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Characterization of Bacteriocin, lacticin YH-10, Produced by Lactococcus lactis subsp.

lactis YH-10 Isolated from Kimchi
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A bacteriocin-producing lactic acid bacteria was isolated from Kimchi on MRS selective media with
the use of Lactobacillus delbrueckii subsp. delbrueckii as an indicator strain. The strain YH-10 was identified
as Lactococcus lactis subsp. lactis through the API test. The crude bacteriocin (freeze-dried 50% ammonium
sulfate precipitate of culture supernatant) produced by the strain was named as lacticin YH-10. Lacticin
YH-10 showed the growth inhibitory activity against Gram positive pathogenic bacteria and other lactic
acid bacteria. The bacteriocin was inactivated by proteases such as protamex and aroase AP-10 and
partially inactivated by amylase, proteinase K, trypsin, and papain. The lacticin YH-10 remained its
activity with the treatment of heat at 100 for 60 min or the changes of pH 2 to 11. However, the
activity was lost at high pH combined with the exposure to 100°C. The bacteriocin production of the
strain was started in the exponential phase and stopped in the stationary phase. The approximate
molecular mass of the bacteriocin produced by the strain was approximate 14 kDa in the analysis on

SDS-PAGE.
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Lactic acid bacteria (LAB) are important in food fermen-
tation because they are used as starter cultures in most
food fermentation and also have antimicrobial activity
attributed to the production of bacteriocins [5,8,11,14,18,20].
Bacteriocins are peptides or proteins that show a bacte-
ricidal action against the bacteria closely related to the
producer strain. Their proteinous nature implies enzymatic
degradation in the gastrointestinal tracts of human and
animals. Thus, bacteriocins produced by starter cultures
are excellent candidates for the improvement of the safety
of various fermented foods [22].

Interest in these compounds from LAB is led to the
commercial use of the antibiotic nisin, which has been the
most extensively studied bacteriocin from the genus Lac-
tococci and approved for use as a food preservative [17].

The screening of new bacteriocin in Korea is promising
because of the relative abundance of traditionally fermented
foods such as Jang (fermented soybean sauce and paste),
Kimchi (fermented vegetables), and Jeot-gal (fermented fish
food). The studies on the bacteriocin and lactic acid bacteria
isolated from Kimchi have been reported [24,10,15,16,19].
Various microorganisms originally present in the raw
materials initiate their growth during Kimchi fermentation
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process, but lactic acid bacteria gradually become dominant
species with producing bacteriocin and other metabolites
[14].

In this study, a strain producing bacteriocin in Kimchi
fermentation was identified and the properties of the
bacteriocin, lacticin YH-10, were characterized.

Materials and Methods

Bacterial Strains and Media

A LAB YH-10 was isolated from fermented Kimchi. The
isolated LAB YH-10 was identified as Lactococcus lactis
subsp. lactis on the basis of Gram staining, the catalase test,
morphology with SEM (Scanning electron microscopy), its
carbohydrates fermentation patterns and biochemical char-
acteristics through AP 50CHL system (BioMerieux, France).
L. lactis subsp. lactis YH-10 was cultured for 10 h at 25T
either in MRS broth (Difco laboratories, Detroit, US.A.) or
on the equivalent solid media prepared by adding 1.5%
agar. The strain was stored at -70C in MRS broth con-
taining 33.3% glycerol.

Bacteriocin Activity Assay

MRS medium was sterilized by autoclaving (15 min, 121
T) and 1% (vol/vol) of a 10 h culture of L. lactis subsp.
lactis YH-10 was inoculated to the medium. Its initial pH
was 6.5. The temperature was held at 25C. Samples were
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removed at different time intervals for the determination
of cell mass at 660 nm of absorbance and the bacteriocin
activities.

Bacteriocin was detected by the agar well diffusion
method and its activity was measured by a serial dilution
method [21]. For the agar-well assay, the cell-free super-
natant broth was placed into the wells cut on agar plate
previously inoculated with Lactobacillus delbruekii subsp.
delbrukii as indicator strain. Wells (6 mm) were filled with
50 pl of test samples. The plate was left for 4 h at 4T and
then incubated at the optimum growth temperature of the
indicator strain. After 24 h, the plate was examined for
zones of inhibition.

Activity was defined as the reciprocal of the highest
dilution showing definite inhibition of the indicator lawn
and was expressed as activity units (AU) per milliliter [7].
Assays were performed in triplicate.

Characterization of Bacteriocin

Sensitivity to various enzymes was tested by treating
lacticin  YH-10 with g¢-amylase, B-amylase, glucoamylse,
catalase, glutaminase, aroase AP-10, protamex, proteinase
K, trypsin, and papain. All enzymes were suspended in
buffers as recommended by suppliers, and the substance
was mixed with equal volumes of enzyme suspensions and
incubated for 2 h at 37°C. For each of the enzymes tested,
controls were incubated without bacteriocin. Residual
activity was determined by the agar well diffusion assay.
To evaluate heat stability, aliquot of lacticin YH-10 was
heated at 1007 for 10, 30 and 60 min and at 1217 for 15
min. The pH stability of lacticin YH-10 was estimated after
4 h storage at 4 in the following buffers, 50 mM citrate
buffer at pH 2-5, 50 mM phosphate buffer at pH 6-7, 50
mM Tris-HCl buffer at pH 89 and 50 mM sodium bi-
carbonate at pH 10-11 [23]. Also, dual effect with tem-
perature and pH for lacticin YH-10 was determined. The
pH of bacteriocin was adjusted to different values by either
HCl or NaOH and then the samples were placed in a
water bath at 100C. Aliquot (500 l) was removed after 10,
30, 60 and 120 min and their bacteriocin activities were
determined by the serial dilution method.

Mode of Action

Cells at the end of exponential phase in the growth of
Lactobacillus delbruekii subsp. delbrukii as the indicator strain
were suspended in sterile MRS broth [13]. The test was
carried out at 37°C by the addition of 40 AU or 320 AU

of lacticin YH-10 to the cultures of the indicator strain
without incubation or after 2 h of the incubation. The
sample was removed at appropriate times for the absorb-
ance measurement at 660 nm and viable count on MRS
agar plate.

Partial Purification of the Substance Produced by L.
lactis subsp. /actis YH-10

The substance was partially purified using an ammo-
nium sulfate precipitation method. The culture broth was
centrifuged at 708 X g for 30 min at 4T (Beckman Coulter,
Inc, US.A). The supernatant was adjusted to pH 6.5 to avoid
the isoelectric point, and it was then boiled for 10 min to
inactivate protease [3,15]. The cell-free suprenatant was
transferred to a beaker in an ice bath, and ammonium
sulfate was added at 40% final concentration. Subsequently,
the mixture was centrifuged at 708X g for 30 min at 4C
(Beckman Coulter, Inc, US.A) and the pellet was then
dissolved in 50 mM potassium phosphate buffer of pH 6.5.
This solution was dialyzed against the same buffer overnight
using a membrane with 3.5 kDa cutoff (Spectrum Medical
Inc, LA, US.A)) [12]. The dialyzed material (crude substance)
was freeze-dried and then stored at -20C until use.

Determination of Molecular Weight by SDS-PAGE

Sodium dodecylsulfate polyacrylamide gel electrophoresis
(SDS-PAGE) was carried out on a 16.5% acrylamide gel as
described previously [1]. A 15 pl aliquot of the 20 fold
concentrated bacteriocin sample was mixed with 15 ul 2
fold concentrated sample buffer and boiled for 5 min.
After electrophoresis, the gel was divided into two parts.
The first half, with standards and bacteriocin samples, was
stained with Coomassie R250 stain. The other part con-
taining only bacteriocin samples was used for activity
detection by a direct detection method [6]. The unstained
half was fixed with 40% methanol-10% acetic acid-10%
glutaraldehyde for 1 h and washed in deionized water,
with frequent exchange of the water for 2 h. The washed
gel was overlaid with the indicator strain Lactobacillus
delbruekii subsp. delbreukii. After incubation, the position of
the inhibition zone was detected and compared to the
stained gel part.

Results and Discussion

Classification of Strain YH-10
The phenotype characteristics of strain YH-10 were



tested through Gram staining and catalase activity. The
physiological characteristics were examined by an API 50
CHL kit (BioMerieux, France). The bacterial cells were
Gram-positive, catalase-negative and a coccus type. The
carbohydrate utilization patterns of strain YH-10 coincided
with those of Lactococcus lactis subsp. lactis. Therefore, the
strain was named as Lactococcus lactis subsp. lactis YH-10.
The bacteriocin produced from this strain was named as
lacticin YH-10.

Spectrum of Antimicrobacterial Activity

The inhibitory activity of lacticin YH-10 prepared by
ammonium sulfate precipitation was tested against various
Gram-positive and Gram-negative bacteria. The results are
shown in Table 1. The antimicrobial spectrum of lacticin
YH-10 was broad, effective not only against LAB including
genus Lactobacillus, Pediococcus and Leuconostoc but also
against Gram positive bacteria such as Acetobacter and
Pseudomonas. Especially, lacticin YH-10 showed inhibitory
activity for spore forming Bacillus subtilis and Acetobacter
aceti. It seems that the inhibition of Acetobacter sp. by the
bacteriocin can contribute the flavor maintenance of Kimchi

during its long storage.

Effects of Temperature and pH on the Production of
Lacticin YH-10

The optimal temperatures for cell growth and bacteriocin
production were determined as shown in Fig. 1. Lactococcus
lactis subsp. lactis YH-10 showed that the maximum

Table 1. Inhibitory spectrums of lacticin YH-10

The inhibition diameter

Indicator strain of halo (mm)

Lactobacillus helveticus CNRZ1096 10
Lactobacillus helveticus CNRZ1094 20
Lactobacillus plantarum ATCC1083 8
Lactobacillus brevis TFO13109 9
Lactobacillus casei KCRZ1121 8
Lactobacillus delbrueckii 1TFO3534 10
Lactobacillus fermentum 10
Leuconostoc mesenteroides ATCC10830 8
Bacillus subtillus 168 6
Bacillus subtillus 3111 10
Streptococcus mutans ATCC25922 4
Pediococcus acidilactis KCTC3101 9

Escherichia coli ATCC9637 -
Listeria monocytogens -
Pseudomonas synsantha 12
Acetobacter aceti 14
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Fig. 1. Effect of temperature on the cell growth and bacteriocin
production of Lactococcus lactis subsp. lactis YH-10.
Legends: (CJ) maximum cell mass (dcw); (M) maximum
bacteriocin activity (AU/ml).

bacteriocin activity was obtained at 25°C while the cell
growth was almost same from 25 to 37C. Lacticin YH-10
was produced during the exponential growth phase at 23
C (Fig. 2). Usually, bacteriocin producing strain from
Kimchi has a trend of the maximum production of
bacteriocin at low temperature. This can explain the flavor
development of Kimchi at low temperature.

The activity reached a maximum 160 (AU/ml) at 10 h
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Fig. 2. The curve of bacteriocin production from Lactococcus
lactis subsp. lactis YH-10 at 25°C with 7 as the initial
pH.

The time-dependent change of bacteriocin activity was
monitored together with the change in pH and cell
density.
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of the culture. After 10 h of incubation, the maximum
activity of the lacticin YH-10 was maintained for 4 h as
shown in Fig. 2. Lactococcus lactis subsp. lactis YH-10
produced bacteriocin in direct proportion to growth curve.
Therefore, it was assumed that this strain in Kimchi
fermentation dominates microbial flora and, thus, enhances
the flavor of Kimchi.

Characterization of Lacticin YH-10

Lacticin YH-10 showed thermal stability as seen in other
typical bacteriocin. Its activity was not affected by the heat
treatment at 1007 for 30 min and detected even after the
heat treatment at 100°C for 60 min (Table 2). The effect of
various enzyme treatments on the lacticin YH-10 was
evaluated as shown in Table 2. The bacteriocin activity of
lacticin YH-10 was reduced by treatments with a-amylase,
B-amylase, glucoamylase, catalase, proteinase K, trypsin
and papain, and completely removed by aroase AP-10 and
protamex of Bacillus protease, indicating the proteineous
characteristics of a bacteriocin. The reduction of the
antimicrobial activity of lacticin YH-10 by «-amylase, B-
amylase and glucoamylase suggests that carbohydrate
moieties are associated with the antimicrobial activity. This
may indicates that the lacticin YH-10 can be grouped into
class IV bacteriocin [8].

Lacticin YH-10 prepared by ammonium sulfate precip-
itation was stable within a wide pH range from 2 to 11
(Fig. 3). Measurement of antibacterial activity at 1007 over
the pH range from 2 to 10 indicated that lacticin YH-10 was

Table 2. Effect of heat and enzyme treatment on the activity
of lacticin YH-10

Residual activity (AU/ml) Treatment
640 Control (untreated)

Heat 1007, 10 min 640
1007C, 30 min 640
100°C, 60 min 320
121C, 15 min 0
Enzymes @ -amylase 160
f-amylase 160
Glucoamylase 160
Catalase 160
Glutaminase 160
Aroase AP-10 0
Protamex 0
Proteinase K 40
Trypsin 160
Papain 160
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Fig. 3. Effect of pH on the activity of lacticin YH-10 solution

were adjusted by 50 mM citrate-phosphate buffer (pH
2-5), 50 mM sodium phosphate buffer (pH 6-8), and 50
mM Tris-HCl buffer (pH 9-11).

more stable at low pH values at the elevated temperature
comparing to other pH ranges (Fig. 4). These data suggest
that the bacteriocin could be a useful preservative in the
preservation of acidic foodstuffs, such as fermented
products which require heat treatment for a long-term
storage.

Mode of Action

To evaluate the mode of the antibiotic action of lacticin
YH-10, the action mode of lacticin YH-10 on the viability
and the lysis of indicator cells was examined. Lactobacillus
delbruekii subsp. delbruekii was incubated with lacticin
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g. 4. Time of x-axis indicates effect of pH on the bactericidal
activity of lacticin YH-10 at 1007C.



YH-10 (640 AU/ml) (Fig. 5). Three hours of incubation of
indicator cells with the bacteriocin resulted in 99% cell
death as determined by colony forming unit (CFU).
However, the optical density remained constant throughout
the experiment. These results indicate that lacticin YH-10
acts bactericidal mode rather than bacteriolytic mode to
sensitive cells.

Determination of Molecular Weight by SDS-PAGE

After SDS-PAGE, the bacteriocin band was determined
by an inhibition zone with the soft agar overlay method.
The clear band was observed at the position of 14 kDa, as
determined from the comparison with the low range
molecular mass marker (BIO-RAD) (Fig. 6). The band from
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—1}— optical density on control
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~
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Fig. 5. Bactericidal effect of lacticin YH-10 against Lactobacillus
delbruekii subsp. delbruekii from log-phase (640 AU/ml).

Fig. 6. SDS-PAGE and antimicrobial activity of lacticin YH-10.
A; standard marker, B; lacticin YH-10 stained with
coomassie blue R-250 reagent, C1 and C2; antimicrobial
activity with Lactobacillus delbruekii subsp. delbruekii as
an indicator strain.
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coomassi blue staining could be detected in lane B at cor-
responding position to the clear bands at lane C1 and C2.

Acknowledgment

This work was supported by 04" Fundfrom Research
Center of Industry-Academy co-operation. Eun-Min Choi
was supported by Brain Korea 21 and So-Jin Park was
supported by Brain Busan 21 project.

References

1. Bogovic-Matiasic, B., 1. Rogelj, I. F. Nes and H. Holo. 1998.
Isolation and characterization of two bacteriocins of Lac-
tobacillus acidophilus LF221. ]. Microbiol. Biotechnol. 49, 606-
612.

2. Cha, D. S. and D. M. Ha. 1996. loslation of Leuconostoc
mesenteroides subsp. mesenteroises DU-0608 with antibacterial
activity from kimchi and characterization of its bacteriocin.
J. Microbiol. Biotechnol. 6, 270-277.

3. Chintas, L. M., P. Casaus, M. F. Fernandez and P. E.
Hernandez. 1998. Comparative antimicrobial activity of
enterocin 150, pediocin PA-1, nisin A and lactocin 5
against spoilage and foodborne pathogenic bacteria. J. Food
Microbiol. 15, 289-298.

4. Choi, Y. O. and C. Ahn. 1997. Plasmid-associated bac-
teriocin produced by Leuconostoc sp. LAB145-3A isolated
from Kimchi. J. Microbiol. Biotechnol. 7, 409-416.

5. Cleveland, J., T. ]. Montville, L. F. Nes and M. L. Chikindas.
2001. Bacteriocins: safe, natural antimicrobials for food
preservation. Int. J. Food Microbiol. 71, 1-20.

6. Daba, H., S. Pandiann, ]J. F. Gosselin, R. E. Simard, J.
Hung and C. Lacroix. 1991. Detection and activity of a
bacteriocin produced by Leuconostoc mesenteroides. Appl.
Environ. Microbiol. 57, 3450-3455.

7. 1, von der Weid, Alviano, D. S., Santos, A. L. S, Soares, R.
M. A., Alviano, C. S. and Seldin, L. 2003. Antimicrobial
activity of Paenibacillus peoriae strain NRRL BD-62 against
a broad spectrum of phytopathogenic bacteria and fungi.
J. Appl. Microbiol. 95, 1143-1151.

8. Jack, R. W., ]. R. Tagg and B. Ray. 1996. Bacteriocins of
gram-positive bacteria. Microbiol. Rev. 59, 171-200.

9. Janzen, J. ]. 1970. Economic losses resulting from mastitis.
J. Dairy Sci. 5, 1151-1161.

10. Jo, Y. B, K. M. Bag, S. K. Kim and H. K. Jun. 199.
Evaluation of optimum conditions for bacteriocin production
from Lactobacillus sp. ]B-42 isolated from Kimchi. |
Microbiol. Biotechnol. 6, 63-67.

11. Kim, C. H,, G. E. Ji and C. Ahn. 2000. Purification and
molecular characterization of a bacteriocin from Pediococcus
sp. KCA 1303-10 isolated fermented flatfish. Food Sci.
Biotechnol. 9, 270-276.

12. Kim, H. J,, J. H. Kim, J. H. Son, H. J. Seo, S. J. Park, N.
S. Paek, and S. K. Kim. 2004. Characterization of Bac-



688

13.

14,

15.

16.

17.

Journal of Life Science 2004, Vol.14. No. 4

teriocin Produced by Lactobacillus bulgaricus. ]. Microbiol.
Biotechnol. 14, 503-508.

Kim, S. K, E. J. Lee, K. Y. Park and H. K. Jun. 1998.
Bacteriocin produced by Lactobacillus curvatus SE1 Isolated
from Kimchi. J. Microbiol. Biotechnol. 8, 588-594.

Kimura, H., H. Matsusaki, T. Sashihara, K. Sonomoto and
A. Ishizaki. 1998. Purification and partial identification of
bacteriocin ISK-1, a new lantibiotic produced by pediococcus
sp. ISK-1. Biosci. Biotechnol. Biochem. 62, 2341-2345.

Ko, S. H. and C. Ahn. 2000. Bacteriocin production by
lactococcus lactis KCA2386 isolated from White Kimchi.
Food Sci. Biotechnol. 9, 263-269.

Lee, H. ], Y. ]. Joo, C. S. Park, S. H. Kim, I. K. Hwang,
J. S. Ahn and T. I Mheen. 1999. Identification and
characterization of bacteriocin-producing lactic acid bacteria
isolated from Kimchi. |, Microbiol. Biotechnol. 9, 282-291.
Matsusaki, H., K. Sonomoto and A. Ishizaki. 1997. Bac-
teriocins, growth inhibitory substances, of lactic acid
bacteria. Microbiol. Rev. 15, 125-133.

18.

19.

20.

21

23,

Muriana P. M. and T. R. Klaenhammer. 1991. Cloning,
phenotypic expression and DNA sequence of the gene for
lactacin F, antimicrobial peptide produced by Lactobacillus
spp. . Bacteriol. 173, 1779-1788.

Ralph, W. ], J. R. Tagg. and N. B. Ray. 1995. Bacteriocins
of Gram-positive bacteria. Microbiol. Rev. 59, 171-200.
Smelis, J., S. Rolfer and ]. Metaxopoulos. 1994. Sakacin B,
a bacteriocin produced by Lactobacillus sake isolated from
Greek dry fermentation sausages. ]. Appl. Bacteriol. 76,
475-486.

Tagg, J. R. and A. R. McGiven. 1971. Assay system for
bacteriocins. Appl. Microbiol. 21, 943-945.

. Tagg, ]. R, A. S. Dajani and L. W. Wannamaker. 1976.

Bacteriocins of gram positive bacteria. Bacteriol. Rev. 40,
722-756.

Yan, T. R. and C. S. Lee. 1997. Characterization of a
partially purified bacteriocin, Fermenticin B, from Lactobacillus
fermentum. Biotechnol. Lett. 8, 741-744.

b
J

: XAkl

- Ygst - BaE - URY - 8Bl -

APL test EalA AN Relg farTol
lactis subsp. lactis YH-100]g} B 3t1, it
subsp. lactis YH-10& 257, 30C <} 37Tl A )4
e 7 gua paEad ol FFEHE &
@ -amylase, §-amylase, glucoamylase2] 2o &

159t} Lacticin YH-10& wh 27
QA FPEE ¢ 5

EARA o] &F F Uk

247

Hel 2

o
2AE

Lactococcus lactis subsp. lactis®] }
H
1}

T g4s 9F
£318. & 4 31t} Ammonium sulfate A3 F SDS-PAGEE £3] wHe2] &
EZEA AA YA E3j7t 7Hs
At} Lacticin YH-10& @& pHS} =& 2 ¢

2018 gholat 3 Lactococcus

lacticin YH-102.2 =234tk Lactococcus lactis

Fot A3 25T A e eE *3* 8o} Lacticin YH-10&
Hagenz, gudzd B SAst £

AAsQom g uwg Al BE Z classVo)
) B ko] e 14kDagl o]
817] WEoll dnk 315 BEA 2o
1A GaEAES 7HA T Q7 dEo AFR



