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1st Editorial Decision July 29,2020

July 29,2020
RE: JCB Manuscript #202006054

Dr. Kenneth S Kosik

UC Santa Barbara

Ocean Drive

Santa Barbara, California 93110

Dear Dr. Kosik:

Thank you for submitting your manuscript entitled "The Proline-rich Domain Promotes Tau Liquid
Liquid Phase Separation in Cells". As you will see, both reviewers are very positive regarding your
study and recommend publication following minor text edits and clarifications. We would therefore
be happy to publish your paper in JCB pending addressing these reviewer points and final revisions
necessary to meet our formatting guidelines (see details below).

To avoid unnecessary delays in the acceptance and publication of your paper, please read the
following information carefully.

A. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instructions for Authors page, httpJ//jcb.rupress.org/submission-
guidelines#revised. **Submission of a paper that does not conform to JCB guidelines will delay the
acceptance of your manuscript **

1) Text limits: Character count for Articles is < 40,000, not including spaces. Count includes title
page, abstract, introduction, results, discussion, acknowledgments, and figure legends. Count does
not include materials and methods, references, tables, or supplemental legends.

2) Figures limits: Articles may have up to 10 main text figures.

3) Figure formatting: Scale bars must be present on all microscopy images, * including inset
magnifications. Molecular weight or nucleic acid size markers must be included on all gel
electrophoresis.

4) Statistical analysis: Error bars on graphic representations of numerical data must be clearly
described in the figure legend. The number of independent data points (n) represented in a graph
must be indicated in the legend. Statistical methods should be explained in full in the materials and
methods. For figures presenting pooled data the statistical measure should be defined in the figure
legends. Please also be sure to indicate the statistical tests used in each of your experiments
(either in the figure legend itself or in a separate methods section) as well as the parameters of the
test (for example, if you ran a t-test, please indicate if it was one- or two-sided, etc.). Also, if you
used parametric tests, please indicate if the data distribution was tested for normality (and if so,
how). If not, you must state something to the effect that "Data distribution was assumed to be
normal but this was not formally tested."



5) Abstract and title: The abstract should be no longer than 160 words and should communicate
the significance of the paper for a general audience. The title should be less than 100 characters
including spaces. Make the title concise but accessible to a general readership.

6) Materials and methods: Should be comprehensive and not simply reference a previous
publication for details on how an experiment was performed. Please provide full descriptions in the
text for readers who may not have access to referenced manuscripts. Please note supplemental
methods are not permitted.

7) Please be sure to provide the sequences for all of your primers/oligos and RNAI constructs in the
materials and methods. You must also indicate in the methods the source, species, and catalog
numbers (where appropriate) for all of your antibodies. Please also indicate the acquisition and
quantification methods for immunoblotting/western blots.

8) Microscope image acquisition: The following information must be provided about the acquisition
and processing of images:

a. Make and model of microscope

b. Type, magnification, and numerical aperture of the objective lenses

c. Temperature

d. Imaging medium

e. Fluorochromes

f. Camera make and model

g. Acquisition software

h. Any software used for image processing subsequent to data acquisition. Please include details
and types of operations involved (e.g., type of deconvolution, 3D reconstitutions, surface or volume
rendering, gamma adjustments, etc.).

9) References: There is no limit to the number of references cited in a manuscript. References
should be cited parenthetically in the text by author and year of publication. Abbreviate the names
of journals according to PubMed.

10) Supplemental materials: There are strict limits on the allowable amount of supplemental data.
Articles may have up to 5 supplemental display items (figures and tables). Please also note that
tables, like figures, should be provided as individual, editable files. A summary of all supplemental
material should appear at the end of the Materials and methods section.

11) eTOC summary: A ~40-50-word summary that describes the context and significance of the
findings for a general readership should be included on the title page. The statement should be
written in the present tense and refer to the work in the third person.

12) Conflict of interest statement: JCB requires inclusion of a statement in the acknowledgements
regarding competing financial interests. If no competing financial interests exist, please include the
following statement: “The authors declare no competing financial interests." If competing interests
are declared, please follow your statement of these competing interests with the following
statement: "The authors declare no further competing financial interests."

13) ORCID IDs: ORCID IDs are unique identifiers allowing researchers to create a record of their
various scholarly contributions in a single place. At resubmission of your final files, please consider
providing an ORCID ID for as many contributing authors as possible.



14) A separate author contribution section following the Acknowledgments. All authors should be
mentioned and designated by their full names. We encourage use of the CRediT nomenclature.

B. FINAL FILES:

Please upload the following materials to our online submission system. These items are required
prior to acceptance. If you have any questions, contact JCB's Managing Editor, Lindsey Hollander
(Ihollander@rockefeller.edu).

-- An editable version of the final text (DOC or . DOCX) is needed for copyediting (no PDFs).

-- High-resolution figure and video files: See our detailed guidelines for preparing your production-
ready images, httpJ//jcb.rupress.org/fig-vid-guidelines.

-- Cover images: If you have any striking images related to this story, we would be happy to
consider them for inclusion on the journal cover. Submitted images may also be chosen for
highlighting on the journal table of contents or JCB homepage carousel. Images should be uploaded
as TIFF or EPS files and must be at least 300 dpi resolution.

**1t is JCB policy that if requested, original data images must be made available to the editors.
Failure to provide original images upon request will result in unavoidable delays in publication.
Please ensure that you have access to all original data images prior to final submission.**

**The license to publish form must be signed before your manuscript can be sent to production. A
link to the electronic license to publish form will be sent to the corresponding author only. Please
take a moment to check your funder requirements before choosing the appropriate license **

Thank you for your attention to these final processing requirements. Please revise and format the
manuscript and upload materials within 7 days. If complications arising from measures taken to
prevent the spread of COVID-19 will prevent you from meeting this deadline (e.g. if you cannot
retrieve necessary files from your laboratory, etc.), please let us know and we can work with you to
determine a suitable revision period.

Please contact the journal office with any questions, cellbio@rockefeller.edu or call (212) 327-8588.

Thank you for this interesting contribution, we look forward to publishing your paper in Journal of
Cell Biology.

Sincerely,

Eva Nogales
Monitoring Editor

Andrea L. Marat
Senior Scientific Editor

Journal of Cell Biology



Reviewer #1 (Comments to the Authors (Required)):

In their manuscript, Zhang et al. investigate the liquid-liquid phase separation (LLPS) of the
microtubule-associated protein, tau, in cells. Although tau has been shown to undergo phase
transitions in vitro both on and off of the microtubule, this has not been shown in living cells to date.
Zhang et al. examine tau condensation in cells and dissect the roles of each domain of tau (1-441)
in driving condensate formation. They find that the polyproline rich domain (PRD), corresponding to
aa 151-254, and phospho-state are responsible for driving tau LLPS. One of the nicest experiments
in this study is shown in Figure 4, where the PRD condensates that lack the 4 microtubule-binding
repeats, associate with microtubules. In addition, the inclusion of the N-terminus (1-254) inhibits tau
condensation, highlighting the complex conformation changes that occur within this molecule to
modulate its multiple modes of self-association and microtubule binding. The authors perform a
number of elegant ex vivo studies to characterize tau LLPS, as well as simulations that reveal the
importance of charged residues within the PRD for predicting phase separation. In a final set of
interesting experiments, the authors implicate PRD condensation as an important basis for tau's
interaction with EB1, which was previously described by the Arnal lab. PRD condensates even
recruit EB1 to the microtubule lattice in cells. This is a very nice manuscript that should be of
interest to the general JCB audience. In the light of the pandemic, | only have a few minor
comments to improve the paper.

1) This appears to be 2N4R tau. Could the authors indicate the isoform in the manuscript?

2) Labels would be useful in Figure 5 and Figure S3 (on the figures themselves) to indicate which
panel is which protein in the greyscale images.

3) Could the authors quantify the localization of EB1 in Figure S3 in the absence or presence of the
PRD condensation? Punctate vs. Microtubule-Bound vs. Diffuse?

Reviewed by: Kassandra Ori-McKenney

Reviewer #2 (Comments to the Authors (Required)):

In this work, Kosik lab further investigated tau LLPS. The authors have shown that the microtubule-
associated tau protein has the potential to form an LLPS in vivo. They identified the proline-rich
domain of tau as a phosphorylation-dependent regulator of condensate formation.

It is a very nice work, well done and original.

I have only minor comments

The authors should also discuss their data regarding physiological tau concentrations.
Overexpression of tau constructs does not reflect in vivo tau concentrations. It is a common
criticism in LLPS experiments (Alberti S et al.,, 2019)

Some authors such as Lippens NMR group suggest that tau may bind to tubulin heterodimers. Is it
relevant to the current observation?

Tau is also found aggregated in tauopathies. How these observations may be of interest in the
pathological process?

Additional experiments with 3Rtau would have been of interest



1st Revision - Authors Responseto Reviewers. August 13, 2020

Eva Nogales
Monitoring Editor

Andrea L. Marat
Senior Scientific Editor

Journal of Cell Biology

Dear Drs. Nogales and Marat:

Thank-you for sharing with us the reviews of our paper entitled, "The Proline-rich
Domain Promotes Tau Liquid Liquid Phase Separation in Cells". We apologize for returning the
manuscript five days beyond the deadline you set; but as you noted, extenuating circumstances
related to the pandemic delayed the re-submission.

Below we detail our responses to each comment made by the reviewers

Reviewer #1 Dr. Kassandra Ori-McKenney:

In their manuscript, Zhang et al. investigate the liquid-liquid phase separation (LLPS) of the
microtubule-associated protein, tau, in cells. Although tau has been shown to undergo phase
transitions in vitro both on and off of the microtubule, this has not been shown in living cells to
date. Zhang et al. examine tau condensation in cells and dissect the roles of each domain of tau
(1-441) in driving condensate formation. They find that the polyproline rich domain (PRD),
corresponding to aa 151-254, and phospho-state are responsible for driving tau LLPS. One of the
nicest experiments in this study is shown in Figure 4, where the PRD condensates that lack the 4
microtubule-binding repeats, associate with microtubules. In addition, the inclusion of the N-
terminus (1-254) inhibits tau condensation, highlighting the complex conformation changes that
occur within this molecule to modulate its multiple modes of self-association and microtubule
binding. The authors perform a number of elegant ex vivo studies to characterize tau LLPS, as
well as simulations that reveal the importance of charged residues within the PRD for predicting
phase separation. In a final set of interesting experiments, the authors implicate PRD
condensation as an important basis for tau's interaction with EB1, which was previously
described by the Arnal lab. PRD condensates even recruit EB1 to the microtubule lattice in cells.
This is a very nice manuscript that should be of interest to the general JCB audience. In the light
of the pandemic, | only have a few minor comments to improve the paper.

Reviewer: 1) This appears to be 2N4R tau. Could the authors indicate the isoform in the
manuscript?

Authors: Yes, our study is based on 2N4R. We have now indicated this in the manuscript.

2) Labels would be useful in Figure 5 and Figure S3 (on the figures themselves) to indicate
which panel is which protein in the greyscale images.



Authors: Thanks for pointing this out. We have now added the labels in Figure 5 and Figure S3.

3) Could the authors quantify the localization of EB1 in Figure S3 in the absence or presence of
the PRD condensation? Punctate vs. Microtubule-Bound vs. Diffuse?

Authors:
Thank you for asking this intriguing question.

To quantify the EB1 Punctate vs Microtubule-Bound vs. Diffuse, we did image analysis with an
additional preprocessing segmentation step to partition a digital image into multiple segments. To
define the diffuse and non-diffuse population of EB1, each cell was outlined and auto-thresholded
into a 2D binary image using the imageJ embedded Yen method. Next, we applied a particle analysis
method to separate bundles from puncta according to segment size and shape. With this method, we
analyzed EB1 (n=4), and EB1-CWT 151-254 (n=10), at 0, 2, 4, 24, 67, 380 seconds after light
activation. Based on integrated density of identified segments, we found that EB1-GFP
distribution differ significantly in the presence of CWT 151-254. Bundles were enhanced
overtime upon activation in presence of CWT 151-254, while no apparent change occurred in the
diffuse signal.

Although CWT 151-254 significantly enhanced EB1 clustering, it did not vary the ratio of EB1
on or off MT. The EB1 distribution on MT in cells is influenced by many factors, especially by
other +TIPS proteins such as CLIP 170, CLIP 115 and Dynactin, etc, acting in concert to
enhance EB1 on microtubule tip localization.

We added this conclusion together with quantification (Supplementary Figure 3), the
corresponding image analysis and statistic method in the manuscript.

Time 0 2 4 24 67 380 max
(sec)
EB1 Diffuse 0.897+0.056 | 0.758+0.204 | 0.796+0.253 | 0.815+0.095 | 0.943+0.044 | 0.733+0.176 | 0.943
=4
(n ) Bundles 0.013+0.025 | 0.002+0.004 | 0.012+0.024 | 0.055+0.081 | 0.007+0.009 | 0.005+0.006 | 0.055
EB1 Diffuse 0.874+0.102 | 0.906+0.072 | 0.88+0.085 0.876+0.083 | 0.887+0.103 | 0.835+0.144 | 0.906
with CWT
151-254 Bundles 0.05+0.077 0.032+0.051 | 0.046+0.073 | 0.051+0.07 0.056+0.099 | 0.118+0.138 | 0.118
(n=10)

The EB1-GFP signal per cell was quantified as bundles or diffuse (obtained from the whole cell
minus puncta and bundles), in the absence or presence of CWT 151-254 light activation at the
times indicated. Mean £ StDev is shown. EB1-GFP signal differences were found to be
statistically significant (Roy’s two way MANOVA: absence or presence of CWT 151-254, p =
5.63x10°®; time, p = 0.396 (n.s.) with a significant interaction p = 5.642x10°®).



Reviewer #2:

In this work, Kosik lab further investigated tau LLPS. The authors have shown that the
microtubule-associated tau protein has the potential to form an LLPS in vivo. They identified the
proline-rich domain of tau as a phosphorylation-dependent regulator of condensate formation.

It is a very nice work, well done and original.

I have only minor comments

The authors should also discuss their data regarding physiological tau concentrations.
Overexpression of tau constructs does not reflect in vivo tau concentrations. It is a common
criticism in LLPS experiments (Alberti S et al., 2019)

Authors:

As noted by the reviewer and Dr. Alberti et al. we recognize that observations of LLPS through
protein overexpression in live cells does not reflect in vivo tau concentrations. We point out this
potential shortcoming in the text. In route to achieving an authentic in vivo understanding of tau
LLPS we believe that over-expression studies can serve as a heuristic model, particularly in the
analysis of protein domains. Over-expression studies can reveal specific domain functions that
are obscured in more in vivo settings due to competition with other domains in the same protein
as is the case here with regard to the PRD and the amino terminal domain. We fully acknowledge
(and make it clear in the revised text) that conclusions from such methods will require novel
approaches to more closely approximate the in vivo setting.

Reviewer #2: Some authors such as Lippens NMR group suggest that tau may bind to tubulin
heterodimers. Is it relevant to the current observation?

Authors: The question is certainly relevant but somewhat beyond the scope of our study.
Elegant tau studies by Rhoades and Nogales as well as Lippens all of which were cited in our
discussion were mostly based on alpha-beta tubulin heterodimers. We have attempted to extend
their insights to full-length microtubules as observed in living cells with the above caveat
concerning over-expression.

Reviewer #2: Tau is also found aggregated in tauopathies. How these observations may be of
interest in the pathological process?

Authors: Linking these observation to tau aggregation is the subject of our current studies using
tau mutations.



Reviewer #2: Additional experiments with 3Rtau would have been of interest

Authors: Agree that 3Rtau would have been of interest and we would like to address this
guestion as well as the subject of tau mutations from the perspective of LLPS in our next study.
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