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SUMMARY

I. Title

Development and industrialization of feed additive—yeast

pleuroneumoniae

II. Objectives and Requirements of Research and Development

to prevent porcine

* Evaluation of efficacy and a feed program for a Transgenic Yeast Oral vaccine

against Porcine Pleuropneumonia.

* Development of Surface—displayed Transgenic Yeast and Intracelluar expressed

ApxIA, ApxIIA and ApxIIIA.

* Establishment of Mass Production for Transgenic yeast expressed Apx Toxins.

ITI. Materials, Methods and Results

1. Basic Research to develop a Protective Transgenic Yeast Oral Vaccine against

Porcine Pleuropneumonia
A. Analysis of Virulence Factors

B. Expression of Antigens and Development of Antibodies

C. Development of ELISA methods for Antigens

2. Development of a Protective Transgenic Yeast Vaccine
Pleuropneumonia

A. Development of Intracelluar expressed Transgenic Yeast

B. Development of Surface—displayed Transgenic Yeast

C. Application of Ligands in Target Mucosal Immune System

against

3. Researching Properties and Mass—Culture Condition of Transgenic Yeast

Porcine

- Establishment and Optimal conditioning of mass production for Transgenic yeast



4. Evaluation of the Vaccine in Experimental Animals (mouse) and Target Animals
(Pig).

A. Evaluation of Transgenic Yeast Vaccine's Immunity and Protection Ability against
Porcine Pleuropneumonia

B. Optimization of the Vaccination program

C. Presentation of Orally delivered Transgenic Yeast ApxIIA

5. The Development of a Feed Additive—Yeast
A. The Development of the Optimum Concentration of a Feed Additive—Yeast in a
large scale environment

B. Establishment of a Feed Additive—Yeast against Porcine Pleuropneumonia

6. Evaluation of a Feed Additive—Yeast in a field
A. Application for a Feed Additive—Yeast in a field

B. Evaluation of the immunity and protectivity for a Feed Additive—Yeast

IV. Results of Research and Development

1. Basic Research to develop a Protective Transgenic Yeast Oral Vaccine against
Porcine Pleuropneumonia

We have isolated and identified exotoxin called Apx, as a major virulence factor,
from Actinobacillus pleuropneumoniae Korean isolated, which is a causative agent of
porcine pleuropneumonia. ApxIA, apxIIA and apxIIIA were cloned and expressed
using £. coli system. Recombinant proteins of ApxIA, ApxIIA and ApxIIIA and
mono—specific polyclonal antibodies against these proteins were obtained and used
for evaluating whether the vaccine developed in this study. With these agents, the

specific and sensitive ELISA method was developed against porcine pleuropneumonia.

2. Development of a Protective Transgenic Yeast Oral Vaccine against Porcine
Pleuropneumonia.

Analysis of immunodominant epitope was preceded in ApxIIA, major target antigen.



ApxIIA—netralizing epitope#5 was candidate to expressed in transgenic yeast.
ApxIIA—neutralizing epitope was expressed as a secretory as well as

surfaced—displayed form in S. cerevesiae.

3. Researching Properties and Mass—Culture Condition of Transgenic Yeast
Culture—condition and antigen expression of transgenic yeasts were analysed and

confirmed.

4, Evaluation of the Vaccine in Experimental Animal (mouse) and Target Animal
(Pig).

Transgenic yeast expressing antigen have been developed and tested using
experimental animals (mouse) and target animals (Pig) model. To Optimize the
vaccination program, different strategies for 1immunizing host were analyzed in
mouse. Also, protective immunity in pigs was elevated by an oral vaccination with

transgenic yeast.

5. The Process Development for a Feed Additive—Yeast
Mass—culture conditioning was performed for the industrialization of transgenic
yeast. Also, the optimum concentration process and several protective agents were

evaluated for concentration and freezing step.

6. Evaluation of a Feed Additive—Yeast in a field
A Feed Additive—Yeast was applied in field pigs. Protective immunity in pigs was

elevated by oral vaccination with a Feed Additive—Yeast.

V. Application of Developed Techniques

* Commercialization and Development of a Protective Transgenic Yeast Oral Vaccine
against Porcine Pleuropneumonia.

* Practical use of potential using Transgenic Yeast oral vaccine

* Investigation of potential oral vaccine using targeting strategy in oral mucosal
immun system and application of the established transgenic techniques in yeast

* Industrialization and development of a feed additive—yeast
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1. 714 =4

B A o = Yeast(

79'—
o HH 7] Fo WYAdAdRe 95 A (exotoxin, ApxIA, ApxIIA, ApxIIIA)E W& s 11,

Fol'
nm
(i
o

ol vl o7 Alg HIUMAIZA 84S dolr ) sty gaRe fHEEH AT oW V)
7HEk el g, WEaRY MF gREA AMEE AFEH T vk Bk 7)E A Q]
MNP FadHoR 223 aRE AMEste] AR HI7MHAR Ao 2A FE9 A S

WAy oy &vE dehdid vk

(compliance), &3 (discomfort), A& 7] W WA AL &5 783 v L3 23 59
a3t FHE FA|E AFEEEA] &= ‘Needle—free vaccine delivery' 7} 5+ @

AAE Ha ok (Erin L.G. 2006). 2 wi7dell= et Wejolgh sidoe] lom, Fue -

7, 817, 9, At 9 Aojl o] 27 74A] th 2] Aol FAE ST Futel= W WY T]o]

warsto] o) Y i WA dist W FAI7E o] Foj X =

oA A v a8 EVE

et. al, 2006). 1 % g2

of o & auln FHAHME A AE WA Sol @A FAHEFe fH AAEEHAN

(Dietrich G. et al. 2003; Tacket C.O. et al., 2004).

oo A [AEA Ao Ao R 1EstE @ F (Saccharomyces cerevisiae) v

oA 2 A
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> elAo] <ebdet v|WEZ A GRAS(Generally Recognized As Safe) organism©]w,

> =¥ gekst wa AFolA o 7 ko]l Ll Bk AHE A owR AMEACR AT
ooy, 2 B2 e vE R Rl 2 o5 =Fe] thgk “know—how"7F 44
o} 131, (Valunzuela, P. et al., 1982)

> A EE o] Qo] AT EE AES] FAAS AA W WHgAo] vl w A AR}

A o7 o] 87FH]7

™ (Power, U.F.1997),

o 1 R @ olF wuldst 87 wude) el g

> ke g o]l Frjg o] €58te] B Agol AAd dwA e = FEAAE 8ol
2 cia=
> Oy, & AAE ARES A9 ke FAlRde] dex ¢ I AAR FrhAQ
adjuvant®] AFE glo] A7)t Ax WY weS 2 & F dor=z o A AT 5 3

1991)

dwtdom AE3 Alg Y, I8 A B @F 2 Wy X 7P AR 9T v
Aepar & = vk ol dt BAelM Ats Wl FETFE/hdolY AbR VIS S =2 |
ges Vit mEEnk ofyet HZo= WYY A3t AR 2dS Fot 54 71sA
SabEs Adtet s A= AREA v ofd HolA Yeaste V]SOl WHlE AR &

de G718k AbRel H7bE o] sk

\Y4

R} YA E (veast product®} fermentation product): Abs H7FA] &3

WokE, 37 S, dUxm A, &4 (invertase, galactosidae), A3}stE (ATP, NAD,
RNA), ®lER BI, A4, w3dol 54 FHA, 29z (34 Emulsifer, &34A
Thickening agent), =& A& (Glycerol)

> ZFF7F(glucan=soluble fiber): AAEE A 3}ste] HWANES (Immune response) S &

7}

> wlE -5 0 AGAAZAE S AAstE Aol sk g4 9 & X5 RhES
=2, Z7|M 32 (stem cells) B&, Fd2&

> " (Mannan) @ &9 137 SX1, ¥ Gy Aol F2 A

> FF39d (Yeast cell wall glucomannan, Bio—Mos) : ARdgE =4S ZHa

(Spring, 2000)
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[

5tH, 1990t F%WF phage display library 7152 A & ©]9] target pannings %
target—specific delivery 7]&< 2000dthe] o]l28 B2 F/H9 targets o= A
gzl ok ol #EA targets AFEste] ol Holdor AEt= peptideE: wElshE

2)
7124 A4A3% screening 71=o] AHlE A9 ¢ A3 delivery AA FFS 71s3H

-
)

webA, @R (S. cerevisiae) & 71Z SHER-opo| AL fFz1Sk Ul Aglskz] xj2lo] wo] FHA
o] glom QfFHA =S 3t gAYl FE & FHAA 22 F-H1R 2 E
4 AeA gy 5 s 25 EANA AESH] ofEE B2 ZlEso] 7hestth. #AA o3t

A2 22S E3le] 2lekEd 7 A 2o enzyme, enzyme inhibitor, cytokine, antigen &

cerevisiae & A4 W Al F o] A2 o7 AL

S. ] 2=
of ¥ A+ 8l B7hE AAstarA s, foll dlgd Ao Fda FHuE ] 545 Enlshs
ARE AR AVHAR ARGt & WAl ) W) fEAlEAM A oW aaE daat g
g 7S] wd AJARE JfAske] BRe) ot FHs v eR FAfKAE A

targeting strategyE H-7}sto] @& sy, o]& Folo] &
HAAA 7= WA AlR H7MEEA AFEE F e ATAAE AR aEA

LA g

o
>
o
=l
\]
(@)
(@)
w
T
w
oo
(@)
R

S
£ 13009 9w F49E Ao Adaw b, A A8HT Qi WA grEe F
Abg malo]n], AL zojulu] wWAle] 7bg We] o] I Qu, FEIFA WA Hpol

_16_



317]

b} 59

S

o] Abstel

£ A9l

oo i

<

=
jant

e
o

o7k Abgre] el o

A e

241

=
=

=
T

Nee VAR

ol
i

AAY Ao & 714

571

=3

SA 7)o =3k 20 — 50 kgol sHA oA

o
hun

)

fofo

<)

o

REoofyet AbR ARdel o

7t 7hs s ZoR JldEe] FE AR

0 AE

$o) A%

B

v

al

S

ot

&

)

B

o
ojy
;O#v
Mo

,.mo

JJJ

o
oF
ojiy

w

X

—

N

—_—

0

®
o
;ﬁ
oy
<
==

N

o
700

;OL
B

PR A% od S AX

a2

ol

|
&y

o] Z7kel 713

R

o] o]&= o} ghrh. 1t

o] 7L

oJ-
o

YA 7}

o=

]
A

Els

9]
=

MIGEEES

|53

A, 2
7N AR

of

S
wAle]l Jhke- well—being

|

A

A

3

Al e o

1A gich ek

S

s EH

P e

S

A=

[e]

ol }\g xﬂ

e
T

= =
= a

A b2 A

601—

s

i
=

RN

Avjele) 41373t

sh

=
T

EeX
=

_17_



=
;QL

ol

=1

L —
R

b= o w7t glow, ol& &

3
L

53]

=9

el 7k 7]

7HAl AN

=]
L=,

oy

Hl
=

AZe AR FHAA )

Eis

es °olE

e

2]
ol
=
_zrl

12

Al 3E ATHSA

1 e 71xdT

R

25

s

R

¥

L. A

FAAEA

a5

E2l

7}, A FuHEEH A Apx toxin

1}, APXIIA

a}
=

2. HA FHAHT

)
—_—

2

il
;onﬂ

|
fite)
[

=

B
B
B

n
o

o}
Gl
v

!
Hr

o

3. HA FHHE ALE 2R 7 B AA T

N

%% 9 53 RN A7w 37}

ﬁo

[e)
T

[e=]
=
g an Fogke] 43

A7

9

AQdg an

€]

&= (FA) ol A

2 A
= =

]
=

BEE @)

X
=

7}.

3 A

St

)

37}

uH
4y

5. SR FHHE ALE R4 Ats HUHA 3 L

=N
et
o)

J_,NO
Ho
X
iy
frod

o

a3

(€]

A2

ST
=g

o] Abm A7HA Al

ol
=l

woHA F

_18_



6. AFERH7HAE Apx

o of9l B4 A&

AAA s B}

R

_19_



Az2d 97 e U Jls/4e &

A 1A AR H7HAZA Y Yeast o] 8ol & A+

EEE AR BAARA olv] ofel whde tisl A7t Aok, FEERAL Yaret]

& Fde 2 stof olF o]&T AWATaIHE Vst

AN 9
A5 T oL 7o
T3 7] T ke ul & o5
=} 5k o= 50 & ) ¥
g st 15% Thr, Trp %Tr_ a5 AR H7HA 7 A A ohg
(o]%8Y, 2004) ek A
157 7o) 3 = a8 =2 a0 ! to ol%
*ojliLLEHf—%I’L 7HE AR 28 S W iAol "ﬂ‘ﬂoa_ st A U oim
(A3 ", 1999) Direct fed Microbial (DFM) 7§e] #3F oI4-
s, A5 wgAts Y HIMAIREA Kluyveromyces
TAR T fragilis, Candida utilis, " &% %2 WF §H] A i ¢k
(o]2H1, 2000) o] gAdof Fok A
South Dakota
state University,| _ o - :
A7) AbfAolA &R AFE A 7EA] (Fed—yeast) 2
USA _ _ AT It ks
) Atg g&Adel gisk o
(Schigoetha,
2004)
Oscar large Aca. - _
Baker's &% pilot A4kl A Az AR HFH El
(T. Miskiewicz, P ot @;LE BT AT A oz
1996) T
Agricultural College
y i o
anq researc}'l FAY A AFEEA G D1$<t111ery Teast Sludge AT AUk ot
Institute, India (DYS) o] &gk A+
(Sudha, 2005)
Russel Research _ ) —
Contor. USA GANA aR7t H7E Atse] Arndetel Ad=w A A b
en er, — — Ry = o
e o] A FmIfeo| tgk AT
(Line JE, 1998) E B
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2Tt (Bosse and Maclnnes, 2000; Chiers et al., 2002).
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Q1A= outer membrane proteins, capsular polysaccharide,

olt;t (Bosse and

lipopolysaccharides, adhesion factors ¢ exotoxin (Apx toxin)©]

Maclnnes, 2000; Dubreuil et al., 2000; Frey, 1995). =X

ol glom, Apx
15t (Anderson et al.,

&

v

b, 53] Apx toxin® Atz Zlo]

2 AARHA

Aeow g

1991; Fuller et al., 2000; Prideaux et al., 1999; Reimer et al., 1995; Tascon et al.,
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Maclnnes, 2000). systemic immune response (IgG) % FE3 4 UAPW 7]E£2] FApH A
¥ gyl Ak WAlS systemic immune response (IgG)¥w obyg} mucosal immune
response (IgA) =3t F =8 4 Ql&ed, &7 A9 plasma cellolA] AdEo] Ful=
specific IgA+ HEA U 54 A=Y S5 Y= 9SS st} (Silin and Lyubomska,
2002; Cox et al., 2002; Dietrich et al., 2003; Lauterslager et al., 2003). At =%
A FAPEES BAIRES FHE719S 'Needle—free delivery' 24 Alze] 718t FH 9
BTHAS HFe FEAH AT e AR gEdE F]19 EdoA o e HF
BAE I AR ek F2peto] A&A 0w HARkgE T2 F = Aol At (Thanavala
et al., 2005; Thanavala et al., 1995; Wigdorovitz et al., 1999).

oo A kA A WAl o R 1# = &N (Saccharomyces cerevisiae)
QAo erA3t vl EZ A GRAS(Generally Recognized As Safe) organismeo]™, F4 A o]
aL, ol A v A, vFFAQ SA wEol ARV R A8 oA gty =E e
o] golatal AHstA wWAle A & = Q= AAol Avk (Schreuder et al., 1996a;
Schreuder et al.,, 1996b; Stubbs et al., 2001).

oA, AT e 2R i WMEHE o &) A
71 S, cerevisiae U5 A 2 ARt FAFo A A

Fo Bt AT L FHE A

&

]_
ARE AR HI7HAIR ARt & WAl E] WY fFRAlRA A

= 4 o wahE QA @
oS 7R WA AR NG AR o s FFL vEor FAFAAS AuEe]

Al targeting strategys F-7}ste] wdstH, o] & Folo] aie] WY o] = dHAS
WA A 752 A Ats HI7MEEA AFEE e ATAAE AR aRAAE T
S} A} sk,

B oA Ae AgA o)A Apxl 2 ApxIl 4 @il AdS g1 oA B3 A7 APATLE

HEEFO 2 o WAl O 24 AuolA A a&S Fol7] ] aR Ax xde &
s 7)1E+S e o (Tamaru et al., 2006), T3 Z M cellol] Eojx oz A

3= ligandES €481 Apx toxin ligand®) fusion proteing @adsdt= AFXTaRES N
stol AUl targetingst= 7S LSkt (Arakawa et al, 1997; Arakawa et al.,
1998; Chikwamba et al., 2002). A12 /Nd¥ FAHS RS HIFTE 5455 (HA)
A BT AE F =dl okl 29 #F A, pleuropneumoniae® 7 HEe AAste] WAl
35S FA3st9 Tt (Chien et al., 2009; Durrani et al., 1998; Gao et al., 2003; Haqg et
al., 1995; Jiang et al., 2008; Kapusta et al., 2001; Sandhu et al.,, 2000). & 52| tfzFuj

de FF dE RS FHE L sddxe] wE dF HEYE Ad $d Ax BoA E

of
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Al 2 A

L HA 23 S A

oS4 FEAY 4AFY P94
S b ARERE B

¥ Actinobacillus pleuropneumoniae serotype 2

9} 5&
slod, apxIA, apxIB, apxIIA, apxIIIA 2 apxIVA°] thdt PCRE 2 A5 H4¥
St EA4E ATERE HEd fAJQAE

- -

wolstel F4 Aol AHgsHALh

. =1 FeeE gdwe ddawd U gEE A At
gt A" A Az Apx toxings Hd, AAS

ol& E7|e] HFF3te] Apx toxin
o] o3+t mono—specific polyclonal antibodyE A %3}t g E.H
A WA A Y WA &

cBnE fA4, 39 awa g
5 H7bel b k.

Al

o A FHEHEC Y AR AR 9 37 71 g

A Fesy WA w 9hE del, Az
e A, ol T okslsA

sk ApxIA, ApxIIA % ApxIIIA®] w3t ELISA
ApxITA 2! ApxIIIA®] ojst

gl A&,

SUl o8] oA ApxIA,
sero—prevalanceE FAFFAtH
2. A S ES &Q 4d 58 JFAASA
7F HA FHHEA Apx toxin g @A aRAXE J TEHI}E= &%

(1) ApxIA, ApxIIA, ApxIIIA 32 &8 AE

ApxIA, ApxIIA, ApxIlIA =4

S 93 recombinant ¥E A&
=4 G by

I3 ko] =2 AxFars FHdr] 9
recombinant vectorE rice amy/Al signal peptide®] &3O % <Qlsto] A HIOZF o] H
H]E F 53855 recombinant WE Az A 33kt

(2) 2529 FAA

HjoFsle] LiAcEs A3t & FAHMIAS & A2

443k skt A AsA 2] DNAS #3238t PCR
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4l Back transformation WHel o8] HAAE {f-F= &lddr].

(3) Apx FAAS EF AX U ¥€F Qg F
HAASA YollA target SAA 2 target W AC] WMAALTE AASH7] YA

Northern blot ¥ Western blotS ©|&3lo] #2435t}

jos
1
[J_Ou(_'l
off
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=
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X
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(1) Apx 8% AIXEd 2d-AZ2g 22 ML Y3 recombinant vector A|Z+
e o] FQ3F anchoring W22 ¢ —agglutinin® C—terminal domain® /% =}2}
partial ApxII A2 core epitope?! ApxIIA#5 (Apx5)2 =] fused fragments=

A
Arag Lz AeEdt & §R O episomal vector?l YEpGPD®l cloning 3}9ith.

(2) 59 3448 ¢ FAASA 4
(7} ApxIIA epitope (Apx5)2 AR AXEW FAHEA
S. cerevisiae Y2805 T A7 H#FE ujkde] LiAcE HEst & FdAATS 9 A
25 4 22O QY23 AEER 272 FAAS s9T).
() ApxIIA SAdWA] 7 AE
ApxIIA epitope (Apxb)2 AX %
AEst] g% PFAHIAS FREY

.ﬂ

T

(3) ApxITAS] &% A¥Y 9 gy 3oy
(b ApxIIA epitope (Apx5)9 &% AXY 2 ZAdd FAHSA T
FAASA f 2 55 AEHA target FAAE] BAAEE A7 HaA Az
ARERY 9 Ads F23t & SDS-PAGE % Western blot analysisE 33ttt &

st A1 Z3 @R immunostaining=s S8 3ste] +H]E A]ZE confocal microscope©l A
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() ApxITA®] &8 AXZA FHAASA LA
J74S Fa) ApxIA full F2#<

Western blot analysis®} immunostainings

= ERwde] Y3 A

3 £ 7]3F HE mouse

2
o AT Eold T [gGo FA= 5 &tal, mouse WAl &
3 Yot oy d

o
N
N,
O

L
a
@]
=
=
o
=]
0
(@)
Q
[0)]
[0)]
e8]
<<j

e ARASA targetingd 9% AV=S B8

o HAFHRHEE 54

(1) M celle] Eo]F o7 A¥sE ligande) 74
B AFqE A dFE ZdlA &eE M-—cell £9]4 9% binding affinity7} &<
2 12—mer peptide ligandE Apx 54 W29 N—terminal®l] fusion A7 2

- x
T o
A% F Wl fme maE BAekch

(2) M celld] 5ol8 o7 Ag3}+= ligand Cold Apx 549 Azgdar Az

1" o2 Al ligand Col ¥ ApxIIA#59 N—terminal?®} C—terminal

o] g3t §&e & recombinant vectors ZHZb A #EFSITE
FAAgE 2 AT 2 FF

Eo

M celle] &

Z}7to]| overlapping PCR<
S. cerevisiae Y2805 w5 w|sle] LiAcs A3t &

o Az WEHER 247

@ AZTERS) AF

M cellef] Eo

=0

AT 3 A4 Foluk.

3. A FHEE & 2R P A AA 75
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7F AR FHEE e 2529 gF AL AA" & A HF A AFE A EEA3T
Hl|
Lab. scaleolA A3 A ZAo] thdt scale up AgoF H7LE Ak, 7|24 7
HhotFol o3k A A2 vz 9 pilot scale viFFEA 2] AdAA EAEY
Y. AEYSIIE o] &3 AT ar9 Y= AL ALY 7= W HF 24 AR
A7 E7S fsk viR] AR 2 A Frrekal, a1 WleF 2o wE A Wsl SA4E
SAsle] oi"F AAS 9ot HA 21 ES AR

ok 500 L AENS7]E o] &3 A2 ax 9 U= A A A" 5

A AASH Wty AyE vtg o R AxF aRO UEF ik AIA"S FE8H7] fls] 500 L

458 AERES 7] (bioreactor) & ©]&3ste] W XS scale up St}

4, ApxIl G 4y gRE o] &3 APFENAS AFHYF

7L ARTFE@RED) A FAAE a0 AFHEY F5 FUt

1) v~ Blox FAAY a2 st A7 =4

AdsE 2N oA A WS sl A7 "Wy 54 dE2as HASH W

Slof wet WS AASSITE S E ELISA AR 7]%38F0], serumelA ApxIIAe]

st 5o] IgG 9 IgA IA7IE A 24 8k3t).

2 HAA F9HEE Agayd IFg3E 9 IAAETE a8 FAF HH3)

HA FuEsE oAdWay SuUstE e AP} aR Tl A 57| fste], A

FEWREA) A FAHAE aRe giste] FoFS oe FroE AASt] ATHA S

A AT AFH B serum, saliva % fecal sample AZo] 3o ELISAES Al 33}

ApxIIA E0] IgGe} IgAel thsle] EA31% T}
Y. FAAET 579 ApxIIA FJddaA AF A A

1) 24 W

2 g

yeastd £# 2 FF

AT WA e ARAAAGORA A

ai
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U AT EHE ATe AR AR HVHA AFE A EF

(1) ¥4 B3A 24

22
=

& cell viability 3 7}s}8

B4 FuEE lgs ERel AR AF AP FYLS A5t AAFS YL,

A ANE AAF] FFAZ 27 RSl e W Aol Ay Bk AR

7. Apx 9T Iy aF FA ASA Y ofe] 55 Bt

& AbES EFs] ol mzawel tet Felsgit.
3448 519 37 ¥ FEF 9 Pols 37
3

¥ Apx 5o IgA, IgG A7} AAFE 18l serum ¥

_8_
fecal swabolA @A7FE SAAT 283 A 713§ S, HAbe 2 9 S
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Al 34 dFAE A3

L A 999 A2 A% a8 94 R 7|xdT

7. B4 Feiy Qe Fa4 FAAA B4

= 7FAANBE2RY B8 =AY Actinobacillus pleuropneumoniae serotype 2% 55 0]
£33}, apxIA, apxIB, apxIIA, apxIIIA 9 apxIVA®] thst PCR (Table 1)& AAstY =
238E w43 (Rayamajhi et al., 2005). PCR %71 initial denaturation® 2 94T
5%, 35cycle®¢t 94T, 30% E¢F denaturation, 60C, 30% =< annealing, 72C, 3% =
¢t extensiond}$11l, Final extensions 72T, 10% &9 3}3lvl. A. pleuropneumoniae
serotype 2914+ ApxIB, ApxIl, ApxIll 2 ApxIVAY H4A23dFES HP3, A
pleuropneumoniae serotypebo|A & ApxIA, ApxIB, ApxIl & ApxIVAY A4S HITH
(Figure 1). ApxIA+ A. pleuropneumoniae serotype bHolA =330, ApxIIA <}

ApxIIIA+ A. pleuropneumoniae serotype 2°)|4 S3%38lo] 23S Z23sHA
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Table 1. Oligonucleotide sequences of primers

Genbank
NAME Sequences (5'=3") accession Region
no.

APXIAF  ATC GAA GTA CAT CGC TCG GA X52899 (
APXIAR  CGC TAA TGC TAC GAC CGA AC X52899 e
APXIBF TTA TCG CAC TAC CGG CAC TT X68595

APXIBR  TGC AGT CAC CGA TTC CAC TA X68595 Ho
APXIIF GAA GTA TGG CGA GAA GAA CG AY736188

APXIIR CGT AAC ACC AGC AAC GAT TA AY736188 B
APXIIIF GCA ATC AGT CCA TTG GCG TT X80055

APXIIIR GAC GAG CAT CAT AGC CAT TC X80055 e
APXIVAF TGA CAA AAT TAA CTA TGC AAG A AF021919
APXIVAR ACT TTT TAA CTT TTT AAC GGC GG  AF021919 e
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M IA IB A HIA IVA M 1A IB A HIA VA
1.5kbp>

1000bp
750bp->

500bp->

250bp->

Figure 1. Toxigenic type analysis of Actinobacillus pleuropneumoniae serotype
2(A) and 5(B). Lane M: DNA size marker(100bp), IA: apxIA(723bp), IB:
apxIB(811bp), ITA: apxIIA(965bp), IIIA: apxIIIA(396bp), IVA: apxIVA(1.5kbp),
Ne: Negative control
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U =X FeEE 4d7 9 FEdud Az

(1) ApxIA, ApxTTA U ApxIMA®] st A3 Held A=z

A4 FeEY FAGAAE THGE 9AAR G L D WA Gop AP Fae)s)
S FAUNY D FAY FuE AFHI R, A2 FATNY L FAY PAL 53

At apx1 A, apxIIA % agpxIIA°] thdt primer (Table 2)& A& 3dle] S2%3F & dhad)
E]¢l pQEE o]gsle] thadwdtd A|AElofA Azt zS wE sttt apx [ A, apxI A
9 apxIMAE 7F Ao 2 8214 clones & WA Wd ko] 71 B2 clones A¥3 2
W Ni—NTA agarose column< ©|&3te] AA ZAES 72 AAse] H4A AAxZAES
Lk AFS FAHSAY (Figure 2). 1HA =7 8M urea buffer® pH=xFolo| o34 A A
St Aol 2 ~ 4 A 8M urea’t H7FE A & phosphate bufferoll 4l imidazole
FXzfole ost AAWHelH, 2 ~ 4] lysis buffer®] imidazole %% 20, 30 18]l
40mM=E #Fo]& 9t} 5¥2 8M urea buffer?] imidazole 52 xtolof ]Sk A% o]
Aot AHFT ApxIA, ApxIIA 2 ApxIITA ©@@ o] 8M urea’} FH7Fd lysis bufferE o] &
st oM AAE & g qllen, ol A 9 wlAo] insolubled FEHE WA H =
Aoz AZLE QT 8M urea lysis bufferolA 40mM imidazolel] sE= & A3 sl 2|z
ApxIA, ApxIIA % ApxIIIAE AA 3] SDS—-PAGE ¢ Western blotollA <lsFith
(Figure 3). 183 <=4 AAE Ax3 ApxIA, ApxIIA 2 ApxIlTAQ A HE=S 93
o Apxl, Apxll, ApxIIIA % OMPE ¥3%3F subunit vaccines HEFW2 UdAHA dHS

o] &3t Western bloto 2 &1s3tt (Figure 4).

lt

(2) AxE ApxIA, ApxIIA @ ApxIIIA¢] oid mono—specific polyclonal antibody A4
TAANE 3JolE A AT 2kg 3~471€ )l AW AFg ApxIA, ApxITA ¢ Apx
MAE 2 HFo=z 41 HFsgo. 3 WA Fodo= 33} FCA(Freund Complete

Ajuvant) 9] HES 1112 E393, F HA FoIHEH+= d93 FIC(freund Incomplete
Ajuvant) 2] H]&o] 1:1°0] H x5 &3ste] 4% vkl et 5% Fsto] vro] FAFskch 3

A9 HFF5EE ApxIA, 500ug/ml; ApxIIA, 200pg/mé; 18131 ApxIIA, 500pg/mlE FoIs)
ATk 25 HACE AW 10mH A F AP FAS 4TolA 2441 clotting st
A2 (3000rpm, 10#)ste] EAS Fsilth. ol el st FA dss

kil Astdtt (Figure 5). vHAE HF 2574 F AFS &3 A4S A
Aletdar, #8le %S Protein G columns AFE-3to] rabbit 1gGE &3ttt (Figure

6). E7A AAdE ddH AU S AAFsIgetd xR ApxIA, ApxIIA 4

J
o
il
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ApxITIA 39 (1pg/md) 2 o] gato] ELISAE AAI8te] P/N value7} 301491 Hi &4 34
s FA7t2 AFskdt (Figure 7).
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Table 2. Primers used for cloning and expression of ApxIA, ApxIIA and ApxIIIA

3 ’ ) PCR
Primer sequences (5° —3’ )

parameter*
Apx IA Forword | GGAGACGACGGTAATGATGTA 94, 57, 72
20s, 10s,

(2269-3069) | Reverse | TTAAGCAGATTGTGTTAAATAATTACT 60s
Apx IIA | Forword | GGATCCATGTCAAAAATCACTTTGTCA 94, 60, 72
20s,10s,

(1-2883) Reverse | GGATCCTTAAGCGGCTCTAGCTAATTG 120s
Forword | AGCTTACTTTCAGGAGTAACTGCA 94, 56, 72

Apx IIIA

20s, 10s,

(760-1374) | Reverse | AGCTTTATGACGAGCATCATAGC 60s
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L L1112 131A1 2 3 4 5 O0A1LOA2 3 4 5 MA1 2 34 5

110kDa—>

30kDa—>
20kDa—>

Figure 2. Optimization of recombinant ApxIA, ApxIIIA and ApxIIIIA purification. L,
prestained protein molecular mass marker (kDa); L1, ApxIA Induction; L2, ApxIIA
Induction; L3, ApxIIIA Induction; ApxIA— 1 ~ 5, ApxIA Elution (condition 1 ~ 5);
ApxIIA— 1 ~ 5, ApxIIA Elution (condition 1 ~ 5); and ApxIIIA— 1 ~ 5, ApxIIIA
Elution (condition 1 ~ 5).
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Figure 3. Purification of the recombinant ApxIA, ApxIIA and ApxIIIA. The
recombinant ApxIA, ApxIIA and ApxIIIA were analyzed by SDS—PAGE (A) and
Western blot (B) with an anti—Histidine antibody; lane M, prestained protein
molecular mass marker (kDa); lane 1, 4 and 7, uninduced clone of ApxIA, ApxIIA
and ApxIIIA; lane 2, 5 and 8, induced clone ApxIA, ApxITA and ApxIIIA; lane 3, 6
and 9, purified ApxIA, ApxIIA and ApxIIIA, respectively
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Figure 4. Immunoblots of purified the recombinant ApxIA, ApxIIA and ApxIIIA for its
antigenicity. The proteins were characterized by SDS—PAGE (a) and Western blot
(b) using positive pig serum. Lane M, prestained protein molecular mass marker
(kDa); lanel, recombinant ApxIA; lane 2, recombinant ApxIIA; lane3, recombinant

ApxIIIA.
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Anti-Apx titer in sera of rabbit
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Figure 5. Anti—ApxA antibody titer in sera of rabbit.
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Figure 6. Purification of Rabbit IgG for ApxIA, ApxIIA and ApxIIIA using AKTA

prime. Serum binding(blue arrow), Washing step(green arrow) and Elution step(red

arrow).
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Figure 7. Determination of antibody titer against ApxIA, ApxIIA and ApxIIIA. The
antibody titers of anti—ApxA rabbit IgG were 1/102400, 1/6400 and 1/102400

against ApxIA, ApxIIA and ApxIIIA, respectively.
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o #HA FeE o] A LA a® N FrF 71 A

(1) AZF ApxIA, ApxIIA ¥ ApxIITIA¢] thst ELISA 7|9
HAK FoHEH sk dHNGTH S 5302 ApxIA, ApxIIA and ApxIITA—-ELISA
(Enzyme—linked immune—sorbent assay)& AA|dF 2 Z23 ApxIA, ApxIIA and ApxIIIA
A S o] &ske] steldtt. A2 @S 5000 ng/welldlA 2.4 ng/well7bA] 2¥)4
A sk, A S ESAEHES 1:505EH to 1:64007FA 28] @A 34 5)oq,
Checkerboard dilutione 3¢ ELISA Z7AS HA3sAY  (Figure 8). =R
Positive/ Negative ratio® T39 ®2 3I4HFE A989°1  (Figure 9),
HRP—conjugated goat anti—pig IgG> 1:10007 1:2000 34wl F shbs AEsalh
40702 4 =HA A 25709 A HAEH S ol8ste] A ApxIA, ApxIIA H
ApxIITA®] tfgt ELISA 7I"-& validationdtal (Table 3), 702t ELISA7IH 9] WIftEst &
o|=E Tttt (Table 4). ¥, ROC 24 = &3l ApxIA, ApxIIA 3 ApxIITA—ELISA®]
A oofgl WA (AUC)e] 0.999, 0.989 1elar 0.992 (95% Al® 3k 0.982~0.996;
P<0.00D)E H ot (Figure 10). 253 ApxIA, ApxITA 3 ApxIITA-ELISA 71 A
€A, Coating buffer (PBS : 0.15M NaCl, 0.01M Na2HPO4, NaN3, pH 7.5) 100uxl
o =4 AAY AMEF ApxIA, ApxIIA % ApxIlIA®] F%7} 625, 9.8 and 156.3 ng/well
=% 3A% § ELISA plateo]l 100u% &3 § 4TCelA overnight R ¥at3ict.
Microplate® PBST (0.15M NaCl, 0.01M Na2HPO4, 0.01% Triton X—100, NaN3, pH
752 A W Al&E3 & blocking X% PBST buffere]l 10% Normal horse serum=
H7bsto] 250 EF3kaL 37CellAl 2A17H&<t blockings Akt PBSTE Al ® Al
Ao F AdxFUdor AHHHY AEQ pig sera® ApxIAel oA 1:100, ApxIIA ¢}
ApxIITA®] tialA= 1:200 ¢ H]E©] ¥ %% 5% normal horse serum©] 3% antibody
diluentel] A sk H Z+zF 100 w+F3FaL 37 TCollA 2A1Hs_F RESAI A Y. tHA] PBST=
AH AFSE & o)xgY o ® HRP-conjugated anti—pig IgGE ApxIA°] diaid+=
1:1000, ApxIIA % ApxIIIA°]l disiA= 1:20002] H]E=Z  antibody diluentel] 3]4]3}o]
100w F538kal 37 ColAl 1AHst RESAIZTE PBSTEZ Al WH o AH$E $ ABT
substrate solutiong ©]&3fo] WAA|7|3, AA 30 ¢ H-&AIZ] ¥, Microplate
Reader (Molecular Device) & ©]&3Fo] 406nme #Fex FFEE S48k /idd

ELISA 71 & #4 Fupsle oy 3704 Brhska g

=

M

—_
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(2) =ul oFs] =HAEH XY Apx I A, ApxITA ¥ ApxIMAe] tist A7t X A}
WEek ApxIA, ApxITA 9 ApxIITAe] st ELISA 7ME& EWEZ S ARSE|A| oA
ApxIA, ApxIIA 9 ApxIIIAel Tt A7 BE(1gG)E A B4 ok Hx A&
EFAE (0~45) 80%F, olfF#kE (4~105F) 80+F, §A= (10~205) 80F, E= 80F=
WY AMEZHYete] AL FaETH(Figure 11). ApxIA, ApxIIA ¢ ApxIIIAo] th3h
sero—prevalence ratex 40.3, 58.4 and 32.8 %E& R Oow, AFdd uzt FA|r} H3}
BEE Btk (Table 5). EEAA w2 A7 #3xE Hlow, /A=A o] fAab=
o7 HH Fe A7 BRE B ol EAGIA) AEdEHA, A A A
v AoE A4 F U4
=

ApxITIA2S] A7} =7

St REY EZfAECA S ApxIA9t ApxIITAe] H]3st4
a2 & 7 A¥dd Tl F2 EexHs 9392
A. pleuropneumoniae serotype 283 530l ApxIl7} ¢o] dHIE2] FEOZE N
Sagol7] wel e 5A4AFHY ApxIlAe] tist =2 FAZFE e Ao®E
=3

3
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Figure 8. Determination of the optimal concentration of ApxIA(A), ApxIIA(B) and
ApxIITA(C). The most optimal and reliable concentration of the recombinant ApxIA,
ApxITA and ApxIIIA as an antigen were determined to 625, 9.8 and 156.3 ng/well,

respectively.
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Figure 9. Determination of the optimal concentration of pig sera for ApxIA (A),
ApxITA (B) and ApxIIIA(C)—ELISA assays. Under the condition of 9.8, 156.3 and
625 ng/well of ApxIIA, ApxIITA and ApxIA, via checkerboard titration, the optimal
concentration of pig sera were determined to 1:100 dilution ratio for ApxIA and

1:200 for ApxIIA and ApxIITA based on the positive/negative ratio.
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Figure 10. Receiver—operating characteristic (ROC) curves of ApxIA(A), ApxIIA(B)
and ApxIIIA(C)—ELISA assays for the diagnosis of A .pleuropneumoniae. The area
under the ROC (AUC) of ApxIA, ApxIIA and ApxIIIA—ELISA assays was 0.999,
0.989, 0.992 (95% confidenceinterval; P<0.001). The horizontal line belongs to the

test curve, and diagonal line shows a non—informative test curve.
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Table 3. The result of ApxIA, ApxIIA and ApxIIIA—ELISA assays in control pig sera

at the each cut—off value. 40 positive pig sera and 25 negative pig sera were used

to analyze the sensitivity and specificity of the ELISA.

ApxIA ApxITA ApxIITA
Positive | Negative | Positive | Negative | Positive | Negative
control control control control control control
ELISA . . . .
. 40? 1°¢ 38¢ 1 374 1°¢
positive
ELISA
, 0P 241 2P 24¢ 3P 24¢
negative
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Table 4. The analysis of diagnostic accuracy of ApxIA, ApxIIA and ApxIIIA—ELISA

assays.
Sensitivity(Se) Specificity(Sp) | Efficiency (%) | Youden’s Index
ApxIA 1 0.96 98.5 0.96
ApxITA 0.95 0.96 95.4 0.91
ApxIITA 0.925 0.96 93.9 0.885

* Sensitivity = a/(a+b) ; Specificity = c/(c+d) ; Efficiency = (a+d)/(a+b+c+d) x 100 ;

Youden’ s Index = Se + Sp —1
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Figure 11. Distribution of anti—ApxIA(A), ApxIIA(B) and ApxIIIA(C) antibodies in
domestic pig. Sopsos values of cut—off were 0.353, 0.218 and 0.28 in ApxIA,
ApxIIA, ApxIITA—ELISA assays, based on following the formula; Sopis= S/P ratio x
(P—N) +N.
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Table 5. The seroplevalence rate of ApxIA, ApxIIA and ApxIIIA—ELISA assays in

pig field sera.

(%) ApxIA ApxITA ApxIITA
Sucking piglet 40 92.5 46.25
Weaning piglet 46.25 50 18.75

Growing pig 71.25 51.25 17.5

Sow 72.5 98.75 86.25
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2. HA FHHET T 2H AE FAAEA L

7h AAFHEET 54 9NdY] aRAXE o 23

gl

she

2 o

ol

(1) ApxIA, ApxIIA, ApxIlTIA FRAAS] &8 AMEU ZHE 3t recombinant BE A&+

2 AFR o= olu] ApxIA, ApxIIA, ApxIIlIA =4 Wiz Qzxst g7 5 FHIFF O
ko] e AR wegdo] w2 AXFTaRE FHE| $18+9 recombinant vectorE
Figure 129 B2 %o 93] pYEPGPD #E ] A #stslt. HHES =0]7] A rice
amyIAl signal peptide® SO =ZE <lslo] AMXE yloz o HEuE FE8Sth. ApxIA,
ApxITA S} ApxITTA AFx3 a7 oo o9& recombinant WE A|Zrel] A FsFct zF A

%3 vectorgs FAHA3e| o] &3}7] Z ol restriction enzyme mapping¥ 97| Lge A

(2) 229 XS 4 FAAEA £

S. cerevisiae Y2805 = A7 oFE WSt LiAcsE Agst & FAAES 23]
4 T Az HEHE2 474 FAddeql. dAAgA Y] dAAE f55 Fdstaat
Az HEY FA9E 12-1670 FAA8A 9 colony PCRe 33 A3 5% g
HA5E gt (Figure 13). 21 24184 47l|ZFE genomic DNAE #2350

E. coli Backtransformatione 3} @AASS HASS AEA3AT (AFu|AA]).

(3) Apx FAAS AR AlX W 2d FAF

FAALA HeolA target FAAS] DA LEE A7 i AT EEZFE] RNAE
23l & Northern blot analyses® %3] ApxIA, ApxIIA ¥ ApxIIIAQ] transcripts =7
2 Folste] B s ettt (Figure 14). T3 ApxIIA AZFATZHE oz
& #8% § SDS-PAGEe] 9sf a7z F2¥ gel 42 @9 AL nitrocellulose filter
o transferdt & ApxIIA#5 polyclonal antibody ¥+ ApxII A polyclonal & ©]&3}¢]
Western blot analysisE F33F3 T ApxTA7F &2 oA 2 ddsts= 28 &elsint

(Figure 15).

Al AZE ApxIA, ApxITA¥ ApxITTA FA kA 7h2FS vl ekt

R |
of ATHEFOE FUT F FEATA 3 BEHEE ATHUOM, FEATA 47
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{ s including fused PCR fragments
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Ligation

BamH1 Sall
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—_

BamH1 Sall

Figure 12. (A) Strategy of various expression vectors for a surface displayed
expression of the ApxIA, ApxIIA, and ApxIIIA. (B) Schematic diagram of the fusion
constructs cloned in the pYEGPD. The boxes represent genes or their corresponding
functional domains.pGPD, promoter of glyceraldehyde—3—phosphate dehydrogenase;
ASP, Rice AmylA signal peptides; ApxIA, ApxIIA, and ApxI[[JA toxin gene of
Actinobacillus pleuropneumoniae. AGAI, C—terminal half (320 amino acid residues
from the C terminus) fo yeast alpha—agglutinin anchoring protein. tGAL7, terminator

of galactose—1—P uridyl transferse.
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Figure 13. PCR analysis of yeast transformants by a yeast colony PCR. M, size

marker; N, negative control, Y2805; P, posive control, ApxIA (A), ApxIIA fragment
(B) or ApxIIIA fragment (C); lane 1—15, yeast transformants.
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N 1 2 3 4 5 6 7 8 9 10 11

ApxITIA

Figure 14. Northern blot analyses of ApxIA (A) and ApxIIIA transformants (B)
using the ApxIA and ApxIIIA specific probes. Equal loading of RNA samples is shown
in the bottom panel as an internal control and in an ethidium bromide—stained gel
(rRNA). Lane N, total RNA of the recipient strain (Y2805); lane 1—11, APXIA (A)
and APXIIIA constructs (B).
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~v 4— APXIIA

Figure 15. Western blot analysis of the APXIIA construct using the anti—APXIIA.
Lane NC, cell wall extract of the recipient strain (Y2805); lane 1-8, APXIIA

constructs.
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U. APXIIA S22 g5 NIEEdHo 43t g% /g

(1) Apx &% AEEH FFd-AxF &% /NEE Y3 recombinant vector A|Z+

ApxI, ApxII ¥ ApxIll 524 S¥idS aw old Az oz ddAzl o, duelr 44
'28&5 Y Fol7] flall Korean B9l 5 7Hd 43 ¥5e F23k= ApxIIA H4 o
AS Aoz RO MEEde] T3S ATt st AW o] & Q3 anchoring
G e g —agglutinin® C—terminal domain® ¢ 1 kb2l -#AX=E specific primer pair
PCREZ %3903, Apx toxine ApxIA° full 4% 2.9 kbl THEES =o|7] $I%
partial ApxII A2 core epitope? ApxIIA#5 (Apx5)28 1 kb FHAE ZtHzF X35kt
PCR productsE 822 3}9] overlap PCR= Figure 169 E2& %o we} 345130t &
B3t 4559 fused fragmentsE Adtasr=E Ausl & g7 9 episomal vector?! YEpGPD
o cloning 3t} (Figure 17). ZF AEF vectorsS FAAZ | o]&317] Ao

restriction enzyme mapping® Q7|4 gdg X&) 15+ T)
(2 529 FAAE 2 FAARA B4

(7h) ApxIIA epitope (Apx5)2 &%

S. cerevisiae Y2805 & A7 #FE WSt LiAcs: A3t & I
4 TR Az WEHER 7474 A el dEASA Y A 7= Flstaat
Az AT FAAE 6712 FAAEA ] colony PCRE a3t A3 By FAAS 5
= gdetadtt (Figure 18). €l¥ FAASA 47§25 E genomic DNAE H#2sho]

coli Backtransformations 3ty A HA3S HAoS AEAsAtt (Figure 19).

() ApxIIA S4G9WA g7 AXud JFAHAETA
ApxIIA epitope (Apx5)2] AE 3EHEE o] 2]o) ApxIIA full &%

Stk 2 A7 SPFAAe] audAe Bd A s 2717 AdE 5

)
24
1o
e
o
A
o
>
r

2] 1

o] colony PCRG Faigh Az ¥ 3448 908 Flssith (Figure 20B). el
HAA3A 47/ 25 E genomic DNAS #83to] E. coli Backtransformationg &ho] 327
3o e AgAstdnt (Al AlA).

AN

o
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Figure 16. Schematic structure of the APX5 and APXIIA fusion constructs. The
figure shows the location of oligonucleotide primers (Table 6) used for a fusion PCR

of the ASP—Apx5 (a, b) and ASP—ApxIIA (c, d), and amplification of the AGAL.
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EcoRI
|
BaaHl ,Sal
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s pHl, Hiod Il
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PYEGPD-TER

Each clones
2 % including fused PCR fragments
<\

\‘/

BamHI-Sal 1 digested

|

Ligation

a. BamH1 Sall

TAAATAAACAAAGGATCCATGCAGG - - - - - -~ AGCCGGGCAAGGTTATGAT
L i J L J L J
3'end of GPD  BamHI RamyiA 5" end of Apxd

b . BamH1 Sall

TAAATAAACAAAGGATCCATGCAGG - - - - - - - AGCCGGGATGTCAAAAATC
L ) | JL J 1 J
3'endof GPD  BamHI RamylA 5 end of ApxIId
C. BamH1 EcoR1 Sall

RamylA

TAAATAAACAAAGGATCCATGCAGG - = - - = - - AGCCGGGCAAGG- - -TTACAGAATTCGCCAAAAGCTCT
L ) L JL J L J
3'endof GPD  BamHl RamyiA Apx5 EcoR1 5 end of AGAI
d. BamH1 EcoR1  Sall

ApxII4 AGA1 J

TAAATAAACAAAGGATCCATGCAGG - - = - = - = AGCCGGGATGTCAAA - - - - GAGCCGCTGAATTCGCCAAAAGCTCT
L

L J
3'endof GPD  BamHI1 RamylA ApxITA EcoR1 57 end of AGAL

Figure 17. (A) Strategy of various expression vectors for a surface displayed
expression of the Apx5 and ApxIIA. (B) Schematic diagram of the fusion constructs
cloned in the pYEGPD. The boxes represent genes or their corresponding functional
domains.pGPD, promoter of glyceraldehyde—3 —phosphate dehydrogenase; ASP, Rice
AmylA signal peptides; Apx5 and Apx[/A, a partial gene of Apx// toxin of
Actinobacillus pleuropneumoniae. AGAI, C—terminal half (320 amino acid residues
from the C terminus) of yeast alpha—agglutinin anchoring protein. tGAL7, terminator

of galactose—1—Puridyl transferse.
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Table 6. Oligonucleotide PCR primers used in this study

Name Sequence

Primer]l 5-GGA TCC GCA TCC AGG TGC TGA AC-3

Primer2 5,-TCT AAC TTG ACA GCC GGG CAA GGT TAT GAT TCT CGT-3
Primer3 5- ACG AGA ATC ATA ACC TTG CCC GGC TGT CAA GTT AGA-3
Primerd 5-GGT CGA CTC ATG TAA TAG AAT CAT TTC C-3

Primer5 5- GGG AAT TCT GTA ATA GAA TCA TTT CCA-3

Primer6 5-TCT AAC TTG ACA GCC GGG ATG TCA AAA ATC ACT TTG-3
Primer7 5-CAA AGT GAT TTT TGA CAT CCC GGC TGT CAA GTT AGA-3
Primer8 5-GGG TCG ACT TAA GCG GCT CTA GCT AA-3

Primer9 5-GGG AAT TCA GCG GCT CTA GCT AAT TG-3

Primer1l0 5-GGG AAT TCG CCA AAA GCT CTT TTA TC-3

Primerll 5-GGT CGA CTT AGA ATA GCA GGT ACG ACA A-3
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acc 1 2 3 4 5 6 7 8 9 1011 12

2.0 kb -»

1.0 kb »

Figure 18. PCR analysis of yeast transformants by a yeast colony PCR. C1 lane, a 1

kb Agal fragment C2 lane, a 2 kb Apxb5—Agal fused fragment.
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8.0 kb —

Figure 19. Confirmation of yeast transformants by E. coli back—transformation, using
genomic DNA of each yeast transformants, All the lanes, each total DNA digested

with restriction enzyme Sa/ll. C lane, YEpRAPX5A included RSS—ApxIIA#5—Agal

fusion construct.
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<+— ApxlIA-AGA1

Figure 20. PCR analysis of yeast transformants by a yeast colony PCR. M, size
marker; N, negative control, Y2805; P, posive control, ApxIIA fragment (A) or
ApxITA—Agal; lane 1-15 (A) and lane 1—-21 (B) yeast transformants.
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(3) ApxITIA9 && AXY 9 ZTHYLH Iy

(7B ApxIIA epitope (Apx5)¢] ZE AZU 4L T¥¥d FAASA SHF

FAASA ol target FAAS] BAYLEE A5 flaiA AxFaEEFEH dods
2%t & SDS—-PAGEel 9&] A7z 219 gel A9 @A E nitrocellulose filterell
transferdt & ApxII A#5 polyclonal antibody T+ ApxIA polyclonal 55 ©]&3}9]
Western blot analysisE 333t ApxTA#57F @F oA = ddst= 3S 2els
th (Figure 21). stAIRE Azgdduige] grAxxddde] o] &afuxt A2et fxgare]
AEZEY A (cell free extract) olA= APX5—AGA1 W do] EA1sl#] 485 Helstsy
. Agglutinino] A2ZUe] Apx fusion® TdS AAAZ|IH OiFE aRAEE Fzby
A7) Wil Ao w AR HET Al2E WA (cell wall protein) & #8d F & #&
S Western blot analysis® A<F8sle] Apxb7F @EAXEXRHA TIPS st}
(Figure 23).

Tk AT aRE wiekst & ar Ay dxpH o F ApxIIA#5 A& A stal o] x4 o
Z FITC—conjugated goat anti—mouse IgGE * 3¢+ ¥ immunostainings 33l 4|
¥ AEE confocal microscopeolX #ZeAT. 1 A Apxb5 (ApxIIA#5) Wiz o]
agglutinin® =203 aX9 AX EHo] AFAHORE display®ES &<l sttt (Figure

22).

(b ApxIlAS] % Axuy FAHAEA HdFQ

AxFdarEE st & BEAE] dxpHow ApxIIA FAE AHelsta oz o=
FITC—conjugated goat anti—mouse IgGE *2]8}%] immunostainings 33 & F=n]d
A EE  confocal microscopeolA #&atth. 1 A3} ApxITA full & Aol agglutinin®

Ceowr FHO MEZ ZHo AFAFoR displayES &3 TH (Figure 24). Western

blot analysis®} immunostainings % A3 3}AS Fa ApxIIA full 42 a5 A¥ %9

Apx FAASAZ wjefate] AT oR FHE Azt £ 713k ¥ & mouse°l

o
o
to
il

AT T3t & 1gG2 FAE FAFEFY] immunoassay$t A3 recipient strain® mock #3&

AAel visl Apxb Alxy = wd FAASA e HANteS FEsklh B3 21

ku
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t} (Figure 26).
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Figure 21. Western blot analysis of the APXIIA#5 {fusion construct using the
anti—APX (A) and the anti—APXIIA (B). Lane NC, cell wall extract of the recipient
strain (Y2805); lane 1—8 show those of different transformants. Lane 1, 2, 5, and 6,

APX5—AGA1 fusion construct. Lane 3, 4, 7, and 8, APX5 construct.
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APX5

. iD

FITC Light Merge

Figure 22. Confocal laser scanning microscopy of recombinant yeast cells. Light and
FITC immunostained micrographs are shown. No immunofluoresence was observed
from the APX5 transformed control cells and a clear immunofluoresence was
observed from the APX5—AGA1l transformed cells with FITC—conjugated goat

anti—mouse IgG.
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Figure 23. Western blot analysis of the ApxIIA—epitope (Apxb) fusion construct. A;
Commasie blue stained SDS—PAGE of the cell wall protein (CWP). B;
Antigen—antibody reaction of the corresponding gel of the CWP. Lanes 1 and 2
contain CWP of recipient and transformed strains, respectively. Lane 3 contains the
soluble cytosolic proteins from transformed strain. Numbers on left refer to the

estimated sizes in kDa and the arrowhead at the right indicates the ApxIIA—epitope

fusion protein.
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APXIIA

APXIIA-AGAL-1

APXTIIA-AGAL-2

Figure 24. Immunofluorescent microscopy of recombinant yeast cells. Light (left) and
matching fluorescent (right) micrographs are shown. Note the fluorescent micrograph
showing FITC fluorescence as a ring around the cell surface (panel B, C). No

fluorescence was observed in the control cells (panel A).
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Figure 25. Immune response of specific IgG against ApxIIA#5 in sera of mice orally
immunized using recombinant S. cerevisiae with 10 day intervals. Open, closed and
shadowed boxes represent responses treated with 5 x 10" cells of vector—only
transformant, 5 x 10° cells of ApxIIA#5 expressing transformants, and 5 x 107 cells
of ApxIIA#5 expressing transformants, respectively. Five mice per group were
orally immunized and significant differences between control and vaccinated groups

were expressed as *P < 0.05.
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Figure 26. Survival rates of mice fed with S. cerevisiae after being challenged with
minimal lethal dose of the A. pleuropneumoniae serotype 2 Korean isolate. (*,
non—treated control; 4, oral administration with 5 x 107 cells of vector—only
transformants; @, oral administration with 5 x 10° cells of ApxIIA#5 expressing
transformants; B, oral administration with 5 x 107 cells of ApxIIA#5 expressing

transformants).
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o "X s ET 54 9] AgHAA targetingS Y3 =9 &
(1) M celld] Eo)|x o2 AT3E= ligand?] 7

M cell ®obeS 58 5 ol AESol 9= FrdE 7AW ol o et o
o, o= EF ofFolf WAle] Fad
ATolM= A M celle] Solz oz il

N
sk ligand9} Apx =4 @A fusion @A R HES dgske Aotk
=
=

>

olo

phage display libraryE o] &3to] HAut M cello] Eo]&H o2 Whe-3}:= ligandsE 3 Apx

A @A e] fusiondl o8- ligandsE A€kl
2 A7 AfAgo A midE M celle] @z 710 AF g o]83to] doli} oy
Ao g xE4ES Fed o] &5+ phage display library pannings &34 T3t ligand

== FEEH. o5 ol &3 % AR AY AFFool o3t MRty T adE
=

Phage display peptide libraryE ©]&3}e] A& ligandEs F 5715 A9ttt (Table 7).
ol & 3719 ligand (Col, Co4, Co5) ¥ho] ulg|g|o} ulief Al A"le|A EGFPS} A3 Alx
g dwmAg 5ol FTh o] 3t ligand—EGFP Az A M like cells® mouse?]
Peyer's patchell & == Zl& &dsidion, o]l T ¥+ Peyer's patch tO% °]FH
o1& glstaith (Figure 27). oldst Ao=S& vFo® A mouse AEel &35t A,
ligand7} &A% EGFP ©@¥ldef nla] H2 dAl A9gah-gy et doa-g-& FE=3k30ch
(Figure 28 #} 29). T3t ] FA% ligand?] Sl wah Huk W] FEAH 7 o
z}o]E H At} Col ligand7} AW¥EA o7 tFE ligandEol Hlal %S WSS FE3% 0
M ogor HAMEAR WA JpRdAe] o]gE F S Ao dAuEHo E ATl Col
ligandE ©]&3F3At.
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ligandZel w3 = WS frstdon oz FuuzAz WA Lo o4

3]
T Us Aow AlEHE Coles AEEe] Figure 302 RAZo| 98] ApxIIA#59
C

(e}
=

o
—

N-—terminal®} C—terminal Z}7Ztell overlapping PCRS ©]&3lo] §33s & recombinant
vector® Z+7 AFSAT 7F AZF vectorES FAMB] o]&37] Aol restriction
enzyme mapping® G714 QL BAste] ittt #7148 02 C—terminald ligand ©}m]
wAR IS o7 9] fusiondtSth.

S. cerevisiae Y2805 #TE Wisto] LiAceE AHEsh & FAAS 8l AdE 2 T/
Az AHEE 7t FAAS st FAASA Y FHAS FFE At AxT 9
B F282 107 o] dAHdFAY colony PCRE 3319 real JAAAAE TR}
A ow (Figure 31, 32) E. coli backtransformationE E3&] thA gt FAASA IS S

stelth. w9 o] FAABASZHE 2o RNAG w042 ol g3l 7} fusionw# 4]

CO1—-APX5, APX5-CO1A%} APX5-CO1IB 3 wwzo] g1 oA IHHL 3Helstgl
o} (Figure 33, 34, 35, 36).

B AxTaR] HIFE 54 FAAF

M celle] Eo]ld o2 At ligand Col¥ Apx 549 €8 Azgar Az T A44

FHoz wstel FEATAC 5 BEHEES ATHIOM, FEATA AT ALE
AT Fold A¥EES

wepsholth Abmol EulE Az ERE /1% MR ATEAT 5 A
o

)4 © 2 minimal lethal dose ¥ IgG9 X7} ¥
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Table 7. Selected peptide of M like cell—targeting

Peptide

Co1 S FHQLZPA ARTSUPILEP
Co 2 K A H l? V T F G L T H
Co3 A H R H P I 8 F L S T L
Co4d G S T Q A WM S P P L A
Co5 : A D T T H H R P W T
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EGFP

EGFP-Co1

EGFP-Co4

EGFP-Co5

Figure 27. Transportation of ligand fusion protein into murine Peyer's patches. EGFP
(A, B), EGFP-Col (C, D), EGFP-Co2 (E, F), and EGFP-Co3 (G, H) were
incubated with murine small intestinal segment of mice. After washing, intestines
were fixed, sectioned, and taken images under light (A, C, E, G) and fluorescence
microscopy (B, D, E, F). A gap between the two yellow arrows indicated the FAE of

peyer's patch.
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Figure 28. Induction of EGFP specific systemic immune response in mice fed with
ligand—EGFP fusion protein. Shown are serum IgG antibody levels in mice fed with
Col—EGFP (black bar), Co4—EGFP (gray bar), Cob EGFP (dark gray bar), and
EGFP (white bar). Serum sample were obtained 6 days after oral administration with

ligand fusion protein and analyzed for EGFP specific 1gG level by ELISA.
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Figure 29. Characterization of EGFP specific IgG subclass, IgGl. Shown are serum
IgG1 antibody levels in mice fed with Col—EGFP (black bar), Co4—EGFP (gray bar),
Cob5 EGFP (dark gray bar), and EGFP (white bar) by ELISA.
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Asp ol Apx5

| AsP_| Apx5

Figure 30. Schematic structure of the Col—APX5 and APX5—-Col fusion constructs
by a overlapping PCR. ASP, rice AmylAl signal peptide; Col, peptide of M like

cell—targeting.
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2 3 456 7 8 9710 11 12 13 14

- el e e G S D Col-Apx5

M N P 15 16 17 18 19 20 21 22

<«— Col-Apx5

Figure 31. PCR analysis of yeast transformants by a yeast colony PCR. M, size
marker; N, negative control, Y2805; P, posive control, Col—Apx5 fragment; lane

1—-22, yeast transformants.
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Figure 32. PCR analysis of yeast transformants by a yeast colony PCR. M, size
marker; N, negative control, Y2805; P, posive control, Apx5—Col fragment; lane

1-22, yeast transformants.
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Probe NC PC 1 2 3 4 5

'! ;Q'.Q'

NC: cell free extract of the Y2805 W.T strains.
PC: pYEGRamylA-Apx5

1: pYEG ApxIIA 5 fragment

2: pYEG RamylA colA -Apx5

3: pYEG RamylA -Apx5 colA

4: pYEG RamylA -Apx5 colB #3

5: pYEG RamylA -Apx5 colB #8

Figure 33. Northern blot analyses of a various Col ligand and APXIIA#5 (APX5)
fusion construct using the Apx5 specific probe. Equal loading of RNA samples is

shown in the bottom panel as an internal control and in an ethidium bromide—stained gel

(rRNA).
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Figure 34. Western blot analysis of the Col ligand and APXIIA#5 (APX5) fusion
construct using the anti—APX5. Lane NC, cell wall extract of the recipient strain

(Y2805); lane C, APX5 construct; lane 1—7, CO1—APX5 fusion constructs.
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Figure 35. Western blot analysis of the APXIIA#5 (APX5) and Col ligand fusion
construct using the anti—APX5. Lane NC, cell wall extract of the recipient strain

(Y2805); lane C, APX5 construct; lane 1—7, APX5—CO1A fusion constructs.
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M NC PC 15 16 17 18 19 20

«— APX5-ColB
+«— APX5

Figure 36. Western blot analysis of the APXIIA#5 (APX5) and Col ligand fusion
construct using the anti—APX5. Lane NC, cell wall extract of the recipient strain

(Y2805); lane PC, APX5 construct; lane 15—20, APX5—CO1B fusion constructs.
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HA FuelE S 9" APXTA, APXIIA, ApxIIAE ¥F AN &R
(Saccharomyce scerevisiae Y2805) 2 w%F x=7& FHAslst?] 918t 1 L Erlenmeyer
EoAaE AFEslth HA 2AE A A aRe widE Frketr] fEl 5 ol
Al YEPD(yeast extract peptone dextrose) HIA|E ARg3lo] @ro] NS Iol3k3itt
= URA A3 wiA]ol|A] 12A17F AufeF 3k &, ohA] L= 20.0
g/L, a5F=Y 10.0 g/L, bacto—peptone 20.0 g/l & X&3l+= YEPD 7]& uljX|of] Aufjf H A&

Z O0.Dgoo = 0.2% HFsk wjeksidit. wjdzde pH 6.0, 2% 30T, ZWE%E 200 rpm o
2 ekt R AEX¥FEE 3% 600 nmollA double—beam spectrophotometer
(Lamda 20, Perkin—Elmer; Norwalk, CT) & Al&3sto] S skAth Figure 373 Zo] 3%
T BF 12A1%F o]dle] 20.0 g/l o] EL-To] BF
24 ~40 AFtel|l Aol AP Frlske e o 7 AT E=I, xrdo] ud d@ 5o
SN T AP TS AFgste] tA] Adsks Zle o F AT 3F 77 #A F
= 9k 9.0 g/L=E HlEstgon, BF+E 9k 3.0E+08 CFU/ml (colony forming unit) ] %t}
(Figure 38). stAut 115X o] #AE 27 98l wiAGE 2 widxzads A s}sfiof sttt
s wAE 271 fsk HAMA W A 2 56] flske], 2= 200 ¢/L 9 &
BEFZEd 200 g/L & xgeh= WA (NagHPO, - 12H20, 2.4 g ; (NHy) 2S04 5.1 g ;
MgSOy4 - 7TH20, 0.075 @& AFgsholch. Az wiek2 200 mle] wixlE s 1 L
Erlenmeyer Z#AAE AFESIe] 2% 30T, WS 160 rpm .= vjfsigith &% A4
HA xS FF8H7] 918k Figure 40 yebdivkel ko] O0.Dsoo7b oF 40.00 °]=3=
o, LG GEFEN 2 %, 2 N A4 HUbstel 1wk wds AAsEIY. Figure
40—(a), (MIA & & Rl APXTA, APXIA w52 A% trehaloses 7S o oF
90~100 O.Dsoo7HA &3tk A7t #52 EehAa= Wik} Blasto] 1.6w] =2 434

& Bgvh ol VY #FF AAE WAE STl Beh WEE W] H5FE
=]

ll

A7) dFE ExY 20.0 g/LE ESH

[

rr

oJFth R Figure 40— (c) ol Whebdl mpgl ko] ApxIMA #5-¢] 7% trehalose F7}el wh
T 2% Sl xR gRFEY o] x¢qE wiAeM ¥§ 2 44 HERIH
oA 718 dFUF Tds AEHCR Il wel sk wde] Jteds HoFe
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Figure 37. Shake flask culture time—course profiles of the recombinant S. cerevisiae
Y2805 on cell growth, glucose consumption were indicated as (a), (b) and (c),

respectively. Symbols: @, glucose consumption, g/liter ; A, cell growth
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Figure 38. The number of viable cells of S. cerevisiae Y2805.
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Figure 39. Trehalose effect on the number of viable cells of S. cerevisiae Y2805.

Symbols: W, Apx 1 A; U, ApxIIA;
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Figure 40. Trehalose effect on the cell growth was indicated as (a) ApxI A (b) Apx
DA (c) ApxIIA respectively. Symbols: @, control ; A, trehalose. Arrow indicates

the time at which glucose and yeast extract were pulsed to the shake flask.
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(1) 3]%2 wieF (Batch culture)
A FooE 54 dud APXTA, APXIA, ApxIMAES & A7 575 o wjek

317 98kl 7 L 953 Ay EHRE Y] (bioreactor) & o] €35t W XL scale up s}

WA 2 5% wjekS AAET AV 55 X559 20.0 g/LE ¥3s= URA A w4
20.0 g/LE E38Fsl= YEPD 7|& wjx|oll A 12417 Aujek 3F3ich.
oho] ZkyE 51, wjofolol] AujeF H AEES O0.Dgoo = 0.5% HEsL

o F LEYT ARFEH
pIl 6.0, B71% 0.5 vvm, €5 30T, TS 200 rpm© 2 324 wakatoth. 3124 )
Fe AP WAL Y& Bepade] RS MFsel FUEEE §1 F wd 4 F
Aol wa 21e fASEA WsHs Aotk AR M%e 9@ wAe Y FEY

=

20.0 g/L ¢ BEFZN 20.0 g/L, NaHPO, - 12H20, 2.4 g/L ; (NHy) 2S04, 5.1 g/L ;
MgSOy - 7TH20, 0.075 g/L, trace element solution 1 ml/L (CaCly - 2H20 11.0 mg/L,
FeSO4 - 7TH:O 7.0 mg/L, MnSOs-5H0 2.0 mg/L, ZnSO4-7H.O0 2.0 mg/L,
CuSOy - 5H20 0.4 mg/L, CoCls - 6H20 0.4 mg/L, NasMoOy - 2H.0 0.2 mg/L, H3BOs 0.5
mg/L) o™, #ekele] pHE 256 % NH,OH &°45 ©]&3te] pH 6.0 FFo & FAAAFU
o}, Figure 413 Zo] FRO AMIFEE TFE 600 nmolx  double—beam
spectrophotometer (Lamda 20, Perkin—Elmer; Norwalk, CT)Z AFg3lo] =735t} wj
A F9 & $%+ SELECT Biochemistry Analyzer (YSI 2700; USA)E Abgsto] =
gkl

Figure 41°f Webd uiel Fo] A7]8) 3F 9] wieddS vlisst A3E vehdiglon, 23
20.0 g/L= 124%F ojye] B =t A2 5= 10A7HA ZAZIE AX $9
© Al MM 8] FTket7] AlEste] 30 ~ 48 AE7EA] ok 9.0 g/Lell E=dskith 271l 2
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Figure 41. Time—course profiles of aerobic batch cultivation of the recombinant .S.
cerevisiae Y2805 on cell growth, glucose consumption were indicated as (a), (b) and
(c), respectively. Batch fermentations were performed in a 7 liter bioreactor
equipped with pH and temperature controllers. Symbols: @, glucose consumption,

g/liter ; A, cell growth
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Figure 42. The number of viable cells of S. cerevisiae Y2805 under batch cultivation.
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(2) 7k wleF (Fed—batch culture)
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Figure 43. Time—course profiles of aerobic fed—batch cultivation of the recombinant
S. cerevisiae Y2805 on cell growth, glucose consumption were indicated as (a), (b)
and (c), respectively. Fed—batch fermentations were performed in a 7 liter
bioreactor equipped with pH and temperature controllers. Symbols: @, glucose

consumption, g/liter ; A, cell growth
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Figure 44. The number of viable cells of S. cerevisiae Y2805 under fed—batch

cultivation.
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(a) ApxIA (b) ApxIIA (c) ApxIIA

Figure 45. Micrograph of S. cerevisiae Y2805.
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th. 500 L BE2WHEVIE ol &% AxF ARY P 44 A" T3

Al AASE Wtg ARE g o R Az arne U A AlAES FE557] flE 500 L
4538 AEHES7] (bioreactor) & o] &3t #ag & scale up 3F3IT.

2E 500 L 9538 AEFE7]e] 300 L wiefd& AFE3sto] EefAaa ujoFolA]
Al viR| oA EE wieF W scale up2 AAIEFATE 3F AF ERE T 20.0 ¢/l

= ¥35= URA 23 iAol A 12417 defer & & opa] 593 20.0 g/LE ¥35= YEPD 7|&
I

AEZE 0.Dgoo = 0.39.% HFstaL pH 6.0, §71%F
O f7bA vk AAElT #7H wiks 9% wiAY 2SR
F=9 20.0 g/L, NagHPO4 - 12H20, 2.4 g/L ; (NHy) 2S04 5.1 g/L ; MgSOs - 7TH20,
0.075 g/L, trace element solution 1 ml/L (CaCl, - 2H-O 11.0 mg/L, FeSO, - 7TH.O 7.0
mg/L, MnSO4 - 5H20 2.0 mg/L, ZnSO4 - 7H20 2.0 mg/L, CuSO4-5H20 0.4 mg/L,
CoCly - 6H20 0.4 mg/L, NazMoOy4 - 2H20 0.2 mg/L, HsBOs 0.5 mg/L)ol™, HjeFee] pH
T 25 % NH.OH &5 o] &3tof pH 6.0 T2 FAAMNAFAUY. ILd 35 F&

0.2 ~2.0 g/L/hr & YAA FAAA FAUTE Figure 468} Zo] a9 Axsis F3&
600 nmell4] double—beam spectrophotometer (Lamda 20, Perkin—Elmer; Norwalk,
CTE AMgstd =4sIA viA] 59 ¥XE9 5%+ SELECT Biochemistry Analyzer
(YSI 2700; USA)E AH&-3to 433l

Figure 460l vtebdl npel o] 500 L= 2

ARG Aol vsme AlE A 9 TA
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(a) Apx1A-S00L (b) Apx2A_S00L

—8— Gluoose o —— Glucose
—— Ell gowth L i —b— & arowth

lucose (g/L)

G

Glucose (g/L)
Absorbance 600nm

Absorbance 600nm

T
10 20 Efi] 40

Ti - Tima (h}
ime (h)

(©) ApK3A_S00L

—*— Glicose
—i— |l gwth

Glucose (g/L)
Absorbance 600nm

PP

Tima (h)

Figure 46. Time—course profiles of aerobic fed—batch cultivation of the recombinant
S. cerevisiae Y2805 on cell growth, glucose consumption were indicated as (a), (b)
and (c), respectively. Fed—batch fermentations were performed in a 500 liter
bioreactor equipped with pH and temperature controllers. Symbols: @, glucose

consumption, g/liter ; A, cell growth
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4, ApxIl S id g gRE o] g3 APFEANAY ATHY

7h AgE= ()N AR aRg B7EE = %7

o

(1) w92 2deA FAHE a2 sk FA7F 573

AR FE @R olAe] AT WS f8l A7 Were® 3 A¥d, 54 gz 10 A
dus At A el wet WS AAegitt (Table 8, Figure 47). &32<1 &4
A% mare] WYss Hriet] fste] A7 Aol 37 A anE AAE
t}. ApxITA 9] netralizing epitope?! ApxIIA#59] #H|& W& 75 (Secreted ApxIIA—#5),
MEEA DHAF (Surfaced ApxIIA—#5) 18311 ApxIIA  full 42 W45
(ApxITA—-FulD ol W3 &e= B7Fsidltt. FddlEzT o2 ApxITA full F32H9] Wal =

(ApxlIA-FuldE Aol 278 fE53 Polse AZe vl Yok J248 &%
o ApxlIA 39 B¥d M@ YAAT ALE BF uste] B4 Axe] RBE WEY
th. o] PBS 200uel #AAA AT Folsgith AAT A%E wigom FT WA

oral tolerance® =&E37]¢3A W A7|EE Fogks SI7HAIZ|AA AFFAE HAISA

£ 2% A0 ® 30, 50, 70 181 90mgo® A k& TTMAIA 49 Folskqith

o &%
FAA aRe 47 FoR 58 ApxlIA 5°] IgG ¥ IgAe] A7 245 #8 ELISA
ARl 728k, AEF ApxIIAE lupg/well®] FEZ PBSe| 3]43}o] coatingdt3l 1L

blocking® % 1% bovine serum albuming %% PBSTE 538t 37Tl 1A7HE<t
AAsEA Y. 123 FAZE mouse serum(1:50)& 37TelA 1A ®E &9k, 221 A=
anti—mouse IgGH+L)—Ap conjugate(1:1000)E 37Tl 1A7HEer  HESA|F T}
Alkaline—phosphatase substrate 100Z YA A]7]31 Microplate readerol” 405nmolA
= SAsAT ARe serume AF AL sampling A 7= FoA17]9F mpRZRA R 2
T A0 E Algsgitt. g E ELISA 71E ]8435t serumelAl ApxIIAe] gt Ho]

= ZAFete] EA st FdAS 2R WAl mpA e HE Fol A ApxIIA
ARt (Figure 48). Surfaced ApxIIA#5°]4 ApxIIA Eo]
t}.

b4

32
s
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Table 8. Experimental groups of mice orally vaccinated with Saccharomyces

cerevisiae expressing A. pleuropneumoniae ApxIIA

Group 2o 349

Negative control o
1 vectori+s &H3t 5 AT Fo
(vector control)

27  Secreted ApxIIA#5 ApxIIA#5 Bv] ¥F AT F9
3" Surfaced ApxIIA#5 ApxIIA#5 %W HdAT AT F9
47 ApxITA—Full ApxITA—Full H3d#F AT Fo

- 104 -



1stimmunization

1stSamplin

5thg &
Challenge

Figure 47. Strategy of oral vaccination and sampling schedules in mouse.
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Serum IgG specific to ApxITA Serum IgA specific to ApxITA

0.4 - 0.25
035 -
03 02 r
; 923 ¢ 015 |
S 02 g
015 - 01 r
41 r 0.05 |
0.05 -
0 0
Vector Secreted Surfaced  Apx full ITA Vector Secreted Surfaced  Apx full ITA
control ApxITA#5 ApxITA#S control ApxIIA#5 ApxIIA#5
Group Group

Figure 48. Titration of ApxIIA specific antibody in two weeks after last oral boosting

in mouse serum.
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(2) A FHHTH Gazs Sd3E A IFAE a8 FAZY JA3

A1 FuteE o ay SusE 93 FAAS an FolFgo] HA3 |9 ste], AdFE
(2ol A AlFEFH DE 75 (Surfaced ApxIIA—#5)] tiste] Foiaks o8 Firow
Agstel Aol s AAsAe. &R e wEbA 1 x 10° 1 x 10° 1 x 10° 18
1 x 107 (CFU/mD 4709 "3 o4 dzd 1) 287S A 4709 6
TS A WA ATl A7e] ol wek 1 x 10°, 1 x 10° 1 x 10° 7283 1 x 10°
(CF.U/mDE Foatar, 5 WA, A A Al7)e] 1 x 109, 1 x 10°, 1 x 10 283 2 x
107 (CF.U/mDE Folaigivy, "ol 25 71407 F 33 Foaa, 543 A7)
serum, saliva ¥ fecal samples AFH AT 2HFH s AMEZo] tsle] ELSIAE A3 35}1o]
ApxITA 5o] IgGs} IgAel whste] A8ttt (Figure 49). 3 WA Wal FojzF 1 x 107,
1 x 10°(C.F.U/ml) %ol Folr ARmA vpxot Fo] gt 5 Al7)o] 42448 ApxIIA 5

A
o] 1gG FA} BEE FAT 5 9

= 1 - =

L

o
th ol= 7] Wl o]F H WA WAl Fojrol 10
10° Hlol aRE E4597] wEoz AZETh serum, saliva % fecal sample©]A]

ApxIIA Eo] IgA7} A58 2AS B = 9t
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0.4

0.35

0.3

0.25 |

01

Serum IgG specifiggo ApxIIA

O Centrol

0 Surface displayed ApzIA#5/1x 105 cells
B Surface displayed ApzILAFS/12 106 cells

| @ Surface displayed ApxIIA#5/1x 108 cells

m Sarisce displayed ApcIIAFS/ 12109 cells

Fecal IgA specific to ApxITA

o Cortral
o played Ap 185 cells
@ Surface displaycd ApxlIANS/1x 106 cells

" @ Surface displayed ApxIIARS/Ix 108 celis

B Surface displayed ApxlIANS/1x109 cells

025

02
4 o5
o

01

0.05 -

Serum IgA specific to ApxITA

O Coeatrol

[ Surface displayed ApxIAFS/Ix105 cells
ESurface displayed ApxIIAAS/1x106 cells
o Surface displayed ApxIIANSIx108 cells
B Surface displayed ApelIAfS/1z 109 cells

Saliva IgA specific to ApxITA

O Control

£ Buriace displayed ApxIlA#S/1x105 cells
B2 Surface displayed ApxIlAAS/Ix106 cells
O Surface displayed ApxILANS/Tx108 cells
B Surface displayed ApxIIA#S/1x109 cells

Figure 49. Titration of ApxIIA specific antibody in mouse.
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U, JAAFT 5529 ApxIlA LD AT AA F7}
(1) 9 ) yeastd £ 9 53

ARG aR7E A HYs fsh ARV R AEste] FukA] aHor HAd
T A=A FgRlstazt 2 AES st AP s EolA A are A4y AE
2ol At s detstuasidtt. ddds aRE Adguxl —URA
Tk wjokargith. MigAe FA kel 2x10° cells/mE wh-2o] Fo
sttt AEd v AREE fecal samples 7o 4413 § F-E 3AZF A oR 3% A F
Stal 1 o] FE= 2447 AC R 3 Fk AFSA A fecal sample PBSel -
f-A17131, ©]& Saboraud Dextrose agar(SDA)<2} A#ujx]el —URA agarel platingsto]
30CAA 29 F<t ket #9 =4S $38] single colonyE wEste] 5 HIF3FS
o A aRE Fo5H4 &2 controld ¥ FAHE &
¥ 9 colony 47¥ FaWAE vl FAAS aRE FoIg oM FAAE

8% 5 (Saccharomyces cerevisiae)® EolA<Q Ay WAE &l & 4 3l

PN
BE Folgh oA A4 24 ¥

A
(Figure 50). 18]3l VITKEK 2(bioMerieux) systemE ©]§3}o] JAHS aRn o #F5
skt Fol 4AF FHE Fo 3 2dA7EA Y] AFHAT AR
(Table 9).

>
folr
td
!
ui:)
rO
_0|L
32
i)
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Figure 50. Isolation of S. cerevisiae from fecal samples.

Control

5. cerevisiae

Table 9. Isolation of S. cerevisiae from fecal samples of mice.

after administration (Hours)
Group No.

7 10 24 48 72
tf 1 - - - - -
=
T 2 - - - - -
7 1 + + + + +
.?_
= 2 + + + + +
=
o 3 + + + + +
_?.

. 4
+ + + + +
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(2) ApxITA ¢ @9z ¥y FAMAE a5 Fddid A 4

Aol Agn B8 B FAgud A da 2Aa7) 9] welxA sl
)

A
=z A, ZZ &ol=9 Proteinase
K(100 ng/ml) £NS FF38lo] 37Co] 58 &<k ¥H-SA|A antigen retrievestHth. Hi 5
FZ 108 FF AMFHT & Ad2A 308 B 0.5% H:0.5 #5391 Endogenous
w
=

peroxidaseS AASF T BHSHFFE 102, 0.01M PBSZ 10+ &<+ A#3 ¥ blocking
gNoF 0.01M PBSe| 10% skim milkE H7}8to] Ao A] 1A17F B2 blockingS 2 A3}
Aok Al 1xdEe]  AFEAW mono  specific—ApxIIA  polyclonal antibody
(Anti—ApxIIA rabbit Ig®) & L&A Z 1:5009] H]&o] HE=E 2% skim milkel] 3] 3t
H stxZA mhgd 100w BF5Fe] 4TColA overnight E#skith. 0.01M PBSZ 1084 3
H A Ze 3 o]xFA 2 Biotinylated anti—Rabbit IgG(H+L)S 2% skim milkell 1:200°.
2 3Asto] AFolA 2417 WESAIZTE 0.01M PBSE 10®4 3w AH3 T ABC
kit (Vector) & AH&H el wel Alxste] 37Tl 30 &<F ¥H&A1713, 0.01M PBSZE 104
3 A& 3 & DAB(3,3'-Diaminobenzidine tetrahydrochloride hydrate) & o] &3}o] A&

et WA 0.01M PBSE 10+, BdsirE 1024 3H AFst
Hematoxylin®. % counterstainingdt%tl. Dehydration®d S A% & mountingdlil ZF4#3|
AzE s dAvjdow BT (Figure 51). A4 wl&S 200ujo #2310,
FAAY aRE FoobA &2 controlw ¥ HluaE] = o AP gaRE Folgt 9

intestinal villielA] DABZA © & @13l brown spots (84F3) o] th 2= 9},

FAAS ar AAe] 9 s 9 ARV AR Al are] &4 A 9 oral
tolerance 9 wAAS &7 Sl MAlS] A AEES Fola avror we v

+S RS =9 & & adjuvant®] AREef digt A7F skt sdE A
3l &% AWl thd adjuvantE AFESHZ] Hel 1 715

i
adjuvant &5 w4 7IM& st Adjuvant® 7] i 7hAo] A-siH g o &

- 111 -



¥ += chitosans °]&3sto] B4 7S 935U Chitosan< adjuvant®=A <+dAd 3 g3}
7} 5o A X3S (biocompatability), A3l (biodegradable) & @2 SA1 02 9
oF AlZoq g 2o]a QIth. T3 mucoadhesive 5AS 7HA 1 Qlo] FHHY AF A
AAMAle] thet adjuvant2A 7hHsAde Aotk FAAE aRE ks, v o
glass  bead(SIGMA)E  AFE3Fo]  lysisstgitl.  Lysate®  20,000rpme]  1hrs<t
ultracentrifugeS AAEIFT 4% FAX=2DHUS Ao 0.05% vH|EE Y1 37C

2

shaking incubatorel]4] 34 =<t detoxification FFS S35ttt 20,000rpmol 1lhrs
ultracentrifuges AAIst & AZdS 0.45mm filterol] o3}t oA FEE =735}
FEE 2mg/mlo] HEE PBSE FAsty FITCE XA TE samplee] FITCE A&,
FITC7} %A sample?t AW3}= 34 92 FITC Antibody Labeling Kit(Pierce) & AME-
Holl wel Agsklth FITC A ® 2712 sampled 3dhuoli= chitosans w4 kit
chitosan 150mg/ml& Y31 37C shaking incubatorol*] overnight X #3}31, 3000rpmel
155 &<t centrifugedtey] A=A FHEPth 18)3e] yeast f-d S Ao FITC ¥4
¥ sample?l  FITC—-ApxIIAT¥ FITC A"  sampledl chitosans  ©X|3
FITC-ApxITA-CMsz 0.2 HAste] Ads et v~ (CR, 559, 47D 24 o
P2 A& AFs 109 sA4x=22-el 1
ot Yedus AFslah AztE 24 &2bol=e] PBS(0.1% Triton—X)& #5380

Aeoa 208 EQFb WES ARl 3 Wheat germ agglutinin, Alexa Fluor® 594

IS
wn
Q)
5
<l
@
—
i
o
m
_9_
o
52
g
—m
i
{0
o~
o
o

conjugate (Invitrogen) & conterstainingattl. PBSZ A& 3 % mountingd}itt. 2 Ax
H &Egjol==E F x4 #HolA FAFE R A (confocal laser scanning microscope, CLSM) . &

&2 20082 #FSFA T (Figure 52). Negative control®+= counterstaining®l] &3t &

Aol AAuut BAEH FITC—-ApxUIAToA &%z YR ZE uptake® FITC ZXH =4
(3 2)o] #AZEQTh Chitosane ©A 3 FITC—ApxIIA-CMsvolAE Fx4 Y=z

uptake® FITC A8 =4 (34 shix, g)o] @0 FITC-ApxIIAT# vl &
woE EE Gl A
FU Fdand AAlel oA adjuvant AREell theh A3 Fo]Ao]l o, adjuvant® A

chitosan©] 7}5Ao] 9SS dolslit),

AN

g

a1
9&s o 4 9t ApxIIA T vz vty PR M3 G RO

i
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Control 48hr 72hr

Figure 51. Immunohistochemical analysis for ApxIIA derived yeast in the intestine of

mice. x200.
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Negative control FITC -ApxilA

FITC-ApxIIACMs 1 FITC-ApxIIACMs 2 FITC-ApxIIACMs 3

Figure 52. Uptake of FITC—ApxIIA and FITC—ApxIIA loaded chitosan microparticles
in the intestine of mice. CLSM (x200)
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5. Apxll FIdTHid I FRE o]L3% ZAFE (HX) XY F9uE md9) F

i

7t XA ¥ A R AT FF 2L

o

QR QlxFel ApxIA®} ApxIIA

ofl
i,
)
r i
folr
3l
o
-4
_1%
rlo
N
e}
T
S
IN]
2
S
Q
IN]
R
D
1o
N
r

2, S. cerevisiae & 47

379 A=l AFEAYHE 243 Fodsigith. A3 A= ApxIIA  neutralizing

epitope—#5 T4 FHAAE W AA G AR WAl Ay, Y T FARE Byjse

AC)
=

T WAl Al vector control A&t 1
A F 205 WiASITE (Table 10). WAl Aol tiste] 7 HAS® 33] JFHA%
BE Abme] E¥ste] A7 sklal, A Fel theke] Apx 5ol IgA ¥ 1gG FAVME
A7) S8t AR5 AF S Y (Figure 53). A8 #1#] AT 1lkg &, 4 Axd JHA
AR WA 6.25 X107 (CFU/g) HES 7IFo2 i, 740 Fojy ualo
immune—tolerance® 1l#fsto] wWl HF A7|ntt; Folgs A FolZFo 2u7F HES FIHA
Ztt (Table 11). #\XelA ] A3 aro A7 W mde wpat JHA3 ane AT

1Y Fieed HA FHrEFEe i Holee Frhekein

a
non—treat W FZ+ 0% U+, ZF 18] 5
3}

kol 40

ot
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Table 10. Experimental grouping for oral vaccination of S. cerevisiae expressing

ApxIA and ApxIIA netralizing epitope—#b5.

) 7N A 5
Groups 5o g Fol W CT
7)
Control group No Treatment A3 Fo sHA &2 AT 5
Vector control S. cerevisiae FAS AR o= 8 R .
group with GPD vector Fof
S. cerevisiae
. expressing ApxIA T3 AT ApxIIA
Vaccinated — — = y
ApxIA and BEHAA #7F HA AFs T 5
group—1 . -
surfaced—displa 1g¥ AFFoA3sE
yved ApxIIA
S. cerevisiae
. expressing ApxIAZH T} ApxITA
Vaccinated } )
ApxIA and o a8 d5 AT T 5
group—2 . ;
secreting 1g¥ AFolst -
ApxITA

- 116 -



Ist Sampling 2rd Sampling 3rd Sampling

—
3 weeks-old
|st Oral 27 Oral 37 Oral
boosting boosting boosting
|

5% Sampling 4t Sampling

< e T

Clinical & pathological 4=
signs

4 weeks

Challenging

Figure 53. Strategy of oral vaccination and sampling schedules in Pig.
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Table 11. Vaccination strategy of S. cerevisiae expressing ApxIIA.

———
N Fol & s
Days At As (C.F.U./m}g
(C.F.U./9)
)
1% Oral 0 3.13X10°
o 6.25 X10" |5kg (214 .
vaccination 1 3.13X10
2" Oral 7 1X10°
o 1.25 X10° 8kg -
vaccination 8 1X10
3™ Oral 14 3.25X10"
o 2.5 X10° 13kg -
vaccination 15 3.25X10
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g, 9448 559 A7 9 fES

oft

7}

(1) Swine alveolar macrophageo|4] @A A3 FH o] 3t cytokine S5

In vitroollA d&AA3st gre WY fFE52 2AHH7] 939, swine alveolar macrophage
of FAHE arnE A=kl FHHE cytokines ST #HA 1912] 9] lungell 3o
Hank's balanced salt solution (HBSS) 100mlS FY3te] lung lavageEs AFASHATE 23

,J
H

3t lung lavageE meshol] AE & Ficolt—Hypaque(S.G. 1.070)2 ©]€3}% mononuclear
cell fractione 33ttt RPMI-FCS (2 mM L-—glutamine, 100 U/ml penicillin, 100
mg/ml streptomycin, and 2.5 mg/ml amphotericin B) M X]e] 1 x 10° cells/m2] cellS
T3l 37 ° C, 5% CO24 3A17F H#3k & wjx| 2} the non—attached cells& #4331
t}. non—treat =4 WX, vector control A2l A Wiz, LPSAHE A oz 1831

=

H2H8 @% (Surfaced ApxIIA netralizing epitope—#5 vyeast, Secreted ApxIIA
netralizing epitope—#5 vyeast, ApxIIA netralizing epitope—#5 vyeast, full ApxIIA
veas) & A e wOoR re] AsArk A aRTelE 2 4 X 10° cells/me] &
25 AFTsR L, LPS A Toe 1 pg/me] 52 AFs £ 6, 12, 24A3F (FA 02 A5
A A3 iNosell tisliA= FA
oM SAHA &Sth (data not
shown). o]& =A ¢ macrophage°l] iNos7} S A Gethe wdo A7k lgieH,
B Ao AAEEA] FSkth TNF—a] A#E B Full ApxIIA 2 ZRolA Sz

Hls=st A3E B O vector control 7o H]5Fo] ApxIIA netralizing epitope—#5%&

OP

=]
oS 7%} swine alveolar macrophage? A&

23S nEde] AUz FAAR wR Ao

TS

EEolA %2 TNF-a #HlFs ST 5 Ak vt A48 g ol ofsh IL-6 &
Hl el sl A= vector control ol B34 ApxIIA 'Td &X oA 12h o|FHFE &4
Fo] T7MEE ZE B 4 Atk 53] Full ApxIIA #Hd aRFAAN a4 F7F BFS
et (Figure 54). IL—6% A= 5 wH|¥ = A7]7F TNF-a®th <A vebde, 12h
o|FHE Tkl AFE = g ddloerE, F5 HolM= 48h, 72he] TRt 25t

AR Ak & Zow grE

o
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IL-6
1400 w0
1200 k]
L |_ 0
£ o0 [ 7 30t .
g &0 =#=Napalive conii g @0 /
—8—Vactor conticl ’ . ¥ =4—=Vector contiol
400 F Sutfaced Apx#s 2% _\/ s
~=— Seretion An#S ¥
a0 —8—Standard Aoz 2 Standard ApxIlA—#5
0 =—8—S1andand full ApxliA P s Sundard kil Aokilh
h h 1&h 240 on Bh 12h 24h
Time: Time

Figure 54. Expression pattern of cytokine in swine alveolar macrophage.
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(2) Apxe°ll 3t specific IgG ¥ IgA A7} =H

FH Ag 5RO AT FoAR FE¥® Apx 50| IgA, 1gG FA7F HAME S8l serum,
nasal wash % fecal swab AlZE& AF AT (Figure 55). Serum<> 21G 10m¢ syringe&
o] &3lo] A9 jugular veinC ZHE] AMFH 31, 4T 24A%F clottingdt & QAR g
(3000rpm, 10)3}o] A5 9ds FH3FAth Nasal washi= PBS tms 1A #zlE H=Z 23
FHOlA HAS Fll FAT §, ¢ 23 fFAS L thAl ¥ specimen cups o]&3 A
F st th. Fecal samplex> fecal swabl® ={A| 745 swabsto] 0.05% sodium azide
PBS 1m¢ o #31 4CelA 42 (13,000rpm, 5%)38te] A5 dS ARgstqlth =gt 37

A

HE 109 F F £x A9 §42 F557] A W /19 9 Gl PBSE U xR 44

Far, o 9 AS FAsk] ddEE®E udES A

off

5l & washingd} washing®S 4]
7 homogenizations FsFF T 2 A3 a5 9 AT vaccined WIFE &

71 $1eto], AHY AlE W Apx Eo] IgA, IgG FA7F= el ¥ ApxIA
ApxITA—ELISA 7I§ell 71x3to] 433tk (Figure 56). &5 w2l npx]u; Fof 253U &

=
A7el ApxllAel td IgG FA7te 45 B 5 Atk BA4 fo4de Be S
7

shlsh 4= it AHE #A 2 FO washing ¥E 9 FA Aol gt Apx 5o IgA FA7}t
T Yol g5¥E ApxIA, ApxIIA—-ELISA 7|Hell 7]x3t] 574331 © ™, lung washing A
ZoA thxdol| Bladte] f2oZel ApxIA P ApxIIAe] T3k Eo] IgA A 7S gl
4 A3t (Figure 57, 58).

il
]
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Figure 55. Sampling from pig
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Serum IgG specific to ApxILA Serum IgA specific to ApxIIA

2000 04
£
= 1500 0.3
E 5
= 1000 C g2
£
£ 5 {
& 00 ’l
=
L 1]
Bnrfaced  LTB-ApxIIA vecdor confrel Non-trealed apfaced  LTE-ApxTLA Vector control Mon-treated
ApxllA ApxllA
Group Croup
Fecal IgA specific to ApxILA 045 Nasal IgA specific to Apx
L]
0.5 0.3
0.4 w3
02s
. 0.3 .[
fa [ R
= 0.3 015 T i & Surfaced Apsila =5
- di I HLT-B-Apxlly =%
) ’ i
008 § Y rctar conirol
0 ' 8 Captrol
Surfaced  LTB-ApxIIA Vector confrol Nondveated Apxla ApxiLy
Apxlia
Group

Figure 56. Anti—ApxIIA IgG and IgA levels in serum, fecal and nasal sample in two

weeks after final oral vaccination.
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Anti-Apx IgA in lung Anti-Apx IgA in intestine

O Challenged Suriaced Apxifs 12 . O Cksllemged Surisced Apziis
035 0 Challenged LT-B-Apx#s 0 Challenged LT-B-Apxii5
@ Challenged welor control 0 Challenged vecior contral
03 8 Challenged control 1t B Challenged contral
@ MNos challemged gromp B Now challemged proup
02s e
0z

Figure 57. Titration of ApxA specific antibody in lung and intestine homogenates

after challenge with A. pleuropneumoniae.
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Figure 58. Titration of ApxA specific antibody in lung washing and intestinal

flushing after challenge with A. pleuropneumoniae.
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Table 12. Scoring chart of clinical symptoms after challenge with A.

pleuropneumoniae.

Grade 0/1/2/3/
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Table 13. Measurment

pleuropneumoniae.

of

rectal

temperature  after

challenge

with

Group

No.

X2

B-3

B-4

Non-

0-2

challenge

Y-4

Y-5

Y-10

B-1

B-5

0-3

0-4

Challenge

Y-1

Y-2

Y-7

Y-8

Y-9
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Rectal temperature
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2 398 - /‘\
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’ Non-Challenged
il control
38.8 - —#— Challenged
38.6 T T ; , . vaccinated

0 2 5 s 10 (days) —l— Challenged control

Figure 59. Pig rectal temperature after challenge with A. pleuropneumoniae.
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Non-challenged group

Severe coughing or Dyspnea

Figure 60. Clinical symptoms followed by challenge with A. pleuropneumoniae.
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Clinical signs
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== Challenged vector control
2
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= Non-challenged group

Figure 61. Scoring of clinical symptoms followed by challenge with

pleuropneumoniae
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Figure 62. Number of pigs survived after challenged with A. pleuropneumoniae.
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i)

(3) A% = FHdA FAHAHE T2 colonization A
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A7 1:1o] Hes W FRF9 AES AFAST. dx4 5gs ZdobA fAxAS vl
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(Figure 66). 37X 24A)1%F o|% A+ A. pleuropneumoniae colony %5 Alo] At=s}

Stk WAl Aol tfztel vlaske] H A WS colony & RSt (Figure 67).
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Front Back

Challenged control group

Figure 63. Pathological observation of pig lungs after challenged with

pleuropneumoniae.
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Figure 64. Pathological scoring of pig lungs after challenge with A. pleuropneumoniae

counting grids.
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Figure 65. Results of pathological scores of pig lung after challenge with A.

pleuropneumoniae.
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Figure 66. Colonization of pig lungs after challenged with A. pleuropneumoniae. A,
challenged A. pleuropneumoniae strain culture; B, vaccinated group colonization; C,

control group colonization.
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Figure 67. Colony numbers

pleuropneumoniae.
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gt wmel el &A™ AL B & gglen, sEel Zud wE 33
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(Figure 68).
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Figure 68. Histopathological observation of pig lung before and after challenge with

A. pleuropneumoniae. A, B and C, vaccinated group; D, E and F, control group.
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Figure 69. Scores of Histo—pathological changes followed by challenge with A.

pleuropneumoniae.
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Table 14. Microbial recovery by centrifugal process.

Viable cell Total cell Yield
(CFU/ml or CFU/g) (CFU) (%)
Hj &F X 1.12E+09 3.92E+14 100.0

ApxTA
=5 1.06E+10 3.75E+14 95.7
Hlj &F X 2.43E+08 7.78E+13 100.0

ApxIT A
5 2.80E+09 9.80E+13 126.0
Hj &F X 6.20E+08 2.17E+14 100.0

ApxITA
=5 8.00E+09 2.04E+14 94.0
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Table 15. Microbial recovery by freeze dry process.

(a) S. cerevisiae expressing Apx [ A

Viable cell

viable cell +

Total cell Yield dead cell Total cell | Yield
Apx A (Cg{?}l ) or (CFU) (%) (CFU/ml or (CFU) (%)
& CFU/g)
Hj ool 1.12E+09 3.92E+14 1%0' 2.42E+09 8.47E+14 1%0'
ez 1.06E+10 3.75E+14 | 95.7 1.66E+10 5.73E+14 | 67.6
FAAZ
. 5.38E+09 3.66E+14 | 93.3 5.72E+09 3.80E+14 | 45.9
FTAAx
i 3.40E+08 6.65E+12 | 1.7 1.44E+10 2.89E+14 | 33.3
=
(b) S. cerevisiae expressing ApxII A
. viable cell +
ApxTIA (\C/?S;iﬂcegr Total cell | Yield dead cell Total cell | Yield
CFU/g) (CFU) (%) (CFU/ml or (CFU) (%)
& CFU/g)
ulj o o 2.43E+08 7.78E+13 1%0‘ 4.58E+08 1.47E+14 1%0'
= 2.80E+09 9.80E+13 1%6‘ 4.40E+09 1.54E+14 1?5'
FAAZ
. 1.28E+09 7.04E+13 | 90.5 2.63E+09 1.45E+14 | 98.7
FAAx
A 9.20E+07 1.77E+12 | 2.3 7.35E+09 1.41E+14 | 96.3
=
(c) S. cerevisiae expressing ApxIIA
. viable cell +
ApxIIA (\C/?S;iﬂcegr Total cell | Yield dead cell Total cell | Yield
CFU/g) (CFU) (%) (CFU/ml or (CFU) (%)
& CFU/g)
i o o 6.20E+08 9.17E+14 1%0' 1.16E+09 4.06E+14 1%0'
= 8.00E+09 2.04E+14 | 94.0 1.52E+10 3.88E+14 | 95.5
sAAx
. 5.48E+09 2.08E+14 | 96.0 9.58E+09 3.64E+14 | 89.7
FAAZ
. 8.85E+08 1.44E+13 | 6.6 2.98E+10 3.72E+14 | 91.5
E3
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YER A skt

= AN vehd 2R 2F8 trehalosecAe H1 AEE 5.0 % AdeE Ak
(Lactobacillus sp)= W3ez = o Yebd AEE (25.0 ~ 50.0 %) 3 Bl A] wi-¢
= Ao wA, olefdt AR TATE Algtel Hlgto] aRS sAUFl st AFYE FAFA
5&S BT} o= Altel nlsty] &F AE7F 7] wie] sddx g F AEIF
= &4 AEZE A7 vErds Aol ZIRlek, ofH @ off = AR e sdAx RoAE
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Table 16. Cryoprotective effect of

recombinant S.cerevisiae Y2805.

freeze—drying protectants on the viability of

WA T8 sdAx A sAAxE 5 HEE

(CFU) (CFU) (%)

skim milk 10 % 3.00E+12 4.30E+10 1.43
trehalose 5 % 5.00E+12 6.80E+09 0.14
maltodextrin 5 % 3.70E+12 1.60E+10 0.43

skim milk 10 % + trehalose 5 % 4.30E+12 6.40E+10 1.49
skim mik 20% + trehalose 20% 8.80E+13 4.40E+12 5.00
skim mik 20% + sucrose 20% 1.33E+14 1.22E+12 0.92
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Figure 70. Stability profiles at room
after freeze—drying. Symbols: (left) B, Apx I A; U, ApxIA;
Apx T A, A, ApxITA; H, ApxIIA.
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Figure 71. Stability profiles at low temperature of recombinant S. cerevisiae Y2805
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Figure 74. Field application for transgenic yeast oral vaccine. A, trial product of

yeast vaccine; B, pig farm; C, D; three—week—aged piglet.
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Figure 75. Strategy of oral vaccination and sampling schedules in field pig

application.
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Table 17. Experimental grouping for oral vaccination of S. cerevisiae expressing

ApxIA, ApxIIA netralizing epitope—#5 and ApxIIIA in field application.

=) 2=
7 ol o] ] N
)
gxE | P94 %S &R | FEA8 AL KR wol | 56
1] Bl3 1] =18
e ApxIA, TTA 2 IITA %&d ApxIA, TTA 2 IITA & 53
948 an FAAE Ew Aol Tof
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Table 18. Vaccination strategy of S. cerevisiae expressing ApxIA, ApxIIA and

ApxIITA in field application.

= a2 A= 2k AR o]
E o E o Lo
S T% o"l‘%o(kg) ]'-J—‘—H%O(kg) mlbﬂaok(%)
1 A GPD vector control 0.25 20 1.25
2 A GPD vector control 1.0 25 4
) 2T
3H A GPD vector control 3.0 25 12
4 A GPD vector control 7.6 25 30.4
S. cerevisiae expressing
ApxIA 1.68 +
1A b 20 18.05
ApxIIA 0.25 +
ApxIIIA 1.68
S. cerevisiae expressing
ApxIA 3.35 +
o 7 P 25 30.8
ApxITA 1.0 +
ApxIITA 3.35
ol Al
S. cerevisiae expressing 50
ApxIA 5.0 +
397 P (Ewmoz 1y 26
ApxIIA 3.0 + o)
ApxIIIA 5.0 b
S. cerevisiae expressing 50
ApxIA 6.5 +
4915 P (o Uy 41.2
ApxIIA 7.6 + o)
ApxIIIA 6.5 b
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Serum IgG specific to ApxTA
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025 | g Vacdme
02 | 015
A 015 | 8
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005
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0.12 - @ Vaccine
0.1 0.16
5 0.08 | _ i |
O oo g
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002 L4
0 0
0 10 30 40
Days
Serum IgG specific to ApxITIA
03 - O Control —
Lo B Vaccime 02
0z -
A 015 |
o
01
00 -
0
1] 10 30 40
Days
Figure 76.

Serum IgA specific to ApxIA

7|:| Control
B Vaccine

0 10 30 40
Days
Serum IgA spedfic to ApxITA
i O Control

Sermm IgA specific to ApxITTA

O Control

B Vaccime

Titration of ApxIA, ApxIIA and ApxIIIA specific antibody in field pig.
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Figure 77. (A) Mortality rate in field application, (B)Outbreak of respiratory disease
in field pig.
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#HA FHHH  (Porcine Pleuropneumonia)< Gram <74 ©3Ht  Actinobacillus
pleuropneumoniae®] 9Jeto] FEu™, HX S A 57 AWoer HddAdol W At
al, o]3E I XAREo] g ol oFE= AbRel st AAAA FIE = A
tg o)

ol )
o EFY welgulel mebd WAy, §4 0 AFHC veFs AW 3ng dehi. of

aclnnes, 2000; Chiers et al., 2002). =#] &

ul (capsular polysaccharide) ] welx 157}#2] d3 o] w3z o} 71 o3 7 ¥
e 4 7 gle AEL WHolgdEo] yehya 3tk (Blackall et al., 2002; Komal and
Mittal, 1990; Schaller et al., 1999). =H# FH#HTe] HF E¥x= A Yol wpebd o
FotA dvEbdth AAZFA SdlelAE A E 2, 53o] 7 w@e Ao d#A o H
o MELE dFF=0] YEtya QlojA ofe tigh Az tfAe] $3ol 2E¥nt (Min and
Chae, 1999). HuloA= €H3 5, 1, 7], #H2 2, 9%, T2 2, 3 o] 181 <

w2 2%0] B HEE UERY, o)A EH AAAH R 283 580] wWol LEH 3

o, FEsh AMEE Qs FAIVE He ASs & vk (Nielsen, 1988; Mittal et al.,
1983; Kume et al., 1986).

A FHEAHT P, 54 (exotoxin) T THFeH W4 Q1A (virulence factor) ES
ZHA 3L Qo olE T /M % YA A= RTX (Repeats in Toxins) ol &3k ¢
A9l Apx toxin®© E ©] Apx toxin & 7% w¥A (ApxA) ¥ 7]g} @A (ApxC, ApxB
and D) 52 FAEHo oW, ApxA o] webA ApxI, ApxIl, ApxIIl ¢ ApxIVZ &%,
olF olEAv HA FHEEAe Aol wet vefetAl A ¥EH (Anderson et al,
1991; Frey, 1995). ApxI> 7%t &8585 U= v ApxIli gz v &4
T oEA7E A A 548 Holn, ApxIllE §3FES glov e Alx
ox gk Htol Wl ApxIVie oFet £8 28-S vEhu AX F
doll w3t 212 obA W ekstAl urelA A kom, ApxI, ApxIl B ApxIllel & B 9%
ol AEIL, in vivodelA vt BdE= 5A4S 7HA 3 Atk (Dreyfus et al., 2004;
Frey, 1995; Schaller et al., 1999). apx®] #FAA+= apxC, apxA, apxB £ apxDe 47§19

cluster® o]Fo & Qo apxC WAL O] = stuctural genedl apxAE 7 3HA]7]

_)
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+ gene°l™, apxB 9o} apxDe #H|e} #HHHE geneolt} (Bosse and Maclnnes, 2000;
Frey, 1995; Seah et al., 2002). &A3}l¥ Apx 54F 8% FAHEA M deire 54&
el 4= 919}, stuructural preprotein®l ApxAE MAl sjuke] o] &3} }.

B oo E Iy ofolA BeE Actinobacillus pleuropneumoniae 833 233 53
O 2HE apxIA, apxIIA 9 apxIIIAS] FHdAE XN, A7]+= 272 3069, 2971, 2
3159 bpsE HWEFSITE =HA FErHH ] o fsiA =Ae] do Yo olF fEiel of
s FAVF o= FFEoE St 7P FQ3% 24 F Sfupolt) oo & Aol = f
AARer oldd FAE HAET F Uv Wty JAdVHE g5yl flske] ApxIA,
ApxITA, ApxIIIA®] o3t A% g gl

£ AAsle] ELISA system & W33t} o] & 98] ApxIIA+ full—apxIIA gene, ApxIA
1 ApxIIIAE ApxIA2] C—terminal F# (801 bps) ¥ ApxIIIAC] center ¥ (615 bps)
O % cloningst i, thidwt W A AFE o]gste] Az duide WHs L, ol Al
shdtt. FAlE ApxIA, ApxITA ¥ ApxIITA Axd @S o] &ato] E7joA daE2 Al

2 AAE9aL, ©F ELISA system 7% 2 5% 02 AR5 A3l 8448 &

%
i
as)
=
N
g
(0]

Joll o3t mono—specific polyclonal antibody

ANZ2F ApxA @A S o] geto] HA FEElH Y gj5ie] dig FAVF 54 9 E A
A oNdst Agwale] gk 5% e 91 ELISAZIHS ekt ol weez =
ofol=f Aol A Zt ApxA ol thdt seroprevalance® FAFsIlaL, =HA| FHtEIH ] A
o] A= AIZIQL ol Ab=—FA = Al7]el EAol A e Ades #EE 5 QI o] VA
75 EUE Apx toxine] st MAle] oA W Fol A7 Fo g A9 x ARE
AR T

A WAl AY wWAZEE Salmonella Typhimurium, 2%=3A|, Lactobacillus spp.,

Saccharomyces cerevisiae ‘2] Tst W& ol gstn Ut} ol ALwiAlE EF 727
o &, @HE 7IA 3 Utk (Brennan et al., 1999; Carrillo et al., 1998; Cox et al,
2002; Daniell et al.,, 2002; Dus Santos and Wigdorovitz, 2005; Hein et al., 1996;
Marquet—Blouin et al., 2003; Mason et al.,, 1992; Rice et al., 2005; Streatfield et al.,
2001; Tamaru et al., 2006; Venkatesan and Vyas, 2000; Xia et al.,, 2007). £3] o] &
S Saccharomyces cerevisiaex= St 7FAC 2 Aty @i e] FH| g&o] dFsto] H
Aol Aty I e e, FAlE &olet, a8 AAE AR AFelk ilx
gAel wgol FeskA ¢ 1 AAR adjuvant §le] ARgo

NolA olF o] g AguAle Hdd wiAE Wol ARgHI vk (Bathurst, 1994;
Schreuder et al., 1996a; Schreuder et al., 1996b; Stubbs et al., 2001; Beier and

| 7Fe gt veket e A
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bola, gyl A

Gebert, 1998).
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sAAx §F AR AEE(viability) & %oVl fld AE3 AN HoA BAE Al
Aot FAHZ HIARZE X% F (skim milk), saccharose, @EEYAE™, trehalose &
o] S, HIAE @503 AMEst: 3 Hu HoA &3t mat =& dsadst

Bgon, 58 =98 A AEEC] 9 =4 el As g9 & 5 ST gAER

B W b e AEES e

Ak ApxITA d J4 A% gRE AAFE (b)) oA AT Fo
T= AAste], ApxIIAd] 5ol <l 1gGe FAZLE &<l
st survival rateg Esto] =HA FHH e gt Holss &1 = QlAUTh (Shin et
al., 2005a; Shin et al., 2005b; Shin et al., 2007; Lee et al.,, 2006; Lee et al.,, 2001;
Xia et al, 2007). %3+, A FuaAd oAgay SdistE A% LG a7 FAZS F
gl sh7]lete], AREE @R oA AlEEE HAFEF (Surfaced ApxITA—#5) ol ti3}o]
Fogs oy e ®E dAAste] AAdS AAE A3, A HA FoiA 7o) A a8
1 x 10° (CF.U/mDE Feid & F WA Fol A7) 3 WA Feizke] 10M8 Foid &
G < s

%, A. pleuropneumoniae® &2 A

FAAG aR ARG AAES B4 E = (A
(Sjolund et al., 2009; Tuboly et al., 2000), = o} ¥+ A. pleuropneumoniae
2 34 JAES AAEe] 3 Sl ApxAdl 5ol IgAst 1gGe] &Al7HE &<lsdl e
W, 53] ¥A4HE & AT Lung lavage AEZIAM thxatol Hls] WATZAAM ApxA 50|
[gA7} T A0 2 st s &l & 4 Uit o] & Fsto], Aoty AlAgloA A4 H
95 &3l inductive site (B7)ZFE He] "ol effective site (FH) oA oz w0l
T S g & qdoloer, BF sIgAl] FE ARl td Woly "o 5T F
ATt (Bowersock et al., 1994; Dietrich et al., 2003; Ogra et al., 2001; Silin and
Lyubomska, 2002). 97354, S, 2 wyelshz] -z 2 FGAal 7fAEAY sof dist 3

& g7kskel HA FEiE el

o] Bl fo] Fehor], ol FANH AR AT MACEMY AL Bres] 918 AAH
o% WEEE Fold olth aemw, @4 WAl AR WA wrrt A Hobd S
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H 4 & SrRYHE T ZAHFO0HS J|Hx
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ARBAY | ARATEE FAFoke TlEnaoly 7
(@) ) -2 A | F-A T ) HEole] 7|&wA 9 7|4
HAH8 yeast? o PAHI yeastd WSz gy U
sy 2wy | 0 lawag wg vy
« Apx I A TA ¥ TMA©) th3+ A &
A 1A B
gAARERY| R Axg gade] ga g4 ot
33‘;{ ° HAFLHH o b °
ol b et L B
v &y F7k 719 100 ) )
FAHE AY | c AAE AEE SN W A o) g
sl s @Az B e
o U oFelEiA] FHHYE A 7Yy &
2]
H
o Ay Hwds 9t APXIA, APXIIA
12 A 2R 100 |2 APXIIIA SAte] gmutewE A
T -
- I A o] 1
A HAFGHHEF _ — -
(2007) [ arel wal g el gR 100 |- AR FHA3 Fo
o;@iﬂ;}_ﬂf— ME ) S = « PCR, Northern blot analysis,
° 7H:'£— a5 100 |Western blot analysis59 7|WHo=Z &
= AASA FHoN
100 - Azd and WAfE 54 Ayl
Pilot scale &
. 2 A S
Al SRR 27 wa 100\ W= A==
S ul 2kl ok S Ol &
EHX]‘B‘—uEﬂ% SHHOE HJ’ 100 . %"Xé ﬂ@ﬂ'
o u& g x4 g
4 ] B
ARAZEAEEde S 0 S g s
e A P
NS | AR wE - o
szagn e | 100 54 RoA Bt
A 1AF: ) } ‘
% @xl;:} EREEA [T RS I c EZR AR BV, Bl =
sme (EUE S SuUskE e mE del g fE Ea 2y
I A - HAsh AR Fo] LRI fE §
02;* ol A A TOE HAS wheg) o] fw} %4
1__1‘1:— = L=
YA EDH G F D aw Axx 100 FAAGADZ fusion®d APXIA F314
FABA ZE Wo] BA}E & o EEUHAR Aoy
PFAAFA T A 100 |+ &% A4S Fao]n
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EAFo
100 |« AxF 2R WY fE 54 AT
A 100 |* M celle] A8 &2 ligand 7REod -
= _ . } = 0
FAFEALE 5 100 M cell 4% hgand.J Apx H4& o9
2 gwlge] F@ut A7) fusion THEHE LA o] B
_ « Ligand fusion &#9# ] gx u &
oA targeting] 100 5 B e s "
o e agreY ZAF & FAHAZA SRR
= Sl ERE + PCR, Northern blot analysis,
28 100 |Western blot analysise? 7|Ho =2 ¥
A %A g o
50 |- A= are] Wi 54 HAN
wjekz1
VEEL e 100 | mad st 9 atag wa
A 3AE:  |up HH _
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A1 A AT

ji3
oX
[

1. U9 =& 9%

- Surface Displayed Expression of a neutralizing epitope of ApxIIA exotoxin of
Actinobacillus pleuropneumoniae in Saccharomyces cerevisiae. Jung—Mi Kim, Dea—Im
Jung, Yoo Jeong Eom, Seung—Moon Park, Han—Sang Yoo, Yong—Suk Jang, Moon—Sik
Yang, and Dae—Hyuk Kim.

Bioscience, Biotechnology, and Biochemistry. 2010 Jul 23:;74(7):1362—7. Epub 2010
Jul 7.

- Development of an ELISA assay for recombinant Apx toxins of
Actinobacilluspleuropneumoniae. Min—Kyoung Shin, Mi Lan Kang, Seung Bin Cha,
Won—Jung Lee, Ji Hyun Sung and Han Sang Yoo.

2010. F1L ¥

- Genetic and molecular analysis of apx/VA of Actinobacillus pleuropneumoniae
Korean isolate. Min—Kyoung Shin, Seung—Bin Cha, Won—Jung Lee, Yu—Mi Roh,
Myung Hwan Jung and Han—Sang Yoo

2010. 711 4] 5

- Efficacy of Protective Immune Response for Surface expressed Actinobacillus
pleuropneumoniae ApxIIA in Saccharomyces cerevisiae in pig. Min—Kyoung Shin,
Myung Hwan Jung, Seung—Bin Cha, Won—Jung Lee, Yu—Mi Roh, Jung—Mi Kim,
Ji—Eun Cho, Dae—Gun Choi, Dae—Hyuk Kim and Han—Sang Yoo

2010. FaL &4 =
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- Development of an immuno—enzyme assay to detect antibody against Actinobacillus
pleuropneumoniae ApxIA, IIA and IIIA. MK Shin, ML Kang, JS Chun, SG Kang, SB
Cha, WJ Lee, SI Lee, N, Rayamajhi, HS Yoo

2007 st3] &5 FA stEwads] 8l o), Fakdope] FTAUM] M2 A+

2007. 11. 15—16, Gangwon—do, Korea, >

- Development of a Sero—Diagnostic Method using Recombinant Actinobacillus
pleuropneumoniae ApxIA, ITA and IIIA. MK Shin, ML Kang, SG Kang, SB Cha, WJ
Lee, JH Sung, HS Yoo.

2008 thstrolgts] FA S Al g s A H

2008. 4. 25—26, Seoul, Korea, 3~ H

kel

- Expression of Actinobacillus pleuropneumoniae toxins fused with B subunit of
Escherichia coli heat—labile enterotoxin in yeast. JA Kim, JG Lim, JM Kim, SM Park,
MS Yang, DH Kim.

2008 = 8E5sts FAstE 3

2008. 4. Jeonju, Korea, 3¥F

- Surfaced Displayed Expression of ApxIIA Toxin epitope of Actinobacillus
pleuropneumoniae in Saccharomyces cerevesiae. JM Kim, JA Kim, JA Park, YS Jang,
MS Yang, DH Kim

2008 3= 8Eaote] FASEs] T 4 =
2008. 10. 6—7, Jeju, Korea, EAH

A| e

o>,
bl

- Development of the ApxA—ELISA using recombinant Actinobacillus
pleuropneumoniae ApxIA, IIA and IIIA. MK Shin, ML Kang, SG Kang, SB Cha, WJ
Lee, JH Sung, HS Yoo

The 15th congress of FAVA—OIE Joint symposium on Emerging Disease

2008. 10. 27-30, Bangkok, Thailand, ¥2~¥

- Induction of Protective Immune Responses by Orally Administration of
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ActinobacilluspleuropneumoniaeApxIl1Ain Saccharomyces cerevisiae. MK Shin, ML
Kang, MH Jung, SB Cha, WJ Lee, JH Sung, YM Roh, JM Kim, JE Cho, DG Choi, DH
Kim, HS Yoo

2009 thgtrolsts] FA A St =T 3

2009. 10. 15—17, Jeju, Korea, XH

-  Induction of 1i1mmune response by surface expressed Actinobacillus
pleuropneumoniae ApxIIA in Saccharomyces cerevisiae. MK Shin, ML Kang, N,
Rayamahji, SB Cha, WJ Lee, JH Sung, YM Roh, HS Yoo

The 4th Congress of Asian Pig Veterinany Society

2009. 10. 26—28, Tsukuba, Japan, ¥2E (BestPosterAward $7%)

- Surface Displayed Expression of a Neutralizing Epitope of ApxIIA Exotoxin of
Actinobacillus  pleuropneumoniae in  Saccharomyces cerevisiae and its Oral
Vaccination. JM KIM, DI JUNG, JE JUNG, YS JANG and DH KIM.

2010 &= 5t3] EAFATE Tx

2010. 4. 15—16, Sungnam, Korea, XF

- Expression of Actinobacillus pleuropneumoniae Toxins fused with B subunit of
Escherichia coli Heat—labile Enterotoxin in Saccharomyces cerevisiae.

MH YI, JA KIM, JA PARK, JG LEE, JM KIM and DH KIM.

2010 &= &3 FAFAEUS] Tx®

2010. 4. 15—16, Sungnam, Korea, X ~F]

- Efficacy of Protective Immune Response for Surface expressed Actinobacillus
pleuropneumoniae ApxIIA in Saccharomyces cerevisiae in pig. MK Shin, ML Kang,
MH Jung, SB Cha, WJ Lee, JH Sung, YM Roh, JM Kim, JE Cho, DG Choi, DH Kim,
HS Yoo

21th International Pig Veterinary Society (IPVS) Congress

2010. 7, 18—21, Vancouver, Canada, X H
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- A8 AE Zie] gAaZeols s ApxIA @A) AWy W AR HIIAIRA Y o] &

=dH3E 10-2008-0138479
=492 2008. 12. 31.

4. 283443

5. 718t (FE&74dA, FAASA)

7F. ApxIA @9 A, a2 A4 B JEAg 2%

L ApxITA 9 47 =8 34 4 FAHdS a8, T 7F

(Surface displayed ApxIIA#5 % ApxIIA, intracellulary expression ApxIIA#5 %
ApxIIA, CO1—-APXIIA#5, APXIIA#5—CO1A %} APXIIA#5—-CO1B)

o} ApxIITA &9 Fdx, t2& &4 4 JAA3) g

A 22 AAAEE AY

1 89 A74% B8 AY

7 BRFEEIRA) W okYoA e =HA FErEE AW FT Sl oigk 37t 71E g4
H#] 2 ofglof el AFFmale] ik vaccination strategyE S, AT WAle] ot

B7He WY EETE 484, MexzAey @k VI B 7S REste], sx FHe el
et Al el #8E ¢ 9le Ao® ddd

U A FEEE A fA A
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=
A FUAEFY G4 F o] BN S ENHOE FE T 5
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Aed AFHEUIoA S sfiefd=sr|sdE

A1 2 SR FHEFe] dist A A AR 24

$HA FHEEE AHAQ S AdE o FuEEHe 8 HAAJIA R wexl Apx
toxin UI7F4] & 7Fd =A #3817 ApxIVi thE Apx toxind EE] in vivool AT W =
EE 3P A EnlEnh ApxIVE in vivool ARt B H T FollA Adzhd ) WalA g
T et A = gle] Aw UM iR+ vt Basigly (Dreyfus et al,

2004; Schaller et al., 1999).

A 2 A2 A FHHH st FAFHMAE oral tolerance =&

1 FuteH AFAS AT E HE3FY] oral toleranceE ZE37] 9%h Welto g oy

T

oI
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