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Background:
Gram-positive bacteria biofilms…
• Protect themselves from surroundings
• Form on medical devices
• Infect various sites in the human body

• Can lead to severe illness or death
• Difficult to treat

• Produce protective coatings resistant to immune response and
antibiotics…
• Example: MRSA was classified by the WHO as one of twelve

priority pathogens that threaten human health.1
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Trial 1. To lyse S. aureus cells, cells were pipetted into tubes (1 mL) to be clarified by 
centrifugation (10 minutes). BME/4x Laemmli buffer (6 uL) was added to 20 uL of both 
clarified and unclarified samples. These samples were heated at 95 °C for 5 minutes.  
A BCA assay was performed with a BSA standard to quantize protein concentrations. 
A 1D SDS-PAGE experiment was performed to separate proteins based on molecular 
weight. In each well of the gel, 5 ug of protein were added. The gel was then stained 
and analyzed with Pro-Q Diamond Phosphoprotein gel stain, followed by staining with 
SYPRO Ruby dye. 

Trial 2. A 2M thiourea/8M urea/4% (w/v) CHAPS buffer solution was made for 
bacteria storage.3 To lyse S. aureus cells, cells were pipetted into tubes (1 mL) to be 
clarified by centrifugation (10 minutes). Afterward, 100 uL of 1 M NaF solution was 
added to samples in increments of 0.25 ul for 6 different volumes (0.5 ul – 1.75 ul). 
Samples were sonicated then centrifuged again. The resulting supernatant (100 uL) 
was added to 100 uL of BME/2x Laemmli buffer then heated at 95 °C for 5 minutes. A 
BCA assay was performed with a BSA standard to quantize protein concentrations. 
Two 1D SDS-Page experiments were performed to separate proteins. In both gels, 40 
uL of sample was added to each well. Protein amounts are listed in Table 1. One gel 
was stained and analyzed with Pro-Q Diamond Phosphoprotein gel stain, followed by 
staining with SYPRO Ruby dye. The second gel was stained and analyzed with 
Coomassie Blue stain. 

All gram-positive bacteria, such as Staphylococcus aureus, produce biofilms as a 
method to protect themselves from their surroundings; however, these 
communities of bacteria can be particularly harmful to the human body. Biofilms 
are able to form on medical devices inserted into bodies, and bacteria can travel 
from primary infection sites to produce secondary infections throughout the body. 
Uncontrolled biofilms can cause sepsis and eventually death. Further, treating 
infectious biofilms is challenging because they produce a protective coating that 
allows the bacteria to evade immune system responses and treatments with 
antibiotics. To stop these infections early in their paths, the mechanisms behind 
biofilm formation must be fully understood, and target proteins in these pathways 
must be inhibited. The following study can be used to help identify the proteins 
involved in the formation of biofilms by studying how the phosphorylation of 
proteins changes upon biofilm formation. Staphylococcus aureus bacteria cells 
were lysed to extract protein, and protein concentrations were quantized with a 
bicinchoninic acid (BCA) assay. Proteins were separated by molecular weight with 
1D SDS-PAGE. The fluorescent Pro-Q Diamond Phosphoprotein gel stain was 
used in conjunction with SYPRO Ruby dye to demonstrate protein 
phosphorylation. This study is currently ongoing, and research methods and 
techniques are being optimized. 

Figure 1: Scanning electron micrograph of a Staphylococcus biofilm on the inner
surface of a needleless connector.2

Conclusions:

Future Plans:
• Utilize materials before expiration dates
• Prepare a better cell membrane disruption protocol
• Increase protein concentration
• Analyze insoluble proteins, as well
• Using 2D SDS-PAGE might provide extra separation to aid in data analysis

Though phosphorescence was observed in the electrophoresis gels, it is likely
that there is not enough protein concentration in each well for adequate
phosphorescence after use of only Pro-Q Diamond stain (Figure 2).

In order to combat biofilm infections:
• Mechanisms behind their formation must be understood
• Target proteins must be inhibited

This research aims to further understand the mechanisms of
biofilm formation by examining the changes of phosphorylation
upon biofilm production.

Methods and Analysis:

Figure 3: Electrophoresis gel stained with Pro-Q 
Diamond gel stain and SYPRO Ruby dye 
exhibiting phosphorescence.

Figure 4: Electrophoresis gel stained with 
Coomassie Blue exhibiting proteins

Pro-Q Diamond phosphoprotein gel stain 
allows for direct, in-gel detection of 
phosphate groups attached to tyrosine, 
serine, or threonine residues. SYPRO 
Ruby dye is a total-protein stain. Using 
both in conjunction allows for the 
possibility to distinguish between a lightly 
phosphorylated, high-abundance protein 
from a heavily phosphorylated, low-
abundance protein.4 The gel stained with 
only Pro-Q Diamond demonstrates little 
phosphorylation, while the gel stained
with both Pro-Q Diamond and 
SYPRORuby demonstrates higher levels 
of phosphorylation (Figure 3). The 
Coomassie Blue gel demonstrates low 
abundance of protein (Figure 4). 
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Results:

Figure 2: Electrophoresis gel stained with 
Pro-Q Diamond gel stain exhibiting faint 
phosphorescence.


