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1st Editorial Decision 16th Mar 2020

Thank you for submitting your manuscript for consideration by the EMBO Journal. We have now
received three referee reports on your manuscript, which are included below for your information.

As you will see from the comments, all reviewers appreciate the work and the topic. However, they
also raise a number of partially overlapping concerns that need to be addressed before they can
support publication here. From my side, | judge the referee comments to be generally reasonable.
Therefore, based on the overall interest expressed in the reports, Iwould like to invite you to submit
a revised version of your manuscript in which you address the comments of all three referees. |
should add that it is The EMBO Journal policy to allow only a single major round of revision and that
it is therefore important to resolve the main concerns at this stage.

We generally allow three months as standard revision time. However, we are aware that many
laboratories cannot function at full efficiency during the current COVID-19/SARS-CoV-2 pandemic
and we have therefore extended our ‘'scooping protection policy' to cover the period required for a
full revision to address the essential experimental issues. This means that competing manuscripts
published during revision period will not negatively impact on our assessment of the conceptual
advance presented by your study. Please contact me if you need additional revision time, which can
be easily arranged, and also if you see a paper with related content published elsewhere.

When preparing your letter of response to the referees' comments, please bear in mind that this will
form part of the Review Process File, and will therefore be available online to the community. For
more details on our Transparent Editorial Process, please visit our website:
https://www.embopress.org/page/journal/14 602075/aut horguide#t ransparent process

Please feel free to contact me if you have any further questions regarding the revision. Thank you
for the opportunity to consider your work for publication. I look forward to receiving your revised
manuscript.



Referee #1:

This study focuses on mechanisms of apical constriction, a common cell behavior that involves
actomyosin-based circumferential rings (CRs). Yano et al. identified LUZP1, a microtubule (MT)-
binding protein that localizes at the CRs near tight junctions (T Js). LUZP1 promotes apical
constriction in epithelial Eph4 cells and is required for diphosphorylation of the regulatory myosin
light chain (ppMLC) at the CRs. LUZP1 apparently acts by inhibiting myosin phosphatase PP1c.
Other experiments suggest that LUZP1 activity is facilitated by MTs.

In principle, the observations of LUZP1-mediated regulation of MLC diphosphorylation and apical
constriction are novel and significant. The reduction of ppMLC in LUZP1 KO-Eph4 cells is striking
and, in general, the experiments are of high quality. However, the model of LUZP1-regulated apical
constriction that the authors are pursuing and the role of microtubules in LUZP1 regulation are not
made clear. Is the recruitment of LUZP1 to TJ necessary for apical constriction to occur? The link
to MT could be strengthened by showing the association of LUZP1 and MTs at the TJand
addressing its physiological role. Finally, the reader would like to know whether the proposed
function of LUZP1 is conserved in other epithelial cells.

Other comments:

1. Does LUZP1 function the same way in other cell lines and/or normal epithelial tissues?

2. The association of LUZP1 with MT is not clear in Fig.1H. Its colocalization with MTs at the AJCs
should be shown by immunostaining.

3. Since Y27632 treatment reduced LUZP1 localization at CRs (Fig.2G), the authors propose a
positive feedback loop between ppMLC and LUZP1 localization at CRs. The authors have to

consider alternative possibilities and explain what initiates MLC di-phosphorylation. What recruits
LUZP1 to CRs? The authors show that LUZP1 interacts with ZO1, but it is unclear what role ZO1
plays in LUZP1 recruitment to TJs or CRs.

4. The authors should better explain why Merlin is a relevant substrate to assess PP1c activity.
Fig.5F: PP1c does not completely suppress Pakl-mediated phosphorylation of Merlin. More direct
measurement of PP1c activity is warranted.

5. Fig.3E, Fig.5EF: In vitro assay of ppMLC needs improvement, because GST-MLC bands are very
weak. GST-MLC can't be 20 kDa, is this a typo? The error bars are very large in Fig.5EF. Additional
controls, such as LUZP1 alone and, possibly Calyculin A treatment, are needed.

6. Figs.6AB. Apical constriction needs to better supporting images. Does nocodazole reduce ppMLC
specifically at CRs or overall levels?



Referee #2:

Tsukita and colleagues have previously shown a structural and functional link between tight
junctions and microtubules. Here, they extend this work uncovering a new mechanistic component,
LUZP1, and extend the functional significance to apical constriction, a process contributing to
epithelial cell morphogenesis in columnar epithelia and neural tube closure. While LUZP1 was known
to be involved in neural tube closure, there was no information of the underlying cellular and
molecular mechanisms.

This is an interesting and largely convincing study that should be of interest to a wide readership.
The authors use an impressive set of complementary assays to support their conclusions that
appear to be performed to a high standard. Occasionally, the paper requires some modifications to
improve clarity and minor experiments to support the conclusions drawn.

1) All components tested to interact with LUZP1 bind to the same fragment of the protein, the C-
terminal domain. This includes ZO-1, MLC as well as tubulin/microtubules. It is surprising that
junctional LUZP1 should bind to all of these proteins with the same domain. However, inhibition of
ROCK leads to junctional dissociation of LUZP1, despite its ZO-1 binding site, and does not lead to
any obvious association with microtubules (Fig. 2G). Hence, one wonders which of these
interactions actually occur under physiological conditions (i.e., not transfected and vastly
overexpressing HEK293 cells or in a test tube). Do these proteins all co-immunoprecipitate from
wild type Eph4 cells? Is binding of MLC, ZO-1 and tubulin to LUZP1 competitive? How do the
authors envision how these interactions are coordinated within the junction?

2) Fig. 1C: According to the methods, the co-IP was performed with cold cell extract; hence, the
interaction seen is likely to be with a-tubulin, not microtubules as they depolymerise in the cold. As
binding sites for free tubulin and microtubules may be distinct, the co-sedimentation assay should
be performed to identify the microtubule binding site within the LUZP1 fragments.

3) Page 8, line 14: What is the evidence that MLC itself is still at junctions upon treatment with
Y276327? This should be tested by IF.

4) Figure 3C: The authors conclude that this experiment shows binding to ppMLC; however, there is
no evidence presented that the co-immunoprecipitated MLC is phosphorylated. An immunoblot for
ppMLC should be shown.

5) Figure 3H-L: How does one know that slower diffusion is not an intrinsic property of ppMLC (e.g.,
due to being part of active myosin) as opposed to be due to binding LUZP1? The assay should also

be performed in the absence of LUZP1 to justify the conclusion.



Minor comments

6) Fig. 1B: What was the input, purified Flag-LUZP1? T his should be specified to justify the
conclusion that the interaction is direct.

7) Page 6: The description of figure 1F-Jis confusing, appears to routinely refer to the wrong panels
and the panels are not in order of the text.

8) Page 7, last paragraph: The 'epithelial' behaviour described may be observed in some epithelial
cell lines but should not be declared as being the general behaviour of epithelial cells as they come
in different types and shapes, and, in vivo, may behave rather differently.

9) Page 10, start of new section: The experiments show that TJrecruitment of LUZP1 is ROCK
activity-dependent. Whether it is indeed ppMLC-dependent is not shown.

Referee #3:

In this manuscript the authors describe their findings on the protein LUZP1 and its involvement in
apical constriction in vertebrate epithelial cells. The authors show that LUZP1 colocalises with
myosin at the level of tight junctions in epithelial cells in culture, and that cells expressing LUZP1
can apically constrict whereas K.O. cell cannot. They go on to show that LUZP1 can bind to MRLC
in a phosphorylation state dependent manner, and that it inhibits myosin phosphatase through
direct binding. LUZP1 was originally identified by the authors at a microtubule-associated protein,
and they show that interaction with microtubules is important for LUZP1 to exert its effect on
myosin levels at tight junctions.

The apical constriction of epithelial cells is a key process during morphogenesis and organ
formation, and thus a better understanding of the mechanisms and variations underlying this
process are key to understanding development and should be of interest to a variety of readers.
Furthermore, the interplay of actomyosin and microtubules is emerging as an important, albeit
understudied, theme in moprhogenesis, and as such the described mechanism is also of great
interest.

The experiments presented appear well-executed and controlled, and the conclusions drawn seem
well supported by the data.

I have a few general and specific comments, though, that I think would be worth addressing or
commenting on to strengthen the paper further.

Firstly, the authors put particular emphasis on the notion that apical constriction in vertebrate cells
works through a different mechanism than the one analysed in great detall in invertebrates such as
Drosophila or C.elegans. In these invertebrate models apical constriction is driven by a highly
dynamic pool od apical-medial actomyosin, whereas the role of junctional myosin in this process
might rather be to provide a ratcheting mechanism to stabilise a shrunken apical shape.

The authors state 'In contrast, in vertebrate apical constriction, actomyosin-based circumferential
rings (CRs) associated with the apical junctional complex (AJC), which includes tight junctions (T Js)
and adherens junctions (AJs), play a central role." in the introduction, but without citing any studies
to support this.

| agree that the vast majority of support for dynamic apical-medial actomyosin driving apical



constriction stems from invertebrate systems, but there are indications that similar pools of myosin
with similar functionality do also operate in vertebrates (see for instance Sumigray, K. D., Terwilliger,
M., & Lechler, T.(2018). Morphogenesis and Compartmentalization of the Intestinal Crypt, 1-35.
http://doi.org/10.1016/j.devcel.2018.03.024). It took year and very careful in vivo live imaging in
Drosophila for instance to uncover the apical-medial actomyosin networks and their functions. |
would feel happier with a less dogmatic distinction between invertebrate and vertebrate apical
constriction.

I am also still somewhat confused about actomyosin-driven constriction at the level of tight
junctions compared to the usually described contractile actomyosin belt at the level of adherens
junctions. Are these both present in the cells analysed here, are they continuous/overlapping? Are
tight junction membrane proteins really also bona-fide adhesion receptors and force transducers
between cells, which this work would imply? This should be commented on, please!

How do the authors envisage LUZP1 to function in apical constriction events during embryogenesis
in vivo? Is the spatial and temporal control of apical constriction provided by the regulation of
ppMLC and LUZP1 expressed in the same cells helps to amplify the myosin activation? Or is there
control and regulation at the level of LUZP1 expression? In the neural tube for instance, is it only
expressed when apical constriction is important for tube folding and closure?

The authors identify LUZP1 as a microtubule-binding protein and then show that is also binds to
MLC as well as myosin phosphatase. Do the authors have any evidence about domains that
mediate these binding interactions and how likely they are to all occur at the same time?

In Figure 2B the authors quantify the difference in apical constriction of cells in culture that express
tagged LUZP1 in a mutant background in comparison to the KO cells:

which cells were measured in the LUZP!-KO? The graph shows a ration for these well above 1, ie.
they are apically expanded. Is this because they are the cells next to the apically constricted ones
and thus are making up for their neighbours? Otherwise Ifind it hard to see why and how they
should achieve this apically dilated shape!

The authors use a somewhat strange expression multiple times throughout the manuscript '‘ppMLC
mobilizes LUZPL1..!. What do they mean by 'mobilizing'? | assume they mean ‘recruits'?



1st Authors' Response to Reviewers 15th Aug 2020
1

Point-by-point responses to the Editor and Referees:

We wish to express our strong appreciation to the Editor and Referees for their insightful comments on our paper. We feel

that our article has greatly improved through the reviewing process.

Response to Referee #1:

Main Comment:

This study focuses on mechanisms of apical constriction, a common cell behavior that involves actomyosin-based
circumferential rings (CRs). Yano et al. identified LUZP1, a microtubule (MT)-binding protein that localizes at the
CRs near tight junctions (TJs). LUZP1 promotes apical constriction in epithelial Eph4 cells and is required for
diphosphorylation of the regulatory myosin light chain (ppMLC) at the CRs. LUZP1 apparently acts by inhibiting
myosin phosphatase PP1c. Other experiments suggest that LUZP1 activity is facilitated by MTs. In principle, the
observations of LUZP1-mediated regulation of MLC diphosphorylation and apical constriction are novel and
significant. The reduction of ppMLC in LUZP1 KO-Eph4 cells is striking and, in general, the experiments are of
high quality. However, the model of LUZP1-regulated apical constriction that the authors are pursuing and the role
of microtubules in LUZP1 regulation are not made clear. Is the recruitment of LUZP1 to TJ necessary for apical
constriction to occur? The link to MT could be strengthened by showing the association of LUZP1 and MTs at the
TJ and addressing its physiological role. Finally, the reader would like to know whether the proposed function of

LUZP1 is conserved in other epithelial cells.
Response:

Thank you for your insightful comments. We tried our best to address your abovementioned concerns one by one as follows:

1) Is the recruitment of LUZP1 to TJ necessary for apical constriction to occur?

Yes, it is necessary. To confirm the importance of LUZP1 recruitment to TJs, we generated ZO-1/-2 double knockout
(DKO) Eph4 cells that are known to be TJ deficient (Umeda et al, 2006; Ikenouchi et al, 2007; Otani et al, 2019). We
subsequently found that LUZP1 junctional localization was disrupted in TJ-deficient ZO-1/-2 DKO cells, confirming
the crucial role of TJs in the recruitment of LUZP1 to TJ-associated CRs (Fig 11 and EVV2E). Co-cultures of WT and
TJ-deficient ZO-1/-2 DKO cells showed that ppMLC levels within CRs were also reduced in ZO-1/-2 DKO cells (Fig
2G) and an apical area was larger in ZO-1/-2 DKO cells (Fig 2H), altogether confirming the importance of LUZP1
recruitment to TJ-associated CRs in maintaining ppMLC levels within CRs and inducing apical constriction.

2) The link to MT could be strengthened by showing the association of LUZP1 and MTs at the TJ and addressing
its physiological role.
To confirm the association of LUZP1 and MTs at TJs, we re-acquired the immunofluorescence image (Fig 1F) and
conduct a co-immunoprecipitation assay of wild-type (WT) Eph4 cells using the anti-LUZP1 antibody (Fig EV1I).
Representative immunofluorescence images showed that LUZP1 associates with MTs at the level of ZO-1 delineated
TJs (Fig 1F). Furthermore, the LUZP1-immunoprecipitated fraction of WT cells included a-tubulin, ZO-1, and MLC,
confirming that LUZP1 associates with MTs and CRs at the level of TJs (Fig EV1l). Regarding the physiological
importance of the association between LUZP1 and MTs, we believe that this was demonstrated by the finding that MT
depolymerization reduced ppMLC levels within CRs in WT cells but not in LUZP1 KO cells (Fig 6B and C), showing
that MT upregulates ppMLC within CRs via LUZP1. Altogether, these findings allow us to conclude that MT-LUZP1
association at TJs is critical for maintaining ppMLC levels within CRs.



3) Finally, the reader would like to know whether the proposed function of LUZP1 is conserved in other epithelial
cells.
To examine whether the LUZP1-mediated upregulation of ppMLC levels with CRs is conserved in other epithelial cells,
we knocked out LUZP1 in MTD-1A cells (epithelial cells derived from malignant neoplasms of the mouse mammary
gland) and CSG120/7 cells (epithelial cells derived from mouse submandibular gland carcinoma cells). Notably, LUZP
KO resulted in the down-regulation of ppMLC levels within CRs in both cell lines (Fig 21 and J), suggesting that the
proposed function of LUZP1 is conserved in other epithelial cells.

Other comments:

1. Does LUZP1 function the same way in other cell lines and/or normal epithelial tissues?
Response:
As mentioned above in response (3) to the main comment, we generated and examined LUZP1 KO MTD-1A and
CSG120/7 cells and showed that LUZP1 should function similarly in other epithelial cells (Fig 21 and J).

2. The association of LUZP1 with MT is not clear in FiglH. Its colocalization with MTs at the AJCs should be
shown by immunostaining.
Response:
Thank you for the suggestion. As mentioned above in response (2) to the main comment, we re-acquired the
immunofluorescence image (Fig 1F).

3. Since Y27632 treatment reduced LUZP1 localization at CRs (Fig2G), the authors propose a positive feedback
loop between ppMLC and LUZP1 localization at CRs. The authors have to consider alternative possibilities and
explain what initiates MLC diphosphorylation. What recruits LUZP1 to CRs? The authors show that LUZP1
interacts with ZO1, but it is unclear what role ZO1 plays in LUZP1 recruitment to TJs or CRs.

Response:
Thank you for these valuable comments. We aimed to address your abovementioned concerns one by one as follows:

> Since Y27632 treatment reduced LUZP1 localization at CRs (Fig2G), the authors propose a positive feedback
loop between ppMLC and LUZP1 localization at CRs. The authors have to consider alternative possibilities
We agree that Y27632 treatment is not sufficient to conclude that the recruitment of LUZP1 to TJ is indeed ppMLC-
dependent. To address your concerns, we examined the effect of Y27632 on the global architecture of CRs and then
quantified LUZP1 junctional localization before and after calyculin A treatment.

Immunostaining analyses revealed that our way of transient Y27632 treatment did not have an apparent effect on
CR architecture as was revealed by MLC immunostaining (Fig EV3F). Furthermore, artificial upregulation of ppMLC
levels within CRs using calyculin A was shown to significantly promote LUZP1 junctional localization (Fig 3C and
D). Thus, considering that ppMLC and LUZP1 were highly co-localized within CRs (Fig 3F and G) and the binding
affinity between LUZP1 and di-phosphomimetic MLC was very strong (Fig 31-K), we concluded that the recruitment
of LUZP1 to TJ should be ppMLC-dependent and that there should be a positive feedback loop between ppMLC and
LUZP1 localization at CRs (Fig 3E).

> explain what initiates MLC diphosphorylation

Previous studies have showed that apical junctional complex (AJC)-localized Rho-associated coiled-coil kinase
(ROCK) is the primary kinase initiating MLC phosphorylation within CRs (Sawyer et al, 2010; Suzuki et al, 2012;
Martin & Goldstein, 2014; Takeichi, 2014). Our in vitro assays showed that LUZP1 itself could not promote MLC



phosphorylation (Fig 4C) and that LUZP1 promoted MLC phosphorylation only in the presence of protein
phosphatase 1c (PP1c) (Fig 5E, F, 6D, and EV4G).

> What recruits LUZP1 to CRs?

We believe that TJs and ppMLC are both essential for recruiting LUZP1 to CRs because (1) the destruction of TJs
resulted in the delocalization of LUZP1 from CRs (Fig 11 and EV2E) and (2) LUZP1 localized to CRs in a ppMLC-
dependent manner when TJs were intact (Fig 3A and B).

> The authors show that LUZP1 interacts with ZO1, but it is unclear what role ZO1 plays in LUZP1
recruitment to TJs or CRs.

In the revised manuscript, we found that LUZP1 also interacted with ZO-2 in addition to ZO-1 (Fig EV2F and G).

We also found that knocking out either ZO-1 or ZO-2 did not influence LUZP1 junctional localization (Figure below,

A and B). Considering that the destruction of TJs induced by ZO-1/-2 DKO resulted in the delocalization of LUZP1

from TJ-associated CRs (Fig 11 and EV2E), we believe that the affinity of LUZP1 to TJs, which may be mediated by

its binding affinity to both ZO-1 and ZO-2, is crucial for LUZP1 junctional localization.

A Cocultures of WT and ZO-1 KO cells B Cocultures of WT and Z0-2 KO cells

LUZP1 ppMLC Z0-1 LUZP1 ppMLC Z0-2
*Z0-2 KO

Scale bar, 10 pm Scale bar, 10 um

4. The authors should better explain why Merlin is a relevant substrate to assess PP1c activity. FigbF: PP1c does
not completely suppress Pak1-mediated phosphorylation of Merlin. More direct measurement of PP1c activity
is warranted.

Response:

Thank you for this important comment. Based on previous reports (Jin et al, 2006; Morrison et al, 2001), we believe
that Merlin is a relevant substrate for assessing PP1c activity. We agree that it is problematic that PP1c did not
completely suppress Pakl-mediated phosphorylation of Merlin in the previous manuscript. The reason behind this
undesirable phenomenon appears to be that PP1c activity critically depends on the purifying and storage processes. In
the revised manuscript, we performed the experiment again more carefully and subsequently confirmed that PP1c
completely suppresses Pak1-mediated phosphorylation of Merlin (Fig 5F).

5. Fig3E, FighEF: In vitro assay of ppMLC needs improvement, because GST-MLC bands are very weak. GST-
MLC can't be 20kDa, is this a typo? The error bars are very large in Fig5EF. Additional controls, such as LUZP1
alone and, possibly Calyculin A treatment, are needed.

Response:

Thank you for these valuable comments. As suggested, we conducted the in vitro direct binding assay once again,
renewed the representative figure, and corrected the typo regarding the molecular weight of MLC (Fig 3I). We also
performed several in vitro MLC phosphorylation assays again with additional controls (LUZP1 alone without PP1c
[/6; please see the lane 5 in Fig S5E and Fig 5F). Although additional controls with calyculin A treatment were attempted,



we decided not to include them in the revised manuscript, because we failed to get consistent results (i.e., the extent

that calyculin A promotes phosphorylation varied significantly).

. Figs.6AB. Apical constriction needs to be better supporting images. Does nocodazole reduce ppMLC specifically
at CRs or overall levels?

Response:

We added representative images to further support that nocodazole treatment reversed the apical constriction of REV
cells in co-cultures of LUZP1 KO and Venus-LUZP1-expressing LUZP1 knockout (REV) cells (Fig EV4E). Regarding
the effect of nocodazole on ppMLC levels, ppMLCs at CRs were found specifically reduced after nocodazole treatment
as evidenced by immunofluorescence analyses (Fig 6B). In fact, in the stress fiber, the contrasting effect of nocodazole
on ppMLC levels was observed where nocodazole upregulated ppMLC levels (Figure below, A).

A Upregulation of ppMLC level within stress fibers after nocodazole treatment
ppMLC (control) ppMLC (after nocodazole)

Basal

Scale bar, 10 pm



Response to referee #2:

Tsukita and colleagues have previously shown a structural and functional link between tight junctions and
microtubules. Here, they extend this work uncovering a new mechanistic component, LUZP1, and extend the
functional significance to apical constriction, a process contributing to epithelial cell morphogenesis in columnar
epithelia and neural tube closure. While LUZP1 was known to be involved in neural tube closure, there was no
information of the underlying cellular and molecular mechanisms. This is an interesting and largely convincing
study that should be of interest to a wide readership. The authors use an impressive set of complementary assays to
support their conclusions that appear to be performed to a high standard. Occasionally, the paper requires some

modifications to improve clarity and minor experiments to support the conclusions drawn.

Major Comments

1) All components tested to interact with LUZP1 bind to the same fragment of the protein, the C-terminal domain.
This includes ZO-1, MLC as well as tubulin/microtubules. It is surprising that junctional LUZP1 should bind to
all of these proteins with the same domain. However, inhibition of ROCK leads to junctional dissociation of
LUZP1, despite its ZO-1 binding site, and does not lead to any obvious association with microtubules (Fig 2G).
Hence, one wonders which of these interactions actually occur under physiological conditions (i.e., not
transfected and vastly overexpressing HEK293 cells or in a test tube). Do these proteins all coimmunoprecipitate
from wild type Eph4 cells? Is binding of MLC, ZO-1 and tubulin to LUZP1 competitive? How do the authors
envision how these interactions are coordinated within the junction?
Response:
Thank you for these insightful comments. As recommended, we conduct a co-immunoprecipitation assay of wild-type
(WT) Eph4 cells using the anti-LUZP1 antibody. It was found that LUZP1, MLC, a-tubulin, and ZO-1 were all co-
immunoprecipitated (Fig EV1I), suggesting that LUZP1 simultaneously interacts with MLC, a-tubulin, and ZO-1 under
physiological conditions and that they are not competitive.

We considered that all of these interactions are essential for the physiological role of LUZP1. Specifically, we
considered that both TJs and ppMLC are essential for LUZP1 to localize at TJ-associated CRs and that MTs are
important for LUZP1 to fulfill its function of inhibiting protein phosphatase 1c¢ (PP1c). The reasoning behind our
consideration is as follows; first, the destruction of TJs induced by ZO-1/-2 double knockout (DKO) resulted in the
delocalization of LUZP1 from TJ-associated CRs (Fig 11 and EV2E). However, it was also found that knocking out
only ZO-1 did not delocalize LUZP1 from CRs (Figure below, A) and LUZP1 also interacted with ZO-2 in addition to
Z0-1 (Fig EV2F and G). Therefore, we considered that the interaction between LUZP1 and TJs may be mediated by
its binding affinity to both ZO-1 and ZO-2, and plays an essential role in the recruitment of LUZP1 to TJ-associated
CRs. Second, when TJs were intact, transient Y27632 treatment significantly reduced LUZP1 recruitment to TJ-
associated CRs (Fig 3A and B) without any apparent effect on MLC localization (Fig EV3F), and conversely, calyculin
A treatment significantly promoted LUZP1 recruitment to TJ-associated CRs (Fig 3C and D), suggesting that ppMLC
is the main determinant of LUZP1 localization when TJs are intact. Finally, considering that (1) MTs promoted the
LUZP1-mediated inhibition of PP1c in vitro (Fig 6D and EV4G) and (2) MTs promoted ppMLC upregulation within
CRs via LUZP1 in cells (Fig 6B and C), we believe that MTs plays an essential role for LUZP1 to fulfill its function.

A Cocultures of WT and ZO-1 KO cells
LUZP1 ppMLC Z0-1

Scale bar, 10 pm



2) Fig 1C: According to the methods, the co-IP was performed with cold cell extract; hence, the interaction seen is
likely to be with a-tubulin, not microtubules as they depolymerise in the cold. As binding sites for free tubulin
and microtubules may be distinct, the co-sedimentation assay should be performed to identify the microtubule
binding site within the LUZP1 fragments.

Response:

Thank you for this important suggestion. As recommended, we conducted several MT co-sedimentation assays at room
temperature in the presence of taxol to identify the MT binding region within LUZP1. Surprisingly, in contrast to our
previous co-immunoprecipitation results showing that the LUZP1 C-terminal was responsible for a-tubulin binding
(Figure below, A), MT co-sedimentation assays revealed that the LUZP1 N-terminal and middle regions were
responsible for MT binding (Figure below, B and Fig EV1E). This result was very clear and indicated that the binding
sites for free tubulin and microtubules are distinct. We sincerely appreciate this comment.

In addition, we examined the possibility that the domain-binding property of LUZP1 is altered by the detergent that
was included in the RIPA buffer-based co-immunoprecipitation assay but not in the MT co-sedimentation assays. MT
co-sedimentation assays revealed that no LUZP1 regions could bind to MTs under RIPA buffer-based conditions. In
contrast, co-immunoprecipitation assays revealed that all regions of LUZP1 were bound to o-tubulin under an HBS-
based and a detergent-free condition (Figure below, C), whereas only the LUZP1 C-terminal was bound to a-tubulin
under RIPA buffer-based conditions (Figure below, A). Therefore, we concluded that the detergent alters the binding
property of LUZP1 regions. Considering that (1) the main aim of region analysis was determining the LUZP region
responsible for MT binding and that (2) binding under a detergent-free condition is more similar to physiological
conditions, we decided to only use the MT co-sedimentation assay-based domain analyses in the revised manuscript
(Fig EVIE).

Furthermore, because of uncertainty surrounding LUZP1 region analyses under RIPA buffer-based conditions, we
also reconducted co-immunoprecipitation analyses between LUZP1 domains and MLC and ZO-1 under detergent-free
conditions. However, we could not sufficiently elute ZO-1 and MLC from transfected HEK293 cells without detergent
and thus could not determine the binding domains of LUZP1 to MLC and ZO-1 in the absence of detergent. Because
of the uncertainty of the region analysis data, we decided not to present the results of the co-immunoprecipitation
analyses between LUZP1 regions and MLC and ZO-1 in the presence of detergent.

A Co-immunoprecipitation assay conducted in RIPA (with detergent) B MT co-sedimentation assay conducted in an HBS-based detergent-free condition
IP Input N-terminal Middle C-terminal
FL N M C FL N M C MT- MT+ MT- MT+ MT- MT+
O 6« < G« Cxc 0 <G <G«
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3)

4)

5)

Page 8, line 14: What is the evidence that MLC itself is still at junctions upon treatment with Y27632? This
should be tested by IF.

Response:

Thank you for the insightful comment. We acquired immunofluorescence images to confirm that MLC is still localized
at the junctions after Y27632 treatment (Fig EV3F).

Figure 3C: The authors conclude that this experiment shows binding to ppMLC; however, there is no evidence
presented that the co-immunoprecipitated MLC is phosphorylated. An immunoblot for ppMLC should be
shown.

Response:

Thank you for this valuable suggestion. We conducted the co-immunoprecipitation assay to demonstrate the LUZP
regions responsible for MLC binding and did not interpret the result as evidence for the binding between LUZP1 and
ppMLC. We understand that the co-immunoprecipitated MLC is most likely not phosphorylated. Other than this co-
immunoprecipitation assay, we concluded that LUZP1 directly bound to ppMLC via direct binding assays between
LUZP1 and di-phosphomimetic MLC (Fig 3H-K); we also showed the high co-localization between LUZP1 and
ppMLC (Fig 3F and 3Q).

Furthermore, as mentioned in our response to comment 2, we reconducted this LUZP1 region analysis under an
HBS-based, detergent-free condition to obtain an immunoblot for ppMLC; however, we failed to obtain sufficient
results as it is difficult to elute MLC without detergent. Because of the uncertainty surrounding LUZP1 region analyses
under RIPA buffer-based conditions, we decided not to present these results.

Figure 3H-L: How does one know that slower diffusion is not an intrinsic property of ppMLC (e.g., due to being
part of active myosin) as opposed to be due to binding LUZP1? The assay should also be performed in the
absence of LUZP1 to justify the conclusion.

Response:

Thank you for this insightful and valuable comment. To address this, we conducted additional fluorescent decay after
photoactivation (FDAP) analysis on the bottom surface of the cells in the absence of LUZP1. We could not draw a ROI
in the lateral membrane because AA-MLC and DD-MLC did not localize to the lateral membrane in the absence of
LUZP1 (Figure below, A). Subsequently, we found that the diffusion property of AA-MLC and DD-MLC (supposedly
from actin filaments within the stress fiber) differed and DD-MLC diffused more slowly than AA-MLC (Figure below,
B). Considering that MLC localized to the lateral side only after LUZP1 was ectopically expressed (Figure below, C)
and that our ROIs for FDAP analysis were marked in the lateral membrane (Figure below, D), it is still very possible
that the slower diffusion of DD-MLC compared with AA-MLC results from the stronger affinity of LUZP1 to DD-
MLC than to AA-MLC. However, it is difficult to completely deny the influence of the intrinsic difference in diffusion
between AA- and DD-MLC from actin filaments; therefore, we decided not to present these results in the revised

manuscript.



A Localization of AA- and DD-MLC in the absence of LUZP1 B FDAP analyses quantifying diffusion property of AA-MLC and DD-MLC from the bottom surface
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Minor comments

6)

7)

8)

9)

Fig 1B: What was the input, purified Flag-LUZP1? This should be specified to justify the conclusion that the
interaction is direct.

Response:

We apologize for the oversight. Yes, it was purified FLAG-LUZP1, which we have now specified in the figure legend.

Page 6: The description of figure 1F-J is confusing, appears to routinely refer to the wrong panels and the panels
are not in order of the text.

Response:

Thank you for bringing this to our attention. We have accordingly revised the ordering of Fig 1.

Page 7, last paragraph: The "epithelial® behaviour described may be observed in some epithelial cell lines but
should not be declared as being the general behaviour of epithelial cells as they come in different types and
shapes, and, in vivo, may behave rather differently.

Response:

Thank you for this comment. We have revised the sentence to avoid generalizing (page 8, 2nd paragraph).

Page 10, start of new section: The experiments show that TJ recruitment of LUZP1 is ROCK activity-dependent.
Whether it is indeed ppMLC-dependent is not shown.

Response:

Thank you for this constructive comment. We admit that experiments using Y27632 were not sufficient to conclude
that the recruitment of LUZP1 to TJ is indeed ppMLC dependent. To resolve your concern, we quantified LUZP1
junctional localization before and after calyculin A treatment. We found that although the difference was minimal,
artificial upregulation of ppMLC levels within CRs using calyculin A significantly promoted the junctional localization
of LUZP1 (Fig 3C and D). Furthermore, a closer look at LUZP1 localization before and after nocodazole treatment
indicated that LUZP1 junctional localization was apparently disturbed as junctional ppMLC levels decreased (Fig 6B



and C), although co-localization between ppMLC and LUZP1 was similar (Fig EV4F). Accordingly, we can now
consider that LUZP1 recruitment to TJ-associated CRs is ppMLC-dependent but not ROCK activity-dependent.



10

Response to referee #3:

In this manuscript the authors describe their findings on the protein LUZP1 and its involvement in apical
constriction in vertebrate epithelial cells. The authors show that LUZP1 colocalises with myosin at the level of tight
junctions in epithelial cells in culture, and that cells expressing LUZP1 can apically constrict whereas K.O. cell
cannot. They go on to show that LUZP1 can bind to MRLC in a phosphorylation state dependent manner, and that
it inhibits myosin phosphatase through direct binding. LUZP1 was originally identified by the authors at a
microtubule-associated protein, and they show that interaction with microtubules is important for LUZP1 to exert
its effect on myosin levels at tight junctions.

The apical constriction of epithelial cells is a key process during morphogenesis and organ formation, and thus a
better understanding of the mechanisms and variations underlying this process are key to understanding
development and should be of interest to a variety of readers. Furthermore, the interplay of actomyosin and
microtubules is emerging as an important, albeit understudied, theme in moprhogenesis, and as such the described
mechanism is also of great interest.

The experiments presented appear well-executed and controlled, and the conclusions drawn seem well supported
by the data. I have a few general and specific comments, though, that I think would be worth addressing or

commenting on to strengthen the paper further.

1) Firstly, the authors put particular emphasis on the notion that apical constriction in vertebrate cells works
through a different mechanism than the one analysed in great detail in invertebrates such as Drosophila or
C.elegans. In these invertebrate models apical constriction is driven by a highly dynamic pool od apical-medial
actomyosin, whereas the role of junctional myosin in this process might rather be to provide a ratcheting
mechanism to stabilise a shrunken apical shape. The authors state 'In contrast, in vertebrate apical constriction,
actomyosin-based circumferential rings (CRs) associated with the apical junctional complex (AJC), which
includes tight junctions (TJs) and adherens junctions (AJs), play a central role.' in the introduction, but without
citing any studies to support this. I agree that the vast majority of support for dynamic apical-medial
actomyosin driving apical constriction stems from invertebrate systems, but there are indications that similar
pools of myosin with similar functionality do also operate in vertebrates (see for instance Sumigray, K. D.,
Terwilliger, M., & Lechler, T. (2018). Morphogenesis and Compartmentalization of the Intestinal Crypt, 1-35.
http://doi.org/10.1016/j.devcel.2018.03.024). It took year and very careful in vivo live imaging in Drosophila for
instance to uncover the apical-medial actomyosin networks and their functions. I would feel happier with a less
dogmatic distinction between invertebrate and vertebrate apical constriction.

Response:
Thank you for the insightful comment. In the revised manuscript, we added the description that there are indications
that apical-medial actomyosin do also operate in vertebrates and cited the article you mentioned (page 3, second

paragraph).

2) Tam also still somewhat confused about actomyosin-driven constriction at the level of tight junctions compared
to the usually described contractile actomyosin belt at the level of adherens junctions. Are these both present in
the cells analysed here, are they continuous/overlapping? Are tight junction membrane proteins really also
bona-fide adhesion receptors and force transducers between cells, which this work would imply? This should
be commented on, please!

Response:
Thank you for this valuable comment. As can be seen in the representative electron micrograph of Fig EV1A,
actomyosin-based CRs show associations with both AJs and TJs, and TJ- and AJ-associated CRs are continuous. The

point that we want to emphasize is that TJ- and AJ-associated CRs may have some distinct roles, considering that the



3)

4)

5)

6)
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newly-discovered di-phosphorylated myosin light chain (ppMLC)-triggered, LUZP1-based system specifically
functions at TJ-associated CRs and not at AJ-associated CRs. Therefore, although previous research primarily focused
on the association between AJs and CRs for apical constriction as you mentioned, future studies should also focus on
the association between TJs and CRs. We have included a sentence regarding this important point (page 13, last
paragraph). Unfortunately, we did not examine whether the force was transduced between cells via TJ membrane
proteins and, to the best of our knowledge, there is no evidence to date that concretely shows that TJ membrane proteins

are bona-fide force transducers between cells.

How do the authors envisage LUZP1 to function in apical constriction events during embryogenesis in vivo? Is
the spatial and temporal control of apical constriction provided by the regulation of ppMLC and LUZP1
expressed in the same cells helps to amplify the myosin activation? Or is there control and regulation at the
level of LUZP1 expression? In the neural tube for instance, is it only expressed when apical constriction is
important for tube folding and closure?

Response:

Thank you for this insightful comment. It is known that LUZP1 KO leads to neural tube closure defect (Hsu et al,
2008), but there are no data regarding whether spatial and temporal controls of apical constriction are mediated by the
regulation of ppMLC and LUZP1 or whether there is control and regulation at LUZP1 expression level. We think this

is a crucial question to answer and are willing to assess these points in the future.

The authors identify LUZP1 as a microtubule-binding protein and then show that is also binds to MLC as well
as myosin phosphatase. Do the authors have any evidence about domains that mediate these binding
interactions and how likely they are to all occur at the same time?

Response:

Thank you for the suggestion. We have conducted a series of co-immunoprecipitation assays to determine the regions
that are responsible for LUZP1 binding to multiple binding partners. However, we found out that the detergent in
RIPA-buffer may alter the results of region analyses and that ZO-1 and MLC could not be eluted from transfected
HEK?293 cells without detergent (please see our response to major comment 2 of referee #2).

To examine whether LUZP1 binding to multiple binding partners occurs at the same time in cells, we conduct co-
immunoprecipitation assays of wild type Eph4 cells using an anti-LUZP1 antibody. It was found that LUZP1, MLC,
a-tubulin, and ZO-1 were all co-immunoprecipitated (Fig EV1I), confirming that LUZP1 interacts with multiple
binding partners at the same time in cells.

In Figure 2B the authors quantify the difference in apical constriction of cells in culture that express tagged
LUZP1 in a mutant background in comparison to the KO cells: which cells were measured in the LUZP!-KO?
The graph shows a ration for these well above 1, i.e. they are apically expanded. Is this because they are the
cells next to the apically constricted ones and thus are making up for their neighbours? Otherwise I find it hard
to see why and how they should achieve this apically dilated shape!

Response:

Thank you for this valuable comment. The LUZP1 KO cells around the Venus-LUZP1-expressing LUZP1 KO (REV)
cells were measured. We believe, as you mentioned, that these LUZP1 KO cells are apically expanded and making up
for their apically constricted neighbors.

The authors use a somewhat strange expression multiple times throughout the manuscript 'ppMLC mobilizes
LUZP1...'". What do they mean by 'mobilizing'? I assume they mean 'recruits'?
Response:

]

Thank you for bringing this to our attention. We did indeed mean “recruiting,” and have accordingly changed



“mobilize” to “recruit” in the revised manuscript.
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1st Revision - Editorial Decision 17th Sep 2020

Thank you for submitting a revised version of your manuscript. Your study has now been seen by all
original referees, who find that most of their main concerns have been addressed and are now
broadly in favour of publication of the manuscript. There now remain only a few mainly editorial
issues that have to be addressed before | can extend formal acceptance of the manuscript:

1. Please address the remaining points from reviewer #1 (I presume that in point 3 they refer to
Figure 4F) and add appropriate discussion on the tubulin co-sedimentation assays as requested by
reviewer #3.

2.Our publisher has done their pre-publication check on your manuscript. | have attached the file
here. Please take a look at the word file and the comments regarding the figure legends and
respond to the issues. Please also use this version when you resubmit the revised version.

3. Please differentiate between the contributions of Hatsuho Kanoh and Hiroka Kashihara (HKan
and HKas); Tomoaki Mizuno and Takeshi Matsui (TMi and TMa) in the Author Contributions
section.

4. Please include references to the Appendix Tables S1 and S2 in the manuscript text.

5. Data Availability section currently refers to "statics data". | presume that statistics are meant
instead, please check.

Please let me know if you have any further questions regarding any of these points. You can use
the link below to upload the revised files.

Thank you again for giving us the chance to consider your manuscript for The EMBO Journal. lam
looking forward to receiving the final version.



Referee #1:

The authors have addressed many previous concerns and, in principle, the manuscript can be
recommended for publication. However, there are a couple of remaining comments.

1. The authors show that LUZP1 was no longer recruited to AJC in Z01/202 dKO cells, and that
ppMLC levels decreased in ZO1/Z202 dKO cells. Is LUZP1 involved in maintaining ppMLC but not
PMLC levels within T J-associated CRs? It appears important to evaluate pMLC levels in Z01/202
dKO cells, LUZP1 OE cells or LUZP1 KO cells. In previous studies, pMLC (rather than ppMLC) was
associated with increased actomyosin tension at AJ (Fanning et al., 2012; Tubota et al., 2014; Choi
et al,, 2016).

2. The authors confirmed that LUZP1 knockout increased ppMLC in MTD-1A and CSG1 cells. Does
LUZP1 k/o also reveal apical constriction defects in these cells?

3. Fig. 4B needs anti-MLC as a control for immunoblotting.

Referee #2:

The authors have addressed all my comments in an adequate manner.

Referee #3:

The authors have carefully addressed all the reviewers' comments and have extended their
experiments, especially to address the question of recruitment of LUZP1 to TJs as well as its
interaction with other factors in this position. These experiments mostly help to elucidate the
function further. My one main comment would be that the direct binding or association with
microtubules is still more deduction than proof, as a co-IP from cold lysate bringing down 0-tubulin
does not prove binding to filamentous microtubules (as also pointed out by reviewe 2), but rather to
unpolymerised tubulin. And the fact that the co-sedimentation assays at RT in the presence of
taxol identify different regions of LUZP1 as binding to microtubules somewhat further underlines
that worry about the co-IP results. The testing of different detergent conditions also rather
confuses (me) more than it helps: why should N-terminal and middle regions of LUZP1 co-sediment
with filamentous MTs, but then in detergent-free co-IPs bind to monomeric [ -tubulin (or maybe
rather tubulin dimers)?

Overall I agree, though, that using the co-sedimentation assays for the manuscript is the right way
to go. would just urge the authors to describe their interaction findings cautiously.



2nd Authors' Response to Reviewers 2nd Oct 2020

The authors performed the requested editorial changes.



Point-by-point responses to the Editor and Referees:

We wish to express our strong appreciation to the Editor and Referees for their insightful comments on our paper. Our
reactions to the comments are as follows.

Response to Referee #1:

Main Comment:
The authors have addressed many previous concerns and, in principle, the manuscript can be recommended for
publication. However, there are a couple of remaining comments.

1. The authors show that LUZP1 was no longer recruited to AJC in Z01/202 dKO cells, and that ppMLC levels
decreased in Z0O1/Z02 dKO cells. Is LUZP1 involved in maintaining ppMLC but not pMLC levels within
TJ-associated CRs? It appears important to evaluate pMLC levels in Z01/202 dKO cells, LUZP1 OE cells or
LUZP1 KO cells. In previous studies, pMLC (rather than ppMLC) was associated with increased actomyosin
tension at AJ (Fanning et al., 2012; Tubota et al., 2014; Choi et al., 2016).

2. The authors confirmed that LUZP1 knockout increased ppMLC in MTD-1A and CSG1 cells. Does LUZP1 k/o
also reveal apical constriction defects in these cells?

3. Fig. 4B needs anti-MLC as a control for immunoblotting.

Response:

Thank you for your important comments. We tried our best to address your above-mentioned concerns one by one as
follows:

1) The authors show that LUZP1 was no longer recruited to AJC in ZO01/Z02 dKO cells, and that ppMLC levels

decreased in Z01/202 dKO cells. Is LUZP1 involved in maintaining ppMLC but not pMLC levels within
TJ-associated CRs? It appears important to evaluate pMLC levels in Z01/202 dKO cells, LUZP1 OE cells or
LUZP1 KO cells. In previous studies, pMLC (rather than ppMLC) was associated with increased actomyosin
tension at AJ (Fanning et al., 2012; Tubota et al., 2014; Choi et al., 2016).
Yes, LUZP1 regulates ppMLC levels but not pMLC levels. Immunofluorescence analyses revealed that pMLC levels
were similar between LUZP1 knockout (LUZP1 KO) and LUZP1-expressing [wild-type (WT) and
Venus-LUZP1-expressing LUZP1 KO (REV)] cells (Figure below, A and B). Consistently, further
immunofluorescence analyses revealed that, when ZO-1/-2 DKO cells fully became polarized, pMLC levels were
similar between WT and Z0O-1/-2 DKO cells but ppMLC levels were significantly reduced in ZO-1/-2 DKO cells
(Figure below, C and D), altogether indicating that LUZP1 regulates ppMLC levels but not pMLC levels at tight
junction (TJ)-associated circumferential rings (CRs).

We are aware of the fact that ZO-1/-2 knockdown (KD) or KO in MDCK cells leads to increased junction tension
and upregulation of junctional pMLC levels, as you kindly mentioned with referring to three important articles
(Fanning et al., 2012; Tokuda et al., 2014; Choi et al., 2016). However, it should be particularly emphasized that
Z0-1/-2 KD and KO in MDCK cells also leads to the significant thickening of actomyosin-based CRs. Therefore, it is
quite possible that the upregulation of junctional pMLC levels merely reflect the increased actomyosin accumulation
at cell—cell junctions. Furthermore, it should also be emphasized that these articles did not assess ppMLC levels and,
therefore, cannot even suggest whether pMLC or ppMLC is important for actomyosin contraction.

As we mentioned in the introduction section of our manuscript, Watanabe et al beautifully revealed that ppMLC,



not pMLC, is crucial for the contraction of actomyosin-based stress fibers whereas pMLC is important for the
maintenance of stress fibers (Watanabe et al., Mol Biol Cell 2007). Similarly, Farber et al revealed that the
Shroom-ROCK axis, which is a well-known driver for the contraction of CRs, upregulates junctional ppMLC levels
but do not affect pMLC levels (Farber et al., Mol Biol Cell 2011). In this context, it should be natural to think that
ppMLC, not pMLC, is critical for the contraction of CRs. However, we believe that rigorous researches are still
required to firmly conclude the differential role of pMLC and ppMLC in the contraction of actomyosin network and
this “pMLC or ppMLC” problem should confuse the reader of our manuscript; therefore, we decided not to include
immunofluorescent micrographs (Figure below, A to D) in the manuscript.
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2) The authors confirmed that LUZP1 knockout increased ppMLC in MTD-1A and CSG1 cells. Does LUZP1 k/o

3)

also reveal apical constriction defects in these cells?

Yes, LUZP1 KO MTD-1A and CSG120/7 cells display apical constriction defect. To prove this, we calculated the
apical area of co-cultures of LUZP1 KO and WT cells. Subsequent statistical analyses revealed that LUZP1 KO
MTD-1A cells have significantly larger apical area than WT MTD1A cells [42.9 + 29.9 um? (WT) vs. 102.3 + 29.9
umz (LUZP1 KO), p < 0.01] and LUZP1 KO CSG120/7 cells have significantly larger apical area than WT
CSG120/7 cells [50.2 + 24.8 um? (WT) vs. 100.0 + 36.6 um?® (LUZP1 KO), p < 0.01] (Fig. EV2H).

Fig. 4B needs anti-MLC as a control for immunoblotting.

As you kindly pointed out, MLC might be preferable for a control in this situation. However, since the calyculin
treatment did not affect neither the level of MLC nor the level of a-tubulin (figure below, A), we believe that it can
also be acceptable to use a-tubulin as a control. Due to the current COVID-19/SARS-CoV-2 pandemic, it will take
more than a month to collect the high-quality data that can be used for statistical analyses; therefore, we decided to go
on without changing this figure. | ask and appreciate your understanding in this case.
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Response to referee #2:

Main Comment:
The authors have addressed all my comments in an adequate manner.

Response:

Thank you for your kind comments. We totally appreciate your constructive comments in the previous round of the
revision because these comments substantially improved our manuscript.



Response to referee #3:

The authors have carefully addressed all the reviewers' comments and have extended their experiments, especially
to address the question of recruitment of LUZP1 to TJs as well as its interaction with other factors in this position.
These experiments mostly help to elucidate the function further. My one main comment would be that the direct
binding or association with microtubules is still more deduction than proof, as a co-IP from cold lysate bringing
down a-tubulin does not prove binding to filamentous microtubules (as also pointed out by reviewe 2), but rather
to unpolymerised tubulin. And the fact that the co-sedimentation assays at RT in the presence of taxol identify
different regions of LUZP1 as binding to microtubules somewhat further underlines that worry about the co-I1P
results. The testing of different detergent conditions also rather confuses (me) more than it helps: why should
N-terminal and middle regions of LUZP1 co-sediment with filamentous MTs, but then in detergent-free co-IPs
bind to monomeric a-tubulin (or maybe rather tubulin dimers)?

Overall | agree, though, that using the co-sedimentation assays for the manuscript is the right way to go. I would
just urge the authors to describe their interaction findings cautiously.

Response:

Thank you for your constructive comments. We agree that the co-immunoprecipitation and co-sedimentation results (with
or without the detergent) which we presented in the previous round of the revision were complicated but we believe that
the reason behind those complicated results was that 1) the binding sites for free tubulin and microtubules are distinct and
2) the detergent probably alters the binding property of LUZP1 regions. We also agree that we have to state the result of
co-immunoprecipitation assays of WT Eph4 cells cautiously (Fig. EV1l); therefore, we changed the term “confirmed” to
“indicated” in the sentence mentioning about this experiment (page 6, middle of 2nd paragraph).



2nd Revision - Editorial Decision 14th Oct 2020

Editor accepted the manuscript.
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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?

It was impossible to pre-specify the effect size; therefore, the sample size was determined by the
availability of samples.

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

NA (There was no animal study that should include a statement about sample size estimate.)

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

NA (No samples were excluded from the analysis.)

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.

We did not use randomization when allocating samples to treatment; however, the quantification
and statistical analyses were conducted by the blinded investigator.

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.

Micrographs and immunoblots were quantified and statistically analyzed by the blinded
investigator.

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.

We examined whether the data were normally distributed using the Shapiro—wilk test.

Is there an estimate of variation within each group of data?




Is the variance similar between the groups that are being statistically compared? Yes

C- Reagents
6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |Antibodies genetated in this study were validated the immunoflourescense and western blotting
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g., using WT, LUZP1-KO, and REV cells. Previously generated or commercial antibodies were
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right). described in the "Reagents and Tools" section.
7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for The sources of cell lines were described in the "Reagents and Tools" section. All cells were
mycoplasma contamination. negative for mycoplasma contamination.

* 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 |The sources of mice were described in the "Reagents and Tools" section.
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 |Yes, it is included.
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 |We followed the ARRIVE guidelines.
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 Statics source data used were deposited in OSF (Open Science Framework). View-only Links to our
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462, data is https://osf.io/pvSme/?view_only=994cade5cbe34997ad9fc9fe5ba1fdeb.
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 Statics source data used in this study were deposited in OSF.
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets
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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