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Expression of the protective antigen by
Lactobacillus toward the development of an oral
vaccine against diarrhea in piglet.
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SUMMARY

(P& QFE)

Probiotics 1s a promising alternative to subtherapeutic use of antibiotics for
swine feed and may be part of the solution for decreasing or eliminating antibiotic
use in animal agriculture. The aim of this study to isolate potential probiotic
Lactobacillus strains from piglet feces and to construct recombinant Lactobacillus
strain producing FaeG antigen on the cell surface.

Four hundreds strains of Lactobacillus were isolated from fecal samples of 120
piglets which were raised at six different farms located in 4 different areas of
Gyeongsangnam-do. Of these strains, eight strains selected for their resistance to
low pH and higher bile acid in primary screening procedure were identified and
further studied on their probiotic properties.

When the strains were identified biochemically by using API CHL Kit, GSF3
was classified as L. plantarum with 78.3% confidence and other isolates 6-4,
GJO2, GSD1, SMP2, SJD2, HD11-1 and SJG1 were L. fermentum with more than
90% confidence. But all of the eight selected strains were identified as L. reuteri
by PCR identification using species—specific primer pair Lreu/Lrue4.

The eight Lactobacillus reuteri strains all maintained their viability during
incubation at pH 2.0 for 3 h and the strains 6-4, GSF3, GSD1, HD11-1 survived
at pH 1.0 for up to 1 h when grown in the pH-adjusted MRS broth. All strains
survived but incubated in MRS broth containing 5% bile salt. The strains all
expressed higher bile salt hydrolase (BSH) activity than the commercial strains L.

reuteri Avibro?2.



The eight strains were examined for their susceptibility to 11 antibiotics using
a liquid medium dilution technique for minimal inhibitory concentration (MIC). The
results have shown that the level of susceptibility to the antibiotics is
strain—-dependent. All strains except GSD1 were resistance to vancomycin. SMP2,
SJD2, HD11-1, and SJG1 had an MIC value of >256 pg/ml for erythromycin.

All of the eight strains inhibited six strains of pathogenic bacteria (Salmonella
typhimurium, S. enteritidis, Listeria monocytogenes, Staphylococcus aureus,
Bacillus cereus, E. coli K83) when determined by the agar spot test. But sterilized
spent culture supernatant (SSCS) of the eight isolates did not inhibit the growth
of six pathogens..

Strains 6-4 and GSF3 were more adhesive when the eight isolates were
examined for adhesion using Caco-2 cell culture. Sterilized supernatant fluid from
cell suspension (SSCS) of 6-4 and HD11-1 significantly affected the adhesion. 6-4
and GJO2 showed strong antiadhesion activity against L. monocytogenes and
Bacillus cereus.,

Strain 6-4 was administered through the feed to weanling piglets. for 17 days.
The liveweight gains and feed consumption of piglets were recorded daily.
Lactobacilli and enterobacteria cell counts were determined in the fecal samples.
Strain 6-4 did not enhance liveweight gains and feed conversion rates in piglets.
There were no big differences in lactobacilli and enterobacteria cell counts in the
fecal sample between control and treatment group.

CluA i1s a 136 kD surface-bound protein encoded by plasmid pDAIll of
Lactococcus lactis and is associated with cell aggregation linked to high-frequency
transfer of the plasmid in conjugation. CluA gene (cluAd) is preceded by a
promoter and a consensus ribosome binding site. The signal sequence (40 aa)
coding region and the structural gene, is followed by a translational stop codon
and a transcription terminator. A secretion and anchoring cassette with the
promoter, signal sequence, anchoring hexapeptide and transcription terminator of

cluA was constructed using PCR.
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Chang et al. (2001)> uW4bd ¥ ©F4F WA 28]z HYddo] g dodAds

7|22 #A WA Lactobacillus reuteri BSA131s #E|stgown, o 5

28-319% A=el wosdles W A= FAEH ARHIEEo] FLHIIX

WA 29 lactobacilli 9 ANAFFE A% fHem F7h % pasav.

o

o} 7]

ot

Enterococcus 3+ Fo]d4S 3

_%.
T ooz FAE E3dTE AET S5 EAAM E coli, Salmonella, Shigella,
Enterobacter, Klebsiella, Pseudomonas, Salmonella 2 Vibrios9 AWATs}
HYAdS g oz A8 AL, glucose, fructose, lactose, maltose T+ sucroses
Hedomm AAanrt FFEAT. o7l BR= O AEY gdo] v golE
A7, R Az vhege]zt A4S enterotoxing 1A B 3 A 7] H,
A Al gre] =aio] o3 BteElgolE & A7 ol old Wl
EFS AR FHFH AT (US Patent No. 6,524,574).

o] F =2l Atz ol inulin, lactulose, wheat starch ¥ sugar beet pulp® H7}7}

s e dFel WA= S 16S rRNA  FHAfe] 7]xg WHoR

o

zAL8ER S Wl A= § ol Lo oreuteri7t 33t 313 el L. amylovorus
GA} #Eo] $AEA=Y o]l o]gld BrEtE e H s EA lactobacilli AAS

243 tE AL o vt (Konstantinov et al 2004).
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ARG o2 90%0°17d A B aI7E dvkar FAE AT (A2 2004-06-14)
Il A AlfE = ded AdAs FERS At A AAEE L glow
AFEE = FAES AFe wEd g2t g5 9 AZHEGF)Y F=d

At A A= Lactobacillus acidophilus (5 % 10"/g), Aspergillus oryzae (1 x

1—>

10%g), Rhizopus microsporus (1 x 10%g), Saccharomyces cerevisiae (1 x
10%g)5 0] 35, Fdute]lod (F)¢ CYC-10091= Saccharomyces cerevisiae
KCTC7193 (1.5 x 10"/kg) &%, 43 CYColE CYC-1009] Bacillus subtilis (1.0 x
10°7kg)E 73}, ag]a XZupo]Q-ColE 43 CYCo| Lactobacillus plantarum®)
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E3gtyo] glom, o]x|ufo] @ Al A~E ] nlo] @ 2| ~2Boll= Bacillus licheniformis$}
Bacillus subtilis EA7F 1:1¢] wl&2 33 x 10%kg FEoz &Rl Ui,
Adupol oAU Al 2~9]  FEALEOl = Bacillus subtilis (1 x 10"/kg), Lactobacillus
acidophilus, Streptococcus faecium, Bifidobacterium longum (15 x 10'"/kg) =
Saccharomyces cerevisiae (1.5x 10"/kg)5o] a=om, (F)01E S 3 =qlof=
Streptococcus  faecium (25 % 10'/g), Phaffia rhodozyma (25 x 10'/g),
Saccharomyces sp. (15 x 10%g), Bacillus sp., phototrophic bacteria (2.5 x
107/g)5 ¢ 18]la efygel= Lactobacillus crispatus (1 x 10"/g)7} Streptococcus
faeciumt Al AFEFE AL, A Lule] e stelHIElel= Bicillus subtilis (5.7 x
10”%kg)®} Aspergillus gryzae (1.9 x 10%/kg)7} &2 (preotease®} amylase)$} &7
AREE o™ AR AEA T2 ol E-ABSl = FAA T A FEoE LS
Lactobacillus reuteri avibro2 (KFCC-11196)7} 10"%kg &5 9lchar skt

HT FHAE wEoEe sE&EES AT 53FolA 30FEe ol WEs
4

N

H AT wWAle] g a4 Skt AN &

MEe A &g Ag7hA el SWHAEA Az drE ol S

Mycobacterium, Salmonella 2 Clostridium® A, <53 TF&5 AFEst=d

HAsHAYT e A HelA B2 S 7HAAT Lotet WAL hA
of

¥ alx WLE ZH3F k=3 liy Te wHo] Fadiw

A A olgt AT 4 e lactobacillis AR&steE WA AREA Hobe

=

lactococci® AF&3l= F 1A wWHol AlEx 9ok AFT lactobacillidl 9

,16,



AAIA A AR wdwm o] the wHoukss Ex1E Fola dHg ol
o S HEATE AL O WYY S FgAZE Aoz JdE7] wE
9F 2 genetic construct® TFEFoFH I =83 vk (Pouwel et al, 1998;

Robert et al., 1998; Wells et al., 1996).

frabdt WAle] ofs] HeE el tigh WYgwrge xWel 1A e #HE
o] AE el AR FdET o wgdAolwA ddEE o] g
Hlglativh. 2eiv Az Hadd g <fo] #H e 39 uAHE Fduv
AR ¢ =& F£Fd =Ysdt (Mercenier et al, 2000; Reveneau et al., 2002).
Akt WAl wlE o] ofs] ubE wlole] 2~ FEE ElH ol PO EE tetanus toxin
fragment C (TTFC)/C. tetani?t 7V¢ A+ AF£¥A3, E7 antigens/human
papillomavirus, envelope protease/HIV, PrtB/L. delbrueckii supsp. bulgaricusX®

AbgE Atk TTFCE M X Ao @d3t= Lactococcus lactis T57F XA tetaus

toxin®l W3 mices HIT F 5ol YTHUT (Wells et al, 1993). 7 F-5Fo
ofs WAl W fFAkw WAl WE7E FHe u H vy e 3ol FadAE

X

kel

&7 ffel W@ Fe] TTFCE Al
lactis7} ¥l EJt. A2 L plantarum TF5 miced] 93-S

AdgkA el «7tzb 508 o wmskedl ol AT WY Al fFARE WAl wWE 9
5ol Fasth AS 9w st} (Grangette et al., 2002).

Ak WA SS9 BAAAESA Vo] wmEaA Gl whel el SolA
HAWhES fFHetr)o] S oz 2447 & Ax 94X Fds dANd F
QA HATE zEiv obx wHE FqA s AR n sitw) FAHE F A

d T @ SFe e AR e oy HFE ns Fde dgaied)

Ao Wdsl= Az L plantarum™ Lc

So%

AR && Aoltl (Pouwels et al, 1998; Mercenier et al., 2000). <o =2

F4 fimbriaex= F MFE2Q FaeGet v A< FaeC, FaeF, FaeH %

,1’77



FaelZ2 45w F AFE T2 FaeG7F  ashesindl  HHdo] ©& E coli
fimbriaed| A1 &= # & AlF9e] surt &3 (adhesion)ol o] # T} Recombinant
F4 fimbrial adhesin FaeGEX 2t o]t dt Ao A7 W92 FA5o]4 HAgukgS
frieste] JF Fol F+ E coli®] 05 433 ZaAZHT. FaeGE F4+ 54 E
colidl & A Mo Agst7] 91siA = FaeGel HEA o] FAEolof gt
o]Z 93] AR FH& A=A EyE 2170 Fdac+ E. colid faeG F71HES
AAR3tal o5 7] HiE Fdab, Fdac, Fdad & Wo]|F9| FaeG olv| =4t A d3
H sk vk FaeG obv|ieat AE2 28 F4 A3 oA E 96-100% 7573 o] A vk
Fab ¢} Fdad #dWo]F7F Fac @ddWolF9r vHuHAS w= 22 9294 88%9
AEds UENATE FaeGel BEEH 99 F4 fimbriae®] ZHolAl donor strand
mechanism& AlAFSECE o] Aol A= $H AV F4+ E coli ¥ W 1l
HEEoO] 7] Wl F4+ E. coli 7ol tigh A5 WA 02X FaeG7b &3ttt
AS Sz sk} (Verdonck et al., 2004).

Fdac 39 WolF9 FaeG @9 AS chlroroplastdl] W& A71= faeG construct”t

Hele] FRADHQEY FIAD B F b wuae] Hu 1% g

FaeGHW A S Attt A& AAE FaeGe A9 9 2 AU =308
gl FolAl 2A17H7EA] obAE Aoz yEelon, FEH AEe §FE9
FgAo e = 9l does—dependent manner® F4 ETEC? H2& A& 4

A}t (Joensuu et al., 2004).

Tl A= tistoly A Ae] Aol frabd fddel gk ArF AR o w
AYPF 2 doem, Cho et al. (2)2 Clostridium thermocellum® endoglucanse
FAXRE 2 AA 9 promoter (pSD1)¢ Lactococcus lactis lacA promoter (pSD2)2]
xdsted  HAAlekE #REWEHE  FEF8 A olE  Lactobacillus  gasseri®t L.
johnsoniidll 24zt HAAZER S W pSD1S &3t L gasseri®t L. johnsoniiol A

z+zy 07229 0.759 U/ml9] endogluconase®Al-S #2313t
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H 3 & d7igdsd e 3 Aot

)

A1 A oled A W

1. A=) WA Lactobacillus®) #2 A3 EA XA}

A ARAL AFAL sbe, AR 2 AT AR 6719 AR

ol

Sl F 12079 Ae=owmFH JhAY EWs AFHSAT pH 282 =43
buffere]l WS e A7) 247 A EujE t}S Logosa agar (Rogosa et al,
1951) ¥+ LAMVAB (Hartemink et al, 1997)el HZF sk 37004 48717 @7
HlFstiet. A" colonies®] @Eie FEluiAlol wEbd Al 9 3-47H9
coloniesg Aataict. AAdwl wFo] tia] WA GramE S AAste] Gram 473
ol A catalase test oA TFE 6500 WERESIL o ol AR

AHg-3H9)

e

pH 39142 A3} Bile WA microwell platesoll Al AALeIAth = pH 302
Z4d3% MRS broth =& 0.3% Oxgall® $-f3l= MRS broth 180 plE 2+ welldl

1509 45( 9] AL AL ZF &xz 23 5 mle MRS brothd] A}

TFE 1 loopHEstal 150eA 7L 45004 48A1F Wi & AGARE

A

g gl oAl A2 disk diffusion methodol 23] AHAFSFA Y. = 20 mle] MRS
bottom agar plate®] Lactobacillus acidophilus Wiesby 2 10°%ml HE3 semi-soft
agar 10 mlE &3ttt 7)o plated 9702 paper disks® YA s 45 um
syringe filter=# o3} Hyrgk HAF 7] wjFd 20 pls KA SFF AL 37T A

UNZE W F oABE Tt 43S SR

A\



Chloramphenicol, Erythromycin, Oxytetracyclin, Penicillin, Spectinomycin, %

Vancomycin 5 652 dAA gt HAAIA 5= (MIC)E FH A

12k A 6770 el dis) vheo] AYs AAlskdh

AP Ade pH 25, 30, 35 2 4022 %49 MRS medium 200 plE microwell
plate®] welloll #Fstal 2 ple] wjFAS HF, 370 2473 wid 5 A A=E
2t #Es Ao

w5k i3k WA & microwell plated] A Oxgalle 20%, 10%, 5%, 2.5%, 1.25%,
0.63% 3¥{rsk= MRS medium 200 ploll AT wiFd 2 plE FHEskar 370004
v FatH A 620 nmol A o] FF=E S8 AT

Bile salt hydrolase (BSH)2] &4 0.5% (w/v)2] taurodeoxycholic acid (TDCA,
Sigma)®} 0.37 g/12] CaCly (sigma)S #7Fs MRS agar ¥ #oll A ZH =Y. Paper
diskZ MRS agar H 3o =3, B8 Lactobacillus 752 vk 30 ul® S paper
diskoll #F3 5 37CelA 7243F wjgsila, A4 JFHde] AA (mm)E
=43t} (Dashkevicz and Feighner 1989).

A A (Ampicillin, Cefatoxime, Chloramphenicol, Erythromycin, Kanamycine,
Oxytetracycline, Penicilline, Spectinomycin, Streptomycin, Tetracycline,
Vancomycin)oll W3t 742 microwell plated] Al MRS brothel] A =5 256
ug/mlol A 0125 pg/mi7kAl 28] A& A8t HAL #FE HET o 3T7000A
16413 i star A4S JAstE HAsE (MICO)E SH43HATh

W (Listeria monocytogenes®t Pseudomonas aeroginosa)ll ojghr a8
agar well diffusion methodg AF&3ste] At = Tryptic Soy Broth Agarg
AFg&Fe] 20 mle] bottom agar plate® FH & AAFFE 109/mle] T2 HE

semi-soft agar 10 mlE FTZ3ste] wx7F &3] &2 o5 plated 9719 HA 5

mme] wellsE WEAT 7 wellsoll AAF F579 8 A5 50 uls Yar, A0 A
3AIZE AABF] Aol wx] W= sl ks A thgel 300 =& 37000 A
wjokshH A gAge]  AAS  #ESAY.  Bacteriocin AL AAAFE

Lactobacillus acidophilus WiesbyS 18|31 AAuiA 2= MRSE AM&3te] Y3



Aridadwde] F&3 SDS-H7]952 o 2ol AAlsdt. MRS broth

H MxE g4 Eeste] 3 43ka, 10 mM phosphate buffer®
23] A # 3% e SDS gel loading buffer (625 mM Tris-Cl, pH6.8; 2% SDS; 10%
glycerol; 5% [-mercaptoethanol) 500 ploll & €A 713 10%-7F boilingdF A F. 2 2ol A

WZFEA1 7131 12000 rpmoll A 1587 A Ee8lste] FedS AxrddgidzZdo=
A A79dEFEe 4 % 9 stacking gel¥ 7.5%9] separating gelS AFE, T3

sample buffere} &7 523 ¥ F=9 20 plE loadingsle] 20 mAolA 124 7F
A8k 3L, Coomassi Brilliant Blue R-2502.& ¢ 413}9]t}.

Lactobacillus ¢ 5% PCROl 98 s4st=tl A-&% 165 RNA = 165-23S
rRNA gene spacer region®] @A7|A o] 71%3 & F+= F Eo]3F primersi= Table
13zt Walter et al.®] W™ (200000 @t Lactobacillus=5-E DNA®] 2] 3}
template= A}83t3ith. PCR W32 template DNA 50 ng; Tag DNA polymerase
1U; each dNTP 250 pM; Tris-HCI (pH 9.0) 10 mM; KCl 40 mM; MgCl; 1.5 mM;
Primer 20 pMZ A% W3S DNA thermal cycler 2400 (Perkin-Elmer Corp.)oll
1A 8kar 94tell Al 5®7F frAE ohE 950/30%, 550/30% T720/30%E 35 cycle
Ao, wpAEo g 7200 A 7TEF A o 412 WZAAFHTY. SEE
DNA+ 1% agarose gelol Al #e]3tal o 7ol M=V EXs=AE #2etAT).

I
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Table 1. Primers used for identification of Lactobacillus isolates

) ) o product
Primer pairs Specificity Sequence (5'—3")
size (bp)
R16-1 , . lerraTAacacaccGeccGTCA
Lactobacillus—specific 250
LbLMAIl-rev CTCAAAACTAAACAAAGTTTC
CbsA2F . GTACCAAGCCAAAGCAAGAC
CbsA2R - crispatus GTTTGAAGCCTTTACGTAAGT 386
Aci 16SI ) . AGCTGAACCAACAGATTCAC
L. acidophilus
16SII ACTACCAGGGTATCTAATCC
Gasl , GAGTGCGAGAGCACTAAAG
L. gasseri
GaslI CTATTTCAAGTTGAGTTTCTCT
Joh 16SI , B GAGCTTGCCTAGATGATTTTA
L. johnsonii
16SII ACTACCAGGGTATCTAATCC
Prl B , CAGACTGAAAGTCTGACGG
CaslI - casel GCGATGCGAATTTCTTTTTC
Prl B , CAGACTGAAAGTCTGACGG
PeasIl - paracasel GCGATGCGAATTTCTTTTTC
Brevis L brevi CTTGCACTGATTTTAACA
1387r - brevts GGGCGGTGTGTACAAGGC 1340
Lfpr . _ GCCGCCTAAGGTGGGACAGAT
Reu - reutert AACACTCAAGGATTGTCTGA
Lfpr . GCCGCCTAAGGTGGGACAGAT
Fermll - fermentum CTGATCGTAGATCAGTCAAG
Lfpr . GCCGCCTAAGGTGGGACAGAT
Planil - plantarum TTACCTAACGGTAAATGCGA
Lsal L cativar AATCGCTAAACTCATAACCT .
Lsall - satvarius CACTCTCTTTGGCTAATCTT
Lfer-3 B ACTAACTTGACTGATCTACGA .
Lfer—4 - fermentum TTCACTGCTCAAGTAATCATC 9
Lpla-3 Lo ATTCATAGTCTAGTTGGAGGT o
Lpla-2 - plantarum CCTGAACTGAGAGAATTTGA 8
Lreu-1 B , CAGACAATCTTTGATTGTTTAG
Lreu-4 - reutert GCTTGTTGGTTTGGGCTCTTC 303
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Adrdl 879l Lactobacillus w79k A A ‘opv| ol EElE L reuteri
Avibro2©= API 50 CHL Kit ¢ API LAB Plus software version 4.0 database
(bioMerieux, Marcy-1'Etoile, France)oll &3 439, 2z} #F9 24284 API
ZYMel o3 8= At} wgk oba Augh vpel o] 16S rRNA % 165-23S rRNA
intergenic spacer region®| T 7%k species specific primerE A} polymerase chain

reaction®] 9|3 EA3A T
2) A 5 AL

7b) a4 pHel A <) 237

6 N HCIS AF&3te] pH 1.0, 20, 3.0 2 652 =¥ MRS brothel| +8 o+
g S 10% HESEaL, 37CoNA 0, 1 2 327 vl &, AEE AFste] AdFE
=A33Aqct. AdFE MRS agarodlA] 37C, 24A7F vl & AAHA  colony

)

il

=
=

L) wsatel el A

L2l ¥ Lactobacillus w59 HHAl gk W& Gillland et al. (1984)9]
WS oF7E W stol A Abek T 5%9] oxgall® BZFE MRS brothel]l 37T el A
16A17F 5ot wlFH Lactobacillus 52 M FN S 1% 522 HI s 37CA 0,
1 2 3 g & A8E AFE AdsE AU AT MRS agarol A

37T, 2447 Wi g & A E colonyE Al S a3t

) B vzl i FdAd
(LA mBE) g

B AFgA ALEH 5 Fo BWUA vAELS Korean Collection for Type Culture

_I_4

(KCTC)ANA F4stsde™ L. monocytogenes, S. typhimurium3} S. enteritidis, S.
aureust= Bacto tryptic soy broth medium (TSB, Difco)ellA 37C, 18A3F
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(2) Sterilized spent culture supernatant (SSCS)ol| ¢]3F I+ A

Lactobacillus w52 37TCelA 18A1%F wigl& 12,000 rpmollA €4 & 3to
A2 cell-free supernatant®] pHE 743 ¥ membrane filter (0.2 pm, Dismic,
Advantec)ZA o3 WHsla, o]E  sterilized spent cell-free supernatant
(SSCS)#taL 8ttt (Todoriki et al. 2001). SSCSel|l &3t dw3Adol =AHE agar
well diffusion assays <k ®Este] AAISATE 20 mle] tryptic soy agar plate©ll
100 plo] WA P AE wjdAS HEI 0.7% tryptic soy agars %3l punchZ
olg3ste] A7 5 mme wells THE F FF TF SSCS 50 plE HEFSHAC
PlatesE 37ColA 24413 &b wjgstslon v dde 9 &9 H4 (mm)o=

2439} (Rodriguez et al. 2003).

(3) vj Rl g Fat &g

Lactobacillus 752 wjFodoe] o]k &84 L2 Schillinger and Lucke (1989)¢]
agar spot WHE o7t WAL A AASAY. ¥ T52 gl 2-3 ulE MRS
agar®] ¥l HFTea Ao ofF 3087 A3 th2 37CANA 2427 7] wi<E

St HYAd mAE w100 wlE HF 0.7% nutrition agar 10 mlE
53t 37 v 30TolA 18AIZF lF ¥ coloies 99 FH3e] A4 (mm)e
=4 3tA .

2f) B2 FE oA A

(1) Caco-2 A|3E2] wjk

w8 ¥ Lactobacillus w7 YA A= FAA  (adhesion activity)S
SAst7] alA ARAA 2o gEAES] e 545 YEYE= human colon
carcinomag! Caco-2 intestinal M*¥E AF&3}3t}t. Caco-2 cell line2 Korean Cell

Line Bank (KCLB)Z%¥ T332, Dulbecco Modified Eagle’s minimal essential

,24,



medium (DMEM, Gifco)old 5% CO02-95% aire] w712} 37CAA 8] A}
DMEM< 56Col A 30&3F 7FE3st E&A4sle fetal calf serum (FBS, Gifco), 1%
(v/v)] non-essential amino acid (Gifco), 2.5 pg ml 9] amphotericin B (Gifco), 100
pg ml'e streptomycin (Sigma), 123 100 U ml ' penicillin (Sigma)2 &
BZ25 A (Todoriki 2001). F2A 3 3= o AlA4 (adhesion inhibition activity)<
=A3l7] a4, Caco-2 AEE 24-well tissue culture plates (Nunc)elld w@=

foFatdar, 2] Hrbe] AFgEl7] A 2F < confluenceE 5387 ¢8| A

ud)

welld °F 5 x 10°9] H% 2 seeding 3tlth. Cell culture medium?l 20% FBSE
stf-3t DMEM<S o5 st ®HA wA|stgow, HAAds FAHs 7] 1A Ao
phosphate buffered saline (PBS: NaCl, 0.8%; KoHPO,, 0.121%,; KIH:PO, 0.034%, pH

7202 F ¥ A+ T 20% FBSE 3 DMEMOe =z A st (Tuomola and
Salminen 1998).

(2) Caco-2 A Eo| w3t 224
tg

Lactobacillus ++9F WL vA=2] 2442 Coconnier et al. (1992)2] WHS
Asto] ZAME T 159 FoF wjkste] 24 well plateol A confluenceE 53

a1

<
T
@49 Caco2 AMES HFA EA3517] 147 Aol PBSZ 5 WH A2 &, 0.

o
ox

ml2] 20% FBS< &3 DMEMo= Aslth. W% Lactobacillus i<
A=l A= 2500 rpmol A (A Eelste] Sgretal, PBSE O AHT v
20% FBS 3% DMEM ®# 05 mloll 5 x 10° cfu ml''e] H=2 @AEstrt. o
AExdgNS 919 05 mle Caco2 TEAMES E3sta, 5% C02.-95% aire]
7oA 1AZE Fot wide & WirE PBSE 59 A3 3}al methanol® A3 3
o dAste dndom #wEstdth ek zhzke] 24 well platesell  0.05%9]
Triton-X-100 (promega) &S 300 wl® H7Fstal ZahA pippeting 3F oS A%
108] 34 ste] MRS agardl pour-platedte 24  AA| Caco-2 A Eo {3
Lactobacillus w5 WA mAES] +5 F4eUTt (Todoriki et al. 2001).

7}7ke] testst 3 WHE A A EF T

,25,



(3) Sterilized spent culture supernatant (SSCS)7} F-2FAdol w X &= 8k

SSCS7t Lactobacillus 79 F-2Adol m A= JaFe vhF3 o] XA AT
Caco-2 A2 ©F& PBSE F ¥ AlH3a, 05 mle] SSCSe SSCS7F gl 20%
FBSE 3F3 DMEM< 7}7te] platel A1 o™, Lactobacillus w52 AR (5 x
10° cfu ml') 05 ml& FFE F, 5% CO0,95% aire] wh7lolA 1A7F 3
wj kst eh. 7 7oA Caco-2 cellsol ¥-2H¥ Lactobacillus 52 & 2ol A

o] =A3FA Y} (Todoriki et al. 2001). Zests™= 33 whE 2 A3} ¢ o}

HE

S

(4) BLg nAE g F2 A4
Lactobacillus w57 BU4 vAE] F240
W (2001)8 st ZARSIAY. FEF JAAH LS exclusion®} competitiond]
7HA & Wy o2 =A3s Tl Exclusion (pre—incubation)ol A= &89 05 mlY
05 ml®l Lactobacillus #5° @l (5 x 10° in DMEM)<
Egstar 303t 5% CO2-95% air®] th7]elA wi<stal, PBS®E F+ W AlH 3 ths

05 mle HYA mAE el (5 x 10° in DMEM)S &3] 7S n]k 2704

(

=

) x| &= 4 8FS Forestier et al.9]

303 o wieFstdth. Competition (co-incubation)oll A= £H]E Caco-2 Al

Lactobacillus ¢ B4 vAA=Ze] NS FAlol &gsta 1A3F &<k 5%

CO2-95% airol Al wiFet th3 PBS=E + ¥ AlHsth + WA Caco-2 Ao
4+ Nutrition agar (Difco)l pour-platedts] 743}

9= wjel Lactobacillus A A2l WU W AE

A=
=
B8 vlaete] Z4arh 247te) testst 3 W AA st
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2}. Lactobacillus reuteri 6-49] AFoka 3

L. reuteri 6-49 Fo7} olfA=e A}

EUY A Ee vXE JTFS dolE FEXoz 20049 9¥ 13¥€FH 109 1¢471A

1847 HtAdd g FEAF A ASFAFS HAASHoH, AR FA4LS
Sl

AA ATl A A5

O

7H ANdes=s 2 AFEA
A@T wix] 2 A g = Table 2014 B whel Zom o] f 59 Fo] AFES Al A
A= A a3 (LandracexLarge WhitexDuroc) ©]f-A= (?7kg)S A#sho
£ Abgsslean, AldT A= 34 e 3ubEe] Wiy

‘:
= _l‘
A2 3RbE F INFE 3 39kE-2 AN E FFH 29 A S 77 s A sk

Table 2. Experimental design

A 2] - A B C

Ak L. reuteri 6-4 L. reuteri Abivro2, A €

Ele=s 3 3

/R 10 10 10

/2 8 30 30 30
W) A EALE

ANgAEE dA4 Hodddist dFsdoA Fodad (Foagmni= Fevy
FPote] Feg A Hol A5 E 33U (0-3Y), HEADGHAAAEE 1147 (4-149Y),
THE30 AR E 497 (15-18%) HolstAth

,2’77



o) A
AFAGEALS] wheRe AA 7L FehaE Sekslone EARA 10924 A

thoAbEE EY 9 U8 A28 Fol7E olgatel ARANES o, Be A
=

JfES MRHAY, FAY P ARLTES 1T 4702 43) Z4sgon, |
A 15 AT o) A7l AP FPstel ANHAT, AGFAFE W) 4F =
4 A o154 AAAEE FARAL ARLTEE NWIN F ARUASTS F

B A5E AR AL 34t Lactobacillus 4% Rogosa agar (Difco) 183 %
WA= DHL agar (Eiken, Japan)dl H&star Z+7} 37 2 35Tl A 48 2 24A|7H
w93}k al, coloniesTE5 =435

SAS (Strategic Application Software) &7 package (2000)2] general linear

model procedureE ©]&3ste] FA4FEAS 31913, Duncan’s multiple range test@
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subcloning@}. $ 0¥ & ZAste] CluAel 2dS 9% 414 992 d4adn
shae.

Y. Lactobacillus & Zet=n=9] A7 E4A
ZgAn =2 pUCI8 ®E pUCI9 Z2Y3dlil nested deletionsE M43 the
Big Dye Terminator Cycle Sequencing Kits¢} ABI Prism 310& A}-&3}o]

AL s AAEA

t}. Cloning, transformation % DNA manipulation

Lactococcus  lactis®}  Lactobacillus®]  plasmid DNA+  O’Sullivan and
Klaenhammer®] W (1993)] wie} #23}aL, E. coli plasmid DNA: alkaline lysis
method (Sambrook et al., 1989)c] ]3] 23ttt k2] plasmid DNAE caesium
chloride/ethidium bromide density gradient centrifugationo] 23] A3}

AdkA o] DNAZ 2 agarose gelol 9] A 7195 S Sambrook et al.9] HH(1989)9

O

#=35to] AASAT. E coli, L. lactis 2 Lactobacillus®] electroporation< Bio-Rad
Gene Pulser IIE A}g3te] F3d359 o, E coli= Dower et al.2] W (1988), L.
lactis= Holo and Nes® W (1989), 2] Lactobacillus= Wei et al.e] WH
(199%)& +=2 A&t

Lactococciol 5l RNA® 2]+ TRIZOL max protocol ¥ < AF&3F% T,

Northern hybridization®] 23 RNAEX S ¢l3] 30-40 ul®] RNAE 08-12 %
agarose— 2.2 % formaldehyde gelolA &2 3k S nitrocellulose membrane®ll
blottingd}l . prehybridization % hybridizationS A Algttl. Probes: DIG-labeled
probes= A}-83}1l hybridization, washing % detectione Genus System User's

Guideo] w2} 24891},
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2}, [i-lactamase (Bla) gene fusion

las TZF AR (lasA)2] signal sequence (SS)ol| in—frame® 2 SS7} §l= bla ge
ne< fusionAl7]7] 98] pUCI9% Fd 2= 3] blalLl (SphD) (5'-GTTTGCATGCA
CCCA GAAACGCTGGTGAAA-3")3} blaR3 (Pstl) (5'-GGTCCTGCAGTTACCAAT
GCTTAATCAGTG-3")& A&3te] PCR3HS] 788 bp 9 S S 1714, cluA®l pro
moter signal sequence(Puaua—SScua)S E$HsFi= ©@H (635 bp, clud] SS¥3HS F
#3171 913 pCKO1S F8 o2 3t Clul2 (EcoRD) (5'-GTGGGAATTCTGGCGGA
AACAACAACGG-3")¢} CluRl (SphD) (5'-CTCTG/CATGCGCACTTGCTCTTGAT
ACT-3')& primers® AF&3}o] PCRS AAlstA Tt =3 clude] C-E% anchor regi
onZ} AAFAAN T (atawa)™ AnchLl (Pstl) (5'-GATACTGCAGTCAATGAAGAAG
CTAAGACA-3")3 AnchR1 (Xhol) (5'-AATACTCGAGAAATACTTCCAAATAAT
AGA-3)& AH&3kE PCROl o8 S%3kith.

ZZ% plg9}t ateen THES Pstlo® dAusle] Ao AAS, ligationdH}.
Ligation3 DNAZS A Aol F o2 3lar blaLl¥®} AnchR1E primer® 3= PCRo
o8l bla—ateua T AAT ©] @HF} Pyua-SSaas Sphle=z Ad, Al o
ligationd}al, CluL29} AnchR1E& AF&3t= PCROl 93 Paua—SScaua—bla—ataus T8
d+=th o] ©GHS EcoRIZ Xholo = dwstal 2 4% Aoy pll252e] A43
A Th.

[i-lactamase& A & el &= colony 9 ke pyridinium-2-Azo-p-
dimethylaniline chromophore (PADAC)E 50 uM 33t GM17 plateE AF-&3HA Y
T chromogenic nitrocefin-impregnated disks (BBL DrySlide™Nitrocefin) & A}-4-3}

o 4AIsHeT,

AEZEHAMde P Hdxde B AFAHE TAZR FaeG 2d 9WE
22 & 9kA] beta-lactamase gene fusionol Ao} e wWWy oz AT o 7] A
Fdac fimbrial antigenS A 3dtE= E coli K88 #F9 total DNAS FH o7 3l
FaeGL (Sphl) (5'-TGCATCTGCTATGGCGCATGCCTGG ATG-3")¥ FaeGR (Pstl)
(5'-GACACTGCA GTAATAAGTAATTGCTACGTT-3')& primerZ 3}i= PCRY
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2tto] stop codon®] A ®E muture

oJ&] N-Zeto] signal sequence’} A A C-
faeG7t SERT o] A9} 2L WHOR  Pya-SSanfaeG-atan® THLE

AAF I pIL2520] F2Y 3F )
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A2 Ad AFAY

M
AC)
o
Jm
o,
BN
>

1. A=l WA Lactobacillus T+

7}. Lactobacillus 759 £
6719 AR FEFIIAA AFSEE 2k 12059 AECA AlXE BEHS A FE}
AR 9 ZA] Lactobacillus 815 AASEATE 3F A9 AlgoA 3-6

RaL, A3

ot

Fo] Gram M3} catalase test® 3t Gram¥A 7HF, catalase24

ol

coloniesg 1%
ol ok 4007 F= #HAAQ Lactobacillus® 538+l WEHEHE 313, o] s
pH3 T+ 03% T52bo Aol A 15°Ce 45°Col A9l A3 bacteriociny A ol 5 5
S #HAAFSEA T (Table 3). ©] AdolA Aeujx 2 AF&¥ Rogosa agar¥} LAMVAB

© B Lactobacillus®l t)gt Aeido] v =2 oz Fosdrt =3 FdF
o] e RRo] 45°Col A AA3E lactobacillil Ao & UElykt}h o] Ayl Eld
AbeE AR o] kel wE= 2= A lactobacillid] BEEE HbgslE=xE 3

@3] ofH e}l L acidophilus®t L. gasseri= LAMVABol A A%slA] E3icta &
H A (Jackson et al, 2002). 3 T < 20%7F AATFZ AEEH Lb
acidophilusE W43 22 AT § Jde A2 e

Table 3. Screening of Lactobacillus isolates for some properties

Properties No, positive strain |[No. negative strain| No. strain tested
Gram stain 353 353
Catalase test 353 353
Growth at pH3 28 325 353
Growth at 0.3% Bile 66 287 353
Growth at 15T 102 251 353
Growth at 45T 229 124 353
rdtion of 7
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657l A dE 318 EelwFe] HAGAEE (MIOE SAHsRoH 1
AYE @goksle] Table 49 AAIsFSAtr. Vancomycin@}  erythromycin® MICs”}F
o] el glol 256 pe/mE ZAste]l vl =A UERS e oxytetracyclindt
spectinomycin®=  Hl14d & MICsE UYENIY. Vancomycin® 4% ®2
Lactobacillus species’} 2 WAS 7FAATE o] MIC#HS dwtygeo=

Aol diE RuE MICEHETH 4 o =2 ZoZA AAE AR HUlE e

Ho

FAAY w7t =7 wEe Aow R goz IJAEZH YA ZeAn 9
EAeF WA As sheAdel #El Bo AAg A7 283 Aol Scientific
Committee for Animal Nutrition (SCAN)& R AjoAx] Hut 7}53 WA FdA9

Ao ATA A9 45zl Hojok sttbal EU commissiond] #HaLstar 9lt},

Table 4. Distribution of MICs of antimicrobial agent for Lactobacillus isolates

Number of isolates for which the MIC (uxf/m¢) was as

Antibiotic follows:
>012502505 1 2 4 8 16 32 64 128 >256| n*
Vancomycin 53 11 5 4 13 48 45 139 | 318
Penicillin 106 29 30 8 6 35 60 30 8 6 318

Oxy—
. 34 6 3 5 9 19 & 74 71 10 | 318
tetracycline

Chloramphenical | 67 26 43 120 56 5 1 318
Spectinomycin 51 2 8 14 30 8 76 30 25 2 318
Erythromycin 171 3 2 3 5 7 3 3 4 6 111 | 318

a

n=number of strain tested
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Table 5. Some properties of 67 strains of Lactobacillus selected initially

Growth at
Isolates Gram stain Catalase Bacteriocin
15°C 45°C
11-1 + - - + -
15-3 + - - + 10(TT)
159-3 + - - + 12T
19-1 + - - + TT
19-3 + - + + -
32-1 + - + + -
6-4 + - + + 14(TT)
GJO2 + - + +
HD1-1 + - - + 13T
HD11-1 + - + + 14T
HD12-3 + - - + -
HD1-3 + - - + 14(TC)
HD15-2 + - - + 13T
HD17-2 + - - + 11(TT)
HD19-2 + - - + 12TT
HD2-3 + - - + 11(TT)
HD24-3 + - + + 14(C)
HD25-2 + - - + 13CT
HD26-2 + - - + 15(T)
HD29-1 + - - + -
HD29-3 + - - + -
HD3-1 + - - + -
HD3-3 + - - + -
HD6-3 + - - + 11(TT)
HD8-1 + - - + 8
HD9-2 + - - + 15C
K-2 + - - -
L-2 + - - -
L-3 + - - -
1.-4 + — - + -
L-5 + - + - -
L-GSD3 + - - + 13(C)
L-GSF1 + - + + 14(C)
L-GSF3 + - + + 10TT
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Growth at

Isolates Gram stain Catalase Bacteriocin
15°C 45°C
L-SJA1 + - - + 13(C)
L-SJB1 + - - - 11T
L-SJC1 + - - + 12(T)
L-SJD2 + - + + 10(TT)
L-SJG2 + - - + 13(T)
L-SJG3 + - - + 12TT
L-SJH1 + - - - 11(T)
L-SJH2 + - + + 12(TT)
L-SJL1 + - - + 9T
L-SJS1 + - - + 13T
SCA2 + - + + -
SCB2 + - + - -
SCB3 + - + + -
SCE3 + - + + -
SCI1 + - + + 10(T)
SCJ2 + - + + -
S-GSD1 + - + - 12T
S-GSF1 + - - + 10T
S-GSG2 + - - + 12TT
SME1 + - - + 14(C)
SMG1 + - - + 15(C)
SMP2 + - + + 12(C)
SMP3 + - - + 10T
SMR2 + - - + 3(TT)
S-SJA1 + - - - 13T
S-SJD1 + - - + 13T
S-SJE2 + - - -
S-SJG1 + - - 12(TC)
S-SJH1 + - - + 12T
S-SJI2 + - - + TT
S-SJK1 + - - + -
S-SJP1 + - - - 10(T)
S-SJS1 + - + - -
S-SJS2 + - - - 12(C)

,36,




12 e 67559 2 WA "5 WA S v AAs] 2AEE Ak Table

63 Zth AdE 67¢F E5F pH 352 A3 MRS brothol Al & A3k

e}
s

3001 A58 el wEk A AolE Bt uliEe #F7F pH 25°ﬂ =

AESE slox HRlth Bile AdY 4A¢ ddbd o=z 0.3% oxgall T v A ol A

Adste wFE 954 WA #FE FET o] dFdAE g Adwd

TF7F 5% = oxgall® sXolAM:= AT weba o] Aol Eed
A

$ogFEdel WAel W e #FEA
AzAs gdol Srdnim @ %. ey pHSE biled#E %

o]o]A  pH4.0% 0.6% bileol A %=

BN
i)
¥
o
o
o
2
rr
td
rin
£y
N
N
=
o
3
oX

et F  3ly7F probioticolal, oli=  AA Aol §lE wF7 wpEF s
daogs Ay AEAS 1T u A8 A I Aol A= dFU)

2]
F2 3= o AR 9t} (Mattila-Sandholm et al. 1999)

Microwell platedl] Al A3 A0 Ho oz FAPES o A dFo] o
FAEAY FHAAAFE (MIC)= Table 73 2t} o] dAFoA EyE AFELS
A2 FAEDA digt Wdo] wlf =tk o] o] wFFEC] A=Y WA

wHHAL, A= ARl HALE BAT HHow udd FAATE H7EE7
Hzol A WS I5IAAY el e dEe] A= FulA HdiE o
A AZgET. 53] erythromycin, oxytetracyclin, tetracyclin®] w3gt WAl
Ui E9kar ofgo] o] dAEA A FAAE AL S B ofYg B dFE
AAZ 7hsAo] = Ao ® Helth Kanamycin, spectinomycin, streptomycin®l
ek WAE =AU lactobacilliol oiA] dubd oz By = W9

o] gt Ad= HAbedhs flal] A=l AFEE Aol A Aol e o
7HA BZbE sHAl @k dRbAQl Jidome A WAde HuE 9] fsiAe
Widel gl w55 AR&Elor vk Yy A AlRddl= 9] glel FAAITE
A7 Qe dAdS ned u WAdel gle dF7F Aol AESH] oE e

,3’77



Table 6. Acid and bile tolerance of 67 strains of Lactobacillus selected initially.

pH Bile (%)
Isolates
2.5 3.0 3.5 4.0 20 10 5 25 | 125 | 0.63

11-1 + + ++ ++ - - + + + +
15-3 + + ++ ++ - - + + + +
159-3 + + ++ ++ - - + + + +
19-1 + + ++ ++ - - + + + +
19-3 + + ++ ++ - + + + + +
32-1 + + ++ ++ - - + + + +
6-4 + + ++ ++ - - + + + +
HD1-1 + ++ ++ ++ - - ++ ++ ++ ++
HD11-1 + + ++ ++ - - ++ ++ ++ ++
HD12-3 + + ++ ++ - - + + + +
HD1-3 + ++ ++ ++ - - + ++ ++ ++
HD15-2 + + ++ ++ - - ++ ++ ++ ++
HD17-2 + + ++ ++ - - + + + +
HD19-2 + + ++ ++ - - + + + +
HD2-3 + + ++ ++ - - ++ ++ ++ ++
HD24-3 + + ++ ++ - - + + + +
HD25-2 + + ++ ++ - - + + + +
HD26-2 + + ++ ++ - - + + + +
HD29-1 + + ++ ++ - - + + + +
HD29-3 + + ++ ++ - - ++ ++ ++ ++
HD3-1 - - ++ ++ - - ++ ++ ++ ++
HD3-3 + ++ ++ ++ - - ++ ++ ++ ++
HD6-3 + + ++ ++ - - + + + +
HDS8-1 + + ++ ++ - - + + + +
HD9-2 + + ++ ++ - - + + + +
K-2 - + ++ ++ - - + + + +
L-2 - - ++ ++ - - + + + +
L-3 + + ++ ++ - - + + + +
L4 - + ++ ++ - - + + + +
L-5 + + ++ ++ - - + + + +
L-GSD3 + + ++ ++ - - + + + +
L-GSF1 + + ++ ++ - - ++ ++ ++ ++
L-GSF3 + ++ ++ ++ - + ++ ++ ++ ++
L-SJA1 + + ++ ++ - - ++ ++ ++ ++
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pH Bile (%)
Isolates
25 | 30 | 35 | 4.0 20 10 5 25 | 1.25 | 0.63
L-SJB1 + + ++ ++ - - ++ ++ ++ ++
L-SJC1 + + ++ ++ - - + + + +
L-SJD2 + ++ ++ ++ - - ++ ++ ++ ++
L-SJG2 + + ++ ++ - + ++ ++ ++ ++
L-SJG3 + ++ ++ ++ - - + + + +
L-SJH1 + + ++ ++ - + ++ ++ ++ ++
L-SJH2 + + ++ ++ - - + + + +
L-SJL1 + + ++ ++ - - + + + +
L-SJS1 + + ++ ++ - - ++ ++ ++ ++
SAC2 + + ++ ++ - - + + + +
SCB2 + + ++ ++ - - + + + +
SCB3 + + ++ ++ - - + + + +
SCE3 + + ++ ++ - - + + + +
SCI - + . o+ - - + + + +
SCJ2 + + ++ ++ - - + + + +
S-GSD1 + + ++ ++ - - + + + +
S-GSF1 + + ++ ++ - - ++ ++ ++ ++
S-GSG2 + + ++ ++ - - ++ ++ ++ ++
SME1 + + ++ ++ - - + + + +
SMG1 + + ++ ++ - - + + + +
SMP2 + ++ ++ ++ - - ++ ++ ++ ++
SMP3 + + ++ ++ - - + + + +
SMR2 + ++ ++ ++ - - ++ ++ ++ ++
S-SJA1 + + ++ ++ - + ++ ++ ++ ++
S-SJD1 + + ++ ++ - - + + + +
S-SJE2 + + ++ ++ - - + + + +
S-SJG1 + ++ ++ ++ - - ++ ++ ++ ++
S-SJH1 + + ++ ++ - + ++ ++ ++ ++
S-SJI2 + + ++ ++ - + ++ ++ ++ ++
S-SJK1 + + ++ ++ - - + + + +
S-SJP1 + + ++ ++ - - ++ + + +
S-SJS1 + + ++ ++ - + ++ ++ ++ ++
S-SJS2 + + ++ ++ - - ++ ++ ++ ++

,39,




Table 7. MICs for 67 strains of Lactobacillus selected.
(91 pg/ml)

Isolate | Anpiclin (F}iﬂmaag Cefotaxime | Frythronycin | Kenanyein | Oxytetracycline | Penicillin -+ | Spectinomyein | Streptonyein | Tetracycline | Vanconycin
11-1 4 8 1 <0125 | >256 64 <0125 | 256 >256 128 | >256r
153 8 1 <0.125| <0.125 256 128 1 16 8 256 >256
159-3 32 4 1 0.5 256 128 8 128 >256 256 >256
19-1 8 05 <0125 | >256 128 8 <0.125 206 128 >256
19-3 4 4 8 <0.125 | >256 | <0.125 1 128 256 128 >256
32-1 4 1 8 >256 128 16 256 128 128 >256
6-4 05 8 <0.125 128 4 1 16 16 4 >256
HD1-1 32 1 1 >256 >256 128 4 128 128 256 >256
HDI-1 | 32 2 1 >256 >256 256 4 64 <0125 | 256 >256
HDI2-3 | 128 64 4 64 128 <0.125 | <0.125 64 256 128 >256
HD1-3 | 32 2 [<0125] <0.125 | >256 128 32 16 >256 256 >256
HDI52 | 32 2 0.5 >256 >256 256 4 64 128 256 >256
HDI7-2 | 64 4 05 | <0125 | 128 128 16 128 | <0.125| 256 >256
HD19-2 | 16 1 4 32 256 256 16 8 128 256 >256
HD2-3 | 32 2 1 <0.125 | >256 256 16 32 128 256 >256
HDA4-3 | 32 1 1 <0.125 16 64 &4 <0.125 2 <0.125 | <0.125
HD%-2 | 64 1 0.5 64 256 128 64 <0.125 | >256 256 >256
HDX%-2 | 32 2 |<0.125 4 64 128 32 <0125 | >256 | <0.125| >256
HDO-1| 32 4 8 <0.125 | >256 32 16 256 256 128 >256
HDO-3 <0125 05 |<0.125| <0.125 32 <0.125 1 <0.125 4 <0.125 | <0.125
HD3-1 64 1 05 | <0125 | 128 64 32 32 256 256 >256
HD3-3 | 64 32 0.5 >256 256 256 128 64 >256 256 >256
HD6-3 | 05 025 |<0.125| <0.125 4 32 <0.125 | <0.125 | <0.125| <0.125 | <0.125
HDB-1 32 1 1 <0.125 | >256 256 16 16 128 256 >256
HDO-2 [<0.125| 2 1 >256 >256 128 <0.125 32 128 256 >256
K-2 4 4 32 1 >256 16 2 128 64 16 >256
L-2 4 8 8 05 128 16 05 128 32 16 >256
L-3 4 8 8 <0.125 128 8 05 128 32 8 >256
L4 4 4 05 05 >256 4 <0.125| <0.125 | <0.125 | 18 >256
L5 4 4 16 <0125 | 256 16 1 128 64 8 >256
L-GSD3 2 1 <0.125| <0.125 32 128 1 4 8 128 >256
L-GSF1 4 2 05 4 <0.125 128 05 128 1 256 >256
L-GSF3 2 4 4 <0.125 | >256 32 0.5 256 256 128 >256
L-SJAL 4 2 |<0.125| >256 >256 128 1 64 256 256 >256
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Isolate | Ampiclin %“?{g Cefetaire | Brythrorycin | Keremyein | Oteracycline | Rricllin— | Spectinormyein | Steptercin | Tetrecycline | Vanoommyein
LSBL|[ 32 4 05 | >256 | 128 128 ) 32 16 256 | >256
L-SIC1 [ 32 4 1 >256 | 64 128 16 128 16 256 | >256
Lsm| 2 4 1 >256 | 18 128 16 64 16 2% | >256
LSj@ | 16 4 1 >256 | 64 128 16 64 16 256 | 256
L-SIG3 | 32 4 05 | >256 | 128 64 8 8 64 256 | >256
L-SJH | 32 4 1 >256 | 64 128 16 64 ) 256 | 256
LSIR [<0125] 1 [<0125] <0125 | 8 18 [ <0125] 128 1 18 | <0125
LS| 2 2 |<0125| 2 %% 6 <0125 4 16 8 | >256
L-sJsi| 4 2 |<0125] <0125 | w4 8 [<0125| 16 64 2 | >26
sca2 [<0125] 2 [<0a125] <0125 | 1® | <0125 | 05 4 8 2 1

SCB2 [<0125] 2 [<0125] <0125 | 05 | <0125 [ <0125 16 >256 | <0.125 | <0.125
segs | 2 2 05 | <0125 | 18 16 05 | <0125| 38 64 1

SCE3 | 1 2 [<0125] 138 18 | <0125 [<0125] 128 16 16 4

sci 4 2 |<0125] <0125 | 2% 1% 1 64 8 2% | >256
scy2 [<o125| 1 [<0a125] <0125 | 8 |<0125] <0125 16 [<0125| 2

SGSDL (<0125 4 [<0125] <0125 | 18 128 | <0125] <0125 | >256 | <0125 <0.125
SGSFL| 4 2 [<0125| <0125 | >256 | 128 1 64 64 256 | >256r
ses@| 8 2 05 | <0125 | 128 128 1 64 64 256 | >25%6
SMEL |<0.125| 4 [<0125] >256 [<0125| 64 1 32 16 18 | >25%
sMal | 2 2 [<012s| >256 | 2 6 | <0125| 16 1 6 | <0125
SMP2 8 2 1 >256 128 128 1 64 16 256 >256
SMP3 | 4 2 |<0125| >256 | 256 128 1 128 128 | 256 | >256
SMR2 | 4 o [<0a2s| >256 | >256 | 128 [ <0125] 128 128 | 256 | >2%6
S-SIAL [<0.125] 2 05 | >26 | 32 128 8 128 8 256 | 256
S-St | 32 2 05 | >256 | 128 128 16 64 32 256 | >25%6
S-SJE2| 2 2 | <0125 | 1B 64 1 [ <0125 | 16 18 | >2%%
SSJHL | 16 2 05 | >2%6 16 18 8 16 %% %% | >256
S-SJI2 32 4 1 >256 64 128 16 128 16 256 256
SSKL| 256 | 2 4 >256 | 128 8 16 | <0125 | 64 256 | <0.125
sSSPl | 64 4 1 >256 | 32 128 16 64 32 256 | >25%6
S-SIPL | 32 2 05 | >296 | 32 128 8 128 16 128 | 128
SSisL| 4 4 64 8 >256 | <0125 | 1 128 128 |<0125| 8

SS2| 32 4 1 >256 | 64 128 16 64 16 256 | >256

,41,




Fig. 1. The SDS-PAGE of cell-surface proteins from Lactobacillus isolates
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Table 8. PCR-detection of bacterial species with the specific primer pairs

Isolates Isolates
11-1 L-SJA1
15-3 L-SJB1 | L. brevis
159-3 L-SJC1 | L. brevis L. reuteri
19-1 X L-SJD2 | L. brevis
19-3 X L-SJG2
32-1 X L-SJG3
6-4 L. brevis L-SJH1 X L. reuteri
GJO2 . reuteri | L-SJH2
HD1-1 . reuteri | L-SJL1
HDI11-1 L-SJS1 | L. brevis
HD12-3 | L. brevis . reuteri SCA2
HDI1-3 . reuteri SCB2
HD15-2 SCB3 ND
HD17-2 | L. brevis . reuteri SCE3 X
HD19-2 SCI1
HD2-3 | L. brevis . reuteri SCJ2
HD24-3 S-GSD1
HD25-2 S-GSF1 | L. brevis L. reuteri
HD26-2 S-GSG2 L. reuteri
HD29-1 SME1
HD29-3 | L. brevis SMG1
HD3-1 SMP2
HD3-3 SMP3 L. brevis
HD6-3 SMR2 L. brevis L. reuteri
HD8-1 L. brevis S-SJA1 | L. brevis L. reuteri
HD9-2 | L. brevis S-SJD1
K-2 L. plantarum S-SJE2
L-2 L. plantarum S-SJG1
L-3 L. plantarum S-SJH1 ND
L4 ND S-SJI2 L. brevis L. reuteri
L-5 L. plantarum S-SJK1
L-GSD3 S-SJP1
L-GSF1 S-SJS1 X
L-GSF3 S-SJS2 | L. crispatus

ND, not determined

X, did not give any products in PCR with Lactobacillus—specific primer

[ ] unidentified

,44,
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Fig. 2. Photomicrographs of Gram'’s stains of Lactobacillus isolates.
A; L. reuteri Avibro2, B; 6-4, C; GJO2, D; GSF3, E; GSD1, F; SMP2, G; SJD
2, H;, HD11-1, I, SJGI.
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Table 8. Fermentation profiles of selected Lactobacillus strains

Isolates

Carbohydrates

GJO2

193

SSA

LS&E

SMP2

SVIR2

LS

HB-3

HDI-1

LG8

HDII-1

HR-3

S-GEDL

0

Control

Glycerol

Erythritol

D-Arabinose

oot |

L-Arabinose

Ribose

D-xylose

L-xylose

Adonitol

olo|w|[o|u

I: Methyl-xyloside

Galactose

11

D-Glucose

12

D-Fructose

13

D-Mannose

aafar|o

14

L-Sorbose

15

Rhamnose

w

16

Dulcitol

17

Inositol

18

Mannitol

19

Sorbitol

B

20

& Methyl-D-mannoside

21

& Methyl-D-glucoside

22

N Acetyl glucosamine

w1

23

Amygdaline

24

Arbutine

25

Esculine

26

Salicine

NN SN

27

Cellobiose

28

Maltose

29

Lactose

30

Melibiose

31

Saccharose

[S20 ko208 ko2 ) Ro3 |

[S20 ko208 ko2 ) Ro3 |

=l oo

[S20 ko208 ko2 ) Ro3 |

32

Trehalose

arjarjor|arfon

B QOGO OO [ U1 o [ Ot

33

Inuline

34

Melezitose

35

D-Raffinose

36

Amidon

37

Glycogene

38

Xylitol

39

[:Gentiobiose

40

D-Turanose

41

D-Lyxose

42

D-Tagatose

43

D-Fucose
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Table 9. Enzyme profile of selected Lactobacillus isolates determined by

API-ZYM Kkit.
Isolates | Avi SSG|L-SG S-GD
6-4| GJC2| 19-3 SVP2 | SVR2 | L-SJI2 | HDB-3 | HDI-1 | L-GSF3 | HDLI-1 | HDR-3
Enzyme b 1 3 1
0 |Control - -1 -1 - - - - - - - - - - - -
1 Aklaline N B B B B B B B B B B B
phosphatase
2 |Esterase (C-4) +3 | 43| +3| +4 | +3 | +3 | +3 | +3 +3 +3 | +3 +3 +3 +3 | +3
3 E;;zza?Sw) 2| 2l2l2| 22| 2|2] 2|2|=2] 2| 2]|2|-=
4 |Lipase (C-14) e - - - - - - - - - - -
5|Leucine 5| 55| 4| 5| 5|5 | 5| 5 |5 | 5| 5| 5|55
aminopeptidase
6| Valine 1| w32 2| 3| w3 | 43| 3| +3 | +3 | 43| +3 | +3 | +3 | +3
aminopeptidase
7|Cystine el -2l 22|22 2|23 2| —2|=2]-=
aminopeptidase
8 | Trypsin - -1 -1 -2 - - - - - - - - - - -
9 [Chymotrypsin - 2] - | -2 - - - -2 - - - -2 -2 -2 -2
10|Acid phosphatase | +4 | +3| +4 | +3 | +4 +4 +4 +3 +4 +4 +5 +3 +3 +3 +3
11|Phosphohydrolase | +5 | +4| +5| +3 | +3 | +4 | +3 | +3 +3 +3 | +4 +3 +3 +3 | +3
12|a-Galactosidase +3 | 4| 4| - +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4
13|f-Galactosidase +5 | +4| +5 | - +4 +4 +4 +5 +4 +4 +4 +5 +5 +5 +5
14|p-Glucuronidase o - - - - - - - - - - -
15| a-Glucosidase -2 4| +3| - +3 | +3 | 3 | +4 +3 +3 | +3 +4 +4 +4 | +4
16|[-Glucosidase -0 -1 - - - - - - - - - - - - -
17 N-Acetyl-fi- . B B B B B B B B B B B B
glucosaminidase
18|n-Mannosidase e - - - - - - - - - - -
19|a-Fucosidase -0 -1 - - - - - - - - - - - - -
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Table 10. Identification of selected Lactobacillus isolates by API 50 CHL kit and
ISR-PCR

Identification by

Isolates

API kit (Id %)° ISR-PCR
Abibro2 L. fermentum (97.0) L. reuteri
6-4 L. fermentum (97.0) L. reuteri
GJO2 L. fermentum (94.2) L. reuteri
19-3 L. salivarius (99.9)
HD1-1 L. fermentum (93.9) L. reuteri
HD11-1 L. fermentum (98.8) L. reuteri
HD1-3 L. fermentum (97.0) L. reuteri
HD2-3 L. fermentum (99.8) L. reuteri
HD3-3 L. fermentum (93.9) L. reuteri
L-3 L. plantarium L. plantarum
L-GSF3 L. plantarum (78.3) L. reuteri
L-SJD2 L. fermentum (99.8) L. reuteri
L-SJG3 L. fermentum
S-GSD1 L. fermentum L. reuteri
S-GSF1 L. fermentum
SME?2 L. fermentum
SMG2 L. fermentum
SMP2 L. fermentum (92.3) L. reuteri
SMR2 L. fermentum (99.8) L. reuteri
S-SJG1 L. fermentum (92.3) L. reuteri

* (Id %) : Identification %
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® 00606000

Fig. 3. PCR-products of Lactobacillus isolates by ISR-PCR using specific primers.
Arrows indicate 250 bp size. Lanes C, L. reuteri Avibro2; 1, L. reuteri 6-4, 2, L.
reuteri GJO2; 3, L. reuteri GSF3; 4, L. reuteri GSD1, b5, L. reuteri SMP2;, 6, L.
reuteri SJD2; 7, L. reuteri HDI11-1, 8 L. reuteri SJGl. PCR with A;
Lactobacillus—specific primers LbLMAIl-rev, R16-1 for Lactobacillus strain and B;
specific primers Lreul, Lreud for L. reuteri and C; specific primers Lfpr, Reu

for L. reuteri.

,53,



3 HF A #Fe] AdAH 54

7h) A4 pHeF wEAtel A o] A%

AHd pHeE "EAtel did WS 1ddue oA AEsed vl Tae
= probiotic TFF&] Ao F Q3 y]Folt} AdE Lactobacillus 552 A4 pH
A ZEdE SAs7] 918 pH 1.0014 9 BE mA=FE 543 23 Table 10
I 2o FdH 79 L oreuteri Avibro29} AFEO|A B E GJO2, SMP2, SJD2
g SJG1e 1AIRE Wi § B ApdE wbdel], 6-4, GSF3, GSDI 3! HDI11-1&
10°-10"e) A2 veEbda, v 3A3F Folle BF Aldats Aow #EEdn
Table 112 pH 2.07 3.0 28] 5% bile acidolA ETFEL] WS ATF (cfu
ml )= JERNATE  Fig. 49k 5% pH 203 30014 0A17ke] Aiteel gk 147k}
3N & g &S AEE ()oldt a7 dFEE AEES UEd 3o
Tk pH 200149 AEES HAAF #F BF ARe] E2 3o® UEgon 6-49

HD11-19] 3A17F ok Fo% & R ¢ ¢ 52 AE8S B, A= 7

(2

Hol A K| 87 wF7F A w52 L reuteri Avibro2B th FEEo] =L 4
= et pH 30014 HAF #5F E57F 3AZE vl Foll e 65% o] =&
AEES UetdIa 53], SMP27F th& 8 #FEEY o 2 AEES UEY
AT} Fig. 62 5%9] ©5Aik S stell A 0A17ke] Aol ofgh 3AIF s § A+t

T HES ARE )= st 4 AAb w5 AFES et BE F57F 5%
o FFAE =4 Al sl e, GSF39 SJGle] 7HE w2 AEES Kol "HEald

=
=
=
oX,

o] & o & UER

,54,



Table 11. Viable cells of Lactobacillus isolates after 1 and 3 hours of

exposure to pH 1.0

Survival after incubation at pH 1.0

Oh(cfum™ 1h (cfu ml-1) 3 h
L. reuteri Avibro2 14 x 10° 0 0
L. reuteri 6-4 16 x 10° 3.8 x 10 0
L. reuteri GJO2 26 x 10° 0 0
L. reuteri GSF3 1.3 x 10° 50 x 107 0
L. reuteri GSD1 14 x 10° 1.0 x 10 0
L. reuteri SMP2 1.1 = 10° 2 0
L. reuteri SJD2 1.3 x 10° 0 0
L. reuteri HD11-1 29 x 10° 12 x 10° 0
L. reuteri SJG1 1.3 x 10° 0 0
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Table 12. Viable cells of Lactobacillus isolates after 1 and 3 hours of exposure

to pH 2.0, 30 and 5% bile

Viable cells after exposure for

Strains
0h 1h 3h
L. reuteri Avibro2  pH 2.0 81 x 10 42 x 10 4.1 = 10"
pH 3.0 92 x 107 6.4 x 107 6.4 x 107
pH 65 6.4 x 107 16 % 10° 29 x 10°
5% bile 1.2 % 10 ND 2.8 x 107
L. reuteri 6-4 pH 2.0 26 x 10° 25 % 10° 23 % 10°
pH 3.0 25 x 10° 23 % 10° 22 % 108
pH 65 2.0 = 10° 2.8 = 10° 1.1 x 10°
5% bile 49 x 107 ND 7.4 % 107
L. reuteri GJO2 pH 2.0 83 x 107 7.8 x 10 53 x 10
pH 3.0 1.3 x 10° 13 x 10° 1.1 x 10°
pH 65 1.1 x 10° 13 x 10° 59 x 108
5% bile 2.0 x 10 ND 33 x 107
L. reuteri GSF3 pH 2.0 18 x 108 1.2 % 108 9.4 x 107
pH 3.0 22 % 10° 16 % 10° 15 x 10°
pH 65 21 % 108 25 % 10° 47 % 108
5% bile 3.0 x 10 ND 33 x 10
L. reuteri GSD1 pH 2.0 12 x 108 1.1 % 108 1.0 x 108
pH 3.0 1.3 x 10 1.1 % 108 1.1 x 108
pH 65 12 x 108 15 % 10° 29 x 10°
5% bile 2.9 % 10 ND 42 = 10"
L. reuteri SMP2 pH 2.0 22 % 10° 14 x 10° 1.1 x 10°
pH 3.0 22 % 10° 16 % 10° 15 % 10°
pH 65 21 x 10° 25 x 10° 47 x 10
5% bile 2.1 x 107 ND 54 % 107
L. reuteri SJD2 pH 2.0 14 x 10° 1.0 x 10° 6.7 x 10
pH 3.0 2.0 = 10° 1.8 x 108 1.7 % 10°
pH 65 6.8 x 107 46 x 10° 83 x 10°
5% bile 2.3 x 107 ND 58 x 107
L. reuteri HD11-1  pH 2.0 1.1 x 10° 8.0 x 10 40 % 107
pH 3.0 20 x 10° 15 x 10° 15 x 10°
pH 65 29 x 10° 45 x 10 1.0 x 10°
5% bile 25 x 10 ND 58 x 107
L. reuteri SJG1 pH 2.0 88 x 107 83 x 10 57 % 107
pH 3.0 86 x 10 76 x 107 76 % 107
pH 65 88 x 10" 13 x 10° 29 % 108
5% bile 1.2 % 10° ND 2.8 x 107

MRS broth adjusted with pH 6.5 was used as control medium.
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Fig. 7. Bile salt hydrolase activity (BSH) of Lactobacillus isolates. BSH activity
was determined as the diameters (mm) of precipitation zone. C. L. reuteri
Avibro2 (8 mm); 1. 6-4 (12 mm); 2. GJO2 (13 mm); 3. GSF3 (16 mm); 4. GSD1
(17 mm); 5. SMP2 (18 mm); 6. SJD2 (19 mm); 7. HD11-1 (22 mm); 8. SJG1 (21

mm)
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Fig. 8. Antimicrobial activity of culture of eight selected Lactobacillus strains and
L. reuteri Avibro2 toward pathogens. C, AVIBRO2; 1, 6-4; 2, GJO2; 3, GSF3;
4, GSD1, b5, SMP2; 6, SJD2, 7, HD11-1; 8, SJG1. A; B. cereus, B, L.

monocytogenes, C; S. aureus, D; S. enteritidis, E; S. typhimurium.
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Fig. 9. Antimicrobial activity of SSCS of eight selected Lactobacillus strains and
L. reuteri AVIBROZ toward pathogens. C; L. reuteri Avibro2, 1, 6-4; 2, GJO2;
3, GSF3; 4, GSD1, 5, SMP2; 6, SJD2; 7, HD11-1; 8, SJG1. A; B. cereus, B; L.

monocytogenes, C; S. aureus, D; S. enteritidis, E; S. typhimurium.
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Table 13. Antimicrobial activity of cultures and SSCS of isolated

Lactobacillus toward pathogens

Inhibition of

Isolates

B. cereus L. monocyto— S aureus S .enterr S: typhimu-
genes tidis rium

SSCS + ++ - +++ +
Avibro2

Culture ++ +++ +++ ++ +++

SSCS + ++ - ++ -
6-4

Culture + - +++ + +

SSCS + +++ - +++ -
GJO2

Culture + +++ ++ + +

SSCS - + - -
GSF3

Culture ++ + +++ ++ +++

SSCS + + - ++ -
GSD1

Culture ++ — +++ — +++

SSCS + + - ++ +
SMP2

Culture - - +++ + -

SSCS + - - +++ ++
SJD2

Culture - - +++ - -

SSCS + + - +++ ++
HD11-1

Culture ++ + +++ + +

SSCS - + - +++ ++
SJG1

Culture ++ ++ +++ ++ +

4 SSCS; Sterilized spent culture supernatant.
Inhibition of growth of pathogens is measured by assessing diameters of the

clear zone. -, negative; +, 1 mm; ++, 1-3 mm; +++, >3 mm.
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Fig. 10. Examination by light microscopy of adherence of Lactobacillus isolates to
Caco—-2 cells. Monolayers of Caco-2 cells with A, L. reuteri AVIBRO2, B; L.
reuteri 6-4, C; L. reuteri GJO2, D; L. reuteri GSF3, E;, L. reuteri GSD1, F,; L.
reuteri SMP2, G, L. reuteri SJD2, H; L. reuteri HD11-1, I, L. reuteri SJGI.
Caco-2 cells and each strains were fixed with methanol and Gram stained and

examined microscopically (Magnification 1000 x).
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Fig. 12. Effects of sterilized spent culture supernatant (SSCS) of Lactobacillus

isolates on adhesion activity to Caco—2 cells. The Lactobacillus strains were tested

Adhesion activity was calculated by

-1

at a concentration of 5 x 10° cells ml%

-1

comparing the number of bound cells (cfu ml *) with and without sterilized spent

isolates to Caco-2 cells. The means

culture supernatant (SSCS) of Lactobacillus

and standard deviation of the data from three independent experiments were

shown.
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Caco-2 A|E B&A XAl A =& A4S Wl L reuteri 6-4, L reuteri GJ
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Fig. 13. Effect of Lactobacillus strains on the adherence of pathogens to Caco—2
cells. The pathogens were tested at a concentration of 5 X 10° cells ml''. The
means and standard deviation of the data from three independent experiment were
shown. Adhesion inhibition activity was expressed as percentage of the number of
bound cells of pathogens compare to the control (pathogens only, 100%). (A); L.
reuteri AVIBRO2, (B); L. reuteri 6-4, (C); L. reuteri GJO2, (D); L. reuteri
GSF3.
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Table 14. Effects on the growth performance in piglets by feeding of Lactobacillus

2! 6-4 Avibro2 C 3t
A A% (kg) 7.0+0.65 7.0+0.64 7.0+0.62 7.0£0.03
T 24 % (ke) 13.2£1.00 13.7+0.97 13.4+0.59 13.4+0.25
A A H(g) 34262639  372.6+19.97  3544+1479  3565+15.11
A AbmAA L (g)  470.0+2264°  491.9+16.39°  457.4+21.03°  473.1+17.46
AR QTS 1.38+0.11 1.320.03 1.29+0.05 1.33+1.33
AAA 3 3 3 3

ARG L 1~5 (1=9%, 2=07F 9%, 3= 4, 4=0FHA AL 5=4A})

W) 2 = W
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Table 15. Total counts of fecal lactobacilli during the feed trials

Days

Group 0

6.44+1.07°
6.85+0.94°
7.28+0.64"

3
8.42+0.15
8.24+0.44°
7.78+0.48°

10
8.45+0.79"
8.63£0.63"
8.75£0.40"

17
8.79+0.46"
8.76£0.62"
9.06£0.36"

Control
6-4
Avibro2

The same superscripts were not significantly different (P<0.05)

Table 16. Total counts of fecal enterobacteria during the feed trials

Days

Group 0

5.62+0.24°
5.76%0.28"
5.88+0.24"

3
5.90+0.18"
6.600.20°
6.08+0.26"

10
4.85+0.24°
5.31£0.25"
5.10+0.27°

17
6.17+0.30"
5.54+0.21%
5.64+0.26"

Control
6-4
Avibro2

The same superscripts were not significantly different (P<0.05)

% Wl Lactobacillus®l = 39#l w43 S7}et
v S7vskeE Aotk 17¢A Avibro2 §olTrolA 71
hxT7ok 8T 7ol Foxk+= ¢lgltl Chang et al. (2001)
M =T Lactobacillus5= 214 A 741 2] A& 7|13k &
FAEL, ATl Fegon o Eria A g 713t
9 A7t glglom dizget A el fo b UEhdA kol
A= Chang et al (2001)°] L. reuteri BSA131 H ool A ¥ Lactobacillus®]

t O ® =31 enterobacteria®l 71 FF oz vty 3 Ayeles U5}

H

oF

7HA

hui
R

A

O]: 107 )\Z

L
L

==

gt} Enterobacteria &+ =

7 o]
1w

o] &

:{o

r;

S

7

-W
:10
i&

>4

_4

a.z
z&

.ﬂ

,’76,



—

2. & 2 Ak g

7} Lactobacillus 3 Zet2=m =9 @74 G4

Lactobacillus®l A+&2 @& WEE 7fgst=d AoAA  Lactobacillus 22
DNAE Ab&3et= Zlo] ol Aot webA f-2l= 22 Add 67 59 plasmids %
9 BAsYPa, 21 = 2-5 kbe #AS plasmidsE -3 759 total plasmidel
pIL252 =+ pGKV21ES &£3%3ste] plasmid-fee 52 Lactococcus lactis LM0230]
electroporationdl il pIL.252 T pGKV21¢t 374 & A A3k lactobacilli #3 S8~
n=Z2 2ekth oAFE AR lactococciol A E-AF = lactobacilli Fr# plamidE

oy ¥i=d oF 2274 bpY plasmid (FAAH e F p228tx HE 2k 1 F7]A
|

S

AstA T p2.2E 322 ol :mAto 2 o] Fo] A replication protein gene (rep)©]
Qo= olgtt & FHAIE I o] WAL Lactobacillus reuteri®]l 133 FE
Aol =tk wd wu & 8 E2ECA #2ld 948 75 (A=l Lactobacilluset
3l glojy Streptococcus thermophilus
W o R Zhekrh. Al 3359 bpE olFoX AVIMLE AASAAL, GenBank
databasec] #HMIYPS uf] A7 Dol A Str. thermophilus ER19] Zz}2~n = pER1-1
I 97%9 AEAdES JUeEldo] A Y3 plasmid?l Aoz yEeEbth (Geis et al
2003). p3+= 314 oln Ao & FAE  replication protein gened 1070}7] :=4FQ]
small heat shock protein gene®] 5 ORFso]th p39 A$ 2 £9| Lactobacillus,
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Lactococcus 2 Streptococcus thermophilusol Al BA2 & 98-S syt ot
O~
B

A AF AET BANEE FEH3Y base2A] o §9

v AZSJGHAFAR (clud)DF e Hast
pCKO1S ¢F pDAll1°lA i3t lactococcal aggregation protein genes 3 3}alE

¢k 13 kb9 DNA ©#Ho] pSA3 HHO ZZ&H Zxv|=oly pCKOlS

Lactococcus®l FAAZJAN 71 11 d5E 222 $HeE AES F53=d e

st SRAEIE o Azt | ooln] FRAHAAY] AVAME

Ao es Lo gk HAh 2HFE WA ol o] &3] FAkTe] ¢
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pCKO1

EcoRI

Kpnl

SnaBl EcoRV Pwull Pvull Pvull
Pstl  Pstl Pst1 EcoRV
I<—> <+—>
1571
< > < > < »<—= © PSA3
3.3 kb 4.9 kb - 1.0 kb
pCKO03 1.8 kb + plL252
JARRRRRRRRARRRRRRRRHN
cluA + plL252
PSXK64
+ plL252
pERV62

Fig 14. Dilution mutants of pCKOl derived to narrow down the cluA region



pCK02+= pCKO19] Eco RI sitedl A lasA2] A WA Pstl site7}A]2] ©@¥Ho| pll252

of ZFzYH Holt} o] AL o] TP ANEE JIXE FFE brothollA A e =
SHs = dds L]rE}lHX] v wHE Al BEAME T pSXK64+= lasAe A2 SnaBl site
o ol2e FE&& Fete A2 FAASAAT= AAA A wEF T SH &
s JEtd Aok ek pSXK64= S ARk Hde] das BE 94AE VMY
3 FFHEY. pERV62E 6.2 kb9 EcoRV T o] pll252¢] 24 ZFhan =<4
A SHARS e A FSkh

th. Northern blotell o]k HARA]l &4

cluA9] AR} AxpAle] A7|E ¢47] 9814 Northern blotg A A8
Lactococcus lactis ML3¢ pSKO08% pRS01°] H3tol] o3k Aol A A= Adslo]
#4¥ pDAll2 104 kbl Z7IE AEZFIEHA FHA4 (ud)d TFHIch
pC2804+= pDAlllA  cluAE XE%3st= 36 kb ©HS pSA39 FZ&3
Zgxav=olt} 97| - Lactococcus 7+ DA1l, C2804, CKOl, CK02 % Zglxn=
A2 #F2 LM02302 58 TRIZOL max protocoldll W} total RNAS #2383t

Probes®Z% cluA2l WX 1110 bpel Pstl @S pSPTI8 & &Y 3tar, Hind III
T EcoRI2Z #Hweh thd DIG-RNA Labeling kitE AM&3ke] digo] labeled®
RNAE wrEo] A1839 1t Template® Hind [MIE d93S wE= T7 promotorZ,
EcoRle.2 At Al Sp6 promotorg AF&3te] 2H7F o & WeFo = HALE probese
A}t

RNAsZE 15 % agarose-2.2 % formaldehyde geloll Al #2]3t t}hS nitrocellulose
membrane® blottingdtX Genus System User’'s Guide®] uw2}t dig-labeled RNA
probeE A}83}o] hybridization, washing % detection® A A3 ZA3yE= Fig. 159
2.

T7 polymeraseE AF-&3}o] labeldt probe AF& A] DA11, C2804 % CKOloAM+=
°k 47 kb RNAZF HEH3U3, CKO29F LM0230°IA = vebA gtk o=
e = cluAel AARAICE FrAbgE A7|olth webA  cluAv N-ekel]  QIF A
A7 Al 2 = monocystronic mRNAZ H Qo)
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< 4.7 kb

Fig. 15. Northern analysis of cluA (B, C) on 1.5% agarose containing 2.2 M
formaldehyde (A). Lane 1: Lactococcus lactis DA11, Lane 2: C2804, Lane 3:
CKO1, Lane 4: CKO02, Lane 5: LM0230. RNA probes were transcribed by Sp6
RNA polymerase (B) or T7 RNA polymerase (C).
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2}, FaeG YW E ol 5
cluAel N-drete] 22 ueet AoMd e C-2de] ugal
AAFANT 55 o] &= A FaeGEd #E = 443 primersS A A5l
PCRell ¢J3] &% 9 dA4dst= WHos #5372 gFaith
Fig. 16,7 17°14 CluA gene®] &I} 4ol #ds= AEMES PCRol &)
Z=Z37] Y3 primers 121 Fig 18941 mature faeGE FZ3}7] 93t primersE
S AAEET. of# et e primersE §ASA AL, pCKOl B+ E coli
template® 3to] PCRIS W EF oA =7]e] DNA
CLUL2

A W7
CLURI1

K882] chromosomal DNA

[e)

& FEageh
5'-GTGGG/AATTCTGGCGGAAACAACAACGG-3’
FAEGR

5-CTC TG/C ATG CGC ACT TGC TCT TGA TAC T-3'
FAEGL

s -
o 3

A
5-T GCA TCT GCT ATG GCG CAT G/CC TGG ATG-3’
5'-GAC ACTGCA GTA ATA AGT AAT TGC TAC GTT-3'
5 -GAT ACT GCA GTC AAT GAA GAA GCT AAG ACA-3° ANCHL
5 -AAT ACT CGA GAA ATA CTT CCA AAT AAT AGA-3" ANCHR
FAEGL¥ FAEGRS AH&3te] A ¥ mature faeGE Pstlo = Awhsiil oA
AANFEANZD (atawn ot A2TH. 92% DNAE FHo=
ZA e o] A& vAl Sphl
Azt o)A
&3t

Pstle 2 A3l 11

3] FAEGL¥} ANCHRS primer® 3l PCRoll 93
o2 duhstal Sphlo® st Z2RE-AIMD (Pau-SSclud)t
S F¥o= 3 CLUL29 ANCHRZE primer®Z 3&}e] PCRO
ua—SScua—faeG-ataund TFEE A=Y °)A S EcoRIF Xholo# Auhslal pll252
33, Lactococcus®t Lactobacillus® H A AZAA 2 5

43l vectorel|] 243}
cia=

rr
AN
e

5
tlo

A FaeG &3

=
L
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AGTATGGTAAAGT TGCT TGGAAAACAAT GGGCCCAAGT GATATAAATAATGGTGGTAACT
CTGGECGGAAACAACAACCGAGGGAAT GTAAAACCACCAAGACCCTATGATGATATTCCAG
CLUL2
GCTCTCCTTTTAAGGTAGATGATCTTATATCACCTAATGCTCCTCATAAAGACACGATAA
ATAAACT GGCAGCTACGCGECTAGAACAGGT GTAGCGCCTGTATCTTCACAAGATATTGCTA
AAACAACAGGAATCTTTTCATACGAAGGAAT CCCAAACGT AGCAGGT TATAACGGAAACT
TTAATGT TTATCTTTTTGGAGCT GGT GCTGCCACTAGT CCTGAAAATGT TAAAGGECCTTA
CAGCGCAACAAGCTTATGATCAAATGAATAACATGATTGGEECAACAGAATTTGICTCTC
CTAATGTATTAGCAATCAAAGGTATAACT CCTCAACAATGGGCAGCTGTGGTTGATTTCA
ACGGT TATCCTTAAAATTGGAAAT CTGT GAAACCT TGGTATTGGGATACAAATTCTGTAC
TACATTACTATTAATAATGCAAGT AAGCGT TCTGTAAAAGAGCGCTTTTTTATTTTGAAT
-35 softberry BPROM -10
GTI CACGAAAGT CGTGCAAGTAGATGAACGGT TGAATATCTATTTGT GAAAAGGCTCGCTA
CCTTTGACATTCATTTGCTCATAAGAGCAGAAAATAATATGAGGAATGAAAAACTGTCTG
-35 -10
ATAAGCCAGTTTTTTTGITTCTTAACATAAAGGAGAAAGT TCAATGAAAAAAACATTGAG
RBS
AGACCAGTTACTTGGGGT TTCTAAAGCTCATCT TAACTGGAAGAATAAGACAAAGGTCTT

TATTTATGCGACAGCCATATTATTAATGGT TGCGCCTAATCTTGCAAGT TCAGTATCAAG

transmenbrane helices predicted CLURL
AGCAAGT GCTGATGAAGAGGGGAAT GCTCCAAAAGT AACACAAGCAGGAGAGCGCTCAGG
DA @A cleavage site

GAAATTAGCATTAAATATTTCACATTCAGCCCT TGACCAAGCCATCTCTGATGCAAAAGC

Fig. 16. Nucleotide sequence of the region of the CLUA gene, including the 3’ end
of the orf 227 and the 5" end of the cluA
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AGAACTCTCATTTGCCGAAAATATGAATGCCCAAAGT CTTTGT TTTGAAAAAT GATGGCAA

ACTAGGAGATGAAGTAACCAAT GATTGGAAGAT TGAAAATAAAGGCCAAACGT TGACCGC

TACTCCAAATGATCCAACGAAATACTTCTTTGT TGGTTCATCTACAGACAGT CGTGT TGT

CATTACATTAGATACAACAGT CAATGAAGAAGCTAAGACAGGAACATTTACTAATATTGC

CACGATCAATACAAAAGAT GECGGT CACAAAGAAGATAAAGCTAATGT TCATACCAAAGA

AAAACCAGAAACCGT GATTGAAAAAAT CACAGGT TCACTTCCAAAAACT GGTGAAGGCAA
L P K T G E

AGCTCCTTTGECCATCTCAATTTTTGGTGCTGCATTACTTGGTCTTGCTGCATATCTTAA
AAL A1l SI F GAAL L GL AA

transmenbrane helices predicted
ACGGAACTGGATAGTATCTACTTATCGTAAGACTGTTCGTAAGAT TCGTAAATAATTAAA

AATGCCTGAGGAATATCTTCAGTATTTTTTTATAGAGAGGAAAAAAAT GAAGATAAATATA

TACAGAGTTTTATTTCTCATTACCTTATTGATATCAATAATATGCTTTAGTTTTGGAAAA

TCAATGGTGCCAACGGCCTGTTATTTTCTATTATTTGGAAGTATTTTTCAAGTATTGATA
3' - AAACCTTCATAAAAAGT TCATAACTAT

GTTGAAGAAAAATTAGATAAATAGAAAT AATAGGT TAATATCATGAAAAAAACTTTGATT

CAA-5'

TCTGTATTCGCAATCACATCATTGGTGACAGT TTCCTTGGTTGCCTTGCAGTGTAGACTA

AAACCTCCTAAAAAGGAGGT TTTTAATTTTGATGAGT CACTAAATAT TTTGAAAGGAAGT

Fig. 17. Nucleotide sequence of the C-terminal region of the CLUA gene,

including ’'anchoring hexapeptide, stop codon and transcription termination signal
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CGGTCATATTGGTAAAGGGACT TGCCGT TTTTTTTAAACGGGAATAACGCAAAGCT GT TCTGGGT TAAACACAGTGITT 5017
AATGAAATGOGGT TATT TAAACGGAGCCGCAGGGATAGT TTTACGGTAAT TCCGGAAAAATAAGGGT TACCGATTTCAG 5096
TTTATTATTTGTGGAATATCAAGGGGTTTATTTT ATG AAA AAG ACT CTG ATT GCA CTG GCA ATT GCT 5163
rbs Met Lys Lys Thr Leu Ile Ala Leu Ala Ille Ala

FaeG —
GCA TCT GCT GCA TCT GCT ATG GCA CAT GCC TGG ATG ACT GGT GAT TTC AAT GGT TCG GIC 5223
Ala Ser Ala Ala Ser Ay Met Ala Hs Ala Trp Met Thr Ay Asp Phe Asn Gy Ser Val

~cl eavage site
EcoRV
GAT ATC GGT GGTI AGT ATC ACT GCA GAT GAT TAT CGT CAG AAA TGG GAA TGG AAA GIT GGT 5283

Asp Ile Ay Gy Ser Ile Thr Ala Asp Asp Tyr Arg G n Lys Trp Gu Trp Lys Val dy

FaeG —
ACT CAG TGG AGC GCT CCG CTG AAC GTA GCA ATT ACT TAT TAC TAA GITGTCGTGATGAGCTG 6005
Thr dn Trp Ser Ala Pro Leu Asn Val Ala Ile Thr Tyr Tyr xxx
st X/ Xbal (H)
CCAATTTATTATTGATACGT TCTGATAACAGACCAGCATCTTGGT GIG GAC GCT CTT TTT ATT GIG AGG 6074

Val Asp Ala Leu Phe Ile Val Arg

Fig. 18. Nucleotide sequence of the region between bp 4322 and 5283 of the K88

gene cluster, encoding the 3’ end of faeE, and the 5’ end of faeG.
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H 4 =2 45 & ZrAFZoke] 7| E

K

A1 A A= B A Lactobacillus®) 2] ¢ EA %A}

A=) AAL dirE 913 AdARA AMEE A= Lactobacillus 155 EHH.S|
7] 98] 120579 A EoA EWHS xFH3dt Logosa agar (Rogosa et al., 1951) =+
LAMVAB (Hartemink et al., 1997)& ©]&3t 4007012] Lactobacillus v
Ak ol =9 WAHE, "HEA U, dd gl 55 RAFet e 67
abal 1159 A tigh AA A E (MIC)E FAsta, W3 "5

Hs AststA SAslen, & E= F 504 primers ARS8k PCRoOl o]

o
2 —1N

Fo BAL AEEATt 60F @8t LactobacillusE £ E9°] 3 primer24 =438}
ol AV ARt AR 677 FAA L oacidophilus TLEOl &3k S 19l
E38ERA AL Group2 B 30 £t o] iREY Aom dAdEHAT AFEAY API
50 CHL kit®} & 5o|l 4 primerg Al-&3t= PCROl 9gt s4oA ddd 18F2 L
salivarius 11F5F, L. plantarum 2 1<F, L. reuteri 15 5% eyt o] Ax:= A
TAZA L reuteri®] T84S Y5t Aoz Bk

Adtd 6775 A HAYGATE MIC) 343 erythromycin,

ol
olr

oxytetracycline, tetracycline, vancomycin S°l w3 WAool w =g,
erythrmycin® 4% AgdE ¢ Q& WA SZav=9 EA4% 5. oakA

-
FAA S FARAL Folt Aol WS AFada & & 9

U vl E nx= TS ZAEAY. 2 A= Ad™ TF L oreuteri Avibro2

Holoe 4% SAVE $eta, AREES dE2TU 7B skt In vitro A ¥

¥ 6-47Fo] AMFAE Adrt Fodow ym

AARE o] Aol A =i SA4do] ¥

X Lactobacillus F#FE oz A AL Bx=2 st AFu AdelA o
1

89 & 9% Aolrh
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A2 A FAdd FAk

AbE=A A 8l E Lactobacillus 3 ol A fallgh Fekau]= p229F QG2 E|
A EEE wFe Egan = p3e] AVIAES A GenBankel blastdtlS ul
p2.2v T Zeav|=e Aedol vlad viekal, p3% Streptococcus thermophilus
o] Zg~v= pERI-13 97%9] s S YEMNATE p3E S. thermophilus® &
Lactococcus®t 2 &9 Lactobacillusl A EHAE 4 3l

CluA Fdxe o99& F3]7] Y8 pCKO19 subcloningS AAIEA 2™ cluAg

W probeE AFE3F= Northern blotoll 9@ ¢k 4.7 kb9 AAFAS #2139t} CluA

TR Z2RE, ASAE, 3805 D HAARSANSE o]l &St G Fd=ke
ANsDd stop codonE A AsE primersE A 3te] PCRol| o) ZZAZth &
A stop codon®] A E mature faeGe cluAel 14 L HAEZAA T AZASHL, o]

ASE A ZEEEH + 2349 AZANZ T pll2s22 %AA Lactococcus St
Lactobacillusol A o] &S ZARgktE, of2] {2 =2t 93] sidd 71 A A
2 AEHEE AT §AR ZH7hE vl Eel A Al o] ;A ARl Vsl E Fow

RBelt}
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M 6 & Ax/ientgolM =&t sielidtstr|sdE

FRAAZ AT 5 Q= ARHAY AL A AAF B Afolch el @
Aol g ARH 1 AnE Agow FPshrh
sqlRol A wHrAl AREAAL 198630l FAHAL 3 slel o f F AgEL
15% Z7hel L % kgol @al 717E 562 Z7hatAT. A& Aol 27l Az
FEAG L AAPe] /2E A WD AaF YL

ke
-4
gto] sl hAHEAT. v 199793 1887l A=Al AAbS wlulshd

T,
o
=)
U
i
oS
i
2
2
2,
>
odt
=

l

ARG £ obd 413 ABHA T Ao

<
=
UERE T 2SRl A Tkl Wi @t Ale] & ARS RS Ad 13del 2A 55%7)

7Yoo A Salmonella, Escherichia coli 0157, Yersinia ¥ Campylobacter?} 722

FU B Bt =AM Al o] At A BeddESs A9 Y]
gz 2o dideltt. FAAE dRbA SR HE FES Assted AHsA
Fotal, AW AR e U AESIS dda FAA AR A A
Wy Ed #AAH7] vt =AFolth Salmonella$t E. coli®] T% W4+,

vancomycint4 enterococci, % fluoroquinoloneJ4 Campylobacter’} 53] =}
Stk e 2 H A9k Holl A F8l¥ 3 Atk (Barton, 2000)

Cryptosporidium parvum®| Zad 5 ZA=o el 3¢ w AlFste] F
A7l 7+7F Lo oacidophilus M%) (1x10°) 3 Bifidobacterium sp. ¥1% 9 (1x10°)&
w93t Ath. Cryptosporidium= 37, 3%, 2 Ao wAgre] &7bgxte] ek 9o
AT ©] 52 lamina propia W ®EZTH &I §Eo A 9153 AU
Frabrte]  Heol & HAbe 2d7bA AESHW SstEda BW oocystse] =
Aoz okty o] AL [ acidophilus®} Bifidobacterium sp.7} A A A=A C
parvum3ZT A4S Aost=d o] 8 AlAFSY (Rotkiewicz et al., 2001).

AtAel g7 ok s WA A gk g 7HA Thed 71t
ul Bhelglol AejAlel os] & 71ed 2AAR Ll @A A (SCFA)S Aibs
Z7Fshe= Aol 459 A At 3dFo A A BvHH glok= SCFA (succinic
aid®} lactic acid)®] AAHS FH kol NHyol AAHS w#Qlth (Sakata etal., 2003).
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L. reuteri ATCC 55730 & Al&¥ = Aol Fo F 108 A9A &
8ol Qe zEa 108 e HelA gl Azatda, 9 A 2T FE A4S
AolA el B-dutte FE Frbstath. e 3 AFAEd  CD4-positive
T-4379] o] Fojdo=z =gt o]yt vb&Eo] L reuteri ATCC 557309 %+

FH A A w3 A4

i
P
9
<
=N
a
b
=
o
o
o
=R
Do
o
S
"

K88ad fimbriae®] F T olH &3 A4<Q recombinant FaeGE A Ao =

%)
53 Aoz vetygt (Huang et al., 2003).
Fdac 3 WHo|F9] FaeG @l &S chlroroplaste] W& A 7= faeG construct”h

ool FAARTAEE  GAAR Bl F e e Ha 1%e] e

Aok 2]
TE&A o AT $ 9 does-dependent manner® F4 ETECS H-2H& A8 4
Atk (Joensuu et al., 2004).

B4 enterotoxigenic E. coli (ETEC) strain GIS269] K88-fimbrial adhesin
FaeG9 73 AE pET30Ek-LIC vectore]l EZ43l3 BL21 (DE3)9] cytoplasme©l A]
N-terminal His- % S-tag 22 WdAZL AZEE FaeG (FaeG) subunitst
=84  cytoplasm  aggregatesZ=H-EH #2513 native-like F4  receptor
(F4R)-binding conformation©. 2 refolded™ A tt. AR A F )4 A2 A AR}
EAl= ELISA] 9J&l YERal F4RAl A3 532 native-like refolded rFaeG
subunits®] FEE F7HAIFel whgl FA'ETECS F4R' 019 ¥-2& AAA 7o) o5
HZH At rFaeG subunitsi= monomer® WElLE HHHAl HAE F4 fimbriae™
multimer©] t}. Native-like rFaeGEH 2t o]+ ak Ap=ol] 4 WAL A 5 A2l
F450]% WANES fF7lste] Al@dad 5 2404 597H4 F+ E. coli excretions
ooz ZaAAY. a8yt AAE F4 fimbriae=Z4 WY $Fo f &2 F450]4
o dolx7] wiitel rFaeGe] <t A WAL ko] dastrt. v So] His-
2 S-tag® N-terminal fusion< F4Rol| Agst=d &4 FX gon, o=

mucosal carrier24 FaeGe] A}-&S @z st} (Verdonck et al., 2004).
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