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ABSTRACT

The aim of the present study was to investigate the antimicrobial effect of the lipopeptide biosurfactants produced
by Bacillus licheniformis strain M104 grown on whey. The biosurfactant was investigated for potential
antimicrobial activity by using the disc-diffusion method against different Gram-positive bacteria {B subtilis, B.
thuringiensis (two strains), B. cereus, Staphyleogcaureugtwo strains) and Listeria monocytogess)}, Gram+
negative bacteria {(Pseudomonas aeruginosa, Escherichia @at strains), Salmonella typhimurium, Proteous
vulgarisand Klebsiella pneumoniagdnd a yeast (Candida albicans)fThe biosurfactant showed profoundly distinct
antibacterial activity toward tested bacteria and displayed an antifungal activity against the tested yeast. Maximum
antimicrobial activity of the biosurfactant was shown against S. aureusATCC 25928. The biosurfactant had a broad
inhibition effect on intracellular components of S. aureusATCC 25928. The antimicrobial effect of lipopeptide
biosurfactant produced by B. licheniformisstrain M104 was time and concentration dependent. When biosurfactant
was added to S. aureusmedium in a concentration of (48 ug / ml), the maximum reduction of acid soluble
phosphorous (53.06 %), total lipid (90.47 %) total proteins (53.43%), RNA (83.29 %) and DNA (48.50%) were
recorded after 12 h of incubation period. From the preliminary characterization results, it could be concluded that
biosurfactants were a suitable alternative in potential applications of medical fields.
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INTRODUCTION functions of biosurfactants such as increasing the
surface area and bioavailability of hydrophobic
Biosurfactants are amphiphilic compoundswater-insoluble substrates, heavy metal binding,
produced by the microorganisms with pronouncedacterial pathogenesis, quorum sensing, and
surface and emulsifying activities (Singh et albiofilm formation (Singh and Cameotra 2004).
2007). Microbial surfactants comprise a diversefhese compounds can be synthesized by the
group of surface-active molecules, which arenicroorganisms growing on water-immiscible
categorized by their chemical composition andiydrocarbons as well as on water-soluble
microbial origin. They include glycolipids, compounds (Mukherjee et al. 2006).
lipopeptides, polysaccharide—protein complexeslhe antimicrobial activity of several biosurfactant
protein-like  substances, lipopolysaccharideshas been reported in the literature for many
phospholipids, fatty acids and neutral lipids (Vardifferent applications (Cameotra and Makkar
Hamme et al. 2006). Therefore, it is reasonable t3004). Some biosurfactants are known to have
expect diverse properties and physiologicatherapeutic applications as antibiotics and
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antifungal or antiviral compounds. Among theusing the modified procedure described by Bodour
many classes of biosurfactants, lipopeptidest al. (2003) Five grams of each soil sample was
represent a class of microbial surfactant wittplaced into a 250 ml flask containing 50 ml of tap
remarkable biological activities, such aswater and incubated at 30°C + 2°C on a shaker at
antimicrobial, antitumor, antiviral and 150 rpm for 21 days. On days 3, 7, 14, and 21, a
antiadhesive activities (Khire and Khan 1994;sample from each soil slurry was serially diluted,
Banat 1995; Peypoux et al. 1999). Theselated on PYG agar and incubated for three days.
properties make them relevant molecules foAfter incubation, morphologically different
applications in combating many diseases and dmcteria were selected for biosurfactant screening
therapeutic agents. (approximately 10 to 15 isolates per sampling
However, the main factor that restricts thetime). Developed colonies on the plates were then
widespread use of biosurfactants is theirepeatedly sub-cultured on PYG agar medium to
production cost when compared to their synthetiobtain pure isolates, and then maintained on the
counterparts (Mukherjee et al. 2006). The cost caslants of the same medium.
be reduced by strain improvement, optimizing thésolated colonies were inoculated into 50 ml
medium composition by statistical methods or byninimal salt medium (MSM) containing 0.5%
using alternative inexpensive substrates. Thév/v) crude oil as the sole carbon and energy
choice of inexpensive raw materials is important t@ource. The broth cultures were incubated with
the overall economy of the process as they accoushaking (150 rpm) at 30°Cx 2°C for seven days.
for 50% of the final production cost and alsoThe cell suspensions were then tested for the
reduce the expenses with waste treatment (Makkaresence of biosurfactant by using the qualitative
and Cameotra 1999). drop-collapse method (Youssef et al.,, 2004).
Whey is a liquid by-product of cheese productiorBriefly, the drop-collapse technique was carried
containing the water-soluble components. It iout by adding 100 pl culture supernatant to the
composed of high levels of lactose (75% of drywells of a 96-well microliter plate lid, then 5 o
matter) and 12-14% protein. In addition, organicrude oil was added to the surface of the culture
acids, minerals, and vitamins are present. Whesupernatant. Biosurfactant-producing culture gave
disposal represents a major pollution problemflat drops. Aliquots from a culture of each strain
especially for the countries depending on dairyvere analyzed on two separate plates.
economy. Only half of the cheese whey produced
annually is recycled into useful products such aBroduction media and culture conditions
food ingredients and animal feed and the rest i§he seed culture was prepared by transferring a
regarded as a pollutant (Joshi et al. 2008). Theseopful from a fresh culture d. licheniformis strain
studies showed that whey wastes might b&1104 into 50 ml of peptone yeast glucose medium
comparatively better substrates for biosurfactarPYG) containing (g/l): Peptone, 5; yeast extragt,
production at the commercial scale and efficienglucose, 15 (Rocha et al., 1992). The flasks were
dairy wastewater management. incubated with shaking at 150 rpm af@# 2°C for
The aim of the present study was to investigate théS h.
antimicrobial effect of the biosurfactant producedErlenmeyer flasks (500 ml volume) containing 100
by Bacillus licheniformis strain M104grown on Ml of the modified minimal salt medium of Deziel et
whey. Moreover, the effect of the producedal. (1996) modified by Ramadagt al. (2011) was
biosurfactant on intracellular components of aised. It contained the following constituents (g/l)
pathogenic bacterial straiBaphylococcus aureus  MgSQ,.7H0, 0.2; CaGl2H;,0, 0.02; KHPQ, 3;
ATCC 25928was studied. K.HPQ, 3; urea, 2 and Fef:0.05, whey was added
as the sole carbon source in a concentration gfl10
Initial pH was adjusted to 7.0 and then inoculated
MATERIALSAND METHODS with 10 %of the seed culture (Sepahy et al., 2005).
The inoculated flasks were incubated on a rotary
Isolation and screening of  biosurfactant-  shaker (150 rpm) at 30+2°C for seven days.
producing bacteria
Four soil samples, collected from the oil-Extraction of biosurfactant
contaminated sites of western desert -Egypt, werEhe preparation of biosurfactant was described by
screened for biosurfactant-producing bacteria bZao et al. (2007). Briefly, the bacterial cells sver
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removed by centrifugation at 10,000 rpm at 4°C foEffect of biosurfactant on growth and
10 min. The cell-free supernatant was adjustedHto pintracellular components of Staphylococcus
2.0 using 6 N HCI and kept afGfor 24h. The acid aureus ATCC 25928
precipitate was collected by centrifugation at 6,0 Erlenmeyer flasks (500 ml volume) containing 100
x g for 30 min and re-suspended in distilled wateml| of the nutrient broth medium were inoculated
and adjusted to pH 7.0 to make most of thevith a suspension @& aureus cells (O.Qq = 10
precipitate dissolved and centrifuged again. Fer thcells/ ml). Different concentrations of biosurfadta
extraction of biosurfactant compounds, 50 ml of0, 6, 12, 24, 36 and 48 pg / ml) were added. The
chloroform- methanol (2:1, viv) was added to 500noculated flasks were incubated on a rotary shaker
mg of the dry product and incubated in a rotatorgy150 rpm) at 37C+2°C for 12 h. Ten milliliter
shaker at 250 rpm, 30°C for 15 minutes. The mixtureamples were withdrawn at 2 h intervals (after O,
was filtrated using a 0.45 um Millipore membrane2, 4, 6, 8, 10 and 12 h) to elucidate the effect of
(Thaniyavarn et al. 2006). The filtrate wasbiosurfactant on the bacterial growth and
lyophilized, weighed for quantification and thereds intracellular components.
for antimicrobial activity tests.

Cell growth measurement
Antimicrobial assay Bacterial growth was determined by measuring the
The antimicrobial activity of the produced absorbance at 600 ntm (@ by a
biosurfactant was studied against different Grarspectrophotometer (UV-VIS Double Beam PC,
positive, Gram negative bacteria and yeast (Table 1Labomed INC) (Kim et al.1999).
The identified strains were obtained from the
Microbial Culture Collection (MIRCIN) at Faculty Fractionation and quantitative estimation of
of Agriculture, Ain Shams University. The intracellular components
antimicrobial activity was evaluated by the agacdi 1) Acid - soluble phosphorous compounds
diffusion method (Bauer et al. 1966). Sterile discgen milliliter samples of biosurfactant — treated
(0.6 cm) soaked with the biosurfactant solution irind untreated cultures (control) were withdrawn at
methanol was assayed on the surface of an nutrieith intervals (after 2, 4, 6, 8, 10 and 12 h). The
agar and malt extract medium for bacteria and yeastells were collected by centrifugation, washed
respectively  inoculated with the  testedtwice with ice-cold saline solution (0.9 % NaCl)
microorganism. After incubation period for 24 h atand extracted twice with 2.5 ml of 5% ice-cold
37+ 2 C and for 48 lat 25 + 2 °C for bacteria and trichloroacetic acid(TCA). The suspension was
yeast, respectively, the diameter of inhibition en finally centrifuged at 6000 rpm for 10 minutes and
was measured (Bradshaw 1992). Negative controlse combined TCA extracts were used for the
were prepared using the same solvents as employéetermination  of  acid-soluble  phosphorous
to obtain the extract. As positive controls, oflcirka according to the method described by Toribeirn
(5 ng, Oxoid) was used for Gram-positive bacteriagl. (1956).
cefaperazone—sulbactam (1, Oxoid) for Gram- 2) Total lipids
negative bacteria and amphotericin B (8) Sigma) The residue after the removal of the acid-soluble
for Candida albicans. To ensure that the results werephosphorous was extracted three times with 5.0 ml
reproducible, the average of three independempixture of chloroform: methanol (2:1, v/iv) as

measurements was taken. described by Bligh and Dyer (1959).The combined
extracts were used for the determination of total
MI1C determination lipids according to Knighet al. (1972).

The minimum inhibitory concentration (MIC) is 3) Total proteins
defined as the Ilowest concentration ofThe dilapidated cells were incubated with 2.0 ml
biosurfactant at which no visible growth could belN KOH at 37 °C for 20 h. One milliliter of the
observed after incubation for the required timeroduct was saved for protein determination as
(Ericsson and Sherris 1971). MIC f& aureus described by Lowry et al(1951) using bovine
ATCC 25928was determined by the broth dilution serum albumin as standard.
method as described Evans et al. (1996). 4) RNA
The remaining portion of the samples (1.0 ml)
after hydrolysis by 1 N KOH was subjected to
extraction of RNA and DNA fractions. For this,
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0.4 ml of 6N HCI was added to each sample, thetype of carbon source present in the medium
the solution was completed with the same voluméDavis et all999; Adamczak and Bednarsk 2000).
of 10 % TCA. After centrifugation, the supernatantin this study, whey was used for biosurfactant
was used for RNA determination as described bgroduction. Whey from the dairy industries has
Merchant and Kahn (1969). been reported previously as a cheap source for
5) DNA good microbial growth and biosurfactant
The residue after the extraction of RNA wasproduction (Patel and Desai 1997; Dubey and
hydrolyzed with 5.0 ml of 5% TCA at 90 °C for 30 Juwarkar 2001; 2004). These studies showed that
minutes, cooled and centrifuged at 6000 rpm. Thevhey wastes might be comparatively better
residue was washed once with 2.0 ml of 5% TCAubstrates for biosurfactant production at the
and the supernatants were combined to form DNAommercial scale than the synthetic medium.
fraction, then the DNA content was measured aBurthermore, the potential use of dairy

described by Dische and Chargf®55). wastewaters provides a stratagem for the
management of efficient dairy wastewater.
Statistical analysis One useful property of many biosurfactants that

Results are presented as mean value + standatds not been reviewed extensively is their
deviation (SD). The Microsoft Excel 2003 andantimicrobial activity (antibacterial, antifungaid
SAS 9.1.3 statistical program were used for datantiviral). Other medically relevant uses of the
analysis. biosurfactants include their role as anti-adhesive
agents to pathogens, making them useful for
treating many diseases and as therapeutic agents
RESULTSAND DISCUSSION (Singh and Cameotra 2004). In the present study,
_ _ _ _the lipopeptide biosurfactant produced B
Ten bacterial strains were isolated from the oOilfjcheniformis strain M104 exhibited interesting
contaminated soil samples with different degrees Qfntimicrobial activities. Table 1 showed that all
oil contamingtion collected from different plots the tested microorganisms were sensitive to the
around the oil wells of western desert of Egyptpiosurfactant, except a Gram-positive bacterium
Depending on qualitative drop-collapse method O(L. monocytogenes) and a  Gram-negative
Youssef et al. (2004), the most efficientpacterium K. pneumoniae), which showed
biosurfactant- producing bacterial strain, ideatifas  (egistant to biosurfactants. Several lipopeptide
B. licheniformisstrain M104 was selected for further pigsurfactants produced 1B licheniformis have
studies (data not shown). been shown to have antimicrobial activity (Jenny
The production of biosurfactant depends on thg; 1. 1991; Fiechter 1992; Yakimov et al. 1995).

Table 1 - Antimicrobial activity of the biosurfactant produtby Bacillus licheniformis strain M104.

Micr oor ganisms Zone of inhibition diameter (mm)
Gram positive bacteria

Bacillus subtilis ATCC 6633 16+0.2
Bacillus thuringiensis var. kurstakiATCC 19266 20+0.5

Bacillus thuringiensis ATCC 10792 17.5+0.3
Bacillus cereus ATCC 9634 12+0.1
Staphylococcus aureus ATCC 25928 2510.4
Methicillin-resistantStaphylococcus aureus (MRSA), ATCC 25928 11+0.6

Listeria monocytogenes ATCC 19115 -
Gram negative bacteria

Pseudomonas aeruginosa ATCC 10145 17+0.7
Escherichia coli ATCC 11775 19+0.5
Escherichia coli ATCC 11246 18+0.4
Salmonella typhimurium ATCC 14028 12+0.1
Proteus vulgarisATCC 13315 10+0.2
Klebsiella pneumoniae ATCC 10031 -
Y east
Candida albicans ATCC 70014 12.540.3

Data represent as meanszstandard deviations agf/&dom triplicate experiments.
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S aureus was the most sensitive strain topg / ml. It was worthy to note that the produced
biosurfactant. These results were in accordandgopeptide biosurfactant showed a good
with Singh and Cameotra (2004) who reported thantimicrobial activity in comparison to the
lipopeptide produced byB. subtilis was active rhamnolipid produced b¥. aeruginosa (32 pg /
against several microorganisms, especiaBy ml, Abalos et al 2001) and (8 pug/ml, Benincasa et
aureus. The management & aureus infections is  al.2004). Five concentrations of the biosurfactant
a major problem due to wide spread resistance {6, 12, 24, 36 and 48 pg / ml) were selected, as
beta-lactams and glycopeptides (Heinemanmultiplication of MIC, for studying their
1999). influences on the cell growth and intracellular
The produced biosurfactant showed an antifungalomponents of the most sensitive bacte$a,
activity againstC. albicans. Thimon et al. (1995) aureus ATCC 25928.The antimicrobial effect of
reported that the biosurfactant produced By lipopeptide biosurfactant was time and
subtilis had an antifungal effect on yeast cellsconcentration dependent. It showed the maximum
Nevertheless, the lipopeptide surfactants producadhibitory effect on the cell growth and
by Bacillus genus present a great potential forintracellular components at 48 pug / ml after 12 h i

biotechnological and biopharmaceuticalcomparison with the control cells. Jonest al
applications due their biological properties (Singh(1996) reported that the antimicrobial agents that
and Cameotra 2004). affect the growth and multiplication of certain

Sheppard et al. (1991) showed that variousypes of cells may interact with various targets
interesting biological properties of lipopeptide(chemo-receptors) in the sensitive cell
biosurfactants were presumed to be the result dteoretically, these targets might be numerous but
interactions with the membranes of target cellswith decreasing the concentrations of the
One explanation of the antimicrobial effect of theantimicrobial agent; the number of targets also
biosurfactants is the adhering property of thelecreased.

biosurfactants to the cell surfaces causedhe results of the effect of the produced
deterioration in the integrity of cell membrane andiosurfactant on th&. aureus ATCC 25928cells,
also breakdown in the nutrition cyle (Hingley et al including the growth rate, acid soluble
1986). Another explanation is the amphiphilicphosphorous, total lipids, total proteins, RNA and
structures of biosurfactants, insertion of fattidac DNA are presented in Figures 1-6.The maximum
components of biosurfactants into a cell membraneduction of acid soluble phosphorous (53.06 %),
caused an increase in the size of the membrane atodal lipid (90.47 %), total proteins (53.43%), RNA
significant ultrastructural changes in the cellstsu (83.29 %) and DNA (48.50%) were reached after
as ability of the cell to interiorize plasmal2 h using 48 pg/ml of the biosurfactant. The
membrane. Alternatively, it is possible that thebiosurfactant exerted a significant decrease in the
insertion of the shorter acyl tails into the celltotal lipid content ofS aureus ATCC 25928cells
membrane causes a disruption between thafter 12 h as compared to the normal control cells
cytoskeletal elements and the plasma membrangig 3). This decrease could be due to the effect
allowing the membrane to lift away from theexerted by the biosurfactant on the permeability of
cytoplasmic contents (Desai and Banat 1997).  cell membrane or on the level of double layer of
However, the ways in which the biosurfactantdacterial membrane (Novo et al. 2000).

affect the membrane integrity differ. For exampleVander (1985) reported that the alternation in the
Thimon et al. (1995) suggested that the lipopeptidtatty acid contents could be due to the disturbance
biosurfactant was thought to disrupt the plasmin membrane permeability resulting from the
membranes of the cells by the accumulation oflirect interaction of the biosurfactant with the
intra  membranous particles in the cells andipids, which caused inhibition of the membrane
increasing the electrical conductance of thdéounded enzyme and leakage of intracellular
membrane. On the other hand, Carrillo et alcomponents. In the same regard, Cameotra and
(2003) reported that the lipopeptide biosurfactanMakkar (2004) reported that the antimicrobial
increased the membrane permeability though thieiosurfactant could disturb the membrane structure
interaction with the cell membrane phospholipids.through the interaction with phospholipids as well
The minimum inhibitory concentration (MIC) of as membrane proteins.

the biosurfactant fo®. aureus ATCC 25928was 6

Braz. Arch. Biol. Technol. v.56 n.2: pp. 259-268atdh/April 2013



264 Gomaa, E. Z.
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Figure 1 - Effect of biosurfactant on the growth rateStdiphyl ococcus aureus ATCC 25928cells.
Bars represent standard deviations.
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Figure 2 - Effect of biosurfactant on the cellular acid sokiphosphorous of Staphylococcus aureus
ATCC 25928 cells. Bars represent standard devigstion
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Figure 3 - Effect of biosurfactant on the cellular totalitip content oB&taphylococcus aureus ATCC 25928cells.
Bars represent standard deviations.
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Total protein content
(mg /100 mg cell dry weight)
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Figure 4 - Effect of biosurfactant on cellular total proteicontent oBtaphylococcus aureus ATCC
25928cells. Bars represent standard deviations.
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Figure 5 - Effect of biosurfactant on the cellular total RMAntent ofStaphylococcus aureus ATCC
25928cells. Bars represent standard deviations.
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Figure 6 - Effect of biosurfactant on the cellular total DMAntent oftaphylococcus aureus ATCC
25928cells. Bars represent standard deviations.
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A decrease in total protein content &f aureus Adamczak M, Bednarsk W. Influence of medium
ATCC 25928 cells after the treatment with the composition and aeration on the synthesis of
biosurfactant could be due to the inhibition of biosurfactants produced byCandida antractica.
protein synthesis (Fig 4). It might bind to tBeS ~_ Biotechnol Lett. 2000; 22: 313-316.

ribosome subunit and thus prevented thganat IM. Characterization of biosurfactants aneirth
use in pollution removal-state of the art. Acta

association of aminoacyl-tRNwith the bacterial Biotechnol.1995: 15: 251-267.

ribosome as reported by Schnappinger and Hillegg er aw Kirby WM, Sherris JC, Ture KM.

(1996). Singhet al (2002) suggested that the antibiotic susceptibility testing a standardizedgie
antimicrobial biosurfactant prevented the protein disk methodAm J Clin Path. 1966 : 45: 493-496.
synthesis by inhibition of the peptidyltransferase Benincasa M, Abalos A, Oliveira | , Manresa A.
binding mainly the 23S rRNA in the 50S subunit Chemical structure, surface properties and biokigic
of the bacterial ribosome. The decrease in theactivites of the biosurfactant produced by
lipids content ofS. aureus cells after treating with ~ Pseudomonas aeruginosa LBI from soapstock. Ant
the biosurfactant had a relation with the Vanlee.2004;851-8. .
disturbance in the proteins content. This could bB9" EG, Dyer WJ. A rapid method of total lipid

. . extraction and purification. Can J Biochem Physiol.
attributed to the property of expanding membrane 1959: 37: 911-917.

protein causing the conformational changes Ofagour AA, Drees KP, Maier RM. Distribution of

lipid and protein content (Price et al. 2001). biosurfactant-producing bacteria in undisturbed and
The biosurfactant also exhibited a decrease in thecontaminated arid southwestern soils. Appl Environ

total RNA and DNA contents db aureus cells. Microbiol. 2003; 69: 3280-3287.
This could bedue to the loss of intracellular Bradshaw LJ. Laboratory Microbiology. Fourth
components through the damaged cell wall (Figs. Edition. USA; 1992. 13-55.
5, 6). Volk et al (1996) reported that the Cameotra SS, Makkar. RS. Recent gpplicationg of
bactericidal agent formed the complexes with b|o‘|5urfa|1ctargs zg‘ ) bl'\jl’.log'g‘f’“l ‘23‘834 ,'r;_rg‘égogg%cal
guanine residues in helical DNA. It also prevente%;‘)O;CH“ eééi ;rr ¥ pl':n V\;grnog ICC)IL L ME Madium
the RNA polymerase on the DNA .template. Al optimization for lipopeptide produced bBacillus
higher concentrations, DNA replication also was natto TK-1 using response surface methodology.
inhibited. It could also be caused by selectively china Biotechnol . 2007: 27: 59-65.
inhibiting an enzyme (DNA gyrase) needed for thecarrillo C, Teruel JA, Aranda FJ , Ortiz A. Moleaul
replication of DNA (Drlica and Hooper 2003). mechanism of membrane permeabilization by the
The bactericidal agent binttsthe B subunit of the peptide antibiotic surfactin. Biochim Biophys Acta.
DNA-dependent RNA polymerasad inhibits the ~ 2003; 611: 91-97.
synthesis of RNAs larger than dinucleotides rifamycins: is resistance likely to follow? Antinnab
Chaisson 2003) Agents Chemother. 2003; 47: 3037-3039.
( ’ Davis DA, Lynch HC, Varely J. The production of
In conclusion, results of the present study L ’ N "

' . surfactin in batch culture bBacillus subtilis ATCC
demonstrated that the biosurfactant produceB.by 51335 s strongly influenced by the condition of

licheniformis strain M104 presented a great nitrogen metabolism. Enzyme Microb Technol. 1999;
potential  for the  biotechnological and 25:322-329.
biopharmaceutical applications due to theiDesai JD, Banat IM. Microbial production of
biological properties. surfactants and their commercial potential. Micobbi
Mol Biol Rev. 1997; 61: 47-56.
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