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Magnetic Nanoparticle (MNP) Size Influences Phage Clusters

Isolating & Analyzing Phage Cultures:
Plaque Assay & Growth Curve

Plaque Assay Isolation
• Double layer agar technique used 

to form viral plaques on mixed-
species bacterial lawn

• Larger viral plaques indicated 
production of depolymerase
enzymes (Figure 6). 

• Phages from these plaques were 
selected and isolated.

Figure 6. Plate from which phage strains were 
isolated. Blue boxes indicate larger plaques. 
Photo by L. Bingman.

Figure 2. Conjugating magnetic nanoparticles to phages 
allows greater control over phage. When a magnetic field 
is applied, phages penetrate biofilm. 
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Smaller Nanoparticles Result in Greater Biofilm Disruption
• Both sizes of nanoparticles result in significant biofilm disruption (Figure 8).
• Smaller nanoparticles (20 nm) show greater area of biofilm disruption of newly 

formed biofilm.
• Phage without nanoparticles still disrupting biofilm more effectively than Phage-

nanoparticle complexes (PNCs).

TEM Imaging Characterized PNCs
• PNCs examined using Transmission Electron Microscopy (TEM).
• Shorter tail morphology shown to have fitness advantage under biofilm conditions.
• Confirm MNP-phage conjugation structure.
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Figure 5. Fitness advantage provided by enzymatic adaptation. Phage A without adaptation infects and lyses a bacterium. The cell 
debris prevents the movement of the phage through the biofilm. Phage B with an enzymatic adaptation, disrupts the cell debris, 
allowing the phage to infect more bacteria. 
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Conclusions and Future Research:
Optimize Phage-Nanoparticle Clusters

Figure 10. Relative sizes of nanoparticle samples 
and the bacteriophage viruses. Phage A represents 
the previously isolated phage & Phage B represents 
the phage isolated in this study. 
Diagram by L. Bingman

Hypotheses Confirmed
• Isolation of phages with depolymerase

enzyme production successful in furthering 
disruption of mixed-species biofilm.

• Shorter phage tails & smaller phage heads 
result in increased fitness under biofilm 
conditions.

• Smaller nanoparticles more successful in 
disrupting biofilm.

Future Research Directions
• Would 60 nm and 100 nm particles follow 

same biofilm disruption trend (Figure 10)?
• Will the depolymerase enzymes be capable 

of disrupting the defense mechanisms of 
mature biofilms?

• Phages successful in eliminating 
Staphylococcus bacteria under mixed 
species conditions, but not when 
Staphylococcus is isolated. What 
explanation could account for this?

• How can this technology be adapted to 
biomedical applications?

Define the Problem: 
Disrupting Biofilms with Phages

Pathogenic Bacteria Form Harmful Biofilms
• Over 2 billion people drink water contaminated with bacteria[1]

• Bacteria form biofilms on water filters, pipes, and medical devices 
• Cost nations billions of dollars in replacement filters and pipes[2]

• Biofilms on medical devices estimated to cost $94 billion and cause 
over 500,000 deaths per year in the United States[3]

• Antibiotic resistance & toxic chemical bioproducts complicate removal[2]

Phages Conjugated to Magnetic Nanoparticles Offer Solution
• Bacteriophages can selectively infect, lyse, and kill pathogenic bacteria
• Sequential multi-host isolation selects for polyvalent phages[4]

• Conjugation with Fe2O3 nanoparticles increases biofilm penetration[5]

Problem: conjugation decreases biofilm disruption post-penetration
Hypothesis: use smaller nanoparticles & phages with higher fitness

Figure 1. Phages without magnetic 
nanoparticles disperse without penetrating 
biofilm.

Results:
Biofilm Disruption & Phage Morphology
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Figure 9. L. Bingman performing conjugation of phages 
to magnetic nanoparticles. Photo taken by P. Yu.

• Smaller 20 nm MNPs form free phages 
(Figure 3).

• Larger 50 nm MNPs form phage clusters 
(Figure 4).

• Free phages hypothesized to be better 
able to navigate the biofilm compared to 
phage clusters. 

Phage Adaptations Enhance Fitness
• Length of phage tail may influence phage 

mobility within biofilm.
• Genes coding for enzymes that degrade 

bacterial cell debris provide fitness 
advantage (Figure 5).

Figure 3. Phages conjugated to smaller 
(20 nm) MNPs. These form free phage 
complexes. 
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Figure 4. Phages conjugated to larger 
(50 nm) MNPs. These form a phage cluster. 
These phage clusters may inhibit the 
movement of phages through the biofilm.
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Figure 7. Growth curve of bacterial growth inhibition by isolated phage strains (M3, 
M8, M9, and M16). Graph created by L. Bingman.

Phage Only
(99% Disruption)

Control
(0% Disruption)

20 nm PNCs
(74% Disruption)

50 nm PNCs
(63% Disruption)

Figure 8. Growth of new, mixed-species biofilm in the presence of phages and phage-nanoparticle complexes 
(PNCs). Photo taken by L. Bingman.

TEM IMAGE 
GOES HERE. 

WILL BE HERE 
NEXT WEEK.
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Growth of Bacteria in Presence of Phages

Growth Curves Show Growth Inhibition
• Measured growth of bacteria in planktonic 

conditions when in the presence of 
isolated phage strains.

• Spectrophotometer measured optical 
density of bacteria over 12 hours.

• Four strains of isolated phages achieved 
substantial inhibition of growth of E. coli
and P. aeruginosa bacteria (Figure 7).

Figure 2. Conjugating magnetic nanoparticles to phages 
allows greater control over phage. When a magnetic field 
is applied, phages penetrate biofilm. However, phage 
movement within biofilm is restricted. 

Design Elements: 
MNP Size & Phage Adaptations
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