Analysis Protein-Protein Interaction
by Affinity Purification

Tandem Affinity Purification (TAP)

Overview of Class

Methods to study protein-protein interactions

Methods to express proteins of interest

Examples of tandem affinity purification in different systems




Cellular processes are mainly operated by proteins

Single component:

Monomer
Dimer

Multiprotein complexes:

Spliceosome: 150-200 proteins

Proteasome: 30-40 proteins

Ribosome: 60S = 50 proteins; 40S = 30 proteins
Nuclear pore complex: 50 proteins

Many others

The Complexity of Gene Products

The total number of human genes does not differ substantially from
that of nematode: the complexity may partly rely on the contextual
combination of gene products

Multicomponent complexes: proteins interact with other proteins to
perform particular cellular tasks

These protein assembles represent more than the sum of their parts
by having a new function




Protein Purification and Identification

Protein identification: mass spectrometry (100 fmole); not a limitation
Protein purification: a limiting step;
each protein has unique properties (can be specifically purified);

can’t purify thousands of proteins by thousands of different purification
schemes;

A generic purification protocol is desirable for any proteins
(can be used to purify protein complexes)

Methods to study (identify) protein-protein interactions

GST pull down assay

Far Western assay

Phage display

Yeast two hybrid analysis

Affinity purification (immunopurification)

a. One-step affinity purification
b. Two-step affinity purification (tandem affinity purification)




GST pull down assay
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Step 4. Wash away unbound protein.
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Step 5. Elute protein:protein interaction
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Far-Western Analysis

Western
S5 € transter to —
—> mermbeane
Puritied GST Fusion “bait” protein and then probe.,
- Options
Step 2. Probe lysale with GST
—/— Fusion “bait” protein {pure Probe Ulregtly_
preparation or lysate). in-gel (UnBiol
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by gel electrophoresis. :I
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GST-tagged "bait™ protein

interacting with prey Step 3. Detect interaction
protein in lysate, with Anti-GST and Band represents prey
che

protein in lysate that
bound the GST-tagged
“bait”. Interaction detected
by chemiuminescence.

Expose to X-ray film or
wisualize using a CCD camera.

Expression Library Screen
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Phage Display
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Yeast Two Hybrid Analysis
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Affinity purification (immunopurification)

One-step affinity purification

. Anti-FLAG
FLAG

A
lWash and elute

Detection

Tandem Affinity Purification (TAP) —
two-step affinity purification

TEV
Calmoduin Binding Peptide  spacer Cleavage sife  spacer

V Protease cleavage sile

, -
v Asorined (VLR TE
EMEKARWKKNFIAVSAANRFKKISSEGALDY P TTASENLYFQGELKTAALAOMHDEA eoisns - ;
-+— Frolein A

IgG binding domaim

VOMKFNKEQQNAFYEILHLPNLNEEQRHAFIOSLKDDPSOS ANLLAEAKKLNDAQAPK Target protein *\ catmadutin binding peptide

196 bindling domain
VONKFNKEGGNAFYEILHLPNLNEEGRNAFIGSLKODPSGS ANLLAEAK KLNGAGAPK

VOAMSAGHST

C-terminal TAP tag

CBP TEV
” —m

MN-terminal TAP tag

N]pm:al Tev I Ex |C




Two-Step Affinity Purification Is Required
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Methods to express tagged proteins

Tagged protein should be expressed at or close to its natural expression levels,
overexpression may lead to the assembly of non-physiological complexes

Exogenous - constitutive or inducible expression,
usually overexpression unless carefully select specific clones

Endogenous - natural expression, homologous recombination




Yeast

Exogenous — the tagged protein is expressed in an extra copy driven by a
heterologous promoter

Endogenous - homologous recombination

Homologous recombination - C-terminal TAP
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Homologous recombination - N-terminal TAP
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TAELE 1
Complexes Purified Using the TAP Method

Complex Function Protein tagged Reference
Ul snRNP Pre-mRNA splicing Snu71-TAP (7)
LucTp/Snud0p-TAP ]
SmB-TEV-ProtA Nam8p-CEP This article

Nam8p-TAP
U2 snRNP? Pre-mRNA splicing Lealp-TAP
SmB-TEV-ProtA Lealp-CBP
“U6 snRNP™ Pre-mRNA splicing Lsm8p-TAP
CBC Pre-mRNA splicing, nucleocytoplasmic RNA transport Mud13p-TAP
BBP-associated Pre-mRNA splicing, nuclear RNA retention BEP-TAP
Mud2p-associated Pre-mRNA splicing, nuclear RNA retention Mud2p-TAP
SF3b Pre-mRNA splicing TAP-Rselp
RNases PIMRP rRNA and tRNA processing Pop4-TAP
Dbp5p-associated Nucleocytoplasmic mRNA transport Dbp5p-TAP
Mex67 p-associated Nucleocytoplasmic mRNA transport Mex67p-TAP
Mak3/10/31 Protein modification Mak31-TAP
Lsm3p-associated RNA degradation, pre-mRNA splicing Lsm3p-TAP
Lsml complex RNA degradation Lsm3p-TAP Lsm8p-ProtA
Xrnl-associated RNA degradation Xrnl-TAP

(23) and this article
(18)

(18)

21)

]

22)

(22)

This article
This article
(19)

(20}

]

(21)

(21)

(21)

AIn this case not all the known components of the complex have been identified
b Contains a mixture of UG, U4/UG, and U4/U6.U5 snRNPs; see Ref. (21)
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Mammalian cells

Exogenous — overexpression or close to natural expression

1. Transient expression

Plasmid vectors
Viral vectors

2. Stable expression — antibiotics selection

Plasmid vectors
Viral vectors

Endogenous - natural expression; homologous recombination

Mammalian cells -

Protein:Protein Interaction
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Mammalian cells
Endogenous; natural expression; homologous recombination
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Linearization of Capture Plasmid
and Electroporation into V6.5 ES Cells

Tetraploid Blastocyst
Complementation

Example of tandem affinity purification in different systems
and variations
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Large scale analysis of protein complexes by TAP in yeast
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Statistics of proteins and complexes

b
Membrane  pj
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ITAP strategy

TAP tagged orthologes from another species

Expression of the tagged protein

RNAI depletion of endogenous version of the tagged protein

TAP purification to identify protein complex

Purification of the Drosophila exosome

TAP-human RRP4 (exosome subunit)
Establish cells expressing the tagged protein
Silence the expression of DMRRP4 by RNAi
Purify the exosome complex

SDS-PAGE and mass spectrometry
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Purification of a tetrameric complex involved in mRNA nuclear export
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ITAP strategy

Demonstrate TAP in higher eucaryotes
Replacement of the original protein by a tagged version and RNAI

The use of native promoter to drive the expression of the tagged protein is still absent
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Purification of the human exosome by the TAP method
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The Subtraction TAP
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