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Summary

Proliferative enteropathy (PE) is one of the most important enteric
diseases, caused by Lawsonia intracellularis (L. intracellularis), all over
the world including Korea. Significant economic losses were reported in
the PE—suffered farms in Korea because of poor growth rates and high
mortality. In spite of economic losses and concerns, little is known
about the introduction mechanism of PE due to difficulty of isolation
and cultivation of L. intracellularis. Successful isolation of L.
intracellularis and experimental reproduction of PE were reported in
Europe and the Unites States. However, there was no report of
isolation of L. intracellularis in Korea. The objectives of this study
were to isolate Korean strain of L. intracellularis and to reproduce the
disease using a pure culture of L. intracellularis as well as intestinal
mucosa homogenate obtained from a pig showing PE. In addition,
several parameters were evaluated, such as clinical signs, growth
performances, the severity of lesions and serology. For isolation L.
intracellularis, McCoy cells were inoculated with the extract of intestine
demonstrating proliferative hemorrhagic enteropathy (PHE). In vitro
cultivation and maintenance of the bacteria were established at five
passages. Identification of the isolate was accomplished by staining the
infected cells with mouse monoclonal antibodies, IG4 and 2001MADb, as
well as by sequencing PCR(polymerase chain reaction) product using
primers specific for genomic DNA of L. intracellularis. Furthermore,
4—week—old pigs were challenged with intestinal mucosa homogenate
and pure culture of L. intracellularis. All pigs, challenged with intestinal

mucosa homogenate and the bacteria, developed clinical signs of PE,



such as a severe diarrhea. Necropsy was carried out on 3 weeks post
infection and significant macroscopic lesions, such as the corrugated
with hyperemic and thick folds, and microscopic lesions were observed
in all the pigs challenged with intestinal homogenate and pure culture
of bacteria. L. intracellularis antigen was also demonstrated in intestinal
tissues of the infected pigs by immunoperoxidase staining. Serological
responses developed in about 2 weeks post infection in all of the
challenged pigs. When hamsters, known as highly susceptible animal to
L. intracellularis, were challenged with same methods described above,
the similar pathogenecity was observed in infected hamsters. In
conclusion, this study demonstrates the successful isolation and in vitro
maintenance of Korean isolate of L. intracellularis (PHE/KK421) for the
first time in Korea: also proves that pure culture strain induced the PE
in the infected commercial pigs and hamsters.

In order to develop probiotics with protective activity against
diarrheal diseases as well as with expression of interest gene such as
protective antigen gene of Lawsonia intracellularis and VP& of
rotavirus, two kinds of lactic acid bacteria (LAB), Lactobacillus casei
E5 and Bifidobacterium longum BL730, were evaluated with a
Salmonella infection model in mice. Each strain was administered orally
to the mice for eight consecutive days, and one day after the last
feeding, the mice were orally challenged with Salmonella enteritidis at
a dose of LD100 and then observed for 21 days. While the survival
rate of the control group and L. casei E5—treated group was 14%, 71%
of the B. longum BL730—treated group survived, indicating that feeding
BL730 has a protective effect against Salmonella infection. The
possible immune mechanisms involved in this protective activity were

investigated. The proliferative response of splenocytes with mitogens



and the production of inflammatory cytokines from macrophages did not
increase, whereas the concentration of secretory IgA (slgA) in
intestinal contents of the mice fed with BL730 was 2.5 times higher
than that of the control group, suggesting that local intestinal immunity
plays an important roles in protecting against the Salmonella infection.

Rotaviruses are one of the most important causes of diarrhea in
piglets. Mucosal immunity is important to protect rotavirus infection in
small intestine. It has been known that one of protective antigens of
rotavirus is VP8+* of VP4 cleavage product. To effectively induce
mucosal immunity, the VP8+* antigen may be injected by oral
administration rather than by intramuscular vaccination.

Since Lactobacillus is resistant to acid environment in stomach and
commensals of the guts, it may be used as delivery vehicle. To ideally
deliver VP8+* antigen of trypsin cleavage product of porcine rotavirus
VP4, one third of VP4 gene coding for VP8" antigen was amplified and
cloned in shuttle vector pAT:pgsA of Lactobacillus casei and in
pBESAF2 of Bifidobacteria longum. To confirm expression of
recombinant VP8 in both expression system, Western blot was carried
out using antisera against bovine rotavirus. Expression of VP8#* antigen
was detected in Lactobacillus caser but not in Bifidobacteria longum.
These data indicate that Lactobacillus may be used as delivery system

to protect enteric disease as well as rotavirus infection.
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Fig. 1-1. McCoy cells in normal condition (left) and treated by 0.1% KCI for
mechanical rupture of cell membrane (right)
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Fig. 1-2. Gastrointestinal tract of pig infected with acute hemorrhagic PE
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Fig. 1-3. Intestinal section from a pig with acute hemorr

haéic PE,

immunostained with monoclonal antibody I1G4. Magnification, X50 and X100

_—

Fig. 1-4. Blood clot in the lumen anﬁ_hemorrhégic terminal ileum taken

from a pig infected with acute hemorrhagic PE



Fig. 1-5. L. intracellularis in he aical c

toplasm of the 1leal gland

of a pig infected with acute hemorrhagic PE. Magnification, X400
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PHE/KK421, L.
supernatant of the cell culture medium. Magnification, X300

Fig. 1-6.
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Fig. 1-7. McCoy cell monolayerheavily infected with L. intracellularis.

Immunoperoxidase with monoclonal antibody 2001 MAb (left) and uninfected
control monolayer cells (right). Magnification, X200
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Fig. 1-11. PCR amplification of L. intracellularis DNA from the feces of

challenged pigs



Fig. 1-12. L. intracel/lularis antigen immunostained by indirect
fluorescent antibody. Magnification, X200
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Fig. 1-13. Serological responses of pigs challenged with pure culture

and homogenate
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Fig. 1-14. Enlargement of the mesenteric lymph nodes of a pig challenged

with pure culture PHE/KK421

Fig. 1-15. Intestinal wall corrugated with thick and hyperemic folds.

Fig. 1-16. Intestinal wall of a control pig



Fig. 1-17. Immunoperoxidase staining of a terminal ileum from a pig

infected with L. 7ntracellularis, PHE/KK421, isolated in Korea.

Magnification, X100 and X400

Ileal section from a control pig stained by IHC.
Magnification, X200

Fig. 1-18.
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o Aol AdoMel FdstA WA & AME Lawsonia intracellularis
glo] B F2 FAHAIL(Fig. 1-20), SANET F2HENE A &
3 4 glth(Fig. 1-21). tiF&e] At FdS F2 345 FAT Axe]

MEF He FRAA #AFEHJQow AdX= gy 2 Zg|ol(lamina propria)

AET RRAA AEF 6QVE UPol FRIE 21944 Bore] FuE
of Heldgch £ FANEEF L 2SNFEE AER AT BFoA

Fig. 1-19. Gastrointestinal tracts of hamsters challenged with

intestinal mucosa homogenate (left) and pure culture(right). No

thickening is observed in left control intestines of each figures



Fig. 1-20. L. intracellularis observed in apical cytoplasm of epithelial cells in

immunohistochemistry stained ileal section (X100)

3

Fig. 1-21. Section of ileum from a control hamster stained by IHC.

Magnification, X100
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MAE 2= 828vte] Toll 467V 7 o= uskan(56.4 %) ¥ I
7H = ¢ = 7% 68.6 %(105/153), B} % 55.4 %(153/276), T3 %=
43.9 %(29/66), FL%E 55.6 %(5/9), M= 54 %(175/324)t}+ (Table
1-1).

A
e

. No. of farms No. of pigs
Province Total Positive %o Total Positive %o
Gyunggi-Do 13 13 100 153 105 68.6
Gyungsang-Do 20 20 100 276 153 55.4
Chungcheung-Do 5 5 100 66 29 43.9
Ganwgwon-Do 1 1 100 9 5 55.6
Cholla-Do 20 20 100 324 175 54
Total 65 65 100 828 467 56.4

TABLE 1 : =W L. intracellularis?¥a 3 33
PPE9] A% R¥&= 73.7 %7F A7) FRAG@A, 23, d5)004,
55.6 %7} HE I} <k, 78 %7F 1A, 78.9 %7t F-olek FF, 29.8 %= FH
55.6 %7t 735, 52 %7t A, 54.6 %7F F&, 54.9 %7t A, 66.6 %7+ U

T-ATHFig 1-22).
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A 2 A A Salmonellard 734 Wols v

B 59} Shigella, 18] 3 Escherichia 7}
ArE dorleE tEA AU AdAd wWdAelH, uebA o5 M-S Wolst
= Aol A FE ojAe] A HAIFES dntste o 7P Festta

3t 4= 2 tHAnon, 1990).
<

A9A 23l BHT MARRYS TP Qe 2 FE PUA,
oFE, Aol § TR 44 a9l ugshl 9F with AT 99

Ae w59 BAATEel FAHAS o S don. dAAes F2 973
231719 A Ee] s o =N WA wZe, A Al 3HA7
A ZAsAIT I A R7E a3 ol AR At lFEe] gk o]k A
A, 1A A2E71Y s 3 S NAdskE e8]l A probiotics 7F &
S AAMY AEe] A 2 A5AE AFEEO] gth(Fuller, 1989; Katelaris
et al., 1995; Gonzalez et al., 1994; Isolauri, 1991).

Probiotics ¥ S microorganism bacteria ° %344 Saccharomyces
boulardii ¢ Z& yeast cells o &3t F o2 Ry At Buts, 1999).
Microorganism ¢ 7§, Lactobacilli, Streptococci, Lactococci, T18]il
Bifidobacteria & lactic acidE AAFst= A|l+E°] probiotics &A] ZH&3kt}

(Gibson and Fuller, 2000). 13y EE Ak 9] probiotics =4 #g3sk 4

AT AL ofym, o]F9 JmI= ATl we B 2R A olHd
AFA o2 £ AT MEy 54357} o] Fojx o g},
AR Are] digk probiotics o W EI}E Lolr7] fste], E AT

o] A& Bifidobacterium ¥} Lactobacillus genera®s X&3+ F ZH9 Akt

S w929 Salmonella ZFAEAS ALR3e] A& E}9ith Salmonella &



oA o MAlR w2 A A WA (Edwards, 1999). & ATl

A= B. longum ©] XAFEES] Salmonella 7o tld o] =89 sirf= 3
S o, Yolria Fulo A2l sigA Aike]l F7krt oldt Wl a3E B

A 5 ke A A



&7 SPF ICR ¢} BALB/cE Wik ule] o= T4 Fdsta A3 d 15
FAh v A~ES 1247F light-dark cycled &%=%%

(2222°C) ©] BN ALGFAT B} ARE P2 TFEAC

B. longum ¥ L. casei #¢ 4% ES 5 ml ¢ MRS vjA|o|A 5411
37°Coll A sF&uFE¢r vjekal gt whole grown cell & Z+& #i#] 500mlol
£7]31 37°Coll Al shaking sFHA © AzZlth Cell £9] log phase o] ¢o|2E=
Ak Sof] dA EEste] 88t 10% skim milk o] A4 FE=Z EQvh 1
T ATS 2-4 x 107 cfu 2 A% 8U7t vp-zo] HFFES] Flon hrd

o] w258 skim milk ¥ Fo8kATh,

o

oh Arda e tid fAkd 3o rh2e] W] an

w22k 34 19 ol ICR mice (ZF 189 8 vkg]) o S. enteritidisE 1
x 107 cfu 2 A7 AFsden, €5 LD o 7M1 AEF (AEAA
F/AAMAS) = v 21 vt} 7] =35 T

A w FA 1Y 3o proliferation assay® s 24 259 3uiElY
BALB/c2H-B H|ZAAXE FZE3At. H]AAXES] single cell suspensions
10% heat-inactivated fetal calf serum, 2mM L-glutamine, 50pM%]
2-meracaptoethanol, 1mM2| sodium pyruvate, 100U/ml penicillin, 100xg
/ml  streptomycin®] ¥3%¥  RPMI 1640 o] <43\, HAAEE

Tris/NH,Cl& A&l HE4+E A A3 96-well microtiter plate o Z}

I~

—

well @ 5 x 10° cell& 200409] lipopolysaccharide$} Concanavalin A 3.3}



T u£8 RPMI 16400 ¥338l¢] 3 plate® A2+ ¥ 37°C 5% CO2 7
o] 4871z}, 72 AZHEQr wFEttt. AlEe] F4& XTT reagentS A}-g-3fo]
wredel whek Sgaksct

vt HAAE ST A

B. longum= <l BALB/c mice (59 3vtg]) oA E7AAEAE
(peritoneal exudate cells ; PECs)E 471 93| Fol 4% thioglycollate
mediume  1ml % FAEAT 49 & BRAFH o2 PECsE FE8ha
24-well tissue culture plate o Z} well B 1 x 10° 2 A3 s}
LPS (Sug/ml) ¢+ Hi= HIES wjx|eA 37°C , 5% CO0 A 24, 72 A7+ Hj

PA R AEure] Agkon], A7 Folh AzlAel wg AFae)

(¢

cytokine level & sandwich ELISAES A}-g3}o] &<lslit).

u el B3 [gAS) A% B4

B. longume & 7% BALB/c mice ¢ ZAWEEL vy Zo] njg =9
st &, &% %S 0.1mg/mle] soybean trypsin inhibitor, 50mM
EDTA, 1mM phenylmethylsulfonyl fluoride’} ¥3%t% ice-cold PBS 1ml =
Aol o, & WEE2 slgA %X+ sandwich ELISAS A}g3lo] Fels)
ATH.

A WSS A

upx]Eo 2 B, longums w5 d & 19¢] A BALB/c mice 1%9 37}
2ol A%S 4% paraformaldehyde © 3F&dE<er A4S EFE PBS(PH
7.2)2 1A 7r%¢t washing sFH . Aol o] graded sucrose solution
(5%-20%)5 FHAZ F F2& isopentane—cooled liquid nitrogendl] 572

AFHY. A" %ALY CryostatE AF&3ste]  8m  FAE  AE21



gelatin-coated slideol] FZAJFH T 1 & PBS, 0.3% H0s, 0.4% Triton-X,

183 5% normal mouse serum =02 H|Eo] HlI2S A A1 Lol E

rat anti—-mouse IgA%} WH&3 3 biotin—labelled anti—rat Ig k chain®} 22}=

WAl AT £8o]=5  avidin-horseraddish peroxidase®} ¥ A7l &
3'-diaminobenzidine 7]&& ©]-§3to] WA Z L oluwf whgo S $IE|A

SUAIR Ho0.5 of&sh3lor tx 94 & dvjdom sl

S|
zb 2F3E Apol o] AT ol A= Student's ¢ tests ©]-&3F3lTh



3.4 3%

b wsEstE AT Awdd 29 fY Tolaz
Probiotics 7} AAMd A& o¥sts avrt s Wel7] flste] 2 A
T 4= B. longum ¥ L. casel F T/ FARES vhg-2oA o] A}
A8 AL83Fe] AlEEFATE ICR mice & ZF f2Ft ¥} skim milkE 8Y
of Folstdlth. mhAlY Ho] 19 ¥ LDigo & S. enteritidisE 47
AEetal AEES 219ve 7158tk AE5S 1S 5 449A45Y of =AY
=7] AlZstR o 7AHR el thEaE, L. casei 59, B. logum 37 e AE
& 247 55%, 71%, 71% FH(Fig. 2-1). L. casei 93 B. longum &
oo BEES] Aol= 89 FHE YEh] AFe =T, L. casei wodwt
NE=FL 40% 7VA 3238 748 vhH B, longum 3o Aol EREE=
2147HA AZst EHE FASIATE L. casei 5979 HE AEES 14%
RaL, o)E gxe] AEEI AA vE2A ot
Salmonella el tigh Wolss 7FA L Qo L. casei + 1%8A &t
AlAbgte), o] At
activity ¢} ##3dte] 54 #4938 probiotics A4 B. longume A 3}3i T

_L
oS}
)
5
0Q
c
8
rl

7 e, ¥ AFE= Fo] E3 immunopotentiating

o
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* Fig. 2-1 Salmonella enteritidis % & A oo AEE M|
o A A AES vy EYY goas YEE 1S Foeu| =

SEupel s Folw, siek B gEEs e

we

HE

CHlEutE fabRe] vg Toh B AE 843 &3
FAFY TR ANEY Wee BHRBRE AL AFAA

oy dAFdA  wsld g wElA 2B AFdAE B, longum 9

of

=
2] FexE WA =HE WA A FA A4 B. longum ©] H]

2ol T =+ B lymphocyte o Ao &S n| =4S A 338U} o= 9

T
[>
1o

3], B. longume &g3 © B AMEZE 72172 T 9 B lymphocyte
mitogen ¢! Con A ¢} LPSE sLx¥H=E E3tE o] Q&= wjx|d wjoksta zFzte]

mitogen—-induced proliferationg 48A|%F, 72 A|Zt Zo HIVsIG Y. 1 A



Table 2-194 H+= A3 7o, B. longum Fo73 iz Alolo A= o=
o & EA A Aol7b YERUA] ekgkor, o] Aok o] RS FIAE

systemic T, B lymphocyte ¢ activitye] ®H3IZS oF7|3}x E3tp= AL &
}\ /\}\ )\}\I;}‘
Thne Splenocytes from the mice fed with
Mitogens Skim milk B. longum BL730

48 2.2+£0.10 2.0+£0.07
ConA 72 2.0+0.10 1.8+0.10
48 1.0 £0.07 1.2 +£0.08
LPS 72 1.0 £ 0.20 1.1 +£0.20

* Table 2-1. ©jZT, L. casei 99+, B. longum w429

Splenocyte preparation ¢ Lymphocyte mitogen response.

o e G4 BAAE B8 59
1=3

AAEE VAR GG WP B AN FAAA 9

o

st

2]
a FH 98 = FuE  interleukin(IL)-1 ¥ Interleukin-6 %

lo

.ﬁ
S~
N

proimflammatory cytokined #H]slo] 7 H-JolA o] AENESS A4
= o]t} B. longume FoldtE X287} @AM X9 cytokine EH]o] <

A=A & Lolr 7] 9J5te], & AFo| A= thioglycolateE AFE3Fe] ofF-F

A

ELISAE A}&3ste] 433 Fig. 2-2% B. longum w9l HA F=
3t macrophage oA LPS ¢ #H7} o]F-o}= A#glo] cytokine EH| ] =

. TUEAE, B. longum 3979 cytokine
level & 03| HWERTHUE SATHP<0.05). o] A¥+=, B. longum ¢ Fo]

&9 F7h GAAEL] Byl 9@ o] obdS A

mlru
f
o
D)
52
x2
dlo
o
fz
o
N
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ikl

IL-1

Jo1

24 A

Concentration (pg/ml)

Incubation Time

250

2l -

150

10 -

Concentration (pg/ml)

Incubation Time

* Fig. 2-2 Bifidobacterium longum F9T(ALM) = 2T (3}SEA)
9] macrophage o 93 IL-1 (A) 3} IL-6 (B) WA=, - wjF A=

o]  cytokine FEE sandwich ELISA = =4A3}9tt. Mean

concentration £ standard errors.



b HYEEtY A AW BElE A S &9
71E9] A4+ 29 probiotics ¢ ATFFS+= gut-associated lymphoid
tissue (GALT)E A=3oa24 ol2 a3s Yehite As Wit GALT
o WAS TV o8 WEE T, 2 Aol = B. longum ©] el A
slgA o] =5 Z7MA7]=71E dATsksdt). Fig 2-3914 B35, B. longum &
of ol A 9] slgA o FEFE Hb 15pg/ml 1 WHH tiZRToA e FEE Lt
6.5ug/ml © 13, B. longum ©] slgA 9] A4S 2.5 8] A= F7A Y=
AL & F AU o] AF}E FFsty] 98, [gAE AAtske= Al plasma
42 immunohistochemistry staing E3te] =339t} [gA+ cell
of At 5 Al7l= oJe g e, B. longum wofwte] Aol A tizatel H
) #H o B2 9] IgA-plasma cell o] A& AL F3lo] & & Atk
Hematoxylin &% thxdA 3 & 23}, G o] FAE2 HS5o4l vk

o obdE FFF 4 U

1

Concentration (Ug/ml)

Skim milk B. longum
* Fig. 2-3 &2FdAe sIgA AAkd t3t B.longum w99 &3



BL730 wolvt (A24) 3 diz=at (BIEA) o] F F9] slgh &+
sandwich ELISAE AF&3dto] =743}Slth. Mean values £ Standard

errors. (*P < 0.05)



frabateo]l A o2 mykso] AdH, dAHoE WeAUAN, AF7HA
el oY AlgFEe] REAE, FAE, FelE&E o= 84 A

_l(_)r
&5 St AgEel gow omn tkg WHAA U &gl
<

oF Ayt Aol JF
S A F e 8A4E AEY 7 e A oy WeES AAH Fol
of gttt o]2f g Ao, & A= B. longum ¥ L. casei F+ T7F2 fr
220 A1 9] Salmonella infection model& ARg3te] A3t +
T BT AA TaaAFe] dvby 74 Aiew JPE 9y dEA vk
Salmonella & AMg# s&EA Y AF53 AAL 23] AJAZA, e &
WAt ol o] A el ojF AW AdAEF e w7t AARe Ao
T Yol He= Aoz A vt Probiotics o 7MY FAHAQ &= A

AdFe] 43S HAsIA| 7o BEA 7)== 7]5o]7] witoll, salmonella #H¥

[
£l
tio
i
=)
o

Rde AR A probiotics o EIE SAT F A M =2 AFRL

<ol stvtetar & 4 2l

nk9-2of S, enteritisdis AA}HS ATE HAFIS W, 4F T 214714
o] AEHL Lcasei #9992 49 14% 9w W B. longum Folwte 4%
= 71% 9t} o] Z23= B. longum ©] probiotics A9 EAS 71X ¢tk
AL FAetA )5etm, 2 AT E sto]lF salmonella o gk WolsS A
= AA7AE AeAE Sateksith

71&9 AFEL 2H probiotics 52 WY A= V)5S /A
S (Perdigon, 1995; Perdigon, 1998), =1 2§ 2o
probiotics ¢ FF4 FAEH, FoAUY, HAIAE 9 AP A &

ged 4 9ti(Nagafuchi, 1999). 4 1 Ao A4 = B. longum ©] H|Zo

o|
>
\y
rlr
,
N
£
i)
g b
>0

T

A lymphocyte activity® S7IA7]1 =415 A3ttt 22 probiotics & 7
T FAAl Hawdde] oS v HUYE Aol mitogen o gk w]A

lymphocyte ¢ F2 STHoz Z9=E v YviHeria et al., 1999;



Kirjavainen et al., 1999; Shimizu et al., 1981; Shu et al.,, 2000). £3] B.
lactin®] ZATFol= B]F lymphocyte ¢ mitogenic response Z=7}AZth
(Shu et al., 2000). B2t} T3 AL, £ =94 B. longumEs 33 F
7} salmonella el tigh A& 7HAvks Holuh, #2209 HdoA= B.
longum T3 skim milk F97 AFe]2] mitogen-induced proliferation
response ° olFth & FIF Aol= Ut o] A= B. longum o AT
Fo17} salminella 7Fdel gk Wolss Fogdtial stete 1 2940 7]

Ao HZY T cell oY B cell B} 1 9 2 g9l o]FEst}E= A

o

gk

ol 71 e A |AMETE T8 S stk A 93] d#A
A3l BRI EE thekdt cytokine ¥ reactive oxygen radicals #1]5ko]
ANAHE FAAZIL HARHoR AMAdS FAuh. ¥H  probiotics
macrophage 9] 7]|%5S AEsAIttal 4 A gt} o o], Holl L. caseiE
E7}FE o8 79 phosphatase? ¥#H|, phagocytosis 52 #7 macrophage
715 0] 3= J G (Kato et al., 1983). BE 472 cell-free extract gk
macrophage cell line 2] enzyme production ©]t} phagocytosisE S4A1Z
t}H(Hatcher and Lambrecht, 1993). B. longum ¢ ZAF+EFEAA7F 7%
macrophage 2] 7]5& FSA7IEAE SAHSH7] Hste], B LPSE A=
3 9] IL-1 ¥ IL-6 59 proinflammatory cytokine AAFS A5t}
Macrophage ©] phagocytosis, enzyme secretion, nitric oxide production
59 7153 yE9, cytokine #¥H] T3 macrophage?l activation stateE
B = 5283 X Folt}. o] ¥ = B. longum F79 A cytokine level
o] xS #BEFE £ gtk 238 B. longum w979 cytokine level &

THT WUol=d) ol Hol% [L-1 I IL-6 & salmonella #ZF&d] tjst

Be AFEo0] slgA level ¥ o tist AgAdol= =2 AHAAT 9l
thar 88 gtH(Bosch et al., 1988). o] AdoA, H Ao += o
o

=
3 2.5 v & slgA levelS B. longum FowollA] #ze 4= 9t o] 2



H= =3t g, B AFoAE Ao IgA BRI AEE detection 7] 9
gl immunohistochemistryE Al¥3tth. B. longum wolat9] whg-2 Z]
lamina propria oA E IgA+ cell & F7F tixdto vste] s a4 =7}
3F%lth. Immunohistochemistry®] Ay} &0 ELISA A¥o|MX= Al B.
longum °] U IgA 7} S7Fste Al7]ol ald F-9o] AU YgS A5
= Zlo] g3 =ewth. o] Aol #FEE sIgA 7F HEIE Aol =3t

Py
o

Hol SolHow zgsl= Zlo] of7] wjEel slgA o F7H7F Wol a3E &
Bt A2 SAeA] due ol =4 AT 2 e o, slgA
7} @ AW L] fimbriae o H|Eo]How Rl g 7S vrdsv)
= A2 salmonella #9S Weldts d AolA 9] slgA o FaAs ATt

(Chen and Schifferli, 2000).

B. longum® &go] o294 AU IgA 9 levelE AEA7]=X&= o4
9] dAY HEYH gt WA oty e}, PH, probiotics®] antimicrobial
substances, g WA FAA W A48& T o] a<1E5°] salmonella 7
Aol 3t Hro] zgof EZ T Cherrington et al.,, 1992; Bernet—-Camard
et al., 1997; Gopal et al., 2001)). wabA, o]8 3+ QA EF} slgA o =717}
oAw st FHol Jd=AE W= A2 B. longum 2] Woj7|5S &dsiA &

HiEe s W 4Ps Fastda & & ek



Al 3 A FAES ol &% A ZEmto|H A VP8x T H

7t Hold Aol A, ZEptolel s Fad FWHAAE T ShuhEA, A
A Hols A RIdEAl Seldn, ZEprlo]# A= 50%2] AAHES
Hol= olf7] A F4 AAkel dApA dlel o] gtow, 5o wiA]
A AW T 24%v ZEpabolea gl o Aeolzta ¥rE Wb it

(National Veterinary Research and Quaratine Service, 1998).

o

Reoviridae 79 &3l ZEpHlolg] A% 11719 gene segment = A%

[t

double strand RNA w#}o]g]xolx u7F glomw, Al =9 protein capsidZ
7FA1aL Ak (Espejo et al., 1981, Estes et al., 1981). A upZZo] 3
VP7 3} VP4 o 5 7kA] @idz 4450 gl=Hl, VP7 & 37kDa®l coat
glycoprotein ©|1 VP4 += A|F3E FEsh= 92 3= 86kDa2l spike

protein ©|t}. VP4 = Trypsin o 9 ¥ fragment & ZAdE =1,

Mo

N-terminal Z9] fragment & VP8 (28kDa) ©]il C-terminal ¢ fragment

= VP5# (60kDa) ©ol™ Alxwk F34do] Jth(Ruggeri,R. M., 1991).

VP8+ & 5709 epitopes 7FAal Q1al VP5#= 370¢] epitopes 7FA L
Aol dHA Jdoem(Mackow, E. R, 1988), ZtzZte] epitope ©l thdt
monoclonal antibody ¥+ =ZEE}8}o]#] A7} susceptible celle] H&3t= AL 9
=kl 45He]l Arh(Ruggeri, R. M., 1991). o] dle]E]E VP8+o] =#] e}
vlo]g] &~ 7+ 3k humoral immunityS FE3chE AL SastA =3k

.

N

AR e A Al A A 54 A Abeke]l @ 2(PEDV) 1 A A 9
Futol el A(TGEV) E= A4S ] §re] Bujy] $Row A&she

swine rotavirus Sol| talAE o8-S Ao 7|x K}y wjite, FubhHd
of BEEOA oIA ol @ HoldAPRE B d Fad JBE A o
vpole] 250 7S WA fEME FUES FURE APH R ukE o



of 3}A| 4k uwkek native antigen ¥} violg 27 FUlE AR HAEHwW A9dE

Aolubgel fIEvk WS FEe 9 W g 836 2laA Saso) v

d Aoty 2EputolE Aok @2 AU dAe] e W] M=, A7IEA
Aol AFE THE FHoR AT WMAlFoE Ffof gt

J&4Ql WMAHES 9sfA =, protective gene

rlo
g,
@
i)

ok
2
o
o,
1o
-
ol
o
oft
o

S

o
123
>,

d
2 Abo| A &AS 717 Lactococcus o] U4 gene?l leader sequence 9F %
grafjop sttl. o= YA, <& SPO2 leaky promoter €} Lactococcus
lactis 9] natural plasmidE ©]&3}o] shuttle vector pNZ123:SP0O2E +A 3
t}. beta—-galactosidase gene & FE.coliof4 marker & WA Z o1} 7]t Xt
T Wol A= Fhr

weba] AEdistae] A Zugrh JEe v e o A AdEE A
g5le] ALg-3F3TE o] Bifidobacteria &= ®%9 W AMALF =,
enterobacteria Y clostridia &3 22 Ul F-ojAdldo] ZAH o= ofgsict

tlo
S

Bifidobacteria = carbohydrate catabolism © ]3] acetate ¢ lactateE A
2bete] &% Wle] PHE Y3 A5 WU Alafo] w2 PH o 93 A =k

S, T8 Bifidobacteria & WYRHES A538le] FHollA Woles =9 =4

o & vF vl 18y protective gene ©| Bifidobacteria WollA e E
oo 3 o] Ml FAkA wlgS sloF sl7] wiEel A8 WAlo =z A e o
|2 st sATE Sl wEb B Ao A s e AEA2ES Mg sto]of

s
ay

Lactobacillus= gdAlFe] dF-oln Eol&l A Astr]e] dHu o
o AR H oz EAge}. Lactobacillus = AtA47F e SAAAME & 22
g gy A ATE FAYS W Bx a9E 45 F vk wakA
Fedistae 1dT ng= F¥ Lactobacillus 9 shuttle vector® A
of. s A ZEputole 28] VP8xE WEAZ]7] f18)A, VP8+ & Lactobacillus
9} Bifidobacteia EollA] shuttle vector o A3dle] FZ 9 F2Ys19 0
H, VP8+ o] &S F213}7] ¢3 rabbit anti-bovine rotavirus IgGE AF&

3ol Western BlotS 2 a3tk VP8 2 E.coli WA Bifidobacterium

Iz

il

rlo






2. A5 2 9

7h Al FR< A

pNZ123 pBESAF29] A=24& fleiM= tAlZ E. coli XL1-blueE A
838}tk Bifidobacterium longum MGl A-&dstue] 2|+ w52 H-E
Algdrol 37T F4ka HAolA 0.05%9] L-cysteing X3S MRS A=
vl &3}

E. coli IM83 ¥} Lactobacillus casei BLSOO1(BLS, Japan)< shuttle
vector pAT:pgsAE $13t S SFAEEZA AFSHATE £ coli o WS
S 9elME Luria-Bertani mediume A& 0 L. caserd] wWi¥S 984
= MRS brothE AFE3SIATE WIS %% E coli 9 L. casei | ZYZ} 37T
¢ 30CE #&st3ltt.

XL1-blue = plasmid pBESAF2E 2&A7A 24 AZlem mg 100
b agar plateo] A AT IMB3S
pAT:pgsAS  TdAA FAAGE AZ ml T 300 vwlela2aRe]

nlo]m 2 1] ampicilling ¥

¢

erythromycing ¥ 33t agar plateol A AWHE3UC). L. Jactis &+ B, longum
< 717 mle 16 vwhe]Z=1819] erythromycin 2+ mld 3 vwlo] A= 119]

chloramphenicol & A3} t},

Y. plasmid®} DNA %3}

L. lactis®] vector, pNZ123 & NIZO Food Research Z%¥ F¢ 3t}
B. longum®) shuttle vector pBESAF2+ A&t A< nigdor HE A&
wkekom L. casei pAT:pgsA & FTEUstue] AT npHOoZHE B
t}.

DNA fragment = Qiaquick gel extraction kit (Qiagen)E A}-&3}]
agarose gel ZHE FEaklal dd, &, 4% o AALS 7= W

weh A e,

Ju s
i
30



Electroporation ©°f] <&J3F HAASS 34|, ligation sample =
n-butanol 10 volume ¥} &3}3}4] 14,000 rpm, 4'ColA 15%3F 94l w28
Gk, AEdS - F pellet 9l 70% ethanol 20 volumeS = 7}sta
eppendorf tube® THAl 14,000 rpm, 4'ColA 1583k €4l #siglion

pellet & AXAIZ & ZF/HF FoF3h

t}. shuttle vector pNZ123:SP0O2/beta-galactose] A%t

B AFE3E promoter SPO2+= Williams ®AMR2EEH FA 3.
Plasmid = EcoRI(Polisk, B., 1975)& Ah&sto] destar pNZ123 W= 49
sto] A2t pNZ123:SP02 o vFA F7 =41 beta-galactosidase 2k
£ z337] 98 pUCI99 beta-galactose F+AAES PCRZ FTZ3U)
PCR primer ¥ et Ag&as Xaol AE (CTCGAG®S TeAH vl
Hor, Forward primer & 5-CTC GAG GCT GGC TTA ACT ATG-3’
22, reverse primer © 5'-CTC GAG AGC TAT GAC CAT GAT T-3' &
Z AN AL EFLS Xhol). PCR AHE2 pGEM-T easy vector o 4F¢1skaL
pGEM-T/beta—galactosidaseg} ™W3F o, o]& o] construct® AFasr
XholZ A}211, beta-galactosidasedl| d|E sl @HES agarose gel oA &
2}l t}. beta—galactosidase ¢ DNA band + Qiaquick gel extraction kitZ
olgate] &3 o pNZ123 W= A=z Fch

2}, Lactobacillus ¢ Bifidobacterium oA @ HSHHo|
VP8*¢] A=Y

A ZEeputolej e FogeE g de] AW vAbd o B A g ko)

o ATAdoA AR E g A GJAMATE VP4 ARk ARl VPEs {4

AHE pGEM-T vector Qtoll E&deto] & A Ao Byt AAT 2 A

L3k oh (gl 2000). ©]$9] shuttle vector 29Y S $I38l] vector W9

VP8+S PCRE o]&sle] ZFEZ&to] E9tow, forward primer ¥ 5°-GGA



TCC GCT TCA CTC ATT TAT AG-3' (A= BamtlDZ, reverse primer
+ 5'-GGT ACC TCT TGT GTG TAC TA-3' & (L& Kpnl) tAFI5HS]
a1, PCR 2FEE2 pAT;pgsAdl Alste] a2 sk3

VP8 pBESAF2¢] 43l7] ¢34 reverse primer += 5-CTC GAG
CGG CTC TTG TGT GTG TGT GCT ATC TC-3' & ®HIANA (A&
Xhol) BamHIZ A8+ 1, forward primer = pAT:pgsAS AFEE uje} &
AsHAl ARESEITE. PCR & 719 W3 A3 oz Adsigion 30
AbolZS HHEEl] Al @SSt DNA = 92T A 1% <t denaturation A%

il 60'CollA 30%3%t annealing A7l 3, 72‘ColA 1852t polymerizationd)
t}. PCR 4H&2 pGEM-T Easy vector o A2 3t} plasmide 5343 &
STAH O ZRY FF38taL BamHl, Kpnl, Xhol 5o @45 AH&ste] A3l
t}.

Electroporations 9l&lA], electroporator + electrode gap ©] 2,0mm
9l electroporation cuvetteS ARE3le] A®Z L, E. coli & 254 capacity,
2.5kV, 200Q o A&go = [. casei + 25uF capacity, 2kV, 200Q¢] #3sto
2, B longum & 254F capacity, 12kV, 200Q¢2] A3 o2 Z}7Z} single pulse
& FATH

ul, A7]9 %53 Westerm Blot

Fel @
chloranphenichol®} erythromycin®] X&% MRS ujx|e] wjdks}S T Al1to]
log phase & wpx|ut GAjol] o]27]7kA] A5kS o 1500Xg o 1023t A4%
2] 33l .

SDS-PAGE ¢} Western Blot <& 7]&9 WHo=z A3t =,
resolving gel < 0.1% SDS(sodium dodecyl sulfate)& 23%3k 0.75 M Tris

051

A48 A7 F

ol

B. longum3} L. casei ¢}l shuttle vectorE 4+

=

hydrochloride buffer (PH 8.8) | 0.1% bisacrylamide 2} 10% acrylamide
= cross-link A|AA WHEAT gel € 0.0375% ¢ ammonium persulfate$}

0.375% 2] N,N,N'N'-tetramethylethlenediamine® A}&3}] pol;ymerize 3



t}. Stacking gel 2 3.2% acrylamide, 0.2% bisacrylamide, 223 0.1%
SDSE X338 0.125 M 9 Tris-Cl (PH 6.D)& #4=3don, 452 22 =
F9 loading buffer (0.03 M Tris-Cl, PH 6.1, 2% SDS, 10% glycerol,
0.005% bromphenol blue, 1.25% beta—mercaptoethanol) ¥} &3%3}e 95T
o 587 €x8 3 & loading3d}3it}. Prestained molecular markers gel ©l
H7Vela, A719%L running buffer (0.025 M Tris, PH 8.3, 0.192 M
glycine, 0.1% SDS) ° 100V, 1717t <k A8l

A719ds S, @HEe 100VelA  1Azre] A7 AHelE Eskd
nitrocellulose membrane (0.45um: BioRad) =& %At} Blotting buffer =
0.02M Tris base, 0.150 M glycine, 20% methanol® TAEH Y™ PHE=
8.3 o]t} @A S 271 o]Z o) nitrocellulose membrane & PBS & o]
Uil 3% skim milk PBS ol 37Celx 30% &< blocking FUth.
Nitrocellulose ¥ 1 % 1:00 &= 3]A ¥ rabbit anti-rotavirus antisera®
X3 PBST (0.05% Tween 20 in PBS)olA a%w-Eet Badt & PBST
2 33 Aojuar 1:1,000 o= 34, alkaline phosphateE £<¢ goat
anti-rabbit IgGs = A3} ).

WAEES- S 10mle]  Alkaline phosphate  solutiono] A 6640 NTB
(nitroblue tetrazolium) 7123 330 ¢ BCIP(5-bromo-4-chloro-3-indolyl

phosphate) 7] 2-& H7}sto] Qs



3.4 3%

7}. shuttle vector pNZ123:SPO2:beta-galactosidase ¢ A2t
pNZ123:SPO2 vector ¢ A&S ¢4, promoter SPO2E 43}
pNZ123 o &3k A AFHLS Agaie] ool #e] 0.3kbp 2719
SPO2 ¢} 2.8kbp & pNZ123 Wl== 9t} pNZ123:SPO2:beta—galactosidase

E wWE7] 98iA, beta-galactosidases S%H3 ¥ pGEM-T ol 4h9lshar

2L

XholZ A3t & fragment = beta—galactosidase ° A-53}=
0.35kbp Y X]oll Wil oM beta—galactosidase 7} pNZ123:SPO2 <tol] AF

OO =
AHAES & F Utk

1}. XL1-Blue 9419} beta-galactosidase & =&

pNZ123:SPO2:beta-galactosidase A A= XL1-blueS 4tYdste] d#A

sEla PAADE AlFS 2% X-Gal ©] E£H LB agar platedl A wjkatsd
oh W%k 49 Fo dsgkAle] FRyYEo] B3 oW o] promoter 7} A=
s E AS Ve

t}. shuttle vector pBESAF2/VP8+ 2] Az}

VP8x & PCR & Z¥4 3 pBESAF2(pBESAF2/VP8x) o 4+<] %]
gergla, A AAHE wE7] s Bamtl = At Asp 74zb VP8,

pBESAF2 ¢ s]@3}= 0.7kbp, 8.2 kbp ¢ W=7} v}ebktH(Fig. 3-1).

2}. E. coli ¢} Bifidobacteria o|A] VP8* ¢ =&

VP8« o] E. coli Yol L& HA=7He Lolrr] £J3A Western blot
4§ SDS-PAGE ¢ Wastel Adstqlrt. 17 2004 Hoxs A,
VP8 of s dsl= 28kDae] W=7t Ut B. longumel A VP8+5 LA

7171 984, pBESAF2/VP8*Z electroporationg AF&3le] A7|d% 3o



L} VP8+* 2 nitrocellulose 9lA& Holx] 9t} VP8+ Trdel &S do}
B7] 918, plasmidE VP8# 59|34 primers AME-3to] Bifidobacterium <ol
Al PCR st3lth. 2L 23 PCR A= gel AollA s Heolx| &ggtom, o]
plasmid 7} Bifidobacteria 258 A Akick out H &= &u|dic},

v}, shuttle vector pAT:pgsA/VP8x 2] A%}
ol Mgt WHUE VP85 WA 7]7] fste] =P Fole =38t o
¢} Ze AEEL L. lactis 9 B. longum 9lAE AHastA E3icl ualbA,
VP8x ¢ &S $3}e] t}E shuttle vector pAT:pgsAES Al&3sl7]|2 AA 3N
t}.

pAT:pgsAell VP8+& AF9dst7] <ste], VP8+& forward primer ¢}
reverse primers AR&3to] pGEM-T/VP8* ZXE Z=Z3}th o] primer &
Zbzb VP8x o] 5° Wy} 3 el glE BamHI ¢ Kpnl Algtas Hghiglo]
EAE YAJE AT agarose gel ] PCRS 953 F PCR AHES gel 24
Zelar FE813th. AAl" PCR AHE2 pGEM-Y Easy vector o %
Jstior, VP8+S shuttle vecot o AYgste] AEF=2Y 37 Y3+
pAT:pgsAES BamHl ¢ AKpnl & A@3a VP8+=2 4F%ldled ligation Ft}.

ddge Add AE oA Adskeler 1 F Add AHS A

i)

ot

conventional mini-prep ©°l & plasmidE FE3ATE ALY Y5t
plasmid v BamHIl ¢ Kpnl 2 AW3}il agarose geloll Al 533t gel 4
oA % band 7} Heow, 3 fragment &= VP8« ol 333+ 0.75kbp 9 X9l
Wi T2 fragment © pAT:pgsA ° slZ3lE= 7.7kbp 9 X9 WL} th&H o
AeiA A Bhele flel, Al#tE pAT:pgsA/VP8+ 2 ABI PRISM 3700 DNA

Analyzers Abg3te] 91714 9S BA89 )

v}, E. coli 9} Lactobacillus caser |4 VP8 2] ¥

pAT:pgsA/VP8+ & JM83 ¢tollA FEH 3 mini-prep ©| &3 F=3%



t}. plasmid & #7]953F3 2™, Qiaquick gel extraction kit 2.2 FE3}3)
t}, AAFE plasmid £ electroporations AFg3ste] A A E coli ¢ L. caser
BLS001 o a3ttt L. caser ¢ pAT:pgsA/VP8 2o Al PCR o ¢J3)
ds3aksict. (Fig. 3-3)

E. coli 9 L. casei o419 VP8 o] &aS U=E3t7] ¢33}, VP8*S
sel Lcoli 9 L. casei © WYH $ AR o3 HAAZIL pellet

sample buffer® #&]3}al boiling 3t th. A& SDS-PAGE 9l loading 3

Mo ke

ol
o

1 nitrocellular paperolA] Western Blot 3dF$12 ™, Rabbit anti—rotavirus
antisera®  nitrocellulose ©l loading 33 =AH o=z WAAE ZAFAZ
anti-rabbit IgGsE A A TAWES doZiH

Fig 3-4°|4 HEx AAYE, AW fusion protein ¢ molecular weight
(42.6kDa pgsA + 28kDa VP8#)¢} H|nE = 70kDa 7}39] fusion protein 7}
urebstth. oto 2] VPex W Eelg 94

avy

WA S nitrocellulose & $7]aL
conjugated anti-mouse IgG ¢+ ZA3F pgsA monoclonal antibody ¢ ¥FZA]
Aok a9 49A4 BAAX= A} Fo], L molecular weight ¢ W=7}
70kDa o] §1Ael ®ow, E. coli olH= 70kDa o] Aol opf-7l ME=R =

A ersre



<+<— 8kb

+<— 0.75kb

* Fig. 3-1 =

BamHl ¢+ Xhol & A3t pBESAF2/VP8+ o] A 7] %E. lane 1 & AdW3s}A

o1 o

%2 pBESAF2/VP8#* gene©|il, lane2+= Bamtl ¥ Xholo 2 Hu®E DNAE
Uetdth VP8x & 0.75 kbo] A EE FAH o



kDa

50

37

* Fig 3-2 =
XL1-blue lysates oA ¢ pBESAF2/VP8* 2] Western blot analysis. Lane
13} 2% o} fAE ¥E3eA &S XL1-blue lysate 9F VP8+% genes A€|3H

pBESAF2%+HS- ¥3}3l lysate o™, ek 28kDa =719 W=7} lane 394 H



* Fig 3-3 =

750

pAT:pgsA/VP8*S X33l [. caseflane 1) ¢ o}F-AE F331A

casei (lane 2) ¢ PCR AF&& agarose geldlA A7) 3 ZA. Primer

coli | pGEM-T Easy vectorZ

2 Agatgc.

A}
1=}

Yete] VP8x FEHIUS Wt

& &

P



1 2 kDa 3 4 kDa

— 75 — 75
50 50
37 37
- —
25 25

* Fig 3-4 =

pgsA:VP8* 2] Western blot analysis. MZ52 SDS-PAGE oA #7]
%3l nitrocelluloseolA]  Western blot 3}$it}. paper:  rabbit
anti-rotavirus antisera (A) ¢} WFSA]7]3l, conjugated commercial 2™
antibody ¢ Z%% monoclonal antibody anti-pgsA IgG = & s}3lth
Lane 1% lane 3 & ¥ &AA3SH L. cases BLS 001 lysate ©]al lane 29 4=

olF AT E BFA] &S L. casei BLS 001 lysate ©]t}.



o,

& wA| (Live bacterial vehicle)Zx4¢] #
of oall /MEF=o] gkth. olgdgt A A Ed 7|23k, - AFdAE VP8 Al
ZF59 M+ Lactococcus lactis, B. longum, Lactobacillus caseio|A W& A|
71H = A=E St B AFoM = L. Jactis o A E shuttle vectorE Al
Z}slal beta-galactosidaseE marker gene ©.ZA WAA AT 18y E coli
oNE HAEEE YT =i Bd FEe Yi HolA, FAddgA Ao R
Mol ARRES THA] maFolA Kgk Ao w WA
T WAR B longum M % VP8*& TdAA Mt} shuttle vector & £
coli A= VP8# proteing AAFsLE o1} B. longum ol A& AJAHeA] &kttt
B. longumel Al VP8 o] D&YX ¢+ wAUSFE oldlstr] ¢lste], Adigh
B. longum& PCR 38Flth. VP8x & 2~3 Al Fell& SZEA ¢kokon, o
= VP8% & ¥3}5}+= shuttle vector 7} A7} A& o wel B Jongum <F
S2HY FAA Y2ves AL vt o] Ad= L. Jactis 9 B. longum
< 2219 HAQl VP8xe] ol = A FelA| s AlAFEL

Al HA live-vectored vaccinel 2 AFE3F AL Lactobacillus casei 3
o] A2=EE FEdsty AAT wgde] Aol = AAd AAtel
W7l s AleE o] ghom, Algo] Z3s)A
=

=
T E T M

VP8+ o] e whgs FET g Aol deir= Ak X

VP8+& ArEeill= Lactobacilluse °©183F WHFIkdl A A= 77k Al

La
d ol AldE Aol



ZEppole 2 WMAS 913 Lactobacillus 9 °]4S o Al 7HA 2H S

B FEANTG AA, G349 Bl FAES o] &8 vloles Mae F2
& ol gl Igh FA AL fFEaol Brh BA, FRIA YRS 42D
F oo vholels @92 TPl shul, A, T FuRo] Bhak W

HAAZA ] dstn FPddgr~doz AFEE 5= glojof g,
Lactobacillus delivery vaccine & £% oA probiotics X HFEE
3L, GRAS statue(Generally Recognized As Safe) o 9]l tdst njAE=Z
oA $kt}. ZEpRfole] 9] VP8x H-EL& F3} epitopes 7FAAL At o4y
A 2 WVH | Lactobacillus casei + &34 ¢ HZ7)5S 7Kg ¥4 ¢
o wEb AgHel LRSS Yl E L. caser 9 AT A, VP8 o whE s
=, HA FAA7),  lactobacillus WM&l @A, Lactobacillus #5 &2 AT
7V A= ot ol FAEo| |AE L U, Lactobacillus = ZEFH}o]

g 7Zd 5o A A3 oukS 93k =2 delivery vaccine 22 A|A|EH 7}
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