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Getting to know the neighborhood: using proximity-
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The use of proximity-dependent biotinylation approaches
combined with mass spectrometry (e.g. BiolD and APEX) has
revolutionized the study of protein—protein interactions and
organellar proteomics. These powerful techniques are based on
the fusion of an enzyme (e.g. a biotin ligase or peroxidase) to a
‘bait’ protein of interest, which is then expressed in a relevant
biological setting. Addition of enzyme substrate enables covalent
biotin labeling of proteins in the vicinity of the bait in vivo. These
approaches thus allow for the capture and identification of
‘neighborhood’ proteins in the context of a living cell, and provide
data that are complementary to more established techniques
such as fractionation or affinity purification. As compared to
standard affinity-based purification approaches, proximity-
dependent biotinylation (PDB) can help to: first, identify
interactions with and amongst membrane proteins, and other
polypeptide classes that are less amenable to study by standard
pulldown techniques; second, enrich for transient and/or low
affinity interactions that are not readily captured using affinity
purification approaches; third, avoid post-lysis artefacts
associated with standard biochemical purification experiments
and; fourth, provide deep insight into the organization of
membrane-less organelles and other subcellular structures that
cannot be easily isolated or purified. Given the increasing use of
these techniques to answer a variety of different types of
biological questions, it is important to understand how best to
design PDB-MS experiments, what type of data they generate,
and how to analyze and interpret the results.
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Introduction

Biological functions are generally performed by proteins
as components of complexes, organelles or other assem-
blies. While the human genome project has provided a
‘parts list” of the >20000 polypeptides putatively
encoded in the genome, how these proteins are organized
to perform the intricate functions required for life remains
incompletely understood. To fill these gaps, a wide
variety of biochemical techniques have been developed
to characterize protein localization and identify interact-
ing protein partners, including organelle purification and
immunoprecipitation coupled with mass spectrometry.

Biochemical fractionation techniques are commonly
employed for the characterization of large protein com-
plexes and defining organelle composition (Figure 1a).
In organellar proteomics, fractionation approaches such
as density gradients are often coupled with mass spec-
trometric characterization of the fractions (reviewed in
Ref. [1]). The incorporation of quantitative proteomics
has enabled robust definition of the composition of
membrane-bound subcellular structures in diverse bio-
logical settings (e.g. [2,3]). Fractionation approaches
can similarly be employed to purify biochemically
stable protein complexes based on co-fractionation
using for example size or charge-based separation tech-
niques [4-6]. Both organellar fractionation and com-
plexome profiling can also be coupled with perturba-
tions such as a drug/hormone treatment or protein
knockdown/knockout [6,7].

Complementing these global profiling techniques, com-
mon approaches for the identification of protein—protein
interactions typically rely on the in-frame fusion of an
epitope tag that can be used for purification of a ‘bait’
polypeptide of interest, or bait-specific affinity reagents
such as antibodies (Figure 1b). In these ‘affinity purifica-
tion coupled with mass spectrometry’ (AP-MS) techni-
ques, endogenous proteins that interact with the bait can
be captured, identified and quantified. AP-MS is widely
used to identify interaction partners for a bait polypeptide
of interest, and the same approach conducted in an
iterative manner can be used to characterize protein
complexes, as we discussed previously [8].

While these approaches are extremely powerful, they also
share some important limitations. For example, the orga-
nelles or complexes under study must first be efficiently
extracted during cell or tissue lysis, and then maintain
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Organellar and interaction proteomics approaches. (a) Schematic of classical organellar (top) and protein complex (bottom) fractionation
approaches. A cell is first lysed, and the prepared lysate separated based on biophysical properties of its constituents. For comprehensive
characterization, the entire elution profile is analyzed by quantitative MS (see d). (b) Standard affinity purification (AP). A bait is often fused to an
epitope tag (here, the common 3x-FLAG tag is shown) and expressed in a relevant setting. After cell lysis under mild conditions, the epitope tag is
captured on an affinity support, resulting in the purification of the bait and its stable interaction partners. (c) In proximity-dependent biotinylation
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their integrity throughout subsequent purification, frac-
tionation and washing steps. This poses significant chal-
lenges for the characterization of membrane-less orga-
nelles or protein complexes localized to poorly soluble
subcellular compartments such as membranes, chroma-
tin, nuclear lamina or the cytoskeleton. Many protein—
protein interactions can be disrupted under the deter-
gent/buffer conditions required to solubilize proteins
from these and other compartments. Similarly, maintain-
ing the integrity of membrane-less organelles can be
difficult, and how accurately the resulting purified pro-
ducts reflect the original structures 7z vivo can be difficult
to assess. A second issue with standard biochemical
approaches is that strong interactors are much easier to
capture using these methods than weaker or more tran-
sient binding partners. Weak protein—protein interactions
play critically important roles in biology [9], but they are
most likely significantly underrepresented in current
protein interaction databases. A third limitation to these
approaches is post-lysis artefacts. Proteins not normally
localized at the same intracellular location can be mixed
together upon lysis. Interacting partners can thus be
extensively ‘shuffled’ during lysis and affinity purification
steps, resulting in the identification of interactions that
may not normally take place iz vive [10].

Here we describe how recently developed proximity-
dependent biotinylation approaches can overcome some
of these limitations and be used to identify protein
interactors and components of organelles and other sub-
cellular structures. We also include some suggestions for
designing more informative experiments, and for the
analysis of data resulting from proximity-dependent bio-
tinylation studies.

Proximity-dependent biotinylation coupled
with mass spectrometry (PDB-MS)

Limitations associated with classic fractionation or AP-
MS approaches have prompted the development of alter-
native methods, including proximity-dependent biotiny-
lation coupled with mass spectrometry (PDB-MS).
These approaches generally involve the fusion of a bait
protein with an enzyme that can catalyze the activation of
biotin or a phenolic biotin derivative. Expression of this
fusion protein in a relevant biological setting, and sup-
plying the relevant biotin substrate, results in the bioti-
nylation of nearby proteins in living cells. Since the biotin
‘tag’ is covalently attached, the cells/tissue expressing the
bait protein can be lysed under harsh buffer conditions to

disrupt and efficiently solubilize membranes, organelles
and protein complexes. Biotin-tagged proteins are then
captured, most often using streptavidin linked to a solid-
phase support, and identified by mass spectrometry
(Figure 1c).

To date, two main classes of enzymes have been
employed for proximity-dependent biotinylation: biotin
ligases (BirA* [11°°], BioID2 [12], BASU [13], TurbolD
[14°], miniTurbo [14°]) and peroxidases (APEX [15°°],
APEX2 [16], HRP [17°°,18,19]). Biotin ligases activate
biotin to the reactive biotinoyl-AMP intermediate, but
have been modified from the wild type enzymes such that
they are unable to catalyze the direct transfer of activated
biotin to a specific amino acid sequence in a substrate
protein. As such, these abortive enzymes simply release a
‘cloud’ of activated biotin, which can react with epsilon
amine groups on lysine residues in nearby polypeptides
(Figure 1d). Peroxidases catalyze tyrosine attack by a
phenolic compound coupled to biotin (e.g. biotin-phe-
nol), when activated by peroxide. A major difference
between the initial BiolD biotin ligase (BirA*) and per-
oxidases (APEX, APEX2) was the length of time required
for the generation of sufficient biotinylation signal to be
useful for mass spectrometry-based identification
approaches. BirA* generally requires several hours of
labeling (most published protocols use 12-24 h, though
we have employed as low as 3h [20°]). By contrast,
APEX2 labeling requires only minutes of labeling, which
has enabled time-sensitive studies, such as the character-
ization of G-protein-coupled receptor signaling [21°,22°].
The recent development of molecularly evolved versions
of biotin ligases that can generate strong signal-to-noise
within minutes in cultured cells, such as TurbolD and
miniTurbo [14°], may soon allow biotin ligases to also be
used for the study of more dynamic processes.

PDB-MS —by the numbers

The ‘cloud’ of activated biotin surrounding the bait
protein resembles a contour map, with strongest label-
ing closer to the enzyme, and weaker labeling as the
distance from the bait protein increases. However, the
effective radius of labeling likely varies widely depend-
ing on the makeup and dynamics of the subcellular
structure(s) under study. For instance, a membrane
protein of the nuclear envelope could display extensive
lateral movement across one face of the lipid bilayer,
resulting in very different labeling dynamics than pro-
tein components of more stable structures. Using PDB-

(Figure 1 Legend Continued) (PDB), an enzyme, such as a biotin ligase (e.g. for BiolD) or a peroxidase (e.g. in APEX) is fused to the bait of
interest and expressed in a relevant setting. Addition of the enzyme substrate (and activator for peroxidase) enable the covalent tagging of
reactive residues, namely lysines for BiolD and tyrosines for APEX. After cell lysis in harsh (often denaturing) conditions, the biotinylated proteins
are recovered by affinity reagents. (d) Common to all purification schemes, the fractionated or purified proteins are proteolyzed (e.g. by trypsin)
and the peptides usually analyzed by quantitative LC-MS/MS. Depending on the experimental set-up, different data analysis schemes can be
used, notably reconstruction of the elution profiles by machine learning and/or correlation analysis (e.g. for panel a), or scoring against sets of

negative controls (generally for panels b and c).
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MS approaches as ‘molecular rulers’ can thus be prob-
lematic. Despite these caveats, an estimation of the
BirA* labeling radius based on the well-characterized
organization of the nuclear pore complex is ~10 nm [23]
(Figure 2a), and immuno-gold labeling suggested a
~20nm labeling radius for peroxidases. To put these
numbers in context, a Hel.a cell is generally 20-40 wm
in diameter (see Refs. [24] and http://bionumbers.hms.
harvard.edu/search.aspx for size estimations), mito-
chondria commonly range from 0.75-3 wm in diameter,
and membrane-less organelles can range from 100 to
300 nm (P-bodies; [25]) to 2-3 wm (nucleolus). Eukary-
otic ribosomes are 30 nm in diameter, and the average
globular protein of 30-200kDa spans 5-10nm [26].
Thus, the labeling radius of BiolD/APEX favors pro-
teins that are in close proximity to the bait, including
both direct binding partners and nearby components of
protein complexes in which it resides. Importantly,
proximity-dependent labeling can also provide valuable
information on the immediate intracellular neighbor-
hood occupied by a bait protein; for example if a protein
is localized throughout the entire mitochondrial matrix,
essentially all accessible matrix proteins have a chance
to be labeled. It is however important to keep in mind
that subcellular structures are not static; as labeling
duration increases, dynamic structures (shown for

membranes in Figure 2b) can become progressively
labeled over time, dependent on the movement and
half-lives of the bait protein and its biotinylated
partners.

Characterizing organellar composition using
proximity-dependent biotinylation

The first manuscript describing the use of BiolD used
lamin A as a bait to characterize the composition of the
nuclear lamina, a relatively insoluble structure that was
historically difficult to study using standard biochemical
methods [11°°]. Similarly, the initial APEX study used
mitochondrial targeting sequences to direct the peroxi-
dase to the matrix and inner mitochondrial space, then
used quantitative proteomics approaches to define the
composition of these structures, without the need to
purify mitochondria [15°°]. On the basis of these ground-
breaking studies demonstrating that the approaches were
capable of overcoming common limitations of standard
biochemical purification strategies, other groups have
since explored the use of PDB-MS to identify new
components of organelles and other subcellular structures
(e.g. [17°°,20%,27°°,28-30,31°,32,33]). Recent examples
include the use of APEX2 for profiling the composition
of the lipid droplet proteome [34], and for defining
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Size and time considerations in PDB-MS experiments. (a) Relative diameters of different subcellular structures [24] in relation to the estimated
labeling radii of BiolD and APEX. (b) Consideration of bait and biotinylated prey protein dynamics as a function of time in PDB-MS experiments.
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context-dependent association of proteins with the stress
granule marker G3BP1 [31°].

While many of the studies listed above used only a few
baits to infer the composition of organelles, our own work
has demonstrated the advantages of more systematic
mapping to define both the composition and organization
of membrane-less organelles. In the first large-scale mem-
brane-less organellar study using BiolD (combined with a
complementary FLAG AP-MS analysis), 58 different
baits mapping to the centrosome and primary cilia were
used to better define the composition and organization of
these important structures [27°°]. A network of >7,000
high-confidence proximity interactions amongst 1405 pro-
teins was analyzed using bait-prey hierarchical clustering
to reveal a ‘core’ network of ~540 proteins detected by
multiple baits in the dataset. Additional subgroups of
baits/preys could also be distinguished using this
approach, revealing the organization of previously poorly
understood centrosome/cilia substructures. Extensive
validation of the localization of newly discovered

Figure 3

centrosome-associated preys, and the functional conse-
quences of their depletion on centrosome function,
served as confirmation that this methodology can yield
key information regarding the composition and organiza-
tion of membrane-less organelles.

More recently, we used BiolD to define the composi-
tion and organization of two closely apposed cytosolic
RNA-associated structures, P-bodies and stress gran-
ules [20°]. Using 139 baits, we generated a bait-prey
interactome connecting 1792 proteins via 7424 unique
proximity interactions. In this case, we postulated that
prey proteins in close proximity to one another should
be co-labeled by the same set of baits, allowing for a
‘prey-centric’ view of the network (Figure 3). As
opposed to a standard ‘bait-centric’ view, this strategy
is less reliant on information from individual bait pro-
teins, and can reveal significant additional substructural
details of interest: that is revealing preys that are
‘closer’ to one another, including components of protein
complexes and direct interactors. When combined with
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Use of PDB-MS to infer proximity relationships between prey proteins. (a) Example labeling of seven prey proteins exhibiting to one another a
certain distance relationship by six different BiolD baits. (b) Representation of the quantitative recovery of each prey across all bait purifications.
Circle size relates to labeling quantity by each bait. (c) Correlation analysis of the quantitative behavior of the preys across the dataset. Color
intensity reflects the correlation score. (d) Network visualization of prey-prey correlations. Thickness of the edges maps to the correlation
coefficient, and only those pairs with a correlation cutoff above an arbitrary threshold are displayed.
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computational approaches such as a simple Pearson
correlation analysis or categorization using non-nega-
tive matrix factorization (NMF), this type of analysis
allowed us to accurately assign prey proteins to either
the P-body or stress granule.

Besides defining organellar composition, PDB-MS can
also identify contacts between organelles, as illustrated
for example by the studies with APEX2 of contacts
between the ER and the plasma membrane [35] or of
those between the mitochondria and the ER [36]. Stan-
dard BiolD was also recently used to identify proteins
involved in ER-peroxisome contacts [37]. Taken
together, these studies demonstrate the usefulness of
PDB-MS for identifying the composition of intracellular
structures, contacts between structures, or, in more gen-
eral terms, the association of proteins that reside within
‘insoluble’ structures.

Signal amplification in proximity-dependent
biotinylation

Notably, in addition to capturing weaker protein—protein
interactions, PDB-MS can also identify ‘cycling’ proxim-
ity interactions, that is those that are context-dependent
and/or characterized by rapid on-off rates, and which may
be present at low abundance under steady-state
conditions.

Using both AP-MS and BiolD, we described a simple
cycling interaction between a kinase (MST1) and a
phospho-binding protein (MOB1). MST1 autophosphor-
ylates, creating a docking site for MOB1. This phosphor-
ylation event can be reversed by a PP2A-family phospha-
tase [38°] (Figure 4a). In normal growing cells, the active
phosphatase maintains phosphorylated MST'1 (and hence
binding to MOB1) at low levels. AP-MS thus usually fails
to detect this interaction unless phosphatase activity is
abrogated. By contrast, BiolD can detect the MST1-
MOBI interaction without phosphatase inhibition, which
we attribute to an accumulation of cycling interactions.
Since there is no de-biotinylase in human cells, biotinyla-
tion of a neighboring protein is permanent (as long as the
protein is not degraded) and BiolD labeling over several
hours allows for the amplification of signal from these
cycling interactions (Figure 4b). This concept is similar to
the methylation-based M-Track approach developed to
identify enzyme substrates in yeast [39]. Whether this
phenomenon is at the root of other observations, for
example the fact that proximity interactions can be
observed between stress granule proteins in the absence
of stress by both BiolD and APEX [20°,31°], requires
further study.

A similar approach was harnessed in using BiolD to
identify ubiquitin  E3 ligase substrates. Coyaud
et al. reasoned that the cycling (and relatively weak)
interactions between E3 ligases and their substrates could

be detected by BiolD, providing that the targets were not
subsequently degraded. By performing two parallel
experiments—one in untreated cells and one in which
degradation was inhibited with the proteasome inhibitor
MG132—many of the known physiological targets of the
SCF E3 ligase b-TrCP were recovered, and a number of
new substrates were identified and validated [40°]
(Figure 4c).

While in some cases, this ‘signal amplification’ is desir-
able (e.g. it can be harnessed to identify ubiquitin-ligase
substrates), this aspect of PDB-MS can also render the
interpretation of the resultant datasets more difficult, and
can to some extent blunt the detection of regulated
interactions, especially in the case of experiments with
lengthy labeling periods such as those employing the
original BioID tool. This also renders the validation of
the interactions both more pressing and more
challenging.

Experimental design and data analysis
Proximity-dependent biotinylation approaches per-
formed on a single bait protein can generate hundreds
to thousands of putative partner identifications (with
parameters such as the amount of material and the sensi-
tivity of the mass spectrometer significantly influencing
these numbers). Importantly, however, in most cases the
majority of these proteins are not true proximity partners
for the bait of interest. Many are instead: biotin-labeled in
the absence of the recombinant enzyme (e.g. endoge-
nously biotinylated proteins such as mitochondrial car-
boxylases); proteins that are promiscuously biotinylated
with most baits (e.g. with BiolD in HEK293 cells, filamin
A belongs to this category), or; proteins that bind non-
specifically to the affinity support (sepharose or other
bead types).

Controls should thus minimally include conditions that
mimic endogenous biotinylation (such as no enzyme
fused to the bait protein, or untransfected cells) and
conditions that reproduce promiscuous biotinylation
(e.g. enzyme alone expressed throughout the cell, and/
or fused to an irrelevant polypeptide such as the Green
Fluorescent Protein). To properly model promiscuous
background, the control polypeptide must also be
expressed to at least the same level as the bait protein,
and should at least partially occupy the same intracellular
locale. In cases where a protein of interest localizes to a
specific subcellular location, it may also be useful to
include an enzyme fusion that is specifically localized
to this structure [41] (discussed further below). Notably,
however, there are instances where controls can ‘drown
out’ relevant signal. This can happen, for example, when
an enzyme-fusion control protein is expressed at a much
higher level than the bait under analysis. In these cases,
reducing the expression level of the control protein to that
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Signal amplification in PDB-MS and identification of enzyme—substrate interactions. (a) The kinase MST1 autophosphorylates to create a docking
site for the MOB1 protein; a phosphatase reverses these phosphorylation and binding events. Under standard growth conditions, MST1
phosphorylation and MOB1 binding are low (usually below the detection limit of AP-MS). Inhibition of the phosphatase results in a marked
increase in MST1 phosphorylation and in MOB1 binding. (b) In BiolD, even though the fraction of autophosphorylated MST1 engaged in MOB1
binding remains low, the long labeling durations induce a build-up of biotinylation on the MST1 target. Eventually, this biotinylation signal passes
the limit of detection, and is detected in the PDB-MS experiment. (c) Strategy for the identification of substrates for example F-box containing E3
ubiquitin ligases. F-box proteins interact with both non-substrate proteins (e.g. cullins, E2s and other stable binding partners) and substrates.
Interaction with substrates promotes their polyubiquitylation and eventual degradation by the 26S proteasome. PDB-MS experiments conducted
both in the presence and absence of a proteasome inhibitor (MG132) identifies proteins that display substrate behaviour (recovery is enhanced
following proteasome inhibition) and non-substrates (levels are not significantly modulated in response to MG132 treatment).

of the bait should enable a more realistic estimation of
background.

As with standard AP-MS approaches, multiple biological
replicates of both bait and control experiments are criti-
cal to ensure that proximity interactions are robust and
reproducible. The Contaminant Repository for Affinity

Purifications [42] resource can be used to supplement
controls for these types of analyses. Tools developed for
the analysis of AP-MS datasets, including Significance
Analysis of IN'Teractome (SAINT) [43], or CompPASS
[44] can also be used to analyze proximity-dependent
biotinylation data (see Ref. [45] for a review of scoring
tools). While the selection of the tools is outside

Current Opinion in Chemical Biology 2019, 48:44-54
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the scope of this review, we further comment on the
selection of controls specifically for PDB-MS in the next
section.

Considerations and caveats for PDB-MS

The relative ‘detectability’ of proteins identified in a
PDB-MS experiment depends not only on their distance
from the bait, but factors such as the residence time of
each protein in a complex (i.e. proteins that always reside
together will be more efficiently labeled in theory than
proteins that interact for shorter timespans), and the
number of solvent-exposed reactive residues. Protein
and complex size are additional confounding variables
in this type of analysis. For example, PDB-MS conducted
with a single component of a large protein complex may
not label all components of the structure. Whether these
results indicate that the bait is actually further from the
unlabeled proteins in the complex than the proteins that
are detected is not always clear. Nevertheless, this type of
information can be informative; for example BiolD pro-
files of dynein/dynactin complex proteins corroborated
their structural organization [46], and approaches such as
identifying and quantifying biotinylated peptides
[47°,48,49°] can in theory help to infer structural
organization.

For baits that are embedded in membranes or localized to
organelles, abundant resident proteins (which are not
necessarily direct interactors of the bait protein) often
dominate the list of high-confidence identifications. For
example, BiolD of receptor tyrosine kinases identified
hundreds of plasma membrane proteins ([50] e.g. 119 of
the 167 hits with PTPRA were associated with
GO0:0005886: plasma membrane, p-value 6.6 x 107%%).
In these cases, the identification of direct interactors
may require a different type of experimental design. In
an ideal case, the control could be a related protein with
the same localization, or a mutant version of the protein
that loses specific interactions, but not localization. For
example, PTPRA and PTPRF (a.k.a. phosphatase LAR)
share many plasma membrane interactors [50], but
PTPRA uniquely recovers its known interactor GRB2
[51] while PTPRF is strongly enriched in the liprin
PPFIA1, as expected [52].

Alternatively, ‘compartment controls’ that provide a snap-
shot of the composition of a structure can be employed,
for example by expressing an organelle marker or
sequence tag (for instance, a nuclear localization
sequence [41], farnesylation signal or mitochondrial tar-
geting sequence [53]), with the caveat that these
‘controls’ may introduce their own bias. Rather than
directly considering them as part of the scoring of con-
taminants, these compartment controls can also be used
as a secondary ‘enrichment’ strategy to help define more
specific proximity interactors. Lastly, for large datasets in
which many baits are localized to the same structure, yet

are expected to interact with different partners, one can
analyze quantitative enrichment of a prey with a given
bait across an entire dataset using for example the Comp-
PASS tools developed by the Gygi and Harper groups for
analyzing AP-MS data [44]. These tools, in addition to
simpler enrichment analyses, are available both in the
CRAPome [42] and through the ProHits-viz visualization
toolbox [54]. As an ongoing project, we are generating a
reference map of a human cell using BiolD in HEK293
cells, and will make all data available on a web-based tool
to help researchers interpret their own PDB-MS
experiments.

A number of additional parameters could theoretically
affect iz vivo biotin labeling (and thus data interpreta-
tion). For example, the accessibility of the BirA*/APEX
moiety in the context of a folded fusion protein could
affect labeling, as the tag could be effectively ‘buried’ or
fully exposed in the folded protein structure. The loca-
tion of the tag on the protein (i.e. N-term versus C-term)
can also be critically important in relation to membrane
topology or orientation within a given structure. The
position of the tagged polypeptide within a protein com-
plex likely also plays an important role in labeling effi-
ciency. For example, the protein of interest—along with
its associated enzyme tag—could be exposed or
completely buried within the context of a larger complex.
Some bait protein localizations are also incompatible with
biotin labeling (e.g. inside the lysosome). Finally, issues
that are common to any tagging protocol are bait protein
mislocalization caused by the tag (for example, due to
disruption of a mitochondrial or peroxisomal targeting
sequence) and/or disruption of protein—protein or protein-
—membrane interactions by the tag.

Since PDB-MS datasets will likely include a mixture of
direct and indirect interactors, as well as proteins that
simply reside in the same intracellular locale, how best to
validate this type of data remains an open question. The
selection of orthogonal approaches for additional charac-
terization will be dependent on the localization, half-life
and expression level of endogenous protein(s) of interest,
amongst many other factors. We have predominantly
relied on reciprocal PDB-MS and the acquisition of large
datasets to overcome any overexpression artifacts and
define specificity in associations [20°,27°°,38°]. Standard
biochemical approaches can certainly also be used, with
the caveat that if the interactions do not withstand purifi-
cation or involve proteins that are insoluble under stan-
dard purification conditions, they will likely be missed.
Modifying buffer conditions or detergents as in Ref. [38°],
or performing the validation experiment in the presence
of a cross-linker, as in Ref. [55], can overcome some of
these limitations. The use of non-biochemical validation
assays such as the characterization of subcellular localiza-
tion by immunofluorescence, or establishing co-localiza-
tion through proximity ligation assays (PLLA), can support

www.sciencedirect.com

Current Opinion in Chemical Biology 2019, 48:44-54



52 Omics

the results but these approaches are less quantitative and
actually have a larger radius than PDB-MS. Lastly,
techniques that are biased for direct interactors, including
Protein Complementation Assays, Yeast T'wo-Hybrid or
FRET-based approaches can certainly be used [56], but
validation rates will be intrinsically low. While these
orthogonal interaction/localization methods are certainly
important, functional validation is the ultimate proof that
the proximity-dependent interactions detected are mean-
ingful. As an example, after identification of ~1,500
proteins in the centrosome/cilium PDB-MS map, we
assessed the function of 500 of them by RNAi-mediated
depletion followed by three cell-based assays, revealing
distinct roles for ~300 of them [27°°]. Integration of
PDB-MS datasets with functional studies is therefore
likely to further illuminate the biological processes under
study.

Conclusion

Proximity-dependent biotinylation techniques are rela-
tively simple to use, the data that they generate are highly
complementary with more standard approaches, and
these methods allow for the discovery of protein—protein
interactions in previously inaccessible biological settings.
As this family of techniques continues to evolve, we must
ensure that our ability to properly analyse the data evolves
with it. In this perspective, we have attempted to high-
light some important points to keep in mind when con-
sidering proximity-dependent biotinylation approaches,
including experimental design, data analysis and
interpretation.
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