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2nd Mar 20211st Editorial Decision

Thank you for submit t ing your manuscript for considerat ion by The EMBO Journal. We have now 
received two referee reports on your manuscript , which are included below for your informat ion. 

As you will see from the comments, both reviewers appreciate the study, while also indicat ing a 
number of concerns that would have to be addressed and clarified before they can support 
publicat ion of the manuscript . In part icular, reviewer #1 finds that the funct ional role for pangolin 
CoV S proteins for the virus entry into ACE2-expressing human cells would have to be shown, and 
both reviewers indicate that insufficient informat ion on protein purificat ion and structural analysis 
has been provided in the current version. From my side, I find these points reasonable and would 
like to invite you to address the concerns raised by both reviewers in a revised manuscript . 

I should add that it is The EMBO Journal policy to allow only a single major round of revision and 
that it is therefore important to resolve the main concerns at this stage. We are aware that many 
laboratories cannot funct ion at full efficiency during the current COVID-19/SARS-CoV-2 pandemic, 
and I would be happy to discuss the revision in more detail via email or phone/videoconferencing. 

We have extended our 'scooping protect ion policy' beyond the usual 3 month revision t imeline to 
cover the period required for a full revision to address the essent ial experimental issues. This means 
that compet ing manuscript s published during revision period will not negat ively impact on our 
assessment of the conceptual advance presented by your study. Please contact me if you see a 
paper with related content published elsewhere to discuss the appropriate course of act ion. 

Please feel free to contact me if you have any further quest ions regarding the revision. Thank you 
for the opportunity to consider your work for publicat ion. I look forward to receiving the revised 
manuscript . 

------------------------------------------------ 

Referee #1: 

In this report , Niu et al. have compared binding of RBDs from SARS-CoV-2 and two pangolin CoVs 
to a panel of ACE2 from 27 different species. Binding was measured by two independent methods -
flow cytometry and SPR. They found that the pangolin CoV RBDs appeared to have a broader host 
range than that of SARS-CoV-2. They then determined the structures of the two pangolin CoV 
RBDs in complex with human ACE2 at 3.4 Å resolut ion by cryo-EM. The pangolin CoV RBDs bind 
ACE2 in a similar mode as does the SARS-CoV-2 RBD. Addit ional mutat ional data showed that 
Q498H mutat ion led to high affinity binding of the SARS-CoV-2 RBD to mouse, rat and European 
hedgehog ACE2s. The authors suggest that the two pangolin CoVs may infect human and require 
further surveillance to help prevent future pandemics. 

This is a comprehensive study concerning interact ions between CoV RBDs and various ACEs from 
different animals. Binding data derived from two different approaches are qualitat ively in agreement 
with each other, and further supported by the structural studies. It is also interest ing that a single 
residue seems to be responsible for a potent ially broader host range for the two pangolin CoVs. 

Several concerns need to be addressed to improve the manuscript : 



1. Conceptually, it  is not known whether ACE2 binding alone would be sufficient  for a coronavirus to
infect  (and replicate in) a new host. It  would be really helpful to have some experimental evidence to
support  this hypothesis. Since the two pangolin CoV RBDs bind human ACE2 quite well, it  should
be straightforward to test  whether the pangolin CoV S could indeed support  entry into ACE2-
expressing human cells using a pseudovirus assay.
2. Not data on protein product ion are shown. It  would be useful to show the gel filt rat ion t races of
the purified protein reagents used in all the binding studies. In addit ion, ACE2 proteins and some
RBDs were produced in insect cells and others made in mammalian cells. The two types of cells
have different glycosylat ion, which has been reported to modulate the Spike-ACE2 interact ions.
3. Details of cryo-EM are insufficient  to judge whether the structural interpretat ions are solid or not.
Only a summary table was shown. How good are the overall density and the density at  the
interfaces? What is the local resolut ion? Are all the discussions on the structural details just ified at
an overall resolut ion of 3.4Å? Is there any glycan involvement? A standard set of cryo-EM
supplemental figures should be included.
4. Some arguments in Discussion do not sound convincing. For example, on p. 13, "However, no
SARS-CoV-2 has yet been detected in pangolin. A recent report  showed that pangolins could be
infected by the pangolin CoV GD/1/2019 and showed clinical symptoms and histological changes
(Xiao et  al., 2020), further weakening the possibility of pangolin as intermediate hosts for SARS-
CoV-2." Why would these data weaken the possibility of pangolin as an intermediate host?
Adaptat ion of SARS-CoV-2 in humans may prevent it  going back to its previous host and not sure
what is the relevance here regarding pangolin CoV infect ing pangolin. Another example, on the
same page, "Furthermore, two pangolin CoV RBDs associate with a panel of ACE2 orthologs at  a
similar level to that of the SARS-CoV-2, but present a broader host range, with binding capability to
ACE2 orthologs from three addit ional animals (mouse, rat  and European hedgehog), indicat ing the
two pangolin CoVs are likely to be at  lower level in the evolut ionary pathway." Why would the two
pangolin CoVs be at  a lower level in the evolut ionary pathway? Simply because of a broader host
range? If so, should bat CoVs have even a broader host range?

Referee #2: 

This manuscript  from Niu et  al describes thorough binding and structural studies for two receptor-
binding domains (RBDs) of spikes derived from pangolin-origin SARS-CoV-2-like viruses. Flow
cytometry and surface plasmon resonance are used to determine binding affinit ies to ACE2
orthologs from various species, which revealed that the pangolin RBDs have a potent ially broader
host range. Cryo-EM structures of the RBDs in complex with hACE2 reveal molecular determinants
of the binding interfaces, including the role of His498 to increase the affinity and binding breadth of
the pangolin RBDs. Test ing of a Q498H variant of the SARS-CoV-2 RBD demonstrates that it
binds to hACE2 with higher affinity while also binding to ACE2s from mouse, rat , and hedgehog. 

Overall, this is a thorough manuscript  that  is generally clear with most conclusions supported by the
data. The flow cytometry and SPR binding experiments have been performed well, and the
structural validat ion stat ist ics are reasonable, although Table 1 is missing values for the % of poor
rotamers. The major concern is the quality of the EM structures. There are no figures showing the
3D reconstruct ion and density at  the interface, the FSC curves, and angular distribut ion plots.
There are also no PDB validat ion reports provided. As such, it  is very difficult  to assess the quality of
these structures and the conclusions drawn from them. This should be addressed in a revised
manuscript .



Response to reviewers’ comments 

We appreciate the reviewers’ supportive assessment of our work, and their comments 

on aspects that could be improved. Below we respond to each reviewer’s points in 

detail, with notes as to where changes to the manuscript have been made.  

Reviewer 1 

Comments 

1) Conceptually, it is not known whether ACE2 binding alone would be sufficient

for a coronavirus to infect (and replicate in) a new host. It would be really 

helpful to have some experimental evidence to support this hypothesis. Since the 

two pangolin CoV RBDs bind human ACE2 quite well, it should be 

straightforward to test whether the pangolin CoV S could indeed support entry 

into ACE2-expressing human cells using a pseudovirus assay.  

Response: Thanks for the constructive comment. We have performed the transduction 

assay using the three VSV-based pseudotyped viruses (SARS-CoV-2, GX/P2V/2017 

and GD/1/2019). Similar amounts of the three pseudoviruses (as determined by 

quantitative real-time PCR) were used to transduce HeLa cells expressing hACE2. 

The results showed that all three pseudoviruses were unable to transduce HeLa cells, 

but readily transduced Hela cells expressing hACE2 (HeLa-hACE2). Moreover, The 

SARS-CoV-2 and GD/1/2019 pseudoviruses displayed similar transduction efficiency, 

and pseudotyped GX/P2V/2017 showed lower efficiency. Figure 3 has been prepared 

to present these new data. 

2) …Not data on protein production are shown. It would be useful to show the

gel filtration traces of the purified protein reagents used in all the binding 

studies...  

Response: Thanks for the kind suggestion. We have included the results of gel 

filtration traces and SDS-PAGE of the purified protein in all experiments in the new 

Figures EV1 and EV2. 

29th Mar 20211st Authors' Response to Reviewers



3) …In addition, ACE2 proteins and some RBDs were produced in insect cells

and others made in mammalian cells. The two types of cells have different 

glycosylation, which has been reported to modulate the Spike-ACE2 

interactions… 

Response: In this study, SARS-CoV-2 RBD expressed in insect cells and HEK293F 

cells were both used in the binding assay. Our previous structure data suggest that 

glycosylation in the SARS-CoV-2 RBD does not involving in the binding to hACE2 

(Wang et al., Cell, 2020). Similar observations were also reported by other groups 

(Lan et al., Nature, 2020; Shang et al., Nature, 2020). SARS-CoV-2 RBD expressed in 

293F cells seems to have more glycosylation modifications than those in insect cells 

(Figure EV1). However, the binding affinities of the two types of SARS-CoV-2 RBDs 

to hACE2 are similar. Figure 2 showed the binding affinity between SARS-CoV-2 

RBD expressed in insect cells to hACE2. The KD is calculated to be 11.2 ± 0.5 nM. 

Figure 6 showed the binding affinity between SARS-CoV-2 RBD expressed in 293F 

cells to hACE2. The KD is calculated to be 9.9 ± 2.5 nM. Thus, the different 

glycosylation pattens between insect cells and HEK293F cells seems to exert no effect 

on the interaction between SARS-CoV-2 RBD and hACE2. 

4) Details of cryo-EM are insufficient to judge whether the structural

interpretations are solid or not. Only a summary table was shown. How good are 

the overall density and the density at the interfaces? What is the local resolution? 

Are all the discussions on the structural details justified at an overall resolution 

of 3.4Å? Is there any glycan involvement? A standard set of cryo-EM 

supplemental figures should be included. 

Response: Thanks for the kind suggestion. For better presentation of our cryo-EM 

data, 

we have prepared a standard set of cryo-EM supplemental figures of the two complex 

structures (Figure EV3 for hACE2-GX/P2V/2017 RBD, and Figure EV4 for 

hACE2-GD/1/2019 RBD). In the Figures EV3 and EV4, to show the overall density 

and the density at the interfaces, we provided the final EM density coloured by local 



resolution. In addition, there are some glycans in the two complex structures, and we 

showed the glycans in the new prepared Figure 4.  

 

5) Some arguments in Discussion do not sound convincing. For example, on p. 13, 

"However, no SARS-CoV-2 has yet been detected in pangolin. A recent report 

showed that pangolins could be infected by the pangolin CoV GD/1/2019 and 

showed clinical symptoms and histological changes (Xiao et al., 2020), further 

weakening the possibility of pangolin as intermediate hosts for SARS-CoV-2." 

Why would these data weaken the possibility of pangolin as an intermediate host? 

Adaptation of SARS-CoV-2 in humans may prevent it going back to its previous 

host and not sure what is the relevance here regarding pangolin CoV infecting 

pangolin. Another example, on the same page, "Furthermore, two pangolin CoV 

RBDs associate with a panel of ACE2 orthologs at a similar level to that of the 

SARS-CoV-2, but present a broader host range, with binding capability to ACE2 

orthologs from three additional animals (mouse, rat and European hedgehog), 

indicating the two pangolin CoVs are likely to be at lower level in the 

evolutionary pathway." Why would the two pangolin CoVs be at a lower level in 

the evolutionary pathway? Simply because of a broader host range? If so, should 

bat CoVs have even a broader host range? 

Response: We are sorry for the unsuitable arguments.  

Firstly, we rewrite the arguments about the reservoir.  

Page 13, lines 15-22: Although not universally true, natural reservoir or the 

intermediate hosts tend to have coevolved with their viruses and usually do not 

display clinical symptom. For example, bats are natural reservoirs for a variety of 

emerging viruses yet rarely cause clinical disease in bats (Shi & Hu, 2008; Wang et 

al, 2006). Dromedary camels are thought to be the intermediate host for MERS-CoV, 

they could carry the virus without showing any severe disease (Peck et al, 2015). Thus, 

pangolins are more likely to be another victim of SARS-CoV-2-like viruses, rather 

than to be the natural reservoir or intermediate host. 



Secondly, we removed the other unconvincing argument in Page 14 “indicating 

the two pangolin CoVs are likely to be at lower level in the evolutionary pathway”. 

 

Reviewer 2 

Comments  

1) …although Table EV1 is missing values for the % of poor rotamers… 

Response: We are sorry for the mistake. We have updated the Table EV1 and added 

the values for the % of poor rotamers. 

 

2) ...The major concern is the quality of the EM structures. There are no figures 

showing the 3D reconstruction and density at the interface, the FSC curves, and 

angular distribution plots. There are also no PDB validation reports provided. 

As such, it is very difficult to assess the quality of these structures and the 

conclusions drawn from them. This should be addressed in a revised 

manuscript… 

Response: As suggested by the reviewer, Figure EV3 and Figure EV4 were added to 

present the EM data processing of two complex structures including 3D 

reconstruction, density at the interface, the FSC curves, and angular distribution plots. 

Furthermore, we also provided the PDB validation reports of the two complex 

structures in the revised version. 



5th May 20211st Revision - Editorial Decision

Thank you for submit t ing a revised version of your manuscript . I apologise for the unusually 
prot racted review process due to delayed submission of referee reports. Your study has now been 
seen by one of the original reviewers, who finds that their main concerns have been addressed and 
now recommends publicat ion of the manuscript . Therefore, I would like to invite you to address the 
remaining editorial issues before I can extend the official acceptance of the manuscript .

Please let me know if you have any further quest ions regarding any of these points. You can use 
the link below to upload the revised files. 

Thank you again for giving us the chance to consider your manuscript for The EMBO Journal. I 
look forward to receiving the final version. 

------------------------------------------------ 

Referee #1: 

I think the authors have carefully addressed my previous concerns and I do not have anything

further to add. 



11th May 20212nd Authors' Response to Reviewers

The authors performed the requested editorial changes.



14th May 20212nd Revision - Editorial Decision

Editor accepted the revised manuscript. 
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