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3rd Jun 20201st Editorial Decision

Dear Dr. Boddy 

Thank you for the submission of your research manuscript  to our journal. We have now received the
full set  of referee reports that is copied below. 

As you will see, the referees acknowledge that the findings are potent ially interest ing. However, the
referees also note that the study lacks a clear focus and current ly seems to represent a
compilat ion of different findings related to FAM111A and I agree with this assessment. I would
therefore suggest to focus your manuscript  on the disease-related mutat ions and their effect  on
nuclear shape and apoptosis and the interact ion with nuclear pore-associated proteins. You could
either remove the data on RNF4, which I would suggest since it  seems least connected to the rest
of the study and the screen that ident ified this interact ion will be published elsewhere, or you
remove the part  on viral infect ion. 

If you decide to keep the data on RNF4, please make sure to include a minimal descript ion of the
screen condit ions you used to ident ify FAM111A as interact ion partner for RNF4 in the methods
sect ion. 
If you keep the part  on nuclear barrier and SV40 infect ion, it  is not mandatory to test  other viruses
but the data should be discussed more in the context  of what has been published. 
The ident ificat ion of direct  FAM111A substrates would certainly strengthen the study, but it  is not
mandatory. 
Furthermore, the data should be strengthened along the lines suggested by the referees (such as
test ing of the disease mutat ions in other cell lines and further apoptosis assays). 

Taken together, we would like to invite you to revise your manuscript  with the understanding that
the referee concerns (as detailed above and in their reports) must be fully addressed and their
suggest ions taken on board. Please address all referee concerns in a complete point-by-point
response. Acceptance of the manuscript  will depend on a posit ive outcome of a second round of
review. It  is EMBO reports policy to allow a single round of revision only and acceptance or reject ion
of the manuscript  will therefore depend on the completeness of your responses included in the
next, final version of the manuscript . 

We invite you to submit  your manuscript  within three months of a request for revision. This would
be September 3rd in your case. Yet, given the current COVID-19 related lockdowns of laboratories,
we have extended the revision t ime for all research manuscripts under our scooping protect ion to
allow for the extra t ime required to address essent ial experimental issues. Please contact  me if you
wish to discuss the t ime needed and the revisions further (mart ina.rembold@embo.org). 

IMPORTANT NOTE: we perform an init ial quality control of all revised manuscripts before re-review.
Your manuscript  will FAIL this control and the handling will be DELAYED if the following APPLIES: 

1) A data availability sect ion is missing. 
2) Your manuscript  contains error bars based on n=2. Please use scatter blots showing the
individual datapoints in these cases. The use of stat ist ical tests needs to be just ified. 

When submit t ing your revised manuscript , please carefully review the instruct ions that follow below.
Failure to include requested items will delay the evaluat ion of your revision. 



When submit t ing your revised manuscript , we will require: 

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). 
Please download our Figure Preparat ion Guidelines (figure preparat ion pdf) from our Author
Guidelines pages 
ht tps://www.embopress.org/page/journal/14693178/authorguide for more info on how to prepare
your figures. 

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

4) a complete author checklist , which you can download from our author guidelines (). 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  (). Please find instruct ions on how to link your ORCID ID to
your account in our manuscript  t racking system in our Author guidelines 
() 

6) We replaced Supplementary Informat ion with Expanded View (EV) Figures and Tables that are
collapsible/expandable online. A maximum of 5 EV Figures can be typeset. EV Figures should be
cited as 'Figure EV1, Figure EV2" etc... in the text  and their 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 labeled 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. 

7) Before submit t ing your revision, primary datasets (and computer code, where appropriate)
produced in this study need to be deposited in an appropriate public database (see <
https://www.embopress.org/page/journal/14693178/authorguide#dataavailability>). 

Specifically, we would kindly ask you to provide public access to the the mass spec dataset. 

Please remember to provide a reviewer password if the datasets are not yet  public. 

The accession numbers and database should be listed in a formal "Data Availability " sect ion
(placed after Materials & Method) that follows the model below (see also <



https://www.embopress.org/page/journal/14693178/authorguide#dataavailability>). Please note
that the Data Availability Sect ion is restricted to new primary data that are part  of this study. 

# Data availability 

The datasets (and computer code) produced in this study are available in the following databases: 

- RNA-Seq data: Gene Expression Omnibus GSE46843
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843) 
- [data type]: [name of the resource] [accession number/ident ifier/doi] ([URL or
ident ifiers.org/DATABASE:ACCESSION]) 

*** Note - All links should resolve to a page where the data can be accessed. *** 

8) We would also encourage you to include the source data for figure panels that show essent ial
data. Numerical data should be provided as individual .xls or .csv files (including a tab describing the
data). For blots or microscopy, uncropped images should be submit ted (using a zip archive 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 . 

9) 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  . 

10) Regarding data quant ificat ion: 
- Please ensure to specify the name of the stat ist ical test  used to generate error bars and P values,
the number (n) of independent experiments underlying each data point  (biological or technical
replicate), and the test  used to calculate p-values in each figure legend. Discussion of stat ist ical
methodology can be reported in the materials and methods sect ion, but figure legends should
contain a basic descript ion of n, P and the test  applied. 
IMPORTANT: Please note that error bars and stat ist ical comparisons may only be applied to data
obtained from at least  three independent biological replicates. If the data rely on a smaller number
of replicates, scatter blots showing individual data points are recommended. 
- Graphs must include a descript ion of the bars and the error bars (s.d., s.e.m.). 
- Please also include scale bars in all microscopy images. 

11) As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes
online a Review Process File to accompany accepted manuscripts. This File will be published in
conjunct ion with your paper and will include the referee reports, your point-by-point  response and
all pert inent correspondence relat ing to the manuscript . 

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



in this case." 

We would also welcome the submission of cover suggest ions, or mot ifs to be used by our Graphics
Illustrator in designing a cover. 

I look forward to seeing a revised version of your manuscript  when it  is ready. Please let  me know if
you have quest ions or comments regarding the revision. 

Yours sincerely 

Mart ina Rembold, PhD 
Editor 
EMBO reports 

************************** 

Referee #1: 

Nie et  al. focus on one hit  from the BioID experiment designed to ident ify interactors of RNF4, a
Sumo targeted ubiquit in ligase, FAM111A. FAM111A is mutated in KCS2 and OCS ,severe
developmental disorders and has been previously shown to restrict  viral replicat ion. Authors show
that overexpression of disease-associated mutants results in cellular death which is largely
independent of caspases but depends on FAM111A protease act ivity. The major phenotype that is
associated with death are nuclear envelope abnormalit ies and the authors find that nucleoporins
and GANP are FAM111A interactors, although they do not show that they are substrates of
FAM111A. 

This is largely descript ive study of FAM111A funct ion. Without ident ificat ion of the substrates, it  will
be difficult  to gain insight into the mechanism of this important protease during normal celllular
growth or during viral infect ion. The data are support ive of the conclusions put forth by the authors.
Before publicat ion, I would like to see some addit ional controls and improvement to the figures as
delineated below: 

1. The BioID experiments (Fig 1A, 4C) lack the non-biot in added experimental controls. 
2. Suggested improvements to the figures: 
Figure 1-please label that  RNF4 has a myc tag in A and gfp in B. This is unclear and although
present in the legend, would improve the figure. 
Figure 3- graph in B needs axis descript ion 
Figure 4 A- needs more explanat ion about what is being reported. I assume this is pept ide numbers
but needs to be made clearer both in the table and in the legend. 
4D- Western is subopt imal and should be repeated to clearly show GANP signal throughout a lane. 

Referee #2: 

The FAM111A protein is a serine protease that has been implicated in viral restrict ion and two
genet ic disorders. The current study examines the pathological effects of the KCS/OCS mutants of
FAM111A. They suggest that  FAM111A protease act ivity is cytotoxic, and this is more dramat ic for



the disease mutants. They suggest that  this hyperact ivity is associated with impacts on nuclear
integrity and cell cycle progression and viability. There are a number of very intriguing observat ions
about FAM111A interact ions, impacts on cellular funct ion, and the effects on viral restrict ion. The
most interest ing new informat ion comes from Figure 5 which addresses the impact of FAM111A on
nuclear barrier funct ion during SV40 infect ion. The rest  of the paper leads up to this but is less
impactful. All figures are convincing in themselves but overall these observat ions are not all t ight ly
linked. But if they could be pulled into a coherent model it  would strengthen the study. 

1) Figure 1 demonstrates that FAM111A binds the STUbl enzyme RNF4, consistent with other
reports, and suggests that SUMOylated FAM111A is turned over by funct ional RNF4. The link to
the rest  of the study could be strengthened. 

2) Figure 2 analyses the disease mutat ions. Over-expression of these mutants inhibited cell cycle
progression, and this was lost  for mutat ions of the protease site. It  is not clear why these
experiments were done in 293 cells? This cell line already expresses viral oncoproteins that alter
cell cycle progression. The results would be more convincing if repeated in other cell lines. Finally,
Figure 2C suggests cleavage of PARP, a marker of apoptosis. 

3) Figure 3 looks at  the effect  of adding caspase inhibitor which blocked PARP cleavage but not
cytotoxicity. FAM111A also changes nuclear morphology in a way that is dependent on protease
act ivity but not caspases. The R569H mutant appears in a perinuclear structure that looks like an
aggresome. Is this seen in other cell types? 

4) Figure 4 uses proximity labeling to ident ify proteins bound by FAM111A using the protease-dead
S541A mutant. This ident ified PCNA and other replicat ion proteins, and a number of nuclear pore
proteins. Is there any evidence that any of these nuclear pore components are cleaved in a
FAM111A-dependnet manner? 

5) Figure 5 tests the impact on SV40 infect ion by t ransfect ion of wild-type or host range mutants
into U2OS cells. The LT ant igen of the host range mutants begins to accumulate in the cytoplasm
over t ime and this was lost  for FAM111A deplet ion. Similar observat ions were made with 2XRFP-
NLS reporter, suggest ing a global nuclear barrier funct ion is compromised. Has this been extended
to other viruses impacted by FAM111A? How do these findings fir in with previous papers on viral
restrict ion and host range? 

Referee #3: 

This is an interest ing manuscript  describing the characterisat ion of the FAM111A protease. Most of
the data is of good quality and the conclusions drawn largely just ified. My major crit icism is a lack of
focus in the manuscript-the larger init ial port ion deals with propert ies of wt and mutant FAM111A in
human tumour cell lines but then in the final sect ion it  goes on to look at  the relat ionship between
the protease and SV40 T and host range mutants of SV40. My feeling is to lose the SV40 material
(Figure 5) and concentrate on a shorter manuscript . 
I have a number of crit icisms which should be addressed: 
1. An init ial table summarising the propert ies of the FAM111A mutant proteins would be useful. 
2. In figure 3C and lines 248-250 the authors say that the phenotype observed is dependent on
R569H and S541A had no effect . Yet the IF images in 3C are quite different when R569H is
expressed on its own or together with S541A-does this mean that S541A neutralises the effect  of



R569H? 
3. The authors use PARP cleavage as their only measure of apoptosis. As they suggest that  the
apoptot ic induct ion is due to the profound cytotoxic effects of FAM111A and FAM111AR569H it
would be most interest ing to examine other markers of apoptosis such as annexin V staining to see
if they also show apoptosis induct ion.
4. The western blot  in Figure4D is of poor quality and needs to be repeated.
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Response to Reviewer 1: 

– We are truly grateful to both you and the Editor for the constructive suggestions that have
helped us create a more focused and impactful article. We have rigorously addressed all
Reviewers comments in our carefully revised manuscript, which now contains additional
supporting data. Below is a detailed point-by-point response to your comments, but first I
highlight some of the key changes:

1. We removed the RNF4/SUMO data as suggested, allowing better focus on the related
phenotypes caused by FAM111A patient mutants and polyomavirus replication.

2. We present new data on a likely target of FAM111A protease activity. We find that the
central channel nucleoporin NUP62, which is essential for transport and gating of the
nuclear pore, is depleted in the presence of hyperactive FAM111A, e.g. the KCS2
patient mutant FAM111AR569H. This provides a plausible link between FAM111A
hyperactivity, nuclear pore redistribution, and loss of nuclear barrier function.

3. We have added new data demonstrating the cytotoxicity of the FAM111A KCS2/OCS
patient mutants in U2OS cancer cells and the “normal” hTERT1 immortalized RPE cell
line (in addition to our existing analysis in HEK293 cells).

4. New FACS data are included on U2OS and RPE cell lines. They show that FAM111A
KCS2/OCS patient mutants also disrupt cell cycle progression in these cell lines, with
cells accumulating in S phase, as seen in HEK293 cells. Thus, FAM111A hyperactivity
broadly disrupts S phase.

5. We added data showing that hyperactive FAM111A also induces caspase 3 cleavage
(activation), in addition to our existing PARP cleavage data. This result further supports
that hyperactive FAM111A can induce apoptosis.

Referee #1: 

Nie et al. focus on one hit from the BioID experiment designed to identify interactors of RNF4, a Sumo targeted 
ubiquitin ligase, FAM111A. FAM111A is mutated in KCS2 and OCS ,severe developmental disorders and has been 
previously shown to restrict viral replication. Authors show that overexpression of disease-associated mutants 
results in cellular death which is largely independent of caspases but depends on FAM111A protease activity. The 
major phenotype that is associated with death are nuclear envelope abnormalities and the authors find that 
nucleoporins and GANP are FAM111A interactors, although they do not show that they are substrates of FAM111A. 

This is largely descriptive study of FAM111A function. Without identification of the substrates, it will be difficult to 
gain insight into the mechanism of this important protease during normal cellular growth or during viral infection. 

– Excitingly, during revision, we have identified the nucleoporin NUP62 as a likely substrate of
FAM111A protease activity. Depletion of this gating/transport nucleoporin by FAM111A in a
caspase-independent manner is striking. It could begin to explain the effects of FAM111A on
nuclear barrier function, pore distribution, and DNA replication in disease and viral restriction.

The data are supportive of the conclusions put forth by the authors. Before publication, I would like to see some 
additional controls and improvement to the figures as delineated below: 

1. The BioID experiments (Fig 1A, 4C) lack the non-biotin added experimental controls.

25th Sep 20201st Authors' Response to Reviewers
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– In revising the manuscript, we have removed Fig. 1A and 1B. We have now added Fig. 4E, 
which includes a minus-biotin condition as requested. We typically do not use this as a control 
because endogenous biotin still allows for considerable labeling, as demonstrated by the 
residual pull down of myc-BirA*-FAM111A in Fig. 4E. Nevertheless, without biotin added to the 
medium, insufficient GANP is labeled under these conditions to be detected by western blot. 

 
2. Suggested improvements to the figures: 
Figure 1-please label that RNF4 has a myc tag in A and gfp in B. This is unclear and although present in the legend, 
would improve the figure.  

 

–In revising the manuscript, we have removed RNF4 data from Figure 1 (as suggested by the 
Editor and a Reviewer).  

 

Figure 3- graph in B needs axis description 

 

– We have added the axis description to the graph, which is now Fig. 3C  

 

Figure 4 A- needs more explanation about what is being reported. I assume this is peptide numbers but needs to be 
made clearer both in the table and in the legend. 

 

– You are correct, these are peptide spectral counts. We have added a clearer description in 
both the table footer and legend to indicate this.  

 
4D- Western is suboptimal and should be repeated to clearly show GANP signal throughout a lane.  

 

– We have repeated the relevant components of the original Fig. 4D, which is now included as 
Fig. 4E along with the minus-biotin control.  
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Response to Reviewer 2: 

– We are truly grateful to both you and the Editor for the constructive suggestions that have 
helped us create a more focused and impactful article. We have rigorously addressed all 
Reviewers comments in our carefully revised manuscript, which now contains additional 
supporting data. Below is a detailed point-by-point response to your comments, but first I 
highlight some of the key changes: 

 

1. We removed the RNF4/SUMO data as suggested, allowing better focus on the related 
phenotypes caused by FAM111A patient mutants and polyomavirus replication. 

2. We present new data on a likely target of FAM111A protease activity. We find that the 
central channel nucleoporin NUP62, which is essential for transport and gating of the 
nuclear pore, is depleted in the presence of hyperactive FAM111A, e.g. the KCS2 
patient mutant FAM111AR569H. This provides a plausible link between FAM111A 
hyperactivity, nuclear pore redistribution, and loss of nuclear barrier function. 

3. We have added new data demonstrating the cytotoxicity of the FAM111A KCS2/OCS 
patient mutants in U2OS cancer cells and the “normal” hTERT1 immortalized RPE cell 
line (in addition to our existing analysis in HEK293 cells). 

4. New FACS data are included on U2OS and RPE cell lines. They show that FAM111A 
KCS2/OCS patient mutants also disrupt cell cycle progression in these cell lines, with 
cells accumulating in S phase, as seen in HEK293 cells. Thus, FAM111A hyperactivity 
broadly disrupts S phase. 

5. We added data showing that hyperactive FAM111A also induces caspase 3 cleavage 
(activation), in addition to our existing PARP cleavage data. This result further supports 
that hyperactive FAM111A can induce apoptosis.  

 
Referee #2: 
 
The FAM111A protein is a serine protease that has been implicated in viral restriction and two genetic disorders. The 
current study examines the pathological effects of the KCS/OCS mutants of FAM111A. They suggest that FAM111A 
protease activity is cytotoxic, and this is more dramatic for the disease mutants. They suggest that this hyperactivity 
is associated with impacts on nuclear integrity and cell cycle progression and viability. There are a number of very 
intriguing observations about FAM111A interactions, impacts on cellular function, and the effects on viral restriction. 
The most interesting new information comes from Figure 5 which addresses the impact of FAM111A on nuclear 
barrier function during SV40 infection. The rest of the paper leads up to this but is less impactful. All figures are 
convincing in themselves but overall these observations are not all tightly linked. But if they could be pulled into a 
coherent model it would strengthen the study. 
 

– We are pleased that the Reviewer recognizes the intriguing results in our paper. We have 
refocused the paper on the overlapping phenotypes caused by FAM111A hyperactivity, due to 
KCS2/OCS patient mutations or viral challenge. The identification of nucleoporins e.g. NUP62, 
as likely FAM111A targets (see point 4 below) underpins a unifying model for how FAM111A 
hyperactivity could impact nuclear structure and function in disease and viral restriction. 

 

1) Figure 1 demonstrates that FAM111A binds the STUbl enzyme RNF4, consistent with other reports, and suggests 
that SUMOylated FAM111A is turned over by functional RNF4. The link to the rest of the study could be 
strengthened. 
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– We have removed the original Fig. 1 RNF4-SUMO data, as both the Editor and a Reviewer 
deemed them least integrated with the rest of the study. We now focus on the related 
phenotypes caused by the FAM111A KCS2/OCS patient mutants and viral challenge. 

 
2) Figure 2 analyses the disease mutations. Over-expression of these mutants inhibited cell cycle progression, and 
this was lost for mutations of the protease site. It is not clear why these experiments were done in 293 cells? This cell 
line already expresses viral oncoproteins that alter cell cycle progression. The results would be more convincing if 
repeated in other cell lines. Finally, Figure 2C suggests cleavage of PARP, a marker of apoptosis.  

– We initially used HEK293 due to their very low levels of endogenous FAM111A (Fig. EV1). 
This made them a useful line for studying ectopic expression of FAM111A constructs, which 
are expressed at lower levels than endogenous FAM111A in many other lines e.g. Fig. 3A. As 
requested, we have generated new inducible cell lines for FAM111A expression and added the 
new data to Fig. 2 and Fig. EV2. We show FACS analyses of U2OS and hTERT1-RPE cells, 
both of which have similarly high levels of endogenous FAM111A (Fig. EV1). Importantly, as 
seen for HEK293 cells, we again see that FAM111A KCS2/OCS patient mutants cause RPE 
and U2OS cells to accumulate in S phase. This suggests a broad and largely genotype-
independent disruption of replication by FAM111A mutants, as U2OS are cancer cells and 
RPE are a non-cancer-derived immortalized cell line.  

 
 
3) Figure 3 looks at the effect of adding caspase inhibitor which blocked PARP cleavage but not cytotoxicity. 
FAM111A also changes nuclear morphology in a way that is dependent on protease activity but not caspases. The 
R569H mutant appears in a perinuclear structure that looks like an aggresome. Is this seen in other cell types?  

 

– We believe the Reviewer is referring to the Mab414 signal in what is now Figs. 4C and EV4 
(originally Fig. S2). This antibody detects a number of FG-repeat containing nucleoporins and 
is commonly used to detect nuclear pore distribution by IF. The perinuclear “aggregates” are 
actually a result of nucleoporin redistribution caused by FAM111A mutant expression. Notably, 
we have extended our analysis to U2OS and RPE cell lines, and again see a similar disruption 
of nucleoporin distribution by the FAM111A KCS2 patient mutant (Fig. EV4B).  

 
4) Figure 4 uses proximity labeling to identify proteins bound by FAM111A using the protease-dead S541A mutant. 
This identified PCNA and other replication proteins, and a number of nuclear pore proteins. Is there any evidence 
that any of these nuclear pore components are cleaved in a FAM111A-dependnet manner?  

 

– Excitingly, during revision we have indeed detected FAM111A-dependent depletion of a 
nucleoporin. Using the Mab414 antibody in western analysis we could readily detect NUP62, 
which is the strongest signal in whole cell lysates. Intriguingly, the NUP62 signal is strongly 
depleted by expression of the FAM111A KCS2 patient mutant, FAM111AR569H (Fig. 4F). 
Moreover, this effect is independent of caspases, as Z-VAD-FMK has no impact on NUP62 
depletion. It is notable that NUP62 is a central channel nucleoporin involved in gating and 
transport through the nuclear pore, whose depletion could contribute to the loss of nuclear 
barrier function we observe. Therefore, although more work is needed (such as in vitro assays, 
beyond the scope of the current study), these results point to processing of nucleoporins as a 



 5 

function/effect of hyperactive FAM111A. 
 
5) Figure 5 tests the impact on SV40 infection by transfection of wild-type or host range mutants into U2OS cells. 
The LT antigen of the host range mutants begins to accumulate in the cytoplasm over time and this was lost for 
FAM111A depletion. Similar observations were made with 2XRFP-NLS reporter, suggesting a global nuclear barrier 
function is compromised. Has this been extended to other viruses impacted by FAM111A? How do these findings fir 
in with previous papers on viral restriction and host range?  

 

– We used the SV40 polyomavirus as a testbed for our analysis of FAM111A-mediated 
restriction, as it is the best characterized viral system and also has available tools/mutations to 
analyze e.g. replication dependency (as in Fig. 5). FAM111A was first identified as a restriction 
factor for SV40 host range mutants, and later shown to work with RFC1 and PCNA to restrict 
VACV replication (now fully discussed in the paper). These are the only viruses to date known 
to be impacted by FAM111A, hence we discuss our results in the context of SV40 and VACV 
restriction. We did not broadly discuss viral restriction as it has many layers unrelated to the 
role of FAM111A and nuclear barrier function. That is, the SV40 LT (C-terminus) and VACV 
SPI-1 have specific interactions with FAM111A, presumably to inactivate this particular 
restriction factor and allow replication. There are other regions of LT, and other factors like 
SPI-1, that target numerous distinct cellular responses to viral challenge, from entry into the 
cell to encapsidation. It will certainly be interesting for others studying VACV to apply our 
findings to their field, but due to the need to generate new restrictive cell lines and other tools 
for this analysis, we believe it is beyond the scope of our study. 
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Response to Reviewer 3: 

– We are truly grateful to both you and the Editor for the constructive suggestions that have 
helped us create a more focused and impactful article. We have rigorously addressed all 
Reviewers comments in our carefully revised manuscript, which now contains additional 
supporting data. Below is a detailed point-by-point response to your comments, but first I 
highlight some of the key changes: 

 

1. We removed the RNF4/SUMO data as suggested, allowing better focus on the related 
phenotypes caused by FAM111A patient mutants and polyomavirus replication. 

2. We present new data on a likely target of FAM111A protease activity. We find that the 
central channel nucleoporin NUP62, which is essential for transport and gating of the 
nuclear pore, is depleted in the presence of hyperactive FAM111A, e.g. the KCS2 
patient mutant FAM111AR569H. This provides a plausible link between FAM111A 
hyperactivity, nuclear pore redistribution, and loss of nuclear barrier function. 

3. We have added new data demonstrating the cytotoxicity of the FAM111A KCS2/OCS 
patient mutants in U2OS cancer cells and the “normal” hTERT1 immortalized RPE cell 
line (in addition to our existing analysis in HEK293 cells). 

4. New FACS data are included on U2OS and RPE cell lines. They show that FAM111A 
KCS2/OCS patient mutants also disrupt cell cycle progression in these cell lines, with 
cells accumulating in S phase, as seen in HEK293 cells. Thus, FAM111A hyperactivity 
broadly disrupts S phase. 

5. We added data showing that hyperactive FAM111A also induces caspase 3 cleavage 
(activation), in addition to our existing PARP cleavage data. This result further supports 
that hyperactive FAM111A can induce apoptosis. 

 

Referee #3: 
 
This is an interesting manuscript describing the characterisation of the FAM111A protease. Most of the data is of 
good quality and the conclusions drawn largely justified. My major criticism is a lack of focus in the manuscript-the 
larger initial portion deals with properties of wt and mutant FAM111A in human tumour cell lines but then in the final 
section it goes on to look at the relationship between the protease and SV40 T and host range mutants of SV40. My 
feeling is to lose the SV40 material (Figure 5) and concentrate on a shorter manuscript.  

 
– We appreciate the Reviewers comments and have shortened/focused the manuscript. We 
have removed the section on RNF4/SUMO as on balance it was viewed to be the least 
integrated component of the manuscript (echoed by the Editor). Indeed, activation of FAM111A 
by the KCS2/OCS patient mutations and during viral restriction causes overlapping 
phenotypes e.g. nuclear pore redistribution, disruption of replication, and loss of nuclear 
structure/function.  
 
I have a number of criticisms which should be addressed: 
1. An initial table summarising the properties of the FAM111A mutant proteins would be useful.  

 
– We have added a diagram of the FAM111A protein and indicated the positions of mutations 
used in the study, including those found in KCS2 or OCS patients (Fig. 1A). This helps put the 
mutations and effects in clearer context, thank you. 
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2. In figure 3C and lines 248-250 the authors say that the phenotype observed is dependent on R569H and S541A had 
no effect. Yet the IF images in 3C are quite different when R569H is expressed on its own or together with S541A-
does this mean that S541A neutralises the effect of R569H?  

 
– We have attempted to clarify our results and meaning in the text and new Fig. 4C and Fig. 
EV4 (Fig. 3C and S2 in initial submission). What we show is that the protease dead mutant 
S541A does not cause the phenotypes seen with hyperactive R569H FAM111A. Moreover, by 
combining the R569H and S541A mutations in the same FAM111A construct we neutralize the 
effects of R569H. That is, it is the protease activity of FAM111A R569H that is toxic and 
causes the nuclear pore redistribution. Now that we have identified NUP62 as a likely 
substrate at the nuclear pore, this makes good sense with the phenotypes caused by 
FAM111A hyperactivity. 
 
3. The authors use PARP cleavage as their only measure of apoptosis. As they suggest that the apoptotic induction is 
due to the profound cytotoxic effects of FAM111A and FAM111AR569H it would be most interesting to examine 
other markers of apoptosis such as annexin V staining to see if they also show apoptosis induction.  

 

– We have added caspase 3 cleavage as an additional measure of apoptosis induction in our 
new Fig. 4F. This data mirrors that of PARP cleavage, showing relatively weak induction of 
apoptosis, as compared to the high cytotoxicity of hyperactive FAM111A. We also do not 
detect a significant sub-G1 population in our FACS analyses (e.g. Fig 2B), indicating only weak 
induction of apoptosis by FAM111A. Importantly, as discussed in the paper, we do not believe 
apoptosis is the primary cause of FAM111A-induced phenotypes, rather it is a later (or 
stochastic) consequence of FAM111A hyperactivity in some cells. Indeed, we identify NUP62 
processing as a FAM111A-dependent but caspase-independent event, which could start to 
explain the impact of FAM111A on nuclear pore distribution and nuclear barrier function (Fig. 
4C & F, Fig. 5). 

 
4. The western blot in Figure4D is of poor quality and needs to be repeated.  

 

– We have repeated the relevant components of the original Fig. 4D, which is now included as 
Fig. 4E, along with a minus-biotin control (per Reviewer 1).  

 



28th Oct 20201st Revision - Editorial Decision

Dear Dr. Boddy

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

As you will see, all referees are very posit ive about the study and request only minor changes to
clarify text  and some of the findings. If pat ient  cells are available, the cleavage of Nup62 should be
analyzed, otherwise it  should be crit ically discussed.

From the editorial side, there are also a few things that we need before we can proceed with the
official acceptance of your study. 

- Your art icle will be published in our Reports sect ion. To match the short  format of our Scient ific
reports I kindly ask you to combine the Results and Discussion sect ion and to keep our character
limit  of 25,000 plus/minus 2,000 in mind (excludes references and materials and methods).

- Please reformat the reference list  to match journal style. The year should be in brackets and et  al
should be used if there are more than 10 authors (i.e., list  the first  10 authors followed by et  al). 

- You might have seen the related manuscript  from the lab of Niels Mailand that was published
recent ly in EMBO reports, which I suggest to cite (Hoffmann et  al, EMBO Rep (2020): 21:10

- EV figure legends: please remove the word 'supplementary' from the figure t it le.

- Please rename the table files to 'Table EV#' and please also correct  the callout  to these tables
accordingly.

- You uploaded an .xls file called 'biorxiv077594-file001.xls' as dataset. I assume this lists the
interact ing proteins ident ified in your BioID-based proteomics assay. If so, please call it  "Dataset
EV1" and please provide a legend in the first  tab of the .xls file. Please also add a callout  to the
Dataset somewhere in the manuscript  text .

- Please note that the Author Checklist  will be published with the Review Process File. Therefore,
please remove the reviewer password from field F-18.

- Finally, EMBO reports papers are accompanied online by 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 550x200-600 pixels large (width x height) in .png format. You can either show a model
or key data in the synopsis image. Please note that the size is rather small and that text  needs to
be readable at  the final size. Please send us this informat ion along with the revised manuscript .

We look forward to seeing a final version of your manuscript  as soon as possible. 

Kind regards,

Mart ina Rembold

Mart ina Rembold, PhD



Senior Editor
EMBO reports

**********************

Referee #1:

I do not have further comments. I was overall posit ive the first  t ime around. The authors addressed
my quest ions and also added data on NUP62 as a likely substrate of FAM111A protease This study
complements the recent ly published manuscript  from the Mailand group.

Referee #2:

This revised version of the manuscript  has been significant ly improved by removing data which
allows a more focused story and by addit ion of new data that ident ify a substrate for FAM111A
protease act ivity. The paper reads very nicely. It  does a much better job of bringing together
disparate funct ions of FAM111A into a common theme. The observat ions are now compelling and
the manuscript  fits well with the EMBO Reports format.

Minor points:
1) Are the lower levels of hyperact ive mutants in the blot  of Figure 3A possibly due to auto-
cleavage act ivity? This might be consistent with the recent Kojima paper. Is this also seen for the
S541A mutants in Figure 2C? Why are these differences less not iceable in Figure 3B?
2) The Discussion is a lit t le long and could be shortened to focus on the interpretat ions and
implicat ions rather more than restat ing findings. 

Referee #3:

In this modified version of the manuscript  the authors have addressed most, although not all, of the
original crit icisms. They have also added new data in an at tempt to explain their original
observat ions and make the paper less descript ive. 

Unfortunately, the authors have not really answered one of my original crit icisms and the new data
is not totally convincing. I suggested that a second method should be used to look for apoptosis, in
addit ion to PARP cleavage. The authors have shown caspase 3 act ivat ion as this alternat ive-this is
not really valid as act ivated caspase 3 is probably responsible for PARP cleavage and so they are in
the same pathway. Again, I would suggest using annexin V staining.

The new data showing degradat ion of Nup62 is interest ing, but this raises problems. If Nup62 is a
primary target for FAM111A why is it  not  picked up in BioID screen (Figure 4A)? The authors should
also show what happens to at  least  one of the other ident ified Nups (Figure 4A)-is it  also
degraded? If KCS or OCS pat ient  cells are available surely it  is important, and relat ively simple, to
examine the level of Nup62 expression in them. This would establish whether Nup62 cleavage is, at
least  part ially, responsible for the observed phenotype.



– Reviewers, thank you again for your time, suggestions, and positivity that have
helped us produce a more impactful manuscript. We address your additional
suggestions and questions below.

Referee #1: 
I do not have further comments. I was overall positive the first time around. The authors 
addressed my questions and also added data on NUP62 as a likely substrate of 
FAM111A protease This study complements the recently published manuscript from the 
Mailand group. 

– Thank you! We are excited to have this more polished story published.

Referee #2: 
This revised version of the manuscript has been significantly improved by removing data 
which allows a more focused story and by addition of new data that identify a substrate 
for FAM111A protease activity. The paper reads very nicely. It does a much better job of 
bringing together disparate functions of FAM111A into a common theme. The 
observations are now compelling and the manuscript fits well with the EMBO Reports 
format. 

– Thank you for the constructive criticism that has helped us produce a
much more focused and impactful report.

Minor points: 
1) Are the lower levels of hyperactive mutants in the blot of Figure 3A possibly due to
auto-cleavage activity? This might be consistent with the recent Kojima paper. Is this
also seen for the S541A mutants in Figure 2C? Why are these differences less
noticeable in Figure 3B?

– Indeed, we believe that the hyperactive mutants undergo auto-cleavage,
as shown in both of the recent Kojima and Hoffmann (EMBO Rep 2020)
papers. The difference between Fig 3A and 3B may reflect subtle
differences in the times at which cells were harvested, or strength of
induction for FAM111A expression. These could both impact the point at
which auto-cleavage is strongly triggered. However, across multiple
experiments, we generally see lower levels for the hyperactive FAM111A
mutants, as seen by Kojima and Hoffmann.

2) The Discussion is a little long and could be shortened to focus on the interpretations
and implications rather more than restating findings.

– During revision we have combined the Results and Discussion sections,
and have trimmed the Discussion as suggested.

Referee #3: 
In this modified version of the manuscript the authors have addressed most, although 
not all, of the original criticisms. They have also added new data in an attempt to explain 
their original observations and make the paper less descriptive. 

19th Nov 20202nd Authors' Response to Reviewers



 

– Thank you for recognizing the improvements to our manuscript, and for 
your time in making useful suggestions to get us to this point.  

 
Unfortunately, the authors have not really answered one of my original criticisms and the 
new data is not totally convincing. I suggested that a second method should be used to 
look for apoptosis, in addition to PARP cleavage. The authors have shown caspase 3 
activation as this alternative-this is not really valid as activated caspase 3 is probably 
responsible for PARP cleavage and so they are in the same pathway. Again, I would 
suggest using annexin V staining. 
 

– We apologize that we did not fully understand your suggestion. Our intention 
was simply to show that caspase-dependent apoptosis is weakly induced by 
FAM111A hyperactivity. The recent Hoffmann et al paper (EMBO Reports 2020) 
shows the same weak induction of caspase-dependent apoptosis by FAM111A 
patient mutants, and additionally shows that a small sub-G1 cell population is 
detected following extended expression of FAM111A. We do not see the sub-G1 
population, but our ectopic FAM111A expression level is lower than theirs 
(nearer endogenous levels), so may not drive such extensive cell death. As now 
discussed in the revised manuscript, we do not believe that induction of 
apoptosis is a primary effect of FAM111A hyperactivity, and it does not account 
for FAM111A-induced nuclear barrier dysfunction or its disruption of replication 
(including viral replication). 
 
The new data showing degradation of Nup62 is interesting, but this raises problems. If 
Nup62 is a primary target for FAM111A why is it not picked up in BioID screen (Figure 
4A)? The authors should also show what happens to at least one of the other identified 
Nups (Figure 4A)-is it also degraded?  
 

– We have added the following to the discussion about NUP62: Such 
“missed” identifications occur with proximity labeling methods that require 
spatially available biotinylation sites, and also with mass spectrometry-
based methods that more readily detect large and abundant proteins. 
Importantly, NUP62 is clearly depleted in a FAM111A-dependent but 
caspase-independent manner, making it the best candidate target of 
FAM111A protease activity described to date.  

– Our data on GANP, whilst not directly demonstrating FAM111A-dependent 
depletion, recapitulate the BioID screen data, and indicate that like NUP62 
it is a strong candidate FAM111A target. GANP, like the other very high-
molecular weight NPC-associated factors, are difficult to detect in western 
analyses of total protein extracts, which precludes a similar approach to 
that used for NUP62. 

 
If KCS or OCS patient cells are available surely it is important, and relatively simple, to 
examine the level of Nup62 expression in them. This would establish whether Nup62 
cleavage is, at least partially, responsible for the observed phenotype. 
 



– Unfortunately, to our knowledge KCS2/OCS patient cells are not available. 
Such an experiment would also be difficult to interpret due to the lack of 
an appropriate control, which is why others and we generated model 
KCS2/OCS cell lines. That is, an isogenic control from the same patient, 
expressing only wild-type FAM111A, is not possible. Therefore, the levels 
of the essential protein NUP62 in an isolated cell population would not be 
particularly informative.  
 



20th Nov 20202nd Revision - Editorial Decision

Dr. Michael Boddy
The Scripps Research Inst itute
Molecular Medicine
10550 N. Torrey Pines Road
La Jolla, CA 92037
United States

Dear Nick,

I am very pleased to accept your manuscript  for publicat ion in the next available issue of EMBO
reports. Thank you for your contribut ion to our journal.

At  the end of this email I include important informat ion about how to proceed. Please ensure that
you take the t ime to read the informat ion and complete and return the necessary forms to allow us
to publish your manuscript  as quickly as possible.

As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes online a
Review Process File to accompany accepted manuscripts. As you are aware, this File will be
published in conjunct ion with your paper and will include the referee reports, your point-by-point
response and all pert inent correspondence relat ing to the manuscript .

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you
have not done so already, otherwise the File will be published by default  [contact :
emboreports@embo.org]. If you do opt out, the Review Process File link will point  to the following
statement: "No Review Process File is available with this art icle, as the authors have chosen not to
make the review process public in this case."

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates.

Thank you again for your contribut ion to EMBO reports and congratulat ions on a successful
publicat ion. Please consider us again in the future for your most excit ing work.

Kind regards,
Mart ina

Mart ina Rembold, PhD
Senior Editor
EMBO reports 

********************************************************************************

THINGS TO DO NOW: 

You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to



our Product ion Office; you should return your correct ions within 2 days of receiving the proofs. 

Please inform us if there is likely to be any difficulty in reaching you at  the above address at  that
t ime. Failure to meet our deadlines may result  in a delay of publicat ion, or publicat ion without your
correct ions. 

All further communicat ions concerning your paper should quote reference number EMBOR-2020-
50803V3 and be addressed to emboreports@wiley.com. 

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates. 
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Yes. Standard deviation or standard error of the mean was calculated for each group to estimate 
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