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1st Editorial Decision July 9,2019

July 9,2019
Re: Life Science Alliance manuscript #LSA-2019-00458

Dr. Megan Maher

La Trobe University

La Trobe Institute for Molecular Science
Kingsbury Drv

Melbourne, Victoria 3086

Australia

Dear Dr. Maher,

Thank you for submitting your manuscript entitled "Structural and functional characterization of the
mitochondrial complex IV assembly factor Coa6" to Life Science Alliance. The manuscript was
assessed by expert reviewers, whose comments are appended to this letter.

As you will see, the reviewers appreciate the structural insight provided into Coa6 and they provide
constructive input on how to further strengthen your work. We would thus like to invite you to
submit a revised version of your manuscript to us, addressing the concerns raised by rev#2 and #3.
Importantly, more definitive insight into copper binding should get provided (rev#2) and the
oxidation state of other cysteines should get checked (other points 1 and 2 of this reviewer). The
two last points raised by rev#2 and the comments of rev#3 can get addressed by
discussion/restructuring.

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.

We would be happy to discuss the individual revision points further with you should this be helpful.
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 reviewers' 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,

Andrea Leibfried, PhD

Executive Editor

Life Science Alliance

Meyerhofstr. 1

69117 Heidelberg, Germany

t +49 6221 8891 502

e aleibfried@life-science-alliance.org
www life-science-alliance.org

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, http//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.

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instructions for Authors page, http/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 "Structural and functional characterization of the mitochondrial complex IV



assembly factor Coa6" describes the first structure of Coa6 protein involved in CIV maturation.
Structures of WT and mutant proteins are of high quality and suggest a possible site of Cu binding.
Although how exactly Coa6 participates in CIV assembly is still not clear, this work is a significant
step towards this goal. The work is technically solid and the manuscript is clear and well written.

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

This manuscript presents the crystal structures of the human wild-type Coa6 and the pathogenic
W59C Coa6 mutant. The copper binding properties of wild-type Coa6 were also investigated.

The wild-type Coab structure shows a three helical bundle fold, where the N-terminal helical pair is
tethered by two intramolecular disulfide bonds. On the basis of indirect experimental data, the
authors propose that Cys58 and Cys90, which form a disulfide bond in the crystal structure, bind a
copper(l) ion upon its specific disulfide bond redution.

The crystal structure of the pathogenic W59C Coa6 mutant shows that the protein form a dimer of
dimers mediated by a disulfide bond involving Cys 59 from two protein molecules. This disulfide
mediated oligomerization of the W59C Coab protein is proposed to provide a structural explanation
for this loss of function mutation.

This work is well done and the data clearly presented. My only main concern is related to the data
describing the copper binding site. The experiments supporting that Cys58 and Cys90 are the best
candidate to bind the copper(l) ion are convincing, but not definitive. A direct experiment is required
to assess this proposal. I strongly suggest to apply 15N-edited NMR to directly identify the copper(l)
binding site.

Other points:

1. When the authors produced purified apo wild-type Coab6 (at pg.6, line 163-164), are all the four
cysteines reduced or only the Cys58-Cys90 disulfide is reduced? This needs to be checked.

2. Peptide analysis by tandem mass spectrometry shows the reduction of the Cys58-Cys90
disulfide bond. What about Cys68 and Cys79? Do they result oxidized by tandem mass
spectrometry?

3. Examination of the cellular localization of the overexpressed C58S/C90S Coa6-FLAG protein by
immunofluorescence showed that unlike WT Coa6-FLAG, the C58S/C90SCoab protein was
cytosolic. This strongly suggests that the Mia40-mediated oxidation of these cysteines to form a
intramolecular disulfide bond is required to trap the protein into the IMS, as already demonstrated
for other CHCH IMS proteins (see Proc Natl Acad SciU S A. 2010 Nov 23;107(47):20190-5, this work
should be cited). This result presented by the authors presupposes that this disulfide needs to be
re-reduced in vivo in order to bind the copper(l) ion once the protein is imported in the IMS. But
which is the system in the IMS able to selectively reduce this disulfide bond? Is the reduction
potential of this disulfide higher than the reduction potential of the CX9C intramolecular disulfides
of Cox17 reported by the authors at pg. 7, lines 179-180 and higher of the other disulfide of Coa6?
4.The authors assess that the observed changes in Cu(l) binding properties of the mutants with
respect to the wild-type protein were not due to protein misfolding on the basis of CD spectra.
However, CD monitors only secondary structural changes, and the removal of a disulfide bond can
largely modify the tertiary structural arrangement of the two helices without significantly affecting
the secondary structure. This has been shown to occur, indeed, in the CHCH protein Cox17 (see J
Biol Chem. 2011 Sep 30;286(39):34382-90). These aspects need to be discussed.



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

The manuscript by Maghool and coworkers describes the structure of the cytochrome c oxidase
assembly protein Coa6. The manuscript describes the dimeric structure highlights the similarities in
the fold to other proteins of the same class and shows nicely the possible copper binding residues.
The manuscript could be improved by including a docking simulation between the Coa6 structure
and any of the partner proteins that have structures available i.e. COX2, SCO1, SCO2. These
simulations suggesting important interface residues for further functional studies would enhance
the advance offered to the field. In addition a comparison to surface of the disease causing
mutation would be informative. While these description may be possible from access to the pdb
they will enhance the discussion of the structure presented here.

The structural data is well supported and this is the first structure of this assembly factor. The table
(or other figure) supporting the MS data for reduced cysteine residues in the protein could be added
to the main text as this is a very important point to support the copper binding studies, the status
of the cysteine residues in these classes of proteins in vivo remains one of the most challenged and
challenging aspects to understanding teh function of these assembly factors. The copper
binding/competition studies are well defined and appropriate. It should be possible to create a
chimeric protein with an inner membrane tether as was done previously with COX19 to generate
mitochondrially localized version of the mutants to test for functionality this would require extensive
studies to verify localization and function so this could be considered for future studies.

Overall the conclusions of the manuscript are supported by the data presented and advance our
knowledge of Coa6. But the manuscript would be enhanced by discussion of the interaction
interfaces particularly if place din context of the variation in in vivo interactions observed in multiple
laboratories.



1st Authors' Response to Reviewers August 5, 2019

Reviewer 1.

The manuscript "Structural and functional characterization of the mitochondrial complex IV
assembly factor Coa6" describes the first structure of Coa6 protein involved in CIV maturation.
Structures of WT and mutant proteins are of high quality and suggest a possible site of Cu binding.
Although how exactly Coa6 participates in CIV assembly is still not clear, this work is a significant
step towards this goal. The work is technically solid and the manuscript is clear and well written.

We thank Reviewer 1 for these comments — there is nothing to address.

Reviewer 2.

1. This work is well done and the data clearly presented. My only main concern is related to
the data describing the copper binding site. The experiments supporting that Cys58 and
Cys90 are the best candidate to bind the copper(l) ion are convincing, but not definitive. A
direct experiment is required to assess this proposal. | strongly suggest to apply 15N-edited
NMR to directly identify the copper(l) binding site.

Our preliminary undertakings using NMR approaches, have revealed issues with the discrimination
of allosteric effects versus copper binding to Coa6. There also exists the possibility that resonances
from copper binding site residues and the neighbouring environment are overlapped. In essence
we feel that we have used the correct approaches to identify the copper binding site in Coab6.
However, we recognize the absence of structural information on Cu(1)-""Coab. We have therefore
revised the manuscript to properly reflect this uncertainty and have explicitly detailed the need for
definitive structural information in future studies:

“Taken together, the redox potential of the “'Coa6 Cys58-Cys90 disulfide, the results of
mutagenesis, Cu(l) binding experiments and analyses of the geometries of the intramolecular
disulfide bonds of “"Coa6 indicate that the “"Coa6 Cys58-Cys90 disulfide may redox cycle and in
the reduced state (2SH), bind Cu(l). The redox potential of the " Coa6 Cys58-Cys90 S-S/2SH redox
couple at =349 + 1 mV indicates “"Coa6 could reduce the disulfide bonds in COX2 (-288 + 3 mV)
[22], and Scol (-277 £ 3 mV) [38] and could either reduce or be reduced by Sco2 (<-300 mV) [9]. In
fact, a recent examination of this pathway suggested “'Coa6 may play such a role [22].
Unfortunately, despite extensive attempts, we were unable to crystallize the Cu(l)-bound “"Coa6.
Confirmation of Cu(l) binding and the atomic details of the Cu(l) site structure therefore await
future investigation.”

2. When the authors produced purified apo wild-type Coa6 (at pg.6, line 163-164), are all the
four cysteines reduced or only the Cys58-Cys90 disulfide is reduced? This needs to be
checked.

The Coab proteins were overexpressed in Escherichia coli strain SHuffle” T7 (New England,
BioLabs). Shuffle T7 cells are engineered E. coli K12 which constitutively express a chromosomal
copy of the disulfide bond isomerase DsbC. DsbC promotes the correction of mis-folded proteins,
including incorrectly paired disulfide bonds into their correct form in the bacterial cytoplasm. The
oxidation state of “Coa6 was confirmed on purification using an Ellman reaction, which gave no
absorbance at 412 nm, indicating the absence of free sulfhidryl groups. This was confirmed by the
crystal structure of “'Coa6, which shows two disulfide bonds — between Cys58-Cys90 and Cys68-
Cys79. Our suggestion is that Cu(l) binding to “'Coa6 occurs upon the reduction of the Cys58-
Cys90 disulfide bond. We have added additional text to the Materials and Methods and the
Results and Discussion to clarify this point:
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“Recombinant "“"Coa6 protein was overexpressed in Escherichia coli strain SHuff/e® T7 which
promotes the production of correctly disulfide bonded active proteins within the cytoplasm [23,
24]. The fully oxidized “"Coa6 protein (including two disulfide bonds) was purified by affinity and
size-exclusion chromatography (SEC). The redox state of the purified " Coa6 protein was confirmed
by Ellman assay [25].”

“The sequence of "'"Coa6 includes four Cys residues (at positions 58, 68, 79 and 90) in a CXeC—CX1oC
sequence motif, which in the crystal structure form two intramolecular disulfide bonds per
monomer, between Cys58-Cys90 and Cys68-Cys79, in accordance with the fully oxidized state of
the protein (Fig 1A). These disulfides tether helices a; and o, together at each end of the helical
pair.”

3. Peptide analysis by tandem mass spectrometry shows the reduction of the Cys58-Cys90
disulfide bond. What about Cys68 and Cys79? Do they result oxidized by tandem mass
spectrometry?

We were not able to observe the peptides that include the residues Cys68 and Cys79 in the
oxidised or reduced (and iodoacetamide labelled) protein. We have therefore added an additional
mass spectrometry analysis of the intact protein. Under reducing conditions and in the presence
of iodoacetamide, the mass of the dominant protein species in solution indicates labelling of two
Cys residues (not four). This, together with the peptide analysis indicates the reduction of the
Cys58-Cys90 disulfide bond only under the conditions of the experiment. This is detailed in the
text and in Tables 2, S1 and Figure S5.

“..the purified protein was incubated with DTTg.o/DTTox (40:1), followed by labeling with
iodoacetamide prior to analyses by both MALDI-TOF mass spectrometry (Fig S5, Table S1) and
tryptic digest and peptide analysis by tandem mass spectrometry (MS/MS; Table 2). The MALDI-
TOF data revealed that the dominant species in the reduced "Coa6 sample included two free thiol
groups (2SH (not 4SH), Fig S5, Table S1). The MS/MS data showed that peptides that included
residues Cys58 and Cys90 yielded molecular weights corresponding to adducts with iodoacetamide,
indicating reduction of the Cys58-Cys90 disulfide bond under these conditions (Table 2).”

4. Examination of the cellular localization of the overexpressed C585/C90S Coa6-FLAG protein
by immunofluorescence showed that unlike WT Coa6-FLAG, the C585/C90SCoa6 protein
was cytosolic. This strongly suggests that the Mia40-mediated oxidation of these cysteines
to form a intramolecular disulfide bond is required to trap the protein into the IMS, as
already demonstrated for other CHCH IMS proteins (see Proc Natl Acad Sci U S A. 2010 Nov
23;107(47):20190-5, this work should be cited). This result presented by the authors
presupposes that this disulfide needs to be re-reduced in vivo in order to bind the copper(l)
ion once the protein is imported in the IMS. But which is the system in the IMS able to
selectively reduce this disulfide bond? Is the reduction potential of this disulfide higher than
the reduction potential of the CX9C intramolecular disulfides of Cox17 reported by the
authors at pg. 7, lines 179-180 and higher of the other disulfide of Coa6?

We have now cited the reference as recommended and revised this section of the text
accordingly. We have also measured the redox potential of the Cys58-Cys90 disulfide as -349 + 1
mV (pH 7.0), which is comparable to that reported for the Sco2 protein. Redox cycling of Coab
therefore may be mediated by Sco2 or another as yet unidentified protein in this pathway. A
discussion of these analyses has been added to the manuscript (see text below and that detailed
under point 1, above).

“CXoC—CX10C and CXoC proteins require the presence of the Cys residues within these motifs for
import into the IMS, and oxidative folding via Mia40 to trap the proteins in the IMS [49, 50]. The
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absence of IMS localization of the 585905 Coa6-FLAG protein correlates with these observations

and impeded our efforts to probe the role of these residues in Coa6 function and specifically COX
assembly in human cells.”

5. The authors assess that the observed changes in Cu(l) binding properties of the mutants
with respect to the wild-type protein were not due to protein misfolding on the basis of CD
spectra. However, CD monitors only secondary structural changes, and the removal of a
disulfide bond can largely modify the tertiary structural arrangement of the two helices
without significantly affecting the secondary structure. This has been shown to occur,
indeed, in the CHCH protein Cox17 (see J Biol Chem. 2011 Sep 30;286(39):34382-90). These
aspects need to be discussed.

We have now included a discussion of these aspects in the revised manuscript as suggested.

“Circular dichroism spectroscopic analyses of the mutant proteins showed that both proteins gave
spectra similar to that of the V"Coa6 protein, indicating that the observed changes in Cu(l) binding
properties were not due to alterations in the secondary structures of the proteins in the presence of
the mutations (Fig S6). However, the possibility exists that the mutagenesis affected the flexibility
of the protein and/or its tertiary structure as observed for a similar analysis of the human Cox17
protein [42].”

Reviewer 3.

1. The manuscript could be improved by including a docking simulation between the Coa6
structure and any of the partner proteins that have structures available i.e. COX2, SCO1,
SCO2. These simulations suggesting important interface residues for further functional
studies would enhance the advance offered to the field. In addition a comparison to surface
of the disease causing mutation would be informative. While these description may be
possible from access to the pdb they will enhance the discussion of the structure presented
here.

We have analysed the electrostatic surfaces of the relevant structures and included this discussion
in the manuscript. We have introduced an additional figure (Fig S9) to illustrate these elements.

“The structure of "*?“Coa6 is consistent with the bulk of these data. Oligomerization of the protein,

through the creation of intermolecular disulfide bonds may inhibit or eliminate targeted protein-
protein interactions between Coa6 and proteins such as Scol, Sco2 and COX2, which are critical for
its function. Certainly, the structures and charge distributions on the surfaces of the “"Coa6 dimer
and "“>°“Coa6 tetramer are different (Fig S9A,B). In particular, condensed areas of positive charge
on the surface of the “"Coa6 dimer (Fig S9A) are not present in the “*°“Coa6 tetramer (Fig S9B).
These regions may mediate interactions with the Scol, Sco2 and COX2 proteins through
concentrated areas of negative charge on the surface structures of those proteins (Fig S9C,D,E).”

2. The table (or other figure) supporting the MS data for reduced cysteine residues in the
protein could be added to the main text as this is a very important point to support the
copper binding studies, the status of the cysteine residues in these classes of proteins in vivo
remains one of the most challenged and challenging aspects to understanding the function
of these assembly factors.

This table has been moved to the main text in the revised manuscript (Table 2).
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1st Revision - Editorial Decision August 6,2019

August 6,2019
RE: Life Science Alliance Manuscript #LSA-2019-00458R

Dr. Megan Maher

The University of Melbourne

School of Chemistry and The Bio21 Molecular Science and Biotechnology Institute
Flemington Rd

Parkville, Victoria 3010

Australia

Dear Dr. Maher,

Thank you for submitting your revised manuscript entitled "Structural and functional
characterization of the mitochondrial complex IV assembly factor Coa6". | have now assessed the
changes introduced in revision and think that they address the reviewer concerns well. | also
appreciate that you attempted to further test for copper binding and think that this reviewer
concern is sufficiently addressed at this stage given the difficulties you encountered. We would
thus be happy to publish your paper in Life Science Alliance pending final revisions necessary to
meet our formatting guidelines:

- Fig3:the data fitting seems missing for C58S/C90S variant, please fix

- Please add callouts in the manuscript text for Fig2B and 4C

- Please link your profile in our submission system to your ORCID iD, you should have received an
email with instructions on how to do so

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.

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, http//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, http//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,

Andrea Leibfried, PhD

Executive Editor

Life Science Alliance

Meyerhofstr. 1

69117 Heidelberg, Germany

t +49 6221 8891 502

e aleibfried@life-science-alliance.org
www life-science-alliance.org



2nd Revision - Editorial Decision September 2,2019

September 2,2019
RE: Life Science Alliance Manuscript #LSA-2019-00458RR

Dr. Megan Maher

The University of Melbourne

School of Chemistry and Bio21 Institute
30 Flemington Rd

Parkville, Victoria 3010

Australia

Dear Dr Maher,

Thank you for submitting your Research Article entitled "Structural and functional characterization
of the mitochondrial complex IV assembly factor Coa6". 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. | 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,
Daniel Klimmeck
Daniel Klimmeck, PhD

Scientific Editor
Life Science Alliance
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