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ABSTRACT

Bipsurfactants are a unique class of biclogical compounds that have been
shown to have a variety of potential applications. However, little knowledge is known
about the distribution of biosurfactant - producing bacteria in the environment. The
goal of this study was to evaluate how surfactant-producing bacteria are found in
contaminated and uncontaminated sites. A twelve soil samples represent sandy or
clay sails and a contaminated or unconlaminated areas were collected from different
sites of Egypt and plated on nutrient agar medium. The 494 colenies were obtained
and screened for biosurfactant production in mineral salts medium. A nine bactedal
isolates were selected as a positive action on biosurfactant production. The nine
isolates were purified and grouped which yielded 2 unigue groups. In which consist of
2 strains and 4 species. In addition the surface tension results demonstrated that
. isolates produced different surfactant surface tension ranged between 25.1 fo
50.2mN/m.

The potential production of biosurfactant is assessed based on the
development of a fermentative process with a strain of Pseudomonas aeruginosa
{PHM7) which was produced highly amount of biosurfactant with a high reduction in
surface tension. These production using different carben sources (hexadecane,
paraffinic oil, glycerol and olive o¢il) and nitrogen sources (NaNQa, (NH.);S0.s and
CHJ4NO,) were tesled. The more significant results were detected when glycerol was
used as a carbon source, in amount of 2.0 g/fL and NaNQs as a nitrogen source.
Keywords: Biosurfactant, Soil, Bacteria, Bacilius, Pseudomenas

INTRODUCTION

Surfactants constitute an important class of industrial chemicals
widely used almost every sector of modem industry. About 54% of the total
surfactant output is utilized in household and laundry detergents (Greek,
1981).

Most of the commercially surfactants are chemical and mainly
petroleum-derived. However, rapid advances among consumers combined
with expected new legislation, has provided further impetus for serious
consideration of biological surfactants as possible alternatives to existing
products (Sarney and Vulfson, 1995},

Biosurfactants have therefore, gained considerable interest in recent
years due to their low loxicity, biodegradable nature and diversity, Their
range of potential industrial applications includes enhance oil recovery, crude
ol drilling, surfactant-aided bioremediation of waler-insoluble pollutants and
food processing (L, 1996; Desai and Banat, 1997 and Sullivan, 19%8).

The development of this line of research is of paramount important,
mainly in view of the present concern with protection of the environment.
Therefore, the most significant advantage of microbial surfactant over
chemical surfactant is its ecological acceptance because it is biodegradable
and nontoxic to natural environments (Garcia, 1992).
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A large variety of microorganisms produce paotent surface-active
agents, biosurfactant which vary in their chemical properties and molecular
size. While, the low molecular weight of surfactants are often glycolipids, the
high molecular weight of surfactants are generally either polyanionic
heteropolysaccharides containing covalently-linked hydrophobic side chains
or complexes containing both polysaccharides and proteins. The yield of the
biosurfactant greatly depends on the nutritional environment of the growing
organism. The enormous diversity of biosurfactants makes them an
interesting group or materials for application in many areas such as
agriculture, public health, food, health care, waste utilization and
environmental pollution control such as in degradation of hydrocarbons
present in soil (Karanth et al. , 2000).

The same authors detected that biosurfactants (BS) are amphiphilic
compounds produced on living surfaces, mostly microbial cell surfaces, or
excreted intracellular and contain hydrophobic moieties that reduce surface
tension (ST) and interfacial tensions between individual molecules at the
surface and interface, respectively. A biosurfactant may have one of the
following structures; mycolic acid, glycolipids, polysaccharide-lipid complex,
lipoprotein or lipopeptide, phospholipids or the microbial cell surface itself.

Considerable attention has been given in the past to the production
of surface-active molecules of biological origin because of their potential
utilization in food-processing, pharmacology, and oil industry. Although the
type and amount of the microbial surfactants produced depend primarily on
the produce organism, factors like carbon and nitrogen, trace elements,
temperature and aeration also affect their preduction by the organism
(Ramana and Karanth, 1989).

Biosurfactants are unigue amphipathic molecules with properties that
have been explored for a variety of industrial and biomediation applications
{Banat et a/. , 2000; Bodour and Maier, 2002; Kosaric, 2001 and Ron and
Rosenberg, 2001).

Recently, several workers have presented intriguing data suggesting
that biosurfactants are important for microbial growth and survival in the
environment. For example, surfactin production is necessary for fruiting body
formation by Bacillus subtilis (Branda et al. , 2001). Also, rhamnglipid is
necessary for normal biofilm formation by Pseudomonas aeruginosa (Davey
et al. , 2003 and Rashid et al. , 2000).

The present work is concerned on an initial study to screen for
biosurfactant-producing microorganisms from twelve soil samples collected
from both contaminated and uncontaminated areas in Egypt. An extensive
survey on biosurfactant production among 494 bacterial isolates isolated from
the rhizosphere of soil samples tested. A total of nine subgroups of bacterial
strains producing biosurfactant were identified and classified by using API
microtube system.

MATERIALS AND METHODS

Soil samples
Twelve soil samples were collected from various areas in Egypt
represent clay and sandy soils (contaminated or uncontaminated). The
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physical characteristics of such soils were found in Table (1). Soil samples
were classified as control (uncontaminated) and soils contaminated with
heavy metals or organic acids.

Table (1): Physical characteristics of different soil samples collected
from various areas in Egypt

, 30il Location Type af Texture Organic |
| number contaminants matter {%} |

S1 North Sinai Heavy metal Sandy 0.51

52 MNorth Sinai Heavy metal Sandy 0.38

53 ismialia Uncontaminated Sandy 322

54 Ismialia Uncontaminated Sandy 1.35

S5 Ismialia Organic ferilizer Sandy 2.14

S6 Ismialia Sewage sludge Sandy 1.64

S7 El-Marg, Cairo Uncontaminated Sandy 024

S8 El-Marg, Cairo Sewage siudge Sandy 0.58

S8 Helwan Heavy metal Clay 2.70

510 Helwan Heavy metal Clay 3.12

S11 Abo-Rwash, Giza Sewage sludge Clay 3.82

512 Giza Uncontaminated Clay 4.78

Primary screening

The method used for screening the biosurfactant producing isolates
was applied as all sqil samples were air dried before sieving through 2-mm-
diameter mesh screen. Ten grams of each soil samples was placed into a
500 ml conical flask containing 90 ml of distilled water and incubated at 25 °C
with shaking rate of 250 rpm for two weeks. After 1, 4, 7, 10 and 14 days of
incubation serial dilutions of each soil sample were carried out and a 1 ml of
last 3 dilutions were placed into & Petri dishes containing nutrient agar and
incubated at 28 °C for 3-5 days. After incubation, plates were examined and
morphologically different bacterial colonies were selected for surfactant
production.

Selective colonies were inoculated in & ml mineral saft medium
(MSM) supplemented with 1% glucose. The MSM medium was & mixture of
solution A and solution B. Sotution A contained (per liter) 2.5 g of NaNO,;, 0.4
g of Mg SQ, TH,0, 1.0 g of NaCl, 1.0 g of KCI, 0.05 g of CaCL 2H,0 and 10
ml of concentrated phosphoric acid (85%). The solution was adjusted to pH
7.2 with KOH. While, solution B contained (per liter) 0.5 g of FeSO, 7H,0, 1.5
g of Zn 8Q4 7H,0, 1.5 g of MnSO, H,0, 0.3 of K;B0,, 0.18 g of CuSQO, 5H,0
and 0.1 g of Na,MoQ, 2H,0. One milliliter of solution B was added to one liter
of solution A to form MSM. The liquid cultures were incubated at 25 °C with
shaking rate of 150 rpm for 5 days. The cell suspensions were then tested for
the production of surfactant using the drop collapse method of Bodour and
Maier (1998).

Qualitative test of surfactant

Qualitative drop-collapse test was performed in polystyrene lid
containing 48 micro weli. A thin coat of 10 w -40 oil was applied to each well.
5-ul aliquot of supernatant was put into the center of each well. If the drop
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remained beaded, it means a negative result. While, if the drop spread, the
result was recorded as a positive result or presence of biosurfactant.

Quantitative test of surfactant

The selective isolates with the positive drop- collapse test were
inoculated in 25 ml of MSM supplemented with 1% glucose for 5 days. After,
the incubation period the broth cultures were centrifuged at 10,000 rpm for 10
mins. (Beckman centrifuge). The supernatants of each isolate were
transferred to 50 mi glass beaker. A surface tensionat (Fisher Scientific,
Model 21) was used for assay surface tension of each isolate supernatant.

Growth condition and biosurfactant production

The selective Pseudomonas aeruginosa was activated in a triptic
soyer agar medium (TSA, Merck), cultivated at 30 °C for 48 hours. After the
incubation period, the culture transferred to a 250 ml flask containing 50 ml of
TSA. The flasks were shaked at 200 rpm for 24 hours at 30 °C. The bacterial
cells were harvested by centrifugation at 10,000 rpm for 15 minutes. The
harvested cells were suspended in a culture medium supplemented with 1.0
% (v/v) glycerol (Venkata and Karanth, 1989).

Biosurfactant production by P. aeruginosa was assayed during one
week incubation period. The condition applied were temperature of 30 °C,
rotary shaker of 150 rpm and agitation. The carbon sources tested in the
production process were N-hexadecane (Oxide), paraffinic oil, glycerol and
clive oil (vegetable oil). Also, sodium nitrate (NaNO3), ammonium sulphate
((NH4).S0y4) and urea (CH4N,0) were also tested as nitragen sources.

Determinations

Bacterial growth was monitored by measurement of absorbance at a
wavelength of 520 nm. Samples of 20 ml broth cuiture were centrifuged at
10,000 rpm for 15 minutes. The harvested cells were suspended in 5.0 ml of
distilled water and the biomass was expressed as dry weight (g/L).

Rhamnolipids determination expressed as rhamnose (g/l) was
measured in the cell free culture medium by using the phenol sulfuric acid
method (Dubois et al. , 1956). Also, glycerol was assessed by the enzymatic
colorimetric method for triglyceride content (Hafesburg et al. , 1986).

RESULTS

The twelve soil samples collected from different areas in Egypt i.e., E-
Marg, Giza, Ismalia, Helwan and North Sinai were screened for biosurfactant
producers. Eight of scil samples were a sandy soil and the rest of them were
clay soil. The total organic carbon content of such soil samples tested was
ranged from 0.24 to 4.78%. The microbial density of such scils was ranged
between 5.6X10° to 8.8X 10’ CFU g dry soil.

The primary screening for bacterial isolates counted on nutrient agar
medium was yielded a total of 494 isolates. These isolates were subcultured
in MSM-glucose broth for five days. After the incubation peried, the
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subcultural isolates were tested for purity, Gram stain, motility and
biosurfactant production with drop-coltapse test. The data presented in Table
{2) show that a nine biosurfactant producing isolates (1.7%) for the total
isolates tested under the screening conditions.

Table (2): Qccurrence of biosurfactant — producing bacteria in different
soil samples collected from Egyptian soils

| Soil | Total colony counts | No. of isolates | No. of isolates producing |
No. (X 10° cfu g dry collected biosurfactant
| 50il)
| 81 6.40 38 2
82 1.20 32 -
S3 740.00 39 1
54 54.00 42 -
S5 39.00 35 i
56 18.00 31 -
S7 0.56 41 -
58 7.20 22 -
| 59 94.00 23 : .
310 340.00 44 2
S 680.00 64 -
512 880.00 83 3
| Total 494 9

The results contained also showed that from the twelve soil samples
tested, five (41.7% of them) were biosurfactant producers. Three of them
were sandy soil samples (37.0%) and two of such samples collected were
clay soil samples {50%). Moreover, four isolates were isolated from heavy
metal contaminated soils, only one isolated from organic contaminated soifs
and four isolates were isolated from the uncontaminated soils.

Morphological characteristics

From the nine biosurfactants isolates, six of them (66.7%) were
Gram-positive bacteria and three of them (33.3%) were Gram-negative
bacteriz. {Table 3). Upon examining the types of soils tested, the results
revealed that, Gram-positive isolates were dominated in soil contaminated
with heavy metals and arid region representing 66.7% of the total soil
contaminated with heavy metal and the Gram-negative isolates were found in
uncontaminated soils with the presence of 100% of the uncontaminated soil
samples.

Table {3): Distribution of biosurfactant in different types of soils

Na. of o G_‘[
. No. of biosurfactant
Type of soil sampies producing :‘cf’:]::; srggsn
isolates
contaminated with heavy metals 4 4 4
contaminaled with organic acid (organic 4 3 1
fertilizer + sewage sludge)
Uncontaminated 4 2 1 3
Total 12 9 6 3
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These data revealed the ability of microorganisms to survive in such
sails or depending on the type of contaminant present in such ecosystems.

The last nine isolates were characterized; firstly by determination of
surface tension of culture supernatants for each isolate grown under optimum
conditions. The values recorded were ranged from 25.10 to 50.20 mN/m:
secondly according to AP! microtube system (20B, 20E and 50 CHE); the
isolates were classified to two genera Bacillus spp. (6 isolates) and
Pseudomonas spp. (3 isolates) Table (4).

The six Bacillus isclates obtained were identified as Bacilfus subtilis
(83.3%)} and B. licheniforms (16.7%). While, the three Pseudomonas isolates
collected were positioned as Pseudomonas spp. (66.6%) and P. aeruginosa
(33.4%).

One strain of genes Pseudomonas (P. aeruginosa) was chosen for
the biosurfactant production because such strain was recorded a highly
surface fension value.

Table (4): Classification of biosurfactant producing isolates collected
from different areas of Egypt

[ Isolates number A Surface tension
and code {mN/m)
BHM-1 Bacillus subtilis 50.20
BSW-2 Bacillus subtilis 40.10
BSW-3 Bacillus subtilis 32.60
BUC-4 Bacilfus subtilis 30.40
BUC-5 Bacillus licheniforms 38.20
BUC-6 Baciflus subtilis 34.80
PHM-7 Pseudomonas aeruginosa 25.10
PSW-8 Pseudomonas spp. 27.40
PUC-9 Pseudomonas spp. 32.30 B

B= Bacillus spp., P = Pseudomonas spp.
HM = Heavy metal, SW = sewage sludge, UC= Uncentaminated,

Effect of various carbon sources on biosurfactant production

The production of rhamnolipid by a P. aeruginosa (PHM7} using
different carbon sources such as hexadecane, paraffinic oil, glycerol and olive
oil was studied for one week incubation period. The recorded data show that
such strain was able to use hexadecane within a week of fermentation pericd
with producing 118.0 mg/L of rhamnose with a 44.5% drop in surface tension
(about 39.96 mN/m). while the use of paraffinic oil (a very complex and
heterogeneous carbon source) produced a highly amount of rhamnolipids
(270.0 mg/L) but with a very low in drop of surface tension (16.4%). Also,
using olive oil as a carbon substrate, the bacterium produced 186.0 mg/L of
rhamnolipids with a drop of 37% in surface tension. While, using of a medium
supplemented with glycerol, the Pseudomonas produced 1070.0 mg/L of
rhamnose with a high drop in surface tension of 57.3% (Fig. 1 and 2).
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Fig. (1): Effect of different carbon sources on biosurfactant production
by Ps. aeruginosa
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Fig. (2) Reduction in surface tension {%) due to the production of
biosurfactant by Ps. asruginosa

Effect of various nitrocgen sources on biosurfactant preduction

Sodium nitrate, ammonium sulphate and urea were tested as
nitrogen sources for cultivation of P. aeruginosa in liquid media. The obtained
results indicated that, use of sodium nitrate was more effective than
ammonium sulphate and urea. Scdium nitrate implies a better productivity
(0.94 gfg) followed by ammonium and urea (0.65 and 0.38 g/g), respectively
specially when glycerol (2.0% v/v) was used as a carbon source (Fig 3 and
4). While, Ps. aeruginosa (PHM7) was able to use different nitrogen sources
such as nitrate or ammenium, however, the results indicted that to obtain a
highly concentrations of biosurfactant, it is necessary to appiy the preferred
and optimum concentration of nitregen.
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Fig (4): Effect of different concentrations of glycerol on biosurfactant
production by Ps. aeruginosa

DISCUSSION

As has been showed from the data obtained, the biosurfactant-
producing organisms were found in some ecosystems specially the
environmental polluted with heavy metals or industrial wastes. These
biosurfactant materials may be had an important tool for survival of such
micreorganisms (Bodour and Maier, 2002 and Konz et af. , 1999).
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The obtained resuits indicted that a low biosurfactant producing
population as well as bacterial isolates isalated from the soil samples tested
were detected. The low number of bacterial densities and bacterial isolates
may be due to the not enrichment screening conditions used for the soils
tested. Where, many investigators detected that a further difficulty with
screening for bicsurfactant producers is thal biosuriactant production
depends both on the type of carbon source present and on the types and
amounts of other nutrients 1n the screening medium (Adamczak and
Bendnarski, 2000; Davis et al , 1999, Mulligan &t al. , 1989 and Robert et af ,
1989).

Moreover, there are many factors influence on the diversity and
activity of soil bacterial populations. Hence, when looking at Pseudomonas
population in tomato and flax rhizosphere in different soil types, Latour ef al.
(1996) observed that diversity was almost influenced by soil type and less by
crop type. Alsg, Bachmann and Kinzel (2001) suggested that soil type was
the most important factor determining the overall diversity of bacterial
populations in the rhizosphere.

The obtained results detected ihat, two biosurfactant-producing
genera, Bacillus and Pseudomonas were isolated from the soil samples
tested. The low numbers of biosurfactant isolates may be revealed that, other
biosurfactant-preducing genera were found in such ecosystems but not
enriched well by the screening conditions used in this study.

In addition, the surface tension reduction activities of the
biosurfactant-preducers were different depending upon the strain tested and
the structure of biosurfactant assay. So the data recorded showed that
supernatant of Bacillus strains reduced the surface tension values from 72
(water) to many values ranged between 30.4 to 50.2 mN/m. Whiie, the
Pseudomoenas supematant gave a surface tension values more different in
their activities and ranged between 25.1 to 32.1 mN/m. The differences in
these surface tension activities values is a significant. Where, a reduction in
surface tension from 72 to 50.2 mN/m is considerad a low active, while a
reduction in its activity to 25.1 mN/m meaning a highly active. The last resulls
were confirmed with the resulls obtained by Bodour et al. (2003).

Moreaver, biosurfactant production appears to have evolved in an
independent yet parallel fashion, for examples, rahmnolipid (P. aeruginosa)
biosurfactant genes are completely different from surfactin (B. subiilis)
biosurfactant genes (Bodour ef al. | 2003)

The data recorded about effeci of various carbon sources on
production of biosurfactant showed that hexadecane produced low amount of
rhamnose but with high surface tension. This fact could probable due to the
formation of an emulsion during fermentation period, which interdfered in the
quantification of the surface tension. This fact was agreement with the results
detected by Boulton and Ratledge (1987). Where, they showed the use of
vegetable oil and glycerol as carbon sources to produce rhamnolipids seems
to be an interesting and low cost aliernative.

Explanation of the present results was that the nitrate first undergoes
to dissimitatory nitrate reduction to ammonium and then assimilation by
glutaminc-glutamate metabolism. This means that assimilation of nitrate as
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nitrogen source is sol slow (Santa Anna et al. , 2002). Also, nitrate is more
suitable nitrogen source than ammonia and urea. These results were in
agreement with data reported by Syldatk et al. (1985); Ochsner et al. (1995)
and Arino et al. (19986). '

CONCLUSIONS

From the present study, it could be concluded that biosurfactant
produced by various strains are very useful and can be used in different
applications. So that, it is very important that use of any screening process
must be discriminatory enough to permit to most or all isolates producing
biosurfactant to grow better and produce a high amount of biosurfactant.
Also, more deep study must be taken in consideration on biosurfactant in
order to know the structure, activity and the optimum conditions for
production as well as identify genera involved in the synthesis of these
bicmolecules.
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