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August 24, 20221st Editorial Decision

August 24, 2022 

Re: Life Science Alliance manuscript #LSA-2022-01629-T 

Dr. Tomoya Yasujima 
Nagoya City University 
Graduate School of Pharmaceutical Sciences 
3-1 Tanabe-Dori
Mizuho-ku
Nagoya, Aichi 4678603
Japan

Dear Dr. Yasujima, 

Thank you for submitting your manuscript entitled "Disrupted in renal carcinoma 2 (DIRC2/SLC49A4) is a H+-driven lysosomal
pyridoxine exporter" to Life Science Alliance. The manuscript was assessed by an expert reviewer, whose comments are
appended to this letter. We invite you to submit a revised manuscript addressing the Reviewer comments. 

To upload the revised version of your manuscript, please log in to your account: https://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 information. Please get in
touch in case you do not know or remember your login name. 

While you are revising your manuscript, please also attend to the below editorial points to help expedite the publication of your
manuscript. Please direct any editorial questions to the journal office. 

The typical timeframe 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 submitting the revision, please include a letter addressing the reviewer comments point by point. 

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

Thank you for this interesting contribution to Life Science Alliance. We are looking forward to receiving your revised manuscript. 

Sincerely, 

Novella Guidi, PhD 
Scientific Editor 
Life Science Alliance 

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

A. THESE ITEMS ARE REQUIRED FOR REVISIONS

-- A letter addressing the reviewers' comments point by point. 

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

-- High-resolution figure, supplementary figure and video files uploaded as individual files: See our detailed guidelines for
preparing your production-ready images, https://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 conjunction with the titles of papers, hence should be informative and complementary to
the title and running title. It should describe the context and significance of the findings for a general readership; it should be
written in the present tense and refer to the work in the third person. Author names should not be mentioned. 

-- By submitting a revision, you attest that you are aware of our payment policies found here: https://www.life-science-
alliance.org/copyright-license-fee 

B. MANUSCRIPT ORGANIZATION AND FORMATTING:



Full guidelines are available on our Instructions for Authors page, https://www.life-science-alliance.org/authors 

We encourage our authors to provide original source data, particularly uncropped/-processed electrophoretic 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 information. 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 publication. Please ensure that you have access to all
original microscopy and blot data images before submitting your revision.*** 

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

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

The manuscript by Akino et al. characterizes the function of the orphan transporter DIRC2, which was previously shown to be
localised in the lysosomal membrane. Though general transport activity of this transporter had been demonstrated in a very
unspecific way before, the actual transported substrate has remained unknown to date. Akino et al. now demonstrate that DIRC2
is a H+-coupled pyridoxine transporter which they demonstrated in whole-cell uptake assays employing a radiolabelled
substrate. These assays are based on re-directing the DIRC2 protein, which is normally localised intracellularly in the lysosomal
membrane, to the plasma membrane by mutating a dileucine-based lysosomal transport signal. The authors provide a detailed
kinetic analysis of the transport activity and also test several pyridoxine-related molecules for potential transport. Altogether, this
characterisation of the DIRC2 function fills an important gap in knowledge as this was not known before. The data in this part of
the manuscript is very clear and convincing and, in general, the manuscript is well written. 
However, as specified further below it seems to me that the manuscript is a bit blown up with aspects which are either not new
(identification of the dileuciine motif) or do not add much to the story (Fig. 1). On the other hand the authors dismiss to take the
step from identifying the molecular function of DIRC as pyridoxine transporter to put that into a cell biological context. It is a new
and by this means exciting finding that lysosomal membranes possess a pyridoxine transporter. However, this raises the
question why cells may need such a protein. Having identified the molecular function of DIRC2 should allow to analyse into what
happens to pyridoxine trafficking and pyridoxine-dependent reactions when DIRC2 is missing. My feeling is that the following
points should be addressed in order to support publication: 

Major Points: 
The Dileucine motif and the ability to re-direct the protein by mutating this has all been pre-characterized in Savalas et al, 2011
which the authors cite correctly. In this regard, this is totally fine from a formal perspective as it is great to reproduce findings
from previous studies. However, for being a simple repetition of something known, this observation consumes in my eyes a bit
too much space as it is even listed as an independent bullet point in the synopsis. It leaves a bit impression that the paper is
artificially blown-up, which the authors may not wanted to do. 

What is the purpose of Figure 1? The authors compare the DIRC2-related family members, but is not clear what this tells us.
None of the other proteins has been shown to transport pyridoxine. Two of the proteins were shown to be heme transporters.
But the authors do not test if DIRC2 transports heme. On the other hand it is also not tested if any of the others may transport
pyridoxine. In my eyes showing this Figure only makes sense if anything is deduced from it or if any experiments formally
comparing these different transporters are performed. 

Perhaps I overlooked this, but I could not find any hint by the authors how they came about to test DIRC2 for pyridoxine
transport activity. At least it seems that this could not be deduced from the bioinformatics analysis in Fig.1 as the most closely
related transporters either transport different substrates or it is not known what they transport. Without doubting the data and the
conclusions on pyridoxine transport, I think some explanation how the authors find out about this would be nice. As at least
according to my knowledge no pyridoxine transport across lysosomal membranes has been described, it does not appear as an
obvious compound to start with. 

One aspect that is totally ignored is the observation from Savalas et al., that the DIRC2 protein when reaching the lysosomal
membrane is proteolytically processed into two fragments, which also seemed to be the form in which the endogenous DIRC2
protein exists. In this previous study, re-directing the protein to the plasma membrane reduced proteolytic cleavage. A central
question is if proteolytic cleavage affects transport activity. As a start, the authors should analyse if proteolysis in their
experimental systems also occurs. To make it transparent to the reader, DIRC2 blots should not be cropped but shown in full so
that amounts of full length and cleaved forms of the protein can be appreciated what ever is present. Beyond that, It would be
great if they could find a way to analyse if proteolytic cleavage affects transport. In case that the surface-directed DIRC2 is not
cleaved in their set-up, they could try to pre-incubate the cells with recombinant cathepsins at acidic pH and analyse if that
induces cleavage of DIRC2. 

I think the authors overemphasize a potential link between DIRC2 and renal carcinoma. It is true that the name of the DIRC2



gene (and so also of the protein) comes from being identified at a breakpoint of a chromosomal translocation found in some
patients with renal carcinoma. But this is a single report and the functional importance of this translocation for carcinogenesis
has to my knowledge not been shown. Therefore, it is very uncertain if DIRC2 is really relevant for carcinogenesis. Therefore,
instead of trying to link DIRC2, pyridoxine and cancer in their discussion, the authors should put much more emphasis on the
physiological function of DIRC2. DIRC2 is in general a rather broadly expressed protein as the authors demonstrates
themselves. I think this leads to the interesting question why and under which conditions lysosomes need a pyridoxine
transporter. 

In line with the previous comment, the author should invest more to analyse what happens if DIRC2 is missing. So far they do
this with siRNA. Generation of a KO cell line should be performed as even low amounts of lysosomal proteins can be sufficient
to prevent a phenotype. Is there storage of pyridoxine in lysosomes of such a cell line? The attempts with differential
permeabilisation are not a very clean approach. Lysosomes can easily be enriched by subcellular fractionation. Pyridoxine
content in such enriched lysosomes from wild type and DIRC2 KO cells should be compared. If no lysosomal pyridoxine storage
would be detected, this could also be an important answer as it may indicate that alternative transporters can take over. The
authors should also test if there is an impairment of pyridoxine-requiring reactions in the KO cells und basal but also under
starvation conditions. It would be interesting to test if these cells may cope less well with situation when no pyridoxine from the
outside is supplied. 

Minor points: 
The quality of the immunofluorescence pictures could be improved. 
I am unsure what the experiment in Fig. 4a tells us as the authors look at total cellular levels. DIRC2 may be expected to
sequestrate pyridoxine in the lysosome. But lysosomes are still part of the cell. Why does DIRC2 lead to a reduction of total
cellular pyridoxine levels when co-transfected with THTR2 and what do we learn from this? 

In the Figure legends the authors specify at several points the number of biological replicates. However, it does not fully become
clear if these were derived from independent experiments or not. Perhaps a little more detailed information allowing to judge how
often experiments were repeated would be helpful for the reader. 



Response to Reviewer #1 

We greatly appreciate your kind comments on our manuscript. Taking them into account, we have made revisions to the 
manuscript. Described below are our answers to your comments, and revisions are marked in red in the revised manuscript. 

Major Points: 
Comment 1:  The Dileucine motif and the ability to re-direct the protein by mutating this has all been pre-characterized in 
Savalas et al, 2011 which the authors cite correctly. In this regard, this is totally fine from a formal perspective as it is great 
to reproduce findings from previous studies. However, for being a simple repetition of something known, this observation 
consumes in my eyes a bit too much space as it is even listed as an independent bullet point in the synopsis. It leaves a bit 
impression that the paper is artificially blown-up, which the authors may not wanted to do. 

Answer:  We have deleted the first item in the Synopsis on p. 3, as advised. 

Comment 2:  What is the purpose of Figure 1? The authors compare the DIRC2-related family members, but is not clear 
what this tells us. None of the other proteins has been shown to transport pyridoxine. Two of the proteins were shown to be 
heme transporters. But the authors do not test if DIRC2 transports heme. On the other hand it is also not tested if any of the 
others may transport pyridoxine. In my eyes showing this Figure only makes sense if anything is deduced from it or if any 
experiments formally comparing these different transporters are performed. 

Answer:  We have deleted Figure 1 and the first part titled “Bioinformatic analysis of DIRC2” (p. 6), which mostly 
referred to the figure in the original manuscript, as advised. In conjunction with this, we have added a sentence in line 4 - 6 
from the bottom on p. 5 to provide some more information about the dileucine motif, which was mentioned in the deleted 
part. We have included the GenBamk accession number for DIRC2 cDNA, which was also noted in the deleted part, in the 
first sentence in the part of “Preparation of plasmids” on p. 14. All the remaining figures have been renumbered. 

Comment 3:  Perhaps I overlooked this, but I could not find any hint by the authors how they came about to test DIRC2 for 
pyridoxine transport activity. At least it seems that this could not be deduced from the bioinformatics analysis in Fig.1 as the 
most closely related transporters either transport different substrates or it is not known what they transport. Without 
doubting the data and the conclusions on pyridoxine transport, I think some explanation how the authors find out about this 
would be nice. As at least according to my knowledge no pyridoxine transport across lysosomal membranes has been 
described, it does not appear as an obvious compound to start with. 

Answer:  There were no definite reasons to expect pyridoxine transport activity for DIRC2. DIRC2 was identified as a 
lysosomal pyridoxine transporter in our rather broadly conducted search efforts to identify pyridoxine transporters at plasma 
and lysosomal membranes. We have revised the initial part in the second paragraph on p. 5 to mention that. 

Comment 4:  One aspect that is totally ignored is the observation from Savalas et al., that the DIRC2 protein when 
reaching the lysosomal membrane is proteolytically processed into two fragments, which also seemed to be the form in 
which the endogenous DIRC2 protein exists. In this previous study, re-directing the protein to the plasma membrane 
reduced proteolytic cleavage. A central question is if proteolytic cleavage affects transport activity. As a start, the authors 
should analyze if proteolysis in their experimental systems also occurs. To make it transparent to the reader, DIRC2 blots 
should not be cropped but shown in full so that amounts of full length and cleaved forms of the protein can be appreciated 
what ever is present. Beyond that, it would be great if they could find a way to analyze if proteolytic cleavage affects 
transport. In case that the surface-directed DIRC2 is not cleaved in their set-up, they could try to pre-incubate the cells with 
recombinant cathepsins at acidic pH and analyze if that induces cleavage of DIRC2. 

Answer:  We have replaced the western blots with uncropped ones (renumbered Figs. 1B, 3B, and 3F). As shown in the 
blots, plasma membrane-directed DIRC2-AA was also mostly present as the cleaved product in our study. We have 
additionally commented on this issue in line 22 on p. 6 - line 2 on p. 7, and also on p. 11 (line 12 - 13), and p. 12 (line 3 - 5). 

Comment 5:  I think the authors overemphasize a potential link between DIRC2 and renal carcinoma. It is true that the 
name of the DIRC2 gene (and so also of the protein) comes from being identified at a breakpoint of a chromosomal 
translocation found in some patients with renal carcinoma. But this is a single report and the functional importance of this 



translocation for carcinogenesis has to my knowledge not been shown. Therefore, it is very uncertain if DIRC2 is really 
relevant for carcinogenesis. Therefore, instead of trying to link DIRC2, pyridoxine and cancer in their discussion, the 
authors should put much more emphasis on the physiological function of DIRC2. DIRC2 is in general a rather broadly 
expressed protein as the authors demonstrates themselves. I think this leads to the interesting question why and under which 
conditions lysosomes need a pyridoxine transporter. 

In line with the previous comment, the author should invest more to analyse what happens if DIRC2 is missing. So far 
they do this with siRNA. Generation of a KO cell line should be performed as even low amounts of lysosomal proteins can 
be sufficient to prevent a phenotype. Is there storage of pyridoxine in lysosomes of such a cell line? The attempts with 
differential permeabilization are not a very clean approach. Lysosomes can easily be enriched by subcellular fractionation. 
Pyridoxine content in such enriched lysosomes from wild type and DIRC2 KO cells should be compared. If no lysosomal 
pyridoxine storage would be detected, this could also be an important answer as it may indicate that alternative transporters 
can take over. The authors should also test if there is an impairment of pyridoxine-requiring reactions in the KO cells und 
basal but also under starvation conditions. It would be interesting to test if these cells may cope less well with situation 
when no pyridoxine from the outside is supplied. 
 
Answer:  Although the role of the lysosomal pyridoxine storage system, including the involvement of DIRC2, in the 
physiological processes that require pyridoxine remains to be verified, the newly identified function of DIRC2 as a 
lysosomal pyridoxine exporter should help guiding future studies for verification of the role and exploration of its clinical 
relevance. We have revised the section of “Concluding remarks” to include this and also to make comments related to the 
potential link of DIRC2 to carcinogenesis more concise. 

As a better approach alternative to the evaluation of pyridoxine accumulation in the intracellular compartment in Caco-2 
cells permeabilized by a digitonin treatment, we attempted to demonstrate lysosomal accumulation of pyridoxine by 
fractionating lysosomes after incubation of Caco-2 cells for pyridoxine accumulation. We could observe lysosomal 
pyridoxine accumulation and its increase by DIRC2 knockdown. We have added the data as Fig. 4C with Fig. 4D, which 
shows western blots to confirm successful fractionation of lysosomes, and described the results in line 16 - 21 on p. 12. 
Panels in Fig. 4 were relabeled accordingly. Although the changes in cellular and lysosomal accumulation were modest and 
it may be because of the activity of residual DIRC2 in DIRC2-KD cells, the results support our suggested role of DIRC2 as 
a lysosomal pyridoxine exporter. The handling of Caco-2 cells and related methods for this set of experiments have been 
additionally described in line 25 on p. 15 - line 2 on p. 16, line 14 - 16 and line 24 - 26 on p. 17, and the second paragraph 
on p. 19. The method for isolation of lysosomal fraction has been additionally described on p. 16. We have deleted the data 
obtained using digitonin-treated, permeabilized cells (Fig. 5G in the original manuscript), a paragraph mostly referring to 
the data (last paragraph on p. 13 in the original), and a paragraph for the method (second paragraph on p. 19). 

We would greatly appreciate if you could kindly understand these handlings regarding the issues raised here. 
 
 
Minor points: 
Comment 6:  The quality of the immunofluorescence pictures could be improved. 
 
Answer:  We have replaced the images in Fig. 4B, which may have been low in quality, with improved ones. 
 
 
Comment 7:  I am unsure what the experiment in Fig. 4a tells us as the authors look at total cellular levels. DIRC2 may be 
expected to sequestrate pyridoxine in the lysosome. But lysosomes are still part of the cell. Why does DIRC2 lead to a 
reduction of total cellular pyridoxine levels when co-transfected with THTR2 and what do we learn from this? 
 
Answer:  When pyridoxine is supplied from the extracellular medium, the extent of lysosomal accumulation would affect 
the total cellular level of pyridoxine. In this situation, an enhancement of lysosomal export would lead to a decrease in 
lysosomal accumulation and, accordingly, a decrease in the total cellular level. Therefore, the decrease in the total cellular 
level in the presence of FLAG-THTR2 can be interpreted as a result of an increase in the lysosomal export by the 
introduction of HA-DIRC2, in accordance with its suggested role as a lysosomal pyridoxine exporter, as described in line 10 
- 12 on p. 11. In the absence of FLAG-THTR2, cellular pyridoxine uptake was presumably too low for a change in the total 
cellular accumulation caused by a HA-DIRC2-induced change in lysosomal accumulation to be detectable, as described in 
line 1 - 4 from the bottom on p. 10. 
 
 
Comment 8:  In the Figure legends the authors specify at several points the number of biological replicates. However, it 
does not fully become clear if these were derived from independent experiments or not. Perhaps a little more detailed 
information allowing to judge how often experiments were repeated would be helpful for the reader. 
 



Answer:  Those experiments were replicated using different preparation of cells. We have additionally noted that at every 
appearance in legends.  
 
 
In addition to revisions for specific points, the length indicated for the scale bar was corrected to be 10 μm in the legends for 
Figs. 1A, 3C, and 4B. Some other minor editorial corrections have also been made in the revised manuscript. They are also 
marked in red. 
 



November 14, 20221st Revision - Editorial Decision

November 14, 2022 

RE: Life Science Alliance Manuscript #LSA-2022-01629-TR 

Dr. Tomoya Yasujima 
Nagoya City University 
Graduate School of Pharmaceutical Sciences 
3-1 Tanabe-dori
Mizuho-ku
Nagoya, Aichi 4678603
Japan

Dear Dr. Yasujima, 

Thank you for submitting your revised manuscript entitled "Disrupted in renal carcinoma 2 (DIRC2/SLC49A4) is a H+-driven
lysosomal pyridoxine exporter". We would be happy to publish your paper in Life Science Alliance pending final revisions
necessary to meet our formatting guidelines. 

Along with points mentioned below, please tend to the following: 
-please add a Running Title, Abstract, and an alternate abstract to our system
-please add the Twitter handle of your host institute/organization as well as your own or/and one of the authors in our system
-please consult our manuscript preparation guidelines https://www.life-science-alliance.org/manuscript-prep and make sure your
manuscript sections are in the correct order
-the file you labeled as "Cover Art" can be uploaded as a Graphical Abstract, if you wish
-In the Figure 4 legend, panel I is described, but there is no panel I in the figure, and there is not a callout for this panel in the
text

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

LSA now encourages authors to provide a 30-60 second video where the study is briefly explained. We will use these videos on
social media to promote the published paper and the presenting author (for examples, see
https://twitter.com/LSAjournal/timelines/1437405065917124608). Corresponding or first-authors are welcome to submit the
video. Please submit only one video per manuscript. The video can be emailed to contact@life-science-alliance.org 

To upload the final version of your manuscript, please log in to your account: https://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 information. Please get in
touch in case you do not know or remember your login name. 

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

A. FINAL FILES:

These items are required for acceptance. 

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

-- High-resolution figure, supplementary figure and video files uploaded as individual files: See our detailed guidelines for
preparing your production-ready images, https://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 conjunction with the titles of papers, hence should be informative and complementary to
the title. It should describe the context and significance of the findings for a general readership; it should be written in the
present tense and refer to the work in the third person. Author names should not be mentioned. 

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instructions for Authors page, https://www.life-science-alliance.org/authors 

We encourage our authors to provide original source data, particularly uncropped/-processed electrophoretic 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 information. 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 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.** 

**Reviews, decision letters, 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 attention to these final processing requirements. Please revise and format the manuscript and upload
materials within 7 days. 

Thank you for this interesting contribution, we look forward to publishing your paper in Life Science Alliance. 

Sincerely, 

Eric Sawey, PhD 
Executive Editor 
Life Science Alliance 
http://www.lsajournal.org 

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



November 21, 20222nd Revision - Editorial Decision

November 21, 2022 

RE: Life Science Alliance Manuscript #LSA-2022-01629-TRR 

Dr. Tomoya Yasujima 
Nagoya City University 
Graduate School of Pharmaceutical Sciences 
3-1 Tanabe-dori
Mizuho-ku
Nagoya, Aichi 4678603
Japan

Dear Dr. Yasujima, 

Thank you for submitting your Research Article entitled "Disrupted in renal carcinoma 2 (DIRC2/SLC49A4) is a H+-driven
lysosomal pyridoxine exporter". It is a pleasure to let you know that your manuscript is now accepted for publication in Life
Science Alliance. Congratulations on this interesting work. 

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

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

Reviews, decision letters, 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 time, please provide us with the email address of an alternate author. Failure
to respond to routine queries may lead to unavoidable delays in publication.*** 

Scheduling details will be available from our production department. You will receive proofs shortly before the publication date.
Only essential corrections 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 distribution to researchers. 

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

Again, congratulations on a very nice paper. I hope you found the review process to be constructive and are pleased with how
the manuscript was handled editorially. We look forward to future exciting submissions from your lab. 

Sincerely, 

Eric Sawey, PhD 
Executive Editor 
Life Science Alliance 
http://www.lsajournal.org 
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