (0.2X SSC)
 •To detect targets with a lower degree of homology
 to the probe, washes are done under higher salt
 conditions (1X SSC)
 Hybridization
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Develop with Chemiluminscent substrate and expose to film
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15 min exposure 24 h exposure
 Non-isotope Isotope
 Results
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Target for lab experiment: β-actin
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Questions ?
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