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Briefly describe new skills you acquired during your summer research:
I have learned new skills such as eukaryotic cell culture, mIRage, live/dead

assays, and fluorescence microscopy.

Briefly share a practical application/end use of your research:
The final goal of the project would be to use the polymer carrying nanoparticles

50- to 75-word abstract of your project:
Due to bacteria developing a resistance to antibiotics, medical implant surgeries

have an increased rate of infection. This project focuses on determining if nanoparticles
linked with polycationic polymers have an antibacterial effect when placed on implants
while also testing the particles for their biocompatibility.
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Summary:
Metal-alloy based implants are widely and successfully used in medicine for many problems
such as knee and hip replacements, however complications can arise in these procedures due
to bacterial infection [1][2]. About 1% of both knee and hip replacement surgeries fail as a result
of bacterial infection, demonstrating the need for preventative measures [3]. Phage-mimicking
antibacterial nanoparticles from the Nallathamby lab, linked with polycationic polymers, are
being tested on implant metal coupons from Zimmer Biomet as potential antibacterial coatings
[4].

Testing began by gathering the control data and confirming that bacteria can grow on metal
implants.  Using live/dead assays to confirm, methicillin resistant Staphylococcus aureus
USA300 and biofilm forming Pseudomonas aeruginosa FRD1 were successfully grown on the
metal alloys. The metals were placed face down on agar plates with the bacteria and incubated
for 16 hours. The project continued by testing the growth of both bacteria on implants containing
the nanoparticles from the Nallathamby lab without the polycationic polymers. Before testing
with the bacteria, the optimal concentration of nanoparticles needed to coat the metals was
tested by varying the concentrations of particles in solutions when stirring with the metals for 16
hours. SEM and IR-spectroscopy were used to confirm the presence of the particles and it was
determined that 1.5% weight per volume with respect to silica is the optimal concentration of
nanoparticles in solution. Both S. aureus USA 300 and P. aeruginosa FRD1 successfully grew
on all the metal alloys containing just the nanoparticles, again confirmed with live/dead assays
and SEM. Future experiments will attempt to grow bacteria on the metals covered in
nanoparticles carrying the polymers PEI 600 and PEI 1800, and observe the difference in
bacteria growth compared to the previous control work to determine if there is an antibacterial
effect.

The viability of human keratinocyte cells, a major influencer of osseointegration, was tested by
growing HaCaT on the implants [5]. The growth of these cells on the implants were confirmed
by live/dead assays and SEM. With the cell's ability to grow on the metal confirmed, future
experimentation will examine the growth of the cells on metals containing the polymer carrying
nanoparticles. Observing the difference in HaCaT cell growth on the metals with the polymer
carrying nanoparticles will determine how biocompatible the treatment of the metal coupons is.

Work will continue on the project in the fall and will focus on obtaining the data of the metals
containing the polymer carrying nanoparticles. If this study proves successful, future
experiments will focus on how the molecular weight and structure of the polymers used
influences antibacterial efficacy.


