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SUMMARY

I. Title

Development of safe and effective fowl typhoid vaccine using high-tech genetic engineering

II. Purpose and Necessity of This Study

Fowl typhoid (FT) is an acute disease causing septicemia in poultry; it is caused
by Salmonella enterica serovar Gallinarum biovar Gallinarum (SG). Even though the
causative agent has adapted to its avian host and rarely induces food poisoning in humans,
vigilant control of the poultry industry has been instituted worldwide to prevent economic
loses due to FT outbreaks. In Australia and most European and North American countries,
FT has almost dissappeared as a result of improved surveillance and slaughter practices,
including an effective control policy such as the National Poultry Improvement Plan of the
United States. In Korea, after the first case of FT in the field in 1992, it has easily spread
throughout the country because most of the layer population consisted of brown layers,
which are more susceptible to FT. After experiencing severe damage from the disease,
Korea decided to introduce a nationwide vaccination program with a live attenuated strain
(SG 9R) for commercial layer chickens in 2001 instead of an eradication policy to minimize
the economic loss from the FT. Vaccination is the only way to control FT, caused by a
intra-cellular micro-organism at this moment together with test and slaughter strategy.

The 9R vaccine strain developed in the 1950s has a semi-rough lipopolysaccharide
structure, but the nature of its attenuation is not known (Gordon and Luke, 1959; Silva et
al.,, 1981). Although highly attenuated compared with its parental strain Salmonella
Gallinarum 9, the 9R vaccine strain may still result in systemic disease with liver and
spleen pathology and bacterial persistence for several weeks in these organs in young
chickens. Because of the known pathogenicity and imperfect protection, alternative vaccine
strategies including a number of live vaccine candidates have been investigated during the
last two decades. In contrast to the genetically undefined 9R strain, genetically defined
mutant strains of genes encoding metabolic pathways have been studied, and a degree of
attenuation of virulence and protection against FT has been reported, although none of the
new mutant was demonstrated better than SGI9R. The difficulty to develop a new safety

and efficient vaccine candidate is likely to be related to relatively unknown pathogenic
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mechanism of the etiological agent compared to other serotypes of Salmonella enterica.

In this study genes that are included in the host-pathogen relationship or in
invasion and proliferation in the host cells were deleted for better performance of
attenuation and immunogenicity at the same time. We deleted lon and cpxR genes from the
genomic DNA of Salmonella enterica serovar Gallinarum wild isolate to construct a potent

vaccine candidate for protection of Fowl Typhoid.

III. Contents of this study

1. Construction of a vaccine candidate by deletion of genes

Lon and/or cpxR genes were deleted from the chromosomal DNA from a domestic
wild isolate of Salmonella enterica serovar Gallinarum (JOL394) to obtain JOL914(Alon),
JOL915(AcpxR) and JOL916(AlonAcpxR). The wild—-type SG JOL394 chromosomal DNA was
used as a template when the left and right arms of the lon and cpxR genes were amplified
by the polymerase chain reactions (PCR). Construction of deletion mutants was performed

by the allelic exchange method using the suicide vector pMEG-375.

2. Construction of auxotrophic mutant as vaccine candidates that are lethal in hosts

As Salmonella Gallinarum strains are usually, at least, pathogenic including
attenuated mutants such as SGIR, young chickes under 6-8 week of ages cannot be
vaccinated with live vaccine strains. To construct one of the most safe live vaccine
candidate, conditional lethal strains with arabinose—dependent promotor systems with
origins of pl1bA or pBR were constructed and named JOL969 and JOL971. These candidates
grow only in the environment that contains L-arabinoes but cannot grow in animal hosts

including chickens.

3. Effect of gene deletion and suitability of JOL916 as a candidate

Biological and biochemical characteristics of JOL394, JOL914, JOL915, and JOL916
were compared. Attenuation of the virulence, invasion in host, pathogenicity (clinical sighn,
gross lesion, bacterial recovery from internal organs), and immunogenicity were examined

and compared.
4. Determination of application condition of JOL916

Killed vaccine and live vaccine were prepared for experimental vaccination to

compare efficacy of the candidate. Oral and parenteral routes of inoculation were performed
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and the efficacy was compared. Side—effect, immune-response, protection after challenge

inoculation were observed for the comparison.

5. Safety and protection efficacy of JOL916 as a vaccine candidate

For safety evaluation, weekly autopsy after vaccination was performed to monitor
gross lesion and bacterial recovery. Body weight increase and clinical signs were also
observed. For protection evaluation, immune-responses were observed with post-challenge
observation of clinical sign, bodyweight increase, gross lesion and bacterial recovery on the
10-12st day post challenges. For comparative evaluation, vaccinated group was compared to

positive control and/or negative control groups.

6. Vaccination possibility in younf chicks with candidates including JOL969 and JOL971
Chicks from 0 to 4 week of age were tested for vaccine—challenge experiments.

Safety and protection efficacy were evaluated. Auxotrophic strains were included.

7. Production of trial vaccine products and general and safety assay
In the manufactural equipment for vaccine products (CAVR), trial products were
produced. Officially required tests for permission and numerous tests necessarily for

practical use were performed.

8. Efficacy of the trial vaccine

Immunogenicity and protection against wild type challenge inoculation offered by
trial vaccine products were monitored. Three vaccines including JOL916, PoulShot SG9R
(39SGYRO01), and Nobhilis SGIR were compared for immunogenicity after vaccination and

mortality after challenge inoculation.

9. Long term experiment with the trial vaccine in a farm

In a experimental farm, hens were kept over 40 weeks for long term
vaccine—challenge experiment. Safety evaluation based on body weight, mortality, egg
production rate, and egg contamination test was performed. Long term monitoring of

reciprocal titer was conducted.
10. Construction of live adjuvant strain

Live fowl typhoid vaccines have been pointed out of their considerably lower

protection rate after oral inoculation of the vaccine including SGO9R and JOL916. A mutant
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of Salmonella Gallinarum that secrets LTB, heat-labile toxin subunit B (LTB) of
Enterotoxigenic Escherichia coli (ETEC) was constructed for better protection after

vaccination via the oral route.The strain was named JOL1229.

11. Application condition of JOL1229
For 6 and 1 week of age of hens, mix ratio of JOL1229 with JOL916, mix ratio at
the primary and booster vaccination, and appropriate doses were determined.. Safety,

immunogenicity, and protection after challenge were monitored.

12. Long termexperiment of JOL1229
Clinical sign, bodyseight increase, egg production rate, and egg contamination with

vaccine strain, were observed.

IV. Result and conclusions

1. Construction of a vaccine candidate by deletion of genes
Gene-deleted mutants were successfully constructed and the deletions are confirmed

by PCR; JOL916 vaccine is differentiated from wild type strains.

2. Construction of auxotrophic mutant as vaccine candidates that are lethal in hosts

Successfully constructed.

3. Effect of gene deletion and suitability of JOL916 as a candidate

Deletion of lon resulted in mucoidal character and increase of fimbriae, increased
invasiveness, and a little attenuation. Deletion of cpxR resulted in increase of fimbriae and
a little attenuation of pathogenicity. Deletion of both genes resulted in increased
invasiveness in phagocytes, mucoidal character, and increase of fimbrie. JOL916 was
attenuated enough and better invasiveness in macrophage and longer duration of survival
of the strain without significant pathogenicity. JOL916 appeared to be a potent candidate
for a vaccine strain compared to JOL394, JOL914, or JOL915.

4. Determination of application condition of JOL916

Killed vaccine and live vaccine were prepared for experimental vaccination to

compare efficacy of the candidate. Oral and parenteral routes of inoculation were performed
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and the efficacy was compared. Side—effect, immune-response, protection after challenge
inoculation were observed for the comparison. Lie vaccination with JOL916 offered better
protection compared to formalin-killed bacteria. Vaccination with JOL916 via the parenteral
route offered better protection compared to the vaccination via the oral route. However, as
vaccination with live cells via the oral route also offered reasonable protection, further
research for oral application should be continued in the future.

Moderate to severe side effect including death was also observed in diseased or
non healthy chickens in some experiment. Elevation of protection efficiency will be
connected to reduction of vaccination dose, therefore, safety; continuous effort for

development of safety vaccine candidate is required.

5. Safety and protection efficacy of JOL916 as a vaccine candidate

After vaccination no detectable clinical signs are found in healthy chickens.
Detectable level of slight gross lesions are found or not found on the livers and spleens of
vaccinated chickens, although the lesions are not likely to be related to side effect but
likely to be included in immune responses. Vaccine candidate JOL916 invaded and
proliferated at high efficiency to the spleen rather than the liver, diminish after the second
week post vaccination; the number of recovered bacteriae from the internal organs were
neglectable after that.

Vaccination with 2 x 106 cfu per chicken via the parenteral route (intra muscular)
induced significant levels of antigen specific immune responses and offered perfect
protection against wild type challenge. Only a part of the vaccinated chickens showed
slight and temporal clinical signs as an acute response (4th to 7th day post challenge) and
demonstrated rapid recovery of general condition and body weight increase. Postmortem
examination also demonstrated considerable protection offered by vaccination with 2 x 106
cfu per chicken via the intramuscular route.

Vaccine candidate JOL916 showed similar result compared to SGI9R in the safety
assay when inoculated with 2 x 106 cfu per chicken via the intramuscular route. However,
better protection was offered by JOL916 based on the postmortem examination result such

as gross lesion score and bacterial recovery.

6. Vaccination possibility in young chicks with candidates including JOL969 and JOL971
No live vaccine strain tested offered protection when vaccinated on the first day of
birth. An auxotrophic strain JOL971 (high copy ori) did not offer reasonable protection

even though it was safe after oral inoculation of live vaccine. Instead, oral inoculation of
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chicken with 2 x 107 cfu of JOL916 via the oral route showed a good efficacy; no
significant side effect such as reduced bodyweight increase, clinical sign, or significant
gross lesions. For oral inoculation of young chicks with JOL916, required doses for
reasonable protection were 2 x 107 cfu for the first week of age, 2 x 108 cfu for the
second week of age, and more than 2 x 108 cfu for over the age. However, elevated dose
is often related to side effect; safety vaccine strain should be developed for better

application for young chicken via the oral route.

7. Production of trial vaccine products and general and safety assay
Trial vaccine strain was successfully produced and submitted to general laboratory

test and safety test.

8. Efficacy of the trial vaccine

Immunogenicity and protection against wild type challenge inoculation offered by
trial vaccine products were monitored. Three vaccines including JOL916, PoulShot SG9R
(39SGY9RO01), and Nobilis SGIR demonstrated reasonable immunogenicity even though SG9R

antigen was used for the immunological test.

9. Long term experiment with the trial vaccine in a farm

No clinical sign was detected; bodyweight increase, death rate, egg production rate
were maintained at the level of normal and health model flock. Egg shell was not
contaminated with the vaccine strain (JOL916). When he prime vaccination was performed
on the 7 week of age, the reciprocal titer demonstrated to decrease since the 16 week of
age. Therefore, the booster was inoculated on the 19 week of age that resulted in the

elevation of the titer until 32 week of age, after the minimum level at 20 week of age.

10. Construction of live adjuvant strain

Successfully constructed and named JOL1229.

11. Application condition of JOL1229

For oral application of JOL1229 in a week age of chicken, JOL916 and JOL1229
should be mixed at rate of 4:1 on the basis of cell number, at a total cell number of 1 x
107 cfu; this condition offers the best immune response and protection. However, for
booster inoculation at 6 week of age via the oral route, JOL1229 should not be mixed;

inoculation with only JOL916 offers better protection. This prime-booster vaccine program
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is safe and offer good protection.
For oral inoculation at both 6 week of age prime vaccination and booster at 16
week of age, 1 x 108 cfu of mixture at 4:1 for JOL916 and JOL1229 can be applied. This

prime-booster vaccine program is also safe and offer good protection.

12. Long termexperiment of JOL1229

Clinical sign, bodyseight increase, egg production rate, and egg contamination with
vaccine strain, and immune responses were observed during and after prime vaccination at
6 week of age and booster at 16 week of age. Mixed vaccination of JOL916 and JOL1229
(totally 1 x 108 cfu, via the oral route) showed better cellular and mucosal immune
responses compared to other vaccinated groups with JOL916 or SGOR. No significant
differences were observed in egg production rates between all vaccinated (JOL1229+]JOL916,
JOL916, SGO9R) and unvaccinated control group. No contamination with vaccine strains
were observed in egg contents for 4 weeks after egg production after vaccination. The
mixture of JOL1229 and JOL916 is suitable for oral vaccination. This mixture is a potent

vaccine candidate for oral application to chickens.

V. Product of this study and possible application in the future

1. The vaccine candidate JOL916 showed similar safety compared to the know product
SGIR. Howerer, as JOL916 offered better protection compared to SGI9R. JOL916 also has a
value compared to SGOR, that the mutated genes are clearly known and the mutation are
more steadily maintained than SG9R or other mutants that are obtained through method

including passages. JOL916 is suitable for wide use in the poultry industry.

2. JOL969 and JOL971, auxotrophic strains were not perfect in protection but theoretically
one of the best in safety. Under some epidemiological condition, these vaccine strains may

be one of the choice.

3. JOL1229 is suitable for effective oral vaccination at 1 week or 6 week of age as an
appropriate mixture with JOL916. As JOL916 and SG9R offer best protection after
vaccination via the parenteral routes, the value of JOL1229 is found in the oral route that

offer good protection.
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WA AT

NADH
dehydrogenase 1)

typhoid using a nuoG mutant of

Salmonella serotype Gallinarum.
Vaccine 16:899-903. 1998.

1980t o] F SGI9Ro] HHA o7 o] &H o} I FASHE wjFo] BRI
o3l B tpFetA vehhe oF el #A 20 dA 549 target wHAE AA
AAA ZFEEF2 Al SRAFE] AL g (& 2). 27]o] o] Fo Virulence
plasmidZ2 2 #F AFE A ¢st EF metabolic pathwayel] #H A FAAES A2AA 7|2
R L
¥ 2 Salmonella Gallinarum oA target #Ax} 24 #F2] WAlg A &3
A4 g A 58 e A g oy
Barrow, P.A. Immunity to experimental
fowl typhoid in chickens induced by a oF 9 Aoz 9%
Virulence plasmid virulence plasmid-cured derivative of 54 oot 9o
Salmonella gallinarum. Infect. Immun. Tooe e
58:2283-2288.1990.
Zhang-Barber, L., A K. Turner, G.
nuoG (encodes Dougan, and PA Barrov&{. Protection of ] ]
chickens against experimental fowl ek A&3stE 9l

aroA (encodes an
enzyme involved in
aromatic amino

acid biosynthesis)

Griffin H.G. and P.A. Barrow.
Construction of an aroA mutant of
Salmonella serotype Gallinarum: its

effectiveness in immunization against

experimental fowl typhoid. Vaccine.
11:457-462. 1993.

S. Typhimuriumel 4 +=
AE3tE 1o} S,
Gallinarumel| A & <F4;
A& E 93 5

a7 wle

crp (encodes a
cAMP receptor
protein that
regulates
transcription of a
number of operons
involved in sugar
and catabolic

functions)

Rosu, V., M.S. Chadfield, A. Santona,
J.P. Christensen, L.E. Thomsen, S.
Rubino, and J.E. Olsen. Effects of crp
deletion in Salmonella enterica serotype
Gallinarum. Acta. Vet. Scand. 49:14.
2007.

S. Typhimuriumol] 4]
cya/crp deletion®]
A&t o S.

Gallinarumell A <Fg;
Ag3E 9gk &

AT Ue
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metabolism) Vet. Microbiol. 119:352-357. 2007.

Penha Filho R.A., J.B. de Paiva, M.D.
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biosynthetic candidate containing attenuated

pathway) Salmonella Gallinarum mutant strain.

Vaccine. 28:2853-2859.2010.

2. 7]E}2] Salmonella Gallinarum W o] wWAIg}L A &3}
= = 2

4444 240 ohd Wye

2}
2  metaboric drift mutantZ 3}gH oz wrEoF WoldFE I P4 Salmonella
Gallinarum <& ®Wo|A|7]1#] &3 AW YA Salmonella EnteritidisE =

F o fle Ao® Zoldtl EE Salmonella Enteritidis® WA HF2 o] &3l 49 A9
3 FFEFA WolE ol E 4 A% Salmonella Gallinarum$ o] &3t Z4$-1wr) Wo]d o)
oFsttl, wEkA  Salmonella Vac E9 A% AFE oS $ste] 7lF9A]  Salmonella
EnteritidisE Wolst= ol 23S & Aol dojA A& HuA 4] ¥ VMEHFEE

J

=
Al etz ef= el Hdg Aol "

¥ 3 7]e}¢) Salmonella Gallinarum Wolw3 WAz} A5+ s}

ol T8 =1 EE AR Al 83} o]}
3 Smith, HW. The use of live vaccines
Al & Al

in experimental Salmonella gallinarum
infection in chickens with observation SGO9R

on their interference effect. ]J. Hygiene

variation)
54:419-432. 1956.
) ) Chacana PA, Terzolo HR. 2006. Avipro Salmonella
Metabolic drift . .
) Protection conferred by a live Vac E: Salmonella
mutantation L ) . o
Salmonella Enteritidis vaccine against Enteritidis < W&
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(1) fFrAzAd A5 A%

Salmonella enterica serotype Gallinarum °©Fe]+= JOL394 (% 7)& TIJo=2 3}
lon gene® 5 Wy IFEAGHEES ZZF Jon-F-Xbal?} lon-R-Xhol, lon-F-Xhol¥}
lon-R-XbalZ primer® 3}o] PCRY 2 FZA1A pGEM®-TVector (PromegaCo., WI,
USA)°l cloningdtdtH(E 8). oo AdtE A XholZ A3t H ligationdte] Jon gene
o] AAE FAAMLL At} o] IS XbalzZ Awdlal suicide vector pMEG375
(donated by Dr.CurtissR.III. Dozoisetal. 2003, L& 2)ol cloningst®] pBP295E &It}
TS WHoR cpxR geneol AAW HES 7FF suicide vector pBP210E A=t}
E.coli X72135 pBP29%3 pBP211=2 Z+zt A ATt Ecoli x7213% 50ng/mle]
DL-a,e-Diaminopimellicacid (DAP,Sigma)E #7}3+ LB broth® Hj<3sFAr. S,

Gallinarum JOL39491 A Jon genes A A 7]7] 91ste] pBP294E AW E. coli & AJY

o] W o® LB-DAP agarolA JOL394o] =%18t3tl. JOL394:= n-proteing & o

T ggos AMAe =dE A &S A pBP2HE EAE Fdl FAEHA i A

qo g gttt Al pBP2957F = E Alarvro]l A WS YERUE AS o

3Fo] 50ug/m¢ ampicilling A 7}3k LB agaroll A A S A3t o5 Adx HaEs

A ZE E3EA & LB HA vl A 600 nmoll A &3 %E7F 05-1.00] HES
ol

3 & HAsA s|Aste] LBel|l sucrose’t EFE wiA|ol A AWt pBP2952]
DNAo9] sucrose-sensitive gene?l sacB7} £A3}7] W&ol AL o] FHAAE FA3t=
(plasmidE 7MA &) S5 APES o] FHdA7F A<&H(plasmid7t A2 %) S59t

AEo] 7tk "l AwE HEe thA] LB/sucrose agar®t LB/ampicillin agarel Z}
7} tooth—pickingste] w3t al, LB/sucrose agarol Al #d73stal LB/ampicillin agar®l 4|
o AL Xele JES sdWeld ¥FE Asle]) S Gallinarum Alon (JOL914)
o= sAv. e 755 PCRe &3] EdwolE st v o= S Gallinarum
Alon 59 L3 HIAHI HAHAHOZT AcpxRE =Yste] S Gallinarum 4 cpx”
(JOL915) o2 3} S 2 JOL94el AcpxRE =93] S GallinarumA
lonA cpxl? (JOLI16, vaccine strain)& < At}

_4

.I_z

_35_



BamHI 426
Thal 441
Marl 558

Mol TMT

pMEG-375
8142 bp

EeoR1 4168

ag 3. A AHEE pMEG375

3t 7. Bacterial strains and plasmids

Strain Relevant characteristics Source or
reference
S. Gallinarum
JOL394  Wild type, Nal® This study
JOL420  Wild type, used for antigen preparation
JOL422  Wild type, highly virulent This study
JOL914  JOL3942 lon This study
JOL915  JOL394% cpxR This study
JOL916  JOL3942 lon® cpxR This study
E. coli
X7213 Thi-1 thr-1 leuB6 fhuA?21 lacY1 gInV44.asdA4 Edwards
recAl  RP4 2-Tec:MulApir);Km" et al.
(1998)
Plasmids
PMEG375 sacRB mobRP4 oriR6K. Cm" Ap® Dozois et
al. (2003)
pBP211 pMEG375% cpxR This study
pBP295  pMEG375% Jon This study

Nal: nalidixic acid, Cm: Chloramphenicol, Ap: ampicillin
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3#% 8 Primers used for construction of mutant strains

Primer Sequence (5'-3") Sequence number”
lon-F-Xbal TCT AGA CAG GAG TTC TTA CAG GTA GA 502616 - 502635
lon-R-Xhol CTC GAG TCA ATG CGT TCA GAA CGC TC 503386 - 503405
lon-F-Xhol CTC GAG GGA ATG CAG GTT GTA ACC GC 505705 - 505724
lon-R-Xbal TCT AGA CCA CAC TCC GCT GTA GGT GA 506475 - 506495

cpxR-F-Xbal TCT AGA CAT CAT CTG CGG GTT GCA GC 3514975 - 3514994
cpxR-R-Xhol CTC GAG CTC GGT CAT CAT CAA CTA AC 3515995 - 3516014
cpxR-F-Xhol CTC GAG GTG GTC GCG GCT ATC TGA TG 3016645 - 3516664
cpxR-R-Xbal TCT AGA GAT AAT TTA CCG TTA ACG AC 3517665 - 3517684

? Sequence number of gene NC_011274 as the accession number of GenBank.

(2) frdxA2d#EFE PCRE &2l

lon B cpxRAAA7E s 24" RS Slsky] $lste] JOL394, JOL914, JOL915, JOLII6S| 2+t
oA genomes F=3to] the ¥ 9 o] A primersS o83l PCRS 2A65th & PCRES &
2ol ZelE ofedFE wAlEFet FleEty] ffstolm ARRS ¢ Qlrh

WA 2} 75 LB brothol #E3ske] 37°C 150 rpmel 4] overnight culturedtal Exgene cell SV Cell
DNA isolation mini kit (GeneAll Biotechnology co., LTD, Seoul, Korea)& ©]-&3}o] AEHEAE we}
whole DNAE %73} template DNAZ AF8-3}3th PCR reaction = $13] PCR bufferel primer(Z;
ZF 0.2 uM), dNTPs(200 uM), 7aq polymerase(0.5 U, e-Taq DNA Polymerase, SolGent Co.,
Ltd., Daejeon, Korea), template DNA(05 pl) & 373t 20102] reaction mixtureE 4] 8} %
o 94°Coll A 1 min, 54°ColA 4 min 72°ColA 2 ming 1 cycle® 3 ¥F3-S 30 cycle HH$-
A#A, 1x TAE buffer®2 0.6% agarose gel= A Ztsle] 50Veol A 60min 71953ttt A7
A 1Kbp plus 100 bp marker (Elpis-biotech Inc., Daejeon, Korea)E& Al-g&3tiom, A=
Figure 2] A|A&8F Tt lon gene < wild type2] - 3830 bp, deletion® - 1541 bp9l,
cpxR2 wild type®] 4% 2710 bp, deletion® 74-%- 2040 bpe] PCR productsE 4= AR
Z1H=E =49 (F 10), JOL394+= 25 wild type, JOL914%= lon-deletede]™ cpxR-wild type,
JOL915+= lon-wild type®]™ cpxR-deleted, JOLI162 X deleted type &2 A=t (2
d 3).

ﬁi m
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#* 9. Primers

strains

used for confirmation and differentiation of mutants from wild type

Primer

Sequence (5’-37)

Sequence number”

detect lon-F
detect lon-R
detect cpxR-F
detect cpxR-R

CAG GAG TTC TTA CAG GTA GA
CCA CAC TCC GCT GTA GGT GA
CAT CAT CTG CGG GTT GCA GC
GAT AAT TTA CCG TTA ACG AC

502616 - 502635
506475 - 506495
3514975 - 3514994
3517665 - 3517684

? Sequence number of gene NC_011274 as the accession number of GenBank.

3% 10. Expected sized of PCR products

Gene Primer sets Genotype Product size (bp)

Lon detect lon-F, detect lon-R wild type 3880
deleted 1541

CpxR detect cpxR-F, detect cpxR-R wild type 2710
deleted 2040

29 4. ofelvtF B WloldFol A A€l PCR

M: Size marker

Lane 1, 5: JOL394

Lane 2, 6: JOL914

Lane 3, 7: JOL915

Lane 4, 8 JOL916

Lane 1, 2, 3, 4: lon type &<l
Lane 5, 6, 7, 8 cpxR type &<l
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.

(3) Wol#Fe] f7 W wy

H

0

JOL394 2 o]t JOL9I4, JOLII5, JOLII6E LB agarol A A3t on] 47 mates
218t LB brothol A1 9] late log phase cultureE 30% glycerol®} &33}e] -80°Cell A
wastgon, dao AMEAl £ stock culturedl ] LB agarol streaking 4] S-form
colony JEIE &< = A&t

A TR T

i

4 28

r

(1) A& 24

JOL394, JOL914, JOL915, JOL916 & LB brotholl A ODgy = 1.2-1.5¢ %7} & u] 7}%]
37°C shaking incubatorell A vl %F = #j<FdS 1:1009 H]E& =2 37°C2] 200 ml LB broth
of 7}l 250 rpm= Wi HI7FF 0, 15, 3, 4.5, 6, 75, 9 A7t samples Al
Hstod ODsw #r= SAstAt L A3E 19 4 o AAETh 2 wjFzzded A JOLI15
7F k7 Aol =g Xk JOLI162] A g okl JOL394%} H]s=3k AS

t}.

PN
& T QS

—e— 10L394

0D o0

—e— 101914
—&— 101915

—#— 1019164

Time (hr)

a9 5. oelets B WolytFe] s

p

(2) Aol Fe
JOL914 2 JOLII6S HHA Edo] wfj& mjg Wolx= ZHaFo] USATh
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(3) st &4 xAL
API 20E system (bioMérieux, Rhone, France)2 Al&3lo] Woli#59 biotypeZ
AAsEA Y. JOL394, JOL914, JOL915, JOL916 & LB agar o4 24 h at 37 °C
3kl 0.85% sodium chloride solution © A& Al AFg A A o] A A=
13

el AAsg o A2y 2R e PAs yehggloen,

=
FAA Adw A

Qe B4 B A9S e pEes @ FAsTa BEAn (E 1
® 11 Mol#Fel 4% Asetd 54
HALEE JOL394 JOL914 JOL915 JOL916

Beta—galactosidase

Arginine dihydrolase

Lysine decarboxylase

Ornithine decarboxylase

Citrate utilization

H2Sproduction

Urease

Tryptophane deaminase

Indole production

Acetoin production

Glucose
Mannitol
Inositol
Sorbitol
Rhamnose
Sucrose
Melibiose
Amygdalin

Arabinose

gelatinase
fermentation
fermentation
fermentation
fermentation
fermentation
fermentation
fermentation
fermentation

fermentation
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4 AAEv 7 $F

Colonies of mutant strains were observed by scanning electron microscope
(SEM) with minor modification [Hayat, 1978, Matsuguchi, 1977]. Briefly, colonies
grown on LB agar for 24 h at 37 °C were gently excised from agar plate and fixed
in 25% glutaraldehyde in PBS (pH 7.4), followed by postfixation in 1% aqueous
osmium tetroxide and then serial dehydration in acetone. Samples were critical point
dried and coated with gold-palladium alloy for subsequent observation by SEM
(JSM-6400, JEOL, Japan).

3 A WoldFolAM fimbriae¥el 9% FA=H T AAE Yv JZEH]

#aE (19 5).

29 5. Observation hy scanning clectron microscope.
A JOL39, 130 JOLYI4, C: JOL915, D: JOL916
Magnification x 10 k; insert x 20 k

(5) Fimbriae expression level

FimA gene® Salmonella Typhimurium wild typedl A 5-GGA TC CGC TGA
TCC TAC TCC GGT GAG S, 5-CTC GAG TTC GTA TTT CAT GAT AAA
GG-3'¢]  primer

pliTvsas]  cloningdtal  over—expressed 6XHis-tag

11




attached protein< Ni-NTA agarose (Qiagen,CA,USA)& o] 83}
affinity—purifications} 5 th. o] @A S E7]o] HF 3] anti-FimA seras dUrt &
4 -80kel A ®isttt

JOL394, JOL914, JOL915, JOL9169] colonyE LB agaroll A 24A13F 37C ol A wlj &3t
o7 dglem  olE PBSe|l FFAAHTE 0DE00#sS 7122 vEE X2ES F
2x10°CFU/30 ul® Towbins transfer buffer (25mM Tris, 192mM glycine, 20%
methanol)e]l ©+t Protran® nitrocellulose membrane (0.2 um, Schleicher & Schuell,
Dassel, Germany)oll 96-well Bio-Dot Mapparatus (Bio-Rad) & ©]&3l4 blotalloh.
Vacuum= 7}t S 2 membranes A7l § membranes FA|olA =32l
Tris-buffered saline (TBS, 10mM Tris, 0.9% sodium chloride, pH7.4) containing 5%
skim milk (TBS-SM) = 14|37} blockingstsitl. TBSZ 3W¥ washingdt $ rabbit
anti-FimA seraE TBS-SMel 1:10008] 3]4]&}o] 1413 WA A} 31 washing$t &
peroxidase—conjugated goat anti-rabbit IgG (H+L) (Pierce Biotechnology, IL, USA)Z
TBS-SMel  1:20,0008] &]A1&Fe] 1A17F ¥FSAl#A 3% washingdt & West-one’
western blot detection system (Intron Biotechnology, Kyongi, Korea)o.2 ¥ on
¢l © 7131 Kodak Image Station 4000MM (Carestream Health, NY, USA)&Z @37 ==
=435k th AA| AlFSE colony count method® F+3te] HEA o= H A3

# 12 ¢ #Zo] fimbriae (FimA)e] Edo] FHAAALIEFlAN sy

% 12. Relative fimA expression level of mutants

Strain Genotype Relative FimA expression
JOL394 SG wild type 1

JOL914 SG Alon 6.77

JOL915 SG AcpxR 233

JOL916 SG AlonAcpxR 3.90

(6) Capsular polysaccharide secretion level

Capsular polysaccharide®] %< concanavalin A-binding W2 =% Fluorometric
quantification 391t (Robitaille et al., 2006). 2+ 5% LB garol inoculationd}®] 37
Toll A 24A17F wiekE 3 OD600 Ftel 1.07F HUA wEE ZEE9u. Fluorescein
isothiocyanate (FITC)-conjugated concanavalin A (Sigma-Aldrich, MO, USA) £ &
TE=7F 4 peg/mL7t HA HA7ME F A2eA 30EEe §whESAIZ T PBSE 2W
washing ¢t $& 250 w0 % 96-well microplate (Berthold technologies GmbH & Co. KG,
Bad Wildbad, Germany)oll %7 TriStarLB941 (Berthold thechnologies)E ©]-&3}o],
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excitation % emission 3 Z+ZF 485 % 530 nmoll 4] fluorescence intensity S =74 s}
Attt AA ATFFE colony countB oz Fale] AE BASYTH 1 A3 JOLI4
2 JOLI16I A A A3 AEEol e 5 AT (i 13).

3% 13. Relative capsular polysaccharide expression of

mutants
Strain Genotype Capsular polysaccharide
JOL394 SG wild type 1
JOL914 SG Alon 30.6
JOL915 SG AcgpxR 1.28
JOL916 SG AlonAcpxR 46.2

MAgel Axsty WAFEE AP 9stel AFMANAE At FEA
Ae AEel BAsw 772 ALt olF Sste] FF) Agel BrAA A%

=]

=

A Al 288 FAAE dSFeTA AT A Al Fuk

A2 At Al AL 2 At AYste] sEAW A= HWdAde] AEEI Y
d7 AS Foez UgEy. w5 A F4ZH9 {fHAE aspartate  kinase,

aspartate  semialdehyde  dehydrogenase (asd), dihydrodipicolinate  synthase,

=8
o
_O‘L
;O
. B
o
rlr

dihydrodipicolinate reductase, tetrahydrodipicolinate reductase,
glutamate:succinyl-diaminopimelate  aminotransferase, %  succinyldiaminopimelate
desuccinylases < Azte 4 dth. B Aol AT AZTWEE arabinose -
Axpel Mals dASA 2-st= S JhsstA st ZREEE EFets pMMPSS5,
pPMMP69E o] 83t

ol

(2) LT plasmide] A=}
WA Salmonella Gallinarum JOL3YMZH-¥  araC:ParaBAD (araC?l AAFA A}t
araBAD 7] promoter 9 9)E PCRZ $3%3al, T-vector (Promega)® =243}

At (29 6. pMMP55, 69 A 2t34). PCRS 93 AF8¥ primer €S X 14 o Y
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B LTt

Plasmid®] &4 7AA1E S pYA3332 (plbA origin; &3t copy 9=, Roy Curtiss Lab,
Arizona University; L 7. genetic map)®} pYA3342 (pBR origin, %< copy o,
Infection and Immunity, 70(4), 1739-1749, 2002)= %8 Z2} A|gt& A Neol-Psdo =
Aeksto] (Z42F 149 1.7 kb DNA @) sd3st g42 Aoy pMMP44 (1.6 kb DNA

9 FAEAS AEatA oka A 98 AAZA S Gallinarum JOL3942] Al
¥ 3P AES ANt asd FAAE AREEAT 25 98t asd FAAE S
Gallinarum JOL394 =58 PCRel &) F%3kal, T-vectore]l F=43A
(PMMP45). PCR< 9?13 AH&-H primerE 3% 15 o YeERH AT

A et 2 pMMP45EH-E PCR At=S Ata A BspHI-Xbalo & Hdkste] A
1.3 kb DNA ©¥#H2 At a8 Neol-Xbalo.Z AHs pMMP513 pMMP520] & 215}
o pMMP55 (1% 8)¢ pMMP69 (1% 95 TFF3Ath 7|l A BspHI® Ncol<

comparative end®]”] W&o A =2 ligationdli= Z | 7} 3t}

o

¢

A2+ plasmidis aspartate semi-aldehyde dehydrogenaseA A} (asd), asd A+
UHe] -2 arabinose promotor (ParaBAD), ParaBAD?2| up-streamel Wt wleko g 9%
gt araCwd AL, araCid 2] down-streamol] 91%]8 AAFSEZAAE 2 EHA 7HAHS
Xl E g, ol asdirAA7Y araC AAF 2 A9} ParaBAD (promoter)®] =
At JXEE ParaBAD2 sl f1Ast=S wijx|gk Aol (19 8, 9). o] plasmid
52 arabinoseE i3t FAHAA promoter’t ZE E o] aspartate semi-aldehyde
dehydrogenase®S &3} A s} arabinose-dependent plasmido]™, o] & 2 asd 34
A7F AE"E FUAtol A AAe] 7hEsitl e pMMPS5= F3F copy TE THAE
A WA S sk Wbl pMMP69:= =2 copy 5 7HAE HA JHAIHE B

gt

(3) Asd w32} A A% 2 transformation

AlFuf Ao A = AFSY} sEA oA AFES= S, Gallinarum JOL394 A JonA cpx?
AasdAl6 S JOLI16A 2t 248 allelic replacement Wi o &2 A 2Fslo], JOLYGTE
Sttt Asd A= Al gl Aol A peptideglycan®] A= A ofd=
DAP (diaminopimellic acid) A2l 7WAIA A #Ad 4ol mebA, JOLIT=
DAP7} 7be Al & A AEHS Aoz gAdsA el AbdstA 9o (2
2 10). ¥ JOL967Z pelectrophoration®] ¢ate] MMP55¢F pMMPE9Z &2 A sS4
gJslo] JOLI969 (middle copy) 2 JOL971 (high copy)E €Tt
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JOL394
araB-F-Necol~araC-R-Bglll

l pYA3332(pl3A)pYA3342(pBR)
JOL394 T-wvector cloning; pMMP44
asd-F-BspHI~asd-R-Xbal l l
Neol-Ps. 1.6kb Neol-PsA 1417 kb

v
T-vector cloning; pMMP43 \—) ligation Q

‘L pMMP51(p15A)pMMP32(pBR)
v

BspHI-Xbal. 1.3kb Neol-Xbal, 3.033 kb

> ligation <=

!

pMMP55(p15A, 4.3 kb)pMMP69(pBR. 4.6 kb)

19 6. pMMP55, pMMP69¢] A2 314

BallBamHI 0.00 NeolBspHI 0 06

J,;-----....._,_HIﬂdlll 026

OsT1TZ2

PYA3332
asd 3.31kb

= Bglll 0 52
Acc| 057

P15 Ao

Abal 1.40
Balll 1.52

19 7. Map of pYA3332
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Bghl0i4.3
Psi

- ~—Hindlll 0.2

557172 W Bal 062

pMMPSS
4.3 kb

p15SA ori

Xbal1.4

21%) 8. Map of pMMP55

Bgllojas
Pst

" —Hindlll 0.2

s

pMMP69
4.6 kb

BspHliNcol
3.0

Xbal1.7

1% 9. Map of pMMP69
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3 14. Primers used for amplification of araC..ParaBAD

Primer Sequence (5°-3”)
araB-F-Ncol AATTGCCATGGTCTTACTCCA
araC-R-Bglll AGATCTGCCACCCCAGCCAGAACGAA

Product: 1539 bp

3 15. Primers used for amplification of asd gene

Primer Sequence (5°-3”)
asd-F-BspHI = TCATGAAAAATGTTGGTTTTATCG
asd-R-Xbal TCTAGAGGTTAGGCTTAATACCCGTG
Product: 1328 bp

Subcultural results for pNMMPSS

From exponential
phase

From stationary
phase

With arabinose Without arabinose

Exponential phase was grown at A600 0.8 and stationary phase upto 3.0. a, 2 x 102 diluted; b, 2 x 10~ diluted; c, 2 x 10~ diluted;
d, 2 x 10-* diluted; e, 2 x 10-% diluted f,2 x 107 diluted. File names; 080307 0924 -0931.

9 10. pMMP559] E4
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% Areb (Brown Nick) ete] 30vhe & ALgstath AR 2784 ge A
2% B AFAAHA san

JOL394, JOL914, JOL915, JOLI916S 775 shaking incubator (37%, 150 rpm)ell A
16A17F Bl $ ODey #hE AR FEE Foto] HEstoh AA AdTE &7 13
LB agarol A colony countE A&}, LD50 # At=S 98] A5 239

(3) A gldesign

oo 167 o] 10 TE 20vheld Tow by takd oo AFS FEeAr. ol
A DoseZ logl0o. & 3Hitste] A AT 2 #5F5 o8 52 10-2078)R A +4

]
Foto], ddsdol Aolxa sfEF o)
At HAFS] H9 BGAdl WHA7=
o2 3l 50%7F HAeE FEE -5t
BN L A=

2}
Aol By = A 7|7hA] ¢ HAEE A a)
= A0S Bl o HEqr
H )

7] 2
|astom WAl dArh azE e

HZE 3 357 ok #JAF 52 Al JOL394, JOLI14, JOLIS HEwo e HE
Aol YElY 564 FHE FHAer] Al ESFA TN 16). JOLI16T
[e3]
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Days post inoculation
8 9 10 11 12 13 14 15 16 17 18 19 20 21

Strain  Dose n

JOL394

JOL914 10 10 1 1 1 2 1

JOL915 10 10

©
=
)
N
NCIIICRN SO

]
—
o

JOL916 10 20

Sy N o ©
Do
o

(5) HEX|A}EF
LDs #< Reed and Muench (1938)2] WS wel 2H&E3FA Yk (3 17). Lon gene %
T cpxR geneWte] A2z WMol wg bz ZFAqE 7 X E AATo 2 WY

ol gt HAade Ae &9 & & AU

* 17, 157 AFA BHotgol A A1 Al REXAREE
Strain Relevant genotype of strain LDso(CFU)
JOL394 wild type, lon+, cpxR+ 3.0X107
JOL914 Alon,cpxR+ 2.3X10°
JOL915 lon+ ,AcpxR 2.1X10°
JOL916 lon,AcpxR >2.8X10"
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i Eara i

(1) &5
JOL394, JOL914, JOL915, JOLI16< 772 shaking incubator (37%, 150 rpm)el A
16A12F Wi % ODgw #t= T2 =5 T8t HE5H3

(2) A& 2 A7 design

1573 AFebAl (Brown Nick) ®Weolg] 90 vig]l & AR&stA Tt A7 H7bs A &S
AR =5 ArAF S et 158 Wolg] 1874 57 o E ¥, 47 5
2 2 x 10 CFU¥ 475 a3l ?:“c}%: AR A E Y BEE g on 259
Zh ol A ekl A QEEAL SERATE QFEAL F W ElAdS Ao, AW Al
& XA

Inoculation Gross lesion
Strain n
Dose Route Age(Week) n
JOL394 18 2 x 107 PO 1 5
JOL914 18 2 x 10 PO 1 5 Sac;ifi%%d
on the
JOL915 18 2x10° PO 1 5 week post
JOL916 18 2 x 10° PO 1 5 vaccination
Uninoculated 18 PBS PO 1 5

WAHE 275 Wolg| o] AT 2 AT E ﬁ%é} ioh #HALE B A

st 15 gt HALR Q1A s o
a1 9 fﬂ/\}” AFRALE A ettt HAMEE £ 199 UrEMME} JOL394 HEa= 3
dAFYH HAES YErdorE 49A45FY  #AARe7] A Aske] 10wk 7 HAFSEA
JOLI4A T TIA7A] ol TS Holx| gtoyt HEA S4S 1ol 3utg]rt
HAFSF A TE JOLIIGH T2 44AFE TS Yerdtzt 10470l 4npe]7b #HALs)
of 71 Fol= wEA IH3AT JOLIGHETT2 84 HFEH 3ntg7t TS BYoH
Ax HALE Holx rh. #HAMES HlustH JOL394 > JOLII5 > JOLI914 >>
JOLI16°] =o 2 REXALEE A3 A¥e el X Ho (& 20).

oy
o)
o>
o
\I
=
o
2
=
@
Q
@
&
5
T
P‘_,
i
)
ofN
EY
2
(o i
o,
=,
~
=
ul o
mlo

’

[u—
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19. e Baiddd ik

Days post inoculation

Strain n
1 2 3 4 5 6 7 8 9 10 11 12 13 14
JOL394 18 1 2 1 2 2 1 1
JOL914 18 1 1 1
JOL915 18 2 1 1
JOL916 18
Uninoculated 18
3 20, WolrF #HARE: vl
Strain n Mortaliy Deafp rate 95% CI
JOL394 18 10 55.6 32.5-78.5
JOL914 18 3 16.7 0-33.9
JOL915 18 4 22.2 3.0-41.4
JOL916 18 0 0 0
Uninoculated 18 0 0 0

(4> L)g j\—\_ T‘07]—
BAHE 25 F Wolgl & HHAE v sl FAtete] o A7l diste] el

S #Hrbekdeh Livere] WHW O ®  enlargement, bronze color, white spot?] HAE=EZ
2 enlargement, white spote] HAEE ZtzZ@dEsta F7E=E 04 (44
FY 33 A ZhH7HA] &t dAestetan. WeaAd J54E 3 21 of 2.9k

Ao A HAIS HQl JOL394, JOLI14, JOLIISH F spleenol Al ¥ A5 (

&)
=3
o)
@
S
o,
o,

N g
o

£
o iz

ok
vk
DX
MY,
-~ ﬂllo
T
8
£
—y
O
=
=
>
iy
of\
s
rlo
=
>
ol
N
2
o)
o
T
re
iy
o\
ot
o
fr
i)
o\
DO
N ot
o
=

¥ 21. A% 277 % #Hel4A7d (Mean = SD)

Gross  lesion®

Strain

n Liver Spleen
JOL394 5 140 + 0.80° 0.80 + 0.40
JOL914 5 1.20 = 0.40 1.00 + 0.63
JOL915 5 1.20 = 0.00 0.60 + 0.49°
JOL916 5 1.00 = 0.89° 0.40 £ 0.20°
Non 5 0.00 £ 0.00° 0.00 = 0.00°




=]

22.

(5) A=A AAL

Zk WA JE 2FF "oty Qe AEsHL d=A #Eetr] 9k 1 A
H] 22 Buffered peptone water (BPW, Becton, Dickinson and Company, France)oll A
w48l A5 A Brilliant Green Agar (BGA, Becton, Dickinson and Company,
France) ©| HE3le] colony =& F5F= HAASA M, negative?l 7-$ enrichment
cultureE BPWeollA 37% 16A]1%F vl%F 5 Rappaport-Vassiliadis R10 broth (Becton,
Dickinson and Company, France)el 1/100 volume HZ3d}o] 420 A 48A17F wiF%
BGA°l| A Salmonella®] & &1ttt 7 23 JOLII6e] 7HY =& vH&=2 Z7u
of Eekal = Aol &elo] AT (Table 9).

HT 25 F 74 A7 2 HE=olA 75 3+

Bacterial recovery

Strain  n Liver Spleen Ileum Ceca®
Count” DO sl,i?v ot Count D osNiT(:)iV o Count D osl\iI‘SV o Count D osl\iI‘SiV o
JOL394 5 <1 0 <1 0 <1 0 <1 0
JOL914 5 <1 0 <1 0 <1 0 <1 0
JOL915 5 <1 0 <1 1 <1 0 <1 0
JOL916 5 1.03 + 092 3 214 + 1.75 3 <1 1 <1 1
Non 5 <1 0 <1 0 <1 0 <1 0

of A7bA] st A AR YA v

E Cecum wall and cecal content.
Mean + SEM Logiocfu/g.
¢ Number of positive sample after enrichment culture.

El
>
at

(1) ¥

Salmonella enterica serotype Gallinarum ©Fe]7F<F JOL394 % wWoli+5 JOL914,
JOL915, JOL916<= 217} -80% freezing cultured Al LB brotheoll % 3le] 37% shaking
incubator (80 rpm) ol 4 16A]7F vl &Fslo] th5 AFol A-8-3F T

(2) Chicken abdominal macrophage culture (AEC)
2559 AFeHAl (Brown Nick) E7FolA macrophages 3317 40A17F A 3%

Sephadex (Sigma GbH050)E H7 ol FUSoh QAL & o] 4o]x] FrsE A48
of B og 05 U/ml heparin-PBSZE 57F& A F st Az S d4AFHEY Ho}
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o5l 10l Alserh A5 Hs 3lgste] 8TolAl 300 x g 15% U3t
pelletS complete RPMI 1640 media®] §-+A]ZIt}t. Trypan blue % mononuclear cell€]
AAEFE AFstel 1 x 100 A4 1 x 10° CFU/ml =2 zdstolntz 24 well
culture platee] 05 ml & #F3}] (duplicate), 40Col A 2A 73 5% CO2 & &3F+=
7] tell A mlFste] plated] F2AIZ1Y PBSZ 3 AlE & RPMIE H-o Yo H)
okalal YA Ao AT (Higgins et al. 2007).

(3) Invasion test

7zt well& PBS® 3H AAg & Algw#FE 10 MOI (10 bacteria/cel) 7} = Al
RPMI-1640% A A3}A A ste] LAz H7Fskt). 605 &< WY 3 gentamicin
= 100 pgg/ml 7F S| A FA7Fste] 1AIZF wiggro® AlEe] Alws AFEAIZIY PBSE 3
H A H3ske] 100 ul 1%(v/v) Triton X-100 & 10%5<9F WgA17 HEXE &dfA]7Ith
AAsHA 3]sk thg BGA 9l spreadingst it BGA plate= 37%=9A 24A]3F v eF &

colony & A4=3}%th

O

—

[e]
AE BE AN A9 940l T 9 & & AT (F 23)

F 25 AR Ado]l tHAE Holl F= IF

Strain Genotype (I Irfgegrllg)l(e:l%tz /?gﬁgla
JOL394 Wild type 3.32 = 0.03
JOL914 Alon 4.05 + 0.02"
JOL915 A cpxR 3.07 + 0.09°
JOL916 A lont cpxR 3.81 = 0.03"

? Number of intracellular bacteria in chicken abdominal
macrophage after exposure with m.o.i. of 10 for 60 min
and killing of extracellular bacteria by gentamicin for 30
gnin (Mean £ SEM).

Significant difference between JOL394 (p < 0.001).
¢ Not significant difference between JOL394 (p = 0.057).

(1) #%
JOL394, JOL914, JOLI15, JOL916= Zt7+s shaking incubator (37%, 150 rpm)ell A]
1677 W% F ODgo % 2AR FEE Faho] PEah
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1528 Al (Brown Nick) ®Wotg] 25 vhe] & AbEaklvh. &AA7E H7HH A <
s BS AFAAS @itk w7 Srbel®= FAskel JOL394, JOLI914, JOLIIS,
10" CFUY A73% dte o 8 midgdzee 574 vo=

| X
Ut HE 2575 "WYgSAS AAsAT (£ 3).

% 26 23F design

Strain n Dose (DFU) Route Plan
JOL394 5 2 x 10 PO
JOL914 5 2 x 10’ PO A
5 AEAH L dg=
JOL915 5 2 x 107 PO T(:L ot 4 el 120 °
JOL916 5 2 x 10 PO
Uninoculated 5 PBS PO

(3) A=A

Heparing #7}3k A2 2x3dd 08 mlE A 3 AdE9 (40 rpm, 15 min, A
=) ot 22 dEGE AEAGTY | 9
4 IgG =4 A&kt
Meckel’s diverticulum< 7F# cm AolzZ A5}
2 AlAHste] AF NS YR (13,000 rpm, 2 min, 4C)3t T3 FFHS .
AbZ oo 100mM PMSF, 1% Sodium azide, 5% BSA(bovine serum albumin)& 217} 1
med 10 ket 4Tol| Batete] ©]d ELISA®S sample® AF-8-31S31

(4) Enzyme-linked immunosorbent assay

Eolm g AeS 93 outer membrane fraction (omp fraction)S ©F&] ¥+ JOL420°
A AAEG T Omp fractiond modified lysozyme-osmotic shock methodol] ¢]&te]
=t =, 150 mle] v gds A4 2](7000 g, 10 min, 4C)3}e] Pellet & A=t 8000
9] 100mM Tris-HCl (500mM sucrose, 0.omM EDTA, pH8.6)° AHA1# lysozyme
S H7Fs o (400l of 4 mg/ml). L ZA] 3.2 ml9 50mM Tris-HCI (250mM sucrose,
0.2omM EDTA, 25mM MgCl2, pH86) & % 7t8te] ice #1°ll4 15 min incubation %t
tf o]= fAEE (7000 g, 6 min)3te] pelletS 2=t} Pellets 4 mlel 20 mM
Tris—HCl (pH8.6)° AH-+A17 sonication$ A&7 (7000 x g, 6 min, 4C)3lo] A=
WS deth FTdE 259472 94(032,000 g, 4C, 1 hr)ste] pellets B+
t}. Pellet (cell envelopes)S 4 ml®] 20mM Tris-HCl containing 1% Sarkosyl (pH8.6)
of AF-FAA HgolA 30min F<tH incubationdtal TRA] Za&EAAEZ 7|2 YA

(132,000 g, 4C, 1 hr)dte] A=dS d=v. FAS flat-bottom 96 well high binding

< 3
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ELISA plate (Greiner, Germany)°l] &2A|7A chicken IgG (®£+ IgA) ELISA
quantitation kit (Bethyl, Tx, USA)E A}&3to] ALEAHAE mepr HASAT. =,
1%BSA (bovine serum albumin)®] 37} 50 mM Tris-NaCl buffer (pH 8.0) & H| &
o]¥k-g-S blockingdt T samples A A3 A 34l WFSA|7]132 HRP (horse radish
peroxidase) & label® 2xt&AS ZA3 A 7]+ indirect ELISAS A A3t} JOLI169]
4538 ¢ AIHHEIS FEFoH, e dFERe T2 WeSs HolA Fskn
3] « wHd IgAe =74 A3 JOLII6°] JOL394(eke] )
g5 & Festal e Ao YA (29 11).

PlasmalgG levels at 2nd weeks post
inoculation

300 +

250

200

150 o

ug/ml

100 -

50 -

304 o014 915 ole control

Intestine IgA levels at 2nd weeks post
inoculation

0.70

0.60

0.50

040 -

ugfml

0.30 A

020 o

010 ’—T—‘

000 T T T :
914

a15 016 control

AxrAdued A4S 98l 22" Z4E 0|83 lymphocytes proliferation assay & 2
sto] d& YEZFE Trypan blue exclusion test® A EFZS Al

640 complete medium (Fo}x] 3 2 gt wA] 23 o F-FA
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A 1x10* cfu/100ul/well7F A 96-well plate o 5393, S Gallinarum soluble
antigen¥} 7 72417+ wlekslith. Soluble antigend Uthe WhH oz A9t = 200
mle] v S AR Ele] pellet & A=t PBSZ 23] A% §F 40 ml ¢ PBSel A
B-HAA freeze-thaws 3 H ¥H&E-3git} o] g5 sonicationjr 4250 x g, 4T 01]/\1 20
s A FEgste] A AF

sto] AEde Fgdte wx=E AR 727\]7} Hj ek % E%‘ﬁﬂ‘ﬂ@ =2 ?{r%

&

3

Lonzarte] ViaLight® Plus Kit & A}23t9] Luminescence assays 2 Alstsith.
| o]

a9

M

|

Stimulation Tndex (SDE thg3} o] AbZste] WA g EZolA ALY e]
Q=AE stk 1 A JOLol6e] MEAWY FEHol S5 Ao Hoisk;

At (1" 12).

2]) ST = (FLH7HE wellell A S4¥ 233/ (F9S H7FebA &2 wellol A 23 3)

LFa, S| values at 10th DFI

45 r

5 | [

n2b 1 J

05 r

Uninoculated 394 914 a1k 916

6) A&
JOL916- parental strain?l JOL394% ¥} H|wetR-S of WYFEHo] 438 YE
W AT
ul, A&
o/ge] Wol 7 HuAdES F3t lon ¥ cpxRE ZAAZ A5 YEYUE 53
Foly YA L Salmonella Typhimurium ¢ 7 -$-¢F AolstA vk, F F4AAS 25 AAA]
71 749 (JOLI16), st F5slel WYdAd s 4S & o SR gdF2 A3sicta 3
= o
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4 MA-ER A0S A% AT
JOL916e] WMAHE-=7 AFS designdly] Aol WA golA 2@ 3744 Y

(Salmonella Galloinarum,Enteritidis, Typhimurium)®] Wolis 2 o5 HE 1%‘3}t
A 2 wAl- Ado] AFE3F Salmonella Gallinarum ©Fe] i+ 9] AElS 93 A3 S A

A3

T4 4738 EFH(Korean) 15vHe], 3578 S 109t & 5vhE] A
|

de MRS FERS AF HANA ARk 29

(2) A tﬂdesign
ol FE 259 #o] 57 o B UFojA 5FH| MATH FFE, 5—%—?(5 week post
vaccination: wpv; 105 8)el] ZH2b @ 5= ofe] A=+t
Atk FoH@e WMAFRIF s 5x10° cfu/200ul/birdE, oF9]TtFE 5x107
cfu/200ut/birdE A FFe (PO)EIE, okl FE 37kx E@ahe A5 247 5x10°

cfus 20000 E3FAA Fostsit).

F 25, cndde e

group animal number vaccination (5 week) challenge (5 wpv)
A Korean 5 STM/PO STW/PO
B Korean 5 SGM/PO SGW/PO
C Korean 5 SEM/PO SEW/PO
D Broiler 5 STM+SGM+SEM/PO STW+SGW+SEW/PO
E Broiler 5 PBS/PO SGW/PO
(3)

o 71A ARERE T T WAFHIFT 37FA] B okl S 37FA ol thgd A (F
26). 5+  glycerol-TSB freezing culture (-80C)elA TSA°l streakingd}o
overnight culture (37C)% one colonyE UTA] TSA9| streakingdl®] overnight
culture (37C)3}e] AL one colonyES TSBel overnight culture (37C, 200 rpm,
17718 hours)stil PBSE 3¥ Al gt & AFg w2 20%-sucrose PBSO A 7
AlA Fof kit
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¥ 26, dn]A ol ALk 5

Strain Specification Purpose
JOL911 S. Typhimurium (A /Jon/A cpxk) Vaccination
JOL389 S. Typhimurium wild type Challenge
JOL916 S. Gallinarum (A JonA cpxR) Vaccination
JOL420 S. Gallinarum wild type Challenge
JOL919 S. Enteritidis (A JonA cpxR) Vaccination
JOL&60 S. Enteritidis wild type Challenge
(4) d&sd a=
AW T HEST 2 ok FHFT T anorexia, depression, diarrheas v
O(healthy) 3(severe) & 7 H J) =2 “§7}’5‘}4 A3} 391 AL, mortality = <218t}
37FA] PGl WAl HE F anorexia % depressionat™ EH3| @RI A] &
$kth. Diarrheat™ 12¢€7bA] ##&P 1 3T 071.8 JEo|Ed, ol 7S &
e ddoer FAH MAFRAST HFo dFor AT weA @ HF o
FFol Ak = w-¢ Ak Ao w Fzhgrh. (2 Aol A diarhea score 32
AT 71 AEelA score 1.5 =)
o9l 3t challenge &% D (3FE) 3 E(controD)oll A 242} 2wl ¥ #HALst
Ao Yz MATR T HFA A HAE BolA| tkth Anorexia®} diarrhea

E 747 scores THE FHASIY] thS 1o
control(E )<l A

7

1=

e} otsiE o] A8z

Anorexia Index

ST

IR O13. ASTEAT 73] LH
TAE e

(5) Fecal shedding Z=A}

1, 4 7. 12, 21 dpvol
BPW (buffered peptone water)ell 471
10,0000 = 24 &ko]  100u4
247A8AIZF 37Col A vl ko] So

A=kt

]
A
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ZF JRAE R 05 mle]

BGA(brilliant green agar) plate©l

Hﬂ Al x4

EA BT

F5p4 ek

gk 4AE weth

Diarrhea Index

ST

SG
a9 14, AAAE

BRI

|=] [e)
K

AF st 45 mle]

o5 (108 3]41) PBS= 10041 1,000%,

sl

spreading

colonyE countdle] ¥ Imld Salmonellad=



Fecal shedding of vaccine candidates

& SG

cfu/ml feces (log1(
w

days post vaccination

1% 15. Challenge® fecal shedding. #W9

ImlY AEFZE log(10) scale® % 7]kt

6) Head B
1=}

24

ot
=
(@}
=
107
C,
(@)
(@)
=
wQ
(@}
=3
—t
=N
o
=
S
QO
B
wn
3
=N
=
=3
(@)
wn
=
5
(@)
o
r 2|
i
(e}
ol
s
2
ok
o

& = Ao aQlH

(7) oFeldFo] W37 IEF A
B3 % liver, spleen, genital organ (U¥%¥ 7Z-%)S BPWo| AFH3ste] a3 o}
S PBSE AHA3dA 3Astar BGA spreadingdle] Salmonella®d A< A&
o A7 AR X 1o gAE Aol g 4EHE Fdos Al

gross legion index (average)' Recovery”
group _intestine liver spleen (number of positive/total birds)
. enlargement enlargement . genital any of one
petechia white spot white spot liver spleen organ organ

A 2.4 0 0 1/5 2/5 - 2/5

B 4.7 2.0 0 4/5 4/5 1/2 5/5

C 5.0 0.2 0 2/5 2/5 2/2 4/5

D 6.2 0.3 0.6 3/3 3/3 1/2 3/3

E 5.0 3.8 0.7 3/4 4/4 2/3 4/4

1

5
o
N
2
>
w
o,
3

o

=)

@,
&
N
o
i
o,
it
offl
s
Lo
-
Ll
=
i3
it
o
&
o,
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8 2 &

SHRIFE FAFe Ao S-S o= Hx mrotsk 4= A} go g S,
Gallinarum mutant strainf-8 7 WAFF2ZA 9 A S Hr1a Ao} ol 2
Al A= controlitel A Ag- 2/6vke] 9] AALE ®Molo}M FF challenged] W

= AED Fart das o 7 Ul

. S Gallinarum WA S H 7 H7EE 93k ofelur 2 AR A A

[e3

(1) 7ha

S. Gallinarum mutant strain (JOL916)2] WAl o 2 o] f-8&44S ZAsH7] $8] W
Aol ZEsty WA Male] ofg wolm it FAlo A #FE v v
9] AF A= o] do] ol Axe] AAFES K3l ok FF JOL420S 5x10° cfu/200
pt/bird® ZATE G o MAFH T+ JOLI6E HESA %& P 1vhal/s
kel o] FHALS HQl ol wepA B Ao A= JOLI16F 9] %‘015'—:‘,% =H 5=
o A e ofelitF 2 FAARE dolry] f8 Ao MiAdsS Hlur & g
AE N TFE dYste] 1 F ShitTE 37 BEE TO%}O% HAL 5 Bzt

5

o2 ydAde vusks Ads Al g},

rl

M

A

-

(2) /\1 ‘ZﬂE
159% SAYety] 3075 dibsdoA FYste] 671 o= o] A AE

(3) A3 design ¥ TF
obefl ol e mpe} o] JOLALY, 420, 421, 422¢] 7+ okl #FE 5x10° cfu/200
wW/bird? 7ATEF(PO), ¥3FHF(SC), T LHFHTIVMEF o wd FHASFE
el HALGE g fetel (3 Bl Aol A FatxAbs S 2 ofeld T E
2|3t freezing cultureE 2 sto] Ao AL

U

¥ 28, Woldg oA Salmonella serovar Gallinarum®| 47}#] ofe] w5
M FEH 2o HYAAAYIAEE vust= A &

Group  Number Strain(JOL) Routes Dose
A 5 419 PO
B 5 420 PO
IC) g fé; ig 5x10° cfu/200.0
E 5 420 SC
F 5 420 IM
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(4) A b B

10 dpi 7HA1 @3k A3 vhgak 2ol 20%7100%2] HALE S H A
& AT (2™ 16).

@F Jhed JOL227t b el 4ee
F42 FolAE M3 SC7h PORTE AA 4FE FAT & A,

[€)

100 —@— 419 Oral
— & — 420 Oral
80 —a— 421 Oral
—-a-—422COral
> &0 —— 420 IM
© - -& -420SC
O
=
20
0 . |

1 2 3 4 5 6 7 8 9 10 M
Days post inoculation

13 16, HolgdlA Salmonella serovar Gallinarum ©F&] 39
A7}, Oral(Z7+59) groupoll Al JOL422F7} 71 =2 HALE
37HA] A2E vt o IM(E53E)9 SCEHEHEF)ANA =2 HAL

(5) A%
ZH5PF] NPT RG Folsh Foldt A3 WANE oF m=

H
Bl JOLIl6WolH Ao A% challenge strain®Z Al JOL422E
)

5. AT W #FE JOLII6S] HEUE D A wA A

olo

7}, S. Gallinarum mutant strain A 3/Aht 2 FA 2o & Wenkg-3 wlojd

(1) N

TE g 422 Folste] Wuk-g-3} challengeo] ot Wo] g3}

259

il
r ol
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(2)

A E=

A5 ool 91A& AFaA Wotey] Abgsed A 558 dtolekl 6235 kol
127] cage°ll A Ab=5stlvh. FAAE o
of AtAE ADAAAR olFEtATE HAE AlF Ao EWHAIE Salmonella
type colony”} &<1€ JlA 2vfg]E HHES FAHTA A wjAsAT. A 7|3t
3TqvtEloll A S A AL AL A=, ST e] &dEol HA VAT Fs Fo
A

(3) A ddesign

(4)

1A E S 654
A 7 T 5vhelE Wy

& (6wpv), challengex= 17F% (11wpv)el A A3}
o2 #esAh

S
4
)
o\
flo
I~
olo N

¥ 31 A3 design

Group Number 1st(6week) 2nd(12week) Chal(17week)
A 10 live/oral live/oral
B 10 live/oral killed/im
cC 10 live/sc live/im - OJ;OCI;%;O ol
D 10 live/sc killed/im M
E 10 live/oral -
F 10 - -

=
QUi By

JOLI916< freezing culture (-80C)oll A TSA(Tryptic soy agar) ° 2W streaking
ste] Z+7} 37C over night incubationdt®] €2 colonyE TSB(Tryptic soy broth)l
HE3e] 200rpm, 37C shaking incubatorol 4] &}l centrifuge (13,000 rpm, 1.5
min)3te] AL pelletS F#PBSE 3% washingdle] 1.45%10° cfu/2000/bird (12 %
F) 3 5x10° cfu/200u/bird (22 HF)e] FE=, oral inoculation ¢34 20%
sucrose in PBS9|, SC(¥3}) 2 IM(%) inoculationg $¢&lA+= PBSel z+zF 34
sto] Fof = HESA. HHE2 neckel stReom d W] FFE glst
Rou AsHteS EFeto] off W= gl

Challenge inoculations 3] ®olglol ZHAAA AL JOL422FE freezing culture
AEE 2ZaslEe A JOLI6H FU ohj_i Alz=8ked 5x107 cfu/200.L/bird
IM) #HZF3sta
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(5) WAHE F ALEA H7}

! T AT
Anorexia, depression, diarrheaE " 23} O(normal)~3(severe) = 5 3}351%
=3
Anorexia % depressione 1%} 22} ¥ WAZH AT HESL
AZo] W37k Ut 2 FoAE=E FA gk ( 2
SC groupell Al ldpvell ®i-¢- Ar|gt HALE H O 3dpvo]lFo = control
TOR Eoptth 22t HEF HAbe #HEEA FUTH

3y
o
m
rlo

Mean diarrhea index after different vaccination routes

08 | —e—Oral
—= -SC
---A--- Cont
S 06 | \
= \
[0} \
£ 04
©
3
02 t I A
0.0 = '

7 14 21
DPV

1% 18 JOL9165 H=+=3% diarrhea index? W3}

(6) Fecal shedding ZA}

1, 3, 7, 14, 21 dpvel Z+ 7HAEZ 100pe] w¥HES A3Hske] 900402
BPW (Buffered peptone water)oll =<l t}g(108) 3]4]) PBS= 1008 1,0008, 10,000
w2 34 38ke] 100402 BGA(Brilliant green agar) plate®ll spreading dFe] 24748A] 7+
37Co A wjkEte] Eo]lA colonyE countdte] ¥ Imld Salmonellad S AlS3FS
o} S49 F-$ preenrichment culture (BPW, 37T, 20hrs)$ selective enrichment
culture (Rappaport-vassiliadis R10 Broth, 41.5C, 48hrs)3}o] BGAol A 22135}

12} 55 A= 2920 yehdntel o] 3dpvell peakES H.o]al 21dpv7hA ol

AE At (2" 18). 23 HFF enrichment culture A A% salmonella7} 3

Ea=|
WA A ok
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Fecal shedding of vaccination strain after different
inoculation routes

—e—2COral
—= —-SC
< 40T Cont
O
w
230
=
E20 |
o)
S
10 r
0.0 A !
1 3 7 14 21
DPV

729 19 JOLIL6F HTF el = AsdFTs

(7) &A=
LPSE LPS extraction kit (Intron Biotechnology, Korea)S Al-&3}o] F& 3t}
Soluble antigen < 200 mle] vjFAS AR sto] pellet S E=t}. PBS
Az F 40 ml 9 PBSOl AF-A1#AH freeze-thaws 3 W wkE3it), o]
sonication$ 4,250 x g, 4ColA 208 &< AR AL HSAS T A

30,000 x g, 4TCelA 202 &S AAZEste] FSAe sl s& 24T

[0

(8) plasma IgG =7
S. Gallinarum mutant strain®l A LPSE F%3F] indirect ELISAE 2 A3} ST,
39S flat-bottom 96 well high binding ELISA plate (Greiner, Germany)ol & 2HA]
74 chicken IgG (¥ IgA) ELISA quantitation kit (Bethyl, Tx, USA)Z A}-&3}
of AWl W SR indirect ELISAS AAlgth = a9 9 sampled] HA 5%
AAR3L7] Y3le] cross titration testE A A 3}o] Zé-?l X0 wzl &Y coating,

blocking, primary antibody reaction, secondary antibody reaction, HRP-substrate

>

il

colorization, reaction stop $ 492 nmolA OD valueE 2 A 3t}
12 4F 5 dd Aeskden 22 45 v A3 boostera e BEIIAT
(19 19).
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Plasma IgG variation

60000
50000
40000
30000
20000
10000

lgG (microgram/r

1 2 4 6 8 10 M1

Week post vaccination

a" 20 €4 1eG W

(9) intestinal mucosal IgA =4
Intestinal lavage® 92 sampleE AF-&3to] LPSE &S = 3t indirect ELISAE
AASAT sES SABATIA FaL sty AH NS AV Yt v 2E WU
S 2 A3 (Berthelot-Herault et al, Vet Immunol Immunopathol, 2003). =,
Lavage solution (485 mM PEG I[polyethylene glycol 3350], 40mM NaxSOQ,, 20mM
NaHCOs;, 10mM KCI, 25 mM NaCD<S A 7+& o2 12 m/kgBW(body weight)®
o] dtar 308 % pilocarpines 13mg/kgBW (BW<300 g9 7% 20mg/kgBW)¢] &%
ow 5 FAETL HetgE ¥ weH AR &) FE&Ea &A=
STI/EDTA solution (0.1 mg soybean trypsin inhibitor in 50 mM EDTA, pH 8.0)
= 5oml A ¥ owEed F SdstEs g 307 F wE=S 3gstal 100mM
PMSF (phenylmethylsulfonyl fluoride)E 1ml3d 10u0% FH7Fsk oS A F2]7]
(13,000 rpm, 2 min, 4C)2 FH3 ASAS d=v A5 Ao thA] 100mM PMSF,
1% Sodium azide, 5% BSA(bovine serum albumin)E Z7z} 1ml3d 102 78k
4Col ®H¥ste] o] ELISAC sample® AFE3th 12 HEF 27454 oo A53)
RT7F 47 F sty 22 HEF 9 sttt gAsks Aew Bt (LY

20).

off
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Intestinal mucasal IgA variation

120
100

40 r
20 r

lgA (microgram/r
([@))
()
[

1 2 4 0 g 10 11

(10) challenge & 4454 &

Diarrhea, anorexia, depression’®] 2 mortalityS 1Y =& H7lsAdot (29 21,
22, 23). E, FatollAl 2 dpc (days post inoculation) S. Gallinarumol] Eo]#<l %=
A EWoe]l bo ] AlZEtRn BE oA A& IEE H AT Depressiont 3
dpc Bl AlZFE 31 476dpeol] #HAFshE HEC] Wol Hiou o] Al7|E Aol 7l
=2 7 dpc FH 3 5st7] AFstAT FE5E 9o ¥4 Salmonella o] Al
ol AE=HA ¥tk HAFE BES A3 Fl(controD)ol A<= Sdpe7kA ol 100%7F

Fou C, D2 30%, Ex2 50%, A, B2 60%°] 134 WAFH 2] 9

WE o} 2ol g,
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Anorexia score variation after challenge

[\
T

Anorexia score (average)

a9 22 A8 sAeA 8| RAE Tdpedl ¥ F%o] o] AT, WAFuF

FaoAE BilA b 3%l ko5t

Depression score variation after challenge

Depression score (average

—/N - A
--m-- B
—a—C
- -D
—e—E

8 23 971E ColA 7P AEr 9%

. Fre 4

e
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100

Mortality variation after challenge inoculation

—/N - A
.......B
80 | —C
= - -D
S —o—F
E 60 [ - I A S s A— e — - — - —A
E ® oo o o o
©
£ 40 F
>
<ch r 3 r 3 y 3 y 3 y 3 K
20
o‘ ‘ 1 1 1 1 1 ]

a3 24 Fi(control)el A= SdpcZbAel 100%7F #H AV oY C, D2 30%, E&
50%, A, Bit& 60%° 13 WMASHFFo g art gl E Qi)

(1D e ad a2

O(normal) ~3(severe) 2 FT3FstAth (17 24, 25). A= BEF Agh

<

B2 3 liver, spleen, genital organ, small intestines ¥ Zalo] W

vk AET FEAIA WHe WMAHTT] FETA

3.0

2.5

SURVIVAL
5
= - death
©
g - survive
A B C D E F
GROUP

a9 25 LiverdHW(Hitscore)? dAAsEY AEFE H
AEFTENA Batol 71 Wwle] Ao} Fard BT AL

_68_

KeN
=
EEE

]

ot
N
X

i

bt



3.0

SURVIVAL

- death
- survive

Mean SPL

A E F
GROUP

19 26 Spleen® W (Hitscore)d #HAME
AEFZOA Catol 7Hd Wwlo] Ao} F

(12) challenge Fo Y EAIY »ES 2A}

H7 % liver, spleen, genital organ (‘4 7 -$)S BPWo 213 3te] 3}

%

S PBS®E HAstA 3435t BGA®l spreadingstel 7] 1gd AldTE A
o AES FEoA FE H[Fo| Mol ol qflon HAG TE& BT A
HESS YEFAAJT (1" 26 27, 28).

7

6

2
.JI 2
j SURVIVAL
vl
=) 19 -death
8
= 0] -survive
A B C D E F
GROUP

1% 27 Liver 1 gram'3 challenged 5 <
(logl0). AEEEA A AZHR i 3
ol 7z o]Folxl AE & F UY F= EF

AL,
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0

SURVIVAL

-death
-Survive

Mean SAL_SPL

A

GROUP

18 28 Spleen 1 gram@ challenged s+ w3~
=
1

o] o]Folqx Yee & 4 gtk Ft BT A
A},
7
64
5-
44
<
z
24
il SURVIVAL
9]
g 1 -death
Q
E 0] -survive
A B C D E F
GROUP

29 29 Ovary 1 gram%¥ challengev 5+ <
(logl0). HEFEANA HEFHA . 3 5o

4 o)Fold e & F Utk F: 2T 9

A}

==

A ST JFA plasma IgGe 1A FSF sttt 22 55 dds] 4
3to] booster& ¥ E Z YERE S S FHSA T mucosal IgAE 12 HFF 374
2 22 AFF 255¢ HaAE Holurl ficte ZoRE S1Hdrt. webA
S AFLE 1AHFTF 459 225 HEFsE2 6557 22 § 257F)9 challengedt+=
o 2 % 3\ Oi /\g7]—51041;]_
9 ‘:}ook} @%@ic’ﬂ g WolEde o 2ok
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@ #HAA Aol A A/PO +A1/PO = A7H/PO +AE/IM = A7t/PO g

—Z
s s

@ General conditionZ oA A /PO+A /PO > A /PO+AM/IM

wreb vl AbES ARgEHA|
o] o &I} FYAW e =

g2 v &S A4 o PO% A% HES vhsirha Azt

Lk JOLII6S] A7 HF0 258F 4= Al

1) +5

WA TR JOLII6S, oFEddTFE JOL422E A8t o™  freezing culture
(-80°C)ell A1 TSB agarell streakingdle] 37°Coll A vj%alal S-type colonyS 3213} o]
TSB brothell %%, 37°C shaking incubator (150 rpm)olA] overnight culturedt #-&
phosphate buffered saline (PBS)= 3H A& gk t}& ODspoit= AR A AstA 343}
of Aol AFE-3t3d

(2) = % 23 design
AbHA Wolg] Ab&sgelA 45 shelEkel 60vwhEl &
UM Ao Abgstdh AN SHEA e AR
A Fdesigns Table 40 AASATE BF Ado=2 FFagon, WildFJOLII6S
HEo 4% 2x10° CFU/100ul/birdZ, 478 Fe 4% 2x10° CFU/100x4/bird ©F9]
FF JOL422%E 2x10° CFU/100u0/birdE 2+2 R F3h4ih.

2 do

—_L
R
L

a

& 30. AbA HEAR

12 A= 2z} A= ¢} = A=

Grow 1 {5 o £ e N

A 10 IM M

B 10 PO M

C 10 PO PO JOL422

D 10 - M IM

E 10 - PO

F 10 - -

= 54 o BEEA G 2y o9
o % DuelA WMAHE A A 4 k| 3wkl JHAl (AFEAF F)AA 7
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¥ AYAL FAE woltsh Iohelsh sAsAh Fe 2vbel AR FAE
Be F ANHAC 2410° CFUS BFBE W4 @e FolAw AGHAE el 2
Agol g o AT wHol Bay Aoz AuHYh

Heparma HA71sE FAp |2 dxdd 08 mlE AE T ddEE (40 rpm, 15 min,
A2) ste] 4 HEZA= AEFHASAA P AMEeH AL, 82 YR AMAC) 3HH
a4 IgG Aol Argstdnt. 13 [gASA ] BHomtE3 2 WHer Aty
A NS At (Berthelot-Herault et al, Vet Immunol Immunopathol, 2003). =,
Lavage solution (485 mM PEG I[polyethylene glycol 3350], 40mM NaxSO4, 20mM
NaHCO3, 10mM KCl, 25 mM NaCD< 47422 12 nl/kgBW(body weight)? o3}
1 308 % pilocarpines 13mg/kgBW (BW<300 g9 4% 20mg/kgBW) ¢ f#o =
o5 FAREYL HolgE g wiel¥ ZfRE &7]d &5kl &7]d= STIVEDTA
solution (0.1 mg soybean trypsin inhibitor in 50 mM EDTA, pH 80) & 5 ml ¥ 1
EEsd & TFs=sE st 308 F wEES 3lgsta 100mM PMSF
(phenylmethylsulfonyl fluoride)E 1ml% 1002 H7Fsk v A1 +2]7](13,000 rpm, 2
min, 4C)Z T S AS At FS Ao thA] 100mM PMSF, 1% Sodium azide,
5% BSA(bovine serum albumin)E 27z 1m0 1002 H7Fsal 4T H3Aste] 9
ELISA®] sample® A}-&3}3 T},

(5) Enzyme-linked immunosorbent assay

3l& PSS phenol-chlorform methodol W&t F=339 . &9 S flat-bottom 96
well high binding ELISA plate (Greiner, Germany)ol| &2A|7 A chicken IgG (=
IgA) ELISA quantitation kit (Bethyl, Tx, USA)E AM&3te] AMEAWHAE whapa] 24|
3t Ao} 1%BSA (bovine serum albumin)e] #7}# 50 mM Tris-NaCl buffer (pH
8.0) = H]EO]HPQQ blocking®t T samples A4d3stAl g Alste] HES-A] 7|31 HRP
(horse radish peroxidase)® label¥l 2x}8AS AE A 7]+ indirect ELISAS 2 A3

£ 2ol we S ugon, duw 4%

T E ZFe wESS YEhed, AFHES Sk
Aol A= oF7F Hbgo] & sttt (Figures 6, 7).
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Plasma IgG levels at 2 weeks post 2nd vaccination
by indrect BLISA with LPS

=
FEO0 - o
(&)
. o 2
o =
A~ E000 = O
E
by o
E [
—
2500 <
& = B g
=] o]
0,00 = g 2]
L | T T T T T
MIM  POM PORPS oM o i

group

R

a9 30 22 A F A W wke

80

601

40+

201

(o1

[GA_2W

IM PO cont

ROUTE_1

a9 30. 12T 5 IgA W

_73_



Intestinal S-IgA levels at 2 weeks post 2nd vaccination
by indirect ELISA with LPS

[
1000.00 = g
] O
?; FL0.00 =
B E ®
5 8 @
= 50000+ g g
© © =] =) %
o g o g
250,00 = i g
& 2 a8
e &
T T T T T T
MIM  POAM  PORO - T e
group

a3 31 224 F % IgA WS

6) Az =74
22t HE F 57 AExAWY FAES s ExHZTE o]&F lymphocytes
proliferation assay & ARt YA E8 st A& HEZFE Trypan blue exclusion
test® A EFE A3 1S RPMI 1640 complete medium ($o}#] &3 2 di+3lz
A E8) o FHAA 1x10° cfu/100ut/well 7+ =17 96-well plate ol 333,
Gallinarum soluble antigen¥} A 72A17F 88l o). Soluble antigen< TFe- Ho“?.j o
2 AT =, 200 m19] Hj ol s ARl sto] pellet A=t} PBSE 23] Az F

W

40 ml ¢ PBSol A& ]74 freeze-thaws 3 W HHESth o] &S sonication$
4250 x g, 4ColA 204 A s] AL ATAS = YA 30,000 x g, 4Tl
Al 200 B AR 0}04 o%‘—ﬂ% slgete] s AAgth 2A7 g  =yE
n7 oz #2 % Lonzarbe] ViaLight® Plus Kit & A}43}e] Luminescence assayZ
A A8t Stimulation Index (SDE tha3 22o] AbEste] WY T A A2 H <
o] o A=AE FAsAt 1A & F 1570 ZH5HFTo= Ae es B
W, AT HTOEE MEAFHA] FrEo d= S 2 & & AAT (Figure §, 9).

2)) SI = (FLH7HE welloll X S 9 H338)/(FLS H7FehA &2 welloll A &333F)

fins h =2 0
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Lyvmphocytes proliferation
(Soluble antigen, Mean+SD)

01 wpy @204

Stimulation Indesx

o T RS T R L2 I B s o

¥ PO Cont
Routes

Oy 32, 1AHE 154 Al vhE

Lymphocytes proliferation assay
(Soluble antigen, Mean+3D)

7 -
5 09 week post 2nd waccination
B2 week post 2nd waccination
5]
4
¢ 3
p
1
0

MM POAM PO/PO /M =/PC &
ROUTES
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p—

o

A
o

i

)

(7

b A4

Total

10

Days post challenge

n
10
10
10

Group
IM/IM
PO/IM
PO/PO

0
0
0
0
0
0

o O

o O

o O

o O

o O

o O

O O

9
10

-/IM
-/PO

10

No

)AO
oH

Nfo

® 32, 33).

B (

¢l depression
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£ 3. obTF FE F 447

Growp — 55— 5 5 7 8 9 10
MM 0 0 0 01 02 0 0 0 0 0
POOIM O O O O 0O O 0 0 0 0
POPO 0O O O 0 01 O O 0 0 0
M 0 0 0 0 O 0 0 0 0 0
0 0 O O 0O 0 0O 0 0 0 0
S~ 0 1 17 23 25 25 225 2 13 08
¥ 33 ok HE T A&
Days post challenge
Groww — 55— 5 § 7 8 9 10
MM 0 0 0 01 01 0 0 0 0 0
po/OM O O O O O O 0 0 0 0
POPO 0O O O 0 01 O O 0O 0 0
M 0 0 0 0 0 0O 0 0 0 0
0 0 O O 0O 0 0O 0 0 0 0
S~ 0 04 14 22 25 25 225 2 13 06

(th Bead

bl HE F 1094 EE AEsES st §¢H4 #Hgrds #Eskath
Liveri= enlargement, bronze colour, white spotE ¥#3t3 08 (AN A 38 ZH) 7t
A MAER FgHoR HIEe o, spleenol A= enlargement ¥ white spotS Y
Al #Este] Hssle] Hirgk 2 ostandard error of mean & AFESFe] 1@ 369]

LHER AT
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Lesion scores after challenge
{mean+ sd)

3} BLVER USPLEEN

SCOre

IMAM POSAM POFO /M /PO =/
ROUTES

a9 36, okl F AT ¥ AETE] HYLd

FiN

(2h) Pl AESHA AL

ofe] vt F7F Awiity oyl <tol AEstAL A=A BluLEty] skl b B WS
Buffered peptone water (BPW, Becton, Dickinson and Company, France)olA 4|3}
a1 AZ NS Brilliant Green Agar (BGA, Becton, Dickinson and Company, France) ©I
HAZE 8ol colony countE A A3 negative?l 79 enrichment cultureE BPWoll A 37
= 16417 vjeF & Rappaport-Vassiliadis R10 broth (Becton, Dickinson and Company,
France)ol 1/100 volume #F3to] 42 oA 48AI1%F vl %% BGAO| A Salmonella®l

5 g2ttt Colonyg+ 7] 1 gramd e AldTE &3 logy sz 3H4lkst

l?_
of wt HlaE AAedn (¥ 37).

==
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Internal organ dissemination after challenge

{mean + sd)

O vER DSPLEEN

o [aN| — L=

(0160]) LWRIB/MLD

PO /-

~/IM

M/AM - PO/M PO/PO

ROUTES

2]

.
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b
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%

ofpy

o

=K
olo
ot

Br
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X
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A

512

A7} @5 ol of

z;gl,

b1 9

Z

Joll A HeEbs o=

2 Alsd )

o

i
g

fay

|

—_
o

Mo

H

ol

I

JOLI916> A

I} & parenteral route©l A

=
H3

5

=y

o
el

oV

A= sl

=
o

Hizol drHFe 7t

17

H

b2

O FeE S

[P

el A = AR

=5k 7%

o) 7}

H

G

1|

A

ol

Fell A JOLI16S] <+5HEA <F

[

LER

of thato] 7=

=13
=

FAI71E = A0

_79_



}AF 275 JOLII6S] hid % ol Wsh 4

MA T2 JOLI916S AFE3l o™  freezing culture (-80°C)ellA] TSB agar®l
streakingdle] 37°Coll Al wjokslal S-type colonyES #<¢l3ste] TSB brothell H%E, 37°C
shaking incubator (150 rpm)ol A overnight culturedt Z-& phosphate buffered saline
(PBS)= 3¥ A4 3 b3 ODentk= <71= A AsHA s]Asto] Aol AFE-3k3l

(2) 5= 2 23 design
&%ﬁl Wolg] Ab&5 ol 558 dlolekel 40vte] S EFtol 20vEl M 27 Lo
LA A A el A8kt fz“gxﬂﬂ FHEA RS AR FRES ATAEFA AAT
WAFFE HETLS BF WAFFJOLIGS 2x10° CFU/100ul/bird®d ZHHE 3t
W, 272 5FY PBSE SSHEFAT HF 5 uld AGGHE #AFEA o, v
T+ 7 Fefalste]l Wgdr)e] SebA Wy Ao HIEATTE AS

BAFF " F 45 S w5 Svpy ShEbatste] Sob4 Wel S BEsdTh
Liver % spleen©l| Al enlargement, necrotic fociE ¥# st 05 (87N 35 (42 7HA]
MAE R 2340z HFrtatyrt

obgfl 3 340 AAIRE A} o] iz 3
0l Hloﬂ MAA T e okzhe] WWS pHagor), w

u SANH R eI Jols AT F it
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3 34. Gross lesion of the chickens vaccinated with JOL916

Gross  lesion Week post vaccination
Group T
Organ  Finding 1 2 3 4
Vaccinated Liver Enlargement 02 + 04 0000 0000 0000
Necrotic foci 0.0 £ 00 0.0 £ 00 0.0 £00 0.0 £ 0.0
Spleen  Enlargement 00 £ 00 02 +04 02 +04 00 = 0.0
Necrotic foci 04 + 05 02 +04 0000 02=*04
Control Liver Enlargement 0.0 £ 0.0 00 +00 00 £00 00 £ 0.0

-+

00 0000 0000 00=00
0.0 0000 0000 00=00
00 0000 0000 00=00

Necrotic foci 0.0

I+

Spleen  Enlargement 0.0

I+

Necrotic foci 0.0

Values represent the means + SEM.
Significant difference of the vaccinated group was examined by
Mann-Whitney U test compared to the control group; no difference was

observed for all lesions.

(5) " *ﬁ 5};—‘1 AL
wF7F drtvh Wopg] Qbel AEstal J=A vlastr] fste] b H v AE
Buffered peptone water (BPW, Becton, Dickinson and Company, France)olA 2|3}
3l A5 NS Brilliant Green Agar (BGA, Becton, Dickinson and Company, France) ©I
HZE38lo] colony countE A& negative?! 7% enrichment cultureE® BPWell A 37
= 16A1%F ¥l 3 Rappaport-Vassiliadis R10 broth (Becton, Dickinson and Company,
France)oll 1/100 volume & 3dte] 42% 0|4 48A1F vl BGACA Salmonella®]
F5 g2ttt Colonygd+ 7] 1 gram3de AldTE 4FE35HY] logy o= ks
g AAIstA T 1 A3 v go Al 7)o A4dd MdasE HolARE 257 &

2
B A48 gastel W afol Aol A&HoR EAY £ Aes ¢ 5 AU

3t 35. Bacterial recovery of Salmonella from the chickens vaccinated with JOL916

Weeks  post vaccination

Group Organ ! 2 3 4
II)\I)[;I:RS Count® Eggz?:; Count gg;;?fer Count I;g;ﬁ?jé Count
Vaccinated ~ Liver 1/5 0.33 + 0.65 2/5 0.72 = 0.89 0/5 0.00 = 0.00 0/5 0.00 £ 0.00
Spleen 5/5% 2.79 £ 0.21* /5 0.35 + 0.69 0/5 0.00 + 0.00 1/5 0.42 + 0.85
Control Liver 0/5 0.00 = 0.00 0/5 0.00 + 0.00 0/5 0.00 + 0.00 0/5 0.00 + 0.00
Spleen 0/5 0.00 = 0.00 0/5 0.00 £ 0.00 0/5 0.00 = 0.00 0/5 0.00 = 0.00

? Number of positive sample after enrichment culture.
> Values represent the means + SEM Logiocfu/g.

* Significant difference compared to the control group.
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WAl F2 JOLI16S AF&3tl o™  freezing culture (-80°C)ollA] TSB agarel
streakingdle] 37°CollA] %3}l S-type colonyE 2213te] TSB brothdl HZE, 37°C
shaking incubator (150 rpm)ol| A overnight culturedt # S phosphate buffered saline
(PBS)Z 3 MA3 th3 ODsoat= A2 A slAste] Ago] AMEsAY. =
AAEH S 9t JOL422E & dsHA =18t
(2) 55 % A3 design

AbEA Wolg] AbFEAdel A 5FE stolkel 48nkElE
A Aol AREstA T AT A g Abset

Hl A

E2S A4 A AT

HEo BT WAFFJOLII6S 2x10° CFU/100ut/bird® 54% stgom, iz
T2 PBSE 4S5HETSIY A T v HIgWeS #EsI o, 4539
ob9] i F JOLA22E 2x10° CFU/100xl/bird® %4 %E slo] Wola e #asigdch e

¢

M
rlo J

Lo

¥ 36 o] 23 designg A A3t}
# 36. 23¥ design
Vaccination Challenge
Group n
(5 week of age) (9 week of age)

Vaccinated 16  JOL916, 2x10° CFU  JOL422, 2x10° CFU
Negative control 16 PBS PBS
Positive control 16 PBS JOL422, 2x 10° CFU

(4) HI=A

d B 08 mE AME & IdLEE (40 rpm, 15 min,
Ae) gt A& HEFE AEAdHYGSAA Qoﬂ ARESER A, e WA R AAC) sk
= A=A 7k
=2 O —_1

= o o 23w
A NS A (Berthelot-Herault et al, Vet Immunol Immunopathol, 2003). =

LR

Lavage solution (485 mM PEG [polyethylene glycol 3350], 40mM NaxSO4, 20mM
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NaHCOs3, 10mM KCl, 25 mM NaC)<S ATz 12 m/keBW(body weight)® o3}
3l 30% % pilocarpines 13mg/kgBW (BW<300 go 4% 20mg/kgBW) ¢ &=o =

oE FARRIY WolelE 7 mEH RS &7l 88k 87 oﬂ—t— STI/EDTA
solution (0.1 mg soybean trypsin inhibitor in 50 mM EDTA, pH 80) & 5 ml % =1
HEEy 2 E2Fgs=s o9y 307 F wE=S 3435t 100mM  PMSFE

(phenylmethylsulfonyl fluoride)E 1m¢d 1004 H7Fsk oS 44122 71(13,000 rpm, 2
min, 4C)2 FH3I FTH4S AT S Holl thA] 100mM PMSF, 1% Sodium azide,
5% BSA(bovine serum albumin)E Ztz} 1méd 1002 A7Fstar 4Co] Bysle] A
ELISA®°] sample® A}-&-3}% T}

(W) AEPHS FA

HqE A 2 HE = 35704 w5 AxAdEe 3
lymphocytes proliferation assay & 2AAIstAth. 9AZE st 42 ©HEZG4E Trypan
blue exclusion test® AAXFTE Al53gk th5 RPMI 1640 complete medium (& ©}4]
g 2 A dA 23 o EHAA 1x10° cfu/100ul/well 7F = Al 96-well plate
of ¥F3}1 3L, S Gallinarum soluble antigen®} $HAl 72A17F i kst s & =
gnj7Fdoz #F & Lonzarle ViaLight® Plus Kit = AF£3}9] Luminescence assay 2
AlsFAth. Stimulation Index (SDE v o] AbEdhe] WA Aol A A£G H
o] FlrEo] A=AE Ft3dt

(o

2]) ST = (FLH7HE wellell A S4¥ 38/ (F9S H7FebA &2 wellol A 23 7)

a9 38 (Aell yERd A3 o] HF 5 1 H 2FA ] AEA HukES e
=2

(t}) Enzyme-linked immunosorbent assay

Eolm e AeS 98 outer membrane fraction (omp fraction)S ©F&] 3 JOL420°
A AAEAT LS flat-bottom 96 well high binding ELISA plate (Greiner,
Germany)°ll & 2A] A A chicken IgG (& IgA) ELISA quantitation kit (Bethyl, Tx,
USA)E AF83te] A8d9WAE oabd AA A =, 1%BSA (bovine serum
albumin)e] #7F8 50 mM Tris-NaCl buffer (pH 80) 2 H]Eo]uk8-2S blockingdt tf
& samples A A3HA 3|48t HE-3-Al7] 31 HRP (horse radish perox1dase)i label¥ 2
21 A S AT A 7] = indirect ELISAS A A 3FA t

4 IgGe JF 17 $HH ARt A4 o=
HAE5 7] ]3}0}910@ 27 HEYHE wg Ag 9es

[gA°] A% TATA Aold AAT F+ U= vE

1

73
g AFe A= ¢ JAH (2™ 38 O,
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40

Bodyweight increase per day

20
10
ES
[] i i ]
I I m
Moment

—4—Vaccinated group T Negative control group

29 40, okl F AF F 1-34D), 4-6Y3D, 7-10LD2] 1 4T B AT
(2).

(zh) #Hgad

oReltF HE F 1094 Ee AETES At 7 Hyads dEskth
Liver 2 spleen©l A enlargement®} necrotic fociE ##3star 08 (g7 A 38 (27t
A NAER FHHoR Hrrstd o, Hrgk 2 standard error of mean
¥ 379 veRQItE o)A E positive controliS 25 wl$- Aldk Wy AdS e °)
Hl &l WAl &2 negative control®] WE|AAY TATGH SR AolE HA Kote A

)
w9 Aulg gwe ng

ri
ol

(2h) Pl AESHA AL

ofe]tF7F Awiity oyl <tol AESIAL A=A BluLEty] skl HF BoH[d S
Buffered peptone water (BPW, Becton, Dickinson and Company, France)olA 4|3}
3l 595 Brilliant Green Agar (BGA, Becton, Dickinson and Company, France) ©l
HZE3F4 colony countE A A3 negative?! 7-$- enrichment cultureE BPWol A 37

H
= 16A17F v ¥ & Rappaport-Vassiliadis R10 broth (Becton, Dickinson and Company,
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France)el 1/100 volume #-&3Fo] 4204 48A1F vl BGACI Al Salmonella®]
T2 gttt Colonyg+ &7 1 gramd 9 AldFE &3] logy o= 3HAkst
of 3 HluE AASET. 1 AF positive controlit> EF A #ld o] 14 EHS
Aub A= o v Zo| A Al B8] A7) negative controlit®E.tF 9 EHA Bokwl
S Q& negative controli*¥} H]Z=3H 7§TJr, 5 Ao Aol EydEd 2T (2
o 37).

3 39 Gross lesion and bacterial recovery of Salmonella in the vaccinated chickens after challenge

Gross lesion” Recovery
Liver Spleen Liver Spleen
Number Number
Group n EN® NF¢ EN NF positive Count’ positive Count
Vaccinated 16 0.1 = 0.3A 04 + 0.7A 0.5 = 0.7A 0.0 + 0.0A 2/16A 020 + 0.60A 8/16AB 1.66 + 1.67A
Negative 16 0.0 + 0.0B 0.0 = 0.0B 0.0 = 0.0B 0.0 + 0.0B 0/16B 0.00 £ 0.00B 0/I6AC 0.00 £ 0.00B
comrol . } ) } ) ) . . : ) ) )
Cpgrslg‘ovle 16 2.9 £ 0.3AB2.0 + 0.7AB2.3 + 0.7AB 2.1 + 0.6AB 16/16AB 4.96 + 0.20AB 16/16BC 4.87 + 0.32AB

Group lesion score (Mean + SEM).

Enlargement

¢ Necrotic foci.

Number of positive sample after enrichment culture.
¢ Mean * SEM Logiocfu/g.
n, numbers of the chickens used.

Values within a column with same capital script differ at least at the 5% of significance
by pair-wise comparisons.

B9t s g
WAe FEsn ofdTF SAL A @A Wolsdd ok itE UE T A4
147 A F)el okzhe] Fabol vhehd 4 glont oduk ok woA 5E Hole B
Stk AF Bd 2L VAR E MAFR T 2x10° CFUS 28HF0] &
Ao Pole B Poldes B 5 AU

7. MAZ BT JOLI16S SGORTFF9] HlL A%

AP AR S dF = WASH TS JOLI16, A5l JOL966 (9R), L L



ooy JOL422 t©}. =+ glycerol-TSB freezing culture (-80C)oA TSA9]
streaking®}¢] overnight culture (37C)% one colonyE UtA] TSA®] streakingdl]
overnight culture (37C)3}%] 22 one colonyE TSBol overnight culture (37C, 200
rpm, 17718 hours)slal PBSE 3¥1 A3t & Qs w2 PBSOl AFFAIAH F9
s

A8 55 9 experimental design

Fato] WAl NS 2 A
<7He 3’&%3};«;\‘:}.
3% 40 Experimental design
Vaccination (55+%) Challenge (254 %)
Group n - -
Strain Dose Route Strain Dose Route
JOL916 15 JOL916 2x10° IM JOL422 2x10° IM
SGO9R 15 JOL966 2x10° IM JOL422 2x10° IM
PBS 15 - - - JOL422 2x10° M
L FHAd
(1) 3<%
WA HE T oRY 9AF S BEHAT BE A HrE 9T ol

LERFA] e ottt

2) A5 =7+

A HE 5 1047 2 AAHF 5 10958 259 7HA (=74
19 Fit A5 S7HES AEedrh 2 23 JOLII6, SGIR HFo &
#pol 7k Qlol AFTrtEE H

A2 Aoz Bolyrt (& 39).
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2

¥ 41 Bodyweight increase in chickens
vaccinated with JOL916 and SGY9R

Group n Post Before
vaccination” challenge”
JOL916 15 6.96 £ 0.52 10.13 £ 0.85
SGI9R 15 7.69 + 0.70 7.90 + 0.75
PBS 15 9.37 £ 0.99 9.32 + 0.84

E First 10 days post—-vaccination (dpv).
From the 10th to the 25th dpv.
Values represent the means + SEM (g).

Values in the same column were analyzed for differences between groups; no
statistically significant differences were observed using the Mann-Whitney U
test with Bonferroni correction.

2

(o
J|m

o] W wkg Wl

) A& A

Heparing 71t FAZIZ ZExEH 08 mls AE = Az (40
) gt 4 HEFE AEAAAGSAA DA AR, 84S WAAEAC) st
g IgG S ARSI 19 IgAZ7 9] %X—qlgi‘jr%lﬂr e Wygor 43ty
Azl Attt (Berthelot-Herault et al., Vet Immunol Immunopathol, 2003). =,
Lavage solution (485 mM PEG [polyethylene glycol 3350], 40mM Na:SOs 20mM
NaHCO3, 10mM KCI, 25 mM NaCD< %22 12 mt/kgBW(body weight)? *o]a}
1 308 % pilocarpines 13mg/kgBW (BW<300 g9 4% 20mg/kgBW) ¢ g#o =
<& FARSY, HWolg & d wigld ARE &7]d 83 9“7101]% STI/EDTA
solution (0.1 mg soybean trypsin inhibitor in 50 mM EDTA, pH 80) & 5 ml % ¥
HEEY # s s Sk 30w F wWEES Igeta 100mM PMSF
(phenylmethylsulfonyl fluoride)E 1m¢{% 1003 Z7Fsk oS QA2 7](13,000 rpm, 2
min, 4C)Z FH S AS AUt} FS Ao thA] 100mM PMSF, 1% Sodium azide,
5% BSA(bovine serum albumin)E Zt7F 1mld 1002 FH7Fstar 4TCo] Baste] A
ELISA9] sample® A}-&-3}% ).

(2) AlxZHY 54

WA R AF uFE AEAdUe Z4e

do
of,

H ul

(o3
=

o
[H

TE o83k lymphocytes

=3
= ) =] 2]
=

proliferation assay & ARtk YA &2 s TE

test® A ESFE A3 thS RPMI 1640 complete medium (50}x] &3 2 & aky

rlo
K

2

Trypan blue exclusion



oA Z38) o F5AA 1x10" cfu/100pl/well 7} F A 96-well plate o 53191, S
Gallinarum soluble antigen¥} &7 72413t v ettt Wi & =ddAv|do=2 #d &
LonzaAte] ViaLight® Plus Kit £ A}83led Luminescence assayS A3}t
Stimulation Index (SDE U3 #Zo] Ab&ate] WA FdolA AMELHEG ] FE o]

A=A Felead

2) SI = (FLH7H wellol M S48 B3/ (Fde H7behA &2 wellol A T33%F)

2 A3 JOLI6W Al HF oA 25 Aol SGIR ¥ PBSwEth A3 w53 e
Atk (G 40).

3t 42. Cellular immune responses in the vaccinated and control chickens.

Weeks post-vaccination

Group n 0 1 2 3

JOL916 5 1.02 £ 010 114 £ 014 183 + 011 ab 1.02 + 0.10
SGIR 5 1.02 + 0.10 117 £ 0.07 114 £ 014 a 1.02 = 0.09
PBS 5 092 +010 102+ 009 092+ 010b 1.02 = 0.09

Values represent the means * SEM of SI value. Values with
the same letter are significantly different at the 5% level of
significance according to the Mann-Whitney U test with

Bonferroni correction.

(3) Enzyme-linked immunosorbent assay

Eolmy ALS 93] outer membrane fraction (omp fraction)S ©F+F JOLA4229]
A AA AT o] SGIRe] R-type LPSE AUy ¢l7] wfio] LPSE Al&3l= Aol
A 7] wFEo|tt YL flat-bottom 96 well high binding ELISA plate
(Greiner, Germany)®ll &Z#A| 7 A chicken IgG ELISA quantitation kit (Bethyl, TX,
USA)E Abg3ste] A9 AE wEbx AASAT &, 1%BSA  (bovine serum
albumin)°] #7}¥ 50 mM Tris-NaCl buffer (pH 8.0) & H]E-0]WHS-S blockingdt t
S sampleS A AsA 3|4 ste] ¥F-3-A]7] a2 HRP (horse radish peroxidase)® label® 2
A& A& AJEAl 7]+ indirect ELISAE A Al 81t

o

S

a1 A JOL916—E% WA HE 15 FRE voraA T Welue s 453 & 9
3, 2%F HEE JOLII6H SGIRT EF %<& 4279 wheg UER) RIITHGE 41).
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3% 43. Systemic immune response of chickens.

Weeks post-vaccination

Group n 0 1 2 3
JOL916 5 221 += 121 589 £ 48 a 4175 + 944 b 3816 £ 1108 d
SGIR 5 254 +£52 474 + 86 3366 £ 91.2 ¢ 3381 = 1081 e

PBS 5 32788 390x41a 573116 bc 728 £ 138 de
Values represent the means + SEM (ug/ml) of SG

I+

antigen—specific serum IgG concentrations. Values with the same
letter are significant at the 5% level according to the

Mann-Whitney U test with Bonferroni correction.

FlHF AL F id JFSAE BFEd. WA WA v E gzl A 3L A

= BE Wollt AEHEE dElen, 12d70K e B dAbekat. JOLI16w: ol A

d | Tk ey o el A 2dA el A 40 A7}

2 2 whEle] "ol sl Aol slsalk oFsl ALn7EES Bl 33 SGIR oAM=

°] T8, 6 vhEl7h SR e AS4EHE, 22 ovkert m g daks

g& wolen, 3kl 10dARA A% S-S Ui Ivkels #Aabsha y A
102 A 7EA ol 3] 55 ek, A4l 9lo] JOLII6w 3 SGIR Ztell FAI8H4 2hol= ¢l

3* 44. Mortality of vaccinated chickens after virulent challenge.

Day post challenge Death
Group . rate

4 5 6 7 8 9 10 11 12 (%)

o 0 0 0 0 0 0 0 O 0.0 a
0 1
1

1
JOL916 15 0
0

S O

SGOR 15 0 0 0 O 0O 0 0 6.7 b

PBS 5 0 0 0 9 3 2 0 0 0 0 0 100 ab

Values with the same letter indicate significant differences according
to the chi-square test ( P < 0.05).
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(2) BeElad 9 A

ofeirF HE F 1294 EE AEFES sAste] &9t WHeids BEEsth
Liver 2 spleenc] A enlargement®} necrotic fociE #&atar 08 (A4 ANA 38 (A ZH7t
A JMAER FFHo 2 Hrlsld o Ha gk ¥ standard error of mean & AFE3dlo]
¥ 439 YEeERHAT. JOLI167-2 SGIRH.t} Liver necrotic foci®t Spleen lesions®l
Ao Argk e BYv( P < 0.05).

(3) M+ &<
ofelyt 77} dAup} wWoty] <ol AEStL A=A Hlwsty] flete] Y H HAE
Buffered peptone water (BPW, Becton, Dickinson and Company, France)olA 4]

O1A

!
3 45 NS Brilliant Green Agar (BGA, Becton, Dickinson and Company, France) ©I
HE3t colony countE A A3} negative?! 7% enrichment cultureE BPWOlA] 37
%= 16413+ vl F Rappaport-Vassiliadis R10 broth (Becton, Dickinson and Company,
France)oll 1/100 volume A &3le] 42%0A 48A17F vl kS BGAol A Salmonella®]

5 FdstAdt Colony &7 1 gram3 o] AldE AHEdto] logiy #he= €Hale}
o 3t vuE AASYY. 2 A3 JOLII6w S SGIRT H.T} spleenol A w7 A4 H
Aol lol By Ar|gh okt F o] doju = e & F AU (F 43).

3t 45. Gross lesions and bacterial recovery of the challenge strain in the

vaccinated chickens.

Gross lesions” Recovery
Group Liver Spleen Liver Spleen
b ¢ Number £ Number
n  ENL NF ENL NF positive® Count positive Count

JOL916 15 0.1 £ 0.1 0.2 = 0.1a 0.5 £ 0.2b 0.1 £+ 0.1c 2 0.20 + 0.15 9d 2.04 + 0.43e

SG9R 1404 + 0.1 0.9 £ 02a 2.0 = 0.3b 0.9 + 0.1c 6 094 + 0.31 14d  3.69 + 0.33e
Values with the same letter are significantly different at the 5% level according
to the Mann-Whitney U test.
% Gross lesions were given scores of: 0, 1, 2, or 3 for each lesion. Values
represent group mean scores (Mean + SEM).

Enlargement

¢ Necrotic foci.

Chickens that survived until the 12th dpc were examined.

Nurnber of chicken that was positive for bacterial recovery.

! Number of bacteria per gram tissue (Mean + SEM Logiocfu/g).

SGORSl <t ol H=shA| Rt o} F o

=
A A T
HE 5 Byad B AlFEYAId AAdA o 5 AdATh
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8. oldl Holglo A JOLII6Y HE =7 A

7}

e

JOLO16& Al AWM AR Qb A o] Hlszetal Wol=o] -3s Ao g
F At A7 E AFWAS AwaAlor Fho AL £ e HA FH L AR
2715 gt JFFEFAE ] E3E salmonellosist® W9 o] @l A AR 7H4A] o]
A7) wZol] o] & Al7]e WMAlE HEste] FAEo] il o= FLr WolgS wIgt
H AAEHR7 A

JOL9717} middle copy numberE A\ JOLIG9H. Ut} AE=o] 73t Ao g F2H7] wi
of o7|ME= 4 JOLITIE AFdldo=z skt ofdd Wolgle] Wyddo] 73 il
S Hes = Q7] uiEe JOLI7T1¥ 72 otd Aol wAY #FES F8& 5 At
ol Wolglol A WMAAIINAES 2AS| 7] Yt AFE 28 2 wolg Hrp aga
o1 .0

=T

W fre] FAR Ayste] 7]Esit

==

U

JOLI916, JOL971, JOL966= AE-3FAth JOLI71E st EE wiX]dl L-arabinose
= 0.2%% H7tste] vk 2 BE3ATE Glycerol-TSB freezing culture (-80C)el A
TSA®] streakingd}] overnight culture (37C)% one colonyE tHA] TSAel streaking sk
o] overnight culture (37C)3le] A& one colonyE TSBol overnight culture (37C, 200
rpm, 17718 hours)stil PBSE 3¥ A& g & A3t w22 0.05% Gelatin-PBSoll A

FA17 ol

A&

A 23 100vFe], Brown Nick ¢t 200vt2], Brown Nick x4 10078 =
ol Adst FHIA] AL A AFESEA T AT HUEEA] &2 ALRE
A A RS ST

. A8 design

Set T FH Set VIIZFA EF 7S AHS AAstAtt (GE 44). 1430
Brown Nick 9] 1, 2, 3, 45 & 2x10" == 2x10° CFUXR AF+F¢] 3ttt o
27(0FH ] MAHE A) mE 254 Fo] 2x1072x10° CFUY ok dF=
Fojgte] Wolag PASTE &, 0F ol JOLITIS A (JOLIGEE: Y]
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3 44, oY Wolelell A WA H3
Vaccination Challenge

Set Group  Animal n age strain dose RT* SE” o B Grisssc 1e51onSEf SMVE n wpv dose RT d[e%t]h l[%(;j% P!
A broiler 20 0 971 2x10° PO - 4 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 14 2 2x10° PO 286 143 0550

1 B 20 0 971 2x10° PO - 4 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 14 2 2x10° PO 286 143 0550
C 20 0 966 2x10° PO - 4 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 15 2 2x10° PO 286 200 0500
D 20 0 None - - - 3 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 15 2 2x10° PO 333 - -
A hen 5 1 916 2x10° PO - 5 0405 1.2+08 0605 1.2+04 10 25 2x10° PO 00 100 0.000%

2 B B.Nick 5 1 971 2x10° PO - 5 0.0£0.0 0.0+0.0 0.0£0.0 0405 10 25 2x10° PO 800 0 0.709
C 15 1 None - - - 5 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0 10 25 2x10° PO 800 - -

3 A rooster 15 1 966 2x10° PO - 5 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0 10 25 2x10° PO 200 667 0.709
B B.Nick 15 1 None - - - 5 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0 10 25 2x10° PO 500 - -
A hen 15 2 916 2x10° PO - 5 0.0£0.0 0.0+0.0 04+0.8 0.6+0.8 10 25 2x10° PO 00 100 0.002x

4 B B.Nick 15 2 971 2x10° PO - 5 0.0£0.0 0.0+0.0 0.0£0.0 0.2+04 10 25 2x10° PO 600 143 0500
C 15 2 None - - - 5 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0 10 25 2x10° PO 700 - -
A rooster 15 2 916 2x10° PO - 5 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0 10 25 2x100 PO 00 100 0.000=

5 B B.Nick 15 2 966 2x10° PO - 5 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0 10 25 2x10° PO 100 889 0.001x
C 15 2 None - - - 5 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0 10 25 2x10° PO 900 - -
A hen 15 3 916 2x10° PO - 5 04+£05 0.0+00 0.2+04 0.2+04 10 25 2x10° PO 200 750 0.012*

6 B B.Nick 15 3 9%66 2x10° PO+ 5 1.0+£0.0 04+05 0.8+04 1.0+09 9 25 2x100 PO 00 100 0.001x
C 15 3 None - PO - 5 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 10 25 2x10° PO 80.0 - -
A hen 15 4 916 2x10° PO - 5 06+£05 02+04 1.0+09 0405 10 25 2x10° PO 200 600 017

7 B B.Nick 15 4 966 2x10° PO - 5 1.0+£0.0 1.0+09 1.0+09 0.6+05 10 25 2x10° PO 100 800 0.070
C 15 4 None - - - 5 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 10 25 2x10° PO 500 - -

(p 97 &+ =)
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3#45. ol Hopelol A Wty 44

Animal Vaccination LPA? intestinal IgA plasma IgG

set breed age n strain dose GMR® P° rate P rate P
1  broiler 0O 4 971 7 - - 1.49 0.210 0.76 1.000
0O 4 971 8 - - 1.28 1.000 1.21 1.000
0O 4 966 7 - - 1.23 1.000 1.20 1.000

0O 3 none - - - - - - -
2 hen 1 5 916 7 1.09 1.000 1.09 0.014=% 39.7 0.001=
B.Nick 1 5 971 7 0.92 1.000 0.21 1.000 2.19 1.000

1 5 none - - - - - - -

3 rooster 1 5 966 7 0.94 0686 1.21 0.541 1.63 0.841

1 5 none - - - - - - -
4 hen 2 5 916 7 1.63 0.148 1.34 0.899 2.67 0.285
B.Nick 2 5 971 7 1.07 1.000 1.20 1.000 1.24 1.000

2 5 none - - - - - - -
5 rooster 2 5 916 8 1.12 0.394 1.06 1.000 19.3 0.001=
B.Nick 2 5 966 8 0.96 1.000 2.26 0.391 23.7 0.000%

2 5 none - - - - - - -
6 hen 3 5 916 3 1.58 0.243 1.06 1.000 19.3 0.001x
B.Nick 3 5 966 8 1.39 0.728 2.26 0.391 23.7 0.000%

3 5 none - - - - - - -

7 hen 4 5 916 8 1.12 0.394 0.99 1.000 32.7 0.521
B.Nick 4 5 966 8 0.96 1.000 2.00 0.403 61.3 0.053

4 5 none - - - - - - -

? Lymphocytes proliferation assay.

b Group mean rate was calculated from group mean values divided with value of unvaccinated
group.

¢ P-value was determined by Bonferroni's multiple comparisons analysis and only the result of
comparing to unvaccinated group in each set was presented. Asterisk means the statistically
significant increase of the immune responses (P <0.05).

(% 44 F)

* Route of inoculation

" Side Effect. %#%+41% General linear model©] multiple comparison test 2 post hoc test® #2117
T Hlaste] A FF5 24 A3 P<0.06! Ag FAES AJAsHh

¢ Group mean score = SE at 2nd WPV. Each lesion was scored from 0 (healthy) to 3 (severe)

4 Liver enlargement

¢ Liver white spot

f Spleen enlargement

¢ Spleen white spot

oA m) &l o) gk Relative Risk Reduction

! One-sided Chi-square exact test® MAIW]HZEFo| A B2l RRRY EAA 49J4S Pvalue & Y}
ERIQATE Asterisk & FAISHA o2 HALE o] A S5S YERIT (P <0.05).

THE 17T 4] ol AAE moltrt HALeA
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—e— Optical density{AG60)

35

10L batch fermentation of
Salmonella gallinarum

30 4

25 4

20

Glucose Feeding

10g/L
Glucose Feeding
10giL =
T T T T T T T T T T
2 4 ] 8 10 12 14 16 18 20

Timethr)

700

600

500

400

300

200

- 100

RPM

18] 41. Salmonella Gallinarum JOL916 strain® 10L fermentationo] W& 8j<F

$46-47. Salmonella Gallinarum< 3H&-3F A] & WAl A %

SAANZ 24 v & Al WA 24 (ml)
Salmonella Gallinarum JOL916 bulk 2 510
TPGG (3X) 1 255
Total 765
A + F A EE
AN A A5 196.7X10° CFU / vial
91%
TANZ T H5 179.3X10° CFU / vial
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# 50 AE

1)
1o
ot
)%
k1
>,
e
iR
i)

SGO1 2.75% 3.16% 2.87% 3.16% Pass
SGO2 2.98% 2.65% 3.14% 3.14% Pass
SGO3 2.65% 3.04% 2.99% 3.04% Pass

(4) &A1 E

W

MAlepey 2bzb g s vheo] o9 3l AdRkAlE A S sto] Ao w
= A3 AAre AdwAS Nutrient agar(NA), Nutrient broth(NB), Fluid
thioglycollate medium(Thio)ell Z}7} 2719] Alg el HFste] 22T 37CNA 743
wkataA el EAl ARE #FshE wfFHAbA Al EA RS
Gallinarum ©] €]l o gt Alit= QA ojA &= oF Hr}

(b A2t
S. Gallinarum ©] 2] 9] ojw & A

ot
o
Ho
k1
r S
i)
it

b4 el

N

51 Al uAel

A1

SGO1 =" - - - - - Pass
SGO2 - - - - - - Pass
SGO3 - - - - - - Pass

— : No growth of any microorganism

(5) FFEAE

7hH A
gt A2
2

vj ©

3 3 ok Al K)o HEdkaL 37Tl A 484 %F
542 24319 #5471 2.0x10° CFU/dose ©]%o]ojo}F &},
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(2) 213823t
ofgiel o] MY Ay FAWF LDxp 1.65 x 10'2 1= A

¥ 53 AlgmAl FARSTH s=AHAY
, Dead num. Average » b Reisolation num.?
Inoculation Positive num.
Group (1mD) /Test num. date of At
m num. .

(Dead rate) death HEOPSY T Liver Spleen

1 1.65 x 10" 6/6(100) 6.5(6) 6/6 6/6 6/6

2 1.65 x 107 5/6(83.3) 6.8(5) 6/6 6/6 6/6

3 1.65 x 10° 5/6(83.3) 7.5(5) 6/6 6/6 6/6

4 1.65 x 10° 4/6(66.6) 9.3(4) 5/6 5/6 5/6

5 1.65 x 10° 0/6(0) - 1/6 1/6 2/6

Control 0/6(0) - 0/6 0/6 0/6

’

Y Positive num. : 7+EH], AE3 vgEY, JdE 5
? Reisolation num : API 20E kit ¥} PCR ©]&

g, A guae] el

R

o] }\] &)

LIS =

SG AEWAIJOL6)H AA F&3 AE el Nobilis SGIR, & Fale
PoulShot S/OR¥} F5& WaAlg ek WA 2 Alduale] e FFs SA8) 2

Ast o3t gk
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& 56 AlduAlel Bl Ay
No. I F AET/A AEE(%) HAFE (%)
1 SGAI g WAl JOLI16 9/10 90 10
2 PoulShot S/9R 8/9 89 11
3 Nobilis SGI9R 10/10 100 0
4 Control 3/12 25 75
TARE §, Z5 HAM 115elA 9 H¥FEE Solww Fo dAAFS AHASHA T
T FAHET o7 Awe g A3 FE HE (7 dp) WA FE HI:AT
A H A ko FA HF (14 dp) AES FoA FATT AwE AEs L
U 25 A4S e
11. Al gulale]l " A1g
7F Al g
37 AlEWAS 4579 9 7 10nkEdd HEtdE 37 F A st S, Gallinarumeoll
3 mircoplate agglutination testE AA|sle] A G7IE =AH 5 g dde
SGIRE A}-8-3FA )
357 AWl HAdd AlY
MAT ZA3(7] 814 )
No. 1 =
ELE R TA1IFE TH2FE
1 SGAI g Al JOLI16 105.6 160.0 186.6
2 PoulShot S/9R 92.5 345.6 269.1
3 Nobilis SGO9R 183.8 259.9 226.3
4 Control 24.2 353.3 640.0
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T AA R
Name of Farm (F) sEWANATAE F5H FAEEAET
Farmer &z
Breed stolekl Z-A A
Address T FET FFEW AEY 4562-1
Farm size 4,000
Clinical history ZhaESF WY S

Vaccination group 3,0009=, Nonvaccination group

Group £ 002
2

(2) oFe]F A A A9 Salmonella &7 AA &
_]

47 5] wel viske] Salmonella €4 AFNE BAsky] 9ske] HAAG)obE
()l gAEEE Fue Adelg o &% BRSNS} ELISAS o] §3to] A@eg
o, AFA 10058 APl AGATE AR FGoIRLE sotse], SYFFOR

SRR

Results
Farm name Weeks N, o
test
Plate Agglutination ELISA
TER 6 100 100 (=) 100 (=)
BB RAS

F9 25005, TUMAATF2(CAVAC)] Poulshot S/ORHW Al
al

, FHE gz 50079 A 1 FolM 7



JFHEE 3078 tE2T 3079 34 49 JE39s 2 AASAAE dEstg e, 195
goll 22k HEsEaL 14 HEAI9 mp7HA 2 JE0E R ddT4S 1497 et
(2) N4z
BE A@AdA HAHE  FESoly oAust JddSsdE BEEA
T 60 WAl FAg b Ao
Vaccination Reaction
Lot. No. Chicken Period
Age Method Local” SystemicZ)
7 Weeks 30 - -
JOL 916
19 Weeks 30 - -
SC
1d
7 Weeks 0s¢ 30 14 - -
Poulshot days
S/9R
/ 19 Weeks 30 - -
Control 30 - -

SC : Subcutaneous

Local” : swelling and granuloma of inoculation region, dyskinesia etc.

SystemicZ) . dead, septicemia, depression, sleeping etc.

SG A1 EMAI(JOLII6)S 759 2500, TYHMAAT2(CAVAC)] Poulshot S/9R# 4
!

f

i
2 50050 717 158 ARSe AESAL, FAE O
SFUE 3058 e 059 W AEAN 14 4E

1980 23 WEHa 14 AEAG A E AF 37Tl FAFL

ofgfe] et o] AFMA HFELH TYMAATA(CAVAC) S/HOR
H
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% 61 W & FAE
Average weight = SD
Lot. No. Chick
BI 3WP 1st 2WP 3nd
592+11 825+16 1972+21
JOL 916 30
0.653" 0.470 0.933
Poulshot 591+15 827126 1932428
S/9R 30
0.798 0.796 0.670
590+12 829+12 1954+21
Control 30
0.893 0.422 0.506
BI : Before Inoculation, 3WP 1st : 3 Weeks Post first inoculation
2WP 3nd : 2 Weeks post second inoculation
*. Student t-testell €]+ P3(<p=0.05)
2 abelAl A7) 24 9 gkebsd 9t
Al HFao] abeks Wst B HrE e HEE &Rlstr] sty Atdee 7 Ha
oz zgsgon] A AU BHom Zgstel AT ARs FEIH
Hl L slo] &lakS T

100

= (%)

b

nd

o

35 36 37 38 39 40

F 2 H& (standard) 2 A
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20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

3,000

7 0.05 5 26
15 0.10 43 52
28 0.19 67 77
35 0.23 88 90
54 0.36 91 93
54 0.36 92 94
65 0.44 94 94
54 0.37 95 95
54 0.37 94 95
48 0.33 94 95
42 0.29 93 94
54 0.37 93 94
56 0.39 94 94
54 0.38 93 94
53 0.37 93 94
53 0.37 94 94
52 0.37 93 93
49 0.35 93 93
63 0.45 92 93
70 0.50 92 93
48 0.34 92 93
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HE, WAl o] sk Algke] Salmonella 2 A o] &

(D) A3

ARIIAIE = 2057 R vils ARS 15718 2R 3 dte], Alfk WS Swab

X

3} Selenite Cystine brotholl 1%} A® ZF3 3t v} Brillant Green agar‘} Salmonella
]

Shigella agarell 2xF AEju]jefsto] o]l w3 (colony)S A1H3le] Nutrient agar
E

of L ujtd S &FudE dEHEe API 20

kit ¥} Salmonella £9¢] A= PCR

WH S ol gstel A% S

(20415 A3}

WF Ak A3 AR muelA Aol AEEA oS 8el59

T 63 WAl ¥ ot o #F
Reisolation number of egg surface
Chicke
Group
i 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
o 0 o0 o0 o0 0O 0O 0O 0O O O 0O 0o o0 o0 o0 0 o0 o0 0 O
JOL 916 15
/15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15
Poulshot 15OOOOOOOOOOOOOOOOOOOOO
S/9R /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15
o o o o o o o o o o o o o o o o o o o o o
Control 15
/15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15
AL A FEG] o) ofsl e 2ol 2Ah

2078 Y ufF ARS 1578 IFEE st AT W Swabs
A #3te]  Selenite Cystine brothel]l 12 A® Z33%k t}S, DBrillant Green agarl}
Salmonella Shigella agarel 2z} AElu]jetsie] So] 4l @5 = (colony)s Al sto]

API 20E kit ¥ S. Gallinarum

rlo

Nutrient agardl] =gt ts &gy G5y

So] 7% PCR W< ol §3to] A% FYahsivh

(2) @At
MF QAL A e EHdA et AEHA e st
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Reisolation number of egg surface

Chicke
Group
i 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
o o o o o o o o o o o o o o o o o o o o o
JOL 916 15
/15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15
Poulshot o o o o o o o o o o o o o o o o o o o o o
S/9R /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15
o o o o o o o o o o o o o o o o o o o o o
Control

/15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15 /15

A ARG A D 24 AF AV 24

a-

() 9 }E F BN ALE

SG A AMA(JOLIL6)= 2500vke] ol HFata HERbs A&7 A} =42 wkg3

L A TS W)

4
-
¥
oo
Bl
i
2
=
o
of\
>
o
)
21_,
3_‘{
_{

2,
2 m
o
R l‘

, T4 A4 Poulshot S/9R

AET 50077 FHET 5009212 vl = ojust ZfoldwE whAsh ¢l uebA

=
2
Lo
¢ (3
2
oX,
o
i)
(o E
o

(=]
N
O
2
X
T
i
=
2
N
2L
off
o
r
_|_1
o
o)
?(_1‘
o

2 (CAVAC) S/OREZE 2 thx9 & 1554 #WAH
45 pA o2 A0FHE7HA AEeta, S Gallinarum o o 8k
t (MAT)E 53 $3971E gas

L84
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JOL 916 15 <80 685" 640 452 905 685 519 394 367

Poulshot S/9R 15 <80 519 o567 422 970 844 343 452 367

Control 15 <80 <80 <80 <8O <80 <8O <80 <8O <80

W : Weeks old " ¢ GMT(Geometric mean titer)
MAT : Microplate Agglutination test

1200

1000

o
N NS

200

x w *® x x L = LY

7W 12w 16W 20W 24N 28W 32W 36W 400

ages|OL 916  ==Poylshot S/9R  =se=Control

a9 45 MAHE F 40FF7bA 9] S Gallinarum®] MAT A9 7F #st

(4) A714 wojg A
228 WA HZF(1872053) 3550 A
S/ORAZT 1657, x7 1555 gz s}

ImlE F7o=2 43I F 1447 Are 3 A
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JOL 916 15 0 0 NT  NT 0/5% 0/5  0/5
100LDs50/ml
Poulshot 1ml 15 4 ) 0 NT NT o5  0/5 0/5
S/9R days
PO
Control 15 14 93.3 14 14 1/1 1/1 1/1
NT : Not tested PO : Per Oral
Positive lesion” : 2+&d), 57 njZ=Ey, J8= 5
0/5” : Positive number / Autopsy number
B) 22 AE & WIFH, Wojeg F%
S. Gallinarumel] a-A]5-4 2l =

al
o

J9 TR gAdA(StelEDE ARSEke] Al AL
itz 1424 14 WA Esa, 12550

o
22 MAS HJEFES F 35 5o 259 157k ol 43 F(100LDsy/ml)= A AlstaL, 144

FAREAS BEG T BB B AL WA 2 R 0 BRsh, 4ED
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Reisolation
MAT Check point(dead chicken) of live

chicken

Lot. No. Challenge Chicken o ‘
Dead Average Reisolate

. Splee
BI BC rate Liver

Num. — date () Liver Spleen 1

JOL 916 15 <80 970 0 - 0 NT NT 0/5 0/5
Poulshot 100LDs5o/ml

OwsHo 1ml 15 <80 1167 0 - O NT NT 05 05

S/9R

PO

Control 15 <80 <80 13 7.0 86.6 13/13 13/13 2/2 2/2

MAT : Microplate Agglutination test BI : Before Inoculation

BC : Before Challenge PO : Per Oral

13. 19574 LTB 5 JOL1229 A=

SGIRE H|Zal 7haEFs WA ATHF
AstEth= Aol AR A A=A JOLI16S] 7
M FEEA BT EC] JbestEE JOLI6S TS WA o R WolAzl #FE AZEA
t}. o]+= Enterotoxigenic Escherichia coli (ETEC)2] heat-labile toxin subunit B (LTB)E A
&2 o g AAsle] A ELE R FH| e k=3 Salmonella Gallinarum ©]™, LTBe] 2g o7

st o] sty AFHF FHE B obyEt WAAE adjuvantEHE S %)

7h LTB & Wy A %)

FARIFAZ A" LTBE TdA717] 98l AA¥ PCR +34EY pET28a
(EcoRI¥} HindIll) W& =t A=A HAH3 Al a2 742 dedk 5 agaros
geloll A AccuPrep gel purification kit (Bioneer)E o] &3le] d#HS ¥23t1, T4 DNA
ligase (Takara)E ©]&38te] o] Alo]AS 3 F E. coli BL21(DE3)pLysSS &5 HHH|
glol& &}e] kanamycin®] ZHzF H7FE LB agarolA LTB7F A% 2dg WE =z 3
A7 %% E. coli BL21(DE3)pLysSS A &3St

o3l gwdabyt (Asd-)olA EAMEHE o] §¥= pMMPES #E o LTBE 24
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i}, wel

o
—_
Al
2o
ED

o] gy LTB7 F24dd 2a@¥WE pET28a-LTB9 pMMP65E 3%

At E402 Add T agarose gelZF-E AccuPrep gel purification kit (Bioneer)E ©|
&35t dHS wElstar, T4 DNA ligase (Takara)E& ©]-&3ste] golAlolAste] E. coli

X62125 %5 drelgjol® sto] DAPo]l EAdHA ¢4 LB agarel4 LTB7F A€
pMMP659 2]sle] FAAsE FFE5 et LTBAY pMMP652] 812 E. coli
X62122 K€ plasmidS #2]ste] LTBo sid3sl= A3 §42 dAusdte] 3Helsheitt
(Table 13, 14.)

st w5 Az
LTB7} 2249 %Y pMMP65E electropoartion®H ol 2]3}¢] Salmonella Gallinarum
JOL3942 lon® cpxR (JOL916)ol P& H3AA JOL1229S Atk =, Salmonella
Gallinarum JOL3942 lon? cpxR< DAP (50pug/mé)e] *¥3¥ LB brotholA4 mid-log
phaseZ7}FA] w3t & Wit H ice-cold 10% glycerol - FHFZ F W Al Z 3}
sH] ¥ Salmonella Gallinarum JOL3942 lon? cpxR<= 0.2 cm cuvetted] ¥ Zgtxv=
0.1 pg¥t 4+=t}. Bio-Rad MicroPulser® Pre-Programmed Settings & Ec2] we} =
715AE 7HeE & 1S cuvettedl A F 8 T DAPS YA 22 LB broth 1mlol
AL IAIRE ERF 37T oA v et B sk Ardepars Adstr] flel agd
A 100uE THA] DAPS #718hA] @52 LB agard]l = dgor A9 FRUS A
detgint Aded ARdedS LB brothel A thAl viekst & Sgxn=s 83 v
o FEY i AgE 22 A g4E Adste] LTBO &4 %5 sttt (&

rii o

- 116 -



3£ 66. Bacterial strains and plasmids

Strain Relevant characteristics Source or
reference
S. Gallinarum
JOL394 Wild type, Nal® This study
JOL420 Wild type, used for antigen preparation
JOL422 Wild type, highly virulent This study
JOL916 JOL394% lon® cpxR This study
JOL1229 JOL916 containing pMMP65-LTB This study
E. coli
x6212 F-A— ®80A(lacZYA-argF)AasdA4
BL21(DE3)pLysS F -, ompT, hsdSB (rB - ,mB - ), dem, gal, A(DE3), Promega
pLysS, Cmr
Plasmids
pET28a IPTG-inducible expression vector; Kmr Novagen
pET28a-LTB pET28a derivative containing eltB gene This study
pMMP65 Asd+ vector, pBR ori, B-lactamase signal This study
sequence-based periplasmic secretion plasmid, 6xHis
pPMMP65-LTB pPMMP65 derivative containing eltB This study

¥ 67. Primers used for construction of L'TB strains

Primer Sequence (5'-3")
LTB-F CCGC GAA TTC GCT CCC CAG TCT ATT ACA G
LTB-R CCGC AAG CTT CTA GTT TTC CAT ACT GAT TG

t}. in vitrodl A YR 7 Gl by §-5 slko)

JOL12290 2 HEle] LTB &Y #HE WY
gletdrt. dwdo] FHl ¥+ JOL1229%€ +Hlst7] f@l, o] #+& 37°C &%= LB
brotholl A wiste] 20837F 4000rpme = YRS 3 F wjgFde FHds 022
um-pore-size ZH| FHA|F I, GdwlAe] BHE HEsH7] 98] 20% trichloroacetic
acid (TCA)¢} &7 overnight® A A ATt TCA pelletS 94 £¢ 3 & 2712 PBS
9} acetonel 2 AFFah JOL1229 ©¥d A &2 5% Folal A SDS-PAGE=
] HATh LTBO #d &l WAHAEA 2R 55824 H (Western  blott
analysis) 2.2 g2lslith. &, SDS-PAGEZ
(PVDF)u o2 HA7|gsste] dAEAlA, 5% skim milk2} 0.01% Tween 20°] #H7Fd
PBS® 4°C overnights}®] blocking3s}al, anti-his—tag antibodies (IG Therapy Co., Ltd.,

2l
%
r—lm

AW (immunoblotting assay) 2. &

o)
i=]
¥l @ AS polyvinylidene fluoride

Chuncheon, Korea)®} horseradish peroxidase-conjugated goat anti-mouse IgGZ HH3-A]

Attt W9 A bande 33T (chemiluminescence) GAM3} the West-oneTM
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Western Blot detection System (»(NtRON, Seongnam, Korea)oZ 7|13l the
multi-wavelength illumination system KODAK Image Station 4000MM (Kodak, New
Haven, Connecticut, USA)S o]-&3s}o] Qlstdtl. (138 46)

a9 46, d2HEFEEAH (Western blott analysis) 2.2 LTBZ&E 212l
M: Size marker
1: JOL1229= %5 <] LTB
2.. JOL904(Salmonella Typhimurium harboring LTB gene) 2 %€/ 2] LTB
3: Positive control

4: Negetive control

g Wolelol A JOLI229e] Eqnle 24 3 kA W7t

Ao Alg5 = MATFEE JOLI6S, WY g3t 2 JOL1229 (Salmonella
enterica serotype Gallinarum harboring LTB gene), ¢kl =d =2 JOL422E A}-&3)
At} freezing culture (-80°C)ollA LB brothel inoculationd}l®] shaking incubator (37
5%, 150 rpm)oll A 16A1ZF ¥l §- ODen #te <712 =5 7ot JF3A

U &5 2 A3 design

1999 Brown Nick &A4behA] 120°he] & 5.3 5ol 2 wop 212} 20vkels 6
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A Fom Wtk RE AAES FASA FAAL FRHEA G ARG FRE

o

o

WAl gFE BE AToR PEaor, 4¥d Asd #FE Fda GwF
JOLI9163 W3+ JOL1229E 51 H| &R E33te] WA HZFo] AL&HAY}. ZF o
it 42 23S gysgnt. = 27 1x10°, 1x10°% 1x10°, 1x10°, 1x10°e.2 & 570

o AEas AAs EE HAEL A7HSs SRt dAssith ofd A9 nt

A2 dolE APe 9a) MAHE 30Q Fol ofelitF JOLARE T4 AT

Vaccination (Day 7) Challenge (30dpv)
Group n Total
Strain vaccine Route Strain Dose Route
dose
A 20 1x10° PO
B 20 1x10° PO
C 20 JOL916+J0L1229 (5:1) 1x10° PO
JOL422 1x10° PO
D 20 1x10° PO
E 20 1x10° PO
F 20 PBS - PO

(1) s

o
A

1 =
(¢} Lé

=
f e anorexia, diarrhea, depression®] A& "W /HAE=E Frlstdn. HE &

£ FAA ob 9gF el tehbA wairh

S 457712 do) &2 HutE]lE AdEste] W
AAstAnh. WA Ad  H7E f18ke] Liverd Huo=
enlargement, white spote] A %EE, spleen®] WW O 2 enlargement, white spote %=
5 7t #esta FUEE 03 (87 FE 3HAIZH A MAE R HdaststdTh WAy

% 5 37704 Z0e 3ue nglom 47 Wule] #AEA etk (£ 69)
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5

69. MAHEF el &

Group Gross lesion Week post vaccination
Organ  Finding 1 2 3 4
JOL916+JOL1229 Liver Enlargement 0.2 £ 0.16 0.0 £ 0.0 0.0 £ 0.0 0.0 £ 0.0
(5:1) Necrotic foci 04 £ 0.2 04 £ 1.2 00 0.0 0.0 £ 0.0
Spleen Enlargement 0.4 = 0.2 0.0 £ 0.0 0.0 £ 0.0 0.0 £ 0.0
Necrotic foci 04 £ 0.2 1.2 £ 0.31 04 £ 0.33 0.0 £ 0.0
Control Liver Enlargement 0.0 £ 0.0 0.0 £ 0.0 0.0 £ 0.0 0.0 £ 0.0
Necrotic foci 0.0 £ 0.0 0.0 £ 0.0 0.0 £ 0.0 0.0 £ 0.0
Spleen Enlargement 0.0 = 0.0 0.0 £ 0.0 0.0 =+ 0.0 0.0 £ 0.0
Necrotic foci 0.0 £ 0.0 0.0 £ 0.0 0.0 £ 0.0 0.0 £ 0.0

(3) MAHFTF A=A

A=A HAbE WAldFe] E F5E Fstr] fg Ao I 2 ¥EE
Buffered peptone water (BPW, Becton, Dickinson and Company, France)ol|A +3}3}
3l A NS Brilliant Green Agar (BGA, Becton, Dickinson and Company, France) ©l
HE3e] colony =& F5F= HAMSHYG 2, negative?l 7 -$ enrichment cultureZ
BPWoll A 37%= 16A]17F vleF F Rappaport-Vassiliadis R10 broth (Becton, Dickinson
and Company, France)ol 1/100 volume & 3dlo] 42% oA 48417 vl F BGANA
Salmonella®] colony =& FF& oIttt WAl HF:%5 354 714 7)o £4351
Ae Aom FJAHALL, 4FA = vl A 171 7HAolelo] EE AAdH JHA A W

FF7) B HA YT (E 70),

>

E 70, NE A 7)o A WAHFFE B

Weeks post vaccination

Group Organ 1 2 3 4

NP?  Count® NP? Count” NP?  Count® NP* Count”
JOL916 Liver 4/5 2.61+0.71 2/5 0.780+£0.49 4/5 0.8 = 0.2 0/0 0
+JOL1229
5:1) Spleen 5/5 3.024+0.52 4/5 2.7840.75 4/5 2.10 £0.9 1/5 0.55+0.55

Liver 0/5 0.0+ 0.0 0/5 0.0+ 0.0 0/5 0.0+ 00 0/5 0.0=+00
Spleen 0/5 0.0 £ 0.0 0/5 0.0 £ 0.0 0/5 0.0 x00 0/5 00=x0.0

Control

* Number of positive sample after enrichment culture.

" Values repersent the means + SEM logio cfu/g
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o Mg e

N I

(1) A= A7

Heparing 713t A2 D289 | mlE AE 5 dAEY 40 rpm, 158, 2 2)
st 92 HiAg e AEAAGSZAFA ALEstRa, S AR AUC) st 4
[gG S0 AR&3tnt EHd [gASA ] B4z thad 22 e sE 45ty AFH

ol S A ¢ th(Berthelot-Herault et al., Vet Immunol Immunopathol, 2003). =, Wolg] =
Stk AmE £7)o 7 483l Lavage solution (485 mM PEG [polyethylene
glycol 3350], 40mM Na>SOs, 20mM NaHCOs;, 10mM KCIl, 25 mM NaCDh& 774 o=
12 ml/kgBW(body weight)® FoJsta 30% % pilocarpineS 13mg/kgBW (BW<300 g
o] 4% 20mg/kgBW) o &Fo® 5 FAEIATE tA] 307 § diE=E 4std AlH
B3} 5mle] STI/EDTA solution (0.1 mg Soybean trypsin inhibitor in 50 mM EDTA,
pH 8.0)& # &3ste] 3lasto], dATEE 3 & (700xg, 102, 4C) FH N 1ml<
Ak By AN 1meo]l 100mM PMSF, 1% Sodium azide, 5% BSA(bovine serum
albumin)E ZHzF 1l 100 H7Fskar 4Co Hsle] ELISAY sample® AF8-31%
t}.

(2) Enzyme-linked immunosorbent assay (ELISA)

Eolme A7 98] Outer Membrane Protein fraction (OMP fraction)S ©oFe] 5
JOL420° 4 A Aste] ELISAS oz A3ttt OMP fractione modified
lysozyme-osmotic shock methodol] ¢]3}e] A=t} = 150 mle] A FujddeS GAF
2] (7000xg, 10, 47C) 3to] pellets D=tk 800x0e] 100mM Tris-HCl (500mM
sucrose, 0.5mM EDTA, pH86)°] /A1 A lysozyme (400x, 4mg/ml)S 713k},
2 FA 32 ml® 50mM Tris-HCl (250mM sucrose, 0.25mM EDTA, 2.5mM MgCly,
pH8.6)Z H7}3te] ice Yol 1587 incubation 3t} o] S DA E2](7000xg, 6%, 4T)
3to]  pellets AE=th Pellet2 4 mle] 20 mM Tris-HCI (pH86)°] A4
sonication$ YA 2] (7000xg, 63, 4C)st] A NS A=t FHAS 20H5IHE
712 YA (132,000xg, 4C, 1A17H3FS] pelletS A=t} Pellet(cell envelopes)S 4
mle] 20mM Tris-HCI containing 1% Sarkosyl (pH8.6)oll A F-FA7# Aol A 308 &
ot incubationstal TA] I EJAFEY 7|2 AAF2(132,000xg, 4T, 1A1ZH3E A
A A=t FH)E OMP IS flat-bottom 96 well high binding ELISA plate
(Greiner, Germany)°l| &2 A7 A chicken IgG (%+ IgA) ELISA quantitation kit
(Bethyl, Tx, USA)E A}-&3to] AFEAEAYAE weba] HAASAT =, 10% Skim milk =
H| Eo]HF-3-2 blocking?d e samples A d3slA 34 ste] WkS-A]7]312 HRP (horse
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A A]
23b7] AAHAY slgAe] §%EE Figure 289

=

=

A 9]

[e)

| =

A3t A 7]+ indirect ELISA

<
T

1x10° 1

=

o

A

_::__LL
IgG 5% % Figure 279, #

=] XOP

radish peroxidase)=

=" < o
o
i
— oH
= T o
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Sl
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ZAW Mo
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Weeks post vacciantion

- 122 -



1400
B10%5

|

v
/
.
.
_

Level of Intestinal slgA (ng/ml)

Weeks post vaccination

a9 48, HE F 2ol EBHg Igh v

(3) MEAHS 54

HE F 35 AxAY WY SAHS 9l 2x 999 d=45 o|&F lymphocytes
proliferation assay (LPA)E AAlstAth. 94 &8 (40rpm, 1584 >)% & A2 H=ZH
£ Trypan blue exclusion test® Arolel= MXFE AAFe vt} RPMI 1640 complete
medium (oA 3 2 FFFAFA £3Hol FFAA 1x10° cfu/100ut/well 7} = A
96-well plate o] 331, S Gallinarum soluble antigen®} 34| 72417+ ot 5%
COs incubatorel| 4] ¥ Fs}A v}, Salmonella Gallinarum wild type®ll 4] soluble antigen<
O Mo s Aol =, 200 mlo] vkl S A4l 28t pellet & 4=t PBSE 2
3] AlZE F 40 ml 9 PBSOl AFFAIA freeze-thaws 3 ¥ WHESICh o] §HS

sonication$ 4,250 xg, 4ColA 20 &<k 94 s 92 A AES & oA 30,000

xg, 4TCoA 202 3¢ 94 ZEstd ZHAES st w28 FAIH COp
incubatoroll A 72413t EQt HEFE wdR - Fedvdoew dE o FHE BEE)

i, Lonza*t®] ViaLight® Plus KitZ AFE&3te] Luminescence assayS 2 AlatSith
Stimulation Index (SD& w3 o] Alitste] WAl HFaollA Az o] Fiy
FEA G 13107 §FeZ HFG wol /M Fe SI FAE dEhida, o
Ewh wan @ o, 1x10°, 1x10°, 1x10°, 1x10°, 1x10° 2w =% duigde S7hE 1B

SArh(1¥ 49).

2) SI = (FLH7HE wellol M S48 B33/ (Fde HA7PehA &2 wellol A &335F)
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Control

Groups

3FA AE

=z
HE

1% 49,

(1) #HA

1x10°, 1x10°% 1x10°

Tl 2z ub, 1k} AL

71)

hyA
ar

A5E FAsTh (

shgl o

ek

. 1x107

% 130kl 7} A4}

wolx gFgkar 1x10°

A HALE
i

il

bl ot

S

a2 207t

Ko
=

’

Total

10 11 12 13

9

8

Days post challenge

n
20
20
20
20
20
20

Group

13

(7)), 1, 2, 33 (v

]
=

HE 0
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Fhetel Wiake UEUAT (F 72, 73).

T 72 okl #E AE F A8

Days post challenge
1 2 3 4 5 6 7 8 9 10 11 12 13
0.05 0.11 0.13 0.07 0.15 0.07 0.15 0.07
0 0 0 0.05 0 0 0 0
0 0 0.05 0 0 0 0 0
0 0 0 0 0.05 0O 0 0
0 0 0 0 0 0 0 0
0.15 0.58 0.75 1.08 0.25 0.14 0.43 0.43

Group

DO O oW
ololoNoloNe)
ololoNoloNe)
ololoNoloNe)
ololoNoloNe)
ololoNoloNe)

I 73 o F AT F A JH

Days post challenge

Growo 4% 341 5 6 7 8 9 10 1l 12 13
A 0 O O 0 0 00502 00500500500501 005
B 0O O O O O 0O 0 O 0050 0O 0 O
c o0 0O O O O O 0O 0050 0O 0O 0O O
D 0O O O O O O O O O 0050 0 O
E 0 O O O 0 0 o 0 0O O 0 0 O
F 0 O O O 0O 0.2 063069 1.08 025 0.14 0.43 0.43

g 2=

MAFF JOLII6H W7t JOL1229% 519 Ml &= Efste] HEd o, W
Z 23S 77 1x10°, 1x10°, 1x107, 1x10°, 1x10°2 t}2 7 sle] WdukSo f w9}

A

ofelitF R NE o Wolele AT At Fol v g6 Mg SRR 1x10°% A9
g 1x10°, 1x107, 1x10°%, 1x10°0] B W28k Al o QA F7hete] Sz He] 4%
sha, 23k Ul slgAd Agole 53] 1x1070] 7bF ®A FAo] HUh AEA WY
gkl A= 1x10° 1x10°% 1x10°, 1x10°, 1x10%¢] 2% SAvzol Hluste] oudA =
7} 8k gich, ofel o] o mowﬂ% 1x10°S A a 1x10°% 1x10°, 1x10% 1x10%0] =% ]
st goRo wapa T3 JOLI16T} W73 JOL1229 &3 HEd A=

1x10"ctue] & o] 7% zﬁj s Aoz wokE

- 125 -



o

WAl program Al &

15. 1575 Holg oAl JOL1229E o] &
7h 5
A FFE 2 JOLI6S, AR #F24 JOLI229 | ok EAdF = JOLA22E AF&-3

Ao freezing culture (-80°C)oll 4] LB brothel inoculationd}¢] shaking incubator (37
%, 150 rpm)ell Al 16A1ZF ¥l & ODgy #ts AR 55 Tt HEstAth

-

T,

5] design
LA F3 Ao A 193 % Lohmann Brown AFeHA] 42vtg] S Eokdbol 14n}g]# 3

A wom JdA g Agadth FAAT FHEA G ARG FEES ARA
4 AT
B oAge WAdES 25 Axdle] JOLIZOE ol 48 AFEFx Wi H45w

g2 BHom AAHUG oA A@AN Al 134 BAPFE A JOLI6S W
o 73 ot JOL12299‘r 51 H&2 EF@ WS AR, 2% Hﬂﬂ%ﬁ% Al AT
st o, But JOLI6S W7stats JOL1229¢} 511 Hl &=

q
1:]
Fahol AgSHAT BE B AFS ATAFOR Ao AFEFFL TAHA =

ot

rr

1x10°cfu®, 6F#Hole 1x10°%fu= #H&adch 23 WAHE T 3090 oFJdF
JOL422E5 3l okelitrrol tist wojs A|gdS AASAY (K 74).

N

¥ 74. 2 ¥design

Vaccination Challenge
Group n Prime (74%) Booster (65%) WA"FZE 309)
Strain Dose Route Strain Dose Route Strain Dose Route
A 14 JOL91?§_J8L1229 1x107 PO JOL916 1x10° PO
B 14 JOL916+.JOL1229 1x107 PO JOL916+.JOL1229 1x10° PO JOL422 1x10° PO
(5:1) (5:1)
C 14 PBS - PO PBS - PO

o Rag 24

F =

1 « Y
vl anorexia, diarrhea, depression®] H+E "W /MAEZ A7t HE & =

NN ok AF el tEhtA @ske

o

i

=

o o>
olN

—

.

M
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2},

HAYg &<l
1) AZE AA

Heparing 713t A2 D289 | mlE AE 5 dAEY 40 rpm, 158, 2 2)
st 92 HiAg e AEAAGSZAFA ALEstRa, S AR AUC) st 4

IgG S0l AF&etaAth &0 d [gASA ] R4 R vt 22 WPos 43ty AlH
ol S A ¢ th(Berthelot-Herault et al., Vet Immunol Immunopathol, 2003). =, Wolg] =
Stk AmE £7)o 7 483l Lavage solution (485 mM PEG [polyethylene
glycol 3350], 40mM Na>SOs, 20mM NaHCOs;, 10mM KCIl, 25 mM NaCDh& 774 o=
12 ml/kgBW(body weight)® FoJsta 30% % pilocarpineS 13mg/kgBW (BW<300 g
o] 4% 20mg/kgBW) o &Fo® 5 FAEIATE tA] 307 § diE=E 4std AlH
B3} 5mle] STI/EDTA solution (0.1 mg Soybean trypsin inhibitor in 50 mM EDTA,
pH 8.0)& # &3ste] 3lasto], dATEE 3 & (700xg, 102, 4C) FH N 1ml<
Ak By AN 1meo]l 100mM PMSF, 1% Sodium azide, 5% BSA(bovine serum
albumin)E ZHzF 1l 100 H7Fskar 4Co Hsle] ELISAY sample® AF8-31%
t}.

(2) Enzyme-linked immunosorbent assay (ELISA)

Eolme A7 98] Outer Membrane Protein fraction (OMP fraction)S ©oFe] 5
JOL420° 4 A Aste] ELISAS oz A3ttt OMP fractione modified
lysozyme-osmotic shock methodol] ¢]3}e] A=t} = 150 mle] A FujddeS GAF
2] (7000xg, 10, 47C) 3to] pellets D=tk 800x0e] 100mM Tris-HCl (500mM
sucrose, 0.5mM EDTA, pH86)°] /A1 A lysozyme (400x, 4mg/ml)S 713k},
2 FA 32 ml® 50mM Tris-HCl (250mM sucrose, 0.25mM EDTA, 2.5mM MgCly,
pH8.6)Z H7}3te] ice Yol 1587 incubation 3t} o] S DA E2](7000xg, 6%, 4T)
3to]  pellets AE=th Pellet2 4 mle] 20 mM Tris-HCI (pH86)°] A4
sonication$ YA 2] (7000xg, 63, 4C)st] A NS A=t FHAS 20H5IHE
712 YA (132,000xg, 4C, 1A17H3FS] pelletS A=t} Pellet(cell envelopes)S 4
mle] 20mM Tris-HCI containing 1% Sarkosyl (pH8.6)oll A F-FA7# Aol A 308 &
ot incubationstal TA] I EJAFEY 7|2 AAF2(132,000xg, 4T, 1A1ZH3E A
A A=t FH)E OMP IS flat-bottom 96 well high binding ELISA plate
(Greiner, Germany)°l| &2 A7 A chicken IgG (%+ IgA) ELISA quantitation kit
(Bethyl, Tx, USA)E A}-&3to] AFEAEAYAE weba] HAASAT =, 10% Skim milk =
H| Eo]HF-3-2 blocking?d e samples A d3slA 34 ste] WkS-A]7]312 HRP (horse
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JOL916+J0L 1229 - JOL916+J0L1229
S - OGontrol

E

o

£

<<

o 15000

]

]

L

E

]

£ 10000

k-]

= 77l

5000 1 %
|
.
.
%
2 3 4 5 6 7 8 ]
Weeks Post Prime Vaccination
a9 51 WEF 287 AHY [gA

SAS 98] ¥x Ao YEAE o] &3t lymphocytes
Aletdh 94l 8 (40rpm, 153, 4-2)% & A& Jx 7
MNEFZE A4S 1S RPMI 1640 complete
medium (Fobx] B4 % LI FHAA 1x10° cfu/100ut/well 7+ =7
96-well plate o #5393, S Gallinarum soluble antigen®} $H7A| 724137 &9t 5%
COs incubatorel| A4 Hj s}l tF. Salmonella Gallinarum wild type®l 4] soluble antigen<
oS Wyog A 200 mle] WS G4 st pellet & A=t} PBSE 2
3] A5 % 40 ml 9 PBSOﬂ ANE-FAIA  freeze-thaws 3 WH W& o] foAS
sonication$ 4,250 xg, 4TA 20+ &< YA Tt 2 A4S & thA] 30,000
xg, AColA 20& s H4A BeEste AAHAS Fgsted s=E AU CO.
incubatoroll 4 72A17F o FZFE w g3 5 Bt
31, Lonzarle] ViaLight® Plus KitE A}£3¢] Luminescence assayS 2 A3}

Stimulation Index (SDE& W3 #Zo] Alttste] WAl HFatollA AEAHA] =5

proliferation assay (LPA)E 4

it
>
=
o
-
%o,
rr

= Trypan blue exclusion test

H

QA=A stk 23 WA AF F U FFUS W5 Fold A3

3
Fob T AT vugdes o, AEY "Hgfel o § L FAE By (2
2) SI = (93 7bE welll X 5451 23H)/(FLs H7HehA 82 welloll A 33 3F)
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g
x 27
®
o
=
- 151
o
S 1-
E
n

0.5 1

o T T
JOLS16+JOL1229- JOL916+JOL1229 - Control
JOL96 JOLS16+J0OL1229
Groups

a8 52, 22 HE T 354 AXEAHS b

olo

S H =R
Bal s FAZEANoR =Astth dAEE (40 rpm, 155,24
ZE Trypan blue exclusion test® 2rolglE A ZEFE 1x10° cell2 Al4tate] 343t
& FACS buffer(PBS, 0.5% BSA, 0.01% NaN3)Z washingslil, 7}

gd-%A GdFEIA (CD3-FITC, CD4-BIOT, CD8-PE)& lﬂﬂéﬁ. A7bet & 303
A S-o] 2o} ice incubationg AAEATE 1 & ZupE FACS buffer® washing= 3}
A uUA F3-3A 99F 28 Fo CD4-BIOTE 3 A7) ¢8
streptavidin-APCE 7} AW Z ol 1A AH7FsE 3 308-7F ice incubations A A &9it}. tf
Al FACS buffer® washingS 3tal YA 4CE FA3% HE=z FAEEX7] (FACS
Calibur, Becton Dickinson Immunocytometery Systems, San Jose, CA)=
Algete], AFHAT D ] THZA9 FxH &S S8 12 WA HEF 1540
= 7 AT A3 Agow wx do Yo TAHES 3} A EF H|szsHA
SAEATG. F, 1A WA HF F 1T F O ART BT A xR vl 7z
CD4+ HETAHES CD8+ AE&5 TAHAIES] E3xEulso] vdA F7tstdvr. 23t ‘3—'1
A HE Fells CD4r BETHES Rxv&d =7
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BJOLI16+K0L1229 - JOLS16
BJOL 916+J01.1229 - JOL916+J0L1229

OControl

% of CD3(+)CD8(+) colls

‘Weeks post vaccination

=S
P
i
12
=

¥ 53, FAEEAW 93

CD3(+)CD4(+) TAI3 Bl &

8

8 J0L916+JOL1229 - JOLI16
W JOL916+J0L1229 - JOL916+J0L1229
O Control

-

% of CDI(+)CD4{+) cells
8

10

Weeks post prime vaccinafion

a8 s fAEREAWA @ @z Py
%

CD3(+)CD8(+) THI = ¢

_/I:
FNTFFE HF F WA AAFE FARAT (E 7). F ABT LT 2vbele] A4S
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11
11
w4

0.14 0.21 0.15 0.16 0.16 0.16

0.21 0.23 0.16 0.16 0.16 0.16

0.21 0.38 0.5

0
0

Total
10
10

0.21 0.29 0.31 0.33 0.25 0.25

0.36 0.38 0.33 0.33 0.33 0.33
10

11

0.71 0.2
How 1x-2%

10

Al
=2

9
243}

3
(7)), 1, 2, 35 (v

(o)

]

hud

]
=
\y A

0.36 0.54 0.67 1.14 0.8

HE 0
Days post challenge

Days post challenge

ol g%

0
0
0
0
0
0

=

Days post challenge

76, 7).

Ay A
it

JOL1229

5 A

=

[}

UER AT (

o

=

n
14
14
14

T gk

75. oFelvt+ A
%

Group

Group

Group

B

S

7}

)
o

e

, Al 7|

-
=

&t 14+ A

S

2]3:]1-

=

=

=

JOL916°l ™97kt JOL1229

o

]

A
!

uH
zli

153l

b o,
A4t JOL916RHS

S

ol
A

H

oo
<N
o

7.

oA whekA, 23k Al
JOL916°

b= w4
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16. 658 AFeAClA JOL12299] &3tv& 274 2 kA =

7

.

L EF
2

o
o

7}

Agoe] Al8H T WATFE JOLI6S, HWIEHsTTF=E JOL1229
(Salmonella enterica serotype Gallinarum harboring eltB gene), ¢ E=HAdT=E
JOL422E AF&3FA T} freezing culture (-80 °C)oll4] LB brothel] inoculationd}<]
shaking incubator (37 °C, 150 rpm)oll A 16A17F ¥l % ODgy #H<S <HE FES
ato] skt

29

oft

E % 23 design
b A Febsade A 193 ¥ Lohmann Brown At&7 50vteE]l & &4
57 wto g A ARl AREsEATh AV RrEA FS AR FEES A
A AT

4700 7zt A WATEF JOLI16Y WSt JOL12295 &3tete] 1 v&s
2] sk JOLI9163 JOL1229E 77} 50%+50%, 80%+20%, 90%+10%, 100%+0% = 73
HEsF] FESA L, 1719 S22 phosphate buffered saline (PBS)S 7
ogte] FREATE WAl HE L9 1 x 10° colony-forming unit (cfu) o2 U&7
AL 65 H AT HFToR vt HFskdh WA HF 309 Foll 7 25 JHAl

ofe] it JOL422E5 7B HAFskAt (£ 78).

B

N

¥ 78. 23 design

Growp  n Vaccination (65%) Challenge (M214F $ 30¢)
Strain Dose (cfu) Route Strain Dose (cfu) Route
JOL916+J0L1229 8
A 10 (50%+ 50%) 1 X 10 PO
JOL916+JOL1229 8
B 10 (80%+ 20%) 1 X 10 PO
JOL916+JOL1229 8 JOL422 1 x 10° PO
C 10 (90%+ 10%) 1 X 10 PO
D 10 JOL916 1 x 10° PO
E 10 PBS - PO
6% AbdAl oA JOL1229 wWAle] otHd Al H 7}

(1) 4453 4=
WAl HE 5 vl anorexia, diarrhea, depression® A4S MAEZ FHrlstgdoh W
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% F 1,235 794 A2 50125 AEstol
AN B 0 MR 4a4s A

=
Ashel WAFF) E G Felsdrh F, TR £%T §7)d W wol 4

3
=

o

AMFH3skod, buffered peptone water (BPW, Becton, Dickinson and Company,
France)oll A #4132 3 4S Brilliant Green Agar (BGA, Becton, Dickinson and
Company, France) °l H&3lo] colony &8 w55 HASIA LMW, negative?! 7%
enrichment cultureE BPWo A 37 °C 16417 8l 3 Rappaport—Vassiliadis R10 broth
(Becton, Dickinson and Company, France)ol] 1/100 volume & 38lo] 42 °Coll A 48A]7F
WS & BGAANA Salmonella®l colony =d %5 &<l WAHFT 3 1, 2, 3,

5, 74 = W AZolAM WAl FFT7F el E A ek

%1

lo B»
N
i
Ll
N
N
N
N
sl
b
_0|L
£l
Y
N
E
fr
(@)
N
o

] (enlargement), 3 WA (white spot)e A
H 38 A ZH7HA AMAE R At dnh WAl HE F 5771A 9 W AAr A, WAl
HE T 477HA W] gAY e uf$ Ar| s Wo] dEEqom 57 o= ¥

o] #&HA At} (3 79).

£ 79. WA HE F Jelad
Gross lesion® Week post immunization
Group .
Organ  Finding 1 2 3 4 5
L EN° 00£00 0000 0000 0000 00=00
1Ver
S NF¢ 0306 07«12 0706 0306 00=00
Immunized
Sol EN 00+£00 0306 0706 0306 00=00
P NF 0000 0712 07+06 0000 0000
L EN 0000 0000 0000 00=x00 00=00
1Ver
NF 0000 0000 00+x00 00=00 00=00
Control
Sol EN 00 =00 00 = 0.0 0.0 £ 0.0 00 £00 00 =00
ee
P NF 0000 0000 00+00 0000 0000

? Gross lesion score (mean + SD).

b Group immunized with a mixture consisting of 4 parts JOL916 and 1 part JOL1229.
¢ Enlargement.

4 Necrotic foci.
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(4) HHA]ZJZ o3 ]

O::

=234 AA}

=S
MDM AAE AR AE G7E 8

o

i
Lo
)
do
ot

215 o= A 9 A
Buffered peptone water (BPW, Becton, Dickinson and Company, France)olA 23}
3 A NS Brilliant Green Agar (BGA, Becton, Dickinson and Company, France) ©I
HE38o] colony =8 FHFE HAMSHYE S, negative?l -$- enrichment culture®
BPWeoll A4 37 °C, 16~ %F vl 3 Rappaport-Vassiliadis R10 broth (Becton, Dickinson
and Company, France)ol 1/100 volume &3l 42 °CollA 48A1%7F vk & BGASNA
Salmonella®] colony =& 75 ZstAth WA HE = 4574 744 7)o &3}
3 e Aoz FAHY L, 5FAE BE AGE Aol WAl #FrF FE A &

At (£ 80).

F 80. - F7]el A HAlvEs e

Week post immunization

Group Organ 1 2 3 4 5
NP* Count” NP Count NP Count NP Count NP Count

Liver 3/3" 1.7+ 13 2/3 18+16 1/3 06 + 1.1 1/309 =15 0/3 0.0 = 0.0
Immunized® . . . . . .
Spleen 3/3° 26 £ 04 3/3 35 £ 03 3/3 31 +07 1/312 + 21 0/3 00 £ 0.0
Liver 0/3 0000 0/3 0000 0/3 00=00 0/300=0.00/300=00
Control

+
+

Spleen 0/3 00 =00 0/3 00+ 00 0/3 0000 0/300 0.0 0/300=0.0
? Number of positive sample after enrichment culture.

> Values represent the means + SD logi cfu/g.
¢ Group immunized with a mixture consisting of 4 parts JOL916 and 1 part JOL1229.
*Significant difference compared to the control group (P < 0.05).

gt W #3
(1) AZA3
Heparing # 713 FAZIZ dxdd 1 s Qg & dAEE (40 rpm, 1548, 22)

2 23 2]
gto] A2 g AERAUASAHAAY AHEeal, @4 WER (=20 °C) sk
A4 IgG SA AH&atTt. 23 [gASH] H402 v e Wgoz 4zt
A2 M-S A th(Berthelot-Herault et al., Vet Immunol Immunopathol, 2003). =, o}
& 3 vy A5 7)o B8 483lo] Lavage solution (485 mM polyethylene

glycol, 40 mM Na:SOs4, 20 mM NaHCOs, 10 mM KCI, 25 mM NaCl)S A 724 o= 12
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m¢/kgBW (body weight)?] FoJ3til 30% § pilocarpine= 13 mg/kgBW (BW<300 g9l
3% 20mg/kgBW) ¢ &&Fo = 5 FASIAT vl 308 § wiEE Astyk AlF Y
7 5 mle STI/EDTA solution (0.1 mg soybean trypsin inhibitor in 50 mM EDTA,
pH 8.0)& # &3t 3lgste], Al E 3§ (700 xg, 103, 4 °C) 3N 1 ml=
Art. EEd AN 1mle] 100 mM PMSF, 1% Sodium azide, 5% BSA(bovine
serum albumin)E 77} 1 m03 10 pl® H7Fstar - 20 °Col B.#ste] ELISAC sample
= AREsFi T

(2) Enzyme-linked immunosorbent assay (ELISA)

EolHo A#HES 93] Outer Membrane Protein (OMP) fractions ©Fe] w5 JOLA420
ol  AAse] ELISAolA 9l &ddo=z  AREsAtt. OMP fraction modified
lysozyme-osmotic shock methodoll ¢]ste] ATt =, 150 mle] Alvt vjYgds AR
2 (7000 xg, 10+, 4 °C) 3Fo] pellets D1, 800 x4 100 mM Tris-HCl (500 mM
sucrose, 0.5 mM EDTA, pH 86)° AF--FAA lysozyme (400 pl, 4 mg/ml)< F7}3k
ot 2 A 32 w9 50mM Tris-HCl (250 mM sucrose, 0.25 mM EDTA, 25 mM
MgCl, pH8.6)S #7135t ice YollA 1537t incubation 3t} o] = A4 H2](7000xg, 6
2 4 °C)sle] pelletS 4=t} PelletS 4 mle 20 mM Tris-HCl (pH 8.6)° A 4-+A]
7] sonicationd YA E7] (7000 xg, 6%, 4 °C)sle] AHAS A=t} AHAS Zusk
A2 dAEY 32,000 xg, 1A1ZE 4 °C)ste]  pellets A=t Pellet(cell
envelopes)= 4 ml® 20 mM Tris—HCI containing 1% Sarkosyl (pH 8.6)°l | 5-fA] A
Ao A 30% %<t incubationdtil ThA] Zu&PAEY 72 QA2 (132,000 xg, 14]
7F 4 °C)sto] AAH NS A=} #4113 OMP 39S flat-bottom 96 well high binding
ELISA plate (Greiner, Germany)°l] &2A|7A chicken IgG (¥£+ IgA) ELISA
quantitation kit (Bethyl, TX, USA)E AF&3lo] ALEAHAE weba] HAASAT. =,
10% Skim milk® H]5o]RF-§< blockingd T samples 2 AstA 348t WH-g-A17]
3 HRP (horse radish peroxidase)® X A|® 22} &35 ZA3A]7]+= indirect ELISAE
Arstanh WAl HE F 8 IgG vk &3] AFHAY slgAd] s=E 19 5
(A, B)el et 84 IgGel A$oles BE Aol gzt vl Fodeow
453 S7ME B, 283 U slgA 4 A= 90 HE F 15749 3740 AT
¢ BurollA dixzare] Szl el 7oAl SV B, WAl HF: F 4FA =

Batol ARt 14l S7HE Hh
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A 150 ~ abed

abed

—_

(=}

(e}
L

W
(e=}
1

Plasma IgG (ng/ml)

ab ab

Intestinal sIgA (ug/ml)

0 T T T )
0 1 2 3 4
Week post immunization
| A OB 4AC xD ©OE |

Iy 55 WAl HEF: & I IgGY 43}
# AHY sIgA F=

(3) AEARSG =4
WA "E T 3FAe) AEY WY 42 A Bz Folo YZTE 0§

lymphocytes proliferation assay (LPA)E 2Algtth H44E2 (40 rpm, 155, 2)

tt
i
o
<
%9
rr
>
5
Sy
i
X
>
e
)
dlo

3 & Ao YIFE Trypan blue exclusion test
RPMI 1640 complete medium (Fo}x] @3 2 FF3A7A X3 BHAA 1 x 10°
cfu/100u0/well 7F S Al 96-well plate o &3 3L, S Gallinarum soluble antigen¥}
A 72413 &<t 5% COs incubatoroll A vl 3l o). vl &Fgh

T BV or HxT
o] AEl2 #2313, Lonzarte] ViaLight® Plus KitE AF£3}e] Luminescence assayZ

[¢]

A AlsF9d e, Stimulation Index (SDE ths3 o] Al4bsto] WA HE:atoll A Mg
Aol FEHA=A] gttt BiolA 71 =2 SI x& YEWA AL, tiz2at3 o
W, e AN FYAddeE SV BT (1" 56).

2]) SI = (9719 welldl A SAHE W-338)/(39S H71ekA] &2 wello A wh333)
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S~

w2
|
%

Stimulation index (SI)
e (9]
| |

T

(4) FAEEA =3 (Flow cytometry analysis)

WA HE F 7 AEY WS SAS 9% 3 e r Tx do ) THEZ S
o] 3} S FAEZEAHeRE S48t AP o2 A JOLI167 JOL1229F 80:20
o7 &8sty HFETed o () JOL916EL'§T HAES o (), 2831 HRTOZA
TS AAsa, 2 Y v 2

- =
=, dAEE (40 rpm, 165, A2)3k ¥ A2 YEFE Trypan blue exclusion test®
=3

Aolgli= A EZFE 1 x 10° cell2 AlXtsle] 3438t FACS buffer(PBS, 0.5% BSA,
0.01% NaNs3) = Washing'é}ﬂ, Zb o AE A TR FE-nA GdFESA

(CD3-FITC, CD4-BIOT, CD8-PE)E 1w*® 7l = 30w37F Ao ol ice
incubation2 A AldtAth I ¥ ZnlE FACS buffer® washings st YA &@33-%
A GdESEFA Fol CD4-BIOTE 3 A48t 913801 streptavidin-APCE 7 A&
1 H7bgk £ 3041t ice incubations A AISEATE ©hAl FACS buffer® washing S
3t YA 4 °CE A3 AEHE FAEEA7] (FACS Calibur, Becton Dickinson
Immunocytometery Systems, San Jose, CA)Z FAEEXS Al3sto], Q3 o
TH2ZF Fxr&S SAsIAT WA JF $F 174 oA Aozl vl
Zvzy CD4+ R ZTAHES} CD8+ A= TAHXS E¥H|&o] Fodoz F7Fst% L,
Mol A= CD8+ A= TAES FXHEW Fo4Qd S7Hs Bdu (L9 57 A,
B, O).

ol
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A I 11 111
E 100 63 O/ 100 42 (1) 100 42 (y
g A 80 | A 80 | A
E 60 J 60] 60
CD4 % 40 40 40
% 204 ) 204 rrm 2044
~ o o A 0 o : ‘ 0 o o "‘ ‘
t 100 10'I 1!)2 ‘I(!3 10 10‘j 101 102 10 10 100 10'I 102 ‘IO3 104
25% ] 23% 17%
80 | A 80 A 60 A
60 60 1
CD8 401 40 K
20 ] 2 ]
0 A : ol : M 0 A,
‘IO0 101 102 10 10 100 10‘I 102 10:S 10 10o 101 102 103 104
> Fluorescence intensity
B C ..
= * = s
8 60— g %
F %
: I I 20
O 40 @)
¥ ¥
e en
6 8 10
w20 S
=] =]
< <
0 | 0 | I
1 I 1 1 I I
Group Group
29 57, WA AF F 1R DR THETe] 23 54
(B) AAIZE AHAL TFEALAATSH 4 (Real-time RT-PCR analysis)
WAl HE F 4570 Adat o2 A JOLII6F JOL1229E 80:200.2 &3ty HE
sk o (IH)¥ JOLIl6RHs HEd o (Ivh), 18 i g7 S 24 PBSE HEd 1%
(Aol Al ZhzE ol dest supe] AE A A7l § v gS 2AFst] v A

e

2 2esta, 2FHE mokth s v AANEE 24-well AW Y plated] 1 x 10°
cells/well2 A4Fale] &7]31 SG soluble antigen (4 pg/ml)S H7bste] dAA=S A
21 2FEfol A 40 °C 72413 5% COs incubatorol Al v s}t v FE 1] A 32
Aol E 7S] I F21-6 (cytokine IL-6) mRNA AARE QAL SR AR

B (real-time RT-PCR analysis)©.2 A %3} 54t} Hybrid-R™ Total RNA
Isolation Kit (GeneAll, Korea)E& ©]-&3to] s v AL total RNAE F&3

o

il

al
=
S

o~ =z O
T =
o

3

ko3
)
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Zy 259 v A Eo A AAE RNAE RQl RNase-Free DNase (Promega, Madison,
WI, USA) A#lE 3d}al, High Capacity cDNA Reverse Transcription Kit (Applied
Biosystems, Foster City, CA, USA)E ©]&3}lo] cDNAE &4d3ste] DNA AlZ°] 4]
= 3o, real time PCRS 3] -20 °Ceol HE.#3}dt}. IL-6 and glyceraldehyde
3-phosphate dehydrogenase (GAPDH) primerol] 3d|33slE Eo|Fe X3 HELS
QuantiTect® SYBR® Green PCR Kits (QIAGEN GmbH, Hilden, Germany)& ©] 4314
31, 7]7]%= StepOnePlus™ Real-Time PCR System (Applied Biosystems, Foster City,
CA, USA)E A}&3ATE % cycled) AA= 1 cycle of 95 °C 158 ©]F 40 cycle of
94 °C 15%, 56 °C 25%, 72 °C 30x= AAeA . mRNA level®] A2 J7154H
(threshold method)& ©]-&38F%laL AW GAPDHE housekeeping 42 AHE-3to] A

#k(threshold cycle #}ol %k, WheS do7|= HAae Jrie & 3do] vhye F
o] olghe AxEAL. HE AFFe 2% n-fold change to the non-treated
control group)® }¥A] sFF T WA HF F 474 2AFHAS v AXEE in vitrodl A
SG soluble anitigen®. @ A=3Fo] wjdst thS real time RT-PCR=Z A|l¥W IL-6
mRNA®] 23 A=E FA3 23 14 Szl Bls) of 4.28) F7hstklaL, 1
ol M= 5l Al dE ] At Aow SAHHJY (L 58).

rr

Al
o

5_
=
~—
>
4_
£ 2
“@
po—(
2&03-
gnm
=82 2 -
<
= <
S5,
s H
p—
=)
m 0 |-| 1

Group

4574 v A E ] IL-6 mRNA &

[
uich
a1
oo
=
>
i)
o\
ot

e
Lo
0x ¢
=
o

A ERUE
(1) Qs

FNTFFE HF F 4Y AANEE HFAsgith HAS

ofN
ot
i1t
e
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ofN
2,
o>
=y
A
oy
=
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7 8 9 1011 12 13 14
«C XD OF

6

Day post challenge

Faoh (1% 59).

°©

B

4*A

(o/,) djed [eAIAINS

90%, Car3 Dt 80%9] A
Ext& 20%9] AtdARto]l A&

]

Hlalste] fojH o R A yvElET (P < 0.05 TP < 0.01).

o

T

o

pNd
4

‘mo

) Challenge¥ 14

(2

QFeEAL A7

=

=

4% F ULA Aobde A

ofs) 7

ol

B A2 (white spot) €]

2 ZF v (enlargement),
‘HE-E 3-8 ZH7AA

gl

Al

BHg BAY (P < 005 P <001, TP <

g gk
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<

# 8L Al HE 3 =434

. b
Gross  lesion

Death
Group Immunization® n €at<)3 Liver Spleen
%
EN° NE¢ EN NF
1 part JOL916
A and 1 part 10 20 0.8 £+ 127 08 + 12" 15+ 13 1.0+ 127
JOL1229
4 parts JOL916
B and 1 part 10 10 05+ 10" 06 117 06+117 08 12"
JOL1229
9 parts JOL916
C and 1 part 10 10 03 +£09™ 05+ 11" 06 +11" 07+ 117
JOL1229
D JOL916 10 20 09 +12" 13+13° 09+12 12+ 117
E PBS 10 &0 2608 2806 24+ 13 27 07
e
WA JOLO63 W e et JOL1220% olel sbAel wgs Edstel gEstol,

WAl QETols §
slgA®] 459+ Bat (JOL9162 JOL1229=
4FARA FreHow Fsrgct

9/]

=
AUA F7kske

EERTEE

stz Blalste] FATA R ou A F7
© Adye Ayt gzt vE fFodoer =
oA 90%= 7t F2 Aas BAT oo | 2,
%E]_ﬁf_&_g 01]‘3}0}7] a8l Aoz *3% WAlS HEe u adjuvant ¥+ JOL1229

gl ol §

AEE AT, B IgG WAl A

szl vl dssla, 4std
80%%t 20%= Z&eto] HEE Lw)olA
[e)

AT Welmge wE Wi gEzolA

B =N

xﬂfs} 1, ﬁol JOL916JJr JOL1229% 80%9} 20% %2 &35}
HE 2w Bl /M 2 AdE BAvh 3, JOL1229¢] <t H7kE Sls)
2 JE F adjuvant w0 W wlE AR UIF A vAESH HAF @ WEA
A #AF A3, JOL1229 5 6578 AtaAdA AT HE F 2w AZeA wn
2] gk, WAl HE F 57 g v HyaAdd nAETA Al A &
dow yEsTh wetbA 657H e AbdAlCl A JOL1229 w55 e JhaEH S A
WA AFHEE Ao it D Al e 2F okdsitta dekE e 3

JOLO163} JOLI229E 80%9} 20% Wl &2 Es WAl A Eo] Wamgn wold Zu

oA 7Hg $-Faket
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17. 653 At&A oA JOL1229E o]&3 WAl program A&
7} T F
WA FFER JOLII6S, WIAstAFE JOL1229Z, gl HAA ol =R

JOL422E5 A83}99 2, freezing culture (-80 °C)ollA LB brotho] inoculationd}]
shaking incubator (37 °C, 150 rpm)elA] 16A17F w9 & ODgy @S <R TES +
ste] H &8k

U Ae 5= 2 AE design

193 Lohmann Brown AFeHA|l 40wl & Eg ol 10714 47] o2 YA A9
of Ab&stAth FAA L EA FE AR FRES AFAFA AHT

AR 658 165" HAHTS 23] AA St AbgbA 2 oA o] JOL1229
£ o] &% A8 JhaEHFE WA HAstE AE&S BAow AAHAY. ALY
B, AT ol AdAde ASte] 1x3 wAHE Al JOLIGS WHAA ST
JOL12299F 80%9F 20%9°] Hl& = &3g WAlS A}%%»}%iﬂ, 22k MAHE Alole 2

80%9t 20%9] W& = e wWas A}%é}ﬂ, 22 WAl HF Aol JOLI6S T
AEFsdom, Ct 12k 22 MAl HF Al BF JOLII6S AM&3tdlon tgxzao=
A Datol Aol = 1xkef 22k WAl HE A7l sdE & PBSE ATt &2
dglom HESFS 658 1658 2F 1x10° cfuz 4

1o oFQ] i F JOLA2E 7T %ﬁ &oto] ofeato gt

Vaccination Challenge
Group n Prime (65%) Booster (165%) (WAHFTE 309)
Strain Dose Route Strain Dose Route Strain Dose Route
JOL916+JOL1229 8 JOL916+J0OL1229 8
A 10 T 809+ 20%) <100 PO " gngs 009y 1107 PO
JOL916+JOL1229 8 8
B 10 (80%+ 20%) 1x10 PO JOL916 1x10° PO 6
JOL422 1x10° PO
C 10 JOLI16 1x10° PO JOL916 1X10° PO
D 10 PBS - PO PBS - PO

- 143 -



(1) A=A

HeparinS #7138k FAZ|2 2x8d 1 s A8 5 94 EE (40 rpm, 15%, 2 2)
st 4 e AEdH WEH (=20 °C) 34
a4 IgG SAol AH&aATh M E [gASA ] HHo0% b3 e Wgow Azt
A2 4g oA tk(Berthelot-Herault et al, Vet Immunol Immunopathol, 2003). =, o}
22 3 vpgA AEF g7)d By $£839] Lavage solution (485 mM polyethylene
glycol, 40 mM Na:SO4, 20 mM NaHCOs3;, 10 mM KCl, 25 mM NaC)< ZT7+AH o2 12
m/kgBW (body weight)? fFoJdlil 30& % pilocarpines 13 mg/kgBW (BW<300 g2l
3-F 20mg/kgBW) o &&Fo 2 <& FAtetGth thA] 307 5 wiEE Astyk Al o
7 5 mle] STI/EDTA solution (0.1 mg soybean trypsin inhibitor in 50 mM EDTA,
pH 8.0)& # &¥3dte] 3lgsto], AR E g 5 (700 xg, 102, 4 °C) FH 4 1 ml<
Ak HEg AAFA 1mee]l 100 mM PMSF, 1% Sodium azide, 5% BSA(bovine
serum albumin)E& 27} 1 w3 10 w0 78kl - 20 °Ceoll B.3ste] ELISA2 sample
&2 ARgs it

(2) Enzyme-linked immunosorbent assay (ELISA)

EolHdd A& 93] Outer Membrane Protein (OMP) fractiong ok 5 JOL420
AN AHAS ELISAoIA S ddoz ALt OMP fraction® modified
lysozyme-osmotic shock methodell ¢]ste] ATt F=H]g OMP &S flat-bottom 96
well high binding ELISA plate (Greiner, Germany)ol 52A| A A chicken IgG (E+
IgA) ELISA quantitation kit (Bethyl, TX, USA)E A}-&3}o] AFEA WA E webr] A4
sttt =, 10% Skim milk® W] 5e]uk8-S blockingdt Th& samples A H3tA 343}
o] wWkgA]7]aL HRP (horse radish peroxidase)® XA® 2z AS AFA 7=
indirect ELISAE AA[gt3dth WA HE § 4 IgG =9 43H7] AlH Al sIgAd]
X% Fig 69 Hetldet. @4 IgGe 4d-5olv e Adddo] dxaed vl #24
o2 YF3 F7HE B, &gt U slgA SA AdE AT A 1A 9 HE F
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(5, TEAG] ATl sk wastel FoH9 FrhE A4S b, 23 W2
% % 1,374 F980R Frhstark BRAME 14 WA 9F F 3, 5549 23
4 UF 3 FAG RO TN, Cool AT 2 LA el W

A

N

W

(o)
]

abc abc

abc abc

[\

(=

(=]
1

—_

W

o)
I

50 ~

Plasma IgG (ng/ml)

: b ab
E a
S~
=1
52_ a
<
&b
o
72}
—
o]
S 1
.;
n
2]
~—
=
e
0 T T T T T T T 1
S g7 9 11 13 15 o4 17 19
Week of age

‘ 4GroupA TGroupB  &«GroupC  -OGroup D ‘

a9 60. WA HE T A [gGo A3 AFH A SIgh %

3) Az 4
o

WA YE FO3FAG AEY W 2% s Tx goo Yxy

lymphocytes proliferation assay (LPA)E 2AletAth A8 (40 rpm, 153, )
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3 3 Ao YIFTE Trypan blue exclusion test® AolgdE A EFE AL &
RPMI 1640 complete medium (Fo}# &H @ F7FATFA E3Ho] FHAA 1 x 10°
cfu/100u0/well 7F Al 96-well plate o =313, S Gallinarum soluble antigen¥}
SHA| T2A13F &9k 5% COs incubatoroll A w8t wl st & Fedn|do=z Jx
o] AeE B2 3, Lonzarlel ViaLight® Plus KitS A}£3¢) Luminescence assay=
sk Tt Stimulation Index (SDE v o] ALbete] WAl HJFatollAl AEgdH

o

A A]
o] FrREA=A FstAh 12 M HE F 3FA = BE Aol Slgkol
2w o FAeF Hlaste] folHor Frhekglon, 23k WAl HF Fol® viriAE &
= AdLelM Fad e T7HE B, 53] BaelAM 7HE =2 SI #AE UEHHY
(¥ 61)
=N ” BGroup A
BGroup B
=4 [IGroup C
L % [_Group D
"
x
)
<, * %
i
2 :
5 BT
-
=
l;
)] 1—
0_ l . ] .
3 wppi 3 wpbi
ol 61 12k} 22 WAl HE 5 3FA AEAHY v

=g Ba2 90%, Ca*3 Dvt& 80% <]
of WA FEFA RS ERT EFS 30%] ek uto]



AESAT (29 62). BE AT AESL xR vuste] fFodow A4 o
Byttt (P < 0.05, P < 0.01).

100 7 O3
90 ~
80 H
70 A
60 -
50 A
40 -
30 ~
20 A
10 A

O T 1T/ "1/ "7 "7 "1 "7 1T "1 1T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Day post challenge

Survival rate (%)

‘ 4-Group A HGroupB &GroupC OGroupD

a9 62. okl T HE F AEE

(2) Challenge$ 1494 ®HalAA
ofQl T HFT T 149 A Aolde MAE oA AlA HFI uvjAe] ®HYLTES
Arber Ak, 3 v ge] Wwo 2 Fo (enlargement), A (white spot)e] 4
S 27 #Fsta AVEE 03 (HHEFE 3R ZH7EA AR 2 A st sloh Ctell
A el T A AYstae BE ATl R v Ao HYgsrde dEd
<] % H

o
o BU 7)o el ade] v FAFHOR FolsA e @
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% =AY

¥ 83 WAl R

ofN

o o
401'
>
o
]
)
ok
AL
B>
Y

Gross  lesion”

Immunization® Death :
Group n rate Liver Spleen
(0]
Prime Booster %) TENe NF¢ EN NF
4 parts JOL916 4 parts JOL916
A and 1 part and 1 part 10 10 0.7 £+ 1.1 04 £ 1.0° 04 + 1.0°0.7 £+ 0.9
JOL1229 JOL1229
4 parts JOL916
B and 1 part JOL916 10 10 06 + 1.0° 08 + 1.1 0.7 £+ 1.2°05 + 1.0
JOL1229
C JOL916 JOL916 10 20 08 +12 09+ 13 07 + 1309 + 13
D PBS PBS 10 70 21 +14 21 +14 21 +14 23+ 1.3
] SC IR
B A e WAZs T JOL1229E o] £3F 1657 o slol| 412 wiale] HA3 A3 o
21424 WA 4F ZRaAe AN 247 WA gF A b HAd WA 4F
dse AAshe e Sdm S 6RR MATE L] WeldsEd
JOL12295 &&s3le] 12 A4 AFS F, 23 dFoZ 165Hd, AT WATFS

i
=@ BEe WAHFe] R EE E@stel ZTHoR WAPEL 4

sz whs SAANE T = W, 13kt 2'} WAl HF Al JOLII6H JOL1229&=
80%%t 20% %= &Egste] HFg Are], 22 MAHFE Al JOLII6 #FrE HEE Baut

U [gG FEE Wsd Aow 24 itk mekA

—167%%‘ 12F-22F A WA HFoA = WAl 75 JOLI16o ™ 7skat5 JOL1229%
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18. JOL1229% ol-&3F WAile] 7|2 A9

7F T

WAFFR JOLI6S, WA FR2  JOLI1229E, 1Ela WA o FE
JOL422E5 A83}99 2, freezing culture (-80 °C)ollA LB brotho] inoculationd}]
shaking incubator (37 °C, 150 rpm)elA] 16A17F w9 & ODgy @S <R TES +
sto] HF skt

U &5 2 A3 design
19% Lohmann Brown AF&+4] 60n}e] &

=
=
of Abgstint. &7 St EA B /‘}E?Jr TFEES X}%*Si Al Z

2 AR 65% 165Fe] WAHFTE 28] AAste] ARMA F AFAA DA
AAA AN g F o WA ZRaPe A¥Y 2o AAHYY & 9
qGub FAF WA AT F AT AR BE, AN F ARe] At A
of WAl fF o9 oFE HAbsdnh ARTe] A, AT 13he 23 MAHFE A
JOLII6S W ZehatF JOL12299k 80%h 20%°] Wl &= EFa Mg AyHon &
oletglaL, Bt 12kek 224 WAl HF Al JOLII6 55 datAt= HFesieh Cae
71E 498 Ml SG 9R T (JOLIEE)S AlzAbe] A wel wheh w3 FAR 1
Ao 22 23] A stglon, T oA Dol A= 1Akek 23 WAl HE A7
of Y% §o PBSE AEAAT. HEELL AT TP AT A4S 657HHA 16

=
38 2% 1x10° cfu® AL39a, 95 HE9 AL 1x10" cfue® HE3A) (

=

X 86 JOL1229 prime-boost AZE23 design

Vaccination

Group n Prime (65+%) Booster (165F%)
Strain Dose(cfu) Route Strain Dose(cfu) Route
JOL916+ JOL1229 8 JOL916+ JOL1229 8
A DS (80%+ 20%) <100 PO (80%+ 20%) <107 PO
B 15 JOL916 1x10° SC JOL916 1x10° SC

C 15 SG 9R (JOL966) 1107 PO SG 9R (JOL966) 1x107 SC

D 15 PBS - PO/SC PBS - PO/SC
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5 9 13 17 21
Week of age

N HE d F2 5Frig P4 SR Heparing H7He FARIZ 2xde 1 ms

Ad F dAdEd (40 rpm, 16+, 22) dto] 2 HEF= AZAAUISAAN DA AL

star, @3S WEHA(-20 °C) 3t 84 IgG Ao A&ttt #01d [gASH 9
EXHoR gLy e WHow 433 Ax¥ A At Berthelot-Herault et al., Vet

Immunol Immunopathol, 2003). =, Wolg]l& 3 vlg]¥ A=d &7]d ®i 483519
Lavage solution (485 mM polyethylene glycol, 40 mM Na>SOs; 20 mM NaHCOs, 10
mM KCI, 25 mM NaCD<S A7 o2 12 ml/keBW(body weight)® Folslil 308 %
pilocarpine2 13 mg/kgBW (BW<300 g9 74-% 20mg/kgBW) o &0z 8 FAS}
Atk 9Al 308 T dlEE a3ty AFRAF 5 mle] STI/EDTA solution (0.1 mg
soybean trypsin inhibitor in 50 mM EDTA, pH 8.0)& z &§3lo] 3]438te], AR
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£ 3 F (700 xg, 10, 4 °C) AN 1 ms AJk F&g A 1meel 100 mM

PMSF, 1% Sodium azide, 5% BSA(bovine serum albumin)& ZtzF 1 ml3d 10 w02 #
7hstar - 20 °Coll ®¥3le] ELISAS] sample® A8-3}9)t)

(2) Enzyme-linked immunosorbent assay (ELISA)

Eolwrad AS 98] Outer Membrane Protein (OMP) fractiong ©F]+5 JOL420
oA AAste] ELISAol A9 o= ARttt &H g OMP &< flat-bottom 96
well high binding ELISA plate (Greiner, Germany)°l| &2A]7A A chicken IgG (BE+=
IgA) ELISA quantitation kit (Bethyl, TX, USA)E AM&3to] AMEAWA S wheba] A4
3 Tth =, 10% Skim milk® H] 50| WSS blocking 3t U2 sampleS X A3HA 3] 5}
o] wkSAl7]a2 HRP (horse radish peroxidase)® XA|¥® 2z AS AFgA 7=
indirect ELISAE AAlst3lth WA HE F @4 IgG w9k 2317 AlH AW sIgAf
FRE 29 64o JERAIT B 1gGe] Aelle BE Adwe] dixel Hls
How A5 F7/HE HA, &5 U slgA 54 A3s 139 23 B HEF F 3
FAjell Avtel A tzxate] S gholl il Fo A<l Ql B+
Catolld = iz vlaste] Fo4Q S7HE HolA &gttt (¥ 64).
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— —_— 2 2

= tn = L

< =] < =
| | | |

Plasma IgG (ng/ml)
N
<

14
12
10

Intestinal sIgA (ng/ml)

[ S R AT ]
|

4 4 9 14 4 19
Week of age

| A OB 4C -OD|

M

64 WA HF F G IgGok 23k AH Y slgA &

H1

(3) AEARSG =4
sk 22 WAl 4% F 3FA AEY WY 4L s g2 oo YZFE of
= A

A3}

l

23l lymphocytes proliferation assay (LPA)

(o
o>
S
AC)
N
S
O
s
B
—
o
o
oo

RPMI 1640 complete medium (%o} g3 % 341
cfu/100ut/well 7} = Al 96-well plate o #3}9 3, S Gallinarum soluble antigen}t
SHA T2A17F &9 5% CO; incubatorol| A Bl s TE wild-type SGol A4l soluble
antigen< WS O3 2ok 5, 200 mlo] wlGHS A4l EEEke] pellet & A=t
PBS® 23] A% % 40 ml PBSel AFFAIA freeze-thaws 3 ¥ RHEgIt} o] & A&
sonication¥ 4,250 xg, 4 °CelA 20 &<k €Al #Elste] 4 AHAES T A

30,000 xg, 4 °CellA 20 st 4 EEstel A AES IFote] s=E ST

2
B
o
=
4
E
>
2,
—_
X
H
(]
[l
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LPA9] A CO; incubatorel A 72A17F &<t JZFZ w3t & Fstau]|Fd oz PxZo
el e #2383, Lonzarle ViaLight® Plus KitS A}43l¢] Luminescence assayS 2
AlekAth Stimulation Index (SDE T3 2ol Aatkste] WAl HEoA] AELHS
of FE=HA=A Gttt 128k 221 WAl HF 5 3FA M EF ALl M =&
SI =215 yehlodar, xay v & o, 28 Agiod F80s F71E B
t (29 65).

[a—
1

=

23

b

[=¥]

E mA
52 = EB
E BC
= oD
£

~

)

0 o
3wppi 3wpbi
o 65. 1zkek 22k WAl HE § 354 AEAW
o W

uf, AFEA| 7] el A JOL1229 ®Al o] kA 37t

(1) ks A
S

WA HE 5 A lelA e JOLIZZY Tl A4S W) S8 Aues =
A stsith 7 T RE AL ARE AAARE 2FGVE 45 54 15U 150

2 AbEES ARFE T A e AME v el Ae A

ofo
Ot
o
32
i)

79 sk AtdE (%) = (743 AbdE AlFe] & Jig) <100 / ORAl & x 7Y)

VFYTY BFANAY HFES RE Pol A 90~95% Alo]E F 7ke] 2 Aol 2
wolA ekskeh (71 66).
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a}.

100 ~

80 -

60 -

50 ~

30 ~

Egg production rate (%)

10 +

22 wk 23wk 24 wk 25wk

EA BB OC OD

=]

1% 66. 227Hol% 477 A& q

N\

2) A& 24 4/\]-

AHE7RAL §- JOL1229 o] Algto gl o] o5 HALsH] 98 Aol A&
Abgko]l AlztE I RH 457 Fd AlF o9 AAE A AISHS T (Gantois et al., Vaccine,
2006). AT Aol Fz; eFo] Eolde W 59 oEHdSE A%E dFE AAG
T, 0% dFo 1E7F H@UF FE Ameta, HuAoR dAE A vg AP BE

2tk & Rl miACd 1~6712 74]‘?%2 A g o

A g Fr&(batch) o2 whETh AF @70E 40 mle] BPWE H7ke & 37 °C, 24 A3b

S dS ¢ vfdE A =S Rappaport—Vassiliadis R10

broth (Becton, Dickinson and Company, France)oll 1/100 volume 5 &3Fe] 42 °Coll A

48X 7 v 3 BGAONA Salmonella®) colony =& 55 3elstAdt}. 2kgke]l Az
GHE EE Ale 29 HAlA JOL1229 w = AEHA ok

o A AA TR 48D & A a7l A AR AV dF dderM 65
] ] U‘j

[}
HEE 23] Aol AN & 4547 A e skl on,
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. R
KCTCH & Specification 71671 % JOLH 5
Salmonella )
. Korea Research Institute
enterica ) )
KCTC 11539BP of Bioscience and JOL916
serovar )
_ Biotechnology (KRIBB)
Gallinarum
Salmonella )
. Korea Research Institute
enterica o
KCTC 12150BP of Bioscience and JOL1229
serovar i
, Biotechnology (KRIBB)
Gallinarum
L B
2 AN A S FA AREE dA7A v 7THol SCIa = Al =l ZiA E AT

) Authors
Title Journal Year | Vol (571 A}5})
Avian colibacillosis caused by an intestinal Resier?rch al\l/Ia<t Jsgéi af;,t
pathogenic . . Veterinary 2010 | 89 20% O|<LDHT
Escherichia coli isolate from calf diarrhea Science SCI X))
Physiology, pathogenicity and immunogenicity Matsuda et
of Jon and/or cpxR deleted mutants of Veterinary 2010 | 41 |2k (JCR &9
Salmonella Gallinarum as vaccine candidates Research 1% O|LY
for fowl typhoid SCI X])
Safety and efficacy of a virulence gene-deleted Avian I\I/Iaasélsa)\ﬂ
live vaccine candidate for fowl typhoid in Pathol 2011 | 40 | & o E’T
hickens athology 20% OfL}
young ¢ SCI X])
Construction of a conditional lethal Salmonella J (i\lj[rigfé_()f
mutant via genetic recombination using the ara biological 2011 | &7 Kim et al.
system and asd gene Met}%o ds
Evaluation of safety and protection efficacy on Mats;&da et
cpxR and lon deleted mutant of Salmonella . ’
Gallinarum as a live vaccine candidate for fowl Vaccine | 2011 129 <2992|L‘%;CR
: o T o
typhoid o|L} SCI X))
Comparison of the safety and efficacy of a Matsuda et
new live Salmonella Gallinarum vaccine Avian 2011 | 55 al. (JCR A€
candidate, JOL916, with the SGI9R vaccine in Disease 20% OJ|L{
chickens SCI X|)
Safety evaluation and immunogenicity of Chaudhari
arabinose—based conditional lethal Salmonella Avian ; a111 (Jzéré
Gallinarum mutant unable to survive ex vivo . 2011 | 55 | ¢ a
; . ) . Disease A2 20% Of
as a vaccine candidate for protection against i SCI X|)
fowl typhoid
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