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Mechanism of biofilm formation and effects of bacteriocins on MRSA biofilm
Yoshimitsu Mizunoe, Shinya Sugimoto, Ken-ichi Okuda

Department of Bacteriology, Jikei Center for Biofilm Science & Technology, The Jikei University

[Abstract]

We examined the profiles of biofilm matrix proteins by 1D SDS-PAGE analyses after 1 M NaCl
treatment to detach biofilm matrix components from Staphylococcus aureus cells. Then Biofilm
matrix proteins were identified by N-terminal amino acid sequence analysis combined with mass
spectrometry. Hundred thirty proteins were identified in biofilm matrix (cytoplasmic, 64%; secreted,
12%; membrane, 6%; cell wall, 3%; unknown, 15%). Eap was the most abundant protein in the biofilm
matrix fraction of MR23. To address the role of Eap in biofilm formation, we used a Brevibacillus
choshinensis expression-secretion system which enables us to produce a particular protein in the
extracellular environment. Extracellular production of recombinant Eap triggered cell aggregation
and biofilm formation of B. choshinensis cells, whereas Efb, the other abundant protein in the biofilm
matrix fraction of MR23 did not. Development of a vaccine targeting proteins that contribute to S.
aureus biofilm formation and colonization of human skin and the human nasal cavity could be an
alternative approach to control biofilm infections. We also examined the effects of different kinds of
bacteriocins, which are ribosomally-synthesized antimicrobial peptides produced by certain bacteria,
on biofilms formed by a clinical isolate of methicillin-resistant S. aureus (MRSA). The activities and
modes of action of three bacteriocins with different structures (nisin A, lacticin Q, and nukacin ISK-
1) were evaluated. Vancomycin, a glycopeptide antibiotic used in the treatment of MRSA infections,
showed bactericidal activity against planktonic cells, but not against biofilm cells. Among the tested
bacteriocins, nisin A showed the highest bactericidal activity against both planktonic cells and biofilm
cells. Lacticin Q also showed bactericidal activity against both planktonic cells and biofilm cells, but
its activity against biofilm cells was significantly lower than that of nisin A. Nukacin ISK-1 showed
bacteriostatic activity against planktonic cells and did not show bactericidal activity against biofilm
cells. Mode-of-action studies indicated that pore formation leading to ATP efflux is important for the
bactericidal activity against biofilm cells. These results suggest that bacteriocins that form stable
pores on biofilm cells are highly potent for the treatment of MRSA biofilm infections.
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