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) A=A vd 2 HAH (Pasteurella multocida type D, Bordetella bronchiseptica) 2
g~ FAel dE (Pasteurella multocida type A)
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A A EFA HAe R G At HAY ] S5V 23
A%t Bordetella bronchiseptica®t Pasteurella multocida type Dol 23] ¥]Z; H9
o713 HZIRE R AdotEo] AFEHI AUF HEo A= Ao R ofd dH A
roldot, g Fdet JHE P.omultocida type Aol 93l A El A +F,
s, 2EH 2 & Aol AW A% dy T4 Uedo o] 954 H 4

A dete MU adhesin R 47 WA BT AV A=

2 defx] vk webA ol 5 adhesin B H4AE FAHCE O FHAE SR

PIUSIN= AR PR { R i
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1) Pasteurella multocida type A 2 D¢} &
CP39, FimA, PtfA, Pm1665, ToxA

2) Bordetella bronchiseptica®t ¥# ¥ WU A <l A}
F1, P2

2. EA FAAI AAY "Ade A4 delivery systemS ©]&3 Y4 v W gaRFd

gAY EA g AR ooh A g

EA WA FHdx7F AAE dupd e A delivery system % vectors o] £3F 9=
Advd F gaFdet 8 oS e A got Hals sk
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2). 924 Bd W gaEd Fdl A G AT oo WA A
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incomplete adjuvante} £ WHo=z &3tsle] I3 HF3Y boosting sFATE 22 HE F

4L A Adato] ddS 2d ths 70Tl Bys™ 7 adhesin &84 &= AHE-3Ft

5. In vitro 7ol A 7drE wAl o] HH R g9l

d

AZE WAl HF5=7F S fimbriaes A3 ¥F Outer membrane protein;, OMPo. 2 i
dsl=A1E g2ls7] 95t SDS-PAGES ths WEST-oneTM Westerm Blotting System
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SUMMARY
(4 &2 E)
I. Tittle

Development of live vaccine for protection against progressive atrophic rhinitis and
pleuropneumonia in pigs

II. Summary

An expression/secretion plasmid containing genes encoding the FimA, CP39, PtfA,
ToxA and F1P2 antigens associated with porcine pneumonic pasteurellosis and progressive
atrophic rhinitis (PAR) was constructed and harbored in an attenuated Salmonella
Typhimurium, which was used as the vaccine candidate. The immune responses induced
by this delivery strain were investigated in a murine model. Each antigen secreted from
the delivery strain was confirmed by Western blot analysis. Thirty BALB/c mice were
divided equally into two groups; group A were intranasally inoculated with the mixture of
the five delivery strains, and group B were inoculated with sterile PBS. In group A, all
antigen-specific serum IgG were significantly increased compared to those of group B from
the 2nd week post-inoculation (WPI) till the 8th WPIL All antigen-specific mucosal IgA in
group A were also significantly greater than those of group B. In addition, the significant
splenic lymphocyte proliferative responses, the elevations of CD3(+)CD4(+), CD3(+)CD&(+)
and B-cell populations, and the induction of IFN-y expression in group A were observed.
In conclusion, the mixture of five delivery strains expressing specific antigen for these
diseases was found to be capable of inducing significant humoral and cellular immune

responses.

Mice were intranasally inoculated at various times to optimize the wvaccination
strategy with a new live candidate vaccine expressing the antigens CP39, FimA, PtfA, and
ToxA of Pasteurella multocida and F1P2 of Bordetella bronchiseptica in an attenuated live
Salmonella system to protect against progressive atrophic rhinitis (PAR). Sixty BALB/c
mice were divided equally into 4 groups. The group A mice were vaccinated only at 12 wk
of age, the group B mice received a primary vaccination at 9 wk of age and a booster at
12 wk of age, the group C mice received a primary vaccination at 6 wk of age and
boosters at 9 and 12 wk of age, and the group D mice were inoculated intranasally with
sterile phosphate-buffered saline as a control. The humoral and mucosal immune responses
of groups A, B, and C increased significantly compared with those of the control group.
Expression of the cytokines interleukin-4 and interferon-y in splenocytes also increased
significantly. In addition, the group B mice exhibited significantly fewer gross lesions in
lung tissue compared with the other vaccinated groups after challenge with a virulent P.
multocida strain. These results indicate that a strategy of double intranasal vaccination can

optimize protection against PAR.
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In this study, the Actinobacillus pleuropneumoniae antigens ApxIA, ApxIIA,
ApxIITA and OmpA were expressed in an attenuated strain of Salmonella (AlonAcpxiRA
asd) for prevention of porcine pleuropneumonia. In order to evaluate the immunization
strategy of the construct, a total 60 BALB/c mice were equally divided into four groups (n
= 15). Group A mice were intranasally immunized only at 6-weeks-of-age, while group B
mice were intransally primed and boosted at 6- and 9-weeks-of-age, respectively, and
group C mice were Intransally primed at 6-weeks-of-age and subsequently boosted twice
at 9- and 12-weeks-of-age. Group D mice were used as a control, which were inoculated
with sterile PBS. Groups A, B, and C showed significantly higher serum IgG and fecal IgA
immune responses than those of the control group. After virulent challenge with a wild
type A. pleuropneumoniae, the immunized groups A, B and C showed 33.3 96, 13.3 % and
26.7 % mortality as the control group showed 60 % mortality. These results showed that
the protection against porcine pleuropneumonia using the construct can be optimized by a
double intranasal vaccination.

Salmonella Typhimurium strain expressing the Actinobacillus pleuropneumoniae
antigens, ApxIA, ApxIIA, ApxIIIA and OmpA, was previously constructed as a vaccine
candidate for porcine pleuropneumonia. This strain was a live attenuated (AlonAcpxRRA
asd) Salmonella as a delivery host and contained a vector containing asd. An
immunological study of lymphocyte proliferation, T-lymphocyte subsets and cytokines in
the splenocytes of a mouse model was carried out after stimulation with the candidate
Salmonella Typhimurium by intranasal inoculation. The splenic lymphocyte proliferation and
the levels of IL-4, IL-6 and IL-12 of the inoculated mice were significantly increased, and
the T- and B-cell populations were also elevated. Collectively, the candidate may efficiently
induce the Thl- and ThZ-type immune responses.

An expression/secretion plasmid containing genes encoding the FimA, CP39, PtfA
and ToxA antigens associated with porcine progressive atrophic rhinitis (PAR) was
constructed and harbored in an attenuated Sa/monella Typhimurium as the vaccine
candidate. The immune responses induced by this delivery strain were investigated in pigs.
A total of 6 pregnant sows were divided equally into 2 groups; group A were inoculated
with sterile PBS as control, group B sows were orally inoculated with the mixture of the
four delivery strains. In group B, all antigen—-specific serum Ig(G were significantly
increased compared to those of group A at the 8th week post-inoculation(WPI). Colostrum
IgA and IgA against antigen-specific in group B were also significantly greater than those
of group A. Among 10 piglets from group A sows, PAR signs were observed in 8 piglets
after challenge with Pasteurella multocida type D in their offsprings, while PAR signs
were showed in only 6 of 10 piglets from group B sows. In conclusion, the mixture of 4
delivery strains expressing specific antigen for these diseases was found to be capable of
inducing effectively protective immune responses.

In order to determine optimal vaccine strategy in piglets, 6 pregnant sows and their
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offsprings were used for this study. A total of 6 pregnant sows were divided equally into
2 groups;, group A were inoculated with sterile PBS as control, group B sows were orally
inoculated with the mixture of the four delivery strains. The offsprings of group B sows
were Intramuscularly immunized with the mixture of the four delivery strains at the 2nd
weeks of age. The humoral and mucosal immune responses of groups A, B, and C
increased significantly compared with those of the control group. All the vaccinated groups
of sows and piglets exhibited significantly increased antibody levels relative to specific
antigens when compared with those in the unimmunized control. The experimental piglets
with the vaccine candidate did not experience PAR following challenge with the virulent
Pasteurella multocida type D strains. However, PAR signs were observed in 60.0% of the
control group after challenge with the challenge strains. These findings indicate that
immunization of sows and their offsprings with the candidate vaccine may be optimal
vaccine strategy for effective protection their young pigs against PAR.

Actinobacillus pleuropneumoniae causes porcine pleuropneumonia (PP), a highly
contagious endemic disease that results in significant global livestock loss. The prevalence
of serotypes and antimicrobial resistance patterns in recently isolated A. pleuropneumoniae
strains from pigs with PP in South Korea were examined. A total of 65 A
pleuropneumoniae isolates were collected throughout Korea and were genetically serotyped
using standard and multiplex PCR methods. Antimicrobial susceptibilities for all isolates
were tested using the standardized disk-agar method. PCR was used to detect B-lactam,
gentamicin and tetracycline-resistance genes. The random amplified polymorphic DNA
(RAPD) patterns of the isolates were also determined by PCR. Of the 15 possible
serotypes, South Korean pigs predominantly carried A. pleuropneumoniae serotypes 1 and
5. Among a total of 65 isolates, one isolate was sensitive to all 12 antimicrobials tested in
this study. A total of 62 isolates was resistant to tetracycline and 53 of these isolates
carried one or five tetracycline genes including the fed(B), tet(A), tetH), tetM), tet(C),
tet(G) and/or ftef(1.)-1 markers. Among the 64 strains susceptible to a subset of all the
tested antimicrobials, 26.6%6 were resistant to three or more antimicrobials, and Thirteen
different antimicrobial resistance patterns were observed in the isolates and RAPD analysis
revealed a separation of the isolates into two clusters: cluster II (6 strains resistant to 10
antimicrobials) and cluster I (theotherb9strains). These results show that serotype
prevalence is somewhat different in South Korea relative to other parts of the world and
multi-drug resistant strains are prevalent. RAPD analysis demonstrated that the six
1solates resistant to 10 antimicrobials belonged to the same cluster.

Recombinant ApxIA, ApxIIA, ApxIIA, ApfA and OmlA protein of Actinobacillus
pleuropneumoniae (APP) antigens were expressed from an attenuated Salmonella (AlonA
cpxlR Aasd) mutant. Twenty Large Yorkshire piglets were divided equally into 2 groups
(n=10). Group A piglets were orally inoculated with sterile phosphate buffered saline as a
control at 4 weeks of age [0 week post inoculation (WPI)] and group B piglets were orally

immunized with the mixture of the five delivery strains. The individual antigen-specific
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IgG concentrations in serum samples were determined by enzyme-linked immunosorbent
assay. All piglets were challenged with the mixture of wild type APP serotypes 1, 2 and 5
at 4 WPIL. All antigen-specific serum IgG concentrations were significantly higher in group
B piglets than in control group from 2 WPI until 4 WPPIL. A total of 80% of group B
piglets were protected against the challenge strain, while only 40% of group A piglets
were protected. Overall, oral inoculation with our novel vaccine candidate can be considered
an efficient protective immunization procedure against APP infection.

In this study, the efficacy of the combination of formalin-inactivated
Actinobacillus pleuropneumoniae (APP) and the individual B-subunit proteins of ApxIA,
ApxITA, ApxIIIA of APP were evaluated in piglets. Twenty Large Yorkshire piglets were
divided equally into 2 groups (n=10). All piglets were intramuscularly primed at 4 weeks of
age [0 week post prime inoculation (WPPI)] and were orally boosted at 6 weeks of age
(2WPPI). Group A piglets were inoculated with sterile phosphate buffered saline as a
control and group B piglets were inoculated with the combination vaccine. The serotypes
2- and 5-specific IgG concentrations were determined in serum samples by enzyme-linked
immunosorbent assay (ELISA). All piglets were challenged with the mixture of wild type
APP serotypes 2 and 5 at 4 WPPL Each serotype-specific serum IgG concentrations were
significantly higher in group B piglets than in control group from 2 WPPI until the end of
this study. No clinical signs were observed from group B piglets after the challenge, while
only 60% of group B piglets were protected against APP infections. Overall, intramuscular
inoculation with our novel vaccine candidate can be considered an efficient protective
immunization procedure against APP infection.

The efficacy of the combination vaccine of formalin-inactivated Actinobacillus
pleuropneumoniae (APP), and the individual T- and/or C-terminal fragments of ApxIA,
ApxITA and ApxIIIA were evaluated in piglets. Fifty piglets were divided equally into 5
groups (n=10). All piglets were intramuscularly primed at 4 week-of-age [0 week post
prime inoculation (WPPI)] and were intramuscularly boosted at 6 week-of-age (2 WPPI).
Group A piglets were inoculated with sterile PBS and group B piglets were inoculated with
formalin—inactivated APP only. Groups C, D and E piglets were inoculated with
formalin—inactivated APP bacterins with the individual N-terminal fragments, the individual
C-terminal fragments, and the individual N- and C-terminal fragments of ApxIA, ApxIIA
and ApxIIIA, respectively. All proteins-specific IgG concentrations or titers by ELISA were
significantly higher in groups C-E than group A from 2 WPPI until the end of this study.
Clinical signs were observed from only 10% of groups C-E piglets after the challenge with
the mixture of APP serotypes 1, 2 and b at 8 week-of-age (4 WPPI), while only 50% of
groups A and B piglets were protected against APP infections. Overall, intramuscular
inoculation with the combination of the bacterins and the recombinant fragments
irrespective of the recombinant N- and/or C-terminal fragments of ApxIA, ApxITA and

ApxIITA can efficiently protect piglets against APP infections.
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1813 fe=] Kely)
Chonnam National a9 N-gHud a5 ddst E;%%LE ;QF_SHESH AF A FFo A o
University, Republic | & ¢=3 sxFdggs o] & :1_‘4;5;2 ; ; = ol _—?Lc%:ig FEAA A
of Korea 51 A0 ul A SR B
3k A WAl (Seo et al., 2010) F77t oA
Nati 1 Ch gAFAae] AQx¢ subunit = = 3 . i
ng{lognaUmvel:lrré%ty, A Fdy 523 dAE TR i%@oﬂoﬂ —iﬂ% - %g %Loégg el ==
oA > 1=
Taiwan Hi Al (Hsuan et al., 2009) - -t
National Chung AZF subunit = S ) ASY WA <P NHA Fo] AT
Hsing University, = o3k WAl (Liao et al, | = $3 subunit W ;‘] a2 e =
Taiwan 2006) A e R AT | T
2. o] A+ A
O Aduddista AgFedAg-s oA gy AFHAAE 54 vgy & dgAA
Pasteurella multocida type D& o2 A 54 vYg &9 WS 7idstr] 95|
AZF safel 5o wude) W AdS Bhead o 8se A AT
O Mg FoBst F3t4 wrdoa 2o 9 #Ad HAAY F8 WA AA
ol ¥z BHeA #Beo] e 54 (Apx 1A, Apx IIA, Apx IIA)ES 3eHd A
A ool Al HLEe WA o] Fehux Fude] UF ATE ALt FBol 3|
AA F7] AHS A dwtatr] 98] G A el W vbg = o Hef 3}




A <zbel WMatg B
O Agosta soggst o4 as

¥
Apx I19] = 2ol %3 A+E ?333}913}.

_1

i
4>
y

A2 A 2 AT AT

1. A3 F8 A+ W&

b HAAA AEAH HE 2 gaFEde A HE 2 FY E2EFE YEALE F8
WU AR A FR

. A8 A" 59 g2 =

o] Ao M A8H Escherichia coli Topl0, E. coli BL21, E. coli x232= AMZ¥H
adhesin antigensS 2dA7]7] fste] A&, S53td S TDyphimurium, ]OL912L‘—
wild type S 7yphimurium, JOL4A01Z5-¥ Jon, cpxR, asd’} AAFNCH AZWHLS o
Ao 7]eEo]drt. ZetAn = pQE3L, pET28ax /I 3AE9 adhesin antigenE <
A 7171 98] Ag=E 1o pBP244+= ARdel | wdEH heterologous antigens©)
st lepB, secA, secBel AES F3% Asd+ plasmid pYA3493° 2 H-H
pMMP65+ o] od FRlS 93k FeavER AFSEHIJAT BE AP ALE-
Zgt2~n =+ 37C Luria-Bertani broth (LB; Becton, Dickinson and Company, Sparks, MD,
US.A) T+ LB agarol A <=l o JOLI129F 722 JOLII2= & 73ty 7z gglo]
AFol Ag AHAEI A7)l Asd-negative bacteria® ¥l %S 9@ Diaminopimelic acid
(DAP; Sigma-Aldrich, St. Louis, MO, US.A)S M7t =4 7Zd9S 98] AFEE ok

T JOL976, JOL977, JOL978> 2o #shi o oA ol B yksto] Aol AFE-E AT

N

)
.,_z_,

2 o>
o gt

Y
rﬂwif
rﬂAﬂosL'
;g—ﬁm

o Ao AMEE7] g dHEgd F4
¥ = TdE vector (pQE319F pET28a)¢} host (E. coli TOP10# E. coli BL21)E ]

Zan

3 Ay AT E ﬂic}oﬂlﬂr 7z} colonyE ZF 23 vectoro] W A A 7} %47}-?4_ LB
broth 5meell F&ste] 37TCAA sh=d widatiet. wWidd e & 1mbE LB broth 200meol
&8kl 30T A 150rpme] $E2 5o FHA a4 vttt o wigde] IPTGE]
HETFE7F ImMo]l HEE Hriste] 2& o2 4AF A YstATt. o] wigd s
8,000rpm, 4TCollA 15&7F d4Eestatt. FFHe ¥l ¥ EE phenylmethanesulfonyl
fluoride (PMSF)7} 1mMe] ¥ %% H7bg 10me] Ew PBSE AF-FAZ tha -70CA W
ot Wed HFAS o] 37C water bathuol Al &l-&3t ths -70TCoA YEdt7]E 2
~ 33 RHEsidY wpA Yo R dfEd & R RIS ZSFRAsIY celles 4T U
15,000rpm, 4CelA 20:7F HAlFelsto] ASds da dol &4t 43 ool 7}3/‘301
5o+ Buffer B (100mM Nah2PO4, 10mM Tris - Cl, 8M urea, pH 8.0) 4nlE =43}

eyl B84 AodE 6me Buffer BE AAES ARFAIZ T Ao (A7 =

;%
(S ol



WHFEFH A WEE A TE o] ¥ESHS 15000rpm, 4Tl A 2087 PA 223 T A= HS resin
o] 5] = Tow 7 wwlHo] resindg} Z2EeEE 30w7F U T o] HEZ-oNS EH]
] | 33 P o o

ZHEWY EHHEW o] do R columnes A FH e
EHEH v Buffer C (100mM Nah2PO4, 10mM Tris - Cl,
8M urea, pH 6.3) 6mZ columns 33 A3t resiny AstslA ¥ 71E 22383 oz
S AlASEA Y Elution buffer (100mM Nah2PO4, 10mM Tris - Cl, 8M urea, pH 4.5) 2ml =
columns FHAIZL F 201 WHSAIA A @WAS resin®EHH #E A7 B elution
bufferg 1m¥ FH7tsto] @l dS 343kt

2. Y HdL 75 AF

AZbE WA F7F sld adhesin 2 toxing WE ] AE wto® e =AE F2137]
et zF Ml TR FS(CP39, PtfA, FimA, ToxA)E 100m¢ LB brothel &by wjF 3 &
7,000 rpmell A A5t A AT A HAE sampled =H]FFAT AAHNE ice—cold 10%
trichloroacetic acid (TCA)Z ##]3le] AlE vro =z o 43edsS #A=E=sA . 24 sample
2 94T A 5%37F boiling 3 ¥ SDS-PAGE% thS PVDF membrane® = %71 bolocking
buffer (3% skim milk in PBS containing 0.1%6 Tween-20)% 3}5% w3 A7t b5 &3 +
Hlgk 7} adhesine] digt FEHS 15500 A = 1:1,0000.2 381X s5te] 1A]7F WESAIZL &
1:40,0000.2 3= 22 &A (goat anti-mouse IgGH+L) HRP)Z 1A]7F ¥ES-AJ 7T}
WEST-oneTM Western Blotting System (Intron Biotechnology, Korea) 2. = 22]slo] dhad S
she151 9o

4

o

o

. WA HEL TF A F

ZF o1 k9ol CP39, ptfA, fimA, toxA, F1-P2& pBP244¢} pMMP65E =] #3591 S.
Typhimurium® 258 7§ite =3} S. Typhimurium delivery systemel]l F24 3 5 3449
e 2 FH] ol F-E Western blot W o= gRlsttt, wdo] &l% ZF vectoret pBP244
S A AT AFELAE ATEI T agarose gelolA] A7) GE8ATE AccuPrep gel
purification kitE ©]83}¢] agarose gelZ HH AT adhesin? pBP244 @H & A At T4
DNA ligaseE ©]&3te] 4TCoA &5 ligationdtith. o] ligation © HES-AN o= E coli
Topl0S FZAHASA A DAPS H7IsA &< LB agardl #15F HA ¥ oS sF&w 8f<F
sto]l pBP2440l ofste] JA A @ w75 AEstA T Zb adhesin®] €12 E. coli Topl0L.
2 5H plasmidE #2lete] ZF adhesinel #l@ete= At A= Awd F agarse gelol A A
71 dEste HE At A HE SdE 7 HA plasmidE  electropoartion®d ' of]
oJste]  JOL9I12¢ HAASAIA PMI665, CP39, fimA, ptfA, toxA, F1-P2& LUt}
JOL912= DAP (50pg/mé)e] 3% LB brothol 4] mid-log phaseZ}A wj%st & @it
g THTFE F A AFEA £8E JOLII2E 02 on cuvetteo] %
2 ZZF2v= 01 pgd 4E F Bio-Rad MicroPulser (Bio-Rad, USA)¢] Pre-Programmed
Settings & Ec2el wel A7|F4E 7hetdnt vbs ® S cuvetted A 353 thS DAPS
W2 ¢k LB broth ImlE H7Fsle] 1A17F &<t 37T A wjdatdeh. A48 | drde

0

O

gm

i

ice—cold 10% glycerol

011

F& Awal7] Sle) WorE o) 1005 thA DAPS A7belx] &e LB agardl % A
Wel 0g 37ColA s WA = A4E Brs ddad.



Hl. Western blotol] ¢ =4 g Fd <2l

Zb Az® WA ZRAFE LB brothol] overnight culture 3 3 94 £ 319
supernatant®} pellet sampleS H] 3t} supernatant™ 10% trichloroacetic acid® ©]& ¢l A
3R HkeA)A SDS-PAGE sample buffer® SHA17A 94TCoA 587t boiling 3 *
SDS-PAGE?%F t}e PVDF membrane| transferdt & bolocking buffer (3% skim milk in
PBST)Z overnight ¥+-& A7l Tt 2} e digk E7]¢] polyclonal &A1& 1:5008.= 3|4
ko] A7 ¥kS A 7Itk 23 A (goat anti-rabbit IgG(H+L) HRP)E 1:40,0000. % 3] A 5}
1A ZF 9ES-A1 71 3 develop dlo] @& S &2135t3it)

Western bloto. 2 #r&o] <2l¥ JOL1300, JOL1301, JOL1302, JOL1303, JOL1304 5 &
WA TR FFE ARSI

Ab. BT HES AT FH
7} adhesin®] o] glyl oF=53t ArdlelitS LB Brothel H&3te] 37ToAl 33w
Hjokst & XJEL LB Brothel 1:209 wj&& H7l5 o] 37Tl A optical density (OD)6007}
0.80] & uwjz}x] wigE et widE TFELS 4000 rpmoll A 2083 AR P eH, HA
& phosphate-bufferes saline (PBS)Z A F-f&¥lo] 2 oz A 4
. AAE TFF = sucrose”’t 20%7F H =S H7HE PBS (PBS-sucrose)® ZF A&
52 20 X 10° colony-formingunits (CFU)/ml7} H %2 ] A Atk Aol A
= 7R JETHA

ol. WAHF
@ o] BALB/c female miceZ Z} Group® = 5vtg] ¥ F4ste] oF 15U F< A}
717bS AR A AFEe th(Daofeng et al, 2008; Arvindhan et al., 2009). 43
A AT FETH A JEToE Urox] low 7 & Ui 3 dEE AT
A JEedoh A AE vbeae 4 39 dE2 15vke et dxat 1577 A ARE
2 MEHES Agedd. 13 ZF Aole LTB 2&d CK110(JOLY06) 3 A
HEsAh F, PBS-sucrose 200l JOL906 =7} 4x10° CFU°l A Z1gx 7+ g
WAl e 7 16x10°CFU7F 25 Este] Az Fdol FEsAx 23 HF Aol
LTB &H 755 AQe 7 g dd ¢ JF Atk 4 74 ve=e= 7 34
=2 107k oF dxat10vke] 7 Aol Abg ol o ddd AN HES Aldesith 12} A
Al ZRA 7 Eat " PBSE FFAIZL AddlAl 7ot A9 S adjuvant(LTB) 3ule] =3
F 10w 1x10°CFUR FsHA 2, 23 HE Ald "ehd 9 adjuvant(LTB)E A 9] & “éff
PBS F& A7 Ayt AAwS v} AFedo vd HEA AFHEY R 13 JHE
Alel= LTB 2@ CKI110 ¢ o] HF stk =, PBS 1peel JOL906(JOLI06) <=7}
2x10°CFU, g a1 7t &9 g WAl 59 $=7F 8x10'CFU°] HXE= &gtsle] Az Fdo
AFsd e 22 HE Al Aok 7k g Hd FFY HFIACE o

- =
. gl =
W HAHE A AEFY At s e kHS flal A Aol HEE Al PSS D}.

o 1 o
ONF—UJ&
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HAE A, 153 HF 3 3579 22 HAF F 35, 65 A 2z 2FEE BWE Kol F
AE A —ﬁr sodium azide7} 0.1% ¥ PBSZ 100mg/mlo] H =2 BEH/A171 3 -80To] H

2k A EnE A3
e} e Al7]o] A PBS (pH7.2) 1000E AW E F9 % micropippets AF&3to] 3
Fale] 80Tl B3ty Aol A3t

f
i)

stol WA ¥el -80Col mste AFol AEaAch

A

e 2 A6l 27 A

B Z4AWYSAYE S T dYuks S

Enzyme—hnked immunosorbent assay (ELISA)E 3%, ¥, AU ES o=z IgG
2 g[gAd] Wit A I7E S (Eo et al. 2005, Chen and Schifferli 2000). IgG &
ul-9-2o] oral ¥ intranasal immunization(IN) o Z} &< i QA A JrE =
Ast7] g B408 mbgs oA FAHo] HAew ELISAE IgGe 97tE 57435k
slgAT= w929 immunization $°] FA ¥ mucosal % systemic immune response &
mucosal immune responses 2Q13t7] fgt Aoz S E¥ 2 H AHAS gz
slo] ELISA® slgA°] 97tE 43t =7d3st7] #%
ELISA @€ AAE 3t 5% S4S g 5 -70°Coll Bt A3o] AHE-3st3Ath mouse
IgG T+ IgA ELISA Quantitation kit (Bethyl Lab Inc, Montgomery, TX, USA)E A}-&3}o
A 23| AFe] AlEAE A ulel ¥ ELISA)E 335t A oA IgGE, Wy AEH &
A secretory IgA (sIlgA) & SA3A . IgGe IgAS =437 Y8 AL 1:2000.2 345
AL slgAE FHAs7] S8 Wy A EHlECAdA B3R AT, aga
o-phenylenediamine (Sigma-Aldrich, St. Louis, MO, USA)< AF&3to] 22 A7l & 492nm
ANA FFE=7F SAHEJT

o

2. 49 AF A3

7V AN $=A WA FE  Bordetella bronchiseptica®t  Pasteurella multocida
serotype Doll ol& Y dxFAde ¥ HES Pasteurella multocida serotype Aol °ol& 5
2 op7|"t}, wet X Pasteurella multocida serotypes®] T2 &% T2z} 9154 vlg &
= gaFEdg f33 dHgs ddo] I 54 5 T8 HYAd AR PtfA, FimA, CP39 1
23 ToxA FA2AE el F2 8 dF=5E R

. Transformation®l 5 % Western blotell €3l supernatantoll A & Edo] g F
S5 TE WAl $RFZ AAY3AT. Western blotoll gt WAl £ 10 dFE2HE 54 v Y
7} Lﬂr*%‘%‘?/} Ao BEE CP39, fimA, ptfA, toxA¥d = #H|= gl st (28 1)
A 2 FEZHE CP39, fimA, ptfA, toxA, F1-P2 adhesin 49 EH S 3<lsl7] 9
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3 TCA-HZAHE o] &3 Western blot Wi ol 4=t CP39+ 39%kDa, fimA+ 36kDa,
ptfAE 18 kDa 18] 3 toxA<2 22kDacl A Zrzh ##5 qlo)
kDa C PtfA ToxA FimA CP39
.
RRL 2 .
25mp
2% 1. Identification of secreted recombinant FimA, PtfA, ToxA and CP39

antigens using Western blot analysis. Each recombinant FimA, PtfA, ToxA and CP39
antigens expressed and secreted by each JOL912 was detected via Western blot using the

appropriate antigen-specific antibodies.

ot AT EAA IgGo 73% 7} CP39, Pth, FimA, F1-P2 &golAo] Wi HEi ) IgGE
MAHE T 1A PE % 379 6FANAE txdl va) Ha
o B4 A7} GAH= za—;— 2y Mr/r. e 3 ToxA SAANAL 13 AE @ F 37, 2
A AE F 3FANAT FA I FAHE Aol BAHAY (1E 2.

(1%50_ (2}200— 3)
IS(} gﬁlﬁﬂ— % gn;gg‘ L
"‘100 &[i L & Z100-
S 50y [. £ 30-
50—‘ =
Ellj | ol s 181
0 3 6 9 0 3 6 9
WPI WPI
(4%{10—' WPI ' (5)200—!
%150* * SL150- [[] Group A ; Vaccinated.
<100 |
El{m ¥ ¥ g.,lﬂﬁ B Group B ; Control.
_Wﬂﬂﬂ = ﬁﬂ
| |

3 6
WPI

WI’[
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29 2. Serum IgG (ug/ml) titers against CP39, ToxA, PtfA, FimA and
F1-P2 fimbrial antigens in mice orally immunized with the vaccine candidates. (1)
CP39-specific IgG; (2) ToxA-specific IgG; (3) PtfA-specific IgG; (4) FimA-specific IgG;
(5) F1-P2-specific IgG. Data are the means of all mice in each group; error bars show
the standard deviations (SD). Asterisks indicate a siginificant difference between the values
of the groups immunized with the vaccine candidate (*2<0.05) and those of the control
group. Serum IgG titers to CP39 fimbrial antigen showed similar patterns PtfA, FimA and

F1-P2 fimbrial antigens. ToxA fimbrial antigen showed difference pattern.

slgAe] Z %ol BA HFE FollA PHAFLLS 12 HF F 353 23 A5 F 3500 $715
o] 6 atell frAste] tzatel Hs] HA 15w o]k A A7brE #FE A T FimA<}
F1-P2ol A= 23 HE T 35720 Z7lso] 654 ol FAHW tFRLru 22150 o4
gAA7t7r AEE AT &9 CP399] A9 12 HE & 370 T7hso] A Grtrh "ol
Aol ##AF Ao, FUAToxA] A5 22 FF F 6572 F7t=o] A 717 HofX

o ol vl HA 15017 FA ArbrE AT 13k 24
o A Al B duke A o] A 77 dizatell A o] A o
S

N

7} ZE A} (P< 005 (28 3).
1 2 3
@y ( )mq ( )
0 % g"ds |
A ' %30
& 10— 87 | 1 - -m [i &
@ - =151
0 :E. e | 0
0 3 6 9 0 3
WPI ‘M’I WPl
(4) (5)
[] Group A ; Vaccinated.
LSUH [L B Group B ; Control,
=20
D__D-El-
WPI

18 3. Secretory IgA (ug/ml) titers against CP39, ToxA, PtfA, FimA and
F1-P2 fimbrial antigens in mice orally immunized with the vaccine candidates. (1)
CP39-specific IgA; (2) ToxA-specific IgA; (3) PtfA-specific IgA; (4) FimA-specific IgA;
(5) F1-P2-specific IgA. Data are the means of all mice in each group; error bars show
the standard deviations (SD). Asterisks indicate a siginificant difference between the values

of the groups immunized with the vaccine candidate (*P<0.05) and those of the control
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group. Secretory IgA titers to FimA fimbrial antigen showed similar patterns F1-P2

fimbrial antigens. CP39, ToxA, F1-P2 fimbrial antigens showed difference patterns.
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A2 A AynE sy 5 A4y
1Ad=

(1] 9154 Wgs Hafde A7 4% 47 B 94 ALe 98 Fo 994 AR
g9 42 2 FA4 Fu

T2 A7 TS 257 ¥ 2R Aol 3l

] RN =
o B, 54 2 ASTe 4% 2 2sS A= 2

= HoRE dHA Jow, 53 HA

Hol 94 nvd W gaFded HAHES FE Pasteurella multocida Z Bodetella

bronchiseptica?t ¥2o.71+= Ao 2 dHA vt  Pasteurella multocida= 7V+= Zdgh, 29
)

= )
HIAZoA FA TS dov|v, 53] HA A 54 vdd saFde) dd G
T8 JgS A= VS gdaolth s, T, WEY, Ay, ulars v ES Jdud e
d s Ao w WMy 53 g v R d AAHe=R

R =AF Frbo] A 48 sl o, 19599 o|F R pastuellosis= 7VE F L%
FEUA #AdFow AHEHJY. P multocida®l TFE A He e EF i
A, B, D, E, Flez A5 l=dl, o oM E€4F At

B, Duto] s x|ol| A ARt o] & P. multocida B33 A% DY Bodetella bronchiseptica

(capsular serotypes; serogroups

of A 54 vdS AT Y A DO w0 EAlEtE T 2 S0 EAE
A e dF BYF g2F98 dl¥ (pneumonic pastuellosis)S LAAAN T P multocida =
IS Al £ota d=sowE WS doy|x &g FalA #Ad, 954 vdE 5 AvE =
571 Ao FHatel FAE G FE TFVIEE Fole] AAH =W, SFVNEE F
a AYPs #& A 5712 Aol AF st FA st Aoyt 2Ed A9 AMSEA, AT
ot} 3% T frEel oledorN W ostdtt saFH HEy dolAeE FE OAF]
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CP39, FimA, PtfA, Pm1665, ToxA
2) Bordetella bronchiseptica®t ## ¥ ™

=]
=

1) Pasteurella multocida type A
F1, P2



[2] &4 FAAZ AAD FHHEE &4 delivery systeme ©] 84T AFA #ld 2 o=
T A" FA 49 A7 goF 9 sp

11 Jon #HA 2 cpxR AL ZAH <k=std d4rda €953 %(Salmonella
thyphimurium) A%

drdet HuFels ofewrF JOL4019] AMA DNAE FP o2 3o, Jon 31249
5" ek} 3y HES Zb7E lon-F-Xbal®t lon-R-Xhol ¥ lon-F-Xhol¥} lon-R-XbalE
gholm 2eto] PCRHCRE FTEAA Jon wAAE ALT ol FAAe 5'2Ed 3 3' Tk
A4 DNAE SFetdth 471 PCR Whgo= &35 Fdx dHs 7247 2249 3 5 A
A Xholz Adtstar gholAle]dste] jon A7 Add FHAAALSE 42 & A )
B (suicide vector) pMEG375¢] & 24 3to] pBP295E < ith.

U:t‘ﬂ- /\1—7]9} e H]—H—] =4 CpXR qx}yl_ AA g /qoga 7]_;] Z}_/\l H“H pBPZlO%
Dil E. coli x7213(DAP S7F°]i R6K ZetAm = HA /WAl 1A n-dWAS {3]5}7]
ol R6K HAl MAIHES 2Eal gle A7 WEE A A A8 3l 7] pBP295 4
pBP210& Zt7Zt dAASse] E coli x7213& 50ng/mle] DL -a,e-T]opn] =yl g 7pA] =
(DAP, Sigma)E %713k LB brothol A sj st Awdel gy 2% JOL401dA Jon 7
A4S A2 7] 918kl pBP295E AW E colis AT WHOoZ LB-DAP ol7bellA
JOL401o] =437 o5+ n-adWds 358 5 glo] pBP2957F A Ao === &2 74
-, BAE e fAEA Ga Adgor Aw)dtd e pBP29%57F =¥ Alvt ko]
WA YeEl= AS ol 8ot S0pg/ptl G AdS H7EE LB ofrtel A WA o
ot pBP295°] DNAC] a2 -4 FAAR] sacB7F E£A18H7] wjiol &Eetam =
T S v Atdeta EefavEvt AAE S5 AlEo] Jheet A "ok AdE HERe oA
LB/3 222 op7kst LB/¢u e o}rtdll Z+7}b tooth—pickingdho] HHQ =
of7bell A AAdetal, LB/ A oprtel M= AAetA Xste Jets =dwlold v = A
sk St

S8, 4719 FUOE AU UARAE 2 pRP0E Ykl G et A3
T8 AcpxRE A XA, 7] 75 ArRdel gy JOLI10 (S Typhimurim A
cpxR; JOL910) . & Wit o] ¥ 7] JOL910 ol pBP295E =Skl AR E
52 JOLI11(S TyphimurimAlonAcpxR)E A ZstF . HES asd FH1AE A As]
JOLI912E A|#tete] o] E3tds wadlr] 9% host® A& (G 4).

Aa

> o
=

i

¥ 4. o] Ago] AgH T FHAv=

Strain/plasmid Description Source

Strains

E. coli
Tolo LA (EAOERO MR b A L
BL21(DE3)pLysS F,ompT,  hsdSp(rs ,mp),dcm,  gal, MDE3), pLysS, Cm' Lab stock
JOL1136 BL21 with pET-CP39 This study
JOL1234 BL21 with pET-FimA This study
JOL1214 Topl0 with pQE-PtfA This study
JOL1135 BL21 with pET-ToxA This study
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JOL991 BL21 with pET-F1P2 This study
S. Typhimurium

JOL401 Salmonella Typhimurium wild type Lab stock
JOL912 S. TyphimuriumJOL911  derivativedasd Lab stock
JOL1240 JOL912 with pBP244-CP39 This study
JOL1251 JOL912 with pBP244-FimA This study
JOL1247 JOL912 with pBP244-PtfA This study
JOL1244 JOL912 with pBP244-ToxA This study
JOL1074 JOL912 with pBP244-F1P2 This study
P.  multocida
JOL976 Pasteurella multocida sero type A wild type (PmAO037) Lab stock
JOL977 P.  multocida (PDNT)sero type D wild type Lab stock
B. bronchiseptica
JOL978 Bordetella  bronchiseptica wild type Lab stock
Plasmids
pQE31 IPTG-inducible  expression vector; Am" Qiagen
pET28a IPTG-inducible  expression vector; Km' Novagen
pBP244 pYA3493 derivative  containing lepB, secA and secB genes Lab stock

2] 154 A9 2 g2FL A" A O AT grb 944 A4
ZF &5 a9l (PM1665, CP39, PtfA, FimA, ToxA, F1-P2)S pBP244E o] &3}, 4
gt goFge dg Alade F2Yd F e iy ¢ v AR E °ﬂiffj ERow
stolal itk =, wao] ey 7z WE S pBP244E AN AFEARE A3 F olrtr o~
Ao A A7 %3t9 T AccuPrep 2 F% 7] E(purification kit)E o] &3fo] ol7f2 o~ A=x
HE A" FRQIARe pBP244 AW S AAIStaL T4 DNA 2] 7kobAl S o] &8kl 4TolA s
=Rt Aol sttt 7] grelAlold H kSN O R E coli x6212F FEHAFAA DAP
5 #H7bstAl &2 LB ofbrfel Zais w4 @Rl v ofEu wjofste] pBP244el] ffsto] @A
A ]
7_'1—
o]

Batgict zF Hzelze] el E colfi X6212RFE ZEpAn=Z Rl
Gk A EaE dug & otz e AolA WY Estd HEF gl

A7) HF gow 7 AA SHAvEE A A TR 9ste] JOLII2el & A A SAA
PM1665, CP39, fimA, ptfA, toxA, F1-P2& @de= 575 AAJrh. =, JOLII2E DAP (
pe/mbo] E3HE LB brotholl A 2] A% 57 @A (mid-log phase)7FA] v kst 3 Wt
552 A7 10%9 28 Al =(ice-cold 10% glycerol) & =FHIFE F W AFsAc} o
<, JOLI912E 02cm ¥l ¥ FZ2v= 0.1ugd 492 F Bio-Rad MicroPulser (Bio-Rad,
USA)9 Abdel] Z2adld M® 5 Ec2el wet A7154S 7tekslh w8 8 oA
3lgt & DAPE %A 22 LB broth ImlE H7Fste] 1AIF &<t 37CAlA vlgstdt. 3
AR Ardeiars ddsty] f8 wdE o 100E thAl DAPE H7bshAl &2 LB
of7bell =iF WA TH Thg 37TColA sy widd & JAAE FFE S
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[3] A2 ¥ &4 adjuvant AE

1. Cloning of the eltB gene

eltB FAA+= eltB-F (5-CCGCGAATTCGCTCCCCAGTCTATTACAG-3)9 eltB-R
(5"-CCGCAAGCTTCTAGTTTTCCATACTGATTG-3) primerg ©]&3to] PCR= T3 5%
HAct o] PCR Z&F4HEe Aoty s @dg Zetantel pET28 (% 4)9 cloning ¥ o
pET28a-LTB® A xHAtl o] Axd ZetAn =% E coli BL21(DE3)pLysSol & 223y
N3 LTB @i dS AA st 3k eltB A= pBP2440l] 4F}i = o] pBP244-LTB7} #| %
HA o] HAmEE JOLII2e FHHIAIA JOLI6S Ax3Hth o JOLI6S LTB

adjuvant % AM&3FST)

2. Ao S Aste ¢ v adjuvantE EEdke] Jdete] e WAl Eefste] ARRS)
At
3. A WAl HE F 35 Foll ofe]E#FE challeneg 3 F #HAF o B T57] Ay o

B TR adjuvants] EFS AEHoZ A4S

1. @9 39l g1
(1) Cloning
1) HANA 5093 gaFAet A" QAAdQ Pasteurella multocida type A 2 D}

AEyE WIYgA ez CP39, FimA, PtfA, Pml1665, ToxA 18 il Bordetella bronchiseptica
of #ig Wodd A FlL, P2& oo 2 34 cloningS 333
Zb sl &9 F DNA F&2 dEZHC W) wet F=nstgh 5, 70T w3

%91 Pasteurella multocida type A 2 D 18]l Bordetella bronchiseptica 5% chocolate
agarel HEsto] 37CeA aFwr wj &ttt WiYE colonys FTolAl 3 colonys A€ st
0.5M NaCloll Al lysis Al F F3A1Z o H3F /75 400uE H7st & A4 igste]
= 300 E MEE Har FEO %74 Z Aol & DNAR F=3H%

7t adhesin 2 =4 RS AgEs Ad B9E 7H 59| primer (£ 5)E ©] &3
PCR 7| o2 FZH}. =Z 35 adhesin A A= agarose gel2 ©]&3to] sid =27]
stol 3t t}S AccuPrep gel purification kit (Bioneer, Korea)ES ©]-&3Fo] A A = it}

U

mN

e 2
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¥ 5 3ol Al-&¥ primer sets

Primer Sequence (S};ES
Pm1665 1665-F  CCGCGAATTCTTGTGCAGTTCCGCAAATAA 73

1665-R ~ CCGCAAGCTTTTCACCTGCAACAGCAAGAC
cp3g.p  CCGCGAATTCGCAACAGTTTACAATCAAGACC
CP39 G 1001
CP39-R  CCGCGTCGACTTAGAAGTGTACGCGTAAACC
A FimA-F CCGCGAATTCGATGGGGTAACAGGCACT -
m FimA-R CCGCGTCGACTTACTTGCTTAAGCAAGC
oA toxA-F  CCGCGGATCCAAACATTTTTTTAACTCAGAT o
toxA-R  CCGCAAGCTTATAAAGCTGAGCATATTTTT
PtIA-F  CCGCGAATTCGCCATTTTCTTTTCGATTAA
ptA-R  CCGCAAGCTTTTATGCGCAAAATCCTGCTGG
- FI-F  TTTAAGAATTCCTGACTGCCCTGGACAAT 465
FI-R  TTTAAGTCGACTCGCAGATCCGCGGCAAA
P2-F  TAATTGTCGACAACACCATGCTGCTGGTG

bz P2-R TTTAAAAGCTTGGCGGACAACTCCCTGCC 21

Underlines indicate the sites of restriction enzymes, such as BamHI, EcoRI, Sall and
HindlIII.

ptfA 425

2) 2 g o9 3l SR
AlFdE = BdHE vector (pQE series?t pET23a)¢t host (£ coli TOP103} E. coli
BL21)E o]&3&te] 7zt sd FAAE FdAE vectorol] 43 F sl hostol transformation
AlA G gl By JFE GRS
AAE PCR ZAE3 pQE9, 10 = pET28a vectorE & 5olA 7]&49 A &4

2 472 dddk & agrose gelolAd dA71gEeEdnt. ddd Z AAS AccuPrep  gel
urlflcatlon kitE sto]l A A3 thS T4 DNA ligase (Takara, Japan)® F+ 4F=<S ligation

S FE coli TOP10 =+ E. coli BL212.2 FAASIE QL) o5 A HME #FE5 ampicillin
(pQE series= ¥ vector®Z AFE3Y S A-F) T+ kanamycin (pET28a5 ¥&d vector® Ab

2390 Aol 4zt H7kE LB agardl &% A #@E thg 37ColA &5 ujgEto]
e vectorZ PJAAS H E. coli TOPI0 =% E. coli BL21S 48315 th

7} adhesinf A&7 AYE vector= E. coli TOP10 % E. coli BL21S.Z5H

AccuPrep plasmid extraction kit (Bioneer, Korea)E ©]83}¢] plasmidE #2]3lo] Table 29I
AAE wol gro] A|dE FAh® HElo] agarose geldl A A7 E3te] gelsity 18] ar o]
27 g2l¥ colonyE ZF W vectoro] %= A 7F H7EE LB broth Sméel] HEF3he] 37C
oA stk vFstuh MlYHE T T 1mlE LB broth 2009 HE3ske] 30CoA 150rpme]
Shr S50 FHA W w ettt o wiFde IPTGE HFw =7t ImMeo] H == H
o e 4’\]{} e Fetdtt. of g4 8,000rpm, 4Col A 15&3F QJ”HF/H}
S B8 A HEL phenylmethanesulfonyl fluoride (PMSF)7} 1mMeo] ¥ E=%
7 PBSE AFFA1Z th5 -70CA WdEstdth ded F/Fds A 37C
water bathiol A af&& v 70T WdEst7lE 2 ~ 33 &l mpA o g &
gt T BHAS 253 A- s cellES 4% v 15000rpm, 4Tl A 2023 YA &8 8o
Fede der ol 3 2d dmHEo] A d A%l Buffer B (100mM Nah2PO4,

—

i
©
op

|

ko)

_ﬁ
o
o>
or
Lo ”0
.
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10mM Tris + Cl, 8M urea, pH 80) 4mES A=A3 =34
Buffer B2 &S AFFA12 & A2oA 1A7F &<t
15,000rpm, 4ColA 2027 YA EE S = FFAES resine] £ A& T2
resin® Z%3EE 30E7F ks o] HkE A S
Btk S8R o] do® columnes AFHAT vha thA] A8 SR vE
Bl v Buffer C (100mM Nah2PO4, 10mM Tris - Cl, 8M urea, pH 6.3) 6m{Z column<
3] MASA resind AFEA &S V|EF EZ s gwlA S A AT Elution buffer
(100mM Nah2PO4, 10mM Tris * Cl, 8M urea, pH 4.5) 2m{Z columnS F=AAZl & 2083+
HES-A A e dil A S resin® ZH-E #2| A7 TS elution buffers 1ml® 3 7Fste] oz
S 3 getdrt F5E @A S SDS-PAGEAA A7idsste] &d gwds glstgon
AwFst & 70T HE st ELISA, SPA, FACS 183 Real time PCR o2 AFE3Y

1+4 X4E4 A 717 AZ 2k 2Kg AE9 9F New Zealand white rabbitel] 9
o /1 #u]¥ Z adhesin f‘%% o] 200#%01 HE2 "y PBSE 34 3 5 Freund's complete
adjuvant®t = EFsto] Jst HFoAoh 12 JF 149 Fol sF9 FUS Freund's
incomplete adjuvante} #Z-& ““?32 &3t3te] 93t FHE3Fe] boosting AT 23 HE
14 Aol Adete] HS FElgh thx 70T 23t 7t adhesin P o= A&}

[5] In vitro AolA /idd WA #5379 TR 2l
1. AL ArdeE HolF9 3y 23 Fl
A2 WAl 77 S fimbriaed A E
WAl 15 100mle] LB brotholl sh&4t vieFst % 4000 rpmell Al LA skt LA
e e
%:l_

3%
o
frt
i3
r 1
ol
O
rir
D)
Ll
da
r o
ol
Qo
N
do
ol
o
&
&

w2 F A4 A92e Amz Fvsad

kY
—_
(]
X
S
[
I
ull
fr
fr
o
=
(m
;

(trichloroacetic acid) .2 *2]3}e] AMXE vfo = |
4T A 533F #20 ¥ SDS-PAGE #7|9ds %, PVDF Ho=2 &4 &

buffer; 3% skim milk in PBST)ell A &t vbSAIRAT. thgd &1 8 7—} %%oﬂ ﬂ%f‘z} R
S 1:500 A= 1:1,0000.2 3]Aske] 1A F 7

anti-rabbit IgG(H+L) HRP)Z 1A%t wrS-A|#H . WEST- oneTM Western Blottmg System
(Intron Biotechnology, Korea) 2.2 A1&le] &S 591319t}

2
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C FimA C CP39 C PtfA C ToxA C F1P2

50 kDayp « _ ‘ ! ‘
35 kDap o @ ‘

25 kDa® ‘
@

20 kDa$

—
15 kDﬂ* J—

29 4. Identification of secreted recombinant FimA, CP39, PtfA, ToxA, and F1P2
adhesin antigens using western blot analysis. Recombinant FimA, CP39, PtfA, ToxA, and
F1P2 adhesin antigens expressed and secreted by JOL912 were detected via western blot
using the appropriate antigen-specific antibodies. Lanes: C, control;, FimA, recombinant
FimA adhesin antigen secreted by JOL1251; CP39, recombinant CP39 adhesin antigen
secreted by JOL1240; PtfA, recombinant PtfA adhesin antigen secreted by JOL1247; ToxA,
recombinant ToxA toxin antigen secreted by JOL1244; F1P2, recombinant F1P2 adhesin
antigen secreted by JOL1074.

a9 4ol yERA mpe} o) transformationfﬂ o % Western blotell <] 3}
supernatantoll 4] &< olo] ¥
ok WA $H F | =

toxAd % FHE g9l (2% 4). 9 1 FFEZHEH CP39, fimA, ptfA, toxA,
F1P2 H-zolxl &lo] ®ujs gelstr] 93] TCA-IHAHS o] &3 Western blot o] 4
g EAt. CP39%= 39kDa, fimAY 36kDa, ptfAYX 18 kDa, toxAS 22kDa 1#]i1 FlP2+:=
27kDaol A Zhzb 2= Qo)

Lo

6] 3952NAe 9154 vd 2 HaRdS AF A 424 4F 44 FREF
FAA 2 WG FE U

11 43 A8 FF¢ SE2v=
of Ay AEHE RE FF FHavl=s % 60 AsEHoA Y B coli
Topl0, BL212 Azxgrd FAQIA ddss LHEA77] fAste] AEEAA. oF=53td S

o AlztE ey Zgk~w= pQE3lL, pET28at /MY FAE9 FA1A m—é% uk & A 7] 7]
8l AFEE o pBP244+= AR de ] WA E heterologous antigens®] EH|AFS 9] 5ho]
lepB, secA, secBSl AES &3 Asd+ plasmid pYA34932. 2 KB A= th. pMMP65E= &
do] wy Feg 93 FgavE ARSHAYG BE AFo ALgd 7 el THav=e 3
7°C Luria-Bertani broth (LB; Becton, Dickinson and Company, Sparks, MD, US.A.) T+
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LB agarolA  wgEd e JOLI12¢ #&  Asd-negative bacteria®] Wi S
Diaminopimelic acid (DAP; Sigma-Aldrich, St. Louis, MO, U.S.A)S #H7Fetgoh =4
S Y& AFEH okl JOLI76, JOLI77, JOL9782 2|38t o Yo A Hbol H 33}o]
AlE Al AREE AT
E 6 o) APl AgH EFe} Fepav s
Strain/plasmid Description Source
Strains
E. coli
Tonl0 F-mcrA  (mrr—-hsdRMS-merBC) 80lacZM15 lacX74 recAl L a b
b aral39 (ara-leu)7697 galUgalKrpsL (Strf)endAlnupG stock
BL21(DE3)pLys F ,ompT, hAsdSg(rs " ,mp ),dcm, gal, MDE3), pLysS, L a b
S Cm" stock
JOL1136 BL21 with pET-CP39 T his
study
) o T his
JOL1234 BL21 with pET-FimA study
. B T his
JOL1214 Topl0 with pQE-PtfA study
) B T his
JOL1135 BL21 with pET-ToxA study
. B T his
JOL991 BL21 with pET-F1P2 study
S. Typhimurium
JOL401 Salmonella Typhimurium wild type gt o cl? b
JOL912 S. Typhimurium]JOL911  derivativedasd gtocl? b
. B T his
JOL1240 JOL912 with pBP244-CP39 study
. - T his
JOL1251 JOL912 with pBP244-FimA study
. B T his
JOL1247 JOL912 with pBP244-PtfA study
. - T his
JOL1244 JOL912 with pBP244-ToxA study
. N T his
JOL1074 JOL912 with pBP244-F1P2 study
P. multocida
JOL976 Pasteurella multocida sero type A wild type (PmAQ037) ]gtocl? b
JOL977 P.  multocida (PDNT)sero type D wild type I;tocl? b
B. bronchiseptica
JOL978 Bordetella  bronchiseptica wild type gt o cl? b
Plasmids
pQE31 IPTG-inducible  expression vector; Am" Qiagen
pET?28a IPTG-inducible  expression vector; Km" Novagen
pYA3493 derivative containing /epB, secA and secB L a b
pBP244 genes stock
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2] 94 Az

F A Z

7—} Fw g9l CP39, PtfA, FimA, ToxA, F1P2E pBP244¢} pMMP65S = #2 5
S Typhimurium . 255 71gs =3} S Typhimurium A& Ao 243 & aJo b
9 EH] ofF-E Western blot o2 15ttt} wdo] &% 7+ vector®} pBP244&

¥ 5olA AAT At iAR A3 5 agarose geldlA A7 EEA T AccuPrep gel
purification kitE ©]&3}e] agarose gel®Z FE Hug® FFdxel pBP244 AdHS AHA st
T4 DNA ligaseE ©]&3}o] 4TColA 3s}5% ligationdtit}. o] ligation ® WA o= E coli

T

|

Topl0S A AIIA]A DAP—O— HA7F8HA] %2 LB agarell FailF HA ¢ % & obxw Wl
3to] pBP244°l 2J3ste] A A3 ® 55 AEstdn. 4 BEAA #le E. coli Topl0
o2 H¥ plasmidE #¢ 0}04 7y BRI st Al aAR xé?lrl} % agarse geloll A
7] GEste] HE SstAtk oA HF gld 2z GA| plasmidE electropoartion™d ' of]
o]ste] JOLI9129] HAAIAIA PMI665, CP39, fimA, ptfA, toxA, F1-P2& AAL. =
JOL912E DAP (50 pg/me)o] ¥3w LB brotholA mid-log phaseZ}#] ®j3t & Hitw
ice-cold 10% glycerol 3+ =FT= T+ H AAsAT. =0 E JOLII2E 0.2 cm cuvetteo] %
1 Zg2v= 01 pgd 4L F Bio-Rad MicroPulser (Bio-Rad, USA)2] Pre-Programmed
Settings & Ec2el wet 171545 7Fstdh vh& ® S cuvetteol Al 348 ths DAPS
S 22 LB broth 1 mE F7kate] 1A1ZF 53k 37ColA widstadt. 43 @ Ards
S Adsty] 98] mgE T 100 Me Al DAPS H71shA] &2 LB agarol] ZiF T
Al ohg 37TCAA e wide & P E dFE AEesnh

2. A7 HZ8& AoRA £1
Zb Fzplzte] wdo] gly ofmsl ARdElirS LB brothel HE skl 37CAAA 3
ek oafekst 3 A 22 LB brothol 1:209] wl& = 7= o] 37T A optical density (OD)gy
7} 080l A w7bA wldE e wGE FFES 4000 rpmel A 2023 AR seon, I
=0

|

O]

HE AFE52 "Wyt phosphate—bufferes saline (PBS)Z A|F-f¥o] 22 0oz 2 dAE
gstd . I HdHE ¥+ sucrose’t 20%7F H =5 H7HE PBS (PBS-sucrose)® 7 &S w
3l #FEL 20X10°CFU colony-formingunits (CFU)/ml7} S| %22 A F-FAZ k. Afo]
Azd Fdol vps-2e 72 HFoH3

3872 HAEE AT £

BTHEYN AR A Wl FHE fEiA e 7—? adhesin®] W& o] &l of
3t AR dgitS LB Brotholl HE3ste] 37CoA 200rpme £E== 164 7F Hﬂok?} EIRAR S
1/20 (volume)?] H]& % LB Brothol #7}ste] & ZAA OD6007‘0] 0.8 ~ 097} & uj7}#
2 - 4A7F E<F W o WIS 4T oA 4000 rpmO.® 108 X 208 Fok 94
Holsle] dHPBSE 3H AAH3E F Wi PBSE HHAA F 757 1.0X10° CFU/u7} =
L5 et A WASE Az G nhsAe v eRE HESAH

o
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4. =4 ZEE& ofTFF £

65 %= BALB/c female mice 187}2]& AR&sto] 2nbe]¥ 97 o8 ] 37FA 5
g sE2 HAPTS Aldskiat 3% F Y dASEE g st Aol A
A7) Adolvp 50%9] #HALEC] FRIE= A7]ol wt¢-2E A AlA HE #E5te] Brain
Heart Infusiom Brothell B2 ¥ &S 43t 100 0= Chocolate Agardl spreading 3}
v v Fstdeh v $Jell A7 colonies® PCRZ <l 3lal o] FAA Y HF=2 ALE3S)
Attt HE ok #FY HETTE P multocida typeAE 1.0X10° CFU/i, P. multocida
typeD¥= 1.0X10° CFU/ul, B. bronchisepticax 1.0X10° CFU/u 0.2 HZ ZAARo] H ok

A

3] A3U&
1. A7 2 v Feoz qAHF

5% 9] BALB/c female miceE Z} Group® = 5vFg]® FYdste] oF 15U Hot A&
2 717 AR F A AAEEAT (R 7, 8). A #& AA AT FAELY G HEL

5
=
o7 ol e 7 2 v e d2 AT HF R WA HISsuTh

2. ATAE
5% BALB/c 9 nh9a% 7t aFWE sviEd Tddetel of 139 B A%
871708 AR F Aol AT (E 7. ol 14 4F AolE LTB 2@ CKII0

>~

il

(JOL90G) &9} & HFstAth. PBS-Fa R0 2~ 20uol] JOLI6 w7k 4x10°CFU 2 & 7
o Z4zte] FA& Wy WAl wFe) 7k 16x10°CFU7E H 2 Efate] Az Fdd g5t

R, 22 HE Alel= LTB 2d #55 ALl 7t 3 23 #578 HJFsdv

3™ 6. vh-2olAd AT HE
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E 7 vk 2olA WA ATHE A8

1% NO o] Fafgt o a4l
1 5 P. multocida PM1665
2 5 P. multocida CP39
3 5 P. multocida PtfA
4 5 P. multocida ToxA
5 5 P. multocida FimA
6 5 P. multocida control
7 5 B. bronchseptica F1P2
8 5 B. bronchseptica control

3. HAHF
M7 AE vhesE 7 39 W bvbelsh dEF Svhelst Agel AgHolge

09 A AFE Adekanh 14 95 A A G daE A PBSE A3 xg&uﬂ
A 7w AHAESA agdjuvant (LTB) 3 wle] &3 &= 10 plW) 1x1o5 CFUR H=st9a, 23t
o UJO:I

HE Al A9 adjuvant (LTB)E AlQlsk Hit H PBS §f Azl Adt #Alv-S H] J el
st HVJ AEA AFATH w272 12 % Al LTB 2& CK110 ¢ 2ol H
Z 39tk &, PBS 1 uloll JOL906 (JOL906) <=7} 2x10* CFU,Lg]a 7+ 3¢l & wa o
o] F7} 8x104 CFU°| Y x5& &ste] Alx U HFatdon 23 JF Ald= LTB &
W TE A 7 e wd wFnt JEekdnh olul vAHE Al HEe A et AT
o] etde fa mhH g Hedl JFS Aldstdnt vhF ko] Ax = Zoletil® Rompuns 7 7t
A Adea 1 2002 35 F 7] A HE Zoletil@ Rompun®] Hl&& 822 4& %
100u0 2
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# 8 mh-zol M vAHE ddlsa

1w NO a-lo] FeEfgh o Eigl
1 5 P. multocida PM1665
2 5 P. multocida CP39
3 5 P. multocida ptfA
4 5 P. multocida toxA
5 5 P. multocida fimA
6 5 P. multocida control
7 5 B. bronchseptica F1-P2
8 5 B. bronchseptica control

4. 713 E A3F

(D & ZHl= A

% A, 14 9% F 379 24 4F F 3%, 6% A0 279 vhgaE gyoR o

u gl Ahgatar
(2) A4

A% e A7l 27 Adsel ARS wel 80Tl waAsH Aol AHEAA.
(3 Z2RSAWE B Wohwg 27

ErWeZANe B9 Wi $4L 9%, ARNES dgoR g6 2 slgAd T
gt A A7tE AU IgG £ vhezed AT 9 nAHT

Sol 7z} e dia A
=AHo] Fglom ELISAZ IgGe 4

7HE SASAY. sIgAE vhe2e HIFTe Fo FAE mucosal ¥ systemic immune
response & mucosal immune responseZ 2¢l13}7] ¢33k 2 2 A AHAS gdoe=z st
ELISA® sIgA9 <97t& AT WA HE & I4 Wg= 5457 918 ELISA
Fh2 AAE 3t v= FAHES 3 5 -70°Co m#As Agol| AFESEATE mouse IgG E
+= IgA ELISA Quantitation kit (Bethyl Lab Inc, Montgomery, TX, USA)S A}-&3}o] A %3]
Abel AbgA Aol wel #5 ELISAE F3ste] dAHolAM IgGE, D&M=l secretory
IgA (sIgA) & SA43A IgGet IgAE =Ael7] 98] @3S 1:20002 3|4 sIgAE
=487 f8l 2 EHEOA 1132 FgAHQAY. 18]al o-phenylenediamine
(Sigma-Aldrich, St. Louis, MO, USA)& AF&3ste] A A7l & 492 nmelA F3=E =4

& At

N
& 12 (o

4] 243847

1. Z+7+9] g9 & Fd3= dF

£ 1] & (mucosal)¥] sIgA g7}
g3, A EH|Eo tste] ELISA Quantitation kit (Bethyl Lab Inc, Montgomery, TX,

(il

o] &3 MANS AT HFE F, @4 (Serum) IgG € #
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USA)E Ax3| ko] AREAd™ Aol wtel ELISAS 3383l aL, o-#d
St. Louis, MO, USA)<& AR&sto] A7l 5 492nmoll A F3 =& %@3} 3Th d3 9 IgG
of A7tE SA4% Ad= 29 4ol vErdidla, d EHl= e slgA dr7te 543 AyE 19
5 e AT

BT AHETAM IgGY 45 24 CP39, PtfA, FimA, F1-P2 ol Wil HFa 9
IgGe= WMAHE & 13 HF F 35, 23 4F 5 359 657N = ol & Ha L
wj ool Al A7F FAH= Aol FEEJY 2L ToxA A= 12 HF 3 F
352k, 22 AF F 3F AR FA A7 FA = Aol #EHAJAT (L™ 8).

=

@)

(l%m---- l:2)2011 ®)
e O . 1 ® r_‘ b
2200 . s ¥ Bl m MM
= 150 T & | & A 00
2100 ¥ h glno AL e S100-
AT R T 1
50
S gl =2l "lm m
0 3 6 9 0 3 6 9 0 3 6 9
[ WPI WPI
) W )
200 200
@ e | & o -
S50 i =E150 * [ ] Group A ; Vaccinated.
<100 I oo *
E oo - S l. 3 50 * h | B Group B ; Control.
= M i VoM
o M N o M m ml
0 3 6 9 0 3 6 9
WPI WPl

a9E 8. Serum IgG (ng/mL) titres against CP39, ToxA, PtfA, FimA and F1P2
antigens in mice orally immunised with each vaccine candidate. (1) CP39-specific IgG;(2)
ToxA-specific IgG; (3) PtfA-specific IgG; (4) FimA-specific IgG; (5) F1P2-specific 1gG;
A, immunised group; B, control group. WPI: Weeks Post-Immunisation. Data shown are
the means of all mice in each group and error bars show the standard deviations (SD).
Asterisks indicate a significant difference between the values of the group immunised with

the vaccine candidate (*P < 0.05) and those of the control group.

A AHE oA PUAR RS 13 HE F 374 22 A% ¥ 35

diztel wa A 1.5 1*04 A A7 a4

& F 37k Zﬂﬂﬁ 6572kl frA =™ IR Ha 15

g CP39el - 12 HF F 3FAel S7hE o FA AT
:?:

SIgA®] 7Sl )
Z7kslol 6ol 4]
FimA<} FIP2d A &= 22 A

ol el FAAVIE wEHAY. F C

HojAl= Aol BEHen, & ToxA 4% oﬂ 23 HE Fafoll Z7hso] A G717}
"ojxi= Aol AAHUTE o= il wis) Ha 15013 Al A7h7F R A 139}
272b B AR A 9 HE oA A 2 A el A %xﬂ A77F dzToM e &
A G7F Bop EAY 22 FEoR #AEHAT (+P< 0.05) (21 9).

_32_



2 (3)

—
—_—
[
=
= 5
Cas
L=

EJZ[I' ® 345 1 il:o ] I % *
) { - | | I
:j u30 o i
W -y m
0 U gl 0 —Ik ] AR b 4 J
0 3 6 9 0 3 6 9 0 3 6 9
WPl WPl
*
i 1 Group A ; Vaccinated.
B Group B ; Control.
21 MM .
N N 1N
0 3 6 9

WPI

a3 9. Secretory IgA (ug/ml) titers against CP39, ToxA, PtfA, FimA and
F1P2 fimbrial antigens in mice orally immunized with each vaccine candidate. (1)
CP39-specific IgA; (2) ToxA-specific IgA; (3) PtfA-specific IgA; (4) FimA-specific IgA;
(5) F1P2-specific IgA. Data are the means of all mice in each group; error bars show the
standard deviations (SD). Asterisks indicate a siginificant difference between the values of
the groups immunized with the vaccine candidate (#2 < 0.05) and those of the control

group.

2. 247+ U & e FFE o€ WAE ¥ HF F, @ (Serum) IgG 2 2
1] & (mucosal)®] sIgA g7}

A ENA [gGe A9 EE &9 (CP39, PtfA, FimA, ToxA, F1P2)ol A 9] WAl 3
T IgGe WMAHET 5 1A HE F 37, 224 HF F 3579 657 ANA e tixatel H] &)

2 159 oo @Al 97 fAEE As BEHAJAT (+P< 0.05) (L™ 10).

N}
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(1) (2) 3)

o190~ ¥ s 1,800 ,‘f 3 ¥ Lzono *
E_f M % % !tl m |
al.ﬂﬂﬂ | <= 000 —I.D{}l} *
D 400~ ‘ 1 g 400 + 5 5
o 00 -lmllll“'wu }
vate 1 1 11 G| aaulh
03 6 9 03 6 9 0 iw? ’
WPI WPI
(4) (5)
i | w ¥ 22,600 L4 ®
E_Bs““ LM : 1F 1 Group A ; Vaccinated.
<400 % :ﬂ"’
g 0 = B Group B ; Control.
=100 : =100 ‘I I I
i e
0 3 6 9 0 3 6 9
WPI WPI

a3 10. Serum IgG (ug/mL) titres against CP39, ToxA, PtfA, FimA and F1P2
antigens in mice intranasally immunised with each vaccine candidate. (1) CP39-specific
IgG;(2) ToxA-specific IgG; (3) PtfA-specific IgG; (4) FimA-specific IgG; (5)
F1P2-specific IgG; A, immunised group; B, control group. WPI: Weeks Post-Immunisation.
Data shown are the means of all mice in each group and error bars show the standard
deviations (SD). Asterisks indicate a significant difference between the values of the group

immunised with the vaccine candidate (*P < 0.05) and those of the control group.

slgA 9] oToﬂL WAl HE oA ToxA, PtfA, FimA, FIP2 &9& 124 HF ¥ 3
T2k 22k HE F 350 6572k frAsko] dizatol Wl H A 1.5 ] Fol &Al < s
ok &Y CP39el A= 22k HE 5 354} %
7R7F 2R FA 97 $EE AT -‘—5731 12pe} 224 B ]%UZE AL WA HF
ol A A R Al A o) & Al 4IE7E izl el Al 947F Bu wal fA7F He Ao
HEEol ATHSTRYG FF 2 Aow gdso] HAfFer AddeA HA (+P<
0.05) (& 11).
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a3 11. Secretory IgA (ug/ml) titers against CP39, ToxA, PtfA, FimA and
F1P2 fimbrial antigens in mice intranasally immunized with each vaccine candidate. (1)
CP39-specific IgA; (2) ToxA-specific IgA; (3) PtfA-specific IgA; (4) FimA-specific IgA,;
(5) F1P2-specific IgA. Data are the means of all mice in each group; error bars show the
standard deviations (SD). Asterisks indicate a siginificant difference between the values of
the groups immunized with the vaccine candidate (#£ < 0.05) and those of the control

group.

5] A€
AT 4B AZE YA Aael Ao
]

Salmonella Typhimurium %Al

NSO Nty
S AP -

3 10

FimA, F1P2 W’MIAM 24 W‘?ﬂ IgG*« AT ? 12 HE F 3%, 24 HF ¥ 3F
o 673l Al FA A4 h7E FAE AL ToxAel 4§ 13 HF & § 354, 23 8% F 37
Apell A wt A4 7F FAH = Zle] AEFHAT SHARE BFHE Al 1gGe] B EE o]
MARE T 1A AE T 3F, 24 AT F 37 67 AL FA AL FAHE AL @
ZE ek =g AU fFEukgelA Fad slgAdl ASele A7 HE welA PHA
Fde 134 AT F 374 23 HF F 3% FrhH] 6574 FAHL FY FimAsh

FIP2olM &= 23 HE $ 3530 F7tEol 6540 A=Ak A% &9 CP39<9 45
A HE F 3FAA STl FA 7 WolA= Aleo] #EHe
22k HF §F 65kl S7kH ol FAGTIE HelA= Aol #FHAT a2H AT vl A
sIgAﬂ % oA ToxA, PtfA, FimA, FIP2&US 12 HF F 354 23
A A Aot & CP39el A= 23 HEF F I
5= o] Q%H‘}m. 9] AaE e R APdA Fadg He ol
k o o HE A2 Adsrh

—{o ‘101‘ —M

Oﬂt uﬂ/\] X—]
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(71 AR FEAAS 954 vid 2 F2Fde A 4% 4F 9N FRFFY A
49

1] 29 W&

I REES

9l AgolA AA d WA HFTSZ protection®] EA HE3 A (PM1665)S AL o
HA FHAES 7ML et J4ES Aldsdn ARHET 24 AR mpvHA R 5575 9
BALB/c female miceE 7} & HEZ WY 9§ FE oFE SAHS7] S8 300 F 609t
g5 FYst o 179 s AFS A8 Vs AR F AP AFEEA T o] ¥ 72 A
TAZ AARAFANA AAE IFYEZ 4 FYS Bdete dFE £ F vAeRE HF
ZFol 10 w1 x 10° CFU7F ¥ =% ditd PBSZ X% 5 72 5% 3389 HEs
ATk AR v E R w9 AAANI ¥ JF AR 2R AN ¥ JF o v
oFS Az H WA F uAel 5 WA, F AE Fol 10 w7t HEF ¥ JF sk dixdt
2 77} Hit PBSE HVJ HE oA

2. 7t 3 & AA

A% A, 13 JF F 2F, 4F, 65, 80 47 aFHE

!
()
i
=)
(i
HE
il
ftlo
-
O%

Ao 3] ELISAZ [gG 9718 =A4stm 2 BH|ES 1
Jo 2 sIgA 97ME foA AEd HOLHoﬂ Z3e] =459

4, B ZFA XA AEAY AYGHES (Splenocyte proliferation assay; SPA)

aphg-2aof] WA {HFE v o R Fojgt & 7 OFHE SrtE| o nhe s HE F 4F
Ao Fat HO= spleens  AFSES] iced HIFQ 10% fetal calf serum, 2 mM
L-glutamine, 50 U/ml¢] #lU2 &, 50 ug/mle] ~EFEnto]Ald} 2 yg/mle] fungizoneo] &
¥ RPMI 16408 Kol HojA &3 F cell strainer (¢70, SPL)oll oA#AATE ol & 0.8%
ammonium chloride (w/v)Z ©] &3} erythrocytesE &3l3to] 380xg, 4T 1087 HAS &
HFHdES H PBSZ 3W At AT 94 $ complete medium (RPMI 1640
supplemented with 100 IU/ml penicillin, 100ug/ml streptomycine and 10% FCS)o. = z] H-
A7l H cell & AT 5 x 10° cells/ml 100 p# FF3F ofe zF &Yo] 10~15 ug/ml
in 100 ul® #As F 37C, 5% COolA 48417 WS & ViaLight® Plus Kit (Lonza
Rockland, ME, USA)E vwjw <l wz} Splenocyte proliferation assay (SPA)E luminometer
(TriStarL.B941, Berthold technologies GmbH&Co., Germany)S Al-§3to] =43}t

5. A E ¥4 (Flow cytometry)
WAl HE 3 gl DA dEE WY AXE #EEr] 93 HHoz 1%



HAE T 4 a5dE kg9 mke2E 1A JF F 478 S A SE spleens A H 5k
RPMI 16409 ®-& % 0.8% ammonium chloride (w/v)E ©]83}4 erythrocytesE &3l ¢
380xg, 4T 1087F 9Als & A HES Hy PBSE 3 Al Fsdch »pxe 94 3 complete
medium (RPMI 1640 supplemented with 100 IU/ml penicillin, 100ug/ml streptomycine and
10% FCS)o.= A A7 cell 5 AL 5 Aeld 74 3l CP39, PA, ToxA, FimA,
F1P2o.2 12A|1%F vb§ A7l & CD3', CD4", CD8" (T cell) ¥ CD45R (B celD& 4 3IA
3-color immunostaing $3l splenocytes ( 2 x 106100 w0) 37FA =7 #5749 antibodies=
Zgtste] dS QoA 45F Fob WAl =, FITC-labeled anti-mouse CD4 antibody,
PE-labeled anti-mouse CD8 antibody, PE-Cyb-labeled anti-mouse CD3 antibody,
APC-labeled anti-mouse CD45R antibody (Beckman Coulter, CA, USA)So = Z}7Z} WkS-A| ]
th. FAEEA (Flow cytometry analysis)e  FACs Calibur™ (Becton Dickinson
Immunocytometry Systems, San Jose, CA)Z 4% o dolg 42 Flow]Jo software
(Treestar, Inc., San Carlos, CA)E A}-&3}i

6. AAT 9HA F¢EAL 94 (quantification real-time PCR)
3
k-

WAl HE o= cytokines IL-4, IL-6, IFN-r= =437 ¢38to] ¢ 49 &
Wlo] FEale] upe49 gpleend B d H ocell £ 5x100ells/ ml o= w3o] tiE Yl

CP39, PtfA$} F1-P2& 72A1ZF ®F2 A7l ¥ RNeasy® Plus mini kit (QIAGEN, GmbH,
Hilden, Germany)E ©l&3ato] 8¢ MEE 7FA 3L AR A Ao 7141 8ol Fato] total
RNAE FZ319t}t. v MolEFLQl IL-4, IL-6, INF-ro] 2d&S 93] QuantiTect®,
SYBR® Green RT-PCR Kit (QIAGEN, GmbH, Hilden, Germany)$} 7} a9 o] E7}2l 9]
primersS A3ttt Y MolEFISCIe]  Feoliy F% Real-time PCR#X](Applied
Biosystems, CA, USA)E o]&3te] HAsdow AHAIgxEE =o]l7] 9ste] 3 sampled
triplicated} 1 & ™ temperature-time profile2 o}zl F£3to] A a3t Tl Initial temperature
at 95C for 15min, followed by 94C for 15s, 55C for 30s, and 72C for 30s for 40 cycles.
Z} s Mol BRI A Al FAE Aarstetr] 98] dnkH e r AR E= GAPDHE #
Zote WS AFgsla Aate 20N E Be A8

[e)

Mo

7.9 HF F =FH A (Histology)

WAl ¥ AR s WA & 8Y A 45 At ddele o] AE
Foste] A Ao Wo] 1A 7] 3L hematoxylin—eosin staind}th. WAl HE & 8 =9} 4
Fape] dZzard WATte] mhe-so] HE FEgh § XEwd g de ®Htste] Fejylow
Z4E& 143t H-E straing &3t WAHE F A& Foz gt 8o 5o
U A& FHAE o] atZiF WA st NS FAT § oA AT FH £
A& soft parafinell A b AlZF 8 hard parafinoll A ¢t A|ZF WS v Al7]a =4S dd g
HoskEEE A7 2 EEE gdn 4y 242 AddS o] &3 g dy FAE A7l
Fol slrpEAdoz AMg F A FAIG § oA EAIC R FH R Uolgr FIA|ZITH
a8l s2% FollA WS i oexldor @AME 5 dxgRE FHEYTell BYS o
o 24& AHsAT
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2] 4823

A7te) g FRACE WAL AFD a0 WAKE RS A 9o
WA Fu BEE EHS AF F, 0%, 25, 45, 65, 8549 ELISAE o] §3o] AYolA
= IgGE A A F QoA = sIgAe] HIF= w8S FESAT. o9 AxE a7 129 139
LR AT
7F gde 23 HE A 1gGY A$ BEE 9 (CP39, ToxA, PtfA, FimA, F1-P2) o
Al ma gEEe [gGe MAHE F 1A 4% T 2FANE 8FANA FAAAE f4
Fom HE FEFS gzl H& HA 158 oo A AUt fAEHE AS dFFHAGT
(19 12)
1 2 3
({-;300 ( 25400—' i ¥ ( )3700
* B I D9 3
i"zoo ‘ 5300 ='1,600
# 200
£100 i B | = s | g
= . [L 0100 EF , &~ 100
lemtu bk b 5% eufulule
0 2 4 6 8 0 2 4 6 8 0 2 4 6
WPI
(4) (5
U 300 O DA; Immunized group
2600 %
< 2(]'0 |—L‘+L 5400 ) .B: Control group
100 ﬁ :‘204 U-
) = i *
0 2 4 6 8 0 2 4 6 8

a3 12. Serum IgG (ug/mL) titres against FimA, CP39, PtfA, ToxA, and F1-P2
antigens in mice intranasally immunised with the vaccine candidates. (1) FimA-specific
IgG; (2) CP39-specific IgG; (3) PtfA-specific IgG; (4) ToxA-specific IgG; (5) F1P2-specific
IeG; A, immunised group; B, control group. WPI: Weeks Post-Immunisation. Data shown
are the means of all mice in each group and error bars show the standard deviations (SD).
Asterisks indicate a significant difference between the values of the group immunised with

the vaccine candidate (*P < 0.05) and those of the control group.

slgA9] ZAg-ol & WAl HF oA ToxA, PtfA &S HF F 254 S7FE 9 45
Aol 7HE = A S7bE o 657 A fAstlon @el CP39, FimA©lA 252kl S7ste] 4
T2kl 7 = S/ AT A 97 dojxlom FAFIP29] B 45 Akl S7hske] 6
Tl FARQ7E7E Hojo] BEEAL WA HFEL el Hle] XA 15u] o]/l A
etk S AJE Aol WAl A A 2 Hupe| Ao A A 2 oAl 9
LHEE7F gFo] dEHA oY e FA F7F B =i 547 s Ao
FHFT= st 42 sl 24st= 4dS 248 (+P< 0.05) (L9 13).
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a3 13. Secretory IgA (ug/ml) titres against FimA, CP39, PtfA, ToxA, and F1P2
antigens in mice intranasally immunised with a mixture of the vaccine candidates. (1)
FimA-specific IgA; (2) CP39-specific IgA; (3) PtfA-specific IgA; (4) ToxA-specific IgA;
(5) F1P2-specific IgA; A, immunised group; B, control group. WPL  Weeks
Post-Immunisation. Data shown are the means of all mice in each group and error bars
show the standard deviations (SD). Asterisks indicate a significant difference between the
values of the group immunised with the vaccine candidate (*2 < 0.05) and those of the

control group.

2. AIBAEAAM Y AEZA AARES

A "is-S S435H7] 8l MAEE & 453 v v A ZEE Y]
FAXE GAE CP39, PHA, FIP2 9 EE A58 AlA AFS Pt 28 WA HF
w2 gxate HlE 158 o] St HYew ol FAITgHoR o) 9lgo] #EAHAT
(P < 0.05). HYutgo H o= veldl= A=AF (stimulation index)s= A1 @%Eoﬂ
A HAAEE 7 d9E A S Al 099 £ 0. P Az

C
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1_ *
o
CP39 PtfA F1P2
13 14. Splenocyte proliferative responses against CP39, PtfA, and F1P2 antigens

Stimulation Index
(S.1.)

in immunised and nonimmunised mice at week 4 post-immunisation. The antigen-—specific
splenocyte proliferative response is expressed as the stimulation index (SI); A, immunised
group; B, control group. Data shown are the means of all mice in each group and error
bars show SD. Asterisks indicate significant differences between the values of the

immunised and control groups (*P < 0.05).

Az B AR WS F88t7] el WMAHE F 4FA o] WA HELH 2ot
k-2 v S HEste] BAAEE BEsta T dZ39 B gXF9 A4S HAsH] 94l
FAE EAS AT 2 AT AEFS T A¥EE anti-mouse CD3', CD4', CD8 9] &
FEHoe] Fagon T Axel CD4'9F CD8 9 FEdute] Mt E AT Aol Al
3 MAHFETe AdE 9 CP39, FimA, ToxA, F1P29] CD49} CD8e #E &2 tix+
of Hl&l 15w o] Z717F H 9tk B AlEZE anti-mouse CD45RE Al&3slo] Melg 39

&

do
i
Ay
ol
ol
2
o
R=)
=
BN
M
1o,
=
:OL_',
tn
=z
)
o
o
o|N
)
A,
32
[o

CP39, PtfA, FimA, F1P2¢] w2
TAES BAIEZ E5F wAilgto] dizxdted Hls] FAAHo=Z {FoAd F7HE e
(xP< 0.05) (L9 15).

4y
40

b tw
s 2
% of B cells in gated
flourescent cells

% of CD3+ CD4+
g

=
|

T | I I
FimA CP39 ToxA F1P2 Con FimA CP39ToxA F1P2 Con FimA CP39 PHA F1P2 Con

¥ 15. Flow cytometric analysis of T-lymphocyte and B-lymphocyte
subpopulations in spleen at week 4 post-immunisation; (1) Bar-graphs represent CD3'CD4",
(2) CD3'CDS8’, and (3) CD3'CD45R" splenocyte subpopulations in the immunised mice. All

values of bar-graphs are shown as means * SD. Asterisks indicate significant differences
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between the values of the immunised and control groups (*P < 0.05).

4., AN QA FHEL 44

AER = AAA  HA A= AolEFIQIQ interleukine-4  (IL-4)¢}

S =437 8l WAHE F 4FA Fad Ao HE
}‘

2 R <l CP39, PtfA, F1P2E B[ A

interferon-gamma (INF-r)2] +H|
2t vlg-29 v S FEste] A7

Eo| A5 A713 DNAS BT H AF AolEAIom 45 A7 5 AAZ G4
FhEs A48 el 24AJT. oW WATL Thio] Bolshs INFrito] thzzo] ue)
o149l F718 YERRIT (P < 005). Th2el #elsts solEskel IL-49] 44 tjziel
ujs) Fbe shgot BASA fol7t BREA g (19 16).

(1) .- (2)

- T;g % LS00 %
] g 230 —
£ ™ Z O 80 |
o & 201 <&
¢~ = 20
=% o
U R} __ = 3
0—— i 0 ﬁ—

A B A B
23 16. Relative quantification (RQ) of interferon-gamma (IFN-y) expression in
mice splenocytes using real-time PCR. Bar-graphs represent IFN-y stimulated with (1)
CP39 antigen or (2) PtfA antigen in splenocyte of immunised mice; A, immunised group;
B, control group. Data shown are the means of all mice in each group and error bars
show SD. Asterisks indicate significant differences between the values of the immunised

and control groups (*P < 0.05).

WA 4% F 243y Pa)
Mo WAL HEE F ANA ol s AYE BUHI] fse] ¥F F 3
Ash 47 REHOoR vhgrd A Resarh 2% AR AAF A% 1Y 17-©2)
o 39 WA PFETANE AzFe] WAAEA ol YR 2T wawste] FAHA
T

X i, 17-Ael= = [1™
17-13F Zel7b gle Ao 35S B 3&Ho] ¢4ds] o]Fo] Hgol #FHJIY (L
17).
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a3 17. Histological observations of lungs from the control group mice (1) and the
immunised group mice (2) at day 3 post-immunisation, the control group mice (3) and the
immunised group mice (4) at week 4 post-immunisation. Fewer or no histopathological
changes were found in the lungs of mice in the immunised group than in those of the

control group.

31 28

Ao AT A2 HAHSS A9 §1 4 g
3} Salmonella Typhimurium 221 2] combination &l w
ot HE F HAAAY 3&E oARE AH 0T gRlste] Hokrh W
Hontsors 74 g &5 HF A 1gGel 45 EE @Y 5, CP39, ToxA, PtfA, FimA,
F1P2el i3t IgGe WMAHFT F 2F25H 85274 A G717 FA417F H 3l on slgAe] 7
Foll= WA FEAA ToxA, PHA U HE F 25740 F7F5 o] 453k 71 =4 <
7bElo] 6F A 7HA FASATE & CP39, FimAd A& 2F2tel] F7hste] 4Fatel 7H8 &7
7 ATt A7 Wol R o F1P29] A G- 4F Akl F7kste] 657 Abol|l &A| < 7Ft
o] o] #FHAT o] Ad=E 7 wAdF FUdS T HE stASs Aol 4 &
of tis] FutA kgl fFEE S AT 5 Atk H of=std
dgte] wAle R Hel Az Al

i A

Fuj A E 3 A o aelan AA

FAA A7 g
=

7 g

[0
o

a9
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7 QHAA FFELE DRSS FASAT SPAY A9 WAHETTS dxael Hlste] FA
Aoz FoUA F7F st MEwi/RE A ukEel wsto] G gle]l FRIH A, BAAE
o Aol Axujsigd o] FHH T lymphocyte?] CD3'CD4'¢}t CD3'CD8H]&3 B
lymphocyte CD45R®] H&& 748t Hste] fFrAl224S Aldste]l & 23, CP39, ToxA,
FimA, ToxA, F1P2, 22 A=A171 T cell subset®] CD3'CD4'¢} CD3'CD8'¢] W& 9= WAIH
ZFatol xR vlE EATH o2 FoUA Z7FE e B cell subunit CD45RANA = 2
< ARE Aok = MAHT T 2 AEZ v deRkg ) AdAd HuEo] #AE
Ao] £ 71218 splenocyted] 2t 3lE &US A=A]71 * Real time PCRZ FA3leo] 2 A}

NAHFTE el weke] BF m vggtont INF-rite] EA8H4 9] fo7F A= e
HERHA T IL-49] 2wl 2T el vjste] =AU oy SASH R el s HEh
A Fadint ol orEste Adndate] JEAALYE o] &Fo2A INF-ro] EH|7F A=+
oM AgAGor IL-49] Bt Bl B FHYS #FT £ YA Ao WAHE
& A o Az o] kgl dojytrt Fo] Hi AVIE dwsly] flste] WAl
T3 gz HE WA & 3RS} 4FAbe] EElste] 28 Abxlo® wEe Ay 4F7)
e AlZlel dlzAe] guse] AAsdgelde] 23 HF ® 33 IS 3TR 246
et

8] 45 E<S o1& ASA ¥d R 272 A7 oY A BN A 49

11 48 W&
1. ANH=F

5% BALB/c female miceE 7} 1FE =2 15vk4 FY8te] oF 1Y 52 AMS
A 713E AW F AP A& A¥Eee w12 HE A 22 HE: A 33 HE:
o g3 gzees FAFe] glon BE weae A 7 HE A AR 9 1 x 10°

0

CFU/10 oz HFadth v T 5 A F 10 wH oz H3HE Fdon 34489 o
HoE 257 9kl 33 HE HE 1A HES AFeR 35 H 3A HE o 22 JEH
22k HE A 1A JES skATh 2vA JE F 37 A0 JHE H 65 bl 3a HE:

o 32 AF, 22 AF o 22 AF, 1A A o 1A HF sy dE2ae 23 Ay vzt
M2 Ao 2ol Wt PBSE W JEsAT (£ 9).

E 9 vhgsolA WA AAn 49 e

a2
R g 319l A7
j-]:l T J. [e] 17_(}‘ 25(} 37_(]‘ ;\(_Z:z ™
CP39, PtfA, ToxA, 5 .
A 15 . 1x10°CFU /10t P. multocida Type D
FimA, F1P2
CP39, PtfA, ToxA, 5 5 .
B 15 . 1x10°CFU /108 1x10°CFU /10t P. multocida Type D
FimA, F1P2
CP39, PtfA, ToxA, . 5 5 )
C 15 X 1x10°CFU /1040 1x10°CFU /10pt 1x10°CFU /10l P. multocida Type D
FimA, F1P2
D 15 H PBS - - - P. multocida Type D
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2. 7FA & AF

HE A, 12 HF & 25, 45, 67, 8F, 107 Aol z+2 25E=2 2719 nfess
Jo=z Wyt PBS (pH7.2) 100 & AW=Z ¢ * micropippets AF&3te] 3|3t -80T
of Bystw A AR&Ath ek Z& Al7|d APt FHES Fekgk & -80TH H
st Ao A3

3 EANYSAYE B Wgwts 53

S FTFoR FAM vAHET F F 1A WA HF, 23 WA HE, 33 WAl
HEw dzael 2k e ds) 4% FA] q7ke A7) AT 542 d3ds o
Jor st ELISAR IgG 97tE At 2 EHl=s o= slgh 9718 d7=% 9
oM Ak Wrgel me SAsi

4. AN FHA FFaEL 94

WA HE T Ry

cytokines IL-4, IL-6, IFN-r& =743}7] 9l3to] 9| 49 22

T E
o] Fahe] m9-29] spleens #23 F cell 5 5x10°%ells/ m o2 o] thE Y
CP39, PtfAS} F1-P2& 72A1ZF ®F2 A7l % RNeasy® Plus mini kit (QIAGEN, GmbH,
Hilden, Germany)E ©|-&3sto] 3 AXE 7FA 3 AREAE A 7 A1 W &3k total

RNAZ FZ83ith vk AolE7kel IL-4, IL-6, INF-re] &S 98] QuantiTect®,
SYBR® Green RT-PCR Kit (QIAGEN, GmbH, Hilden, Germany)9} 2zt al@ o] E7}Ql <]
primersS A& T T AolETQIS] g1y FEHS Real-time PCRZ | (Applied
Biosystems, CA, USA)E ©o|&3te] FAsdow AHISEE ol7] 93t 3 sample™d
triplicated}$1 2™ temperature-time profilee o}zfjol F3lo] Al @3}t Initial temperature
at 95C for 15min, followed by 94C for 15s, 55C for 30s, and 72°C for 30s for 40 cycles.
zb G E Aol 27l oAl FAE Aarstelr] ) dWbA o2 ARE¥ = GAPDHE #
Zate WS g Axe 20802 B =469t

5. TAANE

P. multocida Type D2 colonyE chocolate agaroll & 3Fe] 37CellA 16A17F w3t
ODsy ZF¢] 0.8 - 097} 2 wj7}#] @ PBS® 3584t SAHE 2o sjgsts 2+ np
2 s wk Fek AN & g mpE R 20 well 5 x1 0" CFUZF 5 =5 2Aste] HZA
= (28 18)8H HAlolx = sholstein).

i do
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HEo] w9290 A BHlE slgA @A 7= 2F F2Q1x & upg} Eu]Ygito]
o2 A #EEAT (1E 19-1D). WA 3 CP399] 4§ group BeF C mhf-2o A 13] HE
3 23] HE H 15 Fol F7FskA L boosterE 3t 4F 5 group C #A3dA S group
BE Ago] &4 wW71A group D wh$-29 @A A7F B SATA R o] A F7HaS
t} (xP < 0.05). Group A9 ¢ group DO vl S wf @A HE T 2FA o 4
stx o g o9 g F7H #HEFHAY. FdY ToxA9 A$ group C wlf-2oA 23] HE
F 15 Fol S7F skl 33 HE olFol FAAVFE group DEU FASHA o o gl
S7bstth Group B 23 HE §, group AT 13] JF F 2540 F7tste] Aol &
744 group DO A r7F Bu FASA R oo A FUFeAT (=P < 005. B
FimA®°] 7% group B9 A9 7}= 23] HE THE Aol & wj7tA group D w2~
A A7F By FAAOR oo QA FIrsIA e (xP < 005 group C= 23] HF H F
7k Hell 33 HEF Al 7“‘“3}M‘3}7} Aol & o 57} stk Group A°l A-g-ol=
group D9} vl P& wf @2 HF F 2FA N FAGH oz 99 = FUH7F BEFH AT
&9 PtfA°] 4§ group C¢| wh--2=¢] A 7= 13] d? T 25 AFY 33 HF T 4
FA 74A group D wk-29] A 9 B SAGHoR 99 A FIFEATE P <
0.05). Group B 13] ¥ 5 15259 23] HF ¥ Aol €< W 74 group Dol ] 3j
ofe] A F7F sk e™ group A A= group DoF Hlnl S wf @A HF F 25A
Tk oole] Q= FUHF BEFAY d9Y F1P29] 4% group C2 wlg-29] A9 7k= 23] HE
5 25 ANE 33 HF 3 FH 454 7HA group D vh2=9 A Ut B SATA R
ole] Al F7FsEAT (xP < 0.05. Group B 23] %5 5 Adol < wf 7HA group A9

ol Ado] & w 7HA group DOl Hla] o9 QA F7H7F #EHAT (+P < 0.05).

1

1o o Al X
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»

l 1 . 1600 2 400 - 3,.:mm - 4 i vy S,_]zlm
2 2 = o = 2 &) e o
T L X 300 . L e =50 et =F 450 " A, 20900 = e
- : - 2 =5 s - A ’ - 7N o e !
Hun e 2 200 e VA E]mm 2 P ‘"_m AT y 8 0 / A
= 400 <o : Ol | e i s ’ (IR T s i = 300 i
05 i G R A 0. " " L B et 0w " " L] -
6 & 10 12 14 I& 6 B 10 12 14 16 6 8 10 12 14 16 6 B 10 12 14 16 6 8 10 12 14 16
Weeks of age
ll Pl 0 . e = 120 ” o e - a0
- - = e
B G FR " E N “ | sk i
S | - 3 - 22k - . ; + - L s
< 0 L o S i : v - 0l " - o4 .
= | S oo = e ERT e & o
g I =¥ B o= aw| L = A s T L, =2 Pl -

W w w (| " " 0 L 0w 0 " 0w . "
6 & 10 12 4 16 G 8 W 12 KW 6 6 8 I 12 14 16 6 8 1 12 14 1o LN T (T - A 1Y

2% 19. Immune response against CP39, ToxA, PtfA, FimA, and F1P2 antigens in
mice intranasally immunized with the vaccine candidates: (I) serum IgG (ug/ml) titers and
(I) fecal IgA (ug/ml) titers. (1) FimA-specific antibodies; (2) CP39-specific antibodies; (3)
PtfA-specific antibodies; (4) ToxA-specific antibodies; (5) F1P2-specific antibodies. Group
A, single immunization, group B, double immunization; group C, triple immunization;, and
group D were inoculated with PBS as a control. Data are the means of all mice in each
group and error bars show the standard deviations (SD). Arrows (A) indicate primary,
first booster, and second booster immunizations at 6-, 9- and 12-weeks-of-age,

respectively. Lower case letters indicate a significant difference (*P < 0.05) between the
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immunized and control groups (a: group A, b: group B, c¢: group C, d: group D).

2. AAN JAA FHES A4

HAE Slgol wE AEA 2 AAG Wl #ost= Abe] E7EQIQI interleukin-4
(IL-4)¢} interferon-gamma(INF-y)2] #H|E ZH3st7] Y& WMAHE & 453} F Aoz
HEw I oo vhg-2o HdS st 3 P =2 iz 92 PtfA, F1-P2E 4]
FA Lo 2A=S A1713 mRNAE dlQGkitE AM&stel FE3 5 dld MolEFIRIS R 258
AZL ] AAE AL FFEAs AHE T A A 23] wWAHE L 33 94l
ol A Thlel #HoJsh= AFo]E7FQ] INF-y2F Th2e] #ost= Aol E71Q1 IL-49] 4% U
of Hls) FAEASE Fo|Al FUFE WERAT (xP < 0.05) (ZL¥ 20).
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3) “4)
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M 1w |
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0 el ot - -
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23¥ 20. Relative quantification of interferon-gamma (INF-y), interleukin-4 (IL-4)
expression in mice splenocytes using the real-time polymerase chain reaction. (1) Bar
graphs represent INF-y stimulated with PtfA antigen, and (2) with FIP2 antigen in
immunized mice splenocytes. (3) Bar graphs represent IL-4 stimulated with PtfA antigen,
and (4) with F1P2 antigen in immunized mice splenocytes. Refer to Fig. 1 for the specific
immunization conditions of groups A - D. Asterisks indicate a significant difference between

the immunized and control groups (£ < 0.05).
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a3 21. Representative histology of infected tissues from immunized and
non-immunized mice after a wild-type Pasteurella multocida challenge. Refer to Fig. 15 for
the specific immunization conditions of groups A -D. All tissues were formalin fixed,
embedded in paraffin, sectioned and stained with hematoxylin and eosin (H&E).

Photomicrographs were taken at x200 magnification using a light microscope.
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20124 12€9%-E 2013 9¥€71# =n] ¥
U= THENA FEYES HAA AL AR S
o7 ¥ THS FagHow AFs T gRE

chocolate agar @ MacConkey agarol]l A v %3t &

il u&_‘
ok
oX,
oy
o
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mlo_&l

of ozle TF7] #EH
o AHA+= HWHF] AA
ol w5 AFHT F blood agar,
5 = A s P | I B R A = =
% Streptococcus suis (S. suis), Haemophilus parasuis (HPS), Pasteurella multocida (PM)
9 Actinobacillus pleuropneumonia (APP)Z 9% = &Y Hegs Aesto] AA Ao F
3l & g3 & hippurate test, esculin test, lactose, trehalose 2 starch E3l% 59 A3}

34 44 Fasac.

g R
o o

o,
of{ i

A
f

S}

)

o
=
M o ok
Mo 2

o ol

2. ¥F9 TFEL 4SS (PCR)E T8 &4

olE ¥FE T4 AT TFEL AHNrE (PCR)S T3

=9

Z,
>
A

(1) DNAzol®Reagents o] &3 D

Ht gk tubed] DNAzol 800 wE Y Alvt v 100 s H7iste] & &F38ha,

10,000 rpmoll A 1087F 44 gk A} tubeol 100% cold ©l &2 500 WS #H7tsta F&%

FEH 800 wE A T A2 28 A= FA & 6500 rpmel A 287 94 EEl s

=AS A AAS T 75% cold ol ¥ S H7}elal tapping ¥ % 6,300 rpmol A
o A

o

[e)
oo 1= = 1
237 AAlstaL o] #AFE 23] WHEST ASHS A 5 W =& &9 7kt
ol 5~1587F ¢&d3s] Ax3 & 8 mM NaOH €9 20 WE ©]&3}] elution gt}
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(2) FAAAANE T AT T4

TS s43s7] 91k DNA F% $F PCRS AAsst. EE PCRS GoTag
GreenMaster Mix, 2x(Promega, U.S.A) 125 ul, upstream % downstream primer (Genotec,
Korea)E 7t 1 pl, DNAtemplate 2 ulE X335t #HF o] 25 ulo] ¥ 7 nuclease-free water
= A7k PCRE % 1039 #2& 2do g 43391, thermal cycler (Bio—rad, USA)

= ol &3tk

¥ 10. TFa4 AgSol A8H Zelolv &
Size ) Anealing
Gene Primer (5’ to 3') . Reference
(bp) Temp.(C)
F : TGG CAC TGA CGG TGA TGA
APP |apxtVA| 422 52 Schaler ot al
R : GGG GAC CGA CTC AAC CAT
16s F : GTG ATG AGG AAG GGT GGT GT Oliveira S et al
HPS RNA 821 59
r R : GGC TTC GTC ACC CTC TGT (2001)
P4 : GCA GCG TAT TCT GTC AAA CG
S suis| gdn | 68|’ 55 | Okwunzbua et al
JP5 1 CCA TGG ACA GAT AAA GAT GG
F : ATC CGC TAT TTA CCC AGT GG
PM | KMTI| 460 55 | Townsend et al
R : GCT GTA AAC GAA CTC GCC AC

608 bpme

k= 00 bp =t

inobacill | ¥ iae PCR Pasteurella multocida PCR Streptococcus suis PCR

a9 21 BEE 759 PCR A A¥) Alx

APP S. suis PM HPS Toal

No. of isolates 12 5 6 0 23

Z 235F7F HEEeon 1 F APP 125, S suis 5+ % PM 6F7F Z+7t £ 54 5

ATt
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2. IAA Fd AHAAL

(1) A A 744 AAF v

alitol] tigh &vtAl #4A AlES Bauer (1966)¢ Bryant (1972)9] WS il
3lo] Sensi disc (BBL, USA and Oxoid, UK)E ©|&3t disc it oz AAJs9 ) Disci
gentamicin (GM 10 pg)%s 14FS A&t o (£ 12), 75 Mueller-Hinton broth (Difco,
USA)el HE3ste] 37 CollA 2~6A17F &<k vigste] i 5%E McFarland No. 0.5 %52 =
A & HFHE-S o] 83e] Mueller-Hinton agar H 38 A= 60°= 3| A3t 33 =¥ 3}
Att HAL 3~587 el 158 oo A discE dispenser® HE3FATE 37 TollA
16~18A17F v F 3 o+ A el =7]5 ##3Fe] National Committe for Clinical Laboratory
Standards (NCCLS, 2008)¢] 7]l wet A 55 A8t A 4 AgY 5+
o T2 E coli ATCC 25922&5 AF-&3FA .

f

® 12. A A HAl ARgE disk

P (Penicillin 10 U) ENR (Enrofloxacin 10 xg)

AM (Ampicillin 10 pg) SXT (Sulfametho/Trimethoprim 1.25 ug)
AMC (Amoxicillin/Clavulanic acid 20/10 gg) | CL (Colistin 10 pug)

N (Neomycin 30 ug) OTC (Oxytetracycline 30 ug)

AN (Amikacin 30 pg) FF (Florfenicol 20 ug)

GM (Gentamicin 10 pg) CEF (Ceftiofur 30 ug)

K (Kanamycin 30 pg) M (Marbofloxacin 5¢g)

(2) G 4 HEE 23

1) APP 5ol tieh &AA 4 test A3}

£ 13. APP 5ol digh A4 43 A

No. of isolates (%)
Antimicrobial agent APP (n=12)
S I R
P 2 (16.7) 4 (33.3) 6 (50.0)
AM 3 (25.0) 5 (41.7) 4 (33.3)
AMC 10 (83.3) 2 (16.7) 0 (0.0)
N 3 (25.0) 4 (33.3) 5 (41.7)
AN 2 (16.7) 3 (25.0) 7 (58.3)
GM 5 (41.7) 6 (50.0) 1 (8.3)
K 2 (16.7) 2 (16.7) 8 (66.7)
ENR 8 (66.7) 4 (33.3) 0 (0.0)
SXT 1 (8.3) 2 (16.7) 9 (75.0)
Cl 5 (41.7) 4 (33.3) 3 (25.0)
oTC 1 (8.3) 0 (0.0) 11 (91.7)
FF 3 (25.0) 1 (8.3) 8 (66.7)
Cef 7 (58.3) 2 (16.7) 3 (25.0)
Marbo 7 (58.3) 4 (33.3) 1 (83)
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wEE APP 1250 digh A 7 AlgA e 32 13049k Z2okrh H A el
9] g A WA ELS oxytetracycline (91.7%), sulfametho/trimethoprim (75.0%), florfenicol ¥}
kanamycin (66.7%) % Penicillin (50.0%) s=°]1 2™ amoxicillin/clavulanic acid (83.3%)°l o

A= Y e S 1At
2) S suis 5o W3k A A test A

£ 14. S suisol WF FAYA e A

No. of isolates (%)
Antimicrobial agent S. suis (n=hH)
S I R

P 0 (0.0) 4 (80.0) 1 (20.0)
AM 3 (60.0) 1 (20.0) 1 (20.0)
AMC 4 (80.0) 1 (20.0) 0 (0.0)

N 0 (0.0) 1 (20.0) 4 (80.0)
AN 0 (0.0) 1 (20.0) 4 (80.0)
GM 0 (0.0) 0 (0.0) 5 (100.0)

K 0 (0.0) 0 (0.0 5 (100.0)
ENR 4 (80.0) 1 (20.0) 0 (0.0)
SXT 3 (60.0) 1 (20.0) 1 (20.0)

Cl 1 (20.0) 0 (0.0) 4 (80.0)
OTC 0 (0.0) 0 (0.0 5 (100.0)
FF 1 (20.0) 3 (60.0) 1 (20.0)
Cef 3 (60.0) 2 (40.0) 0 (0.0)
Marbo 2 (40.0) 2 (40.0) 1 (20.0)

¥ S osuis v 570 tig A A AP A= F 1elA B oukeh 2tk
A1 FAHTFTF FHA HAELS gentamicin (100%), kanamycin (100%), oxytetracycline
(100%)°ll afA = <A WA S JEFHRI I, neomycin (80.0%), amikacin (80.0%) 2
colistin  (80.0%)¢] °ofAlell hefM = HlwH =2 oAl WA FEE HEAT §HE
amoxicillin/clavulanic (80.0%)3} enrofloxacin (80.0%)° WA= vy = FFAdS HA

.
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3) PM 5ol wigh A 725743 test 23

¥ 15. Pasteurella multocida®) 3+ A A 7F-4 A}

No. of isolates (%)
Antimicrobial agent PM (n=6)
S I R
P 1 (16.7) 0 (0.0) 5 (83.3)
AM 1 (16.7) 0 (0.0) 5 (83.3)
AMC 0 (0.0 0 (0.0) 6 (100.0)
N 1 (16.7) 1 (16.7) 4 (66.7)
AN 0 (0.0) 0 (0.0) 6 (100.0)
GM 0 (0.0) 0 (0.0) 6 (100.0)
K 1 (16.7) 1 (16.7) 4 (66.7)
ENR 6 (100.0) 0 (0.0) 0 (0.0)
SXT 0 (0.0) 1 (16.7) 5 (83.3)
Cl 0 (0.0) 1 (16.7) 5 (83.3)
OTC 3 (50.0) 1 (16.7) 2 (33.3)
FF 3 (50.0) 1 (16.7) 2 (33.3)
Cef 3 (50.0) 1 (16.7) 2 (33.3)
Ma rbo 3 (50.0) 3 (50.0) 0 (0.0)
¥ PM i 65l gk &atAl A Aldd s s 16009 Z2dnh HA

79 A lﬂ 52 amoxicillin/clavulanic  (100%), amikacin (100%) < gentamicin
(100%)° el A= oFAl WA S-S YEFR A, penicillin (83.3%), ampicillin (83.3%),
sulfametho/trimethoprim (83.3%) % colistin (83.3%) 2] kAo thajA = w4 T oFA|
YA F3S YeERNRITE enrofloxacin (0.0%) o disiA = WAde vebd o577 it

il

3. 28 ez 3 HAA A F

el E AMEelA v HYUAdES g5ty 4 NS
PBS#® washingslal A5 543 ths PBSE 103 3|4 sle] @z npg2o A
AE RS BESA
(1) F84HETE d579 FH
u%‘% A A7) Y&l 20129 2€95-H 2013 9€7A] EEEH 5 S5 APP 25

S.suis 2 B PM 255 AdAste] 2z} 5ol &ubAl brothell i Fgth viE A OD (600 nm)
£ F43ste] 1 x 109CFU/mL= 3] 4] gttt
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(2) LD 50 #kel 54

Tz 7 I8 T o vk 100 E FAIska AES AASA T oF 20g9] vl
2 1k e 1 x 109CFU/MLE 59 w55 05 ml 2 H4l HFstal 2530 #2e3)
t}. 257F #& % Spearman-Karber methodol ]3] LD50 #+S =43}t

‘ Calculation of LDsy = Log LDsy = Log X100 - Log Fd (St-n/2) ‘

LD50 = the 50% lethal dose

log X100 = log dose giving 100% deaths and having 100% deaths for all higher doses
log Fd = the log dose interval is constant

n = number of mice used at each dose level

t = number of mice dying at each dose level

S = summation over all dose between and including X and Xy (X, being defined as the
log dose giving 0 deaths and having 0 deaths for all lower doses)

(3) APP ==l tigt LDs 3 =4

Number of mice 10

Volume injection (ml) 0.5

¥ 16. v} A APP 59 LDsS 24 S ¢3 A2y
CFU/ml |CFU/mouse No. De{? ths CFU/ml |CFU/mouse No. De? ths
(%) (%)
APP 12-472 DIL|T APP 13-130 DIL|T
- 5x 10° [10| 0 | 10 100 - 5x 10 10 0 | 10 100
1 x 10° 5x 107 |10 0 | 10 100 1 x 10 5x 107 [10| 0 | 10 100
1 x 107 5x 10° |61 4 |10 60 1 x 107 5x 10° [ 55|10 50
1 x 10° 5x 10° [ 2] 8 |10 20 1 x 10° 5x 10° [ 2810 20
1 x 10° 5x 10 10|10 10 0 1 x 10° 5x 10 [0 |10/ 10 0

D ; Died, L ; Lived, T ; total number of mouse

J[Nv

A A3 APP 12-4737F = 2505936.17 CFU/20g9] LD50%ke] YEwoen o]E Kg
g R ks 12529680841 CFU/Kgel ®th APP 13-1309] 4% vl o 3154786.72
CFU/20g4 LD50ZEe] YEFE o 157739336.12 CFU/Kgo. 2 3HabE 9t}

(4) PM ol tigt LDs # =4

Dilution factor 10 ]
Number of mice 10
Volume injection (ml) 0.5
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¥ 17. v} X Pasterurella multocida®) 3 LDy =AH S ¢3 A2y

CFU/ml | CFU/mouse No. D?;Sls CFU/ml |CFU/mouse No. D(e(;gls
PM PM

13-110 DLt 13-129 DLt
- 5x 108 10| 0 | 10 | 100% - 5x 108 [10 0 | 10 | 100%

1 x 10° 5x 100 | 6| 4 10| 60% 1 x 108 5x 100 [ 8 2 |10 80%

1 x 107 5x10° [ 4] 6 10| 40% 1 x 107 5x10° [ 4|6 |10 40%

1 x 10° 5x10° |0 |10 10 0% 1 x 10° 5x 100 [ 2| 8|10 20%

1 x 10° 5x 10" [0 |10 10 0% 1 x10° 5x 10" [0 | 010 0%

D ; Died, L ; Lived, T ; total number of mouse

A3 PM 13-110 5% 15811388.30 CFU/20ge] LD50%te] webskomn o] & Kg
AbEEE - 790569415.04 CFU/Kgel ©th. PM 13-1299] 4 vh$-2 & 6294627.06
#ol Lebykon 31473135295 CFU/Kg o2 ks Sl

g
g e &

CFU/20g %] LD50%k

4 AAE Qo B HAY 4

330 AEE Q4o 587 A9el Fael Aa AANN waw 9454 A9
e APe s RURFE d3e 4E%oR ngon 4F® ¥ molqe o
AR D A RE Belee] 4F HA ) 50%00A o4 molt AERL Adar)

(D) HAdees 2 A2

N

Pasteurella multocida®) 7= A ¥kom H A bAoA ALSE =HA (¢ 3FE)E
T AdTSel 1 Fd3 A A l st A= ARl P multocidacl
MANHETS WA ko Ag A dNHAE F3 P multocida A7) v HAE

S

T+
o

o,

A

>~
oo o O

]_

¥ 18. HiA = o= 3 Pasteurella multocida®) ©3+ 23 Ha

Group HE d5 Dosage HEH = No. Remarks
A - o=t (SA4) - 6
B Pasteurella multocida 2 x 10" CFU/ml 6
C Pasteurella multocida 2 x 10° CFU/ml + 6
D Pasteurella multocida 2 x 10° CFU/ml - 6

(2) 2
D #HAE AL w5 v (29 22)e2 % 18 A7 daE

multocida 79 bmlE A A3 FUI

s}
s
o
1%
i,
N
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W7} 0 2 Pasteurella multocida 7

il

EE

H NS AN

2) 14 0]

B

—_
o

rvze)

o

3% A=l Pasteurella multocidas &

AR AIZL B WIS AN

ol 2 A7

H oL (19 233 24)

BH

bol 154 v

S

=23
=

o)

I3 1kglalA, 2 x

M= 5

T1E

ki3

E HE

3utE] oAl 2 x 10" CFU/mE

-
T

10" CFU/mE bml HZE 1E A

ZE A

Mg ol g AHES] B

o]
1w

F 148

<

¥ 19. Pasteurella multocida 7

{F
R

o

KR
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(23 d =]
[10] &4 TEANAY 9454 vd R d272 Hd T A P4 46 243

11 238343

BTREE WA FHE A= 2 e o] gld of=3s Adrddis LB
Brotholl HE3dle] 37ColA 200 rpme] %2 16A17F v vk S 1/20 (volume)d] Hl &
Z LB brothel #7}sle] 2 Z7olA  ODgy #°] 0.8 ~ 1.00] 2 w7}#] 2 ~ 4 A7+ 5ok
Hjokstoith. o] wjFNS ATolA 4,000 rpme 2 108 WA= 2087 AR ste] 9+ PBS

2 39 AF3 = sucrose’t 20% FHrE Hit PBS (PBS-sucrose)® 3 20014 2 47t
BHAA F w57F 20 x 101 cfu/10me7F H 25 S38le] Ayl oz #1389 th
O Z8HEE WA FHls AV e "o g o= AndedS FH| sk
Atk vhAE A F AAES " PBSE 107 cfu/m7t H% =
F5b 1967h AEs Askersleh AeolA 2427 Bk w )
oS "Wt PBSE 39 AF AT o] B/ 100 E Tryptic Soy Agarel] &
3 W

A7)
& F 37CNA ST wgste] el AW olnE Hskgith WAFT BH} o
28 FA9% F 2 o w4

3t Amdelito] 2 x 109 cell HEE Fakst on)
H

=
# e Fug og 4Te nEaUA Aol AL
1) Oral administration : 2.0x10"" CFU in 10m¢{ PBS-sucrose

2) Intramuscuar immunization : 2.0x10' cells in 1,000 PBS

@ Wik - 4 357 AW dd dYS ddele 953}l Salmonella Typhimurium 3¢
colony= LB brotholl HE3te] 37CoA 200rpme. 2 EE50o FHA] 350 v &3St}

LY

@ HAE o Ag F 7 2= 3 vlalg 10mo] 2x10Y CFU7F S22 ZAs e A+ A%
AW 1,000 2.5x10° CFU7F H =8 Ao &% HEsy gz 7ztz 93 PBS=Z
AT HAE B I85o® HAFE Ay 2 dFe 2 WHoR HE T 21dAd 3 W O

T7]' 7@,%—0},‘,\1:} (J_L 20).
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o] AFA ALE o FetamEs i3 220 AMeHoA v E coli
Topl0, BL21 A =x3E =S EAATI7] Sste] AREHJT. of=std S
Typhimurium, JOL912+ wild type S. Typhimurium, JOLA01 Z5-¥ cpxR, lon, asdsS #| 73}k
of AAEAT. Fek2r = pQE3L, pET28aw /M 59 T4 FdsS X717
s AFEE o™ pBP244+= AR del U] 2d % heterologous antigense] #H] A4S 9]5)¢]
lepB, secA, secBel ZA3dS 53+ Asd+ plasmid pYA3493 o 2 RE A Z¥ At pMMP65+= &
dol d Fls 9% Sekav=g AREHIY BRE A AFEE fFok Sekav=s 3
7°C Luria-Bertani broth (LB; Becton, Dickinson and Company, Sparks, MD, US.A.) T+
LB agarollA HiEEH Ao JOLII29F 2  Asd-negative bacteria®] Wl¥S 93
Diaminopimelic acid (DAP; Sigma-Aldrich, St. Louis, MO, U.S.A)S #H7}sldy. =4 4
S 9l AFRE oFlitF JOLIT6, JOLI77S o #etid el A wrol B gato] FAAF Al
AH&-5 AT

_62_



F 22, B Ao AR dF B EEavE AR

Strain/plasmid Description Source
Strains
E. coli
Topl0 F-mcrA EmrrhstMS*mchC) 80lacZM15 lacX74 recAl Lab stock
aral39 (ara-leu)7697 galUgalKrpsL (Str)endAlnupG
BLAMDESpLys F ompT,  hsdSulry mn ).dem,  gal MDES). pLysS. 1 gock
JOL1136 BL21 with pET-CP39 This study
JOL1234 BL21 with pET-FimA This study
JOL1214 Topl0 with pQE-PtfA This study
JOL1135 BL21 with pET-ToxA This study
S. Typhimurium
JOL401 Salmonella Typhimurium wild type Lab stock
JOL912 S. Typhimurium]JOL911  derivativedasd Lab stock
JOL1240 JOL912 with pBP244-CP39 This study
JOL1251 JOL912 with pBP244-FimA This study
JOL1247 JOL912 with pBP244-PtfA This study
JOL1244 JOL912 with pBP244-ToxA This study
P.  multocida
JOL976 Pasteurella multocida sero type A wild type (PmAQ037) Lab stock
JOL977 P. multocida (PDNT)sero type D wild type Lab stock
Plasmids
pQE31 IPTG-inducible  expression vector; Am" Qiagen
pET28a IPTG-inducible  expression vector; Km" Novagen
pBP244 gzré2493 derivative containing /JepB, secA and secB Lab stock
3 AT AEE ATWA F]

7} Fzlzte] wdo] gelyl oF&3l AR JdElitS LB brothell HEse] 37CeA &
9k wjokst & A 28 LB brothol 1:209 wj& 2 H7lw o] 37Co A optical density (OD)gyp
7F 0.8°] € wj7}x] wj Y= A} widE 52 4,000 rpmoll A 2083 A EE sH o,
HAE #FEL "Wyt phosphate-bufferes saline (PBS)Z AH-fFEo] e AR A YAE
g stat. AAE 735 sucrose’t 20%7F HEE H71E PBS (PBS-sucrose)® 7 39S wr
Hal= FFEL 20X10"%CFU colony—formingunits (CFU)/ml7} ¥ %2 A F§A| Atk A
o] Alxd Tl A= HFAT

H WA AE R AR A

QA BE 6FE T IFOR o] 1§ Ax U4 8Fd 1A AT 4FL, QA
e 22 47 2% 90 1% B dxFom WF PBSE 28 AJld 4T 4%
Hark WA gE F FRE A bR ] A8 14 8F A 0F), 24 8F A
3F), ®w A7 @F) 2474 Adstel FFS BAsFgon -20TA wwsin] A
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AgSAL. E2FOINY TgA 2 RGE R/ s RuAel Azl YEnasy
Aol Abgslnt,
5 F9 Z

CP39, ToxA, FimA 383 PtfA @@z JOL1136, JOL1135, JOL1234 =1g]ar
JOL1214= %8 Z7} @d AAGAY (F 22). Z, 239 dade Ni¥-nitrilotriacetic
acid—agarose support (Qiagen AR)9} 3t AAl WHol & AA s dwWd sx= )
E (Bio-Rad)E Al&3te] HY=x=Ho| o3 FHstArh. @uld AZE2 ELISA coating &
doz AGsH7] A7bA -T70CAA Bttt

6) Enzyme-linked immunosorbent assay (ELISA)S o]&3 Wyl =3

FAUYSAUE S AIHs AL AxIAe] AFEAYE A (Bethyl Lab Inc.,
Montgomery, TX, USA)ol| wme} Fdste] =Hxe AHAA A [gGE, EEQ ZFAA
secretory IgA(sIgA) 2 IgGE FAsAT. oA EeEd Ae B5olA E3 A&52 G54
< 98l 1110082 31X &k o, Bl 2 slgAdY A4S 98 192 g4kt a4Nkg
2 o-phenylenediamine (Sigma-Aldrich, St. Louis, MO, USA) 492nm-620nm<¢] (Thermo
Scientific Multiskan GO)ollA A3t Ath 3% #H v% Abolo ZF=dHAE Ued= &
Tl el 2 AEo] i gAY TEE (ug/mhE SAES

7) =¥

Pasteurella multocida ©F2)i52¢1 JOL976, JOL977 2] =4 =+ 3+ colony &
chocolate agar ol HEste] 37CoA s wigstdth. wigE colony & H PBS 9

FoAeR HFAA 2 x 107 CFU/Mmlel H2a sAatsitt. el 358 H3le
AAE U YFES FAG For EFshe] 28 FALt] A4 vpAA H, /9
ablstel Z1BAWE #8 (P multocida: 2 x 107 CFU/ml) 5 ml & AA3] F4aA0)
A7 AAE mATY F 14 A7k Al ER aEla g dsel s o

EUEE v Alde]l EREH= 14d Ao EE AEs SAANA WA FEHE &l

ol w8 ARt
2] A%
1. }8%F TN Fd4 27
g3 el Folol A%, AAW &<l 1009 100Me) FEE FE A wEo
o diarrhea® mortality @ A4 5 ol4 FA o] 5% Hlee] B A Rz
[e]

AQE %S obFo 29 wbE 5o AAHH §HE olg A& Wy Fo 2 AA
A g bbE 2ol 3 % diarrhoea®t mortality % o)A FAF of H

Adste] = Zbg-o] FEE R grol syl At WAl yEE W dHlE Fofd
%

3 v oA
o oWl RAFE WEHA ko PAI AT & ol HAH YLk
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=
WAL e EE MREC F Buow Wi #7o) wE o2 sy 9d £
W grlHon ARl WA FFE Felste] ¥ dw, BE WA FFoA WA @ B
257 ekgre.

¥ 23. gAY 3FEA

(47t + EEAA, n=5)
HAALE = 9] 10M] A =] 1008H =] 2] R
ALB g/dL 3.67 + 0.25 374 + 0.11 19 - 39
ALP U/L 150.50 + 47.61 149.25 £ 50.21 41 - 176
ALT U/L 4275 = 497 4425 = 597 22 - 47
AST U/L 49.75 £ 815 50.00 = 10.34 15 - 55
CA mg/dL 9.68 + 0.57 1045 + 1.54 93 - 115
CHO mg/dL 11275 £ 10.71 119.00 £ 21.55 8l - 134
CRE mg/dL 1.09 £ 0.17 095 + 0.18 08 - 2.3
GGST U/L 49.23 + 13.38 4740 + 11.36 31 - 52
GLU mg/dL 12855 + 13.19 132.25 £ 12.29 84.68 - 149.55
PHOS mg/dL 9.75 + 0.44 9.18 £ 1.73 452 - 10.68
URE mg/dL 14.75 £ 1.17 1325 + 1.29 812 - 249
TP g/dL 6.2 + 0.18 57 + 0.25 44 - 74
BIL mg/dL 011 + 0.12 018 + 0.28 005 - 05

ALB: albumin, ALP: alkaline phosphatase, ALT: alanine aminotransferase, AST: aspartate
aminotransgerase, CA: calcium, CHO: total cholesterol, CRE: creatinine, GGST: gamma
glutamyl transferase, GLU: glucose, PHO: phosphate, URE: urea, TP: total protein, BIL:

total bilirubin,
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PHA 1gG (ug/ml) CP39 1gG (ug/ml)
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Weeks Post Prime Immunization Weeks Post Prime Immunization
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=B -E 12
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I e FI
u 4
L]
“"ﬂh Post I“rim: llﬂﬂlﬂlﬂﬂ" Weeks Post Prime Immuniztion

a8 26, =AY serum IgG titers. A; HET, By MA {34

Z8oAY IgA 2 [gGE 138 2794 HiE b} o] BE & fiE) gxirh
A= 77 #EEA
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s, 1.2 54 20 wii
= E
'_gh 0.9 e 15
~— -
Eﬂ 0.6 g, 10
E —
wy T
< g r‘.
S o < 0
CP39 FimA PtfA ToxA Q CP39 FimA PtfA ToxA
g 27. 2olAe IgA ¥ IgG A 97}
¥ ahems ol dis] WA HFE o (o] thxat (Lol vlal] F2dol 1A=
7 FAZ BFA] %S
7. %] el %
% 28904 K BRe} o] WAl HEF TN = 55 T 47(V2, V3, V4, V5)olA A
ARl v17F ez B dbdE gl 2ol A= 57 5 35 (CL, C2, CAHAA vl g4 b7t A
B 7} #z F Qo
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+57F 2.0 x 10
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o

=
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oo]: ol

Ll
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st 37TColA 200 rpme] £E=2 16411 1Y

S

T H]

T

1. A=A B2 A4 H7}
Al

= LB brothol

i

2= 39 A3k

Brothol] &=
cfu/10ml 7} =

(2) ®

A =

=
=

ek 1

£3

A}

=
=

5uke] o] ¥4

oo

FRed, 15 B

°

AT A%

SE

B

-
it

P

i

shele.

™
=
o)

=

o
(3) kA A

fa
T 4%

FA Tt

J|

0

f

2) A EEH 74}

!

olo

B/

el
gl

3

X

B

—~
fIfe)

e

].
_69_

\=]
/\gtL

8|

8

tel &

[<]

)

=]
RS

2] (2000 rpm, 10

U

Al B
=4

<

9 ¢



Al+=  hematology

b o,
2l

IS

bl ot

o

sho] 4]

S

¢

shel 24

2

S

o]

2

oA slutele] FHird

=

=

=4
) O]

=

Zé =t}

14 dAjo] == 4

=z
HqE

uﬂ/‘\_]

%]+ cobas ¢ 111 analyzer (Roche)

[e13
ol

3}
A
analyzer (DRI-CHEM 3500i, FuJIFILM)

A

B

—_
fie)

—_
fite)

G b AA

Bl

¥ 24 FE AT

B

el

Njo
=
jruzel

X
__01_

of

~
No
ol
ol

ol
A
olm
ol

e

—_—

sl
&

el

—_—

W

<H

20

ER)

e o)
A

B
JJo

2. AEAM Y WA &

(1 4

ohy
o

o

o~

o
i

&} o]

o

Q2

[€)

HA DS &
°|

=

=

-

R

A7F &

5}

1 &

o
pal

_70_

3l P. multocida®]

A o] = VDPro® Respi-titer ELISA kit (JENO Biotech Inc)

5

=
| .

A ]

5}

o

& it

o

]

o
hE



2 WA HE: 2 e AF

ATHEE WA FHE eAs 2 gy o] gld ofmst Ardeirs LB
Brotholl HE3sle] 37T A 200 rpme £E2 16417 ksl wkalS 1/20 (volume)®l H] S
2 LB brotholl H7Fsle] & 24 ODgyp #°l 0.8 ~ 1.00] & wj7p#] 2 ~ 4 A7 Fot

vl ksl et o] HikeR S 4T A 4000 rpme & 108 WA= 2087F A4lEeste] d PBS
2 3 A#E3 5 sucrose’t 20% ¥ Ei PBS (PBS-sucrose)® F w7F 2.0 x 10
cfu/10m7F ¥ =5 &3tsto] Awwil o= Fhl sttt
9 2EHTE N e AV 2E Yo R =3t d4Rddats FH
AZstATh mAY AH T AHAES D PBSE 107 cfu/mi7t H =2 345}
DY HF FE7F 1%7F HES HUbs ATk AZolA 2443 FF vHEAlA
91 Lol 1000 S Tryptic Soy Agardl
T2 gl HaldFo] Egs) 04
x 107 cell HEE $4+3t UdnEA
[e)

2
10mg/mlell &¢ato] Alxt WA o® FH|FE thg 4Tl Bysds A3 Ags3l

o
Nt [

e
EN e B

i)

1) Oral administration : 2.0x10'" CFU in 10m¢ PBS-sucrose

2) Intramuscuar immunization : 2.0x10° cells in 1,000 PBS

S dy
(R 59 v 2= 1% 2E 2%} A= Challenge (A=)
(A2 8F) (A4 1157) 259)
o Pasteurella multocida
A 3 H i+ PBS 73 AT =<5
type D
CP39, FimA, 3 3T o+ /)

PtfA, ToxA (2x10" CFU) (2x10' CFU) (2x10" cells)

(3) ELISA =%

BAHASAEAHS B3 AGNE S-S Ax3ALe] AREAWA  (Bethyl Lab Inc,
Montgomery, TX, USA)dl u}jg} F=8sle] == dHNA #H A9 [gGE SA3AT =, A=
g4 S 111002 gAsda, aawse

Louis, MO, USA) 492nm-620nm<¢] (Thermo Scientific Multiskan GO)ollA =A3sd o). &3

Ol

o-phenylenediamine (Sigma-Aldrich, St.
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(3) A Ys}st4 HAL

B S | AzolA e FAE o
Alstdom 1 A= B 260 AAEATE gz
Az 755 A

X 26. b’ﬂoﬂ/\ggz].é_' ]

AAL R = o 9] o e &l iliL 478 4
ALB g/dL 3.80 £ 0.25 3.85 £ 0.1 19 - 39
ALP U/L 155.50 + 47.61 157.25 + 50. 21 41 - 176
ALT U/L 41.25 + 497 4475 + 597 22 - 47
AST U/L 49.75 £ 815 51.00 £ 10.34 15 - 55
CA mg/dL 9.45 £ 0.57 10.90 + 1.54 93 - 115
CHO mg/dL 110.75 + 10.71 109.00 + 21.55 81 - 134
CRE mg/dL 1.08 + 0.15 0.95 £ 0.09 08 - 23
GGST U/L 4818 + 13.38 45.40 + 11.36 31 - 52
GLU mg/dL 126.25 + 13.19 129.75 + 10.29 84.68 - 149.55
PHOS mg/dL 9.75 + 0.44 10.18 £ 1.93 452 - 10.68
URE mg/dL 975 + 1.17 11.25 + 1.29 812 - 249
TP g/dL + 0.18 5.60 = 0.25 44 - 74
BIL mg/dL 008 t+ 0.02 0.08 = 0.03 0.05 - 05

(B + EFHAE n=hH)
ALB: albumin, ALP: alkaline phosphatase, ALT: alanine aminotransferase, AST: aspartate

aminotransgerase, CA: calcium, CHO: total cholesterol, CRE: creatinine, GGST: gamma
glutamyl transferase, GLU: glucose, PHO: phosphate, URE: urea, TP: total protein, BIL:
total bilirubin,
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[13] $9AF o A7 92 AL 9 F2 294 A7 FQ B2 2§34 Fu

o AT : Actinobacillus pleuropneumoniae 283 53

» Tl AN FH HHS dAA A AAACE HAste dHoR gldAaR H2 A
Ao R wAsta glon, Vo] W, F BT HIAS T o 2Ef e S #
A 7M. S BE AR =AM el oy FEESR B[S RU|Ed A Hd
Aoz st 53 F9 #HH S FA4P o HAAES S A FHCAA ARES 7
A, A% A Tl olgk AAA E4do] et FHHES FEde AT FAIA
o 547 A9dAH dHT BAV A= Aow duEA vk webd Wgdd A
F2ZA2Le} 5405 FACE O FHAAE 5] primer (3 27)E ©| &3t TXHAA RS
=3

» AP BEY FR FRAAY 545
Apx IA, Apx IIA, ApX IIIA, OmpA

Nl

¥ 27. PCR primers used in this study and their product sizes.

7y Size Accession

(bp) number Reference

Name Sequence(5 " —3

ApxIA-F CCGCGAATTCTCTCAGCTCGATAGAGTCAAA
ApxIA-R CCGCAAGCTTAAGCAGATTGTGTTAAATA
ApxIIA-F  CCGCGAATTCTCAAAAATCACTTTGTCATCA
ApxIIA-R  CCGCGTCGACTTAAGCGGCTCTAGCTAAT
ApxIIIA-F  CCGCGAATTCAGTACTTGGTCAAGCATG
ApxIlTA-R  CCGCGTCGACTTAAGCTGCTCTAGCTAGG
OmpA-F CCGCGAATTCCCACAACAAAATACTTTCTACG
OmpA-R CCGCGTCGACTTACATAGCTACGTTTTTAGCACC

3,060 GQ369732  This study
2,870 AY736183  This study
3,156 X68815 This study

1,060 CP001091.1 This study

Underlines indicate the sites of restriction enzymes, such as BamHI, EcoRI, Sall and
HindIII.

[14] 9493 F8 L4 AAe A 24 a9 Fd Fr

1] 288

-

T #82 (Apx TA, Apx A, Apx MA 3 OmpA)E T3& H“Eioﬂ Al st
= Z 257}
pPQE317 pET28a #WHE Algh 4= 7247 Adgh & o7tz 2~ Ao Hr|gFatsint. A
H 7} AHS AccuPrep gel purification kit (Bioneer st S o] &35t AAT TS

DNA ligase (Takara, ¥¥)Z F+ At=S gholAlo|As & E. coli DHSaYE:+ E. coli BL212. 2
FAdSedTh o5 FAHAS #FE dyAdd PQE3lS W WMHE AESUE AT =

K
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= Zhurtelal (pET28aE 2d WHE AREelS 4 -F)ol 242 H7EE LB o7t Ed o] Eo
=T HA Bl oy 37ColA sk vt A WS HElle FAASE E coli
DH5a =+ E. coli BL21& d9stdth 2zt o 3 FHx7 Ade Wy = E coli DHb5a
L= E coli BL212 258 AccuPrep plasmid extraction kit (Bioneer, ¢t=5)E& o] &3}o] 2zt
FAAZE AYE SHAvEE FES] A AR Adete] oprfm s AoA 7] E ek
gelstdt. 1Ejar olFA gRlE FEYE 7} 2 Wyol gt dAAZE H7FE LB A A
| Smeoll HFato] 37CelA e mjdetdrt. MdFd d T 1meE LB A A 200ml ol
HAE3sto] 30T A 150rpme] =2 &5 b mFatsieh o] wFel IPTGE
Z Z i

N

HEs=7t ImMo] H e 5 Hrbste]l 28 208 AR Al skl
o] S 8000rpm, 4ToA 1587t AT AT. F5dS HEx HAES
PMSF (phenylmethanesulfonyl fluoride)”} ImMe] H %% d71E 10mle] Hir PBS®E A H-A]

2 & -70CodA dssidtt. ded Frds v 37T

0ColA YWE3s7|& 2733 HHE-3 ). vixwo g 353 & BEFaS 2Suxgste] AEXE
< 3% v 15000rpm, 4CelAl 20E3F A Eelste] ASds Ea ol &30 dd &
Wzo] 7hgAYd 9o ¥y B (100mM NaHoPO, 10mM Tris—Cl, 8M Urea, pH 8.0) 4m{

i
Aol EUHRn 244 AfE oute) 93 B AARE AR F ALl

A7 Eeh wdtel A Wb AT o] whE-9f

TI9= o] 5o = BoR &A %ﬂeol Eﬂﬂﬂr 736‘0}+% 3027t ankekivt. o] wE

cde =HE Aol SV HHE SHEEY SR o] dor AYs ATAE o

5 TAl HHE FEEWTh v dS FERd vF ¥ C (100mM NaH:PO, 10mM
= AHS 33 AAste] Al AdgetA] G Ve = est

6
A S A ASE Y. £ Wy (100mM Nallb,POs, 10mM Tris-Cl, 8M Urea, pH 4.5) 2ml=
Ah9E TAAZ F 2027 A A TE gud s gRlozRE FEAZ s &= ‘ﬂfﬂi
1% H7hstel wuAS 853k 858 B A SDS-PAGEA 117958t wa
w2l S sholatgl o AHEE T 70T B#BeR L, ELISA (enzyme-linked immunosorbent
B 2] .0

assay), SPA (spenocyte proliferation assay), FACS (ﬂow cytometry) 2 A2 AI7F PCR 45
gk FPdo = ALESA T

21 23 2 &
1. BA & f'fo“l SDS-PAGE ¢l

Jo] el SDS-PAGEZ W3S 323 & ELISAE I ¥ SPA FACs 1
2]32 RT-PCRS $3F Ag o] AL&3}3it).

_78_



[15] #9494 #AA7} AAY AGHY FA delivery systems o] &3 FYUHE o4 A
o WA s

15-1] 94 7Ad R 2d/EH &3
1] 238343

1. 53 429 g o] &3 NAFF Az

Agol| ALgE 7Fe Zepanso EAQL 5] 3 289 L}EHH D}. =4 &9 (Apx
IA, Apx OA, Apx A % OmpA) zZtzte] §H4AS 7
PCRZ F3A1Zl thg, wd wwdol Fuls FAAZ WER] pBP2440] Z=24 g
pYA232(/ad7} A4S 7L Q= B coli x6212 7o) FAABSA. o] E. coli w50l
A WEE FE3te] A71-AEH (electroporation) &2 °F&E3} Amdlal i (JOL912)ol zHzt
FAAgs M Fr FFES Azt

f
S
oft
o]
5.
=
(@)
=
=5
[\
L
it
o
ofo
ol
ol
8

F 28 & oo ALRH #F H

T/ EE AT
o T
Escherichia coli

e

ghams AR

g =4

(o

F ®80/acZAM 15/ lacZY A-argF)U169 deoR recAl

DHb5a endAl hsdR17(rk”, mk’) phoA supE44 thi-1 gyrA9% A3 =B
relAl
BL21(DE3) gr,nrompT, hsdSg(rg",mp ), dcm, gal, N(DE3), pLysS, Hea e
JOL1076 BL21 with pET28a-Apx I A gene
JOL1000 BL21 with pET28a-Apx I A gene
JOL1007 DHb5a with pQE31-Apx IIA gene
JOL997 BL21 with pET28a-OMPA gene
6212 F~ N 980 A(acZYA-argF) endAl recAl hadR17
deoR thi-1 ginV44 gyrA96 relAl AasdA4
Samonella Typhimurium
JOL401 S. Typhimurium wild type A Bf
JOL912 S. Typhimurium JOL401 derivative AlonAcpxR Aasd 237 X5
JOL1300 JOL912 with pBP244-Apx T A
JOL1301 JOL912 with pBP244-Apx A
JOL1302 JOL912 with pBP244-Apx A
JOL1303 JOL912 with pBP244-OmpA
JOL1075 JOL912 with pBP244
Actinobacillus pleuropneumoniae
JOL981 Actinobacillus pleuropneumoniae serotype 2 A BH
JOL982 Actinobacillus pleuropneumoniae serotype 5 A BH
Fepv =
pET28a IPTG-inducible expression vector; Am" Qiagen
pQE31 IPTG-inducible expression vector; Km" Novagen
oBP244 PYA3493 derivative containing /lepB, secA and secB A9 me
genes
OMMP65 Asd+ vector, pBRoriz,3-lactamase signal A8 1w

sequence-based periplasmic secretion plasmid, 6xHis
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¥ 29. PCR primers used in this study and their product sizes.

iz .
Size Accession

Name Sequence(5 " —3 ") (bp)  Dumber

Reference

ApxIA-F CCGCGAATTCTCTCAGCTCGATAGAGTCAAA
ApxIA-R CCGCAAGCTTAAGCAGATTGTGTTAAATA
ApxIIA-F  CCGCGAATTCTCAAAAATCACTTTGTCATCA
ApxIIA-R  CCGCGTCGACTTAAGCGGCTCTAGCTAAT
ApxIIIA-F  CCGCGAATTCAGTACTTGGTCAAGCATG
ApxIITA-R  CCGCGTCGACTTAAGCTGCTCTAGCTAGG
OmpA-F CCGCGAATTCCCACAACAAAATACTTTCTACG
OmpA-R CCGCGTCGACTTACATAGCTACGTTTTTAGCACC

3,060 GQ369732  This study
2,870 AY736188  This study
3,156 X68815 This study

1,060 CP001091.1 This study

Underlines indicate the sites of restriction enzymes, such as BamHI, EcoRI, Sall and
HindIII.

2. 9129 292 ¢ 33 g9 ¥E ¥

()
ZF Alzd W SHAFE LB AR whA] wjeket § AA EEste] A
=
-

A A5E FH S} FS AL 10% TCA (trlchloroacetlc aad)i AL oA A WA
7 SDS-PAGE A& ®¥ &2 5217 94TolA 523F &2 F SDS-PAGER s PVDF |
Baole] &7 % 527 ¥y (1% bovine serum albumin in PBST)Z ®FHA| ¥H-8-A] 71 T}
7} ke dig E719 g2 (polyclonal) IAE 1:5000.2 3]A]ste] 1A17F REGA| 71T} 23}

&4 (goat anti-rabbit [gG(H+L) HRP)E 1:40,0002.% 3]A15le] 1A]7F wb-SAIZ1 & A A] A
54 @ g 2 gk

A8 Egtow =24 g wdo] gld JOL1300, JOL1301, JOL1302 % JOL1303
of 4N wHFE A FE AFE AT

2] 43
1. Western blot& 3% ZF a9 23

(o]
“

)

HE

H]

o

/

CIA C NIA CHIA C

125kDa

120kDa% hr

110kDa= ”0 ‘
38kDa%

23 33. Identification of secreted recombinant ApxIA, ApxIIA, ApxIITA and OmpA
antigens using Western blot analysis. Lanes: C, control for each recombinant antigen; IA,
recombinant ApxIA antigen secreted by JOL1300; IIA, recombinant ApxIIA antigen secreted
by JOL1301; IITA, recombinant ApxIIIA antigen secreted by JOL1302; and OA, recombinant
OmpA antigen secreted by JOL1303.
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Wovkel o], transformation® w5 % Western blotel] <] 3
supernatantol] A & wdo Z ATFFE WA IHFEZ AASAT. Western blotoll
o WA R HFFEESFH A 9 ddHy ddE ApxIA, ApxIIA, ApxIIA 12
OmpA°] w8 2 Rue ol st (19 33). WAl TR FEES2RE ApxlA, ApxlIA,
ApxIITA 1831 OmpA 9] #HE gQlstr] 93] TCA-FH M-S o] &3 Western blot %
Mol FadE At ApxIAE 120kDa, ApxIIAE 110kDa, ApxIIAE 125kDa 18]31 OmpA+=
38kDaoll A zzt #ZH = AT

3] 3

APP9] ® A <o1xel Apx IA, Apx IIA, Apx IMMAZS wH&l/EH] #HE <l pBP244o] &
293 F olE x5t ARdete] PYHAsEte] Wetern bloto® W@d P FH| o HE 82l
2 Ay BE ggdd gis) dd 2 EnF & o] Fo] A deS 1 5 ATk webA

= -
o5 WAL Bulsht 7 op%a Ade FEE AR WA #FE ASS

15-2] 4+ 24d/&2H /AL B 474 HF =2 19 7= A3

7b &) o] wrgo] oy ofE3E Awdaws LB A iAo HF skl 37T
A shERE v & A 2E LB A A ol 1:209] wi& = F7heto] 37TelA FeE = ODey
o] 0.8°] & w7} wigFaAct MdE TFEL 4,000rpmol A 2087 AR s oy,

g UF

SHATH HHE =
sl dTFES 2
CFU(colony—forming units)/mt7} %5 AFFAAY. APdsES Aol Alxzd o

o AEHA,

1-2. Bl AU HE8& AT 9 F4

AT A a7 R A WA S E A 7 A o
53 Ardelts LB A Ao HFste] 37TCAA 200rpme] &E= 164
& 1/20 (volume)®] H]&= LB HAuj#]el H7tsto] & 231X ODgyn #t°l 0
A 4N A wgFE ATk o] wMlgAE 4TolA 4,000rpme 2 207 FoF GAE
PBS® 3¥ Ax3t & A A PBSE SHAA F #7F 1.0x10° CFU/m7}
ato] At wialo® Alzy Fdo mFor HEH A

2. 94

iy, 2
e o



gto] FAHT
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> il
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o @ rlo
ol 1>
2 XY
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t} (

B

ot
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# 30. 7 HF AF AF

sEAY 100l 1x10° CFU7}
PBS- Sucrose-‘l‘r PBS®E Z}Z} 7 %
% 3. Be w5

_Hl
JHU
BN
X
ol

I T T Bl HAEdT AR d s
Salmonella 12-2x10°CFU/20.0
b Typhimurium - PF A oxpooxi10°CRU/20u
Salmonella 12}-2x10°CFU/20.40
2 15 Typhimurium Apx A 22}-2x10°CFU/20
o)
Salmonella 14-2x10°CFU/20, 2D EH 29 AP
315 muri Apx A o o10°CFU/20p Y 58 5%
Typhimurium Af=zX 2 sotato] mA7ro
A 15 Salmonella OmbA 12-2x10°CFU/20.40
Typhimurium P 92-2x10°CFU/20
5 15 Control W PBS-sucrose
¥ 31 974U HEs 2 AY
I 57 T SIgSR HAEAT AT
Salmonella 12F-1x10°CFU/10.0
1 1 A TA - -
0 Typhimurium bx 22F-1x10°CFU/10p
Salmonella 1x}-1x10°CFU/10.0
2 10 Typhimurium Apx ITA 2xF-1x10°CFU/10u¢
- AP B 2¢F AP
Salmonelia 12}-1x10°CFU/104 f]} g ia
3 10 . . Apx A _ 5 Elg] 55 &
Typhimurium 22F-1x10°CFU/10p s8ate] A7
Salmonella 1x}-1x10°CFU/10.0
4 10 OMPA - -
Typhimurium 22}-1x10°CFU/1040
5 10 Control H 4 PBS
¥ 32. 4% e
0 3 6 9 105
12 4F 22 A& EAA 74
— = — as 2P AT F3F 0 Lo o 4 s EAR & AE
A A Ad HE: A Ad Hiﬂg 33 % x4 Fu uﬂ%i oA
7HE AH 7HHE AFH s AA 7HHE AFH o+ w8 =)

3. 73 & AF

2 " A, 22 4 d % =4

shul Aol Abgselt.

o
r
o2
d
d
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33 =AY ¥ 4 HE A= A B

HE A= Apx TA Apx TA Apx TMA OMPA Control
AT 54 2%/6° 1/6 3/6 3/6 3/6
H 7] Fof 1/9 1/9 0/9 1/9 3/8

3] 48

A A AT HEFRGE v HFAA B =L A Ut fEEHE A
o] glEom, =HNE F HFFE Woloi s FAste] & ZAI AT HF Kk H
AU HE ASolA Wo] st $43te] BEHQITL

o
N o
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o,
ws)
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e
>
jakei)
offl
i
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o,
rot
H
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N
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27} choclate agaroll HE3dbo] &5 wiek 3 F 5 x 107
of 3A3 FT Z7te] v o] 10 F 20 mp$-2o B 7

oftt
_\:L_L
o1
ot
By
N
ORI
il

2
CFU/20pke] ¥ x=% Hi PB

HF kAt

3. e
9 el W

HEEHE 2 E Ao R spleend A OoR AFHsE] 3 F
chocolate agarel] HE3 & 37ColA wddte] #& Egst o, APP 9] primerE ©] &
st APP 5 sttt (3 34).

¥ 34. Actinobacillus pleuropneumoniae 5 ©| primers

Name  Sequence (5~ — 37) 7] (bp) g 7l dEHY
APP-F AAG GTT GAT ATG TCC GCA CC

950 A. pleuropneumoniae serotypes 1 to 15
APP-R CAC CGA TTA CGC CTT GCC A
Ap2F ACT ATG GCA ATC AGT CGA TTC AT

500 A. pleuropneumoniae serotype 2
Ap2R CCT AAT CGG AAA CGC CAT TCT G
ApbAb TTT ATC ACT ATC ACC GTC CAC ACC T

1,100 A. pleuropneumoniae serotype 5

ApdBb  CAT TCG GGT CTT GTG GCT ACT AA
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WA HE A, I} HE ¥ 19, 29, 39, 15, 27, 3740 1FME R 9w
5ukel o] hgs BWE ol

AZE A T Hit BPW (Buffered Pepton Water) = 100mg/ml ©]
=] 5 = A S EYolEg LB 3 FHHolEe| A st
of WA FE T8 §F PCRE &dl WAldFY wEoqFE et =3 Y x| FH
2 b et ¥ 100uE 10mee] RV AA v =] ol] H7}sto] 244 7F vl <Fstict. vk 100
w
o

BGA &3 ZFdolEd =g Fste] MAdFE B3 5 PCRS &3 WAldF9 vi=

4. F-H(sacrifice) ¥ A2 Z7]oM 9 AqAFF £ R 3 AF g Fv
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. Enri . Enri . Enri . Enri . Enri . Enri
Direct n chlrect n 1CDlrect i 1CDlrect n 1CDlrect n 1CDlrect nrie
hment hment hment hment hment hment
3]

4°/5> 1/1 0/5 0/5 1/5 1/4 0/5 4/5 0/5 0/5 0/5 0/5

/3 0/2 0/5 0/5 0/5 05 0/5 05 05 05 05 0/5

Zxx 0/5 0/5 0/5 05 05 05 0/5 045 05 05 05  0/5

3. 94 HE F A4 ArNY WARF 7S %

A wae] wg AE ¥ Fa A A 0

AT S E 379 2ol 18 FEElAE WA 4F 3F FAK FRBV6IA
1

= Ao 23] JFELAME HE 3F FHEHE WATFIE SYHA sk

()
ol
N,
=

E 37 WA AF ¥ Fo A4 7149 WAwF el o ¥ A3

Q= 14 1% 25 3=
B Direct Enrichment Direct Enrichment Direct Enrichment Direct Enrichment
= 0/3 2/3 0/3 1/3 0/3 1/3 0/3 0/3
13] 7t 0/3 1/3 0/3 1/3 0/3 3/3 0/3 1/3
az N 0/3 2/3 0/3 2/3 1/3 2/2 1/3 2/2
B A3 0/3 2/3 0/3 1/3 0/3 1/3 0/3 0/3
B 4/5 0/1 0/5 4/5 0/5 0/5 0/5 0/5
] 0/3 2/3 0/3 1/3 0/3 0/3 0/3 0/3
o Zr 1/3 0/2 0/3 0/3 0/3 0/3 0/3 0/3
a=z A 0/3 3/3 0/3 1/3 0/3 1/3 0/3 0/3
° A 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3
=9 1/3 0/2 0/5 0/5 0/5 0/5 0/3 0/5
S 0/3 0/3 0/3 0/3 0/3 0/3 0/5 0/3
% Zr 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3
= 1% 03 0/3 0/3 0/3 0/3 0/3 0/3 0/3
AR 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3
=¥ 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5

4.9 AHANAY A% [gA E7

A AR elel el [gA BA G7hE ST A, Wl Gt thael Aol gou
18] A%(1F ARTHE 23] AFCLF BACl A 477k B BEEA (19 36). o] 2
e 13 gERvhs 28 P30 4371 49 welel Qo Mg Fau AdAe gAE nuh
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MAEF vt 4 A9 Ad

I% 5 1 ST A= AR
5 o]

A 30 Apx TA, Apx IIA, 1x1u(3 CFU/10u0 Wl A AP E}Y] 2

Apx ITA, OMPA a3 PBS AP €< 5

AP B¢ 2

B 30 W3 PBS A HE AP B9 5

[ 391 ol 5 A<
% PBS 100l 7+ &9l e WAl
25 F3ske] Az 3

7} 1x10° CFU°] H =% Az

i
ol
Rl
L
!
N
nE
hl

0 25 45 45 65 85 95
123 HE 1=k 54 =age 2a 24
Tz 7lod &
o=l =T T
Yoe 18G, slgA IgG, slgA LPA, FAS” IgG, slgA IgG, slgA AJF3g w9~
=] cytokine &4 1P
o
CD3, CD4, CD§,
e M= M= B Ax 545 7= e 2y (o)
A A A Al 7H = A A A oo

(2 8 57k

A A 2

2. 7tAE AA

D W A3 "HET A, 13 JAF §F 25, 47, 67, 8FA0 IFEE FHS B
& Ate ofzol= (sodium azide)”t 0.1% &% PBSE 100mg/mlo] HE= X
-80Ce Hyal Adol A&ttt

S

>
N
Job 2

2) A AN NFH AT B AH 2L A7) B PBS (pH 7.2) 100E AR F9
st & ufola RIS ALEEle] 4] 0T Rysty Ao A&35FA

3 AME Y] B R A AH A FH e 2 A7l 24z AQdete] S Feske] 80T
of Byst dgel A&kl

4) H]GAE (splenocyte) 2] (SLP &) @ Z} ZFHE=Z 5vfg]e] w28 HF T 45740
FaAo® v (spleen)s AFH st RPMI 16400 = Skvh 0.8% < 3h<
chloride, w/v)S& o]&3lo] HdFE &3]3 ¥ 380xg, 4T, 1023 I+
dyt PBSZ 3 AMFHSAT. w9t dAFEE] $ complete medium  (RPMI 1640
supplemented with 100IU/m¢ penicillin, 100xg/m¢ streptomycine and 10% FCS)S 2 A H-F A

T .
¥ (ammonium
St

S o
T gﬁge
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Atk AZFZ Aree] 5x10° cells/100p0% EF3F tFg 2 3ol 100xLel 10715ug/ml ] &
=7t HE2E g Aste] HI7Esk & 37T, 5% CO, dFoll A 48413+ WE-S-A171 & ViaLight Plus Kit
(LONZA, 2=912)& o] &3t HIFAE AxF2s A3

HE Sutg o] nhe-2E 12 HE F 457A
o 08% Y93dREF (wv)S ol&ste A
g %, 380xg, 4T, 1027 dAEEe & AAES " PBSE 39 A3t
2 ¥ complete medium®. 2 A F-FAI AT HESFE AAEste] ZF ghdo R 124]
2 WbSAIZ1 5 CD3, CD4, CDS 2 B Al®2E A3t} &=
2 48A17F vk A17l & 380xg, 4T, 1023 942t & Ao HelS o] &3t A EZHE
mRNAE #2|3t3l cDNAE A|#ste] A7 PCRE IL-65

5) A #2 (FACS % ELISA §) : 2 2%
of FatHom wgs AF skl RPMI 16401 &
ERE IR

ek

w7 o}

3. @A 47 =7
1) IgG : vhzol WAFREE PR FES = 2 G4 g FAE FAe drts =
A7) 98 A2 A aga 13 42 &
3to] ELISA® IgGel %7ts 4 3sith

il

2) slgA @ vFg-2o] MAFF HE Fo A" Ao 2 A4 WIS (systemic immune
response) %= A AA HAHE (mucosal immune response)S #2lsl7] Y&, HE A 1yl
12 HE $ 27, 47, 67, 8540 £ 2 F AFHAS didoez o] ELISAZ slgAe] 9
Ve SAsA

4. Spenocyte proliferation assay

k2o WAl dFE B[P o R Fojgt & 7 OFHEE futg e nkeAE HE §F 4T
Aol F Ho=Z spleens AMFHSE iced HIAFA 10% fetal calf serum, 2 mM
L-glutamine, 50 U/ml¢] #lUA €, 50 ug/mle] ~EZEnto] A3} 2 yg/mle] fungizoneo] ¥3F

F RPMI 164080 wolx EHa & cell strainer (70, SPL)o] oA Z . o] = 0.8%
ammonium chloride (w/v)E ©]&3}o] erythrocytesE £33t 380xg, 4T 1087 943 &
Adee E¢x PBS2 3H AHsa wAY 94§ complete medium (RPMI 1640
supplemented with 100 IU/ml penicillin, 100ug/ml streptomycine and 10% FCS)o. = z] H-
A7 H cell 2 A 5 x 10° cells/ml 100 pl® 33 ofg 2+ o] 10~15 ug/ml
in 100 ul® 3A38 = 37C, 5% CO.0lA 48A17F ¥FS & VigLight® Plus Kit (Lonza
Rockland, ME, USA)E v7<L<] wg} Splenocyte proliferation assay (SPA)Z luminometer
(TriStarL.B941, Berthold technologies GmbH&Co., Germany)Z Al-8&3to] =439

5. Flow cytometry

Al HE F HYfEe dHS dHE WY AEXE #AFs] s HHoz 134
HE & 2 2R b9 mbe2E 14 JF F 458 F A2 E spleens A FH 5k
RPMI 1640°] X % 0.8% ammonium chloride (w/v)E ©]83}4] erythrocytesS £33}
380xg, 4C 1087+ A3 & I AES dit PBSE 3 A Fsch vpA 2 A4 F complete
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medium (RPMI 1640 supplemented with 100 IU/ml penicillin, 100ug/ml streptomycine and
10% FCS)o.&2 A F-FA71aL cell 75 ALbe 5 d9d 2F &9 Apx IA, Apx IIA, Apx
IA®}F OmpA= 12A17F ¥HS- Al71 & CD3', CD4', CD8" (T cell) ¥ CD45R (B cel)= =73}
91t 3-color immunostaing $3] splenocytes ( 2 x 109100 @) 37}x &7 EH4
antibodiesE <335t Eo A 458 &<t wESAIFH T =, FITC-labeled anti-mouse CD4
antibody, PE-labeled anti-mouse CD& antibody, PE-Cy5-labeled anti-mouse CD3 antibody,
APC-labeled anti-mouse CD45R antibody (Beckman Coulter, CA, USA)o. & Z}7} WAl A
o}, FAZEA (Flow cytometry analysis)& FACs Calibur™ (Becton Dickinson
Immunocytometry Systems, San Jose, CA)Z =AFAQom Holg FALE Flow]o software

(Treestar, Inc., San Carlos, CA)E A3

6. Ale]E7}Q1 IL-4, IL-6 ¥ IFN-y =X

WA HE T EHEE cytokines IL-4, IL-6, IFN-rE& Z743}7] 9lste] ¢ 59 &
Wo] F3to] mhe-~9] spleens #E]3F FH cell 2 5x10%ells/ MO &2 30| 4 yg/mlel 7zt
Apx IA, Apx ITA, Apx IITAS}F OmpA=Z 72A17F WHS Azl & 1500 rpm o2 58-7F A4 &2
3fo] A Ae Ao &2 ELISAR cytokines %5 A3l =, eBioscience AF2] mouse
cytokine ELISA Ready-SET-GO reagent sets T 435Fe] A ZAe] Ao upe) IL-4, IL-6
a3 IL-128 AT

7hph gt e B AN F @ el ope B FE 20 5x107
Z] =
H =

2] 23

2w g9 wd MAFFE EFstel wPNE AEG Fol 2 A el I
W g fE ¥ ELISAR Z4ste] % s, 4719 7t vl ahel wd wAwEE v
Folge AgolAst ol MAFEE T AFAAL ASNE 2 vy FUo] e 1
A AE olF 27 FVH 74 @el 0@ =AY gGrh dxel wal @A Fhska 9gol
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A 1.2 ApxIA ApxIIA ApxIITA OmpA
ﬁ % 3%
*

=i HA s
5 0.9 - { a8 %
o mB *
= - S
= 0.6 &k
5 ‘

E 0.3 "

-] s
o

(1]
B .. .

= 2

E 120 | %

B

£100 - oA

S 80 | mB *

= *

- 60 - & * * *

B

= 40 -

§ ;

o 20 -

0 | , .

02 4068 0 2 4 6 8 0 2 4068 0 2406 8
Weeks Post Immunization

238 37. Serum IgG (ug/ml) and fecal IgA (ng/ml) titers against the individual
antigen In mice intranasally inoculated with the delivery strain. WPI: weeks post
inoculation. Data are presented as the mean of all mice in each group and error bars show
the standard deviation (SD). Asterisks indicate significant differences between the values of
the inoculated group A and those of the control group B (*xP < 0.05, *+2 < 0.01).
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2) AHe] IgA
Zb ol &g uka wAFEE E8sle] v AU R HE3 Fo| z g fa 2w
(fecal sample)e] IgA 2 & o (vaginal washing)ol 419 [gA 84 4% o322 ELISAZ
SAste] 2 A7, 7 g gl dis] WMATTE 13 JES o] F 25 FHE 7} gl o)
3 Auto] [gA7} tizatol wlEl A Z7bsta 9go] FaEHdon wE <l s W
AT HE T 45 Aol Hao A 9UtE Koo HA fHAcste AX
37-B).

)
>
=
bl
O
—~

2. Splenocyte proliferation assay

HE 5 45 Aol SPAE =4S 93l Apx IA, APx [IA, Apx IIMTA 133 OmpA 3
Aol AHEHAT. 2} o] g SPA WAl HF w2 el Bl&) ST ghel Fo A &
7hetivh. W J HE (1 F Ao Apx TA, APx TIA, Apx IMA Z18]3 OmpA 9ol o
sk ST ¢k Zh7F 1.36 £ 0.17, 1.42 + 0.19, 1.48 £ 0.10 and 1.45 = 0.10% 31, dlx=a" (1 B)ol
e zh e digk ST gk Z+ZF 1.01 £ 0.03, 1.02 + 0.05, 1.08 + 0.11 and 1.11 * 0.13°]%
o (P < 0.05 (¥ 38).

4

i

Stimulation
Index (SI)
T

<

Apx TA |Apx ITIA
Apx IIA  OmpA

238 38. Splenocyte proliferative responses against ApxIA, ApxIIA, ApxIIA and
OmpA proteins inoculated group A and control group B mice at 4 WPL Group A, ([);
group B, (). The antigen-specific splenocyte proliferative response is expressed as the
stimulation index (SI). Data are the means of all mice in each group and error bars show
SD. Asterisks indicate significant differences between the values of the immunized and
control groups (P < 0.05).

3. Flow cytometry

AZAH D AN AR S5 98 BAFE AFE F 47 vps wge
Hzate] HAAAEE FHsta T =9 B "o F4S Axrslrl 93] Flow
cytometryS ©]&3Fe] CD4+9} CD8+ 1¥]al CD45R+(B cells)e] WE&S XAt 1 2
3} 7 ggle] i@ CDA+, CD8, B cells 55 dize] 1) Z7hghe] B2l (19 39).
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> 40 -
9 B ApxIIA
_g. 30 = ApxIIIA
E 20mpA
=20 -
Sy
1)
ée\ 10

0

B-cells CD4 CDS

a8 39. Flow cytometric analysis of T-lymphocyte and B-lymphocyte
subpopulations in the spleen at 4 WPL Bar graphs represent (1) CD3+CD4+, (2)
CD3+CD8+, and (3) B-cell splenocyte subpopulations in the inoculated mice. All values of
bar graphs are presented as the mean * SD. Asterisks indicate significant differences

between the values of the inoculated and control groups (*2 < 0.05).

4. 477 PCR

S 40904 B ke 2ol WIS IL-4 Boh dEdel vs fe) ) Estdn
A (P < 0.05) splenocytes®HE Apx IA, Apx IIA, Apx HMIA 223 OmpA°] &
IL-49] 7 FEE @A 10 pg/neolstgith 3w -6} [L-12¢] = glze] ua
o4 gl FFo Z717 BAE YL

L
s
Sk
yal
o
T

g
£
g

S el E %
= &b
23 2 % EEL % .
1 2 o
56 5100 T 200 *
=] =] =
g 4 Q @
= = 50 - g 100 -
s ? s 5
0 0 0 . : . :
A A A 1A A mA 0A

23 40. Cytokine titers in the splenocytes at 4 WPI with the delivery. Group A,

(LD); group B, (). Data are the mean of all mice in each group; error bars show SD.
Asterisks indicate a significant difference between the values of group A mice (*P < 0.05)

and those of the control group mice.

N AFETAME AFEE 100k F 30kl slAbekel 30%9) Aol wEE
10nke] % 67k AAlele] 60%e] HAF&ol BAHUT, oF Fal w4l
o that ol ol ol g ol el e
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Ba 80T Rusely Ao ALL3+4

3 HFAE FE  A4 2FEE SuE o vk E wiA Y HE T 4T A4 FEAoR
v A2 A FH3ske] RPMI 164001 R9kth 0.8% A3t RE (w/v)S o|&3le] 2HE¢
T, 380xg, 4T, 1021t dA2ger & AHES Ht PBSE 3H Al HsA . wpA
% complete medium®. 2 A F-GA AT A EF

]2 380xg, 4C, 10&7F 4 Eest & 45

2HE Hulg AlolEFlele =AsiArl. @l AP ARIA7 F I ES o

& =333

3. 3 971 2 Alo|EF} =

WA, PHe SR 16 % Igad] oi@ FAME ELISAZ Fd 4o, 94
HE B AFAo] BEAoz Bay nAALd 7 9 AL 2A 7 T QAT 7
dozRE EgFE mRNAZS tido=z 2AA7F PCRE IL-4 2 IFN-y9 S @¢3d $3F&

A3t

4 =A%
AP 7k vpgas e Bk 447 F @ vlE g ok e s 20ue] 5x107
CFU7} BE% z4ste] M7z JFan At g delaksit.
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0246810 0246810 02406810

0246810

Weeks Post Immunization

23 41. Immune response against ApxIA, ApxIIA, ApxIlIA and OmpA antigens in

mice intranasally immunized with the vaccine candidates: (I) serum IgG (ug/ml) titers and

(I) fecal IgA (ug/ml) titers. Group A, single immunization; group B, double immunization;
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group C, triple immunization; and group D were inoculated with PBS as a control. Data
are the means of all mice in each group and error bars show the standard deviations (SD).
Asterisks indicate a significant difference between the values of the immunized groups with

the vaccine candidate and those of the control group (xp < 0.05).
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glycine-rich sequence #+¥17} outer membrane protein®| 29 7} fimbriae7} LA Th o8 H
A exotoxing Alolol A, Apx proteins (RTX toxins): APPS] WHlol] glojA F Qo3 ot
24 Sk= majordt WEAAARA QAT sAFHHE (PP)oll thE ool <l

2 AFdA FHEIgT. FH<tol, Type IV fimbrial subunit
T straing  AlololA EAEAT. FoSALE, ApfAT EE
HolHoh B%ol, fimbriaeE2 7] ¢ =& WAAdES 7HA

2 o

Apx toxin®] T8 T
protein ApfA+= ©o]#3d I
serotypes AloloAl & HE
t}. Fimbriags 7}3 £ bacterial pathogenoll W3gt A B {4yl candidates®* %% 38}
A AFEE A 3L 9ltl. OmlA proteine APPe] W EA elxlo]lH | transferrinol] 2 &3l <5
28Y A g5& 7l sted T3 9E8E Fgs
EHX]%”W%]% (PP)E ZEESH7] Hste], 9wl Fasith 189y, 22 APPY

serotype ol Al = I 23|
$+ vaccine candidatesE Q&K 7] 93] FAHAYT. dE Eo] AT
cadidatesﬂ killed bacterin vaccine, A B3 W2l o]t}, o] 2]&t vaccine candidates > =4 3}
HE= As A Xeke oy wxbgolzt A A& HA Fevh 2H PR E34 Q1 vaccine
o] W& $Jste] ¢ B2 w=go] g HT

7R AH A 2dl FoA, Al YA vaccine delivery system S Z A4 2§35}
Al AFEE AR T}, 25 Alolo A, oF=sl ARdeite F&E3 AFgEAlo] 9] heterologous
antigen (o]l st WolHIE FEst7] 93l delivery systemOZA] ] A& X o]
A qof, AmdlE) systemol] et AFHEFTS I mucosal site EFolA FA S-S f
Tel=d 53y a3 oItk o] d Ao A, ApxIA, ApxIIA, ApxIlIA, ompA 3US 23
3} novel Salmonella-based vaccine candidatesS Al g3 R kvt A F=H = (PPl o g
Hol S &4 0 23F= o] vaccine candidates®] &2 mnfgardo]A FAlmo]H T} o] AdF
o] EA 2 A3 ApxIA, ApxIIA, ApxIIIA, omlA3 S 233t live attenuated Salmonella
strainso] M7 AEES] H A FudE (PP) Wolo] thal &S Hrlsre do Aok

3} 9]

=

vaccine

o m

b

I

o,

2] Agur
1. Ado] A8 3 Al straind plasmid 282 AZZA

okl E APP, HJL62 ApfA, OmlA proteing encodingsl= FAAE SZ317] ¢35l
AbEE QT ok E APP EEFE, serotype 1, HJL6, serotype 2, HJL67, serotype 5, HJL
2632 virulent challenge strain®A A% At} o] strainE ZF# of7FolA 37CAA A%
At} o] ¢F53} Salmonella Typhimurium o], JOL912+= Z-7e] U E2] delivery host
24 AFEFESY pMMP65 plasmidE2 delivery hostoll A heterologous antigen< 4] 3}+=
vectorZA] AFEE T (3 47).
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¥ 47. Bacterial strains and plasmids used for this study.

. . e Source of
Strain/plasmid Description reference
Strains

E. coli
F-mcrA (mrr-hsdRMS-merBC) 80lacZM15 lacX74
recAl
Topl0 aral39 (ara-leu)7697 galUgalKrpsl, @b stock
(Str®endAlnupG

BL2IDEpLyss  Fomel, o hedSelre ma ), derm, gal, MDE3), 1.1 stock

HJL112 E. coli BL21 with pET28a-ApxIA This study

HJL190 E. coli BL21 with pET28a-ApxITA This study

HJL119 E. coli BL21 with pET28a-ApxIIIA This study

HJL69 E. coli BL21 with pET28a-ApfA

HJL192 E. coli BL21 with pET28a-OmlA This study

S. Typhimurium

JOL401 S. Typhimurium wild type Lab stock

JOL912 S. Typhimurium JOL401 derivativedlonAcpxitAasd  Lab stock

JOL1300 JOLI12 with pBP244-ApxIA Hg & Les

JOL1301 JOL912 with pBP244-ApxIIA Hur & Le®

JOL1302 JOLI12 with pBP244-ApxIIIA Hur & Lee

HJL72 JOL912 with pBP244-ApfA This study

HJL114 JOL912 with pBP244-OmlA This study

A. pleuropneumoniae

H]JL6 Actinobacillus pleuropneumoniae serotype 1 Lab stock

HJL67 Actinobacillus pleuropneumoniae serotype 2 Lab stock

HJL263 Actinobacillus pleuropneumoniae serotype 5 Lab stock
Plasmids

pET28a IPTG-inducible expression vector; Km" Novagen

Asd’ ,pBRor, B-lactamase signal sequence-based
pMMP65 periplasmic Hu2ron& Lee,

secretion plasmid, 6 x His tag

2. Z4Ztel Ax{ FY 4]
Az3 ApxIA, ApxIIA, ApXIIIA @ AEL o AFolA ALY strains 2 FF
4|89t (Hur and Lee 2014; Hur et al. 2015). 3714 o2 ApfAer #&E¥ A %3 HJL69

o} OmlASH @ ¥ A= HJL192E Ldss=
2 a2 54 primer setZ A 3dhe] (F 48),

=08kl
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¥ 48. PCR primers used in this study and their product sizes.

iz .
) Size Accession

(bp) number Reference

Name Sequence(5 " —3

ApfA-F CCGCGAATTC AAC GCG TTT ACT TTA ATT G

ApfA-R  CCGCAAGCTTGAAAAATTTAATTTGATGC 420 AYZETIBL - This - study

OmlA-F CCGCGAATTC GGC TCA TCG GGT TCA TCG TC 1038 AB007573 This  study
OmlA-R CCGCAAGCTTTTATTTTTTATCTTCTTTTGTTG 1

A v vy e
iE GO G GCCTCT G COT A m o i
NI ACTATG GOANCAGTCGATICAT Ly gy e
N TITAIC ACTATCACGICOC AT g e o

Note: Underlines indicate the sites of restriction enzymes, such as EcoRI and HindIII.
o gk FIHH Fo

zbzrel gdEe digk 54 FAEL olde] Vl=dd dE FH A HHur and Lee
2011).

4. ApfA and OmlA ¢ o <=3 Ardet A FF Az

ApfAe} OmIA @ AL 2& 3= delivery straine o] ol 7]<=3d = HJL692}
HJL192Z 3¢ digestionS E3] #8389t} (Hur and Lee 2014). =, ©] strains& ApfA$t &
Ay HJL729 OmlA<F #-d%E HJL114= designated}$d

5. Western blote 2 & &9l

AN=EER FAE ool 7lsdd AAH, 242 HJL72=5E A3 ApfA oz
o], HILII4Z 5= AZx3 OmlA @¥ldo] 0¥ =2 HAt7] fla 3520} (Hur and
Lee 2011).

6. Ao WA F1

o] Delivery Straing< °]%ld 7|€dd WHo=z FH A (Hur and Lee 2014).
Cell pellete B4 PBSoA 2 x 10%olony-formingunits(CFU)/ml. 2.2 resuspends} & th.
Al & .r.u] 3l U 7:]:er4 o7 uﬂ/\] XJZ_O} q_

792 1% 2 APE A

20vt2] o] Large 834 A7A=5S FU3HA 2719 2522 Uk BE A7 A
E2 473 ATHFRAT (0 WPD. 15 A9 A71AH=S control T o & ALg-at7] 9]
A, 10mle] Ei PBSE HIsAY. I+ BY M7AES 57019 delivery strain (Z} strain
& 10mlY ), ek 4 x 107 CFUS® AU, o] #dd §dFo= E3d4 10ml, ul=f
2 x 10" CFUE A7H oz Wafelg gk g9 MFEL 0, 2, 4 WP Howkg B}
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2 g9 APHAAY o] AHelA AFH FEAASL g Auosha FRAP a9 A8
a4l 52l ol FEHR S e w39 rloj=gkcle] wel (CBU 2011-0017) =3 € A
ol t}.

okt M E ELISAT Aol &= 7IEAQ] dwd-5o] [gGE AEsted 2ko] &=,
el A (Hur and Lee 2014)9 %= 2299 ApxIA, ApxIIA, ApxIIIA, ApfA 133 OmlA
uﬂ;é,_l

Az FALe ol g3t

A7 AHS & u) 1 FFEE HJL6, HJL67 181 HJL2637F 292 o
st =, o] 5L 37C xFgloprtol A 18AI7Fso kst "Wt PBS 1mlol
2 s )

fHT 2E A

(it
rlo
—
2
ey
ofN
ot
N
N
R0
=2
=
2

o
L
td
iy
N
o2
>
rh
rlo

mixtureE 2ml H| 7} HE5HA 7) HE 5 79 2ol WA} 2 o)A PES F
A wUEY At mAnd 79 Fol RE AES kb 00w 719k Fol ool
HdFE =9 FHelA swabste] BAA dFE AESEATE 29T AES 2FY olvbel

O
_Orlll
959
£
m Il
e
)
E
N
rr
>
)
7

streaksle] 37Tl A 24X 7HE<E vl
type 5-specific primers (Jessing et al. 2003, 2008)= A}-&3F PCR (& 48)2 313t t}. o)A
o] A (Jessing et al. 2003, 2008)o] uwl=wH oA EHE o] Hol=
serotype-specific Zgto]™ (& 48) Fo 3ol PCR amplicon productsE 7}FA il Qopd, =1
H o] WES Ao gk Axpetar s A ekt

, type 1-, type 2- and

=N
2
>
o,
o

10. SAA=

TE A5 ¥ + standard deviation (SD)Z EAISFR oW, TA* 2= SPSS 16
o2 Fastort (SPSS, Chicago, IL). /NEA] MF t-testv W2l 157 HAE oA &2

control L3 Atole] W] wb& Zpo]S FAA o7 FA83IT

3] 23
1. XN FFE2REH TdsE ApfA € OmlA <

3 ApfAS} OmlA FH|E =H357] 93}9], the culture supernatants of the delivery
strains& AF&3 Western blot #2419 o] At o d== &9 ApfASt OmlAe A7+
Z2y7y 159} 38kDacolal, o] Z7]e] Wi=rF 5 AT (17 42).
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35 =— J
26  ——

20 —

15— —

a9 42. Identification of secreted recombinant ApfA and OmlA antigens
using Western blot analysis. Lanes: ApfA, recombinant ApfA antigen secreted by
HJL72; and OmlA recombinant OmlA antigen secreted by HJL114.

2. frI=d ¥

18

X3

29 430014 Hi= oupel o]l B zpEoA dojul dF o] did oAl vbe&
HolEth 25 A5H A9 o ¥¥ wWzkx, 2% Bel = #A4e el tid serum IgG
FEE 2w Ak Hluste] gdE] Folwth (P<0.05) (1 43).

ApxIA  ApxIIA ApxIIIA ApfA OmlA

800 OGroup A
700 g Group B o
600 r
L *
500 o & { %
400

Serum IgG (ug/mL)

4

%

%
300 -
%
200 rﬂrH
100 |
0 |-I-|1I T I|-F|*| T
024 024 024 024
Weeks post immunization

* %
ACHCH fﬁFﬂ Vﬂrﬂ
0 2

28 43, Serum IgG (ug/mL) concentrations against the individual antigen in
piglets inoculated orally with the delivery strain. WPI: weeks post inoculation. Data
are presented as the mean of all piglets in each group and error bars show the
standard deviation (SD). Asterisks indicate significant differences between the

values of the inoculated group B and those of the control group A (*P < 0.05).

3. ERFF UE ol

9§ AY 10%9 AE F 2%E RAYY F 79 Sl A3 =949 #Fe
AAgde]l BAA vk ARl A A2 Fal PelHAT SAW 1F Bl 10%e] AE
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< 27l ARt A Sl EAE A

4] A&
Multiple serotype®] ©& M4 Algtel s} ZajRxH, PPe oWste 7H 9 d&
o WS glske A, o] A2 APP serotypesE

T 4 9+ cross—protections A& gt (Haesebrouck et al. 2004; Chen et al. 2012).
Apx 9= (ApxI, ApxIl and ApxIID+E WEA @<lo)n APP o] 714 2 elo|tt. 7zt
Zke] Apx 954 PPl tiafA FEA Q] protection¥t Yo7]™ Apx 9EAd] FEE
serotypesvth o 2] 7RA = vFetr] wfZol Al constructsel Al 7FA Apx 9545 4o
2= Aol W2 W9 PPE " Aotk AUt fimbriaes W& = WRbS
Lot7] wiol(Yang et al. 2011), fimbrial &> ®rH2jo} W /ol thal subunit vaccine
candidates 24 ¥4 o2 A& %}

ol]de] A& A (Hur and Lee 2014) ApxIA, ApxIIA and ApxIlTAS &3t oF53hd
S. Typhimurium EdW o] FFoA Aozl ZF7ke] g2 Western blot &41HS F3to] &
ol At FH Aol &) ApfASt OmIAES WdS= Salmonella-based delivery strains<
delivery systemoll AF-&3&t7] 9lal constructed ¥ At delivery strainsoll A o] z}z}e] 3¢l €]
i H] = Western blot 422 ¢ o QA o] #2419 ZA¥+= 339 ApfA¢ OmlA FH A&
7R3 Qe FEfAu]=U) ok A 02 constructsoll HoldthE RS Wk, wdE = 7hzb e
o] gy om FHlET 3 5 9l

O

# o] uheglol ol the Wolr| A S EF7Il e ¥UE clearanceo] #H-¢-%H, IgA
kol o]sk Hul WS PPo|l gtA o g thasl= WAl 2l @ Aol (Haesebrouck
et al. 2004). =S FAY ¥ 8FAE £33 systemic immunizationS X% mucosal [gA ¥H$S
FE=3lA] 2 om (Haesebrouck et al. 2004; Seo et al. 2013), o]t H-2 o] ®Wa HI1A
M= 7]&Holdx= Mot} A7 IgA AAFY systemic WY WSS f-%=3E mucosal
< AdAow PPE e oAl #WAHAo g & 4 Atk (Seo et al,
2013). A% F8atA ABZeEoF b= "oz, 359 APP I wAlolA el golrl A X
A et= AL vt g olrt = A AAZTE =9 A sk ddHeE A
73t carrier animalsE WHE Z o)t} (Chiers et al. 2010). o] 2] n]Fo] & uj
=23 AMAS AT JAFste] WY wEE fFEehe A IgA S A28 A,
Aol A wrE oty HEe| FAEE S HouR o] FFA carrier®Z H &
of i ekt} (Haesebrouck et al. 2004; Ramjeet et al. 2008). ©] <o 1 BT HEE st
e 5ol AYutg& AR Fshes As sttt e o 2 v
ZAbel L, WAl JES A= 5 80%olA MU APPel EHEH el
, WAl JFEHA] &2 A= 40%REe] wojo] AdFaEtt) o] AR =&

delivery strains®] @ A| strainsE o] g},

Immunization

=

% 10 ¢

tlo ¢

off

e

rjg

rm PUES
o

BENA AEe
golol 4.
W, 3T PE

mlo

,_L.O
=

T oox
2o
=
(o]

, s
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ABxo] W™ Salmonella-based vaccine candidateE 747 HEsl= Aoz HAAH H
o Hkgo] gyHoE FLEHJTL YEHTa @ 5 Q. AT WS T A= ¥
A APPE &= S W 2L s A

A Zdst 3 oAdAe 20%o e A A4S WYt §HA
< vebyth o822 989 Salmonella-based novel vaccine
candidateE ©]-&3 A7 HET2> APPo| 93t =29 PPE &34 oz wWojst 4 9l

-

2
ol\

™

%)

o
) r

[22] H Al A WA G5 FFAZ A9 "o 4342 adjuvant A L WAl
Z 8}
1] Nz‘gul-lg

AP ALLE AT, plasmid 2 AZZFA

ofAlE APP, HJL6<2 ApfA, OmlA proteing encodingdl= FAAE FZ317] 93l
AL g5t ofAE APP 8 FE, serotype 1, HJL6, serotype 2, HJL67, serotype 5, HJL
2632 virulent challenge strain®A AF&E At} o] strainES 2=l of7fo| A 37 A A4
FHAt}t.o] ¢F=3} Salmonella Typhimurium ¥ o|5=, JOLI12= ZH7he] &2l delivery host
224 AFEE AT (Hur and Lee 2014). pMMP65 plasmidE2 delivery hostoll 4 heterologous
antigens 1] 3= vectorE4] AF&E T (F 49).
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¥ 49. Bacterial strains and plasmids used for this study.

. . e Source of
Strain/plasmid Description reference
Strains

E. coli
F-mcrA (mrr-hsdRMS-merBC) 80lacZM15 lacX74
recAl
Topl0 aral39 (ara-leu)7697 galUgalKrpsl, @b stock
(Str®endAlnupG

BL2IDEpLyss  Fomel, o hedSelre ma ), derm, gal, MDE3), 1.1 stock

HJL112 E. coli BL21 with pET28a-ApxIA This study

HJL190 E. coli BL21 with pET28a-ApxITA This study

HJL119 E. coli BL21 with pET28a-ApxIIIA This study

HJL69 E. coli BL21 with pET28a-ApfA

HJL192 E. coli BL21 with pET28a-OmlA This study

S. Typhimurium

JOL401 S. Typhimurium wild type Lab stock

JOL912 S. Typhimurium JOL401 derivativedlonAcpxitAasd  Lab stock

JOL1300 JOLI12 with pBP244-ApxIA Hg & Les

JOL1301 JOL912 with pBP244-ApxIIA Hur & Le®

JOL1302 JOLI12 with pBP244-ApxIIIA Hur & Lee

HJL72 JOL912 with pBP244-ApfA This study

HJL114 JOL912 with pBP244-OmlA This study

A. pleuropneumoniae

H]JL6 Actinobacillus pleuropneumoniae serotype 1 Lab stock

HJL67 Actinobacillus pleuropneumoniae serotype 2 Lab stock

HJL263 Actinobacillus pleuropneumoniae serotype 5 Lab stock
Plasmids

pET28a IPTG-inducible expression vector; Km" Novagen

Asd’ ,pBRor, B-lactamase signal sequence-based
pMMP65 periplasmic Hu2ron& Lee,
secretion plasmid, 6 x His tag
2. 9 FH

o] Delivery StraingE-2 ©°]de 7|&dd WHo=z FHeAtHHur and Lee 2014).
Cell pellet> E+1 PBSo|A 2 x 10°colony-formingunits (CFU)/mL ©. & resuspendst$th. o

Aol FHlEE & Wy 4FES FAFAL

4l o) A mE 7 mENA EAF 24 T§F 5hel 9 Large 834 A7AEE
o E 50014 P HE 74 aguEE AFHAY. 2§ D

3}7) 2 Ao 10mle] Wi PBSE HE39

AgEe Sy Avsa FRAREIN9se] aHd +9
1

Al
d FErR 5ol e x3]e] Zho]=gele] wet (CBU 2011-0017) <=3 ¥ 1
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¥ 50. 287 a
AT A
Rt ROk e | EE A [ EEE | oo . =7
T @A | @Ay | T e (8F%)
Apx TA, Apx
A TA, Apx A, 1 B B 5 2x10%°
OmlA, CFU/10m¢
ApfA
Apx TA, Apx 10 10
A, Apx IIA, 2x10 2x10 2x101° AP B9} 29}
B 1 CFU/10m¢ CFU/10mé 5 AP B} 52
OmlA, b b CFU/10me F4 55
(A7) (B =k &8s}
ApfA 5T =9
=47
Apx TA, Apx 6 6
2x10 2x10 10
c | TA Apx A, 1 CFU/2mt CFU/2m! 5 2x10
OmlA, N N CFU/10m¢
(B]7) M17)
ApfA
D - 1 - 5 -
5. =AZd
A4 A9e F9Y W o #FEe HJL6, HJL67 1w HJL2637} 2%1om wgow
HEsAE ks Ha), o] H#ELS 37C ZZFglolrbol A 18A17HEeE wigsl Hir PBS
Imlo]l tigF 6 x 10°CFU AEE B HHAT BE =L HE T 453 EA470E 759
e A= HE S 79 B #HA 2 o)A dE HF

S
7F #AFEEAY. =AY 7Y
HEo ZE A= ¥
sho 37CoAA 2447 , type 1-, type 2- and type
5-specific primers (Jessing et al. 2003, 2008)& A}-&3F PCR (3% 51)& #elsttl. wheF 213
3 MAERRE By¥E o] HolE serotype-specific Z#tolw (F 51) Fo] 3su<el PCR
amplicon productsE 7FA|3L Qi@ 1 #H WIS =Wl G ok Ayela A st

¥ 51. PCR primers used in this study and their product sizes.

Name Sequence(5” —3 ") (S]Zj A%%enslsbié)rn Reference
GG G ATG T G wo s
M CeCBOCICTOl M s g
M AT GAMCATONTIONT o g
N ITATC ATNICACGICOCACT g g
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2] 23
1. 2AFF g B &3}

I 44004 ®Hi= dhel o] F A9l 55 5 3ulEl(Al, A3, A4)olA, 1F B
5ukE] & 2vkE](Bl, Bd)olA, 15 Co 5% F 3vkE(Cl, C2, C3)olA Futugo] #aEda
e =AY s 2EEAT ady dExvdA s 2439 $ 457 A2 A
Uw 2 157 DDAANE FoosE FAke] #ZE AT (17 44).

% A 1% B a% C I1% D
2 % (control), A= 2=(Oral), A& X ¥ (nasal), A= R = (control), A&
vaccine 1H#HE vaccine 1'HH = vaccine 1'HH = control

= .

-

D1

D2

D3

D4

4}

D5
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6.0 ~ 802% A7} glarol gRl= ATt
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WAl 8-S A% BHste] 9xe] FAAL 2moldtE 3 F Zy]4 (Karl Fisher)
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15-STTO 3.59 3.65 3.84 3.96
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