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METHODS

Characterization of extracellular DNA release by an Enterococcus 
faecalis AtlA Mutant

ABSTRACT
Enterococcus faecalis is a gram-positive bacterium and a common component of

the human intestinal microbiome which has emerged as an important nosocomial
pathogen. The pathogenicity of E. faecalis relates to its capacity to form biofilms,
surface-associated microbes within an extracellular polymeric substance (EPS) matrix,
capable of establishment throughout the human body. Extracellular DNA (eDNA) is an
integral component of the EPS matrix, however, the mechanisms by which the eDNA
enters the environment throughout the stages of biofilm formation is unclear.

The autolysin, AtlA an N-acetylglucosaminidase, has been previously identified as
contributing to eDNA release during biofilm formation in OG1RF. Previous biofilm
growth studies have shown that AtlA mutants produce less robust biofilms, however,
they have been shown to be as virulent as the wild-type in a rabbit model of biofilm-
mediated endocarditis. Here, we used a polycarbonate membrane-based biofilm assay
to characterize eDNA release by an AtlA mutant and only observed a minimal decrease
in biofilm eDNA content. Further analysis by fluorescent microscopy over time
demonstrated the emergence of a wild-type chain-length phenotype in the AtlA mutant
between 8-24 hours in planktonic cultures and polycarbonate biofilms. In contrast,
biofilms grown on aclar coupons showed the AtlA 24-hour biofilms were phenotypically
identical to wild-type 4-hour biofilms. Together, these results suggest the existence of an
alternative mechanism active in the absence of a functional AtlA.

BACKGROUND
Enterococcus faecalis:
• Gram-positive bacteria
• Commensal component of human intestinal microbiome
• Important nosocomial and opportunistic pathogen
• High degree of intrinsic and acquired antibiotic resistance

Biofilms:
• Surface-associated, sessile microbial community
• Development of stress-resistant microenvironments
• Contributes to antibiotic resistance, and pathogenicity
• Embedded within an extracellular polymeric substance (EPS) 

matrix including DNA, polysaccharides, and proteins

Extracellular DNA (eDNA):
• Integral component of EPS required for biofilm establishment
• Promotes adhesion and structural stability of the biofilm
• eDNA release by: active secretion or controlled cell lysis

GelE Mediated Fratricide
• GBAP quorum sensing (QS) resulting in secretion of extracellular 

proteases GelE (gelatinase) and SprE (immunity protein)
• AtlA cleavage from cell surface by GelE

RESULTS: SYTOX ASSAY
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SUMMARY
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• RT-qPCR: AtlB, fsrA pathway over time
• Microscopy screening: AtlB, GelE, FsrA mutants
• RNA-Seq: Upregulation of genes transcribed in AtlA mutant over 

time course
• AtlB enzymatic characterization by zymogram
• Characterization of protein-protein interactions between AtlB

and regulatory molecules by co-immunoprecipitation assay or 
bimolecular fluorescence complementation (BiFC)

RESULTS: FLUORESCENT MICROSCOPY
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25G5
• AtlA Tn mutant
• Chain formation
• Defective biofilm 

development
• Equivalent 

virulence to wild-
type OG1RF in 
rabbit endocarditis 
model
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Biofilm eDNA Concentration Adjusted Growth Curve
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Extracellular Genomes per Cell Genomic DNA Standard Curve

Figure 1. eDNA 
concentrations over 
time of OG1RF (WT) 
and AtlA mutant 
(25G5) demonstrate 
highest variation at 
8 hours.  SYTOX 
assay was used to 
measure eDNA and 
concentrations were 
derived using the 
gDNA standard curve 
equation.   DNA 
degradase treatment 
used as control for 
nonspecific binding.
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Figure 3. The 
Number of 
extracellular 
genomes show 
decrease in OG1RF 
and increase in 25G5 
between 8 and 24 
hours. Genomes 
were enumerated 
using eDNA sample 
concentrations and 
the derived  
molecular weight of 
the 2.74 Kb genome.

Figure 4. Genomic 
DNA standard 
curve for SYTOX 
assay. E. faecalis 
OG1RF gDNA was 
isolated using 
DNeasy kit.  Sample 
concentrations were 
obtained and 
confirmed post-
serial dilution using 
NanoDrop.  
Equation was used 
for calculating eDNA 
concentrations of 
unknown samples.

Figure 2. OG1RF 
and 25G5 growth 
curves adjusted for 
chain length yield 
similar growth 
rates. Adjusted 
colony counts were 
derived from the 
product of the 
average colony 
forming units (CFU) 
and the average 
chain length 
determined by 
fluorescent 
microscopy.

Figure 7. Average chain length observed by fluorescent microscopy of OG1RF and 25G5 overtime in
various growth conditions demonstrate a consistent trend in 25G5 of increasing chain length at early time
points followed by a large decrease at 24 hours. OG1RF and 25G5 were grown in planktonic cultures (BHI),
polycarbonate filters on BHI plates, and aclar filters in BHI. Cells were harvested over time, stained, fixed (aclar
and planktonic), and observed microscopically. Chain lengths were enumerated and expressed as the average
± the standard deviation. OG1RF displayed a temporally and conditionally consistent chain-length phenotype.
In contrast, 25G5 showed great variation over time and the time course varied between growth methods. The
25G5 planktonic wet mounts contained the longest chains as expected based on the fewest processing steps
reducing the artificial fragmentation of the chains. All growth methods demonstrated the same overall trend
of increasing chain length at early time points followed by a sharp decrease by 24 hours.
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Figure 5. Fluorescent microscopy of OG1RF and 25G5 stained with live (SYTO 9)/ 
dead (promidium iodide) over time showed long chain formation in 25G5 at early 
time points followed by a significant decrease by 24 hours.  OG1RF and 25G5 were 
grown in planktonic culture and on polycarbonate filters.  Cells were harvested over 
time, stained, and visualized by fluorescent microscopy.  Notably, permeable cells 
were identified within 25G5 chains most frequently after 8 hours of growth in 
planktonic culture and by the next time point (24 h, figure 6)  a large reduction in 
chain length was observed.

Figure 6. Fluorescent microscopy of OG1RF and 25G5 stained with nucleic acid 
stain (Hoechst  33342) and cell wall stain (AlexaFluor 594:WGA) over time 
showed chain formation in 25G5 at early time points followed by a decrease 
resembling wild-type by 24 hours.  OG1RF (WT) and 25G5 were grown in 
planktonic culture and on aclar coupons.  Cells were harvested over time, fixed in 
paraformaldehyde, stained, and visualized by fluorescent microscopy.  Notably, on 
aclar coupons 25G5 24 hour biofilms resemble WTchain length and cell density of a 4 
hour WT biofilm.

• eDNA variation between OG1RF and 25G5, the AtlA mutant, was 
greatest at 8 hours corresponding to the longest observed chains

• The variation was minimal by 24 hours indicative of an alternate 
eDNA release mechanism in 25G5

• The approximate number of extracellular genomes was highest in 
OG1RF at 8 hours, and in 25G5 at 24 hours

• Large chain formation was observed in 25G5 at early time points
• By 24 hours, 25G5 resembles the WT phenotype (diplococcal) 

indicative of a cell/QS density dependent chain fragmenting 
mechanism

• Live/Dead staining revealed permeable cells within the long 25G5 
chains suggestive of an alternative autolytic mechanism

Aclar Biofilm Polycarbonate BiofilmPlanktonic


