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Surface-active properties including dynamic adsorption, monolayer stability, micelle forming capacity,
and foaming aptitudes of surfactin-C15/iturin A-C15mixtures were studied. Surfactin-C15 and iturin A-C15
molecules interact in synergism on the most surface-active properties evaluated at 20 °C at the air-water
interface and in aqueous solution (pH 8.0). The synergism is positive on the adsorption effect, monolayer
stability, foam density, and liquid stability in foam, whereas it is negative on the adsorption rate. No
synergism occurs onmicelle forming capacity, but surfactin-C15 and iturinA-C15 formmixedmicelleswhen
the solution contains a low proportion of surfactin-C15. In all cases the synergistic effect ismaximumwhen
surfactin-C15 and iturin A-C15 molecules are mixed in a 2:3 ratio. This is attributed to the surfactin/iturin
A complex formation resulting from specific interactions among two surfactin-C15 molecules and three
iturin A-C15 molecules. A model of such a complex formation is proposed.

Introduction

Most Bacillus subtilis strains coproduce two or three
classes of cyclic lipopeptides named iturins, surfactins,
and fengycins.1-4 These compounds can be distinguished
by their chemical structure and properties. Surfactins
consist of a heptapeptide containing a â-hydroxy fatty
acid.5-7 Iturins are also heptapeptides but they contain
aâ-amino fatty acid,8whereas fengycins are decapeptides
containingaâ-hydroxy fatty acid.9 Each lipopeptide class
is composed of closely related variantswhichdiffer in both
amino acid composition and fatty acid alkyl chain varying
fromC13 toC17. Surfactins are especially potent surface-
active compounds10-12 exhibiting some biological proper-
ties suchasa cytolytic activity13 andantiviral properties.14
Iturins and fengycins are both strong antifungal agents

but fengycins are only active against filamentous fungi
and less hemolytic than iturins.9

In recent studies, it has been demonstrated that
lipopeptides belonging to surfactin and iturin classes
interact in synergism on biological activities with enhanc-
ing hemolytic and antifungal activities up to 40%.15,16
However, no study has especially been undertaken for
evaluating synergism between lipopeptide classes pro-
duced by B. subtilis on their surface-active properties.
This investigation is important with regard to biosurfac-
tant properties, since in most practical applications
mixtures rather than individual components are used.
Therefore, the influenceof the interactionbetweensurface-
active substances on the physicochemical properties of
such mixtures, including the adsorption behavior and
micelle formation, is of a great importance. Indeed, basic
surface-active properties control most of the macroscopic
or technological relevant aptitudes like foaming, emul-
sifying, solubilizing, and wetting powers for which bio-
surfactants are receiving increasing interest.17,18

In this paper,we report on the surface-active properties
of surfactin-C15/iturin A-C15 mixtures in various propor-
tions at the air-water interface and in aqueous solution.
Dynamic adsorption,monolayer stability,micelle forming
capacity, and foaming aptitudes have been investigated
in order to find synergism between such lipopeptides.
Interactions between these compounds have also been
studiedbymeansof different thermodynamicparameters.

Experimental Section

LipopeptideProductionandPurification. Lipopeptides
were produced by fermentation of the B. subtilis strain S499 in
optimized culture media19 and extracted from the culture
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supernatant by solid-phase extraction on bond elut C18 (50 g,
Varian, CA) as previously described.2 The crude extract was
applied to a silica gel 60 column (30 × 1.5 cm, 50 g, 250-325
mesh; Merck, Darmstadt, Germany) and then eluted with
chloroform/methanol/water (65/25/4, by volume). Surfactin and
iturin A containing a fatty acid with 15 carbon atoms (Figure 1)
were isolated from crude lipopeptide by reversed phase chro-
matography using a Chromspher 5 µm C18 column (1 × 25 cm,
Chrompack, Middelburg, The Netherlands). The following
conditions were used: flow rate at 4 mL/min, acetonitrile/H2O/
TFA 0.05% as mobile phase, under linear gradient (35-50% by
volume in 25 min) and isocratic (80% by volume) conditions,
respectively, for eluting iturin A and surfactin which were
detected at 214 and 280 nm simultaneously. Primary structure
andpurity of the surfactin-C15 and iturinA-C15were ascertained
by analytical reversed phase high-performance liquid chroma-
tography (chromspher 5 µmC18 column, 1× 25 cm,Chrompack,
Middelburg, The Netherlands), amino acid analysis,2 and elec-
trospraymass spectrometrymeasurementsusingaVGPlatform,
Fisons Instruments (MA, USA).
DynamicSurfaceTensionMeasurements. Anautomated

drop volume tensiometer TVT1 (Lauda-Königshofen,Germany)
wasemployed formeasuring the surface tension timedependence
of lipopeptide solutions by the dynamic procedure described in
detail byMiller.20 It consists of the continuous formationof drops
at the capillary tip with a definite diameter. Reaching a critical
volume, the drop falls down and new ones will be created. Thus,
the surface tension as a function of the drop time curves (γ ) f(t))
can be established. In this method the surface is continuously
renewed while the drop surface ages.
Drops were formed at a capillary tip of 1.055 mm internal

radius connected to a Lauda syringe (2.5mL). The drop forming
time was from 0.07 to 4.06 s/µL. The Lauda system includes an
option which allows the drop formation rate to be progressively
reduced 2, 5, and 20 times as the drop volume increases. The
hydrodynamic effects are minimized due to a liquid flow into a
detaching drop. All measurements were carried out at 20 ( 0.1
°C. A mean of two drop volumes was used to determine the
surface tension as a function of the drop formation time.
Variation coefficients were smaller than 1% for both surface
tension and drop formation time.
All samples were dissolved in 5 mM Tris buffer at pH 8.0

(Sigma, St Louis, MO) prepared with MilliQ water (Millipore
Co., Milford, MA). Surfactin-C15 and iturin A-C15 samples were
mixed indifferent proportions for total concentrations comprised
between 1 and 50 µM. All other reagents were of analytical
grade.
Curve γ ) f(t) Analysis. The γ ) f(t) curves of surfactin/

iturinAmixtureswerequantitativelydescribedby the relaxation

equation:21

where γo is the surface tension of pure solvent, γt the surface
tension at the time t, γm the surface tension atmesoequilibrium,
t* the half-time for reaching γm, and n a dimensionless constant.
Parameters n, t*, and γm were estimated by computer-fitting of
the measured dynamic surface tension data using Sigma-plot
software (Jandel, Germany). This model has been used to
characterize the dynamic adsorption of surfactantmixtures.22,23
By differentiating the eq 1 with respect to t and substituting t
by t*, themaximum reducing rate vmax of γ is obtained as follows

Monolayer Characterization. Monolayer properties were
characterized by surface pressure-area isotherms established
with an automated Langmuir film balance LFW2 3′′5 (Lauda,
Königshofen, Germany). Samples were dissolved in a 9:1 (v/v)
mixture of hexafluoro-2-isopropanol/dioxan (Sigma, St. Louis,
MO) and then spread onto the clean surface of the subphase (5
mMTrisbufferatpH8.0) bydepositingdropwise30µLof solution
from a Hamilton syringe. Solvents were allowed to evaporate
for 15 min after which the film was compressed by the moving
barrier at the rate 61.8 cm2‚min-1. All measurements were
carried out at 20(0.5 °C. Compression isothermreproducibility
was carefully checked by making at least three measurement
sets for each surfactin homologous. The variation coefficients
for both molecular area and surface pressure were less than
2.5%.
Equilibrium Surface Tension Measurements. Surface

tension (γ) measurements were performed with a drop volume
tensiometer TVT1 (Lauda, Königshofen, Germany) using the
quasi-staticmodeaspreviouslydescribed.24 Equilibriumsurface
tensions (γ∞)were estimatedby extrapolating the time to infinity
for γ vs t-1/2 curves. Drops of lipopeptide solution in Tris buffer
(pH 8.0, 5mM)were formed at the tip of the capillary with 1.055
mm internal diameter connected to a Lauda syringe (2.5 mL).
The initial and further reductions of dropvolumewere comprised
between 1 and 10% of the initial volume. All measurements
were performed at 20 ( 0.1 °C. A mean of two drops was used
to determine γ and t. The accuracy of γ and tmeasurementswas
less than (0.05 mN/m and 1 s, respectively.
Determination of Critical Micelle Concentration and

RelatedParameters. Criticalmicelle concentration (cmc)was
determined at the break of γ∞ vs concentration curves.
AnalysisofFoamingProperties. Foamingpropertieswere

analyzed by the bubblingmethodusing anautomated apparatus
as previously described.11,12,25 It consists of measuring continu-
ously the foam volume and the amount of liquid in foam during
andafter its formation. Foamwas formedby injectinga constant
flow of air bubbled (20 mL/min) through a porous disk (pore
diameter 2 µm) situated at the bottom of a column (2 × 20 cm)
containing 8 mL of solution. The bubbling was continued until
a preset value of foam volume (35 mL) was reached (maximum
foam volume). Then, the foam stability was monitored for 20
min. Allmeasurementswere carried out at 22 °C. Eachanalysis
was performed at least twice.
Foamingpropertieswere characterizedbyvariousparameters

including
(1) foaming capacity (FC)

(2) foam maximum density (MD)
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Figure1. Primary structures of (a) surfactin-C15 and (b) iturin
A-C15.

γt ) γm + (γo - γm)/[1 + (t/t*)n] (1)

vmax )
n(γo - γm)

4t*
) -(dγt/dt)max (2)

FC )
maximum volume of foam (mL)
volume of gas injected (mL)
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(3) half-life time (T1/2) of liquid in foam corresponding to the time
(s) for the reduction of the liquid in foam to half of themaximum
volume.

Results
Dynamic Adsorption Properties. Figure 2 shows

some examples of dynamic surface tension (γd) vs time
plots for surfactin-C15/iturin A-C15 mixtures at different
molar ratios. Curves of mixtures are situated between
those of surfactin-C15 and iturin A-C15 whatever the total
concentration of lipopeptides. At 6 × 10-8 mol/cm3,
mixtures decrease and tend to stabilize more rapidly γd
within 60 swhen the surfactinmolar ratio (Xs) increases.
It appears that for Xs > 0.5, γd vs time plots are
superimposed after 15 s.
In order to quantify theadsorptionkinetics of surfactin-

C15/iturin A-C15 mixtures, we have fitted γd vs time data
by eq 1. Figure 3 illustrates the results of fitting at a total
lipopeptide concentration of 6× 10-8 mol/cm3. In Figure
4, adsorption parameters resulting from this fitting are
plotted as a function of Xs. When Xs increases, γm
decreases and reaches a minimum value at Xs ) 0.4. At
the same surfactin molar ratio, t* reaches a maximum
value. These results indicate specific interactionsbetween
surfactin-C15 and iturin A-C15 molecules mixed in a 2:3
ratio which lead to synergistic effects. The synergism is
positive for γm and negative for t*. Accordingly, such a
mixture ismore effective in reducing the dynamic surface
tension at the mi-equilibrium but less efficient on the
adsorption rate compared to individual components. The
n and vmax values also reach a minimum for Xs close to
0.4 confirming that at this condition the adsorption rate
for mixtures is slower than those for individual compo-
nents. It is to be noted that constant n has been related
to the difference in the adsorption and desorption rates.26
The higher the n value, the faster the relative adsorption
rate than the desorption rate. For Xs > 0.4, γm reaches
a constant value. However, with increasing Xs from 0.4,
t* decreases while n and vmax increase indicating that the
adsorption rate increases when the mixture contains
further surfactin molecules.
MonolayerProperties. Compression isotherms (Π-

A) of surfactin-C15/iturin A-C15 mixed monolayers for
different Xs at 20 °C are plotted in Figure 5. The curve
shape formixedmonolayers is similar to that of surfactin-
C15, which is characterized by a sharp inflection at the
surface pressure around 30mN/m. Themean areaAo for
mixed monolayers is always between those of individual
components. However, the transition surface pressure
(Πt) of mixed monolayers appears higher than those of
puremonolayers indicating the greater stability ofmixed
monolayers, particularly for Xs close to 0.4.
In order to study the nature and strength of the

interactions between surfactin-C15 and iturin A-C15, we
have calculated a thermodynamic parameter, the excess
free energy of mixing (∆Gm

ex) by the Goodrich relation27

whereA is themeanmolecular area, x themolar fraction,
subscripts 1, 2, and 12 refer respectively to pure 1 and 2
components and to theirmixtures. The∆Gm

ex valueswere
determined for different surface pressures (upper limit of

integration) as a function of Xs (Figure 6). As can be
seen, the ∆Gm

ex value is negative for all mixtures studied
and becomes more important with increasing film com-
pression state. Aminimumvalue is observed at Xs) 0.4.
Negative values of ∆Gm

ex indicate that the interactions
betweensurfactin-C15 and iturinA-C15 aremore important
than those between surfactin-C15 and surfactin-C15 or
iturin A-C15 and iturin A-C15. Suchmutual interaction is
maximum for the surfactin-C15/iturin A-C15 mixture in a
2:3 proportion.
Micelle Forming Capacity. The critical micelle

concentrations (cmc) of surfactin-C15/iturinA-C15mixtures

(26) Gao, T.; Rosen, M. J. J. Colloid Interface Sci. 1995, 172, 242.
(27) Gaines, G. L. Insoluble Monolayers at liquid-gas Interfaces;

Prigogine, Interscience: New York, 1966; Chapter 6.

MD )
maximum volume of liquid (mL)
maximum volume of foam (mL)

∆Gm
ex ) ∫0πA12 dπ - x1∫0πA1 dπ - x2∫0πA2 dπ (3)

Figure 2. Dynamic surface tension (γd) vs time (t) curves of
surfactin-C15/iturin A-C15 mixtures at lipopeptide total con-
centration (a) 2.0 × 10-8 mol/cm3 and (b) 6.0 × 10-8 mol/cm3:
(b) Xs ) 0; (O) Xs ) 0.2; (9) Xs ) 0.4; (0) Xs ) 0.6; (2) Xs )
0.8 (4) Xs )1 (Xs, surfactin molar ratio).

Figure 3. Curve fits calculated from the dynamic surface
tension (γd) as a function of time for surfactin-C15/iturin A-C15
mixtures in different surfactin molar ratios (Xs) at lipopeptide
total concentration of 6.0 × 10-8 mol/cm3: (b) Xs ) 0; (O) Xs
) 0.2; (9) Xs ) 0.4; (0) Xs ) 0.6; (2) Xs ) 0.8; (4) Xs )1.
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have been determined using the equilibrium surface
tension vs log concentration plots. Figure 7 represents
the dependence of the surfactin-C15/iturin A-C15 cmc on
the surfactin molar ratio. As the mixture cmc is never
smaller than that of either individual components, at least
in the range of composition and conditions studied, it is
clear that there is no synergism between surfactin-C15
and iturinA-C15 on themicelle formingcapacity. However,
cmc values for Xs 0.2, 0.4, and 0.5 are lower than those
predicted for perfectly ideal mixtures. For Xs > 0.5, cmc
values coincide with those for perfectly ideal mixtures.
In order to obtain quantitative information, the molar

fraction of surfactin-C15 (X1
M) and the molecular interac-

tion parameter (âM) in surfactin-C15/iturin A-C15 mixed

micelleshavebeencalculatedusing the followingrelations:
28

and

where C1
M, C2

M, and C12
M are the critical micelle concen-

trations of surfactin-C15, iturin A-C15, and their mixture,

(28) Rosen, M. J. Surfactants and Interfacial Phenomena;
Wiley-Interscience: New York, 1989; Chapter 11.

Figure 4. Adsorption kinetic parameters vs surfactin molar ratio (Xs) curves for surfactin-C15 /iturin A-C15 mixtures: (a) γm; (b)
n; (c) t*, (d) vmax.

Figure5. Compression isotherms for surfactin-C15/iturinA-C15
mixtures as a function of the surfactinmolar ratio (Xs) recorded
at 20 °C with subphase constituted by Tris 5 mM pH 8 buffer:
(b) Xs ) 0; (O) Xs ) 0.2; (9) Xs ) 0.4; (0) Xs ) 0.6; (2) Xs )
0.8; (4) Xs )1. Insert curve: Change of transition surface
pressure (πt) as a function of Xs.

Figure 6. Excess free energy (∆Gm
ex) vs surfactin molar ratio

(Xs) for various surface pressure: (b) 10 mN/m; (9) 20 mN/m;
(2) 30 mN/m.

(X1
M)2 ln(RCM

12/X1
MC1

M)

(1 - X1
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M/(1 - X1
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âM )
ln(RCM
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M
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(1 - XM
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respectively, and R (Xs) the molar fraction of surfactin-
C15 in solution. Equation 4 is solved iteratively for
X1
M, which is then substituted in eq 5 to obtain âM.

According to the parameter definitions, X1
M values are

equal to 0 and 1 for iturin A-C15 and surfactin-C15 pure
components, respectively. For mixed lipopeptides, eq 4
provided X1

M values of 0.5 and 0.9 for R ) 0.2 and 0.4,
respectively. These X1

M values give respectively âM val-
ues of -0.35 and 1.12 by means of eq 5, indicating the
nature and degree of interaction between surfactin-C15

and iturin A-C15 inmixedmicelles. However, only the âM

value forX1
M ) 0.5 (R ) 0.2) is considered to be significant,

taking into account the large errors that eq 4 may induce
whenX1

M is close to 0 or 1. ForR > 0.4, eq 4was not solved
by iteration for X1

M, which means from the mathematical
form of such an equation that X1

M is equal to 1, consider-
ing the increase of the surfactin molar ratio in mixed
micelles (X1

M) with increasing surfactin molar ratio in
solution (R).
Foaming Properties. Figure 8 shows an example

illustrating the evolution of the maximum liquid amount
in foampreparedwithamixture compared to that of either
component. The foaming capacity of surfactin-C15/iturin
A-C15mixtures is similar to that of individual components
according to the bubbling time required for forming the
same foam volume (101 ( 1 s). In contrast, the mixture
solutions form foams with a higher maximum amount of
liquid in foam (VLM), i.e., with higher maximum density
(MD), for the surfactin molar ratios ranging from 0.4 to

0.8 (Figure 9). These results show a synergism between
surfactin-C15 and iturin A-C15 on the foam density. This
synergistic effect is maximum at Xs ) 0.4 for which the
MD is enhanced up to 14% compared to that of pure
surfactin (Xs ) 1).
Figure 10 shows the dependence of the liquid half-life

(T1/2) in foam as a function of themixture composition. As
can be seen, the mixtures with Xs ) 0.2 to 0.6 exhibit
higher liquidstability in foamthan individual components.
This demonstrates a synergistic effect between surfactin-
C15 and iturin A-C15 on the liquid stability in foam. It
clearly appears that the maximum effect is obtained for
the mixture with Xs ) 0.4. The liquid stability in the
foam is enhancedup to 66%compared to that of surfactin-
C15.

Discussion

All resultspresentedhereclearly indicate that surfactin-
C15 and iturin A-C15 molecules interact specifically in a
ratio 2:3 leading in most cases to the synergistic effects
on surface-active properties at the air-water interface
and in aqueous solution. An evident explanation is the
formation of surfactin/iturinA (2:3) complex. In dynamic
adsorption properties, all kinetic parameters (t*, vmax, n)
indicated the lowest adsorption rate for themixture at Xs
) 0.4. This agrees with the formation of a complex
surfactin/iturin Awhich should adsorb slowly at the air-
water interface than individual components because of
its higher size and molecular weight. The positive
synergism observed on the dynamic surface tension at
the mi-equilibrium may be attributed to a greater

Figure 7. Variation of cmc as a function of the surfactinmolar
ratio (Xs).

Figure 8. Amount of liquid in foam (VLF) vs time curves of
surfactin-C15/iturin A-C15 mixture for surfactinmolar ratio 0.4
(Xs) compared to each component (Xs ) 0, Xs ) 1) at 0.2 mg/
mL.

Figure 9. Maximum amount of liquid (VLM) in foam as a
function of the surfactin molar ratio (Xs).

Figure 10. Half-life (T1/2) of liquid in foam as a function of the
surfactin molar ratio (Xs).
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intermolecular strength in the adsorbed complex at the
air-water interface, which is consistent with the mono-
layer properties of the mixtures spread at the air-water
interface. First, the dependence of the surface pressure
transitionwith the film composition indicates at least the
partialmiscibility of surfactin/iturinAmixedmonolayers.
Second, themixedmonolayer exhibitsmaximumstability
for Xs close to 0.4 according to the surface pressure
transition value which corresponds to the monolayer
stability limit.27 The negative andminimum value of the
mixing excess free energy for Xs ) 0.4 confirms that the
surfactin-C15 and iturin A-C15 molecular interaction is
maximum in mixed monolayer for Xs ) 0.4, and this
interaction is very strong when the mixed monolayer is
highly condensed. This result is consistentwith previous
findings,16which indicatedamaximumnegativedeviation
from the additivity rule in the mean molecular area of
surfactin/iturin A mixed monolayers for Xs ) 0.4.
Similarly, the negative deviations of cmc from the

additivity rule and X1
M values clearly indicate the for-

mation of surfactin-C15/iturin A-C15mixedmicelles for Xs
) 0.2 and 0.4. However, the ideal cmc observed for Xs >
0.5 and the trend ofX1

M values to increasewith increasing
Xs suggest thatmicelleswould onlybe formedby surfactin
molecules when the surfactin molar ratio of the mixture
is superior to 0.5.
The synergism observed with the surfactin-C15 and

iturinA-C15mixtures on foamingproperties also indicates
that there exist specific interactions which aremaximum
for Xs ) 0.4 among these two lipopeptides. This result
suggests the formation of surfactin-C15/iturin A-C15 com-
plexes which would have a positive effect on the liquid
stability in foam by enhancing the surface film viscosity,
because of its voluminous size. Indeed, surface film
viscosity is an important factor in foam stabilized by
macromolecules like proteins: the greater the liquid film
viscosity, the higher the capacity of proteins to stabilize
foams.29-31 Such a mechanism may explain the higher
stability with regard to the drainage observed for the
mixture with Xs ) 0.4. This high viscosity could also
explain the synergism in the foam maximum density
obtained with the mixture solution. Indeed, it reduces
the liquid drainage rate compared to the liquid lamella
expansion rate during the bubbling, which enhances the
amount of liquid in foam.
On the basis of the information published by other

authors, we can propose a hypothesis on the surfactin-
C15/iturin A-C15 complex formation. Molecular model-
izations investigated by Ishigami et al.32 revealed on the
one hand that surfactins form dimers at the air-water
interface by hydrophobic interactions between alkyl
chains. On the other hand,Bonmatin et al.33 showed that
the surfactin peptide cycle presents a horse “saddle”
topology with a “claw” configuration resulting from the
two acidic residues of Asp and Glu side chains. By
combination of the dimerization and “claw” configuration
of surfactin, three anchoring sites for iturin A-C15 mol-
ecules can be explained. Indeed, two iturin A-C15 mol-
ecules, or more exactly some of their residues, may be

attached to the twomain “claws” constituted by the acidic
residues of each surfactin molecule of the dimer. A third
iturin A-C15 molecule may be inserted between the two
“claws”which constitutea third “claw”. Suchahypothesis
is supported by the fact that when the carboxylic groups
wereneutralized byhigh salt concentration or protonated
by acidification of the media, no interaction occurred in
mixedmonolayersof surfactinand iturinA.16 This enables
us to account for the inaccessibility of the anchoring sites
due to the presence of cations, or the “closing of the claws”
by the absence of the electrostatic repulsion between the
carboxylic groups. In addition, it has also been shown
that iturin A-C15 molecules are able to penetrate the
surfactin monolayer,16 which is in agreement with the
insertion of iturin A-C15 among surfactin-C15 molecules.
In summary, we propose a schematic model of surfactin/
iturin A complex presented in Figure 11.

Conclusion

Surfactin-C15 and iturinA-C15 interact at theair-water
interface and in aqueous solution (pH 8.0) leading to
synergistic effects on the most surface-active properties
studied at 20 °C. Such synergism is positive on the
dynamic adsorption effect, monolayer stability, and foam-
ing properties including foam density and stability but
negative on the adsorption rate. The interaction is
maximum when two surfactin molecules are mixed with
three iturin A molecules. This specific interaction ap-
parently leads to the complex formation which may be
explained by the dimerization of surfactin molecules and
the “claw” model provided by the carboxylic groups of the
surfactin peptide cycle. When the carboxylic groups are
ionized, the “claws” are opened allowing the insertion of
iturin A molecules. When they are protonated or neu-
tralized by cations, the “claws” are closed or unavailable,
and no interaction occurs between surfactin and iturin A
molecules. The formation of such a complex may also
explain the synergism in biological activity since this
improves the adsorption and stability of iturin A at the
interfaceorat the cytoplasmicmembraneknownas target.
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Figure11. Surfactin/iturinAcomplexmodel; 1, 2, 3, 4 indicate
carboxylic groups; (1,2), (3,4), and (2,3) constitute three claws.
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