
Reviewers' comments:

Reviewer #1 (Remarks to the Author):

Schöppe and al., report the crystal structure of the human neurokinin 1 receptor (NK1) in complex 
with two clinically used antagonist, aprepitant and netupitant to high resolution. They also solved 
the structure of the progenitor antagonist CP-99,994. They described the ligand binding mode for 
the 3 molecules and elaborate on differences between CP-99,994, and the two very similar 
structure of NK1-bound aprepitant and NK1-bound netupitant. They report structural 
rearrangements in the extracellular regions of NK1 with the beta sheet of the ECL2 kinked away 
from the extracellular helix III by around 4Å compared to the CP-99,994-bound NK1 structure. Are 
they any contributions form crystal packing since the CP-99,994 and the two others ligands 
crystallised in two different space groups ? Additionally, it is surprising to get the 2 different 
conformations for the proline in the beta-hairpin loop, cis and trans from the same receptor 
sample. Is the resolution good enough and the density excluding any ambiguity at the level of this 
proline P175ECL2?
The direct interaction between the E782.50 (TM2) and the S1193.39(TM3) represents a nice 
finding and provides a structural rational for the reduced constitutive activity at NK1 receptor. This 
observation is compatible with the knowledge available about sodium binding site previously 
reported for several receptors. Is there any effect of Na+ on agonist or antagonist binding at NK1, 
as reported for other receptors?
E782.50 is just one turn above thermostabilising mutation L2.46A. L2.46 is also very well 
conserved across family A GPCR. Did the authors considered a possible contribution of this 
mutation on the E782.50 rotamer and the subsequent molecular contact observed with S1193.39?
This research article, is very well written, and well presented and the high-resolution structures 
presented here will guide and facilitate the structure-based drug design for designing new small 
molecules directed to NK1R.

Reviewer #2 (Remarks to the Author):

This manuscript by Schoppe et al uses a thermostabilised NK1 receptor (containing 7 mutations 
and a fusion protein) to solve the structure of NK1 receptor bound to 2 clinically approved 
antagonists and a prototypical antagonist. The paper is well written and the structures are very 
well presented within the figures and supplementary data.

The main caveat with these structures and their interpretation is that the two clinical ligands have 
10-16 fold reduction in affinity for the receptor construct used for crystallisation relative to the 
wildtype receptor (as shown in supplementary table 1), suggesting that the bound ligands within 
these structure may not bind exactly the same as in the unmodified receptor. Reduced affinity is 
acknowledged in the text stating “slightly reduced affinity”, however I would suggest rewording 
this as a 10-fold loss in affinity is more than slightly reduced in my opinion.

Given the caveat listed above, it is important to verify the observations from the structure using 
additional experimental methods. The authors have addressed this nicely with mutagenesis within 
key binding site residues, which appear to support the contacts within the structures and some of 
which also differentiate between the binding of the three ligands. However, I would like to have 
seen some additional mutagenesis performed to confirm the binding pose of arm 3 in the 
aprepitant and netupitant bound structures, given this arm is not present in the CP compound and 
the contacts differ for the two clinical ligands. In addition, a key conclusion from the structures is 
that the clinically used antagonists induce a structural rearrangement in extracellular regions that 
lead to a contraction of helix II-IV interface. Given X-ray structures are static and the study uses a 
modified receptor that alters the binding affinities of the bound ligands, validating this finding 
using an alternative experimental method would strengthen the paper.



The authors have also suggested the packing of E2.50 may be responsible for the unusual lack of 
constitutive signalling for NK1R. To confirm if this is indeed the case, it would be useful to mutate 
this residue to an aspartic acid to verify that this induces constitutive signalling (as would be 
expected if the hypothesis put forward is correct) and to assess the ability of sodium to negatively 
regulate the wildtype receptor vs the E2.50D mutation.

The histidine lock mechanism, while supported partially by experimental data in the literature, is 
still speculative. Based on this, please change the wording of the last sentence in this section on 
page 12 to “may” not “will”.

Figure 3 should be referenced when discussing the newly created hydrogen bond network stated 
on page 14.

In the methods section, can the authors state if a ligand was used for the directed evolution and if 
so which one. In addition, what is the degree of thermostability induced by the thermostabilising 
mutations and fusion protein?

For figures 1,2 and supplementary figure 2, electron density was shown for the ligands. It would 
also be useful to show the density for key side chains that interact with the ligands.

In supplementary figure 7, the panels are mislabelled relative to the legend. 





















REVIEWERS' COMMENTS:

Reviewer #1 (Remarks to the Author):

The authors have answered all comments and the manuscript is suitable for publication.

Reviewer #2 (Remarks to the Author):

The authors provide a very strong and compelling rebuttal and have addressed the majority of my 
concerns. With respect to the contraction of the helix II-IV interface, this could be explored 
potentially through molecular dynamics simulations, however I agree with the authors comments 
that demonstrating this via direct physical methods may be difficult to achieve with the current 
technology. While some additional work here would definitely strengthen the study, this study in 
its current form is worthy of publication.  


