HHE ?let GM-CSF

pNN=E
= O

= X[ 2F 7H 2

T

)
0{0

u_.m._

<
o

l_._.
110

il

AT

ol
A



—~
o

—_—

T
o
XO
il
™
Ho

Ut

=3+
H

B HEuaAZ A

11 <

2005

A&

-
o
g

&
N

:mvﬂo

o
of)

—

oR
R

g

o
No

B

o
)

B

Ho

BE



GM-CSF %3

i

O]
i

o4

=

=

A
A
= 1

g

. Al
H
AT

1.

N oF K " T TR WO S Mo
~n TH 1_11_ =1 E.._ La
x= o] X %0 —
N = © N o= T o)
% N o =
T ooy % B ) e
fei= [ziss gF
— B -3
SamY e Elae
¢l en w,P¥Tw EM
Mo o o o T o RS
t§r cizec &)
N . &
N
ﬂwo o OME ﬂArO o O*H F “HE_M 10 o
A o S W
o mv o© _IM = o H B © =)
B n o oW oW =
B Mo %o - 1 &
ey 2 R 2
B G 3 %o Qe HE_M oT ,_Q_; MH m J_Ar‘_ )
T W x e D
ﬂd.wﬂ_c .Efuﬂmngemm S g R
™ T o SRR m..L/ = = < L ™
nl o T w9y gl T oE B> o
&o ﬂ JH = w HM :lmﬂ va %
T ERfcETEr o
~o o S = X g 0 0
ml WOH oW o o o M_ﬂ. e 5 wt "
~ . — —_
w oK% _ T o 5 o X °F = B
e T T ETET Tk
Tpg  =®FExF oy ow
C R ETE R s FHepTRT IR
=0 % '
L TR A - B S
I R I S B N N
> o ® oF N W R
50 _L o =0 * :ﬁ . — = [
S
N 100 2 = O X
XV o) of ETRCAN Mv el 1@| M dw
ﬂgaﬂ_ci NI " O H
ST R E LT o~ % B O w
w WH A o T o) W P N oW P d
o ok el o oy oMo B o e O

=

Ful m A2

o

2 AeH

[ Z

5t
7HE

©

=i

=]

s A

o

ex

19891 Fullerel] 9]
shHA

L

R

1]

9]

8 7+ A (Probiotics) 2]
AA <

ATNEe] 2284
=il
= A

7F 714
A AFEH

2.



At dA FELOE AMEHI e ATAS
(normal intestinal microflora) oA &3 9 = Ao= OLE% 7@ d= thEA

ol FAMFSl  Lactobacillus, Streptococcus(Enterococcus), Bifidobacterium So] %
de A dok. ATAE AEStY] 7S] AW 2 AL FFE ol F7] fEiA

Jo
>
£y
-lN
fru
rr
ol
o
> o
5:
)
el
ofj

it

=, 1A ak @ GEake]l tid A AAstFol e AR 2 S4eE obd
Aol ggda #FE5L sn sl Fo] Folnt Fodth ma olef pe A
Ae gstsle], Aadoz ARsly] Yeirs, AA shEoA g Be AAH &
AE doy)E Akl dg onadt, A& %7}01] e AlRE & P, FoW
Hol oA, 2Elar AFIA S AHI So] oA Ut

SFTE] WAAA - Fog ATE st 2EF sl cytokine AW

A I

XA AEHE A7t e BL A HAEe Q) e Ve R A=

= A7) fleke] oY T WAz &4t B WSS FE87] 915t
3 == Edo|th. ol cytokine s, A AlEF wEkA o

EEh TEoA 9 o]y 3 cytokined HE2 Zde Z7IHEAR /N vaccined

adjuvant®°] 7bs4 soll #d A Od? AR TFSHA ol FolA A sk 9l

= Aol

>4 H
N

Granulocyte Macrophages—-Colony Stimulating Factor (GM-CSF)+= o8 &/
cytokines & 7Fg WA #wa A3 T3k o]l FHAE HE FEAA cloning™ St
o] GM-CSF& LPSE v &3t A4, IL-1, TNF 53 #2 & cytokineol| ¢
A HAAEE W EE o] Axod BAHE BE=A sFA WA hematologic
progenitorsE 2] #3 ¥ £2]& Z7} A|AA hematopoiesiss %34, neutrophil,
macrophaes, dendritic cell 5ol #&3Fo] =] F71 cytokine Aol <k WS
g4 =7} antigen-presenting cell (APC)2] 7|5 &7} ¥ ol& Alxo E3l 9 =2
o] 31 ol oeir EAMEY F3e TUF FA AP FUrE A Wold F
23k

qdes sk Ao 4



v o)A}

=51 9t

s

20%, M °F30%7F A o

3] Ao Hare] €

mo

AR E D R

S

5AYE BuHw glon, 1 WgS Anunw AEAA}, A4}

I

o

[e]
ks

ol %t} wehA HA2

=y

A

=
<

719l A}

17 Slstels AHE

21 X 853E

L
)

F GRAS(Generally Recognized As Safe) "] A&,

[o) =
H o

Ak

S

FEIIGE

AEHA

T=

&8 probiotics® o] AFEE L Ql7] uwjio

0
N
—_
N

p—

o
il

el

¢

5

o A -

np

At A HTols A9

[e) A=
B LN

5 oe 714 ol

ol

el

A, Al

shul, A

i AAE ZALe] 9

9]¢ 3] (National Dairy Board)ell <]3

o

i
—

s

FEUEE 9]

a8t = A

o)
=

=K

EECINCETE MY

3|

Z

) Al

glol WTO

ANe Aol BT Ao

1
fu

A AE A

&

L= =] =
TR

% o)

wopoll M= 7F

<

A

GM-CSF 43 §4- ol

ki

9

W

5



1. $A ¢ 7/} GM-CSF #d2 &1 3 54 3¢

1 Aok e AGAE e 71y &9

2) Ak Me] WA EZHE mRNA #2 2 cDNA 24

3) A<k 7He] GM-CSF #7d# gtr 8l gdxpebs 574 vk}
4) A<k N ]GM-CSF #d S 98k Akt vector &1

5 Azd =9 Me GM-CSF o tat Eo] & Ak

2. GM-CSF 2d& 93 fATF A 4 EZxA
D sA 2 Rl - A

2) ¥ Ak At A 2 A
3) GM-CSF Zd el A8

o = N

Jn He
Ak

/\ég\_/\

R IRE

Ris

-

,d
Ho
2

3. AAS /He GM-CSFS 2@ste T F2AEA ML
D frabatoll six ek 71 ]JGM-CSF 2 &4 A& 7|9 74
2) =l el - frabetel siAek 7He) GM-CSF 49 AF
3) fAkatel el Ak JHe] GM-CSF #3d#F 2&ha & A

N
lo
0

4. GM-CSF7t 2@ € wite AAAY E in vitro £ EA
D) oA e dig Fase 9 g3

2) WU At gk A=At

1) 2443

5 sA{x *

D siAek /il GM-CSF 23 f4bte] ddgs H4F A3
- Fojo e ddeedAe MYs S 24
2) A ek A9 GM-CSF 2@ fakire] =19k Aol HE A E

=l
- AAG ANA As FAE 24
L IO

6. GM-CSF7 2@ 4 fAdadF9 44 5543
D FaEAE 237 o
2) YA BeS FAAde7] AT in vivo 29

1
- ol AES o] 83 Bedd
- AAE ol &% aeAdd



V. 7ML 23 2 &8 U A9
1. 45 a3

7F. AN GM-CSF 238 4T o] & dF

1) 7 GM-CSF9| cloning¥ w2 w&
7hH LPSE A+e WA E PBMCEHE 92 cDNAS W,

b PCRE AAlste] 435bpol 7He] GM-CSF fr:7aE &<l

th 7He] GM-CSF+= 14471¢] ofn|eitom 49 <l

2}) SDS-PAGEE ©]&3t9] GM-CSF °F 17kDa2] whuldo] utg x|
op) wh$-2o Az2F el GM-CSFE HEste] &4 A4k

2) 7} GM-CSF9] f2bty i

7} @AM o] &g Jhe] GM-CSF &4 FHAE #2392
) frabrtd] @l ad A z2g fd Ak AFekd S

=R

rir

715 _51]—0]

= 5

7H 7 GM-CSF 2&d &
(1) 7/} GM-CSF %4
(2) 9 A IgA TE+&
(3) @32 5= F7H7t
(4) 2} vpole] 2 ul ES

) 7 GM-CSF 32 & fAkre] dias] /A 53 35 A3
(1) #A #AA ko] 34 o2

> )
e
i
i
A
it
et
1
4
(e
g
Lot
rl
i
b
1
>
g
dlo

@ waTsh HYTe T Wk HAHA 2
(3) 7 st wpole sk vgs wholel 2ol i@ FAZE F7b w3

. A A GM-CSF &d fAitd o8 a4+

1) = # GM-CSF¢] Cloning¥} &&d

7}) PHAZ A=3F PBMCZ4H 22 cDNAE
) PCRS A Alste] 435bpe] ##] GM-CSFE
th A9l GM-CSF= 14470 9] opreitow F48S &<l

2}) SDS-PAGEE ©]-&3to] g<lgt A¥ ¢F 17kDa®] @l i3S &<l
u}l) Western blot& A A3lo] GM-CSF proteinol] ™3 Eo]A4d& kol

Ry
ro ol



2) A GM-CSF9] f4kad &d

7hH # A A Z% GM-CSF+= shuttle vector€! pHAT host Lactobacillus spp.©l
A Es #l

W) in vitro 2l pGM-CSF¢] bio-activityS ¢l

o) A AR pGM-CSF2 bio-activitys &<l

2} -2k 8 rpGM-CSF9 bio- act1v1tye 5—.1’%1

3) & S X4t 3z ;q:qz].xﬂ 01/@ 2] ?5-] m uu/\]

7h = A A Z2F GM-CSFE Fo]A| ”/‘} |

W) %3 GM-CSF Folx & F7tas &9

t}) oFe] ®e Lactobacillus spp.olA #8& plamid DNA &2 % 2g

oh) kA HAALE S8 & AuAE Ak A

v}) Shuttle vector A|2HS 913t 1 plasmid DNA<] cloning

ONr

Z Ak
o

=

o AL FATEF AL R ASAT

) 7hell A o] FAket —Eﬂ%ﬂr
7h & 30mke] JHe] &

rE
10

HE okt 394 w7 e

) Bifidobacterium, Lactobaczllus, Streptococcus spp.2] Ao 2 T4
th) Lactobacillus?7} 240 52 & FA7HET ¢ =& EX=2 2y

2}) Streptococcus®t Bifidobacteriums ZtZt 149 #59F 5 #5771 £

vh) ARER B o] FAHA 150 TR THE Bo] Ee

) A3 Z[AACA ZH2E 1269 1193 #8] XA oA &= Streptococcu
77V wel 2

Ab) ol AR T AR M = Lactobacillus7y 74 Bol ¢

o) AdtEl FAF FoA o8 EAFRAES E3slY, Lactobacillus 67T}
Streptococcus 45, A 100 F5 AdAE FFdF2 HIT A

2) A AT A

7h ARE Ao oA FeE FAAE S 647

W) Lactobacillus?t 52742 7F4 &2 1] &(81.5%)S A4

oh) Streptococcus—: 95 W& 14.7%, Bifidobacterium< 714 & v]l& (3.4%)

1 253t ko] &4

2} 2= A9+ Lactobacillus?t %73l e™, Bifidobacterium®] F WA =
2 AFE&S Yo, & I8 9 Streptococcus®-th ES BEXn
uh) HEF 100 FE ATAES 5 AT TR ARty on, AdE 4 Ak

Lactobacillus 5 T+, Bifidobacterium 333, Streptococcus 2 i



3) AT A g FEReE 9@ g
78 =g ks A
2 AgoAes W A A A= AEE Bifidobacterium 10 79}

Lactobacillus 2075, Streptococcus 97 +E W o2 Caco-2 celld st F
2 Ay A, dubd o g Ay o F gt FEAee gxate HEiA x
Al vrEbR T

) o b8 Ak A
HAA Mol 3t JA5o] 53 Lactobacillus 257, Streptococcus 157
F, A 407 F ] Caco-2 celld]l thd 24 A3 A3} Lactobacillus®
= BUF T 6TET(24%)7 FAdETH 2 (DS dEdler,

Streptococcus 157 T F 4719 #FE EEY =& B&T (++ TEE +++)

o

(1) Bifidobacterium- 27.8%< 5 7}, Lactobacillus™ 80.0%<% 56 w57} &F
U B 7o)l Hdd A &S dERL

(2) Sal. enteritidis KCCM 120219 tjjst gﬁﬂ:ﬁdﬂ% 51.1 %=2M, S. aureus
KCTC 19169 41.0%%} E. coli O157:H79] 26.1 %l Hl&l] =A vebd

(3) Lactobacillusi= 70 75 & 14.3%¢<1 10 57} Al 72 WLl o
2 A E 2dY

(4) Bifidobacterium® 7% A F7F< WAl
YERUA]

) AL fakds A3

(1) E. coli O157:-H7 (USDA, human isolate)o] W3t x5 14075 <+ 14.3%
Q1 207t FRbo] Al s S EM

(2) E. coli KCTC 146791 s = 97.1%°< 136377} 8mm©]’4<] inhibition
zones FAAste] g =L AAlsES vEY

(3) Salmonella enteritidis KCCM 12021752} Staphylococcus aureus KCTC
1916 ol sl A= 2H2) 47.9%¢9F 26.4%2] frikato] A5 S e

(4) 140 5 T BLZ AT W Aol 3 Lactobacillus 25¢ =,
Streptococcus 1515, A 4005 AH

rﬂ

T Zv -
= e

F AGYS e

=

t

—

5) GM-CSF7h was faisel dabets 5549
) ol AES tAeR @ GM-CSF wd A@Ae] ok a54d A3
(1) &e43-19] 23 GM-CSF Zd /‘ﬂﬂ_ﬂﬂ ol ol EHZ:iloﬂ vl gt 11.1%
of AEAG F7h} ARRTE 58% AMolTE 4 AN P A9



£ e

(2) AP 20NAME FoATe] ddFAFo] 7.1% Fd, Ama78& 25%2 7
A BT BEEo A FEE AT 7 AR

() Esd3-1 ¢ 29 FRATZ A2 GM-CSF &d fabete] A 537t
2 AU f8l A3+l Enterobacteriaceae, Clostridium perfringens &2 57}
it om, gl FAE] Lactobacillus 5°l F7bete Fr&EHE o
B A

W) olfAd 2 mAS ez 3 GM-CSF 2 Aol oFe] %543 ZAx

A

(1) 75F 58 14578 7kA 9] oAl et okelasdd 23, GM-CSF 2d
| tHzoll mlsl 24.6%¢ dIsAE T3 55%9 At

(2) 24 1772l & s "”‘]d oke] A3 A3, GM-CSF 23 ”‘g%lﬂ F
7o AAANEEL T6%E, HETe 625%9 H ust =85 yE
LH/\/\‘E.

(3) olfFAd 2 2o A dE FAMAY, Folatol A Enterobacteriaceae,
Clostridium perfringens 9 | AT A Lactobacillus,

Bifidobacterium &9 At S7H7F BHEE A S

2. ATARY B4
o wARY BA Agel o wAF 2 A& &
_?_

= A Ve 29,

X
2 7|2 3} cytokine, -
A
A ogte njgo=w dF ALt

A A
D W\ 7% 7152 7Ie Ay &4 %—73 797 5% GM-CSF ¢4
MER FE ANE FAAE
o

84 A A
JF AAANZ AFFozA TugelA] BRI



F Aoy 78S Al T dFd aaE LI st AAAJA Fas THEA
Abe] Fdiek A SdiE L vk AN HZ So] AARAHTIA A o2 b
el 2L vtz S 8 AWt HHoE fide
2 AREHE 34, FaAd g ?fﬂl ojty. ZAIH R o5 A, FAll At
SHMA R AbEo] o JHA olfE =
wA 227 WE A ok ¥z JJ:LOHL qga7]e] e AFdhe F
Alell ukeb AR TEAl Al A A A ZE FEEAL 3l ool 7| = sttt whet
A B dATE 8 R el 9459 GM-CSF Zd Fitde AdA=
P98 2 eeAs Astete AVIE AwsA = 2
well-being& F7-8F= 2WA FFI dAste] HT =0 FAe= S 2H
o _
H

ol o)al 9% Fa 2

_10_



SUMMARY

I. Project title
Prevention of animal diseases using Lactobacillus expressing GM-CSF

II. Objectives and necessities of the project

1. Objectives of the project

Antibiotics have been used to control infectious diseases in animals such as
diarrhea and pneumonia in swine and dogs for long times. However, there was no
guideline to control abuse and misuse in the use of the antibiotics. Now, there
was not much of choice to use antibiotics since lots of antibiotics-resistant
bacteria had been appeared due to abuse or misuse of the antibiotics. Therefore,
alternatives including Lactobacillus have been required to control the diseases.

Lactobacillus has been focused as live vector because the bacteria can propagate
in the intestine after feeding. Also, researches on the Lactobacillus such as
genetics have been done by the development of several techniques in molecular
biology. Recently, techniques on the transformation and expression with the
bacteria have been developed.

Based on the knowledges, we tried to develope and apply a new concept to the
prevention of animal diseases using Lactobacillus expressing Granulocyte
Macrophage Colony Stimulating Factor (GM-CSF).

2. Necessity
A. Technological aspect
Probiotics had been defined as the live bacteria which can give a benefit to the

host by changing the microflora in intestine. Recently, several Lactobacillus have

been used for the puropose in swine industry ; Lactobacillus, Streptococcus
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(Enterococcus), Bifidobacterium. Also, the bacteria must have several properties
such as resistance to gastric acid and bile salt, ability to adhere and propargate in
the small intestine to use as probiotics. In addition to those factors, cost to
produce and use should not be expensive.

Cytokines are small molecules that can control immune respones by activation of
immune cells against the stimuli including the bacterial infection. Attempts have
been made to use the cytokines as the indicator of early infection, adjuvants in
vaccine and other studies.

GM-CSF is one of the cytokines that were early identified and produced from
several kinds of cells including immune cells by the stimulation with LPS, IL-1,
TNF. This cytokine has roles ; induction of hematopoiesis, increase of
antimicrobial activity in neutrophil, macrophages, and dentritic cells, increase of
function of antigen-presenting cells (APC), increase of phagocytic activity. Those

activities can increase the protectivity against infection.

B. Economic and industrial aspect

Economic loss in Korean swine industry can estimate about two hundred billions
due to diseases. Similar economic loss have been reported in several different
countries even though there were some different depending on the size of farmes,
degree of sanitation, knoweledge on the swine technology, etc.. Therefore, several
attempts have been made to decrease the economic loss.

Lactobacillus as a probiotics is already proven as GRAS (Generally Recognized
As Safe) in safety and has been used as a feed additive and animal medicine in
animal industry to improve the productivity. if the bacteria can produce some
molecules that may improve the immune responses and enhance the prevention of
the diseases, the bacteria would be more attractive as a probiotics. Also, it will be

increase the economical benefit to the farmers in animal industry.

C. Social and cultural aspect

Korean swine industry obtains high technology among Asian countries.
Meanwhile, it has many problems such as high dependency in imported feed and

breeding pigs and most recently environmental concern has been raised. It is

desperately needed to develop new technologies which can provide with high

- 12 -



productivity aiming at high value added and as a way of giving hope and
encouragement to those who work in live stock industry.

According to the research conducted by National Dairy Board, public health is
endangered by abusing and misusing of insecticide, herbicide and the antibiotics
which causes antibiotics—resistance bacteria. For that reason, it is more in need to
develop alternative methods in live stock industry which increase feeding efficiency
while constraint the use of antibiotics. Korea is no exception under the rule of
trade liberalization of WTO and in turn, it is unavoidable to restrict the use of
antibiotics in domestic live stock market. Considering the current situation in live
stock industry as described the above, this research can contribute to live stock
industry by proving Lactobacillus expressing GM-CSF, as a probiotics can prevent

animal diseases.

II. The contents and scope of the project

1. Cloning and characterization of GM-CSF from swine and dogs

1) Isolation and preparation of immune cells from swine and dogs

2) Isolation of total RNA from the cells and generation of cDNA

3) Cloning and genetic characterization of GM-CSF from swine and dogs
4) Preparation of vector to express the cloned genes in Lactobacillus

5) Production of specific antibodies against swine and dog GM-CSF.

2. Isolation and characterization of Lactobacillus to express the cloned
GM-CSF

1) Isolation and identification of dominant Lactobacillus from swine and dogs

2) Examination of the isolated Lactobacillus as a probiotics

3) Isolation of Lactobacillus to express GM-CSF

3. Production of transformants expressing the swine or dog GM-CSF
1) Development of transformation technology in Lactobacillus

2) Transformation of the cloned GM-CSF into the Lactobacillus

3) Expression and charaterization of the GM-CSF in Lactobacillus

_13_



4, Stability and in vitro efficacy of the GM-CSF expressed in
Lactobacillus

1) Adherenace and stability in the intestine

2) Anatagonistic activity of the Lactobacillus to pathogenic bacteria

3) Identification of the the bacteria using MIDI

4) Stability of the Lactobacillus

5) Stability of the Lactobacillus after freeze drying or keeping.

a

. Application of the Lactobacillus expressing GM-CSF to animals
1) Animal experiment of the Lactobacillus expressing GM-CSF in lab animals
- Examine the immune responses after administration
2) Animal experiment of the Lactobacillus expressing GM-CSF in swine and
dogs
- Examine the immune responses after adminstration

- Surveillance of diseases after administration.
6. Clinical efficacy of GM-CSF expressing Lactobacillus
1) Determination of administrative dose
2) in vivo efficacy of the Lactobacillus

- Efficacy of the Lactobacillus to the puppies
- Efficacy of the Lactobacillus to the piglets

IV. Results and proposals for its application

1. Results

A. Development and effect of a recombinant canine GM-CSF into

Lactobacillus

1) Cloning and characterization of GM-CSF from swine and dogs

a) Isolation and preparation of immune cells from swine and dogs
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b) Isolation of total RNA from the cells and generation of cDNA
¢) Cloning and genetic characterization of GM-CSF from swine and dogs
d) Preparation of vector to express the cloned genes in Lactobacillus

e) Production of specific antibodies against swine and dog GM-CSF.

2) Expression of canine GM-CSF in Lactobacillus

a) Generation of canine GM-CSF to be transformed

b) Transformation of cloned canine GM-CSF into the Lactobacillus
¢) Expression of canine GM-CSF in the Lactobacillus

3) Application of Lactobacillus expressing canine GM-CSF in animal
a) Feeding Lactobacillus expressing canine GM-CSF to experimental dogs
- Improvement of increasing rate in body weight
- Increase in IgA concentration within fece and serum
- Increase in monocyte count of animals feeding Lactobacillus expressing
canine GM-CSF
- After vaccination of canine corona virus(CCV), CCV-specific IgG
concentration increased
b) Feeding Lactobacillus expressing canine GM-CSF to animals in dog farm
- Decrease in mortality of puppies
- No change in granulocyte and monocyte count

- Increase in antibody titer for canine parvovirus and canine distemper virus

B. Development and effect of a recombinant porcine GM-CSF into
Lactobacillus

1) Isolation and characterization of Lactobacillus to express the cloned GM-CSF
a) Isolation and identification of dominant Lactobacillus from swine and dogs
b) Examination of the isolated Lactobacillus as a probiotics
c) Isolation of Lactobacillus to express GM-CSF

2) Expression of porcine GM-CSF in the Lactobacillus

a) Expression of porcine GM-CSF in the Lactobacillus using a shuttle vector,
pHAT

b) Confirmation of in vitro bio—activity of pGM-CSF
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c) Confirmation of recombinant pGM-CSF expressed in E. coli

d) Confirmation of recombinant pGM-CSF expressed in the Lactobacillus

3) Clinical experiment of Lactobacillus transformants
a) Evaluating preventive effect of Lactobacillus expressing porcine GM-CSF
- Decrease in morbidity of pigs feeding Lactobacillus expressing porcine
GM-CSF
- Increase in leukocyte and monocyte count
- No differences in antibody titer against pocine GM-CSF comparing with
control
b) Production of shuttle vector using plasmid originated from pocine
Lactobacillus spp.
- Selection of 10 Lactobacillus spp. identified to have plasmid DNA
- 8 Lactobacillus spp. were identified to L. fermentum

- Plasmid DNA isolated in L9 strain was selected to produce shuttle vector

C. Development of lactic acid bacteria for probiotic use and their
efficacy test

1) The isolation of lactic acid bacteria from the feces of dogs.

a) From the feces of 30 dogs, 394 strains of lactic acid bacteria(LAB) were
isolated.

b) It was identified to Bifidobacterium, Lactobacillus and Streptococcus spp.

c) Lactobacillus spp, 240 strains, were isolated as prominent species in dogs.

d) Five stains of Bifidobacterium and 149 stains of Streptococcus were isolated.

e) In the post weaning puppies, 150 stains of LAB were isolated as the most
prominent.

f) From the sucking puppies and adult dogs, 119 strains and 125 strains were
isolated. Streptococcus spp. was the most prominent species in sucking
puppies.

g) Lactobacillus spp. was isolated as prominent species in post-weaning

puppies and adlut dog.

h) By the wvarious characteristics among the LAB isolates, 6 stains of
Lactobacillus and 4 strains of Streptococcus were selected as final probiotic

strains for dogs.
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2) The isolation of lactic acid bacteria from the feces of pigs.

a) The total number of lactic acid bacteria isolated from the feces of pigs were
647 strains.

b) Lactobacillus were the most prominent specis, 527 strains (81.5%).

c) Ninety five Streptococcus were isolated as 14.7%, but only 25
Bifidobacterium were isolated as the lowest distribution (3.4%).

d) Lactobacillus species was the prominent in adult pigs, and Bifidobacterium
in second place was higher than Streptococcus in other age of pigs.

e) Five stains of Lactobacillus, 3 strains of Bifidobacterium and 2 of

Streptococcus were selected as final probiotic strains for pigs.

3) Adherence and colonization to intestinal cells of LAB

a) Adherence of LAB from pigs
From the results of adherence test to Caco-2 cell among 20 of
Lactobacillus, 9 of Streptococcus and 10 of Bifidobacterium strains, the
most of selected isolate have ability to colonize in intestinal cells.

b) Adherence of LAB from dogs
In the adherence test to Caco-2 cell of selected isolates having successful
inhibitory effect to pathogenic bacteria, 24% of Lactobacillus represented
adherence property (+) and 26% of Streptococcus represented more higher

property (++ or +++) than control strains.

4) Inhibitory effect to pathogenic bacteria
a) Inhibitory effect of LAB from pigs

(1) Five (27.8%) strains of Bifidobacterium and 56 (80.8%) of Lactobacillus
represented inhibitory effect to pathogenic bacteria..

(2) Inhibitory effect to Sal enteritidis KCCM 12021 was 51.1% and it was
higher than that of S. aureus KCTC 1916 (41.0%) and E. coli O157:H7
(26.1 %)

(3) Ten stains of 70 Lactobacillus (14.3%) represented high inhibitory effect to
three pathogenic bacteria.

(4) Bifidobacterium did not represented inhibitory effect to all of three
pathogenic bactria.

b) Inhibitory effect of LAB from dogs
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(1) The only 14.3 % of LAB 140 strains indicated inhibitory effect to E. coli
0157:H7 (USDA, human isolate)
(2) One hundred thirty six (97.1%6) strains of LAB indicated high inhibitory
zone(> 8 mm) to E. coli KCTC 1467 stain.
(3) Inhibitory effect to Salmonella enteritidis KCCM 12021 and Staphylococcus
aureus KCTC 1916 were 47.9% and 26.4%, respectively.
(4) Forty strains, 25 of Lactobacillus and 15 of Streptococcus were selected as

inhibitory isolates to pathogenic bacteria from 140 strains of LAB.

5) Clinical efficacy test for L. casei GM-CSF
a) Field efficacy test of L. casei GM-CSF on the porcine post-weaning
diarrhea

(1) In the results of the first in vivo experiments, average daily gains and
feed conversion rate were increased to 11.8% and 5.8% by administration
of L. casei GM-CSF, respectively.

(2) In the second experiments, average daily gains and feed conversion rate
were also increased to 7.1%6 and 2.5%, respectively.

(3) In the analysis of intestinal microflora, the number of harmful bacteria,
such as Enterobacteriaceae, Clostridium perfringens were significantly
decreased, and beneficial bacteria, Lactocaillus, was increased. Therefore,
from the results of present study, using of L. casei GM-CSF as probiotics
in hog raising industry was very effective in the improvement of weight
gain and the increase of beneficial intestinal lactic acid bacteria.

b) Field efficacy test of L. casei GM-CSF on the canine post-weaning diarrhea

(1) In the field efficacy test from 7 weeks old to 14 weeks old dog, average
daily gains and feed conversion rate were increased to 24.6% and 55% by
administration of L. casei GM-CSF, respectively.

(2) In the results of 17 adult pregnant dogs, the survival rate of puppies were
76% in L. casei GM-CSF treatment group. This result was higher than that
of control grous, 62.5%.

(3) The number of Enterobacteriaceae, Clostridium perfringens were
significantly decreased, and Lactobacillus and Bifidobacterium were
increased by administration of L. casei GM-CSF in adult pregnant dogs

and puppies.
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2. Future application

A. Preparation of techniques to express the cloned genes in Lactobacillus

D

2)

Establishing foundations to express useful immune-activating substances and
proteins based on this study of Lactobacillus expressing canine GM-CSF.
Presenting possibilities to produce Lactobacillus expressing these various

substances in large quantities at low cost.

B. Effect of developing probiotics expressing GM-CSF

D

2)

Development of Lactobacillus expressing GM-CSF which enhances immune
function and bioavailability will substitute antibiotics for probiotics and make
use of nutritional food additive. Therefore, this product is expected to have
international competitiveness.

Annual antibiotics consumption is estimated approximately 30 tons
considering total annual consumption of food additive. Consumption of
antibiotics is partly decreasing due to the problems caused by remains from
live stock and antibiotics resistance bacteria. Meanwhile the total world
consumption is expanding along with increase in live stocks as a result of
promotion of growth of youngster and constraining of bad bacteria and
inhibiting parasite.

However, recently food additive market is under various restrictions for
antibiotics which promotes growth of youngsters and prevents diseases.
Internationally, the use of antibiotics as food additives is prohibited and
Korea is not an exception. Besides, the current trend concerning the safety of
meat helps to bring probiotics into attention. Thus, efficacy of Lactobacillus
expressing GM-CSF proven by this study enhances animal hygiene and
public hygiene as new probiotics. Also, it will be considered to be a huge

contributor of livestock industry thanks to currently raising well-being trend.
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A 1A dTFFE B
1. ;A9 e GM-CSF #2342 &1 2 EXH XA

7L 29AE 2271y &9

2o FEe dde AFst eFel RPMI-16402= 343
Histopaque(Slgma St. Louis, MO., U.S.A)S #H7tste], 1,700rpmel A4l 30=3F 44
23 & Periperal Blood Mononuclear Cell(PBMC)% =l # 5} i o}

Complete RPMI (10% FBS, L-glutamine, Antibiotics, f—mercaptoethanol)& ©]
&3to] PBMCZ A% 3}9al, trypan-blue exclusion methodZ Olﬁg}cﬂ 50 x
10°cell/meo] H %2 ZA T 25em” flaskdl] 10m¥ FFagrh. 258 flaskol
phytohemagglutinin(PHA, Invitrogen, Carlsbad, CA., USA)S 2 /o(V/V)Q] k=
AAZE FRF A= 5 1,200rpmel A 1027 4 ZEldte] AEE Kol Ay A
EIas

E _1q,
wW
=
1o,

4. mRNA £32 % cDNAZA
PHAZ A53% PBMCsE TRIzol Reagent(GIBCOBRL, USA)E A}-83lo] RNA
6}@@ AEzHE 771 98] 1me] TRIzol Reagent® 7F ¥ 12,000 xgol
A B Ao 583 W] T chloroform 0.2m0E 3 7}k
To 15%7t A™E3] &EE59°] homogenizations A|ATH Ao 287 ¥z &
12,000 xgoll A 1583 LA F2lste] AFdnk 233k 0.5mle] isopropyl alcohol
2 ZHAS AZY 10237 incubationS Al 71 Fofl 12,000 xgoll A 10%3 94 #g
3lo] total RNAS o9& 3 75% ethanol® 23] A2 34L& 7} Fo DEPC A&
3 Eo gAY —‘?—E]Q RNAE RNase-free DNase® 37ColA 30%3+ 2&] 3}t
o] 7% DNAE #A1Ae $ thAl TRIzol ReagentE ©]-43ke] total RNAE A5}
ATt
RNAFZE A4 & B3 42 total RNAES 260nmellA FA e T, 5489 RNAES
Superscript preamplication system (GIBCOBRL ,USA)S o] &3}lo] single
stranded cDNAZ W3 XA} RNASEES Spgo 2 BRAZS DEPC A Z=2 8
pge BA Fol 10mMdNTPSt Oligo(dt)E 1ut & FH7FgE Fol 65Tl 5&3t
incubationg A1Zth. 10xRT buffer 240, 256mM MgCl2 4x¢, 0.1M DTT 2 18] 3l
RNase inhibitor 1plE F7Fsk 3o 42CoA 23t incubationgn®] Reverse
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TranscriptaseZ 102 F718F Fof 42T A 5087 ¥FSAZH ) 70T A 1587+
4o B35 A7l Fo RNase 1ulE H7Fste] 37CoA 2083 A2 ske] 3+
RNAE AlA staith

=
T

. GM-CSF 3z &x 2 {F434 54 39

PCRE 93 7] &9 GM-CSFY nucleotide sequence® HIH S & primerE A
Z+3k Tt o] primerE ©] 83} denaturation ©A= 94Col A 30%, annealing %
A= 55C°ﬂ7\1 30%, extension @A E 72T A 4029 A2 E PCRS 3H3= A
A8k & 15 % agarose geloll 4] 7] 9 &3ta, UV transilluminators}ol 4] band<]
A AFE R

Agarose geldlA 891 ® 435bp.©] bandE QIAquick Gel Extraction kit™
(QIAGEN, Hilden, Germany)s& ©l&3to] AAlstditt. AAl€ DNA= 15 %
agarose gelollA A7) &3 F A&l

AAE PCR AHEe TOPO® cloning vector(Invitrogen)9} ligationdF1th. PCR
A2 o0 EirE 254 2wt TOPO™ cloning vector 1S &3 & 5870 2
>l A5kl

g 2u02] TOPO® cloning reaction® competent cell (One shot® cell,
Invitrogen)dll &3st & 3027t €& FolAl wigstdnt. 42TolA 3023 € F
AL F Fo 250u02] SOC medium(2% Tryptone, 0.5% Yeast Extract, 10mM
NaCl, 25mM KCI, 10mM MgCI2, 10mM MgSO4, 20mM glucose)S % 7Fstal 3
7CoA 1A ZF F<¢F 200rpme shaking incubator¢bell A wiek & wjFH-L 50ug/ml
9] ampicillin®} 40mg/mle] X-gale] 3% LB plateo] 50, 100 2 200ul% =¥ 3
37°Cell Al 18~24A17F vl ¥kl ),

LB platedll A &4 = We JAS Yeids 24 100 WelE AdEste] 50
pg/mle] ampicilline] *3F¥ LB broth 5Sméel] HE 5 16A17F B<F w43
12,000xgell A 1057+ 94 Feste] @ ol QlAprep” Miniprp kit(QIAGEN)
S o] &3t plasmid DNAE FZ3th 250409 resuspention bufferE o] &3}o
ek 7S AHEF A7 o 250u02 lysis bufferE o]&3le] ALHES g
T} Neutralization bufferg ©o]-&3ste] F3hAzl Fo 1023F A4 E2std
chromosomal DNA¢®} plasmid DNAES #&sgtt. Eod Alge Azdw FHe)
o] columns FZAIZl $ ethanols o] &3t AZsta F/HTZ L33

210} 7 plasmid DNAE TOPO® cloning vector?] #|3 &9 EcoR 1< o]&3}
o] £tk 32l plasmid DNASF 05409 EcoR 1, 2402] EcoR I 10xbuffer 1
Y 145u°] SHTFE FIAE HA F 37CAA 2AF Sk wigsd & 1.5%
agarose geldlA elstdth. U™ A plsamid DNAYX automated DNA sequence
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(ABI PRISM 377xL, Perkin Elmer, USA.)& ©]-83}9 sequencing= A A&t}

#%. GM-CSF Zd
GM-CSF9] signal peptide $#-& #1938t mature protein coding region%hs
3317 95te] 99 clones signal peptide H2 A3 FE S cloningslt”] 93t
o] primerE AZtet9d 1, 718} PCR, PCR product® A A, cloning, transformation
9 sequencing o 7l WHI FAsA AAEAY. @ transformationgn
AEf ] 2= 100pg/mle] ampicillin®t 25pg/mle] kanamycine] %3H LB plate®
AH-&-3F A

—

ol

[o

Ampicillin®} kanamycin® =2 dx}%
GM-CSF gene?] A3 @9z 2do]
A stk

2 AdFoe] A colonyd HIt=
A &Rlstr] fste] v 22 AW
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1) GM-CSF positive clone®] A%

LB plated] A}# transformantES A%sle] colony PCR (94C, 30%; 55C, 30
Z; 72T, 40%)& A A8t inserted DNAE H13F% a1, &<2l¥ clone Mini-prep
kit& o] & 0}04 plasmid DNAE F&3te] Algtaiel Hind 119 BamH 15 ¥
skal 1.5 %9°] agarose geloll A A 7] &gt & g5ttt &3 plasmid DNAE
sequencing3t¢] GM-CSFY o] el

e
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ol
o
32

2) 9 d Bty f

100pg/ml 9] ampicillin®} 25pg/ml 2] kanamycin®] $t+% LB brothol] #& #HE3}
o] 16A1ZF vk F AJ 2 LB broth 3 meoll HE3tAth 0.D.6007F 0.5~0.7¢] ==
= 100%-7F shaking incubatorol A 300rpme.= ®Wl¥ ¥ HEFTE ImMo] HEE
IPTGE HE3 5 bAHE F71= wjFato 15000Xg°ﬂ/\1 diom Hitatd

ey gwdS #8213lr] 9lsle] SDS-PAGEE o] &3te]l EX 3t 200102
ZHFE EFAZ 7S 12%9 polyacrylamide geldl 2+ welld 640Z loading 3t
o] 100 volte] HSgto= 243 &<k A 7] JeS AABL 0.1% Coomassie
brilliant blue R-250 & ol 2087+ M3t & Destaining solution I, I A &A1&}
At Gel drying filme o] &3}e] 1% glycerol®t oA A Z3 & gz o] e o
T5 gt

AR dde] SolAds gelsty] $18te]  Western-blots  AHE-3F3 T
SDS-PAGE?] 7oz 7] 93 gelS nitrocellulose membraned] 15 volt®
0% 7F AALAI 7] 1L, membranes 3 % gelatin®] X% Tris-buffered saline(TBS)
o2 1AZFEeE shaking AElE blocking 31t Anti-pig GM-CSF polyclonal

[\]
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antibody (Endogen, Boston, MA., US.A)E 1 % gelatin®] ¥3¥ TBSe| 500:1%
g sle] Ao A 2A17F B WHSA] 7], alkaline phosphate—conjugated goat
IgG fraction to mouse IgG (Bio-Rad, ,Hercules, CA., US.A)ZE 23} A& A&
3to] AP conjugate substrate kit(Bio-Rad)E ©]-&3to] LAAlA wlze] Eo]A
= gl

vl A Z3F GM-CSFol| Wik SojagA At
1) GM-CSF A Al

7h) e QA

G ds FASH] el @wd wdo]l gl ® s AdEste] 100pg/mlel
ampicillinZ} 25¢g/ml2] kanamycin®] &% LB broth 500m¢ol & %3+ th. 0.D.600
7 05~077k RS e Fol AFBE ImMo] HEES IPTGE AE8 1 54
7Hs F7F2 skt 8,000rpmeoll Al 20837 94 EEste] FJudk o lysis
buffer (100mM NaH2PO4, 10mM Tris-Cl, 6M GuHCl, pH8.0)& ¥-& A]7]L,
sonication® 2 AEZE Tkt 8m e e lysate] 2mee] Ni-NTA slurry £
A2 Fo gk AIzE Fh Ao WA ST Ni-NTA®} lysate 3 HS column®
2 %7 % ntee) capg AlAEFe] Ni-NTAol ZA§shA ke g8 A3 Z¢
Btk Columnel ol & Ni-NTAY 1o Agst @ dS 5mee buffer C
(100mM NaH2PO4, 10mM Tris-Cl, 8M urea, pH6.3)Z 23] A% 3+ & buffer D
(100mM NaH2PO4, 10mM Tris-Cl, 8M urea, pH5.9)¢} buffer E (pH4.5)% @A

o7 FE5h

2 HE Felsty] $1ste] SDS-PAGEE 2 A8t 7+ bufferol
GAEZE elution® 9 A ABEEZ 12%9 polyacrylamide gelol|l Z} welld 1404
loading 3¢t o 100volte] oz 2A7F &<k A7 FS HAASAY. A7|9F
% 0.1% Coomassie brilliant blue R-250 §H o2 HA3ste] gRlsttt A€ &
o] Eoldg FQlsty] 9t oA 7lwd A o] Western-blot& o] &3

=)
AAE dwAo v 2 =A347] 93] Protein Assay kit (Bio-Rad.)E Al-&

3} 1L, standard protein lyophilized bovine serum albumin (Bio-Rad)Z& AF-&3}
[e=]
AN
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2) AF

7}) Mouse®| recombinant porcine GM-CSF (rpGM-CSF) H=

459 9] ICR & @il d F% 500ug/mlel rpGM-CSFE Freund’s adjuvantd:
7 25 A2 33 HESACE 12+ boosting2 complete Freund’s adjuvant$}
sk ¥ 382, 2, 32k boostinge Incomplete Freund's adjuvant$} $HA HBZU =
2000 A F3FA

1}) Chickenell rpGM-CSF H=
2475 WA AbdAo] mousest UG WO ® 500pg/mee] T AL 1:1e] M|
&2 Freund's adjuvant®} 3|4 HS Imi¥ thE o] HEsIdd HF 5 A

Ae A ddaA FE AHestar.

3) A F&
Mousex 32} boostinge] Euil 15 %9 etherE® o]&a nlHAAZ %
abdominal veinoll A AEE NI, AT AL 4TCo|A 24175k H-x 3k

&, QAR AW $A5 60N 3087 WEe AR
FHGA FE2 skl AF F 2RV 1F Ao ATE Fs] A 5

= 2
(2000)9] WHell F=ate] F=stAvt. S Aol A dEnt Z
< o sZFe PBS(pH 72)F 7Fste] vortexshil, THA] 3l
chloroform® 7Fstal  AoA 241 AHAAIZ &
5500rpmell A1 1027+ A4 223 & FHs Ao

4) Polyclonal antibodies®] A7} =3

Wk 9 mouse serumWl FAVHE FASH7] 915t ELISA #HANES HAg o
W O FdPdoe 2= rpGM-CSFE AH&38F9 T rpGM-CSFE coating buffere} 3:19]
&2 oA s1A 8k ZF wellel 1004 7 Fol 4ToA 18417 AA% £
Tween-PBS(0.005% Tween20 in PBS) §H o2 33] o] M#stAtt 1% BSA7F
E3H Tween-PBSE blockingAl A 37T 1417+ 52t WX ek Fo thA] 33] o)A
A Fstdeh 12 FAZ mouse sreum¥ GEFIAAES 419 WE&2 GA 345
2] 3k L, mouse serum®]| o sk 22 A 2= Horseradish
peroxidase-conjugated goat-anti mouse IgG(Bio-Rad)E, w3& A= horseradish
peroxidase-conjugated rabbit IgG fraction to chicken (Cappel Co., Aurora, OH,
USA)E 2,000:19] 314 wj &= 1A]7F &9 WA o3 Al 239t} substrate®
= 22" - azino - bis - 3 - ethylbenz - thiazoline-6-sulfonic acid (ABTS) &
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S 100 sl Ao Al 308 H I F stop solution(0.5M HCDE 50pl? # 5
gk Fof 405nme] A FEFEE
. GM-CSF 2&d8$& 98 4 Vector &

FAHTOl A pGM-CSFE 23 A1 717] s ()H| 3 =ol A pBES-AF2 shuttle
vectors %4 2tk 76kbe] size® multicloning siteoll Xbal, BamHI, Kpnl,
EcoRI'% 9] enzyme siteZ 7FA 3L Ut}

Rl
2,
X
>~
=
Ho

o o] SR s
(Weaning) 10v}8], =¥
o TREE 240 €
7 (Adult) 7+ 107}e]
A ZF 30mtEl & ARESt

Farre Awer) 9l
AT 3o AL
3ookgel sl A

SEHI e CI

Z AFEOAoa A Fig. 1. Selective media (A, B, C) and
As dedves A8 non-selective media (D) used for the isolation of
stttk #SAXE dHol  lactic acid  bacteria.  (A) TATAC  for
Wel ToeAE olgx Streptococcus spp., (B) LBS for Lactobacillus

ST m spp., (C) BS for Bifidobacterium spp., and (D)

= $4%= A= =mx= BL for anaerobic lactic acid bacteria.
o2 FEReATY XFAER o FAES ZF 1075 AFEEH A, SAE, A, BE
= 7t 54 AbEste]l & 3579 HAAA ERHAIEE T
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Table 1. Compositions of culture media used for the isolation of lactic acid
bacteria from dog and pig feces.

Compositions (g or mé)

Components TATAC LBS BS BL
Bacto peptone 15.0 - - -
Bacto tryptone 10.0 - - -
Yeast extract 10.0 - - -
Sucrose 1.0 - - -
Esculin monohydrate 1.0 - - -
TATAC annex solution | * 22.0 - - -
TATAC annex solution 11°* 20.0 - - -
LBS agar - 84.0 - -
Lab-lemco powder - 8.0 - -
Sodium acetate-3H,0O - 15.0 - -
Acetic acid” - 3.7 - -

BL agar - - 60.0 60.0
BS annex solution® - - 50.0 -

Sheep blood” - - 50.0 50.0
Agar 16.0 - - -

D.W. 1000 1000 1000 1000

? TATAC annex solution I: [0.45 g Sodium azide + 30 g Sodium glutamate] + 100 m¢ D.W.
> TATAC annex solution II: [0.01 g Acridine orange + 0.1 g Triphenyl tetrazolium chloride
+ 1 ml of 0.65% crystal violet solution + 1.65 g Thallose sulfate] + 100 m¢ D.W.

¢ BS annex solution : [30 g Sodium propionate + 100 mg Paromomycin + 400 mg Neomycin

+ 6 g LiCI] + 100 m¢ D.W.

" It was added to prepared media after autoclave at 121°C for 15 min.

. FAEFe £

frabd el EEE s et =i e ERAES AAH F vtE 02-free CO2
gas® A g¥ % 7] wiA(BHI broth)ol ¥o] FA] AFHA=Z FHsh F4F
e EEldd ARES A= Streptococcus A BRI Q1 TATAC, Lactobacillus %1
gl x] el LBS, Bifidobacterium X 8jujx]e]l BS9} RE {4 wjdo] 7153k
BLY F 4F7F< #AE AH&3Fth(Fig. 1, Table 1)
FHAEe FAE A} T Hird diluent AE AFE3Ee] 10v] &A 84S A
stdth ZHzhel A | dAE A9 0.05mlE A=gujA (TATAC, LBS % BS)el
10-2,-4,-6,-8=, ®]A 8 wjx (BL)ol 10-6,-7,-8% HZF 32l =LAt A&l

Ox-free CO; & X35 7] ‘steel wool’ jarolA 7| AElZ2 37T A 484 7F
\_]_— HH 0]:—5—]_0:]

g "ﬂ?—% 548 Mitsuoka’s methodoll webd AAegom (1), WE 5 &
Ahtel A AR colonyE ZH2be] vkl wiA]ell A Ee]ste] BLAj Aol Al thak i ok
7)Aol A 4841 7F F ot 37Col A w3 & colony:E Gram’s staine sl

o
£
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A1) 7 (1,000091 4 cell morphologys &<l &t Agld 77} colony
morphology, colony counts, Gram’s stain, cell morphology, aerobic growth,
catalase test 59 EA9l 9&l Bifidobacterium, Lactobacillus, Streptococcus®} 7
< Ao r FAFEFEH 258 v BLEIAIE AdsArh E2E fAE S
A7 el BL s Aol BEE L 4Tl Agstdon, o] FAiket Eelo 34
2 Figure 2. o] B4 =2 YERYAT

S Hrtslr] 9ske] E9%® Lactobacillus, Streptococcus
Bifidobacterium< L-cysteine(Junsei, Japan)¢] 0.05% *7}¥ MRS broth(pH 7.0,
Difco, USA)ell HEato] 37CelA 24 hr 3 7] OP}aiﬂr MRS brothE pH 2.07}
pH 3022 ZA3IY 4 ml vialdl 2 me® 53 5 1217C, 15 min T4 E T3
=3

HjokE f-A 3 Lactobacillus$t  Streptococcus™= pH 2.09] MRS brothel,
Bifidobacterium< pH 3.09] MRS brothol] 20 w®(1%) FE3staL 37ColA 3 hr
HES A7l &) o] AEARE gRlstr] fste] wj g5 BL mediumdl 37T,
48 hr w3t & AAE colony= WAHA o] d+= FF= AAT AL

2. AW Ad

FAbte] AR gA4S dolry] 98] Lactobacillus, Streptococcus 2
Bifidobacterium< 0.05% (w/v) L-cysteine(Junsei, Japan)¢] % 7}¥ MRS brothel
HEstal 37CelA 3 hr 71l atdvh. A4 58 pH indicatorE AF&3te]
cbato] ik brothe] A WstE #Este] FA3F 2™, pH indicatoret H] sk
of AN EAS pH o YEeER|SIT

Wik ol &S fakd L—cysteine(]unsei Japan)°e] 0.05% H7}¥ MRS
broth (pH 7.0, Difco, USA)el 142‘20} 7] AElE 37C, 24 hr 83kt MRS
brothel 0.3% Oxgall (pH 7.0. Sigma)< ﬂ7}o}"’ 4 ml vialel 2 me# EF3H

ot

g BE TS 20 wl (1%) HEFstr d714ejel A 37C, 3 hr wlE¥E, 7
o] AFERE dolr 7] 93] BL mediumel 37T, 48 hr &7vjF 3 3 AE3
s WgE4del de FATF= A4 sdh
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Fecal sampling
l
9 m¢ transport media (BHI) + 1 g Feces
Fecal sampling

!
9 m¢ transport media (BHI) + 1 g Feces
Serial dilution ( 9 m¢ diluent A )
1072 4+ 6 8 1076 7 8

LBS TATAC BS BL

Anaerobic culture
steel wool method (37C, 48 hr)

BL transfer (48 hr)

Aerobic growth, Colony morphology, Gram's stain and Cell morphology

Streptococcus, Lactobacillus and Bifidobacterium
pH 2.0 & 3.0 and 0.3% oxgall (bile) tolerance
First selection of the sitrains for probiotic use
Heat tolerance
Antimicrobial activity
Final selection of the strains for probiotic use

Identification

Fig. 2. Schematic diagram for the isolation of probiotic strains
and pig feces.

b ey 23

WA I Wgsdos e 459 54 Aa & Add 14

from dog

FH 1 mlE effendorf tubeol] 2o 75Co 15, 80Tl 5&%F x=FA171 %, BL

Fa, 4S5 colonyE W

i

mediumeol] W Fol2 =2sle] grnjd

[

[e5]
2 #Agrt AR AR e HE A S5 dFe Agole
o wE WdAd AFES tA AAsAT HSAUTEFE L-cysteineo] 7t
MRS broth 7 meoll HEsble]l 37C, 48 hr 7wl ik FEw g 1 ml
effendorf tubeo] ¥ 50°C, 60°C, 70C< 0C] 583+ =&A]71 ¥, BL medium
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Table 2. Antibiotics used in resistance test for pig and dog.

s Commercial name TR Recommend Experimental
Antibiotics (Manufacturer) Antibiotics included dose (ppm) dose (ppm)
cree UNIBTOTEaH) Chlortetracycline HCI 200 600
L Kymoxin - .
Amoxicillin (Yuhan Corporation) Amoxycillin trihydrate 160 480
. _ Chlortetracycline 100 300
CPs? U ion) Penicilin G 50 150
P Sulfathiazole 100 300
TCR Pneumo-Stop Tiamuline 99 297
(KORYO B&P) Chlortetracycline 297 891
a Mycillin Penicillin G
PS (SAMWOO CHEMICAL) Streptomycin 200 600
Oxytetracycline Oxytetra Oxytetracycline 42 126
(CHEIL BIO)
Norfloxacin SAVIOR premix Norfloxacin 200 600
(KORYO B&P)
ST Shuprim Sulfamethoxazole 400 1200
(SEQUL VET. PHARM) Trimethoprim 80 240
Golden ampicillin
Ampicillin OOSUNG | Ampicillin trihydrate 300 900
CORPORATION
Ts® Tyrosin sulfa Tylosin 110 330
(JINWOO VET. PHARM) Sulfamethazine 110 330
of Wgolw maetd @Y ¥ AL F5E FAA.

Al A WA A9

A A2 disc diffusion method& AF-&3te] H 713t th. Disc diffusion
method™  Schillinger$} Liicke®] WH & st 43S AAISHATH(27). = A <
Al FEE FeEd AdAe AR EAste A, B 8808 AT Fo
sk A ik AddES AAbst] flste] AA e FeEdel Bel A&t
= 10579 F8AE 2 Aol AH&stdth(Table 2) 7oA &Eeld ikt 4
%, 10%7F FolA Penicillin G + Streptomycin Sulfate(P+S; Mycillin®),
Oxytetracycline(OT; Oxytetra®), Norfloxacin(NF;
Sulfamethoxazole+Trimethoprim(S+T;  Shuprim®), Ampicillin trihydrate (AT;
Golden ampicillin®)9] 5& /RS o= Ao 3 A i A A
o2 ®Esty] gt 7+ FAAE 10ml DW.ol AFEF2] 3uj7t H=s Hrts)
o] &3A171 ¥ 1500rpm, 10min YA &2 sFA Tt S NS 045m membrane filter
E EH3AA qAAA &AL eppendorf tubeo] T, MRS X 9o W ¥ paper
discE W"olmzlar &gAA] 4S5 paper disc $ol 50ul HEsIACH 2Ela
Streptococcus 2 Lactobacillus £ 37C, 48417+ & 7] %S 3Fe] vERH inhibition
zone®| A4 (mm)s FAst] A A AAFEE F7tet Ao

Savior premix®),
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3. /¢ GM-CSF& 233e T 2 AdA ML
7. 7} GM-CSF¢] #atdd 2¢d

D 719 GM-CSF 54§72 A=
12hd = Aol oa] str ¥ 435 bpel HVIMEE FAEE e GM-CSF #47
ARE vigo g fAaktulol A el GM-CSF @& e Axg FdAkul
A 2 24 5429 primer A< AA s
Mature protein coding region%h< A5}
& sk 17 obm At B9 5 AlAS L, Ah
b shuttle vetor®t A%3 + JEE A Al
dx vl RE 28 IE H 9 shuttle vetor
A2 LS H7bekith (Table 1).

I
[ex

slo] 5° koA signal peptide
FARE A

]
A
& Aresin. 3
o)
S

O

folf e pot 18
o
i
e
et
al

B

Table 1. Oligonucleotide sequences of the caGMCSF primers

Vector Primer name Oligonucleotide sequence
pBE.BamHI.ATG.M.caGM. 5'- GGATCC ATG GCACCCACCCGCTCACCC
F -3’
PBES-AF2 5'— GGTACC TCA CTTCTTGACTGGTTTCCA
Konl.caGM.R 3
5'— CGCGGATCCGCACCAACACGTTCA
pHAT.BamHI.M.caGM.F CCAACACTTGTCACTCGTCCATCTCAA
pHAT -3
5'— CCCGGTACCTTATTACTTTTTGACTGGCCC
PHAT.Kpnl.caGM.R 3

Al

2) fALTW GuA BE AxY FA% A%

7}) pBES-AF2 4¥

Frabetoll A caGM-CSFE dlstr] #1ete] pBES-AF2 shuttle vectors A}-8-a}
St} pBES-AF2+ 7.6kb size® multicloning site®] BamHI®} Kpnl A3k &4 §
Y E o] &35t cloning 39T WA caGMCSFe] & weto] F Agk g4 H97}
A E primerg ©]&3td FHAAE STH HEQ pBES-AF29} ligationd) S th.
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oz A AgdA AXI FHAY plasmid DNAS FZE3slo] 9714 dS gelstyth
234 FAz Abelo] 2l F colonyE =75t plasmid DNAS %383l Ak
7} =33k ¥ electroporatorg ©] 8319 transformations 4 A| 8}t

) pHAT =€

L casei®] AE 74 AE 39 gened fusions AlA ‘delpgsA-caGMCSF' &+
+ fusion genes A28t pHAT Vectoroﬂ ligation sl tl. oA WEAAR A=
g FARE E coliol transformationd & 15 pg/mle] erythromycine] 3% LB
agarol A 16A1F wlFatdeh. wlgdt LB agarol Al colony U¥-E &4, HH‘*OPO%
plasmid DNAE 92 % enzyme digestion, sequencing 5 2% 54 AL 4
o] 04 = §],o] gl_oﬂ

24§44 4

&~

Ot}ol g2l H colonyE Fu3le] plasmid DNAE FE3t3
=t

electroporator® ©]-83}¢] transformatione A A3}

8

0n

Q

o

(ot

i)

ok

fr

~

7N
culd e dolr v §5te] AR FAAE AdE dgdd fFAre 7
H

stz Al 2o F A3 colonyE 739 Western-blot assay® %3}

2

o
4,

ot

12} transformants 7}d B4 FH:A A o)

[
)
colonyZ i3 ¥ A3kl Western-blot assayZ F3to] #4319

2) fraktol A el wky
Ay A% A transformantss 30pg/mle]  erythromycine] &%
MRS-agar®l plating3t 3 30C ¢ &7] Aol A 547 v tslS

i A4S A ammonium sulfateE ©]&3to] A3 50 mMe] Tris-Cla}
10 mM<] EDTA”F g% buffere]l ammonium sulfate ((NHp); - SOpE €l X
A %15 me FHske] 5 mee] vk AE Ay B3 (75%) T wulEoe] A
NEE /“ioﬂf\i 1A 5o w3 o}oﬂE‘r 1A1ZE % 5000% go] &ola 30%3t
S st dmAS £ 3 T ¥3} ammonium sulfates ©]-&3to] 23]
3tdth.  Pellet volume®] F wio] B FHFE A&t G dS Al Ff A7)

, TS AAEY FF A& A AL Western-blot assay

ﬂllﬁ.l
OHﬂ
ol
o
&
M
2
ol
o
4
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4. HA ¢ GM-CSFE 2 d3t= fatad 2 184 AL

7}, #jA GM-CSF9 #4740 23
B Ao = 435 bp9 nucleotide sequence®t 145 amino acid sequenceE 714
A+ #: A GM-CSF genecl A signal sequences A 93k 394 bpel nucleotideE

B0 2 primerE A 2tsle]l pGM-CSF genes 5% 3t} (Table.l).

+H

1) Bifidobacterium longumeol| A ¢l &&

Akl pGM-CSFE &3yl 9l8te] shuttle vectord] pBES-AF2¢} %5
Bifidibacterium longum MG1& A}&3t9tt.  pBES-AF2+=  76kb  size®
multicloning site?] BamHI¥} EcoRI®] enzyme site® ©]83}9] cloninge 2 A|sh
At WA pGM-CSF9 Zehe] F enzyme site’} A9 ¥ primerE o] &3t 3
A5 ZEste] WE pBES-AF29} ligationdl ATk ligate ALl A 23l
7] Aol E. colidll transformationA| A wid @& Ae)E FQlslar, fFAkit 579
Bifidobacterium longum?l| transformationdto] & 7]/ lo|A w g * H
o] -5 Western-blot assayE ©]-&3}¢ 23} th

2) Lactobacillus caseioll 2] &

Z %3 PCRAMES template® ko] L casei®] MX 74 A& el genedt
fusione AlA ‘pgsA-pGM-CSF’#t+= fusion genes 7<ﬂ 2tstar pHAT vectorel
ligation 3} t}. Ligatest= E. coli°l| transformationdt & 15 pg/mé®] erythromycin
o] 3% LB agarell platingdte] 37Cel Al 16A1%F vjFat At vt LB agarol
A colony® % 3}¢] plasmid DNAE prep3t $ enzyme digestion, sequencing % 2
= target gene?] AMY] oH-= 2l

Target gene°] Aol &2 ¥ colony:= SZ3e] plasmid DNAE prepste] L.
casei?t &3 T  electroporator® ©| &3} transformationS A A3} T}
Transformants: 30pg/mle] erythromycine] ¥ MRS-agarol] plating3t & 3
0Ce 7] eEelA 54z wigstAct.  wix 9ol P4 colonyE FA3
Western-blot assayE &3dte] @i do] Wd S &3

Western-blot assay: US3F 22 WHoz AA st wkst FAF S 12%
polyacrylarrnde geldl loading® % 100volt A} 3tollA 2A17F ot T A3 e] bl
AL Hg 3 F nitrocellulose membraned] 15volte] At slell Al 2087+ AALESA

t}. 14 A= goatfral e anti-pGM-CSF antibodyE 1:5002] ZHd o2 3]24]35}¢]
]'%5} 3, 22} A Z+= AP-conjugated anti-goat antibodyS 1:1,0009] 3]2] Hj

2 A28t th. Alkaline-phosphataseE AR&3lo] WAl & o o] kS 3
3}"15}

il
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Table. 1. The sequence of porcine Granulocyte Monocyte-Colony
Stimulating factor

D4 amino acid, 435 bp

atg tgg ctg cag aac ctg ctt oto ctg ggo act gtg gto tgo ago ate
Met Trp Leu Gln Asn Lew Lew Lew Lew Gly Thr Yal Val Cys Ser Ile
1 5 1o 15

teciget ooc ace egE ©ca cEc age cot gie ase egyg coc tgg cag cat
Sar|Ala Pro Thr Arg Pra Pro Ser Fro Val Thr Arg Pra Tep Gln Hias
20 25 3a

gty gat goe ato aaa gaa goo oty age ottt cta aac aac agt aat gac
¥Yal Resp Ala Ile Lys Glu Ala Leu Ser Leu Leu Asn Asn Ser Asn Asp

A5 40 45
aca geg get gitg atg aat gaa ace gta gacs gte gte tgt gam atg ttE
Thr Rla Ala val Met Rsn Glu Thr Val Rap Val Val Cys Clu Met PPhe
5B 55 60

gac £cf Cag gag cog aca tge gty cag act ege etg aae etg tao aag
Asp Fro Glnm Slu Fro Thr Cysm Val Cln Thr Arg Leu Asn Leu Tyr Lya
(4. 0 15 [L]:]
cag ggc ctg cogyg ggc agc ctc act agg coctc asg age coc ttg act ctg
Gln Gly Leu Arg Gly Ser Lew Thr Arg Led Lys Fer Pro Led Thr Leu

ttg ges aag eae btal gag =ag sae LgeE BEee elE AEE gag gaa ast tes
Lau Ala Lys His Tyr Elu Elm His Cys Fra Leu Thr Elu Slu Thr Sar
iap 1G5 110
tgt gaa aoc cag tot atc aoc titc aaa agt £to aaa gac agt ctg aac
Cys Glu Thr Gln Ser Ile Thr Phe Lys Ser Phe Lys Asp Ser Leu Asn
115 12D 125
maa tEt ctt Lttt acc atec ccc tiE gac tge Lo oG9 cca gitc aAam aag
Lys Phe Leu Phe Thr Ile FPro Phe Asp Cys Trp &ly Fro Wal Lys Lyas
13p 135 140
taa

Etop

Y. A GM-CSF9 28 A a4

ik AIZHE g B ofe] WIstE dolry] flste] 30 pg/mle)
erythromycin®] &9 MRS ®lA o pGM-CSF FdA7F Ad€9 L caseis H=
shar 30Ce] 7] Aejel A wiFsidch 2d AF el meEt AgER AES AF
sto] AAEE S AAIt] viee] fFAbere] miYd FE NS FASEAT

% Protein AssayE

= = 71
ar ] a
35 s AR 24kl 246 Algeialrh
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[e} [e)
Wik A& N2 ammonium sulfateE ©]83te] I A3FH T 50 mMe Tris-Cl3

10 mM¢9] ED TA7]- g3 buffere]l ammonium sulfate ((NHp)s + SO)E ¥
Pz

al

A7l 15 mbe Hste]l 5 mle] vk AEAT 3 (75%) T g Aol AHET F

IYEE Ao m 1A ZFEOr 2] & th 1A1ZF & 5000% g9 &kolA]l 30%7F ¢

A S AAste] g AS =7 3 % ¥3} ammonium sulfateE o] & 3}o] 2§] Al

ST Pellet volume®| = wje] Wit SHFE ARt @A AFF A7),
LS|

S HASte] 2R A8 AL Western-blot assay & & 38he] 4] 3}93\"/}.
o AE 5d ZdE g9

1) Confocal Microscope

Lactobacillus®] display system= E3] Al3x x| pGM-CSF7| w&3st=x ¢

B2 Felsry] 8] pGM-CSFo W3k 3ka 2} FITC-conjugated antibodyZE ©]
43}o] labellingsltaz 333173} confocal n7d S o] &3l o RrE dojn
AT,

pGM-CSF 3 A7F Ad€ L. casei®t Aol A &2 vz L caseis 30T
o] 7] Aol A 104 7Hs<k vk & Hi+ PBS(Phosphate Buffered saline) & &
23] A#Fstdtt. Wit PBSE 0]%3}04 A /\]7] —? F3E=E o]&3to
ODeno=0.27} HE%5 x4 5
ol monolayerg #AslE=E FAHTS &F A AL -‘r’r/&ﬁol —2;7“ H slide glass®=
dry ovenolAl 1087t X AlA E7]& >
A ZA T}, Washing bufferE o] &3} formaling A7 fS}ﬂ 3% BSA7} ?E} = buffer
o 1:509] Hl&= 1x FAE 3|45t fabetel Hgsta 1A s vhg Al Z o
22 A2 FITC7} conjugation® o] A= A= ZOH{P 2] 3} mounting s}
slides ¢Hdataint. &% @AnAdstld d4435 &<stal, confocal microscope
& o]&ste AYW #F stk F7FE Signal %%% Al 22 FA=
Avidin-streptavidin conjugate® A& A}83Fo] A} &l H ottt
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Wl
il
ol
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Olt
ol
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=2 0 pg/mbe] erythromycin®] &% MRS medium 50mlol
F 30Tl Al A ' vigste] @ AS d A7l F dgoll 3033t WA
w1 94 wEEte] AEES Bt B AEXES 4T
0 m¢®] TES buffer (0.2 M tris-Cl(pH7.4), 0.5 M sucrose, 0.1 mM
Aol A 4023 g A1z B 4TelA 10,000rpm2- = 10
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.\_4

e

A4 Egste]l 45 9dS periplasmol]l EAshE dE §How ARG
olZ pellete 20ml2] sonication buffer (50 mM tris—Cl(pH&.0), 250 mM NaCl,
Lysozyme(1mg/me))oll FAEAIA 4Tl A w-g A7] o5 & 253 2371
£ ol&3te] AEE vy3tar, 4ToA 10,000rpmo 2 10%3F 94 E2lste] o
2 Asds Axde Axyg dwd gHoz ARGk Robxl pellet
denaturation buffer (8 M urea, 0.1 M NaH2PO4, 0.01 M Tris-Cl(pH&.0)) 20 mf°l
=] 4TCAA 35 ¥ 93 A7l H inclusion formo 2 Y2 AxF dlldZ A}
L3ttt 4 g A S Western-blot assayS o] &3] 4 d9th.

A=
s
=

2. in vitro 394 pGM-CSF¢] bio-activity &<l
Aol W = pGM-CSF9  bio-activityE @olx 7] 93t murine
alveolar macrophage cell line®l RAW264.72 AF-&3}o] activityS =4 3131tk

1) W Fdl AZT pGM-CSF2] bio-activity &<l

Prokaryotic  systemolA] @& ®  rmpGM-CSF7}  eukaryotic  systemol 4]
bio-activity & 2Zt=A FHFE LolRV] st MISE  coli)ol A g
rpGM-CSFE 8 M ureas ol&3to] A, AAE mpGM-CSFE
re-foldingA 7171 €& F4S Aol ureas A ASFA T RAW264.72 24well
plateoﬂ 10° cells/wello] ¥|%== 338kl 37T, 5% CO, ¢ dtollAl b3t A7)
< re-foldingA1 21 rpGM-CSFE 10-fold W7 8]A3te] A este] F=a1, 2413k 9]
2 A% A& FAsAT. A MY AF5HS GM-CSFol 93  alveolar
macrophage°ol A #H] FE=®o] 7] BiH cytokineZ ol 3tvbel IL-6, TNF-ael] o
3 ®u %2 FAs3th 542 Mouse ELISA kit (PIERCE, ENDOGEN)E A}

2) Akt 3 pGM-CSF9] bio—activity ¢l

Aol A WE R = rpGM-CSF9] bio-activityE &olH 7] 98te] RAW264.7
cell& 10° cells/welle] ¥ =2 24well plateo] 2333l 37°C, 5% CO2 ¥t 3ol A
43} stk Akt RAW264.7 celle] Hl&o] 25:10] H %% 25x107 cful
At s Aglstar A7 Al gel wel Ax7eins 4 EEeke] celldt WY S AE
T3

7} Capture-ELISA

i g5 Aol ¥ cytokines E<Qlst7] 9lste] TNF, IL-6, IL-1fd ojg
ELISA kit (PIERCE, Endogen, Boston, MA, US.A)E A}-&3slo] #Eu|zs =A3)
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ko Ao 25 @d S ELISA plateol] 504 53 F 4o 247k
= sttt 339 ZA washings AAI8ta, 7 cytokineo| ™3 biotinylationAl
GAZ Ay 3 F streptavidin-HRP solution®} TMB substrateE <402
23} 450nme}t 550nmoll A EFEE 45

1) RT-PCR

(1) mRNA #g

AA7IZ 22 MEE  TRIzol Reagent(GIBCOBRL ,USA)E AF&-3e] RNA
Fach AEES A7 98] 1 mle TRIzol ReagentE 37} 3 12,000x goll
[ g 3tAch Aol 583F WX Fo| chloroform 0.2 mE # 713
Uoﬂ 1527 283 &E9°] homogenizationg A AT A2o|A 287 w3z &
12,000 goll Al 1547+ 94l Eelste] 45 dAxt A FH3ke] 0.5mle] isopropyl alcohol
2 A& AT 1087 incubations A2 Fell 12,000x goll Al 10&3F 4] 22
3t total RNAE 92 & 75% ethanol® 23] A& 343 712 $d DEPC A7
sk 2o g3]A1Zth E2]" RNAE RNase-free DNase® 37Col A 30&3F A& 3f
o] 7% DNAE #AlA% $ thA] TRIzol ReagentE ©]43}] total RNAE A s}
by

olr

=2 =
=

HE N{N'
N
o
5 i

A)
=

¢
p
1 Mo
o ok

r.(

(2) Single-strand cDNA = 2}

RNAFZE A4& &3 42 total RNAE 260nmellA FA e 5 5489 RNAES
Superscript preamplication system (GIBCOBRL |USA)S ©]£3}9] single-
stranded ¢cDNAZ ¥ 3 A Zth RNAFEE 5 g2 RAG$ DEPC s &= 8
pgs BA Fol 10 mM dANTP® Oligo(dt)E 1pt A H7bek Fol] 65Tl A 5&7F
incubationg AlZ T 10xRT buffer 240, 25 mM MgCl2 4x0, 0.1M DTT 2u0 1%
3 RNase inhibitor 1 @WE 7}L Lol 42°CoN A 287 incubationgne] Reverse
TranscriptaseE 1 pl¥ F7}3F Zof 42Col A 5087 WA AT 70T A 1527
249 EE3lE A7l Fo] RNase 1 E H7bste] 37Tl A 20827 A2 ste] 2+
7+ RNAE AA sttt

th PCR

PCRE 3] 7] ¥¥ % TNF-a, IL-6, IL-182] nucleotide sequencesS w®l® O =2
primerS A Z&t 4t} (Table 2). ©] primerE ©] &3} denaturation A= 94T o
Al 30%, annealing 9 A= ZF A3 ZHo| wEhA, extension ©AE 72CoAA 1%
o] 2o E PCRE 4035 AA3 & 1.0 % agarose gelolld 7] 9531, UV
transilluminatordlol A1 band®] &4 %5 9t}
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Table 2. Oligonucleotide sequence of the primers and PCR conditions

Size of amplified

Primers Oligonucleotide sequence Anealing condition product (op)

5'- ATG GCA ACT GTT CCT GAA C - 3'
IL-1B 45T, 30sec 810
3'- TTA GGA AGA ABA GGA TTC - 5'

5'- ATG AAG TTC CTC TCT GCA AGA - 3'
IL-6 48C, 30sec 636
3'- CTA GGT TTG CCG AGT AGA TC - 5'

5'- ATG AGC ACA GAA AGC ATG A - 3
TNF-a 45°C, 30sec 708
3'— TCA CAG AGC AAT GAC TCC - 5'

v}, in vivo A9 A pGM-CSF9 bio-activity &<l
GM-CSF9] % 7|59l hematopoiesisE® &olH 7] ¢3te] A3 FE2A mousedl
S HF $ bio-activityE &< st AT EZE AUy H23F
ALl A Bk we 658 BALB/c ¢ACEA £XE 22 + 27T, humidity 55
] 7%-%01 2 Agdigta Fol et FE AFSFAA AR 2 AHS
O

4Ne) F, A7 svbelE Al 20mhe o] vk g AL

o}

)
=
O
wn
s

Qb 2 ¥ o op Ay Howg
h

AR =2
s, &4 ﬂ]ibgif PBSE, 2438 1% GM-CSF FAA7F Al = =] ¢
. caseis, AF 272 FAAE AYE L ocaseis TR 200 WA HES}
o} Ad o] T8 L caseir= w57t 2x 107 cfurt HEE 2 on, %A
Zao
4

e}
2+ 500 ng/mle] rpGM-CSFE HEZ oz FASIAY. HE2 1797 &
Aol RFo] vl AAsgon PF A AF WaE FHHA
PIEES A E RS

BAn RelE whA thed A% B o 100ue] AL AAHAL,

Hema-Vets AR&stel d44&5 463

2) Challenge 3 survival rate

A IEES el 3 S AS F A Tl g dAHETS HAE
Aok 3 E FUrAA HES AAEA &%k F= ke £
Salmonella typhimurium®. 24 7F% BALB/c 4ZA oA 72417 W Minimum
Lethal Dose(MLD)7} 4.1x 10° cfu/ml&4, MLD®l #d8t= 75 HFstL 724
1k Et TS AEE
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5. GM-CSF7} 28 ¥ #4259 ¢34 4 in vitro % 24

o] =

P .
= AE = 572 =A< —L‘ﬂt Al 5ol A ﬂ% &
2, ESA, dAAANAE Sol 538 Bifidobacterium

Ab2 MErE Lactobacillus 70 55 220 % A 3o AR

& i H:l

]_

ol

>
I =

o N

T g EHow AR EZFAA(Suckling), ©lFAA
(Adult) 7} 1074 F 30vE] & Ab&ete] 1AW E A84
AHES Lactobacillus 9315, Streptococcus A7+ F, A

Ho

S o= Caco2 celldl gt in vitro adherence
assay = *.:_"\15‘}»\‘:}. A} o] Azzs AASY] S8 A HERTLeEE
Lactococcus lactis NIAI 527 (L7558, Meiji Ltd., Japan)S, 2AWZRToR
Lactobacillus acidophilus KCTC 3111 (JCM 1132)& AF-&3}dt}. o] #F+ 0.05%
(w/v) L-Cysteine - monohydrochloride - monohydrateZ %713 MRS broth
(Difco, USA) 5meel 3 5 A7) sl A 37TelA 24413t &<t v Fs A

2) Cell culture

Caco-2 cell Atgrel A% AdFolA Fadld= FAHaAxE=A =43t
AT do =Y —L‘jtook‘i'—fo} AFE3FA T Cell> 20% inactivated fecal calf serum
(GibcoBRL, USA)¥ 0.2% penicillin / streptomycin (10,0000/m¢, GibcoBRL, USA)
£ H7Fg DMEM (Dulbecco modified Eagle’s minimal essential medium,
GibcoBRL USA)u]=]oll Alt]ste] 37C, CO; incubator(95% Air, 5% COgz)oll A vl ¢
3t th. T75 flask (Nunc, USA)e| Caco-2 cell®] monolayer’} A FH AL ] A=
A Ao ARGt 26l FAHA cell AWE AASHAT
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3) fAketel In vitro &=
Caco-2 celle] FEE 1083 37ColA  trypsine @  cellS EA]7]aL,
hemocytometer 2 ocelle] FE AlolA AXEEATE 1.0x10° cel/ml ¢ %S
4-well chamber slide(Nunc, USA)Z A3t 443 monolayer’} HA=E uj
7h A ) kAT
Caco-2 cell monolayer’} 84 % 4-well chamber slidex= phosphate-buffered
saline (PBS: NaCl, 0.8%; KoHPO4 0.121%; KH:PO,, 0.034%; pH 7.2)0.2 2¥ A
Hatrh fFAbS PBS 5 meell 3¥ AlFH g & e puffero] F-rAIATH bt
o o] EHE golr 7] siA ZH7He] welldl & & PBSSQEe] fAbite] £ %
(ODeionm)E ZA8H%ITH 7 ©h& DMEM 05 mlgh 4k (0.5 me; 1.0 x 10” CFU/
m in PBS)S 4-well chamber slideel # 7}ttt 1 slideE CO; incubator(95%
air- 5% COo)oll A 37C, 3A17F w3t Hire PBSE 5% A& 3 # methanol
53 173t ChamberE A A % celle Gram$ A sle] immersion oilS €
o FeAm A (x 1000) 0.2 #HEeATE FAb e AFAY e dixd o
Fof vlaLste] Frhstdvt. 1070 AwAd Alek & 5070 €] Caco-2 cellell 23k
2bt& AXsEe] 5702] Caco-2 cell B Hit e ALbsdth
Caco-2 cello] W3t F25 A2 controld BIustS] (-), (+), (++), (+++)] 4
W2 A4 A9t Adherence assay el in vitro WS Fig. 19 thgFd oz ey
At

olr

Al

o
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Caco-2 cell (passage several times) Lactic acid bacteria

! !

Inoculation of Caco-2 cell Incubation of LAB

in 4-well chamber slide in MRS broth
l 1 37C, overnight

If monolayer of cell formed Centrifugation (3,000xg, 5min)
!
Wash twice with PBS Wash three times with 5ml PBS

! !

Mix with 0.5ml DMEM !
! Inoculation of ————————————-

| 05 ml LAB (1x10” cfu/ml in PBS)
Incubation at 37C, for 3 hr in CO. incubator(5% CO- / 95% Air)
l

Wash out five times

!
Fixed with methanol for 5 min
| wash out
Gram staining

l

Observation under a microscopy

Fig. 1. Schematic diagrams for in vitro adherence assay of lactic acid
bacteria for probiotic use.

o BEA Al did 2gxA}

W AAsE AASH] 98t Flemming 5ol ©l3] A& ¥ agar spot assay
WHgsto] ALttt o] WS fabwte] tAMME R H3A 7] od W
o Aol A H = AE HAAFA Hrt

Agar spot assay®d HIATFOZE E coli O157:H7 (USDA, human isolate),
Salmonella enteritidis KCCM 12021, Staphylococcus aureus KCTC 19160] A& 5
Sk Y-S 10 ml el Brain heart infusion broth (BBL)o| % st 37 C, 24 hr
A7 sk wAkd el Aol A el | Bifidobacteriumt A W A E
A A= LactobacillusE 2 mle] L-cysteine + MRS broth o HE3 & 37|
A AEl® 37 C, 24 hr viksksinh. 2 platerttt 54 xS 7o MRSl 9%

=

ox M
=

AA AFE HALSATH
Aot FAHFS MRS agarel 2 w0 A& skl spote] AEEZ 30 C, 24 hr &7)
ok 3tk 1 & fFAketo] wid®E MRS agarol 7 mée] BHI agar (0.7%)¢ &%
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H #HATFS pouringsdte] 30 TolA 24 hr F7| o2 wjdst & AgA188 =A3)
At} Spot FHZ FAAH JASe A S m HHE SHToEZH HAT AAA

T=E Hrtsdoh
2. MIDIo| 93 7% &3 identification

Lactobacillus®} Streptococcus= MRS agar plateo] 4] 28°C, 24 hr & 78] st
Bifidobacterium< PYG-Tween 80 medium (Peptone-yeast extract-1%
glucose-tween 80)ol A 35T, 48 hr 7|8 ATt ZF dF= AT Axd A
W4k (CFA, cell wall fatty acid)e FE3}7] 98] reagentZ HAHEE sl
identified with microbial identification system (MIDI, Sherlock system, USA)°S. =
A3kt MISE Al CFAE gas chromatography W o8 A= AAZ o
2 BAE F MIS Librarytle CFA A3 dX= AEES vegde Sl
(similarity index)Z X &%ttt SI= 09141 1AFol9] =xt= @S =], 05-1.0 <
0.3-05+= 47 ‘exellent match’®} ‘acceptable match’'E& <7 glt}. SI7F 0.3n] vl
ol 529 CFA7F Libraryel A7&o] A FARE HH Aol o= A=
ABAEE ztE o A $4E dFe TANEZRAS AA 4T B#E

_.L4

|

i&

u, FEAAX EE HEZ stabilityd] FA5H
GM-CSF7} &3 fAkbita9 do ojgk <t
W= 70C, 5 min 2 80T, 5 mindlA el €

AL HE AL 1077 5o e 9IS g
G =EAZ S, del diE P dE gl

A Z(freeze dry) ¥H9] YH= ( Troll A A&

A AES sAAZYE HFAUTFE AR 4T 671L7F Aoz A

R R =2 w1
gelate], F5 7t58 AdAm ALA AFEe] stability x]—g—al—g— n) 1 5}

7. /8 GM-CSF 23 #4#9 434 55 5 2%

Beaglezd 187F2] (7 117k, &2 79ta])

il
\]
ri
i
jue)
=2
>~
>
ofo
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sa Al AWHT %94 ofw AHAm AAskA ok

shdow, dd Ad A FES
o AYde B 4 3 evtyy 39 e TR (F 1. g
S AR TEEAal, APl Ak, A db—z% N GM-CSF 23 2t
& AbRel drbske] =k A¥ 7IRE 9 23 AbnE gojAA] gRs A&
d TEE AAdda, ArEe A2y HI JALAD)7E A E AT
Table 1. 4 &% AFT 7
T oz A1 APT-2
F 753 75 753
23 7R 499 (75 499 (75) 994(75F)
M 6vt2] 6vt2] 6v}=]

) T =4

Lactobacillus casei®}t Lactobacillus casei®l 71 GM-CSF& Z@AIZ #& &5
T st At A T 0}71] leogcfu/g o] = fermentationd F& &
AZXAZ Ak AdAE A1, 201 44 857 1g¥® AR @7}3}"4 ol ot
ATt e g AFERE 59 }MD}.

717 Fe A5l 1314 F 83 (0, 1, 2, 3, 4,
= d = FLSA o Aol AAlElen, Al
S/ Tanitarte] ©o]&2 frob8& A (No. 1584)E A&kt

7hH dd g A B dY AlRE BZE AY A dFLe 134 F 8
30, 1, 2, 3, 4, 5, 6, 77) AASFI e, A3 Y& jugular veind ©]-&3A
e 2 7} JAY 1 mly AFske EDTA &-83A417F A 2ld CBC bottleoﬂ
ol 30 AE 7PHAl EE50] ¥}&a A E shh

b 5 24 A F 28 A AL ZA A% BARHI] (MS9-5V

3]
[MELET SCHLOESING, France)& ©ol&stel #45 AAsth 44l
RBC(red blood cell)) MCV(mean corpuscular volume), PCV(packed cell
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volume), platelet, Hb(hemoglobin), =~ MCH(mean corpuscular  hemoglobin),
MCHC(mean corpuscular hemoglobin concentration), WBC(white blood cell),
neutrophil, band neutrophil, segment neutrophil, lymphocyte, monocyte, eosinophil,
basophil®] #&& =743t}

5) ELISAZ ©] 43 Antibody 5% =74

7 dde IgA, IgG 54 A A5e BEE Ad JAA dFdd 134 F
8310, 1, 2, 3, 4, 5, 6, 77) AMAFI o, AFH FZ jugular veins ©|-&3}
Ak dAe 7} JAY 15 mly AHASY SnFHATE E0]J+  vacutainer
tube (Beckon Dickinson, USA.)9] =7 58 AE= A3 & o] Zo 3500rpm
A 5EZF AR E ste] A S FeEsta, o FEl® ¥ S eppendorf tubel
%71 ELISA AAME AAlE wj71%] -80 C deepfreezerol] =3

BE g8 ARE AFS ¥ F IgA9 [gGe FEE
sandwich ELISA methodE AF&33th. IgAst IgGel %
ELISA quantitation kit (Bethyl laboratories, Montgomery, Tex, USA.)E ©]&3}%]
I, AFAE e kit AFEAYAME wsith WA ELISA plate  (Nunc,
MaxiSorp, Cat. No 445101, Denmark)®] Z+ welloll A3 11x} 3} L] 744
w2} coating buffer(0.05 M Carbonate-bicarbonate, pH 9.6) 100 3 capture
antibody(Goat anti-dog IgA or IgG) 1 S 3435}e] ¥ i1 6083t incubations
AlA  antibodyE coating AT 7 well2 washing solution (50 mM Tris, 0.14
M NaCl, 0.05 % Tween 20, pH 8.0)& A}-83}o] washing stal, 5L3g HAH S 23
o A A&t washinge] €Y Fol& Zb welldl blocking solution (50 mM tris,
0.14 M NaCl, 1 % Bovine Serum Albumin, pH 8.0) 200 wZE H7}star 30%7F
incubationg 2 A] At} blocking solution< 33] 2] washing I4& =3 7|35}
A AAZG blocking 24  F, IgA9 IgGE =437 sl 242 1:100003
1:1000002.2 sAe 84 AEE ZF wellol 100 g ZH7bskdch o] o IgAst
[gGel sl &2 A3 A4 A LS ELISA WHES o] 83te] oujyoz 479
sampleS ELISA plateo] serial dilutiondle] @ojzx AxE =3 AAsAT A=
E Y1 6027 incubation ¥ 53] washingS A A3ttt washingo] €™ ALg
A o] uwe}l The horseradish peroxidase(HRP) conjugate® conjugate diluent
(50 mM tris, 0.14 M NaCl, 1 % Bovine Serum Albumin, 0.05 % Tween 20, pH
8.0)° IgA2 =745 938 1:10,000, IgGel A2 8] 1:50,0008.2 Z+7F 3|4 3
a o] s NS ZF welloll 100 w0 Y ATh 60%7F incubations il 58 washing

S AHAEAT washinge] €4 % 7} welldl tetramethylbenzidine (TMB)



substrate solutions 100 X  H7bsta @A HESS XA BJL 308 F
tetramethylbenzidine (TMB) substrate®] ¥ AHA|A17]7] &) 100 w2 2 M
H:SO5 H7tete] #ed 4 wkbgs whdth 2 M HSO& H7bs & wk=
Model 680 Microplate Reader (Bio-Rad, USA)E ©]&3}9 450nmol A
optical density (0.D.) #& F43Ath 9o B AL oA AAstt

Lo

A

) B IgA, [oG =7 Immunoglobulin &3 3 9 A g9 = &
oA AFHA} o] BE JfANA dFdo 13 F 83 HAldY. 13 AFHA w9t
o JhA F 05ge AEE AFHsIA AL, WA IgA% IgGel FES Peter's
methodE wskth (Peter et al, 2004). X33 £ AJ8+= 15 ml tubeo] %710 %, 5
mle] extraction buffer (Phosphate Buffered Saline [PBS] [0.01 M, pH 7.4], 05 %
Tween 20, 0.05 % Sodium azide, all from Sigma-Aldrich)E& %] homogenization
S A A3FA T homogenization©] €713 AA|S & 4 ToA 1500 x g 2 20&3+
2 AAEEY doj FE9 T 1 ml& A3 eppendorf tubed] &7
10 w09] protease inhibitor cocktail (Sigma)< #7}slgd . o] A]EZ vortexing
4 TollA 10000 x g = 107 A8l E AAlshal, A =& eppendorf tubeol
71 ELISA #HA1& A w712 -80 C deepfreezerol| X 33}T}.
T IgAet 1gGY s=& 437 8, QoA 53 sandwich ELISA
method& ©]83}9] antibody A4S AA] At 919 extraction S T3 A
o}zl ¥ Alm+ IgA9t IgGel F4& 91stel Zh2F 1:1000% 1:1002.2 3]4] 314
Aol ARgsttt

(
4

o, o
jubad
™
Au)

go for K

th) dHe CCV-specific IsG =74 vaccine ¥ vaccine-specific antibody®] =
T WstE 457 fs8l, 2438 A F 457 Fo & JNAC canine corona virus
(CCV) vaccines I3t HEstdct @A A+ 35 IgA9 1gGY SAHES 98l
-80 T deepfreezeroll R.#3atil = A S o] &3t AAIsHA T

CCV specific IgG= indirect ELISA methodol] whel A A5} 3L, coating antigen
© 2% killed CCV vaccine (FirstDose® CV, Pfizer, USA)S AF4399 T} antigen®
g AJ59 g4 v &L dn 34 ELISA 24¥E F3¢ 27 1:307) 15082 A%
3t 335k th 343 antigeng E 3 FRFEo] wellld] 100 ¥ € 60 &
7t incubations AAEATE ZF wellE 33 washingg AA3 3, blocking
solutions 200 w¢ #7Fetdtt. 3087t incubationS A Alstal thA] 33]¢ washing
S AAegn. aEa vg gAE dol AlRE 100 w0 7 welldl ¥ i1 605 <t
incubationg A A|dF T incubation®] YW ¥ 53]9] washingS AASHA

conjugate diluentol] 1:500002.% 3]43F HRP congugate 100 = ZF wello] €11
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60+37F incubation ¥ 53] washing 4 S A A%t HRP conjugate®} HE-S-A|
7171 918 TMB substrateZ 100 ¢ #H7}sta 30%7F incubations A A&ttt wf
Aeo 2 TMB substrate B8-S FAA17]171 918l 2 M HoSO4E 100 g0 3 7}Fshar
Microplate ReaderE ©]-&3Fo] 450nmoll 4] optical density (O.D.) 7S =435S
o] BE AL Aol AAs

5 AF A7
|

=
ol Adel HAA A A

rlo

s adoew A Al (2™ 1.

wieaks 0 1 ¢ 3 4 5 G T
I i 1 ] t i i |
KEEnal
SrmrEraiar
oV "
VaCCination

Body waight /A i iy M A Fa M M

TP S S P S R T
Bigiog ~ _ ~ i ) ) ) )
E.:LTI:Il 1\_: ._.I .\_. - I.\_I - -_. I_.I -

Figure 1. Summary of experimental protocol.

Y. 7} GM-CSF #3d2 &3d fade dadd A 53 35 43

Aom, o] Fof A
Z} cage°ll HFol AS o
T o ATES ANEE

- g &, A, A=E
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2) w5

Rk 27 Ao Al 15vtel & AEete] SuelH A o EFetsith thEw
o AR F959a, AE 12 1 X 107 colony forming unit(cfu)®] L. casei
T ETE HWE ARE Fosda, 4¥F 28 1 X 10° cfuel 7l GM-CSF& %
dAsl= Locasel i EEES HUME AR E F9sdh 9 Aole 6573 TEEHA

M
&
o
=
N
ull
Mo
>
m
o
I
&
=
=2
e
i
ol
2
(2
o
ftlo
™
o,
(o0
ol
2
v
N
M
=)
Al
o

DAL FALE FAL
Wl obd AR Foleh @l 7 2w A7l AX &
A %A Al cage el F-#e Azl AxE Dok JHA

__m

SRS AlF Weh A

7t o] RE AAES "Aer AF 2 4 6, 8 105 Al

AT FUHES e met Eukegk 2] A Fell zpoly

MAF7E A& 7159 FAo] o] wE ztolE Hol= %«1

MA el B& F3te]l AT F7HES vaske 3 on7t gltkal sk,
5

39 245 ol&3sto] A

AURRCURR )
My AR Y

RS e

g o) 4 granulocyte?} monocyte?] x| W3S dolsty] &) 2AT =0 A
AeLA AAS AA [T dH ArLA] 2z

ﬂlﬂ@

hei}

= _
T =1
32 71

[}

fu o

A2l gk tubeol &A HAF A7kA] H#AsETE 2
TR R &1, 4500 APste] Ay HALS S
NS TR dEste], wi3] 30mtE o] AAS AF 4
Aekx HArks: AN A HAbe= Cell Counter Analyzer
MS9-5V(MELET SCHILOESING LABORATORIES, France) 7152 Al&3dte] =
zé O]’)\}\q—-

[N}
A

d
5
AL
I

NFA7 M5k AL
gA 7ol AL 7 FolM FE Add A 10ve S ez HAAE
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=
o9

{1

A 7} canine distemper virus(CDV)$} canine parvo virus(CPV)e] %S
stk dA7te] S48 9189 CPV 94l AF 3 550 CDV #2279
of 1, 2x HEFEL A, WAl HF el CDV detection kit (RapiGEN,
Korea)?} CPV detection kit (RapiGEN, Korea)E A}&3Fe] F nlolz] o] 7
A gohes delstdn. AdE 30mky] A AF 4, 8 1250 27 2mle] &
Hs Adste] FAE SAHS A A2 AFEsEA T AL 5000rpmel A 103t
At Imle] @4 & 23k

O

N

=]
RS

a1

6Tl Al 3047t inactivation HA] 5 Zt2F A5 370 9] wellol| 50404

F7HA R A7tE vE &3 e FA AN A4 S dx dHoR
stttk = E wellol Dulbeco’s modified Eagle’'s medium (DMEM) ®j¥edS 50
A BT & 3 welli-E 50 2v) 814 S A AT stock virusE DMEM Hl
Felo® 200 TCIDso/100pe7t H == 3|4 sklvh. 2 A D39 252 welll 3
¥ CDVE 50u® 7hskal, ymA] g9 welldl= vhole] 2 tiale]l DMEMS 50
WA a3 E mlolH S 3dARE 10W) 343t Back titarations A A&

o 37T COq incubatoroll 4] 1A1ZF 9b-& AJZ T} 10%9] fetal bovine serum (FBS)
o] H7bg wiFW Aol wero cellS 2 x 10° cells/100u A= =HEZ #Eato
microplate®] EE welldl 100xt 2 9 %th 37C CO: incubatorol Al 3-74 3 wl <k
¥ CPEE ##sta 7|53k

Mo
N
S ?E o
4 £

B AN

WYCPV 347} =74 hemagglutination inhibition testZ o] &3t} A3 o
HS 56TCAAl 307t inactivation A Al § @3 A5E 2719 welldl Z}2F 25004
gtk F WA wellF-8 12804 well7bA] Sorensen BufferE 25u0% a1, 2 A
wellol A 11HA well7bA] 28] 3] A48k th. SHAUS! CPV HAS &9 T niold
25 25 A AA wellF-E 11HA well7FA] EAth 129 A wellol = Sorensen
Buffer 25u& #H7Fstadth. CPV 44 2 34 S dxdo =2 A3t on,
Back titrations HAlstATH PO 2 MA] A2 H= 37CAAA 1AIZF ¥H3A12]
0.7% =1 A RBC(0.2% BSA in PBS)E 50t 2 7baich. Aol 247k 4] 5

Hol AR Ak ANEEe G52E G2 AN

oo :{01'
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Table 1. 24¢ €4 A

Ag 7]2H(F)
-2/-1]0°|1|2|3|4|5|6|7]|8|9/|10]|11]12

-
e

g
A3

Al 12 22}
A% HE AE
(A4 | cD 12} 23}

) |V 3% ks

# the day of parturition
7. T3 32 ASA A AF 2 AN A AT

7t # A GM-CSF 2d #fA7 AdAdd o9& A% A a3 438

DAY F&
ol% (21¥%) o AE 80wk (20mtE] X 4EW = 80mbE]))E 70Y B kAl 49U
(7T5)7 A3t Agol ALgstdnt Ad+y xS & 13 o] &3
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Tablel.

4 52T AT

S - N8R -1 | AR -2 | BER -1 | HER -2
o g | 21702 21-702% 21-702 21-702%
a8 02| 49Y (7F) | 49Y (7F) | 492 (7F) | 49Y (7F)
ot 2l = 20 20 20 20
2) Eo:] Ux]

Fermentationdte] % 7A%Z% pGM-CSF 52t A 24 1X10°cfu/ge] 5
24, Ag Tl AR tonT 5.0kg(0.5%)] == dHl AP Alm (EUALR)O H
7F gt Bt gxzwre] A= SEANET 5935tk

3) AW MAE 24}
GM-CSF& 233}

=
T
g zAsHdTh MY 94

= Els 3+ o 107151k &Xiﬂ BHE st
AA ] v e R AT T57] S B ARE #F V55
A S VIS F 2.8 2ow, A T 2 HAee HAAF 2 AT A
Lo meta 0 (FFh)elA 5 (574 Astel od #H 7R o] 6@ AIZ Hrol Al 7]
= SFATh(GE 3)
Table 2. 47 & A 7|5 X%
Grades 2387 8 3F7 5%
0 No clinical sign No clinical signs
1 Soft feces, Off feed Sneezing, Off feed
2 Diarrhea (little watery) Coughing
3 Diarrhea with severe watery Severe coughing or Dyspnea
4 Down, Unable to rise Down, Unable to rise
5 Death Death
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Table 3. 4% T FHR%

A @ ¢ A (Day) )
T8
0[1]2|3|4|5|6|7|8|9]10[11]12(13|14|15|16|Z
1
2 S | s
) 3
4 s|s|s s | s
=] 5
W 6 s|s|s|s s| s | s
7 s | s
< 8 s | s
9 S
10
ZA 0| 1|11]13]413]1]1]0]0]0]2]2|1]0]01]0O0
S ; Coughing with grade 2, Empty indicates grade 0
9 Bejstd wa xa)
7}) Differential Count
(D A" A7 L 3y AL F 432 AP, A AdA Fol 175 45

o

183l 7535 anterior vena cava® Td|A 1EFT 5U}E], F 2070 A A A|E}

Ak of TS At 2me &S AHZH CBC bottled] Hol 583+ 71H

A EE0] &F&a Agstii

(2) & Count® Slide #| %}
S AYgH A HiFH Wood-sticks o] &3] A %S glass slided] ol

} AR A H slidex Diff-quick staining solution®o] E7F < A4
st dAu) Akl A 100719 &5 7 dtoll gk =S Mtk

dob ol 2
OL % 7 °°(
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=
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(3) & MATS =4
A 5 FEan A A4S AP 4r0He] AFdAEA 7] (SEAC hSm)E
ol¢3ke] % @74, MCV, Hb, RBC, PCVS < 4831t

(4) 7 4

e do BH71E ol&stol U2 & WA} slide-countd 100772 Wi E
T HES olgste] 74 s Atste], 74 T dF dyae] WEE v
A ek

AW F oG 5neE 4T WPFENA WA el 9471E ol gatel @
o g v v 28 27 w2 2ese] 20Te wasdrist o

(2) 3% GM-CSFol tlgt gx)7F 714}
GM-CSFE Zrddstes Akt AeAl 35 Septicemiath At Al 2HA 7 o 7
Lol 7] Y5t E coliol A AZTe ripGM-CSFE o2 3t ELISAV|H
o] g3to] A 7tE ZAFSATE rpGM-CSFE coating buffer2 34 s}o] 2ug/ml
TRV HEE A g $o] ZF welloll 100u08 T3 Foll 4Te|A 18417 A
]3F & Tween-PBS(0.005% Tween20 in PBS) o=z 33 o4 A3
o} 1% BSA7F E3H Tween-PBSE blockingAl# 37Tl 1A12F &9 W3 &
o thAl 33] o] AHIAY. 12 FAZ H: A sreumS 200:12] H]EE 3|25}
R

HA] AT IgGol gk FA7ES dolrry] 935te] Horseradish peroxidase
-conjugated goat—anti pig IgG(Bio-Rad)E 2,000:12] 3|4 wj& = 1A]3F &<t dkg
AlZ1 o5 A2 skt substrate®Z: 22° - azino - bis - 3 - ethylbenz -
thiazoline-6-sulfonic acid (ABTS) €< 100uA 7helar A2 308 43
stop solution(0.5M HCD<S 50u0% &3 o 406nme] 3 oA FH =&
ATt

HAx dHE IgMol it FArES Lolrr] 98 alkaline-phosphatase
conjugated goat anti-pig IgM (BETHYL)S 200:19 34 wj&=2 1A7HEe ®t
$A1Z1 ©¥ washing buffers ©o]&3te] A3t Alkaline phosphatase
substrate kit(BIO-RAD)E o] &3to] A7l & 405nmo] dgolA F3=E 374

fo o wu

(

o i

&

A\
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Y. Sl A Lactobacillus sppol A &3 plasmidE ©]& 3t shuttle vector A3}

1) 2 5 % plasmid DNA A
A A FATES FHAEe die Ry 2 g, HAAd Al
et 4% a7 IH’& A9 ygESsA ada F4AAF = RS § stability #4
8ol 43 Lactobacillus spp.& B 3te] shuttle vector® A& 75

plasmid DNAE HE#3 755 4833

A3k oke] B Lactobacillus spp. 4971 55 MRS mediumeol A 30C, & 7]
o] 7o 24X 3¢k HH 43k 3 Daniel et al. (1983)2] WS ©]83}4] plasmid
DNAZS sttt W2 O}EHA F9F 2ok (% 4)

2) Lactobacillus spp.8] =4
AE 107 TFE dolr7y] flste] ofje} 22 WhHow FAHS HA 39

7F) API CH50L kitZ o]-&3% A3}sr Az EA HAL
49% 9] g3t Eo] waaa s gelste] AdS A

TAREHE 10719 575 MRS brotholl A 23] o] 30TColA sjstat. o5
e W SQEAE S8 95te] MRS agardl Al Al 24417 B w1}
@ F 22Ud 2Yg Badac

(2) 2E¥Y ZH]
Incubation boxZE +H|dl1l FFHF 10 trayd] 2ol FEE FAEE 3
St Tray ol 759 HAHE 7|5

(3) HFH EH

Suspension medium Y¢S NEsL HWES o]&5e HLrl v$ =& dgd
S #9312 suspension medium Sméol] FH]E TS H WE "W o HE
7} McFarland 27} ¥ =% gt}

4) ~EY H=E

API 50 CHL wjA]ol #=0]® 7S ~EH FHo| EF3t1 30T A 4827 &



d Bl om st

5 Ay A=
kol @A E o] wiAlo] 2= = bromocresol purple A A] kol o] wj=| 7}
e o g HWEA E]‘ﬁ %“éﬁli HA=3lHth Tube No.25¢] Esculin test:® E.2}

il

}) 16S rRNA d7144d&
RE nAES 7HAA A=
O

A8l ATCC &%

—_

6S rRNA F22 (51500 bp)S FZEAA A 7]A
FE9] 16S rRNASF v w34

HN
s

(1) #A2] 4] 2 genomic DNA +3
A 10719 #FE 30CoNA 2447 o] ks & 4500rpmoll A 2057 o
e}

Aigsle #AE FHAT. Bolxl #EL2 Genomic DNA purification kit
(Promega)E ©]&3}o] genomic DNAE #¢]&-9th
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Table 4. Lactobacillus spp. mini prep method

Step 1

Step 2

Step 3

Step 4-1

Step 4-2

Step 5-1

Step 5-2

Step 5-3

Step 6

Step 7

O/N culture
oo Pellet

Resuspend pellet in 25% sucrose containing 30mg/mél

lysozyme, to a final volume of 20040. Transfer to tube

agd Incubate 37C for 15min

Add 400ul of alkaline SDS solution

3% SDS
0.2N NaOH

Mix immediately

to Incubate 7min (R.T.)

Add 30040 of ice—cold 3M sodium acetate (pH4.8)

Mix immediately & Spin
Od

max speed, 15min (4C)

Transfer supernatant to new tube and spin max speed, 10min

oo

Tansfer supernatnant to new tube and add 650u{ of
isopropanol (R/T)

oo

Remove all liquid and resuspend pellet in 3204 sdH2O

completely.

oo

Add 2000 of 7.5M ammonium acetate containing 0.5mg/m{

ethidium bromide

oo

Add 35010 phenol/chloroform

Mix well & Spin max
oo Soopm e
speed 5mins (R/T)

Transfer upper phase to new tube and add 1m{ ethanol
(=20C)

Mix well &Spin max speed

0o 15min (4TC)

Wash pellet in 70% ethanol (R/T)
Remove all liquid & resuspend in 404 TER

TE+RNase
0.1mg/ml

_63_




(2) PCR <% % DNA sequencing

283t genomic DNAES template DNAZ 3] 16S rRNAS =%3}9t}. Primer
= Lane (199141) So] ZA g 27f, 5 - AGA GTT TGA TCC TGG CTC AG-3’
9} 1492r, 5° - GGT TAC CTT GTT ACG ACT T-3'% o]&33y. PCREZS
denaturation® & 92°Coll 4 30%, annealing 55Tl A 30%, extention< 72°C ol A

W1F 2558 wHE AAlEgoen, 72T A 1027 terminations A AlEFA T 7]
T AA SZE =1400bpe] WE=ZE &2l 3+ F gel extraction kit (QIAGEN)S
o] &3to] Ha AAEAY. AAE PCR A= 2 sequencing ¢ (Macrogen co.)d}
o 47IMds F2lskA

T

.

(3) 971 A4 &4

X
BEAE 97 <EE Genebank (http://www.nchi.nlm.nih.gov/)& o] &3] #2438
3, Megalign programs ©]&3}9] phyogenetic treeES I T O

Lactobacillus spp. &3] <AAAE &alssitt

t}) Lactobacillus spp.2l 573 ZA}
AEE 7Eo G4 W AsletA EAS A5 98 ofgior e HEge A

Al B

(1) RAPD (Random Amplified Polymorphic DNA)
Random primerZ ©]&3to] PCRZ AAk¥l DNA 38 & &
= 34¥ &2 DNA &8s o83 PCRE F3%¥ DNA o

A3 T}

lo
£
i)

(7}) Chromosomal DNA &3]

FAHTS MRS Bl A o] A 24A|7F v F3le] HAIS Ekt) PBSE 13] A% 3 &
lusis buffer (10mM Tris-HCl, pH8.0, ImM EDTA, pH 8.0, 0.5% sodium dodecyl
sulfate, 100xg/ml protease K, 10 U mutanolysin)E 600ul 3 7}ske] 37Col A 24]
7k ¥k-gE 9tk 5M NaClg 100409t CTAB solution (Cetyltrimethyl ammonium
bromide, 10% w/v in 0.7M NaCl) 80utE #H7}ste] 65Tl 1087 A7 3 5
44 FEste A de Aso de Ay %9 chloroform : isoamyl
alcohol (=24:1)= FH7}sto] DNAE FZE33ith. Isopropanole ¥l Aol4 30
B2 A A DNAE JAAZ & 70% (v/v) ethanol® A &3} TE bufferol
o] FH] 83t
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(x}) RAPD

Random primer 5, 5-AACGCGCAAC-3'¢+ random primer 6, 5'-
CCCGTCAGCA-3'E Ak&3te]l DNAE F3%38tith PCRYE-S2 240 uM dNTPs, 5
U Tag polymerase, 20 pmol primers, 20ng DNA®] A o2 HF 25ue do =z
& skt PCR WHg 2712 94Tl A 53, 34T A 53, 72TClA 53t =714
3] AL AASATE ThA] 94TolA 13, 34TellA 12, 72ColA 283 303 A
stal 72CelA 10t FAAA wbEs FTRST. SFH PCRUAES

2

1.5%agarose geloll 4] 1A]7F A 7]d 53 T DNAGH] IS =

(t}) Phyogenetic tree
A7) 9542 DNA ©@#He] 38lS Quantity One ® program2 ©|

F7r9) B39 AolE Hlw B4

ofo
ofr
o
&
)
£t

(2) Y= gabiol ok A A A

b Witrd MEe wFgy] duel EwA we

(}) o 583 WA sl PR W oh

(th AAE olghsol 9 F 7ol e d=5 B § A AL
Aot FAA Fdds A BdAS AH =9 s wjA mEe] DA

WA gAuE g wE JF sbgeld A4 o

(7)) 37Tl A 48A17F 57]
OI'ME}.

_QL
o
ull

fokat & 4% olAge] Mg Arls 234

(3) ZYM testE © 5
MAES] 197k B &S AT

o
2

N

N

N ol
B

]

2,

i

>

(7h) AA ] v

Suspension medium (2ml), =75 T SFd] #& F McFarland 562 %
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g 2Rk AL oA W T ANRER FAT T BAL

@2 0
M
)
ol

o},

() 2= Fi

Incubation boxE FH|et ZHFE trayel FolA FEE FA == stk
Tray® €o] #9 AHE 7|55ty ~2EHS tray9ol <=t}

(th =EH 9] W

adl X FHlE FAe A=Y Foo BFSL 37TAN 443 ok R
ool AR REE AWsnA s gl we dgeA e 5 gonw
WA 3ol mhet WakAA 9

@ 2EY #E 2 %

ZYM ASt ZYM B AleF& ztzbe] F8ol @ 324 9Ttk 584 /g F
10cm®] AglelA Z=g 2 (100W bulb)E 10x3F 29 & A3}E F=5sh. o

5% Ane 2uA6l 71Essh

(4) R4 A

=

7hH €8 94 AA

¥ Lactobacillus spp.ol o3 A@37F gy = &HAFS glsty] 93t
o] sheep blood agarol LactobacillusE 8Z3s}aL 30C°ﬂ’\1 24X d7] A= W
dFstatt &dodFo FRE HESH 71 H55

() ol A AR A A4

D odrmYol A el

Al Ureaseoll o3 urea®F-H #Fo] ¢EYolrt A Fxd 7FeAdol A=
A E Yol 7] $3t4 phenol red’} &% urea agarg H|3FA Y. Urea agar®l
TAE JE F 37CAA 12A2F g g 5 wjA o] S &2l urease &

A lRg Bl selu.
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@ deE B4 &
EH

J‘r‘/}o}xﬂoﬂ o) EfEdHe] dEx EidHE S Ldotnr] sk
Tryptophane] g8 A& =¥t & HE 3 F 18AF AL wjgstsl
th Kovac's reagentE 5%¥& A= HolEd & Mo WistE ¥ &t

o2 <4¢# % phenylalaninase
o EA AREZ golr 7] 938} phenylanine agar® +H|3 & #& HEFL 24
A zbEor wislgdth. 571029 10% ferric chlorideE AFH HIX| Y2 E& W

3= #EsE

L)
X
rot
ot
[
4
a1
Mo
2
o
2,
1o,
g

(5) 3 H plasmid DNA A3, cloning ¥ sequencing
(7}) Plasmid DNA Cloning

O FH plasmid DNA XA 2 A3 &4 profile

Plasmid DNA7}F £8]% 107 ¥ oA 7F4 wWol] %42 plasmid DNAS 23
e #FE A"dEte] oF 7kbe] plasmid DNAES #2 % EH plasmid® A A3
t}. E  coli vectorolA cloningsl”] $lste] pQE30Xa (QIAGEN co.)vector?]
multicloning sited] AF&%F A3 TAES o]&3dto] A &4 profilex 23S

At

@ Cloning

S 1 plasmid DNAE 0.7% agarose’dolA #7199 %3 & gel extraction kitS 9|
43to] $H plasmid DNAE &8 AASI Y pQE30Xa2t $H plasmid DNAE
AFarel salle® AHE 391, pQE30Xad ¢ self-ligatione 7] $3F9]
dephophorylationd} A tf. 22T oA 4417 &<t ligationd F competent E. coli
(DHbm) ol heat-shock & ©]83}9] transformationdtth. 50pg/ml2] ampicillin®]
3% LB agarol plating3dt & w| & o] colonyE # 3¢l cloning oI F& &<l3}
b=

@ Sequencing and Confirmization

Cloning©] #21% colony: A¥3&le] plamid DNAZS %o} sequencings 3+
A sequences ©]-&38lo] primerE A %3 & genomic DNASF plasmid DNAE
template® 3to] PCRS A Alste] DNAS 7]1€S &Rlstsith
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@ Shuttle vector construction
cloning®] @<l% plasmid DNA+E full-length sequence® A A]&+e] plasmid
DNA?9 EAS EA3 & shuttle vectorA] ZFell Al-&3F4 T}

8. GM-CSF7} 23 % §A7F AdA4e8A g547
7h A ES WA 2R ¥ GM-CSF 2@ ATA 9 ok E54F

DAYEsE 2 2548 9y
GM-CSF @ AvtAle] ofe] a54ddE A &
FAAA(F) Fe g ¢
FAAA(F) F=rdo]l dubal Biol wpet HAAS 91‘:}.
A E7IEe S 219" HFH ASF 69U #H71A ¢ ]
(777h) APHAT. E5d P A& AdFTFe F 106‘3}13]&7\1 12 2
A& (Experiment-1) % 22 &%4 3% (Experiment-2) 2.2 0] 736351 STt 17<]-
a5 AL Fo]F(Treatment-1) 277t8], ) Z(Contro-1) 2798, &4 54vlg] &
AP o 2x4H L Fof i (Treatment-2), hZFv(Contro-2), z+zt 26mte], &
Al 52rkel = 3 = ok

GM-CSF 2d AgdA#A1.0 x 10° cfu/g)e]l Fo &3S FEFA o
Al wolste At FEE AIBAEEEEAS) AR t9 5.0kg(0.5%) & 7F

Fhstel Aol ALgetsit

of st

K
o= A

2) NEAEA L A=

7h) AbEtE

AR 42 AxE w2 Lactobacillus casei GM-CSF+= 28 7|7F &<t
A A (erythromycin in ethyl alcohol)”7} 30ug/ml T=& 7} MRS 3-Hujx] =
A A& AFESEe] 37T, 1-29%F widation, dAgolAe] di=Emds 9l
M 71 Al A 23] o] Al ettt VIR S 5% glycerol? 5%
skim milkE AFg8ke] -70TCNA B3}

e oo

of

) el A Ak
L. casei GM-CSF9] o= 2 100L & 7](KOBIOTECH, KOREA)d #EHT
30g glucose, 10g yeast extract, 20g soy peptone, 1g KoHPO, 1g sodium acetate,
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0.1g MgSQ,, 0.05g MnSO.¢] E3+e vl#] £ 1L MRS broth(-A#] E &) o) A
st s MigE T JEekal, 37ColA 30rpm e wEkstE A 2041 7F F <t
Hl <313 ]‘Eﬂc’ﬂ HZ 3 erythromycing 30ug/mle] FE& FH7MeRom 10
AlZE i E 5 ThA 3 15ug/mle] T2 FAAE HFrlste] wjgFe vk
) s2Ax 9T A=z
ek gEy wIE

AL A 7I(LS-105, AF#EhHE o] &ste] dAE
k] B3 A (skim milk, lactose )¢ &3 t}
S, Edo](tray)o] Fol -70CoA 1-243F FA35AY. s 244x= A #H 54244

) KeX

= A
AL el 3 F2Y #AS Yu J¥s 2o 30CE 1A
A

2h) ALRH7E A AlAlE Az

L. casei GM-CSF w4z 439 Audses wixE=z 22t 70
(MRS + erythromycin), 1.2 x 10% cfu/g(MRS)Z 1= ovt A3 == 3
AAZE A7k wA A BRld FFE ol &dte]l AFE AxsAY. F, AAF
o HFTF FEE 70 x 10" cfu/gel M 1.0 x 10° cfu/g® Astdom, of
PaA R 59y dEUAEHS AFLIHT. A X3 AAZLS
AFATFCL0 x 107 cfu/g)E Flatglon, EFF THAS o] &9 1keH
FEAT b, Aol AR W 74A] 3 B skl

3)

A

oo
N\

=4S

ol

7h AE 54

© A¥dAE MARE AFS5HES A8k, ool Hl(ear tag)e FEstol JHA
Aol Thset s st ATSA < (21dR), TUHATAU8LR), T=A
<6924 )2 335 FAste] dFTAFE At

) FAFEA A Y (Total feed intake) =74

ARAAG e AL AAF Zgo] BisAnE, ANAFT =44 7
B 02 NRYALE AVASE AZLFE Y WY YR S A
£ 2A4sArh AR ARFelE Y ARFS FAF F, Fol7ld FF
A0, AR £ A AR FolAlel AdE FATel FAHAH



th AdF S A% (Average daily gain)e] =%

A=A F(Average dairy gain)e ZEAFoA MAAZS Wl AS AFLF¢
AN FFZ Yro] ALtsal

2 A2 278 (Feed conversion)®] =4
B AFo| e AR & T8 (Feed conversion)S A& 717 59 FALE A 2] 2(Total
feed intake)S & A #(Total weight gain) &2 Yo A4FsE3

o) AU EE 2

(D) FNATEZE A48 vf=]

2 Age] Akgs FUAEF HAMA 2= Enterobacteriaceae’d B 8] %] (DHL),
Staphylococcus A 8wl X (PEES), Streptococcus A= X (TATACQC),
Lactobacillus 4 ¥ A (LBS), Bifidobacterium A &¥] =] (BS), Clostridium ‘3 8wl ]
(NN)9} Hl A&« TS, EG, BLe % 9%7< wjx& A&’

ARAN AL, ARF, AREEAe 330 AA B G, G2

He
AZ 43 9= Brain Heart Infusion(BHI) %

AT BAG FA AAG] F S
Aol S, AT A714 Eeld 3 T, AYAR A& 5, G A
g

Ao FAE 54, 2ol FAE SAsta, 349
Aol 108 ©A A s zH AFRHA S 4588 100 P > T Mg 005
ml¥® FiEHow HFsa, TS, EG, BL2 10> * 7 o2 HFsdoh HE F
DHL, PEES, TATAC, TS ®iAl= 37T, 24713+ 7] viket™, LBS, BS, NN, EG,
BL Wi#¥= 37T, 48417t &<t Steel wool methodell ¢ 3 &7] wjF2 2 akgloH”.
W F Foll zhzhel mjade, dejujA el wjE Colonye] FHES vfobd & vt

stal, WFol®E colonyE oWl slide glassol =23 $ Gram stains 2
AalA drdew BEea #ig s

Z 3 GM-CSF 2d ATA ofe] 2543

v
o,
Ho
D)
Y,
g
[l
Y,
o
=
oX
lo
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Yol Aol ] GM-CSF 2d FAte] &5 &ldty] 9ste] & 239 a54¢
S AAEYET. WA F 17vkg]l o] o] F-A A (Beagle dog)S Wi o 23 gAY
olon, F WAL AA NMASEHAY RS ez By 3 EFA4s A

& oo s ok AUl

(7h olfFAAs ddoem 3 T HE

AHEEES S 7579 ¥ Beagle dog 17vte] & Wido= AAstglon, A3
T A AAR AL, AW E S AAEHA Fodth Abse AW AobA§ Al
Al& ¢l JERONY PUPPY (CHEIL JEDANG; 22% protein, 15% fat, 4% fiber, 10%
ash)& o}, A4 23] FTgstdon, 2Hst 5& Hojxx] FEsF Fi3] Al33
gt A+ A(HERT) 67, BE(L casei Folt) 69tE], Ci-(L. casei
GM-CSF %ol) 5vtel, &7 179telolith. Bitdt Cit 2% (I1x10°cfu/day)e] 5
Lg AAAE d okl AlE S A AR AT w134 7511l
Ax AAetd e, A ol HARE Fos7] A FHA AFs FA :0‘}93‘:}
wogt AAEAAGFE 1579 AR 3l HAAGFS FAste Attt d9S
AFd 2 AraT& AL | st Lo 27(40}0“4 =
g AFMNA AY, AT, AE ) EWS AFH 38, Brain
Heart Infusion(BHI) 4 #]Xo] ¥, &3 F7)|3 e ¥ 5 Adga=

A

AEHA £E, AUATE ANS AAs

(W) 2AS ez 3 oke] a549

APEEES B71% A AHAJA A fAg N At wEoE 2 170
& ddes A=At BHdS HA Aol A A AbSEM, Aol FAEW, B
Ad A Aol AWl A 6-8F Ak A AAFHY, BE AF 4FFHE ofn 4
I 2R ARE Zo] HY] A AT BAAEE AT FAHE s 7tE
to] Fostgon, Gabd ATAE B CF BT (Ix10°cfu/day)el %2 A}
ol EFste] Folstth AvS tixd

o724 24 Hud, BE+S L casei 9

Tog BEZA 5ty Ce GM-CSF %d L cgsei Folez B 79tg], ¢

24 1798 & gt e= 7<16£E]951E}. 2R 2 A ARAFHGESE 4T+ fle
]

AR ol 7] Wit 4R SAE R AR T &9 AL HAEEX

SAbE Ao AA A fﬂ*} S At AAAEES BESAT = A4

A, AT, AlgdFsdel 330 Zx WS AQFHEte], Brain Heart

Infusion(BHI) 4% wX|ol] YW, &3t J714 Aeda] W & Az A%
A

A %, FATE B8 A



A 24 HAe GM-CSF 2@ FAkd o8& A7

1. 7} GM-CSF9 cloning
LPS® 4A3FEet A=53 7he] PBMCZY-H 22 cDNAE F3d o= stof PCRS
A Alske] 435bpe] el GM-CSF A5 &lstAth(Fig. 1). 1.5%¢] agarose
geloll A 435bp9] bandZ &<l 3 % cloning? plasmid DNAE EcoR 1S & 3le
insert DNAE #9138}t GM-CSF gene Aol &<24¥ plasmid DNAW
A sle] sequencingS A A% A3E primer A 2o o=z AL )
GM-CSF¥¢] gene (GeneBank Accession No. S49738)¥} H]u&}o] 100%9]
homology S XAt 37 719 GM-CSF F+4d# 4714 ES EWE A4EH=
dd Ads 2

il

A3}l signal peptide’} A7 = i1 mature protein®] A 5=
A& EASEATHFig. 2).

Fig. 1. Electrophoretic analysis of canine
GM-CSF amplified by PCR. Total RNA was
extracted from LPS-stimulated PBMC and c¢DNA was
synthesized with reverse transcriptase. The amplified
435-bp PCR product was identified by analyzing in 1.5 %
agarose gel. M, 1kb DNA ladder; Lane 1, caGM-CSF (435
bp).
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001

061

241

301

361

421

»
ATG TGG CTG CAG AAC CTG CTT TTC TTG GGC ACT GTG GTC TGC AGC ATC TCT GCA CCC ACC

Mw L @ N L L F L G T V V C S I S A P T
CGC TCA CCC ACC CTT GTC ACT CGG CCC TCT CAG CAC GTG GAT GCC ATC CAG GAA GCC CTG
R S P T L V TR P S§ Q@ H V D A I Q@ E A L

*
AGC CTT TTG AAC AAC AGT AAT GAC GTG ACT GCT GTG ATG AAT AAA GCA GTA AAA GTG GTC
s L L NN S NDOD V T AV M N K A V K V V

TCT GAA GTG TTT GAC CCT GAG GGG CCA ACA TGC CTG GAG ACC CGC CTA CAG CTG TAC AAG
s B v F D P E GP T CL E TR L Q@ L Y K

GAG GGC CTG CAG GGC AGC CTC ACC AGC CTC AAG AAT CCC TTA ACC ATG ATG GCC AAT CAC
E G L @ G S L TS L KNP L T M M A N H

TAT AAG CAG CAC TGT CCC CCT ACC CCG GAA TCT CCC TGT GCA ACC CAG AAT ATT AAC TTC

Yy K @ H ¢ P P T P E S P C A T Q@ N I N F
AAA AGT TTC AAA GAG AAC CTG AAG GAT TTT CTG TTT AAC ATC CCC TTT GAC TGC TGG AAA
K § F K E N L K D F L F N I P F D C W K

CCA GTC AAG AAG TG
PV K K =

Fig 2. Nucleotide sequence and predicted amino acid sequence of

canine GM-CSF. DNA sequences are numbered beginning with the initiator
start codon. The deduced amino acid sequence is shown by the single-letter
amino acid code under the nucleotide sequence and stop codon is indicated by
asterisk ( * ). The predicted amino acid terminus (Ala 18) of mature GM-CSF
is marked with a triangle (P). Potential N-glycosylation site is marked with a

star (%). Canine GM-CSF encodes a 17-amino acid signal peptide followed by

a 127-amino acid mature protein.

MY GM-CSFE 144709 olmAtom FAEo glon 2 o GM-CSF

o}n] =2 human, feline, sheep, porcine, bovine, mouse)¥ ®]n3dlo]l z+z+ 70
75.0, 74.3, 72.9, 715 2 52.8 %2 nucleotide sequence homologyE 7FA 1 93

ol =3 A A2 signal peptided T+FE 7FA 17719
Ala-18 & A& ¥ E mature proteing 7FA i 94t} Signal peptide 1771 & =
7} dvuste] Wl AR o] =™ mature GM-CSFE 343+ N-terminal %
9] Ala-Pro dipeptide= W& FoA= wI7IA=Z 2 22 w2t 9
GM-CSF mature protein= 12779 olnjw=4to g FAEHJQ oW active GM-CSF
o F+& AAd 7ot Hom oAAAE EA Ul disulfied bondE FA st Ul

Me] cystein 7% b2 T3 AR 22 Ao A8k A A THFig. 3).
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DOG 1 MILQNLLFLGTVVCS | SAPTRSPTLVTRPSQHVDA | QEALSLLANSNDVTAVMNKAVKVY

HOMAN 1 .S L. A A...SPS.Q.WE..N.....RR...L.R.TA.E. ET.E.|
CAT T N S..SS.. W MK TT.SEI....TET.E..
SHEEP 1 ....... Lo Foo o Q.SP.. W Koo 0.T.TAL DET E.
PIG 1 Lo PSP W...... Koo .. Y JeTo.
COW 1 Lo Foo PNTA..W...... Koo .. "H.S.TD... OT-E. .
MOUSE 1 .......... LY.L IT... WK..E..K...N..D— MPVTL.EE.E..

DOG 61 SEVFDPEGPTéLETRLQLYKEGLQGSLTSLKNPLTMMANHYKQH&PPTPESP&ATQNINF

HOMAN 61 ..M. .LQE....Q...E...Q..R....K..G...... Seiii TS....I.T.
CAT 61 ..M. .E.K. .QHK. .EQ..R..1...E.R..........L...T..E.T.T.
SHEEP 61 ..M..SOE....Q...E...Q..R...... T6S.....5...K.....Q.TS.E..I.T.
PIG 61 C.M...QE...VQ...N...Q..R....R..S...LL.K..E....L.E.TS.E..S.T.
CON 60 ..K..SQE....Q...K..N......... MG, . T.EK. ... 15.6. .F.S.
MOUSE 58 .NE.SFKKL..VQ...KIFEQ..R.NF.K..GA.N.T.Sv.QTY.... .. T0.E. VTTY
DOG 121 KSFKENLKDFLFNIPFOCHKPVKK
HOMAN 121 E.......... V. ... .E..CE
CAT 121 N...K....... N.....G.00.
SHEEP 121 ... .. ... L E..Q
PIG 121 ....0S.NK...T...... G....
CON 120 N...D..E...I......E.AQ.

MOUSE 118 AD.1DS..T..TD...E.K..GQ.

Fig 3. The amino acid sequence of canine GM-CSF gene was aligned
with those of its human, cat, sheep, pig, cow and mouse
counterparts. Amino terminus of the mature proteins (p), potential
N-glycosylation sites (%), and conserved cysteine residues (H) are indicated. Dots
indicate identities with amino acids of the canine GM-CSF sequence. Gaps were

introduced in sequences to maximize alignment (—)

2. 7§ GM-CSF @94 %3

TransformantE ol GM-CSF gene? &% o5& &<213st7] 918+ colony
PCRE& A A3}o] canine GM-CSF genes 1.5% agarose gel’oll A kel ald o},
GM-CSF gene°] A% transformant® plasmid DNAE F&38}o] A3k
& 5(BamH 1, Hind IIDE A2 3F¢] gene 4 8= A &< 3tk GM-CSF
gene A¢lo] &91H transformantol] A iz W o H = 3%116‘}7] Jsto] IPTG
A g = AEE AlRE AAFH s SDS-PAGEE ©]-&sto] &<lg A
17kDa 7}=Fe] @iido] W v = AS 25kl th(Fig. 4A).
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(A)

31 kDa —

21.5 kDa —

14.4 kDa —

W2 El1 E2 E3 E4

(B)

31 kDa —

21.5 kDa —

14.4 kDa —

Fig. 4. Electrophoretic analysis of expressed canine GM-CSF by 15%
SDS-PAGE. Canine GM-CSF was induced with 1ImM IPTG. Whole E. coli lysate
was obtained and run on a SDS-PAGE under denaturing condition and stained with
Commassie brilliant blue. (A) Time course expression of canine GM-CSF. Lane 0, before
IPTG induction; Lane M, molecular weight standards; Lane 1, 1hr after induction; Lane 2,
2hr after induction; Lane 3, 3hr after induction; Lane 4, 4hr after induction. (B)
Denaturing purification of canine GM-CSF. M: marker; CL: cell lysate; FT: flow-through;

W: wash; E: elution.

AZrgE R o] =ld o] Az GM-CSF @i dS AA 5 AA e
£ gQlstaiat SDS-PAGES AAlste]l sl Eeld diidS 228k v (Fig
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& 2o A3 M GM-CSFE 13
ANdsto] FA I s oFE

olgtAw A s nA .

<
$
E
=

4. 7} GM-CSF¢ {f4td W

3. M9 GM-CSF Eo| & 44

Table. 1. The

Stimulating Factor

=13

=

3

sSequence

agy agg atg togy

Arg Arg
1

age atc

Ser Ile

Cag cac
zln His

aat gac
hzn Asp

50
gt Lht
Val Phe

65

tac aag
Tyr Lys

acc atg
Thr HMet

Lot coo
2er Pro

cty aag
Leu Lvs

130
aay aag
Lys Lys
145

Met

Tot
3er

jeaets)
Val

35
oo
Val

gac
h=p

[eE=te)
zlu

atg
Met

tot
Cys
115
gat
hap

tga

3top

Trp

goa
ila

a0
gat
Azp

act
Thr

oot
Pro

oo
Gly

oo
Ala
100
goa
ila

Lttt
Phe

ctg
Leu

coo
Pro

oo
Ala

oot
hla

[eE=te)
zlu

ctg
Leu

85
aat
hzn

ace
Thr

ctog
Leu

cag
Gln

ac
Thr

ate
Ile

oo
Val

e (= e}
Gly
70
Cag
Gln

cac
Hi=
cag

Gln

Lttt
Phe

s
= 5 &
ﬁ;ﬁ§}‘f

of

aac ctg
hzn Leu

cge toa
Arg 3er

Cay gas
Gln Glu
40
atg aat
Met Asn
55
Coa aca
Pro Thr

oo ago
Gly Zer

tat aag
Tyr Lys

aat att
ksn Ile

120
qac ato
isn Ile
135

7F. el GM-CSF 53 34 A3
FabFWel A 7le] GM-CSFE 2¢d o

2t7be)

A
ZS|

A 2 caGMCSF) &

canine

ctt
Leu

coo
Fro

a5
oo
ila

aas
Ly=

tgo
Cy=s

cte
Leu

cag
Gln
105
aac
ksn

oo
Pro
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Tte
Fhe

10
ace
Thr
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e
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Leu
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His

tLe
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Kpnl.caGM.R ¥ pHATBamHILM.caGM.F & pHAT Kpnl.caGM.R) A}-&3}¢] PCR
Uk A#H TA vector® o] &3] thao] F2Y3F plasmid DNAS F&3).
FAA AUV ES Folst A7 o= ulnlel o] mature protein coding region
S s fshe] 5 L%Oﬂfﬂ signal peptide 92 3= 17 ol =4t K Y=
AAsAIL, N FATFF FF FAXES HEE shuttle vetorel 23 4+ 3l

2  BamHIl ¥ Kpnl Xﬂ?ﬂi J*-l AdS & Pt #7138k canine GM-CSF

mﬂ

N

G SAEY v 2l ARG HAA A2

1) pBES-AF2 # €]

A caGM-CSFE 23357 938te] pBES-AF2 shuttle vectorE A}-8-3}
Atk pBES-AF2°l caGMCSFE Z®4ste] |7 A2S gdstaint. gl A3t
5224 4249 caGMCSEF7F &2 A9 EASs & F A}k 28y oA &
e AxF FAAE 0431 T fabtTol AxF FHAE transfomation Al A
Bolw= ZukE AxF FdA plasmid DNAZF FE 54 &%tk E£3 caGMCSF
Ardol FRIE E coliol M= i g o]l wad s g0d = gtk

M

2) pHAT €]

shuttle vector?l pHATo®] display motif¢l 1139 bp9l delpgsA gene¥} signal
sequenceZ A 713 384 bpe canine GM-CSF geneS fusiondle] ligationd} it}
(Fig. 1)
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HCE promoter

delpgsAh

orfG
caGMCSF

rep ori
rrnBTIT2

Fig. 1. Recombinant map

repE of pHAT-pgsA-caGMCSF
delpgsA gene was fused

S al with caGMCSF target
gene. adelpgsA—- caGMCSF
fusion gene was ligated
Erm into pHAT vector.

53 2 =} A}l 3ol H E. coli  colonyZ =13l
pHAT:delpgsA-caGMCSF plasmid DNAZ 3F%3%1l L. caseist &3 %
electroporatorE  ©]§3}°]  transformationg AAlFATt.  AZFZE  FHAAI}
transform ¥ L. caseis 573, wj¥ste] L casezETH plasmid DNAZ F%3}
Q7] MEs Flgk Ay «]J—Md vpel o] fAb o AYEASS g9l
T AATH
/19 GM-CSF 2& ZA}

Gl H S ol ] st A2 FAATE AdE dAwy fFAds 77
nj kst wix] fleo] A3 colonyE G435 Western-blot assayE E35te] o)

A transformants 7FEHl 54 fFH2 AFol &l
colonyE Hjj &3t 7138k Western-blot assayE E3te] 24391 t). (Fig. 2)
. fAEFA A9 @

A A2 F4A transformants= 30 pg/mle]  erythromycine] 3$H-%¥
MRS-agarel platingdt & 30C<2] &7] oA 547 vjfstAd )

Al 4N ammonium sulfateE ©]-§3ste] FAsAh 50 mMe] Tris-Cl¥
10 mM¢] EDTAZ} 3% buffero]l ammonium sulfate ((NHs), - SO)E i ¥3}
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A7 %15 mes FHAste] 5 mee] WY FFH & % (75%) & duldo] HHe &
AEE AL 1A 7HsF WX O}OﬂE‘r IAZF 5 5000% go] oA 303 ¢
AN AA el gwldS 44 3 & 3} ammonium sulfateE ©]-&3le] 23] A
stk Pellet volume® + Wi dd THFTE Ab&ste] @WlAS A F5 A7)
I, TS AAste IHF AS AASE Western-blot assayE E38Fe] #4138
=3

Fig. 2. Confirmazation of caGMCSF expression
on E. coli using Western-blot assay.

The band was appeared at the size of 44 kDa.
Anti—delpgsA antibody was used for detecting
fusion protein.

6. /§9] GM-CSF fd# 28 fiadd & 3&

7. /) GM-CSF 23 fa#9 439 55 35 4%

D Als wsk A

Y3 AFS =27 FolA Jle] GM-CSFE Zdsts ke 218 2 A5 3
stell mA= FFES Totetr] g AAS AT FA AN dxad AT 1, 2
ke Aol FAgk Aol #AFHA FAuth 2y AT F7HES S GM-CSF
& ddste TS 9l AT 2004 tE e HE F U =S SUES A2
ol o AAHJY (X 2, 19 2)
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Table 2. ¥ HT AFX

— . A4 A5 (kg)
i EESE AR 1 ART 2
0 1.29+0.31 1.24+0.32 1.22+0.25
1 1.32+0.31 1.31+0.31 1.28+0.22
2 1.41+0.30 1.39+0.30 1.37+0.19
3 1.51+0.26 1.49+0.26 1.50+0.19
4 1.62+0.25 1.57+0.28 1.64+0.17
5 1.75+0.26 1.68+0.28 1.77+0.17
6 1.89+0.26 1.81+0.28 1.95+0.16
7 2.02+0.23 1.98+0.26 2.13£0.14
Each values represents the mean = SEM, n=6.
2.50 r
2.00
E;
£ 1.50 —e— Control
g —m— Test 1
» 1.00 | Test 2
3
0.50 r
0.00

0 1 2 3 4 5

Week
Figure 2. Changes of mean body weight

2) @74 W 24}

Aol GM-CSF& @@ahs #2
SIEMECE I L IS
Fo ARN APl 7R 2E % B

platelet, Hb(hemoglobin), MCH(mean corpuscular hemoglobin),
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WA Bl A
% 839 dv WsE Fletd
RBC(red blood cell), MCV(mean corpuscular volume), PCV (packed cell Volume)
MCHC(mean

e
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corpuscular hemoglobin concentration), WBC(white blood cell), neutrophil, band
neutrophil, segment neutrophil, lymphocyte, monocyte, eosinophil, basophil®] &%
S =A% =0 monocyte®t eosinophilS A3t B BB FH QA=
TXE zbol 7w E A ek kTh

monocyte= A A% 1549 F dxzadd F 2 Bl A
o ol #FHAoY AY 2FAFEH dix Eﬂr %‘Q% 1ol A
HasEe o] #HFEHAT, 2 el GM-CSFE & r
T 20 M= 2714 deE FAE ASH L
o] monocyte®] FX|7} E=A A FAHE Fo] #F
A7 = dza T Add Fe] Apolrh dEE A
Al eosinophil®] Z717F UEhd 3 7

GM-CSFE& @&l ks
Ak

J

fo F
>
ot

eosinophil

b
i)
o
fru
Ho
N,
Al
o 1 2
=
ualER
M
i)
i1
%
gl
S
=
p‘L

Hze monocyte—% = ]- L
wE o] 23 @ Ao S UEWS B 72
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Eosinophil Basophil

160

Count
883
Tyy

Figure 3. The pattern of blood count
3) ELISAE ©]§% Antibody ¥% 4

7h deie IgA, IgG =74

ddze] Ad wee A W GM-CSF %d &

I dZo IgAst [gGel w55 SAsAT. 759 A3 7k 5% F 83 =4
AAFE A Gl As 2l Abol7h s A otk [gAs

Tk Ad 1ol WEkel Al GM-CSF @ fabds Fod AT 2004 =
A7 A E = Aol wEE Y (1| 4

ol

BN

fo = to o

-

4
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Serum IgA

1.6 ¢
1.4 -

1.2 r
1 W —e— Control

0.8 —m— Test 1
0.6 Test 2
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0.D.
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1.4 Y—n A
12 W

1 & —e— Control
0.8 —=— Test 1
0.6 Test 2

0.4
0.2 r

O.D.

0 1 2 3 4 5 6 7
Week

Figure 4. Changes of IgA and IgG in the blood.

W 2wef IgA, IgG 54
e Tl 7l GM-CSF 2d fabate]l Aup wejo] v dFs 33
33k 1

of BN IgGel  Aolw BAHA gtk wue IgAt HY 2FARE
Bee vastel Qw19 AT 24 FA9 FA wREdt 29w 1
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2ol IgA F7Fe= L casei ikt AACl o & A W F

(¥ 5.).

Fece IgA
1.6
1 4 AN ©
12 T A~ .,
N A —e— Control
g 0.8 —=— Test 1
0.6 Test 2
0.4
0.2
0
0 1 2 3 4 5 6 7
Week
Fece IgG
12 r
*] L
JY—a
L —a_
-0'8 \—‘\% —e— Control
20.6 - —=— Test 1
04 | Test 2
0.2 r
0

Week

Figure 5. Changes of IgA and IgG in the Feces.
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th) g Aol CCV-specific IgG =4

of S77F 7HE weol UERY (1" 6.).

CCV-specific lgG

0.45
0.4 +
0.35
- 002'2 I —e— Control
S O 5 —m— Test 1

e Test 2

0.15
0.1 r
0.05

Week

Figure 6. Changes of CCV-specific IgG in the blood.

Y. 7} GM-CSF #37 &3 fade dadd A 53 35 43

DARA ] HAARE AL

AT 1270 o8 Ao AEE s £AME AT glxd S 125
% oorbEl o] A 5 21mbg vt #Abeke] 375%9] #HAMES HAL, L casei T
Folgk AT 12 4vted] F 257k 7F HAeRe] 46%, cGM-CSF 2& L. casel
S Folg Ada 2% 679tE] T 16mbE7F HAbele] 24%9] HAMES WERWSL
(791,

8
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Mortality
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control L. casei L. casei with
cGM-CSF

Figure 1. Mortality in each group puppies

A9 AT W3k 24

As dizae] 72 2] 75 dedAEAd oF AT Wslelw, B= L
caseis  Folg ol EAW A7 eIl o AlTRE, Cs
gl
e

rot

§_]:
cGM-CSF BUE L ocasei T3 7o EAYE A7 5o W3R o3 A

< Wste] A3 destatt (& 1, 29 2). 57 71&71= cGM-CSF 24
L. casei Fo17F ol A e ool Hlal w2 FA7F HEEAT
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Table 1. Evaluation of body weight calculated by simple linear regression.

0.17148

0.16459

0.14427

0.11199

0.147526

Evaluation of body weight

016
0.14
012

0.1

008

Inclination

006
004
002

Control Lcasei Lcasei with cGM—
CSF

Figure 2. Evaluation of body weight calculated by simple linear regression.
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3P NsLA Wl A}

AN A AE 4, 8 127 S ddA 2ot} vluste] L casei T+,
cGM-CSF %38 Lcasei T w9l A granulocyte®} monocyte 52 x}o]7} Eo] & o
2 AFER gkskth (2™ 3).

Granulocyte

Count(10(3)/ul)
(o]

2
0
4 8 12
Week
—e— control —=— L. casei L. casei with cGM-CSF
Monocyte
3.5 r
3 L
25
3
E 1.5
(s}
)
s
0.5
0
4 8 12
Week
‘—o—comrol —m®— L. casei L. casei with cGM-CSF

Figure 3. The pattern of blood count
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A 7F st AL
CPV W12 A% 3 55, CDV WAl A5 7, 95 HIE3 & 47
of g FAZIE FAHstA=d CPVel gk &A7H7F cGM-CSF& Wd st
caseis Ml oA T & F ool vlE E=A SUF He Aol #EEHeH, CDV
of gk A=
| #FHAG (21 4).

CDV AbD titer

250 r

200

150

Titer

100

50 §

4 8 12
Week

—e—control —=—L. casei L. casei with cGM-CSF

CPV Ab titer

4500
4000 [
3500 [
3000 [
2500 -
2000
1500
1000
500

Titer

4 8 12
Week

‘—0—control —=— L. casei L. casei with cGM-CSF ‘

Figure 4. The antibody titer against CDV and CPV.
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A 34 HANA ] GM-CSF &&d Fakd o] § A+

1. ;A GM-CSF +3# &5 3 54 xA

7}. A1 GM-CSF¢ Cloning

PHAZ 4A|7HE¢ A=3F PBMCZYE 2L cDNAZE template & 3} PCR&
A A1 Ete] 435bpe] A GM-CSF= Qf?lfb‘}ﬁj CHFig. 1). 1.5%¢] agarose gelol A
435bp2] bandZE &<l 3 ¥ cloning?d plasmid DNAE EcoR IS #8]3}9] insert
DNAZ 39l tt. GM-CSF gene Aol #<9l¥ plasmid DNAw%H AW 3}o]
sequencing S A AI$H AHE primer A Ze] oz A2 H2A GM-CSF2 gene
(GeneBank Accession No. U67175)3} H|xslo] 100%<] homologyE H At
GeneBank®ll S A3t sequence® HlI® o Z THE F(human, bovine, canine, ovine,
mouse)¥} Bl dFe] 77, 74, 77, 87 18] 1 68 %9 nucleotide sequence homology S
7F4E dolgdth. 3 amino acid sequenceE H|uldte] 70, 72, 72, 79 ¥ il 53
%<] homology7} =& <ol tH(Fig. 2).

M 1 2

435bp m

Fig. 1. Electrophoretic analysis of pGM-CSF amplified
by RT-PCR. Total RNA was extracted from LPS-stimulated
alveolar macrophages and c¢DNA was synthesized with
reverse transcriptase and pGM-CSF specific DNA band was
identified by analyzing the PCR product in 1.2% agarose gel.
M, 100 bp DNA ladder; Lane 1, pGM-CSF (435 bp); Lane 2,

negative control
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porcine 1 MWLQNLLLLGTVVCSISAPTRPPSPVTRPWQHVDAIKEALSLLNNSNDTAAVMNETVD 58
human 1 MWLQSLLLLGTVACSISAPARSPSPSTQPWEHVNAIQEARRLLNLSRDTAAEMNETVE 58
bovine 1 MWLQNLLLLGTVVCSFSAPTRPPNTATRPWQHVDAIKEALSLLNHSSDTDAVMNDT-E 57
canine 1 MWLQNLLFLGTVVCSISAPTRSPTLVTRPSQHVDAIQEALSLLNNSNDVTAVMNKAVK 58
ovine 1 MWLQNLLLLGTVVCSFSAPTRQPSPVTRPWQHVDAIKEALSLLNDSTDTAAVMDETVE 58
mouse 1 MWLQNLLFLGIVVYSLSAPTRSPITVTRPWKHVEAIKEALNLLD---DMPVTLNEEVE 55

porcine 59 VVCEMFDPQEPTCVQTRLNLYKQGLRGSLTRLKSPLTLLAKHYEQHCPLTEETSCETQ 116
human 59 VISEMFDLQEPTCLQTRLELYKTGLRGSLTKLKGPLTMMASHYKQHCPPTPETSCATQ 116
bovine 58 VVSEKFDSQEPTCLQTRLKLYKNGLQGSLTSLMGSLTMMATHYEKHCPPTPETSCGTQ 115
canine 59 VVSEVFDPEGPTCLETRLQLYKEGLQGSLTSLKNPLTMMANHYKQHCPPTPESPCATQ 116
ovine 59 VVSEMFDSQEPTCLQTRLELYKQGLRGSLTSLTGSLTMMASHYKKHCPPTQETSCETQ 116
mouse 56 VVSNEFSFKKLTCVQTRLKIFEQGLRGNFTKLKGALNMTASYYQTYCPPTPETDCETQ 113

porcine 117 SITFKSFKDSLNKFLFTIPFDCWGPVKK 144
human 117 IITFESFKENLKDFLLVIPFDCWEPVQE 144
bovine 116 FISFKNFKEDLKEFLFIIPFDCWEPAQK 143
canine 117 NINFKSFKENLKDFLFNIPFDCWKPVKK 144
ovine 117 IITFKSFKENLKDFLFIIPFDCWEPAQK 144

mouse 114 VTTYADFIDSLKTFLTDIPFECKKPVQK 141

Fig. 2. Multiple sequence alignment of amino acid sequences
porcineGM-CSF with those of human, bovine, canine, ovine, and mouse.
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Y. s A GM-CSF 2&

TransformantE ¢ GM-CSF gene® 4% 22 #23l7] $8t9 colony
PCRE 2 Al8le] 396bpe] GM-CSF genes 15% agarose gel’dollA 2helsl ol
GM-CSF gene°] &Y% transformant®] plasmid DNAZE TEO]'O:] At i
(BamH 1, Hind DS A 2l8to] gene A oI%-5 A &<l &k, GM-CSF gene
A¢lo] &21¥ transformantoll A @Md e o HE Rl {3l IPTG A
st A|l5 5 SDS-PAGEE o] g§3to] &<let A3 17kDa 7Feo @ d odS 9l
st th(Fig. 3). ¥ vl —4 /\o S FRls7] $f18tel Western blotS 2 Al 8h
o] GM-CSF proteind] H3 &

M 1 2 3 4 5
24KkDa » -
20kDa » s -a 17kDa
14. 2kDa » w

Fig. 3. Electrophoretic analysis of expressed rpGM-CSF by 12%
SDS-PAGE. Whole E. coli lysate was run on a SDS-PAGE under denaturing
condition and stained with Commassie brilliant blue. Lane M, molecular weight
standards; Lane 1, preinduction of E. coli Lane 2, 3, 4, and 5; 1, 2, 3, and 4

hour postinduction of E. coli.

t}. # A GM-CSF A A

rpGM-CSF & o] A S sty 918l SDS-PAGES AAlste] 17
kDa7b#Fo] el¥l 9wads s glvh(FigdA). 9 d el SoldS gelatr] 913
o] GM-CSFel 3t polyclonal antibodyZ ©]-&3% Western-blot-&
Aol gk SoldS gl (Fig. 4B).
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M12345678910111213 12345678 910111213

A >
A = <« T

I%:B:1g ' < I/KDa

(A) (B)

Fig. 4. Analysis of purified rpGM-CSF by SDS-PAGE (A) and Western
blot (B). Lane M, molecular weight standards; Lane 1, cell lysate; Lane 2,
column unbounded fraction, Lane 3-6, wash; Lane 7 and 8, eluate with buffer
pH6.3; Lane 9 and 10, eluate with buffer pH5.9; Lane 11 and 12, eluate with
buffer pH5.2; Lane 13, eluate with buffer pH4.5

2. A7t &A

rpGM-CSFE ©]&3}4 ICR mice®t e daelA pGM-CSFol| o] A<l 34
= Aakstdeh vkg-2 dA o) A9 10000 = 343 9 50ng/me] rpGM-CSF
o} wk&akl ot 10,0008 343 9= 500ng/me] rpGM-CSFe} k8-l th
(Fig. 5). d&3A= 120pg/m= 3A st A)stS wl 50ng/mle] rpGM-CSFe}
whg-sk ot 1200pg/mee] kA= 125ng/mée]  rpGM-CSF9F w33k ai o}
(Fig.6).
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0.D. 405 nm

0 1000 2000 3000 4000 5000 6000
rpGM-CSF (ng/ml)

——1/100 ---2-- 1/1,000 —&— 1/10,000 —e— Control

Fig. 5. Analysis of antibody titer against rpGM-CSF in mice based on the
concentration of rpGM-CSF. One-thousand—-fold diluted antiserum could detect
50 ng/m¢ of rpGM-CSF, whereas 10,000—fold diluted antiserum could 500 ng/ml.

g
=i
Lo
(@]
<t
g
o
O o T T T A2
0 1000 2000 3000 4000 5000 6000
rpGM-CSF (ng/ml)
—— 1,200 pg/ml ---B--- 120 pg/ml —A— 12 pg/ml —=6— Control

Fig. 6. Analysis of antibody titer against rpGM-CSF in IgY based on the
concentration of rpGM-CSF. One-hundred twenty pg/mll of IgY could detect

50 ng of rpGM-CSF, whereas 1,200 ug/ml of IgY could 125 ng/ml
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2. 44 GM-CSF& #dstes §27 83 A8A A

7t. S A GM-CSF9| f4tad 23

1) Bifidobacterium longum

pBES-AF29 pGM-CSFZ cloningdl®] sequencingd}$ith. Target gene
pGM-CSF7} &v2 A= o E colidol A @ do] wtee 3l 4=
o}, 2kt host?l Bifidibacterium longum®) transformationdte] ez 1
Western-blot¥} ELISAE o] &3to] FQlate] Hokort HA] dhulzg o] why
T AUAgh oo & AFolA A& H= #H A GM-CSF+= shuttle vector
pBES-AF2¢} <5 Bifididobacterium longumel A= W& 4= ¢lglch,

e

1=

do pot g9
o O o 3@

[a13
=

HCE premoter

ari{pLIC)

arfG

: pCM.-CEF
rep ori

pHAT-pgsA-pGM-CSF rmETIT?

Fig. 1. Genetic map of
pPHAT:pgsA-pGM-CSF
pgsA gene was fused with
pGM-CSF gene.

And then, fusion gene was
ligated into pHAT vector.

repE
tra.d

Erm

2) Lactobacillus casei

Vector pHAT?®| display motif®! 1139 bp2] pgsA gened} signal sequenceE Al
Ag caGMCSF  E3/AAE fusiond}o ligationa} 31 tf. (Fig. 1)
pHAT:pgsA-pGM-CSF&}= plasmid DNAE 9o {4kt L caseidl Al <F 55.7
kDa®] fusion proteing 'dHE S gl (Fig. 2) oo & Aol A8 =
Az GM-CSF+ shuttle vector?! pHAT® host Lactobacillus caseiol A @& o]
gRluo] ol& Az d Ao Iy A AP A&
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kDa ndbi e
o8
64 5
50
- Fig. 2. Confirmazation of pGM-CSF
expression on L. casei using
Western-blot assay.
The band was appeared at the size of 55.7
Anti-pgsA Ab kDa. Anti-pgsA antibody was used for

detecting fusion protein.

. A GM-CSF¢ &d 44 a7

1) favat
W FeE

3t erythromycineo] i1z
pGM-CSF9] @& efo] 7hd @tk (Fig. 3) Wi %7120 4-6A1%19] 45
of Tweh T2l dojupA ol wEAFe] A2 A {F
erythromycin® ZZ=Z plasmid DNA7Z} kick-out® F4Fte 71 Z71% o] Ad
Koz w8 FAFW pGM-CSFe] wra ko] 743k A
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Fig. 3. Expression pattern
of pGM-CSF on L. casei
via time-course.

The expression of pGM-CSF
was peaked at 10 hr cultured
cells.
M, protein marker;
lanel, 6 hr cultured cells;
- lane?, 8hr cultured cells;
lane3, 10hr cultured cells;
lane4, 12hr cultured cells;
laneb, 14hr cultured cells;
lane6, 24hr cultured cells;
lane?, purified rpGM-CSF.

2) Mg Ao
Ammonium sulfateZ o]gsto] vjFoo A Tl AS A HAA B3 Ay A
wro g2 BEu|FE pGM-CSF= §l1t}. Selection marker?] erythromycin® iLzo

Az Qdeds dFS 74 B & 7 Uy (Fig. 4

B

—

ooAE 29 2E g9

pGM-CSFe] Alx i &3S 3A3st7] $189 FITC-labell® A& ©]-&3]
Ho JMS AAEAT. B A A signalS 1z} 21slal,  confocal
microscope ‘g4 A=k &2l st AP Rz FoA 9}—5 2fo] A2

WA A 23ttt (Fig. 5). Signal amplification® cell wall separation®-& ©] &3}
of ¥ Uy g gigk &8 AgA S Uk

M

N
w
TN
(@)

Fig. 4. Secretion of
pGM-CSF into the media.
The secretion of pGMCSF
was not detected on culture
media. M, protein marker;
” lanel, purified rpGM-CSF;
lane2, Ohr cultured media;
lane3, 12hr cultured media;
laned, 24hr cultured media;
laneb, 48hr cultured media.
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2. in vitro A9 A pGM-CSF9] bio-activity &<l

1) A el A2 pGM-CSF2] bio-activity ¢l

Prokaryotic systemol Al &gt @A o] hio-activityE ZolR 7] $138t4] mouse
alveolar macrophageol E. coli +#dl A% pGM-CSFE A @ 8}e] bio-activity =
=7 9ttt GM-CSF+= monocyte/macrophage®l] #H-&3to] IL-1a, IL-13, TNF-q,
IL-6, IL-8, IL-12, M-CSF&S &4 fFEst2= TNF-a, [L-6°] djs] ez &
dol Y& 43t

TNF-a2] 7% °F 100 ng/m2] rpGM-CSFE &3 ol A Ao FEw S,
Al F AAZE Qbell wE e Ful ko] F7Fekeith 18y 10 ng/ml ©]Ete] F
T A= #u7F HE A olsk ). (Fig. 6)

IL-69 ZA$% TNF-a9 FAFSHAl 100 ng/meo] sEollA #H|7F FEF Ao
TNF-a¢} 22 AAs] £H7F FEEhrt 8A17F ol F v &Fo] F7tstaltt. (Fig.
6)

Lactobacillus casei Lactobacillus casei expressing pGM-CSF

Fig. 5. Immunochemistry of L. casei containing pGM-CSF gene.
a. The image of cells on the UV light. b. The image of cells on light
c. The mixed image of cells.
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2) A el rpGM-CSF 9] bio—activity &<l

pGM-CSF gene? carrier2 AF&¥ L caseic GM-CSF §lo] AA Aoz
monocyte/macrophageol| A IL-12, TNF-a0¢ #H|E FLst= Aoz dexorm
2 GM-CSFd 93t cytokine #H|1X] olUx|e] ofHE <olr7] 93 FF
cytokine?l TNF-a¢} &7 IL-6, IL-1fo] ™3 mRNA$} proteine Ha S FAMs)
7] g A Foll 9

v}, in vivo A9 A pGM-CSF9 bio-activity &<l

1) Mouse9] AW}

bt 2 rpGM-CSF2l HZF Aol mouse? ATS ZHso HFE 1+ WdE
A H. 4 dlEa HE stressZ A3 HE & FA A Fo] gadEIL
U 3¢ 3 B3] AFo] S7Fske] Hat 650mge]l SR T L caseitt HEFI A
A 1o AE AAE AFol st AdATE sEstal F7F FAE Eof
oy & EFo AT Sk HEHA Fdnh o= AU A mAEHR AR FY
gk L casei®t®] A W& stress7t #ES om WA pGM-CSF #=47}
AAE L ocaseis FU3 AE 273 recombinant pGM-CSFE 27 FAFSE A
x2S R Aol doyt AN AT BstE BYow HF AT 900mg
o2 Mg Ege Als WstE Bk (Fig. 7)

2) @54 W3t 9 survival rate
Mouse & €5 & I ¥stet WAA (S typhimurium)ol o) sk U A
st 2Aes AAE o goln
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TNF—-a Expression

60000
__ 50000
< —— 100ng
?» 40000 F ——10ng
o —&—1ng
— 30000 }
o —*%—01ng
S 20000 | —*—001ng
(@) —e—0ng

10000 F

0 R R R ,
2h 4h 6h 8h
Time

Fig. 6. TNF-a production from mouse alveolar macrophage
(RAW264.7) stimulation with rpGM-CSF

Body Weight Change

1.2 ¢
1 F
N [ [
‘3 0.8 -
E I
0.6 -
2 04 i
0.2 -
0

Control Vector pGM-CSF roGM-CSF

Fig. 7. Body weight change of mouse. Body weight was checked before
inoculating GM-CSF. Body weight was generally increased after 4 days.
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3. 7T 2 AEA

2
o

A% 2 WA ewA A

7F. FX] GM-CSF &d fA4kd AFAld 93 AW %A a3 A9

AP 2T 13 2 28 AT 139 25 A8 AT 249 2704 o
ZrdAE 95 9 AN S Hol= AV 37 AA BEEHAG FAA A
g5 2XE T3 A= dFAoY FHY] A=A TAT £ e AP A
AAL Fao]l By Ao molt, AT E A AlFe Al7|d AR 2=
A AL Tl #EEHG oW 27 F Sl HolAl AZA T4 HHEA

Table 1. 48 T4 & € XX UY

E 492 2 34
- A X W3
Gl ) | dz=F 41 | W2 #2 | AFE 41 | AT 42
1 ) A 2% . aap g | CHEA SR
(1.27.72.2) A5 27 Ho] EY 2ccTAL
’ - A1 - - Ho] E” 2ccF A
(2.3.2.9.)
3 s o) %
o5 17 - - Hpo] EY 2ccFAL
(2.10.72.16.) s T
2249 2ccFAF
4 — — — — —
(2.17.2.23.)
5 ) ]
GRS - - : Ao g An
(2.24.3.2.)
6 — - — — -
(33.39.)
! - - - A% 1 FEY o) F
(3.10.73.16.) (22}
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2) delsta W x4}

7}) Blood Differential Count

(1) Blood morphology

Lymphocyte Segmented neutrophil

Eosinophil Monocyte

Lymphocyte &  monocyte Lymphocyte & segmented neutrophil

Fig. 1. The morphology of each blood type which were counted in this exp.
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Bend Neutroghil Segrerted Neutrophil

R

8
8

o

<+Cnd Sa —¢—Canird
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3
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&

P

o
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AE SR} e skt

Fig. 2. The pattern of blood count

(3) A+ W3l Fo
219 3F %) A=s 002 Alzbste] 1574 (28Y, 457, 4574 (499, 7+9),
a8 7FAF (709, 1057 %)0) Peripheral bloodS A &d3le] &< —L‘ﬂtﬁ% Ev A=

Adwa oz Aolo] WA WP (MCV)e] Wi 2 HREA ek 49
o)

T (RBC)9 A% Z71dl thzte] Aol vl =& 35 velid oy 753
o o2 e F AolE YEA okt WMAF (WBC)S A9 45274+
Abel 215 BYlo 7TFEAb = A wS FAE BATh
MY 7z Il FEXE H AW lymphocyte®] 74 HMAH o= F7ta)
T #AaEE A4S Brh AYdxrd Heldte]l viFxtel wls|
U

A7t 453 o

A3 e FAE BAo 4FA o] F H|zEA st TRk A Olﬂ% S F

A& BAth Monocyte GAl 4721 T8-S 7|Ho 2 ZF7tetAtirt aste F

o] HolEd, A Iz Ul AHelwte] dlzwel wlE e FAE BT

Zdeti e, Aol izt HlE %
H]

N

Eosinophil—‘l A 77 Tot R3] £ = e
o FE5 A I TFAFS] 1057EH & A7} 23 HA9e. mAdE AE
band neutrophil?} d< M EZ<Ql segmented neutrophil®] 7% A3 45221 75

Z|desg 1 #3327 dASHA Akol7b vyl A& th Band neutrophil®] 73
F 43 o1}, segmented neutrohil®] 7A-$- 4FAHE 7} 3§l

o

4 o o o rl
o Mo
N
R0
=2
e
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ol
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N

kS Aol Al lymphocyte?]
oJ
AR

i1, eosinophil Z7]° =

by
N

=
TXE 1Yt Monocyted A9 thE+ 18] A8 77t =& FXE HY
A GM-CSFZ 233}= Lactobacillus caseiE A1 AL A7) st 2,

gHoz NATe) ¥3 ¥ 4P FFL FALS ¢ & Ak

A& o Ao
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HA o] 7] AGAAE B ¥ 255 AAT F ZAZ H2 o|PgAA o o
Z7] HAAZNTHY 45 Woljeted ol AAAEo] ThlEtE Th2 typed
cytokineS 2 ®H|et= AT Aol vk =, fetus FHOlA Thl Ade
cytokines #H| & 7% placentacl & ¥ FAbE 7hsAdol w7 F= A

N HAS DA AT ool MEAG WAL o] ol WA FHefREo] of
g F gl o2 2487 989 colostrumS HH]EH = lymphocyte?] 70780%7}
T lymphocyte©]™ CD4/CD8¢] Hl &% dA Bt} v 0570|v), T3 Eok & 3
W alveolar macrophage= 719 &A43}x o} 2ol Xy I3 W monocyte
7F 9 €3S 58 #E WE o] F3lo] macrophage® #3}sta 2¥o] v 70%
9] clearanceE zZtAl Huk. Ao AA A= H]FI 7F A monocytedl 93] &
AFo] WA tfgt 75%9] clearances ZHAl ¥ T}

AE At dAEY, A GM-CSFE 3= Lactobacillus caseis ALl
HA7tsle] 59 3 & TolA tExTo] WE =2 monocyte FXE RIS RA E
v 5 Ao WAAAE RANTFE dE%S e & Aes HoE HAT 59
monocyte?] phagocytic activity: innate immunityol 23+ &S 3ol primary
defenced] F &%k dS g Aol F WA 7]5< antigen presenting activity 2
adaptive immunity®} A E 98% & HAoZ HlTE o]of & WA A Z -
A orm Agsto] Hokgh A= W T4 HE WAA i HAES =9

i

Aol Wzl AR 2o in vitro Aol A neutrophildl GM-CSFE A
antimicrobial activity®] %7}, chemotaxis® %7}, cytokine #H] =
21tk Monocyte¢t #o] GM-CSF2| %3-S W& npeutrophile] *7]
HAREgo] Fagk 93s & Zo=r Hlth

Dendritic cell®] 9 434 &= E3t9A 9 GM-CSFE in vitro “Fol A Al s
A9 WA, E3l 2 antigen presenting activityZ}b F7}gtlE B =3

=
monocyte¢t A WGRES fFo] Fash 9dgs o Zlow JgEch

Gl
ol

) # A GM-CSFell gk @47k A AL
Lactobacillus caseiol ] H&3t= A %23 pGM-CSF7} oAl Qo= A =
stAY L casei AA9] WU £ septicemia®] FHHFE &ty
pGM-CSFell that IgGet IgM A 7FS AAstQou iz 3 2z Abold
ool Folde BAWA Qv ARE Eo® Hxi  Hx GM-CSFe| 7
Ao A A7 AAEA kol AxF dude] oG Welwree fuEA o
= = 21

o, 4% L casei°l o #ANSE dojubA] Fd=

1o
e

o
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1gGS) A =A o|AFAL Rasn AE ANGOoR YU ;g6 Fh

of AAAQ IgG7E Wstste WS wel 2ot FA AT [gMe B¢ IgM=
Sulets B cello] Aol Uehte 5088 71HoR AAE Frheht FolE my
th ofell GM-CSFoll &g &A|7F Mstetr| v dF A IgGok IgMe] Wsto] u}
2 5olgel TYze] waw Rtk
&5 QU-CSFol| CHet IgG
1471
1.2}
1 L
O o8r —e—Contral
Oosf ——Treatrrent
0.4
0.2
0 Il Il Il J
0 1 2 3
ZHE AP
&3 GV-CSFo| chet igv
035
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025 f
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Fig. 3. The antibody titer against rpGM-CSF
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Y. =l A Lactobacillus spp°l A 3 plasmidE ©] &3} shuttle vector A%}

1) ZH S 2 Plasmid DNA A4

o

7}) Plasmid DNA prep method.

Daniel’s (1993)5°] /W&t WHS o] 83t Lactobacillus spp.©l tst plasmid
DNAE skt 719 WS AHE3 49 plasmid DNAS] &) of F-= &<l
sk = oy AwrE o= Jow-copySl %"\l\_ 29 plasmid DNAZ #gls}7]ql
ofEzol AU Tg el ol ebHdk AATE HA ol Aol ARSIl FA
o ®ol ATt 2ol wet o] & Heker] 918 oo HAH S FrFekSith

Step 4-19] 4% A4S F W AAEA 2, step 4-2% step 62 A A A
3M sodium acetate (pH 52)& A1&¢ 1/10 volumeoZ 23 A3} EZ 3
plasmid DNA<®] purity$} yield7} @3] 7§ % At

A FEAI7171 9180 step 4-29F step 6914 50pg/mee] glycogens # 2|3t
ouv g F &d= #EEA Ak A dFd A step 607 @ A E e A
<9 precipitation yield7} &4 FH = Aol ##E HAOo R Hol A3 low copy?l 7
- F 9e TxoA2 DNAS -73F solutionll 23k 7 F-ovk AR g5 =
T UAE & F AU

PurityE =9o]7] 93te] step 5-329] phenol/chloroform *2]& 23] HkE-3lo] BL

o} 13 AAE A9 vwste] puritye & Aol: #ARE A kgkorn) 23] A A
3l 49 damage’} A nickS F A= plasmid DNAZF @o] vttt wf &
phenol/chloroform &&= 189 dtsle] A= Aol Fjdozw £ AsE o

At

71#& 2] 483% plasmid DNA kit®] 4% lysozyme=s 7 x 2] 3lo] plasmid DNA
g 29T ¢ ey 24 49 Vg v 43 HHoew "ew k= plasmid
DNAE #gst7]ol & EFwstAatt

) Plasmid DNA profile

Ao AFEE ok Lactobacillus spp. 497 %94 modified daniel’s
methodE ©]&3}¢] plasmid DNAE &3 Z3 oF 107] dFolA HE 2 A8}
719 &% palsmid DNAE 7FAaL Adeh theF 2710kbe] plasmid DNAZ &
o] g viZfAR A 7hed DNASL Ao ’el
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Fig. 4. Plasmid profile from wild isolated Lactobacillus spp. M, marker;
Lanel, L9; Lane2, L28; Lane3, 1.36; Lane4, 1.42; Laneb, 143; Lane6, 144; Lane7,
L45; Lane8, L46; Lane9, 1L48; LanelO, L49; M, marker.

2) Lactobacillus spp. &7

7} API CH50L kit

Plasmid DNA profilings &3] 4¥% 107] ol sl API CH50L kitS ©]&
stol Ayshst, AEsty EAo 2AS S AAS A¥ 1437 L4585 A9
W2 87 TF BT 97%0l e A E Lactobacillus fermentum. 2 215 )
ot} L459] A$ Leuconostoc lactis® 99.8%9] Aoz Faxlom 1439 7
L AdAI FolHed Hol7l o, Lactobacillus fermentum™ Leuconostoc
lactis® EAS 71A 3 9ew, Lactobacillus fermentumel Y 7}7+¢ #54& &
13k T
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Fig. 5. API CH50L kit

Table 2. Idnetification of Lactobacillus spp. using API CH50L kit

Number Ident i ficat ion % 1.D. bl 2
Serial | Sample

1 L9 Lactobacillus fermentum 97.3
2 L28 Lactobacillus fermentum 98.2
3 L36 Lactobacillus fermentum 98.2
4 L42 Lactobacillus fermentum 99.8
Lactobacillus fermentum 75.9

5 L43
Leuconostoc lactis 23.6
6 L44 Lactobacillus fermentum 99.8
7 L45 Leuconostoc lactis 99.8
8 L46 Lactobacillus fermentum 98.2
9 L48 Lactobacillus fermentum 97.2
10 L49 Lactobacillus fermentum 97.4

- 111 -




) 16S rRNA @714 EE o] &3 54

(1) Gene bank search

e vAE EA5E 16S rRNAQ 714 2S BA438te] vlas] Rtk API
CH50L kitol A9} fAFSHAl L4337 L45% Aolet fd e E Ry or ywx 871
TFolE 598 12 LS Bk 870 5ol Wal gene-bankol A %2k

£ 43 A3 0]—*‘ B e %] ¢S unknown sequence®t 99%9 FAIAS H A

A4, 7 59 % Lﬁoﬂfq wEE vAEe 3 FREA FE G I X“ﬂZOH/H
T HE Ao %_P H44 9
A7IMde] dHx H#F ZOﬂ’ﬂ L. reuteri®t 7V4 SR AI JHte dolH,

=
L4329] %% Lactobacillus johnsoniiZ, 1459 749+ Lactobacillus murinus® 2
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Table 3. The 16S rRNA sequence of L9 and derivates
CCGGCTCAGGATGAACGCCGGCGGTGTGCCTAATACATGCAAGTCGTACGCAC
TGGCCCAACTGATTGATGGTGCTTGCACCTGATTGACGATGGATCACCAGTG
AGTGGCGGACGGGTGAGTAACACGTAGGTAACCTGCCCCGGAGCGGGGGATA
ACATTTGGAAACAGATGCTAATACCGCATAACAACAAAAGCCACATGGCTTT
TGTTTGAAAGATGGCTTTGGCTATCACTCTGGGATGGACCTGCGGTGCATTA
GCTAGTTGGTAAGGTAACGGCTTACCAAGGCGATGATGCATAGCCGAGTTGA
GAGACTGATCGGCCACAATGGAACTGAGACACGGTCCATACTCCTACGGGAG
GCAGCAGTAGGGAATCTTCCACAATGGGCGCAAGCCTGATGGAGCAACACCGC
GTGAGTGAAGAAGGGTTTCGGCTCGTAAAGCTCTGTTGTTGGAGAAGAACGT
GCGTGAGAGTAACTGTTCACGCAGTGACGGTATCCAACCAGAAAGTCACGGC
TAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGA
TTTATTGGGCGTAAAGCGAGCGCAGGCGGTTGCTTAGGTCTGATGTGAAAGC
CTTCGGCTTAACCGAAGAAGTGCATCGGAAACCGGGCGACTTGAGTGCAGAA
GAGGACAGTGGAACTCCATGTGTAGCGGTGGAATGCGTAGATATATGGAAGA
ACACCAGTGGCGAAGGCGGCTGTCTGGTCTGCAACTGACGCTGAGGCTCGAAA
GCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGAT
GAGTGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGTGCCGGAGCTAACGCATT
AAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGA
CGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCTACGCGAA
GAACCTTACCAGGTCTTGACATCTTGCGCTAACCTTAGAGATAAGGCGTTCC
CTTCGGGGACGCAATGACAGGTGGTGCATGGTCGTCGTCAGCTCGTGTCGTGA
GATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTACTAGTTGCCAGC
ATTAAGTTGGGCACTCTAGTGAGACTGCCGGTGACAAACCGGAGGAAGGTGG
GGACGACGTCAGATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACA
ATGGACGGTACAACGAGTCGCAAGCTCGCGAGAGTAAGCTAATCTCTTAAAG
CCGTTCTCAGTTCGGACTGTAGGCTGCAACTCGCCTACACGAAGTCGGAATCG
CTAGTAATCGCGGATCAGCATGCCGCGGGTGGATTACGTTCCCGGG
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Table 4. The 16S rRNA sequence of 143

GAGTTTGGATCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAA
GTCGAGCGAGCTTGCCTAGATGATTTTGGTGCTTGCACTAAATGAAACTAGA
TACAAGCGAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCAAGAGA
CTGGGATAACACCTGGAAACAGATGCTAATACCGGATAACAACACTAGACGC
ATGTCTAGAGTTTGAAAGATGGTTCTGCTATCACTCTTGGATGGACCTGCGG
TGCATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAATGATGCATAGCC
GAGTTGAGAGACTGATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCT
ACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGAAAGTCTGATGGAGC
AACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAGCTCTGTTGGTAGTG
AAGAAAGATAGAGGTAGTAACTGGCCTTTATTTGACGGTAATTACTTAGAA
AGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGT
TGTCCGGATTTATTGGGCGTAAAGCGAGTGCAGGCGGTTCAATAAGTCTGAT
GTGAAAGCCTTCGGCTCAACCGGAGAATTGCATCAGAAACTGTTGAACTTGA
GTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCGGTGGAATGCGTAGATAT
ATGGAAGAACACCAGTGGCGAAGGCGGCTCTCTGGTCTGCAACTGACGCTGA
GGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCC
GTAAACGATGAGTGCTAAGTGTTGGGAGGTTTCCGCCTCTCAGTGCTGCAGC
TAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAA
AGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAG
CAACGCGAAGAACCTTACCAGGTCTTGACATCCAGTGCAAACCTAAGAGATT
AGGTGTTCCCTTCGGGGACGCTGAGACAGGTGGTGCATGGCTGTCGTCAGCTC
GTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTA
GTTGCCATCATTAAGTTGGGCACTCTAATGAGACTGCCGGTGACAAACCGGA
GGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTATGACCTGGGCTACAC
ACGTGCTACAATGGACGGTACAACGAGAAGCGAACCTGCGAAGGCAAGCGGA
TCTCTTAAAGCCGTTCTCAGTTCGGACTGTAGGCTGCAACTCGCCTAC
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Table 5. The 16S rRNA sequence of 145

ATTTTAGAGTTTGGGATCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATA
CATGCAAGTCGAACGAAACTTCTTTATCACCGAGTGCTTGCACTCACCGATA
AAGAGTTGAGTGGCGAACGGGTGAGTAACACGTGGGCAACCTGCCCAAAAGA
GGGGGATAACACTTGGAAACAGGTGCTAATACCGCATAACCATAGTTACCGC
ATGGCAACTATGTAAAAGGTGGCTATGCTACCGCTTTTGGATGGGCCCGCGG
CGCATTAGCTAGTTGGTGAGGTAAAGGCTTACCAAGGCAATGATGCGTAGCC
GAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCT
ACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGGCGAAAGCCTGATGGAGC
AACGCCGCGTGGGTGAAGAAGGTCTTCGGATCGTAAAACCCTGTTGTTAGAG
AAGAAAGTGCGTGAGAGTAACTGTTCACGTTTCGACGGTATCTAACCAGAAA
GCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTT
ATCCGGATTTATTGGGCGTAAAGGGAACGCAGGCGGTCTTTTAAGTCTGATG
TGAAAGCCTTCGGCTTAACCGGAGTAGTGCATTGGAAACTGGGAGACTTGAG
TGCAGAAGACGAGAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATA
TGGAAGAACACCAGTGGCGAAAGCGGCTCTCTGGTCTGTAACTGACGCTGAG
GTTCGAAAGCGTGGGTAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCG
TAAACGATGAATGCTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGCT
AACGCAATAAGCATTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAA
GGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGC
AACGCGAAGAACCTTACCAGGTCTTGACATCTTCTGACAATCCTAGAGATAG
GACTTTCCCTTCGGGGACAGAATGACAGGTGGTGCATGGTTGTCGTCAGCTC
GTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATTGTTA
GTTGCCAGCATTAAGTTGGGCACTCTAGCAAGACTGCCGGTGACAAACCGGA
GGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACAC
ACGTGCTACAATGGACGGTACAACGAGTCGCAAGACCGCGAGGTTTAGCAAA
TCTCTTAAAGCCGTTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGA
AGTCGGAATCGCTAGTAATCGCGGATCAGC

(2) Phylogenetic tree

16S rRNA®S H7]1 9SS Megalign TE2I1WE o] &3l 2z 75 ZABAES
Solr okt 87 W ETTE L9E AlEste] AAS A3 L reuteriot 713
Wt 2dBAES s e L oantri, L oris, L panis, L vaginalis, 121l

2 31
L. pontiss = 7V7he SAd#AIE Kol Huhg 713 Lactobacillus spp. & 2

A
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A LS o F AT o2 v Fo] Huhg WY fE 2 F8& dwd A
9S A% SFATEAN FE AES MHE Foez FHEL L43—8— 7V 7k
£ TFF7F gloe, 1459 L. salivarius, L. pentosus®} 717t SABAE H
At
A .

(3) Astsl, Al 4 AARe FHH sAHZAAR Aol

el AststA el AP kit? A d7IAEE TSR sASE 16S
rRNA #2419 zlol= EH 7153 Age AR <ld 2oz Helth 165 rRNA
oA 7M7te ZABAZ BHAD Lactobacillus spp.&= API kitold Zd 753k
Lactobacillus spp.© 9 Al Lactobacillus fermentum©] At} tfrt A, As}stz o g
THol of#g w o s FHAQ Tl F o AAg A AdE TS
th ool ol g AT =8-S 98 Adel, BEetH HAF fel fHshA HAE
B ojof 3 o Hlth
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Fig. 6. Phyogenetic tree of selected Lactobacillus spp.
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3) Lactobacillus spp.2] &4 ZAF

7} RAPD

(D) #8255

Random primerE A}&3te] PCR 533+ 23} 700bp2t 1400bpe] F% %<2 DNA

dHe #F & 5 A0t L4339 L46E 3

AshatA 24 9 16S rRNAE o188 2443 43 #F=2 W A% RAPD
o] A3 plasmid profile? FAFsHAl 2t wtFE 540 zb7] thES el & F 9l
Atk olel 7 wtFe] 54 wmate] FHH EA o =gl & Adom ddd

M 1 2 3 4 5 6 7 8 9 10 1112 M

Fig. 7. RAPD M, marker; Lanel, L9; Lane2, 1L28; Lane3, L36; Lane4, 1.42; Laneb,
L43; Lane6, L44; Lane7, 1L45; Lane8, 1.46; Lane9, 1L48; LanelO, L49; Lanell, W6-14;
Lanel2, Control; M, marker.

(2) Phyogenetic tree
RAPD?] A#}ZS HEA87] ¢3le] Quantity One®< ©]-&3}le] phylogenetic tree
Z A3t} Cluster methodol] wet treed] R oFo] ¢k7te] xfolE Hol=AES
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old EA A4S 93 AF o= plasmid DNA profile, 34
=
|

|nlate] gxof] @i cluster methodS A €& of

o
%
jus)

i

Fig. 8. Phylogenetic tree of RAPD using Neighbor Joining method. #1, L9;
#2, 128, #3, 1.36; #4, 1.42; #5, 1.43; #6, 144, #7, 145; #8, 1.46; #9, 148, #10, 149; #11,
W6-14.

) 3
AR S AW dAtdol A AMSEHE gAA] Agste] ulolAl AE3)
71 918kl @2 gAA dste] WS 2t Aol ditdoltt, AP A ALE-3)
= 170 EAA dsl 7FeAd AAFE AAsk A3} chlroramphenicol, nalidixic
1

2] 3L lincomycin®l] HREA o=
7

O

acld, vancomycin, SXT, tetracyclin, enrifloxacin

Wdes HAAt neomycin, ampicillinel]l Wi o= FFadol ol At wF
A WA AR tE Sl Ads fIdY L4622 AF EEeR HdS

AAeHA Fskslvh
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Table 6. o8] £ 59 FAA W4 AA

SHAA| Interm
L9 | L28 | L36 | L42 | L43 | L44 | L45 | L46 | L48 | L49 ’
Full Name | Abbr. (m)
Ampicillin AM10 R S | S S S S NT S S 14~-16
Amikacin AN30 S S | S R | S NT S | 15-16
Bacitracin B10 S S R R S S S NT S S 9-12
Carbenicillin | CB100 | R S R | S S S NT R R 20-22
Tiamulin R S S S S S R NT S S
Lincomycin S R R R R R R NT R R
Enrof loxacin ENR5 | R R R R R | NT R R 18-22
Gentamycin GM10 S S R S | S S NT S S 13-14
Tetracyclin TE30 | R R R R R R NT R R 15-18
Streptomycin S10 S S R R | | R NT | | 12-14
Nor f loxacin NOR10 | R R R R R R R NT R R 13-16
Neomycin N30 S S R S S S R NT R R 13-14
Sul famethoxazol
e SXT R R S R R R R NT R R 11-15
/trimethprim
Vancomycin VA30 R R R R S R R NT R R 10-11
Nalidixic acid | NA30 R R R R R R R NT R R 14-18
Chloramphenicol | C30 R S S R R S S NT S S 13-17
Colistin CL10 S R R S R R | NT R R 9-10
xS, susceptible; R, resistant; I, intermediate; NT, not tested.
}) API ZYM test
API ZYM testE o]&3to] Z+ #F7F M3t A= A a4 diste] g9l

o]
AR
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Fig 9. API ZYM test kit
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Table. 7. The charactrization of selected Lactobacillus spp. using ZYM test

No. Enzyme L9 | L28 | L36 | L42 | L43 | L44 | L45 | L46 | L48 | L49
1 Control - NT - - - - - NT - -
2 Alkaline phosphatase - | NT | - - - + | ()| NT | - | (#)
3 Esterase (C4) + | NT | 4+ + + + + | NT | + +
4 Esterase Lipase (C8) + | NT | 4+ + | (+) | + + | NT | + +
5 Lipase (C14) (+) | NT | - = - B E N -] ()
6 Leucine arylamidase + NT + + + - + NT + +
7 Valine arylamidase + NT + + + | ()| (&) | NT + | (4)
8 Crystine arylamidase (+) | NT -]+ ]+ ]+ NT + -
9 Trypsin - NT - - - - - NT - -
10 a-chymotrypsin - NT - - - - - NT | ()| -
11 Acid phosphatase + NT + + + + + NT + +
12 | naphtho!-AS-BI-phosphohydrolase | + NT + + - + + NT + +
13 a—galactosidase + NT + + + - + NT + +
14 B -galactosidase + NT + + + - + NT + +
15 B -glucuronidase + NT - | )] - - - NT - -
16 a-glucosidase + NT + + + - - NT + +
17 B -glucosidase - NT - - + - - NT - -
18 | N-acetyl-pB —-glucosaminidase | - NT - - (+) - - NT - -
19 a-mannosidase - NT - - - - - NT - -
20 a-fucosidase - NT - - - - - NT - -
x o+ FAL - 45 (1), oA NT, not tested
4) b3 HAE

S|
o]
HdA AAE AAs] olgel e AdE AT
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Table 8. The safety test of selelcted Lactobacillus spp.

Test L9 | L28 | L36 | L42 | 43 | L44 | L45 | L46 | L48 | L49
Homolysis - - - - + - + - - -
Ammonia - - - + - - - - - _
Indole - - - - - - - - - -

&8 @ A
Sheep blood agar® ol ste] §87AAE G A3 L3N LA5We] #Fo
A k@ a-hemolysis7h FHEH AL olo] Fx oA Aslstict

:-.rl

Fig. 10 Alpha-hemolysis fo L43 and L45, Lactobacillus spp.

) ghEel 44

ot yol A A= G RTFO R ALE3 Proteus vulgaris$t 1429
Foll A uk A WSS HAth Ve Tt 54 xRl E ocolilM = Aol W
sE w7 3 4 gl
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L2g )4 L36 )"

L44) [ L45

control | control

i T e L

/ .
A 1o }r L8l Laalipd ez

L |
[ (1 |,1;'4_.'].l+' LA4gEd 145 petl Las )

.

”.'1 { qfqﬁj,,'f L49 Jp:‘: A 1';I'-‘Enl-r-;lﬂa-

Fig. 12. Indole production test of Lactobacillus spp.
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5) &5 Plasmid DNA A4, cloning ¥ sequencing

Ayl 31 5 F 198 W™ T 504 plasmid DNAS F2]35lo] ¢F 9kb
plasmid DNA¥E enzyme site SalS ©]83t9] pQE30Xa vectoro]l <F 5kbel
plasmid DNAE enzyme site HindllIE ©]&3to] pBluscript-SK(+)°l| cloning 3}
o} Enzyme digestionS &3l &<RlsliE Ay} ool 18 o] cloningo] ¥ %L,
sequencingS 2 Al8lo] plasmid DNAS] 548 938l % shuttle vector Azl A}

g3k @t

il

Fig. 13. Cloning of plasmid DNA from L9. Lanel, 1kb DNA ladder; Lane2, =9

kb plasmid DNA cloned into pQE30xa; Lane3, =5kb plasmid DNA cloned into
pBluscript-SK(+).
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1. GM-CSFZd < 98 ATAL FATF AL 2 EZXA

:__1(

7h Aol e wads 222

1) frAkte] &
% 30mbe] Jle] EWomRE fabd 394 #FvF REsglen, BelE  fab
A © 2 Bifidobacterium, Lactobacillus, Streptococcus
2 FAEAJ. o] FlA Lactobacillus7t 240 w52 th& 4t
] W Streptococcus®}t Bifidobacterium- Z+7Z 149
HE B o] fAZA 150 #F= 7HE ol
Z} 1258+ 119 #57F e H vk TRAA oA
Har, ol FAA R A= Lactobacillus7}
<] —ErL A ZElE AFE fFATe] BExE

1l

Streptococcus?t 7} Zo] F
7Hg Eol AT 307t o] A
Table 3.9 YEAT

2) WAt
Mol FHo=RRE EEd 3M 75 FAHTFE
EAS dolny] 9dte] in vitro AEAIHS AAF
AELE dotr7] 9t Wikd 23S AAlskdh
WA S AlE7] Y8l Lactobacillus$t  Streptococcus= pH — 2.0901A4,
Bifidobacterium< pH 3.0914 A&E sttt 1 A3 394 #+5F £ 180 757} pH
20014 WA S YeElWNIY.  Lactobacillus= 240 T % 121 15(50.4%),
Streptococcuse 149 5 T 59 W F(39.6%)7F BESA AT Bifidobacterium< 5
o B57F AbEetgn. dEde] AvEs B YA #ede 119 5 F
T(60.5%), olfFAA2 FE T2 150 T F 65 T7(433%) 218la 479
el 125 ¥ F 437 5(34.4%)7F AESIA . (Table 4)

lo, J
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Table 3. Total number of strains isolated from the fecal samples of dog.

Dog
Bacterial groups  Suckling Weaning Adult ,
Total strains
(n=10) (n=10) (n=10)
Lactobacillus 43 111 86 240
Streptococcus 75 36 38 149
Bifidobacterium 1 3 1 5
Total counts 119 150 125 394

Table 4. The number of acid tolerant strains isolated from the fecal
specimens of dog for probiotic use.

Bacterial groups Suckling Weaning Adult Total strains

Lactobacillus® 30/43%69.8)°  51/111(45.9) 40/86(46.5) 121/240(50.4)

Streptococcus” 42/75(56.0) 14/36(38.9) 3/38(7.9) 59/149(39.6)
Bifidobacterium® 0/1(0.0) 0/3(0.0) 0/1(0.0) 0/5(0.0)
Total 72/119(60.5) 65/150(43.3) 43/125(34.4) 180/394(45.7)

*» bH 2.0 resistance

¢ pH 3.0 resistance
4 The number of survived strains / the number of test strains

¢ Frequency of selected strains(%)

= g od
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Table 5. The number of bile tolerant stains isolated from the fecal

specimens of dog for probiotic use.

Bacterial groups Suckling Weaning Adult Total strains

Lactobacillus 43/43*(100)" 111/111(100) 86/86(100) 240/240(100)
Streptococcus 75/75(100) 36/36(100) 38/38(100) 149/149(100)

Bifidobacterium 1/1(100) 3/3(100) 1/1(100) 5/5(100)

Total 119/119100)  150/150(100)  125/125(100)  394/394(100)

? The number of survived strains / the number of test strains

> Frequency of selected strains(%)

W*V‘“Jr ‘41 %’\3 A goA] AES HTE
= Aatsidcl Aute 13 AedFE 140 FFolR ey, o] #FE9 H
= Table 69 YelWATE. Lactobacillus= F&  o|fFAAA Atz glon,
Streptococcus= T2 EFAANA AdE )

=
I\
28
oiN
s
o,
gk
l-‘O
o
QL
e 2
—
)
SUE
AN

Table 6. Distribution of final first selected strains in different age groups.

Bacterial groups Dog
« al group Suckling Weaning Adult
Lactobacillus 17/93 (18.3)° 41/93 (44.1) 35/93 (37.6)
Streptococcus 35/47 (74.5) 12/47 (25.5) 0/47 (0.0)
Bifidobacterium - - -
Total 52/140 (37.1) 53/140 (37.8) 35/140 (25.0)

* Percentage of selected strains of different age groups

5 WdA
1A} At 5 ol gt Atmel H7MA Al AZS & e dFE st
7] 98te] 75C 15%, 80T H5EolA AAs ygdAd AHel Ad= Table 79 e

of
yaow, 75T, 0CAA BE #F7F AHEs3d v
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Table 7. Heat tolerance of first selected strains.

Bacterial Dog (75C, 15min) Dog (807, 5min) Total

groups Suckling Weaning Adult Suckling Weaning Adult strains

Lactobacillus 0/173(0)b 0/41(0) 0/35(0)  0/17(0) 0/41(0) 0/35(0) 0/93(0)
Streptococcus  0/35(0)  0/12(0) - 0/35(0) 0/12(0) - 0/47(0)

Bifidobacterium - - - - - _ _

Total 0/52(0)  0/53(0)  0/35(0)  0/52(0) 0/53(0) 0/35(0) 0/140(0)

# The number of survived strains / the number of test strains

b Frequency of selected strains(%)

75Ce] 15%, 80T 537t =EFA17 WEA HAFolA e a7 AFESHS
7] wjZEel HF A 45 107l tetel= thA] 50T-80T A 583 W
AAE S gt 1 A3 Lactobacillus?} StreptococcusB.tF =& WA S e

Aow,  Lactobacillus= 60C7HA w59 W37 gldew, 70TolA Ards
CWL3-8% CAL9-125 Al&lstar 80TolA AbEsA T Streptococcus= CSS9-17}F
60CANA wF7F s S Astis 60C7HA = do ¥t gl =&
Streptococcus7t 70CoAA ALEsFATH( Fig. 4.3 Fig. 5.)

AR 5ol AMEE = G A ek HE Ao AFAHS dolr ] 9Jste 3
AA g AEs 3}919—111, 1 A3E Table 8% Fig. 69 YeE Atk CWS3-11
S A 1946L 97 F 7t 3FF < FAA(P+S, OT, AT)olE A+ et L, 257
°] YA (NF, S+T)oﬂ~ Xiffo“* S YeEhith CWS3-112 OToll ¢ 13mm4 ] A
&S Y, UvA 4579 FAAdE dAes FAsA kgt whd
CWL7-103} CWL8-13& P+S, OT, ATolA H# 30mmolitel oAe<s dAael
=3

(T
_EL

- 129 -



Fig. 6. Antibiotic resistance of final selected strains.

A: CWL8-13 (Lactobacillus spp.) showed the lowest antibiotic resistance of final
selected strains., B: CWS3-11 (Streptococcus spp.) showed the highest antibiotic
resistance of final selected strains.

Amp.(AT, Ampicillin trihydrate), My.(P+S, Potassium Penicillin G+Streptomycin
Sulfate), Oxy.(OT, Oxytetracycline), Shu.(S+T, Sulfamethoxazole+Trimethoprim),
Sav.(NF, Norfloxacin)

Viable cell (logCFU)
A o0 o

0 50 60 70 80
Temperature (C)
—e—CSL8-6 —=— CWL3-8 —A— CWL6-19
CWL7-10 —o— CWL8-13 —o—CAL9-12

Fig. 4. Heat resistance of selected Lactobacillus at each exposed
temperature.
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Viable cell (logCFU)

0 . . . > ! o
0 50 60 70 80
Temperature (C)

| CSS5-14 —8—CSS7-5 Ccsso-1 cwss-11 |

Fig. 5. Heat resistance of selected Streptococcus at each exposed

temperature.

Table 8. Antibiotic resistance of final selected strains isolated from dog.

Antibiotic resistance (diameter, mm)

Bacterial strains

AT * P+S oT S+T NF
Lactobacillus

CSL8-6 31 34 22 NI " NI
CWL3-8 22 21 14 NI NI
CWL6-19 22 27 13 NI NI
CWL7-10 33 37 30 NI NI
CWLS8-13 33 39 28 NI NI
CAL9-12 32 32 13 NI NI

Streptococcus
CSS5h-14 28 23 14 NI NI
CSS7-5 22 35 21 NI NI
CSS9-1 22 23 14 NI NI
CWSs3-11 NI NI 13 NI NI

 AT: Ampicillin trihydrate, P+S: Potassium Penicillin G+Streptomycin Sulfate, OT: Oxytetracycline,
S+T: Sulfamethoxazole+Trimethoprim, NF: Norfloxacin
> NI: Not inhibited.

- 131 -



7) % SarEEe Au

Mol A AE FAE FoA oy EAZEALES E38t9, Lactobacillus 615 ¢}
Streptococcus 475, A 10455 ATAE $FFdF2 HF ALson o

EA AFEE Table 99 Fig 79 YeER ST

Table 9. Characteristics and identification of final selected bacteria from
dog for probiotic use.

Probiotic bacteria

Characteristics Lactobacillus Lactobacillus Lactobacillus Lactobacillus Lactobacillus
CSL&-6 CWL3-8 CWL6-19 CWL7-10 CWLS&-13

Gram stain + + + n +
Cell morphology R R R R R
Catalase test - - - - _
Aerobic growth + + + n +
pH tolerance(2.0) + + + n +
formaAt(i:(;?l(pH) 4 3 4 4 4
Bile tolerance + + + + n

Idzr?ggctgi%n parabﬁ_'chner L. paracasei maleféfmant L. oris L. reuteri

i paracasei ans
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Table 9. (Continued)

Probiotic bacteria

Characteristics Lactobacillus Streptococcu Streptococcu Streptococcu Streptococcu
CAL912  (qq5 44 sS75  €SS91  CWS3 11
Gram stain + + + + +
Cell morphology R C C C C
Catalase test - - - - -
Aerobic growth + + + + +
pH tolerance (2.0) + + + + +
Acid formation(pH) 3 4 4 4 4
Bile tolerance + + + + +
L .

I dzsg%?ctgﬁ 0 salilécszrius Pedzoscoccu L. hilgardii L. brevis bzfernl:llentan

salivarius P arvulus o
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Fig. 7. Colony and cell morphology observed using light microscopy after
Gram staining (x 1000) of final selected strains
A, C: CSL8-6 (Lactobacillus spp.), B, D: CSS7-5 (Streptococcus spp.)

oy Amd H A9 BHoA EEH TR 647 Folen, 1 FollA
Lactobacillus7} 52712 71 =& H]&(815%)S A8 2, Streptococcus
= 95 #F =2 14.7%, Bifidobacteriume 7V S
= th(Table 10) oJ8l st &% AFE LES A9
wow K=o B9+ Lactobacillus7ty -3+t ol o™, Bifidobacteriume] + WA

AFE&S Yedo], o2 d89 Streptococcus®th L EXEE YEUA

rlo

oo
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Table 10. Total number of lactic acid bacteria isolated from the fecal
samples of pig.

Groups
. Total
Bacteria Sucking Weaning Growth Adult  Maternal strains
(n=10) (n=10) (n=b) (n=b) (n=5)
Lactobacillus 132 156 90 82 67 527(81.5%)*
Streptococcus 45 13 11 20 6 95(14.7%)
Bifidobacterium 2 6 0 1 16 25(3.4%)
Total 179 175 101 103 89 647

®

Percentage in parenthesis indicate the rate of survival.

2) LH*LVJ

A= #x]e BErRolAM B H Lactobacillus 527 5=, Streptococcus 95 ¢,
Bzfzdobacterlum 25 5 o=z AAFE pH 2.0 (Lactobacillus, Streptococcus)
2 pH 3.0 (Bifidobacterium)oll 419l WAk AAF A3Z Table 11.0] YEF AT
I A3 F 627 w5 T 42.7%<% 276 w7F WAbd S el e,
Lactobacillus+= 527 15 % 272 7 (51.6%), Streptococcuss 95 5 %
TF(2.1%), 18] 3L Bifidobacterium< 25 5 5 2 5 (8.0%)7} WAHA
FRAEAT. d5E FHTFY WA S v BH, o] fFab=ol A E2E
frabeto] 623%= 7Hd E& WA S R, O g ® S48+, s, 3%94
T o2 UYAd S YElWoe xfHAEe] B o E 207%= vl

32

—_—

YAE S Uetll=  Lactobacillus 272 5, Streptococcus 2 TF 0H
Bifidobacterium 2 @55 o2 2AA%H 03% Oxgall| A9 WHEHEA #HAAF 23
& Table 120 YeRAT 1 A3 AJdg dA 276 o5 EF WESFE4S 2
74 o7 §]-o Qoh;]_
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Table 11. The number of acid tolerant strains isolated from fecal samples

of pig
. Group Total
Bacteria .
Sucking Weaning Growth Adult Maternal strains
. 37/1321 108/156 55/90 42/82 30/67 272/527
Lactobacillus e
(280%)°  (69.2%)  (61.1%)  (51.2%)  (44.8%)  (51.6%)
0/45 1/13 1/11 0/20 0/6 2/95
Streptococcus
(0.0%) (7.7%) (9.19%) (0.0%) (0.0%) (2.1%)
” .02 0/6 0/1 2/16 2/25
Bifidobacterium -
(0.0%) (0.0%) (0.0%) (12.5%) (8.0%)

2> Acid tolerance test carried out into pH 2.0.
¢ Acid tolerance test carried out into pH 3.0.
4 The number of survived strains / the number of test strains.

¢ Percentage in parenthesis indicate the rate of survival.

Table 12. The number of bile resistant strains isolated from fecal samples

of pig
. Group Total
Bacteria )
Sucking Weaning Growth Adult  Maternal strains
37/37° 108/108 55/55 42/42 30/30 272/272
Lactobacillus o \b
(100.09%)°  (100.0%) (100.0%) (100.0%) (100.0%)  (100.0%)
1/1 1/1 2/2
Streptococcus - - -
(100.0%)  (100.0%) (100.0%)
2/2 2/2
Bifidobacterium - - - -
(100.0%) (100.0%)

? The number of survived strains / the number of test strains

b Percentage in parenthesis indicate the rate of survival.
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4) Had

Wik 2 WeEEAdol e AeZ FAH Lactobacillus 272 15, Streptococcus
2 7+ 9 Bifidobacterium 2 E oz 70 C,5min 2 80 C, 5 min W&
4 AHAAE AAG AdE Table 1391 deERHATE 70 C, 5 min A=
Lactobacillus 272 w5 & 107 oF (39.3%)7F WddS deEdd o
Streptococcus 2 759  Bifidobacterium 2 W5+ 5 AFESFA T

Table 13. The number of heat tolerant strains isolated from fecal samples

of pig

) Heat Group Total
Bacteria . .
condition Sycking Weaning Growth  Adult Maternal strains
70 C, 1/37‘1b 54/108 23/55 23/42 6/30 107/272
Lactobacillus Smin (2.7%) (50.0%) (41.8%) (54.8%) (20.0%) (39.3%)
0 T, 0/37 0/108 0/55 0/42 0/30 0/272
Smin (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
70 C, B 0/1 0/1 B B 0/2
Strent. y Smin (0.0%) (0.0%) (0.0%)
eptococeus g T, B 0/1 0/1 B B 0/2
Smin (0.0%) (0.0%) (0.0%)
70 C, _ _ _ _ ( 0/2 ) ( 0/2 )
. . Smin 0.0% 0.0%
Bifidobacterium 80 C, i i i i 0/2 0/2
5min 0.0%)  (0.0%)
70 C, 1/37 54/109 23/56 23/42 6/32 107/276
Total Smin (27%)  (495%) (41.1%) (54.8%) (188%) (38.8%)

80 C, 0/37 0/109 0/56 0/42 0/32 0/276
5min 0.0%)  (0.0%)  (0.0%)  (0.0%)  (0.0%)  (0.0%)

? The number of survived strains / the number of test strains

b Percentage in parenthesis indicate the rate of survival.

5) &AA WA
WA o] U= Lactobacillus 107 ¥F 5 TEHE 16 #5F5 Xﬂﬂa 6 T+

y

Bifidobacterium 18 55 Aoz 10572 A that WA HAALS 2 A3
ZA3Z Table 149 ‘/}EPH AT}t Lactobacilluse Norfloxacing A €3 Y x 9= 7

o EFAAY HT =2 AIAFS Yepddd FAA FRE O AZHL CTC
(Chlortetracycline HCD 7} Lactobacillus®} Bifidobacteriumol] A R 100% = A &4
S Yol 7bd =kt 38 PS(Potassium penicillin G + Streptomycin sulfate)
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of thal M+ Lactobacillus$t Bifidobacterium® 104 5 5 AIAS
L&ttt Bifidobacterium-e Norfloxacin®] 100% A 3AS ®da, ST TSl zt
7k 61.6%¢F 222%°] AdAAS HEMA oW U A A= HE AL S B

o] A eoktt.

Table 14. The number of antimicrobial resistant strains isolated from fecal
samples of pig

Antibiotics Lactobacillus Bifidobacterium Total
CTC" 86/86" (100%)" 18/18 (100%) 104/104 (100%)
Amoxicillin 8/86 (9.3%) 0/18 (0.0%) 8/104 (7.7%)
CPSs* 4/86 (4.7%) 0/18 (0.0%) 4/104 (3.8%)
TC® 85/86 (98.8%) 0/18 (0.0%) 85/104 (81.7%)
PSs* 0/86 (0.0%) 0/18 (0.0%) 0/104 (0.0%)
Oxytetracycline 19/86 (22.1%) 0/18 (0.0%) 19/104 (18.3%)
Norfloxacin 82/86 (95.3%) 18/18 (100%) 100/104 (96.2%)
ST¢ 86/86 (100%) 11/18 (61.1%) 97/104 (93.3%)
Ampicillin 8/86 (9.3%) 0/18 (0.0%) 8/104 (7.7%)
TS* 75/86 (87.2%) 4/18 (22.2%) 79/104 (76.0%)

# The number of survived strains / the number of test strains

b Percentage in parenthesis indicate the rate of survival.

¢ Abbreviation of antibiotics included. CTC : Chlortetracycline HCl, CPS : Chlortetracycline HCl + Penicillin
G procaine + Sulfathiazole, TC @ Tiamuline hydrogen—fumarate +Chlortetracycline HCI, PS : Potasium
Penicillin G + Streptomycin Sulfate, ST :Sulfamethoxazole + Trimethoprim, TS : Tylosin phosphate +
Sulfamethazine

6) AAE 7wkl A
s

ARG =AY EWolA FElE A T WAL, WEEA, WEd, F8A u
e AA AT 10075 AAdAE 7 FATFE Adeglon, 1 54
Table 15.91 YeEY. Add ¢ fF2FF5  Lactobacillus 5 3,
Bifidobacterium 373, Streptococcus 2 59 A 107 F ]2 t}.(Fig 8)
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Table 15. Characteristics of selected strains from pig for probiotic use.

Cata- Heat®  Anti-
Strain Med- Grgm Cell . lase Aerobic Bﬂ% pHC 720C 80°C b10F1c Ter}tgtlvg
. stain morph. growth tol.” tol. . . resist Identification
ia test S5min 5min o
PWL6-14 BS . Rod B . N N N B . Lactobacillus
Spp.
PGL5-16 BL + Rod - + + + + - ot L. paracasei
PAL2-17 BL N Rod B N N N N B .,  Lactobacillus
rhamnosus
PAL4-18 BL N Rod B N N N N B ., Lactobacillus
Spp.
PGL4-17 BL +  Rod - v+ o+ o+ -y L delbrueki
bulgaricus
PMB2-11 BS + Y-shape - - + + - - 4 Difidobacterium
boum
PMB4-10 BS +  Y-shape - - + - - + B. animalis
PMB1-10 BS + Y-shape - - + + - - - B. bifidum
pss2-17 AT coed - 2 Y Y A A Weissella
AC confusa
PSS7-10 TAACT +  Cocci - + /o /o / L. brevis

# Cell morphology, b Bile tolerance, ¢ Acid tolerance, 4 Heat tolerance,

¢ Antibiotic resistance, * Not tested
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Fig. 8. Colony and cell morphology of final isolates at BL medium.
PAL4-18: Lactobacillus spp., PMB2-11: Bifidobacterium spp., and PSS7-10:
Streptococcus spp., PGL5-16: Lactobacillus spp., PMB1-10: Bifidobacterium
spp., and PSS2-17: Streptococcus spp.

2. GM-CSF7I 2349 #aad59 4AAY R in vitro R eFA}

. ABAE A A5 @AY

el

I A Ad A3z A29 Bifidobacterium 10 53¢}

Lactobacillus 2075+, Streptococcus 9F+5 W22 Caco-2 celld] o3k H-zHA

23 A¥E Table 169 YEFH AT Fig. 90lv 44 dixza% 4 o

dvt2] Caco-2 celldll thet H-AEHE Abdo= YeEpllt dubs o
e RS gixzadd vEA E=A dEiger, A gixzadd

o —
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Lactococcus lactis NIAI 5273 ¥ 2lst-& o, Lactobacillus® 725+ 16 oF7}F
a2 Z2AY (¢) 1 BHY 2L T (v BE ++0)E& YERAT 1 Foll A
% PWL6-14, PGL4-17, PAL4A-187 5= Aldd 5 5 7Md =2 5385 (+++)& U
el 1t} Bifidobacteriums 6 w71 %A 2oy e Ao HATS e
3L, Streptococcus® 75 4uF7F ¥ "2 ZAU(+), =2 (++) FERTS
e AT
Table 16. In vitro adherence assay of selected LAB from pig to human
intestinal epithelial Caco-2 cell cultures
_ Caco-2 cell attachment®
Bacteria
- + ++ +4++
, 4/20° 4/20 9/20 3/20
Lactobacillus .
(20.0%) (20.0%) (45.0%) (15.0%)
o ) 4/10 6/10
Bifidobacterium - -
(40.0%) (60.0%5)
5/9 2/9 2/9
Streptococcus -
(55.6%) (22.2%) (22.2%)
13/39 12/39 11/39 3/39
Total
(33.3%) (30.8%) (28.2%) (7.7%)

% Indicated adherence activity as compared with control
- @ equal with negative strain(Lactobacillus acidophilus KCTC 3111, Meiji Ltd., Japan)
+ 1 equal with positive strain(Lactobacillus acidophilus KCTC 3111, Korea).
++: >150 bacteria / 5 Caco-2 cell
+++! too much to count.
> The number of corresponding strains / the number of test strains

¢ Percentage about number of corresponding strains in test strains.
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Fig. 9. Adherence of selected lactic acid bacteria from pig to Caco-2 cell
observed using light microscopy after Gram staining(x 1,000). Positive
strain (Lactococcus spp. L7558, Meiji Ltd. Japan), Negative strain
(Lactobacillus acidophilus KCTC 3111), PWL6-14 and PGL5-16:
Lactobacillus spp., PMB2-11: Bifidobacterium spp., and PSS7-10:
Streptococcus spp.

ofetA-g AT A

| itoll gk Ao
T2 Caco-2 celldl] st
At x&2 Lactococcus lactis NIAI 527¥ ¥ 13} -& |, Lactobacillus
v 257 T 60 T(24%)7F FAUETH 22 (HAAGE YEdeH, 4

oE

N
S
Al

ox
x

3t Lactobacillus 257 <+, Streptococcus 157,
a4 A8 AFE Table 179 Fig 109] ek

lo & oot
N

oﬂ,;gd

rl‘ 01_?_,
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T 7(16%)= (++)9] A4S Ul 53] Lactobacillus 67 5(24%)%1 CSL8-6,
CWL3-8, CWL6-19, CWL7-10, CWL8-13, CAL9-12 ¥+ AN ZzTHTY =2
$E4el +erol  PHYES Eth(Table 18) #H  dgel  Agd
Streptococcus 1575 & CSS5-14, CSS7-5, CSS9-1, CWS3-11¥ & U2 R

e PAG (o EE 0S el

Negative strain Positive strn'_, =
f , |

RN

Y il :

Fig. 10. Adherence of selected strains from dog to Caco-2 cell observed
using light microscopy after Gram staining (X 1000). (Positive strain:
Lactococcus spp. L7558, Meiji Ltd. Japan, Negative strain: Lactobacillus
acidophilus KCTC 3111, CSL8-6: Lactobacillus spp., CSS5-14: Streptococcus
spp.)

Table 17. In vitro adherence assay of selected LAB from dog to Caco-2 cell
cultures

Bacterial Caco—2 cell attachment
groups - + o+ ot
Lactobacillus 9/25 (36.0) 6/25 (24.0) 4/25 (16.0) 6/25 (24.0)
Streptococcus 2/15 (13.3) 10/15 (66.7) 2/15 (13.3) 1/15 (6.7)
Total 10/40 (25.0) 17/40 (42.5) 6/40 (15.0) 7/40 (17.5)

- Negative strain (Lactobacillus acidophilus KCTC 3111)
+ 1 Positive strain (Lactococcus lactis 7558)
++: >150 bacteria/ 5 Caco-2 cell

+++! too much

- 143 -



Table 18. In vitro adherence assay of final selected strain from dog to
Caco-2 cell culture.

Bacterial strain ODs10nm” Attachment
(bacteria/5 Caco 2-cell)
Lactococcus lactis 7558 0.47 108+15.64 +P
Lactobacillus acidophilus KCTC 3111 2.04 48+15.06
Lactobacillus
CSL8-6 1.90 ™" ot
CWL3-8 1.52 ™ +
CWL6-19 1.84 ™ ot
CWL7-10 1.90 ™ et
CWL8-13 1.90 ™ et
CAL9-12 177 ™ ot
Streptococcus
CSS5-14 1.28 127+20.56 ++
CSS7-5 1.52 199+32.54 ++
CSS9-1 1.23 ™ e+
CWS3-11 0.93 134+38.90 ++

# Optical density (ODgionm) of test strains (5ml, in PBS) that were inoculated in the culture medium for
the attachment to Caco-2 cells.

> Indicated adherence activity as compared with positive strain (+, Lactococcus lactis 17558, Meiji Ltd.,
Japan) and negative strain (-, Lactobacillus acidophilus KCTC 3111, Korea).

¢ The too much strain by direct counting.

" Significantly different from the positive control (Student’s t-test, P>0.01).

. HeA Aldel g 2dxAt

1) =& A

Bifidobacterium 18 ¢ IdAA WA HAAIZ AWE Lactobacillus 710 ++=
o w AA WA JAs AP ZAAE Table 19 H Fig 11 YERH A
Bifidobacterium< 27.8%% 5 57}, Lactobacillus= 80.0%% 56 w57} 3o} &
T ol BT oA A4S UENAY Sal enteritidis  KCCM 120211 o
3 AL 511 %=2M, S aureus KCTC 19169 41.0%9  E.coli O157:H79]
26.1 %l W& =A YEelY. Lactobacillus= 70 5 < 14.3%¢% 10 571 Al

i ol
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Ao, Bifidobacterium® 735 Al F5F

= e

Table 19. The antimicrobial activity of LAB
pathogenic bacteria using the agar spot assay

orol
S AA .

isolates from pig against

Pathogenic bacteria®

Group Bacteria E. coli O157:H7 Sal. enteritidis S. aureus 4
All bacteria
USDA KCCM 12021 KCTC 1916
) Lactobacillus - - - -
Suckling . . b .
Bifidobacterium 0/1" (0.0) 0/1 (0.0) 0/1 (0.0) 0/1 (0.0)
Weanin Lactobacillus 14/32 (43.8) 17/32 (53.1) 17/32 (53.1) 5/32 (15.6)
& Bifidobacterium 072 (0.0) 0/2 (0.0) 0/2 (0.0) 0/2 (0.0)
Lactobacillus 4/18 (22.2) 11/18 (61.1) 4/18 (22.2) 2/18 (11.1)
Growth . .
Bifidobacterium - - - -
Adult Lactobacillus 2/16 (12.5) 9/16 (56.3) 10/16 (62.5) 2/16 (12.5)
Bifidobacterium - - - -
Lactobacillus 1/4 (25.0) 3/4 (75.0) 3/4 (75.0) 1/4 (25.0)
Maternal . .
Bifidobacterium 2/15 (13.3) 5/15 (33.3) 2/15 (13.3) 0/15 (0.0)
Lactobacillus 21/70 (30.0) 40/70 (57.1) 34/70 (48.6) 10/70 (14.3)
Gmlup Bifidobacterium 218 (11.1) 5/18 (278)  2/18 (1L.1) 0/18 (0.0)
tota
Total 23/88 (26.1) 45/88 (51.1) 36/88 (40.9) 10/88 (11.4)

# The antimicrobial activity was assessed to determine an inhibition zone diffused around a spot.

> The number of LAB appeared a clear inhibition zone of more than 3mm around a spot in indicator

bacteria each.

¢ Percentage about number of selected strains in test strains.

9 The number of LAB appeared the inhibition zone of 3 mm above in all of three indicator bacteria.
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Fig. 11. Inhibition of E. coli 0157 (USDA, human isolate) by isolated lactic
acid bacteria from pig using agar spot assay. PWL6-14 showed the highest
inhibition in all test strains. PWL3-8 showed moderate inhibition. PWB2-9
showed no inhibition.

2) ofebAE FATT AX

Lactobacillus 9375+, Streptococcus AT, A 1407 F5 iAo =2 E  coli
0O157:H7 (USDA, human isolate), E. coli KCTC 1467, Salmonella enteritidis
KCCM 12021, Staphylococcus aureus KCTC 1916 B 1tol that AA5S A3
A5 Table 20.¢F Fig. 1291 Welidrr. 2 A3} E coli O157:H7 (USDA,
human isolate)ol] thgt A5 14077 & 14.3%< 207 F=5ro] olA|l5S e
SRR, E. coli KCTC 14679 WaA & 97.1%<20 136 7F 8mme©]|*2] inhibition
zones @Aste] Wl =L AAlTS YWEHATE @9 Salmonella  enteritidis
KCCM 12021¢ ¢} Staphylococcus aureus KCTC 1916750 s = 42
479%%}F 264%°] frAbeto]l AAlss YERAT oo AFREFE 140 dF F
H 1A /‘ﬂ?oﬂ 3k Aol 43 Lactobacillus 253, Streptococcus 15iF,
A 40 FE Adsid o, o AdFo gt a9 vAE A A= Table
210l 1/}5}14121‘3}.
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Table 20. Antimicrobial activity of the second selected strain against

pathogens and harmful bacteria

Pathogen bacteria

Groups Bacteria Escherl:chia Escherz:chia Salmqnel{a Staphylococcus
coli coli enteritidis aureus
0O157:H7 USDA  KCTC 1467 KCCM 12021 KCTC 1916
) 5Y17 17/17 6/17 6/17
Lactobacillus b
Sucklin (29.4%) (100%) (35.3%) (35.3%)
& 4/35 33/35 9/35 4/35
Streptococcus
(11.4%) (94.3%) (25.7%) (11.4%)
. 6/41 39/41 25/41 13/41
Lactobacillus
Weanin (14.6%) (95.1%) (61.0%) (31.7%)
& 0/12 12/12 8/12 2/12
Streptococcus
(0.0%) (100%) (66.7%) (16.7%)
) 5/35 35/35 19/35 12/35
Lactobacillus
Adult (14.3%) (100%) (54.3%) (34.3%)
Streptococcus - - - -
) 16/93 91/93 50/93 31/93
Lactobacillus
(17.2%) (97.8%) (53.8%) (33.3%)
4/47 45/47 17/47 6/47
Total  Streptococcus
(8.5%) (95.7%) (36.2%) (12.8%)
20/140 136/140 67/140 37/140
(14.3%) (97.1%) (47.9%) (26.4%)

# The number of LAB appeared a clear inhibition zone of more than

8mm around a spot in indicator bacteria each.

" Percentage about number of selected strains in test strains.
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Fig. 12. Inhibition of Salmonella enteritidis KCCM 12021 by selected strains
from dog using agar spot assay. CAL9-12 (Lactobacillus spp.) showed the
highest inhibition of selected strains. CWL10-1 (Lactobacillus spp.) showed
the lowest inhibition of selected strains.
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Table 21. Antimicrobial activity of LAB against pathogens and harmful

bacteria
Escherichia Salmonella Staphylococcus
Strains coli KCTC enteritidis KCCM aureus KCTC

1467 12021 1916
Lactobacillus
CSL7-14 9 10 7
CSL8-6 9 10 10
CSL8-16 9 10 9
CSL9-6 9 9
CWL3-8 9 10
CWL6-6 9 10 7
CWL6-19 9 9 10
CWL7-6 9 9 10
CWL7-8 9 9 10
CWL7-10 9 9 10
CWL7-13 9 9 8
CWL8-7 9 10 9
CWLS8-10 9 10 10
CWLS8-13 9 10 10
CWLS8-16 9 8 8
CAL2-4 9 10 10
CAL2-5 9 10 10
CAL5-16 9 10 10
CAL6-4 9 10 10
CAL6-5 9 10 10
CAL6-19 9 9 8
CAL7-12 9 10 10
CAL7-18 9 10 10
CAL9-12 9 10 10
CAL9-13 9 8 8
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Table 21. (Continued)

Escherichia Salmonella Staphylococcus
Strains coli KCTC enteritidis KCCM aureus KCTC
1467 12021 1916
Streptococcus
CSS1-9 9 7 6
CSS4-6 9 6 6
CSS4-7 9 7 7
CSS5-2 9 10 8
CSS5-14 9 10 6
CSS6-14 9 10 7
CSS7-5 9 8 5
CSS8-4 9 10 10
CSS8-9 9 10 10
CSS9-1 9 5 7
CWS3-11 9 10 8
CWST7-1 9 9 6
CWS9-4 9 7 7
CWS10-14 9 8 6
CWS10-15 9 6 10

* Inhibition zone(mm)

. MIDIo| 93 7% &3 identification

nAE 54 A MIDI, HP Inc, USA)E o] &3 HF A #5° 54}
SI 3t& Table 2201 YELWAT). Lactobacillus spp. = 8@ ¥ 1E< PWL6-14,
PGL5-16, PAL2-17, PAL4-18 % PGL4-172 42 L. reuteri (SI 0.391), L.
paracasei (SI 0.347), L. rhamnosus (SI 0.330), L. fermentum (SI 0.440) % L.
delbrueckii bulgaricus (SI 02252 FA At Bifidobacterium2.2 23
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PMB2-11, PMB4-10 % PMBI1-10= Z}7F B. boum (SI 0.272), B. animalis (SI
0.710) % B. bifidum (SI 0.434)°2.2 A=Ak 18 colony morphology <} cell
morphology 59 EA S 2M Streptococcus® 2] E PSS2-173 PSS7-10+= 7+
7y Weissella confusa GC subgroup A (SI 0.440)¢} L. brevis (SI 0.734)%2 &4 5
Atk

Table 22. Identification of finally selected probiotic bacteria by using MIDI

Strain Identification by MIS ST
Lactobacillus reuteri 0.391
PWL6-14 L. vaginalis 0.315
L. rhamnosus 0.261
PGL5-16 . .
L. paracasei paracasei 0.347
PAL2-17 L. rhamnosus 0.330
L. fermentum 0.440
PAL4-18
L. rhamnosus 0.384
PGL4-17 L. delbrueckii bulgaricus 0.225
Bifidobacterium boum 0.272
PMB2-11 B. animalis 0.201
B. breve 0.179
PMB4-10 B. animalis 0.710
PMB1-10 B. bifidum 0.434
PSS2-17 Weissella confusa GC subgroup A 0.440
L. brevis 0.734
PSS7-10 L. bifermentans 0.515
L. malefermentans 0.505

# Similarity Index : Expressed as 0.0-1.0.

" Wikd, WasA, 394 9159, Caco-2

cello] gt gz 8ol 3 107 ( Lactobacillus 675, Streptococcus 4

3ol Alters A4S Microbial lidentification System (MIDI, Sherlock system,
USA)E AH& o, 1 573 Ay Table 239 YERNATE

AEFEHAY SL8-63 CWL3-8 5+ L. parabuchneri
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(Similarity index(SI): 0.442)¢} L. paracasei paracasei(SI: 0.257)% &A%t}
CWL6-19¢} CWL7-107++ L. malefermantans(SI: 0.521)¢} L. oris(SL: 0.697) =
TAEAT. A CWL8-137 CAL9-12 #5% L reuteri(SI 05999} L.
salivarius ss salicinius(SI: 0.353)2 &4 ¥ AT}

3tH  Streptococcus spp.2 EFEH AW CSS5-149F CSS7-5 #F+ Pediococcus
parvulus(SI: 0545)9 L. hilgardii(SI: 0583)2 &%l CSS9-13 CWS3-111
T+ L. brevis(SI: 0524)¢} L. bifermentans(SI: 0.108)2 &4 =9, Lactobacillus=
Genus”7F W7 5 At
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Table 23. Characteristics and identification of final selected bacteria from

dog.
Probiotic bacteria
Characteristic Lactobacillus Lactobacillus Lactobacillus Lactobacillus  Lactobacillus
CSL8-6 CWL3-8 CWL6-19 CWL7-10 CWL8-13

Gram stain + + + + +
Cell morphology R R R R R
Catalase test - - - - -
Aerobic growth + + + + +
pH tolerance(2.0) + + + + +
Acid formation(pH) 4 3 4 4 4
Bile tolerance (0.3% oxgall) + + + + +

E. coli O157: H7

USDA 5 6 6 6
Anti- E. coli KCTC 9 9 9 9 9

. .. 1467

microbial
activity . e

Sal. enteritidis

(mm) KCCM 12021 10 10 9 9 10

S. aureus KCTC

1916 10 8 10 10 10
Adherence activity
(bacteria/5 Caco-2 cell) Too much Too much Too much Too much Too much
Identification by MIS L. parabuchneri L 5 Z;?;el maleferLr.nan tans L. oris L. reuteri
(Similarity Index) (0.442) p<0 957) 0521) (0.697) (0.599)
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Table 23. (Continued)

Probiotic bacteria

Characteristic Lactobacillus Streptococcus Streptococcus Streptococcus —Streptococcus
CAL9-12 CSS5-14 CSS7-5 CSS9-1 CWS3-11

Gram stain + + + + +
Cell morphology R C C C C
Catalase test - - - - -
Aerobic growth + + + + +
pH tolerance (2.0) + + + + +
Acid formation(pH) 3 4 4 4 4
Bile tolerance (0.3% oxgall) + + + + +

E. coli O157: H7

USDA 9 6 9 3 6

E. coli
Anti- KCTC 9 9 9 9 9

. . 1467

microbial
activity e

Sal. enteritidis
(mm) KCCM 12021 10 10 8 5 10

S. aureus

KCTC 10 6 5 7 8

1916
Adherence activity Too much 12742056  199+3254  Too much 134+38.9

(bacteria/5 Caco-2 cell)

L. salivarius Pediococcus
ss salivarius parvulus
(0.353) (0.545)

Identification by MIS
(Similarity Index)

L. hilgardii L. brevis L. bifermentans
(0.588) (0.524) (0.053)

@ FTEA2AR B BEF stability?] #ATH

1) ¥=8& FAdT 4%

Wik 2 digEAel e A2 % Lactobacillus 272 15, Streptococcus
2 7+ % Bifidobacterium 2 55 o= 70 C, 5 min ¥ 80 T, 5 min%] A
of el tig HFAS &g AHE Table 240 JERRATE 70 C, 5 min A
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& Lactobacillus 272 1 % 107 ¥ (39.3%)7F AE3te] ol sk JAHALE
EFU A A 7 Streptococcus 2 F¢¢  Bifidobacterium 2 5= RS AFEEe] &

of tigh HtAHAES YERNA &ttt
T3 Table 25049} #o] FAAZXH HIFTAETF Lactobacillus PWL6-14 2
Bifidobacterium PMB 2-119] 4TColAe <AL S 6447 s Ax

Lactobacillus PWL6-14 5% 4.0x10%gol A 1.3x10%/go 2 7FAaste] tAw #5
HstE e AT, Bifidobacterium PMB 2-11 5% 67019 % ¢ 1/10 A=

el grag vhehilglt.

Table 24. The number of heat tolerant strains isolated from fecal samples
of pig

. Heat Group Total
Bacteria . .
condition Sycking Weaning Growth  Adult Maternal strains
70 T, 1/37° 54/108 23/55 23/42 6/30 107/272
Lactobacillus S5min (27%)"  (50.0%) (41.8%)  (54.8%) (20.0%) (39.3%)
380 T, 0/37 0/108 0/55 0/42 0/30 0/272
Smin (00%)  (0.0%)  (00%)  (0.0%)  (0.0%)  (0.0%)
70 T, _ 0/1 0/1 B B 0/2
Strentococcus Smin (0.0%) (0.0%) (0.0%)
P 80 C, . 0/1 0/1 . . 0/2
Smin (0.0%) (0.0%) (0.0%)
70 C, _ _ _ _ ( 0/2 . 0/2 :
. . Smin 0.0% 0.0%
Bifidobacterium 80 C, . ) ) ) 0/2 0/2
Smin 0.0%)  (0.0%)
70 C, 1/37 54/109 23/56 23/42 6/32 107/276
Total Smin (2.7%) (495%)  (41.1%) (54.8%) (18.8%) (38.8%)

80 C, 0/37 0/109 0/56 0/42 0/32 0/276
Smin (0.0%) (0.0%) (0.0%) (0.0%)  (0.0%)  (0.0%)

? The number of survived strains / the number of test strains

b Percentage in parenthesis indicate the rate of survival.

HZ A 10&—11*° 2ro mE gIFS sty sk 50780TC 57 =&
AlFew, 1 A3E Table 269 YeERUSIT dHbd o2 Lactobacillus 57}
WEA o] A3 oz FAFS e, Lactobacilluse 60C7HA =

\

kv

Streptococcus .
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o Atdel AF fdew, 70CeNA Abdg CWL3-8% CAL9-12&5 Al¢jstd
T 80TAA AbE sl Streptococcus= CSS9-17F 60TCAA #5471 43 A
Astas= 60C7HA = 49 AFEe] glslew, BE Streptococcus?t 70T ol A
AbE A T

LS Table 259 A<} 2ol FAWAZE HFTALTT Lactobacillus CSLB-6 %
Streptococcus CSS5-14 2] 4T A <] b S 6L el Ay T #F
D5 obdd wREtE Ueo FAAZREA 670197 e 2 wlglo] of
J3hs et

(el =RE=1

N
ox X

o ©

W

Table 25. The vialbe counts of selected LAB from pig and dog in
freeze-dryed cultures at 4C

Pig Dog
week Lactobacillus |Bifidobacterium| Lactobacillus | Streptococcus

PWL 6-14 PMB 2-11 CSLB-6 CSS5-14
0 4.0x10” 6.5%10° 3.8x10’ 7.2x10°
1 4.3x10° 6.0x10° 45x10° 75%10°
2 4.1x10° 2.7x10° 4.0x10’ 8.0x10’
3 4.0x10’ 2.0x10° 3.2x10’ 8.3x10’
4 3.8x10” 1.8x10° 2.0x10’ 7.9x10°
6 3.6x10’ 9.9x10" 1.3x10° 7.7x10°
8 3.7x10° 6.8x10" 9.8x10° 7.0x10°
10 3.0x10’ 8.7x10" 1.2x10° 6.8x10"
12 1.3x10° 8.8x10" 8.8x10° 8.1x10’
14 1.0x10” 6.3x10" 8.0x10° 8.0x10’
16 1.0x10° 5.5%10" 9.0x10° 8.0x10’
20 1.2x10° 4.8x10" 7.0x10° 6.8x10°
24 1.3x10° 5.4x10" 7.0x10° 7.0x10°

? Viable cell counts: cfu/g of freeze-dryed
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Table 26. Heat stability of final selected strains from dog at each exposed
temperature.

Exposed temperature(C, 5min)

Bacterial strains

0 50 60 70 30
Lactobacillus
CSL8-6 9.3° 9.5 9.4 6.6 =P
CWL3-8 8.8 8.8 8.4 - -
CWL6-19 8.9 8.9 8.9 4.3 -
CWL7-10 9.4 9.3 8.9 6.6 -
CWLS8-13 8.9 8.9 9 3.8 -
CAL9-12 8.6 8.6 8.2 - -
Streptococcus
CSS5-14 9 9 8.6 - -
CSS7-5 89 89 8.9 - -
CSS9-1 8.6 9 53 - -
CWS3-11 8.1 8.1 6.9 - -

“ After exposed, the number of viable cells.
P Not detected

3. GM-CSF7 #d4d FiadadF9 44

o

A asdd
7L ol FFAES YA R 3 GM-CSF &8 AEA|e ofe] 3548 23
1) €523 -1(Experiment-1)

7 SAE D AR R g MX = g

GM-CSF & AdAel &es F9str] fste] AAg 12 oo dd
(Experiment-1) ol A=, Fold 27vkg], 2T 27718], &4 5478 o=z 21¢
HEE 699 @ 7kA 48U FEAtE A AFATAE 05% FolstRoen, 1 &2
A= Table 27, 28, 299 e AT

HA 214 HHE 484 HE 7R 2] =H A (Table 27), 5ol (Treatment 1)¢] 21<Y
AT (F ) 1765(654) KgollAl, 48U & A5 (4 1) 451.7(16.73)Kg 2. & 57}3}
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o], 279 B9t EZ A Fo] 2752Kgol ot 18l GM-CSF W& AdAS Fols)
A ke dilE(Control 1) A5, 214 B A F (B )2 166.8(6.18)Kg o] A A v, 43¢
WA (F )2 394.6(14.6)Kgell 13, F5AF 227.8Kgoll EstAtt. weta] Al
717 2 Fobel AE 3 mEg dIFSAFe Folito]l 3775g, ROl
3125go 24, x2S 100%2 Skt S wlo] ulsle], FolFe 208%2 v
5 AdFEA %ol Z71S Jeidth(Table 1) E3 A 73 5 AH3 FAR
HF e Folio] 320Kg, ol 275Kgl 2, AR QTS (FAR A D/Z5A
P FoJito] 116, HEwro] 1212 AXEATH o] dx2aS 100%= hats)
RS o, FolTo AIR QT8 959%4el A o} Az oz GM-CSF Fold
1 41%9 AtE878 S7HERE e A
ol g7 e ANZHE GM-CSF Zd fAikat AdAFATNAME 218 % 5H
A 9] o]l fAE FAH D AR Q& ety w53 a5 e
golgl 4= ATt (Table 27).
A7 2] Ao A E(Table 28), Fo] 7 (Treatment 1)o] 45|
o] 564.9¢g, *gﬁxﬂ% Folatx] e txdo]l 5439go 2 ZAH o] FolitolA
HE G F AT EI AR TS (FAIRAA D/
o) 1.70, &l 17824, tixwtol vl 45%<] Al
2278 MAEHE e AT (Table 28).
ool A¥E FFste] 219EFH 69 H A 9] 48U AAAFAAH}E LA g

N
o~
[\]
3

O

A3}, Table 29014 ¢ o] dFTA FS E o] tiEwel vt 11.1%2 7t
a3E s £ gddoen ARQTFEAME 584«] %*fa NAgHE gelst
4 A THFig 13, Fig 14). webs 32 o2 GM-CSF ® Hxﬂ Fol7} 21
HEE 69LH ALl o] fAbE] did AT A, A}Eﬁ gl wl¢ ZFAHo
S8 Fed § Ao, o]AL o] fFAES] AabA o mwl§ FHoIASS
ojm) et Aotk
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Table 27. Effect of lactic acid bacteria on average daily gain and feed

conversion in weaning pigs (Experiment-1)

ltem Treatment 1 Control 1
Age(days) 21-48 21-48
Period of experiment(days) 27 27
No. of initial pigs 27 27
No. of final pigs 27 27
21 day’'s body weight(Ave), Kg 176.5(6.54) 166.8(6.18)
48 day’'s body weight(Ave), Kg 451.7(16.73) 394.6(14.6)
Total weight gain(Ave), Kg 275.2(10.19) 227.8(8.439)
Average dairy gain, g 3775 3125
% 120.8 100
Total Feed intake(Ave) Kg 320.0(11.85) 275.0(10.19)
Feed conversion(Feed/Gain) 1.16 1.21
% 95.9 100

Table 28. Effect of lactic acid bacteria on average daily gain and feed

conversion in weaning pigs (Experiment-1)

ltem Treatment 1 Control 1
Age(days) 48-69 48-69
Period of experiment(days) 21 21
No. of initial pigs 27 27
No. of final pigs 27 27
48 day’s body weight(Ave), Kg 451.7(16.73) 394.6(14.6)
69 day’'s body weight(Ave), Kg 772.0(28.59) 703.0(26.04)
Total weight gain(Ave), Kg 320.3(11.86) 308.4(11.42)
Average dairy gain, g 564.9 543.9
% 103.9 100
Total Feed intake(Ave) Kg 544.0(20.15) 550.0(20.37)
Feed conversion(Feed/Gain) 1.70 1.78
% 95.5 100

- 159 -



Table 29. Effect of lactic acid bacteria on average daily gain and feed

conversion in weaning pigs (Experiment-1)

ltem Treatment 1 Control 1
Age(days) 21-69 21-69
Period of experiment(days) 48 48
No. of initial pigs 27 27
No. of final pigs 27 27
21 day's body weight(Ave), 176.5(6.54) 166.8(6.18)
Kg
69 day's body weight(Ave), Kg 772.0(28.59) 703.0(26.04)
Total weight gain(Ave), Kg 595.5(22.06) 536.2(19.86)
Average dairy gain, g 459.5 413.7
% 111.1 100
Total Feed intake(Ave) Kg 864.0(20.15) 825.0(20.37)
Feed conversion(Feed/Gain) 1.45 1.54
% 94.2 100
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Figure 13. Effect of lactic acid bacteria on average daily gain in weaning
pigs (Experiment-1)
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Figure 14. Effect of lactic acid bacteria on feed conversion in weaning
pigs (Experiment-1)
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W) glAlESel mAE &
GM-CSF Zd ikt s F
i

o] 3t Fof #(Experiment 1)o] A ¢ ZA Al #FZ
FAAQRIYEH), FolF (484U =)

M3

, oI (E99 )] 33|l AA HAMeta, 1 AdE
Logl0e] tix| = gatste] Har+xFdlAke] 2|2 Table 309 WER AT

I A 3714 AaatelAe= EH%HEL% 233t Enterobacteriaceae”} o
85+059 A4 FolF 6.841.23, FoJF 75+1.0022 HAS FaAT #HAE UEY
A FoJFZ FAA oA E  Lactobacillus 2 Streptococcus ] H];F—rﬂ zy 7}
9.7+0.36, 9.6:0249] oA TFE o2 AMF o], F o ATo] SHEO T BETa
eS¢ AT | @A dxA FelAlQl  Clostridium
perfringens= T 7220374 FoAF B FoF Hds HEHA Fot
Aol FA% HAE G F Ak o)AFe] A, GM-CSFZE ikt 9]
A2 -7 A7 AWl Al el Enterobacteriaceae®] w74, Clostridium
perfringens®] E73%, 283 ZUFIATA FATTY SR oo &= FHY
AAFNATZF] Foet MdadsE T3sta e Aoz A A (Table 30)

Jo
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Table 30. Comparison of intestinal microflora before, during and after
administration of lactic acid bacteria in piglets (Experiment-1)

) Before During After

Bacterial groups o . o . . .
administration administration administration

Enterobacteriaceae 8.5+0.55 ° 6.8+1.23 7.5%1.00
Salmonella
Streptococcus 8.6+0.45 7.4+0.64 9.6+0.24
Staphylococcus 5.3+0.52 5.2+0.99 4.3+1.22
Yeast 3.6+0.75 2.2£0.00
Molds
Corynebacterium
Bacillus
Lactobacillus 8.9+0.57 8.5+0.68 9.7+0.36
Bifidobacterium
Eubacterium 6.3+1.26 8,2+0.54 8.1+0.67
Bacteroidaceae 8.9£0.51 8.9+0.40 8.8+0.37
Peptococcaceae
Cl. perfringence 7.2£0.37
Clostridium others 5.5+£2.90 6.4£0.00 8.6£0.00
Veillonella
Megasphaera 7.8£0.31 8.0£0.28 8.5£0.40
Total counts 9.4+0.44 9.1+£0.32 10.1+0.21

# Mean=S.D. of logio counts of bacteria/g of feces

2) & 5249 -2(Experiment-2)

7hH FAE D ARQTFE XeE &9

okl A8 2(Experiment 2)&, FoT 26vte], iz 26vte], A4 52vi2] & WA
O 214 HE 69U B 7HA 483t AAE o, I A= Table 31, 32, 33 %
Fig. 15, 16°] YEH LT

71 A3} Table 31041 ¢F o] 21U F-E 48U #H 7kA] 9] Ao A=, GM-CSF &
HAFAakbit s Foldk Foi(Treatment 2)9] dFSA| o] 3288go =,z

]
=2
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(Control 2)9] 292.3gH 1t} o} 125%9 w$- &=
Ak £ AARFAFS TALGOR Uk ARLTEANE izl vla] 3%
ARS8 TE MAEARE YERUC], ofESsAE 19 AR % ufg FAREE @A
AE AE e

484 B K€ 69U B 7tA 2] Aol 4= (Table 32), Fo(Treatment 2)¢] 4IFZA)

ol thzsrel Hls 33% FFEI, ARLTES 1.7%9 MAERE vehdol,
Ay AR 209HFH 48UW ] ARk @ adE GehlAAT, oF
g 13 FAFS = Agsora 2= g}

w3
olfe] HIE 2197 a 6928 A3 A A7) 7¢
2ol o Foftoll A 7.1% FF

oft
o|\
é
rlo
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Table 31. Effect of lactic acid bacteria on average daily gain and feed
conversion in weaning pigs (Experiment-2)

ltem Treatment-2 Control-2
Age(days) 21-48 21-48
Period of experiment(days) 27 27
No. of initial pigs 26 26
No. of final pigs 26 26
21 day's body weight(Ave), Kg 131.7(5.07) 124.5(4.79)
48 day's body weight(Ave), Kg 362.5(13.94) 329.7(12.68)
Total weight gain(Ave), Kg 230.8(8.88) 205.2(7.89)
Average dairy gain, g 328.8 292.3
% 112.5 100
Total Feed intake(Ave) Kg 295.0(11.35) 270.0(10.39)
Feed conversion(Feed/Gain) 1.28 1.32
% 97.0 100

Table 32. Effect of lactic acid bacteria on average daily gain and feed

conversion in weaning pigs (Experiment-2)

ltem Treatment-2 Control-2
Age(days) 48-69 48-69
Period of experiment(days) 21 21
No. of initial pigs 26 26
No. of final pigs 26 26
48 day's body weight(Ave), Kg 362.5(13.94) 329.7(12.68)
69 day's body weight(Ave), Kg 662.5(25.48) 620.3(23.86)
Total weight gain(Ave), Kg 300.0(11.54) 290.6(11.18)
Average dairy gain, g 5495 532.2
% 103.3 100
Total Feed intake(Ave) Kg 535.0(20.58) 525.0(20.19)
Feed conversion(Feed/Gain) 1.78 1.81
% 98.3 100
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Table 33. Effect of lactic acid bacteria on average daily gain and feed

conversion in weaning pigs (Experiment-2)

ltem Treatment-2 Control-2
Age(days) 21-69 21-69
Period of experiment(days) 48 48
No. of initial pigs 26 26
No. of final pigs 26 26
21 day's body weight(Ave), 131.7(5.07) 124,5(4.79)
Kg
69 day's body weight(Ave), Kg 662.5(25.48) 620.3(23.86)
Total weight gain(Ave), Kg 530.8(20.42) 495.8(19.07)
Average dairy gain, g 4253 397.3
% 107.1 100
Total Feed intake(Ave) Kg 830.0(31.92) 795.0(30.58)
Feed conversion(Feed/Gain) 1.56 1.60
Y% 97.5 100
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Figure 15. Effect of lactic acid bacteria on average daily gain in weaning
pigs (Experiment-2)
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Figure 16. Effect of lactic acid bacteria on feed conversion in weaning
pigs (Experiment-2)
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W) FuUAldFel vA= 53

ofe] A9 2(Experiment 2)oA41e] FUAlwtE W3} A% Table 34049 o] ofe]a
1M e} FAReE e Yeldiglen, 5714 frallAlitel Enterobacteriaceaes Fo] %
8.910.499 4 FoIF 75+0.72, F9%F 7.1+053o2 dAT AdF TAE UEY
o} w3 A FalAl T Clostridium perfringensS £ 59+1.909 #5704

o5 1utg] o ARk 4.240.00¢] #F=E HEHT7E FoAFde A HAEHA F%

w3k foA A el AT TS T3 Lactobacillus 2 Streptococcus® A7}
9+0.26, 9.6£0.30°] HF-ATF o= e} ofQ] A7 1o e Afel vig- H]
st AgS UERATE ol9F o] GM-CSF 2d {4kt Foy7F fajAlel 7
2 FolAe S AR AdH], B AEQ] olfA=Y FAE S 2
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Table 34. Comparison of intestinal microflora before, during and after

administration of lactic acid bacteria in piglets (Experiment-2)

) Before During After

Bacterial groups . . o . o .
administration administration administration

Enterobacteriaceae 8.9+0.49 @ 7.5+0.72 7.1£0.53
Salmonella
Streptococcus 9.0+0.46 8.0+0.49 9.6+0.30
Staphylococcus 6.0+0.40 4.8+0.72 5.0+1.25
Yeast 2.8+0.00 6.5+0.35 3.3+0.28
Molds
Corynebacterium
Bacillus 6.0+£0.00
Lactobacillus 9.1+0.41 8.6+0.71 9.9+0.26
Bifidobacterium
Eubacterium 7.2+0.00 8.5+0.47 8.5+0.43
Bacteroidaceae 9.3+0.41 9.2+0.47 8.9+0.49
Peptococcaceae
Cl. perfringence 5.9+1.90 4.2+0.00
Clostridium others 7.2+2.54 8.0+0.00 8.4+0.64
Veillonella
Megasphaera 8.1+0.54 8.2+0.71 8.5+0.54
Total counts 9.8+0.34 9.4+0.42 10.1+0.21

# Mean*S.D. of logio counts of bacteria/g of feces
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Table 35. Effect of lactic acid bacteria on average daily gain and feed

conversion in puppies

A B C
ltem (Control) (L. casei) (L. casei
GM-CSF)
Age(weeks) 7-14 7-14 7-14
Period of experiment(days) 49 49 49
No. of initial dogs 6 6 5
No. of final dogs 6 6 5

Average body weight at 7 weeks, Kg 1.29+0.31 1.24+0.32 1.22+0.25
Average body weight at 8 weeks, Kg 1.32+0.31 1.31£0.31 1.28+0.22
Average body weight at 9 weeks, Kg 1.41£0.29 1.39+0.30 1.37+0.19
Average body weight at 10 weeks, Kg 1.51+0.26 1.45+0.26 1.50+0.19
Average body weight at 11 weeks, Kg 1.62+0.25 157+0.28 1.64+0.17
Average body weight at 12 weeks, Kg 1.75+x0.26 1.68+0.28 1.77+0.17
Average body weight at 13 weeks, Kg 1.89+0.26 1.81+0.28 1.95+0.16
Average body weight at 14 weeks, Kg 2.02+0.23 1.98+0.26 2.1310.14

Average total weight gain, g 730 740 910
Average dairy gain, g 14.90 15.10 18.57

% 100 101.3 124.6

Average total feed intake, g 3740 3990 4340
Feed conversion(Feed/Gain) 5.05 5.39 477
% 100 106.7 94.5
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Figure 17. Effect of lactic acid bacteria on average daily gain in puppies
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) AU M TFel vA= 5239
F 17k vEAaS dide® AAg 54 FuATEs HednE F9
A, FolF, FolFo 330 o] Logloe] A= $hatsle] Hit+®FHA 9

422 Table 360 YEFH ST

o A3 FHUHsiAlel  Enterobacteriaceae,  Clostridium  perfringens,
Clostridium others E- AwA] Foo gt F2ig A4 WHeE Yepl A= &
%t A Lactobacillusol A= AtA] Folo ofgh o7 ®gsE A3 + gl
A wk o)k fAbF TSl Streptococcus (Enterococcus)woll A= Fo [ 8.77+0.7090
A FolF 9324037, Fo] ¥ 95520372 FEld fATSe F71E UEdo] A
FHAEE SolA HATTY 9T& ddets Aoz fdAEAT

Table 36. Comparison of intestinal microflora before, during and after

administration of lactic acid bacteria in puppies

_ Before During After
Bacterial groups Mean+S.D.? Mean+S.D.? Mean+S.D.?
Enterobacteriaceae 8.85+0.16 8.62+0.66 8.18+0.31
Salmonella
Streptococcus 8.77+0.70 9.32+0.37 9.55+0.37
Staphylococcus 4.03+0.79 6.70+0.94 7.17+1.31
Yeast 4.60+0.00 4.75+0.78 4.36+0.41
Molds
Corynebacterium
Bacillus
Lactobacillus 9.42+0.44 9.35+0.31 9.38+0.68
Bifidobacterium 9.15+0.90 8.20+0.00 9.40+0.00
Eubacterium 9.33+0.37 9.28+0.59 8.40+1.42
Bacteroidaceae 9.65+0.57 9.65£0.50 8.98+0.41
Peptococcaceae
Cl. perfringence
Clostridium others 8.85+0.67 8.28+0.50 7.66+0.96
Veillonella
Megasphaera
Total counts 10.20+0.36 10.18+0.25 10.03+0.36

* Mean=S.D. of logiy counts of bacteria/g of feces
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Table 370 YebliAth. = 23 ] A 24 Sute] 253 & 56vke] o A4
[e)

of FAFUAAW ATAE AAFE B 20l AAEe] AAYEEE

625%° E¥adrh etk GM-CSF #d AiAES Fold CatolAe 7viegl e
RACRRE F 67vtg o] Aol FAbE o] o] F 51ntg7F A= 76%<] vl
=S AAAELS UEUAT oA L cseitte Fold BEo AAYES
53.7%¢° wlaste] wj§- = AELEAM GM-CSF 2@ AdAs AW ddey &
Aas B3 ARAEE vl§ 27Hel ez AaE T

Table 37 A& 422 3 GM-CSF 23 AdA £5438247%

A B C
= (Control) (L. casei) (L. casei
GM-CSF)
AE BAS 5 5 7
EEM X 56 54 67
ZHE HE XUF 35 29 51
A HEE (%) 62.5 53.7 76

=)

W) FUAldFel v &

GM-CSF d fAihts Folst FoA(Ca)olAe] FuMTE HsE Fold,
FolT, T3¢ 33]o AA A 35 Logl0d] A= $HAikste] Fd+3F
Azl X &2 Table 389 e AT

I A3} FWRsAlat <l Enterobacteriaceaet= At Al Fo]d 9.49+0.6001 4 Fo
< 832+0.80, FoF 890+0.84% 53 FafAldel HAE HEHAY. =T 7
A feiAlr e ® EAQ Clostridium perfringenss T4 7.37+1.040 4 Fol &
4.48+1.78, Fo1F 4.80+0.1022 °F 1/1000 FFolstz A7t Hasts dA g

FUllFralAte FAE g ¢ AT AU FA AT Lactobacillus= 7
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o] A 8.39+1.2801 4 FolF 878+0.72% <7t FUlete AIFS
HAEHA &dd FUFAdHMT  Bifidobacteriums

6.75+0.35, 9.00£0.00¢] M4 £ FFE HE¥ o] GM-CS
AW Aol S7tad B Al JAERE 25 Uehde Ao

= At

Table 38. Comparison of

intestinal microflora before, during and after

administration of lactic acid bacteria in pregnant dogs
Before During After

Bacterial groups

Mean+S.D.? Mean+S.D.? Mean+S.D.?
Enterobacteriaceae 9.49+0.60 8.3210.80 8.90+0.84
Salmonella
Streptococcus 8.57+0.45 8.36+0.56 8.15+0.81
Staphylococcus 7.14+1.23 5.86+0.75 6.82+1.14
Yeast 5.87+1.03 5.28+1.16 5.13+0.78
Molds
Corynebacterium
Bacillus
Lactobacillus 8.39+1.28 8.26+0.75 8.78+0.72
Bifidobacterium 6.75+0.35 9.00+0.00
Eubacterium 8.10£1.06 8.2011.14 8.6310.29
Bacteroidaceae 9.6410.49 9.1410.23 9.57+£0.40
Peptococcaceae
Cl. perfringence 7.37+1.04 4.48+1.78 4.80+0.10
Clostridium others 8.00+0.00
Veillonella
Megasphaera 8.80+0.71 6.00+0.00
Total counts 10.19+0.36 9.50+0.14 9.97+0.28

? Mean*S.D. of logiy counts of bacteria/g of feces
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Strain identification by phenotypic and genotypic methods
e Genus, species, strain

e Deposit strain in international culture collection

|

Functional characterization Safety assessment
® [n vitro tests > ® [n vitro and/or animal
e Animal studies e Phase 1 human study

Double blind, randomized, placebo-controlled (DBPC) phase
Preferably second

—> | independent DBPC study

to confirm results

2 human trial or other appropriate design with sample size and

primary outcome appropriate to determine

if strain/product is efficacious

< !

Phase 3, effectiveness trial is appropriate to

compare probiotics with standard treatment Probiotic Food

of a specific condition

l

Labeling

e Contents - genus, species, strain designation

e Minimum numbers of viable bacteria at end of shelf-life
® Proper storage conditions

e Corporate contact details for consumer information.
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