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When are Tag-proteins used?

 3

Ab against endogenous 
protein not  available

to distinguish 
recombinant constructs 
from endogenous 
proteins
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Pull-down vs Co-IP

 8

They are closely related methods to identify stable protein-protein 
interactions. The difference in pull-down assays is that affinity-tagged bait 

proteins replace antibodies.
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Yeast two-hybrid 
system

 11
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Screening of the 
library 

 16
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Transcription of the 
reporter gene: Prey and 

bait do interact 

 17
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Limits of  Y2H approach 

 19

Performing two-hybrid screens in yeast is a powerful method of 
identifying novel protein binding relationships that involve a particular 
protein of interest. However, the conformation of a mammalian protein 
expressed in yeast may be quite different from its normal conformation 
in a mammalian cells. Thus, it is important to perform a two-hybrid assay 
in mammalian cells to confirm that the suspected interactions also take 
place when the proteins are folded and modified as they would be in 
their native environment. The mammalian assay often reflects interactions 
between mammalian proteins with greater authenticity than can be 
achieved in yeast.

Y2H

Immunoprecipitation 
(or pull down)

Mammalian two 
hybrid
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Mammalian 2-H System 

 20
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Y2H applications to drug 
discovery 

 21

detection of protein–
protein interactions 

detection of inhibition 
of protein interactions 
by small molecules

Phenotype Phenotype
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Y2H applications to drug 
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Y2H applications to drug 
discovery 
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detection of protein–
protein interactions 

detection of inhibition 
of protein interactions 
by small molecules

Phenotypes Phenotypes
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Y2H applications to drug 
discovery 

 24

detection of protein–
protein interactions 

detection of inhibition 
of protein interactions 
by small molecules

Phenotype Phenotype
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Opened-questions

 25

Scientific question that can be addressed 
using co-IP technique and flowchart of the 
technique 

Scientific questions that requires Tagged-
proteins and flowchart of production and 
use 

Scientific question that can be addressed 
using Y-2H and Y-3H techniques and 
flowchart of the technique
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In vitro site-
directed mutagenesis
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starting materials and 
aim

 27
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Site-directed mutagenesis* studies can be extremely 
useful for: 

elucidating the function of a gene or protein, 
creating variants of an enzyme with new and 
improved functions 
screening a variety of mutants to determine the 
optimal sequence for addressing the question at 
hand.   

There are now many approaches available for 
generating site-directed mutants which are all based 
on PCR amplification.

 28

(*) also called site-specific mutagenesis or oligonucleotide-directed mutagenesis 
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Common steps 
are…

Design of synthetic oligo encoding desired 
mutation  
Annealing to target region of wt template DNA – 
serves as primer for initiation of DNA synthesis in 
vitro 
Extension of oligo by DNA polymerase generates 
dsDNA that carries desired mutation 
Selection of mutated DNA 
Subcloning in expression vector 
Transfection and expression of the mutated protein

 29
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Technique 1   
Traditional PCR with modified 

primers for site-directed mutagenesis

Description: 
This type of site-directed mutagenesis uses PCR 
primers designed to contain the desired change. The 
PCR primer sequence simply replaces the original 
sequence – as long as the changes are minimal enough 
to allow the primer to anneal to the intended target. 

Use for: 
Limited base identity changes at the end of the target 
sequence 5’ or 3’ terminal insertions <100 bases 

 30
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Technique 1  
Traditional PCR with modified primers

 31

Primers are designed to include 
the desired change, which could 
be base substitution, addition, or 
deletion. 

Primers incorporating the desired 
base changes are used in PCR. As 
the primers are extended, the 
mutation is created in the 
resulting amplicon.

During PCR, the mutation is incorporated into the amplicon, replacing the original 
sequence. Mutations introduced by PCR can only be incorporated into regions of 
sequence complementary to the primers and not regions between the primers. 
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Technique 1:  
Traditional PCR with modified primers

 32
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Technique 2:  
Primer extension PCR for site-

directed mutagenesis

Primer extension uses nested primers 
to mutate a target region.

 33

Use for: 
Limited, non-random base changes internal to the target sequence 

Insertions >100 bases 
Deletions < 50 bases 

Deletions > 50 bases**
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Technique 2: Primer extension 
with nested primers

 34

Description: 
Primer extension uses nested primers to mutate 
a target region. In the diagram, primers B and 
C contain the mis-matched sequence to insert 
bases.  
- The first round of PCR uses primers A-B and 

C-D to create two products with the mutated 
sequence. The second PCR round is where the 
smart stuff happens and the new sequence is 
created. Since primers B and C contain 
complementary sequences, the products from 
the first round will hybridize after they are 
denatured following the first PCR cycle.  

- Primers A-D can then be used to amplify the 
full-length product that contains the desired 
mutation. Alterations to this method can also 
create deletions or longer additions.

04_ACBB_tag_Y2H_invitro_mutagenesis_2019.key - 7 October 2018



Technique 2: Primer extension

 35
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Technique 3:  
Inverse PCR for site-
directed mutagenesis

 36

Inverse PCR enables amplification of a region of 
unknown sequence using primers oriented in the reverse 
direction. An adaptation of this method can be used to 
introduce mutations in previously cloned sequences. 
Using primers incorporating the desired change, an entire 
circular plasmid is amplified to delete, change, or insert 
the desired sequence.
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Principle of inverse PCR

 37

Inverse PCR (IPCR) was 
designed for amplifying 
anonymous flanking 
genomic DNA regions

Inverse PCR enables 
amplification of a 
region of unknown 
sequence using 
primers oriented in 
the reverse 
direction. 
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Principle of inverse PCR

 38

The technique involves the 
digestion of source DNA, 
circulation of restriction 
fragments, and amplification 
using oligonucleotides that 
prime the DNA synthesis 
directed away from the core 
region of a known sequence, 
i.e., opposite of the direction 
of primers used in normal or 
standard PCR
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Technique 3:  
Inverse PCR for site-directed mutagenesis

 39

A high fidelity DNA 
polymerase that creates blunt-
ended products is used for 
the PCR to produce a 
linearised fragment with the 
desired mutation, which is 
then recircularised by 
intramolecular ligation. 

The primers used are 5’-
phosphorylated to allow 
ligation of the amplicon ends 
after PCR.
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The primers used are 5’-
phosphorylated to allow 
ligation of the amplicon 
ends after PCR. A high 
fidelity DNA polymerase that 
creates blunt-ended 
products is used for the 
PCR to produce a linearized 
fragment with the desired 
mutation, which is then 
recircularized by 
intramolecular ligation. 

Technique 3:  
Inverse PCR for site-directed mutagenesis
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Primers that hybridise to regions 
on either side of the area to be 

deleted are used.

Technique 3:  
Inverse PCR for site-directed mutagenesis

One primer contains the additional 
sequence that will be inserted 

(blue line).
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Technique 3:  
Inverse PCR for site-
directed mutagenesis

Mutated-plasmid selection

 42
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Digest parental 
methylated and 
hemimethylated 

DNA

 43 From Stratagene

methylated
template

DpnI 
digestion

unmethylated 
mutated plasmid 
resistent to 
digestion
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Use a selection primer to suppress a  
unique restriction site on the plasmid

 44 (from Clontech)

The Transformer Kit uses two oligonucleotide primers which are 
simultaneously annealed to one strand of a denatured double-
stranded template. One primer introduces the desired mutation and 
the other mutates the unique restriction site in the plasmid, creating a 
new restriction site or eliminating the site completely. Elongation by 
T4 DNA polymerase, which lacks strand displacement activity, results 
in the incorporation of both mutations in the same newly synthesized 
strand. The DNA is then digested with a restriction enzyme that cuts at 
the original restriction site. The uncut, mutated DNA will transform E. 
coli more efficiently than the linear DNA with no mutations.
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Next step following 
recombinant vector 

production?

 45
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Bacterial transformation

 46

ProClone™ Competent Cells are high-
efficiency, chemically competent DH5α 
(E. coli) cells
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Antibiotic selection

 47

Growth of transformed 
colonies (with plasmid) 

plasmid w/o insert 
plasmid with insert

Ampicillin
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Blue-white color 
screening

 48

Transformed 
colonies with 

insert

Transformed 
colonies w/o 

insert

select white 
colonies
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Miniprep and 
enzymatic 
digestion

Analysis of Mutants
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Opened-questions

 50

Explain experimental results obtained using 
IP or co-IP techniques, with or W/O Tag-
proteins, Y-2H and site-directed mutagenesis 

Choose among IP, co-IP, tagged-proteins, 
Y-2H and site-directed mutagenesis the 
appropriate approach to address a specific 
experimental question, defending your 
choice
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Assignment for next Wednesday:

 51

NGF

EGF

EGF
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Is the difference in the 
kinetics due to the rate 
of internalisation of 
the receptor?

How would you 
proceed to answer 

this question?
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