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Extended Data Fig. 3 | Application of C-COMPASS to the HyperLOPIT workflow.
(A) Profiles for compartment markers, with line values representing median
values derived from median profiles across replicates for LPS treatment. (B ) Bar

control

Lysosome = PM

(D) Heatmap of CC values across all compartments for LPS treatment.
(E) Lists of all identified compartment combinations and their frequencies
for both conditions. (F ) Correlation matrix comparing original compartment

associations by Mulvey et al. with C-COMPASS main compartment predictions
for LPS treatment. (G) Scatter plot displaying p-values from a two-sided Welch'’s
t-test based on ensemble network output values against DS values for proteins
with RLS > 1, highlighting the most reliable outliers for the comparison between
control and LPS treatment. The grey dashed line indicates a p-value of 0.05.

plot showing F1 scores for each compartment for LPS treatment. Main organelle
assignments were determined using the highest CC value per protein. The grey
bar represents the average F1 value weighted by batch sizes of marker proteins.
(C) Numbers of main localization assignments to compartments, and numbers
of proteins assigned to single or multiple compartments for both conditions.
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Extended Data Fig. 4 | An organelle map of humanized liver across metabolic ~ determined using the highest CC value per protein. The grey bar represents
conditions. (A) Hierarchical clustering heatmap of protein profiles across the average F1value weighted by batch sizes of marker proteins. (D) Bar plot
14 fractions for HFHF and HFHF-fasted conditions. Colored areas indicate showing the number of true positive localization predictions by checking
clusters with the highest enrichment scores for specific compartment for positive CC values for each compartment for HFHF and HFHF-fasted
marker annotations. (B) Profiles of compartment markers, with line values conditions. The grey bar represents the average true positive rate weighted by
representing median values derived from median profiles across replicates batch sizes of marker proteins. (E) Numbers of main localization assignments
for HFHF and HFHF-fasted conditions. (C) Bar plots showing F1scores for for HFHF and HFHF-fasted conditions.

each compartment across all conditions. Main organelle assignments were
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Extended DataFig. 6 | Protein relocalizations and compartmental changes
across different metabolic conditions. (A) Venn diagram showing proteins

with RLS > 1for the comparisons chow vs. HFHF and chow vs. HFHF-fasted.

(B) Heatmaps of RL values for each compartment across proteins with RLS > 1 for

the comparisons chow vs. HFHF and chow vs. HFHF-fasted. (C) Sankey diagram

illustrating localization changes from chow to HFHF to HFHF-fasted across all
compartments, including non-relocalizing proteins, maintaining the origin

and target for each relocalization. (D) Scatter plots displaying p-values from
two-sided Welch'’s t-tests based on ensemble network output values against DS

values for proteins with RLS > 1, highlighting the most reliable outliers for the
comparisons chow vs. HFHF and chow vs. HFHF-fasted. (E) Normalized intensity

profiles for GCKR (line) and median marker profiles for Cytosol and Nucleus
(areas) for HFHF and HFHF-fasted conditions. Bars are indicating the localization

of GCKR.
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Extended Data Fig. 7| Metabolic state induced spatial re-organization of COG complex. (A)-(B) Protein profiles (lines) of selected candidates for chow, HFHF, and
HFHF-fasted, overlaid with median marker profiles (areas). Bars on the right show the CC distributions for these proteins across the displayed compartments.
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Extended Data Fig. 8 | Modeling of organelle lipid composition and analysis of
compartment specific phospholipid compositions. (A) Principal Component
Analysis of all measured lipidomics samples. (B) Median protein marker profiles
for the ER (area), overlaid with distinct lipid profiles (lines). (C) KDE plots
showing distribution of carbon chain lengths and the number of double bonds
per fatty acid across selected compartments (bandwidth adjustment =0.5).

Values are normalized by CC values and weighted by intensities in the total lysate.
(D) Distribution of average carbon chain lengths and number of double bonds
per fatty acid across different compartments, shown for various lipid classes.
Average values are weighted by CC values and intensities. (E) Total numbers of
findings for various lipid classes in Mitochondria and LDs.
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Extended Data Table 1| Comparison of computational tools for subcellular localization prediction and spatial

proteomics analysis
METAMASS SUBCELL-BARCODE TRANSPIRE BANDLE DOM-ABC C-COMPASS
RELEASE 2016 2019/2022 2020 2022 2023 2025
PLATFORM R, MS Excel R Python R Python Python
" N Web Application (install
Gl hosted.R " 5 via PyPI, or accessible GUI Application (install
Package (requires Bioconductor R Python Package (install 9 5 e
USABILITY d 5 9 p Bioconductor R Package via webserver), via PyPlI, or run as
evtools for installation), Package from GitHub) and non-GUI application standalone executable)
B (install via PyPl)
PREDICTION MODEL K-means clustering SVM SVGPC* Bayesian Model SVM Neural Network

PREDICTION FORMAT

MULTI LOCALIZATION
ANALYSIS

RE-LOCALIZATION
PREDICTION

REPLICATE HANDLING

EXPERIMENTAL VALIDATION

APPLIED DATASETS

KEY STRENGTHS

LIMITATIONS

Multi-class Classification

No

Qualitative output
comparison

Not modeled

Density Gradient
Centrifugation

Proteomics from cells

User-friendly Excel sheet

Excel sheet created with
Excel 2007, no replicate
combination

Probabalistic multi-
class Classification

Qualitative through
probabilities

Qualitative output
comparison

Processes replicates,
no variability modeling

SubCellBarCode
(based on Differential
Centrifugation)

Proteomics from cells

Fully automated
pipeline

Limited to an exactly
defined experimental
design

Multi-class Classification

No

Probabalistic Predictions

Processes replicates, no
variability modeling

Differential Centrifugation,
Density Gradient
Centrifugation

Proteomics from cells

Relocalization Prediction

Limited to relocalization
predictions, no support for
single condition analysis

Multi-class Classification

Qualitative through
uncertainty estimation
and probabilites

Qualitative against control

Models replicate variation

HyperLOPIT

Proteomics from cells,
Transcriptomics

Detection of Multi-
Localization probabilities

Analysis only possible for
control against one
condition,

Extensive manual data
pre-processing required

Multi-class Classification

Qualitative

Assess reproducibility
across replicates

Differential Centrifugation

Proteomics from cells

Easy-to-use Website

Pre-processing and
parameter configuration
can be challenging for
novices

Quantitative multi-class,
multi-label regression

Quantitative Predictions

Quantitative Predictions

Processes replicates
independently to model
variations

Density Gradient
Centrifugation,
HyperLOPIT

Proteomics & Lipidomics
from tissues

User-friendly GUI,
Quantitative Predictions,
Multi-Relocalization
Prediction,

Flexibility in
experimental design

Compatibility for MacOS
still with limitas for GUI

This table summarizes the core features of the six representative tools MetaMass, SubCellBarCode, TRANSPIRE, BANDLE, DOM-ABC, and C-COMPASS, including platform, usability, prediction
model and format, support for multilocalization and relocalization analysis, and application scope. *SVGPC: Stochastic Variational Gaussian Process Classifier.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] Adescription of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

0000 O0OXOOOS

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Proteomics raw data were processed by Scpectronaut 18 (Copernicus, Biognosys). Lipidomics data were analyzed with in-house developed
lipid identification software based on LipidXplorer.

Data analysis Microsoft Excel, Perseus 1.6.1.5.0, Python 3.8.8 (including NumPy (1.20.1), pandas (1.2.4), seaborn (0.11.1), Matplotlib (3.3.4), umap-learn
(0.5.3), ScipPy (1.6.2), scikit-learn (0.24.1), UpSetPlot (0.9.0), Plotly (5.22.0), Keras (2.10.0), KerasTuner (1.4.5))

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability
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- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Proteomics data generated in this study are available on the PRIDE repository (ProteomeXchange) under the accession number PXD056457. Proteomics data and C-
COMPASS outputs are provided as Extended Data Tables and Raw data for all figure is provided as source files.




Code availability

The C-COMPASS software is developed on GitHub at https://github.com/ICB-DCM/C-COMPASS. Additionally, C-COMPASS releases are deposited at Zenodo (https://
doi.org/10.5281/zenodo.14712134). Software documentation is available at https://c-compass.readthedocs.io/. An example dataset based on simulated
fractionation and total proteome data, as well as a ready C-COMPASS session are provided in the supplementary material for demonstration purpose. The R code
used to create BANDLE predictions is provided in the supplementary material as well.

An example session for C-COMPASS, along with example data, is available on Zenodo at https://zenodo.org/records/13901167. This data can be used to load an
already processed session or to import and process the data, allowing users to reproduce the results.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender Use the terms sex (biological attribute) and gender (shaped by social and cultural circumstances) carefully in order to avoid
confusing both terms. Indicate if findings apply to only one sex or gender; describe whether sex and gender were considered in
study design whether sex and/or gender was determined based on self-reporting or assigned and methods used. Provide in the
source data disaggregated sex and gender data where this information has been collected, and consent has been obtained for
sharing of individual-level data; provide overall numbers in this Reporting Summary. Please state if this information has not
been collected. Report sex- and gender-based analyses where performed, justify reasons for lack of sex- and gender-based
analysis.

Population characteristics Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic
information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study

design questions and have nothing to add here, write "See above."

Recruitment Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
how these are likely to impact results.

Ethics oversight Identify the organization(s) that approved the study protocol.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample size was determined based on experience on previous studies and what is commonly used in the field
Data exclusions  No samples were excluded

Replication For animal experiments at least three biological replicates were performed

Randomization  No randomization possible

Blinding No blinding possible

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study
|:| Antibodies |Z |:| ChiIP-seq
|:| Eukaryotic cell lines |:| Flow cytometry
|:| Palaeontology and archaeology |Z |:| MRI-based neuroimaging

|Z Animals and other organisms
[] clinical data

|:| Dual use research of concern

X X CTX XX

Animals and other research organisms
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Laboratory animals 6-week-old female C57BL/6N FRG KO mice, 43-week-old male C57BL/6)

Wild animals Provide details on animals observed in or captured in the field, report species and age where possible. Describe how animals were
caught and transported and what happened to captive animals after the study (if killed, explain why and describe method; if released,
say where and when) OR state that the study did not involve wild animals.

Reporting on sex Only male mice were used for experiments.

Field-collected samples | For laboratory work with field-collected samples, describe all relevant parameters such as housing, maintenance, temperature,
photoperiod and end-of-experiment protocol OR state that the study did not involve samples collected from the field.

Ethics oversight Guide for the Care and Use of Laboratory Animals, Eighth Edition, and the AVMA Guidelines for Euthanasia of Animals: 2013 or 2020
Editions, and local animal ethics committee of the Government of Upper Bavaria, Germany.

Note that full information on the approval of the study protocol must also be provided in the manuscript.






