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Abstract: The objective of this study was to establish technology for removing bacteria with human- and eco-friendly
material. Staphylococcus aureus as an important component for balanced equilibrium among microbiomes, was cultured
under various concentrations of phosphate. Experimental observation relating to physical properties was performed in an
addition of phosphate buffer. Statistically minimum value of size and hardness using atomic force microscope was observed
on the matured biofilm at 5 mM concentration of phosphate. As a result of absorbance for the biofilm tagged with dye,
concentration of biofilm was reduced with phophate, too. To identify whether this reduction by phosphate at the 5 mM
is caused by counter ion or not, sodium chloride was treated to the biofilm under the same condition. To elucidate components
of the biofilm counting analysis of the biofilm using time-of-flight secondary ion mass spectrometry was employed. The
secondary ions from the biofilm revealed that alteration of physical properties is consistent to the change of extracellular
polymeric substrate (EPS) for the biofilm. Viscoelastic characterization of the biofilm using a controlled shear stress
rheometer, where internal change of physical properties could be detected, exhibited a static viscosity and a reduction
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of elastic modulus at the 5 mM concentration of phosphate. Accordingly, bacteria at the 5 mM concentration of phosphate

are attributed to removing the EPS through a reduction of elastic modulus for bacteria. We suggest that the reduction

of concentration of biofilm induces dispersion which assists to easily spread its dormitory. In conclusion, it is elucidated

that an addition of phosphate causes removal of EPS, and that causes a function of antibiotic.
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Figure 1. Size of biofilm for S aureus as concentration of PO* increases. Image of small box was obtained from AFM (2.5 um x 4.0 um).

White arrows represent size dependence of biofilm upon concentration of PO*.
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Figure 2. Hardness (left axis) and concentration (right axis) of
biofilm for S aureus as concentration of phosphate increases.
The lines above the points denote a significant difference (N = 5)
calculated using student’s r-test. NS — not significant, p<0.05,
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Figure 4. Secondary ion was formed by electron exchange processes in the biofilm. (A) The analyzed area used in this work is a square of
50 gm x 50 pm. The chemical images of the analyzed area are recorded with 256 x 256 pixel resolution during the data acquisition. (B)
Averaged count ions reflects cell concentration using TOF-SIMS images. The lines above the points denote a significant difference (N=5)

calculated using student’s #-test. NS — not significant, *p<0.05, and **p <0.01.
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