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25th Mar 20211st Editorial Decision

Thank you for submit t ing your manuscript for considerat ion by the EMBO Journal. We have now 
received three referee reports on your manuscript , which are included below for your informat ion. 

As you will see from the comments, all reviewers find the topic of the study interest ing and novel. 
However, they also indicate mult iple substant ial concerns that affect the core conclusions of your 
study and indicate that substant ial further characterisat ion of the purified HoxA and HoxB, their 
biochemical propert ies, enzymat ic act ivity and mitochondrial localisat ion mechanism would be 
required before they can recommend publicat ion of the manuscript . 

Based on the overall interest expressed by the reviewers, I would like to invite you to submit a 
revised version of your manuscript , in which you address the comments of all referees. Please note 
that a st rong referee support will be required for the acceptance of the revised manuscript . 

I should add that it is The EMBO Journal policy to allow only a single major round of revision and 
that it is therefore important to resolve the main concerns at this stage. Since extensive addit ional 
work would be needed to fulfill all referee requests, please also let me know if you find that 
part icular issues will not be addressable in the revised version, in which case I would be happy to 
discuss alternat ive publicat ion possibilit ies within EMBO Press journals. 

We have extended our 'scooping protect ion policy' beyond the usual 3 month revision t imeline to 
cover the period required for a full revision to address the essent ial experimental issues. This means 
that compet ing manuscript s published during revision period will not negat ively impact on our 
assessment of the conceptual advance presented by your study. Please contact me if you see a 
paper with related content published elsewhere to discuss the appropriate course of act ion. 

When preparing your let ter of response to the referees' comments, please bear in mind that this will 
form part of the Review Process File, and will therefore be available online to the communit y. For 
more details on our Transparent Editorial Process, please visit our website:
ht tps://www.embopress.org/page/journal/14602075/authorguide#t ransparentprocess 

Please feel free to contact me if you have any further quest ions regarding the revision. Thank you 
for the opportunity to consider your work for publicat ion. I look forward to receiving your revised 
manuscript . 



When submit t ing your revised manuscript , please carefully review the instruct ions below and
include the following items: 

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 product ion quality figure files as .eps, .t if, .jpg (one file per figure). 

3) a .docx formatted let ter INCLUDING the reviewers' reports and your detailed point-by-point
response 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. 

4) a complete author checklist , which you can download from our author guidelines (ht tps://wol-
prod-cdn.literatumonline.com/pb-assets/embo-site/Author Checklist%20-%20EMBO%20J-
1561436015657.xlsx). Please insert  informat ion in the checklist  that  is also reflected in the
manuscript . The completed author checklist  will also be part  of the RPF. 

5) Please note that all corresponding authors are required to supply an ORCID ID for their name
upon submission of a revised manuscript . 

6) Before submit t ing your revision, primary datasets produced in this study need to be deposited in
an appropriate public database (see
https://www.embopress.org/page/journal/14602075/authorguide#datadeposit ion). Please remember
to provide a reviewer password if the datasets are not yet  public. Please note that the Data
Availability Sect ion is restricted to new primary data that are part  of this study. If no data deposit ion
in external databases is needed for this paper, please then state in this sect ion: This study includes
no data deposited in external repositories. 
*** Note - All links should resolve to a page where the data can be accessed. *** 

7) Our journal encourages inclusion of *data citat ions in the reference list* to direct ly cite datasets
that were re-used and obtained from public databases. Data citat ions in the art icle text  are dist inct
from normal bibliographical citat ions and should direct ly link to the database records from which the
data can be accessed. In the main text , data citat ions are formatted as follows: "Data ref: Smith et
al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list ,
data citat ions must be labeled with "[DATASET]". A data reference must provide the database
name, accession number/ident ifiers and a resolvable link to the landing page from which the data
can be accessed at  the end of the reference. Further instruct ions are available at  . 

8) We would also encourage you to include the source data for figure panels that show essent ial
data. Numerical data can be provided as individual .xls or .csv files (including a tab describing the
data). For 'blots' or microscopy, uncropped images should be submit ted (using a zip archive or a
single pdf per main figure if mult iple images need to be supplied for one panel). Addit ional
informat ion on source data and instruct ion on how to label the files are available at  . 

9) We replaced Supplementary Informat ion with Expanded View (EV) Figures and Tables that are
collapsible/expandable online (see examples in
ht tps://www.embopress.org/doi/10.15252/embj.201695874). 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 respect ive
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 instruct ions regarding expanded view here: .

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

10 When assembling figures, please refer to our figure preparat ion guideline in order to ensure 
proper formatt ing and readability in print as well as on screen:
ht tp://bit .ly/EMBOPressFigurePreparat ionGuideline

Please remember: Digital image enhancement is acceptable pract ice, as long as it accurately 
represents the original data and conforms to community standards. If a figure has been subjected 
to significant electronic manipulat ion, this must be noted in the figure legend or in the 'Materials and 
Methods' sect ion. The editors reserve the right to request original versions of figures and the 
original images that were used to assemble the figure. 

Further informat ion is available in our Guide For Authors:
ht tps://www.embopress.org/page/journal/14602075/authorguide 

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

Referee #1: 

This work ident ified two heme oxygenases, HoxA and HoxB, from A. alternata. The authors 
proposed that the proteins form metabolon on mitochondria. The result is important . 

The major concerns: 

As the HoxA and HoxB are very low in act ivity, is it possible that they or associated factor(s) are 
only the (minor) components of the BV-generat ing complex? The delet ion and phenotype 
experiments cannot exclude the possibilit ies. For in vit ro act ivity, did the authors opt imize 
condit ions such as factors, buffers, metal ions, pH, temprature, etc.? 

For biliproteins detet ion, why did the authors not detect them via Zinc-induced fluorescence? If they 
did not , it was not shown or cannot be detected, why? 

Other minor concerns: 



The authors obseved that not all HoxA or HoxB bound hemin. Is it  ascribed to the oligomerizat ion of
the proteins, so shielding the binding sites? If yes, did the oligomerizat ion affect  the act ivity? If yes,
why with the act ivity assay, they used the 5-fold higher concentrat ion of the proteins (50 microM
vs. 10 microM on oligomerizat ion detect ion)? 

Line 161, "retent ion t ime was about 2.5 min longer", it  is not a small difference, the authors should
explain. Is the experiment, HPLC, repeated, how many t imes? 

Is there a tag/mot if for mitochondria from HoxA, HoxB or Phy? Why they are at tached at
mitochondria? Is the at tachment specific or unspecific to receptor(s) or similar factor(s)? 

Line 381-382, French press is only for breaking cells. 

Line 386, what is "1 VVM air"; there are some too specific abbreviat ions for readers to understand. 

Line 396, the proteins are not well purified! 

Line 404, why is writ ten as "400 microgram"? If the authors insisted, please indicate the volume. 

Line 417, Why did the detect ion set at  650 nm instead of 690-700 nm? Which bilin does absorb
maximally at  650 nm in this HPLC condit ions? 

Fig. 6, No fit ted curve(s) for KD? 

Referee #2: 

The authors describe the interest ing finding that mitochondria in the fungus Alternaria alternata
have a two HOX enzymes linked to phytochrome act ivity. This is an interest ing and important
finding, however, in its current form the manuscript  has several weaknesses listed below: 

1. The biochemical characterizat ion of HoxA and HoxB have significant quest ions. First , the t it rat ion
studies are not well described. Why for example do the authors start  with a 1 uM heme solut ion and
t it rate in the protein to 10 uM and then further t it rate with protein? Following purificat ion are both
Hox proteins purified as apo-proteins or do they have either heme or biliverdin bound?
Heterologous expression of HO proteins either bacterial or mammalian rout inely have biliverdin
bound following purificat ion. The comment that not all Hox proteins are capable of binding heme
would suggest that  the protein is not homogenous and has either a ligand bound or is not folded
correct ly. If the lat ter is the case this compromises all of the biochemical experiments. Furthermore,
given the lack of significant purificat ion of HoxB interpretat ion of the data is also a concern (Fig S3)

2. The comment that the appearance of the shoulder in HoxB appears more pronounced and
increased faster (pg. 5 lines 152-156) is a measure of differences in affinity is an over interpretat ion
of the data. As stated above issues with protein purity and integrity are a concern.

3. The difference in retent ion of the biliverdin produced by combinat ion of HoxA and HoxB despite a
spectrum that shows biliverdin requires confirmat ion. Is this a different isomer given that biliverdin
alpha is the standard? Is this a modified biliverdin? Mass spectrometry should be performed to



confirm the product and isomer. The product does bind to FphA but again the reconst itut ion
compared to that of BphO would suggest some confirmat ion of the product by MS would be
desirable. Also as HoxA is sufficient  for assembly the authors should characterize the biliverdin
product ie. the retent ion t ime and structure of the HoxA product alone. 

4. In Fig 3C the expression of HoxA appears to be sufficient  for phytochrome assembly so what is
the role of HoxB. Again in Fig4 the auhtors present data regarding the locat ion of HoxA and HoxB
but the data on HoxB is lacking. This raises more quest ions as to the role of HoxB and if it  is indeed
a HO.

5. The BLI (Fig 6) data again raises some quest ions as the associat ion phase for the 3.5 and 4.7 uM
concentrat ion are not consistent with the others leaving some doubt as to the binding affinity as
calculated. One would determine form the data in Fig 6B that tehre is no binding.

Overall the data while support ive of HoxA being a HO enzyme lacks the rigor in the data especially
as it  pertains to the role of HoxB and the nature of the biliverdin product. I believe these significant
gaps require addressing prior to considerat ion for publicat ion. 

Referee #3: 

Crit ique Streng et  al 
This manuscript  describes the ident ificat ion of putat ive heme oxygenase proteins that are involved
in insert ing a tetrapyrrole into the FphA protein in fungi. These HO proteins have remained elusive
thus far and make this an important excit ing finding if t rue. However, to this reviewer, the
experiments lack important controls to permit  interpretat ion of the data as current ly presented.
Thus, the manuscript  needs major revisions before it  is acceptable for publicat ion. 

Major concerns 
First , the English throughout the manuscript  needs improvement as it  is missing art icles and the
phrasing is awkward. 

Line 132 refers to ccgA induct ion and Fig 2B, however, the figure is 2C. It  would make more sense to
rearrange the order of the figures (e.g. A is fine but describe it . Make B the ccgA graph and then C
the plate growth. 
There is no ment ion that hoxB is more sensit ive to tBooH or why this may be. Also, for the lay
reader, a descript ion of what the plate stresses induce would help guide the reader as to what this
plate phenotype is test ing. That the delet ions look like FphA is not sufficient  for the novice reader
to understand these subt let ies. Many delet ion strains in yeast show similar plate phenotypes. In the
quant ificat ion of ccgA what was the n and what gene was used as a control gene for the RTPCR
analysis? 

Fig 3 this figure descript ion seems incomplete. A more complete descript ion of the data would be
helpful. Does HoxB addit ion "help"? the scales from A to B make the interpretat ion hard. 
a. there is no ment ion of the control of BphO in the results text . This is necessary to explain the
increased ab at  700+ when Hox proteins are added to imply they act  as heme oxygenases like
BphO.



Fig S3 - the authors reference that the result ing peak from A + B addit ion resembled biliverdin, yet
no example of what biliverdin looks like is shown. 

line 176-177 "suggest ing that the act ivity of HoxA and HoxB together is higher than the sum of
both". Would the authors expect that  a double KO would have a more dramat ic phenotype (Fig 2).
This is easily tested. What about double FphA and Hox? Are the phenotypes the same or addit ive?
This might suggest that  there are other HOX yet to be discovered or that  these are the only ones. 

Fig 4. the descript ions of the lanes are not clear. The descript ion says "mitochondria were treated
with proteinaseK for 20 min" but no further descript ions are provided to know why the authors have
two S and two P fract ions (this is found in the methods but would be helpful to a reader if more
detail of the fract ions is provided in the legend to understand that gels). Why is there no visible
CitA-GFPi in the CE or P2 and why would they "enrich" in P2 + PK? It  seems like it  should just  be
the same if the amounts being loaded are controlled. Also, what is a GFP trap experiment and why
is it  provided for cytosolic CitA instead of the HoxA protein. Not sure if this is helpful as described.
The introduct ion to this figure says Hox A and HoxB were GFP tagged yet no data for HoxB is
provided. Similarly, the figure legend says HoxA and HoxB. Why is HoxB not shown? 
Line 188-189 suggests that cit  synth addit ional band could be free GFP. This is easily determined
as the molecular weights of these proteins are known. Molecular weight standards should be
shown. 

Fig 5. All examples are posit ive. Is this overexpression or endogenous levels? could it  be possible
that any mitochondrial proteins, when overexpressed with split  YFP tagged show BiFC? It  would be
nice to show a split  YFP tagged mitochondrial protein that is not predicted to interact  with a Hox. A
nice control might be one that is in the matrix vs the outside of the mitochondria. 
B- no molecular weight standards are shown in the SEC. These should be provided.
C- the "purificat ion of PGP is not compelling as shown as an "induced" band cannot be appreciated
in any lanes and PGP as indicated is very weak in the elut ion. A confirming western would be useful.
Further, it  st ill looks like the 70kDa band is present in the purificat ion. Perhaps this is the best
purificat ion. The authors could refer back to Fig 3 where there is act ivity shown. Perhaps this
reviewer missed it  but  no descript ion of how big PFP is predicted to be is provided.
C lower panel - How do we know this is specific to PFP/FphA and Hox? Is FphA or the strep tag
"st icky"? Again, a negat ive control would be nice, another strep tagged molecule or mutated FphA
that does not show Hox associated. One could interpret  the gel as having poorly washed
resin....perhaps showing the "washes" would provide that needed control. no descript ion is provided
about how the Hox bands were illuminated in the gel only that western blots were run. 

Fig 6 descript ion lines 207-214....It  is unclear to this reviewer why the authors focused on HoxA. In
the data of Figure 5, it  looks like HoxB is the more prominent band "binding" to FphA. No reasoning
for this was provided. Further, the authors spend t ime in the manuscript  suggest ing that HoxA and
B interact . Is it  possible to do the BLI with HoxA, HoxB or both to determine if the FphA interact ion
Kd or Ka changes? What is HoxB doing? HoxB delet ion phenotype looks more dramat ic than HoxA
(fig 2) 

Discussion - the authors provide a model suggest ing that the Hox proteins generate holoprotein
FphA, which now interacts with the phosphotransfer protein YpdA to induce the HOG pathway and
that holo FphA is imported into the nucleus to control chromat in remodeling enzymes. This is
extremely speculat ive and goes beyond what the data provide. The experiments performed test  if
Hox proteins can interact  with FphA and that FphA shows increased tetrapyrrole insert ion. No



experiments are shown regarding Fph (apo or holo) interact ions with YpdA, or that  there are
changes in chromat in remodeling. Further, no experiments are provided that show that holoFphA vs
apo FphA is imported into the nucleus. The model should be modified to support  what is tested in
the manuscript . 

Minor concerns 
1. Fig 1 ment ioned asterisk but the symbol is a star
2. No ment ion of Fig 2A
3. Line 205 sentence seems incomplete as it  is missing the protein name ...."photosensory domain"
of FphA



Referee #1: 

This work identified two heme oxygenases, HoxA and HoxB, from A. alternata. The authors 
proposed that the proteins form metabolon on mitochondria. The result is important. 

The major concerns: 
As the HoxA and HoxB are very low in activity, is it possible that they or associated factor(s) are 
only the (minor) components of the BV-generating complex? The deletion and phenotype 
experiments cannot exclude the possibilities. For in vitro activity, did the authors optimize conditions 
such as factors, buffers, metal ions, pH, temprature, etc.? 

The reviewer is right that the activities are low. However, we spent about one year working closely 
together with the lab in Kaiserslautern to optimize the reaction and the activity we show is the best 
we could get. However, one has to consider that we don’t know the electron donor system in A. 
alternata and that the protein for activity measurements were heterologously expressed. In addition, 
we show that the reaction in vivo occurs at the outer mitochondrial membrane in a protein complex. 
These conditions are also not easy to mimic in vitro and are for sure also not found during the 
expression in E. coli. In sum, the activities are low but obviously sufficient in vivo. We added a short 
chapter in the Discussion. 

For biliproteins detetion, why did the authors not detect them via Zinc-induced fluorescence? If they 
did not, it was not shown or cannot be detected, why? 

We added a Zn blot in Fig. 3A. 

Other minor concerns: 

The authors obseved that not all HoxA or HoxB bound hemin. Is it ascribed to the oligomerization of 
the proteins, so shielding the binding sites? If yes, did the oligomerization affect the activity? If yes, 
why with the activity assay, they used the 5-fold higher concentration of the proteins (50 microM vs. 
10 microM on oligomerization detection)? 

The interpretation of the binding data have to be taken with care, because the proteins are not pure 
enough to do valid stoichiometric calculations. However, the experiments clearly showed binding, 
which is a prerequisite for the activity. 

Line 161, "retention time was about 2.5 min longer", it is not a small difference, the authors should 
explain. Is the experiment, HPLC, repeated, how many times? 

We did repeat the experiment several times and the difference of the retention time varied between 
1 and 2.5 minutes. However, we overlaid the spectrum of the compound in that peak with BV and 
they perfectly match (suppl. Fig. S3D). We tried hard to do mass spectrometry, but failed. In any 
case the identification of the chromophore produced in E. coli or in vitro is only of limited value, 
because ultimately, one has to purify phytochrome from A. alternata and analyze the structure of the 
endogenous chromomphore. 

Is there a tag/motif for mitochondria from HoxA, HoxB or Phy? Why they are attached at 
mitochondria? Is the attachment specific or unspecific to receptor(s) or similar factor(s)? 

21st May 20211st Authors' Response to Reviewers



Thank you very much for this comment. We have meanwhile characterized the binding and found 
that the C-terminal anchor is necessary and sufficient for mitochondrial targeting. See new Fig. 4 C, 
D. 

Line 381-382, French press is only for breaking cells. corrected 

Line 386, what is "1 VVM air"; there are some too specific abbreviations for readers to understand. 
Explained. 

Line 396, the proteins are not well purified! corrected 

Line 404, why is written as "400 microgram"? If the authors insisted, please indicate the volume. 
Added. 

Line 417, Why did the detection set at 650 nm instead of 690-700 nm? Which bilin does absorb 
maximally at 650 nm in this HPLC conditions? 
The spectrum in Fig. S3C shows the maximum of free biliverdin at 656 nm. 

Fig. 6, No fitted curve(s) for KD? We added a new Fig. S4 and extended the explaining text in the 
results section. 

Referee #2: 

The authors describe the interesting finding that mitochondria in the fungus Alternaria alternata have 
a two HOX enzymes linked to phytochrome activity. This is an interesting and important finding, 
however, in its current form the manuscript has several weaknesses listed below: 

1. The biochemical characterization of HoxA and HoxB have significant questions. First, the titration
studies are not well described. Why for example do the authors start with a 1 uM heme solution and
titrate in the protein to 10 uM and then further titrate with protein? 

After the addition of protein, the titration was done with hemin. 

Following purification are both Hox proteins purified as apo-proteins or do they have either heme or 
biliverdin bound? Heterologous expression of HO proteins either bacterial or mammalian routinely 
have biliverdin bound following purification. 

We have no evidence for heme binding during the expression. Information added in the Results 
section. 

The comment that not all Hox proteins are capable of binding heme would suggest that the protein 
is not homogenous and has either a ligand bound or is not folded correctly. If the latter is the case 
this compromises all of the biochemical experiments. Furthermore, given the lack of significant 
purification of HoxB interpretation of the data is also a concern (Fig S3) 

The binding was only the first step for the enzymatic analysis and was not meant to be quantitative. 
The determination of the exact stoichiometry, binding affinities etc. would need further purification of 
the enzymes, which is beyond the scope of this paper. The main focus here is to show that both 



HOs are enzymatically active, that they interact at the mitochondrial outer membrane and provide 
the chromophore for phytochrome. 

2. The comment that the appearance of the shoulder in HoxB appears more pronounced and
increased faster (pg. 5 lines 152-156) is a measure of differences in affinity is an over interpretation
of the data. As stated above issues with protein purity and integrity are a concern. 

Changed. 

3. The difference in retention of the biliverdin produced by combination of HoxA and HoxB despite a
spectrum that shows biliverdin requires confirmation. Is this a different isomer given that biliverdin
alpha is the standard? Is this a modified biliverdin? Mass spectrometry should be performed to
confirm the product and isomer. The product does bind to FphA but again the reconstitution
compared to that of BphO would suggest some confirmation of the product by MS would be
desirable. Also as HoxA is sufficient for assembly the authors should characterize the biliverdin
product ie. the retention time and structure of the HoxA product alone. 

See above. 

4. In Fig 3C the expression of HoxA appears to be sufficient for phytochrome assembly so what is
the role of HoxB. Again in Fig4 the auhtors present data regarding the location of HoxA and HoxB
but the data on HoxB is lacking. This raises more questions as to the role of HoxB and if it is indeed
a HO. 

We added data showing that HoxB really linearizes hemin and hence works as HO. The activity is 
much lower than the one of HoxA. We discussed the possibility that HoxB could act as chaperone to 
stimulate the HoxA activity. In addition, there is evidence that human HO-1 may be processed under 
stress conditions and fulfill additional roles in nuclei. Our observation that the hoxB-deletion strain 
appears to be more sensitive towards TBooH points into that direction. 

5. The BLI (Fig 6) data again raises some questions as the association phase for the 3.5 and 4.7 uM
concentration are not consistent with the others leaving some doubt as to the binding affinity as
calculated. One would determine form the data in Fig 6B that tehre is no binding. 

The problem is that the chromophore in the loaded PGP interferes with the measurement, since it 
absorbs in the visible spectrum. We explained it in the results section. Still, the differences in affinity 
are huge, if there is no binding or very weak binding. 

Overall the data while supportive of HoxA being a HO enzyme lacks the rigor in the data especially 
as it pertains to the role of HoxB and the nature of the biliverdin product. I believe these significant 
gaps require addressing prior to consideration for publication. 

Referee #3: 

Critique Streng et al 
This manuscript describes the identification of putative heme oxygenase proteins that are involved 
in inserting a tetrapyrrole into the FphA protein in fungi. These HO proteins have remained elusive 
thus far and make this an important exciting finding if true. However, to this reviewer, the 



experiments lack important controls to permit interpretation of the data as currently presented. Thus, 
the manuscript needs major revisions before it is acceptable for publication. 

Major concerns 
First, the English throughout the manuscript needs improvement as it is missing articles and the 
phrasing is awkward. 

We tried to improve it. 

Line 132 refers to ccgA induction and Fig 2B, however, the figure is 2C. It would make more sense 
to rearrange the order of the figures (e.g. A is fine but describe it. Make B the ccgA graph and then 
C the plate growth. 
There is no mention that hoxB is more sensitive to tBooH or why this may be. Also, for the lay 
reader, a description of what the plate stresses induce would help guide the reader as to what this 
plate phenotype is testing. That the deletions look like FphA is not sufficient for the novice reader to 
understand these subtleties. Many deletion strains in yeast show similar plate phenotypes. In the 
quantification of ccgA what was the n and what gene was used as a control gene for the RTPCR 
analysis? 

The information was added. It could well be that HoxB is involved in stress resistance. We added a 
Discussion for this point. h2b was used as housekeeping gene. 

Fig 3 this figure description seems incomplete. A more complete description of the data would be 
helpful. Does HoxB addition "help"? the scales from A to B make the interpretation hard. 
a. there is no mention of the control of BphO in the results text. This is necessary to explain the
increased ab at 700+ when Hox proteins are added to imply they act as heme oxygenases like
BphO. 

BphO is mentioned in the text. 

Fig S3 - the authors reference that the resulting peak from A + B addition resembled biliverdin, yet 
no example of what biliverdin looks like is shown. 

We added a spectrum of the reference substance. 

line 176-177 "suggesting that the activity of HoxA and HoxB together is higher than the sum of 
both". Would the authors expect that a double KO would have a more dramatic phenotype (Fig 2). 
This is easily tested. What about double FphA and Hox? Are the phenotypes the same or additive? 
This might suggest that there are other HOX yet to be discovered or that these are the only ones. 

After the establishment of CRISPR/Cas9 in A. alternata many manipulations are possible, but still 
some things are more difficult than in e.g. A. nidulans. Despite several attempts to create double-
deletion strain, we failed so far. However, the added data about the activity of HoxB and the 
extended the discussion about a putative chaperone function. 

Fig 4. the descriptions of the lanes are not clear. The description says "mitochondria were treated 
with proteinaseK for 20 min" but no further descriptions are provided to know why the authors have 
two S and two P fractions (this is found in the methods but would be helpful to a reader if more 
detail of the fractions is provided in the legend to understand that gels). Why is there no visible CitA-
GFPi in the CE or P2 and why would they "enrich" in P2 + PK? It seems like it should just be the 



same if the amounts being loaded are controlled. Also, what is a GFP trap experiment and why is it 
provided for cytosolic CitA instead of the HoxA protein. Not sure if this is helpful as described. The 
introduction to this figure says Hox A and HoxB were GFP tagged yet no data for HoxB is provided. 
Similarly, the figure legend says HoxA and HoxB. Why is HoxB not shown? 
Line 188-189 suggests that cit synth additional band could be free GFP. This is easily determined 
as the molecular weights of these proteins are known. Molecular weight standards should be 
shown. 

We improved the description and added data for HoxB. 

Fig 5. All examples are positive. Is this overexpression or endogenous levels? could it be possible 
that any mitochondrial proteins, when overexpressed with split YFP tagged show BiFC? It would be 
nice to show a split YFP tagged mitochondrial protein that is not predicted to interact with a Hox. A 
nice control might be one that is in the matrix vs the outside of the mitochondria. 
B- no molecular weight standards are shown in the SEC. These should be provided.
C- the "purification of PGP is not compelling as shown as an "induced" band cannot be appreciated
in any lanes and PGP as indicated is very weak in the elution. A confirming western would be
useful. Further, it still looks like the 70kDa band is present in the purification. Perhaps this is the
best purification. The authors could refer back to Fig 3 where there is activity shown. Perhaps this
reviewer missed it but no description of how big PFP is predicted to be is provided. 
C lower panel - How do we know this is specific to PFP/FphA and Hox? Is FphA or the strep tag 
"sticky"? Again, a negative control would be nice, another strep tagged molecule or mutated FphA 
that does not show Hox associated. One could interpret the gel as having poorly washed 
resin....perhaps showing the "washes" would provide that needed control. no description is provided 
about how the Hox bands were illuminated in the gel only that western blots were run. 

We added the calibration data for the SEC. As for the interaction results, the referee is right and it 
could be that is not specific. Therefore, we further studied the interaction with the split YFP system 
and BLI. The data in E. coli were the first indications for protein-protein interaction. 

Fig 6 description lines 207-214....It is unclear to this reviewer why the authors focused on HoxA. In 
the data of Figure 5, it looks like HoxB is the more prominent band "binding" to FphA. No reasoning 
for this was provided. Further, the authors spend time in the manuscript suggesting that HoxA and B 
interact. Is it possible to do the BLI with HoxA, HoxB or both to determine if the FphA interaction Kd 
or Ka changes? What is HoxB doing? HoxB deletion phenotype looks more dramatic than HoxA (fig 
2) 

HoxB is unfortunately not pure enough to do those experiments. We discussed possible roles in the 
oxidative stress response for HoxB to explain its more dramatic phenotype. 

Discussion - the authors provide a model suggesting that the Hox proteins generate holoprotein 
FphA, which now interacts with the phosphotransfer protein YpdA to induce the HOG pathway and 
that holo FphA is imported into the nucleus to control chromatin remodeling enzymes. This is 
extremely speculative and goes beyond what the data provide. The experiments performed test if 
Hox proteins can interact with FphA and that FphA shows increased tetrapyrrole insertion. No 
experiments are shown regarding Fph (apo or holo) interactions with YpdA, or that there are 
changes in chromatin remodeling. Further, no experiments are provided that show that holoFphA vs 
apo FphA is imported into the nucleus. The model should be modified to support what is tested in 
the manuscript. 



The model summarizes not only our new results but puts them in the frame of the existing data. It 
was well documented that FphA interacts with YpdA and also that it affects the chromatin structure. 

Yu, Z., Armant, O. and Fischer, R. (2016). Fungi use the SakA (HogA) pathway for 
phytochrome-dependent light signaling. Nat. Microbiol. 1, 16019. 

Hedtke, M., Rauscher, S., Röhrig, J., Rodriguez-Romero, J., Yu, Z. and Fischer, R. 
(2015). Light-dependent gene activation in Aspergillus nidulans is strictly dependent on 
phytochrome and involves the interplay of phytochrome and white collar-regulated 
histone H3 acetylation. Mol. Microbiol. 97, 733-745. 

Minor concerns 
1. Fig 1 mentioned asterisk but the symbol is a star changed
2. No mention of Fig 2A added
3. Line 205 sentence seems incomplete as it is missing the protein name ...."photosensory domain" 
of FphA added 



17th Jun 20211st Revision - Editorial Decision

Thank you for submit t ing a revised version of your manuscript . Your study has now been seen by all 
original reviewers, who find that their main concerns have been addressed and now recommend 
publicat ion of the manuscript after a minor revision. Therefore, I would like to invite you to address 
the remaining referee comments and the following editorial issues before I can extend the official 
acceptance of the manuscript : 

1. Our data editor has done their pre-publicat ion check on your manuscript . I have at tached the file
here. Please take a look at  the word file and the comments in the Figure Legends sect ion and
respond to the issues. Please also use this version when you resubmit  the revised version.
2. Please add more detailed informat ion in the Author Checklist  sect ion B and C or indicate where
this informat ion can be found in the manuscript .
3. Please rename the sect ion "Data and materials availability" to "Data availability" and move it  to
the end of Materials and Methods. To adhere to the journal style, please modify the wording to
"This study includes no data deposited in external repositories".
4. Please rename "Compet ing interests" sect ion into "Conflict  of interest".
5. Figure panel 1A is not ment ioned in the text , please add a callout .
6. In Fig. 3A, to make clearer that  the three sect ions of the gel are not derived from the same
experiment, please add a white space between them.
7. Please rename "Supplementary Material" into "Appendix" and update the nomenclature to
Appendix Figure S1, etc. and Appendix Table S1, etc. Please also add a short  table of contents at
the beginning, of the Appendix file
8. We generally encourage publicat ion of source data for electrophoret ic gels and blots, with the
aim of making primary data more accessible and transparent to the reader. We would need one file
per figure (which can be a composite of source data from several panels) in jpg, gif or PDF format,
uploaded as "Source data files". The gels should be labeled with the appropriate figure/panel
number and should have molecular weight markers; further annotat ion would clearly be useful but  is
not essent ial. These files will be published online with the art icle as supplementary "Source Data".
Please let  me know if you have any quest ions about this policy.
9. Papers published in The EMBO Journal are accompanied online by a 'Synopsis' to enhance
discoverability of the manuscript . It  consists of A) a short  (1-2 sentences) summary of the findings
and their significance, B) 2-3 bullet  points highlight ing key results and C) a synopsis image that is
550x300-600 pixels large (width x height, jpeg or png format). You can either show a model or key
data in the synopsis image. Please note that the size is rather small and the text  needs to be
readable at  the final size. Please send us this informat ion along with the revised manuscript .

Please let me know if you have any further quest ions regarding any of these points. You can use 
the link below to upload the revised files. 

Thank you again for giving us the chance to consider your manuscript for The EMBO Journal, and 
we look forward to receiving the final version.



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

Referee #1: 

This work ident ified two heme oxygenases, HoxA and HoxB, from A. alternata. The authors 
proposed that the proteins form metabolon on mitochondria, further they found a C-terminal anchor 
(CTA) sequence in HoxA for mitochondrial target ing. The result is important . 

The authors have improved their manuscript substant ially. So this reviewer has only a few minor 
concerns: 

Line 125, "alternataHere"? 

Line 245, "last 20? amino acids"? 

Line 545, "50 mM Tris-HCl pH 7.8" changes to "50 mM Tris-HCl, pH 7.8". 

Line 548, "measured for 60s", s = sec as be most ly writ ten in text? 

"Zn-induced red fluorescence" should be writ ten as "Zn2+-induced red fluorescence", where "2+" is 
superscript . 

Referee #2: 

This is a resubmission and the concerns raised in the previous submission were in regard to the 
low enzyme act ivity of the HOX enzymes and confirmat ion of the products. The act ivit ies of the 
enzymes are st ill low however the authors have provided more informat ion to clarify this as well as 
addit ional data as to the product verificat ion and confirmat ion of the biliprotein. The manuscript is 
acceptable for publicat ion. 

Referee #3: 

Streng et al 
This manuscript is much improved and with minor edit ing changes is acceptable for publicat ion. 

Minor - 
Line 156, I think the authors mean slight ly higher sensit ivity not "resistance" of the hoxB mutant. It 
grows more poorly, so more sensit ive to condit ions. 

Line 181-3, rewrite to say stoichiometries for heme binding were not determined as the protein 
preparat ions were not pure. 

Line 314, Chaperon is missing the "e" chaperone 



18th Jun 20212nd Authors' Response to Reviewers

The authors performed the requested changes.



21st Jun 20212nd Revision - Editorial Decision

Editor acce;pted the revised manuscript.
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