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August 15, 20191st Editorial Decision

August 15, 2019 

Re: Life Science Alliance manuscript  #LSA-2019-00486 

Prof. Ursula Jakob 
University of Michigan 
Department of Molecular, Cellular and Developmental Biology 
1105 N-University Ave. 
Ann Arbor, MI 48109 

Dear Dr. Jakob, 

Thank you for submit t ing your manuscript  ent it led "Mechanist ic Insights into the Protect ive Roles of
Polyphosphate Against  Amyloid Cytotoxicity" to Life Science Alliance. The manuscript  was
assessed by expert  reviewers, whose comments are appended to this let ter. 

As you will see, the reviewers appreciate your analyses and the high quality of the data provided.
They give construct ive input on how to further strengthen your work, and we would thus like to
invite you to submit  a revised version, addressing the points put forward by reviewer #2 and #3.
This seems rather straightforward, but please do get in touch with us in case you would like to
discuss individual revision points further. 

To upload the revised version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. Please get in touch in case you do not know or remember your login name. 

While you are revising your manuscript , please also at tend to the below editorial points to help
expedite the publicat ion of your manuscript . Please direct  any editorial quest ions to the journal
office. 

The typical t imeframe for revisions is three months. Please note that papers are generally
considered through only one revision cycle, so strong support  from the referees on the revised
version is needed for acceptance. 

When submit t ing the revision, please include a let ter addressing the reviewers' comments point  by
point . 

We hope that the comments below will prove construct ive as your work progresses. 

Thank you for this interest ing contribut ion to Life Science Alliance. We are looking forward to
receiving your revised manuscript . 

Sincerely, 

Andrea Leibfried, PhD 
Execut ive Editor 



Life Science Alliance 
Meyerhofstr. 1 
69117 Heidelberg, Germany 
t  +49 6221 8891 502 
e a.leibfried@life-science-alliance.org 
www.life-science-alliance.org 

--------------------------------------------------------------------------- 

A. THESE ITEMS ARE REQUIRED FOR REVISIONS 

-- A let ter addressing the reviewers' comments point  by point . 

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

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your product ion-ready images, ht tp://www.life-science-
alliance.org/authors 

-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le and running t it le. It  should
describe the context  and significance of the findings for a general readership; it  should be writ ten in
the present tense and refer to the work in the third person. Author names should not be ment ioned.

B. MANUSCRIPT ORGANIZATION AND FORMATTING: 

Full guidelines are available on our Instruct ions for Authors page, ht tp://www.life-science-
alliance.org/authors 

We encourage our authors to provide original source data, part icularly uncropped/-processed
electrophoret ic blots and spreadsheets for the main figures of the manuscript . If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this informat ion. These files
will be linked online as supplementary "Source Data" files. 

***IMPORTANT: It  is Life Science Alliance policy that if requested, original data images must be
made available. Failure to provide original images upon request will result  in unavoidable delays in
publicat ion. Please ensure that you have access to all original microscopy and blot  data images
before submit t ing your revision.*** 

--------------------------------------------------------------------------- 

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

This is an except ionally interest ing and well writ ten manuscript  defining the protect ive role of polyP
in α-synuclein toxicity, a protein linked to Parkinson's Disease. By combining cell biology
experiments in neurons with biophysical and biochemical analyses, the authors provide mechanist ic
insights into the physical and cellular basis of protect ion and define a compelling mechanism of
act ion. The authors show that polyP does not interact  with α-synuclein monomers, but rather
interacts with oligomers and accelerates fibril format ion. One fascinat ing observat ion is that  polyP



alters fibril morphology, and effect ively reduces the ability of α-synuclein fibrils to interact  with cell
membranes, which is essent ial for both toxicity and for the spread of the disease state throughout
the brain. The clearly explained and well controlled experiments support  a well just ified model for
how polyP affects α-synuclein structure, aggregat ion and toxicity in neurons. The fact  that  polyP is
a physiologically relevant protect ive agent enhances the overall interest  of the study. 

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

Lempart  et  al find that poly-phosphate (polyp) changes the morphology of fibrils of alpha-synuclein
(aSyn) and prevent cell uptake by micropinocytosis. The study reveals unexpected findings that
conceptually advances our understanding of the modulat ion of neurotoxic fibrils structures. It  is
spectacular that  polyphosphate even disassembles pre-formed aSyn into single protofilaments.
The findings are of interest  for a broad readership. Overall the data back up the conclusions. 

Before publicat ion, the authors should implement the following suggest ions. 

1. The authors need to provide a t it rat ion of polyP, both for the in vit ro data (Fig 1) and for the
microscopic data (Figs 3 and 4). They use either 500 µM or 250 µM. They ment ion in the discussion
a stoichiomenty of 5 phosphate units per aSyn. To make the point  they should add for each of the
basic experiments one t it rat ion, which allows them to cont inue for all other panels with the opt imal
concentrat ion. 

2. In Fig. 1, the authors conclude from the polarisat ion data that polyP binding to aSyn precedes
fibril growth, as judged by ThT incorporat ion. Normalisat ion in the right  panel is based on the
assumption that saturat ion of the ThT signal and the polarisat ion signal meet saturat ion at  the
same point . The authors did not show that this is the case. In fact , polarisat ion signals meet a
maximum value if the part icle reaches a certain size. This range is bigger for a flexible ent ity such as
polyp compared to a globular protein. However, it  st ill may be the case that the signal saturates
earlier than the ThT signal. If the authors want to draw conclusions out of the difference (as they
current ly do) they would need to prove this point . Otherwise, it  may be more telling to monitor the
rate of signal increase instead of normalising the data to the saturat ion signal. 

3. The authors show only one fibril for each of the condit ions in Fig. 2b. Please provide a more
quant itat ive assessment. Du these images reflect  100% of (how many) fibrils analysed? 

4. The authors discuss the mechanism in view of the cryo-EM structure. A visualisat ion of the
argument using the pdb file of the structure will improve the ability of readers to follow the
arguments of the authors. 

5. The authors do not provide a mechanist ic explanat ion how polyp disassembled the aSyn
filaments. To me, a likely explanat ion is that  binding of a negat ively charged polymer causes
repulsion of the two strands, thereby init iat ing dissociat ion. The same effect  may also play a role for
prevent ing binding of aSyn to membranes, as observed by the authors. At  present the authors do
not clearly offer a molecular explanat ion. They may want to discuss this proposal or offer alternat ive
explanat ions. 

6. Some paragraphs are very long, running over more than a full page. Breaking such them up will
improve readability. 



Reviewer #3 (Comments to the Authors (Required)): 

This manuscript  cont inues the invest igat ion by the Jakob group into the interact ion of
amyloidogenic proteins (this t ime focussing on alpha-synuclein (AS)) with polyphosphate. 

Overall the manuscript  is extremely well writ ten with a clear narrat ive that explains the logic behind
each experiment and how the results were interpreted. The data begin to reveal how
polyphosphate increases amyloidogenesis and yet decrease cellular uptake. 

The rat ionale for concluding that "polyp does not affect  rate-limit ing step of fibril format ion" (p6) is
very unclear. The authors show that the lag t ime is reduced from 6 to 1.5 hr in the presence of
polyp and that adding the polyp induces aggregat ion with a shorter lag t ime as the incubat ion t ime
of AS prior to polyp addit ion increases. Figure 1d shows that in the absence of PolyP, the lag t ime
decreases as [AS] increases. These observat ions suggest that  PolyP mimics the effects of
increasing [AS] which presumably increases the [oligo]. Are the authors saying that the decrease in
t ime taken for a response to be seen after addit ion of PolyP shows that oligo format ion has to
occur and this is not affected by PolyP? Doesn't  the observat ion that lag t ime is reduced in the
presence of polyP has to lead to the conclusion that PolyP does affect  the rate limit ing step?
possibly by shift ing mono - oligo equilibrium to the right? 

How does polyP alter the conformat ion of pre-formed fibres, given that it  appears to not be t ight ly
bound? 
The conclusion of the work on understanding the resistance of AS fibre-bound polyp to
phosphatase needs further clarificat ion. What does "We concluded from these results that  AS fibrils
resist  conformat ional rearrangements by interfering with exopolyphatase-mediated polyp
hydrolysis" mean? How does this give any insight into the mechanism of binding, accelerat ion of
aggregat ion or reduced cell membrane binding? 
In the discussion, the authors suggest that  polyp interacts with posit ively charged patch in the
vicinity of the protofibril interface. There have been several AS fibril st ructures published recent ly
with quite dist inct  interfaces (e.g Li et  al Nat Commun 2018, Guerrero-Ferreira eLife 2018). Do the
condit ions used in this study mimic those where the posit ive patch forms the interface? 



1st Authors' Response to Reviewers       September 4, 2019

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

This is an exceptionally interesting and well written manuscript defining the protective role of polyP in 
α-synuclein toxicity, a protein linked to Parkinson's Disease. By combining cell biology experiments in 
neurons with biophysical and biochemical analyses, the authors provide mechanistic insights into the 
physical and cellular basis of protection and define a compelling mechanism of action. The authors 
show that polyP does not interact with α-synuclein monomers, but rather interacts with oligomers and 
accelerates fibril formation. One fascinating observation is that polyP alters fibril morphology, and 
effectively reduces the ability of α-synuclein fibrils to interact with cell membranes, which is essential 
for both toxicity and for the spread of the disease state throughout the brain. The clearly explained 
and well controlled experiments support a well justified model for how polyP affects α-synuclein 
structure, aggregation and toxicity in neurons. The fact that polyP is a physiologically relevant 
protective agent enhances the overall interest of the study. 
We very much appreciate these very supportive comments (a rare treat). 

Reviewer #2 (Comments to the Authors (Required)): 
Lempart et al find that poly-phosphate (polyp) changes the morphology of fibrils of alpha-synuclein 
(aSyn) and prevent cell uptake by micropinocytosis. The study reveals unexpected findings that 
conceptually advances our understanding of the modulation of neurotoxic fibrils structures. It is 
spectacular that polyphosphate even disassembles pre-formed aSyn into single protofilaments. The 
findings are of interest for a broad readership. Overall the data back up the conclusions. 
We thank the reviewer for the overall positive assessment of our ms and the very helpful suggestions.  

Before publication, the authors should implement the following suggestions. 
1. The authors need to provide a titration of polyP, both for the in vitro data (Fig 1) and for the
microscopic data (Figs 3 and 4). They use either 500 µM or 250 µM. They mention in the discussion a
stoichiomenty of 5 phosphate units per aSyn. To make the point they should add for each of the basic
experiments one titration, which allows them to continue for all other panels with the optimal
concentration.
We thank the reviewer for this suggestion.  We have now referred to our previously published titration
experiments (Cremers et al, Mol. Cell 2016) as reference for the in vitro data and have conducted
additional titration experiments as reference for the in vivo data.  The new figure can be found in
Supplement Fig. 3.
Page 4: “Consistent with previous polyP titrations (Cremers et al, 2016), we found that the presence
of 500 µM polyP substantially accelerates the fibril-forming process of α-synuclein, both by shortening
the lag phase and by increasing the rate of fibril growth (Fig. 1b, c).”

Page 8: “Incubation of the cells in the presence of polyP at concentrations ranging from 10-500 µM 
increasingly reduced the intracellular fluorescence signal of α-synPFF-AF488 upon incubation at 37°C as 
well as the membrane-associated signal upon incubation at either temperature (Fig. 3a, Supplemental 
Fig. 3).” 

2. In Fig. 1, the authors conclude from the polarisation data that polyP binding to aSyn precedes fibril
growth, as judged by ThT incorporation. Normalisation in the right panel is based on the assumption
that saturation of the ThT signal and the polarisation signal meet saturation at the same point. The
authors did not show that this is the case. In fact, polarisation signals meet a maximum value if the
particle reaches a certain size. This range is bigger for a flexible entity such as polyp compared to a
globular protein. However, it still may be the case that the signal saturates earlier than the ThT signal.
If the authors want to draw conclusions out of the difference (as they currently do) they would need to
prove this point. Otherwise, it may be more telling to monitor the rate of signal increase instead of
normalising the data to the saturation signal.
We thank the reviewer and agree that we cannot conclude that the maximum signal in the polarization
assay is indeed the maximal signal or just the upper limit of our detection.  We have now, as
suggested, focused our analysis on the initial lag phase and the growth phase, and adjusted our data



analysis and discussion accordingly.  
Page 4: “Since we could not exclude that the plateau was not due to the size of the polyP-fibril 
complexes reaching the upper limit of our polarization measurements, we only directly compared the 
first 10 h of ThT binding and anisotropy measurements. Overlay of the normalized data revealed that 
while the lag phase in the FP-measurement was slightly shorter than the lag phase in the ThT 
measurements, the rate of signal increase was very similar (Fig. 1b, right panel).” 

3. The authors show only one fibril for each of the conditions in Fig. 2b. Please provide a more
quantitative assessment. Du these images reflect 100% of (how many) fibrils analysed?
We apologize for not making this point clearer.  We have analyzed 41 (polyPalone), 38 (polyPalone polyP)
and 32 (polyPpolyP) fibers of each sample and have added representative fibers in our new
Supplemental Figure 1.
Page 25, figure legend 2:  “Alpha-synuclein fibrils formed in the presence of 7.5 mM polyP300 were
used as control (α-synpolyP). Quantitative analysis of fibril width was based on 10 individual
micrographs and 32-41 α-syn filaments per condition (additional images of representative fibers can
be found in Supplemental Fig. 1). Statistical analysis was prepared with ONE-way Annova (****; p-
value <0.0001).”

4. The authors discuss the mechanism in view of the cryo-EM structure. A visualisation of the
argument using the pdb file of the structure will improve the ability of readers to follow the arguments
of the authors.
We fully agree and have now added the structure of α-synuclein fibrils and the localization of charged
side chains in supplemental Fig. 5.
Page 11: “A recently solved cryo-EM structure of mature α-synuclein1-121 fibrils revealed that the
double-twisted nature of the fibrils results from the association of two protofilaments, which are
stabilized by intermolecular salt bridges (Supplemental Fig. 5) (Guerrero-Ferreira et al, 2018).”

5. The authors do not provide a mechanistic explanation how polyp disassembled the aSyn filaments.
To me, a likely explanation is that binding of a negatively charged polymer causes repulsion of the two
strands, thereby initiating dissociation. The same effect may also play a role for preventing binding of
aSyn to membranes, as observed by the authors. At present the authors do not clearly offer a
molecular explanation. They may want to discuss this proposal or offer alternative explanations.
We fully concur with this conclusion and have added additional discussion.
Page: 10 “Given that the two strands associate via charge-charge interactions (Supplemental Fig. 5),
the most obvious explanation is that the negatively charged polyP causes repulsion of the two
strands, thereby initiating dissociation.”

6. Some paragraphs are very long, running over more than a full page. Breaking such them up will
improve readability.
We have reworked our ms accordingly.

Reviewer #3 (Comments to the Authors (Required)): 
This manuscript continues the investigation by the Jakob group into the interaction of amyloidogenic 
proteins (this time focussing on alpha-synuclein (AS)) with polyphosphate. Overall the manuscript is 
extremely well written with a clear narrative that explains the logic behind each experiment and how 
the results were interpreted. The data begin to reveal how polyphosphate increases amyloidogenesis 
and yet decrease cellular uptake. 
We appreciate the positive evaluation and helpful comments. 



The rationale for concluding that "polyp does not affect rate-limiting step of fibril formation" (p6) is very 
unclear. The authors show that the lag time is reduced from 6 to 1.5 hr in the presence of polyp and 
that adding the polyp induces aggregation with a shorter lag time as the incubation time of AS prior to 
polyp addition increases. Figure 1d shows that in the absence of PolyP, the lag time decreases as 
[AS] increases. These observations suggest that PolyP mimics the effects of increasing [AS] which 
presumably increases the [oligo]. Are the authors saying that the decrease in time taken for a 
response to be seen after addition of PolyP shows that oligo formation has to occur and this is not 
affected by PolyP? Doesn't the observation that lag time is reduced in the presence of polyP has to 
lead to the conclusion that PolyP does affect the rate limiting step? possibly by shifting mono - oligo 
equilibrium to the right? 
We absolutely agree with this conclusion but must assume an even earlier step, which cannot be 
overcome by increasing the concentration of the α-synuclein and which cannot be further accelerated 
by the addition of polyP.  We assume that this step is on the level of the monomers, but have no 
experimental evidence at this point. 

How does polyP alter the conformation of pre-formed fibres, given that it appears to not be tightly 
bound? 
This is an excellent question and one that we are currently trying to figure out.  Based on our results, 
we must assume that the fibers are(at least) locally metastable and allow association with polyP, 
which, in turn, causes conformational rearrangements and shifts the equilibrium to the altered state.  
We are very interested to test whether degradation of polyP reverses the conformational changes, but 
were unable to test this idea because of our inability to degrade polyP that is in complex with α-
synuclein fibrils. 

The conclusion of the work on understanding the resistance of AS fibre-bound polyp to phosphatase 
needs further clarification. What does "We concluded from these results that AS fibrils resist 
conformational rearrangements by interfering with exopolyphatase-mediated polyp hydrolysis" mean? 
How does this give any insight into the mechanism of binding, acceleration of aggregation or reduced 
cell membrane binding? 
We agree that this conclusion is overreaching and have adjusted the statement accordingly.  
Page 7: We concluded from these results that polyP-α-synuclein-fibrils are apparently stable, and 
resistant towards exopolyphosphatase-mediated polyP hydrolysis. 

In the discussion, the authors suggest that polyp interacts with positively charged patch in the vicinity 
of the protofibril interface. There have been several AS fibril structures published recently with quite 
distinct interfaces (e.g Li et al Nat Commun 2018, Guerrero-Ferreira eLife 2018). Do the conditions 
used in this study mimic those where the positive patch forms the interface? 
The experimental conditions used in the work of Guerrero-Ferreira that lead to structural analysis of 
the α-synuclein fibril are comparable to our fiber formation conditions. Guerrero-Ferreira utilizes 
similar concentrations, shaking and temperature conditions. Our TEM images of α-synuclein fibers are 
in accordance with their findings. We have discussed our identified morphology in context of the 
published PDB structure which is now included in Supplemental Fig. 5. 



September 9, 20191st Revision - Editorial Decision

September 9, 2019 

RE: Life Science Alliance Manuscript  #LSA-2019-00486R 

Prof. Ursula Jakob 
University of Michigan 
Department of Molecular, Cellular and Developmental Biology 
1105 N-University Ave. 
Ann Arbor, MI 48109 

Dear Dr. Jakob, 

Thank you for submit t ing your revised manuscript  ent it led "Mechanist ic Insights into the Protect ive
Roles of Polyphosphate Against  Amyloid Cytotoxicity". I appreciate the introduced changes and
would thus be happy to publish your paper in Life Science Alliance. Please link your ORCID iD to
your profile in our submission system and fill in the electronic license to publish form. You will see
that your manuscript  number changes to LSA-2019-00486RR, please make sure to move all files to
that new submission number. 

If you are planning a press release on your work, please inform us immediately to allow informing our
product ion team and scheduling a release date. 

To upload the final version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. Please get in touch in case you do not know or remember your login name. 

To avoid unnecessary delays in the acceptance and publicat ion of your paper, please read the
following informat ion carefully. 

A. FINAL FILES:

These items are required for acceptance. 

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

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your product ion-ready images, ht tp://www.life-science-
alliance.org/authors 

-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le. It  should describe the context
and significance of the findings for a general readership; it  should be writ ten in the present tense
and refer to the work in the third person. Author names should not be ment ioned. 

B. MANUSCRIPT ORGANIZATION AND FORMATTING:



Full guidelines are available on our Instruct ions for Authors page, ht tp://www.life-science-
alliance.org/authors 

We encourage our authors to provide original source data, part icularly uncropped/-processed
electrophoret ic blots and spreadsheets for the main figures of the manuscript . If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this informat ion. These files
will be linked online as supplementary "Source Data" files. 

**Submission of a paper that does not conform to Life Science Alliance guidelines will delay the
acceptance of your manuscript .** 

**It  is Life Science Alliance 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
publicat ion. 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 product ion. 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.** 

**Reviews, decision let ters, and point-by-point  responses associated with peer-review at  Life
Science Alliance will be published online, alongside the manuscript . If you do want to opt out of
having the reviewer reports and your point-by-point  responses displayed, please let  us know
immediately.** 

Thank you for your at tent ion to these final processing requirements. Please revise and format the
manuscript  and upload materials within 7 days. 

Thank you for this interest ing contribut ion, we look forward to publishing your paper in Life Science
Alliance. 

Sincerely, 

Andrea Leibfried, PhD 
Execut ive Editor 
Life Science Alliance 
Meyerhofstr. 1 
69117 Heidelberg, Germany 
t  +49 6221 8891 502 
e a.leibfried@life-science-alliance.org 
www.life-science-alliance.org 

------------------------------------------------------------------------------ 



September 10, 20192nd Revision - Editorial Decision

September 10, 2019 

RE: Life Science Alliance Manuscript  #LSA-2019-00486RR 

Prof. Ursula Jakob 
University of Michigan 
Department of Molecular, Cellular and Developmental Biology 
1105 N-University Ave. 
Ann Arbor, MI 48109 

Dear Dr. Jakob, 

Thank you for submit t ing your Research Art icle ent it led "Mechanist ic Insights into the Protect ive
Roles of Polyphosphate Against  Amyloid Cytotoxicity". It  is a pleasure to let  you know that your
manuscript  is now accepted for publicat ion in Life Science Alliance. Congratulat ions on this
interest ing work. 

The final published version of your manuscript  will be deposited by us to PubMed Central upon
online publicat ion. 

Your manuscript  will now progress through copyedit ing and proofing. It  is journal policy that authors
provide original data upon request. 

Reviews, decision let ters, and point-by-point  responses associated with peer-review at  Life Science
Alliance will be published online, alongside the manuscript . If you do want to opt out of having the
reviewer reports and your point-by-point  responses displayed, please let  us know immediately. 

***IMPORTANT: If you will be unreachable at  any t ime, please provide us with the email address of
an alternate author. Failure to respond to rout ine queries may lead to unavoidable delays in
publicat ion.*** 

Scheduling details will be available from our product ion department. You will receive proofs short ly
before the publicat ion date. Only essent ial correct ions can be made at  the proof stage so if there
are any minor final changes you wish to make to the manuscript , please let  the journal office know
now. 

DISTRIBUTION OF MATERIALS: 
Authors are required to distribute freely any materials used in experiments published in Life Science
Alliance. Authors are encouraged to deposit  materials used in their studies to the appropriate
repositories for distribut ion to researchers. 

You can contact  the journal office with any quest ions, contact@life-science-alliance.org 

Again, congratulat ions on a very nice paper. I hope you found the review process to be construct ive
and are pleased with how the manuscript  was handled editorially. We look forward to future excit ing
submissions from your lab. 



Sincerely, 

Andrea Leibfried, PhD 
Execut ive Editor 
Life Science Alliance 
Meyerhofstr. 1 
69117 Heidelberg, Germany 
t  +49 6221 8891 502 
e a.leibfried@life-science-alliance.org 
www.life-science-alliance.org 
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