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Dear Dr. Schuck, 

Thank you for submitting your manuscript on Ubr1 E3 reprogramming by Roq1, and sincere 
apologies for the delay in getting back to you with referee reports at this time of the year. We have 
now received feedback from three experts in ubiquitin ligases and degron recognition, copied 
below for your information. As you will see, the referees are somewhat divided in their assessment 
of the overall significance of the presented analyses and results; yet, they all raise a number of 
substantive and partially overlapping concerns that would currently seem to preclude publication 
of this work in a broad general journal such as The EMBO Journal. 
Since it is not clear if and how these issues could be adequately addressed during a single, regular 
round of major revision, I would at this point invite you to discuss the reports with your coworkers, 
and to then send me a tentative point-by-point response, detailing how you would envision 
clarifying the key concerns of the referees. I would especially be interested in hearing your thoughts 
regarding testing/ruling out of alternative scenarios, and supporting the functional/physiological 
significance of the use of Roq1(22-60), which appears to be a recurrent concern in the reports. 
Based on such a revision proposal, I would be happy to discuss these plans with you directly, in 
order to find out whether a major revision for The EMBO Journal would seem realistic, or whether a 
less substantively revised version might alternatively be suitable for one of our sister journals. It 
would be great if you could get back to me with such a revision plan over the course of next two 
weeks. 

Looking forward to hearing from you, 

Best regards, 

Hartmut Vodermaier 

Hartmut Vodermaier, PhD 
Senior Editor, The EMBO Journal 
h.vodermaier@embojournal.org 

Referee #1 (Report for Author) 

Peters et al. establish an in vitro assay to investigate re-programming of the ubiquitin ligase Ubr1 by 
the intrinsically-disordered protein Roq1. Using this assay they nicely show that a truncated version 
of Roq1 (aa 22-60) binds to Ubr1 and facilitates ubiquitylation of unfolded proteins in a process 
termed SHRED. Ubiquitylation of proteins harboring a bulky hydrophobic residue at the amino-
terminus or containing an internal degradation site (degron) is also facilitated while the 
modification of proteins exposing a positively-charged amino-terminus is negatively affected. As 
already known, this largely depends on the binding of Roq1 to Ubr1 via an arginine residue at the 
amino-terminus. By experiments in yeast cells the authors identify a hydrophobic patch in Roq1 
that is specifically required for reprogramming Ubr1 for the ubiquitylation of unfolded proteins but 
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is not involved in modulating the activity of Ubr1 towards substrates containing an internal or an N-
degron. This motif seems to constitute a second interaction site to Ubr1. Finally, the authors show 
that a construct comprising an arginine residue at the amino-terminus connected to a stretch of 
hydrophobic amino acids by a flexible linker region suffices to induce ubiquitylation of SHRED 
substrates by Ubr1. 

Most of the experiments are well done and include appropriate controls. The authors provide solid 
evidence that a distinct binding site comprising a hydrophobic region in Roq1 selectively modulates 
the activity of the Ubr1 ubiquitin ligase towards unfolded proteins. This may be of importance for 
the design of compounds to regulate such events. Although the mechanism underlying this re-
programming process remains enigmatic, the presented study should pave the way for future 
analyses. Some points should be experimentally addressed by the authors to increase the quality 
of the work and to better support their arguments. Most importantly, we lack information on the 
binding of Roq1 to substrates and on the stability and the Ubr1-binding activity of the truncated 
Roq1 22-60 version in yeast cells. Other than that, I recommend publication of a revised version of 
the presented work in the "EMBO Journal". 

Major points: 

Fig. S1G impies that Roq1 22-60 is slightly more active than Roq1 22-104 in the in vitro 
ubiquitination assay. This may be due to competition for components of the ubiquitination 
apparatus by Roq1 22-104 and the substrate. Still, the overexpression of Roq1 22-60 in yeast cells is 
required to rescue a roq1 knockout to re-program Ubr1 for SHRED (Fig. S1B and Fig. S5), whereas 
lower expression of Roq1 22-104 suffices for this. This may be due to reduced stability/amounts of 
Roq1 22-60 in yeast or the binding of Roq1 22-60 to Ubr1 in yeast may be compromised. The 
cellular levels of both proteins should be compared as well as their ability to bind Ubr1, e.g. by 
using HA-tagged versions of the proteins. These experiments are crucial for understanding the 
results of this work since the in vitro ubiquitylation assays were exclusively done with the truncated 
Roq1 protein and these data were directly correlated with yeast experiments involving the full-
length construct. In the end, such analysis may also provide information on the carboxy-terminus 
of Roq1 in regulating its cellular levels. 

Given the activity of Roq1_R22A in the ubiquitination assay in Fig. 2E, I wonder if adding excess 
amounts of a hydrophobic peptide alone can modulate the activity of Ubr1 towards the 
ubiquitination of unfolded proteins. Related to this: how does the expression/overexpression of the 
Roq1_R22A variant affect Rtn1Pho8*-GFP reporter levels in yeast cells when compared to the other 
Roq1 constructs? 

Does Roq1 bind unfolded proteins and, if so, is the hydrophobic patch involved in establishing this 
interaction? Although Roq1 does not seem to facilitate binding of Pho8*-MBP to Flag-Ubr1 (Fig. 
S4A) it could still assist in the positioning of the substrate. 

The crosslinking experiment shown in Fig. 4E should be complemented by a Roq1 variant 
containing the Bpa crosslinker at positions that are unlikely to directly interact with Ubr1. This 



would confirm the specificity of the observed crosslinks as indicators of the binding of Y55 and Y56 
in Roq1 to Ubr1. 

Minor issues: 

The authors use a carboxy-terminal-truncated Roq1 variant (Roq1 22-60) in their in vitro studies to 
circumvent ubiquitylation of a longer construct (Roq1 22-104) by Ubr1 and "to focus our analysis on 
the activity of Ubr1 towards designated substrate proteins". In Fig. S1A, they show that Roq1 22-60 
is still ubiquitylated. I do not fully agree with the authors that this is to a substantially lesser extent 
than Roq1 22-104, considering the lower amounts of Roq1 22-60 examined here. The corresponding 
statement in the Discussion section (line 416) claiming that Roq1 22-60 is "not ubiquitinated" 
should be changed. 

The cellular amounts of Roq1 versions harboring amino acid substitutions in the hydrophobic patch 
are increased when compared to other Roq1 variants expressed from the same promotor (Fig. 4A, 
Fig. S3B). The author's claim that this hydrophobic stretch represents a degron to regulate the 
amounts of the protein could be experimentally addressed, e.g. by cycloheximide decay assays. 

The authors should investigate the function of their synthetic constructs comprising an amino-
terminal arginine residue and a hydrophobic motif in yeast cells. 

Referee #2 (Report for Author) 

The goal of this manuscript is to investigate the mechanism by which Roq1 alters the substrate 
specificity of Ubr1. This manuscript is a follow-up study to the authors' previous paper published in 
Molecular Cell (Vol. 70, p.1025, 2018). In the current study, the authors show that in addition to the 
N-terminal arginine of Roq1 (R22) that has been revealed previously as important in regulating Ubr1
activity, a short hydrophobic motif (YYFV, 55-58) in the Roq1(22-60) peptide is also crucial. The
authors have employed a Roq1(V58E) mutant variant to characterize how this short Roq1
hydrophobic motif regulates Ubr1 activity, revealing that not only does the YYFV motif serve as a
binding determinant, but it also regulates Ubr1 activity. Since the experimental systems deployed in
this study are highly artificial, it is difficult to judge if the findings indeed reflect what occurs in vivo.

Major points: 
1. The authors must use "full-length" Roq1 expressed from the endogenous locus (i.e., no
overexpression) in vivo to demonstrate the role of Roq1's hydrophobic motifs in Ubr1 regulation.
In this study, the authors have mainly relied on in vitro experiments to decipher Roq1 function in
vivo. Nevertheless, as mentioned by the authors in p.14, it is challenging to translate insights from
in vitro studies into an understanding of Ubr1 function in vivo. As the authors state, "the outcome of
Ubr1 reprograming in vivo is likely more complex than can be recapitulated easily in reconstitution
experiments. We show that Roq1 activates the ubiquitination of both misfolded proteins and Cup9
in vitro. In contrast, Roq1 appears to suppress Cup9 degradation in vivo." (p.14, ln. 414).
Moreover, rather than using full-length Roq1 to deduce the function of Roq1, the authors have
primarily used an "artificially shortened" version of Roq1, i.e., Roq1(22-60), for their in vitro



reconstitution assays and in vivo reporter assays. The authors argue that Roq1(22-60) is sufficient 
to represent the function of wild-type Roq1. Nevertheless, Roq1(22-60) did not support Rho8*-GFP 
degradation when expressed under the Roq1 promoter (Fig. S5), and only partially supported 
Rho8*-GFP degradation when expressed under the strong GPD promoter (Fig. S1B), indicating that 
in fact Roq1(22-60) does not adequately represent wild-type Roq1. 
Lastly, the authors applied a non-physiologically relevant protein concentration to examine the 
activity of Roq1(22-60) in their in vitro reconstitution assays, i.e., a "10-fold molar excess of 
Roq1(22-60) over Ubr1" (p.5, ln. 110). As revealed by the authors, varying the protein concentrations 
elicited different results: "Roq1(R22A) did not affect Pho8* ubiquitination when used at a 10-fold 
molar excess over Ubr1 (Figure 2A). However, further raising its concentration slightly enhanced 
Pho8* ubiquitination (Figure 2E, for example note the upward shift of ubiquitin-Pho8* in the lane 
with a 40-fold molar excess of Roq1(R22A) compared with the lane with a 10-fold molar excess). 
Therefore, Roq1(R22A) still has a limited ability to activate Ubr1" (p.7). Therefore, it is misleading to 
conclude endogenous Roq1 function based on reconstitution experiments that use a 10-fold molar 
excess of Roq1(22-60) over Ubr1. The authors need to establish what is the "endogenous" protein 
concentration of Roq1(22-104) as well as the molar ratio of endogenous Roq1 to Ubr1 in wild-type 
yeast cells after tunicamycin treatment. Based on the authors' own previous work (Mol. Cell 70, 
p.1025), Roq1 is intrinsically labile and so the endogenous protein abundance of Roq1 is likely to be
low.
2. The authors completely rely on artificial reporter models, such as Rho8*-GFP, to measure Ubr1
activity. They need to test degradation of endogenous misfolded protein substrates to ensure that
their conclusions remain the same.
3. The authors have concluded that, apart from binding, the hydrophobic motif of Roq1 exerts
additional regulatory activity based solely on their characterization of the Roq1(V58E) mutant
variant (Fig. 5 and Fig. 6). They argue that Roq1(V58E) binds Ubr1 almost as efficiently as wild-type
Ubr1 (Fig. 4A). Nevertheless, despite that pulldown levels of Flag-Ubr1 look similar in Fig. 4A, the
level of Roq1(V58E)-HA pulled down is much greater than that of wild-type Roq1-HA, suggesting
that Roq1(V58E) binds Ubr1 less efficiently than wild-type Roq1. Therefore, the results from the
Roq1(V58E) experiments are insufficient to infer that endogenous Roq1 exerts additional regulatory
activity on Ubr1.
4. It is inappropriate to compare the activity of Roq1 mutant variants without considering their
protein abundance.
(1) Control Western blots showing the protein abundances of Roq1 variants for Fig. 3F, 3G, 7B, 7D,
S1B, S3C, S3D, and S5 are all lacking.
(2) The protein abundances of the Roq1 E36K, N45K and E67K variants are less than those of wild-
type Roq1 (Fig. S3D).

Minor point 
1. Labeling of the molecular weight markers is lacking for Figs. 1B-1G, 2A-2C, 2E, 5B-5F, 6A-6C, 7D,
S1A, S1C-S1G, S2, and S4A.

Referee #3 (Report for Author) 

Peters et al. investigate how the Ubr1 ubiquitin ligase is modulated by the Roq1 pseudo-substrate 



using in vitro assays and validation of key findings in vivo. The authors find that processed Roq1 
uses two SLiMs to interact with and modulate Ubr1: the N-terminal arginine, which likely interacts 
with the type-1 binding pocket of Ubr1, and a newly identified short hydrophobic motif. The authors 
argue that both SLiMs are required for Roq1 function, with distinct impacts on Ubr1 activity. The 
region between the SLiMs only functions as a linker, ensuring cooperative binding of the SLiMs 
needed for Roq1 function. Overall, the experiments are well performed and documented, and the 
manuscript is clearly written and a nice read. 

In my opinion, the claims regarding the function of the linker region and cooperative binding should 
be strengthened as outlined below. 

1. The authors propose a model where a single Roq1 molecule binds to Ubr1 using two SLiMs, and
the linker region serves only to connect the two SLiMs for cooperative binding. According to the
authors, one argument for this is that replacing the linker region with short artificial linkers
preserves Roq1 function in vitro. However, from the data shown in Fig.7d it looks like while Roq1(22
aa), Roq1(GGS) and Roq1(GSP) are equally active, they are less active compared to the 22-60
variant. Can full length artificial linkers in the context of the 22-60 variant and/or full length Roq1
preserve Roq1 function in vitro and/or in vivo?

2. Based on the authors' model, a shortened linker is expected to reduce Roq1 activity. Less trivially,
so should a substantially longer one, which the authors could test in vitro and/or in vivo. Moreover, it
would be important to examine the impact of linker mutations and replacements in the context of
full length Roq1 in vivo.

3. An alternative possibility is that Roq1 oligomerizes (for example via the linker region) and SLiMs
from two Roq1 molecules interact with Ubr1. The gradual loss of Roq1 functionality with shorter
linkers (Fig.7b) is consistent with this hypothesis. The authors could distinguish between the two
models by testing how combining two Roq1 variants (each mutated in one of the SLiMs, with or
without the linker region) affects SHRED and Ubr1 in vitro. And/or by combining Roq1(R22A) with
arginine dipeptides in vitro. This could also help strengthen the argument for cooperative binding.

4. On the point of arginine dipeptides, the authors could use them to strengthen the point that Roq1
binds to the type-1 pocket of Ubr1.

Minor points 
5. Molecular weight markers are missing on most immunoblots.

6. The authors state that "Roq1(R22A) did not affect Pho8* ubiquitination when used at a 10-fold
molar excess over Ubr1 (Figure 2A). However, further raising its concentration slightly enhanced
Pho8* ubiquitination (Figure 2E, for example note the upward shift of ubiquitin-Pho8* in the lane
with a 40-fold molar excess of Roq1(R22A) compared with the lane with a 10-fold molar excess)." In
these and other experiments there appears to be inhibition at amounts above 40-fold excess. A
comment on this would be appreciated.



7. "Flexible linkers can span substantial distances. Assuming a Cα-Cα distance in the peptide
backbone of 3.8 Å (Chakraborty et al, 2013), a maximally extended 15-residue linker would,
theoretically, be more than 5 nm long." Not clear why the authors chose to refer to the artificially
shortened linker here, as the natural >30 residue long one would make their point even more
striking.

8. "Not shown" data should be shown or not referred to. For example, "Roq1(GGS) and Roq1(GSP)
were inactive in vivo, possibly due to low stability (not shown)."

9. From the plasmid table, it is unclear what the sequences of the Roq1 variants in Fig.7A is. What
exactly is deleted to shorten the linker region?

10. In the methods section, it is unclear how R-GFP and F-GFP are purified and prepared, (tag,
protease, etc).

11. Whenever possible the authors should show some characterization of the purified proteins (e.g.
Coomassie gels).
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Dear Dr. Vodermaier, 

Thank you for invi5ng us to suggest a plan for a poten5al revision. We believe that it is possible 
to adequately address the referees’ comments in a regular round of revision and we would 
aim to resubmit the manuscript un5l the end of the year. 

The referees' comments are incisive and addressing them will strengthen our manuscript. An 
issue raised by all referees is the physiological relevance of our biochemical in vitro findings. 
For technical reasons, we mostly used Roq1(22-60), a shortened version of Roq1, for 
inves5ga5ng Ubr1 reprograming in vitro. To test the relevance of our conclusions in vivo, we 
propose to introduce the muta5ons we analyzed with Roq1(22-60) into full-length Roq1, 
express the resul5ng Roq1 variants in yeast using the endogenous ROQ1 promoter and 
determine their SHRED ac5vity. In this way, we would employ Roq1(22-60) strictly as an in 
vitro tool and systema5cally validate our conclusions in vivo with full-length Roq1. We think 
that this strategy is preferable over inves5ga5ng the ar5ficial Roq1(22-60) in vivo. Besides the 
issue of physiological relevance, referees 1 and 2 raised ques5ons about the stability and 
rela5ve abundance of Roq1 variants. We will address these issues in vivo using full-length 
Roq1 where appropriate. We will aUempt to improve detec5on of Roq1 by Western bloVng 
so that we can use expression under the endogenous ROQ1 promoter also here. Finally, the 
referees suggested various addi5ons and controls, some of which are cri5cal and some of 
which we view as extensions that are dispensable for our main conclusions. 

Specifically, we suggest the following plan for new experiments: 

1. We will restrict the use of Roq1(22-60) to in vitro experiments and test the relevance of our
in vitro results for SHRED ac5vity in yeast using full-length Roq1 variants expressed under the
endogenous ROQ1 promoter (Referee 1, point 1; Referee 2, point 1; Referee 3, points 1 and
2). For Roq1(V58E), we will addi5onally use N-degron reporters to test our model of a
substrate-specific regulatory ac5vity of the hydrophobic mo5f (Referee 2, point 3).

2. We will assess whether the Roq1 C-terminal region is important for stability (Referee 1,
point 2) and determine the rela5ve abundance of the different variants with muta5ons in the
linker and the hydrophobic mo5f (Referee 1, point 8; Referee 2, point 4).

3. We could test whether the Roq1 hydrophobic mo5f binds Pho8* (Referee 1, point 4). As
explained in the point-by-point response, we would like to consider this as op5onal.

4. We will include a nega5ve control for the photo-crosslinking (Referee 1, point 5).

5. We will test whether the hydrophobic mo5f indeed acts as a degron (Referee 1, point 7).

6. We will aUempt to determine the rela5ve abundance of Ubr1 and Roq1 in vivo (Referee 2,
point 1). This would be a nice but non-essen5al addi5on.

7. We will test the alterna5ve model that Roq1 acts as an oligomer (Referee 3, point 3).

6th Sep 2024Tentative point-by-point response
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We provide detailed informa5on on these and all other referee comments in the tenta5ve 
point-by-point response below. While the planned experiments will require considerable 
work, including the genera5on of quite a few yeast strains, they need almost no technical 
innova5on and we therefore believe that most of these experiments will be straighcorward. 
 
We look forward to hearing your thoughts on our revision plan and the proposed 5meline. 
 
Best regards, 
Sebas5an Schuck 
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Tenta've point-by-point response 

Referee 1 
 
Peters et al. establish an in vitro assay to inves4gate re-programming of the ubiqui4n ligase 
Ubr1 by the intrinsically-disordered protein Roq1. Using this assay they nicely show that a 
truncated version of Roq1 (aa 22-60) binds to Ubr1 and facilitates ubiquityla4on of unfolded 
proteins in a process termed SHRED. Ubiquityla4on of proteins harboring a bulky 
hydrophobic residue at the amino-terminus or containing an internal degrada4on site 
(degron) is also facilitated while the modifica4on of proteins exposing a posi4vely-charged 
amino-terminus is nega4vely affected. As already known, this largely depends on the 
binding of Roq1 to Ubr1 via an arginine residue at the amino-terminus. By experiments in 
yeast cells the authors iden4fy a hydrophobic patch in Roq1 that is specifically required for 
reprogramming Ubr1 for the ubiquityla4on of unfolded proteins but is not involved in 
modula4ng the ac4vity of Ubr1 towards substrates containing an internal or an N-degron. 
This mo4f seems to cons4tute a second interac4on site to Ubr1. Finally, the authors show 
that a construct comprising an arginine residue at the amino-terminus connected to a 
stretch of hydrophobic amino acids by a flexible linker region suffices to induce 
ubiquityla4on of SHRED substrates by Ubr1. 
 
Most of the experiments are well done and include appropriate controls. The authors 
provide solid evidence that a dis4nct binding site comprising a hydrophobic region in Roq1 
selec4vely modulates the ac4vity of the Ubr1 ubiqui4n ligase towards unfolded proteins. 
This may be of importance for the design of compounds to regulate such events. Although 
the mechanism underlying this re-programming process remains enigma4c, the presented 
study should pave the way for future analyses. Some points should be experimentally 
addressed by the authors to increase the quality of the work and to beUer support their 
arguments. Most importantly, we lack informa4on on the binding of Roq1 to substrates and 
on the stability and the Ubr1-binding ac4vity of the truncated Roq1 22-60 version in yeast 
cells. Other than that, I recommend publica4on of a revised version of the presented work 
in the "EMBO Journal". 

 
Major points: 
 
1. Fig. S1G implies that Roq1 22-60 is slightly more ac4ve than Roq1 22-104 in the in vitro
ubiqui4na4on assay. This may be due to compe44on for components of the ubiqui4na4on
apparatus by Roq1 22-104 and the substrate. S4ll, the overexpression of Roq1 22-60 in yeast
cells is required to rescue a roq1 knockout to re-program Ubr1 for SHRED (Fig. S1B and Fig.
S5), whereas lower expression of Roq1 22-104 suffices for this. This may be due to reduced
stability/amounts of Roq1 22-60 in yeast or the binding of Roq1 22-60 to Ubr1 in yeast may
be compromised. The cellular levels of both proteins should be compared as well as their
ability to bind Ubr1, e.g. by using HA-tagged versions of the proteins. These experiments are
crucial for understanding the results of this work since the in vitro ubiquityla4on assays
were exclusively done with the truncated Roq1 protein and these data were directly
correlated with yeast experiments involving the full-length construct.
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This comment raises the valid point that we should determine rigorously whether the in vitro 
results with truncated Roq1(22-60) apply to the situa5on in vivo. To do this, we will 
systema5cally test the conclusions we obtained with Roq1(22-60) through experiments in 
yeast using full-length Roq1 expressed under its endogenous promoter. Specifically, we will 
mutate the Roq1 hydrophobic mo5f or the linker and measure the ac5vity of the resul5ng 
variants using our standard SHRED reporter (also see point 8 below; Referee 2, point 1 and 3; 
Referee 3, point 1 and 2). 
 
2. In the end, such analysis may also provide informa4on on the carboxy-terminus of Roq1 
in regula4ng its cellular levels. 

We agree and will determine if the C-terminal region is indeed important for Roq1 stability. 
 
3. Given the ac4vity of Roq1_R22A in the ubiqui4na4on assay in Fig. 2E, I wonder if adding 
excess amounts of a hydrophobic pep4de alone can modulate the ac4vity of Ubr1 towards 
the ubiqui4na4on of unfolded proteins. Related to this: how does the 
expression/overexpression of the Roq1_R22A variant affect Rtn1Pho8*-GFP reporter levels 
in yeast cells when compared to the other Roq1 constructs? 
 
Adding large amounts of a hydrophobic pep5de to the ubiqui5na5on reac5ons is likely not 
feasible due to pep5de insolubility and s5ckiness. In fact, the Roq1 hydrophobic mo5f may 
have evolved in the context of an intrinsically disordered protein precisely in order for it to be 
solvent-exposed yet soluble. Thus, Roq1 may be thought of as a hydrophobic pep5de kept in 
solu5on by surrounding hydrophilic sequences, a view we will men5on in the discussion. 
 
We have already tested the in vivo ac5vity of Roq1(R22A) expressed under the GPD promoter, 
which is the strongest promoter available in yeast and seen that Roq1(R22A) is s5ll inac5ve. 
We will include these data in the revised manuscript.  
 
4. Does Roq1 bind unfolded proteins and, if so, is the hydrophobic patch involved in 
establishing this interac4on? Although Roq1 does not seem to facilitate binding of Pho8*-
MBP to Flag-Ubr1 (Fig. S4A) it could s4ll assist in the posi4oning of the substrate. 
 
We asked whether Roq1 affects binding of Pho8* to Ubr1 (Figure S4A) but did not test whether 
Roq1 binds Pho8*. We could modify our pulldown experiments to address this. Detec5ng 
some affinity of the Roq1 hydrophobic mo5f for Pho8* would be unsurprising because the 
misfolded Pho8* likely exposes hydrophobic residues. Therefore, it would be unclear what a 
binary hydrophobic Roq1-Pho8* interac5on would mean for the Roq1-Ubr1-Pho8* complex. 
Only the atomic structure of the ternary complex will clarify the issue. However, Roq1 could 
indeed assist in the posi5oning the substrate and will men5on this scenario in the discussion. 
 
5. The crosslinking experiment shown in Fig. 4E should be complemented by a Roq1 variant 
containing the Bpa crosslinker at posi4ons that are unlikely to directly interact with Ubr1. 
This would confirm the specificity of the observed crosslinks as indicators of the binding of 
Y55 and Y56 in Roq1 to Ubr1. 
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We will do this control experiment. 
 
 
Minor issues: 
 
6. The authors use a carboxy-terminal-truncated Roq1 variant (Roq1 22-60) in their in vitro 
studies to circumvent ubiquityla4on of a longer construct (Roq1 22-104) by Ubr1 and "to 
focus our analysis on the ac4vity of Ubr1 towards designated substrate proteins". In Fig. 
S1A, they show that Roq1 22-60 is s4ll ubiquitylated. I do not fully agree with the authors 
that this is to a substan4ally lesser extent than Roq1 22-104, considering the lower amounts 
of Roq1 22-60 examined here. The corresponding statement in the Discussion sec4on (line 
416) claiming that Roq1 22-60 is "not ubiqui4nated" should be changed. 
 
We agree and will phrase our descrip5on more precisely. Roq1(22-60) clearly receives fewer 
ubiqui5n moie5es than Roq1(22-104), which is what we meant to convey. 
 
7. The cellular amounts of Roq1 versions harboring amino acid subs4tu4ons in the 
hydrophobic patch are increased when compared to other Roq1 variants expressed from the 
same promotor (Fig. 4A, Fig. S3B). The author's claim that this hydrophobic stretch 
represents a degron to regulate the amounts of the protein could be experimentally 
addressed, e.g. by cycloheximide decay assays. 
 
We have done similar cycloheximide chase experiments with Roq1 before (Szoradi et al, 2018, 
Figure S6) and will clarify this issue.   
 
8. The authors should inves4gate the func4on of their synthe4c constructs comprising an 
amino-terminal arginine residue and a hydrophobic mo4f in yeast cells. 
 
We have seen that synthe5c Roq1 constructs consis5ng of R22-(ar5ficial linker)-(hydrophobic 
mo5f) are inac5ve in vivo, presumably because they are unstable in cells (p 12, line 339 – 340). 
Whether this interpreta5on is true and whether the stability of Roq1 depends on the natural 
linker and/or the C-terminal region will by shown by the vivo experiments described above 
(see point 1) and below (see Referee 2, points 1 and 3; Referee 3, points 1 and 2). 
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Referee 2 
 
The goal of this manuscript is to inves4gate the mechanism by which Roq1 alters the 
substrate specificity of Ubr1. This manuscript is a follow-up study to the authors' previous 
paper published in Molecular Cell (Vol. 70, p.1025, 2018). In the current study, the authors 
show that in addi4on to the N-terminal arginine of Roq1 (R22) that has been revealed 
previously as important in regula4ng Ubr1 ac4vity, a short hydrophobic mo4f (YYFV, 55-58) 
in the Roq1(22-60) pep4de is also crucial. The authors have employed a Roq1(V58E) mutant 
variant to characterize how this short Roq1 hydrophobic mo4f regulates Ubr1 ac4vity, 
revealing that not only does the YYFV mo4f serve as a binding determinant, but it also 
regulates Ubr1 ac4vity. Since the experimental systems deployed in this study are highly 
ar4ficial, it is difficult to judge if the findings indeed reflect what occurs in vivo. 
 
 
Major points: 
 
1. The authors must use "full-length" Roq1 expressed from the endogenous locus (i.e., no 
overexpression) in vivo to demonstrate the role of Roq1's hydrophobic mo4fs in Ubr1 
regula4on. 
 
In this study, the authors have mainly relied on in vitro experiments to decipher Roq1 
func4on in vivo. Nevertheless, as men4oned by the authors in p.14, it is challenging to 
translate insights from in vitro studies into an understanding of Ubr1 func4on in vivo. As the 
authors state, "the outcome of Ubr1 reprograming in vivo is likely more complex than can 
be recapitulated easily in recons4tu4on experiments. We show that Roq1 ac4vates the 
ubiqui4na4on of both misfolded proteins and Cup9 in vitro. In contrast, Roq1 appears to 
suppress Cup9 degrada4on in vivo." (p.14, ln. 414). 
 
Moreover, rather than using full-length Roq1 to deduce the func4on of Roq1, the authors 
have primarily used an "ar4ficially shortened" version of Roq1, i.e., Roq1(22-60), for their in 
vitro recons4tu4on assays and in vivo reporter assays. The authors argue that Roq1(22-60) 
is sufficient to represent the func4on of wild-type Roq1. Nevertheless, Roq1(22-60) did not 
support Rtn1-Pho8*-GFP degrada4on when expressed under the ROQ1 promoter (Fig. S5), 
and only par4ally supported Rtn1-Pho8*-GFP degrada4on when expressed under the strong 
GPD promoter (Fig. S1B), indica4ng that in fact Roq1(22-60) does not adequately represent 
wild-type Roq1. 
 
Lastly, the authors applied a non-physiologically relevant protein concentra4on to examine 
the ac4vity of Roq1(22-60) in their in vitro recons4tu4on assays, i.e., a "10-fold molar excess 
of Roq1(22-60) over Ubr1" (p.5, ln. 110). As revealed by the authors, varying the protein 
concentra4ons elicited different results: "Roq1(R22A) did not affect Pho8* ubiqui4na4on 
when used at a 10-fold molar excess over Ubr1 (Figure 2A). However, further raising its 
concentra4on slightly enhanced Pho8* ubiqui4na4on (Figure 2E, for example note the 
upward shio of ubiqui4n-Pho8* in the lane with a 40-fold molar excess of Roq1(R22A) 
compared with the lane with a 10-fold molar excess). Therefore, Roq1(R22A) s4ll has a 
limited ability to ac4vate Ubr1" (p.7). Therefore, it is misleading to conclude endogenous 
Roq1 func4on based on recons4tu4on experiments that use a 10-fold molar excess of 
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Roq1(22-60) over Ubr1. The authors need to establish what is the "endogenous" protein 
concentra4on of Roq1(22-104) as well as the molar ra4o of endogenous Roq1 to Ubr1 in 
wild-type yeast cells aoer tunicamycin treatment. Based on the authors' own previous work 
(Mol. Cell 70, p.1025), Roq1 is intrinsically labile and so the endogenous protein abundance 
of Roq1 is likely to be low. 
 
We agree that we should rigorously test the in vivo relevance of our in vitro findings obtained 
with Roq1(22-60). For this, we will use yeast expressing full-length Roq1 variants under the 
control of the endogenous ROQ1 promoter, including variants with muta5ons in the 
hydrophobic mo5f (also see Referee 1, point 1). 
 
Regarding the rela5ve abundance of Roq1 and Ubr1, we show that, in vitro, a molar ra5o of 
Roq1(22-60) to Ubr1 of 1:1 is nearly sufficient for full Ubr1 ac5va5on (Figure S1F). We then 
used molar ra5os of 10:1 or higher to make the in vitro ubiqui5na5on assays as robust as 
possible. Determining the rela5ve levels of Roq1 and Ubr1 in yeast will be challenging given 
the low abundance of both proteins. In addi5on, any finding will come with the caveat that 
Roq1 and Ubr1 likely have different subcellular distribu5ons. Ubr1 is primarily nuclear (Prasad 
et al, JCB 2018), whereas the 5ny Roq1 may freely pass the nuclear pore complex and 
equilibrate between cytosol and nucleus. It is therefore unclear what conclusions we would 
be able to draw from these experiments. Nevertheless, we will give this a try. 
 
2. The authors completely rely on ar4ficial reporter models, such as Rtn1-Pho8*-GFP, to 
measure Ubr1 ac4vity. They need to test degrada4on of endogenous misfolded protein 
substrates to ensure that their conclusions remain the same. 
 
We do not have such substrates at our disposal. We previously iden5fied endogenous SHRED 
substrates, i.e. proteins that become Roq1-dependent Ubr1 substrates during stress (Szoradi 
et al, 2018). The extent of their degrada5on is minor (likely because only a small frac5on of 
an endogenous substrate misfolds even during stress), their degrada5on does not exclusively 
depend on SHRED (likely because of redundancy between protein quality control pathways), 
or both. Therefore, these substrates are prohibi5vely inefficient SHRED reporters. In contrast, 
Rtn1-Pho8*-GFP is extensively degraded in a stress-, Roq1- and Ubr1-dependent manner, 
making it an excellent tool to inves5gate the mechanism of the SHRED pathway. Defining the 
physiological substrate spectrum of SHRED is an issue outside the scope of this study.  
 
3. The authors have concluded that, apart from binding, the hydrophobic mo4f of Roq1 
exerts addi4onal regulatory ac4vity based solely on their characteriza4on of the 
Roq1(V58E) mutant variant (Fig. 5 and Fig. 6). They argue that Roq1(V58E) binds Ubr1 
almost as efficiently as wild-type Ubr1 (Fig. 4A). Nevertheless, despite that pulldown levels 
of Flag-Ubr1 look similar in Fig. 4A, the level of Roq1(V58E)-HA pulled down is much greater 
than that of wild-type Roq1-HA, sugges4ng that Roq1(V58E) binds Ubr1 less efficiently than 
wild-type Roq1. Therefore, the results from the Roq1(V58E) experiments are insufficient to 
infer that endogenous Roq1 exerts addi4onal regulatory ac4vity on Ubr1.  
 
This is an important point. The conclusion that the hydrophobic mo5f has specific regulatory 
ac5vity primarily rests on in vitro findings: the Roq1(V58E) retains substan5al binding to Ubr1, 
has the same effect as wild-type Roq1 on N-degron substrates but is almost inac5ve towards 
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misfolded substrates (Figure 5). In vivo, Roq1(V58E) also retains substan5al Ubr1 binding and 
is inac5ve towards our standard SHRED reporter (Figures 3D and 4A). To strengthen the in vivo 
experiments, we will test the ac5vity of Roq1(V58E) towards reporters of the N-degron 
pathway. We have used these N-degron reporters before (Szoradi et al, 2018). 
 
4. It is inappropriate to compare the ac4vity of Roq1 mutant variants without considering 
their protein abundance. 
 
(1) Control Western blots showing the protein abundances of Roq1 variants for Fig. 3F, 3G, 
7B, 7D, S1B, S3C, S3D, and S5 are all lacking.  
(2) The protein abundances of the Roq1 E36K, N45K and E67K variants are less than those 
of wild-type Roq1 (Fig. S3D). 
 
We did the in vivo experiments to assess whether different Roq1 variants s5ll possessed 
SHRED ac5vity. A defect would be trivial if a mutant variant had a lower abundance than na5ve 
Roq1. However, star5ng with the screen (Figures 3D, S3C and S3D), we expressed Roq1 
variants under the strong GPD promoter and, as a result, all mutant variants had higher levels 
than na5ve Roq1 expressed under the ROQ1 promoter. We therefore conclude that all mutant 
variants have genuine SHRED defects (Figure S3B and page 7, line 188 – 195). 
 
The referee is right, though, regarding comparisons between different Roq1 variants because 
even a lowly abundant mutant with substan5al residual ac5vity could appear more strongly 
impaired than an abundant mutant with liUle residual ac5vity. For instance, we agree that the 
residual ac5vi5es of the linker and trunca5on mutants in Figures 7B, S1B and S5 are difficult 
to assess. We will clarify this issue with Western blots of tagged variants, expressed under the 
endogenous ROQ1 promoter if possible (also see Referee 1, points 2 and 8). 
 
 
Minor point 
 
1. Labeling of the molecular weight markers is lacking for Figs. 1B-1G, 2A-2C, 2E, 5B-5F, 6A-
6C, 7D, S1A, S1C-S1G, S2, and S4A. 
 
Will be added.  



9 

Referee 3 
 
Peters et al. inves4gate how the Ubr1 ubiqui4n ligase is modulated by the Roq1 pseudo-
substrate using in vitro assays and valida4on of key findings in vivo. The authors find that 
processed Roq1 uses two SLiMs to interact with and modulate Ubr1: the N-terminal 
arginine, which likely interacts with the type-1 binding pocket of Ubr1, and a newly 
iden4fied short hydrophobic mo4f. The authors argue that both SLiMs are required for Roq1 
func4on, with dis4nct impacts on Ubr1 ac4vity. The region between the SLiMs only func4ons 
as a linker, ensuring coopera4ve binding of the SLiMs needed for Roq1 func4on. Overall, the 
experiments are well performed and documented, and the manuscript is clearly wriUen and 
a nice read. 
 
In my opinion, the claims regarding the func4on of the linker region and coopera4ve binding 
should be strengthened as outlined below. 
 
 
Major points: 
 
1. The authors propose a model where a single Roq1 molecule binds to Ubr1 using two 
SLiMs, and the linker region serves only to connect the two SLiMs for coopera4ve binding. 
According to the authors, one argument for this is that replacing the linker region with short 
ar4ficial linkers preserves Roq1 func4on in vitro. However, from the data shown in Fig.7d it 
looks like while Roq1(22 aa), Roq1(GGS) and Roq1(GSP) are equally ac4ve, they are less 
ac4ve compared to the 22-60 variant. Can full length ar4ficial linkers in the context of the 
22-60 variant and/or full length Roq1 preserve Roq1 func4on in vitro and/or in vivo? 
 
2. Based on the authors' model, a shortened linker is expected to reduce Roq1 ac4vity. Less 
trivially, so should a substan4ally longer one, which the authors could test in vitro and/or in 
vivo. Moreover, it would be important to examine the impact of linker muta4ons and 
replacements in the context of full length Roq1 in vivo. 
 
We will address both points by experiments in yeast with Roq1 variants with ar5ficial linkers 
of different lengths. We will do this in the context of otherwise full-length Roq1 expressed 
under its endogenous promoter (also see Referee 1, point 1; Referee 2, point 1 and 3). 
 
3. An alterna4ve possibility is that Roq1 oligomerizes (for example via the linker region) and 
SLiMs from two Roq1 molecules interact with Ubr1. The gradual loss of Roq1 func4onality 
with shorter linkers (Fig.7b) is consistent with this hypothesis. The authors could dis4nguish 
between the two models by tes4ng how combining two Roq1 variants (each mutated in one 
of the SLiMs, with or without the linker region) affects SHRED and Ubr1 in vitro. And/or by 
combining Roq1(R22A) with arginine dipep4des in vitro. This could also help strengthen the 
argument for coopera4ve binding. 
 
We already combined Roq1(R22A) with the arginine dipep5de. This combina5on could not 
rescue Roq1 ac5vity. We will addi5onally do the suggested experiment of combining different 
Roq1 variants, which is straighcorward. 
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4. On the point of arginine dipep4des, the authors could use them to strengthen the point 
that Roq1 binds to the type-1 pocket of Ubr1. 
 
The referee suggests a compe55on experiment to ask whether arginine dipep5des, which 
block the type-1 site, prevent Roq1 from binding Ubr1. We did this experiment but arginine 
dipep5des could not disrupt the Roq1-Ubr1 interac5on. This observa5on is consistent with 
the high Roq1-Ubr1 affinity resul5ng from the coopera5on of the two Roq1 SLiMs but 
cons5tutes nega5ve data. However, we have done a different compe55on experiment that 
supports Roq1 binding to the Ubr1 type-1 site with posi5ve data. Specifically, we found that 
arginine dipep5des interfere with the ubiqui5na5on of R-GFP, a Ubr1 substrate that is 
recognized through the type-1 site. Roq1 had the same effect. By contrast, Roq1(R22A), which 
lacks the arginine needed for type-1 site binding, did not affect R-GFP ubiqui5na5on. 
Considering our previous in vivo evidence for Roq1 binding to the type-1 site (Szoradi et al, 
2018), we are unsure whether these data should be included. We will present them in our 
rebuUal leUer and ask the referee for advice. 
 
 
Minor points 
 
5. Molecular weight markers are missing on most immunoblots. 
 
Will be added. 
 
6. The authors state that "Roq1(R22A) did not affect Pho8* ubiqui4na4on when used at a 
10-fold molar excess over Ubr1 (Figure 2A). However, further raising its concentra4on 
slightly enhanced Pho8* ubiqui4na4on (Figure 2E, for example note the upward shio of 
ubiqui4n-Pho8* in the lane with a 40-fold molar excess of Roq1(R22A) compared with the 
lane with a 10-fold molar excess)." In these and other experiments there appears to be 
inhibi4on at amounts above 40-fold excess. A comment on this would be appreciated. 
 
We will add such a comment in the results sec5on. 
 
7. "Flexible linkers can span substan4al distances. Assuming a Cα-Cα distance in the pep4de 
backbone of 3.8 Å (Chakraborty et al, 2013), a maximally extended 15-residue linker would, 
theore4cally, be more than 5 nm long." Not clear why the authors chose to refer to the 
ar4ficially shortened linker here, as the natural >30 residue long one would make their point 
even more striking. 
 
Good sugges5on, which we will incorporate in the discussion. 
 
8. "Not shown" data should be shown or not referred to. For example, "Roq1(GGS) and 
Roq1(GSP) were inac4ve in vivo, possibly due to low stability (not shown)." 
 
These ‘data not shown’ will be superseded by data from the in vivo experiments with full-
length Roq1 variants (see point 1 and 2, above). 
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9. From the plasmid table, it is unclear what the sequences of the Roq1 variants in Fig.7A is. 
What exactly is deleted to shorten the linker region? 
 
We will include this Informa5on in Figure 7A. 
 
10. In the methods sec4on, it is unclear how R-GFP and F-GFP are purified and prepared, 
(tag, protease, etc). 
 
We will make this clearer in the methods sec5on. 
 
11. Whenever possible the authors should show some characteriza4on of the purified 
proteins (e.g. Coomassie gels). 
 
We have these gels and will supply them as a new supplementary figure. 
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Referee #1: 

Peters et al. establish an in vitro assay to investigate re-programming of the ubiquitin ligase Ubr1 by the intrinsically-disordered
protein Roq1. Using this assay they nicely show that a truncated version of Roq1 (aa 22-60) binds to Ubr1 and facilitates
ubiquitylation of unfolded proteins in a process termed SHRED. Ubiquitylation of proteins harboring a bulky hydrophobic residue
at the amino-terminus or containing an internal degradation site (degron) is also facilitated while the modification of proteins
exposing a positively-charged amino-terminus is negatively affected. As already known, this largely depends on the binding of
Roq1 to Ubr1 via an arginine residue at the amino-terminus. By experiments in yeast cells the authors identify a hydrophobic
patch in Roq1 that is specifically required for reprogramming Ubr1 for the ubiquitylation of unfolded proteins but is not involved in
modulating the activity of Ubr1 towards substrates containing an internal or an N-degron. This motif seems to constitute a
second interaction site to Ubr1. Finally, the authors show that a construct comprising an arginine residue at the amino-terminus
connected to a stretch of hydrophobic amino acids by a flexible linker region suffices to induce ubiquitylation of SHRED
substrates by Ubr1. 

Most of the experiments are well done and include appropriate controls. The authors provide solid evidence that a distinct
binding site comprising a hydrophobic region in Roq1 selectively modulates the activity of the Ubr1 ubiquitin ligase towards
unfolded proteins. This may be of importance for the design of compounds to regulate such events. Although the mechanism
underlying this re-programming process remains enigmatic, the presented study should pave the way for future analyses. Some



points should be experimentally addressed by the authors to increase the quality of the work and to better support their
arguments. Most importantly, we lack information on the binding of Roq1 to substrates and on the stability and the Ubr1-binding
activity of the truncated Roq1 22-60 version in yeast cells. Other than that, I recommend publication of a revised version of the
presented work in the "EMBO Journal". 

Major points: 

Fig. S1G impies that Roq1 22-60 is slightly more active than Roq1 22-104 in the in vitro ubiquitination assay. This may be due
to competition for components of the ubiquitination apparatus by Roq1 22-104 and the substrate. Still, the overexpression of
Roq1 22-60 in yeast cells is required to rescue a roq1 knockout to re-program Ubr1 for SHRED (Fig. S1B and Fig. S5), whereas
lower expression of Roq1 22-104 suffices for this. This may be due to reduced stability/amounts of Roq1 22-60 in yeast or the
binding of Roq1 22-60 to Ubr1 in yeast may be compromised. The cellular levels of both proteins should be compared as well as
their ability to bind Ubr1, e.g. by using HA-tagged versions of the proteins. These experiments are crucial for understanding the
results of this work since the in vitro ubiquitylation assays were exclusively done with the truncated Roq1 protein and these data
were directly correlated with yeast experiments involving the full-length construct. In the end, such analysis may also provide
information on the carboxy-terminus of Roq1 in regulating its cellular levels. 

Given the activity of Roq1_R22A in the ubiquitination assay in Fig. 2E, I wonder if adding excess amounts of a hydrophobic
peptide alone can modulate the activity of Ubr1 towards the ubiquitination of unfolded proteins. Related to this: how does the
expression/overexpression of the Roq1_R22A variant affect Rtn1Pho8*-GFP reporter levels in yeast cells when compared to the
other Roq1 constructs? 

Does Roq1 bind unfolded proteins and, if so, is the hydrophobic patch involved in establishing this interaction? Although Roq1
does not seem to facilitate binding of Pho8*-MBP to Flag-Ubr1 (Fig. S4A) it could still assist in the positioning of the substrate. 

The crosslinking experiment shown in Fig. 4E should be complemented by a Roq1 variant containing the Bpa crosslinker at
positions that are unlikely to directly interact with Ubr1. This would confirm the specificity of the observed crosslinks as
indicators of the binding of Y55 and Y56 in Roq1 to Ubr1. 

Minor issues: 

The authors use a carboxy-terminal-truncated Roq1 variant (Roq1 22-60) in their in vitro studies to circumvent ubiquitylation of a
longer construct (Roq1 22-104) by Ubr1 and "to focus our analysis on the activity of Ubr1 towards designated substrate
proteins". In Fig. S1A, they show that Roq1 22-60 is still ubiquitylated. I do not fully agree with the authors that this is to a
substantially lesser extent than Roq1 22-104, considering the lower amounts of Roq1 22-60 examined here. The corresponding
statement in the Discussion section (line 416) claiming that Roq1 22-60 is "not ubiquitinated" should be changed. 

The cellular amounts of Roq1 versions harboring amino acid substitutions in the hydrophobic patch are increased when
compared to other Roq1 variants expressed from the same promotor (Fig. 4A, Fig. S3B). The author's claim that this
hydrophobic stretch represents a degron to regulate the amounts of the protein could be experimentally addressed, e.g. by
cycloheximide decay assays. 

The authors should investigate the function of their synthetic constructs comprising an amino-terminal arginine residue and a
hydrophobic motif in yeast cells. 

Referee #2: 

The goal of this manuscript is to investigate the mechanism by which Roq1 alters the substrate specificity of Ubr1. This
manuscript is a follow-up study to the authors' previous paper published in Molecular Cell (Vol. 70, p.1025, 2018). In the current
study, the authors show that in addition to the N-terminal arginine of Roq1 (R22) that has been revealed previously as important
in regulating Ubr1 activity, a short hydrophobic motif (YYFV, 55-58) in the Roq1(22-60) peptide is also crucial. The authors have
employed a Roq1(V58E) mutant variant to characterize how this short Roq1 hydrophobic motif regulates Ubr1 activity, revealing
that not only does the YYFV motif serve as a binding determinant, but it also regulates Ubr1 activity. Since the experimental
systems deployed in this study are highly artificial, it is difficult to judge if the findings indeed reflect what occurs in vivo. 

Major points: 
1. The authors must use "full-length" Roq1 expressed from the endogenous locus (i.e., no overexpression) in vivo to
demonstrate the role of Roq1's hydrophobic motifs in Ubr1 regulation.
In this study, the authors have mainly relied on in vitro experiments to decipher Roq1 function in vivo. Nevertheless, as
mentioned by the authors in p.14, it is challenging to translate insights from in vitro studies into an understanding of Ubr1
function in vivo. As the authors state, "the outcome of Ubr1 reprograming in vivo is likely more complex than can be
recapitulated easily in reconstitution experiments. We show that Roq1 activates the ubiquitination of both misfolded proteins and



Cup9 in vitro. In contrast, Roq1 appears to suppress Cup9 degradation in vivo." (p.14, ln. 414).
Moreover, rather than using full-length Roq1 to deduce the function of Roq1, the authors have primarily used an "artificially
shortened" version of Roq1, i.e., Roq1(22-60), for their in vitro reconstitution assays and in vivo reporter assays. The authors
argue that Roq1(22-60) is sufficient to represent the function of wild-type Roq1. Nevertheless, Roq1(22-60) did not support
Rho8*-GFP degradation when expressed under the Roq1 promoter (Fig. S5), and only partially supported Rho8*-GFP
degradation when expressed under the strong GPD promoter (Fig. S1B), indicating that in fact Roq1(22-60) does not adequately
represent wild-type Roq1. 
Lastly, the authors applied a non-physiologically relevant protein concentration to examine the activity of Roq1(22-60) in their in
vitro reconstitution assays, i.e., a "10-fold molar excess of Roq1(22-60) over Ubr1" (p.5, ln. 110). As revealed by the authors,
varying the protein concentrations elicited different results: "Roq1(R22A) did not affect Pho8* ubiquitination when used at a 10-
fold molar excess over Ubr1 (Figure 2A). However, further raising its concentration slightly enhanced Pho8* ubiquitination
(Figure 2E, for example note the upward shift of ubiquitin-Pho8* in the lane with a 40-fold molar excess of Roq1(R22A)
compared with the lane with a 10-fold molar excess). Therefore, Roq1(R22A) still has a limited ability to activate Ubr1" (p.7).
Therefore, it is misleading to conclude endogenous Roq1 function based on reconstitution experiments that use a 10-fold molar
excess of Roq1(22-60) over Ubr1. The authors need to establish what is the "endogenous" protein concentration of Roq1(22-
104) as well as the molar ratio of endogenous Roq1 to Ubr1 in wild-type yeast cells after tunicamycin treatment. Based on the
authors' own previous work (Mol. Cell 70, p.1025), Roq1 is intrinsically labile and so the endogenous protein abundance of Roq1
is likely to be low.
2. The authors completely rely on artificial reporter models, such as Rho8*-GFP, to measure Ubr1 activity. They need to test
degradation of endogenous misfolded protein substrates to ensure that their conclusions remain the same.
3. The authors have concluded that, apart from binding, the hydrophobic motif of Roq1 exerts additional regulatory activity based
solely on their characterization of the Roq1(V58E) mutant variant (Fig. 5 and Fig. 6). They argue that Roq1(V58E) binds Ubr1
almost as efficiently as wild-type Ubr1 (Fig. 4A). Nevertheless, despite that pulldown levels of Flag-Ubr1 look similar in Fig. 4A,
the level of Roq1(V58E)-HA pulled down is much greater than that of wild-type Roq1-HA, suggesting that Roq1(V58E) binds
Ubr1 less efficiently than wild-type Roq1. Therefore, the results from the Roq1(V58E) experiments are insufficient to infer that
endogenous Roq1 exerts additional regulatory activity on Ubr1.
4. It is inappropriate to compare the activity of Roq1 mutant variants without considering their protein abundance.
(1) Control Western blots showing the protein abundances of Roq1 variants for Fig. 3F, 3G, 7B, 7D, S1B, S3C, S3D, and S5 are
all lacking.
(2) The protein abundances of the Roq1 E36K, N45K and E67K variants are less than those of wild-type Roq1 (Fig. S3D).

Minor point 
1. Labeling of the molecular weight markers is lacking for Figs. 1B-1G, 2A-2C, 2E, 5B-5F, 6A-6C, 7D, S1A, S1C-S1G, S2, and
S4A.

Referee #3: 

Peters et al. investigate how the Ubr1 ubiquitin ligase is modulated by the Roq1 pseudo-substrate using in vitro assays and
validation of key findings in vivo. The authors find that processed Roq1 uses two SLiMs to interact with and modulate Ubr1: the
N-terminal arginine, which likely interacts with the type-1 binding pocket of Ubr1, and a newly identified short hydrophobic motif.
The authors argue that both SLiMs are required for Roq1 function, with distinct impacts on Ubr1 activity. The region between the
SLiMs only functions as a linker, ensuring cooperative binding of the SLiMs needed for Roq1 function. Overall, the experiments
are well performed and documented, and the manuscript is clearly written and a nice read.

In my opinion, the claims regarding the function of the linker region and cooperative binding should be strengthened as outlined
below. 

1. The authors propose a model where a single Roq1 molecule binds to Ubr1 using two SLiMs, and the linker region serves only
to connect the two SLiMs for cooperative binding. According to the authors, one argument for this is that replacing the linker
region with short artificial linkers preserves Roq1 function in vitro. However, from the data shown in Fig.7d it looks like while
Roq1(22 aa), Roq1(GGS) and Roq1(GSP) are equally active, they are less active compared to the 22-60 variant. Can full length
artificial linkers in the context of the 22-60 variant and/or full length Roq1 preserve Roq1 function in vitro and/or in vivo?

2. Based on the authors' model, a shortened linker is expected to reduce Roq1 activity. Less trivially, so should a substantially
longer one, which the authors could test in vitro and/or in vivo. Moreover, it would be important to examine the impact of linker
mutations and replacements in the context of full length Roq1 in vivo.

3. An alternative possibility is that Roq1 oligomerizes (for example via the linker region) and SLiMs from two Roq1 molecules
interact with Ubr1. The gradual loss of Roq1 functionality with shorter linkers (Fig.7b) is consistent with this hypothesis. The
authors could distinguish between the two models by testing how combining two Roq1 variants (each mutated in one of the
SLiMs, with or without the linker region) affects SHRED and Ubr1 in vitro. And/or by combining Roq1(R22A) with arginine
dipeptides in vitro. This could also help strengthen the argument for cooperative binding.



4. On the point of arginine dipeptides, the authors could use them to strengthen the point that Roq1 binds to the type-1 pocket of
Ubr1.

Minor points 
5. Molecular weight markers are missing on most immunoblots.

6. The authors state that "Roq1(R22A) did not affect Pho8* ubiquitination when used at a 10-fold molar excess over Ubr1
(Figure 2A). However, further raising its concentration slightly enhanced Pho8* ubiquitination (Figure 2E, for example note the
upward shift of ubiquitin-Pho8* in the lane with a 40-fold molar excess of Roq1(R22A) compared with the lane with a 10-fold
molar excess)." In these and other experiments there appears to be inhibition at amounts above 40-fold excess. A comment on
this would be appreciated.

7. "Flexible linkers can span substantial distances. Assuming a Cα-Cα distance in the peptide backbone of 3.8 Å (Chakraborty et
al, 2013), a maximally extended 15-residue linker would, theoretically, be more than 5 nm long." Not clear why the authors
chose to refer to the artificially shortened linker here, as the natural >30 residue long one would make their point even more
striking.

8. "Not shown" data should be shown or not referred to. For example, "Roq1(GGS) and Roq1(GSP) were inactive in vivo,
possibly due to low stability (not shown)."

9. From the plasmid table, it is unclear what the sequences of the Roq1 variants in Fig.7A is. What exactly is deleted to shorten
the linker region?

10. In the methods section, it is unclear how R-GFP and F-GFP are purified and prepared, (tag, protease, etc).

11. Whenever possible the authors should show some characterization of the purified proteins (e.g. Coomassie gels).
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Point-by-point response 

Referee 1 

Peters et al. establish an in vitro assay to investigate re-programming of the ubiquitin 
ligase Ubr1 by the intrinsically-disordered protein Roq1. Using this assay they nicely show 
that a truncated version of Roq1 (aa 22-60) binds to Ubr1 and facilitates ubiquitylation of 
unfolded proteins in a process termed SHRED. Ubiquitylation of proteins harboring a bulky 
hydrophobic residue at the amino-terminus or containing an internal degradation site 
(degron) is also facilitated while the modification of proteins exposing a positively-charged 
amino-terminus is negatively affected. As already known, this largely depends on the 
binding of Roq1 to Ubr1 via an arginine residue at the amino-terminus. By experiments in 
yeast cells the authors identify a hydrophobic patch in Roq1 that is specifically required for 
reprogramming Ubr1 for the ubiquitylation of unfolded proteins but is not involved in 
modulating the activity of Ubr1 towards substrates containing an internal or an N-degron. 
This motif seems to constitute a second interaction site to Ubr1. Finally, the authors show 
that a construct comprising an arginine residue at the amino-terminus connected to a 
stretch of hydrophobic amino acids by a flexible linker region suffices to induce 
ubiquitylation of SHRED substrates by Ubr1. 

Most of the experiments are well done and include appropriate controls. The authors 
provide solid evidence that a distinct binding site comprising a hydrophobic region in Roq1 
selectively modulates the activity of the Ubr1 ubiquitin ligase towards unfolded proteins. 
This may be of importance for the design of compounds to regulate such events. Although 
the mechanism underlying this re-programming process remains enigmatic, the presented 
study should pave the way for future analyses. Some points should be experimentally 
addressed by the authors to increase the quality of the work and to better support their 
arguments. Most importantly, we lack information on the binding of Roq1 to substrates 
and on the stability and the Ubr1-binding activity of the truncated Roq1 22-60 version in 
yeast cells. Other than that, I recommend publication of a revised version of the presented 
work in the "EMBO Journal". 

Major points: 

1. Fig. S1G implies that Roq1 22-60 is slightly more active than Roq1 22-104 in the in vitro
ubiquitination assay. This may be due to competition for components of the ubiquitination
apparatus by Roq1 22-104 and the substrate. Still, the overexpression of Roq1 22-60 in
yeast cells is required to rescue a roq1 knockout to re-program Ubr1 for SHRED (Fig. S1B
and Fig. S5), whereas lower expression of Roq1 22-104 suffices for this. This may be due to
reduced stability/amounts of Roq1 22-60 in yeast or the binding of Roq1 22-60 to Ubr1 in
yeast may be compromised. The cellular levels of both proteins should be compared as
well as their ability to bind Ubr1, e.g. by using HA-tagged versions of the proteins. These
experiments are crucial for understanding the results of this work since the in vitro
ubiquitylation assays were exclusively done with the truncated Roq1 protein and these
data were directly correlated with yeast experiments involving the full-length construct.

13th Dec 20241st Authors' Response to Reviewers
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This comment raises the valid question how our in vitro results with truncated Roq1(22-60) 
variants apply to the situation in vivo, where Roq1(22-104) is the active form. To clarify this 
issue, we have systematically introduced mutations that proved informative in the context of 
Roq1(22-60) in vitro into full-length Roq1 in yeast and then tested the activity of the 
resulting Roq1 variants in vivo. As a result, we now use the artificial Roq1(22-60) almost 
exclusively as an experimental tool for in vitro experiments and we corroborate any 
conclusions about the functional architecture of Roq1 using the natural Roq1(22-104) in 
yeast (new Figure 7). We believe that this strategy obviates any concerns associated with the 
use of Roq1(22-60). 

2. In the end, such analysis may also provide information on the carboxy-terminus of Roq1
in regulating its cellular levels.

For technical reasons, we were unable to determine whether the carboxy-terminus of Roq1 
is important for stability. In western blots, we observed that the short Roq1(22-60), which 
lacks the carboxy-terminus, was retained less well on nitrocellulose and PVDF membranes 
than the longer Roq1(22-104). This was true regardless of the pore size of the membrane 
used and also when we cross-linked the proteins with paraformaldehyde after blotting. 
Therefore, less Roq1(22-60) than Roq1(22-104) was detected even when equimolar amounts 
of the two proteins were run on SDS-PAGE gels (also see Figure EV1A and page 47, lines 
1104-1110). This makes it very difficult to fairly assess the relative abundance of Roq1 
variants with and without carboxy-terminal region. 

3. Given the activity of Roq1_R22A in the ubiquitination assay in Fig. 2E, I wonder if adding
excess amounts of a hydrophobic peptide alone can modulate the activity of Ubr1 towards
the ubiquitination of unfolded proteins. Related to this: how does the
expression/overexpression of the Roq1_R22A variant affect Rtn1-Pho8*-GFP reporter
levels in yeast cells when compared to the other Roq1 constructs?

This would be a desirable experiment but adding large amounts of a hydrophobic peptide to 
the in vitro ubiquitination reactions would likely be problematic due to peptide insolubility 
and stickiness. Regarding the second point, we expressed Roq1(R22A) under the GPD 
promoter, which is one of the strongest promoters available in yeast. However, Roq1(R22A) 
was still unable to induce degradation of the SHRED reporter (new Figure EV3). It is possible 
that, even with the GPD promoter, we could not reach sufficiently high expression levels for 
Roq1(R22A) to show its residual activity (page 7, lines 143-144 and 167-169). 

4. Does Roq1 bind unfolded proteins and, if so, is the hydrophobic patch involved in
establishing this interaction? Although Roq1 does not seem to facilitate binding of Pho8*-
MBP to Flag-Ubr1 (Fig. S4A) it could still assist in the positioning of the substrate.

We asked whether Roq1 affects binding of Pho8* to Ubr1 but did not test whether Roq1 
binds Pho8*. We reasoned that detecting some affinity of the Roq1 hydrophobic motif for 
Pho8* would be expected because the misfolded Pho8* likely exposes hydrophobic 
residues. Therefore, it would be unclear what a binary hydrophobic Roq1-Pho8* interaction 
would mean for the Roq1-Ubr1-Pho8* complex. Only the atomic structure of the ternary 
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complex will clarify the issue. However, Roq1 could indeed assist in the positioning of the 
substrate and we have incorporated this scenario in the discussion (page 15, lines 423-426). 

5. The crosslinking experiment shown in Fig. 4E should be complemented by a Roq1 variant
containing the Bpa crosslinker at positions that are unlikely to directly interact with Ubr1.
This would confirm the specificity of the observed crosslinks as indicators of the binding of
Y55 and Y56 in Roq1 to Ubr1.

In addition to Y55 and Y56, we incorporated Bpa in another three positions situated in the 
linker or carboxy-terminal region of Roq1, and we obtained photo-crosslinks with all variants 
(see figure below). This may be surprising at first, but Roq1 is entirely disordered and hence 
more flexible than a typical globular protein. As a result, most or all residues or Roq1 may 
come sufficiently close to Ubr1 during the 15 x 1 second UV irradiation to produce crosslinks. 
Given this observation, we cannot conclude that R22 and the hydrophobic motif are the only 
motifs in Roq1 that make physical contact with Ubr1. We therefore removed the crosslinking 
data from the manuscript. However, the conclusion stands that the hydrophobic motif is 
required for strong binding of Roq1 to Ubr1 (see Figure 4). 

Photo-crosslinking of Roq1-Ubr1. (A) Bpa was incorporated into Roq1 at position F42 or Y55. 
The resulting Roq1 variants were mixed with Ubr1, irradiated with UV light where indicated, 
immunoprecipitated and used for western blotting. (B) As in panel A but for Y55, L94 and 
G96. All four Roq1 variants yielded photo-crosslinks. 

Minor points: 

6. The authors use a carboxy-terminal-truncated Roq1 variant (Roq1 22-60) in their in vitro
studies to circumvent ubiquitylation of a longer construct (Roq1 22-104) by Ubr1 and "to
focus our analysis on the activity of Ubr1 towards designated substrate proteins". In Fig.
S1A, they show that Roq1 22-60 is still ubiquitylated. I do not fully agree with the authors
that this is to a substantially lesser extent than Roq1 22-104, considering the lower
amounts of Roq1 22-60 examined here. The corresponding statement in the Discussion
section (line 416) claiming that Roq1 22-60 is "not ubiquitinated" should be changed.

We agree and have changed our statement regarding Roq1 ubiquitination to "This 
modification appears dispensable because Roq1(22-60) is less extensively ubiquitinated than 
Roq1(22-104) but has even higher activity towards Ubr1" (page 16, lines 438-440). There is a 
technical issue here that makes the relevant Figure EV1A a little confusing. As explained 
above, the small Roq1(22-60)-HA is retained less well on nitrocellulose or PVDF membranes 
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than the longer Roq1(22-104)-HA. As a result, less Roq1(22-60)-HA is detected than 
Roq1(22-104)-HA, even though we used equimolar amounts of the two proteins. 
Nonetheless, we can still conclude that the amount of ubiquitinated Roq1(22-60) is lower 
than that of ubiquitinated Roq1(22-104). We now explain this issue in the figure legend (see 
page 47, lines 1104-1110). 

7. The cellular amounts of Roq1 versions harboring amino acid substitutions in the
hydrophobic patch are increased when compared to other Roq1 variants expressed from
the same promotor (Fig. 4A, Fig. S3B). The author's claim that this hydrophobic stretch
represents a degron to regulate the amounts of the protein could be experimentally
addressed, e.g. by cycloheximide decay assays.

We thank the referee for prompting us to test this claim experimentally. We have done the 
suggested cycloheximide chase experiment and find that substitutions in the hydrophobic 
motif indeed raise Roq1 steady-state levels and slow its degradation. These new data 
support the idea that the hydrophobic motif acts as a degron (Figure 3F, G). 

8. The authors should investigate the function of their synthetic constructs comprising an
amino-terminal arginine residue and a hydrophobic motif in yeast cells.

We analyzed Roq1(22-104) variants in which most of the linker between R22 and the 
hydrophobic motif was replaced, shortened, or both in yeast (revised Figure 8A, B and new 
Figure EV5E-G). These in vivo experiments show that this linker sequence does not contain 
functionally crucial residues and can be severely shortened significantly without disturbing 
Roq1 function in vivo (see page 13, lines 343-359). 
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Referee 2 

The goal of this manuscript is to investigate the mechanism by which Roq1 alters the 
substrate specificity of Ubr1. This manuscript is a follow-up study to the authors' previous 
paper published in Molecular Cell (Vol. 70, p.1025, 2018). In the current study, the authors 
show that in addition to the N-terminal arginine of Roq1 (R22) that has been revealed 
previously as important in regulating Ubr1 activity, a short hydrophobic motif (YYFV, 55-
58) in the Roq1(22-60) peptide is also crucial. The authors have employed a Roq1(V58E)
mutant variant to characterize how this short Roq1 hydrophobic motif regulates Ubr1
activity, revealing that not only does the YYFV motif serve as a binding determinant, but it
also regulates Ubr1 activity. Since the experimental systems deployed in this study are
highly artificial, it is difficult to judge if the findings indeed reflect what occurs in vivo.

Major points: 

1. The authors must use "full-length" Roq1 expressed from the endogenous locus (i.e., no
overexpression) in vivo to demonstrate the role of Roq1's hydrophobic motifs in Ubr1
regulation.

In this study, the authors have mainly relied on in vitro experiments to decipher Roq1 
function in vivo. Nevertheless, as mentioned by the authors in p.14, it is challenging to 
translate insights from in vitro studies into an understanding of Ubr1 function in vivo. As 
the authors state, "the outcome of Ubr1 reprograming in vivo is likely more complex than 
can be recapitulated easily in reconstitution experiments. We show that Roq1 activates the 
ubiquitination of both misfolded proteins and Cup9 in vitro. In contrast, Roq1 appears to 
suppress Cup9 degradation in vivo." (p.14, ln. 414). 

Moreover, rather than using full-length Roq1 to deduce the function of Roq1, the authors 
have primarily used an "artificially shortened" version of Roq1, i.e., Roq1(22-60), for their 
in vitro reconstitution assays and in vivo reporter assays. The authors argue that Roq1(22-
60) is sufficient to represent the function of wild-type Roq1. Nevertheless, Roq1(22-60) did
not support Rtn1-Pho8*-GFP degradation when expressed under the ROQ1 promoter (Fig.
S5), and only partially supported Rtn1-Pho8*-GFP degradation when expressed under the
strong GPD promoter (Fig. S1B), indicating that in fact Roq1(22-60) does not adequately
represent wild-type Roq1.

Lastly, the authors applied a non-physiologically relevant protein concentration to examine 
the activity of Roq1(22-60) in their in vitro reconstitution assays, i.e., a "10-fold molar 
excess of Roq1(22-60) over Ubr1" (p.5, ln. 110). As revealed by the authors, varying the 
protein concentrations elicited different results: "Roq1(R22A) did not affect Pho8* 
ubiquitination when used at a 10-fold molar excess over Ubr1 (Figure 2A). However, 
further raising its concentration slightly enhanced Pho8* ubiquitination (Figure 2E, for 
example note the upward shift of ubiquitin-Pho8* in the lane with a 40-fold molar excess 
of Roq1(R22A) compared with the lane with a 10-fold molar excess). Therefore, 
Roq1(R22A) still has a limited ability to activate Ubr1" (p.7). Therefore, it is misleading to 
conclude endogenous Roq1 function based on reconstitution experiments that use a 10-
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fold molar excess of Roq1(22-60) over Ubr1. The authors need to establish what is the 
"endogenous" protein concentration of Roq1(22-104) as well as the molar ratio of 
endogenous Roq1 to Ubr1 in wild-type yeast cells after tunicamycin treatment. Based on 
the authors' own previous work (Mol. Cell 70, p.1025), Roq1 is intrinsically labile and so 
the endogenous protein abundance of Roq1 is likely to be low. 

We agree that it is crucial to show the importance of the hydrophobic motif using full-length 
Roq1 expressed from the endogenous locus. We therefore used the delitto perfetto 
approach (Storici and Resnick, 2006) to introduce the R22A, V58E and 4A mutations into the 
ROQ1 locus without any other genomic modifications. We show that these mutations 
blocked Roq1 activity in SHRED, as did the deletion of ROQ1 (new Figure 7A). 

Regarding the abundance of Roq1 and Ubr1, we now provide evidence that Roq1 in yeast is 
much less abundant than Ubr1 under non-stress conditions but that its levels approach 
those of Ubr1 upon tunicamycin treatment (new Figure EV1G). Of note, this experiment can 
only give a rough estimate of the relative abundance of the two proteins. We tagged both 
Roq1 and Ubr1 with an ALFA tag in their endogenous gene loci and analyzed them by a 
western blot from the same cell lysates. However, given their different sizes (less than 15 
kDa versus over 200 kDa) it is uncertain if they transferred from the SDS-PAGE gel onto the 
nitrocellulose membrane with the same efficiency. Furthermore, it is possible that the C-
terminal ALFA tag interfered with the proteolytic processing of Roq1 by Ynm3 (see page 48, 
lines 1130-1136). While this experiment indicates that a 1:1 molar ratio of Roq1 and Ubr1 is 
a reasonable approximation for the situation in stressed yeast, we believe that using an 
excess of Roq1 for in vitro experiments has advantages. It ensures, to the extent possible, 
that the in vitro ubiquitination assays measure the activity of the Roq1-Ubr1 complex and 
not a mixture of the Roq1-Ubr1 complex and unbound Ubr1. This is important to reveal the 
regulatory capacity of Roq1 variants with reduced Ubr1 affinity, such as Roq1(V58E) (see 
page 5/6, lines 103-108).  

2. The authors completely rely on artificial reporter models, such as Rtn1-Pho8*-GFP, to
measure Ubr1 activity. They need to test degradation of endogenous misfolded protein
substrates to ensure that their conclusions remain the same.

We do not have such substrates at our disposal. We previously identified endogenous SHRED 
substrates, i.e. proteins that become Roq1-dependent Ubr1 substrates during stress (Szoradi 
et al, 2018). The extent of their degradation is minor (likely because only a small fraction of 
an endogenous substrate misfolds even during stress), their degradation does not exclusively 
depend on SHRED (likely because of redundancy between protein quality control pathways), 
or both. Therefore, these substrates are prohibitively inefficient SHRED reporters. In 
contrast, Rtn1-Pho8*-GFP is extensively degraded in a stress-, Roq1- and Ubr1-dependent 
manner, making it an excellent tool to investigate the mechanism of the SHRED pathway. 
Defining the physiological substrate spectrum of SHRED is an issue outside the scope of this 
study.  

3. The authors have concluded that, apart from binding, the hydrophobic motif of Roq1
exerts additional regulatory activity based solely on their characterization of the
Roq1(V58E) mutant variant (Fig. 5 and Fig. 6). They argue that Roq1(V58E) binds Ubr1
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almost as efficiently as wild-type Ubr1 (Fig. 4A). Nevertheless, despite that pulldown levels 
of Flag-Ubr1 look similar in Fig. 4A, the level of Roq1(V58E)-HA pulled down is much 
greater than that of wild-type Roq1-HA, suggesting that Roq1(V58E) binds Ubr1 less 
efficiently than wild-type Roq1. Therefore, the results from the Roq1(V58E) experiments 
are insufficient to infer that endogenous Roq1 exerts additional regulatory activity on 
Ubr1. 

This is an important point. In vitro, Roq1(V58E) retains substantial affinity for Ubr1, still 
inhibits ubiquitination of a type-1 N-degron substrate, still promotes ubiquitination of a 
type-2 N-degron substrate but cannot properly promote ubiquitination of misfolded proteins 
(Figure 5). These data indicate that the V58E mutation specifically disrupts the ability of 
Roq1 to promote the recognition of misfolded proteins by Ubr1. This is in contrast to the 
R22A and 4A mutations, which strongly reduce binding of Roq1 to Ubr1 and thus prevent 
Roq1 from impacting any Ubr1 activity. To test if these conclusions hold true in vivo, we used 
strains in which the R22A, V58E and 4A mutations had been introduced into the endogenous 
ROQ1 gene locus (see point 1, above), and we tested the activities of the resulting Roq1 
variants towards the SHRED reporter, a type-1 N-degron reporter and a type-2 N-degron 
reporter. As mentioned above, all of the mutations destroyed the ability of Roq1 to induce 
degradation of the SHRED reporter (new Figure 7A). Furthermore, both Roq1(R22A) and 
Roq1(4A) had only a minor impact on the stability of the N-degron reporters. By contrast, 
Roq1(V58E) more strongly stabilized the type-1 N-degron reporter than Roq1(R22A) and 
Roq1(4A) (new Figure 7B), and it destabilized the type-2 N-degron reporter at least as 
strongly as wild-type Roq1 (new Figure 7C). Therefore, the V58E mutation had the same 
effect as in vitro: it stopped Roq1 from promoting the recognition of misfolded proteins by 
Ubr1 but still allowed binding of Roq1 to Ubr1 via the remainder of the hydrophobic motif 
(also see Figure 4A). As a result, Roq1(V58E) still competed with type-1 N-degron substrates 
for binding to the Ubr1 type-1 site and, via type-1 site binding, still activated recognition of 
type-2 N-degron substrates (see page p11/12, lines 297-329). 

4. It is inappropriate to compare the activity of Roq1 mutant variants without considering
their protein abundance.

(1) Control Western blots showing the protein abundances of Roq1 variants for Fig. 3F, 3G,
7B, 7D, S1B, S3C, S3D, and S5 are all lacking.
(2) The protein abundances of the Roq1 E36K, N45K and E67K variants are less than those
of wild-type Roq1 (Fig. S3D).

This comment refers to three types of Roq1 variants, namely (1) Roq1(22-60), (2) point 
mutants in Roq1(22-104), and (3) Roq1 variants with deletions or mutations in the linker 
sequence between R22 and the hydrophobic motif. Different considerations apply to each: 

(1) Unfortunately, Roq1(22-60) levels (relevant for Figure EV1B, formerly S1B) are difficult to
assess properly by western blotting. We found that the small Roq1(22-60) is not retained
well on nitrocellulose or PVDF membranes, regardless of the pore size of the membrane and
also when we chemically crosslinked proteins after blotting. Hence, the amount of Roq1(22-
60) compared to Roq1(22-104) will be underestimated. This technical problem is apparent
also in Figure EV1A, which shows a weaker signal for Roq1(22-60) than for Roq1(22-104)
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even though equimolar amounts of the two proteins were analyzed (page 47, lines 1104-
1110). However, overexpressed Roq1(22-60) is nearly as active as overexpressed wild-type 
Roq1 in vivo (Figure EV1B), justifying its use for in vitro assays. 

(2) In the genetic screen and subsequent follow-up experiments, mutant versions of
Roq1(22-104)-HA, including the E36K, N45K and E67K variants, were expressed under the
strong GPD promoter (Figures 3 and Figure EV4E-F, formerly S3C-D). As a result, all Roq1
mutants shown were detectable with an anti-HA antibody by western blotting (see Figure
EV4D, formerly S3B). Since wild-type HA-tagged Roq1 expressed under the much weaker
endogenous ROQ1 promoter is undetectable by western blotting (see Figure 4A), all point
mutants had higher expression levels than native Roq1. They therefore were sufficiently
abundant for activity and we conclude that all mutant variants have genuine SHRED defects
(see page 8, line 190-191).

(3) The referee is right that the activities of Roq1 variants with shortened and mutated
linkers in Figure 8B (previously Figure 7B) could not be properly assessed without
information on their expression levels. To clarify this issue, we now provide western blots for
the various constructs (new Figure EV5E-G). We show that shortening the linker
progressively destabilized Roq1 and that replacing the remaining linker in functional
Roq1(66aa) with generic linkers both reduced expression levels further and impaired
function. For these variants, called Roq1(66aaGS) and Roq1(66aaGSP), it was no longer
possible to decide from in vivo experiments whether they were inactive or simply not
abundant enough to function. To answer this question, we then turned to in vitro
experiments, in which we used equimolar amounts of different Roq1 variants (Figure 8D,
formerly Figure 7D; see page 13, lines 353-369).

Minor point: 

1. Labeling of the molecular weight markers is lacking for Figs. 1B-1G, 2A-2C, 2E, 5B-5F,
6A-6C, 7D, S1A, S1C-S1G, S2, and S4A.

We have added molecular weight markers to all immunoblots. 
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Referee 3 

Peters et al. investigate how the Ubr1 ubiquitin ligase is modulated by the Roq1 pseudo-
substrate using in vitro assays and validation of key findings in vivo. The authors find that 
processed Roq1 uses two SLiMs to interact with and modulate Ubr1: the N-terminal 
arginine, which likely interacts with the type-1 binding pocket of Ubr1, and a newly 
identified short hydrophobic motif. The authors argue that both SLiMs are required for 
Roq1 function, with distinct impacts on Ubr1 activity. The region between the SLiMs only 
functions as a linker, ensuring cooperative binding of the SLiMs needed for Roq1 function. 
Overall, the experiments are well performed and documented, and the manuscript is 
clearly written and a nice read. 

In my opinion, the claims regarding the function of the linker region and cooperative 
binding should be strengthened as outlined below. 

Major points: 

1. The authors propose a model where a single Roq1 molecule binds to Ubr1 using two
SLiMs, and the linker region serves only to connect the two SLiMs for cooperative binding.
According to the authors, one argument for this is that replacing the linker region with
short artificial linkers preserves Roq1 function in vitro. However, from the data shown in
Fig.7d it looks like while Roq1(22 aa), Roq1(GGS) and Roq1(GSP) are equally active, they
are less active compared to the 22-60 variant. Can full length artificial linkers in the
context of the 22-60 variant and/or full length Roq1 preserve Roq1 function in vitro and/or
in vivo?

2. Based on the authors' model, a shortened linker is expected to reduce Roq1 activity. Less
trivially, so should a substantially longer one, which the authors could test in vitro and/or
in vivo. Moreover, it would be important to examine the impact of linker mutations and
replacements in the context of full length Roq1 in vivo.

As suggested by the referee, we tested linker mutations in the context of full-length Roq1 in 
vivo (revised Figure 8A, B). This was part of our strategy to restrict the use of Roq1(22-60) to 
in vitro experiments and confirm any conclusions reached with Roq1(22-60) by in vivo 
experiments with the natural Roq1(22-104) (also see response to referee 1, point 1, above). 

These experiments showed that the weakly conserved sequence between S23 and P51 can 
be replaced with an artificial linker of equal length or shortened from 27 to 10 residues 
without loss of SHRED activity. Linker shortening decreased Roq1 stability, though (new 
Figure EV5F), and replacing the 10 remaining residues in shortened Roq1(66aa) with generic 
linker sequences reduced Roq1 stability even further and impaired its function (see 
Roq1(66aaGS) and Roq1(66aaGSP) in revised Figure 8B and new Figure EV5G). However, the 
complementary in vitro analysis using Roq1(22-60) showed that the shortened artificial 
linkers supported Roq1 activity (Figure 8C, D). The new data strengthen the model that the 
sequence between R22 and the hydrophobic motif simply serves as a linker, although its 
absolute minimal length remains to be defined (see page 13, lines 343-369). 
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3. An alternative possibility is that Roq1 oligomerizes (for example via the linker region)
and SLiMs from two Roq1 molecules interact with Ubr1. The gradual loss of Roq1
functionality with shorter linkers (Fig.7b) is consistent with this hypothesis. The authors
could distinguish between the two models by testing how combining two Roq1 variants
(each mutated in one of the SLiMs, with or without the linker region) affects SHRED and
Ubr1 in vitro. And/or by combining Roq1(R22A) with arginine dipeptides in vitro. This
could also help strengthen the argument for cooperative binding.

We have done the suggested experiment and found no restoration of activity when we 
combined Roq1(R22A) and Roq1(4A) or when we combined Roq1(R22A) and the RA 
dipeptide (new Figure EV5C, D). It thus appears that R22 and the hydrophobic motif need to 
be part of the same molecule to cooperate (see page 12/13, lines 333-341). 

4. On the point of arginine dipeptides, the authors could use them to strengthen the point
that Roq1 binds to the type-1 pocket of Ubr1.

We previously provided in vivo evidence that Roq1 binds to the Ubr1 type-1 site, which was 
obtained by co-immunoprecipitation experiments with Roq1 WT/R22A and Ubr1 WT/G173R 
(Figure 5C in Szoradi et al, 2018). We are therefore unsure if additional in vitro evidence is 
needed and ask the referee for advice. If considered helpful, we could refer the reader to a 
competition experiment we did as a control for the activity of RA dipeptides (new Figure 
EV5C). In that experiment, we showed that RA dipeptides interfered with the ubiquitination 
of R-GFP, a Ubr1 substrate recognized through the type-1 site. Roq1 had the same effect, 
consistent with the notion that it interacts with the Ubr1 type-1 site. By contrast, 
Roq1(R22A), which lacks the arginine needed for type-1 site binding, did not affect R-GFP 
ubiquitination. 

Minor points: 

5. Molecular weight markers are missing on most immunoblots.

We have added molecular weight markers to all immunoblots. 

6. The authors state that "Roq1(R22A) did not affect Pho8* ubiquitination when used at a
10-fold molar excess over Ubr1 (Figure 2A). However, further raising its concentration
slightly enhanced Pho8* ubiquitination (Figure 2E, for example note the upward shift of
ubiquitin-Pho8* in the lane with a 40-fold molar excess of Roq1(R22A) compared with the
lane with a 10-fold molar excess)." In these and other experiments there appears to be
inhibition at amounts above 40-fold excess. A comment on this would be appreciated.

It is unclear whether the difference in Pho8* ubiquitination between samples with a 40- or 
80-fold excess of Roq1(R22A) reflects inherent assay variability or an inhibitory effect of
excessive Roq1(R22A) (see Figure 2E). Similarly, it is unclear whether the apparent decrease
in Pho8* ubiquitination with increasing amounts of Roq1 results from random sample-to-
sample variation or the fact that extensive ubiquitination can make Pho8* so large that fails
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to enter the SDS-PAGE gel (see Figure EV1F). We would like to avoid speculation and 
therefore simply point out that a 40- or 80-fold molar excess of Roq1(R22A) results in 
stronger Pho8* ubiquitination than a 10-fold molar excess (see page 7, lines 165-166) and 
that Roq1 activates Ubr1 already when present at equimolar amounts (see page 5, lines 101-
103). 

7. "Flexible linkers can span substantial distances. Assuming a Cα-Cα distance in the
peptide backbone of 3.8 Å (Chakraborty et al, 2013), a maximally extended 15-residue
linker would, theoretically, be more than 5 nm long." Not clear why the authors chose to
refer to the artificially shortened linker here, as the natural >30 residue long one would
make their point even more striking.

We thank the referee for this suggestion, which we have incorporated in the discussion (see 
page 15, lines 407-415). 

8. "Not shown" data should be shown or not referred to. For example, "Roq1(GGS) and
Roq1(GSP) were inactive in vivo, possibly due to low stability (not shown)."

The revised manuscript no longer contains any 'data not shown'. The question these data 
addressed is now being dealt with in the revised Figure 8B and the new Figure EV5G. 

9. From the plasmid table, it is unclear what the sequences of the Roq1 variants in Fig.7A
is. What exactly is deleted to shorten the linker region?

We have included this information in the revised Figure 8A (formerly Figure 7A). 

10. In the methods section, it is unclear how R-GFP and F-GFP are purified and prepared,
(tag, protease, etc).

We have revised the text to make this clear (see page 30, lines 566-569). 

11. Whenever possible the authors should show some characterization of the purified
proteins (e.g. Coomassie gels).

We have added these data as a new supplementary figure (see Appendix Figure S1). 
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