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1st Editorial Decision 28th Apr 2020

Dear Prof. Coin,

Thank you for the submission of your research manuscript to EMBO reports. We have now received
reports from the three referees that were asked to evaluate your study, which can be found at the
end of this email.

As you will see, all referees think that the findings are of interest, but they also have several
comments, concerns and suggestions, indicating that a major revision of the manuscript is
necessary to allow publication in EMBO reports. As the reports are below, and I think all points need
to be addressed, | will not detail them here.

Given the constructive referee comments, we would like to invite you to revise your manuscript with
the understanding that all referee concerns must be addressed in the revised manuscript and/or in
a detailed point-by-point response. Acceptance of your manuscript will depend on a positive
outcome of a second round of review. It is EMBO reports policy to allow a single round of revision
only and acceptance of the manuscript will therefore depend on the completeness of your
responses included in the next, final version of the manuscript.

Revised manuscripts should be submitted within three months of a request for revision. We are
aware that many laboratories cannot function at full efficiency during the current COVID-19/SARS-
CoV-2 pandemic and we have therefore extended our 'scooping protection policy' to cover the
period required for full revision. Please contact me to discuss the revision should you need
additional time, and also if you see a paper with related content published elsewhere.

When submitting your revised manuscript, please also carefully review the instructions that follow
below.

PLEASE NOTE THAT upon resubmission revised manuscripts are subjected to an initial quality
control prior to exposition to re-review. Upon failure in the initial quality control, the manuscripts are
sent back to the authors, which may lead to delays. Frequent reasons for such a failure are the lack
of the data availability section (please see below) and the presence of statistics based on n=2 (the
authors are then asked to present scatter plots or provide more data points).

When submitting your revised manuscript, we will require:

1) a .docx formatted version of the final manuscript text (including legends for main figures, EV
figures and tables), but without the figures included. Please make sure that changes are highlighted
to be clearly visible. Figure legends should be compiled at the end of the manuscript text.

2) individual production quality figure files as .eps, tif, jpg (one file per figure), of main figures and EV
figures. Please upload these as separate, individual files upon re-submission.

The Expanded View format, which will be displayed in the main HT ML of the paper in a collapsible
format, has replaced the Supplementary information. You can submit up to 5 images as Expanded
View. Please follow the nomenclature Figure EV1, Figure EV2 etc. The figure legend for these
should be included in the main manuscript document file in a section called Expanded View Figure
Legends after the main Figure Legends section. Additional Supplementary material should be
supplied as a single pdf file labeled Appendix. The Appendix should have page numbers and needs



to include a table of content on the first page (with page numbers) and legends for all content.
Please follow the nomenclature Appendix Figure Sx, Appendix Table Sx etc. throughout the text,
and also label the figures and tables according to this nomenclature.

For more details please refer to our guide to authors:
http/iwww.embopress.org/page/journal/14693178/authorguide#manuscript preparation

See also our guide for figure preparation:
http//wol-prod-cdn.literatumonline.com/pb-assets/embo-
site/EMBOPress_Figure _Guidelines_061115-1561436025777 pdf

3) a .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point
responses to their comments. As part of the EMBO Press transparent editorial process, the point-
by-point response is part of the Review Process File (RPF), which will be published alongside your

paper.

4) a complete author checklist, which you can download from our author guidelines
(https/www.embopress.org/page/journal/14693178/authorguide). Please insert page numbers in
the checklist to indicate where the requested information can be found in the manuscript. The
completed author checklist will also be part of the RPF.

Please also follow our guidelines for the use of living organisms, and the respective reporting
guidelines: http/www.embopress.org/page/journal/14693178/authorguide#livingorganisms

5) that primary datasets produced in this study (e.g. RNA-seq, ChIP-seq and array data) are
deposited in an appropriate public database. This is now mandatory (like the COl statement). If no
primary datasets have been deposited in any database, please state this in this section (e.g. 'No
primary datasets have been generated and deposited’).

See also: http//embor.embopress.org/authorguide#datadeposition

Please remember to provide a reviewer password if the datasets are not yet public.

The accession numbers and database should be listed in a formal "Data Availability " section
(placed after Materials & Methods) that follows the model below. Please note that the Data
Availability Section is restricted to new primary data that are part of this study.

# Data availability

The datasets produced in this study are available in the following databases:

- RNA-Seq data: Gene Expression Omnibus GSE46843
(https/www.ncbinlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)

- [data type]: [name of the resource] [accession number/identifier/doi] ((URL or
identifiers.org/DAT ABASE:ACCESSION)])

*** Note - All links should resolve to a page where the data can be accessed. ***

Moreover, | have these editorial requests:



6) We strongly encourage the publication of original source data with the aim of making primary
data more accessible and transparent to the reader. The source data will be published in a
separate source data file online along with the accepted manuscript and will be linked to the
relevant figure. If you would like to use this opportunity, please submit the source data (for example
scans of entire gels or blots, data points of graphs in an excel sheet, additional images, etc.) of your
key experiments together with the revised manuscript. If you want to provide source data, please
include size markers for scans of entire gels, label the scans with figure and panel number, and send
one PDF file per figure.

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

8) Regarding data quantification and statistics, can you please specify, where applicable, the
number "n" for how many independent experiments (biological replicates) were performed, the bars
and error bars (e.g. SEM, SD) and the test used to calculate p-values in the respective figure
legends. Please provide statistical testing where applicable, and also add a paragraph detailing this
to the methods section. See:
http/iwww.embopress.org/page/journal/14693178/authorguide#statisticalanalysis

9) Please provide 5 keywords on the title page.

I look forward to seeing a revised version of your manuscript when it is ready. Please let me know if
you have questions or comments regarding the revision.

Yours sincerely,

Achim Breiling
Editor
EMBO Reports

Referee #1:

Boettke el al. report a study aimed at elucidating the dynamics of GPCR-beta arrestin interactions
in live cells using a biochemical/photochemical cross linking approach. They incorporate photoactive
non-natural amino acids into expressed beta-arrestin 1 or beta- arrestin 2 and then look at cross
linking (for example +/- UV light, +/- agonist ligand) for three different GPCRs (vasopressin 2R,
PTH1R, CRF1R). They focus mainly on the so-called finger loop region of the arresting. Each
different potential crosslink represents a different site directed arrestin mutation (to amber codon)
which allows some "mapping" of the crosslinking sites when cross linking occurs versus sites that
do not show crosslinking. The results are more a proof-of-concept than an advance in
understanding to GPCR-arrestin interaction mechanism, but the approach is potentially useful if
additional data from other receptor-arresting pairs can be accumulated.



The paper is short and the results and discussion need to be enhanced. For example, the three
GPCRs chosen for study are not mentioned in the abstract or introduction. It is not explained why
or how the three receptors were chosen. There is no mention of the fact that GPCRs are classified
into two classes with respect to arrestin coupling (Lutrell and Lefkowitz, J Cell Sci 115:455, 2002
and multiple papers from M. Bouvier lab). Class A show weak transient interactions (like B2
adrenergic receptor) while class B show strong long-lasting interactions (like angiotensin lltype 1
receptor) as described earlier. The best use of the current would be to compare receptors from
each class side by side. It is not clear from Supple Fig 1 whether PTH1R is a class A or class B. In
any case, this whole concept is absent from the paper. In addition, a recent relevant paper (Gagnon
et al J Bill Chem 2019) is cited only in passing, and probably should be described in more detail since
they used a similar method, only with crosslinkers on the GPCR and not the arrestins.

In summary, an interesting paper with enough data to support the application of the method more
widely. However, the current paper could be much improved by a more detailed discussion of the
relevant literature and questions that could be addressed -most obviously the differences between
class A and class B GPCR arrestin interactions.

Referee #2:

The present manuscript "Exploring GPCR-arrestin interfaces with genetically encoded crosslinkers™
by I. Coin and colleagues try to characterize the complex binding patterns (here especially the finger
loop region) of arrestins (here, b-arrl (arr-2) and b-arr2 (arr-3)) to G-protein coupled receptor
(GPCR) in more detail. Many biochemical studies and also the available structural data suggest that
the complexation and also the binding process could indeed function somewhat differently
depending on the receptor. This might be due to the broad versatility of the arrestin, but also to the
specific imprint or topology of the receptors. The presented study tries to answer this question with
a newly established very interesting method of incorporation of non-canonical amino acids (nCAAS)
for photo- and chemical cross-linking.

The very short paper reads very technical, but the methods seem to be very sound. I think it is very
important to find new ways to get the complex information about the pharmacologically important
interactions between arrestin and GPCRs. Unfortunately, we see different states in the 3D
structures that we have, which can be due to the different preparations of the complexes or
different environments for the complexes (e.g. nanodiscs, lipids, crystal contacts etc.). All external
influences are there a kind of bias for the complex formation. But maybe it is also due to the
manifold charged surface, rotatability and oligomizability of the arrestins and the intracellular
diversity of the receptor loops.

In summary, in addition to structures or in vitro spectroscopic methods, we also need in vivo
approaches where we can analyze an almost native complex formation. This approach contributes
to this topic. It will now be important to follow this approach further and to photo or chemical-
crosslink even more places in the whole arrestin in more detail. In addition, it should now also be
possible to test it on different receptors, including those that only bind one arrestin very specifically.

Remarks:

- The authors should definitely create a general figure in which they show schematically the
procedure of the nCAA assay. It would be better to illustrate it for the reader in a figure.



- Can reaction with other GPCRs in HEK be definitely excluded, which occur naturally?

- What does the band (smear band?) under the prominent band (b-arrl - or + Y63ncAA) in Figure
1C mean? Degradation?

- Figure Sl is very difficult to read and distinguish.

- It sounds plausible and was nicely shown (Fig.3) that these could be arrestin dimers (in Figure 2D,
D78 etc.), which are visible between 100-200kDa. However, the prerequisite is that there are no
native receptors (in HEK) that could give a signal. Or could they be derived from other receptors?
However, in some spots in Figures 1A-C there are bands without the addition of agonists. What is
the reason for this? In some examples, there are significantly more than in Fig. 2D (e.g. Figure 2B,
L71/G72/Y63 or Figure 2A D68/L69 etc).

- lrecommend to make a supplementary figure to illustrate this arrestin dimer interface.

Referee #3:

In this manuscript Coin et al. used genetically encoded photo- and chemical crosslinkers to probe
the interaction of two b-arrestins with several GPCRs in live mammalian cells. b-arrestins regulate
GPCR signaling. Although recently the structures of several b-arrestin/lGPCR complexes have been
solved, many others remain elusive due to the technical challenge. The approach described in this
work enables probing GPCR/b-arrestin in live mammalian cells, complementing the in vitro structural
studies and affording results that can be more physiologically relevant. More specifically, the
authors found that 1) each GPCR crosslinked with b-arrestin with distinct patterns; 2) the two b-
arrestins showed similar patterns; 3) b-arrestin existed as a dimer; and 4) using chemical crosslinker
BetY, inter-molecular proximity points of arrestin-receptor were identified, which is compatible with
the orientation of b-arrestin relative to the receptor in the barrl-Rho structure but not in the barrl-
NTS1R structure. This type of in cell crosslinking work is very challenging, and it is thus exciting to
see these results. Overall, this manuscript provide interesting and significant results on the b-
arrestin/GPCR interaction obtained in the context of mammalian cells. The experiments are well
designed and support the claims. Currently there are relatively few reports on probing receptor-
ligand interaction directly in live cells, which makes this work stand out. These results will be broadly
interesting to researchers working on GPCRs, signaling, and drug design. | therefore support
publication after the following minor points are addressed:

1) page 3:"The Bpa-mutation did not hamper the receptor-arrestin interaction: all arrestins were
recruited within a few minutes to the parathyroid hormone receptor (PTHL1R), which is known to
recruit both b-arrestins”. The recruiting experiment was done with PTH1R, so concluding "the Bpa-
mutation did not hamper the receptor-arrestin interaction” in a general term for all receptors may be
too strong, unless further explanation can justify it.

2) Figure S1: error bars for technical replicates only indicate pipetting errors or assay errors, which
are not very useful for determining difference from WT. It will be more useful to plot the errors of
independent experiments.

3) A highlight of this work is the chemical crosslinking of interacting proteins in live cells using



genetically encoded chemical crosslinkers. One such earlier work may worth citing when introducing
BrEtY: Nat. Commun. 2017; 8(1):2240. PMID: 29269770.

4) b-arrestin presumably will interact with other proteins in cells in addition to the GPCR. The
authors also observed some bands in the controls shown in Figure 2D, with some bands already
nicely figured out (i.e., b-arrestin intra-molecular crosslinking and dimerization). It may be interesting
to briefly mention other possibilities in discussion. Note | do not ask for experimental proof here,
given the main focus of b-arrestin/GPCR interaction.

5) Page 5, line 2: Supplementary Figure 5 should be 4.



1st Authors' Response to Reviewers 18th Jul 2020

Referee #1:

Boettke el al. report a study aimed at elucidating the dynamics of GPCR-beta arrestin interactions in
live cells using a biochemical/photochemical cross linking approach. They incorporate photoactive
non-natural amino acids into expressed beta-arrestin 1 or beta- arrestin 2 and then look at cross
linking (for example +/- UV light, +/- agonist ligand) for three different GPCRs (vasopressin 2R, PTH1R,
CRF1R). They focus mainly on the so-called finger loop region of the arresting. Each different
potential crosslink represents a different site directed arrestin mutation (to amber codon) which
allows some "mapping" of the crosslinking sites when cross linking occurs versus sites that do not
show crosslinking. The results are more a proof-of-concept than an advance in understanding to
GPCR-arrestin interaction mechanism, but the approach is potentially useful if additional data from
other receptor-arresting pairs can be accumulated.

In summary, an interesting paper with enough data to support the application of the method more
widely. However, the current paper could be much improved by a more detailed discussion of the
relevant literature and questions that could be addressed -most obviously the differences between
class A and class B GPCR arrestin interactions.

Specific Comments:

1. The paper is short and the results and discussion need to be enhanced. For example, the three
GPCRs chosen for study are not mentioned in the abstract or introduction. It is not explained
why or how the three receptors were chosen.

2. There is no mention of the fact that GPCRs are classified into two classes with respect to
arrestin coupling (Lutrell and Lefkowitz, J Cell Sci 115:455, 2002 and multiple papers from M.
Bouvier lab). Class A show weak transient interactions (like B2 adrenergic receptor) while class
B show strong long-lasting interactions (like angiotensin Il type 1 receptor) as described earlier
[...]. In any case, this whole concept is absent from the paper.

GPCRs are divided into two classes with respect to arrestin binding (Luttrell & Lefkowitz, 2002;
Oakley et al, 1999; Oakley et al, 2000). Class A receptors form transient and rapidly dissociating
complexes with arrestin, and resensitize rapidly. These receptors interact with both B-arrestins,
but show a bias toward Parr2. Besides the prototypical f2-adrenergic, class A receptors include
among others the p opioid, endothelin A and dopamine D1A receptors (all rhodopsin-like GPCRs),
as well as the corticotropin releasing factor receptor (CRF;R, secretin-like) (Grammatopoulos,
2012; Oakley et al, 2007). Class B receptors engage arrestin in long-lived complexes that remain
associated during internalization via clathrin-coated pits, and resensitize slowly. Class B receptors
bind with high affinity either B-arrestin. The prototypic class B arrestin binder is the vasopressin 2
receptor (V,R). Other receptors forming stable complexes with arrestin include the angiotensin Il



type 1 receptor (AT1R), the oxytocin receptor, the neurotensin 1 receptor (NTS;R) and the
secretin-like parathyroid hormone receptor (PTH1R) (Oakley et al, 2001; Vilardaga et al, 2002).
The latter has been shown to form GPCR-arrestin-G-protein megaplexes that mediate prolonged
signaling after internalization in endosomes (Thomsen et al, 2016; Wehbi et al, 2013). A major
determinant for the stability of arrestin-GPCR complexes is the C-terminal tail of the receptor. In
general, GPCRs carrying clusters of Set/Thr in the C-terminal tail show a class B behavior (Oakley
et al., 1999).

The B:-AR belongs to class A arrestin binders (Eichel, Jullié et al., 2016, Shiina, Kawasaki et al.,
2000), whereas contradictory findings have been reported for the M,R (Gurevich, Dion et al.,
1995, Jones, Echeverry et al., 2006).

The two sets of Bpa-Barrl and Bpa-Parr2 were combined with GPCRs forming either stable (class
B) or transient (class A) complexes with arrestins. We selected two class B receptors belonging to
two distinct phylogenetic GPCR families, the prototypical V,R (rhodopsin-like) and the PTH1R
(secretin-like), as well as the class A receptor CRF4R (secretin-like). The latter was preferred to
other class A GPCRs because the CRF system is well established in our laboratory.

We show that different footprints are not related to the phylogenetic class of the investigated
GPCRs (rhodopsin-like vs. secretin like) nor to the type of interaction with arrestin (transient or
stable), but are indeed specific for each receptor. [...] We have shown that the approach is
applicable both to stable and transient arrestin complexes, which provides a unique possibility
for investigating interactions of arrestin with class A GPCRs without the need of generating
chimeras with altered binding behavior.

The best use of the current would be to compare receptors from each class side by side. It is
not clear from Supple Fig 1 whether PTH1R is a class A or class B.

The two sets of Bpa-Parrl and Bpa-Parr2 were combined with GPCRs forming either stable (class
B) or transient (class A) complexes with arrestins.

Other receptors forming stable complexes with arrestin include [...]and the secretin-like
parathyroid hormone receptor (PTH1R) (Oakley et al, 2001; Vilardaga et al, 2002). The latter has
been shown to form GPCR-arrestin-G-protein megaplexes that mediate prolonged signaling after
internalization in endosomes (Thomsen et al, 2016; Wehbi et al, 2013).

This result clearly confirms the observation from the existing structures that the
orientation of arrestin on the receptor does not determine whether the GPCR-arrestin complexes
are stable or transient.



4. In addition, a recent relevant paper (Gagnon et al J Bill Chem 2019) is cited only in passing, and
probably should be described in more detail since they used a similar method, only with
crosslinkers on the GPCR and not the arrestins.

In a recent report, photo-crosslinkers genetically incorporated into the intracellular domains of
the AT;R have revealed distinct binding modalities of AT;R to Barrl depending on the type of the
agonist used for its activation (natural angiotensin vs. arrestin-biased AT;R ligands) (Gagnon et al,
2019). Altogether, these results demonstrate that genetically encoded photo-crosslinkers
incorporated either into a GPCR or into arrestin allow elucidating with a good sensitivity
differences in the arrangement of arrestin-GPCR complexes.

Referee #2:

The present manuscript "Exploring GPCR-arrestin interfaces with genetically encoded crosslinkers" by
I. Coin and colleagues try to characterize the complex binding patterns (here especially the finger
loop region) of arrestins (here, b-arrl (arr-2) and b-arr2 (arr-3)) to G-protein coupled receptor (GPCR)
in more detail. Many biochemical studies and also the available structural data suggest that the
complexation and also the binding process could indeed function somewhat differently depending on
the receptor. This might be due to the broad versatility of the arrestin, but also to the specific imprint
or topology of the receptors. The presented study tries to answer this question with a newly
established very interesting method of incorporation of non-canonical amino acids (ncAAs) for
photo- and chemical cross-linking.

The very short paper reads very technical, but the methods seem to be very sound. | think it is very
important to find new ways to get the complex information about the pharmacologically important
interactions between arrestin and GPCRs. Unfortunately, we see different states in the 3D structures
that we have, which can be due to the different preparations of the complexes or different
environments for the complexes (e.g. nanodiscs, lipids, crystal contacts etc.). All external influences
are there a kind of bias for the complex formation. But maybe it is also due to the manifold charged
surface, rotatability and oligomizability of the arrestins and the intracellular diversity of the receptor
loops.

In summary, in addition to structures or in vitro spectroscopic methods, we also need in vivo
approaches where we can analyze an almost native complex formation. This approach contributes to
this topic. It will now be important to follow this approach further and to photo or chemical-crosslink
even more places in the whole arrestin in more detail. In addition, it should now also be possible to
test it on different receptors, including those that only bind one arrestin very specifically.

Remarks:

1. The authors should definitely create a general figure in which they show schematically the
procedure of the ncAA assay. It would be better to illustrate it for the reader in a figure.
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Figure EV1: Barr-GPCR photo-crosslinking. A) 1: Cultured HEK293T cells are supplemented with 250
UM Bpa and transfected with three plasmids. The first plasmid carries the ORF for a GPCR, the
second plasmid carries the ORF for one Barr TAG-mutant and the third plasmid encodes for the
tRNA/synthetase pair that incorporates Bpa. 2: The GPCR and the Barr-xxxBpa variant are expressed
for 48h. 3: The GPCR is activated with an agonist for 15 min. 4: The cells are irradiated with UV-light
(365 nm) for 15 min 5: Samples are lysed, resolved on SDS-PAGE, and the crosslinked arrestin-GPCR
complex is detected by immunostaining. B) Mechanism of photo-activation of Bpa. If the diradical
species is in close proximity to the GPCR, crosslinking can occur. In general, Bpa inserts into C-H
bonds (Dorman & Prestwich, 1994). A covalent arrestin-GPCR complex is formed.

2. Can reaction with other GPCRs in HEK be definitely excluded, which occur naturally?

This is an important point. We have different arguments that exclude the interference of
endogenous receptors in our experiments. First, the signals of the receptor-arrestin complex in
Western blot disappear when our overexpressed receptor is not activated (Figure 2), showing that
arrestin is not recruited without activation. The three receptors investigated here are peptide-
receptors that are activated by ligands with very high specificity, and our results further indicate that
no other receptors are activated in our experiments. Second, crosslinking bands are specific in size
and position for each overexpressed receptor. Third, we have an experiment (Figure 2D) in which the
Bpa-arrestins are activated in the absence of an overexpressed receptor. In this case, we see only
very few crosslinking bands, which maintain the same MW after deglycosylation, suggesting that
they do not include a GPCR or another membrane protein.

3. What does the band (smear band?) under the prominent band (b-arrl - or + Y63ncAA) in Figure
1C mean? Degradation?

We agree that the halo under the major Barrl bands is sub-optimal. As we use protease inhibitors in
all samples and do all work on ice, it is quite unlikely that this “smear” is due to degradation of the
protein. Indeed, to address this issue, we have run different SDS-PAGE gels with the same samples
but loading different amounts of protein. We have observed that larger protein loads lead to a halo
of the (strong!) Parrl signal. This appears like the smear that is visible in Figure 1. Such halos
disappear when adjusting the exposure time of the blot. However, we have chosen to include this
image in the paper because by lower gel loading or by shorter exposure we could not see
simultaneously the bands of the overexpressed and the endogenous arrestins. To detect all arrestins
in the system, we used an a-Barrestin1/2 antibody. The endogenous arrestin runs right below the
overexpressed Barrl, which is slightly larger due to its 3xHA affinity tag.



4. Figure S1 is very difficult to read and distinguish.

We thank the reviewer for this comment. Yes, the supplementary Figure 1 (now appendix Figure S1)
reporting so many curves in the same graph was not clear. We have now partitioned the mutants in
12 different graphs, each reporting only two curves compared to wild type. We believe that the
figure is much clearer now.

5. It sounds plausible and was nicely shown (Fig.3) that these could be arrestin dimers (in Figure
2D, D78 etc.), which are visible between 100-200kDa. However, the prerequisite is that there are
no native receptors (in HEK) that could give a signal. Or could they be derived from other
receptors?

As explained in point 2 above, we are very confident that there are no native receptors giving
crosslinking signals in our experiments. Indeed, crosslinking bands that are activation independent do
not respond to deglycosylation, which likely excludes the presence of a receptor. The MS analysis
found no evidence for the presence of any GPCR in the D78Bpa dimer sample. Actually, the sample
did not contain any other protein than Barrl, which had noteworthy peptide spectral matches. As we
wrote in the results and discussion the score for Barrl was 1,951 PSMs (peptide spectral matches)
compared to only 22 PSMs for the second most abundant protein.

6. However, in some spots in Figures 1A-C there are bands without the addition of agonists. What
is the reason for this? In some examples, there are significantly more than in Fig. 2D (e.g. Figure 2B,
L71/G72/Y63 or Figure 2A D68/L69 etc).

Thank you for the comment. Yes, there are some bands in the non-activated activated samples,
which are not always reproducible in the same intensity and could hint at a crosslinking with other
endogenous proteins. It is indeed well known that B-arrestins interact with a huge variety of
proteins. We have experimentally proved that all these receptor-independent bands do not respond
to deglycosylation and therefore are unlikely to involve membrane proteins. We intend to further
analyze all these bands using immunoprecipitation and MS analysis, both in live cells and using
isolated arrestins in vitro. As this further work will require a lot of experimental effort and time, we
believe that this accurate characterization is beyond the scope of this manuscript. We have added
about these bands the following paragraph in the text:

Oh the other hand, it cannot be excluded that at least some of the weak activation-independent
crosslinking signals at high MW belong to complexes of arrestin with endogenous proteins. Both
arrestins are known to function as scaffolds for a wide variety of proteins, with the most prominent
examples being kinases like ERKs, JNK3 or other MAPKs (Song et al, 2009; Xiao et al, 2007), as well as
proteins involved in GPCR trafficking, such as clathrin and AP2 (Goodman et al, 1996; Laporte et al,
1999). Clearly, elucidating the nature of all receptor-independent crosslinking signals awaits further
experiments.

7. | recommend to make a supplementary figure to illustrate this arrestin dimer interface.

Thank you for the suggestion, we agree that such a figure would be helpful. Sadly, we do not have
enough data about the dimer interaction surface to make a meaningful model for the arrestin dimer.
We only have one crosslinking hit where the crosslinking site for the second Barrl is not known. We
do plan to further investigate the dimerization interface, but this is another full project.



Referee 3:

In this manuscript Coin et al. used genetically encoded photo- and chemical crosslinkers to probe the
interaction of two b-arrestins with several GPCRs in live mammalian cells. b-arrestins regulate GPCR
signaling. Although recently the structures of several b-arrestin/GPCR complexes have been solved,
many others remain elusive due to the technical challenge. The approach described in this work
enables probing GPCR/b-arrestin in live mammalian cells, complementing the in vitro structural
studies and affording results that can be more physiologically relevant. More specifically, the authors
found that 1) each GPCR crosslinked with b-arrestin with distinct patterns; 2) the two b-arrestins
showed similar patterns; 3) b-arrestin existed as a dimer; and 4) using chemical crosslinker BetY,
inter-molecular proximity points of arrestin-receptor were identified, which is compatible with the
orientation of b-arrestin relative to the receptor in the barrl-Rho structure but not in the barrl-
NTS1R structure. This type of in cell crosslinking work is very challenging, and it is thus exciting to see
these results. Overall, this manuscript provide interesting and significant results on the b-
arrestin/GPCR interaction obtained in the context of mammalian cells. The experiments are well
designed and support the claims. Currently there are relatively few reports on probing receptor-
ligand interaction directly in live cells, which makes this work stand out. These results will be broadly
interesting to researchers working on GPCRs, signaling, and drug design. | therefore support
publication after the following minor points are addressed:

1) page 3: "The Bpa-mutation did not hamper the receptor-arrestin interaction: all arrestins were
recruited within a few minutes to the parathyroid hormone receptor (PTH1R), which is known to
recruit both b-arrestins". The recruiting experiment was done with PTH1R, so concluding "the Bpa-
mutation did not hamper the receptor-arrestin interaction" in a general term for all receptors may
be too strong, unless further explanation can justify it.

The Bpa-
mutation did not hamper the recruitment of either arrestin to the PTH1R receptor, suggesting that
the overall functionality of the arrestins is preserved

2) Figure S1: error bars for technical replicates only indicate pipetting errors or assay errors, which
are not very useful for determining difference from WT. It will be more useful to plot the errors of
independent experiments.

Plotted data represent the arithmetic average of three independent
experiments, each run in triplicate. Error bars represent the S.E.M. of the biological triplicates.

3) A highlight of this work is the chemical crosslinking of interacting proteins in live cells using
genetically encoded chemical crosslinkers. One such earlier work may worth citing when
introducing BrEtY: Nat. Commun. 2017; 8(1):2240. PMID: 29269770.

We further explored whether chemical
crosslinking can be applied to determine inter-molecular arrestin-receptor proximity points as it was
shown to capture protein-protein interactions in live cells (Yang et al, 2017).

4) b-arrestin presumably will interact with other proteins in cells in addition to the GPCR. The
authors also observed some bands in the controls shown in Figure 2D, with some bands already
nicely figured out (i.e., b-arrestin intra-molecular crosslinking and dimerization). It may be



interesting to briefly mention other possibilities in discussion. Note | do not ask for experimental
proof here, given the main focus of b-arrestin/GPCR interaction.

Oh the other hand, it cannot be excluded that at least some of the weak
activation-independent crosslinking signals at high MW belong to complexes of arrestin with
endogenous proteins. Both arrestins are known to function as scaffolds for a wide variety of proteins,
with the most prominent examples being kinases like ERKs, JNK3 or other MAPKs (Song et al, 2009;
Xiao et al, 2007), as well as proteins involved in GPCR trafficking, such as clathrin and AP2 (Goodman
et al, 1996; Laporte et al, 1999). Clearly, elucidating the nature of all receptor-independent
crosslinking signals awaits further experiments.

5) Page 5, line 2: Supplementary Figure 5 should be 4.



1st Revision - Editorial Decision 5th Aug 2020

Dear Prof. Coin

Thank you for the submission of your revised manuscript to our editorial offices. We have now
received the reports from the three referees that were asked to re-evaluate your study, you will find
below. As you will see, the referees now support the publication of your study in EMBO reports.

Before we can proceed with formal acceptance, | have these final editorial requests:

- It seems presently there is no specific call out for Figures 4A and 4B. Please add these to the
manuscript text.

- Please remove the referee access information from the data availability section (DAS), and make
sure the deposited data get public and are accessible using the information provided in the DAS
upon publication of the paper.

- Finally, please find attached a word file of the manuscript text (provided by our publisher) with
changes we ask you to include in your final manuscript text, and some queries, we ask you to
address. Please provide your final manuscript file with track changes, in order that we can see any
modifications done.

In addition | would need from you:
- a short, two-sentence summary of the manuscript
- two to three bullet points highlighting the key findings of your study

I look forward to seeing the final revised version of your manuscript when it is ready. Please let me
know if you have questions regarding the revision.

Kind regards,

Achim Breiling
Editor
EMBO Reports

Referee #1:

The manuscript has been dramatically improved. The work is now described much more clearly and
the relevance of the findings to understanding GPCR-beta-arrestin interactions is significant. |
recommend publication without delay.

Referee #2:

The revised new version of the manuscript is significantly refined. The authors fulfill all my
suggestions for improvement. | recommend the acceptance of the manuscript.



Referee #3:

In the revised manuscript the authors have address my questions and comments satisfactorily. |
support the publication of this work!



2nd Authors' Response to Reviewers 10th Aug 2020

Authors made the requested editorial changes



2nd Revision - Editorial Decision 13th Aug 2020

Prof. Irene Coin
University of Leipzig
Institute of Biochemistry
Bruederstr. 34

Leipzig 04103

Germany

Dear Prof. Coin,

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

At the end of this email | include important information about how to proceed. Please ensure that
you take the time to read the information and complete and return the necessary forms to allow us
to publish your manuscript as quickly as possible.

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

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you
have not done so already, otherwise the File will be published by default [contact:
emboreports@embo.org]. If you do opt out, the Review Process File link will point to the following
statement: "No Review Process File is available with this article, as the authors have chosen not to
make the review process public in this case."

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

Thank you again for your contribution to EMBO reports and congratulations on a successful
publication. Please consider us again in the future for your most exciting work.

Yours sincerely,
Achim Breiling

Editor
EMBO Reports

hhhkhkhkhhhhhkkAArhhAkAhhhhhhhdhhhhhhdhhhdhhdhhhhdhhdhhhhhhhhhhhhdhhhhhhdhhhdhdxddhhrdsxx

THINGS TO DO NOW:

You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to



our Production Office; you should return your corrections within 2 days of receiving the proofs.

Please inform us if there is likely to be any difficulty in reaching you at the above address at that
time. Failure to meet our deadlines may result in a delay of publication, or publication without your
corrections.

All further communications concerning your paper should quote reference number EMBOR-2020-
50437V3 and be addressed to emboreports@wiley.com.

Should you be planning a Press Release on your article, please get in contact with
emboreports@wiley.com as early as possible, in order to coordinate publication and release dates.
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Corresponding Author Name: Irene Coin

Journal Submitted to: EMBO Reports

Manuscript Number: 50437-T

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

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

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

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

>
>
>
>

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

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

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

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

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

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

a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

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

definitions of statistical methods and measures:

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

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;

definition of ‘center values’ as median or average;

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

LA 2 X 2 X X X 7

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

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

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

USEFUL LINKS FOR COMPLETING THIS FORM

http://www.antibodypedia.com
http://1degreebio.org

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

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

http://ClinicalTrials.gov
http:
http:,

‘'www.consort-statement.or.

‘'www.consort-statement.org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting: reporting-recommendations-for-tum¢

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

‘www.ncbi.nlm.nih.gov/ga

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

http://biomodels.net/

http://biomodels.net/miriam/

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

B- Statistics and general methods Please fill out these boxes W (Do not worry if you cannot see all your text once you press retur:
1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size? N/A
1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used. N/A
2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre- N/A
established?

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

For animal studies, include a statement about randomization even if no randomization was used. N/A
4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results |N/A
(e.g. blinding of the investigator)? If yes please describe.

4.b. For animal studies, include a statement about blinding even if no blinding was done N/A
5. For every figure, are statistical tests justified as appropriate? N/A
Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it. N/A
Is there an estimate of variation within each group of data? N/A




Is the variance similar between the groups that are being statistically compared? N/A

C- Reagents
6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |Anti-HA (Clone 3F10, Roche); anti-FLAG-HRP (Clone M2, Sigma Aldrich); anti-1D4-HRP (sc-57432,
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g., Santa Cruz Biotechnology); anti-PTH1R (Clone 4D2, Thermofisher Scientific); anti-pan-arrestin (PA1
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right). 730, Thermofisher Scientific); anti-Strep-HRP (RPN1231, GE Healthcare) ; anti-rabbit-HRP (sc-2004,

Santa Cruz Biotechnology); anti-mouse-HRP (sc-516102, Santa Cruz Biotechnology); anti-rat-HRP
(70778, Cell Signaling Technology)

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for The cell line HEK293T (Cat# ACC-635, RRID:CVCL_0063) was purchased from the German
mycoplasma contamination. Collection of Microorganisms and Cell Cultures GmbH (DSMZ).

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

D- Animal Models

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

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

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

E- Human Subjects

11. Identify the committee(s) approving the study protocol. N/A

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

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

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

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

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data Proteomics data: PRIDE PXD020418
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

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

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

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

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

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

G- Dual use research of concern

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