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ABSTRACT

Thirty bacterial strains were isolated from soilentaminated with hydrocarbons in the north wesAlgferia, and
tested for biosurfactants production in a nutridetbth supplemented with olive oil using drop cofleqy, oil
displacement, emulsification activity ,(f and measurement of the surface activity. SIP3RPSS and S9PS2
strains were the best three producers and werecssd to optimize the production (S1PS2,456.32 £1.95%, &
=5.733 £0.35 cm and ¥aquction= 30.17 £0.12, S7TPS5 k= 43.38 £0.07%, @ = 8.3 £0.10 cm anduction=
31.23 £0.01, S9PS2 :,k= 44.27 +0.26%, @ = 8.66 £ 0.05 cm andr%auction= 32.00 £ 0.13). After optimization,
S7PS5 shows the optimal of rhamnolipids productitth the following composition: 100 ml of nutridmioth, 1%
of olive oil and 1% of inoculums, with shaking &trpm/min at room temperature, for an incubatiomipe of 22 h,
and it was selected for an identification using ZBNE system and 16S rDNA sequencing which alldtedink
S7PS5 to the genus Pseudomonas and showed 98.848#mitdrity with Pseudomonas aeruginosa LMG
1247/776651 as the closest specie.
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INTRODUCTION

Surfactants are amphiphilic molecules that cordigt hydrophilic head and a hydrophobic tail [1jo8urfactants
are environmentally friendly, biodegradable, lesdd and non hazardous, they have better foamingegsties and
higher selectivity and due to their amphiphiftructure, they increase the surface aredydrophobic water
insoluble substances, increase the water bioavi#tjabf such substances and change the propertids the
bacterial cell surface [2]Pseudomonass a large group of bacteria colonizing the spliants and water. These
Gram negative bacteria, non spore-forming, aregakitig aerobic, with the exception of some that usa the N@
as the final electron acceptor. Their mobility isered by several polar flagella; they have a ntaiiomnd chemo-
organothorphe metabolism, mostly saprophytic [3].

413



Mohammed EL Amine Bendaha et al J. Chem. Pharm. Res,, 2015, 7(10):413-422

o] 0 o e
I [ Q —CH —CHpy —C —0 — CH —CHp—C —0—H
—CH—CHy—C— O— CH—CHp—C—O0—H \
| | (CHa)g (CHp)g

(@ (CH ot ‘
o ( FI‘2>6 ( |2>e CHg CH3

CHj CH3

OH o
HO
OH OH
CHg
RLL or RI (o-L-Rhamnopyranosyl-3-
hydroxydecanoyl-B-hydroxydecanoate) OH oM

RRLL or R2 (2-O-o-L-Rhamnopyranosyl-
o-L-rhamnopyranosyl-B-hydroxydecanoyl-
B-hydroxydecanoate)

Fig. 1 Chemical structure of rhamnolipids [1]

Pseudomonas aeruginogaoduces an extracellular glycolipid surfactaniezhrhamnolipids [4] and composed of
B-D-(B-D-hydroxyalkanoyloxy) alkanoic acids (HAA) (primbr B-hydroxydecanoyp-hydroxydecanoate)
derivatized with one or two rhamnose sugargfj. 1)

Potential applications of biosurfactants in cosmdtod, healthcare, pulp and paper processind, ceeamic, and
metal industries have been conceived. Even morenipiog are applications considering the cleaningoibf
contaminated tankers, oil spill removal, transp@taof crude oil, recovery of crude oil from sdicilitated oil
recovery as well as bioremediation of sites contateid with hydrocarbons, heavy metals and othédutaols [6].

EXPERIMENTAL SECTION

2.1. Sampling
12 soil samples were collected three samplingites polluted by hydrocarbonsn the north west of Algeria
(Mascara, Saida and Al-Bayadhjout 50 g of soil was collected in sterile bagsefach one.

2.2. Isolation strategy

2.2.1. Isolation of Pseudomonas aeruginosa strains

The isolation of Pseudomonaaeruginosabegins with enrichment, environmental samples vieoeulated at a
rate of 1 g of soil in tubes containing 9 ml ofrdeenutrientbroth [7]. Inoculated tubes were incubated at 42 °C
for 24 h. 0.1 ml from enrichment tube was placedCatrimide agar and incubated at 42 °C for 24 h [8]

Colonies producing blue-green or yellow-green pigineevealed under UV at 366 nm were picked andfipdr
three times on Cetrimidmedium a#2 °Cfor 24 h.

2.2.2. Screening assays for potential biosurfactant producing strains

2.2.2.1. Inoculums prepar ation

After purification, bacterial suspensions were el for each isolate in sterile nutrient brotheithO.D was
adjusted at 0.5 Mc.Farland at 600 nm to bihgm under the same conditions of initiibmass (10 cell / ml),in
order toselecthe mostffectivestrains.

2.2.2.2. Culture medium inoculation
All isolateswere grown in sterile nutrient broth [9] containi2% of olive oil as the best carbon substrate [10].

Each 250 ml Erlenmeydiask containing 100 ml athe culture mediunts inoculated with 1 ml of inoculum prepared

in advance, and stirred at 75 rpm at room temperafor 48 h, biosurfactants are recuperated instiygernatant
after centrifugation &000g for 15 min [11].
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2.3. Biosurfactants producing tests

2.3.1. Drop collapsing

The screening for biosurfactants production wasdooted using the test ebllapse[12], a supernatandrop of
each isolate was placed on the surfacegiéssslide covered with a thitayerof oil. After 1 min, supernatant of the
culture that led to the collapse of the drop isvel@s a positive result, and the drops remaininth wie beads
are marked as negative results.

2.3.2. Oil displacement

In a Petri dish, 15 pL of crude oil are placed ba surface of 40 ml of sterile distilled water, thd0 pL of
supernatant of each culture was slightly put onathélm surface. After 30 s, diameter of the dldwlo is measured
under visible light [13].

2.3.3. Emulsification activity
4 ml of supernatant was added to 4 ml of soybe&fild] and vortexed vigorously for 2 min. The enifitstion
index E»4) was estimated after 24 h, as follows:

Eo (%) = Hg,
24 (%) —KX 100

He . Height of emulsion layeHs Height of total liquid column.

2.3.4. Surface activity measur ements

To study the surface activity of the biosurfactamtsduced by the different isolated strains, sugtanms of each
sample were measured for surface tension usingngometer. Measurement of surface tension wasechout

according to the Du Nouy ring method [15] at ro@mperature after dipping the ring plate in the Sotufor a

certain time to reach the equilibrium conditionsr Ehe instrument calibration, the surface tensibpure water was
measured. The measurement is repeated at leasttiimes, and an average value was used to expgressutface
activity of each sample.

Biosurfactant surface activity is expressed as duacgon percentage of the surface tension redudtipnthe
following equation:

W — Y

% surface tension reduction = X 100

Ym
ym IS the surface tension of the medium as prepatad the surface tension of the supernatant.

2.4. Culture medium and growth conditions for biosurfactants production
Selection of the performing three strains was doypeomparing the oil displacement diameters (cmjulsions
indexes E,,) and percentages of surface tension reductiordoh strain.

2.4.1. Optimizing the olive oil amount

The culture medium used for biosurfactants pradactvas optimized by varying the olive oil amoumbrhi 1 to
5% (v / v) in the broth culture. Then, the cultunedium was incubated at room temperature in a sBjakcubator
at 75 rpm. After 48 h, bacteria were removed bytrifeigation at 9000 g for 15 min [11], reductionrpentages
measures of surface tension are performed for aaeti olive oil concentration. The optimum amountolfe oil
for biosurfactants production is used for furthetimization.

2.4.2. Inoculums optimization

2.4.2.1. Growth kinetics

A precultureof eachstrainwasperformedon nutrient broth and incubated 2@ °C for24 h, then a loop fool each
culture is used to inoculate an Erlenmefjask containing 100 ml of nutrient broth, eaftdskis incubated at room
temperature with shaking @b rpm. Microbial growth was studied as a function cofiture time by measuring
the culture medium absorbance, after each 2 h &s®@0 nm UV spectrophotomet&rom graphic layout of the
microbial concentration versus time, the best caltime for the inoculum preparation was determined

2.4.2.2. Optimizing the inoculums amount

In order to find the appropriate amount of imloen for biosurfactants production, an inocualof each
strain was prepared using the best culture timaionddin advance, and by varying the inoculum amount from 1
to 5% (v/v), and transferred into 100 ml of culturedium, containing the optimum amount of olivk then,
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the culture wasncubated at room temperature, with shaking atpib for 48 h. After that, reduction percentages
measures of surface tension are performed for es@th inoculum concentration.

The optimum inoculum amount for biosurfactants iaitbn is used for further optimization.

2.5. Identifying the most efficient strain
After isolation, colonies producing blue-green d#f pigment aspects and gram colorations were dom@btained
rods gram negative bacteria were tested for oxigas@uction, this positive test due to this enzypresence related
the colonies to the geni®seudomonas.

2.5.1. APl 20NE (Non Enterobacteriaceae)

Based on biochemical substrates degradation, ARIE2(Biomérieux, France) system is a rapid frequenoted
method for identifying. This method is suitableidentify Gram-negative bacilli at the species lebglevaluating
the profile of 21 different biochemical reactiodd?| 20NE stripes were incubated at 30 °C for 24t the results
were performed by the Bacterial identification Reog [16].

2.5.2. Molecular characterization and phylogenetic analysis

2.5.2.1. Extraction and PCR amplification of 16S rDNA

The most powerful strain was cultured at 30 °C 2dr h with stirring (250 rpm) in a 500 ml Erlenmeyer
containing 100 ml of TSB medium. DNA was extractatording to the method described by Liu et(2000
[17].

16S rDNA fragment was amplified by PCR (Polymer@éain Reaction) using an invitrogen kit and twoeis:
10-30F (5'-GAG TTT GAT CCT GGC TCA-3 ") and 1500R-AGA AAG GAG GTG CAG ATC CC-3").

A reaction volume of 50 pl was prepared by mixingl®f 10x PCR buffer (10 mM of Tris-HCI, 50 mM &ICl,
pH 9.0 at 25 °C), 1.5 mM of Mg&l1200 mM of each dNTP, 100 pM of each primer, 2UDdIA solution and
1.25 U of polymerase enzyme. To evaluate the r@actn horizontal agarose gel (2.4%) electrophsrekithe
PCR product was performed. 16S rDidAplificationwas carried out on a Stratagene Robo Cycler Gnadie

2.5.2.2. 16SrDNA sequencing
DNA sequencing was done at Beckman Coulter Genothinged Kingdom).

The applied primers were the same pair of primeeduo amplify 16S rDNA, 10-30F (5-GAG TTT GAT CCT
GGC TCA-3") and 1500R (5'-AGA AAG GAG GTG CAG ATCC-3 ).

Phylogenetic identification of neighboring was fficarried out by the program BLASTN [18]. The bsstjuences
with the highest scores are selected for the caicud of "pairwise sequence similarity” using tHebgl alignment
algorithm located at the EzTaxon-e server [{8fp://eztaxon-e.ezbiocloud /; [19]). Phylogeneginalysis and
molecular evolution were performed using softwaiduded in the package MEGA version 6.0 [20].

16S rDNA sequence of the most powerful strain waged to the "ClustalW" program [21], 15 corresgomy to
the closest taxa nucleotide sequences were retriieoen the results in Blast EZ Taxon-e (Files inFBA format).
Distances calculation of the evolution matrix ahe algorithm of the "Neighbor-Joining" were genedaf22] and a
phylogenetic tree was prepared which enabled thstoaction of the topology of the tree evaluatedhsybootstrap
test [23].

2.6. Statistical analysis

Presented results were the average values of taeeminations (All experiments data are expregsddrms of
arithmetic averages obtained from at least thrpécages) and the standard deviations for all mesmmants were
less than 5%, the analysis were done using XLSTaéftwsire, version 2014.3.01 (Adinosoft).

RESULTSAND DISCUSSION

3.1. Isolation of Pseudomonas aeruginosa strains

Cetrimide agar is a medium for promoting pigmentatiit is King A supplemented with nalidixic acahd
tétradonium bromide (Cetrimide) that inhibit thea@ positive growthleavingadvantage td®seudomonasp.,
Pseudomonas aeruginosa characterized by two pigments production: blueeg pigment (pyocyanin) and
yellow green pigment (pyoverdin) [7].

416



Mohammed EL Amine Bendaha et al J. Chem. Pharm. Res,, 2015, 7(10):413-422

30 environmental strains with fluorescent pigmewese isolated, identified, purifiednd conserved on glycerol
broth at —80 °C.

Cetrimide agar is a medium for promoting pigmeotatiit is King A supplemented with nalidixic ac&hd
tétradonium bromide (Cetrimide) that inhitie Gram positive growtHeavingadvantage td®>seudomonasp.,
Pseudomonas aeruginoss. characterized by two pigments production: blueeg pigment (pyocyanin) and
yellow green pigment (pyoverdin) [7].

30 environmental strains with fluorescent pigmewte isolated, identified, purifiednd conserved on glycerol
broth at —80 °C.

Cetrimide agar is a selective medium fBseudomonassolation, the use of Cetrimide was advocated by
Lowbury in 1955 [24]. Nalidixic acid blocks DNA régation of sensitive bacteria [25]. Magnesium c¢fde and
potassium sulfate promotes pyocyanin production] @& grown in iron limiting conditions,Pseudomonas
produces yellow green fluorescent siderophoregdaljoverdins [27].

3.2. Biosurfactants producing tests

3.2.1. Drop collapsing

In absence of biosurfactanta,drop of water applied to a hydrophobic surface, form a Ipbacause polar
molecules of water are repelled from hydrophobidame, but if the water drop contains biosurfactatite latter
falls and spread over the blade [28]. Interfacial tendi@tween water dropletand hydrophobic surface is
reduced in biosurfactants presence, resulting & spread of the water drop on hydrophobic surf&$. [
Presented results, show biosurfactants presendl itested supernatants.

3.2.2. Oil displacement

The oil displacement is closely relatéd biosurfactants presence in the supernatarthef tested bacteria
[30], clear halos diameters are function to thesbifactants amount preseint supernatant of each samphdl.
tested strains showed a positive result for opldisement with different diameters (Fig. 2).

10

Diametre of the clear halo (Cm)

Fig. 2 Comparison of clear halos diameters due to biosurfactants of the different strains

Biosurfactants have two different polaritieg)d theradensity is less than water, so they float to théase for the
oil displacement test, micelles have a greatemiafffor water then oil, therefore, they will retuin competition
with the latter to theurfaceoccupation. If the oil volumeashigher than that of biosurafactant, this latteadsorbed
at the water / oil interface [31], bisecauseof the very small volume of oil,its hydrophobicmoleculeswill move
leavingthesurfaceto biosurfactant molecules.

3.2.3. Emulsification activity

Biosurfactantgncrease apparent solubiligf hydrophobic molecules by trapping them ipsaudohydrophobic
phase formed bynicelles [32]. All tested supernatants solubilize the oil and fopseudohydrophobic phase,
emulsion indexesH,,) varies according to the biosurfactants concentiafig. 3).
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Fig. 3 Comparison of emulsion indexes of the different strains

Micellesare formed when hydrophobic portions unaaléorm hydrogen bonds in aqueous phase, unite ande mov
towardsthe centerleaving the hydrophilic portions outward; agitation prowidey vortex was made to isolate
hydrophobic molecules of oil, and trapping thenidasnicelles[33].

3.2.4. Surface activity measur ements

Surface tension of the different cultures supemtatavas measured function to biosurfactants cdraton
excreted in order to compare the surface activiifesll isolates (Fig. 4). Surface tension of therient broth (5.66
mN / m) is rapidly decreased as the biosurfactantentration increased.

35

w
o
|

25 SR Il

20 | s :si1

15 EE:L 3

10 EI R R

Reduction of surfacetension (%)

5 + A E EH E =

0

SV I T 2]
SEFFESFS S
T e 9 9 9 9 o 9

Fig. 4 Comparison of percentagesreduction of surfacetension of the different strains

Biological surfactants produced Bseudomonas aeruginostrains showed a reduction of the surface tensfon
pure water from 72 to 30% with a CMC ranging fronto5200 mg / |, depending on their components [Bdis
clear that the highest surface activity (32.00%riportional with the lowest surface tension (3@ / m).

3.3. Selection of the most efficient strains

Table 1 Values of emulsion indexes (%), clear halos diameter s (cm) and reduction of surfacetension (%) for S1IPS2, S7TPS5 and SOPS2
strains

Strain  Emulsion index (%) Clear halosdiameters(cm)  Reduction of the surface tension (%)

S1PS2 42,26 +0,25 7,93 + 0,23 30,17+0,12
S7PS5 43,38 + 0,07 83 #0,10 31,23+0,01
S9PS2 44,27 + 0,26 8,66 +0,05 32,00+0,13
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According to the obtained results (Table 1), baatéhat have shown significant potential for bidaatants
production are bacteria with maximum values of petage reduction of the surface tension, of opldisesment and
emulsion indexE,,). Strains S1PS2, S7TPS5 and S9PS2 are the bestfa@iants producers.

3.4. Culture medium and growth conditionsfor the production of biosurfactants

3.4.1. Optimizing the olive oil amount

Olive oil concentration in the nutrient broth waaried from 1 to 5%. As shown in Figure 5, the li@ssurfactants
performance is obtained with 1% olive oil in th&elient cultures and represented by percentagecirglof surface
tension which is 29.41 + 00% for S1PS2, 38.35 B®%Xor S7PS5 and 35.23 + 0.03% for S9PS2.

45

- ~ ~ mS7PS5
~ mS9PS2
[ S1PS2
0 m

1% 2% 3% 4% 5%
Olive ail %

N
o

Reduction of surface tension (%)
= [ N N w (o8]
ul o [é;] o [6)] o (4]

Fig. 5 Effect of the olive oil amount on percentages reduction of surfacetension of S7PS5, SOPS2 and S1PS2 strains

Therefore, in a nutrient broth with 1% olive oildslected as a suitable culture medium for the erpériments of
biosurfactants production for the three selectedtdram with S7PS5 strain that gave the best rateiasfurfactants
production for this olive oil concentration.

3.4.2. Inoculums optimization

3.4.2.1. Growth Kinetics

Growth kinetics of S1PS2, S7PS5 and S9PS2 stra@me studied to find the best time for an inoculunitwe
preparation, it is time taken for each bacteriurarter in exponential phase; the three strains wengitored for 52
h by measuring their absorbance at 600 nm evemyu?shat room temperature. From Figure 6, S1PSheghthe
exponential phase after 24 h of culture, S7TPS5hezhexponential phase after 22 h and finally S9fe&2hes that
after 26 h. S7PS5 strain has the shorter lag arelexation phases and is therefore best suitedgartedium.

2.5
2
E
8 1.5
@ —+—S1PS2
®
a1 —e—S7PS5
© S9PS2
0.5

0 A A S T TR T 1 P T T 1 P T T TET |
2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 49 50 51 52
Cultivation time (H)

Fig. 6 Growth kinetics of SIPS2, S6PS5 and SOPS2 strainsin nutrient broth at room temperaturewith shaking at 75 rpm / min.
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Consequently, selected time to prepare inoculutuiis 22 h for S7PS5, 24 h for SIPS2 and 26 S8#S2 ; this
is timeto reach the exponentiatageand where the growth rate is maximum and stable.

3.4.2.2. Optimizing the inoculums amount

Inoculum amount in the nutrient broth was variednfrl to 5% (v / v). The best performance biosusdatst
production is obtained with 1% inoculum used in digerent cultures (Fig. 7) and represented bypbecentage
reducing of surface tension which is 37.17 * 0.14%%S1PS2, 42.17 + 0.07% for S7PS5 and 36.88 +%.6&

S9PS2.
~ mS7PS5
~ mS1PS2
— S9PS2

1% 2% 3% 4% 5%
Inoculum %

45

B
o

Reduction of surfacetension (%)
= - N N w w
o (6] o (6] o (8]

(&)]

o

Fig. 7 Effect of the inoculum amount on per centages reduction of surface tension of S7PS5, SOPS2 and S1PS2 strains

Therefore, nutrient broth inoculated with 1% midedlzulture was selected as the most appropriateartration
for biosurfactants production by the three selestesins.

Cell number of bacteria less than the best wilbaidy not lead to bettgeroduction, but when cells number is
high, they use all the culture medium compounds tleeir growth, which leads to culture mediuaphtion
without achieving the desired metabolite productibhe most powerful strain is S7TPS5 and gave tis¢ fag¢e of
poucentage reducing of surface tension which i$242.0.07%

3.5. Identification of the most powerful strain

3.5.1. APl 20NE

S7PS5 macroscopic and microscopic study are i@dértic those obtained by Palleroni in 1984 Bseudomonas
aeruginosg35]. The Bacterial Identification Program suggdbtt S7PS5 strain isRseudomonas aeruginogath an
identification score of 0,99.

3.5.2. 165 rDNA sequencing
16S rDNA sequence has long been used as a taxommigcstandard in determining the phylogenies aftéugal
species [36], it has been used to detect and diffetePseudomonaspecies.

The 16S rDNA sequence (810 bp) of strain S7TPS5bkas deposited in the GenBank data library andbleas
assigned the accession number KR349493 and alltiveekihk S7PS5 to the genBseudomonadilignment of this
sequence by the blast showed 98.84% of similarity Rseudomonas aeruginosMG 1242/Z76651as the closest
specie. OthePseudomonaspecies have lower percentages of similarity,asétth between 97.54 and 95.86%,
Figure 8 shows on the dendrogram, phylogenetidiposof the S7PS5 strain.
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39 Pseudomonas anguilliseptica NCIMB 182@®9540
6 Pseudomonas marincola KMM 3042B301071
68 Pseudomonas composti T2N429930
—— Pseudomonas indoloxydans IPL/RQ91627

93? Pseudomonas mendocina LMG 19236664
94— P

seudomonas oleovorans subsp. lubricantisR&I842018

Pseudomonas alcaligenes LMG 1227665:
Pseudomonas guangdongensis S§Zx&@7443i
L Pseudomonas resinovorans LMG 29726668
85 =d Pseudomonas otitidis MCC1033@Y95314
61 S7PS5
100— Pseudomonas aeruginosa LMG 12276651
Pseudomonas citronellolis DSM 5038276659

‘ Azotobacter chroococcum IAM 126688175653
85 Azorhizophilus paspali ATCC 238283308318

g Pseudomonas stutzeri ATCC 17588002881
4

0.005

Fig. 8 Phylogenetic tree based on sequence analysis of 16S rDNA and showing the relationships between S7PS5 and and the other similar
species. Note: The numbersat the nodesindicate " bootstrap” levels (As a percentage of 1000 re-sampling). The bar indicates 0.005
substitutions per nucleotide position

CONCLUSION

We have designed an isolation assays that proeidie,rsimple, and reliable identification Bf aeruginosa These
assays should serve as a useful adjunct in theuai@h of rhamnolipids producing bacteria. Threpety of
microorganisms were isolated from soil contamindtgdydrocarbons in the north west of Algeria. Rhalipids
production was made using a nutrient broth supptéete with olive oil as the best carbon source. Tl
microbial growth, drop collapsing, oil displacemeeainulsification tests and surface activity meas@nets were
performed. It was found that S7PS5 strain couldvgrothe culture medium better than the other sgraesulting in
a shorter culture time for biosurfactant productioa a higher yield of rhamnolipids, 16S rDNA seatgieg proved
the Pseudomonas aeruginopaoducing biosurfactants isolation strategy.
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