
Reviewers' comments:  

 

Reviewer #1 (Remarks to the Author):  

 

# General comments  

The authors examine the conservation of several thousands of phosphorylation sites across 40 

eukaryotic species. Evolutionarily conserved sites are known to be functionally important and with a 

systematic structural analysis, the authors show this specifically in the context of phosphorylation 

sites. The authors find that the conserved phosphorylation sites called 'hotspots' are 

disproportionately located on the interaction surfaces of proteins and near catalytic centers. 

Collectively, the findings underscore the earlier known aspect of protein function but overall does 

not provide significant advance beyond this aspect. The scope of the dataset and the scale of the 

analyses are impressive and provide a significant resource. Unfortunately, the major findings only 

confirm previous observations made on a smaller set.  

# Major comments  

1. Extent of novelty  

 

At the core of the study, the authors argue that the phosphosites that are located at the conserved 

regions (“hotspots”) tend to be functionally important (Page 1 Line 28). This argument appears to be 

a special case of the general notion that conserved sites and domains tend to be functionally 

important. The idea of using conservation scores as a predictor of the functionally important sites, in 

general, is already explored in previous studies [1-3]. Although the study provides systematic 

analysis of phosphorylation sites and the data is the most extensive to date, it is difficult to see 

significant advance of the current study over previous ones.  

 

2. Methodology and data  

 

On page 14 line 33-34, the authors posit that their data would be a resource for future studies. This 

is certainly the case. However, the code itself may also be helpful for future studies. It would allow 

the readers to test it on their data, update it to accommodate to new data and possibly adapt 

author’s method in different contexts. Because the methodology is at the core of the extent of 

novelty in the study, I would highly recommend deposition of the code along with the manuscript.  

 

The initial compilation of the phosphosites is central to the conclusion drawn from the author’s 

analysis and given the possibilities of sampling biases in such studies, it would be useful to see the 



actual compilation of phosphosites along with the manuscript. Figure 1 shows the species from 

where the phosphosites were compiled and the proportion of them found within Pfam domains. 

However, the text (Page 15, Line 25) indicates that they are the list of phosphosites compiled.  

# Minor comments  

 

The use of commas/semicolons would improve readability of following statements.  

1. Page 3 Line 8  

2. Page 5 Line 2-5  

3. Page 15 Line 39-41  
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Reviewer #2 (Remarks to the Author):  

 

Reviewer’s comments, manuscript Nat Communications, Strumillo et al  

 

In this manuscript, Strumillo et all combine phosphosites from 40 eukaryotic species to identify 

conserved functional phosphorylation “hotspot” regions within domain families and further mapping 

these regions onto structural data. The authors observed that hotspot regions were often located at 

interfaces or near catalytic residues. To support their analysis with an experimentally validated 

example, the analyzed the functional importance of two phospho-sites found within a C-terminal 

hotspot in the yeast ribosomal protein RpS14/uS11.  

 



While the paper is very interesting, well described and detailed, the functional analysis of the 

Rps14A hotspot – which is really a proof-of-principle experiment in which the accuracy of their 

predictions is validated – is not convincing as to the assays used and conclusions drawn from them. 

For publication in Nature Communications, additional experiments are necessary to show that the 

two phospho-sites really affect the particular step in ribosome biogenesis that the authors claim. For 

explanations, see my comments below.  

 

Major points:  

 

On page 12, the authors describe the analysis of two phospho-site mutations in yeast RpS14A, S123A 

and T119A, which are both located within a determined hotspot, to determine a potential 

importance for either site in translating ribosomes and/or ribosome biogenesis.  

Both mutants show a sensitivity to cycloheximide, however, the authors only assay one mutant 

further with regards to ribosome biogenesis. There are a number of issues with the used assays that 

do not allow them to fully support their conclusions.  

1) The uS5-GFP reporter assay mostly points towards ribosome export defects, not ribosome 

assembly/processing ones (although sometimes they can be the cause for non-exported ribosomes). 

Ribosome maturation has many parallel pathways and effects on biogenesis cannot simply be 

discerned by such an assay. I suggest the authors carry out a Northern blot analysis of the pre-

ribosomal RNA to see if the two mutations in RpS14 cause an effect on ribosome biogenesis (the 

precursors not just the mature rRNAs, which is very stable). Moreover, DAPI or a nucleolar marker 

should have been used since it is very hard to make out what is nucleus and what vacuole in the 

images presented in Sup Fig2.  

2) I am also a bit wary about the ‘cold-sensitive’ designation used here. Cold-sensitivity in yeast 

is usually assayed at 16C, not 20C. 20-25C is a very common temperature for S.cerevisiae (outside 

the lab). Did the authors test lower temperatures? Higher ones (i.e.37C)? The cells in the uS5 assay 

do not look at that different at 20C from WT in SupFig2.(especially given the lack of DAPI staining) – 

why do the authors conclude it the T119A mutant exhibits a cold sensitivity? Only based on the 

growth curve? Was the doubling time significantly different between the two mutants?  

3) Especially since the authors then point out that cytoplasmic 20S processing may be affected 

(late rather than early 40S maturation), a Northern blot analysis is definitely required. The FISH 

experiment is not sufficient to state clearly that this is what happens as the diffused cytoplasmic ITS1 

signal in the mutant at 20C suggests that unprocessed 20S pre-rRNA may be incorporated into 

mature 40S subunits. This may also explain the growth defect under cycloheximide that the authors 

observe.  

4) Even though the growth curve was not as striking than T119A, the CHX effect was also 

observed with S123A (even more than with T119A) – why was this mutant not tested for biogenesis 

defects?  



5) The authors state that “Interestingly, RPS14A has a paralog - RPS14B that was not deleted or 

mutated for these studies, meaning that rps14a T119A mutant might act in a dominant negative 

manner.” Was the P-site hotspot also found in the paralog?  

6) The authors state: “This tail region was shown to make contacts with the ATPase domain of 

Fap7 (Figure 6E) and the C-terminal region of uS11 was demonstrated to activate the ATPase Fap7, a 

critical step to release and deposit uS11 and its interacting partner eS26 into its rRNA binding site 

(Peña et al, 2016). It seems likely that the phospho-mutant rps14a T119A may not be able to activate 

Fap7”. How would that affect processing of the 20S at site D by Nob1 then? And translation? This 

should be discussed. It is also notable that while the authors mention their proof-of-principle 

experiment on RpS14 in their abstract it is not mentioned in their Discussion section.  

 

Minor Points:  

 

- Page 12: The following sentence needs to be rephrased for clarity: “Based on the initial 

growth defect we tested but saw no phenotype in the early steps of ribosome assembly using a uS5-

GFP reporter assay (Supplementary Figure 2).”  

- The authors should briefly explain what 6-azauracil (6AU) and cycloheximide (CHX) do, for 

the more general reader.  

 

 

 

 

Reviewer #3 (Remarks to the Author):  

 

The study is interesting. However it needs to be expanded:  

 

1. The authors should show another array of 'control experiments' which specifically deals with 

study/literature bias:  

 

a. Sites biologists have chosen to study functionally tend to be most conserved.  

b. Sites we can study functionally tend to depend on antibodies which in turn tend to be raised 

against conserved sites or 'accessible sites'  



c. Studies and study techniques tend to focus on most abundant proteins. This means there is a bias 

towards sites in more abundant proteins.  

etc.  

 

These biases are STUDY BIASES not BIOLOGICAL/EVOLUTIONARY BIASES. Thus the authors must 

include analysis of how this affect their results.  

 

In particular it is important to analyse how this affect conclusions for sites that are less conserved, 

which may very well still have function.  

 

Also the authors should consider that some sites may have functions most relevant for certain 

'realms' of evolution, this is well known for tyrosine in metazoans; but there could be other areas.  

 

2. We know that biological systems require operational freedom and the ability to 'evolve' can 

depend on having 'options' thus just because there is no function known or visible a site can be 

important for an evolutionary trajectory or enable another site to obtain a function.  

 

All these considerations should be discussed and considered. Some of this can be done by using 

number of PUBMED ID's as a normalisation factor or other literature bias measurements to 

normalize/compare etc. 



















REVIEWERS' COMMENTS:  

 

Reviewer #1 (Remarks to the Author):  

 

The authors have made the required changes.  

 

 

Reviewer #2 (Remarks to the Author):  

 

Reviewer’s comments, revised manuscript Nat Communications, Strumillo et al  

 

In their revised manuscript, Strumillo et al. have addressed all my concerns and I recommend the 

manuscript for publication in Nature Communications.  

 

I would ask the authors to correct the minor point below since the text as written now is confusing 

(i.e., cytoplasmic 20S processing is unusual and a phenotype of the mutant).  

 

Minor Point:  

 

Abstract: the in red added text should read “impaired growth and defective cytoplasmic 20S…”  

 

 

 

Reviewer #3 (Remarks to the Author):  

 

The authors have answered my questions/concerns. 
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