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Objective
The severe acute respiratory syndrome (SARS) coronavirus (CoV) was identified as the etiological agent for an

acute infectious respiratory disorder. SARS-CoV is an enveloped, positive-strand RNA virus with a ~30 kb genome

that encodes replicase (1a and 1b), spike (S), envelope (E), membrane (M), nucleocapsid (N), and several accessory
proteins. It was reported that cell clone #21, isolated from persistently infected cells, was a long—term producer of
infectious viral particles at a high rate for more than one year. Electron microscopic and Western blotting analyses
demonstrated that the incorporated number of S protein on viral particles from #21 cells was lower than that from
acutely infected cells. In this study, we focused on the significance of amino acid substitutions in structural proteins

for reduced S incorporation into virions in #21.

Materials and Methods

The Vero E6 cell line was used to propagate SARS-CoV (Frankfurt-1 strain). The full-length sequence of the
whole viral genome in #21-derived SARS-CoV was determined. Virus-like particles (VLPs) by co—expression with S,
E, M and N-expressing plasmids were generated. VLPs were purified from the culture supernatant of transfected
Vero E6 cells by 20-60% discontinuous sucrose gradient ultracentrifugation and pelletting down through 20%
sucrose. VLPs collected in the pellet were resuspended in 100 -1 of PBS for Western blotting with the anti-V5
monoclonal antibody. A computer program was used to analyze the structure of wild-type S and #21-derived S

proteins.

Results

Six amino acid substitutions were identified: Y442C, L472F, V594F, H641Y and P794S in the S gene and T6A in
the M gene. H641Y substitution was also detected in the original wild-type virus (Frankfurt-1 strain) from acutely
infected cells. The amino acid substitution of M protein resulted in disruption of the putative N—glycosylation site.
Reconstitution analysis using the VLP formation system confirmed that a lower amount of S protein was
incorporated into #21 VLPs than wild-type VLPs, although the intracellular expression level of each structural
protein was comparable. Further mutational analysis of the S gene showed that the first two mutations (Y442C and
LL472F) were critical for determining incorporation efficiency. Structural analysis of S protein using a computer
program indicated that Y442C and L472F substitutions might reduce binding affinity between the S protein and
receptor ACE2. Y442C substitution also reduced the binding efficiency to S protein with an anti~S monoclonal

antibody which possesses neutralizing activity by Western blotting.

Conclusion

Two amino acid substitutions, Y442C and L472F, of the S protein were shown to be related to the reduced
incorporation of this protein into virions that could affect the #21 phenotype, i.e., reduced affinity to receptor
ACE?2 and anti-S neutralizing antibody, and the different intracellular distribution. The two amino acid substitutions
may have led to improper conformation of the S protein in the endoplasmic reticulum/Golgi network, and this could

have affected the decreased S proteins on the cell surface and viral membrane.
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