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Bacterial strains isolated from Jeotgal (salted seafood) induce maturation
and cytokine production in mouse bone marrow-derived dendritic cells
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Abstract : Jeotgal (salted seafood) has been one of major fermented foods in Korea for long time. Although there
are many studies about Jeotgal in various aspects of food, its immunological importance on hosts has not been elucidated
yet. In this study, we investigated if several bacteria isolated from Jeotgal may modulate the function of dendritic
cells (DCs), powerful antigen-presenting cells equipped with special immunological capabilities. 4 Jeotgal bacteria were
selected as representatives and used for experiments. To treat viable DCs, those bacteria were killed at 60°C for 30
min. The viability of DCs treated with Jeotgal bacteria was verified and two isolates significantly induced high
production of interleukin-12, a representative cell-mediated cytokine of DCs. Surface activation and maturation markers
(MHC class 11, CD40, CD86) of DCs were analyzed by flow cytometer. In addition, the treated DCs showed significantly
high lymphocyte stimulatory capability compared to control DCs based on allogeneic mixed lymphocyte reactions.
These observations suggest that Jeotgal isolates can function as immunostimulating bacteria in hosts, like Lactobacillus.
Taken together, these experimental evidences may broaden the use of Jeotgal isolates in immunological fields in addition

to as a fermented food.
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2 ORIENT BIO(Korea)ollA] Fufjsle] AlF=ost
o AEEE FErdoA A3 6~8 FH 2] BALB/c9t
C57BL/6 PFy-25 ARSIt TEdde AFshal 5=

AH 939 5918 Wol AlPElorm ATt 5
EAFE YA S 58I thEdlE 2013-0024).

o3| Y ¥

2 A ARE # e de AT R AES] AldelA
2|3+ 4% (species)©| ™, o]E2 7MRIu oA H2] 3
Alishewanella jeotgali KCTC 22429"(=JCM15561") [12],
o) Kol A B8 Halomonas jeotgali KCTC 22487"
(=ICM15645") [14], B3R AN E23 Carnobacterium
Jjeotgali KCTC 132517(= JCM15539") [13], Z2]3L a1% A
Eol|AM 28 Marinilactibacillus psychrotolerans NBRC
1000027(= NRIC0510") [8]¢|t}. @5+ Korean Collection
for Type Cultures(Korea)2} National Biological Resource
Center(Japan)ZF-€] Futo} X839 th 2472 AJE=2
oo 33 0.85% NaCl &0 A& dto] Tryptic
Soy Broth(Difco Laboratories, USA)° HE3F & 37°Co|
A 241277 3712 0% wieFeioitt. wiket de 23] A
o Y & Aol ARgsiglen, wide] ¢Ed
12,000 x gollA 2027+ AaEsisint. A4y § 45
e HE|3L 7ieeke dFE 0.85% NaCl 89o= F&

AXAY e g FAdHEe v Fgaigion, o] A4l
gate] ATAE HEa dojwll #FE5 Ao ARSI
t}. &5 phosphate buffered saline(PBS)ll &A3txL
2] @2 (heat inactivation, 30 min/60°C)E 3}13L, PBSe
g o AEAES AX F ol YiFste] Al AR

AL ol

STt

MzZe| #=H| R Hjef

AEZE wiFehs S ot 2k 2FAEE 68 F
#e] C57BL/6 vH-2=o] thEl=3t 73E9lA Hanks’ balanced
salt solution® 2 I WS A2 ste] ALt o] AEES
hypotonic lysis buffer(150 mM NH,CI, 10mM KHCO;,
0.lmM EDTA)E ¥ § A&olA 1087 v-eA1A AE
T5 AASIAE, AR & 5% culture medium(5%
fetal bovine serum(FBS), L-glutamine, penicillin/streptomycin
o] Z71E RPMII640HIA]; 5% CM)ell 29 =712 mouse
granulocyte-macrophage colony-stimulating factor (BioSource
International, USA)E 713t A} wlix|&2 ZoleH 6~107F
HjokataiTt [10]. BIAAIEE 6~8 739 BALB/c HH9-29
H7gE Zehlia PBSOIA orllo] AIZE ATt o] AlZE
< hypotonic lysis bufferol] &0l 1027 ¥-3A1AH A&
75 AASNAL, QAT F 5% CMolA 1X17E viFst
of taAl e} e BAA| T} jEEt e uigel] §
AEEE ST olF W de AEE F5E F 40 um
cell strainer® Z2%%2 5L Az, YAEEST & 10%
lymphocyte culture medium(10% FBS, penicillin/streptomycin,

o off

A

sodium pyruvate, non-essential amino acids, L-glutamine,
2-mercaptoethanol®] 3718 RPMI16408]4]; 10% LCM)S
wol BRAATh AZuY Al 25= 37°C]1, CO2l &
EE 5%% AR [9].

TR MMES| YES Y SHEj 2HE

6~1047F wiFste] EslEl F4 53 R34 E(Bone
marrow-derived dendritic cells; BMDCs)E A& % 96-
well culture plate®] 1 x 10°cells/mLe] FE=Z 200 pL/well
A e & A4S 7 1 pgmle] =2 A2seith
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide
(MTT; Sigma, USA)S} trypan blue solution(Gibco BRL,
USA)e 2 Axo A9 HEES H7I5th MTT
assay= WA ZS] MTT €942 0.5 pg/mL == 10 ul/
well?] Ho] 4A17F wefslt ) 10% sodium dodecyl sulfate
£AS 100 uLiwelld E-2 F 2417 o wf S
Microplate reader(Multiskan FC; Thermo Scientific, USA)
E o]83l] 570 nmollA FB=E SAEIAT T Al A
E8-8 Yol r] 93l trypan blue solution® 2 FASH M| E
£ hemocytometerdl|A] Aolle M|z} 2 M| A&
o] Wita= EpAIt Azdstol] ok Aol Fejzl
HelS #asly] 8l 2= (Olympus, Japan)yS AME-
slod g x1000A Al3Ee] =7], Jejst, 2 FF 52
231932, digital camera(Cannon, Japan)Z AFXS #43}
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S48 flste] AAlstlom, A SyE Wyl
w2t AAIEAT [4, 11]. FASAE FH Fe receptors
zptsle] HISo]# REg-S Fo]7] 913 anti-mouse CD16/32
GEZEIAE o] &ttt wiYe FAZAEE 6-well
culture plated] 53 &, 7} wellel AZ2<S 1 pg/mL &
T2 AEste] 347F wiFe & fAll iAol o8-8t
AEJAL 12} A Z  biotin-labeled anti-CD40, anti-
CD86 A 2]st%aL, 22 AR streptavidin-phycoerythrin
(BD Biosciences, USAYE #2]3l% Tt MHC class Ili= &
592 fluorescein isothiocyanate anti-mouse I-A’ antibody
(BD Biosciences)& A 2|3ttt G4 M= FACSCalibur
(Becton, Dickson and Company, USA), WinMDI 2.9
softwareE ©]&-ato] LAkt

Enzyme-linked immunosorbent assay(ELISA)E O0|&
gt AlO|E7Iole| HEk

Hj Rl FRPFAE 397 LS AEe 5, AR
st AJENS AT CytoSet kit(Invitrogen, USA)YE ©|
L3 45 49 interleukin(IL)-12, tumor necrosis factor-
alpha(TNF-alpha), 1L-4, IL-10& A @310, Agdvwlwdel
we} S, 450 nmellA =S ST

[¢]

Nitric oxide(NO) HZ¥ 24

Nitrate/nitrite2] 272 Griess reagent(Sigma)s ©]-8-3}o]
SAskainh. FAVGAI N LTS 1 pgml s A5
Hell 597k mge FH, dAEgste AEds AT
Sodium nitriteS standardZ ARSI, 96-well platecl]A]
standard8-¥ E= J5NS Griess reagent?} 50 plA 1:1
HlE&2 E3telith Aol 1587 v-eAIZ F 570
nmel|A =S SA AT

TX| M Ze| EEiHET HHSA|E (Mixed lymphocyte
reactions, MLR)

CS57BL/6 vI-2f3f] XM EE 6-well culture plate
o ¥ ¥, AZdE 44 lugmLlE A28
Allogeneic co-cultureE 93l BALB/c WR-220llx] BIZAIE
5 AFHS T 96-well culture plate®] 2 x 10°cells/well2]
TEE Y3, Azkro] AeE FRIAE 5UTE HigEta
o FAPHIER A BPAIES] S4B 248 346t
7] %18l CCK-8 solution(Dojindo Molecular Technologies,
Japan)2 10 pL/well ¥o] 4A17F <t BiSSIEL microplate
readers ©]-83}4 450 nmolA =S =793 tE. MLR
FZN Z9] interferon-gamma(IFN-gamma)2} 1L-10, IL-4
o] RS ELISAY O R =339tk MLRS] Y= ¥
°] CD259} CD699] Id AHwe] 42, vjds AZE |
2} 3|2 biotin-labeled anti-CD25, anti-CD69% ZHZt ]
ek, 221 AR streptavidin-phycoerythring *]2]3F %
FAIZEAS SFiTh
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Fig. 1. Jeotgal isolates affect the viability of dendritic cells
(DCs). Cells were seeded at 1 x 10° cells/mL in 6- or 96-well
culture plates and treated with or without Alishewanella
jeotgali (Alish), Halomonas jeotgali (Halo), Carnobacterium
jeotgali (Carno), Marinilactibacillus psychrotolerans (MP).
(A) The morphology of DCs treated with 1 pg/mL bacteria
was observed by inverted microscope and digital camera. For
viability analysis, cells were stained with trypan blue solution
(B) and incubated with MTT solution (C). Cells were treated
with 1 pg/mL (B) and indicated concentrations (C) of bacteria
for 3~5 days.
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Fig. 2. Jeotgal isolates increase the production of cytokines.
DCs were setup in 96-well culture plates and treated with 1
pg/mL Alish, Halo, Carno, or MP. The amounts of IL-12 (A),
IL-10 (B), TNF-alpha (C), and IL-4 (data not shown) in the
supernatants of treated DCs were measured by using ELISA.
All values are represented as mean £ SD. *, *** indicate p <
0.05, 0.001 respectively compared with control group. n.d.:
not detectable.

ol gttt FAVIA X ALHS 717} 1 pg/mLA A st
39 Foll SRR MEe] JuE Setes wEet
ATHFig. 1A). AZ++S Ak AN EE Controlo] H]
3 A ZHH 7] BRFORE 7R 7 Wo] gegh TR
zo] BHS Bk Alxe] AJEE&2 trypan blue exclusion
tests o]&-3fe] LolH Tl Trypan blue solution® 2 A3
£ HA3%F %, hemocytometersS ©]&35lo] & Alx9} At
olleE HE & Ao AEEE FIth(Fig. 1B). AE&ES
Z 4 SF3Ie Adsr A2l wE foIs W= &
2R ). 0~2 pg/mLe] AZdHFS TR 2 2
ko] 3Y7F vikE & MTT assays AAISl] SRS
=43 AthFig. 1C). 2ugmLe] TEE 7|Fog HH
Alishewanella jeotgali(Alish), Carnobacterium jeotgali(Carno),

Marinilactibacillus - psychrotolerans(MP), Halomonas jeotgali
(Halo) o2 SBAHE B3, 7MY £& 2= B3
S 1 pg/mLe] FXIA= Alish, Halo7} Carno®} MPol| H]
3 =o FHEE BT AlishE 1~2 pg/mLe] E$ellA
U2 #H0 S4%7F 29437, Halos 0.25~1 pg/mLe] H
AollA Camoet MPHRTH =& 4= E HYT MTT
assayollXl 7HE =2 AZSHEE B | pgml $ES 5
Hoz olF AP AL

RN XM2|ofl 2lst FX[AMZS| AO[EFIQ] MAkZ #s}
Fig. 1C4 A9 FAHEE BYd F=¢ 1 pg/mLE

AdtZ FAIAIEN Ael g 5 37 wigFsidet. Azl

O
[¢]

Jole 2e)e 5 ELISAMS olgale] Al]E7IIS H
[9Ch(Fig. 2). AF)E711S TNF-alpha, I1L-12, IL-4, IL-
02 S48t TNF-alpha= A5HH-S mi7ishke 7150
ARG S dEsk= AlolEFRRIelH, IL-12+= Thl |
3-8, IL-49F IL-102 Th2 Wewhe-& freshs AlolE
7}elolt}t. TNF-alpha® Alish, Halo, Carno, MP *2|& &
A 3E 7o) 2 Axke glRom, ANHORE Aol
2AE 9t} IL-125 Alish®} Camo #2]ZllA, TL-102
Alish, Halo #2]ollA] Bo] A=A L4 ZE AT
oAl S E] o]stith(data not shown).
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Fig. 3. Alish and Halo increase the expression of surface maturation and activation markers of DCs. Cells were cultured and treated
with 1 pg/mL Alish, Halo, Carno, or MP for 3 days. And then, the treated DCs were stained with antibodies specific for MHC class
II, CD40, and CD86 and analyzed by flow cytometry. The analysis was performed twice and the representative data set was
presented. The number of histograms indicates geometric mean fluorescence intensity.
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Fig. 5. Halo-treated DCs significantly have high lymphocyte
stimulatory capability. DCs of C57BL/6 mice were setup in 6-
well culture plates and treated with 1 pg/mL Alish, Halo,
Carno, or MP for 3 days. And then, DCs were harvested and
co-cultured with 2 x 10° cells/well allogeneic spleen cells of
BALB/c mice in 96-well culture plates for 5 days. To
determine the proliferation of allogeneic spleen cells, CCK-8
solution was used. All values are represented as mean £ SD. #
indicates p <0.05 compared with the other treated DCs at
same cell number.
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Fig. 6. Halo-treated DCs produce high amount of I[FN-gamma
and IL-10 in co-cultures. The setup of co-culture was
performed as described in Fig. 5. The supernatants of co-
cultures with 10,000 cells/well DCs were harvested and levels
of cytokines were determined by ELISA. All values are
represented as mean + SD. **, *** indicate p <0.01, 0.001
respectively compared with control group.
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wejstel G2 vams] 919 2R ANY 2

o=, YEAQ ALFE 45 AT T, FAPE #

wo] B AlolEsjele] AAsE, AlEE
= O

H AFllA ALt nAdEs FAGAEE 517
Aenke-S A5l 4= Qe Aoz IRAF FAA
¥= @At A5shd 3HY MHC class 1194 CD86R-
Ze] IEl-S S7HA ZFEs FUAA TS YERIT [16).
CD402 sl CD4" helper T HXZg-9] THd WA
CD40 ligand®} ZAgate] FAVAE W= st Asde
< By WU SEAIY [18). Alishe 53] MHC
class [19] 23S Z/MAL T2 nAER Avkgog =
7IAA B Al vlE] AEd FAGHE AT B
ATk TR Halo’} CD40%+ CD86S =7 th.

sk FAPIA S AL ETRIS H]sle] HAREES
X8} B Aeas Aol AelE A2 b
FHAA Al 7EA] HEAR]D Ale|EFIRIS] TS 5743
ol IL-12+= APHS S A2 Aukgoa] zpAAksAlx
9] IFN-gamma®] A4S =5t A EE 4351172
Thl AYWS-S 2R3} [7]. IL-10S thaA|Ee] 2432
AAsla B "] AEES =] Th HYRES-S w7l
Ho} [5]. B8F TNF-alphas AdAS0l] 523813 21734
A4S FE3TE ELISAE o] &3t Aol TRl A
b A3}, IL-12% Alishel Carnooll A, IL-102 Alish
alo®l#4], TNF-alphae ZA| 2&|ollA] Aite] =Tt
198 B3l Alishs HIES Adwds0] FAMAEE A
to] W] A Afo|EFRIS Arket & d3-E Ui
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