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SUMMARY

I. Title

Development of polyvalent vaccine for pigs against pathogenic Escherichia coli and

Salmonella infections using genetically modified delivery system

II. Summary

To investigate the association of pathogenic Escherichia coli fimbrial adhesins with
the development of diarrhoea in piglets of different age groups and to test their relative
competitiveness, piglets were orally inoculated with a mixture of E. coli strains harbouring
F4, F5, F6, F18 and F41 fimbrial genes. A total of 537 E. coli strains with haemolytic
activity were isolated from 36 diarrhoeic piglets. The F4 fimbrial gene was observed in
98.5%, 97.6% and 80.6% strains carrying fimbrial genes isolated from diarrhoeic piglets that
were infected at 1, 3 and 5 weeks of age, respectively. These data demonstrate that F4
fimbriae are highly associated with diarrhoea in piglets of all age groups. Interestingly, the
F18 fimbrial gene was observed in 2.4% and 25.4% strains carrying fimbrial genes isolated
from the 3- and 5-week-old groups, respectively, which confirms that F18 fimbriae are
associated with diarrhoea in piglets from late stages of suckling to postweaning, and are
more related to diarrhoea in weaned than in unweaned piglets.

To construct a novel live oral vaccine candidate for the prevention of pathogenic
FEscherichia coli infections in neonatal piglets, an expression and secretion plasmid and an
attenuated Salmonella delivery system were used. The individual E. coli genes K&8ac, K99,
FasA, F41 and intimin adhesins were inserted into pBP244 containing asd, lepB, secA and
secB, and these plasmids were transformed into a Salmonella Typhimurium AcpxR Alon 4
asd. Forty female BALB/c mice were divided into four groups, A to D (ten mice per
group). Groups A and B were administered with the mixture containing all constructs and
the S. Typhimurium containing pBP244 only as a control, respectively. Groups C and D
were primed and boosted with the mixture and the S. Typhimurium harboring pBP244
only, respectively. Each recombinant adhesin secreted from the individual candidates was
confirmed by Western blot analysis. The serum IgG and secretory IgA (sIgA) titers to
individual adhesins in all immunized groups were higher than those in control. Furthermore,
IgG and slgA levels in group C were higher than those in group A, and the IgGl titers
were Increased in Group C but IgG2a titers were similar or decreased in Group C

compared to Group A. In addition, the vaccine strains were not detected in fecal samples
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of any immunized mice. The novel vaccine candidates are not only highly immunogenic,
but also safe for vaccinated mice and environment. In addition, the immune responses can
be more efficiently induced through the booster-administration.

A plasmid harboring eltB, the gene encoding heat-labile enterotoxin (LTB), was
constructed by insertion of eltB into an Asd-lactamase signal plasmid (pMMP65). This
was introduced into the Alon AcpxR Adasd Salmonella enterica serovar Typhimurium strain
and designated the LTB adjuvant strain. L'TB protein production and secretion from the
strain were demonstrated with an immunoblot assay and enzyme-linked immunosorbent
assay. The L'TB strain was evaluated for enhancement of immunity and protection efficacy
induced by a previously constructed live Salmonella vaccine candidate. In addition,
immunization strategies using the LTB strain were optimized for effective salmonellosis
protection. Seventy female BALB/c mice were divided into seven groups (A to G n 10
mice per group). Mice were primed at 6 weeks of age and boosted at 9 weeks of age. All
mice were orally challenged with a virulent wild-type strain at week 3 postbooster. Serum
IgG and IgA titers from mice immunized with the LTB strain alone or with a mixture of
the LTB strain and the vaccine candidate were significantly increased. The secretory IgA
titers from mice immunized with the LTB strain alone or with the mixture were at least
2.2 times greater than those of control mice. In addition, all group E mice (primed with the
vaccine-LTB mixture and boosted with the vaccine candidate) were free of clinical signs of
salmonellosis and survived a virulent challenge. In contrast, death due to the challenge was
10096 in control mice, 80% in group A mice (single immunization with the vaccine
candidate), 60% in group B mice (primed and boosted with the vaccine candidate), 40% in
group C mice (single immunization with the LTB strain), 30% in group D mice {(primed
and boosted with the LTB strain), and 30% in group F mice (primed and boosted with the
vaccine-LTB mixture). These results suggest that vaccination with the LTB strain,
especially when added at the prime stage only, effectively enhances immune responses and
protection against salmonellosis.

In order to construct a novel vaccine candidate for preventing post-weaning
diarrhea in swine, the individual genes for FEscherichia coli K88ab, K&88ac, FedA, and FedF
fimbriae were inserted into a secretion plasmid pBP244 containing asd, lepB, secA, and
secB. These were transformed into Salmonella Typhimurium Alon AcpxR Aasd. Secretion of
the individual recombinant fimbrial antigens was confirmed by immunoblot analysis. Groups
1 and 2 mice received a single oral dose of the vaccine mixture and S. Typhimurium
carrying pBP244 only as a control, respectively. In groups 3 and 4, mice were primed and

boosted with the vaccine mixture and S. Typhimurium carrying pBP244 only as a control,
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respectively. In general, all immunized mice had significantly increased serum
immunoglobulin (Ig)G (P , 0.05) and intestinal secretory IgA against the individual fimbrial
antigens compared with those mice in the control group. In the IgG2a and IgGl titer assay,
only IgG2a titer was increased in group 1, while both IgGZ2a and IgGl titers were
increased in group 3. Furthermore, the vaccine strains were not detected in the excreted
feces of any immunized mice. Thus, the vaccine candidate can be highly immunogenic and
be safe to the environment.

In this study, we investigated the optimal condition of a novel multivalent
Escherichia coli vaccine candidate for protection efficacy against FE. coli colibacillosis in
piglets via booster strategy using oral and intramuscular administration routes. The
candidate was constructed using an expression and secretion plasmid and an attenuated
Salmonella delivery system as described earlier. Pregnant sows were divided into four
groups of three sows each and immunized with a mixture of the individual vaccine strains.
Sows were primed and boosted at 8 and 11 weeks of pregnancy. Group A sows were
primed intramuscularly and boosted orally. Group B sows were primed and boosted orally.
Group C sows were orally primed and intramuscularly boosted. Group D sows were primed
and boosted with PBS as a control. The serum IgG and IgA levels to individual adhesin
antigens were elevated in immunized sows compared to controls, as were colostral IgA and
IgGG levels of all immunized sows. In addition, serum IgG and IgA levels in piglets from all
immunized sows were significantly increased. These data suggest that systemic and
colostral immune responses were highly induced by wvaccination with the candidate. After
challenge with a virulent strain of FE. coli, clinical signs such as diarrhea and mortality
were not observed in suckling piglets from the immunized sows, while diarrhea and
mortality affected 10096 and 25% of the control group piglets, respectively. These findings
indicate that immunization of sows with the candidate vaccine irrespective of administration
routes can effectively protect their piglets against neonatal E. coli diarrhea.

The efficacy of a novel, live delivery vaccine was examined for protection against
postweaning diarrhea in pigs. An expression/secretion plasmid harboring genes encoding
enterotoxigenic FEscherichia coli K&8ab, K&88ac, FedA and FedF fimbriae was constructed
and harbored in an attenuated Salmonella, which was used as the vaccine candidate.
Groups A (n = 3) and B (n = 3) sows were orally immunized with the candidate vaccine
and PBS as a control, respectively, at 8 and 11 weeks of pregnancy. All group piglets
were challenged with two challenge strains at 5-week-old. All immunized sows had
significantly increased IgG and IgA levels in both serum and colostrum to individual

adhesins compared to the control (p<0.05). Immune response in Group A piglets were
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significantly increased (p<0.05). Furthermore, no clinical signs were observed in Group A
piglets after the challenge and no challenge strains were detected in rectal swabs, while
diarrhea was observed in 47.8% control piglets and challenge strains were isolated from all
the diarrheic piglets. These results show that immune response of sucking piglets can
maintain at higher levels through the milk of the immunized sows and vaccination of sows
with the candidate may protect colibacillosis in weaned piglets.

In this study, a comparative evaluation of a novel live vaccine candidate expressing
enterotoxigenic Escherichia coli (ETEC) fimbriae and a commercial ETEC vaccine was
carried out in suckling to weaned piglets. The E. coli K88ab, K&83ac, K99, FasA and F41
fimbrial genes were individually inserted into an expression/secretion plasmid, pBP244.
These plasmids were subsequently transfected into attenuated Salmonella, which were used
as the vaccine candidate. Eighteen pregnant sows and 107 of their piglets were used in
this comparative study. All the vaccinated groups of sows and piglets exhibited
significantly increased antibody levels relative to specific antigens when compared with
those in the unimmunized control. The experimental piglets with the vaccine candidate did
not experience diarrhea following challenge with the virulent ETEC strains. However,
diarrhea was observed in 36.8% of the piglets in the group immunized with the commercial
vaccine and in 50% of the control group after challenge with the ETEC strains. These
findings indicate that immunization of sows with the candidate vaccine can effectively

protect their young pigs against colibacillosis.
In order to prevent diarrhea in young pigs caused by Enterotoxigenic FEscherichia

colil(ETEC), a bacterial ghost vaccine was developed by expressing antigens K8Rah, K&8ac,
K99, FasA isolated from domestic pigs with diarrhea. The expression of cloned antigens
was confirmed by Western Blot. Experiment number one. The 6 week old female Balb/C
mice were used for study. In order to determine the appropriate dosage, preliminary
experiments were conducted by delivering the K8Zab expressing vaccine with various
dosages via intramuscular and oral methods. The status of the plasma IgG and fecal sIgA
titers confirmed the appropriate dosage for IM delivery was lxlogcells, and 1x10°cells for
oral delivery. Experiment number two. Bacterial ghost preparations expressing K&8ab,
K&88ac, K99 and fasA were individually delivered via IM and Oral routes with the dosage
determined in preliminary experiments. Lymphocyte proliferation assay was conducted to
determine the differentiation of immune cells against the antigens and FACS proved the
differentiation of CD4+ T cells, CD8+ T cells, B cells in all test subjects regardless of
route of delivery. The plasma IgG and fecal sIgA titers were higher in mice vaccinated via

IM route. The data indicated that the IM route is better for delivery of studied wvaccine.
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Experiment number three. The mice were immunized with mixture of bacterial ghosts
expressing K88ab, K8Zac, K99 and FasA antigens. The immunization induced significant
systemic antibody titers, and the expression of IFN-gamma in in-vitro stimulated
splenocytes. The expression of antigen specific slgA on the epithelial surface of the
intestines was conformed by immunohistochemistry. Experiment number four. Booster
vaccinations were carried out to enhance the efficiency of the vaccine. Group 1, 2 and 3
mice received one, two and three time vaccinations, respectively. Group 4 was used and
non-immunized control. Each inoculation took place at 3 weeks interval and plasma IgG
and fecal sIgA titers were monitored until the 8th week after the last inoculation. Results
showed that the 2nd, 3rd group showed the best level of sustainability in terms of
antibody titers.

Salmonella enterica serovar Typhimurium JOL401 was isolated from chicken in
South Korea. A novel plasmid, pSW, harbored in JOL401, consists of 2,216 base pairs (bps)
and three putative open reading frames (ORFs). pSW was 86% and 829 homologous to
pSGILS from Salmonella enterica and pJHCMWI1 from Klebsiella pneumonia, respectively,
both of which are ColEl-type plasmids that undergo theta-type replication. ORF1 of pSW
exhibited 98% identity and 99% positive to ORF1 of pJHCMWI1, which encodes a putative
transmembrane protein. ORF2 of pSW was homologous to sequences that encode replication
nitiators in pSGI1S and pJHCMWI1, exhibiting a high degree of homology to the putative
replication initiator of pJHCMWI1. Thus, ORF2 appeared to encode the pSW replication
mnitiator. ORF3 of pSW, which exhibited similarity to ORF2 of pSGI15, remains undefined.
Newly isolated pSW is a member of the ColEl-type family of plasmids and consists of
three putative ORFs, of which one, ORF2, is a strong candidate for the gene encoding the
PSW replication initiator.

The plasmid pJBO1 contains a single operon consisting of three orfs as copA, repB
and repC cistrons. The operon, also called as repABC operon, starts transcription at 1695
or A696 on the pJBOl genetic map. CopA (called as RepA in pMVI158 family) or ctRNA
(counter-transcriptRNA ofthisplasmidplayrolesasarepressorofRepB,areplicationinitiator,onthetra
nscriptionalandtranslationallevel respectively. RepCdidn’thind73bpPCRproductincludingthreetande
mrepeats(5¢-CAACAAA-3¢), the binding sites for RepB and any other regions on pJBOL.
However, when RepB and RepC were added simultaneously in the reaction mixture for gel
mobility shift assay, unexpectedly, three kinds of retarded bands were observed. It
suggests that RepC can interact with RepB by protein—protein interaction. In addition, the
copy numbers of RepC-deleted pJBOl ermC (erythromycin-resistantmethylaseC) plasmids
are in creased 1.37-1.45 folds when compared with that of parent pJBOlermC. From these,
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it could be proposed that RepC plays a role as a negative regulator to modify RepB
function in the initiation of pJBO1 replication, and therefore, the copy number of pJBO1 is
maintained via mutual global regulation of various replication factors, such as CopA,
ctRNA, RepB, and RepC.

Signal sequence (SS) of surface or secreting proteins plays an important function
for protein secretion in bacterial system. The SS of various proteins may mediate different
level of protein excretion vield of the proteins. In order to examine the effect of SS types
in protein secretion, signal sequences of Bla (b -lactamase), AgfA (thin aggregative
fimbriae A), StfA (S. Typhimurium fimbriae A), and OmpW (outer membrane protein W)
were selected for the secretion of PspA protein which was used as a test protein. The
PCR-amplified DNAs corresponding to each SS were cloned into the plasmid pYA3342. A
primer used in PCR was designed to insert a Hisg—tag at the C-terminal of SS for the
convenientde tection of expressed SS. The 0.8kb EcoRI-Hindlll pspA gene was cloned into
the recombinant plasmids, resulting pMMP66, pMMP67, pMMP68, and pMMP70. The S.
Typhimurium strains harboring the recombinant plasmids expressed the Hisg—tagged PspA,
demonstrating in—frame fusion of PspA to each SS. Depending upon the type of SS, cell
lysateas wel lassecreted PspA of each Salmonella samples was found different. Relatively,
S. Typhimurium containing pMMP67 (carrying AgfA SS) secreted the highest level of
PspA than others, suggests that the AgfA SS mediates efficient translocation of the PspA.
Conclusively, the AgfA SS mediated secretion system in pMMP67 can be used in variety
fields required for the high level of protein secretion, especially antigen delivery in
recombinant attenuate Salmonella vaccines.

In order to construct a conditional lethal Salmonella mutant, an arabinose-regulated
recombinant genetic system was used. The Salmonella aspartatesemialdehydedehydrogenase
(asd) gene was localized under the control of araC Pawpap in a plasmid to create the araC
Paasapiasd cassette. The cassette was cloned into a plasmid carrying a plbA replication
origin to create the recombinant plasmid pMMP55. The growth of Salmonelln MMP10
harboring pMMP55 was dependent on the presence of arabinose. In the presence of
arabinose, the Asd deficiency due to chromosomal deletion of asd in the Salmonella host
was complemented by the asd gene transcribed and translated under the Pgusap promoter
and araBAD Shine-Dagorno (SD) sequence in pMMP55. Growth inhibition of the strain
was demonstrated by arabinose depletion in M9 minimal medium, indicating that the strain
were unable to grow in an arabinose-limited environment. In addition, the analysis of a
5096 lethal dose (LD30) using mice revealed that the strain MMPI10 exhibited attenuation

by approximately 100—fold relative to that of the unmodified strain. In conclusion, these

- Xix -



data suggest that the araC Paupap-asd system developed in this study can be used to
construct conditional lethal Salmonella mutants for application as safe, live—attenuated

Salmonella vaccines.
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A4t delivery system 714
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Ghost bacteria 7}
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bacteria) delivery

system& AZT
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Genetic Y WMARdE & 3Ry ETEC ol9a 32 & 2=
2] o] Brol Al s
modification®] 7| ol %< 00_1 ]‘H
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= - M RERSRE!
Salmonella o)A mIe] WAHE
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delivery system$ | Wy AlF=20) k=2 field A S FEDAA ] MRS F
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71 A FA A

Ad A A= AAb A

Ghost bacteria 7
g 2 AT (ghost
gacteria) delivery
system& AZT
vector Al 2H(A 13
a7 o)

© wh9-2~5 o] &d A3 43F - adjuvant P2
@ ps g ghost WAL TRz e wep | g T TR T S E T SRR
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A2 d AvE =3y 2 2y
(1A =

(A LA %2R 2 A% 8]
(1] WA 7Age 93 v gyl ¢4 39 44 Fu

1. Fe AFA 23] A9
() AA A Fa Ay 287 AWG f
A8 WA A Aew FUA AT WA o5 FAAAE FHor 1 A4S Fug

ATt

(2) A A B il &gk Aal= A2A F A7) (AARE AARS ol A= AAD
of WwAysty MAlel #AW adhesin®] FHF EdH UhE o= dyA ).

@) F A7I9 BEE Fo FAAAE (F 4)

B

1) AR Z=o A A e #AEE WY AT e 2 adhesin®
F4 (572 K83ac #¢]), F5 (K99), 6 (FasA), F41, Intimin

2) ol AEellA AdAkeh e WA didete] 2 adhesin®
F4 (K88ab, K8ac), F18 (FedA, FedF)

E 4. "0 AE B #F

Strain or plasmid Description

Strains

E. coli

JOLA417 Wild type F4 (K88ac) ETECisolatefrompig
JOLA12 Wild type F5 (K99) ETECisolatefrompig
JOL415 Wild type F6 (Fas) ETECisolatefrompig
JOL413 Wild type F41 ETECisolatefrompig
JOL206 Wild type intimin ETECisolatefrompig
JOL416 Wild type F4 (K88ab) ETECisolatefrompig
JOL500 Wild type F18" LT ,STa',STh' stx2’,stx2e ETECisolatefrompig
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[2] Genetic modification®o] 23k A3t delivery systemS o]-&3 A3 vzl WA A

1. 99 39l gy

(1) Cloning

1D AR AZo A Adrel #ed WA didTre] 2 adhesing! K88ac, K99, FasA, F4l,

intimins WA= 39 clonings FH3AT. BE] o AzolA HAksh ddd WA

thxte] F2 adhesing K&8ah, K&8ac, FedA, FedFE ™o 2 cloninge 33 t}.
BA te] £ DNA &2 A4l W wel #Hlstdlnh. &, -70Tol H#

< B hEdE LB agarel HEshe] 37CelA g sjFstdtt. wige colonys &

FAAE AEs: AT 595 /1A Eo] primer (B 5E o] 4319
ow FZYtt £Z % 7} adhesin A A agarose gel2 o]&3le] Y ZV|E

7)
H
&913k v} AccuPrep gel purification kit (Bioneer, Korea)E ©]-&3lo] A A ¥ 1t}

¥ 5. A& A L% primer sets

Primer Sequence A7) (bp) 2
KS8ac-F  CCGCGGATCCGGCACATGCCTGGATGACT
JaeG gegac-R CCGCAAGCTTAATTGGCAGCTCATCACG 819 AJ616256.1
ne  KOF CCGCGAATCCATGAAAAAAACACTGCTA 6 35286
K99-R CCGCAAGCTTTTACATATAAGTGACTAAGAA
wsa  FasATF CCGCGGATTCAGCGCCCGCTGAAAACAA - 35257
FasA-R  CCGCAAGCTTATTACGGTGTACCTGCTGA
9 F41-F CCGCGAATTCATGAAAAAGACTCTGATTGC - 1435
F41-R CCGCAAGCTTTTAACTATAAATAACGGTGA
e Itimin-F  CCGCGGATCCGATGAAAAACGGTCAGCCAGT . FJ509503
Intimin-R  CCGCAAGCTTTATTTTAGCCGGGGTGGTTAT
ep K88b-F  CCGCGGATCCGGCACATGCCTGGATGACT 814 V002921
K88ab-R  CCGCAAGCTTCCAGCAACTTTAGTAATAA :
o K8BacF CCGCGGATCCGGCACATGCCTGGATGACT 819 MBL7L3
K88ac-R  CCGCAAGCTTAATTGGCAGCTCATCACG
FedA-F  CCGCGAATTCCAGCAAGGGGATGTTAAAT
fedd  LedA-R CCGCAAGCTTGATGATTACTTGTAAGTA 455 AE006468
foqpr FedF-F CCGCGAATTCGCGTCTACTCTACAAGTA ”
FedFi-R  CCGCAAGCTTTTACTGTATCTCGAAAACAA
i PR CAGCGCCAGCGTCAACCAGAAGAT 204

cpxR-R GAGGCCATAACAGCAGCGGTAACT
lon-F ATTTTATCTCCCCTTTCGTTTTTC

lon lon-R CTGCCAGCCCTGTTTTTATTAGC

244

_11_



Underlines indicate the sites of restriction enzymes, such as BamHI, EcoRI and HindIII.
2) NAEE T4 vector (pQE series®t pET28a)9t host (E. coli TOP10# E. coli BL21)

2 o]&3te] 7t Al FHAAE BHE vectord] AYs & I hostol]l transformation A F

vectorg E HollA 7lsd A AR A7 Add & oagrose geldl A A7|F-Eskart A
7zt AHS AccuPrep gel purification kit o] &3] AA 3 v} T4 DNA ligase (Takara,
Japan)® F+ AHE-& ligationdt § E coli JM109 B+ E. coli BL21o.2 FAHE Hlv} o]
S dAAYS #FE ampicillin (pQE31-S =& vectorZ AFEFIYS A-$) = kanamycin
(pET28aE ¥ vector® AF83t9S Aol 2442 #2719 LB agare] s A4 =@ e
37Coll A 354 st od vectorZ FAAS @ E coli JMI09 =% E. coli BL21-& A
gkt (G 6).

7b B FAATE AR vector® E. ocoli JM109 ®i= E. coli BL212. 2 5-H
AccuPrep plasmid extraction kit (Bioneer, Korea)E ©]-&3}9 plasmidE #@|3le] 3% 5 A
Al wheh bol ARk EaR Hwhsto] agarose geldll Al W7Dg st Slskalvy. 1e]al o] ®
A ZelE colonyE ZF &d vectore] = FAAZF H7FE LB broth Sméel] HE3Fe] 37T
A SEEEE Al ksl vitd ] F 250uE 7 FAACE HUbE AlZ8 5ml LB brothol
A Fste] 453 wFe & olF Iule F A ExwoE ARES7] & dd 2RO E

AAA PCR $E4t=3 pQE3]L (BamHI¥} HindIll) %+ pET28a (EcoRI¥ HindIIl)
A3

ﬂll

A=)
4. YA 4nlel = isopropyl-BD- thiogalactopyranoside (IPTG)2] 34%— =27 1mMo|
HEE HULsle] 3A13F w9 e & olF 1w A% & O AgFRE g2y fs] HEat
2P AT 28a UwA 3w gl g o] AR e BEEAJAE F57)

L000xgol| 4] 2083+ ¥4 F 23t & A4t phosphate buffered saline (PBS) 500u0= A5
F3Ftt o] E %338 (sonication)dte] cells #4413 v} 10,000xgol Al 2057+ AAE
28 "t ATl &715 FAE (pellet) 500p0] Hit PBSE A 573t
Atk ol AEd (Td wuido] JEAY A9 AFo oI wuido] BRI Af)
u

= h =
2853 FEA - Fo] EHE sampleE-S SDS-PAGEZ A7|dE3te] 7b F-31xte] Wy o

Al E 5L )= kitE o] &3k A E o] B F2l 7ZF adhesin W S LB agar

of HE3ste] &% 3 colonyE LB broth 200méol] HE3e] 30CoA] 150rpme] &%
b e o] wlFdde] PTG AFs=7F ImMo| H =5 ?<47}6}<>4
A0 4AZF AuFstgleh. o] Wkl S 8000rpm, 4ToIA 1587 A4k 4

1 (
iy

i
flo

olNr
2
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H &< phenylmethanesulfonyl fluoride (PMSF)7} 1mMe] %% H7Fd 10me 2
7 PBSE AFFAIZI ths -70ColA ¥d&atddth Wed F#4s vhA] 37C water bath
&S e 70T JEst71E 2 ~ 33 whestgiv). vpA o2 e & 5ol
S92l cellES 43 the 15000rpm, 4TolA 20837F A3 JEos 4
o

El

2]
AF-FAIZL 5 AolA 1AZE & wukstH A gk A ZA Ttk o] wkgoHE 15000rpm, 4T
2 resin®] o] = #ow %7 Aol resind 43t
THE columnol] FHA7]aL e SHE WY SN
columns AFAI tha vA HHE] SHEHYE wEes SHEV ve
Buffer C (100mM Nah2PO4, 10mM Tris - Cl, 8M urea, pH 6.3) 6m{Z columnS 33 A3}
o resin® A3 Fe VE BZ 2% @WAS AASATE Elution buffer (100mM
Nah2P0O4, 10mM Tris - Cl, 8M urea, pH 4.5) 2m{Z columns F4A 7]
1y oA resine ZH-E E# A7 1S elution bufferE 1ml% 2713}
At FgE @WPe SDS-PAGEd A A7 9G53t ¢d dds &

=70Co| R #A3IH ELISA o=z AL&3lt.

r 0
olt
—|~
;a
10
_EL
ON
o&‘#
rsﬂ
401'

.|.4

2. 7 Sl Il Ui FEY AN

Zb a3 13 colonyE LB broth 200méol] HE3te] 30CoA 150rpme €52 &
o] FHA =R v gstA k. o] o] IPTGS] HEFE7F ImM/mle] HEE 3 7}ste]
2 202 AXNZE Qs o] widdS 8,000rpm, 4TollA 1583 AR AT &
42 W FdEL phenylmethanesulfonyl fluoride (PMSF)7F ImMe] H %% H7be 10
(e Evt PBS2 AF-FAZ T -T0CoAA Weadvh. ded Ffos v 37C water

&yt del &Y 2 ddo] JhEAYd Aolli= Buffer B (100mM Nah2PO4, 10mM
Tris - Cl, 8M urea, pH 80) 4 E 5 Ry} E3atda E84Y 4-Fol= 6me Buffer B2
AHAES AFFAIZ & AL2dA 1AZE &t wrkeba Al v-gA ) o] wkg-<f-& 15000rpm,
4Tl A 2087 AAEL S 5 AT NS resine] £ d= #oZ &7 @ AO] resind 2
= s 3027 wikslstt. o] ¥k A4S Fu)E columnel FHAI7IA AAF] EHEUY &
1 thal AHE] EERAth e SE N the
Buffer C (100mM Nah2PO4, 10mM Tris - Cl, 8M urea, pH 6.3) 6m{Z columnS 33 A3}
o resin® AFIH FL VIEF Q% @dWAS AASATE Elution buffer (100mM

Nah2PO4, 10mM Tris - Cl, 8M urea, pH 4.5) 2m{ % columns &4AA7l & 2087+ &A1 A

55{
FI
[‘£
2
_10
10

FU

o

Q

g

B

5

mlo

2.4:

O{N'

rzi

Fwi

le

1:110
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uhg] Gl A S resin . Z2FE A7 UFS elution buffers 1m2 H7psle] @iz S 343}
t}. 349 G AL SDS-PAGEA A A7)9 %ol wd gduwld s golgtgon] Ad &
=70Co| R #A3IH ELISA o=z AL&3lt.
179 Ao AL 717 AR of 2Kg 59 ¢A New Zealand white rabbitel] <]
oA FEH ¥ Z+ adhesin o] ZOOﬂgO] =% Wyt PBSE 384 3 & Freund's complete
adjuvant®} % E33l 43} F3tAnk 12 HEF 149 Fol T FYE Freund's
incomplete adjuvant®} #-& Hy oz E3gksle] 93} HE3dte] boosting 3T 24 HE &
14 A o] A&ste] A& 27 'J the -70Co] H#A3Y Z} adhesin FHH o2 AFE3S )

2

(e]

3. A3t delivery systemS ©o]-&3+ o7} WAl 7t

(1 Yal Nde 93 2249

1) Z+ 35 39 (K88ab, K88ac, FasA, F41, intimin, FedA, FedF)& pBP2449} =] E-2 5
Ko}
k-

¢l S, Typhimurium . 258 7@y o535t S Typhimurium delivery systemol] @Y%k
el e 9 B o] B E Western blot ¥ o2 <13t

walo] Feold 7 vector®t pBP244Z Table 2004 AA 3 AdEgLr=E A 3
agarose gelol A A7199 %39tk AccuPrep gel purification kitE o] &3] agarose gel® F-
B Ad¥ adhesind}t pBP244 AA-S AA 33 T4 DNA ligaseE o] &3] 4To|A] &
ligation3l 4t} o] ligation ¥ ®H3elo @ E coli x62125 FAASA 7 DAPS H71ehA &
< LB agardl| =3 WA w9 Uhs o3 mdete] pBP244ol olste] dA st @ w#FE
MesLAtt. ZF adhesin® &1 E coli 6212258 plasmidE £ 3te] Z} adhesinel] 33

—_

3z AR B4z Awe § agarse gelol A A7) Fe3dte HF el

oA FHE 2w zF AA plasmidE electropoartion®H el €] 3te] JOLI12e] H &4
Al A JOL940 (K88ab), JOL941 (K83ac), JOL946 (K99), JOL937 (FasA), JOL934 (FedA),
JOL935 (FedF), JOL947 (F41), JOL948 (intimin)E A Th =, JOLI12E DAP (50ug/mé)o] X
3t¥ LB brotholl 4] mid-log phase”7}#| #]%Fst & Hird ice-cold 10% glycerol & SHT
2 5 9 AAs. FuE JOL9I2E 0.2 cm cuvetteo]l 23l FekAu= 01 pg¥ 4E
Bio—Rad MicroPulser (Bio-Rad, USA)¢] Pre-Programmed Settings % Ec2el we} A 7|=

N

S 7Pk Y WkE ®@ S cuvetteol A 393 UhS DAPS A &2 LB broth ImE H7)
sto] 1A[ZF &k 37TCelA wikatdich FAAds @ Ardads A3ty 98] widd o+
100405 oAl DAP-S #713HA] %8 LB agarel =iF wA 2@ thg 37ColA s v

F = g4n #rs A9sAY (& 6)
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# 6. Aol AHEH HF R FHav=

Strain or  plasmid Description

Strains
E. coli

JM109 endAl, recAl, gyrA96, thi, hsdR17 (rk_,mk+), relAl, supE44, A(lac-proAB), [F' traD36,

proAB, laglqZAM15]
BL21(DE3)pLysS  F,ompT, hsdSe(rs ,mg ),dcm, gal, NDE3), pLysS, Cm'

X7213 Apir thi-1 thr-1 leuB6 supE44 towA2l lacYl recA RP4-2 Tc:Mu AasdA4
JOLA471 IM109 with pQE-K88ac
JOL79%4 BL21 with pET-K99
JOL945 BL21 with pET-FasA
JOL796 BL21 with pET-F41
JOLA472 BL21 with pET-eacA
JOLA470 IM109 with pQE-K88ab
JOL943 BL21 with pET-FedA
JOL9%44 BL21 with pET-FedF
JOL939 X7213 with pBP-K88ac
JOL805 X7213 with pBP244-K99
JOL521 X7213 with pBP244-FasA
JOL807 X7213 with pBP244-F41
JOL814 X7213 with pBP244-eacA
JOL938 X7213 with pBP-K88ab
JOL942 X7213 with pBP-fedA
JOL923 X7213 with pBP-fedF
S. Tyhphmurium

JOLA401 Wild type isolate from chicken
JOL912 Alon AcpxR Aasd, a derivative of JOL401
JOL9%41 JOL912 containing pBP-K88ac
JOL9%46 JOL912 containing pBP-K99
JOL936 JOL912 containing pBP-fasA
JOL9%47 JOL912 containing pBP-F41
JOL948 JOL912 containing pBP-eacA
JOL940 JOL912 containing pBP-K88ab
JOL934 JOL912 containing pBP-fedA
JOL935 JOL912 containing  pBP-fedF
JOL932 JOL912 containing pBP244

Plasmids
pQE31 IPTG-inducible expression vector; Am'
pET28a IPTG-inducible expression vector; Km'
pQE-K88ac pQE31 derivative containing K88ac fimbrial gene
pET-K99 pET28a derivative containing K99 fimbrial gene
pET-FasA pET28a derivative containing fasA gene
pET-F41 pET28a derivative containing F41 fimbrial gene
pET-eacA pET28a derivative containing eaeA gene
pQE-K88ab pQE31 derivative containing K88ab fimbrial gene
pET-fedA pET28a derivative containing fed4 gene
pET-fedF pET28a derivative containing fedF gene
PYA3493 pBRori, Asd’,B-lactamasesignalsequence-basedperiplasmicsecretionplasmid
pBP244 PYA3493 derivative containing lepB, secA and secB genes
pBP-K88ab pBP244 derivative containing K88ab fimbrial gene
pBP-K99 pBP244 derivative containing K99 fimbrial gene
pBP-FasA pBP244 derivative containing fas4 gene
pBP-F41 pBP244 derivative containing F41 fimbrial gene
pBP-eacA pBP244 derivative containing eas4 gene
pBP-K88ab pBP244 derivative containing K88ab fimbrial gene
pBP-fedA pBP244 derivative containing fed4 gene
pBP-fedF pBP244 derivative containing fedF gene
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Western blot& o] &3 313 399 ghost bacteria WAl A|¥ Q| To] A2 Wa] o f

A2k WAl w57 T adhesing WESF] AlE Hfow EnH|s=AE &elstr] ¢

3lo] 7} wiAl SHFE 100md LB brothel 3F5w wlF 3 = 7000 rpmoll A A4 &2 5o
= 13FA T 4 92 ice—cold 10% trichloroacetic acid= * 2] 3}
M vrog Hud 2dFdds HAEFUY. 7 samples 94TolA 5837 boiling 3 *
S F membrane®. 2 %7 bolocking buffer (3% skim milk in PBST)#®

st Whre A F T the W 28] 3 Zb adhesinel] tEF 38 A S 15000 A= 1:1,0000.2 34

MN
T

3-2 A}
Transformation® T+ % Western blotell 98] supernatantol] A 39 & o] =elx
ZF 8 TE W FHFTE AAHSS

1. Western blote] &gk WAl $x HFEZFH A =9 Al #AHAFE K88ac, K99,
(¢

FasA, F41, intimin %&d 2 4] &9l

o

WAl S A FEZEE K8ac, K99, FasA, F41, intimin adhesin &2 #H]E 3kel
371 918 TCA-HHAHE o] &3k Western blot ¥Hol 853}, K8ac 27 kDa, K99
18.2 kDa, FasAT 15 kDa, F41<2 29 kDa 183 intimin< 25.2 kDaol 4 ZZ #&d vy
JOL932 =, pBP244%HS -3 S. Typhimurium AlonAcpxRAasd 7 Z2w0. 2 ALgH A$

o= o] Apo=zell A o ek W= B ekok,
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kDa C KS88ac C K99 C FasA C

29m
27=

25

15=

19 1. Identification of secreted recombinant K8&8ac, K99, FasA, F41 and intimin
adhesin antigens using Western blot analysis. Recombinant K88ac, K99, FasA, F41 and
intimin adhesin antigens expressed and secreted by JOL941, JOL946, JOL937, JOL947 and
JOL948, respectively, were detected via Western blot using the appropriate antigen-—specific
antibodies. JOL932 carrying only pBP244 was used as a control. Lanes: C, control; K88ac,
recombinant K88ac fimbrial antigen secreted by JOL941; K99, K99 fimbrial antigen secreted
by JOL946; FasA, recombinant FasA fimbrial antigen secreted by JOL937; F41, recombinant
F41 fimbrial antigen secreted by JOL947; and Intimin, recombinant intimin adhesin antigen

secreted by JOL948.

2. Western blotell 938k Wil SHFEZHFYH o]f =9 AALel ##F K88ab, K88ac,

WAl S H dFFEERZEE K83ab, K&Rac, FedA, FedlF adhesin 399 #H| & 3<l3}7]

S ©]&3% Western blot W'Ho] 3% 3lth k83abi 29 kDa, K8ac= 27
kDa, FedA¥ 16 kDa 123l FedF+= 30 kDaclAl 7+7; @& ¥bd,) JOLI32 =, pBP244%h-s
3k S. Typhimurium AlonAcpxRAasd 7} X 0.2 ARRE A -fol= o] Aloj=zo] A of

W ek dEeA] gkt
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1 2. Identification of secreted recombinant K8Rah, K8Rac, FedA, and FedF
fimbrial antigens by immunoblot analysis. Recombinant K&88ab, K&8ac, FedA, and FedF
fimbrial antigens expressed and secreted by JOL940, 941, 934, and 935, respectively, were
detected by immunoblotting with the appropriate fimbrial-specific antibodies. JOL932
carrying only pBP244 was used as a control. Lanes C, control, K88ab, recombinant K88ab
fimbrial antigens secreted by JOL940; K8RZac, K8Zac fimbrial antigen secreted by JOL941;
FedA, recombinant FedA fimbrial antigen secreted by JOL934; FedF, recombinant FedF
fimbrial antigen secreted by JOL935.

31 QRN Wl G A9 2 ¥

ofo
o
>

5549 BALB/c ¥# w428 7078 T8t A&}
2
[€)

H
WA o 15U F ALK 48 A0S AN F 4Gl A

Ado] AbgH HFo SdAn =3 Table 4914 B wlel Zv) °F=3} Salmonella
Typhimurium strain JOL9112 ¢k E2]5¢1 S. Typhimurium JOL401 (o]3 JOL911o]gt A
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e pxR# lon FAAE AATFOEHA AxEH AR ATE ®EE S,
Typhimurium JOL912+ JOLO11ol A asd HAAE AATGCZA AxTe] LTB (eltB 4
Ao oe] HdE)E dested AFEH AT HA4 ok F<] S, Typhimurium JOL389+
LTB7} A9 W F% adjuvant2A 9] &e& fobir] 3 =dwF=2 A5 Atk

2
=
™,
=
N
ht!

(3) Cloning of the eltB gene

eltB A% eltB-F (5-CCGCGAATTCGCTCCCCAGTCTATTACAG-3)9} eltB-R
(5-CCGCAAGCTTCTAGTTTTCCATACTGATTG-3) primerE o] &% PCRS %3 5=
HAY. o] PCR FE4HE2 AldsEes Od8 Z82uHQl pET28a (3 7)ol cloning = ¢
pET28a-LTB®Z ZH At} o] Alxd Z#2v| == E coli BL2(DE3)pLysS2 2 A% 53]
3L LTB @ A-s g A kst

B eltB A= pMMP659 A o] pMMP65-LTB7F Al &5 5L o] Fepin=
© JOL912¢l W AAEAA JOLI6S Axstth. o] JOLY06E LTB adjuvant 5= AR&3f
SAtt.

(4) Immunoblot assay

JOL9O6o. =58 LTBe ¥d 2 Eu]i= immunoblot analysis®H o2 2l u}. =,
JOL906S  100mé LB brothell sh=4F v g 5 e
N5 0.22 pn—pore-size BEHZ A FH ATt A AR ice—cold 10% trichloroacetic acid
2 AHegslo] AX gtoz Fuld YAdYE AEsAh. 2 samples 94Tl Al 57 37F boiling
3l & SDS-PAGE?3 t}S PVDF membrane® 2 7 bolocking buffer (3% skim milk in
PBST)Z &5 wreA]zth o8 ¥ anti-his-tag antibodies (IG Therapy Co., Ltd,,
Chuncheon,Korea)E& 1:1,0002.2 3 A3te] 1A17F ¥H-&-A)171 & 1:40,0000.2 35 22 A
(goat anti-rabbit IgG(H+L) HRP)Z 1A ®EEA AT, WEST-oneTM Western Blotting

System (Intron Biotechnology, Korea) 2. 2 W3le] w32 3kel 8¢ ).
(5) WA L LTB adjuvant 4]

A Al F0)E 98l JOLI11H JOLO12 o 7 iz
3} A rdatS 10md LB Brothel H<E£38te] 37CoA 200 ripme %% 16417 8 %3}
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shi-5 "Wt PBS (PBS-sucrose) 2H 02 EH-A1FA ODgpit2
ukg

Qeto] #42 #2843 PBS-sucrose® o450l 7t adhesin of= gl A rdekatol

Strain or plasmid Description
Straing
E. coli
JOL500 Wild type F18",LT",STa’",STh' stx2",stx2e ETECisolatefrompig
F'{laclq Tni0 (TetR)} mcrA Almrr—-hsdRMS-mcrBC) $80lacZ AM15
TOP10F’ AlacXT74 recAl  araD139 Alara-lew)7697 galU galK rpsL  (StrR)
endAl nupG
BL21(DE3)pLysS F ,ompT, hsdSs(rs ,mp ),dcm, gal, ADE3), pLysS, Cm'
JOL740 TOP10" with pET28a-LTB
JOL741 BL21(DE3)pLysS with pET28a-LTB
S. Typhimurium
JOL389 Wild type isolate from piglet with  diarrhea, challenge strain
JOLAO1 Wild type isolate from chicken
JOL911 Alon AcpxR, a  derivative of JOL401
JOL912 Alon AcpxR Aasd, a  derivative of JOL911
JOL906 JOL912 containing pMMP65-LTB
Plasmids
pMEG375 Suicide vector
pET28a IPTG-inducible expression vector; Km'
pET28a-LTB pET28a derivative containing eltB  gene
pMMP65 Asd+, pBR ori, B-lactamase signal sequence-based periplasmic

secretion plasmid, 6xHis
pMMP65-LTB pMMP65 derivative containing eltB

5% 2 BALB/c female miceE Z} group® = 10vtg]® F Y 3te] of 15:¢
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i 8. Immunizations with the vaccine and adjuvant strains, isolation of challenge strains

from organs, and mortality after challenge.

Immunization Challenge
. — P A3-&  Isolation  of challenge strain
Prime Booster T (%) A# 7 &= @ pd 5
A JOLo11™ None 10 80 Liver 2/2 Spleen  2/2
B JOLO11 JoLo11 10 60 Liver 1/4 Spleen 174
C JOL906 None 10 40 Liver 4/6 Spleen 4/6
D JOL906 JOL906 10 30 Liver 3/7 Spleen 3/7
o4t O JOL91L 10 0  Liver 010 Spleen 0/10
A parts }8%8(1)% & 4 {’aggj,tj%%é(s& 10 30  Liver 2/7 Spleen 27
G PBS PBS 10 100 Liver ND" Spleen  ND

* The number of infected organs/the number of tested organs.

" Not detected.

“JOL911 is a vaccine strain and JOL906 is an LTB protein-secreting strain.

“Total inoculated bacterial cell number per dose for all animals was 2 X 10°CFU in a

volume of 20ul.

(8) ELISA

8% 9 vaginal washing samplesol A A% LTB % Salmonella LPSel| specificdt
FAE A8l 98l ELISAE A3t sample wellls AAE 9 duds
500ng/well o] %%, standard welloll= goat anti-mouse IgG/IgGl/IgG2a << rabbit
anti-mouse IgAE 77} 200ng/well®] =2 #F 3+ & 4T overnight 319 coating 3% th.
Coating ¥ platex= Tween 20°] 0.05% ¥ PBS (PBST)® 3¥ washing 3+ % blocking
buffer (3% skim milk in PBS) Z blocking 3+ Ut serum= PBSTZ 1:100 %+ 1:4000.%
vaginal washing samples< 1:32 Z}7} 343 18 100 pA wello]l #F3F & 37ColA 14
7308 ~2A417F &ok dEgAH T Serum@ 4-$ peroxidase-conjugated goat anti-mouse IgG,
IgGGl, IgG2a HRP 12] 3 IgA levelel ™H3lA+= peroxidase-conjugated goat anti-mouse IgA
HRPE 1:6,0009] &= 3]4ate] Zb wellel 100u% 73 § 37CelA 1A3F &<k ¥hg Al
At} OPD-substrate ¥H-& 18- well % 100ul® EF3ke] w4 & 3M H.SO.E stopF 492nm
ol OD#S =43 2+ &9 specificd 49 ¥ %3= standard protein F%Xol| 7] %39

=439},

T
WAHE 5 GE JUFH 37 B4 WY BHoR WAFTY WE o]FE Fasg
el Awdekd BeEel wal AAsgor pUd #FE dRgo 4wl Sof



primer ¢! OMPC (OMPCF: 5 -ATCGCTGACTTATGCAATCG; OMPCR:
CGGGTTGCGTTATAGGTCTG-3") ¢ S Typhimurium 9| primer ¢ TYPH (TYPHF:
5-TTGTTCACTTTTTACCCCTGAA-3"; TYPHR: 5'-CCCTGACAGCCGTTAGATATT-3")
2 ol vpe WAl 5 o] FBE cpxK and lon primer sets (E 5) 0= FHE g}

(10) =474
ZA ok EyFe JOI389E WAl B LTB adjuvant #+E &=4|dtE Wy 59

W o2 e & Wk PBS-sucrose® 20 gl 2 x 10°CFU 7} HE2 348 3 3
AT HEeATh AR 2A4E F 149 wQF il 234 #HA AFE

o

of\

el

=A%d ¥ 14°1aﬂoﬂ AL B vheas AAA 3 vds At PBSE 77
1:10, 1:30.2 343} BGA agarel =% HEsto] W0 oF5 st on fodA At
£ OMPC¢ TYPH E—O] primer seto.Z ZATH TFE ATt

3-1-2. 43}
1) JOL906C. ZF-E L'TB ¥4 =<l

JOL906o. = H-¥ Az LTBe 3 % #4]= immuno blot analysis® &<Qlsle] 1
A3 116 kDaoﬂ/ﬂ MerE At (28 3). f&=o] vh¢2d HEHJES =W LTB7F 23
2 s o] HARkgE f X3 A9 o5& LTBe sk A FHAEE glsto] &

I} JOL906%E (groups C&F D) ¥ JOLII1 ¥ JOL906 (groups E¢F F)E& 7o) H= §E‘?ﬂ v
F2olM = HJF F 65 Aol serum IgGel B¢ dixwol wle] Aojx 1.3 "ol F7FekAd
oF kAR JOLO1IRE HE 3 groups A%t BellA= thEaadt §ARE @A 97P7F s v
(¥ 4A). TFecal slgAel A-$ol+= group C (JOLY06S 3 HE)et E (primed with a
JOL911 and JOL906 mixture and hoosted with JOL911 only)ol A= HE 657 o thzxtol
vl&l Zbzy 87vlek 7.08) F7Fek vk group F (both primed and boosted with the mixture)
oA thxwrel wlaE] 379 FrFskvh (¥ 4B). Group D (primed and boosted with
JOL906)2] Aol Uz H = 578 AT groups A(single administered with JOL911)
¢} B(primed and boosted with JOLI1D)E.UH= w2 &l 4717 = vt (217 4B).
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19 3. Identification of the LTB protein by immunoblot analysis. The LTB protein,
expressed and secreted by JOL906, was detected by immunoblotting with anti—his-tag
monoclonal antibody. The JOL912 carrying pMMP65 only was used as a negative control
and recombinant L'TB protein was used as a positive control. Lane M, Size marker; Lane

1, JOL906; Lane 2, JOL912 negative control; Lane 3, L'TB protein positive control.

Ao Ty
L Group A
[ Grup B
[l Croup © N
B Group
EE Group E i
- ECmpF
o Ecimps L

Serin gpecific recombinant LTE 1gG (ngaml)
Fecal specilie vecombinant LTH sIgA (ng/inl)

EE M

Weeks post prime immunization Weeks post prime mmunization

29 4. Immune responses to LTB in mice orally inoculated with or without the
LTB adjuvant strain. (A) Anti-LTB serum IgG. (B) Anti-LTB fecal sIgA. Group A mice
were immunized with JOL911, group B mice were primed and boosted with JOL911, group
C mice were immunized with JOL906, group D mice were primed and boosted with
JOL906, group E mice were primed with a JOL911 and JOL906 mixture and boosted with
JOLY11, group F mice were primed and boosted with a JOL911 and JOL906 mixture, and
group G mice were inoculated with PBS as a control. Data are the mean values of all
mice in each group, and error bars demonstrated standard deviation (SD). Asterisks
indicate significant differences between groups A, B, C, D, E and F values ('P < 0.05) and

those of the control group.
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2) MAHE 3 F2H Salmonellad] t3k £ o)A

18 BAA = nke} Zo] groups A9 B ¢ serum IgGE HE 65 o] oix
3 vlas] of 1L1w) F7Fek] wlel, groups C¢F Fi= tlx<ol nls] Aol& 150 F7Fskalar
t]E2o] groups A Bell vla] Zol= 138 =718k t}h Serum IgAl ¢l %= groups C9 F
NM = HE 67 Fol tbE 2 Fol vl F¢ UA STt (¥ 5B). LE]il o]E IFS

fecal sIgAlA % 9 JA F7Ftadh (7 50).
3) Serum IgGl¥ IgG2a

Salmonella Typhimurium LPSe] ®3dF groups A, B, C, D, E, FelA serum
IgG2a/IgGLe] W& 247} 2.0, 1.8, 1.3, 24, 1.5, 199 = A&t (219 5D).

>
=

. CJGrowp A = OGrop A
: ez | [E7 =
E | | Gn: D 2 ] Gn= D
w Growp E - Growp E
z HoropF z N EorogF
-] EHerow ¢ ] §§ Horop 6
N
g" 5] N\
o < §
g £ \
< < N
& & I\
] ' N\
& E \
] ElES \
Z E \
N
3 g \
5 £ - .
] £ \
@ * §
0 N
\
i NEi
0 3 6
‘Weeks post prime immunization ‘Weeks post prime immunization
C D
2
» [ Growp A » [igG2a
< [JGrop B ° WGl
s O Grow ¢ b1
;’b H Grow D - 60
- NorowE 10}
; 2 E Grog F g
3 Hrop G 5
< -
= o .
=}
% 3
o N =
£ \ g
ZE S
g \ g
1 N =
H N
£ \ g 20
\ 3
- N
5 ° \
? \ g
< § <
= § ?
o . N o
0 3 6 Group A Group B Group C Group D Group E GroupF
Weeks post prime immunization

219 5. Immune responses to Salmonella—specific antigens in mice orally inoculated
with the Salmonella vaccine candidate with or without mucosal adjuvant strains. (A)

Serum  Salmonella—specific  IgG. (B) Serum Salmonella—specific  IgA. (C) Fecal
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Salmonella-specific sIgA. (D) Serum Salmonella—specific IgGl and IgG2a. Group A, B, C,
D, E, F and G values refer to Fig. 4 and Table 8 Data are the mean values of all mice in
each group, and error bars demonstrated standard deviation (SD). Asterisks indicate
significant differences between group A, B, C, D, E and F values ("P < 0.05, P < 0.01)

and those of the control group mice.

A7 5 dol g XAl B Ay 83 18 6ol B vk}l 7ol group E
(primed with the JOL911 and JOL906 mixture and boosted with JOLO911)o| A& UAi5Af B
qhoolu e} #HALZE BEE A kvl AR TE OFolA e A E F 6YolA 12 Akold
HALEo] FH2E AT

120 ={—=Group A
=~ Group B
——Group C
=¥=Croup D

1My S

80 -
== Lroup E
== Group F
== Group G

60

40

Survival rate (%)

20 1

0 -

§ 6 7 & 9 10 11 12 13 14
Days after challenge

19 6. Survival rates in mice challenged with a wild type S. Typhimurium. Group
A B, C D, E, F and G values refer to Fig. 4 and Table 8 All mice in each group were
orally challenged with 2 X 10° CFU virulent wildtype S. Typhimurium at 6 weeks

post—prime immunization. Mice demonstrated mortality from day 6 post-challenge.

_25_



EARE UL Aol BEY e vheaE 4N
3lo] X Al Table 894 7o), group E vF% =
W T2 group?) PR A= o]l B EH AT

fo
Ol
ol
iz}
>
12
—
N
e
offt
o
0,
D
>
o
o
~
=
o
Y
2
o)
> o
il
=
D
>

Atuial FHE fsiA 24 FPdEE Uy el Bl ofmd Adrddate 10ml
LB Brothel &3] 37CeA 200 rpme &&= 16417 wfFstdvh. o] ®lFeq& 1/100
(volume)2] B]&=Z 100ml LB brothel #7}ste] & Z7dA 3 ~ 5 Q
thoo] HjQkelE 4TolA 4,000 rpmO. = AT ste] FTA WMya JHd=2 Hit PBSE
AFFA71E ez AAsGT 29 o AlF g 5 v J-AELS sucrose’t 20% FHE
A3 PBS (PBS-sucrose) AHOR2 EHFAA ODw#ks Al #4E sk
PBS-sucrose® ©]&38to] 7} adhesin W@ oF53 Amdaldo] 1.0x10" CFU/1ml7
Sqete] Adtwiow FHg & g HJFAu.

1 —

L)
i
i

Q) WAHF

©
>~

5% 9] BALB/c female miceZ 7} group® & 10vFg]® 173k of 179 & }
g 717be AR F AR AMgET APae i 9ollA] BE nkel Zglth Aok v
HE AN dol= A4 Azley 13 AF wgroup A2 of53F A #5E LB broth
of H&3te 37C overnight culture 3 & HFE = 57 2x10 CFU/ZO;L»W} =) A
PBS-sucrose® 3|43 & 7 A o 20 AT AE Ak 22 HFE (group O 12+

H4E 37 F F9 W) #FE I, Fdol AAHA @2 pBP244%t CK110¢

> fo

H
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transformation A7 vector control® AF&38}% 3L group B+ grpup A9} & HH O 2 group

D+ group D9 28 W oz 74zt HF o3l

E 9. ABAE Arpel #HE vhgo)A o) A

Groups A g 12 "HE | 22 HE

TE Y

A |K8Bac, K99, FasA, F41, Intimin — -
BT E

B |CK110 with pBP244 ATHE -
TE Y | BE Y

C |K88ac, K99, FasA, F41, Intimin
A70% | ATAE

D |CK110 with pBP244 ATHE ATHE

4 7rd= A4

o
1o
S
(@)
=2
s
=)
ol
L
&

>
il
=

D
=

R4

¥ PBS®Z 100mg/m{7} 3=
20Tl x#sty 3o A}

(5) ELISA
g W Bl 7 ol specificdt FAZ A3y Y3 ELISAS A 8833t
sample wellol= AAR 9 AL 500ng/well ¢ FE=, standard wello]= goat

anti-mouse IgG/IgGl/IgG2a & rabbit anti-mouse IgAS Z}Z} 200ng/well®] Tz &5

% 4T overnight 39 coating 3}t Coating ¥ platei= Tween 20°] 0.05% 3% PBS
(PBST)®= 3¥ washing 3+ % blocking buffer (3% skim milk in PBS) # blocking 3+ t}g
serum ¥ W sample® PBST® 1:200, 1:3% 747} 848 th& 100 w® wellel 53 3,
37CoA 1AZF 308 ~ 2A7F &9 wHS A AT Serum® A-$ peroxidase-conjugated goat
anti-mouse IgG, IgGl, IgG2a HRP —1g] 3 IgA leveld] W34+ peroxidase-conjugated goat
anti-mouse IgA HRPZ 1:6,0009] ®j& = 3]43}e] 2z} wellol] 100p2 £53F & 37T A 14]
b Ek ¥bg AHTE OPD-substrate ¥H8 48 well & 100u1% &3k A $ 3M H2SOu
2 stopF 492nmeoll A ODEHS A8 2 39 specificdt @Al 2] &%= standard protein
5ol 7| z3te] 43T
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WAHE ¥ AE JATY 3% B A PWon WAFFe WE o B sy
o, #EEE Al Feubiel uel AAsgon FelE #3E diHon Hud

E 0] primer$! OMPC (OMPCF: 5 -ATCGCTGACTTATGCAATCG; OMPCR:
CGGGTTGCGTTATAGGTCTG-3") ¢ S Typhimurium 9| primer ¢ TYPH (TYPHF:
5 -TTGTTCACTTTTTACCCCTGAA-3"; TYPHR: 5" -CCCTGACAGCCGTTAGATATT-3)

2 ol vpe WAl 5 o] FBE cpxK and lon primer sets (E 5) 0= FHE g}

3-2-2. 4%

(1) B

1) Serum IgG ¥ mucosal sIgA

oy 73 QoA HE wbe} o] group C "2 (prime-booster with the vaccine

A ghol hE serum IgG 97F= group DO @A 7ol njwg)
Aol &g w7bx Friskavt (P<0.05). Group A (single

S

mixture)®] 4% 7F F-3
S 9 HE 57 FF

administration with the vaccine mixture)] 4% %3t group B} v gls of & 55 &5
H Aol & w7t A ArhrF SUbsklvh (L' 7). o] group C vR29) A fele
7y F-AQIAL ol gk fecal slgA A Ak HE 27 FHE Ao #d wA
group D vh-¢2=9] A A7t Moy SASH R {Fold UA FUFeSlvh (P<0.05). AR
group A% A-%ol& group B9 v P& u FX HFE & 2F Al FATHoz o9 9l

= 7 #EHAY (29 R).

Z
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=500 249004

= 2200
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E 200 o) "

& ™ 100 &
100— 0

=
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D E
400 200
2 [ Group A; single dose of vaccine mix
=300 g 150 o
gn é" B Group B; single dose of vector control
£ g
200 = 100~ Group C; double dose of vaccine mix
5 £
== = - Group D; double dose of vector control
100 g S0 p
0 0=

a9 7. Titers of serum IgG against K83ac, K99, FasA, F4l and intimin antigens in mice
immunized with the mixture of vaccine constructs. (A) K88ac—specific IgG; (B) K99-specific IgG;
(C) FasA-specific IgG; (D) F4l-specific IgG; and (E) intimin-specific IgG. Group A mice ([1) were
administered a single dose of a mixture containing all of the vaccine constructs. Group B mice (B)
were given a single dose of the vector control, JOL932. Group C mice (/') were primed and boosted
with the vaccine mixture. Group D mice (N) were primed and boosted with JOL932. Weeks indicate
weeks post prime immunization. Asterisks indicate significant differences between the antibody titers

of groups immunized with the vaccine constructs and those of the controls ("P<0.05, ™ P<0.01).
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A 8. Titers
antigens in
K99-specific

slgA. Refer

of fecal slgA against K&8Bac, K99, FasA, F41 and intimin fimbrial
mice immunized with the vaccine constructs. (A) K88ac—specific sIgA; (B)
slgA; (C) FasA-specific sIgA; (D) F4l-specific slgA; and (E) intimin-specific

to Fig. 7 for specific immunization conditions of groups A-D. Asterisks

indicate significant differences between the antibody titers of groups immunized with the

vaccine constructs and those of the controls ("P< 0.05, “P<0.01).

2) Serum IgGl¥} IgG2a

K8Rac, K99, FasA, F41 28] al intimin adhesin &Yl o3k
ZAFEL7] 918l rhkr ol i IgG2ast IgGl 97FE 2A o] Wtk 2y 9ol A M=
ol that IgGlasl FA A7p7F IgGlel W] &)
Hh ) oroup Co 9ol 1gG2a%t IgGle] 34 9717} &7

-

A ?‘g—

4

o], group A9l A7l
oo A
A=A} (29 9).
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600— * 400— * bl
= 400 d = * :6007
£ = 300 5 400
E 200 ) 200
] £ 500 =
& 100 = S 100
(<)
=F 50 S =P 50
— S —
S 20 o 807 D 20—
o Ep = et
2 o = 40— =
S s 2 S 3
= 10— =
o 1) L1}
Group A Group C Group A Group C Group A Group C
D E
* | * %
G00— . 125 o
’—g400- E 75— 1 IgG1
©pr200— * 2 s0
= =i 1 1gG2a
5 100 T 25
2p S0 = Group Aj;
o 20— =P 7 single dosc of vaccine mix
= 10— =
= E 3— Group C;
= 3] :‘E 1— double dose of vaccine mix
o o
Group A Group C Group A Group C

a9 9. Serum K88ac—, K99-, FasA-, F4l- and intimin-specific IgGl and IgG2a. (A)
K88ac-specific IgGl and IgG2a; (B) K99-specific IgGl and IgG2a; (C) FasA-specific IgGl and
IgG2a, (D) F4l-specific IgGl and IgG2a; and (E) intimin-specific IgGl and IgG2a. Refer to Fig. 7
for specific immunization conditions of groups A and C. Asterisks indicate significant differences
between the individual adhesin antigen-specific IgGl and IgG2a titers in groups immunized with the

vaccine constructs ("P<0.05, “P<0.01).

(2 WA HAE F TaE olF

3] BALB/c mice®l Al o] f A= AAle} #ARA WA $uFo T3 HE § 72 I 9

[o] [e] =
duby = A9

Q]
H
WA o 15U F ALK 48 A0S AN F 4Gl A
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Atuial FHE fsiA 24 FPdEE Uy el Bl ofmd Adrddate 10ml
LB Brothol #Z3te]l 37CeolAl 200 rpme &%= 16417 ®jFsisich. o wigelg 1/100
(volume)2] B]&=Z 100ml LB brothel #7}ste] & Z7dA 3 ~ 5 Q
thoo] HjQkelE 4TolA 4,000 rpmO. = AT ste] FTA WMya JHd=2 Hit PBSE
AFFA71E ez AAsGT 29 o AlF g 5 v J-AELS sucrose’t 20% FHE
dit PBS (PBS-sucrose) A #0® FEHAA ODepodts =Asle] w42 a3t
PBS-sucrose® ©]&38to] 7} adhesin W@ oF53 Amdaldo] 1.0x10" CFU/1ml7

Z3lste] Aywalor Fd|dl & el A9

1 —

L)
i
i

5% 9] BALB/c female miceZ 7} group® & 10vF8® 943t oF 1579 Fot A}
g 717k AR F A AMEEY. Adawe 1 109 2ok Ao Wl HE: 44
Holli= A2S AlzloeH 13 HE T(group A)S 531 AWMA 5 LB brothel HZE3}
37°C overnight culture 3 & HE & #57F 2x10°CFU/20u 7 51 7] PBS-sucrose® 3]
F 7k A 20 B AF sk 22 FE Lgroup CO2 12 HE 3F F T
Al TFFE HESS Y. o] 4AFlE R &e pBP244% CK110° transformation A7 vector

control®= ARE3}9 3L group B grpup A9t 22 W o= group D& group D9 22 4

£

i
E oo

v

3 10. o]+ A AALe B d vhe2ol Al dY

Groups A g 124 & 2247 &

TE Y

1 K&88abh, K&8ac, FedA, FedF . -
BTHE

2 |CK110 with pBP244 AT E -
TE Y EE

3 |K&88ab, K&ac, FedA, FedF . -
BT E BATHE

4 |CK110 with pBP244 AT E AT E

4 7rd= A4

g% |
L000<g, min 5 AALENS] FFA serum 29

ofo o~
_O|L
e
H
g
rlo
-
>
i
2
o
w
Q
o
o



-20C o B#AsI Aol ALg3}9r)

(5) ELISA
dy 2 EwoA ZF ol specificd FAE SAB7] 98 ELISAE A &3ttt
sample wellol¥= AAY 3399 @A 500ng/well ¢ HEZ, standard wellel &= goat

anti-mouse IgG/IgGl/IgG2a =& rabbit anti-mouse IgAE 27} 200ng/welld] T2 #F
3t 5 4T overnight 319 coating 3} t}. Coating ¥ plate= Tween 20°] 0.05% &% PBS
(PBST)®= 3¥ washing 3+ % blocking buffer (3% skim milk in PBS) # blocking 3+ t}g
serum ¥ W sample® PBST® 1:200, 1:3% 747} 848 th& 100 w® wellel 53 3,
37CoAA 1AZ30E~2417F F<oF w8 A AT Serum® 4% peroxidase—conjugated goat
anti-mouse IgG, IgGl, IgG2a HRP —1g] 3 IgA leveld] W34+ peroxidase-conjugated goat
anti-mouse IgA HRPE 1:6,0009] wl&= g43lo] 7} welle] 10008 &3 % 37CeolA 14
b Ek ¥bg A TE OPD-substrate ¥H8 48 well & 100u1% &3k A $ 3M H2SO4
2 stopF 492nmeoll A ODEHS A8 2 39 specificdt @Al 2] &%= standard protein

R IMELBIESET

WAHE ¥ AE JAFY 3% F Y Bwon WAFFe wE ¥ E Helshy]
o, #EEE Al Feubiel uel AAsgon FelE #3E diHon Hud
5 o] primer<! OMPC (OMPCF: 5 -ATCGCTGACTTATGCAATCG; OMPCR:

CGGGTTGCGTTATAGGTCTG-3") ¢ S Typhimurium 9| primer ¢ TYPH (TYPHF:
5 -TTGTTCACTTTTTACCCCTGAA-3"; TYPHR: 5" -CCCTGACAGCCGTTAGATATT-3)
2 3Felet vhe WAl 5 o BE epxR and lon primer sets (F 5O 2 FH= et}
3-3-2. 23
(1) dgg
1) Serum IgG ¥ mucosal sIgA

28 103 114 ¥i= nkel Zo], group 1 (ingle administration with the vaccine

mixture)¥ 3 (prime-booster with the vaccine mixture)®] 4% 7z} adhesin &de] th3h

serum IgG 97k= 2H2F group 29 49 A Arpel vudls Wl HE 5F FHEH Al #
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g w7hA] EATA R fo JA FUFEAT (P<0.05) (Z¥ 10). &l group 3 PH¢-229]
A $-ol= 7} adhesin @ ¥l W3t fecal sIgA &A 97t HE 27 SHEH Aol EY o
7HA group 4 vhg-2=o] @Al A7F woh AGA R Ao A SFSkalTh (P<0.0D). dHAIN
group 19 Aol group 29 vl g ol ¢A HF F 259 5FA A S AR

o (2E 11).

“A)
250— H
[IGroup 1
= EGroup 2
E 2007 [ Group 3
‘E:h EGroup 4
~150—
<
=P
g 100—
8
o
< 50
00— = : E 1 E =
0 2 5 7 9 11 13 1] 2 s 7 9 11 13
Weeks post immunization
©) (D)
300
= 600 =
E g
Ei £0200
v p—
) 400— o
= ="
= 00— % 100—
= =
o : ; 0— ;
0 2 s 7 9 11 13 0 2 5 T 9 11 13
weeks post immunization Weeks post immunization

29 10. Titers of serum IgG against K838ab, K88ac, FedA, and FedF fimbrial
antigens in mice immunized with the mixture of vaccine constructions. (A) K&3ab-specific
IgG; (B) K8Rac-specific IgG; (C) FedA-specific IgG; and (D) FedF-specific IgG. Group 1
mice ([]) were administered a single dose of the vaccine mixture. Group 2 mice (B) were
given a single dose of JOL932. Group 3 mice () were primed and boosted with the
vaccine mixture. Group 4 mice (N) were primed and boosted with JOL932. Asterisks
indicate significant differences between the antibody titers of groups immunized with the

vaccine constructions and those of the control ("P < 0.05).
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CGroup 1

EGroup 2

= - [ Group 3

b EHcroup 4

[
7

Fecal K88ab-specific slgA (ng/ml)
3
|

Fecal K88ac-specific slgA (ng/ml)
N
|

o

o z s o 2 11 13 L] 2 =1 7 9 11 13

weeks post prime immunization weeks post prime immunization

ul B
2|~

i

]

i

Fecal FedA-specific sIgA (ngfml) | -
17
?
.,,
\

T

5 7 o 11 13

Weeks post prime immunization Weeks post prime immunization

19 11. Titers of fecal sIgA against K83ah, K88ac, FedA, and FedF fimabrial
antigens in mice immunized with the vaccine constructions. (A) K88ab-specific sIgA; (B)
K&8ac—specific sIgA; (C) FedA-specific sIgA; and (D) FedF-specific sIgA. Please refer to
Fig. 10 for specific immunization conditions of groups 1 -4. Asterisks indicate significant
difference between the antibody titers of groups immunized with the vaccine constructions

and those of the control (‘P < 0.05).
2) Serum IgGl¥} IgG2a

K88ac, K99, FasA, F41 2|3l intimin adhesin &o] thak W W&o E4S
ZALsk7] fal 2b ol tiek IgGlast IgGl ¢7FE SAske] Wakth Z1g 120014 W= nksh
o], group 18] Z-Foll= 2 el ek IgG2ael FA H7}7k IgGlel wla] EA 4
o] A Ekd WA group 39 A-Fole 28 A AT IgGae &A| 977l A8 = A
9 IgGLe A 97 w3 S HAqY (2E 12).
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o
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—_—
= %‘ E @100—
e %ﬁ 50
—_- = —_— =
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% % 10—
= = 3
O
Group 1 Group 3 Group 1 Group 3
(C) D)
300
300 200
=5 200 c?i
S 100 % 0
P — ] — o
= E 50 == 5°
= S 20
= £ 20 o =
- 10— =
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1| 1—
LU o
Group 1 Group 3 Group 1 Group 3

29 12. Serum K88ah-, K83ac—, FedA-, and FedF-specific IgGl and IgG2a. (A)
K&8ab-specific IgGl and IgG2a; (B) K&Bac—specific IgGl and IgG2a; (C) FedA-specific
IgGl and IgG2a; and (D) FedF-specific IgGGl and IgG2a. Please refer to Fig. 10 for specific
immunization conditions of groups 1 and 3. Asterisks indicate significant differences
between the individual fimbrial antigens—specific IgGl and IgGZa titers in groups

immunized with the vaccine constructions (‘P < 0.05).

(A1 -5 3A - Ad3tstr] <ot ]

[4] Z2E A2 jju @ upo xo|Ao] TAE #&% A

n (
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2 Salmonella strain<
O —

AAeE 75 2 Zehmul = E 11 Ao Auk E coli
A Ao HAFd T e dEUst o gigte| iy ZSYe fFFE AESH
T
2) PCR (polymerase chain reaction) % DNA
ZAoz 3 DNAZHELS PCRES AL&3le] FZ3¢t) PCRS 93 &A% A Tag
= EX-Tag (TaKaRa), Eco-Tag (Solgent)E AF83%3., Pfu DNA
TYske] AbgsIT. EAH oz = DNA  segment”f
Ask @4 A, PCR % DNA sequencing

DNA polymeraset
invitrogen = §-€
recombinant plasmidE <

o mil

100 mLe] ®j=]el 1% =
3

]

polymerase<=
insertion® o 8l
(Macrogen) 2. 2 2213} v},
3 A2E AX A, AdF A W LRE YA
A2E HEE 2 mLo LB broth# 30ColA Awljet &
Z3t9th. 4Ee F 30ColA ODewdtol 0.2-0.47b4 w3t L28 27C2 &8 &
HNe 245 A9 0, 4, 24, BN ODet e 2A3FAL. AFFE 2437 A8l
SEE QRTE F 0, 4, 24, BAERE a2E AxE dHFoz 1004 F4A21 F LB
agar plate’dol A 12-16A17F w3t 3 CFU (colony forming unit)/mlE SA3}ATE A2 E
A A 42°Cel A wi%S stAA BEFIF 10°0)8 2 FaHE ks Fustal 52
A

Pds 9s
Zsho] w2 AlmEA FE=8]Ek Y
2] SEM (Scanning Electron Microscopy) 332
5 2 mL¥ LB brothZ 30TCoA AujEs £ 100
A AEE

OCOﬂ/ﬂ ODegwdko] 0.2-047F#] =) %k3}3) o).
1A 27 & o &

UAE /\ﬂ
MMPI13[pMMP101-1] ZLAE A%

mLe] wlAel 19%% 1%shrh
S

4) 3l
T3 &
WrE nAE AEE ¢
~E HYXE 25% glutaraldehyde/O.lM Na-cacodylate (pH. 7.4))
X E 20% EtOH 15 min
3 [¢]

°

2CTE &9 %
AT %

AR A SIAE A
0% EtOH 15 min, 70% EtOH 15 min, 90% EtOH 15 min, 1002 EtOH 30 min, 100% EtOH
Aol =& 18-S AAA SEM (Scanning

HA A AY. ZJd A7
ool WoJa] 4TolA 2447F AR 45}
ILAE A E

30 minZ €5 AAY. €59
Electron Microscopy)S ©]-&8]|A #&3l3t).
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o] 9= Atwdalitel I B

7 o] AAFYETE 1x10° CFU/ml AE AXE AP o802 HEdla 5o
== S

ol FUUQL’

4> Hu
vl

AMAIL HE 5 1A 5

6) AA~E M X° vk~ vaccination

B|Astel AUt o3kd BALB/c vh-2aoll 7
7F 108, 10%, 10 CFU/mI2 F9391, Ko =

2
I
ol
2
i
g
I
oY
flo
on &
4 W

= 10°10° CFU/ml 74x] HE3k9ch. AEsl7] Aol 4A7ke] A4 2 AAS AfHT HE
7_43]—9}31 & off

1A% F 5% R AEE ATHAY B NG T 5FES HELE
FR3d FRe A7 99 Dol AAL 27, 4FelA A
al

A
SgAE ZA57] S8 AMH G} B 05, 4704 AT A

7) ELISA (Enzyme-linked immunosorbent assay)

3¢l intiming 200ng/100ul =% 0.06M carbonate &< (pH 9.6) ol ¥ ojA] 4Ca]
A overnight AlAA plate?] W] e W AHY. ZHERES HeElar 1xPBS (pH 74)
Lol o2 3H washings 331t} 1xPBS (pH 7,4) €988 A3 A A 5 0.1% skim milk
gHo g Ao A 308 blocking A Z T} Blocking #9421 0.1% skim milk &8 B A
2% 0.1% skim milk &94& ¥ F AS(HH(1:100), ¥R (1:4), A0 H(14)S ¥l 2A1E
37Co A dkg Al Z T 1IxPBS (pH 7,4) §9°= % W washings 33tk 1xPBS (pH 7,4)
HRg ds] AAST 5, 22 FAA IgG (1:5000), 1gGl (1:5000), IgG2a (1:5000), IgA
(1:2000)& Zd=2ol4 2213 ¥wk& AU 1xPBS (pH 74) 922 5 ¥ washings 390
1xPBS (pH 74) &84S &A3s] AAS & w-& 7|2 22" -azino-bis(3-ethylbenzthiazoline—
6-sulphonic acid) (ABTS)E XA 3l= &4 10-90F &<k vk AT 0.19 SDSZE Hk-$-
S AR A7l & ELISA reader® 34 405nmeol A HAA=E #&A3 A}

_l%

—

_l

0

8) Real-Time PCR (RT-PCR)
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ot
2
2

B
rL‘I

(spleen)& A FH A iceol H#AZF 2 RPMI &4 29 Z cell strainer($70, SPL)<
oA A AT 1,500 rpmolA] 5% &<k HAEY AA e HE& el Red blood cell (RBC)
lysis Gojo g dola HEFE I A HTY. 283l RPMI €02 + W washingS &%t

mL2] RPMII640 &o=z HAEE #52A £ 96 well plateoﬂ Ad=E 59 §9d45 B
FAE HEgs & 5% CO2 m 7] (B7T)olA 39 wjkst & RNA KitE ©]&3A RNAE F
=39ty RTase (Fermantas)E ©]-&34 ¥ RNA 2 ugs AHE3EA ¢cDNAE 33}
IL-4, IL-5, IL-6, IFN-y, TNF-a, GAPDH &# i & o] &34l Real-time PCR (Bio-Red)&
T 3} STt

o

9) Cell Proliferation Assay

mhezo] AAE AEE AT 2 2H0R2 Fod ¥ 3577k Ay A ek(spleen) s A
Ha A iceo| HITF 1 RPMI &f¢ Yojr Awl & cell strainer(d70, SPL)oll o A Z v},
1,500 rpmol A 53 &<k A F 2 AA S 9e W3l Red blood cell (RBC) lysis & o2
ol A5 A FE 2E)in RPMI &o 2 % W washings 3H3ivh 1 mLe
RPMII640 &0 HAES =9 5 24 well plated] HAEE =9 98 ¥ F9& A
23k & 5% CO2 wjkr] 37C)alA 1, 2, 39 wjF3 & cell lysis reagent (ViaLight Plus
kit, Lonza)& ©]-&3l| 4] cell proliferationE =73} % th

3 11. Bacterial strains and plasmids used in this study

Strains of plasmids Characteristics References
Strains
E.coli
Topl0 F-mcrA (mrr-hsdRMS-mcrBC) S0lacZM15 invitrogen
lacX74 recAl aral39 (ara-lew)7697 galU galK
psl. (Str™) endAl nupG
X7213 thl_l thr_l ZeuB6 SUpE44 tOrlA2] ZaCYJ T”ecA Lab COﬂeCtiOI’l
RP4-2-Tc::Mu Apir, Aasd AzRf-2::Tnl0
6212 ®80d lacZ AMI15 deoR AllacZYA-argF)UI69 Lab. collection
supE44A gyrA96 recAl relAl endAl AasdA4
Azhf-2::Tnl0 hsdRI7 (R° M")
Salmonella
MMP7 CK114 asdALS this study
MMP13 S. .typhzmurzum JQL4OI asdA1.6 . this study
S typhimurium éilirélﬁ—passaged isolate of wild-type strain Lab. collection
x3339
plasmids

a overexpression vector containing pBR322 origin
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pET28a

a vector containing pSCI101 origin

Novagen

PWSK29 a vector containing polylinker of the pUCI1S Lab. collection
pBSL14 a temperature sensitive vector containing R101 Lab. collection
pBP527 this study
a vector containing plbA origin
PYA3332 a vector containing pBR origin Lab. collection
pYA3342 x7213 [pYA3332::ss stfA/His] Lab. collection
pMMP72 x7213 [pYA3332::ss agfA/His] this study
pMMP81 x7213 [pYA3342: this study
pMMP101 x6212 [pMMP72:: this study
pMMP124 x6212 [pMMP81:: this study
pPMMP128 x6212 [pMMP81:: this study
pPMMP129 x6212 [pMMPS&1: this study
pPMMP130 x6212 [pMMP8&1:: this study
pMMP132 this study
4-2. 43}

1) A2E AX

-

1.

0]
H

34

X

pMMPI101-1 plasmid®] &2 pYA3342¢]3. pBR ori, 5STIT2, MCS % asd A}
LA E cassettes= pYA33422] Xbal Alo]E =
cl= Pp ZEZHEEH

PYA334225-¥ 3 HoHTtH1E 13).
HolAHh, LAE cassetted T4

FZ7 o

cI-Pg E lysis® %]
A AAA A FE3l E lysiss HHI g e d o] A @X1749] Al
gEAoz Wyl 24 MEE &5 A7|A Sl o 73

HE o] &3lal Al xwor EH|E 93 agfA signal peptide

X
al
=

&

el 2 A
A-S fslA Ptre

o rlo
SR I A

[kl



Hpal (3963)
Mdel (3976)
Nrul (4015)
EcoRY (4259)
Neol (30
¥mal (108)
Smal {110}
BamHI (113)
Sall (119)
Pstl (129)
Bolll (467)
Hdel (478)

EcoRY (3560)

pMMP101-1
4507 bp PER ori '

Clal (3024)

Khal (1616)
Kbal (2629)

Bell (1766)
29 13. pMMP101-1 plasmid®] %25, Ptrc; Ptre 22 %F, 55 TIT2; 58S rRNA
transcriptional terminater, pBR ori; &4 7] %

al
TI1.
2) MiE AL AYFAL JES F A%

TAE Mo AAatMelA TOPI0S o]&3 4% O0Deoate] 0.35 Al2F= o] 051714
|

Haz gad & dASA 745

f
32
i)
o
ol
5
rie
—
<
)
>
>
LS
_O|L
<
W
>
N
N
o
2
—
<
(o]
hu
oy
[
_O|L
<
©
ol
_O|L
>
E
Y
%)

o
=
—_
<,
o
f
o
N
_O|L
=
N
%)
>
=
s
ol
=)
o
o
rir
—_
<
X
Y
o
[N
_O|L
rir
ol
ot
o
=

2

)
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>
a

0.7
= 0.5 = 0.6
w ]
E - 0.4 £E9 05
=] ]
2o o3 - 0.4
= My 4
T 0.2 0o 0.3
0 © L o
= 0.1 - 0.2
=4 o
o =} o 0.1
(o] 2 4 B B 0.0
B i D 0 6 12 18 24 30 36 42 a8
a '°°
2 2 = 25 8.0
@ = s = :
o2 & o 2
& m Q@ m 6.0
o © 4 = ©
8= B3 40
] 2 >4a 5
o
2 2 0.0
o = B = B 0O & 12 18 =24 30 36 42 48
Time of incubation at 42°C (h) Time of incubation at 42°C (h)
0.6
2o o0a
§2
- 2 0.3
8% o=z
s 0.1
o

o
a
o
X
®
i3}
B

30 36 42 48

=]

by log value ™
o [i:]

/

Viable cells

]

4] -] 12 18 24 30 36 42 48

Time of incubation at 42°C (h)

g 14, 3IAE AYe nAESS Ay A FA A3 A Toplo
[PMMP99] 9] sxES g3, B, Topl0 [pMMP9]] A5 =4, C, x7213
[DMMP101-11¢] mAESS AAaA; D, x7213 [pMMP101-11¢] A+ =4; E, MMPI13
[PMMP99]¢] LAESS A4arA; F, MMP13 [pMMP99]9] B¢ S4. XL A 7HS
e Y-S ODeodt B8 ATFE log#to® vhebar glrh.

3) A12~E M ¥ 9] challenge test 23}

np-2of A (OraD9t & (IMoZ IAE MEE 23 HAo =z T3k 3

AAE AEZE Fog vpgiel W AAE AFXE Fofd vt dig ARt
3 Hoeds BAEy] 9 F/HE T A5 S typhimurium x3339% 10°9] S0z
AT =d4de 319 PBSE 593 Controldt 1 AE MY E HEA] 7] w29 challenge

3
test 23 B 18 159 7Z9kvh ControlS 4L A H8 w271 HAEE AL
AL, 179A 80% A= HAL st A2 3 AE MEE FoJdl npeis 11EAH
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B HAabebE Ag #ET i, 30de] e Fofl ARl 60%E vERUSATE ey

AT2 F N I2E AYXE HES v 1790 vk dA7F A dar 308 0] A

&o] 33%=E vEMETE IMO R HES Aol g W HF Afdd= FHAL

BE AFEAA =7 HES AFE 109H4FE AA AFEAY. HE AAE S

0% 50% %S JYebATE & IMo& HESE Afols F7HHE0]
F-oh=

o e

)

= 100

>

=

T 80

£ —e— control
E 60 -a— Oral, 1st
® 40 —— Oral, 2nd
2 - SsC, 1st
§ 2 X~ SC, 2nd
E o

o

1 357 911131517192123252729

Days post challenge

a9 15, E2A A X9 challenge test 23 X&& iAol Az & ARAFES
UEHA A Y& HALES UERAT control, PBS A% Oral 1st, 1x10° CFU/mle.Z & W 7
T %% ; Oral 2nd, 1x10° CFU/mle. & % W AT HE; IM 1st, 1x10° CFU/mle.Z 3 ¥
25 %% ; IM 2nd, 1x10° CFU/mle.2 % W &8 &
4) o5 HHAAE #F A3

Control (MMP13), pMMP72 plasmide] intimin FdAAE A9AZ1 pMMP124,
pMMP8I1 plasmidel FedA FAXE 494217 pMMP128, FedFE 49 A171 pMMP129, F41&
A Azl pMMP130, Z28lal LT-BE AgAz pMMPlSM HRAAEE wEST Dot
blotting & ©]-&3toi A Z47fe] R YAAEE &=, 17 1694 B npep 2
o] control®t} 9 F-&U<Ql FedA, FedF, F41, intimin, LT-B7} #&¢d 5= AS & F A
ot =, pMMP124, pMMP128, pMMP129, pMMP130, pMMP132 plasmids”} A4 o= A2

Hooed ARHor Vedt=s As & AT
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2R 16, 7 erade] THAAEE A9F Ay 7 ﬁ—sﬂ 11071 ¢] 22U & ol
EZ MY EZZ membrane?] <3 ol HAatE o
HEA 91 Western blottig ®rH ol #=38le] AA]H T 1'Abe H}%Z: anti-His tags AF83F9 3L,
2'AbT Goat anti "F%<2 HRP conjucation® RS AF83FA U} control, vector alone; FedA,
pMMPR1::FedA; FedF, pMMP81::FedF; F41, pMMP&1::F41; intimin, pMMP72:intimin; LT-B,
pMMP81::LT-B.

401'
=
!
(N}
>
L
off
<
>
re
\(
FN
Ol
L
8
i)

spoting

==

AARE AEE g 100 mLe] A F ol 196 HE3 $ OD600gto] 034 %= 2
W 7EA] 30°Coll A vl Fakivt. ODE00%ke] 0.30] HAe Wl wjdelS 42°C MF7I= &7 24
AP 2B ST A2ES I AEs AARYVE oA n2E AXs HHAA
Fede & AXsal aAggReR uAHE A2 F dEEs ofgdte] E3E AF

-1 -1
CAFEAZ AAE AXEY #WHE SEM (Scanning Electron Microscopy)s %384 w23k

o}
Aahg ww maE Axe EWe 1y 17004 wEel Euel Frlo]l A vk AL d
Q@ 5 AATEAT) LA asdol ela] Welx Hi qaE AAL A4Aow 94 o
At AL AT 5 Yivh

- 44 -



19 17. SEM (Scanning Electron Microscopy) %3 nAE A ¥ ¥4 #z A}
SEM #Z-& 913 v &2 X20,0000] 93l AAEArt gatie Axed o] wAH 99
H A B

AAESS WAl intiming $uFsHE WIAlS wl$ o] A (Orally) & 1x10% 1x10°,
Ix10"e 2 Fojagith. 1AE HAEE HEI vh¢2d intimine] wE AGHFE WSS 9
3l7] Qe A 257, AFAC A3 B9, dAARE AEY AT @H A= IgG subtyped!

= slgAe] WY f% ¥&& dFstdet 19
18A, B, C, D, Ex I12E AXE A= T3 5 2534, 18 18F, G, H, I, J& 4574 23
2 Yt 28 18A%} FollA B Total IgGe WYH% wkgo] 1x10%] 2F# Kt} 45
Aol controlBE v} F7FsFdvk. ¥ 18B9F GE HW IgGle WHWYFE wkSolA] 254 4=
1x10% 1x10%¢] Z7bebA vk 45 A o= 1x10%0] gHadhs F3& Bivh. 29 18CeY HE mw
IgG2a2] Wgukg-o] 2F A A5 o] ErhE Aol A& Ho|A| vt EweA IgA WIF=
uhe Aol 2 18DE W 2F Al control®th 1x10%7 1x100] F7lete de H it
control# Z+& AL 1ol 1x107e AHA expE HolATh AW 454 19 18I B

control¥ 7Z-& AAS W YTt AAM A A A IgAe] WIF= w8 Ayl 28 18E, J& B

ad

rlo
-

-

Bwlo A Hol %A E 25 controlBrh 1x10°F 1x10100] F7}sh= $A-S WA, 475
Aol M= EWA P controld} 72-& FAHS WG}

TAEZE WaAS upg o] AT (Orally) 2 1x10% 1x10°, 1x10M0.2 F319ch. 242E
AZE JFT vhF2o] OMPe 93 Hf% whgS Q57| A 25, 474 4 &
AEe s A=Y Ao A= IgG subtype$! Total IgG IgGl, T1gG2a HIH % e
&3 1" 19A, B, C¥ IL2E AXE ATFE T3 3 254, 19 19D, E, Fi= 45
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A AxE JepdQloh. 28 19A, Dol B Total [gGE A H%=

t} 45 Ao controlX.th Z713FSih 19 19B, ES B IgGle] WA F= uk-go A 2F A o=
1x10°, 1x10%0] Z7FakAwt 45 A0] = 1x10°, 1x10°, 1x10¢] =% ZHa3she= $s Bt
7 19C, F& ¥W IgG2ae Wduk-go] 25 o= 1x10% 1x10™"F control® W Z=3}A] 1x102

ks FAS BT 456 1x10°%e] controlol Bl F71skE S WYt

TAESSG WAL vpese] ZHIMOR 1x10°02 FAFgh IAE AXE HF
St vhgo] WARE WSS 218y HEA 25, 45 A A B, AAEGS AZE
kit A Ao A= IgG subtyped! Total IgG, IgGl, IgG2as Wy} A & Ao A= sIgA Q)

Hogn vheS BFssTh 1Y 20A, B, C, D, B IAE AXE AT Fold I 234
28 20F, G, H, 1, J&= 454 24342 ey 28 20A, FolA ®w Total IgGel Hod
%= wkgo] 1x10°¢] 2F Aol = FrFakA N AF A control® Tt ZAseith ¥ 20B, GE W
A IgGle] W% vhgo A 23R 474 EF 1x10%] #FAsE FNS B

HE 39 1gG2ael Wdut-go] 2F AL} 4F Ao 1x10°0] #2383l EwelA IgA HY
uke Aol 1% 20D, 1E W 2749 4574 =% 1x10°0] controlX.th W

AshE WS welvh dAlF ool A IgAe W RE v Al 19 20E,

A Bl A" 2F A controld} 1x10%0] 28 S B ol 4FH = controlHTh

1x10%] 743l ke W)
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AlZl 3 ELISA reader® 3% 405 nm
oA MAAEE HAAAT. A, ALEE MEE vy -
B oﬂ

]

ol 2% JE T oFA FAoA

28 AE B oA ARelA IgGl
3

AARE AEE vhezo] 25 HFE F 254 MY 1gG2a dHF%



=

23!

s

et

ol 412 Total IgG W F =

9

3 %

o o] A

=

45 A A

o}
N

oo
T

I
o
B
gl
<

—

5
=

= 4

A, 29 21D, E, F

o3 F 27

ebSItE. 28 21A, Dol ®™ Total IgGY

W~

=
=

A A3t
B} 454 9| controlX.t} =7}

=
T

i TgGle

UAHS wvk 28 21C, F

Al 1x10%0] 23H Bu} 45 A 9 control K.t}

=
=

toh 19 21B, E

S

B 1pgG2a2)

=
=

-

}

2 A Bk 45 A control Bt F7}3)

718

=
[}

lez]
RS2

<
°

OMP

(FBa)) o] 1oy

(FBo)) oby jeoL

Y

1X10°

control

X100

control

{F6oq) 1961

(tBol) 1961

X104

control

1104

control

(=)

(*6o|) ezob]

{FBop) ezob]

1X10¢

control

1xX10%

control

a9 21, 12E3 AEE AT Orally)®& 59

1¢1 OMP

o
E

1:5000 ¥ &=

Falar, 2"Abl Total IgG, lgGl, IgG2a=

2ug/mle FEE A Ys

oA 2413 A€

&l A 10-90%

-
1.

=] &}k

o]
T

v 714 ABTSE

pelut.

S

Af&-

[e]

_50_



ATk A, IAE AMEE wheio] 25 HE T 254 Ao A9 Total IgG ‘9“% = oHkgy
; C

B, SLAE AEE whesd 28 PF 054 A4 vu IGL el 0

00

43 BN IgGoa AHFE WE XL 1AE AEY FEE YRS WG

BEE  log#t YERHIATL

6) Cell Proliferation Assay =4 A}

AAE AXYE AFE Fo 3 w20 A cell proliferation®] controlX.t}F 1L Aol =
1X10°% 1X10°, 1X10"ell A =% Z715& s BAXw 53, 1X107] M$ =7 FA=x
FFE WA (27 22). 28 A= 194 Waste] T2 Fe] IX10°, 1X10714 @A F
7hE = e HEAR 1X10Y2 19Alel wadte] T oulAE fAaws o Jehgth 39
Aol 1ol 2ol waste] Ajdow F4o] dass ASwE Uyt Ja8ug Ax

A7) b Ae AFE aaEe] RolFe] v FRANE FHE] ¥ ey

1day 2day 3day

3000 1500 1000
2000 - 1000 500 I I ?
1000 500 I 0

o & o 30 o\ & 0 10 o\ b ) W
o 410 ¥ gya® FEAMPV SRV RS o7 08 0¥y

RLUs

a9 22 Intiminol] W3t MExFAE FA 23 Intiming 73t ZLE2E AXE vt
ol AR FJEFS 5F Foll AgE HEste] dAdAEE FEsivh #ed wd Al o
intimin&. 2 Ap=3le] 3Y &<k uj ks cell lysis reagent (ViaLight Plus kit, Lonza)E 9|
|aA 39 ¢ AxFAE SASAY XF2 vhgzo] Fofgh AAE Axe] Folil Y

e Fulwied] o8 48 FANdolx BYEol,

401'

7) Real-time PCR-S ©]£3} Gene Expression 43}

FIAE AXE Y3 vpgro A WSS B3] Y Alo]ETIel Fol IL-4,
IL-5, IL-6, IFN-¥, TNF-a, GAPDH &9 #dA o3& wsglo] tis] #&Asoict 13 232 &
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A<l intimin, FedA, FedF, F41:& A 3-& u, IL-4, IL-5, IL-6, IFN-y, TNF-a-& ##3s 2
sojt}, 8Ue= mAE A ¥ Agd A= IL-4, IL-5 IL-6, IFN-y, TNF-a FAAE9]
Tdw o] controle] FEE AHEd AEFHT A THEEYC 5FAC FUQ) intiming A
g3 Ay B IL-5 FaAe] wdguo] F71e9al IL-6, IFN-y, TNF-ai= controld ]
shA et Al IL-4+= control®.t} 7FAskSith FedA9] 7d-¢-ol+= IL-4, IL-5, TNF-a 4

5o wdgde] w5 FUFetE FE Bt FedFY 4-%olA+= IL-4, IL-5, TNF-a
AAEe] dde o] Frhshe F4S Btk &9 F41S HEsk Ay BH, IFN-y 3
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a9 23 7 FY9S SWEE AAE A XE XY vpg oA Alo]EFLS wEe] 2
A Intimin, FedA, FedF, F418 717} #3f= L2E AXE vh$ 2o AF 2 HEdo] 8Y,
5F Fol A s EEsie @Y
FedF, FA1o2 A=3lo 3Y &< wjds & RNAE FE3Ar}t. %3 RNAE ©] &3¢
cDNAZ A &kar IL-4, IL-5, IL-6, IFN-y, TNF-a, GAPDHY] #+Ax 28 d2s @23k
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=
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AE; I, P18 A58 & 557 A
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XFE ARl B FAAY) FRli YES §474

AAE A 2dg W 2R kg dolal o] ¢ Bo] HE AAE AAHSE S
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lysis FAdxke] S AA AZIvh SHAINE oFEAl E lysis fAAte] Ao XL s A9
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S{zr:slﬁic? ' Description rse(%gigflce *
Strains
E. coli
JOLA416 Wild type F4 (K88ab) ETECisolatefrompig This study
JOLA417 Wild type F4 (K88ac) ETECisolatefrompig This study
JOLA412 Wild type F5 (K99) ETECisolatefrompig This study
JOLA415 Wild type F6 (Fas) ETECisolatefrompig This study
JOLA413 Wild type F41 ETECisolatefrompig This study
JOL206 Wild type intimin ETECisolatefrompig This study
JOL489 Wild type F5',F41",LT" stx2 "ETECisolatefrompig This study
JOL564 Wild type F6'stx’,stx2  ETECisolatefrompig This study
JOL599 Wild type F4',LT' STa',STb',EAST1 ETECisolatefrompig This study
endAl, recAl rA96, thi hsdR17 (1. ,my), relAl supE44
TM109 Alac-proAB). [ zng’36, ProAB, langz(KMlg])’ > PP Progma
S BL21(DE3Lys F,ompT, hsdSe(rs ,mp ),dcm, gal, NDE3), pLysS, Cm' Progma
Apir thi-1 thr-1 leuB6 supE44 towA21 lacYl recA RP4-2  Tc:Mu Kim et al,
X7213 AasdA4 2007
JOL470 IM109 with pQE31-K88ab This study
JOL471 IM109 with pQE9-K88ac This study
JOL794 BL21 with pET-K99 This study
JOL945 BL21 with pET-fasA This study
JOL796 BL21 with pET-F41 This study
JOLA472 BL21 with pET-easA This study
S. Tyhphmurium
JOLA401 Wild type isolate from chicken This study
JOL912 Alon AcpxR Aasd, a derivative of JOL401 Eger 2011and
JOL9%40 JOL912 containing pBP-K88ab This study
JOL9%41 JOL912 containing pBP-K88ac This study
JOL9%46 JOL912 containing pBP-K99 This study
JOL936 JOL912 containing pBP-fasA This study
JOL947 JOL912 containing pBP-F41 This study
JOL948 JOL912 containing pBP-easA This study
Plasmids
pQE9 IPTG-inducible expression vector; Am' QIAEN
pQE31 IPTG-inducible expression vector; Am' QIAEN
pET28a IPTG-inducible expression vector; Km' Novagen
pQE31-K88ab  pQE31 derivative containing K88ab fimbrial gene This study
pQE9-K88ac pQE9 derivative containing K88ac fimbrial gene This study
pET-K99 pET28a derivative containing K99 fimbrial gene This study
pET-fasA pET28a derivative containing fasA This study
pET-F41 pET28a derivative containing F41 fimbrial gene This study
pET-eacA pET28a derivative containing eaeA This study
PYA3493 Asd+,pBR3220ri, _ B-lactamase signal sequence-based periplasmic Kim et al.,
secretion  plasmid 2007
L . Kim et al,
pBP244 PYA3493 derivative containing lepB, secA, and secB  genes 2007
pBP-K88ab pBP244 derivative containing K88ab fimbrial gene This study
pBP-K88ac pBP244 derivative containing K88ac fimbrial gene This study
pBP-K99 pBP244 derivative containing K99 fimbrial gene This study
pBP-fasA pBP244 derivative containing fasA This study
pBP-F41 pBP244 derivative containing F41 fimbrial gene This study
pBP-eacA pBP244 derivative containing easA4 This study
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A Al 02 9= Ao 2o Wi ow ok=3l Anualis Zu|shil
ok wAE A HAAES Wit PBSE 10° ciu/ml7t H%E g Ase] x2wde] HF
&7 1%7F HEE AU A2 A 24413 EF REEAA B&E A1zl b A PBS
= 39 AAs
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ste] ol AR oY% Hlstolth MAFTY BHE o] ¥ T HAF F 7 op5g 4w

A =

) g}
o] 25x107 cell §EE 428 2AnEHA 10mg/mlo] E38le] A WAooz Fu|d vlg

3. ELISA 3¢ 1)

B e 2 adhesin &Y F=H] 1 AL L= kitE o] &8k Azl H#

2l 7} adhesin W WS LB agarel HE3Fe] F<d¥ 3k colonyE LB broth 200meel

HEsto] 30TCA 150rpme] $=2= S50 FHA a9 wjekstivt o] wjdtfol IPTGS

HFEE7F ImMo] HEF  FH7bsto] HIQFEFSATE o] Mg

< W3 FHdEL phenylmethanesulfonyl

10mee] Evt PBSE AF-FA1Z tha -70TA o

a9 Wed FH9S A 37C water bathuloll Al 3]& 3k tfg ~-70TColA W&37E 2

~ 33 wkE3v. vixHtow dFEd & FRoAs e celles M U
15,000rpm, 4Cel A 208-3F AAE2 st AT s it @l Hzvh 4d @uido] &4

A% += Buffer B (100mM Nah2PO4, 10mM Tris - Cl, 8M urea, pH 8.0) 4E F=f3 =

Fohela WY Aol 6nte] Buffer B2 JAEL ATRHAN F ALoNA 143 B
kel A e AT, o ¥Hgelg 15000rpm, AT A 2087 QAR F 4EAL resin
s F)

o] 29 e HoE HFA @HHO] resind AstES 303 wwksivt o whg-of
A columnel FHA7]aL HAHE] EHEWY EHE o] HO = columne AsHE b v
S &893 e Buffer C (100mM Nah2PO4, 10mM Tris - Cl,
8M urea, pH 6.3) 6ml = columng 33 AAT}S resind A33A & 7|gf BD Q3 Gz
S AASFYE T Elution buffer (100mM Nah2PO4, 10mM Tris - Cl, 8M urea, pH 4.5) 2ml=
columns FHAAIZI & 201k WHEAIA Hd @A S resin® EZ5-E #2471 T3 elution
bufferg 1me% H7tste] @M A-S 3|etqict. g9 WS SDS-PAGEA] 7] -53}
of g wuldg gelsglom Ae 5 -70Teo] st ELISA oz AHE3k3ith
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S 7:] ] = ELO],]E
duldeds 1| 3 %%5&{1 ek
F4, F5 F6, FA1 & o9 w37} 7hzt
1x10° cfu?b H 52 &3sle] ALHE
o 2= 3 PBS PBS
©) 7HE AH % FAA 5
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Zk Group ¥ WA HE: A 0F), 17 & F 357 d; 3
6F)1gar 5 A1AE (95 217y A dste] A S S5t Jerd
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X

1) Fazelafe] A3
), 24 AE F 3

shv 4@ 2§
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2
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2) 2 A 4 2FEE EWetal 3= Eetd 2#E AFH sk WErdsy A AL

garat,

3) ELISA : #x &4 2 zFoA Z A5 & 3 serum IgG, mucosal IgG 2 sIgA
£ AU =, L ZArolA 7 gde Eold FA7tE FAs7] A sample
wellol = AAE ?'%}%_ %‘iﬂé‘% 100ng/well ~500ng/well®] %2, standard welle]l= goat
anti-pig IgG %15 goat anti-pig IgAE 27 10ng/well, 100ng/well®] == 53 3 4T
A B ot W3- AlA coating AU Platey PBS-Tween 20 (PBST)Z 3¥ washing 3t
% blocking buffer (1% bovine serum albuming 3% phosphate-buffered saline, pH7.4)=
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ArtE ERRAI A FHare] A7brl FEEAY (28 25). Serum IgA®] A= EE adhesin
oAl WAl HEF T wRF A H& A JU7F FREEHATE AR dEToAY serum IgG

9D JgA A A7lE HE AREH BEUAAGA ZE adhesinel] ha] Aol wWEsF gl (L

40,0007 00 A 20,000 . 25,000 .
EGroup B *

= EGroup C = —_

S, 220,000
£ 30,000-{ NGrowD £ 5
) ) £
£ g &

5 5 £ 15,000
=P =0 Lgb

=2 g = 10,000
® ® =)
® § M

o 5,000

o

60,000 * 50,000
50,000 _

240,000 a F 40,000
E 30,000 E B

gﬂ ! ) £ 30,000
20,000 £ Q
Q0 v 1)

0 PR % = 20,000
< & = £
% 7,000 % E E
= =)

B 3,000 = = 7,000

1,000 E
= 2,000

298 25. Serum IgG to K88ab, K&8ac, K99, FasA, 41 and intimin adhesin antigens
in sows immunized with the polyvalent vaccine candidates express and secrete each
adhesin antigen by various routes. (A), K&8ab-specific IgG; (B), K8&Rac-specific IgG; (C),
K99-specific IgG; (D), FasA-specific IgG; (E), F4l-specific IgG and (F), intimin-specific
IgG. Group A sows ([1) were intramuscularly primed and orally boosted. Group B sows
(B) were orally primed and boosted. Group C sows () were orally primed and
intramuscularly boosted. Group D sows (N) were administered with PBS as a control.
Data are the mean of all sows in each group; error bars show standard deviation.
Asterisks indicate significant difference between the values of immunized groups with the

vaccine candidate (P < 0.05) and those of the control group.
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29 26. Serum IgA to K83ab, K8Rac, K99, FasA, 41 and intimin adhesin antigens
in sows immunized with the polyvalent vaccine candidates express and secrete each
adhesin by various routes. (A), K88ab-specific IgA; (B), K&8Rac-specific IgA; (C),
K99-specific IgA; (D), FasA-specific IgA; (E), F4l-specific IgA and (F), intimin-specific
IgA. Group A sows ([]) were intramuscularly primed and orally boosted. Group B sows
(B) were orally primed and boosted. Group C sows () were orally primed and
intramuscularly boosted. Group D sows (N) received PBS controls. Data are the mean of
all sows in each group; error bars show SD. Asterisks indicate significant difference
between the values of immunized groups with the vaccine candidate ("P < 0.05) and those

of the control group.

(2) 2ol A A7t 4

Z1A mucosal IgGe] 4% WA HET (Group A, B, C)2 mucosal IgG= oz
(Group D)ol W&l =4 1.38] oo A A77F #EHALL, slgAe] A -Foll= WAl &+

of ol Wl Az 14v) oldel FA sbsk BANU B 1A% 24 wF AR A
%8 Group BolA 4 9 gl Ae] G ©7ksk Group At ColA e @A) €7k ek %7
bope sEom BAAAL (137 2.
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Antigens Antigens

29 27. Colostrum immune responses to K8R3ab, K88ac, K99, FasA, F41 and
intimin adhesin antigens in sows immunized with the polyvalent vaccine candidates express
and secrete each adhesin by various routes. (A), Colostrum IgG to each adhesin antigen
and (B), colostrum sIgA to each adhesin antigen. Data are the mean of all sows in each
group; error bars show SD. Asterisks indicate significant difference between the values of

immunized groups with the vaccine candidate ("P < 0.05) and those of the control group.

(3) 179 AEe] Aol o] Wgue

18 2894 HE npegl o] WAl HEEH RE 1E9 AAAAESRZ serum IgG 2
gAY A 7k grTolAuTt BASH0R £ QA %Urh 53, seum TgAt BF
ol ws FHax 228 o4 FFR Ay s v

A B
=3
25,000 ClGeoup A &
%GroupB S
Group C
20,000 Group D -
g =
£ S
EIS,OOO— 5 S
s =
' A
gnlo,omr E%‘
2_
g_
5,000 o
|
} K88ab K88ac K99 FasA F41 Intimin K88ab KB88ac
Antigens Antigens

29 28. Immune responses to K8&8ab, K88ac, K99, FasA, F41 and intimin adhesin
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antigens in suckling piglets from each group of sows immunized with the polyvalent
vaccine candidates express and secrete each adhesin by various routes. (A), Serum IgG to
each adhesin antigen and (B), Serum IgA to each adhesin antigen. Data are the mean of
all sucking piglets in each group; error bars show SD. Asterisks are not marked because
serum IgG and IgA levels in all suckling piglets of immunized sows are significantly

higher than those in suckling piglets of control group sows (P < 0.01).

RE &REF 859 55 o A7) Ay Est § A A=) 15:He] HAUg W W
A AT ok R FE AT HAANA A 2 AL FHE FSlste WY BeE v
3lo] Het Group A (1A AAEUAS #2802 238 AaUAS AF2 oudEs o)
o] AEo WY UAToes =AY 3 979 Ardegozr A 3 5F EFolA
HAMERE ofY e} AALE #EE A ekdth Group B (1xh¢} 23 E5F A WAS A2 oA
HES )] A= EI HAdg e =R 3 7R Ardegares =09 37
ROl Al HAL & AAME BEE A eskth sEARE Group C (1A= Ao WAlE A=, 23
T AR HALS Ko R A ES ) HYd AR EA0Y & 8F 5 LFelA, A

¥ 17 9gd A2=2 AWNHE @ ZEolA A A=A 9] challenge - A il
o]

2y}
Sow group” Piglets number Diarrhea (%) Dead (%)
A 9 0 0
B 7 0 0
C 8 0 0
D 20 20 (100%) 5 (25%)

Clinical signs in suckling piglets from each group sows

after challenge with 4 virulent strains.

* The sows of group A were intramuscularly primed and boosted orally,
group B were both primed and boosted by the oral route,

group C were orally primed and boosted intramuscularly, and

group D were administered with PBS as the control.
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Fotes 307 wykekdvh. o] whgolE FH)E columnol FHAIZIAL HAE] SHE U E
HEyl o] HoZ columnes AMFAS thg thA| HHs] PPV wedS SHEY tE
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Ol
L

Buffer C (100mM Nah2PO4, 10mM Tris - Cl, 8M urea, pH 6.3) 6m{Z columns 33 A
o resindt AFPsHA FE Ve EZad @lAEs A AsET Elution buffer (100mM
Nah2P0O4, 10mM Tris - Cl, 8M urea, pH 4.5) 2 E columns ZHAA171 & 2087 whg A1 A
Uy ol Eg resingil'?«Ei 212171 vt} elution bufferE 1m® #H71ste] @wl g 343}
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&sto] Wl Fde e FVMAIESE Ed dider 2 ARdest shuttle vector$!
pMMPS81 °| Z+Z} cloning A7l % Salmonella Typhimuriums 3243 Azl & Ghost
vaccine®] AZE 93 pMMPI¥(Ghost T-esay vector)e Transferdt®] ghost system A
vk, WA 39" ZF fimbriae genes pMMP81e| EcoRI-HindIll Adt&A=z Aedl 3
agarose geloll A A7) &3k F, AccuPrep gel purification kitE ©| &3¢ agarose gel® H-H
AE  adhesin®g pMMP81 A H-& AA|33 T4 DNA ligaseE o]l &3te] 4ToA 3
ligationd} 2t} o] ligation ¥ ¥FSH o2 E coli x6212°] A AZA A DAPS H7[skA &
2 LB agard] E3% HA] Zd e a5k wjekele] pMMPRlY] 95le] FAAS @ #F
E AY3 . Z; adhesin®] &9 E coli x62122 5 plasmidE ##3Fe] 2+ adhesinel| 3
Gl A A2 AGd T oagarose gelodlA] A7) A5 da HE Fed JOLI2T9 (E.
coli X6212 K8Rah in pMMP 81 agfss), JOL1280 (K8Rac), JOL1281 (K99), JOL1282 (FasAs)
2 A}, 1 & electropoartion ol 2)Fe JOL1255 (Aasd & 10% glycerol 35 ZF4
2 5 W AAS H cuvetted Wi AAH ZS2v= 01 ugd 42 ¥ Bio-Rad
MicroPulser (Bio-Rad, USA)¢] Pre-Programmed Settings % Ec20] ulz} dA7|&4-S 7}8faL
34 8to] DAPS %A &2 LB broth Imlell 1A]3F &<QF 37Tl A sjdkataitt. ddds | 4
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Ho g AAY T-easy ghost Lysis vector (pMMP99 amp resistance)E Transfer 3}
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% 20 Ade] AR #F 2 Bepans
Strain/Plasmid Description Source
Strains
E. coli
JOLA416 Wild type F4ab (K88ab) ETECisolatefrompig Lab stock
JOL417 Wild type Fdac (K88ac) ETECisolatefrompig Lab stock
JOLA412 Wild type F5 (K99)"'ETECisolatefrompig Lab stock
JOLA413 Wild type F6 (Fas) ETECisolatefrompig Lab stock
X7213 Apir thi-1 thr-1 leuB6 supEd4d towAZl lacYl recA RP4-2 Lab stock
Te:Mu AdasdA4
X6212 @ 80d lacZ AMI15 deoRR AllacZYA-argF)UI69  Lab stock
supFE44A ,gvrAQé'recAJ relAlendAl AasdA4 Azhf-2::Tnl0
hsdR17 RM")
JOL1279 x6212 K88ab in pMMP81 This study
JOL1280 Xx6212 K88ac in  pMMDPS81 This study
JOL1281 x6212 K99 in pMMP81 This study
JOL1282 x6212 FasA in pMMP81 This study
S. Tyhphmurium
JOL401 Wild type isolate from chicken Lab stock
JOL1255 Aasd a derivative of JOL401 This study
JOL128% JOL401 containing pMMP81-K&88ab, pMMP99 This study
JOL1286 JOLA401 containing pMMP81-K88ac, pMMP99 This study
JOL1287 JOLA401 containing pMMP81-K99, pMMP99 This study
JOL1288 JOLA401 containing pMMP81-FasA, pMMP99 This study
Plasmids
T-vector Cloning vector; pUCori Amp® Promega
pMMP99 A derivative of T-easy carrying ghost cassette This study
PYA3332 a vector containing plbA origin This study
pMMPS1 x7213 [pYA3332::ss  agfA/His] This study
pQE31 IPTG-inducible  expression vector; Km' Lab stock
pET28a IPTG-inducible expression vector; Amp' Lab stock

J&‘l

3. Western blot2 ©]&3F T4 392 ghost bacteria WAl A ¥E oo Aol Wg ofH Fol

AR WAl T F=TF Y FARIAE AE 9 Outer membrane protein (OMP)o. &2 &
A3t=AE IRl ¥skd 7—} WAl SR FE 100m¢ LB brothel 3F&4E sk 3 & 7,000
mmol A PAAE 2 o] pellets W3 T ZF sample pellet< sonicationg 3}o] ¥4 &
Alsle] A e P Al pellets SDS-PAGES Sample buffer® AF-FA1H Ado] A3
th 94Tl Al 5%-3F boiling 3+ § SDS-PAGE$ v} PVDF membrane®. % %7 bolocking
buffer (3% skim milk in PBST)® 3}54F gAY thg & #4182 fimbriaeo] w3k
Anti-His(Igtherapy, Korea)$ 1:50000.2 3|4 3le] 1A7F §H2A171 & 11500002 3|45 24}
34| (goat anti-mouse IgG (H+L), HRP-conjugated)® 1417} w8217t} WEST-oneTM
Western Blotting System (Intron Biotechnology, Korea)o = wWHAIElo] 2} 3+9leo] =7
(K83ab; 833bp-29.4kD, K&Rac; 816bp-27.2kD, K99; 546bp-18.2kD, FasA; 585-19.5kD)E &2l
sho] was Felsksivt
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8-2. 43}
1. ETEC fimbriae ¥3& ghost vaccines 2] ghost o5 &<l

K88ah, K8Rac, K99 %@ FasA ETECE Wd3l= Salmonella Typhimurium Ein
Ghost vaccine2.= TE7] 93t E lysis genes 712 pMMPI9 vectorE 7A3lo] &
39t} Ghost vaccine®] Wl 5EE 28TColA M4T= =55 7147 E lysis gene%
A 713l 484 7F wF3le] ¢hAS] ghostdtE Fdte] Azt b4 ¥ Ghost vaccine?] #
TFE 2 ¢ Ay 2 2Hs T derddd Ardae] CFUZLF loneol HH3ls w w4l
$ 10 7cells/ml ©]8t2 A EA} A},

i ru>i
o Ml ‘W
ot plot o

==

o Hil

2. Western blot2 ©]-&3F ETEC fimbria @& &<l

oA 55 A5 fst] AxE Fsta 16% Aol 7]
At} o] 3 PVDFo| ZA}8o] membrane] Anti-His monoclonal Antibody (Anti-Hise
IGterapy, Korea)& ©]83t9 d7]9&3 #47te] A& Apo]=o] A Td ¥ K88ah, K88ac, K99
2 FasA9] A7|E A3 A= 13 299} 300041 <F 2ok}

EkDap ~

SkDap ===
19 29. Identification of recobminant ETEC expression in Salmonella Typhimurium

by western blot. Lane M: molecular size marker; lane A: Salmonella Typhimurium ghost

vaccine expressing K8RBab; lane B: Salmonella Typhimurium Ghost vaccine expressing

K8Rac; lane C: Vector control

M D E F

20 kDa =

19 30. Identification of recobminant ETEC expression in Salmonella Typhimurium
by western blot. Lane M: molecular size marker; lane D: Salmonella Typhimurium ghost

vaccine expressing K99; lane E: Salmonella Typhimurium ghost vaccine expressing FasA.
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[9]1 AE¥ ghost WMA9 whe2ol Ao WY w5 A

O-1-1] 53 442 A% 47

Ghost vaccine?] ¢HA3 HEwS AA3 7] Y3t K88ab ETEC fimbriaZ deliveryst
= Salmonella Typhimurium ghost vaccines + Intramuscular® UHFst HEgFo =

AEF F A3 B2 AANE 9IFF L AGNS FAsHgh

o
o
_H N
Fn

9-1-1. &3

5539 BALB/c @A w192 1078 T

3 %
SeA of 179 F A% 48 70e AR F AFel A

Aol Alg" 59 ZFAVE=E F 209 Genetic modificatione] 7] &3 ALt
Salmonella Typhimurium delivery system< ©]&3%F 8 437] AW A du-S 9354 Al
%% ghost vaccine delivery system®.%Z ETECE ©d3+= Salmoenlla Typhimurium ghost
vaccines &9 fimbriae K83abZ W d3li= JOL1285 7#F= Ghost vaccine . 2 A %3] A}

&3t

3. 9l A]

. b B 5

H]

MN

A ZE  Ghost vaccine delivery system©®Z ETECE W4d3l=  Salmonella
Typimurium ghost vaccine®] Stock #FZ ampicilin®] #7119 LB agarolA 7]¢ A&3 =
ZY 3HE ODaw atel 055 WA &7 ampicilin®] #7FE LB broth 200mlol A 3A3F o] 3f
72 HHOLO} Joh W gE XSS okl r] 91319 NaCl saline®.2 g4 3le] mHdt 5 CFUE

o1&t it). o]3 44T Shaking incubator® &7 48A17F o] €8] LysisAl AT o] &
contaminationol‘«} mutantE  FA3}7] $13] ©hA] spreadingdted AEA] g (S
10 cells/ml©] 3+ %) Centrifugedte] PBSell -3 5 1243k o] W W sle] AL&3)
At
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AR W AE W b ¥ 21 % we} 2o 28AEN AFHEL 9oy
e Aolm WA HE A 47 FAL WAL AZom MAYE 1A Fol MRS

¥ 21. Ghost vaccined HE%w 2A4S 93] +Foz WMAHE AR
SF | T4 RERT ek 1% 4z
A 8 Control o PBS =
B 6 K&8ah 1 x10" cells in 10040 B3 PBS
C 6 K88ab 5 x10" cells in 10040 2T PBS e
D 6 K88ab 1 x10° cells in 10040 E7F PBS =T
E 6 K88ab 5 x10° cells in 10040 ‘B1F PBS
F 6 K&8ah 1 x10” cells in 10040 B3 PBS
¥ 22. Ghost vaccine® &% 242 3 AF=2 WAHE
9% | 54 | AEEF NEZ 1% 42
A 8 Control o PBS =
B 8 K&8R8ab 1 x10% cells in 2048 209% sucerose ¥+ B PBS A
C 8 K&8R8ab 1 x10” cells/20u0 209% sucerose 5 A1 PBS ¢
D 8 K88ab 1 x10" cells/20u 20% sucerose g A1 PBS

5 71AE A

HE A 2gar JF F 2, 4577 slghA S-S 98 £¥E 29a IgG 545 95
of doig AMH}AT W] A #¥S FAE A F sodium azide?f

100mg/mt 7} ¥ == F-{A171 £ 13,200 rpmeoll A 1023+ €

Hast HEo AHg3kn. E

| 4
2 3te] A=l serumS ¥ 3 F -20Co] st Ao AR&ES )

6. ELISA

Salmonella Typhimurium A¥ 3Ho| 2dE fimbria K&Rab ol thd] Holdt
slgAgdA 9 [gGHAE FA43817] 93] ELISAE A 33l tl Sample wellodl= A &9 &
w2 500ng/well®] 5% =, standard welloll &= goat anti-mouse IgG %= goat anti-mouse

sIgAE 27 200ng/well®] w2 B3 3 & AT A] a%4%<l coating 39t} Coating €
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plate™= Tween 20°] 0.05% %% PBS (PBST)% 3W washing %+ % blocking buffer (3%
skim milk in PBS) & blocking 3%+ E]"ﬁ‘ serum< PBSTZ 1:100 & Fecale 1:3% Z}7; 3
A3k the 100 w0 wellell EF3 5 37ColA 1A7H30E F<oF vkgAl AT Serum
peroxidase-conjugated goat anti-mouse IgG, HRP #]3 Fecal Sample? H-$oll+=
peroxidase—conjugated goat anti-mouse IgA HRPE 1:50008] wj& = 343t 2 wellol] 100
pA B8k $ 37T A 1A T wkE A AT OPD-substrate WH& & well 3 100114
ubAl 3 3M HeSO.2 stop$- 492nmell Al OD#-s &A4stad. 24 &< Speciﬁc?'{WF B
= standard protein ¥ %ol 7123t ZA 3T

WA HE $ 0, o)Az, AL, AEE dake 2E R Uid Y TS
WA HE - 149 1 il 23] (obF, A1) A Bzl
9-1-2. A3k
19 HE 5 N A

K88abZE W33l Salmonella Typhimurium ghost vaccineg H£3F HJEF+3} PBSE
HES dxolA du53e g3 Ay #8502 HEd vpgxe Ae gxzad 15 A
oA ojw gt AN FAHE Ve e whete] WAlLS HES OF B LF CE 1
a5 DAAE HE & F 3F g EEol w38 HAYTE 48AIF HAdE gAs 35

epression®] AZ3kA FXH AL 2F FollA 60%2] FAAR7T

d HA
s ageAE RE AF TAA omT 93 W vehin

2. ELISAZ o] &3 Wo ve Azt

() 5 459 4%

U:

7y ELISAZ 743 7} Fimbriaol g WonkgS vh&v Z9krh. K8ab &l
3 IgA% IgGe] A d7tE WAl HETAA 2802 1x10%ells/100u1S Fold 1% D9
At IgG FA A7 2% EE A BE OF FolA M +esdlen A
&k SIgAZA7F AEF| 1 &) 17Ve dERRSE 28 E9F 2% Fo 4§ A
tot AZEE depressiono] FA % AL HARF #EE o ELISAZ 43 39 A

o
0

12 :L 12
N
)
4

o
0
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3l sIgA A7} Z1E DolA © fFadtvta fSdE vl uEks Z8oae] A A Foluks
1x10%ells/100u12 AR 34} (18 31).

A
0 12,000(
= i
: 8,000 |
X 4,000 ?;
nZ |

0 i

19 31. The effect of vaccine immunization with IM. Salmonella Typhimurium
expression K83ah ghost vaccine-specific Serum IgG antibody titers (A), Fecal IgA antibody
titers (B). Group A: PBS control, Group B: immunized with a 1X107C€HS/100111, Group C:
immunized with a 5x107cells/ 100ul, Group D: immunized with a lxlogcells/lOOul, Group E:
immunized with a 5x10%cells/ 100ul, Group F: immunized with a 1x10°cells/100ul. Plasma IeGG
and scretory IgA concentration (ug/ml). Asterisks indicate significant difference between

each immunized and control group (p < 0.05)

AFAE) Aol 1x10°cells/20u1e Fold 2% ColAl faEd FA7tE s
=

—

=

<
*

g 80

o

= | 407 1 4
2200 I

I
S
=
-
K88ab IgA @
=a)
=

WPI

19 32. The effect of vaccine immunization with Oral. Salmonella Typhimurium

expression K83ah ghost vaccine-specific Serum IgG antibody titers (A), Fecal IgA antibody
titers(B). Group A: PBS control, Group B: immunized with a lxlogcells/ZOul, Group C:
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immunized with a lxlogcells/ZOul, Group D: immunized with a 1xlolocells/20111, Plasma IgG
and scretory IgA concentration (ug/ml). Asterisks indicate significant difference between

each immunized and control group (p < 0.05).
9-2] Ghost vaccine?] HE A= & WgurS 39l 9 AH= HAHg AF

Ghost vaccines Ydh A2z HE3 & Foy= A4 2 Ay HAgurs-S V| x2
sl HE ARE 4As7] 93] K8Rab, K88ac, K99, FasA ETEC fimbriaZ 77} @& st=

Salmonella Typhimurium ghost vaccineS 747 Ei= &80 2 HE39vt

Ao ALEH T EEAv=E B 200 AWFHAE TFE Ghost vaccinel = A X3}

K88ab, K&3ac, K99 1#]al FasAE W3#3l= Salmonella Typimurium ghost vaccine
9] Stock TFE ampiciline] H7}E LB agarol A 719 Aeld Z=21 dvE O.Dsw el 05
£ dx &A ampiciline] #H7FE LB broth 200mlel A 3A17F o3tz 7)2-5 e MEFE
dpeldly] 913Fe] NaCl salinel @ 34 3te] “wdly CFUE 9239t o|F 44T Shaking
incubator® &7 48A13ke] Y 78] Ghost8l A7l $- contamination®] Y mutant”} =] 2%
u} 3H1st7] 98l thAl spreadingdhel ArEhAl eFithd (52 10 Ccells/mlol st A) GAlE
2] 3} %zﬂ%% it PBSE FfHF 5 1243 o] WE s aste] Ghost vaccineo.2 Al
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AR% 9 QE PNe o w 23 9 249 2 28AE ATAEL Ao
7 age Aol Wy AE D 4N% B0e AL AAor MAPE 1D Fo ARE
]

¥ 23. ghost vaccined] HF A2E AAS €3 M HE /8.

a5 | 77 | HEdT HEH HE 4=
A 8 K88ah 1 x10® cells in 10040 E 7 PBS

B 8 K88ac 1 x10°* cells/1004¢

C 8 K99 1 x10% cells/1004 o8
D 8 FasA 1 x10% cells/1004

E 8 Control Hit PBS HE

% 24. Ghost vaccine®] = A= AALS 993 Oral 4= 718

a5 | 77 | HEdT HEH HE 4=
A 8 K88abh | 1 x107 cells in 2010 20% sucerose @5 FiF PBS
B 8 K88ac 1 107 cells/20 40
C 8 K99 1 107 cells/20 40 AT
D 8 FasA 1 107 cells/20 40
E 8 Control Hit PBS HE

5 71AE A

& A ada AF 5 2 4 6540 slgA HHL2 93 #9e a3 G 34
flatel des AHAz S 2w 4 =l
PBSZ 100mg/m{7} %= F-fFA]71

™
—20Co xgel Ao A& AL <hoF AWME T A o3 &

iz 4,000xg, bmin
ek fA Bt S Al serumes w8 3 & 20T HEst HE o AR T

6. ELISA
Salmonella Typhimurium A ¥ #FWAe| WA E fimbria K8ab, K83ac, K99 1]

Il
FasA 2} &dol el Solg slgA@A et IgGRAE A7 9l ELISAE A dsvh.

B ogne dEae 4447 9% 29 9-1-19] ELISA #33 5984 +Hs90h.
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7. Splenocyte proliferation assay

HE & AFH | A E AAA HEd FOoFZ gpleend AMFHIF T stz %A
W AXE AW cell stainer® 92 A& AASAY. Centrifuge® AXE 7EFeks H
1096 heat-inactivated fetal bovine serum (FBS), 100 IU/ml penicillin 223 100ug/ml
streptomycine®] ¥3FE o] ¢li= RPMI (RPMI 1640 supplemented. Sigma) (¢]3} %% RPMIfk
Aoz BHAA AR cellg centrifuge® H A A7l H RBC Lysis buffers3] cells 547
RBCE £dAIAY o] JAFZS ME HAES it PBSE MAsaL o]9f e AAHE
T 29 o wkE3S 5 RPMIO] F+%9 splenocyte cell £ =243t ZF 159 st 3
A3 A HE CellsF 7} 1x1070] = %=E 24 well cultrue plated] EF3lo] A& o AL839
=
1) LPA (The lymphocyte proliferative responses assay)

SplenocyteE 3 Tl 2 2FE HAAXES 724 7F FoF dYPow A=A &
3l¥l AEE cell proliferation and cytotoxicity bioassay kit (Lonza. USA)S AM-&3le] =A 3}
of AEZHe Fu4dl A=ol gk vh& o F-E v]adr).
2) FACS (Facial Action Coding System)

SplenocyteE 3 a7 2 2FE HAAXES 1243F FoF dYPow A=A &
dd AXEE FASFY ZH7; isolation?} standard sampled® 43 sample® Yo Z+7z19

o
RuS

antibody solutiong #F3 F ofF
fluorescence activated cell sorting (BD, USA)E o] &
& CD3 (PE-cyb), CD4 (FITC), CD8 (PE) ¥ CD45r (APC; B cells) (Chin’ombe

Huang et al., 2010; Yamamoto et al., 2010)& A& 3}5]t}.

9-2-2. A3}
1. 4% A=Y 59 99 vs
1) <5 HAF:9 45
SHATH ATEE T HAA HE HARE ZAAG ] Y3 obdAd HEREE
HE HEFE A7) FEo| g HEsta o wmE A AUFE ELISAE
t}h. 1 A3 Ghost vaccines o502 HET Ao A K8ab, K&ac, K99 %
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off
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ETEC @l diste] slgA7t HF
Gt 2¥) 3t Ghost vaccine? &

G AR 6573 AE FA AUrE ST =2 FAIG7PE #E A (1% 33).

A
2,500 500 = 2,000
_|I:'|-pl a
.gi-.lqﬁ .m_m 2600 Hﬂ'l'l . - 1,500 P
s ;.5-1!“} :1[["] " = 1,000 ‘o
200 > : - NN .
200 200 I e B 500 | l B
o L i r
u 1 4 6 0 2 4 6 0 2 4 6
WPI
B
200 200 . 150 . 200
= v
=|‘~'|l.] 150 = 100 ) ...:I."“]
%llm mlﬂl} 1] - L [T ‘-.’-?mﬁ
o [ 50 '
50 i I 50 50 . I .
0 6 0 2 4 6 0 2 4 6

19 33. The effect of vaccine immunization with IM. Salmonella Typhimurium
expression ETEC ghost vaccine-specific Serum IgG antibody titers(A), Fecal IgA antibody
titers(B). Plasma IgG and scretory IgA concentration (ug/ml). Asterisks indicate significant

difference between each immunized and control group (p < 0.05).

2 4+ A

ofN

o A%

A% Ghost vaccines 53k Ao A= K83ab, K8ac, K99 ¥ FasA ETEC &

23
Holl thste] HEF 5 25727F A W S5HSTI VAR slgA7F ol v ske] {9
JA Frrstlod FeFol va AR vk g A IgGR K88ab #H-s Al¢lstaL 6
T A A7t Aesd o 5 AEA IgG ke AdeFol ZA X vAE ASE v
Fol ol A 7tE F3 Ghost vaccined #H4 AEe IHHEom AASAY (¥
34).
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rmm 400 . B 4000 il "
'5':4 B Vacine [ g0, o om o300 R i
= £ 200 | 4 B B BRI B ' -
£ 200 "lm 1000 I'I : : =20 I :
0 2 4 6 0 2 4 6 0 2 4 6
\Vl‘]
B
- 120 . 300 7 200 i
= 8 W 240 150
, . a1
% 64 é " b ’ £ 180 Z100 | e
Z 40 20 | 112“ o= el
: e IR i1
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19 34. The effect of vaccine immunization with Oral. Salmonella Typhimurium
expression ETEC ghost vaccine-specific Serum IgG antibody titers(A), Fecal IgA antibody
titers(B). Plasma IgG and scretory IgA concentration (ug/ml). Asterisks indicate significant

difference between each immunized and control group (p < 0.05).

2. Splenocyte proliferation assay

o
off
-

=& FJE2aFWN AT JHEF2LF 47 Splenocyte proliferation assay 2 d-S 4

2t} SplenocyteE E3 dojd 2HFE HAMEES 48475 <F K88ab —1¥] 3l K88ac 3+ o
2 A=3stal #3td AXE A Ap=roll gk wh-E AFE uwE Yl 5

D
K

YFLAN HET eﬂ_@q g WelAe] whgol §9
QA FAsAT AT AFTAAE HA o] Fohatg ot
K88abs} KsSac 7 woﬂ WE AN A AL A5 ek o] AdAshE ELISAS
A8 Avst Qs (18]

=
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immunized with vaccine candidate K&88ab, K8Zac. Asterisks indicate significant difference

between each immunized and control group (‘p < 0.05).

3. FACs 23

Ghost vaccine®] & 5 45 Ao WAz 24 &9 A=l hd vhe& FACSE
B3 gt tEzat Z1Fol vt K8ac 1#]3l FasA 9oz 1247 A=3F Ghost
vaccine HEwollA CD4™ T cells 9 percentage’} +F°02 JF3 1HF (41%)°] Wz
(32%6)0 Wizl 9 SlAl FFskATE (2L 12). CD8+ T cells®] F7F Al 2§02 H{E 53]
S W 25 HEwo] (12%) =z (9%)Eth =4 S71skelvh o9k 9+ %5‘] 7t &3t

71 93t =A% B cells® percentage’} tZr (23%)el Wdle] &8 HEw (32%)°] =LA

10

/I8t (L9 36).

- The relate proportion of spleen CD4+ and CD8 T cell subsets (2% 36, 37)

= 5 e - 4 v
= # ] B 150
= 3 G L & *
=40 = % T | TR
% % T 2
2 i .

= 30 [ == S
il i o
- % 3’
pe 20 2 10.0 £
(=] e
= 10 = = 5.

. - | ==\ 0 |

Control KSRuc  FasA Control K88ac FasA Contral  KSRuc FusA

198 36. Measurements of CD3+, CD4+, CD8+ T cell and CD45r responses. the
immunized mouse splenocytes were stimulated with K88ac and FasA and then stained with
PE-cyb5-rat anti mouse CD3+, FITC-rat anti-mouse CD4+, PE-rat anti-mouse CD8+ and
APC-rat anti-mouse CD4br antibody. CD45r expression by specific B cells was detected by
flow cytometry. Fach graphs represent K88ac and FasA of CD3+CD4+ lymphocytes,
CD3+CD8&+ lymphocytes and CD45r lymphocytes subpopulation in immunized JOL1286 and
JOL1288 by Oral rout. the data are from three indepoendent experiments. Asterisks indicate

significant difference between each immunized and control group ('p < 0.05) examined by

flow cytometry.

_86_



= 40 % Z 40 # S0
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Control  KRRac FasA Control KHHac  FasA Control KS88ac FasA

198 37. Measurements of CD3+, CD4+, CD8+ T cell and CD45r responses. the
immunized mouse splenocytes were stimulated with K88ac and FasA and then stained with
PE-cyb5-rat anti mouse CD3+, FITC-rat anti-mouse CD4+, PE-rat anti-mouse CD8+ and
APC-rat anti-mouse CD4br antibody. CD45r expression by specific B cells was detected by
flow cytometry. Fach graphs represent K88ac and FasA of CD3+CD4+ lymphocytes,
CD3+CD8&+ lymphocytes and CD45r lymphocytes subpopulation in immunized JOL1286 and
JOL1288 by Oral rout. the data are from three indepoendent experiments. Asterisks indicate
significant difference between each immunized and control group (‘p < 0.05 ) examined by

flow cytometry.

d9 ge AnE FYF A% AT HETE A 7 AA% A7k sk G
QATFe] ol A4 HF ARy 2HPFOR AR
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18 =
™

oo

o FE ol¥E EAFA

5799 BALB/c ¢3 vhpAE 1858 Tt ARusa HEEEASGAN A
oA o 179 B9 AS A A10e AN F 46l Agstart
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7z} ETEC fimbriaE 2@ 3} Salmonella Typhimurium ghost vaccine candidates

w
2
o
N
=

K8Rac, K99, FasA, F41& @& 3= 7} ghost vaccineS 717F 25x10° cells/25u=E 35

3 & &3sle] HE Fo| F 1x10° cells/100u00] A 3T}

4. MAHE

¥ 25. ETEC fimbria ¥ & ghost vaccine® combination ¥ & %<& 7] £
e HEdF HEH HE 4=

A 10 K&Bac+K99+FasA+F41 1 x10% cells in 100p0 E 1t PBS

E 8 Control Hit PBS HE

=
Setel Aolg At Ewel 4

™
—20Col sy Ao *}%3}914. 2 ctoks Awe T3 Ad @

= 4
e LA FEEste] AT serume i §F § 20T HEstH Ao A&tk
6. ELISA
Salmonella Typhimurium A¥ ¥ WA E fimbria K8ab, K83ac, K99 1&]il
FasA 7} &dol| tis] Holdh slgAdA Y IgGIAE SAsH7] 98] ELISAE A 83kt

B odEe QESS 2437 9@ 29 9-1-19) ELISA i3 527 Fasa.

7. Immunohisto chemistry (IHC)
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HE 5 2FA | 24X A2 A2 v 2E B A A HitE GHE intestine & # ¢
a9t 343 3% Frozen section compound (Surgipath® FSC22°. Leica Microsystems.
USA)E o|&3te] -70TCeol w#ste] HdFel ARE3Iitt. &3e 7um® frozen section
(Mircrom HM520 Thermo USA) 3o #AZx3sle] -20To] BH#A3Avl Tissue Samples
Methanol¥} Acetones 1 o] 19 H]&E 4]o] -20T oA 10&3F 1243 ¥ 0.0IM PBSE 5
28 Al AZE AA s 0.1M PBSel 0.5%= A A7 #fabslapdel] 108-3F veAZ oh
0.01M PBS= Al A& Al&3F3icl. o] % peroxidase-blocking regent (DAKO) 100ulE %4 9
of @jEH 1A wkeA1Zl | Bl AEsta 7hzke] s 00M PBSel| S0ug/ml= 84 3}
o 100ulE EoAEH 2A3F A2elA HEEAIHT. A F s el wE polyclonal
anti-rabbit IgGE capturest”] ¢3] oA 2413 wh-A AT} A& 3 22 3A anti-rabbit
Ig(Vector ILaboratories, Inc.)S A-o|A 1A|7F wH-&3lar vhA] Az & ALE A Ao Alxd
AEC  substratesE A WHSAIZ Y. Hematoxiline = g3t Fgdn4d (DP72
OLYMPUS. Japan)®] 20081} 400 wi& = 242} Z<2ls}oltt.

8. Splenocyte proliferation assay

N

£

=
2 AEZE AW cell stainer® 92 X4S AASY ARG AXE JrEekd
RPMI {&+ RPMI [RPMI 1640 supplemented. Sigmali= 10% heat-inactivated fetal bovine
serum (FBS), 100 TU/ml penicillin 28] 3 100ug/ml streptomycine®] ¥3r% o] v}z H-
A A A=} cells centrifuge® 71823l ¥ RBC Lysis buffers3)] cells 747 RBCE £

A A A7 SEATE ol & AR 3 Al Ad=s dif PBSE A HetaL o] ef T AA &
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T 2 v AR RPMIY 559 splenocyte cell 78 ZA3ste] 72 180 sfdats 39
# 3 HE CellsF 7} 1x1070] I %E 24 well cultrue plated] EF3Fe] 4841 7F ) k3l v).

Wl = RNeasy plus mono kit (Qiagen*hH)E AM&3te] 7} ddo =z Hk§-A|7l splenocyteZ5-
B total RNAE %39t % 9 total RNAE AAs 5 g8 23 5 (NanoDrop)
cDNA reverse transcription kit (High capacity ¢cDNA REverse transcription kit. AB AhH)-&
o] &3l cDNAZ A3t WsH#H3aL real-time PCR 7]7]& o]&3e] IL-4, IFN-r (
Real-Time PCR set< QuantiTect Primer assay IL4, IFN-r, GAPDH =1¥]3. QuantiTect
SYBR green PCR Kit® 2 ABA}S] Step One plus Real Time PCR systeme AF&3F3ith )=

=439},

9-3-2. 4%

1. WAl A=

5 o)
.o Mo —?;giggl]é_v@‘
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K8Rab, K88ac, K99 7183 FasA ghost vaccines &3H3to] 1x10%cells/100u1S %
HEekadrh AE A a8 HJE F 2F AR 8F3 VHlES AHT ASE ELISAE
T Ay 8F e Y IgGY bt AEHHew e FAsAvh 53] K88abst
FasA &9 IgGH77F v-% =9kom K8ac 283 K99 YA ¢ Fol ZE o o3
o AA vERSTE slgAd FA 23 92| Ghost vacccine®] HE ¥ 27F7xe] HE WIS
918k slgA 47b7h vlzxwrel nlsl frelakA vEebkTh (2" 33).

) 6000 < 70 abed
= ol |
= 4000 o
E 5 40
— r:-' 30 .
= 2000 = a0 z
" 10 # L i E f
0 0
0 2 4 6 8 0 2 4 6 8

19 38. Antibody responses to mixture consisting Salmonella Typhimurium ghost
vaccine expression ETEC as K&88ab, K&88ac, K99 and FasA-specific Serum IgG antibody
titers(A), Fecal IgA antibody titers(B). Group A: measurment of specific K8ab antibody,
Group B: measurment of specific K88ac antibody, Group C: measurment of specific K99
antibody, Group D: measurment of specific FasA antibody, Group E: PBS control Plasma
IgG and scretory IgA concentration (ug/ml). Lower case letters indicate a significant
difference ("p < 0.05) between each immunized and control group (a: group A, b: group B,

c: group C, d: group D).
2. Real-time PCR 723}

FA e Ful HAe W ArE FASHY] fste] AEAS AR W] wkgol ¥
# Aol =7kl IFN-rot IL4E AT 2 59 vhesolA S8 s 4
5 AF 2o F¥)3}o], splenocyte proliferation assay® 3 3Fe] 2oyl lymphocyteE to
2 3gow x}lo}oq oAM el WAl o)g g A= F A=9 Splonocytedl| 23t &
vl IFEN-19] gto] HEahA &2 Zigol nls H&d 25l oA vettet (1d 39).
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3,000/ %

2,000

pg/ml

1,000

0_. | E—— —

Control Vaccinated
298 39. Production of IFN-r by splenocytes from vaccinated rats. IFN-t was

determined by Real-Time PCR. lymphocyte were collected from 12h of K&&ac—stimulated
spleoncytes culture. Asterisks indicate significant difference between immunized and control

group ( p < 0.05 ).

3. Immunohisro chemistry 2 3}

N
N

e FHete] HEsis wl A4 Fdel g IgAE #H|shE Aol e B cellse
specific polyclonal Anti-rabbit IgAE &3}o] &ttt 28 407 4104 HE npel 2ol
A vET 159 substrate®] WG] w]okghujo] whale] Ao wkgo] fo AUA U
Ebwkeh wma HAAQ A FuleRE Eelaty] 9l K88abot K83ac® sIgA A
ELISA “gellA 7Hg Eaw 2FAo] vh9-2~8 3| AAIA dojzl 2490 w8 A1zl § 7+ 3
ol thk A et 22 FAE %3] Immunohisto chemistryE 3333t =2 23 Ghost

vaccineS HE 3k A oA Ao ¥HeS& B £ AT} (F 26).

O

i

19 40. Immunohistochemistry analysis after 2 weeks vacination (magnification in

400x) Number of IgA-secreting cells in the intestine following IM immunization in each
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experimental group. A : PBS control, B : IM Ghost vaccination with Salmonella

Typhimurium expressing K83ab antigene conjugation.

19 41. Immunohistochemistry analysis after 2 weeks vacination (magnification in
400x) Number of IgA-secreting cells in the intestine following IM immunization in each
experimental group. A : PBS control, B : IM Ghost vaccination with Salmonella

Typhimurium expressing K83ab antigene conjugation.

i 26. Immunohistochemistry. Number of IgA-secreting cells in the intestine following IM
immunization in each experimental group. Control : PBS control, Vaccine @ IM Ghost
vaccination with Salmonella Typhimurium expressing ETEC antigene conjugation vaccine
values are mean * SD ("P<0.05). Results are densities determined in six random fields

from three individual mice

Mean no. of cells/mm°+SD.

Exp. Groups
K&88abh K&88ac
Control 0.24 + 0.20 0.20 £ 0.23
Vaccine 213 £ 1.19% 3.02 + 1.65%
9-4] Z} ¥-A QA ZE ghost vaccine5 S combination 3 §F HAF 3¢ 2AS 93 A3

HEo® 13], 23], 33 =&
[e]

157 918 2.
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h=|
S3uA o 159 B A% 48 A1 A F AP A
Z} ETEC fimbriags @3 3= Salmonella Typhimurium ghost vaccine candidates
K88ab, K88ac, K99, FasA & W#3slE 7F ghost vaccines Z+7F 25x107 cells/25u =

7)
& ¥ E3slel HE Fol F 1x10° cells/100pL0] HA 3 F -20Tel w@slo] AL-&3}

¥ 27. K&Rab, K&ac, K99 ¥ FasA F2ARIAE W E IAE At WAs S8 & &8

=
s =

AET
oy - HEgr= HEzAZ
T e 134 A% o3k A% | 3% g= | °
A 10 Control PBS PBS PBS =+
1x10° cells in
B 10 | K8Rah+K&8ac+K99+FasA - - =+
10040

1x10° cells in |1x10% cells in
C 10 | K8Rah+K&8ac+K99+FasA - =+
10040 10040
1x10° cells in |1x10° cells in |1x10° cells in
D 10 | K8Rah+K&8ac+K99+FasA =+
10040 10040 10040
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5. 7% A3

H4E A a9a vpAS HE 5 8?:&1177}%] 2F 7tAo = sIgh ZAS 98] EHS 1
2lal IgG FA S fgte] RS AT EWe A m
0.1% 3% PBSE 100mg/mi7} HZZ BHA20 5 13200xpmel A 1083 945 ¢
B 3

Spore e, 20T nae Al AEAST A AT AmE Fol AU
4,000xg, dmin &<t YA 23t FE Al serumEs T ¢ 5 -20Tol| HastH AEe| Af
$arant
6. ELISA

Salmonella Typhimurium A¥ ¥ WA E fimbria K8ab, K83ac, K99 1&]il
FasA 7} 3ol sl Eold slgAdA 9} [gGHAE 5437 s ELISAE Attt
) WS HEHES AA4A7] 28 A3 2]-1¢] ELISA Wi sd3tA 343t

9-4-2. 43}

9-3]o1 4 AR Az 4533595 wl K88ab, K8ac, K99 12]al FasA ETEC &%
& LA Ghost vaccineS & 93kl FF3AUES Wl slgAd] 47P7F HF 5 25271 59
S ou 7P e 9UE e | HE F 45 s dEzay vszs FHu o8 d slgA)
A7tE o oy fAEY] gkl HEE 7 oA aEa A AHE e YA FaE A9
S A3t T 4 2F SR vl A IFe] txed W UM B, C 283 D 1§59
APTE viAY HJE T 87 V=S AMASHY] ELISAE Fdstaltt. 2 23 P oA
(o3|

2 0

A IgGe) ELISA %9 2% B, C 71gm D 82§ A% 4% F 877 918 #
4ET B 19 slghvt 27904 @9 47kE 4% A7 H "ol

B WS A0 ) 2 S S el e

X
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L
R
i
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&
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5000 - +4A bed o o 5000 - bed 2
4000 | oe bed bed ] —x—x 4000 - e W
T e A W 3 1 o ——
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- 4000
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:‘ 2000 -

29 42. Mean total Salmonella Typhimurium ghost vaccine expression ETEC as
K&88ab, K&88ac, K99 and FasA-specific Serum IgG antibody titers at 0, 2, 4, 6, 8 10, 14
weeks post-primerary immunization(A). group A: PBS control, Group B: Prime
immunization on 0 weeks, Group C: Prime-booster immunization on 0, 3 weeks Group D;
prime-2"" booster immunization on 0, 3, 6weeks. Plasma IgG concentration (ug/ml). Lower
case letters indicate a significant difference ("p < 0.05) between each immunized and

control group A (b: group B, ¢: group C, d: group D).
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K88ab

29 43. Mean total Salmonella Typhimurium ghost vaccine expression ETEC as
K&88ab, K8RZac, K99 and FasA-specific Fecal IgA antibody titers at 0, 2, 4, 6, 8, 10, 14
weeks post-primerary immunization (B). group A: PBS control, Group B: Prime
immunization on 0 weeks, Group C: Prime-booster immunization on 0, 3 weeks Group D;
prime-2"" booster immunization on 0, 3, 6weeks. scretory IgA concentration (ug/ml). Lower
case letters indicate a significant difference ("p < 0.05) between each immunized and

control group A (b: group B, ¢: group C, d: group D).
9-5] 4%

Ghost system= E lysis geneg base® 3t sl EAS %71 =H 243 = o
S 7s BA wey. aEla 1 gke] My AS wAYSA st &5 1S 8Feh A X g
v B4 2EHA glo] AR oE APEAAZIY webs 57 7

protein®] FALE AHE 74 & 5 o il Aol glo ¢ w2 Y AN &
H is

2
Q
=
o+
@
=
3
2
=8
=
ol
=
o

& vEerd & ok o]y g 5AS o] &3t A A FE AN FEHG Ze kst A
# AEs dod= ASA At (Enteropathgenic Escherichia coli; ETEC)S] 8 <Ak

adhesin (fimbriae) F4(K99) F5(K99) F6(987P)E, Salmonella delivery system-S ©]-&3}o]
HAAlA Salmonella®t ETECE &40 owd 4 Sl& o7t WAlg 7dstdo. WA Al
o] BAEFEAAMY RGeS ASdY] sty HEEQ vgrolA &S FAdu. Aztd



ETECE &3} Salmonella Typhimurium Ghost vaccines®] 4 &3k doseE £2138}% 0w
o mE A-Hs HE AEZE AU 53 IMoE HEsS uW CD4+ CD8+ 9 cell
population®] FEAlol AEZ ns] wWt} o oglA 713t w3 FAEHE 93 B cells
o & A=l W cell population HA HEE IFol HlaEl F7Fskdvh. Avrt
cell-meidated immune response?] Ay EE o gk xp=ol o)A wHg-3YTh. &3
At ol A "Wojo] FHAQ A-g Y3z SlgAe] &4 Gt HE F 2FAe o1 &
H7 74 w=okvh o] FAE RS 9kl e 23 Ee] Ay o FA UkE Ha
FIHA frAete] wAle]l BaE SE 5 AT oy A whgol HAEQl U] A e
W3S THCE &9e 4 v}, wela] ETECE ¥3dd:= Salmoenlla Typhimurium Ghost
Vaccines & IM2. 2 1x10%ells/100u19] dose® 22} &3t Aol A Asirhar dohs ).

[(A1g53A : Gtz &dstu

[10] 28 5EA2 ghost WAl WY vlg f5 9 HA3 A]g

W ZgzeEsE 3 28 AYHY Aut E coli @ Salmonella straina

.;_,E
A Qe WBFQ FF i ANWLW Fold gAY PRV FFE AE

2. PCR (polymerase chain reaction) % DNA 2%}

HA OS2 s DNAZHE2 PCRE ARS8t 53813l PCRE 913 &&= Tag
DNA polymerasei= EX-Tag (TaKaRa), Eco-Tag (Solgent)% AF£30 3L, Pfu DNA
polymerase™ invitrogenZ=5-H T U3 ALY EH o= = DNA  segment”)
insertion® ©¢] 2+= recombinant plasmidE< Adt &4 A, PCR 2 DNA sequencing
(Macrogen) 2. & <13} v},

[e]

T

3. AAE Axe drdepite] tigh HI%H

el

BAE AEE HYe] gt Andedel U MILHS P
] AAskgich 1x10° CFU/ml 3 1X10° CFU/ml 312E A¥E 339 2§07

o
)
dlo
B
m

o
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2V 7y HE3a FHoeRE 27 A= 23 FUF HE } 3T AAA2E AXY HE 1075 S
typhimurium x3339% 18x10°0.2 AT = Folstart. HEst7] Aol 4x ko] d4 2 44
S ANAL HE = N F &7 L ARE AT 0}03‘:} HES AAE 5 457 5 w2 E

i 28. Bacterial strains and plasmids used in this study

Strain or plasmid Description
E.coli

F-mcrA  (mrr-hsdRMS-merBC)  &0lacZM15  lacX74  recAl  aral39

Topl0
P (ara-len)7697 galU galK rpsl. (Str™) endAl nupG
Disa JhuA2 AlargF-lacZ)UI69 phoA glnVdd @S0 AllacZ)M15 gyrA96 recAl
relAl endAl thi—1 hsdRI17
7913 hi—1 thr-1 leuB6 supE44 tonAZ2l lacYl recA RP4-2-Tc::Mu Apir, Aasd
X AzHf-2::Tnl0
619 ®80d lacZ AMIS deoR AllacZYA-argF)UI69 supE44A gyrA96 recAl
X relAl endAl AasdA4d Azhf-2::Tnl0 hsdR17 R M)
JOL500 F18 LT ,STa " STh' stx2",stx2e ETECisolatefrompig
JOL599 T4, Sta, Sth, LT
Salmonella
MMP13 S. typhimurium JOL401 asdAl6

S.typhimurium x8554
S.typhimurium x3339 Animal-passaged isolate of wild-type strain S1.1344

plasmids

pET28a a overexpression vector containing pBR322 origin
pBSL14 a vector containing polylinker of the pUCIS8
pBP527 a temperature sensitive vector containing R101 origin
PYA3332 a vector containing plbA origin

PYA3342 a vector containing pBR origin

pMMP167 x6212 [pYA3342(partial)::asd cl PR28]

pMMP172 x6212 [pMMP167::clI PR28 E lysis::aral

PMMP184 x6212 [pMMP172::PR28 ompA TM]

pMMP187 x6212 [pMMP184::p15A oril

pMMP132 x6212 [pMMPS1:LT-B]

4, A A~E A ES ul-$2 vaccination
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oh Abol Tl dEe FAE] fal Awke A= 55l gt

Jl}l

5. ELISA (Enzyme-linked immunosorbent assay)

LPS-S 200ng/100ul %% 0.05M carbonate £ (pH 9.6) o] Yojx 4TolA
overnight Al # A plate®] THo] FUS I8 AT} 75 LHL H%’/]Ii 1xPBS (pH 74) &
Aoz W washings 3T 1xPBS (pH 7,4) €948 3] AAS £ 1% skim milk &
of 07 Ao A 30% blocking AF U} Blocking 8949 1% skim milk €98 W3 Al=§
1% skim milk €K& 2 3 AS(FEH(1:50), +H(1:2), ZE8]H(1:2)& EaL 2417 37TCel
A Jbg A FT IxPBS (pH 74) £4o2 5 ¥ washingg 313 th 1xPBS (pH 7,4) £ 948
dds] AAS = 22 AR IgG (1:2,000), 1gGl (1:2,000), TgG2a (1:2,000), IgA (1:2000)&
Aol A 2A17F WEE AJFTEH IxPBS (pH 74) §4°=2 5 W washings 313t 1xPBS (pH
74) £48 4HdE] AAST F bk 7)E 22 -azino-bis(3-ethylbenzthiazoline—6-sulphonic
acid) (ABTS)E A3k &olA 10-90% &<k k& AIATh 01% SDSE ¥H-&& A A
7l ¥ ELISA reader2 7% 405nmolA] HAA TS #2313

_l%

—

_l

6. FACS (Fluorescense activated cell sorter)

upg-2o) I2E AYXE AT L FHom Fo3a 57 AHe & A (spleen)S
AH A spleenS. ZH-E F7] 3 splenocytes 100ulS E-tubeel] ¥ 3l antibody S X33l &
Wy Ho] oF So7A U2 A 4TolA] 30% Hast) dAEg
3000rpm, 10%, 4CTA I} &S el 2mle] PBSES 2o FACSAE tube® w744 &

23

FAAA eFE 100ul

7. RT-PCR (Reverse transcription polymerase chain reaction)

vhg-2o] AAE ANEE Qg @ FHo® Fostal 577F AHE § A (spleen)%
AN A tissue RNA isolation Kit¢l Hybrid-R (Geneall)S o] &3]4] RNAE FZ31%t)
RTase (ReverTra Ace, TOYOBO)E o] &34 F%3F RNA 2 ugg AF&3lA cDNAE 34 3)
2t} mIL-18, mIL-2, mIL-4, mIL-6, mIL-8, mIFN-y, mTNF-q, mActin <& 1M E o] &3
Al PCR-S 333t} PCR #7158 X, predenaturation, 95C, 2 min; denaturation, 94°C, 30
sec; annealing, 55C, 30 sec; extension, 72T, 45 sec® PCRE F3 3}t 23 &2 2%
agrose gels o] &34 2131t}
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ARE ARTE HEe] gl ARt U MIgHs #Edy] A& =AY
W JOL500% JOL599 cell® 5x10° CFU/10ml& 2

2ml? A= Foldtdlth AT 5 3-5¢ Atolell el FEMAE AbEsiA E¥ el oA
3

L A2E Axe] 75

PMMP184 plasmid®] &2 pYA3342°] 3L pBR ori, MCS % asd &A= pYA3342

258 wd Holxvh w3 St=v|=9 JuaE B3] 918 plbA ord VHoE AFE

E]7} pMMP187¢|th(1®  44). 3LAE  cassette’} PYA33420 AtqlelolA  Qlvh. wiE

cassette?] 742 cl-Ppes E lysisZ Ho] QoW & Pp ZEEH| 2% oF4 AR ZA

Zg3t E lysist ¥HH 2l e W o] ®] gX1742] A g @Az on o or uyE o]

A 24 AEE & A7IA o R 2RE 9184 arabinosed] WRo] XHH =
}

araCs A o=zx F3 ezl AAE =3t
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¥hol pen Khol - gey

ParaBAD
- A sant PereBAD [ pamti

pMMP187

pMMP184
6122 bp

whal 5402 bp
Xbal

Ascl

eghl Sacl
Sall Mhel sall

Hindll Hingll
Kpnl
EcoRl EcoRl

Sacl

Kpnl

1Y 44. pMMP184 ¥ pMMP187 plasmids®] =24 %. pBR ori; B4 7] %

2.0 SH dFEEFY A A=Y At 3HEE FedA, FedF, F4l, intimin &d 2%}

o

T3 Wy o Al FE =9} His-epitopeE T3 9 @ze] wyds ol
A3l FedA, FedF, F41, intimin FA A& A2t ¥WEH pMMP184¢l A& A EcoRI¥ HindIll
Aetsto] ol Aol st 47| 3}0174] ol df A= asd EAWO|F Ecoli x6212¢]
FA A%t EcoRI Hindll2 Awsh & 49)&ES 8oty 229 ol AXFAEL
7tz MMPI13ell @A 85ke] ghost cells TF3Hvh 7] FAASE Ecoli x621290 4
FedA, FedF, F41, intimin® W3 =S =437 93 western blotE AA 8. 13 &A=
Aoz Al 3= mousedl A LEH His—epitope A (IgG Therapy Co.)E 12 A
2 AREEAT 23 A= dAholA] wdEE & mouse IgGol HRP(horseradish peroxidase)ll

HU

Askst A= A&t 2 23, FedA, FedF, F41, intimin® @3¢ o] Fojx i giv}i=
Ag glE § vt (g 45).

1, FedA
2, FedF
3,F41

4, intimin

a8 45, 7k 9 339¢ FedA, FedF, F41, intimond] W3AT=E 288 Axp 72+
TE Hﬂoo]:ﬂoﬂ/ﬂ 7] &, ARl western blotting W ol &3k HAAE AT 1'Abe w5
2~ an A} A

£33, 2’AbE Goat anti P2 HRP conjucation

b
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3. ELISAE B3 2802 1aE g Foid shgrd uelfr 2

HE A zelar HE £ 2, 4, 6, 8 10749 A, vaginal washing samples, fecal
samples S AFATE DAE WAS HE Fd 1, 3F 2 A= 29 ©] HF vk
HAe oy AHAWMS B3 A d F 4000xg, Smin T AEZEFA AF A serumS
gl 3 & 20T B3 AP ALE3YTE fecal samplese FAIE M § PBSE
100mg/mt7F =& F-{A171 & FHadoA 1083 AR & A3ds &, -20Tel »
#at Ao AFEE%YE. Vaginal washing samples< 100 ul PBSZ AW HF-& A& d & A}
&35

g7, Fecal samples, vaginal washing samples (2, 4, 6, 8, 1057)° 4] Salmonella LPS
o] specificdt AZS =437 98] ELISAS A 3313t} sample wellol &= Salmonella LPSZ
200ng/well ¢ w5, standard wellelli= goat anti-mouse IgG/IgGl/IgG2a <2 rabbit
anti-mouse IgAE 27} 200ng/welld] == 23 3+ 3 4T overnight 3t9] coating 3t}
Coating ¥ plate= PBSZ 3%¥ washing 3 % blocking buffer (1% skim milk in PBS) =
blocking %t The serume PBSZE 1:50° % vaginal washing samples®} fecal samples< 1:2%
Zyzy 3128 vFe 100 A welloll #5535 & 37Tl A 2417 ~4A17F FoF vH-& AT}, Serum
2] % peroxidase-conjugated goat anti-mouse IgG, IgGl, IgG2a HRP 1¥]al IgA levelol
3|4 = peroxidase-conjugated goat anti-mouse IgA HRPE 1:20009] #j& = 3|23l 7+
wellell 100ul# FF3 5 37ColA 2412 &tk wvh& AFvh PBS &d& ¢bds] AAg £
k-8 714 22’ -azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS)E A 3F= &9
Al 10-90% F<F whE AJHT 0.1% SDSE WSS AX Azl & ELISA reader® 37
405nmel A LHEA=E #EA

LA Z1g 46, 47, 48] wrER wke o), @A A ¢ TgG, TgGl, TgGRasl LH o
il & Fold & A5 58 Controlel HslA @A F7lsks AS A 5 U
F w3k ¥l 490 vebd mlel 7o) fecal samplesel] A9 sIgAe] Wd-E FedA9 4A-$ 45
Aot 6F Aol wHo] Frietal AaskE A ST & %A, intiming 4FA Rt WHo] F
7Vl AL Eelst 4 AT vaginal washing samples © 419 slgA2] W3-8 W, FedA
FedF, F41, intimin® &0l Folg vhgo] A 454 o WH o] Frisitirt a4 o= vy
o] ZastE ElS EAvk (29 50). Lelar A A AP E B 1§ 51, 52, 53
oA uUEhd wps} o], Ao A= aiE WA
HAp Z7bskal 1gGl, 1gG2ats 67456 dd o
o 2] sIlgAe] ¥d-& W FedA, FedF, intimint 6F# 58 Z7}3ta, F4l+= 2@ o] dA s}
A 7= skar Sr7reterl fgadtt Al S7skE e Blvh vaginal washing

samples 1A 9] slgA®] W3S B FedA¥ controlZ Wao]a] xpo]He e F gl

iz

==

A

CW m]o o
it
2
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N
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FedF= 6574 o &3] F7t

7Pt 65 Al Ha s Mo ga] fgashs A" Bl
25
3

2

5 IIillIIliil‘|‘|i“‘|l“‘|l“‘|

w1

1

Serum-IgG (log2)

[

0

w

C A F 41 I € A F 41 1 C€ A F 41 I C€ A F 41 1 € A F 41 I C A F 41 1
0 2 4 6 8 10 week
a9 46, AAEMAS FFAHIMZE Fog & dAHYo=HFE  LPS

(Lipopolysaccharides)oll 3ol &l Total IsG &=A 3 A3} LPSE 2ug/mle TE= 7'%?/]3}
oL, 2"AbSl Total IgG, 1:2000 ¥ &= oA 2417 AHElslt) dks 7|2 ABTSE #-X
3z B Ao A 10-90% Hot 1S AATE 0.1% SDSE ¥F&S A A Azl § ELISA reader®
37 405 nmolA LA EE BA3CE C, PBSY IMo2 FoJd npg-A; A FedA $9S
IMo. 2 Fodl w2 F, FedF 39S IMO 2 Folgh vhgx; 41 F41 39S IMo =2
Sk w2 1 intimin Y-S IMO 2 F3 npga XEH2 AHE e Y52 A9 /F%
W3-8 A=E log#t HERH AT

1.8 -+

1.
1.
1.
0. i
ollilil il
C A F I C F
0 2

kS (-}

[N]

Serum-IgG1 (log2)

=]
N

41 A F 41 1 C A F 41 1 C A F 41 1 C A F 41 1

4 week

a9 47, A2ENMES EEFAHIME Fo3 & dH o2 HE LPSel 3] IgGl =

Ast Ay LPSE 2ug/mle HE2 A3 a, 2°Absl IgGl, 1:2000 B &E Ao Al 247k
A dtdh vhe 71" ABTSE A3l 904 10-90% ot wkg A|AT} 0.1% SDSE

T
oo
o
o

A Azl 3 ELISA reader® 33 405 nmolA @A =E @233t C, PBSY IM
o7 FoJ3 upe2; A FedA IS IMO2 HoJ3 vl92; F, FedF 94 IMo. 2 Fo3dh
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uh-22 41, FAL B8 IMO.Z Fol g ube2) I intimin F9E IMOR Fold nhexs XE
& AFre YERAL YES WY FERkEo s logit YERH T

8

N
w

lCAF41!CAF41l

Serum-IgG2a (log2)
O .
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of ~ mm
= .
O .
> -
[\S) -
—
o
A —
"}'_—-1
o | » I

week

a9 48, AAEWMALS SFSFAHIMIEZ 53t & Ao ey LPSe U IgGla =
As A LPSE 2ug/mle] 52 Hgs9a, 2'AbSl IgG2a, 1:2000 H] &= Ao A 247k
A stk W 712 ABTSE #A3tE £o0A 10-90% Sk w8 ATl 0.1% SDSZE
Hh&

AA Azl ¥ ELISA reader2 373 405 nmol A HdA=E #Z33t) C, PBST IM

25 A, FedA 95 IMoZ 5ok v F, FedF &S IMOZ Fof3t
; 41, F41 398 MO 2 Fofd vk [ intimin &9 IMO 2 Fod npgis X5
ARFEEe] AEE logwt YERHIATH

0.6 -
0.5
04 -
0.3

0.2 -

Fecal-slgA (log2)

C A F 41 1 AF 1 F

C A F 41 1

N m
-
o
)

10 week
P 49, a1 AE WALS F8FAHIM)E £33 § fecal samples® FE 9] LPS &¥
of sl slgA=A3s At LPSE 2ug/mle F&E= 7&‘3] 3 ar, 2'AbSl sIgA, 1:2000 vl &=
oA 2A1ZE AElskg e v 7)1 ABTSE FA8E £ A 10-902 &< vh& AlH
t} 0.1% SDSZ ¥k&-S A Azl 3 ELISA reader2 37 405 nmolA] HAATE #23)

2
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t}. C, PBSYF IMo. 2 Fodk vlg~; A FedA IYS M2 Fo3k vl-¢2; F, FedF &
S IMeR Fo uhgx; 41, F4l 39S IMo 2 FoJd v~ [ intimin 39S IMO =
Foldh e XE2 A7HS e YES HYFaukso AT E loggt YERHATL

S
o

o
]

Vagina-slgA (log2)

o & 8B B § B B
O

> —
el .
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O
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I

o I

> —
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o I
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a8 50, AAE WAS Z/FAHIM)E FoJ3k & vaginal washing samples §-H 9

LPSo| & slgAZA% A3 LPSE 2ug/mle FE22 M 33, 2'Abg] slgA, 1:2000 H] £

2 oA 2A17F AT vkE 71 ABTSE f-A8FE &9 A 10-908 &<t uk-g A

ZAth 01% SDSZ W8-S AX| A7l § ELISA reader® 37 405 nmolA] HHATE #3s

k. C, PBSYF IMO.2 Fofdh w9 A FedA 98 IMOE Foi8 whe-2) F, FedF &

A& IMoZ Foldk npf; 41, F41 92 IMO2 Fo3 vpg-4; | intimin 98 IMe=
FoAgk vpea X2 AR YE AL Y5 W72k AEE logdt WERASIT
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FedA FedF F4l intimin

4 3 4 - 4
8 34 3 3
3 2
32 ' 2 :
§ 1 - 1 1
0 L= i . o Em W [ o i i 0 lem m i
4 3 4 4
§ 3 - 3 - 3
£ 1 | B B
s 1 1 1 i
0l - W R P o o — = W
4 3 4 4
g“ 3 - 5 3 = 3
¢ T ? : 6 8 107 o= T ? : 6 8 10 0 -C iZ I4 67 8 10 Q T _2 : 6 8 10’
a9 5l AAE MAES SHFAHIM)EZ Fojdl & dy oz 7} e diEl IgG
subtype A3 A3, 7t Y& 2ug/mle] F 28] 3 AL, 2'Absl Total IgG, 1gGl, IgG2a
= 1:2,000 vj& = A= A c}%oﬂ/ﬂ 2A17F A AT whe 712 ABTSE #-4|3)+=
Solo A 10-90% &<k vk AJFHY. 0.1% SDSE w8 AA A7l 3 ELISA reader® 3%
405 nmol A YAAEE TEsAY. XSS AE eI Y5 HYFEwEe ARE

log#t YEFH AT
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FedA FedF

ais il

F41 Intimin

¢ 2 4 6 8 10

a9 52, AAE WMAS FHFAIM)E Foldk & Fecalz 7 aro] tld) slgA A
s Ay, 7+ Y-S 2ug/mle FEE 28 sdal, 2'Abel slgAE 1:2,000 B]&E Fecal sample
2] g2elA 243 APgity whg 7)1 ABTSE frAlshs &fdlA 10-90% F<k ut
Atk 0.1% SDSZ WFHe-& A=A A7l & ELISA readerZ 3734 405 nmolA LAAHAEE
#HAEP T}, XEF2 AITS el YE A9 fmukse] ATE  loggt YERNSIUL

%]

Fecal-IgA (Log2)
o [

Fecal-IgA (Log2)
o [

(%)

Fecal-IgA (Log2)
o [

Fecal-IgA (Log2)
o [

FedA FedF

0.15 —+ = 0.2 — _
g 1
3 01 - : - : 2 02 :
< <
= 2
- 0.05 I : - 2 T 01 g I I I i -
) > I
o T
> >

0 : o 0
F41 Intimin

06 4 - 06 :
B 2
< 04 < 04 -
< <
= =
E 02 A - e~ E 02+ - -
T g
> =

c 2 4 6 g 10 C 2 4 6 g 10

S EETFAHIM)Z Fo8 & vaginal washing samples®5-H
7z} gde] ] slgA =43 Ayt 7z FUS 2ug/mle FEE AP a, 2'Ab%l slgA:E
1:2,000 Y& = vaginal washing samplesol 2] AFZolA 2A17F A 3Ao w8 7]
ABTSE A8 &HeA 10-907 & & AAHT 0.1% SDSE whg-& AX| Az +
ELISA reader®2 37 405 nmelA LHAEE #FsATE XF5& AIHE YEd Y52 W
A3 s logdt WERHST
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4, S+H0Z AAE WAE T nppso A T-celld B-celld &X% g2 43

AEE WALS Fo gk vhe oA T-cell?t B-cell®] #XEE dolrr] 9aiA FACS
E Agth vhse aAE WAE Foldk & SFE A AAE WAlE Folgk whgsof
PBSHF Fo3t w22 BH spleens A3 & spleen® 2 5F-H splenocytes 22 £ 31%
t}. B8 3% splenocyted] mouse T lymphocyte subset antibody cocktail ¥ Mouse B
lymphocyte subset antibody cockail & ©|&3]A FFELS FZA7 T T-celld} B-cell®
XS Felvt. 2 A3 29 540 dpEpd wke} o] T-cell ¥ X5 HW v 2ok
FedA, FedF, F4l, intimin® &9o] Fo¥ w204 PE-Cy7 CD3eol A2l X7} control9!
isotype control .tk %7}3}—‘5 AL & F AT w3 a9 559 yERS whel 7ol B-cell?)
BXE i vEn 2t 54¢] A3l T-cell®] ¥ 9= vh2A] PE-Cy7 CD45R/B220
¢} PE-CD23¢] #¥ol& 0}‘%% TS FA FX

A

ﬂll
f
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Intimin :

a9 54 A2EWAS SEFAHIME Foid 7b 3 w99 spleen . EA-H

2] 3k splenocyte®] T-cells ¥, vp¢2o] BAE WIAS FoJdl & 5540 1AE WAL
o] 3l vp9- 29} PBSYE Fo] 3k npe AR EE gpleens AFH 3 T splenocyteE 242 )89
A% 19e& XFol PE CDAPE-Cy7 CD3eg vEMAL Y52 PE-Cy7 CD3eE YERY
+H e XFo] FITC CD8as YWER AL Y52 PE-Cy7 CD3ed YERHY. &%
gl XZo] FITC CD8ag YEetH i Y& PE CDAE eI -iso, Isotype; PBS, PBS

FesE e,

o M
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£
o
o
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9 55 RAEWMAS ZSFAHIM)E T3t 72 a9 vl-$~9 spleenC. Z5-H £
2] 3 splenocyte?] B-cells £33, w20 AAE WIAS FoJdl & 5Fx0 AAE WALS
o] 3l vp9- 29} PBSYE Fo] 3k npe AR EE gpleens AFH 3 T splenocyteE 242 )89
A% 292 XFo] APC slgM& YE I Y&& PE-Cy7 CD45R/B220E thebdith <
2% 92 XFo] APC slgMS YEeR I Y= PE CD23APC sIgME uEHY. —iso,

Isotype; PBS, PBS®E Fof gk wh--25 vEITH
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o] gli= Amdayte thit HETHS #EEr] Ye AL E

S g #Zo] AAFAY. Styphimurium X3339Z LB brothell F<E3dle] 37°C ]k~

A600 0.8 OD #to] = E%= wjkst £ d4 PBSE 20 Mo}oﬂ 2 x 10'CFU7} H%=2 3543

HE 10740 20 WA B AFsdvh A2 =d39 F 309 FF wd 2314 #HAL of 5
£ Felsksivt

oA 18 569 YERG vlel 7ol control vR¢AYE ARdalirs Foldhx] 10 A o

HALEL7] A ZFel A 149 A ol = 2 control vRE27F #HAMSF T Intiming] 89S Foldl n}

>

o

O

F20] A9 AEL0] BY% ARZ e AELS B o ¥k FedA, FedF, F419] a9
Fogh v 10-112 aﬂoﬂ HAZE dojux]qt 14U A 5B = dJ A} dojux] kil A+
| 50%AE H= A 13k 4 vk

v AR AR

e

o.
=
[e]

=0

o
gt

120
e
iy
z 80 == control
= 60 —m—FedA
T ip FedF
7! ——F41

20 ——

=== Intimin
0 -+

1234567 89101112131415161718
Days after challenge

a9 56. 72 FAHERE AAE A X9 challenge test A3 X&H& =dad o] AzH

T ARISFE JEH I YEL AELS JERATE control, PBS HE; IM, 1x10°CFU/mlo.2
A H 2% HE (FedA, FedF, F41, Intimin).

6. RT-PCR-& ©]|&3 Gene Expression 243}

AAE NEE FH0Z Ak vheao A WARkEE #Esy] 98 Al BT F
of mIL-2, mIL-4, mIL-6, mIL-8, mIFN-y, mTNF-a, mActins ¢ Fdx @& wale] os)
Azatdet. 28 578 392 FedA, FedF, F41, intiming @383l 553 o, mIL-2, mIL-4,
mIL-6, mIL-8, mIFN-y, mTNF-a-& #zd Zitolty, 557 Ao mIL-6%F mIFN-y 742
Uy fwlo] F71Eal, YA mIL-2, mIL-4, mIL-8, mTNF-a¥ control3} v]<=&}A =& s}
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a9 57. 4 FUE 29ekE IAE AEE AP S vhe oA Alo]ETEQl WE 9

. Intimin, FedA, FedF, FA1E& Z7; 3Hrdhes AE AR E vhe2o 252 FJEs] 5F

= ] A etE e 3le] RNAE 83ttt %3 RNAE o] 839 cDNAE ¥4 3lal mIL-2,
mIL-4, mIL-6, mIL-8, mIFN-y, mTNF-a, mActin®] +3d4 &3 2 #2339 Y. mActin
= Az Td #HEe v)Ee® ARESA Y C, control A A, FedAE A=3F 5 5574 Al
Z; F, FedFE A3 & 554 AZ; F41, FA41E #A=3 3 534 A= 1 IntimeE AF=-3)

5 557 AE Ve,

ri

, 6, 8 10F# o] &4, vaginal washing samples, fecal
fH sttt A2 koS Aws Faf A §F & 4,000xg, Smin &+ YA 23}
serume v & § 20T HastH A3 o] A3ttt

samples (2, 4, 6, 8, 10F)ol A Salmonella LPSel specificdt A5 =437 9
3] ELISAE A 833t} sample wellol+= Salmonella LPSE 200ng/well 8] 3= ¥
5 4T overnight 3}9] coating 3t3t}h. Coating ¥ platet PBS® 3% washing 3 %
blocking buffer (1% skim milk in PBS) Z blocking 3+ t}& serum< PBS#® 1:500 = 34

e 12 o
o rg Wi O}N
=
14
i)
ofN
o
™o
N

rok

gk ts 100 w2 welld] 579 , 37TCoAA 24 ~4A3F &9k vEEAH Y. Serume] H-$
peroxidase—conjugated goat anti-mouse IgG HRPE 1:2,0008] Hj& 2 3]23lo] Z} Welloﬂ 100
pA B 5 37C A 241F F¢F vhE AFTE PBS &8 &ds] AAR F owkg 7)A

2,2'—azino-his(3—ethylbenzthiazoline-6-sulphonic acid) (ABTS)E A 3}= &9 A] 10-90&
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FQF WS AJATE 01% SDSE w88 A A7l & ELISA readerZ 37 405nmol| A & A

1 A AAAA Y Total IgG $@-e Hw, 17 5804 uehd npeh o], LPSE #

Z2ge Ao FedAw 454, FAl= 854, intimin 65458 F7Hete 43S Btk o
°of ¥H8ll Fedli= 654 S7Fstvhrl 854 Hids megsha oA fdashs s Bk 7t

7)
Aol e] s dobrw, 19 59014 upER mkek o], control¥t HEURE Aol e e

A B
2 2
i@ 15 g" 15
g) I i .
£ £
S o5 2 o5 . -
a a
ul 1 m 0 0N
10 week C 2 4 6 8 10 week
C D
3 3 -
o o
) o
E 1 § 1
3 3
, m = H H , =
C 2 4 6 8 10 week C 2 10 week

a9 58, nAE3 AYXE AT (Orally)® Fol3 & LPS (Lipopolysaccharides) &<¢
of tel Total IgG =A% Azt &P LPSE 2ug/mlel ¥E2 A2latgaL, 2'Abgl Total
IgG= 1:22000 Wl&= oA 241 Al e 712 ABTSE ##18h= §9elA
10-902 &<k ®vkg A AT 0.1% SDS= ¥Hg3 AHA A7l & ELISA reader= 37 405 nm
NN LTHAAEE HEs 2ol AT HFE 3 dHolA 9
Total IgG W= ] AT AF g A9 Total
G 997 kg C, ALAE AEQ] F41E vhe2e A7 HF 3 dAolM9 Total IgG ©
Lles E S Ao A2 Total IgG W
1He. XF2 AZHS YEda YES A9 FEkee] RS logat YERUATL

l

rE ﬂJ
o
jus!
=]
X
m
)
==
9,
T
@)
O,
I
i
o
=)
o
X

—
)]

<& D, Iz

1o

do Ho
FooH

12 8

- 113 -



FedA FedF

-
0. ' 04
07 | | i I '
0 0 =
C 2 4 6 8 10 C 2 4 6 8 10

F41 intimin

L]

(8]

Serum-IgG (Log2)
=

Serum-lgG (Log2)

06 05 -

04

04 —+
0.3 -
I e 02 +—
01 -
0 - 0 -

0.2
C 2 4 6 8 10 C 2 4 6 8 10 Wweeks

Serum-IgG (Log2)
Serum-IgG (Log2)

a8 59, A2ES AXEE QT (Orally)= Fo43 5 dHo=mry 7z} Fdd el
Total IgG =A% Ay 7z} DS 2ug/mle ¥5E 2835, 2'Abel Total IgGE 1:2000
N &2 oA 2412 A skl vk 71" ABTSE FA3FE &4 10-90% &9 vhe
AN AT 0.1% SDSE WS-8 AA A7l § ELISA reader® 3% 405 nmol 4] $AAEE A&
9t X&F2 AEE eI Y& "HdfEuee 458 loggh WERATH

il

8 AT= AAE WAE Fodt upg2o|A T-celld} B-celld +X% &2l 4

Fo gk whg- 2o A T-celld B-cell®] FXE5 Zolr 7] 984 FACS
of AAE WALES AFE Fogs & 5FH ] LAE WALS Fodk whg
29} PBSHE Fojdt v~ EE spleens AFH 3 T spleen® ZH-H splenocytes 47 £
3t 8%t splenocyted] mouse T lymphocyte subset antibody cocktail 3 Mouse B
lymphocyte subset antibody cockail & ©|&3|A FFEZAES FZA7 & T-cell} B-cell9
FEXE Fdelvt. 2 A 29 600 drERd wke} o] T-cell #¥E HW v 2o
FedFF 94t Folyd w920 A PE CD49F PE-Cy7 CD3eol| A2 #¥7} control M.t} Z7}3}F
= As ¢ T JAT AR bE FdelA s dMuE AolHs & F gl 219 610
LR bkel 2ol B-celld) 32 E& HW tha3 2t FedA, F41, intimin Y] Fol g w5
Zo| A PE-Cy7 CD45R/B220¢t APC slgM&] + ¥ 93E& 8 A& AT F AAo.
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PE-Cy7 CD3e
;
PE-Cy7 CD3e

3
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PE (D4

FedA

FedF

F41

Intimin

& A7 (OraD= Fog 7} 3l whe 29 spleen® Z 5B #¢
3l splenocyte?] T-cell& X, vh-¢20 AAE WAE A2 Fo3t & 550 1AE Wl
A& Foldk vhg A9l PBSYE Foldlh npeAZRE gpleens AFH S 3 splenocyteE 2+ B
getart 9% 19 XFo] FITC CD8ag WEI YL PE CD4E viepdivh 7t
Y-S XFo| PE CD4S vehal YELPE-Cy7 CD3E deit o&8% 08e X0
FITC CD8as YWEIUI Y& PE-Cy7 CD3E YepT) -iso, Isotype; PBS, PBSY 5o
-2~ 5 e
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<
=
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2‘ w 1 i1 2
2 e G o] gl
= 3 g e o e .
control % ! 8 wh —
= # £ o
a\ L o 1.
: »
Tor Tat T o> T 1o (3
APC sIgh
FedA
FedF
F41
Intimin

a9 61, AA2EWAE BT (Oral)= Foldh 72 e vhe29f gpleen® ZH-H ¢
3 gplenocyte?] B-cells: #¥. up$ Ao LAE WAS AFZ Fojdt & 5540 1AE W
e Fogk w29} PBSYE Fofdk v A2 RE gpleens AH S F splenocyte®d 7H7; &
gt A% a7S XFo] APC slgM<& UEW Il Y5 PE-Cy7 CD45R/B220E HERW
th 2E2% a9 XFo] APC slgM<& YERA YHS PE CD23% eI control, PBS

}_,

AAE WiAlo] EEo] ol Ardeiite] i HIsdH S #Esty] fsiA =i
S trey ol AABAT. Stvphimurium X3339F LB brothol]l FEse] 37C wjek7] ol A
AB00 0.8 OD#t o2 %3 & Wit PBSZ 20 pigrel 2 x 10'CFU7F S22 343 & H=F
10570l 20 pe® B FEst(vh A2 =49 F 18Y Fot Wi 234 #HA ofF-E &
213ttt
oA 19 62 JERd vkel 7o) control BFAE AR dEietS Fojdhx] 9 H o
| AlEelA 16 Aol = EE control vhH-227F #HALSEITE FedA, F419] &9& Fof g
¢ AEgo] B% ARE e AEES WA 1o Wl FedF, intimin®] Y

& T vk 9d Aol HARE dojubA Rt 13LdAF-H = AL dojuA] ol AELo

2 &
Exgly
s
N
ol

—_
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120 -

100 -

~~ 1
S \
T 80 3 =
i; b Q\ac —+—Contro|
= \
= 80 X —m—FedA
E 40 \ \ FedF
L2 A_._A ——F41

20 .

\ —t=Intimin
0 T T T T T T T T T T T T T T T ]

Days after challenge

62. 4 ¥ E 32E M X2 challenge test A3 X&=& ZHAFo] A)zH

)
T ARYSFE JgN T YEL AEES e control, PBS A %E; Oral, 1x10°CFU/ml 2.
= %, A

10. RT-PCR% ©]&3F Gene Expression 24 %}

LAE AZE TR Adt vk Wenkss @Esy] 9 Abe]EIkel Sl
mlL-4, mIL-5, mIL-6, mIFN-y, mTNF-a, mActins 9] A} & w3l s #2a9u
" 632 99 FedA, FedF, F41, intiming X &&tal 5F %9, mIL-2, mIL-4, mIL-6,
mIL-8, mIFN-¥, mTNF-a-& ##3 Aio|ty, 554 mIL-62 Fdxte] Hdd o] Z7)sf
%33L, YA mIL-4, mIL-5, mIFN-y, mTNF-a3 control¥} W]<=3}A4] 24 319t}
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miL-4

miL-5

miL-6

miIFN-y

miINF-a

I 63, 7 FYS ksl AAE AXE X3 vheaoA Alo]EIY W] B
2. FedA, FedF, F4, intiminE 7Z+7} 3§38l 2AE AXE wpe 2o AFE FHEdo 55

o] AetE FE 3t RNAE 283t %38 RNAE o] &3le] ¢cDNAE 3743t mlIL-4,
mIL-5, mIL-6, mIFN-y, mTNF-a, mActin®] Fdx &3 #9-S 33239 ﬂr mActini= 4
A e e 7]10; AFE3F Y. C, control AE; A, FedAE A3t & 554 A=, T,
FedF& A3 & 5574 A& F4l, FALE A=3 & 554 AE; I, IntimeE A3 & 55

A AE HERH AT

flad

11. ELISAE &3 2502 7M1 s 7 22E WS Fofdh vpgid] HARE

1}

)

%

=~
o9
o0
—
)
N
2
=

4 A agla HE £ 2 & A vaginal washing samples, fecal
samplese AHASATH AL <heps AWE Fa A 3 F 4,000xg, Smin FF A4 H2] 5}
B2l serume w8 3 & 20T Hsh Ao ARSI

A4, Fecal samples, vaginal washing samples (2, 4, 6, 8, 10F7)o| 4 Salmonella LPS
of specificet FAE ZA3L7] 8] ELISAE 8319t} sample welldll & Salmonella LPSE
200ng/well o] %% B 3 % 4T overnight 3} coating 3} v}l Coating ¥ plate=
PBS=Z 3W washing 3 < blocking buffer (196 skim milk in PBS) Z blocking 3+ Ut
serum= PBSZ 1:50°0.2 343% t}s 100 w2 wellol 573 9 37TCoA 2417 ~44]3F &

oF WA AT} Serum® 4% peroxidase-conjugated goat anti-mouse IgG HRPZE 1:2,0009]

2
o
ol

[e]
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Al &2 348k Z; wellel 100p4 58 § 37TelA 2A13F 2k wkg AT PBS &S

qAs AAZ T H-E 7)FA 22 -azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS)E

FrAsE &delA 10-90% EoF whE AHTE 01% SDSE W& AA Azl § ELISA

reader2 374 405nmell A HHAZE #3233

A 17 640 yERG nRe} o] A A9 total IgGe EHE

E Moz 19, 2¥, 30 Fo3 4 Controld vlawglS - 2574 5F-H
= s}

El
7hebs A EFol wojutrl 8F Al A total IgGel Lol w43 TPk AS FHAT 5 U
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a9 64. 47HA 9] FYE 3 AAE WAS FSFAHIME Fold & dH oz iy

LPSel &<del g Total IgG &A3 A3} LPSE 2ug/mle T== AEd9a, 2'Absgl

Total TgG, 1:2000 H& = A& A 2A7F Hestan) vks 712 ABTSE X8} & Ao A

10-90% &<k w8 AHATE 0.1% SDSE ¥H&-& AA A7l $- ELISA reader® 37 405 nm
]

oM TAAEE BFAT P, PBSYE FoAd wvhes AE; 1, AAE S W R v
T2 AE; 2, A2E WALS 29 B vhes AlE; 3 AAE 3Hl ok wh A Al

A7HA] FRE BT XA IAE WS Fofd upgoA T-celld} B- cellA A
55 Yotny] feiA FACSE A8kt vh¢2ol aaE WiAlS 1 2, 39 Fogh & 55
Ao AAE WMALS Foldt vk PBSYE Foldk wpeAREE spleend A3 F spleen
S 2 5H splenocyteE 27t B3t 238 splenocyted] mouse T lymphocyte subset
antibody cocktail ¥ Mouse B lymphocyte subset antibody cockail & o]&&A IFFE4S
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FEZAAZ & T-cell} B-cell?] #X5 23T A
T-cell 35 BW Uad Zvh a2E Wilo] & ]

FITC CD8a°l A9 # X7} control Bt} F7Fsks As & ATk 8By ol g}, Fof 34
& <71E4E PE CD4, PE-Cy7 CD3e, FITC

et 29 660 YERG wiel o] B-celld] ¥XE H
w2 oA PE-Cy7 CD45R/B220, PE-CD23¢] +¥7

57 =] =T O
| controlB.t} #A4dh= AES Holi
W1 fwz 1 vz
& 10 o 10
< a o
a o o
Control o i3 L
& ) Qg
w w
o o
10°
] Wz R Az
1 time
2 times

3 times

<

a9 65. 471HF F¥E XS AAE MAS ES(IME Fo% 7 g w9
spleen®. = F-¥ 83k splenocyte?] T-cells ¥¥. vp$2o] IAE WALS 807 1 2

e

1

3 T3 5FAe] aiE WS Fo{gh wheael PBSRE T3 whe iz RH
spleens AF 3+ & splenocyteE 27 &3

Wi Y2 PE CD4E vepdith 7he-d 182 XF°] PE CD4g YEH L Y52 PE-Cy7
CD3Z Yyehith 282 092 X=2

t}. control, PBS® Fojdt wheA A ] time, ALAE W
times, AA2E WS 2W FoJd vhei A 3 times, LAE YALS

29 v,

W oFoE s 4
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D1

Control

PECD23

PE-Cy7 CD45R/B220

R ™ ot i s R T
APC sIgh APC sIgh

1 time

2 times

3 times

a9 66. 47HA S EII aAE WAES ZHOIME T3 74 3
spleen®. =58 £33t splenocyte® T-cells &X. vp-$2o IAE =

H, 39 Fold & 5F Ao aiE WAlE Fod vk PBSWE Foldt wbg iR ALY
spleens A# 3 & splenocyteEs 22} £33t 9% 18 X=F9o] APC slgM-S yERY
31 Y& PE-Cy7 CD45R/B220E Yebdth 2.8% 1912 XFo] APC slgM& YEhla Y
%< PE CD23% YepJTh

2E o] o] gl HRduitd Wi MEEUS BAY] AN =daP
%

AABATE. StyphimuriumX3339E LB brothel 3 E3le] 37°C w]%7]o) A 24
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=
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AT g 679 vERd vhel Zol, control vR-AE AR MRS Foldhx] 8Y A
of #HAFsL7] AlztefA 204 A oll= R control vhp-227F HARSFQIUE 47Fx] 9] @9lE BT X

Shets ALAE WAL Foldt nhf-Asms 22.2%-444% A R0 AEES B nAE WA S
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1,29 Rold whest MA%AES] AEEE KO, 3 LAE WAL Fold whe el
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A AELo] 22%E & AELS B
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e
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5 80
T
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= 60 " _
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= R
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a9 67. 2 FLHERE AAE A E9 challenge test 23} X&E& ATl A FH
5 ARAdFE el YES AEES UERAY control, PBSY o] 8k wl-$-2; 1 time, AL
2 = o E

times, AAE WS 29 Fofdk vhgXA) 3 times, AlAE

14. RT-PCR% ©] &3 Gene Expression 2%}

A7FA] FRE XS AAE MEE FH02 A vheoA] HAgNES AZs)
& Aol EFFel Fo mIL-18, mIL-2, mIL-4, mIL-6, mIL-8, mIFN-y, mTNF-a, mActins
of A wstel via] #edvh 2%l 688 47k 9] A& 19, 29, 39 AHEstaL 5
F3o, mIL-18, mIL-2, mIL-4, mIL-6, mIL-8, mIFN-y, mTNF-a-& ##3 ZAsjolr} 553
Aol mIL-69F mIL-8 mIFN-y fdxe] wda«d o] F7bsk9ar, v mIL-18, mIL-2,
mlIL-4, mTNEF-a% control® W] =317 2§ 39 v

N

- 122 -



miL-153

miL-2

mil-4

mil-6

miL-8

miFN-y

miINF-a

mActin

a9 68. 4714 FYE X33 AA2E AREE A3 vhgzoA] Alo]EFF]] WY 9

4. FedA, FedF, F4, Intiming 3Y-& Z3eteE L2E AXE vhflo| K2 HE31H
F So AHE 3 RNAE EZ33u. F53 RNAE o] &3t cDNAE 33t
mIL-18, mIL-2, mIL-4, mIL-6, mIL-8, mIFN-y, mTNF-a, mActin®] +#dx @& dguas &
23t mActinye AR HE gl vE=o 2 AREFSIYE C, control A 1, AL

QL2
2 3 9 AP AF; 2 12E AYE T A AY A 3 T2E A¥XE A 9 Ay

A& HER L

al

15. ELISAE §3 I2E MAS ot E45E A= "Hdfe

i

1}

12 AdeA ®E 12vtg]e] 5X10° CFU/2mLE i1AE A ¥ (FedA, FedF, K88ab,
K88ac)E 19 <F0= &% 5F, 257 HFEstdth AL2E AXE Wizt A7]7] d &
ol AEE shlal 1 F 1FSkel AMEE FAsATE A= 158, 357", 5FHolA A
3o Fgstarh 23 AR E RE 12utg]d 5X10° CFUALmLE IAE AX (FedA,
FedF, K88abh, K88ac)& Zd7¢ <Hom &uh 55, 2F o HF3Urh A= 1FHdAARE
5X107 CFU2mLO. & IAE A¥E Z§o7 FEagrt. nAE AXE wWas A7)7] 4
EEoA AEs splal &9 5 15k A ds FRsAT A= 158, 358, 57" ol A
Ade st 32 APolA FH ol A 5X10° CFU/2mLE IAE A
E A7 Zxow fJFea, 1579, 35798, 55% W AMds Tk

Ao A Salmonella LPS®| specificdt &AE =4317] 93] ELISAES *] 333}
sample wellol+== Salmonella LPSE 200ng/well ¢ %= #F 3 % 4T overnight 3}

d
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_|>i
i
—
N
9&‘,
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coating 3}%t}. Coating ¥ plate= PBSZ 3W washing 3 % blocking buffer (19 skim
milk in PBS) & blocking 3 t& serume PBSE 115002 3143 thg 100 i wellol
B8 5 37CoA] 24 7F~4A17F Fot WS AT Serum@ A% peroxidase-conjugated
goat anti-swine IgG(H+L) HRP-S 1:2,0002] ®j& = 343le] 2z} wello] 100p%8 #F3 5 3
7CoA 243 & WkE AT PBS  &4s  4dI AAT & 2
2,2'—azino-his(3—ethylbenzthiazoline-6-sulphonic acid) (ABTS)E A 3}= &9 A] 10-90&

=

5] R 7| =

1. O

_—

&b ¥k AlH T 0.1% SDSE Whg& AA A7l & ELISA reader® 37 405nmel A HA
58 A

oA 29 690 vERd whe} o] 13} BEAFEEAY A= HA A 9 Total IgG
g o] 9 15894 = Controld IAE WMAS & L= AFE Fofdt LEA gojudt
AEo A vl A A DA DAE WALS Fojdt RE A Hojd xEe] ] Wl i
A= A Bl 3FHoNAE 17l vslA Aol A AAN, control¥} 1] 3]
Hebguw IAE WAlg Fold HEAA Hojd =] nr) ] Wel] IgGrt IEEE S
gholdr 4 Ak 22 BAFE A8 A= A9 Total IgGel & A= 17 700 A
B0 13 HdE5EAY A= €44 A FAR 4%S B
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2l LPSE 2ug/mled =& g st9ar, 2’Ab¢l Total IgG,
1:2000 B]& 2 A20A] 2A17F A3k ch w8 712 ABTSE A 8= &4 10-90% 5

oF ¥h& AIAT 0.1% SDSE ¥E-E AA AlZl § ELISA reader® 374 405 nmollA] E A
58 BEAT 9 19E S5oR2 FAgE Agola, o 19 ATE IAE WS F
o} Aotk P, PBST Folgh wpe-i; M, SHOR IAE WG Fo3t ubfs Foldh
o925 Oral, $HO02 MAE WAL ol vhex Foldh vk XFS AE vheha
Y5 dolfmge] ARE log#t thebiivh
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R 70. HAstE 23 HAFE REA gojd xEe] "H oz FE LPSe|

3] Total IgG =43 A¥. Yl LPSE 2ug/mle =& 30, 2°Abgl Total IgG,
1:2000 Hl&= AF=olA 2413 Agskaith w8 714 ABTSE Al sks &20lA 10-90% &
k AA A7l & ELISA reader® % 405 nmol A & A

KeN
=
o8 FAG A%ola, offf 1Y ATE IAE NS
A~

& #FEsGY 9o 2"Ee 2 =
o} g Z-go|tt. P, PBSY Foigh whgy IM, SF 082 AAE WS Foldh whgs Rl
Php-22; Oral, 502 AAE WYALE Fofgh vhi Fojdl vhes X528 AZHe YERH AL
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Al HE Fo= 14, 24 HAsE A9 4% EMB agar®} BAP A selection®
ZAtS 7FA Al K88ab, FedA9] Eo]&el Lg]aw & PCRE Fa %ol 1x}bolA A= 90wnt
]

g
st 23004 AE Tovtelol A BA A9 ol AREES fEsta gtk 31 BAFR
e

o 4B I ;AE WAL ATH 2L Fo] NPOR AEY AAE WUHE AV
= Zoln
[3x}d =]

[AI1A -3 A 2 24 5] hal |

[11] AR 712 4G MAe] Tisnw iy

11-1. 3 Wy

1L 49 B8

D ORE HAY g S QESA 2o RE FlA Buel A el B
q7) e Byl g ~ 9FA LE 1855 A4

ATE AamAE sty fE A4 FHEE s B ofEs Adrdup
(3£ 290% 10me LB Brothol A& 3ke] 37CelA 150 rpmo] =2 16413t vl Fatalch o] wj %
18 1/100 (volume)®] W& = 100m¢ LB brothol #H7}3te] #Z& ZHAdA 3 ~ 5 A3+ o
Afef kst vt o] HkH-S 4Tl A 4000 rpmez PR e dEAe Wy AAELS
i PBSE AFFA7l= BRoR AlFEAT 2W o AT 5 v JAdE

20% &% i PBS (PBS-sucrose) 222 F/A171 & ODgoits A 45 &9

T =
3t 10m¢ PBS-sucrose®l Z} adhesin @& of=3) A wdetat U LTB O o= And
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¥ 29, Aol A4 FF} Sepavs

Strain or plasmid Description Source or reference
Strains
E. coli
JOLA416 Wild type F4 (K88ab) ETECisolatefrompig This study
JOLA417 Wild type F4 (K88ac) ETECisolatefrompig This study
JOLA412 Wild type F5 (K99) 'ETECisolatefrompig This study
JOLA415 Wild type F6 (Fas) ETECisolatefrompig This study
JOL413 Wild type F41"ETECisolatefrompig This study
JOLA489 Wild type F5°,F41°, L1, stx2 " ETECisolatefrompig This study
JOL564 Wild type F6' stx’,stx2 ETECisolatefrompig This study
JOL599 Wild type F4",LT",STa",STh" EAST1 'ETECisolatefrompig This study
dAl, recAl rA ) 17 (re ,mi), relAl

JMI109 SZpEélé’l, AQ(CZac—’pr(%}AB5)9,6’[Ft’hl’traD32:gcjlvBro?AIB(,klcz’ng%AMelZS]J Progma

BL21(DE3LysS F ,ompT, hsdSgls ,ms ),dcm, gal, N(DE3), pLysS, Cm" Progma
Apir thi-1 thr-1 leuB6 supEdd itowAZ2l lacYl recA

X7213 RP4-2 TexMu AasdA4 Klm et al., 2007
JOLA470 JM109 with pQE31-K8&88ahb This study
JOL471 JM109 with pQE9-K88ac This study
JOL794 BL21 with pET-K99 This study
JOL945 BL21 with pET-fasA This study
JOL796 BL21 with pET-F41 This study
S. Tyhphmurium
JOLA401 Wild type isolate from chicken This study
JOL912 Alon AcpxR Aasd, a derivative of JOL401 Hur and Lee, 2011
JOL940 JOLO12 containing pBP-K&8ab This study
JOL941 JOL912 containing pBP-K88ac This study
JOL946 JOL912 containing pBP-K99 This study
JOL936 JOL912 containing pBP-fasA This study
JOLO947 JOL912 containing pBP-F41 This study
Plasmids
pPQE9 IP'I'G-inducible expression vector; Am" QIAEN
pQE31 IPTG-inducible expression vector; Am" QIAEN
pET28a 1P T'G-inducible expression vector; Km" Novagen
PQE31-K88ab pPQE31 derivative containing K88ab fimbrial gene This study
pPRQEI-K88ac PREY derivative containing K8&88ac fimbrial gene This study
pET-K99 pET28a derivative containing K99 fimbrial gene This study
pET-fasA pET28a derivative containing fasA This study
pET-F41 pET28a derivative containing F41 fimbrial gene This study
+ 0 - . B .
DYA3493 Sgﬂ(ﬁlpﬁléﬁ?gus%réfeﬁfn lacg;ngi% signal  sequence-based Kim et al, 2007
pBP244 ggrégél% derivative containing lepB, secA, and secB Kim et al, 2007
pBP-K&88ab pBP244 derivative containing K88ab fimbrial gene This study
pBP-K&88ac pBP244 derivative containing K88ac fimbrial gene This study
pBP-K99 pBP244 derivative containing K99 fimbrial gene This study
pBP-fasA pBP244 derivative containing fasA This study
pBP-F41 pBP244 derivative containing F41 fimbrial gene This study

ZF H94d Ao K88ab, K8ac, K99, FasA, F4l adhesin 39 +1] @ AFg3} ¥ o
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4 4 cloning kitE o]83te] AlZEe] B Tl 7 adhesin A FES LB
HZEste] el 3 colonyE LB broth 200méel] HE3}e] 37T A 150rpme 52
SHE w e v, o] wigdel HEw =7 ImMeo] HEE IPTGE H7ibst
AN ZE 1w Fskd ). o] wlFdg 8000rpm, 4°ColA 1587 A& er &,
JZole wYar HAEL phenylmethanesulfonyl fluoride (PMSEF)7F ImMo] H =% H7ld
FHA1ZL v 70T ] WEsidtt ¥sd Fis thA] 37T
IS

water baththol A =3k t}he -70CoNA YE37|E 33 wrEsQct vix2to =z s %3 &

BHae 253 HEsto] AXxEs Azl 3 15000rpmo- & 4TCelA 20837 42231
FEds dar del &AY. Ed dde] gAY Aol Buffer B (100mM Nah2PO4,

)
10mM Tris - Cl, 8M urea, pH 80) 4E 45 H4 33t EE8AHY EAfde= emly
AA WEEA H T o] BhE S
15,000rpm, 4ClAl 203 AR = A5 RS Ald=Ha 9= resine] E9] v #Ho=
7] Tl Aol resind Aot 307F wRkETh o] ¥hEE FR[E columnel T A7
I HAS ST S o] Ao B columng AEAI L vhA] HHI] SS9 uwich
he oS E gl the Buffer C (100mM Nah2PO4, 10mM Tris - Cl, 8M urea, pH 6.3) 6m{
2 columng 33 AASA resin® AFIA 22 e} B2 w@nAS A A3 AL
Elution buffer (100mM Nah2PO4, 10mM Tris - Cl, 8M urea, pH 4.5) 10m{Z columng =72

A7l Z 2087F whe A A IE G AL resin® ZFE 224171 v elution bufferE 1mlA

jud

M Alzp v)Eo] Agsly o] Fwwar ¢li= 3 WMA¢l porcine Escherichia coli
bacterin (3] %o FX5 3l &= WAY A 5 459 Y 5
st HET AFY U I 1009 A9 qFte] FHHEES A 2y
A Ees AT Wustdy. & A (Group A, D) ®9F 8F9F 1150l A+#S 47

HEsY, AdE WA (Group B, E)& WAl AlZ3| AL A FHEE o wel 2y 11
145 242 28502 2ml® H=E:s19ch 18] iz (Group C, F)& PBS-sucrose®
1

WA " A &L Aol A4 Az HSskdn (& 30, 2" 7D
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i 30. Immunization schedule in pregnant sows and clinical signs in the suckling piglets
after challenge

Immunization Challenge
Sow Weeks of pregnancy Age of piglets (week)
Prime Booster
One Three
8 11 11 14
A veP VC 0/18(0)°
B Cv*© CcvV 0/17(0)
C PBS* PBS 8/18 (44.4)
D VC vC 0/19%(0)
E Y% CvV 7/19 (36.8)
F PBS PBS 8/16 (50)

* The sows of group A and D were orally primed and boosted with the mixture of the
vaccine candidate,

group B and E were intramuscularly primed and boosted with the commercial ETEC
vaccine, and group C and F were administered with PBS as a control.

P VC, The vaccine candidate

“ CV, The commercial ETEC vaccine

dPBS, sterile phosphate buffered saline

¢ n/N (%), Number of diarrheal piglets per total piglets.
Asterisks indicate a significant difference in diarrhea and mortality between piglets of
vaccinated group with our vaccine candidate and those of vaccinated group with the

commercial vaccine (xP<0.05).

28 7L ZEAL Y HE
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5. 7FHd= AH 2 A7 A

(1) ZEolAe] Ad

7} GroupW® $urshil Qi ool 248 AAste] WErwshe AP A
o
(3) Az A 2] A
0§ A-CE RENA FAT AEo] 170l HUS W 1ga 1§ DFY mEA
%7 RE @ sA (4 2% 9 F 5o AR d4g Aol

=
dde =2 § We nasy Aol Abgely (2" 73).
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A 2HE dFe=z JE dddd g mucosal IgG ¥ sIgA%t =Asgy 2E 9
2 of thdt Eo] serum IgGE Z+2 AL &, 8 2 /A
of Foldt gAQrE SAs7] 913 ELPSA plate®] sample Weﬂoﬂf AAE g o
w2 -S 500ng/well®] X2, standard welldl & goat anti-pig IgG %+ goat anti—pig IgAES
Z+7y 500ng/well, 100ng/well®] H%z 53 3 4Tl A 35 oF ¥-&A7 coating 3+
t}. ELISA plates PBS-Tween 20 (PBST)® 3W washing 3 % blocking buffer
(phosphate-buffered saline [pH7.4], 19 bovine serum albumin AME)E 3087F ¥H&A] A
blocking 3t} Serum % Z+F sample blocking buffer® z}z} 1:2005-¥ 1: 40002 z}7}+
gAste] 100?53 & 37CAA 2417 &<k REEAFHTE Peroxidase-conjugated goat
anti-pig IgG HRP %= peroxidase—-conjugated goat anti-pig IgA HRPE 22} 1:100,000 2
1:50,0009] ¥j&= s)Aste] 7} welle] 100p# #FF3 5 37CeA 1A1ZF &<t wHgA F T
OPD-substrate ¥F-& & well & 100u1¥® +F38ko] S A1Z1 & 3M HoSOE §HE& A A
7 492nmel A OD#Ee A3 71 Fd-Fo] FA 9 v&+e

gko] A5

standard protein F %9 7]&%

5 A-Ce RECAM FAE AEo] 1580 | Aol i s Aol A ARIET}
2 4T HAd AT 4P (F4 F5 F6, FADS 4o A+ Azl 5 A 72
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Fo] AN g FE (F4, F5 F6, FADE 34 Hol A7 HET § A
al

sttt (i 30, 1" 74).

' (g

IR 74 AENA Y =AY
11-2. 43}
L 2E 9 AEoAe) Wl whe A
(1) E=olAe] W vk
R BE Z} BRI 3 serum IgG A A7b= 28 7504 HE npel 72
o] 1% A9 D EEAAMY IgG 97z HE 357 3 PPD FH¥H HE 8F (8 PPD &7+

o A tfzxvrol vl sl F9 dv T #FE AT A I1F B E B

A Buh G d AN ARE gz vE] A dEHS Wolrh

O
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[ IGroups A, D

-g 30— NGroups B, E

| Groups C, F
%

=
()
n
o

8

a9 75. Serum IgG (ug/ml) against each fimbrial antigen in the immunized sows:
I - A, K&ab-specific Igic; T - B, K&8ac-specific IgG; T - C, K99-specific IgG; T - D,
FasA-specific IgG and I - E, F4l-specific IgG. Groups A and D sows () were orally
primed and boosted with a mixture of the vaccine candidate, and Groups B and E sows
(N) were intramuscularly primed and boosted with the commercial vaccine. Groups C and
F sows (M) were orally administered PBS as a control. Data represent the mean in each
group; error bars represent standard deviation (SD). Weeks post immunization of sows are
referred to as WPIS. Asterisks indicate a significant difference between the values of the

vaccinated group and those of the control group in the immunized sows (P < 0.05).

(2) A=ol e W whg

ApEo| A BE ZF BRI it serum IgG FA G7FE 19 7694 HE onpel 7

D A= @A AUk 2 ZYolA 25 ES vixael vlal frol A =A #EEAL, LF

o) GAG m@ 2] A Arkuek f9) i Egh
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A B C D E

5,000 % 2,000 % * 2,00 % 2,500

— — 1,600 [ —¥— %

24,000 % 1,500 % | y % 1,500 s 2,000 \
= — T 211,20 — < e = %
% 3,000 21,000 V) £1,000 1,500
% 2,000 ! 800 = =

1,000 500 400 500 1,000
EGmup(}x 1 0 1 1 1 00 1
NGroup B
BEGroup C WPA

11
A B C D E
91,500— P S— - ) v * 1,500 - 1,500 =
= 1,000 % 12000 T, o’ —% . <1,000 ] % = 1.000 1 "
g m— % — §1,200 z ] E # —
2 500 __ ¢ 800 _ 600 =500 ' 500
400 _ _

DGroug D 3 0 200 3 0 3 0 3
NGroup E 3
BEGroup F

298 76. Serum IgG (ng/ml) against each fimbrial antigen in the piglets: II means
one week of age piglets from groups A, B and C sows, and III indicates three weeks of
age piglets from groups D, E and F sows. A, K&83ab-specific IgG; B, K8Bac-specific IgG;
C, K99-specific IgG; D, FasA-specific IgG and E, F4l-specific IgG. The immunization
conditions of groups A to F are referenced in Fig. 75. Data represent the mean in each
group; error bars represent standard deviation (SD). Weeks of piglet age are referred to as
WPA. Asterisks indicate a significant difference between the values of each group (P <

0.05).

= Z2FE WS E 8 mucosal IgG 2 IgA9] A 7l 9 7704 B ket

A gl e 24 IgG B IgAe] A A7k diEael vel el s
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K88ab K88ac K99 FasA F41

a9 77. Colostrum antibodies to each adhesin antigen in the immunized sows: A,

colostrum IgG and B, colostrum slgA. The immunization conditions of groups A to F are

referenced in Fig. 75. Data represent the mean of all sows in each group; the error bars

indicate standard deviation (SD). Asterisks indicate a significant difference between the

vaccinated group (P < 0.05) and the control group.
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a8 79, Serum IgG (ng/ml) against K83ab and K8Rac fimbrial antigens in the
mice. The intramuscular immunization conditions of groups A to D are referenced in Table

33. Data represent the mean in each group; error bars represent standard deviation (SD).
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198 80. Fecal IgA (ng/ml) against K88ab and K8S8ac fimbrial antigens in the mice.

The intramuscular immunization conditions of groups A to D are referenced in Table 33.

Data represent the mean in each group; error bars represent standard deviation (SD).
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298 82. Serum IgG (ng/ml) against K83ab and K&8Rac fimbrial antigens in the

mice. The oral immunization conditions of groups E to H are referenced in Table 34. Data

represent the mean in each group; error bars represent standard deviation (SD).
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198 83. Fecal IgA (ng/ml) against K88ab and K8S8ac fimbrial antigens in the mice.

The oral immunization conditions of groups E to H are referenced in Table 34. Data

represent the mean in each group; error bars represent standard deviation (SD).
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K88ab, K88ac, K99, FasA Z1¥]al F4l & 27} dHsh= of=5st drdel o
5 AP AF&sAT (& 35).
3 35. Bacteria and plasmid used in this study
Strain/Plasmid Description Source
Strains
E. coli
JOLA4&9 Wild type F5', F41", LT", stx2" ETEC isolate from pig This study
JOL564 Wild type F6,stx’,stx2 ETECisolatefrompig This study
Wild type F4', LT, STa’, STh", EAST1" ETEC isolate .
JOL599 from pig This study
S. Tyhphmurium
JOL128% JOLA401 containing pMMP81-K&88ab, pMMP99 This study
JOL1286 JOLA401 containing pMMP81-K88ac, pMMP99 This study
JOL1287 JOLA401 containing pMMP81-K99, pMMP99 This study
JOL1288 JOLA401 containing pMMP81-FasA, pMMP99 This study
JOL1289 JOLA401 containing pMMP81-F41, pMMP99 This study
Plasmids
T-vector Cloning vector; pUCort Amp" Promega
pMMP99 A derivative of T-easy carrying ghost cassette This study
3. WA

K88ab, K83ac, K99, FasA 1|3l F41& ZH7)

al
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FAES A PBSE BH3 H
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1% 55 HEFE 12k s 22 JE Lo

(2w 63 (Rwgrm) oo W9

A 3 Control PBS PBS AT 54 %
£ WA g

B 3 KB8Bab+K88ac+K99+FasA+F41 o o AT 5¥H

(2x107 cells ) (2x107 cells )
g A .
C 3 K88ab+K88ac+K99+FasA+F41 T 52

(2310 cells ) (2x10" cells )~ = e
gl =g

D 3 KB88ah+K88ac+K99+FasA+F41 7 59

(2x10M cells ) (2x10" cells )

2. M= A4

(1 A4 -

(2) 24 ¢ % Gl 275 AF 8] 20Tl Hasts Aol AT

of Eoldt gAYrE =437 98] ELISA plate?] sample welloi= AAH & &
w2 -S 500ng/well®] X2, standard welldl & goat anti-pig IgG %+ goat anti—pig IgAES
7+7y 500ng/well, 100ng/well®] ¥E=2 #5F38 & 4ToA 3549 &<k WH&AlA coating 33

t}. ELISA plates PBS-Tween 20 (PBST)® 3W washing 3 % blocking buffer
(phosphate-buffered saline [pH7.4], 1% bovine serum albumin AF&)ZE 30%-7F vHS

1o

7}
g3t 100 538 & 37T A 2413 &<F dEgAFH T, Peroxidase-conjugated goat
anti-pig IgG HRP %= peroxidase—-conjugated goat anti-pig IgA HRPE 22} 1:100,000 2

Al
blocking 3t} Serum % Z+F sample blocking buffer® z}z} 1:2005-¥ 1: 40002 z}7}+
&
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298 84. Serum IgG (ug/ml) against each fimbrial antigen fimbrial antigen in the
sows. The oral immunization conditions of groups A to D are referenced in Table 36. Data

represent the mean in each group; error bars represent standard deviation (SD).
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29 85. Colostrum IgA (ug/ml) against each fimbrial antigen fimbrial antigen in
the sows. The oral immunization conditions of groups A to D are referenced in Table 36.

Data represent the mean in each group; error bars represent standard deviation (SD).
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