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Figure 2. Structural comparison of S proteins. (A, B) Trimeric structure of the S proteins from SARS-CoV (A) and
SARS-CoV-2 (B) that bind to the host receptor ACE2 (cyan). One protomer of the S protein is shown as a ribbon in
navy (S1 subunit), orange (receptor-binding domain (RBD) in S1 subunit), and green (S2 subunit), while two other
protomers are shown as gray transparent surfaces and ribbons. The structures are viewed from two different angles. (C)
Comparison between wild-type (WT) and mutant S proteins from globally spread SARS-CoV-2 variants. (Inset)
Enlargement of the region in which each amino acid is mutated, with comparison with the WT S protein. H49Y; as the
histidine at position 49 is located distant from the RBD and putative cleavage sites, the effect of this mutation on S’s
function is likely limited. V367F; the substitution from a valine to a phenylalanine at position 367 in the RBD
introduces a larger side chain at a protomer–protomer interface, which might provide a more rigid RBD structure.
G476S; the substitution at position 476 in the RBD results in a protruded surface, which appears to interfere with the
ACE2-RDB interaction. V483A; both valine and alanine residues have short side chains, likely sharing similar
phenotypes. D614G; details are depicted in Fig. 2D. Note that these structural bases are largely consistent with the
results of cell entry activity shown in Fig. 1D. (D) Structural difference between WT and D614G SARS-CoV-2 S
proteins. WT (left); an aspartic acid (D614) in the S1 subunit (navy) of a protomer binds to a threonine (T859) and/or a
lysine (K854) in the S2 subunit (green) of the other protomer though electrostatic interaction between the pairs of these
residues. D614G (right); the short nonpolar side chain of glycine (G614), which does not bind to T859 and K854,
provides flexible space between the two protomers. The figures were drawn with PyMOL ver. 2.4 (https://pymol.org).
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Figure 3. The prototype (wild-type, WT) and D614G mutant SARS2-S are similarly neutralized by patient sera.
Lentiviruses pseudotyped with either the WT or D614G mutant SARS2-S were preincubated with two-fold serially
diluted human sera (80-fold to 10, 240-fold) obtained from a healthy donor (Ctrl) or collected at 15-30 days post-
symptom onset from confirmed case patients (#1 - #5) infected with the prototypic viruses. The mixture was used for
infection of 293T cells coexpressing ACE2 and TMPRSS2, and cell entry levels of pseudoviruses in the presence of
diluted patient sera were determined by luciferase assays. Representative data from two independent experiments are
shown as percent neutralization (mean ± s.d., n = 3 technical replicates).

1 10-4 1 10-3 1 10-2

0

50

100

1 10-4 1 10-3 1 10-2

0

50

100

1 10-4 1 10-3 1 10-2

0

50

100

1 10-4 1 10-3 1 10-2

0

50

100

1 10-4 1 10-3 1 10-2

0

50

100

1 10-4 1 10-3 1 10-2

0

50

100

Ctrl #1 #2

#3 #4 #5

WT

D614G

Serum dilution

%
 n

eu
tr

al
iz

at
io

n

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 26, 2020. ; https://doi.org/10.1101/2020.06.15.151779doi: bioRxiv preprint 

https://doi.org/10.1101/2020.06.15.151779
http://creativecommons.org/licenses/by-nc-nd/4.0/


SARS-S

SARS2-
S

1000

10000

100000

1000000

R
el

at
iv

e 
lig

ht
 u

ni
t

***

Figure S1. ACE2 expression alone is insufficient to support SARS2-S-mediated cell entry. To prepare S-
pseudotyped lentiviruses, 293T cells were transfected with the HiBiT-tagged lentiviral packaging plasmid, the firefly
luciferase-reporter lentiviral transfer plasmid, and either a SARS-CoV S (SARS-S) or SARS-CoV-2 S (SARS2-S)
expression plasmid. The viruses produced were assessed by HiBiT assays, and S-pseudotyped viruses normalized based
on HiBiT activity were used for infection of 293T cells expressing the host receptor ACE2 only. Cell entry was
determined by firefly luciferase activity in cell lysates. Data from three experiments are shown (mean ± s.d., n = 3
technical replicates). The p value was calculated using paired two-tailed Student’s t-test, ***p < 0.001.
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Figure S2. The lower level of SARS2-S-mediated entry is not due to differences in the efficiency of S
incorporation into virions. (A) Amino acid sequence alignments of the C-terminal sequence of S proteins from SARS-
CoV (Urbani strain) and SARS-CoV-2 (Wuhan-Hu-1 strain). Amino acid differences are boxed in several colors. EC,
extracellular domain; TM, transmembrane domain; CT, cytoplasmic tail. SARS2-S-C1247A and SARS2-S-TM/CT1
were created by mutating a cysteine to an alanine at the CT (indicated by a red arrow) and by additionally mutating an
isoleucine and a methionine to a valine and a leucine at the TM (indicated by blue arrows), respectively. (B) 293T cells
were transfected with the HiBiT-tagged lentiviral packaging plasmid, the firefly luciferase-reporter lentiviral transfer
plasmid, and the plasmid expressing either the SARS2-S wild-type (WT) protein or one of the two mutants (SARS2-S-
C1247A or SARS2-S-TM/CT1). Viruses produced were assessed by HiBiT assays, and S-pseudotyped viruses
normalized based on HiBiT activity were used for infection of 293T cells expressing ACE2 and TMPRSS2. Cell entry
was determined by firefly luciferase activity in cell lysates. Data from three experiments are shown as a percentage of
cell entry of the SARS-S-pseudotyped viruses (mean ± s.d., n = 3 technical replicates).
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