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Recent Zoonotic and Vector-borne Viral Threats
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Public health burden of re-emerging & emerging viruses
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*  Licensed vaccines/antibiotics
* Passive surveillance

+ Contact tracing

* Quarantine

Vaccines for
unmet needs

+  Emerging viruses
+  Improving
licensed vaccines

New Technologies are Transforming Vaccinology

Structural analysis of
antigenic sites on viral

Structure-based vaccine design ‘ :A‘! :

Single-cell sorting, sequencing, and bioinformatics

— Rapid isolation of human mAbs P T
— Definition of antibody lineages recision

— Analysis of immune responses

« Protein engineering of self-assembling nanoparticles
+ Rapid DNA synthesis

+ Recombinant DNA and genetic engineering technology

— Rapid cell line development

— Animal model development

« Nucleic acid and vector-based delivery of vaccine antigen I

aquencing o dofine clonal insages:
TCR & BCRspecific transcriptome

New Technologies Facilitate an Engineering Approach

Vaccines for
unmet needs
Emerging viruses
Improving

licensed vaccines

+ Structural biology

+  Protein engineering

+ Single cell sorting and analysis
« High throughput sequencing

+ Rapid isolation of human mAbs
+ Antibody lineage analysis

+ Rapid diagnostic tools

+ Systems biology




Gene Synthesis and Platform Technologies

Historical knowledge about virus
biology and structure.
Understanding antigenic targets
and basis for immunity

Isolation of virus and extraction
and sequencing of genome

Virus-infected person from Synthetic Vaccinology Synthesis of key genes encoding

new outbreak vaccine antigens and other reagents

Graham & Sullivan. Nature Immunology 2018
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Platform Technologies Shorten Manufacturing Timelines
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Coronaviruses: A Phylogenetic Tree

4 endemic
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cause 15-30% of
common colds
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Severe Human Coronavirus Disease:
Past as Prologue
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Severe Acute Respiratory Middle East Respiratory

Syndrome (SARS) Syndrome (MERS)
(2002-2003) (2012-present)
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Confirmed Global MERS Cases, 2012-2020
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Structure-guided Stabilization of HKU1 CoV Spike
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2-P Mutation Stabilizes MERS and SARS CoV S

Improved expression, prefusion structure, immunogenicity
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Pallesen, J., Wang, N., Corbett, K., ... Graham BS, Ward A, McLellan et al. PNAS 2017

2P mutations effectively stabilize multiple CoV prefusion S
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Pallesen, J.%, Wang, N.*, Corbet, K." et al. PNAS. 2017




2P mutations effectively stabilize multiple CoV prefusion S
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Potentially
Endemic Human CoVs Porcine CoV Emerging CoV
0C43 8-2P 229E S-2P PEDV S-2P WIV1 8-2P
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Immunogenicity of MERS S-2P in Mice
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Stabilized MERS Spike-2P Protects hDPP4
Knock-in Mice from Lethal Challenge
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MERS S-2P mRNA elicits better neutralizing
antibodies than MERS S-WT mRNA
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Dr. Kizzmekia Corbett in collaboration with Moderna Therapeutics
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Summary

* S from multiple CoV strains can be stabilized in the prefusion conformation
using homologous 2P mutations

« Stabilized prefusion S trimers are more immunogenic and protective than
WT trimers or monomeric subunits

* May be a general solution for beta-CoV vaccine antigen design
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Coronavirus Disease 2019 (COVID-19)
(December 2019 - Present)

Bl COVID-19 is the name of the disease caused by
the novel coronavirus SARS-CoV-2
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CORONAVIRUS BIOLOGY AND NOMENCLATURE
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corona = crown or circle of light

Viral membrane

Wrapp D, Wang N, Corbett KS, Goldsmith JA, Hsieh CL, Abiona O, Graham BS, Mcellan Js.
Cryo-EM structure of the 2019-nCoV spike i the prefusion conformation. Science. 2020 Feb
19:abb2507. doi: 10.1126/science.abb2507.

Vaccine Target: Coronavirus Spike Protein

« Coronavirus spike protein is on the viral surface and mediates attachment to cells to start the infection process
« Ideal vaccines target coronavirus spikes in order to block viral infection
x -

Vaccine Target: Coronavirus Spike Protein

« Coronavirus spike protein attaches to ACE2 protein to start infection

Cells in Human Body




Vaccine Target: Coronavirus Spike Protein

* Vaccine-induced antibodies will block the interaction and function of CoV spike protein

Cells in Human Body
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COVID-19 VACCINE DEVELOPMENT
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COVID-19 Vaccine Consortium

Industry
Non-profit
Public health organizations
Academia

Government
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Structure of Prefusion RSV F Glycoprotein
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Structure of RSV Fusion Glycoprotein
Trimer Bound to a Prefusion-Specific
Neutralizing Antibody

[Jason 5. McLeilan, Man Chen, . Petes D. Kwong.
and Barney . Graham.

Prefusion Postfusion
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Generalized Application to Other Fusion Proteins
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Graham, Gilman, McLellan, Annual Review of Medicine 2019
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Summary

+ New ies are i i providing solutions for long-standing problems
and emerging viral diseases

« Combining atomic level antigen design with computationally designed nanoparticles and platform
manufacturing approaches provides a modular, engineering approach to achieve generalizable
solutions for vaccine antigen design

+ The advent of precision vaccinology with rapid platform manufacturing makes a prototype
pathogen approach for pandemic preparedness feasible
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NIAID Vaccine Research Center
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