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1st Editorial Decision 27th Oct 2022

Dr. Hiroaki SAKO

Okinawa Institute of Science and Technology Graduate University
1919-1 Tancha

Kunigami District 9040495

Japan

27th Oct 2022

Re: EMBOJ-2022-112469
microRNAs slow translating ribosomes to prevent protein misfolding

Dear Dr. Sako,

Thank you again for submitting your manuscript to The EMBO Journal and sending the preliminary response to the referee
comments (included again below). As | had mentioned in my previous message, we are concerned that fully resolving the critical
issues the referees raise would require extensive experimental work and time and include experiments of unknown outcome that
affect main conclusions. We discussed your response amongst the editorial team and we were not fully convinced that the
planed experiments would sufficiently resolve the issues. Thus, | contacted one of the initial referees for an expert opinion on
your response. Unfortunately, the referee was also not convinced that the crucial issues would be resolved to a degree that
would support publication. Specifically, this referee was in particular concerned about the experimental evidence for effects on
the translate rate, as this is absolutely crucial for the model in the referee's view. Some of the individual issues the referee noted
were that the ribosome profiling experiments and the discussion of the normalization point that referee # 2 brought up, as well as
referee #3's issues with figures 3 and 4, did not appear as if they would be sufficiently resolved. Since journal policy only allows
for a single round of major revision, we only invite a revision for manuscripts, where the required experimental work appears
feasible in the time-frame and where the critical issues can likely be resolved without affecting the main conclusions of the study.
We unfortunately do not find this to be the case here and thus cannot offer to formally invite a revision at this time.

However, as indicated before and also by the referees, we recognize the interest in the proposed model. Thus, if you are able to
resolve the main issues- experimentally- in the future, we would be willing to reconsider a revised version of the manuscript.
Please however note that in such cases, we again look at novelty and advance at the time of resubmission and may also
involve alternative or additional reviewers, if needed. Please do not hesitate to contact us if you would like to further discuss this
option.

| am sorry that | cannot be more positive on this occasion. Thank you again for giving us the opportunity to consider your
manuscript.

Kind regards,
Stefanie Boehm

Stefanie Boehm
Editor
The EMBO Journal
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Referee #1:

The paper by Sako et al describes an effect of miRNA on attenuating cotranslational protein folding. The authors perform
ribosome profiling in eukaryotic cells to identify the ribosome distribution along the mRNA. By filtering data they estimate the
relative codon-specific translation rate and show that miRNAs binding to the mRNA coding sequence induce ribosome pausing
downstream of the binding site. They then test whether global or specific miRNA deficiency affect protein folding in cells using a
reporter construct with an EGFP reporter fused to the NBD1 of CFTR (the latter is chosen because it is particularly aggregation-
prone). They show that inhibition of NBD1-specific miRNA does not alter the total NBD1 production, but causes increased NBD1
aggregation. The reduction of aggregation can be also induced by the non-cleaving shRNAs targeting NBD1-mRNA. The
authors quantify the insoluble proteome of CHX-treated cells and suggest that proteins with signal peptides, low complexity
regions, intrinsically disordered domains and transmembrane domains are aggregation-prone. Finally, they have chosen insulin



as an example of such a protein and show that non-cleaving shRNAs prevent insulin misfolding. This is an exciting finding that
can provide novel insights into the regulatory mechanisms that link translation speed and cotranslational protein folding.
However, given the importance of the study, additional controls and conceptual considerations are necessary.

Major points:

1. My main concern is that the authors do not provide a clear quantification of the miRNA effect on the mRNA stability (except
for Fig S4B, which presents a special case of non-cleaving shRNAs). Given that the speed of translation is supposed to be an
important factor governing mRNA stability, this would be an essential control.

2. Concerning the misfolded proteins accumulating in puncta and in the aggregates: are they full-length or fragments resulting
from translation of truncated mRNAs?

3. The model suggested by the authors predicts that in the absence of miRNAs, a sizable fraction of nascent proteins will
aggregate. This should be checked at normal growth conditions, i.e., without CHX treatment, as according to their model mild
CHX treatment should reduce misfolding.

4. Conceptually, it remains unclear how miRNAs should regulate folding in the sense that the amount of correctly folded protein
is changed at certain conditions, for example by switching the miRNA production, which would improve the yield of soluble
protein. Are these miRNAs expressed constitutively or are regulated? This should be discussed in more details.

Specific comments:

1. The Abstract does not present the result in a logical way, the sentences should be shifted to achieve a smooth flow.

2. In the Introduction, the authors discuss the effect of translation kinetics in a somewhat oversimplified way, namely that slowing
down translation leads to a better protein folding. This is by far not always the case, as correctly mentioned in the Discussion
(refs 33 and others), but this information comes too late. The Introduction should be revised to provide a more complete picture,
namely that efficient cotranslational folding requires a well-tune translation rate that has been optimized through evolution.

3. In many cases, statistical significance (the number of replicates, technical and biological replicates, etc) is not explained. This
should be added to each Fig where relevant.

4. Based on data in Fig 1, the authors should estimate the kinetic effect of miRNAs on translation.

5. In all Figs, the curves showing normalized ribosome density at different conditions all have a very similar color, it is almost
impossible to distinguish the results with, e.g., different miRNAs. The colors should be changed to allow a clear distinction.

6. P. 4, lines 99-101, the text is somewhat confusing, because the description of the translational slowdown at the 0-15 region is
missing. The authors mention accumulation of ribosomes at codon 0 and the reduction at +20 to +25, but not the crucial region
in between.

7. P. 4, lines 114-115. Please describe the rationale for using EGFP, SBP, P2A and mCherry in the reporter. While this may be
obvious to the specialists in the field, the advantages of such reporter will not be immediately clear to the broader readership.

8. P. 4, line 119: why do the NBD1 puncta accumulate in the perinuclear space rather than elsewhere in the cytoplasm?

9. Fig 3E. The authors claim that miRNA binding to the mRNA does not bind the total protein production, however, Fig 3E shows
a significant decrease in the NBD1 production upon treatment with miRNA inhibitors. The authors should clarify this
contradiction.

10. Fig 4B and C: only one miRNA (covering the region around 1675) covers a similar region with cleaving and non-cleaving
miRNA. The authors state that this has been designed this way to avoid suppressing the endogenous mRNAs, but this is not
convincing, because the presence of endogenous cleaving miRNA and non-cleaving shRNA, plus miRNA inhibitors creates a
very complex situation that is difficult to interpret unambiguously.

11. Fig S4B: add the label on the Y-axis.

12. The quality of data presented in Fig S5 is not of high quality, were these gels reproduced?

Referee #2:

Sako et al. present a series of experiments aimed at proving the role of miRNA-mediated translation slow down. Based on the
following observations, this manuscript as written is not suitable for publication in EMBO J.

Major comments:

* The study is based on the observation of a correlation between ribosome footprint density enrichment, from RiboSeq data, and
miRNA binding site (Fig1). However, the procedure to produce these results is rather confusing, with the methods section
describing several normalizations that are hard to make sense of in which order they were performed. They justify the use of two
different normalization procedures based on the detrimental effects that low-expressed genes might have on data assignment.
However, the work is done only with highly expressed genes (Materials and Methods). In the "weight of 1" procedure
(normalization of read counts in position i of gene j by total read counts of gene j), one risks of inflating the averages by giving
equal weights to very dissimilar ratios. For example, a position with 10 read counts normalized by a total of 50 counts (low
coverage) will yield a similar signal to a position of 300 counts normalized by 1500 (better coverage), therefore contributing
equally to the signal. The "binary count” procedure is rather unusual in the context of RiboSeq signal processing as it gets rid of
all sequencing depth and produces a one-hot encoding binary vector for each sequence ORF. The consequence of this is that,
as coverage increases, the vectors are dominated by ones and all signal would be ablated (i.e. a highly transcribed gene with full
coverage will be described by a uniform distribution). | consider that rather than reducing noise in the RiboSeq signal, these
normalizations are getting rid of sequence depth and signal. Methods preserving the sequencing depth, such as normalizing by



translation level (e.g. TPM) or by mean gene translation level, should better reflect the biology of the observations.

» The authors need to rule out that the correlation between ribosome density and miRNA binding site is not a mere artefact of
mRNA abundance. A similar metagene analysis to the one performed for Fig 1A and S1D should be carried out using total
RNAseq data.

+ Despite the correlations shown in the first part of the manuscript, a major question has to be addressed: are the ribosome-
bound mRNAs miRNA loaded? It would be useful to explore this from a stochiometric point of view, i.e. comparing miRNA levels
vs mRNA levels. Furthermore, the proposed model makes sense only in the light of monosme-mediated translation. In
polysomes, the proposed model demands a rebinding of the miRNA between ribosomes, otherwise there would be a
heterogeneous mix of folded and misfolded proteins. How likely is it that a miRNA will be rebind between monosomes, especially
if the gene is heavily translated and the miRNA is not very abundant?

* Results from Figure 3 and 4 are based on the 3B panel. Here the authors report the identification of regions of faster translation
in the absence of DROSHA and therefore of the corresponding miRNAs. However, there are actually more positions with
increased density (i.e. slower translation). Following the interpretation of the text, this would suggest that miRNA depletion also
induces ribosome pausing. How was this region chosen and how are those opposite observations reconciled?

« In figure 5 the authors identify that proteins containing a signal peptide and translating domains are less prone to misfolding by
slowing down translation via CHX and proteasome inhibition. They use this to design miRNA-like molecules to slow down insulin
translation. Giving the striking abundance of signal peptides and TMDs, the results could be explained by the interference of
miRNA and miRNA-like molecules with the ER export process. How is this ruled out?

Minor comments:

» Mouse ribosome profiling data was produced with a CHX pre-treatment (Methods). This sort of treatment is known to bias the
ribosome signal, as translation is inhibited and an uncertain number of rounds of elongation (~1) still happen after CHX binding.
How does this affect the observed correlations in mouse vs human cells?

* Abstract needs reorganization, it is difficult to parse.

+ Rationale for the study -line 56- is not well explained.

* Need to reference - line 53.

*» Need to reference - line 69.

* Fig S1A is not intuitive.

* Figures S2G,H,| are missing.

» Supplement needs better organization, split multi-page figures if needed.

Referee #3:

This manuscript proposes a provocative role for microRNAs that bind mRNAs along their coding region. The authors propose,
and provide some evidence, that miRNA binding in the coding region slows translating ribosomes and this is linked to more
efficient protein folding. They test this idea using primarily a reporter protein consisting of a fusion with an aggregation prone
domain of CFTR and later also looking at insulin.

The authors use two main assays to test their hypothesis. First, using ribosome profiling, they aim to detect slowing of
ribosomes in specific regions of the mRNA, in relation to miRNA binding sites or their manipulation. Second, the authors assess
the effect of manipulating miRNA binding sites on protein folding by quantifying the fractions of soluble and insoluble protein.

Before being able to assess the results in full, | need more information regarding the ribosome profiling experiments. Most
importantly, how many replicates were performed and how the data are quantified to say that a specific signal is increased or
decreased (as claimed in figures 3B and 4B, C). The authors spend quite some time explaining noise reduction methods but do
not comment at all on the variability of the assay that makes this necessary, and the associated point of how many replicates
are required to distill reproducible signals (which specific miRNA binding sites should produce). Without these data, the only
assay the authors have is the measurement of protein solubility, which could in principle report on other effects of the different
manipulations. In summary, | would like to see data from individual replicates and some form of quantification.

Related to what the quantitative signals in this assay mean, in figure 3B, it is surprising that there is still "slowing" of ribosomes
even in the Drosha knock-out condition. This could be due to one of two things: i) technical: there are still miRNAs left (the
authors should check whether the relevant miRNAs are still present under the precise experimental conditions used for this
assay), or ii) biological: there is natural slowing in those regions even in the absence of miRNAs. The latter would make it more
difficult to assess the role of miRNAs in slowing ribosomes, as it really would require very precise quantification to separate the
effect.

Another point that requires clarification is whether the total amount of expressed reporter protein is comparable across
experiments. From the western blots in different figures it looks like the amount of reporter relative to tubulin varies quite a bit. |
presume that aggregation of this reporter is likely concentration dependent? If the concentration across experiments is indeed
variable, the authors should titrate the amount of reporter and assess whether indeed there is a concentration dependent effect
on aggregation. This should be then taken into account in the interpretation of the other experiments.



Minor points:

1. There is a typo in figure 1A, "nosie" instead of "noise"

2. In figure S2, panels G and | are missing?

3. In figure 3C, the axis that denotes miRNA abundance states log2, but it is unclear of what, is it RPM or some other measure?
4. In the insulin experiments at the end, is there more insulin?

*** As a service to authors, The EMBO Journal offers the possibility to directly transfer declined manuscripts to another EMBO
Press title (EMBO Reports, EMBO Molecular Medicine, Molecular Systems Biology) or to the open access journal Life Science
Alliance launched in partnership between EMBO Press, Rockefeller University Press and Cold Spring Harbor Laboratory Press.
The full manuscript (including reviewer comments, where applicable and if chosen) will be automatically forwarded to the
receiving journal, to allow for fast handling and a prompt decision on your manuscript. For more details of this service, and to
transfer your manuscript to another EMBO title please follow this link:

Link Not Available



Appeal 20th Mar 2023

We deeply appreciate the constructive comments from all the referees.

Referee #1 (Report for Author)

Major points:

1. My main concern is that the authors do not provide a clear quantification of the
miRNA effect on the mRNA stability (except for Fig S4B, which presents a special case
of non-cleaving shRNAs). Given that the speed of translation is supposed to be an
important factor governing mRNA stability, this would be an essential control.

As shown below, we have the data on the effect of global miRNA loss by DROSHA
knockout on NBD1 reporter mRNA, indicating that the global reduction of miRNAs has
little effect on NBD1 reporter mRNA levels. As for the specific miRNA inhibitions, we
carried out real-time PCR analysis (N = 3) of NC control and miRNA inhibitors used in
Figure 3, indicating the little effect of miRNA inhibitions on NBD1 reporter mRNA levels.

Relative expression ratios of NBD1 reporter
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2. Concerning the misfolded proteins accumulating in puncta and in the aggregates: are
they full-length or fragments resulting from translation of truncated mRNAs?

We assume that they are full-length. To produce truncated mRNAs, no-go decay (NGD)
triggered by severe ribosomal stalls is required, leading to the degradation of the target
mMmRNA. However, we have not observed the decreased reporter mRNA levels, as
shown above, suggesting that NGD is not activated in the context and therefore the
production of truncated reporter mRNA is unlikely.

3. The model suggested by the authors predicts that in the absence of miRNAs, a
sizable fraction of nascent proteins will aggregate. This should be checked at normal
growth conditions, i.e., without CHX treatment, as according to their model mild CHX
treatment should reduce misfolding.



We quantified puromycin-incorporated nascent proteins in the insoluble (aggregated)
fraction. NTC control or sgDROSHA cells were treated with 2ug/ml puromycin and
20uM MG132 for 3 hr before harvest. Total and insoluble protein fractions were
prepared as described in the text.

Nascent protein (anti-puromycin) and GAPDH (loading control) were quantified by
western blotting. Nascent protein was normalized by GAPDH in both protein fractions,
followed by the normalization of insoluble nascent protein by the total fraction.
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Although increased tendency was seen in the sgDROSHA, there was no statistical
difference between NTC control and sgDROSHA. This could be because of that the
relatively small proportion (~ 30 %, see Ref. 44 in the text) of nascent proteins undergo
co-translational misfolding, and not all proteins can gain benefit from slow translation
(see figure 6). We assume that this limitation made it difficult to see the effect of miRNA
loss on the misfolding of the global nascent proteins.

4. Conceptually, it remains unclear how miRNAs should regulate folding in the sense
that the amount of correctly folded protein is changed at certain conditions, for example
by switching the miRNA production, which would improve the yield of soluble protein.
Are these miRNAs expressed constitutively or are regulated? This should be discussed
in more details.

We suppose that highly and constitutively expressed miRNAs are responsible for the
miRNA-mediated slowing of ribosomes. Our data (Fig 3, Fig S3C) suggests that multiple
miRNAs targeting a similar mRNA region are required for miRNA-mediated protein
folding. Given that many miRNAs (39 miRNAs) target a similar mRNA region (Fig 3C),
even if one miRNA expression decreases by external stimuli, another miRNA may
compensate for the loss of the miRNA.

Specific comments:

1. The Abstract does not present the result in a logical way, the sentences should be
shifted to achieve a smooth flow.

We corrected it.

2. In the Introduction, the authors discuss the effect of translation kinetics in a



somewhat oversimplified way, namely that slowing down translation leads to a better
protein folding. This is by far not always the case, as correctly mentioned in the
Discussion (refs 33 and others), but this information comes too late. The Introduction
should be revised to provide a more complete picture, namely that efficient
cotranslational folding requires a well-tune translation rate that has been optimized
through evolution.

We added the information in the introduction.

3. In many cases, statistical significance (the number of replicates, technical and
biological replicates, etc) is not explained. This should be added to each Fig where
relevant.

We added these in the figure legends.

4. Based on data in Fig 1, the authors should estimate the kinetic effect of miRNAs on
translation.

We experimentally evaluated the effects of miRNAs (non-cleaving shRNAs) on
translation as shown in Figure 5 (newly added results).

5. In all Figs, the curves showing normalized ribosome density at different conditions all
have a very similar color, it is almost impossible to distinguish the results with, e.g.,
different miRNAs. The colors should be changed to allow a clear distinction.

We adjusted the colors which can be distinguished by people with deuteranopia,
protanopia, and tritanopia.

6. P. 4, lines 99-101, the text is somewhat confusing, because the description of the
translational slowdown at the 0-15 region is missing. The authors mention accumulation
of ribosomes at codon 0 and the reduction at +20 to +25, but not the crucial region in
between.

We made it clear to explain the results.

7. P. 4, lines 114-115. Please describe the rationale for using EGFP, SBP, P2A and
mCherry in the reporter. While this may be obvious to the specialists in the field, the
advantages of such reporter will not be immediately clear to the broader readership.

We added the explanation for this point as below.

This NBD1 domain of CFTR is highly prone to misfolding during translation (2). When
NBDL1 is misfolded and aggregated, the aggregation can be observed as EGFP puncta.
mCherry is expressed in a misfolding-independent manner and can be used as an
internal control.



8. P. 4, line 119: why do the NBD1 puncta accumulate in the perinuclear space rather
than elsewhere in the cytoplasm?

As shown in the text,

Misfolded proteins are transported to distinct subcellular compartments for processing,
with aggregates found in the perinuclear region being degraded by proteasomes (25)

9. Fig 3E. The authors claim that miRNA binding to the mRNA does not bind the total
protein production, however, Fig 3E shows a significant decrease in the NBD1
production upon treatment with miRNA inhibitors. The authors should clarify this
contradiction.

Figure 3E agrees with our model. We assume that total NBD1 can be stabilized due to
the miRNA-mediated correct folding of the nascent proteins. The loss of such miRNAs
(miRNA inhibitors) can decrease the level of total NBD1 as shown in Figure 3E.

10. Fig 4B and C: only one miRNA (covering the region around 1675) covers a similar
region with cleaving and non-cleaving miRNA. The authors state that this has been
designed this way to avoid suppressing the endogenous mRNAs, but this is not
convincing, because the presence of endogenous cleaving miRNA and non-cleaving
shRNA, plus miRNA inhibitors creates a very complex situation that is difficult to
interpret unambiguously.

We would like to clarify this point. Non-cleaving shRNA and miRNA inhibitor were not
present at the same time. The binding positions of non-cleaving shRNA were designed
to minimize the overlap with the binding regions of endogenous miRNAs.

11. Fig S4B: add the label on the Y-axis.

We added the label, “Fold change”.

12. The quality of data presented in Fig S5 is not of high quality, were these gels
reproduced?

Yes, they were reproduced. One example is shown below which is one of the other
trials of Fig S5C.
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Referee #2 (Report for Author)

Major comments:

* The study is based on the observation of a correlation between ribosome footprint
density enrichment, from RiboSeq data, and miRNA binding site (Fig1). However, the
procedure to produce these results is rather confusing, with the methods section
describing several normalizations that are hard to make sense of in which order they
were performed. They justify the use of two different normalization procedures based on
the detrimental effects that low-expressed genes might have on data assignment.
However, the work is done only with highly expressed genes (Materials and Methods).
In the "weight of 1" procedure (normalization of read counts in position i of gene j by
total read counts of gene j), one risks of inflating the averages by giving equal weights
to very dissimilar ratios. For example, a position with 10 read counts normalized by a
total of 50 counts (low coverage) will yield a similar signal to a position of 300 counts
normalized by 1500 (better coverage), therefore contributing equally to the signal. The
"binary count" procedure is rather unusual in the context of RiboSeq signal processing
as it gets rid of all sequencing depth and produces a one-hot encoding binary vector for



each sequence ORF. The consequence of this is that, as coverage increases, the
vectors are dominated by ones and all signal would be ablated (i.e. a highly transcribed
gene with full coverage will be described by a uniform distribution). | consider that rather
than reducing noise in the RiboSeq signal, these normalizations are getting rid of
sequence depth and signal. Methods preserving the sequencing depth, such as
normalizing by translation level (e.g. TPM) or by mean gene translation level, should
better reflect the biology of the observations.

The “weight of 1” method is designed to reveal small effects on ribosome speed which
are often masked by larger effects, such as highly structured RNA. The basic concept of
the weight of 1 method was also described to call a ribosomal stall (Romika K,... Pavel
Baranov, 2018 RNA). Moreover, the robustness of the “weight of 1” method was
validated in Fig 1B and Fig S1B. In the experiments, due to the arginine depletion,
ribosomes are supposed to stall at arginine codons. However, without noise reduction,
the effect of arginine starvation was not distinguishable from other ribosomal peaks
(masked by other larger effects). But the “weight of 1” method successfully captured the
effect of arginine starvation even with the time-dependent effect. This is not achieved by
TPM or similar normalization methods.

We stopped using binary count method because of the “unusual” approach. We focused
on the “weight of 1" method and analyzed Ribo-Seq using all the genes detected in
mouse skeletal muscle (Figure 1C).

» The authors need to rule out that the correlation between ribosome density and
miRNA binding site is not a mere artefact of mMRNA abundance. A similar metagene
analysis to the one performed for Fig 1A and S1D should be carried out using total
RNAseq data.

The ribosome density plots were already normalized by mRNA-seq data (Fig 1C).
Therefore, an artifact of mMRNA abundance is unlikely.

* Despite the correlations shown in the first part of the manuscript, a major question has
to be addressed: are the ribosome-bound mMRNAs miRNA loaded? It would be useful to
explore this from a stochiometric point of view, i.e. comparing miRNA levels vs mMRNA
levels. Furthermore, the proposed model makes sense only in the light of monosme-
mediated translation. In polysomes, the proposed model demands a rebinding of the
miRNA between ribosomes, otherwise there would be a heterogeneous mix of folded
and misfolded proteins. How likely is it that a miRNA will be rebind between
monosomes, especially if the gene is heavily translated and the miRNA is not very
abundant?

It is highly likely that miRNAs rebind between monosomes. Given that: i) miRNAs find
target binding sites by sliding over mRNA ~70 nt within 0.1 sec (Chandradoss S, ...
Chirlmin Joo, 2015 Cell), and ii) there is 10 sec on average for a ribosome to collide with



a leading ribosome (see the discussion, line 253 - 262), there is sufficient space and
time for miRNAs to rebind between monosomes.

* Results from Figure 3 and 4 are based on the 3B panel. Here the authors report the
identification of regions of faster translation in the absence of DROSHA and therefore of
the corresponding miRNAs. However, there are actually more positions with increased
density (i.e. slower translation). Following the interpretation of the text, this would
suggest that miRNA depletion also induces ribosome pausing. How was this region
chosen and how are those opposite observations reconciled?

If a ribosome stalls for a while, downstream of the stall site will have no ribosome,
resulting in lowered ribosome density. Similarly, if a stalled ribosome collides a trailing
ribosome, another peak can be found upstream of the stalled one. In addition, ribosome
density within a stalled ribosome region (~ 30 nt) can be low (i.e., ~ 30 nt upstream
region of a ribosomal peak signal).

Therefore, in Fig 3B panel, ribosome density was low (NTC sample from 1630 to 1650
and from 1660 to 1673 nt) due to the upstream stall sites (NTC sample at ~1625 and
~1655 nt) compared with sgDROSHA, which makes ribosomes seemingly slower in
sgDROSHA in the regions.

* In figure 5 the authors identify that proteins containing a signal peptide and translating
domains are less prone to misfolding by slowing down translation via CHX and
proteasome inhibition. They use this to design miRNA-like molecules to slow down
insulin translation. Giving the striking abundance of signal peptides and TMDs, the
results could be explained by the interference of mMiRNA and miRNA-like molecules with
the ER export process. How is this ruled out?

We have confirmed the specificity of non-cleaving shRNA targeting mouse insulin. If
there were interference between miRNAs and non-cleaving shRNAs and non-cleaving
shRNA inhibited endogenous miRNAs targeting insulin, all the proinsulin monomer,
dimer, and trimer expressions would be increased. However, we have not observed
such increases. Therefore, we can rule out such interference between miRNAs and
non-cleaving shRNAs.

Minor comments:

* Mouse ribosome profiling data was produced with a CHX pre-treatment (Methods).
This sort of treatment is known to bias the ribosome signal, as translation is inhibited
and an uncertain number of rounds of elongation (~1) still happen after CHX binding.
How does this affect the observed correlations in mouse vs human cells?

To address the bias of CHX, we used a human dataset without CHX pre-treatment and
reached a similar outcome compared with the one with CHX pre-treatment (Fig 1C and
S1H). Importantly, a recent paper discussing such bias concluded CHX pre-treatment



had no effect on ribosome occupancy (Sharma P, ... Sebastian Leidel, 2021 Nat.
Commun.).

* Abstract needs reorganization, it is difficult to parse.

We corrected it.

* Rationale for the study -line 56- is not well explained.

We added as below.

The inhibitory activity is lost if the miRNA binding sites are moved from the 3" UTR to
the CDS (20), suggesting that ribosomes can detach CDS-targeting miRNA before it
induces an inhibitory effect.

* Need to reference - line 53.

We added the references.

* Need to reference - line 69.

We added the references.

* Fig S1A is not intuitive.

We deleted it.

* Figures S2G,H,| are missing.
We corrected it.
» Supplement needs better organization, split multi-page figures if needed.

We re-organized it.



Referee #3 (Report for Author)

Before being able to assess the results in full, | need more information regarding the
ribosome profiling experiments. Most importantly, how many replicates were performed
and how the data are quantified to say that a specific signal is increased or decreased
(as claimed in figures 3B and 4B, C). The authors spend quite some time explaining
noise reduction methods but do not comment at all on the variability of the assay that
makes this necessary, and the associated point of how many replicates are required to
distill reproducible signals (which specific miRNA binding sites should produce). Without
these data, the only assay the authors have is the measurement of protein solubility,
which could in principle report on other effects of the different manipulations. In
summary, | would like to see data from individual replicates and some form of
quantification.

We selected the target region for the downstream analyses (miRNA inhibitions and
shRNA). Briefly, the ribosome signals on the NBD1 domain of CFTR were manually
screened for the region showing a higher peak in NTC compared with sgDROSHA and
the downstream showed “dip” in NTC compared with sgDROSHA, reflecting lowered
ribosome density derived from the upstream ribosomal stall.

Here are the replicates for Fig 3B (n = 2).
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Here are the replicates for Fig 4B (n = 3).
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To further examine the effect of miRNA (or non-cleaving shRNA), we designed another
experiment (Figure 5 was newly added), quantitatively showing that non-cleaving
shRNAs can slow translation.



Related to what the quantitative signals in this assay mean, in figure 3B, it is surprising
that there is still "slowing" of ribosomes even in the Drosha knock-out condition. This
could be due to one of two things: i) technical: there are still miRNAs left (the authors
should check whether the relevant miRNAs are still present under the precise
experimental conditions used for this assay), or ii) biological: there is natural slowing in
those regions even in the absence of miRNAs. The latter would make it more difficult to
assess the role of miRNAs in slowing ribosomes, as it really would require very precise
quantification to separate the effect.

As referee #2 pointed out in the 4t major comment, if a ribosome stalls for a while,
downstream of the stall site will have no ribosome, resulting in lowered ribosome
density. We used this phenomenon to screen the ribosomal peaks in the NBD1 domain
to select the target regions for the downstream analyses (miRNA inhibitions and shRNA
experiments).

Another point that requires clarification is whether the total amount of expressed
reporter protein is comparable across experiments. From the western blots in different
figures it looks like the amount of reporter relative to tubulin varies quite a bit. | presume
that aggregation of this reporter is likely concentration dependent? If the concentration
across experiments is indeed variable, the authors should titrate the amount of reporter
and assess whether indeed there is a concentration dependent effect on aggregation.
This should be then taken into account in the interpretation of the other experiments.

To keep the NBD1 reporter expression constant, we used a clonal line stably
expressing the NBD1 reporter. If the observed aggregation were concentration-
dependent, the total NBD1 and insoluble NBD1 levels should have been correlated in
Fig 2C, D, 3D, E, 4D, E, and F. However, our data showed an inverse correlation,
indicating that the observed NBD1 aggregation was concentration independent.

Minor points:
1. There is a typo in figure 1A, "nosie" instead of "noise"

We corrected it.
2. In figure S2, panels G and | are missing?
We corrected it.

3. In figure 3C, the axis that denotes miRNA abundance states log2, but it is unclear of
what, is it RPM or some other measure?

Yes, it is RPM. We added it.

4. In the insulin experiments at the end, is there more insulin?
We couldn’t detect mature insulin for quantification.
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Dear Hiroaki,
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complete the form and return to embopressproduction@wiley.com

EMBO Press participates in many Publish and Read agreements that allow authors to publish Open Access with reduced/no
publication charges. Check your eligibility: https://authorservices.wiley.com/author-resources/Journal-Authors/open-
access/affiliation-policies-payments/index.html
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possible, in order to coordinate publication and release dates.

If you have any questions, please do not hesitate to call or email the Editorial Office. Thank you for your contribution to The
EMBO Journal.
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