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ABSTRACT
Syringolin A is a non-ribosomal virulence factor secreted by few Pseudomonas strains. Syringolin A is a well

known irreversible proteasome inhibitor and antitumor compound. The present study is focused on the extraction of
Syringolin A through a non-tedious and economical process. Syringolin A is extracted from culture supernatants by the
immiscible organic layer by mixing of dichloromethane or chloroform (trichloromethane). Syringolin A was
identified by the characteristic peak at 350 nm by UV spectra. The compound was further characterized by Thin Layer
Chromatography (TLC) with the retention value, Rf was found to be within the range of 0.78-0.83 run using a
combination of solvent systems water and methanol. The molecular weight of the compound determined as 492.2614
g mol-1 identified and analyzed by UHPLC–QTOF-MS analysis. Due to its significant pharmacological importance in
proliferative diseases, further studies on the production and optimization of these compounds are necessary.
Keywords: Chloroform; Dichloromethane; Thin Layer Chromatography; UHPLC–QTOF-MS; UV-Visible
spectrophotometer

1. Introduction
Plants have evolved an innate immune system as a defense against pathogens. Plant bacterial defense systems were

studied in great detail as they have paved the way for the identification of novel molecules of pharmacological
importance. The scientific interest for the search of natural means of microbial inhibitors or defense molecules has
paved the way for the study on natural antibiotics called bacteriocins and bacteriocin-like inhibitory substances (BLIS)
which are produced by a wide range of bacterial species have gained huge attention. BLIS involve a group of
non-ribosomally combined peptides that manifests narrow spectrum antimicrobial properties. BLIS can be considered
as anti-toxins, they vary from traditional antibiotics as these are proteinaceous in nature. BLIS is rapidly destroyed by
the action of proteases and degraded in the human gut[1].

Syringolin A isolated from supernatants of the Pseudomonas syringae pv. Syringae cultures is a peptide virulence
factor, synthesized by non-ribosomal peptide systems of these bacterial strains as a defense system. Syringolin A binds
irrepressible to proteasome targets and gained significant importance as an anti-proliferative molecule[2].

A novel method for extraction and purification of small bacteriocins (small peptides with antimicrobial properties)
were carried out successfully by stirring the cell-free broth with toluene (solvent) to obtain a suspension into the solvent
layer. The order of yield by solvent extraction was found to be 90% in a single step process[3]. A new solvent affinity
method was developed to concentrate lacidin from the culture of Lactobacillus acidophilus OSU133. This method
partitions the bacteriocin at the interface between chloroform and the cell-free culture supernatant. Compared with other
extraction procedures like ammonium sulfate precipitation and cell acidification, the new method effectively recovers
higher bacteriocin yield and results in relatively clean preparations. Recovery of bacteriocin by the chloroform
extraction was >10-fold and 100-fold greater, compared with ammonium sulfate precipitation and cell acidification
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methods respectively[4]. There are many reports on the characterization of Syringolin A. A bacteriocin isolated from
Lactobacillus paracasei HL32 was characterized from culture supernatants by ultraviolet spectrophotometer that showed
maximum peak absorbance at 214 nm and 254 nm and further thin-layer chromatography was carried out[5].

The antimicrobial compounds in the cell-free fermented medium were also extracted by the methanol-acetone
solvent system. The solvent extract was partially purified by thin-layer chromatography which showed one main spot at
Rf 0.8. Antimicrobial activity of the methanol-acetone extract was retained at pH 2.5 to 6.0 but was lost after treating
with proteolytic enzymes[6]. Bacillus subtilis isolated from Tunisian soil showed strong antimicrobial activity. Cell
culture supernatant was subjected to thin layer chromatography that showed the spots with Rf values of 0.70 and 0.82
which exhibited antibacterial activity[7].

The qualitative and quantitative analysis of antimicrobial bioactive peptides is involved in the proteomic studies.
The proteins are analyzed by a peptidomics approach that aims at simultaneous visualization and identification of the
whole peptide compound by the use of powerful hybrid mass spectrometric tools such as Quadrupole- Time of Flight
Liquid Chromatography-Mass Spectroscopy (Q-TOF LC/MS)[8,9]. The technique provides a highly useful qualitative
and quantitative analysis of complicated components which helps in accurate mass measurement and used to determine
the elemental composition of peptides thereby confirming the proposed structures[10].

In the present study, a compound was extracted from the bacterial culture isolated from Donkey milk. This
compound was characterized further by UV absorbance, TLC, and HPLC MS to be a Syringolin A.

2. Experimental part
2.1 Cultures and Media

The isolation bacteria from donkey milk begun with collecting the milk aseptically in a sterile bottle used
immediately within 2 hours or stored at 4ºC. Raw and pasteurized milk was used for isolation of bacteria and was
serially diluted in the range from 10–1 to 10–5 CFU/ml in sterile distilled water. Isolation of bacteria was carried out for
the dilutions 10-3 to 10-5 CFU/ml by pour plate method on nutrient agar, incubated at 37°C for 24 - 48hrs[11]. The
optimization and growth of the bacterial strains are discussed elsewhere[12].
2.2 Ultraviolet Spectroscopy

The cell-free supernatant of the strain Bacillus cereus isolated from Donkey milk was scanned in the range of 220
-360 nm using Shimadzu spectrophotometer (Kyoto, Japan) for spectral absorbance measurements for the characteristic
of bacteriocin-like peptide bonds[13,14]. The media broth was taken as a reference baseline. The controls were also
employed and nisin is used as a positive control in all the analytical experiments.
2.3 Solvent Extraction of the Cell-Free Supernatant

Solvents like dichloromethane and chloroform were mixed with cell-free supernatant in 7:3 v/v separately based on
the miscibility property, shaken vigorously at room temperature for 20 mins to ensure bacteriocin-like compounds were
to extracted into the solvent layer and settled for 24hrs[4,16]. The organic layer where required was evaporated by Buchi
rotavapor (R-300 Cole Parmer IL, USA)
2.4 Thin Layer Chromatography (TLC) Profiling for the Extract

TLC was performed with the extracts from dichloromethane and chloroform which exhibited positive antibacterial
activity against the indicator organisms. Each of 10µL extracts was spotted on the pre-coated thin layer silica plates
(TLC silica gel 60Fe254) that were cut in the size of 7 × 3 cm. The samples were spotted on plates manually using the
capillary tubes. Different combination of the solvent system was tried and optimized the best mobile phase for the
extracts under the laboratory conditions of 25 ± 5 ºC and relative humidity of 40-50%. The TLC chamber was made
saturated with the same solvent system used for the elution of the proteins[17,18].

A volume of 10µL of the thick immiscible layer formed between the supernatant and chloroform was taken which
served as the test solution. The solvent systems of different polarities were tried to select the solvent system capable of
showing better resolution after the elution. The best solvent system selected was chloroform: methanol (6:4 v/v) ratio.
The separation of proteins was based on the differential partition coefficient of stationary and mobile phase. The
developed chromatogram was air dried and observed for the bands under ultraviolet (UV) light at both shortwave (254
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nm) and longwave (366 nm). The movement of analyte was expressed as partition coefficient, indicated by retention
factor (Rf) which is calculated by the formula[19].

Distance traveled by the analyte
Rf =

Distance traveled by the solvent front

2.5 Ultra High-Performance Liquid Chromatography-Mass Spectrometry
(UHPLC–QTOF-MS) Analysis

The molecular mass of the compound was determined by Quadrupole-TOF LC-MS using the instrument Agilent
Series 1290 infinity rapid resolution LC system interfaced with electrospray ionization (ESI) to an Agilent 6540 UHD
Accurate-Mass Q-TOF LC/MS (Agilent Technologies, Palo Alto, CA, USA). Chromatographic separation was achieved
using different columns, initially to optimize separation conditions to acquire maximum metabolites. A reverse phase
C18 ZORBAX RRHD Eclipse Plus analytical column (1200 bar, 1.8µm, pore size 95Å, 160 m2/g) (Agilent Technologies,
Palo Alto, CA, USA). The injected sample volume was 2 µl in positive ionization mode. The mobile phases used were
eluent a containing formic acid in water, and eluent B with formic acid in methanol. Gradient elution was carried out as
follows: eluent B 5–45% from 0 to 8 min; eluent B 45–90% from 8 to 10 min, B 90% from 10 to 15 min; eluent B 3%
from 15 to 20 min. A constant flow rate was used for elution. To maintain mass accuracy during runtime, a reference
mass solution with purine and Hexakis(1H,1H,3H-perfluoropropoxy)phosphazene was used, with m/z 121.0508 and
m/z 922.0097 reference ions respectively in positive ionization mode.

The mass spectrometer performed different runs in positive ionization mode over a mass range from 100 to 1700
Da at 4 GHz high-resolution mode with a scan duration of 2 spectra/s in centroid and profile mode. The mass
spectrometer parameter settings used for the measurement were as follows: capillary voltage: 4.5 kV (positive ion mode)
nebulizer pressure: 35 psi, drying gas: 15 L/min, gas temperature: 300 °C, skimmer voltage 65 V, octapole RF 750 V,
and fragmented voltage 150 V. Data was collected using Mass Hunter workstation software (Agilent, version B.05.00).
The analysis resulted in the determination of the molecular weight of the compound extracted and purified[20].
Identification of compounds was accomplished by comparisons of observed accurate mass and MS/MS spectra with
accurate mass data and spectra in the Metlin Metabolomics and Tandem MS Database (Scripps Center for
Metabolomics, La Jolla, CA), which is licensed in the Mass Hunter software and is available online
(http://metlin.scripps.edu/index.php).
2.6 Surface Plasmon Resonance (SPR)

Surface Plasmon Resonance interactions were done on a Biacore T200 instrument (GE Healthcare Life Sciences,
Bangalore, India). The whole cells were immobilized onto the CM5 (Carboxy methylated) gold chip using amine
coupling chemistry. The dextran matrix on the gold chip was activated with a 1:1 mixture of 0.4 M
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) and 0.1 M N-hydroxy succinimide (NHS) to create reactive
succinimide esters. For immobilization, the free carboxyl groups of the bacterial amine residues were activated with
EDC/NHS, then reacted with the ethylene diamine-derivatized carboxymethyl dextran sensor chip to obtain the desired
ligand concentrations. The standard activation time required to reach the immobilization level is 7 mins[21]. The
unreacted esters are blocked with 1M ethanolamine. The immobilization level is 260 RU. SPR measurements were
carried out in phosphate buffer saline (0.1 M phosphate buffer with 27 mM KCl and 1.37 M NaCl 0.005% polysorbate
20 pH 7.4). Onto the immobilized bacterial cells to which the analyte, i.e., cell-free supernatant to be detected is passed
and the binding response at a single concentration is detected in a real time mode. Nisin at the concentration of 1ppm
(1μg/mL) is used as a positive control and nutrient broth as a negative control. Data was collected with the Biacore
T200 control software version 3.0. Experiments were performed by monitoring the refractive index changes as a
function of time under a constant flow rate of 10 μl/min. The relative amount of active compound bound to the indicator
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organism was determined by measuring the net increase in refractive index over time compared to control
running buffer. There is an inline subtraction from the reference surface during the run. The result from the detection of
the change in RI is displayed as a sensorgram plotted with the binding response (RU) on Y-axis against time in seconds
on X-axis.

3. Results and Discussion
3.1 Growth of culture and extraction of Syringolin A

The new single-step solvent extraction procedure which saves time and is easy to perform is optimized for the
production of bacteriocin-like compound. The semi-polar solvents such as dichloromethane and trichloromethane
(chloroform) mixture were used to easily separate, purify and characterize the compound. The studies conducted by us
paved a way to perform a versatile extraction and recovery method which seemed to be 10-fold greater extractability
than the ammonium sulfate precipitation. Similar methods were reported in the literature based on the solvent affinity
of bacteriocins like subtilin, bacillicin, pediocin, and nisin from cultures of Bacillus subtilis ATCC 6633, B. subtilis
OSY1115/C, Pediococcus acidilactici PO2 and Lactococcus lactis ATCC 11454, respectively[4].
3.2 UV-Visible Spectrophotometer

The crude compounds in cell-free supernatants displayed characteristic protein peaks in the UV spectrums (figure
1) at 210 nm and 350 nm for the samples of broth, and Bacillus cereus (DM7) respectively. The diffusible bioactive
compounds from Bacillus cereus that exhibited potent antibacterial activity was characterized by subjecting to
UV-Visible spectrophotometer. The analysis of antimicrobial peptides by spectroscopic methods is not practiced
commonly, but it gives a clear idea of the probable presence of bacteriocins in the cell-free supernatants. The
UV–visible spectrum peaks clearly indicated the presence of aromatic amino acids. Teixeira et al.[14] reported the
characterization of the antimicrobial peptide produced by Bacillus subtilis by spectrometry.

Figure 1; UV-Visible spectrogram of the cell-free supernatant recorded in the range of 200 - 400 nm with a 1cm path length.

Standard baseline- baseline with Broth as reference and DM7- B. cereus culture Supt.
3.3 Thin layer chromatography (TLC) profiling for the extract of B. cereus (DM7)

Thin layer chromatogram illustrates the presence of a single prominent fluorescent band observed under UV short
wavelength. The chromatogram was developed with chloroform: methanol (6:4 v/v) ratio which effectively separated
the protein. The retention value, Rf was found to be in the range of 0.78-0.83 which was spotted in figure 2. Thin layer
chromatographic profiling was carried out for the solvent extracts of B. cereus which rendered an inexpensive and rapid
route for the tentative identification of bacteriocin molecules in the extracts. Further, the bands were dissolved in 0.1%
TFA in Acetonitrile solution and subjected to UHPLC–QTOF-MS analysis.
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Figure 2; Thin layer chromatograms of the extracts from B. cereus.
3.4 UHPLC–QTOF-MS analysis of an extract of B. cereus (DM7)

The UHPLC–QTOF-MS analysis of B. cereus (DM7) revealed the compound as Syringolin A with the retention
time of 4.961 min illustrated in figure 3. Syringolin A ring structure composed of 5-methyl-4-amino-2-hexenoic acid
and 3,4-dehydrolysine with the molecular formula C24H39N5O6 and molecular weight 492.2614 g mol-1. The compound
exhibited a good mass spectrometric response in the positive ion mode. The mass to charge spectral peak was observed
at 492.26 m/z and on further MS-MS spectrum provided the fragmentation pattern at 493.26 m/z show a characteristic
fragment of 381.152 that corresponded to the compound Syringolin A with the accuracy difference of 0.3 ppm.
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Figure 3; LC/MS spectrum of B.cereus extract. The retention time of the B.cereus extract; B- MS spectra B.cereus extract; C-

Fragmentation pattern of Syringolin A and D-predictive structure of Syringolin A.

The molecular identification of TLC extracts of B.cereus was determined by chromatographic separation and mass
spectrometric analysis by Ultra high-performance liquid chromatography coupled to quadrupole time-of-flight mass
spectrometry (UHPLC-QTOF-MS). Through the available reports reviewed, the use of UHPLC-QTOF-MS for
the bacteriocin identification is for the first time which revealed the compounds present in extracts. The assay provides
a wide inspection dynamic range Q-TOF sensitivity which offers versatile, reliable and high accurate mass analysis.
3.5 Surface Plasmon Resonance

Biacore was used as an analytical technique to monitor the binding of isolated syringolin A to bacterial cells. The
immobilized cells show binding and also the cell culture media shows no binding and can be used as a control. Many
samples were screened for the presence of syringolin A and only the isolated Bacillus cultures from Donkey milk
shows binding. Figure 4. Shows the binding of single extract from the Bacillus culture to immobilized cells. The binding is slow

and gradual and shows no dissociation.

Figure 4; Binding sensorgram showing Springolin A (extracted and purified from Bacillus Cereus) binding to the
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immobilized bacterial cells. Color lines below show the no binding of culture media.

4. Conclusions
Preliminary data conclude that the Bacillus isolated from donkey milk secreted bacteriocin-like compound is easily

extracted from the culture media. The compound is characterized and found to be Syringolin A like compound from
spectral studies. Binding studies show its binding to immobilized cells.
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