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Abstract: The spike protein of SARS coronavirus (SARS-CoV) attaches the virus to its cellular receptor,
angiotensin-converting enzyme 2 (ACE2), which is mediated by the receptor binding domain (RBD)
of the spike protein. Recently, an analysis based on decade-long structural studies of SARS was
reported to illustrate with atomic-level details receptor recognition by the novel coronavirus from
Wuhan, i.e., 2019-nCoV. Here, this article reports a comprehensive set of structural electrostatic
analysis of all SARS-CoV spike protein RBD-related structures as of February 13, 2020, aiming at
identifying the electrostatic hot spots for SARS-CoV spike protein to be complexed with ACE2
and its neutralizing antibodies. First, this article identified a structural action mechanism of the
F26G19 antibody (of SARS-CoV spike protein), where its Asp56 residue binds to the Arg426 of the
SARS-CoV spike protein RBD against the formation of the interfacial Arg426-Glu329 salt bridges
between ACE2 and the SARS-CoV spike protein RBD. Second, a hypothesis is reported that a pair of
electrostatic clips exist at the interface between ACE2 and the SARS-CoV spike protein RBD, including
both Arg426-Glu329 and His445-Glu23-Lys447 salt bridges. Last, this article reports a structurally
identified interfacial Glu35-Arg479 salt bridge which helps stabilize the complex structure of ACE2
and the SARS-CoV spike protein RBD. Overall, the structurally identified electrostatic hot spots
reported here may be useful for the design of SARS-CoV-neutralizing antibodies in future.

Keywords: SARS-CoV; Spike protein; Electrostatic hot spots; Angiotensin-converting enzyme 2
(ACE2); Neutralizing antibody

1. Introduction

The world is put on alert by the recent emergence of Wuhan coronavirus (2019-nCoV) [1–4], which
is a reminiscent of the severe acute respiratory syndrome (SARS) coronavirus (CoV) outbreak eighteen
years ago [5–7]. During the 2002-2003-outbreak, SARS-CoV is the agent of severe acute respiratory
syndrome [8–10]. From a molecular infectious mechanism point of view, the spike protein of SARS-CoV
attaches the virus to its cellular receptor, angiotensin-converting enzyme 2 (ACE2) [11–13], which is
mediated by the receptor binding domain (RBD) of the spike protein [14–17].

As stated in a recently reported paper [6], one of the goals of SARS-CoV research was to build
an atomic-level iterative framework of virus-receptor interactions to facilitate epidemic surveillance,
predict species-specific receptor usage, and identify potential animal hosts and animal models of
viruses. To date, there has been already a series of structural studies on the receptor recognition
by SARS-CoV, which identified key atomic-level interactions between SARS-CoV spike protein and
ACE2 [6,18–20], and also uncovered atomic details at the interface between the two proteins, which
helps clarify the importance of residue changes that facilitate efficient cross-species infection and
human-to-human transmission, and suggesting ways to make truncated disulfide-stabilized RBD
variants for vaccine designs [8,21–23].
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2. Motivation

Since the SARS-CoV outbreak eighteen years ago [24], extensive structural analysis have revealed
key atomic-level interactions between SARS-CoV spike protein RBD and ACE2 [6,18–20,25–27]. To
date, however, their has not been any report yet of a comprehensive analysis of SARS-CoV spike
protein RBD-related structures. Therefore, this article aims to address this issue from a structural point
of view, and aims to identify electrostatic hot spots at the binding interface between SARS-CoV spike
protein RBD and its receptor ACE2.

3. Materials and Methods

As of February 13, 2020, the Protein Data Bank (PDB) [28] hosts only 19 SARS spike protein
receptor-binding domain-related experimental structures, with their PDB IDs including 2AJF, 2DD8,
2GHV, 2GHW, 3BGF, 3D0G, 3D0H, 3D0I, 3SCI, 3SCJ, 3SCK, 3SCL, 5X4R, 5X4S, 5X58, 5X59, 5X5B,
5X5C, 5X5F. Among the 19 experimental structures, 14 are X-ray crystal structures while the other
five are electron microscopy structures. Furthermore, Among the 19 experimental structures, four are
MERS-CoV-related structure, while the other 15 are SARS-CoV-related structures (Table 1), with their
PDB IDs including 2AJF, 2DD8, 2GHV, 2GHW, 3BGF, 3D0G, 3D0H, 3D0I, 3SCI, 3SCJ, 3SCK, 3SCL,
5X4S, 5X58, 5X5B.

No. PDB ID Structure Title
1 2AJF Structure of SARS coronavirus spike receptor-binding domain complexed with its receptor
2 2DD8 Crystal Structure of SARS-CoV Spike Receptor-Binding Domain Complexed with Neutralizing Antibody
3 2GHV Crystal structure of SARS spike protein receptor binding domain (apo state)
4 2GHW Crystal structure of SARS spike protein receptor binding domain in complex with a neutralizing antibody, 80R
5 3BGF X-ray crystal structure of the SARS coronavirus spike receptor binding domain in complex with F26G19 Fab
6 3D0G Crystal structure of spike protein receptor-binding domain from the

2002-2003 SARS coronavirus human strain complexed with human-civet chimeric receptor ACE2
7 3D0H Crystal structure of spike protein receptor-binding domain from the

2002-2003 SARS coronavirus civet strain complexed with human-civet chimeric receptor ACE2
8 3D0I Crystal structure of spike protein receptor-binding domain from the

SARS coronavirus civet strain complexed with human-civet chimeric receptor ACE2
9 3SCI Crystal structure of spike protein receptor-binding domain from a predicted

SARS coronavirus human strain complexed with human receptor ACE2
10 3SCJ Crystal structure of spike protein receptor-binding domain from a predicted

SARS coronavirus civet strain complexed with human receptor ACE2
11 3SCK Crystal structure of spike protein receptor-binding domain from a predicted

SARS coronavirus civet strain complexed with human-civet chimeric receptor ACE2
12 3SCL Crystal structure of spike protein receptor-binding domain from SARS

coronavirus epidemic strain complexed with human-civet chimeric receptor ACE2
13 5X4S Structure of the N-terminal domain (NTD) of SARS-CoV spike protein (apo state)
14 5X58 Prefusion structure of SARS-CoV spike glycoprotein (apo state), conformation 1,
15 5X5B Prefusion structure of SARS-CoV spike glycoprotein (apo state), conformation 2
Table 1. SARS spike protein receptor-binding domain-related structures inside Protein Data Bank as of
February 17, 2020. All the structures were retrieved from the PDB website with a text search SARS
spike protein receptor-binding domain.

After the 19 structures were accessed and downloaded directly from the PDB website [28], a
comprehensive set of salt bridging analysis was carried out as described in [29] previously. Nonetheless,
no hydrogen bonding network analysis was carried out here because usually hydrogen atoms are
missing from experimentally determined biomolecular structures solved using X-ray crystallography.

Here, the molecular visualization software PyMol [30] was used for preparing structural figures
to illustrate the structurally identified electrostatic hot spots of SARS-CoV spike protein complexed
with ACE2 or its neutralizing antibodies.
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4. Results

4.1. Structurally identified electrostatic hot spots for SARS-CoV Spike Protein to be complexed with ACE2 and
its neutralizing antibodies

First, for all experimental structures in Table 1, Table 2 presents a list of residue pairs, i.e.,
structurally identified electrostatic hot spots for SARS-CoV spike protein to be complexed with ACE2
and its neutralizing antibodies. In Table 2, each residue pair is associated with at least one salt bridge
at the interface of the complex structure of the SARS-CoV spike protein and its receptor ACE2 or its
neutralizing antibodies.

PDB ID Structurally identified electrostatic hot spots (residue pair)
2AJF A_LYS_534 + B_ASP_431, B_LYS_419 + A_Glu_536, E_Arg_426 + A_Glu_329, F_Arg_426 + B_Glu_329
2DD8 H_LYS_129 + L_Glu_212, H_LYS_209 + L_Glu_124, L_LYS_130 + H_ASP_144, S_Arg_395 + L_ASP_95A
2GHW B_Arg_162 + A_ASP_480, D_Arg_162 + C_ASP_480
3BGF S_Arg_426 + H_ASP_56, S_LYS_439 + A_ASP_480, A_LYS_439 + S_ASP_480, H_LYS_210 + L_Glu_123
3D0G B_LYS_419 + A_Glu_536
3D0H B_LYS_419 + A_Glu_536, E_LYS_479 + A_Glu_35, F_LYS_479 + B_Glu_35
3D0I B_LYS_419 + A_Glu_536, E_Arg_479 + A_Glu_35, F_Arg_479 + B_Glu_35
3SCI B_LYS_419 + A_Glu_536, E_Arg_426 + A_Glu_329, F_Arg_426 + B_Glu_329
3SCJ B_LYS_419 + A_Glu_536, E_Arg_426 + A_Glu_329, E_Arg_479 + A_ASP_38, F_Arg_426 + B_Glu_329, F_Arg_479 + B_ASP_38
3SCK B_LYS_419 + A_Glu_536, E_Arg_426 + A_Glu_329, E_Arg_479 + A_Glu_35, F_Arg_479 + B_Glu_35
3SCL B_LYS_419 + A_Glu_536, E_Arg_426 + A_Glu_329
5X58 A_LYS_221 + C_Glu_502, A_LYS_836 + C_ASP_554, A_Arg_977 + B_ASP_976, A_Arg_1001 + C_Glu_999,

A_Arg_1021 + B_Glu_1013, B_LYS_221 + A_Glu_502, B_LYS_836 + A_ASP_554, B_Arg_977 + C_ASP_976,
B_Arg_1001 + A_Glu_999, B_Arg_1021 + C_Glu_1013, C_LYS_221 + B_Glu_502, C_LYS_836 + B_ASP_554,
C_Arg_977 + A_ASP_976, C_Arg_1001 + B_Glu_999, C_Arg_1021 + A_Glu_1013

5X5B A_Arg_977 + B_ASP_976, A_Arg_1001 + C_Glu_999, A_Arg_1021 + B_Glu_1013, A_Arg_1073 + B_ASP_1100,
B_Arg_1001 + A_Glu_999, B_Arg_1021 + C_Glu_1013, C_LYS_221 + B_Glu_502, C_Arg_1001 + B_Glu_999,
C_Arg_1021 + A_Glu_1013, C_Arg_1073 + A_ASP_1100

Table 2. Structurally identified electrostatic hot spots for SARS-CoV spike protein to be complexed with
ACE2 and its neutralizing antibodies. In this table, the residue naming scheme is chain ID_residue
name_residue number.

4.2. Electrostatic hot spots for SARS-CoV spike protein to be complexed with ACE2: an experimentally
identified example

PDB ID 2AJF (2AJF.pdb) represents a structure of SARS-CoV spike protein RBD complexed with
its receptor (Table 1). With the structural analysis previously described in [29], a set of Glu329-Arg426
side chain salt bridges were identified at the interface of the complex structure of SARS SARS-CoV
spike protein RBD (chain F of 2AJF) and ACE2 (chain B), as shown in Figures 1, 2, 3 and 4. In total,
four salt bridges formed (PDB ID: 2AJF) between the side chains of Arg426 of SARS-CoV spike protein
RBD and Glu329 of ACE2, the details of which are included in Table 3 as below.

PDB ID Residue A Atom A Residue B Atom B Distance (Å)
2AJF F_ARG_426 NH1 B_GLU_329 OE1 3.890
2AJF F_ARG_426 NH1 B_GLU_329 OE2 3.381
2AJF F_ARG_426 NH2 B_GLU_329 OE1 2.717
2AJF F_ARG_426 NH2 B_GLU_329 OE2 2.911

Table 3. A interfacial Arg426-Glu329 salt bridge is structurally identified from 2AJF.pdb. In this table,
the residue naming scheme is Chain ID_residue name_residue number.
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Figure 1. An overview of the interfacial Arg426-Glu329 salt bridge structurally identified from 2AJF.pdb.
The details of this salt bridge are included in Table 3 and Tables 20 and 263 in supplementary file
supplementary.pdf. This figure is prepared using PyMol [30].

Figure 2. A close view of the interfacial Arg426-Glu329 salt bridge structurally identified from 2AJF.pdb,
the four green dotted lines represent the four side chain salt bridges. The details of this salt bridge
are included in Table 3 and Tables 20 and 263 in supplementary file supplementary.pdf. This figure is
prepared using PyMol [30].
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Figure 3. A detailed view of the interfacial Arg426-Glu329 salt bridge structurally identified from
2AJF.pdb, the four green dotted lines represent the four side chain salt bridges. The details of this salt
bridge are included in Table 3 and Tables 20 and 263 in supplementary file supplementary.pdf. This
figure is prepared using PyMol [30].

Figure 4. A detailed view of the interfacial Arg426-Glu329 salt bridge structurally identified from
2AJF.pdb, the four green dotted lines represent the four side chain salt bridges with inter-atomic
distances being 2.7, 3.4, 3.9 and 2.9 Å, respectively. The details of this salt bridge are included in Table 3
and Tables 20 and 263 in supplementary file supplementary.pdf. This figure is prepared using PyMol
[30].
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4.3. Electrostatic hot spots for SARS-CoV spike protein to be complexed with its antibodies: an experimentally
identified example

PDB ID 3BGF (3BGF.pdb) represents an X-ray crystal structure (Table 1) of the SARS coronavirus
spike receptor binding domain in complex with the Fab fragment of a neutralizing mouse monoclonal
antibody, F26G19 [27]. With the structural analysis previously described in [29], two Arg426-Asp56
side chain salt bridges were identified at the interface of the complex structure of SARS SARS-CoV
spike protein RBD (chain S of 3BGF) and F26G19 (chain H of 3BGF), as shown in Figures 5, 6 and 7. In
total, two salt bridges formed (PDB ID: 3BGF) between the side chains of Arg426 of SARS-CoV spike
protein RBD and Asp56 of F26G19 Fab fragment, the details of which are included in Table 4 as below.

PDB ID Residue A Atom A Residue B Atom B Distance (Å)
3BGF S_ARG_426 NH1 H_ASP_56 OD1 3.504
3BGF S_ARG_426 NH1 H_ASP_56 OD2 2.403

Table 4. A interfacial Arg426-Asp56 salt bridge is structurally identified from 3BGF.pdb. In this table,
the residue naming scheme is Chain ID_residue name_residue number.

Figure 5. An overview of the interfacial Arg426-Asp56 salt bridge structurally identified from 3BGF.pdb,
representing a complex structure of SARS SARS-CoV spike protein RBD (chain S of 3BGF, silver) and
F26G19 (chain H of 3BGF, yellow). The details of this salt bridge are included in Table 4. This figure is
prepared using PyMol [30].
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Figure 6. A close view of the interfacial Arg426-Asp56 salt bridge structurally identified from 3BGF.pdb,
representing a complex structure of SARS SARS-CoV spike protein RBD (chain S of 3BGF, silver) and
F26G19 (chain H of 3BGF, yellow). The details of this salt bridge are included in Table 4. This figure is
prepared using PyMol [30].

Figure 7. A detailed view of the interfacial Arg426-Asp56 salt bridge structurally identified from
3BGF.pdb, representing a complex structure of SARS SARS-CoV spike protein RBD (chain S of 3BGF,
silver) and F26G19 (chain H of 3BGF, yellow). In this figure, the two green dotted lines represent the
two side chain salt bridges with inter-atomic distances being 2.4 and 3.5 Å, respectively (Table 4). The
details of this salt bridge are included in Table 4. This figure is prepared using PyMol [30].
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Moreover, this article reports a structurally identified action mechanism of how the F26G19
antibody exerts its biological function of neutralizing the SARS-CoV via disrupting the interaction
between the SARS-CoV spike protein RBD and its receptor ACE2. Specifically, as shown by Figure 8,
PDB ID 2AJF (2AJF.pdb) represents a structure of SARS-CoV spike protein RBD complexed with
its receptor (Table 1), where an interfacial side chain salt bridge (Glu329-Arg426) was structurally
identified. Quite intriguingly, an interfacial side chain salt bridge was also structurally observed
for Arg426 of SARS-CoV spike protein RBD, i.e., the interfacial Asp56-Arg426 side chain salt bridge
between SARS-CoV spike protein RBD and its antibody F26G19 (PDB ID: 3BGF) [27]. This interesting
finding reveals a structural axis of how the F26G19 antibody exerts its biological function of neutralizing
the SARS-CoV, where the Asp56 of F26G19 binds to the Arg426 of SARS-CoV spike protein RBD,
competing against the electrostatic interaction between the Arg426 of SARS-CoV spike protein RBD
and the Glu329 of the SARS-CoV spike protein RBD receptor ACE2, and thereby performing its
neutralizing function via disrupting the interaction between SARS-CoV spike protein RBD and its
receptor ACE2.

Figure 8. A structural axis of how the F26G19 antibody exerts its biological function of neutralizing
the SARS-CoV. In this figure, S represents the SARS-CoV spike protein, iSB represents the structurally
identified interfacial side chain salt bridges, Ab represents the F26G19 antibody.
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4.4. Electrostatic hot spots for SARS-CoV spike protein to be complexed with ACE2: another experimentally
identified example

PDB ID 3D0I (3D0I.pdb) represents a crystal structure of spike protein RBD from the SARS
coronavirus civet strain complexed with human-civet chimeric receptor ACE2 (Table 1). With the
structural analysis previously described in [29], four Arg479-Glu35 side chain salt bridges were
identified at the interface of the complex structure of SARS SARS-CoV spike protein RBD (chains E
and F, of 3D0I) and ACE2 (chains A and B of 3D0I), as shown in Figures 9 and 10. In total, four salt
bridges formed (PDB ID: 3D0I) between the side chains of Arg479 of SARS-CoV spike protein RBD
and Glu35 of ACE2, the details of which are included in Table 5 as below.

PDB ID Residue A Atom A Residue B Atom B Distance (Å)
3D0I E_ARG_479 NH1 A_GLU_35 OE1 3.324
3D0I E_ARG_479 NH2 A_GLU_35 OE1 2.730
3D0I F_ARG_479 NH1 B_GLU_35 OE1 3.405
3D0I F_ARG_479 NH2 B_GLU_35 OE1 2.961

Table 5. A interfacial Arg479-Glu35 salt bridge is structurally identified from 3D0I.pdb. In this table,
the residue naming scheme is Chain ID_residue name_residue number.

Furthermore, the Arg479-Glu35 side chains are the only ones for SARS SARS-CoV spike protein
RBD (chains E and F, of 3D0I) and ACE2 (chains A and B of 3D0I), as shown in Figures 9 and 10, as
shown by a comprehensive set of structural analysis of all the 19 (Table 1) structures (Tables 6 and 7).

PDB ID Residue A Atom A Residue B Atom B Distance (Å)
3D0H E_LYS_479 NZ A_Glu_35 OE1 3.397
3D0H F_LYS_479 NZ B_Glu_35 OE1 3.369
3D0I E_Arg_479 NH1 A_Glu_35 OE1 3.324
3D0I E_Arg_479 NH2 A_Glu_35 OE1 2.730
3D0I F_Arg_479 NH1 B_Glu_35 OE1 3.405
3D0I F_Arg_479 NH2 B_Glu_35 OE1 2.961
3SCK E_Arg_479 NH1 A_Glu_35 OE1 2.498
3SCK F_Arg_479 NH1 B_Glu_35 OE1 2.750

Table 6. Interfacial Glu35-specific salt bridging networks within the PDB entries. In this table, the
residue naming scheme is chain ID_residue name_residue number.

PDB ID Residue A Atom A Residue B Atom B Distance (Å)
3D0I E_Arg_479 NH1 A_Glu_35 OE1 3.324
3D0I E_Arg_479 NH2 A_Glu_35 OE1 2.730
3D0I F_Arg_479 NH1 B_Glu_35 OE1 3.405
3D0I F_Arg_479 NH2 B_Glu_35 OE1 2.961
3SCJ E_Arg_479 NH2 A_ASP_38 OD2 2.575
3SCJ F_Arg_479 NH2 B_ASP_38 OD2 2.718
3SCK E_Arg_479 NH1 A_Glu_35 OE1 2.498
3SCK F_Arg_479 NH1 B_Glu_35 OE1 2.750

Table 7. Interfacial Arg479-specific salt bridging networks within the PDB entries. In this table, the
residue naming scheme is chain ID_residue name_residue number.

To date, no structural axis (Figure 8) has been reported yet for PDB ID 3D0I, i.e., there is not yet
an experimental complex structure of SARS-CoV spike RBD and its antibody, where an interfacial side
chain salt bridge is associated with the Arg479 of SARS-CoV spike RBD and one certain residue of

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 February 2020                   doi:10.20944/preprints202002.0265.v1

https://doi.org/10.20944/preprints202002.0265.v1


10 of 16

its antibody. Thus, this structurally identified Arg479-Glu35 salt bridge provides a useful clue for the
design of antibody [14,31–33] of SARS-CoV spike RBD in future.

Figure 9. An overview of the interfacial Arg479-Glu35 salt bridge structurally identified from 3D0I.pdb,
representing a complex structure of SARS SARS-CoV spike protein RBD (chains E and F of 3D0I,
orange) and ACE2 (chain A of 3D0I, blue). This figure is prepared using PyMol [30].

Figure 10. An detailed view of the interfacial Arg479-Glu35 salt bridge structurally identified from
3D0I.pdb, representing a complex structure of SARS SARS-CoV spike protein RBD (chains E and F of
3D0I, orange) and ACE2 (chain A of 3D0I, blue). In this figure, the two yellow dotted lines represent
the two side chain salt bridges with inter-atomic distances being 2.7 and 3.3 Å, respectively. This figure
is prepared using PyMol [30].
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5. Conclusion

For the first time, this article reports a comprehensive set of structural electrostatic analysis of all
SARS-CoV spike protein RBD-related structures as of February 13, 2020, along with all electrostatic hot
spots for SARS-CoV spike protein to be complexed with ACE2 and its neutralizing antibodies.

1. This article identified a structural action mechanism of one antibody (F26G19) of SARS-CoV
spike protein, where the Asp56 residue of F26G19 binds to the Arg426 of the SARS-CoV spike
protein RBD, which breaks the interfacial Arg426-Glu329 salt bridges between ACE2 and the
SARS-CoV spike protein RBD, as shown in Figures 1, 2, 3, 4, 5, 6, 7 and 8.

2. This article reports a structurally identified interfacial Glu35-Arg479 salt bridge which helps
stabilize the complex structure of ACE2 and the SARS-CoV spike protein RBD.

3. This article puts forward a hypothesis that a pair of electrostatic clips [29] exist at the interface
between ACE2 and the SARS-CoV spike protein RBD, including both Arg426-Glu329 and
His445-Glu23-Lys447 salt bridges, which is to be discussed below in detail.

Overall, the structurally identified electrostatic hot spots (Tables 2 and 8) here may prove useful
for the design of SARS-CoV-neutralizing antibody [23,34–37].

Number of salt bridges Residue A Residue B
22 Arg426 Glu329
20 Arg1001 Glu999
15 Arg1021 Glu1013
15 LYS419 Glu536
12 Arg977 ASP976
6 Arg479 Glu35
5 LYS221 Glu502
3 Arg395 ASP95
3 LYS836 ASP554
2 LYS439 ASP480
2 LYS479 Glu35
2 Arg426 ASP56
2 Arg162 ASP480
2 Arg479 ASP38
2 LYS129 Glu212
2 Arg1073 ASP1100
2 LYS209 Glu124
1 LYS210 Glu123
1 LYS534 ASP431
1 LYS130 ASP144

Table 8. Numbers of the structurally identified interfacial side chain salt bridging networks within the
15 SARS-CoV spike protein RBD-related structures (Table 1).

6. Discussion

Just with a naked eye inspection of Figures 1, 2, 3, 4 and 11, it looks possible that two structurally
stabilizing electrostatic clips exist at the interface of the complex structure of SARS-CoV spike protein
RBD and ACE2 (PDB ID: 2AJF, Table 9). Similarly, in 2017, a set of two electrostatic clips were
structurally identified and reported to be important for the overall stability of the complex structure
(PDB ID: 2LEH) of survival motor neuron protein (Gemin1) and Gemin2 [29,38].

Yet, for the 15 SARS-CoV-related structures (Table 1), with a special structural scanning of
electrostatic interaction with a cutoff distance at 12 Å, instead of the normal cutoff at 4 Å, it appears not
possible that two structurally stabilizing electrostatic clips exist at the interface of the complex structure
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Figure 11. An overview of the experimental complex structure of SARS-CoV spike protein RBD and
ACE2 (PDB ID: 2AJF). In this figure, the four green dotted lines represent the structurally identified
salt bridges at the interface of SARS-CoV spike protein RBD and ACE2 (PDB ID: 2AJF), while the four
yellow dotted lines (11.906, 11.869, 10.486 and 10.922 Å, respectively) represent the four hypothesized
salt bridges at the interface of SARS-CoV spike protein RBD and ACE2 (PDB ID: 2AJF).

Figure 12. A close view of the experimental complex structure of SARS-CoV spike protein RBD and
ACE2 (PDB ID: 2AJF). In this figure, the four yellow dotted lines (11.906, 11.869, 10.486 and 10.922 Å,
respectively) represent the four hypothesized salt bridges at the interface of SARS-CoV spike protein
RBD and ACE2 (PDB ID: 2AJF)

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 February 2020                   doi:10.20944/preprints202002.0265.v1

https://doi.org/10.20944/preprints202002.0265.v1


13 of 16

of SARS-CoV spike protein RBD and ACE2 (PDB ID: 2AJF, Table 9), including only the structurally
identified salt bridges at the interface of SARS-CoV spike protein RBD and ACE2 (PDB ID: 2AJF),
while the electrostatic interactions between His445, Glu23 and Lys447 do not seem experimentally
possible, as shown in Figures 11 and 12 and Table 9, because the side chains of the two positively
charged amino acid residues are way too far away from that of the Glu23 of ACE2 (PDB ID:2AJF).

PDB ID Residue A Atom A Residue B Atom B Distance (Å)
2AJF B_HIS_34 ND1 F_ASP_393 OD1 10.496
2AJF B_HIS_34 ND1 F_ASP_393 OD2 10.237
2AJF B_HIS_34 NE2 F_ASP_392 OD2 11.817
2AJF B_HIS_34 NE2 F_ASP_393 OD1 8.402
2AJF B_HIS_34 NE2 F_ASP_393 OD2 8.179
2AJF B_HIS_34 NE2 F_ASP_407 OD2 11.762
2AJF B_HIS_34 NE2 F_ASP_480 OD1 11.948
2AJF B_LYS_353 NZ F_ASP_392 OD2 11.184
2AJF B_LYS_353 NZ F_ASP_393 OD1 11.785
2AJF B_LYS_353 NZ F_ASP_393 OD2 10.430
2AJF B_LYS_353 NZ F_ASP_480 OD1 10.342
2AJF B_LYS_353 NZ F_ASP_480 OD2 9.775
2AJF B_Arg_393 NH1 F_ASP_392 OD2 10.889
2AJF B_Arg_393 NH2 F_ASP_392 OD1 11.808
2AJF B_Arg_393 NH2 F_ASP_392 OD2 9.605
2AJF B_Arg_393 NH2 F_ASP_393 OD1 11.944
2AJF F_LYS_390 NZ B_ASP_30 OD1 11.110
2AJF F_LYS_390 NZ B_ASP_30 OD2 11.666
2AJF F_LYS_390 NZ B_Glu_37 OE1 6.249
2AJF F_LYS_390 NZ B_Glu_37 OE2 8.015
2AJF F_LYS_390 NZ B_ASP_38 OD1 11.056
2AJF F_Arg_426 NH1 B_ASP_355 OD1 11.601
2AJF F_Arg_426 NH1 B_ASP_355 OD2 10.740
2AJF F_Arg_426 NH2 B_ASP_355 OD1 9.511
2AJF F_Arg_426 NH2 B_ASP_355 OD2 8.774
2AJF F_HIS_445 ND1 B_Glu_23 OE1 11.906
2AJF F_HIS_445 ND1 B_Glu_23 OE2 11.869
2AJF F_LYS_447 NZ B_Glu_23 OE1 10.486
2AJF F_LYS_447 NZ B_Glu_23 OE2 10.922
2AJF F_LYS_447 NZ B_ASP_30 OD2 11.643

Table 9. A special 2AJF-specific structural scanning of salt bridging networks. In this table, the residue
naming scheme is chain ID_residue name_residue number.

Overall, this article puts forward a comprehensive set of structural analysis of all SARS-CoV spike
protein RBD domain-related structures, in the hope that it may be of certain use in our battle against
coronaviruses such as SARS-CoV [37,39,40] in future.
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