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Abstract A Lactobacillus paraplantarum strain producing
a bacteriocin was isolated from kimchi using the spot-on-the
lawn method and named L. paraplantarum C7 [15]. The
bacteriocin, paraplantaricin C7, was found to inhibit certain
Lactobacillus strains, including L. plantarum, L. pentosus,
and L. delbrueckii subsp. lactis. Tt also inhibited Enterococcus
Jaecalis, yet did not inhibit most of the other LAB (lactic acid
bacteria) tested. The maximum level of paraplantaricin C7
activity was observed under the culture conditions of 25°C
and a constant pH of 4.5. Paraplantaricin C7 retained 90% of
its activity after 10 min of treatment at 100°C and remained
stable within a pH range of 2—8. Based on a culture supernatant,
paraplantaricin C7 was purified by DEAE-Sephacel column
chromatography and C,; reverse-phase HPLC. SDS-PAGE
and activity staining were then conducted using the purified
paraplantaricin C7, and its molecular mass determined to be
about 3,800 Da. The 28 N-terminal amino acids from the
purified paraplantaricin C7 were determined, and the structural
gene encoding paraplantaricin C7, ppnC7, was cloned by
PCR using degenerate primers based on the N-terminal amino
acid sequence. The nucleotide sequences for ppnC7 and
other neighboring orfs exhibited a limited homology to the
previously reported plantaricin operon genes. Paraplantaricin
C7 is a novel type 11 bacteriocin containing a double glycine
leader sequence.
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Many lactic acid bacteria (LAB) produce bacteriocins,
which are supposedly advantageous for producers in the
competition for foods and niches [19]. Thus, intensive
efforts have been made over the last few decades to
identify bacteriocins from LAB with a broad inhibitory
spectrum and superior stabilities against heat treatments
and pH variations [24]. Since foods fermented by LAB
have been consumed for thousands of years, bacteriocins
from LAB or LAB producing bacteriocins are generally
regarded as safe for human consumption. Therefore,
bacteriocins from LAB are promising as natural food
preservatives, and may eventually replace chemical
preservatives to allay safety concerns [6]. Kimchi is a
traditional Korean fermented food that has a characteristic
acid flavor. In the later stage of kimchi fermentation,
excessive acids are produced by lactobacilli, and this
causes rapid acid spoilage of kimchi. Thus, to extend the
shelf-life of kimchi products, various approaches have
been reported, including the addition of plant extracts to
retard the growth of LAB, especially lactobacilli, thereby
reducing the amount of acid produced [17, 21]. Another
approach was the use of acid-tolerant Leuconostoc
mesenteroides mutants as starters for kimchi fermentation
[14), where keeping leuconostocs as the dominant flora for
a longer period delays the acid production by lactobacilli.
However, LAB producing bacteriocins that inhibit lactobacilli
may be an effective alternative for extending the shelf life
of kimchi. Enterococcus sp. K-25 producing a bacteriocin
that inhibits L. plantarum was previously isolated from
kimchi and applied to kimchi with/without chemicals
(chitosan, fumaric acid) [20]. When applied together with
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fumaric acid, Enterococcus sp. K-25 extended the shelf
life for six days, which is promising, since many LAB
from kimchi produce bacteriocins [6, 13, 16, 20]. However,
more studies are needed if this approache is to be practical
for extending the shelf life of kimchi, as bacteriocin
production and inhibition are complex phenomena and
the effects against lactobacilli can vary depending on the
fermentation condition. L. paraplantarum C7, which produces
anovel bacteriocin that strongly inhibits L. plantarum, was
already isolated from kimchi [15]. Accordingly, this paper
reports on the characterization, purification, and nucleotide
sequence of paraplantaricin C7 produced by a L.
paraplantarum C7. ‘

MATERIALS AND METHODS

Measurement of Bacteriocin Activity

The bacteriocin production was examined using the spot-
on-the lawn test [7, 13, 16], where 2 ml of an overnight
culture in an MRS broth was spotted on MRS plates, and
then overlaid with 3 ml of an MRS soft agar (0.7%, w/v)
containing the indicator strain (1x10® CFU). After overnight
incubation at 30°C, the presence of an inhibition zone was
examined. The bacteriocin activity expressed as activity
units (AUs) per ml was defined as the reciprocal of
the highest two-fold dilution still showing inhibitory
action towards the indicator organism. The growth of L.
paraplantarum C7 and bacteriocin activity measurements
were monitored at different incubation temperatures and
pHs.

Inhibition Spectrum of L. paraplantarum C7

Two pl of a fully grown L. paraplantarum C7 culture was
spotted on an MRS plate. After 5h, the indicator strain
was overlaid and the plate was incubated at a temperature
optimal for the growth of each indicator organism for one
day, after which the size of the inhibition zone was
determined [7]. The LAB were growth in MRS, whereas
the Escherichia coli and Salmonella typhimurium were
grown in LB.

Stability of Paraplantaricin C7 to Heat, pH, Solvents,
and Enzymes ‘

The stability of paraplantaricin C7 against heat, pH
variation, organic solvents, and enzyme treatments was
examined [12]. For the heat treatment, partially purified
paraplantaricin C7 (the fraction after a DEAE-Sephacel
column) with an activity of 4,000 AU/m]l was held at
100°C for 60 min and 121°C for 30 min, and then the
remaining bacteriocin activity was examined. The stability
of paraplantaricin C7 at various pHs (2-10, using a
50 mM concentration of the appropriate buffers) was
also investigated. The stability against organic solvents

was assessed by measuring the remaining activity after the
partially purified bacteriocin was mixed with an equal
volume of a solvent and the mixture kept for 1 h at 25°C.
Finally, the partially purified paraplantaricin C7 was
treated with hydrolyzing enzymes, including proteases,
where the bacteriocin samples were digested by each
enzyme at a concentration of 1 mg/ml for 1 h at 37°C.

Production of Paraplantaricin C7 Under Constant pH
The effect of pH on paraplantaricin C7 production was
examined using a 5-1 lab fermentor (KoBioTech, KF-5L,
Seoul, Korea). MRS broth (3 1) was inoculated with 1%
(30 ml) of an overnight culture of L. paraplantarum C7
and cultured at 25°C for 48 h at a constant pH (pH 4.0, 4.5,
5.0, 5.5, 6.0, 6.5, 7.0, and 7.5). The bacteriocin activities
were then examined using a spot-on-the lawn test.

SDS-PAGE of the Partially Purified Paraplantaricin
C7

The partially purified bacteriocin sample (fraction after
DEAE-Sephacel column) was examined by SDS-PAGE with
a discontinuous urea-SDS-PAGE system, as described
by Anderson ef al. [2], using a 16.5% acrylamide gel and
a Mini-Protein 1I (BioRad) electrophoresis system. After
the gel electrophoresis, the gel was stained with coomassie
brilliant blue R-250, and a bioassay of the antimicrobial
peptides in the polyacrylamide gel performed, as described
by Bhunia et al. [5]. The slab gels were first washed
with sterile ultra-pure water for 4 h, and when the SDS
concentration had decreased to a nontoxic level, the gels
were placed on MRS plates and covered with a lawn of a
soft agar (0.7%, w/v) containing an exponentially growing
culture of the indicator strain L. plantanum (1x10* CFU).
After 16 h of incubation at 37°C, the plate was examined
for the growth of an inhibition zone.

Purification of Paraplantaricin C7

The supernatant from an ovemight culture of L.
paraplantarum C7 was obtained by centrifugation at
10,000 xg for 15 min, and filtration through a 0.22-um-pore
sized membrane filter. The culture supernatant was then
concentrated by freeze-drying without ammonium sulfate
precipitation [11]. For ion-exchange chromatography, the
freeze-dried material was resuspended in 50 mM Tris-HCl
(pH 8.3) and loaded onto a DEAE-Sephacel column (2.5%
30 cm) equilibrated with the same buffer. After washing
the column with the same buffer, a linear NaCl gradient
(0-1.0 M) was applied to elute the bound proteins. The
flow rate was adjusted to 0.5 ml/min, and 5 ml of each
fraction was collected. The fractions exhibiting bacteriocin
activity were pooled and freeze-dried. Reverse phase HPLC
using a C,4 column was also employed for further purification.
After washing the HPLC column (puBondapak C,4 3.9%
300 mm column, Waters Corp) with 0.1% TFA (trifluoroacetic



acid), an acetonitrile gradient (0-60%) was used to elute
the bacteriocin [3, 11]. The antimicrobial activity of each
fraction (1 ml) was determined using the spot-on-the lawn
method. A second HPLC was also executed to further
purify the bacteriocin (data not shown). The N-terminal
peptide sequencing of paraplantaricin C7 was performed
by Edman degradation [3, 4] at the Korea Basic Science
Institute in Seoul.

DNA Sequencing of Paraplantaricin C7 Gene

The degenerate primer (5-ACN GTN ACN AAR GGN
CAY ATG-3") was designed based on the determined
amino acid sequence of paraplantaricin C7, and Southern
blotting was carried out to locate the gene encoding
paraplantaricin C7, ppnC7. The primer was labeled using
T4 polynuceotide kinase and y-P*>-ATP, and the hybridization

Table 1. Inhibition spectrum of paraplantaricin C7.
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carried out at 45°C |23]. The undigested plasmid and
chromosomal DNA, plus the EcoRI- and HindIlI-digested
plasmid and chromosomal DNA, were separated on an
agarose gel by electrophoresis, transferred to a zeta-probe
membrane (BioRad), and then subjected to hybridization. For
the cloning of ppnC7 and the surrounding orfs, a 2.06-kb
fragment was PCR amplified using a primer pair [foward
primer (5'-CGTACTATTCACTCGACTTAACG-3") and
reverse primer (5-CTTAGCGCAGCGCTAAAGAA-3Y)],
and the PCR carried out under the following conditions:
denaturation, 95°C, 30 s; annealing, 50°C, 30 s; extension,
72°C, 3 min, 30 cycles. The fragment was inserted into a
T-easy vector (Promega) and the DNA prepared from
the white transformant on an LBAp (100 pg/ml) plate
containing X-gal. DNA sequencing of the fragment was
performed, and the primer walking method employed to

Indicator

Antimicrobial activity*

Lactococcus lactis MG 1614
Lactococcus lactis MG 1363
Lactococcus lactis 1L 1403

Lactococcus lactis LM 0230
Leuconostoc mesenteroides ATCC 10830

Leuconostoc mesenteroides subsp. mesenteroides KFRI 00666 -

Leuconostoc mesenteroides KFR1 00817

Leuconostoc mesenteroides subsp. mesenteroides KFRI 00820 -
Leuconostoc mesenteroides subsp. dextranicum KFRI 00155 -

Leuconostoc mesenteroides KFRI 00465
Leuconostoc mesenteroides B-512
Leuconostoc mesenteroides ATCC 9135
Leuconostoc mesenteroides
Lactobacillus acidophilus 1AM 1084
Lactobacillus acidophilus KFRI 2161
Lactobacillus bulgaricus CH 2
Lactobacillus delbrueakii lactis KFR1 347
Lactobacillus delbrueakii lactis ATCC 4797
Lactobacillus delbrueakii lactis
Lactobacillsu brevis 1L 2014
Lactobacillus casei YIT 9018
Lactobacillus pentosus KFRI 481
Lactobacillus plantarum
Staphylococcus epidermidis
Staphylococcus aureus

Staphylococcus carnosum

Bacillus subtilis DB 104

Bacillus cereus

Streptococcus thermophilus
Streptococcus bovis

Eenterococcus fecalis

Listeria monocytogenes

Escherichia coli K-12

Salmonella typhimurium

*The radius of the inhibition zone was indicated by the following: -, negative; +, below 1.5 mm; ++, 1.5-3 mm,; +++, above 3 mm.
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determine the whole sequence. The nucleotide sequence
for ppnC7 and the neighboring orfs was deposited in the
GenBank under the accession number AF420260.

Northern Blot Experiment

L. paraplantarum C7 cells were grown until the mid-
exponential growth phase (Agy=0.7) in an MRS broth. The
total RNA was extracted from 15 ml of the culture using a
FastRNA Pro Blue Kit (Q-biogene, Montreal, Canada)
according to the protocol provided by the manufacturer.
First, the cells were disrupted using a Mini-Beadbeater-
8 Cell Disrupter (BioSpec, Bartlesville, U.S.A.), then
the RNA molecules were separated on a 1.2% agarose-
formaldehyde gel, transferred to a Hybond-XL nylon
membrane (Amersham, Uppsala, Sweden), and hybridized
at 65°C with a **P-labeled probe [22]. Next, the probe was
PCR amplified using a primer set of lcck-F (5-TGAAC-
TGACTGCAATCACTG-3") and lccK-R (5'-TTGAAGA-
GTGCATATGTCCC-3") in a total volume of 50 pl: 10 ng
of the template DNA; 1 mM of each primer; 0.2 mM of
each ANTP (dATP, dGTP, and dTTP); 2 uM of dCTP; 5 ul
of 10 mCi/ml [a-"*P]dCTP; 2 U of Ex-Tag DNA polymerase
(Takara, Japan); and 1% Ex-Tag DNA polymerase buffer.
The PCR amplification was carried out under the following
conditions: predenaturation for 5 min at 95°C, followed by
30 cycles of denaturation at 95°C for 1 min, annealing at
55°C for 1 min, and an extension at 72°C for 20 sec, plus a
final extension of 7 min at 72°C. The probe was purified
using a QIAquick PCR purification kit (Qiagen, Valencia,
CA, U.S.A)), and then the radioactivity was checked using
a liquid scintillation counter (LS3000, Beckman Instruments,
Inc., Palo Alto, CA, U.S.A)).

RESULTS AND DISCUSSION

Inhibition Spectrum of L. paraplantarum C7

The inhibition spectrum of L. paraplantarum C7 was
examined by testing its growth inhibition abilities against
various Gram-positive bacteria and two Gram-negative
bacteria (E. coli and S. typhimurium). As a result, L.
paraplantarum C7 was found to inhibit strains of L.
plantarum, L. pentosus, L. delbrueckii ssp. lactis, and
Enterococcus faecalis, yet not the other species tested,
including Listeria monocytogenes (Table 1), or the Gram-
negative bacteria. As such, this indicates that paraplantaricin
C7 is a bacteriocin with a narrow inhibition spectrum,
which can be desirable under some circumstances; for
example, when a bacteriocin is needed to control a specific
organism without affecting other organisms. Thus,
paraplantaricin C7 may be useful for extending the shelf-
life of kimchi based on inhibiting L. plantarum and L.
pentosus, the organisms responsible for excessive acid
production during kimchi fermentation.

Stability of Paraplantaricin C7 with Heat, pH, Solvents,
and Enzymes

Although paraplantaricin C7 was unaffected by heat treatment
at 80°C for 20 min (results not shown), its activity was
reduced by half after 30 min at 121°C and by 20% after
60 min at 100°C. pH variation between 2 and 8 had no
effect, yet the activity was reduced at pH 9 and 10.
Paraplantaricin C7 was completely inactivated by proteinase
K and protease (from Streptomyces griseus, type X1V,
Sigma), yet unaffected by lysozyme, catalase, RNaseA, f3-
amylase, trypsin, and pepsin. Proteinase K and protease
are both highly nonspecific enzymes, thus they inactivated
paraplantaricin C7, whereas trypsin and pepsin failed to
inactivate paraplantaricin C7. Finally, paraplantaricin C7
was unaffected by exposure to 50% concentrations of
organic solvents under the conditions described in Materials
and Methods (Table 2). Consequently, all these results
indicate that paraplantaricin C7 has a considerable degree
of stability against heat and organic solvents, a common
characteristic of class II bacteriocins, and a desirable
property when the bacteriocin is intended for incorporation
into food to extend the shelf life.

Table 2. Stability of paraplantaricin C7 against various treatments.

Treatment Residual activity (AU/ml)
Control (in Tris-Cl buffer) 4,000
Enzyme freatments:

B-Amylase 4,000
Lysozyme 4,000
Proteinase K 0
Pepsin 4,000
RNaseA 4,000
Trypsin 4,000
Catalase 4,000
Protease 0
Solvent treatments:

Ethanol 4,000
Methanol 4,000
Acetonitrile 4,000
Acetone 4,000
Chloroform 4,000
pH changes:

pH2t08 4,000
pH9 3,200
pH 10 2,800
Heat treatments:

100°C, 10 min 3,600
100°C, 20 min 3,200
100°C, 30 min 2,800

100°C, 60 min 800

121°C, 10 min 3,600
121°C, 20 min 2,800
121°C, 30 min 2,000




pH 4.0
£ .3 5000 E
€ 2.3 4000 3
S .2 3000 <
S 15
© '3 2000 2
0.5 1000 2
© 7% o 2
0 8 16 24 32 40 48
Time (h)
pH 5.0
3 5000 €
E 25 4000 S5
g 42 3000
& ' 2000 =
8 05 1000 2
© 70 o 2
0 8 16 24 32 40 48
Time (h)
pH 6.0
3 5000 €
E 25 4000 S
g 42 ¥ 3000 <
8 '3 2000 2
Q 05 1000 =
© 7o 0o 2
0 8 16 24 32 40 48
Time (h)
pH7.0
3 5000 E
E 25 4000 S
S 42 3000 <
8 13 {2000 =
2 05 11000 2
© 70 o 2
0 8 16 24 32 40 48
Time (h)

PARAPLANTARICIN C7 FROM LACTOBACILLUS PARAPLANTARUM C7 291
pH 4.5
3 5000 E
£ 25 4000 S5
S 4,21 3000 <
g 1L 2000 ;Sa
8 0'8 (1)000 §
0 8 16 24 32 40 48
Time (h)
pH 55
3 5000 E
E 25 | 4000 S
S ,2 3000 <
© 3 1 2000 2
Q i =
o) 0,8 : i 8000 2
0 8 16 24 32 40 48
Time (h)
pH 6.5
3 5000 E
E 25 4000 5
S 21 3000 <
e 3 2000 2
Q 1000 2
0.5 2
© "o o B8
0 8 16 24 32 40 48
Time (h)
pH75
3 5000 E
E 25 4000 3
S L2 3000 <
215 | g
g 3 2000 2
0.5 1000 =
© 70 0o &

0 8 16 24 32 40 48
Time (h)

Fig. 1. Growth and bacteriocin production of L. paraplantarum C7 at different pHs.
L. paraplantarum C7 was grown at 25°C in a 5-1 fermenter in which the pH was constantly maintained at 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, or 7.5. - -, ODggq 13

-@-, activity (AU/ml).

Production of Paraplantaricin C7 at Different pHs

The paraplantaricin C7 activity was examined at a constant
pH of 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, and 7.5 at 25°C, and
the maximum activity was observed at pH 4.5 (Fig. 1)
where the maximum level, 4,000 AU/ml, was reached after
about 16h of cultivation. L. paraplantarum C7 did not
grow at a pH below 4.0. At pH 4.0, the L. paraplantarum
C7 cells grew very slowly and no bacteriocin activity
was detected in the culture supernatant, even after 72 h
of cultivation. The L. paraplantarum C7 cells grew
rapidly at pH 6.0 and 6.5, although the bacteriocin
activities were much lower than that at pH 4.5. The highest
growth rate for the L. paraplantarum C7 cells was at
pH 7.5, yet no bacteriocin activity was detected (Fig. 1).
Fig. 1 also shows that the production of paraplantaricin

C7 occurred during the growth phase of L. paraplantarum
C7.

Purification and Amino Acid Sequence of Paraplantaricin
C7

The paraplantaricin C7 was further purified from the
freeze-dried culture supernatant by sequential passage
through DEAE-Sephacel (Fig. 2A) and C,; reverse phase
columns (Fig. 2B). The molecular mass of the partially
purified paraplantaricin C7 (fractions obtained from DEAE-
Sephacel column chromatography) was estimated to be
3,500-4,000 Da when analyzed by SDS-PAGE (Fig. 3B).
When a bioassay for antimicrobial peptides was performed
using a polyacrylamide gel under the same conditions, a
growth inhibition zone of the indicator strain L. plantarum
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Fig. 2. Elution profile of partially purified paraplantaricin C7.
A. DEAE-Sephacel column equilibrated with 50 mM Tris-HCI buffer (pH
8.3). The unbound paraplantaricin C7 was eluted with a washing buffer
(50 mM Tris-HCY, pH 8.3), and the bacteriocin activity of each fraction
(5 ml) assayed using the spot-on-the lawn method; -@-, OD (280 nm);
-A-, activity (AU/ml). B. Reverse phase HPLC using C; column
(uBondapak C 5 3.9x300 mm, Waters Corp). The paraplantaricin C7 was
eluted with 0.1% TFA, and an acetonitrile gradient (0-60%) used to elute
the bacteriocin. The bacteriocin activity of each fraction (1 ml) was
determined using the spot-on-the lawn method; -@-, OD (210 nm); - A -,
activity (AU/ml).

appeared at the same position (Fig. 3A) where the band of
purified paraplantaricin C7 had migrated. The paraplantaricin
C7 was further purified by reverse phase HPLC and subjected
to Edman degradation. Up to 28 amino acids were determined
and the results were as follows: Thr (Asp?, Asn)-Phe(Pro)-
Val(Lys)-Gly(His)-Tyr(Pro)-Tyr(Ile)-Leu(Lys)-Gly(Ser)-
X(GlIn)-Phe-Leu-Ala-Ser-Ala-Thr-His-Tyr(Ser?)-Tyr-Gly-
Lys-Thr-Vai-Thr(Ser?)-Lys-Gly-His-Met-Ser?(His?). In the
case where a specific amino acid was not definitely identified,
an alternative amino acid is shown in parenthesis. Low
concentrations of contaminating proteins may have been
the reason for the uncertainties. The seven underlined
amino acids were then used to design the degenerate
primers to clone the structural gene of paraplantaricin C7.

Gene Location and DNA Sequence of Paraplantaricin
C7 Gene

The degenerate primers (5'-ACN GTN ACN AAR GGN
CAY ATG-3') were designed based on the determined

4= 3.8 kDa

Fig. 3. Polyacrylamide gel (16.5%) electrophoresis and activity
staining of partially purified paraplantaricin C7 using Anderson’s
discontinuous urea-SDS-PAGE system.

A. Activity-stained gel. Lane 1, 1 pg of purified paraplantaricin C7; lane 2,
2 pg of purified paraplantaricin C7. One of the twin gels was overlaid with
the indicator strain L. plantarum to confirm the bacteriocin band. B. One of
twin gels was stained with Coomassie brilliant blue R-250. Lane 3: low-
range molecular weight standards (Sigma); lane 4, ultra-low range
molecular weight standards (Sigma); lane 5, purified paraplantaricin C7.

amino acid sequence of paraplantaricin C7, where threonine
at the 21* position was used as the first amino acid, and
methionine at the 27" position was used as the last. Southemn
blot results indicated that the structural gene encoding
paraplantaricin C7 was located in the chromosome rather
than the plasmid (result not shown). A PCR product of
2.06 kb was amplified using a forward and reverse primer
pair, and then the nucleotide sequence of the fragment was
determined after being subcloned into a pGEM-T-vector
(Promega). ppnC7 was 156 bp in size, and encoded a
52-amino-acid peptide with a calculated molecular mass
of 5,828 Da. A putative ribosome binding site (RBS),
GGAGGG, was located seven nt (nucleotides) upstream of
the start codon and marked as a shadowed box (Fig. 4).
Putative -35 and - 10 promoter sequences were also found
upstream of the RBS and underlined. A sequence analysis
of the ppnC7 gene showed that the mature active
bacteriocin likely consisted of 34 amino acids and had a
molecular mass of 3,809 Da, which agreed well with the
SDS-PAGE results for the purified paraplantaricin C7
(Fig. 3B). A double glycine motif, known as a signal
peptide cleavage site, was also present in the signal peptide
sequence, which was confirmed by the N-terminal amino
acid sequencing results for the purified bacteriocin. Although
the first amino acid was mistakenly recognized as Thr,
Asn, or Asp, the subsequent amino acids were correctly
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A orf6 | orf7
2,065 bp ‘
orf2 orf3 ppnC7  orfl orf4 orfs
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101
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501
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701
801
901
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1101

1201

1801

1901

2001

CGTACTATTCACTCGACTTAACGTAACTTTTAGATTGAATATCTIGGCGACTCCGTTCOAARGTTTTTCGTGGACGAT TATTTAAGGTGAGAAGATGATAT
T $8 N VvV RS LTV XKL NZFIGgRTSRTETLTTZ XTI RZ PZRNISNNTILTTZLTLHHYP
orf2 >M I W
GGACTCAGACTGTGGTTCT TTTTATTAATTGT T PG TTGTACTTCARTTGTARAT TTGTCATT TATTACCCCTTTTT TGAARACCAAARRATTATAGTAGE
S L S HN K KN~ I T QV ETITTFTZ KT DINNTITVGEKKTF V M<orf
T Q TV VI F IMNOCILTZLYVFNTCE KT FVYIYY®P?PFFEN QEKTIIVA
GATAATTCCTTTCAGACTAACTGTTCATGTATTCACTARARACAACATTGAT AAAAACAGCATTAATC TAGGTACAGAATTAGTTGGAGT T TGTCTTGAA
I I P F R L T V # ¥V F T K ¥ N I D K N S$ I NN L G T EUL V GV C L E
TTTTTTAGTGCTATTTTTGCTTGACAAT TCTAGGCCATTATT T TTCGGCAGTACAGGC TARAACATGACGTTCARATGGGAGT TGACAAGGGCTGCCATT
F F S A I F A *
TATTGTGGTCATGATGGTGCTCAGTGTGCTAACTAAGTTGTGGGGACGRAGCTGANTGGATTCAGTTGCAATAGTAATTACTTAGTCGT TGTCGGARTAT
ARTCCCTCGTGGTGATGATGATTTTATCGTTTATT TTARAGARCACCATTCATTACGCCAGT CAGATAACCGCAAAGTATCCGATCATAGARGATARTTA
ATTACATAARATTGGACGGATGTTAATTGTCACTTGGACGCCGTGGTTTAGCGACCACGGUGCTTTTICATGCTTGTTGAGGTAGTART TAATCAAGTGAG
orf3>M v V E V V I N ©Q V 3
TTGCTACAGGAGATTARATTTTGAAALGCTGATTTTATTTCACAGGATTTATCTGCGTCCTGARACTATTTTGTGTGATTCGATAAGEGTTACGTGCGGT
¢c Y RRLWNFETZ KTULTITL ¥ HR I Y LR®PETTITTLGECDSIRVYTCG
TATCTCTTAARRAGATACCTTTAGGATARTATTCACTGGAATTACCAATAGGTAGTATATTTGTAAGCGTGGGGAGCGARTAGARATTCTGGAATGTTAG
Y L L K R Y V *
GAAACTAARATGATTTGGGARGGTGATTAGCACATGACTAACTGEGTGTTTCCTATGGCCGTCAATAGGARGTACAAGTTAGAGCATIAGTATGARATTA
-35 ~10
GATTGTCTATATTTAAAAAGTCGAATACGTCTTACCTAGCGTAGATATGCAATT TATGAATARAAATA TATATTATGAAABARTTCABAGAR
ppnC7> M K K F K E
CTARAAGAAAATGAACTGACTGCAATCACTGGTGEATCTTTTGTAGGATACTATCT TGGGCGCT TTTTAGCAAGTGCAACCCATTATTATGGTAAGACRG
L XK &8 8 E L T a1 T[EEs FVGEYVYLGRTFTLASATHY VY G KTV
TCACCARGGGACATATGCACTCTTCAACCATTARCAATTAAACTAT T T TARGGGCAGATARACTATGACAAATAATARATTTGAAGTARTTARCGATARA
T K 6 H M H 8§ 8 T I N N * RBS orfl>M T N N K F E v I N D K
* v I K L P S L § H C I I FKFJYNVITF
ACATTGGCARCTGTARTCGGTGGTGCTAAAGGTGGAGGRATTTTGAGT TGGTTTATAGGCGAAT CCAGTGATATCTGGARAGGCT TTAAGARAGGTATGA
T L ATV IGGGEXK GGG I L S WFTIGESSDTIWEKTGTFTZEKZEKTGMN
c o ¢ s Yy p T T T F T S 8 N Q T P X Y A F G T I D P F A KL F T H
ATCATTACARCARAAAGTAATTATTACTTAATTATGTGACGTGATTATTTTCAATGAT TTATARATCTGCTAGE GGGATGTGATTGAGARATTGCATTTC

H Y N K K *
I M> orf7
CCTAATTTGATTTTTTARTGTGT TTTGTTAAT TGTTGCTTTGAAAATCARAATTGTGC TARCCCTGTGCCTAGAGATAATARATT TTTTTIGTCGGAATT
cxfé >M C F V N ¢C ¢ P E N Q N C A N P V P R DN K F F L S8 E F
TGACGTTTGTTATAGGCACTCATARATATAAATTGTTAAGTTGGTTGTAT TTTGAT TTACAAGCTCTAATCATTTTTCGTATAARACTAAGTTAATGATG
D vV ¢ Y R B & *
AARATTGAGAATTTATGCTGTTAAGARTGGAGTGATCTARAATGAAATCCAACAATATGARACTGAACCGCGATT TTTATARAAACATATTCTTTTITGGCTA
orf5> M K 8 M N M K L N R D F Y K T ¥ 8§ F @ L
GGGATGTTAGCTGTGATTGGTCTTGTAGGAGATGTTTTAT TARAGTACAACACCGCGGTTAGTCCGTGGATAATGATATTAATTGCAATCTATTTATTTIT
G M L AV I GL V.G DV L LK YNTAVY S$ P W I MI L I A I Y L F L
TGAGAGCCTTTACAAGTAAGAGAAAATARATATTATTAARCGGTATTTTTGGCAT TATTTARATT TACT TAGAGGAAATGATTTGAACCTTGTTCACGAAR
R A F T 8§ K R K *
AATAACATTARTCTAAGTGCAGTACTAATGGGAGTTTATCTTGAATTCTTTAGCGCTGCGCTARG
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Fig. 4. A. Genetic organization of ppnC7 gene locus. Arrows indicate the location and direction of the ppnC7 and neighboring orfs.

ppnC7 is the structural gene for paraplantaricin C7 prepeptide. B. DNA and deduced amino acid sequences for ppnC7 and neighboring
orfs. Boxed letters are the double glycines at the prepeptide cleavage site.

Posssible -35 and -10 promoter sequences are underlined, whereas putative ribosomal binding site (RBS) for ppnC?7 is shadowed. The convergent arrows

indicate dyad symmetries for possible transcription termination sites.

identified. Most of the amino acids determined using
the Edman method were identical with the amino acids
determined from the DNA sequence (26 out of 28 amino
acids). The amino acid sequence indicated that the ppnC7
gene encoded a prepeptide that only became an active
peptide when cleaved by the double glycine motif. The
orfl was located immediately downstream of ppnC7, and
when considering the gene size (156 bp) and presence of
double glycines at the prepeptide cleavage site, orf] was
also suspected to be a gene encoding another bacteriocin or
inducer for a bacteriocin, although the protein product was
not confirmed. The homology search results showed that
the region starting at nt 1,420 and ending at 2,057 (638 nts
in length) had a 96% identity with the plantaricin operon
from L. plantarum C11 [8, 9]. This region, immediately
downstream of orfl, also contained orf4 and orf5 (Fig. 4).

The homologous region in L. plantarum C11 corresponds
to an intergenic space between plnP (encoding an immunity
protein) and plnd (encoding a plantaricin precursor),
encompassing orf! encoding a protein of 62 amino acids
with an unknown function. Furthermore, a 391 nt (1,672—
2,062 nt) region was also found to be 98% identical with a
region in L. plantarum J51, containing p/nQ) (encoding a
plantaricin biosynthesis protein) (DQ340868), whereas a
347 nt (1-347 nt) region showed a 98% identity with a
region containing orf2 (unknown function) in L. plantarum
J51. In L. plantarum J51, orf2 is located immediately upstream
of pinQ. Thus, from these results, the genetic organization
of ppnC7 and the neighboring orfs seemed to be somewhat
similar to that of the plantaricin operon genes from L.
plantarum strains, although the number and orientation of
genes vary depending on the strain. The Northemn blot
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650 bp

Fig. 5. Northern blot results for detecting pprnC7 transcript.

Five mg (lane A) and 10 ug (lane B) of total RNA were applied to an
agarose gel, size fractionated, and transferred onto a Hybond-XL nylon
membrane. The probe was PCR amplified with a primer pair: ppnC7-F
(TGAACTGACTGCAATCACTG) and ppn C7-R (TTGAAGAGTGCAT-
ATGTCCC). a-"P-dCTP and a random prime labeling kit were used to
label the PCR product. The size of the ppnC7 transcript was determined by
measuring the migration distance of the hybridization signal from the well
on an agarose gel. RNA size markers (Promega, # G3191) were run in
parallel to estimate the size of the RNA molecules,

results indicated that the size of the ppnC7 transcript was
large, at around 650 nts (Fig. 5), indicating that ppnC7 was
transcribed as part of an operon consisting of ppnC7, orfl,
and probably orf4. A region of dyad symmetry that could
form a stem-loop structure was also located downstream of
orfl (1,472~1,503 nt), as marked by convergent arrows
under the sequence, and may function as a rho-independent
terminator, in which case, the expected size of the transcript
would be ca 500 nts, when starting the transcription from
the promoter sequences mentioned above. Notwithstanding,
another possible terminator was located downstream of
orfd (1,645-1,662nt), and if this site worked as a
terminator, the size of the transcript would be 650 nts,
matching the Northern blot results. When the amino acid
sequence for paraplantaricin C7 was aligned with those for
plantaricins (Fig. 6A), paraplantaricin C7 was found to
have the same number of amino acids as plantaricin F
(52 aa), and all the bacteriocins included double glycine
motifs. In Fig. 6B, the signal sequence for paraplantaricin
C7 was aligned with those for three bacteriocins from
Lactobacillus species: PInF from L. plantarum C11, SakP
from L. sake LTH 673, and AAV43596 from L. acidophilus
NCFM. All the signal sequences consisted of 18 amino
acids and most of the amino acid residues were conserved.
Thus, all the results show that paraplantaricin C7 is a novel
bacteriocin belonging to class II. However, more studies
are needed to elucidate the functions of the orfs near

Bpnc? MRRFRELRENELTAITEQ
PlnF mVLRDRELNAI SkssVEHAY
Plna MKIQIRGMRQLSNKEMOKIVEG

Pind23 MMKKIERLIEKEMANTI]
PinJ MTVNRMIKDLDVVDAFAPISNNKINGVVG
Pk MKIKLTVLNEFEELTADAERNI
PInE  MLQPERLQYSRLPQRKLAKISGG!

Plnc8IF MENINKYTELNDQRLOSLIEEK

KYYGNGVTCGRHSCSVNWGQAFSCSVSHLANFGHGRC
AWKNFWSSLRKGFYDGEAGRAIRR
RENGIGYAIGYAFGAVERAVLGGSRDYNR
FGRSVRHVVDAIGSVAGIRGILKSIR
TRTISLMSGLOVPHAFTKLLKALGGHE

B
PpnC7
PlnF
SakP
AAV43596

Fig. 6. Comparison of amino acid sequence for paraplantaricin
C7 with those of other bacteriocins.

A. Comparision of paraplantaricin C7 with plantaricins. Double glycine
motifs are marked as a shadowed box. PInF, PlnJ, PInK, and PInE are the
bacteriocins produced by L. plantarum C11 [10]. PInA (inducer) is also
produced by L. plantarum C11 [8], whereas PIn423 is a bacteriocin from L.
plantarum 423 [26] and PInc81F a bacteriocin from L. plantarum NC8
[18]. B. Alignment of signal peptide from paraplantaricin C7 with those
from three bacteriocins with similar signal sequences. SakP is a bacteriocin
from L. sake LTH 673 [25], whereas AAV43596 is a hypothetical protein
from L. acidophilus NCFM [1]. Identical amino acids are marked as black
boxes, and similar amino acids marked as gray boxes.

ppnC7 along with the identity and location of the gene(s)
responsible for immnunity against paraplantaricin C7.

Inclusion of L. paraplantarum C7 into Kimchi

Preliminary work was conducted on the effectiveness of L.
paraplantarum C7 as a starter for kimchi. Thus, 10 ml of
an overnight culture of L. paraplantarum C7 in an MRS
broth was centrifuged, the cells resuspended in cold water,
and added to 1 kg of freshly prepared kimchi (3.3x10" cells/
kg kimchi). The viable cell count and pH of the kimchi
were then examined during up to two weeks of fermentation
at 10°C. The kimchi fortified with L. paraplantarum C7
cells exhibited lower pH values and higher viable cell
counts when compared with the control kimchi. The pH of
the fortified kimchi was 4.0 on day 7 and 3.6 on day 14,
whereas the pH of the control kimchi was 5.3 and 4.6
at the same time points, respectively. The presumtive
LAB producing acid were counted by using MRS plates
containing CaCO;, and the cell number for the fortified
kimchi was 5.6x10'/ml on day 7 and 7.9x10%ml on day
14, whereas the cell number for the control kimchi was 1.5%
10"/ml and 7.9x10°/m1 at the same time points, respectively.
However, the kimchi fortified with L. paraplantarum C7
cells developed a unique acid flavor, which may or may
not be desirable or undesirable, depending on individual
taste. This result was understandable, since a significant
number of cells were artificially introduced at the beginning
of kimchi fermentation, and the normal kimchi flora
development seemed to be severely affected when judged
from the above pH and cell count results. The L.
paraplantarum C’ interfered with the normal development



of kimchi flora, especially by inhibiting Leuconostos
mesenteroides. Accordingly, Leuconostoc mesenteroides
cells producing bacteriocins that inhibit lactobacilli would
be the best choice. Thus, more studies are required on
selecting the starter strain, determining the number of
starter cells, and the method of addition to kimchi.
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