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Abstract

In recent years, Acinetobacter baumannii has attracted the research community’s attention since they are turned into the leading
cause of both community- and hospital-acquired infections. The emergence of MDR-A. baumannii strains threatens hospitalized
patients since antibiotics fail to withdraw the bacterial infectious agents. Despite its worldwide distribution, health settings fail to
combat limitations in therapeutic regions against A. baumannii. The capability of biofilm formation in A. baumannii strengthens
their virulence and also survival. Understanding the fundamental virulence mechanisms beyond the microbial aggregations leads
to exploring alternative drug targets such as signaling molecules and Quorum sensing systems to block bacterial communication
and antimicrobial resistance. The significance of examining the biofilm’s structural details and the relationship between Quorum
sensing networks and related signaling molecules has been explicitly highlighted. Accordingly, this review study aimed to explain
the general biofilm structure, the mechanisms beyond biofilm formation, quorum sensing system, and the generation of signaling
molecules in A. baumannii.
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1. Context

Acinetobacter baumannii was for the first time iden-
tified as Micrococcus calcaoceticus by Beijerinck, a Dutch
bacteriologist, in 1911. After several years, Baumann et
al. (1968) cited in Asif et al. categorized all isolates simi-
lar to A. baumannii into one genus as Acinetobacter. They
are currently classified as Gammaproteobacteria (1) non-
fermentative, aerobic, and Gram-negative bacteria with ex-
tended distribution in natural sources such as soil and
water and medical environments (2, 3). Some species of
Acinetobacter, as commensal residents, exist on the human
skin. However, the pathogenic species (pittii, nosocomialis,
bauamnnii) are involved in opportunistic life-threatening
infections, covering septicemia, pneumonia, endocardi-
tis, urinary tract, and wound infections (3-5). During the
last two decades, A. baumannii have appeared as a ma-
jor concern in health care units. There is 60% fatality
due to wide-spectrum procurement of new antibacterial-
resistance genes by horizontal gene transfer (HGT) pro-
cess acquiring plasmids and phages, respectively. In 2017,
the WHO declared that carbapenem-resistant A. bauman-
nii (CRAB) was ranked first in the list of antibiotic-resistant

bacteria (6). This pathogen has been confirmed to be a suc-
cessful infection worldwide, and its risk factors include the
wayward consumption of various antibiotics, ventilator
sets, and a long period of being bedridden in ICU (7-9). Bac-
teria often are in pursue of amelioration of pathogenicity.
They Preferably alter solitude lifestyle to collective forms
if adequate bacterial density ("quorum") is sensed; hence,
some modifications in the transcription of genes and bac-
terial behaviors can be observed. The biofilm architecture
is directly harnessed by Quorum Sensing systems. Biofilm
formation capability enables A. baumannii to persist when
facing undesirable terms (e.g., dehydration and nutrient
deficiency) both on biotic and abiotic surfaces (10, 11).

2. A Short Review on Biofilm History

For the first time, Van Leeuwenhoek using his primary
microscope, observed some microbial aggregations on the
surface of the teeth. After a while, Heukelekian and Heller
examined the bottle effect on marine organisms and con-
cluded that the activity of these organisms increases when
they are attached to the surfaces (12). According to Zobell’s
observations, the number of bacteria on surfaces was at

Copyright © 2021, Trends in Medical Sciences. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the
original work is properly cited.

http://dx.doi.org/10.5812/tms.119665
https://crossmark.crossref.org/dialog/?doi=10.5812/tms.119665&domain=pdf
https://orcid.org/0000-0002-1056-3099
https://orcid.org/0000-0003-4993-4034
https://orcid.org/0000-0002-9364-1936


Shakib NH et al.

high rates compared to those in the seawater. With the im-
provements of electronic microscopes, it was possible to
investigate biofilms with a better resolution. Jones et al.
used an electronic microscope to detect biofilms produced
by marine life in wastewater. They could also detect the
cells surrounded by a-matrix-material and called it "poly-
saccharide." Later, some studies reported that these mate-
rials were resistant to disinfectants such as chlorine (13-15),
and they described a theory of biofilm mechanism.

According to the theory, on any biotic or abiotic sur-
face on which microorganisms are attached, the advan-
tages increase for microorganisms in a relevant ecolog-
ical niche (12, 15). Biofilm studies have been conducted
in industry, ecological systems, and the environment dur-
ing the past decades. However, in recent years, most ob-
servations on biofilms have used electronic microscope
equipment for the subtle identification of biofilms. They
include studies on genes associated with cell attachment
and biofilm formation (16). The biofilm description has
changed over 25 years; in 1976 Marshall was found that
there 73 were extracellular polymers integrating bacterial
cells on the surface (15, 16). They also observed bacterial
aggregations and claimed that biofilms consist of individ-
ual cells, producing micro-colonies. Marshall and Chrack-
lis (1990) presented a better explanation of biofilms, indi-
cating that "the exclusivity and heterogeneity of organic
and non-living material on surfaces contribute to biofilm
formation." (16, 17). Afterward, Costerton and Lappin-
Scott (1995) reported their observations and showed that
biofilms cling onto the surfaces and initiate gene expres-
sion to produce necessary components for bacteria (18).
Now, according to a new description of biofilms, bacteria
form biofilms in several stages: reversible attachment of
bacteria to surfaces, colonization and biofilm maturation,
irreversible attachment, and finally distribution of some
parts of biofilm. The first investigation of biofilm struc-
tures depended on working with optical microscopes;
however, after a while, the transmission electronic micro-
scope was used to further observe the biofilm structure.
However, it is the crucial element with high resolution to
survey and study the structures (16). Bacteria can exhibit
biofilm production on surfaces such as live tissues, medi-
cal devices, and aquatic systems.

Interestingly, no similarity is observed among biofilm
structures produced by bacteria on different surfaces. As
an example, the produced biofilm on aquatic systems, be-
cause of some spoiling material such as clay and filamen-
tous bacteria, shares no similar characteristics with the
ones on medical devices. In contrast, the biofilms on
medical devices include coccoid bacteria and extracellular
polysaccharides (EPS) (12, 16).

3. Bacterial Attachments: Biofilm Architecture

The desired conditions (e.g., a solid or liquid (blood))
provide the chance for the organism to attach to surfaces
and begin to colonize and proliferate. There are some fac-
tors, such as the cell surface hydrophobicity, existence or
lack of flagella, and the production of EPS, which affect the
microbial attachment rates. Bacterial fimbriae play a re-
markable role in surface hydrophobicity and the attach-
ment of cells through involvement in domination against
electrostatic existing between the surface and cells (19-21).
Moreover, Bendinger et al. reported that the other factors
involved in cell-surface interactions, known as proteolytic
enzymes, cause the distribution of the attached bacteria
such as Corynebacterium, Mycobacteria, and Nocardia. Ac-
cording to the mentioned subjects about biofilm, the at-
tachment of organisms to surfaces is a complicated pro-
cess (22). Hence, further studies and investigations on the
cell-surface interactions contribute to the better under-
standing of the biofilm structure and mechanisms to gen-
erate antibiofilm agents to combat stubborn bacterial in-
fections.

Biofilms are composed of microbial cells, and EPS
is considered as principal matrix substance in biofilm
structures (23). The whole structure of biofilms is sur-
rounded by a bacterial self-produced polysaccharide ma-
trix (24). The main structure of EPS consists of bacte-
rial poly-saccharides with neutralized electric charge or
polyanion, like what is observed in gram-positive bacteria.
In some cases, EPS plays an anti-antibiotic role in micro-
bial communities; remarkable amounts of the antibiotic
return by the attachment of EPS to these substances; hence,
the biofilm is like a bumper for bacteria (22). In some gram-
positive bacteria, such as Staphylococcus, the structure of
EPS may vary in chemical composition and is also cationic.
Furthermore, the concentration of hydrogen bonds in the
EPS composition causes dehydration, thereby preventing
desiccation in biofilms (23, 25). Several characterizations
of EPS influence biofilms. First, the structure and composi-
tion of polysaccharides determine the conformation. Sec-
ond, various EPSs existing in biofilms share no similarity.
Leriche stated that various organisms synthesized differ-
ent EPS rates, and this amount increases as time passes
(26). Moreover, the generation of EPS fluctuates by nutri-
ents in the environment. The better the access of bacte-
ria to carbon, the higher the rates of the EPS-production.
More importantly, the limitation of phosphate, nitrogen,
and potassium reduces the EPS synthase (23).

Last but not least, the slow growth rate of bacteria de-
termines the improved EPS level. The biofilm-related infec-
tions are produced on external surfaces and in the body.
Moreover, biofilms are growing and expanding on surfaces
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such as the teeth, plaque, respiratory tract, heart valves (en-
docarditis), and otitis media (24, 27, 28). Inside biofilms,
polysaccharides, proteins, and DNA originate from bacte-
ria themselves; hence, the matrix origin has a particular ef-
fect on the stability and preservation of biofilms. The de-
velopment of biofilms in the past years has been investi-
gated by confocal scanning laser microscopy employing
green fluorescent protein. Due to the creation of three-
dimensional images of biofilm along with advanced sili-
con image analysis, the beginning of biofilm formation in
vivo depends on the reversible attachment of planktonic
bacteria over surfaces sometimes covered with the layers
of protein-pellicles. As sensitivity to antibiotics, pathogen
bacteria in this stage of biofilms are prone to being killed
by antimicrobial agents (24). It is important to note that
there are fluctuations in bacterial growth in biofilm struc-
tures. The strategy of the bacteria to combat antibiotic
therapy is to lower growth rates in biofilms; hence, the ad-
sorption of antibiotics is lower, leading to their survival.

Accordingly, Evans et al. used the cell culture to eval-
uate the biofilm lifestyle on the growth rate of Escherichia
coli and reported that the bacteria were highly resistant
to antibiotics (29, 30). Accordingly, the biofilm framework
sometimes consists of water channels (31). In the clinical
samples of bacteria (biopsy), biofilm structures can be ob-
served via optical microscopes (32). Consequently, recog-
nizing a specific strain of bacteria requires molecular tech-
niques. Moreover, we need specific staining techniques for
the better and detailed analysis of biofilms.

4. Gene Transformation in Bacterial Communities

Biofilms provide an ideal encasement for microbes to
exchange their genetic treasury with the external environ-
ment by exotic chromosomal materials, known as plas-
mids. The conjugation is carried out through microbial
cells; hence, the relevant bacterial strains possessing con-
jugative plasmids can communicate and exchange genetic
materials. In general, bacteria go through lower muta-
tions in their planktonic forms, in contrast to their com-
municational lifestyles, and most genetic interactions hap-
pen in biofilm structures (33, 34). The F-conjugative-pilus
of E. coli, as an adhesion factor, furnishes cell-to-cell inter-
action (12, 33). The bacterial biofilms cause chronic infec-
tions in humans due to the severe resistance to different
antimicrobial agents and phagocytosis. It can be an eluci-
dation for the MDR bacteria (multi-drug-resistance), with
the capability of rejecting well-known antibiotics such as
beta-lactam, aminoglycosides, and fluoroquinolones (35,
36). According to what explained, bacteria within groups
secrete some degradation enzymes to combat antibiotics
to survive and colonize. For this purpose, the target site

of the mentioned enzymes has reduced affinity to attract
antimicrobial molecules (36). To take the idea one step
further, the antibiotics, including positive charges such
as aminoglycosides, cannot bind to polysaccharide ma-
trix with a negative charge (24). Further, within biofilm
communities, bacteria express more efflux pump-related
genes. For example, in patients with cystic fibrosis, the
Pseudomonas aeruginosa strains are mostly observed to mu-
tate their genes in biofilms. Moreover, one of the rea-
sons for the high resistance of Staphylococcus-induced in-
fections is the biofilm produced by these pathogens, or
P. aeruginosa causes health problems by producing mu-
coid biofilms (16). It is estimated that high gene transfer
rates within the biofilm structures are the main reason for
obtaining extracellular DNA, which confers resistant and
highly pathogen strains.

5. Quorum Sensing in Bacteria as a Noticeable Target

Principally, biochemical processes such as biofilm
formation, bacteriocin production, conjugation, compe-
tence, pathogenesis, the secretion of signaling molecules,
known as auto-inducers (AIs), and physiological mecha-
nisms in bacteria are regulated by Quorum Sensing sys-
tems. Since the mass potency of bacteria is followed by the
bacterial population changes in and around the microen-
vironments, it can be clearly recognized that monitoring
microenvironment happens by signaling molecules. Ac-
cordingly, the secretion of signaling molecules provides
a better cell-to-cell communication, which allows the bac-
terium to adapt environmental changes in a group of
other bacteria (37, 38). Accordingly, there is a need to acti-
vate Quorum Sensing mechanisms to percept signals and
cell density (39, 40). Cell-to-cell signal organizing is fea-
sible by Quorum Sensing network components (38, 41).
These components in Gram-positive bacteria are known
as oligopeptides. The counterpart of oligopeptides is N-
acyl-homoserine lactone, referred to as AHL mediating cell-
to-cell connection in Gram-negative bacteria (42). A typi-
cal AHL system in Gram-negative bacteria is regulated by
two proteins belonging to LuxI and LuxR protein families
(40). Lux-I-type proteins generate AHLs directly acting with
LuxR-type proteins. Then the mentioned complex coheres
to the sequence of a promoter, called ‘ Lux-Box,’ so this
process regulates the gene expression (9, 40). In general,
the emission of the N-acyl homoserine lactone signal is re-
ferred to as an autoinducer (AI) (43). Synthesizing an au-
toinducer is mediated by a LuxI-type AI-synthase.

Furthermore, the threshold concentration of AI is as-
sociated with the high density of bacterial cells in the en-
vironment. To express the targeted genes, AI binds to a
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LuxR-type protein (43). AHL-signaling molecules are com-
posed of homoserine lactone ring (HSL), which is bound to
an acyl chain. The length of the acyl chain varies from C4
to C18. The hypothesis on the simple diffusion of AIs into
bacterial cells was approved in a study on Vibrio fischeri lu-
minescence characteristics (39, 44).

The eradication of bacterial biofilm-related infections
is challenging for health authorities (30). Antibiotics are
still at the center of bacterial therapy, both human and vet-
erinary. All antibiotics share the same purpose of eradicat-
ing pathogenic bacteria (45, 46). Generally, in the presence
of certain antibiotics, the sensitive bacteria are in the dan-
ger of eradication. Following this phenomenon, the resis-
tant bacteria can survive and spread quickly, leading to the
widespread antibiotic resistance (47). Pathogenic bacteria
include a wide range of virulence factors to invade the host
cells and finally disseminate relevant infections. Accord-
ingly, providing new strategies to destroy the virulence fac-
tors and highlighting the significance of "quorum sensing"
related factors would be more advantageous to combat in-
fections instead of the total spoil of bacteria (45). As a re-
sult, the expression of virulence factors is controlled by a
complex regulatory network, and providing strategies to
inhibit the virulence factors attracts attention.

Quorum sensing is performed in several stages: (1)
producing signaling molecules, (2) dissemination around
the environment, (3) sensing and signaling molecules by
membrane receptors, (4) attaching molecules to gene pro-
motors, and (5) expressing virulence genes (48). As a result,
bacteria trigger to evolve their pathogenesis or coloniza-
tion on abiotic surfaces. Quorum sensing network in A.
baumannii is an acyl-homoserine lactone (AHL)-dependent
LuxIR-type system. The components of these systems are
called AbaI as AHL-synthase, AbaR as transcriptional regu-
latory proteins, and AHL-receptors (3) (Figure 1). In many
studies, the great relevance of Q.S networks with bacterial
virulence has been confirmed. In this regard, a mutation in
abaI genes has led to a significant reduction in biofilm for-
mation and virulence compared to wild-type. Accordingly,
the effects of quorum sensing can be considered as a signif-
icant factor in persistence on abiotic and biotic surfaces,
and notably intrinsic antibiotic resistance of A. bauman-
nii (49-52). Interestingly, in pursue of the quorum-sensing
system in A. baumannii, the homologous of LuxI, which
encodes AHL signaling molecules, has been described in
Acinetobacter . According to the findings, they share 94%
similarity in the amino acid content of the AbaI and AbaR
in A. baumannii. In this regard, the mentioned components
of the Quorum sensing system in Acinetobacter nosocomi-
alis are termed as AnoR-(A. nosocomialis LuxI) and AnoI-(A.
nosocomialis LuxR) (4).

6. Relevance of Quorum Sensing and Quorum Quench-
ing

Pathogenic Gram-negative bacteria typically use Quo-
rum networks to enhance their potentials to adapt to
environmental tensions such as the regulation of resis-
tance gene expression, genome transmission, and biofilm
production and motility. Moreover, the bacterial inva-
sion of the host cells is possible by the type VI secre-
tion system (T6SS) (53). Aligned with Quorum Sensing
mechanisms, bacteria prevent Quorum Sensing processes.
Gram-negative bacteria in competitive communities ex-
hibit unusual strategies to achieve superiority among
other species (54). One of such strategies is releasing Quo-
rum Quenching (QQ) molecules, which would affect the
regulation of signal production, signal comprehension,
and food acquisition mechanisms in competitor bacteria
(54). Quorum Quenching molecules degrade signaling
molecules (53); hence, the pathogenesis of bacteria will be
decreased by disrupting quorum sensing (37). Hence, it
can be concluded that various species of bacteria in mi-
crobial accumulations for superior competition possess
both Quorum Sensing and Quorum Quenching networks
(54). Generally, the strategies in the interference of Quo-
rum sensing under the regulation of quorum quenching
molecules are made up of two methods: non-enzymatic
acting by Quorum sensing-inhibitors and an enzymatic
method breaking down the signaling molecules and then
extinguishing the Quorum Sensing system (55). A new
quencher molecule, known as AidaA, is found in the clin-
ical strains of A. baumannii. Furthermore, AHL-cylase and
AmiE are the sensible kinds of Quenching molecules in
Acinetobacter spps (54) (Figure 2).

7. Unsaturated Fatty Acids

By the continual occurrence of drug resistance in
pathogens, the urgent demand for achieving alternative
therapeutic agents to defeat infections is tangible (56);
however, numerous efforts have been made to find suit-
able antibacterial agents targeting virulence factor regula-
tors such as secretion systems, Quorum Sensing, biofilm
formation, and the toxicity activity of the bacteria (57).
One of the remarkable anti-biofilm agents containing an-
tibacterial characteristics is unsaturated fatty acids (UFA).
These chemical agents have attracted remarkable atten-
tion. Moreover, the absence of resistance mechanisms
against these molecules is a prospective alternative to com-
bat the virulence of microorganisms (58). Although the ex-
act function of the recommended agents is still vague, the
initial target of these molecules is the disruption of elec-
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Figure 1. The Quorums Sensing network in Acinetobacter baumannii is known as the LuxIR-system, consisting of AbaI and AbaR components, as described previously. This figure
demonstrates the several steps of signal production of A. baumannii as follows: First, under a desirable condition, bacteria produce signaling molecules, then the surrounding
bacteria begin to sense these signals and activate their specific receptors to receive the signals. Finally, the reception of signals leads to the expression of relevant virulence
genes.

tron transport chain and oxidative phosphorylation in the
cell membrane of bacteria (59).

Interestingly, the extraction of unsaturated fatty acids
as small organic molecules has been proved in hetero-
marine organisms (60, 61). We can conclude that UFAs
are considered as new anti-biofilm agents to eradicate rel-
evant infections. The administration of Virstatin, 4- [N-(1,
8-naphthalimide)]-n-butyric acid, to an animal model has
proved its antibacterial effect on two major virulence fac-
tors of Vibrio cholera: Toxin co-regulated pilus (TCP) and
cholera toxin (ctx), which impair the transcription regu-
lator of relevant genes, known as ToxT. In other words, it
prevents the dimerization of ToxT (56, 57). Furthermore,
another study indicated that long-chain polyunsaturated
fatty acids (LC-PUFA) were used to combat acne and dermal
infections induced by Propionibacterium acnes and Staphy-
lococcus aureus, respectively (58).

8. Certain Unsaturated Fatty Acids Block Quorum
Sensing-Related Biofilm Formation

Recently, Virstatin’s potential to inhibit biofilm pro-
duction in A. baumannii, mediated by blocking pili synthe-
sis, has been demonstrated (62). Meanwhile, in another

study, its efficacy against biofilm structure in Acinetobac-
ter, by involvement in Quorum Sensing system, has been
studied (4, 56, 58). Concerning interference of UFAs and or-
ganic molecules in biofilm formation and motility of bac-
teria, which are under the regulation of Quorum Sensing
networks, it can be assumed that they are a putative tar-
get for antibiofilm therapeutic agents. The following path-
ways can establish these strategies: first, prevention of sig-
naling molecules production, and second, quenching and
deactivation of signaling molecules (40). As to prevention
of the ToxT interaction with DNA by PoA (Palmitoleic Acid),
which is one of the regulatory proteins to transcript the
coding genes of toxin co-regulated and cholera toxin in V.
cholera (63), in another study, the efficacy of two unsatu-
rated fatty acid molecules, i.e., myristoleic Acid (MoA) and
Palmitoleic Acid (PoA), has been reported to decrease the
biofilm production in A. baumannii ATCC17978 (61) ( Table
1).

4. Conclusions

The widespread drug resistance of the A. baumannii
genus is a major trouble in clinical settings and accounts
for high morbidity rates. The biofilm formation by these
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Figure 2. A: Bacteria usually activate Quorum sensing systems to generate signaling molecules to link to other surrounding bacteria. These bacteria receive the signaling
molecules by specific receptors and then activate nucleus transcriptional factors to express relevant genes. B: While bacteria under a multi-species condition include strategies
to obtain some advantages for the acquisition of food and ecological niches, Quorum quenching mechanisms interfere with critical factors of quorum sensing networks and
quench the activation of quorum network communication. AHL-cyclase, AmiE, and AidA enzymes as a Quorum Quenching mechanism affect inter-species relationships
by hydrolyzing and degrading signaling molecules. Accordingly, the surrounding bacteria will not receive signals and express beneficial genes (pili production, biofilm
formation).

Table 1. Anti-biofilm Effects of Different Fatty Acids

UFA Concentration (mg/mL) Anti-biofilm Activity Anti-motile Activity References

MoA-(myristoleic acid) 0.02 38% - (61)

PoA-(Palmitoleic acid) 0.02 24% Not-mentioned (61, 63)

MoA 0.05 42% 73% (61)

PoA 0/05 28% Not-mentioned (61, 63)

pathogens is an effective factor of antimicrobial failure to
eradicate relevant infections. The collected data in this re-
view have highlighted the specific role of Quorum Sensing
and signaling processes between the microbes following
biofilm production in microenvironments. Accordingly,
understanding the role of this network and the perfor-
mance of AHL signaling molecules can be of great impor-
tance in producing signaling inhibitors to prevent severe
biofilm-related infections. Moreover, figuring out the con-
stitution of biofilms and their backbone materials makes
us generate other drugs with altered specific sites. Ac-
cordingly, interference in the expression of communica-
tion and signaling mechanism-associated genes can im-
press the bacteria’s aggregative lifestyles since using new

alternative therapeutic agents that target the quorum net-
works and their performance leads to the better control of
A. baumannii infections in the community and hospitals.

Footnotes

Authors’ Contribution: Study concept and design: M. M.,
and N. H. SH.; Search and interpretation of data: N. H. SH.,
and M. M.; Drafting of the manuscript: N. H. SH. and Y. S A.;
Critical revision of the manuscript for important intellec-
tual content: M. M., and N. H. SH; Design and imaging : N.
H. SH.

Conflict of Interests: The authors declare no conflict of
interests.

6 Trends in Med Sci. 2021; 1(4):e119665.



Shakib NH et al.

Funding/Support: There is no financial support to be de-
clared.

References

1. Asif M, Alvi IA, Rehman SU. Insight into Acinetobacter bauman-
nii: pathogenesis, global resistance, mechanisms of resistance,
treatment options, and alternative modalities. Infect Drug Resist.
2018;11:1249–60. doi: 10.2147/IDR.S166750. [PubMed: 30174448].
[PubMed Central: PMC6110297].

2. Lee CR, Lee JH, Park M, Park KS, Bae IK, Kim YB, et al. Biology of
Acinetobacter baumannii: Pathogenesis, Antibiotic Resistance Mech-
anisms, and Prospective Treatment Options. Front Cell Infect Micro-
biol. 2017;7:55. doi: 10.3389/fcimb.2017.00055. [PubMed: 28348979].
[PubMed Central: PMC5346588].

3. Mayer C, Muras A, Romero M, Lopez M, Tomas M, Otero A. Mul-
tiple Quorum Quenching Enzymes Are Active in the Nosocomial
Pathogen Acinetobacter baumannii ATCC17978. Front Cell Infect Micro-
biol. 2018;8:310. doi: 10.3389/fcimb.2018.00310. [PubMed: 30271754].
[PubMed Central: PMC6146095].

4. Oh MH, Choi CH. Role of LuxIR Homologue AnoIR in Acineto-
bacter nosocomialis and the Effect of Virstatin on the Expres-
sion of anoR Gene. J Microbiol Biotechnol. 2015;25(8):1390–400. doi:
10.4014/jmb.1504.04069. [PubMed: 25975610].

5. Soltani B, Heidari H, Ebrahim-Saraie HS, Hadi N, Mardaneh J, Mo-
tamedifar M. Molecular characteristics of multiple and extensive
drug-resistant Acinetobacter baumannii isolates obtained from hos-
pitalized patients in Southwestern Iran. Infez Med. 2018;26(1):67–76.
[PubMed: 29525800].

6. Willyard C. The drug-resistant bacteria that pose the greatest health
threats. Nature. 2017;543(7643):15. doi: 10.1038/nature.2017.21550.
[PubMed: 28252092].

7. Lari AR, Azimi L, Motamedifar M, Lari AR. Antibiotic Resistance Pat-
terns and Detection of OXA-23 and OXA-48 Genes in Acinetobacter
baumannii Isolated from Ventilator Associated Pneumonia. J Med Bac-
teriol. 2019;8(3-4):18–22.

8. Nie D, Hu Y, Chen Z, Li M, Hou Z, Luo X, et al. Outer membrane protein
A (OmpA) as a potential therapeutic target for Acinetobacter bauman-
nii infection. J Biomed Sci. 2020;27(1):26. doi: 10.1186/s12929-020-0617-7.
[PubMed: 31954394]. [PubMed Central: PMC6969976].

9. Modarresi F, Azizi O, Shakibaie MR, Motamedifar M, Mosadegh
E, Mansouri S. Iron limitation enhances acyl homoserine lac-
tone (AHL) production and biofilm formation in clinical iso-
lates of Acinetobacter baumannii. Virulence. 2015;6(2):152–61. doi:
10.1080/21505594.2014.1003001. [PubMed: 25622119]. [PubMed Cen-
tral: PMC4601488].

10. Gaddy JA, Actis LA. Regulation of Acinetobacter baumannii biofilm
formation. Future Microbiol. 2009;4(3):273–8. doi: 10.2217/fmb.09.5.
[PubMed: 19327114]. [PubMed Central: PMC2724675].

11. Azizi O, Shahcheraghi F, Salimizand H, Modarresi F, Shakibaie MR,
Mansouri S, et al. Molecular Analysis and Expression of bap Gene in
Biofilm-Forming Multi-Drug-Resistant Acinetobacter baumannii. Rep
Biochem Mol Biol. 2016;5(1):62–72. [PubMed: 28070537]. [PubMed Cen-
tral: PMC5214686].

12. Barceló AM, Cortina IC, Rodríguez AIA, Ballesteros CR. Climatología
del Balneario de Villavieja. Anales de la Real Academia Nacional de Far-
macia. 2017.

13. Zobell CE. The Effect of Solid Surfaces upon Bacterial Activity. J
Bacteriol. 1943;46(1):39–56. doi: 10.1128/jb.46.1.39-56.1943. [PubMed:
16560677]. [PubMed Central: PMC373789].

14. Jones HC, Roth IL, Sanders W3. Electron microscopic study of a slime
layer. J Bacteriol. 1969;99(1):316–25. doi: 10.1128/jb.99.1.316-325.1969.
[PubMed: 5802613]. [PubMed Central: PMC250005].

15. Costerton JW, Geesey GG, Cheng KJ. How bacteria stick. Sci Am.
1978;238(1):86–95. doi: 10.1038/scientificamerican0178-86. [PubMed:
635520].

16. Donlan RM, Costerton JW. Biofilms: survival mechanisms of clinically
relevant microorganisms. Clin Microbiol Rev. 2002;15(2):167–93. doi:
10.1128/CMR.15.2.167-193.2002. [PubMed: 11932229]. [PubMed Central:
PMC118068].

17. Greco RS, Prinz FB, Smith R. Nanoscale Technology in Biological Systems.
CRC Press; 2004. doi: 10.1201/9780203500224.

18. Costerton JW, Cheng KJ, Geesey GG, Ladd TI, Nickel JC, Dasgupta M,
et al. Bacterial biofilms in nature and disease. Annu Rev Microbiol.
1987;41:435–64. doi: 10.1146/annurev.mi.41.100187.002251. [PubMed:
3318676].

19. Fletcher M, Loeb GI. Influence of substratum characteristics on the at-
tachment of a marine pseudomonad to solid surfaces. Appl Environ
Microbiol. 1979;37(1):67–72. doi: 10.1128/aem.37.1.67-72.1979. [PubMed:
16345338]. [PubMed Central: PMC243402].

20. Donlan RM. Biofilm formation: a clinically relevant microbiolog-
ical process. Clin Infect Dis. 2001;33(8):1387–92. doi: 10.1086/322972.
[PubMed: 11565080].

21. Rosenberg M, Bayer EA, Delarea J, Rosenberg E. Role of Thin Fim-
briae in Adherence and Growth of Acinetobacter calcoaceticus
RAG-1 on Hexadecane. Appl Environ Microbiol. 1982;44(4):929–37. doi:
10.1128/aem.44.4.929-937.1982. [PubMed: 16346118]. [PubMed Central:
PMC242119].

22. Bendinger B, Rijnaarts HH, Altendorf K, Zehnder AJ. Physicochemical
cell surface and adhesive properties of coryneform bacteria related
to the presence and chain length of mycolic acids. Appl Environ Micro-
biol. 1993;59(11):3973–7. doi: 10.1128/aem.59.11.3973-3977.1993. [PubMed:
16349100]. [PubMed Central: PMC182562].

23. Sutherland I. Biofilm exopolysaccharides: a strong and sticky frame-
work. Microbiology (Reading). 2001;147(Pt 1):3–9. doi: 10.1099/00221287-
147-1-3. [PubMed: 11160795].

24. Hoiby N, Bjarnsholt T, Givskov M, Molin S, Ciofu O. Antibiotic resis-
tance of bacterial biofilms. Int J Antimicrob Agents. 2010;35(4):322–32.
doi: 10.1016/j.ijantimicag.2009.12.011. [PubMed: 20149602].

25. Hussain M, Wilcox MH, White PJ. The slime of coagulase-negative
staphylococci: biochemistry and relation to adherence. FEMS Mi-
crobiol Rev. 1993;10(3-4):191–207. doi: 10.1111/j.1574-6968.1993.tb05867.x.
[PubMed: 8318256].

26. Leriche V, Sibille P, Carpentier B. Use of an enzyme-linked lectin-
sorbent assay to monitor the shift in polysaccharide composition
in bacterial biofilms. Appl Environ Microbiol. 2000;66(5):1851–6. doi:
10.1128/AEM.66.5.1851-1856.2000. [PubMed: 10788349]. [PubMed Cen-
tral: PMC101422].

27. Bjarnsholt T, Jensen PO, Fiandaca MJ, Pedersen J, Hansen CR, Andersen
CB, et al. Pseudomonas aeruginosa biofilms in the respiratory tract
of cystic fibrosis patients. Pediatr Pulmonol. 2009;44(6):547–58. doi:
10.1002/ppul.21011. [PubMed: 19418571].

28. Leung KP, Crowe TD, Abercrombie JJ, Molina CM, Bradshaw
CJ, Jensen CL, et al. Control of oral biofilm formation by an
antimicrobial decapeptide. J Dent Res. 2005;84(12):1172–7. doi:
10.1177/154405910508401215. [PubMed: 16304449].

29. Evans DJ, Allison DG, Brown MR, Gilbert P. Effect of growth-rate
on resistance of gram-negative biofilms to cetrimide. J Antimi-
crob Chemother. 1990;26(4):473–8. doi: 10.1093/jac/26.4.473. [PubMed:
2254220].

30. Jahangiri S, Malekzadegan Y, Motamedifar M, Hadi N. Virulence genes
profile and biofilm formation ability of Acinetobacter baumannii
strains isolated from inpatients of a tertiary care hospital in south-
west of Iran. Gene Rep. 2019;17. doi: 10.1016/j.genrep.2019.100481.

31. Webb JS, Thompson LS, James S, Charlton T, Tolker-Nielsen T, Koch B,
et al. Cell death in Pseudomonas aeruginosa biofilm development.
J Bacteriol. 2003;185(15):4585–92. doi: 10.1128/JB.185.15.4585-4592.2003.
[PubMed: 12867469]. [PubMed Central: PMC165772].

32. Kobayashi H, Oethinger M, Tuohy MJ, Procop GW, Bauer TW. Im-
proved detection of biofilm-formative bacteria by vortexing and son-

Trends in Med Sci. 2021; 1(4):e119665. 7

http://dx.doi.org/10.2147/IDR.S166750
http://www.ncbi.nlm.nih.gov/pubmed/30174448
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6110297
http://dx.doi.org/10.3389/fcimb.2017.00055
http://www.ncbi.nlm.nih.gov/pubmed/28348979
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5346588
http://dx.doi.org/10.3389/fcimb.2018.00310
http://www.ncbi.nlm.nih.gov/pubmed/30271754
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6146095
http://dx.doi.org/10.4014/jmb.1504.04069
http://www.ncbi.nlm.nih.gov/pubmed/25975610
http://www.ncbi.nlm.nih.gov/pubmed/29525800
http://dx.doi.org/10.1038/nature.2017.21550
http://www.ncbi.nlm.nih.gov/pubmed/28252092
http://dx.doi.org/10.1186/s12929-020-0617-7
http://www.ncbi.nlm.nih.gov/pubmed/31954394
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6969976
http://dx.doi.org/10.1080/21505594.2014.1003001
http://www.ncbi.nlm.nih.gov/pubmed/25622119
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4601488
http://dx.doi.org/10.2217/fmb.09.5
http://www.ncbi.nlm.nih.gov/pubmed/19327114
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2724675
http://www.ncbi.nlm.nih.gov/pubmed/28070537
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5214686
http://dx.doi.org/10.1128/jb.46.1.39-56.1943
http://www.ncbi.nlm.nih.gov/pubmed/16560677
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC373789
http://dx.doi.org/10.1128/jb.99.1.316-325.1969
http://www.ncbi.nlm.nih.gov/pubmed/5802613
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC250005
http://dx.doi.org/10.1038/scientificamerican0178-86
http://www.ncbi.nlm.nih.gov/pubmed/635520
http://dx.doi.org/10.1128/CMR.15.2.167-193.2002
http://www.ncbi.nlm.nih.gov/pubmed/11932229
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC118068
http://dx.doi.org/10.1201/9780203500224
http://dx.doi.org/10.1146/annurev.mi.41.100187.002251
http://www.ncbi.nlm.nih.gov/pubmed/3318676
http://dx.doi.org/10.1128/aem.37.1.67-72.1979
http://www.ncbi.nlm.nih.gov/pubmed/16345338
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC243402
http://dx.doi.org/10.1086/322972
http://www.ncbi.nlm.nih.gov/pubmed/11565080
http://dx.doi.org/10.1128/aem.44.4.929-937.1982
http://www.ncbi.nlm.nih.gov/pubmed/16346118
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC242119
http://dx.doi.org/10.1128/aem.59.11.3973-3977.1993
http://www.ncbi.nlm.nih.gov/pubmed/16349100
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC182562
http://dx.doi.org/10.1099/00221287-147-1-3
http://dx.doi.org/10.1099/00221287-147-1-3
http://www.ncbi.nlm.nih.gov/pubmed/11160795
http://dx.doi.org/10.1016/j.ijantimicag.2009.12.011
http://www.ncbi.nlm.nih.gov/pubmed/20149602
http://dx.doi.org/10.1111/j.1574-6968.1993.tb05867.x
http://www.ncbi.nlm.nih.gov/pubmed/8318256
http://dx.doi.org/10.1128/AEM.66.5.1851-1856.2000
http://www.ncbi.nlm.nih.gov/pubmed/10788349
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC101422
http://dx.doi.org/10.1002/ppul.21011
http://www.ncbi.nlm.nih.gov/pubmed/19418571
http://dx.doi.org/10.1177/154405910508401215
http://www.ncbi.nlm.nih.gov/pubmed/16304449
http://dx.doi.org/10.1093/jac/26.4.473
http://www.ncbi.nlm.nih.gov/pubmed/2254220
http://dx.doi.org/10.1016/j.genrep.2019.100481
http://dx.doi.org/10.1128/JB.185.15.4585-4592.2003
http://www.ncbi.nlm.nih.gov/pubmed/12867469
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC165772


Shakib NH et al.

ication: a pilot study. Clin Orthop Relat Res. 2009;467(5):1360–4. doi:
10.1007/s11999-008-0609-5. [PubMed: 18989729]. [PubMed Central:
PMC2664413].

33. Stickler DJ, Morris NS, McLean RJ, Fuqua C. Biofilms on indwelling
urethral catheters produce quorum-sensing signal molecules in
situ and in vitro. Appl Environ Microbiol. 1998;64(9):3486–90. doi:
10.1128/AEM.64.9.3486-3490.1998. [PubMed: 9726901]. [PubMed Cen-
tral: PMC106751].

34. Hausner M, Wuertz S. High rates of conjugation in bacterial biofilms
as determined by quantitative in situ analysis. Appl Environ Micro-
biol. 1999;65(8):3710–3. doi: 10.1128/AEM.65.8.3710-3713.1999. [PubMed:
10427070]. [PubMed Central: PMC91555].

35. Anwar H, Costerton JW. Enhanced activity of combination of
tobramycin and piperacillin for eradication of sessile biofilm
cells of Pseudomonas aeruginosa. Antimicrob Agents Chemother.
1990;34(9):1666–71. doi: 10.1128/AAC.34.9.1666. [PubMed: 2126686].
[PubMed Central: PMC171902].

36. Høiby N, Krogh Johansen H, Moser C, Song Z, Ciofu O, Kharazmi
A. Pseudomonas aeruginosa and the in vitroand in vivo biofilm
mode of growth. Microbes Infect. 2001;3(1):23–35. doi: 10.1016/s1286-
4579(00)01349-6.

37. Zhong S, He S. Quorum Sensing Inhibition or Quenching in
Acinetobacter baumannii: The Novel Therapeutic Strategies
for New Drug Development. Front Microbiol. 2021;12:558003. doi:
10.3389/fmicb.2021.558003. [PubMed: 33597937]. [PubMed Central:
PMC7882596].

38. Modarresi F, Azizi O, Shakibaie MR, Motamedifar M, Valibeigi B, Man-
souri S. Effect of iron on expression of efflux pump (adeABC) and
quorum sensing (luxI, luxR) genes in clinical isolates of Acineto-
bacter baumannii. APMIS. 2015;123(11):959–68. doi: 10.1111/apm.12455.
[PubMed: 26350174].

39. Wu S, Liu J, Liu C, Yang A, Qiao J. Quorum sensing for population-level
control of bacteria and potential therapeutic applications. Cell Mol
Life Sci. 2020;77(7):1319–43. doi: 10.1007/s00018-019-03326-8. [PubMed:
31612240].

40. Bhargava N, Sharma P, Capalash N. Quorum sensing in Acinetobac-
ter: an emerging pathogen. Crit Rev Microbiol. 2010;36(4):349–60. doi:
10.3109/1040841X.2010.512269. [PubMed: 20846031].

41. Dou Y, Song F, Guo F, Zhou Z, Zhu C, Xiang J, et al. Acinetobac-
ter baumannii quorum-sensing signalling molecule induces the ex-
pression of drug-resistance genes. Mol Med Rep. 2017;15(6):4061–8.
doi: 10.3892/mmr.2017.6528. [PubMed: 28487993]. [PubMed Central:
PMC5436197].

42. Niu C, Clemmer KM, Bonomo RA, Rather PN. Isolation and charac-
terization of an autoinducer synthase from Acinetobacter bauman-
nii. J Bacteriol. 2008;190(9):3386–92. doi: 10.1128/JB.01929-07. [PubMed:
18281398]. [PubMed Central: PMC2347373].

43. Pearson JP, Van Delden C, Iglewski BH. Active efflux and diffusion
are involved in transport of Pseudomonas aeruginosa cell-to-cell sig-
nals. J Bacteriol. 1999;181(4):1203–10. doi: 10.1128/JB.181.4.1203-1210.1999.
[PubMed: 9973347]. [PubMed Central: PMC93498].

44. Kaplan HB, Greenberg EP. Diffusion of autoinducer is involved
in regulation of the Vibrio fischeri luminescence system. J Bacte-
riol. 1985;163(3):1210–4. doi: 10.1128/jb.163.3.1210-1214.1985. [PubMed:
3897188]. [PubMed Central: PMC219261].

45. Defoirdt T. Quorum-Sensing Systems as Targets for An-
tivirulence Therapy. Trends Microbiol. 2018;26(4):313–28. doi:
10.1016/j.tim.2017.10.005. [PubMed: 29132819].

46. Cegelski L, Marshall GR, Eldridge GR, Hultgren SJ. The biology
and future prospects of antivirulence therapies. Nat Rev Micro-
biol. 2008;6(1):17–27. doi: 10.1038/nrmicro1818. [PubMed: 18079741].
[PubMed Central: PMC2211378].

47. Clatworthy AE, Pierson E, Hung DT. Targeting virulence: a new
paradigm for antimicrobial therapy. Nat Chem Biol. 2007;3(9):541–8.
doi: 10.1038/nchembio.2007.24. [PubMed: 17710100].

48. Deng Y, Wu J, Tao F, Zhang LH. Listening to a new language: DSF-based

quorum sensing in Gram-negative bacteria. Chem Rev. 2011;111(1):160–
73. doi: 10.1021/cr100354f. [PubMed: 21166386].

49. Anbazhagan D, Mansor M, Yan GO, Md Yusof MY, Hassan H, Sekaran
SD. Detection of quorum sensing signal molecules and identifica-
tion of an autoinducer synthase gene among biofilm forming clin-
ical isolates of Acinetobacter spp. PLoS One. 2012;7(7). e36696. doi:
10.1371/journal.pone.0036696. [PubMed: 22815678]. [PubMed Central:
PMC3398020].

50. Kang YS, Park W. Contribution of quorum-sensing system to hex-
adecane degradation and biofilm formation in Acinetobacter sp.
strain DR1. J Appl Microbiol. 2010;109(5):1650–9. doi: 10.1111/j.1365-
2672.2010.04793.x. [PubMed: 20629796].

51. Chow JY, Yang Y, Tay SB, Chua KL, Yew WS. Disruption of biofilm forma-
tion by the human pathogen Acinetobacter baumannii using engi-
neered quorum-quenching lactonases. Antimicrob Agents Chemother.
2014;58(3):1802–5. doi: 10.1128/AAC.02410-13. [PubMed: 24379199].
[PubMed Central: PMC3957888].

52. Kooti S, Motamedifar M, Sarvari J. Antibiotic Resistance Profile and
Distribution of Oxacillinase Genes Among Clinical Isolates of Acineto-
bacter baumannii in Shiraz Teaching Hospitals, 2012 - 2013. Jundisha-
pur J Microbiol. 2015;8(8). doi: 10.5812/jjm.20215v2.

53. Fernandez-Garcia L, Ambroa A, Blasco L, Bleriot I, Lopez M, Alvarez-
Marin R, et al. Relationship Between the Quorum Network (Sens-
ing/Quenching) and Clinical Features of Pneumonia and Bacter-
aemia Caused by A. baumannii. Front Microbiol. 2018;9:3105. doi:
10.3389/fmicb.2018.03105. [PubMed: 30619184]. [PubMed Central:
PMC6304438].

54. Lopez M, Rueda A, Florido JP, Blasco L, Fernandez-Garcia L, Trastoy R,
et al. Evolution of the Quorum network and the mobilome (plasmids
and bacteriophages) in clinical strains of Acinetobacter baumannii
during a decade. Sci Rep. 2018;8(1):2523. doi: 10.1038/s41598-018-20847-
7. [PubMed: 29410443]. [PubMed Central: PMC5802823].

55. LaSarre B, Federle MJ. Exploiting quorum sensing to confuse
bacterial pathogens. Microbiol Mol Biol Rev. 2013;77(1):73–111. doi:
10.1128/MMBR.00046-12. [PubMed: 23471618]. [PubMed Central:
PMC3591984].

56. Hung DT, Shakhnovich EA, Pierson E, Mekalanos JJ. Small-molecule
inhibitor of Vibrio cholerae virulence and intestinal colonization.
Science. 2005;310(5748):670–4. doi: 10.1126/science.1116739. [PubMed:
16223984].

57. Shakhnovich EA, Hung DT, Pierson E, Lee K, Mekalanos JJ. Virstatin
inhibits dimerization of the transcriptional activator ToxT. Proc
Natl Acad Sci U S A. 2007;104(7):2372–7. doi: 10.1073/pnas.0611643104.
[PubMed: 17283330]. [PubMed Central: PMC1892951].

58. Desbois AP, Lawlor KC. Antibacterial activity of long-chain polyunsat-
urated fatty acids against Propionibacterium acnes and Staphylococ-
cus aureus. Mar Drugs. 2013;11(11):4544–57. doi: 10.3390/md11114544.
[PubMed: 24232668]. [PubMed Central: PMC3853744].

59. Desbois AP, Smith VJ. Antibacterial free fatty acids: activities,
mechanisms of action and biotechnological potential. Appl Micro-
biol Biotechnol. 2010;85(6):1629–42. doi: 10.1007/s00253-009-2355-3.
[PubMed: 19956944].

60. Berge JP, Barnathan G. Fatty acids from lipids of marine organ-
isms: molecular biodiversity, roles as biomarkers, biologically ac-
tive compounds, and economical aspects. Adv Biochem Eng Biotechnol.
2005;96:49–125. doi: 10.1007/b135782. [PubMed: 16566089].

61. Nicol M, Alexandre S, Luizet JB, Skogman M, Jouenne T, Salcedo SP,
et al. Unsaturated Fatty Acids Affect Quorum Sensing Communica-
tion System and Inhibit Motility and Biofilm Formation of Acineto-
bacter baumannii. Int J Mol Sci. 2018;19(1). doi: 10.3390/ijms19010214.
[PubMed: 29320462]. [PubMed Central: PMC5796163].

62. Nait Chabane Y, Mlouka MB, Alexandre S, Nicol M, Marti S, Pestel-
Caron M, et al. Virstatin inhibits biofilm formation and motility of
Acinetobacter baumannii. BMC Microbiol. 2014;14:62. doi: 10.1186/1471-
2180-14-62. [PubMed: 24621315]. [PubMed Central: PMC4007623].

8 Trends in Med Sci. 2021; 1(4):e119665.

http://dx.doi.org/10.1007/s11999-008-0609-5
http://www.ncbi.nlm.nih.gov/pubmed/18989729
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2664413
http://dx.doi.org/10.1128/AEM.64.9.3486-3490.1998
http://www.ncbi.nlm.nih.gov/pubmed/9726901
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC106751
http://dx.doi.org/10.1128/AEM.65.8.3710-3713.1999
http://www.ncbi.nlm.nih.gov/pubmed/10427070
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC91555
http://dx.doi.org/10.1128/AAC.34.9.1666
http://www.ncbi.nlm.nih.gov/pubmed/2126686
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC171902
http://dx.doi.org/10.1016/s1286-4579(00)01349-6
http://dx.doi.org/10.1016/s1286-4579(00)01349-6
http://dx.doi.org/10.3389/fmicb.2021.558003
http://www.ncbi.nlm.nih.gov/pubmed/33597937
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7882596
http://dx.doi.org/10.1111/apm.12455
http://www.ncbi.nlm.nih.gov/pubmed/26350174
http://dx.doi.org/10.1007/s00018-019-03326-8
http://www.ncbi.nlm.nih.gov/pubmed/31612240
http://dx.doi.org/10.3109/1040841X.2010.512269
http://www.ncbi.nlm.nih.gov/pubmed/20846031
http://dx.doi.org/10.3892/mmr.2017.6528
http://www.ncbi.nlm.nih.gov/pubmed/28487993
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5436197
http://dx.doi.org/10.1128/JB.01929-07
http://www.ncbi.nlm.nih.gov/pubmed/18281398
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2347373
http://dx.doi.org/10.1128/JB.181.4.1203-1210.1999
http://www.ncbi.nlm.nih.gov/pubmed/9973347
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC93498
http://dx.doi.org/10.1128/jb.163.3.1210-1214.1985
http://www.ncbi.nlm.nih.gov/pubmed/3897188
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC219261
http://dx.doi.org/10.1016/j.tim.2017.10.005
http://www.ncbi.nlm.nih.gov/pubmed/29132819
http://dx.doi.org/10.1038/nrmicro1818
http://www.ncbi.nlm.nih.gov/pubmed/18079741
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2211378
http://dx.doi.org/10.1038/nchembio.2007.24
http://www.ncbi.nlm.nih.gov/pubmed/17710100
http://dx.doi.org/10.1021/cr100354f
http://www.ncbi.nlm.nih.gov/pubmed/21166386
http://dx.doi.org/10.1371/journal.pone.0036696
http://www.ncbi.nlm.nih.gov/pubmed/22815678
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3398020
http://dx.doi.org/10.1111/j.1365-2672.2010.04793.x
http://dx.doi.org/10.1111/j.1365-2672.2010.04793.x
http://www.ncbi.nlm.nih.gov/pubmed/20629796
http://dx.doi.org/10.1128/AAC.02410-13
http://www.ncbi.nlm.nih.gov/pubmed/24379199
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3957888
http://dx.doi.org/10.5812/jjm.20215v2
http://dx.doi.org/10.3389/fmicb.2018.03105
http://www.ncbi.nlm.nih.gov/pubmed/30619184
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6304438
http://dx.doi.org/10.1038/s41598-018-20847-7
http://dx.doi.org/10.1038/s41598-018-20847-7
http://www.ncbi.nlm.nih.gov/pubmed/29410443
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5802823
http://dx.doi.org/10.1128/MMBR.00046-12
http://www.ncbi.nlm.nih.gov/pubmed/23471618
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3591984
http://dx.doi.org/10.1126/science.1116739
http://www.ncbi.nlm.nih.gov/pubmed/16223984
http://dx.doi.org/10.1073/pnas.0611643104
http://www.ncbi.nlm.nih.gov/pubmed/17283330
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1892951
http://dx.doi.org/10.3390/md11114544
http://www.ncbi.nlm.nih.gov/pubmed/24232668
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3853744
http://dx.doi.org/10.1007/s00253-009-2355-3
http://www.ncbi.nlm.nih.gov/pubmed/19956944
http://dx.doi.org/10.1007/b135782
http://www.ncbi.nlm.nih.gov/pubmed/16566089
http://dx.doi.org/10.3390/ijms19010214
http://www.ncbi.nlm.nih.gov/pubmed/29320462
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5796163
http://dx.doi.org/10.1186/1471-2180-14-62
http://dx.doi.org/10.1186/1471-2180-14-62
http://www.ncbi.nlm.nih.gov/pubmed/24621315
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4007623


Shakib NH et al.

63. Lowden MJ, Skorupski K, Pellegrini M, Chiorazzo MG, Taylor RK,
Kull FJ. Structure of Vibrio cholerae ToxT reveals a mechanism
for fatty acid regulation of virulence genes. Proc Natl Acad Sci

U S A. 2010;107(7):2860–5. doi: 10.1073/pnas.0915021107. [PubMed:
20133655]. [PubMed Central: PMC2840316].

Trends in Med Sci. 2021; 1(4):e119665. 9

http://dx.doi.org/10.1073/pnas.0915021107
http://www.ncbi.nlm.nih.gov/pubmed/20133655
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2840316

	Abstract
	1. Context
	2. A Short Review on Biofilm History
	3. Bacterial Attachments: Biofilm Architecture
	4. Gene Transformation in Bacterial Communities
	5. Quorum Sensing in Bacteria as a Noticeable Target
	Figure 1

	6. Relevance of Quorum Sensing and Quorum Quenching
	Figure 2

	7. Unsaturated Fatty Acids
	8. Certain Unsaturated Fatty Acids Block Quorum Sensing-Related Biofilm Formation
	Table 1

	4. Conclusions
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Funding/Support: 

	References

