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Abstract A wild-type, Gram-positive, rod-shaped, endo-

spore-forming and motile bacteria has been isolated from

palm oil mill sludge in Malaysia. Molecular identification

using 16S rRNA gene sequence analysis indicated that the

bacteria belonged to genus Paenibacillus. With 97 % simi-

larity to P. alvei (AUG6), the isolate was designated as P.

alvei AN5. An antimicrobial compound was extracted from

P. alvei AN5-pelleted cells using 95 % methanol and was

then lyophilized. Precipitates were re-suspended in phos-

phate buffered saline (PBS), producing an antimicrobial

crude extract (ACE). The ACE showed antimicrobial

activity against Salmonella enteritidis ATCC 13076, Esch-

erichia coli ATCC 29522, Bacillus cereus ATCC 14579 and

Lactobacillus plantarum ATCC 8014. By using SP-

Sepharose cation exchange chromatography, Sephadex G-25

gel filtration and Tricine SDS-PAGE, the ACE was purified,

which produced a *2-kDa active band. SDS-PAGE and

infrared (IR) spectroscopy indicated the proteinaceous nat-

ure of the antimicrobial compound in the ACE, and liquid

chromatography electrospray ionization mass spectroscopy

and de novo sequencing using an automatic, Q-TOF premier

system detected a peptide with the amino acid sequence F–

C–K–S–L–P–L–P–L–S–V–K (1,330.7789 Da). This novel

peptide was designated as AN5-2. The antimicrobial peptide

exhibited stability from pH 3 to 12 and maintained its

activity after being heated to 90 �C. It also remained active

after incubation with denaturants (urea, SDS and EDTA).
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Introduction

In the mid-1980s, pathogenic bacterial strains arose that

were resistant to multiple conventional antibiotics, and,

since then, researchers have sought alternative therapeutics

(Devasahayam et al. 2010). According to Papagianni

(2003), antimicrobial peptides are promising candidates

because they have the potential to treat infection and are

largely considered to be alternatives to existing antibiotics.

Antimicrobial peptides have shown inhibitory activity

against Gram-positive and Gram-negative, pathogenic

bacterial strains (Papagianni 2003), but no toxic effects

against mammalian cells have been reported (Matsuzaki

2009). Antimicrobial peptides can be defined as small

proteins produced by living organisms that defend against

pathogens (Papagianni 2003).

Many types of antimicrobial peptides are produced by

bacteria, and Gram-positive bacteria are often reported to

produce antimicrobial peptides that are less than 6 kDa in

The GenBank accession number for the 16S rRNA gene sequence of

Paenibacillus alvei AN5 reported in this paper is JQ868768.

The Uniprot accession number of the antimicrobial peptide AN5-2

described in this paper is B3EWQ7.
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size (Papagianni 2003). Of these bacteria, Paenibacillus sp.

are facultative anaerobic, endospore-forming bacteria (Ash

et al. 1992). For example, P. polymyxa strains have been

widely described as antimicrobial-peptide producers that

produce different types of peptides including polymyxins,

polypeptins, jolipeptin, gatavalin, gavaserin, saltavidin,

fusaricidins and polyxins. The most common of these

antimicrobial peptides are the polymyxins (Raza et al.

2008), which are cyclic, lipopeptide antibiotics with heat-

stable activity and a length of 2–20 amino acids (Orwa

et al. 2002).

Paenibacillus alvei was first isolated from the dead

larvae of honeybees and identified as Bacillus alvei by

Cheshire and Cheyne in 1885. It was later classified as P.

alvei (Ash et al. 1992) and described as a rod-shaped,

Gram-positive, motile, facultative anaerobic bacterium that

formed oval-shaped endospores (Djordjevic et al. 2000).

Antimicrobial peptide production in P. alvei was first dis-

covered by Anandaraj et al. (2009). Two peptides were

discovered in the purified culture supernatant of this

organism: paenibacillin N (1,157 Da) and paenibacillin P

(1,910 Da), and both were found to be active against

Gram-negative and Gram-positive bacteria. The amino acid

sequence of paenibacillin N was unique among polymyxins

due to the presence of glycine, and the amino acid

sequence of paenibacillin P did not show similarity to any

existing antibiotics. Paenibacillin P is thus considered a

novel antimicrobial peptide (Anandaraj et al. 2009). In our

laboratories, we have isolated wild-type P. alvei and have

found antimicrobial compounds in the culture supernatant

(Alkotaini et al. 2013). In this study, we identified a wild-

type strain of P. alvei and investigated the antimicrobial

compounds that were extracted from only the cells rather

than secreted.

Materials and methods

Bacterial strains

A local AN5 strain that was previously isolated from palm

oil mill sludge was obtained from the Biochemical Engi-

neering Laboratory of the Faculty of Engineering and Built

Environment, Universiti Kebangsaan Malaysia. It was

grown in Nutrient Broth (NB) (Oxoid limited, UK) at

30 �C with shaking at 150 rpm for 24 h. The test strains

used in this study (Table 1) were obtained from the

American Type Culture Collection (ATCC) and the Bio-

chemical Engineering Laboratory, Faculty of Engineering

and Built Environment, UKM. The test strains were grown

in Tryptic Soy Broth (TSB) (Difco, USA) at 37 �C with

shaking at 150 rpm for 24 h.

Identification of the AN5 strain by 16S rRNA

sequencing

Sequencing of the 16S rRNA gene of P. alvei was per-

formed using a fresh sample that was grown in NB. The

cells were harvested and suspended in 10 mM EDTA–

150 mM NaCl (pH 8.0), and DNA was extracted (Promega,

Madison, USA). PCR was carried out according to a pre-

viously described method (Lee et al. 2003) using the uni-

versal primers B27F (50-AGAGTTTGATCCTGGCTCAG-

30) and U1492R (50-GGTTACCTTGTTACGACTT-30).
PCR products were purified using a PCR clean-up kit

(Promega, Madison, USA) prior to DNA sequencing

(Firstbase Laboratories Sdn. Bhd., Selangor, Malaysia).

The sequence was analyzed using the T-Coffee alignment

program and verified using the BLAST database (http://

www.ncbi.nlm.nih.gov/).

Preparation of antimicrobial crude extract

The local AN5 strain was cultivated in 500 ml of Modified

Landy Medium (20 g/l glucose; 2 g/l yeast extract; 5.0 g/l

L-glutamic acid; 2 g/l KH2PO4; 0.16 mg/l CuSO4; 0.5 g/l

MgSO4.7H2O; 0.15 mg/l FeSO4; 0.5 g/l KCl; 4 g/l NaCl;

1 g/l (NH4)NO2; 1 g/l NH4SO4; 45.0 mg/l MnSO4.H2O;

pH 7.0) (Landy et al. 1948) at 30 �C with 150 rpm agita-

tion for 48 h. The cells were pelleted at 9,000 rpm for

Table 1 Activity of ACE obtained from P. alvei AN5 against test

strains

Bacterial test strains Inhibition zones

diameter

Staphylococcus aureus -

Streptococcus agalactiae ATCC 12386 -

Staphylococcus epidermidis -

Lactobacillus plantarum ATCC 8014 ???

Lactococcus lactis ATCC 11454 -

Bacillus subtilis -

Bacillus cereus ATCC 14579 ???

Bacillus anthracis -

Bacillus licheniformis -

Bacillus flexus -

MRSA -

Escherichia coli ATCC 25922 ???

Escherichia coli ???

Salmonella enteritidis ATCC 13076a ????

Pseudomonas aeruginosa -

Serratia marcescens -

-: no inhibition zones, ?: zone diameter 6–11 mm, ??: zone

diameter 12–16 mm, ???: zone diameter 16–21 mm, ????: zone

diameter C22 mm
a The indicator strain
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20 min and freeze dried. The lyophilized cells were

extracted with 100 ml of 95 % methanol at 4 �C for 18 h

(Wescombe et al. 2006; Deng et al. 2009), the methanol

extract was then freeze dried, and the precipitates were re-

suspended in 10 ml of phosphate buffered saline (PBS), pH

7.2, which produced the antimicrobial crude extract (ACE).

The ACE was heated up to 65 �C for 20 min for protease

inactivation. The total activity of the ACE was then

determined by a twofold-dilution agar diffusion test. A

series of twofold dilutions of ACE was prepared, and

100 ll of each dilution was tested for antimicrobial activ-

ity. An arbitrary unit (AU/ml) was defined as the reciprocal

of the highest dilution yielding a clear inhibition zone

against the indicator strain (Martin 2003). In this study,

Salmonella enteritidis ATCC 13076 was used as an indi-

cator strain.

Antimicrobial activity of the ACE

The antimicrobial activity of the ACE was assessed using

an agar well diffusion assay as previously described but

with some modifications (Chen et al. 2010). Briefly, 100 ll

(OD600 = 0.1) of each test strain (Table 1) was prepared

and mixed with 20 ml of tryptic soy agar (TSA) or nutrient

agar (NA) (Oxoid, UK) before being solidified and cast in a

Petri dish. Three circular wells were cut to be 6 mm in

diameter, and they were filled with 100 ll of the ACE. The

plates were incubated at 4 �C for 8 h to allow for absorp-

tion, and they were further incubated at 37 �C for 24 h. The

tests were carried out in triplicate, and the average sizes of

the inhibition zones were recorded.

Purification of the ACE

The molecular weight of the antimicrobial active com-

pound in the ACE was estimated by performing ultra-fil-

tration with molecular weight cut-off (MWCO) values of 5,

10 and 30 kDa (Sigma Aldrich, Germany). Four fractions

were obtained and tested against the indicator strain. The

ACE was subjected to manual column cation exchange

chromatography using an SP-Sepharose fast flow column

(Sigma Aldrich, Sweden), and equilibration was carried out

using 5 mM ammonium acetate at pH 5. The sample was

fractionated using the same buffer, with a linear gradient of

50–1,150 mM NaCl at 100 mM intervals. The active

fraction was then further purified using gel filtration

chromatography with Sephadex G-25 fine resin (Sigma

Aldrich, Germany), and it was eluted with buffer contain-

ing 50 mM sodium phosphate and 150 mM NaCl at pH

7.0. The fractions were collected, concentrated by freeze

drying and tested for antimicrobial activity against the

indicator strain. The molecular weight and sample purity

were determined on a 16.5 % Tricine SDS-PAGE gel as

described by Schägger (2006). The gel was cut into vertical

strips, and one half of the gel was stained with Coomassie

blue R-250, while the other lane was overlaid on 0.7 % soft

NA containing a fresh overnight culture of the indicator

strain. Using the method of Bhunia et al. (1987), the

activity of the purified active fraction was then determined.

Infrared (IR) spectroscopy of the antimicrobial peptide

The purified antimicrobial peptide was lyophilized using a

freeze dryer (Christ alpha 1–4 LSC, Germany), and the

resulting paste was subjected to Fourier transform infrared

(FT-IR) spectroscopy (Thermo scientific Nicolet 6700,

Japan). The IR spectrum was obtained automatically, and

the bands were analyzed to determine the functional

groups.

Molecular mass determination and de novo sequencing

of the antimicrobial peptide

The purified sample was further analyzed by integrated

nano liquid chromatography electrospray ionization mass

spectroscopy (LC/ESI–MS) (Waters, UK). Nano ultra

performance liquid chromatography (UPLC) separation

was performed using a nano ACQUITY@ UPLC system

that was equipped with a Symmetry C18 5 lm,

20 mm 9 180 lm pre-column and BEH C18 1.7 lm,

20 cm 9 75 lm analytical reversed-phase column. Fol-

lowing the manufacturer’s instructions, 500 ng of sample

was initially loaded and transferred with 0.1 % aqueous

formic acid solution to the pre-column at a 15 ll/min flow

rate for 3 min. The mobile phase consisted of 0.1 % formic

acid in water (solvent A) and 0.1 % formic acid in aceto-

nitrile (solvent B). The sample was separated with a gra-

dient of 1–40 % solvent B in solvent A for 90 min at a flow

rate of 3 ll/min, which was followed by a 3-min rinse with

85 % solvent B in solvent A. The column was re-equili-

brated for 20 min, and the total cycle time from injection to

injection was 120 min. The eluted sample was directly

exposed to positive electrospray ionization, which was

performed using capillary and cone voltages of 3 kV and

20 V, respectively, while the source temperature was

maintained at 80 �C. Collision energies were set to 4 and

15–40 V for MS and MS/MS. De novo peptide sequencing

was performed in a data-directed analysis (DDA) experi-

ment in which the only required input was the intensity

threshold used to trigger the MS/MS acquisition and

acquisition time. During the course of MS/MS acquisition,

the collision energy was ramped using a pre-defined col-

lision energy profile that maximized the data quality and

information while minimizing the user input and time

required. De-isotoping and database searching of the

fragmented spectra were automatically performed using the
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Q-TOF premier system and ProteinLynx Global SERVER

v 2.4 software.

Mode of action of antimicrobial peptide AN5-2

The antimicrobial peptide was screened against four selected

test strains: S. enteritidis ATCC 13076, Escherichia coli

ATCC 29522, Bacillus cereus ATCC 14579 and Lactoba-

cillus plantarum ATCC 8014. The strains were grown in

10 ml of TSB, and the purified antimicrobial peptide, AN5-2

(40 AU/ml), was added during the early exponential phase

after 5 h of growth. Changes in the turbidity at 600 nm were

measured at 1-h intervals and compared to those of control

cultures of the test strains grown in TSB (Kayalvizhi and

Gunasekaran 2010). The selected test strains were harvested

after incubation with peptide AN5-2 and re-cultivated on

fresh NA, and the growth activity was measured. The

inhibitory activity (I.A.) of AN5-2 was measured using the

following equation (Naghmouchi et al. 2011):

I:A: ¼ 100� 100� OD 600 ðaÞ
OD 600 ðbÞ

where (a) is the culture containing the purified antimicro-

bial peptide AN5-2 and (b) is the control culture without

the antimicrobial peptide AN5-2.

Stability of the antimicrobial peptide AN5-2

The stability of the purified, antimicrobial peptide AN5-2 at

40 AU/ml was determined by exposing it to different ranges of

temperature and pH and different denaturants. For the tem-

perature stability measurement, the sample was exposed to

various temperatures (40–100 �C at intervals of 10 �C) in a

water bath for 30 min. To test the pH stability, the sample was

incubated at various pH values (2–13 at intervals of 1.0 pH

unit) that were adjusted by using 0.5 N NaOH and 0.5 N HCl

and followed by a 2-h incubation at 25 �C. The samples were

then neutralized to the original pH prior to testing for anti-

microbial activity (Chen et al. 2010). The effects of various

denaturants were evaluated by incubating the sample with 1 %

SDS (w/v), 10 mM EDTA (Vivantis, Malaysia) or 1 % urea

(w/v) (Sigma Aldrich, USA) for 1 h at 37 �C, and these

treatments were followed by centrifugation at 10,000 rpm for

5 min. The resulting supernatant was tested for antimicrobial

activity (Kayalvizhi and Gunasekaran 2010).

Results

Identification of the AN5 strain

Microscopy analysis of a cell of the AN5 strain indicated

that it is a Gram-positive, rod-shaped and motile bacterium

with a central, oval endospore. For molecular identifica-

tion, the 16S rRNA gene sequence was amplified, and

1,441 bases of the 16S rRNA gene were used to identify the

strain. Sequence analysis indicated that the AN5 strain

belonged to Paenibacillus sp., and was 97 % similar to the

sequence of P. alvei (AUG6) in the GenBank database. The

sequence was deposited in GenBank under the accession

number JQ868768 and designated P. alvei AN5.

Screening of the antimicrobial activity

The cell extracts of P. alvei AN5 were used to recover the

antimicrobial compound, and the activity of the designated

ACE was determined to be 40 AU/ml at the lowest con-

centration that yielded a clear inhibition zone (1:4 dilu-

tion). The antimicrobial activity of the ACE was screened

against the test strains, and ACE was found to inhibit the

growth of L. plantarum ATCC 8014, B. cereus ATCC

14579, E. coli ATCC 29522 and S. enteritidis ATCC

13076. ACE was not active against the other test strains.

All tests were carried out in triplicate, and all results were

consistent. The diameters of the inhibition zones are shown

in Table 1.

Identification of the antimicrobial peptide AN5-2

By using MWCO spin tubes, four fractions were obtained

(\5, 5–10, 10–30 and [30 kDa), and the active fraction

was found to be below 5 kDa (Fig. 1). Purification of the

ACE was carried out using SP-Sepharose fast-flow col-

umns, and the active fraction was eluted with 450 mM

NaCl in 5 mM ammonium acetate. This active fraction was

subjected to gel filtration with Sephadex G-25 fine resin,

and six fractions were collected, concentrated and tested

for antimicrobial activity. Only the first elution was active

against S. enteritidis ATCC 13076. The purity was deter-

mined on a Tricine SDS-PAGE gel, which showed a single

band with a molecular weight of approximately 2 kDa.

When the un-stained band was overlaid on the soft NA-

containing indicator strain, an inhibition zone was observed

that matched the band located in the stained lane (Fig. 2).

By using a twofold dilution agar diffusion test, the total

activity of the active fraction was determined (40 AU/ml).

The purified, antimicrobial compound was then lyophilized

and subjected to FT-IR to confirm the proteinaceous nature

of the peptide. The infrared spectrum showed major peaks

at 3,357.9, 1,633.1 and 1,406.5 cm-1 (Fig. 3). The purified,

antimicrobial peptide was further analyzed using LC–MS/

MS, and the raw data showed one peptide at a molecular

weight of 1,330.7789 Da that was derived from the triply

charged ion peak that was ionized by ESI (Fig. 4a). To

determine the amino acid sequence, the peptide was ana-

lyzed by de novo sequencing and was predicted to have the
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sequence F–C–K–S–L–P–L–P–L–S–V–K according to the

fragmentation (MS/MS) spectrum. The predicted sequence

was later confirmed by using a series of y and b ions and by

relying on the natural loss of each amino acid. Based on

automatic calculations by the data analysis software

(PLGS), the amino acids F1 and L7 were confirmed by the

a ions of C=O (-28 l). The C2, K3, S4, L5 and P6 amino

acids were confirmed by the b ions and by the neutral loss

of H2O (-17 l) and NH4 (-18 l), and the P8, S10 and K12

amino acids were determined by the y ions. The other two

amino acids, L9 and V11, were determined by the neutral

loss of H2O (-17 l) from the y ions (Fig. 4b). The peptide

sequence was used to query the APD and NCBI databases,

but the results suggested that this was a novel antimicrobial

peptide with little similarity to existing antimicrobial

peptides (Table 2). This antimicrobial peptide was desig-

nated AN5-2 and registered in Uniprot under the accession

number B3EWQ7.

Characterization of the antimicrobial peptide AN5-2

The purified antimicrobial peptide AN5-2 (40 AU/ml) was

tested against the four selected test strains during their

early exponential growth phases. A rapid decrease in cell

density was observed, and after 5 h of treatment, the

growth of S. enteritidis ATCC 13076, E. coli ATCC 29522,

B. cereus ATCC 14579 and L. plantarum ATCC 8014 was

completely inhibited (Fig. 5a–d). The supernatants of the

selected test strains were collected and re-cultivated on

fresh TSA, but no growth activity was observed, which

confirmed that the activity was bactericidal rather than

bacteriostatic. Inhibitory activities are shown in Table 3.

The strongest recorded inhibitory response after 1 h of

incubation was 73.9 % for S. enteritidis ATCC 13076, and

the lowest inhibition that was observed was 33.3 % against

L. plantarum ATCC 8014. AN5-2 (40 AU/ml) was stable

when exposed to temperatures ranging from 40 to 80 �C.

However, the antimicrobial activity declined at 90 �C and

was completely eliminated at 100 �C. In addition, the

peptide retained its activity within a pH range of 3–12

during a 2-h incubation; and the antimicrobial activity of

AN5-2 was recovered after treatment with SDS and EDTA,

but it was slightly reduced after treatment with urea

(Table 4).

Discussion

In this study, a wild-type strain of P. alvei was isolated

from palm oil mill sludge, and the characteristics of the

cells and colonies were similar to those described in a

previous study (Cohen et al. 2000). A study by Fox in 1980

concluded that each bacterial species had a unique 16S

rRNA sequence that reflected its evolutionary history (Fox

et al. 1980). Therefore, molecular identification using the

16S rRNA gene sequence of this isolate was performed and

proved that the AN5 strain was a newly isolated strain of P.

alvei. We designated this strain P. alvei AN5.

Previous findings indicated that P. polymyxa JSa-9

secreted antimicrobial peptides such as LI-F into the cul-

ture broth (Deng et al. 2011), and a polymyxin, B6, was

found in the cell extracts (Deng et al. 2009). This study

focused on the cell extracts of P. alvei AN5 rather than the

culture supernatant, where a novel secreted antimicrobial

peptide AN5-1 had been identified in previous studies

(Alkotaini et al. 2013). The antimicrobial compound was

extracted from P. alvei AN5 cells after 48 h of cultivation

Fig. 1 Antimicrobial activity of ACE fractionated using MWCO.

Four fractions were obtained: \5, 5–10, 10–30 and [30 kDa, and

tested against S. enteritidis ATCC 13076 as indicator strain

Fig. 2 Tricine SDS-PAGE supplemented with glycerol. Lane M

color marker ultra-low range (M.W. 1.06–26.6 kDa; Sigma, USA),

lane 1 purified ACE stained with Coomassie blue, lane 2 the non-

stained lane placed on a soft NA plate containing S. enteritidis ATCC

13076
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and was found to be active against Gram-positive and

Gram-negative, foodborne-bacterial strains. Only one pre-

vious study had identified antimicrobial compounds pro-

duced by wild-type P. alvei. Anandaraj et al. (2009)

studied P. alvei NP75 and found two secreted antimicrobial

peptides, which the authors isolated and characterized.

Paenibacillin P was active against Gram-positive bacteria,

whereas Paenibacillin N was active against Gram-negative

bacteria.

SDS-PAGE and FT-IR spectroscopy confirmed the

proteinaceous nature of the antimicrobial compound that

was isolated in this study because the compound displayed

N–H (Amide A) and C=O bond stretching (Amide I) at

3,357.9 and 1,633.1 cm-1, respectively (Fig. 3) (Kong and

Yu 2007). A peak at 1,406.5 cm-1 corresponded to the

C=O stretching (symmetric) of COO- (Maquelin et al.

2000). The antimicrobial peptide AN5-2 has a linear pep-

tide structure containing only amino acids residues in

contrast with polymyxin produced by Paenibacillus poly-

myxa which has structure of cyclic hepta-peptide moiety

attached to a tri-peptide side chain bonded with fatty acyl

residues on the N-terminal amino group (Orwa et al. 2002).

Meanwhile, fusaricidins are produced by P. polymyxa and

their molecules consist of a cyclic depsipeptide with an

unusual 15-guanidino-3-hydroxypentadecanoic acid moi-

ety attached to the free amino group (Raza et al. 2008).

These structures are totally different from AN5-2 isolated

in this study.

We found no matches for the amino acid sequence in the

Uniprot database at the time of this writing. When

searching the APD database, we found a 44.44 % match

with Imcroporin (Zhao et al. 2009), a 43.75 % match with

the antimicrobial peptides Temporin-1Ce and Temporin-

1Cd (Halverson et al. 2000), and a 42.85 % match with

Phylloseptin-H8 and Phylloseptin-H7 (Leite et al. 2005).

Interestingly, these antimicrobial peptides were isolated

from non-bacterial sources (Table 2). These findings indi-

cate that AN5-2 is a novel antimicrobial peptide.

The antimicrobial peptide AN5-2 exhibited bactericidal

action against foodborne bacteria such as S. enteritidis

ATCC 13076, E. coli ATCC 29522, B. cereus ATCC

14579 and L. plantarum ATCC 8014 (Fig. 5a–d). It has

been reported that low-molecular-mass bacteriocins that

are produced by Gram-positive bacteria have bactericidal

action (Jack et al. 1995) that is generally elicited by an

interaction between the peptide and the target bacterial cell

membrane, resulting in membrane rupture through pore

formation in the membrane bilayer and cell lysis (Brogden

2005; Oscáriz and Pisabarro 2001). The positive charge

and hydrophobic side groups of the antimicrobial peptide

greatly influence its interactions with the negatively

charged bacterial membrane (Straus and Hancock 2006;

Teixeira et al. 2012). We have isolated the antimicrobial

peptide AN5-2, which is positively charged and rich in

hydrophobic amino acids, i.e., one phenylalanine (F), one

cysteine (C), three leucines (L) and one valine (V). This

composition explains its interaction with the target bacte-

rial cell membrane that causes pore formation and leads to

cell lysis, as shown in Fig. 5a–d. Its bactericidal cell-lysing

action against foodborne bacteria (such as S. enteritidis

ATCC 13076 and B. cereus ATCC 14579) and relatively

high stability to high temperature (90 �C) and a pH chan-

ges (pH 3–12) are two major characteristics that make

AN5-2 a possible candidate for industrial applications such

as food preservation. AN5-2 compares favorably with

nisin, which has been widely used in the food preservation

industry and has a high stability at pH values as low as 2

(Bucci et al. 1990; Davies et al. 1997). However, this study

Fig. 3 Fourier transform

infrared spectroscopy of

purified antimicrobial peptide

AN5-2

1382 World J Microbiol Biotechnol (2014) 30:1377–1385

123



was limited because it did not address the toxicity of the

antimicrobial peptide AN5 toward mammalian cells. These

experiments must be performed before employing the

antimicrobial peptide AN5-2 as a preservative.

Conclusions

This study has identified a novel antimicrobial peptide,

AN5-2, which is produced by a newly isolated bacteria P.

Fig. 4 Mass spectroscopyof purified antimicrobialpeptideAN5-2,a ESI

spectra of purified antimicrobial peptide AN5-2 obtained from UPLC

shows single band has three charges of molecular mass 444.6012 m/z

ionized by ESI with overall molecular mass 1,330.7789 Da. b MS/MS

spectra of purified antimicrobial peptide AN5-2 performed automatically

using ProteinLynx Global Server v 2.4 software. The amino acid sequence

was deducted by interpreting the ESI–MS/MS spectra displaying the

fragments of m/z 120.1 (a1), m/z 147.1 (y1), m/z 229.1 (z2), m/z 251.1 (b2),

m/z 333.2 (y3), m/z 379.2 (b3), m/z 429.3 (z4), m/z 466.2 (b4), m/z 543.3

(y5), m/z 579.3 (b5), m/z 676.3 (b6) and m/z 761.4 (a7)

Table 2 Comparison of antimicrobial peptide AN5-2 with other antimicrobial peptides existed in APD

Peptide Sequence Source Similarity (%) References

AN5-2 FCKSLPLPLSVK P. alvei AN5 – This study

Imcroporin FFSLLPSLIGGLVSAIK Isometrus maculates 44.44 Zhao et al. (2009)

Temporin-1Ce FLPFLATLLSKVL Rana clamitans 43.75 Halverson et al. (2000)

Temporin-1Cd FLPFLASLLSKVL Rana clamitans 43.75 Halverson et al. (2000)

Phylloseptin-H8 FLSLLPSLVSGAVSLVKKL Phyllomedusa hypochondrialis 42.85 Leite et al. (2005)

Phylloseptin-H7 FLSLLPSLVSGAVSLVKIL Phyllomedusa hypochondrialis 42.85 Leite et al. (2005)
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alvei AN5. The amino acid sequence of AN5-2 was

determined by de novo synthesis to be F–C–K–S–L–P–L–

P–L–S–V–K, and the molecular mass was calculated to be

1,330.7789 Da. AN5-2 was found to be bactericidal by

causing cell lysis in foodborne bacteria. In addition, AN5-2

showed relatively high stability when challenged with heat,

changes in pH and exposure to denaturants. These findings

show that the AN5-2 peptide is a promising candidate for

further studies and that it may prove useful in industrial

applications as a food preservative.
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Fig. 5 Effects of purified

antimicrobial peptide AN5-2 at

40 AU/ml against selected

target strains: a S. enteritidis

ATCC 13076, b E. coli ATCC

29522, c B. cereus ATCC 14579

and d L. plantarum ATCC 8014,

in the absence (circle) and

presence (triangle) of

antimicrobial peptide AN5-2.

The bacterial growth was

measured by means of optical

density at 600 nm (OD600)

Table 3 Percentages of inhibitory activity of purified antimicrobial

peptide (40 AU/ml) produced by P. alvei AN5 against selected test

strains

Target cells Percentage of inhibitory activity

1 h 2 h 3 h 4 h 5 h

E. coli ATCC 29522 46.9 82.1 95.8 100 100

L. plantarum ATCC 8014 33.3 70.2 81.2 86.6 88.8

S. enteritidis ATCC 13076 73.9 92.8 98.9 100 100

B. cereus ATCC 14578 58.3 84.5 98.8 100 100

Table 4 Stability of purified antimicrobial peptide (40 AU/ml)

against temperature, pH and chemicals using S. enteritidis ATCC

13076 as indicator strain

Stability Response (inhibition

zones diameter)

Temperature (�C)

40 ????

50 ????

60 ????

70 ????

80 ????

90 ??

100 -

pH values

2 -

3 ???

4 ????

5 ????

6 ????

Table 4 continued

Stability Response (inhibition

zones diameter)

7 ????

8 ????

9 ????

10 ????

11 ????

12 ??

13 -

Chemicals

SDS ????

EDTA ????

Urea ???

-: no inhibition zones, ?: zone diameter 6–11 mm, ??: zone

diameter 12–16 mm, ???: zone diameter 16–21 mm, ????: zone

diameter C22 mm
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