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In situ structural analysis of SARS-CoV-2 spike
reveals flexibility mediated by three hinges

Beata Turofiova?", Mateusz Sikora™, Christoph Schiirmann®*, Wim J. H. Hagen’, Sonja Welsch®,
Florian E. C. Blanc®, Séren von Biilow’. Michael Gecht”. Katrin Bagola®, Cindy Horner®”,

Ger van Zandbergen®*°, Jonathan Landry'®, Nayara Trevisan Doimeo de Azevedo®,

Shyamal i1, Andre Schwarz!, Robert ino®1, Michael D. Mil 7

Gerhard Hummer312;, Jacomine Krijnse Locker'®t, Martin Beck!2t

The spike protein (S) of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is required for
cell entry and is the primary focus for vaccine development. In this study, we combined cryo-electron
tomography. subtomogram averaging. and molecular dynamics simulations to structurally analyze S in situ.
Compared with the recombinant S, the viral S was more heavily glycosylated and occurred mostly

in the closed prefusion conformation. We show that the stak domain of S contains three hinges, giving
the head unexpected orientational freedom. We propose that the hinges allow S to scan the host cell
surface, shielded from antibodies by an extensive glycan coat. The structure of native S contributes to our
understanding of SARS-CoV-2 infection and potentially to the development of safe vaccines.

consistent with previous studies (11, 12). How-
ever, the isolate contained the Asp®*—Gly
(D614G) allele (13, 14). Large-scale sequencing
of RNA isolated from tissue culture super-
natant confirmed both findings (supplemen-
tary materials).

Subtomogram averaging with NovaSTA (15}
and STOPGAP (16) resulted in a cryo-electron
microscopy (cryo-EM) map of the S head at
7.9 A resolution ¢fig. $2), in which secondary
structure elements and individual glycosyl-
ation sites were clearly discernible (Fig. 2, B
and C). Classification suggested that about
half of S was present in the fully closed con-
formation. A considerable fraction of the
remaining subtomograms had one RBD ex-
posed (fig. $3). Structural analysis of the asym-
metric unit yielded an average map of the
closed conformation at an overall resolution
of 49 A. In particular, the cluster of parallel
helices in the center of the head was clearly
resolved (Fig. 2D and fig. $4).
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k& Syante Padboe s’est vu attribuer le prix Nobel de physiologie ou médecine en 2022 pour ses
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Environmental science and pollution research international, 2022, Vol.25 (20), p.29949-29966
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Towards carbon neutrality by implementing carbon emissions trading scheme: Magazine Articles (264)
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