N

(#

rL
Jan)

]

A 8)

to X oy 1@ fE 12w XN A

My N> e o

e =

e > ool

WHEEHS

11-1543000-000658-01

A -

rok

2
°

(M AA [ =7l 2hAL)
(Development of new mucosal
immunity—enhancing techniques for

swine)




il

g},

==

-%1—

sl o] Bz A

A

2 A% A7]%

—_—

Nlo

A
i

104

20144

R
Tor

= folo oo
XA N
R
Bo R R
B OR R
Ly
T~ 3 B
W T
7N T
NF

N
o]
B!

o
Tor -

o= BN

o B o
~o

® KA
‘HO ‘oH
K-

T~ T+
BT
B o

B Yo B B
o

&

=y
=

(57)aLed )

\.mo
3
~
g

o
oz

R



ko
12
el

I. A5 70de] 524 9 dg X

HAe] A T AT AHE FA Aol Ha e AAolt 53] 57 @ 43
7] AolA HAAE FHARTIGANA Ast=d FAH A Fiert dgA ol o] wA
AebE e AWATE AU HAoE HAUAds SN F e AVEs st
gk olE HEll, E HAAA = HH o AHHAE aRHoRE FEZ F e oFHE
(adjuvant) & 7Estar, Fubfeed a4l Aoz d#l ofxsiy Ard} ¥o|FE o
ato] o]FE LS WIAAA HYdA S FEstazt gk o]yt A7]ES Al FE Fo
Us 34 A4y s Alofste Fibs7te] a55dlel 7l9staxt gk

k7] 915 A7) WERA Ao A&o] ThestHA = HeH s 3
A g e AFHEES BA%H. olF flal HiA o FAGAEANA FA AL DA #
o] 3= B-cell activation factor (BAFF) WAAAE o] &3te] o]FHEE stz gio
T sl A7l e R At s SAAE e ARdet RRkAE idstal o
THUE Ao E IHT 7 v ALHE FHEEH. ofF Fdl HAY 50 vfo]
FEezrd HEE AN F de AR A9y frles Eetaa g o gk A
Y fFRV]we] Ads SRS s olFHE FHEH et g AFH FERIF
& ol &3 FAs AT =g e Al AEs A8S AS AlY s TR

=
r 03
-
=
M
iin)
_Vﬂ_ll

[1Ad &= ]

AFEA = ZFdY(ovalbumin) S o] &lA vk~ HEAAGn vivo) S AAPoH
serum, intestinal lavages®] A=A FAE|HQI IgG, [gAE AFFATE Hgk HAGAE
= AFT 5 FLAAASA—Un vitro)e A8 AL, inguinal lymph node A= WA
S At BAFF @] A& 93] western blotd FAIX A4S HAElon,
retinoic acid (RA)®] WAFXaY &1s 93 vt HFHAHUn vivo)s AR,
serum, bronchoalveolar lavage &2 Az oA Bordetella  bronchiseptica (B,
bronchiseptica) FHA5°]4 < 1gG, IgAS Bttt

Aol olTFdds ¢etes VAR A9 gs fieste drde #55 st
7] 98] 37FA] Amdlel dHE SE(daroA), SG(AssrABAhmpArpoSAppkAaroA) 2 ST(A
ssrABAhmpArpoSAppkAaroA) W olTE A Zet & w2 A ATy 54 AFS AASHA
IgG1¥ IgAS 7HF Wol Enlstes €3 ¥ 2] Wol5E ELISAS ELISPOTS Fal Adeqitt.



o A3} SE 2 ST WolF7h B39l Welie & fEalglov], 5o SE Wel T AT A
S5 A% 16GL3) 1gAe) AANEE A1 2 FESIL Aow Ueute, wed 374 A
B 94 % oFFAL el VMR SE WolFE ATE AFT W A9y wel
Ammele Jbg 2 Smals Ao sl

Fe2"o = AP ofFHE 2% (retinoic acid9}t zymosan)'—é P2k 7y el A
Zalo] ol #72 VRFA. olu vt B4 o), AR el 0.nt 4 HES
o,
[2Ad & ]

AF-go = A &8 AFE-3l= Montanide ©15FHE 4% 0| retinoic acid(RA)E
HE&Foste] AFEE & e AL = F &ale, AlESA, v E o] &3 AT S
TSR T, Bl AA E fucoidans A8 sA A stubA 9 BAFF] 24, plasma cell9
w3l oFE gQlslsl o, B bronchiseptica WA g 3} ovalbumin(O\/A) R e e i
fucoidanS HTA FHEo| A qA7IE &5t} TS ginsenoside Rple]

HA XA 283 Ao SR AAME 3t 75 M-S A8y, B bronchiseptica

¢

=
A7 AgRo)lETFCI(IL-12)9] AALS fEdtExR], [L-29 &% Y Y& AJFS
ToA AFE FR135HS
HAE5 18 += HFE 53 in vivo inducible o] wa WE A ~=(pJYTHO1 =
8ol “413& p imer walkmg & AAder, 84 AR B4s 8 97144 24 =
i

[‘5‘9. o

# 01—75?_% A 3 A ~®l (arabinose—inducible pGEYHO1)<}
= A (GFP; green fluorescent protein) 4X}%
e 3 s GgAE &3 Ax3 GFPe xwdd 04
i—}“cﬂﬁ‘}(}’i‘:}. 5‘5@ %E%E}ﬁ ompA 718k o] F&o] i ANxF EAv=E 5561
d Bl A1l B bronchiseptica® BWUA FH A pertactin(PRN) 3}

= =] wjo ]#EB}ZU}H g o] A+ M. hyopneumoniae®] adhesin T &2l P97%
epitope motifE Z+Z} PCR® %%3}o] arabinose 24 #F&d Zoh~v| =(pGEYHO1)<}
Arde}l SsaCG promoters 7HAIAL A= in vivo 24 E2AW| E(pJYTHOD O =98k
o]Fd TAN=E S A AxF ZHav=E Sk

el A= A ofFHE $HEH 655 7HH 3 Axd AHE oFHES
1 F)el AFstdth 22502 Yol 1w 0.1ml A o] HEF

e 5o ES AEWS D AELA oY F¥EF BAFHAL

I3
)=

1

U oft
rlo e

et

ﬂifa FAZE ARz o

S 2= S =
& 5 e BAs

(e o

A
c
(@]
S
(@)
a
=}
o,
N
N
"o
o
o ir
2
JR
@
Ll

Al annexin V/propidium iodide @22 F3] ¥zt
< 7H1 AR S Eldit 7)EF o] FFHE $ 1

2] ginsenoside(G)-Rplo] FA]AA| 3ol So]& o
Helar, 2 AFHA A wWagdow AREE ]

A =, Q14F ginsenoside & S
4@ s AAAFEAL sl



THERA a37F o] t& WA A9dd s wole 948s T F due AMES
ookt

HAElgode 1xdEoA A¥d SE(AarOA) Ho|F£Z2 gigow phage A-red
recombinase system< ©]&3}] ompA FAAES F7IE AAS ] =3 AmdE WolF

IVK BOIM121(SE AdaroAdompA)s AZetitt. 3 Aokt ompA 719k o] 3de] o
e Axg ZH2v=E G587 Y8l PCRZIMS® B bronchiseptica®l F 714
pertactin type(1-3a/2-7a, 1-3a/2-8b)2] ™ 9-A| epltope P13 aP2, bP2 FHAAE Z
ZFZ3519 0o, M hyopneumoniaev= adhesin P97R1, R2 FAAE FZ330. o5 FAA}
E XIS Axd FdS ddste E coli N2HE FESIT flok 2 W oR E coli
plasmid DNAES SE(daroAdompA) WHolF W2 FA A5 ] Wolstd s Wwast= Axg 4

il
N
N

s}

Bl #o|FE &3 1 e dAv|AdS BAs A7 PlaP2, P1bP2, RIR2 44}
7V SE(daroAdompA) ol U= AYdd AS s o, Z f21xte] fA7|Ad gt
NCBI database®} 99% o]’ d Attt 9ot Zo] Aztd o]Fddds Bdst= k53 ’;%E

gl HolFE Zzb VK BOIMI123(pJYTH-P1aP2), IVK BO1IM124(pJYTH-P1bP2), I
BOIM125(pJYTH-RIR2)Z W3ttt o]F3YdS wast= Arndal Ho|F& U}"Mﬂ 7d

Top wZow AEH T 0, 14, 28, 429 (0, 14, 28, 42 DPDl FHL A sl
Salmonella-specific 1gGe] FA7IE AT, 2 A3, A+ A5 v 5o & 3
A7b= A3 vis] v S o =2 59 FAVFE UEde 2949 dAeH g S
sttt wepa Adrdebst SWAIE o] &S ompA 71N o]F3 Y i AR
Ao in vivo TAAZ=F o] v oA wlg- gaA o w WSS FRdTL & F

As2edAME AS5ANE FEMAS Ao FEFete] A HUlel s APS AAEA
. FARER19 shs, AR ED B AAL S Ao glo] B ol o4 glo] AE sl
th MAS 25 A 0E 2xbE HE & APl S AFEA B WAlgkd 5ol

=
]l A7HE Sle i

V. A3 2 daEg Ag

WAt o2 ALREIE B bronchisepticas X3 WAMNE-E Sl =xA AFAEHA
o ks g MAlS AESE 7 IS Ao=E TgE. k3 #HE AETS afHeR
o {hsto] FAEAES] S SR Al FEETEY A5Ee]l ZidEn. AT A S
TR RGN FAHJE 728 @ FE&7E ES Sl gAY AAFA fE&g AEE Al
T 7 A Ao dgdn. AA Ao Aydts ] AHHSE XA A Sl
o] Aeel®: #HHE A= 53] mugk AAolrt, & HAlA A WAME F FHFA
Zof HHE HAUHAFEIH Ao Ardel SRkAlE o] &3 AUiE e =HA AYH e
Vee AT S8 JleAe] e BS Ao Jddd. =3k o]y dudy FXVES &
F71 2 &s7ldA FE O EAE e ode Ao ol A&3 ¢ s o= T|gdE
=3



SUMMARY

A variety of diseases in swine are infected through mucosal membrane. Especially,
the diseases of respiratory and gastro-intestinal system should be first protected by
enhancing mucosal immunity. This study focused the development of adjuvant for
mucosal immunity and attenuated Salmonella mutants expressing vaccine antigen. This

new technology is expected to increase the farms breeding swine.

To enhance the mucosal immunity, we developed the adjuvants that boost the
mucosal immune responses and can be applicable in swine. The BAFF/APRIL
expression system was used to screen the candidates of adjuvant. And also, a
Samonella carrier system was developed to express vaccine antigen. The target of
these strategies is the development of a new vaccine for preventing swine atrophic
rhinitis. To support the establishment of inducing technology of mucosal immunity, the

safety test for adjuvant and the production of vaccine antigen were performed.

This study used multiple antigens, ovabumin and Bordetella (B.) bronchiseptica to
investigate antigen—specific immune responses. Western blot and flow cytometric
analysis were performed to measure the expression of BAFF. Antigen—specific IgG and
[gA was determined. Retinoic acid has been known to closely involve the mucosal
immunity. And also, we investigated the its feasibility of in a combination of Montanide
adjuvants including solubility, cytotoxicity. Several candidates for adjuvants, fucoidans
and ginsenoside—Rpl, were tested for its immunostimulatory activity. We challenged
the mice immunized with vaccine candidates with live B. bronchiseptica bacteria. The
vaccine candidates were inoculated into piglets and then the level of antigen—specific
antibody was titrated. The bone marrow cells were treated with adjuvants and the
production of interferon-gamma was measured. Several kinds of experiments

demonstrated that high molecular-weight fucoidan has high immunostimulating activity.

Mycoplasma  hyopneumoniae (Mhp) and B. bronchiseptica (Bb) are highly
transmissible respiratory pathogens that is etiological agents of atrophic rhinitis,
bronchopneumonia and important primary and secondary pathogens of porcine
respiratory disease complex (PRDC) in pigs. The disease constitutes a major public
health burden in the swine industry worldwide. Several studies have shown that
pertactin 1s important for protective immunity against B. bronchiseptica. Pertactin
protein has two repeated regions, and regionl(P1) and 2(P2) are identified and
characterized as an immunodominant protective—epitope. P97 is a major attachment

protein in Mhp and the antibody specific to P97 has been shown protective for Mhp



infection. R1 and RZ2 motif is major protective epitope in P97 and the recombinant R1
and R2 has been shown protective antigens. In addition, attenuated Sal/monella enterica
serovars Enteritidis (SE) mutant deleted aroA and ompA gene was constructed by
phage A-red recombinase system and the SE mutant is proved safe and immunogenic.
We compared the immunogenicity of oral and intra-nasal (i.n.) vaccination with the
recombinant SE mutants expressing Pl and P2 domain antigens of Bb and RI1R2
domain of Mhp in BALB/c mice. All immunized mice survived without any symptoms
and clinical signs of disease during entire experiment period. Primary immunization
with recombinant SE mutant (pJYTH-P1P2) vaccine given both oral and i.n. induced
significant levels of serum anti—Sal/monella, anti—-rP1P2, anti—-R1R2 immunoglobulin G
(IgG) and IgA antibody responses. A similar trend was observed in BALF samples of
inoculated mice. However, feces sample from i.n. immunized mice had detectably low
levels of rP1P2- or rR1R1 specific IgA. Our results have shown that oral and i.n.
inoculation of the SE mutant expressing P1 and P2 domain of the pertactin of Bb and
R1 and R2 domain of Mhp produced good immune responses against Bb, Mhp, but also

SE in mice. We suggest that this mutant could be an effective vaccine candidate.

To evaluate their safety and efficacy, we administrated vaccine candidates into
swine. There is no significant side effects and the titer of vaccine antigen-specific
antibody in the serum of inoculated pigs was evaluated. Two selected adjuvants
(retinoic acid and zymosan) were tested for their side effects in mouse and guinea
pig. And also, 6 other adjuvant candidates were inoculated into guinea pig (skin and

muscle).

From our study, a new vaccine containing 5. bronchiseptica will be developed and it
can protect pigs from the related diseases. This vaccine is expected to increase the
income of swine farms. And also, the knowledge acquired during study will be helpful
for basic and applied sciences. The study of enhancing mucosal immunity in swine has
been required, but very few. This study provides some valuable information about the
enhancing technology of mucosal immunity and a carrier system using Salmonella. And
also, we expect that this technology can be applicable for the development of

prophylactic vaccines to prevent respiratory and gastro—intestinal diseases.
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M2 =ue 7le/iE o

A1 A -9 7l A8

O AYHAs AR FHATI7] AAsf /e ol tEA Q] &4 retinoic acidith #H
Aol A (Hammerschmidt SI et al., 2011) retinoic acid”} gut-tropic IgA+ plasma cell®] A4FS
Festlal 1 #gr)doe 2 A M2 A gut-homing receptor-‘l] WS Z7IA 7= ARAS 913
e iR Aol A retinoic acid®] A &3l WAL WS oo Hls| &d AHA|9] HAo
o] WAL o FHER = ARgo] o AAolr}, W}F/‘r/ﬂ AU S FXIAZ F oM E 540
e ol FHES] shdo] Mg Aot

A 2.0 e B 7x10" SL1344 orally 4x10°S1.1344 orally
* & - s-' -
e
=] - ns ns
: | = = $.| .
T 16 » > g 4 "f. #o. e
£ g e ] . -® 44 2% e
PR I 0 bl R I
& . e Al «® e = 3- it il
S 4n . sce *s . B . -4
E Tl Pl . T s et o oy
2 P * LHE E»" b '.. 3 X
7] - - -g® -
= . . pon 2 . -
-
L ]
o8 1 .
0 ‘-—_-—-—-s - 2
2 g CTsec CT+ CT dead dead dead dead
o &F FA%e. gawage SL1344  SL1344 SL1344  SL1344
"%"’%& 69@ AaroA s.c AaroA AarA s.c. AaroA
\ﬁ‘fp - +RAsC +RAsc
+ challenge

=

219 1. Retinoic acidE %7}t immunization© % cholera toxin & AA}e} Peyer’s patcholl
9] Salmonella 78S F2aAA.

O Transforming growth factor (TGF)—bet = duhAde] gAT Fxo] LHE A@Ado] i
AARY. TGF-betat 53] oA AL} W] 7S FAeh=d 542l wjzfzlo]t),
ok o] dE Fde A Vs Hoﬂ*ﬂ A2 9&S 3t} (Konkel JE and Chen W, 2011).
T2t TGF-beta= AR EFIRIS B Aol A el g & w5 ojof StERE Al o FHERA

A7) 7w ol & Ao,

O AF7HA 9] A g =l gk A= retinoic acid, TGF-beta$} 28 7|%33 AAE4S
FTAoRE o] adHo g Hgo] FEJT 7|Eo AFHIL = A2l WAl ofFHE FolA
WAk 3 B o] Al EA W9 [gAY AAS Bl FXAZ £ Qe TREAS AEEtE Ao
Hoh 2 /fibdero g Al

O Zhao 5 2008l X gl W&ol W= B. bronchiseptica®l filamentous
hemagglutinin® Pertactin &9-< = =3 Arde WA 7FF C500S nH-AE E )
A Ay A FJE 8] gt FEol ¥ dAAR] HILAZE e e, 3t

WAl S enterica serovar Choleraesuis®} B. bronchisepticaS Ao #old & =
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FIG. 2. ELISA of immune responses in mice vaccinaled with recombinant Salmonella C501(pYA-FIP2) vaccine by the s.c. or oral route.
(A) Serum anti-rF1P2 IpG titers. (B) Se anti-rF1P2 IgA titers. (C) Lung anti-rF1P2 IgG titers. (D) Lung anti-rF1P2 IgA titers, Mice were
inoculated with 8. enferica serovar Choleraesuis vaccine strain C301(pYA-F1P2) or vector strain C501(pYA3493) on days 0 and 14. Samples from
five mice were collected at 4 and & weeks after primary immunization given s.c. (filled bars) or orally (light patierned bars). Individual samples of
mouse sera and lung homogenates were tested for total 1gG and IgA antibodies against rF1P2 by ELISA. The tilers represent the maximum
end-point dilutions from the sample yielding an optical density at 630 nm two times that of undiluled sera from the vector-treated mice. Under

these experimental conditions. samples from the vector-ireated mice always gave an optical density at 630 nm of <0.1 from the first dilution. “x™
represents no detectable antibody levels of titers of =10. Mean values for each group were compared using a Student’s ¢ test. Error bars indicate
standard deviations, =, P < 0.01 between the s.c. and orally inoculated groups.

2% 2. wbezolA Az drdzt C501(pYA-FIP2) Walel #jst 2l A5 JFo we
ELISA 23}

# < Byeon 5(2014)¢] Haol ejatd w4 HAHE sGaFAASTHE HA A5 HAS
datz] 918 FimA, CP39, PtfA, ToxA 12]a FIP2 W& ddsts of53 dude
TFE ARG F orhgs BdS T WeukeS WUk A v st dzao] 1§
=8 fFresliom, Atttz CD3+CD4+, CD3+CD8+,
Ad B AE wisiY WgE gt ew

| | 1
WPIQ 246 8 02468 024638 02468 02468

Fig. 2. Antibody responses against the recombinant CP39, FimA, PHA, ToxA, and F1-P2 antigens: (1) serum 1gG (ng/ml} concentrations and (11) secretory IgA (ng/ml) concen-
trations; A, vaccine strain-inoculated group; B, control group. WPI: weeks post-inoculation. Data are the means of all mice in each group, and error bars show the standard
deviations {SD). Asterisks indicate a significant difference between the values of the group inoculated with the delivery strain (* P<0,05) and those of the control group.

a9 3. FimA, CP39, PtfA, ToxA 18]il FIP2 %ol digh gA-g 4,

O WA §ish gol muH ofEsh AR $uLA| /&S o g3l WA YF F AN
2OAE A B9e ERAR FET F Ak WAl Awd Aow Ay, o
Ne bS8 F3 WAs AUEe fE M0 Fo mAClARAL] FHALS AsE
ZRow Add Aow ne,
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O % BAFF/APRIL 2 A AE o] &

5+ Muco-adjuvant 7§ 2! 3
Muco-adjuvant 7% Al A A +H
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>
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AgE A7 S 2 &S TSty 98l ofei e} o] dAEE AgS Ae A
%t BAFF(B cell-activating factor)®} APRIL(a proliferation-inducing ligand)< 7% 2
stAl #AE A=A d#HA o 1AdEd s F2 BAFFE &35t A=E4
As AT =28 mhe2 sERPS ol&ste] ETEY ovalbumine] o gk
s+l Bordetella bronchiseptica(BB)vtol tjgk HAw 2
W in vitrool A FLAAA=AE & FHSAT
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A (Retinoic acid) ¥ 52 %EZ (Zymosan) A4
k-2 HJEA A (n vivo)

- serum, Intestinal lavage

@o] IgG, IgA A =

¥E AFHG & FJAANAFA Y (n vitro)
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A HeafdEd AH 2 2354

% 39l ovalbumin(OVA)S AFE3}e] retinoic acid(RA)7F W=
SRy THANL 7 e A AFRE g v E gide® 3 A
g 50 pgs HJET3AL RAE v 150 pg¥ HESIATE RAE A 2
dimethylsulfoxide(DMSO)ell 5o Al&atAth. 3 stFAE /1\?1}\] st o tixd, OVAHS T,
OVA+RAFH T o2 Yo Adsn. 25 H4o 2 F 23] HF3 & vl-225FH serum
3} intestinal lavageE A F AT A4S AFHT F ANZHESE S FH oserums A H S
Aom (mE]d 100 w0 W), AolAHol - 5-10 cm G AHFE-E 5 cm 2ol HS e
A olakebZ=ol 1 mE A2 Eke] intestinal lavageE 4 %1t}

m

=
i ok

19 oo
to o

g3
off A OV

HgAol

2)
o

==
=

ofo o ol
E

ofN

olu] RASl &3E #HZ53}7] 9130 intestinal lavageE Ao & 3t o]f+= AWy T A
ghH A o 3] RA-J 47} ﬂ’\ﬂoi 74—2—5]"“’”& B élééloﬂfﬂl?— AMHA g E 7
¥ A3517] HELO]OJE}. Serumi} mtestmal lavageoﬂ —tZH 3= OVA-specific IgA, [gGE

g 5ol 4l ELISAS AAe3At

)

o
ol
off
o
N
f
:Oé

i3 19" vk dAA OVA Sol#Ql IgGe] A=

Serum Intestinal lavage
control OVA OVA+RA control OVA OVA+RA
10°° 0.118 0.140 0.143 0.121 0.170 0.124
10™ 0.106 0.143 0.122 0.101 0.091 0.107
107" 0.121 0.233 0.275 0.126 0.137 0.106
107 0.126 0.829 0.651 0.105 0.136 0.110
107° 0.099 0.114 0.114 0.102 0.123 0.105
107 0.217 0.107 0.146 0.118 0.148 0.124
107" 0.119 0.132 0.183 0.116 0.139 0.121
1077 0.137 0.233 0.456 0.112 0.149 0.106

F 4 198 vk dAAM OVA 5ol 4l IgAe] A=

Serum Intestinal lavage
control OVA OVA+RA control OVA OVA+RA
107" 0.164 0.117 0.133 0.139 0.137 0.139
1077 0.166 0.122 0.128 0.129 0.120 0.119
10°* 0.248 0.199 0.222 0.117 0.133 0.105
107" 0.271 0.179 0.348 0.160 0.147 0.737
107" 0.150 0.119 0.143 0.155 0.115 0.110
1077 0.172 0.124 0.174 0.109 0.136 0.103
10°* 0.260 0.170 0.230 0.106 0.123 0.111
107" 0.283 0.204 0.305 0.126 0.145 0.135

ovmmﬂi?ol OVAX*Z_ of ws] Al FdiHer B2 ¥ OVASl A<l IgGot
[gA7} AZE% AT}t T3 intestinal lavage(3A H Mol = b o g o
IgA°]l HAZo] =4 AEYAct Aukz oz RAC 93] OVAE] 2l Alx~ed o}
Hutr o] F7hE = AL gl
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(systemic) %‘P%Xﬂ ] ]/\1 = regulator T /H]E(Treg celDE

ol ZQtste], HE MAIA R FRHAE FAF A F Treg cell F==2E ANt |
F S EAE dutyor WIS %é‘i 4# 7 toll-like receptor(TLR)®] Z A F
zymosan©] RAS} v 528t 3hs dithe= AMES E18F T} Zymosane peptidoglycan®} $H7]
TLR2¢] EeA=A AREEM Gxe ARt

Ho

k1
o

ol
[‘E

u 12
12
2
~N
N,

B Ao A= zymosan¥t RAE vf$-29] ds = H
isotype® FAAY S stz S ‘j}'ori% o] &
50 pgs HE389 3 zymosane 100 pg, RAE 150 pg® H=Estgch AF 01] A=
2 ojn] wxH E=F(reference)S 7o R sttt H3FALE A A S
F, OVA+zymosanF £, OVA+RAH EF o2 Yo Adsdn. 25 7J7—ﬂ.
Fatlon, 13] w23 HE F 250 vle-ARRE ARE AFst] A5

L oo
i

e # 93 W FAReel
A

In vivod o2 nhg-2=oA WYnkgoe] ol Fe= dupirst =
71 {13 HES vps-2=2 Y ¥FS AFHS | vFgAEE F
¢l Mo FE39om ACK lysis bufferg AFg&3ste] AT E
Ao = 24| ¥ (adhesive cells)7F A AE BAAEE ALgo R ALEH A
CD4+T, CD8+T, CD19+B ®Z2 45 o] OVAd] Seo]#Ql Wnggds 7hx
A7 M E(memory cell) E°] A& Aoz FAHHEJT WF79E & F de=
(precursor cel)?] ¢} W7o wel in vitro AdolA OVAR AMA=FS &
B> AMEZE BRSSO AshAl g

2o
I
o
X
e

op rlr
e,

ﬁd
2
o

= o
AT A [

[‘E Fuore
2 E P
:

i
o,
o

I].ﬁ & D-_\;IJ Gi-_"l
BOVA stdmulation

0.1 A

0.0

OVA+zymo OVA+zymo+EA

a8 4 Ady npes HFAAES 2H3 FH OVASY O Z jn vitrodl A AR

O
OVA+Zymosang F-o] HIZA ] Hlg] RAS F7Fs HF oA rEgAdo] ol
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272]' AES o 3 257 HA v22ZFYH  serum¥}
OVA-specific 84S AFstgon, Aadde =
83 IgGE 77 A5

intestinal lavage&
23k isotype?!l IgA<} AA systemic™ & ol

SEEEN

3 5. Wed vhg-2=ol OVA 5ol A<l IgGel ik
Serum Intestinal lavage
OVA+ Zymosan OVA+ Zymosan
OVA+ Zymosan OVA+ Zymosan
+RA +RA
10°° 0.051 0.054 0.051 0.053
107 0.149 0.057 0.049 0.049
10 0.064 0.075 0.052 0.051
107° 0.170 0.178 0.050 0.048
. OVA+ Fucoidan . OVA+ Fucoidan
OVA+ Fucoidan OVA+ Fucoidan
+RA +RA
10°° 0.051 0.054 0.058 0.051
107° 0.049 0.065 0.061 0.057
107 0.056 0.122 0.066 0.057
107 0.062 0.343 0.052 0.050
¥ 6. A9E vlg-2olA OVA 50|42l IgAe] XAt
Serum Intestinal lavage
OVA+ Zymosan OVA+ Zymosan
OVA+ Zymosan OVA+ Zymosan
+RA +RA
10 0.049 0.050 0.047 0.050
107 0.060 0.062 0.049 0.050
107* 0.094 0.091 0.052 0.048
107 0.108 0.100 1.152 0.131
. OVA+ Fucoidan . OVA+ Fucoidan
OVA+ Fucoidan OVA+ Fucoidan
+RA +RA
107" 0.050 0.055 0.050 0.050
107 0.050 0.071 0.047 0.047
107* 0.076 0.109 0.053 0.063
107" 0.109 0.202 0.576 1.277
RA®} zymosano] H]52dt 2871 dS z2te Aoz AN ez Fd5o] <l
Arbsol wiekal gy ek A gtk 2y # AFdo] HFEe] AFEe A=
‘ fucoidan & AAA QD A B4k ool g} RASHS] AsEIAE KA 53] IgAd
A FAHY BFgM £ 2HE KA
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T Ao A F9l(flank region)e]th. whekA
5z 4

2L

= ) . =
HEH Udo—ﬂ.?ﬂr%%é’ =2 /M 2 924 M =4 (inguinal lymph node)oll &
nz 4 9tk B AFE2 Zymosanol £330+ TLR 854 & £ TLR2 s549 dF<
peptidoglycan(PGN)¥} TLR4 &5 AQl lipopolysaccharide(LPS)E RA%} &7 HEste] 5w

W= gstaxt Atk HEFLS OVA+PGN, OVA+PGN+RA, OVA+LPS, OVA+LPS+RA°]
A 7 HED AR RE A EZES QfFHE 1 AEE 96-well plateel] setupdFA ).
A5 Agste] AAR=F3 F 28EA Fe o g UFol MTT assay= Al E2]
?lé}oﬂr)r A3 A7 PGN#Z LPSE Aget &3 RAE 7 Aglg o+ Aolol
S em, OVA A=l ogh vhg A% wn k(AR A AL, ofo] A A A< H
stz 918 " EZA7] (lymphoid organ) M &= A A& 24 Hohe v 7o) A4
Ao R FtE iy,

[o 12 oz ©
fr s oo o

Ho

o
<
{J>

, o
mim

oo
o 5 Kl
o JL% rr

o

Retinaldehyde dehydrogenase(RALDH) &4 #41
RALDH+= aldehyde dehydrogenasesol <3}
FAdetE vEES FX s B Aol A A9t

& 224 retinaldehyde=5-F retinoic acid
A 7 e A== RAVF A
AL Al AY "Mz RAE
=4

il
oa,
4
o 2ol

AERemg a9k A a3 E UEE 5 9 <

E}E‘E A e B4 OLO}‘JV] 98] RALDH 24 < stk wiFE A GAIE
£ 05 M Tris-Hcl buffer2 A3 gk 10% Triton X-100845 o] &3] &3A AT A&

1“40}04 A Eekwd g A(cell lysate)S 9 T 1008 535%¥ NAD+9} propionaldehydeE ¥
5 AN ZF vl ksl E‘r Microplate readerZ o] & 0}04 340 nmol A FFEE =AUk ot

F3e TLR B 5AE FA A X HAe & RALDH 84S 5743 A3} PGN, polyl:C, LPS,

imiquimod, ohgodeoxynucleotlde(ODN) 200794 gt &S HolA = LUTHCA A A A]).

shA Rk BF ARoA B T FAMAE e e HAMEE AR cell lysatedl 9

A

A G2 FAAN7E BSEAL AAHAL Bat U A

il Aoz AtgETh

w

oL
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Y. BAFF 2d A¢g
Flow cytometryE ©]-&3F BAFF 2o&d &4
A Z2 T HE 2 RAS Zymosan®] WY 535S 32137 93] mouse BAFF9
o] w A= FEFs golR k. mh-29 tE = (femur) ol A =FAHEZE AFHSH 6-well
culture plate®] Wl FstA L =5F TAGMEL] WldS 98] mouse GM-CSF
HARO|E7FQIE 10 ng/mee] 22 Attt Wi & 494 == AEE F759 RA
¥ = zymosan= ?11”40},\,\ﬁ1ﬂ o] MAEE HWH AAEY] flow cytometry 4
ol &atAtt WY F 44A H= Mz WMol ETRI Aol ol Ak g AdA EZ et
BEEZF7} 28d ZFAE7 BF XgE AU WA A Hurd Sy #H ¥ BAFFS

ar
=
FANEE HES & vk

ll

O

Control Zymosan

By B+

137 244
2% o%
833 de]

o .

10° 10! 102 10 10t 10® 10! 10®  10® 10t

FL2-H FL2-H

" RA ~ Zymosan + RA

- 2.

. 86 176
2% 2 %3

= - ; (1 'I\.

BAFF+ APRIL¥ 7] Ao oo A3k dedo] = Wedlztolt), ZF histogramol] U+
mean fluorescence intensity©]™ &g whulal o] wdba kol H g

A= LD‘r Al e BAFF
HAS ZARGE A3 zymosanA 22 i 2=t HlE] @A %] SUFsE oY RAE 23]
oA AT 3 zymosantRAA 2]79] 749 zymosan#] 2]l Bl HAF o] e 2 RAZF
BAFF9 TalS ZaA7le e Hole Zo= F4HH. ol= RAY g Sa37}

BAFFe] HAdZ7F o] 9ol & 7| o2 283 7hsido]l dom, AL ZAL A Hx
homing receptor®] W& F71e} 22 7| Aol A7jE vl ) mehA &FF FAHA A3
THEZ AAolA BAFF wdZH 3 A v 2871 de] A§o] myEojof & o=
Alg g T
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Western blotS ©]-83F BAFF2] wd #A4]

M EF FA A EANA zymosanT RAA 2ol 23 BAFFZH3 &
B8 AN 1o trad Wy o2 BAFFe waE S st o}
HAMEAA F 74 $HEH 235 FSlstr] el v A xEel
BAFF9| &S Western blot analysisE A A] 3l t}.

C Zymo RA /R LPS

s =X X
- A = « 9

a9 6. v AE zymosan?t RAE Al & BAFFe #& 4 (Western blot)

mBAFF

Ct Wz (control), Zymot zymosan & (2 ug/ml), RAE retinoic acid* 2] (100
ng/ml), ZR< zymosan+tRAZ 2]+, LPS+ lipopolysaccharide*] #] (0.2 pg/ml) 0. =2
SDS-PAGE?®] 7 lane® & 10 pg® F L3 @S Joadingstith. o}&#l% beta-actin band=
B Zb At gl do] wdg o] FAHINSS & & Utk 2 AF A mouse
BAFF:= 24 F 719 band® #A7F #3L obel% bandiz MIAEA F A2 rolA]
@A modification®] ¥oid Aoz FAHT

AA A S 2 zymosan# 2l 3 zymosan+RAA 2], LPSH 2] 2] A E oA Hd o]
Z7}sld o}t Flow cytometry analysisoll A€t 722o] RA| ¢ s BAFFY wae 7t
Ao2 Bt Lok BE X 9] thE A<l mitogenol™ &4d3}Q1#FQ1 LPSe €3] B

Fol F7tsteE Ao Hol BAFFO| a2 vl Axe] &d3stet dsh Aol glom

, 573l
AR ATE 19T uf BEHZ o st} vEd sow Aok
Flow cytometry 2} Western blot analysis 23%&5 F33st A3 BAFF 2dAAS 53
of| Z3}7] 7} o] el Yt} oo BAFFS} wj$ H-ALe 5E4S Hol=

RAS AYHA=2F =
APRILS] HdFAHL Tttt &5 AubdH g FzA2ke] HAS 9)38]A] gut homing
receptor®] THZH S F71E o Aol
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o EXZIBBTE)S o83 in ivo TELE
Bordetella bronchiseptica(BB)¥toll ot A4 2
O]U] T@Q?*‘%ﬂ X 6L°J(OVA)° HES v 5=

H o =49 JJrE sHelst = *]Zﬂ E— ?i?#iﬂoﬂ/ﬂ

Spleen cells 24 3}

0.700 -
0600 4 0Ono BB BB
0.500 -
0.400

0.300 -

0.200 4

Optical density

0.100 ~

0.000 T T
Control BB BB+RA

a¥ 7. BBt RAE HES vl 81X in vitro &L A AF o o $ dk-gAd

iz, BBH S, BBfRAF ST w22 7Y HFAEE AHT 5 96-well culture
plated] wiFst3laL, BBY& AA=T 2w b4 e 25& AAsAt MTT assay=
EB‘H HAAE2] AFES ZAH3ITHGE70 nmoll A F3%). BBEE3 BB+RAH E T
FolA txzaol Hls| BB = in vitrool A AAS @S vl A AEEC] STkste] F
%—4 nh§-2~ BAEo A BButel| gk W Aol keSS ¢ 7 At BB+RAYH T
BBHZ ol vla] wkg-Ado] <k FUlste] BBl HE Al RAY AT} &S &

PN
T AATH
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A Ao BBito|l WAH vles HAAEE AFHE ¥ BBUS in vitro A= Al
WSS MTT assay= &1ttt A A3 setupol A HIZA EZ L] v d 5 oo
BBl Eold o=z Adtel= oG IgAe] Aite] dupu} 5E=x] g¢lst4t) o=

] .E;

H A o] FRHEIAYRE ¥3 o9 BHEZ Y, £3] memory BH 27, plasma cell 5
FAEI ARl MAME HE= AT E(precursor cells)7k Dvhd a1 @Al Ao dwit
HeA fEE B e Adelth

£ 7. 998 vk v A A BB S04 <l IgGe] At

IgG

Control BB BB+ RA

0.086 0.278 0.116

0.085 0.533 0.118

No BB 0.087 0.509 0.119
0.087 0.329 0.577

0.168 1.296 1.205

- 0.374 1.296 1.282
0.185 1.321 1.298

0.165 1.320 1.092

% 8 WdE vigme] WA LA BBF S04 IgAe] Ak
IgA

Control BB BB+ RA

0.086 0.092 0.085

0.094 0.105 0.090

No BB =4 773 0.088 0.092
0.093 0.097 0.095

0.095 0.168 0.749

- 0.090 0.181 0.172
0.087 0.124 0.155

0.099 0.390 0.136

FUAEIARI IgG, [gA 54 & ELISA 43S 3o ZF welle] 45 He F 4l 5]‘4@
Ao o] &gt A ZAH, BB 5o]#<Ql IgGe BB o &2 H A EE A A=

T3 BB+RAGEF 9 v FAIE BFollA dA 8] Frhstth BB S04 <l IgAt
S BT BBtRAH S w9 B GAZo A Fojd o=z wol AL SITh 96-well culture
plate?] welldl 1@ precursor’} Eo)7F=1t}to] wet well7t xpol7} s 4 o] F7]) 3

AdAe] 2o a3 AoF Al dt) vlg-2d BB RAE &3t BBrol dlgh
23t g Eo] A BHEZT precursor cell?} effector celle] A7

§°"
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BB E 7% BB+RAKR 9] wlg-2oA] A S do] BBirol Sol4<Ql IgGet IgA7f
Aulr} Wo] AFEHJUE Lolr gt & A3 A= BBEY AAZAA A4 =271 w4,
HZE £33t 58 7]°]=E bronchoalveolar lavage(BAL)E o] dA 3 a4 A7 &

Skl 3k A o
¥ 9. 99 H ng-2o)A BBt Eo]F 2l [gGe XAt
IgG
Control BB BB+ RA
107° 0.243 | 0.205 | 0.313
S 107 0.155 0.436 | 0.596
e 0T 0175 | 1.346 | 1.151
107° 0.167 1.310 | 1.393
107 0.162 0.915 | 0.421
107° 0.158 1.498 | 0.694
BAL 107° 0.132 1.303 1.280
107! 0.185 1.699 1.323
¥ 10. B 5 nl9-2o) A BB Eo]Z <l [gAe] Ak

IgA
Control BB BB+ RA
107" 0.202 | 0.204 | 0.226
1077 0.171 | 0.223 | 0.376

Serum 0= 0501 | 0.308 | 0.555
107! 0.172 | 0.825 1.776
107 0.211 | 0.179 | 0.193
107 0.180 | 0.176 | 0.178
BAL 107° 0.185 0.215 0.201
107! 0.205 | 0.347 | 0.301
HA 7 BALS wAEZ 343899102 2 1008 3]4]) Ao AL AAAATE B
A AL HEYE A4 B 2] SFE7F 01-020 =S AExAS
A st BB 5] 42l ELISAE AAIs A3 [gGe 4% BALAA o/t @
o] BB 5ol4Ql @AV HAEHA oY BBHET, BBtRAH T2 &4, BAL A&
5ol A fFAFSE T WA IgAe] 9 BALOIAM = HEAFolo] #-93F W3y} #y A
kx| uk & Ao A= BBHEwo] v dl BB+RAH Fv0] BB E0]%¢l IgA7} A3 =4
HEZFAL} o83t 2358 BB 504 AL T 53] I[gA2l AAHS RAVE d A3
SN = AoR FAEM o= HubH oo Wojr| Ay W3k o] & Ao=R
A=
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» AU

Muco-adjuvant/§ &S fla F2 wp$2 FAFAZS} B AELE o] &35t AAsHAT

O FAA 3 (dendritic cells) Wl ¢F @ wp-29] 749 C57BL/6] vl A HFAEE 23
< mouse GM-CSF (10 ng/mDE A g ste] vjstdnt 64 = FRAXE &85
FANMNERZ A3 AEFHERA(MHC class I, B7-2, CD11c) E°]8A & purity=

st A A5, 20 - 30 ;b Aol A monocyteE #&]3+e] porcine GM-CSF
(20 ng/mD 3} porcine IL-4 (20 ng/ml)E *]glsto] w3t} 6d & FHAHEE 25t
FAAAEZ AFEEaL A EZEH9A (porcine MHC class II, CD80 %) Eo]3A &
purity & 7 gHoh.

O HIAEZe &g @ w29 HAS AAS 7 vAAMEE FEste] "7 gnrs&
B Asta) ]ﬂo7mvw1ﬁ0§cwﬂﬁmehmsmmﬁ%ﬂ%éﬁt#?
zgee] o= AGTE ARG vFA e 23FH = FHAEAAZ S)E
AAstL GEZFE A7) &l T75 Skl g Az st wjgs & wde AETHS
sttt EXUE AZES AASH7] 9all 40 mn cell strainerE o] &3t A& &
/‘ﬂﬁ AGLE & & A183FA T 96-well culture plateE ©]-83F] 4x10° cells/200 wl/well]
T2 s An FhAR=FS 918l OVA Y=+ Bordetella bronchiseptica (BB) A&

ﬂﬂo} FTh o)l HFAEY AHEES 457960
3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide (MTT)& & A}-&
e FF e FA5IHQ IgGsh [gAS A Fah=vl AHEEalth

bl

ot
K

O Muco-adjuvant®] $REZD = A=E54S AA4s7] 98] PubMed= &3
AP AT 2AE AAIEE T 1Ad Rl = HEIARS dAEAY Ady FXaRE
F2 A v epaAe A9 1AH<l retinol, retinal, tretinoin, retinoic acid,
isotretinoin, alitretinoin, 241t Q] etretinate, acitretin, 34t ¢l tazarotene, bexarotene,
adapalene 5 °] UARF ALHATFZALNA & FABES EF7F o5 A2 Bl
retinoic acid(RA)9] AutH A S g 97 gdsto] Axsgd=2 AAYgsdn). L3t
AAEHY 3 FRE G FolA 54 a8 ST Fe dF2 fucoidans
ol &3 AsaHs AUt Toll-like receptor (TLR)S FLESAE AAeAL 1
% TLR2 &5A2] d%9 zymosan®] RAS A58 3E yeRd "’F A= A FelsA Tk

O ddEolxel FAAZF (IgA, Igl) : FA7F A & A= Y-S Maxisorp
Nunc-ImmunoTM modules (Thermo ScientificAb)oll B A7l & 5% $-Ejo}& 7 o]
EstH JAakkF N o2 blockingS Al AT AlF AL 0.05% Tween 208 ¥ §38l=
SHE o] &5ttt EF e vAEe] wigAT AL 05% FEjetE g o] g
ZAoz dAAHeR A3 T welld DAt vletE g A3 3 Eo] A o)
3&0}7%46}] horseradish peroxidase’} #-#% goat anti-mouse IgG =+ IgAE
2185k & 3355 -tetramethylbenzidine-& ¢4, stop solutions e &= Yol WA A At}
Microplate readerZ ©]-83to] 405 nmoll A SHEE =A3dto] FUEo|F <l &A=

£ v

O Western blot analysis : 6-well culture plateo| 4] i3t Al Lol 2SS A9,
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©)

[(A1PFF] AR SHAE o] &3 AU9HY F57

Western blot analysisZ 98l Al X -g&8f4Z A (ysis buffer) 02 A EZS &3] A Z ).

FU3sE ko] A S loadingdt 7] 918 Bio-Rad protein assay solutionS 01%3 e 2
oS AASFA T SDS—PAGE geld] laned 15 pgg Po] BA89 1 10% E£+= 12%
gelS A3 whul A ¢ blottingS 98 nitrocellulose membrane< O] s A
anti-mouse BAFF antibody ¢} anti—-mouse beta-actin antibody S Y x}s+A 2 A3}
o] % A3t horseradish peroxidaseZ} 2% o] x}&A| & A 2] 8k al, SuperSignal West
Pico Chemiluminescent substrate (Thermo ScientificAl), #F3Z &S ol &3 FEaWl=E=
glat A

o
ol
o
N
Ho
%
Ho
X
ke
Mz
X
o
.
>
off
o
3R
rE
O _>|\l_4 :,:,f
@
)
—
)]
ook
o
2
[rt
E
ofo
off
o
)
4
1
)
K|
o

TAGA S} co-culture W F YoM Ao BT S o] A FA ¢ vhp2e
TX]’b“ﬂ_l_Oﬂ Muco-adjuvant FH 52 283k Fo] HuhH
BAFFe| =4S 98] ELISAHS o] &3l H&FS A =3F9

[
1)
i)
o
)
Al
s
X0
rr

>
=
e

A9 55 A8 F55 ARdeT WolF AW
» ATEE R Aack A Awde} welFFel WS b Bol FraE WelFE
Awetua stk ST, SG % SE obF e wolF:E 7247 vhgzol 4EE F ALYS detd
A3} kYT A4S BE AAHAo FEamolFe] A9 AAHA e Ao HelHe] obal
@ Aom S99 Auude ddat [gAS Bulsht BAZS 4% 98 Blispote A
U AT AL TRl @2 fOAY Aol & wold . WAy o) Ak oy
957 slal Al 49e AASn vk ELISAS 4% @A &9 Fol ol 14sh 23] whes
4% U8 B G FE RS GeE 2ud WolRE ALE £ Qodd

» AFFFNE E AR Fd5

7hH As 2 =

(1) A¥%5E: 7% BALB/C female mouseE ©°]&33t}t. Groups Sa/monella Galinarum(SG),
SalmonellaEnteritidis(SE), Sa/monellaTyphimurium(ST) ZFzte] wild type (STW, SGW, SEW)3} =
ofFE HITAE HE & Uro] 12 w2 v, dExaS EAFANSE st F 13 v o R FH
st ¢ o9 mouset HvHEE Y

(2) RT3 Salmonella Galinarum-=2 7+ ulsta Foddy AdHo|A R&AFS wild type
(BOIM105) ¥ ssrAB, rpos, hmp, ppk, AroA gene®] deletion¥ 32 Kanamycinel] # &4 o] A& SG
mutant(BOIMO085) & At&3st1om, ST+ wild type(BOIMIODZ 1Al 5702] gene®] deletion®] it
kanamycinoll A3A o] & ST mutant(BOIMOS0)E Al&3th. SE+= wild type(BO1IM106)3}
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AroA geneWto] deletion¥ i1 A Aol gl SE mutant(BOIMO021)E o] &3kt

(4) sample MFH: 4= & 159 4 Fo| 27 moused Ay EHS xFHeAct dHo AS
Capillary tubeZ ©]&3}lo] mouse ZHAvitt oF 300 E <tebald 3k & eppendorf tubed] ktt.
Jollo] 31 FH F YL 4T 6hold A3 & 13000rpmeoll 10min(&-2 4T oA 20%Fo]4)ol A
centrifugedt Atk AZH e serumS @] 70T ®RAEFAT. R MZo AL mlerg
fecesE MA @ 273 (19 2F 0.04g)H = eppendorf tubeo] 3kt Sample 50mg/ PBS 1mle] ¥ %=
2 PBSE sampled] ¥ 3F olA AAEAT}. 158 oA Vortex 3F¢] samples 783 A7 &
13000rpmell A 5min centrifuge 28-S R glste] ELISA®] ©]&3st7] A7bA -70Co| R #stH T}

(5) Enzyme-linked immunosorbent assay (ELISA): W9¥S-& H7] 98 ELISAE F3 serum®

FE IgGl, 1gG2a, IG2bE FHAH3sta, THAMEEZFEH [gAE 37439t Nunc maxisorp F96
plated] dFwelld 10°710°CFUQ] SalmonellaZ0.05M sodium bicarbonate (pH 9.4)coating bufferE o]
23] 4C oA 16h &<t coating3t A th. PBST (0.01 M PBS-Tween 20 0.05%)% 33] washing3} il
1% gelatinS 50ul/wellZ 7}ato] 37Ceol A 1A% #X]35F] blockingdt Stk Samples 0.5% gelatin
S o] 83 fecal sample®] 7%, 1/100 1/200, 1/400 & 31X &}a1, serum-S 1/300,1/600,1/1200% 3] A
3Fol ZF wellol 50ul® 7F3E & 37C oA 1A B¢k AgA At HRPO conjugated goat—anti
murine IgGl, IgG2a, IgG2b, IgAE 05% gelatinl]l 3|4 3ol 1welld 50uL2 718 & 37C 1A%
9 A A#HTE 0.1 M Citrate buffer(pH 4.2), ABTS, H:0.5 100 : 2 : 19 H| &2 &3ste] Z+
welloll 500 #3431, ELISA readerZ o]-&3 405nm3tdolA ODE =431t}

(5) Elispot Assay: Houw2S w7 Y& HZE 4F F mouseE At v AS AEd T cellS
2ystgtt. B AAERREE BY) 5 ESalmonella specific IgAS B Cell Elispot assay® 3] =4
3} th. ELISPOT Mouse IgA ELISPOT Plus kit (MABTECH)S ©]-&3}91t}l. ELISPOT plate©l
PBS& 3| X3t SalmonellaE 16A17F E9t 4°8C=RE coatingdlil PBSE washingdt % 10% Fetal
bovine serum©¢| ¥3tE complete medium 200 pl/well®Z 30% F<F A2 A  blocks} S
100,000-500,000 cell/well2 H]FAEZE seeding3t & 37T, 5% CO2, 16-24A7F F<F v s}itt.
PBS& washingd}o] cell& #| A3t detection antibody (anti-IgA-biotin)S 0.5% FCS/PBSel| 1 ug
/ml2 83k 100 pt/welld gk = HA2oA 2A7F FF W AIATE 11100022 34 (in
0.5% FCS/PBS)%+ Streptavidin-HRPS 100 wml?® A2 ste] A 2oA 1A7HEe WS AT
ready—to-use TMB substrate solutiong 100 pl/well& =@ &} spote] HFElo] veld w7bA
10” 30% %<t developstsdtt. developdt ELISPOT platex Elipunch kit(MILLIPORE)Z o©]-& 3}
plate 2 FE membranes +&|ste] AAL&A ] sl A4 spote counting sl

[e

() 23
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PO FE WEH P22 MENHS

5 5 e SEN
S E IV
i 2 4 = SEVY
——SEW )
4 <k =5 5]
%3 —dr=5GM "3
= = S5
< o STV
STV
L 1 —e—STW
== STW
e c LT
a o

15 9 1317212523932374145495357 61 6560 1 4 7101316192225 2831 34 3740434649

(1) mhg-2=ol o] AEAG A E: SToRAFo A5, HF 3744 W= IP, PO AE=E Fog vto] &
AR T ol Wild type ST Balb/c vF$-2=otst LD507F, strain® 2 *}o]l&= 312y PO
routedl] A 10"~10°CFU, IProute®l A1 10710°CFUo°]&tel A& 7hetatar, o)W Ao o] &3 #3771 &

ol A 2xtd Adate] HAHS AR 759 AL nH AL W HF dose (IP: 10°,P0:10°)7} L1
T =gty WjEo® FZHrh SE ofAFE PO AR % IPHER T3 wtgrol FAE it
PO:66Y, IP : 840 #HAIEY T SE ofAF % 10002 HEA Hd AL A 7508 A+47
7F Ao B Ao TE mouse’t HAFS AL HF dose’t =AW Aozl Aty SGH
o]Fo Af Ay vhzoA= HEAde]l fle AeR Hauwa ot & AP A= bedding v A
¥ IPARE HEP wE 7Hxﬂ7} AAeta 79 W PORET wE A AN ot
bedding WAA] WA} o] H AR FZHgr FH, STHolFo A5 POHETwAA= AE
172¢ 5 #HA7E o %%ﬂ ARoH o= AR Q| HALE Aoz FZHFTE ghd SG of
AF HEFY A HARS A7 24 Zorm mouse’t SGO resistance’} UTHE H o2 m]FEof
Hol SGM HAF oA =& A&l YERY A& Contaminationeo] 94 €T o]& A|FAHE
ARl 7] f8 A 23 vk AFES AT o] 1AdEd AYUHS S RS T

il
o] ¢knE Zow loEtt

LT

2

(2) ELISPOT: SE, SG, ST Ztzfe] of5ghatol dubd =5 HE A2 moused X HF 1055 H|
FAEREE IgAd ABATFEE SAst] 9de] ELISPOTS AAe vk @AvAd shol A
1E tukey HSD(SAS9.1.3)2 EX3 A3 Z+ groupitel
oAl Apol7h vEhubAl kgt o] 2 A uEhd offr= dubAe® ELISPOT A ellA
spot2 develop?d ¥ countinge] WE A]Y o] dojrjol Fl}, B A A= spot developd
countingZ7F#] 104 o]/go] A= 7] wEelgr Azt 3 dAn sleA] 5922 counting
k7] wiitel oln &K spot FAo] EVFAES W olY}t spoto] A7|xtolE Ao wEFET
Ak A, mouse’} salmonella ol #E B F =4 oA A3 AAEZ7A 109Dl A
= AL 38 & ul, o]n] ELISPOTE AAIE A2 mouses A &4
FxAog2RE 243 salmonellaZ} A|A FAE 7HsAdo] 9ot Wk memory B cell
=, J3l Zo] ol natural infectiono] 23| activation ® B cell Z%E &8 H IgA
S35 ol AN JQP—E B2 IgA7F B4 A °}°l*% e Ao Azgng. o
A A vk JEFE T A AYRE st A ELISAY 4% & 3

=

¢l autoinfection®] %= &
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O F714 Zxda WolF e Az
» AFEE E Aok HufERE 9% Ardel 71 WolF A|FE A red recombination
system= ©]-§3te] W &star 9l ol LPSHA S Adfstes s 2EAA o Wis
&3to] LPSHolF A%g 4Rdtal In vitrodell A #91& shal glnt. o] A FHA= 71E
7‘%)\9 s dEwol T 44 Hue Al Ao
» AFFINE £ A7EH
<7H Hé
(1) AH&" #5 ¥5F = SE 403(wild-type strain)©] Ab& ¥ JATHIVKB01403). B3+ & Ao ARE

113 2. E.coli®} salmonella strain Luria-Bertani (LB) medium®l 4] 37Tl A

# 11. strains and plasmids used in this study

strain or plasmid

Reference or

source

S. entridis strains

SE 403 wild-type S.  Enteritidis 403
SEArfaH 403, ArfaH
SEA2 403, ArfaHAppk
SEA3 403, ArfaHAppkAAroa
Plasmids
pTP 233
Template plasmid  for amplication of a cat cassette
pKD3 flanked by FLP recognition sites  (FRT)(oriR,
AmpRCmF)
Template plasmid for amplication of a kan cassette
pKD4 flanked by FLP recognition sites  (FRT)(oriR,
Amp"Km®)
ts (replicates at  30C)  plasmid bearing the flp
pCP 20 . R R
recombinase gene, Cm"Amp
(2) PCRS o] &3 3179 =% PCRel A& 3 primers of# ot 2t}
Lon
"o Sequence
primer
rfaH- F 5'-CTAAATCTTGCGAAAACCGGTGTTTTTTACGCTCTGCTTCTGTAGGCTGGAGCTGCTTCG-3'
rfaH- R 5'-GCGGATAAGAGTCATTATGCAATCCTGGTATTTACTGTACCATATGAATATCCTCCTTAG-3'
ppk- F 5'-ATGGGTCAGGAAAAGCTATATATCGAGAAAGAACTGTGTAGGCTGGAGCTGCTTCG-3'
ppk- R 5-TTAGTCTGGTTGCTCGAGTGATTTGATGTAGTCATCATGGGAATTAGCCATGGTCC-3'
aroA- E 5'-ATGGAATCCCTGACGTTACAACCCATCGCGCGGGTCGATGGCGCGTGTAGGCTGGAGCTGCTTC
-3
aroA- R 5'-TTAGGCAGGCGTACTCATTCGCGCCAGTTGTTCGAAATAATCAGCATATGAATATCCTCCTTAG-3

*PCR productE ofz ¢} #o]

dst= 271 dERT
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M rfaH+pKD 3 rfaH+pKD 4

Wl ppk+pKD 3 ppk+pKD 4

2 kb
15 kb

ikb

M aroA+pKD 3 aroA+pKD 4

(2) Electroporation: : competent cell& #AZ3t7] 93] w5 LBHIA| o IPTG(200mg/mD)E % 7}sto
OD6OO7]' 0.30] ¥ X% ujYstsdnt. ?14311_?‘4(4000rpm 4T, 10min)E 3to] #+& FAAZ & DDW
A S 23] AlgsAtt 10% glycerols H 3 & 1.7ml tubeol ®F3F3th Electroporation ( SE
403 + PTP233 + pkD3 or pkD4)S &7 Y&l 7ldlA AZ3 competent cell 40u0°l
plasmid(pkD3,4) 3ulS 718k 3 287 A X9t 2mm cuvetted] % il electroporation ¥+ % 3
7CAA 1A7Z 8l 3 LB agar(pkD3-CM/pkD4-KM)ell i &} v},
(3) Marker A4l Fx#e] #AA: pCP 20 FRTE 4t flipaseol 93] pKD39} pKD4<]
antibiotic resistance sequence® A A= AFEE2TE Replica test® pCP20(AMP") plasmid7}
A9l o] antibiotic resistance®] EF A AEH A=A FASHATELB Freew] =€} Tet , AMP, KM or
CMeo] 2335 agar #lA]o] & needles ©]&3ste] A& a1 wgetATh( 24h, 37C), tetracyclin
20 mg/ml, ampicillin 100 mg/ml, kanamycin 70 mg/ml, chloramphenicol 30 mg/ml& A}-& 3%t}
c2 P2

pKD3 (2804 bps) E\—P—[‘?G —_—- -
FRT o0y e
k1 k2
3267 b —-ﬁ—@-}— [ ——
pKD4{ Ps) f’ Fé‘r oriRy bla gnB

AAH colonysolA &Y colonyE AojA sDDWel 314& 3 & templatei AbgstdTt olgel 2
2 primerE A}E3t9] DNAE SEAIZ & A7]9F5S T3 DNA sizeE <1 33t
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primer sequence

rfaH- F 5'- GAACGATAGCTAAATCTTGC-3'
rfaH- R 5'-GAACAAGCGGATAAGGA -3’

ppk- F 5'- ATGGGTCAGGAAAAGCTATA -3'
ppk- R 5'- GTTGCTCGAGTGATTTGATGT-3'

aroA- F 5'- TTACAACCCATCGCGCGGGTC -3'
aroA- R 5'- TTAGGCAGGCGTACTCATTCG -3'

(4) LPSe &<l: S. enteritidis®] LPStextraction kit(intron)S o] &3te] F%391 1L, patterne
SDS-PAGEsystem&At-&3to] #4310t} 15% Separating gel, 5% stacking gelol] & & %]
t}. Gel2 silver-stain kit AF&3}oband patterng <& 23} $3 o}

() 23
(1) LPSZ<= SE9] A2k
- SEarfaH: KM, SEArfaH::CM

a9 8. Wild type S. Enteritidis®} rfaH:cat mutant, rfaH:’kan mutant = %€ rfaH gene=

PCREAISIANS W] WTe DNA sizee= 485 bpolx, SEArfaH:KM-2 1171 bp, SEArfaH::CM-
1367 bp MHE=E A& 4= ATt M: marker 1-kb ladder; Lane 1: WT - 485 bp; Lane 276:
SE ArfaH::KM- 1171 bp; Lane 7,8: SEArfaH::CM- 1367 bp.

(2) LPSZAE SE®| Alzh LPSAEW o] Foll A A Fxztke] 24 (SEArfaH)

M 1 2 3 4 5

a9 9. Wild type S. Enteritidis®} rfaH:kan(KM) g
1 rfaH:cat(CM) mutant® -8 rfaH geneS DNA
size®Z HAEAES W] WTS 49bp, 28] Z7+¢]
mutants 1554bp, 1291 bpellA] Wl=Z2 A3 = 9l
Attt PCP20S  ©]83}e] antibiotic deletion®]

mutanti= 127bp= antibiotic®] deletion®] ®& PCRES %3 &< 33Y. M: marker 1-kb

ladder; Lane 1: 495bp; Lane 2: 1554 bp; Lane 3: 1291 bp; Lane 4: 127 bp; Lane 5: 127 bp.

(3) LPSZ<= ¥ ppK Z<£ SE° A 2HSEArfaH Appk: KM
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-
L KD

15kb

29 10. Wild type S. Enteritidis®} ppk:kan(KM) mutant® ppk geneS DNA sizeZ H| 13} S
ol WTL 2655 bp, 281 mutant:= 1568 bpollAd WM=ZS ##st 4= vl M: marker 1-kb
ladder; Lane 1: WT - 2655 bp; Lane 2,3,5: ppk::kan(KM) mutant — 1568.

(4) LPSA< ¥ ppK A& SE9] A&l A Fdxe] AHAl (SE ArfaH A ppk)

M1 2 3 4 5 6 7 8

8 W -
A %
t‘é o R
r_jv & [
! .._iw%

,.ﬁ‘%e\ o
&

29 11. Wild type S. enteritidis®} ppk:kan mutant 22|31 Appk mutant=5FE ppk gened PCRF
AelR S W WTe DNAE 2459 bpol i, SE ArfaH Appki: KM 1553 bp, SEArfaH Appks 127 bpoll A

A=

WM=E ##2E 4 AUtk M: marker 1-kb ladder; Lane 1: 2469 bp; Lane 2: 1553 bp; Lane 378: 127

Ry AR AN

bp.

(5) LPSAE sG] F¢] A=A (SGa4ArfaH:CM)
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15kb
1kb

500bp

29 12. Wild type S. galinarum®t rfaH:cat mutant=+4E rfaH geneS PCREAI &S ol
WT2 DNA sizet 506 bpolil, SGA4ArfaH:CM-> 1138 bp WM=Z #HZT = AT M:
marker 1-kb ladder; Lane 1: SGA4 - 2469 bp; Lane 274: SGA4ArfaH::CM - 1553 bp.

(5) LPSZAEW o] 9] LPS9| 2el:

WT WT A rfaH A rfaH

6 kDa

B =3 13. Wild type S. Enteritidis® rfaH:cat mutant9LPS #£4& 39S wl WTe LPS%

Hlalgtolmutamt®] LPSe] <ol A7 2dd AL & 5 AU
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@)

TG IAFES Sk Arde}t dFo Al 9o gelAe] ¥ A

» ATFEE 2 AHfQ ok g Arde HkAE o] &3 Wolaa APl oA AT FAFH
THFE Adetal BUAd 2AE FollA AAstA T In vivooll A Altiul g $ Zbzke] Al u) R A
gl v A JEgE S48t WA 2AME AAS A3 SGo A S Al T WAool
7t ol &3 TAHTHETEA &8l Jtedte Ao®E UEwH STﬂ— SE= Al Al 3t
2 onpo Aol Tk JhAlel WA xfol 7t e Ao uehd. ol AS FY Auwds &8 F
4.

» AFFINE L AFEFH

7h ¥

(1) AIdsE: 25" ZAAE o8&t & HIFTsHUY. HFT  Groups Salmonella

Galinarum(SG), Salmonella Enteritidis(SE), Salmonella Typhimurium(ST) 374 & AT+ HEE 5
“5}04 HE3 3709] group ©al Zt group & ok (R A)E 374 vhE] = Shgith

(2) FFdF At Folddy AN BT dFE ol &tk EF wild typeolH,
Salmonella  Galinarum  (IVKBO01071), Salmonella  Enteritidis (IVKB011356), Salmonella
Typhimurium (IVKN01419)S A}-& 3} %1t}

(3) H=w: Z+ #5= LB(Lutina-bernati) brotholl <3l shaking incubator® ©]-& 3}
180rpm, 37TellA 24413t 2&u] < skivk. Ml 5, F 5ml S 1ml& OD (optical density)E =78
skt OD#2 0.871.2 Aol = w3ttt 2ml tubedl B%ﬁ% 3 13,000rpmol A 1+ 30% ¢
AEE & AFAs AASL PBS €94 Imls 93 FFF A dAdgste] 3 3W yHEsto] A
AstaL, mAE AlH F PBS 2mls ¥ %1@}0}914 volume 2ml % 15mle 2Tl &
o7 ARgsta(viy g 05ml) WA 100u= 1070 3148 &o] LB agar plated] wj%¥slel CFU
(colony forming unit) & 273}

(4) AL 5 F-2: JHA7E ]/‘}0}741/} 1090] AytSoe FHAsHA Fow <t

AlstAtt. ¢tEAb= CO, & ol &3te] AA AT H vjFe] dF-E 7247 w2 2 F st PBS7}
FAZ tubedl Fa 2AS T B "W =2HAES 1031 A& ste] NANalidixic acid)7}
78 SS(Salmonella shigella) agar plate©] spreading 3te] 37°Cell A 24A]17F vl < }"’ CFUZ
Astth vkl AA F 7FE CFUZF =4 U< platedl A colonyE we} thA] ‘of 53 %e‘g}
Al P& s

-

mlo oNl 4ov

WookehabE dhe] RS A
Z

(h 723
(1) Salmonella Galinarum®] passage v}t} §% CFU 43}

Salmonella Galinarum® Z} Passageol| A ¢ HZ%S ey 2}

Salmonella Galinarum CFU/ml
Passage 1 Passage 2 Passage 3
9 x 107 cfu 6.5 x 10% cfu 4 x 10° cfu
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10 1
9 4

g 4

7 1

6 +

5 | [ Liver cFu/m
4+ B spleen CFU/m
3 4

o 1

1

o U

P1-1 P1-2 P1-3 P2-1 P2-2 P2-3 P3-1 P3-2 P3-3

1% 14. Salmonella Galinarum®| passage vtt+ 7 & CFU 23}
* P1-1 4% Liver?] CFUE 76 x 10* ], spleene 1.4 x 10° CFU©]t}.

(2) Salmonella Enteritidis®] passage "ttt H% CFU 23}

Salmonella Enteritidis®] Z} Passageol A o] H=%e 1S3 2.

Salmonella Enteritidis CFU/ml

Passage 1 Passage 2 Passage 3

5 x 107 cfu 5 x 10% cfu 6 x 10 cfu

5071
451
401
3571
30T

25t [ Liver cFU/m
20+ B spleen CFU/m

1.5 1
1.0 1
0571

0.0 -
P1-1 P1-2 P1-3 P2-1 P2-2 P2-3 P3-1 P3-2 P3-3 P3-4

1% 15. Salmonella Enteritidis®] passage ®ttt ¥7 3 CFU 23}

(3) Salmonella Typhimurium® passage ©}t} H< CFU 23}
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Salmonella Typhimurium® 2z} Passagedl A ¢ HE#HS vS3 2

Salmonella Typhimurium CFU/ml

Passage 1 Passage 2 Passage 3
6.5 x 10® cfu 4.2 x 10® cfu 5 x 10° cfu
10 T
9 +
8 +
7 4
6 +
5 4 [ Liver CFU/m
4t B spleen CFU/mI
3 4
o 4
1
o 4
P1-1 P1-2 P1-3 P2-1 P2-2 P2-3 P3-1 P3-2 P3-3 P3-4

;La

16. Salmonella Typhimurium®] passage vttt} 73 & CFU A3},

(4) a1z

As HE o5 wdste], 2738 WHolgldAl FES s, #HAF @ ®Holele 1k} vl A CFUE
=4 ¥ 7P =& CFUE HRl AS A9ste] tfs passage® H& o= ARE3tth. P37bA
%28 I 1A =4 =Ho] ‘Q_ & HZE Addte] RS 319t LB brothel % A== colonyS
HE3 ] 2477 37CelA A& vk & 1000S wet LB agarell spreading il 24417 37°Cell A
sl vl gE plateoﬂ LB broth(15% glycerol) 4ml< #31 colonyE S spreader® brothe} &

a
Al ol Fa, 419l NS stock tubed] il ~70Col| REsFS T
G 7

Salmonella Galinarum-> 7} Passage v}t} #lAL&o] =molA &= ZAyE HAFIUL. ZFoA 5575

o] 44l SGi SE$t STHU =2 #HAb&S HoJF3lth Wbl SE¢F ST+ Passagertth #ALshA]
@okrh 25 o Wolglol Al HEd v 9 HE CFUoNA Awke](500uD) HFH AT SGE2> 4
% v HE Passagew] vtk 10* Ao ol WotgelA HFE wHATh SE° STk SGeb M3
10* A= HFol AUtk SESF ST= /A %—Zr 5ol elA ol F ¥ ®2 CFUI0)E H
T& FojoF HAE AE F dva Azo]l dn F5 A3 Al LB brothel S #& W o,
OD#t(Optical density)s SG& 1.071.27h4 wi¢kS skal, SE9F ST+ 12714 7hA wjgst= o=
A & jh
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@)

Ardagd S84 T i Ay THGHA HHA &Y 75
» A7ERE 2 AR/ Ardehyt ovf Tk BdS 9% HEF e FE 9t
ol A 2 A4 OmpA, LamB, OmpF, OmpC7} 71 EdXRI1E Eslo] 48 494 UL H
LRI o5t H, o] T OmpAvw AEddehte] WA 9 AZHAN-E] /HAQIA =
THEAEE B2 AT OmpAY ¢ X-ray crystallograhy F+Z7F 918 4 9o}, & ¢ F3}4
TFEE AT TS TR QY ddE gdug mebd 2 AFES 7S FdR1E EQE OmpA
7|9ke] o] Fakd Az xHdwd dHAANAYHS FEeaat s, Y 5xEAdS 915Hd
OmpA FZEAMES AAFgozZH R Z =Z59 = OmpA transmembrane dominsell E#3t=
7P E @A Abeta, A VIS ol &ote] WMEsto] A xdd FHdid iy wE
TS g5 S,

» AFFIRE 2 AR A

- Ardagd AGHA A (genomic DNA)ZHE OmpA F32+¢ full-length F24: S.
Typhimurium str. LT2¢] €5 gz o] 9F<l OmpAd] e DNA 7144 NCBI GenBank
database (Accession No. NC_003197 complement 1160965-1162017 H-9) 2456 A7 <E ZAHE
A& Edte] gesldal, o]F EHE OmpA 34 E9] primerse) J281(LT2 ompA F: 5-TCT
CGT TGG AGA TAT TCA TG-3)3 J282(LT2 ompA R: 5'-GTT GTC ATC CAG ACC
AGA GC-3)E ¥&Z/3-4 33, 10 pmolel ]281/J282 primer set®} S. Typhimurium = W25
genomic DNAE o] §3}e] 1,164-bp =719 entire ompA A $91E5 PCR F%39 & (ke 1
2 #Z3). PCR ¥<$& EFIl Tag polymerase premix (Solgent)E ©]-&3s}o], 95C/HE7F Z7|HA
3 05C/1%, 60C/1E, 72T/1%5 1 cycle® 3slo] 303 wbE 8]a 72C/2083 HE =

5. PCR $Z2E2 1% agarose gelollAl A7|9 5391, EtBr 94 ¥ UV transillluminator®l
A Zeslad S (o1 A Fa). 7Jdetdd “1.2-kb PCR A2 & pLPS-T (ELPiS) # g o

conventional TA cloning 7] < o] &3} ligationdt ¥, DHSaol =¢3dle] 30 FEES A3
Ga, A71M 49 EA (Marcrogen)s €3] SHFAES FHF S (eldad B Fa). S
]_;

ook
ol
rr
i
A
N g
=)
[
ls
o]
=
1o}
¢
=
S
B
S
>
A
R
o,
o,
ol
8
oo

Typhimurium ompA F+HAS E

0101‘
=
ol
)
b
o
—
o)
¢
=
@]
=)
S
>
lo,
o2
N
X
e
g
>
il
B=)
Hl
=
S
Ach
N
fr
e
[o}(} _n-ll
Ll
!
ol
it}
@]
8
e
>
El
R
by
lo,

A5 LT2 ZFuF9 ompAet 3719 d7IA A WstE gleds (efedizd C 3.
Amber codon¥ #Z©°] premature protein A 7FeAE AT A3 3749 AVIAE Wolrt
full-length ompA<°] o&o| FF& FA Ggoy, o5 F7|IAALHA N Ae] Wel7l UnkzQl
A, o™ =) BT SolAAA] & @ACdA WA FE. wEkA o5 ompA @7IA4E
GenBank DBl %% #¥ < (GenBank DB 5% +% %

o
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C.

i 5 —ii —Al 31
LT2ompA ATGAARRAGATAGCTATCECHATTGCAGTGGCACTGGUT)
A. B. SQompA ATGARARAGCRAGCTATC EATTCCAL‘.’TIJGCAL'TGECT
Consensus  &Tgasasag Cagoratcy gattgcagtggcactyget

201 2ll 221 231
LT2omphA CCCGTATGTTGGCTTTCAAKTGGECTACGACTGGTTAGH
SQompA CCCGTATGTTGGCTTTCARATGGGCTACGACTGETTAGH]
Consensus cocogtatgitygyctitgasatygyc tacyactyguoagg)

401 — 411 421 431

LTZ2ompA GCCCYTOTACTAMAGACCACGACACCGGLOTTTCCCCGH
SQompA GCCCRCHTACTAAAGACCACGACACCGGCGTTTCCCCGE]

Consensus  gcccg ctactaasagaccacgacaccggcgtttoocogal

601 611 621 631
LT2ompA GCTCCGGTAGTAGCTCCGGCACCAGCTCCOGCTCCGGAA)
SQompA GCTCCGETAGTAGCTCCGGCACCAGCTCCGGCTCCERAN]
Consensus  gotecggtagtagotocggcaccagetocgyctocyyas)

&0l §11 g21 831
LT2ompA TATCGGTTCTGACGCTTACAACCAGGGTUTGTCCCAGAA)
SQompfA TATCGGTTCTGACGCTTACAACCAGGGTCTGTCCGAGAA]
Consensus tatcggttcotyacgottacaaccagggtotytocgagas)

1001 1011 1021 1031
LT20mpA TAGAGATCGAAGTTAAAGGCGTTAAAGACGTGGTAACTL]
SQompA TAGAGATCGAAGTTAAAGGCGTTAAAGACGTGGTAACTE
Consensus tagagatcgaagttasagycgtraaagacytgytaacte

(A) S. Typhimurium = W25 genomic

DNAZE o]&3le 1,164-bp =719 entire ompA FA 2 F-9lo th3t PCR TZ4HE. (B) PCR
SEZAES o] 83 TA cloning &, $H 89 Zg=v|=d 3t Hindlll &4 ok
5ol dAtEE FHIFEEY. (C) 44 %%Oﬂ gt Egt=ve d4riag 24 A

OmpA f87te} 3709] A71e1A AHol7h AL

- AxF ZHgHd 2FdE A% OmpA F9 A dFT OmpA<t AR OmpAT oF
90% AEol FHA Aesds 7HAIL o], FRAeE w9 FAE (27 A). w2 oA
e & F3HTE EUYE OmpAY transmembrane domains< 23t x, 2 £ 537
of &5 = 7/PHREYe L17 14 domainsS FHwz dd S 93 T H FHEARE A
waklg(obel 19 Fan). ol L1y L4 7PaR-S7F Beldew sbg He fAsta o], A
Aoz g g /MRS 1o 2dE o)FFd Y] Av] Aads =Y 4 vt #dE

_38_



L1 L2

petiplasm

[Zd 18] Eddyd g £ 2488 933 OmpA +F Y (E. coli OmpA vs.
Salmonella OmpA). (A) w3 ARt OmpA ofvxAt A7|AE dasd 4 (B)
o3 WS I AXT TA H9 (FAE) (C) oFddd HIAS 93 Axgg A H9

BAE

- Az FdHdAFd HFS Y3 OmpA transmembrane L4 domaing 7HHEEFE 4
multiple cloning site 2 (MCS2) A9¥Y: Inverse =2 reverse PCRES 7|dto= 3t
site-directed mutagenesisE ©|&3%%] ompA<2] transmembrane domain (64-588 bp) T L4
domain (505 - 555 bp) Well EAet= 5719 ofr] =4k d (FANTIG)E Al A8k, Qlga o=
A e MSC2 site® A 3/4 1 8 2.

MCS2 siteE 24371 918+e], ompA 2 &FF FAHEHZ AFEE arabinose inducible
pBAD Edt=n=9] GrIAES A, otdlet 2 dE AFdELE F9E 48T 3
S FASA S (oFd 19 Fa). vl vhed Asdas F9 T dRbHgoR o] &Ha gl
759 Adair H9(Kpnl-Pvull-Sacll-SphI-Xhol-NotD) & MCS29] Zg&3slgon, o=
2 primers J285 (5'-GCA TGC GAG CTC CAG CTG GGT ACC ATC ACC GAT GTT

GTT AGT CCA-3)¢ J286 (5'-CTC GAG GCG GCC GCA ACC CGT CCG GAC AAC
GGC CTG-3")s &8t +.

s

o
kool
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No Sites found for the following Restriction Endonucleases

BRatII Afel AscI AvrII Bbel BbsI BbvCI BclI BplI BseRI BsiWI
BstXI DralIll Eagl EcoNI EcoQl09I EcoRI Fsel KasI KpnI MscI
Nael Narl NgoMIV Nhel NotI PacI PpuMI PshAI PstI RsrIT SacT
SacII SanDI SbfI STiT Sfol Sgfl Smal SnaBI Spel SrfT Stul

Swal ¥bal XemI ¥mal

o] &

[Z2F 19] Ardadd o|Fgd A=Y Eddyzd Zdd g9 Multi-Cloning Sitedl
2E HAAHoR AgsiHo] s o

=
b AdEL: F9 A (o oz iAE ATE
Al

olgl Al AAH® MCS2 F$1E L4 domain® 7P F-9lo x3/4r9135H7] 935k, 242k 10
pmoldl 3 F3st= J285/]286F 9ol A =3 pLPS-T/ompAZE template DNAZE A}-&3}o]
inverse PCRE 3389 (ofd 28 A #Ha) o|F PCR =ZAES EZ change
Site-directed mutagenesis kit (Enzynomics)oll #-&3}e] MSC2 site (5'-Kpnl/ Pvull / Sacll/
Sphl/ Xhol/ Notl-3)E ompA L4 7PEE9le] oz =9lade. A E‘rTA &0 o
3to] colony PCR % &3 FZX4HE9 Xhol A&k A AFRE vugozy Tu FES
A9 S O]-quoi AF91ek MCS2+:= Xhol A|dtash H¢ X EE7] wio, o ddE L4

Tohs 289 4%, Xhol A2 & FHabzo] ZefA HH, 3

FuIee FzvcE 9749 BYS Biel AF FAdGS (bl 19 B Fa). A#A
0% T%¥ ETHzUEE pLPS-T/ompA/MSC22 1 3E a3l S

L

Ard el o] intact OmpA L4 domain(-TNNIGD ANTIG TRPDNG-)el] thdt o}n] =
=, s 7FaE$ e WHaE & (WTNNIGD GTQLELACLEAAA TRPDNG-)® X| %k

Moue

o] &
=1
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M1 2 3 4 56 7 8 910

kb

3.0

1.0 PCR products
3.0 Xhol digests
1.0

(23" 20] A3 EdG9Wz 2HL 935 OmpA transmembrane L4 domaind 7}1¥H ¢
o] multiple cloning site 2 (MCS2) A4¢. (A) pLPS-T/ompAE template DNAZ 3}
inverse PCR w223, (B) Ligation/Transfromation 23 EE3 TR FE U3+ colony
PCR (upper panel) ¥ o] PCR ZZAME9 Xhol AdaA A 23 MCS2¢ 43k Xhol
site®] EAJol| we} PCR FEHAMEo] @442 $ 500-bp ©o= ##H (1-3, 5,6, 8-10W

o] o} FEE).

- AzF Fddwlzd JdFHE Y3 OmpA transmembrane L1 domain® 7FEE ¢
multiple cloning site 1 (MCS1) &4 ¢¥: 7] 7|<3% L4 domian 7FHF-919] X 3/4H9) =k
sYg PO R L1 domain® 7FHF-91E A/ PSS, Inverse F2 reverse PCRS 74
© 2 3 site-directed mutagenesisE ©]&3}% ompA< transmembrane domain (64-588 bp) %
L1 domain (112 - 162 bp) Woll &Aat= 5702 ofr| =2k (-IHNDG-)E A AL, 2194
o7 FAZ MCSI sitez A3/ A5A .

MCS sitegs Z2A3st7] sk, ompA R &% THAWEHE AFEE arabinose inducible
pBAD Zet=v=9] QUM dS BAS Eoto], flollA AHEIE L4 7 F-elol Aydd A
2ES A9t ol JHEe vE Adas F9E AAsAS. Y e Adan F9)
Z dukx o g olgya Q= T7FO ATEL FAPstl/ Xbal/ Sall/ Xmall[Small/ Bglll/
Sacll/ BstXI)Z MCS1el &3t oen o= EE primers J287 (5'-GGG TCG ACT CTA
GAC TGC AGG AAG CCG GTG TCA TGG TAC T-3)¢ J288 (5'-CGG GAG ATC TCC
GCG GCC AAT GCT ATG GCC GAC TCA TGA AAA CCA ACT G-3)% A& e

it M

o

olgl Al AA® MCS1 H$1= L1 domain® 7P F-9lol x3/4r9135H7] 93k, 242k 10
pmolell | E3st= J287/J288% A =3k pLPS-T/ompA/MCS2E template DNAZ A}-§3}4]
inverse PCRS F839e (old)l 29 A F1). o]% PCR ZZAES EZ change
Site-directed mutagenesis kit (Enzynomics)ol] 483kl MCS1 site (5-Pstl/ Xbal/ Sall/
Xmal[Small/ Bglll/ Sacll/ BstXI-3)& ompA L1 7Fd3$lo A9doz =dsde. Aad
o] FE2d sle] plasmid miniprepS 3 F, AT E A< Pstle® A dle] oAEHE=E
3.0-kb%} 1.1-kb DNAHEAES #H#Fo 24 MCSI #917F 483 Ad=HAS I s (oF

o=
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BFEo st Eet=rE VMG A4S Fskol, AFjl® MCS1 H
BAHoR FEHE Fg2uEE pLPS-T/ompA/MCS128}a 4 89 2.

ﬂllﬂl &
u
o
o
k1
iy o

gkt 9] intact OmpA L1 domain(-QYHDTGF IHNDG PTHEN-)o] tf 3k o}m] =
H e i 7FHE9e]l W3 & (-QYHDTGFEF LQSRVDPGRSPRPMLW PTHEN-)Z

M plasmid  Pstl digests

kb

3.0

1.0

[ 21] A% Toadwd 48 93 OmpA transmembrane L1 domain® 7}HE Y
o] multiple cloning site 1 (MCS1) A ¢. (A) (A) pLPS-T/ompA/MCS2% template DNA
2 3} inverse PCR WHZ3} (B) Ligation/Transfromation 23 53 S HIE 0 FHE
Fet=r=E B §, Pstl AlFdas Al 23 MCS1ol AHddh Pstlap Set=m= 4o
Pstl site &40l we} 3719 dHE=2 #AzE.

o]%zs

- 7

oo e

e Fdo] 73 Aoew 24y A arabinose inducible pBAD/HisA ©lz 2hd] =

oo b e

g Az BHGE 2d cassette2 pBAD/HisA TEA|AHoo] H&: o]
pLPS—T/ompA/MCS12%¥ ompA9 L13} L4 domains® 7PHE ] MCS13 MCS27}F

= pLPS—T/ompA/MCS129] &A]|3}+= ompA/MCS12 cassettes =3 S. o5 93}

of J293 (5'-AGA CCA TGG ATA AAA AGA CAG CTA TCG CGA T-3"3 J294
(5°-AGA AAG CTT TCA ATG ATG ATG ATG ATG ATG AGC CTG CGG CTG AGT
TAC CAC-3)E A &3}l aL, proof-reading 7]%5°] 91+ PfuX Taq polymeraseE ©]£3}
o] pLPS-T/ompA/MCS12% template DNAZ PCR S%3}9l&. PCR WgZAL 95T/2%

0

A7195stlaL, EtBr 94

[e)

7t HF SE39 S PCR SEAHE LS 1% agarose geldl A
UV transillluminatorell A &<13t9 S (o}l 28 A #a1). PCR
S o] &3t &7 AAsg o, wdAWEQ pBAD/HisA ¢+

A
-

X

ook

1
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271 % 95T/30%, 55CT/60%, 72TCT/42 1 cycle® sto] 253] ®b&E 7231 72°C/20

ZAE S gel extraction kit
7 Ncol/Hindlll A3 A=E



Basle], B3 AE = insert (¢F 1.0-kbe] ompA/MCS12 DNA ©#H)e}l 3.0-kb ¥
B AAGFAS (o} 2 Fa). E8 FA W Insert?} #WE DNAE T4 DNA ligase
(RBCO)E o] &3}o] ligation 8 $, DHbadl =datdar, A7 H7te wjxolA 1 F

25 Auegl s, Zgznes 283 9, Ncol-Hindlll Astas A ste], insertE ¢l
SR, FH FE dEte] Av|ME B4E T AAFAAE AFdEd S (ol 1¥
Za), AyH o=z FE=H  OmpA-MCS129] arabinose FEA s Zgzu|=E
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pBAD/His A
Muitiple Cloning Site

g Region
1 A ATCAG?
61 TCPCGCTAAC CARACCHGTA ACCCCOOTTA TTAAAASCAT TCTGTARCAR KGOS
e
Paan 4 ATG xtis pbress™ EK mcs fom
121 ARGCCATGRC ARAAACGOGT RACRARAGTG TCTATAATCA CGGCA! ACAT

181
pBAD/His #
A,B,C
301
Camments for pBAD/HIs A 358
4102 nuclpotides “Sae 1 aad Py 1l are n Se
peouaciohr il ) EK cleavage ste &
@aBAD promater region. bases 4-276
uun.uum ATG: bases 319321 X“nll rS?" l:ﬂv L pﬁlg |Ijv.- " iqT- [ EceIR! s‘fifl

Emferokotase ro mwhm site: bases 397411
Mulbple cloning site: basas 430470

8 transcripton termination rglon: bases 553.710
Ampicitén ORF: bases B8% 1840

PBR322 ongin: bases 1994-2667

AraC ORF- bases 4076-3198

531 AGOEGETOTGA TAAAACAGAA TTTGCOTGGRC GECAGTAGCS CGETEGTCOC ACCTGACCCC

i Ty and T3 transcriptonal teminator

CHTAGE GUCGATGGTA GIGIGGGGTE TCOOCATECG

651 AGAGTAGGGA ACTGCUAGGE ATCAAATAAA ACGAAAGGCT CAGICGRAAG ACIGGGLOTT

(29 22] &9 olT¥Y AxF FTHIGHFE I4F cassetted pBAD/HisA LA~ €
o AL (A oF3dY Axg Huuwa LA ~E TS 93 pBAD/HisA2l A2k A
= 2 A F9 (B) Insert (1, 29)9F HEWE(BH)E Neol-HindlllZ &4 &42A8 s

A719%F A3 B) 53 $H F2o2REH E3 Z=u =] Ncol-EcoRI A|3ta i A
23 A3 1-49 25 dAsEs aaAg 4945 1Y)

pGEYHOIZ %8 OmpA-MCS12 Az didol 3uksd o2 303t 7] 9dte] 4
-

9 Zg=u =2 DHbaol Y3 F, 0.2% arabinose £A4 dtellA QxR @z WIS FEE9UL. 8
A fEgd 31 mlol wElSd S spin down 3Fe] 100 ul®] 2X Laemmli sample bufferel -3
. 90T A 1023t €A § SDS-PAGE A#, Solgr dwld wie g FQlst#] Xt s, shAR
anti-His anbodyZ ©] &3 Western blot ¥+412 39 A3 FHAGN Aol A FHS A3 (o}

_44_



o
e

[2¥ 23] pGEYHO1Z4%EH OmpA-MCS12 A=zF @l @& <2l (A) mid-log phase°l
DHb5a(pGEYHO01)S 0.2% arabinose® %23 3k H

A Zo] th3le] anti-His*6 antibodyZ ©]-&3% western 4
el OmpA-MCS12 Az ddo] fFeddgS

anti-His*6 Aby

OmpA-MCS12

(‘ Degadation products

it}
00
>

- HF 758 YEA 2" G7AME B4 9% mapping: HFT T+
subclonings &% 7|4 <E doly #4& 9o (Marcrogen) %l
k% NCBI GenBank DBel

0004 — 0276 bp
0319 — 1449 bp
1974 — 2834 bp
4183 — 5061 bp

£29 A59).
araBAD promoter
OmpA—MCS12
Amp—resistance gene

AraC (=) °] $Jx]sta 3+

_45_
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st
ATER

Ho

S o
= =

Gk OmpA 710 o1F 39 FH ARTE

ar
=
vivo inducing promoter® X g 2 W3 313}

3} WM A o] in vivo A 2E &= 95
2 Ay Qok FEHFE FHvklE WA A~E i yivo FEAES ATV Y6t in
E: gt olE 93}, in wvivo inducible promoter = A

& B vF ¥ SsaG 42 promoterE A 830 2 X 3FZ live attenuated vaccine
SHEA 24 284S =35

dA35g Y8 € AFE 23
— F=49 pBAD ZEAIAHY in vwivo &S 93 FAR 2F: ArdEdo &4 5= SsaG

promoterE PCR £%3}7] 93st], S. Typhimurium LT2 (GenBank DB Accession number:
NC_003197 REGION  1488537-1490752)2] A7 <E ARE WEoe= SsaG
J295(5'=AGC CAT GGT GCT TTT CCT TAA AAT AAA TAC ATC GTA AGG-3)3}
J296(5'-ATG GAA TTC CGC TGG AAT AGC ATT AA-3)% #1294, High fidelity
PfuX Taq polymeraseZE ©o]&3to] 10 pmold J295/J296 primers®t = Al
genomic DNAZX-E] 532-bp¢] SsaG promoter 9= PCR =Z33< (o}g] 28 FHa),
w3 pBAD/HisA #Eo] &A3}+= AraC % Arabinose inducible promoter ¥¢& A3}
71 f8ke], J297(5'-TGA gaa ttc TAG CCG TCA AGT TGT CAT AA-3)¥%
J298(5'-CAT CAT CAT CAT CAT CAT-39)S A#3la, pGEYHOl Zg=wE=s
Template DNAZ &} reverse PCRS o]&3dle] FZ3 S (ofdl] 28 Fa). ZpZe
vector/insert Z=ZAEL gel extraction kitE o] &3] & AAE FH, AFas
Ncol-EcoRIS.Z FAl &4 se] T4 DNA ligaseZ HHSAIA L. W& AHES DH5aol
heat shock ol oate] =dkarL, FABA H7t viA|el A =9 #F5& A}

H 2802 FEY Ed4=vE #4838 H, Ncol-EcoRICE FA] &

&, oAEE WE S insert AV|E Hole FE =3

Mo gy HE QRS (ofy] 29 Fx), A3 ZEEu|=% pJ]YTHO1IZ

:
T
_NLr‘
ol
2
ok 12 2 3@

O
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M1 2 3 4 5 6

] <«—vector

3.0
vector

3.0
1.0
0.5 <«—insert 10

05 <«— insert

[2¥H 24] %€ pGEYHOl ompA-MCS12 AzIdWA TAA2E jn vivo &5 A3
A2 %2, (A) pGEYHO01S 53 DNAZE inverse PCR ¥+$ Zy 9 Awdagie] &A= in
vivo inducible promoter?l PssaG % td PCR FZ4HE. AAH FEAAES Adis

Ncol-EcoRIC. 2 FA] A3l & ligationdte] FH FES FHEIS. (B) FH FEo A A3
& Ncol-EcoRI #8] A3, oAA5+= HE 9 insertE 7HA &= STy

- % 73¥ "WEA 2" d714E B4 93 mapping: HE THFE HEA
PCR % subclonings &3 97144 dolg #4& 9 F(Marcrogen) %33}k
71 de 35 NCBI GenBank DBell 5238 A &9

0001 - 0548 bp PssaG (SsaG promoter sequence)
0551 - 1681 bp OmpA-MCSI12
2206 - 3066 bp Amp-resistance gene ©] 91Xt 2.

to
o
o
A

O Ardel bAoA o] Fakel o] bgA el oy T #HA st
» AFTERE 2 A Qof Ardat WA #F2 HE OmpA, Lon, OmpT2 A-red recombinase
719 non-polar mutation §3. * = = Y9 Eol/m|Eo] dulA R g se 8
olsto] A o]FAo Fal eSS wAsH] fstd, 71E EREILE Soto] #F &l

Lon protease$t Al @2 gl d E3|E Ao bl OmpTE Ay Ardad o)&3y
= REA 2 5-E] A-red recombinaseE ©o|&3to] A AT Ardeiyt o]F Y FHHAIZFE Lon¥
OmpT proteases®] AA= FFHQA Ardelitolr] T o] FF

<
lovl, Al Fe& A A BN Lol & A olFFUe R

it

_47_



Step 1. PCR amplify FRT-flanked resistance gene » 1 9A: AATT TAHG AR | Eo]A
74

P PR Antibiotic resistance FRT ¢l HIP1/H2P2 Drlmer":'i O] ’g‘—g]’o%
S Template plasmidel]l &A43}= FRT-
o] }A A Al S 2]z 3}

Step 2. Transform strain expressing A Red recombinase e © £ P g ke slel o
=

H1 H2 PCR =

| Gene A E Gene B | Gene C \L

JH-l

» 2 @AI: Ared recombinase’} 3

H Ardaat WAl PCR AMES
FRT FRT

Antibiotic resistance 3 = = 01
N 7| 777577 N electroporationel <}

Step 3. Select antibiotic-resistant transformants

Step 4. Eliminate resistance cassette using a FLP expression plasmid » 3 @A Sl
FRT TARAA DENS AF
| Gene A % Gene C | l
Fig.1. A simple gene disruption strategy. H1 and H2 refer to the homology » 4 @A FRT <14 flipaseol <3} &
extensions or regions. P1 and P2 refer to priming sites. *g Zﬂ A e X]— Zﬂ A
o ‘IT <!

m Ardadlg WAERFEHRE Lond PgeT(OmpT) proetease AAES $1% primer sequences
(unpublished 2011)

lon_sal_delta_F (H1+P0): 5'-AGCGTTCTGAACGCATTGAAAT CCCCGTATTGCCCTTGCGCGATGTGTGTAGGCTGGAGCTGCTTCG-3'

lon_sal_delta_R (H2+P2): 5'-CGTTTTGCAGAGCAAGCGTCAGAACTTCCTCAATGCGCTTCACAGCATATGAATATCCTCCTTAG-3'

pgeT_sal_delta_F (H1+P0): 5'-AGTAATGATGAT CGCCGTATTTTCTGAGTCGGTTTATGCGGAGTCTGTGTAGGCTGGAGCTGCTTCG-3'

pgeT_sal_delta R (H2+P2): 5'-CATCGCCACCAAAATACGCCGTATCACCGCTGGTTTTATCTATGACATATGAATATCCTCCTTAG-3'

» AT N L AR A

- Agd Ardag HAFRF| A-red recombinased FX W&: Datsenko 5o WS
EU &, arabinosed] 9&] % W& L= A-red recombinaseE EF3F1 Qe 22w A
Zgt=v = pKD46S At Ardet (5635 ?'5}-91‘?301-7—) o] Z3d vkA| o electroporationell

=]

os =% & dd FE5 A

- X3 $AA AAL Zoly g L PCR ZZ: S. Typhimurium str. LT29] 354 2|
A71 9 A1 E NCBI GenBank database=5-E 2 13}o] Lon protease°]| |33t
A ZF(Accession No. NC_003197.1; 505,542-507,896 H-91)¢t &2 OmpTol & 33t PgtE
protease 4 AH(NC_003197.1; complement 2,506,055-2,506,993 #$1)¢] 714 Y9 ABRE Hlgto 7
ofzl 1ol A9} Zo] homologous recombinatione # =& & A= 60-66 mer Z&o|HE A 2k
= template plasmid® &2l 2 pKD4ZE o] 83lo] PCR %39S (&%)

- PCR $Z4tE 9] linear transformation®] ™ & homologous recombination +%: PCR

S AA T H, electroporation®] 93t A-red recombinase’} T o] 9= ArdaT

olF &Y TRAlC E=YPFoRN FFHFAANEZES Fste] 1 FARE AN/ L3

(Y =)
- 3R ZE2o g3 A= 2 FA4A AF $AA AA: FAA YA E24 % 2L PCRS
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T
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(A28 E] A 9248d HA55AE L AAE A

1. Ay

A= adjuvant 2FF

1) Retinoic acidE DMSO®° 150pg/0.1ml& == 3] A

2) Zymosan< DMSOe°| 100xg/0.1ml 5 =2 3]

3) Retinoic acid+Zymosans DMSO9| 9o} 5d3 w2z 314

4) w2z 7o) aFd SubelE AbESte] Al@E adjuvantE 0.0m¢ A EAUel FEFsta HEn
S T ol FFE #HESh

5) 71y¥ e Z1Zbe] ¥ E A¥E adjuvant= 0.1ml 2 I e HEFsn HENS 5 oY FFE
2y,

6) A= ZHzte] O EE AlYE adjuvants 2m A o] HFeta HFNE 5 o 75 #F

g},

2. A3
D vk E S 7eg BT A o4
2) U 4F F 797 BEE A3 33F BF 4

Retinoic  acid (150¢g/0.1m)T™Z 4L

ot

Retinoic  acid(1504g/0.1m)E = 1

ot

Zymosan (100ﬂg/0 11111)JHK 12 = Zymosan  (100xg/0.1m)HE 4 =

Retinoic  acid(1501g)+zymosan(100.g)/0.1 | Retinoic acid(150¢g)+zymosan(100
m M= 1 = £g)/0.1ml MZ 44 =

3) AE  AE HAA A

i

_50_



H$ a8 OO RASH Zymosandl AL stk Az wheh B4 ALgFe
RAE H] 9 150 g, Zymosan® vHel @ 100 e HFSHAT. F7HA 712NN A9 ES 94
Mgt BRoR HEFES Holglu, U] MAHERE B§ Ei sFAelny, B
A S Tt e T

Sol ol B4olRE Helaty] fla 4T F MG Aol FUHAEA R FAsec)

71T & o] &3k A HAdA F3HT Al G5Hkgo] ARz T A0S oY 7HH] SHelA
128353 et DMSO(dimethylsulfoxide) & &2 vigld vl 2 UdS HF 8t
Ve S wiAE 7Y B Aol E DMSOS 4e HA43A 73 QJAkgE o

N

HEstAth DMSO+= RAZE A8 Ed ol ARG AN, d722td % FE A 483 fai=
e % DMSOE A48

H Aol A RAS ;a%a} E =1

’

daxow olel¢ Zwel Wl uhebd AR1EY @E2Ye
3

79 25 RA+Zymosans HEF 5 294 AL (9%) BAow HF vhg-29 2A4EA, (ZFEH)
i A5}

SFAER P20 IREE (LEE) IHHE

RA+Zymosan$ vh-¢-220 57 = stz J53 F¢ o] vpgzo] He] 583 o] 4ol

A
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29 26. RA+ZymosanS 1h$2o] HEd 5 oulge] =] Bol tza (9l

TR, YT (LEE)S w29 v By

N

), RA+Zymosan®] 74

23 v asiA RA+Zymosans HEe sl nAe =79 RoF HolA mj$ nLga =9

3 HAFUe 5 RelAs ehokd
1Rl QFH RE BN FT0l 41 BEL WF A A5, Sl (vehicle) 2.2 A1-57

- l
dimethylsulfoxide(DMSO)el 3t 7|1 = o] H|Eo] 4 ¥3lgdZusS =4 5 Qx| 4stat

HJAEMS Y3 Frdgo] o sk
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A2 A 22xdE MFIGAE AFUE 2 A
[AE] = ] & Muco-adjuvant /I 2 A7 FTAAAA &H

>{1:1

124 : Retinoic acid®] A& A+

AYHA T2 SHEZQ retinoic acid(RA)E Hale] AA 28317 9al, dA)
FEEWAY A2 2l Montanide ¢ ES}F £E3519] in vitro 53 A1E 2 in vivo
(FAZANE S AT gk dA o WAL 23] JFotEE HA FE dolH izt
s} ATk

O Montanide adjuvant®} retinoic acid(RA) &3 & &%, AXES5AA
O Montanides X33t SHOFHES A S
O Retinoic acid(RA)Y HE A 7]l &gt A gibs 2 MEAAES |3t

do g AT
FZ3 33 vbdF<l fucoidan?}t ginsenoside®] ¥ Z<¢1 Rplo] v AA E ¢}
sl S A=A, AHHA S A 5 JdE A diE AT

:
EE AR/ MRS JE ALTS YFT A3 o), o5 FAAMEA @ TS

1=
M E
Ginsenoside Rple] W z4d gy A+
TAGAEE o] &3t Adqte] HAS

3@ A : Bordetella bronchiseptica(BB) #A13d ] A A g A9 7

-

g}

rr =

BB A= 2 dFolA wagdo s AbEEEd 1 AAe] WA tie 2AbE Fad
b it EeA o R ofFREE A4, £, A=) 9l BBHAdd AA] WA dAdel ogt

AFE Tt
O Bordetella bronchisepticaBB)® A8 z}a] o] WA A3

RS

O AundgdZ=RE-o] a5 v XA gut homlng receptor®] =d FA}
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O Montanide adjuvant$} retinoic acid(RA) €% ¥ &3l=, AAXEESAHAF

Montanide adjuvant 4FF (& A £AWUZE ISA201VG, IMS-K, IMS1313, ISA70)& o]&3 <}
RA® HE Al S Lotrr] 98] M 7FA12] combinations +H @tk WA Z} Montanide
adjuvant =+ DMSOE o] &3 RAZ 10 mg/ml= 52 stock solutions 4|3} tH(Monta/RA,
DMSO/RA® "w). 123l Al 7FA combination groups the3 2o] FH]3F$] o).

Group 1. =F4(D.W.) 90% + Monta/RA 10%

Group 2. Montanide adjuvant 90% + DMSO/RA 10%

Group 3. Montanide adjuvant 90% + Monta/RA 10%

Combination®] &€& EE Sro 73:1_0}_1— A%} BE Xi]/\] SFATH LY 27). ¥F BT Y TZolA

HAdEA gaEd o, DW. 44
group(B)2 £ 4 yellowishd A4S YER A A %7& 4 ow %”:‘ Fds HATH olZH & U]
o

1o
RAY HAZFEE+E 1 ng/mlE AZxsgon, AIAEE o &3 in witro N &

Cell viability (Montanide + RA)

[+ 1]

05 -
E 04 -

s

? 03 - =154 201 VG A
= —i— B

g a3 l IM3-K B

\ —_ M5 1313 1 C
o — ——5470 : 0

L]
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025
.
=¥
1 =t=15a 200 VG DA

Q0. &t STOwn
&
tn

i ; ~—— S S K B
==1M5 1313 5 C
e 1A 70 D
} 1
0 10 100 1000 10000

Concentration (ng/miy

a9 28 HAAES)S FFERd FAAAEZ(F]) sample A8 T AEZAFEE WA}

H & A E o 8] 9E sample(Group 1-3)< 0 ~ 10000 ng/mlE = 2ldle] 497F v & A FE 9]
AEES SAAT. A Alxd HEES AFTFE7E 1 mg/mol 22 MTT assay®] HalgEs
1008 &A1 # 10 pg/ml(10,000 ng/me)e] At 18] &= A-DF Montanide adjuvant 4% F(ISA201VG,
IMS-K, IMS1313, ISA70)E A& gHatlrt. 11 289 AAlE 21 x4 Z3=A, Group
)2t

o

3(Montanide adjuvant 90% + Monta/RA 10%, A'-D'2 FA]) MZS v AA E(S]
FIF AT A GA L)l HElste] MTT assaye 8to] AXAEE2] HIE A9, Group 13
Group 2% Group 33 wl-$- FAFS 232 Yellt. e Ado| A Montanide adjuvante] 9F<l
IMS-K7} A1zt 2548 ek

¥

Cell morphology (Montanide + RA)

MTT assayol A IMS-K7} 23t M E54S el o] 57 FX3AXA 2 adjuvantE
Ak & 497 v gk S #9359 A/ISA201VG) 7 Aeld M¥Es A 258 1ol

% el S Sl

tlo
i
=

rir
>
N
N
o,
=
5

5
whal] B'IMS-K)7F A 2l ¥ Al

O MontanideE ¥ &3 FHFHES AAANF

[‘.8{.[4

A 7483lE Montanide adjuvant® 7]HFo. &2 H AFIlAo| A Mute EAE HUpek &
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XS AABATE A dF S AFdelA, VU AES () ndaoA] sttt oA
= 3913 retinoic acid, Fucoidang H71E 22 AL&31, 53D 2 Bordetella
bronchisepticas AH&3F . Montanide adjuvant= A-D % BIMS-K)&= 54 °] A3 AFE-3HA
gt A, C, D Tl A dA s Ruwale] 71 wo] Alg3sl+= AISA201VG)$ C(OIMS1313)E Y #=
/\%7(40]_0:1 A].S.§ﬂ]:} 1:\:5}. o] o ;(]‘.9—}\—]‘]4— /\‘] oi—rrtﬂEo]Di 7(—17]_‘:'11‘:/] Bﬂﬁ-/ﬂo E‘J—O]tﬂ— _/':

A= AE aE AT

A[“g

Ho

12 HE
HEEH Monta | Fuco RA BB | total vol | Survival

MonA 100ul 200ul O

MonA+ RA 100qul O 200qul O
MonA+ RA+ Fuco+ BB 100ul O O O 200ul x
MonC 100pul 200ul O

MonC+ RA 100ul O 200ul O
MonC+ RA+ Fuco+ BB 100ul O O O 200ul X

li}ﬂz‘@i Montanide adjuvant(Mon)= A volume & 50%E 2FA g ow (100ul) 7] EFE4 3}
PBSZ % 200ul/moused W59 B3] HEF3Ach. 3 7[ElE A £ 4= Fucoidan(Fuco) 2
mg/mouse, Retinoic acid(RA) 150 png/mouse, Bordetella bronchiseptica(BB) 10 pg/mouse<
APESEATH A E AN BRE BEES Fog mhe27t 5o RA+Fucod &3 A Ad He o 7]A] g

A5 JURY.

22k HE
HEEZ Monta | Fuco RA BB | total vol | Survival
MonA+ RA+ Fuco 100ul O O 200ul O
MonA+ RA+ BB 100ul O O 200ul O
MonA+ Fuco+ BB 100pul O O 200ul O
MonC+ RA+ Fuco 100qul O O 200ul X
MonC+ RA+ BB 100ul O O 200ul O
MonC+ Fuco+ BB 100ul O O 200ul x

22 HZo A= RAS FucoE combinationdte] ojw &2
gy o ddE 22l MonCAIEe] FROFHERS Tt nf9g-27F Fo] U] 33 4F S
2 A 8FS T

32 BE
AEE4 Monta | Fuco RA BB | total vol | Survival
MonA+ RA+ Fuco 100ul O O 200ul O
MonC+ Fuco+ BB 100ul O O 200ul O
22 T A FIUH FTRAOAFHEE tA HF3 Ay ZF A& oz A3 v
AN zyet R = kA ek okgkel HALE gt} 3 7FA] 7e A S Montanide A9 9] A9t C AHAH o2
B34S &44712 BB #ddAA At A=5H 93] HALE fE3e Aotk

» Eo] W AE



o57] ojgith. olo] B E WA g 4% Montanide ol FAES 4 sho]
754 52 Pohugith RAE Montanide AFHES HH4(AEH/F 84 )l vt £7
= AAES 2ARALE Ao @ AelA A

=
=S = -
AFAM oY BAL BPHOR BPow TIPS U F& PSE AU

A a5,

BB UL WAgd o e n 257 A0 R 28 YEHUT RAE | FHER A430 T,
) gk AL8(Post-RA), 129} 23} B 5o AFS(AlI-RA)O 2 37 ¥ <
ARk T odA ol F 23 Hel 23 o] BBFAS 4 FAMgAS pG)E A
IgAE &3S 109 - 10,0008 34 (10" - 10 )stol], IgGE= < 1,0008) - 1,000,0008 3]43(10° -
10 938ted  AbgataTh FUE0] A IgA, IgGel F7 < g3 ZTHOD. at 450 nm).

°]

3% 12. BB A< IgA level

At D Pre-RA Post-RA All-RA
107" 0.073 0.075 0.103 0.090
1077 0.099 0.084 0.145 0.134
1072 0.253 0.147 0.532 0.232
107! 1.015 0.214 1.298 0.491

3% 13. BB A< IgG level

AL ozt Pre-RA Post-RA All-RA

10° 0.094 0.130 0.240 0.448

107 0.134 0.183 1.196 1.421

107" 0.072 0.846 2.871 2.463

1077 0.099 2.257 2.679 3.018
BBEo| 49l $A7kE 4% Aot [gAe] 45 23 AFAW Fol@ Post-RANA 7Hg Ee

A7 S 9 23818 1, 23 HF: Al BF Fo3 All-RAC A= Fdg oz okt 1gGY
49 Post-RA9} All-RACIA =& sA717F A = A}
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RAS} Zo] ey S FXFAAME AAdge] dA 75 dAstE 540 v 29 4%
—LE:‘EHO]: E‘_ [|AE {4‘% ]E]'
0.6
P A
2 05
e
[1\
Vi, 04
g
‘m 0.3 ONoBB
3
E 0.2 | .BB
=~
=
£, 0l
€3
0.0

Control Pre-RA Post-RA All-RA

9 30. RAE A7 R HES v M2 in vitro BBEY AR = & A

riN

& A

i

RAES A7|82 JF8 9 nh$2 v BALE AAS 5 in vitroo] Al BBZUol et A2
A BFe] 1 wrSAS ST MTT assay® AE8S =43 23} Post-RA9F All-RA | A
M Ee BeAe B

2.5

S 50 OBB/DC/RA

E B BB/DC/RA/ML-6

=~ 1.5

2z

o

o

@ 1.0

5

”g

8 0.5 -

(il

O

0.0 - .

Control Pre-RA Post-RA All-RA

7% 31 RAS A7IE R HE vhe-2 B AE B IL-6 9% &4

RA®} IL-69] A
z3hal A 74A] A

pul

#Hd [gA AFEsES s8] in vitro Ad S

S22 HIZAELE 2F 3] 96-well culture plated] EAT =57
A1gA9 BB S pulserl 7l 5 HIFAMEL &7 coculturedt Aol 38k
ol RAS IL-65 #H7IstAd. Avtd oz WAEA-S pulser] 71 G434 3o
= = 512 Post-RATo| L 1 tfL-o] All-RAT©] 3t}
FAGAEZSY A IL-68l0] RARES Fofdtol e =2 [gA fFees
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Post-RAT 9] 75 Al WellA IgAs Ard o sl Aol 249 Zer vt

» Eo 2 A
BB& ¥ 50] 4 <l ELISACIA Post-RAw°] 7Hd & FA7FE BA o™, in vitrodl A WH
A EE o] &3¢ BBIY AASAEH IL-69 et JFE4] Ao A Post-RAT O] & AEES
UERATE oA AR og FEC WAS 7+ i JFE A 13 e f H B Huhe 23]
] RAS FA3l4E Y F 2ol RAY AL %
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O Fucoidan® in vitro BYZAEY =4

Control Fuco 2 Fuco 10 Fuco 50

64
=9
=]

B4
[
| o]

Evenls
Evenls

CD19

o

., B 70 z 95 g 102 3 89
= I £ 2 |
E ] w w w

1% 107 1¢ 10 qef B N TR R R (R R TR R | 0 4g' 10 g% | 1ot
FL1-H FL1-H FL1-H FL1-H

lo
e
)
rE
B

219 32. Fucoidan #g]o] &3t g ZHul7

Fucoidan®] A AEZE #F=rsto] subset? 75l oW F3FS v A=A olr 7] 913, v A Lol
fucoidans TE=E=E A stAdth BEZF9 MarxdvtA<l CD19, MHC A 341 &9 #|A](antigen
presentation) = 933st= MHC class IINMHCID S @3S =43 23 CD19¢9 &3 -& fucoidan 29 10
pg/mee A= o2 WAE 7 AR 50 pg/mbel A= A SEEATE o] el gk #F2 CDI9+A| Q]
BEZ37 4= AASHE plasma cell2 #3139 % UA 9 fucoidane] o&] BH =7}

24 3t% o] lymphoblast7} 5WA CD19¢] o] 245 AS 7Hed= Atk MHCII®| 745 thxa ol
H| 3l fucoidan A el Al ARk o= 1 g o] FrstAT.

Control Fuco 2 Fuco 10 Fuco 50

Events
Events

CD25
Events

Q" i o o
= E £ £
[=]¥. & z i
]
i
719 33. Fucoidan A gl o3 fxy- dAdsiulr o] oy Ws)
Yo FA3lulA <l CD259F CDE9S] Tdax= =43 th. CD25+= IL-2 =82 alpha chain® =
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WZTo Yot AF BT IL-20) e AREE EolF GBS Atk CDEYE YZT Z7)
g seiARA FeA T tziel va) CD25% CDRY L Aeld wmelA 1wl
7 2 st

%7489 Fucoidane] §Z7% BAHAA 1 7152 waagd = 9

Control Fuco 12.5 Fuco 25 Fuco 50
. O 80 z 100 3 926 2 108
@]
ﬂ o w w w
BE 1B"_1G; ¢ 10t B AN TR e Rl T BE LA U T Si0f 10' et 100 fo
FLZ-H FL2-H FL2-H FL2-H
» 16 3 21 z 21 3 19
=
77 ” =
10* 107 Lm‘ 10 10 10 10 FLH“ 10 10 Zi0 1o 1 10 10 S 1o 10 10 10
FL2H 2-H FLZH FL2-H
BAFF >
19 34. Fucoidans A g gt A 4A 32t v A 324 o] BAFF Hd % 4
FAGA E b WA ZH2E Fucoidans 0, 12.5, 25, 50pg/ml& A 2lato] 347 WA 7t FACS
BAS o] g3slo] AEZEH|A B-cell activating factor(BAFF)S @ad S =Aslg =t o3 292
AL 5 ATk ol AN ER plﬂoﬂﬂ BAFF @d& 43 A 91k o] 57ts e &
ANt BAFF+= AelA FABAE S FEA7= o Z52Q 84 F sty =, fucoidanA 2l 23|
E3] =2 A 9 LHl?-Oﬂlﬂ a HE.HO] 71k th ol fucoidano] A WelA A 7S S/AAL 5
= WAl o FWER AgE F Qb FEAS HelF i gt

O Fucoidan® in vivo YA FHE 5 A&

AL ol FUEL Fucoidan® A3 § 2l doh] HoH g o8 AN
AN FAT v B BBUAZAL 20

18] Felslgith. e BBUAG AW Fold @3} BBWA Y Hucoidan Fol S A4 skt
AES A 25F0] 928 AAAE A7n BHL AAT T BBFASI A A2

=3}t ELISA plate vtehell W2 BB39S overnight £¢F coatingAl 713 @3S 10" - 10°9)

A2 WAl AT o] % anti-mouse IgG HRP$} substrateE 2Fdl 2 W-2-A171 & microplate
readerE ©]&3to] 450 nmol A FFE=ZS =AHEAc).

% 14. Fucoidan® in vivo 5419
3wl 4= BB only BB+ Fuco GRS BB only BB+ Fuco
10" 1.339 1.386 107° 0.093 0.095
1077 1.386 1.423 1077 0.147 0.296
1072 1.432 1.469 10° 0.474 0.564
107! 1.420 1.456 107° 0.912 1.199
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=

SFolatol Hlel BB+Fuco Folwte] dielA BB US4 FA7E Bas & 5 ASdTh
2 ARE8E BBY2 AAlHcw A LY)ol A7) wiEel ofFHE &3t FAA yErd
Atk wEbA ol AFe A= BB HEFFS 20 pe/mhelolA 10 pe/miel 2 o AP w3

AgolM= 1AHT B st o 2AHFSs & & FAFY Aot v AF Aom dddn

Of

Control Fuco 2
25.1% 22.0%

)
15

0
0 g

FLIb

103

Fuco 50
33.4%

15

{1

e

CD138

103

13 35. Fucoidang # 2] 3k 8] ZAA| F ol A ¢ plasma cell& &3}

Plasma cell®] w}#+= B2202} CD138¢]|t}. Fucoidans YA Eol| 543F A Elsk H B220+ Al A
CD1389] =7 % -5 &3t} Fucoidan 50 pg/ml-g& A& e A AAE7 71 =2 H] &9
B220+CD138+ AXE Bt B 23S E3& Fucoidan®] in vitrool A B Z4A X2 plasma cell= 2

B3 E A5 AAES Fed = 99t Plasma cell> IAE Atsls £ WAAEo|m = oA

A AN A fucoidan®] FAYIFS S/ 7= A EHS #AHo] S Aew AT,

Ovalbumin(OVA)&d & #MAZEFIFAo® ARSI 25 HA 0w 23] HJF st} Fucoidans
FHER AFS3IA 1, ol AR HEFA &L control( Z)i, OVA @5 F o7+ OVA+Fucoidan 25
pe/ml Folt, OVA+Fucoidan 100 pg/mb Foltg ATt np$AS etehal A =]
AFHA M OVAFLEo|HQ &A7HIgAs} [gG)E ZA AT IgAx 3L 108 - 10,0009 341 (10
- 108k, IgGE AL 1,0008 - 1,000,0008 34107 - 10 °)8ke]  Ak-g-8kTh, f‘z}%% o] H3l IgA,
[gGe <2 U= ZH(O0.D. at 450 nm).

i
o -1o{v
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3 15. OVAS°]H<2l IgA level

A ozt OVA OVA+Fuco25 | OVA+Fucol00
107" 0.092 0.107 0.081 0.146
1077 0.156 0.241 0.170 0.312
1077 0.377 0.519 0.400 0.604
107" 0.281 0.436 0.319 0.825

¥ 16. OVAE ] A2l IgG level

A8 EST OVA OVA+Fuco25 | OVA+Fucol00
10° 0.060 0.081 0.428 0.353
107° 0.068 0.516 1.305 0.996
10° 0.082 0.183 3.020 2.628
107° 0.146 1.395 4.345 4.444

OVAE 42l gaA7IE &4 23 [gA= OVA+Fucol00ol A 714 Ekom, IgG
OVA+Fuco257 3 OVA+Fucol00To A4 2+ =4t 24 fucoidane OVAE
Fods o FAdE5o]HA IgAS} [gG A9 AAS =T = Jde 3S & F A

» Eo 2 AR
AFxFAA 28 EZZA, F3bdF fucoidane] W HIFHEAE Z2t3 &= A oJFE
e
=

Qs dtt. In vitro 28 Fo HAAES v AAMEL fucoidan

class 1II, aﬁ:ﬁ ﬁ'/‘qi}ﬂ}ﬂ ¢l CD25%} CD699] & o] ZHrtets AMAS gkt =3 fu c01dan°ﬂ o] 3
A YS Frst=d D3 BAFFS wao] 7135t a, +2 A4S @t plasma cell?]
i 5 iﬂE]OiE} In vivod @A BBHA &L} 37 fucoidans A E3te] BB 5 0] 42l

AP TS S/ AL, OVAEFZ DY 84 fucoidans HF3He] OVAZ I E o] %<l

A YA T (IgGe IgA)S T7HA7]1= AFE S &4okth Fucoidane 2 28l oA sy} A Fo] Al
oFHE a3E YelWth A fucoidanS AXNWH I AWy 25 Z7AD 5 Qe A
OFHE THRHEZ & F ds o= Fekdrh
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O Ginsenoside Rpl9 B9 xd3z3 A3

Ginsenoside Rpl1(Rpl)& <14tell Al 5% 3k saponin derivative % dtyol™ A o] 7Mssie). & &
Aol A Rpl> NF-kBE oAlate] Aol dolE WA §dF52E0] e Abddo] drs At &
ATE2 Rpld] WA 58S doli7] 98] T AAAE v AEe} TFfdl 342

e ste] 1 V)T HEE Ldolr gk}

g 0.6 -
S 93 7 ——1PS 0 ug/ml
e 04 - —8-1PS 0.1 ug/ml
I
S 03 =+—LPS 1 ug/ml
2 02 - RE
=~ i
O G.G I | I 1

0 1 10 100

Rp1 (ug/ml)

9 36. Naive B! LPSell ol &/dstd Hl A sk Rple] =& Astast

H A L] BEE] 3t Rple &3S dolr 7] 93] LPSE A stA ¥ naive H A4 E 9}
LPSel ofa] &4dst @ wdAxe] Rpls A sksith olwf LPSE tEAQl dFS4EARE HdeHo
Abg-E ek B A Eol RplS 07100 gg/ml, LPSE 071 pg/mb A2 &ke] 24 7F w3k & MTT assay=
AAe A LPSol o MEAEE] Rplol o8 nF=eolA FoaA #4ash4al, Rpl 10

pg/mell A AA T aske AS & 5 AAT

Control LPS

' LPS+Rpl

Pl

Annexin V >
% 37. vlAM o] gigk Rple apoptosis %

Cell deathell w3t Rple] &35 dolr 7] 93] Annexin V-FITC/PI &< AAsA 0. AR W
lower-left= 2ro}9l+= A X, lower-right= early apoptosis, upper-righti= late apoptosis®} upper-left=
necrosisg X338t AEZE YERHATH LPSAH 2] 49 lower-left7} S 7Fsto] Aolole Az 47}
Z7k3 wbd RplA 8-S control ® LPSAH el B8] upper-right’} #=o}A] late apoptosis7} o]
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dolwt &S & 4 AATh
1.0 -
PO
= 08
e 07
N X
%‘ 0.8 -=-1PS 1 ug/ml
5 0.4 —e—Control
=]
= 0.3
= 02
o
Qo o1
0.0
0 0625 125 2.5 5 10
Rpl (ug/ml)
1% 38. Rple]l Ag¥ FAGAELY YEE 4
I FAGMEE FSA Rple 0 - 10 pg/mle] T2 A & MTT assaye ©| 83}
AEES FA AT WA Z Rpls AYstdds sREd oz dododAanrt veud v,
FAGAEANE 0 - 25 pg/me] FRA AEEo ~7}8}% AFE Bk ol F 59 10
pg/mo A e AEE] FofstAl AstE ATt FAGAES] AEE] t Rplo] &3hes dwrH o
biphasic 45 B3tk Rple] &3/ BE&] s = 24 AR5 Felsr]9ls) AlxzuntAo]
B s ARG
Control Rpl 3 Rpl 10
= = 1147 | & 1631 i 1558
t-;I l“i :::- -
3% bt
=l L -~ .1 R ‘l
256 | 273 ' 236
=T & B4
Ll E__.i .1
8 +] | l
Qo i %
1% 39. Rplell ol &k FA3AE kA 2d s}

)zl BE] Rple 5 pg/mlS
FAGAEE 2 AAEAT CDME ICAM-10.24 FAAAE7 452 o

10 pg/meo]l A &€
S 7Fshe= EHvEA 9
Rpl< <A

1 B &

&

g sk FAAAEE MHC class IT THnA7E A A 3] F7155 0

=
dFo

2 MHC class I19] &
A GAEE EAdFA 7]

P §ALR A4S nad dave g,

BESS FANZ 5 Aoke AL 3

e},



» Eo] W A=
Ginsenoside RplS Y| GAEZ o} FX] M A ste] WE3 7] 5&
‘:9]%—79133 AELES e oy FAAA L= dAH TN 23]

N mlﬂl

1= E ol of
> 12 HOH

o
éﬂxﬂilﬂ /\}%— T AL Aoz 7IhE ) Ginsenoside F ol A
T s

=<
Aol $84e THH FEHATH WL T Aoz Audn

=2

A 8 Afe HE " dEAQd A EAske otk wEkA FAE9 AFH e o8
“(intestine) W oll Al EAtAA] FAA G| FFS vH 7hsdo] =oh AN A At digh
HAGAQ] A& v F53 Aol E AdFeS Adyto] dupH Ao #ofs)] SAAR] EHE
A 4 Qe A AFE glsty], FdlelA 2ElE AAT 5SS WEVIENE Yaste] 78
HAMERD FAFAE Hgh & 7 Fe] 2 7|54 HstE glstath

FAE Az GM-CSFE A8l gt FA Gz AddS At & AEFHE
%] #AEA . g2 (Control)ol]l W& AZATo = AulE AXELS Ui e 25S
Tt} EolgA 23663 A AT AS 71 JFRE Y fibroblast FAFE Y-S B3, Alishe] 72-¢
7F 73 E EYS Ho] AlE¥WH ] adhesion molecules(F-#AH) o] WElE FA5HA o

=
Rl
B3
3z

FA S A E o] ABEE (viability, proliferation ¥3H)ol
FAGA A AAdTS AYeh F st AEE SHS

assay 7} AF&-= At MTT assay‘—:‘ 96-well culture plated] FAFAEE YE T AAHS FEEE

=

-

_‘|

A

e
=

9] gk Yol ] s, wge
| trypan blue exclusion test®} MTT

3|
il

ol

e

gl & uldetdaz MTT AleFS wol @A AIZth Trypan blue exclusion test™ 6-well culture
plateo] FAAAELE %*—3 E RADTFS 41 opg/me BEE A3 E wjdE 9 I trypan blue
staining solution® 2 M ¥E JA 3 ¥ hemocytometeri F2 Mol Holle MXE FE A

L]
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Optical Density (at 590 nm)

0.6

0.4

0.3

0.2

0.1

Cell number (x104)
(i)
=

0 0.25

g 41,

0.5

MTT assay% ol &3 ALHS —’PX]”H]EG] g &

At %E%i *3 =5

Trypan blue exclusion testoll A= XA Ee %

o:lAﬂ

5o} Aolgli=

of Ws}7}

4514

AL} & AL 5

b 214518 Aolole AMXES &

=
-

) B9e %

23] Halo7} 7%

<7t

o
3L

=
T=

s

Agé

A=

?hhhkL

Control Alish 21451 Carmo Haloe 23663

o)
==

=#=Alish
-B=-21451
-#—=23663
==FTalo
=2=Carno

ng/ml

Hive

ODead

A=t Aol o3t FAgAxEe Y=E W3}

At} 236633 HaloolA 71 =&
ou 7hE W AEES B

& HEEY
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IL-12 (ng/ml)

IL-10 (pg/ml)

TNF-a(ng/ml)

[
th o hn
1 1 1

200
180 -
160 -
140 -
120
100 A
80
60
40
20
0

lull

Control Alish 21451 Halo Carno 23663

. -III

2.0 A

1.4

Control Albsh 21451 Halo Carnoe 23663

0.0

-IIIIi

Control Alish 21451 Halo Carno 23663

% 42, Aol APlE FAA A MMl =Tl At s}

AR ETY AAbehE Ao BTl Aatel] estE A o
o] folr gt} IL-122 AxEvi7i4d WS, TNF-alphae= #
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Th2

T helper(Th) 1, IL-10<

-
.

WMol EF}elo| ), B [L-12

sz

oM Tad A=

=
[¢)

<71

Alish<}
| 2te Aol

3|

ke
L

Alish, Carno, 236634, IL-10

R
L

Aol EFlelolt), IL-12

ofp

ed

o))

236634 71 =
S3 gy o] EFele] Aate]

-
.

23663¢ A, TNF-alpha

ls

junt

Wl

» RO R AE

 9l& probioticse]t} &

)

o
il
<
o))
~u
&K

Tor

Ao M =
ELISA

=
=
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o

O Bordetella bronchiseptica(BB)# A3+ A ¢ HAYA A Y

2 ATaAE A2 AHAGEA/ e ATsed 2Ee 253 9
ke u

= S B I
bronchiseptica(BB) A& W AI3

NFg o Abgstal gloh st &16 BBHAL]
AlEE DL Qo= BBEAlS] Aol vk Ao v vER Aot WiAdYer AMgE =
A B subunite] WY Aol whel WA Fedt AbEEjord ojFHES] FRVF AAHER
HA A= Fostth B ATEHS WMAgYgoR AR EE BBHAE T8 WAAME B L
Aelste] Fejrt 7lsHolA o WMEE Hol= A glstii
CD4 CD8
3 32.00% z 13.7%

—

Evenls

Control

—

1w’ 10 10% 1"

=
=
o
)
=

=

BB

Events

1’ 14 e w0
FL2-H

9 43. BBUAIEE o] A 2]® W AAES subset H3}F

Hg A el BBHAZAS A2l § subset®stE AuE A3 CD4, CD8 °ofiF #4d vk
CD19+= S7stdth. ol CDI9E AlxxWvtA = ARESh= B "2 +7F BB A&l whg-&}of

SHG A== or g
120 -
100 -
80 -
60 -

40 -

1L-12 (pg/ml)

0 T T T
BBO BB1.25 BB2.5 BBS5

18 44, BBUIAEY o] Aad v AT IL-12 A =7}

T3 F 9 WoRolEFLClQ interleukin(IL)-129] AAF o 3 ZF7+S el IL-12+=
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O AGdYgZAEdo] XA vFAEA gut homing receptore] && FA}

LPAM-12 gut homing receptore]™, @ G-o] FHA WdE H HZp7 FHTO R o] Fdle
AS FE3F= moleculeo]th. B Ao A= ojn] &z BCR stimulation F+%=9 A1 IgM3} RA, IL-6
S HFAEZo HAEste] LPAM-10] HAlZ2 o =AHx @&+ A LolR Al skt

Control IgM IgM+RA IgM+RA+IL-6

B 29 % 31 % 36 % 37

I

= ¢ 2 g 2

- £ g £ g

m w w w w

o]

Si0° 10 10° 10% 10* S0 100 107 100 10° Si0t 10" 100 10° 10t Si0® 10* 10° 100 10
FL1-H FL1-H FL1-H FL1-H

a9 46, AHHG SN Edo] Held v gAE xH A9 gut homing receptore] &

ol H]s] LPAM-10] ¢k3}A ®
e IL-67F &ao] nx]+&= 036:}% ulH) sl RAS % & 7hol

Ay AAE AT HS 2AFEH A8 %’4311 Hz2e nlg)] dojdez 2 A

At 1 FolA A7kl 9l lymph nodedl A W el
7F ZFol AEAFHTE el dsmdE] AW #EE $5 AYS APA L
ot} tho& A7 B Ao AH3 g Hol)

2
>
e
il
e
x
Al
=
o
o
19

2

il ol
o Y [H WX

Balb/c v}-$-229] AMAE A & E7FS ZEl 5529 mesenteric lymph node (mLN)S 3-571
oWl PBS7F § 49 dishol ¥t} clean bencholl A 1 mle] Al PBSZ Zols H 1 ml 4719
Hor 2AHS oM AEI YO EE ‘FE} o7 AXEE 15 ml conical tube®Z 7|3 F 5 ml°]

HEZ dishE PBSE A|F slo tube® &7t} centrifuge 1500 rpm, 6™7 min 3}3 A Gsds
A AT A E pelletg 10% LCM 2 M2 Zo]s=t} 10% LCM = M *7F ¥ conical tubeE A2 3
% 40 pum cell strainerdl E3¥A171t} & 5 me] 10% LCMl A E7F =& A 3 9, cell countES 3aL
AEZS e 5 (F2 2x10° cell/ml)E setting 3T}
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7% X-ray crystallograhy
=13 o

)
promoter Al=dlS

GESA L. B, THH OmpA W o] AN Add] EA

Fig

green fluorescence protein)S & A 5}¢]

A v gl B3 g AAste] Western blot

» ATSANE L AR AF

- Ardg#F OmpA 719 o239 3¢ AXFH
dx AF25E #3399 arabinose-inducible ©]

EU & inverse PCR<

532-bp SsaG A A} promoter® X33} (1d 479
Fate] A A71A
A3} multiple cloning site 2 (MCS2) H-9jel] <cl9j5 oz

=] [e)
I}ﬁl'_e‘

w4

W A 2~ 8-S primer walking
SR (2™ 47A). A7 4

& Sacll Algtas A71AE Ul
9] Sacll Agtash F7I-EL
pJYTHO1¢]

q
wal

TE% ompAE M E T E 259 o &

o=

Moz HUHHY I F AS(2H 48).

, in vitro arabinose-inducible
AT BHoz G XF7|HE o] &35t in vivo inducible

o] g3}e], araBAD promoterE in vivo inducing promoter®

unique site® 3Fel ¥ A S(

FAA A 2 A4E ARELE P9 o}

S "HAlste, & QF-3HE 0w
S AYa o, cytoplasmic tailel 6702 histidine epitope tags $l
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A.

5?0 lDIIZID lSIDD ZDIDEI 25IDD SDIDD 35IIZID 4EIIDD 45IDEI SUIUD

Coverage I

[ conflicts

Contig 4 I |
pJYTHOL_pBAD-R.abl(50>1009) >

pIYTHOL_pBAD-R1.abl(46>1053) —_—

pIYTHOL_pEAD-RZ.abl(l0Z=065) e 4

pJYTHOL_pEAD-R3.abl(79:1037) )
pIYTHOL_pBAD-R4,abl(55>1045) >

pJIYTHOL pBAD-RS.abl(72>1039) >

R1 : 5'=-CCGGTGTCGTGGTCTTTAGT—3'
R2 : 5'-AGCAATCGCCATACTTTTGC-3'
R3 : 5'-=AGCTCACTCAAAGGCGGTAA-3'
R4 : 5'-ACGCTCAGTGGAACGAAAAC-3'
R5 : 5'=ATAATACCGCGCCACATAGC-3'

B.
Map of pJYTHOL :

MCS1 MCs2
(683~730 bp) (1,106~1,146 bp)

Ecofl s5eG s ' ompA_duet ' 3 ampR > Ec?m

I 1 L 1/t 1 T 1
1 134 454 548 1,681 2206 3,066 4,434-bp

PssaG (an in vivo inducing * The unique RE sites available on:
promoter of the ssaG gene) v MCS1: 5'-Pstl-Xbal-Sall-Smal-BgllI-Sacll-BstXI-3"
v MCS2: 5'-KpnI-Sacl-XhoI-NotI-3’

[ 47] BA W olFdd FdA =¥ p]YTHO1Y 3. (A) 7349 pJYTHO12] 47144
215 9% primer walking analysis. AAE R1I-52Z%F sHH A7]14<Y contig #A4S &
ol A 7149 24 &5 (B) 971A44E ARE EUE pJYTHO1S FA# A% 24,

ONeh?

O

- EAGRA S o] &3t TET oFFY FH FHGNAE LHANXHY V|TA AT TS
% in vivo inducible ©]F&d LA =R V5 dS HFE7] Aste], & AFEHS 544G
WAS FAFAAR pJYTHOLS EAlets ddAGFEL: F95 o &3k, MCS1¥ MCS2 #-9
o] Z}7} in frame fusionS FEdIA (17 48). o] & $l3}] FgdwdS xghsta 9=

dll

o] high fidelity PCR& <& 3&}
gdom AAE AFEALAE AP pJYTHOL vectors} insertE AFF3FS. MCSlel w@Ajsl7]
93 PCR primersZ4 Fwd: 5-CTACTGCAGAGTAAAGGAGAAGAACTTTTC-3 & Rev:
5-CTAGTCGAC TTTGTATAGTTCATCCATGCC-3'E AH&3tion, MCS2d wAls7] $8t
o] Fwd: 5-CTAGGTACCAGTAAAGGAGAAGAACTTTTC-3 & Rev:i 5-CTACTCGAG
TTTGTATAGTTCATCCATGCC-3& AH&std 5. ofef ZstollA AAIR npe} zEo] MCSI W
Ho] Pstl-Sall ¥9lol gfp 325 4tdste] pJYTHOI/MCS1_gfpE 5333, MCS2 W<
Kpnl-Xhol ¢ 4Fqiste] pJYTHOI/MCS2 gfpEs AR, dld AxT 9= A7 E=

& 53519 in frame fusion ¥ AS A Q32

pKEN-gfpmut2& 3822 3}, unique restriction sitesE A®3
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[£17] =432 2 pJYTHOLS EAste @d Adas 74 4 23}

MCS1 MCS2
RE Buffer Temp. RE Buffer Temp
Pstl 3 37 °C Kpnl 1 37 °C
Xbal 4 37 °C Pvull 2 37 °C
Sall 3 37 °C Sphl 2 37 °C
Smal 4 25 °C Xhol 4 37 °C
BgllI 3 37 °C Notl 3 37 °C
BstXI 3 37 °C
A. B
1: 1kb ladder

2: uneut pJYTH MCS1gfp-1
3: cut pJYTH MCS1gfp-1
gll<— 4: uncut pJYTH MCS2gfp-2
3kb P e
5: cut pJYTH MCS2gfp-2

1kb —
0.5kb —

Insert Vector

(29 48] pJYTHO19 MCS1# 2 F9o 433 ddd AZxE OmpA ZIAN2E T+ (A)
Ligatione 93+ vector®} inserts. Lanes M, 1-kb plus ladder; 1, PstI-Sall digested MCS1_gfp; 2,
Kpnl-Xhol digested MCS2_gfp; 3, PstI-Sall digested pJYTHO1; 4, Kpnl-Xhol digested pJYTHO1.
(B) +&9 ddF R Zel=vu =0 3 RE pattern £4.

qE FEROENE A Tl Y oARE gelstr] 9ste], it DHSa el /i &2
Zn =9}l empty vectorE %% F LB broth overnight ¥ %S 7}x1, SDS-PAGES}
Western 418 HAAISA (29 49 & B). A% SDS-PAGE 41 23, AxF OmpA(eF
35-kDa)¢} OmpA_GFP(¢F 72-kDa)¢] #&dS 2 = flds(2d 49A). oA 1Ahd:=
arabinose-inducible ©]&3d WAl 2"l pGEYTO019 w3 kAy W Zjo]lE HAFE A
Saz, olelgk Zpoleo] hdo = pJYTHOlol A2l PssaG promoter’} in vivo conditionol] A &
243ty = WhH in vitro condition stellA = T A= ASRE FFUS. oF FTHEHT] {
3}o] anti-histidine antibodyZ ©] &3l Western blotg AA3 A3 A2 w$ Sz A
23 dlde] wd S Felst = A (Y 49B). 53] pJYTHOL vector Ao A & E &= A
23 OmpARETH OmpA-GFP w@ulde] wrgo] s AstdsS st A (19 49B). wepA
PssaG promoter’} &4 3l% = Ao 2 & F in vivo mimic conditioned media®l A @& HFS =
Abeld e (28 49C). Magnesium minimal medium (MGM)elA wgd ABE AFHI H
Western blotg E3to] <lst A3 A2 OmpAet OmpA-GFP ©@rl g o] ukgo] & x| 3 =7}
S ol (2d  49C). ¥ AFoA pJYTHOIZ HH AEFE OmpAe L& ol
OMpA_GFPe] #@gn Jdjaez @ olfs AWty ofed¢u, 7549 pJYTHOL °]F%

4 FAA 2Hle] in vivo conditionol Al &4 3tE-E AT F A=,

o,

t1

0

01

¢
p
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1: Protein marker

2: DH5a pJYTHO1 OmpA

3: DH5a pJYTHOL McS1gfp

4: DH5a pJYTHO1 MCS2gfp

Anti-His Ab Anti-GroEL Ab

©OmpA_duet: 35kDa GroEL: 60kDa

Anti-His Ab
[ 49] pJYTHOL o2& LA 29 in vivo 843 AZ. (A) LB s Ede] 3k AA=

T3 SDS-PAG Aol vwld a3y sjel 24, (B) Anti-His Aby(&Z3d) %2 anti-GroEL
Aby($-Z9d, EH)E o] 83 92l 4. (C) in vivo mimic medium?l MGM #j ol of 3k

A=d BA

Aol A FEE pJYHPOlo] AA W S A d &Adstd S el wiol, o]Faddd
ATl AYE GFP7E W wEH =R oAFE gstr] fste] FFAn A £4&
g e(29 50). A% in vivo mimic medium?l MGM ko] ¢ AlE A A o
LA o]l e A wEEo duld Hd AE R8sty o H WS (L™ 50A). wEkA 1xRd =
T4 arabinose T X9 tighly regulated ¥&= pGEYTO01S o] &3] wj¢ @& s =
Omp_GFPZ 233 5 laser confocal microscope® T3t A3 FEEAHo|x|uk uf F1 o
FA o g e sAYEE AR 7 AAF(2H 50B). o= 7HH o]FAY YHA 2H o]
A o]FFAS AE ZHOR F A F AS5S G dA o g AA 9
fractionation ¥, Western blotS &3l 43t cellular locations A&l F <.
A. B.

Light Source 488nm White Merged

L-Ara Conc.

0

0.02%

[29 50] o]F3Y A2 A TdH sAFFdide] FHLEE g8 4. (A) In vivo mimic
medium¢l  MGM  Hix|elA  #a®  Amdelsre]  gsfolwx. = SG(PJYTHO); %3,
SG(pJYTHO1/ompA_MSClgfp). (B) pGEYTOLZY-E] arabinosecl 2| m]Zo] HdFE 270 vz}
19 A2 OmpA_GFP2 & Fojn] x|,
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»

g HA A o]FF A AN HHEE A ¢F HFHF (Y F)
L:r"%E 2 Az gof Ardglyt Uk 75 FHFQ Salmonella Typhimurium, Salmonella
EnteritidisZ %8 OmpA, Lon, OmpT® A-red recombinase 7]¥F non-polar mutation =3 %
Aol EAet= thge] Sol/mlSo] Tl d e aie] 2Hgo oste] AR o]FFde] &+
7bed e wiAlEY] flske], 71 2@ RIS Skl Z <42 Lon protease®t At 9w whu

o

2

)

Js9)
i)

a4 el OmpTE Add }\E]-E];]E]E}ﬁ o] %3¢ WA 2 X E] A-red recombinaseZ
o] -&&to] A ATt ”U”‘Fﬁrﬂ—* o]Z3 9 WA ZRE Lon® OmpT proteases®] AAE= AAA <l
Frd gt A ddE o|Fde] S 3

FAND 5 Qom, 3A B At Ae el A

g
ol & Q= o1FFUY RS WAL F Ae AoE U,

Step 1. PCR amplify FRT-flanked resistance gene » 1 GA: AAYT FTHAGAR] Eo]F

&
7oy FRT FRT ¢l HIP1/H2P2 primers ©]-&3}]

Antibiotic resistance

4

S Template plasmidel F#3st= FRT-
ol BAI% Al G2 EL 3}
Step 2. Transform strain expressing A Red recombinase = © _? T b siel o
H1 H2 PCR <%
| Gene A E Gene B | Gene C \L

2 @A A-red recombinase’} ¥
Ar g Malse] PCR AME:

pd
Antibiotic resistance FRT 3
1 o] F = o
Gene & 7l P77 77777 (7] Gene electroporation®ll ¢} sl =<l

v

Step 3. Select antibiotic-resistant transformants

L <<

Step 4. Eliminate resistance cassette using a FLP expression plasmid » 3 GA: 3AA A ol Ay 9
rer EARAA AER A3
[ Gene A @}21 Gene C | l/
Fig.1. A simple gene disruption strategy. H1 and H2 refer to the homology » 4 TA: FRT <14 flipaseel 2]3f 3+
extensions or regions. P1 and P2 refer to priming sites.
? priming A W A AA
m ARdgdd BANIZHFZHEE Lon? PgeT(OmpT) proetease AAE 93§ primer sequences
<--- 2 kb
lon_sal_delta F (H1+P0): 5' -AGCGTTCTGAACGCATTGAAATCCCCGTATTGCCCTTGCGCGATGTGTGTAGGCTGGAGCTGCTTCG-3"
< 1kb
lon_sal_delta_R (H2+P2): 5'-CGTTTTGCAGAGCAAGCGTCAGAACTTCCTC AATGCGCTTCACAGCATATGAATATCCTCC TTAG-3'
pgeT_sal_delta F (HL+PO): 5'-AGTAATGATGATCGCCGTATTTTCTGAGTCGGTTTATGCGGAGTCTGTGTAGGCTGGAGCTGLTTCG-3' Lane 1: SG lon PCR products

Lane 2: SG Alon::Cm mutant

pgeT sal_delta R (H2+P2): 5'-CATCGCCACCAAAATACGCCGTATCACCGCTGGTTTTATCTATGACATATGAATAT CCTCCTTAG-3
Lane 3: SG Alon mutant

[2¥ 51] S. galinarum FXEFZXE Lon 2 PgeT preoteaes® AA A (upper panel) ¥ Z I (lower
panel). A AAE FHo AVIME B4 FY.

A5y UL £ AR 27
H Ardagd WAFZHF Ared recombinased FE ¥d: Datsenko 59 WHS
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o
=~
)
(g
2

S S
«]3]1 E%]Ef} 5, & %l

- ¥4 AR AAL Zoly FA Z PCR FZ: S Enteritidis ¢ AFFAA=RE <
2.3-kb Lon proteased] & 33t FdAet A2l OmpTol D35t <F 0.9-kb PgtE protease
FAAE FH o2 ofd LH A o] homologous recombinations %3 4 A+ 60-65
mer Zeto|MZ 723 H template plasmid® 2217 pKD4(Cm cassette)S o] &3Fo] PCR
SEUS (8R)

- PCR FZ A& 9] linear transformation®] ™ & homologous recombination +%: PCR
S AAZ F, electroporation®] 238l A-red recombinase’} e E o] Q= AR daA
] ERkAl e =Yoo FEFAANZE S Frste] 14 FAdE AN/ s §F

- FH S8 g3 HF E FAA AY F@1A AA FAA WY EA FF 2 PCRE
o] &3ate] AR AEHAE AT F . T FRTE A28t flipaseE Hrstil A+
Lol A ZgEERu= pCP20S =Y3ste], 81-bp scar regione A 23k FAA WA FHAAE

ko2 M, polar effect7} Q= WolFE T35k, 75E ST=EVE=S ofF A9
FERFZ ASEY 2.

g A% 53 ARdagd dHo|F A

ﬁ?% ;a@43%-%éhﬁ%ﬂ%%%%éﬂﬁ%ffﬂﬂiﬂﬂﬁﬁ%#ﬁﬁHfgiﬂﬂ
E Astr] 9la 37bA A rd QQ%EE,K}WSTﬂE%H%?—ﬁ%ﬂéﬁiﬁ%%/“
o] IgGl¥ IgAE 71 ®ol &H k! O
gz OlD} I A3 SE 2 ST WolF7

s ATE HJEE AT Gl IgAe) A%

& ﬁ%*&}{irﬂ, 7HA Atrdet Y F 015%%—% &
o Ay Wy % HeHd s s & =

[e)
v =

> ?ﬂ—?-’?—ﬂﬂl% Al 23

(1) Mg
2 4ol AHgE

BO1MO021(AaroA)S AF

AP BaAF SE ofA e 5 (wild-type) BOIM1063} SE ®ol5

How, SG okAEE T BOIM105¢ SG W ol BOIMO085(AssrABAhmpA
rpoSAppkAaroA)E A} o}, 283 ST okAEEF BOIM101¥ ST Wol5 BOIMO80(AssrABA
hmpArpoSAppkAaroA)< stATHE 18], Z+7te] WolF+ o] de] Aol Al Hil¥ phage A red
recombinase system< ©|&3}o] AFEFHoH, AAH FHAAe AEX W gL gLy #Zr)
ssTAB(SPI-2¢] o]2] operon® & ZA), hmp(NOZH ¥ organism X 3), rpoS(AE &= ZF4),
ppk(Poly P2l A3 24), aroA(FAEAH L] 43

o OFO oo N
Lv o ff

o=}
AA
}_
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[# 18] & dFdAM Al8d AEdE FF.

Table 1. Salmonella (S.) strains used in this study

Strain Relevant characteristic(s) Resistance Remarks
S Enteritidis
BOIM106 Wild-type Nalidixic acid [solate from chicken cecal contents
BOIMO021 AaroA - Isogenic mutant of BOIM106
S Gallinarum
BOIM105 Wild-type Nalidixic acid Isolate from chicken cecal contents
BOIMO8S AssrABAmpArpoSAppkAaroA Kanamycin Isogenic mutant of BOIM105
S. Typhimurium
BOIM101 Wild-type Nalidixic acid Isolate from chicken cecal contents
BOIMOS0 AssrABAmpArpoSAppkAaroA Kanamycin Isogenic mutant of BOIM101

ssrAB: Transcription factors of SPI-2, mp: Flavohemoprotein, rpoS: RNA polymerase sigma factor, ppk: Polyphosphate kinase, arod:
Aromatic amino acid.

N

2 A3dsE L JATYH
AHEEL 7339 BALB/c 9% vF$2~(Narabiotech, Korea)E ] &3}ttt E n¢~= IVC
Rack(MVCS; Threeshine, Korea)oll /] Al%3lgon AdE&o &8]4 AFES s 3RAF wha}
FTEARS FIAT =3 RE AP aEAddustue] sEATEEAA3] AstelA =
Hol| wha} AAISATHE 7FHE KW-121120-1). 3 9 Svlg] o] vp$-~E A& o SE, SG
2 ST Z47he] ofd #eFe WolFE B4 Z& AT=E FTe 1279 Ao, AYAdT
(PBS)E HHo= Fod xS X3ete] F 13wz AFS AAA 72F o HEH =<
HEFS [F 1913 2o opR e T Wo|F9o HFF, 47 FAGH 54 HFEEFS AnddS
Ea wh2TE HALE A e WeR gbso] AAsI o FAdu
TFE HEFe sdatA 25Ut 4 2]
ul$-2 1vkE]ld PBSol| s|4d HF 1
vlg]d PBSE 343 #9 100 pLE zondeE o] &3}
o] &} At

o

f
iy

O

i)

—

3 o
=

il

[ 191 BF BAZ HEH

Table 2. Route and inoculation amount (colony forming unit, CFU) of Salmonella serovars

Strain type Route Inoculation amount (CFU) Survivor rate (%)
P 10 0/5 ()]
W w .
PO 10° 4/5 (80)
§. Enteritidis ;
i P 10 5/5 (100)
PO 107 5/5 (100)
P 10 5/5 (100)
W 5 N
PO 10° 4/5 (80)
S. Gallinarum B
- P 10 5/5 (100)
PO 107 5/5 (100)
P 10 5/5 (100)
W 5
o PO 10 5/5 (100)
§. Typhimurium -
- P 10° 5/5 (100)
PO 107 5/5 (100)
Control 6b/6 (100)

W: wild-type, M: mutant, IP: Intra-peritoneal, PO: Per oral.
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(3) A& AH

HE F 8 14, 2190 7179 vhs s Ay 2ue AASAL 29 A ADE o g3l
o &
=

o]
wpg-2~ A RbEE ¢F 300-500 pLe] @S kel MA@ $ ¥ microcentrifuge tubeol wHTE F A S
SHAIZL F 12,000 x g= 1027F TR, AT A S Tt 70T Bag § IF
T Ao AgETh e A whes AAY 2HEE 273N oF 0.04 @) HE tubedl] H&
F 23 AZ7F 50 mg/PBS 1 mLe] ¥ %% PBSE #H7bek § 35 Fob AAsIrh 2 A=t
A3 49 w7tA 158 o)A AsHAl vortexdte] 12,000 x g2 5E 7 AR AT, A=A Hy

stol 70Tl Reek F FF A@ol AgsAT

(4) Enzyme-linked immunosorbent assay(ELISA)

Aol o3k Adrdel #Fol Adgd Wy % HAuwed % &3E vlwstr] 9ske] indirect
ELISAE AAlstith ELISA] o] &% U2 JFol AP zzbe] drde} 3o g of
ARy F] AL el A (outer membrane proteini OMP)S F&3te] o] &3ttt MaxiSorp
96well plate(Nunc, Denmark)oll OMPZE 0.056M sodium bicarbonate buffer(pH 9.4)o] 3]A3s}lo] Z;
welld 0.3 pg/100 pulL® EF3 5 4TCoA 1672447 S<¢b m®3E 5 TPBS(0.05% Tween
20/PBS)Z 3¥ Al &3tk PBSl 1% bovine serum albumin(BSA)E 8] (BSA/PBS)sle] z+7+e]
welloll &8 & 37Col A 2A17F 59t blockingdl TPBSZ 3W¥ A H3IA T v~ &y 4 2
ARE 0.1% BSA/PBSE Ald A ato] 37Cel A 2413 &b wkg-3k ¥ TPBS= 3W A% &t
22} @A Z+= goat anti-mouse IgGl horseradish peroxidase(HRP, Fitzgerald, USA)®} goat
antimouse IgA HRP(Fitzgerald)E Z}Zt AF£3}o] 100 uL/well® #H7Fsko], 4TCTol A 167244 7F Bt
HES- Al 7T 71 "A 2 & tetramethyl-benzidine(TMB, Surmodics, USA)S 100 uL/well® X 7}she] A
2ol A hg F, 2N HpSOs2 100 pL/well® F7bepo] kg5 Tdtshinh. 450 nm sl A 53
T(OD)E =AsFon, FAAAY g3 7|&E MaxiSorp 96well plate®] blankol]l ™3 ODso 3
Tare] 3wt 2 s 97 E AAESHA

1

-

(5) Enzyme-linked immunospot assay(ELISPOT assay)

Ardets JET b2 B "N FHEHE IgAE 53357 fste HE 457 F v
& EHA F HFAEE Y MM EERE FHH e ARde specific IgA S8 S 9
Il w9-2~ IgA ELISPOT Plus kit(MMABTECH, Sweden)& AF§-3}%ith. ELISPOT plateo] PBS®Z
sl ArdEtE 16A17F B9 4RCAA =Z¥sta PBSE M3 T complete medium [10%
antibacterial antibiotic®} 10% fetal bovine serum(FBS)o] ¥3&t%¥ RPMI 1640(Sigma, USA)]S 200
pL/welld #H7Fste] 308 &< A2 4 blockingsl$th. 100,0007500,000 cells/welle] = Z5 H] A
22 7 welldl 253 § 37T, 5% CO» 3A 16724417 &<t wjFetltt. PBSE Zb well&
Azl MEZS A A3l detection antibody(anti-IgA-biotin)E 0.5% FBS/PBSe] 1 pL/mL= 3
Aste] 100 pL/well® &3 5 Ao A 2A17F &< REgAIH T 05% FBS/PBSel 1 @ 10002.=
3 A3 streptavidin-HRPE 100 pL/well® EF3 F A2 1A Tk wkS AT
Ready-to-use TMB substrate solutiong 100 pL/well® ®3F3}o] spoto] 5FElo] YElY wh7tx
107308 St AMA 7)1 A3 3 =835 1%k ELISPOT reader(Aelvis, Germany)® spot&

{0

of

A4 XS one way ANOVAE o] &35 om, ELISA® ELISPOT Z3+&= p value < 0.05¢!
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() A3
kg 2o A9 IgGl A 7F ZA
SE, SG ¥ ST9 OMPE F%3lo] ELISAZY o R A&3te] Z47te] dA o] dis| 5ol
IgGl, IgG2 % IgA9 ﬂxﬂﬂe ZAstAth [19 5212 SE, SG ¥ ST9] o & Fet Wol
Aot BRow HE T 8 14, 210‘01] [gG1S ZAFe AFo|t}, SE HET A, ofAE
2 Bpow HEd ;Lo] 8Y olde] BF HAste] drtE AT 4 fidvh ey SE WolF
BRow HEd 7o 8UANE, ATE HET 7 4AANE gzl vls] oF 1.4716v =&
A7te e folAd Sl AolE HAATH L™ 52—a] SG e YT dxza v sg 5
T Y97FE RYAW, ofAR Y T8 HHoE HITI T 20dAd HEI A e
1.3v) =2 foHel S7ME B[’ 52-bl. ST Xé%%% WolFE 5%
IgGle] S77F 7 WA ##HA5, HE UAAd = oAt TE
IgGlQ] T7HE Btk "HE 21dAdd = ofAEE T WolF BF HE
#9] IgGl 9718 vetilon thxatel vl oF 15716 = feo
52- c] d71el Ats Qokste], HE 21dAo] Al WolFo didt JF A=W IgGl 97t
2pol 2 wlwatd g 53] SG HolFE HEA 29 Faa
A @okorh SE ¥ ST WlolF+ A7 2 HAFET 5 gzl v °F 1371
LR T

E Jlm

N o

SE-{N JZi

-
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*ikk #54 EEE HEE %
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E; lﬂ"uji'g"¥$ ar$ - u:h
g
el 54 rrmadaaee
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Davs of post-infection

Control

SE-Wild type=Crrali EWO)
SE-blutam-Orall ENMCY)
SE-Mutani- Peritoneal EMEP)

Control

S03-Mutant-Oral{ GIMO )
SG=Mutant=Meritoneal{ GMP)
SG-Wild type-Orali GWO)
SG-Wild type-Peritoneal( GW )

Control

ST-Mutant-Chral{ ThAOy)
ST-Mutant-Peritoneall TMP)
ST-Wild type-Ciral( TWO)
ST-Wild tepe-Pentoneali TWF)

Fig, 1. IeGl antibody titer of semm, {a) 8 Ententdis, (b) & Gallineram, (C) 5. Tvphimurium. Asterisks (%% ) indicate o p valoe

of <0001,
[Z29 52] SE, SG, ST AFd & IgGl A 97},

bl [ R R R R R R P TR PR PP R T T

B Control
EA SG-Mutant-Oral

SE-Mugant-Crral

ST-Mutant-Crral

Log, Igl ] titer

Strains

Fig. 2. 1gGl titer of serum after 21 days. Asterisks (*¥%)

indicate a p value of < 0.001.

[2g 53] HF 219 ¥ IgGl A 97},
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x‘j%_%_o/] g3 U IgA F5< H]il_a“}ﬂ f18 Arde OMPE Yol 5o]4 <20 ELISAE 2 A5k
PSS FASGATE 200 SE AFEE Wol %7k AFAR THA AT F 8 14, 2124
B GAge Uehyon l:n% FEO G7hE B ot kRUTE TR 4ET Al
Hawgls of 844 stube] Algrte] ¢4 wbg& vehd A3 dixAolth. SG HEw2 IgGle 2
shoh §AVS, SPUREFE BT PY 2o ANF el TolA e we £ s
£ Yetdiddth ST HEwE AR YFE B2 HET 3 HolFE HASE HITT oA
PSS JETh EF HF 2L SE SG 0 ST WolF PET wF AWML ey
ov WA we $7el ke waTh old wal dEze 4 A V% X S e 57
ke melth o5 FolA b e 7S Ve $e SE WelFE ATE AF Folglew,
ugow JF® TE FA® 79 97E UHL deow ST WolFE Njon PFE @
3 SG oPEEFE BPew YW wol e orhE vrhidt @@ @7 U lgG2el S
A Aol Bulahs [gA £7 ¢ eyl el Aze] WHT BW AnE d4oE FLISAS
AA B AARE o w gk o A e R N0l YERUAl eFgkal, 97F wEk A= ¢ gldth
[¥ 20] &2dz P B2 IgA FA 971
Table 3. Serum IgA titer to different Salimonella serovars (ELISA)
Days of post-mfection
Strain Route 8 s 2!
Positive / total hld“;:"‘:]:ufr[) Positive / total I\#:a% :lxtgch Positive / total ]\}:ﬁ :mSﬂD
- P ND ND ND ND ND ND
- PO 1/4 49+0.0 0/4 <49 0/4 <49
=5 P 2/5 5407 2/5 59+0.0 4/5 6.7+ 1.3
M PO 5/5 5306 3/5 62+0.6 5/5 6.9=+0.0
W P 4/5 4900 4/5 5900 5/5 6.1 1.3
4t PO 0/4 <49 0/4 <49 0/4 <49
2 P 0/5 <49 0/5 <49 4/5 5406
M PO 0/5 =49 0/5 <49 3/5 5606
W P 0/5 <49 0/5 <49 1/5 49+0.0
PO 35 52206 4/5 5406 3/5 5606
] ™ 3/5 5306 4/5 62+1.0 5/5 6306
M PO 0/5 <49 0/5 <49 3/5 56+12
Control 0/6 <49 0/6 <49 0/6 <49

SE: S. Enteritidis, ST: S. Typhimurium, SG: S, Gallinarum, ND: not done, W: wild type, M: mutant, IP: intraperitoneal, PO; per oral.

Ardal Eo] IgA ¥ HF AXE 5
HAE 47 F Y3 FoZRYH HFAEE FE519 ol T ARdE 5o] [gAE 0= Al
& ELISPOT assay & Ah&3te] FAs3AvH L .1 A3} spot o] Hatel 3lo] SE WO
BArE JET A 7HE =2 s vEuY dixa s £ AeolE B ol dix
of w3 8w o] F7tE FXolm, of&e] A oA SE ®lolFE ATE HET A9
IgA 97} ++& w3 Axtel AR 3htk(data not shown). T2 Fol A= spot =9 Hirgkol o
a3 FoA4 e AolE YEWA @kon SE ol EYFE A4 HEe ol A spote]
e Jehdle AE7F AATHI9 spot/10° cells). wdF ST WolF:E AFLE HE oA
A HlwWA Be spote] YEFUYE AE(15 spot/10° cells)7t #AF Ao}, H 352 spot/10°

cells)2 oA dE ZolS Holx &k
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1| gy, Gk A L e A e BE=  Control
SE-Mutant-Oral
SE-Mutant-Peritoneal
SE-Wild type-Oral
5G-Mutant-Oral
SG-Mutant-Peritoneal
SG-Wild type-Oral
SG-Wild type-Pertoneal
ST-Mutant-Oral
ST-Mutant-Peritoneal
ST-Wild type-Oral
ST-Wild type-Peritoneal

Spot/ 10% cells
3

BONOREZREIL

Strains

Fig. 3. Measurement of Salmonella specific-lgA secreting
splenocyte levels against after 4weeks of infection. The
number of splenocyte was measured by ELISPOT. Compared
with the other strain, SE mutant strain elicits the highest level
of IgA secreting splenocyte. Data are expressed as median,
interquartile range and range of values. Asterisks (*) indicate
a p value of <0.05.

[29 54] HF 4F F 429 So] IgA HZAXE & A,

O A rdzld OmpA 7|4 o]

u1o1_|’
il
iy

# AZE Bz 7

A

ATFERE 2 A7 8 1 & AFoAM = ARy OmpA 7|4 o] o] shfe A= Fe
]E% T=37] Al =R A=A v DY Yl Bordetella(B.) bronchiseptica?l WA

A2} pertactin(PRN) 2} sl A vtolmEet=nd #ldHo AT Mycoplasma(M.) hyopneumoniae
9] adhesin ©¥ &2l P97% epitope motiffE Z}zF PCRZ %3} arabinose =24 #F2d Zx~
" = (pGEYHOD) ¢} in vivo &8< 93 Zat2n =(p]JYTHOD =<3t}

:[o l)v

» AFFIRE 2 AR 2
1. Ab&T 5
2 Agol AMEE W F+= pGEYHO1(DH5a)¥ pJYTHO1(DH5a)& AF-&3th. PRN fA#= =
T 7FA Bt (1-3a/2-7a, 1-3a/2-8b)2] B. bronchiseptica 5% AF-&-3}
== }M_Eﬂ P97 FAR+= M. hyopneumoniae 725 & AbE3ste] FE5¥ Y. SZ3H PRN
& 77 pGEYHO1(DH5a)# pJYTHO1(DH5a) vectorell %=<isted ol dS 3

& Az Bekav=g ALSAHE 21

[3£ 21]. Plasmid used in this study

Plasmid Characteristic Resource
pGEYHO1 araBAD promoter, OmpA-MCS12, AraC(-)
pJYTHO1 SsaG promoter, OmpA-MCS12
pKV006 PRN13/pJYTHO1(1-3a/2-7a) This study
pKV008 PRN4/pJYTHO1(1-3a/2-8b) This study
pKV010 P97/pJYTHO1 This study
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2. Polymerase chain reaction(PCR)

PRN fxzket P97 #47= long PCRE AR&38te] S3atglom, Abgd ol 229 2
t}. PCR solutione Z}7z+e] 50-200ng DNA 1uL, 10X buffer 5ul[50% Glycerol, 100mM KCl, ImM
DTT, 0.5% Nonidet P-40, 0.5% Tween 20, 20mM Tris-HCl(pH 8.0), ImM PMSF], 10mM dNTP
mix, 10pM primers, Solg'" Pfi-X(2.5U/ul), 10% DMSOZ % 50uLe] &3oe Apg3stith. PCR
HES-2712 94ColA 4% initial denaturing ¥ §, 94ColA 45%, 52°Col A 45%, 72TCA 2% 45
Z 2 30W WHEEle] 72T oA 8% extension &}t

[3£ 22]. Primers used in this study.

Primers Sequence 5'-3'

PRN-F ACCGAGCTCAACATGTCTCTGTCACGCAT
PRN-R ATTGCGGCCGCCCAGCTGTACCGGTAGCCCG
P97-F ATCATGCGCTCTAGAGCTCCCCAGACTATTAC GAA
P97-R TCATGATCCCCGCGGGCCAAGCTTAGTAGCAACTG

0.6 kb

[2¥ 55] PRN# P97 gene PCR &Z. (A)Lane M, 1-kb plus ladder; Lane 1, B. bronchiseptica
PRN gene(2,880bp); (B)Lane M, 1-kb plus ladder; Lane 1, M. Ayopneumoniae P97 gene(590bp)

3. Double digestion & Ligation

PCRS Sl %% PRN, P97 F73 A9} arabinose =4 I¢d ZF=v]= pGEYHO01(5,087 bp)
DNA® Ztz} MCS2¢} 19l ddats Adars A HEste] insert9t vectors FHI&FATh L W
weo tpew v} 7ol 2-400ng/ul. DNA, 10X digestion buffer 2ul, 1st enzyme 1lul, 2nd
enzyme lul, ddWaterE o] % 20uLel &S 37ColA 2A1ZF &<t WS ATE 5431
insert$} vectorg T4 DNA ligase(NEB, UK)9} &§3te] 37ColA 30 &<t w83t 5 E. coli 38

RS AAskaH

_85_



5.0 kb

0.6 kb

[Z¥ 56] Ligationg 93 insert?t vector DNAY Ag&EA AH=. (A)lane M, 1-kb plus
ladder; Lane 1, PRN gene/Sac I+Not I; Lane 2, pGEYHOl plasmid DNA/Sac I+Not I, (B)Lane M,
1-kb plus ladder; Lane 1, P97/Xba I+Sac II; Lane 2, pGEYHOl plasmid DNA/Xba I+Sac IL

4. PRN and P97 gene cloning

E. coli 34 A%L heat shock WHES AFE3FAt. S50nge] AMZE ZgAv|=Z 100ul E. coli
competent cell(DHba)o] E&3sle] L2920l 1087F ¥3-3F F 42Tl A 45%, d2%JolA 287t
-85tk ImL Luria-Bertani(LB; Difco, USA) brotholl do] 37ColA 1A %
ampicilline] ¥3+¥ LB(Difco) plated] ®j] 100ulLE =3t 37CoA 1647
colonyE &9 2 AWsle] colony PCRE A 35t T}

5. Colony PCR

AN zg Zek2~v =(PRN/pGEYHO1, P97/ pGEYHOL) 7} E. coliol &vt2A AAEA=A Felstr
23] Colony PCRE A3t & A7|d%F &2 A3 thFE9 laned| A PRN¥} P97 FHAxE &

T AAT

o
i)

il

A M1 2 3 4 56 78 91011 B

3.0kb —

0.8kb —|

[ 57] Colony PCR. (A)Lane M, 1-kb plus ladder; Lane 1-10, PRN/pGEYHO1 colony; Lane
11, pGEYHOL colony, (B)Lane M, 1-kb plus ladder; Lane 1-15, PRN/pGEYHOl colony; Lane 16,
pGEYHO1 colony

6. Sequencing analysis
Colony PCRS &3 &<ld AAINANE Adste d7|A4E d

o] ¥4 (Cosmo GeneTech,
Korea)= <9# 3t A3} PRN, P97 FAA7F pGEYHOL #EHo Add A& &<

stgom, 2 #a4
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o] 947l ¥ 3F NCBI database9t 99% o]4F U] &}9 ).

O o]Fgdd A 2EE 93 in vivo inducible XHZ@' ZEgxrn= &

» AFEFE %W ZAhggo 0 B AfoME ArlodlA &RW3E B bronchiseptica PRN, M.
hyopneumoniae P97 73S A Uloll A olFgdde LdS HAgsr] 8] Ardg SsaG
promoterE 7}FA 1L 1= pJYTHOL vectorol]l Z+ZF 443}e] in vivo inducible ©]&3+Yd WA ~H

S 9 A2 Telan=2 PR

fo

» ATFFIUE 2 AR A

1. Double digestion & Ligation

PCRE %3 %9 PRN, P97 +xdx¢ in vivo inducible promoterE 33+ Zglin=
pJYTHO01(4,434 bp) DNA®] ZF MCS2¢9} 19 s|lgdste AsarsE A A3t inserte} vector®:
FHlatdek 2 e vey 2ok 2-400ng/ul DNA, 10X digestion buffer 2ul, 1st enzyme 1lul,
2nd enzyme lul, ddWaterE 9o % 20uLe] =3NS 37ToAA 2413 5o W83 A Y. H431=
insert®} vector® T4 DNA ligase(NEB, UK)$} &3tslo] 37CoAA 30% &<t wkb&3t 5 £ coli 3
AAgS AAs

M1 2 3 4 56 78

f—]
1 —]
N
-
S
—
s
—

[ 58] Ligatione 93 insert®} vector DNAY A &4 A, Lane M, 1-kb plus ladder;
Lane 1, PRN gene/Sac I+Not I; Lane 2, PRN13 gene/Sac I+Not I; Lane 3, PRN14 gene/Sac
I+Not I, Lane 4, PRN4 gene/Sac I+Not I, Lane 5, PRN39 gene/Sac I+Not I, Lane 6, P97
gene/Xba I+Sac II, Lane 7, pJYTHOl plasmid DNA/Sac I+Not I, Lane 8, pJYTHOl plasmid
DNA/Xba I+Sac IL

2. PRN and P97 gene cloning

50ngd] AMzE% ZZ2v == 100ul E. coli competent cellell &3&3sle] dSHoll A 10E7F ¥H-5-3F
H 42CAA 45%, oA 2&3F QWS-39 vk 1ImL Luria-Bertani(LB, Difco, USA) brothoﬂ Yo
37CoA 1A 7 H¢F wjkdl H ampicilline] Z3H LB(Difco) plateo] B! 100ulLE =23l 3
7CAA 16A 7 E¢k i & FAASH colonyE: F29E AE3le] colony PCRS A 838k th.

3. Colony PCR
Az FZ=U=(PRN/pJYTHO1, PRNI13/pJYTHOI, PRNI14/pJYTHO1, PRN4/pJYTHOI,
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PRN39/pJYTHO1, P97/pJYTHO1)7} E. colidl &vFE2A AAHA =R &1317] 913l colony PCR<
AAE & H7)dE & Ay dlFE9 lanedl Al PRNZ P97 F3x7F SEd A& s 4 gl

A

] 2 3 4 56 7 8 910111213 141516

M [ 2 3 4 56 7 8 910111213 141516

A

4 3.0kb — ——— —— — — — — — - — —
3.0kb — ——— — — — —— ——— — —

1 2 3 4 5 6 7 8 910111213 141516

M1 2 3 4 56 78 910111213

0.6kb —

[’ 59] Colony PCR. (A)Lane M, 1-kb plus ladder; 1-10, PRN/pJYTHO1; 11-15,
PRN13/pJYTHO1, (B)Lane M, 1-kb plus ladder; 1-5, PRNI13/pJYTHO1;, 6-15 PRN14/pJYTHO1;
16, pJYTHO1, (C)Lane M, 1-kb plus ladder; 1-10, PRN4/pJYTHO1; 11-15, PRN39/pJYTHOI1,
(D)Lane M, 1-kb plus ladder; 1-5, PRN39/pJYTHO1, (E)Lane M, 1-kb plus ladder; 1-12,
P97/pJYTHO1; 13, pJYTHOL.

4. Double digestion

Az F22W =(PRN/pJYTHO1, PRNI13/pJYTHOI, PRNI14/pJYTHO1, PRN4/pJYTHOI,
PRN39/pJYTHO1, P97/pJYTHO01)®] insert®} vector® 22138t7] 91a] 2} MCSel| adate= Aldas
2 FAol Hyste] A7gES AAE Ay BE laneol A insert$}t vectorE Feld 4 Q).
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[2¥ 601 A% Z#H2v9=(PRN/pJYTHOl, PRN13/pJYTHOl, PRN14/pJYTHOI,
PRN4/pJYTHO01, PRN39/pJYTHO1, P97/pJYTHO01) &<2& $3% double digestion. Lane M,
1-kb plus ladder; Lane 1, PRN/pJYTHO1(Sac I+Not I); Lane 2, PRN13/pJYTHO01(Sac I+Not I);
Lane 3, PRN14/pJYTHO1(Sac I+Not I); Lane 4, PRN4/pJYTHOl(Sac I+Not I); Lane 5,
PRN39/pJYTHO1(Sac I+Not I); Lane 6, P97/pJYTHO1(Xba I+Sac II).

5. Sequencing analysis

72+ 7yo] A FAAINAE Aoz GU7IME dolE 24 (Cosmo GeneTech, Korea)S 2= 3h
A7 PRN13(1-3a/2-7a), PRN4(1-3a/2-8b), P97 A7} pJYTHOL vectorel]l )€ A& g21sA
o 7+ FAAe] d7]Ad w3 NCBI database9t 99% o] 4 9% 3}S]tt.

(A) PRN13 full sequence 2,744-bp

GAGCTCAACATGTCTCTGTCACGCATTGTCAAGGCGGCGCCCCTGCGCCGCACCACACTGGCCATGGCGCTGGGCGCGCTGGGCGCCGCG
CCCGCCGCGTACGCCGACTGGAACAACCAGTCCATCATCAAGGCCGGCGAGCGCCAGCACGGCATCCACATCAAGCAAAGCGATGGCGC
CGGCGTACGGACCGCCACCGGAACGACCATCAAGGTAAGCGGTCGTCAGGCCCAGGGCGTCCTGCTGGAAAATCCCGCGGCCGAGCTGE
GGTTCCAGAACGGCAGCGTCACGTCTTCGGGACAGCTGTTCGACGAAGGCGTCCGGCGCTTTCTGGGCACCGTCACCGTCAAGGCCGGE
AAGCTGGTCGCCGATCACGCCACGCTGGCCAACGTCAGCGACACCCGGGACGACGACGGCATCGCGCTCTATGTGGCCGGCGAGCAGGC
CCAGGCCAGCATCGCCGACAGCACCCTGCAGGGCGCGGGCGGCGTGCGGGTCGAGCGCGGCGCCAATGTCACGGTCCAACGCAGCACCAT
CGTTGACGGGGGCTTGCATATCGGCACCCTGCAGCCGCTGCAGCCGGAAGACCTTCCGCCCAGCCGGGTGGTGCTGGGCGACACCAGCG
TGACCGCCGTGCCCGCCAGCGGCGCGCCCGCGGCGGTGTCTGTATTCGGGGCCAATGAGCTTACGGTTGATGGCGGGCACATCACCGGG
GGGCGGGCAGCGGGGGTGGCGGCCATGGACGGGGCGATCGTGCATCTGCAGCGCGCGACGATACGGCGGGGGGACGCGCCTGCCGGCGG
TGCGGTTCCAGGCGGTGCTGTTCCCGGCGGCTTCGGCCCCCTCCTTGACGGCTGGTATGGCGTGGATGTATCGGATTCCACCGTGGACC
TCGCTCAGTCGATCGTCGAGGCGCCGCAGCTGGGCGCCGCGATCCGGGCGGGCCGCGGCGCCAGGGTGACGGTGTCGGGCGGCAGCTTGT
CCGCACCGCACGGCAATGTCATCGAGACCGGCGGCGGCGCGCGTCGCTTCCCGCCTCCGGCCTCGCCCCTGTCGATCACCTTGCAGGCGG
GCGCACGGGCGCAGGGGAGGGCGCTGCTGTACCGGGTCCTGCCGGAGCCCGTGAAGC TGACGCTGGCGGGCGGCGCCCAGGGGCAGGGCG
ACATCGTCGCGACGGAGCTGCCTCCCATTCCAGGCGCGTCGAGCGGGCCGCTCGACGTGGCGCTGGCCAGCCAGGCCCGATGGACGGGCG
CTACCCGCGCGGTCGACTCGCTGTCCATCGACAACGCCACCTGGGTCATGACGGACAACTCGAACGTCGGCGCGCTGCGGCTGGCCAGC
GACGGCAGCGTCGATTTCCAGCAGCCGGCCGAAGCTGGGCGGTTCAAGGTCCTGATGGTCGATACGCTGGCGGGTTCGGGGCTGTTCCG
CATGAATGTCTTCGCGGACCTGGGGCTGAGCGACAAGCTGGTCGTCATGCGGGACGCCAGCGGCCAGCACAGGCTGTGGGTCCGCAACA

GGCAAGGTCGATATCGGTACCTACCGCTATCGATTGGCCGCCAACGGCAATGGGCAGTGGAGCCTGGTGGGCGCGAAGGCGCCGCCGGC
GCCCAAGCCCGCGCCGCAGCCCGGTCCCCAGCCCGGTCCCCAGCCGCCGCAGCCGCCGCAGCCGCCGCAGCCGCCACAGAGGCAGCCGGAA

CTCTGGTACGCCGAAAGCAATGCGTTGTCCAAGCGCCTGGGCGAGTTGCGCCTGAATCCGGACGCCGGCGGCGCTTGGGGCCGCGGCTT
CGCGCAACGCCAGCAACTGGACAACCGCGCCGGGCGGCGCTTCGACCAGAAGGTGGCCGGCTTCGAGCTGGGCGCCGACCACGCGGTGGC
GGTGGCCGGCGGGCGCTGGCACCTGGGCGGGCTGGCCGGCTATACGCGCGGCGACCGCGGCTTTACCGGCGACGGCGGCGGCCACACCGA
CAGCGTGCATGTCGGGGGCTATGCCACCTATATCGCCAACAGCGGTTTCTACCTGGACGCGACGCTGCGCGCCAGCCGCCTCGAAAATG
ACTTCAAGGTGGCGGGCAGCGATGGGTACGCGGTCAAGGGCAAGTACCGCACCCATGGGGTAGGCGCCTCGCTCGAGGCGGGCCGGCGC
TTCGCCCATGCCGACGGCTGGTTCCTCGAGCCGCAGGCCGAGCTGGCGGTGTTCCGGGTCGGCGGCGGTTCGTACCGCGCGGCCAATGGC
CTGCGGGTGCGCGACGAAGGCGGCAGCTCGGTGCTGGGTCGCCTGGGCCTGGAGGTCGGCAAGCGCATCGAACTGGCAGGCGGCAGGCA
GGTGCAGCCATACATCAAGGCCAGCGTGCTGCAGGAGTTCGACGGCGCGGGTACGGTACGCACCAACGGCATCGCGCACCGCACCGAAC
TGCGCGGCACGCGCGCCGAACTGGGCCTGGGCATGGCCGCCGCGCTGGGCCGCGGCCACAGCCTGTATGCCTCGTACGAGTACTCCAAGG
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ZCCCGAAGCTGGCCATGCCGTGGACCTTCCACGCGGGCTACCGGTACAGCTGGGCGGCCGL //

(B) PRN4 full sequence 2,753-bp

GAGCTCAACATGTCTCTGTCACGCATTGTCAAGGCGGCGCCCCTGCGCCGCACCACACTGGCCATGGCGCTGGGCGCGCTGGGC
GCCGCGCCCGCCGCGTACGCCGACTGGAACAACCAGTCCATCATCAAGGCCGGCGAGCGCCAGCACGGCATCCACATCAAGCA
AAGCGATGGCGCCGGCGTACGGACCGCCACCGGAACGACCATCAAGGTAAGCGGTCGTCAGGCCCAGGGCGTCCTGCTGGAAA
ATCCCGCGGCCGAGCTGCGGTTCCAGAACGGCAGCGTCACGTCTTCGGGACAGCTGTTCGACGAAGGCGTCCGGCGCTTTCTG
GGCACCGTCACCGTCAAGGCCGGCAAGCTGGTCGCCGATCACGCCACGCTGGCCAACGTCAGCGACACCCGGGACGACGACGGC
ATCGCGCTCTATGTGGCCGGCGAGCAGGCCCAGGCCAGCATCGCCGACAGCACCCTGCAGGGCGCGGGCGGCGTGCGGGTCGAG
CGCGGCGCCAATGTCACGGTCCAACGCAGCACCATCGTTGACGGGGGCTTGCATATCGGCACCCTGCAGCCGCTGCAGCCGGA
AGACCTTCCGCCCAGCCGGGTGGTGCTGGGCGACACCAGCGTGACCGCCGTGCCCGCCAGCGGCGCGCCCGCGGCGGTGTCTGT
ATTCGGGGCCAATGAGCTTACGGTTGATGGCGGGCACATCACCGGGGGGCGGGCAGCGGGGGTGGCGGCCATGGACGGGGCGA
TCGTGCATCTGCAGCGCGCGACGATACGGCGGGGGGACGCGCCTGCCGGCGGTGCGGTTCCAGGCGGTGCTGTTCCCGGCGGCT
TCGGCCCCCTCCTTGACGGCTGGTATGGCGTGGATGTATCGGATTCCACCGTGGACCTCGCTCAGTCGATCGTCGAGGCGCCG
CAGCTGGGCGCCGCGATCCGGGCGGGCCGCGGCGCCAGGGTGACGGTGTCGGGCGGCAGCTTGTCCGCACCGCACGGCAATGTC
ATCGAGACCGGCGGCGGCGCGCGTCGCTTCCCGCCTCCGGCCTCGCCCCTGTCGATCACCTTGCAGGCGGGCGCACGGGCGCAG
GGGAGGGCGCTGCTGTACCGGGTCCTGCCGGAGCCCGTGAAGCTGACGCTGGCGGGCGGCGCCCAGGGGCAGGGCGACATCGTC
GCGACGGAGCTGCCTCCCATTCCAGGCGCGTCGAGCGGGCCGCTCGACGTGGCGCTGGCCAGCCAGGCCCGATGGACGGGCGCT
ACCCGCGCGGTCGACTCGCTGTCCATCGACAACGCCACCTGGGTCATGACGGACAACTCGAACGTCGGCGCGCTGCGGCTGGCC
AGCGACGGCAGCGTCGATTTCCAGCAGCCGGCCGAAGCTGGGCGGTTCAAGGTCCTGATGGTCGATACGCTGGCGGGTTCGGG
GCTGTTCCGCATGAATGTCTTCGCGGACCTGGGGCTGAGCGACAAGCTGGTCGTCATGCGGGACGCCAGCGGCCAGCACAGGC
TGTGGGTCCGCAACAGCGGCAGCGAGCCGGCCAGCGCCAACACCATGCTGCTGGTGCAGACGCCACGAGGCAGCGCGGCGACC
TTTACCCTTGCCAACAAGGACGGCAAGGTCGATATCGGTACCTACCGCTATCGATTGGCCGCCAACGGCAATGGGCAGTGGA
GCCTGGTGGGCGCGAAGGCGCCGCCGGCGCCCAAGCCCGCGCCGCAGCCCGGTCCCCAGCCCGGTCCCCAGCCGLCCGCAGLCGLC
GCAGCCGCCGCAGCCGCCGCAGCCGCCACAGAGGCAGCCGGAAGCGCCGGCGCCGCAACCGCCGGCGGGCAGGGAGTTGTCCGC
CGCCGCCAACGCGGCGGTCAACACGGGTGGGGTGGGCCTGGCCAGCACGCTCTGGTACGCCGAAAGCAATGCGTTGTCCAAGC
GCCTGGGCGAGTTGCGCCTGAATCCGGACGCCGGCGGCGCTTGGGGCCGCGGCTTCGCGCAACGCCAGCAACTGGACAACCGCG
CCGGGCGGCGCTTCGACCAGAAGGTGGCCGGCTTCGAGCTGGGCGCCGACCACGCGGTGGCGGTGGCCGGCGGGCGCTGGCACC
TGGGCGGGCTGGCCGGCTATACGCGCGGCGACCGCGGCTTTACCGGCGACGGCGGCGGCCACACCGACAGCGTGCATGTCGGGG
GCTATGCCACCTATATCGCCAACAGCGGTTTCTACCTGGACGCGACGCTGCGCGCCAGCCGCCTCGAAAATGACTTCAAGGTG
GCGGGCAGCGATGGGTACGCGGTCAAGGGCAAGTACCGCACCCATGGGGTAGGCGCCTCGCTCGAGGCGGGCCGGCGCTTCGC
CCATGCCGACGGCTGGTTCCTCGAGCCGCAGGCCGAGCTGGCGGTGTTCCGGGTCGGCGGCGGTTCGTACCGCGCGGCCAATGG
CCTGCGGGTGCGCGACGAAGGCGGCAGCTCGGTGCTGGGTCGCCTGGGCCTGGAGGTCGGCAAGCGCATCGAACTGGCAGGCG
GCAGGCAGGTGCAGCCATACATCAAGGCCAGCGTGCTGCAGGAGTTCGACGGCGCGGGTACGGTACGCACCAACGGCATCGCG
CACCGCACCGAACTGCGCGGCACGCGCGCCGAACTGGGCCTGGGCATGGCCGCCGCGCTGGGCCGCGGCCACAGCCTGTATGCC
TCGTACGAGTACTCCAAGGGCCCGAAGCTGGCCATGCCGTGGACCTTCCACGCGGGCTACCGGTACAGCTGGGCGGCCGC //

(C) P97 full sequence 588-bp
TCTAGAGCTCCCCAGACTATTACAGAACTATGTTCGGAATATCGCAACACACAAATATATACGATAAATGACAAAATACTATCATAT
ACGGAATCGATGGCAGGCAAAAGAGAAATGGTTATCATTACATTTAAGAGCGGCGCAACATTTCAGGTCGAAGTCCCGGGCAGTCAA
CATATAGACTCCCAAAAAAAAGCCATTGAAAGGATGAAGGACACATTAAGAATCGCATATCTGACCGAGACCAAAATTGATAAATT
ATGTGTATGGAATAATAAAACCCCCAATTCAATTGCGGCAATCAGTATGGGGATCCCTACAAAAGAAGGTAAAAGAGAAGAAGTAG
ATAAAAAAGTTAAAGAATTAGATAATAAAATAAAAGGTATATTACCTCAGCCCCCAGCAGCTAAACCAGAAGCAGCAAAACCAGTA
GCAGCTAAACCTGAAGCAGCAAAACCAGTAGCGGCTAAACCTGAAGCAGCAAAACCTGAAGCAGCAAAACCAGTAGCGGCTAAACCTG
AAGCAGCAAAACCAGTAGCAGCTAAACCTGAAGCAGTAAAACCAGTAGCTACTAAGCTTGGCCCGCGG //

[29 61] PRN 13, PRN 4, P97 ¥+ #¢] DNA @714 4.
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28 5] A 928ud ANaSAY L AAE AL
1. Ay
Ard adjuvant $FEEZ 6F
1) 7IUge 4z afd= /\]54% adjuvantZ 0.1m¢ A o] HEsta HEHRY dF 5 o)A
55 BEEAY.
2) 7Iv= e Zzte] aFERE AAE adjuvants 2ml A 250l HEeta HFUE S ol FFE
2k T
2. A3}
D 7IYUE Iy JHF 0 FEREL 6L 7YY Il HEF F 1493 #AFe A3 6015 BT A
Folo 9% & & #EHA ffkorm UHAE AT
TR Iy 4F
]
No.
1
2
3
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6
3. A&
Adjuvant $HE4 6FF 7Fed 49 Edo] AP sEdd HFAS W 7 kAS Ao=
= =

» Eo B dE

1A A o A w2 F(13H S AAIS 6579 Montanide o]FFHE S3E=2A-S @aev] <y
IS oF et AlPdS ATEHY] T/E deFA4 &1 HEnk Fof blind testE .
AZ-L 1. MonA, 2. MonA+RA, 3. MonA+RA+Fuco+BB, 4. MonC, 5. MonC+RA, 6.
MonC+RA+Fuco+BB =A%t MonA9t MonCE &4 s =@ &5+ ISA201VG, IMS1313

o] At}

np-2 A M = BTl tEH o R Fo oy wtEA A feoldo] AT
ZIUIAgddE 952 FZHA FAAw YR 857 o] #AzH At RA, Fucoidan, BB9 7%
ME Hagtgo] AEHJong THEAHANA GHE FASFHALE HATFS AT F AEE
HA o HEE dojof & Ao ALt 3 Montanide o]FHEZS MA basic media® A&
Ok AAEA MAEre wro g wWAIAZE A =3 o Aot}
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B. bronchiseptica BT FAHFA

[AF] H:A A€ Muco-adjuvant 7§ R A5 FEAAAA &4

il
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S

olw7] ¢

o)

=

Ton
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[e)
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[e)

=

B. bronchiseptica "8

fucoidan

ojn
B
o
Mo
KH

Mo

g

-
A

=
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}

k<)

1

pal
kel

L84

&
pe
X

[e)
=

ey
T

3 BAse

]

=

FbF oz 2nf == 3u) 3
Q

L=,

LSBT
EXIE

A

]

o
il

al

b

% =]
S

al

g

ol
T

|
T
N

oF
_1_mo
<
|
jans

o
=

A ok

=
=

el 7}

ol
-

|
e
NE

oF
ﬂ_mo

|
jand

_94_



O A E o83 B. pronchiseptica B9 A A%
Bordetella bronchiseptica (B. bronchiseptica) 33-< o5
dA oA B. bronchiseptica 39 Eo|%¢l A4S A3

- WA G5 - B, bronchiseptica 3 vElE 1 mg
- WA + ofFHE B+ - B bronchiseptica 3 vteld 1 mg + HMF fucoidan
vtE] g 100 mg

)
o

T2 aEH| QI oA 27 HA R FAE HEFEH o, BEd dHS AFuR
WRE A A2 B A7 A o] &35kt

- B. bronchiseptica 315 ELISA plated] 5 ug/mle] == 100 ul/well & #F3}4
coating 3+ Tt oWl B. bronchiseptica 32 intact bacteria® AFE3}% S ™ Bradford
How oy gFs AAstdh

- e ou SAMS A en 5 - 5 w2 4ste] A7) £4S A e
ELISA plateo] 39, &4 (A=), anti-swine IgG horseradish peroxidase (HRP), substrate
o2 23 2™ microplate reader® ©] &3] 450 nmol A FHEES =A st dA| 7=

) .3 91 o,

08
0.7
E 0; -=-BB + Fuco
E 0.5 =—BB only
= 04
= 03
d 0.2
0.1
0.0 T T T 1
5-3 5-4 5.5 5-6
Serum dilution (5-fold)
a9 62 WASHE Ao HE & dH Ul &Y(B. bronchiseptica, BB)E-0] 41 34| 7}
» A}
- 8% 55 X Emel A Mgl g HE WA + oFUE AL F7
FAK M9 FAL F4E Btk AFHES AAFo A WAFUe] FAY5o]
Z7be AAg s
S ET e B ARA AFEE 1 2o 5465 5 oA BAegon, W
FHEE ok of FAE e WA gFiel sl v st} ¥ Ao
W] Solukgol Aridow A4908g o 4 AT



o] 2l
ah$- 25 o] 43 A THIt AW of
O

Aol AQstlth AEAWGS] FaF AW E-Anre] YL B

-

- 4-657% 2] 34 piglet (10 kg A%)
] A% (femur ®=+= tibia 170)
- el g dehula, e e Adsiel WA F5E wEAAT. g

ZrAHAAAE S @Al dAslon, E4E scapel SHAl oIt AbebE ol

=

Yo % yortexE dto] FFAMEES A ACK lysis buffer® A5 A AT 5
AL-8-3F Tk

> A

- FFAELE AFS F Ao BRAAT A DA AN 5% FEjold Ho] E3hH
RPMI 1640 v v A & AF-8-3FS

- 96-well culture plate®l] 200 ul/well® Y& & ANAEAS FEHE A3t o] 4U3t
Hj ¥ H A2 Az A5 AES A AZ-rte] GREAIF o] &t

- HubzA ol BAuA e A Z Ao A A A S protocolol] Fate] A& g}

0.10 -
0.05 -
D_I:]I:I B R T R ml

Control LMF HMF SF

O.D. at 450 nin

% 63 A EFAE A (D)9 fucoidans AL A glsto] E H &2t &4

45 A
OlE ¥ &-7tule] AAake] =4
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O W2 HMBALE o4 FUE FREDY WAAT £5UY

» ATFNa
- Fucoidan ZZFol4 F&3 2224 Ms_ao] ﬂbﬂ it Aoty 28 =174 3}
= X B €

A48 5 0gd YUage e,

PN

M Jd

i ol

>

H7F dH A Yk 71Ee] ATl A ?io“ﬂl 2

Fadl FASAEA ek fucoidan®] 73 WS &3 vre Xl bk gl
AtgFo]l A& thE fucoidan®] el the A= A LEAC ATk HEo] Ao WmEW

aEApel AR} fucoidane Febale] fRE vk~ HEE w2 e =1

Uebdleh =3 S ] o] A Bl A ztol Ao g Aret A ATbol Ao gk Aol A=

A &4} fucoidan®©] neointimal®] 5 21s A St AFE S AT SHAIRE Ao

thE fucoidan 59 AAAME] gk E3= AF7F wf§ B35 AA ol

- 2 Ao BEAgel met #2E fucoidans WM X AL & I aRE

Hlaskalzl shdch th A9l A A EQD HlA| e A 32 2 a2} fucoidans

Aelsto] wigd - AlE] AEE B Mo|ETI] Aaka A Ve H WS

_ﬁr
AEFEAA L, s

ot 2 g
Mr ool 12 1R
QL

» AEFH

- Low molecular weight fucoidan (LMF, A% A})¢} high molecular weight fucoidan (HMF,
TEA)=E (F)EFT Aol (%, el a)o A A|gHkol A}8-3FSith Fucoidans  Undaria
pinnatifida sporophylls 258 FZ3l9om A T3 mazuleady oz Jelsgl
A zAbe M2 LMFY HMFO] Hir X2 Z+7) 30 kDa and 130 kDaolth. LMFEF<}k
HMF9] A& 21 £ 3% fucose, 20 £ 5% galactose, 2 + 2% mannose, 30 + 3% sulfate> =

A2 FAFSE. Fucus vesiculosusol Al F2 3t fucoidana Al ZLRFA} (A|QIEF-o] 2~ w]=f)o A
Tujet R e At Z (positive control, PC) &= AF8-3FS T Al 1mFAF fucoidan®] <A} &2

20 - 200 kDao]t}.

- BE fucoidane Endosafe® (Charles River, Charleston, SC, USA)E o] 43 =24 AAE
P Wsahe Ao AFE3E fucoidane] #H o) 5%(50 ug/ml)elAl 0.1 EU/mlo] 3=
Atk

1}\]

Olr

4

ﬂHN'
_Hl

> ATt 2 99

H
< g1t (Jang JY et al 2014). 53] HMF+= =2 HYSa34E Ho
AT AN NTEtE = AaF olFHES] FEHEZHo] H F S Ao® JtE
- ¥ A= =8(SCI journal, IF 30022 wxEon 53&YdF At
Jang JY, Moon SY, Joo HG. Differential effects of fucoidans with low and high
molecular weight on the viability and function of spleen cells. Food Chem Toxicol. 2014, 68,
234-238.
535&YHE 10-2014-0093298, =&
st HAAMEY] AE 2 7 S 2HE M WS AE 2A4=

¢

—

WA FET, AAD, wHe) B3 Faolw
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O wl¢& HAZAAEE o] &3 o|FHE FEHEZY HIAT 2543

OJFHE FREFE Ao wE nAFAxe] AEE WIS dotry] flal MTT assays

T3t

» AU

nh-- 2 WA O] F ]

- ol stglE el mE WAAAEE Edstdt bl Vlsst, vhe-2 ngE wolu
A EdE olgstol A4dTE ST

EYA oz FHAIA NGAEE 4 F AL
40 um cell strainero| & IAA A E

- HAAEE Wi Fatr] f18] 10% -Hotd A,
16400 A& HZ A w Fui A 2 ARE-SFA T

mM L-glutamine 5©¢| #7}¥ RPMI

» AL AETEH F4

- HZANEE 2 x 10° cells/mle FEZ 96-well platesel 200 ul/well® 9 3 Ex}o)
M2 UE fucoidans A ste] 3L wigstaitt AEsE S Hosh] f18) MTT assay &
AT

LA =
E 0.8
= 04 -+ -1 MF
= ——HMF
o

OD T T T |

0 2 10 50
Concentration (ug/ml)
19 64. 2% fucoidan®] WA X AEE/SA 3t st 3} PCi= positive control &4

Al Z1vpAL o] unfractionated fucoidan, LMF (low molecular weight fucoidan)®t HMF (high

molecular weight fucoidan).

» A

- BE fucoidan®] FEolEH oz nAM I B4 ZIIAATL E3], HMFE th2
Faolgts vluwste] Wl ¥ £E9 AXIY AFEAE e

- w}ﬂ‘r/ﬂ HMFE AXAEAIZRE B AANLE H3sty o= NIRdes =72
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O w2 HAMNEE o] &3 o|FHE FHEZ
WA E o] AEAIE ] ge of 7

) IE gotr 7] 9 FF A2 Annexin
V/propidium iodide (PI) @& AA|gt & MEZE F+4 3%

=2}

H
g MS E3 gpoptotic cells (XFEALA ) EA
- HFAEL] AETH Y3 Folte] s ol ] 9ste] 25 ug/mlE =2l Hoechst
33342 fluorochrome®} propidium iodideE ©]-&3te] A& GAsAT 2 & FFAn| 4
(Olympus Optical, £3, 4i)S o] &ato] FAsAT A AxzoA o] M wists
HHE F AdAReH, A3 FEo FEA A P e A7y AETE A E, AHALS

AE, B8 AZE Yepd,

ol

)

Annexin V/PI 94 & fFAHXEFA

- B A EE 6-well culture plateo] 2 x 10° cells/ml®] ¥ E2 P& %

HMF $3o|d& A8k F 23T vjgatddth MEES Ad e g4

A ATE AEZ ZEALeE LS BT st AlZALE EA48H7] 9l8ke] A& -2annexin
V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) 7]E (Life Technologies, V] = )%
A o A ALY AFEHE Wkt

- Annexin V& A A EF W9 phosphatidylserine®} Eo]& o2 A3t} v EFE = g]o}2]
AETANE F43817] 918k 10 ug/ml rhodamine 123 (Sigma)= A 2]gF & 303+
3k & FACSCaliber FA2E471¢  CellQuest software (BD biosciences)=

3

Aol A Hl

%
JEEEEE

i

[«

% 65, HAAIE g tE ojFHE FHREE] a3 24 ()



NC PC LMF HMF

o
10*

10 102 1
107

FL2:H
FL2.H
10°

10"

o0° 10t

= H | -] B a 3 '.'.-
Bt L LU R L T R LT A R At TR SRR
FLI-H FL1-H FL1-H

Annexin V-FITC
B
NC PC LMF HMF
5 76 5 295 93} 218 7| 385
_A..‘ '
Rhodaminel23

a9 66. A, AFEE ZALE A XE (upper left), $7] AEAEALE A X (uleper rlght) /‘CEZH]_L
(lower left), %71 *ﬂix}“ﬂ/\}-ﬂ /‘?4 (lower right). B. nEZ=g|o} o R MFI,
mean fluorescence intensity)

» A3}

- M)A AETH U 30w g

D HFIANE B u AL dAAE)S B3 A3 LMF9 HMEFE B EA 9
AEsEd g8 A= o 295 et (19 65). gxadAs MEAEA e
AEIALE onfste FaA o] dls ke v ARETE v SR E T PCS LMFO] A=
FAamel dlg zh= vAARES 5 FAAZTL HMEFS A8 e v gA o= ASHANEE
ongleE FEAME e IS x93 A E7F g BFEAT

- A E Aol tigk Fatolwke] Jat

D AA A= HAAEE REST BYS 275 E Mo|E)ele] BulHT FHAu 51
G A Z o= F5ebA SRR Ak AlZadArE g Enh PCE A e g A Lol A=
F7] AZAGAE S7he v, LMEZF A2 € 45 AAF AlE F7F Srtsk AT ahA

HME7} A2l | vdAze s BEAES] vl &o] vfg =4 #FHY. fEZ=g ok
M FEAFN A w9 F23 IS &= Aow deJAd o] rhodaminel230 & A|ES A &}o]
dEstA T MEAA T AEZAEAZE G EG Qs AE] mEZEol Ho] A=
AENEZHY 2 FA 9 HMF7E A2jd Al A mEZ=g ol w97t | 48]
Z7kste] 7 E9H AE BREadst JdeS o ¢ AATh
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O TH4= HFALE o §F AFH

THEZAY WARF a54Y
S1E H &-7Fvl o} nitric oxide (NO) H Q3 &
E

q %5

x|

AFHE FuBA W4T B S 98 BAseh
> 2F

I E-vl (IFN-y) A 54

- BAANE7} 238 B AMEZE 96-well culture platesel] 4 x 10° cells/mls =2 E 11
fucoidan 5< Z+7F 50 pg/ml B =2 AR e T 497F wgFatedct CytoSet™ antibody pairs
(Life Technologies)E ©] 83+ enzyme-linked immunosorbent assay (ELISA)E &3}

FF R AolEFS wEE SAHAU

NO Ait= 54
- MEMY FFTHY NOFSEE 54317 8l Griess reagent (Sigma)E Al-&-3t3A
A EE 4 x 10° cells/mle] FE2 wgstg om, 2+7t 50 ug/mls %9 PC, LMF, HMF <
Aelstdtt 49 o w g & P%—O S NOAALEE =A o] AL&3F9 T}
A B
2,500 - 15 -
= 2,000 - 2.0 -
5 =
= 1,500 -~ a 1.5 A
==
E' 1,000 - S 1.0 -
~ 500 - i 0.5 |
0 j 0.0
LMF HMF _ HMF

a9 67. B AAEY S HE-7ute} NO9 Aol o3t fucoidand &3}

» Az}

- M2 v ZAFS fucoidan AP IFN-y A4l 3lof A2 g Z3E vellth PCs

HMF= IFN-y T35S $7H#H 2, 53] HMF= PCel Hl& 2817 W= &39%5 etk &

fucoidan Aol whel v A o] dg HAMo| BT A S S7HA7I=H 9

Apdstd ZakE vER AT

- NOE tl A Az e} 224 2 9}
Az 2xe Aol 9l

A= HYAE AFEAT=
A A A E 2] NOWA &
Zth webA, HMFE 8] A 2ol A
A5t= ZEs WA TEdR 2gste

—1- = [¢] AT |
o = -
e B
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» M

- A2 A RFEH FHopAotol A A F o ALRHO ST HeFe &5 9] ginsenoside”t
SrfrEodom, H Z2F R &% A7 o] FolA A gt

- 1% ginsenoside (G)-Rpl< &4 aye} dAFadE 2o e Aoz dExzon, 53
oA ol aztel dMEe] AR D AEAIA G2 e H Y G-Rplel WA E
e E3e w9 AFHoE AFH =, 2 ATdA s FHAA Tl Ao
HAFAMESR] FAGAZA G-Rple Agste] Z4E W7l sel gt 43S 4k x
Eig=d

> A

b2 GRS L, B A ] FH

- olv Y el wet FFAEE BEd F vjgstdh keEFe] 71Estd, vl
femure} tibiaZ &3] FFAELE Ail, GM-CSFE 10 ng/mle] T2 A2 & 6-10L7t
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AA A5 Bl LS 93] mixed lymphocyte reaction (MLR,
. , Balb/c wh-¢-2=9] B AAEE 2 F sl
AR&8EA AL, C57BL/6 mh-229 M Edl A2 3

ell Counting Kit-8 (CCK-8) &5 % il microplate readerg A}-& 3}
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ol

e
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il

allogeneic
Wyl ek, o
450 nmel A

n:lo{' 2
od

Aot webA FgAS FA FosteE 55 EFStY ‘i’i"—%%ﬁﬂl A o] 7 e v
- B A= =8(SCI journal, IF 25)°] submit = <l.
Moon SY, Joo HG. Ginsenoside-Rpl activates the function of dendritic cells wa

up-regulating the production of interleukin—-12 and antigen—presenting capability. /n submit.
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" 68, FAGAEeL WAL AEE = G-Rple] &t

» A}
- G-Rpl v ZA x| dutd o=z &8 Wojrmy] HbH,

2 R A Eo A= 0.625-2.5
ug/mle] TEHS A AXSTAS ASAF T

ol
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OJIII H
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a9 69. FANMEY IL-129F NO A2tke] t)d G-Rple =3 &7}
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O oJFHE FTHEAZXN B. bronchiseptica F9° WA= 54

» ATFNa

- Mycoplasma hyopneumonia (M. hyopneumonia)= 2rQ&A&oA 2o Fa3 ArEAS
do7lx g A 557|232l enzootic pneumoniall W<l olt}. Bordetella
bronchiseptica (B. bronchiseptica)= XA atropic rhinitisE ¥do7]= T8 A
shitolth, o] 2 Q3] A sl = FAE T4 AGE AR A e A A A

€48 4u gtk BEE B celle] AT BT ol RolH e Faolth FAE A4S B
cell& ofe] ©Ae] B3 HS AA memory B cell 2 #IHATh @ FAE Arss

plasma cello] W, o]Eo] #H]|dt= &A= WA AANA T3 IS st

- o] el AT, M. hyopneumonia®l WA U A WElE o webA M. Ayvopneumonia
AL A 2F g A =g o] AA” M. hyopneumonia 3 © ddE STHAE T

]

A= oFHE 2o digd A7 £ o destdoh =8 o

bronchisepticas olTFHE gflo] G502 % WAAE gt

= BAHJT. A gdEo 2y NS AL E E5S

7] e = A e

- X Ao M= M. hyopneumonias WA Xl At & AHEX=9] B bronchisepticaZs
ﬂal"??}c’% B. bronchiseptica®l 1TFHE T89S dolr iz} stqrh. Al WA 22l

A 3o

rob

TS E M. hyopneumonias A Elstil, A HX9 B. bronchisepticas

[e)
ﬂﬂﬂ‘ﬂ Hi ket & Aol AFEE % immunoglobulin G (IgG) A4t} & 752 <l
HetES MEFTAdA v, AT
> WHAEY ]
- M. hyopneumonia= (—7—)%0 WA AN XN, B, bronchisepticay (F)aLe]n] s o A A
ol AbR3 it o] 58 bovine serum albumin (BSA)S standard® &to] vl dAde=ks 3

# Aol A8

. bronchiseptica 395 ©]-&3te] M. hyopneumonia
= 23t 53] B cell immunity$} #HEE IgG
2}A B. bronchiseptica 392 WAl o2 V)5
= 29t o FHES THEZ H F dS AR JdgH,

A5 AS BACl T F g AFWAL AL FFHe molFEw

o

ol\

NS

>

N
orr -

%) _E b
=) —Vi &

Lo e

Nﬂﬂgﬁog
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O mt¢x FFAXEE o| &3 B bronchiseptica 9 BIxF 2523
B. bronchiseptica &3} M. hyopneumoniae {2 Ao W& FFAM Lo HES HIE
ool B 7] ¢el MTT assaysS 53 Flc}.

> A

R R ELIE

- ol SE WHol met FRAZE Resgnh A3 JEdu, vhes A FIL
THBe Aol BRALE A& F AWFEY 9L olgdte] 4ATE

&
5
m cell strainerdl] T3A|7A GLdAMEZE 253

171 18 5% FElotd A 5ol H7He RPMI 164081 A1 & AF-&31 3]

ofo
i
>,
o,
[JEp
AN
(e}
=

i
=
o2
Ol

A58 njes g9 )
- ol syE Yol Wt GHS TStk 1l @ 2F Ao oM FUS
AEam vl s A2 AAete] Bolg de F IWe AAsw WL Lsnt

Axe AEsE =4
- ZFEAEE 1 x 10° cells/mlo] 5% = 96-well platesel]l 200 ul/well® 2S 3 A/
hyopneumonia @93} B. bronchiseptica 39S gl 44 7F vjstdt. AETHS

H7tal7] sl MTT assays A A 3t}

e

== ontrol
=-BE 0 4 ug/ml

0.5

0. 1. at 570nm
o] [ L]
| ] Lid s

= 2
D =

0 0625125 25 5 10
M. hyopreumonia (ug/ml)

a9 71. M. hyopneumoniae 399 sxol W& B. bronchiseptica (BB) &2 FFAX
AEE/EAd st gig 53},

» A7}

- B. bronchiseptica &l 3] AE&/AA 3t B oF it Srtstd o, 794 Ao+
ARtk webA B. bronchiseptica @92 ZT A XS] AEE/Edste] HAYE &S v A]A
=t 3 M. hyopneumoniae 9% FE57 o] wE g2 Ho|X| okt

NO AAtE %4
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- AEu AEde] NOFsEE =4317] 98] NO detection kit (iINtRON)Z A}-&3}9] T
¥ 1 x 10° cells/mle] %2 96-well platesdl] 200 ul/well®d ©9<& 3 AL

=T A|
hyopneumonia 313 B. bronchiseptica &9 A 23te] 3U7F v &ttt o] 5 &S

NOA A S ol AL 48191t

BB bronchiseptica X
OB. bronchiseptica O

Nitric oxide (uM)
L T o e = ! N ]

0 0625 125 25 5 10

M. hyopneumonia (ug/ml)

a9 72, ZFEAIEY NOY AAabsol W3t B, bronchiseptica 343 M. hyopneumoniae 34

H =
ATt B. bronchiseptica YL L FZoA, M.

= s NOAA S S7HA 1A

- w$2%= PBS, M. hyopneumonia, B. bronchiseptica, M. hyopneumoina + B.
bronchisepticas JE% 4 1502 o] Aol A&t 27 AR 23] HEsI o
v ) S|lvith M. Ayopneumonia= vFeld 10 ug®l, B. bronchiseptica= v}FEl3d 5 ug®l HE
. F oA HES @A 2% He) on P Wl web L RSt e

o = =
%S s e AAstel dolg de F AL ANy ARS

=12 =

- B. bronchiseptica 393 M. hyopneumonize F94L HZ3 nt929 4 W [gG &=
43171 $13] ELISA 7|HS o] &3ttt 5ol Al Ao Aikds dolr 7] 93] 7+7
M. hyopneumonia 39 (A)3} B. bronchiseptica 394 (B)<S 77} coating3dte] 23S 3313

7.
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4.0 40 -
A_35 B 235 - ——PBS
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D I:I'O 0_':' T T T _'.' T _|".' i T L =

3 5-3- 5—-1 53 5-6 5T -3-8 5-9 5-[3

Serum dilution (5-fold) Serum dilution (5-fold)

a9 73. A. M. hyopneumonia 5°]14 <1 A AAbsF W, B. B. bronchiseptica 5] % ¢l

A Ak WL

» A}

- M. hyopneumonia 313} B. bronchiseptica &< St 5
FdAds dmo w2 HFe Aol vl M. hyopneumonia 5°13 <1 A kel F7hstd
W&l B. bronchiseptica 392 B cell immunityS S7FA# M. hyvopneumonia <] o3k

AAd wele 3% Ao FHHT
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[13 5]

1. AFuH

O Axdgld OmpA 7|¥ 0|53 Y If Az
7}, ARSI

drme g ARdd WoF T

il

= Ao AEEH Tl Febav|Es ot #el 2 A fFA vdY ddedd
Bordetella bronchiseptica 55 Abgste]l =UoA 71 o] EYH A= F 714
pertactin type(1-3a/2-7a, 1-3a/2-8b)9] ¥ 5 A}&3t¥ o, vlolmZe=upyd FHo] A0
Q1 Mycoplasma hyopneumoniae w55 A&3tAtt. olFdY TF AxF ZFH2v==
pJYTHOL1 vectorE Abgstiom, Awdlel WA= Sa/monella Enteritidis daroAdompA W
o]F¢l IVK BOIMI121S #|2tate] Al-&33d o)
%23 2 AFoA AMEE T 2 SEav s
Strain/plasmid Description Source
Strain
E. coli
F ®R0/acZAM15  AllacZYA-argF) U169  recAl endAl
DHba o i B Lab stock
hsdR17(r ;my) phoA supE44 thi-1 gyrA96rel A1\
BL21(DE3) E.coliBF  dcmomp ThsdS(rs mp )galA(DE3) Lab stock
IVK B0O3MO027 BL21 with pET-P1 This study
IVK B0O3MO028 BL21 with pET-aP2 This study
IVK B0O3MO029 BL21 with pET-bP2 This study
IVK B03MO024 DHb5a with pJYTH-PlaP2 This study
IVK B0O3MO025 DHb5a with pJYTH-P1bP2 This study
IVK B0O3MO026 DHb5a with pJYTH-R1R2 This study
Salmonella Enteritidis
IVK B01501 Salmonella Enteritidis wild type Lab stock
IVK BO1IM120 Salmonella EnteritidisdaroA This study
IVK BO1IM121  Salmonella EnteritidisdaroAdompA This study
IVK B01M122 IVK B0O1M121 with pJYTHO1 This study
IVK B01M123 IVK B01MI121 with pJYTH-PlaP2 This study
IVK BO01M124 IVK B0O1MI121 with pJYTH-P1bP2 This study
IVK B0O1IM125 IVK B01MI121 with pJYTH-RIR2 This study
Bordetella bronchiseptica
IVK B04135 Bordetella bronchiseptica wild type(Pertactin type(1-3a/2-7a) Lab stock
IVK B04137 Bordetella bronchiseptica wild type(Pertactin type(1-3a/2-7b) Lab stock
Mycoplasma hyopneumoniae
IVK B00022 Mycoplasma hyopneumoniae wild type Lab stock
Plasmid
In vivo inducible vector containing Salmonella promoter Sseg ]
pJYTHO1 This study
gene
pET-28a IPTG-inducible expression vector; Km" Novagen

L}. Polymerase chain reaction(PCR)
B. bronchiseptica®l DNAZ F%3te] F 7}A] pertactin type(1-3a/2-7a, 1-3a/2-8b)e] W4
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A epitope P13 aP2, bP2 FHAE 27 SH3N o, M. hyvopneumoniaew adhesin
PO7R1, R2 #4#E SFsdtt. & Adel A& Zeholm= offe] #eof ok PCR
solution= Z+7}e] 50-200ng DNA 1pl, 10X buffer 5ul[50% Glycerol, 100mM KCI, 1mM
DTT, 0.5% Nonidet P-40, 0.5% Tween 20, 20mM Tris-HCI(pH 80) 1mM PMSF], 10mM
dNTP mix, 10pM primers, Solg'™ P#-X(2.5U/ul), 10% DMSOZ % 50ule] &S Ap-ga}

2Ath PCR ¥FgZA2 94T A 4% initial denaturing 3+ %, 94C°ﬂ A 45z, 52T A 45%,
T2CoNA 23 45% 2 30 whEslo] 72T oA 83 extension 3F3ATh.

¥ 24, 2 AT AFEE PCR primer.

Primer Sequence (5'-3") Size(bp) Enzyme site
P1_LF ACCTCTAGACAGCGCGCGACGATACGG 150 Xba 1
o P1_.R AATCCGCGGCTGAGCGAGGTCCACGGT Sac 10
Pertactin

P2 F ATAGAGCTCGGCGCGAAGGCGCCGCCG 170 Sac 1

" P2 R  ATTGCGGCCGCGGCGGCGGACAACTCCCT Not 1

R1_F CGCTCTAGAGGGATCCCTACAAAAGAA 279 Xba 1

Rl R1_.R GCACCGCGGGTTAGTAGCAACTGGTTTTGC Sac 10

T R2_F CTCGAGCTCGAAGGAACTCCTAACCAA 137 Sac 1
e R2 R  GATGCGGCCGCGGTAGTTGGGCTTTGTTG Not 1

PCR<= Zt=2v = pGEYHO01(5,087
bp) DNAZ A3t Al ﬂﬂb‘}oi insert¢} vectorZ 4| s} I L da=
Z+7k o] 2-400ng/ul DNA, 10X digestion buffer 2ul, Ist enzyme 1lul, 2nd enzyme 1ul,
ddWaterE Yol & 20ul9 RS 37ColA 247 =<k Higstgtt 243 insert$t
vectorS T4 DNA ligase(NEB, UK)¢} &£33le] 37ColA 30% &<t w3 5 E. coli DHb5a
competent cell?} &35} micropulser electroporator(Bio-Rad, USA)E o] &3¢ 2500VE A
715 A% 718k th 71 th 1ml Luria-Bertani(LB; Difco, USA) brothell o] 37ColA 1A13F
o w3t % 100ug/mle] ampicilline] X3 LB(Difco) plateo] vjFed 100pls =313t}
Platex= 37Coll A 16417t &<t wiFst & A E colonys AWsto] Aol AL&stioh.

o
offt
o,
ol\

32
_:L i
[

2}. Sequencing analysis

Double digestione &3 0¥ FAHAIANE XMEse] HA7IAE dlolg #4A(Cosmo
GeneTech, Korea)S ©| 3 A3} PlaP2, P1bP2, RIR2 A A7} pJYTHO1 ®HE ] Atd A
S SR o, 7 FHRte] d7IAE Eg NCBI database®} 99% ©] |3}t
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FZ3le] 99t Td3 WH O 2 micropulser electroporator(Bio-Rad)E ©]-&3te] SE mutant(4
aroAdompA) competent cell WE integrations AAEt FH]¥E SE mutant(daroAA
ompA) competent cellE 0.2 cm cuvetted] ¥il Z} Z#2v= 0lugyd 4& F Bio-Rad
micropulser (Bio-Rad)¢] Ec2¢l wz} A7|ZA<S 718ttt 7 oS 1ml Luria-Bertani(LB;
Difco, USA) broth®} £3%3le] 15ml round tube® %7 37ColAl 1A17F H<b w3l 3

Q)
b sk vy = AAFE colonyE AWEte] SEC] DNAE FE3 5 d7IA4E &4

(CosmogeneTech) S &3l o|T&dY df AxT Aude Ho|FE HF A

Pertactin gene P1 P2 ar | P97 gene | R1 R2
5580 L o
promoter FBS |— GHiz-STOR .\
pJYTH-P1PZ2 or R1R2 Amp

AraCi-)

I

Integrate into Salmanel/z Enteritidis chromaosame

Y 74, o] EF LS = A Arda) HolFo mAL

[e)
A EEL 657499 BALB/c 97 w92 (Orientbio, Korea)E ©]-&3}

IVC Rack(MVCS; Threeshine, Korea)olAl Ab&3tdom, A8 sE9] &84 AHES 938 3R
Ao wel FEAES FdFAt £, RE AP sEdUstne sEAFEE A3
A A el whek AAISHATHE 7P E KW-140416-2). & w3 57tE] o] mh9-~8 A}
atslon, 77te] Wolgd s wdshs of53) AR wolFg v A W HAeR
HTshdt HE 4N ANEe S99 34e Fdskiy A7 Fole vhes vk

PBSe| &As HEN 100 ul(l x 10° CFU)E zondeZ HEFH I, B 4FAE uf$2~ 1nbg
2 PBSZ A8k #d 20 pl(l x 10° CFU)E pipeteo.2 o319t x2S PBSTHS =9
@& Fow Folatglt.

ik Ok o Q
—
0 14 28 42

Days of post-injection

iy Blood collection w Vaccination

- 111 -



a9 75 WA HFol whE vhLelA Wy | dAR

Ab ELISA

ANz Ardet WolFo mhgx HFo] mE Adg He @ Huwy fx= S35

7] 9138} indirect ELISAE A A]& T ELISAC o] &% 2 80%A 15687+ €A
okmsl  Amadgl Wo|F(AaroAdompA)e]  whole celll x 10 CFU/mDE  ©]-&3S]
MaxiSorp 96well plate(Nunc, Denmark)e] SE whole cellS 0.05M sodium bicarbonate
buffer(pH 9.4)°l 1:2002.2 3]A sl 2} welld 100 pl® &3 5 4TAA 167244 3F &<t
FH3 F PBS-T(0.05% Tween 20/PBS)E 3W A# 3tk 1% BSA/PBSE 747+e] wellol
100 pl& -Erzfsl o 37CoA 2413 &<t blockingslal PBS-TZ 3W¥ Al &3t} npg-~ &3
2 E¥ AEE 01% BSA/PBSE Ald 3]4]ste] 37Tl A 2A17F &<k vH&-& ¥ PBS-T=E 3
Mo A o}},\l’/}. 22 SAlZ=E  goat anti-mouse IgG  horseradish peroxidase(HRP)
conjugate(SouthernBio, USA)9} goat anti-mouse IgA HRP conjugate(SouthernBio)& Z}7}¢
PBS-Tol 3435t 100 pl/well® H7bsk & 37TColA 1A &2t vES3th 7|d =2+
tetramethyl-benzidine(TMB, Surmodics, USA)& 100 pl/well® 3 7}sto] Ao A kg &

2N H:SOsE5 100 pl/well® H7beto] wkg-& F@stdtt 450 nm 3ol A F3=(O0D)E =73

stRom, A e 7lE OD 0.15Y 2 3ts A97HE A=t S A4 42 one
way ANOVAE o]&3st o, ELISA A¥+= p value < 0.05%0 A5 #FAdol e Aoz
AgstAh Fodol AdAE = A5, Dunnette] thshlugd g S FrH o2 HAAste] o+ 79

Apol 5 MLkl

2. AFAR
OME AT OmpA 71 1 FFY FH AZF Fehavs R HRAY WolF TF
. OERAS WANE LA AET FE ALl WolF 7o

S. Enteritidis IVK B015015 42 2 A-red recombinase system< ©]-83}o] aroA 4%}t
7F AAE of=mst Arddt Wo|FE AlFtstl o, 2 WHOR ompAd FAAE FUIE A
Astel SE (daroAdompA) double mutantE A&kl ow, IVK BOIMIZ2IZ W93 & 5
lon protease®} ompT=S F71= A AT Andel ukA 2 ALgslr] 98] JIdE e o5
Heol 23 Tt s wAE s AR ARE.

Kb

1.5 —

29 76. SE aroA:KM cassette PCR Z3}. Lane 174, aroA:KM cassette gene; 5, aroA

gene.
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a9 77. SE aroA 2FA] ¥o]F9] colony PCR &<l

1 2
Kb

1.56 —

a9 78. SE ompA:KM cassette PCR 23}, Lane 1, ompA::KM cassette gene; 2, ompA
gene.

198 79. SE aroAompA AHA] W o]lF9] colony PCR H<l.

v 54 3o FHx FF

B. bronchiseptica P1, aP2, bP2 Z1¥]3l M. hyopneumoniae adhesin P97R1, R2 FHdA=
long PCR& Ab&3te] S&stal o, AL&¥ Zefolu = ofefe] %9 o} PCR solutions 7}
ZFo]l 50-200ng DNA 1pl, 10X buffer 5pl[50% Glycerol, 100mM KCl, ImM DTT, 05%
Nonidet P-40, 0.5% Tween 20, 20mM Tris-HCI(pH 8.0), ImM PMSF], 10mM dNTP mix,
10pM primers, Solg'™ P#-X(2.5U/ul), 10% DMSO= % 50ule] &3oe A& irh PCR
g2 712 94Tl Al 4% initial denaturing 3+ §, 94Tl A 45%, 52 ColA 45%, 72Col A 2
T 45% =2 301 wHESlo] 72T oA 8 extension 3}

19 80. B. bronchiseptica Pertactin P1, P29} M. hyopnemoniae P97R1, R2¢] PCR % #ZA
7}, Lane 1, 1IKb DNA Ladder; 2, PRNaP1; 3, PRNaP2; 4, PRNbP1; 5 PRNbP2; 6, P97R1; 7,
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Zelzu= pGEYHOL(5,087
bp) DNAZ A3t Al 74316‘}04 insert¢} vectorE WGt 2 W e Sy Zr
Z+7k o] 2-400ng/ul DNA, 10X digestion buffer 2ul, Ist enzyme 1lul, 2nd enzyme 1ul,
ddWaterE Yo & 20ule] EgHE 37ColA 247 Hob ¥kttt A 3= insert9t
vectorE T4 DNA ligase(NEB, UK)¢} &£ 3le] 37ColA 30% &<+ WS-t ¥ E. coli DHba
competent cell¥} &3}+3}o] micropulser electroporator(BIO-RAD, USA)E o] 83}o] 2500V =
715 4% 7Fekth. 71 v 1ml Luria-Bertani(LB; Difco, USA) brotholl @] 37Cel A 14]
b Zob vkt 5 100ug/mle] ampicilline] Z3¥ LB(Difco) platee] ®jFed 100plE =43

Atk 37CAA 16A17F &<t vl & AAHE colonyE T2 = Aste] Ao AFE3FS

Kb

0.7 —»

9 81, A EA Xba I# Sac [E o] &8 A% Zg~n= <l Lane 1, pGEYH-PlaP2;
2, pGEYH-P1bP2; 3, pGEYH-RIR2; 4, pJYTH-P1aP2; 5, pJYTH-P1bP2; 6, pJYTH-RIR2.

Z}. Sequencing analysis

Double digestionS &3] &<ld FAASANE AWt H7IAE dlolE #24(Cosmo
GeneTech, Korea)S 9# 3 A3 PlaP2, P1bP2, RIR2 4 =7F pJYTHOL ®HEd] Add A
S shelatg o, ZF A d7)d =3 NCBI database®t 99% o)A ¢ x]a}9lt}.

-

. g} ol wWolakel iy 9 g
7 &8 & wd sk p]YTH-PlaP2, pJYTH-P1bP2, pJYTH-RIR2 Z&t~n=E ofk gl
F(SE) W= JAHeA ] F g #d 9 #H] ofFE SDS-PAGE®}
= S Flstdet. 1 A3 BRE A AR WolFolA FA 3k iy
o] & o]Folx ow anti-His antibodyZ ©] &3 western blotol %= &2 3+glo] F213 wi=
£ galstA ). (rP1aP2=49.2 kDa, rP1bP2=49.2 kDa, rP1aP2=52,7 kDa)
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M1 2 3 4 5 6 7 8
kDa =)

— S
56 —
5 — . gsgs

- =

-~ =

T

a% 82, olFFAS Wiste Arddt WolFeo XY Id % AL Lane 1, IVK
BO1M123(P1aP2); 2, IVK BOIM124(P1bP2); 3, IVK BOIMI25(R1R2); 4, IVK
BOIM122(pJYTHO1); 5, IVK B01MI121(Salmonella Enteritidis aroAompA); 6, purified Pl1aP2;
7, purified P1bP2; 8, purified R1R2.

Ab mEg-2o A o] Al B WA Ut
del WolF wMAls mhes A 9 HFo R HFste] of TUXE
27 AESEA] 100%9] AEES YER
A W Salmonella—specific IgGe] A7}
T Hellv BE oA dxawt ‘IT/\]'d' o
o] A7V} F7tet7] A Aete] HE 42
doll= dxad vHustds W of 128 o]dY =& FAE dEHEd AurE IVK
BOIMI21(SE AdaroAdompA)S &3 2 FE 28LHFH tiz=wtol nvlal oF 28] o] <] wj-¢-
> FAVEE BolH FYAQl AolE WEFITHP<0.001). ¥EHC IVK BOIMI122(pJYTHO1)
o] A BE oA tExzaH AR v FEo AUE YErT v JE AdeE AT
gl JFstr] dolle BEe dolA dixad fARgE dA7EE YEEARY HE F
WA JE e FAZE STke] AlFbste] HE F 420l tixRa ) Bl ls
o =& 5o dAVIE yEdTY 53] IVK BOIMI123(pJYTH-PlaP2), IVK BOIMI121(SE 4
aroAdompA)S FF3 & HF 4240 izt HlE] vl$- = FAIE Holn fox9l
2ol & YEFWTHP<0.01, P<0.001). AT A HF A2 W& Salmonella-specific IgG 3
A7V vlaetd A Fl vla) Bl Fol el Hls) o a2l FAME FET
w2 & Ul Salmonella-specific IgA &A1 A3 T3t A+ HFo vld] b7 HEol ¥ &
HAQl WHHkgS FEdth. 2y vk~ B9 U Salmonella-specific IgAE 47 A F 0]
g zte] Hs

whg-2e
|
=

18 o
)

o
=
3 2 o =A eyt § A¥E S, drdest Uk E o] 83k
FS Az A A o] in vivo WA 2="o] v A ufg &

b2 3
Eea 2

=
)

(o]
fr
ne)
19
r]I.
olo
o
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e

104

B Control (FEE)
B IVEE BOIMIZ3
BE IWVEBOIMI24
[m IVE BOIMI125

] IVE BO1M122
ER IVE BOIMIZ21

Serum IgG (0D 400

Days of post-infection

BE Control (FES)

B2 IVE BOIMI123
= IVEBOIM124
M IVEBOIM12S5
EE IVEBOMI2Z
B [VEBOIM1Z]1

Serum Ig3 (ODyy) 0

Days of post-infection

19 83, AFT SE WHolFol st np9-~ &3 W Salmonella-specific IgG levels. (A), Oral
route; (B), I. N. route. Mice were inoculated with SE vaccine strain(IVK B01M123™5) or
vector strain(IVK B01M122) on days 0 and 14. Samples from five mice were collected at 0,

14, 28 and 42 days after primary immunization.

A B Centrol (PES)
a g8 IVE BO1MI23
Qﬁ B IVK BOIMI24
2 [ IVE BOIMIZS
é R IVE BOIM1IZZ
: EE IVE BOIMIZ1
&

Days of post-infection
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w

Control (PBE)
IVECBOIM123
IVE BOIM124
IVE BOIM125
IVK BOI1M122
IVE BO1M121

ARENRE

Senam IpA (ODy)

Diays of post-infection

a9 84, A FZE SE WHolFo thgk w2 dA W Salmonella-specific IgA levels. (A), Oral
route; (B), I. N. route. Mice were inoculated with SE vaccine strain(IVK B0O1M123™5) or
vector strain(IVK B01M122) on days 0 and 14. Samples from five mice were collected at 0,

14, 28 and 42 days after primary immunization.

-

Control (FES)
IVE BO1MI123
IVE. BGIMI1Z4
IVE BOIMI125
IVE BO1MI122
IVE BO1MI121

Fecal IgA(OD 4)

Days of post-infection

B 05- e
Control (PES)
- IVE BO1M123
‘:? T I ] IVE BEO1M124
] VK BO1M125
% g VK BOIM122
Hoop2- 3 INVELBOI1M121
by B ;
.
0.0 LA %

Days of post-infection

a9 85, A FEF SE WHolgo thet vpg2~ B W Salmonella-specific IgA levels. (A), Oral
route; (B), I. N. route. Mice were inoculated with SE vaccine strain(IVK B01M123™5) or
vector strain(IVK B01M122) on days 0 and 14. Samples from five mice were collected at O,
14, 28 and 42 days after primary immunization.
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[2¥E] A

O FANAS kA HF

tol 5% Azl 2t sulelel B HAE

3t7] ¢3S

!

3 26, ¥ 86, 87).

glol A aFdrk(

~
=
)

T
o

v

o
o

¢

)A
Mo

p—

<
=
!

21

o

2 dose

2vte]

Group 1

21

2 dose

2nte

Group 2

21d

2 dose

2vte]

Group 3
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& Uy
I[AEEN HE ® MHE MY 2
14-06-2:

i ‘
|[NE%d &5 @ i A | o520
14 0624

Al HE A Ad 1 Al HE d Qg 2

(2014. 06.24) (2014. 06.24)

3o NN X FE AT
4-06-24

SEEREEEE AR 2EE £

(2014. 06.24) (2014. 06.24)

a9 86 AFWMA HE A Ad 2 13 HE
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Y ANEHA 201 B35 AR 2-1)
14-07-08

Algaal 2 (22 H&) - 2014. 07.08

Hab AIEMAL 321 ¥5 A™ 3-1)
4 14-07-08 ‘

AldEAl 1 23 HF) - 2014, 07.08
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O YA HEL&WMAS wte =

SI et al., 2013)7% liposomeg H| &3+ 7
1:1]_ 01 =] Aﬂ _LE}\—]

o]+ HE = SeppicAte] Montanide Al¥ (Jang
oFFHE 52 yHt} (Awate S et al, 2013). 34
HE Zol Aol ok Aol afefolA W

T A FE BH0E st ofFHEE 5¥e] A%

AL B (2T @), AFA/AA [gA AAFE AN FEolYh HEH o

9529

|

2 retinoic acid®} TGF-beta’l HHHAS Fidhe o2 g AT A 54 59 ol
2 AFol o] &3 heAde v e Zom g Autd el digh ATt oAl Al Ze
AQ wHE B ATE AHHoR FYsivd TR AAES dHE F s deR fHud
=3

O =AM 54 HAS dod= Bordetella bronchiseptica®t vhol ZZe=vlA] & <
013+l Mycoplasma hyopneumoniaed W21 70de] #@EE Y A2 A= wH| ey, F
Aol ek WMo Ag i oFHEE o] &3 o9 WA (subunit)o] 2] &I Q)

o} 3 oA AFEE I e WAle = 2o U3 homogenous clonel & A Z3}A]
ol o] g=d wART AR FHOoRE ofLfoA QIAwti &, uwhEbA
= 9 I E FUtete] JRE FRFoE A olet dHE B2 Fe
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