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ABSTRACT

In vivo protective and in vitro inhibitory activities of Lactobacillus casei YIT 9018. against typical
enteritis causing Salmonella enteritidis KU101 and IgA level after challenge have been determined. In
order to identify the strains of lactobacilli the sequences of 16S-23S rRNA intergenic spacer region
were determined. All the test strains of Lactobacillus spp. inhibited Salmonella enteritidis, the intensity
varied depending upon the species of lactobacilli. Effects on the survival rate of the mouse after
challenge with Salmonella enteritidis KU101 on feeding Lactobacillus spp. have shown the highest
survival rate in L. helveticus CU 631 followed by L. casei YIT 9018 and L. johnsonii C-4 and the
lowest in control mice. The higher level of total Ig A concentration in the intestinal fluid of lactobacilli
fed mice than control mice was observed. The sequences of 16S-23S rRNA intergenic spacer region of
seven strains of Lactobacillus casei could be utilized as a strain identification, those sequences showed
some degree of difference in homology.

(Key words : Protective activity, Survival rate, Ig A, Sequence of 16S-23S rRNA intergenic spacer
region, Lactobacillus spp.)

1. M =2 % 3t 2 Campylobacter 45 .2 ¥ A 9l
Uh(Karmali: 1989, Butzler: 1984). ©]5 %ol A]

FH W HSss 2 AES do= Samonella & T 7159 Ao AEEH &
WAA = Escherichia coli O157T:H7, Salmonella At 5 29 2FS Eslo] 71dste] A9

o] A= 2001 d Tt wHA o efsto] AFE S
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9018%} AFAAQl 8%Vt =2 Lactobacillus
spp.2l Salmonella enteritidis KU1019 2]+ 3}
A Arke Aol mAE w3 2L Ak
A9l o] g4 S Ml AEST FAYEIH 5
e #elstel 15 B NEARE Fus
7]

flste] A

Oo. Az & g

2 Ao AM83t  Lactobacillus  spp. 2
Salmonella enteritidisc= Table 1°] #|A]¥ nle}
2. Lactobacillus spp.2] W% 37C MRS
(DeMan-Rogosa-Sharpe, Difco, USA) brothol| 4]
aHlal, HELS 0.75M adonitolS THrEF 11%
skim milk®] ‘s gA A2 AT 3 cellS
MR EF F 0CdA WEnE st o
FEA7 AXE REE FEE AEAI,
Salmonella  enteritidis <~
(BHI, Difco, USA)°lA Hj¥S 38H3laL, cell?]
BHES ugAI} 80% glycerolS 7:32] H|ER
Egste], ~70CAA HAsIAT

Brain Heart Infusion

2. Lactobacillus spp.2l Salmonella enteri-

tidisoll thist 25 3 HASZ g0t

A SEZE 659 Specific Pathogen Free
(SPF) ICR mice males T-J(djghileo]o® =,
Korea) 3to] 4431e] 7H3elE ERlstal At
Boith Abs, 2y 9 Ve AES BE o
i AE AREESIth AR 12hrs/day =
Z9e silon, 2xs 22020, duseEs
50+5%= SISITE Lactobacillus spp.2] mouse?l]
X Salmonella enteritidis®| e+ S A a3}
5 Yolry] 93 A= 69 Tl
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Table 1. Sources of strains of Lactobacillus spp., Salmonella enteritidis used in this investi-

gation
Species Strains Source
L. helveticus CU 631 Tt FAETHE s A
L. johnsonii C4 Canada 2712~
L. rhamnosus GG ATCC 53103 Y
L. acidophilus ATCC 4356 »
L. casei YIT 9018 Tt FAETE s E A
Sal. enteritidis KU101 Axheta =0 mAYEsE A4
Control, Lactibacillus  helveticus CU631, L.  tween 20(Merck, Germany)©] 0.05% %%

johnsonii C-4, L. rhamnosus GG ATCC 53103,
L. acidophilus ATCC 4356, L, casei YIT 9018
2 Stk 72 Ay e sles, A
& 31go® 243t

Lactobacillus  spp.= 271ZF 28Y
MRS  brotholl A 18A1ZF  wFsle]  2~5x10°
CFU/mee] & A Tt &5E

F3te] AfaolE ST Salmonella  enteri-
tidis®] 1= BHI brothell 4] LDsy <! 3~
4x10'CFU/M7HA] ¥l 3, PBS(pH 7.4)= A&
T AFFA7E AFESIY, Lactobacillus spp.

7ol 74 $oll mousedl] THE HAIEAE

Rt

3. Enzyme linked immunosorbent

(ELISA)Z 0|23+ &tk Lf total IgA 57

assay

96 well micro plate(Falcon, USA)°l 0.1%
bovine serum albumin(Sigma, USA)E 50u0*

Falan A AR 50uS HE2O wello] &

ek H ouE] B FHoll= 0.1% bovine
serum albumin®] 5002 AT 3w
plates 37TColA 2417 AXg & 4T A

overnight 3}3lth Plate®] |4& AAS

PBS(pH 7.4)=Z 33 A&H& 3133 3% Bovine
serum albuminS A wellel] 20002 €l 37
ToAlX 1A Wl tween  20(Merck,
Germany)©| 0.05% &7 PBS(pH 7.4)% 33
AAe 3tk Horse sera
conjugate¥l goat anti-mouse IgA(Sigma, USA)E
1:10000-2 3]43F 5 7 wellol 50u04 w5
&8 3TN 1A% AA sl ol
tween 20(Merck, Germany)©] 0.05% &
PBS(pH 7.4)= 33] A # &}, p-nitrophenyl
phosphate disodium(Sigma, USA)®] Img/lm¢ ]
%= 31339 alkaline phosphatase substrate solu-
tionS 1000E 2} welle] 5 3 37CoA 2

AZF AAAZ] &, ELISA reader(Bio-rad Micro-

peroxcidase &

plate reader Model 3550, USA)E ©]-&-3}¢]
405nmol A total IgAE SFAHIIFTKE T,
1998).

4. Radial diffusion assayoll 2§t Lacto-

bacillus spp.2l Salmonella enteritidis
Mgz &8
diffusion

Lehrer(1991)5-2] WH F Radial
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assay method®l] we} AA|SH T

Salmonella  enteritidis2] W42 50ml  tryp-
ticase soy broth (full-strength 3% w/v) 37C, 18
AZF o]’ overnight ¥ midlogarithmic phased
o, wiAA 500&  fresh$t trypticase soy

broth(TSB)°ll HE 3 37C 2.5~3A17F wjkst

At wiSE  Salmonella  enteritidisS 4T,
900xgell Al 10%3F AAlEE] stk Ak

pH 7.4 10mM sodium phosphate buffer(NAPB,
Sigma, USA)Z A% ¥ 10m{ NAPBZ A&+
skt

Optical density(OD) %S 620nmol| A 73}
of(UWHH 0 & ODgy 0.20 = 5x10°CFU/ml) 1~
4x10° CFU/mLe] =%5 3 Z1& 10me] 42°C
9] 3mg TSB powder, 1% w/v low-electro-
type agarose(Sigma, USA),
volume 0.02% v/v2] Tween 20°] % 10mM
NAPB(pH 7.4)7} Eo13i= Ha¥ twbeo] 7t

endosmosis FHF

St} Vortex mixer® A& 3] Eol¥
2 % agardl pouringS & uf At FHE

o]Fa, oF Imme] FARZ agars ILAA]
A)E-°] 3mmS! gel punchE ©]-&3} well
% Lactobacillus spp. 505 ZF2FE] welloll
7hgE - 37°C 3AIRE etk 1omee] 2
¥l agar(double-strength(6% w/v) 1% w/v
agarose) = overlay ¥+ - 37C 18~24A7F vl
gk - well 599 inhibition area®] A&
4Pt 0.lmmE 1UR Hdsta, At
well?] Z&E<1 3mm(=30U)& A4 A
SFATY.

i)

o
=

Mo

fo o e

5. Lactobacillus spp.2| 16S-23S rRNA inter-

genic spacer region2| sequence

Lactobacillus spp.2] 16S-23S rRNA intergenic

spacer region primerS AFE3le] 5 FFEL

4 Asa A FPrsaAE @
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7] 98ke], Table 19 AAEH 759 PCR

=4 HA719% & 16S-23S rRNA

oy ot
ol

S
intergenic spacer region2] DNA sequenceE =
A3}FaL, Gene bankol| 55F 72| sequence®}
H] g homologyE &310] strain 2 &7
7Feds HESIG

Genomic DNAS] preparation> MRS broth®]|
A a7CoN dEAAA R 25E
1.5m¢ microcentrifuge tubeol] &371 &, 16,000x
goll A 9441H-2]8kaL, pH 7.4 Phosphate Buffered
Saline(PBS, Sigma, USA)2> 2 washing 3+ F ol
Wizard™ Genomic DNA purification kit (Pro-
USAE  °]&3l4 DNAZ
preparation 3}3ITE  16S-23S rRNA intergenic
spacer region®] DNAE G337 €% primer
= L. caseil & 5°]4 primerZ Pr I 16-end
of spacer® CAGACTGAAAAGTCTGACGGS}
Casll 23' end of spacerd] GCGATGCGAA-
TTTCTTTTTCE AF&3F AL, primere] T -
3142 Bioneer(Korea)oll 9| slo] Ads)Sitt
PCR =3l SloA] Tag polymerase®} dNTPE
Bioneer(Korea)2] A& ARg3sle] E2lssith
PCR F3jo] A}8%:= Thermal cycleri= Perkin-
Elmer 240022 433} 01 cyclere] =S
first denaturation 92°C, 2min®|%! 2™, denatura-

tion 95C 30sec, annealing= 55C 30secZ 3}

mega, genomic

% ©™ denaturation, annealing, extention< 30
cycle® WHE $=33}9lal, extention 72T, 30
sec, final Extention 72°C, 2min &<t 33}
t}. PCR producti= 2.0% agarose gel, 50 voltage
oA 3A13F d71dE & -, F4J¥ DNA band
& Hdste] AccuPrep™ Gel purification kit
AH-g-3}od
sequencing AlRZ ARSIt PCR S3H
16S-23S rRNA intergenic spacer region2] DNA
9] sequencing< Bioneer(Korea)l <&|3}e] &

435t

(Bionner, Korea)E AA 5
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1. Lactobacillus spp.2|l Salmonella enteri-
tidisoll 2|gt X|AH2 A StEnt

Lactobacillus spp.& 217} 2x10° CFUE vl
79 S8 ?:“f’ﬂ “343}74] & 5
monella enteritidis S <
A7V Lactobacillus spp. ]’ Eroﬂ 1 A e gz
T9} dibjgk AE mouse TE %E XA A

Th= Fig. 10 AAHAL

110 | —— Control -M-Lb. helveticus B Lb. johnsonii
—O-Lb. rhamosus GG --A- Lb. acidophilus -4 Lb. casei
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§ 0 F
ko)
©
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Fig. 1. Survival rate of control mice and

mice fed with Lactobacillus spp.,
following challenge with Salmonella
enteritidis.

Salmonella enteritidis7} Fo]E o]F %= 2

—_

A 2V Lactobacillus spp.i= ™Y L3 I

FAEIRC ™  Lactobacillus  spp.2] 5ol
w2l mouse®] AEEI XAHES] Apo|7} e}
Wt} L. helveticus CU 631 57 219 Ag

o

=
R
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1 100%= frA=ENeY o=
= 1Y A3 § AEE0] 2% FEoR
Hol XARE ASFl L. helveticus CU 631
© FYAR S A Aow vEs
THp<0.001). L. caseiv= 34 F AEE0] 88%E
FABte] frolAd e AXHE Astads vEr
WAt L. johnsonii 57+ 119 o] 1 A
EEo| 75% e FAste] dETRY w2
AEES YEMNAY. Lactobacillus spp.2] %
of wel ool JIREE FE XA A
stads yehllen o #5d s Es
L. helveticus > L. casei > L. johnsonii®] A&
=7 YElSTEE Table 2915 Lactobacillus spp.
wol 79 B F
challenge ¥+ § Lactobacillus spp.& 2143t &
ofgh & i AEARE FE dE=LE 100%
S oo Gt AEARE o in] %E UEhSl
t}. L. helveticus CU 631°] 1 A&go] 713
Fol 157%= YEFSIL L casei YIT 9018¢]
145%, L acidophilus ATCC 43562 137%, L

Salmonella  enteritidis =-

Jjohnsonii C-4<= 132%, L. rhamnosus GG ATCC
531032 110%% 7P v AEES Bl
L. helveticus CU 6312 HAMEA &

2 R vk
Salmonella enteritidis®] A a7} =& Ao
= FRIEA

Salmonella enteritidisS mouse®l| challange 3}
Sul  Lactobacillus spp. w1°l 28t YEY

= izl ek AEE d ade AT

o2 ZHAAZ Salmonella typhimuriums L.
acidophilus LA1°] 2]&te] A @37} F3lo]
Uehd A3rp Barse] 2 A3 Axel f
ARGE RS Blom, Abeke] Adatste] ¢k
sta?7t L casei GG ol ¢Jste] YEld B
7} A TH(Isorauri &, 1994).

Lactobacillus  spp.
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Table 2. Survival rate of mice fed with
Lactobacillus spp. following chal-
lenge with Salmonella enteritidis

Protective Activities of Lactobacilli Against Salmonella enteritidis and Characteristics of 16S-23S rRNA

3 9e ueiglon b #E Rold
A= Addko] vERR] &gk} L

helveticus CU 631°] 7}4 £& AAax= 7}

after 21 day
AL 2}o], probiotic TTZ Ago] 7EElcial
Strain Sl A o g 997 dadta dz
ate
° Lactobacillioll  9Jsto]  Alg oA Yelhye=
d
Contrel 100 ARG BA A Az v
L. helveticus CU 631 157° W A= old)= 3l JtH(YoonT Won, 2002).
L. johnsonii C-4 132°
L. rhamnosus GG ATCC 53103 119° Table 3. Inhibition of Salmonella enteritidis
. . . by Lactobacillus spp. (ultrasensitive
L. acidophilus ATCC 4356 137
assay method)
L. casei YIT 9018 145°
Species Clear zone
SEM 1.30 P diam(U)
Mean survival times Lb. helveticus CU 631 9.50"
* Survival rate(%) = (hours) of treated mice % 100
urvival rate(%) = Mean survival times Lb. johnsonii C-4 8.00°

(hours) of control mice

* *‘Means in a row with no common superscript
differ significantly(P<0.001).
* SEM : Standard error of mean.

2. Lactobacillus spp.2| Salmonella enteri-
tidise| A2t o Ax =

Lehrer 5(1991)°] AI%t&t ultrasensitive assay
Holl 9|8t Lactobacillus
enteritidis A &3} Table 3]
t}. L. helveticus CU 631, L.
ATCC 53103, L. johnsonii C-4, L. acidophilus
ATCC 4356, L. YIT 90189 A=
Salmonella enteritidis®| A&7} fFoldo=
Uehhs Zo®2 YERRTHP<0.001). L. helve-
ticus CU 631> Salmonella enteritidisS |5}

= AAge] ATl SAA FAEE e

spp.2l  Salmonella
A A =] 3L

rhamnosus GG

casei

o] o oAES UL o] Az}
= j]/\]'% Xﬂg“/]’ﬂ' O]X o]——‘: t‘(?j_O_ y_%}\g

™ L. rhamnosus®] A1g@ ] A Ay} A

A At &= L helveticus® 735+ FAF

Lb. rhamnosus GG ATCC 53103 8.50°

Lb. acidophilus ATCC 4356 6.00°
Lb. casei YIT 9018 5.00"
SEM 0.18

* 1 unit = lmm

* “ Means in a row with no common superscript
differ significantly(P<0.001),

* SEM : Standard error of mean.

3. Enzyme linked immunosorbent assay

(ELISA)Z 0| &8 & Lf total IgA =X

o) 7] 43}
JolA %

H
t}. Salmonella enteritidisS X971 T
% g

IgAE 57 9 2379
e wa Aol Y@ A el
}
of Ao el EAle A
[gA X% direct ELISAHOZE =43 A}
control 160.3ng/ml, L. helveticus 161.4ng/ml, L.
Jjohnsonii 156.7ng/ml, L. rhamnosus GG 165.4ng/
ml, L. acidophilus 167.30ng/ml, L. casei 161.4
ngmle FFS YelleH, L johnsoniis

ol

=3

o]
a
=1
=

E % total
3t
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ALt BE FFA  controld] M]3
total IgA TS Uehtes AEs Hlou
ZF A T3ke] oAk ATk

Perdigon 5(1990)2 ZAts dA47|F 39
< Salmonella enteritidise ZFAA 713, 79 +
anti-Salmonella 1gAS =733 2 A3}, L. casei
Foldto] ©E L acidophilus,
Streptococcus thermophilus 51 o F oA 718
= 54EReH, L aczdophllusE "olg 4
S 272 anti-Salmonella 1gA & 2ol &
Uehl#] ettta @ Baus B Ade) Ay
o} FAKIEE ol L. acidophilus© 23
Z9 IgA7} & Salmonella enteritidisS £
A rolebA] Satglom Weldto] &

L. bulgaricus,

ol
kA
2B

of
ol
ol
a
)

KR
= e}
e FAaslon o Ao FAEL 1
o A A5 ST F g Qo
Helch
175
M Lb. helveticus

‘ O Control

W Lb. johnsonii
@ Lb. rhamosus GG ELb. acidophilus

OLb. casei

170

165

ng/mé

160

155 |

150

Fig. 2. Effect of Lactobacillus spp. feeding
on total IgA production in small
intestinal fluid, 21 days after the
challenge with Salmonella enteritidis.

sto.
acidophilus= Q@E%Q] & 4
NS =8 @45 T IgA FEE ST
= Aoz Ba¥E ¥ lovKLink-Amster 5,
1994) ¥ AA3} F gA sEE Fo
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AolE Ve,

4. Lactobacillus casei YIT 90182 16S-23S

rRNA intergenic spacer region2| sequence

AR o] &%t E2> L casei YIT
90182] 16S-23S rRNA intergenic spacer region
o] A= 214bpE YEFF ST, gene bankol
THE FAAFe] w7 A71ME e homo-
logy™ Fig. 39 #|A1% ule} 2t}

YIT 90183} ATCC334, JCM 1134, LC7422,
LC7127, ATCC393 LC7128J 7+ homology:
92.2%, 98.0%, 93.6% 95.1%, 98.3% 96.6%<1 A
o2 YERRTE Nucleotide W€l 542 77
TF7F AR ke TS 19l
A 159H7FX] CTAAGGAAACAGACTZ X3
w3 ZfolE Heol= Wshujdo] 91X
16-17, 31-92, 125-126, 131-132,
|l A nucleotide®] W3Ho] =2 1}
s 34\"] AU 1 o]glo] FE2 ¥
AR 54 HEATE flell
AAE homology =Folell 7ske] 55742
AR &8 F USs FoE wekdrh

7574 2 subtyping®] EHHOZ DNA
sequencing W& o]&shk= A9 g Holof
el A<t
6}7] $ste] wAE DNA sequencing 7
F-9lell =gEo] AAE 4 He] glth
MAE A 5 2 FEoly oy i
sequencingsli= A 8221 9
olth, A FAA | A= o] Al
PFGE, RAPD, Rep PCR¥}E= tjxz o
2 DNA sequencing ol QlojAle= Alatol
wgole] B #F AelE A B

A
53] 22 Fis AYEte] sequences SA
=)
n

rlo

o N

>,\I

al

o o
e 2 e

o Hr o
tio

0:0{;‘1‘
o [g—

2

of b=t AlgHdol = Aol A
°] DNA sequence’} 57ke] Ho] o

1 Hr
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5 10 15 20 25 30 35 40 45 50 55 60

1 CTAAGGAAACAGACTTTAAGTCTGACGGAAACCTGCACACACGAAACTTTGTTTAGTTTT

2 GA. .
3o P
4 o GA. .
S GA. . .
6 ... I ACCCOTGCACACACGAAACTTTGTTTAGTTT
T o e CTGCACACACGAAACTTTGTTTAGT. ..

65 70 75 80 85 90 95 100 105 110 115 120

1 GAGGGGACGACCCTCAAGCACCCTAGCGGGTCCGACTTTGTTCTTTGAAAACTGGATATC

T GAGGGGACA. . . .

125 130 135 140 145 150 155 160 165 170 175 180

Il ATTGTTGTAAATGTTTTAAATTGCCGAGAACACAGCGTATTTGTATGAGTTTCTAATTTA

20000 AT U TT e GAAAAA
3000 TG o AT L e AATTTA
4 00 AT U TT L GAAAAA
S e GAAAAA
6 ... TG o AT L AATTTA
T oo AT L U TT o GAAAAA
I GAATTTCGCATCGCATAACGGCTGACGCAAGTCA

2 C. .o o GTACA

3
4o
N

O .
T

185 190 195 200 210 215

Fig. 3. 16S-23S r RNA intergenic spacer region sequences of seven strains of L. casei.

1; YIT 9018, 2; ATCC334, 3; JICM 1134, 4; 7422 5; 7127 6; ATCC393 7; 7128
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T2 AUIMge] st Alsta & SHd
TGRS YAt glejor =Wl L
casei® 735 1-15, 185-214H FTEvjGR-9)7}

ZAskaL Qlef olxzdell A, o3 &

iy

Tol FFHHE FEO2 165S-23S rRNA inter-
genic spacer region®] e Aow deid 3l
=t

Sequenceol] W37 YEE YO 2 geno-
mic DNAZJellA] of2] 7}« @7daqle] wste}
origin®] *}o]o] wWE genomic DNA sequence2]
Wste Agzhe o)ty

V. 2 oF

Lactobacillus spp. =19 23l Salmonella
enteritidis 73l <3 XAl A3} A
AR AL, e He] T IgA =W
3t} Lactobacillus  casei.®] 16S-23S  rRNA
intergenic spacer region®] sequenceE =7 W]l
g A vt A

Lactobacillus spp. 5d A@HU Salmo-
nella enteritidis 1A 2] 54 Ay} BE Alg
T57F AAEEE R 1 A e
zpol7h FAASQ Frelde B3lew, oAgd
o Aol L CU 631 > L
rhamnosus GG ATCC 53103 > L. johnsonii C-4
> L. acidophilus ATCC 4356 > L. casei YIT
9018 ¢l Ao® vyttt

Lactobacillus spp. 3191 &8} Salmonella
enteritidis challenge®l] 2|3t XAV Aslade=
Lb. helveticus CU 631> tlZ2T9 AEE 62%
of tiste] 100%=24 7 w2 AAHE Asta
= uERlaL, L YIT 9018, L
Jjohnsonii C-4°] AJEE°] 70%2} 50%E LER
Atk

Lactobacillus spp.2] 16S-23S rRNA intergenic

spacer region2] sequences =73}l gene bank

helveticus

casei

of 5% 59 sequence®?} HuF A}

homology ] 2ke]E FERIRITH

v.eal g £
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