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Abstract

In this study, we found that the glycoprotein (18 kDa) isolated from Zacrobacillus
plantarum 167 (L67 protein) inhibits allergy-related inflammatory mediators in BPA
treated rat basophilic leukemia 2H3 (RBL-2H3) cells and primary cultured splenocy-
tes. First, we measured the levels of ERK, p38, and AP-1 by Western blotting and
we evaluated the expression of IL-18, IL-6, and IL-10 cytokines by real-time quan-
titative PCR. Finally, we evaluated the applicability of L. plantarum 167 as a yogurt
starter culture by measuring pH, enumeration of bacteria, and sensory scores. The
results of this study shows that L67 protein inhibits the phosphorylation of ERK and
p38 MAPK, as well as the activation of AP-1 (c-Fos and c-Jun). With inflammation-
related factors (Th2-related cytokines), L67 protein inhibits BPA-induced IL-18,
IL-6, and IL-10 activity. Bisphenol A stimulates MAPK signaling, which induces
increased GATA-3 expression, and GATA-3 induces the differentiation of Th2 cells
and secretion of Th2-related cytokines. Our findings showed that L67 protein may
regulate the activation of GATA3 and T-bet through the induction of MAPK signal-
ing, and it relieves the Th1/Th2 cytokine profile imbalance. Taken together, these
findings demonstrate that the L. plantarum L67 strain is a potential food supplement
and starter culture, that could help in the prevention of Th2-related immune
disorders.
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plantarum? JFAE, F3IL B4, oL 24, e &

AZGE YElle B A8 sk AR dEA
(Andersson er al, 2010; Li et al, 2012; Giardina et al,
2014; Kassayova et al, 2014). E3t L& lactobacilli= A
ANARRE 240 19 A9 A] Aehe AAlok=t(Segawa er al,
2008; Hong et al, 2014; Konieczna et al, 2015), o]&3t &
TAT= £ ZRHO|QEATE HY 28-S B9 LA ¥k
AAAZ & U Utk 74 Lacrobacillus 4 A=
s A AZE 2451, T-cell?] 7152 245k, &
HYA #o B2 dAlok= A 22 {At 29E = AL
E YA St F2 olg fhkto] BAkels Fadido] oj2gt
71%50] 9= Aog HUErHRhee and Park, 2001; John-
son-Henry et al., 2007: Konstantinov et al., 2008; Song er
al, 2015). Song 5(2016a, 2016b)}2 L. plantarum L6725
215 FHuA(18 kDa)ollA s ¥ I A 2t e
ggon, 8 fAES ETRL AF0) H8o] 7kstt o= Hal
ST
Bisphenol A (BPA)= AEZAA WYEH] Wt EX2A den-
tal, A% T, A% W 9 S0 FEA o] FHASHA Arg
=d|(Vandenberg er al, 2007), AT T2 55 259 WY
A& kS m|XIt}. 229 Aol T2 BPAE AR
A cytokine®} immunoglobulin®] A4S E3l WY AJAHo0|
IFE & 7 ool HaFE=w, BPAE 1L-6 ¥ [L-10& =3t
T hepler (Th) type 2 (Th2) #¥ cytokine?] TdL 24&
ut oYz}, IL-4 @ antigen-specific 1gF2] S S/
(Yan et al, 2008; Lee and Lim, 2010; O'Brien er al, 2014).
w2hA|, BPAE HIESH YoM &6] ARRE= o 3 3
g} E4o| Q7] yEH] d HAA S| FJgFS m|AH(Chalubin-
ski and Kowalski, 2006), otE1A =& gz 8] 2
718A] WA 22 AHS fdckes AolthBornehag er al,
2004; Jaakkola et al, 2004).
AHAA FGSL Th2-related cytokinese Edlo] {rETh
Th13} Th2 M|2E= T-cell (T-bet) @ GATA-binding T4 3
(GATA-3)°llA L& == T-box} -2 S04l HA} 1At 9]
off E3l=|ojzIct. T-bet Thl A2} &3} 4 [FN-y #H]9} A
#=lo] )l0™(Szabo er al, 2003), GATA-37} Th2 A3 £3}o
S50 92 stal, Thl NIE £3 JAIZKSzabo et al,
2000; Zhu et al, 2006).
Song 5(20162)2 ufe-A HAF AlEZofA 11-12 X IFN-y 9] I
S GEA7l= L plantarume] JArok= G A(18 kDa)yS

80151901, histamine®} B-hexoaminidaseS ESISE A
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T factorE9] AARS AABIAHSong et al, 2016a). & AT+
92 L plantarum L67°14 #2149 B ©¥&o] BPAAZ|H rat
basophilic leukemia 2H3 (RBL-2H3) A=<} 24 Azt v
Aol ez I A5 WiAE AR As EEFch
weha], B 7= Western blotting %3 ERK, p38, AP-19]
SEE SAoHoH, T helper Ax9] £315 Astr| 9sh
GATA-3%} T-betd] H&Z H7lstaAt sholt.
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1. {2 22
B ALoA AMRE Lacrobacillus +F= olEd 1 ]z 2H

g

of

18%9] SANFES B85t Table 1). Lactobacillus
1L catalase T4 G5 I Gram Mo =2 AHSH T2, 16S
rDNA A Q £4& &35t speciesE Z245I3th. AUH Lacro-
bacillus #5-+= de Man, Rogosa, and Sharpe (MRS) broth
(Difco, Detroit, MDA 37C, 18A1ZF &3t vjaket ok, ¥4
Helsto] MEE 3]55t & Skim milk (10%)5 A7Fdt] —80T
of Agsto] Hatsilct.

2. OIRA HIZMIEZEE] |L-12 and IFN-7 A4t

BALB/c WA E A2 widd vl M-S ARgSto] IL-129F
[EN-7 9] RARS: feoke 58S H716F. 10% fetal bovine
serum, 100 U/mL penicillin @ 100 #g/mL streptomycin
2 HRSHe RPMI 1640 BiXIolA vzt v IS 2.5x10°
cells/mL9] =& HE3 Thg, F4HH2.5%10° CFU/mD)E 3
7Fste] 7€, 5 % CO, 2704 viget & IL-129} [EN-r & 37

b &Rt iRt - 167 ¥igde At MIEE 4T, 12,000% g
Z27014 A 28 F 1% SDS &HS H7tsto] 1084t &

715 AFgsto] 54 AZRAIA —70TO]
BetAtKSong er al, 2016a). T SEL Bradford ¥4
S AMgsto] ZAEQITKBradford, 1976).

X M g 1o
_O|L
)
.
o,
mlm
o
(i
O
(Y

4, M|ZEHHS
RBL-2H30] MZ= gt Al 2323 0 27 E A3 K Seoul,
Korea). AlZ+ fetal bovine serum (10 %), penicillin (100

Curr. Top. Lactic Acid Bac. Probio. 2016;4(2):38-47 | 39



Table 1. Genotypic methods applied for identification of lactobacilli
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Closest relative

Gene bank

Strain D (by 16S rDNA gene sequencing) \dentity (%) Accession no.
1 Lactobacillus curvatus 99 KJ914899.1
2 Lactobacillus curvatus 99 KC787548.1
3 Lactobacillus curvatus 99 AB600197.1
4 Lactobacillus sakei 99 KC416998.1
5 Lactobacillus brevis 99 JX966418.1
6 Lactobacillus brevis 98 FJ227309.1
7 Lactobacillus brevis 98 FJ532364.1
8 Lactobacillus brevis 99 HM162417.1
9 Lactobacillus brevis 99 AB548886.1
10 Lactobacillus farciminis 99 FJ532365.1
11 Lactobacillus sakei 99 EU626014.1
12 Lactobacillus sakei 99 JQ517277.1
13 Lactobacillus fermentum 98 KM036427.1
14 Lactobacillus acidophilus 99 EU626017.1
15 Lactobacillus acidophilus 99 EU626023.1
L67 Lactobacillus plantarum 100 KR336551
17 Lactobacillus fermentum 99 KM036427.1
18 Lactobacillus plantarum 99 Eu626013.1

* This table was reprinted with permission of publisher.

U/mL) ¥ streptomycin (100 #g/mL)& 378t Dulbecco’s
modified Eagle ¥iA|olA] 37T, 5% CO0N4] viFatqict. A=
(2.3%10° cells/mL)E 6-well plate® o] 8RS % 23] 1
Aol k. E3F ot Aol A BALB/c HR-AS] Bl AZ2E
Hanks' balanced salt 8982 ARgsto] 3]4=a} 00, 233t H]
AL 40 - #m cell strainer (Falcon, Corning Inc., Corning,
NY)& AR&sto] ohafsiolct. 8% A= 5ol ammo-
nium chloride (0.8% wt/vol)& H7}oto] LHAIA YAED] &
HEZE PBSZ A5, fetal bovine serum (10 %), penicillin
(100 U/mL)2} streptomycin (100 mg/mL)7} 271E RPMI
1640 HiAJof| 5% CO,, 37CoIM AHEAIZ. 19 th Al
(1x10° cells/mL)ZE 6-well T= 96-well flatbottomed plates
Z 1ol 3082 59 50 M BPASL67 THA(5-100 /£g/mL)
< WA Asto] ARSI

40 | Curr. Top. Lactic Acid Bac. Probio. 2016;4(2):38-47

5. Western BlottingS ¢I8t Cell Extract Z=H|

AIZE BPAGO #M) = 167 EHA(G~100 g/mL)2t A
3087 APotglet. HiAE AAT $ AEZE PBSE AlHsIi 0
], Ohe} Lim(2008) "ol whet dhlas Bejoiqict. Tl
ST Lowry YLowry er a, 1951)°] w2t 2451901, RE
Al —70ToA BstHrt.

6. Western Blot 24

chil 212 Mini-Protean 1 electrophoresis cell (Bio-Rad, Her-
cules, CAE AH&3o] o)A 2412F 100 V& 10% poly-
acrylamide mini-gell A7]950& EA3519c}. Nitrocellu-
lose membranes (Millipore, Bedford, MA)oll eH1dS 271

% membranes 4COoJA Tris-buffered saline Tween 20
(TBS-T) &<of| rabbit polyclonal antibodies [1:3,000, T-
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Fig. 1. Inhibitory effect of Lactobacillus plantarum L67 protein on
ERK (Western blot in A; relative band intensity in B) and p38 mi-
togen-activited protein kinase (MAPK; Western blot in C; relative
band intensity in D) phosphorylation in bisphenol A (BPA)- reated
RBL2H3 cells. This figure was reprinted with permission of pu-
blisher.

bet, GATA-3, mitogen-activated protein kinase (MAPK),
AP-1, and e-tubulinlE ¥ 18AIZF Wi}, TBS-TZ 3%
AZgt & TBS-T &9 horseradish peroxidase-conjuga-

i
.
H (B
3 V )
%) &5
\ﬂmqﬁ;/

ted goat anti-rabbit IgG (1:10,000; Cell Signaling, Danvers,
MA)E &3IA1A membraned}t 37 AL204 147t 302 52t
HjoFA| AT Thl2l YiEX= chemiluminescence (ELPIS Biote-
chnology, Taejeon, Korea)g ol-&dto] 2915130, Scion
imaging software (Scion Image Beta 4.02, MD)Z ©]-835}o]
Hel] s S5

7. RNA 22| 2 Real-Time Quantitative PCR

Total RNAE RNeasy Mini Kit (Qiagen, Valencia, CA)°llA|
Azd W (www.qiagen.com/goto/microRNAprotocols)©]|
w2t 245190k Maxime RT Premix Oligo (dT) real-time
quantitative PCR kit (Intron, Seongnam, Korea)& AR&3}9]
1 #L9 total RNA (1 #g/20 pL)E cDNAS &H)5191, &
Alglof| ARgst TElo|HE Table 20 UEMQILE. Z12H] 44}
o] ¥ 428 2X Prime Q Master Mix (Kapa Biosystems,
Boston, MA)E AR85}] real-time PCRZE £74ok1l, CFX-
96TM Real-Time system (Bio-Rad)& AR&3lo] EA4519LE &
Z2 [L-18, IL-6, IL-10, and GAPDH (95T°l|A] 30%, 56T
A 302, 2831 72COf|A] 60Z; Table 2)°] thate] 50 Alo]E&
A=t 1L-18, 1L-6 E& 1L-100] thet Cr Fkak BPA ©50
2 AYEHAY E= BPAS L67 Tido] A AHzd AlZ9
GAPDH (reference)3te] Ao]& Sample 4 cycle threshold (S
ACy) & Aktolgict. Akt 2t Afol9] AJid R &
 FE2 thy 34 ARgsto] ARSI 1 2 - (S4Ct - C4
Ct) (Livak and Schmittgen, 2001).

2 1

1. HIEF MIEO|A] IL-12 2 IFN-y 2H|E R&6k= Lactoba—
cillus 32| MY

% 18MY Lactobacillus #+F5 WFOE HZ A2 Thil/
Th2 #9< T 58 S v AlZolA Thl
T Ao|EFRIC R &2l [L-12 ¥ IFN-79] EH]E ELISAR
Z751%01, Table 30 WeRd B9} o], T1-12 % IFN-7 A
AL GE5l= BAL Lactobacillus #50) Wt 2ol 7t Uik
2 Aol AR #F F, PR HIR AlZoA IL-129F IFN-7
EC BH|E Q55 L plantarum 167& 2E Agslo] o249
o] ARESHATHTable 3).

2. BPA X2|gt RBL-2H3 MZZ0ijA] p38 MAPK®} ERKS
2ei0fl DIXl= L67 TRl Het
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Table 2. Oligonucleotides used for real-time PCR
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Gene Sequence of PCR primers (5" to 3')
Forward: TTGACGGACCCCAAAAGATG

18 Reverse: AGAAGGTGCTCATGTCCTCA
Forward: GTTCTCTGGGAAATCGTGGA

o Reverse: TGTACTCCAGGTAGCTATG
Forward: CTGGACAACATACTGCTAACCGAC

10 Reverse: ATTCATTCATGGCCTTGTAGACACC
Forward: CAAAAGGGTCATCATCTCTG

GAPDH

Reverse: CCTGCTTCACCACCTTCTTG

* This table was reprinted with permission of publisher.

L67 ©hzo] BPA #2]%l RBL-2H3 AEoA p38o] QlAlsl=
AR $ Q=R RS dolr 7] 3l western blotting®] 2
St p38 QWSS BA5IgLh P38Ql QlAlSH= BPAS Azst
RBL-2H3 A|zzojlA] tiz<to] Hlsh 4.58) F7Ist3ict. 18y o]
gk QUAIStY] F71= Lo7 dEE 72t 5, 20, 50, ¥ 100 #g
/mLe] FEE AL 1 3.67, 3.62, 3.43, 0.87 W= FrAdk=
Aoz Yepgr}, T3 ERK €432 BPAS 308 53 Ajgez
A 71, o] T7HE EAL 167 TS A3t wkof H]

glsto] Has .

3. BPA 2|2 RBL-2H3 MIZOfIA IL-6, IL-10, IL-18
QEAL US| DjX[= L67 THHES| AX| St

167 2 227 g 9hgol| vxE IS Ao {6,
BPAZ} A2l RBL-2H3 A|ZoA] IL-6, IL-10 ¥ IL-18 3-%1A}
o] WHy oFARS FARSIYILE Fig. 20] UERH B9} Zo] BPAR
A3) A=H AE= diRFol H|3) 1L-6, 1L-10 9 11-182] &
o] RFYsHA F7HE ALE Vet ey L67 Teid M7t
78, BPAYRS =02 A3t Aof| Blsto IL-6, IL-10 ¥ 1L-1
B HEE & YEH R AAAIF. BPA= IL-6 44 HA
£ 454 S7MAIACH, L67 ©EE 747 5, 20, 50 2 100
rg/mL F713S W 4.2, 3.6, 2.8, 1.9, 1.8 vl Z4S HYch
o]} H|S5HA IL-10, IL-18 3747} ZAk= BPA Aol ¥-&-5toq
188 S7FIA|TE, 167 TS ARt A9 fhAchs o0& U
ERsiTt.

i
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E Ao AE 167 Tl Zo] BPA A 2]¥ RBL-2H3 A%} ufd-
2ofA A E v AlaoflA] iR T vi7iA| Q] S/gERt ofy
2}, cytokined] FEE JAGH=A] ARE RAISIIE of2] A+
o] 9J514 lactobacilli7} HlANE EA43E 2435k, Thl/ Th2
43S 2EN= A0q HuEUEt|(Segawa et al, 2008;
Won et al., 2011), B4 Lactobcillus #5555 Thl 4= 4
< 74, ovalbumin-specific IgE A4S FAA7|1L, strain-
dependentsH] & cytokine HES HSIA|7]E Z 02 F0lg]
AKLee er al, 2013).

T-cello] &8fst= 52t Th29] FE#R W2 X5l #AY
S oFx] 25| WS AA] QISkAITE, Th2 £3fet #ad U2 8
QIS ¥ MAPKE= IL-4, IL-107 2= Th2 ¥ Aol E71Q19]
9 29 wj7fAloltYamashita et al, 2005; Watanabe et
al., 2005). TEtA MAPK AlS A9 Z=2& Th2 HY vkl 9
3 Sake] oA FslojA 9] #&o] F 4 QlthAbdel-Raheem
et al, 2005). $-2+= ERK®} p389] E4& S7sto] Lo7dHE
o] MAPK 4% AE5 JAISh=A], IL-18, IL-6 % IL-109] =&
= ABIEA] SRS A EYTh 167 T¥iEo] RBL-2H3 Al
oA BPAC] oJ5) fi=H ERKS} p38 MAPK QiIsts Asfjgict
= A2 YEith E3 teket m2Hjo]e¥AYE MAPK ¥
AP-13} 22 9% vl E& Lipopolysaccharides®} 22 thE
A5 FEAlel Jof =2 S Y= AR BUEIrHKumar
et al, 2014; Li et al, 2014; Jeong et al, 2015).

E5}5 Thl A&+ IFN-79} lymphotoxing AJAH=t], o]&=
Al W BEol gt | Al 5ozl dEA itk
(Glimcher and Murphy, 2000). °]¢} tjz&og Th2HZ=
[L-18, IL-6, IL-10& WE3H, of= ey, d#fA] vk} T
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Table 3. Production of IL-12 and IFN-y from mouse spleno-
cytes induced by various strains of lactobacilli

Strain ID IL-12 (pg/mL) IFN-7 (pg/mL)
Control 0+0.12 200+7.8
1 35.0+1.2 1,9004£75.2
2 38.4+1.1 1,300+65.2
3 35.4+0.3 2,050%10.3
4 25.640.2 2,000£10.2
5 55.8+1.7 1,00048.7
6 17.310.4 800+10.5
7 15.24¢0.5 1,310+54.3
8 10.9£0.3 400+5.6
9 11.610.2 408+7.8
10 64.3£0.6 1,200£21.3
11 48.0+2.3 550+6.4
12 68.948.7 1,400+12.3
13 18.1£0.4 1,950+15.3
14 13.3£0.3 200+4.3
15 36.0+0.3 30043.2
L67 68.744.3 1,800+43.2
17 16.240.4 210456
18 14.3£0.3 1,850+20.2

This table was reprinted with permission of publisher.

o] 9o H(Tillie-Leblond et a/, 1999; Herrick et al, 2000),
[L-1p= Th2 9 B A& & 24dsl7] {5f IgEE tiAlshe 24
Agt FAo|A ZQ3F A=A, [L-102 Thl A= B3l= A5t
£ [L-12 % IFN-7 (Thl AlP|EZIRN] F83F AAAZA 75
Stk AL & 4 AtKRitter er al, 2014; Murphy er al,
2000). BPAZ} Th2 ¥h8-& 3=517] wiEoll, RBL-2H3 AlZo]A]
O] IL-14, IL-6 % IL-109] 744 HdS FARE 23, BPA A2
7FIL-18, 1L-6 9 1L-109] ¥&E SA8th= 2 Tt
o]A-& BPAZ} IL-14, IL-6 ¥ IL-102 S8l ThoollA Th2 A%
29| H3l5 X3 AS Yehdty. Z12fy BPA A2 o)
9 1118, 1L-6 9 11-109] 37H S 167 Tl A e
of 9sf FolotA A=At

# A= Lo7 SEo] ERKOF p38 MAPK Y] QIisE AAlsh=

IL-18
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Fig. 2. Inhibitory effect of Lactobacillus pintarum L67 protein on
IL-18, IL-6, and IL-10 expression in bisphenol A (BPA)-treated
RBL2H3 cells. This figure was reprinted with permission of pu-
blisher.

A8t ozl A% T AANTh2 T A|EZIRD7} Sl 167
o] BPAC] 2Jgt IL-14, IL-6, IL-109] E43& AANZ &
ASL 3ISH AOR /. plantarum 167 457} Th2 I HY
Ago] ool ego] F 4= Q= A= AE AREHC] 7HA|7}
Ue Ao FAE

o N rE
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