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Biosurfactants production is a great advantage for those microorganisms that could be involved in
bioremediation processes. In the present study, 164 bacteria and 212 fungi isolated from a contaminated site
were investigated for their capability to produce anionic biosurfactants. The screening was carried out by the
blue agar test, providing semi-quantitative results for more than 370 strains. Bacteria response was easy to
evaluate whereas fungi showed a plethora of responses that partially interfere with the evaluation of positive
results. Among the tested strains, 43 bacteria and 20 fungi were identified as good producers of anionic
biosurfactants, as indicated by the formation of a clear dark blue halo around the colony.

1. Introduction

Soil degradation is associated to the loss of its ecological functions that ultimately leads to the reduction of
productive capacity of soil. The main causes are related to human activities, being extensive industrialization
at the centre of this inauspicious scenario. The Roadmap to a Resource Efficient Europe clearly stated that
soil contamination is a serious problem that is under consideration by the European Union to strategically
draw the EU policies in the period 2020-2050 (SEC 2011). It has been estimated that soil pollution is affecting
more than 1.5 billion people and 12.2 billion hectares of land (Tripathi et al. 2017). SEC (2011) foresees the
achievement of the ‘no net land take’ before 2050, but in the meantime, a defined strategy for the recovery of
contaminated soil is missing.

Aromatic and aliphatic hydrocarbons are among the most polluting compounds. Their presence in the soil is
imputable to petroleum and coal industries as well as runoff and sediments from urban areas which contain oil
and fuel residues (Alegbeleye et al. 2017). Being accumulating at different trophic levels, they could ultimately
create adverse effects to the aquatic ecosystem, the soil microbiota and ultimately to human being.

Soil recovery passes through the treatment of contaminated soil. Several reviews have dealt with physical and
chemical approaches, which are indeed among the most in-used techniques. Bio-based systems offer great
advantages from an economic and environmental point of view (Gomes et al. 2013).

Natural attenuation of the pollutants concentration is a recurring phenomenon that involves plants and
microorganisms that naturally populate the contaminated soil. Having evolved extreme adaptation skills, they
could be capable of degrading contaminants into less toxic compounds. However, this process is often limited
by the load of the degrading microorganisms and the availability of the pollutants that are instead in a different
phase from the living microorganisms. The first issue could be overcame by the application of
bioaugmentation approach, which is instead ineffective to enhance the microbial attack when the pollutants
are not available. Biosurfactants are instead a cost and environmental effective technology aimed to enhance
the solubility of hydrophobic compounds.
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Biosurfactants have hydrophilic (polar) and hydrophobic (non-polar) groups, helping to weaken the surface
tension between water and oil or non-polar solutions. The length of the non-polar long-chain fatty acids can
vary as well as the moiety of the hydrophilic residue, e.g. carbohydrate, cyclic peptide, amino acid, phosphate
carboxyl acid or alcohol. According to these differences they can be classified as glycolipids, fatty acids,
phospholipids, neutral lipids, polymeric and particulate biosurfactants (Santos et al. 2016).

They have a wide industrial exploitation being involved in food, cosmetics, agriculture and environmental
industrial processes. For instance there is a great interest about exploiting their antimicrobial properties in
oral-related health applications (Elshikh et al. 2016). Despite the research is producing the first encouraging
data in the very last years, surfactants as lipopeptides, rhamnolipids and sophorolipids have already
demonstrated to be able of inhibiting microorganisms (Coronel-Ledn et al. 2016; Elshikh et al. 2017). Besides
as part of pharmaceutical formulation, they could enhance the permeability of the bacterial membranes,
strengthening the action of antibiotics (Joshi-Navare and Prabhune 2013; Perinelli et al. 2017). One of the
major advantages of biosurfactants is that being produced by a biological production line, they should have
less harmful effects than chemically-based surfactants. The use of biosurfactants in the cosmetic industry is
indeed based on their potential to avoid skin irritations and allergic reactions due to their application (Vecino et
al. 2017). Besides in comparison to chemically-based surfactants, biosurfactants are associated to cost-
effective production, biodegradability, low toxicity and a wide range of environmental resilience (Lamichhane
et al. 2017).

Most of these applications are a front-edge of the scientific research while the petroleum-related industry is the
main on-going industrial exploitation. By solubilising hydrocarbons, they could be ultimately come into contact
with microorganisms at the base of an effective bioremediation process (Lamichhane et al. 2017).
Microorganisms can produce biosurfactants with different molecular structures and surface activities. Since
the early '60, most of the attention has been given to bacteria. Among others, probably Pseudomonas
aeruginosa is the most commonly used and most studied bacterium for the production of biosurfactants as
rhammolipids useful for bioremediation purposes (Cheng et al. 2017; Deepika et al. 2015). Very few
information could be found about the capability of fungi and yeast to produce biosurfactants (Shekhar et al.
2015).

The present study is aimed to investigate the capability of bacteria and fungi to produce biosurfactants that
could represent a clear advantage for the degradation of aromatic and aliphatic hydrocarbons. Blue agar
growth test is a semi-quantitative assay for the detection of extra cellular glycolipids or other anionic
surfactants. It has been mostly applied to bacteria screening (Elazzazy et al. 2015; Pacwa-Plociniczak et al.
2016), lacking information about fungal response to this method. This approach have been selected because
feasible for a large screening procedure providing fast responses and easy to define.

2. Material and Methods

The production of anionic biosurfactants was investigated by the Methylene Blue Agar Test. The fungal and
bacterial strains were cultured in optimal conditions in order to stimulate their surfactants-producing
metabolism.

2.1 Tested Microorganisms

Fungi and bacteria were isolated from a 100-years-old industrially exploited contaminated soil (data not
shown), located in Fidenza (PR, Italy): 164 bacteria and 212 fungi were screened.

2.2 Preparation and Cultivation of Bacteria and Fungi

Microorganisms were pre-grown on agar plates with rich medium: Malt Extract Agar (MEA) for fungi and
Trypticase Soy Agar (TSA) for bacteria. Plates were incubated at 24 °C for few days (3 and 7 day for bacteria
and fungi, respectively).
The cultural media were prepared as follow:

1. MEA: 20 g/L glucose, 20 g/L malt extract, 2 g/L peptone and 18 g/L agar.

2. TSA: 15 g/L tryptone, 5 g/L enzymatic digest of soybean meal, 5 g/L sodium chloride, 15 g/L agar.

2.3 Screening for Biosurfactant-Producing Microorganisms

Blue agar test is a semi-quantitative assay for the detection of extra cellular anionic surfactants, developed by
Siegmund and Wagner (1991). Methylene blue agar plates were prepared modifying a mineral salt medium
(MSM). MSM contained microelements needed for an efficient bacterial and fungal growth (KH2PO4 0.03 %
w/lv, MgSOs 0.03 % w/v, NaNOsz 0.3 % w/v) and glucose as source of carbon (2 % w/v).
Cetyltrimethylammonium bromide (CTAB 0.5 mg/mL) and methylene blue (0.2 mg/mL) were added to the
medium.



495

Fungi and bacteria were inoculated into the prepared blue plates, as a spot of culture for bacteria and 4 mm
fungal mycelium plugs taken the margin of actively growing colonies. During the 1-2 weeks of incubation at 24
°C, the plates were observed to detect the formation of a dark blue halo around the colony. As a positive
response, the halo indicated the production of anionic surfactant by the microbial strain: the anionic surfactant
forms insoluble ion pair with the cationic CTAB-Methylene complex, forming the colored halo.

Negative controls were carried out evaluate the stability of the color on plates.

3. Results and Discussion

The results concerning the bacterial screening are reported in Table 1; positive colonies are shown in Figure
1. Among the 164 tested bacteria, 26 % of them (43 strains) formed dark blue halos in the methylene blue
agar plate supplemented with CTAB. Among them 7 strains gave a wide dark halo outside the colony (++),
highlighting their capability to produce extracellularly anionic biosurfactants.

Up to date, this is the widest screening performed on bacteria by means of blue agar test. Pacwa-Ptociniczak
et al. (2016) studied 42 strains, among which less than 10 % produced anionic surfactants. Elazzazy et al.
(2015) investigated a smaller bacteria sample: 9 of the 23 isolates showed dark halo.

The isolation origin of these strains can be the cause of such interesting data. Being isolated from oil-polluted
soil, these bacteria could have developed important adaptation skills to colonize this extreme ecological niche,
including the capability of producing biosurfactants.

Most the active strains belonged to the Pseudomonas genus and in particular to P. putida (10 strains). This is
in agreement with literature data that indicate Pseudomonas putida as a well-known producer of
biosurfactants (Sivasankar and Kumar 2017).

Interestingly anionic biosurfactants production was species dependent but also strain dependent. The intra-
specific variability is indeed a common phenomenon among microbes. For instance among the 11
Pseudomonas chlororaphis strains, positive responses were observed only in 1 strain. Also among P. putida
strains, anionic biosurfactants production cannot be given for granted: only 44 % of them produced dark halo.
Similarly, only 4 out of 32 Rhodococcus erythropolis strains gave positive responses (Pacwa-Ptociniczak et al.
2016).

Table 1: List of bacteria producing a dark blue halo.

species response species response
Ochrobactrum sp. + Pseudomonas sp. +
Acinetobacter calcoaceticus ++ Pseudomonas sp. +
Acinetobacter sp. ++ Pseudomonas sp. +
Agrobacterium sp. + Pseudomonas sp. +
Bacillus idriensis + Rhizobiaceae bacterium +
Bacillus sp. + Rhizobiaceae bacterium +
Cupriavidus campinensis + Rhizobiaceae bacterium +
Cupriavidus sp. ++ Rhizobiaceae bacterium ++
Ochrobactrum sp. + Rhizobium sp. ++
Ochrobactrum sp. + Rhizobium radiobacter +
Ochrobactrum sp. + Serratia marcescens +
Pantoea agglomerans + Serratia marcescens +
Pantoea agglomerans + Sphingobacterium sp. +
Pseudomonas chlororaphis + Stenotrophomonas acidaminiphila +
Pseudomonas fluorescens + Stenotrophomonas maltophilia +
Pseudomonas fluorescens + Unknown bacterium ++
Pseudomonas mosselii +
Pseudomonas putida +
Pseudomonas putida +
Pseudomonas putida +
Pseudomonas putida +
Pseudomonas putida +
Pseudomonas putida +
Pseudomonas putida +
Pseudomonas putida +
Pseudomonas putida +
Pseudomonas putida +
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Figure 1: Dark blue halos formed around the bacterial colony on blue agar plates, indicating the production of
anionic biosurfactants: a) Pseudomonas sp.; b) Pseudomonas chlororaphis.

In the present study, for the first time, the blue agar plate method was also applied to fungi. Among the 214
fungi, 20 strains displayed a clearly visible dark blue halo around the cultures (Table 2).

Noteworthy, to the best of our knowledge this is the first report of a wide screening aimed to identify anionic-
biosurfactants producing fungi. Unexpectedly, about 10 % of tested fungi gave strong positive responses to
the test. However according to the authors, the test underestimated the positive results since it showed some
drawbacks for fungal screening. Fungi reacted to the presence of methylene blue-CTAB medium in different
ways, including dye degradation and absorption. In most of cases, unclear responses were recorded due to
absorption or decolourization phenomena. In detail, 39 % of fungi decolorized the blue plates, forming a
clarification halo around the colony. This reaction often produced degradation metabolites as indicated by the
plates turning green or red as shown in Figure 2a. This phenomenon has been already reported for other
dyes, as for Acid Blue 62 breakage by white rot fungi (Vanhulle et al. 2008). Besides 27 % of fungi clearly
adsorbed the colour onto the mycelium, as shown in Figure 2b.

Table 2 List of fungi producing a dark blue halo

species response
Aspergillus nidulans ++
Aspergillus sydowii ++
Aspergillus sydowii ++
Aspergillus sydowii ++
Aspergillus terreus ++
Aspergillus terreus ++
Aspergillus terreus ++
Cladosporium pseudocladosporioides ++
Epicoccum nigrum ++
Hypocrea lixi ++
Irpex lacteus ++
Penicillum echinulatum ++
Trichoderma harzianum ++
Trichoderma harzianum ++
Trichoderma harzianum ++
Trichoderma harzianum ++
Trichoderma harzianum ++
Trichoderma harzianum ++
Trichoderma harzianum ++

Talaromyces sayulitensis ++




497

Figure 2: a) Dark halo around Aspergillus sydowii colony, indicating the production of anionic biosurfactants;
b) degradation of the colour by Trametes gibbosa with formation of a red metabolite; ¢) absorption onto the
Gliomastix murorum mycelium, showing light-blue colour in the aerial hyphae.

4. Conclusions

The present study emphasizes the need of an exhaustive screening to investigate biosurfactants producers
among bacteria and fungi. Results clearly stated that this capability cannot be taken for granted even among
microorganisms isolated from polluted soils. The above-describe approach is well-performing for bacteria, but
not for fungi. Other tests are probable necessary to investigate more in detail fungal production of
biosurfactants.

However, great interest arouses on those strains that actively produced anionic biosurfactants; in particular 43
bacteria and 20 fungi gave clear dark blue halo. Further analysis are needed to identify the anionic surfactants
produced and evaluate the capability of the strains to produce also biosurfactants belonging to other chemical
classes. How biosurfactants production will affect the fitness of microorganisms in contaminated environments
and their outputs in bioremediation processes will be the topic of further investigations. The capability of
several bacteria and fungi to produce anionic biosurfactants arouses great interest also from an applicative
point of view, as the bioremediation of contaminated soils. Indeed the bioavailability of hydrocarbons is a
critical issue that may weaken the microbial attack. Bacteria and fungi capable of overcoming this problem by
secreting themselves surfactants can be at the base of successful technologies.
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