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Spores Can Readily Display Foreign Molecules Using ADOBE for Multivalent Vaccine Design

Serum from LcrV-Immune Mice Neutralizes

Yersinia pestis Infection In Vitro

Synopsis

The development of safe and effective vaccines and 

adjuvants remains an important global public health goal. 

The Antigen Display on Bacillus Endospore (ADOBE) 

system, developed at the University of Missouri’s College of 

Veterinary Medicine, is a unique, non-replicating, 

microparticle-based antigen delivery platform with inherent 

adjuvant properties. Killed spores can be readily 

engineered to present single or multiple antigens to the 

immune system. Bioactive targeting molecules and 

molecular adjuvants can also be co-displayed with the 

immunogen on the spore surface to enhance specific innate 

or acquired immune responses. The combination of a 

strong natural adjuvant and an easily produced 

microparticle delivery vehicle makes ADOBE-based 

vaccines excellent candidates for preclinical development 

against a large number of human and veterinary diseases. 

Because virtually any molecule of interest can be covalently 

attached to the outer spore surface, the ADOBE method 

also allows for the use of spores as biodegradable solid-

phase platforms for use in diagnostic tests, molecular 

imaging, biocatalytic reactions, and the identification, 

quantification, and or purification of specific compounds 

from a complex mixture of compounds.  

We are currently looking for corporate as well as 

academic collaborators that are interested in capitalizing on 

the ADOBE methodology for the development of novel 

biopharmaceuticals to diagnose, treat and prevent 

infectious and metastatic diseases.

The Antigen Display on Bacillus Endospore (ADOBE) System a 

Noninvasive, Biodegradable, Microparticle Display System 

• Bacillus thuringiensis endospores are cheap to

produce and can be readily modified to display a

wide variety of bioactive foreign molecules on their

surface.

• Mucosal immunization with spores displaying LcrV,

a protective antigen from the plague bacteria, elicit

high-titer, LcrV-specific serum IgG1 and IgG2a

antibodies.

• Antibodies produced to the surface displayed

plague protein can neutralize plague infectivity in

vitro.

• Killed spores function as potent immune

stimulating adjuvants.

Intranasal Immunization Generates 

High-Titer, Systemic, LcrV-Specific Antibodies

The ADOBE System
Spores Can Display Enzymatically

Active Proteins
Abstract

Killed Spores Function as Potent Adjuvants

Mucosal Vaccination Elicits a Mixed TH1/TH2 

Response to the Spore-Displayed Antigen

Figure 7. LcrV-immune sera reduces the

infectivity of Y. pestis in cultured murine

macrophages. Y. pestis (KIM5) was pre-

incubated with PBS (white bar), pooled sera

from non-immunized mice (gray bar), sera

from mice immunized with spores alone

(green bar), or sera from mice immunized

with spores displaying LcrV (red bar). The

bacteria were then used infect J774 cells.

Caspase-3 activation in the cultured cells

following infection, a measure of bacterial-

induced apoptosis, was measured by

EnzChek Caspase-3 Induction Assay

(Invitrogen).

Figure 6. Mucosal immunization

with spore-displayed LcrV

generates both IgG1 and IgG2a

responses. Groups of 8 mice were

immunized intranasally with 5x108

UV-irradiated B. thuringiensis

endospores displaying 30 g of

neutravidin-labeled LcrV and boosted

two weeks later. At four weeks post

primary immunization, LcrV-specific

IgG1 and IgG2a titers in serum were

measured by ELISA. The limit of

detection was 1:500.
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Figure 1. Ddisplay of foreign molecules on the surface of Bacillus

thuringiensis endospores. Surface modified Bacillus endospores can serve as

an efficient microparticle-based platform for the linkage of a variety of molecules

including: antigens, haptens, cell-type specific antibodies, and molecular adjuvants.

Figure 3. Multivalent vaccines can be synthesized by linking multiple

antigens to a single spore, or by mixing spores conjugated to individual

antigens. Untreated (left panels) or biotinylated (right panels) endospores were

incubated with streptavidin-linked FITC and PE-Cy5 individually then mixed in

equivalent numbers (top panels) or incubated with both streptavidin-linked FITC

and PE-Cy5 simultaneously (bottom panels). The fluorescence of FITC and PE-

Cy5 bound to spores was measured by flow cytometry on a BD FACscan.

Untreated Biotinylated

Figure 4. Retention of enzymatic activity by endospore-coupled molecules.

Biotinylated spores (Bspores) were coupled individually to streptavidin-conjugated 

horseradish peroxidase (HRP), streptavidin-conjugated β-galactosidase (BGAL), or 

HRP and BGAL together. Non-biotinylated control spores (NBSpores) were coupled 

to HRP and BGAL concurrently. Spores were washed 3 times with PBS to remove 

unbound enzymes and kinetic assays were performed for BGAL (A) or HRP (B) 

enzymatic activities.  Neither non-biotinylated spores incubated with both enzymes 

or spores alone showed evidence of enzymatic activity for BGAL or HRP. 

Biotinylated spores incubated with both enzymes exhibited activities which were 

similar to  biotinylated spores incubated with the individual enzyme.
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Figure 8. Killed spores elicit a complex array of pro and anti-inflammatory

cytokines from innate immune cells thereby functioning as potent adjuvants.

Murine macrophages were stimulated for 0, 24, 48, and 72 hours with various

concentrations of killed Bacillus thuringiensis spores (Bti) corresponding to 2.5, 5

or 10 spores per cell. Cells cultured in medium alone or stimulated with 1 ug/ml of

E. coli LPS served as negative and positive controls respectively. At each timpoint

The concentration of tumor necrosis factor alpha (TNF-a), interleukin 6, (IL-6) and

interleukin 10 (IL-10) were measured in the culture supernatants using cytokine

specific enzyme linked immunosorbant assays.

Figure 5. Intranasal immunization elicits high-titer LcrV-specific serum

antibodies. Groups of 8 C57BL/6 mice were immunized intranasally with 5x108

UV-irradiated B. thuringiensis endospores displaying 30 g of neutravidin-labeled

LcrV and boosted two weeks later (filled bars). A group of three mice immunized

with 5x108 biotinylated spores alone served as negative controls (open bars). At

four weeks post immunization, anti-LcrV IgG titers in serum were measured by

ELISA. The dashed line indicates the limit of detection (1:250).

UV-irradiated B. thuringiensis endospores displaying 30 g of

neutravidin-labeled LcrV and boosted two weeks later (filled bars). A

group of three mice immunized with 5x108 biotinylated spores alone

served as negative controls (open bars). At four weeks post

immunization, anti-LcrV IgG titers in serum were measured by ELISA.

The dashed line indicates the limit of detection (1:250).

Figure 2. Surface biotinylation results in spores which efficiently capture

avidinated antigens. A. Forward (FSC) and Side (SSC) scatter plots of

untreated (upper left panel) and biotinylated (upper right panel) endospores. B.

Non-biotinylated (open histograms) and biotinylated (filled histograms)

endospores were reacted with streptavidin-conjugated FITC (red) or streptavidin

conjugated PE-Cy5 (blue). Fluorescence was measured by flow cytometry on a

BD FACscan.
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