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Tahle 1 Lactococci isolated from dairy and non-dairy materials in this study

Strain No. Strain Isolated from
G46 Lactcoceus lactis subsp. lactis Napiergrass
G47 Lactcoccus lactis subsp. lactis Napiergrass
G48 Lactcoccus lactis subsp. lactis Napiergrass
G50 Lactcoccus lactis subsp. lactis Napiergrass
G51 Lactcoccus lactis subsp. lactis Napiergrass
G53 Lactcoccus lactis subsp. lactis Napiergrass
G55 Lactcoccus lactis subsp. lactis Napiergrass
G56 Lactecoccus lactis subsp. lactis Napiergrass
G6éo Lactcoceus lactis subsp. lactis Napiergrass
G61 Lactcoccus lactis subsp. lactis Napiergrass
G62 Lactcoccus lactis subsp. lactis Napiergrass
G65 Lactcoceus lactis subsp. lactis Napiergrass
H45 Lactcocceus lactis subsp. lactis Kimchi sea cucumber
H46 Lactcoccus lactis subsp. lactis Kimchi sea cucumber
H47 Lactcoccus lactis subsp. lactis Kimchi sea cucumber
H48 Lactecoccus lactis subsp. lactis Kimchi sea cucumber
H49 Lactcoccus lactis subsp. lactis Kimchi sea cucumber
H50 Lactcoccus lactis subsp. lactis Kimchi sea cucumber
H51 Lactcoccus lactis subsp. lactis Kimchi sea cucumber
H52 Lactcoccus lactis subsp. lactis Kimchi sea cucumber
H53 Lactcoccus lactis subsp. lactis Kimchi sea cucumber
H54 Lactcoccus lactis subsp. lactis Kimchi sea cucumber
H55 Lactcoccus lactis subsp. lactis Kimchi sea cucumber
H56 Lactcoccus lactis subsp. lactis Kimchi sea cucumber
H57 Lactcoccus lactis subsp. lactis Kimchi sea cucumber
H58 Lactcoccus lactis subsp. lactis Kimchi sea cucumber
H60 Lactcoccus lactis subsp. lactis Kimchi sea cucumber
CH1-1 Lactcoccus lactis subsp. lactis biovar diacetylactis Cheese 1
CH1-2 Lactcoceus lactis subsp. cremoris Cheese 1
CH1-3 Lactcoccus lactis subsp. lactis biovar diacetylactis Cheese 1
CH1-4 Lactcoccus lactis subsp. lactis biovar diacetylactis Cheese 1
CH1-5 Lactcoccus lactis subsp. lactis biovar diacetylactis Cheese 1
CH1-6 Lactcoccus lactis subsp. lactis biovar diacetylactis Cheese 1
CH1-7 Lactcoceus lactis subsp, lactis biovar diacetylactis Cheese 1
CH1-8 Lactcoccus lactis subsp. lactis biovar diacetylactis Cheese 1
CH1-9 Lactcoccus lactis subsp. lactis . biovar diacetylactis Cheese 1
CH2-1 Lactcoccus lactis subsp. cremotis Cheese 2
Table 2 Effect of citrate on molar growth yield Y from glucose of Lactococcus lactis strains
- YoP

Strain Glucose Glucose

plus citrate
Le. Iactis subsp. lactis ATCC19435 19.7 (1.04) 13.7 (0.23)b
Lc. lactis subsp. lactis bv. diacetylactis DRC1 22.9(1.68) 19.9 (2.12)
Le. lactis subsp. lactis bv. diacetylactis N7 16.1 (0.79) 16.7 (0.36)
CVT strains
8W 18.6 (0.45) 22.9 (0.24)0
CVT3 20.2 (0.65) 22.5 (0.24)P
B75-1 12.8 (0.18) 16.2 (0.59)P
B75-2 12.1 (1.45) 25.7 (0.49)P
B75-3 13.8 (0.64) 23.6 (0.88)b
B75-4 14.6 (0.74) 17.1 (1.17)¢

4 g dry weight per mole of glucose consumed. Values are means (standard deviation); n=4.

Student's t -test was carried out for each culture with and without citrate.

b Significance: P < 0.01.
C Significance: P < 0.05.



Table 3 Growth characteristcs of lactococci in various medium plus oxgall

Medium
MRS GM17 M17

Strains Control Oxgali Control Oxgall " Controi Oxgall
Tc. Tactis subsp. lactis ]

ATCC19435 1.10 - 1.78 - 1.10 -
712 1.30 0.12 2.21 ’ - 1.80 -
527 1.58 0.47 2.25 0.32 1.21 0.32
Le. lactis subsp. cremoris

ML 0.70 - 0.66 - 1.00 -
HP 0.72 - 1.77 - 0.58 -
H61 0.68 - 0.46 - 0.78 -
Lc. lactis subsp. lactis

bv. diacetylactis

DRC1 1.55 0.78 1.81 - 1.08 -
DRC2 1.21 0.65 1.58 0.14 1.10 0.17
N7 1.48 0.90 1.75 1.22 1.42 1.33
CVT B75-1 W 1.52 0.28 2.12 0.09 0.91 0.17
CcvTB75-2Y 1.49 0.31 2.12 0.04 1.38 0.1

Each MRS, GM17 (M17 supplemented with 0.5% glucose) and M17 broth contained 0.3% oxgall (Oxgall; dehydrated bile) or
not (Control). Values were determined by absorbance at 620 nm after 24-h incubation; all values are the means of two trials.
-, Non-growth

Table 4 Effect of Tween 80 on bile tolerance of lactococei.
Concentration of Tween 80 in MRS broth (%)

Strains 0 0.05 0.1 0.5 1.0

Le. Lactis subsp. lactis

527 Control 1.07 1.18 1.19 1.33 1.35
Oxgall 0.06 0.08 0.19 0.76 1.07

Lc. lactis subsp. lactis
. bv. diacetylactis

DRCH Control 1.40 1.40 1.30 1.34 1.06
Oxgall : - . 0.74 1.06
N7 Control 1.38 1.42 1.36 1.38 1.43
Oxgall 0.28 0.46 0.78 1.45 1.36
CVTB75-1 W Control 1.33 1.58 1.40 1.49 1.40
Oxgall - - 0.16 0.98 1.18
CVTB75-2Y Control 1.06 1.28 1.36 1.38 1.34
Oxgall - - 0.06 1.00 1.08

Values were measured by absorbance at 620 nm after 24-h incubation; all values are the means of two trials.
Oxgall concentration was 0.3%. -, Non-growth

Table 5 Effect of bile and Tween 80 on leakage of intracellular materials from lactococei

Ahsorbance at 260 nm
Suspension buffer DRC1 N7 712
B1 0.061 0.068 0.090
B2 0.033 0.045 0.138
B3 0.536 0.621 - 0.864
B4 0.253 0.285 : 0.229

Each value is the mean of two trials in tripricate. Cells were suspended in'B1, B2, B3, or B4 buffer and the cellular leakage was
determined after 30-min incubation at 37°C. Buffer: B1, 0.05 M sodium phosphate buffer ; B2, plus 1% Tween 80 ; B3, plus 0.3%
oxgall; B4, plus 0.3% oxgail and 1% Tween 80.



Table 6 Survival of Le. lactis subsp. lactis bv. diacetylactis N7 in the presence of lysozyme

Time (min) Viable bacteria {log4q cfu/ml)
’ Control Lysozyme
0 9.22+0.14 9.27+0.02
15 9.20+0.16 9.14+0.09
30 9.22+0.07 9.10+0.09
45 9.36+0.08 9.03+0.09
60 ' 9.20+0.09 8.86+0.08

Cells suspended in 0.06 M phosphate buffer (pH 6. 2) supplemented with 1% NaCl containing 100 ug/ml lysozyme (Lysozyme)
or not (Control). Values are the means with standard deviation of three trials.

Table 7 Survival of Lc. lactis subsp. lactis bv. diacetylactis N7 at various pH values

Time (h) Viable bacteria (log4q cfu/ml)
pH 1 pH2 pH3 pH4
0 9.18+£0.08 9.31+0.08 9.30+0.11 9.31+0.08
0.5 - 5.44+0.19 9.22+0.05 9.27+0.08 -
1 - 5.75+0.41 9.26+0.09 9.31+0.04
2 ' - 5.38+0.04 7.82+0.05 9.35+0.11
3 - 5.10+0.58 7.53+0.30 ) 9.17+0.21
Values are the means with standard deviation of three trials.
-, Not detected.

Table 8 Results of in vitro adhesion tests conducted on Lactococcus strains on the human Caco-2 cell line

Tested strain Result

Le. lactis subsp. lactis

ATCC 19435 T
712 +
527 ++
1061 +

Le. lactis subsp. lactis bv. diacetylactis

ATCC 13675 +
DRC1 +
DRC2 -
N7 -
cvrsw +

Lb. johnsonii Nestec La1 ++

Lb. acidophilus JCM 1132 -
-, No adhesion (Lb. acidophilus JCM 1132 as a reference strain); +, low adhesion; ++, high adhesion (Lb. johnsonii Nestec La1
as a reference strain).

Fig.1. Scanning electron micrograph of differenciated Caco-2 monolayer to which Lc. lactis subsp. lactis 527 bound
(magnification, x 10,000). Bar represents 1 um. )
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Fig.2. Mean concentration of the three populations of rifampicin-resistant Lc. lactis subsp. Jactis bv. diacetylactis N7 in
faecal samples of three of mice.

Table 9 Cholesterol removed from media by lactococci®

Cholesterol
removed removal Growth

Culture (ug/ml) (%) (A620nm)
Lc. lactis subsp. lactis
527 co 37.7 53.9 1.08
G50 62.0 88.6 1.53
H48 60.7 86.7 1.74
Le. lactis subsp. lactis bv. diacetylactis
N7 ' 68.1 97.3 1.56
ATCC 13675 21.7 31.0 0.47

. DRC1-F 41.0 58.6 _ 1.42
8w 55.0 78.6 0.31

d Cells were inoculated for 24 h at 37°C in GM17-THIO broth supplemented with 0.2% sodium taurocholate and cholesterol

{final concentration in broth=70 pg/mf). The growth of each strain was measured as absorbance at 620 nm (A620nm); all values
are the means of two trials with duplicate.

Table 10 Cholesterol removal by and growth of lactic acid bacteria in MRS-THIO and GAM broths

Le. lactis subsp. lactis Lb. acidophilus
bv. diacetylactis N7 ATCC 43121
Cholesterol Growth Cholesterol Growth
removedd removal (A620) removedd removal (A620)
Media {pg/ml) (%) __{ug/mi) (%)
MRS-THIO 20.6 29.4 1.70 37.0 52.9 1.34
GAM 56.9 81.3 1.14 . 507 72.4 1.40

2 Cholesterol removed by the culture during a 24-h incubation at 37°C.
All values are the means of two trials with duplicate.
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Fig. 3. Cholesterol removal by growing, heat-killed, and resting cells of Lc. lactis subsp. lactis bv. diacetylactis N7.

Cell mass was determined from a standard curve relating optical density to dry weight to calculate relative amounts of
cholesterol removed (ug/mg dry weight). Cells that removed cholesterol from the media during growth for 24 h at 37°C
were designated as growing cells. The heat-killed cells of strain N7 were prepared by autoclaving for 15 min at 121°C
and were suspended in GM17-THIO broth containing sodium taurocholate plus cholesterol. Resting celis were suspended
in 0.05 M phosphate solution. These cell suspensions were incubated at 37°C for 24 h. Values are means + SD of two

Resting cells -

independent experiments performed in duplicate. ** Significantly different from growing cells, P < 0.01.

Table 11 Inhibition of several intestinal bacteria by Lc.-lactis subsp. lactis bv. diacetylactis N7 in associative cultures

CFU of InhibitionP
Test culture Sample Pathogens/mi@ (%)
E. coli MAFF 911145 Control 4.46 X108
strain N7 7.33 X107 83.6
E. coli TISTR 527 Control 7.49 X108
strain N7 1.97 X108 73.7
K. pneumoniae NGRI G-1 Control 3.36 X10°
strain N7 2.90 X108 914
Sta. aureus IFO 15055 Control 1.15 X109
strain N7 3.50 X108 99.7
Sta. aureus TISTR 029 Control 1.52 X108
strain N7 6.00 X105 99.6

ADetermined after 24-h incubation of associative cultures at 37°C.
Binhibition (%)= 100 (CFU/ml in control) - (CFU/ml in associative culture)

(CFU/ml in control)

The population ratio in the inocula of strain N7 and pathogen was 104 : 1.
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Fig.4. Inhibition of Sta. aureus IFO15055 by Le. lactis subsp. lactis bv. diacetylactis N7 at varying inoculating ratios after
coincubation. Co-cultures were prepared by simultaneously inoculating strain N7 and Sta. aureus |FO15055 at varying
inoculating ratios, then the viable counts of Sta. aureus were determined after 24, 48 and 72-h incubation period at 37°C.
To eliminate the effect of decrease in pH resulting from acid produced and nutrient consumption, at 8-10 h intervals all
media were refreshed as foliows. Strain N7 was inoculated simultaneously with Sta. aureus into GAM+MRS mix culture.
Cultures were centrifuged and pellets were resuspended in fresh medium. Each population in the inocufa of strain N7
and Sta. aureus IFO15055 was 1 : 1 (A), 102: 1 (B) and 104 : 1 (C), respectively.
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Fig. 5. Effect of lactococei on IL-12 and iL-6 production by clonai macrophage J774.1 cells.
Data are representative of two separate experiments.

527,712, H48, G50, J53: Le. lactis subsp. lactis
HP, H61, ML, CH2-1: Le. factis subsp. cremoris
N7, DRC1, CVT8W, CVT3, B75-1W, B75-2Y:Lc. lactis subsp. lactis bv. diacetylactis



B B 16

-
w
(=]

IL-12(pg/mi)

~
wn
(=)

controf

IL-6(pg/mi)
s &z B

(%2
(=]

e
G50 controi

controf

G50

Fig. 6. Cytokine levels in spleen cells of mice after oral exposure to Lc. lactis subsp. lactis G50 (1 x 109 cfu in 10% skim milk
/mouse/day) for 7 days. Control mice were fed with 10% skim milk only. Data are representative of several experiments.
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Fig.7. Effect of oral administration of lactic acid bacteria on ovomucoid-induced total IgE production in serum of mice.
Strain G50 or Lb. acidophilus JCM 1132 was administered to mice at a level of 10° cfu in 10% skim milk per mouse
per day for 19 days. Data are shown as means + SD. Asterisks indicate values significantly different from control

(™ P<0.01).
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