The effect of potassium iodide on biofilm formation in Staphylococcus epidermidis
Abstract
Introduction

Results

Staphylococcus epidermidis is an opportunistic pathogen that commonly colonizes the human epidermis, and is a very
frequent cause of nosocomial infections (Otto, 2009). A critical aspect of S. epidermidis virulence is its ability to form
biofilms (Fey, 2010), which are assemblies of bacterial cells and extracellular polymeric substances (Donlan, 2002).
Although several studies have been performed to determine the effects of potassium iodide (KI) on the biofilms of
Streptococcus mutans, the effects of potassium iodide on S. epidermidis have never been studied. We sought to discover if
potassium iodide had a significant effect of the biofilm synthesis of S. epidermidis through the use of a microtiter biofilm
quantification technique. Our results demonstrated that although several different concentrations of potassium iodide
have similar effects on bacterial growth, they inhibit biofilm formation differently. As the concentration of potassium
iodide increases, the presence of biofilm decreases, suggesting the presence of KI inhibits biofilm formation. This inverse
relationship between S. epidermidis biofilm and KI concentration may have medical applications in the prevention and
treatment of serious infections, especially in the hospital setting.

Staphylococcus epidermidis is a gram positive bacterium that commonly
colonizes human skin. However, it can become pathogenic when it contaminates
indwelling medical devices, especially in immunocompromised patients (O’Gara
& Humphreys, 2001). A critical aspect of S. epidermidis virulence is its ability to
form biofilms (Fey & Olson, 2010), which are assemblies of bacterial cells and
extracellular polymeric substances (EPS) (Donlan, 2002). It is this structure that
gives S. epidermidis many adaptive advantages. The biofilms are known to cause
bacterial resistance to sanitizing products (Chaieb et. al., 2011), and decrease the
effectiveness of antibiotics (Singh et. al., 2010).
In many bacteria, nutrient availability is an essential factor in biofilm production.
For example, in another opportunistic pathogen, Pseudomonas aeruginosa,
certain compounds significantly impact alginate (a major component of
Pseudomonas biofilms) synthesis (Lotfy et. al., 2018). It has also been noted that
the presence of metals such as iron can also affect biofilm development, as well
as EPS production (Oliveira et. al., 2017). Although several different elements and
compounds have been proven to either increase or decrease biofilm synthesis in
Staphylococcus epidermidis, the effects of potassium iodide have never been
tested. In plaque-forming bacteria Streptococcus mutans, it has been shown that
potassium iodide significantly lowers biofilm formation (Knight et. al., 2007). If
potassium iodide has a similar effect on Staphylococcus epidermidis, this effect
may have applications for the prevention and treatment of staphylococcal
infections.

The results of the study demonstrate a dose response to potassium iodide from
biofilm formation from S. epidermidis. It has been previously shown that iron
chloride (concentration of 1 mM) has a negative effect on biofilms of
Staphylococcus epidermidis (ATCC 359840) (Oliveira et al, 2017). We successfully
replicated this finding, implying that our execution and process was effective and
valid. In addition to this, multiple trials were conducted with similar results,
indicating that the data we collected is reliable. Furthermore, analysis using an
ANOVA test (P = 8.75577E-15) shows that our results are statistically significant.
Our results show an inverse relationship between KI concentration and biofilm
formation, indicating that in the absence of KI, biofilms are better able to adhere
and develop. As the concentration of KI increases, biofilm development is shown
to decrease. In order to ascertain by which method KI achieves its inhibitory effect,
we designed two more experiments. In our first additional experiment, we
performed the same biofilm assay with both KI and potassium sulfate (K2SO4). We
found that K2SO4 had less of an inhibitory effect than KI in larger concentrations.
In our second experiment, we tested the effects of KI on pre-formed biofilms. We
found that KI did not affect biofilms that were already established. These two
additional trials suggest that increased ionic charge does not relate to increased
biofilm inhibition and that inhibitory mechanisms of potassium iodide work
within the developmental stage of biofilm formation.

Discussion
Our results suggest that potassium iodide inhibits biofilm development in
Staphylococcus epidermidis. While this study demonstrates that KI does have
inhibitory effects on biofilm formation, it would be interesting and relevant to
study the mechanism and extent of these effects. After documenting that KI has
an inhibitory effect on biofilm formation, we hypothesized that the ionic
properties of KI are what disrupts biofilm formation. In order to validate this, we
also tested K2SO4, which has a greater ionic strength than KI. We expected that
with greater ionic strength, K2SO4 would achieve greater inhibition. However,
we found that K2SO4 was less effective at inhibiting biofilm in larger
concentrations, contradicting our hypothesis.
Increasing our understanding of the molecular interactions between
Staphylococcus epidermidis and potassium iodide could lead to possible
advancements in sanitization of indwelling and surgical medical devices. This
could also alter our treatments of staphylococcal infections. The discovery and
development of non-antibiotic biofilm disrupters is essential to reduce antibiotic
resistance and find alternative ways to prevent and treat bacterial infections.

Pictured above: Treatments after staining (Photo taken by Stephen Fawcett).

Question

KI concentration

How do different concentrations of potassium iodide affect biofilm formation in
Staphylococcus epidermidis?
Pictured above: cell cultures transferred to treated microplate using sterile technique
(Photo taken by Stephen Fawcett).

Pictured above: Iron chloride and potassium iodide
treatments (Photo taken by Stephen Fawcett).

Treated how?
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Pictured above: Biofilm stain (optical density) readings divided by cell density readings for
four KI treatments.

Hypothesis
It has been demonstrated that the presence or absence of various elements and
compounds significantly affects the development of Staphylococcus epidermidis
biofilms, and several studies conducted on Streptococcus mutans suggest that
potassium iodide may have a negative effect on biofilm growth. We hypothesize
that biofilm development in Staphylococcus epidermidis will be disrupted when
potassium iodide concentration is increased in the nutrient media.
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Staphylococcus epidermidis (359840) was obtained from the ATCC website, and
diluted in five milliliters of tryptic soy broth (TSB), then streaked onto a tryptic
soy agar plate. After incubating for 24 hours at 37o C, three colonies of
Staphylococcus epidermidis were inoculated into five milliliters of TSB and
incubated for an additional 18 hours. KI and iron chloride were prepared in 1 mM
solutions. Then, the untreated bacterial culture, KI treated culture, and the iron
chloride treated cultures were vortexed for 30 seconds. The microplate was then
incubated at 37o C for 24 hours.
The first six wells held 200 microliters of TSB supplemented with 1% glucose as a
blank. The next six wells contained 2 microliters of the cell culture and 198
microliters of TSB supplemented with glucose as a control group. Six additional
wells contained 2 microliters of cell culture and 198 microliters of a 1.0 mM
concentration of iron chloride treatment, dissolved in glucose-enriched TSB. The
fourth group of six held 2 microliters of the cell culture and 198 microliters of a
one mM concentration of potassium iodide, dissolved in glucose-enriched TSB.
The following three groups of six were diluted to a 0.5 mM concentration of
potassium iodide, a 0.25 mM concentration, and a 0.10 mM concentration.
After incubation, the contents of each well were emptied into a 10% bleach
solution. All wells were washed out with phosphate buffered saline three times to
remove non adherent cells. After heat fixing biofilm for an hour at about 55o C,
all well plates were stained with crystal violet for 15 minutes. Afterward, all
crystal violet was pipetted out of the wells, and any excess stain was washed off
with tap water. Following a 15-minute drying period, 300 microliters of 95%
ethanol was put into each well, and left to sit for about 45 minutes. Then 200
microliters of the ethanol was pipetted out of each well, and optical density was
read at 570 nm using a spectrophotometer.
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Figure 2. Crystal Violet absorbance reading normalized to the cell density of
each well. These data points reflect the average biofilm production per cell. In
general, these data reproduce the trend that shows potassium iodide inhibition
of biofilm. They also demonstrate a similar trend with potassium sulfate, except
to a lesser extent. Biofilm inhibition by potassium sulfate is not as effective as
potassium iodide at the concentrations 1 mM (P= 0.00316) and 0.5 mM
(P=0.02693), but is not significantly different at a concentration of 0.25 mM
(P=0.1972).
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Figure 1 Crystal Violet absorbance reading normalized to the cell density of each well. These data
points reflect the average biofilm production per cell. In general, these data demonstrate a dose
response, supporting our hypothesis that potassium iodide does not inhibit cell growth, but does
inhibit biofilm formation. Statistical analysis is shown below:
ANOVA
Source of
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SS

df

MS

F
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3
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2.448233333
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P-value
8.75577E-15

F crit
3.098391212
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Through our experiments, we demonstrated that KI has an inhibitory effect on
the biofilm formation of Staphylococcus epidermidis, but now we would like to
know by which mechanism it accomplishes this. In the future, we would like to
test other properties of potassium iodide to see if we can isolate the variable(s)
that prevent biofilm formation and then amplify their effects. We would like to
examine the responses of Staphylococcus epidermidis to various amounts of
potassium molecules (K2SO4 has more potassium molecules than KI), molecular
size of treatments (K2SO4 is a much larger molecule than KI), and the process of
oxidation, among other variables. We would also like to test the effect of KI on
biofilms on polystyrene surfaces, specifically on medical devices such as urinary
catheters or feeding tubes. Finally, it would be relevant to compare the effect of
KI on biofilm formation to the effect of antibiotics. Finding the specific
properties of KI that inhibit biofilm could help us to further understand the
interactions between bacteria, biofilms, and material surfaces, as well as further
increase the applicability of our findings to medical practices.
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Figure 3 displays the biofilm stain absorbance readings of each sample. This
shows an upward trend demonstrating the inhibitory effect of potassium
iodide on biofilm formation.
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