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SUMMARY
(FELFE)

Mycoplasma hyopneumoniae and Mycoplasma hyorhinis, the causative organisms of
swine enzootic pneumonia(SEP), are important concern for the porcine industry worldwide,
and rapid identification of these organisms is important to initiate appropriate preventive
measures. The first purpose of this study was to develop a new multiplex PCR method
for the detection of these organisms in lung lesions from slaughtered pigs in South Korea.
This multiplex reaction was specific and highly sensitive; it was capable of detecting as
little as 125 fg genomic DNA from M. hyopneumoniae and 62.5 fg genomic DNA from M.
hyorhinis. Application of this multiplex PCR method to field isolates showed that M.
hyopneumoniae and M. hyorhinis were present in 29%(107 of 370) of lung specimens, and
no mycoplasmas were detected in 56%(208 of 370) of the slaughtered pig’ lungs. At the
farm level, M. hyopneumoniae and M. hyorhinis were detected in 34 of 36(94.4%)
randomly selected farms. These findings suggest that both M Ayopneumoniae and M.
hyorhinis have been spread widely in South Korea and highlight the need for better
preventive measures.

Control measures against SEP include improvement of managemental practices, housing,
use of antimicrobials and vaccination. However, antigenic and genetic heterogenecity has
been reported by several authors among M. hAyopneumoniae isolates. These differences
affect the infection pattern of mycoplasmal disease and success of vaccination. The
second aim in this study was to analyze the M. hyopneumoniae and M. hyorhinis field
isolates from South Korea by using SDS-PAGE and Random amplification of polymorphic
DNARAPD). Using SDS-PAGE, 25.3% variability was detected for M. hyopneumoniae
isolates and 44.9% variability was detected for M hyorhinis field isolates. RAPD patterning
revealed 35.5% and 37.7% variability for M. hyopneumoniae and M. hyorhinis field isolates,
respectively. All the isolates used in this study had non-identical DNA and protein
patterns indicating presence of heterogenous M. hyopneumoniae and M. hyorhinis isolates
in herds. Additionally, fifteen high virulent strains were isolated based on the presence of
181 kDa protein, known specifically to be expressed in high virulent strains. The high
virulent strains did show high CCU titres. Bacterins made from five high virulent strains
induced slower and lower immune response in the immunogenicity trail. To conclude, this
is the first report on antigenic and genetic heterogenecity of M hAyorhinis isolates and
optimized bacterin production comparable to commercial vaccines is required to evaluate
the high virulent strains.
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Protein P97, an immonodominant adhesin, mediates the attachment of M Ayopneumoniae
to respiratory tract cilia. Commercially available inactivated whole cell vaccines lack this
important antigen. The third objective of this study was to produce a recombinant
chimera(rLTBR1) composed of containing the R1 repeat region of P97 adhesin of Mhp(R1)
and B subunit of the heat-labile enterotoxin of £ co{LTB). The gene sequences were
cloned into the expression vector pET-DEST42 and expression was induced with IPTG. The
protein rLTBR1 was expressed in the soluble form and was purified through affinity
chromatography method. The purity and antigenicity was evaluated by the methods of
SDS-PAGE and Western Blot, respectively. The rLTBRIwas also able to form oligomers in
native form. Currently mouse trail in underway to evaluate the immunogenicity of this
recombinant protein.

In TLR study, the dendritic cells(DCs) derived from mouse or swine bone marrow cells
and mouse spleen cells were used. CD1llc and other maturation marker molecules were
used for the identification of DCs and maturation status. After treatment of mycoplasma
antigen and toll-like receptor(TLR) agonists, we evaluated which one is the best for
activating immune cells. TLR agonists include TLR 2(peptidoglycan), 3(poly IO,
4(lipopolysaccharide; LPS), 7/8(imiquimod), 9(CpG; ODN1826 etc.) agonist. The expression
levels of MHC class II and CD86 molecules on the surface of DCs treated with TLR
agonists were measured. And also, the major DC functions, such as antigen(Ag) uptake,
antigen presenting capability, the production of cytokine, were investigated. After selection
of LPS as the most appropriate TLR agonist, we evaluated its adjuvant effects in the use
of alone or with alum using mouse i vivo model; Ag-specific Ig level in serum,
Ag-restimulation of immunized spleen cells to check viability, Ag-specific Ig level in
culture media, cytokine production. And also, we injected mycoplasma Ag and LPS into
pigs in a limited scale. New adjuvant candidates including JB115 beta-glucan, cell-wall
skeleton of BCG, Ginsan were tested for their immunostimulatory effect. To investigate if
mycoplasma(Mycoplasma hyopneumonia) Ag itself is immunostimulatory or immunosuppressive,
we tested the Ag wusing DCs or spleen cells. The mycoplasma Ag revealed the
concentration-dependent immunostimulatory effect on spleen cells and also the alteration of
cytokine production in the activation of T lymphocytes. We performed the search for the
appropriate TLR agonist in the combination with mycoplasma Ag to stimulate immune cells
for the best vaccine preparation. Swine DCs were treated with Mycoplasma
hyopneumoniaMHP) or Mycoplasma hyorhinisMHR) and TLR agonists. Viability/proliferation,
antigen uptake capability, surface marker expression, cytokine production were examined.
We confirmed that TLR 2 and 4 agonists for MHP Ag, TLR 3 agonist for MHR can be the
appropriate adjuvant for the development of high efficient vaccines.
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B8-S Ao = Mycoplasma hyopneumoniac= QT FAo] WA H ZHo] uf$ o

+ HYUAZ dHA den d AAAoE g sRo] dAH e AL
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A A E(Thacker, 2006). ©|2 <3| Pasteurella} ActinobacillusSt 32 2x4A| 2
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AOZ 4ElA 5 oE Bt HAGL ot} 2.

- A FZulo] H A(PCV 28)7t 7= i M hyOpneumomaeﬂ 7-%0354‘?3 - Algk #
H F4S FEstH o] F 235%= AP A PMWSe S0 E whdE. wEbi
M. hyopneumoniae= PMWSE Yo 7] +83 HJA=E OLZO%.

- AN EF7] 5T o] 2(PRRSV)O &) A7 HEE nlo]lmzEZgznts=
OS5 Ast A7IH 7= 8 ASKA7E o8 By,
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AFRoY AFo MAEHE WS FFEHA &2 dExTH Fo4d
lol & HolA ¢rof A&3; HA X+
- mEtA AAEAE EES filo] SR mpo|mEg=uld HEA AR F e
s Bilo= AAH.
M. hyopneumoniae®] &3} WAale &2l whole cell bacterin. 3| Alujch #3
o} AEAFL oA Aol7t Jom EFA(adjuvant)= I Artth ThE FEIE ARE-SH
A
A AL Y= M hyopneumonize B3 WA @ F M E 9L ¢
FEdeE d3ANZE g Jdoy A4 AEAAE HAT & fides HY
(Haesebrouck &, 2004). =3+ o= 7|He WAl 3 F/ ol IFolA &3t
Hi e 9L HF F FA Aol F dojuA &&= Heol Hd dHA. oF
AP JA AMEE B3t HAle] TdRe Qokst A9
AA AHRE e BEEI WA HEW Ades dds wWofskA xIh
Pommier -5(2000)el &5t WAl Fo] HAYHY AHHAAE 74%0 A 56%= 7
i/\l%‘ T Jdou #Hwol dojus #He FdL %ol 5.6%5Fel THAAFA
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- EE8s Male Okﬂ M. hyopneumoniae © 3 A< @olstA T
(Stakenborg &, 2006).

- B33 maAle =AY =3t = M hyopneumoniae ¢ AHE o)A o R Zha
A2 F ASMeyns 5, 2004).
- mfolmEgznl o] w2H REA YA AEo] MAHES & AL wA

ol gA S % Aol Yo} AEe] ol MAEIL Aol . webA
terel WU 4@ WS ATY 5 b wWale] o] Wart WA

- WA ASER e B Male) wAe FES] 98 PPos Ay de
22 ATOAAY WAL FEAA FERNN £BsE TPUHY ofe M
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hyopneumoniae ¢ ZEFol, WS Fol, AvATL BE A4F4L 93N
& 9t Bo ZHAQ PolATHE Holk A BB WAl sjge] B
Bask

H M hyorhinis7v M. hyopneumoniae®| ¥ olo] =X &&7] A AA ANEE
9&S sl= HAYAZA gFE2 95 (Lin 5, 2006; Shin &, 2003). =3+ =AY
27155715 (PRRO1Fo| 2] 20t EFTHOE HEFS A ACEE HuH
2A2(Kobayashi 5, 1996; Kawashima %, 1996). < AT E M hyorhinis &=
S 2% M hyopneumoniac| X THE = mho|ZEp=rbd WR Y HEo] doju=
Aoz ByudEWeng 5, 2006).

SWARE  Mycoplasma hyorhinis= A2l TF7 Wl &3 714 A FHcommon

ol SA A AREEe] s dod= Ao dHA $h5(Frise} Feenstra,
1994). M. hyorhinise= E=3F S Aol A Fo] H(otitis media)e] =8 WAAZ=E 2§35
e o= dEHY, Feby]eddS(eustachitis)e] YAAZE dHA ok =g
A% PRRSOIA S 4tk BEo FHAE F7H7= BYAZ:E Hiusa 9+
(Shin -5, 2003).
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e HA wlol ATzl AT J1& B AF FE2E w$ weksm AR}
Aol Q7] MES AAH ATRoHE gToA AL WAL F9 o|EsH e
W FAE WA A9 FASAAGRARR()] FPFo e el A Bl

E
g BEFE U WA ZS| A A HEoFtol MAS A|Fd= F
aEu oleh 22 I wWiAAlz o] didk Asierzr B4, WdAd, deladd
e AAR A= Bausa A
Walo] HlE AAB] A Ao B w(ZuAF

o
Qiﬂﬁbﬂf‘i ZtE AGAMEe AT #BHo] dom 53 ARL ¢
Y (Mellman and Steinman,
NAE FAGAELE SHFJANA BUFHe] G55 Hi7tAZ
Bstazt ok stezlQl SHoA FAGAEZE Bol d7HL Asel=
FEHS8-4), activation(ZH4d 3h/maturation(id <), signaling(2l & &)el| o 3
Aol HEFEa o wetA 2 dAFoA s HIAA S FAAZR] FA]
3}

FAZO BABE Fo J1E WA BHELS FESLA I
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(Kaisho and Akira, 2003). o]&3+ 7
AR AE8E = Aoz dEA 3
D> @A WA oA TLRo] &3] A+=
o2 712ZHR] FgedTd I YTt o]d

H

AFgAL AA Yo HE A ELFoE WAL S §53 5 9]

¢

ox

2 = =
#H TLR #4318 G5AE AET 3¢ 531850 &olsta =& F9 Tt
7t 7t5E Ao w Agdth A7A w8 7 Toll-like receptor(TLR) &A= thS-3)

ZtHTakeda, et al, 2003). TLR2+= lipoprotein, peptidoglycan, zymosan, GPI anchor,
lipoarabinomannan, phosphatidylinositol dimannoside, TLR3+= double-stranded RNA,
TLR4+= LPS, heat shock protein 60, TLR5+ flagellin, TLR7/8-2 single-stranded RNA,
TLR9-S CpG DNAZ} A7 2 Ld#Hx gsAelth. o] Fol|A M hyopneumoniae
o} M. hyorhinis W2l A3 EF5AE AET Aol 53] sHeAol =2 CpG

5 FAHcE AFT Aot 1-1 =)

Peptidoglycan, dsRNA, LPS,
flagellin, ssSRNA, CpG

Phopholi )ascs‘ : Immunosuppressive
\INK, ERK, p38, Akt | (=) Proteins/Antigens,
JAK/STAT ‘ * — Nnn-i.nflan_‘lmatury
= (—) cytokines (IL-10 etc.

NF-kB, others |

!

- Polarizing T cells (Th1/Th2),
- Tolerance (Treg)

T”-1-1 FARAIEY] e #dd TLReF 71 8549 28714



HEhee] HdAuAE gt AYgSHS Hdl FAGHE HH Z2tE TLRE
st lom ZF 357 AFste] kinase, transcnonn factor %9 A&

, 2006). 21EY 2 E B vlo]|ZZFg2uld S o3 WHlL NS 9
o

Astes FRBNLL TP Qe AOE FAHL Yok WA B ATAE
slol Btz MAGAe WAUSS WAL § At HAAY TLR E5AE 2
oF 1 AFAYE BAFORH Aol W Y AU WS AT dok

<9 TLR &EsA ol gk 7ol fal & AFHA FdHAYE HAE" =
M. hyopneumoniae$} M. hyorhinis ™21 adjuvant €35 Holxs HAE

& dAeltt o] A= HASEFHY TteAS =Y F doH HAEHERH
AeERomz AA AE Al vz A ZAHS FEdsts ARl Aok A B
=z

ol HAEHLE FElaeocarpus sylveswiris (G2 o FEE 2] 59Fo|t}.

do Ho i oy X

(2 71«4 &4

> =jel A mlolmEel2vly wde] wAYRe B

S5 E3tE 15075 AR
A vlolmEe=utd HAY 62% ¥ HAFE ® Ve HHo] 17.2%E #EHUL
(A &, 2002), & Hadl 93t =5+ 682F F wpo|ZEt=vt g Eo] 367F
2 53.8%5 AA Ity HuSATHA &, 1999).

> wlolZE&ez=nt HA HFo] AMA STt wAE FEFE v ES 2o

- A BT HlE) wolZEet=uE MA HFA Bad A e 3ol v
el 2 JdgSAZFY B¢ oF 53g/dayrt FF
unit/Kg 7+4stR o, HAMES 0.9%7 48t A o
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¥ 1-1. M. hyopneumoniae® A1 F o2 A3 43 71 A3

R WA T o =t o]
A9 A 2211 6293

dF A F (g/day) 853 798 +53
A5 & & (FCR, feed unit/kg) 2.71 2.84 -0.13
HAE (%) 19 2.8 -0.9
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Phopholipases Immunosuppressive

JNK, ERK, p38, Akt | (=) Proteins/Antigens,

JAK/STAT v <... Non-inflammatory
(-) cytokines (IL-10 etc.)

NF-kB, others

}

- Immune activation, vaccination
- Polarizing T cells (Th1/Th2),
- Tolerance (Treg)

a9 2-2. FAGAEE ddoE AAED Eckol's A&l s A,
HAAGLFREA Eckol'e A3 A E(BX103 cells/wel)= £=53514 £
B CD4+ T ¥ F(1x105 cells/wel)e] alloproliferation A%< olstAl Z71A #H ok

sEe FAGAEe) 4SAAe FET 5 AT 9 B A
xS = 7Hsd& HoET Anti-CD40 A& 2 &eizl FAGAZY 45
FTEJAEZAN FAHETOE AL on CD4+ T Hiz7-9 alloproliferation A=
< YA HAFAUT. & A7AL O] ddddSs To sAdAxs ddd |
o

R
71 AAska Sl












Al 3% diIEs8 W8 R 24

)
()
re
3
——1
e
1o
K
e
=
oo

Feo TFV] AT A8 8909 sl HA mlolZEE=rkd HEY d<l
% Mycoplasma hyopneumoniae$}t H< A violZZet=zulyd #HHo A= HYA
2 A3 A= Mycoplasma hyorhinise oAW%3t7] 918 8 FAAAAHEL] T2
AXE 43t ANe 71es AF5s A AHE T2 diadEng Joladirt 45
3] Hold AMELR JNFY HA mpolFZETg2uPA HHY AWT|eS st g oo

%311 FEAGAA F AAA FJHE dora Ue HA TF7] AFEE Aot

of FEFILY £5¢ FUANLA B

7F = A wlolZEet=uld HEH S delr] st A MEE SA43HA17] 7] HAg
=3 =& Mycop]asm hyapneumonlaegl %%Li} ‘3“4‘19] 7]]‘%L

Fo] Agau HdA, ”d@,z*é, *ﬂﬁ}?‘—fﬁ =74 Hlal A

T.I'.T

@& o= 9+ multiplex PCRe] R w+7]H 7]]%}

4. oke]#-2] 9] filtration cloninge % single clone®] ZE

5. £FF9 FYFY vid Zeade] B4 9 /¥ £4 2 U o

7]5112

T

6. M. hyopneumoniae®] WA FZ W F3o] A4 a L A FA S AA

7. M. hyopneumoniae®] major adhesin ¢l P975-9]2] R1 repeat regionF-¢|e] o)+
ool M, AA 9 mhe-2oA e FA FAHT A TERA

8. M. hyopneumoniae WA FHdFE AT WAL AAF A 4T =4
Wols XA

10. TLRESAE 3}k M hyopneumoniae W40l HZE FAAHE AA
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U HA] 557 A9H Y MRS HAAR QA E 3 Y= Mycoplasma hyorhinis®) =)
=

A &

N e Ok W

7] Ao )3t Ha) A @ HAA A}

n:loll

%% dHolX M hyopneumoniae$} M. hyorhinise] 2 €45 2 A 2 AR
LEE &4
SF57] 45 Uetdl= "AS] #HA M hyorhnis #8520 &R

ofe] B¢ filtration cloningS %3F single cloneo] &1

BT BEFe oid 20 24 9 yHdd aude] A&
M. hyorhinis®] &3} WMAHFFo 238

M. hyorhinis®] WA ¥R o] HA PGz 2A

WAZRFFE ST WA AAFY GA G5 24 D Pols 2

T =~

-

. Mycoplasma hyorhinise <%3t7] 918 FAG AZE 8N 717 93 V&S

HE3 M hyorhinise] 233} Walo] 7

1
2
3.
4

8.
9.

T B} FAAAAEZ] EEa|F, Hesno

. TLR4 &5AR] LPSE ©]&% nh-2, A HFAE (n vivo), B4

L HFE A PA Eo vhol sFehzrh WA G| puse HFEA 5

A 2
Eslele] FF g AL 27 AT

FAGAE vholsFear MAUFY FA7} L] BF AT

o

FO‘(
B
o
o|N
r o

T (n vitro)

TLR3, TLR9 &5%F2] polyl:Ce} CpG ODN 18262 =AM Ee tfg W75
A

A5+ TLR &%AF (JB115 beta-glucan, CWS)ell thdt | =% Ad

M. hyopneumoniae soluble & o] &3 HIAME (FA A EL} HIZANE) T
7t

R FRAGMEE 0| &3 Mycoplasma hyopneumonia®t TLRE 5 AFe] Z8-7]
WA FA A EE o] 83 Mycoplasma hyorhinis®t TLRE5A2] 28714 AT

=
2
!

10. Al4f adjuvant ®¥=
11. M. hyopnemoniae} LPSe] HF %5 wrx, wrd, PFolid L WMo EFIQ] £

}\—] ?5]— OJEO] 3| ‘6]—;(—]] vE'_)\-] tﬂ 6]—11] 1sotype_q] vE"/\—]

12. TLR 4852} LPS¢} CSWell tigh == o] ddS A



A28 Ak ARSAE ALY 28 L U
L 1Ixpd= /gEs 3 Ad g

7F AFATE (Fdd): MY S A ulo]|Z &=l HHe qiaigFe EAAT
(1) M. hyopneumoniaes33} M4il FF2| A
o &7 45 Uetdl= HX 9 #HelA M hyopneumoniae R M. hyorhnis &
g9 &H
(2) M. hyorhinis®] #&] 2 Egl& XA
o AT IFUoA EYHE= =,
WAFTo] Ay WA, "ddd, Asstd 54 vla 24
. 135978 AFH): FAZNE 43 =& ol8T AEL ol & =mt 9
A A
1) FAZMEE o] &3 MEZ WAl adjuvant 7/ AFAAE 1
o ¢FE FAGAZo| mlo|ZEFeznt M4 A9 pulse ABEA T

- =)
=]
oT YTk FAGAE EFUY, Beo| Bkl FF R A4 27 AT

o A gAZ | vro| mET AL WAFY P} hsto] BY AT
o 2HEATY (FYB) : A A vho|mFehzn A PR AT

(1) M. hyopneumoniae ¢| ¥ @ WL A8 M hyorhinis ¢ 8] 2 B2 &FA
o IAMFEFAAL FTsom ZTFV = dEle AL Hold M
hyopneumoniae ¢+ M. hyorhinis ¢] <
2) FAJMEE o] &3 AMEL WAl adjuvant /i AQAA FHFEAT
olgFEATRHAAN AFAH LPS7} A AlZ A5F0] 7 78 A
=

A, MM =HAE o] &3 innate immunityE &FF o=

-
>

o
f
i

e350 RAEe

oA e 7IEAEE A 7Y
o LPS9] tolerable doseZd A Al

g BAge] §5 8 WMo Bkl 4
o M. hyopnemoniae®t LPS9] &% w3, W, Fold B AR BT

A, FAEo1x A A 9 3

O
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2
192}
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2. 2204 = MEEE B T W&

7h IARETE B AA D A nfo|ZE3TH2uA HR e AP RAFFo EAA
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D) === #HAolxel M hyopneumoniae® M hyorhinis®] &g 2 F ¥y
Ae+e 4= = multiplex PCRe] A7 7|
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o =&E oM M hyopneumoniae®} M. hyorhinis®) ¥l €3 2 A4A 2 TF
3 edE B4

oF HAAE I 4 9t multiplex PCRO Eolx, WIzt= A 2 (F) <
E23 AAE A%

(2) M. hyopneumoniae®l &2l 54 A7 2 HAZHFF| gAY
o ofe] B-g] 9] filtration cloningg %3 single clonee] &1

o M. hyopneumoniae®] =23} WildFo] HAA
(3) M. hyorhinis®] w8159 54 A7 9 WAFR AT g
o oke] B8] F 9] filtration cloningS %3t single clone®] 1

o mAMGo] U EEFo Y FVY A=

o EEFor BeFe B Zesde] BA 9 WUy wd 42

o M. hyorhinis®] %3 MildFo 23849
C1HEFETE AFA): FAGAE 843 FEE o8 MESE vio|Z &SR
2l ARk
(D M. hyopneumoniae ®418] A7) 5ao At 71&9] TLR &5A AT
oTLR4 &FAQ! LPSE o] &3t vl =2 HAFAF (n vivo, BAEH A
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28 pasteure pipette & xfFH3d ZF thA] Friisui Ao HZE3 & M7Zo] W w)7lx
37T A vjgFe & YF = stocke 3ol EF= DNAE FZ3+ multiplex PCR& 4
A &ke] speciesE FAH3FA T

(3) Multiplex PCR¥H (4] )

- HjHo] A genomic DNA+= Intron®] G-spin Genomic DNA extraction kit == RBC
AL] Genomic DNA extraction kitE Ab-g&3le] FZ3FTh

- WYl A Mhpet Mhr & FAlel ZE3st7] el multiplex PCRS tha3 o] AA|
st

- ARE-3F primer= oF o} 2o 3-D).



¥ 3-1. AF&3F PCR primere} 271

Primer Sequence Old name Remarks
MhpF-1 | 5'-act aga tag gaa atg ctc tag-3' NMF Size: 430 bp
Temp: 60C
MhpR-2 | 5'-ata cta ctc agg cgg atc att taa c-3' | N2 Mgcl2: 2.5mM
Weng 2006
MhrF-3 | 5'-gta gtc aag caa gag gat gt-3' Sp37 Size: 346 bp
Temp: 50C
MhrR-4 | 5'- gct gga gtt att ata cca gga-3' Asp37 MgCl2: 1.5mM
DEA et al (2000)
- PCR =312 otgj¢} o}
3 3-2. PCR =4
No. PCR conditions Temp. Time Cycle
1 Pre-Denaturation 95T 5min
2 Denaturation 94C 1min
3 Annealing 60C 1min
30 cycles
4 Extension 72C Imin
5 Post-extension 72T 15min
- PCR AAl ¥ 1.8%°] agarose gelolA H7]g&3 & PCR 4H&s #Es M

hyopneumoniae$}y M. hyorhiniss

(4) AYEHL A=x37] Yo FY9 A=,
- M. hyopneumoniae}t M. hyorlﬂm's FEHFE
Tz A AT T PBS(PH7.HZE 23] A=A 3
o} o] % 4mLE FH<] Freund complete adjuvante} &3+ &

AR

o},

- YA 4mLE -70C ol A3tk boostingA] HLE o2

- Emulsified® &9<S =204 2+ #F9 3vjg]l® nlg] viggd 1

SR

TEHF, €¥EY

(A 5-1¥-52)

2 1L 71 ¥ 15,000rpmol| A 40837 ¥
¥ PBSE H¥ 8mLE F#3)

emulsion©. 2 A Z3)

A z3ste] HEsHAT
5mLe| &

ook
o

S 19
= w3



g2 IR HIFS & F HT F 21 Foll A¥S I F U AxE FHE TH
o2 HFsAT

- 22 HE F 3F Fo QYL A AREATF A ELISA®H western blotting©. 2 ™
A¥A] FFE FAsATH

(5) Filtration—cloning ¥ (M%)

oklo A Egld #FE mixed clumpinge] Ho] dar =3+ mycoplasma®] 73-$-
Al teFdel wol Uehr] wiZel &5eA F48 Jes Eedlor Ik o9k &
wetal w440 Je ATFERE olFo% g st7] feA BE Al T
3] colonyE =3otA Eeldte HHoE= AFHE + gith Mycoplasma«] 4% 0.45um 2
filtero] ¥Wifd& A 7L THAN MFAS T agaroll HEF & A J=e
gato] Friisif & ol HFete] v dstar Al A3st= A4S 3HES sfof sh=dl o]
sk 34 & filtration-cloningel 2} gt} o]# gk WHUIZ Y& 8]FE filtration-cloning<
AN ST

(6) #&)F9 Protein profilee] #£4-& 9%+ SDS-PAGE®} Westernblot hybridizationd*
A )

tlo

- Mycoplasmaol| Al ©Hld & Eejsl7] flsiAe & Frisai Aol A viekst & A4Ee
of Wi AASH T +F pelletE PBSE 23] MASIAT. A #2 PBSE
Pierce® BCA Protein Assay Kit (Thermo Scientific, USA)E A}&3lo] ©hild-S A 2ka}
Aok E48 FawAS 1X AZ puffer (0.1 M Tris-HCl (pH 6.8), 2% SDS (w/v),
20% glycerol (v/v), 8% 2-mercaptoethanol (v/v) ¢} 0.02% bromophenol blue (w/v))oll
FHOoZ X3 F 587 #H

- SDS-PAGE+= Lammliso| Bk Wiol ol AAIsIH o™ 10%% runing gel, 15%2] stacking
gelol Al AT Sl Janed HE 7.5 ugS BTl sizentARZE Xpert
Prestained Protein Marker (GenDepot, USA)E Al-&3}3

- 92 Coomasie blue X+ silver staininge o] &3t AWM I A% PlusOne Silver
Staining Kit (GE Healthcare, Germany)S A-&3le] dAsle] st

- Gel oJnA+= 27)dS 3+ % Bionumerics (V5.1, Applied Maths, Belgium)Z d]o]ElE &
Attt AEGE geldl A 2d3 E= Mhpet Mhro] FFd59F Alo] =ntA
2 B2F23 A T B4l 2 unweighted pair group method with arithmetic mean
(UPGMA)S. 2 Curve-based pearson similarityS 4F&3}th

- Western blot$ membrane< 4% calf serum®.Z blocking A1Z1 & 1x&A|E 2% calf serumo]



e TTBSl 1:10000.2 343k & w3 A Z k. ARESH 12} A= o3 2t

- rabbit anti-M Ayopneumoniae whole 1g(R-AFE oA 244 A %)

- rabbit anti-M Ayorhinis whole Ig(3 Qe A 24 A=)

- anti-M hyopneumoniae monoclonal antibody IgG1(A|=r}o] Q8] cat # 9141, M hyopneumoniae
OMP)

- o|x}&kAl= HRP conjugate® JAE Ar&stdom 1xkakAo] wet oo FAE 2% calf
serume] 3H5-E TTBSe 1:100020.2 3]4&te] A&-3+¢]Th

- goat anti-mouse IgG-HRP(Santa Cruz Biotechonology cat # SC-2005)

- goat anti-rabbit IgG-HRP(Santa Cruz Biotechonology cat # SC-2054)

- 9o DAB substrateE H7}ste] A7l F bandES #Eakch

(7) Microtiter plate adherence assay (MPAA) (A %)

Wil whet AAISE

- 7T-127% ] A SRl A FE ZHATMA TR TR AHI & AdxA s AA
gk & RPMI1640uH A o] &A%

- 71307 A=A E(ciliated cel) S AEE AFESZ FHo] & % Toumanens(1988)0] Rl

S Aol wEl MRE FE3HS. AEMEE TES buffer0mM Tris, 10mM EDTA, 125mM

sucrose, pH7.2)oll H#3 & YARZZ 300 xgollA 587 AN 3RS cell pellet-g 6mLe]

AES buffer(80mM acetate, 10 mM EDTA, 125 mM sucrose pH6.8)oll Ff-A171 & 25C o wjeF

g % 02 M CaCl,s HF 10 mMEA 718k

s 20 mLe| TESZE 3|AAIZ1 % 500 xgollA 1027F A4

bodieso]a AEHe F2 AR(clia)Z TAH e AEHS 18,000xgel] 1587 AAlsk

AEAS AAZ T AAH ciliary pellet-S PBSZ 23 A3 & vz dld s 243

(T AMES7] A7EA] -70C o] Bash.

- CiliaE bicinchoninic acid assay(BCA, Pierce)H o2 ohild A8 AAIgE & PBSo| 2mg/mL
HA T=E 243 & ImgdWd 3 SDSE Imge H7IeE 3 37C oA 4583 mjFAZ. Hl
koS 0.1M carbonate buffe(pHI.5)E 345t vl %% 10 yg/mLE 243

- 96 well flat bottom miicrotiter plateoll 3|4 Hmcz goHS 1004 535t Aol A]
18A7F WAAIZL & -70Co] Bagh o] o) AT EE A
porcine albumin(fatty acid free) 10 pg/mL gelatin-8<§ .2 well=

- A71A BEfgold ciliated cell body® FL3kAl A & 10 pg/mle=2 2AS &
microplate wellol] #F&ke] FEIAZL PBS(PH 742 ZF wellS 43 AHF 5 200u 9
adherence buffer(AB buffer, 1% gelatine] 3% RPMI1640 media)& 2t wellol|] &3t 37C
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oAl 2A1ZF vl g S = blockingAl 7.

- AN M hyopneumoniae¥ T, WA, oklEElFE 593 100 color change unit

B8 & 37ColA 9087t vhEAIR. wE

S F FAHA ¥ wolzIekzmntE AlAsy] H@ PBSE 4 AlAF 15002 343
anti-M  hyopneumoniaeE7 E3-S welld 100u® 233 & 37CoAA 6087 ¥HSAZl &
PBSZ 43] A 4Eh

- 1/5000.2 3]2J3} goat anti-rabbit peroxidase conjugate= welld 100ul4) £33+ & 37C oA
6057 WAl & PBSE 43] AlFgE Z- welloll 100ul 2] ABTSE #H71sH & AL2o4 1083
HESAIZL F 405nmellA] FEEE SASHA S

- ciliated cell bodyoll T3t wlo]FZZe}=n}e] BT = microplated] ZE3F AT O S 2 Y
& oz AAEH S

(8 M. hyorhinis®] ERAALE ¥ ELISAT® ¥ (A )

8
S
f
o
o
=
(€%
=
f
ot
1
e
o
5
oft
—
()
(=)
=
X

- M. hyorhinisE 2 L wioF3k & 15,000rpmo.2 3083t AR & A=A A A%
% 10mM HEPESZ 33] A|&3lth. 1% sarkosylx 213 & OMPE 433+ & BCAW
WMow B e ¥ F ELSAG Ao Z AHgstdd.

9 2FEAA AT 971 4 (AF)

- E7|o\ A Azx3 M hyopneumoniae®t M. hyorhins®] @l s ELISAS A AI5ke] A
9] AVt E 2ASIATE. M hyopneumoniae®] /380l Wik drh= 1/50 - 1/64002.2 Ald
34E & F AxolA Fvisks MH-OMPa3 MH r-P463}-o] 8% ELISAE AH8-3191
o e Az AR TR AAIRE 3 OD 405nmel| A &858k

- M hyorhinis= Axvlo) QElF FEOoE A %3 OMPEYS FHIZ T dAHS Ar]o] Wi
2 X3 & w-3A7]l T oA+ Goat-anti-rabbit 1gG (50ng/mL)E ®FAZ] 3 TMBE

HAAIA 405nmel A FBEE SASAH

(10) £a=2 443 42 93 Random amplified polymorphic DNA (RAPD) 4 (A]¥)

o A3 71Ee] RuE oF Skbpe] WErt HAEHE 1WA +FE 23
g sl7] 98l RAPDE AASEY & HlFsk & genomic DNA= Genomic DNA
extraction Mini kit(RBC Biosciences, Taiwan)< AR8-3te] FZ3F3th. DNAZ &2 NanoDrop
TM 1000 Spectrophotometer(Thermo Scientific, Wilmington, DE, USA)& ARg&ke] A 3}19]
. RAPD= olxlo] Rug WHH-& ot A st A A8k tiStakenborg et al., 2006; Vicca
et al, 2003). FZMo]&F2(1 min at 95° C; 1 min at 37° C; 2 min at 72° C) PTC100
Thermal Cycler(MJ Research, USA)< AR8-3te] AAlst T 30nge] 3=+ genomic DNA,



2 mM MgCl2, 20 pmol OPA-3 primer, 1X AccuPower®PCR Premix (Bioneer, South Korea),
1X Stoffel Buffere} 2U Amplitag DNA polymerase Stoffel Fragment(Applied Biosystems,
USA)E 22 § F25u HA 23Utk F3FH PCRAMHES H7|FEstd o ol Apo]=
7 2+ Quick-Load®1kb DNA ladder(NEB, USA)S AF&3}3ith DNA fragmentse] &< -&
GelDocTMXR(Biorad, USA)E A A|8}$3ar Bionumerics(V5.1, Applied Maths, Belgium)E o]-&
st} BA5H o™ 500 bpoldtEe AL B A ALAIF T} similarity coefficients 2]
A4k Dice algorithmS ©]-83be] =33}, unweighted pair group WHOZ with
arithmetic means(UPGMA) clusteringS- 2 A] 5453t}

AD AR 44 53 (A
< ZA37] {8lA Friis siAlol] et #& 71E] Wl o3 g
AME 3 & CCUZE AT CCUS AFAP S =ol7] flaf 33 wh&Este SA s3]

.1]}1'
O_|_4

(12) HAANA 2 FAFH (52

3FHE Mhp@dAl &40 AES TAst Y= I 7RIS 7 BFE HIHA
ok AlEHl e A Fe] CCUE 7k o585 B8 ARl & 539 24 ofFHiES} &
e F 5 HEsAth o] Wl FddEw o AuF gadge] WS HE
o 'ﬂm@% T 235l S AAsAa, 2aAl HF F 259k 4FAC) Ads, 3
AMAHE F 27A0 Ade AAsAH 4= 2o F Mhpel A7k indirect

ELISA (IDEXX HerdChek Mycopiasma hyopneumoniae®, IDEXX Laboratories, USA)& A}
g3lo] A x3ALe] Wyl wel st Th FAl %S sample-positive (S/P) ratioE A
Z3tH AL, SIP > 04 9 BAHES PR T3

(13) 8 F-2gQl P79 il Td (MF)

obh =3

- M. hyopneumoniae & 7+ o] Z7|ola 23 dAE TF/URE 71
AR 2ol e FA4st= HAolth o] FA FL FAlxHadhesin S Z-&
3l= P979] RI(AAKPV-E) repeat7} A =9 4849 A3 gchMinion et al., 2000).
A7t 9@ ol AAMAEERE ARV 2HEAA o|APHEE FEEA "o
(DeBey and Ross, 1994). P97 adhesine W UAlo] &2 FUoz HR|o|A o] tj
st A7 Aol FohKlinkert et al, 1985; Zhang et al., 1995). =3+ 3 E7] HA
g A o) 4= R1 repeat o] i3+ A7 AE=P ot BaE ok Minion et al., 2000).
0% 23 AL dA AFH JdE whole cell &3t A= P70 tha AAA
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FA7F @40l HA Feva RuFHAH I olfe EZIYNCR ALESH=
7F P97 A @7] deor F5ska 9lal, P97 o] MiAFFE AHEl S
¢ 2AEE AR A JokKing et al, 1997). wekA] PI7S wlAlo)
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1o 718 of P97o that A7} okl Mhpe] 7ol &FHQ Wol=
dog gt AAE HAAE FPstAT
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(Wb dZFoA e €24

Mhp 7-25 EE]F94 Genomic DNA extraction Mini kit (RBC Biosciences)&

3%t Enteritoxigenic E. coli (ETEC)ol 4] genomic DNA+ boiling methodel] 2]3]

Z3t9t. o] A% ETECUIA+S Luria-Bertani(LB) wjx]ollA 37° C 20413t #Hj<Fgh
1
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(th P97 224
Mhpe] F8 FAIxel p97e] R1 repeat region (1S ta3 o] PTC-100

thermocyclers AR&3te] FZ31t} @ 95 ° C, 28 denaturationAlzl F 95 ° C, 20%,
56.5 ° C 40%, 72 ° C, 1521k 30 cycles SZAZ1 H, 72 ° ColA 583 HF SZAF
t}. E. coli heat-labile enterotoxin subunit B gene (eltb)Z#e] ZZS 9JsiA= 95 ° C,
£7F denaturationA]Zl H, 95 ° C, 20%, 57.5 ° C, 40%, 72 ° C, 15%%t 30 cycles =
3 H, 72 ° ColA 5 HF FFAIHTE 9HSEFE 50 4lE 5«1 10X buffer, 4
«l 25 mM dNTPs, 20 pmol primer, 0.5 1 (1.25 unit) PfuX DNA polymerase (Solgent),
10 x1 5X Band Doctor, 24.5 x1 Milli-Q 7= ¥ 20 ng template DNAE 37}t
T primers AR&-sSTH

R1 forward 5’ -CACCATGGGGATCCCTACAAAAGAAG;

R1 reverse 5/ -GCCAAGCTTAGTAGCAACTGGT;

LTB forward 5’ -CACCATGGCTCCCCAGACTATTACA;

LTB reverse 5’ -CTGGATCCCCATACTGATTGC(Conceicao et al., 2006).
LTB reverse primer2} R1 forward primerell BamHI restriction site 712 AUSFH AL It
o] 37 end®} r1f3Ae] 57 end’} inframeZ fusion®=Al F24YS T o] HHS

Zyzro]l PCRAMFES AgtaA= sk & ligationg A2 uw] 21F fusiono] HEZ 3}7]

o



3ol LTB forward primer= 5/ Z&o] CACC AE< 7HAaL =, & &3l
217 pENTR/SD cloning plasmidell E24< AlFHtHGateway system, Invitrogen). PCR
amplification ¥, Z+z}e] PCR4AHE-2S HiYield Gel/PCR DNA Extraction Kit(Real Biotech)©.
2 clean up A1) ¥ BamHI A3+&4 =2 x 23 & phenol-chloroform¥H-& S3 w2
S AAS T HIHES AZl T T4 DNA ligase (Invitrogen) & WHS-A]A ltbrl fusiong A
25tk F7F SF2YS 9l 1th1dHS FZ35H7] 98] PfuX DNA polymeraseE AR&-
3tk o] ¥kg-& LTB forwarde} R1 reverse primersE AR&3he] 1tbs} rl fragmentS
shute] fusiono 2 F243t7] 98 skt wekA Itbrl geneS pENTR/SD vectoroll
AH F2Yo] 734 HdtHGateway system, Invitrogen). E. coli TOP 10 competent
cello]l “371¢] ligation productE electroporationA|# FAX3-S AASR L A2TH &
29 AL 50 pgmle] kanamycine] $F¥ LB medium o] FHE3 & wjFstich
pENTR/SD-Itbrl plasmid: HiYield Plasmid Mini Kit S AR&3&}e] #8]8911 colony PCR
7} M13 universal primerE AFE3te] DNA @714 ES 4131

(@ M. hyopneumoniae major adhesin P97 A} 2% rLTBR1©= 2 2@ 3} A=A

ltbrl A& pENTR/SDel| 243+ & Gateway LR-ClonaseTM I Enzyme MixE A&
ste] A 23| Aol W e} site-specific recombination reactionS A A3} tHGateway
System, Invitrogen). ©] W& pENTR/SD cloning vectore] & insert FAA=
pETDEST42TM L@ Ele] AFdst= Zolthinvitrogen) (¥ 3-1). o] ltbrle] =& A
Z3% wd 9HEE E coli TOP 10 competent cello] HAXIAIA A23 oz 33
clones A|Z3t3 . TransformantE 100 xg/ml ampicillin LBu}=]o] &% % colony PCR
7} DNA sequencingS 53 pETDEST42-ltbrl cloneS 43It 54F oid 23y
plasmidE E. coli BL21 (DE3) competent cellell electroporation®l] <j&ll &2 dgkA1F T
AdtH recombinant clones 100 xg/ml ampicilline] 718 50 ml LB brothel HZE3sF &
18AIZE g FS SFATH37 ° C, 220 rpm). HiF} 25 mlE 100 g/ml ampicilline] 3
7F& 1 L LB brothell &3 5 0OD600 = 0.6wj7FA] EH|Fs AASATH37 ° C, 220
rpm). ©] wj AxF Gl wdH-S s 1 mM isopropylthio- 4 -d-galactoside (IPTG)S
A7VE 3 F71E A o eiFEtch viklS 4000 X g 2087 JARYES I o,
pellet-& lysis buffer(20 mM Tris, 500 mM NaCl, 20 mM imidazole, 10% glycerol, 0.25%
Tween 20, 1 mg/ml lysozyme)Z H-3+ 5 sonicationS A At AEx¥S I
10,000 X g, 304%F |ARLT F TS T F Ni-NTA 50%2F 1A S2AIA
ot 2" Az GAS HisPur Ni-NTA affinity chromatography-& AR83he] =)zt
Hell me} HA)8t T (Thermo Scientific, USA).



E. coli heat labile enterotomin subunit B gene (elth) E1 repeat region of p%7 gene (r1) 11 Repeats

Hﬂm —

CACC end BamHI

Ba.mH[Iestriction
lf—' =]

CACC end
T4DN£ Lgaze

CACC end

TOPO cloning reaction
Gateway, system

|

pENTE-
pENTR 4+ B —> ltbr1
lthrl ;
LE recombination reaction
l Gateway zystem
pEMTE.-
PENTR- pDEST- g

ccdB
ot '+ i ' —_— Itb1 ' + '

Expression plasmid Byproduct

1% 3-1. Flow chart depicting the steps involved in cloning of Itbrl into pDEST vector.

(v}) SDS-PAGE$} Western blotting

Induction Al7]31 E2]A$ rLTBR1 ©&-& 1X sample buffer(0.1 M Tris-HCl (pH
6.8), 2% SDS(w/v), 20% glycerol(v/v), 8% 2-mercaptoethanol(v/v), 0.02% bromophenol
blue(w/v)} 412 H #Be =l 581 A3tk Az alde] 4 12% SDS-PAGE

=

2 AAEY(Laemml, 1970), ©@ ¥ = Pierce® BCA Protein Assay Kit(Thermo
Scientific, USA)& AR5} =43} 31, Xpert Prestained Protein Marker(GenDepot, USA)E



Aro| 27 &= ARSI T

Western blottingS a4, AAE rLTBR1S 12% SDS-PAGEZ #7]9%3 3
membraneol] &ZAIFH T 5% non-fat dry milkZ blockingA]Zl ¥ membranes 1:100°.%
3] 43} rabbit anti-6XHis antibody®} ¥WF$-A|Z T PBS-TE 33] membranes A3k FH,
3,3’ -Diaminobenzidine tetrahydrochloride(Sigma, USA)S. 2 HFAA]Z T},

Az @ rLTBR1e] polymerizationo] =H=AE &Rlstr] Asll, ©A A2 sHA
e AAE fusiondh} 2 & anti-cholera toxin antibody® #2138} t) o1& ¢3) blotting
I membrane< 1:30002.2 3]413}+ rabbit IgG anti-cholera toxin& 2 ®H3-A1Z1 , 1:2000
© 2 3]X3} goat IgG anti-rabbit IgG peroxidase antibody® ¥HAATH UYWA= A7)
|=3 WA LA FAAT

ol

.

N

() whe=olA e F2 xR AddAe] SHS AT A F
7F%E BALBlc ¢AE THste] AANEE S BAE T F SviEY 470w F
Ak 13oll= ¥R FAE rLTBR1 217 g 0, 15, 3094 HEsted % 651 ug
o] rLTBR1S AHZEFsIHth 23ol= 217 xg9 rLTBR1S 0, 15, 3094 25U HES 3
A % 65.1 ugel rLTBRIS &gtk 3ol AWEe M hyopneumoniae £83 W
Albactering e A2 HEgH2] 1/20 doseZ 0, 15¢A 4 HESAHIAAN=ZD).
479 7% PBS 30 wIE 0, 15, 3094 HESIANLANZED). v HES vHE
&tA] e¥al AAISFAAL micropipettes ARSke] 15 ulmare® HFsted F 30 wl/animal
o HE3tanh o] fHA= HE B 0, 15, 30, 45, 60Y A ol| retro-orbital sinusol A 2l
ANatga @S Bed T AHEE wjzhA] —20 ° ColA Btk HIAFE ALgL

BAsta HEFELFA s FAsHAT

(14) &=wo]|F (temperature senstive mutant)e] A2} (A +)

21243 broth culture 10mle FHISk] 10mg/mle] NTGIN-methyl-N ‘-nitrosoguanidine)
100ule A3k F 37ColA 3 AIZF F<F incubationA] 7] ©hg agarol] HE3te] 33T
incubatoroll A v st} 1~2F &<+ wjFstA A colony’F #ZE™ pick-upslte] broth
of mjeFstal o] = At 33T o 37ColA 242 vjekste] 33ColAvt At & A
Hhsle] screeningg A A TE ScreeningS 96well plateo] +F= 107 343}
g T 7N9] plateE FwRIStaL 33C 9k 37CollA 242t vjeksted 10-20]14 Zpolut
124 © 2 temperature-sensitive phenotypeo. @ Autsty Xdtd #5F5 thA] CCU/MmI
<= SAsk 33C ¢ 37C oA CCUMmIAtelE Hlamste] A3 2po]E Holx= A& ts
phenotype ©. & A3} th,



(15) vh-29 AL 2 HFLAE &ESD

B Ao AFEH mb-$2= C57BL/6 ®+ Balb/c straino]gla 2E AFoA 7-12F
Fol A4S AHESIAT TEAT S AT SEATALS Y FEAE ] B
Ao whe} DA AT Mycoplasma hyopneumonia©lst MHP) HFS fl3] =&
control(th Z=+*), MHP only, MHP+Alum, MHP+LPS, MHP+Alum+LPS 5% °.2 uy-F%it}.
MHP & vwtg] 2 50 pg, Alume whg] 3 25 ul, LPS& vlel3 1 mg/kg® HE3tATh 2
T A0 FL3 EFOoE 2 HIFS stauA 25 Fo I ol tig ARE

A AT

N7l

a9

(16) Mycoplasma #4 2 TLR agonists (¥%1 & 2)

MHPHAIE FYAAEGE)ANA Fgol Aol ARgStAth dAl= wigFAoA A &
zaZH 1AHH o 2 Aol AR A IdkgE e AlEa A R Yo
AH83R T Mycoplasmav# A+ intact bacteria %=+ sonication®l] 2|3} soluble U o 2 A}
g3t o, thld gheks dolr ] 913l Bradford method(Bio-Rad Labs, Inc)E AH&-3FA
o} EFEAF bovine serum albumin(Sigma Co.)& ARE-3] =343+ A3} Mycoplasma
Al(intact bacteria)e] w2 sFaFo 123 yg/ml o]tk H=3F 2 Ao A= TLR agonistZ A
TLR2¢] oAl agonist?! zymosan(A from Saccharomyces cerevisiae, Sigma)3}
PGN(Peptidoglycan SA), TLR3¢] tixEZQl agonistQ] polyl:C(Sigma), TLR4 agonist<l
lipopolysaccharide(£. Coli serotype O26:B6-7-2ll, Sigma), TLR7/8 agonistQ] imiquimod(Sigma)
TLR9 agonist®! oligodeoxynucleotide(ODN) 1826(7F-1th), 2007(InVivogen)& AH&3tATh &=
A Ze] LS =4S 93] Mycoplasmad-#l ol & 33-&-A(fluorescein isothiocyanate;
o]} FITOR-2Hgt & 3ol o]83tth TLR agonist 2] Al FAGMEL] FAL2 TS
dolr 7] 98l FluoroTag FITC conjugation kit(Sigma)Z ©]-&3le] mycoplasma A2
FITCZ labelingAlAth. A2 sodium carbonate-bicarbonate(CB) buffer2 A& 3t % FITC
Gl Ao 2AFERE RESAIZ 3 A A7EA] WA S 2 BHsglt

A7) vhex FARAZ, vgAZ) AF, WF, coculturedd, A FAFA L) WY
&EFD
npe-2 FAGAES] wjg ;o CS7BL/6 vh-2o] tEEFH BEE& AFH Sk Hank's
Balanced Salt Solutio (HBSS)& == 4 W= ¥olFo EFAZE AASAH o] & A%
18- (hypotonic solution)¢! ammonium chloride potassium(ACK) lysis bufferZ o]-&3}o]
Ao 1087 vgale] HEFE SIAFAL S5AEE mouse GM-CSF(granulocyte
macrophage-colony stimulating factor)7} Z7}& RPMI-164(5% FBS) ujx|o] H-H{AIA




6-well plate ¥ 5% CO.7} 5%+ 37C incubatorel A ®jFstAch 2< vtk GM-CSF
7F A7t AEE AR wASA T vl 29 4L oll= AA vjAE wAste] H) g
Zo m 2+ granulocyte} lymphocyteE AASIH AL, vl 6-10€ o= 60% ©]/de] i
g A ZeE wASHIL W e FAGAZE AP AHESAH

nhe-2 HIAAEY AFH P HiSF - HIAAIEZE AFHS] s 7-12 FP 9] C57BL/6]
T+ Balb/c mouse®] HIZES wloju] PBSllA BIZS AHF & EHAA AEZE Aoy
o o] NZES AMFEY & A2 107 1t §EgAA HEFE &9 A7 o
#a] $ & 5 % Fetal Bovine Serum(FBS)¢} L-glutamine, penicillin/streptomycino] %7}
RPMI1640 wiA ol A 1AZE 3 vkt RAAEZE AAsIAT 1 7 F/E e

ZE Hdoju YAEY 3 5 10 % FBS9} L-glutamine, penicillin/streptomycin, sodium

di, o> 2

=

pyruvate, non-essential amino acids, 2-mercaptoethanol®] 3 7}8 RPMI 1640 WA & Y11
Ao BQ3 MESFE 9HA 6 well == 96 well culture plateoll seeding sk w3}
Ak AZHjF Al =& 37 C, CO9 FEE 5%E AASI=EE st

TAGAMEZSL BIFAAEL] coculture AE : FAGAEZA Mycoplasmad A ¢ TLR

agonistE A &ste 2 F<F HESAIZl & $A% T Trypan blue exclusion testZ &=

AE A F ouAEe A4 mgEdTh HIFAEZE 2x10well, FAGAEE
1x10%wells} 3u) @A 3452 96-well plateo] ZHzh 100 pl/well2 ¥a1 5U3F &)
H R & fZTo ARAET AR ETRIS ATt dZ7o 44E 4S9
& Cell counting kit(CCK)-8 assayE °]-83tHth. Hjefgk AlaZzo 10 ul/well2 CCK-8 &
HE @3 4N ZF Fof microplate readerg ©]-83te] 450 nmollA FFE=E SAHIFAT
A Z frell FAGAE S 4R A ddE, dEE, dEA EFAEE
g 3 HIFE A A 5 % FBS® L-glutamine, penicillin/streptomycine] 37}
RPMI1640 ®j=]oll swine GM-SCF(10 ng/mDE Z7lsle] 64 o]’ wiesich. o 2dwmjich

Az A& w@s) 0 8 ol Mg FAFAEE Aol A&

Ll

(18) Al=z#d Ad (In vitro tests): (F=D

MEo] AEEAE, AlZZS FF . AIEE 96 well culture platesell seeding 3. 2
ZF wjeFel ¥ 3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromideMTT, Sigma)
assay$} trypan blue exclusion test2 Ed5H3 AE5E S HristAoh Alxo| MHE
d, TLR agonist, R EE & HAg FH vlFAIHY. MIT assaye Al 8] &g Al
Zo 10 mg/ml MTT solution= 10 ul/well® = g]3le] 4A1xF F<F 37CAA S 3
%, 4] 10% sodium dodecyl sulfate(SDS)E 100 ul/well& A 2]sle] 2413 & microplate
reader(Molecular devices, Sunnyvale, CA)E AF83}<], 570 nm - 650 nmolA FF=E

=459t =3 W AEo] HELS dolry] Y3 trypan blue solution(Invitrogen,




Carlsbad, CAS.E AXE FAstA, ol Mz} F2 Axe &5 At vigs
M aze] AR inverted microscope(Olympus Co., Tokyo, Japan)oll 4] digital camera(Cannon
Inc., Tokyo, Japan)ZS <1723} 3“*“3}014.

HYE STAZ g A9xdEd RN - ke E A A & FAA
2 oo w9l go H lﬁ %—’,‘— 2 AH#3AT Cell strainerg o] -&38}od

8
= [e)
cellfb-& 2o31 ACK lysis bufferg o]gste] HIZAZAA HIFE AAT &

k

Ao
g3t Th Mycoplasma M4le] E7E ZWA77] 8] Bzl e FREAS
o AYsgon, Yol AR e FAMME Ao FTiHO ko] HE FHAZ

i

fges 345 AP B dFodAs dAHEAANA T3 ginsanol 2=

polysaccharide®} s=%2] A &=} ginsenosides, beta-glucane] W ZHE3E A3}t

(19 &A7F A1¥ (Humoral immunity) (& 51)

ule- 2~ A3 e MH-specific 196G, [oM A A @ vlg2o BAIEHEZR =& 2F
= 27450 AFsAT HF B F 257 FHoll ks AR H ARAES
53 v RS AFHAY. vEld AFLS 500 ~ 1000u Fom o)A 24 7HE<H
4313 % microcentrifugeE |83 A< E2stdth. MHE-S immunosorbent plate
of Yol 16A13+&<t coatingAlzl & 3|49 AHNE)S B 2AXF &< s Fstaint o]
% Jgo] isotypeS Felslr] 98l horseradish peroxidase(HRP)7} AgE goat anti-mouse
IgG, 1gM, IgA, IgEE 211 substrateE H7}ste] AN T FFEE 405 nmolA =
Akt
HA A MH-specific 1gG AFAE - Ao (AT REZDS IAFHE ()
TR HYow, (FFTYNNLS AT HE 2-3vtg] 9] HAE o] &3t FFs}
R FFol B F 27 dFE& AHAst EAGEHE AFHo] Bty MH-specific
swine IgGe] AH#HAE-> HRP7} A§H anti-swine IgGE A8 Z1& A9stas vhs
29} A3
A, Az U Ags=2Ed AV 4 0 HAFSI vhe29 A RAAE
M EZv el o] MHP Eo]&Rl dA7}E Enzyme-Linked Immunosolbent Assay(ELISA)E
o] &3t A3t MHPE 1 ug/mlo] ¥ %5 carbonate-bicarbonate buffer(pH 9.6)¢l
3] Al A Microtiter plates wellsNUNCAPol| Ho] 4C oA ZEAAY. 1 F 5% FBSE
ZE3E PBSE 4 welld] Yo 37C Oﬂ*‘] 2A1ZHEQF i Fske] blockingst . PBST(PBS
containing 0.05% Tween20)Z M| &3k 3 0.5% FBSE X3k PBSE A AI7]l A3 A
I FA S well & 100 pl 2 Ea1 37CAA 2A1ZE &¢F vl F3tH T thA] PBSTZ A&
%+ 3 horseradish perox1dase -labeled goat anti-mouse 1gG T+ IgMS 0.5% FBSE X g
gk PBSell 80008 4 A1A welld 100 upl 2 @i Ao)A 30&3F wHEAIATH Al ZHTA




Zo| tetramethyl benzidine&<S 2z wellol]l 100 pl & o] o] F& oA 30&3F A
Al7]1aL stop solution©.E enzyme reactione S ©AIZl ¥ microplate reader(Molecular
devicesAh= 405 nmell X FRFE=E SA48AT 2A@S FRE=7F 019 F#2E 24tst

SIRE=EE [1=

(20) HRoIEFIRI AZFEA (HFD
n}-9-2 HAMo)| Bl B4 ¢ CytoSet antibody pair(Biosource international)g ©]-8-3}o]
ELISAE A A3ty Interleukin(l)-4, IL-12, interferon(FN)-gamma, tumor necrosis
factor(TNF)-alpha 5 #4390, 58U o2 standard curveE THEo] A &3t Th
A "R ETIQI B4 ¢ 99} e HH O F swine IL-12, swine TNF-alpha2] A3
2keES CytoSet™kit(Invitrogen) & o] &3 =444t

14
rlo

2D FA=ZES (F3ED

v HIZAE 24 WMASREZo] HFE v HAAEE AFHI H
carboxyfluorescein succinimidyl ester(CFSE)Z labelingA|Z#H ot o] % BI&MEZE 96-well
culture plateoll setupgt ¥ MHEAS H7tstAY H7bskA] o vigstTh. v kol &
U AZE CD3¢ CD19 EoldA|S 1 yg/sampled] HEE 3087 A3 & FA| T R4
E AASE Y. CFSE+= proliferatione] &2 4% intensity”} “o}x]a1 CD39} CD19+
phycoerythrin(PE) 2.2 A& of, FACSS] dot plot quadrantol|A] left/upper regionel e}
e Az %7t =5 58079 proliferatingd| 22 71 B52 UERATH

ANz 9 7)5Hst S 0 Az Z7] Hstel WA 2o v &s), 843 o F
58 Yoty ) HIFHF IMES AAsta FACSCalibur® flow cytometer(BD
Bioscences)$} CellQuest softwareE ©]-&3ho] £t}

- Cell size : A2 7] A& A8 AZEE 29 T Wi F Aojujo] 72 5% FBS
¢} 0.1% sodium azide’} $r¥ FACS Staining Solution(FSS)-& ©]-83}e] washing 3+ %
FACS Caliburg o]-&3ll FSCe} SSCE A3+t

- Surface marker staining : WHMEZES] W ml7 Fd WHIE dolRy] 3
biotinylated anti-mouse CD3, CD19, mouse IgG labeled anti-swine MHCII, FITC labeled
anti-human CD40E ©]&3l EW FFIM e 3th 22 A=+ streptavidin PE <}
anti-mouse lg PES ©]-&3}¢th.

- Antigen uptake : FR|FAMES] FUEY FHES dolrr] $3] FITC labeled

3

ANA 1A FF WA F

L.

mannosylated albumin 5 mg/ml & Y3 4 CE+=

T
NEE dol B39t =3 intact bacterias AF&3F A X AEZE TLR agonist



Gl

Z+7y A 2]$k 3 FITC labeled mycoplasmaw#| & * 2|3t ice-cold PBSZ A3 3
1% sodium azide, 5% FBS, 1% paraformaldehydee] #~7}¥ FACS fixation solutionel] i
3+ % FACSCalibur flow cytometer(Becton Dickinson)®} CellQuest softwareE ©]-8-3f
SAHsAT

- Mitochondrial membrane potential - Rhodaminel23 staining : Rhodaminel23 solution
S o] &3} AMEZ U] mitochondria®] membrane potential H&E Lol Ryt T2 {4
EEAG AR 2 I WY T AE2ES dojulo] Rhodaminel23E 7} 3 wh-&

o

oo

>
S
S
g
=
L
oft
e
S
1
glg
2
kW



A 428 AT +38 Zaf
1 E2E soxe nlo]mEatzul 7o) B (M & WED)

T4l &3l F 367054 37070¢] = AZo)A Mycoplasma #EE]E :

<= 2 OFOE o] BEE dth 25 Hol IAEslE SHLE sk vlo|aEe
znt s Uehli= HE ARESH fﬂﬂ‘}il’% Hz2s A A HE & F =
o7 WM3lEE wjgdox DNAS =3+ ¥ multiplex PCRS A& th 168719 H 2] Zoll
Al afFo]l HUom E 4-19A4 YeEh= vk} ol ols M hyopneumoniadMhp)7t 5371 ol
A FAAE UE 14%8] FAAEE BRI M hyorhinisMhn <= 367004 A4S YeER) &
10%2] ¥A3eS veldoh =35 1876w AWEolA M hyopneumoniae®} M. hyorhinis7} &
A A= Aoz Yo wkd 5571(15%)2] AZANME F 7K WA HEFA
oottt 3] mjgE A e AEFL 208MZ F 56%S AAISFATHE 4-1).

¥ 4-1. %= HPwolA el Mycoplasma®l 7%

Number of Isolates %

M. hyopnuemoniae 53 14

M. hyorhinis 36 10

Co-infection of M. hyopnuemoniae and M. hyorhinis 18 5
Negative on PCR 55 15

No mycoplasma species 208 56

Total 370 100

A0 A sAEE BAS &) B M hyopneumoniae, = M. hyorhinis T =
T 7HA BAArE E3dE w8 367H«l 545 NS AAS 94.4%S VERY AL, mlo)
FEeznp) AEHA e wALe 2N2 5.6%< AABH =ule] tiFEe] s
BAHES stoats vl A3 20 ZdEo de AoE YeltHE 4-2).

B B

_

124

¥ 4-2. =) A=Al A 9] Mycoplasma 7+ A

Mycoplasma species Number of farms %

(M. hyopnuemoniae, M. hyorhinis, co—infection of a4 94.4
M. hyopnuemoniae and M. hyorhinis)

No mycoplasma species 2 5.6

Total 36 100




2. M. hyopneumoniae$} M. hyorhinis®] 573 €3 Multiplex PCRe] 7f&

- 7]22] multiplex PCR& S%% PCRAHE Z7]9] #o]7} 300bp T 600bp= Z17] whiel

rid o= primer pair7lele] A4 BAQ multiplexe] A 2o

olJoj o

= 3T 1
;(EL K‘E-L‘-E'Jt‘ 11:_]';1%]0] AT -

=7]9] targety-9|7}

o]E B¢slr] el 71E] R primerE A Aeisie] M

hyopneumoniae$t M. hyorhinis®] PCRAHES] =717} 100bpitell HA| A 243 AN=2&

PCRS 7131932

- PCRAHZS] =27): M. hyopneumoniae. 430 bp | M. hyorhinis 346 bp
- A A &3] B E= M flocculareES 7ZE3h= primerE 371ske] 3714 mycoplasma

speciesE Aol &= multiplexE /N &Aoo M flocculare?] = =]

Aol w2t M hyopneumoniaeS}y M. hyorhinis2)
multiplex PCR-& 7'&313 =

P
T

T—

Aol A HEd + e

R WYAe Azl W

2000

1000

700
600

500
400

300

200

100

430bp M.hyopneumoniae
346bp M. hyorhinis

1% 4-1. Multiplex PCRE ©|-&3 M hyopneumoniaeSy M. hyorhinis® 74%.

M. hyopneumoniae

M. hyorhinis

100 bp
Ladder

S - g
3 : >
= = s o

—

2000
1000

500
400
300

200
100

0.001

100

(=}
—

—
- S

0.001

-
.
=]

ccu

430bp M.hyopneumoniae
346bp M. hyorhinis

19 4-2. Multiplex PCR& ©]-&

g wzr=e] S4(CCU).



A% A3 M hyopneumoniae®] 73-5- 0.01 ccu7bA]|

NEE mPCRE AMgste] HAEEE
% 0.1 caw7kA HAEH+= AS UehtS

Aoz Yelta M hyorhinise] 73

L 7]&0] Ra¥ Multiplex PCRETH 917t =

1% 4-3. Multiplex PCRE ©]8-3F 717t=2] ZAH(DNA 5%

M. hyopneumoniae®} M. hyorhinis®] DNAE 2|5l nano drop= ©]83te] DNAS A
3 & U7gEs AuHgith B PCRE 125 fgo] DNAZA H&Eshe Zlow L}EME Mhre]
739 65 fg 7HA AZEdheE AS Uehd olE #E kst Mhpe] 7 100719 <,
Mhre] Z<$- 60749 ol glew AZHE Aow AgE. & HuE =g ojahd 7}
& NAE7F E2 Zlo] Mhpel 74 1pg, Mhre] 7% 500 fgo2 £ Ao A 7 mPCR

[e]
kit7} 1083 = A7 =7F =9ktH4-3).

1% 4-4. Multiplex PCR kite] AlA)&F A=

d719] mPCR7I1E< (F)JNERS] 83 we} AlFE Al=xste] AlE

78 .

3. Filtration-cloning (A%
Z3+ste] Filter cloningS A A&}

S ia

M. hyopneumoniae 2 M. hyorhinis



QTh Mhpel 7§ % 467) 57} single colony® SREI o] F fiter cloning® e
Z 1875 et stk Mhre] 7% 3 32571 single colony® &2 FHEAL
o] & 235 %= filter cloningS &3t Tth

4. M. hyopneumoniae®] B3std HTgzAL HF & HF 2)

- 5% M hyopneumoniac®] BR8] ATZALE 1Y) Sl AHH o= 2-37] TS
FoE AT ZALE AT

- SR o)t o HNEA O 7 AFH oA 12775 Atolol] g0l prol FHoFg Al
2 Uehsth ok A2 JPEE WA A9 olgld Aok AIVIE SEE F Ue A

F Mol WAl x2S B AFHAA oA Al FE ol Aok drhal AdEth

d

MH ELISA(SP ratio) MH ELISA(SP ratio)
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3 4-3. Titration (CCU) of M. hyopneumoniae

Strain/Isolate name Passage No. CCU/ml
J 25934 Unknown 9.8 x 107
4-3 1 7.2 x 107
23-8 1 35 x 107
11-1 1 23 x 107
19-4 1 2.8 x 105
26-3 1 4.7 x 106
5-3 1 1.0 x 107
29-1 1 7.7 x 106
7-25 1 5.8 x 1077

3% 4-4. Titration (CCU) of M. hyorhinis

Strain/Isolate name Passage No. CCU/ml

std 27717 Unknown 9.8 x 107
11-6 1 2.8 x 102
7-12 1 9.8 x 107
15-3 1 NE
7-8 1 NE
24-8 1 23 x 106
2-3 1 2.1 x 106
16-1 1 9.8 x 107
18-10 1 23 x 1072
21-6 1 3.6 x 1072
36-2 1 1.2 x 10°6
24-6 1 3.0 x 106

NE = note estimable, as the color change is very little.

1A 7] wEe] A dFE AR Zlo] FAACIth Iy o= M

hyopneumoniae?}y M. hyorhinis®] ¥Agol thall B2 Zlo] B QA o} adherences



of thgk HYEe ook WS o83l AU 55 AL F olF A s

- Ross 5(1994)2] R y1e) &k In vivoell X WA S22} In vitro adherence testZ <}
oA dBdo] A= Aoz YER] HH—rOJ] E AT 12Pd% 9lA= microplate adherence
testS AAlste] EefFell thet adherenced & A7 Aot S-I Zol= QIS+
Microtiter plate adherence assay(MPAA) (AlH): MPAAYPH-S SHAIZS. ol 7|2 H o]
WU E Welld clia®] @i EEs 1igo 2 1A38Ial, mycoplasma-8-e H7H- F3tE=
AZEE 37CAA 0= Zlo] 71 2 Ao 2 yEhd:

- a8 A ARE3F Mycoplasmae] €7p7} 712 Bae] HlE|] w9 we H, 7)E H o
oJalH Mycoplasma®] &7P7F BE 108 ccus Kolx & Oﬂ—TLEJ,/] BEAFE F 10° cous B
oL} YR =A3) of BT AL 10 - 10° cauds Ko FFTI ta U UERd 2E
5 caus A fsiAe =83 ARte] Bo] &xF. webA mycoplasmas HiRH
T Alds T8t AlES ¥ BCAR ©eLEs AT & JA43 w55 346t MPAAE
Sk Ao] Helgk ol st dujdor thilsro wWE MPAAYA 35S =

AL duAIEo R whld Aeko 2 mycoplasma TS =43 5 2.5 5.0, 10.0 15.0 ug

/mLo 2 MPAAE Z733199%-

r’l

¥ 4-5. M. hyopneumoniacMhp98-1)¢] Tz xo] & MPAASA S F3 59 Zfo

Protein concentration (¢g/mL) | Mean+SD of Absorbance (405nm)
0 0.07£0.01
2.5 0.26+0.03
50 0.50+0.06
10.0 0.71£0.04
15.0 0.87+£0.06

- M hyopneumoniae®] GE =7} FobAE MPAAS] 357} HolRl. ol 71&9] ®Hae}
AR Ads JERL T8y FERo] ot el B2 7 oke] Ajolg B fEiAE
FH4 5~10 pg/mLe] @Wis%7F H Qo] &2l

- M hyopneumoniae®] ccu7lell wE MPAAS] A3} M hyopneumoniadMhp98-1)E- Wil
& & caus ST F IAsxo ot MPAAE %—Xéf& A 53 Zo] e
B oFFo orbe= 23 X 107 cauE 2o 1 X 10°9 A¢ %S A A A}%fs}%‘% o]
H3 Ay 712 BRauodA yehd AstEg ye ccuow = E2
L a8y H4 107 ccudET Ylolokst MPAAOA] BEAdo] e #39)l =2 —rﬁll

Aolg BT 5 9l o BE.

i



3 4-6. M. hyopneumoniae®] <7Hccwoll mE MPAAS] S3F%=2] %o

Titer (ccu/mL) Mean=SD of Absorbance (405nm)
1 X 10° 1.31+0.04
5X 108 1.06+0.05
1 X 108 0.62+0.05
5 X 107 0.53+0.05
1 X 10 0.40+0.02
5 X 10° 0.22+0.02
1 X 10° 0.17+0.06
5X 10° 0.08+0.01
1X10° 0.06+0.01
Negative 0.08+0.01

AR BelE ofe]dFE Y3

1#F9HS- filtration-cloning & 3+ % =%

21 M hyopenumoniaed5E MPAAE AAISIATH
TEE s Er|EoR 5ug/mL7]% 2 34 MPAAZS 23 7534 == S A S
ot & A= 3 wello] FEEE BHES Zojth A} ofel+t oA Tha =2 F%
S(adherence)E Hol= Ao ® UETH

X 4-7 . M. hyopneumoniae®] MPAAZ 3}

. Adherence by mean
Isolate (Strain) absorbance (ODige) Remark
M. hyopneumoniae (ATCC25617) 0.38+0.04
M. hyopneumoniae (ATCC25934) 0.47+0.06
M. hyopneumoniae (3% 3t=) 0.37£0.05
M. hyopneumoniae (Mhp98-1) 0.50+0.06
M. hyopneumoniae (Mhpl-1) 0.36+0.06
M. hyopneumoniae (Mhp3-1) 0.49+0.04
M. hyopneumoniae (Mhp4-1) 0.39£0.04
M. hyopneumoniae (Mhp5-1) 0.35+0.05
M. hyopneumoniae (Mhp6-1) 0.45+0.02
M. hyopneumoniae (Mhp7-1) 0.27+£0.03
M. hyopneumoniae (Mhp8-1) 0.27+£0.03
M. hyopneumoniae (Mhp9-1) 0.29+0.04
M. hyopneumoniae (Mhp10-1) 0.47+0.04
M. hyopneumoniae (Mhp12-1) 0.22+0.02
M. hyopneumoniae (Mhp13-1) 0.37£0.02
M. hyopneumoniae (Mhpl4-1) 0.40+0.03
M. hyopneumoniae (Mhp15-1) 0.12+0.03
M. hyopneumoniae (Mhp16-1) 0.23+0.02
M. hyopneumoniae (Mhp17-1) 0.27+0.05
Negative 0.06+0.01




- 23y T Calus 5(2009)0] xS =80l 28t /n witro adhesion assay(MPAA)S} in
vivo virulence A= oWk AaAdol fla weks M Ayopneumoniae®) virulences
[e]

Z B33 wbA virulencest THE Ty

- In vitroo\ X WY M hyopneumoniaeSy AU M. hyopneumoniaes 535t ==
gy 3 & o]F HREFE st HAE Sl Flstarat sk

7. SDS-PAGEZ o) &3t 1994 M hyopneumoniae 1HQAR & Fo 718 (HN%
o

- Calus 5(2007)0] &3k Hare)| ot SDS-PAGE$- silver staining< A Al }Oc]
2348 2435 A3} highly virulent MhpFell4] 181 kDa2] protein band7} ¥
2719] bande low virulent MhpollAe #EE A e HAoE Byl HIYS ol
protein®] T4 genome THEA I FrARSH AL ST

- Ross5(1994)0] ¥Est ®H o oJstd &7 dA-S ARE-3H immunoblottingoll A4 145 kDa
=719 o] high-adherence clonedlA] HZ&=+= gHH, low-adherence cloneol| A& ¢Fsk
AU FulskA AEEdar 23 sk =3k 200kDa=7] o] -8 low-adherence
cloneoll A #ZET B 3HFTE o3 ARE TAZ 1d F<F 145 kDag] protein
bandE H=staat kst ovt ASHA FUth mEbA Rossso A= Aol
Tl #ekske] Calus 5(2007)2] A7E 71+ 2 SDS-PAGEES A3l silver staining

rx:
iﬂ 1
ki
o

A5 3 protein profiles B418tgx 181 kDad] bandE Fohj=d FEetct F
Fo| Be|FollA ole} e =7]9] bandE HE3IITH

M J F4-3 F26-3 F7-25 F23-8 F5-3 F19-4 F11-1 F29-1

kDa

240

170

240
170
130 _. _ - § 130

~ | 181 kDa protein

- < — 95
n.'--*h“N“ “*‘

72

a7 4-6(A). 1A M hyopneumoniaedl] E-01Z<] 181 kDafi=9] &S 918+ SDS-PAGERA].



- F29-1, F7-25, Fb-35Fol A 71&€9 Bl 722 181 kDa9 band’} ZAEEHo] 1HUAA
2]~(highly virulent strain)o.= SRI= Tt B3 TFFFRIRI JFolAE F&EE 7]E
o] Ra9l AX3IPS. ol#d A e AP EHo =&H ZAFE single clonel

r-{u:

- T2 A4 Egd EgFE9 SDS-PAGE pattern Blu A3} #FE AloloA th
o3}

- 72~130kDa 3} 34~55kDaite]e] #AbeF WA 2 bdAS Hole AS &9 &
T ARoem 130~240 kDa, 72~55 kDa % 34kDa ©|3s}e] EAFHANAM= +F5 A
oo Al Y& ThFA-S BT o]E 3 A= 7|Eo| Rid Mhp protein patternt

A 1A TtHAssuncao et al.,, 2005 Calus et al., 2007 Scarman et al., 1997).

71%0] Ru® uHYA oA patternel wel 15719 nH AR FFS By o

S IAL °4“:+z°ﬂ/‘1 == 181 kDa =719 @A 2 5%9] gelolAl 7 &4

ARATE J straine] ¢ 7|EHIo| = 181kDa @ido] HEH= AL

2 %}Eﬂi‘i*‘itﬂ 2 Ad@dHo = 181kDa W=V AEHA XU, olAL ofutx

2 Aol A AFERE T straine] W2 At gS T3l &2H4E ASE A mFETHChen

et al., 1992 DeBey and Ross, 1994 Zhang et al., 1995 Zielinski and Ross, 1990). ©]#

g Aite HEARS FAAE LA HEST

©
(
ol

II

ins total protein
Mhp Strains total protein SDSPAGE
43 263 291 725 194 1111 238 53 Std 43 263 291 725 194 111 238 53 std

E 3 T = & .!!,__s;

. .. ll
240 10-.. .l

1% 4-6(B). M hyopneumoniae®| Protein variabilitye] #49.
=2 high molecular range®] Zlo]™ =2 low molecular range<d
Zzte] Dol S0 Ao EAT Zo] TEY S Mol 91319l

8. M. hyopnuemoniae ¥-2]52] protein profile®] £

- Mhp&Eg]F=9] A E@AYe-A B4 (phylogenetic analysis) S E3F T2 patternsS 349}
3t7] A 10% geldllAl #E]® @252 Bionumerics software 23S 53
A5 o™ curve-based Pearson A= Z Al4FE a1, unweighted pair group method
with arithmetic mean (UPGMA) 2 E2] 53kl groupingg AAISFATHIH 4-7).



P I ]

m%%

311j01d UIRI01g

1% 4-7. Cluster analysis of Mhp protein patterns using the curve-based
Pearson similarity coefficient.

- J strain?} BEFES vnS A7 Ho 253%] DA OFHS
Ztoll= 22.2%2] divergenceE HoFth o Ao TRE Ry® #FdE o
AetA 2 patterngs Hol7|= FTh FYT APS BEES AR 7579 W= 9
X7} v A QFol o= gelo]l wE o] wWjE-2 obd Zlom FlEr.

- Mhpe] @d RBALE 7]Eo| Hio] o3 Hlmy F FHEAHAssuncao et al,
2005 Calus et al, 2007 Zhang et al, 1995). §3] %7]¢] A¥o|r= Mhpe wiz
za2utdo] R Fo| Al g FAG Aoz FZ=F I tHAssuncao et al., 2005
Scarman et al., 1997). 1=y} £ AN HFF JFe vud o 23.5%% A
°|F Koz AO=E eyt

9. M. hyorhinis®& 32| protein profile®] £4 (A%)

- 593 g o g Mhr HaFol el potein profiles A3t} o]9} #AAHA 7]E A
TANE fl7] WZol HuE & F §ley Bonumerics® W48t

- Mhr &4 pattern®] Als&A4 9 I:‘ro‘“* < &dshr]l A 10% gel = @ids
Z701¥ 3 Bionumerics software®Z #4138}% ©™ curve-based Pearson fFA=Z A4k
¥ a1, UPGMA 2 Eg]F3tel groupingS A AISHFTHLH 4-8, 4-9).

- A2 g2 FFAlA EEe BEFE ud A =2 tokde] #EFT 2EA
T2 Mhr 2771759} Fid o2 Hlwd Ay o 44.9%2] proteomic variabilitys X3
o} m=gE MhrEe]Fztells o) 34.2%9] divergencer} #AEHATE FU AN Balgh
HYFES AR dE1ES BAAT YA = stk



- 170~72 kDa®} 72~34 kDa®] =Z7]|¥HollA w2 thddol BEEHAT. 170~240 kDas} 34
kDaolste] 7]l vt trado]l JFEFHAN. ol2fdt Ad= 23] vk QAR A3

Y3 WET R BHH o] AAYo] £ AT Uehuth

std 36-218-107-8 7-12 24-8 11-6 23 15-3 16-1 216

1% 4-8. M. hyorhinis®] protein variability2] 4. $-Zol Aoz

< Hole HAE BT

G

Eg2gggggEgEgETEEgEEEEEEgEsgEgEgggegege:E
I3II3IIFTFI333333I3333333323
Po2IRIZIoNIFgagPNPEIIBIPRIDD P
LH RN PLIPIDLPPPLHL OAENONPL TN LD

O aN =2 N 0O W N = N =2 O O O N

3|jo.id uijold

[9%0°001-%0°0] Uone|eLIoo uosiead

3[1j01d uIg}0Id

LU
8-¥ZIUN

13 4-9. Cluster analysis of Mhr protein patterns using the
Pearson similarity coefficient.

curve-based



10. Western blot2 ©]-&3F mycoplasma®] Hs+A profilee] ¥4

- M hyorhinisty M. hyopneumoniae®]  F/d¥87dol] Wigk Western blot ZA¥k: (A) B¢ M
hyorhinidATCC 277172 anti-M  hyorhinis$ A=, B)e] 735 M hyopneumoniae (ATCC25617)
I} WA (NSM)-S anti-M  Ayopneumoniae OMP MoAbZ ¥R8-S- AJZth

(A) B)

(
H 1 1 2
22— -

76— e

225k —

S2—

ok — 38—
31— -
24—

38k — 17—

— e

a3 4-10. M. hyopneumonaie$y M. hyorhinis®] immuno profile

- M hyorhinis®] 73-%- immunodominant3F =7]e] W=7} 67§ =7} FEREJAEE A= 76,
60, 50, 48, 36kDa®] WM=7} 73atAl #2= Aok

- M hyopneumoniae®] 73-%- ATCCH#F2} #MAIF7 o] OMPEA ol thak wH-$-Ao] FEglo] the
Al Yepst=d ATCC2] 749 76, 50, 48, 35, kDa =7]e] W=7} Z3skA| Hb-g-3h= $hH, W

A9] 735 359 31kDa =71¢] MET} Z3shA| BEgste] F d3tell xfol7t BEEATH

- M hyopneumoniae-2]F2] Eﬂ@";ﬂ?@ x2ud B4 M hyopneumoniae®] WA ZZ 3l
S B35 on, ofgfe] afe Auke] 3t ootk M hygpneumoniacd’d AL dubz o
2 76, 60, 50, 40kDae] ¥i=<} ZstA| HEsSh= dE-dFolA= 40kDa7l &AE 9= A
o= Yl ok =3 100~225kDaAtelol] 3lu)gk Mi=go] yehdal Jled 7]Ee] Bl
o oJ&hA o)#3k =)o) W=7} attachements} WL AHH Ao F ®ysta ok

M 1 2 3 4 5 ] 7 8 9

225k —

76k —

52k —

O9. 4-11. Mhyopneumoniae® 5 2 ReFo] WSty zaalyl Ao o 1, WAl

—r, 2. JJ-T'_“L_‘T, ~90]3ﬂ—|—ﬁl



- M. hyorhinis®] stz xzad o B FFEIFel okl tigk M. hyorhinise] W
Aotz Z2aY-S BASAT anti-M hyorhinise] A= 30, 35, 40, 43, 48, 52, 60,
76kDa®] =71¢] 87) WHE=ol A3 Whg& Hola glow FEdFot BEFte SRR

225k —

76k —

52k —

38k —

9 4-12. okJol|lA BE|$ M hyorhinis®] western blot
- M. hyopneumoniaeS} M. hyorhinis®] nx1\V-8-23: M hyopneumoniae2} M. hyorhinis®] nl
AR Wl 2 Ao® A Joh ot I”EAR anti-M Ayorhinis®] FAE
SAAR, M hyorhinise] 735 30~76kDaAlele] 9719 W=7} ZStAl WHg-Sh=t
hyopneumoniae®) 73-%- 30~40 kDartol9] 670 Wit n|oksAL Aol Hkg-S &%
& Ao g2 Yehy o] FEo] speciesEo]ZQ] vl g2 datET)

r

i

[

<

of
52

M 1 2 3 L 5 6 7 8 9

225k —

76k —

52k —

38k —

a9 4-13. M. hyopneumoniae2} M. hyorhinis®] Western blot.

11 E70A Az§ 34 B9 e

- OMP&Y & AM&3F ELISANX = M hyopneumoniae Mhp)2} M. hyorhinis Mhr)& &
7ol AFte Az FHEHLS A2 wapdkgo] =4 Yeld. I8y r-P4A6T IS

A2-3F ELISACI A& 508 3| A1S A 9etas= M hyopneumoniae] T A4 Aol

g wAREg-o] §lol M pneumoniaedl E-o)H 0= Wh-ES &



- A =3 AP AH S OMPU whole bacteriadl] tiafjAs= A2 wxphkgo] & Ao=w
UESIL o] F 7FA] Mycoplasmaoll Al &3] UEhus @402 7]E9 HiloA
dHA A wEbA wAHESe] B B Az WHE ATElA AEA FAE8EH

3% 4-8. M. hyopneumoniac®d ol st ¥4 A A

&84 MH r-P46 Coated Plate MH OMP Coated Plate

#i<= | Mhr-1 | Mhr-2 | Mhr-3 | Mhp-4 | Mhp-5 | Mhp-6 | Mhr-1 | Mhr-2 | Mhr-3 | Mhp-4 | Mhp-5 | Mhp-6

50 0.197 | 0.411 | 0.690 | 3.419 | 2.860 | 3.385 | 1.191 | 1.275 | 1.354 | 1444 | 1848 | 1735

100 0130 | 0.205 | 0.356 | 3.394 | 2.243 | 3.008 | 0.967 | 1026 | 1107 | 1179 | 1.555 | 1.378

200 0.093 | 0129 | 0.207 | 3.195 | 1.555 | 2.410 | 0.648 | 0.696 | 0.738 | 0.828 | 1.255 | 0.978

400 0.076 | 0.090 | 0.138 | 2.657 | 1.022 | 1.779 | 0.440 | 0.480 | 0525 | 0.560 | 0.857 | 0.628

800 0.065 | 0.078 | 0.09 | 2051 | 0.610 | 1.126 | 0.279 | 0.314 | 0.330 | 0.338 | 0.574 | 0.433

1600 0.051 | 0.061 | 0074 | 1.301 | 0.357 | 0.667 | 0.171 | 0.190 | 0.197 | 0.213 | 0.358 | 0.253

3200 0.053 | 0.059 | 0062 | 0.743 | 0.204 | 0362 | 0.116 | 0.119 | 0.128 | 0.143 | 0.211 | 0.164

6400 0.049 | 0.054 | 0.054 | 0421 | 0.126 | 0.207 | 0.087 | 0.088 | 0.093 | 0.098 | 0.130 | 0.124

12. RAPDE o] &3 M hyopneumoniae genomic variabilitye] 2§ (AH]H-)

- Vicca 5(2003)°] 3xdk =8O ostA M hyopneumoniae®) HElFE G SE random
amplified polymorphic DNARAPD) #41& AAIRH A, WAl v &85 %9 RAPD
patternell A 5,000bp=271¢] band7} #z=EY WMol §le ¥ 5000bpe] =717} §le A
o2 Yesith 12y 5,0000pe] =S SFsks AleT oFo] HiloAs BEHA U
(Hong et al., 2005 Nathues et al., 2011 Stakenborg et al., 2006).

- 2 dTelAe 71 AAHE WA 7Y EelFellA 5,000 bpZA oA Hl-g- 3w
MEE ZZ3E 5= QITHIY 4-14). 18 RAPDE o] &34 5,0000p3 SE3+ Ha)37}
Bdolele Aaket 4719 SDS-PAGECIA 181 kDao] W=yt Qe 1A £e59 7
o= AWE IAsHA RSk wWEkA B AelA A2 50000pe] HIEE Viccaso| HWEFH
el bE Zleg Alsd:

- 1300bpe} 500bp=7]e] WMEE 2E ReFolA AEHACE Eg 1,700bpe}t 900bp=7]e] M=
= B2 MhpEeEFolA AEF) vf$ o2 =7]2] 733t intensityS X.o]= band pattern©]
RAPDS] &4& oA vtk oild sfelat fASHA sLsdolA et —‘?'—FJ = At
ol = AZ & RAPD HH& Hol= w571 BEH 5L s = AE & 713
o] MhpelF7F Zd=e] Ad=ol F590h

- A% RAPDHH o2 BA% A3 571 J5¢ liite]Feh= 35.5% RAPD variabilityE X

=



o]al 9t} Stakenborge 501D A2 o2 yelolA Eel® 25 Alelo 50% variability7}
ATkl B3kl Nathuse $(201D)-> H3HQ1 ARakal A1 ARgkS aigste] 45 4
Alalof ghoar A|Qksiith

- @7 gl 9 RAPDIE A3E tidCZ BionumericE4]S AR Ay} 71Ee] Hae} vzt
T2 WYl wet EelF7) dusteringS 1A &= A0 E UERGTHCalus et al . 2007). &=
3l protein profile®4]3} RAPDEA]A3}ol| w}2 typing®] 100%YXSHA] = Ao Z YEeRITY

A kv vl iy L Wrropdmmsr kvordmib

1% 4-14. OPA-3 primerE ©| &3y MhyopneumoniaeS} M. hyorhinis 2252 RAPD profile

advd du'n

advy du'w

[%0°001-%0°0] (%0°0<S %0°0<H) (%0°L-%0"} 1o1) (%00°13d0) 821a

13. APDE ©] &3+ M hyorhinis®] genomic variability2] #2] (A]+)

- 1% 4-16= Mhre] RAPD €3} phylogenetic treeE 743 138 o|t}k. MhpEa|5$} Bl
g o AEHe MEaTE ga A2 AR YEsith Mhrll-2E 257 & a5l H
& 74 o2 RAPD #|8-& et 1,100bp, 800bp 2 700 bpe] =7]e] ¥i=7} Mhrll-2
£ AQstaie Be EYFoA AESHAR 1,700bp=2719] 743 intensityE Hole W=
Mhr11-6&2] ol ARt A2 = Aok



- Mhr 27717259 vnE o ) MhrEel 3kl & 37.7%2 o8-S Btk AR
& FOA ATUA 2 F3E8 T8-S Kol Mhrie|sr Btk

- % 25(Mhr6-33} 18-DellA} 3,200bp =712] wiert BRE Y 2059 FalFolA 4,000bp
o} 3,200bp =719 W=y} #FEFHAG Mhrll-682]F2 H$ =717F ©& 3,500bpet
2,800bp=71¢] M=rt HEH ATk

- Y A EElE BEaE suEtE SYsHAl UERA] @gkth s sElo] YERY
= oule EEA A Zon 53] yUd b M= A&5H A7 Fesith

G siEe] ogk B-F<} RAPD diEel 93 B/ 100% YxIsHA] &uth

advd 4

advd W'

[960°001-%0'0] (%0'0<S %0'0<H) (%0°'L-%0" L 101) (%00°L3d0) 9010

U
uw
W
un -
uN
uw
U

== =2 = §7 == £ = = === 22g2£E=2
= - o o0 = = o0 =8 =X o0 = o0 = —u =0 == b O
3330332233332 2na2nIninsa
R T 2 T N IR N I R i v i e S T o
~l
19 4-16. RAPD profileS P2 3+ M hyorhinis®] UPGMA cluster analysis.

14. Mycoplasma &8 F2] 249719 £4] (AH)

- Bao] &b Mhpe] WMol ESF5E AFHAAY F44
2 93 ATk we2bA Mhpe] 7% protein profiled Al B 1Y FFHV)FE Al@ T
A7 T As =3 ds] 918l At POollAe] &7t} St AltHai g Fof o
7HPD)YE HEAISHATE o] Aif= 3 4-9o YERATh o] T 1Ude] A9 PoollA 977t
A 1070]3 o2 A el 1eu PhellAle 233 9 2]
F7F O Bdth o] A EeFTF Al@dY wiAe] AHgo] HA ot ST g

o2 Az weha] HAF RS0 Mkl Protein profileo| A THYUAR #55
POANM = H77F A Ukal PSollA = 7P 4] fAEE As BASFEFY AT 7]
O Atk o] obd IR EElFo A% PhollA SAATIE SAEHA T

- Protein profile 240j4] 181 kDae] M=}t 7AZwo] THAdo= Zag Mip 1
T =2 CCUS Ryt

{0

-

&‘ﬂ

PN o
T ds

N

(@a]

=z 1
To B



F# 4-9. Aulek POSt PS5l XS M hyopneumoniae (Mhp)E-2]F2] 47}

Strain Virulence Titer (CCU/MmD Remark
No. PO P5

25934 | Std strain 3.5 x 107 5.82 x 10’

NSM | Vaccine 4.45 x 108 3.22 x 10°

1-4 HV 5.08 x 107 7.74 x 107

1-9 Cannot measure ND

4-3 7.18 x 107 5.82 x 10* Candidate
4-5 1.63 x 10° ND

4-8 1.56 x 10’ ND

4-10 1.89 x 107 ND

5-2 HV 4.45 x 10° 1.58 x 10®

5-3 HV 3.62 x 10° 2.87 x 107 Candidate
5-4 HV 2.31 x 10° 2.67 x 108

5-10 2.59 x 10° ND

6-1 HV 6.22 x 107 2.87 x 10°

6-2 HV 4.67 x 107 0.52 x 10°

6-4 HV 1.91 x 10° 6.22 x 10*

6-6 9.2 x 107 3.62 x 10°

7-25 HV 5.8 x 107 1.59 x 108 Candidate
8-5 HV 1.59 x 108 1.03 x 10°

8-9 1.91 x 108 ND

9-2 4.67 x 10 1.59 x 10°

10-1 2.87 x 10° 1.91 x 10°

11-1 3.62 x 10° 2.3 x 107 Candidate
11-5 1.59 x 107 ND

13-3 1.63 x 108 5.82 x 107

17-7 1.23 x 10° 6.22 x 10°

18-6 1.20 x 10* ND

19-3 1.23 x 10 ND

19-4 2.8 x 10° 1.59 x 10° Candidate
19-5 4.67 x 107 Cannot measure

20-9 1.15 x 108 3.50 x 10°

22-2 1.23 x 10’ 1.91 x 108

22-8 1.15 x 10° 2.87 x 10°

23-7 1.15 x 108 4.67 x 107

23-8 3.5 x 107 ND

23-9 6.22 x 107 1.15 x 107

26-3 4.67 x 10° 3.62 x 107 Candidate
26-5 1.91 x 108 2.87 x 108

29-1 HV 6.22 x 10° 8.42 x 10° Candidate
35-2 6.22 x 10° Cannot measure

35-8 8.42 x 107 ND

ND: Not done. HV: high virulent strain by protein profile.




3£ 4-10. AlueF PO} PSS M hAyorhinis (Mhr)22]2] 47}
StNr(eSn Virulence B0 CCU/m . Remark
27717 | Std strain 9.82 x 107 6.22 x 108

2-1 1.15 x 10° ND

2-3 2.08 x 10" 2.1 x 10° Candidate
2-8 2.31 x 10 ND

3-5 8 columns 1.38 x 10’

3-10 7.74 x 10° ND

6-3 2.98 x 10® ND

7-2 Cannot measure ND

7-3 1.59 x 107 ND

7-8 Cannot measure ND

7-12 9.82 x 10° 9.8 x 107 Candidate
7-14 2.31 x 10 ND

7-22 Cannot measure ND

7-26 5.82 x 107 ND

8-3 Cannot measure ND

9-1 Cannot measure ND

9-3 Cannot measure ND

9-4 Cannot measure ND

10-3 3.62 x 10* 3.62 x 10*

10-10 1.38 x 10° ND

11-2 5 Columns ND

11-6 2.8 x 10 1.63 x 10° Candidate
15-3 Cannot measure ND

16-1 9.82 x 107 9.8 x 10 Candidate
18-10 2.31 x 10 2.3 x 10 Candidate
20-5 Cannot measure ND

21-6 3.6 x 10 3.6 x 10 Candidate
23-3 2.31 x 10° ND

24-6 3.0 x 10° ND

24-8 2.26 x 10° ND

33-7 7.74 x 10° 1.89 x 10°

36-2 1.15 x 10° 1.2 x 10° Candidate




15. rLTBR1¢] && B 34 (AH)

(1) P97 adhesin A=} Itbr1e] PCR ¥ sequencing

rl gene¥ eltb genes PCROl o3 FZAIx1 A3 o43g =719 27034 320 bpe
amplicon®] Z}zF AE S AHIHE. 4-17A).

AFEs BanHIoZ &3+ FH, rl sequence= eltb gene®] downstreamZ:ol T4
DNA ligaseS AF&3le] A4 AT pENTR/SD-ltbr1e AHal7] )& colony PCRS
AN Ay, AaEE =27]9 918bpe] ampliconS &H¢lstAtH 1™ 4-17B).

Site specific recombinations A% ¥, o)== =719 pETDEST42-1tbr1¢] clone
< colony PCR& AFg3le A3 H Y. pETDEST42-ltbrl clone®] PCR products=
935bpA7| 2 dXF =79 2 4-170).

Itbr] geneo] 4+J¥ pENTR/SD-ltbrlzt pETDEST42-ltbrle] @71MdLe BAF 2
eltb gened} p97 gene?| rl region ¢ F7]Ado] 100%Y X st Ao 2 YeET B
ATZAAE FZH r1e 5-amino acid tandem repeats (AAKPV-E)E 11 copy’} @
Aoz LA

i)

M LT R1 PCR

1000 bp

1000 bp pENTR/SD-Itbr1 918 bp

—
—
-—

—

- LTB 320bp
300bp - - R1 270 bp

300 bp
100 bp

100 bp

(A) ‘ (B)
M D1 D2 D3 D4
1000bp

pDEST42-Itbr1 935 bp

500 bp

300 bp

(©)




a4

4-17. (A) Amplification of eltb and rl gene by PCR. (B) Colony PCR of
pENTR/SD-Itbrlclones (C) Colony PCR of pETDEST42-ltbrl clones. M - Bioneer 100bp
Ladder; LT - eltb amplicon, R1 - rl amplicon; Cl to C4- Colonies containing
pENTR/SD-Itbrl plasmid; D1 to D4- Colonies containing pETDEST42-1tbrl plasmid.

(2) A =3 rILTBRIG Ao 2d, FA R &<l

A7 EdZ EA(Dnastar Lasergene 7.0.0) g+ rLTBR19] ol¢=~7]+= 25.5kDacly E
coli BL21(DE3)oll pDEST42- ltbrl plasmidE A H&A21 & &BdHAZ] A3} oF 29kDa
7 3pkDaz7]1e] M7l AESHAJAHTH 4-18A). A4HE F71¢ & olf& 7|&
o] RytE rLTBR1¢] =¥ o]jFujE oz ks tiConceicao et al., 2006).
R1 region®] repeate] &E#)3st= lysine3d} repeat®] conformationo] SDS-gelol A ©H =
9 olFEEE TaNZ F Aue AL ol Ko el @A M7 FF
Aol A ofm] YEFET
Ni-NTA affinity chromatography-& &3 rLTBR12 AHA|H Y1 d-s=e] ohzFe] |23
oA & AASFIHIH 4-18B). REnlkel o] 299} 35 kDa=7]2] rLTBR1S
gelstith. rLTBR19] A4k wjeFe 1LY oF 9.8 mgol A4k, AA = At
Western blot analysise &3l rLTBR1¥-S <3kt anti-6XHis MAbDE AR-8-3l
29¢} 35 kDa =719] rLTBR1& ERIstAHIH 4-180). olfr= o] A= dwdo]
His-tag¥} fusion® o] il ]2 53 anti-6XHis antibodyoll o] ZAgtE 7] wj&o|t}.
Anti-cholera toxin antibodyE AF&3tH S 4¢ A8 & A &3¢S 4% 35kDaza
1R A 2 37|18 Mert HEFH =0 o]+ rLTBR1e¢] oligomerE dAst= AL
2 A" E 4-18D).

@ "= AE

(o]

AA Az dds 33 HETS AS viA 2 ERE WAHITAS T A
Z AF3}AHY. HF A 7= 2o+ anti-rR1 IgAS =3 3}7] $J3H, tracheobronchic
washing< 433} thHDe Haan et al., 1998).

webs] B ZAde rLTBR1S AFF < Ido]l FIHHAT. FaR21al P97
Mhp7} &&7] AR F2sl=d o] key 9&S dhMinion et al., 2000). =)
rLTBR12] systemic 3} local immutyE vh$-2olA EAZo] At} o]F =AM =
A UdE g & oAAFo|t.

rot

240



kDa o

22

70

ILTER1 a5
i ILTBR1 28
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(A)

(C) (D)

13 4-18 (A)lnduction of rLTBR1 with ImM IPTG. (BINi-NTA purified rLTBR1. (C)
Western blot analysis of rLTBR1 with PAb anti 6X his antibodies. (D) Western blot
characterization of rLTBR1 oligomerization with anti-cholera toxin antibodies. M - Protein
marker; NI - Non-induced culture; 1 -Induced culture; E1- Elutel from Ni-NTA
chromatography; NE1- Non-heated rLTBR1; E1- heated rLTBR1

- M hyopneumoniae ¢ ZF4el %7]o)A 23 WA= TZIVUE IE} T 557
Aro) BzEo] HEe A FAHoIth o] HAHo F2 R2A (adhesin) S 2+
&3t P979] R1 (AAKPV-E) repeat’} A=l &A1 A%< FohMinion et al,
2000). A3 B o] AFAAEZERYH AR gEEHUA oA HSs FESH
HHDeBey and Ross, 1994). P97 adhesin® B YAAo] & oz FHA oA o
of W3t A7} A o] FrkKlinkert et al., 1985; Zhang et al., 1995). =3 3] E-7]
A Aol A= R1 repeat o thst A7t AEFot REAEJAHMinion et al,
2000).
£ whole cell E&3}alo)= P70 thal A4

THEAT. 23 ol B R AESt

W Eo8 FZ=3la Qla, PI7 o] MAFFE Ahujd

St B &AFE AR ¢#A JokKing et al, 1997). wEbA PI7TES wiile)
FHEOH a7 O S 7S WAl B £ S ZoE dudrh

il £ 537 fld & dAFHAAE g AR AgS uF

—’Fxoﬁ}oﬂl P979] Rl repeat® thAFolA LHAA HAT T A4 Axsn Y= B
i3k A7} okl Mhpe] Zgdel &3¢l o

T Aot Jlrr/}ﬂoi AAE FFstA
= & 98mg/miEA 7]EY Riu" F&3} FASIC
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(10mg/mD (Conceicao et al.,, 2006). £ A oA AZ2teE P97 11 rl repeat= o] Fo
2 Ao FAHUTE A mo| R2E7] A= HA 8 RI repeating unite] 2 23}
3 Ao A= 7]198A= 3 repeating unit o] ofokwt FtHMinion et al., 2000). wh
Al B dAFolA Alzd @A IARSS &olstA FEE F e

dEth. Az rLTBR1S western blottingoll ol&f E<l=dch. @A) o] o
oA e AR H w44 WIdAdS Brtsta e Folth o)™
)

A ddE d9E-S whole cell bacterine] H7FstAY &2 ABERFUE WAooz A}

16. M. hyopneumomniae$}t M. hyorhinise] E23} WAl FFo At

- Mhp¢] 7% Protein profileo| 4 2] 181 kDa ¥i=7} =% 11 Protein profile?} RAPD
oNA 714 EHN FFF FA40) M TS FFE 5FF LS WAFRR

F=2 AAgsant (G 4-1D.

N

»

3 4-11. Mhp EZ3}y SR FF 9 A7}
Group Isolate CCU/ml
Mhp-1 Mhp5.3 10.3 x 10°
Mhp-2 Mhp6.1 8.4 x 107
Mhp-3 Mhp7.25 15.9 x 107
Mhp-4 Mhp10.1 11.5 x 107
Mhp-5 Mhp23.9 6.2 x 10

protein profile®} RAPD £4 27} 2 F24

- M. hyorhinis®] 23l =
252 B4E 5FE MAFRIFZ AU PHE 4-12).

Aol A ol A tHiEE

$ 4-12. Mhro] 283} 92 FHFF 8 47}

No. sample name CCU Z1t (logl0)
1 6-3 1.59 x 10"
2 7-3 842 x 10’
3 10-10 1.89 x 10%
4 11-2 5.82 x 10°
5 11-6 6.22 x 10




17. &=

18.

Hol|F2 AZ (AF)

rﬁi

A M hyorhinis®) 7% 3+ /M ts mutantE A@EQ o™ M hyopneumoniae= X3
olty. Mhpe] A-¢ 63] ol AEsAEH AFeA XA @A M hyorhinise]
S 3 709] ts mutant (Mhr 10-10)E A&t o™ M hyopneumoniae= X3 = o]t}

ol off

g FAZA L vpolmETt=nt WA FAe pulse AA=A FH (FF D

7b FAGA Y g AEZEAAA, CDllc T =A

CD11c+staining® FACS 44

A. FITC control B. FITC-labeled anti-CD11c mAb

a9 4-19. Immature DCs¢] MEZZEHul#, CD1lcE: I3k 27

Ao F recombinant mouse GM-CSFZ o] -8}
6-104 7t widsldtt ETAEE BZ2FE v 5 U Axrt 2gFHYE AlxE
o 7hsAol o Ado Ab
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- FITC &3E+do] 2249 anti-CD1lc monoclonal antibody(mAb)E AF&3} 3L HA o)

©] 3t nonspecific ¥F-& F-5 <13t7] $3) streptavidin-FITCE thz&T 02 AH8-3H%
o Ag4da¥ FITC control(th &) F4d%7F 2.23% %8 3(2H 4-19A), CD11c-FITC+=
94.3% At WetA B Ao AMEH MEze FAGAIEZ E£HuA Q] CDllcs 90%°]

A wEsE FASAZYS SIS

- FACSEX A FAAMEL 3G cell size(FSC/SSC)ES &<¢15}9) 12(data not shown),

inverted mic1roscopeQ o] &3l FAGAMEZY ARE #FFS vl Jo(file sizert AHA
not shown). EFAEZ Fefo] FAGHNEZE st faf Agste AZERAMAR
= CD11c®]e MHC class II moleculee] a1, B AFo|Ax AF8¥ TLR agoniste] 4
SaANE =437 3 CD86E o] &F T}



. FA3A o mycoplasmad | *2] A] TLR agoniste] &3}

; MTT testE& o] &3t AEE =4
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i
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011 033 0.22 067
LPS (pghnl) PGN (ugfml) Zymosan (pg/ml)
19 4-20. Mycoplasmav A A 2]® A A E A TLR agoniste] A=&of o)t &3}

- WgE FAAANEZE 96 well HjF plated] 5x10' cells/welld] ¥52 setupdt %
controloll= 5% WX qF, Myco onlyell= Mycoplasma hyopneumonia TAHS 5%V/IV)Z,
Uz A 2Tl Mycoplasma TAE 5%vIV)S *8d F Z+ TLR agonistE s =9
2 Agstdth 293 gk & MTT solution®} 10% SDS 843 A glste] 590 nmell
A FFEE SASAH

- TLR agonist®] %+ ©E research groupoll A FAAAE L AGNZEE AL 4

3 Ao A= LPSE 1 pg/ml, PGNE 2 ug/ml, Zymosan-<
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o], PGN3} Zymosanz] 2l <=o|3th. o] A= —rE1 Mycoplasma## 2 = 2] g

A} SE BlE3d TLR agoniste] A& A AEL 2718 BAIsIPD F
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t}. wlo|ZEet=ul #A9} TLR agonistde] & FAGAMEY AZEH npA IT@

imDCs Myco
8 8
8 349 = 416
28 23
GE 8¢
8 ]
= o
100 10! 10® 10% 10 0 ol and agd qad
. 100 10" 108 10° 10
Myco + LPS Myco + PGN yco + Zymosan
S+ 8, 8
2] 160 S 173 9 719
234 28 23
257 5 ] 3
AL 895 oF
&4 83 &
g_: = J (=]
10° 10" 10% 10% 10* 109 10" 102 0% 10! 100 10! 102 10® 104
FL1-H FL1-H FL1-H
MHCclassl ———
imDCs Myco
o ]
= =]
2 59 o 94
(11%) (16%)
w2 w2
— 0 = D
ie e I —n
oY Q¥
& &
o =
10° 10! 102 10° 10*  10° 10! 102 10° 10t
FL1-H FL1-H
Myco + LPS Myco + PGN Myco + Zymosan
2, g, g
o3 97 8_ 115 L 278
: (18%) ; @1%) | = 29%)
237 % 24 n @
c - e =3
323 e I 06 ] B
O¥7 0¥ ov
GF SE 8
== ] [=]

109 101 102 0% 10* 400 Tipt 402 103 10 10° 10! 102 103 10t
FLI-H FL1-H FL1-H
CD86
a9 4-21. TLR agonist7} A 2l€ FXGAxE w4 MHC class 119} CD862] &

MHC class 2} CD86<2] & oAl Zymosan
class II, imDCs+= CD862] &

=

3T

Aol 7 =3kal, LPS A el MHC

o] A & FolA 7HE U



19. T =79 FAZAE EFu Y, HIRAETRIY] F7F 3 A =
a7 @#HE D

7} FAGA E 2] syngeneic FZ T Uit FLAA S SH

1.4 r

1.2 1
.é“ 1.0
& —=— ContDCs
L 081 ——Nyco DCs
E 0.6 - ——MycoLPS DCs
= ——MycoPGN DCs
O 04r

021

U.D 1 1 1 1

370 1,111 3,333 10,000
DCs/well

7 4-22. FASAES} HZF9] cocultureE 3+ Mycoplasmadh- A Al 5

- GutR o2 FAGA LY 7]5S AS3F=1d antigen-presenting capabilityE 4 gt}

oluf allogeneic HEZTE FAAAES} coculturedted FZ 9 F21%8 =AH3c} v}

25 o83t 7-¢ Balb/c frefe]l ®aiztel CS57BL/6 e FAGAMETE AMSH

o I8y ol F A A2 Ad Ao w g 4 9l allogeneic &

ar s o= FAJAELY sES FAs= Zolth

- B A3oAe g HdA Fddd did WANEEs 5H0 % §hr] v =T
TFAZGAEZ BF ZE Fo vpe2E o] &l cocultures AT I o] Ao
A zymosan®| FAAAME A3 HAErE AH oz oFs] TLR agonistZ LPS2} PGN
< A3 FARFHEA A ST

- B A FLAHEE A &Ee UlRxT FAAMEContDCs)y  Mycoplasma
hyopneumonia A% g3 Myco DCse iz oz vre YI P Z258 Ho
N FAFAMEY FAAAN o] Fee & 7 AT L LPSS PGNA g+ T
Za3 Myco DCell M8 £& FAJAE FdAANTS B o PGNAgwo] -
ARG EL] AA FEANA w2 HEF S TS BT
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. FA3A o mycoplasmad | *2] A] TLR agoniste] &3}
: ELISAE o] &3} interleukin-12(L-12)2] A4+ vl

0351

=
¥
T

0251

015

Optical density
=
[ o]

=
[y
T

ST n.d. n.d.
U 1 L L

Control Myco only LPS PGN Zymosan
1 pg/ml 2 ug/ml 10 pg/ml

3% 4-23. Mycoplasmavt A A &]€ A& Z A4 TLR agonist]
[L-12 A 4Hso] thdk &3} Non-detectable (n.d.)

- wjkE FARAZE 96 well Bl plateo] 5x 10" cells/welle] 52 setupdt & control
o= 5% wiA|w, Myco onlyols= Mycoplasma hyopneumonia #zﬂi 5%(VIV)Z, YA
Agoll= Mycoplasma #AE 5%(v/v)e A&gg ¥ 7} TLR agonistE FE=E=E A&}
ATk 247 WS ¥ vj¢F supernatantE 3]ste] [L-12 A4ks Blalo] o] &3FATH
ELISA+= mouse IL-12 specific antibody set& AF83}5.2™ microplate readerE ©]-&3j
450 nmollA FF=Z =439

- [L-12 "HYol EFIRIL innate immunity®} adaptive immunity EFolA F23% &S
st FAAAEY} M EZE v 23 Fo FAAAIAE (antigen-presenting cells) ol A1
gt} B3] A o7 A A Y (cell-mediated immunity)ol] F8 MWolEFICIo R g H
2 WAl adjuvant 7N Al FR|GAIES] A Al 5(antigen-presenting capability ; APC)
=43 A F8 parameter= ARE-H T}

- AP AT LPSO] IL-12 A4kso] 71 =gkom PGN zymosane Atz o2 Ao Ak

58 B =3 wix|vre g3 controlid} mycoplasmavrA A @S [L-12 &S
sk = glo] IL-12 AY4to] R ¢k Ao =7 FAotHET o]= mycoplasmaytA AA =2

4

o
$L

% e
= FAGAEI}L IL-128 AAE F dE& AEE GASA77] FEL #AAEE 9
3] TLR agoniste} 7+ adjuvant7} HF=A] B Q3lth= AME S RAFE AAE AIRHY



t}. Commercial bacterin, Mycoplasma, IMS1313¢] =X|dA| x| g &3}

: TNF-alpha A4bs3 MlZxef Az

- AA fieldoll A AR&SAL = HA] wlolZEekRu WAle] APC Al=S5& &otir] 9
& FEATFAC FYMA(F) O ZHE] Sui vaccine(JooAng Vac)E gt
bacterin®. & A3ty Mycoplasma hyopneumonia #3% A5 D ¥HHo| 7&Eo] 9l
= W2 FYNUEFCZRE I & ujddde] 234d FHE ARSI oH
IMS13132 ol A = Aol Ab&ste A Q] WAl adjuvantE2 A FGRA(F) = HE

Firol Ay ALg-gth

- FAGAE S A NFEAES 44 AT § AZujAE 34ste] TNF-alpha
of gk ELISAS A A8tk TNF-alphas innate immunityS <

ARl E7QI O 7 FAGAEL} YAME FollA YA FAAAAMEZY

o} commercial

Ql

=

g gtold 4= Qv+ FQ parametero|th.

L
N

il
J&ﬂ

# 4-13. NE=ZE AP § FAGAIZS TNF-alphae] A4beF ¥la (F9): pg/ml)

dHof tjg A4 Sui vaccine Mycoplasma+ <} IMS1313
3" g 120.0 7.7 17.6
3% 34 120.3 9.4 9.6
3 34 121.8 7.7 7.0
3" 34 124.9 6.7 6.7
3 34 32.8 6.7
3 34 8.7 6.5
3! 34 6.8 6.0
30 34 5.9 6.0

it

- A3¥A¥ Sui vaccineo] FAFAZo|A TNF-alphags 7} ®ol A4AIFHoH T
gl Mycoplasma <3 IMS13132 w]ekgh AJ4bs& H o). Mycoplasmae] Y
< ATl x3HE HEGAo o3 FAGAES] o] FEgFES WS T
Mycoplasmaw##| ZA|7F FA3AMx2e] EAHSE FEsHA ol TNF-alphae] AJ4tho]
HefS 7HeA ol At

- FAGAE Ui Ald=2el *8 ¥ inverted microscopel.Z A ERFS
A3 Sui vaccine®] gl 37 dilutionoll A AlZ7} AolglE Rgo] #HFH

]

IMS1313¢] ¢ 3 3 3 mE A7t AL $HIAAYLH FodEs mFo



Atk (3°-3° HHHe AMEEAge o3 TNF-alpha ZAHE 3HA 2US) weEbA
IMS13137} AAx+A © 2 TNF-alpha®] AJ4to]l mlekgh ol = A FX Aol gt &4
3l 58 F= Bk AFEAAATE A sE o dolA AE=AHol AS TheAdel A

oz Andd,

O

N

1
T

20. FAGALS wlo|aEehzr} BAGY GAH 25 B AT (F D

7h FAGA 2 FAdHH s it TLR agoniste] &3}

- Myco-FITC +imDCs - Myco-FITC + LLPS

(=] (=

o 302 o 567

(19%) (27%)

& M1 z I M1
8¢ 32

& &

(o] o

102 102 104
FL1-H FL1-H
Myco-FITC + PGN - Myco-FITC + zymosan

L } (=]

- 479 ~ 300

o =

(21%) (17%)

0B ! 0 B |
€ ! M1 = | M1
82 G

& &

o (=]

10° 10! 10° 10° 10?
FL1-H

1% 4-24. FITC-labeled mycoplasmad A& ©]-83 FAJA L] FAet2 5 =4,

- A AA Zol| FITC-mycoplasma A (Myco-FITC)S A 2]3te] g2 A7 Az} n)Al<
FAFM ol H3] LPSeF PGN A glwro] Bt & &4l5S B o, zymosan
AP 2T vl E2les BATHMEI® positive cell ratio =), ©o]&
Mycoplasma hyopneumonia 4-AE &9 sourceZ F73tR<= o TLR agonist 5
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LPSe} PGN7} A G A Zof & A M E S FAE 2
SRANL Aoz o).

1% 6914 histograme] 2EZ 9| Szl mean fluorescence intensity (MFDE UERNH
AAMEY] HAYFAEE el B35 %= JFFHAE 2ol &4 oz F
A= AE HHE A3 A I ratios 4338}t positive cell ratio (M1)o] T,
21. TLR4 &5 AR! LPSE ©]&3 vh-¢-x, HA HFAE (in vivo), AR HF
A (n vitro) (% 1

ol

7. vhes AEUY

| | .

-4 s 0 (weeks)
MH/Alum/LPS injection —
Serum and Spleen cell harvest — @

I3 4-25. vF$2~ A= schedule

up-- oA Mycoplasma hyopneumoniae (MH)$} alum, LPSe] ¥W2l &35 &dolr 7] ¢
3 HE:S AAAT. thZE(contro), MH only, MH+Alum, MH+LPS, MH+Alum+LPS 5
TOo8 o HFeRoH 25 AR 2¥ HIFS st 25 Fo 1 HYay
of g d3d-& AASAh

U the-2 Ao MH SolHe 9228 §F 24
100000000
=
%; 100000001
= 1000000
@] 100000
=
P 100007
5‘5 10001
2
= 100
1
= J
2 Al n.d.
0
Control MH/Alum MH/LPS MH/Alum/LPS

a9 4-26. vp-$-2 A A MH-specific IgG A=



MATREZLS T ¥ HAEI 5 237 Ad &, nfers 3APAZ 5F AL A3
Aot @A WS Mycoplasma hyopneumonia (MH) 5-©] &< IgG<}t IgM& ELISAH & ©]
&3t SAsFH . MH-specific IgG= MH only, MH+Alum, MH+LPS, MH+Alum+LPS *
ANA 2EF Yeyton MH+Alum3} MH+AIum+LPSE A &3 FollA 713 =4 eyt
StA| T LPSell 9|3 F7Fad= vEhbA] et

100000,
2
=11}
2 100001
=)
= 1000
3 |
[Rh
<
= 100
]
&
% 10
=
=

0

Control ”\/IH/Alum MH/LPS \IH/Alum/LPS

19 4-27. npg-2 @A oA MH-specific IgM
MH-specific IgM& 2& oA Yeytem o] =3 MH+Alum, MH+Alum+LPS < of 4]
74 =4 dEbgth gMe] ¢ MH+AlumYF £3589 S wRoh LPSE 4 Fo319

S 759 MHAUMLPST oA 714 o] A4sE 2e & & ok,

ot A9H vAME N A 2 FAAIAE

0.8
0.7
0.6
0.5
0.4
0.3 ]
0.2
0.1

0-

B No MH

OMH stimuation

0O.D. at 570-650 nm

Control MH MH/Alum MH/LPS MH/Alum/LPS

19 4-28. MH& A=l 9|3 HAAxE A& W3}



up9-2~ BIZAEE harvestst] Zt &+ WE Mycoplasma hyopneumonia MH)E 2] sEA
At & £ 49 3 skt

H|AA| o] BEES MTIT(E-(4,5-dimethylthiazol-2-yD)-2,5-diphenyl tetrazolium bromide)
assayE ©]-83te] Lottt MHE AelshA] &3S Afole 24 T2 Z AolE HolA
ot MHE A2ldk 749 MH+Alum# MH+LPS, MH+Alum+LPSToll A o 4&8-S et
Wek ol phezoll HET WAFESA o] MHE A4S vl Z7F A 2]oll4 MHO
ol Ap=& ol 1 AEE0] FUIeE Zlolth

Control MH/Alum MH/LPS MH/Alum/LPS
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a9 4-29. MH3 A=l g CD3, CD19 443 HIZA|Z e Hl & W3}

MH stimulation®ll 2J3s] S7}sl= BIZFAME2] subset populationS €olR kT HAISH
o] HFH vle-2ZHE HANEZE AFHSP I proliferationd =5 ZA3H7] 930
FEZA o] d£2l carboxyfluorescein succinimidyl ester(CFSE)E *]&l3t$t}t. CFSE &4&
e Axzido] MErE O o] gopxith. H|AZAMEE culture plateol| setupdt

E AstAY AgstA Fa 49 IF widd & CD3¢F CD19 &A1& ©]-&3fl staining
S HAAEATE 9 dot plot datadll A quadrants $9% 99| percentage= subset, & CD3
= CD19 positive Mol WA proliferatione] LAIHA @ ME 2 on]dit)



controD-oll A= CD3¢} CD19 positive celle] S48 M ZESo A W3lrt e

o=z
HH, MHZ7F JEE0d vhg-229] ¥AA 2(MH) Al A= MHA=of w2} cell population
o] Z717} YEbdt) CD3 positive celle Atz oz oFsl Z715 RYg oy CD19 positive
cell& n vitro 7gollA] MH A2l w2}t proliferatione] &4s] dojys= AS & 4+ ATk
£3] MH+Alum3 MH+Alum+LPS o4 ¢] CD19 positive cell®] Z717F &A3] YeRS
o™ MH+AIum+LPS o4& MH A 2l& 3HA] &2 AEZoA %= CDI19 positive celle] =

7 yYElgt ol phg-2o] MH+AlUm+LPSE HEF & AA] oA CD19 positive

| .

celle] #3} L F2o] P oGS ojmdch
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MH-specific IgG
(0.D. at 405 nm)

a9 4-30. B A E v koA MH-specific IgG A&

o7 U3 setupoll A AENL 3]48te] MH-specific IeG A4F A=
MH AZFo] $1& A$ol% MH+Alum, MH+LPS, MH+Alum+LPST ol A& =

=

IBG B¢ RATh AW MH A52 S 4% 1 APl 6 Frkshark

£ Yottt
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OMH stimulation
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2.5 O MH stimulation
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a9 4-3L WA Z 23 WYMo BT A4t

MH A}=oll 23k cytokine A4t W3S Lol gkt) Cytokine Ay4F T immunoglobulin

B At vSEA deot, SelsAE MH ATl 91 SRk MH Aol IS
A% -4 TNF-a o] ave] Zhashs Ae S8t

® 414 A0 FED WATHE D) FFH £
MH MH
control Al\ﬁl}rln Alum IMl;/IlHl 13 SuiVac é\gls Alum
LPS CWS
MH ] 100 100 100 ] 100 100
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(1g)
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; i N 250 } i i
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2o 4o e 2k

Foz AgE MHE (F)ZL oA

)

sud ZE9Ho s AMEslE Mycoplasma
hyopneumoniae v+ & sonications}tial YA 2]l E Sl soluble antigen®hs Ao At
839t} Bradfordl & o] 83t ©@wlzd AZFES A & vigld 100 vge HESHSA
otz MH thal IabekEede &g volumeTHE ¥ AT

Alum< PierceAl, LPS& SigmaApol A Fuljdt & A3 Th IMS11132 S x| 2o
AL2-8l= commercial adjuvant®2 (F)s G Aol A FFstHa, CWS (cell-wall skeleton)
+ BCG #AE SAYHUAE 7l&d 2o FHEYdoA saitol AREstTh
SuiVace (F)FdHAl e dFoln AFE AREsEATh
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1% 4-56. iz Ginsanoll 93+ granulocyte %W w79 W)

ool Bl Ginsan Fo A], granulocyte®] ¥H m}7Iel Gr-19] vl&o] Z718t9S
shold <= Atk =3 Ginsan lug/ml Foi* R} Ginsan 10pg/ml FoltollA Gr-12] #H]
o] T Eo} #=EZQ A& & + AU Histogram®| A= Gr-1+4129] ratios e}
Wk A 2o A granulocyted] F7Hs WY YF parameter= o] 85 2= Ginsan©]
AEA 98-S T F Jon Wit 38§ 7FsAdo] s AR AlsH
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28 M. hyopneumoniae®] 71E& FdHAlol g FAIAH s B7 (FTF 2)

7 71€ Ao AdsEL] FAIAL T Bt

3000
2500 1
- frosss
D 2L
.1: 3
L ’
< 1500
2] 1
o oo
500 | l
HRAL 2AlD LB [ Saline Contral
9 4-57. ABEI e WA vk Ao A AT HIt

- J1E Agmae] BARE sebshr] 9js) vhpaclAY Al FHSS A
ool MAHES F F ULA FANE 24T Ay ATzl ve fo4
o] Qe FAZE AAE AL FASAT. Tt Grks W6 gt tha Aolv} 9
2ich

U. M. hyopneumoniae®] 71& Zd WAl U EFHFES E5HI}

T
%
5
I
N
©
)
o
i
o
&
b
K
.
O

- BREENA M hyopneumoniae®] MAFE o

(D ZA 1Y A FAHESTAA e FAH7 H3}

S/P ratio

1Y 4-58. AEE A Qs WAl Al 54 siACA Y A A5 Bt
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- ®A oJYFA S BT AL AED F FANE A TP vhet =AW
2o
o

=
2 Uehgth ey M 29) B9 dEEd fAA @A deb g 2
©2 eyt

(2) ZAo18 FA FHE=TAAL FAH7 M3

120
1.00 //
080
8 /
(o]
OB |, G
a
“ oa0 \'\
020 \ el 003
|
0.00 _ae)eE
158 ST LoF3 1452 T
e KT
9 459 ABE I Qe wale] FAA Xl GA B B}

- RAC| YA FAHET WA HFET F FAVIE AHE A3 0 19 A5 5
FHE= AV A=HA U7 0FFFEH= FA)7

} :
w2 A9 21FHAA MAHT P ol FA AEHA Wk

b mhg- 2ol A
7] ol o5 FE3t= w4ale
29 M. hyopneumoniae W ¥R FF2 &% H7F (FF 2)

7h 12 A" 578 259 wiFSrE UM (97 A A real time PCR¥S| Blar)

- AFEgA N 12 AdE 5709 M. hvopnemoniae 5= ofd] ¥ 13 ) o] o

FE9 Assl dddArE gelstr] el AlFEHFA Y Color change unit (CCU)9

Azpe} 7)Eo TR E o Y= M. hyopneumoniae® real-time PCR WH S & 8319
Both Aol AR&¥ primers$} probes ook 2t}

o%
(o,
12
N
N
Ll
)
E
%
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3 4-15. M. hyopneumoniae &2 45 913 A-8% real time PCRE| primer

Primer/Probe Sequence
Mhpl83 F 5'-CCAGAACCAAATTCCTTCGCTG-3'
Mhp183 R 5'-ACTGGCTGAACTTCATCTGGGCTA-3’
Mhp183 P 5'-FAM-AGCAGATCTTAGTCAAAGTGCCCGTG-BHQ_1-3’

* 4-16. 12 A" M. hyopneumoniae WA FRgFo] A7}

CCU Z1} (logl0)
No. sample name

1%} 2%}

1 5-3 9.0 8.6

2 6-1 6.5 7.8

3 7-25 8.2 8.2

4 10-1 9.0 8.5

5 23-9 8.1 7.8
- Real-time PCRS %3l &21¥ M hyopneumoniae®] FLG7t= 18 4-60 oA 2} o]
CCU ZA# 2} vl FHoE Ugs gtk S = M hyopneumoniae®l 344

AE AT W, CCUSH B AFoEn FAG/L Ao LRI Y= sHack

10.0

9.0

£.0

7.0

6.0

CCU (logl0)

3.0

4.0

3.0

5-3 6-1 7-25

B1X CCU M2KCCU  BgPCR Quantity (Log)

a9 4-60. M. hyopneumoniae®] CCU ¢} real-time PCR 23} &<l

. 1aF AdE BAF R 739 HA A YA BnAE
D) N&@=9 M hyopneumoniae FAF7} SA4 FAAH
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- 1A gxFulo] (A= HAANA FYS A= M hyopneumoniae®] FA|E
ZHA AL A=A &1t 98] 4FE 25FoA AEd dAHS Y& f&ﬂlﬁ%f}l
E (DEXX)E o]&3ste] FRASFATHIE2). S/P ratioZ} 0.4 o3 A I =HA
E AL U A HAE ol Aol ARESAT

% 4-17. FUR AEY FAGL B2
No. ELISA OD S/P ratio No. ELISA OD S/P ratio
1 0.221 0.44 14 0.209 0.40
2 0.219 0.43 15 0.251 0.53
3 0.122 0.12 16 0.116 0.10
4 0.102 0.05 17 0.213 041
5 0.080 -0.02 18 0.306 0.71
6 0.101 0.05 19 0.185 0.32
7 0.120 0.11 20 0.165 0.26
8 0.113 0.09 21 0.156 0.23
9 0.122 0.12 22 0.182 031
10 0.265 0.57 23 0.204 0.38
11 0.301 0.69 24 0.075 -0.03
12 0.272 0.60 25 0.098 0.04

13 0.240 0.49 -

) BN FHRF Hx] AU FAAA Y
- 579 WA FRFO UGS 9o ARE EdE 10°CCUMIE =43 ), 13}
At SR F4FHEE 459 M hyopneumoniae A 53 A& 3F4 F-2H
2 IFe Yol 33 AFsk M dgddel w2 dFE AEslE sk

0.70

0.60

= MHP-1
~m=MHP-2
== MHP-3
mH P-4
=#=MHP-5

0D value

1% 4-61. M. hyopneumoniae ELISA A7} W3}t
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- FERIEF HF F AT Ao ALY H, FAGTE SAAIJNET] FLF
W o g Hizo M hyopneumoniae FAF7VE et AF A 1H, 3H
g4l g7 AR e FAGVME 4% AL ER 3?9&13} ol A

@) 1€ ABRAY BLEN FRFFH AENA ] MAAY
- SDS-PAGE® 4] 181 kDa¢] W=7} HE5Ho] 1A MhpE EFHIL =& 4
e B BEFE ARES] AFWAL BEDL o] F AE ool o] A
F YRR APS I F FANE SHSAT oW FAUE WAL O
2 @A FWelAE fdsA FAGH ]l dehds davgo] MipRae %
Jmetich WA TS E adwants B2 OF Aotk #@zuols HE
& AEe =¥ 23 WA HF F FHoR ERATHIH4-62).
Mhpl, 3, 49k 5& 3FMAHFT F 255 2 ARE7] ARG,
- Mhp 1, 3, 4, 5& Mhp2el vlsl tha =& FA7ME Uik FAAEEE o
e dzuAl gamgreid vla) Leja vl ek

¢

6

o
T

1.40
1.20
1.00
e [ 1H P-1
0.80
e[ HP-2
s [TH P- 3
0.60
e [/ 1H P-4
040 g [VH P-5
s=fen e spisure
0.20
0.00 T
A" 93 REEF HEE NEE sMEF
FES rES] 1TE 2TE

1% 4-62. Antibody titers against different Mhp test bacterins
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30. M hyorhinis BEEIHA TR AF AL (FF 2)

7h 1z AdE 57 259 wdSgrE A4

- M. hyopneumoniae2] ¥X dF Ay FU3 WHoz SR Th M FE A o
A 1 AdE 5708l M hyorhinis ¥4F= oFgl & 4-183 T}

¥ 4-18. 12} A= M hyorhinis WA ER AT
No. sample name CCU Z 1} (logl0)
1 6-3 1.59 x 10"
2 7-3 842 x 10’
3 10-10 1.89 x 10
4 11-2 5.82 x 10°
5 11-6 6.22 x 10°

g, 14 AgE F5e] AN 29l nnAd
) NHES) M hyorhinis FAG7 &4 HAAY

- Axmute] (7% A FUF A=l M hyopneumoniaet M. hyorhinis
o) FAE AT YEuA Fdstr] A8 458 2550M AP & A8t
o M hyopneumoniae®) A= APE FAINTAE (DEXXE, M
hyorhinis®] FAG74e 2 ELISAE settingste] A 9715 22 &8kt
NEAF &84 S420 A= A¥ste] Al Po| AFLSHT)

(2) M. hyorhinis®] ELISA®] &3: ¥ S M hyorhinis whole cell lysateE 71X 1
ELISAE R34t
(7P ELISA &9 Az
@ M. hyorhinis ¥ %< 1,000ml-S 8,000rpm, 20 <k A2 3ch
@ Cell pellet-2 10mM HEPES Buffer (pH7.4)oll &3f3sle] $43] =<1 =, sonication
A=

ol

©)

@ Ol %‘%—"—H% E}/\l 43,000rpm , 1AIZHEQF = g7 E o] g5t YAEE I

G AR T AZ=RSo A=R volumee 4] volume 100% cold-ethanol 37}
% -20C 9l A overnight A]Z1th,
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®

@

13,000rpm, 2043+ ¥4 % pellet 33t 0.5% zwittergent 3-14 (50Mm
Tris, ph8.0) with10Mm EDTA + 0.02% NaN;Z &3] 3 37C, 16475t
s Xl Edl=3

kA 13,000rpm, 20% ¢ 23t & AT 3o

o] A&=NSs vhld HeEAFHE AA ELISA coating antigen® 2 A-g3ho},

S

A

-

A4

¢

(1P ELISA A3

@

@

@

S 10,0008 3]A5ted, ELISA plateoll 100ul 2 &3ked, 37ColAl 3023 4
Z & 4CAA 3EHEQ HSAAH FE ST

PlateE &) 308 = ¥ ¥, PBST(washing buffer) 33 M&sla zt well2 2%
BSA in PBS 150 w2 A& ¥, 37°C, 1A%t ¥E-8-AlA blockinggtt.

PBSTZ 33 A& % dAS 27 3|4ste] 10004 2+ welldl ¥ 37C, 143
HE-2-A) 71t}

PBST 200ul 2 33] A& %, Blocking bufferg ©]&3}o] Anti-pig IgG conjugateE
1:10,000 )48t 2zt wellel] 100ul & @31 37C, 1AIZE RESAIZIT

PBST 200ul 2 33] A& % Substrate soln.= 7z welloll 100ul % 3t}
ALoA 308 WAt Stop soln.2 ZF welloll 50u % Hof Wk
kA=

Hk-g-o] AX & ELISA plateg 10&<te] 492nmoll A FH =5 SH T

o

B A]

(3) M. hyorhinis®l tj3k ELISA kite] /i A3} (A& 1 & FF 2)

- ANFEATEY Z$ OMPE 7FA 1L ELISA adS& AM83tth. M hyorhins 2Ll <

3 T OMPE 2=3}o] ELISAGIYOR En = E

Z3 7} speciesel ™I FAHEAHS ol&st WHEAES #EI AR} M

hyorhinis= Mhre] ¥48A4d= &2 Hh&

23S Ho] ELSIAGYC2E FAFES Zoz2 Ueiys. webx waihg&
5 o

2
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3£ 4-19. M. hyorhinis OMPE 3 o= 3+ ELISAYIA M hyopneumoniae$y M. hyorhinis2)

FeEHe] 5ol4d v

1 1 R |
H2 54 pg/m 0.5pg/m

M| Mhr-1 | Mhr-2 | Mhr-3 | Mhp-4 | Mhp-5 | Mhp-6 | Mhr-1 | Mhr-2 | Mhr-3 | Mhp-4 | Mhp-5 | Mhp-6

50 3.619 | 3.635 | 3.609 | 3.526 | 3.602 | 3564 | 3594 | 3521 | 3577 | 3162 | 3.347 | 3.313

100 3568 | 3.572 | 3.503 | 3478 | 3433 | 3500 | 3.447 | 3.367 | 3.342 | 2985 | 3.167 | 3212

200 3433 | 3530 | 3516 | 3.372 | 3517 | 3353 | 3325 | 3175 | 3351 | 2898 | 3.187 | 3.135

400 3.358 | 3.253 | 3.355 | 2988 | 3310 | 3109 | 3.152 | 2964 | 2986 | 2534 | 2.950 | 2.688

800 3.068 | 3.018 | 3.111 | 2588 | 3.083 | 2610 | 2.665 | 2576 | 2.628 | 2.098 | 2.695 | 2.328

1600 2961 | 2528 | 2.639 | 2102 | 2705 | 2191 | 2.081 | 2053 | 185 | 1562 | 2.170 | 1.858

3200 1903 | 1874 | 2.006 | 1.618 | 2.221 | 1521 | 1597 | 1367 | 1338 | 1.086 | 1.614 | 1.269

6400 1295 | 1.3% | 1.399 | 1152 | 1607 | 1.026 | 0.993 | 1.037 | 1.055 | 0.853 | 1.250 | 0.971

0.25pg/ml 0.125ug/ml
CEER
o= | Mhr-1

Mhr-2 | Mhr-3 | Mhp-4 | Mhp-5 | Mhp-6 | Mhr-1 | Mhr-2 | Mhr-3 | Mhp-4 | Mhp-5 | Mhp-6

50 2770 | 2.682 | 3.042 | 2.231 | 2.686 | 2.588 | 2.447 | 2.267 | 2.560 | 1.670 | 2.173 | 1.884

100 2670 | 2.605 | 2.680 | 2.066 | 2.394 | 2.381 | 2.053 | 1.853 | 2.020 | 1.391 | 1706 | 1.584

200 2.353 | 2473 | 2421 | 1.830 | 2173 | 1981 | 1.703 | 1.485 | 1.678 | 1.282 | 1459 | 1.295

400 1906 | 1918 | 2.017 | 1467 | 1979 | 1.617 | 1310 | 1.154 | 1.318 | 0.926 | 1.236 | 1.009

800 1460 | 1510 | 1.549 | 1.066 | 1.553 | 1.271 | 0.900 | 0.857 | 0.969 | 0.694 | 0.970 | 0.717

1600 1.000 | 1.036 | 1.091 | 0.763 | 1.100 | 0.817 | 0.591 | 0.561 | 0.619 | 0.476 | 0.675 | 0.483

3200 0.638 | 0.626 | 0.667 | 0.504 | 0.825 | 0.553 | 0.356 | 0.368 | 0.368 | 0.288 | 0.459 | 0.294

6400 0.409 | 0.400 | 0.385 | 0331 | 0.544 | 0362 | 0.231 | 0.236 | 0.234 | 0.188 | 0.305 | 0.199

4 WA ZTRFo X AFAAY HAAZ
- 5/e] WAl ZRFE 12 ALY TR FFHEE 478 M hyopneumoniaeSt M.
hyorhinis A =4 A= 3FH FAAR OFS Wrol 33 HFstd M |

AA4o] Be FFE Mus|2 stk
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1.00
0.90
0.80
YA
/ =\ HR-1
3 060 - —=MHR-3
[
a 0.50 / aim \| HR -4
Sos0 —
= MHR=5
040 + / =a=Control
0.30 N/
0.20
0.10
BEPMHR) 1RHES 255 2B S 255 INEE25E INTF45S

19 4-63. M. hyorhinis X 5 Ao HEF 5 ELISA IA|7F W3}

- 7 ZRFFE 33 HE2 H A (tAo = AW M hyopneumoniae D M,
hyorhinis & 7v& ELISAE ©|&3t SA43 A3, M hyopneumoniaee A H 3}
Qo] SAUYE FAsH o, M hyorhinis FA 2] 73S FAGIY AsEeE AL
FRlstth o] FH FFFolA 17 3 FF7F W Lol EgoH, wFAg S
Tejste] 3WA0-100) e HF MAZFR ALshgn

3l HFAEE 5] dFF (FF 2

7}. M. hyopneumoniae #3¥A% w#52] pilot scale H Y
- HF ATE 538 FF9 pilot scale WiFE 3l Ahide T HSTEF
volumes 7195 FA8<S APstR e, vi A) wjeFo] & wrlt} samples Al
Hste] FU drtE &3str] Yl real-time PCR A8 33t
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100

9.0

80

7.0

logl0 CCU/ml

6.0

5.0

Ixp AL 2K AL 3R A 4AF ALY 44l bulk

19 4-64. M. hyopneumoniae2) pilot scale v ol wE g7}

- 19 4-649F o] Ad v AFY A, HITHOE APHAS YiHE 913 pilot
scale vl %N M hyopneumoniae®) Q49 t= 2.5x10° CCUMIE Q1= AT,
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Al 4% SEIYE L BARoRY Jlojx

da ok 7

% 2 A4 24 97

R S S EL

GSEECEC R
[

b QTR AT LR YA I
o M  hyopneumoniae | o 3§71 F4<= UEE #H | o AF7HA =W H
(Mhp) E&3} Wil F59 | X9 #HolA Mhp E2F| A wlo|zmEgzul
2 g1 92 2g& 2 Y| 5 FHe AF
ZEE =A de AY HFsH7]
gEo] E AFeA
° M. hyorhinis Mhr)e} | 0 &7 4< Y= S| guyg ngzs g
w8 2 95 (£98) Aol HAA Mhr 285 & | 5 265 sAx9Y
ZAF B 9 AdETY 24 H oz 8713
& 24
o M hyopneumoniae$} | o wjHoA FIIA F& o 7]&9 WHEG
M. hyorhinis®) Al&3t7] 2Aasr] 93 Eo|n =3}
N&EHES ST 71Ee] WHET o=} s SHA
FAR= AR RS ) A= 7F Hold multiplex 241 Nd=
PCRe] 7]&9] 7wt multiplex PCR
1 st 7] o
z o FAGAEZE ol &F | o wWiFH FAGAE o WAEAS
- A2 M4l adjuvant nfo] Z & etz ul WAl Aglstal AAlste
T AgAAE 49 | 299 puse AA2A 57 | 4ALAEE o)L
o T RmFsh wAgMze | CrolEEE=R
B, B EAele) | TH] WS
o

BEaE v gl

o Mhpe] E&F9

EERE

EN,
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AT NLRHEY FHE

BdEoke] e
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e 28—

o Mhre] =uj&eF9]

SR ES

o M. hyorhinis®-e] 2]
stk A 2=A

o Mhr =& 59
E4e Aoz

shep g

o M. hyopneumoiae]
Al adjuvant 7] @&
g A AT
g B st xA

e o0 =

olPFATHAA AdFA
LPS7} A% A
A=50] 7V %
Ao E #AAH. webA
HAE o] &3 innate
immunityE &30 =
fr=ste 3 HES55e

1
%_Q Q) o 7] ;q ok

=
AsE daA 3.

o LPS9] tolerable

dose 2 A& F-21-8-2
5 2 AGHo]ET1RI
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G5l o

"ol Ebel 24,
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= ks R
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o
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odE B

.

T yAAE AU
+ multiplex PCR<]
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EVE
A2 &5

AAS

iy
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T A= 7IES H=

A

o Mnpe] #F9| 54
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WA FRFTe] g

O

@)

ope] -] 9] filtration
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Fol v
3ol B4 2 Ul
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S
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ERELEE DR

O
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° Mhp#4lel o g¥F29t FFLE TIR
HA 7| 5ak ol At | 485 A LPSeF CSWell gk
71&2 TLR &5A# 2o AHS AA T
a7
o Mhp ¥ Mhr¢] o AEEA EA A O
FAEds A = 25 ¥ Mhpse} Mhre
WA =4 HEFFE o e == 9]
HdAE S e AES
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L; TAGes TYoE HA 9
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AT=E AN ERY A=
= 7=
o Mhpe] P97 adhesin % | © Mhp¢] major adhesin¢! o P97F# A+ R1
R1 repeate] E24d 2| P97 rl A= repeat <}t
e (F2AEFA) FEota HedAd S LTB-fr #}<]
=ol7] sl E coli®) LT fusione] 24
2k} fusionAl A TN HFo R
243 dE3 o4
o Mhp¢] P97 adhesin R1 o P97 R1 repeat fusion o P97# A+ R1
repeate] Hd H AHA o] o A at-oll A repeat £}
(F=AF+H3 = 31 FA S = LTB-f #}<]
A A a&0] 9.8mg/mle] A fusione] ¥& 3}
71ES By F&3 AA = =elA
AR Ao g2 AFg
of 9.
o ¥ E P97R1-LTB] ot AAH PI7R1-LTBS] | o = A| Al 5}
nhg-2=ofl A o] A HAAAL S vl-g-220 HAEES B3l &
ANE HAE 2 =44 SA% 7E ABEHE AFHA AN A A =3
HAA ) g3 WA vlu Al P97R1-LTB® 4l 2]
3 A A HuA PSS B3
N AU Hlae=
A Ao AEEE
d A4
=

o Mhp<} Mhre]

CREE IR

o Protein profile, RAPD,

244 A¥e B3l Mhp,
Mhre] e F3
WEAHQ MALFE 2}
554 A3

o filter cloning
Ao Aoz
ZU) W2 A ol
de] oo
ERIS
Az malel

7hs ¢

o Mhp, Mhr 4l 9]
W75 ol AP
71&29] TLR &%#
A

o Mhp, Mhr &<
7+ A%kgk TLR
agonistE Hz==
AEet =

o Mhp, Mhr ® Xl o]
2ee dAEA
adjuvant &= 2
HAE7Hd AT

o Wl e}-=F%F, BCG-CWSE

o]-&3 AEHFES Tl
At adjuvant2 A4 7HsA
A

AZ3 S
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s THEoke Ve
SERE AP BB GHE erel Tle
= 71 =
o Mhp, Mhr -2 oF Q2 HAANEZRI onjo] I F e} =}
wude We F1 % | mRHEE Ogow GAAA 7L AR
A7l AT g 19s AE (n T37F Aok
vitror& A ASkaL NS HEE
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