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Iturin A, a powerful antifungal surfactant, is a kind of bacterial lipopeptide produced by Bacillus strains.
This study addresses the use of an aqueous two-phase system (ATPS) using ethanol/ammonium sulfate to
extract iturin A from Bacillus amyloliquefaciens NJN-6 fermentation broth and the quantification of iturin
A by HPLC. Baseline separation of iturin A homologues was performed using an RP-C;g column with a
mixture of water and acetonitrile. The results showed that the correlation coefficient between integral
area and concentration was 0.9961 within the range of 20-140 mg/l. The RSD of the retention time and
the peak area were 1.29% and 1.45%, respectively. The effects of some operating parameters in ATPS, e.g.,
pH, temperature and centrifugation time, were also studied. This method can be successfully used for the
rapid quantification of iturin A.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Lipopeptides are biosurfactants consist of an aliphatic chain
and a peptide chain having hydrophilic and hydrophobic parts
and superior surface activity. These lipopeptides are produced by
a variety of microorganisms. As biosurfactants, these compounds
are superior to chemically synthesized surfactants in having lower
toxicity, higher biodegradability, better environmental compatibil-
ity and the capability of being produced using cheap agro-based
raw materials [1]. More importantly, these lipopeptides are effi-
cient antimicrobial agents and have been reported to be effective
in antagonizing crop pathogens [2-4].

[turin is a lipopeptide produced by Bacillus species which is
consisted of three homologues with different lengths of carbon
chain (Fig. 1 [5]). Iturin A is one of the most popular antifun-
gal lipopeptide used for the biocontrol of fungal plant diseases.
There are some methods, like measurement of emulsification [6],
measurement of surface or interfacial tension [7], drop collapse
tests [8] and oil spreading techniques [9], which have been used
for the screening and detection of other biosurfactant produc-
ers. However, fewer studies on the quantification of antifungal
lipopeptides have been reported. The development of rapid and
accurate methods for estimating iturin A concentrations and yields
is necessary for selecting strains presenting high production prop-
erties as well as for the routine estimation of biosurfactants
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produced by various strains in different media and culture con-
ditions [10]. It can also provide an index for the construction of
engineered strains and the optimization of fermentation condi-
tions.

Various methods, such as membrane filtration [11], liquid mem-
brane extraction [12], acid precipitation [13] and liquid-liquid
extraction [13], have been used for extracting lipopeptides from
fermentation broth. Among these, acid precipitation is the most
popular method, whether for obtaining lipopeptides or as a pre-
treatment for quantification. However, this method is laborious
and time consuming as the fermentation broth should stay at
4°C for one night after pH adjustment to 2.0 then the precipi-
tates obtained by centrifugation are dissolved in methanol after
washing with water till pH 7.0. Therefore, this method is not
suitable for rapid quantitative analysis, especially in industrial
production. Liquid-liquid organic solvent extraction is also a pre-
treatment method for quantification, though it is associated with
poor recovery and considerable environmental concerns. In this
study, aqueous two-phase extraction (ATPE) is introduced for
the preceding treatment. Aqueous two-phase systems (ATPS) are
formed when two polymers or one polymer and one salt are
dissolved in water above a threshold concentration [14]. This is
important for bio-active biosynthesized compounds, as their active
effects can be destroyed by some poisonous organic solvents and
high surface tension. In ATPS, two phases are both with water
content of 80% or more and show very low surface tension. So
the bio-active biosynthesized compounds cannot abate [15]. In
industrial production, it is used for the extraction of proteins [16],
enzymes [17,18], nucleic acids [19], a-galactosidase [20], peni-
cillin G [21] and other commercial and biosynthesized compounds
[22,23].
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Fig. 1. The structure of iturin A. Iturin A was consisted of three homologues with
different lengths of carbon chains between them. Heptapeptides: L-Asn, D-Tyr, D-
Asn, L-GIn, L-Pro, D-Asn, and L-Ser; fatty acid chains: C14, C15, C16.

In the present study, the feasibility of combining aqueous two-
phase systems with HPLC for the quantification of iturin A is
described. In our study, a new ATPS was constructed with ethanol
as extractant and ammonium sulfate as the salt for phase separa-
tion. Iturin A was pre-concentrated in an ethanol-rich phase, and
the ethanol-rich phase could be directly detected by HPLC after
reducing its volume in methanol. The HPLC conditions were opti-
mized to avoid the interference of impurities. This method seems
to be fast, simple and efficient for the rapid quantification of iturin
A.

2. Materials and methods
2.1. Microorganisms

The iturin A producer used in this study was isolated from a soil
sample by the Key Laboratory of Solid Organic Waste Utilization,
Nanjing Agricultural University. This microorganism was identified
as Bacillus amyloliquefaciens NJN-6 (NJN-6) (CGMCC accession No.
3183, China General Microbiology Culture Collection Center). The
strain was grown on Luria-Bertani agar plates (LB; 10 g of tryptone,
5 g of yeast extract, and 10g of sodium chloride per liter) and re-
cultured after one month.

2.2. Culture medium and conditions

Landy medium was used for the cultivation of the NJN-6
strain. The major components in the synthetic medium were (g/1):
20¢g glucose, 5g L-glutamic acid, 0.5g MgSO4, 0.5g KCl, 1.0g
KH,POy4, 0.15 mg FeSO4, 5.0 mg MnSOy4, 0.16 mg CuSO4 and 2 mg
L-phenylalanine, and the pH was adjusted to 7.0 with 1 M of NaOH.
All fermentation was performed in 500 ml Erlenmeyer flasks with
a 100 ml working volume. The cultures were incubated in a rotary
incubator shaker for 72h at 30°C at 170 rpm.

2.3. Aqueous two-phase system

The phase behaviors of the ethanol-salt system were studied
by observing the salt concentration in a series of solutions con-
taining different concentrations of ethanol required for the onset
of turbidity. (NH4)>,SO,4 was used as the phase separation salt. To
characterize the ethanol-(NH4);SO4 systems, 1 ml of fermentation
broth was added to a 2 ml centrifuge tube. Then, different volumes
of ethanol and different amounts of (NH4),SO4 were added until
a cloudy appearance was observed, and a two-phase system was
produced after vortexing. The tested volumes of ethanol were 0.05,
0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65,
0.70, 0.75 and 0.80 ml, and the amount of (NH4),SO4 required for
turbidity was measured by weight.

2.4. Aqueous two-phase extraction

For this purpose, 1ml of fermentation broth and 0.2ml of
ethanol was added to a 2.0 ml centrifuge tube. The pH was adjusted
to 9.0 with 1M of NaOH, and 0.5 g of (NH4)>,SO,4 was added to the
mixture. Complete separation of the two phases was achieved by
centrifugation for 5 min at 6000 x g following vortexing for 5 min.
The upper phase was carefully removed and transferred to another
2.0 ml centrifuge tube using a pipette. The lower water phase was
extracted again with 0.2ml of ethanol. The upper phases were
mixed and diluted to 1 ml with methanol. The salt was separated
by centrifugation. The extract was then filtered through a 0.45-p.m
membrane, and iturin A was analysed by HPLC.

2.5. Optimization of HPLC conditions

The amount of iturin Ain the extract was detected by HPLC (1200
series, Agilent, USA) at 230 nm using a UV detector with the flow
cell size of 5mm, 1 L, 40bar (G1314B). The HPLC analysis was
performed using an Eclipse XDB-C18 column (250 mm x 4.6 mm,
5 wm particles). Mobile phase A was water with 0.1% acetic acid,
and mobile phase B was acetonitrile (A:B=60:40). The flow rate
and the temperature of the column were optimized to allow for
appropriate separation of iturin A from any impurities. The tested
flow rates were 0.6, 0.8 and 1.0 ml/min, and the temperatures were
20, 30, and 40°C.

2.6. Calibration and method validation

For this purpose, 1 mg of iturin A (Sigma Chemical Company,
USA, >90%) was dissolved in 1 ml methanol and diluted to obtain
different concentrations (20, 40, 60, 80, 100, 120 and 140 mg/l)
with methanol. Then 5l of the standard solutions was injected
into the chromatographic system sequentially using the same chro-
matographic conditions described above, and the linear regression
equation was obtained. A total of 5 replicates of an 80 mg/I standard
solution were analysed to determine the RSD of retention time and
peak area.

2.7. Application analysis

To test the accuracy and precision of the method developed in
this study, fermentation broth samples were fortified with iturin A
at two different concentrations (20 and 30 mg/1). The samples were
treated as described above, and 10 .l of the extract was assayed
in the same way as the standard solutions. Three replicates were
analysed.
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Fig. 2. Phase diagram of the aqueous-two phase system. The tested volumes of
ethanol were 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65,
0.70,0.75 and 0.80 ml, and the amount of (NH4 ), SO4 required for turbidity was mea-
sured by weight. The separation of the two phases was achieved by centrifugation
for 5min at 6000 x g.

3. Results and discussion
3.1. Phase diagrams

The phase diagram (Fig. 2) shows the plots of the concentrations
of the (NH4),SO4 solution at which the two coexisting isotropic
phases convert to a single isotropic solution of ethanol, as exam-
ined at 25 °C. The two-phase system was the area above the curve,
and the single-phase system was below the binodal curve. The data
on phase separation showed that with the increase of the con-
centrations of (NH4),SOy4, the volume of the coacervate phase was
decreased, and the viscosity of the coacervate phase was increased,
so that it was difficult to handle. Different volumes of ethanol and
different amounts of (NH4),SO4 were added until a cloudy appear-
ance was observed, and a two-phase system was produced after
vortexing. Therefore, 0.2 ml of ethanol and 0.5g (NH4),SO4 were
selected for use in the following experiments.

3.2. ATPE procedure

3.2.1. Effects of temperature and centrifugation time on
extraction efficiency

The effects of temperature and centrifugation time on the recov-
ery of iturin A were studied. It was found that the temperature and
centrifugation time did not exert any notable effect on the recovery
of iturin A. Therefore, all extraction experiments were processed at
room temperature with centrifugation at 6000 x g for 5 min. These
results were in agreement with findings from a previous study [24]
in which isoniazid was quantified using an ATPE coupled with HPLC
method.

3.2.2. Effect of pH on extraction efficiency

To evaluate the effects of the pH of the solution used in the
extraction process, the recovery of iturin A was determined at dif-
ferent pH levels (1-14). As shown in Fig. 3, the extraction efficiency
was decreased when the pH was in the range from 5 to 8. The effi-
ciency was lowest at a pH of 5 to 6. Below pH 4 and above pH 9, the
highest recovery level was observed.

3.3. Optimization of HPLC conditions

The temperature of the column is an important factor consid-
ered in the HPLC analysis. The results presented in Fig. 4 shows that
iturin A could be separated from impurities better at low temper-
ature than at high temperature. Iturin A separation was performed
at 20, 30 and 40°C. However, the maximum purity was obtained
at 20 °C. Therefore, 20 °C was chosen as the temperature of the col-
umn. Three flow rates (0.6, 0.8 and 1.0 ml/min) were chosen and
best separation of iturin A was obtained at a flow rate of 0.6 ml/min.
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Fig. 3. The effect of pH of the solution used in the extraction process on the recovery
of iturin A. The samples were analysed by HPLC, and the peak areas were used for the
evaluation of recovery. ATPE conditions: 0.2 ml ethanol, 0.5 g (NH4),SO4, extracted
twice at room temperature.

3.4. Application analysis

3.4.1. Method calibration

In this step, 5L of the standard solutions was injected into
the chromatographic system using the chromatographic condi-
tions described above. The obtained linear regression equation
was Y=2.8345x+12.614 (x is mg/l and Y is peak area of the chro-
matogram), correlation coefficient (R2) was 0.996, relative standard
deviation of retention time was 1.29% and relative standard devia-
tion of peak area was 1.45%.

3.4.2. Method validation

The proposed method was applied for the determination of
the concentration of iturin A in a fermentation sample. The chro-
matograms of the extracted solution and the standard samples are
shown in Fig. 5. The retention times of three homologues of iturin
A were 8.61, 11.61 and 12.17. The concentration of 33.86 mg/l of
iturin A was determined by the regression equation obtained from
the chromatogram of peak areas and concentrations of standard
solutions. To test the accuracy and precision of the method, fer-
mentation samples were fortified with iturin A at two different
concentrations (20 and 30 mg/1), and 3 replicates per sample were
analysed. The mean of the obtained results were 53.1 and 62.6 mg/1
of iturin A. The recovery values were varied from 96 to 97%. The
results showed that the pretreatment and the determination of
iturin A in the fermentation broth were successfully accomplished
using the ATPE-HPLC method.
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Fig. 4. Chromatogram of iturin A extracted sample obtained at different tempera-
tures of the column. The tested temperatures were 20, 30, and 40 °C. HPLC conditions
were 0.6 ml/min and 230 nm.
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Fig. 5. Chromatogram of the extract and the standard sample of iturin A. HPLC
conditions: 0.6 ml/min, 20°C, 230 nm.

Iturin A contains a peptide region, and thus, it is expected that
its structure should be dependent on pH. The peptide should be
precipitated at its isoelectric point, and it could not be extracted
efficiently. Iturin A is a cyclolipopeptide containing seven residues
of a-amino acids (L-Asn, D-Tyr, D-Asn, L-GIn, L-Pro, D-Asn, and L-
Ser) and one residue of a B-amino acid [25]. The pI values of all
of the five kinds of a-amino acids, except L-Pro, are at 5.0-6.0,
so the pl value for iturin A may be 5.0-6.0. In the present study,
the recovery was found to be lowest at pH of 5.0-6.0. The struc-
ture of iturin A can affect its antibiotic activity [9], and its structure
can be affected by pH. Therefore, the pH used in the precipitation
step was neutralized to 7.0 with 6 N NaOH for subsequent study
[26]. Extraction was performed at pH 9 in our experiments, and the
structure and antibiotic activity of iturin A were not affected.Several
methods were performed to analyse some antibiotics from liquid
or solid feed premixes. Colistin [27,28] and sulfamethazine [29,30]
were analysed by HPLC method, while oxytetracycline [31,32] was
analysed by spectrofluorimetry method and some parameters were
also studied. In our experiment, acetonitrile and water containing
0.1% TFA are the mobile phase most commonly used for lipopeptide
separation [9]. However, we used acetic acid in our study instead
of TFA as acetic acid is more safe and facile. An impurity associated
with the approximate retention time of iturin A was found, and the
change of the proportion of acetonitrile and water was not efficient.
Thus, optimization of the temperature appeared to be necessary.
We optimized the procedure by decreasing the temperature and
flow rate used for HPLC detection. The RSD of the retention time and
the peak area were below 2.0%, which showed that HPLC detection
was an authentic method for the quantification of iturin A. HPLC
is one of the most popular method used for the determination of
antibiotics. Kinsella [33] quantified the iturin A and surfactin in the
rhizosphere soil using ultrasonic and solid-phase extraction (SPE)
with HPLC and mass spectroscopy (MS). This method was much
more burdensome than the method used in our experiments, as
they extracted rhizosphere samples ultrasonically by acetonitrile:
water containing 0.1% trifluoroacetic acid. After ultrasonic agita-
tion, extracts were evaporated with dry nitrogen and dissolved in
methanol. Using SPE columns of octadecyl unendcapped bonded
silica, iturin A were eluted with methanol, dried, redissolved in
methanol, and refiltered for subsequent HPLC injection and anal-
yses. Furthermore, the HPLC conditions used in their study were
not sufficiently optimized to separate iturin A and surfactin from
impurities.

In this study, a new rapid, safe and time-saving ATPE method
was developed. Successful extraction of iturin A was achieved using

0.2 ml of ethanol and 0.5 g of (NH4),S04. It was found that the sep-
arate two phases did not appear when the volume of ethanol was
under 0.1 ml in 1 ml of fermentation broth; this was also the case
for (NH4),SO4 under 0.2 g. When two aqueous solutions of certain
incompatible substances, such as polyethylene glycol (PEG) and
glucose or PEG and salt, are mixed above a critical concentration,
liquid-liquid phase separation occurs [34]. There is a limitation
related to each substance, in that two phases will not form, no
matter how high the concentration of one substance, when the
concentration of the other substance is below a certain limit.

The ATPS using ethanol/(NH4),SO4 presented a high recov-
ery rate of iturin A from the NJN-6 strain fermentation broth.
Employing this method could reduce the time required for the
extraction operation compared to the acid precipitation method
[26,35], which requires 12 h for acid precipitation and 8 h for re-
dissolution in methanol, whereas half an hour was sufficient to
complete the ATPE-HPLC method. The method described here is
suitable for industrial detection of iturin A, especially for real-time
monitoring, considering its celerity, high efficiency and safety.

4. Conclusion

In this study, the antifungal substance iturin A produced by the
NJN-6 B. amyloliquefaciens strain was extracted by ATPE and quan-
tified by HPLC. Our results showed that the ATPE-HPLC method
performed favorably in the extraction and quantification of iturin
A and thus has potential to be used in the rapid quantification
of iturin A. Additionally, ATPE-HPLC quantification of iturin A has
the following distinct advantages: (1) compared with traditional
liquid-liquid extraction or acid precipitation, the ATPE technique
is simple, rapid and more environment friendly; and (2) using HPLC
as the identification method results in accurate quantification.
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