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aeruginosa against some types of pathogenic bacteria in vivo
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Abstract:

Fifty-one isolates of Pseudomonas spp. were isolated from various sources (pathological clinical
cases) and non-pathological (contaminated and uncontaminated soil). Twenty-three isolates were
identified as P. aeruginosa. Then two P. aeruginosa isolates (P. aeruginosa PP10 from the clinical
case isolates and P. aeruginosa PS16 from the soil isolates) were selected for production and extract
the Rhamnolipid. The Rhamnolipid was diagnosed by Thin-layer Chromatography (TLC) and show
that the two bacterial isolates produced 3 types of rhamnolipids (mono-, di-rhamnolipid and
rhamnolipid A). As well as they diagnosed by High-performance Liquid Chromatography (HPLC).
This study also determines the values of minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) for biosurfactants and the results was varied depending on the
different type of biosurfactants and type of bacteria with lowest values of MIC and MBC for
biosurfactants produced by P. aeruginosa. The inhibitory effects of these biosurfactant that under
study against types of bacterial pathogens (S. aureus and P. aeruginosa) with in vivo after making skin
injury on back of laboratory mice and contaminated with bacterial pathogens. The clinical symptoms
of infection to injured skin emerged after 48 hours. Then mice grouped to treat them with
biosurfactants at concentration of 30 milligrams / milliliter produced in this study by two bacterial
isolates P. aeruginosa PP10 and P. aeruginosa PS16, resulting in a reduction in the time required for
recovery. The results obtained showed the difference in the time required for recovery (depending on
the nature of the injury and the type of the microorganism causing the infection), which was cured
within 5 days when the concentration was 30 mg /ml of biosurfactant produced by P. aeruginosa P.16,
followed by a group of mice that recovered after 6 days when the concentration of 30 mg / ml was
used by P. aeruginosa PP10 compared to the control mice which recovered after 12 days for mice
groups infected with S. aureus. As for P. aeruginosa infected groups, they were cured after 10 days
later when 30 mg / ml concentration was used for biosurfactant produced by P. aeruginosa PS16,
followed by a group of mice that recovered after 12 days when the 30 mg / ml of biosurfactant
produced by P. aeruginosa PP10. In compared to control group mice that was cured after 17 days.
From the results of research, we conclude that rhamnolipid was showed effectiveness against different
types of bacteria and reduced time of recovery from infections in vivo.
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Introduction:

Biosurfactants are amphiphilic compounds
produced on living surfaces, mostly microbial
cell surfaces, or excreted extracellularly and
contain hydrophobic and hydrophilic moieties
that reduce surface tension and interfacial
tension between individual molecules at the
surface and interface, respectively [1]. They
find applications in an extremely wide variety
of industrial processes involving emulsification,
foaming, detergency, wetting, dispersing or
solubilization [2]. They are a group of
structurally diverse molecules with surface
activity and variety chemical structure such
Glycolipid, lipopeptides, Lipoprotein, Fatty
acids, Neutral lipids, Phospholipids and
Polymeric particulate structure [3],[4].

Glycolipid is one of the most important
biosurfactants, which has been studied largely
because of its many uses and the possibility of
obtaining high productivity by using many
sources of saccharides and hydrocarbons as
source for the production of these compounds
compared to other types of biosurfactants.
Biosurfactants can be produced from cheap
sources or waste products, as opposed to
chemical surfactants derived from oil as raw
material [5]. There are many surfactant are
produced nowadays such as Rhamnolipids from
P. aeruginosa, surfactin from Bacillus subtilis,
emulsan from Acinetobacter calcoaceticus and
mannosyl erythritol lipids (MELs) from
Pseudozyma vyeasts [2],[6].[7].[8].[9]. Several
sources reported that biosurfactants had
inhibitory activity against a number of microbes
[10]. Biosurfactant rhamnolipids has been
shown to inhibit the tendency of many
microorganisms  such  as  Clostridium
perfringens, Enterobacter aerogenes,
Escherichia coli, Salmonella typhimurium,
Phytophthora infestans, Phytophthora capsici,
Botrytis cinerea, Fusarium graminearum and
Mucor spp.[11],[12],[13].

The current study aimed to measure the
inhibitory activity of the rhamnolipis produced
by P. aeruginosa bacteria isolated from clinical
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pathogens and from soil using soybean oil as a
source of carbon against bacterial pathogens in
Vivo.

Materials and methods:

Twenty-six  pathological samples were
obtained from the specialized burns hospital
and the educational laboratories in Baghdad
governorate and 25 non-pathological samples
from soil from different regions of Baghdad
governorate from February 2015 until June
2015 isolates of P. aeruginosa were identified
using [14],[15] methods. Also API20NE system
had been used to further confirm for this type of
bacteria because it includes a number of
important biochemical tests that help confirm
the diagnosis.

Bacteria used:

Two isolates were diagnosed and tested in
the Microbiology Laboratory / Department of
Biology / College of Science for Girls /
University of Baghdad, including
Staphylococcus aureus and Pseudomonas
aeruginosa.

Extraction of biosurfactant:

The compound was extracted according to

the method described by [16] to extract fatty

compounds from the biomolecules. The
bacterial culture of the P. aeruginosa bacteria
collected from pathological and non-

pathological sources was diagnosed according
to the classification keys adopted by [14], were
centrifuged by at 8000 cycles / minute for 30
minutes at 4 ° C. The compound was extracted
with solvent chloroform methanol by 1. 2
volume / volume, so that the chloroform-
methanol ratio (filtrate free of bacterial cells)

was (8:2:3), and then the solvent was
evaporated and the surfactant was obtained as
powder.

Separation and purification of biosurfactants
by using gel filtration chromatography:

The separation and purification of
biosurfactant was carried out by using (20 g) of
silica gel 60 (BDH British company) for each
gram of biosurfactant extract. After soaking the
silica gel 60 with chloroform for an hour and
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preparing a column of silica gel 60 with
dimensions (40 x 2) cm inside glass column 60
cm in length and 2 cm diameter, then added 2 g
biosurfactant extract that dissolved with 4 ml
chloroform, and rinsed with to remove the
yellow color and collect the liquid from the
column in 5 mL tubes. Then rinsed with
chloroform methanol with ratio (5: 2)
respectively and collecting the exit liquid from
column in 5 ml tubes. The solvent evaporated to
won biosurfactant as powder [17].

Detection _of Rhamnolipid by Thin layer
chromatography (TLC):

Thin layer chromatography was applied by
using silica gel plats (20x20 cm) and 0.25 mm
thickness (Merek Company) to diagnose
rhamnolipids. The solvent system was used as
chloroform: methanol: water (2:15:65) (size:
Size: size) depending on the method [18] to
determine the number and locations of spots

MIC was estimated for biosurfactants that
showed antimicrobial effects, which 10 mg/ ml
concentration of biosurfactant used and serial
dilution prepared at (0.065, 0.125, 0.25, 0.5, 1,
2, 4, 8, 16, 32, 64,128, 256 and 512) under
study, by preparation of suspension from young
isolates by carrying (3-5) young pure colonies
to tubes contain Muller Hinton broth that
contain Ca®*, Mg®* and tubes incubated at 37 °
C for 12 hour than absorption for suspension
was measured at wave length 650 nanometer.

Standard microplate was used with 96 round
concave holes. In first hole was added bacterial
suspension without biosurfactant +ve control
and second hole Muller Hinton broth contain
Ca®*, Mg* as —ve control, after that 100
microliter rom each concentration  of
biosurfactants (0.065 — 512) microgram/ mi
then 5 microliter from bacterial suspension was
added to each hole. The plate incubated at
temperature 37 ° C for 18 hr. [20].

Test of inhibitory effects of biosurfactant in

36 Swiss white males' mice (albino Mus

and determine the components of the
compound.

Diagnosis __of _ biosurfactants by High Vivo:
performance liguid chromatography
(HPLC):

In this experiment was used HPLC. An the
standard rhamnolipid was from Sigma
Chemical company and column C18 with
dimensions (4.6 x 5) mm from Shimadzu
company — Japan with RA detection at a
wavelength of 262 nm and mobile phase
consist of 0.2% of (A) formic acid in ions-free
water and (B) methyl cyanide for HPLC. The
flow velocity for mobile phase was 1.4 ml/min
at35°C.

Minimum inhibitory concentration MIC and
Minimum bactericidal concentration:

Antimicrobial activity was determined on
the basis of minimal inhibition concentration
(MIC) values, defined as the lowest
concentration of antimicrobial agent needed to
inhibit the development of visible growth after
incubation for the required time [19]. A
standard two-fold serial rhamnolipid dilution
technique was applied to measure antimicrobial
activity [20].
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musculus) with 8-10 weeks old and (20 — 24
gram) weighting. They were placed in animal's
house of Al-Nahrain University with standard
environment situations temperature (25 — 28
C°). Mice kept in animal house for acclimation
to the laboratory condition for one week before
using them. They were divided into several
groups with 3 mice in each group. Mice hairs
were shaved from back area and wound has
been done with sterile scalpel.
A - The first group control group, which
divided into several subgroups are: -

1 - Healthy mice

2 — Wounded mice with non-bacterial
suspension contamination.

3 — Wounded mice with bacterial suspension
contamination.

4 - A group of wounded mice with non-
bacterial suspension contamination and given
treatment.

B — The second group
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Which it were included wounded mice with
P. aeruginosa bacterial suspension
contaminated at age 18 hr. with concentration 1

colonies but did not ferment lactose. A single
colony was chose from each isolate and
cultured on blood agar in which riche activated

x 10° bacterial cell /ml after comparing with media to determine bacterial ability to
turbidity McFarland standard solution tubes. hemolysis and its type. It was complete
C- The third group hemolysis  (B-hemolysis) and showed a

AS in the second group but used B. cereus
suspension for made wound infection.
Treatment of laboratory animals:

All groups were treated by dropping on the
wound area with biosurfactants at concentration
of 30 mg/ ml, with taking into account the
length of time required for disease symptoms
appear. It was 48 hours for the bacteria as well
as the control group.

Results and discussion

When microscopically examination for
bacteria samples was performed, the bacteria
appeared as Gram negative single rod-shaped
bacterium or short chains this is agree with
[14], [15] and macroscopically examination for
grown colonies on Mc Conky agar as pale

translucent halo appeared around the colony
and observation bacterial growth at 42 ° C as
bacteria cultured on nutrient agar and incubated
at a temperature of 42 ° C. The results showed
the ability of all isolates to grow at 42 ° C, and
it is an important diagnostic feature of P.
aeruginosa from the other Pseudomonas
species. This is agreeing with [21]. Then
isolates cultured on tow selective media
(Citrimide agar and King A) for P. aeruginosa
and the growing colonies on these Medias
characterized by regular round shop and
produced fluorescein and pyocyanin. Also the
bacterial isolates were identified based on the
results of the chemical tests as shown in Table

).

Table (1) Results of the chemical tests used in the diagnosis of P. aeruginosa bacteria

enzyme test
Catalase

enzyme test

Production

=
T
L
N
=
<
S
O

consumption

TSI and H2S
production
enzyme test
Motility test

Grown at 42 °

C
Hydrolysis

o] - J - Q- Q- Joef v ] -J -1

(+) = positive result
(-) = negative result

(TSI) = Triple sugar iron

(K) = Alkaline (V) = Variable

APl 20NE diagnostic system was used
which include important biochemical tests for

further confirmation diagnosis of this bacteria
as showed in table (2).
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Table (2) Results of diagnosis of P .aeruginosa isolates under study for Api20NE test

P.aeruginosa PS16 P.aeruginosa PP10

T

TRP

I T
I
. ov T - I -
I I
L wne 0 - 1 -
T

N7

The biosurfactants was extracted that have brown to yellowish color as in figure (1-

produced by Pseudomonas aeruginosa PS16
and Pseudomonas aeruginosa PP10 isolates
which collected during this study after growing
them in soybean and mineral salts using
FLOCH method by adding solvent chloroform
— methanol (2: 1) (volume: volume), solvents
mixture method to give large quantities [22].
15.45 gram and 18.25 gram of biosurfactants
were obtained in 1litter from tow selected
bacterial  isolates PP10 and  PS16.
Biosurfactants produced by selected isolates

38

A) and viscous at room temperature, these
results agreed with results obtained by [22],
[23]. After that the separated and purified
biosurfactant were carried out and the product
of separated and purified biosurfactants from
selected isolates have honey color as in figure
(1-B).The produced biosurfactants  were
obtained from this study diagnosed by using
thin layer chromatography on silica gel plates
and the results showed that produced
compounds had lipid part and saccharide part.
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A positive result was obtained with a-Naphthol
reagent that used in detection of liposaccharide
result purple color. Also, brown color spots
were appeared with phenol-sulfuric acid reagent
which specific for detection carbohydrates in
lipids. Spots were noted in three different
locations indicating that the emulsion is
composed of three complexes, one of which is
different from the other by molecular weight.
The results showed that the relative force value
(Rf) for the first compound with the largest

molecular weight was equal to (0.3) and the
second with the lesser molecular weight was
equal to (0.6) and the third with lowest
molecular weight was (0.82) for PS16 isolate.

(A)

(B)

Figure 1: Biosurfactants produced by selected isolates from P. aeruginosa bacteria

(A) Row biosurfactant

As for PP10 isolate, the relative force values
were equal to 0.28, 0.59 and 0.83 respectively.
These results approach to (Rf) obtained from
other studies using the same solvent system
(chloroform: methanol: water 65:15:2 volume /
volume / volume) [18]. From reactions to detect
groups of the three complexes, the results
showed that they had a fatty nature and
contained a saccharide group. When using the
high  performance liquid chromatography
technique to diagnose the biosurfactants
obtained in this study, HPLC was injected with
0.02 ml of pure substance and used in

(B) purified biosurfactant
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elicitation of the standard RA curve as shown in
figurer (2). The results of the analysis showed
that the extracts of both biosurfactants
contained three complexes: mono-rhamnolipid,
dirhamnolipid, and rhamnolipid a, with
different concentrations. The concentrations of
the extract from P. aeruginosa PS16 were
mono-rhamnolipid 4293 ug / mL and
dirhamnolipid 20.42 pg / mL and rhamnolipid a
44.36 pg / ml, and for the product extract from
P. aeruginosa PP10, the concentrations (29.19 -
20.69 - 27.64) ug / mL respectively, as shown
in Figures (3) and (4).
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Relative Abundance

Time (min)

Figure (2) the standard curve of the standard Rhamnolipid compound
The peak (1) = represents complex R1
The peak (2) = represents complex R2

The peak (3) = represents complex R3

Relative Abundance

Ralative Abundance

Time (min)
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Figure (3) HPLC analysis of the
Rhamnolipid produce from P. aeruginosa
PS16 bacteria.

Also the minimal inhibitory concentration
(MIC) had been determined which it is the
lowest concentration of antibacterial agent that
inhibit growth of bacterial colonies as much as
possible and minimal bactericidal concentration
(MBC), which is measure the least
concentration of antimicrobial agent that reduce
the number of colonies by 99.9% from original
bacterial growth [24], this done through mixing
biosurfactants in different concentrations with
broth media cultured with diluted bacterial
suspension. The results showed an increase in

Figure (4) HPLC analysis of the
Rhamnolipid produce from P. aeruginosa
PS10 bacteria.

activity of biosurfactant by increasing its
concentration. MIC and MBC values vary
depending on biosurfactant concentration and
bacterial strain produced it and effected by it as
shown in table (3) in which recorded the lowest
MIC value for biosurfactant produced by P.
aeruginosa PS16 was 16 pg / ml for S. aureus
bacteria growth while the lowest value for
biosurfactant produced by P. aeruginosa PP10
was 128 pug / ml also for S. aureus bacteria
growth.

Table (3): The minimum inhibitory concentration and the minimal bactericidal
concentration of the biosurfactants produced from P. aeruginosa PS16 and P.
aeruginosa PP10 against some pathogenic bacterial isolates under study.

Biosurfactant concentration Biosurfactant concentration
Bacterial isolates produced from P. aeruginosa | produced from P. aeruginosa
PS16 pg/ ml PP10 pg/ ml
MIC MBC MIC MBC
S. aureus 16 32 128 256
P. aeruginosa 128 256 256 256

Skin lesions were developed experimentally
in laboratory mice with S. aureus bacterial
suspension. After 48 hours, clinical signs were
observed in the affected area, which was
initially characterized by skin inflammation,
swelling and redness in the affected area with
abscesses and purulence discharge in the
superficial layer of the skin progressed to
purple patch (Fig. 5A) as mentioned in previous
studies [25],[26],[27].
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When treatment of infected mice with
biosurfactant produced from bacterial isolates
under study, they were cured after 5 days when
the concentration of 30 mg / ml of the
biosurfactant produced by P. aeruginosa PS16
was used for the first group (Fig. 5C) followed
by mice of second group were recovered after 6
days when used same  biosurfactant
concentration produced by P. aeruginosa PS10
(Fig. 5D) compared with control group which
recovered after 12 days (table 4).
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Table (4) the recovery period by day for mice groups infected by S. aureus bacteria and
the treatment by biosurfactant produced by P. aeruginosa PS16 and P. aeruginosa PP10

isolates at a concentration of 30 mg / ml.

Recovery days

. Number of Biosurfactant Biosurfactant
Mice group mice in each produced from produced from Without
group P. aeruginosa P. aeruginosa | biosurfactant
PS16 PP10
Mice with non-
contaminated
wounds by bacterial 3 5 5 7

suspension
Mice with

contaminated 3 c 6 >

wounds by bacterial
suspension

A) Sign of bacterial infection with S. aureus in

experiment animals.

B) Progression of infection in control mice

group without treatment after 6 days.
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C) Complete recovery after 5 days for infected
animals treated with biosurfactant produced by
P .aeruginosa PS16 at concentration 30 mg / ml

D) Complete recovery after 6 days for infected
animals treated with biosurfactant produced by
P .aeruginosa PP1) at concentration 30 mg / ml

Figure (5) mice infected by S. aureus bacteria and treated with biosurfactant produced
by P. aeruginosa PS16 and P. aeruginosa PP10 isolates.

And skin lesions were developed
experimentally in laboratory mice with P
.aeruginosa bacterial suspension. The clinical
signs for infected skin appeared after 48 hours
characterized by redness and necrosis in
affected tissue with green bluish purulent
discharge, and progressed to ulcers then to scar
or pimple with gray or black center and
developed to blue green region because of
pigment excreted by this bacteria and coloration
the affected tissue by it as in (Fig. 6A), this
result come with study in [26]. Most references
reported that these pathogenic bacteria are
difficult to treat, and continue until the infection
becomes chronic, which is related to the many

virulence factors that release them, which lead
to necrosis of the affected area and delayed
healing [26], [ 28].

The results for treatment of skin infection by
biosurfactant produce from tow isolates under
study showed that they were cured after 10 days
when biosurfactant was used at concentration
30 mg/ ml that produced by P. aeruginosa PS16
(Fig. 6C), followed by mice group were cured
after 12 days when biosurfactant was used at
concentration 30 mg/ ml that produced by P.

aeruginosa PP10 (Fig. 6D), when they
compared with the control group, which
recovered after 17 days (Table 5)

Table (5) the recovery period by day for mice groups infected by P. aeruginosa bacteria
and the treatment by biosurfactant produced by P. aeruginosa PS16 and P. aeruginosa

PP10 isolates at a concentration of 30 mg / ml.

Recovery days
. Number of Biosurfactant Biosurfactant
Mice group mice in each produced from produced from Without
group P. aeruginosa P. aeruginosa biosurfactant
PS16 PP10
Mice with non-
contaminated
wounds by bacterial 3 5 5 7
suspension
Mice with
contaminated
wounds by bacterial 3 10 12 17
suspension
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A) Sign of infected experimental animals by P. B) Progression of infection in control mice
aeruginosa bacteria. group after 10 days without treatment.

C) Complete recovery for infected animals after D) Complete recovery for infected animals after
10 days when treated with biosurfactant 12 days when treated with biosurfactant
produced from P. aeruginosa PS16 at produced from P. aeruginosa PP10 at
concentration 30 mg/ml. concentration 30 mg/ml.

Figure (6) mice infected by P. aeruginosa bacteria and treated with biosurfactant
produced by P. aeruginosa PS16 and P. aeruginosa PP10 isolates.

The results have emerged within vivo, biosurfactants (rhamnolipids) on wound healing
consistent with what has previously been and their role in not forming a scar when
obtained in vitro in terms of the inhibitory healing and its efficacy in reducing the duration
effect of the produced biosurfactant against a of healing. It was mentioned that rhamnolipid
number of pathogenic bacterial isolates. speed up the wound healing process and does
Although there are no studies that study the not leave a scar [29] which is consistent with
inhibitory effects the biosurfactants the results Current study as illustrated in (fig. 5)

(rhamnolipids) against pathogenic bacteria in and (Fig.6), as in table (4) and table (5).
vivo, but there is a study of the effect of
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