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Structure-based Vaccine Antigen Design

Rappuoli et al, J Exp Med 2016



Structural Biology: Cryo-EM



Structural Biology: Cryo-EM



Multiplexing to Increase Antigen-Antibody Structure Throughput

• High-throughput antibody isolation combined with precise binning of antibodies into competition groups allows 
multiple antibody interfaces to be structural determined simultaneously

McLellan lab, unpublished



New Advances in Automated Model Building Accelerate
Structure Determination Efforts

Jamali, …, Scheres. https://www.biorxiv.org/content/10.1101/2023.05.16.541002v2.full



Cryo-EM Imaging Scaffolds to Enable Determination of Small Proteins

Castells-Graells, …, Yeates, PNAS, 2023



Electron-microscopy-based Polyclonal Epitope Mapping (EMPEM)

Turner, …, Ward, STAR Protoc, 2023



EMPEM Experiments with LASV GP Monomers Reveal Responses 
Targeting the Trimer Interior

Brouwer, …, Ward. https://www.biorxiv.org/content/10.1101/2023.12.21.572918v1.full.pdf
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Masked Microenvironment

Torng and Altman, BMC Bioinformatics 2017

MutComputeX: Using Self-supervision to Learn
What Proteins “Should” Look Like

• Vison-based approach: uses protein structures for input and training

Adam Klivans
Danny Diaz



Masked 
Microenvironment

Pre-trained 
Feature Extraction

Regressor for
phenotype (∆∆G)

Input: Masked Microenvironment of Chemistry and vector representations of amino acids (embeddings)
Feature Extractor and Amino Acid embeddings are obtained from a pre-trained classification model (MutComputeX)

Masked 
Microenvironment

From AA Embedding

To AA Embedding

Stability Oracle: Fine-Tuning MutComputeX
on Thermodynamic Stability (∆∆G)

Diaz et al. Biorxiv 2023

Adam Klivans
Danny Diaz



Stabilizing RSV Fusion (F) Glycoprotein Substitutions

McLellan et al., Science. 2013Ajit Ramamohan



ML Model Predictions of Stabilizing RSV F Cavity-Filling Substitutions

S190F V207L

Stability Oracle (∆∆G) -1.0 -0.1

Stability Fold (∆∆G) 0.4 0.4

Prostata-IFML (∆∆G) 0.2 0.0

MutComputeX 
(Log Probability)

1.4 -0.4

ProteinMPNN
(Log Probability) 0.7 0.0

∆∆G < 0 and Log Probability > 0 are predicted to be beneficial 

Ajit Ramamohan



Exemplary Substitutions for SARS-CoV-2 Spike (S) Stabilization

Hseih et al., Science. 2020Ajit Ramamohan



ML Model Predictions of Stabilizing SARS-CoV-2 S Proline Substitutions

F817P A892P A899P A942P

Stability Oracle 
(∆∆G) -0.1 -0.9 1.6 0.1

Stability Fold 
(∆∆G) 1.0 0.0 0.8 1.3

Prostata-IFML 
(∆∆G) 1.1 0.8 1.0 1.7

MutComputeX 
(Log Probability) 0.9 2.3 0.4 -0.1

ProteinMPNN
(Log Probability) 1.6 -0.1 -0.6 1.0

∆∆G < 0 and Log Probability > 0 are predicted to be beneficial 

Ajit Ramamohan



Synthetic Biology for Antigen Engineering

High-throughput synthetic biology accelerates antigen engineering by enabling rapid 
design-build-validate cycles for many new protein designs

Jimmy Gollihar
Houston Methodist



Scripts are Necessary for High-throughput Synthetic Biology

Jimmy Gollihar
Houston Methodist

Sample handling  & Barcode Management
Genetic Design

Pipetting & Echo
Validation & Sequencing



High-throughput Variant Screening via Flow Cytometry

Jimmy Gollihar
Houston Methodist

• Screened 10 proline substitutions and 8 disulfide substitutions for binding to 26 antibodies in a few hours
• Heat-shocked the cells to induce conformational change and assess retention of antibody binding



Summary

Summary
• New advances in cryo-EM have enabled higher resolution and higher throughput than 

ever before

• Techniques such as EMPEM provide valuable insights into polyclonal immune responses 
to vaccination and infection

• AI/ML combined with high-throughput screening is allowing accelerated development of 
vaccine antigens for important human pathogens
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