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Principle applications

• Cloning of genes for protein production 
• Mutagenesis of organisms 

- Deletions 
- Point mutants 
- Insertions 
- Chimeras 

• Reprogramming of gene expression 
• Gene-therapy

figure: Prashant 2014 Nat Methods



Part I: Molecular basics



figure: J Exp Med (1944) 79:158

Avery–MacLeod–McCarty experiment

This is naturally occurring genetic “auto-manipulation”



Genetic elements

figure: Modern Genetic Analysis Fig 2-2



Genetic elements

figure: Modern Genetic Analysis Fig 2-2



Nucleotide and DNA structure



Nucleotide and DNA structure

https://www.youtube.com/watch?v=27TxKoFU2Nw

https://www.youtube.com/watch?v=27TxKoFU2Nw


figure: adtbio.com

Melting of DNA

rule-of-thumb for Tm: 4°C for G/C, 2°C for A/T



Part II: Genetic manipulation



figures: lifesciencefoundation.org

Natural genetic manipulation



In the end it is all about making proteins…
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Most simple thing: cloning of gene on plasmid

antibiotic  
resistance  
marker

origin of replication

promoter

gene of interest
SD/RBS

Two options:  
• amplification of plasmid 
• expression of gene/protein

bacterium, often Escherichia coli



Cloning by using restriction endonuclease (old school)

EcoRI with bound DNA

cleave palindromic DNA sequence:  
EcoRI: GAATTC

“sticky ends”

figure: Slonczewsky Fig. 7.27



figure: http://microfluidics.stanford.edu

Excursus: Amplification of DNA by PCR

PCR: polymerase chain reaction

What’s in the mix: 
• DNA template 
• DNA primer 
• DNA polymerase 
• dNTPs 
• Buffer (MgCl2, ...)

35 cycles: 235= 34 billion copieshttps://www.youtube.com/watch?v=0HCWmD7Mv8U

http://microfluidics.stanford.edu
https://www.youtube.com/watch?v=0HCWmD7Mv8U


PCR – primer design



Cloning a PCR product

Addition of a restriction site: EcoRI



Cloning a PCR product

PCR Product:

After EcoRI digest:

=> into EcoRI-cut vector



Gibson Assembly

T5 exonuclease

polymerase

Taq ligase

all at 50°C => isothermal assembly, just 10 - 30 min

no restriction site but  
complementary to the plasmid



Example: Protein expression system Lemo21

Wagner et al. PNAS 2008

repressed system without inducer



Example: Protein expression system Lemo21

Wagner et al. PNAS 2008

derepressed system with inducer



Example: Protein expression system Lemo21

Wagner et al. PNAS 2008

titratable system with two inducers



In the end it is all about making proteins…
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Mutagenesis



Mutagenesis

random mutagenesis vs. site-directed mutagenesis

random: 

• PCR products – error prone PCR, e.g. addition of Mn2+, disbalance of dNTPs 
• Plasmids – amplification in strains with impaired DNA repair mechanisms 
• Organisms – addition of mutagens, infection with virus

site-directed: 

• PCR amplification with primers containing specific mutation

Mutation at N9
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Mutagenesis

random mutagenesis vs. site-directed mutagenesis

random: 

• PCR products – error prone PCR, e.g. addition of Mn2+, disbalance of dNTPs 
• Plasmids – amplification in strains with impaired DNA repair mechanisms 
• Organisms – addition of mutagens, infection with virus

site-directed: 

• PCR amplification with primers containing specific mutation

N9 deletion5’

5’

3’

3’



Example: Site-specific in vivo photocrosslinking

Adapted from Stanley 
et al. 2011. FEBS Lett

  

Schraidt, Marlovits. 2011. Science 

PrgK 



In the end it is all about making proteins… or not making
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