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Abstract Microorganisms secrete antimicrobial pep-
tides (AMPs) which are part of the innate immune sys-
tem and rapidly increase in concentration in the host upon
challenge by pathogens, which they produce themselves.
Kimchi, a traditional Korean food fermented by Bacillus
organisms, is found to be ideal for AMP production. Our
aim was to investigate the therapeutic potential of antimi-
crobial substances produced by Bacillus species. Peptide
KIR was subjected to fermentation in a culture media
containing carbon and nitrogen sources and metal ions. A
protein band around 4.6 kDa was detected in tricine-SDS-
PAGE and confirmed by in situ inhibitory activity of the
gel. Peptide KIR was stable over a broad range of pH
(6.5-9), thermo tolerant up to 60°C and showed unaltered
activity at low temperatures (0—4 °C). The complete amino
acid sequence of peptide KI1R was AVQGTLEDALNLSK-
GALNQVQKAIQNGDXLTVXGXLGTIXLAVSX. The
antagonistic effect of peptide K1R against multiple drug
resistant (MDR) pathogens such as Salmonella Typhimu-
rium and Enterococcus sp. verified its potential application
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in treating MDR cases. The antioxidant activity of peptide
K1R was also comparable to that of standard ascorbic acid.
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Vancomycin - Enterococcus

Introduction

Antimicrobial peptides (AMP) constitute a distinct class of
naturally existing antimicrobial molecules that have activ-
ity against a wide range of pathogenic microorganisms.
Currently, conventional antibiotics are under intense pres-
sure from developing resistance. AMPs are exciting leads
in the development of novel biocidal agents. They also are
alternatives to chemical food preservatives.

Despite continuing efforts, the increasing prevalence of
resistance to common antibiotics among pathogenic bac-
teria has become one of the most significant concerns in
modern medicine. With significantly reduced investments
in antimicrobial research and development among major
pharmaceutical companies, novel alternatives to the exist-
ing treatment strategies are not being produced at a suffi-
cient rate to keep pace with the emergence of resistance,
and the supply pipeline runs perilously close to drying up
(Falagas et al. 2006).

AMPs serve as important defensive weapons against a
broad spectrum of bacterial and fungal pathogens through-
out the animal and plant kingdoms (Andreu and Rivas
1998). The sources range from single-celled microorgan-
isms, such as bacteria themselves (bacteriocins) (Joerger
2003), to invertebrates (Brown and Hancock 2006). AMPs
have a direct effect on microorganisms. In addition they
have been proven to promote the accumulation of immune
cells including macrophages, neutrophils and lymphocytes
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(Bowdish et al. 2005), neutralize lipopolysaccharides
(endotoxin) derived from gram-negative bacteria (Rosen-
feld et al. 2008), aid in wound healing, stimulate angiogen-
esis (Elsbach 2003), and control the actions of the innate
and adaptive immune response with little or no resistance
development. AMPs exert their microbicidal effect via
disruption of the microbial cell membrane together with
intracellular action and some of them exhibit both proper-
ties which is concentration dependent (Yeaman and Yount
2003; Brogden 2005).

AMPs are considered as one of the major candidates for
the development of novel therapeutic agent alternatives to
conventional antibiotic therapy. They are being extensively
evaluated as novel antimicrobial drugs AMPs because they
damage the membrane integrity of microbes and thus are
thought to be less likely to induce resistance (Sang and Ble-
cha 2008). Collectively, these peptides demonstrate a broad
range of antiviral and antibacterial activities and modes of
action, and it is important to distinguish between the direct
microbicidal and indirect activities against pathogens. The
structural requirements of peptides for antiviral and anti-
bacterial activities are evaluated in light of the diverse set
of primary and secondary structures described for host-
defense peptides (Jenssen et al. 2006).

The production of AMPs by Bacillus strains has been
increasingly characterized in the recent past and many pep-
tides produced by this group of bacteria have been exten-
sively employed in fermentation technology to manufac-
ture antibiotics. Bacillus and related species have been the
object of particular interest because of their safety, wide-
spread distribution in diverse habitats, and remarkable abil-
ity to survive adverse conditions owing to the development
of endospores. The AMPs from Bacillus spp., includes var-
ious classes of bacteriocins (Klaenhammer 1993), antimi-
crobial surface-active biosurfactants such as lipopeptides,
glycopeptides and nonribosomally synthesized cyclic pep-
tides (Mukherjee et al. 2006; Rodrigues et al. 2006).

The main objective of this work was to determine the
effect and activity of AMPs which may contribute in the
arena of pharmaceuticals, microbiology, and biotechnol-
ogy for the welfare of mankind. We have been working to
find out alternatives to the available antibiotic therapy to
eliminate multi-drug-resistant bacteria. AMPs are naturally
synthesized compound that exert antagonistic effect on
other species. The bactericidal effects produced by micro-
organisms allow them to exist in their surroundings as a
means of survival. These naturally produced compounds
can be alternatives to the available antibiotic therapy. The
therapeutic application of AMP hindered by problems such
as low stability, toxicity, renal clearance and high manu-
facturing cost. In this study, we put our effort in utilizing
our newly isolated AMP produced by Bacillus sp. KI1R.
KIR was isolated from fermented food, kimchi (a popular
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traditional Korean food). It shows stability towards a wide
range of tested conditions.

Materials and Methods
Materials

Sephadex G-50 and Sephadex G-25 were purchased from
Pharmacia (Uppsala, Sweden). All the other reagents were
of analytical grades.

Isolation and Screening

The bacterial strain KIR was isolated from the traditional
Korean food, kimchi. For isolation, 1 g of kimchi was
mixed with 9 mL of 0.85% NaCl and kept in incubator at
37°C for 24 h. After diluting up to 10’ times with distilled
water, the diluted sample was inoculated in Mueller—Hin-
ton agar plates. After growth of bacteria, the plates were
subjected for screening and identification. This was done
according to the Bergey’s manual of systematic bacte-
riology. Many researchers have demonstrated kimchi as
a source of many bacterial strains capable of producing
AMPs (Lee et al. 2011, 1999; Yamanaka et al. 2007).

Sequence Similarities

The BLAST program (http://www.ncbi.nlm.nih.gov/blast)
was employed to assess the degree of DNA similarity.

Optimization of Culture Media

Optimization of culture media has great significance in the
improved production of AMP. Different researchers sug-
gest different types of media for the enhanced production
of bacteriocins. Media optimization was performed with
1% of different carbon sources (Lactose, Sorbitol, Sucrose,
Glucose, Mannitol, Starch, Fructose, and Maltose), 1% of
different nitrogen sources (Tryptone, Yeast extract, Pep-
tone, Oat Meal, Beef extract, Malt, Soymeal) and 0.01%
of different metal ions (KH,PO,, FeSO,, NaCl, Na,HPO,,
CaCl,, NaH,PO,, MgSO,, ZnSO,, and MgCl,) till final
optimization (Fig. 2d). de Man, Rogosa and Sharpe bac-
terial growth media (commonly termed as MRS media)
was taken as a control media and the amount of the three
sources was varied. Finally, 2% beef extract and 2% malt-
ose were established as the optimized media and fermen-
tation was carried out in 250 mL Erlenmeyer flasks con-
taining 20% of the media (50 mL) with constant shaking
at 160 rpm at 37 °C. No effect on metal ions was observed.
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Peptide Production and Purification

Seed culture prepared on MRS media, was incubated for
16 h at 37°C at 160 rpm. This was transferred to mass cul-
ture containing optimized medium and incubated for 30 h,
followed by harvesting by cold centrifugation at 10,000xg
for 35 min. Ammonium sulfate precipitation method was
used to retrieve peptides from the supernatant of harvested
broth (Bollag et al. 1996), followed by centrifugation at
10,000xg at 4 °C for 50 min. The obtained precipitate was
dialyzed and solubilized against 10 mM Tris/HCI (pH 7.5).
Amicon ultrafiltration technique was used after ammonium
sulfate precipitation method to purify the suspended pel-
lets in buffer and 30 and 10 kDa filter papers (Millipore
Co.) were used in this process respectively for desalting
procedure. Following dialysis and filtration, the precipitate
of peptide extract was purified with a Sephadex G-50 col-
umn (1.5X65 cm) using the same buffer. The active frac-
tions were pooled, concentrated, and further purified with a
Sephadex G-25 column (1.4 %25 cm) using the same buffer
system. The fractions were monitored for antimicrobial
activity against indicator bacteria Mycobacterium smeg-
matis ATCC 9341. The fractions positive for antimicrobial
activity were pooled and stored at 4 °C. The protein content
was estimated using the Bradford Method (Bradford 1976).

Protein Estimation and Molecular Weight
Determination

Protein concentration was estimated by the Bradford
method (Bradford 1976), using bovine serum albumin as
a standard. The molecular weight determined by Tricine
SDS-PAGE (Schigger 2006).

In-situ Analysis

In-situ analysis was done against an indicator organism
Mycobacterium smegmatis ATCC 9341 (1.5x10% CFU/
mL) by overlaying the processed gel from Tricine
SDS-PAGE which was washed with 50 mM Tris—HCl
buffer (pH 7.5) containing 2.5% Triton X-100 several times
to 0.6% agar on Mueller—Hinton media and incubated at
37°C.

Effects of Temperature and pH on Antimicrobial
Activity

The thermal stability of peptide KIR was determined by
exposing to 0, 10, 20, 37, 50, 60, 70, and 80°C for 30 min
and at standard autoclave condition before analysing the
residual activity. Similarly, pH stability was analyzed at

various pH values (4.0-13.5) using 100 mM pH buffers:
citric acid/phosphate (4-5.5), tris/HCI acid (6.5-9.5), and
potassium chloride/sodium hydroxide (10-13.5).

Effect of Chemicals on Antimicrobial Activity

The effect of different chemicals such as oxidizing agents
(hydrogen peroxide and sodium perborate), reducing agent
(B-mercaptoethanol), chelating agents (EDTA and EGTA),
detergents (SDS, CHAPS, Triton X-100, Tween 20, Tween
80, and deoxycholic acid), metal ions (Ca**, Mg**, Co™™,
Cutt, Nitt, Zn**, Mn*t, and Ba™) and solvents (acetone,
chloroform, dimethyl sulfoxide, methanol, ethanol, 2-pro-
panol, 1-butanol, toluene, diethyl ether, TCA, sodium chlo-
ride, and potassium chloride) on antimicrobial activity of
AMP was observed.

Antimicrobial Activity of Peptide KI1R
Minimum Inhibitory Concentration Test

Minimal Inhibitory Concentration (MIC) test was based on
agar dilution method that was used to determine the lowest
concentration of the assayed antimicrobial peptide which
inhibits the growth of the bacteria being examined. For
this test, agar solutions with specified numbers of bacterial
counts (1.5x10® CFU/mL) were permitted promptly onto
nutrient agar plates containing reference standard antibiotic
and antimicrobial peptide concentrations and a plate with-
out antibiotics as control and incubated at 37°C (Wiegand
et al. 2008). After 12 h of incubation, the presence of bacte-
rial colonies indicated the growth of the organism and com-
pared with control plate. Bacitracin and vancomycin were
used as reference standard antibiotics.
Indicator organisms selected for the test are as follows:

1. Gram negative bacteria: Escherichia coli KCTC 1923,
Salmonella typhimurium KCTC 1925, Pseudomonas
aeruginosa KCTC 1637, Alcaligenes faecalis ATCC
1004.

2. Gram positive bacteria: Enterococcus faecalis ATCC
29,212, Bacillus subtilis ATCC 6633, Mycobacterium
smegmatis ATCC 9341, VRE 4, MRSA 5-3, MRSA
4-5, VRSA, VRE 98, VRES9, VRE 82, Staphylococ-
cus aureus KCTC 1928, Micrococcus luteus ATCC
9341.

Agar Disk Diffusion Assay
The antimicrobial activity of peptide produced by Bacil-
lus sp. KI1R was detected by agar disk diffusion assay (Jor-

gensen and Ferraro 2009) and tested against all indicators
explained in minimum inhibitory concentration test. A
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Bacillus amyloliquefaciens subsp. plantarum FZB42™ (CP000560)

0.005 3

Bacillus methylotrophicus CBMB205T (EU 194897)
Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM 77 (FN597644)
Bacillus siamensis KCTC 136137 (AJVF01000043)

78|LBacillus subtilis subsp. subtilis NCIB 36107 (ABQL01000001)

Strain K1R

97

77

Fig. 1 Phylogenetic tree based on 16S rRNA gene sequences, show-
ing the phylogenetic position of strain CSB40 to some other related
members of the genus Bacillus. Reference sequences were retrieved
from GenBank under the AccessionNumbers indicated in parentheses

50 pL aliquot of K1R was applied on disks (8 mm) on the
agar plates previously inoculated with individual indicator
strain.

Amino Acid Sequence Analysis

The amino acid sequence of AMP from Bacillus sp. KIR
was determined by Edman degradation using a Procise®
Model 491 HT Protein Sequencer (Applied Biosystems,
USA). The molecular weight of the peptide was also veri-
fied using the same sequence (Gasteiger et al. 2005).

Anti-oxidant Activity of Peptide K1R
2,2-diphenyl-1-picrylhydrazyl (DPPH) method was

employed to evaluate the anti-oxidant activity using
the process described by (Zhang et al. 2006) with some
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— Bacillus vallismortis DV1-F-3T (JH600273)

Bacillus tequifensis KCTC 136227 (AYTO01000043)
Bacillus subtilis subsp. inaquosorum KCTC 134297 (AMXNO01000021)
Bacillus subtilis subsp. spizizenii NRRL B-23049T (CP002905)
Bacillus mojavensis RO-H-1T (JH600280)
70- Brevibacterium halotolerans DSM 88027 (AM747812)
—— Bacillus atrophaeus JCM 90707 (AB021181)
— Bacillus sonorensis NBRC 1012347 (AYTN01000016)
100 ‘L_ Bacillus aerius 24KT (AJ831843)
93 L Bacillus licheniformis ATCC 145807 (AE017333)
96 — Bacillus pumilus ATCC 70617 (ABRX01000007)
’_rBacillus safensis FO-36bT (ASJD01000027)
Bacillus aerophilus 28K (AJ831844)
Bacillus altitudinis 41KF2bT™ (ASJC01000029)
97| Bacillus stratosphericus 41KF2aT (AJ831841)
Bacillus xiamenensis HYC-10T (AMSH01000114)
Bacillus marisflavi TF-117 (AF483624)

after the strain designation. Numbers at nodes are percentage boot-
strap values based on 1000 replications; only values greater than 77%
are shown. Bar 0.005 substitutions per nucleotide position

modification. DPPH is a stable free radical containing
an odd electron in its structure and usually utilized for
the detection of radical scavenging activity in chemi-
cal analysis. Hundred microliters of various concentra-
tions of peptide solutions was added to 100 uL of DPPH
(0.3 mM) in methanol solution. The mixture was kept in
dark at room temperature for 30 min and the absorbance
at 517 nm measured on spectrophotometer. Methanol was
used as the blank whereas distilled water was used as the
negative control. Ascorbic acid was used as the positive
control.

DPPH radical scavenging ability was calculated by the
following equation:

% = (1 - Abssample/Absblunk)

where, Absg, . and Absy,,, are the absorbance of sample
and blank respectively.
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Fig. 2 Quantitative representa-
tion of optimization of culture
media for Bacillus species
K1R. a Effect of various carbon
sources on the activity of anti-
microbial peptide produced by
Bacillus strain KIR. b Effect of
various nitrogen sources on the
activity of antimicrobial peptide
produced by Bacillus strain
K1R. ¢ Effect of various metal
ions on the activity of antimi-
crobial peptide produced by
Bacillus strain K1R. d Effect of
different amount of beef extract
and maltose on the activity of
antimicrobial peptide produced
by Bacillus strain K1R
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Fig. 3 Elution profile of KIR, a Gel filtration chromatography with
Sephadex G-50 column (1.5 cmXx 65 cm) with flow rate of 0.20 mL/
min. b Gel filtration chromatography with Sephadex G-25 column
(1.4 cm x 25 cm) with flow rate of 0.20 mL/min

Results
Identification of Bacillus Strain

For molecular phylogeny, the 16S rRNA sequence of the
local isolate was compared to the sequence of 10 Bacil-
lus species. To determine the relation of the local isolate
with these Bacillus strains, multiple sequence alignment
was performed between the 16S rRNA gene sequences
of various Bacillus species and local isolate. Similarly,
computer assisted RNA searches against the bacterial
database similarly revealed that the 16S rRNA sequence
was over 99% identical with the 10 Bacillus strains. The
16S rRNA sequence of Bacillus sp. K1R was deposited in
GenBank under the Accession No. AYTO01000043. The
phylogenic tree is shown in Fig. 1.
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Fig. 4 Tricine SDS-PAGE of KIR where Lane I, Protein size
marker with the corresponding value in kDa on the left; Lanes 2 and
3, purified K1R peptide

Optimization of the Culture Media

Many bacteria can be grown in the laboratory in culture
media that are designed to provide all the essential nutri-
ents in solution for bacterial growth: however for the maxi-
mum production of antimicrobial compounds, nutrients and
growth factors should be optimized (Jack et al. 1995).

In case of carbon source, Bacillus strain K1R was
inoculated in culture media containing different carbon
sources and incubated up to 108 h. A disk diffusion assay
was performed to evaluate the activity of AMP produced
by Bacillus strain KIR against the indicator organism.
Incubation time versus zone of inhibition graph was plot-
ted and it was observed that maltose was the best carbon
source for this strain. Similarly, this process was repeated
to choose the best nitrogen source and metal ion source.
In case of nitrogen source, beef extract turned out to be
the best but in case of metal ions, none of them had a
favourable effect on antimicrobial activity. Therefore,
maltose and beef extract were chosen as the best carbon
and nitrogen source. The final optimization was done by
varying the amount of beef extract and maltose, and it
was clear that peptide K1R shows its maximum activity
at 30 h of inoculation, when 2% maltose (MAL) and 2%
beef extract (BE) are present in media. In this research,
Mycobacterium smegmatis ATCC 9341 was chosen as the
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Fig. S Activity staining (in situ
examination) of KIR peptide
showing the distinct zone of
inhibition against indicator
organism

indicator organism because it is very easy to grow, non-
pathogenic in nature, and simple model to work. The final
optimization of carbon, nitrogen, and metal ion source is
quantitatively illustrated in Fig. 2. (In figure MH: Mueller
Hinton).

Production of Antimicrobial Peptide

The seeding of the new culture was carried out in MRS
media after 16 h of growth, it was transferred to the
main culture containing optimized media and condi-
tions and allowed to grow for 30 h. The AMP secreted
by the strain KI1R displayed antimicrobial activity against

100 -
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~ o]
b e
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Fig. 6 Effect of temperature in the antimicrobial activity of KIR

Mycobacterium smegmatis ATCC 9341, Enterococcus fae-
calis ATCC 29,212 and Micrococcus luteus ATCC 9341.

Purification of Antimicrobial Peptide
Ammonium Sulfate Precipitation Method

After 30 h of growth, the broth of strain KIR was har-
vested and tested for antimicrobial activity against indicator
organism (data not shown). Cell-free culture supernatant
was precipitated using ammonium sulfate (80% w/v) and
stored at 4 °C overnight with continuous stirring. The pellet
was collected, suspended and dialyzed in Tris—HCI buffer
(pH 7.5).

100 ~ / \

90 - / b
80 /'

70

60

Residual activity (%)

50 .

\

30

pH

Fig. 7 Effect of pH in the antimicrobial activity of KIR
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Table 1 Effect of different chemicals in antimicrobial activity of
KIR

Concentration Residual
(mmol/L) activity
(%)
Oxidizing agents
Hydrogen peroxide 100 100
Sodium perborate 100 100
Reducing agents
Beta-mercaptoethanol 100 83
Chelating agents
EDTA 100 83
EGTA 100 77
Detergents
Triton X-100 100 95
Tween-20 50 71
Deoxycholic acid 30 100
SDS 50 100
CHAPS 30 77
Tween- 80 50 0
Metal ion
Calcium (Ca) 100 53
Magnesium (Mg) 100 53
Cobalt (Co) 100 89
Copper (CuSO,-5H,0) 100 71
Ni** (NiCl,-6H,0) 100 59
Zinc (ZnSO, -7TH,0) 100 83
Manganese (MnCl,-4H,0) 100 71
Barium (Bacl,) 100 89
Solvents/chemicals
Acetone 100 83
Chloroform 100 71
Dimethyl sulfoxide 100 83
Methanol 100 71
Ethanol 100 83
2-propanol 100 71
1-Butanol 100 71
Toluene 100 95
Diethyl ether 100 83
Tri chloroacetic acid 100 83
Sodium chloride 100 59
Potassium chloride 100 71
Sodium chloride 100 59
Potassium chloride 100 71

Column Chromatography

The crude extracts were applied to Sephadex G-50 col-
umn and eluted with 10 mM Tris—HCI buffer (pH 7.5) as
a mobile phase followed by Sephadex-G25 column and
2 mL fraction were collected. Figure 3 shows the compre-
hensible concept of chromatographic steps involved during
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purification, and the selection of the active fractions by
observing the antimicrobial activity vs. protein content plot
i.e., zone of inhibition versus absorbance at 595 nm.

Determination of Molecular Weight

Active fractions (9—-14) obtained from Sephadex G-25
were pooled and concentrated and were separated by Tri-
cine SDS-PAGE. Ultra-low molecular weight marker pro-
teins (1.7-42 kDa) were used to determine the approximate
molecular size of the active protein band. After electropho-
resis, one gel was stained with Coomassie brilliant blue and
another was kept for the identification of AMPs band on
an unstained gel for in-situ examination. The antimicrobial
compound was confirmed by the presence of single band
in first gel having molecular weight around 4.6 kDa and
in situ examination result showed a distinct zone of inhibi-
tion spot against the indicator organism (Figs. 4, 5).

Effects of Temperature and pH on Antimicrobial
Activity

The influence of temperature and pH on the antimicrobial
activity of peptide is represented in Figs. 6 and 7. Peptide
KIR was found to be stable around 30-60°C whereas it
lost about 25% of its activity at 70 °C. The autoclaved sam-
ple lost its activity completely. On analysing the residual
activity, it was found to be highly stable around pH 6.5-9.
It lost 50% of its activity when the pH was increased up to
12. Finally, it showed 35% of residual activity at pH 13.5.

Effect of Chemicals on Antimicrobial Activity

The effect of various chemicals in terms of residual activ-
ity is represented in Table 1. From the table, it can be seen
that the intact activity of peptide K1R remained stable in
the presence of oxidizing agents such as hydrogen perox-
ide and sodium perborate and detergents such as deoxy-
cholic acid and SDS. Triton X-100 and toluene had similar
effects. Metal ions such as calcium and magnesium inhib-
ited activity.

Antimicrobial Activity of Peptide K1R
Minimum Inhibitory Concentration Test

The antimicrobial activity of peptide KI1R in terms of
minimum inhibitory concentration (MIC) is shown in
Table 2. The emergence of MDR has created a challenge
to pharmaceutical researches. Here, we carried out anti-
microbial activity study to understand the efficacy of our
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Table 2 Antim.icr.obial. Microorganism KIR (pg/mL) Bacitracin (ug/ Vancomy-

spec.trum .of antimicrobial mL) cin (ug/

peptide w1th tpe standar'd .dru gs mL)

based on Minimum Inhibitory

Concentration (MIC) test Gram negative bacteria
Alcaligenes faecalis ATCC 1004 >128 >128 >128
Salmonella typhimurium KCTC 1925 16 >128 >128
Escherichia coli KCTC 1923 >128 >128 >128
Pseudomonas aeruginosa KCTC 1637 >128 >128 >128

Gram positive bacteria

Enterococcus faecalis ATCC 29,212 4 8 4
Bacillus subtilis ATCC 6633 >128 64 1
Staphylococcus aureus KCTC 1928 64 >128 8
Micrococcus luteus ATCC 9341 8 64 4
Mycobacterium smegmatis ATCC 9341 64 >128 2
MRSA 4-5 >128 2 2
MRSA 5-3 >128 2 2
VRE 4 32 64 >128
VRE 82 16 >128 >128
VRE 89 16 64 >128
VRE 98 32 >128 >128
VRSA >128 >128 >128

newly extracted AMP in comparison to that of already
known drugs such as vancomycin and bacitracin. Peptide
KIR displayed antagonistic effect against different MDR
pathogens. It showed a strong effect on pathogens such as
vancomycin resistant Enterococci 4, vancomycin-resist-
ant Enterococci 82, vancomycin-resistant Enterococci 89,
and vancomycin-resistant Enterococci 98 compared with
vancomycin and bacitracin. The effect of peptide KIR
was similar to the effect of vancomycin against Enfte-
rococcus faecalis ATCC 29,212 and better than that of
bacitracin against the same pathogen. The MIC value of
peptide K1R against Micrococcus luteus ATCC 9341 was
found to be effective than that of bacitracin. The resultant
effect of peptide KIR vancomycin-resistant gram-posi-
tive organisms was better than others. Strains of staphy-
lococcus resistant to vancomycin was not susceptible to
it and showed no promising results. KIR was found to
be more effective than other strains in our previous study
(Choi et al. 2012).

Agar Disk Diffusion Assay

The inhibitory spectrum of peptide KIR based on agar
disk diffusion assay is shown in Table 3. The pattern
of antimicrobial activity determined via agar disk dif-
fusion assay supports the results of MIC test however
MIC >128 pg/mL corresponded to the 14 mm zone of
inhibition in agar diffusion assay.

Amino Acid Sequence Analysis

The amino acid sequence of the AMP produced by peptide
KI1R was found to be AVQGTLEDALNLSKGALNQVQK
AIQNGDXLTVXGXLGTIXLAVSX. This sequence did
not show significant homology with the reported pep-
tides of similar type. However, it showed similarity with
the hypothetical proteins sequences (Table 4) from Bacil-
lus sp. in the National Centre for Biotechnology Informa-
tion (NCBI) protein database using BLAST (basic local
alignment search tool; http://blast.ncbi.nlm.nih.gov/Blast.
cgi). Bold amino acid sequences of hypothetical proteins
in Table 4 show the similarity with AMP produced from
organism KIR. Based on the amino acid sequence and by
the use of protein identification and analysis tools on the
ExPASy Server, the molecular weight of the peptide was
found to be ~4578.23 dalton which verifies the result from
Tricine SDS-PAGE and in-situ analysis.

Anti-oxidant Activity of Peptide K1R

To obtain information about the mechanisms underlaying
the antioxidative effects of AMP, the radical scavenging
effect was examined by measuring changes in the absorb-
ance of DPPH radical at 517 nm. Ascorbic acid and pep-
tide K1R both showed concentration-dependent scavenging
of DPPH radicals. The effect of peptide KIR was similar
and comparable to that of ascorbic acid at all concentra-
tions tested (1-1000 pg/mL). The results of free radical
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Table 3 Inhibitory spectrum of KIR against different organisms
based on Disk Diftusion assay

Microorganism Zone of
inhibition
(mm)

Gram negative bacteria
Alcaligenes faecalis ATCC 1004 10
Salmonella typhimurium KCTC 1925 18
Escherichia coli KCTC 1923 10
Pseudomonas aeruginosa KCTC 1637 10

Gram positive bacteria
Enterococcus faecalis ATCC 29,212 22
Bacillus subtilis ATCC 6633 10
Staphylococcus aureus KCTC 1928 16
Micrococcus luteus ATCC 9341 20
Mycobacterium smegmatis ATCC 9341 16
MRSA 4-5 10
MRSA 5-3 10
VRE 4 17
VRE 82 18
VRE 89 18
VRE 98 17
VRSA 10

scavenging activity as % inhibition are shown in Fig. 8.
Peptide K1R showed a percentage inhibition of 70.97 at
1000 pg/mL whereas standard ascorbic acid exhibited
75.36% inhibition at the same concentration. In both cases,
graded increase in percentage of inhibition was observed
for the increase in the concentration of ascorbic acid. The
antioxidant activity of peptide KIR was found to be com-
parable to that of other peptides (Borquaye et al. 2015).

Discussion

The morphology of colonies, biochemical characteristics
and the utilization of nutrients suggested the selected strain
to be a Bacillus species. Purified products from fermented
food alter the pre-consumption of dietary items which in
turn, alter the ways by which fermentation-enriched chemi-
cals act on our own intestinal microbiota profile (Selhub

et al. 2014). The functional activities of the purified prod-
ucts include antimutagenic/anticancer (Kong et al. 2010),
anti-obesity (Kim et al. 2011), antiatherosclerotic, and
immunomodulatory effects (Noh et al. 2012).

In this study, a potent AMP was derived from microbial
strain K1R, identified as Bacillus, from 16S rRNA gene
sequences analysis. This study was designed to character-
ize and determine the antimicrobial activity of K1R. Beef
extract and maltose were found to be the suitable nutrient
sources for maximum peptide production. Media optimiza-
tion was based upon our previous research on antimicrobial
peptides (Choi et al. 2012; Regmi et al. 2016). Bacterioc-
ins are usually produced in complex media (Lejeune et al.
1998; Parente and Ricciardi 1994). Physicochemical fac-
tors have a dramatic effect on the production of bacterioc-
ins (Biswas et al. 1991). Standard culture media as well as
enriched media are not always good producer of peptides
(Jack et al. 1995; Tomas et al. 2002). AMP was purified
using Sephadex G-50 and Sephadex G-25 gel filtration col-
umn chromatography. It was found to be stable over wide
range of temperature (30-60°C) and pH (6.5-9) conditions
which was comparable and even wider range than other
similar studies (Alkotaini et al. 2013; Bizani and Brandelli
2002; Cheigh et al. 2002; Kamoun et al. 2005; Shin et al.
2008). The molecular weight of the AMP K1R was found
to be ~4600 Da which was also verified by the result from
the amino acid sequence using ExPASy server. N-terminal
amino acid sequence analyses of peptide KIR were per-
formed by automated Edman degradation and five of them
were unknown residues that could not be identified are
shown as X. The reaction was not blocked in the sequenc-
ing cycles of the analysis. The presence of unknown res-
idues (X) also may be due to uncleaved amino acids like
proline during the procedure. Peptide K1R remained stable
in the presence of oxidizing agents such as hydrogen per-
oxide and sodium perborate and detergents such as deox-
ycholic acid and SDS. Antimicrobial effects, in terms of
MIC values of the purified peptide were obtained, and two
well-known reference antibiotics, bacitracin and vancomy-
cin were used. It is remarkable that peptide K1R displayed
antagonistic effect against different MDR pathogens such
as VRE 4, VRE 82, VRE 89, VRE 98 including Enterococ-
cus faecalis and Salmonella typhimurium where MIC was

Table 4 Similarity of amino acid sequence of peptide KIR with other hypothetical proteins

Hypothetical protein from organism Sequence Similarity (%)
KIR AVQGTLEDALNLSKGALNQVQKAIQNGDXLTVXGXLGTIXLAVSX (Current study)
Bacillus subtilis SVQGCLEDALNLSKGALNQVQKAIQNGDWLTVVGFLGTIGLAVS 87

Bacillus tequilensis SVQGCLEDALNLSNGALNQVQKAIEKGDWLTVVGFLGTIGLAVS 82

Bacillus pumilus VQRCLEDALGITKGALNQVQKAIEKGEWLSVLGFLTLTGIAVS 61

Bacillus amyloliquefaciens VRRCLEDAIGISKGALDKVQKAIEKGDWWTVLEYLGKLGVAIS 54
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Fig. 8 DPPH radical scavenging activity of KIR in different concen-
tration

in the range of 4-32 pg/mL. Disk diffusion assay also veri-
fied the MIC result. The antioxidant properties of peptide
KIR were tested using free radical DPPH method and it
was comparable to the standard ascorbic acid, which signi-
fies its activity in terms of hydrogen atom donating capac-
ity/electron transfer capability.
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