














Extended Data Fig. 6 | Ubiquitin receptor TOLLIP and autophagy machinery
mediate granule disassembly.  a, Western blot analysis of siRNA knockdown
efficiency for VCP, HDAC6 and SQSTM1. h Immunofluorescence images from

five different areas per well of G3BP1 staining (green) demonstrating unaffected
stress granule formation (AS) and disassembly under individual SiRNA

knockdown of VCP, HDAC6 and SQSTML1 at 120 min of recovery (D120). Scale
bar, 20 um. ¢, Representative immunofluorescence images showing impaired
overlap of TOLLIP signals with G3BP1/stress granule signals at stressed state (AS)
and 30 min of disassembly (D30) in cells treated with either TAK-243 (left) or

heclin (right). Scale bar, 10 um. Line profile plots depict normalized fluorescence
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intensities of G3BP1 (green) and TOLLIP (red) along the white line highlighted in
the magnified ROI from left to right, showing the misalignment of peaks between
the two signals. d, Immunofluorescence validation of CYTO-ID autophagy
detection reagent signal (green) overlapping with granule signal (red) upon

stress treatment. Hoechst nuclei staining, blue. Scale bar, 10 pm. Line intensity
profiles depict normalized fluorescence intensity values for CYTO-ID autophagy
detection (green) and G3BP1 (red) along the white line highlighted in the
magnified ROI from top to bottom. For a ,c and d, similar results were observed in
two independent repeats.
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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

XXX [0 0 XX [OOOS

|:| 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  Bruker Compass HyStar v6.2 (proteomics LC-MS data).
Nikon NIS Elements AR v4.60.00 (fluorescence microscopy data).
Image Studio v5.2 (western blot data).
BioTek Gen5 v2.05 (luminescence for cell viability and absorbance for protein BCA).

Data analysis DIA-NN v1.8.1 (processing the raw LC-MS output).
Perseus v2.0.7.0 (subsequent to DIA-NN for statistical analysis of MS data for volcano plots).
GraphPad Prism 9.5 (all bar graphs, dot plots, and volcano plots).
ImageJ2/FlJl Mac OS X (fluorescence image analysis including granule area and size calculation).
Chemdraw v20.1 (drawing all the chemical structures).
UCSF ChimeraX v1.6 (preparing all protein structure figures).
Online tools include Morpheus (https://software.broadinstitute.org/morpheus/, heatmap and clustering analysis), Metascape v3.5 (https://
metascape.org/gp/index.html#/main/stepl, gene ontology analysis), and InteractiVenn (http://www.interactivenn.net/, Venn diagram
analysis).
Microsoft Excel for Mac v16.80 (statistical data processing and P value calculation)
Apple Keynote v12.1 (drawing schematics and assembly of figures)

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 generated or analyzed for this study are included in the manuscript, extended data, and supplementary information. All MS proteomics data have been
deposited to the MassIVE database (Accession: MSV000094520, ftp://MSV000094520@massive.ucsd.edu) including an in-silico spectral library generated in DIA-NN
via FASTA of Uniprot human proteome UPO00005640. Analyzed proteomics data are also included in the supplementary data sets. Source data are provided with
this paper.

Human research participants

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

Reporting on sex and gender N/A

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 LC-MS proteomics experiments, n = 3 biological replicates were used for each condition. For IF and imaging experiments, different areas
(n=3,4,5) per well of three biological replicates were used for calculation of granule areas or sizes for each condition to ensure consistency.
Sample sizes are listed in annotations. Sample sizes were chosen according to community standards, balancing statistical power and
experimental burden. No sample size calculation was used to determine sample size.

Data exclusions  For all experiments reported, no data was excluded.
Replication All proteomics study were performed with three biological replicates per condition. All subsequent validations with calculation and statistical
analysis were performed with three biological replicates. Other experiments and conclusions were mostly confirmed with two independent

experiments. All replication information of each experiment is provided in the figure legends.

Randomization  All biological samples in an experiment originated from the same population of cultured cells and were randomly assigned for groups and
treatment conditions.

Blinding No blinding was performed as it was not relevant in this study. All biological samples are processed in the same way and data was collected/
analyzed largely via programmed analysis softwares.

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

Involved in the study n/a | Involved in the study
™ Antibodies X[ ] chip-seq
Eukaryotic cell lines |:| Flow cytometry

Palaeontology and archaeology IZ D MRI-based neuroimaging
Animals and other organisms

Clinical data

XXNXX[s
OOOOXD

Dual use research of concern

Antibodies

Antibodies used Primary antibodies: rabbit anti-G3BP1 (Cell Signaling Technology, 61559S), mouse anti- G3BP1 (Proteintech, 66486-1-Ig), mouse anti-
G3BP1 (Santa Cruz Biotechnology, sc-365338), rabbit anti- HaloTag (Promega, G928A), rabbit anti-PDIA6 (Abcam, ab154820), rabbit
anti-PUM3 (Sigma-Aldrich, HPA002353), rabbit anti-RPL4 (Sigma-Aldrich, HPAO34600), mouse anti-pan-ubiquitin (Santa Cruz
Biotechnology, sc-8017), mouse anti-B-actin (Cell Signaling Technology, 3700S), rabbit anti-B-actin (Cell Signaling Technology, 84575S),
mouse anti-a-tubulin (Cell Signaling Technology, 3873S), rabbit anti-ITCH (Proteintech, 20920-1-AP), rabbit anti-NEDD4L
(Proteintech, 13690-1-AP), rabbit anti-NDFIP1 (Proteintech, 15602-1-AP), rabbit anti-WWP2 (Proteintech, 12197-1-AP), rabbit anti-
NEDD4 (Proteintech, 21698-1-AP), rabbit anti-NDFIP2 (Proteintech, PA5-52657), mouse anti-HA-tag (invitrogen, 26183), rabbit anti-
K63- ubiquitin (Thermo Fisher, MA532573), rabbit anti-K48-ubiquitin (Thermo Fisher, MA535382), mouse anti- VCP (Santa Cruz
Biotechnology, sc-57492), rabbit anti-HDACG6 (Cell Signaling Technology, 7558T), mouse anti-SQSTM1 (Santa Cruz Biotechnology,
sc-48402), rabbit anti-TOLLIP (Proteintech, 11315-1-AP), rabbit anti-LC3B (Cell Signaling Technology, 3868S).

Secondary antibodies: goat anti-rabbit Alexa Fluor 488 (Invitrogen, A32731), goat anti-mouse Alexa Fluor 488 (Invitrogen, A11001),
goat anti-rabbit Alexa Fluor 555 (Invitrogen, A21428), goat anti-mouse Alexa Fluor 555 (Invitrogen, A21422), IRDye 680RD goat anti-
mouse (Li-Cor, 926-68070), IRDye 680RD goat anti-rabbit (Li-Cor, 926-68071), IRDye 800CW goat anti-mouse (Li-Cor, 926-32210),
IRDye 800CW goat anti-rabbit (Li-Cor, 926-32211).

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
A

Validation All antibodies used are commercially available and purchased with validations from the manufactures.
All the following antibodies were validated in the application of IF:
rabbit anti-G3BP1 (Cell Signaling Technology, 615595, https://www.cellsignal.com/products/primary-antibodies/g3bp1-e9glm-xp-
rabbit-mab/61559), mouse anti- G3BP1 (Proteintech, 66486-1-lg, https://www.ptglab.com/products/G3BP-Antibody-66486-1-
lg.htm), mouse anti-G3BP1 (Santa Cruz Biotechnology, sc-365338, https://www.scbt.com/p/g3bp1l-antibody-h-10), rabbit anti-
HaloTag (Promega, G928A, https://www.promega.com/products/protein-detection/primary-and-secondary-antibodies/anti-halotag-
pab/?catNum=G9281), rabbit anti-PDIA6 (Abcam, ab154820, https://www.abcam.com/products/primary-antibodies/pdia6-antibody-
epr10132b-ab154820.html), rabbit anti-PUM3 (Sigma-Aldrich, HPA002353, https://www.sigmaaldrich.com/US/en/product/sigma/
hpa002353), rabbit anti-RPL4 (Sigma-Aldrich, HPA034600, https://www.sigmaaldrich.com/US/en/product/sigma/hpa034600), mouse
anti-pan-ubiquitin (Santa Cruz Biotechnology, sc-8017, https://www.scbt.com/p/ubiquitin-antibody-p4d1), mouse anti-HA-tag
(invitrogen, 26183, https://www.thermofisher.com/antibody/product/HA-Tag-Antibody-clone-2-2-2-14-Monoclonal/26183), rabbit
anti-K63- ubiquitin (Thermo Fisher, MA532573, https://www.thermofisher.com/antibody/product/Ub-K63-Antibody-clone-JM09-67-
Recombinant-Monoclonal/MA5-32573), rabbit anti-K48-ubiquitin (Thermo Fisher, MA535382, https://www.thermofisher.com/
antibody/product/Ub-K48-Antibody-clone-ARC0811-Recombinant-Monoclonal/MA5-35382), rabbit anti-TOLLIP (Proteintech,
11315-1-AP, https://www.ptglab.com/products/TOLLIP-Antibody-11315-1-AP.htm),rabbit anti-LC3B (Cell Signaling Technology,
3868S, https://www.cellsignal.com/products/primary-antibodies/Ic3b-d11-xp-rabbit-mab/3868).
All the following antibodies were validated in the application of WB: mouse anti-B-actin (Cell Signaling Technology, 3700S, https://
www.cellsignal.com/products/primary-antibodies/b-actin-8h10d10-mouse-mab/3700), rabbit anti-B-actin (Cell Signaling Technology,
84575, https://www.cellsignal.com/products/primary-antibodies/b-actin-d6a8-rabbit-mab/8457), mouse anti-a-tubulin (Cell
Signaling Technology, 3873S, https://www.cellsignal.com/products/primary-antibodies/a-tubulin-dm1la-mouse-mab/3873), rabbit
anti-ITCH (Proteintech, 20920-1-AP, https://www.ptglab.com/products/ITCH-Antibody-20920-1-AP.htm), rabbit anti-NEDD4L
(Proteintech, 13690-1-AP, https://www.ptglab.com/products/NEDD4L-Antibody-13690-1-AP.htm), rabbit anti-NDFIP1 (Proteintech,
15602-1-AP, https://www.ptglab.com/products/NDFIP1-Antibody-15602-1-AP.htm), rabbit anti-WWP2 (Proteintech, 12197-1-AP,
https://www.ptglab.com/products/WWP2-Antibody-12197-1-AP.htm), rabbit anti-NEDD4 (Proteintech, 21698-1-AP, https://
www.ptglab.com/products/NEDD4-Antibody-21698-1-AP.htm), rabbit anti-NDFIP2 (Proteintech, PA5-52657, https://
www.thermofisher.com/antibody/product/NDFIP2-Antibody-Polyclonal /PA5-52657), mouse anti-pan-ubiquitin (Santa Cruz
Biotechnology, sc-8017, https://www.scbt.com/p/ubiquitin-antibody-p4d1), mouse anti-VCP (Santa Cruz Biotechnology, sc-57492,
https://www.scbt.com/p/vcp-antibody-5), rabbit anti-HDACE (Cell Signaling Technology, 7558T, https://www.cellsignal.com/
products/primary-antibodies/hdac6-d2e5-rabbit-mab/7558), mouse anti-SQSTM1 (Santa Cruz Biotechnology, sc-48402, https://
www.scbt.com/p/sgstm1-antibody-a-6), rabbit anti-TOLLIP (Proteintech, 11315-1-AP, https://www.ptglab.com/products/TOLLIP-
Antibody-11315-1-AP.htm), rabbit anti-LC3B (Cell Signaling Technology, 3868S, https://www.cellsignal.com/products/primary-
antibodies/lc3b-d11-xp-rabbit-mab/3868).

Eukaryotic cell lines

Lcoz Yooy

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Flp-In T-Rex 293 cells (Thermo Fisher cat# R78007) were purchased from Thermo Fisher for the use of generating HaloMap
stable cell lines and subsequent validations. SH-SY5Y cells and Hela cells was obtained from ATCC.

Authentication All purchased cell lines were validated by manufactures. Stable cell lines expressing HaloTag fusion proteins were confirmed
with immunofluorescence microscopy.




Mycoplasma contamination Parent cell lines were tested negative for mycoplasma contamination.

Commonly misidentified lines No commonly misidentified lines were used in this study.
(See ICLAC register)
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