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Advances on the mechanisms regulating the formation of the
biofilm of Listeria monocytogenes

Menghua Li, Shuaishuai Yan, Dezhi Li, and Qing Liu

School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China

Abstract: Listeria monocytogenes is an important food-borne pathogen. The distribution and survival of L. monocytogenes
are related to its ability to form biofilms. Biofilms are resistant to adverse environments, and bacteria separated from the
biofilms may lead to persistent food contaminations. The formation, maturation and structure of biofilms depend on a variety
of external and internal factors, among which a variety of regulatory mechanisms play important roles. This review
summarizes the regulatory mechanisms (including intracellular, intercellular and interspecific interactions) involved in the
biofilm formation of L. monocytogenes in order to control the biofilm formation in food processing environments, thus
providing new intervention strategy for food safety.
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Fig. 1 Schematic overview of the major antimicrobial resistance and tolerance mechanisms employed by bacterial biofilms.
Biofilm cells (yellow rectangles) are embedded in a mushroom-shaped matrix (shown in green). The biofilm is attached to a
surface (grey rectangle), which can be biotic or abiotic. Pictorial representations of the resistance mechanisms are numbered
as follows: (@ nutrient gradient (demonstrated here as a colour-intensity gradient) with less nutrient availability in the core of
the biofilm; @ matrix exopolysaccharides; @ extracellular DNA; @ stress responses (oxidative stress response, stringent
response, etc.); & discrete genetic determinants that are specifically expressed in biofilms and whose gene products act to
reduce biofilm susceptibility via diverse mechanisms (ndvB, briR, etc.); ® multidrug efflux pumps; @ intercellular
interactions (horizontal gene transfer, quorum sensing, multispecies communication, etc.); persister cells.
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Table 1 Functional genes/proteins involved in the biofilm formation of Listeria monocytogenes

Regulation types Related . The roles of biofilm formation
genes/proteins
Virulence factors prfA Mutants of AprfA have defects in the process of biofilm formation; prfA and
other virulence genes under its control, such as hly, mpl, plcA, plcB and actA,
have higher transcription levels at 37 °C
Flagella movement flaA The main genes involved in the attachment of L. monocytogenes include genes
related to flagella synthesis and movement
EPS synthesis dItABCD The dItABCD mutant has a reduced ability to form biofilms
Imo1386 Metabolism related genes, DNA transferase, can promote the adhesion of some
L. monocytogenes
Quorum sensing (QS) LuxS Participate in the synthesis of autoinducin Al-2, negatively regulate
L. monocytogenes biofilm
Agr The Agr operon can regulate the expression of virulence factors and positively
regulate the formation of L. monocytogenes biofilm
Stress-response factor sigB AsigB mutant strain has reduced biofilm formation ability
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