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Conclusion

Future Directions

• Enterococci are gram-positive bacteria that are 
recognized as the leading cause of serious infections

• E. faecalis is highly resistant to antibiotics, which 
increases its lifespan and virulence and makes it 
difficult to design drugs

• The ability of E. faecalis to produce biofilms, which are 
communities of microorganisms that accumulate on a 
surface, plays a direct role in its antibiotic-resistant 
properties 

• Quorum-sensing (QS) is a regulator of biofilm 
production, where certain bacterial cells in a population 
produce QS-regulated goods such as nutrients, but at a 
cost to individual fitness

• Mutants that do not produce goods can benefit from 
usage and gain a fitness advantage

• It becomes favorable for a mutant to “cheat” in 
populations like biofilms, however, benefits are 
temporary as the entire population can crash if mutants 
become dominant 

• In E. faecalis, the fsr system controls QS and regulation 
of biofilm formation

• Three regulatory genes (fsrA, fsrB, fsrC) encode for QS 
signals through the expressions of gelatinase (gelE) and 
serine protease (sprE)

Background

• Hancock et al. looked at the two-component fsr
system in E. faecalis and found the fsrA mutant to be 
significantly impaired in forming biofilm2

• Dale et al. observed E. faecalis in the absence of 
antibiotics, ΔfsrA mutant biofilm mass decreased 11% 
and ΔgelE mutant biofilm mass decreased 30%3

• Galloway-Peña et al. observed biofilm defects in all 
insertion and deletion mutants of E. faecalis, most 
significantly in ΔgelE4

• The results of these studies allowed us to hypothesize 
about potential biofilm differences between wild-type 
E. faecalis and mutants of the fsr system

Hypothesis: Mutants of the E. faecalis fsr system will 
exhibit a biofilm or growth defect in vitro, which will allow 
us to look at their ability to “cheat” in quorum-sensing.

Introduction

Bacterial Strains and Conditions:
• 9 strains total: wild-type (WT) E. faecalis (OG1RF) + 8 mutants with transposon and 

knockout gene variations in fsr or gelE/sprE
• All cultures grown and experiments conducted in TSB-D media conditions
• 3 technical replicates for each strain and 3 biological replicates for each experiment

96-well Biofilm Assays:
• Used to characterize differences in biofilm formation at 6 and 24 hour timepoints
• Biofilm production was measured for each mutant at an OD600 and stained with 

0.1% safranin at an OD450
• Biofilm index ratio = OD450/OD600 and was normalized to wild-type E. faecalis for 

each mutant

Submerged Aclar Assays:
• Used to measure biofilm colony-forming units (CFU)/mL of mutant and wild-type 

strains when grown on a piece of aclar plastic submerged in growth medium
• Cultures inoculated in 24-well plate and incubated on 37℃ shaker for 6 hours
• Planktonic cultures diluted and plated, aclar removed and washed 3x in KPBS
• Aclar vortexed at 2500 rpm for 5 min to remove cells, biofilm cultures diluted & 

plated
• Experimental CFU/mL data was plotted using Microsoft Excel

Growth Curves:
• Used to visualize growth differences between OG1RF and mutants in TSB-D 

medium at an OD600
• Measured growth overnight in plate reader (~15 hours) at 15 minute time intervals

Materials & Methods

96-well fsr Biofilm Assays:
• All biofilm indices (OD450/OD600) were normalized to WT E. faecalis (OG1RF)
• All fsr mutants showed decreased biofilm production at 24 hour timepoint
• JH2-2 consistently produced less biofilm at both timepoints
• ΔgelE inconsistent with Dale et al. 

Submerged Aclar Assays:
• At the 6 hour timepoint, ΔgelEΔsprE and ΔgelE biofilm CFU/mL were 

significantly lower than OG1RF, ΔgelE by ~ ½ log
• At the 24 hour timepoint, ΔgelEΔsprE was consistently lower than OG1RF 

CFU/mL

Growth Curves:
• OG1RF grew faster than all the fsr mutants
• fsrC-Tn grew the slowest and all fsr mutants showed log phase defects
• ΔgelE grew the fastest & most out of all 9 strains and ΔgelEΔsprE grew the 

slowest & least

Results
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• Test for biofilm defect of mutant strains when mixed 
with wild-type E. faecalis (OG1RF) to see if 
”cheating” ability persists using submerged aclar 
assays

• Test mutant growth differences in varying media 
conditions such as BHI, THB and M9 using growth 
curves

• Explore other components and mutants of the fsr
system and corresponding effects on biofilm 
production

• Test mutant biofilm production when grown 
individually in the presence of different antibiotics

• 96-well biofilm assay averaged replicates showed 
evident biofilm defects in fsr mutants and JH2-2, 
but not in sprE and gelE mutants

• Submerged aclar assays showed lower biofilm 
CFU/mL for ΔgelEΔsprE at both timepoints and 
ΔgelE at 6 hours

• Growth curve data showed log phase defects in all 
fsr mutants, but ΔgelE grew the fastest and 
ΔgelEΔsprE the slowest 

• Overall, mixed data but fsr mutants exhibited 
biofilm defects in biofilm assays and growth curves 
and ΔgelEΔsprE and ΔgelE produced lower biofilm 
CFU/mL than OG1RF = hypothesis supported

= aclar plastic piece
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Figure 3. Strains and corresponding variations

Figure 4. 96-well biofilm assay plate protocol

Figure 5. Submerged aclar assay steps

Figures 9 & 10. Growth curves for OG1RF vs. fsr system mutants

Figure 6. Biofilm assays comparing mutants to WT OG1RF 

Figures 7 & 8. Submerged aclar assays at 6 and 24 hours

Figure 1. Biofilm formation diagram from Frank KL et al.1

Figure 2. fsr system of E. faecalis
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