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Abstract

Bacterial strains isolated from Jeotgal (Salted
seafood) induce maturation and cytokine production

in mouse bone marrow—derived dendritic cells

Supervised by professor Hong—Gu Joo

Sun—Young Moon

College of Veterinary Medicine,
Graduate school,

Jeju National University

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 Dbacteria were selected as representatives and wused for
experiments. To treat viable DCs, those bacteria were killed at 60C for
30 min. Bone marrow cells were harvested from femur and tibia of mice



and cultured in the presence of granulocyte macrophage—colony stimulating
factor. The wviability of DCs treated with Jeotgal bacteria was verified and
two 1isolates significantly induced high production of interleukin—12, a
representative cell-mediated cytokine of DCs. Surface activation and
maturation markers (MHC class II, CD40, CD86) of DCs were analyzed by
flow cytometer. In addition, the treated DCs showed significantly high
antigen—presenting capability compared to control DCs based on allogeneic
mixed lymphocyte reactions. These observations suggest that Jeotgal
isolates can function as immunostimulating bacteria in hosts. The fact that
Jeotgal is a major fermented food leads an assumption that Jeotgal isolates
can be a source of probiotics with high immunopotentiating ability, such as
lactobacillus in hosts. The immunological evaluation of Jeotgal isolates in
vivo, especially in gastrointestinal immunity, needs to be performed. Taken
together, these experimental evidence that Jeotgal isolates have powerful
immunostimulating activities on DCs may broaden the use of Jeotgal
isolates in immunological fields in addition to as a fermented food.

Key words: Jeotgal isolates (microorganisims), dendritic cells (DCs),

immunostimulation, probiotics
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A AMESE 6-8 92 Balb/c9t C57BL/6 wh-25 Abgsielth. 5B AF
291239 Fle Wol AFENe AFdn P&

EI
o

2 Aol AREE HFe e AE TaaEd Aol s 4% (species)©]
w, olg2 TRt AE|e| &8st Alishewanella  jeotgali  KCTC
224297 (=JCM155611) [6], SM71R N R Halomonas jeotgali KCTC
224871 (=JCM15645") [7], E&A A &8s Carnobacterium jeotgali KCTC
132517 (=JCM155397) [8], 22l &k AEolA E&3 Marinilactibacillus
psychrotolerans NBRC  100002" (=NRIC05107) [9]¢|t}. 5%  Korean
Collection for Type Cultures (Korea)2} National Biological Resource Center
(Japan) 258 ol ARgsidint. #d1x FH=Z £ 0.85%
NaCl g @AE3ste] Tryptic Soy Broth (Difco, USA) el &8 § 37CelA
24-T72A13F 3714 o ® wfekatginh wiSt e 23] Al wF F A AHE
stglom, wioko] ¥ #F1 13,000 rpmellA 203 A2 st 9 R
g & AT W ek 55 0.85% NaCl &0z dest § A7
dor FAdAGE W s o, oA ddZdste] Asds Weal dojd
TFE Ado) AFEsFHTE = phosphate buffered saline (PBS)ell 3]4]3%th
H €3+ (heat inactivation, 30 min/60C)E AAlst 3L, PBSel ¢ H o A
e AN 5w sl Aol Agstech

rlo
£
N
el

AES E0) 0 o}
A2E st WS a3 2ok ZFAEE 6-8 739 C57BL/6 PR
¥ =32 A=A Hanks' balanced salt solution®Z =4 WS M ste] o
A}k, o] AEELS hypotonic lysis buffer (150 mM NH,Cl, 10 mM KHCOs,



0.1 mM EDTA)E ¥ § A4 10% 1+ w3AA A87E5 AAs 3, 4
AEE st ¥ 5% culture medium (5% fetal bovine serum(FBS), L—glutamine,
penicillin/streptomycin®] #7Fg RPMI1640814]; 5% CM)e°l 29 F7]2 mouse
granulocyte macrophage—colony stimulating factor (GM—CSF; Biosource
International, USA)E F7Fe Al WA 2 ZolFm 6-10U%F vkttt [10]. ]
P xS 6-8 T8 Balb/c PH¢-29 H[A2 AT 5, PBSOIA 8IS 2710
AEZE At} o] AXEES hypotonic lysis buffere] A-&oA 10% 7+ WA 7
AYFE5 AASA L, e F 5% CMollA 1AIZF vieFste] o2 Al e} &

FRAETE i FEek Al vige] FRHEE ST o] § W Q= AEE
st ¥ 40 m cell strainer®2 AFFA & Ay, A F 10%
lymphocyte culture medium (10% FBS, penicillin/streptomycin, sodium
pyruvate, non—essential amino acids, L—glutamine, 2—mercaptoethanol®] #
7Fel RPMI164081#]5 10% LCM) = 9ol FRAIR 2o} Al 2% 37T
i, CO28 s%+E 5%E FAIeeH11].

TFAGAELY AEE L T #F

6—-10943F kst Estd  IFEadl FAGAIEBone  marrow—derived
dendritic cells; BMDCs) & ¢ 96—well culture plated] 1 X 10° cells/ml
o] FEE 200 w/well® 253 &, AddS A7 1 pg/m e sEE A8t
3—[4,5—dimethylthiazol-2—yl] —2,5—diphenyltetrazolium bromide (MTT,
Sigma, USA) ¢} trypan blue solution (Gibco, USA) S 2 A X9 AT} A=
&< B71eEth. MTT assays WA 2] MTT €92 0.5 mg/mb 5= 10
pb/well® gol 4AZE wjeFst £ 10% sodium dodecyl sulfate €945 100 pl
/wellH Y2 & 2A1F o] w|skeltt. Microplate reader (Multiskan FC,

Thermo Scientific, USA)Z o] &3] 570 nmolA SF =2 =43t T3 A2
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9o AEEHES dolH7] Y3  trypan blue solution®® G AHMIEE
hemocytometero| Al 2olQl= AEZeL 52 AEZS x5 Aol HEEE YERS
th Alate] &%k Ao FejzQl WstE wzEety] flal S w7 (Olympus,
Japan) & Ab&sto]l w& X 10004 A28 Z7], FejWsl, +HIY s& HEst
Rl FA .
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, digital camera (Cannon, Japan) & AFdS &



A ZEA

TAGAES AEAnA L] A=} AL 7|5 A5t fleke] A
o, AEAAES e el wek AASATH 12, 13]. FAGAE 289 Fe
receptorgs ztetsle] v Eo]A HE-ES Fo]7] 93 anti—mouse CD16/32 @HF&
A5 ol Lt vt XM EE 6—well culture plateo] +F3F ¥ 7+
wellel AZd+t& 1 pg/ml 52 Agsto] 3ULF viFst § FAEREA o o] &3k
o AZGAE 12 FAZ biotin—labeled anti—CD40, anti—CD86 *|2]3}3 1L,
22} A2 streptavidin—phycoerythrin (PE) (BD Biosciences, USA)E ] g
sttt MHC class II¥ 9% 9% anti—-mouse I—A°—FITC (fluorescein
isothiocyanate) (BD Biosciences, USA)E A3tk Id" Axe=
FACSCalibur (Becton Dickson, USA), WinMDI 2.9 softwareZ ©]g3}o] 4]
ST

Enzyme—linked immunosorbent assay (ELISA)E ©]&3 Xo|E7}Q19 A

MR FANAEE 3U7 A2 AU T, AdRIse] BFAe Atk

CytoSet kit (Invitrogen, USA)E o]&3l 45N %9 interleukin (IL)—12,
tumor necrosis factor-alpha (TNF—-alpha), IL—4, IL-10& A%stgioy, A3

ulrele] nel AW, 450 nmol A FHEE SHaeln

Nitric oxide (NO) 3% 4]

Nitrate/nitrite®] =72 Griess reagent (Sigma, USA)E o] &3] 743t
TAGAE TS 1 pg/ml 2= A2sh FHeol 547 wjeke F, A&t
o Az dS At} Sodium nitriteE standard® AFE3FF 31, 96—well plateol
A standard €9 E= ASNS Griess reagent® 50 WA 1:1v]&=2 &35k

o A2 E A 153 F RESAIAE F 570 nmelM S EE SA ST

FARAAAAEY FUAAN S S AE (Mixed leukocyte reactions, MLR)
C57BL/6 wF-Afadle] FAAAAEE 6-well culture plateo] 53+ 5 Az

S 27 1 pg/mlE A2 sk th. Allogeneic co—cultures 93] Balb/c vF$2 ol A



HAAEE AQFHsE & 96—well culture plateo] 2 X 10° cells/welld] 5=z 4
o, Aggto] Aeld FAGAES 5ATF vkt FAGAEE = A
Xo A 4 A4S FAs7] Yl CCK—8 solution (Dojindo, Japan)< 10uxl
/well ¥o] 4A]17F E<F voFslal microplate readers ©]€3F% 450 nmolA &%
=A3&9ct. MLR A= 29 interferon—gamma (IFN—gamma) &}
IL-10, IL—4°] kg2 ELISAY o2 S48t MLRE H25 %19 CD25
¢} CD699 A= FH42, g Axs 12 AR biotin—labeled
anti—CD25, anti—CD69% 717} A glstal, 22 &A= streptavidin—PEE A 2]t

F RAERAL S
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Datatz= B¢ = RTHXRE YERU SH, student ‘s t—testE &3l =243
0.05"|¥Ee] p valued frol/do] ivkar ARG OH, =, wx, wxi= 2T W]

s4e W p < 0.05 0.01, 0.001& 2w 3},
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Aol AEEH Ao tist Adre] qIE dolR gkt FAGA E
e 22 1 pg/me Agfsto] 3L Fell AdAEn| Ao ® AEe] FHE <t
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X5 G 3 hemocytometerE ©] &3t F2 A¥Q AolQl= AlXE
o] ALES T (Fig. 1B). AEES T 49 Akl A2 A=
ZrE A ekgktt 0-2 pg/mel] A ATE FAAAE A
gato] 3UIE st -, MTT assays AAete] =S S48kt (Fig. 10).
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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). The morphology of DCs treated with 1 pg/m¢ bacteria was observed
by inverted microscope and digital camera (A). For viability analysis, cells
were stained with trypan blue solution (B) and incubated with MTT
solution (C). Cells were treated with 1 pg/m¢ (B) and indicated

concentrations (C) of bacteria for 3—5 days.



A Aol & FAGAEL Ro|EFIl Fitg w3
Fig. 1ColM HA9 5 BIY 59 1 ug/mz ALFS FAFA LA A
P 3U3r vjkskdnh AlEujkal s 2Eld F ELISAHS o] 43to] Ao ET}
215 Aath(Fig. 2). #o]E7H¢1S TNF—alpha, IL—12, IL—4, IL-10& =
detltt. TNF—alphaes f5ibes "WiZiehs 7ol ol Adweds dtiEste
Aol E7RRloln | IL—-12+ Thl WG, IL-49 IL-102 Th2 AYW3& &
E3F= Mo]EFFelolt}t. TNF—alphat Alish, Halo, Carno, MP A3+ Ao}
Az 2 Axe glow, AwtAdow Aol WA= ¢gghtl IL-12%
Alish®} Carno @ elA, IL-102 Alish, Halo @litollA Wo] AAatw Q)

L)
ot

O

u)

IL—4+ BE AHyTolA SHAEY o5k ti(data not shown).
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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/m¢ 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. *, ##x indicate p

< 0.05, 0.001 respectively compared with control group.



AZAd o2 AHIE FAFAES A9H#A vt 2d 2 &9
FAAAE Tde]] B Ete] effector cellsS EAA]7] =4 #oIst= MHC class
II, CD86, CD409] wd=S FASIA Y. 53] MHC class 119} CD862 F-A|AHA|

S
=
2 2 oe daE]] rHRE AR ddd s

¥ o] A% (maturation) ¢
1 pg/mee] FE2 FAGMEA Hgsto] 3U7E ke F AEE s ¥
AL st FAEZEAS St (Fig. 3). MHC class 1= AlishellAl 7HE
o] YA, WA AErelME vd FEoR SAHAT. CD86S A
o= Alish®} Halo7} 7F8 &2 $32 SAHNL, & AHE+E9 4% Control

BHohe =A% A9 H5d £Fog S HAT CD409 %ol Alish® Halo
7V b wE AR ST gEbd BEepARAA FARAEE T &
A3A17) e AdH#S Alisholal, 71 U222 Halo® F4 ¥t}
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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/mé
Alish, Halo, Carno, or MP for 3 days. And then, the treated DCs were
stained with antibodies specific for MHC class I, CD40, and CD86 and
analyzed by flow cytometry. The number of histograms indicates mean

fluorescence intensity.
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AAFOZ AAE FRAANEZS NO A+
In vitro 7oA A3E] el olgls NOE NO assays &3l H&ataitth

ofi= Al e} FAAEZY] AEAGHA dEE AR S wles

=
# 9 N0 el f=Eth oleld Uuel HYS AXYEAY fE

Ak Aol Qltp[14]. Alishet MPAA NO7F A A& 02, Halo®t Carno
o X %= Controlel] H]&] F9t S71E BRI (Fig. 4).
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Fig. 4. Jeotgal isolates increase NO production of DCs. Cells were setup
and treated as described in Fig. 2. The concentration of NO in
supernatants was determined by using Griess reagent. All values are
represented as mean £ SD. =#x =#xx indicate p < 0.01, 0.001 respectively

compared with control.
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HZAEE o] 88 FAGAEY FAAA T EXoA AddY &%
AR FAES SAste] FAGAIEY] FAAAN S A8k allogeneic
co—culture® AAISATE Aol ojwst JFo vA=AE gotrr] 98, ¢
A oaeke C57BL/6 w28 Efadl FANAE Adds AYsidv. ol
348 FASAEE stimulatorZA] ARESFAL, Balb/c wRE-AC] BIAEE
allogenic responder@ AF£3}Y co—culturedte] HESAIF T Co—cultureo A Hj

¥ allogeneic H|ZAM L] REES A3t Addo 2 Aed FXGAxEe &

solutione AME-3t9th(Fig. 5). Halo® AH#¥ FAMAITE 2 At FAA
AlZo Bl&] 3,333—10,000 DC cells/well?] H oA 7234 F2E°] =713t

Fole] g om AolErtele Wil =

-

T 252 Bt Y co—culture H
otk (Fig. 6). Thl¥ Th2 AA¥E F8 Ao]E7F] &1 [FN—gamma$}
IL-10/IL-4% =743 A3, IFN-gamma+ HaloolA 714 =4 44U, 1

0% Alishs=olw Carno$ét MP+= H8 FFoz ik IL-109] 3%
o %=, Halo AgrellA 7Hd =4 545302 Carno, MP, Alish olt}h. IL—4+
AA Aol SHAHL o]5tth(data not shown). Co—cultureol A A zttol
A FAGAE s nEAErE deb @3t HleA dotry] SlE, #
Zo] st CD259F CD69e] %< SAsklvh(Fig. 7). @AnA
CD25 (IL—2 &4 alpha chain) ] o&e Halo7} 7H¢ =3 Wk, 7] 24

ulA Sl CDA9E B A H|=3d =072 waE o}
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Fig. 5. Halo—treated DCs significantly have high antigen presenting
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 IFN—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. =*x  #xx indicate p < 0.01, 0.001

respectively compared with control group.
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Fig. 7. Halo—treated DCs enhance CDZ25 expression of the co—cultured
spleen cells. The setup of co—culture was performed as described in Fig.
5. The spleen cells co—cultured with treated DCs were harvested and
stained with antibodies specific for CD25 or CD69. Flow cytometric

analysis was performed. The number of histograms indicates mean

fluorescence intensity.

_15_



<

£l

A 28 Qe ey tfE-Eo

e
= [e)

of thdt A7) &

il

$2bete HE

T2 HATEH st

Rk

olo

—_

0
"
Tor

mfy

A wAEe 53,

SRS

of

=i
=

P

A2 el Sol

Q!

olm

R EARN ] 7 e A=
AEE A A

A=

3]

A7A Akt

ezl

B AR,

1=
=

I

3
RS

&+7] %]

B W

22!

(MLR) =

=
o

FAAA

’

g

;OL

A Aol EFlele] A

o ATl A

o] MHC class

e TH16].

CD40 ligand®} 4

o
R

CD40

- O
o=

A7)

fg—

A e

Fol %

Fha)
= o

s

g4 35E CD4" helper T

1

A&

= =
:—_TO

L —
R

Alish

oH[17].

ZZ 7

ol

7IAA
Halo”} CD40¥ CD86

=
[e)

MHC class 119

S
=

eRge)
a

Ass Rt o

S 7HA 2

1 Mpo] E7kQ19] &

=3

oA Al 7}A] tf

ol
oh

OO]:

z9) )

M Aol A8 FA A

[FN—gamma?] yArS Gt taAZE &

=0 Th2

L —
LN

w3l TNF-—alpha

°o]-&

m gkt [19].
gttt ELISA

(e} e)
SR

A

A3, Alish&t

o

Al

s

3t Mol EF}O

=1
=

o
T5

o
LI

0

_16_



Carno+ IL—12, Alish®} Halox= IL—10, dx g +telA] TNF—alpha® AAro] =

o

—

thool AU F AlishE WER ALF Fol FAYALE AFste] Welw

PA
W Aol RS AU 5 ASS Bk

Adwor Agd FAZAEY] FdArsE  Lotrr] S8 allogenic
co—culture (mixed leukocyte reaction)& AT FAFAELE C57BL/6
ule-A~0] ZFFAEE o] &3] v allogeneic W FA|EE Balb/c PR A
ANF W ARR ST FAGAIELE] B E FASA S CCK-8 assays ©|-&3}
Rom HaloZ AH2l® FAGAET 7H %2 T2 e= Btk 3 co—culture
ol A Ao A IFN—gamma$} IL-10& JZFs APoA % Halo A& E FA4A
27F 7R =& A S Btk HE AW U 24g e E EA s A3
Halo®Z HZd FAGAMEZE v AEe] CD25 Eds dA3] F7HAZAT.
[FN—gamma$} IL—10> Thl3 Th2 A7} BAksks thE2Ql MolEvkele] =
%, Halo® A2|® FA4AE7F Thld Th2 AlE BEFE SAA7|H & $24
)

AlsEtol] vlal] e AN = 2E JloR dd

|

te

A3 AddS FAGAEA Heste] ST ALY R, Ao]ETHQ AL &
nk7A o] o A= Alish7b dwbA oz & A=55 Btk v szdsto] A ¢
A FAGAEY] FAAAN S Aol HaloZ AHE FAAAEI 7 =9
o]l A}o]= Halool &t FAFAES LA G S7H7F 7S At or =
By = Aol ETRIF Hulz] A o]glo|m FUHARl Q4 o Zlo )
g 7] The A e Sl oE WEte oty FHT Aol
FoA F=E3 S9Q Tetragenococcus halophiluss ©]&3 213 st
e wep Aol ETRRIe] gAkRFo] el o [20], I WUl ®
protein®] W3} Fo= FAsta Qv & AgeM AEH Ee #o FH

S
PEEEET oY TR, A 4% QR Fust] 44E W 9¥ B
o}

rE

o

)
i
=)
ults
M

heat shock

Z}zF Alish+ 1% (6], Haloe= 10%[7], Carnox 2%[8]¢]t}. Halo®l 2%
of vlall el oA wgE =, e v Al FASAIEZS] &
AN S FIAL F A 245 TAAY 7o) St FF FHATE T

24 3o} #F elA ol| eaSo] MFEA,

gI:
an
=5
(@)

1o
=
od
>,
g
g
off
kit
il
v

_17_



oA AddE AR

BT

ol

i

Al =

B

AA A

- o
T

2 probiotics® Tt}&

el

Akt (Lactobacillus) o ©f

Aok ArA Al At

ol

™
7

i

ATE ATE Aotk e of

B

Mo

i

_18_



1. Guan L, Cho KH, Lee JH. Analysis of the cultivable bacterial community
in jeotgal, a Korean salted and fermented seafood, and identification of its

dominant bacteria, Food Microbiol. 2011, 28, 101—-113.

2. Roh SW, Kim KH, Nam YD, Chang HW, Park EJ, Bae JW. Investigation
of Archaeal and Bacterial Diversity in Fermented Seafood using Barcoded

Pyrosequencing. ISME J. 2010, 4, 1-16.

3. Adams S, O’ neill DW, Bhardwaj N Recent advances in dendritic cell
biology. J Clin Immunol. 2005, 25, 87—98.

4. Steinman RM Dendritic cells and the control of immunity: enhancing the

efficiency of antigen presentation. Mt Sinai J Med. 2001, 68, 160—166.

5. Banchereau J, Steinman RM Dendritic cells and the control of immunity.

Nature. 1998, 392, 245—-252.

6. Kim MS, Roh SW, Nam YD, Chang HW, Kim KH, Jung MJ, Choi JH,
Park EJ, Bae JW. Alishewanella jeotgali sp. nov., isolated from traditional
fermented food, and emended description of the genus Alishewanella. Int J

Syst Evol Microbiol. 2009, 59, 2313—2316.

7. Kim MS, Roh SW, Bae JW. Halomonas jeotgali sp. nov., a new moderate

halophilic bacterium isolated from a traditional fermented seafood. J

Microbiol. 2010, 48, 404—410.

8. Kim MS, Roh SW, Nam YD, Yoon JH, Bae JW. Carnobacterium jeotgali

_19_



sp. nov., isolated from a Korean traditional fermented food. Int J Syst Evol

Microbiol. 2009, 59, 3168—-3171.

9. Ishikawa M, Nakajima K, Yanagi M, Yamamoto Y, Yamasato K.
Marinilactibacillus psychrotolerans gen. nov., sp. nov., a halophilic and
alkaliphilic marine lactic acid bacterium isolated from marine organisms in
temperate and subtropical areas of Japan. Int J Syst Evol Microbiol. 2003,
53, 711-720.

10. Joo HG. Altered maturation of dendritic cells by taxol, an anticancer

drug. J Vet Sci. 2003, 4, 229-234.

11. Joo HG, Goedegebuure PS, Sadanaga N, Nagoshi M, von Bernstorff W,
Eberlein TJ. Expression and function of galectin—3, a
beta—galactoside—binding protein in activated T lymphocytes. J Leukoc

Biol. 2001, 69, 555—564.

12. Byon YY, Kim MH, Yoo ES, Hwang KK, Jee Y, Shin T, Joo HG.
Radioprotective effects of fucoidan on bone marrow cells: improvement of

the cell survival and immunoreactivity, J Vet Sci. 2008, 9, 359—365.
13. Kim HJ, Kim MH, Byon YY, Park JW, Jee Y, Joo HG. Radioprotective
effects of an acidic polysaccharide of Panax ginseng on bone marrow cells.

J Vet Sci. 2007, 8, 39—44.

14. Bogdan C, Roéllinghoff M, Diefenbach A. The role of nitric oxide In

innate immunity. Immunol Rev. 2000, 173, 17—26.

15. Kim SY, Shin S, Koo HC, Youn JH, Paik HD, Park YH. In vitro

antimicrobial effect and in vivo preventive and therapeutic effects of

_20_



partially  purified lantibiotic lacticin NK34 against infection by
Staphylococcus species isolated from bovine mastitis. J Dairy Sci. 2010,

93, 3610—-3615.

16. Larsen CP, Ritchie SC, Hendrix R, Linsley PS, Hathcock KS, Hodes RJ,
Lowry RP, Pearson TC. Regulation of immunostimulatory function and
costimulatory molecule (B7—1 and B7—-2) expression on murine dendritic

cells. J Immunol. 1994, 152, 5208 —-5219.

17. Mosca PJ, Hobeika AC, Clay TM, Nair SK, Thomas EK, Morse MA,
Lyerly HK. A subset of human monocyte—derived dendritic cells expresses
high levels of interleukin—12 in response to combined CD40 ligand and

interferon—gamma treatment. Blood. 2000, 96, 3499 —3504.

18. Heufler C, Koch F, Stanzl U, Topar G, Wysocka M, Trinchieri G, Enk
A, Steinman RM, Romani N, Schuler G. Interleukin—12 is produced by
dendritic cells and mediates T helper 1 development as well as

interferon—gamma production by T helper 1 cells. Eur J Immunol. 1996,

26, 659 —668.

19. Corinti S, Albanesi C, la Sala A, Pastore S, Girolomoni G. Regulatory
activity of autocrine IL—10 on dendritic cell functions. J Immunol. 2001,

166, 4312—4318.

20. Masuda S, Yamaguchi H, Kurokawa T, Shirakami T, Tsuji RF,
Nishimura I. Immunomodulatory effect of halophilic lactic acid bacterium
Tetragenococcus halophilus Th221 from soy sauce moromi grown in

high—salt medium. Int J Food Microbiol. 2008, 121, 245—252.

_21_



	Ⅰ. 서          론
	Ⅱ. 재료  및  방법
	Ⅲ. 결          과
	Ⅳ. 고          찰
	Ⅴ. 참  고  문  헌


