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Coronaviruses are zoonotic viruses responsible for mild respiratory tract infections and fatal pneumonia 

in humans worldwide (e.g. SARS: severe acute respiratory syndrome or MERS: Middle-East respiratory 

syndrome)[1].  The spike glycoprotein is responsible for coronavirus entry into target cells, carrying 

both receptor binding and membrane fusion functions, and is the main target of neutralizing antibodies 

upon infection[2]. The spike protein had resisted structural characterization for more than a decade using 

traditional approaches and this knowledge gap hindered rational development of inhibitors against these 

viruses. As a result, no vaccines or therapeutics are available against any of the six human-infecting 

coronaviruses. 

 

We obtained the first atomic-level description of a coronavirus spike glycoprotein in the prefusion and 

postfusion conformations using cryo-electron microscopy (cryoEM)[3, 4]. This work provided snapshots 

of the start and end points of the membrane fusion reaction which is mediated by this spring-loaded 

nanomachine to promote viral entry into host cells. Moreover, these findings indicated potential 

strategies to neutralize these pathogens. We also integrated cryoEM and glycoproteomics to characterize 

the spike glycoproteins of human and animal pathogenic coronaviruses (SARS-CoV, MERS-CoV, 

HCoV-NL63 and PDCoV)[5-7]. We revealed the presence of a composite glycan shield, comprising up 

to one hundred N-linked oligosaccharides, obstructing the surface of coronavirus spike glycoproteins. 

Our work suggested coronaviruses use molecular trickery, based on epitope masking with glycans and 

activating conformational changes, to evade the immune system of infected hosts. 

  

We recently studied the mechanisms of SARS-CoV and MERS-CoV neutralization by two potent 

human neutralizing antibodies isolated from survivors[6]. Although we found both antibodies blocked 

receptor-interaction, the anti-SARS-CoV antibody also acted by functionally mimicking receptor-

attachment and promoting spike fusogenic conformational rearrangements through a ratcheting 

mechanism. This finding is an unprecedented example of functional mimicry, whereby an antibody 

activates membrane fusion by recapitulating the action of the receptor. Furthermore, these findings 

elucidated the unique nature of coronavirus membrane fusion activation. I will be presenting the 

approaches we developed to prepare coronavirus spike protein samples for high-resolution cryoEM 

studies, such as capturing a transient complex between the SARS-CoV spike glycoprotein and a 
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neutralizing antibody (Figure 1). Finally, I will be discussing methods that allowed us to overcome 

specimen orientation anisotropy in vitrous ice. 
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Figure 1. CryoEM characterization of the SARS-CoV S glycoprotein bound to the S230 Fab Fragment. 

Representative micrograph (scale bar: 100 nm) and reference-free 2D class averages (scale bar: 100 Å). 
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