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2.5.3. Nucleic Acid Analysis

2.5.4. Enzymes for Modification of Nucleic Acids
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How to handle DNA?

0 Isolate DNA from fresh and shock-freezed cells  
(endogenous nucleases!)

0 Donôt subject genomic DNA to shear forces

ü Do not vortex for dissolving

ü Pipet tip with wider orifice 

0 Do only air dry genomic DNA (not vacuum dry) 
otherwise it is not easily soluble any more

0 Solve DNA in ñTrisò buffer

0 Heat up to 65 °C and hold for 10 minutes in order to 
inactivate DNAses

0 Work on ice

0 Store in aliquots

ü -20 °C: shearing due to the generation of ice crystals

ü ­ store genomic and modified DNA (plasmids for 
transformation) at 4°C

Quellen: Roche Lab FAQS
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How to handle RNA?

0 RNAses are 

ü ubiquitous

ü thermostable

0 Wear gloves

0 Use RNAses-deactivating 
detergents to clean the work 
bench

0 RNAses-free reagents

0 RNAses-free plastic 
disposables

0 Incubate glass vessels and 
spatula for 4h at 180 °C

0 Clean electrophoresis 
equipment: SDS ­ DEPEC 
water ­ ethanol ­ H2O2

0 Clean pH-electrodes: 70 % 
ethanol ­ 1M NaOH ­ DEPC 
water

0 Prepare solutions and buffers 
with DEPC-water

0 Shock-freeze cell and tissue 
samples in liquid nitrogen 
(endogenous RNAses!)

0 Storage at -70 °C in isopropyl 
alcohol

0 Use RNAses inhibitors (e.g.  
recombinant human placenta 
protein ­ñRNasinò, SDS, 
b-mercaptoethanol, 
formaldehyde)

0 Work on ice

0 Air-dry only

0 For heat-denaturation, 
prevent temperatures above 
65 °C (use denaturized 
buffers)

RNA precipitate

in isopropanol

Quelle: Roche Lab FAQS

2  Molecular Biotechnology

2.5  Biomolecular Methods 2.5.3  Nucleic Acid Analysis

Clean the

workplace



5

Which Properties of Nucleic Acids are Important for 

Nucleic Acid Extraction?

0 Basic properties of DNA & RNA

ü Phosphate backbone 

ü Soluble in water

ü Not soluble in organic solvents 
(alcohols, phenol, chloroform)

0 RNA

ü Instable in alkaline environment

ü Hairpin structure

ü RNAses-sensitive

0 DNA

ü Hydrolysis at pH < 4

ü Double helix

ü DNAses-sensitive

Phosphate ïsugar 

backbone of DNA and RNA

Quellen: Wink, Molekulare Biotechnologie; Lottspeich, Bioanalytik
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Isolation of Genomic DNA by Precipitation ï

(example: phenol - chloroform DNA-extraction from bacteria)

0 Grow 5 ml of bacterial culture until 
stationary phase

0 ñHarvestò cells by centrifugation of 5 ml 
culture (5ó, 10.000 g) 

0 Resuspend cell pellet in TE (Tris EDTA) 
buffer, 10 % SDS and proteinase K

0 Incubation: 1h at 37 °C ­ viscous solution 
(released DNA)

0 Addition of 5 M NaCl, mix (increase of the 
NaCl concentration in order to prevent 
CTAB-DNA precipitate)

0 Addition of CTAB/NaCl solution,
mix.

EDTA metal-chelate

SDS

CTAB

Tris, pKS = 8

­­

Cell-pellet

Quelle: Current protocols in molecular biology, Wiley
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0 Incubation: 10ó at 65 °C ­ complexation of 
proteins, polysaccharides and cell wall 
components. DNA remains in solution.

0 Addition of chloroform (C), mix, 
centrifugate (5ó, 10.000 g) ­ precipitation of 
the complexes at interphasae (P)

0 Pipette DNA-containing, viscous, aqueous 
supernatant (W) in a new reaction tube

0 Add phenol / chloroform, mix, 
centrifuge 5ô, 10.000 g 
­ precipitation at interphase (P)

0 Pipette aqueous supernatant in new 
reaction tube

0 Precipitate the DNA with isopropanol (I)

Chloroform

C

P
W

Precipitation of 

proteins (P) at 

interphase

Phenol

I

Precipitation of 

DNA with 

isopropanol

Isolation of Genomic DNA by Precipitation ï

(example: phenol - chloroform DNA-extraction from bacteria)
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0 Fish genomic DNA with hook

or pellet short DNA fragments 
(viruses, organelles, plasmids) 
by centrifugation

0 ĂWashingñ of the precipitated DNA with 70% ethanol
in order to remove free CTAB

0 Pellet by centrifugation

0 Remove ethanol supernatant

0 Air-dry pellet

0 Solve pellet in TE buffer (1h)

0 Determine DNA concentration

0 Aliquot and freeze Fishing of DNA with hook

DNA precipitate

Isolation of Genomic DNA by Precipitation ï

(example: phenol - chloroform DNA-extraction from bacteria)

2  Molecular Biotechnology

2.5  Biomolecular Methods 2.5.3  Nucleic Acid Analysis



9

Isolation of Nucleic Acids by Solid Phase Extraction

0 Principle

Binding of denaturated DNA on silica at high salt concentrations

Source: www.Bio101.com
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Isolation of Nucleic Acids by Solid Phase Extraction

0 Morphologies of solid phases
ü filter-fleece

ü (paramagnetic) microspheres 
(Ăbeadsñ, ~ 2 Õm diameter) 

ü silicon microstructures

0 Isolation principles
ü Ăaffinity columnñ (silica, polymers)

ü molecular sieves

0 Commercial kits (examples)
ü Roche, Qiagen, Macherey-Nagel, 

Dynal, Invitec, Agowa, Chemagen

Manipulation of magnetic beads using 

magnets

magnet

Aggregated beads

5 µm

Assembly of a ñspin columnò

silicone sealing

Silica membrane

frit
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Protocol for DNA Extraction with Affinity Column 

(ñspin-columnò)

1)  Lysis: sample + lysis buffer (SDS) + proteinase K, 

incubation 30ó, 65°C

3)  Transfer DNA-containing supernatant to new reaction tube and 

mix with binding buffer (guanidinium hydrochloride, high salt 

concentration) and ethanol

2)  Separation of cell fragments by centrifugation

4)  Bind to solid phase: transfer mixture to column and centrifuge 

(1ó, 10.000 g)

/ vacuum
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Protocol for DNA Extraction with Affinity Column 

(ñspin-columnò)

7)  Elution: place column in new tube. 

Apply elution buffer (low salt concentration). 

Incubate. 

Centrifuge (1ó, 10.000 g)

6)  2nd.  wash with alcoholic buffers (ethanold or isopropanol), 

(1ó, 10.000 g)

/ vacuum
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concentration and detergents, complexing agent

(1ó, 10.000 g)
/ vacuum




