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Characteristics of Bing Chat Conversational Al

How Can Generative Al (GenAl) Enhance or Hinder

Hold on to human verification Qualitative Studies? A Critical Appraisal from South
LLMs have been in development for years,
but continuous increases in the quality and
size of data sets, and sophisticated methods Dahal, Niroj. The Qualitative Report. (01 Mar 2024)
to calibrate these models with human feed-
back, have suddenly made them much more
powerful than before. LLMs will lead to a new
generation of search engines' that are able to
produce detailed and informative answers to
complex user questions.
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In situ structural analysis of SARS-CoV-2 spike
reveals flexibility mediated by three hinges

Beata Turoiova'*, Mateusz Sikora®, Christoph Schiirmann®*, Wim J. H. Hagen', Sonja Welsch®,

Florian E. C. Blanc®, Séren von Billow’, Michael Gecht®, Katrin Bagola®. Cindy Horer®”,

]

Ger van Zandbergen®®?, Jonathan Landry'®, Nayara Trevisan Doimo de Azevedo'®.
Shyamal Mosalaganti'Z, Andre Schwarz!, Roberto Covine®!, Michael D. Miihlebach®?,
Gerhard Hummer 12+, Jacomine Krijnse Locker*+, 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 stalk 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.

he spike surface protein (S) of the severe

acute respiratory syndrome coronavirus

2 (SARS-CoV-2) is required to initiate

infection (7). Tt binds to the angiotensin-

converting enzyme 2 (ACE2) (2, 3) to
mediate viral entry. S also determines tissue
and cell tropism. Mutations may alter the
host range of the virus and enable the virus
to cross species barriers (4, 5). Vaccine efforts
focus on neutralizing antibodies that block
infection by binding to 8.

S is a trimeric class I viral fusion protein (6)
with a club-like shape of ~20 nm in length.
The ectodomain consists of a head, which has
been extensively studied in vitro. It is con-
nected to the membrane by a slender stalk

closed conformation, the RBDs are shielded
by the N-terminal domains (NTDs). In the open
ion, one RBD is exposed

consistent with previous studies (11, 12). How-
ever, the isolate contained the Asp®*—Gly
(DB14G) 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 (I6) 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 § was present in the fully closed con-
formation. A considerable fraction of the
remaining subtomograms had one RED ex-
posed (fig. $3). Structural analysis of the asym-
metric unit yielded an average map of the
closed conformation at an overall resolution
of 4.9 A. In particular, the cluster of parallel
helices in the center of the head was clearly
resolved (Fig. 2D and fig. $4).

By contrast, the stalk connecting the S head
1o the viral membrane appeared to be dyna-
mic. Although the head was fully contained in

from the viral (2, 3). Previous studic
resolved roughly two-thirds of the predicted
22 N-linked glycans that are thought to shield
S against antibodies (2, 3). It remains unknown
whether the distribution of the conformational
states and the glycosylation pattern observed
with recombinant protein in vitro are repre-
sentative of the native state generated during
viral assembly. Furthermore, little is known
about the stalk of S and how its conforma-
tional variability within the virion may affect
the accessibility of epitopes for neutralizing
antibodies and facilitate viral entry.

the ic map, only the top of the stalk
domain was resolved. Emerging from the neck
of the spike head, it contains an 11-residue Leu
repeat sequence (L1141, L1145, and L11152) and
adopts an unusual right-handed coiled coil,
consistent with a recent single-particle struc-
ture of the Shead (7). We will henceforth refer
to this part of the stalk domain as the “upper
leg.” Right-handed trimeric coiled coils were
long thought to be absent from the structural
proteome (I7) but can be seen in the post-
fusion structure of S from the related mouse
hepatitis virus (18).
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