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Abstract

Rhamnolipids (RLs) are surface-active chemicals primarily generated by
Pseudomonas aeruginosa and classified as glycolipid biosurfactants. They have
attracted interest in several fields because of their unique properties. Therefore, this
study aimed to extract, optimize and characterize the glycolipid from a clinical
isolate of P. aeruginosa. One hundred-twenty specimens were gathered. Hemolysis
test (primary screening) was performed to estimate the isolates that have the ability
to produce biosurfactant (glycolipid). Only nine isolates of Pseudomonas spp.
showed the highest hemolysis zones ranged between (26-40 mm), respectively.
These isolates were subjected to secondary screening and emulsification index
(E24%) to choose the best biosurfactant (glycolipid) produced isolate, whereas
Pseudomonas sp. P30 isolate showed the highest E»% value, which was 60.6%,
and was later subjected to the VITEK system, which confirmed this isolate was P.
aeruginosa with a probability of 86%. Optimization of culture conditions was
performed, and the results revealed that the best condition was when the isolate was
cultured in mineral salt medium (MSM) containing olive oil and a mixture of
NH4CI and peptone as carbon and nitrogen sources at pH 7 and 72 hrs. of
incubation. Four solvents were utilized to select the best solvent for glycolipid
extraction, and the best solvent mixture was methanol: chloroform (1:2). Glycolipid
was partially purified using silica gel column chromatography. In addition, Fourier
transforms infrared (FTIR) spectrum and Fatty acid analysis (GC-Mass) used to
characterize glycolipid. The study indicated that the biosurfactant extract was
rhamnolipid.

Keywords: Biosurfactant, Olive oil, Emulsification Index, Chromatography,
Glycolipid.
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1. Introduction

Glycolipids are amphiphilic molecules, whereas hydrophilic molecules may be amino
acid, cyclic peptide, phosphate, carboxylic acid, alcohol, or glucose, while hydrophobic
molecules are either hydroxyl fatty acid, a-alkyl-b-hydroxy fatty acid or long-chain fatty acid.
These compounds that microorganisms excrete extracellularly and occasionally cell-to-cell
during development on water-immiscible substrates [1,2]. Because biosurfactants (BS) are
non-toxic and have antimicrobial, antifungal, and antiviral properties, they may find
application as therapeutic agents. They trigger an increase in membrane permeability, which
in turn leads to cell lysis and metabolite loss due to leaky membranes. Partitioning at the
interfaces allows these chemicals to modify microbial adhesion properties [3,4]. The
industrial, agricultural, food, cosmetic, and pharmaceutical sectors all use surfactants
substantially. Most of these surfactants are synthetically created by chemical processes and
could be harmful to ecosystems [5,6]. Secondary metabolites, such as the glycolipid and
glycoprotein produced by bacteria, are crucial to the organisms' existence because they aid in
nutrient transport, host-microbe interactions, and biocide production [7]. Its production from
renewable feed-stocks is made possible by a rich microbial diversity, including Pseudomonas
aeruginosa 8], which is a widespread bacterium [9,10].

P. aeruginosa produces a number of glycolipids, although rhamnolipid is among the best
recognized [11]. Rhamnolipids are biosurfactants that have been extensively studied due to
their potential industrial and biomedical applications. One or two rhamnose moieties
connected to one or two fatty acid chains make up these molecules. They exhibit surface-
active properties, which make them useful in various biotechnological processes such as
bioremediation, improved recoveries of oils, and pharmaceutical formulations [12,13].

The biosynthesis of glycolipids in P. aeruginosa is a complex process involving multiple
enzymes and metabolic pathways. Understanding the regulation of glycolipid production in
this bacterium is crucial for developing strategies to control its pathogenicity and exploring
the biotechnological potential of these compounds [14-16].

Overall, the production of glycolipids by P. aeruginosa represents an intriguing aspect of its
biology with implications for both basic research and practical applications. Therefore, this
work aimed to optimize and characterize the glycolipid produced by P. aeruginosa.
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2. Materials and method
Collection of samples and isolation of P. aeruginosa

One hundred-twenty specimens were collected from clinical sources (wound, burn and
Middle ear infections), kept in a transport medium tube and transported into a laboratory
during the period of four months (from October 2022 to January 2023). The experiments
were done in the environment laboratory in the Department of Biotechnology at the College
of Science, University of Baghdad. All specimens were subjected to various examinations,
including microscopic (gram staining), cultural characteristics (colonies on MacConkey and
Cetrimide agar plates) and biochemical test (oxidase test), in addition to confirmative test
(VITEK 2 system). Subsequently, the acquired isolates were preserved at 4°C in a 20%
glycerol solution. A total of 120 specimens were collected from clinical sources (wound, burn
and middle ear infections) and distrusted as follows: 51.67% (n=62/120) from the wound,
30% (n=36/120) from burn and 18.3% (n=22/120) middle ear sources.

Screening program for glycolipid production

The screening program for Pseudomonas spp. involved both primary and secondary
screening to assess its ability to produce glycolipid and choose the best isolate for production,
as described below:

Primary screening (qualitative/hemolysis test)

The obtained Pseudomonas spp. isolates were evaluated for the production of glycolipid
on blood agar plates [17]. For the selection of the highest glycolipid-produced isolates,
previously activated bacterial culturing inoculum of each isolate (1 x 10° CFU/ml) was
placed into wells formed on blood agar medium using cork borer (5 mm in diameter). Plates
were incubated for 24 hrs. at 37°C. The results were represented as diameters of clear zones
(mm) formed around wells, which were estimated using an electronic ruler [5].

Biosurfactant production using secondary (quantitative) screening
Preparation of inoculum

To prepare the inoculum of bacterial isolates, the previously activated bacterial culture in
brain heart infusion (BHI) broth was made, and the cells were counted using a
spectrophotometer to obtain 1x10% cell/ml (O.D 0.5), which was obtained via dilution of cells
using same broth.

Biosurfactant production

A mineral salt medium (MSM) was used to produce the extracellular biosurfactant. The
MSM was autoclaved and then inoculated with 2% (1x 10® CFU/ml) of activated
Pseudomonas sp. inoculum and incubated in a shaker incubator at 37°C for 96 hours [18].
After incubating for 96 hours, the extracellular biosurfactant was extracted using
centrifugation at 10,000 rpm for 15 minutes. Centrifuging 10 milliliters of culture allowed us
to assess the dry biomass. Furthermore, the use of the cell-free supernatant for testing
emulsification activity was also conducted.

Emulsification Index (E24%)

Two ml of toluene was added into cell-free supernatant, then mixed for 2 min. and
subsequently left for 24 hrs. The emulsifier layer height was determined at room temperature.
According to the following equation, the emulsification index was estimated as described by

Patil et al. [19].
Emulsion layer height of (mm)
E ification | E24) = x 1009
mulsification Index (E24) Broth total height (mm) 00%
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Estimation of dry weight (biomass)

Ten milliliters of culture was centrifuged and filtered through 0.2 mm filter paper to
estimate biomass. The following is an estimate of the paper's dry weight after 24 hours of
drying at 80°C [20]:

The dry weight (mg)= the weight of paper (with biomass) — the weight of paper (without
biomass)

Glycolipid Extraction

After incubating for 96 hours, the extracellular biosurfactant was extracted using
centrifugation at 10,000 rpm for 15 minutes. In order to determine the optimal solvent for
extraction, the biosurfactant-containing supernatant was moved to a separating funnel and
subjected to a series of solvent extractions using different ratios of v/v methanol and
chloroform (1:2), di ethyl ether (1:1), ethyl acetate (1:1), and petroleum ether (1:1). After
removing the watery layer from the bottom of the separating funnel, the emulsion layer was
transferred to a glass Petri dish and dried at temperatures ranging from 40 to 45 °C until it
became powder. After weighing, the final product was placed in a clean vial and kept at 5°C
until needed again [21].

Optimal conditions of glycolipid production

Different parameters, including pH value, nitrogen source, carbon source, and time of
incubation, were tested to determine the optimal conditional situations for glycolipids
(biosurfactants) production from the local isolate of Pseudomonas sp.. The experiments were
described as follows:

Optimum carbon source

Different carbon sources, including soybean, glucose, glycerol, glycerol + glucose, olive
oil, and coconut oil, were examined. A 1% (OD = 0.5; 1x10® CFU/ml) of a previously
activated Pseudomonas sp. was suspended in 50 ml of sterile MSM containing 2% of each
tested carbon source at pH 7 and placed in a shaker incubator at 37°C for 72 hours. Then the
emulsification index (E24%) was measured.

Optimum nitrogen source

Different nitrogen sources, including organic (protease-peptone, yeast, and urea) and non-
organic (NH4Cl, NaNOs, and NH4NO3) sources, were examined. The MSM was prepared as
follows: For estimation of organic source, MSM contains NH4Cl1 with 5 g/L of either protease
- peptone, yeast, or urea. For estimation of inorganic source, MSM contains protease-peptone
with 1 g/L of either NH4Cl, NaNOs3, or NH4NOs. Control: MSM contains protease- peptone
and NH4Cl as nitrogen sources.

A previously activated Pseudomonas sp. (1%; OD = 0.5; 1x10® CFU/ml) was suspended
in 50 ml of sterile MSM containing 2% of the best carbon source and examined nitrogen
source at pH 7 and placed in a shaker incubator at 37°C for 72 hours. Then the emulsification
index (E24%) was measured.

Optimal pH value

Different pH values, including pH 5, 6, 7, 8 , and 9, were examined. A previously activated
Pseudomonas sp. (1%; OD = 0.5; 1x10® CFU/ml) was suspended in 50 ml of sterile MSM
containing 2% of each tested carbon source and the best selected nitrogen source at each
different pH value and placed in a shaker incubator at 37°C 72 hours. The emulsification
index (E24%) was measured.

Optimum incubation time
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Different incubation periods, including 24, 48, 72, 96 and 120 hours, were estimated. A
previously activated Pseudomonas sp. (1%; OD = 0.5; 1x10® CFU/ml) was suspended in 50
ml of sterile MSM containing 2% of each tested carbon source and the best selected nitrogen
source at the optimal pH value and placed in a shaker incubator at 37°C for different
incubation times. The emulsification index (E24%) and biomass were measured.

Partial purification of glycolipid

The glycolipid was partially purified using a dialysis tube and thin-layer chromatography as
follows:

Dialysis

A dialysis tube with a molecular weight cutoff 8,000- 10,000 Daltons was used to concentrate
the biosurfactant solution (2.5 g of glycolipid and 10 ml of phosphate buffer saline) was put
in the dialysis tube, and the tube closed on both sides then immerse in sucrose for 1hr in cold
condition until biosurfactant concentrated.

Silica gel chromatography

Following this process, glycolipid was partly isolated from the crude mixture: A
chloroform-dissolved 60 slurry of heat-activated silica gel was transferred to a 3.5*%30 cm
glass chromatography column. The column was supplemented with 10 g of crudely extracted
glycolipid, and diluted in 4 ml of chloroform. Separation of mono-glycolipid required two
steps: first, the column was washed with chloroform at a flow rate of 60 ml/h to completely
elute the natural lipids, and second, 250 and 200 ml of a chloroform/methanol in 50:3 and
50:5 ratios were added, respectively. The last step in eluting glycolipid was using a 50:50
mixture of the aforementioned solvents with 100 ml of methanol alone. Then, layer
chromatography was used to verify the fractions [22].

Characterization of glycolipid

Fourier transforms infrared (FTIR) spectrum

After the substance was mixed with KBr, FTIR spectra of the biosurfactant were analysed
using data collected from wavelengths ranging from 500 to 4000 wave numbers per
centimeter. Spectra were obtained using a UV spectrophotometer manufactured by

Shimadzu-I, Raffinity-1. Another way the spectra have been shown is as intensity vs wave
number [23].

Gas chromatography- Mass spectroscopy (GC-Mass)

Gas chromatography (GC) was used to analyse biosurfactants and find out what percentage
of fatty acids they contained. The following method was used to analyse the fatty acid
structure. The procedure included dissolving 10 mg of partly purified biosurfactant in 1 ml of
sulphuric acid-methanol (1%) at 90 C for 15 hours, followed by adding 1 ml of hexane while
stirring, and finally, extracting the hexane layer after the sulphuric acid had evaporated. 1
millilitre of dilute white vinegar was added to the hexane layer and stirred until completely
mixed. After hexane was utilised for recovery, the fatty acid methyl ester was subjected to
gas chromatography (GC) using helium as the carrier gas. The GC was fitted with a fused
silica capillary column (30 m x 0.25 mm, 0.25 m film thickness) by Shimadzu [21].

3. Results and Discussion
Isolation of P. aeruginosa

Only 35% of isolates (n=42/120) were identified as Pseudomonas spp., which were
grown on MacConkey agar as flat, colorless colonies, while their colonies appeared as green
colonies on Cetrimide agar. These isolates were Gram-negative rod bacterial cells under a
light microscope, in addition to their positive result for oxidase. P. aeruginosa is a leading
cause of illness and death in hospitalized patients owing to its high level of antibiotic
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resistance [24]. The findings of a study conducted by Shatti et al. [25] detected that forty
(35.1%) out of 114 patient samples were confirmed to be P. aeruginosa.

Screening program for biosurfactant (glycolipid) production
Primary screening

A hemolysis test was performed to estimate the isolates that have the ability to produce
biosurfactants (glycolipid). All forty-two isolates of Pseudomonas spp. produced B-hemolysis
with different diameters of lysis zones on blood agar, as shown in Figure 1. The results are
illustrated in Table 1. Only nine isolates of Pseudomonas spp. (P2, P11, P12, P17, P26, P29,
P30, P33 and P38) showed the highest hemolysis zones ranged between (26-40 mm) and
were selected as biosurfactant-producers for further experiments.

Figure 1: $-hemolysi

Table 1: Results of hemolysis test.
Hemolysis

Hemolysis Hemolysis Hemolysis zone

No. zone (mm) No. zone (mm) No. zone (mm) No. (mm)
P1 13 P12 28 P23 10 P33 35
P2 27 P13 11 P24 11 P34 15
P3 11 P14 16 P25 10 P35 25
P4 10 P15 21 P26 26 P36 10
P5 6 P16 10 P27 25 P37 20
P6 7 P17 26 P28 17 P38 30
P7 14 P18 14 P29 30 P39 11
P8 12 P19 20 P30 40 P40 12
P9 11 P20 15 P31 25 P41 10
P10 10 P21 16 P32 9 P42 11
P11 33 P22 14

Glycolipid, like rhamnolipids, are a type of lipid molecule that, in the right concentration,
can exhibit hemolytic activity, meaning they can break up red blood cells by lysing the cell
membrane and destroying the cell wall [26]. There is a detergent-like process that, when
activated, may enhance the permeabilization of human erythrocytes. This process causes the
red blood cells to swell out of their typical biconcave disc form and lyse [27].

Secondary screening

Nine isolates of Pseudomonas spp. (P2, P11, P12, P17, P26, P29, P30, P33 and P38) were
subjected to secondary screening, and the emulsification index (E24%) was calculated to
choose the best biosurfactant (glycolipid) produced isolate. The results in Table 3 indicated
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that Pseudomonas sp. P30 isolate showed the highest E24% value, which was 60.6%, as
shown in Figure 2. Since Pseudomonas sp. P30 is more productive in producing
biosurfactants, so it was chosen for further experiments.

Table 3: Secondary screening of biosurfactant (glycolipid) produced isolates of
Pseudomonas spp. using emulsification index (E24%)

No. of isolate E24% No. of isolate E2 % No. of isolate E2 %
P2 37.8 P17 10 P30 60.6
P11 49.6 P26 32.5 P33 52
P12 36 P29 46.2 P38 473

Confirmative test using VITEK 2 system

This test was utilized to confirm the identification of Pseudomonas sp. P30. Using Gram-
positive (GP) card which is composed of 43 biochemical tests. Based on the results, this
isolate was P. aeruginosa, with a probability of 86%.
Optimization of culture conditions for the production of glycolipid
Best carbon source

As shown in Figure 2, the findings showed that olive oil was the best carbon source, with an
E24% of 61.58%.

70
61.58
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(=}
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Figure 2: Influence of carbon sources on the production of biosurfactant from a local isolate
of Pseudomonas aeruginosa P30 in MSM medium at pH 7 and 37 °C for 72 hours.

Best nitrogen source

The results indicated that control (NH4Cl and peptone) was the best nitrogen source, with
E24% equal to 65.2%, as shown in Figure (3).

910



Abdul-Ilah and Hayder Iraqi Journal of Science, 2026, Vol. 67, No. 2, pp: 904-916

70 65.2

<

X

& 60

N s 50.7

€50 ; 434

8

< 40 33.4

g 29.55

= 30

=

L

s 20 13.8

=

% 10

=

E 0

= Urea NH4Cl NaNO03 Yeast NH4NO3 Peptone Control
NH4Cl +
Peptone)

Nitrogen source

Figure 3. Influence of nitrogen sources on the production of biosurfactant from a local isolate
of Pseudomonas aeruginosa P30 in MSM medium at pH 7 and 37 °C for 72 hours.

Optimal pH value

The results indicated that pH 7 was the optimal pH value, with E24% at 66.5%, as shown
in Figure 4.

- 100
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2%
< 70 66.5
S 60
£ 48
= 50
L 36
E 40 30
b= 30
¥
T 0 NN
=
o N\l
5 6 Control (pH 7) 8 9
pH value

Figure 4: Influence of different pH values on the production of biosurfactant from a local
isolate of P. aeruginosa P30 in MSM medium at 37 °C for 72 hours.

The effect of incubation time

Different incubation periods, including 24, 48, 72, 96 and 120 hours, were examined to
estimate the best incubation time for glycolipid and biomass production. The results indicated
that the highest E24% of glycolipid was 67.8% after 72 hours of incubation, then this value
was decreased to 25.4% after 148 hours of incubation, and no result was estimated after 120

hours, as shown in Figure 5, while the biomass was reached to 5.15 g/L of weight after 120
hours of incubation.
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Figure 5: Influence of different periods of incubation on the production of glycolipid and
biomass formation from a local isolate of Pseudomonas aeruginosa P30 in MSM medium at
pH 7 and 37 °C.

Extraction of biosurfactant

Four solvents were utilized to select the best solvent for extraction of glycolipid produced
by P. aeruginosa P30. The results showed that the methanol: chloroform solvent mixture was
the best choice for biosurfactant extraction, with the highest obtained weight of 5.1 g (Table
4). Methanol and chloroform are frequently utilized as solvents for biosurfactant extraction
because of their capability to dissolve an extensive array of organic compounds, such as
proteins and lipids [28]. The rhamnolipid biosurfactant was successfully extracted from the

acidified cell-free supernatant using a solvent extraction procedure including chloroform:
methanol (2:1).

Table 4: Determination of the best solution system for extraction of biosurfactant.

Solvent Ratio The obtained weight of biosurfactant (g)
Methanol: Chloroform 1:2 5.1
Di ethyl ether 1:1 4.15
Ethyl acetate 1:1 4.169
Petroleum ether 1:1 4.115

Purification of biosurfactant

The refined biosurfactant was obtained using silica gel column chromatography (3.5 x 30
cm). The column was loaded with 5.1 g of crude biosurfactant dissolved in chloroform. The
emulsification activity of each fraction was assessed after collection. The findings of the
correlation between fraction number and emulsification activity are shown in Figure 6. There
were two glycolipid peaks identified in the data; the first peak occurred in elution 2 with a
fraction number between 62 and 67 in the chloroform: methanol (50:5) mixture, and the
second peak occurred in elution 3 with a fraction number between 71 and 76 in the same
mixture. The results also showed that the emulsification activity was lowest at the first peak
(E24%= 70) and highest at the second peak (E24%= 90). Column chromatography was used
in several studies to purify biosurfactant compounds to purify biosurfactant produced by
Pseudomonas sp. [29], and other microorganisms, including L. plantarum [1]. In a study by
Alshaikh et al. [30], the fractions that were collected after the crude RL was purified using
column chromatography were analysed using thin-layer chromatography (TLC). Rhamnose
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domains, which correspond to mono- and di-rhamnolipids, were indicated by the spots found
on the TLC plates (Rf values of 0.41 and 0.17, respectively).

E24%
°
Chloroform: methanol)

Elution 1 (Chloroform: methanol)
50:3
Elution 4 (met

Elutign 3 (Chloroform: methanol)

1 5 10 15 20 30 40 50 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 79 80 81 82 83 84 85 8 8

Fraction No.

Figure 6: This layer chromatography for biosurfactant purification from Pseudomonas
aeruginosa P30 using a silica column (3.5 % 30 cm) equilibrated and eluted with solvents, in
flow rate 60 ml/hr.

Characterization of glycolipid
Fourier transforms infrared (FTIR) spectrum

The FTIR analysis validated the biosurfactant's glycolipid origin by revealing the presence
of aliphatic hydrocarbon chains (lipids) and a polysaccharide component. Based on Figure 7,
the band between 3839.77 and 3772.82 cm™! indicated the presence of free —OH groups due
to —OH stretching of carboxylic acid groups and H-bonding of polysaccharides, respectively.
Two bands at 3192.45 and 2431.70 cm™' may be due to the presence of the aldehyde, methyl
and C-CH groups in the polysaccharide. Also, C=0, C=C, C-N, S=0 and C-CH stretching
were appeared at (1775.46 - 1601.63), (1538.83 - 1493.32), (1452.32-1410.79), (1311.89),
(1053.70) and (973.08-620.43) cm™, respectively. The absorption peak around 1051 cm™' is
assigned to C—O—-C in the rhamnose molecule in glycolipid. The C-O-C bond in the
glycolipid rhamnose molecule is responsible for the absorption peak at around 1051 cm-1.
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Figure 7: FTIR spectrum analysis glycolipid produced by Pseudomonas aeruginosa P3.
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Fatty acid analysis (GC-Mass):

Figure 8 shows that many components are made up of pure biosurfactants. According to
previous research that found fatty acids in GC-MS analyses of rhamnolipid compounds
produced by P. aeruginosa, this study concluded that the biosurfactant extracts were really
rhamnolipids [31]. The results also indicated that the major compound of biosurfactant was
hexadecanoic acid with 100% relative abundance. The results were in agreement with Rantan
and Kumar [32], where they found that Rhamnolipids contained hexodecanoic acids in
addition to other compounds.
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Figure 8: The GC mass analysis of partially purified biosurfactant produced by
Pseudomonas aeruginosa P3.

4. Conclusion

In conclusion, Pseudomonas aeruginosa's ability to produce glycolipids, especially
rhamnolipids, is important for understanding its pathogenicity and physiology, and it also has
great promise for medicinal and industrial applications. Rhamnolipids have biocompatibility
and special surface-active features that make them promising candidates for use in
bioremediation, innovative therapeutics, and environmentally friendly detergents. They have
the potential to become an invaluable asset in various sectors due to forthcoming research and
technical advancements that expand their usefulness even further.
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