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Spatial Proteomics: A Gateway to Understanding Cell
Biology

Georg H. H. Borner

The term “Proteome” is commonly applied to describe the com-
plete complement of proteins present in a given cell type, tissue,
or body fluid. Over the last decade, the advent of powerful mass
spectrometric approaches has enabled us to define proteomes
experimentally with ever-increasing depth. Today it is possible
to determine not only the identity of thousands of proteins
from nanogram quantities of input material, but also to obtain
their accurate and precise quantification and post-translational
modification status.[1] Nevertheless, the proteome has yet an-
other, less readily charted dimension: the spatial organization
of proteins within cells. Subcellular localization critically affects
protein function, since compartments partition cells into envi-
ronments with distinct molecular compositions (proteins, lipids,
nucleotides, metabolites) and chemical milieus (pH, redox po-
tential, ion concentrations). Cells exploit this to regulate protein
function, by carefully controlling protein subcellular localization.
To capture this dimension, “spatial proteomics” evolved, initially
from efforts to determine the proteomes of major organelles.
The field has come a long way since; dramatic advances in
imaging have revealed that cells have many compartments,
membrane-bound and membrane-less, as well as many discrete
sub-organellar localizations, domains, and assemblies that need
to be accounted for.[2–4] Furthermore, around 50% of proteins are
found in multiple subcellular localizations, and their preferred
distributions can vary both within a cell population and between
different cell types.[2] Linked to this variability are modulated ac-
tivities or even entirely independent “moonlighting” functions of
differentially localized proteins. The spatial proteome is complex.
There are two main experimental approaches to spatial pro-

teomics: high-throughput imaging to visualize all proteins within
a cell or within a compartment of interest; and quantitative mass
spectrometry, to identify subcellular protein networks by organel-
lar profiling or interactomics (see refs. [5, 6] for recent reviews).
Defining the spatial proteome and its dynamics is a challenging
task; in return, it offers a rich resource for understanding cell bi-
ological phenomena. Most cellular processes involve changes in
protein subcellular localization, ranging in scale from individual
protein translocations, to transient local assemblies of protein
machinery, and whole organellar rearrangements. Prominent
examples include events during regulated secretion, autophagy,
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apoptosis, signaling, mitosis, and many more. Global capture
of protein subcellular localization changes upon perturbation
identifies proteins involved in the studied process,[7,8] and puts
them into spatial context.[9] With sufficient temporal resolution,
the sequence of relocalization events may also be delineated.[10]

Detailed pictures of cellular process may thus be inferred.
Furthermore, many pathological processes upset subcellular
organization, and spatial proteomics can be used as a sensitive
diagnostic readout.[11] Last but not least, over 150 human disor-
ders are caused by impaired intracellular protein transport;[12]

mapping the underlying protein mislocalization events will not
only provide a better understanding of the disease mechanisms,
but also afford insights into fundamental cell biology.[13,14]

In this Special Issue, several pioneers of spatial proteomics
discuss recent findings and key concepts that drive the field. An
emerging consensus is the complementary nature of mass spec-
trometric and imaging approaches, which promises exciting syn-
ergies for future explorations of the spatial proteome.
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