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Abstract

Quorum sensing (QS) is a type of cell-to-cell communication that is influenced by an increase in
signaling molecules known as autoinducers, which is correlated to the increase in the density of
microbial communities. In this review, we aim to discuss and provide updates on the different signaling
molecules used by Escherichia coli, such as acyl-homoserine lactone (AHL), autoinducer-2 (Al-2), and
indole to influence key phenotypes such as antibiotic drug resistance, biofilm formation, and motility
during quorum sensing. Based on the literature, E. coli signaling molecules have different functions
during cell-to-cell communication such that the increase in AHL and indole was found to cause the
modulation of antibiotic resistance and inhibition of biofilm formation and motility. Meanwhile, Al-2
is known to modulate biofilm formation, antibiotic resistance, and motility. On the other hand, in the
existing literature, we found that various plants possess phytochemicals that can be used to alter QS
and its downstream key phenotypes such as biofilm formation, swimming and swarming motility, and
genes related to motility, curli and Al-2 production. However, the exact physiological and molecular
mechanisms of these natural compounds are still understudied. Understanding the mechanisms of
those phytochemicals during QS are therefore highly recommended to conduct as a necessary step
for future scholars to develop drugs that target the actions of QS-signaling molecules and receptors
linked to antibiotic resistance, biofilm formation, and motility without putting bacteria under stress,
thereby preventing the development of drug resistance.
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INTRODUCTION

Bacteria communicate with one another
when they experience various stresses from their
environment including the presence of antibiotics
and competitors. One of the mechanisms used
for bacterial cell-to-cell communication during
these stress conditions is termed quorum sensing
(QS), which involves the production, release,
and reception of signaling molecules called
autoinducers (Als).This process is activated by the
increase of cell density population and composition
of the microbial community in the environment
that is correlated to the increase in Als.® The
Als are used in interspecies and intraspecies
communication which act as ligands that will attach
to their specific receptor.>*® Once the autoinducer
reaches a certain threshold concentration,
bacteria within the population or community
modify gene expression and adopt coordinated
behaviors such as swimming and swarming
motility, conjugal plasmid transfer, antibiotic drug
resistance, biofilm formation, bioluminescence,
secondary metabolite production, symbiosis, and
virulence.?71°

The aim of this review is to discuss and
provide some updates on the different signaling
molecules such as AHL, Al-2 and indole that are
used by E. coli during quorum sensing in regulating
key phenotypes such as antibiotic drug resistance,
biofilm formation, and motility. Knowing the
physiological roles of these chemical molecules,
these can be used as signals for the attenuation
of gene expression in antibiotic resistance, biofilm
formation, and motility of pathogenic microbes
like E. coli. Similarly, this article reported plant
metabolites that can alter several phenotypic
features during QS in E. coli.

E. coli uses Signaling Molecules During QS to
Regulate Biofilm Formation, Motility and Drug
Resistance

Similar to other bacteria, E. coli secretes
and/or uses signaling molecules to express different
phenotypic keys during stress conditions.*
Biofilm formation, motility, and drug resistance
are examples of key phenotypes in E. coli that
are affected once quorum sensing is activated
through the detection of signaling molecules,
including autoinducer-2 (Al-2) and indole from

the environment during stress conditions, for
instance, the presence of antibiotics. However,
not all signaling molecules are synthesized by E.
coli, like AHL, but rather they use sensors to detect
signaling molecule from their environment that is
secreted by other bacteria.’?

Acyl-homoserine Lactone (AHL)

In Gram-negative bacteria, acyl-
homoserine lactone (AHL) is one of the essential
signaling molecules that is used for QS*. It is made
up of a homoserine lactone ring with an attached
amide group and variably structured saturated
or unsaturated acyl side chain R group, generally
between 4 and 18 carbons.“'*!3 This signaling
molecule is produced during the exponential
growth stage! and peaks at the stationary growth
phase and degrades after this stage.!* Based on the
study, it is not synthesized by E. coli due to the lack
of AHL synthase encoding gene (/ux/) that produces
this chemical signal.*>'” However, it can be sensed
and intercepted using a receptor-like protein called
suppressor of cell division inhibition (sdiA).!>7.18
The sdiA is made up of 240 amino acids and is
known to belong in the LuxR family (transcriptional
regulator) and is used to induce the genes ftsQAZ
responsible for bacterial cell division.*. Since
E. coli cannot synthesize AHLs, SdiA (a LuxR
homolog)® is used for the eavesdropping of this
chemical signal which results in interspecies
communication by means of using this protein
to sense AHL which is secreted and released by
other bacteria. As a result, certain key phenotypes
are being controlled like antibiotic resistance
but inhibited motility and biofilm formation
(Figure 1A).1920

Lee et al*® demonstrated that the
exogenous AHL can be sensed by the E. coli
through SdiA to regulate the gene expression for
biofilm formation. They found out that deletion
of the gene responsible for the expression of
SdiA through protein engineering affects biofilm
formation. It was observed that the formation
of biofilm in mutant strains increase seven-fold
after the additions of N-octanoyl-DL-homoserine
lactone and N-(3-oxododecatanoyl)-L-homoserine
lactone compared to the wildtype strain. This
result was supported and elaborated by Culler
and his colleagues wherein a thicker extracellular
matrix was observed in the mutant strain (E. coli
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HFCO1) without sdiA as compared to the wild-type
(E. coli ONT:H25) and complemented strain (E. coli
HFCO2) with a thinner biofilm. The transcription
of genes (bcsA, csgA, csgDb, fliC, and fimA) related
to biofilm formation is also reduced in the wild-
type upon addition of AHLs (30-C6-DL-HSL and
C8-DL-HSL) compared to the mutant strain with
a significant increase in the gene expression,
particularly in csgD and csgA.*® This suggests that
SdiA is a stress sensor that is inhibited to promote
biofilm formation during stress conditions.?**
Motility is one of the important factors
during initial adhesion, a first step involved in
biofilm formation. It requires the presence of
flagella which helps E. colito move into the surface
area. However, as the process approaches the
initial development of biofilm, the formation of
flagella is repressed to make the E. coli sessile
through adhesion to the surface.?? To determine
the role of sdiA in E. coli motility, various studies
were previously conducted. Using gRT-PCR, it was
found that gene-related to motility has a 2-fold
increase in the mutant (E. coli HFCO1) with the
deleted gene for sdiA compared to the wild-type
(E. coli ONT:H25) and complemented strain (E. coli
HFCO2).” It indicates that the deletion of gene
encoded by sdiA leads to the increase in flagellar
activity responsible for motility. This is similar
to the finding obtained by Sharma et al. as they
produced an enterohemorrhagic E. coli (EHEC)
mutant strain lacking sdiA. Using soft-agar motility
plates, they observed that the mutant strain
motility was increased by about 30% compared
to the parental strain suggesting that SdiA has
a negative effect on EHEC motility. The deletion
of the sdiA gene in the mutant strain causes an
increase in the gene expression of fliC, which
encodes for motility.”® Therefore, the deletion of
sdiA is an advantage to E. coli since it enhances the
flagellar activity of this bacteria, which is required
during the initial adhesion of biofilm formation.
Aside from biofilm formation and motility,
the sdiA is also involved in antibiotic resistance.
Antimicrobial resistance has emerged as a
global concern to public health systems across
the world. Members of the Enterobacteriaceae
family, notably E. coli, are among the bacteria
that pose the biggest threat to human health
due to antibiotic resistance.? This mechanism is
made possible due to the expression of various

efflux pumps. Based on the previous report, SdiA
is a positive regulator that manages the cell’s
internal environment by eliminating antimicrobial
drugs.?*?” For instance, the acrAB, acrD, acrEF
are examples of efflux pumps that belong to
the resistance-nodulation-division (RND) family
transporters which are responsible for the
extrusion of antimicrobial agents and serve as a
vital determinant of multidrug resistance in Gram-
negative bacteria like E. coli.?® The study revealed
that the overexpression of acrD, together with
acrAB and/or acrEF, could increase the resistance
level of E. coli LomEF and E. coli CazE11, which
are previously susceptible strains to lomefloxacin
(fluoroquinolone) and ceftazidime (B-lactam),
respectively.?’ The role of acrAB for bacterial drug
resistance conforms with the result obtained
by Rahmati and colleagues.?® They found that
the overexpression of sdiA positively affects the
expression of acrAB transporter which results in
an increase in resistance level. However, the sdiA
mutant strain (lack of sdiA gene) is hypersensitive
to drugs due to decreased levels of AcrB protein.
Furthermore, Chetri et al.?® demonstrated the role
of efflux pumps in E. coli during carbapenem stress.
Based on the results, the highest overexpression
of AcrA, AcrB, AcrD, and AcrR genes was observed
against ertapenem, imipenem, ertapenem, and
meropenem, respectively. Hence, it suggests that
sdiA plays an important role in the multidrug
resistance of bacteria through positive regulations
of these genes for the extrusion of antibiotics. On
the contrary, since sdiA is a positive regulator of
acrAB protein when the gene for the expression of
sdiA is deleted, the AHL will not be sensed hence
the E. coli will become sensitive to antibiotics.

Autoinducer-2

Autoinducer-2 is a borate diester-derived
organic anion3® that was first discovered to
produce and induce the bioluminescence activity
of Vibrio harveyi. Based on the study, LuxS is a
synthase that produces Al-23%%2 that is capable
of being detected by both Gram-positive and
Gram-negative bacterial species receptors during
quorum sensing. Thus, this universal signaling
molecule can be used for intraspecies and
interspecies communication.’*%335 |n E, coli, Al-2
peaks at the mid-to-late exponential phase and
rapidly decreases during entry into the stationary
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phase.b It is encoded by the LuxS gene”® and is
transported out of the cell via a transporter called
guorum sensing-A (Tgsa).? During QS, when the
Al-2 reaches a particular threshold level, it passes
through the complex transmembrane protein
(LsrACBD) and is then phosphorylated by LsrK
(a cognate signal kinase). The phosphorylated
Al-2 will then bind to LsrR (a repressor protein)
and eventually affects the gene expression of
various density-dependent key phenotypes* such
as antibiotic resistance, biofilm formation, and
motility (Figure 1B).38%°

Al-2 production is beneficial for the
survival of E. coli once exposed to environmental
pressure, for instance, exposure to antibiotics.
When an E. coli ECDCM1 (an isolate from a dairy
cow that suffered from mastitis) is treated with
ampicillin, oxacillin, penicillin, and an exogenous
Al-2, the survival increases compared to control
strain that is exposed to antibiotics alone. This
result indicates that Al-2 is used by E. coli to
upregulate genes for drug resistance through
the LuxS receptor. It also implies that the long-
term exposure of the bacteria to antibiotics
may force them to develop a better survival
strategy.*®* Moreover, an experiment conducted
by Kaur et al.** demonstrated the role of Al-2 in
antibiotic resistance. They found out that after
the complementation of the /uxS gene to the E.
coli with deleted gene encoding Al-2, a reduction
in MIC was observed and this can be explained
by the downregulation of efflux pump genes.
Aside from this gene, IsrR also plays a vital role in
antibiotic resistance. The deletion of this gene in
avian pathogenic E. coli (APEC) upregulates the
mdtH which encodes for the mdtH transporter,
an efflux pump belonging to the major facilitator
superfamily (MFS) family which is known as one
of the classifications of multidrug resistance
transporters. Once the gene is upregulated, it can
cause an increase in resistance to quinolone and
tetracycline. However, the overexpression of the
IsrR can cause an increase in susceptibility to these
classes of antibiotics. Therefore, these results
indicate the IsrR affects the activity of mdtH by
direct binding to its promoter region which can
cause its ability to either increase or decrease
antibiotic resistance.*

Al-2 controls the group behavior of
E. coli like motility and biofilm formation. The

swimming motility of E. coli is mediated by the
flagella. This process is involved during the initial
cell attachment of biofilm formation, as well as
in the virulence of E. coli. To determine the role
of Al-2 in the motility of E. coli, a motility assay
was performed. Based on the study, the addition
of 1 uM concentration of Al-2 did not induce the
response of EHEC (Enterohemorrhagic E. coli).
However, with the addition of 100 uM of Al-2,
the swimming motility of the EHEC evoked a
1.3-fold increase.*® The expression of this
phenotypic key could help enhance the biofilm
formation of E. coli. Any increase in swimming
motility could potentially promote the formation
of biofilm.*? This result corroborated and further
explained with the findings of Gonzales Barrios
and his colleagues that Al-2 is directly involved in
biofilm formation. The deletion of the /uxS affects
the biofilm formation of E. coli BW25113 AluxS
(a mutant strain). It was found out that in the
absence of Al-2, a 50% reduction in biofilm was
observed in this strain compared to the wildtype.
However, after the complementation of /uxS, a
restoration of bacterial biofilm was observed.
This result confirms that Al-2 is synthesized by
the luxS genes. To determine how Al-2 stimulates
biofilm formation in E. coli, the addition of Al-2
was performed and probed if this can affect the
transcription of genes for motility. Based on their
findings, Al-2 positively induces gseB which results
in the transcription of other genes related to
motility such as flhD, fliA, fliC, and motA.*® Hence,
the inhibition of the Al-2 formation is essential to
mask antibiotic resistance, biofilm formation, and
motility of bacteria.

Indole

Indole is a heterocyclic aromatic
compound that is composed of a pyrrole ring
fused with a benzene ring.** It is produced in large
quantities by 85 species of bacteria including both
Gram-positive and Gram-negative bacteria® and
is known to be exported by the AcrEF pump.*®
This molecule is a catabolic product formed from
tryptophan with the help of an enzyme called
tryptophanase, which is encoded by the tnaA
gene. As tnaA encodes tryptophanase, indole
signaling enhances the production of indole
itself. Along with this, pyruvate and succinate are
also produced which are encoded by astD and
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gabT genes, respectively (Figure 1C).*®*” During
exponential growth of E. coli, the production
of indole is low but as the stationary phase
approaches, synthesis increases.* In E. coli, the
production of indole has gained attention due to its
effects on the expression of bacterial phenotypic
keys such as antibiotic resistance, motility, and
biofilm formation (Figure 1D).%*4°

Antibiotic drug resistance of E. coli is
also affected by indole production. This quorum
sensing-like signal molecule was found responsible
for the formation of persister cells (cells that
undergo a dormant state when antibiotic is
present) through transporter activation.*” Based
on the previous study, highly resistant bacteria
produced indole to help other less resistant
bacteria within the population to survive when
there is a presence of antibiotics. Upon checking
the transcriptional profile, it was found that multi-
drug efflux pumps such as mdtEs are upregulated

due to the production of indole.*® The formation
of a persister cell when an antibiotic is present is
supported by the recent finding observed in Zarkan
and his colleagues. The group demonstrated
that indole pulse signaling (5 mM) is responsible
for the formation of persister cells, specifically
when fluoroquinolones antibiotics are applied,
rather than persistent signaling (0.5 mM). As they
applied pulse and persistent signals, a significant
difference was observed between mutant E. coli
(without gene encoding tryptophanase) treated
with and without 5 mM pulse of indole. Aside
from that, the bacterial activity of nalidixic acid,
levofloxacin, and moxifloxacin is reduced as
shown by the increase in the number of persister
cells upon the external addition of pulse signal.
Hence, it can be concluded that pulse dependent
mechanism of the persister cells helps to overcome
the antibiotics, particularly the fluoroquinolone,
which is known to target the GyrA subunit of DNA
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Figure 1. Action mechanisms of AHL, Al-2, and indole during quorum sensing in E. coli. A: As AHL binds to SdiA, it
will cause inhibition of motility and biofilm formation but promotes antibiotic resistance. B: Al-2 is phosphorylated
by LsrK after passing through the LsrABCD transporter complex. The phosphorylated Al-2 will subsequently bind
to the repressor protein, LsrR, causing biofilm formation, motility, and antibiotic resistance genes to be triggered
and expressed. C: Indole synthesis. The tnaA gene from the chromosomal DNA expresses tryptophanase which
serves as a catabolic enzyme for the catabolism of tryptophan into indole, ammonia, and pyruvate. D: As indole
(intracellular signal) binds to the sensor kinases, BaeS and CpxA, then the two cognate receptors, BaeR and CpxR,
receive signals. The BaeR can independently regulate the gene expression for the inhibition of bacterial biofilm
formation and motility and development of antibiotic resistance while CpxR serves as a modulator of the activity
of BaeR.
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gyrase, a topoisomerase enzyme that catalyzes
supercoiling during replication and transcription,
especially in Gram negative bacteria. Moreover,
indole can also play a vital role in the antibiotic
resistance of other bacterial species.* When Vega
and colleagues assessed the interspecific role of
indole between Salmonella typhimurium and E.
coli, it was found that despite the inability of S.
typhimurium to produce indole, it can tolerate
the presence of ciprofloxacin via interception of
indole released by commensal E. coli which can
probably result to the enhancement of antibiotic
resistance of S. typhimurium in host intestine.
With this evidence, it is possible to conclude that
indole is a signaling molecule that can be used for
interspecies communication.>*

In terms of biofilm formation and motility
(chemotaxis and swarming) in E. coli, the role of
produced indole plays an opposite role wherein
indole inhibits biofilm formation and motility while
Al-2 induces the formation of biofilm as well as
the motility.>* It means that the influence of these
two signaling molecules has opposite effects on
the phenotypic expression of bacterial behaviors.
Bansal et al.”* showed that indole has the ability
to attenuate the expression of biofilm formation in
enterohemorrhagic E. coli (EHEC). Based on their
laboratory assay, indole has the capability to inhibit
the phenotypic expression of chemotaxis, motility,
biofilm formation, colonization of epithelial cells,
and the expression of genes related to virulence
in EHEC. Thus, this result indicates that indole is
an important signal for the pathogenesis of this
strain.

Ref.
[53]
[65]

Inhibition of biofilm formation in E. coli through the suppression of

Anti-quorum sensing through inhibition of biofilm formation
curli and extracellular polymeric substance (EPS)

Repression of the expression of curli related genes and Al-2

Decreased swimming and swarming ability of E. coli.
importer genes in E. coli.

Bioactivities

Medicinal Plants as Source of Quorum Sensing
Inhibitors

Pharmaceutical industries have been
pushed to develop new therapeutic agents
in recent years due to a paucity of novel
antimicrobial agents and the continued increase of
antibiotic-resistant bacteria as a result of the
abuse and overuse of antibiotics in the treatment
of bacterial diseases.>® Since the discovery of
the ability of bacteria to produce autoinducers
for bacterial cell-to-cell communication,
researchers have used anti-quorum sensing
assays to explore for inhibitors to interrupt such
bacterial means of communication.>* Quorum
sensing inhibitors (QSI) are a promising alternative

Octanone, B-Myrcene, a -Terpinene, P-Cymene, D-
Limonene, 1,8-Cineole, B-Terpinene, Linalool,
Terpinen-4-ol, a -Terpineo, thymol, carvacrol, B-

Caryophyllene, Caryophyllene oxide)

Essential oils (a-Thujene, a-Pinene, 1-Octen-3-ol, 3-
D-limonene

Identified Bioactive

Compounds

Table 1. Cont...
Plant Source
Zaatar Origanum
compactum
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to traditional antibiotics that have little or no effect
on drug-resistant bacteria. The interruption of QS
is considered a non-invasive approach since it can
alter bacterial pathogenicity without putting the
bacteria under selection pressure.>*> Today, several
inhibitors targeting the QS detection system of
bacterial pathogens have been recognized by
the Food and Drug Administration for use as
anti-virulence drugs. QSIs are a novel type of
antimicrobial agent that can be used in medicine,
biotechnology, and agriculture.>®

Nowadays, plants have been exploited
to search for natural products which can be
harnessed for human benefits, particulary in
the field of medical science. Phytochemicals are
the richest reservoir of therapeutic substances
that can be isolated and studied from plants
against pathogenic multi-drug resistant (MDR)
bacteria.*”*® However, despite the fact that many
medicinal plants have antibacterial properties,
only a few therapeutic plants have been reported
to target QS. QSls, from medicinal plants, are
a promising technique for new antibacterial
drugs in the face of rising microbial resistance to
current antibiotics and a drop in novel antibiotic
discovery.>® Hence, the anti-quorum sensing
activities of different phytochemicals isolated from
various plant sources were presented in Table 1.

Essential oils from plant are considered
as a good candidates to disrupt bacterial cell-to-
cell communication. Abdullah et al.®® revealed
that the Black Cardamom essential oils exhibited
anti-biofilm formation against E. coli 0157:H7 by
47-85% at 0.03- 0.5% treatment concentration.
This result is congruent to the outcome obtained
using Green Cardamom essential oils in which
the biofilm of E. coli was inhibited by 64-86%
at a range of 0.015-0.125% (v/v). at 0.03- 0.5%
treatment concentration Likewise, these two
species of Cardamom are known to inhibit
violacein production of C. violaceum using their
essential oil extracts.5¢! Similarly, essential oils
from Lippia origanoides, Thymus vulgaris, and
Cymbopogon martini such as thymol-carvacrol-
chemotype (l1) oil & thymol-carvacrol-chemotype
() found to inhibit biofilm formation of E. coli
033 and E. coli 0157:H7. Aside from these, the
essential oils isolated from the L. origanoidesi
inhibit the violacein pigment production using

Chromobacterium violaceum assay. This result
conforms to the thymol-carvacrol chemotype
(1) isolated from Elettaria cardamomum with a
65% violacein inhibition rate.>” Similarly, an 80%
reduction rate was found on the production of
violacein using ethanolic extracts of dehydrated
beet leaves (EEDBL) and ethanolic extract of
dehydrated leek leaves (EEDLL) at a concentration
of 98.35 and 268 mg/mL, respectively. However,
only the EEDLL exhibit biofilm formation inhibition
ata dose of 268.75 mg/mL.%2 Furthermore, linalool
from M. communis was also found to inhibit
swarming motility and exhibit anti-QS activity and
anti-biofilm formation against uropathogenic E.
coli (UPEC).% Similarly, Yang et al.®* reported that
the tannin-rich fraction from the Pomengranate
rind (TFPR) of P. granatum inhibited the biofilm
formation and motility of E. coli. Based on their
analysis, the expression of genes related to curli
(csgB and csgD) and motility (fimA, fimH, flhD,
motB, gseB, and gseC) were found downregulated.
Apart from these bioactive constituents, although
the source is not isolated from plants, Wang et
al.’ reported that D-Limonene, also known as
4-isopropenyl-1-methylcyclohexene (C, H ), a
monocyclic monoterpene, is a promising QSI
because of its ability to inhibit biofilm formation
and suppress the curli and extracellular polymeric
substance, an important component for biofilm
formation. Likewise, the study revealed that
D-limonene helps to decrease E. coli swimming
and swarming activity and was found to repress
the expression of curli-related genes and Al-2
importer genes. D-Limonene is found to exist in
various citrus plants including lemon, orange, and
grape.®®

Using natural products as anti-QS is
considered a promising and effective strategy for
novel antimicrobial development.®® The bioactive
compounds derived from plants have the potential
to alter bacterial cell-to-cell interactions by
inhibiting violacein synthesis, forming biofilms,
and downregulating many associated genes
related to motility, curli, and Al-2 production.
Several investigations have found that hampering
the QS mechanism did not affect bacterial growth.
Hence, even if this biological method is designed to
disrupt bacterial communication without imposing
selection pressure on bacteria, MDR E. coli strains
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are less likely to emerge.3>%5%7 Therefore, it is
suggested as a new approach for drug discovery
against MDR pathogenic bacteria.®®

CONCLUSION AND FUTURE PERSPECTIVES

E. coli is a well-known Gram-negative
bacteria that communicate with other cells using
signaling molecules to trigger the expression of
certain genes for different phenotypic keys such
as biofilm formation, motility, and antibiotic drug
resistance. Previous papers highlighted that E.
coli signaling molecules have different functions
during cell-to-cell communication such that the
increase in AHL and indole was found to cause the
modulation of antibiotic resistance and inhibition
of biofilm formation, and motility. Meanwhile,
Al-2 is known to promote biofilm formation,
antibiotic resistance and motility. Although E. coli
is incapable to synthesize AHL, it intercepts the
produced AHLs by other species. Hence, E. coli
can communicate interspecifically. Moreover, this
paper provides a review of plant metabolites that
possess bioactivities including the disruption of QS.
Today, a vast variety of plants have been exploited
as a source of bioactive components in medical
science in the search for QSI. It is considered one
of the promising and best-known prospects as an
alternative to ineffective antibiotics to address the
problem of antibiotic resistance. Various studies
have proven that plant metabolites can be used to
alter QS and its downstream effects such as biofilm
formation, swimming and swarming motility, and
genes related to motility, curli, and Al-2 production.
However, although the utilization of QSI exhibited
a reduced selective pressure on bacteria, the
exact physiological and molecular mechanisms
of those phytochemicals are still understudied
and it requires a thorough understanding to
provide effective natural antimicrobial agents
to disrupt cell-to-cell communication against
pathogenic E. coli in the future studies. Once the
exact mechanism is established, we may be able
to formulate drugs that block quorum sensing
via degradation of related signaling molecules
and receptors. As a result of a good grasp on the
mechanisms, we may be able to help minimize the
threat of E. coli antibiotic resistance.
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