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From the asocial existence of bacteria to socio-microbiology

The asocial existence of the bacterial cell has been a major paradigm in microbiology. In
the 300 years since van Leeuwenhoek’s descriptions of the microbial world, bacteria have
been regarded as deaf mute individual cells designed to proliferate but unable to
communicate and interact with each other.

“It is perfectly possible to imagine a rather boring
universe without sex, without hormones and without
nervous system; a universe peopled only by individual
cells reproducing ad infinitum. This universe, in fact,
exists. It is the one formed by a colture of bacteria.”

Francois Jacob, 1973 — Nobel Laureate for Medicine in 1965.




From the asocial existence of bacteria to socio-microbiology

Actually, in 1965, Alexander Tomasz reported that the ability of a Streptococcus
pneumoniae population to acquire exogenous DNA, j.e. the entry into the competent
state, is governed by an extracellular factor that is manufactured by Streptococcus itself.
This competence factor, which was later shown to be a modified peptide, was described
as a “hormone-like activator” that synchronizes the behaviour of the bacterial

population.

“Since the activator - a cell-produced chemical - seems to
impose a high degree of physiological homogeneity in a
pneumococcal population with respect to competence, one
is forced to conclude that in this case a bacterial population
can behave as a biological unit with considerable
coordination among its members. One wonders whether
this kind of control may not be operative in some other
microbial phenomena also.”

Alexander Tomasz

Tomasz A (1965) Nature 208:155-159.



From the asocial existence of bacteria to socio-microbiology

Five years later, Hastings and co-workers noticed that light production in the
bioluminescent marine bacterium Allivibrio fischeri (previously known as Vibrio fischeri),
occurred at high cell density but not in diluted bacterial suspensions.
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From the asocial existence of bacteria to socio-microbiology

Five years later, Hastings and co-workers noticed that light production in the
bioluminescent marine bacterium Allivibrio fischeri (previously known as Vibrio fischeri),
occurred at high cell density but not in diluted bacterial suspensions.
Light production could be induced at low cell density by the exogenous provision of cell-
free supernatants from a bacterial culture grown to high cell density.
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Nealson KH et al. (1970) J Bacteriol 104:313-322. O.D.



From the asocial existence of bacteria to socio-microbiology

Light emission in controlled by a signal
molecule produced by the single cells and
released in the environment.

At a certain concentration, corresponding
to the quorum cell density, the signal
molecule binds to and activates a
transcriptional regulator, that in turn
activates the expression of genes required
for light emission.
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From the asocial existence of bacteria to socio-microbiology

A. fischeri is a marine bacterium that colonizes the light organ of the squid Euprymna
scolopes, an ecological niche rich in nutrients that allows the growth of the bacterial
population to high cell density.

The emission of light by A. fischeri is exploited by the squid to mask its shadow when
hunting at night, allowing it to escape predation by animals living on the seabed.

Euprymna scolopes

Light organ colonized by
A. fischeri




From the asocial existence of bacteria to socio-microbiology

Many bacterial pathogens control the expression of virulence factors via quorum sensing
(QS). It is believed that single bacterial cells producing extracellular virulence factors
would be easily defeated by the immune system. So, single bacterial cell inside the host
dedicate their energy to increase their population size before producing extracellular
virulence factors aimed to damage the host cell and activate the immune system.

Since in many bacterial pathogens key QS-controlled phenotypes are extracellular
virulence factors, some researchers proposed that QS did not evolve to sense the
population desnity, rather the diffusion of secreated molecules far from the producers

(mass transfer).
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From the asocial existence of bacteria to socio-microbiology

In this perspective, it has been proposed to rename QS as Diffusion Sensing, i.e. the
ability to monitor mass transfer via the secretion of small molecules whose production
has a limited metabolic cost. Only if the small molecules accumulate in the surrounding
of the producer cells, they activate the metabolically expensive expression of multiple
secreated virulence factors.

The Diffusion Sensing idea is supported by the evidence that, if confined in a small space,
single cells can activate the QS response!

Now it is believed that QS and Diffusion Sensing both contribute to the same
phenomenon, that is the ability of bacterial cells to produce extracellular virulence
factors once the signalling molecules reach a treshold concentration.
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From the asocial existence of bacteria to socio-microbiology

There are many exceptions to the convention view of QS as a simple cell density

dependent regulatory switch. Maybe, the description of QS coming from pioneering

studies in A. fischeri is not the rule.

doi:10.1038/nature07088 nature
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From the asocial existence of bacteria to socio-microbiology

There are many exceptions to the convention view of QS as a simple cell density

dependent regulatory switch. Maybe, the description of QS coming from pioneering
studies in A. fischeri is not the rule.

COMMUNICATIONS
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From the asocial existence of bacteria to socio-microbiology

There are many exceptions to the convention view of QS as a simple cell density
dependent regulatory switch. Maybe, the description of QS coming from pioneering

Bulk fluorescence intensity

studies in A. fischeri is not the rule.
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In  Pseudomonas aerugionosa PAO1 QS
activation is graded and bimodal.

Single cells of the population do not activate QS
in a synchronous way at a given cell density.
Distinct sub-population of cells become quorate
during growth. About 20% of cells remain in a
non-quorate state also at high cell density due
to a stochastic regulatory switch controlled by
the negative regulator Rsal.
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From the asocial existence of bacteria to socio-microbiology

This intercellular communication system, know as quorum sensing (QS),
controls group-behaviours in many bacteria.
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From the asocial existence of bacteria to socio-microbiology

This intercellular communication system, know as quorum sensing (QS),
controls group-behaviours in many bacteria.

Biofilm Differentiation
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Exploitation of QS for new therapeutic approaches

The study of QS elucidates the mechanisms controlling collective behaviours and the
evolution of social traits in individual cells.

In the last decade QS has been exploited for many biotechnological applications,
including the development of new therapeutic approaches.

1) Inhibition of QS in bacterial pathogens (anti-virulence approach).

2) Use of QS signal molecules as molecular markers to detect pathogens (biotic
antibacterials).

3) Generation of engineered bacteria able to synchronize their activities at the
population level (biotic antitumor agents).

4) Generation of synthetic cells able to interface with natural cells (soft-nanorobots).
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The bacterial challenge:
time to react

A call to narrow the gap between multidrug-resistant bacteria in the EU and the
development of new antibacterial agents
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Inhibition of virulence as an
alternative antibacterial strategy

NATURE REVIEWS | MICROBIOLOGY 300| APRIL 2014 | VOLUME 12

((@ ANTIBIOTIC ALTERNATIVES — OPINION

Targeting virulence: can we make
evolution-proof drugs?

Richard C. Allen, Roman Popat, Stephen P. Diggle and Sam P. Brown

Antivirulence drugs disarm bacteria without affecting growth

— prevent/inhibit the establishment of the infection

— reduce the capability of pathogens to cause damage to the host

— should have less adverse effects on host microbiota (?)

— should impose weaker selective pressure for drug resistance

Rasko and Sperandio (2010) Nat Rev Drug Discov 9:117-128; Rampioni et al. (2017) Emerg Top Life Scidoi:10.1042/EBC20170018



In many bacterial pathogens QS controls secreted virulence factors,
hence QS is an ideal target for anti-virulence drugs
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Furanone C-30, the first QS inhibitor

The Australian red algae Delisea pulchra shows reduced bacterial colonization on its

surface. This inhibition was found to be mediated by some secondary metabolites,
called furanones.

Figura 6b — Furanoni naturali (modificata da
Suga e Smith, 2003).

Figura 6 a — Delisea pulchra.

D. pulchra produces at least 30 different furanones which are contained in special
vesicles and released at the surface level of the thallus. The concentration of furanones
is inversely proportional to the degree of bacterial colonization. Furanones inhibit QS
because, by binding to LuxR-like receptors, they induce their rapid degradation.



Furanone C-30, the first QS inhibitor

Structural analogs of furanones produced by D. pulchra, such as furanone C-30, have
been synthesized in Prof. Givskov's laboratory in Denmark.

(b)

Furanone C-30 reduces the
production of virulence
factors in P. aeruginosa

without affecting its growth.
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Figura 8 — Influenza del furanone C-30 sulla crescita e la produzione di fattori di virulenza di P. aeruginosa PAO1. La
linea continua indica colture cresciute in assenza di inibitore, la linea tratteggiata quelle cresciute con 1 uM e quella

punteggiata colture cresciute con 10 uM di furanone (modificata da Hentzer et al., 2003).



Furanone C-30, the first QS inhibitor

Microarray analyses showed that furanone C-30 represses the transcription of about 90
genes in P, aeruginosa.
About 80% of these genes are known to be activated by QS.

Adaptation, protection

Amino acid biosynthesis and metabolism
Antibiotic resistance and susceptibility
Biosynthesis of cofactors, prosthetic groups and
Carbon compound catabolism

Cell division

Cell wall / LPS / capsule

Central intermediary metabolism

Chaperones & heat shock proteins

Chemotaxis

DNA replication, recombination, modification and repair
Energy metabolism

Fatty acid and phospholipid metabolism
Hypothetical, unclassified, unknown

Membrane proteins

Motility & Attachment

Mon-coding RMA gene

Nucleotide biosynthesis and metabolism
Protein secretion/export apparatus

Putative enzymes

Quinolone signal response

Related to phage, transposon, or plasmid
Secreted Factors (toxins, enzymes, alginate)
Transcription, RNA processing and degradation
Transcriptional regulators

Translation, post-translational modification,
Transport of small molecules

Two-component regulatory systems

0 10 20 30 40 a0 60 70 80 50 100

% of genes in class

Figura 10 — Percentuale dei geni attivati da QS (blu) e repressi da C-30 (rosso) suddivisi in gruppi funzionali (Hentzer et al., 2003 - suppl. data).



Furanone C-30, the first QS inhibitor

Furanone C-30 increases the sensitive to antibiotics of P. aeruginosa biofilma
(live cells, green — dead cells, red).
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*

L 4
N '.!.L _‘ pro " .

; i - - : . L
No furanone; notobramicina 10 gM furanone; no tobramicina

Figura 12 — Sensibilita alla tobramicina del biofilm di PAO1. Dopo 3 giorni di crescita i biofims vengono esposti a 100 pg/ml di tobramicina per
24 ore. La vitalita delle cellule ¢ stata rilevata usando un LIVE/DEAD BacLight Bacterial Viability Kit: le aree rosse sono cellule morte e le aree
verdi sono cellule vive. (A) 100 pg/ml di tobramicina, (B) furanone 10puM e tobramicina 100 pg/ml, (C) assenza di furanone e tobramicina e (D)
furanone 10uM. Immagini ottenute al SCLM, vedi testo (modificata da Hentzer et al., 2003)



Furanone C-30, the first QS inhibitor

Twenty mice were infected with P. aeruginosa PAO1 at day zero and divided into two
groups of ten individuals. The two groups of mice were treated with injections of
furanone C-30 (~ 0.7 pg/g PC) or saline (placebo), respectively, at 8-hour intervals for
the next three days. Seven days after infection, the lungs were removed, homogenized
and plated for CFU determination. Animals treated with furanone C-30 showed a three
orders of magnitude reduction in the bacterial load relative to the controls. The efficacy
of the treatment was directly related to the concentration of the inhibitor, as shown by
two other similar experiments perfoermd with ~0.4 ug/g PC and ~0.2 pg/g PC furanone
C-30.
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More than 100 papers/year published on QS inhibition
since 2012, most of which focused on inhibition of QS in
P. aeruginosa
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Many QS inhibitors have been described so far
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Unfortunately, most of them have unfavourable
pharmacological properties

Rampioni et al. (2014) Biorg Chem 55:60-68



Drug repurposing

This strategy is based on the use of “old” drugs already approved for use in
humans to treat different (out of target) diseases.
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Ashburn and Thor (2004) Nat Rev Drug Discov 3:673-683.



Drug repurposing
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Rational repurposing Serendipity Screening-based
repurposing

Alteration of uracil metabolism reduces biofilm formation in P. aeruginosa.

This led the researchers to screen uracil analogues for biofilm-inhibitory activity
against P. aeruginosa.

Results highlighted a potent anti-biofilm effect of 5-fluorouracil, a drug currently
used in the therapy of solid tumours.

Ueda et al. (2009) Microb Biotechnol 2:62-74.



Drug repurposing
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Rational repurposing Serendipity Screening-based
repurposing

Sildenafil [developed in 1980s as a drug for angina pectoris (chest pain)]

The desired cardiovascular effects were not observed in clinical trials,
but participants described AN INTERESTING SIDE EFFECT !!

VIAGRA: |
ilm-coated tablets .

Sildeng fil




Drug repurposing
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Rational repurposing Serendipity Screening-based
repurposing

A collection of highly diverse drugs is screened for side activities of interest

The hit compound(s) could be either directly tested in clinical studies
or used as a starting point for specific drug optimization programs.

To use this strategy a feasible biosensor biosensor system ins required.



Schematic model of the pgs QS system
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Development of a coculture-based system for monitoring pgs
signalling activity
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Clofoctol is the best hit

Drug name Property Structure ICs AG

Clotrimazole Antifungal

39 -84
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Clofoctol

Miconazole Antifungal 5 | 27 -85
C|’©\/C|\ cl cl




Clofoctol inhibits the expression of pgs-controlled
virulence phenotypes

120 ~
] _ 100~
— 0.45 2.5 — X
= = =z
3 3 Kol 80
— 0.36 L2 C 5 80+
o o 3
® 027 15 ® S 60-
5 5 £
O 0.18] r1 9 S 40+
) 9 3
O o >
& 009 L 0.5 O Z 20-
T
< | = :
0. mm | 0-
0 50 100 200 untreated clofoctol
ApgsR
clofoctol (LM) PAO1
| PQsA pvdS pchR lecA
| | | | |
PAO1 o : .
untreated clofoctol . ] F I -
1 e I T - falae ARK

AKX

0.‘I-:

relative mRNA level

OOI - KRR



PAO1

untreated

clofoctol

ApgsR

Clofoctol inhibits biofilm formation and alleviates
P. aeruginosa infection in Galleria mellonella
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Clofoctol inhibits the pgs QS system in P. aeruginosa
cystic fibrosis clinical isolates
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Is QS a good target for evolution-proof drugs?

Quorum quenching quandary: resistance to
antivirulence compounds

Toshinari Maeda'*?, Rodolfo Garcia-Contreras®*®, Mingming Pu"?, Lili Sheng"?®,
Luis Rene Garcia®, Maria Tomdas” and Thomas K Wood*®

In P. aeruginosa the enzyme involved in
the degradation of adenosine
(nucleoside hydrolase) is regulated by
QS. In the presence of a QS inhibitor,
such as furanone C-30, this enzyme is
not expressed and P. aeruginosa cannot
grow in minimal medium with
adenosine as the sole carbon source.

Some mutations (e.g. nalC or mexR)
restore the ability of P. aeruginosa to
grow on adenosine as the sole carbon

source.



Is QS a good target for evolution-proof drugs?
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Conclusion: Bacteria can develop resistance to QS inhibitors.

Perhaps, however, we should evaluate an important aspect of this experimental approach:
adenosine is degraded intracellularly by the cytoplasmic enzyme nucleoside hydrolase, therefore if a
bacterium manages to degrade adenosine even in the presence of furanone C-30, this is the only one

capable of growing in the entire population. Being the resistance to the QS inhibitor genetically
determined, after a while the resistant clone will generate a population of bacteria resistant to the
anti-QS compound.

Under such experimental conditions, what is the difference between a QS inhibitor and a traditional
antibiotic? Obviously none. The experimental system adopted imposes a strong selective pressure for
the emergence of resistant strains, which can take advantage of their ability to grow in a population of

cells sensitive to furanone C-30.



Is QS a good target for evolution-proof drugs?

It is important to underline that in P. aeruginosa, as in many other bacteria, QS regulates the expression
of both intracellular enzymes and proteins (such as the nucleoside hydrolase necessary to degrade
adenosine), and of extracellualr factors that are secreted and act outside the cell (such as the

exoprotease needed to degrade BSA).

Since intracellular enzymes confer an advantage only on the bacterium that produces them, they are
referred to as "private goods". On the contrary, exo-products are usable by all members of the
population, and are therefore defined as "public goods".
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In this medium, QS inhibitor-resistant strains have a

reproductive advantage over susceptible members

of the population. Therefore, resistant strains, even

if present in small numbers within the population,
tend to emerge.
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Monoculture of the QS inhibitor resistant strain. Growth in a medium containing BSA as sole
It grows because it can produce the exoproteases needed carbon source requires the production of
to degrade BSA extracellularly. QS-regulated “public goods”.
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When the QS inhibitor-resistant strain is present Growth in a medium containing BSA as sole
in a small percentage within the co-culture (99% carbon source requires the production of
inhibitor-sensitive individuals and 1% inhibitor- QS-regulated “public goods™.
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When the QS inhibitor-resistant strain is present
in a small percentage within the co-culture (99%
inhibitor-sensitive individuals and 1% inhibitor-
resistant individuals), the “public goods"
produced by the resistant strain are not sufficient
to support population growth.

Thus, the resistant strain has no reproductive
advantage and does not emerge within the

aria

Growth in a medium containing BSA as sole
carbon source requires the production of
QS-regulated “public goods”.
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The “social conflict” between QS inhibitor resistant and sensitive strains
has a relevant role in limiting the emergence of resistant strains only

when the inhibitors affect the social and cooperative character of QS.
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Exploitation of QS for new therapeutic approaches

The study of QS elucidates the mechanisms controlling collective behaviours and the
evolution of social traits in individual cells.

In the last decade QS has been exploited for many biotechnological applications,
including the development of new therapeutic approaches.

1) Inhibition of QS in bacterial pathogens (anti-virulence approach).

Use of QS signal molecules as molecular markers to detect pathogens (biotic

antibacterials).

3) Generation of engineered bacteria able to synchronize their activities at the
population level (biotic antitumor agents).

4) Generation of synthetic cells able to interface with natural cells (soft-nanorobots).



QS signal molecules can serve as diagnostic markers

QS signals are produced by bacterial pathogens.

During certain bacterial infections, the level of QS signal molecules correlates with clinical
status.

As an example, the QS signal molecules alkyl-quinolones (AQs) produced by Pseudomonas
aeruginosa are detectable in sputum, blood and urine of ca. 80% of cystic fibrosis (CF)
patients suffering with P. aeruginosa chronic lung infections.

Levels of the AQ molecule NHQ increased at the start of a pulmonary exacerbation and
positively correlated with quantitative measures of P. aeruginosa cells in the lung.

Machan et al. (1992) J Antimicrob Chemother 30:615-623; Collier et al. (2002) FEMS Microbiol Lett 215:41-46;
Barr HL et al. (2015) Eur Respir J 46:1046-1054.
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Engineering microbes to sense and eradicate
Pseudomonas aeruginosa, a human pathogen
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Sensing with S5 and E7
(pTetR-LasR-pLuxR-S5-pLuxR-E7)
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The same approach can be used to engineer probiotics
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Modified Lactic Acid Bacteria Detect and Inhibit Multiresistant
Enterococci
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Exploitation of QS for new therapeutic approaches

The study of QS elucidates the mechanisms controlling collective behaviours and the
evolution of social traits in individual cells.

In the last decade QS has been exploited for many biotechnological applications,
including the development of new therapeutic approaches.

1) Inhibition of QS in bacterial pathogens (anti-virulence approach).

2) Use of QS signal molecules as molecular markers to detect pathogens (biotic
antibacterials).

Generation of engineered bacteria able to synchronize their activities at the

population level (biotic antitumor agents).

4) Generation of synthetic cells able to interface with natural cells (soft-nanorobots).



Bacteria are promising anti-tumour agents

In 1868 Karl David Wilhelm Busch intentionally provoked erysipelas infection in a young girl
with a big solid tumour on the neck. The tumour mass significantly decreased in few days.

In 1882 Friedrich Fehleisen isolated the etiological agent of erysipelas, Streptococcus
pyogenes. He injected S. pyogenes in 7 patients with solid tumours and described complete

tumour regression in 3 patients.
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Bacteria are promising anti-tumour agents

Scientific manuscripts retrieved in Pubmed (www.ncbi.nlm.nih.gov/pubmed)

with the query “bacteria AND tumour AND therapy”.
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Few bacteria are currently used to treat cancer

Some bacteria activate a antitumor immune response, as in the case of
Bacillus Calmette-Guerin, used to treat bladder cancer.

Processing by Direct
dendritic cells cytotoxicity

Killing of
cancer cells




High Resolution /n Vivo Bioluminescent Imaging for the
Study of Bacterial Tumour Targeting

Michelle Cronin’, Ali R. Akin?, Sara A. Collins'3, Jeff Meganck?, Jae-Beom Kim?, Chwanrow K. Baban’,
Susan A. Joyce®*, Gooitzen M. van Dam>, Ning Zhang? Douwe van Sinderen®, Gerald C. O’Sullivan’,
Noriyuki Kasahara®, Cormac G. Gahan*®, Kevin P. Francis?, Mark Tangney'3*

Many genera of bacteria have been shown to preferentially accumulate in tumours,
including Salmonella, Escherichia, Clostridium and Bifidobacterium. Bacteria administered by
tail vein injection co-localize with solid tumours.
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Bacteria co-localize with different tumour types.

e.g. E. coli MG1655 co-localization with melanoma B16, carcinoma FaDu, e glioblastoma U87.
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High Resolution /n Vivo Bioluminescent Imaging for the
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Tumor cells (green-blue) — E. coli cells (orange)
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In tumors Salmonella migrate away from vasculature toward the
transition zone and induce apoptosis

Sabha Ganai'2, Richard B. Arenas'2:3, Jeremy P. Sauer?, Brooke Bentley?, and Neil S.
Forbes?34"

Cancer Gene Ther. 2011 July ; 18(7): 457-466.

Bacteria also co-localize with lung
and liver metastasis.
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Programmable probiotics for detection of cancer in urine

Tal Danino'”", Arthur Prindle?’, Gabriel A. Kwong'-T, Matthew Skalak', Howard Li?, Kaitlin
Allen’, Jeff Hasty2:34+ and Sangeeta N. Bhatia'-5.6.7.8.8.%

Co-localization of the orally administered probiotic strain E. coli Nissle 1917
with liver metastasis in mouse.
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Clostridia spores can germinate only in the internal anoxyc part of solid
tumors. Germinated Clostridia cells display an oncolytic activity.

x> 7

|| spores } Bacterial spores selectively

target tumors



COBALT therapy

Some bacteria, especially Clostridium sp., are endowed with oncolythic activity.
Bacteria can be used in combination with “passive” chemotherapy.

Bacterial Chemotherapy
. therapeutic
'Bacterium— molecule

Blood
vessel

- ‘Active’
bacterial
therapy

‘Passive’
chemotherapy

Forbes (2010) Nat Rev Cancer 10:785-794.



Engineered cells of Clostrium sporogenes can convert a non-toxic
prodrug in a chemotherapeutic agent inside the tumore

www.impactjournals.com/oncotarget/ Oncotarget, Vol. 5, No. 7

Spores of Clostridium engineered for clinical efficacy and safety
cause regression and cure of tumors in vivo

John T. Heap'**, Jan Theys?**, Muhammad Ehsaan?, Aleksandra M Kubiak®, Ludwig
Dubois?, Kim Paesmans?, Lieve Van Mellaert?, Richard Knox*, Sarah A. Kuehne?,
Phillipe Lambin? and Nigel P. Minton*

Clostridium sporogenes has been engineered to express a nitroreductase from Neisseria meningitidis
(NmeNTR). This enzyme converts the non-toxic prodrug CB1954 into the chemotherapeutic agent 5-
(aziridin-1-il)- 4-idrossilammino-2-nitrobenzamide.

The prodrug is converted into the by chemotherapeutic agent only inside the tumore, as C. sporogenes
NmeNTR spores germinates only in the internal anoxyc part of the tumor.
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INNOVATION

Engineering the perfect
(bacterial) cancer therapy

Neil S. Forbes

Bacteria can be engineered to convert
pro-drugs in anticancer drugs or to
produce anticancer drugs in situ.

Tumour Environmental
targeting sensor

|

Externally
detectable signal @— Cytotoxic
molecule
Forbes (2010) Nat Rev Cancer 10:785-794.




INNOVATION

Engineering the perfect
(bacterial) cancer therapy

Neil S. Forbes

Bacteria can be engineered to convert
pro-drugs in anticancer drugs or to
produce anticancer drugs in situ.

Engineered bacterium

high cell density
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Synchronized cycles of bacterial lysis for in vivo
delivery

M. Omar Din'*, Tal Danino?t*, Arthur Prindle!, Matt Skalak?, Jangir Selimkhanov', Kaitlin Allen?, Ellixis Julio', Eta Atolia?,
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Din et al. (2016) Nature 536:81-85
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Din et al. (2016) Nature 536:81-85
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Exploitation of QS for new therapeutic approaches

The study of QS elucidates the mechanisms controlling collective behaviours and the
evolution of social traits in individual cells.

In the last decade QS has been exploited for many biotechnological applications,
including the development of new therapeutic approaches.

1) Inhibition of QS in bacterial pathogens (anti-virulence approach).

2) Use of QS signal molecules as molecular markers to detect pathogens (biotic
antibacterials).

3) Generation of engineered bacteria able to synchronize their activities at the
population level (biotic antitumor agents).

4) Generation of synthetic cells able to interface with natural cells (soft-nanorobots).
For the next lesson.
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