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1st Editorial Decision 16t December 2019

Thank you for submitting your manuscript entitled "Co-Translational Translocon Insertion and
Topogenesis of Bacterial Membrane Proteins” [EMBOJ-2019-104054] to The EMBO Journal. Your
study has been sent to three referees for evaluation, whose reviews are enclosed below.

As you can see, the referees find your study interesting and raise only a few points that should be
addressed before they can support the publication of your work in The EMBO Journal. In addition,
the referees give you suggestions on how to improve your manuscript.

Given the overall interest of your study, | would like to invite you to revise the manuscript in
response to the referee reports. | should note that conclusively addressing these and all the other
referees' points is essential for publication in The EMBO Journal.

REFEREE REPORTS
Referee #1:

In this paper, the initial processes of Type I- and Type Il-transmembrane insertion were analyzed by
FRET. The authors employed a reconstituted in vitro bacterial co-translational system using purified
proteins and nanodisc technology, which provide a native-like membrane environment. The results
of stopped-flow FRET revealed that the initial states of Type I- and Type lI-transmembrane
insertions are different. It was further demonstrated that by changing the positive charges in a Type
Il protein, its mechanism of insertion can be altered to that of Type I. A series of FRET data
obtained in the paper by using various lengths of the nascent chain are clear and reliable.
Additionally, the results of the protease protection assay supported the FRET data, and provides
information about the exposure of the nascent chain. The observation of real-time membrane protein
insertion reported in this study would provide a technique that would be useful for further
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biophysical approaches. Therefore, | believe that the paper should be published as early as possible.
However, one weak point of this paper is that it is not possible to clarify the complex processes of
dynamic membrane insertion in detail only from the data obtained by FRET and the protease assay.

-Major concern

The title appears to suggest a review, which is inconsistent with the contents of the manuscript. |

would suggest rephrasing the title, and it would be better if the title would be such that it explains
the study concretely. For instance, the authors might consider rephrasing the title as 'Initiation of

bacterial co-translational membrane protein insertion monitored by FRET".

-Minor concerns

1. If the authors have already obtained the FRET data of EmrE using the donor attached to the
periplasmic side of SecY, the data should be discussed as shown in Fig. 1C.

2. In the figure legends of Figures 2 and 3, please provide the information of the position of the
donor to ensure easy understanding of the results.

3. Because this study used the nanodiscs, the nanodiscs should be illustrated accordingly, and should
not be represented as plain membranes in Figures 1 and 4 to avoid misunderstanding.

4. Please mention that the membrane potential is related to the positive inside rule in the discussion.
5. The speed of membrane protein insertion has been estimated in the following paper by YidC.
Perhaps it would be a good idea to refer to and cite it in the discussion.

Winterfeld et al., (2013) https://doi.org/10.1371/journal.pone.0059023

Referee #2:

This is a well written paper providing significant insight in the role of translation in the membrane
topology acquisition of type | and 1l membrane proteins. The experiments are well executed and the
conclusions reasonable.

I have a few suggestions that could be considered prior to final formulation of the manuscript.

1. I find the last sentence of the abstract very strong. The authors do not provide strong mechanistic
understanding for this. Even the idea of the positive charges contributing to inversion of the chain's
topology even prior to ribosome release is tentative at the moment.

2. Although the authors exhaustively exploit the single FRET pair used here, a second probe
positioned at the periplasmic side of the tran rationallize,slocon would have addressed some issues
much more directly (e.g. by looking to gain of FRET because of the proximity to the periplasmic
side probe).

3. The legends are extremely spartan. | think that both experimental conditions should be more
clearly explained here.

4. How is the EmrD(-) gain of FRET structurally rationalised? What is it supposed to represent?
Also replacing three positive charges with three negative ones is an obtrusive substitution including
causing non-physiological perhaps repulsive events. Why haven't the authors made a simple alanine
substitution?

5. p12, why is there no pause for EmrD(-) translation?

6. the protease experiments were done with a different set of membrane protein substrates. It would
have been to cross-check directly the protease accessibility of the fluorescently-labelled substrates.
7. the decrease in FRET signal for the long LepB constructs is assumed to come from distancing
from the cytoplasmic probe although it is not obvious why the signal drops gradually rather than
staying on average the same. It would be a simple straight-forward experiment to just use a more
elongated construct that could provide Ann inter probe distance of 10nm or so and lose the
fluorescence completely.

8. with resect to the idea that positive charges at the N-termini would allow hairpins to form inside
the ribosome:

a. does introduction of multiple positive charges in one of the LepB constructs analysed cause
reversion of its topology?

b. it would have been a more clean comparison to use an N-in single TM protein rather than a type Il
with 2 Tis because that introduces additional topological complexity.

c. do all type Il proteins have multiple positive charges at their N-termini? Is this a universal
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feature? The positive inside rule also applies to internal segments.

d. for this mechanism to work there would be obvious negatively charged patches in the exit tunnel.
Can this be discussed?

e. in the case of secretory proteins that also have (optional) positive charges at their N-termini and
that apparently also need to form hairpins to expose the signal peptidase cleavage sites, this
mechanism would not be applicable since many of them are secreted post-translationally. | guess
this would imply that if the proposed ribosome mechanism is at play it would be one of different
solutions.

9. p17, model stop-transfer sequences. Not clear to the general public what is meant.

Referee #3:

Mercier et al. have followed the interaction of the first transmembrane segment (TM) in the E. coli
inner membrane proteins LepB and EmrD with the SecYEG translocon in real time using a
previously described FRET-based assay and proteolysis experiments. Briefly, FRET reporters are
placed at the N-terminus of the NC and at one of two locations in SecY, one near the cytoplasmic
entry into the translocon channel and one near the periplasmic exit from the channel. Purified
SecYEG translocon in nanodiscs are then bound to mRAN-programmed ribosomes, and a
synchronized translation reaction is initiated by addition of elongation factors and charged tRNAs.
Finally, the FRET signal is followed in real time.

For the type | protein LepB - which has the N terminus of TM1 located in the periplasm (N-out
topology) - the FRET data indicate that the N-terminal end of TM1 reaches the cytoplasmic channel
entry at a NC length of ~50 residues, and then moves progressively towards the periplasmic channel
exit, which it reaches at NC length of ~75 residues. This is consistent with a "head-first" insertion
pathway for LepB TM1.

For the type | protein EmrD - which has an N-in topology - the FRET data indicate that the N-
terminal end of TM1 reaches the cytoplasmic channel entry at a NC length of ~60 residues and then
remains in this location during further chain elongation, consistent with a "loop" insertion
mechanism where the positively charged N-terminus is retained on the cytoplasmic side of the
membrane at all times.

Finally, the mutant EmrD(-) in which the three positively charged residues on its N terminus have
been replaced by negatively charged residues has been analyzed - presumably, TM1 inserts in the N-
out orientation in this mutant. Here, the N-terminal end reaches the vicinity of the cytoplasmic
channel entry somewhat earlier than in WT, but the FRET curve does not show the characteristic
"increase-decrease™ pattern that is diagnostic of head-first insertion, which makes the EmrD(-)
results more difficult to interpret.

Comments

To my knowledge, this is the first report where the cotranslational insertion of an N-terminal TM
into the SecYEG translocon has been followed in real time. The experiments are straight-forward,
and uses a well-established in vitro translation approach and a previously developed kinetic
modelling scheme. The study provides some important figures for when during translation the NC
makes contact with the translocon, and offers strong support for the "head-first" and "loop™ insertion
mechanisms for N-out and N-in proteins, respectively. It also demonstrates that the time-scale of the
insertion process is set by the translation rate, not by the insertion process itself. The paper definitely
warrants publication in EMBO J.

I have a few concerns/corrections that | hope the authors can address in a revision:

- p.5, 2nd paragraph: the catalytic domain of LepB resides in the periplasm, not the cytoplasm.

- When comparing the LepB and EmrD results, it must be taken into consideration that the TM
segment itself starts within one or two residues of the N terminus in LepB, but is ~10 residues
distant from the N terminus of EmrD. To the extent that entry of the NC into the translocon channel
depends on hydrophobic interactions between the TM and the translocon/membrane, EmrD TM1
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would be expected to engage with the translocon at ~10 residues longer NC length than LepB TM1,
regardless of whether the positively charged N terminus interacts with the ribosome or not.

- The EmrD(-) data show that the N-terminal charge has some influence on how the NC behaves as
it exits the ribosome, but are not so easy to interpret since we don't know if TM1 in this case
translocates across the membrane (as in LepB) or remains on the cytoplasmic side (as in EmrD). It
would be good to know if the N-terminus of EmrD(-) approaches the periplasmic FRET reporter in
SecYEG at longer NC lengths or not - if it has N-out topology, it should reach full FRET signal with
the periplasmic reporter (which would bolster the authors suggestion that there is a "hidden™ high-
FRET state that is not visible in the FRET traces in Fig. 3E). Likewise, for completeness, it would
be good if the authors could add the the protease protection profile for EmrD(-) to Fig. 4.

1st Revision - authors' response 7t February 2020

Referee #1:

In this paper, the initial processes of Type I- and Type II-transmembrane insertion
were analyzed by FRET. The authors employed a reconstituted in vitro bacterial co-
translational system using purified proteins and nanodisc technology, which
provide a native-like membrane environment. The results of stopped-flow FRET
revealed that the initial states of Type I- and Type Il-transmembrane insertions are
different. It was further demonstrated that by changing the positive charges in a
Type Il protein, its mechanism of insertion can be altered to that of Type I. A series
of FRET data obtained in the paper by using various lengths of the nascent chain
are clear and reliable. Additionally, the results of the protease protection assay
supported the FRET data, and provides information about the exposure of the
nascent chain. The observation of real-time membrane protein insertion reported in
this study would provide a technique that would be useful for further biophysical
approaches. Therefore, | believe that the paper should be published as early as
possible.

However, one weak point of this paper is that it is not possible to clarify the
complex processes of dynamic membrane insertion in detail only from the data
obtained by FRET and the protease assay.

Reply: We agree with the reviewer that our methods do not clarify all details of
membrane insertion dynamics. However, combining two independent methods, i.e.,
co-translational FRET and protease protection, clarifies the extent to which the
ensemble behavior changes as the nascent chain elongates and support the
mechanism presented. A more detailed investigation of nascent-chain dynamics
will require single-molecule techniques.

-Major concern

The title appears to suggest a review, which is inconsistent with the contents of the
manuscript. | would suggest rephrasing the title, and it would be better if the title
would be such that it explains the study concretely. For instance, the authors might
consider rephrasing the title as 'Initiation of bacterial co-translational membrane
protein insertion monitored by FRET".

Reply: As suggested by the referee, we have changed the title to indicate that this is
an experimental paper and not a review:
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Co-translational insertion and topogenesis of bacterial membrane proteins
monitored in real time

-Minor concerns

1. If the authors have already obtained the FRET data of EmrE using the donor
attached to the periplasmic side of SecY, the data should be discussed as shown in
Fig. 1C.

Reply: We have performed the suggested experiment. The data are now included in
Appendix Figure S4 D and have been introduced into the results section on p. 11
which now reads “Co-translational fluorescence changes of EmrD135 indicate
approach of the N-terminus to the donor-in label position prior to donor-out
(Appendix Fig S4D) as for LepB75, although no slow fluorescence decrease is
apparent.”

2. In the figure legends of Figures 2 and 3, please provide the information of the
position of the donor to ensure easy understanding of the results.

Reply: The legends of Figs. 2 and 3 are expanded accordingly.

3. Because this study used the nanodiscs, the nanodiscs should be illustrated
accordingly, and should not be represented as plain membranes in Figures 1 and 4
to avoid misunderstanding.

Reply: The structure of the nanodisc with inserted translocon, as determined by
cryo-EM of an RNC-translocon complex is now depicted in Fig. 1B along with the
positions of the donor label. To avoid overloading the figures, we have kept the
schematic membrane in Fig. 1A and Fig. 5.

4. Please mention that the membrane potential is related to the positive inside rule
in the discussion.

Reply: The role of the membrane potential is now mentioned in the Discussion on
p. 17 along with pertinent references: “In vivo, the membrane potential may
additionally influence topogenesis of membrane proteins in bacteria (Andersson &
von Heijne, 1994, Cao et al., 1995, Knyazev et al., 2018, van der Laan et al.,
2004)”.

5. The speed of membrane protein insertion has been estimated in the following
paper by YidC. Perhaps it would be a good idea to refer to and cite it in the
discussion.

Winterfeld et al., (2013) https://doi.org/10.1371/journal.pone.0059023

Reply: We have included this finding and the pertinent reference in the Discussion
on p. 19.
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Referee #2:

This is a well written paper providing significant insight in the role of translation in
the membrane topology acquisition of type | and 11 membrane proteins. The
experiments are well executed and the conclusions reasonable.

I have a few suggestions that could be considered prior to final formulation of the
manuscript.

1. I find the last sentence of the abstract very strong. The authors do not provide
strong mechanistic understanding for this. Even the idea of the positive charges
contributing to inversion of the chain's topology even prior to ribosome release is
tentative at the moment.

Reply: We have changed the last sentence of the abstract as suggested (p. 2).

2. Although the authors exhaustively exploit the single FRET pair used here, a
second probe positioned at the periplasmic side of the tran rationallize,slocon
would have addressed some issues much more directly (e.g. by looking to gain of
FRET because of the proximity to the periplasmic side probe).

Reply: We have performed co-translational insertion of Atto655-EmrD 135 with
donor-out labeled SecYEG and present the results in Appendix Figure S4D and p.
11 (“Co-translational fluorescence changes of EmrD135 indicate approach of the
N-terminus to the donor-in label position prior to donor-out (Appendix Fig S4D) as
for LepB75, although no slow fluorescence decrease is apparent’). The donor-out
traces with LepB 75 (Figure 1C) and EmrD 135 (Appendix Figure S4D) are less
informative than donor-in, as they show only fluorescence increases (not an
increase/decrease). This is not inconsistent with N-out insertion of LepB nor N-in
insertion of EmrD, but it does not provide additional mechanistic insights. For this
reason the in-depth analysis is focused on the donor-in data.

3. The legends are extremely spartan. | think that both experimental conditions
should be more clearly explained here.

Reply: The legends have been expanded as suggested. Additions have been made in
the legends of Figs. 1, 2 and 3. In particular the positions of fluorescence probes are
now explicitly defined.

4. How is the EmrD(-) gain of FRET structurally rationalised? What is it supposed
to represent?

Reply: Insertion of EmrD(-) is type I-like as it appears to insert without inversion.
To make this clear, we have expanded the pertinent sentence on p. 13-14 as
follows: “The tendency in IFI values for EmrD(-) resembled that for LepB (Fig
2E), suggesting a similar topogenesis pathway.”

Also replacing three positive charges with three negative ones is an obtrusive

substitution including causing non-physiological perhaps repulsive events. Why
haven't the authors made a simple alanine substitution?
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Reply: A net N-terminal charge of zero (which would be attainable by three alanine
substitutions in EmrD wt), has been shown in other constructs to yield some N-in
insertion, but the Nout/Nin ratio can be increased further by using a negatively-
charged N-terminus (Parks and Lamb, Cell 1991) (sentence with reference added
on p. 12). We have therefore adopted the charge reversal approach which was
expected to provide a high probability of seeing an effect, and found that it worked.
We also note on p. 13: “The kinetics of translation is not altered significantly by the
aa exchange”

5. p12, why is there no pause for EmrD(-) translation?

Reply: There is a pause for EmrD(-) translation before codon 50 (at or near codon
48, Figure 3), the same as with EmrD. Because the pause does not occur at the
high-FRET state (between codon 50 and 60), the high-FRET state is not obvious in
the FRET-time course. This has been clarified on p 10 and 13: “...because there is
no pause in the translation of EmrD(-) at the time when the high-FRET state is
formed, the high-FRET intermediate does not accumulate”.

6. the protease experiments were done with a different set of membrane protein
substrates. It would have been to cross-check directly the protease accessibility of
the fluorescently-labelled substrates.

Reply: Unfortunately, this cannot be tested directly since filtration of fluorescence-
labeled peptides is not possible due to the adsorption of fluorescence-labeled
methionine to the filters. However, we have shown previously that there are no
observable differences in translation kinetics when fMet-tRNAfwet is replaced with
fluorescence-labeled Met-tRNAfwmet (Holtkamp et al, Science 2015).

7. the decrease in FRET signal for the long LepB constructs is assumed to come
from distancing from the cytoplasmic probe although it is not obvious why the
signal drops gradually rather than staying on average the same.

Reply: The pause in translation that coincides with the formation of the high-FRET
state results in a quasi-synchronization of the ribosomes at this point in translation.
This is why we can observe both the high-FRET intermediate and the subsequent
drop of the signal. We have added a pertinent sentence on p. 10: “We note that the
pausing site at position 68 results in the accumulation of a high-FRET intermediate;
this pause allows us to monitor the movement of the nascent chain towards and
away from the label at the translocon as two clearly defined steps.” The gradual
fluorescence decrease of LepB 75 coincides with the unpausing rate, indicating that
the FRET decrease is co-translational, i.e. rate-limited by translation of LepB75.
Without a pause at exactly this stage of translation, the signal would in fact stay on
average the same, as observed for ErmD(-) (p. 13).

It would be a simple straight-forward experiment to just use a more elongated
construct that could provide Ann inter probe distance of 10nm or so and lose the
fluorescence completely.

Reply: Unfortunately this experiment is less straight-forward than one would
expect. We have performed these experiments with a longer natural sequence of
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LepB. We observed additional post-translational fluorescence changes which
cannot be interpreted without understanding the insertion of TM2, which is beyond
the scope of the current study. We have opted not to use longer constructs from
which TM2 has been deleted as this would result in a totally unnatural sequence.

8. with respect to the idea that positive charges at the N-termini would allow
hairpins to form inside the ribosome:

a. does introduction of multiple positive charges in one of the LepB constructs
analysed cause reversion of its topology?

Reply: These very experiments demonstrating inversion of LepB topology were
presented in the seminal work by von Heijne regarding the positive inside rule (von
Heijne Nature 1989) (cited on p. 12).

b. it would have been a more clean comparison to use an N-in single TM protein
rather than a type Il with 2 Tis because that introduces additional topological
complexity.

Reply: We have chosen LepB because it has been extensively studied by others and
EmrD because it has features common to typical membrane protein. We wanted to
use naturally occurring membrane protein sequences here, and found it difficult to
find two sequences with single TMs at a similar locations but inserting in different
topologies.

c. do all type 1l proteins have multiple positive charges at their N-termini? Is this a
universal feature? The positive inside rule also applies to internal segments.

Reply: Most, but not all type Il proteins have multiple positive charges near the N-
terminus and the positive inside rule also applies to internal segments. However, in
the latter case, the neighboring helices also play a role in topogenesis.

d. for this mechanism to work there would be obvious negatively charged patches
in the exit tunnel. Can this be discussed?

Reply: The peptide exit tunnel is composed primarily of rRNA and therefore has
negative patches along its entire length. This detail has been added to the
Discussion on p. 17.

e. in the case of secretory proteins that also have (optional) positive charges at their
N-termini and that apparently also need to form hairpins to expose the signal
peptidase cleavage sites, this mechanism would not be applicable since many of
them are secreted post-translationally. | guess this would imply that if the proposed
ribosome mechanism is at play it would be one of different solutions.

Reply: SRP-dependent secretory proteins are targeted to the membrane co-
translationally, and their (cleavable) signal sequences presumably insert N-in by the
mechanism we propose here. Proteins that are secreted post-translationally (for
instance via SecA in bacteria) are not retained in the membrane.
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9. p17, model stop-transfer sequences. Not clear to the general public what is
meant.

Reply: We have replaced “stop-transfer sequence” with the more commonly used
“signal-anchor sequence” (p. 19).
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Referee #3:

Mercier et al. have followed the interaction of the first transmembrane segment
(TM) in the E. coli inner membrane proteins LepB and EmrD with the SecYEG
translocon in real time using a previously described FRET-based assay and
proteolysis experiments. Briefly, FRET reporters are placed at the N-terminus of
the NC and at one of two locations in SecY, one near the cytoplasmic entry into the
translocon channel and one near the periplasmic exit from the channel. Purified
SecYEG translocon in nanodiscs are then bound to mMRAN-programmed ribosomes,
and a synchronized translation reaction is initiated by addition of elongation factors
and charged tRNAs. Finally, the FRET signal is followed in real time.

For the type | protein LepB - which has the N terminus of TM1 located in the
periplasm (N-out topology) - the FRET data indicate that the N-terminal end of
TM1 reaches the cytoplasmic channel entry at a NC length of ~50 residues, and
then moves progressively towards the periplasmic channel exit, which it reaches at
NC length of ~75 residues. This is consistent with a "head-first" insertion pathway
for LepB TML1.

For the type | protein EmrD - which has an N-in topology - the FRET data indicate
that the N-terminal end of TM1 reaches the cytoplasmic channel entry at a NC
length of ~60 residues and then remains in this location during further chain
elongation, consistent with a "loop" insertion mechanism where the positively
charged N-terminus is retained on the cytoplasmic side of the membrane at all
times.

Finally, the mutant EmrD(-) in which the three positively charged residues on its N
terminus have been replaced by negatively charged residues has been analyzed -
presumably, TM1 inserts in the N-out orientation in this mutant. Here, the N-
terminal end reaches the vicinity of the cytoplasmic channel entry somewhat earlier
than in WT, but the FRET curve does not show the characteristic "increase-
decrease" pattern that is diagnostic of head-first insertion, which makes the EmrD(-
) results more difficult to interpret.

Comments

To my knowledge, this is the first report where the cotranslational insertion of an
N-terminal TM into the SecYEG translocon has been followed in real time. The
experiments are straight-forward, and uses a well-established in vitro translation
approach and a previously developed kinetic modelling scheme. The study provides
some important figures for when during translation the NC makes contact with the
translocon, and offers strong support for the "head-first" and "loop™ insertion
mechanisms for N-out and N-in proteins, respectively. It also demonstrates that the
time-scale of the insertion process is set by the translation rate, not by the insertion
process itself. The paper definitely warrants publication in EMBO J.

I have a few concerns/corrections that | hope the authors can address in a revision:
1. - p.5, 2nd paragraph: the catalytic domain of LepB resides in the periplasm, not

the cytoplasm.
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Reply: This has been corrected (p. 6).

2. - When comparing the LepB and EmrD results, it must be taken into
consideration that the TM segment itself starts within one or two residues of the N
terminus in LepB, but is ~10 residues distant from the N terminus of EmrD. To the
extent that entry of the NC into the translocon channel depends on hydrophobic
interactions between the TM and the translocon/membrane, EmrD TM1 would be
expected to engage with the translocon at ~10 residues longer NC length than LepB
TML1, regardless of whether the positively charged N terminus interacts with the
ribosome or not.

Reply: TM1 of LepB starts at amino acid 4, and TM1 of EmrD starts at amino acid
10 as indicated in Appendix Figures S2 and S4. The FRET increase we observe
likely starts shortly after the N-terminus passes the constriction site, which occurs
prior to engagement of TM1 with the translocon (Appendix Figure S1). The
difference we observe in the onset of FRET increase between LepB and EmrD (50
vs. 60 aa) reflects approach of the N-terminus to the cytoplasmic face of the
translocon, rather than engagement. However, the maximum fluorescence change,
which is probably closer to engagement, is observed at longer chain lengths (at
least 60 aa for LepB and more than 85 for EmrD). This 25 aa difference is larger
than the difference in the lengths of the N-termini preceding TML1 (6 aa). This is
now discussed in more detail on p. 15: “...the transit times indicate that LepB is
stably inserted into the translocon when the nascent chain has reached a length of
68 aa (Materials and Methods), i.e., before TM2 is completely synthesized. By
contrast, EmrD is protected at 80-120 aa, indicating that EmrD requires both TM1
and TM2 for insertion. In comparison, protection of EmrD(-) by SecYEG is similar
to LepB and occurs at 56-84 aa, before TM2 has emerged from the ribosome. The
transit times for EmrD(-) presented in Table 1 are similar to LepB rather than
EmrD wt, and suggest a type I-like insertion of the variant”.

3. The EmrD(-) data show that the N-terminal charge has some influence on how
the NC behaves as it exits the ribosome, but are not so easy to interpret since we
don't know if TM1 in this case translocates across the membrane (as in LepB) or
remains on the cytoplasmic side (as in EmrD). It would be good to know if the N-
terminus of EmrD(-) approaches the periplasmic FRET reporter in SecYEG at
longer NC lengths or not - if it has N-out topology, it should reach full FRET signal
with the periplasmic reporter (which would bolster the authors suggestion that there
is a "hidden" high-FRET state that is not visible in the FRET traces in Fig. 3E).

Reply: We have performed this experiment and we do observe a gain of FRET as
the nascent chain approaches the donor-out label. This occurs later than the increase
for the donor-in label (as expected). Unfortunately, due to the lack of additional
fluorescence phases, this trace does not yield more Kinetic information than the
trace obtained with the donor-in label. As to the full FRET signal, precise
quantification of FRET requires single-molecule FRET, rather than relative
fluorescence, and is outside the scope of the current study. Type I insertion of the
EmrD(-) variant is also supported by the protease protection experiment.
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4. Likewise, for completeness, it would be good if the authors could add the the
protease protection profile for EmrD(-) to Fig. 4.

Reply: As suggested, we have performed additional protease protection
experiments with EmrD (-). The data have been added to Figure 4 and Table 1 and
are described in the text (p. 14). The protease protection looks similar to LepB,
which also inserts N-out. Page 14, bottom: “The nascent chain of EmrD(-), on the
other hand, becomes sensitive to PK at about the same time as the FRET increase is
observed. This indicates that positive charges at the N-terminus play a role in the
delayed FRET increase relative to PK sensitivity for EmrD. The timing of
translocon protection is similar for LepB and EmrD(-), but different for EmrD wt
(Table 1)“. To better describe the data in Table 1, we have added one more
sentence at the end of Results (p. 15, top): “In comparison, protection of EmrD(-)
by SecYEG is similar to LepB and occurs at 56-84 aa, before TM2 has emerged
from the ribosome. The transit times for EmrD(-) presented in Table 1 are similar
to LepB rather than for wild-type EmrD, and suggest a type I-like insertion of the
variant”.

2nd Editorial Decision 21st February 2020

Thank you for submitting a revised version of your manuscript. | have checked it carefully and
found that all referees' points have been successfully addressed.

However, there are a few editorial issues concerning the text and the figures that | need you to
address before we can officially accept the manuscript.

© European Molecular Biology Organization

12



MBO PRESS

() UST COMPLETE ALL CELLS WITH A PINK BACKGROUND

PLEASE NOTE THAT THIS CHECKLIST WILL BE PUBLISHED ALONGSIDE YOUR PAPER

USEFUL LINKS FOR COMPLETING THIS FORM

Marina Rodnina

EMBOJ

Manuscript Number: EMBOJ-2019-104054

http://www.antibodypedia.com

Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

> the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful wav.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>
>
>
>

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:

a specification of the experimental system investigated (eg cell line, species name).

the assay(s) and method(s) used to carry out the reported observations and measurements

an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or

biological replicates (including how many animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

LA 2N X 2 X X X 7

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;
definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

http://1degreebio.org

http://www.equator-network.org/reporting: improving-bioscience-research-repor

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm

http://ClinicalTrials.gov

http://www.consort-statement.or;
http://www.consort-statement.org/checklists/view/32-consort/66-title
http://www.equator-network.org/reporting-guidel reporting-recommendations-for-tum¢

http://datadryad.org
http://figshare.com
http:

‘www.ncbi.nlm.nih.gov/ga

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

http://jjj.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
http://www.selectagents.gov,

Please fill these boxes

(Do not worry if you cannot see all your text once you press retur:

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

identification of a 10% signal change (relative fluorescence change of 19%).

A single stopped-flow experiment yielded a signal to noise ratio (SNR = Avg end level/[Max end
level-Min end level]) of about 4 for a high-FRET complex (relative fluorescence change of 20% for
EmdD135). Averaging 5 replicates increase the SNR to above 10, allowing unambiguous

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

NA

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

NA

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g.
randomization procedure)? If yes, please describe.

Time points for protease protection experiments were taken in non-chronological order to avoid
time-dependent bais. No such bias was evident in the data however.

For animal studies, include a statement about randomization even if no randomization was used.

NA

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

Each data set was fitted independently by two coauthors. The analyses converged on the same
solution in each case.

4.b. For animal studies, include a statement about blinding even if no blinding was done

NA

5. For every figure, are statistical tests justified as appropriate?

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Yes. All data sets were collected as time courses and fitted to time-dependent functions.

Is there an estimate of variation within each group of data?

Yes. Multiple experiments were averaged to produce each time point in each data set. Standard
deviations were calculated for each data set.




Is the variance similar between the groups that are being statistically compared? Yes.

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |NA
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for NA
mycoplasma contamination.

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing |NA
and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the |NA
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure [NA
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

E- Human Subjects

11. Identify the committee(s) approving the study protocol. NA

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA

16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) [NA
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at [NA
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data NA
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the Datasets are available upon request.
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting|NA
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided ina |NA
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited
in a public repository or included in supplementary information.

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top NA
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.




