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Development of Immune Adjuvant Using
Mucoadhesive Chitosan Nanoparticles for
Prevent Swine Atrophic Rhinitis Disease
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SUMMARY
(5 2oHE)

I. Title
Development of immune adjuvant using mucoadhesive chitosan nanoparticles for

prevent swine atrophic rhinitis disease

I. The Purpose of the Research

The purpose of this research is to prepare artrophic rhinitis (AR)
vaccine-loaded mucoadhesive chitosan nanoparticles for prevention of swine
atrophic rhinitis disease because the disease have induced severe economic losses

in the swine industry.

Ill. Results and Discussion

1. Confirmation of infectious disease of swine and preparation of antigen

1) Extraction of Bordetella bronchiseptica (BB) and Pasteurella multocida type D
(PMTD)
From the extraction and confirmation of infectious disease of swine, dermonecrosis
toxin (DNT) gene detected by PCR amplification showed that BB had 643bp and
PMTD had 1080bp.

2) Confirmation of protein
From analysis by SDS-PAGE and Western blot, BB showed about 40KDa protein
and PMTD showed about 140KDa one.

2. In vitro study of the immune stimulation activity of BBD-loaded chitosan
microspheres

1) Preparation of chitosan microspheres (CMs)
CMs were prepared based on the ionotropic gelation of chitosan dissolved in
acetic acid with sodium tripolyphosphate (TPP).

2) Loading of BBD into CMs
BBD dispersed in PBS containing CMs were kept at 37C for 24h under shaking.
The loading content of BBD determined by BCA method was 65-75 wt-2¢.

3) Observation of CMs
The morphology of CMs by SEM was observed as spherical shapes although
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BBD-loaded CMs became bigger.

4) Measurement of particle sizes of CMs
Particle size distribution of CMs and BBD-loaded CMs measured by DLS was
1.94+0.72 and 4.39+0.68 um, respectively.

5) Release of BBD from BBD-loaded CMs in vitro
More BBD was released with a decrease of molecular weight of chitosan and
with an increase of medium pH.

6) Immune stimulating activity of RAW264.7 cells production of tumor necrosis
factor-a (TNFa) and nitric oxide (NO) from RAW 264.7 cells was increased in a
time-dependent manner similar to LPS as a control.

3. In vitro study of the immune stimulation activity of BBD-loaded pegylated
chitosan microspheres

1) Pegylation of chitosan
Chitosan was reacted with poly(ethylene glycol) (PEG) using EDC/NHS as
activating agents at 4°C for 48h.

2) Preparation of pegylated microspheres (PCMs)

PCMs were prepared based on the ionotropic gelation of pegylated chitosan
dissolved in acetic acid with TPP.

3) Loading of BBD into PCMs
BBD dispersed in PBS containing PCMs were kept at 37C for 24h under shaking.
The loading content of BBD determined by BCA method was 65-75 wt-%.

4) Observation of PCMs
The morphology of PCMs by SEM was observed as spherical shapes although
BBD-loaded PCMs became bigger.

5) Measurement of particle sizes of PCMs
Particle size distribution of PCMs and BBD-loaded PCMs measured by DLS was
2.71+0.75 and 5.47+2.35 um, respectively.

6) Release of BBD from BBD-loaded PCMs in vitro
More BBD was released from PCMs than CMs due to hydrophilic property of
PEG.

7) Immune stimulating activity of RAW264.7 cells production of tumor necrosis
factor-a (TNFa) and nitric oxide (NO) from RAW 264.7 cells was increased in a
time-dependent manner similar to LPS as a control.

4. In vitro study of the immune stimulation activity of BBD-loaded chitosan
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microspheres prepared in the presence of F127 as a stabilizer

1) CMs were prepared in the presence of F127 as a stabilizer, based on the
ionotropic gelation of chitosan dissolved in acetic acid with TPP.

2) Loading of BBD into CMs
BBD dispersed in PBS containing F127-CMs were kept at 37C for 24h under
shaking. The loading content of BBD determined by BCA method was 65-75
wt-%.

3) Observation of F127-CMs
The morphology of F127-CMs by SEM was obhserved as spherical shapes
although BBD-loaded F127-CMs became bigger.

4) Measurement of particle sizes of F127-CMs
Particle size distribution of F127-CMs and BBD-loaded F127-CMs measured by
DLS was 3.42+0.62 and 5.21+£1.04 um, respectively.

5) Release of BBD from BBD-loaded F127-CMs in vitro
More BBD was released from F127-CMs than CMs owing to hydrophilic property
of F127.

6) Immune stimulating activity of RAW264.7 cells production of tumor necrosis
factor-a (TNFa) and nitric oxide (NO) from RAW 264.7 cells was increased in a
time—-dependent manner similar to LPS as a control.

5. In vivo study of the immune stimulation activity of BBD-loaded chitosan
microspheres

1) Immune stimulating activity of mouse associated to BBD-loaded CMs
IgA from the mouse associated to BBD-loaded CMs after nasal washing was
increased with an increase of time and concentration whereas IgA and IgG were
only detected in the mouse blood.

6. Comparison of immune stimulating activity of mouse between CMs prepared in
the presence of F127 and mannosylated CMs (MCMs)

1) Mannosylation of chiotsan
Chitosan was reacted with mannose having isothiocyanate.

2) Preparation of MCMs ‘

MCMs prepared based on the ionotropic gelation of mannosylated chitosan
dissolved in acetic acid with TPP.

3) Immune stimulating activity of mouse associated to BBD-loaded CMs prepared in
the presence of F127 and BBD-loaded MCMs

FOTE/N4/20 15:58

HSOIG S Y/ s

o
oh

2
=1

r

AR




The highest immune stimulating activity of mouse associated to BBD-loaded CMs
prepared in the presence of F127 was obtained owing to synergistic effect of F127
to immune sitmulating activity.

7. In vivo study of the immune stimulation activity of swine associated with
BBD-loaded chitosan microspheres

1) Immune stimulating activity of swine associated to BBD-loaded CMs
[gA from the swine associated to BBD-loaded CMs after nasal washing was
increased after 10 dyas and especially 5 times after 40 days.
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o poly(lactide-co-glycolide) 2 © @zte]l DNA A& EAA|7]H DNA &5 FH9E
= gAY Aol g olat= dF7 BaH it [PNAS, 97, 811 (2000)].

o BEWAe HgAEA HEgAsd FHAE, #4AT T IAEAE o83

e 2 49 $9o o8 A7 ojFoxx i, At Guelph H

sto] ATEL 29 FF7] AW e 9l JEAE ol AT
AP E R} [Infection and Immunity 69, 5786 (2001)].

o ZYAE AGAAY YrdAE oj&std FZULA(EE DNA H) deH
of g AFE A9 9 AFFe] WA AgAA NEN Y=g AGHIME
E AFoA e ol 48 7R ggFgez F43% J1EN YxgAtd i A+
t v

o
>

Lo

338 gozo] AW

o T GE AN AWl A7 AAHA YL AL & 20009 =2 F
A 38| EAEAY 20008 AFRIA) HZ 5 A o] ZEEokd o
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gy 47 AL FAE vHEdln 5 5 dz FEHAY Al % 109
Axo BA7L o] FoF Mot EH FYHoEE F4YY A A9 JHA
3o vl Fo] Edo] AW oFg A3t FAAZL obd BT 2ZEo] Fo
Ao 93 oo ARE Ade guF %o dFHIE FAE Rz 44
Hrt

2000959 A1) 23715 287) Y AFE Akl FAFZ A§F WA
AFE 9 131,0007 oF 2939l ¥ &o] 28HUTG (FFFEHFEI Al
F). 2y qREEe Hile] FAAZY JFWAE AYFe2y TES 7
goigoz fze YA AgAY Mde g Bayge] AL}t

M FE vaccine 7|Eo] olA FAAE YA Y WHo2ZE FTEHY
Ty g stz S A2 dAPLEE ABRIAEFT HEES ol§¥ BT
vaccine 71e] %] @AA 7] A7 E AYFYL2Z(Infection and Immunity
69(9), 5786, 2001) Tt Ul ATEo] JERUGE FHFAAN TEA UxIAE o
438 de AEdod FF 5 duje WA L B delivery system NEF &
HA 7l& BAEE FEgT Y& Aoz Ay,

E 71¢e A9AAL 184 dxdA7t FEYRY Ag9A 9 #% o A
@ WA & DNA HA7A = A28 + 9 NT¢ BI7E €8€ A2 7le
A FYYHor FEGEL EE AFUA AgAY MM E 5dFAE A
AxI Y5 $F4 ol F Utz 4734,

7ex=99 B4

A2 Yrrlee 222 4% Yyxdapt MEE dn 25 & d7EedA A
At dte HAMDES FRHIAY nEAYEARE A AU4F 2 FE ASF
Aute] HEA dB=He] oy ok AFY IHY B2 FEAY Y& AL
3t Aatgujste A Ul - Aoz gle dAel dvt S At wiE 300
qY FEE oz Y&t WAL A$ uold FZg e}, YANBEATL, FIEA
AHAT4, SAAFYYE, FSAEATE, WFA YA F AN F=
Az BE 95 @it gl oJAE 71€9 aluminum hydroxide % oil&
delivery system 2 adjuvant® o]§& FAhge] diEE& A glo] 2 AT
goA At she YAAGS AGHFY nER J=YATt AFTeddE 371
o gAA AzF F2YA Bk o} LGy 4R A GEeA AT
o2 Ay FEAHAEEL DNA B4 AGAZAE JFH B2 7eF87t o
odg Ydn. £ TEHAEL AGAst ATEGE o)A vz A Ag
AZME dZdo] H7) wiEe] FolAle, Fa%F3, 22, 9A%F T W A%
iz BFasrt e denh
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ANEEX:

X OF
=0

o

o FEWAY AcpigaE AAE HEN BWHAZ Be FAZ Lashy] R o

7199 Bok H3HA dAFsgo] glod Aol oj@Awt & ArdelA AEd
MELE drug delivery system 7]€€ o] §@THd o} WA AidHo] gle BE T
A719A% gL AT AL HgoR AR FEYIIEE TEAUSYAY] A
e i gL slesad 2e3eE sha
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NEEH :

& OF & xF A

o

-

o

H 3 & Adsd g o 22
14 d9A AFA4ud F2E48394 24 R I T

1. 8¢

E gL AA9FANEY 2HQ NS A8 dddeziE #9497
& 28 F&89 E4E £A3T in vitrod X BYREEHE FHstev FFHo| 3
th. o2 98 X AANAZAFu Y AAAQA B bronchiseptica®} Pasteurella
multocida type D& $1%4H94 94 &502578 £ TAHSAG. o dUTLe=H
B HEINAELE AA43E DNT (dermonecrotic toxin) 329 #%& PCR 71
g o] g3ty &9l F£% F t}A) SDS-PAGEZ @9l gyt 5 & DNTE
©)4-3t4 Chitosandl BAE DNT7F B9 & frEdtes F¢& 4387 Hstoq AxF
2 murine macrophage cell line {1 RAW264.72 AMg3tglon, T3 chitosan =
o ¥4 DNTE #Aste A9fEs e SAAYG $F€ DNT FAAE FUT* 4
3} B. bronchiseptica 1A= 643bp 2718+ P. multocida type DA & 1,080bp =719
FRARAE U SDS-PAGEE dAleo 4% A3 OMPx B. bronchiseptica
ol e o 40kDa 7 E, P. multocidadl AE 35¢ 41kDadl Fo9 AL AU,
B. bronchiseptica 2 P. multocida 140kDa®l A+ ¢F 140kDa 371¢] DNT @# o] &
AU, AXFE o]4F BYHES EYAME ZE AT dojA Alzte] wE

i

A4 w7 23 EuFE Y-S FAEIR.LY, B bronchiseptica DNTE L ZHA|REL
2 Rr} chitosand} 2 ZF b TAH o2 AGAAS FHINL F 3= A2
2 Jephgth £ chitosan EFA T webd @ 29 FE%E UG
2. A&

EF7] AWe FEAYAAM A - APHoE gL FIE Fe AW FAF, d
AHog 8@ Aoltt old Fo AWLRE HAAHASA Y, FH9E, A=
Fa84 Hde] len, ol Ay 4 2 X8E fAstd ¥ d77 AFHUL,
=3 JgFolrh, 2y 71&e WHEL bactering ©]4F HUFF @& F2E,
FAA T g3 WAT AT 22 48 /A EAZE st UM ol
Ao g A2 WAUES 277 7= Sk o2 @ HA 2FI] AW T

21
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A HAASEN G SARA HRE vz fSoln], o Az mEA &9 FZH]
E9, ¢tddold, v &Y Foz vrldroh HARE S Wx| gk AP go] Fol H&o] XA
Hi AlRE & AdEo] FAA &Ho] & AWolth

Ad 2 58 AWE FEdste AT 4AAELS AAAY TR weA F47] o
2 ¥4 JdAE B/ QU] dEA Ay Eg 4T dAE Azdr] AiAe
7+ AvelA FasA FAEste HIAH dAES EHEA ol5g LB Agste
Ro) wj$ Fasith HAAEAu|Y-E  Bordetells bronchiseptica®t, Pasteurella
multocida type D7t |AAZ, olFo] AAeE o 143kDa® DNT7F A A5
ol digk AU HANAARZ F&3D =T AT gF FHLELS HYd 7
sed iy FA4T 98 st o]Eo] HIAET 5 AT B AW TH FaF

Aoz B3A Utk o) F FHRHAIELQ DNTE A28 99 7t

3 2 49A8 & 4 AT, Yt bacterin BAldlE EFEH A ooz gy
2 AL sy A 4AFAA Y DNT #:2]7F 9 a3t

a3zz g A¥dAe  AAYSAHEYE o4 #5225 H  Bordetella
bronchiseptica 2 Pasteurella multocida type D& 3% ¥ ©lg T2EZFH DNTE
Z&38lo] EAS BN QE TR ATk B WY FT 2 (adjuvant) 2 & &3 o2
AgoA 453 ¥ Y+ chitosan, poloxamer 59 DNTE ©2|54] in vitroihel A 4
HEFEERE SHNR A A
3. 52 A=A vg dAA ve5H € EHEH
7b 4AAe 23 @ SH=A
1) 284

ZU "2 54 2 2504 A5 G 94 5 £ A543 vde FRE 9Y
Z4% Hole HA2RE /AEES AHT F, blood agar ©]-&35te] 37TAA 24 A
3 #& vtk 24 A7 %3 Bordetella. bronchipsetica Pasteurella multocida
type D o A JAZE Awsto] 234 AujA e A2 R A5t HALE 4
A&t

AR NN ¥ EAFHS FIFE 5 2t catalase test, oxidase test T
9 A3y AY, 79 morphology, G20GoIM Y AR /T 2L AHGA APL o] &3}
o HA Y43 vgd9 YAAQ B. bronchiseptica F& P. multocida type DE 4

o

¢

ux

A

==
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Je ZAFe 49D F, JAE AF 59712 Viekg ol 8ot 2¢ FAAUG. o
HYe EZURL ole3te SR
2) A8AH

A9 7HEZRE &8, A B bronchiseptica & 31FQL, P. multocida type

= 43F5em, Bod o9 A5, Y EALS X1 2o
. PCR& ©]43 dermonecrotoxin (DNT) A&7 A
HA 7HHEZEE EeEE oo F 2 EETTFAAN IR gAELE AA4sE DNT
(dermonecrotic toxin) A& 5+ PCR 7|H& ol &3t 4o 1 PCRY
of &% primer @ PCR &2 oafist 2o},
) Aa%H

#9 primer ¥ PCR & ety FZ 9@ PCR $FUAEL 10 % agarose gelol A
A719%5 % ¥ ethidium brimide® @435t UV illuminator® o] 43t syt
2) ¥4

e 274 wetA FFE PCR $EFAEL HA7|Y¥F F EtBr 448 §3l9 &
H DNT #-AxRE &A% A B bronchiseptica NAE 643bp 2719+ P. multocida
type DoM<= 1,080bp 2718 FHAAE FAFHET (2 1. FYEHATF F B
bronchisepticas 243, P. multocida type D = 3357} DNT #AA4E 2432 A4
=3
4. B. bronchiseptica ¥ P. multocida Z2%¥ OMP % DNT #& 9 24
7}. B. bronchiseptica 2 P. multocidaZ% 8¢ OMP 2 DNT
1) 434

B. bronchiseptica 2 P. multocida type D o T TF& ZZ 149 tryptic soy
broth (TSB)el &3t 37CelA shaking HEHZ 24747 wiFd F, I T35
8,000rpmell A 30&%F HAEsIY TR AME s YT @ TL phosphate
buffer solution (PBS, pH 7.0)2% 23] washing® ¥, OMP %<& 934 HEPES
buffer 10 mlo] F-§3}9 sonicatorg ©]&3te 303 && st 8,000rpmel A 30
B dAEsY AF Y& g5, 4 A5 AE 20,000pmel Al 141 A4 E
g3t HHAEEL AT F5d JHAEL 05% sodium N-lauryl sarcosine in
0.0IM Tris buffers] E@3te] Ao 1Az FX & & 20,000pmel A 1N+ 442
g3t JAES IAFAL, TFF lmldl AFFAZAD. AFEFAE OMPE AL83 4
ot DNT A4h& $3lA TSBelA 24X §<F 37T AN A dd F, 8,000rpmo =

FE
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Bordetella bronchiseptica

Beta~haemolysis Gtowth on
(Blood agar) ) MacConkey agar ]
6.5% NaCl + Malonate it
Gtowth on SS agar - Citrate *
Motility + Glycolate -
Nitrate reduction + Acetamide -
Urea ++ Oxidase &
Pasteurella multocida
Hemolysis = Glycolate +
Oxidase + Maltonate =
Catalase + L-arabinose =
Indole + Sorbitol +
Urease = Dulcitol -
Ornithine Growth on
decarboxylase ! MacConkey agar i

(+) = most positive, +/- = positive and negative strain, ++ = strong positive

X 1. E¥5F9 4593 3934 54

HUEEL I EM UCARE 018
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AEEX: 8

Bacterial Strain Primers Oligonucleotide Sequence
Bordetella Forward 5’ -ATTCGGCATTGCGGCAACTT-3 '
bronchiseptica Reverse 5’ ~TGTCCGGCGGTATCCAGACT-3 "’
Pasteurella Forward 5" -CTTAGATGAGCGACAAGG-3’
multocida 4D Reverse 5" -GAATGCCACACCTCTATAG-3"

MOFX
Ao

¥ 2. DNT $3AAAE Y8 Eo13 oz AZE primer?d sequences

25
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Initial Denaturation 94°C, 5min

Denaturation 94°C, 30sec
Annealing 55T, 30sec 40 cycles

Extension 72T, 30sec

Final Extension 72°C, 5min

% 3. DNT #+4A A&& 4% PCR =2

26
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<1,080 bp
< 643 bp

9 1. B. bronchiseptica$t P. multocida 4D2] PCR FZAE A7|954.
Lane M : 100bp ladder marker, lanes 1 and 2: DNT gene amplified from B.
bronchiseptica, lanes 3 and 4 : DNT gene amplified from P. multocida type D

and lane 5 : negative control (no template).
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0T dAEYsS £ F& PBSY 739 sonicatorz 30w #AT F
20,000rpmol Al 1A17F A Eelstd] AFHE Asdot. F5% OMPe DNTE 0.45m
filter2 o33l HF 8 F BCA protein assay kitE ©]£3le @A FEE =433
o &% F4E& AEAZA -70Ce REt THAZFE £ OMP € DNT
£ 12% SDS-PAGE geldl well® 1048 loading ¢ §, 80VelA 2415 A79F
& AANEET $& 2% 9MAL Coomassie blue R-2502.2 dA)3lo st
2) 484
7}) $%% DNT9 SDS-PAGE ¥ Western blotel]l 2|3 £
(1) SDS-PAGE

SDS-PAGEE A Alsld &A% A3} OMP+ B. bronchiseptical A= ¢ 40kDa =
718, P. multocida?l A= 359 41kDa¢] Fa9WAL &3t 9 1, B bronchiseptica
2 P. multocida 140kDa% A= ¢ 140kDa 3.7]12] DNT protein® I & 9&3 A7]9
gl d-g &AAH. (21 2)
(2) Western-blot

FE% DNTY Sol4d& 37 3te AAE DNTE SDS-PAGEE AME o
< nitrocellulose membrane2 2 AAStL, 1& FA2 FolAd A dFdA e} bk
Zth. 23 A Z horseradish peroxidase-conjugated IgY antibody$} ¥+& AJZ1%
gAste] Eo] =g s th Western blotE o] 438ty F23 DNTY Solde
ZAE AT, 1dze}l 2ol old &L DNTZ Ao (=¥ 3).
5. Chitosan 5&4 48 ¢ B. bronchiseptica DNT2] o344t
7h, AR

B. bronchiseptica DNT A4t& 913t & 7|9 & o] &3t Uiz Y4L A3
Atk 1 g9 gF QAL A8t TSB 3Lo &8 HFE F shaking “GEldA 37Cel
A 24N WFEAT NFE T YoM A& b= JAF ¥ DNTS 38z
SDS-PAGE % Western blot £4& T3t A% F, A A&t o2& o
Fude A AY AAL B9 209 3 A}
v Agdn

el 71l oste] 13]e) A%Q B. bronchiseptica DNTE ¢ 350-400mg A=
Fom £ dFInE I F AAFEE F 7500mg otk ol¥FA A4E B
bronchiseptica DNTE SDS-PAGEE ©]-§% ®43 Western blotg ©]-83% A7

B
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Agel AM-stHh

iy

3]

4 9

23l 39 & chitosan EFA ¥

o
=
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b

Y

0
12

< 140 kDa

a9 2. B. bronchiseptica 2 P. multocida 4D2] OMP % DNT %49
SDS-PAGE A719%7%.

lane M: Molecular weight Marker (broad-range protein marker, Sigma)

lane 1: outer membrane proteins (OMP) extracted from B. bronchiseptica
lane 2: dermonecrotoxin (DNT) extracted from P. multocida

lane 3: OMP extracted from P. multocida

lane 4: DNT extracted from B. bronchiseptica
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a9 3. IgY FAE 0|43 B. bronchiseptica @ P. multocida AD DNT9d] &
Western blot 2 3}.

lane M: molecular marker
lane 1: B. bronchiseptica DNT
lane 2: P. multocida 4D DNT
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A22 BBD7} 3R89 7|EA @A A9 in vitroo] A ¢] WA
CESEES

1 &9

71 EA0] A58 tripolyphosphate (TPP)¢t o] &3t AF 8o ofsf FH|HNLH
o ugGael] f&Auigel WAEAQ Bordetella Bronchiseptica Dermonecrotoxin
(BBD)Z 9AAZth BBD7} BA® JIEANHAES 78 e /A= A& #
Q1 B 2717 391mY e FFsH 2Eln #4 BBDZF MIEAZREEH W
22 B EAFe) F42, pHetol A&5E F|EAV P} WAl BBDY &
s3go)l o ZAY 2 ¥EE HF 9 FoAe A& BAIUTE RAW264T7 AXE
Fo) A tumor necrosis factor-a (TNFa)$} nitric oxide (NO)] #uld] sl #3333
£d 94 BBD7} BAd 7BV EAAN #EEHE BBDE 548 gl g Uy
g4& AFste g &+ A
2. M8

A vlgAEL AAFAL AT, B LTRG99 RE=, FY, SYAwIUL
B fARY A2 43S 2n vk BRI AEAES o] FuYloem
AP & AT AAdEgut g Agagute g Jodgn Bu HY FHe=
Aeg F4EL 2% 1 9494l dX3 HolAy|d e REAEH} I/ A
quk-g-& 7t Wgel gasch wolazes AU F& vHAS §
& WAADAAN £ AHEHE Wyolth old WHoze WY FAE FA

d B Al deted ERAA DRSS dod £ I

FEAL Aol AAZHTA (biocompatibility), AE3NA (biodegradability), 543 ]
A3 grol A= A EALol9] tight junction® B F v SHLE HYYSHEAMNZE
o) QlojA o}F E}HQA AAAROT JNELL BAF, BolAEsE we}t I 42
o] Zol7} Y AEA JNEALS &8 7kx] BEA7 FLHF (mucosal barrier)&
AYE AL 2AWGn 2urt HolJdoh.Ed, NEA-Y BAE HAF9 F 6%
A e HIG &7 IgA BHE FEFY. JEAL wgH o, HF2, FEAA
We M99 ggurs e goiva At £8 7 EANHAE ] F& g
E3Ho] BEAX7]e) F714uirt Haginh olgd dULE JEAE FYPAS

>
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F HGgREA T NAAGHZ AFEH A

AA g ZEFVNAWLE FEAGINA okF E AAA HHE oFr|@rh Atrophic
rhinitis (AR)2 B XA &3] dojus A dH el AR EF 8-12F T AH
g0 AA71Edel 24 @I 1 AEHA HHEE o)g £ wFEFd g
Hl7 &9 Y&olt}t. Bordetella Bronchiseptica (BB)¥ 543 <] straine AR9
dAe FaAF el AHEEHe Balot,

B AFdA FEAV S0l AR HAgAe HEE 23] A8 AHEHA.
Bordetella Bronchiseptica Dermonecrotoxin (BBD)7F & x|l 71 EAu] fzlo A &
BBD<+ in vitrodlA @& HAT. 28T BBD/F X" JEA HAFOA AR ¥4l
WEYAFHAE in vitrodlA ZAFE ST
3. Az Py
7F A B

FIEARS Ba 10K, 100K, 300K (A%, &), ZelEsEs 91%E AHE-esict
Sodium tripolyphosphate (TPP)¥ Sigma (St Louis, MO, USA)el A A|F @t} &
AGEE AlGFFo 9sta] AHEEHAG.

U, AR 94l
1). Bacterial strain

Bordetella bronchiseptica’= @7]914 AR fEAlekez ALEEHS ©] straind &
R A, GAOGE =lx 3 9ol i d Rl colony morphology, 488, &4 2 A|
y gz AE5AAZE7]  (automatic bacteria identification system), Vitek
(Hazelwood, MD, USA)¢} <3} A==t
2) A2 ¥ bacterial strain®] 4 Dermonecrosistoxin (DNT)frd 22 73|

DNT#AAtE Shin 5o} A&tutst Zo] PCR FF4 25ty AAHA.

3). B. bronchisepticaZ % E DNT$ £H]|

DNT% ShinFol M&d Wydl we} &= 9o} Bacterial IXEL 37C4 tryptic
soy broth (TSB, Difco Co.)ol A overnight shakingddAl H|F= At} Bacteria® pH
749 phosphate-buffered saline (PBS)2 % W  washing3t$itt.  ultrasonic
homogenizer2 18%¢t sonication¥%, 4T9 A4 &L 7|2 20.000rpmolA 1 h AL
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A ZATH 33 9L SDS-PAGE 93] AS= At
o} 71 EA R gabe] FH

FIEAS 2% (v/v)9] acetic acidel £3A1A 025 wt-%2] 71 EAE AL A=
5mle] TPPE S magnetic W¥H3IHA 25mle] Yefjx TE FIEAFE A HojxFe
g ol sonicationd TPt AZEY NEMNHAELS 4T, 3000rpmol A 1583t
AAGeA AT 424 v 5Smle] dFH €2 suspensionAl ¥, Iml¥ Fdto
1.5ml9] microtubed] W] 4C, 2500rpme 2 AAE A A JIEAR HAE AU
gt AR &4

05mie] BBDE oA TE F1EAHRA (F 20mg)ell ¥ EATHA7 2 B
THEE suspensionAZFE B} ZF JEE 37CH incubatorol A 24 h F¢t shaking
ath oS HegdS 4T, 2500rpm YA 28 unloaded BBDE A A&, 71EAT
YAto] g2 9 BBDO %< Lowry protein assay methodol] €3l EA =Y. GAF
& g9 T gt AHA.

total amount BBD — free BBD

Loading content (%) = * 100
total BBD

v}, Scanning electron microscopy (SEM)ol €& 712w @ate]
NENNYAEEL 28 chamber (CT 1500HF, Oxford Instruments, Oxfordshire,
UKo A 29"y, 299 sampled JSM 5410LV field emission SEM (Tokyo,
Japan)o. 2 #Z3}4Th
v}, Dynamic light scattering (DLS)Y] &3
DLSE DLS-7000 (Otsuka Electronics. Ltd, Tokyo, Japan)& AM&3ldEd o2&
lazer beamo 2 RAZo2 M 20C, I3 488nmolA ZA3Nh FS FTEAFLE
Ve ey scattering 4 EE 90°S ARSI
A} in vitrool A 71 EA] el A 9] BBDS| W&
F £ Plo) M ] BBDS in vitro W&-& BBD/F BAE 7IEAHAAE 15mlY
microtubed] ¥ 1ml, pH 74¢1 PBSE ¥ X 37CY water batholA] shaking3dtit.
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NEEX

HoMIH I EA LICUAXE 0S8 HXl /I F54HE0E

=

A zto) we} PBSE upFolFEPEd wiHe $98 Lowry protein assay¥H2E 534
3o HF wEds FIA
o}, Tumor mecrosis factor-a (TNFa)2] £H]%9 &4

RAW264. 74 £l A} Ev]® TNFa¥ enzyme-linked immunosorbent assay (ELIZA)

AN

kit (Endigen co.)® EA = th. o714 lipopolysaccharide (LPS)& positive control&
AHE-E ATt
2. #u] 9 nitric oxide (NO) X9 §73

gyl Aol A el NOS AL zg2A%3 ANFHZEFA7] (measuring nitrite
accumulation) 2 Z&3tg k. 10009 WMEAFESHL 1%9 sulfanilamidedt 0.1%9
naphthlethyl enediamine dihydrochloride (Sigma)& A-2¢jAl 2.5%¢| phosphoric acid
o] £EAA TE S L Fo wjIFANAULY FFEE spectrometerS ©] 83
o 540nmolA =Adtgoer AAE FEE sodium nitrite® AT FZEFH A3
AR E A
4, A3t % 1z
7b 71 EAAH | A B4

a9 4& FEAUER () WA BBD/F BAE 71 EAT @A) SEM Apxlelt
aPeA & 4 gIEo] JIEAN Y BBD/F A E V| EAMEAE EF TEUS
##3

F|E4n AzHa)st BBD7E 2X€ JIEAW ALY dAAVIEEE 29 5o UE
WAHE DLSZE ZAAed 71EAAASG 9o X8 7| EAv|HApe] FFAT]
7} 247 483nmet 3907TnmYS LA AR WA FAR e YA A7|7F R A
Ae AL BFsY oju] B3 @utgl Zo] FYWAME S AE vHAE FAY
u "wdxe aNne F =2x 2F7A49 F4AFYHEA  [mucosal associated
lymphoid tissues (MALT)1el E3& o2 g3t ofF Fad Akolth, vyAY A
717} 10mBR T Fojokste] = UE zowd AP Az 72 st 7] el w
gM 2 QFdoA Az WA BBD/F BAE 7 EAUNHAE 257149 MALT
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of st & BNALE T F Yo
u, WA BBD7F @AW FIEAIM YA 2R E e BBDY in vitro WEAE

1% 62 37C, pHZt 7490 PBSoA 9 F|EALEA S wE WABBDY WES
doh Wale) GXFe A n ke (88%%%) JEAY BAFo] FL4E o §
< BBD7F #E&EHA oA 71EAY EAFo] 55 W4 BBDYY EAL ¥F
4ol o Zatr] gEolvt. TN BEXee] & BN HAHI0K, 300K)9 B4
YA gEo] ofF Hg L & F Arh

a9 7E 37CelA PBSe pHztel w& BBDY &7 3¢ veldc pHato] ol
445 94 BBDY WEe] AAE RO Yeyt. oA L J)EAS pKagto] &
6501719 pH7} Rotd 8 7B “+"dd7t FeAAE wWalge F5ag (Rale
“"RErE Wl i AR Wi NEANJAZTY WA wEo] A= i
oltt. ol& 7IEAR #Ael Afe]l B AFRYU] ol FrHon o #E
o|l2Z2%, F4EY T HTAY oz JNENNYAZRE oA Azt &
St FurEe HAREo] JteEE AANE.
o} RAW264.7R £ 25 E TNFagt NO9 ZH|¥ 234 H

A5 YA TNFast NO9 #ule 47 29 89 =¥ 9o} Yl
WA BBD7t 9AE 71E40| 94, BBDYAN TS, LPSE 233 RAW2647AEF A
¢] TNFas} NO A4-& Azte] AG4-E ¢ B o] BuEH Ut TNFaRH|-AFoj
Al 72417 FHE positive control¢! LPSe #u]%e HA 7438 A5 BBD7F B3
g 712X YAet BBDEE YA S 80AI7HA] A&F oz EUEHJT )AL WA
BBD7I A€ 71EANAAE T3 HWYFAEHE AENE & AtE RE AR
o BBD7} gA®E 712 AR A el #elE BBDHATEHAT Xol7t A gy
in vivoR @M 2 Aol7t EReE AFAg. & d79 o] & A= ¥ BBD
b 2R 7B EAE A 2EAY S A% 3 RaAge] BEd A=
+ 4FRAZ 4 Aolge A GAE

o

P
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A3d BBD7F FA € A3 IEAT PA A9 in vitro
2 RER LR

1, 8¢k

2 A8dAE JIEQ0HAY AP n @AY WSS T E TM&5E] A
ateo] 71&4 e BAHFA o] Holux I,AY IR S 71EL ZF5A
. 7ZIExt0 gAS HZ8 g 7| E4A0 YA tripolyphosphate (TPP)$} o] &3 433t
ol g3 EHlENew FHlE vEAA ASAHYe 9AEAA  Bordetella
Bronchiseptica Dermonecrotoxin (BBD)E HAAZth. BBD7t A& 1 EAN Hale}
BBD7} 9Ad #4353 7| EAPASLE 7YY FEHE /iXE AL AL
7 A7e 47 4399 547mY& BFegch WA BBD7} W PARZREHY HES @
3t A28 JELVHANA BN HARY o B Fo 9o WE
T AL TS RAW2647 AEFoA FEIHA]IA-a (TNFa)t JolEZ S4
o= (NOY9| #Hld} diz] FFsHedl ¥A BBD/F BAE #HZAST 7 EAWHA
A FEMN G AR o B& WAl BBD/ wEHALw vPASERE A&Ho
2 &5+ BBDE ASA4HFd i@ 2984 E A5TE AU
2. A E:

olola2 P& AY vgAsste YL ARG A E3| ALEHE Wi

old WhezE AAd U FHY T4z FANEFS 2n TFFHQ] WSS
do7 4 gtk vFASFER LS FHEYF F & A2 FHAA JHA Y
¢ fFEHYR Bavt H{th AHEGe 57 43 ghol HA AL dotEels]
41 Fupdg@gto] ofye A2PHE HENEE FEdTE FFl U, ATt
FEe Ao Fog F FEIA Tde o8 FGRAANE ZFE BINES
FEZ ¢+ Jdh 2zY @9d F2 o= F ARYNY Fo= AWERAE]
A3 (mucosal barrier)& B3y g Fod Fdo] w2 AAHW H7ZFEH
EF a4d 8 WA HE 48 1A Al Av AEA [EH(B-(1—4)-2-t
0 2-2-4 A -D-S 72 2)]e ZYUGHREA AAAN FTHE JHezRy JtEd
Reg AAle] AAFEA (biocompatibility), &34 (biodegradability), =4 ] i
gol M= MEALO9 tight junction® € F Y& FHL2 FHFEAZA2H A
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o|x otF &I} ARG EF FEAL i HAIHANL 23 o 7E
A-Fd HAL HFFA F AN FE EHG B IgA BHE FEFT. o
A48 992e2 7| BEAS ARAe A% dYnzd & dAAgA 2 ALgo] 3
Fa, B9 dFeA $HE JIEANEAS o FAE JNEAF AR 4A
TAE A& FAANAT. YAo] FAE HPAst FAE FXH vPA2HE Y A
BEo] HFEEA WA THo] Btk Wty EFHAQA HARE S AMEe F
o ¢AE AT dasit. e dASYE(PEG)E B L8 34 EYds
A B4l A YAl Hojurh Aiba T& FNEANY o} aFT Aoprd 27
SEFH)=EZN EAGE ExvEAEYEAZYE L ExdSAEdgdZ
F-HAoHE HUJEE ZAFAA ALHF AELE AU Saito TE WEA]
-PEG-YolEZMd ZHY|ER PEGI Z2¥H #Adsd JIEAS FHHHT 92
3g HAAEL AR 2P P G2 WEe U A 5 AN tE A
£98 0 o Hojun, I3 PEGE VY3 T4¢ 2 29y Y243 S4S
FANAFAY £ EEUA BSAY $EL ZAAARY. HAY TFNFHEL ¢
EAFAAA o}F 2 AAFY HsE orl¥r). Atrophic rhinitis (AR} S XA &3
dojus g4 Aol ARS BE 8-12F 5 ALHY 7S¢ 24 293
o 7 ABAY ARe o8 F2 HFEFd g% uF #AZY HFeo.
Bordetella Bronchiseptica (BB)¢] 52434l strainZ AR¢] @S ZAA|7)&d AL¢
He Ao f9 AEE BEdR & TN A A3AANEE Aas] A
F1EAM P Hdsd I EAT AT AR JAFAe) &S 23] A3
A A459Yt. WA Bordetella Bronchiseptica Dermonecrotoxin (BBD)7F ©X€ 7]
B A A48d 7 EAnEA2RE 94 BBDY HES ZARIE L BBD7F #
AE 1BV EAS A5 FIEAN FAGA 454 0guAe] dYAIEAE in
vitrool A Z=ALE it}
3. Az Wy
7t AR

HEANEGANEAZEYE GK)E 4duto] 2 (Sunbio, ¢+, FF)ANA TR JIE
e EAY 10K (FolAEsl=x 804%, A%, =)L A8tk Sodium
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tripolyphosphate (TPP)& Sigma (St Louis, MO, USA)ol A A|&wkatc}, o}
E NgEFol skl AHEE A
Y. 714 #5123}

71849 #HAs+E Chitosan (2 wt-%)E 5ml9 morpholinoethanesulfonic acid
(0.1M, pH 5.0)9 =¢ % NHS/EDCA 2 A wEAELAZ2 S 4TAN 244
b, A2AA 24X HEAZH T wEA e a9 109 YERY HF AE #H4sd
JIENLS 'H-NMREZA A& 847 19 119 Yeirh
o 71 EAV A A JEAR YAty F4]

71EA4 A2 g% JEAES 2% (v/v)Y acetic acidd] F8AA 0.25 wt-%9 71E
A (FL A48 JENEAE ARFHT 5mid TPPE %€ magnetic TyHatd A
25ml9] 71Eqt (B2 #5728 e 71 E)E o] doj=F = o|d sonicationd FiHe}FS]
o Az JEAVEA (23 AEAHAEL 4T, 3000rpmol A 1583 44
EAAT AEL dadE E2 A H AdFAT
2. ARYAY &3]

05ml¢] BBDE oA ®E 7IEA (52 HZPgg F|Eugalo] o] 7182
(2L #4483 712N A & EXEEE suspensionA 7] & A7 & HJEE
37C9 incubatore]A 24 h %<t shaking?th vh& P& 4T, 2500rpm A4 &2 8
™ unloaded BBDE A7¥th. 71EAW Azl #2¥ BBDY %2 Micro BCA
protein assay methodol] &j&to] EA] =),

v}, Scanning electron microscopy (SEM)el] &% 71EAF (32 #A3}3E 7)|EAN)0 YAt
o #3

B (2L HAdsd JEMAXRES F®chamber (CT 1500HF, Oxford
Instruments, Oxfordshire, UK)dlA S%3Z®gAct. Z¥E sampled JSM 5410LV
field emission SEM (Tokyo, Japan) 2 #Z =t}

v}, Dynamic light scattering (DLS)¢] &3

DLS+= DLS-8000 (Otsuka Electronics. Ltd., Osaka, Japan)S AFE3&1+E6 He-Ne
lazer beam@e 2 ZAFOZN 20T, IF 488mmolA F AR, Scattering e+
90°& A&ttt
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A} In vitrool A 71 EAF (£ #HA33 71 E4N P YA A e BBDe W&
FEA (22 A3 JEDNRPAgA L BBDY in vitro w42 BBD/I ¥x€

F)EA B2 (20mg)E 15mle] microtubed) ¥ Iml, pH 749 PBSE %1 37CY
water batholA] shakingdtith. AlZte]l we} PBSE ulyoFed viwied &£9&

Micro BCA protein assay® 22 4 g wELS Faadoh
o}, Tumor mecrosis factor-a (TNFa)$} nitric oxide (NO) #H] %9 &3

TNFas} NO= @FegoA &3] AHEHE AANAt mhf-2 wlazntelr] AE
F9l RAW264.74 £+ Dulbecco’s Modified Eagle’s Medium (DMEM)oA 5%9] fetal
bovine serum (FBS)Z 37ColA vl ¥Rt 60mme] wWFHAel 305x10° AEES £
F3 & dxo] Bl FAH vHAE W AEA AMsIr. Euld TNFae
enzyme-linked immunosorbent assay (ELIZA) kit (Endigen co)E #AFH Ut o714
lipopolysaccharide (LPS)E positive control2 AREHAT wixgte =z HAfd AL
negative control® AM&F it wl G NO9 AL el2A| %y AAAEH
Z7 7] (measuring nitrite accumulation)® 23 Hct 10009 WY dF YL 25%9
phosphoric  acidel 1969  sulfanilamide®t 0.1%¢] naphthlethyl enediamine
dihydrochloride (Sigma)E A-2lAH Z& oz &HANA TEJRL FEEE
spectrometer® ©]&3te] 540nmolA SR HNeH AANE FEE sodium nitriteE &
A BEFAA o8 AXHAUG
&, BAEY
A Hjsg 2 A | wEoR $£AEHUT AHAT. AETFEEY 7]
HPFL AXFIJR TFAC) Y Hole t-AF o2 BFHAAT. P<O.06E A7t F&
ofm) goh,
4 2% % 13
7h B EAY SA4

IR [E2(B-(1—4)-2-ol0 =-2-FH§A-D-EFIA2)]e 28 ©id ol aF<]
Qo] FH2BHY 2FS Z2 e ASEH olvto]=ATE o8 HZAHT NEA
o] 932 a9 109 JeEbRT o] W3o]A EDC NHSE WHEHviE8dE AMEEH S
th. EDCE 71284352 F4ANA otrlx=aF3 gestA vk gy 454

i
e
rle

Lo
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AAEEH

HOmaY IEN LH-AXE 0188 HX ASSHIS0Y

-/

PEG®} 7|EAHS EDC/NHS #Hg&uEd 2 ZAFAATH 3T sldsx (3-8mol%)e
'H-NMR2A A#FstAn 29 110] Jebieh,
. 71EAF ¥, BBDZF BAE 71EA vlYgziet dAdgg 71 EAV YA, BBDF ¥
Ag #2238 7BV HAFY FA4xAL

7| E4tul g2}, BBD7F @AE Z1EAW A&} wdsd 7|E4tvda, BBD7E 9A €
Hdgd 71EAvdAe SEMez #FHA (2 12). J1EAVEA, BBD7L €4
g NEARPAe} A 3§ 71BN PA, BBD7F BAE #HASE JEAEAE B
T 1789 #FsA

71E4H Y92, BBD7F BAE 1A HAAs A 71 A A, BBD7E 249
AZ25g 7EAuPAY JAAVEEE DLSE &243ded (29 13) JIEA Y
Zl, BBD7} 9A8 71 EA0 @Rt AAdste 71 EAe 9, BBD7F BA" 71BN E
Aol A7)= Zr7 1.94£0.72, 4.39+0.68, 2.71+0.759} 5474235 ym¥Y & FASFH L WAl

9 gxZ o QIxy Zr7E R AAE AE UG )RS I EAVHAG
H43e BRI YAELS pH 74904 FHdetE Wi HAL FAGE wr)d oj&F
g3 w242 #2o] o3 W4 BBD7 v @AY o] ojyet mAAEY
o= ¥zEr] wFo|t. oln] Bu Hupst Zo] FYANAL S AF MHPAE FHE
W gy Aarle F B F71AY F9HAYHEF  [mucosal associated
lymphoid tissues (MALT)]ol &Aooz L3 obF T4 Aiolth HHAY 2
717 10umB ) ztolof 3o} E YT Zod Y #HZ Sof7 7t A7) @Il
A B d7AoA AzF Wl BBD/ @X€ F1E4A @Atel BBD/F BAE #Z
3% I EAN Yale BE7)A9) MALTY diste] E344Q HAdgs & & U
t}. ¥4 BBD7} ©A® F1EAW @Ae BBD7F B@X® #HZ3E JEAVHAZRH
o] BBD4 in vitro WE&A Y

a9 143 o] WA BBD7F ©A € JIEAWEAS BBD7L wA € ALHE BN
o YA A A& WEALFSE Yeldd, BBDY Wed 25 MK 4¥FLe=2 &4
A R AAE 279 wE WEold AE AAT HAE WA BBD7F BA
71EA 0 ¥ae BBD7) ©x @ #Asd 7 EAEAZTE 742 129 22 wt-%7F ¥
5 ole Z7)o vlPAEH] Eojdd #Hle] WEH7] dEolth F WAE 1

<
h
=
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o \oH N+ HOOCCH,CH,0C0~[-CH,CHO-—HC
NH,
L L
NHS/EDC
CH,OH H,OH
\o O Q 0 Q,
J oH Nl N
NH
- S _Ix

NHGOCH,CH,000~{~CHCH,0-CH,

29 10, 71E4] A3 wg4
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F 24N ZAtelth. Bugutel zho] FIEA U PRt A o] AzkeME s zbe} Al
|&ug, TR} TPPYY ol2ud, nEA YR 522 BBDE MM W&y
ok olgt w2 HZHE JEAT AN E 124 FE 24X 3R AEHA e
AFE JeEMAT Xu 52 71EAT BSAMA FIEAEAE A PEG At&ol vH
A FIFE FoAA £L BSA WEE €& F Av B B, $ege A
444 PEG7} BBDY A&F#E ol Fo BBD7} A E #HA & 7| EAH] PR A
BBD¢ A&AQ #&EE FEHUTGE 4. A dAe UnA 73F¢Y Hlad =
A WEAFo| o 7I7AM £+ BBDZ} ¥R H 71EA@A8 BBD7F X8
WA FEAN YAl A = WA WEAFS BFSA AFAH ez 9 BBD
7b 248 #Z53 7120 @AM BBD/F gAE BT gAel R ge #a
o] }Es #FEHAY AL BSAZE BAE JEAYR=YA A PEG7F BSAY #E
S £Xg¢de A} At

2, RAW264.7A X528 E TNFagt NO9 Ev|Y S449

gA3le vtazsolxE MHC class T 49} co-stimulatory B7 family] #de]
FHNHIEE FEd) AU ddelA Fod d¥de BE A E vaRvtolA
of oja] ¥ulAT Abo|EFY TNFash IL-1, [L-6% @3FH4<¢ 3@ & 49
o B AFTFAE A UAAGAZA Y I EAT|FAS A5 7= YA
o] Y HFESS ARt wikA, 94 BBDE EEHAeR wia2otolA] A
EF o o] TNFad £HE #ZsHTh 28 152 TNFad EH|Z¥FS Uedn.

71EAF9A, WAl BBDZE #Ad J1EAF HAL AL ST JE4E A, BBD7E #
Ag Adsd FEATAA, BEDUANGE, LPSE A43¥ RAW2GATAEFAA
TNFa9] B Azte] 245 v @2 o] FulHUth TNFaH| 2 A 4843
Z 2 ¥ positive control] LPSe] EH|%¥L HA 234X BBDZF FAE 71 EA
d#9} BBD7F BAH s g 7 EAVFERAE A 7A AEH o2 FHH
I BBD/F X 4E #HE3e FIEATYAGNE LPSEY o B2 %< TNFasl 4]
Ak o]AL WA BBD7F @412 71EA YAl BBDJE @A @ #HAg 7| EAY
YAle 83 WY2JE594E AEAE $ 9o BBD/L A€ #HZ&d 71 EAT
Y27 B o E§40)gts AL dA gt NOE antimicrobial activityZ} o™ I

o

|

Jhl
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Abglol 23t AYste © & antimicrobialg AT, @A drE ot (bacteria), TF
(fungi), 7I1A% (parasitic worms), ¥AFE (protozoa)z ol wF vlRE T}
antimicrobial 58 & vla2HolXZRE ¥&HE NOF £ 93 FLdual A
A glth Jeong 5L RAWZ647vtaZgol A A X T A [FN-YEHE AP NO
o 3 JNEAY ¥4 JENF TNFas} neclear factor-kBe 383 A3 AGH
2E 53td g ZAFgoldzn Ruddd. £ AFAHNE RAW26LTHEFAX NO
7} 4BARA A Zhe] et Fole RS BEIAT (29 16).

B 979 o] Z& Aie ¥4 BBD7 gAE HZHT JEAVHEHAE AA BF
ZN1AYEALES A% TFNYAALEY ZEHolL YT 2L JFEAE € A
' AL A
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08| —a- BBD-loaded CMs
—y— BBD-loaded PCMS
” S
07 || ¢ control
. CMS 1 /
06+ M. !
|| —>—PCMs o
05-
g
04-
e
% 0.3+
02~
0.1-
00+ al -
. I ; 3 T T I I T v
o 1 2 % 4 H 6 7 &

a9 16. 71EAE ARG HERD WNoz RAW264.7 HYAEE AIANAE o
QAXAAq ] A3 Are £
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A4d  AASA =AM Z=2Y F 1278 AFL59 JEAE Y
g Az o]59 v Pad BBDE YR FIE i
vitroo] A 9] " EAA ;-

1. 8.9

ANeds 278 A9 FAELE A 2do] B 98 sty nAe A
292 AT I HEe Fod gNd T2 HeosE HE 7 Woio) d
A% weN JEFAHY FLFEGE AL AFHY B2A7 sy, FEAS v
HAs YAAGAZA FAEe] AR BHHEA & QA FH)e] LAFY B
oA EAMl B o]H EAME FE) 8o £ YoM E2F2Y FI17e
A3t F1272 A 2)€ F12771 40 9abE tripolyphosphate (TPP)$} o] &3 A%
ZFgo] g3 EHHNeH Fuld olgd AE2gude] WANEAA  Bordetella
Bronchiseptioa Dermonecrotoxin (BBD)E BAAZAL &Au gl ug Adgye
e v L=
2. A&

B9 ARRAY Foe FARGRDG B FHo U 2T T TREAE
YA Foq7t ol A X FA4g Fo|v] B3] RATAY AT A}
719 ede % AP AFHE A a2 @A EL Helo|=9 T Py
e Foe AdEAE] FSAY (mucosal barrier)S E337) Pz T4 9
o] ] AAHY HZEHEF "ol g5 WY FHE o9 7HA A}Ae] Utk o}
A 43HA FHAGE A ALz Age] Erbgsid.

JIEY [E(B-(1-4)-2-°t7 -2~ 9 S A -D-2F32)]& FGFF2A AGA
THE 71dez2RE JEE 2eg A AAATA (biocompatibility), A4
(biodegradability), S4do] §1i zto]l Mo MEA}old tight junctione & 4 & =
Ao HuFEAGA 2T flolA ofF FHHe gAAsoth EF WAALH R
N 7BAE 2 AYAFNE 23 gon JEA-FY PAL uAFY T b7
A A EHRG ¢S IgA BHIE fEU o E Yo JENL AN
AT AGEEA ZL2 YARAZAZAY Algo] HEs oA dFoA e 9
Aol FAE JEAEATL A& AeRAE AAJEEE T BFAIAT o
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Aol A" FEANYAEC] dA FAe AL wdHAt. #HAlo] FAH m Yxapst
XY gAE nEAZRE Y WAEEe] PERUA HWARAFFHo] "ol ubehy
AF3FQ WALE S AME T o ¢AE PPA o slo G8jHe] FL&
ZYNEAZYZ(PEG) S 7|EAT olnfo)=dge NFo2W $53 shelf-stability
g At} o]#F YA EHY 22 PEGY 42 YAHA Aol SlojA Fad 9
& & o HAHT JNEAVEAAN2E L BAAGd A 2 FAFo]l 9
A%t PEG2E gtol vlsA AAAHAY L& A Aot &t E AP E Fd
AAL QA ¢+ Je EFZY FI27 F127)E =98

F1272 EdAddsAol=/Fez2PdAsRolz/EedddSHol=  (PEO/PPO/
PEO)9] triblock copolymerZA #AF#& 12,600, 70%< 44 o] 2 #-& 4 0] Zynits 9}
30%9 &4 ZIASHo|SunitsE EHEH AVEALTHA stabilizing 58 HE
of AFEokNA Bol AHEHA o w3 43 LY FEFEFTHY IF
AGALPogr Wo] ALEHAA o, B dFE FI278 stabilizer24 A#AZ 7
ENu #zte] A8 A5 HAAGFGE AT AL P L A A
3. A8 Wy:
7} AR

FEAE ERAF 10K (FolA2ad=e 804%, A%, &=)2 AL&sgdd. &332
F127%} sodium tripolyphosphate (TPP)+ Sigma (St Louis, MO, USA)o|A #1319
o A ZFV1A 4S540 g9l rodet 2274 E Y2254 (BBD)E ¥F
ATAYL Fod FRGuTATAoqA AFLRE e AFEE AMFG5HA I3t
AHE-E 1.
. FI2V/7| EA0 (A A=

71EAE acetic acid (2%)9] A A HAFFEI 025 wt-%2 71EAEN LS A=
FRT Aq7le F127 (1.26 wt-%)2 H7A3Avh 1mi® TPPS <& magnetic 2ykald
A 25mle] F127/7VEAL& <o sonication (BW, 1568)S& FuralAAN "ojrHo Azd
F127/71 EAn P2 4T, 3000rpmol A 1587 AATHEAZAG H4EL HddE 82 A
H Al F3Ad.
o). AR e] 73
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Yale) g2 A dxE =& F29D. BBD (12mg/mlE 20mg9 F127/
1B EATE 2ol 05mlie) PBSEo] 447 F, 37CAA shaking AeolA
12AZAE FAAIG. g d5E9E 4T, 26500pm YA #2387 unloaded BBDE
A AR} F127/71 B0l 2o ©X" BBDY %2 Micro BCA protein assay method
o] &3t 4= At
2}, Scanning electron microscopy (SEM)e] 1§ 7|EA (22 #H A3 e 71E2AHvHA
o #4F

F127/71 E4tu] @252 F¥chamber (CT 1500HF, Oxford Instruments, Oxfordshire,
UK)elX s92% HAuoh. Z%HE sampled JSM 5410LV field emission SEM
(Tokyo, Japan)2 2 #Z= At
8}, Dynamic light scattering (DLS)$] &4

DLS+ DLS-8000 (Otsuka Electronics. Ltd., Osaka, Japan)& Al-43t%+=0d He-Ne
lazer beam® 2 ZAFSZHN 20T, IF 488nmolA &AHFF U}, Scattering =+
90°& AH&3IHTh
o}k, In vitroo] A F127/71E40] YAto] A 9] BBDY W&

F127/7| E2v g2t A <] BBD9 in vitro &< BBD7I ¥X € F127/71EAM HAL
(20mg)E 1.5ml2] microtubed] ¥ I Iml, pH 7.4¢%] PBSE Y1 37C9 water bathel
A shakingdt%ith. Alztel wek PBSE HHtolFenl wiWe 49& Micro BCA
protein assay¥ g o2 45 HF HEFE T
v}, Tumor necrosis factor-a (TNFa) £u]%9] &3

TNFae @FHSAA &3] AMgHE AANAY. mh¢i w3 zgielr] AEF<
RAW264.78) £ Dulbecco’s Modified Eagle’'s Medium (DMEM)YA 5%2] fetal
bovine serum (FBS)Z 37Tl #W It 60mme) B%HAo 3x10° XS BF 8
F, diRd Yyo] FAE wWHAES o] MEd AsUrk E¥E TNFae
enzyme-linked immunosorbent assay (ELIZA) kit (Endigen co.)Z #434lth.

AL BAEY

EE AES VKT ZHAA Al A BrEo2 £IAHNIL AYHART. AEFEY 7]

YT AJHAAL TFAO)Y Aole t-AlPLeE AFHUGD. P<O05SE Ao|7t F2
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Sul g},
4 A3 ¢ 1%
7} F127/71 B4 vl 428 W de] g2 € F127/7| Al #te] 54

a9 172 71X A, 9Ae] gXE 7)1 EAv EA, F127/7| B4 HA agjn o
o] X8 F127/71EA0 A4 FHE BAED (29 17. aF d). 1 EAV] A
FI2U/71 B9 RAE AzE Z7)de 788 VJeERAT 253Fod e 7 EADHA:
Bol FHA AT (Z¥ 17. b) FI2I/F|EATPAE A8 Lo &L §A s
Rg A} (2] 17. e). FI127/71 E4LL F127¢ 9% FAE @AYol 715
3te| F127°] wdA47t S d4e $A%E A& ek o) d da4e #2433
71 B0 PR A debd @48 H<dtY, F1279 254 21§ PEOZEo] #YHAE
o] M2 FAEAL TANF7] HEoIH(a 17. g% h). 2t ¥ BBDE BA 8
A AEAELS A BAG (2¥ 17 ¢, f 223 i),

[ EAES] HE A7) Table 45 29 18¢] Yetitt. Halo] A€ FI21/7| E4LY|
YAl= F12U/71EAMEAR G 37171 o AXY. o]A-L WAle] nYPA K Eolz
%4 ole AYPARAHNE FAHE AL AT 71 EA PR FI27/71EX40 Y
A FAEE I (zeta potential) WA SAFE Wyl W&o WA BBDE AV
A Ag3 g agagld s H4A vdAEHY EXE vk 23 FELAVH
9] A7l B 257%F FA ARAY FI21FEA G 271 A7 2R &%t
o} (Table 4). °]RA& F127°] $4& storage stabilityS 2t J&E A&l WAlo
948 FI27/71BA0gAE9 A7l 10 umEY  F7]e]  mucosal-associated
lymphoid tissue (MALT)oll A uptake’d 4 it
Y. 94 BBD7F ©A€ 71EAv PAst BBD/t @XA€ FI27/7| EAV Y2 1E 9
BBDY] in vitro W}&4¥
a9 193 Zo] WA BBD7F 2 € 71EAV ¥A-¢ BBD7F GX € F127/7| EAMH] @4t
A A&HY FEAFL YD FIRZU/IEINAANA 1 EANHARG o] B2
PYalo] FEHA o|RE EFAIM S A447]d PEOY 54 122 A¥ TR
A g7t A7 WEeloh Xu 52 71 EAEAS} A9 PEGAE] 7| EAT
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a3 17. 714 P A(a), FI127-71 £330 JA(d), #2353 712480 HAH(g), YA
o] ZAd FIEAvHA(D), B @A E FI127-7|E3v]HA(e), Yilo] HAE
A4 I EAVPA(h), 25FR0FE Yo A JNEFVEA(), 27FR%A
F127-7| ¥ (D)< 252918 Wio| @xd dsd 712N JADY I
B
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NEEX: AT

1 day 2 weeks
CMs 1.94+0.72 497+2.27
F127/CMs 2.71£0.75 3.02+0.41
BBD-loaded CMs 4.39£0.68 5.23+1.46
BBD-loaded F127/CMs 5.47+2.35 5.19+0.53

F 4. JIEAN YA, FI27-F71EA0 HA, Wile] X8 F|E4v| PA< Wio]
A9 F127-7|E40] Pze] no wg 27193 (um)
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3 20- e
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BSASY ZA¥L AVA st Aoz o B BSA7 PEGE Xt vUx=ygaAzs
8 wEHA $dam 2assich B 7oA $Aad AH#E A4 3le PEO Abe
o] ¥4 BBDY A&FFE wWalstel BBD7F FI2U/71 BV HAIZS-E o] WEE £33
A+E Yetd.

o} RAW264.7A £ 5225 TNFa9} 2u% &34

489 vtazgoxE MHC class I A9} co-stimulatory B7 family ] 2@}
ZYHES FEIT AGUS TN Fod @A HE FA4sd vtaRgolA
of o3 Euldrh,

B T FREAL HZREAE 93 FI27/7EATEAY HIEAHE FAHFA
ojt}, WA BBDE ZdwAog -t vtazgx WHAEAN TNFad #HY &
AAYL gagivt TNFae Eu|¥4e 19 20¢] Jebdch. BBD, BBD-loaded 715
Av] @2t BBD-loaded F127/71 EAM QAR A2 w3 2w B LA Euld
TNFas A 7tel| dependentdls= %$4-& How BBD-loaded F127/7] EAbv] H Aol A
714 %& TNFad BHE 2E9F3t (BBD-loaded 7| EAIP| @A el A P>0.05, BBD
A P<0.05). 282 LPSY AgFoME 48A7to]F2 TNFado]l Hat SolEfAT
AN o] &2" F1EAN YA F127/71 EAR R E 807 7HRI = TNFago] A&
Aoz RuFHERE BAIA oA ﬂWol F127/71EXv G A A&xog b
ZHo] ntazgAg 2387 gEejgh. £ @79 o & ZAde A BBDIL
g FI2/71EA0 @ HA SE571AWde 43 3EU|HAA2Y Aoz
EEHQA ZHF N2 dFRAYES A8

lo

i/
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3004 |—®—LPS p
—@—BBD

1 |-+A-~BBD-loaded CMs
~—V— BBD-loaded F127/CMs

2254 [ -4~ control
-4~ F127/CMs
-
£ I
= 150 |
< -,
=
Z A
=
75 - }
0=t ——y
I y ¥ ] . 1 ' 1 ¥ 1
0 50 60 70 80

Time (h)

a9 20. F127-71EAV JA A HEd WAooz RAW264.7 AN EE AT
F, A9AXdgA e FFAAAAS] By
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A5A vlg2oA FNEA v PR DR AZ] Bordetella
bronchiseptica DNT ¢ " ¥ul$

1. 8%

A9 249N 7B YxQdzto) DA A B. bronchiseptica DNT(BBD-CMs)ol] o]
§ "I {E3E vlS29 alveolar macrophage cell lined] RAW2647 A ¥£3& E3}
of golrgirt. £ HoA BBDNT-CMsS AFPEFEQ uvp$ro vAuz A 4F
8t in vivo AolAl] HERENES HAUs) BaAsHTh vps-29 WY o)F &
=8 doRl3S ELISA 432 53 83, uAA3d, oA Ztzt BBD Eo] IgA,
IgG A7 302 dotrsich WZAHY e BBD Sof IgAr BEZF HZEA
ol wiastel SRR ow v Aol AU IgA, IgG T HAANAE
AU 2y A HelXE FA FE7F AR gtk ol A= NEM U
=U4A7E A AZAAHE (A EHAA BRAYE BAFE)
2. 48

B. bronchiseptica® A ¥l ZFdoz Hz 2F7] AW st A&Hu Y
< Frdste ATl dA AFANGL A AA"es g ARE &4L opr)3)
g ool A¥E FASY] 98 Agd J1Ee WYEe] o}ARNE WL EAFL o
Atk 2 e G2 @A AT Bedn dE ALuAe] HF i gwdu
rEsteEd o] Z&o] Hg B & E S 9}‘3} Derrnonecrotoxin% A4
Hlg e 7H Fad gdAdRlen 549019 F2 4 &
At

AAL F2AA Ee AAHA dYwgg fEsted o] At 83 WA o
o 28y A9 E Zoi7t YL w2A AAL £ Yoy £z9 VI 848 A
gl ZAE THE7I7 o Ee)h o)HF of =2 A8 FYL HF A AY WA &3
Y WYPEE F=28 U ok ae2 Hohle d9ursg F4AIEH A
A Ay E4HQ FY A BxA Y AEe Faso A
< A oM AAPE 2 Qo AdYHd 4B F4 U F4E
o2 g JYvh EF JEALS HZ U FH2 F9 99 e %
Bz 4 e Ao] ojn R =8¢ 53 AFIA
GAe T4 HYo2ZH T AX &3 AXA HY3} IgA A BeE %

X

Kt

o

mlo
0
n‘.
a3
o
e
}L
0
f
("]

M,

N
il
rﬂt

ok ofh

re ox
>

o}

& o oot

o 2E7] Aveld 44, 2HE A o Yo YusLIRY £38 0
B0 =9 209 [pAL Y% ATATAN BYFH 150 4UY Shd F
-

=

=
=

A9 2 ARE 7uto g up¢A HZ}o 29 BBD-CMs E¢jo] w2 n|7 Aok o
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IgA Aoz A AFAududdA 71EAY] d9RzA2M9 &S THH 2
1A gt
3.4EYY 2 A
7k AEw
D 71EAF PRt @XAZ] Fde] abe2 HEF

F1EA vlgate} AEE Bordetella bronchiseptica DNTE 3% 5%7F 242t 1ug, 10
pg, 30uge] H=F PBSol A F, violaz & o839 65F% 93 BALB/
nh$-29 HZ W2 AQ HEF3H . Negative controlZ2 54 3tA 4 € chitosan
=YAE oA HF R 9502 Fosta, J1Ee] YAEHG Wwd}y] At A
49N ARPH (£ ==le J54 vy, f2Fdayd HE £ F493)E 01
md & FASEY. vheaE 2294 67 2oz A4¥7S dA%, 13 HFEFS
0ue AF DAL 43 FFEHAT
2) M A3

Houts oz K55 Bordetella bronchiseptica DNT 5o} IgA 2 IgG A7t W3
£ AAE7] Yste Saliva, Nasal Wash, Serum A28 th&2 WHo =z AF3Hch
7}) Saliva : Pilocarpine$ 05mg/m{ 2 PBSe| A& & vjg29 BEZoZ 100MFAt
3}, 5% F, wk2EY S AHTH.
1}) Nasal wash : Ketamin ¢ ¥ Fo2 <A} A2l spg-29 sto}g A7 %, 8%
W2 mtolaz ARG o] &3t 50u 4 28 PBSE SEW F AHT
t}) Serum : heparin®.® costing® capillary tubeE ©]&-3 & vig29] QP Y o R
BE AAT X 4ToAA 24N 28 F A4 EYsd 4F AL A,
3) Wl {7t

B. bronchiseptica TF9 4 XA} ¥E (minimal lethal dose, MLD)E T3 % Hj
% Mo HHY kg2 Bd FAREAL ZARAAY HAAE S ZAE
o< Hrstgth HAIAZEE 4UFS 3¢ By A%, 4 2FAAH ATE
% MAZRE 7HAEE A FF ZF AL3AAD B bronchiseptica® A £
gate 48E AU
7}) Minimal Lethal Dose (MLD)
B. bronchiseptica® Tryptic soy brothol A wl%gd £ JAu&Z G HNsin A
3 @7 M AE9 ODFE 4zt AT F Tryptic soy agar HWiA o] =Téte v g
ok wlgE Ao Ase A F oDl dddo colony £8& AT H4E& FEIH
(Fr=4).
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R

1 Sampl

ing
/ Challenge with

4% Immunization 5™ Immunization Bordetella bronchiseptica
ol o ; £ A s&’* :

a9 21. 493 2 AsAF A2
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AET F9 34 2 F4% o Wy up -2
1 ARPH E%%A, 0.1ml & FA} 22
2 Chitosan Microsphere LI RAS S 22
3 Chitosan Microsphere /BBDNT (lug) LIRAES S 22
Chitosan Microsphere /BBDNT

4 HZAAHF 22
(10ug)
Chitosan Microsphere ~ /BBDNT

5 LI A o 22
(30ug)

6 No Treatment = 20

¥ 5 A¥< 94w
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239 22. Nasal wash 34
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Colony number

ANAEEX: BUAEHL IEM UEYRE 018

O.Dano
(CFU/mb)
0.792 3x10°
0.084 3x10°
0.008 3x10°
0.0 3x10°
FEH

Y = 4x10°X-482386
Y : colony number

X:0D
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AA=zEX: 82

TSBEl 2] o] v} B. bronchiseptica® 0Dt &3 % 949] 2ol sl PA e
g2 dAgYs L vte2 24 aF(G 45)0 BFFA T 7283 oy AMRE A
A v &E HALE S FAFST (E6).

#e 494 P37 MLD 60x10° CFU/mL o $E2 whx% B 25F 7 49
T k29 B FAMEY] HALE S T wolw S Hrield.

) 4979 #2553

7 AP HAAZRE 7MHES QA F, Blood agarg ¢ 439 37CHAA FL )
Fotslh WAl @ FHHE &5 YT T VitekS o] 43l 7L AT
A3

4) BBDNT-CMs &) &7} AA}

T vaccined WHHFE EFHS HAS 7 954, AHY AR W BBDNT =9
IgA, IgG #A7HE ELISA AAPE o2 249t 4ie g7 Zo

7B Coating buffer (14.2 mM Na2CO83, 349 mM NaHCO3, 3.1 mM NaNS3, pH 9) 100
ol BBDNT #9o] 10 ng & & 84 8%E ELISA AAS 98 microplate o 100
U 25 T 4T A overnight B3 H T},

}) Microplate® PBST buffer(PBS-TritonX 100)2 A ¥ A& & PBST buffer of
196 BSA(bovine serum albumin)€ #7384 microplate ol EF3t 37ColA 1A
A 2] gt

o) Microplate® PBST buffer 2 A ¥ A3 % 443902 H3H A2 sera,
nasal wash, salivag EF33 37CA 1A A&}

2) Microplate & PBST buffer 2 Al ¥ A1¥ F o]x8do2 01w ¢ anti-mouse
IgG E£ anti-mouse IgAE #5311 37CoA 1A A7 g}

v}) Microplate & PBST buffer2 Al ¥ AF % 243 (peroxidase conjugated,
Sigma) 100ut £5, A-2A YA FA& 1 ELISA reader?] & o] 43ld O.D#L
Z3 3},

2 R e

ELISA test& 3 ®|7 AMFJ AN B bronchiseptica DNT 5o] IgAE &74349
71EA YxdAte] @Xx]A1Z1 BBDNT 30pgE w92 HZUE HETF 4ETFAM 713
ARAYE BANA 23 FF o]FE2 FAE F44 JA Frreed, niAg
YAHF olF2 FAT ofFAE AR F& SAURTE, FEHA AT ¥
3ted oF 10¥) A= @3l cl. BBDNT 10ug, 1ug2 22t H33 AF :rL°ﬂ"1‘: A 7}
7t AHE Lebzt Aoz Hol HFFd wlHstey FAL NS T AN
(29 23) %A HA 2F7] 28 EFYAA 490 2F ARPHT S "étﬂ?ﬁi‘*}
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Colony number | 15hr | 21he | 3%hr | 6dhr | 72hr
6.0x10" 1/4 | 0/4
6.0x10° 3/4 1/4 0/4
6.0x10° 4/4 4/4 | 4/4 /4 2/4
¥ 6
74
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12 1

—— ARPH(commercial
B vaccine)
1 I —m—Chitosan only
—A—BBDNT 149
0.8 r
—>— BBDNT 1049
~3¥— BBDNT 30,
S o6 | “
—&— Non-treated group
04 r
0.2 r
0 1 1 ] 1 ]
2 4 6 8 10
Weeks
a9 23
75
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ELISA test® &3 83 W B bronchiseptica 0] IgGE &A%Yt HR5574
g AU ARPHE HFE TolA 7t B 29 83 g6/ fE oy, 4 s
HE ol 9AFE FAAT 7B dedAte $4% BBDNT AT e 4%
g A G vt 0ugs HITT TAN 1Y 2L g6t ASHAT, WA wy
3 olF ZIEATE HIFAN ZFAAM SAURT wa 2w e IgGrt 844
ROZ Hol 7|:=APo2r ol AE WYk 2T F e R v (2
g 24)

ELISA test& &3] 8% W B. bronchiseptica £°] IgAE A3ttt BBDNT 30
pge AFEE oA ol HA W o|FRY SAURTH wwsty o 4u) 1Py
IgA7} =AU E3 AE94FU ARPHT O vlste 10521l 3u] A=o wWou
S0l EE Aoz HAY AL uFAFY YoM fEE [gARTE FHoz 2
gtenl U fs R FF o] Fook So] FA7t FEY ReE Hol 34 U gA+s
gkg-ol osittE AL & 4 ATk (1Y 25)

ulA "t vaccination 25 H Z+ 2§9 ut¢A BZ UR B bronchiseptica (MLD
6.0x10° CFU/m )& FAHZE & Ao B AAE2 Fol5d L Hrlsiqnh off
RAE AFAG L SHUZT L 72/ o|Hle] 2F HAete A 100% %25, 7]
ENdte 54% aF2 2Rt o 94 6043 ool EF HAlstgle} 6wk Wl
% % BBDNT 30ug, 10ugs AT 2F5dME 47 78, 72N 01F 20%9 HEEL
TASRTY. FEWATEFY ARPHTS AHEEC 100%2 EZF WE #FA7 B
bronchiseptica o W Wols o) 744 =3 (28 26)

o] 3el AAZ Kol F|EATHAe] ©X% BBDNTE rl$-2 HZ U2 543498
o, ¥Z de A BBD 5] IgA7t AF o2 fEQgE Ao FAIAYUY 7 E
" 99 w2 FAZd HHsigien, S4URTREY il A gz dE A
ENATH RS W S FL AHE BAFRY ol AEA w YAt BAA
20 BBEDNT7} sjA] 9154 Hl 99 4 7189 83 YA adgoz Hgueg &
E8 4 UeS FEZ34A AFED £ JEA] HA 5F7] AW WA Aga 2w
AN HYg HEAZN ARHA 9L £ e Aoz YA
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A6d F127 EAS} = =29} A%A 71 BBDNT/Z|EX
ul Pzte] WutS v

1. 89

2 AgoN e F127 EAg EE @2 7|EAS 47 §435 o o] EFE] 7]
B i & A Yo MEE ¥ § Qe AE FEY 9ygusS F9 va
31z @t 71EA W gAg F127 EA3 B w28 47 §43% ¥ BBDNTES
BUSAA A7 FAANZG. FHE WA 47 BBD-F127/CMs (F127&A) 3}oll A
e 7124 #3d] BBDNTE @A A7l 94), BBD-MCMs (=29 71EAN §4
€] BBDNTE FAANZ #9H)2 J93z, vk¢2 v 2 I JFAc 99
3t ~A|F0) B3 ¥ B bronchiseptioa® B WE 34 BEstod o)xgS B3
don, AHE AR(ZY, v)ZAFHY, Al BBD Eo] BHwL-(Igh, IgG 37
& ELISA A¥¢& %389 2439 BBD-FI127/CMse 9% a§o] v 184
Higtel & AFE A8 W BBD 5o IgA #A7H7 71 =%tk EF o] 2§FE Y|
Z W AT Bq M 2L AELES 2AFAY 22y €3 W BBD S9
IgG FA7te 94 HIFJT EFAA v 3FE Yl ol AR=E v
F1270] vh§-2:¢l4 BBDNT®| o et dduts G2 A 7| 249 34 ax4 @
o HEA 4EE & F 0 Aoz 44d
2. M

FIEALE AA WeA HAAAHE 3 o, oln tfed =88 T o A
B9 A ] F58 FATE Ao] galA ok FI1272 AA AgAo| Hort 9
GFoRN PA T WA d o]&HI glon, A WY HRAEN I3t
AFel Hu Aok aFAATY AZe Fdd JE wxx BEAe 44 4
Mannnose binding lectin(MBL)3 Z#3le A A& EAAE I3,
HAME A Fd A U FFol aAHos weaA ok Yo} 2L AHE
Hgez 2 JPAME J1EQY HY ¥E 53 € WY v REAEZNY 98&
F o BR8] 943 F127 2 ©tx=2E 247 JBEATY AT F o2 v A9
S8 Foity FEE WYuES vusiana o,
3 HAEw
7b 449 a2 FF

1B gl 2tz F1273% w2 & AFAIZ F o7]¢] BBDNT e ©A A
Aot £Hd A4S FF 527 44 0uge] HEE PBSY JAE F, vlojzg m
g 0]83td 65% ICR 7929 HZ Y& HFH SANET o2 FUsHA 34
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g 7B UsQAE d502 Foqdtn, 7&y Walaael nlasty] gjstd e
2190 ARPH (E9: 529 9154 v, Fa7dety A3 2 F293)S 0.1my

o5 FASAY. otz 2874 67 TR AYTE HAs L, 13 HEFF 20uS
AF A 02 53] FFdA

Welwgos 459 BBDNT 50| IgG, [gAE AAlalr| 9l wigasel 2, €3
g2 247 Asarh AR $9E A 3289 493 $daA AN

nA gt WA HE 2% ¥ B. bronchiseptica® MLD 60x10° CFU/mE F%2 v 734
2 AFet JAEE 7|FLE LB E AN WA HFOE FYAHE A
g% Z 2§54 Wolsg9 Aolg HItsAd 4 A¥F9 HANZRH JEEL A
FAg F, Blood agarg ol &3t 37CA & vidsta, wixlold AT & AGE &
4 &8 F Viteke o]83te] & FAHI}A Fladd.

2. BBDNT-CMs 5°] &7} A

HYtg o2 =g BBDNT 5ol IgG, [gAS A& E AMEYE ELISA ANES 5
gte] zAbeglon] A e A 3H FY&H, d4ua 2o]E Fud
7} Coating buffer (14.2 mM Na2CO03, 349 mM NaHCO3, 3.1 mM NaN3, pH 9) 100
wol BBDNT &0l 10 ng HEE 3A3}F ELISA ZALE 93 microplate o 100
W BEF F 4T A overnight R#5H1H.

1}) Microplate® PBST buffer(PBS-TritonX 10002 A #1 A3 % PBST buffer °l
1% BSA(bovine serum albumin)€ % 7}3t%] microplate ol #F3 37ToA 1Az}
gt

t}) Microplate® PBST buffer & A W AF & 4x34
nasal wash, salivag® ZtZ¢9] v+ X g EF3
=3

2}) Microplate & PBST buffer 2 A ¥ AlH & olx89o2 0.1l 9 anti-mouse
I[gG £+ anti-mouse IgAE #5332 37CAA 1A7F Ao,

") Microplate & PBST buffer 2 Al ¥ M3 % @A (alkaline phosphatase
conjugated, Sigma) 1004 EF, AN YAA|ZF WAL ELISA reader7] & ©]&
st O.D#S S %ot

2. 4¥43

ELISA test& 3 w7243 W9 BBDNT £9| [gAE ZAsAch ZYqIA2
23 7B m P AFA A GANA wE BBD~F127/CMS“%"“J%E°1V‘] 47 ol ¥

o2 AFAY ANEQY sera,
3 37TCelA 1A17F A 8§
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ARPH &#¥4l, 0.1ml
Chitosan Microsphere

BBDNT/Chitosan microsphere 30zg (BBDNT-CM)
BBDNT/Chitosan

(BBDNT-PCM)
BBDNT/Chitosan microsphere+mannose 30zg (BBDNT-MCM)

microsphere+Poloxamer 30ug

No Treatment

nh-$

Fo wy R
24

245 28
HZHE 28
HZHF 28
H|3HZE 28
HZ4% 28
- 28

X7 AgFHAIE
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A AfHoE IgA7l frEE ALR BHAY, JEAF Udx=2E 4% ¥ BBDNTE
332 Azl BBD-MCMs1§< 7|EATe g wAL GXA17] BBD-CMsZEFEUE &
FH7r "ol Aoz HAY, EF 10F olFdE BBD-FI2I/CMs 1§09
BBD-MCMsZ &Rt 1503 A7 2olde& ¢ 4+ AN Al 349 Ag479
vl 2 AHgu ATl ARPHTS H]7Z 3= W] BBD So| AZFL A3d FQlo
Aoz vxd 4 el =%
W HATFEL FED A7 8ulolA 10
Q3 IFAME vlA7HAZ BBD Eof IgA

H2 ggton, offRAE AR ¥ &
SANZE, 44T 5 HaEy B
o] 23it 2L 559 NEATE F
7F F=5HA &gk

ELISA test& %3 3 e BBDNT £9] [gAE &A%
Z1EA v hAY A A GAANA TE BBD-FI127/CMs HAIF

T o]FHE ERHOE [gAVt +EE AL HAY o] 2FL 2 <
‘;-! ALUANF 53 vxsd 44 FE ¥ BBD 5o FANE FAFA v
71EAF mlhae] AgAd dRAA e BBD-MCMs #WATL 8F o|F FA77t &
of HA F7FlEd. AT 8F oJAARANE & AT, 53 I EATLZ @A
BBD-CMsol Hlstd A= 37171 wokow BBD-FI27/CMs T3E &7t zpols}
2u] o] HolHt 2L FE9 JEANE Foq AP FAME 2F o|FNE FA| st
7b LEUAN FAHUATD, FHoZE wgo] FE ALR HY, F&HAT S HZ
ul BBD 50} IgA 239} rlastAz S NETH ﬂl%ﬂ °Va}° L}E}LH AN 7 ’@.
g UM E Eo] Wy wgg F=351A
BBD 59| IgA @A7ls 434 woA
AR HZ O FAE 4F o)F FEE R WA 7<7l w3 o] & TE1 ol gA
ZFHE e ¢ & A

ELISA test® %3] @3 W9 BBDNT 59| I[gAE &A% o 43T% Hlu
st} EPolAAS ) E 7| EA v R AEAA FAAA e BBD-F127/CMs
AFA 47 o]FHH AFHHo=Z [gA7t =€ ReZ Hth ol v 7] EAL,
w2 AA Y YANE FAAA THE BBD-MCMs AdT 2 4F o|F A7t F7hst
71 9oy BBD-F127/CMs gl B3t ghgo] A 1050 o]=ejrcf & A
9 FA/E Jepidch £ o] 4PTL JEATLE NS A BBD-CMs
AT FAY FI7F FHE HEE L FHOERE Aol HolA ok EF Y IgA
frEd & E37 fle ALE B,
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CHLENL JIEM LIEYXE OIS WX AL S0

ELISA test® %3] BBDNT 50| [gGE Z4atch 44 UAFU ARPH FA
27 o|FRE tF9 IgGrt #EHRN 2, BBDNT HAFAME 45 o] F vlsg &
o2 84 W IgG7t FEHAE (29 31). HAFE FMHE BBD-FI127/CMs 43 ¢
o] ttg WAFo] Wlste] 8F o]F FHoz F o YL A G Frd Ao B
Art.

B. bronchiseptica (¥4 6.0x10°2 W% #A HFE 253 3 AYPF w7z &
AYTH F AEES RAEIAY. ZYAAS Y2 JFEA uldAte] ZEA ) 23
AlA T BBD-F127/CMs ZF7NA g dig Wojsdoe] 713 & A=
Ehdth o] 2§FS FAHEF AT o1F 0% 4EEL Bgow, g #AE
70%E YeEhidnh ol A8HATY ARPH 259 60%ETE £ X
2 3 B, bronchiseptica 9l ddte] WA HFo2 ¥ ul7F AW 4 IgAd) o
& EL P& HAED olF AR AdA & JIHURTE BAT o)F o
HE 20%9 AEES BPon, JEA oHATE T4 APT L 0% VEES
e A e

L AdA2YER HEgA7 71EAN 2% BBDNTE vh$-2 87 U2 o
shgle W, 7 afmoz W% A U BBD So) gAZt #EUCHE o) HAF
ATHY 28). =F o] AFFL A W) BBD So IgA A7 AAAAE A wH
Weg ol FRE ol HA AL IAReA, 27 VY BN T AL o
IgA F=7F 234 QL 25T & AN dYs 242 )% B. bronchiseptica® ]
Z U2 FEHF 49E "olx, BBD-FI127/CMs 2F& 713 & 80%9 AE
Bygozxn AANE A AF HolsEr Hojd AeE FAHY A
g J1Ed FAHAZ BBDE XA WA BBD-MCMs2 HEFRS o), 74 d%
] BBD 59| IgA &s7t: J|EAwto s SxAAN 9%E BBD-CMs ZERUE ¥
< AL2 Vet (29 29). £ o] 2§23 HZ € 83 W BBD o] IgA AAb

2 rf

=0
a|a=
A

]
j ¢

ME BBD-CMs 1&% ulmstge ©, 2 Aolg nold @AY osig FAIL = |

B Relngn. ol Wwi% FEAE PR AYVSHEAZ AEHAL 9 7]
ENe 94 35 £go] 933 RelAAY Bead wEA 1A} 97l MR Ao
2 2380 @A FERYAN A8 PEA 2EFA PHLE A9
ARPHE BZ39€ o, W24 74 4% W AR ohUd 83 U [gA HE01A
£ & gge Al B RAY 4 Al o4 sz B oW, mexy
BBDNT 5e] @elwg #E 4 EgoqdZelg2 W8t 71E40] BEDNT %4
& GAS] AGIHE pho2o M L FF AR WIN BHHoR AN FE

i o
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g 4 g Ao B o ZgdaAdFe o] vl$2oA BBDNT oid 9
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R eof

g —+— Non-treated

8 ol —&— ARPH

& —%—CM only

g —+— BBD-PCM 30g

o 40} —5—BBD-MCM 30ug

—eo— BBD-CM 30

20

0 " " L bk 4 : L . a i " i L " L " 3 "
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Time(Hours)

19 32. B. bronchiseptica o) W& @o]F¥ H7}
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A7A HANA FIEA uPARed GAAZ  Bordetella.
bronchiseptica DNT® H<vl-g

1. g¢

AYFTEY vhg2oX 1B vPAd BXA A B bronchiseptica DNT 9] H]7
W A" 99 ffiE &3 U £ 494 LE wAgez HF EHFEQ HANA
E3E IR o ¥ AFYE Folrl i 2f{ F9E Yot B
bronchiseptica DNTo| tjgt ZA ol FA717F Q& HAAE AHgsigley, 48 A%
A ELISA AAZ &9 A 99t S4ERF HR3AY 2318 o @2 #A/1E v
AT AL HA] SPF Ald 7]Ed 238 cgstgla, 4938 A g7+ &
A9 258 A UG BEE o) F aZAHY, A, @ ANzE 4F A%
o] ELISA AAIS 53] BBD So| d9%$(Igh, IgG #A7HS AASIQ e wixe 9
N BF 104 ol B. bronchiseptica® H|7}& T3 F44Fs1, 4 21FEHE 4%
A& vlasted WolFy-g HrisAY. FARET 4FY F AE HAE g A2
T, 73e 589 97 2 ¥ 59 wds fAS T ELISA 23 HAHFTEY v
ZAH 4 e BBD £o] IgA #A7F # 83 Wl BBD 59| IgG #A 77}t obF3xE
AeA G AR T vty WHG ojF FE8] FEE FUHALH, 404
A3 F ov] A9 Aolg Bt A W] BBD 5ol IgA FA7F HAAE ¥
e YEAAT, Pz Agton AAY UAAZ A TAHAAF oFdE
F 2§ FRT AFE Aolg BAed, FAUETY ¢ oFEE ARAAA A
BAFAV Zasn £5FANE vl dE JUFFTLS S43 458 B 74
ANz FANETY vZedA 27 9F S0 FFH[U, PUFFTL 34 ¥
749l 2okg vetddet 99 2L ARE, B bronchiseptica DNTE 7)EAF vl
At A R FFEHUE W AFHHoR Fo] HAgNEE FEY £ Ju=
AE gYagen, BBD-CMs #HAE & BYs o|F uZ o= B bronchiseptica
DNT ¢ I A AdHor Wojd 4+ e 2L € F ANt
2. A8

A AF8HEL dFEY FEA FAde AAY WHEEI] AFoE v
AYd F4Ad o) v AP g5 dovln, FF WA AgAFE NS
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o gozel fF0] Ha, F o AW @t HEAE 548 717 Ayes o
7o A2l Fdol AA dolvdx & Heol AEHA ARELT] FALE "ol
G B AAHR &4 F5 £F7] @Yot Bordetella bronchiseptica®l &
8 WA Pasteurella multocida typeDe] 2344 02 7ZGA] 4ol s, 7
Aol os) 92 AHE W AHG AsA £F5o] E2(dermonecrotoxini DNT)
€ Tty HZETRE &AM 2HE AN T Bzt 9SS JHAS =20}
1E0A= S48 Yehdnh A A4, 38 8%, F5712(gE Yol 72)e] A
T2 A549NY AFE WEA 1 FAS N AY HAFH HAE ArES
A Fol BE 20%% Hoxth @A FFolM AHLtn Qe AEUAL gRE
GE2FEe HE 2 FHEY EFUNeE 2EFAYoE dNE HEED
o SEAIGE ol2ld Wi o g WA REasu, JAAGwS fEoe £d7 9AT X
AS4nd Y £H4718A 9Z F% W Fo] AYus-S FE8x £t
o7 HYA FA g IAHY P FUF EFAFL ZE= Aggzott Fg
A 2o 2= FH(GALT), ¥ZHNALT) 5
AFAZ 2 oA HH F2(el; 275, 8135 5)e /M3 29U F2d F
APzl Bls st AEE Wwoth AdolMe Wy wge FgozRy AY
ZtiAle E3d 3d AT 43S @ Ruly dEI 28 EAFdTE A 3
4E FHez WAAEEY o]F o] dojdrn o] A WY W g2y, a3y
A it A il £ gleglol=go Hudald o=
S Fel7] oldx, FoE Fde] e AASHE 59 FAE Zn
HEFEY oA 2830 FYAgY S Radm, AYHEgE
© 2952 A(adjuvant) & AL dtE R ol 2 9gn7k ok
1E42EE A 7HA, AS AEZle] B9 e 719S Zolddslste dojd 48
T 18118 =AY AAAEGA Bgawst Al EEEH J' wAY & S
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qe woldd ALE B =5E dAsT, 44 A4HA Af 5Ye &
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EYEHL IS U

THAZ G LE olfT FIEAL AA7|TE dFEA e AYUGHBEEAN A
el Fsol AGAAE B4INA AA AHHE FAAI7] Wt =3 7
EALS ggyog afasdlelge g3 242 2¢H Jv FRE o] EAFE
7t 8 A 2FH ) KA FE2E )T o} AA WA 8o Fa Hy
o] Mg AAA] Hojurh o] QAo JEA] AFUANS Y3 HYRZA T
£ AFGAZA Y &747 A8 =25 F&) #¥A v gioh

o9 HRE uEoz, & AYPdAE HA 454 Hdg due 93 99T
718 W73 AT el ARH oz Fol Woits-S Rz 7|Ee FAYo)
old HlZ W2 AY F4E A3 2=Zdoye st =3 Adndgde ade
sty % dYFZARE JEAE Abgste] v W AU £&E Eolax
A
3. 29Uy
7t #4949 A HE

714 ol @&e] dAAZ) B, bronchiseptica DNTE PBSE o]-£3] 4mgo] HEE
AT FHE #4E EHE Yolx ¥& 37 AEY HAE T AFsAt
EFE HolA &2 AEo|BE Z7] A FAN AEHA Eged, FAY=R
ToE ofFAE ATSA ¥ A¥TE VAR HAE® 778 F 2FL2 A
FRoH, 104 NHo2 2Tyo)g ol&std HAS T AF HTIHHRG (1933,
34). AAA] FEst kA GEE AEFFE Info] YA AEF ok
. 24 g7l mlAE ZEYEY HA

Aggad (Fgadguele e LS FF U EAY 7183 S EUHT 3o,
FF7] A¥E 92 F Sl €40 AeA A A WA Blood
agar, TSA (tryptic soy agar)d]l TS ZAZZH 2 A4 933 oz X F uf
& TR U718 A U AT FFHE dotrstd
) 239
7}) A E3F : air-samplerE o]§3d 202/89 £5E AFLERY 15mAY 1A
qd ZAZ T71& FAT F 2uE viA =R 2029 10049 F71E 23
37) Y3t 183 5% Fok 3718 PHI.
) A4 st - FHE WAE SAF FEAA WA WHe] A2 FaA ML F 308

P
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Challenge with
1st immunization 3d immunization B, bronchiseptica

1st sampling 3rd sampling 50 sampling

NSNS

2nd immunization 4t immunization

2nd sampling 4 sampling

a9 35. W93 2 NEgH 2AE
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49F FIg4 L FoIY Fol gy )4

il Chitosan microsphere +BBDNT (3mg) CIRAES S v/

2 No treatment - 7

E 8 4¥vUAE
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T WAt Gaiate Adg T8
2) Mg 2 54

718 ZRE MAE 37C wE7IoA 244 HE<t wlF & 5 7 WA Y colonyFE
ARtk £% Blood agardolAl EAHQ) colony® Addel AuE & A% 2R &
A (Vitek system, automatic Bacterial Identification System)& o] &3 X351 ch
o A7t AALE AE A EAF

qd9 vFFFoZ =8 BBDNT 59| Igh, IgG #A7F AALE 918 nasal
wash, saliva, serum AIE & 09 dyo=w 389t
1) Nasal wash : &AAE )¢ PBS 5m& iR A2 HE 23 AHdA w3
T oYL F F 2 ARG A7 Y 2qAA7 S 01%3}] A st G o

2) Saliva ;BT swabg SIx| Qo] ¥ £ 27+ $3 F Iml PBS 2 £33, 4C
A d4ETEte AEdE AREE
3) Serum : FAZ|E o] &8ty SR AAHWo2RE MHSIL 4T A4 BB

T AR AEd e Ad
E]'. BBDNT 5o &7 A}

Nasal delivery ¥l 93iA F93% vaccined WIEHE ZFE HA37) Ystdo,
AHAE A8 4 BBDNT So] IgA, IgG A7} ELISA (Enzyme-linked
immunoabsorbent assay) HAAH o2 EA &4t FHe e 2
1) Coating buffer (14.2 mM Na2CO03, 349 mM NaHCO3, 3.1 mM NaN3, pH 9) 1004
of BBDNT #9o| 20ng &% 343F ELISA HAS 1% microplate of 253
F 4CA overnight B33
2) microplate & PBST buffer = A ¥ A& £ PBST ¥ 1% BSA (bovine
serum albumin)S #7}8}¢] microplate o #3383 37CelA 1Ak A3}

3) microplate & PBST buffer 2 A W A3 ¥ dAYdoz AHA AFQ sera,
nasal wash, salivag &F38}3L 37CelA 1Azt Ao

4) microplate & PBST buffer 2 Al ¥ A& F o|AgAdo=Z 01w 9 anti-pig IgG
E+ anti-pig IgAE 53t 37TCollA 1A X gd,

5) microplate & PBST buffer 2 A W A3 % 2 (peroxidase conjugated,
Sigma) 100p¢ &5, A=A UFAF F X832 ELISA reader’] & o] 439 OD#2
FA4 9.

vl AZE ZHA
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TA4F AW 4 AYT NAEY A2 HE &3] 98 YAEG o)L A
8 2§ AHCBC:complete blood count)Z A A] 3},
1) €l §F oM 1~2cm EoAW Fo| I% 2mm =9 Y 3 LEe 3
e €dolEg ¥ 26°4EE MY e § FAAEH dYo| e Foz HIAH
27 g A s
2) Yol nE &0l €& we) 80% A X HA™H Aol wuato s W
3) AEE 243t Ego] A FolA 1~2cm HE XA BuUA Yojorg,
4) ¥7] FAX £ TYULL
5) @v 33 CBC7IAE ©l&3 Z celle count ¥t
vt Wols W7t

mAe WA HE 25 ¥ B, bronchiseptica® MLD 15x10° CFU/m =2 A
HZ W2 ZFetq WHolse ZASIEY. WA AFo2 A" Ad T w59
Aol MEE, WY, 54, AE4HE 9 FHoE aFEE vA Hrsigd. #F
F7le 24Xt Y 15958 BF A
2. 494

AdF2Y =AF d7l #F9 vAE EUEY Ax FRE do] EF
Staphylococcus R Streptococcus A B otk Staphylococcuss Y¥tE o2 T QA
2N AMgely FEoA B, Staphylococcus & E tHEE Fo] gtk EF S
aureust 9% WUT LR F7], AFE, Hny] #9F 52 B3y @A g
Streptococcus agalactiae(group B streptococcus)e AFEollA AlAdele] #HE, S,
BAEE o], Aggo] 4 AAAAE A7e Fd4d A8 J9d, $99 F
€ 4ozt ol FELS HA AEFA6|dg ddTe] ofln, 4¥S Y% EA Y
71BN Ao FEFE HANT WA ALSE ¢ F AR (E 10)

71E4 P|YAel $AAZ BBDNTO ol& $=8 7 U BBDNT So| IgA%
ELISA ¥¥< &3 FAsAt. QUM TN WA QAFZo)F g7t 7523
F7reton, vhAg AE AF AR 4099 A FEL olFAE AeA ¢
< SAdETH vlaste b o] Xolg BHoh (2¥ 37)

71E4 wgAte @XA1Z0 BBDNTOl 93 f=€ ¥4 W BBDNT Eo] IgGE
ELISA XS T3 FAsAT. A A4 Yo HIFoF JAFH=Z FA 717t F7138ky

ey
o
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NEEX:

HUMAAM IEM LI-AXNE 0

BHNE AEga .
Bz F7] o] A E‘l)'l-'ﬁl- AA $8 A

NEE AR 3 -14 F7) ol ¥ At 1A & Ao
NBAA F BEE 19N B

o
®
ol
e
)
™
oft
-

)

T 28, 39 QY B, £9 ¥

T, ©7H 38 W2 A Hde iy,
29 &g, A7, AR F
o HuE #Esd WHEe dEue
AN F A-E -144 7

l.

AH oz §HolA R, dag AAY

TEA | 25FN ANA D -1 | BEA B2 £F7IHE Bole A UE
Al AR 4 AFE -138 Zgrc
AAEE 72 NA F| ARAT A ARE HFSA & AA F
A4
-14 A+LE -144 723,

9. FolF Bt 7E

2 A5 BNy
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@ (CFU)

= AL 3 Ay Bloo T ¥4 4%
TSA

d

H] 32

Staphylococcus saprophyticus
Staphylococcus sciuri

20¢ 18| 8
Streptococcus agalactiae

(G-B)

7} A E7) Staphylococcus saprophyticus
Streptococcus agalactiae

el 1004 | 31 | 46 | (G-B)

Unknown B-hemolytic

il
3
=

organism

Staphylococcus saprophyticus
Staphylococcus sciuri
Streptococcus agalactiae

(G-B)

BE| w44 - | - w44

202 0 5 =

Staphylococcus aureus
A 9] A} 1007 | 14 | 4 |Unknown B-hemolytic

<t organism

Adda| 302 | - | - BR

¥10. A Ul #lAE ZUEHF A A3
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0.7 r

06 —— Non—treated
—s— BBDNT-CMs

05 r

03 r

0.1

¥ 37. v A3 9 ul¢] BBDNT 5o] IgA
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NBEX:

ps|

s

umwz AAE X FAZMe FANETA vstd 36 =9 [gGrl FHEIAS

S ¢ 7 ANeH, ¥ uZ AFYNY gA AN AEH v s (2 38)

F|EA vlfAte] @AAz1 BBDNTe 98 f=¥ 7% W BBDNT E9] IgAE
ELISA ¥H<& T3 S BAAe T 387 ANHFo|E &A7t7 F7138t
gou, 372 EAE MYeA ¥ SANZEH HTste o | AE= W
ol x4 IgAdl Blgte] ¥Hoz 3 Aoz wth E£§ X W So| A7t
AR A BARFT 2 ALY A7 97 & A2 vElgtth (29 39)

AT A1 7 49T ANASY ARLHE FAdstu HYPSL o] 43
differential countE® AA3l T, A= F 43 2ok WAz To 38 X7} ok7te
WEg 2oy b2 HA 59 AFFde 58 Ao Ak (F 11)

A3 104 ¥ =A ¥l7 W=Z B bronchiseptica® HE% o|% thee 32wz
Fole g Bl E 404 B e Zo] F HIYT EF YFEL 100%E Y
BTt Bkl o}l R AT AelEtR] e SAURTAM TAAE 29 o]FRH od
HEe W AEY, &, wrhd ¥FE UAZ 9% AL Y S WHg #Eg
T AT WANYZANAE FAHE 39 olF & vl AAANA FEFEL YR
thoHleEA ¥ES BRE FAFF 27IRH SAURTAAN T oulEst Aoz &
Holx FaiH, el & AAY BHA 2B § $5FAE LPEM%M whe WA A g
TS TAHF 49 o) F 3 viE] AANAN HEFS Holn F/WINS BB £
AN ALBAHH FES BW FHFF ol F AsAFT A BaAeTe AgEL
3 AlRE AASte Z5S B & e, B3 WANYFE F L5798 4E Y
e A= A2 E AT g&FHoE AERE FAseEs Y2 JEyAT
H SHAUNERT AAEL E5FNE YU AlRE A A gged, 3%
& RO|A] &+ w}ﬂl‘i'l g3 AIRE 4A QY.

TARE AAN TARPEF 59 olF 7 1FHE HAE dRsg nFoM ¥y R
Y HAS AuEvh PAFFFANE AAHA E5E 2oy SAUERT
A uZ A5 2719 vl ZES BT 5+ JAT (2F 40).

oldel AFE Hol FEAM ALY ©AF BBDNTE H X 87 Wz Fod&e
o, v A9 WelA BBD 9] IgA7t #4302 fEdte Ao FAHU} £
23 oA FEE IgG AAME SANRF Hlsle] Ed4 o2 BBD £o| IgG7t
TEEE 43 F ANt FEHFTAN UE $ojFY v M= BBDNT HAHF
THHEE CFNE ARz 24 FFL BJon, v olFAE AstA ¥
+ANRT L SEHZALS YEhY Wolsge] A3 "HoHE & 5 AUk o

o_?i‘, o
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£ 7|E4 vPAd §AAQ BBDNT/ SA 9154 uds] €4 7189 97 woln
IRHo2 AGWIL AEY £ e BY e WY FEAE EH gL
A 2Tk £E JEN] A £F7] Fyel B AYA2WANA WY A

2N AR 948 ¥ £ Y& Rez J7Ed,
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e
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1
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©03}
02
01

0 1 1 1 1 ]
0 10 20 30 40
Days

19 38. 3 Jl¢] BBDNT 5o} IgG
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04 r -

—e— Non-treated
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O - 1
01
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Days
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No. |[RBC(x10%) | WBC(x10%) Foves HGB|MCV/|mono. |Lympho. Seg | Steb Eosinophil
) Netrophil. | Netrophil.
1| 64 | 311 [289 (11445| 7| u | 37 32
|2 628 | 201 [303|125)48( 8| 39 | 38 12 3
; 3| 65 | 167 | 305 |121|46| 2 | 54 | 31 13
|4 625 | 56 | 279|204 2| % | 9 13
15| 627 | 179 | 305 |12]48| 5| 47 | 34 14
Tlo| 62 | 156 | 218 |24 a0] 1 | 45 | as 10
7| 677 | 181 |331|127|48| 0| 3 | el 4
1| 748 | 175 | 353 |129/47| 4| 54 | 35 7
2| 546 | 83 |263|97|4|12| 50 | 29 9
; 3| 43 | 104 |195|73|45| 8| 5 | 16 20 1
A |4 o] A Al 18| 54 27 1
Als| 645 | 72 |258|02|47| 14| 51 | 3 3 1
el 700 | 201 | 352 12540 | 12| 20 | 38 10 1
7| 668 | 145 | 335 (118{50| 6 | 42 | 39 13

( RBC: red blood cell, WBC: white blood cell, PCV(%): packed cell volume, MCV:
mean cell volume, mono.. monocytogenes, lympho.: lymphocytes, seg. neutrophil.:
segmented neutrophil, stab. neutrophil: stabilized neutrophil )

¥ 11. CBC (Complete Blood Count) Data
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= L ES EREEE:
7
gz 24h 48h 72h 96h | 120h | 24h 48h 72h 96h | 120h
R CR N CR N EN RN RN N KRR IR
-0 | 0 | -0 | <0 | -0) | -0 | =0} | -0) | (-0) | (-0)
o 03 | 23 | 28 |23 [ 23 o3 |03 | 13 | 13 | 13
ool ] el el en
23 | 23 | 23 | 253 | 23 | o3 | 0/3 | o/3 | 1/3 | 1/3
H 54
D@ E ] o] e e en
3 [ 23 23| 23 [ 23 | o3 | 03 | 03 | 0/3 | 073
AR A2
D E [ E | @ ol ol o] ol co
ANEgA | -3 -6 -6 -6 -6 -0 | -0 -1 -2 -2
47 27 5

o

E 12. }o]s "l
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ANSEA

=

M4 SBEEE

oj
=

A1 ALA F-7 A

dHZ okl 9 T x

Exgdxs ¢

ATEXE B7te] 4
HEFola g 7dx
1. 71EA0|AE Az
B Y N EANPAE Az AxdE g | sz *ﬂ?ﬁ%‘_. UI?Z}Q
Az B o] ENZA %*33&)«}% in vitrodl
9 B gx 7}. SSU TPPE ©] 43t v YAA= A9 WEZAERYY
g walg U u @A gy 2 (100%) _
ga 1= R I P = T B 2. YRk JdEop
2}, AL gRetodin vitro HEZHAEY ol NTEQUAE
3. FEUdA 3aF
1. Pegylated ZIEXMHAE A =3
Azd v @A EJxA
71 B 4 o) | 7t 71 EATY pegylation 2 &< 1. 71E40HAe] £
PEG 2 | Y. pegylated 71 EA HA A2 3 Aol F7HHA
mannoseE | o} FlYA e @@ I HEEEE ZAH
A% ¥ | g v gA ar|&A ek, (1009%)
ol g & E | oh MEA ARHZA 2. AGNXERY Foly
A x| v YaE FASAYin vitro FEXAFH & L B3 7
Y 9| 2 AEZ G2 =Y F 4 B A7 Az
A Be u GA Az Ak, (100%)
7F 71 B4t w28 E415tn &<l
v w27 EALY] R PAA R
F127& A | F127&€A st 71 ELAv|FAE AR}
oA 7| 2 Az VPR EHAxA
BN G2t | 7k FI2TEA A 71 B0 BAA = A9 7NEAMHA A
EAze | U v EAY FHAF Zx4& ¢4 (100%)
gxd 9 | o, 6Py 27|5H
Aol e | g A4g FdA8Yin vitro BEZAEH

(=]
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24 A2 K-2-A

FEEYE o

ATE b
TR Bk A FHEFg S 7AE
1. AA A5 g4AA 27 A ASEREEY
: L EAAY B Aol #EEd AHE
9x 9% 7k A A 9 E]_ _ ZO
. PCR 7I®¥dl o3t A & (100%)

CLEED

HAAEA

il
T}, SDS-PAGE®] 9§ @z ol
g}, Western blotel] 2|3 @9z 9

. AzP I EAU Pt

=A

o BBD#UE

Ve seREe) 37

ifiiﬂ 2. ¥ BBDRAE JEA4ARG | Fol in virod N
;Hq g | HAF invitodde WlgARA | dQATIA €4
Q%%Hg; 7t TNF-a £3 A& 2425 AuF
SSY g -y 23 T d=TEg Ex
t}. NO &34 EHA (100%)
CE SN IgA BA
2} xolky
A9%E A9 WA= BBD HA € ;E‘_}j Jafjﬂ
dussg FIEXNT QR FI27E€A A dE 7] o Ede  AE
EQvgA, S=23v P OF @ o
%‘1 °ﬂ /K-] 94 qg_,g;_‘_z'_;g (1006)
W o 54 3} A 5708 Tek . F127 E&Agolq
° . @AY IgA 27 s e
- - IgA A7} 743
. A9 IgA FH =& AL FI1279 W
AHZA g A
7 X e
%g%%ﬂ sf]];qsq Hae 53 PFF 'I:LJLH;;;}IOJ?;::
535 E| o A= SAYRT H s
AN | 7} w0 IgA EA z78 Qo)
g g | U wZde IgG 53 . 40Yo)F o JgA A
Q S EEERINEE:
2},

A IgA 54

£ B3tk (100%)

HoEay JEN L UXE 018 X ASHHISMLS 915 &Y
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A 5% el voluAnte] #2H

Ald A7EE 2dF FATA

TE A v 3
e =EAA 3
ARANETE 9

7€} -

A2 ATFE 24F QAT

1 Ao a4del Qle 71849 EAel BBD 398 EXAA in vitro, AP FE £ EAHEE
of i AGLHE ST 27 HAYHHo| Y=o vldte] $58 AAE QYo F
WEFEF7H] AR 4530 Bel 27] 7|3l 42dr,

2. YoM e 2F¢ gRrEe] WAe) aluminum hydroxideYt oil9He: B.ZAZ 8ko] FA}
FoPey vAEHo|R o o AL JEATYRE sprayE o g Fojay A
AHol EEHY FPdyo] AR

3. HA9 50 QAR ol A 2HY FLAGAZME FErsstEe Ae
o}

4. 25N 712QTE RO E AAVGAY HESF AAEE F3E oHolu}

2015/04/20 16114~ 8 XS/ AW
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H 6 & Azt dolA st slusprj=TE
A1d 1= PR AP &8

1. 22E7 ¢} Bermnkop-Schnurch T4 7|EA] E27]18 =Q#o2H JAayz4yd
o] F715t7] W& a9 FoMe F47t FREtn 2asich (J. Controlled
Rel,, 2003)

2. 12229 Junginger AFHL 7|EA YAt 3dg SAANZ Fo ddez =

ggogn Foxe BELEE 2T 4 g stk (L J. Pharm, 2005)

A2d a&4 A2 AT AN

Redkinetix 3)AH9] Coeshott ¥HIR& 7|EAT FIZ¢ &t #4e A8 22
Sut} W 4Esdo] Holuhthn wnssich (Vaccine, 2000

Z3d DNA I24dgd 4T JX

MITS] Langer 58 F499 2de Ag3e 4l DNA F9& &R vHat
ARFPIHA AEFoA Z2EXAEX 48S e EFWelolr) o] 2E 9 EF A
Yo Axe #gke & JFE7] Qo] A2 DNA FLALA 2N 7H54E AX
&} (L J. Pharm, 2005)
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