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Figure EV1. Meta-analysis of CTD P-stalk protein phosphorylation in mammalian cells using mass spectrometry data implemented in the PeptideAtlas database.

The nested pie charts show the identified peptides of the P1/P2 (left chart) and uL10 (right chart) proteins. The upper, blue part of the plots represents the observation
from the entire Human Proteome 2022-01 assembly. The lower, green part of the plots shows the results from the Human Phosphoproteome 2022-04 build. The Human
Phosphoproteome 2022-04 contains only phosphorylated P1/P2 and uL10 proteins. The complete Human Proteome 2022-01 includes the observation for non-
phosphorylated P-stalk proteins. The total number of peptide observations is shown in the outer ring of the plots. The inner ring shows the number of results with different
patterns of serine residue phosphorylation. The higher the number of observations, the darker the color (blue or green). The lower panel shows the identified peptides
within the two datasets, 2022-01 and 2022-04 builds, in the corresponding colors; phosphorylation site is marked with [p].
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Figure EV2. Purification of phosphorylated (native) and unphosphorylated (AP-treated) P-stalk compl and 80S rib | particles from WT and SDPM mutant

strains.

(A) Schematic representation of the genetically engineered ribosomal particles with the P-stalk scheme. Specific thrombin cleavage site and 6xHis-tag used for P-stalk
release and subsequent purification are indicated with arrows. (B) SDS-PAGE analysis of purified native (-AP) and dephosphorylated (4+AP) stalk complexes. The positions
of AuL10 and P1A/P2B/P1B/P2A are pointed with arrows. (C) Phos-tag analysis of purified 80S ribosomal particles; 80S WT - ribosomes from WT strain, 80S SDPM -
ribsomes from SDPM mutant strain harboring S to A mutations within all P-protein; anti-uL10 and anti-P1A/P2B antibodies were used. (D) Native mass spectroscopy

analysis (native-MS) of purified intact P-stalk complexes; left and right panels, MS spectra of the complexes of WT and +AP, respectively; numbers next to the peaks
indicate the charge states of the complexes; molecular masses of the P-stalk complexes were calculated by MaxEnt deconvolution software (Waters), and are 56646 and
56425 Da for WT and +AP complexes, respectively; insert - phos-tag analysis of purified stalk complexes, WT and +AP. The complexes were analyzed by SDS-PAGE/

phos-tag/WB and subsequently proteins were detected with specific antibodies against uL10 and P1/P2 proteins. The positions of phospho- and dephospho-forms are
indicated with arrows.
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Figure EV3. Misincorporation analysis using a dual-luciferase

reporter assay.

CGCy4s5 and AGC,;g describe near-cognate codons at positions 245 and 218 of
the firefly reporter enzyme. All data are presented as the percentage of
translational aberration; error bars, standard deviations (n = 3, technical
replicates); *p < 0.05 by Student’s t-test is indicated by asterisks.
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Figure EV4. Cellular fitness of the WT and SDPM yeast strains.
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(A) Growth curves for WT and SDPM strains. The exponential fragment of growth curves used for doubling time calculation and average doubling time for WT and SDPM
are shown in insets. The statistical analysis was done using one-tailed t-Welch test (*p < 0.05), data are presented as mean + SEM of n = 3, technical replicates. (B) Yeast
lifespan analysis of WT and SDPM strains on the single cell level; the values were normalized to the WT referred as 100%, using data presented in (D-F). To assess
differences between the WT and SDPM strains, one-way ANOVA and Dunnett's post hoc tests were used (*p < 0.05), ns not significant. Comparison of the reproductive
potential (A), reproductive lifespan (B), post-reproductive lifespan (C), and total lifespan (D) of the haploid reference yeast strain BY4741 (wild-type—WT) and the
mutant SDPM strain. Statistical significances were assessed using ANOVA and Dunnett’s post hoc test (*p < 0.05). The mean value for a total of 90 cells from two

independent experiments is shown in parentheses.
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Figure EV5. The ribosomal footprints distribution obtained based on a genome-wide scale analysis of WT and SDPM yeast strains.

(A, B) Cross-correlation of gene expression analyses at the level of transcription (RNA-seq - A) and translation (RIBO-seq - B) for WT vs SDPM mutant strains; (C)
average ribosome occupancy from all genes aligned from start to stop codons within the coding sequence (CDS) for WT (red line) and SDPM mutant strain (blue line);
ribosome occupancy was normalized to show a mean value of 1 for each codon; the footprint occupancy was shown for the whole CDS. (D) The correlation of specific
codon occupancies within 28 nt RPF. Specific overrepresented codons, CGG for arginine and CCG, CCC for proline are indicated.
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1st Editorial Decision 16th May 2024

Dear Prof. Tchorzewski,

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

As you will see, the referees acknowledge that the findings are potentially interesting. However, they also have some concerns
and several suggestions for how the study could be improved. | think all points are reasonable and should be addressed. Please
let me know in case you disagree, and we can discuss the exact revision requirements further, also in a video chat, if you like.
Please note though that I will not be in the office the following 2 weeks, but | will be back on the 3rd of June.

| would thus like to invite you to revise your manuscript with the understanding that the referee concerns must be fully addressed
and their suggestions taken on board. Please address all referee concerns in a complete point-by-point response. Acceptance of
the manuscript will depend on a positive outcome of a second round of review. It is EMBO reports policy to allow a single round
of major revision only and acceptance or rejection of the manuscript will therefore depend on the completeness of your
responses included in the next, final version of the manuscript.

We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we recommend a revision within 3 months (16th Aug 2024). Please discuss the revision progress ahead of this time with
the editor if you require more time to complete the revisions.

IMPORTANT NOTE: we perform an initial 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 section providing access to data deposited in public databases is missing. If you have not deposited any
data, please add a sentence to the data availability section that explains that.

2) Your manuscript contains statistics and error bars based on n=2. Please use scatter blots in these cases. No statistics should
be calculated if n=2.

When submitting your revised manuscript, please carefully review the instructions that follow below. Failure to include requested
items will delay the evaluation of your revision.

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 production quality figure files as .eps, .tif, .jpg (one file per figure). See https://wol-prod-cdn.literatumonline.com/pb-
assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf for more info on how to prepare your figures.

3) We replaced Supplementary Information 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
respective 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 instructions regarding expanded view here:
<https://www.embopress.org/page/journal/14693178/authorguide#expandedview>

- Additional 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 .xIs files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

4) a .docx formatted letter 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.

5) a complete author checklist, which you can download from our author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide>. Please insert information in the checklist that is also
reflected in the manuscript. The completed author checklist will also be part of the RPF.

6) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript (<https://orcid.org/>). Please find instructions on how to link your ORCID ID to your account in our manuscript
tracking system in our Author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines>



7) Before submitting your revision, primary datasets produced in this study need to be deposited in an appropriate public
database (see https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). 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" section placed after Materials & Method (see also
https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). Please note that the Data Availability Section
is restricted to new primary data that are part of this study. * Note - All links should resolve to a page where the data can be
accessed. *

If your study has not produced novel datasets, please mention this fact in the Data Availability Section.

8) At EMBO Press we ask authors to provide source data for the main manuscript figures. Our source data coordinator will
contact you to discuss which figure panels we would need source data for and will also provide you with helpful tips on how to
upload and organize the files.

9) Our journal also encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows: "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.
Further instructions are available at https://www.embopress.org/page/journal/14693178/authorguide#referencesformat

10) Regarding data quantification (see Figure Legends:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat)

The following points must be specified in each figure legend:

- the name of the statistical test used to generate error bars and P values,

- the number (n) of independent experiments (please specify technical or biological replicates) underlying each data point,
- the nature of the bars and error bars (s.d., s.e.m.),

- If the data are obtained from n<2, use scatter blots showing the individual data points.

Discussion of statistical methodology can be reported in the materials and methods section, but figure legends should contain a
basic description of n, P and the test applied.

- Please also include scale bars in all microscopy images.

11) The journal requires a statement specifying whether or not authors have competing interests (defined as all potential or
actual interests that could be perceived to influence the presentation or interpretation of an article). In case of competing
interests, this must be specified in your disclosure statement. Further information: https://www.embopress.org/competing-
interests

We would also welcome the submission of cover suggestions, or motifs to be used by our Graphics lllustrator in designing a
cover.

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a Review Process File (RPF)
to accompany accepted manuscripts. This File will be published in conjunction with your paper and will include the referee
reports, your point-by-point response and all pertinent correspondence relating to the manuscript.

You are able to opt out of this by letting 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 article, as the authors have
chosen not to make the review process public in this case."

I look forward to seeing a revised form of your manuscript when it is ready.

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports



Referee #1:
EMBOR-2024-59463-T

In this manuscript Filipek et al use a combination of growth assays, biochemical analyses, translation assays and molecular
dynamics simulations to decipher a role for phosphorylation of the stalk proteins. The work is carefully executed and of interest.
The data support the model. | have a few suggestions to improve the impact of the work, and increase confidence in the
conclusions.

1. The differences in binding of elF5B to the phosphorylated and dephosphorylated stalk is likely an underestimate, because
some of the phosphorylated stalk is dephosphorylated. The authors should note this.

2. It would be great to see at least an SDS-Page gel (or better 2D gel, or mass-spec data) to confirm that the wt and SDMP
ribosomes are otherwise identical.

3. The authors carry out a very systematic analysis of effects arising from the phosphor-deficient SDMP mutant. Id be curious to
know if the phosphomimetic mutant has any phenotypes, especially under stress, or conditions that lead to open A-sites.

4. | would suggest the authors view everything in relation to the wt strain. E.g. p. 18, I. 10: the codon occupancy was decreased
in the mutant...

5. The suggestions from the MD should be tested by mutagenesis of the lysine residues. Their effects can be tested in the in
vivo assays that give a phenotype for the SDPM mutant.

Referee #2:

In the submission by Filipek et al., the authors test the hypothesis that differential phosphorylation levels of the eukaryal P-stalk
protein uL10 regulates and possibly interconnects both the ribosome’s translational activity (by affecting recruitment/activation of
translational GTPases) with the Integrated Stress Response (by activation of the stress-related Gen2 kinase). Given their major
findings that P-stalk proteins are exclusively in the phosphorylated state and that the phosphorylation level of the P-stalk is
constant and the fact that protein biosynthesis activities of the translational machinery are largely unaffected, the hypothesis
does not seem to be supported by the obtained data.

The presented data are (most of the time) of high quality and are thus relevant for falsifying the starting hypothesis. There are
several points that merit consideration:

a) Introduction, page 3: The authors should mention that the ribosomal P-stalk architecture also involves uL11 (beside uL10). It
has been shown in yeast and human system that uL11 contributes to translation dynamics.

b) Fig. 4A: The authors state in the Results that "The AP treatment of the isolated cell extracts prior to fractionation did not affect
the overall shape of polysomal profiles in the yeast (Fig. 4A, left) or mammalian (Fig. 4A, right) cells." This statement is not
supported by the polysome profile in mammalian cells since especially the heavy polysomes were significantly altered upon AP
treatment.

c) Fig. 4B: The quality of the Phos-tag western blot for the yeast sample is quite poor which affects the conclusions that the
authors draw from these experimental data. e.g. the bands in the last fraction #9 are half cut.

d) Fig. S3: it has been shown before that the dual luciferase reporter used here, which relies on the misincorporation of amino
acids at the His245 codon, is not ideal in the yeast system due to its very high background activity for many amino acids
incorporated at that position within the active site. It has been demonstrated that the Lys529 mutant is superior due to its low
background signal.

e) Given their main findings (phosphorylation status of the P-stalk is unaltered and has little or no effect on growth as well as on
the overall performance of the translational machinery; e.g. first sentence on page 16; or abstract, etc), the wording
"Phosphorylation....modulates ribosome functions" or even the title of the manuscript "Phosphorylation ..... fine-tunes ribosomal-
factor interactions" is misleading. A reader could anticipate that words such as "fine-tuning" or "modulation” would imply that
altered in vivo levels of P-stalk protein phosphorylation would adjust ribosomal activities. The authors however demonstrate in
this study that both are actually not happening. Thus | strongly suggest re-considering such statements.

f) The effects of tunicamycin are typically seen after several hours (once the ER gets too crowded and the UPR gets activated).
The observed response after solely 15 min but not after 60 min is therefore surprising (Fig. 8A). Are cells already stressed after
15 min tunicamycin treatment? Could the authors use e.g. elF2alpha phosphorylation or activation of any of the known ER-
stress sensors to convince the reader of an indeed activated stress response? The data shown in Fig. 9A do not appear to
suggest stress activation after 15 min Tun treatment. This should be clarified.

g) The authors state that Gen2 accumulates on the 60S ribosomal subunit in the WT strain upon Tun treatment, but not in the
SDPM cells. Based on the blot shown if Fig. 9B such a statement does not seem to be justified given the fact that the western
blot signal for Gen2 in the 60S fractions appears very similar in both cases.



h) Recently published cryoEM structures captured translation factors in action on ribosomes. Maybe the authors want to
compare their MD simulations with these structures in order to strengthen their conclusions?

i) The Discussion is way too long and should be trimmed and focused.

j) Page 24: The sentence "The CTD phosphorylation not only optimizes the ribosome performance in translation per se to meet
cell expectations, but can also trigger a functional expansion of ribosomal properties, extending the ribosomal interactome
beyond the very specific group of translational factors, such as the Gcn2 kinase." is actually not supported by their own data.
The authors demonstrate that Gen2 binds to ribosomes even when the P-stalk is de-phosphorylated.

Minor points:

a) The authors should be consistent in the text: "P-stalk protein" not "P-protein”

b) Page 6: "MilliQ" water and not "MiliQ"

c) Page 17: "ribosome-protected footprint" is abbreviated with RPF (and not RFP).

Referee #3:

In this study Filipek et al. investigated the functional role of phosphorylation of the oligomeric functional ribosomal proteins,
termed P-stalk, whose modification occurs exclusively at the conserved C-terminal regions. The authors constructed the mutant
ribosome (and mutant strain) whose P-stalk is in the non-phosphorylated state (SDPM) by serine-to-alanine substitutions within
the C-termini of P-stalk proteins. Then, they compared the activities of SDPM ribosomes with those of the wild-type
(phosphorylated) ribosomes. Their results showed that the phosphorylation of P-stalk has no significant effect on each step of
translation elongation (in vitro) and overall translational efficiency in optimal conditions (in vivo). However, in tunicamycin (Tun)-
induced stress conditions for cells, the authors observed some effect of the P-stalk phosphorylation, i.e., the phosphorylation
plays a role in timely regulation of the binding of Gen2 kinase to 60S ribosomes and of its activity in phosphorylation of elF2
factor, that seems to depend on ribosome stalling on mRNA. From the results of detailed analysis, the authors draw a
conclusion that the P-stalk phosphorylation is involved in Gen2-dependent stress response. All experiments using a wide range
of in vivo and in vitro methods with yeast cells and purified factors are well designed. To my knowledge, this study is the first
attempt to show the functional role of P-stalk phosphorylation in stress responses. However, there are issues that cannot be
overlooked and should be addressed in this research.

The first is the effect of amino acid substitutions in the SDPM ribosome. The authors replaced serine in the CTD of P-stalk with
alanine to create a non-phosphorylated form of P-stalk, but did not provide any data on the functional effects of this substitution.
Because the effects are not very large in most of the functional data presented in this paper, we cannot exclude the possibility
that the observed effects are due to amino acid substitution rather than phosphorylation. Since the authors have succeeded in
preparing dephosphorylated ribosomes by alkaline phosphatase treatment (AP-ribosome) as shown in Figs. 2 and 4, the authors
should show some kind of in vitro experimental data showing the effect of phosphorylation using wild-type ribosomes
(phosphorylated) and AP-ribosomes (dephosphorylated). The authors' conclusion would be most strengthened if the effect of P-
stalk phosphorylation on the interaction between Gcn2 and ribosomes, or on the phosphorylation efficiency of elF2, could be
confirmed by in vitro analysis comparing the activities of WT ribosomes and AP-ribosomes.

The second issue is about Figure 10; | feel confused that molecular dynamics (MD) simulation data of human P-stalk CTD, not
of yeast P-stalk CTD, is shown as Figure 10. All functional data on P-stalk phosphorylation in this study are from experiments
using yeast cells and purified yeast samples. However, the authors show the results of MD simulation of human P-stalk proteins
in Figure 10 and discuss about the role of "U-bent shape" in DISCUSSION. As shown in Figures S7A, the amino acid sequences
of the N-terminal part of the CTD of yeast P-stalk proteins are different from those of human P-stalk proteins, and the clear U-
bent shape discussed in human P-stalk proteins is not seen in yeast P-stalk proteins (S7E). Because the authors have
performed careful functional analysis of the phosphorylation of yeast P-stalk in this study, it seems appropriate to report the MD
analysis of yeast samples (perhaps as Figure 10). | think MD simulations of human samples could be used as supplementary
data.

Minor comments

1. Page 3, line 17: change a phrase "P-stalk forms pentamers uL10(aP1)4 or uL10(P1-P2)2, respectively" to "P-stalk forms
heptamers, uL10(aP1)6, or a pentamers, uL10(P1-P2)2", respectively".

2. Page 4, lines 7-9: "although the phosphorylation of P-proteins was discovered more than five decades ago, the phospho-
status of the stalk proteins and the physiological role of this modification have not been explored." Here, the authors should take
into account the content of a previous report showing that rat phosphorylated P-stalk protein promotes interactions with eEF-2 (J.
Biol. Chem. 272, 20259-20262, 1997).

3. Page 11, line 7: It should be stated which mRNA is used.

4. Page 15, line 20: "phosphorylated P-stalk showed a significantly lower affinity toward elF5B". Because the difference between
the dissociation constants Kd = 4.6 {plus minus}0.8 uM and 11.2 {plus minus}2 pM is not so significant, the word "significantly"
should be changed appropriately.

5. Page 16: There is no description of "(fig. 6B)" in text. It should probably be written around line 18 of page 16.



6. Page 16, lines 20-21: "including the activity of eEF2 and eEF3" Did the authors use eEF3 in this study?

7. Figure 2-4: The difference in molecular weight between animal P-stalk proteins P1 and P2 is small, and both proteins are
phosphorylated, but P2 is missing in the Phos-tag/Western Blotting in Fig. 2-4. The authors need some kind of
excuse/explanation.

8. Figure 9: In immunoblotting pattern shown in the lower right panels of Fig. 9B, the relative amounts of Gen2 bound to the 60S
subunit of the SDPM ribosome appears to be clearly different between Tun+ and Tun-, but in the bar graph (Fig. 9C), the
amounts for Tun+ and Tun- appear to be equivalent. The authors need a convincing explanation or a modification of the figure to
address this discrepancy.

9. Figure 9 legend: There is no notation of "C" in Fig. 9 legend.



1st Authors' Response to Reviewers 31st Jul 2024

Point-by-point response to the concerns of the referee

Referee #1

In this manuscript Filipek et al use a combination of growth assays, biochemical analyses, translation assays and
molecular dynamics simulations to decipher a role for phosphorylation of the stalk proteins. The work is carefully
executed and of interest. The data support the model. I have a few suggestions to improve the impact of the work,
and increase confidence in the conclusions.

1. The differences in binding of eIF'5B to the phosphorylated and dephosphorylated stalk is likely an underestimate,
because some of the phosphorylated stalk is dephosphorylated. The authors should note this.

» The reviewer's comment is correct. Based on our analyses shown in Supplementary
Figure S2 (current Fig. EV2), a fraction of the stalk is indeed not fully phosphorylated.
According to native-MS analysis, up to four phosphate groups are incorporated, so we
do not observe the P-stalk fully saturated with phosphate groups. Phos-tag analysis
showed that the uL10 comprises a mixture of phosphorylated and dephosphorylated
species, whereas P1/P2 are more homogeneous in terms of their phosphorylation status.
We agree that it may influence the Kg value. Although the issue of the mixed
phospho/dephospho population was mentioned in the text, we have changed it based on
the reviewer's comment to give readers more clarity on the samples used.

2. It would be great to see at least an SDS-Page gel (or better 2D gel, or mass-spec data) to
confirm that the wt and SDMP ribosomes are otherwise identical.

» We provide the MS data of the purified ribosomes in the supplementary data as
Appendix Table S1. Information has been added to the Materials and Methods section
and also to the Results section to provide the reader with information on the quality of
the sample preparation.

3. The authors carry out a very systematic analysis of effects arising from the phosphor-
deficient SDMP mutant. Id be curious to know if the phosphomimetic mutant has any
phenotypes, especially under stress, or conditions that lead to open A-sites.

» This comment raises an interesting point about generating yeast mutants by replacing
serine residues with phosphomimetic mutations, such as glutamic acid or aspartic acid.
This modification could render the yeast strain resistant to dephosphorylation, which in
turn could indeed affect the yeast strain's response to environmental changes. The
reviewer's concern is valid, as this modification could affect the behavior of the yeast
under different conditions. First, we did not observe any fluctuations in the
phosphorylation status of the P-proteins when yeast or mammalian cell lines were
exposed to different stress conditions, suggesting that this status represents the standard
state of the P-stalk protein. In a second experiments, we chose to evaluate a mutant in
which all five serine residues in the P-stalk proteins were replaced by alanine — SDPM
mutant strain, to obtain the yeast strain most different from the wild-type, which is
permanently phosphorylated. It should be noted, that the SDPM mutant stain, in basal
conditions, had similar characteristics as the WT strain, however in upon stress
application (tunicamycin treatment) showed lack of the correct adaptation to adverse
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conditions, indicating that the presence of phosphate group represent the optimal state
for the P-stalk proteins. We also analyzed the dephosphorylation kinetics of the P-stalk
proteins upon application of a CK2 kinase inhibitor. The results indicate that the process
is very slow and is not influenced by any specific phosphatase action (data not presented
in the manuscript).

4. I would suggest the authors view everything in relation to the wt strain. E.g. p. 18, I. 10: the codon occupancy
was decreased in the mutant...

» We agree, that the information about WT and SDPM strains under control conditions
was not accurately referenced in Fig. 8B, left panel. The text has been adjusted to clearly
refer to the control conditions for both WT and SDPM strains. We believe this
correction provides greater clarity in the data presentation.

5. The suggestions from the MD should be tested by mutagenesis of the lysine residues. Their
effects can be tested in the in vivo assays that give a phenotype for the SDPM mutant.

» Yes, the reviewer is correct that the role of lysine residues can be tested experimentally;
however, this would require the generation of a yeast mutant strain in which all lysine
residues in all five P-stalk proteins are mutated, which is a very time-consuming
approach, as was the case for the mutant strain with S to A mutations. However, taking
into account the reviewer's suggestion, we have performed the MD simulation of lysine-
to-alanine mutated forms of the P-stalk C-terminal peptides (considering the P-proteins
that have the lysine residues — human P1, P2, uL10, and yeast P1A and P2B. The
analysis showed that the peptides are unable to form the bends and turns responsible for
the U-bend conformation in the N-terminal part of the peptide, suggesting that lysine
residues play a crucial role in stabilizing the U-bend conformation. We have added new
data panel within the Appendix section, as Fig. S3N.



In the submission by Filipek et al., the authors test the hypothesis that differential
phosphorylation levels of the eukaryal P-stalk protein ul10 regulates and possibly
interconnects both the ribosome’s translational activity (by affecting recruitment/activation of
translational GTPases) with the Integrated Stress Response (by activation of the stress-related
Gen2 kinase). Given their major findings that P-stalk proteins are exclusively in the
phosphorylated state and that the phosphorylation level of the P-stalk is constant and the fact
that protein biosynthesis activities of the translational machinery are largely unaffected, the
hypothesis does not seem to be supported by the obtained data.

The presented data are (most of the time) of high quality and are thus relevant for falsifying the
starting hypothesis. There are several points that merit consideration:

a) Introduction, page 3: The authors should mention that the ribosomal P-stalk architecture also involves ull1l
(beside uL10). It has been shown in yeast and human system that uL11 contributes to translation dynamics.

» We agree and have incorporated this information into the Introduction to highlight the
involvement of uL 11 in the P-stalk architecture and function.

b) Fig. 4A4: The authors state in the Results that "The AP treatment of the isolated cell extracts prior to fractionation
did not affect the overall shape of polysomal profiles in the yeast (Fig. 44, left) or mammalian (Fig. 44, right)
cells." This statement is not supported by the polysome profile in mammalian cells since especially the heavy
polysomes were significantly altered upon AP treatment.

» Yes, this is indeed the case. The fraction of heavy polysomes, especially in yeast
polysomes, decreased after AP treatment. As the original description in the text did not
sufficiently address this issue, we have modified the text to provide greater clarity and
to explain the behavior of the polysomal fractions analyzed. We would like to add that
the observed behavior can be explained by the fact that the polysomal fraction was
incubated with AP, allowing some ribosomes time to complete the translation. As a
result, the heavy polysome fraction decreased. Further, according to our observations,
yeast polysomes have a high tendency to complete translation during longer incubation
times (known as run-off analysis), whereas ribosomes from mammalian cell lines have
a lower tendency to do so. However, we did not observe any changes in the phospho-
status of the P-stalk proteins upon prolonged polysome preparation.

¢) Fig. 4B: The quality of the Phos-tag western blot for the yeast sample is quite poor which affects the conclusions
that the authors draw from these experimental data. e.g. the bands in the last fraction #9 are half cut.

» The mistake occurred during the figure preparation, resulting in the data being partially
cut, as noted by the reviewer. We apologize for this error. The figure has been revised
to display the entire last fraction correctly. We agree that the quality of the yeast samples
analyzed by Phos-tag western blot is not perfect. However, this is primarily due to the
quality of the antibodies, particularly those targeting yeast P1/P2 proteins. There are no
high-quality antibodies available on the market to detect yeast P1/P2 proteins
(specifically, P1A, P1B, P2A, P2B). We used antibodies prepared in-house based on
purified recombinant yeast P1/P2 proteins, but this is the maximum quality that we can
achieve with the existing reagents.



d) Fig. S3: it has been shown before that the dual luciferase reporter used here, which relies on the
misincorporation of amino acids at the His245 codon, is not ideal in the yeast system due to its very high
background activity for many amino acids incorporated at that position within the active site. It has been
demonstrated that the Lys529 mutant is superior due to its low background signal.

» Thereviewer's concern is related to the ongoing debate about the reliability of data based
on the dual luciferase reporter system, particularly with regard to misincorporation. We
agree that the use of the CGC245 codon for the amino acids His245 is not ideal. Bearing
in mind the limitations, we have also used an additional reporter system based on
AGC218 to support our analysis using the CGC245 codon. The data from both systems
are consistent and we believe that the use of two reporters meets the requirements for
obtaining reliable data. All data were presented in Fig. S3 (currently, Fig. EV3).

e) Given their main findings (phosphorylation status of the P-stalk is unaltered and has little or no effect on growth
as well as on the overall performance of the translational machinery, e.g. first sentence on page 16, or abstract,
etc), the wording "Phosphorylation....modulates ribosome functions" or even the title of the manuscript
"Phosphorylation ..... fine-tunes ribosomal-factor interactions" is misleading. A reader could anticipate that words
such as "fine-tuning" or "modulation" would imply that altered in vivo levels of P-stalk protein phosphorylation
would adjust ribosomal activities. The authors however demonstrate in this study that both are actually not
happening. Thus I strongly suggest re-considering such statements.

» We agree with the reviewer's comment and the text has been refined accordingly to
provide the reader with a clear statement that the P-proteins are exclusively in the
phosphorylated state, which significantly distinguishes them from other ribosomal
proteins that are transiently phosphorylated and function in an on/off manner, exerting
a classical regulatory role. Therefore, the title of the manuscript was modified (current
version: Phosphorylation of P-stalk proteins defines the ribosomal basal state for
interaction with auxiliary protein factors). Equivalent changes were also introduced in
the abstract and the main text.

1) The effects of tunicamycin are typically seen after several hours (once the ER gets too crowded and the UPR
gets activated). The observed response after solely 15 min but not after 60 min is therefore surprising (Fig. 84).
Are cells already stressed after 15 min tunicamycin treatment? Could the authors use e.g. elF2alpha
phosphorylation or activation of any of the known ER-stress sensors to convince the reader of an indeed activated
stress response?

» We agree that the tunicamycin (Tun) effect typically develops gradually and can be
observed several hours after tunicamycin addition in higher eukaryotic cells, such as in
mammalian cell lines. Specifically, following several markers, such as XBP1 mRNA
splicing and activation of PERK and phosphorylation of elF2a, the activation of the
UPR is slow and requires time in mammals. As it proposed, the capacity of the ER
lumen in mammalian cells may function as a buffering compartment with a significantly
high capacity for unfolded proteins, thereby delaying the activation of XBP1 mRNA
splicing and the late activation of the UPR.

In contrast, in yeast, the ER lumen is less developed and has a significantly lower
capacity. Several reports have shown that splicing of HAC1 (the homologous protein to
mammalian XBP1) occurs much more rapidly, even one hour after treatment with Tun.
Based on our preliminary data, we noticed that Tun had an immediate effect in yeast



cells. Therefore, we chose 15 minutes as the first time point to follow ribosome behavior
on mRNA using RIBOseq. Following the reviewer's suggestion, we are providing our
analysis showing HACI1 splicing, using the classical PCR approach to show the time
course of unspliced/spliced forms of HAC1 mRNA. The analysis showed that the
spliced form of HAC1 mRNA is already present after 15 minutes of Tun treatment,
indicating that the UPR is initiated very rapidly in yeast cells. The supplementary data
have been added as Appendix Figure S2 and the text in the Results section has been
updated to reflect the newly presented information.

» Additionally, reviewer raised the issue related to elF2a phosphorylation. We are
providing the response below.

The data shown in Fig. 94 do not appear to suggest stress activation after 15 min Tun treatment. This should be
clarified.

» The elF2a phosphorylation observed upon Tun treatment showed a one-hour delay
compared to our RIBOseq data, which indicated ribosome stalling on CCG, CGG, and
CGA codons just 15 minutes after Tun treatment. In our opinion, the RIBOseq data
illustrate the initiation of the stress response, where ribosomes act as sensors by stalling
on the mRNA (particularly at Arg and Pro codons). This stalling signals downstream
through the Gen2 kinase, which subsequently phosphorylates elF2a. This suggests a
delay of about one hour between the initial sensing event and the resulting effect. Based
on the reviewer's remark, we conclude that this issue was not sufficiently explained in
the original text. In the discussion section, we now provide readers with a more
comprehensive interpretation, incorporating recent findings that indicate the signal
transmission from the ribosome to downstream effectors functions in a rheostat-like
manner (see reference 92). This expanded explanation addresses the point raised by the
reviewer and is line with the latest insights on how this buffering mechanism may
operate.

g) The authors state that Gen2 accumulates on the 60S ribosomal subunit in the WT strain upon Tun treatment,
but not in the SDPM cells. Based on the blot shown if Fig. 9B such a statement does not seem to be justified given
the fact that the western blot signal for Gen2 in the 60S fractions appears very similar in both cases.

» The reviewer has raised a crucial point regarding the activation mechanisms of Gen2,
which is a topic of ongoing debate. The question of how Gen?2 is activated within the
cell is not yet fully resolved. Current models suggest that Gen2 can be activated either
by tRNA in the cytoplasm or by stalled/collided ribosomes. Given that the P-stalk plays
a role in Gen2 activation, we have taken the approach of examining the interplay
between Gen2 and ribosomes, including analyzing polysome fractions, to shed more
light on this unresolved issue. While the data presented in Fig. 9B, particularly the
western blotting results, may appear difficult to interpret at first glance, it is important
to look beyond a visual assessment. Although a general visual inspection might not
immediately reveal clear trends, a detailed analysis of signal intensity relative to the
control samples provides accurate numerical data. This quantification supports the
validity of our findings and strengthens the argument for the ribosome-related activation
mechanisms of Gen2 as demonstrated through our western blotting analysis. To our
knowledge, this the first comprehensive biochemical trial to define Gen2 association
with ribosomes, which may open the window for further investigations.
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h) Recently published cryoEM structures captured translation factors in action on ribosomes. Maybe the authors
want to compare their MD simulations with these structures in order to strengthen their conclusions?

» We agree with the reviewer that recently published cryo-EM structures of ribosomes,

with a particular focus on stalled/collided ribosomes, have provided a significant step
forward in the understanding of the structural nature of ribosomes as stress 'sentinels',
and in a majority of them the P-stalk represents an important player. To mention just
the most important: the work presented by Danel Wilson's laboratory (Structure of Genl
bound to stalled and colliding 80S ribosomes, PNAS, 2021, 118(14):e2022756118) has laid the
foundation for understanding ribosome collisions at the atomic level. Recent follow-up
work by Friedrich Forster's laboratory has shown the ensemble of ribosomal structures
under stress conditions, in complex with translation factors (tRNA-eEF1A, eEF2) and
with the Genl/Gen20 disome complex, and has also significantly expanded our
knowledge of ribosome collisions, in particular distinguishing colliding disomes from
compact helical polysomes, which appear to reflect severe stress (Visualization of
translation reorganization upon persistent ribosome collision stress in mammalian cells, Mol Cell, 2024,
84(6):1078-1089.e4). Or the very recent elegant work from Andrei Korostelev's lab, where
the authors showed in Nature, 2024, 630(8017):769-776, 'Structural mechanism of angiogenin
activation by the ribosome’, that the ribosome with an empty A site can accommodate
angiogenin and specifically process the tRNA; importantly, these authors provide a new
concept, stating that: “This structural mechanism accounts not only for the activation of angiogenin,
but also for the substrate specificity provided by the ribosome, of which the P stalk is tuned for
tRNA delivery” suggesting, that the flexible part of the P-stalk may act as an anchoring
part for the free tRNA, expanding the repertoire of P-stalk partners.
However, in the light of the above and other cryo-EM structural work, the flexible part
of the P-stalk is missing in all available structures, and in particular the C-terminal end
of the P-stalk protein has never been resolved; as such, we only have insight into the N-
terminal part of the uL 10 and P1/P2 proteins, which is seen as the protruding part. Thus,
although aligning the experimental cryo-EM data with our MD simulation would be
desirable, the cryo-EM data are not complete enough to make this feasible.

i) The Discussion is way too long and  should be  trimmed and  focused.

J) Page 24: The sentence "The CTD phosphorylation not only optimizes the ribosome performance in translation
per se to meet cell expectations, but can also trigger a functional expansion of ribosomal properties, extending the
ribosomal interactome beyond the very specific group of translational factors, such as the Gen?2 kinase." is actually
not supported by their own data. The authors demonstrate that Gen2 binds to ribosomes even when the P-stalk is
de-phosphorylated.

» The text has been improved and shortened for clarity.

Minor points:

a) The authors should be consistent in the text: "P-stalk protein" not "P-protein”

b) Page 6: "MilliQ" water and not "MiliQ"

¢) Page 17: "ribosome-protected footprint" is abbreviated with RPF (and not RFP).

> The corrections were introduced



In this study Filipek et al. investigated the functional role of phosphorylation of the oligomeric functional
ribosomal proteins, termed P-stalk, whose modification occurs exclusively at the conserved C-terminal regions.
The authors constructed the mutant ribosome (and mutant strain) whose P-stalk is in the non-phosphorylated state
(SDPM) by serine-to-alanine substitutions within the C-termini of P-stalk proteins. Then, they compared the
activities of SDPM ribosomes with those of the wild-type (phosphorylated) ribosomes. Their results showed that
the phosphorylation of P-stalk has no significant effect on each step of translation elongation (in vitro) and overall
translational efficiency in optimal conditions (in vivo). However, in tunicamycin (Tun)-induced stress conditions
for cells, the authors observed some effect of the P-stalk phosphorylation, i.e., the phosphorylation plays a role in
timely regulation of the binding of Gen2 kinase to 60S ribosomes and of its activity in phosphorylation of elF?2
factor, that seems to depend on ribosome stalling on mRNA. From the results of detailed analysis, the authors
draw a conclusion that the P-stalk phosphorylation is involved in Gen2-dependent stress response. All experiments
using a wide range of in vivo and in vitro methods with yeast cells and purified factors are well designed. To my
knowledge, this study is the first attempt to show the functional role of P-stalk phosphorylation in stress responses.
However, there are issues that cannot be overlooked and should be addressed in this research.

The first is the effect of amino acid substitutions in the SDPM ribosome. The authors replaced serine in the CTD
of P-stalk with alanine to create a non-phosphorylated form of P-stalk, but did not provide any data on the
functional effects of this substitution. Because the effects are not very large in most of the functional data presented
in this paper, we cannot exclude the possibility that the observed effects are due to amino acid substitution rather
than phosphorylation.

» Indeed, in the manuscript we show a few phenotypic analyses indicating that there is a
small but statistically significant defect in SDPM growth. The classical growth rate
analysis showed that the absence of P-stalk phosphorylation had a small, but statistically
significant negative effect on cell growth. These data were further supported by single-
cell level analysis, which evaluated various aspects of yeast lifespan and showed that
the SDPM mutant strain had similar characteristics as the WT strain, albeit with a
reduced reproductive lifespan. Although we cannot exclude the possibility that under
other conditions the metabolic discrepancy may be more pronounced, we were not able
to identify such conditions at the current stage of this study.

Since the authors have succeeded in preparing dephosphorylated ribosomes by alkaline phosphatase treatment
(AP-ribosome) as shown in Figs. 2 and 4, the authors should show some kind of in vitro experimental data showing
the effect of phosphorylation using wild-type ribosomes (phosphorylated) and AP-ribosomes (dephosphorylated).

» We agree, and we have indeed performed the experiments with AP-treated ribosomes
(dephosphorylated), as noted in Fig. 2 and 4, and also in the MST analysis, where we
used dephosphorylated ribosomal P-stalk complex (Fig. 5A). However, in the case of
the in vitro GTP hydrolysis assay and in vitro translation analysis, we could not use AP-
ribosomes, because the residual presence of AP interfered with the analyses.

The authors' conclusion would be most strengthened if the effect of P-stalk phosphorylation on the interaction
between Gen2 and ribosomes, or on the phosphorylation efficiency of eIF2, could be confirmed by in vitro analysis
comparing the activities of WT ribosomes and AP-ribosomes.

» The reviewer's comment is in line with the core experiments presented in the manuscript
and refers to the in vitro analysis that could be performed using isolated elements such
as Gen2, ribosomes and elF2a. Regarding the in vitro analysis to study the interaction
between Gen2 and ribosomes, including elF2au phosphorylation, there are several
significant experimental challenges. The problem relates to the interaction between
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Gcen2 and the ribosome, which is currently a challenge in the field. Previous reports have
shown that the interaction between Gen2 and the ribosome is complex and not fully
understood, particularly under stress conditions. This interaction may involve other
proteins, including Genl and Gen20. In addition, there is a debate as to which form of
ribosome is the 'substrate' for Gen2, 60S, 80S or dimers/disomes 80S-80S, in the form
of so-called collided ribosomes. Therefore, we believe that an in vitro analysis
attempting to reconstruct the interaction of Gen2 with purified ribosomes will be a large
project on its own and will be addressed in future research.

» Another issue raised by the reviewer concerns the in vitro experiment of elF2a
phosphorylation taking into account ribosomes and Gen2 kinase. As stated above,
purification of Gen2 kinase from yeast cells represents a major challenge, as the kinase
is purified in its active form, and this complicates the assay and makes these experiments
unfeasible. It should be added that a similar experiment has already been performed, but
in a mammalian experimental model, using purified elF2o, Gen2 kinase and ribosomes,
as well as the pentameric P-stalk complex, but the phosphorylation of the P-stalk
proteins was not taken into account and not tested (Proc. Natl. Acad. Sci. USA.
2019,116(11):4946-4954). We would like to admit, that we have not yet developed the
complex experimental tools to perform such analysis in yeast or in mammals and argue
that currently this is beyond the scope of the current manuscript.

The second issue is about Figure 10; I feel confused that molecular dynamics (MD) simulation data of human P-
stalk CTD, not of yeast P-stalk CTD, is shown as Figure 10. All functional data on P-stalk phosphorylation in this
study are from experiments using yeast cells and purified yeast samples. However, the authors show the results of
MD simulation of human P-stalk proteins in Figure 10 and discuss about the role of "U-bent shape" in
DISCUSSION. As shown in Figures S7A, the amino acid sequences of the N-terminal part of the CTD of yeast P-
stalk proteins are different from those of human P-stalk proteins, and the clear U-bent shape discussed in human
P-stalk proteins is not seen in yeast P-stalk proteins (S7E). Because the authors have performed careful functional
analysis of the phosphorylation of yeast P-stalk in this study, it seems appropriate to report the MD analysis of
yeast samples (perhaps as Figure 10). I think MD simulations of human samples could be used as supplementary
data.

» We showed the human data in Fig. 10 because we wanted to show the most prominent
example of the P-stalk protein phosphorylation effect. We agree that in most cases the
publication is related to the yeast model, and in order to provide the reader with a
complete picture, we have modified Fig. 10 to show all models, including mammalian,
yeast and archaeal structures.

Minor comments
1. Page 3, line 17: change a phrase "P-stalk forms pentamers uL10(aP1)4 or uL10(P1-P2)2, respectively" to "P-
stalk forms heptamers, uL10(aP1)6, or a pentamers, uL10(P1-P2)2", respectively".

» Corrected

2. Page 4, lines 7-9: "although the phosphorylation of P-proteins was discovered more than five decades ago, the
phospho-status of the stalk proteins and the physiological role of this modification have not been explored." Here,
the authors should take into account the content of a previous report showing that rat phosphorylated P-stalk
protein promotes interactions with eEF-2 (J. Biol. Chem. 272, 20259-20262, 1997).

» New text was provided in the introduction and discussion sections to take into account
the information provided in the cited publication.
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3. Page 11, line 7: It should be stated which mRNA is used.

» The mRNA used for the in vitro translation assay was added into Materials and Methods
section.

4. Page 15, line 20: "phosphorylated P-stalk showed a significantly lower affinity toward elF5B". Because the
difference between the dissociation constants Kd = 4.6 {plus minus}0.8 uM and 11.2 {plus minus}2 uM is not so
significant, the word "significantly" should be changed appropriately.

» Following the reviewer suggestion, we have removed the expression “significant” and
the new description was added stating that: “... the native phosphorylated P-stalk
showed a two times lower affinity toward elF5B than the dephosphorylated one.”

5. Page 16: There is no description of "(fig. 6B)" in text. It should probably be written around line 18 of page 16.

» The missing description of Fig. 6B was implemented into the text describing tripeptide
formation analysis.

6. Page 16, lines 20-21: "including the activity of eEF2 and eEF3" Did the authors use eEF3 in this study?

» Yes, for the tripeptide analysis, eEF2 and eEF3 were used to initiate the translocation.
The Materials and Methods section has been updated to provide detailed information.

7. Figure 2-4: The difference in molecular weight between animal P-stalk proteins P1 and P2 is small, and both
proteins are phosphorylated, but P2 is missing in the Phos-tag/Western Blotting in Fig. 2-4. The authors need
some kind of excuse/explanation.

» We apologize for not providing a thorough explanation for the lack of P2 detection. In
short, the available antibodies against animal P1/P2 proteins were of variable quality,
and the only antibodies that gave us reliable detection were antibodies against P1
protein, while anti-P2 antibodies were of variable quality in terms of reliable detection
of the protein. Since, P1-P2 form a functional dimer on the ribosome, we decided to use
only anti-P1 as a readout for the P1/P2 proteins. The explanation was provided in the
Materials and Method section.

8. Figure 9: In immunoblotting pattern shown in the lower right panels of Fig. 9B, the relative amounts of Gen2
bound to the 60S subunit of the SDPM ribosome appears to be clearly different between Tun+ and Tun-, but in the
bar graph (Fig. 9C), the amounts for Tun+ and Tun- appear to be equivalent. The authors need a convincing
explanation or a modification of the figure to address this discrepancy.

» We acknowledge the reviewer's concern regarding the interpretation challenges of the
western blotting data in Figure 9B. Indeed, the visual inspection alone may not clearly show
the differences. In the provided representative western blot, the Gen2 protein levels appear
to vary between Tun -/+ conditions. However, when normalized against the reference
protein uL 10, the Gen2 levels are comparable. We recognize that the observed variations,
indicated by the substantial error bars in Figure 9C, contribute to our classification of these
differences as non-significant. However, we would like to emphasize that analyzing Gen2
presents a significant challenge due to the limited methodologies available to demonstrate



its association with the ribosomal fraction. Consequently, we believe that our data offer
valuable insights for understanding Gen2 behavior, addressing an issue that has not yet been
resolved. We believe that our findings contribute to the broader knowledge and will aid in
advancing the field's understanding of Gen2's role and interactions with ribosomes. To
enhance clarity for our readers, we have revised the text to place a stronger emphasis on the
data processing methods used. We would like to add that the isolation of Gen2 kinase in
complex with ribosomes is of great interest to us and the methodology is under
development.

9. Figure 9 legend: There is no notation of "C" in Fig. 9 legend.

> The text was corrected.
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1st Revision - Editorial Decision 2nd Sep 2024

Dear Prof. Tchorzewski,

Thank you for the submission of your revised manuscript. We have now received the enclosed reports from the referees. As you
will see, referees 2 and 3 still have some remaining concerns that | would like you to address before we can proceed with the
official acceptance of your manuscript.

Both referees are not convinced by the data shown in Figs 9B and C. These data are based on 2 independent experiments. |
would like to suggest that you repeat the experiment at least one more time so that n=3. Please do not add up the technical
repeats with the experimental repeats, as is currently done. Hopefully, comparing the outcome of at least 3 independent
experiments will yield clearer results. Please let me know in case you disagree, and we can discuss this further. | do not agree
with referee 3 that any obtained data should be excluded from the figure or ms.

A few other editorial requests will also need to be addressed:

- Please add put to 5 keywords to the ms file.

- Please correct the conflict of interest subheading to "Disclosure Statement and Competing Interests”

- Please correct these name discrepancies: Colin Chih-Chien Wu in the ms file vs. Colin Wu in our online submission system
(eJP); Alan Gonzalez-lbarra in the ms file vs. Alan Gonzalez in eJP; Yutian Shao in the ms file vs. Shao Yutian in eJP; all
corresponding authors' emails need to be provided on the title page.

- Please remove the author credits from the ms file. All credits need to be entered during online ms submission.

- The REFERENCE FORMAT needs to be corrected to EMBO reports (Harvard) style. It needs to be alphabetical (not
numerical); et al needs to be used after 10 names.

- Please remove DATA NOT SHOWN on p14 and p22, as per journal policy. Please either show the data or re-phrase.

- Please complete all questions in the statistics section of the author checklist and send us a fully completed checklist. It will also
be part of your transparent peer-review process file.

- Please enter the missing ORCID IDs for Cunningham and Rodnina on their personal profile pages.

- There are 2 Appendix PDF files - one with figures, the other with tables. These need to be merged into one PDF; "Table S1"
should be corrected to "Appendix Table S1"; the one Appendix PDF needs to have a title page with a short table of content with
page numbers; missing "Appendix" word in the title of Appendix Figure S3; Appendix Figure S3 runs over many pages. It would
be better to make each panel a new Appendix Figure: Appendix Figure S4, etc.; on p11 there is a Figure S8 label that needs to
be corrected.

- Please remove the Instructions from the Reagents and Tools Table.

- Please upload the source data as one folder per figure.

- Materials and Methods should be Methods

- The manuscript sections should be in the following order: Title page - Abstract & Keywords - Introduction - Results -
Discussion - Methods - Data Availability - Acknowledgments - Disclosure Statement & Competing Interests - References -
Figure Legends - (Main Tables with legends) - Expanded View Figure Legends.

- Please note that the exact p values are not provided in the legends of figures 9a, c; EV 3; EV 4a-b.

- Please note that information related to n is missing in the legends of figures 5b-d.

- Please note that the error bars are not defined in the legends of figures 5b-d; EV 4a.

- Please note that the measure of center for the error bars needs to be defined in the legends of figures 9a, ¢; EV 3.

- Please note that axis labels are not defined for figures EV 3.

EMBO press papers are accompanied online by A) a short (1-2 sentences) summary of the findings and their significance, B) 2-



3 bullet points highlighting key results and C) a synopsis image that is exactly 550 pixels wide and 200-600 pixels high (the
height is variable). The synopsis image should provide a sketch of the major findings, like a graphical abstract. Please note that
text needs to be readable at the final size. Please send us this information along with the final manuscript.

| look forward to seeing a new revised version of your manuscript as soon as possible.

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #1:

This revised manuscript addresses my previous concerns.

Referee #2:

In the revised submission by Filipek et al., the authors addressed all the points raised. While some of the critical points were
convincingly clarified [a, c, d, e, f (the HAC splicing part), h], other points remain not completely settled [b, f (the elF2alpha part:
even after 2 h tunicamycin treatment no Gen2 enrichment in polysomes is observed, Fig. 9, which makes it hard to follow the
author's logic about the one-hour delay of Gen2-mediated elF2alpha phosphorylation: The sentence in their rebuttal letter "While
the data presented in Fig. 9B, particularly the western blotting results, may appear difficult to interpret at first glance, it is
important to look beyond a visual assessment." does not sound terribly convincing to me about the robustness of the data and
the analysis.)].

Overall | appreciate the authors' efforts to accommodate mine (and the two other reviewer’s) concerns. As a result, the revised
version has improved.

Referee #3:

The study by Filipek et al. seems to be the first attempt to show the functional role of phosphorylation of P-proteins in stress
responses. However, | had some concerns about their original manuscript and | offered some suggested revisions. In response
to my comments, the authors have made appropriate revisions, with the following exceptions.

In response to my first comment about the functional effect of serine-to-alanine substitutions within the C-termini of P-proteins,
the authors have responded that it would be difficult to conduct experiments to address my comment under the current
circumstances. | understand that such experiments are currently difficult, and beyond the scope of this manuscript.

For my minor comment #8: The authors have explained the data, showing the representative western blot (Fig. 9B) and band
intensities normalized against the band of L10 (Fig. 9C). The authors have also recognized the observed variations of data, as
indicated by large error bars (Fig. 9C). | still have conserns about the striking difference between the western blot results (Fig.
9B) and the quantitative data shown in the bar graph (Fig. 9C) regarding the amount of Gen2 bound to the SDPM ribosome 60S
subunit under stress conditions. Referee #2 also expressed a similar concern in a comment (g).

I would like to offer a further suggestion for amending the manuscript. How about replacing the panels in Fig. 9B with
more suitable ones, if possible? Otherwise, how about excluding Fig. 9C and interpreting Fig. 9B as meaning that Gen2 has
potential ability to bind to the ribosomal 60S subunit, that is strengthened by the Tun-induced stress, and that phosphorylation of
the P-protein further strengthens this binding? In the case of the latter correction, it will be necessary to revise some of the
expressions in the text accordingly.

A newly found error
Page 10, line 1: "VEAKEESDEDMGFGLFD peptide was used for the human protein uL10" The correct sequence may be
"VEAKEESEESDEDMGFGLFD".



2nd Authors' Response to Reviewers 3rd Oct 2024

Point-by-point response to the concerns of the referee

We wish to thank the reviewers for their detailed assessment of the manuscript. Their
valuable comments and helpful suggestions have significantly improved the data presentation
and the quality of the present work. We are grateful for their time and expertise, which
contributed greatly to the improvement of our work.

Referee #1:

This revised manuscript addresses my previous concerns.
» Thank you for your valuable remarks.

Referee #2:

In the revised submission by Filipek et al., the authors addressed all the points raised. While some of the critical
points were convincingly clarified [a, c, d, e, f (the HAC splicing part), h], other points remain not completely
settled [b, f (the elF2alpha part: even after 2 h tunicamycin treatment no Gen2 enrichment in polysomes is
observed, Fig. 9, which makes it hard to follow the author's logic about the one-hour delay of Gcn2-mediated
elF2alpha phosphorylation: The sentence in their rebuttal letter "While the data presented in Fig. 9B, particularly
the western blotting results, may appear difficult to interpret at first glance, it is important to look beyond a visual
assessment.”" does not sound terribly convincing to me about the robustness of the data and the analysis.)].
Overall I appreciate the authors' efforts to accommodate mine (and the two other reviewer's) concerns. As a result,
the revised version has improved.

» Response below

Referee #3:

The study by Filipek et al. seems to be the first attempt to show the functional role of phosphorylation of P-proteins
in stress responses. However, I had some concerns about their original manuscript and I offered some suggested
revisions. In response to my comments, the authors have made appropriate revisions, with the following exceptions.

In response to my first comment about the functional effect of serine-to-alanine substitutions within the C-termini
of P-proteins, the authors have responded that it would be difficult to conduct experiments to address my comment
under the current circumstances. I understand that such experiments are currently difficult, and beyond the scope
of this manuscript.

For my minor comment #8: The authors have explained the data, showing the representative western blot (Fig.
9B) and band intensities normalized against the band of L10 (Fig. 9C). The authors have also recognized the
observed variations of data, as indicated by large error bars (Fig. 9C). I still have conserns about the striking
difference between the western blot results (Fig. 9B) and the quantitative data shown in the bar graph (Fig. 9C)
regarding the amount of Gen2 bound to the SDPM ribosome 60S subunit under stress conditions. Referee #2 also
expressed a similar concern in a comment (g).

I would like to offer a further suggestion for amending the manuscript. How about replacing the panels in Fig. 9B
with more suitable ones, if possible? Otherwise, how about excluding Fig. 9C and interpreting Fig. 9B as meaning
that Gen2 has potential ability to bind to the ribosomal 60S subunit, that is strengthened by the Tun-induced stress,
and that phosphorylation of the P-protein further strengthens this binding? In the case of the latter correction, it
will be necessary to revise some of the expressions in the text accordingly.

» Response below



» En bloc response to feedback from two reviewers

We recognize that the reviewers concerns are entirely valid and deserve careful consideration,
as the mechanism of Gen2 activation by ribosomal particles remains an unresolved issue. In
response to these remarks, we have performed additional experiments to enhance the credibility
of our analysis, presented in Fig. 9B. Wild-type and SDPM yeast cells were treated with
tunicamycin (Tun) for 2 hours. Polysome fractions were then collected, and the distribution of
Gen2 kinase was assessed by Western blot analysis. The fractions from untreated (-Tun) and
treated (+Tun) samples were loaded side by side for better comparison. The obtained data
support the previously observed trend of Gen2 binding to the ribosomal 60S subunit, which is
particularly augmented under Tun-induced stress, and phosphorylation of the P-protein
increases Gen2 binding. However, we must admit that quantitative densitometric analysis
represents is a significant challenge and also the low resolution of polysome fractionation,
which results in fluctuations in fraction collections. Consequently, we were unable to reduce
the error rate in the data sets. Based on our recent analyses, we believe that the current approach
does not allow a precise quantitative assessment of the Gen2 content on the ribosomal particles,
and that a substantial amount of research needs to be initiated to resolve this issue.

Therefore, to avoid quantitative uncertainty, following reviewer #3 suggestion, we decided to
remove Fig. 9C, and we are presenting new Westen blotting, that we believe provides sufficient
representation of the observed Gen2 binding. Taking into account the reviewer's suggestion
regarding the manuscript amendment, as the detected Gen2 binding to the 60S subunit does not
represent a binary effect but rather a transient state that is difficult to quantitatively capture with
current experimental methods, the manuscript text has been modified to provide a more nuanced
perspective regarding Gen2 binding to the ribosomal subunit.

A newly found error Page 10, line 1: "VEAKEESDEDMGFGLFD peptide was used for the human protein uL10"
The correct sequence may be "VEAKEESEESDEDMGFGLFD".

> The error was corrected.



2nd Revision - Editorial Decision 14th Oct 2024

Prof. Marek Tchorzewski

Maria Curie-Sktodowska University
Department of Molecular Biology
Akademicka 19

Lublin 20-033

Poland

Dear Prof. Tchorzewski,

| am very pleased to accept your manuscript for publication in the next available issue of EMBO reports. Thank you for your
contribution to our journal.

Your manuscript will be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs prior to
publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and payment
information.

You may qualify for financial assistance for your publication charges - either via a Springer Nature fully open access agreement
or an EMBO initiative. Check your eligibility: https://www.embopress.org/page/journal/14693178/authorguide#chargesguide

Should you be planning a Press Release on your article, please get in contact with embo_production@springernature.com as
early as possible in order to coordinate publication and release dates.

If you have any questions, please do not hesitate to contact the Editorial Office. Thank you for your contribution to EMBO
Reports.

Yours sincerely,
Esther Schnapp, PhD

Senior Editor
EMBO reports

>>> Please note that it is EMBO Reports policy for the transcript of the editorial process (containing referee reports and your
response letter) to be published as an online supplement to each paper. If you do NOT want this, you will need to inform the
Editorial Office via email immediately. More information is available here: https://www.embopress.org/transparent-
process#Review_Process
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Reporting Checklist for Life Science Articles (updated January
This checklist is adapted from Materials Design Analysis Reporting (MDAR) Checklist for Authors. MDAR establishes a minimum set of requirements in

transparent reporting in the life sciences (see Statement of Task: 10.31222/osf.io/9sm4x). Please follow the journal's guidelines in preparing your
Please note that a copy of this checklist will be published alongside your article.

Abridged guidelines for 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.
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The EMBO Journal - Author Guidelines
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— ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.
— plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical
— if n<5, the individual data points from each experiment should be plotted. Any statistical test employed should be justified.

— Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data

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

—
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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;

- 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.

Please complete ALL of the questions below.
Select "Not Applicable™ only when the requested information is not relevant for your study.
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apply?
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Information included in
the manuscript?

In which section is the information available?
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number and or/clone number
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modification status.
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Laboratory animals or Model organisms: Provide species, strain, sex,
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Material and Methods

Animal observed in or captured from the field: Provide species, sex,
and age where possible.

Please detail housing and husbandry conditions.

Plants and microbes

Information included in
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In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant,
unique accession number if available, and source (including location for
collected wild specimens).

Microbes: provide species and strain, unique accession number if
available, and source.

Human research participants

Information included in
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In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex
and gender or ethnicity for all study participants.

Core facilities
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If your work benefited from core facilities, was their service mentioned in
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Ethics
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Information included in
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In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If study protocol has been pre-registered, provide DOI in the
manuscript. For clinical trials, provide the trial registration number OR cite
DOl.

Report the clinical trial registration number (at ClinicalTrials.gov or
equivalent), where applicable.

Laboratory protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step
protocols are available.

Experimental study design and statistics

Information included in
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In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Include a statement about sample size estimate even if no statistical
methods were used.

Yes

Material and Methods, Figure Legends

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

Include a statement about blinding even if no blinding was done.

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

If sample or data points were omitted from analysis, report if this was due
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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. Is there an estimate of variation within each
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statistically compared?
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the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
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Yes

Material and Methods, Figure Legends

In the figure legends: define whether data describe technical or biological
replicates.

Yes

Material and Methods, Figure Legends
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Studies involving human participants: Include a statement confirming that
informed consent was obtained from all subjects and that the experiments
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Studies involving human participants: For publication of patient photos,
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Studies involving experimental animals: State details of authority
granting ethics approval (IRB or equivalent committee(s), provide
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ethical regulations.

Yes
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Studies involving specimen and field samples: State if relevant permits
obtained, provide details of authority approving study; if none were
required, explain why.
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If you used a select agent, is the security level of the lab appropriate and
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If a study is subject to dual use research of concern regulations, is the
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regulatory approval provided in the manuscript?
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Appendix Figure S1
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Appendix Figure S1. Polysome profile analyses from the WT and SDPM yeast strains grown on
SD minimal medium suplemented with full set of amino acids.

The polysome-to-monosome (P/M) ratio was calculated for each profile by dividing the area of the first
four polysomal peaks by the area of the peak for the 80S monosome. P/M value is presented as means +
SD (n = 3). The sedimentation vector of the ribosomal fractions is indicated by a horizontal arrow, and
the optical density value at 254 nm is shown on the y-axis; the positions of individual ribosomal
subunits are indicated.



Appendix Figure S2
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Appendix Figure S2. PCR analysis of HAC1 mRNA splicing . The time course of HAC1 mRNA
splicing was analyzed by PCR. The analysis was performed in the presence of tunicamycin (Tun) at a
concentration of 2.5 pug/ml. 0' - control, without Tun, and the analysis was performer after 15, 30
minutes and 1, 2, 3 and 4 hours. ACT1 - reference, analysis of the mRNA level for actin. Brifly, the
cells were grown in YPD medium (1% yeast extract, 2% peptone, 2% dextrose) to an OD600 of 0.5 and
treated with Tun to the final concentration, 2,5 pug/ml for 15 min, 30 min, 1h, 2h, 3h, 4h and then
harvested by centrifugation at 3000 xg and subsequently flash-frozen in liquid nitrogen for storage.
Total RNA was extracted from the cells following hot phenol method. The RNA samples obtained were
subjected to DNase treatment with a TURBO DNA-free kit according to the manufacturer’s protocol
(Ambion). 200 ng of RNA were used as a template for cDNA synthesis reaction which was set up in the
volume of 20 ul using 200 U of SuperScript IV Reverse Transcriptase (Invitrogen). 10x Reverse
Transcripton Random Primers (Applied Biosystems) were used in the reaction. cDNA was used as a
template for PCR reaction and products were analyzed on 1% agarose gel. HAC1 was amplified using
the primers 5’-CACTCGTCGTCTGATACG-3’ and 5’-CATTCAATTCAAATGAATTCAAACCTG-3,
results in products 577 bp long for unspliced HAC1 mRNA and 325 bp long for spliced mRNA. ACT1
was amplified with primers 5-CTGGTATGTTCTAGCGCTTG-3’ and 5’-
GATACCTTGGTGTCTTGGTC-3’ results in products 431 bp long.



Appendix Figure. S3

Human - Homo sapiens
(uL10 - #P05388, P1 - #P05386, P2 - #P05387)

P1 - KWEAKKEESEESDDDMGFEFGLFD?2
P2 - K!KDEKKEESEESDDDMGFEFGLFD?2
uLl0 - A!KVEAKEESEESDEDMGFEFGLFD?2

Yeast - Saccharomyces cerevisiae
(uL10 - #P05317, P1A - #P05318, P1B - #P10622, P2A - #P05319, P2B - #P02400)

P1A - AEKEEEEAKEESDDDMGFGLFEFD??
P2B - EEEKEEEAKEESDDDMGFGLFEFD??
P1R - EEEKEEEAAEESDDDMGFGLFD??
P2A - EEEKEEEAAEESDDDMGFGLEFD??
uLl0 - AEEAAAEEEEESDDDMGFEGLFD?2

Archaea - Haloarcula marismortui
(uL10 - #P15825, P1 - #P15772)

P1 - G!GDDDDDEDDEASGEGLGELFG?22
uLl0 - A!EEADDDDDDDEDAGDALGAMEF?22

Appendix Figure S3. The C-terminal polypeptide used for the MD simulation. The UniProt
numbers for each P-stalk protein are given in parentheses. Phosphorylated serine residues are shown
in bold; superscript numbers indicate the position of each residue within the peptide.



Appendix Figure. S4

unphosphorylated phospho state

uL10

P1

P2

Figure S4. Molecular dynamics simulation of ribosomal P-stalk CTDs belonging to human
uL10, P1 and P2 proteins as unphosphorylated and phosphorylated peptides. Medoids of the 20
highest scoring structures obtained for each type of CTD are shown. Insets - the peptide was shown
with two phosphorylated serine residues (green) and lysine residues (light and dark blue); hydrogen
bonds - red.



Appendix Figure. S5
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Appendix Figure S5. MD simulation of the linear polypeptide chain. The graph shows the
occurrence of secondary structures versus time for the C-terminal peptides of human P proteins
(uL10, P1, P2) folding in unphosphorylated and phospho residues. Secondary structure presented
for individual peptide residues (vertical axis) vs. simulation time (horizontal axis) plot for
unphosphorylated and phosphorylated human P-protein C-termini peptide folding. The structures
were marked with individual color as marked in the legend. On the X - time of simulation, Y -
position of individual amino acid residues, with phosphoserine marked as J.
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Appendix Figure S6. Free energy landscapes mapping of possible states of P-proteins (ul10, P1, P2)
C-termini peptides folding in wild type (left side) and phospho state (right side) from H.sapiens; instet
— representative lowest energy structures sampled during MD simulation.
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Appendix Figure S7. MD simulation of ribosomal P-stalk CTDs belonging to yeast P-
stalk proteins. Representative structures of the most populated clusters from the MD
simulations of the C-termini of yeast P-proteins (uL10, P1A, P1B, P2A and P2B) - wild- 10
type (left side) and phospho-state (right side).
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Figure S8. MD simulation of the linear polypeptide chain. The graph shows the occurrence of
secondary structures versus time for the C-terminal peptides of the yeast P-proteins (uL10, P1A,
P1B, P2A, P2B) folding for the unphosphorylated and phospho states. The structures have been
coloured as indicated in the legend above. X - time of simulation, Y - position of individual amino
acid residues.
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Appendix Figure S9. Mapping of the free energy landscapes of the yeast P-
proteins (ul10, P1A, P1B, P2A, P2B) C-terminal peptides. Wild type (left) and
phospho state (right) from S. cerevisiae; inset - representative lowest-energy
structures sampled during MD simulation.
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uL10 P1

Appendix Figure S10. MD simulation of archaeal ribosomal P-stalk CTDs.
Representative structures of the most populated clusters from the MD simulations of the C-
termini of archaeal P proteins (uL10, P1). Rainbow colours represent the position of the
amino acid within the analysed C-terminal polypeptide chain: N-terminal (blue) to C-
terminal (red).
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Appendix Figure S11. MD simulation of linear polypeptide chains for Archea proteins. The
graph shows the occurrence of secondary structures versus time for the folding of the C-terminal
peptides of the archaeal P-proteins (uL10, P1). The structures have been marked with individual
colours as indicated in the legend above. X - time of simulation, Y - position of individual amino

acid residues.
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Appendix Figure S12. Free energy landscape mapping of the C-terminal
peptides of Archaea P-proteins (uL10, P1). Inset - representative lowest-energy
structures sampled during MD simulation.
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Appendix Figure S13. MD simulation of a-helix stability structures of the human P-proteins (uL 10,
P1, P2) C-termini peptides in dephospho and phospho state. The structures were marked with

individual colour as marked in the presented legend. On the X — time of simulation, Y — position of
individual amino acid residues.
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Appendix Figure S14. MD simulation of a-helix stability structures of P-proteins from yeast (uL10,
P1A, P1B, P2A, P2B) C-termini peptides in dephospho and phospho state; the structures were marked
with individual color as marked in the presented legend. On the X — time of simulation, Y — position of

individual amino acid residues.
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Appendix Figure S15. MD simulation of a-helix stability structures of P-proteins from Archaea (uL10,

P1) C-termini peptides; the structures were marked with individual color as marked in the legend
presented. On the X — time of simulation, Y — position of individual amino acid residues.
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Appendix Figure S16. MD simulations of lysine-to-alanine mutant forms of the P-stalk C-terminal
peptides. Left: the medoid structures of the most populated cluster for each MD simulation, identified
using k-medoids clustering with a 3 A cutoff, are shown. These medoid structures represent the central
conformations of the major conformational states sampled during the simulations, highlighting the
predominant structural motifs and variations within the mutant ensemble. Right: plots displaying the
secondary structure evolution of the P-stalk proteins over the MD simulation time course, following the
substitution of lysine residues with alanine. The plots show the structural stability and dynamics of the
mutant peptides. Above, the amino acid sequences of the mutant peptides with alanine (in red) are shown,
representing the substitution K to A.



Appendix Table. S1

Apendix Table S1. List of the proteins detected by mass spectrometry in WT (left) and SDPM (right) ribosomal samples. Proteins are sorted according to their numbering in the ribosomal nomenclature (60S and 40S). For each of the detected protein,
theoretical molecular weight and length of protein are indicated. The mass spectrometry results are presented with the identification probability, exclusive unique spectrum counts and percentage of sequence coverage.

Protein Protein EXCI,uSive Percentage
Biological sample name Protein name Altemate 1Ds molecular identification unique sequence LeAngth
weight (Da) probability spectrum coverage (residues)
count

WT Ribosomes (BY4741) |60S ribosomal protein L1-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=RPL1A PE=1 SV=1 RPL1A,RPL1B 24 486,3 100.00%| 25 55.30% 217
WT Ribosomes (BY4741) |60S ribosomal protein L2-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=RPL2A PE=1 SV=1 RPL2A,RPL2B 27 408,9 100.00%| 35 66.90% 254
WT Ribosomes (BY4741) |60S ribosomal protein L3 OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=RPL3 PE=1 SV=4 RPL3 43 757,9 100.00%| 55 65.60% 387
WT Ribosomes (BY4741) |60S ribosomal protein L4-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=RPL4A PE=1 SV=4 RPL4A 39092,0 100.00%| 38 65.20% 362
WT Ribosomes (BY4741) |60S ribosomal protein L5 OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=RPLS5 PE=1 SV=4 RPL5S 33716,1 100.00%| 23 50.50% 297
WT Ribosomes (BY4741) |60S ribosomal protein L6-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=RPL6A PE=1 SV=2 RPL6A 19 962,1 100.00%| 33 78.40% 176
WT Ribosomes (BY4741) |60S ribosomal protein L6-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=RPL6B PE=1 SV=4 RPL6B 19 986,9 100.00%| 11 77.30% 176
WT Ribosomes (BY4741) |60S ribosomal protein L7-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=RPL7B PE=1 SV=3 RPL7B 27 697,8 100.00%| 25 52.90% 244
WT Ribosomes (BY4741) |60S ribosomal protein L8-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=RPL8B PE=1 SV=3 RPL8B 28112,8 100.00%| 39 71.90% 256
WT Ribosomes (BY4741) |60S ribosomal protein L8-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=RPL8A PE=1 SV=4 RPL8A 28 125,5 100.00%| 6 67.60% 256
WT Ribosomes (BY4741) |60S ribosomal protein L9-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=RPL9A PE=1 SV=2 RPL9A 21568,8 100.00%| 20 55.00% 191
WT Ribosomes (BY4741) |60S ribosomal protein L10 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL10 PE=1 SV=1 RPL10 25362,1 100.00%| 35 72.90% 221
WT Ribosomes (BY4741) |60S ribosomal protein L11-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL11A PE=1 SV=2 RPL11A,RPL11B 19 750,0 100.00%| 13 39.70% 174
WT Ribosomes (BY4741) |60S ribosomal protein L12-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL12A PE=1 SV=1 RPL12A,RPL12B 17 823,2 100.00%) 17 77.00% 165
WT Ribosomes (BY4741) |60S ribosomal protein L13-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL13A PE=1 SV=1 RPL13A 22 554,5 100.00%| 29 61.30% 199
WT Ribosomes (BY4741) |60S ribosomal protein L14-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL14A PE=1 SV=1 RPL14A 15 167,2 100.00%) 24 66.70% 138
WT Ribosomes (BY4741) |60S ribosomal protein L14-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL14B PE=1 SV=1 RPL14B 15 153,2 100.00%) 2 65.90% 138
WT Ribosomes (BY4741) |60S ribosomal protein L15-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL15A PE=1 SV=3 RPL15A 24 422,6 100.00%) 18 52.50% 204
WT Ribosomes (BY4741) |60S ribosomal protein L16-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL16B PE=1 SV=3 RPL16B 22249,9 100.00% 17 56.10% 198
WT Ribosomes (BY4741) |60S ribosomal protein L16-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL16A PE=1 SV=3 RPL16A 22 201,6 100.00% 30 57.30% 199
WT Ribosomes (BY4741) |60S ribosomal protein L17-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL17B PE=1 SV=2 RPL17B 20 551,6 100.00% 27 65.20% 184
WT Ribosomes (BY4741) |60S ribosomal protein L18-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL18A PE=1 SV=1 RPL18A,RPL18B 20563,7 100.00% 15 48.40% 186
WT Ribosomes (BY4741) |60S ribosomal protein L19-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL19A PE=1 SV=1 RPL19A,RPL19B 21704,6 100.00% 30 52.40% 189
WT Ribosomes (BY4741) |60S ribosomal protein L20-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL20A PE=1 SV=1 RPL20A,RPL20B 20437,1 100.00% 29 73.80% 172
WT Ribosomes (BY4741) |60S ribosomal protein L21-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL21A PE=1 SV=1 RPL21A 18 242,0 100.00% 24 72.50% 160
WT Ribosomes (BY4741) |60S ribosomal protein L22-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL22A PE=1 SV=3 RPL22A 13 693,4 100.00% 5 54.50% 121
WT Ribosomes (BY4741) |60S ribosomal protein L23-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL23A PE=1 SV=1 RPL23A,RPL23B 14 473,1 100.00% 17 56.20% 137
WT Ribosomes (BY4741) |60S ribosomal protein L24-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL24A PE=1 SV=1 RPL24A 17 614,4 100.00% 17 42.60% 155
WT Ribosomes (BY4741) |60S ribosomal protein L25 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL25 PE=1 SV=4 RPL25 15 758,2 100.00% 20 67.60% 142
WT Ribosomes (BY4741) |60S ribosomal protein L26-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL26A PE=1 SV=3 RPL26A 14 234,3 100.00% 4 69.30% 127
WT Ribosomes (BY4741) |60S ribosomal protein L26-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL26B PE=1 SV=2 RPL26B 14 235,3 100.00% 33 69.30% 127
WT Ribosomes (BY4741) |60S ribosomal protein L27-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL27A PE=1 SV=1 RPL27A 15531,2 100.00% 30 70.60% 136
WT Ribosomes (BY4741) |60S ribosomal protein L28 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL28 PE=1 SV=3 RPL28 16 721,9 100.00% 12 38.30% 149
WT Ribosomes (BY4741) |60S ribosomal protein L30 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL30 PE=1 SV=3 RPL30 11 416,0 100.00% 25 78.10% 105
WT Ribosomes (BY4741) |60S ribosomal protein L31-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL31A PE=1 SV=1 RPL31A 12 953,2 100.00% 18 55.80% 113
WT Ribosomes (BY4741) |60S ribosomal protein L32 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL32 PE=1 SV=1 RPL32 14 771,8 100.00% 17 54.60% 130
WT Ribosomes (BY4741) |60S ribosomal protein L33-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL33A PE=1 SV=3 RPL33A 12 154,2 100.00% 13 57.00% 107
WT Ribosomes (BY4741) |60S ribosomal protein L33-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL33B PE=1 SV=2 RPL33B 12 168,2 100.00% 5 57.00% 107
WT Ribosomes (BY4741) [60S ribosomal protein L34-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL34B PE=1 SV=1 RPL34A,RPL34B 13 639,2 100.00%| 4 24.00% 121
WT Ribosomes (BY4741) [60S ribosomal protein L35-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL35A PE=1 SV=1 RPL35A,RPL35B 13 910,2 100.00%| 28 61.70% 120
WT Ribosomes (BY4741) |60S ribosomal protein L36-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL36B PE=1 SV=3 RPL36B 11 135,9 100.00% 11 50.00% 100
WT Ribosomes (BY4741) |60S ribosomal protein L36-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL36A PE=1 SV=3 RPL36A 11 124,9 100.00% 3 50.00% 100
WT Ribosomes (BY4741) |60S ribosomal protein L37-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL37A PE=1 SV=2 RPL37A 9 850,4 100.00% 10 47.70% 88
WT Ribosomes (BY4741) |60S ribosomal protein L37-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL37B PE=1 SV=2 RPL37B 9 868,3 100.00% 5 46.60% 88
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WT Ribosomes (BY4741) |60S ribosomal protein L38 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL38 PE=1 SV=1 RPL38 8827,2 100.00% 19 62.80% 78
WT Ribosomes (BY4741) |60S ribosomal protein L39 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL39 PE=1 SV=3 RPL39 6342,0 100.00% 4 21.60% 51
WT Ribosomes (BY4741) |Ubiquitin-60S ribosomal protein L40 OS=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c) GN=RPL40A PE=1 Sv=1 RPL40A,RPL40B 14 554,8 100.00%| 5 35.90% 128
WT Ribosomes (BY4741) |60S ribosomal protein L42-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL42A PE=1 SV=1 RPL42A,RPL4A2B 12 211,5 100.00%| 13 44.30% 106
WT Ribosomes (BY4741) |60S ribosomal protein L43-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL43A PE=1 SV=1 RPL43A,RPL43B 10 090,8 100.00%| 15 59.80% 92
WT Ribosomes (BY4741) |60S acidic ribosomal protein P1-alpha OS=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c) GN=RPP1A PE=1 SV=4 RPP1A 10 908,3 100.00%| 2 28.30% 106
WT Ribosomes (BY4741) |60S acidic ribosomal protein P2-beta OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPP2B PE=1 SV=2 RPP2B 11 050,3 100.00%) 16 83.60% 110
WT Ribosomes (BY4741) |60S acidic ribosomal protein P2-alpha OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPP2A PE=1 SV=1 RPP2A 10 746,2 100.00%) 10 56.60% 106
WT Ribosomes (BY4741) |60S acidic ribosomal protein P1-beta OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPP1B PE=1 SV=3 RPP1B 10 668,1 100.00% 2 64.20% 106
WT Ribosomes (BY4741) |60S acidic ribosomal protein PO OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPPO PE=1 SV=2 RPPO 33717,4 100.00% 11 34.00% 312
WT Ribosomes (BY4741) |40S ribosomal protein SO-A OS=Saccharomyces cerevisiae (strain YIM789) GN=RPSOA PE=3 SV=1 RPSOA 28 024,2 100.00%| 19 61.10% 252
WT Ribosomes (BY4741) |40S ribosomal protein S1-B OS=Saccharomyces cerevisiae (strain YIM789) GN=RPS1B PE=3 SV=1 RPS1B 28 812,9 100.00% 37 69.80% 255
WT Ribosomes (BY4741) |40S ribosomal protein S1-A OS=Saccharomyces cerevisiae (strain YIM789) GN=RPS1A PE=3 SV=1 RPS1A 28 743,8 100.00% 3 60.80% 255
WT Ribosomes (BY4741) |40S ribosomal protein S2 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS2 PE=1 SV=3 RPS2 27 450,2 100.00% 26 57.90% 254
WT Ribosomes (BY4741) |[40S ribosomal protein S3 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS3 PE=1 SV=5 RPS3 26 503,0 100.00% 41 70.40% 240
WT Ribosomes (BY4741) |40S ribosomal protein S4-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS4A PE=1 SV=1 RPS4A,RPS4B 29 411,2 100.00% 40 60.90% 261
WT Ribosomes (BY4741) |40S ribosomal protein S5 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS5 PE=1 SV=3 RPS5 25 038,5 100.00% 31 44.00% 225
WT Ribosomes (BY4741) [40S ribosomal protein S6-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS6A PE=1 SV=1 RPS6A,RPS6B 26 997,2 100.00%| 36 61.00% 236
WT Ribosomes (BY4741) |40S ribosomal protein S7-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS7B PE=1 SV=1 RPS7B 21634,7 100.00% 38 75.30% 190
WT Ribosomes (BY4741) |40S ribosomal protein S7-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS7A PE=1 SV=4 RPS7A 21622,7 100.00% 18 83.20% 190
WT Ribosomes (BY4741) |40S ribosomal protein S8-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS8A PE=1 SV=1 RPS8A,RPS8B 22 490,4 100.00% 21 50.00% 200
WT Ribosomes (BY4741) |40S ribosomal protein $9-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS9B PE=1 SV=4 RPS9B 22299,7 100.00% 27 54.90% 195
WT Ribosomes (BY4741) |40S ribosomal protein S10-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS10B PE=1 SV=1 RPS10B 12 738,7 100.00% 18 62.90% 105
WT Ribosomes (BY4741) |40S ribosomal protein S11-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS11A PE=1 SV=1 RPS11A,RPS11B 17 748,8 100.00%| 25 69.20% 156
WT Ribosomes (BY4741) |[40S ribosomal protein S12 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS12 PE=1 SV=1 RPS12 15 470,9 100.00%| 13 46.90% 143
WT Ribosomes (BY4741) |40S ribosomal protein S13 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS13 PE=1 SV=3 RPS13 17 029,8 100.00% 12 56.30% 151
WT Ribosomes (BY4741) |40S ribosomal protein S14-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS14B PE=1 SV=2 RPS14B 14 649,8 100.00%| 29 76.80% 138
WT Ribosomes (BY4741) |[40S ribosomal protein S15 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS15 PE=1 SV=1 RPS15 16 002,2 100.00%| 17 45.10% 142
WT Ribosomes (BY4741) |40S ribosomal protein S16-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS16A PE=1 SV=1 RPS16A,RPS16B 15 847,9 100.00%| 23 75.50% 143
WT Ribosomes (BY4741) |40S ribosomal protein S17-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS17A PE=1 SV=1 RPS17A,RPS17B 15 788,9 100.00%| 34 75.00% 136
WT Ribosomes (BY4741) |40S ribosomal protein S18-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS18A PE=1 SV=1 RPS18A,RPS18B 17 037,9 100.00%| 28 71.90% 146
WT Ribosomes (BY4741) |40S ribosomal protein S19-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS19B PE=1 SV=2 RPS19B 15 891,3 100.00%| 17 59.00% 144
WT Ribosomes (BY4741) |[40S ribosomal protein S20 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS20 PE=1 SV=3 RPS20 13 906,8 100.00%| 18 71.90% 121
WT Ribosomes (BY4741) |40S ribosomal protein S21-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS21B PE=1 SV=1 RPS21B 9 760,0 100.00%| 8 75.90% 87
WT Ribosomes (BY4741) |40S ribosomal protein $22-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS22A PE=1 SV=2 RPS22A,RPS22B 14 626,5 100.00%| 18 78.50% 130
WT Ribosomes (BY4741) |40S ribosomal protein $23-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS23A PE=1 SV=1 RPS23,RPS23A,RPS]16 038,3 100.00% 16 51.70% 145
WT Ribosomes (BY4741) |40S ribosomal protein $24-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS24A PE=1 SV=1 RPS24A,RPS24B 15329,0 100.00% 26 62.20% 135
WT Ribosomes (BY4741) |40S ribosomal protein $25-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS25B PE=1 SV=1 RPS25A,RPS25B 12 009,9 100.00% 18 58.30% 108
WT Ribosomes (BY4741) |40S ribosomal protein S26-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS26A PE=1 SV=1 RPS26A 13 505,0 100.00% 7 33.60% 119
WT Ribosomes (BY4741) |40S ribosomal protein S27-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS27A PE=1 SV=1 RPS27A,RPS27B 8879,3 100.00% 8 43.90% 82
WT Ribosomes (BY4741) |40S ribosomal protein S28-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS28A PE=1 SV=1 RPS28A 7591,7 100.00% 14 67.20% 67
WT Ribosomes (BY4741) |40S ribosomal protein S29-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS29B PE=1 SV=3 RPS29B 6727,6 100.00% 7 69.60% 56
WT Ribosomes (BY4741) |40S ribosomal protein S29-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS29A PE=1 SV=3 RPS29A 6 660,7 100.00% 9 69.60% 56
WT Ribosomes (BY4741) |40S ribosomal protein S30-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS30A PE=1 SV=1 RPS30A,RPS30B 7 118,5 100.00% 8 33.30% 63
WT Ribosomes (BY4741) |Ubiquitin-40S ribosomal protein S31 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS31 PE=1 SV=3 RPS31 17 216,6 100.00% 18 59.20% 152
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WT Ribosomes (BY4741) |Guanine nucleotide-binding protein subunit beta-like protein OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288¢) GN:IASCI

67,40%|

319‘
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34 805,9 100.00%|
SDPM Ribosomes 60S ribosomal protein L1-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL1A PE=1 SV=1 RPL1A,RPL1B 24 486,3 100.00% 18 53.90% 217
SDPM Ribosomes 60S ribosomal protein L2-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL2A PE=1 SV=1 RPL2A,RPL2B 27 408,9 100.00% 28 55.10% 254
SDPM Ribosomes 60S ribosomal protein L3 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL3 PE=1 SV=4 RPL3 43 757,9 100.00% 38 58.10% 387
SDPM Ribosomes 60S ribosomal protein L4-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL4A PE=1 SV=4 RPL4A 39 092,0 100.00% 20 50.60% 362
SDPM Ribosomes 60S ribosomal protein L5 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL5 PE=1 SV=4 RPL5S 33716,1 100.00% 19 60.30% 297
SDPM Ribosomes 60S ribosomal protein L6-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL6A PE=1 SV=2 RPL6A 19 962,1 100.00% 7 72.70% 176
SDPM Ribosomes 60S ribosomal protein L6-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL6B PE=1 SV=4 RPL6B 19 986,9 100.00% 18 72.70% 176
SDPM Ribosomes 60S ribosomal protein L7-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL7A PE=1 SV=3 RPL7A 27 639,6 100.00% 22 60.70% 244
SDPM Ribosomes 60S ribosomal protein L8-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL8B PE=1 SV=3 RPL8B 28 112,8 100.00% 29 71.90% 256
SDPM Ribosomes 60S ribosomal protein L8-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL8A PE=1 SV=4 RPL8A 28 125,5 100.00% 7 71.90% 256
SDPM Ribosomes 60S ribosomal protein L9-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL9A PE=1 SV=2 RPL9A 21568,8 100.00% 18 63.90% 191
SDPM Ribosomes 60S ribosomal protein L10 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL10 PE=1 SV=1 RPL10O 25362,1 100.00% 25 63.80% 221
SDPM Ribosomes 60S ribosomal protein L11-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL11B PE=1 SV=3 RPL11B 19 750,0 100.00% 8 51.70% 174
SDPM Ribosomes 60S ribosomal protein L12-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c¢) GN=RPL12A PE=1 SV=1 RPL12A,RPL12B 17 823,2 100.00% 17 71.50% 165
SDPM Ribosomes 60S ribosomal protein L13-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL13B PE=1 SV=1 RPL13B 22525,5 100.00% 12 53.30% 199
SDPM Ribosomes 60S ribosomal protein L14-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL14A PE=1 SV=1 RPL14A 15 167,2 100.00% 9 47.10% 138
SDPM Ribosomes 60S ribosomal protein L14-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL14B PE=1 SV=1 RPL14B 15 153,2 90.00% 1 41.30% 138
SDPM Ribosomes 60S ribosomal protein L15-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c¢) GN=RPL15A PE=1 SV=3 RPL15A 24 422,6 100.00% 7 31.40% 204
SDPM Ribosomes 60S ribosomal protein L16-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL16B PE=1 SV=3 RPL16B 222499 100.00% 9 50.50% 198
SDPM Ribosomes 60S ribosomal protein L16-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL16A PE=1 SV=3 RPL16A 22 201,6 100.00% 13 46.70% 199
SDPM Ribosomes 60S ribosomal protein L17-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL17A PE=1 SV=4 RPL17A 20 549,6 100.00% 18 52.20% 184
SDPM Ribosomes 60S ribosomal protein L18-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL18A PE=1 SV=1 RPL18A,RPL18B 20563,7 100.00% 11 38.70% 186
SDPM Ribosomes 60S ribosomal protein L19-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL19A PE=1 SV=1 RPL19A,RPL19B 21704,6 100.00% 20 41.80% 189
SDPM Ribosomes 60S ribosomal protein L20-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL20A PE=1 SV=1 RPL20A,RPL20B 20437,1 100.00%| 10 43.00% 172
SDPM Ribosomes 60S ribosomal protein L21-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL21A PE=1 SV=1 RPL21A 18 242,0 100.00%| 7 24.40% 160
SDPM Ribosomes 60S ribosomal protein L22-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL22A PE=1 SV=3 RPL22A 13 693,4 100.00% 4 58.70% 121
SDPM Ribosomes 60S ribosomal protein L23-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL23A PE=1 SV=1 RPL23A,RPL23B 14 473,1 100.00%| 12 43.10% 137
SDPM Ribosomes 60S ribosomal protein L24-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL24B PE=1 SV=1 RPL24B 17 548,1 100.00% 10 29.70% 155
SDPM Ribosomes 60S ribosomal protein L25 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL25 PE=1 SV=4 RPL25 15 758,2 100.00% 9 47.20% 142
SDPM Ribosomes 60S ribosomal protein L26-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c¢) GN=RPL26B PE=1 SV=2 RPL26B 14 235,3 100.00% 13 55.10% 127
SDPM Ribosomes 60S ribosomal protein L26-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL26A PE=1 SV=3 RPL26A 14 234,3 100.00% 2 55.10% 127
SDPM Ribosomes 60S ribosomal protein L27-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL27A PE=1 SV=1 RPL27A 15 531,2 100.00% 24 59.60% 136
SDPM Ribosomes 60S ribosomal protein L28 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL28 PE=1 SV=3 RPL28 16 721,9 100.00% 4 35.60% 149
SDPM Ribosomes 60S ribosomal protein L30 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL30 PE=1 SV=3 RPL30 11 416,0 100.00%| 15 60.00% 105
SDPM Ribosomes 60S ribosomal protein L31-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL31A PE=1 SV=1 RPL31A 12 953,2 100.00% 9 55.80% 113
SDPM Ribosomes 60S ribosomal protein L32 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL32 PE=1 SV=1 RPL32 14 771,8 100.00% 13 31.50% 130
SDPM Ribosomes 60S ribosomal protein L33-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL33A PE=1 SV=3 RPL33A 12 154,2 100.00% 2 25.20% 107
SDPM Ribosomes 60S ribosomal protein L33-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL33B PE=1 SV=2 RPL33B 12 168,2 100.00% 1 25.20% 107
SDPM Ribosomes 60S ribosomal protein L34-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL34A PE=1 SV=1 RPL34A,RPL34B 13 639,2 100.00% 3 20.70% 121
SDPM Ribosomes 60S ribosomal protein L35-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL35A PE=1 SV=1 RPL35A,RPL35B 13 910,2 100.00% 10 45.00% 120
SDPM Ribosomes 60S ribosomal protein L36-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL36B PE=1 SV=3 RPL36B 11 135,9 100.00% 1 23.00% 100
SDPM Ribosomes 60S ribosomal protein L36-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL36A PE=1 SV=3 RPL36A 11 124,9 100.00% 3 14.00% 100
SDPM Ribosomes 60S ribosomal protein L37-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL37A PE=1 SV=2 RPL37A 9 850,4 100.00% 5 38.60% 88
SDPM Ribosomes 60S ribosomal protein L37-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL37B PE=1 SV=2 RPL37B 9 868,3 48.00%) 0 11.40% 88
SDPM Ribosomes 60S ribosomal protein L38 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL38 PE=1 SV=1 RPL38 8 827,2 100.00% 8 62.80% 78



SDPM Ribosomes 60S ribosomal protein L39 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL39 PE=1 SV=3 RPL39 6342,0 100.00% 4 21.60% 51
SDPM Ribosomes Ubiquitin-60S ribosomal protein L40 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPL40A PE=1 SV=1 RPL40A,RPL40B 14 554,8 99.50% 1 15.60% 128
SDPM Ribosomes 60S ribosomal protein L42-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c¢) GN=RPL42A PE=1 SV=1 RPL42A,RPL42B 12 211,5 100.00% 6 42.50% 106
SDPM Ribosomes 60S ribosomal protein L43-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c¢) GN=RPL43A PE=1 SV=1 RPL43A,RPL43B 10 090,8 100.00% 7 54.30% 92
SDPM Ribosomes 60S acidic ribosomal protein P1-alpha OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPP1A PE=1 SV=4 RPP1A 10 908,3 100.00% 3 91.50% 106
SDPM Ribosomes 60S acidic ribosomal protein P2-beta OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPP2B PE=1 SV=2 RPP2B 11 050,3 100.00% 8 90.00% 110
SDPM Ribosomes 60S acidic ribosomal protein P2-alpha OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPP2A PE=1 SV=1 RPP2A 10 746,2 100.00%| 8 88.70% 106
SDPM Ribosomes 60S acidic ribosomal protein P1-beta OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=RPP1B PE=1 SV=3 RPP1B 10 668,1 100.00%| 7 67.00% 106
SDPM Ribosomes 60S acidic ribosomal protein PO OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPP0 PE=1 SV=2 RPPO 33717,4 100.00%| 10 46.80% 312
SDPM Ribosomes 40S ribosomal protein S0-B OS=Saccharomyces cerevisiae (strain RM11-1a) GN=RPSOB PE=3 SV=1 RPSOB 27 962,3 100.00%| 18 79.00% 252
SDPM Ribosomes 40S ribosomal protein S1-B OS=Saccharomyces cerevisiae (strain RM11-1a) GN=RPS1B PE=3 SV=1 RPS1B 288129 100.00%| 27 65.50% 255
SDPM Ribosomes 40S ribosomal protein S1-A OS=Saccharomyces cerevisiae (strain RM11-1a) GN=RPS1A PE=3 SV=1 RPS1A 28 743,8 100.00%| 3 62.00% 255
SDPM Ribosomes 40S ribosomal protein S2 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS2 PE=1 SV=3 RPS2 27 450,2 100.00%| 21 68.90% 254
SDPM Ribosomes 40S ribosomal protein S3 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS3 PE=1 SV=5 RPS3 26 503,0 100.00% 21 60.80% 240
SDPM Ribosomes 40S ribosomal protein S4-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS4A PE=1 SV=1 RPS4A,RPS4B 29 411,2 100.00% 34 65.50% 261
SDPM Ribosomes 40S ribosomal protein S5 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS5 PE=1 SV=3 RPS5 25 038,5 100.00%| 33 78.70% 225
SDPM Ribosomes 40S ribosomal protein S6-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS6A PE=1 SV=1 RPS6A,RPS6B 26 997,2 100.00%| 28 63.10% 236
SDPM Ribosomes 40S ribosomal protein S7-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS7B PE=1 SV=1 RPS7B 21 634,7 100.00%| 21 63.70% 190
SDPM Ribosomes 40S ribosomal protein S7-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS7A PE=1 SV=4 RPS7A 21622,7 100.00%| 10 63.70% 190
SDPM Ribosomes 40S ribosomal protein S8-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS8A PE=1 SV=1 RPS8A,RPS8B 22 490,4 100.00% 14 55.50% 200
SDPM Ribosomes 40S ribosomal protein S9-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS9B PE=1 SV=4 RPS9B 22299,7 100.00% 17 50.80% 195
SDPM Ribosomes 40S ribosomal protein S10-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS10B PE=1 SV=1 RPS10B 12 738,7 100.00% 11 62.90% 105
SDPM Ribosomes 40S ribosomal protein S11-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS11A PE=1 SV=1 RPS11A,RPS11B 17 748,8 100.00% 17 56.40% 156
SDPM Ribosomes 40S ribosomal protein S12 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS12 PE=1 SV=1 RPS12 15 470,9 100.00% 10 65.00% 143
SDPM Ribosomes 40S ribosomal protein S13 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS13 PE=1 SV=3 RPS13 17 029,8 100.00% 10 50.30% 151
SDPM Ribosomes 40S ribosomal protein S14-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS14B PE=1 SV=2 RPS14B 14 649,8 100.00%| 14 63.80% 138
SDPM Ribosomes 40S ribosomal protein S15 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS15 PE=1 SV=1 RPS15 16 002,2 100.00% 12 57.70% 142
SDPM Ribosomes 40S ribosomal protein S16-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS16A PE=1 SV=1 RPS16A,RPS16B 15 847,9 100.00% 14 62.90% 143
SDPM Ribosomes 40S ribosomal protein S17-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS17A PE=1 SV=1 RPS17A,RPS17B 15 788,9 100.00% 14 50.70% 136
SDPM Ribosomes 40S ribosomal protein S18-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS18A PE=1 SV=1 RPS18A,RPS18B 17 037,9 100.00% 21 69.20% 146
SDPM Ribosomes 40S ribosomal protein S19-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288¢) GN=RPS19A PE=1 SV=2 RPS19A 15917,4 100.00% 15 83.30% 144
SDPM Ribosomes 40S ribosomal protein S20 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS20 PE=1 SV=3 RPS20 13 906,8 100.00% 9 54.50% 121
SDPM Ribosomes 40S ribosomal protein S21-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS21B PE=1 SV=1 RPS21B 9 760,0 100.00% 6 72.40% 87
SDPM Ribosomes 40S ribosomal protein S22-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c¢) GN=RPS22A PE=1 SV=2 RPS22A,RPS22B 14 626,5 100.00% 19 82.30% 130
SDPM Ribosomes 40S ribosomal protein S23-A OS=Naumovozyma castellii (strain ATCC 76901 / CBS 4309 / NBRC 1992 / NRRL Y-12630) GN5RPS23,RPS23A,RPS316 038,3 100.00% 13 39.30% 145
SDPM Ribosomes 40S ribosomal protein S24-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS24A PE=1 SV=1 RPS24A,RPS24B 15 329,0 100.00% 12 44.40% 135
SDPM Ribosomes 40S ribosomal protein S25-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS25A PE=1 SV=1 RPS25A,RPS25B 12 009,9 100.00% 13 57.40% 108
SDPM Ribosomes 40S ribosomal protein S26-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS26A PE=1 SV=1 RPS26A,RPS26B 13 505,0 100.00%| 5 33.60% 119
SDPM Ribosomes 40S ribosomal protein S27-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS27B PE=1 SV=1 RPS27B 8 865,2 100.00%| 4 62.20% 82
SDPM Ribosomes 40S ribosomal protein S28-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS28A PE=1 SV=1 RPS28A,RPS28B 7591,7 100.00%| 8 53.70% 67
SDPM Ribosomes 40S ribosomal protein S29-B OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS29B PE=1 SV=3 RPS29B 6727,6 100.00%| 3 69.60% 56
SDPM Ribosomes 40S ribosomal protein S29-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS29A PE=1 SV=3 RPS29A 6 660,7 100.00%| 3 51.80% 56
SDPM Ribosomes 40S ribosomal protein S30-A OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS30A PE=1 SV=1 RPS30A,RPS30B 7 118,5 100.00% 3 36.50% 63
SDPM Ribosomes Ubiquitin-40S ribosomal protein S31 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=RPS31 PE=1 SV=3 RPS31 17 216,6 100.00%| 11 38.20% 152
SDPM Ribosomes Guanine nucleotide-binding protein subunit beta-like protein OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN={ASC1 34 805,9 100.00%)| 30 79.00% 319

Mass spectrometry analysis was performed on purified ribosomal samples (20 pmole of WT and SDPM ribosomes). Samples were subjected to trypsin digestion and peptides were further identified by tandem mass spectrometry (MS/MS). Peptide and

protein identifications were performed using the MASCOT search engine against a uniprot-yeast database. Database searches were performed using trypsin cleavage specificity with two possible missed cleavages. Carbamidomethylation of cysteines was
set as fixed modification and oxidation of methionines as variable modifications. Peptide and fragment tolerances were set at 10 ppm and 0.6 Da respectively. Only ions with a score higher than the identity threshold and a false-positive discovery rate

(FDR) of less than 1% (Mascot decoy option) were considered.
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