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Abstract: This study was conducted to create a technology to remove acne bacteria with human-friendly materials. First,
the Cutibacterium acnes (C. acnes) were adsorbed to the mica disc to grow, and then the biofilm was checked through
an atomic microscope to see if the biofilm had grown. Based on the topographic image, the shape changed round, the
size was 17% longer on average, and the phase value of the resonance frequency separating materials was observed as
a single value, the biofilm grown by covering the extracellular polymeric substrate (EPS). As a result of processing 50
mM of amino acids in the matured biofilm, the concentration of C. acmnes decreased when valine, serine, arginine and
leucine were treated. Scanning with nanoindentation and AFM contact modes confirmed that the hardness of biofilms treated
with Valine (Val) increased. This indicates that an AFM tip measured cell which may have more solidity than that of
EPS. The experiment of fluorescent tagged to EPS displays an existence of EPS at the condition of 10 mM Val, but
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an inhibition of growth of EPS at the 50 mM Val. Number of C. acnes was also reduced above 10 mM of Val. Weak
adhesion of biofilm generated from an inhibition of EPS formation seems to induce decrease of C. acnes. Accordingly,

we elucidated that Val has an efficiency which eliminates C. acnes by approach of an inhibition of EPS.
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Figure 1. The unique structure of C acnes produced by planktonic
(A) and sessile cells (B) of C acnes. (left) topography of C
acnes produced by tapping mode (3 gm X 3 um) (right) phase
map upon the image of topography. Arrow indicates the structure
corresponds to the image of C acnes cell.
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Figure 2. Size of cell without and with biofilm from plaktonic
and sessile state, respectively. (A) Topographic height of C. acwes,
(B) Box chart upon the estimated size of C. acnes (N = 13).
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Figure 3. Removal of biofilm by crystal violet. Various amino
acids were added to the matured biofilm of C. acnes (N = 3). Cell
was exposed in the solution of 50 mM of amino acids for 2 h.
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Figure 4. Hardness change of biofilm treated with various amino
acids and sodium dichloroisocyanurate (SDIC). (A) Topographic
images of biofilm treated with 50 mM of Cys, and 50 mM of
Val. Triangle indicates a position performed by nanoindentation.
(B) Force-distance curves obtained from the AFM indentation
experiments. The force curves at the region up to approximately
2 nN of cell surface indentation was fitted by Hertz model.
Arrow indicates a direction of injection. Dash line indicates a
location of interface between cell and ambient air. Arrow is a

direction of tip injection.
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Figure 5. Tapping mode (right) and contact mode (left) images
of the same piece of biofilm (22 ym x 22 um). The z-scale is 0
(blue) to 100 nm (light). Both images were obtained a scan rate
of 0.2 Hz with the contact force minimized prior to imaging.
Control (A), topography of cell treated with Cys (B) and Val (C).
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Figure 6. Fluorescence spectral images of biofilm for C acnes
treated with amino acids. DAPI tagged C acres represents cell
of C acnes at Ex/Em 357/447 nm and it emits blue color. The
fluorescence of EPS was detected in the red emission with
concanavalin A 647 (Ex/Em 628/685 nm, right). Scale bars: 10 xzm
(up), 100 gm (bottom). C. acnes were exposed in the solution of
50 mM Cys (A), 10 mM Val (B), and 50 mM Val (C). Inset:

enlargement of the area marked by square.
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Figure 7. Absorbance for crystal violet stained biofilm of C
acnes at the various concentrations of valine. Data represent
crystal violet stained adherent biofilm cells at wells of microtiter
plates in the presence of valine. Red line curves represent the
reduction of biofilm (OD at 600 nm) in the culture media. Inset:
alteration of amount of cell at low concentration of valine. Val

was penetrated into cell for 2 h.
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