
REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

The manuscript by Zhang et al illuminates the mechanism by which the “upstream” components of the 

GET pathway link ribosomal translation to proper ER targeting. Although the GET pathway has been 

known for over a decade now and despite multiple structural insights into its function this specific step 

in the chain has not been elucidated and as such, is an important missing link, now nicely added. The 

paper is deep and mechanistic, with enormous amounts of well-executed experiments, and well 

written. The discussion is also extensive and interesting. Most importantly it reconciles confusing and 

often contradicting data on the exact order by which events happen by demonstrating that Sgt2 is 

recruited to ribosomes translating TA proteins by direct binding of GET4/5 to the ribosome. As such, it 

provides a clear consolidated stream of events. This paper is an important addition to the literature on 

this pathway and I strongly support its publication. I have to say its one of the papers I have most 

enjoyed reading lately and I have very few suggestions or comments. Below are just a few small ones 

to make the paper more easily readable to the general cell biology community: 

1. Figure 1a – it was not super clear to me that indeed there is a reduction in the presence of Get4 in 

the ribosome fraction when Get5 was absent. I think this panel would really benefit from quantitation 

(of a triplicate experiment?) 

2. General comment – the text in the figures is really tiny and hard to read. Might be good to increase 

text size when possible 

3. Figure 4a – you may want to add which protein it is and an explanation to the numbers above the 

schematic 

4. Figure 6a – again a quantitation would be good to ascertain that the lack of Sgt2 in the ribosomal 

fraction of WT cells is not just a loading issue since it also seems like there is slightly more Sgt2 in the 

OE Get4/5 cells. 

5. Figure 6 b/c – do you also have analysis of Sgt2 binding in this method in a “WT” control that can 

be added? 

6. Figure 7 title – maybe add that it’s a model? 

Reviewer #2 (Remarks to the Author): 

In this very interesting manuscript, the authors characterize the involvement of the cytosolic duplex 

Get4/5 from the GET pathway in yeast, in the posttranslational delivery of tail anchored proteins. 

Using a variety of method including mass spectrometry and CRAC, they show that the duplex interacts 

closely with 80S ribosomes and binds directly via Get5. They also demonstrate that the Get4/Get5 

duplex is required for Sgt2 recruitment. 

However a few points would need to be addressed before publication : 

The authors used a ribosome binding assay to show that Get5 is binding Rpl35 and Rpl26. It is stated 

that other antibodies and it would be useful to see the results in the figure to compare proteins stated 

as non-interactors with Rpl35 and Rpl26. 

Then, RNA interactome of Get4 has been assessed by CRAC. Authors stated (l216, p5) that CRAC was 

not feasible on Get5. It would be better to write that Get5 did not express well with c-terminal HTP 

tag. Has other tag been tried? Did the author attempt to tag Get5 in N-terminal with an HTP tag since 

it apparently worked with 6 his tag for the MS experiment? Is 6His-Get5 sick? 

A few more details would need to be stated in the manuscript : What is the percentage of reads 

binding to rRNA? A pie-chart (or similar) would be good to see clearly the distribution of reads among 

RNA classes for Get4 and Get5 to have a better idea of the proportion of total reads binding h46/h47. 



Could Get3 (and Sgt2 if enough reads were sequenced) been shown on the rRNA alignment to show 

specificity of the peak. 

A wider image of the radioactive blot would be better, along with the gel showing the cDNA library 

generated by PCR if possible. How many PCR cycles have been used? 

Reviewer #3 (Remarks to the Author): 

The earliest steps in the GET pathway – from the final stages of substrate synthesis to the moment of 

TMD capture by Sgt2 – remain poorly understood. The authors provide evidence for the hypothesis 

that Get5 docks with the ribosome exit tunnel to enable a novel pathway mechanism for facilitating 

TMD “transfer” from the ribosome to Sgt2. This hypothesis is appealing as a concept for how TMD 

capture by Sgt2 could be prioritized over TMD-mediated protein aggregation or promiscuous 

association with factors for TA protein mislocalization or degradation. As it stands, however, this work 

is preliminary and does not convincingly exclude a series of potential in vitro artifacts nor does it 

formally demonstrate a new role for Get5 in the pathway (besides its established one in the process of 

TA protein transfer from Sgt2 to Get3). 

Major critiques: 

1. The physical interaction studies between Get5 and the ribosome (as well as between Sgt2 and the 

ribosome, see minor critiques) are generally poorly controlled leaving the possibility that they are non-

specific. 

2. Even if a specific docking site for Get5 were to be present near the ribosomal exit tunnel, the 

physiological importance of such an interaction would also need to be established. 

Suggestion: 

The authors should take advantage published structural information about the Get4/5 complex and 

their ribosome binding assays in Fig. 1 (specifically the anisotropy/FCS) to screen for surgical Get5 

mutants defective for ribosome binding (or Get4 mutants that influence Get4/5 complex docking to 

the ribosome). Mutant hits could then be “counter-selected” for those that have a wt-like ability to 

facilitate transfer from a pre-made Sgt2-substrate complex to Get3. Lastly, those mutants that have 

passed the double filter above, would be screened for defective Sgt2 substrate capture following 

protein synthesis termination (along the lines of Figure 5e, ie. with extracts derived from mutants 

endogenously expressed, as well as by doping in excess purified mutant complexes). Identification of 

mutants defined by these three criteria would convince me that this work has uncovered a novel step 

in the GET pathway, which would, of course, be of great interest to the field. 

Minor critiques: 

Figure 2: 

It would be useful to see the total mass spec data presented in an unbiased way (e.g., as a GO term 

analysis of significant hits). For the all the other ribosome subunits identified that were not highlighted 

in Fig. 3e, I would still like to see them in the supplement collectively mapped onto the ribosome 

structure. 

The size shift due to the presence of an additional FLAG epitope tag on Rpl35 in part d is not 

impressive and potentially troubling in light of the much more dramatic size shift of two analogous 

crosslinks to Ssb (a significantly bigger protein than Get5) shown in the work referenced for the 

reagent (Gumiero et al). 

Figure 3: 

Again, the total RNA profiling data should be presented in an unbiased way (e.g. Are ribosomal gene 

transcripts enriched?) 



It is not clear why the h46/47 peak is specifically interesting when there are so many gross positional 

differences in the “background” with the wt shown for comparison. This background issue could be 

potentially remedied by repeating the analysis using any new Get4 mutants (fused to HTP) described 

above. 

Figure 4: 

This approach is in principle great but it needs more controls to be convincing. First, some RNCs might 

have undergone large/small subunit dissociation (catalyzed by extract factors) and led to the 

unwanted exposure of Sec22 TMD for Sgt2/Get3 recognition (which might also be intrinsically 

sensitive to the substrate C-terminal extensions used). Thus, it is important to repeat the experiment 

in sgt2/get3 double null extracts to avoid the potential for indirect interactions. An even better way of 

approaching this experimental challenge would be to pull-down on the ribosome (ideally with an 

epitope tagged, functional version of an RPS component) and then compare the extent of 

Get4/Srp54/Sgt2 co-association. 

Part b/e: show blots for Get5 as this is the proximal ribosome docking component that is being argued 

for. 

Part d/e: control for the specificity of the shown associations with RNCs by using previously defined 

Sgt2 mutants that don’t interact with either the substrate or Get4/5. 

Figure 5: 

a-c) Studies of Sgt2-Sec22+60 are at best of dubious biological relevance. The authors should restrict 

their focus to any Sgt2 contacts with RNCs programmed with Sec22, as well as Sec22 released from 

ribosomes following synthesis. 

e, f) The decrease of Sec22-Sgt interaction in the deltaGet4/5 background is one of the more 

promising results of the study. However, if Get4/5 were to enhance Sgt2’s intrinsic TMD interaction 

ability (ie. even for substrate coming from a previous state that is not immediately ribosomal), the 

same effect would be seen in these assays. Thus, they should be repeated with any Get4/5 mutants 

identified that selectively disrupt ribosome exit tunnel docking. 

Figure 6: 

The analysis of the effects of overexpressed Get4/5 on Sgt2 migration in a polysome gradient does 

speak to the physiological relevance of their earlier findings. I understand the authors’ belief that the 

ribosome-Sgt2 interaction is difficult to capture in WT cells without this trick but I would deemphasize 

it by putting it in the supplement and with additional controls to exclude Sgt2 binding to aggregates in 

the gradient e.g. How does Sgt2 lacking the C-terminal domain behave in these assays?) or What 

happens to Sgt2 migration when the gradients have been first treated to collapse polysomes (ie. with 

micrococcal nuclease) or dissociate ribosomes (ie. with EDTA)? 

Reviewer #4 (Remarks to the Author): 

The manuscript by Zhang et al. titled “Ribosome-bound Get4/5 facilitates the capture of tail-anchored 

proteins by Sgt2 in yeast” addresses the early steps of recognizing a tail-anchored membrane protein 

(TA protein) by a dedicated chaperone-like cascade, the GET system. The GET system, short for 

guided entry of TA proteins, is one of the eukaryotic protein targeting machineries delivering precursor 

proteins to the ER membrane and comprises at minimum six components (Get1-5 and Sgt2) in yeast. 



However, as deemed necessary for TA proteins, the GET pathway mainly acts in a post-translational 

manner after completion of ribosomal translational and release of the synthesized cargo from the 

ribosomal peptidyl transferase center. 

The authors show in a series of complex and versatile experiments that 

- the duo of Get4 and Get5 mediates binding of the heterotetrameric Get4/5 complex to the ribosome, 

- the Get4/5 complex binding occurs with nanomolar affinity near the ribosomal exit tunnel in non-

translating ribosomes, 

- the binding site near the ribosomal exit tunnel is shared (at least) between the Get4/5 complex and 

the classic signal recognition particle (SRP), 

- binding of the Get4/5 complex is a prerequisite for Sgt2 recruitment to the nascent/released TA 

protein at the ribosomal exit tunnel. 

While the manuscript appears professionally written and is bearing a logic continuation from one line 

of evidence to the next some minor and major aspects should be addressed before the manuscripts 

warrants publication. In particular, figures 4 and 6 raised some major questions. 

Major points: 

(1) Line 121ff: Was the experiment shown in Fig. 1a repeated? A quantification could help to estimate 

the pool of ribosome-associated and free Get4/5. Given the submicromolar affinity of Get4/5 for the 

80S ribosome (line 166; Fig. 1b) and the 60x excess of ribosomes over Get4/5 complexes (300000 vs. 

5000; line 384f.) the higher proportion of free Get4/5 should be discussed. 

(2) Line 135f: Can the authors speculate why Get5 in absence of Get4 shows a much stronger 

ribosome association under low salt conditions (Fig. 1a)? Maybe this speculation can also be done with 

regard to the later finding that Get4 and Get5 bind via different interactions at the ribosomal surface 

(Figs. 2 and 3). 

(3) Line 260ff: 

- Was the experiment shown in Fig. 4b repeated? 

- In contrast to the wild type (Fig. 4b, upper panel), why is so much more Get4 immunoprecipitated in 

the negative control without FLAG in absence of Srp54 (Fig. 4b, lower panel)? What happens to the 

protein levels of Get4/5/Sgt2 in the Δsrp54 strain? 

- What happens to SRP recruitment in a ΔGet4 strain? More efficient or earlier SRP recruitment in 

absence of GET would further substantiate the competition between the SRP and GET pathway for 

substrates with a TM helix near the tunnel exit. 

- Additionally, a bona fide bitopic (type II) transmembrane protein could be used as control to 

demonstrate SRP over Get4/5 preference. 

(4) Line 286ff: 

- In Fig. 4b lane 11 (RNCs-Sec22+60 construct) Get4 is not recruited to ribosome in the wild type 

strain and shows enhanced recruitment in the Δsrp54 strain. However, in the Get4 blot panel of Fig. 

4e endogenous Get4 is found RNC associated (lane 1) and no substantial increase in recruitment of 

endogenous Get4 is seen in the Δsrp54 strain (lane 5). 

- This discrepancy between Fig. 4b and 4e becomes even more prominent when adjusting for the Rps9 

loading controls. 

(5) Line 300ff: 

- Why is the Sec22+60xSgt2 crosslink a double band? Is Sgt2 interacting in different 

conformations/positions with Sec22? Could Sgt2 act as the yeast equivalent of mammalian BAG6 and 

recruit E3 ligases for ubiquitination of captured substrates (cf. line 435 and the data by Hegde and 

colleagues)? 

- Why is the Sec22+60xSgt2 crosslink appearing at different molecular weights in Fig. 5b (~60-80 

kDa) and Fig. 5c (~90-110 kDa)? 

(6) Line 306ff: Considering the circumstance that efficient Sgt2 interaction was demonstrated only 

using Sec22+60 (which is not an ideal representative of TA protein anymore) in conjunction with 

either SRP knockout or Get4/5 overexpression, the true biological relevance of the TA capture at the 



ribosomal exit tunnel in a wild type setting is somewhat obscure. 

(7) Line 336ff: Similar as in comment (6) the true nature and relevance of Sgt2 being recruited to 

translating ribosomes via Get4/5 in vivo (Fig. 6) is hard to grasp. 

- The authors write (and cite their own published data) “previous analysis did not provide evidence for 

a ribosome-bound pool of Sgt2, it is possible that the amount of ribosome-bound Sgt2 was too low to 

be detected via immunoblotting”. 

- The sucrose gradient fractionations show only the two opposing scenarios Get4/5 overexpression 

versus Get4/5 knockout, but no wild type. 

It appears that Sgt2 is recruited to translating ribosomes only by the non-physiological Get4/5 

overexpression or deletion of SRP. 

(8) Line 358f: “In this work, we show how newly synthesized tail anchored proteins are captured upon 

their emergence from the ribosomal tunnel.” All the work was done using Sec22 (or C-terminal Sec22 

extensions). Hence, the authors should restrict the statement to singular “We show how a newly 

synthesized tail anchored protein, Sec22, is captured upon its emergence from the ribosomal tunnel.”” 

(9) Line 979f: Given that Get4 seems to contact h46 and h47 inside the ribosomal tunnel the authors 

should also discuss the overlap with the NAC binding site in addition to the overlap with SRP (cf. 

Gamerdinger et al. 2019, doi:10.1016/j.molcel.2019.06.030). Based on this, how would the Sgt2 

recruitment be altered in a ΔNAC strain? 

(10) Line 1022: Why is the cross-reaction for endogenous Get4 mentioned for Fig. 4e not appearing in 

any other lane of the blot (e.g. lane 4 (wild type) or lane 5, 6, 8 (Δsrp54))? 

(11) Line 1115: With the model for the capture of TM domains upon exit from the ribosomal tunnel 

(Fig. 7) the reader wonders how unique or universal is the C-terminal Sec22 TM domain compared to 

other tail-anchor sequences (cf. comment (8) and (6)). 

(12) Line 1: Taking into consideration the data presented in Figs. 5 and 6 the title should more 

accurately reflect, that “The TA protein Sec22 can be captured by Sgt2 at the ribosomal tunnel exit 

upon overexpression of the GET mediator complex Get4/5”. 

Minor points: 

(13) Line 268: Consider deleting “(see also Discussion)” 

(14) Line 273: Consider deleting “(see Introduction)” 

(15) Line 274: that position Sgt2 -> that positions Sgt2 

(16) Line 275: “Pull down experiments” -> If not mistaken, Fig. 4b, d, e is based on α-FLAG M2 beads 

using an immobilized α-FLAG antibody and hence the authors should use the term 

immunoprecipitation instead of pull down. 

(17) Line 328: The knockout of the Δget3 strain/translation extract should be shown via immunoblot 

(in comparison to a control) in the supplement or main manuscript. 

(18) Line 332: The bars in Fig. 5f could be arranged in same order as the lanes in Fig. 5e. 

(19) Line 426ff: Recent efforts from public data repositories provided a re-nomenclature of the 

mammalian TRC/GET components. Maybe the authors should adhere to this updated nomenclature 

throughout the manuscript. 

(20) Line 917: While mathematically possible, it seems more sound to plot the two data points instead 

the s.e.m. (Fig. 1b). 

(21) Line 940: α-Get4 (His6Get5-XL in b), α-Rpl26 

(22) Line 941: (Rpl26-XL, Rpl35-XL in c) 

(23) Line 945: Period at end of sentence is in bold. 

(24) Line 1031: Delete sentence “Sgt2 binding to wild …” 

(25) Line 1035: While mathematically possible, it isn’t ideal to compare significance between groups 

with two data points. Given that more than two groups are compared and blotted an ANOVA analysis 

would be the better statistical test (Fig. 4f). 

(26) Line 1080: Given that more than two groups are compared and blotted an ANOVA analysis would 

be the better statistical test (Fig. 5f). 

(27) Line 1090: Rpl 31 (ribosomal marker) and α-Sse1 -> Rpl 31 (ribosomal marker), and α-Sse1 



(28) Line 1098: were pooled and aliquots -> were pooled and equivalent (??) aliquots 
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REPLY TO REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

The manuscript by Zhang et al illuminates the mechanism by which the “upstream” 
components of the GET pathway link ribosomal translation to proper ER targeting. Although 
the GET pathway has been known for over a decade now and despite multiple structural 
insights into its function this specific step in the chain has not been elucidated and as such, is 
an important missing link, now nicely added. The paper is deep and mechanistic, with 
enormous amounts of well-executed experiments, and well written. The discussion is also 
extensive and interesting. Most importantly it reconciles confusing and often contradicting data 
on the exact order by which events happen by demonstrating that Sgt2 is recruited to 
ribosomes translating TA proteins by direct binding of GET4/5 to the ribosome. As such, it 
provides a clear consolidated stream of events. This paper is an important addition to the 
literature on this pathway and I strongly support its publication. I have to say its one of the 
papers I have most enjoyed reading lately and I have very few suggestions or comments. 
Below are just a few small ones to make the paper more easily readable to the general cell 
biology community: 

We are delighted that Reviewer #1 enjoyed the manuscript and thank him/her for the support 
and positive evaluation. We found his/her comments very helpful, and find that the changes 
and additions made based on these comments improve the manuscript significantly.  

1. Figure 1a – it was not super clear to me that indeed there is a reduction in the presence of 
Get4 in the ribosome fraction when Get5 was absent. I think this panel would really benefit 
from quantitation (of a triplicate experiment?) 

The experiment shown in Fig. 1a was performed in triplicate. The quantification of the results 
is now shown as new Fig. 1b. Please also refer to our reply to Reviewer #4, point 1. 

 

2. General comment – the text in the figures is really tiny and hard to read. Might be good to 
increase text size when possible 

We have increased the text size to at least ARIAL 8 in all Figures. 

 
3. Figure 4a – you may want to add which protein it is and an explanation to the numbers 
above the schematic 

We have improved the labelling of the schematic shown in Fig. 4a.  

4. Figure 6a – again a quantitation would be good to ascertain that the lack of Sgt2 in the 
ribosomal fraction of WT cells is not just a loading issue since it also seems like there is slightly 
more Sgt2 in the OE Get4/5 cells. 

We performed the experiment shown in Fig. 6a in triplicate and also added immunoblot data 
for Get5. We do not find a significant effect on the Sgt2 level when Get4/5 is overexpressed. 
We have further optimized the quality of the Sgt2 immunoblots (see also reply to Reviewer #4, 
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point 7). With this improved procedure, we are now able to detect Sgt2 also in the ribosomal 
fractions of the wild type strain under low salt conditions (Fig. 6a). This observation fits very 
well with our model that Sgt2 can be recruited to ribosomes in vivo. As before, ribosome-
binding of Sgt2 is strongly enhanced when Get4/5 is overexpressed. The quantification of the 
data is now shown as new Fig. 6b.  

5. Figure 6 b/c – do you also have analysis of Sgt2 binding in this method in a “WT” control 
that can be added?  

Yes, we also performed ribosome profile analysis in the wild type strain. The data are now 
shown as new Fig.6d. Consistent with the analysis via the sucrose cushions (Fig. 6a), 
ribosome profile analysis reveals a small, but significant, fraction of Sgt2 in the polysome 
fractions.  

6. Figure 7 title – maybe add that it’s a model? 

We added the word “model” to the title of Fig. 7 

 

 

Reviewer #2 (Remarks to the Author): 

In this very interesting manuscript, the authors characterize the involvement of the cytosolic 
duplex Get4/5 from the GET pathway in yeast, in the posttranslational delivery of tail anchored 
proteins. Using a variety of method including mass spectrometry and CRAC, they show that 
the duplex interacts closely with 80S ribosomes and binds directly via Get5. They also 
demonstrate that the Get4/Get5 duplex is required for Sgt2 recruitment. 

However a few points would need to be addressed before publication: 

The authors used a ribosome binding assay to show that Get5 is binding Rpl35 and Rpl26. It 
is stated that other antibodies and it would be useful to see the results in the figure to compare 
proteins stated as non-interactors with Rpl35 and Rpl26. 

We now included the immunoblots of the crosslinking screen (RPP0/uL10, Asc1/RACK1, 
Rps3/uS3, Rps9/uS4, Rps20/uS10, α-Rpl4/uL4, Rpl17/uL22, Rpl31/eL31, α-Rpl25/uL23, α-
Rpl16/uL13) in the Source Data file (tab "other antibodies for Get5XL"), which we uploaded 
for the information of Reviewer #2. 
 
Then, RNA interactome of Get4 has been assessed by CRAC. Authors stated (l216, p5) that 
CRAC was not feasible on Get5. It would be better to write that Get5 did not express well with 
c-terminal HTP tag. Has other tag been tried? Did the author attempt to tag Get5 in N-terminal 
with an HTP tag since it apparently worked with 6 his tag for the MS experiment? Is 6His-Get5 
sick? 
 

We thank Reviewer #2 for this suggestion. Indeed, we had tried to generate a genomically 
tagged Get5-HTP strain more than once. In each of the attempts clones that had supposedly 
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integrated Get5-HTP into the genome grew poorly and expressed only little Get5-HTP 
(Supplementary Fig. 3a and 3b). We now generated yeast low copy plasmids (pRS415-Get5-
HTP and pRS415-HTP-Get5) for the expression of N- as well as C-terminally HTP-tagged 
Get5. When these plasmids were introduced into a ∆get5 strain, both Get5-HTP and HTP-
Get5 showed an expression level slightly higher when compared to wild type Get5 (new 
Supplementary Fig. 3c), as expected upon expression from a low copy plasmid. Importantly, 
Get5-HTP and HTP-Get5 strains displayed wild type growth (new Supplementary Fig. 3d). 
These findings suggest that some unexpected genomic event had occurred upon integration 
of the HTP cassette at the 3’-end of the GET5 coding sequence. We now performed CRAC 
analysis with ∆get5 strains expressing either plasmid-borne HTP-Get5 or Get5-HTP. However, 
no crosslinking to cellular RNAs was detected (new Supplementary Fig. 3e) and therefore 
the samples were not further processed.  

A few more details would need to be stated in the manuscript: What is the percentage of reads 
binding to rRNA? A pie-chart (or similar) would be good to see clearly the distribution of reads 
among RNA classes for Get4 and Get5 to have a better idea of the proportion of total reads 
binding h46/h47. 

We now added new Supplementary Table 3, which lists reads of different RNA species in 
wild type and Get4-HTP. A pie-chart was also added as new Supplementary Fig. 3h.  

Could Get3 (and Sgt2 if enough reads were sequenced) been shown on the rRNA alignment 
to show specificity of the peak.  

As no specific crosslinking of Get3-HTP or Sgt2-HTP to cellular RNAs was observed (Fig. 3b), 
areas of the membrane were not excised for these samples and they were not further 
processed. The specificity of the Get4-HTP peak in 25S-h46/47 is demonstrated by 
comparison to the wild type control. 

A wider image of the radioactive blot would be better, along with the gel showing the cDNA 
library generated by PCR if possible. How many PCR cycles have been used?  

A wider image of the autoradiograph is now shown in Fig. 3b and the PCR amplified library is 
shown in new Supplementary Fig. 3f. Thirty-five PCR cycles were performed for the wild 
type, and 24 cycles for the Get4-HTP sample (new Supplementary Fig. 3f). Please note that 
the complete, uncropped images of all autoradiographs and immunoblots are shown in the 
Source Data file.  

 

 

Reviewer #3 (Remarks to the Author): 

The earliest steps in the GET pathway – from the final stages of substrate synthesis to the 
moment of TMD capture by Sgt2 – remain poorly understood. The authors provide evidence 
for the hypothesis that Get5 docks with the ribosome exit tunnel to enable a novel pathway 
mechanism for facilitating TMD “transfer” from the ribosome to Sgt2. This hypothesis is 
appealing as a concept for how TMD capture by Sgt2 could be prioritized over TMD-mediated 
protein aggregation or promiscuous association with factors for TA protein mislocalization or 
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degradation. As it stands, however, this work is preliminary and does not convincingly exclude 
a series of potential in vitro artifacts nor does it formally demonstrate a new role for Get5 in the 
pathway (besides its established one in the process of TA protein transfer from Sgt2 to Get3).  

We agree with Reviewer #3 that it is currently only poorly understood how aggregation of C-
terminal TMDs is prevented. We feel that this is a reason why the work presented in this study 
is of general interest as the findings provide pioneering insight into exactly this process.  

We politely disagree, however, that the work is preliminary, as we provide ample evidence on 
the novel role of Get4/Get5 in the GET pathway. In our opinion, the major conclusions are 
supported by multiple, complementary, and well-controlled datasets. 

Major critiques: 

1. The physical interaction studies between Get5 and the ribosome (as well as between Sgt2 
and the ribosome, see minor critiques) are generally poorly controlled leaving the possibility 
that they are non-specific.  

It is unclear to us which of the multiple experiments revealing physical interaction between 
Get5 and the ribosome seem poorly controlled in the view of Reviewer #3. 

In this work the ribosome binding of Get4/5 is shown by 7 different methods (method 8 provides 
indirect evidence for the ribosome binding of Get4/5), which are summarized in Table R1. We 
added example publications from our labs, as well as from other research groups, in which 
these, or similar methods, were applied to reveal physical interaction between proteins, or 
proteins and RNA, respectively.  

Table R1. Presented evidence for physical interaction between Get4/5 and ribosomes. 

Method Data References 

1 
ribosome binding assay (result: salt-sensitive binding of 
Get4/5, a commonly used criterion for the identification of 
ribosome-bound factors) 

Fig.1a and new 
Fig. 1b 

Fig. 6a and new 
Fig. 6b 

1,2 

 

2 fluorescence anisotropy-based binding assay (result: high 
affinity binding of Get4/5 to ribosomes Kd = 110 nM) Fig. 1c 3-6 

3 
fluorescence correlation spectroscopy (FCS) (result: 
confirmation of ribosome binding, as analysis directly implies 
a very large complex, and high binding affinity  

Fig. 1d 7  

4 

crosslinking of Get4/5 to ribosomal proteins with a 
homobifunctional, amino-specific crosslinker; analysis with 2 
independent methods: immunoblotting and mass spec (result: 
Get5 is in direct contact with ribosomal proteins Rpl35 and 
Rpl26) 

Fig. 2b-d 8,9 

5 crosslinking and analysis of cDNA (CRAC) (result: Get4 
contacts rRNA h46/47) 

Fig. 3b-d; Fig. 
S3 

10-12 

6 affinity purification of RNCs and associated factors via 
specific nascent chains (FLAG pull-down assay) (result: 

Fig. 4 and Fig. 
S4 

13-15 
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Get4/5 binds to RNCs, binding is affected by the type of the 
nascent chain and by SRP, which possesses an overlapping 
ribosomal binding site) 

7 
ribosome profile analysis, "gold standard" for the identification 
of ribosome-bound factors (result: Get4/5 is bound to 
ribosomes and polysomes)  

Fig. 6c-f  16-19 

8 
nascent chain crosslinking (result: Get4/5 does not crosslink 
to nascent chains, however, Sgt2 forms crosslinks with 
nascent chains only in the presence of Get4/5) 

Fig. 5 and Fig. 
S5 

15,20,21 

 

2. Even if a specific docking site for Get5 were to be present near the ribosomal exit tunnel, 
the physiological importance of such an interaction would also need to be established.  

The crosslinking experiments (Fig. 2 and Fig. S2) reveal that Get5 binds close to the ribosomal 
exit tunnel. While this is an important finding by itself, the data presented in the manuscript 
also provide evidence of a physiological consequence of Get4/5 binding close to the tunnel 
exit, namely, recruitment of Sgt2 (Fig. 5 and Fig. 6). We show that Get4/5-dependent 
recruitment of Sgt2 to ribosomes enhances the capture of a released TA protein by Sgt2 (Fig. 
5e and 5f). There may be additional roles of ribosome-bound Get4/5, however, exploring these 
is beyond the scope of this study. In the revised manuscript, we show that Sgt2 is recruited to 
polysomes in wild type yeast cells in a Get4/5-dependent manner (new Fig. 6a, 6b, and 6d, 
see also our reply to Reviewer #4, point 7). This finding further supports the model that the 
physiological role of ribosome-bound of Get4/5 is the recruitment of Sgt2 into the proximity of 
the ribosomal tunnel exit. 

Suggestion: 
The authors should take advantage published structural information about the Get4/5 complex 
and their ribosome binding assays in Fig. 1 (specifically the anisotropy/FCS) to screen for 
surgical Get5 mutants defective for ribosome binding (or Get4 mutants that influence Get4/5 
complex docking to the ribosome). Mutant hits could then be “counter-selected” for those that 
have a wt-like ability to facilitate transfer from a pre-made Sgt2-substrate complex to Get3. 
Lastly, those mutants that have passed the double filter above, would be screened for defective 
Sgt2 substrate capture following protein synthesis termination (along the lines of Figure 5e, ie. 
with extracts derived from mutants endogenously expressed, as well as by doping in excess 
purified mutant complexes). Identification of mutants defined by these three criteria would 
convince me that this work has uncovered a novel step in the GET pathway, which would, of 
course, be of great interest to the field. 

Importantly, we disagree that the identification and characterization of Get4/5 mutants that do 
not bind to the ribosome is required to establish that Get4/5 binds to ribosomes. As outlined 
above, we have collected a wealth of evidence using multiple well-established approaches to 
show that Get4/5 binds to ribosomes (Table R1). We would like to point out that finding 
“surgical mutants”, as suggested by the reviewer, may take years. For example, Ssb was first 
shown to bind to ribosomes in 1992. At that time, the Craig lab applied only a single method, 
ribosome profile analysis, which is regarded as the gold standard to establish ribosome-binding 
of a cytosolic protein 16. The finding that Ssb binds to ribosomes, at the time, was entirely 
unexpected. Well-defined mutants of Ssb, which no longer interact with ribosomes, were 
identified only in 2016 2,9. Ribosome-binding of NAC was discovered in 1994 22 and the first 
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non-binding mutant was described in 2006 23. Eukaryotic SRP was discovered by Walter and 
Blobel in 1980 24. Only very recently, Wild et al. elegantly dissected ribosome interactions of 
human SRP with the ribosome in vitro 25. 

The experiments suggested by Reviewer #3 represent a wide-ranging project by itself and are 
beyond the scope of this study. 

Specifically, Reviewer 3 suggests a 4-step approach: i) design of "surgical" Get4/5 mutants, 
which, based on currently available structural information, do not bind to the ribosome; ii) 
expression and purification of the designed Get4/5 mutant library and in vitro characterization 
of the binding properties of each mutant with anisotropy and/or FCS; iii) selection of those 
Get4/5 mutants, which do not bind to the ribosome, but display wild type activity with respect 
to the in vitro transfer of released TA proteins from Sgt2 to Get3 ; iv) Get4/5 mutants identified 
in steps i-iii should then be analyzed with in the in vitro translation system as shown in Fig. 5e. 

We feel that this approach is currently not feasible for the following reasons. 

We identify the general region where Get4/Get5 contacts the ribosome in this work. As this is 
a new discovery, a structure of the Get4/Get5 complex bound to the ribosome is not yet 
available. However, such structural insight would be required to design the mutants suggested 
by the referee as the first step of the project (step i). The existing structures of isolated Get4/5, 
Get3/4/5, and Sgt2/Get4/5 complexes/subcomplexes are not suitable to this purpose. 
However, based on the available structural information of the Get4/5 complex and the work 
presented in this study, we are optimistic that experts in ribosome cryo-EM or ribosome 
crystallography will initiate the elucidation of such structures, which will enable the research 
community in the future to generate mutants of Get4/5, which do not interact with the ribosome. 

We would also like to point out that mutants within Get4/5, which no longer bind to the 
ribosome, but still perform like wild type Get4/5 with respect to the transfer of TA proteins from 
Sgt2 to Get3 may not exist. It is possible that the domain(s) of Get4/5, which interact with the 
ribosome also affect binding to Sgt2 and/or Get3. Moreover, capture of a TA protein by Sgt2 
after ribosome release in the absence of Get4/5 is significantly reduced, however, is still 60% 
of the wild type (Fig. 5e and 5f). We discuss this observation, which is likely due to the 
previously reported chaperoning of released TA proteins by the cytosolic Hsp70 homolog Ssa 
26. In case Get4/5 mutants identified in step i-iii would display residual binding activity, below 
the detection limit of anisotropy/FCS, capture by Sgt2 might well be less affected when 
compared to the complete absence of Get4/5. We feel that based on the approach suggested 
by Reviewer #3 it might be hard to draw a clear conclusion with respect to the requirement of 
Get4/5 for the initial capture of TA proteins by Sgt2.  

 

Minor critiques: 

Figure 2: 

It would be useful to see the total mass spec data presented in an unbiased way (e.g., as a 
GO term analysis of significant hits). For the all the other ribosome subunits identified that were 
not highlighted in Fig. 3e, I would still like to see them in the supplement collectively mapped 
onto the ribosome structure. 
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The total mass spec data including GO term analysis (GO biological process, cellular 
compartment or molecular function were analyzed against S. cerevisiae using either (i) 
PANTHER (http://www.pantherdb.org/) or (ii) GOrilla (http://cbl-gorilla.cs.technion.ac.il/) are 
now included in the Source Data file. We have defined inclusion criteria in the Results section: 
(i) the analysis was confined to core ribosomal proteins (RPs); ii) only those RPs were selected for which 
the total spectral counts of His6Get5xRP was at least 1.4-fold increased compared to the Get5xRP 
control; and iii) the p-value was ≤ 0.01). All ribosomal proteins which met these criteria are mapped 
to the ribosome and are shown in Fig. 3e and Supplementary Fig. 3i. 

The size shift due to the presence of an additional FLAG epitope tag on Rpl35 in part d is not 
impressive and potentially troubling in light of the much more dramatic size shift of two 
analogous crosslinks to Ssb (a significantly bigger protein than Get5) shown in the work 
referenced for the reagent (Gumiero et al).  

In our experience, one cannot predict migration of crosslink products on SDS-PAGE. They 
often migrate different from the calculated molecular mass because they are "branched" (see 
also our reply to Reviewer #4, point 5). We would like to point out that the size shift between 
the FLAGRpl35-XL and Rpl35-XL can only be explained by the molecular mass difference 
between untagged Rpl35 and FLAG-tagged Rpl35 (Fig. 2d). Even more importantly, the Rpl35-
His6Get5 as well as the FLAGRpl35-His6Get5 crosslinks are recognized by α-Rpl35, but only 
the FLAGRpl35-His6Get5 crosslink is recognized by α-FLAG. This controls for the possibility 
that α-Rpl35 cross-reacts with a contamination copurified in the Ni-NTA purified material (Fig. 
2d).  

Figure 3: 

Again, the total RNA profiling data should be presented in an unbiased way (e.g. Are ribosomal 
gene transcripts enriched?) 

The original CRAC data were uploaded to the GEO database (accession number 
GSE151664). We now included new Supplementary Table 3, which lists the normalized 
numbers of sequence reads derived from different types of RNA in the wild type and Get4-
HTP samples. Moreover, we included a pie-chart, which indicates crosslinking to different RNA 
species in wild type and Get4-HTP samples (new Supplementary Fig. 3h). The CRAC 
experiment and analysis of the CRAC data is now also more precisely described in the new 
Results section Get4 contacts helix 46/47 of the 25S rRNA. 

It is not clear why the h46/47 peak is specifically interesting when there are so many gross 
positional differences in the “background” with the wt shown for comparison. This background 
issue could be potentially remedied by repeating the analysis using any new Get4 mutants 
(fused to HTP) described above. 

We apologize that this experimental detail was not clear in the original version of the 
manuscript. As explained below, the peak heights in the wild type control and Get4-HTP 
samples are not directly comparable. Specific crosslinking to cellular RNAs is detected in the 
Get4-HTP sample, whereas only trace amounts of non-specific background RNA are co-
purified in the wild type control (Fig. 3b, autoradiography). To generate cDNA libraries of 
sufficient concentration for sequencing, it was therefore necessary to amplify the wild type 
control sample much more than the Get4-HTP sample (thirty-five PCR cycles for wild type 

http://cbl-gorilla.cs.technion.ac.il/
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compared to 24 PCR cycles for Get4-HTP). This information is now included in the methods 
section and the PCR libraries are shown in new Supplementary Fig. 3f. Due to the increased 
numbers of PCR cycles, the peak heights in the wild type control are over-estimates, when 
compared to the peak heights in the Get4-HTP sample. The procedure, however, allows to 
determine background peak positions in the wild type sample, which serve as important 
controls for the specificity of crosslinking. Importantly, the peak in h46/47 is observed only in 
the Get4-HTP sample, but not in the over-amplified wild type sample, indicating that h46/47 is 
a specific Get4 crosslinking site. This point is now highlighted in the revised Results section. 
As the identification of Get4 mutants that do not interact with the ribosome is beyond the scope 
of this study (see point 2), such mutants were not investigated by CRAC analysis. 

Figure 4: 

This approach is in principle great but it needs more controls to be convincing. First, some 
RNCs might have undergone large/small subunit dissociation (catalyzed by extract factors) 
and led to the unwanted exposure of Sec22 TMD for Sgt2/Get3 recognition (which might also 
be intrinsically sensitive to the substrate C-terminal extensions used). Thus, it is important to 
repeat the experiment in sgt2/get3 double null extracts to avoid the potential for indirect 
interactions. An even better way of approaching this experimental challenge would be to pull-
down on the ribosome (ideally with an epitope tagged, functional version of an RPS 
component) and then compare the extent of Get4/Srp54/Sgt2 co-association. 

We are happy to hear that Reviewer #4 likes the approach applied in Fig. 4. The data shown 
in Fig. 4 represent an important piece of evidence for the conclusion that Get4/5 binds to 
ribosomes/RNCs, competes with SRP for binding, and recruits Sgt2.  

Preliminary remark: During the translation reaction a minor pool of nascent chains may be 
released from ribosomes, even though the mRNA does not contain a stop codon (Fig. R1 
taken from Raue et al., Supplements, Fig. 1a13). To remove this (minor) fraction of released 
chains, we separate RNCs from released chains by ultracentrifugation prior to each FLAG pull-
down experiment. We describe this procedure in the Methods Section.  
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In addition, we performed the control suggested by the Reviewer, which shows that Get4/5 
binds to RNCs carrying a FLAG-tagged nascent chain rather than to released FLAG-tagged 
chains. We generated the ∆get3∆sgt2 strain and prepared a translation extract from this strain 
(new Supplementary Fig. 4f). Using this Get3/Sgt2-free translation extract we repeated key 
experiments. The data are shown in new Supplementary Fig. 4e. The results reveal that 
Get4/5 binds to RNCs even when Sgt2 and Get3 are absent from the reaction. We included 
new Supplementary Result 2 in the Supplementary Results Section, which summarizes the 
findings of this control experiment.  

Part b/e: show blots for Get5 as this is the proximal ribosome docking component that is being 
argued for. 

We have now analyzed FLAG pull-down experiments shown in new Fig. 4d and new Fig. 4e 
(previously Fig. 4b), new Fig. 4h, and new Fig. 6a with Get4 as well as Get5 antibodies. The 
control reveals, as expected, Get4/5 is a stable complex.  

Side note. Many of the ribosome-bound factors possess more than one subunit. If the 
complexes are stable, we normally use only one of the subunits for detection. This is the case 
for Get4/5, the heterodimers NAC and RAC, and the multi-subunit complex SRP. In this study 
we focus on Get4/5, Sgt2, and SRP. Please note that the amount of translation reaction applied 
to FLAG pull-down experiments cannot be increased, because this leads to strongly enhanced 
unspecific binding in the minus FLAG samples. Unfortunately, the molecular mass of the GET 
components does not allow for a parallel analysis of all components in one single experiment. 
Because Sgt2 and Get4 migrate closely together we often probe for Get5 when we want to 
analyze Sgt2 in parallel. Rps9 can be used as an RNC marker in combination with Get4 but 
migrates close to Get5. For this reason, we employ Rpl31 (13 kDa) as an RNC marker when 
we want to analyse Get5. 

 

Raue et al. 2007: 

 

Figure R1. Properties of RNCs. FLAG-
tagged nascent polypeptides are 
quantitatively bound to ribosomes. 
After a translation reaction primed with 
FLAG-tagged Dap2 (FLAG-Dap2-87) or 
untagged Dap2 (Dap2-87) RNCs were 
isolated via a low salt (150 mM KAcetate) 
sucrose cushion (20). Aliquots of the total 
reaction (TOT), the supernatant after 
centrifugation (SUP), and the ribosomal 
pellet (PEL) were separated on 10% 
TRIS-Tricine gels followed by 
immunoblotting. Localization of the 
nascent polypeptide was determined 
using a FLAG-tag antibody (FLAG). An 
unspecific cross reaction is indicated with 
an asterisk. Ribosomes were detected 
using an antibody directed against Rps9. 
13 
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Part d/e: control for the specificity of the shown associations with RNCs by using previously 
defined Sgt2 mutants that don’t interact with either the substrate or Get4/5. 

The identification and/or characterization of Sgt2 mutants is beyond the scope of this study. 
The specificity of Sgt2 association with RNCs is shown by i) the minus FLAG-tag control, which 
shows that Sgt2 is bound to RNCs carrying FLAG-tagged nascent, but not untagged chains 
(Fig. 4 and Supplementary Fig. 4). This control excludes problems connected to aggregation, 
sticking to tube walls etc., ii) the specific effect exerted by Get4/5 on the recruitment of Sgt2 to 
RNCs (see Fig. 4g-i, Supplementary Fig. 4i, and Fig. 6a-f), iii) the affect that SRP exerts with 
respect to Get4/5, and concomitantly Sgt2, binding to RNCs (Fig. 4h and 4i). 

Figure 5: 

a-c) Studies of Sgt2-Sec22+60 are at best of dubious biological relevance. The authors should 
restrict their focus to any Sgt2 contacts with RNCs programmed with Sec22, as well as Sec22 
released from ribosomes following synthesis. 

In our view crosslinking experiments with RNCs-Sec22+60 turned out to be an important tool 
to obtain further insight into the early steps of the GET pathway. One important finding was 
that, if ribosome-bound and at the same time exposed outside of the ribosomal tunnel, a TA 
sequence preferentially binds to SRP when compared to Sgt2 (Fig.5b). We clearly state the 
pros and cons of this approach. "In vivo, TA sequences do not exit the ribosomal tunnel during 
ongoing translation, and emerge only after translation termination (Supplementary Fig. 5e)." 

e, f) The decrease of Sec22-Sgt interaction in the deltaGet4/5 background is one of the more 
promising results of the study. However, if Get4/5 were to enhance Sgt2’s intrinsic TMD 
interaction ability (ie. even for substrate coming from a previous state that is not immediately 
ribosomal), the same effect would be seen in these assays. Thus, they should be repeated 
with any Get4/5 mutants identified that selectively disrupt ribosome exit tunnel docking.  

As the identification of Get4/5 mutants that do not interact with the ribosome is beyond the 
scope of this study (see above), these experiments were not performed. 

Figure 6: 

The analysis of the effects of overexpressed Get4/5 on Sgt2 migration in a polysome gradient 
does speak to the physiological relevance of their earlier findings. I understand the authors’ 
belief that the ribosome-Sgt2 interaction is difficult to capture in WT cells without this trick but 
I would deemphasize it by putting it in the supplement and with additional controls to exclude 
Sgt2 binding to aggregates in the gradient e.g. How does Sgt2 lacking the C-terminal domain 
behave in these assays?)a) or What happens to Sgt2 migration when the gradients have been 
first treated to collapse polysomes (ie. with micrococcal nuclease) or dissociate ribosomes (ie. 
with EDTA)? b) 

We improved detection of Sgt2 in the ribosome profile analysis (see also reply to Reviewer #4, 
point 7) and can now detect Sgt2 in pooled polysome fractions of a wild type strain (new Fig. 
6d). We thus show the combined in vivo results in the main part of the manuscript. We feel 
that these data are an important piece of evidence for the conclusion that ribosome-bound 
Get4/5 and Sgt2 are physiologically important.  
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a) The generation, characterization, and analysis of Sgt2 or Get4/5 mutants is beyond the 
scope of this study.  

b)  

Preliminary remark: In all ribosome profiles we tested whether Sgt2 (and other ribosome-bound 
components) in the polysome fractions represent aggregates. For that purpose, we have 
analyzed the pellet at the bottom of the sucrose gradient (pel) for the presence of Sgt2, Get5, 
or Srp54 (Fig. 6c-f). None of the analyzed proteins formed aggregates during ribosome profile 
analysis. The method is now described in a new paragraph of the Methods Section entitled 
Ribosome profile analysis.  

We have also performed ribosome profiles of the Get4/5 overexpression strain +/- RNase 
treatment (Fig. R2). The experiments show that Sgt2 is bound to polysome fractions 9-17 in 
the untreated extract, but is no longer detected in fractions 9-17 after RNase treatment (Fig. 
R2). This confirms that Sgt2 is associated with polysomes rather than forming aggregates. 
Please note that fractions 9-17 were pooled prior to immunoblotting as detailed in the Methods 
section. The method ensures that all polysome-containing fractions of the untreated sample 
end up in a single lane of the immunoblot (lane 9-17). Even then, the Sgt2 band is weak, 
reflecting that a significant but small amount of Sgt2 is bound to polysomes (lane 9-17, - 
RNase). After RNase A treatment, ribosomes collapse into an 80S peak, however, the 80S 
peak is distributed over 3 major fractions (lanes 6-8, + RNase). Thus, the minor fraction of 
ribosome-bound Sgt2 will also be distributed over fraction 6-8, which means that it drops below 
the detection limit. Moreover, fractions 6-8 containing 80S ribosomes in the RNase treated 
sample are right adjacent to the cytosolic fractions 1-5, which makes is difficult to distinguish 
between the large cytosolic fraction of Sgt2 and the minor fraction of Sgt2 bound to RNase-
treated 80S ribosomes. For these reasons, we prefer not including RNase-treated profiles in 
the manuscript, however, the data shown in Fig. R2 validate our conclusions. 
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 Figure R2. Sgt2 localization in 
the high-density fractions of a 
sucrose gradient depends on 
intact polysomes. Glass beads 
extract was treated with 0.25 
mg/ml RNase A) for 15 min on 
ice as indicated. The major 
polysome-containing fractions 
(9-17, - RNase) or fractions 
devoid of ribosomes (11-17 + 
RNase) were pooled prior to 
analysis. The total (tot) 
corresponds to 5% of the 
cytosolic extract loaded onto the 
gradient. The pellet at the bottom 
of the gradient tube (pel) was 
dissolved in sample buffer and 
included in the analysis. For 
more information see Methods 
section. 

 

 

 

Reviewer #4 (Remarks to the Author): 

The manuscript by Zhang et al. titled “Ribosome-bound Get4/5 facilitates the capture of tail-
anchored proteins by Sgt2 in yeast” addresses the early steps of recognizing a tail-anchored 
membrane protein (TA protein) by a dedicated chaperone-like cascade, the GET system. The 
GET system, short for guided entry of TA proteins, is one of the eukaryotic protein targeting 
machineries delivering precursor proteins to the ER membrane and comprises at minimum six 
components (Get1-5 and Sgt2) in yeast. However, as deemed necessary for TA proteins, the 
GET pathway mainly acts in a post-translational manner after completion of ribosomal 
translational and release of the synthesized cargo from the ribosomal peptidyl transferase 
center. 

The authors show in a series of complex and versatile experiments that 

- the duo of Get4 and Get5 mediates binding of the heterotetrametric Get4/5 complex to the 
ribosome,  

- the Get4/5 complex binding occurs with nanomolar affinity near the ribosomal exit tunnel in 
non-translating ribosomes, 

- the binding site near the ribosomal exit tunnel is shared (at least) between the Get4/5 complex 
and the classic signal recognition particle (SRP),  

- binding of the Get4/5 complex is a prerequisite for Sgt2 recruitment to the nascent/released 
TA protein at the ribosomal exit tunnel. 
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While the manuscript appears professionally written and is bearing a logic continuation from 
one line of evidence to the next some minor and major aspects should be addressed before 
the manuscripts warrants publication. In particular, figures 4 and 6 raised some major 
questions.  

We thank Reviewer #4 for his/her positive evaluation of our manuscript. We are pleased that 
the Reviewer found our presentation of the extensive datasets accessible and “reader-
friendly”. We also thank the Reviewer for suggesting thorough control experiments, and 
pointing out experimental data, which warranted improvement. The new results, we feel, 
further improved the manuscript. 

Major points: 

(1) Line 121ff: Was the experiment shown in Fig. 1a repeated? A quantification could help to 
estimate the pool of ribosome-associated and free Get4/5.a) Given the submicromolar affinity 
of Get4/5 for the 80S ribosome (line 166; Fig. 1b) and the 60x excess of ribosomes over Get4/5 
complexes (300000 vs. 5000; line 384f.) the higher proportion of free Get4/5 should be 
discussed.b) 

a) The experiment shown in new Fig. 1a was performed in triplicate. Quantification is now 
shown as new Fig. 1b. 

b) The Kd of Get4/5 for ribosomes was determined using purified Get4/5 and ribosomes. No 
other components were present in the system. In the experiment shown in Fig. 1a the binding 
of Get4/5 or Get5 was determined in a cytosolic extract. We have now estimated the apparent 
Kd of Get4/5 in ribosome-binding experiments and discuss these data in Supplementary 
Result 1.  

Of note, an increase of the apparent Kd values in total extract when compared to Kd values 
determined with purified components is also observed for SRP. The cellular concentration of 
SRP is approximately 8000 molecules per cell 13. Kd values using purified SRP and 
ribosomes/RNCs were reported: SRP binding to non-SRP substrate RNCs Kd = 8 nM, RNCs 
exposing an SRP recognition sequence Kd = 0.05-0.38 nM, and SRP binding to non-translating 
ribosomes Kd = 71 nM 27. However, in ribosome profiles (Fig. 6d-f) only about 1/3 of SRP is 
detected in the ribosomal fractions, possibly due to dissociation of the complexes during the 
ultracentrifugation procedure.  

(2) Line 135f: Can the authors speculate why Get5 in absence of Get4 shows a much stronger 
ribosome association under low salt conditions (Fig. 1a)? Maybe this speculation can also be 
done with regard to the later finding that Get4 and Get5 bind via different interactions at the 
ribosomal surface (Figs. 2 and 3). 

Reviewer #4 points out correctly that the occupancy of ribosomes with Get5 in the absence of 
Get4 (∆get4 + Get5↑) is higher than in wild type cells (Fig. 1a, compare lane 3 and 8). The 
most likely explanation is that Get5 was overexpressed in ∆get4 (Fig. 1a). This view is 
consistent with the finding that the occupancy of ribosomes with Get4/5 is also enhanced when 
Get4↑Get5↑ is overexpressed in a wild type strain (Fig. 6a). As outlined in Supplementary 
Result 1, Get5 binds to cytosolic Sgt2, and Get4/5 binds to cytosolic Sgt2 and Get3. As the 
cellular concentration of Get5 or Get4/5 is increased upon overexpression, while the 
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concentrations of Sgt2 and Get3 are not, a larger fraction of overexpressed Get5 or Get4/5 is 
available for ribosome binding.  

(3) Line 260ff: 

 - Was the experiment shown in Fig. 4b repeated?  

The experiment shown in Fig. 4b was indeed repeated and we now show replica data leading 
to the same conclusion as new Fig. 4d and 4e. We now analyzed Get4 as well as Get5.  

- In contrast to the wild type (Fig. 4b, upper panel), why is so much more Get4 
immunoprecipitated in the negative control without FLAG in absence of Srp54 (Fig. 4b, lower 
panel)?  

We sometimes observe background in the negative control; we do not fully understand why 
the background is increased in some experiments, but not in others. As we are aware of this 
potential problem, we perform minus FLAG-tag controls in each experiment. The background 
was very low in the experiment shown as new Fig. 4e (previous Fig. 4b lower panel).  

What happens to the protein levels of Get4/5/Sgt2 in the Δsrp54 strain? 

The expression level of Get4/5 and Sgt2 is not affected in the ∆srp54 strain. We have included 
new Supplementary Fig. 4f, which shows the levels of Srp54, Sgt2, Get3, Get5, and the 
ribosomal marker Rpl31 in the translation extracts employed in the course of this study.  

- What happens to SRP recruitment in a ΔGet4 strain? More efficient or earlier SRP recruitment 
in absence of GET would further substantiate the competition between the SRP and GET 
pathway for substrates with a TM helix near the tunnel exit.  

- Additionally, a bona fide bitopic (type II) transmembrane protein could be used as control to 
demonstrate SRP over Get4/5 preference. 

We thank Reviewer #4 for this suggestion. To test for competition between SRP and Get4/5 
we employed Dap2, which is a well characterized substrate of SRP. We previously showed 
that SRP is recruited to RNCs carrying Dap2-60, which contains the TM domain of Dap2 inside 
of the ribosomal exit tunnel 28 (new Fig. 4b). Based on the referee´s suggestion we now tested 
binding of SRP to Dap2-60 in the presence or absence of Get4/5 (new Fig. 4c). The result 
reveals that the binding of SRP to RNCs-Dap2-60 was significantly enhanced in the absence 
of Get4/5. This observation supports the model of competition between Get4/5 and SRP with 
respect to ribosome binding.  

(4) Line 286ff: 

- In Fig. 4b lane 11 (RNCs-Sec22+60 construct) Get4 is not recruited to ribosome in the wild 
type strain and shows enhanced recruitment in the Δsrp54 strain. However, in the Get4 blot 
panel of Fig. 4e endogenous Get4 is found RNC associated (lane 1) and no substantial 
increase in recruitment of endogenous Get4 is seen in the Δsrp54 strain (lane 5).  

- This discrepancy between Fig. 4b and 4e becomes even more prominent when adjusting for 
the Rps9 loading controls. 
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We have improved the data, which are now shown in the new versions of previous Fig. 4b 
upper panel (new Fig. 4d) and previous Fig. 4e (new Fig. 4h). In the experiment shown in 
new Fig. 4d, Get4 is detected on RNCs-Sec22 to RNCs-Sec22+60, however, the normalized 
amount of Get4 bound to RNCs-Sec22+60 is reduced 5-fold and of Get5 is reduced 10-fold 
when compared to RNCs-Sec22 (new Fig. 4d). Please note, that the 10-fold reduction 
observed for Get5 is likely an over-estimate, as the Get5 antibody is getting close to its 
detection limit when little Get4/5 is bound to RNCs. In the new version of previous Fig. 4e (now 
new Fig. 4h), a low amount of Get4/5 is detected bound to RNCs-Sec22+60 in the wild type. 
As expected based on the data shown in Fig. 4d and 4e, the amount of Get4/5 bound to RNCs-
Sec22+60 is increased in the ∆srp54 strain (new Fig. 4h). 

(5) Line 300ff: 

 - Why is the Sec22+60xSgt2 crosslink a double band? Is Sgt2 interacting in different 
conformations/positions with Sec22? Could Sgt2 act as the yeast equivalent of mammalian 
BAG6 and recruit E3 ligases for ubiquitination of captured substrates (cf. line 435 and the data 
by Hegde and colleagues)? 

Reviewer #4 is right, crosslinking between Sgt2 and the nascent chain at least at two different 
positions most likely accounts for the double-crosslink which we consistently observe. 
Crosslink products often migrate at a position different from the calculated molecular mass in 
SDS PAGE, because the polypeptide is not linear, but "branched". Migration can differ 
dependent on how the two polypeptides are connected. Other examples are Srp54 in Plath et 
al. Fig.1 29 or Ssb, Ssz1, and Zuo1 in Zhang et al. Fig. 1 15. Sgt2 may act as a functional 
equivalent of mammalian BAG6. We also think along those lines for future experiments. 

- Why is the Sec22+60xSgt2 crosslink appearing at different molecular weights in Fig. 5b (~60-
80 kDa) and Fig. 5c (~90-110 kDa)? 

We apologize for this mislabelling. We have now corrected the labelling of the marker in Fig. 
5c. 

(6) Line 306ff: Considering the circumstance that efficient Sgt2 interaction was demonstrated 
only using Sec22+60 (which is not an ideal representative of TA protein anymore) in 
conjunction with either SRP knockout or Get4/5 overexpression, the true biological relevance 
of the TA capture at the ribosomal exit tunnel in a wild type setting is somewhat obscure. 

We clearly refer to the caveat with Sec22+60 in the manuscript (see also reply to Reviewer 
#3). However, there is no experimental procedure that would allow initiating crosslinking just 
when a released TA sequence appears at the tunnel exit. For this reason, we have employed 
the C-terminal extensions. As Reviewer #4 correctly states, addition of Get4/5 and absence of 
SRP enhances the crosslink of Sgt2 to Sec22+60. The crosslinking of Sgt2 to nascent 
Sec22+60 is close to the detection limit of the experiment. Detection of the crosslink product 
depends on the specific radioactivity of labelled 35S[Met], which is not the same in all 
experiments due to fast decay. Please note, the Sec22+60xSgt2 crosslink is detected in the 
wild type extract, in Fig. 5c, lane 5. We also analyzed the effect of Get4/5 on the capture of 
released Sec22 by Sgt2 (Fig. 5e and 5f). The results fully support a model, in which TA capture 
in a wild type setting is enhanced by ribosome-recruitment of Sgt2.  
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(7) Line  336ff: Similar as in comment (6) the true nature and relevance of Sgt2 being recruited 
to translating ribosomes via Get4/5 in vivo (Fig. 6) is hard to grasp. 

It is indeed challenging to precisely investigate the recruitment of Sgt2 to translating 
ribosomes. To test if Get4/5 recruits Sgt2 also in the wild type, we have further improved 
immunodetection of Sgt2 by increasing the loading to maximum and by increased incubation 
times with the first and secondary antibodies. With the improved method we show that a small 
fraction of Sgt2 is associated with ribosomes in a wild type cell lysate (new Fig. 6a and new 
Fig. 6d-f) 

- The authors write (and cite their own published data) “previous analysis did not provide 
evidence for a ribosome-bound pool of Sgt2, it is possible that the amount of ribosome-bound 
Sgt2 was too low to be detected via immunoblotting”. 

The reason for this discrepancy is that in in Zhang et al. 2016 14 we analyzed each single 
fraction of the ribosome profile individually via immunoblotting. However, polysomes are 
spread out over 11 fractions, each of which contains only relatively little ribosomes (new Fig. 
6c). After we found that Sgt2 binds to RNCs in a Get4/5-dependent manner, we reasoned that 
Sgt2 might be below the detection limit of the antibody in the diluted polysome fractions. To 
overcome this problem, we combined polysome fractions 9-19 (new Fig. 6c) and precipitated 
the material with TCA. After resuspension in sample buffer, combined fractions 9-19 were 
loaded into a single lane of an SDS-PAGE gel (indicated as 9-19 in new Fig. 6d-f). This is 
evident from the strong Rps9 and Rpl24 signals, which represent the collected polysomal 
ribosomes. The method is now described in detail in the new paragraph Ribosome profile 
analysis in the Methods section.  

Due to this experimental approach we are now able to detect Sgt2 in polysome fractions even 
in the wild type strain (new Fig. 6d), while polysome fractions of the ∆get4∆get5 strain do not 
contain Sgt2 (Fig. 6f).  

- The sucrose gradient fractionations show only the two opposing scenarios Get4/5 
overexpression versus Get4/5 knockout, but no wild type. 

As detailed above, we now included a wild type ribosome profile as new Fig. 6d. The analysis 
shows that Sgt2 is present in the polysome fractions of a wild type total yeast extract.  

It appears that Sgt2 is recruited to translating ribosomes only by the non-physiological Get4/5 
overexpression or deletion of SRP. 

Please see above. Due to improvements of Sgt2 detection, we now find Sgt2 is bound to 
polysomes also in the wild type (new Fig. 6a and new Fig. 6d).  

(8) Line 358f: “In this work, we show how newly synthesized tail anchored proteins are captured 
upon their emergence from the ribosomal tunnel.” All the work was done using Sec22 (or C-
terminal Sec22 extensions). Hence, the authors should restrict the statement to singular “We 
show how a newly synthesized tail anchored protein, Sec22, is captured upon its emergence 
from the ribosomal tunnel.”” 

Sec22 is an authentic yeast TA protein, which was previously used as a model for TA protein 
targeting. In addition, we have now performed key experiments (recruitment of Get4/5 and 
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Get4/5-dependent recruitment of Sgt2) with RNCs that carry the yeast TA proteins Sed5 and 
Bos1. The result of the experiments shows that the conclusions that we made using Sec22 as 
substrate hold true also for other TA proteins (new Supplementary Fig. 4i).  

(9) Line 979f: Given that Get4 seems to contact h46 and h47 inside the ribosomal tunnel the 
authors should also discuss the overlap with the NAC binding site in addition to the overlap 
with SRP (cf. Gamerdinger et al. 2019, doi:10.1016/j.molcel.2019.06.030). Based on this, how 
would the Sgt2 recruitment be altered in a ΔNAC strain? 

We thank Reviewer #4 for this suggestion. We have included a paragraph highlighting the 
other ribosome-bound factors that are known to contact the Rpl35/Rpl26 region (see Results). 
The overlap of the binding sites suggests that there might be competition between Get4/5 and 
other ribosome-bound factors, including NAC. However, addressing these interesting 
questions is beyond the scope of this study.  

The crosslinking site of Get4-HTP in helixes 46 and 47 of the 25S rRNA indeed lies partially 
within the ribosomal exit tunnel. However, it currently remains unclear whether Get4 
predominantly resides on the surface of the ribosome or whether, analogous to the NAC 
complex described by Gamerdinger and colleagues, Get4 might probe the exit tunnel. At 
present we would rather refrain from discussing this possibility due to the lack of data in either 
direction.  

(10) Line 1022: Why is the cross-reaction for endogenous Get4 mentioned for Fig. 4e not 
appearing in any other lane of the blot (e.g. lane 4 (wild type) or lane 5, 6, 8 (Δsrp54))? 

We have repeated the experiment shown in former Fig. 4e, which is now shown as new Fig. 
4h. The cross-reacting band was no longer detected. 

(11) Line 1115: With the model for the capture of TM domains upon exit from the ribosomal 
tunnel (Fig. 7) the reader wonders how unique or universal is the C-terminal Sec22 TM domain 
compared to other tail-anchor sequences (cf. comment (8) and (6)). 

We have now included experiments with two other TA protein (Sed5 and Bos1). The data (new 
Supplementary Fig. 4i) reveal that the TA sequences of Sed5 and Bos1 also recruit Sgt2 to 
ribosomes in a Get4/5-dependent manner.  

(12) Line 1: Taking into consideration the data presented in Figs. 5 and 6 the title should more 
accurately reflect, that “The TA protein Sec22 can be captured by Sgt2 at the ribosomal tunnel 
exit upon overexpression of the GET mediator complex Get4/5”. 

We now present data showing that Sgt2 is bound to ribosomes also at endogenous Get4/5 
concentration (new Fig. 6a and 6d) and that the mechanism pertains for the TA proteins Sed5 
and Bos1 as well (new Supplementary Fig. 4i). We feel this justifies the more general title 
and the respective parts in the Discussion. 

Minor points: 

(13) Line 268: Consider deleting “(see also Discussion)” 

done. 
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(14) Line 273: Consider deleting “(see Introduction)” 

done. 

(15) Line 274: that position Sgt2 -> that positions Sgt2 

done. 

(16) Line 275: “Pull down experiments” -> If not mistaken, Fig. 4b, d, e is based on α-FLAG 
M2 beads using an immobilized α-FLAG antibody and hence the authors should use the term 
immunoprecipitation instead of pull down. 

done. 

(17) Line 328: The knockout of the Δget3 strain/translation extract should be shown via 
immunoblot (in comparison to a control) in the supplement or main manuscript. 

done. The blot is shown in Supplemental Fig. 4f together with all translation extracts 
employed in this study. 

(18) Line 332: The bars in Fig. 5f could be arranged in same order as the lanes in Fig. 5e. 

done.  

(19) Line 426ff: Recent efforts from public data repositories provided a re-nomenclature of the 
mammalian TRC/GET components. Maybe the authors should adhere to this updated 
nomenclature throughout the manuscript. 

We thank the reviewer for this advice, which makes it easier for the reader to understand the 
similarities and differences between yeast and mammals. We changed the nomenclature of 
the mammalian GET components according to UniProt throughout the manuscript. 

We now use: BAG6, SGTA, UBL4A (instead of Ubl4a), GET4 (instead of TRC35), and GET3 
(instead of TRC40).  

(20) Line 917: While mathematically possible, it seems more sound to plot the two data points 
instead the s.e.m. (Fig. 1b). 

We have now performed more replicates of the experiment shown in new Fig. 1c (previous 
Fig. 1b) and show all the data points instead of the s.e.m. 

(21) Line 940: α-Get4 (His6Get5-XL in b), α-Rpl26 

done. 

(22) Line 941: (Rpl26-XL, Rpl35-XL in c) 

done. 

(23) Line 945: Period at end of sentence is in bold. 
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done. 

(24) Line 1031: Delete sentence “Sgt2 binding to wild …” 

done. 

(25) Line 1035: While mathematically possible, it isn’t ideal to compare significance between 
groups with two data points. Given that more than two groups are compared and blotted an 
ANOVA analysis would be the better statistical test (Fig. 4f). 

In the former Fig. 4f (now Fig. 4i) we compare groups of two, e.g., wild type with wild type + 
Get4/5↑ and ∆srp54 with ∆srp54 + Get4/5↑. We feel the statistical analysis is adequate. 

(26) Line 1080: Given that more than two groups are compared and blotted an ANOVA analysis 
would be the better statistical test (Fig. 5f). 

Reviewer #4 is correct. We have now performed ANOVA analysis for Fig. 5f, in which 3 groups 
are compared to each other. 

(27) Line 1090: Rpl 31 (ribosomal marker) and α-Sse1 -> Rpl 31 (ribosomal marker), and α-
Sse1 

done. 

(28) Line 1098: were pooled and aliquots -> were pooled and equivalent (??) aliquots 

done. 
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REVIEWERS' COMMENTS 

Reviewer #1 (Remarks to the Author): 

My suggestions and concerns have all been adequately addressed and I now find this paper highly 

suitable for publication in Nature Communications. 

Reviewer #2 (Remarks to the Author): 

I think the authors definitely clarified and improved their manuscript. Most of my issues have been 

answered. However I feel that one would need a bit more information still to be convinced by the 

quality of the CRAC results, especially due to the fact sup fig3f shows similar profiles for wt and Get-

HTP. The pie chart and the table gives more insight but is still presented in a biased way. Here 

are some important details to add in the text/legend: 

-How many CRAC repeats have been made for wt and Get4-HTP (could you confirm there are at least 

2 or 3)? Are the results shown an average, median or "most representative" replicate? could it be 

stated in the legend? 

-Could all the classes of RNAs be added to the pie chart (especially the tRNAs, even if you decide to 

combine some of the RNA classes them for clarification). 

-What is the percentage of unmapped/mapped reads and could this be added to sup figure 3? 

-Have the reads been filtered for PCR duplicate removal and could this be stated in the method 

section? 24 cycles of PCR is not low for CRAC and seeing the profile of reads across RDN37 and the 

distribution among classes for filtered reads is important (even as a sup). 

-Could you add the criteria used for Bowtie alignment?  

Once these points are addressed, I will support the publication of the manuscript. 

Reviewer #3 (Remarks to the Author): 

Not sure what to say given that my major concern about their overarching conclusion has not been 

addressed by attempting new experiments along the lines I suggested previously. Instead, the authors 

resorted to polemic that at times suggest they themselves don’t believe their model is actually 

falsifiable. It is certainly true that many great historical arcs in the land of ribosome-associated 

factors, like the SRP, have taken a lot of time and effort to reach their zenith but I guess I choose to 

draw more lessons from the nadirs of others, like the p180 ribosome receptor (yeah, p what?). There 

is already a lot of data in this manuscript and it would be no doubt a real effort to further define bona 

fide, ribosome non-binding Get4/5 mutants. However, I still think more biology-informed in vitro 

controls based on published reagents - e.g. in 6F, an Sgt2 C-terminal truncation in a get3 delete 

would control for the two known ways – direct TMD binding or indirect via Get3/4/5 - in which Sgt2 

can associate with aggregated species; or in 5E, trying to cut Sgt2’s ribosome association by providing 

Get5 in excess in vitro and seeing if this suppresses the enhanced TA pull-down of Sgt2 caused by the 

addition of Get4/5) would have helped me swallow their model, which remains more often than not 

supported by purely technical controls (e.g. epitope present/absent, high/low salt) and without 

complementary in vivo evidence. 

Reviewer #4 (Remarks to the Author): 

The revised manuscript by Zhang et al. titled “Ribosome-bound Get4/5 facilitates the capture of tail-

anchored proteins by Sgt2 in yeast” addresses the early steps of recognizing tail-anchored proteins by 

a dedicated chaperone-like cascade, the GET system. 

Compared to the original manuscript the authors provide further supporting data and addressed most, 



if not all, of the comments and concerns that I (reviewer #4) initially raised. In particular, figures 4 

and 6 that should demonstrate a physiological relevance of the early Get4/5 and Sgt2 recruitment to 

the ribosomal tunnel exit site received useful additions. 

I very much welcome the detailed explanations and experimental evidence given for my initial 

comments 1-3. The authors provide more detail which includes the addition of Get5 blot panels to Fig. 

4d and 4e, the switch from the Rps9 to Rpl31 as “loading reference” in those panels, supplementary 

Fig. 4f as well as incorporating Dap2-60 and its variant Dap2α-60 as further controls (new Fig. 4c). 

Thank you for that. 

Similarly, adding the wildtype for comparison to Fig. 6 and the new layout of the figure allowing 

comparison of the three experimental conditions, the ribosome profiles and the analysis thereof are 

great. The evidence is much more compelling and fully addresses the previous comment 7. Thank you. 

Providing additional data for the other tail-anchored proteins Sed5 and Bos1 (supplementary Fig. 4i) is 

excellent and negates comment 12. Well done. 

Previous comment 4 and 10 referring to the discrepancy in old Fig. 4b and 4e (enhanced Get4 

recruitment in in Δsrp54 in 4b, but not 4e) is no longer valid and the issue is fixed by the new blots 

provided in new Fig. 4d and 4h. However, I take the authors statements of “we have improved the 

data” and “the cross-reacting band was no longer detected” with a small grain of salt. 

Despite the initial criticism on my end, the authors strengthened the manuscript, and I would like to 

see their results being published and endorse publication in Nature Communications. 

Minor suggestions that do not require another round of review are: 

- Fig. 4i has a faint grey box around the graph. 

- Bar graphs (Figs. 1b, 4i, 5f, 6b) have the average as numbers next to the bar. Maybe it`s better to 

delete that (sorry, it did not occur to me during initial review). 

- In Fig. 6d the labeling (Get4/5 cyt 76%) for the dark grey bar in the wild type condition is barely 

readable. 

- The previous comment 16 suggested to change “pull-down” to “immunoprecipitation”. The figure 

legend for new Fig 4c reads pull-down as well as the methods section “FLAG-tag pull down reactions”. 

Feel free to use the terminology you prefer and change line 312 back to pull-down. 



REPLY TO REVIEWERS' COMMENTS 
 
 
Reviewer #1 (Remarks to the Author): 
 
My suggestions and concerns have all been adequately addressed and I now find this paper 
highly suitable for publication in Nature Communications. 
 
We are very happy to learn that Reviewer I now endorses publication of our manuscript. 
 
Reviewer #2 (Remarks to the Author): 
 
I think the authors definitely clarified and improved their manuscript. Most of my issues have 
been answered. However I feel that one would need a bit more information still to be convinced 
by the quality of the CRAC results, especially due to the fact sup fig3f shows similar profiles for 
wt and Get-HTP. The pie chart and the table gives more insight but is still presented in a biased 
way. 
 
Here are some important details to add in the text/legend: 
-How many CRAC repeats have been made for wt and Get4-HTP (could you confirm there are 
at least 2 or 3)? Are the results shown an average, median or "most representative" replicate? 
could it be stated in the legend? 
 
Two biological replicates for the Get4-HTP CRAC experiment were performed, which are now 
both accessible in the GEO deposit (GSE151664). In the second dataset, the only prominent 
peak on the rRNAs is also in 25S-h46/47, which precisely overlaps with the peak shown in Fig. 
3c and 3d. In the manuscript, a single representative dataset is shown and we now included this 
information in the Figure Legend.  
 
-Could all the classes of RNAs be added to the pie chart (especially the tRNAs, even if you 
decide to combine some of the RNA classes them for clarification). 
 
We included this information, which is now displayed as Supplementary Fig. 3h. 
 
-What is the percentage of unmapped/mapped reads and could this be added to sup figure 3? 
 
The percentages of mapped/unmapped reads is: Get4-HTP 39.5% mapped / 60.5% unmapped, 
WT 50.2% mapped / 49.8% unmapped. We have included this information now as 
Supplementary Fig. 3g. CRAC data were normalized (per million mapped reads) before further 
analysis. 
 
-Have the reads been filtered for PCR duplicate removal and could this be stated in the method 
section? 24 cycles of PCR is not low for CRAC and seeing the profile of reads across RDN37 
and the distribution among classes for filtered reads is important (even as a sup). 
 
We thank the referee for pointing this out. We now describe how duplicate reads were removed 
from the sequencing data before further analysis, including the profile across RDN37 ( Fig. 3c). 
The new text passage from the Methods section is also shown below (after the next point).  
 
 
-Could you add the criteria used for Bowtie alignment?  
 



We have now better described the criteria. The Bowtie alignment settings allowed all alignments 
containing no or a single mismatch. The results were then filtered to allow only reads containing 
a single T to C mutation. We now included this information into the Methods section, which is 
shown below. 

Protein-RNA Cross-linking and analysis of cDNA (CRAC). Yeast strains expressing HTP-
tagged Get3, Get4, or Sgt2 from their genomic loci were analyzed by PAR-CRAC 33,69. Cells were 
grown exponentially in low uracil media (10 mg/l uracil) supplemented with 100 µM 4-thiouracil 
before growth for an additional 4 h in the presence of 1 mM 4-thiouracil. 4-thiouridine (4sU)-
containing RNAs were crosslinked to associated proteins using 600 mJ/cm2 irradiation at 365 nm. 
Protein-RNA complexes were isolated under native conditions on IgG sepharose and then under 
denaturing conditions on Ni-NTA. A partial RNase digest was performed using RNace-IT, and co-
purified RNAs were 5’ labelled with [32P] and were ligated to 3´ and 5´ sequencing adaptors. The 
5´adaptor contained an NNNNNAGC unique molecular identifier sequence (UMI) to allow 
consolidation of multiple sequencing reads derived from the same RNA template. Complexes were 
separated by NuPAGE and transferred to a nitrocellulose membrane. RNAs were released from 
the membrane by Proteinase K digestion, isolated and reverse transcribed. The cDNA libraries 
were amplified by PCR (wild type: 35 cycles, Get4-HTP: 24 cycles) and subjected to Illumina deep 
sequencing. Sequencing reads were trimmed and quality controlled using Flexbar 70, reads shorter 
than 18 nucleotides were discarded. Identical sequencing reads containing the same UMI were 
collapsed to a single read. The remaining sequences were mapped to the S. cerevisiae genome 
using Bowtie 2 71. Alignments containing no, or a single, mismatch were allowed and reads were 
then filtered to retain only those reads containing a single T-C mutation induced by the presence 
of 4sU. For generating heat maps showing the number of reads mapping to different nucleotides 
on the secondary structure of the 25S rRNA 72 and the tertiary structure of the ribosome (PDB 
4V88), programming scripts in the programming language Python (version 3.5.2) were used. 
 
 
 
Once these points are addressed, I will support the publication of the manuscript. 
 
We thank Reviewer #2 for his/her helpful comments and for supporting the publication of our 
manuscript. 
 
 
Reviewer #3 (Remarks to the Author): 
 
Not sure what to say given that my major concern about their overarching conclusion has not 
been addressed by attempting new experiments along the lines I suggested previously. Instead, 
the authors resorted to polemic that at times suggest they themselves don’t believe their model 
is actually falsifiable. It is certainly true that many great historical arcs in the land of ribosome-
associated factors, like the SRP, have taken a lot of time and effort to reach their zenith but I 
guess I choose to draw more lessons from the nadirs of others, like the p180 ribosome receptor 
(yeah, p what?). There is already a lot of data in this manuscript and it would be no doubt a real 
effort to further define bona fide, ribosome non-binding Get4/5 mutants. However, I still think 
more biology-informed in vitro controls based on published reagents - e.g. in 6F, an Sgt2 C-
terminal truncation in a get3 delete would control for the two known ways – direct TMD binding 
or indirect via Get3/4/5 - in which Sgt2 can associate with aggregated species; or in 5E, trying to 
cut Sgt2’s ribosome association by providing Get5 in excess in vitro and seeing if this 
suppresses the enhanced TA pull-down of Sgt2 caused by the addition of Get4/5) would have 
helped me swallow their model, which remains more often than not supported by purely 



technical controls (e.g. epitope present/absent, high/low salt) and without complementary in vivo 
evidence. 
 
We thank Reviewer #3 for his/her suggestions for additional experiments. After carefully 
considering these suggestions we still think that these experiments are largely beyond the scope 
of the present paper. We would like to reiterate that our model is based on the results obtained 
by eight different in vivo and in vitro approaches, and at the same time matches with previously 
published data and accepted models of the later steps of the GET pathway. We think that at the 
current stage the experimental evidence is strong enough to present our model to the 
readership, and note that other referees seem to agree with us. There is no doubt that GET 
pathway models will be further tested and can be falsified in future experiments, as every 
scientific model.  
 
 
Reviewer #4 (Remarks to the Author): 
 
The revised manuscript by Zhang et al. titled “Ribosome-bound Get4/5 facilitates the capture of 
tail-anchored proteins by Sgt2 in yeast” addresses the early steps of recognizing tail-anchored 
proteins by a dedicated chaperone-like cascade, the GET system.  
 
Compared to the original manuscript the authors provide further supporting data and addressed 
most, if not all, of the comments and concerns that I (reviewer #4) initially raised. In particular, 
figures 4 and 6 that should demonstrate a physiological relevance of the early Get4/5 and Sgt2 
recruitment to the ribosomal tunnel exit site received useful additions. 
 
I very much welcome the detailed explanations and experimental evidence given for my initial 
comments 1-3. The authors provide more detail which includes the addition of Get5 blot panels 
to Fig. 4d and 4e, the switch from the Rps9 to Rpl31 as “loading reference” in those panels, 
supplementary Fig. 4f as well as incorporating Dap2-60 and its variant Dap2α-60 as further 
controls (new Fig. 4c). Thank you for that. 
 
Similarly, adding the wildtype for comparison to Fig. 6 and the new layout of the figure allowing 
comparison of the three experimental conditions, the ribosome profiles and the analysis thereof 
are great. The evidence is much more compelling and fully addresses the previous comment 7. 
Thank you. 
 
Providing additional data for the other tail-anchored proteins Sed5 and Bos1 (supplementary Fig. 
4i) is excellent and negates comment 12. Well done. 
 
Previous comment 4 and 10 referring to the discrepancy in old Fig. 4b and 4e (enhanced Get4 
recruitment in in Δsrp54 in 4b, but not 4e) is no longer valid and the issue is fixed by the new 
blots provided in new Fig. 4d and 4h. However, I take the authors statements of “we have 
improved the data” and “the cross-reacting band was no longer detected” with a small grain of 
salt. 
 
Despite the initial criticism on my end, the authors strengthened the manuscript, and I would like 
to see their results being published and endorse publication in Nature Communications. 
 
We are particularly pleased that Reviewer #4 finds our manuscript improved and recommends 
publication in Nature Communications. Thank you for your positive comments regarding the 
additional experiments and extensive work on Figures and text that we implemented to improve 
the manuscript.  



 
 
Minor suggestions that do not require another round of review are: 
- Fig. 4i has a faint grey box around the graph. 
 
We have removed the faint grey box. 
 
- Bar graphs (Figs. 1b, 4i, 5f, 6b) have the average as numbers next to the bar. Maybe it`s better 
to delete that (sorry, it did not occur to me during initial review). 
 
We have deleted the average numbers next to the bars in Figs. 1b, 4i, 5f, and 6b. 
 
 
- In Fig. 6d the labeling (Get4/5 cyt 76%) for the dark grey bar in the wild type condition is barely 
readable.  
 
Indeed. Thank you for pointing that out. We improved the labeling of Fig. 6d. 
 
- The previous comment 16 suggested to change “pull-down” to “immunoprecipitation”. The 
figure legend for new Fig 4c reads pull-down as well as the methods section “FLAG-tag pull 
down reactions”. Feel free to use the terminology you prefer and change line 312 back to pull-
down. 
 
Thank you. We changed line 312 back to FLAG-tag pull down reactions. 
 
 
 


