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30th May 20221st Editorial Decision

Dear Dr. Matsumoto

Thank you for the submission of your manuscript to EMBO reports. We have now received the full set of referee reports that is
pasted below. 

As you will see, the referees acknowledge that the findings are potentially interesting. However, they also have several
suggestions for how the data should be strengthened and the study improved. I think all points raised are reasonable and
should be addressed. Please let me know in case you disagree, and we can discuss the revisions further, also in a video chat if
you like. 

I would thus like to invite you to revise your manuscript with the understanding that the referee concerns must be fully addressed
and their suggestions taken on board. Please address all referee concerns in a complete point-by-point response. Acceptance of
the manuscript will depend on a positive outcome of a second round of review. It is EMBO reports policy to allow a single round
of major revision only and acceptance or rejection of the manuscript will therefore depend on the completeness of your
responses included in the next, final version of the manuscript.

We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we recommend a revision within 3 months (30th Aug 2022). Please discuss the revision progress ahead of this time with
the editor if you require more time to complete the revisions.

You can either publish the study as a short report or as a full article. For short reports, the revised manuscript should not exceed
27,000 characters (including spaces but excluding materials & methods and references) and 5 main plus 5 expanded view
figures. The results and discussion sections must further be combined, which will help to shorten the manuscript text by
eliminating some redundancy that is inevitable when discussing the same experiments twice. For a normal article there are no
length limitations, but it should have more than 5 main figures and the results and discussion sections must be separate. In both
cases, the entire materials and methods must be included in the main manuscript file.

IMPORTANT NOTE: we perform an initial quality control of all revised manuscripts before re-review. Your manuscript will FAIL
this control and the handling will be DELAYED if the following APPLIES: 
1) A data availability section providing access to data deposited in public databases is missing. If you have not deposited any
data, please add a sentence to the data availability section that explains that.
2) Your manuscript contains statistics and error bars based on n=2. Please use scatter blots in these cases. No statistics should
be calculated if n=2.

When submitting your revised manuscript, please carefully review the instructions that follow below. Failure to include requested
items will delay the evaluation of your revision.

1) a .docx formatted version of the manuscript text (including legends for main figures, EV figures and tables). Please make sure
that the changes are highlighted to be clearly visible.

2) individual production quality figure files as .eps, .tif, .jpg (one file per figure). See https://wol-prod-cdn.literatumonline.com/pb-
assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf for more info on how to prepare your figures. 

3) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable online.
A maximum of 5 EV Figures can be typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc... in the text and their
respective legends should be included in the main text after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called *Appendix*, which should start with a short Table of Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc. See detailed instructions regarding expanded view here:
<https://www.embopress.org/page/journal/14693178/authorguide#expandedview>

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc. Legends have to be provided in
a separate tab in case of .xls files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

4) a .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point responses to their comments. As
part of the EMBO Press transparent editorial process, the point-by-point response is part of the Review Process File (RPF),
which will be published alongside your paper.

5) a complete author checklist, which you can download from our author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide>. Please insert information in the checklist that is also



reflected in the manuscript. The completed author checklist will also be part of the RPF.

6) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript (<https://orcid.org/>). Please find instructions on how to link your ORCID ID to your account in our manuscript
tracking system in our Author guidelines 
<https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines>

7) Before submitting your revision, primary datasets produced in this study need to be deposited in an appropriate public
database (see https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). Please remember to provide a
reviewer password if the datasets are not yet public. The accession numbers and database should be listed in a formal "Data
Availability" section placed after Materials & Method (see also
https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). Please note that the Data Availability Section
is restricted to new primary data that are part of this study. * Note - All links should resolve to a page where the data can be
accessed. *
If your study has not produced novel datasets, please mention this fact in the Data Availability Section. 

8) We would also encourage you to include the source data for figure panels that show essential data. Numerical data should be
provided as individual .xls or .csv files (including a tab describing the data). For blots or microscopy, uncropped images should
be submitted (using a zip archive if multiple images need to be supplied for one panel). Additional information on source data
and instruction on how to label the files are available at
<https://www.embopress.org/page/journal/14693178/authorguide#sourcedata>.

9) Our journal also encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows: "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.
Further instructions are available at https://www.embopress.org/page/journal/14693178/authorguide#referencesformat

10) Regarding data quantification (see Figure Legends:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat)

The following points must be specified in each figure legend:

- the name of the statistical test used to generate error bars and P values,

- the number (n) of independent experiments (please specify technical or biological replicates) underlying each data point,

- the nature of the bars and error bars (s.d., s.e.m.),

- If the data are obtained from n {less than or equal to} 2, use scatter blots showing the individual data points.

Discussion of statistical methodology can be reported in the materials and methods section, but figure legends should contain a
basic description of n, P and the test applied.

- Please also include scale bars in all microscopy images.

11) The journal requires a statement specifying whether or not authors have competing interests (defined as all potential or
actual interests that could be perceived to influence the presentation or interpretation of an article). In case of competing
interests, this must be specified in your disclosure statement. Further information: https://www.embopress.org/competing-
interests

We would also welcome the submission of cover suggestions, or motifs to be used by our Graphics Illustrator in designing a
cover.

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a Review Process File (RPF)
to accompany accepted manuscripts. This File will be published in conjunction with your paper and will include the referee
reports, your point-by-point response and all pertinent correspondence relating to the manuscript. 

You are able to opt out of this by letting the editorial office know (emboreports@embo.org). If you do opt out, the Review
Process File link will point to the following statement: "No Review Process File is available with this article, as the authors have
chosen not to make the review process public in this case."



I look forward to seeing a revised form of your manuscript when it is ready. Please use this link to submit your revision:
https://embor.msubmit.net/cgi-bin/main.plex

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #1:

Histidine phosphorylation is an non-canonical protein phosphorylation in animals. The biological significance of His-
Phosphorylation is rather unclear. Recently the protein histidine phosphatase (PHPT1) and histidine kinase (NDK-1) is identified
in mammals. In this paper author have provided genetic evidence that PHTP-1 and NDK-1 regulates axon regeneration in motor
neuron model by regulating the histidine phosphorylation of GPB-1 Gb at His-266. Their data suggests that the His-
phosphorylation plays an anti-regenerative role.
Further they went on to show that the conserved autophagy kinase UNC-51/ULK phosphorylates PHIP-1 at Ser-112 and this
phosphorylation is essential for PHIP-1-mediated axon regeneration. This is an interesting manuscript. However there are some
concern 

1) Histidine phosphorylation is never demonstrated in C. elegans. The assumption of this study is that NDK-1 and PHTP-1
phosphorylates and dephosphorylates GBP1- at His-266 residue, respectively. It seems it's a big assumption. The authors
needs to provide some evidence in worm system that Histidine-phosphorylation in the protein of their interest and that it is
dependent on the NDK-1 and PHTP-1. Otherwise the data is mostly using the molecular genetics. If antibody against Histidine-
phosphorylated amino acid is not available, they may use mass spectrometry.

2) A major role of UNC-51 is axon development, comes from many neuro-developmental studies. They are proposing that unc-
51 is essential in axon regrowth using touch neuron system. I am aware that unc-51 mutant worms have very short PLM/ALM
axons. How they rule out the possibility that effect in axon regeneration is not related to its initial axon developmental role?
Also it is not clear why the authors while experimenting on the role of unc-51 in regulation of PHTP-1 moved to the touch neuron
system from the motor neuron. Initially they were describing the role of NDK and PHTP using motor neuron system.

3) A general suggestion in the axon regeneration quantification: It will be good to show the length of regrowth as well. 

4) It will be good to disclose the developmental phenotype (if any) of the mutants the authors dealt with in this manuscript

Referee #2:

This is an interesting paper whereby Sakai et al. demonstrate that reversible phosphorylation of H266 on GPB-1 G� by NDPK
and PHIP-1 regulate axonal regeneration via the regulation of GOA-1 Go� signaling. The genetic evidence supporting this is
convincing and novel and reaffirms genetically and in an in vivo model of axonal regeneration previous findings in mammalian
cells. 

- Given the availability of pHis antibodies, it would be nice for the authors to also demonstrate changes in H266 phosphorylation
with these antibodies biochemically by immunoblotting with 1 and 3-pHis antibodies. This would also provide insight into whether
GPB-1 G��is histidine phosphorylated at the 1 or 3 position and which position is dephosphorylated by PHIP-1, of which little is
currently known.

In order to try and understand how this is regulated molecularly, the authors identified UNC-51/ULK as a PHIP-1 interacting
protein and demonstrate genetically that UNC-51 phosphorylation of Ser-112 is essential for PHIP-1 mediated axonal
regeneration. While this data is convincing, the authors have an opportunity to perform additional experiments that may provide
insight into other functions of PHIP-1 as well as the mechanism whereby phosphorylation of Ser-112 regulates PHIP-1. 
Specifically:
- The authors should more finely map the interaction of PHIP-1 to UNC-51. The initial screen identified AA 274-856 as the
interacting protein. Have, the authors tried to identify a minimal sequence on UNC-51 that mediates binding? Is this sequence or
interaction conserved with mammalian ULK 1 or 2? In addition, identifying a minimal sequence that mediates binding may



provide insight into identifying other proteins that may be regulated by PHIP-1. 
- The authors propose that phosphorylation of Ser 112 regulates PHIP-1 function by affecting PHIP-1 localization. Do they have
any evidence to support this? Have they tried to localize PHIP-1 in axons? How have they ruled out the possibility that
phosphorylation does not regulate the catalytic activity of PHPT-1? This can be tested in an in vitro phosphatase assay.
- S112 is not conserved with mammalian PHPT1. It would be helpful for the authors to put this finding in the context with
mammalian PHPT-1. Do they think this finding is unique to nematodes? 

Minor point, PHPT-1 in mammalian cells have been shown to negatively regulate CD4 T cells via dephosphorylation of KCa3.1
(PNAS 2008:105(38): 14442-6, . This should be included in the discussion. 

Referee #3:

The manuscript by Sakai et al. presents a detailed genetic analysis of how dynamic histidine phosphorylation regulates axon
regeneration through GTP production. It is of interest because it reveals a new function for His-kinases in eukaryotes, which are
not well studied, and adds to our understanding of how goa-1 is regulated in injured cells. The data mostly support the authors
conclusions. I have relatively minor comments.

- Suppression of the unc-51 mutant by phip-1 is somewhat weak. This relationship should be revised in the text as crucial
implies a stronger dependency than what is shown.

- Is it known how unc-51 regulate lgg-2? While the data show that lgg-2 functions in parallel to PHIP-1, it does not show that lgg-
2 also functions downstream of unc-51. The authors should examine whether they do function in the same pathway. 

- The conclusion that phip-1 and lgg-2 are partly responsible for unc-51 based regeneration depends on the answer to point 2. Is
unc-51 function dependent on phip-1 and lgg-2?

- How GTP or unphosphorylated Gbeta is thought to regulate regeneration should be clarified in the discussion.
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Dear Dr. Schnapp, 

Enclosed please find our revised manuscript entitled: “Histidine 
phosphorylation-mediated signal transduction regulates axon regeneration in 
Caenorhabditis elegans” (by Sakai et al., EMBOR-2022-55076-T). Thank you for 
your e-mail of May 31, 2022, and the reviewers' comments on our manuscript. We 
appreciate these comments as they helped improve the manuscript. We have 
conducted experiments to address the comments of the reviewers. We believe that 
we have now satisfactorily addressed almost all concerns raised by the reviewers. 
We hope that this revised manuscript is now acceptable for publication in EMBO 
Rep. as Article. Our point-by-point responses to the reviewers’ comments are 
provided below.

With best regards, 

Kunihiro Matsumoto 

20th Aug 20221st Authors' Response to Reviewers
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Paper: EMBOR-2022-55076-T 
Authors: Sakai et al., 
Title: Histidine phosphorylation-mediated signal transduction regulates axon 
regeneration in Caenorhabditis elegans 
 
The manuscript has been revised in accordance with the comments given by the 
editor and three referees. Responses to the comments are as follows: 
 
Our responses to the comments of Editor 
 
1) A data availability section providing access to data deposited in public 
databases is missing. If you have not deposited any data, please add a 
sentence to the data availability section that explains that. 
 

We have added a statement in the Data availability section (p. 36, lines 
738–739). 

 
2) Your manuscript contains statistics and error bars based on n=2. Please 
use scatter blots in these cases. No statistics should be calculated if n=2. 
 

We have conducted an additional aldicarb assay and replaced the data and 
figure legend (Appendix Fig. S2B). 

 
 
Our responses to the comments of Referee #1 
 
1) Histidine phosphorylation is never demonstrated in C. elegans. The 
assumption of this study is that NDK-1 and PHTP-1 phosphorylates and 
dephosphorylates GBP1- at His-266 residue, respectively. It seems it's a big 
assumption. The authors needs to provide some evidence in worm system 
that Histidine-phosphorylation in the protein of their interest and that it is 
dependent on the NDK-1 and PHTP-1. Otherwise the data is mostly using the 
molecular genetics. If antibody against Histidine-phosphorylated amino acid 
is not available, they may use mass spectrometry. 
 

As suggested, we have investigated His-phosphorylation of GPB-1 in the 
worm system. 
pHis exists as two isomers, 1-pHis and 3-pHis, depending on the position 
of the phospho-acceptor nitrogen in the imidazole ring of histidine at 
positions, N1 and N3, respectively. Because the phosphoramidate (P–N) 
bond in pHis is thermally unstable, detecting pHis in biological samples is 
challenging. This problem has been largely solved with the development of 
monoclonal antibodies that specifically recognize 1-pHis or 3-pHis. We 
used these antibodies to evaluate His-phosphorylation in animals. To 
detect GPB-1, we tagged endogenous GPB-1 with 3XFLAG using 
CRISPR–Cas9-mediated genome editing (Appendix Fig. S1C). 
 
Immunoblot signals for 1-pHis and 3-pHis detected one 1-pHis- and two 
or three 3-pHis-positive proteins in total lysates of phip-1(km96) mutant 
animals (Fig. 4A and Fig. EV1A and B). The 17-kDa band observed with 
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the 1-pHis antibody is likely to be NDK-1 (Fig. EV1A). Indeed, 
mammalian NDPK autophosphorylates at position N1 of His118, which is 
also conserved in NDK-1 (Fig. 1B). 
When the lysate, dissolved in sample buffer, was heated at 95°C for 15 
min prior to SDS-PAGE, the 3-pHis bands disappeared (Fig. 4A), 
indicating that the signals detected in the unheated sample are indeed 
3-pHis proteins. Based on molecular weight analysis, the low molecular 
weight (37 kDa) 3-pHis protein corresponds to 3XFLAG::GPB-1. 
Consistently, the intensity of the 3-pHis signal was reduced in animals 
expressing the non-phosphorylatable FLAG::GPB-1(H266F) mutant 
protein (Fig. 4A). This result also suggests that GPB-1 has additional pHis 
site(s). Thus, PHIP-1 dephosphorylates GPB-1 pHis-266 in animals. 
 
However, the intensity of the 3-pHis signals did not increase in 
phip-1(km96) mutants compared with wild-type (Fig EV1B), suggesting 
that under normal conditions, PHIP-1 is an inactive pHis-phosphatase. 
Consistently, we found that the PHIP-1 phosphatase activity is activated by 
UNC-51 phosphorylation (Fig. 4C and Fig. EV2). 
 
To determine whether NDK-1 phosphorylates GPB-1 at His-266, an in 
vitro kinase assay was performed using purified recombinant glutathione 
S-transferase (GST)-tagged NDK-1. In mammalian cells, NDPK forms a 
complex with Gβγ and acts as a His-kinase for Gβ. Therefore, we used the 
C. elegans Gβγ complex as a substrate. Because C. elegans has two Gγ 
subunits, namely, GPC-1 and GPC-2, and GPC-2 works with GPB-1 in C. 
elegans, we used GPC-2 for the in vitro kinase assay. We co-expressed 
HA-tagged GPB-1 and T7-tagged GPC-2 in mammalian COS-7 cells. The 
GPB-1–GPC-2 complex was then immunopurified with anti-HA 
antibodies and incubated with GST-NDK-1 in vitro. GPB-1 
phosphorylation was detected with anti-3-pHis antibodies. We found that 
NDK-1 phosphorylated GPB-1 and that the phosphorylation of 
GPB-1(H266F) by NDK-1 was reduced but not eliminated (Fig. 4B). 
These results support the possibility that NDK-1 phosphorylates multiple 
His-sites, including His-266, in GPB-1. 
 
Furthermore, we demonstrated that PHIP-1 dephosphorylates pHis-GPB-1 
in vitro using recombinant GST-tagged PHIP-1 proteins (Fig. 4C). 

 
2) A major role of UNC-51 is axon development, comes from many 
neuro-developmental studies. They are proposing that unc-51 is essential in 
axon regrowth using touch neuron system. I am aware that unc-51 mutant 
worms have very short PLM/ALM axons. How they rule out the possibility 
that effect in axon regeneration is not related to its initial axon 
developmental role? Also it is not clear why the authors while experimenting 
on the role of unc-51 in regulation of PHTP-1 moved to the touch neuron 
system from the motor neuron. Initially they were describing the role of NDK 
and PHTP using motor neuron system. 
 

We first examined whether UNC-51 is required for axon regeneration in 
D-type motor neurons. However, the loss-of-function unc-51 mutation was 
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reported to severely affect the development of GABAergic D-type motor 
neurons (Appendix Fig. S4A). Therefore, it is difficult to assess the effect 
of unc-51(ks49) on axon regeneration of D-type neurons. By contrast, the 
unc-51 mutation has only a weak effect on axon elongation along the 
anterior–posterior axis of touch sensory PLM neurons (Appendix Fig. 
S4B). We confirmed that unc-51(ks49) mutants displayed impaired axon 
regeneration in PLM neurons (Fig. 7A–C). 

 
3) A general suggestion in the axon regeneration quantification: It will be 
good to show the length of regrowth as well. 
 

As suggested, we have shown the length of axon regrowth in wild-type and 
phip-1 mutants (Appendix Fig. S3). 

 
4) It will be good to disclose the developmental phenotype (if any) of the 
mutants the authors dealt with in this manuscript. 
 

The phip-1 deletion mutants did not show any developmental phenotype. 
 
 
Our responses to the comments of Referee #2 
 
- Given the availability of pHis antibodies, it would be nice for the authors to 
also demonstrate changes in H266 phosphorylation with these antibodies 
biochemically by immunoblotting with 1 and 3-pHis antibodies. This would 
also provide insight into whether GPB-1 Gβ is histidine phosphorylated at 
the 1 or 3 position and which position is dephosphorylated by PHIP-1, of 
which little is currently known. 
 

As suggested, we demonstrated changes in GPB-1 His-266 
phosphorylation using 1-pHis and 3-pHis antibodies. 
 
To detect GPB-1 protein in animals, we inserted the 3XFLAG tag into the 
N-terminus of the endogenous gpb-1 locus with the CRISPR–Cas9 method 
(Appendix Fig. S1C). 
 
Immunoblot signals for 1-pHis and 3-pHis detected one 1-pHis- protein 
and two or three 3-pHis-positive proteins in total lysates of animals (Fig. 
4A and Fig. EV1A and B). The 17-kDa band observed with the 1-pHis 
antibody is likely to be NDK-1 (Fig. EV1A). Indeed, mammalian NDPK 
autophosphorylates at position N1 of His118, which is also conserved in 
NDK-1 (Fig. 1B). 
Based on molecular weight analysis, the low molecular weight (37 kDa) 
3-pHis protein corresponds to 3XFLAG::GPB-1. Consistently, the 
intensity of the 3-pHis signal was reduced in animals expressing the 
non-phosphorylatable FLAG::GPB-1(H266F) mutant protein (Fig. 4A). 

 
In order to try and understand how this is regulated molecularly, the authors 
identified UNC-51/ULK as a PHIP-1 interacting protein and demonstrate 
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genetically that UNC-51 phosphorylation of Ser-112 is essential for PHIP-1 
mediated axonal regeneration. While this data is convincing, the authors 
have an opportunity to perform additional experiments that may provide 
insight into other functions of PHIP-1 as well as the mechanism whereby 
phosphorylation of Ser-112 regulates PHIP-1. 
 
Specifically: 
- The authors should more finely map the interaction of PHIP-1 to UNC-51. 
The initial screen identified AA 274-856 as the interacting protein. Have, the 
authors tried to identify a minimal sequence on UNC-51 that mediates 
binding? Is this sequence or interaction conserved with mammalian ULK 1 
or 2? In addition, identifying a minimal sequence that mediates binding may 
provide insight into identifying other proteins that may be regulated by 
PHIP-1. 
 

We did not attempt to identify the minimal sequence mediating UNC-51–
PHPT-1 binding. 
 
We examined the relationship between ULK/UNC-51 and PHPT1/PHIP-1 
and found that mammalian ULK1 does not phosphorylate PHPT1 
(Appendix Fig S5A). Therefore, the relationship between ULK1 and 
PHPT1 is unlikely to be conserved. 
 
To search for specific PHIP-1 substrates, a catalytically dead mutant form 
of PHIP-1 is useful as a substrate-trapping mutant, an approach that has 
been exploited successfully for identifying substrates of PTPs. To identify 
targets of PHIP-1, we performed a yeast two-hybrid screen using the 
phosphatase-negative PHIP-1(H45A) as bait to isolate proteins that 
interact with PHIP-1. We isolated GPB-1 Gβ and GPD-2/GPD-3/GPD-4, 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Fig. 3A and B and 
Appendix Table S1). Because mammalian GNB1 Gβ and GAPDH are 
known pHis proteins, GPB-1 and GPD-2/GPD-3/GPD-4 are candidate 
targets for PHIP-1. Thus, two-hybrid screening with PHPT-1(H45A) is 
useful for identifying PHIP-1 targets. 

 
-The authors propose that phosphorylation of Ser 112 regulates PHIP-1 
function by affecting PHIP-1 localization. Do they have any evidence to 
support this? Have they tried to localize PHIP-1 in axons? How have they 
ruled out the possibility that phosphorylation does not regulate the catalytic 
activity of PHPT-1? This can be tested in an in vitro phosphatase assay. 
 

As suggested, we tested the effect of PHIP-1 Ser-112 phosphorylation on 
the catalytic activity of PHIP-1. We showed that PHIP-1(S112E) 
efficiently dephosphorylated pHis-GPB-1 in vitro, whereas 
PHIP-1(S112A) did not (Fig. 4C). These results indicate that 
phosphorylation of Ser-112 in PHIP-1 activates its phosphatase activity. 
We further confirmed this possibility using recombinant GST-tagged 
bacterial CheA, which autophosphorylates itself on histidine. We 
demonstrated that wild-type PHIP-1 weakly dephosphorylated pHis-CheA, 
whereas PHIP-1(S112E) exhibited stronger phosphatase activity than 
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wild-type and PHIP-1(S112A) (Fig EV2). Thus, UNC-51 phosphorylation 
activates the catalytic activity of PHIP-1. 

 
-S112 is not conserved with mammalian PHPT1. It would be helpful for the 
authors to put this finding in the context with mammalian PHPT-1. Do they 
think this finding is unique to nematodes? 
 

We examined whether the relationship between UNC-51 and PHIP-1 is 
functionally conserved in mammals. We showed that GST-ULK1 
phosphorylated itself but not PHPT1 (Appendix Fig S5A). Consistently, 
Ser-112 in PHIP-1 corresponds with Ala-121 in PHPT1, but this site is not 
conserved (Appendix Fig S5B). However, the region surrounding Ser-112 
in PHIP-1 is highly conserved with the corresponding region in PHPT1, 
and the Thr-119 residue is present in PHPT1 (Appendix Fig S5B). These 
findings raise the possibility that an unknown kinase activates PHPT1 by 
phosphorylating PHPT1 on Thr-119. 

 
Minor point, PHPT-1 in mammalian cells have been shown to negatively 
regulate CD4 T cells via dephosphorylation of KCa3.1 (PNAS 2008:105(38): 
14442-6. This should be included in the discussion. 
 

As suggested, this reference is included in the Discussion section (p. 22, 
lines 422–424). 

 
 
Our responses to the comments of Referee #3 
 
Relatively minor comments. 
 
- Suppression of the unc-51 mutant by phip-1 is somewhat weak. This 
relationship should be revised in the text as crucial implies a stronger 
dependency than what is shown. 
 

We have made suitable revisions (p. 17, lines 345–346). 
 
- Is it known how unc-51 regulate lgg-2? While the data show that lgg-2 
functions in parallel to PHIP-1, it does not show that lgg-2 also functions 
downstream of unc-51. The authors should examine whether they do function 
in the same pathway. 
 

ULK kinase and LC3 are components of the primary autophagy machinery 
and are involved in the initiation of autophagosome biogenesis in 
mammals. Thus, ULK/UNC-51 and LC3/LGG-2 act in the same pathway 
in autophagy. 
 
In addition, Crawley et al. showed that UNC-51 and LGG-2 regulate axon 
termination and synapse maintenance through autophagosome formation 
in axonal compartments (Nat. Commun. 10, 5017, 2019). In this pathway, 
LGG-2 functions downstream of UNC-51. 

 



7 

- The conclusion that phip-1 and lgg-2 are partly responsible for unc-51 
based regeneration depends on the answer to point 2. Is unc-51 function 
dependent on phip-1 and lgg-2? 
 

Because the phip-1 mutation does not affect autophagy, it is unlikely that 
UNC-51 function is dependent on PHIP-1. 
 
Crawley et al. showed that UNC-51 and LGG-2 regulate axon termination 
and synapse maintenance through autophagosome formation in axonal 
compartments (Nat. Commun. 10, 5017, 2019). In this pathway, LGG-2 
functions downstream of UNC-51. 
 

- How GTP or unphosphorylated Gbeta is thought to regulate regeneration 
should be clarified in the discussion. 
 

In C. elegans, two different Gα subunits, namely, EGL-30 Gqα and 
GOA-1 Goα participate in axon regeneration (Fig. 5C). EGL-30 activates 
phospholipase Cβ (PLCβ) EGL-8, which in turn generates DAG, resulting 
in the activation of the protein kinase C (PKC) homolog TPA-1. TPA-1 
promotes axon regeneration by activating the JNK MAP kinase (MAPK) 
cascade. GTP-bound GOA-1 antagonizes the EGL-30 signaling cascade 
and inhibits axon regeneration. This inhibition is mediated by His-266 
phosphorylation of GPB-1 Gβ, which leads to activation of GOA-1 Goα 
signaling. Thus, these findings suggest a link between the 
GPCR-independent activation of Goα and His-phosphorylation of Gβ in 
the regulation of axon regeneration. We have mentioned this in p. 15, lines 
272–282. 
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