Protein expressmm

o Western blotting, is a widely used and accepted
technique to detect levels of protein expression
i a cell or tissue extract. This technique
measures protein levels in a biological sample
through antibody binding to a specific protein of
interest. The precise binding that occurs between
an antibody and its target protein epitope allows
detection of highly specific amino acid sequences
within a protein.




Posbt-translational
modification

o Antibodies can also detect specific post-
translational modifications (PTM) of a protein.
Phospho-specific antibodies have been used to
identify components of specific signaling

pathways and to study changes in
phosphorylation events in various biological
contexts. Antibodies s[oaci,fic to other PTMs have
been developed recently, allowing researchers to
monitor changes i ace_&jta&iov\, me&hjm&w&\,
and ubéqui&iha&imh status of a protein.




‘?rim&rj am&bac’\v validakion

> A poor primary antibody can resulk in dirty,
uninterpretable or misleading resulks.

> To be confident that an antibody is specific to the

target of interest, the antibody specificity should be
validated.,

It takes more than just seeing a band at the expected
molecular weight to validate ah&ibadv spe&:iﬁti&j.

o Antibodies should underqo a stringent validation
procedure using a number of different approaches to
ensure that the antibody detects the target accurately,




Be in Conbrol of Your
Western Blot

Al meor&an& considerakion i any experimen& LS
the inclusion of appropriate controls.




Primary antibody specificity
validation includes:

o Specificity testing on cell and tissue extracts with
documented protein expression levels — not just on
recombinant protein;

o Specificity confirmation through the use of siRNA
transfection or knockout cell lines;

o Specificity testing of antibodies directed against a
post-translational modification by treabment of cell
Lines with growth factors, chemical activators, or
inhibitors, which induce or inhibit target expression.

o Phospho-specificity testing of phospho-antibodies by
Fhosgka&ase Ereabtment;




Positive and neqative controls ensure confidence
that your antibody is detecting a specific signal.

Provider 1 | Provider 2

Jurkat Lysate recombinant proteins Jurkat Lysate recombinant proteins

Phospho-pa4/42 MAPK (Erk1/2) (ThrZOZ/Tjrzoé-)
antibodies are evaluated using negative (U0126-treated)
and positive (TPA-treated) Jurkat lysate, as well as
pu,rvft,ed. recombinant tyrosine-phosphorylated proteins.

TPA: small molecule drug that activates
the signal transduction enzyme protein
kinase C (PKC) and ERK phosphorylation




Positive and neqative controls ensure confidence
that your antibody is detecting a specific signal.

Provider 4

Jurkat Lysat recombinant proteins

‘Fkosgho—&yosthe antibodies are evaluated using negative
(Uo126-treated) and positive (T PA-treated) Jurkak lysate,
as well as purified recombinant tyrosine-phosphorylated
pro&eims.




Loading controls are
used Fo:

o Ensure equal loading of a gel
o Ensure Integrity of the sample

o Qu&h&&a&ivﬂj compare sampies




Esure @.qu,at
loading of a gel

o Proteins that express
well across many cell
Lines and tissues, such
as B-actin, a-tubulin,

and GAPDH* are often
used as loading
conktrols in experimem&s

20

designed to compare "
total protein levels 50 a-Tubulin

ACTOSS mui.&apte samptes.  BohxLsiRNA - gy

(*) Glyceraldehyde 3-phosphate dehydrogenase




Esure @.qu,at
loading of a gel

o Cellular fractionation markers . _Cytoplasm___ Nucleus
should be used when you are Madk HBU1 Meck HAV-1

: £ Lmna +/+ -[- +/+ -[- 4+ -[- [+ -/-
preparing huclear and cytoplasmic

| ; | VP16-GFP— e

extracts ko confirm that the lysate Lamin Bl— -
was prepared appropriately Histone |
H3 is a nuclear protein and Lamin  EEEEE
A is a nuclear membrane protein; | i
bokh O{: these Oﬁf‘fﬁ’.’!‘ SET‘C)V\S nuclear 1’ HCF-1 |E |
fraction markers, Cytoplasmic e e s s o G 0| |
proteins Like MEK1/2, GAPDH and SRS ‘
cvﬁosk‘etef:o\t pro&ems Llikke B-actin
and o/B-tubulin are commomn | SRR i SR
{:3&0 PLO\SM markerS. Decreased nuclear association of VP16~-GFP and HCF-1 in the absence

of Llamin A/C. (Left) Lmna+/+and Lmna—/— MEFs were infected with
the HSV-1 DG1 virus at an MOI of §0 in the presence of cycloheximide
(100 prg/ml), harvested ot 3 hpi, and fractionated inkto cytoplasmic

| GAPDH— wepemmempemy

and nuclear fractions. Cytoplasmic and nuclear fractions were loaded
ot a 1:2 ratic onto an SDS-polyacrylamide gel, and the proteins were
resolved in the gel. VP16-GFP and HCF-1 were detected by Western
blotting with GFP- and HCF—l—sFec'quc antibodies, respectively. GAPDH
DOI: 10.112%/mBio.00300-11 and Llamin Bl were detected as fractionation and Loading controls




Ensure @.qu,at
loading of a gel

o Blok with antibodies

. . 3 60
against the protein of s iR
inkerest is used as % (Mo |

| 30 ‘
control for the loading |

: 60 j

control of enzymatic 5 |
g pdd/p42 MAPK

modification of the " :2
protein, such as ; |

+# - + = 4 = hphosphatase §

Phospkorvm&iom. SR AL




Western blot analysis
of EGF Receptor

— EGF Receptor Phospho-EGF

— Receptor
(Tyr1068)

Cell extracts using EGF Cell extracts using ‘Phospho-—

feﬁ@-[ﬁ'bf mAD EGr recep&or (Tjrlﬁbfs’) mAb




Westerin bi.o&?:isr\g Dok bi.o&&i,ng




IP and co-1IF

Immumoprecipi&a&om and
CO~LMMUING preaip&a&an




Inmnauinoe preaip&%a&om

IP is an affinity purification technigque widely used
to enrich for a protein of interest for further
experiments such as WB and Co-IP techiiques buk
also mass spectrometbry or structure—function
studies.




1P flowchart




Immunoprecipitation:
affinity Puriﬁaa&iav\ technique

e

SDS-PAGE or
: Western blotting, etc.

Used to isolate a single protein (the target antigen of the
antibody) to investigate its identity, structure, expression,
or activation or modification stake




Co=-17 versus 17

Co-IP is conducted i essentially the same manner
as IP, except that antigen precipitated by the
antibody is used to co-I? its binding partner(s) or
associated protein complex from the lysate. The
assumption that is usually made when associated
proteins are co-1IF is that these proteins are relakted
to the function of the tarqget antigen ot the cellular
level, This is ontv an assump&ian, however, that is
subject to further verification.




Co-I? fowchart




" Detectionvia
Western blot

Co-1P: used to study the interactions of the primary
antigen protein with other proteins or nuclei acids
(chromatin I? also called ChiP). In these methods, the
goal is to study the interactors or associated cellular
components that are bound to the primary antigen.

R0







Example of scientific questions:

"p i." ”bo—

Is Ekere. a Pro&ew\—[pro&em assocuo&uo\r\ be&weem
recep&or awi sighal mol.ecute‘ﬁf&er Erea&mev\E?

T=1, T=§, T=10, T=30 min ¢

SoE

HjPthesis .l

e - HjPoEkesLs .2

B SRR




vac-&kesis .1 ijoEkesis N2

1) Treakment with Ab \/
am&hreaey&or B

2) Immunoprecipitation %

3)Dissociation with SDS-
PAGE loading buffer

Surhatant Y
Pellek .

23




1P versus Wi

mTOR Ab GpL (86B8)
Rabbit mAb




1P versus Wi

lgG heavy

mTOR Ab GpL (86B8) Raptor (24C12)
Rabbit mAb Rabbit mAb




Surhatank Pellet

Sample
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A Mammalian Scaffold Complex
That Selectively Mediates MAP
Kinase Activation

Alan ), Whitmarsh, Julie Cavanagh, Cathy Tournier, Jun Yasuda,
Roger ). Davis*

The ¢ Jun NH_-terminal kinase {|NK) greup of mitogen-activated peotein (MAP)
dinases is activated by the exposure of cells to mutiple forms of stress A
sutative scallold peotein wi ientified that interacts with multiple compo.
seots of the INK signalisg pathway, iscdluding the mived-line2ge greup of MAP
inase Unaie Kinases (MLXK], the MAF kinase kinase MKXT, and the MAF kinase
JNK. This scatfold proteln selectively enhanced |NK acthation by the MIK
sgraing pathway. These data estadlish that a mammalian sca®old protein can
meciate activation of a MAZ kinase sgraing pathway.

be o-Juz NN -corminal kinase (JNK) group
of MAFP lonases reproseres one of firce
groups of MAFP kinases thee ®ave bomn i1des
tficd i= regenessalian ool (7). INK is actival-
ad i cells exponad 0 envistarsenial streis o
in cells wesled with peoinflamensicey cyte-
kizes. Targets ¢ INK signalieg pathwzy
inclade e asseription factoes ATF-2, Elk-
I, ¢-Jen, and NFAT4, INK is roguired for &
mamber of cellulr processes in both
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cogenis razsformanion, and the immune ro
sporse (/)

Smir 0 other MAP kinases, INK
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Fig. 1. Selective binding of JIP-1 to the MAP
kinase JNK and the MAP kinase kinase MKK?7.
(A) Epitope-tagged JIP-1 (T7-Tag) was ex-
pressed in cells with the HA-tagged MAP ki-
nases ERK2, p38a, JNK1, and JNK2 (75, 76). The
MAP kinases were immunoprecipitated with an
antibody to HA. The presence of JIP-1 in the
immunoprecipitates (IP) was detected on im-
munoblots probed with an antibody to T7-Tag.
The amount of JIP-1 and MAP kinases in the cell
lysates was examined by protein immunoblot
analysis. (B) JIP-1 was expressed in cells as a
GST fusion protein together with epitope-
tagged MEK1, MKK3, MKK4, MKK6, or MKK7
(75, 16). JIP-1 was precipitated from cell lysates
with glutathione-agarose, and the MAPKKs
present in the pellet were detected by pro-
tein immunoblot analysis. The amount of the
MAPKKs in the cell lysates was examined by
protein immunoblot analysis. (C) Epitope-tagged
JIP-1 (T7-Tag) was expressed in cells with Flag-
tagged MKK4 or MKK7 (75, 16). The presence
of JIP-1 in Flag IP was detected by protein
immunoblot analysis with an antibody to T7-
Tag. The amount of the MAPKKs in the cell
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lysates was examined by protein immunoblot analysis.




Tagqged- Pro@e&ms




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.




When are Tag-proteins used?

If the Ab againt the protein of interest is not available

Abagaw\s& e\r\dogehou, | endogenous [T HA-wt
[paglein ot fave

To study recombinant construct of the protein of interest (deletions,
site-directed mutations) even in the presence of expression of the
endogenous WT protein.

endogenous [ T7-deleted

endogenous
myc-mutated
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Epitope-tagged JIP-1 (T7-Tag) was ex-pressed in
cells with the HA-tagged MAP kinases ERK2,
p38a JNKI,and JNK2.The MAP kinases were
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-1 and
MAP kinases in the cell lysates was examined by
protein immunoblot analysis.
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IP: Antibody against the Tag




Selective binding of JIP-1 to the MAP kinase JNK
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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
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-1 and MAP kinases in
the cell lysates was examined by
protein immunoblot analysis.

\d




P —— - JIP-1

Lysate WEDENS NS gy < P

Lysate -

MAP
- o Kinase

B

Pellat

Lysate e e
MEK1 MKK3 MKK6

C MKK7

o

JP-1o [ R P — < JIP-1
JP-1 > SR ¢— Lysate— W <« JIP-1
MKK7 » & ¢—Lysate— = s « MKK4




A: Pull down

JiP-1
-+ -+

MLK3 DLK

Lysate " s
c-RAF1

-_—- e T
MEKK3 MEKK4

MLK3 DLK
- - +

JIP-1 > - 4 - - a JIP-1
JIP-1 > a4 | ysate —p S <« JIP-1
MLK3 » W 4 Lysate - « DLK

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




