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Background:Biofilm is described as an accumulation of microbial organisms
connected to a living or unmoving surface mainly through self-secreted
polymeric materials. With a complete understanding of biofilm behaviors
and the role of rhamnolipids in its stability or dispersion, a new path could
be designed in the treatment of infections like Pseudomonas aeruginosa (P.
aeruginosa). The purpose of this study was to investigate the role and function
of rhamnolipids in P aeruginosa velocity and biofilm formation ability.
Materials & Methods:In this study, 68 P. aeruginosa clinical samples were isolated
from February 2022 to 2023 and confirmed based on culture and molecular
methods. The presence of genes associated with di-rhamnolipid (rhIC) and mono-
rhamnolipid (rhlA and rhiIB) biosynthesis was detected by PCR method. For velocity
assay, bacterial cultures on Bushnell Haas medium were monitored for 24 and 72
hours (0.5%).

Findings: The results showed that the distribution of biofilm strength among P
aeruginosa strains was normal. The frequency of rhlC was significantly different
from those of rhlA and rhIB (p=.01). In the first 24 hours, the velocity of P aeruginosa
on Bushnell Haas with glucose was 2 pm/min and decreased during 72 hours. But
after 72 hours, the velocity of moderate and weak biofilm-producing strains on
solid medium with glycerol was constant.

Conclusion: In this study, rhamnolipids produced from different carbon sources
showed different behaviors on colony shape, velocity, and strength of bacterial
biofilms.
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Role of Rhamnolipids in Biofilm Formation...

Introduction

Pseudomonas aeruginosa (P aeruginosa)
is known as an important pathogenic
bacterium that could cause a wide range
of diseases from wound infection to sepsis
and life-threatening pneumonia in cystic
fibrosis patients. This bacterium is involved
in infections associated with implanted
endovascular and urinary catheters and
other medical devices used in modern
medicine 2. Due to the widespread use
of antibiotics, currently nearly 30% of P
aeruginosa clinical isolates are multidrug
resistant and show resistance against many
antibiotics. In particular, carbapenem-
resistant Pseudomonas is one of the six most
dangeroussuperbugs forhumanhealth.Since
2017, this bacterium has been considered
by the World Health Organization (WHO) as
one of the most common antibiotic-resistant
pathogens that could develop resistance to
new antibiotics [,

One of the reasons for resistance to
antimicrobials, inhibition of phagocytosis,
and self-protection against environmental
stresses, is the biofilm formation ability of
P aeruginosa, which increases its colony-
forming capacity . This ability is enhanced
through effective communication with
the quorum sensing (QS) phenomenon,
which  promotes effective cell-to-cell
communication. Biofilm is observed in most
patients with chronic lung infections, ulcers,
rhinosinusitis, and other infections, so that
up to 90% of the healing process of chronic
ulcerative infections is weakened due to the
formation of biofilm, which increases the
health care and economic burden ™,

In recent years, many studies have been
conducted on rhamnolipids as biofilm-
stabilizing compounds. These compounds
are involved in various stages of biofilm
development, from the first stage of
cell communication to the stability and
dispersion/separation of the biofilm

Infection Epidemiology and Microbiology

102

structure®. Thebiosynthesisofrhamnolipids
by P aeruginosa is done in exponential and
stationary phases with nitrogen or iron
deficiency [®.. Studies have shown that many
bacterial agents carry almost the majority
of enzymes involved in rhamnolipid
production, except for rhlA, rhlB, and rhlC as
the three key enzymes . These key enzymes
participating in rhamnolipid production are
encoded by rhlABC gene of P aeruginosa.
Given the development of antibiotic
resistance and emerging resistance that is
faster than the design and introduction of
new antibiotics into the field of treatment,
a thorough understanding of bacterial
behaviors,  production of secretory
compounds, and bacterial cell interactions
seems to be useful in controlling incurable
infections caused by bacteria such as
P aeruginosa. Although rhamnolipid is
considered as a virulence factor of P
aeruginosa with surfactant properties, it has
been reported that at high concentrations,
it destroys the intercellular connections
of sheep tracheal cells and stops the
movement of cilia of airway epithelial cells;
in addition, traces of rhamnolipid have been
observed in serum and cerebrospinal fluid
of Alzheimer’s patients . But currently,
rhamnolipids are used in various industries,

RhIR-C4-HSI
complex

1 Pe R:hll
rPlrIA >——1 B _»—— rhiR >L| rhil

RhlA RhiB Di-
HAA hamnolipids
Rhic ERSTNIOTOY

= DI
@ s hemnoin b
————————————

Mono-rhamnolipid Di-rhamnolipid

e ET

Figure 1) Rhamnolipid biosynthesis pathway by P
aeruginosa. rhlAB genes produce rhamnolipids after
the interaction of the RhIR-C4-HSL complex with the
rhlA promoter [,
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including pharmaceutical, medical, cosmetic,
and agricultural industries; remediation
of environmental contamination; etc. °l.
Therefore, with a complete understanding of
biofilm behaviors, the role of rhamnolipids
in biofilm stability or dispersion, and
the expression of biofilm-related genes
or controllers, a new pathway could be
designed, especially in the treatment of P
aeruginosa infections.

Objectives: The purpose of the current study
was to investigate the role and function of
rhamnolipids in P. aeruginosa velocity and
biofilm formation ability.

Materials and Methods

Specimen collection: In this study,
68 P aeruginosa clinical samples were
collected from February 2022 to 2023 and
confirmed by biochemical tests. The final
confirmation test was polymerase chain
reaction (PCR), which was performed by
targeting the 16sRNA gene (135 bp) and
using the following forward and reverse
primers: -CTTACGGCCAGGGCTACACA- and
-GCGATTCCGACTTCACGCAG-, respectively.
The PCR reaction was performed with a
total volume of 25 pL under the following
thermal cycling program: a preliminary
cycle involving a denaturation step at 94 °C
for 3 min; followed by 35 cycles comprising
denaturation at 94 °C for 60 s, annealing at 62
°Cfor30s,and extension at 72 °C for 60 s; and
a final cycle involving an extension step at 72
°C for 10 min. PCR products were evaluated
using agarose gel (1%) electrophoresis
run at 100 volts for 45 min. In the current
research, the standard strain P. aeruginosa
ATCC27853 with a strong biofilm formation
ability was used as a positive control %,
Biofilm assay: P aeruginosa strains
(7.5x10°> CFU) were sub-cultured in
brain heart infusion (BHI) broth (1 mlL)
containing glucose (0.2%) at 37 °C for 24 hrs
in microtubes. One tube with BHI without
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bacteria was used as a negative control
(blank). After incubation, the suspensions
were discarded, and the microtubes were
subjected to three consecutive washes with
water. For fixation, 1200 pL of methanol
was added to each microtube (5 min).
After discarding the methanol and drying
at room temperature, 1200 pL of crystal
violet (0.1%) was added to each tube for
15 min. Then the tubes were subjected to
three consecutive washes with water and
drying at room temperature, then 1200 pL
of acetic acid (30%) was added to the tubes
to solve the binding stain. Finally, 200 pL
of the resulting solution was transferred to
microplates, and the plates were read by
an ELISA (enzyme-linked immunosorbent
assay) reader at 595 nm wavelength. Based
on the definition, biofilms fall into four
categories: strongly adherent (4 ODc<OD),
moderately adherent (20Dc<0D <4 0Dc),
weakly adherent (ODc<OD<20Dc), and
nonadherent (ODc>0D) ™. This method
has been modified.

Rhamnolipid genes: Bacterial DNA
was extracted by a DNA extraction kit
(SinaPure™ DNA, Sinaclon Co.). The sizes
of rhlA, rhiIB, and rhiIC genes were 230, 301,
and 436 bp, respectively. Also, the following
primers were used in this research for
multiplex PCR amplification of P aeruginosa
genes involved in rhamnolipid biosynthesis:
for rhiA F: -ATCGGCCATCTGCTCAACGA-
and R: -TCCTCGGCGGTGGTGTATTC-, for
rhiB F: -TCTGCACCATCCCGGTGTTT- and
R: -AAGGTCGATGGCGAGACCTG, and for
rhiC F: -ATCTCGACGGACTGACGCTC- and R:
-TTGAGCAGCTTGTCGCGTTC. Multiplex PCR
reaction was performed in a final volume of
25 pL under the following thermal cycling
program: a preliminary cycle involving a
denaturation step for 3 min at 94 °C; followed
by 35 cycles comprising denaturation at 94
°C for 60 s, annealing at 60 °C for 30 s, and
extension at 72 °C for 60 s; and a final cycle

Spring 2024, Volume 10, Issue 2



Role of Rhamnolipids in Biofilm Formation...

involving an extension step at 72 °C for 10
min. PCR products were evaluated using
agarose gel (1%) electrophoresis run at
100 volts for 45 min and a 100 bp ladder
(Sinaclon Co.). In this research, the standard
strain P aeruginosa ATCC27853 with a
strong biofilm formation ability was used as
a positive control.

Swarming assay: In a previous study,
swarming motility was studied on M8 agar
(0.5%) containing glutamate (0.05%) and
glucose (0.4 %) 2. In another study, M8
minimal medium, complemented with
casamino acids (CAA) (0.5%), glucose
(0.2%), and MgSO, (1 mM) and solidified
with agar (0.5%), was used as a swarming
motility agar (3. In this study, Bushnell Haas
agar (0.5%) was used as a motility medium
because this medium contains all the
necessary minerals, except carbohydrates.
Bushnell Haas medium (Himedia Co.) was
composed of 0.05 g/L ferric chloride (FeCl,),
1.00 g/L ammonium nitrate (NH,NO,), 1.00
g/L dipotassium phosphate (K,HPO,), 1.00
g/L monopotassium phosphate (KH,PO,),
0.02 g/L calcium chloride (CaCl,), and 0.2
g/L magnesium sulfate (MgSO,), the pH was
adjusted to 7.0, and 2% glycerol was used
as the sole carbon source '*. The center of
Bushnell Haas agar plates was spotted by 3 puL
of LB (lysogeny broth) containing bacterial
suspension with an OD600 equivalent to
3 McFarland standard. The plates were then
subjected to incubation at 37 °C for 24 and 72 hrs.

Findings
Among the 68 P aeruginosa strains, 100%
of the isolates were biofilm producers,

Biofilm Strength in Pseudomonas aeruginosa Strains:

y - il |
’F ¥ ¥

P. aeruginosa Moderate Weak Blank
ATCC27853

Strong

Figure 2) Biofilm formation in microtubes
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21 (30.9%) strains were strong biofilm
producers, 25 (36.8%) strains were
moderate biofilm producers, and 22 (32.4%)
strains were weak biofilm producers (Fig.
2). They had a normal distribution.
Rhamnolipid genes: The frequency of rhIC
among P aeruginosa strains with strong,
moderate, and weak biofilm formation
ability was 81, 92, and 86.4%, respectively;
the frequency of rhlA and rhiB among both
strong and moderate biofilm-producing
isolates was 100%, while this value was
95.5% for weak biofilm producers (Table
1). The frequency of rhiC was significantly
different from those of rhlA and rhiB (p=
.01). Despite biofilm-stabilizing effects of
rhamnolipids, they had no significant effect
on biofilm strength (p=.5). DNA fragments
of rhlA, rhiB, and rhIC were placed in the
expected sites on the gel at 230, 310, and
436 bp, respectively (Fig. 3).

Colonies and velocity: P aeruginosa strains
cultured on Bushnell Haas agar (0.5% agar)
with two carbon sources (glycerol and
glucose) were assessed after 24 and 72
hours. The pattern of bacterial colonies and
movement was different based on bacterial
strain and type of carbon source. Bacterial
colonies with different strengths in biofilm

ot e -
Lo B B - - -+ Lol I ]
¥ v v v v o v v v
4 2 = -] a4 a -] 2 =2
® 8§ &8 & & & e 8 8
e A | - )
3 >
3 i5
g tE
: -
™ | —
& g
- rhIC 436 bp
L thiB 310 bp
rhlA 230 bp

1
Negative control

Figure 3) Multiplex PCR amplification of P aeruginosa
genes involved in rhamnolipid biosynthesis (rhlA,
rhiB, and rhiC): lane 1: DNA ladder (100 bp), lane
2-13: clinical samples of P aeruginosa, lane 14:
negative control, and lane 15: positive control; the
bands of rhlA, rhiB, and rhIC are 230, 310, and 230 bp,
respectively.
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formation in glucose-containing media had
two parts: the peripheral part seemed to
be more active in swarming motility, and
the central part showed less motility. But
in glycerol-containing media, bacterial
strains with different strengths in biofilm
formation showed uniform colonies: there
was no significant difference between the
peripheral and central parts of colonies (Fig.
4 and Fig. 5).

Bacterial velocity on Bushnell Haas agar
(0.5% agar) with glucose as the sole carbon
source was 2 um/min in the first 24 hours,
which decreased after 72 hours from 2 to 1
um/min for all strains (Fig. 4). In addition,
bacterial velocity on Bushnell Haas agar
(0.5% agar) with glycerol as the sole carbon

Motazedi S. et al.

source was 2 pm/min in the first 24 hours.
After 72 hours, it decreased by 50% for
strong biofilm producers but remained
constant for strains with moderate and weak
biofilms (Fig. 5). It means that the velocity
of strong biofilm producers decreases two
times compared to both moderate and weak
biofilm producers (p= .02).

Discussion

Paeruginosaisrecognizedasacausativeagent
of various infectious diseases associated
with high morbidity and mortality rates,
especially among immunocompromised
individuals. Therefore, it is an alarm, and the
factor or factorsinvolved in this phenomenon
should be identified, like resistance genes,

Table 1) Frequency distribution of P aeruginosa genes involved in rhamnolipid biosynthesis (rhlA, rhiB, and

rhiIC) based on biofilm strength

Rhamnolipid Genes

Biofilm Strength N (%)

rhlA, N(%) rhiB, N (%) rhiC, N (%)
Strong 21(30.9) 21 (100) 21 (100) 17 (81)
Moderate 25 (36.8) 25 (100) 25 (100) 23 (92)
Weak 22 (32.3) 21 (95.5) 21 (95.5) 19 (86.4)

P. aernginosa with
strong biofilm <

| P. aernginosa wit
= weak biofilm

strong biofilm as a standard, b) isolated P. aeruginosa strains with strong biofilm, c) isolated P. aeruginosa strains
with moderate biofilm, and d) isolated P. aeruginosa strains with weak biofilm. Black arrow: colony center with
the least swarming motility, white arrow: colony peripheral with the greatest swarming motility.
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| P. aerugintosa ATCC27853 |

| P.aernginesa with
| moderate biofilm

g -

lucose

Figure 5) P aeruginosa colonies on Bushnell Haas agar (0.5%)

transfer routes of these genes, virulence
factors, and other factors participating in the
spread or stability of P aeruginosa biofilm.
In this study, all 68 strains produced biofilm,
and the frequency of strong, moderate, and
weak biofilm producers was 30.9, 36.8,
and 32.4%, respectively. In a meta-analysis
study by Mirzahosseini et al. (2020) on the
biofilm formation ability of P. aeruginosa, the
combined frequencies of strong, moderate,
and weak biofilm producers were 51, 29.2,
and 25.4%, respectively . In another
study by Yousefpour and colleagues (2021),
100% of P. aeruginosa strains were biofilm
producers, withnear27,56,and 17% ofthem
being strong, moderate, and weak biofilm
producers ¢, Yakout and Abdelwahab
(2022) showed that the frequency of strong,
moderate, and weak biofilm producers
was 53.5, 23.2, and 16.3%, respectively,
while 7% were non-biofilm producers 171,
In a study by Shatti and colleagues (2022),
47.5, 30, and 22.5% of biofilm-producing
strains formed strong, moderate, and weak
biofilms, respectively [®l, Davarzani et al.
(2021) showed that 14 (45%) isolates were
strong, 12 (38%) isolates were moderate,
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WL
| P.aernginosa with
weak biofilm

after 72 hours: a) P. aeruginosa ATCC27853
with strong biofilm as a standard, b) isolated P. aeruginosa strains with strong biofilm, c) isolated P. aeruginosa
strains with moderate biofilm, and d) isolated P. aeruginosa strains with weak biofilm. Black arrow: colony
center with the least swarming motility, white arrow: colony peripheral with the greatest swarming motility.

and 5 (16%) isolates were weak biofilm
producers "l One of the reasons for the
difference in the results of various studies
is related to the sampling sites; for example,
P aeruginosa strains isolated from urine
and wound samples produce stronger
biofilms compared to other clinical samples
(19201 Tn the present study, the frequency
of rhlA and rhlB among both strong and
moderate biofilm-producing isolates was
100%, while this value was 95.5% for
weak biofilm producers. The frequency of
rhlC among strong, moderate, and weak
biofilm producers was 81, 92, and 86.4%,
respectively; also, the distribution pattern of
rhlC among these three groups was normal.
We found no reports on the frequency of
rhlA, rhiB, and rhIC in the literature. In
this study, rhamnolipids in P aeruginosa
strains played a significant role in biofilm
formation (p< .05). According to the results,
rhlA and rhlB had no significant effect on
biofilm strength (p= .99), but rhic played a
significant role in biofilm strength (p=.03).
Three of the most important biosurfactants
in P. aeruginosa are as follows: L-rhamnosyl-
L-rhamnosyl-3-hydroxydecanoyl-3-
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hydroxydecanoate (di-rhamnolipid),
L-rhamnosyl-3-hydroxydecanoyl-3-
hydroxydecanoate (mono-rhamnolipid), and
3-(3-hydroxyalkanoyloxy) alkanoic acids
(HAAs) 211, RhIA enzyme is responsible for
the production of HAAs, and RhiB enzyme is
responsible for converting them into mono-
rhamnolipids. Finally, Rhl-C enzyme changes
mono-rhamnolipids to di-rhamnolipids [?2l.
Quorum-sensing (QS) systems vigorously
regulate the rhlAB operon, and the synthesis
of rhamnolipids usually takes place during
the growth stationary phase [2%. Studies
have shown that at low rhamnolipid
concentrations, lipopolysaccharide (LPS)
release and surface hydrophobicity of P
aeruginosa increase ! Y, Subsequently,
the surface adhesion of bacteria increases
as a necessary condition for the initiation
of microcolony formation in biofilms [,
Rhamnolipids contribute to the creation and
maintenance of biofilm fluid channels for the
circulation of water and oxygen in biofilm
structure, especially in the base of the biofilm
(26l A study by Pamp and Tolker-Nielsen
(2007) showed that the mushroom cap of
P aeruginosa biofilm could be produced
by biosurfactants [**l. In general, studies
have confirmed the role of rhamnolipids
as a biosurfactant in biofilm formation; but
no study was found to show the role and
relationship of rhlA, rhiB, and rhIC genes

D-glucose-6-P Acyl-CoA

AlgC e Novo
Fatty Acid
Synthesis

Fatty acids
D-glucose-1-P

Rml A B-Hydroxyacyl-ACP
RmlI B
:m:g RhiA
"
dTDP-L-Rhamnose —————| HAA
| <@
LPS A -
-~ s | @
S ] L
D g Moneo-rhamnolipid
&,

RhiIC

Di-rhanmmolipid

Figure 6) Rhamnolipid and LPS synthesis in P
aeruginosa
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with biofilm strength of P aeruginosa.

In this study, after 72 hours of incubation
on Bushnell Haas agar with glycerol and
glucose, strong biofilm-producing strains
of P aeruginosa showed a 50% decrease in
swarming motility velocity, but moderate
and weak biofilm-producing strains
showed no significant difference in velocity
on Bushnell Haas agar (0.5% agar) with
glycerol. Swarmer cells are translocated
rapidly along their axis in multicellular
groups, these cells are hyperflagellated and
elongated. Also, exopolysaccharides as a
slime layer surround them ?71. A reason for
the linkage between swarming motility and
biofilms in P. aeruginosa is the production
of rhamnolipids which themselves are
involved in biofilm development. In the first
step, the release of lipopolysaccharides and
the increase of cell surface hydrophobicity
are induced by rhamnolipids. This helps
planktonic cells attach to surfaces 7. In
general, biosurfactants (bioemulsifiers) play
a crucial role in controlling the attachment
or detachment of microbial cells from
surfaces 28, Additionally, emulsifiers play an
importantrole in bacterial biofilm formation,
quorum sensing, and pathogenesis. In
biofilm formation, rhamnolipids alter cell-
cell and cell-surface interactions [#°.

In a study by Christova et al. (2011), among
the four carbon sources, n-hexadecane and
glycerol were better for the production of
biosurfactants as surface tension reducers
B9, In addition, Moussa and colleagues
(2014) showed that rhamnolipid yield
from glucose and glycerol was 0.3+0.01 and
0.25%0.02, respectively. Also, surface tension
for glucose and glycerol was 34+1.2 and
46%0.99 (dyne/cm), respectively B!, These
results confirm the present study findings
regarding the swarming motility on Bushnell
Haas with glucose compared to glycerol;
moderate and weak biofilm producers could
move easily with better velocity on glycerol-
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containing media compared to glucose-
containing media. In this study, rhamnolipids
produced from different carbon sources
showed different behaviors on colony shape,
velocity, and strength of bacterial biofilms.

Conclusion

Investigating the ability of P aeruginosa
to produce rhamnolipids seems very
important, considering that there are
different combinations of carbohydrates
in different tissues of this bacterium,
which could cause different behaviors in
rhamnolipid production and thus change the
movement pattern, the spread of bacteria
in tissues, the formation of biofilms with
different strengths, and the appearance of
other pathogenic agents.
Abbreviations: rhl (rhamnolipid), P
aeruginosa (Pseudomonas aeruginosa), C4-
HSL (N-butanoyl-L-homoserine lactone),
PCR (polymerase chain reaction), BHI
broth (brain heart infusion broth), ELISA
(enzyme-linked immunosorbent assay),
OD, (optical density of control), HAA (3-
[3-hydroxyalkanoyloxy] alkanoic acids)
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