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Alzheimer's Disease (AD) is defined by aggregation and mislocalisation of β-amyloid and tau, yet the extent of intracellular reorganisation across the
proteome remains poorly characterised. We applied subcellular proteomics to post-mortem dorsolateral pre-frontal cortex from 75 ROSMAP individuals
spanning the AD-resilience spectrum, enabling inference of protein localisation, independent of abundance. 217 proteins exhibit disease associated
localisation shifts, enriched for endolysosomal function, intracellular trafficking, and RNA processing. Peptide-level analysis also resolves pathological
tau proteoforms associated with insoluble aggregates. Critically, this spatial dimension surfaces candidates that abundance-based studies have missed,
including SCAI, a cancer-associated protein not previously linked to neurodegeneration, highlighting the discovery potential of this approach.
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1. Methods
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2. Subcellular brain map

Homogenate from n=75 (n=25 for CON, RES,
AD) dlPFC (BA9) samples (a) was fractionated
on a density gradient by serial
ultracentrifugation into 7 fractions (b), such that
proteins seperate according to the density of
their subcellular niche. All 525 fractions were
analysed by DIA LC-MS2 for proteomic
analysis (c).
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The AD profiles of our top 2 candidates, CSNK1A1 (ai) and SCAI (aii) are markedly
different to CON and RES. We validate CSNK1A1 signal in the nucleus of i3 cortical
ineurons (b), and find co-staining in tau-posit ive neurons by IHC in AD brains from an
independent cohort, not seen in controls (n=6). SCAI has not been characterised in
human brain, thus we identify localisation as mostly membranal (d). The functional role of
SCAI in brain is not known, but we see a preliminary trend of increased neurite outgrowth
following knockdown (KD) in iNeurons (n=2). Both proteins havenot been prioritised in
traditional abundance-based analyses, highlighting the value of subcellular analysis, which
represents an orthogonal dimension of the proteome.

Proteins can show altered abundance (ai, log2-scaled) and spatial distribution (aii, sum-normalised) by disease. We control for overall
abundance in a disease x fraction interaction model to identify proteins with differential subcellular distribution across CON, RES, and
AD. We use the variance explained by the interaction term as a proxy the size of spatial redistribution. 217 proteins (b) show stable
redistribution at 5% FDR. Many of these are members of functional molecular assemblies, such as the U1 spliceosome, Dynactin
complex, AP-3 complex, and cargo-selective retromer. Multiple subunits of each show coordinated fractionation profile change across
disease. Informative variation can be also observed for a single protein at the peptide level. For example
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Differential ultracentrifugation generated reproducible protein fractionation
profiles across 75 human brains (a-c). Consensus localisation markers
separated into distinct subcellular clusters, demonstrating that frozen post-
mortem tissue retains sufficient spatial information to resolve intracellular
organisation (c)

Machine-learning based 
prediction, trained on 
canonical markers, yields  
subcellular compartment 
probability distributions (d) 
quantifying uncertainty 
localisation across subjects
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