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BioID – an in vivo screen for protein
interaction partners


Background

Identification of interaction partners is very often a crucial step in order to elucidate a protein’s molecular functions, localization and the cellular processes it is involved in. Methods for analysis of protein-protein interaction are numerous and include yeast-two hybrid assays, protein complementation assays (such as the NanoBit assay you investigated in the first week of the practical course), FRET (fluorescence resonance energy transfer) assays or classical pull down experiments, in which a protein of interest is fused to a tag for affinity purification or immunoprecipitation. All these assays have advantages and disadvantages. Whereas Y2H and protein complementation assays are best suitable for investigating interaction between a protein of interest and a small subset of putative interaction partners, pull down assays can be used for exploratory interaction analyses between your protein of interest and any other protein expressed by the organism you are investigating. The disadvantage of pull-down assays is, however, that transient or rather unstable interaction partners may be lost during the pull down procedure. Moreover, only soluble proteins are available for pull down, whereas insoluble proteins (e.g. cytoskeletal proteins) cannot be investigated with this method.
Within the last decade, several methods for identification of proteins in close proximity to a protein of interest have been developed. These methods are based on labeling (often biotinylation) of proteins in close proximity to a protein of interest, followed by specific affinity pull down of the labeled (biotinylated) proteins. The first biotin-based proximity labeling technique, BioID, was developed in 2012 in the Brian Burke Lab (Roux et al., 2012). BioID utilizes the E. coli biotin ligase, BirA*, with a site mutation (R118G). This site mutation destabilizes the ligase, allowing for active biotin molecules to dissociate from the ligase and bind to exposed lysines on neighboring proteins (~10 nm radius) (Figure 1). Thus, to capture protein complexes, scientists can simply express a bait protein fused to BirA* in cells and then incubate those cells with exogenous biotin. After a few hours, biotinylated proteins can be captured on streptavidin affinity beads or matrices. The bait protein can even target BirA* to specific subcellular locations, such as the nuclear envelope, allowing scientists to probe interactions in locations of interest.
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Figure 1: Using Proximity-Dependent Biotin Identification (BioID) to Generate a History of Protein–Protein Interactions (PPIs) or to Identify Constituents of Subcellular Domains. Cellular expression of a protein of interest (bait) fused to a promiscuous biotin ligase called BirA* enables biotinylation (denoted by B in orange circle) of proximal proteins within a radius of ~10 nm (light-orange disc). Biotinylation is initiated by the addition of a supraphysiological concentration of biotin and requires several hours to generate substantial labeling. Following cell lysis and protein denaturation, biotinylated proteins are captured by affinity purification for identification by mass spectrometry to reveal a history of protein associations that occurred during the labeling period. From Kim and Roux (2016).

In contrast to pull down assays that require stable complexes, in BioID the biotin is covalently bound to the interacting and neighboring proteins, thereby labeling them stably. This allows for the use of harsh, denaturing, high detergent conditions. This is particularly interesting, when identifying transient protein-protein interactions or interactions that involve insoluble proteins.




In this part of the practical course, we will investigate BioID proteome data for T. brucei PKA in order to identify interacting and neighboring proteins. Remember that PKA consists of regulatory (PKAR) and catalytic (PKAC) subunits. The T. brucei PKA holoenzyme is a PKAR-PKAC heterodimer. We have generated three T. brucei cell lines expressing PKAR-BirA* (1), BirA*-PKAC2 (2) or BirA*-PKAC3 (3). We have performed biotin labeling assays with these three cell lines and a wild type cell line as control. Biotinylated proteins were purified by pull-down with streptavidin beads, followed by identification of the enriched proteins by mass spectrometry. You will get the mass spec results (.txt file to be downloaded from the course webpage) and you will do a statistical analysis of significantly enriched proteins in the three BirA* fusion cell lines compared to wild type cells using the software Perseus. You will get detailed instruction on the Perseus graphical user interface and analysis workflow. Basically, we will do the analysis for PKAR-BirA* together and you can then continue using the same workflow for analysis the other two BirA* proteome data. Lists of proteins with significant enrichment in a PKA-BirA* cell line compared to wild type will be exported and entered into the trypanosome genome database (www.TriTrypDB.org) that allows us to compare the three datasets and extract proteins with high probability for PKA interaction or proximity. We will do a gene ontology (GO) analysis to find out possible molecular functions of PKA interacting proteins, in which cellular compartment PKA may be localized, and which cellular processes may be regulated by PKA in trypanosomes. This will finally be visualized using the online tool ReviGO (reduce and visualize Gene Ontology) (http://revigo.irb.hr/).








The BioID experiment was performed according to the following protocol: 

· all four trypanosome cell lines (wild type, PKAR-BirA*, BirA*-PKAC2, BirA*-PKAC3) were incubated with 50 mM biotin for 24 h
· 3x108 trypanosomes were harvested by centrifugation (10’ 900g 4°C)
· cells were washed 3x with PBS
· cells were lysed in 500 µl lysis buffer (50 mM Tris, pH 7.4, 500 mM NaCl, 0.4 % SDS, 5 mM EDTA, 1 mM DTT, protease inhibitors) by sonication (2 cycles 30’’ on/off, high power)
· Triton X-100 was added to a final concentration of 2% and sonication was repeated
· 500 µl 50 mM Tris pH 7.4 was added and sonication repeated
· centrifugation 15’ 16000g 4°C
· the supernatant was incubated with magnetic Streptavidin beads (Dynabeads) overnight at 4°C on a rotator
· magnetic separation
· beads were washed 1x with lysis buffer and 4x with PBS (each wash 5’ on a rotator at RT)
· proteins were either eluted by boiling with 50 µl Laemmli sample buffer (PKAR-BirA*) for 5’ at 95°C or by on-bead trypsin digest of proteins for immediate mass spec analysis (BirA*-PKAC2, BirA*-PKAC3)

Analysis of Mass Spectrometry results: 
· samples were analyzed by our mass spec facility by LC-MS/MS
· peptide and protein identification was done using the software MaxQuant and the T. brucei proteome data file derived from the TriTrypDB database 





Statistical evaluation and visualization of enriched proteins:
· the next step is to statistically evaluate differences between the enriched proteins in the different pull-downs and visualize these differences. This we will do in our practical course using the software Perseus, developed by the group of Matthias Mann at the Max Planck institute
· detailed step-by-step instructions of how to get started with Perseus are found at the course webpage (file ‘Tutorial Processing MaxQuant data with Perseus) and will be done together in the practical course
· the Perseus workflow for pull down analysis can be found here: http://www.coxdocs.org/doku.php?id=perseus:user:use_cases:interactions and will also be done together until you are confident to continue by yourself
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