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Abstract To isolate Lactic acid bacteria for animals, we
have screened from Kim-chi, swine intestine, swine feces,
and dairy products by random selection and anti-viral, anti-
pathogenic bacteria test. Among them, CLP-1 shown that
inhibitory effect against rotavirus, porcine epidemic diarrhea
(PED) virus, Salmonella sp, and E.coli. By examining
biological property, API-ZYM and identified Lactobacillus
plantarum by 16S rDNA gene sequence. CLP-1 determined
resistance to low pH and bile salt. Futhermore, the cell body
of CLP-1 adhered to the intestinal epithelium tissue of swine
and Caco-2 cell. CLP-1 was examined on cell immune
system modulating activity in vitro. The whole cell and cell
culture supernatant was increasing of interferon-3 activity.
And then, CLP-1 increased prevention effect by Salmonella
enteritidis infection in SPF chickens. And we determined
similar result in pigs.

Keywords: rotavirus, PED virus, Lactobacillus plantarum,
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2.1. 4 54

w2]¥ AARTS API kit (Biomerieux Industry, France)&
olg3slo] FA8I3ITE ] Lol 16S rDNA gene sequences
ek B95 EEISIeE AR 16S rDNA Q] primer
+ F (5-GAGTTTGATCCTGGCTCAGGA-3"), R (5-CGAC
GACCATGAACCACCTGT-3")E AME3I31tE Genomic DNA
ectraction kit (Intron Biotechnology, Inc)E ©]-851 fakt
2] genomic DNAE F%3}o] Uk} #20] PCRE XI386i3irk:
95°C for 5 min, 35 cycle of 95°C for 30 sec, 50C for 30 sec,
72°C for 1 min, and final extension at 72°C for 5 min,
maintain for 24 h at 4°C. Sequence =% 2J%%= Macrogen Inc.
£ &3l X133k 2™ NCBI blast web= &3l 21kt

2.2. 54 84 A}
AR 34 BS ABE] el API-ZYM kit (BioMerieux,
France)& ARE-3F3ITE AR5 MRS 324 Hi=|e] Hljek
st ¥ #AllE API-ZYM kit®] cupuled] dEsto] 2351l
37CellA 4 h wliekst 5 A2] WHslE wddtow gio] I
AEE AT

23. 55 A= v

Rotavirus 283 918l A=t 2] ajollA] Alleit- MA104
(Africa green monkey kidney cell) A5 AMESFSITE vk
1<) €] -2 Dulbecco’s modified eagle’s medium (DMEM)
ol 10% fetal bovine serum (FBS) and antibiotic (100 IU of
penicillin and 100 pg of streptomycin per ml)E 347}35}q
ARSI, MIAE 4] BiR= 1% FBSS} 10 pg/mL trypsin
o] 7k WiAIE ARESFIATH [13].

PED (porcine epidermic diarrhea) virus 3= 18l 71=r
ol So]FellA] Al F S Vero (Africa green monkey kidney
cell) AIEZE o] 8IStk vl wiA1e] 273 DMEMe] 10%
FBS and antibiotic (100 IU of penicillin and 100 pg of
streptomycin per ml)E F7lste] ARgSISar, Al 4] Bl
A= 1% FBS, 0.3% tryptose phosphate broth, 0.02% yeast
extract?} 10 pug/mL trypsin®] 7} viX]E ARES}SIT)

24. fAkto Al F3Hs RAL

sk M| EZF23 oA oF W2 Caco-2 A|LE o] &3t
ALt Caco-2 A|£2] wjFui#]:= DMEM®] 20% FBS$}
antibiotic (100 IU of penicillin and 100 pg of streptomycin
per ml), 1%°] 10 mM nonessential amino acid solution
o] M7t WA & AFE3FAATE 6 wall plateol] EElo]=
FEAE 21 Caco-2 AIEES wioF3ic] mljokst Lactobacillus
= AESlel FAsle] 37°CellA 1 h W8-S A1 5, PBS

63
£ o] &3l 61 wash & £&lo|= =8H499] Caco-2 Al
X5 OGS FE dujdew dESdY [18)].
2.5. Virus

Rotavirus 2} PED virusi= 71=tl] S=2]a}of|A] Al gwkeict
F a5 tdt 23S o]Hdef AREEOIHATE MA104
2} Vero AMEE ARSI [14,15].

2.6. At WSR-S o] 83 Yol g A

MRS HJA|Z o]-g5}o] ekt LactobacillusE 6 N NaOH=
°0]4319] pH 6.2-pH 6.8% F782 &t %, 3,000 rppmel] 102
7F AihiElsle] #AE AlLlst sijeftS 3981e] 0.45 um
filter2 ©1¥}= 313tk W2 MA104, Vero A1) 90%2]
ol i} 10%2] 10° TCIDsp 2] Hlo]eAhs: Z3kalo] Az
3t %24 h ¥ CPEE ERlIsk, njofole- 3]5=5lo] PCR &
agarose gel= &af ArkE wlo]H| o] ks dRleiint

2.7. A4 FAE o] 88 Fulolg i

HijekE Lactobacillus (10° CFU/mL)¥= 3,000 rpm 10%2-7F
AR Z ujokole- vz|al PBSE o]4-38lo] HAlS wash
3lo] mlo]) A (10° TCIDs) 2 &8+61] CO; incubatore]]
A 1 h 98-S 13T 12,000 pmeollA] 587 AalEe] 5
oM MA104 or vero AM3Eo]] #|2]5}e] thA] 1 h WF-S
3}3ick PBSE wash § AHIXE 7181e] 24 h wll<) 8F
o] CPE ¥ 4 PCR $ agarose gels 53l AJAke nlo]
229 k& ERIEIIT

2.8. RNA extraction

Hpo|HAE 7S AIEZO] 245N 0.2 mL= ependorf tube
2 27131 Trizol (Sigma) 1 mLE 37810, 583 tj7] &
chloroform (Sigma) 0.2 mLE 21l 10%7} vortex 3}
12,000 rpmollA] 10+7F 9422 $} 0.6 mLe] aqueous
phase 55 ependorf tube®l] &1L isopropanol 0.5 mL #
7} % 270 C ol 3047 RNAS A4S} 12,000 rpme©l]
A 107F Y412] 5 RNA pelletE 70% ethanol 1 mL
= wash SISICE pellet® 2 2@ ¥ Wil S5 20 pl
Z pellets =3t

2.9. Reverse transcriptase-polymerase chain reaction (cDNA
synthesis)

RT-PCR-2 maxime RT premix (Intron Biotechnology, Inc)
£ o] 830tk Premix®l 10 uLe] B+¥ 55752 10 L
°] RNAE YL vortex¥t ¥ T2 271 RT-PCRE
FY513itk: 37°C for 60 min, 95C for 5 min, and maintain
at 4C for 48 h [16].

2.10. Primer

Rotavirus®ll AR primers®] $3714 Q1= gene segment 61|
$IA8l31 0™ Table 1] HoF=313/t} [14]. PED virus®l|
o] primer 01 A3 [15]914 5E S geneoll $1A
3 ORF3-1(F)¥} ORF-2(R)E Table 104 ®oj5a1 Qlrk
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Table 1. Nucleotide sequences of the primers used for experiment

Primer Sequence (5'-3") Localization of gene Size
rota3 aaa gat gct agg gac aaa at 57-76 309 b
rotas ttc aga ttg tgg agc tat tc 363-344 P
ORF3-1 tcc tag act tca acc tta cg S gene 833 b
ORF3-2 ggt gac aag tga agc aca ga S gene P

2.11. Polymerase chain reaction

PCR< maxime RT premix (Intron biotechnology, Inc)&
o] g3ttt Z} 1 uL primer, 3 puL cDNA, 15 puL2] Hae
SrE =38 ¥ v 20w 388tk 95C for
5 min, 35 cycles of 95°C for 1 min, 53°C for 1 min, 72°C for
1 min and final extension at 72°C for 5 min /3% DNA+
1.2%2] agarose gelE ©|-83to] ERISH3ITE [17].

2.12. Luciferase Reporter Gene Assay

Polyethyleneimine (PEI) solution (Sigma) "S- &3l sk
tfollA] AWk pIF-Luc reporter plasmidE MA104 A|3E
o] transfection S}t 71 § wjo|e{ v} S HiA] &2
CLP-1 Hickelio] 37he wiAlE ¥o] 24 h w5 200 L
9] cell lysis buffer (Promega)s ARESt] AEE B2
s,

2.13. W94 AR g FA B 3

FAHFS MRS brotholl @717 37°CellA 18 h wjekst =,
3000 rpmelA] 10323F 4] § HAlE BEal s
gt 3 s 6 N NaOHE o8] pH 7.00%
Z43t ¥, 0.45 um filter (Satorius Biotechnology, Inc)&
o] gate] o Fitt o 75t AAEHE A MRS brothell 40%
7} HA 7Kk o, W) A2 (E. coli, Salmonella) =
0.1% 735317 37°Cellx] 18 h vl 3 spectrophotometer (O.D
660 nm)E °|&slo] FHEE SISl

2.14. CLP-19J S. enteritidiso] T g} Wo] 53}

YA Table. 2 o] 7+3d8to] CLP-12] AR ekt

ohet el A13S AAISI,

Table. 2. Prevention effect of CLP-1 on Salmonella in SFP chickens

2.15. Salmonella 5%
A BZ XLD4 vliA]of] E=2sle] 37C, 24 h wjkslo] Al
colonyE serotying®} biochemical testE &3l 5J3F3Ith.

2.16. A3 £4

GAl AFeF AP ZF T15-2] BEES- Fisher’s exact test
£ &3l SAIEAR] A SIStk EAIAl SAS 9.1 software
package & AMESFSITE

3.8% 4 1%

3238

vkt sl AF S =1 S, A A 2 Tk
FAIES AF S Fo MRS-BCP AHA]of] E2-&}o]
o] FARFE ST (Table. 3). AWE FAE 5 oF
QoA F2lE E. coli soll tish &xtdo] <3t 47l 5
s, o] & UM, e g o] st
CLP-1 55 2319t} (data not shown).

2]

kv

Table. 3. Screening of Lactobacillus spp. from kim-chi, swine feces,
and dairy products. The cultures were incubated at 37°C on anaerobic
condition and cultures on MRS-BCP

Product Subtotal (n) Total Isolate (n)
Kim-chi 83 3
Swine intestine 72 0
Swine feces 50 0
Diary product 34 1
Total 239 4

Group No. CPL-1 Salmonella enteritidis
N 50
P 50 v

CLP-1 50 J N

TE N2 54 AEEUA A ARe 558 ¥
WAL, T P YA EERA #S AFeL AkEe)
S8 BRI, CLP-19] 39 & AESkA AR
gh el Akt Eetel Fsksict. Al 5 1,
A& 2e)a YAl A & s FAXIle]
Anidie} ghelel] ot ZAIAE glsiglon] A3 ehua
7] Aolglis el B AFdEs Tl Andehr 34
-8 laigich.

Jut

32. 29 459 53

okg] 2] E. colioll thall AAl5o] ¢35 CLP-19] A=
&2 545 ARt 18994 Fall G(+) 2
o] Felg I lom, vhhd o] 84 AjolE o] g3t
S 57938H= API 50 CHL kitE ARE-819] CLP-1 ¥5%&
=45 A3}, Lactobacillus plantarum &2 <l gt}
CLP-1 7+ 69 3l oo Agao=z A
glslo] ol-8sk= SAe WeERHRITE (data not shown). 55k
ZF ¢ g3 A4S 918l 16S 1DNA 2714 L9S- o]4-3t
TAMYESHA F-2 ARSIt NCBIS] BLAST search
programS ©]-g-510] A4S vlws) 2 A3}, Lactobacillus
sp. O-C-2 (ID: 98%) ° = T =T}, whA, 2 Aollr] A
W3k CLP-1 ¥5+% Lactobacillus plantarum CLP-12 %
gttt

33. 28 #5952 4

2 Aol A3k L. plantarum CLP-12] &4 4] o %
Z Felsh7] Y8l API ZYM kitE o]-§3to] 24813k
Table. 404 Bi= vke} 22o] o, B-glucosidase, 21782l A]
7t sl & o arylamidase &} 21 ol Wo| EA=
raffinose} stachyose o5 +-allA 7= &4~Q! a-galactosidase
7} 74t S YERGIcE A © % g-galactosidase
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Bifidobacterol|X+= 7st &/do] 3= ®¥hd, L. plantarum
of| M= wll-g- okelAY e Ao®E dEA o (&
SAF #] A= 2006), CLP-1914= 75 dAdo] v
2PEE ERlskit.

o,
A

Table. 4. Enzyme activity of Lactobacillus plantarum CLP-1 using
the API ZYM kit

API-ZYM Score &

Enzyme ACtiVity

Score Activity

(e

. Control N
. Alkaline phosphate

. Esterase(Cy)

. Esterase Lipase(Csg)

. Lipase(Ci4)

. Leucine arylamidase

. Valine arylamidase

. Cystine arylamidase

. Trypsin

10. a-chymotrypsin

11. Acid phosphatase

12. Naphthol-AS-BI-phosphohydrolase
13. a-galactosidase

14. B-galactosidase

15. B-glucuronidase

16. a-glucosidase

17. B-glucosidase

18. N-acetyl-B-glucosaminidase

19. a-mannosidase

20. a-fucosidase

O 001N N b W —

O WN WO PR PRARNNOONWROM M- —
ZZOowOZOWOOZZ WYY Z —~ — —

(e

API-ZYM score, 0 point (negative), 1 point (intermediated color change),
4 point (strong color change), 2~3 point (positive); Standard deviation;
Activity, N (negative), P (positive), I (Intermediate).

34. 88 239 48 ¥ 245

AAle] o] S5 BUAE Fe2 o577 G
gHetol avks wRs] flel st Azl [19].

?
‘ -
- L]
%
L
iy
* et
I ‘ii

A .‘ bt} 3 &

"t ' ! - "‘ —
Fig. 1. Adhesion of Lactobacillus plantarum CLP-1 to the intestinal
epithelium cells of pig. The intestinal epithelium cell suspension
was mixed with Lactobacillus plantarum CLP-1 cell suspension.
The mixture was rotated at 15 rpm at 37°C for 1 h. After gram-
staining and examined using light microscopy (x 400).

A9 L. plantarum CLP-10] Z#hA| £ 2] K25 o =
& A FEAIEE o]8alo] ZAKIGILE ] AL &
gfo|EgepAE o] gt} uAEE FE3 7, PBSE ©]
g3to] M2 4l dEs3it) 37 CollA] 24 h vkt Akt
= PBS® AES A gl E3tslo] 37°Cellxd 1 h Whg
S 3 H, I8 9 B3l CLP-19] e Bzt is
SRISKATE (Fig. 1). HESt Africa green monkey kidney cell
lineQ! MA1042} Vero A3, Human epithelial colorectal
adenocarcinoma cell line?! Caco-2 A& o]-g3sto] 1%t
AAE Bl FRN-E RIS (Fig. 2). &+ A4
Ao E2]3k L. plantarum CLP-1 w5 330 A A
of F2E B, FEAES Tl 57552 v|50]4
0% FFeh= A 1T F ek olegt A¥E n|F

of = w, CLP-1= Aol 449 52 d4E 5 =

Fig. 2. Adhesion of Lactobacillus plantarum CLP-1 to the MA 104,
Vero and Caco-2 cells. Briefly, cells (5 % 10%/wall) at the postconfluence
stage after 4 days of culture were seeded on slide glasses. After
incubation, CLP-1 suspension at 37°C in 5% CO, for 1 h. After
incubation, the monolayers were washed six times with sterile
PBS, gram-staining and examined using light microscopy (x 400).
A, B) MA104; C, D) Vero cell; E, F) Caco-2.

3.5. &8 39 Fulolg 25

< Lactobacillus spp.7} TS F93= Vesicular
stomatitis virus (VSV)2| 7|55 JAsth= A7) 23t
F3T} [20]. £ Aol 2] $ L. plantarum CLP-19]
ol irsol ek A o5 Lolkr] 23l rotavirus
9} PED virusE ©]€3F9] CLP-19] dnfol s SS
ARSI CLP-15 30CollA] 24 h ¥i%F ¥ 6N NaOHE
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o]g3lo] pHE 6.00% ¥ 3 5, diielE B oA
AA D AHSNE 0.45um fiter? oJ3} 5, 7} njolz A9}
E3sto] 37CollA 1 h RESAIZL H, MA104 2} Vero A|3E
ol A2] S0tk 24 h Fofl WigfE 257510 RNA FE=
g 5], RT-PCRZ 53l cDNAS @43kl PCRE 53l 34
%l cDNAES 533190t} Fig. 3914 K20 ofAd<toll B3|
Hpol# 2 AdERo] T | As FR1E 5 QISlTh wEst
S3eR= vk e F5E7F 50 %ol I A vloledne] Ak
o] B AT AE g1 4= Tt (Fig. 4(d)). ¥AE
o] g3 79 10" olellA wlole s Tt HAaHE S
ERISIATE (Fig. 4(c)). B Yol T rotavirusE MA104 A3
ol WA 7HAE AL F, FAIA] WAl CLP-12] vkl
A7kl E W= vR7HAR rotavirus©] AJAk] FhaE =
Ze FGRIE = ATt (Fig. 5).

A. B.
M N P V

M N P R

Fig. 3. Antiviral activity of Lactobacillus plantarum CLP-1 on
MA104 and Vero cells. Treatment of 90% of CLP-1 culture
supernatants in 10% ten-fold dilution of viruses (1 % 10° TCIDsp)on
the monolayer of Vero cell (A), MA104 (B). Avtiviral activity was
observed after incubated 24 h. M; size marker, N; negative control,
P; positive control, V; PED virus, R; rotavirus.

A B

M N P R M N P R

CFL/ml

C M P o10*107 10° D

Perceniage (%a)
15 30 50 65 820 S0

M ™ "

Fig. 4. Antiviral activity of Lactobacillus plantarum CLP-1 on
Rotavirus. (A) Antiviral activity was observed co-incubated viable
CLP-1 (10*CFU/mL) and Rotavirus (1 x 10° TCIDs). (B) Co-incubated
culture supernatants of CLP-1 (80%) and rotavirus (1 x 10° TCIDs).
(C) Each cell numbers of viable Lactobacillus plantarum CLP-1
(10°,10” and 10° CFU/mL) and viruses (1 x 10° TCIDso) were incubated
at37°C, 5% CO; for 1 h. (D) Titeration of antiviral activity by culture
supernatants of CLP-1.

L. plantarum CLP-12] - H]50]# 072 FEA ¥ &
2+ g 707 uFo] Kol [16], PR Hlo]g A
H|50]2Q1 AFE 3l nlold A AlEUE o) Ae
Walstar, 7 Al ] ulole] s ABAte] FIEE mIX|
= 202 AlREOFIh B=3F CLP-12] okl <lofli= njo]
2 20] 7Hele Wslishs =do] Sl AoR Holn, ujgkdy
o] opd FA|ele] HEEME FUSH AuE g1 & = 9l
At =5 duto]H A EAdof| dist #4E F3& 48 7
o =40 kel AA w5 E Lol tisk A7} o] Fof
Aok g Zlog AlgHh

M N P PI

Fig. 5. Effect of Lactobacillus plantarum CLP-1 on Rotavirus.
Antiviral activity was observed rotavirus infectious cells. After
incubated for 24 h by cultured supernatant of CLP-1 (50%).
Determine was decrease of rotavirus RNA. M; size marker, N;
negative control, P; positive control, PI; post incubated cell by
culture supernatant of CLP-1.

3.6. HAEA 5 INF-p E4H4EA)

auir o7 wlo|A7F 749 AZEU A= Interferon
(IFN)s HONEE-S dlehs WS FHIAIA dnfo]
A2 S FAER 3} IFENS 27 Wolnkgol e}
1} IFN-stimulated gene (ISG) factor 3 (IRF3)°] 1Ats}=
&8 A5} o] FolxH R o]Fsto] ISGE Al=at
31 IFN-a2} IFN-B2] A4S SxIAX0e}, olejst 7] e
S QHRHE AEZE Hosh=d 2 93 vXith
SEARE Rotavirus 2] B]7225h2] F9] 3R] nonstructural
protein 1 (NSP1)2] 739, %7] WI=-go] FQ3 IRF3 2]
AsrS Z3al IRF32] dimerizationS a1y Uz o]%
= 215 Whalisit) [21). 349 Lactobacillus spp. 2] 73-%-
A Z ] -8 F7HA 7] AL, TFN-y 2} IL-29] cytokine=
71 AT SR ISITE [21,22]. 2 AtellA Eefgh
L. plantarum CLP-12] WH&J8H4 545 FAKE] 913l IRF3-
stimulated IFN-B promotor elementE 7} pIF-Luc plasmid
= 0]831 MA104 A3 transfections}o] ERl&] & A}
RotavirusE A 2|8t 2] 7-¢- IFN-p2] o] 212 vk,
kel A2 gt o] A5 SRl vlole| s} ujkels
S Aet welMe] 79 uiekelS Aeleh TRk ot
HaEE AdE WY (Fig. 6). wWebA L. plantarum
CLP-12] vQFA] ABrke]= -0 A9 Alre] Wolds 5
TIAZIE A =1 & QISITE o] § 27] ©AlllA] o]
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FolAt o] whgel vl A Ee) BY HEE BT
207} 9e Row AEsoltt

Fold Induction

e s S I S

2=-GAPDH

Fig. 6. Impact of viral infection on IFN-pathway. MA104 cells were
transfected with pIF-Luc reporter plasmid expressing luciferase
under the control of an IRF3-stimulated IFN-§ promoter element.
Treate by V; Rotavirus only, C.S; culture supernatants of CLP-1.

3.7. FA AFALR

= Ul Al “s7FellAl = Salmonellal ]t sl 7} ghom,
53] S. enteritidis©] 73-¢- o]l Wolglef gt X|AlEo]
20~30% 9 =2 =7 YeRdar Qlck # ATefA E2lE
L. plantarum CLP-12] 73-9- Salmonella®]l tht =2 It
S g9l & <= 21910 (Fig. 7), WA SPF eggsS o83t
A AR XIgete] 11 ke Hazk SIStk SPAFAS
AFe] SPF eggsE Tlialo] F37oflM 21 &<t -8} AX1
=, 347 e] Holz]o| A 5% 10" CFU/MLY) S. enteritidis=
AT FoIE sto] 74312 AERIsE SAdskel o, HAt
NA] A71Ue] Wt -5 4 3kSITE S. enteritidisE
34 AE NAE T fAHS FoId 153 Fo5HH
A2 IEel, 34 HES A e 1Eo® o] 10Y
7F s Bokth 37 AHES gl fArS Foid
150 A, SAES 58 AT &2 15 FARH
UeRom, 374 HE3H 155l nls] AEEe] S A
5 geisk 4= Q3lt} (Table. 5). 72 S8l Aol #al
AL Joll A AlEel s E91S 3199S ul Hiake 7)Aol
ARk 7Rl A el S, enteritidis7F 2] Hlom, A
EAeh= ARt BT fakto] Fold T1EelM &
7he= A& 21 & 4= QISItt (data not shown). o]2{st &
= AFAR e o] FA A8E 9, A9
Skl YA Aol thet ok atel 2 V]S & A
o7 Atz

Table. 5. Prevention effect of on S. enteritidis in SPF chickens. SPF
eggs incubated for 21 days in hatchery. After hatching, they placed in
electrically heated starter batteries under 24 h fluorescent lighting

Inoculation of S. enteritidis

Group - ; ; -
Population (n) Rate of weight gain (%) mortality rate (%)
N 50 49 8
P 50 25 76
CLP-1 50 41 32

N; negative control, P; positive control, CLP-1; Lactobacillus plantarum.

100 — B Ecalf

0 Sal enferitidis

Antimicrobial activity (%)

=

)

Temperanwe (1T)

Fig. 7. Antibiotic activity of pathogenic bacterium in MRS broth.
The cultures were incubated at 37°C on MRS broth for 24 h. Measure
antimicrobial activity before Lactobacillus plantarum CLP-1 cultures
supernatant neutralization by 6N NaOH. Experiment using isolated
type; Escherichia. coli, Salmonella enteritidis, Salmonella galinarium,
Salmonella choleraesuis, Stephylococcus aureus. The result shown
is a representative of three independent experiments.
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