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Our focus is to develop nanotechnology to enhance in vivo
delivery of vaccines and therapeutics

LLNL’s Mission includes countermeasures to biothreat agents and human health pathogens
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Threat-agnostic approaches ensure broad applicability for
countermeasure development

What are the key platform characteristics required for effective delivery?

-

.

o Antigens

o Adjuvants

o Therapeutics

~

Loading of diverse
biomolecules

o Proteins
o Carbohydrates

o Lipopeptides

o Oligonucleotides

o Small hydrophobic molecules
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/Favorable physicochemica?
properties

o Tunable size

o Reproducibility

o >100 nm for efficient uptake
o Tailored surface chemistry

o Surface charge

o Functional elements to
support biomolecule
conjugation

-

-

Biocompatibility
properties

o No cytotoxicity
o No toxic constituents
o No reactogenicity

o Biological constituents that
are well tolerated

o Immunologically inert

o Avoids immune response
directed towards platform
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Nanolipoprotein Particles (NLPs): Plug-and-play delivery

platform

NLPs are a biomimetic nanoparticle

Known as nanodiscs and reconstituted HDLs

Lipid bilayer: phospholipids

Height =

Scaffold proteins: 5-6 nm

apolipoproteins

Diameter = tunable between 6-30 nm

o Biocompatible and safe

o Self-assembly process highly versatile to
accommodate

o Nonpolar molecules (e.g. drugs, membrane
proteins)

o Polar molecules (e.g. proteins, peptides)

o Amphiphiles (e.g. lipidated peptides)
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NLPs have defined regions of polarity: versatile functionalization
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NLPs accommodate molecules with disparate physicochemical
properties relevant to countermeasure development

NLPs can be tailored to incorporate polar, hydrophobic, and amphipathic molecules
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We have developed a novel pre-clinical subunit
vaccine that protects against pneumonic tularemia

NLPs were formulated with two NLPs easily incorporated antigens that are Our NLP vaccine protects
antigens required for protection unique in chemical properties and size against death while minimizing
clinical symptoms
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We are now developing combination vaccines that can
protect against multiple pathogens

We are developing and characterizing a single vaccine formulation that can protect against three bacterial biothreat
agents: F. tularensis (Ft), Y. pestis (Yp), B. pseudomallei (Bp), expanding to viral pathogens

Dual vaccine formulations against Ft:Bp and Ft:Yp can independently protect rodent models upon aerosol challenge with
protection mirroring single vaccine formulations

4 )
We have demonstrated that a dual-pathogen NLP vaccine protects against serial aerosol challenges of each pathogen
1) Animals vaccinated with Bp, Yp, and Yp:Bp 2) Surviving animals 3) Animals vaccinated with Yp:Bp:NLP that survived
NLP formulations were challenge with Yp were challenged Yp challenge also survived Bp challenge
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Delivering host- and pathogen-directed therapeutics

....................................................... Formulation Evaluation Goal
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We have successfully formulated host- and pathogen-
directed therapeutics: evaluation underway

Functional and efficacy evaluations

NLP development and formulation
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We are expanding our biotechnology scope, key
capabilities toolkit, and production pipeline

Applications development at LLNL:

* Elucidating protein structure — stabilizing
membrane protein structure in native lipid
environment

* Enabling drug discovery - GPCR & ion channel
screening, antibodies, small molecule delivery

* Exploring precision medicine — Tyrosine
receptor delivery for signaling/cell cancer therapy

Expanding our capabilities toolkit:

* Expression approaches: Cell-free synthesis of
human receptors GPCRs, ion channels, kinases,
porins

* Biophysical characterization: FRET/FCS,
electrophysiology, AFM/TEM for folding, stability,
activity

* Cargo delivery: Functionalreceptors delivered into
cellsftissues (CAR-T, signaling, therapies)
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Advancing our production pipeline:

* Scale-up - leveraging microfluidic technology used for LNP vaccine
manufacture to provide scalable production

* Storage — spray drying and lyophilization for long-term storage
outside of cold-chain

* Synthetic scaffolds — evaluating scalable, non-protein alternatives
for NLP assembly and in vivo applications (SMALPs, telodendrimers)
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