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Abstract

Bacterial cells rely on signaling molecules to communicate with others from
the same species and induce certain genes in a process known as quorum
sensing (QS). A common molecule is N-acyl homoserine lactone (AHL)
which is responsible for the expression of virulence and other factors that al-
low the organisms to compete in a given environment. On the other hand,
other bacteria produce certain enzymes such as AHL-lactonase that break
down AHL molecules and prevent gene expression of these factors. The aim
of this work was to examine the level of degradation of AHL molecules by
AHL-lactonase in 62 Bacillus thuringiensis (Bt) strains isolated from Middle
Tennessee, Mississippi, and Alabama. N-hexanoyl-homoserine lactone (Ce-
HSL) and N-3-oxo-hexanoyl homoserine lactone (3-oxo-Cs-HSL), which cause
Chromobacterium violaceum (CV026) to produce a purple pigment were
tested at different concentrations to view the Bt lactonase activity. In addi-
tion, PCR was used to test for the presence of the lactonase gene. The results
showed that among the 62 Bt strains, there were 58 that possessed the
AHL-lactonase (aiiA) gene and 48 strains were able to degrade Ces-HSL. At
high concentrations of AHL, only 13 strains were able to completely degrade
Cs-HSL. In addition, degradation of 3-oxo-Cs-HSL was weak compared to
Cs-HSL. The results also revealed that AHL lactonase was thermostable, and
it was concluded that the level of degradation varies in Bt strains. Only 13 of
the strains studied have potent inhibitory activity against C¢-HSL, which may
be good to be used in field applications to control agricultural pest.
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1. Introduction

Quorum sensing (QS) is a signaling mechanism that bacterial cells within a
community use to interact [1] [2]. Gram-negative bacteria within the same spe-
cies produce and secret special molecules such as N-acyl homoserine lactone
(AHL) to activate certain genes including virulence factors sporulation, biofilm
formation, antimicrobial peptide synthesis, and others [3]. Bacillus thuringiensis
(Bt) strains isolated from soil possess AHL lactonase which breaks down AHL
molecules and consequently can be used as QS inhibitors. The degree of degra-
dation varies from one strain to another in the same species. In addition, work-
ing with many strains of bacteria makes it hard to isolate the enzymes of each
strain and examine the level of activity. A combination of several tests can en-
sure the presence of the AHL lactonase and ensure the level of enzymatic activi-
ty.

There is a wide distribution of quorum sensing inhibitory (QSI) enzymes, but
the most common enzymes are AHL lactonase and AHL acylase. AHL lactonase
hydrolyzes the ester bond of the homoserine lactone ring (HSL) to produce the
corresponding acyl-homoserines [4] [5] while AHL acylase cleaves the AHL
amide bond generating the corresponding free fatty acid and homoserine lactone
ring [6] [7]. AHL lactonase is a common enzyme discovered in various Bacillus
species and the gene responsible for the activity was named a7iA (autoinduder
inactivator) which belongs to the metallo S-lactamase superfamily [8].

Since the discovery of AHL lactonase enzymes in Bacillus species and other
enzymes from other bacteria, scientists have devoted a lot of time and effort to
explore the benefits of quorum sensing inhibitors. In the agricultural field, for
example, a study showed how AHL lactonase helps in reducing the impact of
Erwinia carotovoa, a pathogenic bacterium that causes a major problem in agri-
culture by invading crops of potatoes and other vegetables [4]. Another study,
conducted by Wang ef al. (2010), demonstrated that Microbacterium testaceum,
which harbors the surface of potato leaves can protect the plant from soft rot
disease by degrading AHL produced by the plant pathogen Pectobacterium ca-
rotovorum [9]. The application of the benefits of quorum sensing inhibitors has
extended to the aquaculture field as well. It showed that when the purified AHL
lactonase attenuated the virulence of Aeromonas hydrophila and decreased the
mortality rate of fish by co-injection with AHL lactonase [10]. As a result, it is
anticipated that application of quorum sensing inhibitors will minimize the use
of antibiotics and reduce the emergence of antibiotic resistant bacteria.

This study examines the activities of AHL lactonase from 62 Bt strains isolated
in middle Tennessee, Mississippi, and Alabama, and it shows how the level of
degradation of the AHL molecules varies in Bt strains. In addition, the results
demonstrate that although the majority of Bt strains possess the aiiA gene and
degrade AHL molecules, only a few strains have a potent activity degrading AHL
molecules at high AHL concentrations. The results also showed that the AHL

lactonase viewed in this study was a thermostable enzyme and can tolerate a
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temperature up to 65°C without losing activity.

2. Material and Methods

2.1. Bacterial Isolates and Growth Conditions

There were 62 strains of Bt used in this study which were isolated from Middle
Tennessee. The Bt strains were grown in Luria Bertani (LB) broth and incubated
overnight at 30°C in a shaking incubator set at a speed of 200 rpm. In addition,
LB agar was also used in the AHL-lactonase assay.

CV026, a mutant form of Chromobacterium violaceum, which produces
N-acyl homoserine lactone to activate the gene responsible for a purple pigment,
was used as biosensor. In contrast E. coli, was used in the study as a negative
control. CV026 and E. coli were both grown in LB broth and incubated over-
night at 30°C in a shaking incubator set at a speed of 180 rpm.

2.2. DNA Purification, PCR and Gel Electrophoresis

Genetic features of AHL-lactonase of the Bt strains were examined. The DNA
was extracted using a DNA purification kit from Sigma and the provided proto-
col was followed. Due to the cell wall thickness in Bt, proteinase-k and lysozyme
were used in the first steps of DNA extraction. A Nanodrop spectrophotometer
was used to measure, quantify, and assess the purity of the DNA nucleic acids in
each Bt strain.

PCR was performed to determine the presence of AHL lactonase gene aiiAd
using the forward primer 5-ATGGGATCCATGACAGTAAAGAAGCTTTAT-3'
and reverse primer 5-GTCGAATTCCTCAACAAGATACTCCTAATG-3' ob-
tained from Thermo Fisher Scientific, USA. The PCR reaction was set up at a
volume of 50 pl each reaction containing 45 pl supermix solution (Thermo Fish-
er Scientific, USA), 1 pl forward primer, 1 ul reverse primer, 1 pl of DNA, and 2
ul of ddH,O. The PCR reaction was set to run 30 cycles as follows: (1) Denatura-
tion at 94°C for 30 s; (2) Annealing at 55°C for 30 s; and (3) Extension at 72°C
for 60 s per cycle with the final extension set at 72°C for 5 min.

After the PCR reaction was completed, gel electrophoresis of the products was
performed. Prior to loading the reaction into the gel, the PCR reaction mixture
was mixed with loading dye. Then agarose gel (1%) was prepared in 100 mL of
TAE buffer. Ethidium bromide was added to the agarose and mixed well before
it was poured into the tray. Once gel was solidified, PCR products were loaded
into the wells where electrophoresis was set at 90 V for 40 min. Bands were ex-
pected to be seen around 800 bp under UV light and the ladder used in this ex-
periment was 100 bp.

2.3. AHL Lactonase Assay

N-acyl homoserine lactone (AHL) was used a source of the quorum sensing mo-
lecule. Two types of AHL were tested in this study: N-hexanoyl homoserine

lactone (Cs-HSL) and N-3-oxo-hexanoyl homoserine lactone (3-0x0-Cs-HSL)
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(Sigma-Aldrich, USA).

To determine the enzymatic activity of the AHL lactonase, CV026 was used to
detect the presence of Cs-HSL which would produce the purple pigment in
CV026. This was done using the LB agar plates containing wells in which 100 pL
of a mixture of the AHL with or without Bt was placed.

To microcentrifuge tubes, overnight Bt culture, and a solution of Cs-HSL were
added in a 1:1 volume to volume ratio and incubated at room temperature. The
optical density of the Bt samples was measured at a wavelength of 600 nm
(ODg) and the absorbance was set at 1.0 for standardization and mixed with
AHL as follows: 1) Bt culture (ODsg of 1.0) with 10 uM Cs-HSL and 2) Bt cul-
ture (ODggo of 1.0) with 5 uM Ce-HSL.

After a one-hour-incubation at room temperature, the mixture of Bt culture/
AHL was centrifuged, and the supernatant was loaded in the LB agar wells after
streaking with CV026. The plates were incubated at 30°C overnight. E. coli was
used instead of Bt as a negative control. AHL-lactonase activity was accessed by
the lack of a purple pigment around the wells of the plates.

In this experiment the C¢-HSL was not directly incubated with the Bt culture.
After overnight growth, the bacterial cells were centrifuged first, and then the
supernatant which would contain AHL-lactonase was taken incubated with
Cs-HSL at different temperatures; room temperature, 30°C, 40°C, 50°C, and
60°C. After an hour incubation of the supernatant and Cs-HSL, the mixture was
loaded into the wells of plates streaked with CV026, the plates incubated at dif-
ferent temperature and the presence or absence of the purple pigment was ob-

served.

2.4. AHL Reformation Assay

Degraded AHL molecules by AHL-lactonase can be reformed back to the active
molecule in an acidic environment. After Bt cultures were incubated with
Cs-HSL and then centrifuged, HCL was added to the supernatant and incubated
for 1 h at room temperature. The mixture was loaded into the LB agar wells of
plates that were streaked with CV026. The plates were incubated at 30°C for 24

h, and the presence or absence of the purple pigment was observed.

2.5. N-3-Oxo-Hexanoyl Homoserine Lactone (3-0x0-Cs-HSL)

In addition to the activity of AHL lactonase on Cs-HSL in Bt, another test was
performed on modified Cs-HSL which was 3-0x0-Ce-HSL. This test was run to
assess whether AHL-lactonase in Bt strains had the ability to inactivate different
AHLs. Ce-HSL was replaced by 3-oxo-Cs-HSL and the protocol was performed

as described above.

2.6. Clavulanate Potassium Assay

Although clavulanate potassium has been used to inhibit B-lactamase from de-

grading beta lactam antibiotics, this study tested its action on AHL lactonase
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since both p-lactamase and AHL lactonase belong to the same superfamily. In
addition to the mixture of Bt culture and AHL, clavulanate potassium was added
to the mixture. This mixture was incubated for different periods of time at room
temperature and then centrifuged. The supernatant was loaded into the agar
wells streaked with CV026 and incubated at 30°C for 24 h. The plates were then

observed for the presence or absence of the purple pigment.

3. Results
3.1. AHL-Lactonase (aiid) Gene

A total of 62 strains of Bacillus thuringiensis were screened for the aiiA gene us-
ing PCR. The strains were numbered 1 through 72; however, strains 31, 55, 59,
61, 64, 66, 68, 70, 71 and 72 did not grow. As a result, the study included 62
strains of Bt, among which 56 possessed the aiid gene, and six strains did not

possess the gene (Figure 1).

3.2. AHL-Lactonase Activity in B. thuringiensis Strains

Although the PCR results showed that 56 strains possess the AHL lactonase
gene, not all strains with the aii4 gene degraded C¢-HSL. As described below,
the bioassay activity was categorized into three different groups based on the
concentration of the bacterial culture as well as the concentration of C¢-HSL.

Group 1 assay was done to screen for the activity of lactonase in the Bt strains.
The strains were grown overnight, when the optical density (ODeoo) was deter-
mined to be between 2.0 and 2.2. At the beginning of the experiment different
concentrations of Cs-HSL were tested and the best concentration was deter-
mined to be 10 pM and 5 pM. Once the screening was performed the assay
showed that 45 strains out of the 56 strains completely degraded Cq-HSL at 10
uM (Figure 2).

M 51 52 53 54 55 56 57 58 59 60 61 62 63

7 8 9 10 11 12 13

- - -

14 15 16 17 18 19 20 21 22 23 24 25 | - g . B
? M 64 65 66 67 68 69 70 71 72

Figure 1. The results of PCR are shown. Gel electrophoresis of the amplified aii4 gene in the Bt strains
(strain 1 to strain 25) and (strain 51 to strain 72) at 800 base pair are provided. The first lane (M) is the

marker.

DOI: 10.4236/aim.2023.1311034

530 Advances in Microbiology


https://doi.org/10.4236/aim.2023.1311034

W. H. Alramadhan et al.

Figure 2. Rapid degradation of 10 uM of AHL in overnight grow of B. thuringiensis
strains.

In group 2, the concentration of the Bt strains was set an ODsg of 1, and the
concentration of Cs-HSL was 5 uM. The pigment was observed in this condition
and the number of strains degrading Cs-HSL decreased to 20 strains inhibiting
pigment formation.

The last group was performed by mixing 10 uM Cs-HSL with a low concentra-
tion of Bt cultures (ODgg of 1.0). This category revealed that only 11 strains were
able to degrade 10 uM Ce-HSL and inhibit the production of the pigment.

3.3. Reformation of Degraded AHL

The degradation of Cs-HSL by AHL-lactonase can be repaired by lowering the
solution’s pH with hydrochloric acid (HCI). The acidic environment restores the
structure of Cs-HSL by lactone-ring closing that was cleaved by AHL-lactonase
activity. This resulted in exposing the degraded Cs-HSL to HCI which restores
the function of Cs-HSL and thus, regenerated pigment production in CV026.
The result showed that as the volume of the HCI increases which consequently

lowers the pH, the intensity of the pigment increases as well.

3.4. Action of Clavulanate Potassium

There are different reasons that involve the hydrolysis of the lactone ring and
inactivating quorum sensing. Inhibiting the lactonase activity produced by the
Bt strains was assessed by clavulanate potassium which is a beta-lactamase inhi-
bitor and prevents antibiotic inactivation by bacterial lactamases. It was used as
an inhibitor of AHL-lactonase activity since both AHL-lactonase and fS-lactamase
are structurally similar. Bt strains were incubated with both clavulanate potas-
sium and C¢-HSL at the same time. The results indicated that clavulanate potas-
sium was a suitable inhibitor of the lactonase activity because the lactonase could

not hydrolyze Cs-HSL when incubated with clavulanate potassium.

3.5. N-3-0xo0-Hexanoyl Homoserine Lactone (3-0x0-Cs-HSL)

There are different molecules of N-acyl homoserine lactone produced by micro-

bes. These molecules are specific to a species and a role. Due to this variation in
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the AHL molecules, enzymatic activities of quorum sensing inhibitors are also
specific to certain molecules. A slight variation could change the chemical cha-
racteristic of the molecules. For example, Cs-HSL is a non-polar molecule, while
3-0x0-Cs-HSL is a polar molecule. This experiment tested whether the lactonase
could also degenerate 3-0xo0-Ce-HSL as it degraded Co-HSL. Co-HSL was re-
placed with 3-o0xo0-Cs-HSL and tested for pigment production by CV026. It was
found that CV026 turned purple, indicating that 3-oxo-Cs-HSL molecules were
not degraded. These results show that the lactonase in the Bt strains have a spe-
cific activity on Cs-HSL but not on 3-oxo0-Cs-HSL.

3.6. The Effect of Temperature and Time on AHL Lactonase
Activity

In this experiment the Cs-HSL was not incubated directly with the Bt culture.
After the Bt strains were grown overnight, the bacterial cells were first centri-
fuged, and then the supernatant which contained the lactonase was incubated
with Ce-HSL at different temperatures; room temperature, 30°C, 40°C, 50°C,
and 60°C. Following one-hour incubation of the supernatant with Cs-HSL, the
mixture was loaded into the wells of plates streaked with CV026. The outcome of
this experiment found that there was no degradation of Cs-HSL when the mix-
ture was incubated at room temperature or at 30°C as the intensity of the pig-
ment at these temperatures was identical to the control. However, as the tem-
perature increased, basically at 40°C and 50°C, the pigment around the wells was
faint due to slight degradation of C4-HSL. The pigment disappeared completely
when the mixture was incubated at 60°C. This indicates that the supernatant
contained active AHL lactonase; however, the enzyme showed activity only at
higher temperatures as CV026 did not produce the pigment at a temperature of
60°C.

In addition, different incubation periods (0, 10 min, 20 min, 30 min, 40 min,
50 min, and 60 min) of supernatant/Cs-HSL mixture were set to determine at
what time the lactonase completely degenerates Cq-HSL. It was found that a
slight degradation occurred during the beginning of the incubation periods (20
min and 30 min). However, complete degradation was established at 40 min and

a longer period of incubation.

4. Discussion

Many bacteria rely on quorum sensing to regulate gene expression of several vi-
rulence factors in human, animals, and plants resulting in health issues as well as
economic issues [11] [12] [13] [14] [15]. Although there are several signal mo-
lecules produced by Gram-positive and Gram-negative bacteria, the most com-
mon type is AHL produced in Gram-negative bacteria [16] [17] [18]. These mo-
lecules are species specific and each molecule regulates certain genes. AHLs vary
in the length of acyl chain, which could be four carbon atoms and up to 16 car-

bon atoms, as well as C-3, which could be a hydrocarbon, hydroxyl group, or
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carbonyl group [19]. In this study, CV026 was used as a biosensor. It is a Gram-
negative bacterium that requires Cs-HSL molecules to express violacein, a purple
pigment protein [20].

Interestingly, gene expression regulated by AHL molecules is mitigated by
quorum sensing inhibitor (QSI) enzymes. There are basically three types of qu-
orum sensing inhibitor enzymes that can degrade AHL molecules; AHL-lactonase,
AHL-acylase, and AHL-oxidoreductase. The difference between these three en-
zymes is the mechanism of degrading AHL molecules. AHL-lactonase, for ex-
ample, break down AHLs by opening the lactone ring [4]. AHL-acylase, on the
other hand, disrupts QS by hydrolyzing the acyl side chains from the homose-
rine lactone (HSL) [21] [22]. Finally, AHL-oxidoreductase modifies the acyl
chain in AHL by either oxidizing or reducing the C-3 [9]. Such modifications by
any of the three enzymes disrupt cell-cell communication in Gram-negative
bacteria and attenuate gene expression involved in pathogenicity, biofilm pro-
duction, and virulence factors. The study used Bt isolates to examine the activity

of AHL-lactonase on Cs-HSL molecules by pigment production in CV026.

4.1. aiiA Gene and AHL-Lactonase

The AHL-lactonase, aiiA, gene is a common lactonase gene found in Gram-
positive bacteria especially Bacillus species including B. cereus, B. thuringiensis,
and B. mycoides. There are other AHL-lactonase genes found in different Gram-
positive bacteria such as aiiM in Microbacterium testaceum [10] and ¢gsdA in
Rhodococcus erythropolis [23] as well as in Gram-negative bacteria such as aiiB
in Agrobacterium tumefaciens [24] and ahlK in Klebsiella pneumoniae [25]. Af-
ter performing PCR and gel electrophoresis, this study found that the majority,
around 90%, of Bt isolates possess the aiid gene. AHL-lactonase enzymes are not
the same, that is, aii4 and AiiB enzymes belong to the metallo-S-lactamase fam-
ily while AiiM and QsdA are related to o/ hydrolase family and phosphotries-
terase family, respectively.

The AHL-lactonase from the different Bt isolates showed a variation in C¢-HSL
degradation. Among the 56 strains with aii4 gene, 25 strains showed weak activ-
ity, 9 strains showed moderate activity, and 11 strains showed potent activity.
The activity varies on the concentration of the bacterial cells based on the optical
density as well as on the concentration of the Cs-HSL molecules (10 uM and 5
uM). A previous study also showed that some Bt strains showed intense degra-
dation and others weak degradation [26]. Although the lactonase degraded
Cs-HSL, it could not break down 3-oxo-Cs-HSL, indicating that the lactonase
cannot hydrolyze an acyl group with a substitution in C-3, and it specifically hy-
drolyzes the Cs-HSL molecule.

4.2. Reformation of Hydrolyzed AHL

AHL molecules are affected by the pH of the medium. Increasing the pH leads to

the hydrolysis of the homoserine lactone similar to the AHL lactonase. On the
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other hand, lowering the pH to less than two leads to reformation of the hydro-
lyzed products to the original molecules [27]. In the findings of this work, the
reformation of degraded AHL was demonstrated by purple pigment around
CV026. When the hydrolysis product of lactonase was incubated with HCI and
compared to the hydrolysis product of lactonase with no HCL the purple pig-
ment was present. This reversible process by acidification is known as lactonoly-
sis. Hydrolysis products of other enzymes such as AHL acylase or oxidoreduc-
tase cannot be restored by acidification. Thus, the hydrolysis product of lacto-
nase is pH-dependent, and acidification can assure that the molecules were de-
graded by AHL lactonase [28].

It is known that the hydrolyzed product by lactonase restores the degraded
AHL into active AHL when the pH is <2. In this study, pH was presented in the
ratio between HCI and the mixture (Bt supernatant/AHL). It was found that at
low pH, the lactonolysis starts to establish and thus gives light pigment. When
pH was, the pigment got darker, indicating more reformation. Lowering the pH
by adding more HCI, for example, 1:2 or 1:1 would increase the chance of get-
ting more active AHL, but it would increase a clear zone around the wells as

CV026 bacterium cannot grow in a highly acidic environment.

4.3. Inhibition of AHL-Lactonase

Studies have shown that AHL-lactonase belongs to the metallo-f-lactamase fam-
ily [29]. Due to the high similarity between the two enzymes, clavulanate potas-
sium, which has been used to block the activity of S-lactamase, was used to inhi-
bit AHL-lactonase activity. When clavulanate potassium was added to the mix-
ture (Bt cell/AHL), it inhibited the AHL lactonase from degrading Cs-HSL and
thus, CV026 turned to purple. Hence, clavulanate potassium was found to be a
suitable inhibitor and can inhibit AHL lactonase. This ensures that degradation
occurred by AHL lactonase and not by other enzymes. It was a good inhibitor to
be used to block lactonase activity and to test whether other AHL enzymes exist

in a particular organism.

4.4. Effect of Temperature on AHL-Lactonase

This study showed that AHL lactonase was a temperature-dependent enzyme
when the supernatant of the bacterial cells was used for the enzymatic activity.
At a temperature of 20°C and 30°C, no enzymatic activity was observed as pig-
ment appeared as dark as the control (AHL). When the mixture (Bt superna-
tant/AHL) was incubated at 40°C, the pigment appeared faint, indicating slight
hydrolysis of AHL. However, when the mixture was incubated at a high temper-
ature (>60°C), the pigment disappeared in each of Bt strains of this study.
Therefore, this study showed that the activity of AHL lactonase depended upon
temperature when the supernatant of the Bt culture was mixed with AHL mole-
cules. In addition, the result showed that AHL-lactonase is a thermostable en-

zyme and can tolerate high temperature (>60°C) without losing activity. Simi-
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larly, a previous study showed that AidB, another lactonase belonging to the
metallo B-lactamase superfamily, was thermostable in the range 30°C to 80°C

and the optimum temperature of AidB was 60°C [30].

5. Summary and Conclusions

This study reviews the quorum sensing inhibitor activity of soil bacteria isolated
from middle Tennessee. Some Bt strains show strong degradation against AHL
molecules and completely prevent pigment production in CV026 while other
strains have mild degradation to no degradation of AHL molecules. The various
test of these studies reveals that degradation of AHL molecules occurred by AHL
lactonase. Furthermore, acidification tests were performed to confirm that quo-
rum quenching activity occurred because of AHL lactonase. AHL lactonase was
able to degrade Cs-HSL as well as 3-0x0-Ce-HSL indicating that the enzyme is
not affected by the carbonyl group in 3-oxo-Cs-HSL. The last test performed in
this study was blocking the AHL lactonase activity. Potassium clavulanate, a
PF-lactamase inhibitor, was tested and showed to be a great inhibitor of AHL lac-
tonase. This was expected since lactonase and S-lactamase share some molecular
similarities. By blocking AHL lactonase, further studies can be done on other
quorum quenching enzymes such as acylase and oxidoreductase. It was con-
cluded that only a few Bt strains showed a potent degradation and can compete
with quorum sensing bacteria. Applying quorum quenching activity to biofilm
formation and virulence factor producing bacteria would reduce the ability of
these bacteria to become established pathogens.

In conclusion, quorum sensing inhibitory (QSI) enzymes have shown a great
method to interfere with bacterial quorum sensing signals and thus inhibit viru-
lence factors in pathogenic bacteria. Based on the various tests that were per-
formed including the presence of a7iA gene, the reformation of hydrolyzed
Cs-HSL, and the inhibition of the enzyme activity, it was demonstrated that the
enzyme was AHL lactonase. The study also showed that some Bt strains possess
AHL lactonase with strong activity against AHL molecules, C¢-HSL in specific.
Studies have shown a significant effect of quorum sensing inhibitors on quorum
sensing bacteria expressing virulence factors. The effects were in the agriculture
and aquaculture fields. For example, purified lactonase aiiA from Bacillus
co-injected with the fish pathogen Aeromonas hydrophila in carp decreased the
mortality rate and delayed the mortality time of fish [11]. In addition, Micro-
bacterium testaceum, which harbors the surface of potato leaves, can protect the
plant from soft rot disease by degrading AHL produced by the plant pathogen
Pectobacterium carotovorum. Once AHL lactonase has degraded AHL mole-
cules, it reduces the expression of virulence genes [25]. QSI could be an alterna-
tive to antibiotics as it indirectly attenuates gene expression, thus reducing the

pressure to identify new antibiotics that act on pathogenic bacteria.
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