%, 1JRP.ORG

ISSN: 2708-3578 (Online)

384

The Influence of Electricity on The Biofilm of Bacteria: A
Literature Review

Fadli Janudt Eko Budi Koendhofi

1fadli.januar-2020@ﬂ<.unair.ac.id
1 Faculty of Medicine, Universitas Airlangga, Surab&@4 32, Indonesia
2Department of Clinical MicrobiologyDr. Soetomo General Hospital, Universitas AirlanggaaBaya 60312, Indonesia

Abstract

This literature review explores the role of low voltage electricity orbib#m of the bacterium, focusing on the impact
of electricity on bacterial cells and biofilms. The review begins with @amvew of biofilm formation, emphasizing its
significance in bacterial infectious diseases and the advantages itgsréwiacteria. The historical trajectory of biofilm
research and its influence on chronic infectious diseases, includingoitsatiss with cancer growth, is discussed.

The subsequent section delves into the effects of electricity on bactdrlzicdiims. Electric current is examined as a
physical agent with inhibitory and bactericidal effects, providingadarnative approach to combat bacteria with
increased resistance due to biofilm formation. The mechanisms of elgédtrahiiced bacterial death, including thermal
and electrolysis effects, alterations in transmembrane potential, and the roletiMereaygen species (ROS), are
elucidated.

Furthermore, factors influencing the bactericidal efficacy of electricity aténed, emphasizing the intensity and
duration of electric current exposure as critical determinants. The review desakith a specific focus on Klebsiella
pneumoniae bacteria, presenting findings from previous research thahsteste the bactericidal effect of a 10 mA
electric current, resulting in bacterial death after a 30-minute expostod.pEhis comprehensive review contributes to
our understanding of the potential applications of low voltage eliégtiit eradicating bacteria within biofilms and

highlights avenues for future research in this field.

Keywords: Bioflm; Electricity; Bactericidal Efficacy; Klebsiella Pneumoniae.

1. Biofilm
1.1. Definition of Biofilm

The term "Biofilm" refers to an aggregation of bacteria that congregates and ksthlisolony on a solid
surface, as outlined by Kokare et al. (2009). Biofilms are comprisedctéiial cell formations that amass on
a surface, accompanied by extracellular polymeric substances containing elerokrds polysaccharides,
proteins, nucleic acids, and fats. Bacteria engaged in biofilm formation coalesce t@a®atture and bind
together, with extracellular polymeric substances playing a crucial role in stabiligrgacterial formation
(Flemming & Wingender, 2010).

The formation of a biofilm structure by bacteria poses a formidable challenge lyNdtafilm formation
constitutes a critical factor in numerous bacterial infectious diseases, including osteondetited caries,
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and chronic lung infections. This increased resistance is attributed to theafdzhdteria within biofilms can
withstand antimicrobials at concentrations 10-1000 times higher than those reaquétedinate bacteria in
non-biofilm states. Additionally, biofilm-associated bacteria exhibit resistance to phagocyw&sigring

them exceptionally challenging to eradicate (Jefferson, 2004).

Biofilms offer several advantages to bacteria, such as sustenance, a nutridvathitelh, and mutual
support for survival. The biofilm matrix serves various functions, inctughrotection, nutrient provision,
reinforcement of the structural integrity of bacterial formations, andnttabolism of substances within the
biofilm. These attributes collectively contribute to the remarkable success of biaSlitiee most prevalent
form of life on Earth (Flemming & Wingender, 2010).

1.2.Why Bacteria Make Biofilm

The formation of biofilms by bacteria is driven by the inherent instincsdorival and the perpetuation of
their species, akin to other living organisms. While biofilm formation leads decaleration in bacterial
reproduction, it offers a nutrient-abundant environment conducive to bactestiethance.

During biofilm formation, bacteria derive several advantages, as outlinedféssdaf(2004):

- Enhanced Defense: Biofilms exhibit increased resilience against physical fdteestjons in pH, oxygen
radicals, antibiotics, and phagocytic cells.

- Optimal Habitat: Biofilm-forming bacteria, possessing heightened resistance, can stratsgleatlgrowth
locations abundant in nutrients, ample water, sufficient oxygen, and optimal temggratu

- Communal Growth: Bacteria participating in biofilm formation cooperate to fostee optimal growth
compared to their free-living counterparts.

1.3.Biofilm Formation

Biofilm formation in bacteria involves a series of processes, commencing with ticéoselef a surface
for attachment and subsequent adaptation of the bacteria to both the anddiseassociated substances and
microorganisms. Following environmental adaptation, the bacterial colony undergogsvidlopment of a
protective biofilm structure, serving to shield itself and the collective colddgitionally, biofilms exhibit
mechanisms for polysaccharide degradation, facilitating nutrient consuniptiaells and releasing free
bacterial cells to mitigate populations during conditions of scarcity (Watnick & Kanen).

It is established that bacterial biofilms constitute organized communities with shared objectives,
collaborating for mutual benefit. Mature biofilms exhibit mobility and growth, altiseeking nutrients and
advantageous locations. This underscores the complexity of activities undegtakatuke biofilms to ensure
their sustained survival, extending beyond the basic adherence of bactésiabward nutrient-rich areas
characteristic of newly formed biofilms (Lewandowski & Bevenal, 2015).

1.4.The Role of Biofilms in Infectious Disease

The investigation and scrutiny of biofilms have a historical trajectory dating tbat&83, yet it wasn't
until the 1970s that these structures garnered substantial interest from medicalatoigisibi The pivotal
discovery of an association between persistent infections and biofilms in dgsbisid patients during this
period marked a turning point. Biofilms exert a notable influence on vacloasic infectious diseases due to
their heightened resistance to antibiotics and evasion of the body's immune cedlevédobiofilms have
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been implicated in contributing to the growth of cancer. This knowledgs begnificance in informing the
development of strategies for the care and treatment of infectious diseases (ValsitaD20).

2. TheInfluence of Electricity on Bacteria
2.1.Effects of Electricity on Bacteria and Biofilms

Electricity, as a physical agent, exerts inhibitory and bactericidal effects, offering anatifemeans to
combat bacteria that have developed increased resistance through biofilm forrBaposure to electric
current induces alterations in the shape and composition of biofilms, resalthng demise of bacterial cells
within the biofilm (Brinkman et al., 2016). The lethal impact of electric ciirom bacteria can be attributed
to several mechanisms. Electric current introduces thermal and electedfgsits, causing bacterial death
(Hasanah, 2020). Furthermore, electric fields elevate the transmembrane voltageteof bleading to
significant membrane damage and a bidirectional leakage of ions and proteinstelyitiocoéminating in
bacterial death (Bestari, 2015). Bacterial cell membranes are susceptible to daneeetrlmjty with a
current of less than 100A for 30 minutes (Krishnamurthi et al., 2020). The rise in bacterial intrdaellu
reactive oxygen species (ROS) also contributes to bacterial cell death duringrexposiectric current
(Brinkman et al., 2016). However, it is noteworthy that low voltage electricilfeabto biofilms, without the
concurrent use of antibiotics, does not significantly impact bacterial viability (Del Pozo2&04l),

Another facet of electricity's influence on biofilms involves the reductiomacferial biofilm mass when
subjected to electric current. This reduction occurs as the electric current facilitatetatteregnt of bacteria
and extracellular matrix from the biofilm structure. The application of electric duergrances electrostatic
forces between the surface and bacterial cells, thereby promoting the relbastené from the surface (Del
Pozo et al., 2009). Additionally, the applied electric current induces a potential difeierthe fluid
surrounding the biofilm, leading to the movement of iond providing an additional force that aids in
loosening the biofilm (Van Der Borden et al., 2004).

2.2.Determinants Affecting the Bactericidal Efficacy of Electricity

Factors influencing the bactericidal efficacy of electricity, as outlined by Del Pozd20@8), include:
1. Intensity of electric current: The potency of the electric current direatiglates with the augmentation of
electrical components, such as the generated field, thereby enhancing the effectfelectricity in
bactericidal actios.
2. Duration of electrical exposure: Prolonged exposure of bacteria to electricitytdeagightened damage
processes, such as an increase in transmembrane potential, resulting in agmdateof bacterial fatalities.

2.3.Determinants Affecting the Bactericidal Efficacy of Electricity
In previous research, findings indicated that the electrical current applied grahe of Klebsiella
pneumoniae bacteria could result in the bactericidal effect. In one experiment, Klebsiellapaewssposed

to a 10 mA electric current exhibited bacterial death, starting from a 30-minuisuvegperiod (Wijoyo et
al., 2023).
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3. Conclusion

In conclusion, this review provides a comprehensive examination of the intetatienship between low
voltage electricity and bacterial biofilms. The exploration encompasses the definitiochallehges of
biofilm formation, emphasizing its critical role in infectious diseases. The adapt#amtades, enhanced
defense mechanisms, and communal nature of biofilms are discussedic#&ligomtiny underscores the
significance of biofilms in medical microbiology, influencing disease cardraatment strategies.

Transitioning to the impact of electricity on bacteria, the review delves into the nieffexdd on biofilm
structure and bacterial cell death. The specific influence on Klebsiella pneumoniaéladiéghlighted.
Insights from determinants affecting the bactericidal efficacy of electricity offieralsle considerations for
optimizing parameters in antibacterial interventions. In summary, this review coesrimluable insights to
the dynamic interplay between low voltage electricity and bacterial biofilms, with potential implécédion
innovative healthcare strategies.
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