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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

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
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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  Immunoblot images were captured using an iBright 760. Fluorescence images were captured using a Zeiss LSM900 with Airyscan 2. gPCR data
were collected using a Roche LightCycler480. LC-MS data were collected using a Thermo Fusion Lumos mass spectrometer and Xevo Q-ToF

(Waters Corp).

Data analysis Immunoblot and fluorescence analysis were performed using ImageJ (v2.1.0/1.53c). Data analysis and graphs were generated using GraphPad
Prism (v10). Conservation was analyzed using Consurf (version July 2023). Protein docking was performed using Pymol (v3.0) with DockingPie
(v1.2.1).

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.
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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

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All data supporting this study and methods for analysis (resource UniREF-90 protein database) are included within the paper, within the Source Data, and within the
Supplementary Information.

Research involving human participants, their data, or biological material
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Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender N/A

Reporting on race, ethnicity, or  N/A
other socially relevant

groupings

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

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 All experiments were performed with at least two biological replicates with exception of immunofluorescent analyses, which were performed
over several technical replicates. Detailed descriptions of the sample size and the nature of the sample size are provided for each figure.
Sample sizes were selected based on prior work and generally-accepted criteria in the scientific community.

Data exclusions  Data outside of 2-folds standard deviation

Replication Data were repeated with several technical and biological replicates as indicated. With exception of immunofluorescent analyses, which were
evaluated over technical replicates, all data with statistical analyses were replicated across at least three biologically independent samples.

Randomization  Randomization was not possible for our cell-based assays as per generally-accepted criteria in the scientific community.

Blinding Immunoblot analyses were not blinded given the importance of gel loading order. Other assays (immunofluorescent analyses and mass
spectrometry were not performed as is generally accepted within the scientific community.

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.




Materials & experimental systems Methods

Involved in the study n/a | Involved in the study

™ Antibodies X[ ] chip-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern
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Plants
Antibodies

Antibodies used PRIMARY: anti-FLAG (Sigma Aldrich, 1804), anti-SNAP-tag (New England BiolLabs, P9310S), anti-Actin (Sigma Aldrich, A1978), anti-
LAMP-1 (D2D11, Cell Signaling Technology, 9091), anti-GSK3p (Enzo Life Sciences, ADI-KAP-ST002), anti-PRMT1 (Sigma Aldrich,
SAB2702290), anti-ADMA (21C7, Abcam, Ab413), anti-Lamp2a (EPR4207(2), Abcam, ab125068), anti-Atg7 (D12B11, Cell Signaling
Technology, 8558), anti-Vps4 (Sigma-Aldrich, SAB4200025), anti-H3 (96C10, Cell Signaling Technology, 3638), anti-HDAC6 (D2ES5, Cell
Signaling Technology, 7558), anti-Acetyl-a-Tubulin (Lys40) (D20G3, Cell Signaling Technology, 5335), anti-a-Tubulin (DM1A, Cell
Signaling Technology, 3873), anti-BRD4 (ThermoFisher, A301-985A-T)
SECONDARY: anti-mouse (Invitrogen 61-6520), anti-rabbit (Prometheus 20-303)

Validation PRIMARY:

anti-FLAG https://www.sigmaaldrich.com/US/en/product/sigma/f1804,

anti-SNAP-tag https://www.neb.com/en-us/products/p9310-anti-snap-tag-antibody-polyclonal,

anti-Actin https://www.sigmaaldrich.com/US/en/product/sigma/a1978,

anti-LAMP-1 https://www.cellsignal.com/products/primary-antibodies/lamp1-d2d11-xp-rabbit-mab/9091,

anti-GSK3B https://www.enzo.com/product/gsk-3%ce%b2-polyclonal-antibody/,

anti-PRMT1 https://www.sigmaaldrich.com/US/en/product/sigma/sab2702290,

anti-ADMA https://www.abcam.com/en-us/products/primary-antibodies/dimethyl-arginine-antibody-21c7-ab413,

anti-Lamp2a https://www.abcam.com/en-us/products/primary-antibodies/lamp2a-antibody-epr42072-lysosome-marker-ab125068,
anti-Atg7 https://www.cellsignal.com/products/primary-antibodies/atg7-d12b11-rabbit-mab/8558,

anti-Vps4 https://www.sigmaaldrich.com/US/en/product/sigma/sab4200025,

anti-H3 https://www.cellsignal.com/products/primary-antibodies/histone-h3-96c10-mouse-mab/3638,

anti-HDAC6 https://www.cellsignal.com/products/primary-antibodies/hdac6-d2e5-rabbit-mab/7558,

anti-Acetyl-a-Tubulin (Lys40) https://www.cellsignal.com/products/primary-antibodies/acetyl-a-tubulin-lys40-d20g3-xp-rabbit-
mab/5335,

anti-a-Tubulin https://www.cellsignal.com/products/primary-antibodies/a-tubulin-dmla-mouse-mab/3873,

anti-BRD4 https://www.thermofisher.com/antibody/product/BRD4-Antibody-Polyclonal/A301-985A-T

SECONDARY:

anti-mouse https://www.thermofisher.com/antibody/product/Rabbit-anti-Mouse-lgG-H-L-Secondary-Antibody-Polyclonal/61-6520,
anti-rabbit (Prometheus 20-303) https://geneseesci.com/shop-online/product-details/20-304/prometheus-protein-biology-
products-20-304-goat-anti-mouse-igg-h-I-hrp-linked-whole-ab-secondary-antibody-1mg-ml-500ul-unit

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) HEK293, HEK293T, and Hela cells were all obtained from ATCC.

Authentication No formal authentication was performed for cell lines beyond routine morphological confirmation. Stable cell lines were
routinely confirmed by immunoblot analysis.

Mycoplasma contamination None detected (tested bi-weekly).

Commonly misidentified lines  None used.
(See ICLAC register)




Plants

Seed stocks

Novel plant genotypes

Authentication

Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
was applied.

Describe-any-atithentication-procedtres foreach seed stock- tised-ornovel genotype generated—Describe-any-experiments-tsed-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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