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Abstract

Quorum sensing (0S) is a mechanism by which bacteria communicate with each other to coordinate group behavior. One
important aspect of QS is the production and detection of diffusible signal factors (DSFs), which are small molecules that
can diffuse across bacterial membranes and trigger various responses. DSFs have been shown to play a crucial role in
regulating a wide range of biological processes, including biofilm formation, virulence, and antibiotic resistance. In recent
years, researchers have started to explore the potential of DSF’s in biocontrol applications, where they can be used to interfere
with the communication and coordination of pathogenic bacteria. This review discusses the role of DSFs in OS and how they
can be utilized to develop improved biocontrol techniques. We also discuss the various strategies that have been developed to
interfere with DSF-mediated QS, such as using DSF analogs or enzymes that degrade DSF's. We highlight some of the promising
applications of DSF’s in biocontrol, including their use as biocontrol agents as part of plant microbiomes. We argue that DSFs
represent a promising avenue for developing novel and effective biocontrol strategies that can help address some of the most

pressing challenges in agriculture and healthcare.
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Introduction

Quorum sensing (QS) is a mechanism of bacterial communication
and coordination, whereby bacteria produce and detect small
signaling molecules called autoinducers [1]. These autoinducers
can accumulate in the environment, and once a threshold
concentration is reached, they trigger a coordinated response
among the bacteria. This response can include changes in gene
expression, cell differentiation, and the production of virulence
factors or biofilms. QS plays a crucial role in bacterial behavior,
allowing bacteria to coordinate their activities and adapt to
changing environments. Understanding QS is important because
it provides insight into bacterial behavior and can be leveraged
to develop novel therapies, including antibiotics and biocontrol
agents.

QS is a widespread phenomenon among bacteria and is found in
both Gram-positive and Gram-negative bacteria. It is involved in
a variety of processes, such as pathogenesis, biofilm formation,
bioluminescence, and antibiotic production. QS is particularly
important in the context of pathogenesis, as many bacterial

pathogens rely on QS to coordinate their virulence and evade
the host immune system [2]. By targeting QS, it is possible to
disrupt bacterial behavior and reduce the severity of infections.
Additionally, QS has potential applications in biotechnology and
environmental monitoring. For example, QS can be used to detect
the presence of specific bacteria or toxins in the environment.

Diffusible signal factors (DSFs) are a class of signaling molecules
that are involved in QS in a variety of bacterial species [3]. DSFs
are small, diffusible molecules that are produced and detected by
bacteria to coordinate their behavior in response to changes in cell
density. DSFs are important in QS because they can modulate the
expression of genes involved in a variety of processes, including
virulence, biofilm formation, motility, and antibiotic resistance.
DSFs can also play a role in interspecies communication, allowing
different bacterial species to coordinate their activities and respond
to changes in their environment. DSFs have been identified in many
Gram-negative bacteria, including Pseudomonas aeruginosa,
Burkholderia cepacian, and Xanthomonas campestris [4]. DSFs
have also been identified in some Gram-positive bacteria, such
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as Bacillus subtilis. The diversity of DSFs and their role in
regulating bacterial behavior make them a promising target for the
development of novel therapies and biocontrol agents.

DSFs have been shown to play a role in bacterial communication
and coordination in a variety of contexts. For example, in
Pseudomonas aeruginosa, DSFs are involved in the regulation
of virulence and biofilm formation [5]. In Burkholderia
cepacian, DSFs are important for motility and pathogenesis [6].
In Xanthomonas campestris, DSFs are involved in regulating
virulence and motility [7]. DSFs have also been implicated in
interspecies communication between different bacterial species,
allowing for coordinated behavior between bacteria in mixed-
species communities. Due to their importance in regulating
bacterial behavior, DSFs have been studied as potential targets for
the development of novel antibiotics and biocontrol agents. By
disrupting DSF-mediated QS, it may be possible to interfere with
bacterial communication and coordination, preventing pathogenic
bacteria from causing disease or promoting the growth of beneficial
bacteria in microbiomes [8]. The study of DSFs and their role in
QS is an active area of research, with the potential to lead to novel
therapies and strategies for the control of bacterial infections and
the promotion of beneficial bacterial communities.

DSFs have shown promise in improving biocontrol techniques,
which are methods of using beneficial microorganisms to control
the growth and activity of pathogenic or undesirable bacteria in
various settings. By leveraging DSFs and their role in bacterial
communication and coordination, it may be possible to develop
more effective biocontrol agents and strategies. One potential
application of DSFs in biocontrol is in the development of microbial
inoculants. Microbial inoculants are mixtures of beneficial
microorganisms that can be used to promote plant growth, protect
against pathogens, and improve soil health [9]. By incorporating
DSFs into these inoculants, it may be possible to improve their
efficacy by enhancing the ability of the microorganisms to
communicate and coordinate their activities.

DSFs may also be useful in controlling biofilm formation, which
is a key factor in the virulence and persistence of many pathogenic
bacteria [10]. By disrupting DSF-mediated communication, it
may be possible to prevent the formation of biofilms, reducing the
ability of pathogenic bacteria to cause disease. DSFs may be useful
in the development of novel antibiotics. By targeting DSFs and
their role in bacterial communication and coordination, it may be
possible to disrupt bacterial behavior and prevent the development
of antibiotic resistance. The potential of DSFs in improving
biocontrol techniques is an exciting area of research, with the
potential to lead to more effective and sustainable approaches to
controlling bacterial infections and promoting beneficial microbial
communities [11].

The use of DSFs in biocontrol techniques is an area of research
that is rapidly evolving. Researchers are exploring different ways
to harness the potential of DSFs, including identifying new DSFs,
characterizing their signaling pathways, and developing methods

to interfere with or manipulate their activity [12]. One approach
that has shown promise is the use of synthetic DSFs as biocontrol
agents. Synthetic DSFs are structurally similar to natural DSFs
but are designed to be more stable and specific in their activity.
By incorporating synthetic DSFs into biocontrol agents, it may
be possible to improve their efficacy and specificity, allowing for
more targeted control of pathogenic bacteria.

Another approach that is being explored is the use of DSFs in
combination with other biocontrol agents. For example, DSFs
may be used in conjunction with bacteriophages or antibiotics to
enhance their activity and reduce the development of resistance
[13]. The study of DSFs in the context of biocontrol may also
lead to a better understanding of bacterial communication and
coordination in general. By elucidating the mechanisms underlying
DSF-mediated QS, it may be possible to identify new targets for
the development of novel therapies and strategies for controlling
bacterial infections. The potential of DSFs in improving biocontrol
techniques is an exciting area of research that is likely to have
a significant impact on the development of novel approaches to
controlling bacterial infections and promoting beneficial microbial
communities.

1. DSFs in QS

Diffusible signal factors (DSFs) are a family of fatty acids
that are produced by a variety of Gram-negative bacteria,
including Pseudomonas aeruginosa, Burkholderia cepacia,
and Xanthomonas campestris. DSFs are characterized by a
cis-2-unsaturated fatty acid chain, typically containing 12 or
14 carbons, and a terminal carboxyl group [14]. The specific
chemical structure of DSFs can vary between bacterial species,
with different species producing different types of DSFs. The
biosynthesis of DSFs typically involves a multi-step process that
starts with the production of a long-chain fatty acid precursor, such
as palmitic acid or oleic acid. This precursor is then converted into
a cis-2-unsaturated fatty acid by a dedicated fatty acid desaturase
enzyme. The unsaturated fatty acid is then modified by a series
of additional enzymes to produce the final DSF molecule. The
precise biosynthetic pathways of DSFs can vary between bacterial
species and are not yet fully understood in many cases. However,
the identification of key enzymes involved in DSF biosynthesis has
facilitated the development of new methods for manipulating DSF
production and activity, with potential applications in biocontrol
and other areas [15-16].

DSFs, or diffusible signal factors, are signaling molecules that play
a key role in quorum sensing, which is the process of bacterial
communication based on cell density. DSFs can be used in a
variety of applications, including improving biocontrol techniques
by enhancing the ability of beneficial bacteria to compete with
harmful pathogens. However, the detection of DSFs is also
important in identifying and mitigating the negative effects of
bacterial quorum sensing, such as the expression of virulence
factors in pathogenic bacteria [17-18]. Detection mechanisms for
DSFs include forensic analysis, machine learning, and metadata
analysis. Machine learning can be used to train algorithms to
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identify DSFs based on patterns in the data. These detection
mechanisms can help researchers to identify and mitigate the
effects of DSFs and develop new applications for this important
signaling molecule.

In the context of DSFs and quorum sensing, detection mechanisms
are critical for identifying and understanding the behavior of
bacterial populations [19]. Quorum sensing plays a crucial role
in bacterial communication and behavior, including virulence,
biofilm formation, and antibiotic resistance. By detecting and
analyzing DSFs, researchers can gain insights into how bacteria
communicate and coordinate their behavior and develop new
strategies for controlling and manipulating bacterial populations.
DSFs, or diffusible signal factors, play a crucial role in regulating
bacterial behavior, including biofilm formation, virulence, and
antibiotic resistance. DSFs are signaling molecules that bacteria
use to communicate with each other, allowing them to coordinate
their behavior based on cell density [20]. One of the key roles of
DSFs is in regulating biofilm formation. Biofilms are complex
communities of bacteria that form on surfaces and can be difficult
to remove. DSFs are involved in the early stages of biofilm
formation, by stimulating the attachment of bacteria to surfaces and
promoting the expression of genes involved in biofilm formation.

DSFs also play a role in regulating virulence, or the ability of
bacteria to cause disease. Bacteria can use DSFs to coordinate
the expression of virulence factors, such as toxins or adhesins,
that allow them to infect and damage host cells. By disrupting
the signaling pathways involved in quorum sensing, it may be
possible to inhibit the expression of virulence factors and reduce
the severity of bacterial infections. DSFs are also involved in
regulating antibiotic resistance. Bacteria can use quorum sensing to
coordinate the expression of genes involved in antibiotic resistance,
allowing them to protect themselves against antimicrobial agents
[21]. By disrupting quorum sensing and the expression of these
resistance genes, it may be possible to increase the effectiveness
of antibiotics and reduce the emergence of antibiotic-resistant
bacteria. DSFs are important signaling molecules that play a
crucial role in regulating bacterial behavior. By understanding the
mechanisms of quorum sensing and the role of DSFs in bacterial
communication, researchers may be able to develop new strategies
for controlling and manipulating bacterial populations, including
the development of new antibiotics, biocontrol agents, and other
therapeutic interventions [22].

In addition to their roles in biofilm formation, virulence, and
antibiotic resistance, DSFs are also involved in a range of other
bacterial behaviors. For example, DSFs have been shown to
regulate the expression of genes involved in motility, allowing
bacteria to move towards or away from certain stimuli [23]. DSFs
can also play a role in bacterial competition, by allowing bacteria

to recognize and respond to the presence of other bacteria in their
environment. In some cases, bacteria may use DSFs to inhibit the
growth or virulence of competing bacterial species, or to promote
the growth of beneficial bacteria that can aid in their survival.

Furthermore, DSFs can be used in the development of new
biocontrol agents that can help to prevent the growth of harmful
bacteria [24]. For example, researchers have explored the use of
DSFs produced by beneficial bacteria to inhibit the growth of plant
pathogens, helping to protect crops from disease. DSFs are versatile
signaling molecules that play a critical role in regulating bacterial
behavior. By understanding the mechanisms of quorum sensing
and the role of DSFs in bacterial communication, researchers can
develop new strategies for controlling and manipulating bacterial
populations, leading to the development of new therapies for a
range of bacterial infections and other diseases.

2. Interference with DSF-mediated QS

Interfering with DSF-mediated quorum sensing can be a promising
strategy for controlling and manipulating bacterial populations, as
it can disrupt the communication pathways that bacteria use to
coordinate their behavior. There are several strategies that have
been explored for interfering with DSF-mediated quorum sensing,
including the use of DSF analogs and enzymes that degrade
DSFs. One approach is to use DSF analogs, which are synthetic
molecules that mimic the structure and function of natural DSFs.
These analogs can interfere with quorum sensing by competing
with natural DSFs for binding to receptors or by blocking the
signaling pathways that are involved in quorum sensing. For
example, researchers have developed DSF analogs that can inhibit
biofilm formation or the expression of virulence factors in bacterial
populations [25-26].

Another strategy is to use enzymes that can degrade DSFs, such
as lactonases or oxidases [27]. These enzymes can break down
DSFs into inactive or less effective forms, preventing them from
binding to receptors or activating downstream signaling pathways.
Enzymes that degrade DSFs have been shown to reduce biofilm
formation and virulence in a range of bacterial species, including
Pseudomonas aeruginosa and Staphylococcus aureus. In addition
to these approaches, other strategies have been explored for
interfering with DSF-mediated quorum sensing, including the
use of antibodies that can neutralize DSFs or the development of
compounds that can inhibit the production or secretion of DSFs
by bacteria [28]. Interfering with DSF-mediated quorum sensing
can be a promising strategy for controlling and manipulating
bacterial populations. By disrupting the communication pathways
that bacteria use to coordinate their behavior, it may be possible
to reduce the severity of bacterial infections or to develop new
approaches for preventing the growth of harmful bacteria.
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Strategy Benefits Limitations Reference
DSF analogs Mimic natural DSFs to interfere May not be specific to targeted He et al., 2022; Whitehead et al.,
with quorum sensing, can be bacterial species or strains, 2001
designed to be specific to certain unintended effects on other signaling
bacterial species or strains pathways or cellular processes
Enzymes that Break down DSFs to prevent Potential for limited stability or Sikdar and Elias, 2020; Lee et al.,
degrade DSFs their binding to receptors or specificity, some bacterial species 2018
activation of downstream signaling | can produce alternative signaling
pathways, can be specific to molecules or compensate for the loss
certain bacterial species or strains | of DSFs, potential for resistance to
develop

Table 1: Benefits and limitations of strategies.

While the use of DSF analogs and enzymes that degrade DSFs are
promising strategies for interfering with DSF-mediated quorum
sensing, there are some potential limitations and challenges
associated with these approaches (Table 1). One limitation of using
DSF analogs is that they may not be specific to the bacterial species
or strains that are being targeted. In some cases, DSF analogs
may also have unintended effects on other signaling pathways or
cellular processes, which could limit their effectiveness or lead to
unwanted side effects [29].

Enzymes that degrade DSFs also face challenges, such as the
potential for limited stability or specificity. Some bacterial species
may also be able to produce alternative signaling molecules or to
compensate for the loss of DSFs, making it difficult to completely
disrupt quorum sensing using this approach [30]. Furthermore, the
development of resistance to these strategies is also a potential
concern. Bacteria can evolve mechanisms to bypass or overcome
the effects of DSF analogs or enzymes that degrade DSFs, which
could limit the long-term effectiveness of these approaches.
Despite these challenges, interfering with DSF-mediated quorum
sensing remains an active area of research, and new strategies
are continually being explored [31]. By understanding the
mechanisms of quorum sensing and the roles of DSFs in bacterial
behavior, researchers may be able to develop new approaches for
controlling and manipulating bacterial populations, leading to the
development of new therapies and biocontrol agents for a range of
bacterial infections and other diseases.

3. DSFs in biocontrol

DSFs have shown promising potential as biocontrol agents
to interfere with pathogenic bacteria's communication and
coordination mechanisms. By disrupting quorum sensing and the
regulation of bacterial behavior, DSFs can inhibit the formation of
virulence factors, biofilms, and other mechanisms that contribute
to bacterial pathogenesis and antibiotic resistance. One advantage
of using DSFs as biocontrol agents is their potential specificity and
selectivity for certain bacterial species or strains [32]. DSFs can be
engineered or synthesized to target specific receptors or pathways
in pathogenic bacteria, which may help to minimize unintended
effects on non-pathogenic or beneficial bacteria. Additionally,
because DSFs are natural compounds produced by bacteria,
they may have a lower risk of toxicity or other safety concerns
compared to some synthetic or chemical-based biocontrol agents.

However, there are also some potential limitations and challenges
associated with using DSFs as biocontrol agents. For example,
the effectiveness of DSFs may depend on the bacterial species or
strains being targeted, and some bacteria may be able to develop
resistance to DSFs over time. Additionally, the production and
delivery of DSFs at the necessary concentrations and in the
appropriate contexts may be difficult, particularly in complex
bacterial communities or in vivo settings [33]. Despite these
challenges, the use of DSFs as biocontrol agents is an active area of
research, and new approaches and strategies are continually being
explored. By gaining a deeper understanding of the mechanisms
of quorum sensing and the roles of DSFs in regulating bacterial
behavior, researchers may be able to develop new and more
effective biocontrol agents for a range of bacterial infections and
other diseases [34].

Another potential benefit of using DSFs as biocontrol agents is
their ability to disrupt biofilm formation. Biofilms are communities
of bacteria that adhere to surfaces and are encased in a matrix of
extracellular polymeric substances. Biofilms can protect bacteria
from antibiotics and other environmental stresses, making them
more difficult to treat and eradicate. DSFs have been shown to
inhibit biofilm formation and promote the dispersal of existing
biofilms in a variety of bacterial species, including Pseudomonas
aeruginosa and Staphylococcus. DSFs can interfere with the
quorum sensing mechanisms that regulate the production of
biofilm matrix components and the formation of mature biofilms,
preventing bacteria from establishing a protective community [35-
37].

Additionally, because biofilms can play a key role in the
development of chronic infections, disrupting biofilm formation
with DSFs may have important clinical applications [38]. For
example, DSFs could be used in combination with antibiotics to
treat chronic infections that are difficult to eradicate due to the
presence of biofilms. However, as with any biocontrol agent, there
are potential limitations and challenges associated with using DSFs
to disrupt biofilm formation [39]. For example, the effectiveness
of DSFs may depend on the specific bacterial species or strains
being targeted, and different mechanisms may be involved in
biofilm formation in different bacteria. Additionally, it may be
difficult to deliver DSFs to the appropriate location within the
body or in complex bacterial communities, which could limit their
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effectiveness. Despite these challenges, the potential benefits of
using DSFs as biocontrol agents to disrupt biofilm formation and
other quorum sensing mechanisms are significant [40]. Continued
research in this area could lead to the development of new and
more effective strategies for treating bacterial infections and
reducing the development of antibiotic resistance.

In addition to their potential as biocontrol agents against bacterial
pathogens, DSFs have also been studied for their potential use
in protecting plants against pathogenic bacteria [41]. Plant-
associated bacteria often use quorum sensing to regulate their
behavior and coordinate their interactions with host plants, and
DSFs produced by these bacteria can play important roles in these
processes. Studies have shown that DSFs produced by beneficial
plant-associated bacteria can stimulate plant growth and enhance
plant resistance to pathogenic bacteria [42]. For example, DSFs
produced by the plant growth-promoting bacterium Rhizobium
radiobacter have been shown to increase plant growth and reduce
susceptibility to the pathogen Erwinia carotovora in tomato plants
[43].

In addition to promoting plant growth and resistance, DSFs have
also been investigated for their potential to interfere with quorum
sensing and virulence in plant pathogens. For example, DSFs
produced by the pathogen Xanthomonas campestris have been
shown to regulate the expression of virulence factors and the
formation of biofilms and disrupting these processes with DSF
analogs can reduce the pathogen's virulence [44]. However, there
are also some potential challenges and limitations associated with
using DSFs in plant microbiomes. One major challenge is the
complexity of plant-associated microbial communities, which can
include a diverse range of bacteria and other microorganisms that
interact with each other and with the plant host. The effectiveness
of DSFs may depend on the specific bacterial species and strains
present in these communities, as well as other environmental
factors. Additionally, the production and delivery of DSFs to the
appropriate location within the plant microbiome may be difficult,
particularly in the context of complex and dynamic microbial
communities [45]. Further research is needed to fully evaluate the
potential of DSFs as biocontrol agents in plant microbiomes, and
to develop effective strategies for their use in this context.

Despite these challenges, the potential benefits of using DSFs in
plant microbiomes are significant. By targeting quorum sensing
and virulence in pathogenic bacteria, DSFs could provide a new
approach to controlling plant diseases that complements traditional
chemical and biological control methods [47]. In addition, because
DSFs are natural compounds produced by bacteria, they may be
more environmentally friendly and sustainable than some other
control methods. Moreover, DSFs could also promote plant
growth and health by stimulating beneficial interactions with
plant-associated bacteria. For example, DSFs produced by some
beneficial bacteria have been shown to enhance plant growth
and nutrient uptake, and to increase plant resistance to pathogens
and other stresses. The use of DSFs in plant microbiomes is a
promising area of research with significant potential for improving

crop production and reducing the use of conventional pesticides
[48]. However, further studies are needed to fully understand the
mechanisms involved in DSF-mediated interactions between plants
and bacteria, as well as the potential benefits and limitations of
using DSFs as biocontrol agents in different agricultural contexts.

In addition to their potential as biocontrol agents, DSFs have also
been studied as a novel approach for developing new antibiotics
that target bacterial communication networks. By interfering with
quorum sensing and other communication pathways, DSF-based
compounds could disrupt bacterial coordination and prevent the
formation of virulent biofilms. One approach to developing DSF-
based antibiotics is to use analogs of natural DSFs that can mimic
the signaling molecules used by bacteria. These analogs can be
designed to block or activate specific pathways involved in quorum
sensing and virulence regulation, thereby interfering with bacterial
communication and behavior.

Another approach is to use enzymes that degrade DSFs and other
signaling molecules, which can disrupt bacterial communication
and interfere with biofilm formation and virulence. Enzymes that
degrade DSFs have been identified in some bacterial species, and
researchers are investigating their potential as therapeutic agents
for treating bacterial infections. One potential advantage of using
DSF-based antibiotics is that they may be less likely to promote
the development of antibiotic-resistant bacteria than traditional
antibiotics, which target specific bacterial structures or metabolic
pathways. By targeting communication networks, DSF-based
antibiotics could interfere with multiple pathways involved in
bacterial virulence and coordination, making it more difficult for
bacteria to evolve resistance.

However, there are also some potential challenges associated with
the development of DSF-based antibiotics. One major challenge
is the complexity of bacterial communication networks and the
potential for unintended effects on beneficial bacteria or other
microorganisms. Careful testing and optimization of DSF-based
compounds will be necessary to ensure their safety and effectiveness
in clinical settings. The development of DSF-based antibiotics
represents a promising new approach to combatting bacterial
infections and reducing the spread of antibiotic resistance. Further
research is needed to fully understand the potential benefits and
limitations of this approach, and to develop effective strategies for
using DSFs and other signaling molecules as therapeutic agents.

One potential advantage of using DSF-based antibiotics is that they
could target bacterial populations in a way that is less selective for
individual strains or species, and therefore less likely to promote
the emergence of resistance. By disrupting communication
networks, DSF-based antibiotics could interfere with the ability
of bacteria to coordinate their behavior and mount a coordinated
response to antibiotics, making it more difficult for resistant strains
to emerge. Moreover, DSF-based antibiotics could potentially
be used in combination with other antibiotics to enhance their
effectiveness and reduce the risk of resistance. For example, by
targeting biofilm formation and other virulence factors, DSF-
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based compounds could weaken bacterial populations and make
them more vulnerable to traditional antibiotics.

However, there are also some potential limitations and challenges
associated with the development of DSF-based antibiotics. For
example, there is still much to be learned about the structure and
function of DSFs and other signaling molecules, and their effects on
different bacterial populations and ecological contexts. Moreover,
the use of DSF-based antibiotics may raise ethical and regulatory
concerns, particularly if they are developed using genetically
modified bacteria or other novel biotechnological approaches.
Despite these challenges, the potential benefits of using DSFs as a
basis for developing new antibiotics are significant, particularly in
light of the growing threat of antibiotic resistance and the need for
new approaches to combating bacterial infections. As research into
the mechanisms of bacterial communication and the role of DSFs
in quorum sensing continues to advance, it is likely that we will
see further developments in this exciting area of biotechnology
and medicine.

Conclusion

The role of DSFs in QS has been extensively studied over the past
few decades. As a result, we now have a much better understanding
of the chemical structure, biosynthesis, and detection mechanisms
of DSFs. This knowledge has opened up new opportunities for
developing innovative biocontrol strategies that leverage the
natural communication and coordination mechanisms of bacteria.
By interfering with DSF-mediated QS, we can disrupt the group
behavior of pathogenic bacteria, thereby reducing their virulence
and antibiotic resistance. The potential of DSFs in biocontrol is
enormous. DSFs can be used as biocontrol agents or as part of
plant microbiomes to protect against plant pathogens. They
can also be used to develop new antibiotics that target bacterial
communication networks. In addition, DSFs can be used to
engineer bacterial strains that have enhanced biocontrol properties.
DSFs represent a promising avenue for developing novel and
effective biocontrol strategies that can help address some of the
most pressing challenges in agriculture and healthcare. However,
further research is needed to fully realize the potential of DSFs in
biocontrol. We need to develop more precise methods for detecting
and quantifying DSFs in complex environments, and we need to
explore the ecological and evolutionary implications of interfering
with QS networks. Nonetheless, the potential benefits of DSFs
in biocontrol make this an exciting and rapidly growing field of
research [48-52].
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