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Tagqged- Pro&e&ms

Fusion of the target protein to either terminus (the C- or N- terminal) of a
short peptide (epitope tag) which is recognized by an antibody
(immunoprecipitation and Western blot analysis)

Exemple of epitope-Tags (10-15 aa):

myc: from myc transcription factor \
HA: from hemagglutinin

T7: from T7 polymerase

— Y

Notice: The fusion protein must be continuous with the target protein - the
same open reading frame must be maintained. Stop codons between the
target protein and the fusion partner must be omitted.
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When are Tag-proteins used?

If the Ab againt the protein of interest is not available

Ab“ﬂ“‘“S& e"‘d"ﬂe“‘o”’ 4 endogenous HA-wt
protein not ; ]

To study recombinant construct of the protein of interest (deletions,
f& £ d & k site-directed mutations) even in the presence of expression of the
[to aistinguish & endogenous WT protein.
biv\o‘v&k; c

endogenous [ T7-deleted

endogenous
myc-mutated
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Tag-protein construct
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Epitope-tagged JIP-1 (T7-Tag) was ex-pressed in

cells with the HA-tagged MAP kinases ERK2,

p38a JNK1,and JNK2.The MAP kinases were 48-60 hrs
immunoprecipitated with an antibody to HA.The

presence of JIP-1 in the immunoprecipitates (IP)

was detected on immunoblots probed with an

antibody to T7-Tag. The amount of JIP-] and IP: Antibody against the Tag
MAP kinases in the cell lysates was examined by

protein immunoblot analysis.
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Selective binding of JIP-1 to the MAP kinase JNK

‘ Epitope-tagged JIP-1 (T7-Tag) was ex-

P e - JIP-1 pressed in cells with the HA-tagged
MAP kinases ERK2, p38a JNK1, and

Lysate .--.’ < JIP-1 | INK2. The MAP kinases were
" immunoprecipitated with an
— MAP antibody to HA. The presence of JIP-1
Lysate -_ Kinase in the immunoprecipitates (IP) was
— .
detected on immunoblots probed
g 3 g with an antibody to T7-Tag. The
Z amount of JIP-1 and MAP kinases in
Q) the cell lysates was examined by
protein immunoblot analysis.

\d
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A: Pull down
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Fig. 2. Selectivexbinding of JIP-1 to the mixed-
lineage group of WAPKKKs. (A) JIP-1 was ex-
pressed in cells as a i in together
with the epitope-tagged MAPKKKs (75, 76).
The presence of MAPKKKs in glutathione-agar-

ipi ellet) was assayed by pro-
tein immunoblot analysis. The amount of the
MAPKKKs in the cell lysates was examined
by protein immunoblot analysis. (B) Epitope-
tagged JIP-1 was coexpressed in cells with
epitope-tagged MLK3 or DLK (75, 76). The pres-
ence of JIP-1in the MLK3 and DLK immunopre-
cipitates (IP) was examined by protein immu-
noblot analysis. The amount of the MAPKKKs in
the cell lysates was examined by protein im-
munoblot analysis. T

T~

B: immunoprecipitation
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Pull-dowin vs Co-1IF

They are closely related methods to Ldenf:vfj stable protein-protein

interactions. The difference in pull-down assays is that offinity-tagged bait
proteins replace antibodies.

+ Glutathione transferase Bait-protein
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9 Lysate e s lineage group of WAPKKKs. (A) JIP-1 was ex-
z % c-RAF1 pressed in cells as a i in together
with the epitope-tagged MAPKKKs (75, 76).
The presence of MAPKKKSs in glutathione-agar-
ose precipitates (pellet) was assayed by pro-
B tein immunoblot analysis. The amount of the
—_— MAPKKKs in the cell lysates was examined

by protein immunoblot analysis. (B) Epitope-

tagged JIP-1 was coexpressed in cells with

MEKK3 MEKK4 epitope-tagged MLK3 or DLK (75, 76). The pres-
ence of JIP-1 in the MLK3 and DLK immunopre-

Lysate umams SN0 —_—-— cipitates (IP) was examined by protein immu-
MEK1 MKK3 MKK6 MKK7 MKK4 MLK3 DLK noblot analysis. The amount of the MAPKKKs in
T - + the cell lysates was examined by protein im-

JIP-1 > - -5 - JIP-1 munoblot analysis.
C MKK7 JIP-1 0 e ¢ Lysate —p SRS < JIP-1 T
- p— MLK3» | 8 ¢ Lysate - | % < DLK T~

Pellet
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Yeast &wcwkjbr&d
svs&em

L ™ =]

To formulate an co-immunoprecipitation
—_—

Y2Hsystem hypothesis Pull-down

To verify an
hypothesis
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Y2H systems exploit the modular nature of eukaryotic transcription factors, which
consist of a sequence-specific DNA-binding domain (DBD) and an RNA Pol II-
recruiting, transcription activation domain (AD).

L ey NN
DNA-binding Activation
domain domain (AD)
(DBD)

Binding site

Reporter gene transcription
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Two-hybrid system: two types of hybrids

L aaay L ey NN\

Protein DNA-binding Activation
(or domain) domain domain (AD)
of interest (DBD)

(“bait”)

By itself, the DBD:bait fusion does not
stimulate expression.

Binding site
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Coexpress in the reporter strain

C Reporter Strain
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A known protein of interest is fused to
the DNA-BD of the vyeast GAL4
transcription factor to create a “bait”
protein

Construct a-TF fusion expression vector

Promoter Reporter e
a @ > «flBait

~—

pB1HAM2 TF

Prey library

o Interacting partner proteins, often
Y, . .

derived from a library, are expressed as
O & fusions to the AD of yeast GAL4, to create
O “prey” proteins
D&

) Construct binding site library

Randomized

/‘a Region
v , 3 Prey
Randomized =)

Region NHisa>

selective medium and reporter gene to
identify positive colonies

HIS-Selective Medium
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Screening of the
Li;brm*v

Pairs of bait- and prey-fusion proteins are
coexpressed in yeast cells.

RANMARRNY
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Transcription of the
reporter gene: Prey and
bait do interact

RANARNNNY

Binding site -
Reporter gene transcription
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Mate & Plate Bait
Library Vial Culture
(Y187) (Y2HGold)

Combine overnight
and plate

Ao
i

Figure 3.The Mate & Plate Protocol.To screen a
Matchmaker Mate & Plate Library, an aliquot of the
library in the Y187 strain (MATw) is simply mixed with
a bait-expressing culture of the Y2HGold strain (MATa).
The mated strains are cultured overnight and plated
on selective agar medium containing AbA.

X-a-Gal detects secreted a-
galactosidase activity following a
GAL4-based two-hybrid
interactions in Y2HGold yeast
patches and colonies.
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Limits of Y2H approach

Performing two-hybrid screens in yeast is a powerful method of
tdentifying novel protein binding relationships that involve a particular
protein of interest. However, the conformation of a mammalian protein
expressed. tn yeast may be quite different from its normal conformation
in o mammalian cells. Thus, it is important to per&)rm a Ewo-—hvbrid assay
i mammalion cells to confirm that the suspected interactions also tale
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.

Immuhoprecupu&ahous fiMo\mmo\Lm\r\ o
(Q gpui.i. dowu‘) " "
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Mammalian 2-H Svs?zem

The bait protein is fused to the DNA binding

domain of yeast GAL4 and the prey protein is
fused to the transcriptional activation domain
of HSV VP16. If the two proteins interact at

the PGAL4-E1b promoter (GAL promoter),
SEAP is secreted into the growth medium.

<—GAL4AD
|
Prey

) &

GAL Promoter

©

<“— GAL4 DNA-BD
RNA Pol Il

{ ) < VPI6AD
’_/

RNA Pol Il

secreted alkaline phosphatase
(SEAP), which is readily detected
in the culture medium

SEAP transcript

(from Clontech)

(chemiluminescence).
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VY2H appti&a&&ams to drug
cl.i,sccw@.rv

detection of pre
protein interactions

Grown . Nogrow

blue white
luminescence F il no light

‘Phev\ofzvpe ‘Phev\oﬁjpe
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VY2H appti&a&&ams to drug
cl.i,sccw@.rv

R e s R L ‘detection of inhibiki
detection of protein 8 S {:
BEetecLlONIO FEProteLin @ofﬁrrokem ’é\}}ﬂ&ero\d::,

"P.rbf:étv‘\\' interactions gt R
by small molecules

Reverse assays

‘Phev\ofzvpe ‘Phev\oﬁjpe
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VY2H appti&a&ioms to drug
cli'.,sccw@.rv

detection of protei
i prpf:e_tv& ‘interactions
| B RN SR ol DB O DR

3L

by small molecule

SR SN R N TTRE VO

Firefly . No firefly
luminescence F D, luminescence

Renilla ; Renilla
luminescence luminescence

‘Phev\oﬁjpes T’hamoEjpes
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VY2H appti&a&&ams to drug
cl.i,sccw@.rv

R e s R L ‘detection of inhibiki
detection of protein 8 S {:
BEetecLlONIO FEProteLin @ofﬁrrokem ’é\}}ﬂ&ero\d::,

"P.rbf:étv‘\\' interactions gt R
by small molecules

Repressed
transactivator
assay

No growth

‘Phev\ofzvpe ‘Phev\oﬁjpe
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Opemecimquesﬁmms

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 techinique
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In vitro site-
directed mutagenesis




starting materials and
alm
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Site—directed mutagenesis* studies can be extremely
useful for:
o elucidating the function of a gene or protein,

o 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.

(*) also called site-specific mutagenesis or oligonuclectide-directed mutagenesis

R¥
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Commoin sﬁeps
OTE. ..

» Design of synthetic oligo encoding desired
mutakion

5> Anhealing to target region of wt template DNA -
serves as primer for initiation of DNA synthesis in

vikro

» Extension of oligo by DNA polymerase generates
dsDNA that carries desired mutation

, Selection of mubtated DNA

> Subcloning in expression vector

> Transfection and expression of the mukated protein
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Technique 1
Traditional PCR with modified
primers for site-directed mutagenesis

Description:

This bype 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 ot the end of the target
sequence §’ or 3’ terminal tnsertions <100 bases
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Technique 1
Traditional PCR with modified primers

Primers incorporating the desired
base changes are used in PCR. As
the primers are extended, the
mubation is creakted in the
resulting ampticom.

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

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.

31
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Technique 1:
Traditional PCR with modified primers

A. Subsitution

B Delktion

C.Terminal Substitution
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Technique 2:
Primer extension PCR for site-
directed mutagenesis

Primer exbtension uses nesked Framers
te mutate a target region.

Use for:
Limited, non-random base changes internal to the target sequence
Insertions »100 bases
Deletions < §0 bases
Deletions > §0 basesx*
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T’er:kmi,que 2: Primer extension
wikth nested primers

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
mutabkion. Alkerations to bhis method can also
create deletions or longer additions,
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Tethn&que 2: Primer extension

Vés\.\
First PCR

v

Second PCR

v

final product
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Technique 3:
Inverse PCR for sike-
directed mutagenesis

Inverse PCR enables amplification of a region of
unkinowi 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 amptiﬁed to delete, change, or insert
the desired sequence.
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‘Prm«:ipi@;

Inverse PCR enables
ampti{it‘:o&iov\ of a
region c‘wf uhkowin
sequence using
primers oriented i
the reverse
direction,

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

of inverse PCR
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Principle of inverse PCR

The Eechnique involves the | A
digestion of source DNA, Restriction digest Known

i sequence
circulation o¥ restriction "I ...
fragments, and ampti&ca&ion 1| Sself-ligation U-,,k,,own

sequence

using oligonuclectides that =
prime the DNA Sjvﬁ:hesis Res;ggt‘ion
directed away from the core L
region c-af a khowin sequence, '“":r;snf-e?f“
Le., opposite of the direction =
-l

of primers used th normal or
SEO\V\d&T‘d ?CQ V primers
[ I |

Sequencing

Inverse PCR Sequencing

[ |
|
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Technique 3:
Inverse PCR for site-directed mutagenesis

A high fidelity DNA
polymerase thot creates blunt-
ended products is used for
the PCR to produt:e_ a
Linearised fragment with the
desired mutbation, which is
then recircularised by
tramolecular Ligation,

The primers used are §'-
phosphorjmﬁed ko allow
Ligation of the amplicon ends
after PCR.
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Technique 3:
Inverse PCR for site-directed mutagenesis

The primers used are §'-
Phos[ohorvjtﬁed to allow
Ligation of the amplicon
ends after PCR. A high
fidelity DNA polymerase that
creates blunb-ended
products is used for the
PCR to Produ.ce a linearized
fragment with the desired
mutation, which ts then
recircularized bj
tramolecular Ligation,

ymplify target DNA

)

vnamobwhr ligation
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Technique 3:
Inverse PCR for site-directed mutagenesis

Primers khat hvbridise to regions One primer contains the additional

on either side of the area to be sequence that will be inserted
deleted are used. (blue Line).

¢PCR
—

&\trumoloculcr ligation ¢ intramolecular ligetion

\

3
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Technique 3:
Inverse PCR for sike-
directed mutagenesis

Mu&a&edwptasmid seleckion
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methylated
template

Digest parental
me&kvta%ed and
kemime&kjtaﬁed

IV @ @
Q
Q

N
i
'

%

T i
'

ke ’

——

-
Y

. s

unmethylated
mutated plasmid
resistent to
digestion

From Stratagene
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Use a selection primer ko suppress a
uhique reskrickion sikte on Ehe F»Lasmaci

(Unique
Restriction Site) ——

QO—-O0—%5

Cloned Gene

The Transformer Kit uses two oligonuclectide 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 Ptasmid, creating a

new restriction site or eliminating the site completely. Elongation by
T4 DNA polymerase, which lacks skrand dis’ptacemen& activity, resulks
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 uncub, mutated DNA will transform E.
coll more e«f«fi«:iemﬁv than the Linear DNA with no mutations,

44 (from Clontech)
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Next step following
recombinant veckor
yrodu&%icm?
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Bacterial transformation

.
’

. J & J

Add DNA to the cells and mix gently Heat Shock at 42°C for 45 sec

ProClone™ Competent Cells are high- ; > "
then incubate on ice for 30 min

efficiency, chemically competent DH5a

(E. coli) cells l

N J N J

Plate on LB agar with appropriate antibiotic Incubate at 37°C for 1 hr on Cool onice for 1 to 2 min then add 150 pl
and incubate overnight at 37°C shaker of LB to ProClone™ Competent cells
(Cat. No. E003)
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Ankibiotic selection

AmpR
(selection marker) MCS
lacZ

Plasmid vector

BACTERIAL TRANSFORMATION

Growth of transformed
colonies (with Ftasmid)
o Fytasm&d w/o thsert
® ptasmid wikth thsert

Ampiciiuv\
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Blue-whilte color
sareemiv\g

AmpR select white
(selection marker colonies

Plasmid vector

| |

functional enzyme nonfunctional enzyme

X-gal product X-gal p@ct

Transformed Transformed
colonies w/o colonies with
insert tnsert
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Analysis of Mutants

TV
Miniprep and - o F'!

ehlvnﬁ&&bt '. - . R _ B re v

digestion ‘_;;:‘_:"":""::":
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(}penedwquesémms

o ‘EZxF}La\LM experime.m&ai resulks obtained usiing
IP or co-IP techhigues, with or W/G Tag-
proteins, Y-2H and site-directed mutagenesis

g Choose among 17, co-17, Eaggad—-yrc:»&ems,
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:

E:"Gr»

Regulators Differences in ERK activity Cellular responses

Sustained ERK activation

Differentiation

PC12 cells

Proliferation

Transient ERK activation
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Is the difference in the
kinetics due to the rate
of internalisation of
the receptor?

How would you

pmce&d ko answer
Elis MESEEOM?

EGF binding

4 EGF binding

Tyrosine

Autophosphorylation

=

-T 654 Desensitization
-T 669 5 o

} Internalization
-T 671

-Y845 Src

-Y 1045 Ubiquitination

-Y 1046 } Attenuation of
-Y 1047 ) autokinase activity

COOH
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