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Abstract

The Spike glycoprotein receptor-binding domain (RBD) of SARS-CoV-2 mediates
the viral particle's binding to the angiotensin-converting enzyme 2 (ACE2)
receptor on the surface of human cells. Therefore, Spike-ACE2 interaction is a
crucial determining factor for viral infectivity. A new phylogenetic group of SARS-
CoV-2 (lineage B.1.1.7) has been recently identified in the COVID-19 Genomics
UK Consortium dataset, which features an amino acid substitution in the Spike
RBD (N501Y mutation). Infections with the SARS-CoV-2 lineage B.1.1.7 have
been overgrowing in recent weeks in the United Kingdom, indicating an even
greater spread capacity than that seen with previous strains of the novel
coronavirus. We hypothesized that this rapid spreading/infectivity of the B.1.1.7
lineage might be due to changes in the interaction force between the mutant
Spike RBD and ACE2. This study employed in silico methods involving
mutagenesis (N501Y mutation) and interface analysis focusing on the Spike
RDB-ACE?2 interaction. The results showed that the SARS-CoV-2 N501Y mutant
(lineage B.1.1.7) establishes a more significant number of interactions relating to
the mutant residue Y501 (Spike RDB) with residues Y41 and K353 (ACE2). This
finding shows that the increased infectivity of SARS-CoV-2 lineage B.1.1.7 is
associated with the interaction force between the Spike RBD Y501 mutant
residue with the ACE2 receptor, which in this strain is increased.

Keywords: SARS-CoV-2, N501Y mutation, lineage B.1.1.7, viral spreading,
Spike protein, ACE2 receptor, protein-protein interface.
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Introduction

The fast SARS-CoV-2 spreading among humans is pushing its molecular
evolution. So far, the virus has accumulated mutations at a rate of up-to-two-
nucleotide changes every month. Recent isolates of the SARS-CoV-2 feature at
least 20 nucleotide changes in their genomes than the earliest isolates in January
2020 (Rambaut et al., 2020).

Most of the variability found in SARS-CoV-2 isolates feature mutations
within the Spike receptor-binding domain (RBD), a portion of the Spike
glycoprotein that mediates viral attachment to the angiotensin-converting enzyme
2 (ACE2) receptor on the surface of human cells (Shang et al., 2020).

The emergence of the SARS-CoV-2, B.1.1.7 lineage, detected in early
December 2020 by the COVID-19 Genomics UK  Consortium
(https://www.cogconsortium.uk/) (Kupferschmidt, 2020; Rambaut et al., 2020;)
represents an example, among several other, of the fast viral molecular evolution.

The B.1.1.7 lineage is somewhat surprising, as it accumulates 17
mutations in its genome. Eight of them are located in the gene that encodes the
Spike protein on the virus surface (Rambaut et al., 2020). The RBD is crucial for
Spike docking with the ACE2 receptor on the surface of human cells (Kemp et
al., 2020). B.1.1.7 lineage phenotype has also attracted attention, as it proves to
be much more transmissible among humans than the other known SARS-CoV-2
lineages (Kupferschmidt, 2020; Rambaut et al., 2020;).

The N501 has been identified as a residue that increases the binding
affinity to human ACE2 (Starr et al., 2020). According to Rambaut et al. (2020),
the mutation N501Y found in the B.1.1.7 lineage, which is located at the Spike
gene, covers one of the six key contact amino acid residues within the Spike
RBD.

Determinations of the Spike RDB domain's surface affinity strength with
the ACE2 receptor have enabled mapping of the amino acid residues that may
represent desired targets for the development of vaccines against COVID-19 or
antibody-based therapies against SARS-CoV-2 (Sternberg and Naujokat, 2020).

However, quantitative impact of the SARS-CoV-2 N501Y mutation on the
Spike RBD affinity to the ACE2 receptor is still unknown.

In this study, we raised the hypothesis that N501Y mutation increases the
interaction force between Spike RBD and ACEZ2 receptor.

To test this, we used in silico tools to mutagenize and cause the N501Y
mutation in the Spike RDB domain, at the protein level, and simulate the
molecular interactions with the ACE2 receptor. Comparisons between wild type
versus mutant Spike RDB structures showed that the mutant N501Y RDB
interacts with greater affinity to the ACE2 receptor.
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Methods
Spike RDB-ACE?2 interface analysis

This study uses the structure deposited in the Protein Data Bank available
at (https://www.rcsb.org/), code 6M0J. The PyMOL software, available at
(https://pymol.org/2/), was used to: 1) visualize the interaction between the amino
acid residue N501 of the Spike RDB domain (SARS-CoV-2, isolate Wuhan-Hu-
1, NCBI reference genome sequence NC_045512.2) and the Y41 residue of the
human ACE2 receptor protein, 2) simulate the N501Y mutation found in the
isolate SARS-CoV-2 lineage B.1.1.7 (Rambaut et al., 2020) and 3) analyze the
interactions resulting from the Spike (RDB) N501Y mutation.

Moreover, we used PDBePISA software (Krissinel and Henrick, 2007),
available at (https://www.ebi.ac.uk/pdbe/pisa/) for a detailed analysis of the Spike
RDB-ACE2 quaternary structures, comparing the interaction resulting from the
Spike N501 or Y501 mutant residue regarding their chemical properties and the
predicted dissociation pattern.

Statistical analyses

The server PDBSum (Laskowski et al., 2018), available at
(http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/Generate.html), was used
for comparative statistics of the interfaces formed between the Spike N501, or
the respective N501Y mutant residue, with ACE2 receptor.

Results
Spike RBD-ACE?2 interface visualization

The original SARS-CoV-2 Spike RBD-ACE2 interface region feature the
N501 amino acid residue (Spike RBD) that establishes two non-bonded contacts

with the Y41 and K353 residues (ACE2) at 3.5-angstrom distance as predicted
by the PyMOL and PDBsum softwares (Figure 1).

Figure 1. SARS-CoV-2, Wuhan-Hu-1 lineage, Spike RBD-ACEZ2 interaction interface featuring
the N501 amino acid residue (on the Spike RBD side in red) that establishes two non-bonded
interactions with Y41 residue (on the ACE2 side in blue) at 3.5 angstrom distance. Predictions
calculated with PyMOL.
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In contrast, PyMOL and PDBsum indicates that the mutant SARS-CoV-2
N501Y (lineage B.1.1.7) features the Y501 residue (Spike RBD) that establishes
one hydrogen bond with K353 residue and non-bonded interactions with Y41,
D38 and K353 residues of the ACE2 receptor at 3.5-angstrom distance (Figure

2).

Figure 2. SARS-CoV-2, mutant N501Y, lineage B.1.1.7, Spike RBD-ACEZ2 interaction interface
featuring the Y501 mutant amino acid residue (from the Spike RBD side in red) that establishes
one hydrogen bond with K353 residue and non-bonded interactions with Y41 and K353 residues
from the ACE2 side (in blue), at 3.5 distance. Predictions calculated with PyMOL.

In addition, PDBePISA analysis predicted the interactions at the interface
amino acid residue N501 Spike(RBD)-ACE2 (Figure 3).
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Structure 1 HSDC ASA BSA A'G
157 E:TYR 489 88.91 0.00 0.00
158 E:PHE 490 74.23 58.86 || 0.94
159 E:PRO 491 2.68 0.00 0.00
160 E:LEU 492 6.88 2.34 ||| 0.04
161 E:GLN 493 85.15 0.00 0.00
162 E:SER 494 43.38 0.00 0.00
163 E:TYR 495 10.81 0.00 0.00
164 E:GLY 496 28.62 0.00 0.00
165 E:PHE 497 1.56 0.00 0.00
166 E:GLN 498 56.10 0.00 0.00
167 E:PRO 499 48.39 0.00 0.00
168 E:THR 500 126.72 0.00 0.00
169 E:ASN 501 33.49 0.00 0.00
170 E:GLY 502 46.55 0.00 0.00
171 E:VAL 503 95.07 0.00 0.00
172 E:GLY 504 17.92 0.00 0.00
173 BESIYRESES 119.30 0.00 0.00
174 E:GLN 506 21.58 0.00 0.00
175 0.00
176 E:TYR 508 22.38 0.00 0.00
177 E:ARG 509 5.70 0.00 0.00
178 0.00
179 0.00
180 E:VAL 512 0.25 0.00 0.00

Inaccessible residues Residues making Hydrogen/Disulphide bond, Salt bridge or Covalent link

essible residues Interfacing residues

ASA Accessible Surface Area, A BSA Buried Surface Area, A2 A'G  Solvation energy effect, kcalimol  [||| Buried area percentage, one bar per 10%

Figure 3. PDBePISA prediction analysis showing part of the interactions at the N501 residue
Spike(RBD)-ACE2 interface.

Moreover, increased interactions occurred at the N501Y mutant residue
Spike(RBD)-ACE2 interface. Were identified supplementary hydrogen bonds
involving the residues Y500, Y501, G502, V503, and Y505 from the Spike RBD
domain side, which increase the interaction force with ACE2 receptor and the
RBD domain, buried surface area (BSA) (Figure 4).
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Structure 1 HSDC ASA BSA A'G
157 E:TYR 489 86.24 72.07 |l 0.43
158 E:PHE 490 67.93 0.52 | -0.00
159 E:PRO 491 2.68 0.00 0.00
160 E:LEU 492 6.05 0.00 0.00
161 E:GLN 493 77.04 53.74 |l 0.01
162 E:SER 494 44.73 0.00 0.00
163 E:TYR 495 16l b 0.00 0.00
164 E:GLY 496 16.33 11.38 |||l 0.00
165 E:PHE 497 1.40 0.00 0.00
166 E:GLN 498 42.86 41.55 ||l -0.15
167 E:PRO 499 49.09 0.00 0.00
168 E:THR 500 126.13 91.71 |l 0.32
169 E:TYR 501 66.40 61.07 || 0.56
170 E:GLY 502 46.64 34.59 ||l 0.23
171 E:VAL 503 95.13 7.87 | 0.13
172 E:GLY 504 19.34 0.00 0.00
173 FE:TYR 5685 114.77 83.93 |||l 0.64
174 E:GLN 506 21.43 0.00 0.00
175 0.00
176 E:TYR 508 21.64 0.00 0.00
177 E:ARG 509 585 0.00 0.00
178 0.00
179 0.00
180 E:VAL 512 0.25 0.00 0.00

Residues making Hydroger Salt bridge or Covalent link

irface Area, A2 A'G  Solvation energy effect, kcal/mol  |||| B

Figure 4. PDBePISA prediction analysis showing the possibility for increased interactions at the
N501Y mutant Spike(RBD)-ACEZ2 interface. The surrounding 501Y residues (Y500, G502, V503
and Y505) feature increased interaction force with the ACE2 receptor.

Statistical analysis of the RBD-ACEZ2 interface

The chemical nature of the interactions between amino acid residues was
predominantly non-covalent, as determined by the PDBSum software. The
mutant Spike RBD Y501 residue resulted in greater apolar and hydrogen bonds
with ACE2 Y41 and K353 residues. Noteworthy, the SARS-CoV-2 B.1.1.7 lineage
establishes a more significant number of interactions with the ACEZ2 receptor. In
addition to the mutant Y501 residue, the non-mutant border residues, such as
Y500, G502, V503, and Y505, show polar interactions with the ACE2 receptor
(Figure 5).
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N501 Y501

Chain A Chain E Chain A Chain E

- - Asp30 .'Z‘I—'-. Lys417
Lys3t @D @D Gins3 arg30s @D

Asp30 .n:n:z. Lys417 cny? @D @D Tyrsos
Gln24 - Alad7s o - /.- g:;i‘:

oy’ @D

Salt Disulphide ___ Hydrogen | Non-bonded

i

Key: == bridges bonds bonds contacts

The number of H-bond lines between any two residues indicates the
number of potential hydrogen bonds between them. For non-bonded
contacts, which can be plentiful, the width of the striped line is proportional
to the number of atomic contacts.

Residue colours: Positive (H,K,R); negative (D,E); S,T,N,Q = neutral; A,V,L,|M = aliphatic; F,Y,W =
aromatic; P, 0&Gly; A

Figure 5. Number and chemical nature of the interactions between amino acid residues N501
(Wuhan-Hu-1 lineage) or Y501 (B.1.1.7 lineage) with ACE2 receptor. Most of the interactions
were non-covalent, as determined with the PDBSum software. (Chain A: ACE2 receptor, Chain
E: Spike RBD).

Discussion

This study shows through in silico protein-protein interface analysis that
the mutation N501Y in the Spike receptor-binding domain (RBD) of the SARS-
CoV-2, lineage B.1.1.7, establishes increased interaction with the ACE2 receptor
when compared to the Wuhan-Hu-1 lineage.

The lineage B.1.1.7 is highly transmissible and infectious among humans
(Rambaut et al., 2020). Since the beginning of December 2020, its spreading in
the United Kingdom significantly increased (Rambaut et al., 2020; Kupferschmidt,
2020).
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The N501Y mutation occurs in the receptor-binding domain (RDB) of the
Spike protein of the SARS-CoV-2, a crucial region during the virus's interaction
with the ACE2 receptor on the surface of the human cells and progress with the
infection (Starr et al., 2020).

Therefore, we hypothesized that the mutation N501Y, found in the strain
B.1.1.7, could cause the Spike protein to establish stronger interactions with the
ACE?2 receptor.

The hypothesis was confirmed when we performed the Spike (RBD)-ACE2
interaction analysis by comparing SARS-CoV-2 (lineage Wuhan-Hu-1) Spike
RBD residue N501 versus the mutant residue Y501, lineage B.1.1.7.

The nature of the interactions was predominantly non-covalent and
involving hydrogen bonds, polar and apolar bonds.

Interestingly, the N5S01Y mutation causes a change in the spacing between
the amino acid residues of the Spike protein, represented by the Buried Surface
Area in PDBePISA. We observed that this type of alteration causes the amino
acid residues around the 501Y residue to establish more interactions with the
ACEZ2 receptor.

Together, these changes cause the Spike protein in the RBD segment of
strain B.1.1.7 to interact more strongly with the ACE2 receptor.

The greater Spike-ACE2 interaction strength may support a better
understanding of the high infectivity and spread the SARS-CoV-2, lineage
B.1.1.7, or other strains featuring similar characteristics, based on the molecular
affinity between the virus and its host cells.
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