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ABSTRACT

Rhamnolipids are biosurfactants substances produbgd bacterial fermentation process of Pseudomonas
aeruginosa, required for the remobilization of aihd used for fight against pollution. In the presstudy, 26
bacterial strains were isolated from soil and sewayf two different sites polluted by hydrocarboinsywhich 3
selected strains producing Rhamnolipids belongingthe genus of Pseudomonas aeruginosa were puyrified
identified and used for further characterizatiorheéTsecondary screening of the selected Pseudona@maginosa
revealed that one strain manifested a high perfarceafor Rhamnolipids production. For the optimieatiof
several parameters implicated in the biosurfactartsduction, five carbon sources such as olivesaihflower ail,
glycerol, ethanol, corn germ and six nitrogen s@srcuch as yeast extract, soybean meal, peptors, exigact,
urea, corn steep liquor has been investigated. dhtained results showed that the maximum Rhamdslipi
production (2.7 g/l) was yielded by the using olieat a concentration of 3% as carbon source &l of extract
yeast as nitrogen source.

Key words: RhamnolipidsPseudomonas aeruginogalluted soils.

INTRODUCTION

Microbiological derivate surfactants or biosurfaxttaare heterogeneous group of surface-active mieleproduced
by a wide variety of bacteria, yeast, filamentousdi, which adhere to cell surface or excrete emghpernatant of
the growth culture medium [1, 2, 3].

The biosurfactants with their both hydrophobic &ydrophilic moieties, are able to reduce the sarf@nsion and
interfacial tension between two fluids at the scefand the interface respectively. Furthermoresetae also able
to form micro emulsion, where hydrocarbons canlsbse [4, 5, 6].

Recently, the environmental impacts caused by atersurfactants due to their toxicity and diffiguéncountered
by their degradation in the environment becometg@egphasis.

The increasing environmental problems, the advamdsotechnology and the emergence of more strin¢mms
have led the utilisation of biosurfactants as a&ptil alternative to the chemical surfactantslabé on the market
[7,8, 9]

The advantages of biosurfactants were their lowicity, their biodegradability, their specific agty at extreme
temperatures, pH and salinity. Furthermore, theiodpction through fermentation process, their ptdén
applications in environmental protection and cradeecovery, their use as antimicrobial agentféalth care and
food processing industries [1, 15].
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The mainly produced glycolipid biosurfactants aamholipids (RLs) byPseudomonas aeruginosae the most
intensively studied [25]. The first process of rhmatipids production was observed at 1946, when &edgn and
co-workers(1946) has reported that only glycolipid was prastidyPseudomonas pyocyaneaultivated on the
culture medium containing the glucose as carbomcgo he biosynthesis process of rhamnolipids prthdo was
subsequently studigd vivo by using various radioactive processors suci@scetate antfC-glycerol [8].

The biosurfactants consist one of the most virwdefactors contributing to the pathogenesisPsf aeruginosa
infections due to their relatively high yields aftelatively short incubation periods and theirneasltivation [13].

MATERIALS AND METHODS

Bacterial strains

The used strains in this work belonging to the gewfiPs. aeruginosavas isolated from the most contaminated sols
with diesel, in the region Remchi (Tlemcen), locdaie the North West of Algeria. The isolated straias
maintained on nutrient Broth agar slants, conseatetfC and subcultures were made every 2 weeks.

Growth conditions

The used mineral salt culture medium (MS) in thiglg was containing the following components (gK)HPO, -

3H,0 (1.0) ; KHPQ, (0.5) ; MgSQ - 7H,0 (0.5) ; CaG (0.01) ; yeast extract (5.0); glycerol (30.0) akscarbon
source, pH 6.8. The bacteria strains were inoadlatea 250 mL flasks containing a volume of 100 oflculture
medium MS, incubated at a temperature of 30°Cthisirgy in a rotary shaker at 220 rpm for seven ddayhe
bacterial growth was monitored by measuring ofdpgcal density at a wavelengthq

Detection of biosurfactants activity

The obtained overnight culture medium from fermBatawas diluted with fresh culture medium, plaied the
cetyltrimethyl-ammonium bromide (CTAB)-methylenaublagar, prepared by adding of 0.2 g CTAB, 0.0G5 g
methylene blue, and 15 g agar in a volume of 1M&f culture medium. The rhamnolipids producing cgsron
CTAB agar plates, were identified by the formatwindark blue halos around the colonies on a ligheplate
background [6].

On others hand, the indirect way for the exploratib rhamnolipids producing colonies is based airthemolytic
properties, which the rhamnolipids producing ssaivas inoculated on blood agar plates. The Formatia halo
clear around the colony indicated the presencelsf[B].

Furthermore, the drop collapsing test is a moreitiga method for the rapid screening of rhamnadlipproducing
colonies by various isolates [12]. This assay iagio apply a drop of bacterial culture superrtateer a plate
covered with oil. The droplet will spread over thieonly if the culture supernatant sample contdhs.

Quantification of rhamnolipids

Rhamnolipids were purified by separating of thdscblomass from supernatant of the inoculated caltnedium
by centrifugation (12500) for 10 min at a temperature of 4°C. The recumetraupernatant of the culture medium
was then acidified by the using 4 N hydrochlorideadjusted to pH-value of 3.0, the precipitatedminolipids was
collected by centrifugation (120@). After that, the RLs were extracted for threegswith a chloroform-Methanol
(2:1) mixture, which was then evaporated and leaviehind relatively pure Rhamnolipids having anlit#
appearance [26].

The extract fractions were further separated om-tdyer chromatography (TLC) by the using of aluionin silica
gel 60 ks, plates and a chloroform: methanol: distilled: wd&5:25:4) solvent systeriihe RLs was visualized by
the using the orcinol test [14The quantification of RLs has achieved by orcirssday [5].

This test was used for direct assessment of theuanhaf glycolipid in the culture supernatant. Fbistpurpose, a
volume of 400ul of solution containing 1,5 g of orcinol diluted 100 mL of HSO, (30%) was added to 2G0 of
each sample with suitable dilution. After heatirng 80 min at temperature of 80°C, the samples werded to
room temperature and the R was measured. The RLs concentration was calculiated a standard curve
prepared with L-rhamnose monohydrate and expresseldamnose monohydrate equivalents (RME) (mg/mL).

Optimization of carbon and nitrogen source for biosirfactants production
In order to explore the effect of carbon and ninegsources on the Rhamnolipids production, thesiiyated
carbon source in MS culture medium was replaceddyg ethanol (30 g/L), corn germ (30 g/L), sunfiwwil (30
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g/L) and olive oil (30 g/L) and the used nitrogeruice was also replaced by meat extract (5g/In steep liquor
(59/1), urea (5g/l), soybean flour (5g/L) and pepd5g/L) .

Study of bacterial cell growth and rhamnolipids praduction

The Study of bacterial cell growth and rhamnolipgeduction were carried out at optimized cultuoaditions
between inoculum of fresh overnight culture andaysdold culture. In this experiment, variationshinomass and
RLs production were recorded at different time rivi¢s over a period of 7 days. Biomass was expteaseptical
density (OD) of culture broth measured at 600 nm.

RESULTS AND DISCUSSION

Detection and quantification of the surface-activeompounds

The haemolysis of blood agar was first used fordteening of the biosurfactant-producing bactf8Jaand the
method of Moran and co-workers (2002) was appladte quantification of the amount of the produsadactin

by B. Subtilis,where was demonstrated the presence of the bictamta caused the lyses of the red blood cells on
the agar. The inoculatdd. aeruginosaon blood agar shows remarkable hemolysis zonegjeMer, the obtained
hemolytic zone formation on blood agar plates isamdy dependant on the produced RLs and may lectefi by
divalent ions and other hemolysins produced bybtieteria under investigatiomhe accumulation of the insoluble
ion pair precipitate in the agar plate containingttmylene blue exhibited dark blue color against ligbt blue
background.

The obtained diameter of the dark blue region hasnbshown to be semi quantitatively proportionalthe
concentration of the Rhamnolipids [22, 24].

The colony manifested the largest dark blue hal® wientified asP. aeruginosaand selected for further
investigation. Jain and co-workers (1991) has sstggethe drop collapse method as a sensitive asy fea the
investigation of the biosurfactant production. Hoese the drop collapse technique was only applged gualitative
method for detection of biosurfactant productioh [4

The obtained results showed that the culture sapentsP. aeruginosananifested permanent movement, explained
by the presence of produced biosurfactants.

The excreted biosurfactants in the supernatantureuliof P. aeruginosaare most probably a mixture of
Rhamnolipids, the amphiphilic surface-active glygials [10, 23].

From 26 isolated strains belonging to the familyRdeudomonaceae, the highest displayed produmsgrfactant
strain was selected and identifiedRasaeruginosa.

Furthermore, the use of the thin-Layer Chromatogyapas revealed the presence of two typical gig@blspots
after the orcinolsulfuric staining atf®.77 and 0.62 corresponding to the reference mbaowolipid and di-
rhamnolipid fromP. aeruginosa(Figure 1).
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Figure 1: lllustration of the thin layer chromatography of different broth in the presence of severatarbon and nitrogen source, R1: di-
rhamnolipid; R2: mono-rhamnolipid
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Effect of carbon source on the RL production

The obtained results of the effect of several cadmurce such as sunflower oil, olive oil, glycemthanol and corn
germ on the production of RLs B aeruginosainoculated in the MS culture medium is preseimegigure 2.

The histogram shows that the yield of RLs and bidtdry weight are the highest by the using ofeloil as source
of carbon (2.7 g/L and 3.93 g/L respectively) amgcegrol (1.9 g/L and 3.45 g/L). Santa Aneal (2002) has
reported that the use of glycerol yielded more Rialipids than others used different oils. The ukglycerol as
carbon sources for RLs production seems to be taenesting and low cost alternative [10, 11]. An artant RLs
production was achieved by the using of the surdlowil (1.6 g/L) and ethanol (1.2 g/L), accompanith a cell
dry weight of 3.45 g/L and 0.63 g/L respectively.

Some reports showed that the used vegetable oiks mere efficient substrates for Rhamnolipids patidun by P.
aeruginosawhen compared with glucose, glycerol, and hydromasi{16,18].Low Rhamnolipids production was

obtained by the using of corn germ (0.5 g/L). Thenes the glycerol was selected as the optimalaadource. The
use of vegetable oil and glycerol as carbon soumreRhamnolipids production seems to be an intergsand low

cost alternative [21].
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Figure 2: Effect of carbon source such as loliveald@l), sunflower oil (2), glycerol (3), ethanol4), corn germ (5) on the production of
Rhamnolipids by P. aeruginosa
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Figure 3: Effect of carbon source such as olive ofl), sunflower oil (2), glycerol (3), 4-ethanol(, corn germ (5), on the bacterial dry
weight of P. aeruginosa

Effect of nitrogen source on the production of RLs

The use of MS culture medium supplemented witheajlgtas a source of carbon and six several nitr@gemnces
such as meat extract, yeast extract, soybean fi@mtone and corn steep liquor, their effect onRhe production
by P. aeruginosaias been investigated.

The obtained results (Figure 4) in the presencepsliguor and meat extract as unique nitrogen ssunedicated

that these sources were not suitable for an opfithalproduction with a rate of 0.12 g/L and 0.6 gékpectively.
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The Figure 4 showed that the highest RLs produaimhcell dry weight were achieved by the usingeast extract
(1.9 g/L and 2.87 g/L) respectively. However, tlee wf soy flour yielded a rate of biosurfactantd «f g/L, and
0.45 g/L of cell dry weight. The produced RLs i ttupplemented MS culture medium on peptone aral wes
low. Whereas, the yeast extract was the best mitr@purce for growth and RLs Production. Therefthre,yeast
extract was selected as the optimal nitrogen source

1,6
1,1
0,9
0,6
0,12
t ; i j } -—<
2 3 4

Nitrogen source

2+ 19

b
o]

Rhamnolipide concentration (g/L)
©c o o Q2 L ol g
N S [«)] o] — N = [e)]

P S T S S

o i
|

Figure 4: Effect of nitrogen source such as yeaskeact (1), soy flour (2), 3-peptone (3), urea (4p-meat extract (5), corn steep liquor (6)
on the production of Rhamnolipids byP. aeruginosa
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Figure 5: Effect of nitrogen source such as yeasktract (1), soy flour (2), 3-peptone (3), urea j45-meat extract(5), corn steep liquor (6)
on the bacterial dry weight ofP. aeruginosa

Bacterial cell growth and Rhamnolipids production

The RLs Production was high yielded by some miaaigms, especialllPseudomonas spd7]. The obtained
results indicated the profile of bacterial growtifd&RLs production in the fermentation medium camitej glycerol
as carbon source and yeast extract as nitrogeres@bigure 6). The exponential phase extended uthours,
where RLs production and bacterial cell growth viasnd to be normal. This observation suggests that
produced biosurfactants in the culture broth iseeoadary metabolite [7]. During the stationary gha$ cell
growth, the RLs production increased at a highte eamd maximum product accumulation occurred aféeh of
cultivation (1.9 g/L). After 40h incubation, theraentration of RLs was dropped, may be due to #ggatiation of
these molecules.

Rhamnolipids yield was then calculated by a cogffit of 3.4 obtained from the correlation of pure
rhamonlipids/rhamnose (1.0 mg of rhamnose corredpapproximately to 3.4 mg of RLs) [20]. The RLs
production is typical secondary metabolite andeéased considerably in the stationary phase.

46
Scholar Research Library



N. Cherif et al Der Pharmacia Lettre, 2015, 7 (8):42-48

The obtained results of the inoculationRfeudomonas aeruginogathe fermentation medium in the absence of a
carbon source, showed a feeble bacterial cell groatcompanied with the low yield fall of RLs pretion during
the first 24 hours (Figure 7).

The addition of glycerol at a concentration of 3fothe fermentation medium after 24 hours incubatiores
indicated that the bacterial cell growth accelatard the RLs production rate was triggered anchesgha high rate
of 1.79 g /L at the 6Dhours. From the'3day, the bacterial cell growth reached the statipphase and the RLs
production decreased to a level of 0.7 g/L in tB ours.
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Figure 6 : Bacterial growth of Ps. aeruginosa and Rhamnolipids production in the presence of 3%f glycerol, incubated at a temperature
of 30°C by stirring in a rotary shaker at 220 rpm for 110 hours
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Figure 7: Bacterial growth of Ps. aeruginosa and Rhamnolipids production in the presence of 3%f glycerol for 24" and 1% for 100"
hours

CONCLUSION

The isolated strain from contaminated soil was tified asPseudomonas aeruginosa,s capable of effectively
producing Rhamnolipids by the using several carod nitrogen sources. Furthermore, the identifieairs has
manifested a important potential for the biosudatdé production and the application in bioremediatof oil

pollutants.
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Among the five investigated carbon and six nitrogenrces, the used olive oil and glycerol was prieseas the
most efficient carbon sources, whereas the yeastabas the best nitrogen source for Rhamnolipidsluction.
The optimization of several parameters implicatethie RLs production in batch cultures indicatdtat bptimum
of temperature, pH-value and agitation rate w&¥3pH 6,8 and 220 rpm, respectively.

Furthermore, the TLC analysis of the RLs showed the purified product contained mono-rhamnolipéhel di-
rhamnolipid.

In conclusion, the biosurfactant producedmyaeruginosacould be used for potential application in bioreméon

of crude oil contamination. Whereas, Rhamnoligidsduced byPs. aeruginospresented a great potential for
biotechnological and biopharmaceutical applicatiahg their biological properties. Further studibsuld be done
for the characterization of the chemical structamd cellular toxicity of these compounds.
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