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Principle applications

* Cloning of genes for protein production
* Mutagenesis of organisms

Deletions
Point mutants

nsertions

- Chimeras
* Reprogramming of gene expression
» Gene-therapy
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Genome repair: Genome disruption: Genome repression:
e.g., genetic disorders, e.g., invading pathogen genomes, e.g., oncogenes,
genetic risk factors dominant negative mutations host viral receptors
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Genome activation
e.q., tumor suppressors,

globins

figure: Prashant 2014 Nat Methods
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Part |I: Molecular basics
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Avery—MacLeod-McCarty experiment

virulent S strain of D. pneumococci

isolate and purify macromolecules

AN

proteins DNA carbohydrate lipid
treat living avnrulent R strain with the purified chemicals

¢ O O O D

S @ D O

only DNA changed the heridity of the living R strain

figure: J Exp Med (1944) 79:158

This is naturally occurring genetic “auto-manipulation”
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Genetic elements

Fungi Protists

Eukaryotic cell

Plants
Nuclear chromosomes chi |
Mitochondrial = Chro(;:gg oa:\te
hrom
i ?some -_—— .-\- (plants)

B

- DNA HQIIMAVWWQI[MWQIO\\

Gene Gene Gene

DNA-protein supercoil J43% £ 5% 5 27150 & ¢

- DNA MWQMMWMWAYMW}Q{AVAVAVAW

Gene Gene Gene

figure: Modern Genetic Analysis Fig 2-2
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Genetic elements

Prokaryotic cell

Bacteria ‘Bacterial Viruses
— chromosome

———— Plasmid

DNA /2NN
=]
Gene
DNA W}QI(A\O\V/WQIOQO\V}QIOR ﬂQI{AV}\V}“IO\\[/}\V}\V}\\I/}\\I(}\V}\W\V}“ DNA
|
Gene Gene Gene Gene Gene

figure: Modern Genetic Analysis Fig 2-2
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Nucleotide and DNA structure

Nucleotide and DNA structure
Nucleotide

4 Purines
|

|
. Nucleobase

Phosphate 5-Carbon Adenine Guanine
sugar
group v g Pyrimidines
|
|
HOCH2 c|>H HOCH2 (I, NH, ) " 0 o o] y
~ ~N
TS RN 0 ™
'!'I ||-|| |!|| ||-|| (o) III H (o) T H (o) IIJ H
OH OH H
Ribose Deoxyrlbose Cytosine Thymine Uracil

(both DNA and RNA) (DNA only) (RNA only)

Microbiology: An Evolving Science, Third Edition Figure A1.16a
Copyright © 2014 W. W. Norton & Company, Inc.
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Nucleotide and DNA structure

nm

|‘V -

Microbiology: An Evolving Science, Third Edition Figure A1.16¢
Copyright © 2014 W. W. Norton & Company, Inc.

Minor
groove

Carbonin
sugar-phosphate
“backbone”
Major
Hydrogen ¢ groove

Oxygen

Phosphorus
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Thymine (T) 3’ end

\/H

Adenme (A) 0 N/@
N

H
Guanine (G)

3’ end

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

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

(a) figure: adtbio.com
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Part ll: Genetic manipulation
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Natural genetic manipulation

plant cell

Ti plasmid

— ///T-DNA

Agrobacterium tumetsciens

\
insertion into :_.
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In the end it is all about making proteins...
Manipulation of
* Quality
* Quantity protein
!
:@ SD/RBS —
RNA 3’ RNA
degradosome /]\ ribosome
5,3——‘—‘.—_* !
3’ 2 DNA

promoter gene
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Most simple thing: cloning of gene on plasmid

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

gene of interest

SD/RBS
promoter

-

— =X/

o bacterium, often Escherichia coli
antibiotic
resistance

origin of replication
J P marker
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Cloning by using restriction endonuclease (old school)

" Plasmid vecto cleave palindromic DNA sequence:

G EcoRI; GAATTC
site , CORI.
Foreign DNA
FETErrrrrr e e e rrerrrrrrrerrrrerl
LLLLLLLLpnnlnnnnnnpnnnlnnnnn ettt
i 1 3

Cleavage Cleavage sites 2
by EcoRI Cleavage by EcoRI
endonuclease endonuclease

———

A
A
T AATT AATT AATT
T 11111 TTTTTT T T TTTTTT] TTTTTTIT11T1 TTTTTITTTTT]
LUt Ll LUl LLLLlL]
TTAA TTAA TTAA
Annealing TP ”

sticky ends

DNA ligase

EcoRI with bound DNA

figure: Slonczewsky Fig. 7.27

Plasmid chimera



figure: http:/microfiuidics.stanfordedu  https://www.youtube.com/watch?v=0HCWmD7Mv8U
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Excursus: Amplification of DNA by PCR

PCR: polymerase chain reaction

What’s in the mix:
- DNA template

- DNA primer

- DNA polymerase

- dNTPs

- Buffer (MgCly, ...)

;ﬂ;#_/‘

Te05C T~55°C T=72°C

. annealing extension etc.
— denaturation of primers by polymerase
double-stranded DNN =\ N — /

N

35 cycles: 23°= 34 billion copies



http://microfluidics.stanford.edu
https://www.youtube.com/watch?v=0HCWmD7Mv8U
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4

PCR — primer design

ACAGTATATG
TGTCATATAC

ATGGATGATT
ATGGATGATT
TACCTACTAA

CCTGTCAGGG
GGACAGTCCC

GGTTATTCCA
CCAATAAGGT

ATTAAATTAC
TAATTTAATG

TGGCGAAGTT
ACCGCTTCAA

CTAAGGGGTA
GATTCCCCAT
GATTCCCCAT

Forward:
Reverse:

5=
5’"-= TTACCCCTTAGCAGGTGAT

GACATTGCAA
CTCTAACGTT

TAGTGTTTGC
TAGTGTTTGC
ATCACAAACG

TGGCCGACGA
ACCGGCTGCT

GACGGTAACG
CTGCCATTGC

TTGGCGTGTG
AACCGCACAC

TTACTCTCTT
AATGAGAGAA

A
T
T

CATGACATCA
GTACTGTAGT

AGG
AGGTAATAAG
TCCATTATTC

TTGTCGCAAC
AACAGCGTTG

CAATTACAGG
GTTAATGTCC

TTTATGCTTG
AAATACGAAC

ACGGGCGTCA
TGCCCGCAGT

ATGGATGATTTAGTGTTTGCAGG

TTACGAGACG
AATGCTCTGC

GCGCTCTATC
CGCGAGATAG

GATTATCGGC
CTAATAGCCG

AACAGACGCT
TTGTCTGCGA

TTTTTACTGT
AAAAATGACA

GGTGATATTC
CCACTATAAG

-3
-3

GGATAGTTAA
CCTATCAATT

TTGTTTTGAT
AACAAAACTA

CTCCTGGTAG
GAGGACCATC

GCCTTTTGGC
CGGAAAACCG

CTGGCTGGTA
GACCGACCAT

CTGGCGTTGG
GACCGCAACC
CCGCAACC
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Cloning a PCR product

ACAGTATATG
TGTCATATAC

ATGGATGATT
ATGGATGATT
TACCTACTAA

CCTGTCAGGG
GGACAGTCCC

GGTTATTCCA
CCAATAAGGT

ATTAAATTAC
TAATTTAATG

TGGCGAAGTT
ACCGCTTCAA

CTAAGGGGTA
GATTCCCCAT
GATTCCCCAT

GACATTGCAA
CTCTAACGTT

TAGTGTTTGC
TAGTGTTTGC
ATCACAAACG

TGGCCGACGA
ACCGGCTGCT

GACGGTAACG
CTGCCATTGC

TTGGCGTGTG
AACCGCACAC

TTACTCTCTT
AATGAGAGAA

HHa»

CATGACATCA
GTACTGTAGT

AGG
AGGTAATAAG
TCCATTATTC

TTGTCGCAAC
AACAGCGTTG

CAATTACAGG
GTTAATGTCC

TTTATGCTTG
AAATACGAAC

ACGGGCGTCA
TGCCCGCAGT

TTACGAGACG
AATGCTCTGC

GCGCTCTATC
CGCGAGATAG

GATTATCGGC
CTAATAGCCG

AACAGACGCT
TTGTCTGCGA

TTTTTACTGT
AAAAATGACA

GGTGATATTC
CCACTATAAG

Forward: 5'- GAATTC ATGGATGATTTAGTGTTTGCAGG
Reverse: 5’'- GAATTC TTACCCCTTAGCAGGTGAT -3’

GGATAGTTAA
CCTATCAATT

TTGTTTTGAT
AACAAAACTA

CTCCTGGTAG
GAGGACCATC

GCCTTTTGGC
CGGAAAACCG

CTGGCTGGTA
GACCGACCAT

CTGGCGTTGG
GACCGCAACC
CCGCAACC
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Addition of a restriction site: EcoRI
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Cloning a PCR product

PCR Product:

GAATTC ATGGATGATT TAGTGTTTGC AGGTAATAAG GCGCTCTATC ..
CTTAAG TACCTACTAA ATCACAAACG TCCATTATTC CGCGAGATAG

ACGGGCGTCA GGTGATATTC CTGGCGTTGG CTAAGGGGTA A GAATTC
TGCCCGCAGT CCACTATAAG GACCGCAACC GATTCCCCAT T CTTAAG

After EcoRI digest:

AATTC ATGGATGATT TAGTGTTTGC AGGTAATAAG GCGCTCTATC ..
G TACCTACTAA ATCACAAACG TCCATTATTC CGCGAGATAG

ACGGGCGTCA GGTGATATTC CTGGCGTTGG CTAAGGGGTA A G
TGCCCGCAGT CCACTATAAG GACCGCAACC GATTCCCCAT T CTTAA

=> |nto EcoRI-cut vector
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- no restriction site but
Glbson Assembly complementary to the plasmid —3. — -

Step 1.

¥

s"‘T
T5 exonuclease ﬁ* Yo «

Step 3 and 4. ,._f_\\
po]ymerase ¥ MAMW‘MW ¥ U

Taq ligase . m@mm ’

all at 50°C => isothermal assembly, just 10 - 30 min
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Example: Protein expression system Lemo21

T7lac r%-!‘w

lac repressor promoter &

NO EXPreSSioN - el E.colichromosome
X :

lacUV5 lac operator

promoter

repressed system without inducer

Wagner et al. PNAS 2008
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Example: Protein expression system Lemo21

T7lac
promoter

dissociation of
IPTG‘ A‘ lac repressor ‘ fl—rfo/

induction — _I." L target protein

derepressed system with inducer

Wagner et al. PNAS 2008
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Example: Protein expression system Lemo21

T7lac
promoter
dissociation of
IPTG‘ "‘ lac repressor ¢ j
induction — _I." L) PET : target protein
- b
rhamnose

4 ~< rhaBAD
T~ promoter

T7RNAP
\

titratable system with two inducers

Wagner et al. PNAS 2008
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In the end it is all about making proteins...

Manipulation of
* Quality
* Quantity

protein

1\

[

:@ SD/RBS
RNA

degradosome /]\ ribosome

5’1_):x:__—: "
3 5 DNA

promoter gene Mutagenesis

—>

3" RNA




EBERHARD KARLS

UNIVERSITAT
TUBINGEN

UNIVERSITATS

44 KLINIKUM

TUBINGEN

Mutagenesis

random mutagenesis vs. site-directed mutagenesis

random:

- PCR products — error prone PCR, e.g. addition of Mn?*, 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

TAC CTA CTA AAT CAC AAA CGT CCA|TTA|TTC CGC GAG ATA GAA CAA

M D D L \" F A G

ATG GAT GAT TTA GTG TTT GCA GGT |AAT|AAG GCG CTC TAT CTT GTT
N K A L Y L \"/

Mutation at N9

TTG ATC CTG TCA GGG TGG CCG ACG ATT GTC GCA ACG ATT ATC GGC
AAC TAG GAC AGT CCC ACC GGC TGC TAA CAG CGT TGC TAA TAG CCG
L I L S G W P T I \" A T I I G
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Mutagenesis

site-directed:

- PCR amplification with primers containing specific mutation
5 TTA GTG TTT GCA GGT GCA AAG GCG CTC TAT CTT 3 —
ATG GAT GAT TTA GTG TTT GCA GGT AAT AAG GCG CTC TAT CTT GTT
TAC CTA CTA AAT CAC AAA CGT CCA TTA TTC CGC GAG ATA GAA CAA

M D D L V F A G N K A L Y L V
«—— _,AAT CAC AAA CGT CCA GCT TTC CGC GAG ATA GAA
3 5 NOA

TTG ATC CTG TCA GGG TGG CCG ACG ATT GTC GCA ACG ATT ATC GGC
AAC TAG GAC AGT CCC ACC GGC TGC TAA CAG CGT TGC TAA TAG CCG
L I L S G W P T I v A T I I G
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Mutagenesis

site-directed:

- PCR amplification with primers containing specific mutation
5 TTA GTG TTT GCA GGT AAG GCG CTC TAT CTT 3 —
ATG GAT GAT TTA GTG TTT GCA GGT AAT AAG GCG CTC TAT CTT GTT
TAC CTA CTA AAT CAC AAA CGT CCA TTA TTC CGC GAG ATA GAA CAA

M D D L VvV F A G N K A L Y L Vv
4+ yAAT CAC AAA CGT CcCA TTC CGC GAG ATA GAA -, .
3 | 5 N9 deletion

TTG ATC CTG TCA GGG TGG CCG ACG ATT GTC GCA ACG ATT ATC GGC
AAC TAG GAC AGT CCC ACC GGC TGC TAA CAG CGT TGC TAA TAG CCG
L I L S G W P T I v A T I I G
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Example: Site-specific in vivo photocrosslinking

Suppressor Adapted from Stanley

tRNA
pl;:p; pBpa: p-benzoyl-phenylalanine et al. 2011. FEBS Lett
COOH

dified
tRN/ri‘n gyr'mtll?etase 133 poa
position
uwv - +
MM
250 -
150 -
100 - v
75 - . i PrgKFLAG
50 - oligomers
e =2 - SipB 37 -
50 - ” _ PrgKFLAG
Schraidt, Marlovits. 2011. Science Secretion 25-
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In the end it is all about making proteins... or not making

Manipulation of

* Quality
* Quantity protein

T

[

:@ SD/RBS
RNA

degradosome /]\ ribosome

—>

3" RNA

5,
3’
promoter gene

DNA
chromosomal
insertions/deletions
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Samuel Wagner, Tel: 84238, samuel.wagner@med.uni-tuebingen.de
E.-Aulhorn-Str. 6, Room 1.1.05



