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1st Editorial Decision 28th Apr 2020

Thank you for submitting your manuscript entitled "Receptor-mediated clustering of RB1CC1
bypasses the role of LC3 lipidation in autophagy” to The EMBO Journal. Please accept my
apologies for the lengthy review process. Your study has been sent to three reviewers for
evaluation, whose reports are enclosed below.

As you can see, the referees consider the work potentially interesting. However, they also raise
several major criticisms that need to be addressed before they can support publication in The
EMBO Journal. Importantly, referee #1 stresses that the physiological relevance of ATG7-
independent autophagy and the proposed ubiquitin-independent recruitment of TAX1BP1 to
cargoes would need to be further investigated.

Given the overall interest of your study, Iwould like to invite you to submit a revised version that
addresses the above-mentioned and all the other points raised by the referees. Iwould like to point
it out that solving all the referees' issues in a conclusive manner will be essential for publication in
The EMBO Journal, as well as a strong support from the referees. | should also add that it is our
policy to allow only a single round of revision. Therefore, acceptance of your manuscript will depend
on the completeness of your responses in this revised version.

We generally allow three months as a standard revision time. As we are aware that many
laboratories cannot function at full capacity owing to the COVID-19 pandemic, we may relax this
deadline. Also, we have decided to apply our ‘'scooping protection policy' to the time span required
for you to fully revise your manuscript and address the experimental issues highlighted herein.
Nevertheless, please inform us as soon as a paper with related content published elsewhere.

Before submitting your revision, primary datasets (and computer code, where appropriate)
produced in this study need to be deposited in an appropriate public database (see
http://msb.embopress.org/authorguide#dat aavailability). Please remember to provide a reviewer
password if the datasets are not yet public. Include a "Data availability" section even if there are no
primary datasets produced in the study.

I realize that addressing all the referees' criticisms could be time-consuming and technically
challenging.  would therefore understand if you were to choose not to undergo an extensive
revision here and rather submit your study elsewhere, in which case please inform us at your
earliest convenience.

I thank you for the opportunity to consider this manuscript and look forward to your revision.



Referee #1:

The manuscript by Ohnstad et al. reports a role for the cargo receptor TAX1BP1 in the autophagic
delivery of NBR1 into lysosomes in AT G7 deficient cells. This role of Tax1BP1 is independent of its
ubiquitin binding domains but depends on its ability to bind NBR1 and RB1CC1. These interactions
help to link the early autophagy machinery to NBR1 thereby to locally induce autophagosome
formation.

The manuscript reports a number of insights that are interesting for the autophagy community.
However, there are several issues that make it less exciting for a wider audience.

1. It is unclear what the physiological relevance of AT G7-independent autophagy is. While it is
evident from various previous publications that in mammalian cells autophagy including
macroautophagy can occur in the absence of ATG7 and LC3 lipidation (see for example PMIDs:
27885029, 27864 321), it is unclear if ATG7 independent autophagy occurs in wild type cells. In
other words, do the discoveries in this manuscript inform about the progression of autophagy in
normal cells expressing ATG7?

2. The authors write "Our data..highlights the duality of autophagy receptor function, both bridging
cargo and membranes (via LC3) and/or recruiting upstream autophagy factors to drive cargo-driven
autophagosome formation”. However, this concept is now well established. See some recent
examples PMIDs: 30853401, 30853402, 30853400, 29290589, 27768871, 26166702. Many of the
papers are also cited in the text.

3. The authors claim to define a ubiquitin-independent mode of TAX1BP1 recruitment to cargo.
However, they show that TAX1BP1 is in a complex with NBR1 and possibly p62, which are ubiquitin
binding proteins. Therefore, this claim is not supported by the presented evidence.



Referee #2:

In this manuscript the authors describe a role for TAX1BP1 in mediating autophagic clearance of
NBRL1 in the absence of Atg7 (and other Atg8 conjugation machinery components). This activity of
TAX1BP1 is dependent on direct binding to NBR1 via a newly identified N-domain and via binding
and clustering of FIP200 (RB1CC1) via TAX1BP1's SKICH domain. This mechanism of TAX1BP1
activity, which functions independently of ubiquitin binding, drives robust turnover of NBR1 in the
absence of Atg8 family lipidation. Overall, the data are mostly clear and convincing and supported
by well controlled experiments. The discovery of lipidation and ubiquitin independent autophagy
receptor activity is a very interesting phenomenon that will be of interest to many in the autophagy
field and also to the broad readership of EMBO J. However, it will be critical for the authors to
provide some functional insight into what the role of lipidation independent turnover of NBR1 by
TAX1BP1 may play and/or under what conditions. This is important to address given that in Figure
5B the TAX1BP1 10-domain mutant which retains its ability to bind NBR1 and drive turnover in
Atg7 KO is not itself turned over at all in reconstituted TAX1BP1 KO cells. This indicates that Atg7
independent turnover is not occurring at all under normal conditions. Thus, what is the role of Atg7
independent autophagy of NBR1 by TAX1BP1? Could it a compensatory artefact of knocking out
components of the lipidation machinery? I think it is certainly possible that TAX1BP1's activity
might switch under conditions in which LC3/GABARAP conjugation is compromised in order to
support the activity of NBR1 to turn over its substrates (or just to turnover NBR1). Some possible
suggestions for the authors to explore and help establish some physiological context include;

1) The authors show that ubiquitin is present in the NBR1/T AX1BP1 foci, and NBR1 has previously
been shown to turn over ubiquitinated proteins and peroxisomes, does this activity persist in Atg7
KO? Is there an increase in ubiquitinated proteins in either TAX1BP1 KO or Atg7/TAX1BP1 KO
cells reconstituted with TAX1BP1 NBR1 binding mutants or SKICH mutants?

2) Infection of cells with Legionella results in inhibition of LC3/GABARAP dependent autophagy via
the bacterial effector RavZ. Does lipidation independent turnover of NBR1 via TAX1BP1 take over
in this context to help clear ubiquitinated substrates, peroxisomes or even invading bacteria? The
authors could try infecting with Legionella or overexpressing RavZ.

3) Oxidative stress has previously been shown to inhibit Atg4 activity which would prevent
LC3/GABARAP maturation. Thus, it is possible that TAX1BP1's activity might switch under
conditions in which LC3/GABARAP conjugation is compromised by oxidative stress.

Specific comments:
1. Figure 1H: Can the authors show evidence of autophagosome formation using electron
microscopy, ideally using CLEM to show that NBRL1 is localised to autophagosomes in Atg7 KO?

2. Figure 4a: Conducting mass spec analysis of the co-IP could help to determine whether any other

cargoes are associated and therefore give some insight on the specific substrates that might be
normally turned over via NBR1/T AX1BP1 lipidation independent autophagy.



3. Many of the microscope images are too dim to assess. E.g. Figure 4B and C:tfNBR1 is too dim to
see in this figure in WT cells. NDP52 is also very difficult to see. It is the same case in Figure 1G and
6A and B. Can the authors please address this issue?

4. Figure 6B: It would be beneficial to re-introduce TAX1BP1 mutants -SKICH mutant and delta N
mutant to show what affect they have on NBR1 and FIP200 colocalisation. T his will help strengthen
the conclusions drawn from the co-IP data.

5. Can the authors confirm that unlipidated LC3 and/or GABARAP subfamily members are not
recruited to NBR1/T AX1BP1/FIP200 foci?

6. Does rescue of Atg7 KO (or KO lines of other conjugation proteins) with a catalytic inactive
mutant still have the same rate of NBR1 turnover? This could help discount the possibility that
NBRL1 turnover is a compensatory mechanism in response to the loss of a conjugation protein
rather than its activity in lipidation.

Minor comments:
1.t is recommend naming RB1CC1 as FIP200 given that the autophagy field largely recognises it by
this name.

2. Line 40: Atg8 family proteins not LC3 family proteins. LC3 proteins are a subfamily of the Atg8
family.

3. Line 362:the RB1CC1 complex the authors refer to is typically called the ULK1 complex. FIP200 is
a subunit of the ULK1 complex.

4. Fig 3E: it would be better to include the TAX1BP1 blots in the figure despite being knockouts,
this would help to further validate that TAX1BP1 KOs were used.

Referee #3:

Here the authors present a comprehensive use of high-throughput screens, and rigorous genetic
knock out models to exploit the panel of tandem fluorescent autophagy reporters established in
their previous work (Shoemaker et al.,, 2019). In this manuscript they address the role of lipidation-
independent, ie LC3 independent basal "selective" autophagy.

They show that AT G7-independent autophagy in particular as a modulator of NBR1 flux requires
ATG proteins RB1CC1 and ATG9A, and is modulated by TAX1BP1. They show that recruitment of
TAX1BP1 in a heterotypic receptor complex can induce puncta with STSQM1 and ubiquitin, and
the transport of this complex to lysosomes requires AT G9A. Finally, they identify a domain in
TAX1BP1 that mediates NRBL1 flux, and FIP200 recruitment. Overall the data is well presented and
controlled. There are a few points to address in particular concerning the nature of the NRB1
aggregates, in particular the receptor specific conclusions maybe influenced by the presence of p62
and pathways related to the regulation of p62, and NRBL1 levels which are controlled by Keapl1-Nrf2.
This concern should be considered in light of the publication by Sanchez-Martin et al., (EMBO Rep
Jan 2020) which shows overexpression of NRB1 creates liquid droplets influenced by STSQM1/p62



levels and the transcription factor system Keapl-Nrf2. The authors conclusion that a heterotypic
receptor substrate assembles as an AT G7 independent system maybe complicated by the
formation of liquid droplets in the cells, and the presence of multiple other autophagy receptors.
Finally, can this system really be considered as selective autophagy? Or aggrephagy? Given there
are just overexpressed receptors and no cargo? Could you comment if TAX1BP1 role described
here is associated with a specific cargo degradation (mitophagy, aggrephagy, etc) oris it
unspecific?

Specific points:

1. The introduction section is easy to read and very well focused on autophagy and more precisely
in selective autophagy in cells lacking LC3 proteins. However, as the main focus of the paper is the
role of TAX1BP1 on NBR1 puncta in "selective” autophagy, it would be helpful to include there a
brief description of TAX1BP1 and NBR1, covering also their previous described roles in this context.
2.In general, the methods/techniques used in this manuscript are exactly the same used in the
previous publication (Shoemaker et al, 2019), missing some novelty in the approach used for the
characterization of this new role for TAX1BP1. Moreover, Figure 1 and the first set of results reflect
exactly the same results published in Shoemaker et al, 2019. The data about NBR1 and NDP52
degradation upon RB1CC1 depletion is not consistent with data described in Mejlvang et al, 2018.
3. Figure 1D does not reflect the same data if compared with Shoemaker et al, 2019 Figure 2B,
where sgAT G7 have a strongest effect in autophagy suppression using TAX1BP1 as a reporter.
Here in Figure 1D, the values are higher for tf-LC3, tf-NDP52 and tf-SQSTM1 compared to tf-
TAX1BP1. Can the authors comment?

4.In Fig S1 there appear large aggregates of NBR1 in FIP200 KO, which is less but noticeable in
ATGY9A KO. Are these aggregates able to be resolved or refractile to delivery?

5. Can the authors rule out that in AT G9A and FIP200 KO, the capacity to degrade NRB1 is
overwhelmed and the aggregates are not engulfed? Levels of NRBL1 are increased in AT G9A KO,
and should also be controlled in Fip200 KO.

6. A rescue experiment to see test if aggregates in Figure 1G and S1C can be completely degraded
should be tried, for example, ie in a stable KO of Fip200 perform an acute rescue and monitor
degradation? LC3 could be a positive control.

7. Possibility that NRB1 aggregates are intractable to degradation once formed in lipidation-
deficient cells is supported by increased levels seen in Fig. 3C. To bring this in line with the other
data please also perform labelling with FIP200 in addition to AT G9A.

8. As shown in Figure 5, ubiguitin binding domains in TAX1BP1 are dispensable for ATG7-
independent autophagy. However, is ubiquitin still needed during this process? From these results,
it is clear that ubiquitin binding to TAX1BP1 C-terminal region does not occur, but is ubiquitination
of cargo still required? Is ubiquitin accumulated in these NBRL1 structures in ATG7 KO/TAX1BP1
KO. If so, could you comment on the possible mechanism?

9. Although, as described here LC3 lipidation is not required for NBR1 degradation, are
LC3/GABARAPs still essential in this process (non-lipidated forms)? In Figure 5, mutation of non-
canonical LIR motif of TAX1BP1 does not affect the rescue experiments in ATG7 KO/TAX1BP1 KO
cells, but is the recruitment of LC3/GABARAPs to these NBR1 puncta still taking place?

10. In Figure 5C, coimmunoprecipitation was performed using myc-TAX1BP1 or myc-NBR1 and
different tagBFP-V5-TAX1BPL1 truncations. Although the result is quite clear, it would be useful to
see if these truncations can oligomerize with endogenous TAX1BP1 and/or interact with
endogenous NBR1.

11. In Figure 6C, WB or IF analysis of ATG9 depletion in these cell lines should be provided.

12. Could you comment on the role of TAX1BP1 in immediate autophagic response described in
Mejlvang et al, 20187 As it is described as an AT G7-independent process, could TAX1BP1 be



playing a role in this situation?

Minor points:

1. Fig. S4 STSQML1 should be included in the IP.
2. Minor spelling corrections:

- Line 238: Figure S5C

- Line 262: TAX1BP11-506A 0 domain

- Line 299: this interaction is not required

- Line 332:independent



1st Authors' Response to Reviewers 11th Aug 2020

Referee #1:

The manuscript by Ohnstad et al. reports a role for the cargo receptor TAX1BP1 in the autophagic
delivery of NBR1 into lysosomes in ATG7 deficient cells. This role of Tax1BP1 is independent
of its ubiquitin binding domains but depends on its ability to bind NBR1 and RBICCI. These
interactions help to link the early autophagy machinery to NBR1 thereby to locally induce
autophagosome formation.

The manuscript reports a number of insights that are interesting for the autophagy community.
However, there are several issues that make it less exciting for a wider audience.

1. It is unclear what the physiological relevance of ATG7-independent autophagy is. While it is
evident from various previous publications that in mammalian cells autophagy including
macroautophagy can occur in the absence of ATG7 and LC3 lipidation (see for example PMIDs:
27885029, 27864321), it is unclear if ATG7 independent autophagy occurs in wild type cells. In
other words, do the discoveries in this manuscript inform about the progression of autophagy in
normal cells expressing ATG7?

Response: These are key questions.

First, what do our data tell us about autophagy? By stripping away the requirement for LC3
lipidation in autophagy, we were afforded an unfiltered view of the underlying mechanisms of
cargo selection and autophagosome initiation. These data reinforce the critical role receptors play
in clustering early autophagy factors and challenges the primacy of LC3 (although this is not to
say that LC3 doesn’t make many significant contributions).

Do ATG7-dependent and ATG7-independent autophagy occur independently in WT cells? It is
conceptually possible, but with so many interactions between ATGs (in this case, the interaction
between FIP200 and ATG16L1 comes to mind), it seems most likely that these are concomitant
mechanisms that positively reinforce autophagosome formation around cargo. By necessity,
ATG7-independent mechanisms become the predominant form in cases where lipidation is
inhibited, (e.g. by bacterial effectors proteins like RavZ [see Fig 4A], or in other disease states).

As a practical matter, our data provide further evidence that common autophagy controls (e.g.
ATG7%9 cells) are insufficient as stand-alone controls for autophagy. This is particularly relevant
for members of the broader scientific community who may only choose one or two autophagy
controls to test the effects of autophagy in their system of choice.

Finally, our data should inform the clinical development of lipidation machinery inhibitors (e.g.
ATG4 or ATGT7 inhibitors), which will need to account for the differential degradation of
etiological substrates in the presence and absence of lipidation.

2. The authors write "Our data...highlights the duality of autophagy receptor function, both
bridging cargo and membranes (via LC3) and/or recruiting upstream autophagy factors to drive
cargo-driven autophagosome formation". However, this concept is now well established. See some



recent examples PMIDs: 30853401, 30853402, 30853400, 29290589, 27768871, 26166702. Many
of the papers are also cited in the text.

Response: We apologize for our word choice. Our intention was simply to point out that our work
reinforces previous findings. We apologize if it seemed as if we were trying to supersede prior
claims. We removed this passage from the abstract so as to not over-emphasize this point and to
focus on the more novel aspects of our work. We modified (but did not fully eliminate) the related
passage in the discussion in order to draw comparisons between this study and previous studies.

In addition, we apologize for the missing reference to Smith et al. (PMID 29290589). We thank
the reviewer for pointing out this glaring oversight.

3. The authors claim to define a ubiquitin-independent mode of TAX1BP1 recruitment to cargo.
However, they show that TAX1BP1 is in a complex with NBR1 and possibly p62, which are
ubiquitin binding proteins. Therefore, this claim is not supported by the presented evidence.

Response: Thank you for pointing out the ambiguities in our claims. All three reviewers made
comments related to this point. While the feedback varied, it was clear our comments relating
TAX1BP1 and ubiquitin needed to be clarified.

The reviewer is absolutely correct: ubiquitin is present at NBR1 puncta (Data presented as EV4B).
A better choice of words could have been “ubiquitin-independent mode of TAX1BP1 recruitment
to NBR1” or a “ubiquitin-binding domain (UBZ)- independent mode of TAX1BP1 recruitment to
cargo”.

The point we failed to properly convey is that TAX1BP1 functions in ATG7-independent
autophagy independent of its ability to bind ubiquitin, which is quite striking. Even though NBR1
puncta have ubiquitin, TAX1BP1 is recruited through a separate mechanism. To clarify this point,
we have altered the text of our manuscript to more precisely indicate a “UBZ-independent”
recruitment.



Referee #2:

In this manuscript the authors describe a role for TAX1BP1 in mediating autophagic clearance of
NBRI in the absence of Atg7 (and other Atg8 conjugation machinery components). This activity
of TAX1BP1 is dependent on direct binding to NBR1 via a newly identified N-domain and via
binding and clustering of FIP200 (RB1CC1) via TAX1BP1's SKICH domain. This mechanism of
TAXI1BPI activity, which functions independently of ubiquitin binding, drives robust turnover of
NBRUI in the absence of Atg8 family lipidation. Overall, the data are mostly clear and convincing
and supported by well controlled experiments. The discovery of lipidation and ubiquitin
independent autophagy receptor activity is a very interesting phenomenon that will be of interest
to many in the autophagy field and also to the broad readership of EMBO J. However, it will be
critical for the authors to provide some functional insight into what the role of lipidation
independent turnover of NBR1 by TAX1BPI may play and/or under what conditions. This is
important to address given that in Figure 5B the TAX1BP1 AO-domain mutant which retains its
ability to bind NBR1 and drive turnover in Atg7 KO is not itself turned over at all in reconstituted
TAXI1BP1 KO cells. This indicates that Atg7 independent turnover is not occurring at all under
normal conditions. Thus, what is the role of Atg7 independent autophagy of NBR1 by TAX1BP1?
Could it a compensatory artefact of knocking out components of the lipidation machinery? I think
it is certainly possible that TAX1BP1's activity might switch under conditions in which
LC3/GABARAP conjugation is compromised in order to support the activity of NBR1 to turn over
its substrates (or just to turnover NBR1). Some possible suggestions for the authors to explore and
help establish some physiological context include;

1) The authors show that ubiquitin is present in the NBR1/TAX1BP1 foci, and NBRI has
previously been shown to turn over ubiquitinated proteins and peroxisomes, does this activity
persist in Atg7 KO? Is there an increase in ubiquitinated proteins in either TAX1BP1 KO or
Atg7/TAX1BP1 KO cells reconstituted with TAX1BP1 NBRI1 binding mutants or SKICH
mutants?

2) Infection of cells with Legionella results in inhibition of LC3/GABARAP dependent autophagy
via the bacterial effector RavZ. Does lipidation independent turnover of NBR1 via TAX1BP1 take
over in this context to help clear ubiquitinated substrates, peroxisomes or even invading bacteria?
The authors could try infecting with Legionella or overexpressing RavZ.
3) Oxidative stress has previously been shown to inhibit Atg4 activity which would prevent
LC3/GABARAP maturation. Thus, it is possible that TAX1BP1's activity might switch under
conditions in which LC3/GABARAP conjugation is compromised by oxidative stress.

Response: We are highly appreciative of the reviewer’s thoughtful suggestions on how to
approach this question. In the end, we settled on using RavZ to mimic a physiological condition
in which LC3 lipidation is inhibited and TAX1BP1’s activity must “switch.” This data is now
included in Fig 4A. Related to points 1 and 3, we had issues recapitulating previously published
phenomena, so we could not evaluate the effects of TAX1BP1 in those contexts.

Specific comments:

1. Figure 1H: Can the authors show evidence of autophagosome formation using electron
microscopy, ideally using CLEM to show that NBR1 is localised to autophagosomes in Atg7 KO?



Response: Thank you for the suggestion. We have performed several CLEM experiments that we
believe substantially strengthen our findings. First, we performed CLEM on ATG7X° cells and
confirmed the localization of NBR1 in double-membrane structures (Fig 1E, EV1E). Second, we
performed CLEM on ATG7X9/TAXIBPI%° cells and found that NBRI puncta are no longer
surrounded by membrane structures (Fig 3C). We note that NBRI structures in
ATG7%O/TAXIBPIX© cells are reminiscent of p62 aggregates recently reported by Jakobi ef al,
2020. The association of NBR1 with SQSTM1 in vivo is consistent with our immunofluorescence
microscopy and co-IP data (e.g. Fig 5A and B).

2. Figure 4a: Conducting mass spec analysis of the co-IP could help to determine whether any
other cargoes are associated and therefore give some insight on the specific substrates that might
be normally turned over via NBR1/TAX1BP1 lipidation independent autophagy.

Response: We performed this analysis as suggested, with mixed results. The data validate that
NBR1, TAXIBPI, and SQSTM1 are primary components of this aggregate (this data is now
included as Table EV3). The only other known autophagy receptors we observed in this complex
were NIPSNAPI and NIPSNAP2. However, these data did not validate via immunoblotting. We
also identified (and validated) TROVE?2 as co-IPing with NBR1 in a highly specific manner (Fig
EV3B). However, total cellular TROVE2 was not influenced by autophagy (Fig EV3C). While
this does not eliminate the possibility that TROVE?2 is an autophagy target, we cannot definitively
describe the cargo at this time.

3. Many of the microscope images are too dim to assess. E.g. Figure 4B and C: tfNBRI is too dim
to see in this figure in WT cells. NDP52 is also very difficult to see. It is the same case in Figure
1G and 6A and B. Can the authors please address this issue?

Response: We apologize for the poor image quality. It was particularly egregious in print format.
We have made several changes to improve the quality of our images. First, we remade all
microscopy figures, linearly adjusting brightness and contrast (if possible) and exporting figures
in a different file format that improved image quality. Unfortunately, due to intensity differences
between cell lines, this could not fully correct the problem. Particularly in cells with high
autophagic flux, NBR1 signal is often extremely low. To further improve readers’ ability to
evaluate our microscopy data, we transitioned to using black/white images for all single-color
panels. This allows for a better visualization of intensity in both electronic and print formats.
Finally, we note that, in conditions where puncta were not observed, representative cytoplasmic
regions were selected to showcase diffuseness of signal (e.g. Fig 5B, receptors are diffuse in WT
cells, but accumulate strikingly upon ATG9A KO).

4. Figure 6B: It would be beneficial to re-introduce TAX1BP1 mutants -SKICH mutant and delta
N mutant to show what affect they have on NBR1 and FIP200 colocalisation. This will help
strengthen the conclusions drawn from the co-IP data.



Response: This is a great suggestion. First, the disappointing news: Simultaneously performing
the rescue experiment and immunofluorescence proved technically challenging. Due to sample
loss inherent in our immunofluorescence protocol (there are myriad pelleting steps since these are
suspension cells), we could never find more than a few BFP-positive cells by the end and we
couldn’t make meaningful comparisons. However, (the good news) we were able to perform
aspects of this suggestion without the immunofluorescence component. With this approach, we
were able to validate a role for the N domain in localizing TAX1BP1 to NBR1 puncta in vivo.
These data are now provided in Fig EV4D, which nicely complement the conclusions from our
co-IP data.

5. Can the authors confirm that unlipidated LC3 and/or GABARAP subfamily members are not
recruited to NBR1/TAX1BP1/FIP200 foci?

Response: This concern was also shared by Reviewer 3 (point 9). This point is particularly relevant
given work by Runwal et al (PMID 31300716) demonstrating that SQSTM 1 aggregates can recruit
non-lipidated LC3B. To test whether soluble LC3B is similarly recruited to NBR1 aggregates in
our system, we performed immunofluorescence microscopy for LC3A/B in various deletion
backgrounds. However, we observe no LC3A/B puncta in any cell line lacking the lipidation
machinery. These data are now included as Fig EV2E.

6. Does rescue of Atg7 KO (or KO lines of other conjugation proteins) with a catalytic inactive
mutant still have the same rate of NBR1 turnover? This could help discount the possibility that
NBRI turnover is a compensatory mechanism in response to the loss of a conjugation protein
rather than its activity in lipidation.

Response: This is an important potential caveat. To directly test this alternative hypothesis, we
transfected ATG7X%/TAX1BPIX9 cells with wild-type (BFP-tagged) ATG7 or a catalytically dead
variant (BFP-ATG7%72%). As expected, only WT ATG?7 rescued; catalytically dead ATG7 had no
effect. These data are now included as Fig EV2C. In addition, we note new data from RavZ-
expressing cells (Fig 4A). This further distinguishes between LC3 lipidation and ATG7 activity
since RavZ inhibits lipidation while leaving the lipidation machinery intact.

Minor comments:

1. It is recommend naming RB1CC1 as FIP200 given that the autophagy field largely recognises
it by this name.

Response: We have changed the nomenclature throughout the manuscript to consistently reference
F1P200.

2. Line 40: Atg8 family proteins not LC3 family proteins. LC3 proteins are a subfamily of the
Atg8 family.



Response: Thank you for pointing out this mistake in nomenclature. We have now clarified “Atg8-
family proteins, including both the LC3 and GABARAP families in mammals.”

3. Line 362: the RBICCI1 complex the authors refer to is typically called the ULK1 complex.
FIP200 is a subunit of the ULK1 complex.

Response: Thank you for pointing out this ambiguity. We have removed the reference to a
complex and refer only to FIP200 (since this is the protein we were directly visualizing).

4. Fig 3E: it would be better to include the TAX1BP1 blots in the figure despite being knockouts,
this would help to further validate that TAX1BP1 KOs were used.

Response: This data is now included. We note that this is now Fig 4D.



Referee #3:

Here the authors present a comprehensive use of high-throughput screens, and rigorous genetic
knock out models to exploit the panel of tandem fluorescent autophagy reporters established in
their previous work (Shoemaker et al., 2019). In this manuscript they address the role of lipidation-
independent, ie LC3 independent basal "selective" autophagy.

They show that ATG7-independent autophagy in particular as a modulator of NBR1 flux requires
ATG proteins RBICCI and ATG9A, and is modulated by TAX1BP1. They show that recruitment
of TAX1BP1 in a heterotypic receptor complex can induce puncta with STSQM1 and ubiquitin,
and the transport of this complex to lysosomes requires ATG9A. Finally, they identify a domain
in TAX1BP1 that mediates NRBI1 flux, and FIP200 recruitment. Overall the data is well presented
and controlled. There are a few points to address in particular concerning the nature of the NRB1
aggregates, in particular the receptor specific conclusions maybe influenced by the presence of
p62 and pathways related to the regulation of p62, and NRB1 levels which are controlled by
Keap1-Nrf2. This concern should be considered in light of the publication by Sanchez-Martin et
al., (EMBO Rep Jan 2020) which shows overexpression of NRBI1 creates liquid droplets
influenced by STSQM1/p62 levels and the transcription factor system Keapl-Nrf2. The authors
conclusion that a heterotypic receptor substrate assembles as an ATG7 independent system maybe
complicated by the formation of liquid droplets in the cells, and the presence of multiple other
autophagy receptors. Finally, can this system really be considered as selective autophagy? Or
aggrephagy? Given there are just overexpressed receptors and no cargo? Could you comment if
TAXI1BPI role described here is associated with a specific cargo degradation (mitophagy,
aggrephagy, etc) or is it unspecific?

Response:
We thank the reviewer for their comments.

There are a number of really good points to address. First, as the reviewer points out, the interplay
between NBR and p62 was deserving of a better look in our system. Included in the current version
of the manuscript, we can now confirm that neither deletion nor overexpression of SQSTM1
affects NBR1 flux in our system (data now included in Fig EV3F, G and H). Moreover, we found
that NBR1 overexpression does not affect SQSTM1 flux in K562 cells (Fig EV3I). This contrasts
with Sanchez-Martin et al, in which NBR1 overexpression clearly inhibits autophagy. While the
reasons for this discrepancy are unclear, NBR1 overexpression — in our system — does not have an
overtly suppressive effect on autophagy. Therefore, we believe that the NBR1/SQSTM1 dynamics
reported in Sanchez-Martin et a/ do not significantly change the interpretation of our manuscript.

In addition to the data above, we have done multiple new experiments to further probe the nature
of the NBR1 aggregate (see specific points #4-7).

Finally, the question was posed as to which form of autophagy is occurring under these conditions.
We confirmed the presence of ubiquitin at these puncta (see specific point #8). This supports the
idea that ubiquitinated cargo is likely being degraded, not just “empty” receptors with no cargo.
However, to date, the identity of this cargo remains unclear. Neither mass spectroscopy nor CLEM



revealed a consensus target for us to pursue. We are undertaking various efforts to identify the
cargo, but we cannot definitively describe the cargo at this time.

Specific points:

1. The introduction section is easy to read and very well focused on autophagy and more precisely
in selective autophagy in cells lacking LC3 proteins. However, as the main focus of the paper is
the role of TAX1BP1 on NBR1 puncta in "selective" autophagy, it would be helpful to include
there a brief description of TAX1BP1 and NBR1, covering also their previous described roles in
this context.

Response: We have included a new introductory paragraph (reproduced below). In this paragraph,
we more concretely introduce autophagy receptors, which facilitates our discussion of receptor
activity later in the manuscript. We thank the reviewer for the suggestion.

“Here, we further explored routes to the lysosome by focusing on the SQSTM1-like family
of autophagy receptors, including NDP52, SQSTM1, TAX1BP1 and NBR1 (Birgisdottir et al,
2013). SQSTMI1-like receptors (SLRs) are soluble, cytosolic proteins that, individually or in
combination, bind autophagic cargoes and mark them for degradation. SLRs share at least three
defining features: a ubiquitin-binding domain, an LC3-binding motif, and an oligomerization
domain (for reviews, see Kirkin & Rogov, 2019; Johansen & Lamark, 2020). Accordingly, SLRs
perform related, if not redundant, functions during many forms of selective autophagy, including
mitophagy (Lazarou et al, 2015), xenophagy (Tumbarello et al, 2015), and aggrephagy (Sarraf et
al, 2019; Kirkin et al, 2009). At the same time, receptor diversity enables individual SLRs to
perform non-overlapping functions, such as targeting unique autophagy substrates or interfacing
with additional cellular pathways. For instance, NBR1 functions coordinately with SQSTM1 in
aggrephagy (Kirkin et al, 2009) and pexophagy (Deosaran et al, 2013), yet uniquely targets
alternative substrates (e.g. major histocompatibility complex class I [MHC-I]) (Yamamoto et al,
2020). Additionally, NBR1 is one of several receptors that, in response to acute starvation, also
becomes a target of endosomal microautophagy (Mejlvang et al, 2018).”

2. In general, the methods/techniques used in this manuscript are exactly the same used in the
previous publication (Shoemaker et al, 2019), missing some novelty in the approach used for the
characterization of this new role for TAX1BP1. Moreover, Figure 1 and the first set of results
reflect exactly the same results published in Shoemaker et al, 2019. The data about NBR1 and
NDP52 degradation upon RB1CCI1 depletion is not consistent with data described in Mejlvang et
al, 2018.

Response: This is a point well taken. This had been an attempt to establish previous findings in
our own lab. However, they were redundant. We have removed old Fig 1B, 1C, and S1A and
moved old Fig 1E to the supplemental data (new Fig EV1A). In its place, we have added new
CLEM data (Fig 1E and Fig EV1E) that better illustrate our findings.



There are several possible explanations for the discrepancy
between our data and those reported in Mejlvang et al, 2018. First,
the process reported by Mejlvang et al occurs in response to
starvation. We purposefully avoided working under starvation
conditions so as to not potentially conflate these processes.
Second, the FIP200 data from Mejlvang et al was generated using
siRNA, while we use CRISPR to generate stable knock outs.
Mejlvang et al assess autophagosome formation (via LC3 puncta)
in their siFIP200-treated cells, and they find that autophagosome | Data for response to
formation is markedly reduced, but not necessarily absent (Fig S3E | Comment #3. FIP200*°
in Mejlvang et al). In contrast, in our FIP200 KO cells, all LC3 cell.s have no visible LC3
puncta are lost (see data, on right). Interestingly, Mejlvang et al foci.

test ATG7 function using stable KO cell lines rather than siRNA (Fig 3E, Fig 3F, Fig S3F in
Mejlvang et al). Perhaps not coincidentally, they see results similar to ours — namely that NBR1
and TAX1BP1 are still degraded, but NDP52 and SQSTM1 are not. These data are fully consistent
with our observation that Atg8-lipidation differentially affects receptor flux.

K562 tf-NBR1 FIP200%°

LC3 NBR1 merged

3. Figure 1D does not reflect the same data if compared with | B) é g 5 c
Shoemaker et al, 2019 Figure 2B, where sgATG7 have a strongest 3 2z E g
effect in autophagy suppression using TAX1BP1 as a reporter. Negative cti 1 (min)

SgATG9A (max)
Here in Figure 1D, the values are higher for tf-LC3, tf-NDP52 and sgRBICC1
tf-SQSTM1 compared to tf=-TAX1BP1. Can the authors comment? siZSﬁ'Sl

soVPsIiA
Response: This is an astute observation. We note that the effect b
sizes in Shoemaker et al 2019, Fig 2B, are based on sequencing SgATG10
data, which is prone to noise and may overestimate or sgATOt6LA
underestimate actual effects. However, when we validated the data S Tor
(Shoemaker 2019, Fig 3B, reproduced on right) the true effect size oy —
showed the same trend that we report in this manuscript. DA
Therefore, we believe the data are consistent. sgMEF2BNB
R o

4. In Fig S1 there appear large aggregates of NBR1 in FIP200 KO, 2‘-;1’:;23‘;‘5?
which is less but noticeable in ATG9A KO. Are these aggregates L2
able to be resolved or refractile to delivery? Negative cti 2
Response: To test whether aggregated NBR1 can be resolved, we % suppression
electroporated FIP200K0 and/or ATGIAKC cells with BEP-FIP200 JE— L
or BFP-ATG9A and monitored tf-NBRI flux as acutely as | pata for response to
possible. BFP tagging allowed us to clearly distinguish transfected | Comment #3. Fig 3B
and non-transfected cells. At 8 hours, we found low levels of BFP | reproduced from Shoemaker
expression and partial complementation (data on next page). The | etal 2019.

doubling time of these cells is ~18 hours, suggesting these effects
are not simply due to dilution through cell division. We cannot rule out that a subset of aggregates
(e.g. really large ones) is refractory to delivery. However, combined with other data (see points 5
and 6, below), we believe that aggregation does not fully render NBR1 refractory to delivery.
These data were not included in the new manuscript, because they are very similar to new data
from Reviewer comment #6 (which was included in the manuscript).
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. Data for response to Comment #5. NBR1
5. Can the authors rule out that in ATG9A and | jevels in autophagy-dead cells were depleted

FIP200 KO, the capacity to degrade NRBI is by shRNA. Even low levels of NBR1 were
overwhelmed and the aggregates are not | unable to be degraded by autophagy.

engulfed? Levels of NRBI1 are increased in
ATGYA KO, and should also be controlled in Fip200 KO.

Response: To evaluate the effect of NBR1 levels on turnover, we took two approaches. First, we
monitored the correlation between tf-NBR1 expression and flux (Fig EV1F). Even at the lowest
levels of overexpression, tf-NBR1 is completely refractory to lysosomal delivery in 4TG9A4X0
cells. However, this is still an overexpression system. Therefore, we used shRNA to knock down
NBRI1 expression in ATG9%C and FIP200%° cells (data above). By this approach, we are able to
generate ATG9X0 and FIP200%° cells that express NBR1 at or below the levels observed in WT
and ATG7X0 cells. Even under these conditions, tf-NBR1 flux is fully inhibited. We believe these
data indicate that autophagy is truly inhibited, not simply overwhelmed.

6. A rescue experiment to see test if aggregates in Figure 1G and S1C can be completely degraded
should be tried, for example, ie in a stable KO of Fip200 perform an acute rescue and monitor
degradation? LC3 could be a positive control.

Response: This was a clever suggestion. To test this hypothesis, we electroporated FIP200%° cells
(expressing either tf-NBR1 or tf-LC3) with a BFP-FIP200 rescue construct (or a BFP-only
control). 8 hours post-transfection, the rescue of tf-NBR1 (an aggregate) and tf-LC3 (a soluble
control) was comparable (albeit not complete in either case). These data are now included in Fig
EVI1D. By 24 hours, flux of both reporters was fully rescued (data not shown). However, because
our cells have a doubling time of ~18 hours, we prefer the 8 h timepoint, as it minimizes the
possibility that NBR1 aggregates are being diluted by cell division. As noted in our response to
comment #4, these data cannot rule out that a subset of aggregates is refractory to delivery.
However, we believe these data suggest that aggregation does not fully render NBR1 refractory to
delivery.



7. Possibility that NRB1 aggregates are intractable to degradation once formed in lipidation-
deficient cells is supported by increased levels seen in Fig. 3C (note from the authors: this is now
Fig 4B). To bring this in line with the other data please also perform labelling with FIP200 in
addition to ATGYA.

Response: FIP200 and ATG9A are both included in our blot, as requested. The data is presented
in Fig EV2F (previously Fig S3E). We are concerned we might not have interpreted this comment
correctly. We apologize if we did not perform what the reviewer intended.

8. As shown in Figure 5, ubiquitin binding domains in TAX1BP1 are dispensable for ATG7-
independent autophagy. However, is ubiquitin still needed during this process? From these results,
it is clear that ubiquitin binding to TAXIBP1 C-terminal region does not occur, but is
ubiquitination of cargo still required? Is ubiquitin accumulated in these NBR1 structures in ATG7
KO/TAX1BPI1 KO. If so, could you comment on the possible mechanism?

Response: Related questions were posed by all three reviewers, centering on the role of ubiquitin
in this process. First, we performed the experiment suggested by this reviewer, looking at
colocalization of NBR1 and Ubiquitin (FK2 antibody) in ATG75°/TAX1BP1%© cells. Indeed, these
foci are Ub-positive (Data presented as EV4B). A likely model is that that ubiquitinated cargo is
recognized by NBR1, which is then recognized by TAX1BP1. This is in line with the observation
that the ubiquitin binding domain of NBR1 is important for NBR1 flux (Data presented as EV4C).
To further reduce confusion, we have modified the text of our manuscript to more precisely
indicate a ‘UBZ-independent’ mechanism.

9. Although, as described here LC3 lipidation is not required for NBR1 degradation, are
LC3/GABARAPs still essential in this process (non-lipidated forms)? In Figure 5, mutation of
non-canonical LIR motif of TAXIBPI does not affect the rescue experiments in ATG7
KO/TAX1BP1 KO cells, but is the recruitment of LC3/GABARAPs to these NBR1 puncta still
taking place?

Response: This concern was also raised by Reviewer 2 (point 5). This point is particularly relevant
given work by Runwal et al (PMID 31300716) demonstrating that SQSTM 1 aggregates can recruit
non-lipidated LC3B. To test whether soluble LC3B is similarly recruited to NBR1 aggregates, we
performed immunofluorescence microscopy for LC3A/B in various deletion backgrounds.
However, we observe no co-staining of LC3A/B and NBR1 in any cell line lacking the lipidation
machinery. These data are now included as Fig EV2E.

10. In Figure 5C, coimmunoprecipitation was performed using myc-TAX1BP1 or myc-NBR1 and
different tagBFP-V5-TAXI1BP1 truncations. Although the result is quite clear, it would be useful
to see if these truncations can oligomerize with endogenous TAXIBP1 and/or interact with
endogenous NBR1.



Response: This would be a nice addition. Unfortunately, when we tried this approach, we could
not detect endogenous NBR1 in the input fraction, suggesting it was below the limit of detection
in our HEK293T lysate. In contrast, we could observe endogenous TAX1BPI in the lysate.
However, BFP-TAX1BP1 forms a doublet (see Fig 6C for an example). The lower band migrates
in the same region as endogenous TAX1BP1 and is of much higher intensity. This precluded our
ability to interpret these experiments. We apologize for not being able to provide these data.

As an alternative approach, we were able to validate the effect of the N domain with fluorescence
microscopy (Fig EV4D). Using ATGY9AXO/TAXIBPIXO cells, we transduced BFP-tagged
TAXI1BP1 variants and assessed colocalization with tf-NBRI1 puncta. As expected, BFP-
TAX1BP!-% coalesced into puncta that colocalized with NBR1, while BFP-TAX1BP1!4% (which
lacks the N domain) remained fully diffuse. These data nicely complement the conclusions from
our co-IP data, namely that the second half of CC2 defines a UBZ-independent mode of TAX1BP1
recruitment to NBR1. These data are now provided in Fig EV4D.

11. In Figure 6C, WB or IF analysis of ATG9 depletion in these cell lines should be provided.

Response: These data are now included in Fig EV5SB. We apologize for omitting this important
control in the original manuscript.

12. Could you comment on the role of TAX1BP1 in immediate autophagic response described in
Mejlvang et al, 2018? As it is described as an ATG7-independent process, could TAX1BP1 be
playing a role in this situation?

Response: We agree that there is an interesting thread running between these two studies.
Particularly, we note the similar pattern of receptor flux in Mejlvang 2018 and this study (namely,
the LC3-independent turnover of TAX1BP1 and NBR1, but not NDP52). We anticipate this likely
reflects the interaction of TAX1BP1 and NBR1, reported there. At the same time, there are notable
differences: starvation vs basal, FIP200-dependent vs independent. Going forward, it will be
interesting to use our TAX1BP1 variants to test whether TAX1BP1 is also a key component in
their experimental system.

Minor points:

1. Fig. S4 STSQMI1 should be included in the IP.

Response: Thanks. This was an important addition to reinforce that this is truly a complex. The IP
was repeated and an SQSMT1 blot is now included (new Fig EV3A)

2. Minor spelling corrections:
Response: Thank you for catching these. They have been corrected.

- Line 238: Figure S5C



- Line 262: TAX1BP11-506A0 domain
- Line 299: this interaction is not required

- Line 332: independent



1st Revision - Editorial Decision 7th Sep 2020

Thank you for submitting your revised manuscript. The study has been seen by the original
referees, whose comments are shown below.

As you can see, the reviewers find that their criticisms have been sufficiently addressed and
recommend the manuscript for publication, pending the few minor issues outlined below. In
particular, referee #1 requests you to rephrase a statement and to clarify two inconsistencies in the
text, whereas referee #3 asks you show the cellular amount of tf-NBR1 compared to endogenous
NBRL1.

In addition to solving these remaining points, there are a few editorial issues concerning the text
and the figures that | need you to address before we can officially accept your manuscript.

Referee #1:

The authors have done an excellent job and the manuscript has been improved substantially. | have
only a few comments left the authors should address.

1.In line 304 and following, the authors use tf-TAX1BP1 truncations in TAX1BP1 KO cells and
follow the lysosomal delivery of these truncations. They conclude that by this approach they
differentiate TAX1BP1 functions in canonical and AT G7-independent autophagy. This wording is
somewhat incorrect, because for canonical autophagy, they don't actually assess the function of
TAX1BP1 but only its degradation.

2. According to the model in Fig 7F, RB1CCL1 is present at the isolation membrane before the cargo
Is recruited, while in the text the authors clearly state that TAX1BP1 is responsible for RB1CC1
recruitment and clustering at the cargo in LC3-independent autophagy.

3.Line 146 and on: please define better the parameter used for analysis. Are "robustness" and
"autophagic efficiency/fractional turnover” the same thing? If so, use only one of the two definition.



Referee #2:

The authors have done an excellent job addressing the comments/suggestions which has
strengthened their conclusions and resulted in a very high quality manuscript.

Referee #3:

The authors have nicely addressed all of my comments as well as the cell models they are using
allows. The addition of the CLEM data strengthens the conclusion that the structures they observe
are indeed either double membrane vesicles or aggregates. The additional data provided in
response to the previous points has also clarified some aspects of the study. There remains one
point which was not obvious to this reviewer previously, or at least was lees important than other
concerns. Many of the most important points in the manuscript rely on the behaviour and levels of
tf-NBR1. Thus, it is critical to incorportae the knowledge of how much tf-NBR1 is in the cells
compared to endogenous protein and to note that this may have an influence on aggregate
formation and sequestration dependent or not on autophagy receptors. | understand in the original
study (PLOS Biology) the tf-cell lines were designed to express similar amounts for the CRISPR
screen. However, here they are used for a different question. It would be important highlight that
the level of tf-NBR1 in comparison to the endogenous is significantly higher. It is also clear from
Figure 5A that the tf-NBR1 levels increase in particular with the double knockdown of ATG7 and
TAX1BPL1. If the tf-NBR1 expression levels are increasing with autophagy knockouts can the
authors be sure their conclusions about the role of LC3 and FIP200 are not influenced by protein
levels? The authors should consider this point in the results text and highlight this possibility in the
discussion.



2nd Authors' Response to Reviewers 10th Sep 2020

Referee #1:

The authors have done an excellent job and the manuscript has been improved substantially. I
have only a few comments left the authors should address.

Response: Thank you for your efforts in helping us to improve this manuscript.
Individual responses are indicated below.

1. In line 304 and following, the authors use tf~-TAX1BP1 truncations in TAX1BP1 KO cells and
follow the lysosomal delivery of these truncations. They conclude that by this approach they
differentiate TAX1BP1 functions in canonical and ATG7-independent autophagy. This wording
is somewhat incorrect, because for canonical autophagy, they don't actually assess the function
of TAX1BP1 but only its degradation.

Response: We have modified this section (lines 311-316) to correct this point. Most
notably, ... differentiate TAX1BP1’s function in ATG7-independent autophagy from its role as
a canonical autophagy substrate.”

2. According to the model in Fig 7F, RBICCI is present at the isolation membrane before the
cargo is recruited, while in the text the authors clearly state that TAX1BP1 is responsible for
RB1CCI1 recruitment and clustering at the cargo in LC3-independent autophagy.

Response: The preliminary model (Fig 1) and the final model (Fig 7) have been updated.

3. Line 146 and on: please define better the parameter used for analysis. Are "robustness" and
"autophagic efficiency/fractional turnover" the same thing? If so, use only one of the two

definition.
Response: We amended the text (lines 143-148) to clarify.

Referee #2:

The authors have done an excellent job addressing the comments/suggestions which has
strengthened their conclusions and resulted in a very high quality manuscript.

Response: Thank you for your contributions to improving our manuscript.

Referee #3:

The authors have nicely addressed all of my comments as well as the cell models they are using
allows. The addition of the CLEM data strengthens the conclusion that the structures they
observe are indeed either double membrane vesicles or aggregates. The additional data provided



in response to the previous points has also clarified some aspects of the study. There remains one
point which was not obvious to this reviewer previously, or at least was lees important than other
concerns. Many of the most important points in the manuscript rely on the behaviour and levels
of tf-NBR1. Thus, it is critical to incorportae the knowledge of how much tf-NBR1 is in the cells
compared to endogenous protein and to note that this may have an influence on aggregate
formation and sequestration dependent or not on autophagy receptors. I understand in the
original study (PLOS Biology) the tf-cell lines were designed to express similar amounts for the
CRISPR screen. However, here they are used for a different question. It would be important
highlight that the level of tf-NBR1 in comparison to the endogenous is significantly higher. It is
also clear from Figure 5A that the tf-NBR1 levels increase in particular with the double
knockdown of ATG7 and TAX1BPI1. If the tf-NBR1 expression levels are increasing with
autophagy knockouts can the authors be sure their conclusions about the role of LC3 and FIP200
are not influenced by protein levels? The authors should consider this point in the results text and
highlight this possibility in the discussion.

Response: Thank you for your feedback. We have added discussion of these points in the
text to outline these potential caveats.

Lines 231, inserted a reference to possible: “tf-NBR1 over-expression or tagging
artifacts”.

Line 292, “Since ectopic tf-NBR1 expression increases total NBR1 expression levels (Fig
5A), this may influence receptor dynamics.”

2nd Revision - Editorial Decision 17th Sep 2020

| am pleased to inform you that your manuscript has been accepted for publication in The EMBO
Journal.

Congratulations!
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This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

> the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful wav.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
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guidelines on Data Presentation.

>
>
>
>

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:

a specification of the experimental system investigated (eg cell line, species name).

the assay(s) and method(s) used to carry out the reported observations and measurements

an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;

definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.
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Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human

subjects.

B- Statistics and general methods
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Please fill these boxes

(Do not worry if you cannot see all your text once you press retur:

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

No statistical method were used to pre-determine sample size. n=3 was chosen for most biological
replicates. In the course of getting three biological replicates, we would sometimes have to do the
experiment 4 times (e.g. if one blot had a thumbprint in it). In these cases, we kept all 4 data points|
for the un-ruined data. For quantitative microscopy, we aimed for 100 cells per condition, knowing
that if we over/undershot by a bit, we would still have more than enough cells to perform our
analysis.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

NA

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

Criteria for exclusion were pre-established and included: failed control lanes, illegible data (e.g. a
fingerprint on the gel right at the band of interest), or other catastrophic failure.

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g.
randomization procedure)? If yes, please describe.

No animals. Microscopy images were blinded during collection and analysis. Analysis was
automated using CellProfiler.

For animal studies, include a statement about randomization even if no randomization was used.

NA

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

Microscopy images were blinded during collection and analysis: Samples were given numeric
designations (e.g. 1, 2, 3) rather than descriptive titles, and were analyzed by a second researcher .
Mass spec samples were blinded during analysis.

4.b. For animal studies, include a statement about blinding even if no blinding was done

NA

5. For every figure, are statistical tests justified as appropriate?

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

All analyses were performed in Prism 8 (GraphPad) and assessed for normality (Shapiro-Wilk test)
and variance, where appropriate.




Is there an estimate of variation within each group of data? Estimate of variation was performed by Graphpad in the course of performing statistical analysis.

Is the variance similar between the groups that are being statistically compared? Brown-Forsythe was used to test for unequal variance.

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |All antibodies are commercially available and used only for validated uses (assay and species).
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g., Catalog numbers are provided for each in the methods section.
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for Cells were purchased from ATCC. STR profiling and allele identification were performed by the
mycoplasma contamination. Molecular Diagnostics Laboratory of Dana-Farber Cancer Institute. Cell lines were tested for
mycoplasma prior to stock formation.

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing |NA
and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the |NA
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure |NA
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

E- Human Subjects

11. Identify the committee(s) approving the study protocol. NA

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA

16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) [NA
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at [NA
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data Statement included in Methods section
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the Data from the CRISPR screen is provided as Table EV1 and Table EV2. Mass spec data is provided
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets [as Table EV3.

in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting|NA
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided ina [NA
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited
in a public repository or included in supplementary information.

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top No.
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.
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