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Biological functions, from signal transduction to cell fate commitment, are mediated by 

complex molecular interactions and conformational changes.1,2 Indeed, protein–protein 

interactions are pervasive in shaping biological phenotype, yet they are challenging to 

characterize.1,2 The weaker interactions are especially challenging and are rarely detected 

by widely used methods, such as affinity purification mass spectrometry. Fortunately, 

methods for analyzing protein localization at the subcellular level are able to identify 

even weakly interacting proteins, although these methods do not directly identify protein–

protein interactions.3 Qiu et al.4 used one such method, proximity-dependent biotin labeling 

(BioID),5 to comprehensively map the set of proteins around key regulators of vesicle 

trafficking.

Vesicle trafficking is regulated in part by phosphatidylinositols, which are hydrophobic, 

membrane-associated signaling molecules.6 Phosphatidylinositols regulate many other 

cellular functions, including cell growth, proliferation, differentiation, motility, survival, 

and intracellular trafficking.2 Their phosphorylation is tightly controlled as it carries 

regulatory biological signals. In the case of endosomal trafficking, the phosphorylation 

of phosphatidylinositols is regulated by the PIKfyve–Vac14–Fig4 complex, but the direct 

mechanisms, effector functions, and protein–protein interactions remain to be fully 

elucidated.

IDENTIFYING A PROXIMITY INTERACTOME

Toward this goal, Qiu et al.4 set out to identify proteins surrounding the PIKfyve–Vac14–

Fig4 complex, including those that interact only weakly with the complex. To achieve 

this goal, they used BioID,5 which involves the fusion of a biotin ligase to proteins of 

interest, Vac14 and Fig4 in this case. Thus BioID constitutes a proximity-based labeling 

method used to map proteins proximal to Vac14 and Fig4. The expression of Vac14 and 

Fig4 fused to biotin ligase resulted in the biotinylation of proximal proteins. Subsequent 

isolation and mass spectrometry analysis of biotinylated proteins revealed novel proteins 

associated with Vac14–Fig4 with functions in the cell division cycle and mitochondrial 

regulation. Identifying the sets of proteins proximal to Vac14 and Fig4 allowed the authors 

to intersect these sets and derive a higher confidence set of proteins in the vicinity of both 

Vac14 and Fig4. The high overlap between the proteins identified as proximal to Vac14 
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and Fig4 supports the internal consistency of the results. The authors further validated these 

BioID results in situ using a proximity ligation assay and complementary inhibition of 

both complexes. These assays suggest that Vac14–COPI interactions result in preferential 

recruitment of the COPI complex to the late endosomal compartment. This recruitment does 

not depend on PIKfyve kinase activity and is insensitive to the GEF inhibitors tested.

INTEGRATIVE INFERENCE OF REGULATORY PROTEIN NETWORKS

Qiu et al.4 used cross-validation both within BioID assays and with other assays to identify 

a comprehensive set of proteins in the proximity of Vac14–Fig4 and to further evaluate some 

of the suggested interactions. Whereas these results do not identify the protein interaction 

interfaces, that is, the full set of protein regulatory interactions of the network, they provide 

a foundation toward building such a network.

To build upon this foundation, future research can combine orthogonal sources of 

information, such as (i) experimental measurements of the changes in exposed protein 

surfaces, as measured by covalent protein painting (CPP),7,8 and (ii) computational 

predictions of protein interactions based on deep learning, as shown in Figure 1.9,10 The 

empirical data will provide essential constraints, including a small set of proteins identified 

by proximity labeling and their conformational changes measured by CPP. Applying these 

empirical constraints on protein interactions predicted by deep learning may prioritize the 

set of protein interfaces most likely to interact and directly mediate biological regulation, 

Figure 1. The regulatory networks formed by these interactions can be further evaluated 

and refined by complementary methods, such as cross-linking and native mass spectrometry. 

This integrative approach, leveraging the strengths of proximity labeling, covalent protein 

painting, and deep learning, may bring us closer to understanding the molecular interactions 

in protein regulatory networks and how these interactions give rise to biological functions.
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Figure 1. 
Integration of (i) protein sets identified by proximity labeling with (ii) CPP data for exposed 

protein surfaces and (iii) the likely protein–protein interactions predicted by deep learning 

may enable the inference of regulatory protein networks.
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