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EXECUTIVE SUMMARY:  
 
In collaboration with Precision Protein Delivery Systems (PPDx) we continue to develop use of a 
bionanoparticle platform for biopesticide products. The bionanoparticle platform uses various 
microbial systems to create nano-scale particles with selected proteins attached. Proteins can 
have many functions, and we are focused on those that have applications in honey bee health 
and crop protection. 
 
We expected that we would need to determine the general properties of the particles that may 
need modification to enable them to deliver the proteins to the right systems within arthropod, 
and began our work with honey bees and varroa mites. We found that the particles need 
modification to optimize delivery in bees and/or varroa mites.  We have determined 
modifications that could address these challenges, and are creating particles to investigate their 
utility.  
 
This is a long-term systematic investigation, and ARF funding has helped move this project 
forward substantially.  
 
OBJECTIVES: 
 
Our objectives are to assess the fate of PPDx bionanoparticles in insect and plant systems, then 
design the next iteration to improve their functionality. Ultimately, we will create 



bionanoparticles with proteins with insecticidal activity. We are developing a bionanoparticle 
production pipeline so that we can test a series of designs. 
 
PROCEDURES:  
 
PPDx developed bionanoparticles labeled with green fluorescent protein for our work. We 
quantified them using fluorescence spectroscopy and tools in the Harper lab in the EMT 
department. 
 
We combined the fluorescent particles with sugar syrup, and fed the solution to individual bees 
in harnesses (similar to the proboscis extension assay), using glass syringes.  We followed 
methods found in the literature to feed the fluorescent bionanoparticles to varroa mites.  We 
also experimented with injecting bees with the nanoparticles, and allowing varroa to feed on 
bees. We used a fluorescence microscope to analyze the fate of the bionanoparticles within 
these organisms. 
 
We used literature research to determine protein modifications for the particles that are likely 
to enable them to pass through the guts of arthropods and possibly interact with molecular 
targets in the nervous system or other organs.  
 
SIGNIFICANT ACCOMPLISHMENTS: 

 Several undergraduates were engaged in this project, and were engaged in method 
development and training in multiple scientific methods such as fluorescence 
microscopy 

 One undergraduate, Nina Rudin, has been accepted into graduate school 

 We learned that the fluorescent beads do not pass outside of the digestion system in 
bees. This indicates we need to modify the beads in order for them to carry proteins of 
interest into insect systems. 

 Our literature search identified proteins that are of low toxicity to bees and are likely to 
enable the particles to move through the gut.  We also identified candidate proteins 
that may be used in combination and are toxic to other pest arthropods, and may be 
useful in our bionanoparticle system. 

 We are working with Eric Altermann of PPDx on the molecular constructs needed to 
make the next generation of bionanoparticles 

 We are developing a pipeline for creating bionanoparticles that incorporate proteins 
that modify delivery, and proteins that impart pesticidal properties 

 We initiated discussions with OSU’s Advantage Accelerator in order to develop and 
commercialize any application that emerges from this project. 

 
BENEFITS & IMPACT:  
Many peptides and proteins described in the scientific literature have insecticidal, acaricidal, 
herbicidal, antimicrobial, fungicidal, and other properties.  Many of these proteins lack a 
delivery system, which limits their application.  Our novel approach could enable the 



application of these diverse proteins in agricultural settings.  Many of these proteins have 
specific functions which limit their non-target effects, as well as favorable environmental 
properties.  Our project could lead to a series of bionanopesticides which could be tailored to 
address multiple problems in agriculture without the use of synthetic chemicals. ARF Funding 
has enabled us to lay the groundwork we hope will lead ultimately lead to intellectual property 
and a marketable series of ideas. 
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: 
Dr. Hooven’s salary is supported by funds from Ecampus. 
OSU Research Equipment Reserve Funds were used to purchase a fluorescence microscope 
which is used in this project (around $100,000) 
We have been awarded a second ARF grant, which will enable us to take the next step in this 
long-term project and trial additional bionanoparticle iterations. 
 
FUTURE FUNDING POSSIBILITIES:  
We are consulting with the OSU’s Advantage Accelerator to discuss funding opportunities 
related to development and commercialization of our biopesticide concept, including SBIR 
grants. 
 


