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Immunomodulatory effects of mixed Weissella cibaria JW15 with water
extract of black soybean and burdock on Listeria monocytogenes

infection in mice.

Ho-Eun Park, Wan-Kyu Lee”

College of Veterinary Medicine, Chungbuk National University, Cheongju 28644, Korea

The objective of this study is to assess immunomodu-
latory effects of mixed Weissella (W.) cibaria JW15
strain with water extract of black soybean (Glycine
max) and burdock (Arctium lappa) on Listeria (L.)
monocytogenes infection in mice. Female 7-9 week old
BALB/c mice were given a daily dose of 1 x 10’ CFU of
viable JW1S5 and JW15 mixed with black soybean (BS)
and burdock (BD) in 200 pL. PBS for 2 weeks. The
nomal control group (NC) and positive control group
(PC) were given 200 pL PBS. After 2 weeks, mice were
infected with L. monocytogenes (1.0 x 10° CFU/mouse)
via the tail vein. The NC was injected with 100 pL. PBS
without L. monocytogenes. After 2 days, mice were
euthanized and their body weights were determined.
In addition, their livers and spleens were weighed, and
serum were analyzed for cytokine (Interleukin-1f (IL-
1B) and Tumor necrosis factor-a (TNF-a)) produc-
tion. The survival rate was monitored using 5 mice in
each group in the same way above until the mice died.
Two days after infection with L. monocytogenes, mean
spleen weight per body weight (g/kg) of JW1S (5.4 +
0.88 g/kg), JW15 + BS (6.0 + 0.64 g/kg), and JW15 +
BD (5.3 + 0.38 g/kg) group were significantly lower
than that of the PC (6.8 = 0.57 g/kg). The level of IL-1§
in the serum of JW15 + BD (113.6 + 31.03 pg/mL) was
significantly higher than that of the JW15 (67.9 = 15.15
pg/mL). Collectively, combination W. cibaria JW15
and water extract of BD and BD have ability to induce
synergistic immunomodulative effects and are suitable
for consideration as a functional food for humans and
functional feed additives for companion animals.
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Introduction
A3t A (probiotics) & FUPAEF ] ¥F-2 MAA 7
STFE=oA & &8-S sk Aokl v AER Full-
erol ga FolE (1], B nAESo] AAAR o] §
a1 A RE, AV S A EE ikt (Lactic acid
bacteria) ©] YW S & 7Hg who] ARE-E] AL It A A 74A]
Akt AU AT T4 A 2], 5 FEAHE A
sk3], &37s S [4], AW W rls A 5] & A
el Al f8-8 &2 5235 YEhdl= 0= B ]
H L FA o2 XTE Weissella &5 At 1% A F
FA GAP o R FteetolAl SAoln oA E AR
(heterolactic fermentation) & &3 LETS FAtz} o]
Abstel s ® Wbg A ZIeH6]. Weivsella &ol| L3 E = Weis-
sella cibaria + A8} 132 a2 SHFoR
%31, 2002 Bjérkroth 5 1 JsHH ERe A5 Tl
g 5 H]Ae} [7]. Weissella cibaria= weissellicin®} 2
& GaredE A Ftolelamy W WY a s A
e Zo® Husa glom (8], AR oA &2 E Weissella
cibaria JW15 JW15) &= 2 A oA 9 Nitric Oxide (NO),
Nuclear factor (NF)—«B, Interleukin (IL)—1p @ Tu-—
mor necrosis factor (TNF)—o A& F7HA1A W
= FAA = e a7 e o w Gl 9].
232 (Glycine max Merr) $t=1°] thin] AF4LA=
A7F235 0 A% s A7 2 ol AFEE I Q) 7]
2, vlEr, Aoj4lfr, REEAobd, o] AE ek, A, A
gy slgfolt Fo| thFo® T Hogle T2
g AEEEE, T, FAkst IAET oY, A9 S
T olel Ay a397F R ATH10]. 9D retium
lappa) & °F& 7 A& 07 A E 3 Q= o= E A 4o
l?_f;]-tq o Ohals_i}e x]]/]tq 6]—07—/?5]—7‘01: ?"5]—1;]—1—— fﬂ—
woleis Wl 1% avel 2 Fole Welold Ao
2 Abgo] Psahoha ekel A Seh11],
% FAATR] Listeria (L.) monocytogenesi= 1
ShEL QUL Aol weqlel ] ¢l Adelo} o % kel
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Zhet A F, W59, AFs 58 o7, M s
/‘1—5 A3y, wHgued, HE8S fAF TS YL

A T E Al el W3t S50 AgNES AT
LR A% pd a7 ow da AFeE 3 9uh[12].
monocytogenes = Peyer's patch 425 Sl d4H S 4
A Sete] e dx S Fall (HgY v go R A

vkl B g v ok [13].
IL-1p¢ TNF—oa 22 Pro—inflammatory cytokine->
o AAAA N Fas s divh [L-1B= 4 “%
Aol tish ARkg-& fFrEste] 7] 34 ¥E&elA T
st il Ed 2 g5, TNF—q, IL-69 &2 cytokine
4 chemokine 2] —Hﬂlg &%t [14, 15]. TNF—oi= Al
X 14101]*1 JAAE AAste d5HdS 2L4ToZH =

ﬁxﬂﬁﬂ"ﬂ/ﬂ 7L°3°ﬂ 3t A S zh=rh[16]. ol 8F &2

O] HAAES] HAS vl A E Ao 71938 cy—
tokine £ ZEZ & FA} vlolg A AggatEo] AR
H 7% soh[17].
2 AT oA LA TR A A F2 AEFE
= FArE £3selEs v ey dexdadE
7tat7] Q18 AAlskd AEFEEEe ATl 3t
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Sl ¢ B FEES AN oy, fakg e A

W WA, WeEA, Udd, g as 2 g
oy DroblotlcsEHJ EAAS AU W FxHd 5o A5H
IW15#FZ AFE38ITH9]. JW15 #3= SH & 335

7} &3t5le] Raw 264.7 cellsell A9 NO, NF—«B, IL—18
9} TNF—a 845 £31& AA #9574 AUA &35 A
e Aor &2 oy g4l 2 ob4 4
S A & AdEloltH[18]. kA, # A oA = U}°*°ﬂ
&t L. monocytogenes 733 5@ 2 7 g 3 = 2§
FEEHIWIE AT 28 g xdads 741% —‘%
ox A¥Es Yot

X m{n

Materials and Methods

S Y

AR ANA B2 Weissella cibaria JW15 (KACC 91811)
T+ De Man Rogosa and Sharpe (MRS) broth (Difco,
MI, USA) oA 37C, 2417+ vjeFst 3 MRS plateE ©]
g3lo] S AT T e AAE 4ToA
12,000 rpm e & 103 94 Eelste] A5 W

TANS Et
pH7.2) ° &
Alsto] Ay sEel AT

¥l 1 X phosphate buffered saline (PBS
51 A# % 1.0 X 10° CFU/mLo] ¥ %=
TFo] sFiTH9].

ternational Ginseng & Herb Researc Instltute Ge—
umsan, Korea) ol A #| g &ol & A3le A3}l t). S
[Glycine max, Black soybean(BS)] <2}

4 [dretium lappa,
Burdock (BD) ] 5 40 mLell =471
ol

Al
FEE2gs 7t
H

3 200 rpm & 25TCeoA 244 7FHEer wHl F&5 519 11
Whatman No. 32 93 & 333557 (400) & o] &
gto] gul 5 A AR AxE B -80TelA B3

of Aol Abg-3F3At.

ARFEL 7799 female BALB/c P} 8 valuo] .
a Biotech, Seoul, Korea) ?lA +¢]&ko] AF&-3191
0} n = E‘j/‘g_zﬂ% %:‘?FEHUI—_U_ /\]6—]%%% -r] §]i_,_
B 5918 Wk ow (CBNUA-744—-14-01), T5the
AP FE=AAAE 2 AL 2o wheba] 32 (21 £ 20),
F5 (B0 £ 20%), 1242 124 (08:00~20:00) 9] F57]
2 A 2deA AFSS Ak AP FAHAT
¢l A th %+ (Normal control; NC), %A thz+ (Posi—
tive control; PC), Weissella cibaria JW15 Fo1+ (JW15),
JWi5¢t S8 & &= EFFATL W15 + BS), JW15
o} 9 E FEE EFFITUWI5 + BD) ] F 5L
2 upro] ek 25ukE] & AFE-EFsith NCSF PC
o= PBSE Foistal JW15F o1 oll= 10% skim milk®
343 1.0 x 10° CFUQ JW15¢F 200 pLE Fo38k3)
ot e el -2 AJ (A F 60 kg) ol 1€ FF Ao x4
Asts ¥ 2ME s=HF 20 9 “%EHZE 3hatkstod
w2 1eke S 8% 11.14 mg/20g, +9 51.2 mg/20 g
SRR QTR Sk 270 4 g@—‘é——g Folgh &
= AlQst A el vheld L monocytogenes BAOOO92
(National Veterinary Research and Quarantine Service
of Korea, Seoul, Korea)Z 1.0 X 10° CFU %% |4
& Fal AFAATG[19].

022 HIES 2 ZIIFH =3
L. monocytogeness HAAZ 24 F, vpgE QAL A

Table 1. Effect on the body weight and relative liver and spleen weights of mice after oral administration of Weissella cibaria IW15

and water extracts of BS and BD

Group Body weight (g) Liver/BW (g/kg) Spleen/BW (g/kg)
NC 19.1 £0.88° 41.5+2.08¢ 3.3+045°
PC 17.5+0.75° 61.8+5.98° 6.8 +0.57°
JW15 17.2 £1.02° 64.6 £2.93° 5.4+0.88
JW15 +BS 17.5+0.77* 61.3+1.10° 6.0 +0.64°
JW15+BD 182+ 1.67%® 62.8 +£5.62° 53+0.38°
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REHOR Y A AL AEFHL PAL FoiRA
(g/kg) 2 AHE3H] 3719 A BA S 24 28
2 AFel i 3719 G (e/ke) T 5 FATHLO)

OIA ZPEI MO Listeria monocytogenes @4 E8

L. monocytogenes ¥ 29 -, FoAo®E AEFI 1+
< 3000 rpmelA 5+%<F homogenizer (Tokken Inc.,
Chiba, Japan) & °]&3to] #AsAIA 1+ el L. mono-
cytogenes] 5 BHI agar (BD, USA) oA 5333tk
[19].

012 SE0AM2 cytokine 3

w92 Eoj g o] g S BD Microtainer SST tube (BD,
USA) o A F 38k 3,000 rpm 1087 AR E S8 &
e FAsAT 4% dHo IL-1pst TNF—ad %
= ELISA kits (eBioscience, San Diego, USA) & ©] £
slo] 438k IL-1p2F TNF—a9 capture antibodies
100 WLE 4ColA 35 <2k ZE e 96—well plateol v
ol l e Aghs w7 918 1417 < blocking st
Stk 0.05% (v/v) 2] Tween 20 (Bioshop, Canada) & 3
ek PBS (PBST) = 5¥ AlF] 9 [L-1B9} TNF-a]
standard®} @2} 100 pLE Wil 2A17F &<k Aol A #)
oFal3ith = standard®} sample< 3WFEA A A5} T}
IL—1B9} TNF—a] detection antibodies 100 uLE 1A%t
ToF Aol B A F Avidin—HRPE 3043 229
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Fig. 1. Interleukin (IL)-1p production in BALB/c mice sera in
the Listeria monocytogenes challenge model. Data represent
the mean = SD of five mice in each group. NC; normal
control group (no probiotic-feeding and no L. monocytogenes
infection), PC; positive control group (no probiotic-feeding
and infected with L. monocytogenes), IW15; Weissella cibaria
JW15-fed and infected with L. monocytogenes, JW15 + BS;
combination JW15 and black soybean-fed and infected with L.
monocytogenes, JIW15 + BD; combination JW15 and burdock-
fed and infected with L. monocytogenes group. Different
superscript letters (a, b and c) indicate the statistical differences
determined by ANOVA (p<0.05).

1Ak mpA 2o & Tetramethylbenzidine (TMB)
2kl o] 4 1538 WAl 7] 31 50 pul] 2N HoSO.= W&
FA 3Rk wh-g-o] £ plateE 450 nmeollA 431
B3-S standard (0~1,000 pg/mL; IL—1B, TNF—a)
TFAE o] g3te] Al tH9].

o
o,
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2 >

Listeria monocytogenes 2% NISAMNMC] WEE =3
7} -9] wpg-2ef PBS, JW15 Z22]3 JW159F S 9 5

= =TIl o KN

= FEEY &£3& 273 5ok L monocytogeness
1
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o2
d

AuFALE AL T, RE AL AR W7hA) 347
NAew FEo AEES SRR 9],

EHEM X Fo/M 4N

F A4 2= SPSS (Window ver. 12.0; SPSS, USA) £ ©]
Lt om 157k F24d A2 ANOVA ¥ Duncan's
tests® AFFAA S AFESH T (p<0.05).

Results
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Fig. 2. Tumor necrosis factor-a (TNF-a) production in BALB/c
mice sera in the Listeria monocytogenes challenge model. Data
represent the mean + SD of five mice in each group. NC; normal
control group (no probiotic-feeding and no L. monocytogenes
infection), PC; positive control group (no probiotic-feeding
and infected with L. monocytogenes), IW15; Weissella cibaria
JW15-fed and infected with L. monocytogenes, JW15 + BS;
combination JW15 and black soybean-fed and infected with L.
monocytogenes, JIW15 + BD; combination JW15 and burdock-
fed and infected with L. monocytogenes group. Different
superscript letters (a, and b) indicate the statistical differences
determined by ANOVA (p<0.05).
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9] A|F0](18.2 = 1.67 g) PC-Ht} F71et o, 2t &
o ke o4l At #AE 5 ¢l (Table 1).
A & o] g d FASFH A9 NCe] 41.5 + 2.08
g/kg °) H]8 PCT-< 61.8 + 5.98 g/& o)A o7 F7}a)
o] L. monocytogenes 7 0] 71 F-Alel & v A& g
Q1 & = Tt AT T vl Ao d FA S AT A
= PCHS) v A 7F NC Rtk 2HH°W fro)dow 7t
Q3 JW15, JW15 + BS, JW15 + BD 09 H A5
AZF vl W PC (6.8 + 0.57 g/kg) o] BIAFA R} f
oH o7 it NS &l & = ATk (Table 1).

OtRA ZHEUIMOl L. monocytogenes B8 D+ £X Zilt

L. monocytogenes " MTFAF & 10 7 o] Y3 AHFE S
st A3}, Table 2014 ¢} Zo] NC ol A= L. monocyto-
genes7t AZH A YA T, PColl A= 8.54 + 0.45 (log
cfu/g) & w7k AFH AT, T Folw B PCaat
o oAl s B A ok

OIRA AWM IL-1p X TNF- « ZSHZD
L. monocytogenes "8 A & k-2~ F3 U IL-1p S84
I}, PCH2 65.0 £ 3.57 pg/mL A kel vl8)], TW15 +
BSw¥ JW15 + BDellA 7} 7} 85.6 = 26.75 pg/mL,
113.6 £ 31.03 pg/mLZ &=z IL-1p AS 57}
AFA w3 JW15 + BD FolFo] JW15 95T F2
67 9 +15.15 pg/mL Hh {241 S/ 7S YER ©
FoAFRTG Y =2 IL-1p 5 A3t & & & 5
%%D}(Fig 1).
g3 W TNF—a 423 JW15 (2200.0 = 339.03 pg/
mL), JW15 + BS (1741.3 * 445.56 pg/mL), JW15 +
BD (1860.6 = 175.30 pg/mL) Fol7 =5 PCT (589.4
+ 165.37 pg/mL) ol Hl& fFo]A o2 TNF- o JAS =
7FA Rt (Fig. 2).

257 2t EAHES AT F38F AL L monocytogenes= 173 ™)
71—032\]7] kel u].o/\O] AQ&O%%;H& 7&;,} 71—oﬂg;q o} o
NC-& AP 7RA] §lo] B &S JW15 o, JW15 +
BS,JW15+BD%&%A‘7¢7680 + 6.46, 68.20 £ 9.01
ZE]E 72.80 * 15.58 A|xt 3 A& PC (66.60

+ 9.10) Bt} e AL Fol 4l Apol= A7y
2] &orth(Fig. 3.).

ol

L. monocytogenes BMFALZ S0 Ot O1RAQ WEE
i

Table 2. Viable cell counts of Listeria monocytogenes in liver of mice
after Listeria monocytogenes challenge

Group Listeria monocytogenes in liver (log cfu/g)
NC -
PC 8.54 £ 0.45
JWI15 8.94 £ 0.46
JWI15+BS 8.32 £ 0.40°
JW15+BD 8.57£0.39

Discussion
2 A3 oA ALgHE SEg o4 eyt E‘r‘ﬂE*ﬁ‘%
E“‘i‘%ﬂ%}“ & B3t %% *ﬁj
A5}E sHele] Sistel JW15s19l £ A FsHa,
SEfol -9 FArEs, dvtoly s 4 FdFy 22 &
2 AU thoratA AAMA o 7 AFgo] ssEtia B
H3 QAL 11], oA 7H W 2ol it AT E F
%3 gsolth, EE JW15 w39 H2F#He] £FC] in
vitro AolA1= NO, NF-«xB¢} cytokine A4S S7FA17
ol LS ZAA 7 AL APATS B golakgd «] vl

o= = Al
(18], BEAHL 58 VAR E e Sem A Fe 47
ojt}, wEhA 2 A3 011*1L BALB/c v}F$-2~ Listeria mono-
cytogenes A4 BAE o] gsto] Ak} SElel 9 =
S20) B3 Fol Al Gehbs eEEuE Salshs 4

N

i

il

w9 Aol AFE-SE Listeria monocytogenes it

FEA} gl gako] %‘C’éﬂﬂ ”5} Wi 9 Fods 9
o = d7ete AddEEdEE
A ARSIk [12]. 4_@' TNF—a, IFN=7 9} 22 cy—
tokine ] 8|7} Listeria monocytogenes 3+ ol A &st= &
Q% g vk W ATAAVE IR vk Q] i
ol [20, 211, in vitro A& & &3 TNF-a &} IL-1p 44
2 TV 7IE AoR Ely JWI5 7} Listeria mono-
cytogenes FXRA oA HoJadsE BY JoR ot
Listeria monocytogenes X @R A& & AP oAl AFE-SFSITE
BALB/c v}--22+= Listeria monocytogenes 7+ ol 114l 7}
Rt Ao el glom E Aol AR vt
-2 ARESF a1, Puertollano & ¢ AFAES /-4
o "RtgS Fretr] $1ske] BALB/c vh-2E AHE-
staltk(22, 23], ol¥ Aol A Listeria monocytogeness v

il

120
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Fig. 3. Mean survival times of mice after being infected
with Listeria monocytogenes. NC; normal control group (no
probiotic-feeding and no L. monocytogenes infection), PC;
positive control group (no probiotic-feeding and infected with
L. monocytogenes), JW15; Weissella cibaria JW15-fed and
infected with L. monocytogenes, JIW15 + BS; combination JW15
and black soybean-fed and infected with L. monocytogenes,
JW15 + BD; combination JW15 and burdock-fed and infected
with L. monocytogenes group.
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