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Abstract: �Surfactin, a highly powerful biosurfactant produced by various strains of the genus Bacillus, exhibits antibacterial, antiviral, antitumor 
and hemolytic action. This anionic cyclic lipopeptide is constituted by a heptapeptide interlinked with a β-hydroxy fatty acid. Due to its 
amhipathic nature surfactin incorporates into the phospholipid bilayer and induces permeabilization and perturbation of target cells. 
The rising antibiotic resistance as well as a number of remarkable surfactin activities shows that it deserves special interest and is 
considered as a candidate compound for combating several health related issues. In this review, the current state of knowledge of 
surfactin properties, biomedical potential and limitations for its application is presented.
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1. Introduction
All classes of living forms ranging from prokaryotes 
to humans are able to produce diverse antimicrobial 
compounds with an amazing variety of structures and 
mode of actions [1,2]. Owing to important medical 
properties some of these compounds deserve special 
interest triggered by the increasing demand for effective 
antibacterial, antiviral and antitumor agents. 

Two categories of compounds have recently 
been focused on - cationic antimicrobial peptides and 
lipopeptides. The former are ubiquitous molecules in 
nature (e.g. alamethicin, mellitin) that play a fundamental 
role in the immunity of the producers. A number of natural 
or derived cationic peptides are in various stages of 
development or even in a certain phase of clinical trials 
as promising agents that can complement conventional 
antibiotic therapy [3,4]. 

Lipopeptides represent a unique class of cyclic 
peptides with either a net positive (e.g. polymyxin) or 
net negative charge (e.g. surfactin, daptomycin). These 
bioactive secondary metabolites exhibit remarkable 
therapeutic and biotechnological properties. Surfactin, 
one of the principal representatives of the antimicrobial 
lipopeptide family, is produced by B.  subtilis and 

displays an astonishing array of actions. The history 
of this surface-active agent dates back to 1968, when 
a new biologically active compound was observed 
in the culture broth of a Bacillus subtilis strain [5].  
Consequently, its structure as a macrolide lipopeptide 
was elucidated [6]. Although other lipopeptide antibiotics 
have been discovered since, surfactin is best known 
for its multifaceted interactions with biological systems 
that result in a number of physiological and biochemical 
activities. These characteristics make surfactin a 
candidate drug for solving a number of global public 
health issues.

2. Definition of surfactants
Surfactants are defined as substances that absorb 
to and alter the conditions prevailing at interfaces [7]. 
These amphipathic molecules partition preferentially at 
the interface between two phases of different degrees 
of polarity and hydrogen bonding, such as the oil and 
water or air and water interface.

Surfactants reduce the free energy of the system 
by replacing the bulk molecules of higher energy 
at an interface. The effectiveness of a surfactant is 
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determined by its ability to lower the surface tension, 
which is a measure of the surface free energy per unit 
area required to bring a molecule from the bulk phase 
to the surface [8]. Due to the presence of a surfactant, 
less work is required and the surface tension is reduced. 
The surface tension correlates with the concentration of 
the surface-active compound until the critical micelle 
concentration (CMC) is reached. The CMC is defined as 
the minimum concentration necessary to initiate micelle 
formation [9]. In practice, the CMC is the maximum 
concentration of surfactant monomers in water that 
is influenced by pH, temperature and ionic strength. 
Efficient surfactants have a low CMC, i.e. less surfactant 
is necessary to decrease the surface tension.

Microorganisms, having a large surface-to-volume 
ratio, produce a variety of surface-active compounds 
(surfactants) referred to as biosurfactants. These 
compounds have advantages over their chemical 
counterparts because they are biodegradable and less 
toxic, and are effective at extreme temperatures and pH 
[7,10]. The biodegradability of most anionic lipopeptides 
stems from the presence of Asp-Gly segments in their 
peptide moieties, making them prone to chemical 
reaction and degradation under physiological conditions 
[11]. 

These characteristics make biosurfactants and 
namely surfactin highly potent agents with diverse 
commercial applications such as subsurface pollution 
remediation, the enhancement of the availability 
of hydrophobic compounds (e.g. oil, polyaromatic 
hydrocarbons, pesticides), thus increasing their potential 
for microbial degradation [8]. However, high production 
costs limit its use in these high-volume applications 
[12]. On the other hand, the relatively low (µM) effective 
concentration in biological systems could facilitate the 
usage in biomedicine.

Surfactin is synthesized by several strains of the 
genus Bacillus during the stationary phase when 
nutrients in the culture media are limited. Its role in 
bacterial physiology has been studied intensively using 
mutants defective in surfactin production. Various 
functions were impaired in these strains including the 
development of swarming colonies on the solid media 
[13,14]. Some other possible roles have also been 
proposed: an increase of the surface area of hydrophobic 
water-insoluble growth substrates that results in the 
higher bioavailability of nutrients, and the influence on 
the attachment and detachment of bacterial cells to 
and from substrates [7]. Surfactin also has a function 
in biofilm formation [15]. It becomes obvious that this 
type of antibiotic plays a crucial role in the communal 
development of B. subtilis and contributes to its survival 
in the natural habitat.

3. Structure and physico-chemical 
properties of surfactin

Surfactin (M.W. 1036  Da), an amphipathic cyclic 
lipopeptide, is constituted by a heptapeptide (ELLVDLL) 
with the chiral sequence LLDLLDL interlinked with 
β-hydroxy fatty acid of the chain lengths 12 to 16 carbon 
atoms to form a cyclic lactone ring structure (Figure 1). 
Hydrophobic amino acid residues are located at positions 
2, 3, 4, 6 and 7, while the glutamyl and aspartyl residues 
at position 1 and 5, respectively, introduce two negative 
charges to the molecule. Several surfactin isoforms 
usually coexist in the cell as a mixture of several peptidic 
variants [16,17] with a different aliphatic chain length [18]. 
In aqueous phase as well as at the water/air interface, 
surfactin adopts a β-sheet structure with a characteristic 
horse-saddle conformation, which is probably responsible 
for its broad spectrum of biological activities [19].

High resolution 1H NMR combined with molecular imaging 
techniques determined the three-dimensional structure 
of surfactin (Figure 2). On one side of the molecule 
residues 2 and 6 face each other in the vicinity of the 
acidic Glu-1 and Asp-5 side chains, which define a minor 
polar domain [20]. On the opposite side, residue 4 faces 
the connection of the lipidic chain constituting a major 
hydrophobic domain, which includes the side-chains of 
residues 3 and 7 to a lesser extent, accounting for its 
amphiphilic nature and its strong surfactant properties 
[21]. Below CMC the lipidic chain should extend freely 
in solution but it strongly participates in hydrophobic 
interactions in supramolecular structures such as lipid 
micelles or oligomers at the air/water interface [22]. 

Surfactin, as one of the most powerful biosurfactants, 
lowers the surface tension of water from 72 mN.m-1 to 
27 mN.m-1 at a concentration as low as 10 µM, which 
is far below the critical micelle concentration in water of 
23 mg/l and about two orders of magnitude smaller than 
those of most other detergents. Surfactin forms rod-like 
micelles with an aggregation number of ~ 170 [23].

Figure 1. Primary structure of surfactin (n = 9-11).
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4. Surfactin-membrane interaction
Surfactin as a molecule of an amphiphilic nature 
destabilizes the membrane and disturbs its integrity [24]. 
A key step for membrane destabilization and leakage is 
the dimerization of surfactin into the bilayer [25]. The 
hypothetical mechanisms of surfactin interactions with 
membrane structures exhibits a complex pattern of 
effects such as insertion into lipid bilayers, chelating 
mono- and divalent cations, modification of membrane 
permeability by channel formation or membrane 
solubilization by a detergent-like mechanism. 

Surfactin penetrates into the membrane through 
hydrophobic interactions, thus influencing both the 
hydrocarbon chains order and the membrane thickness. 
Then, upon this primary collision, the peptide cycle 
displays conformational changes which further facilitate 
the interaction process [26]. In vitro the incorporation of 
surfactin into the membrane gives rise to dehydration of 
the phospholipid polar head groups. Local dehydration 
and perturbations of lipid packing have been shown 
to strongly compromise bilayer stability, leading to the 
disturbance of the membrane barrier properties. These 
structural fluctuations may well explain the primary mode 
of the antibiotic action and the other important biological 
effects of this lipopeptide [25].

The extent of perturbation of the phospholipid 
bilayer correlates with the concentration of surfactin. 
Even at low concentrations surfactin penetrates readily 
into the cell membrane, where it is completely miscible 
with the phospholipids and forms mixed micelles. 

At moderate concentrations, the lipopeptide forms 
domains segregated within the phospholipid bilayer 
that may contribute to the formation of ion-conducting 
pores in the membrane [27]. At high concentrations, the 
detergent effect prevails and it results in the disruption 
of the membrane. The local surfactin-to-lipid ratio (Rb) 
within the membrane necessary to start the leakage is 
Rb ~ 0.05 [28]. The permeabilizing activity of surfactin is 
thus stronger than that of detergents such as Triton.

Membrane penetration by surfactin is facilitated in 
the presence of cations [26]. The two acidic residues 
Glu-1 and Asp-5 form a well-suited “claw”, which can 
easily stabilize a surfactin-Ca2+ 1:1 complex via an 
intramolecular bridge [29]. This effect of Ca2+ ions on the 
surfactin conformation promotes the deeper insertion of 
the lipopeptide into the membrane [27,30]. 

Surfactin can also drive mono- and divalent cations 
through an organic barrier, divalent cations being 
transported with greater efficiency [31]. The selective 
affinity can be correlated with the partial neutralization 
of the two acidic residues at the air/water interface in 
the presence of Na+ or K+, whereas Ca2+ induces a 
complete neutralization [29]. One physiological result of 
the cation chelation is the inhibition of the cyclic AMP 
phosphodiesterase activity [32].

Variations both in the peptide and lipid moiety of the 
surfactin molecule can profoundly modulate the structure-
function relationship. Within the large hydrophobic 
domain, position 4 showed a high contribution since 
the L-Val4/L-Ile4 substitution induced a 2-fold decrease 
of the CMC and a substantial gain of the monolayer 
stability at the air/water interface [20]. With regards 
to the effect of the acyl chain length, a higher surface 
activity was observed with a C14 acyl chain while the 
antiviral and hemolytic actions were stronger when the 
C15 chain prevailed in surfactin [16]. These actions 
were amplified when the peptide ring contained a single 
negative charge and conversely, the replacement of a 
carboxyl group by a bulky strong negative charge almost 
completely abolished the surface activity [33].

5. Surfactin biosynthesis
The ability of surfactin synthesis is widely distributed 
not only among B. subtilis but also among B. pumilus, 
B. licheniformis and B. amyloliquefaciens strains. Similar 
to other peptide secondary metabolites of bacteria, the 
synthesis of surfactin is realized nonribosomally. As 
early as in the 1970s it was discovered that the cyclic 
peptides gramicidin S and tyrocidine from Bacillus spp. 
were produced in a nucleic acid-independent way 
through the use of large enzyme complexes similar 

Figure 2. The three-dimensional structure of surfactin peptide 
moiety. Backbone atoms are in grey. Heavy atoms of 
amino acid residues (1 to 7) are presented. Pale grey - 
hydrophobic residues 2, 3, 4, 6, 7 and the attachment 
of the lipidic chain. Acidic residues 1 and 5 are in black 
and dark grey respectively [22]. 
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to fatty acid synthetases [34]. Subsequently, other 
peptidic natural products were shown to be assembled 
by large enzymes, referred to as nonribosomal 
peptide synthetases (NRPS), which utilize the multiple 
carrier thiotemplate mechanism. The nonribosomal 
machinery for peptide synthesis uses these complexes 
as an assembly line to catalyze stepwise peptide 
condensation. The substrates are not restricted to the 20 
amino acids, since hundreds of building blocks are now 
known to be integrated and modified by postsynthetic 
action. Typical of this assembly line is the incorporation 
of nonproteinogenic amino acids, such as D-isomers, 
carboxy acids, and N-methylated residues, as well as 
the incorporation of heterocyclic rings and fatty acids. 
Glycosylation and oxidative cross-linking are common 
additional postsynthetic modifications by enzymes that 
are associated with the NRPS machinery [35].

Studies on the biosynthesis of surfactin began with 
the work of Kluge et al. [36], who proposed a non-
ribosomal mechanism catalyzed by multienzymatic 
thiotemplates constituting the surfactin synthetase. The 
scheme of biosynthesis is based on the multiple-carrier 
concept, implying multiple 4´-phosphopantetheinyl 
cofactors (ppan) that functions as a swinging arm serving 
as an acceptor of the growing peptide chain and donor 
of the peptide to the next thiolester-linked amino acid 
in the template sequence. All of the seven amino acids 
constituting the heptapeptide are activated through an 
ATP-dependent adenylation and subsequently, they 
are tethered via a carboxythioester bond to the distinct 
enzymatic modules [37,38].

The surfactin synthetase complex consists of four 
enzymatic subunits. Three of them are enzymes SrfA 
(E1A, 402 kDa), SrfB (E1B, 401 kDa) and SrfC (E2, 144 
kDa), which form seven modules that comprise 24 
catalytic domains. The last protein of the complex is SrfD 
(E3, 40 kDa) that plays an important role in the surfactin 
initiation reaction [39]. Each module is responsible for 
the specific incorporation of one dedicated substrate to 
the growing heptapeptide chain [22]. 

The first step of biosynthesis is the recognition and 
activation of a dedicated substrate by the adenylation 
domain (A domain, about 550 amino acids) [40]. 
By analogy to aminoacyl-tRNA synthetase, the A 
domain catalyzes the activation of a substrate as 
aminoacyladenylate through the Mg2+-dependent 
hydrolysis of ATP and the release of pyrophosphate [41]. 
In the next step, the aminoacyladenylate intermediate is 
transferred to the free thiol group of the ppan cofactor, 
which is tethered to the thiolation domain (T domain, or 
peptidyl carrier protein, about 80 amino acids) located 
downstream of the A domain [42]. The intermediates, 
tethered to the flexible ppan cofactor, can be transferred 

to other domains for subsequent catalytic reactions. 
Peptide bond formation between two adjacent substrates 
is catalyzed by the condensation domain (C domain, 
about 450 amino acids), which is located between the 
A and T domains of subsequent modules [43]. The C 
domain catalyzes the nucleophilic attack of the amino 
acid bound to the downstream T domain with its free 
α-amino group on the activated thioester of the upstream 
T-domain-bound intermediate [44]. 

SrfD plays an important role in the surfactin initiation 
reaction. The N-terminal L-Glu-activating module of 
surfactin synthetase is able to bind β-hydroxy fatty 
acid substrate and to connect it to the start amino acid 
L-glutamate, thus initiating surfactin biosynthesis. SrfD 
protein mediates the transfer of the fatty acid substrate to 
the Glu-module and stimulates β-hydroxyacyl-glutamate 
formation. Surfactin formation can be achieved by the 
three SrfA-C subunits alone however; biosynthesis 
of surfactin is stimulated by SrfD at the level of the 
initiation process [39]. This acyltransferase enzyme 
also possesses an external thioesterase activity (SrfTE-
II), which generally may be involved in proofreading 
functions to eliminate incorrect charging of the ppan 
cofactor at the reaction centers of peptide synthetases 
[45].

The subunits SrfA and SrfB catalyze the elongation 
of the initiation product through a series of thioester bond 
cleavages and simultaneous transpeptidation reactions. 
Finally, the subunit SrfC catalyzes the condensation 
of the last amino acid residue and the release of the 
resulting lipoheptapeptidyl intermediate from the 
biosynthetic complex [22]. This reaction is usually 
accomplished by a thioesterase domain (TE-I, about 
280 amino acids) fused to the SrfC. The peptide can be 
released either by hydrolysis as a linear acid or by an 
intramolecular reaction with an internal nucleophile to 
give a cyclic peptide. The intramolecular lactonization to 
the initiating β-OH fatty acyl moiety possibly involves a 
second thioesterase, i.e. the above mentioned SrfTE-II 
[46,47].

Besides A, T, and C domains, there are other 
optional domains such as the epimerization domain E 
(about 450 amino acids) that catalyzes the racemization 
of the T-domain-bound amino acid. The adjacent C 
domain incorporates only the D-amino acid into the 
growing peptide chain [48]. In the surfactin synthetase, 
two epimerization domains in modules 3 and 6 are 
responsible for the racemization of T-domain-bound 
L-Leu. The combination of L- and D-amino acids gives 
the peptide a unique conformation that is important for 
the specific interaction with its cellular target. 

The principle of surfactin excretion from the producer 
remains unclear. As no active transporter has been 
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identified so far, it is widely assumed that surfactin 
passively diffuses across the cytoplasmic membrane 
[49]. 

5.1. Biosynthetic genes and the regulation of 
surfactin biosynthesis

The assembly of the surfactin synthetase enzymatic 
complex is reflected in the chromosomal organization 
of its genes. Bacterial peptide synthetases have 
two common features that appear to be strictly 
conserved: the enzyme subunits are co-regulated at 
both transcriptional and translational level and the 
organization of the different enzymatic domains fulfills 
the “colinearity rule” according to which the order of the 
domains parallels their function hierarchy. By contrast, 
it is not true for surfactin synthetase. Specific protein-
protein interaction rather than the ordered position and 
the progressive expression of the enzyme domains/
subunits dictates the way in which peptide synthetases 
correctly assemble [50].

The surfactin synthetase complex is coded by 
the inducible operon named srfA (25  kb), which is 
also responsible for sporulation and competence 
development [51]. It contains four modular open reading 
frames ORF1 (srfA-A), ORF2 (srfA-B), ORF3 (srfA-C) 
and ORF4 (srfA-D) encoding the four respective 
enzymes. The two nucleotide regions for the L-Leucine 
epimerases are located at the 3´ portion of the srfA-A 
and srfA-B genes. At the end of srfA-C gene, one 
region codes for an enzyme homologous to fatty acid 
thioesterases type I. Another thioesterase region, which 
corresponds to the fourth reading frame srfA-D, encodes 
a protein bearing more sequence homologies with the 
type II thioesterases of mammalian cells [22]. 

The second gene essential to the production of 
surfactin is sfp mapped at 4 kb downstream of the srfA 
operon [52]. The encoded enzyme (224 amino acids) 
belongs to the superfamily of 4´-phosphopantetheinases 
that function as primers of the non-ribosomal peptide 
synthesis. Another function of the Sfp enzyme is the 
conversion of the inactive surfactin synthetase apoform 
to cofactor containing holoform [53]. 

The regulation of surfactin biosynthesis is closely 
connected to other stationary phase induced phenomena 
and competence development pathway. SrfA expression 
is induced in the late exponential phase and is controlled 
by global regulatory mechanisms ComP-ComA and 
Spo0A-AbrB which sense and respond to nutritional 
stress and modulate the expression of a variety of genes. 
Natural competence defines the ability for exogenous 
DNA uptake. Remarkably, the comS gene involved in 
B.  subtilis competence development is located within 

and out of frame of the srfA gene [51]. 
Surfactin resistance is at least to a certain extent 

provided by YerP, the first published example of a 
RND (resistance, nodulation and cell division) family 
of multidrug efflux pumps in Gram-positive bacteria. 
However, it was shown that other additional mechanisms 
that participate in the efflux of surfactin and the producer 
self-resistance should exist [49].

6. Potential applications of surfactins 

Surfactin exhibits a wide range of interactions with 
target cell membranes and possesses potential for 
various medical applications. Besides its antifungal and 
antibacterial effect [31], surfactin can also inhibit fibrin 
clot formation [5], induces the formation of ion channels 
in lipid bilayer membranes [54], blocks the activity of 
cyclic adenosine monophosphate [32], inhibits platelet 
and spleen cytosolic phospholipase A2 (PLA2) [55] and 
exhibits antiviral [56] and antitumor activities [57]. 

Resistance is generally rare against all lipopeptides 
and the development of a well-defined resistance 
mechanism has been proposed to be unlikely [58]. 
Although there is only limited knowledge of the lipopeptide 
molecular mode of action, a few key properties have been 
described. A number of lipopeptides tend to aggregate 
into oligomers and micelles and can readily interact 
with the cytoplasmic membrane via their hydrophobic 
moieties [28,59]. Thus, these types of compounds with 
their unusual structures that act rapidly on membrane 
integrity rather than on other vital processes are a 
growing source of concern in modern medicine and 
might perhaps hold promise for the development of a 
new generation of antibiotics [60].

6.1. Antibacterial and anti-inflammatory effect
The finding of a role for surfactants in defense against 
infection and inflammation in the human body is not a 
new phenomenon. Pulmonary surfactant is a lipoprotein 
complex synthesized and secreted by the epithelial cells 
of lungs into the extracellular space, where it lowers the 
surface tension at the air/liquid interface of the lung and 
represents a key factor in host defense [61]. 

Moreover, some biosurfactants are suitable 
alternatives to synthetic medicines and antimicrobial 
agents and may be used as safe and effective therapeutic 
agents. This is of particular importance at this point 
in time, when increasing numbers of drug-resistant 
pathogenic bacteria impose a constant threat and there 
is a need for some other lines of therapy [62]. Nowadays, 
resistance is comprised of the drugs of last resort, 

127



Review of surfactin chemical properties 
and the potential biomedical applications

including methicillin and vancomycin. These antibiotics 
are used not only in the therapy of nosocomial infections 
caused by enterococci and Staphylococcus aureus [63] 
but also in the therapy of community-acquired methicillin 
resistant S. aureus (caMRSA), which has recently been 
detected and which is much more aggressive than its 
hospital relatives because it has a particular preference 
for the young and healthy [64].

A promising example of an antimicrobial lipopeptide 
that has even reached the level of commercial 
development is daptomycin (Cubicin®) which was 
approved for the treatment of complicated skin and skin-
structure infections in September 2003 by the FDA [4]. 
Daptomycin produced by Streptomyces roseosporus 
[65] has been shown to be highly active against multi-
resistant bacteria such as methicillin-resistant S. aureus 
(MRSA) [66]. 

Recently, several studies have revealed the impact 
of surfactin on silencing the inflammatory effect of the 
lipopolysaccharide (LPS) interaction with eukaryotic 
cells. Compounds that inactivate LPS activity have 
the potential of being new anti-inflammatory agents. 
Surfactin inhibits the LPS-induced expression of 
inflammatory mediators (IL-1β and iNOS) [67] and 
reduces the plasma endotoxin, TNF-α and nitric oxide 
levels in response to septic shock in rats [68]. Surfactin 
was also shown to suppress the interaction of lipid A 
with LPS-binding protein (LBP) that mediates the 
transport of LPS to its receptors. Moreover, surfactin did 
not influence the viability of the tested eukaryotic cell 
lines [69].   

6.2. Anti-Mycoplasma effect
Surfactin treatment of mammalian cells that had 
been contaminated with mycoplasmas improved 
the proliferation rates and led to changes in the cell 
morphology. In addition, the low cytotoxicity of surfactin 
to mammalian cells permitted specific inactivation of 
mycoplasmas without significantly damaging effects 
on cell metabolism in the culture [70]. A recent study 
confirmed surfactin potential to kill mycoplasma 
cells (MIC 25  µM) independently of the target cell 
concentration, which is a significant advantage over the 
mode of action of conventional antibiotics. In combination 
with enrofloxacin, surfactin exhibited a synergistic effect 
and resulted in mycoplasma-killing activity at about two 
orders of magnitude higher than those of the entire 
molecules used separately [71].

6.3. Surfactin role in surface colonization by 
pathogenes

Swarming motility and biofilm formation are the key 
actions in the colonization of a surface by bacteria and 
increase the likelihood of nosocomial infections. Various 
nosocomial infections such as those related to the use 
of central venous catheters, urinary catheters, prosthetic 
heart valves, voice prostheses and orthopedic devices 
are clearly associated with biofilms that adhere to the 
biomaterial surface. These infections share common 
characteristics even though the microbial causes and 
host sites vary greatly [72]. The most important of these 
features is that bacteria in biofilms are highly resistant to 
antibiotics and so they evade host defenses and withstand 
antimicrobial chemotherapy [73]. Biosurfactants such 
as surfactin have been found to inhibit the adhesion of 
pathogenic organisms to solid surfaces or the infection 
sites. Surfactin decreases the amount of biofilm formed 
by Salmonella typhimurium, Salmonella enterica, 
Eschericha coli and Proteus mirabilis in polyvinyl chloride 
wells, as well as vinyl urethral catheters. Precoating the 
catheters by running the surfactin solution through them 
before inoculation with media was just as effective as 
including surfactin in the growth medium. Given the 
importance of opportunistic infections with Salmonella 
species, including the urinary tract of AIDS patients, 
these results have potential for practical application 
[74]. 

6.4. Anti-viral activity
Surfactin is active against several viruses including 
Semliki Forest virus, herpes simplex virus (HSV-1 
a HSV-2), vesicular stomatitis virus, simian 
immunodeficiency virus, feline calicivirus and murine 
encephalomyocarditis virus. The inactivation of 
enveloped viruses, especially herpes viruses and 
retroviruses, was significantly more efficient than that of 
non-enveloped viruses. This suggests that the antiviral 
action of surfactin is primarily due to a physicochemical 
interaction between the membrane active surfactant 
and the virus lipid membrane [75]. One of the important 
factors for virus inactivation is the number of carbon 
atoms of the fatty acid chain of surfactin. With increasing 
fatty acid hydrophobicity the virus inactivation capacity 
increases. During inactivation, surfactin incorporates into 
the lipid bilayer inducing a complete disintegration of the 
envelope which contains the viral proteins involved in 
virus adsorption and penetration. Its absence accounts 
for the loss of viral infectivity [56].
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6.5. Antitumor activity
Surfactin has also been reported to have an antitumor 
activity against Ehrlich’s ascite carcinoma cells [57]. A 
recent study on the effect of surfactin on the proliferation 
of a human colon carcinoma cell line showed that 
surfactin strongly blocked the cell proliferation. The 
growth inhibition by surfactin was due to apoptosis 
induction and cell cycle arrest via the suppression of cell 
survival regulating signals such as ERK and PI3K/Akt 
[76]. 

6.6. Thrombolytic activity
The plasminogen-plasmin system involved in blood clot 
dissolution participates in a variety of physiological and 
pathological processes requiring localized proteolysis. 
Plasminogen is activated proteolytically by urokinase-
type plasminogen activator (u-PA), which is initially 
secreted as a zymogen prourokinase (pro-u-PA). 
Along with activation by u-PA, the plasminogen itself 
has an activation mechanism involving conformational 
change. The reciprocal activation of plasminogen and 
prourokinase is an important mechanism in the initiation 
and propagation of local fibrinolytic activity. Surfactin at 
concentrations of 3  –  20  μM enhances the activation 
of prourokinase as well as the conformational change 
in the plasminogen, leading to increased fibrinolysis 
in vitro and in vivo [77]. In a rat pulmonary embolism 
model, surfactin increased plasma clot lysis when 
injected in combination with prourokinase [78]. Surfactin 
is also able to prevent a platelet aggregation leading 
to the inhibition of additional fibrin clot formation, and 
to enhance fibrinolysis with the facilitated diffusion 
of fibrinolytic agents [79]. The anti-platelet activity of 
surfactin is not due to its detergent effect but due to 
its action on the downstream signaling pathways [80].  
These results suggest a possible use for surfactin 
in urgent thrombolytic therapy related to pulmonary, 
myocardial and cerebral disorders. Moreover, surfactin 
has advantages over other available thrombolytical 
agents because it has fewer side effects and, hence, 
has potential for long-term use. 

6.7. Toxicity
A possible toxicity (e.g. hemolytic activity) of the 
surfactin molecule constitutes a drawback for its medical 
applications at present. Hemolytic activity of surfactin 
was seen at high concentrations of about 40 µM to 
60 µM [81]. On the other hand, the lowest surfactin 
concentration that completely inhibited the growth of 
mycoplasmas after 48 h (MIC) is 25 µM [71] and 30 µM 
surfactin treatment for 24  h displayed significant anti-
proliferative activity of human colon cancer cells [76].

The LD50 (Lethal Dose, 50%; the dose required to 
kill half the members of a tested population) of surfactin 
is at > 100 mg/kg, i.v. in mice. Oral intake up to 10 mg 
of the lipopeptide in long-term application did not show 
apparent toxicities [68]. Surfactin did not influence the 
viability of HUVEC (human umbilical vein endothelial 
cells) up to 30 µg/ml after 24 hours. Surfactin was also 
regarded less toxic than other surfactants as judged 
from the results of an acute toxicity study in mice [69] 
and also as a safer anti-endotoxin agent in comparison 
with polymyxin B [68].

Another possibility to reduce the surfactin toxicity 
is minor alterations in the chemical structure of the 
molecule that may lead to a dramatic modification in the 
toxicity profile of any compound. Genetic engineering 
of the surfactin synthetase resulted in the production 
of a novel antimicrobial agent. Reduced toxicity against 
erythrocytes concomitant with an increase in growth 
inhibition of bacterial cells was observed [82]. Similarly, 
organic synthesis offers to produce linear forms of 
surfactin which are not hemolytic and can even protect 
red blood cells against the action of other detergents. 
Another potential use of linear surfactin analogs is 
the incorporation into cyclic surfactin in order to take 
advantage of its protective effect [83] or the delivery of 
cyclic surfactin in a liposome of a specific phospholipid 
constitution into different kinds of target cells [84]. Thus, 
similar surfactin derivatives may exhibit reduced toxicity 

against eukaryotic cells, which could improve their 
therapeutic applications.

7. Conclusions
Biosurfactants as membrane active agents represent 
a promising alternative to synthetic medicine and 
antimicrobial compounds, and could be used as effective 
therapeutics, especially at time when drug resistance 
among causal organisms for many life-threatening 
diseases is on the rise. In spite of the immense potential 
of biosurfactants in biomedicine, their usage still remains 
limited, possibly due to their high production cost, scarce 
knowledge of their molecular mode of action and an 
unclear toxicity towards the human organism. Last but 
not least, the mechanism of surfactin resistance should 
also be elucidated. 
Further investigation on human cells and natural 
microbiota needs to be carried out to validate the use of 
biosurfactants in biomedical and health-related areas. 
Nevertheless, it is only a matter of time before the full 
potential of biosurfactants is fully exploited and used in 
medical science.
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