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Abstract . Antibactenial substances produced by Lactobacillus caset subsp. and Streplococcus faecium were e-
xamined for its antibacterial effects against some pathogenic bacteria. They were partially purified with a-
mmonium sulfate precipitation, methanol-acetone extraction, G-50 gel filtration and examined its characte-
ristics.

When L casei subsp. and Str faecium were cultivated in MRS broth, stationary phase of L caser is until
24 hours and Str faeciwm is 20 hours. pH change of the cultured medium was both decreased after 12 hours
and then constant at pH 4.5~4.6 after 28 hours.

MRS broth culture fluids of L casei subsp. and St fuectum appeared the antibacterial effects by the spo-
t-on-the-lawn method against ETEC, Sal pullorum and Sta aureus. Culture filtrates of L casei subsp. and Str
faectum also appeared the antibacterial effects by the disc diffusion method.

Culture filtrates of L caset sub. rhamnasus 7469 produced 0.032M of lactic acid and 0.01M of acetic acid.
Str faecium 27273 also produced 0.027M of lactic acid and 0.01M of acetic acid. Protein concentrations of
culture filtrates produced by L casei sub rhammaosus 7469 and Str fuectum 27273 was 495 pg/mé and 594/ ¢
g/ml, respectively.

Antibacterial substances which are partially purified by ammonum sulfate precipitation, methanol-aceto-
ne extraction and G-50 gel filtration inhibit the growth of ETEC. Sal pullorum and Sta aureus.

Characteristics of purified antibacterial substances was examined. Its molecular weight was about 31 K-

d, stabilized at 100°C/20 min. and some of proteolytic enzyme treatment.

Key words . Lactobacillus casei, Streplococcus faectum, culture filtrates, antibacterial effect, spot on the lawn, d-
isc diffusion.
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Lactobacilus casei = lactic acid bacteria{LAB : Lactoba-



cacum s LLABOl £38l& Ald 2 2 Orla-Jenseno] 1919
wHliog e g FEsden Alg 4 89 438
A ARFoz EahA 23!

LAB+= Metchnikoff7} M & 0.2 fraj g Zuiv| Y =
off th3l ot X goll & ol B ATRE0
LABRYE A3 g g dated 1wt 5
Ao, Ladobacillus casei L Streplococcus fuecum©] ¥ Ak
AN EAS AT TE AWEAHOE Yol 9]
Ra=b A=

LAB7} A 4+3ti= Bd 9l g4 # %E organic acid, hy-
drogen peroxide, diacetyl, bacteriocin, bacteriocin-like s-
ubstance 59| ¢l FFAHEH 3 Rog &
fitl’ H, 10

Deklerk 5"& L fermenti7} 4 2Fk v oF o 59] bacteri-
ocin® A sHi 21 A4S Tk L helveticus™ ", L b
wlgaricws'”, L acidophibus®™ ", 1 plantarum™ ", 1. reuten®,
P acidilactici”, P pentosaceus 5 LAB7} 2 8= 743
Z@d B3t e grh

Kramer 5'"& Str faecumo] B 2}3te A S
AA 5t &1, Harasawa 5% ammonium sulfate 3 %
Hog AA3 FadEAY 44ES Nk Kramer &
& Str faecium E1°] A 2F8HE bacteriocing 2 2} 8} 8} 4
A Aol ubel ¥2hek oF 10 KdQ) trypsinell w1t 54
i} B2}k °F 100 KdQ! trypsinoll A &3l £ F7}
25 %38t 2n, Harasawa 572 ¥ 23 2F 50 Kd
9| trypsinoll ol 91% A Y EHS FA AL

Reid 59& L asei7} A28l 482 L¢3
upe} A AR 1} AdAbe] ohorsttd it st} L casei GR-1
of WAtdle: A TATALE B E cli] LKA
o] A A B AN ExiaFo] 12~14Kd ol F 2
2 chlorformoll ¢t @3t Azl o) a4 24
dob 80 st gt Kato 598 L casei®) A Al ol A <]
F#A2S BRustgon, o}y JAE o] 83t
Sal ty[)hz'muriumi’} ETEC*?, M_'ymb(wmmmm, Listeria mo-
nocylogenes, Pseudomonas (mug'irms‘aﬁ‘% g1 71Er 7] 3
e g 50| ol tisted o] &7127F L
4 B3 s
B Aol N Lacwbacillus case subsp. 2 Streptococcus
farciumo) B 4Ee FFAP S 4B E FE 7] A3t
o §EHERA Yated R MaE FAHEHe] HY
AAgod i FF4e d¥sty dFHEZ S ammo-
nium sulfate 338 2 methanol-acetone FEH2E 3

Astel $it4 2 44E 23

oo
o

il
‘_

Mz

AMETRZFE 1 ¥ 8ol AH8-8 Lactobacillus casei sub. rha-
mnosus ATCC 7469, Lactobacillus casei ATCC 393 2 Lact-
obacillus casei ATCC 46468 ol FZEA L LG §
€Y, Streptococcus fuecium ATCC 27270 2 Streplococcus faec-
wm ATCC 27273 S AT EAF 422 F8 42
stoh. R EALF AP AHE-§ enterotoxigenic, K
coli (ETEC, 0157 : K88.), Staphylococcus aureus, Sahmone-
la pradlorum(TA 3000) 52 A S Fo]Fof &} v}y
Eaado A RaFd AL AP

MiTOHA] 2 iR © Lactobacillus casei subsp Z. Streproco-
cous faechom-& MRS brotholl &3] 37Coll A 24~48
AZF el g F g 8% AMgE e ddd
A A A ol ALg 3 Al dE & BHI brotholl 16~18
AlZb B gFEte] AFR3FH T MRS agar(MRS broth, ag-
ar 2% ) = spot-on-the-lawn method®ll, BYE agar(BHI
broth, yeast extract 2%. agar 1. 5% )= disc diffusion me-
thodoll o]-&3 o},

HIFo| ZAA B HYXIQ| pH BB} © Lactobacilhus casei
subsp. & Streplococcus faecume MRS brotholl 3% 3}
37CN A 48412 vl F3HAA 4417 it} AR E N FH S
of ‘JFFE plate counting ¥ &2 EAFSEE S Al
M g-Z 4o W wix 9 pH Wists AArstArh

gt A Al Spot-on-the-lawn method : spot-on-th-
e-lawn method & Lewus 59 Wol &atel 4 A3t
A MRS agaroll Lactwbacilius casei subsp. 2 Streplococ-
cus faecium W) Fd AL 10 2¢ ¥ H3atd 37CH A 16~
2477 WS O, ZeAAE AT E SR ag
ar 8m¢Z overlay 3t ATk A AE A T-e v
BHI brotholl 4 16~ 1841 7t v ¥ & ¥ PBSZ Al o+
107/m¢ & 283k 45~507C ©} BHI agar Tmeol) 2t &3t
il HEFF 100~10/m 2 2838 overlay 3T
agarZ overlay® petri-dishi= 37°C 2} 7] efoll 4] 244
T eFd b B AAE A S Ao
2718 A5t LEAAPIEE HASAT

overlay 3 petri-dish®] W] ¥z 1 & #7140 8 3o
oA o)) viale Qe mopon], WS4
2718 N2 st

WxaA pH Astz A #FAA Y At F
AojAdel g ©238t7) 95+ lactobacillus & streptoc-
occus7F H & A elol o] =8 wje] wix] pH 4.6
e z702 MRS ¥R 92 pH 4.62.2 3t g0l 4
o} ge uhgog AKAHLNE FAH3H A

Disc diffusion method : disc diffusion method+ McG-
roarty 522¢) Whiol Fato] AA S HT &, FFEAA
% o 44l & BHI brotholl A 16 ~184] 2t ulj eF3te] A
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F4E 10~10/m2 28 oS, BYE agarol streaki-
ng3t A, Ladobacillus casei subsp. X Strepococcus faeciu-
m ¥ %94 & pore size 0.45 me] FFA 2 o33 }-L,
A 104¢ AL F5A FAAHER L FH5= dis
sc(filter paper, pore size : 1.2¢m, I3 : 6mm)E 754
Al th M T E streaking 3 agaroll 2 238t} A 20l A
1~2A17F B F 37CoN A 18417 Wl 3] disc F
Aol A€ F&AAde A5 23 F&AAA
= R i n L=

Hikoiol crulXiar 2 3 {4 HE Cul gl o)
GHE FNAF AL Lowry method 2 329 &
A Al BSA(bovine serum albumin)& 7] &2 g AFtch
M9 glucose o] 422 A% vl %} 3 9) organic acid
g AE37) 93k HPLC sk, &, whkd-£ pore
size 0.25 #m®) A FHA 2 | H& 3t 10p¢ A& Am-
inex HPX-87H column (300 X 7. 8mm)°ll %3t 0.6
#¢ /min® F&4%2 HPLC3IQ ). o4 mobile pha-
set= 0. 005N sulfuric acid2 3tH 2™, o] A& UV dete-
ctor(210 nm) 2 £ 3 t}. standard solution& 0. 0IN
sulfuric acid®ll lactic acid 0. 047M, acetic acid 0. 048M
2 3ch

grdedel 2o ¥ A 3 EA Fedse
Barefoot 5%¢) Wl 3l AYsAh =, Lacwba-
allus casei subsp. 2 Streplococcus faecium W) %<& 3, 000r-
pmol| A 3083t W Rl st S A AT FY
< #3k 3N NaOH= pH 6,028 2% t}2, 0.45um
filter paper2 4 2}3}o] -20Co) BAstn JFIEH &
28 A FAch

Ammonium sulfate precipitation : L casei subsp. % Str
faecium 5ol A ETECell ti3le] 7} S31g 25 < |
Hol sl= FFH4EF ANFFE Y95t ammonium
sulfate precipitation® 2 8 A E 2D AA Ak
2. L casei sub. rhammousu 7469 2 Str faechem 27273 W) %
of 7} o 200mé ol ammonium sulfateZ A FH 3 718l o
80% FE(w/v) 23 thg, 4Tl M 12413 A A F 14,
000rpm (8000g) &. 2 1583 A ¥ s At RHES
# &t Tris/HC1 buffer(0. 0IM Tris/HC1 pH 8.0)10m¢
2 R {dg vtex PBS(pH 7.0) & 2471 £ 4 (cu-
t-off-12Kd ©] 3}) 3t ammonium sulfate & A A & t}
&, disc diffusion method2 &8 A A F L 14 )

Solvent extraction : L casei sub. rhamnosus 7469 2 Str f-
aecum 272734 MRS brotholl 484 3+ wll %3+ < 50m¢
g $2432% g2, 4~10CE ¥ 23 methanol 50méE
7tete] felgoz AojlA s LA ES s o
A& 12,000pme 2 1087 A Eesd 43 & =

el HES e wygo s T ME3le methanol
2 323 33 150mE 2gton, HEL o
. +=3 3 150m 2] methanol 32 &S 40C~50T 9
ZelE F 7 wol A F&3Ath ¢ o] Fo]
Aot e F2Y 235N Z7F5E 718t 15w
7} 52 33 | 7)ol 4~10C 2 ¥ 2] acetone 50mé
H7rske 08 A X R, 15,000pm e 2 158
wA e st FANE 2l HHEL acetone
W 225l AA Y 150E Yo HHEL
Wy £33 150m¢9 methanol-acetone(M-A)F+%%
€ Whatman paper2 o %3} 40C ~50C o] 2}l &
7' 2 methanol-acetone©} @A 3] ZU w72 74t
FE3ch. ol 2k #2o] M2l & methanol-acetone &
2% =/ FE 7189 disc diffusion methodol] 2
 EES oA A H ol ARSBFA T

L casei sub. thammosus 7469 L Str faectum 27273 ) F
2ol 25m¢ol chlroform % propanol 25mé 8 -2 743l 2
E§¢ o}2, solvent®} water soluble phase $7% 3] &
2 w72 el WX &Yt 2l ¥ solvent FE&
Zal2d Folweo] o] AL disc diffusion methodol ] 3+
WS- A A gl ALE-3H o)

Gel filtration © gel filtration® Joerger $'' 2l Wy &
8to} Y A3 ATh F, St fuechum 27273 W} g o] #h o o
M-A 528 2 L caset sub rhamnosus 7469 vl QF o i1} of o}
ammonium sulfate ¥ W & 2. 5m¢ % 2m¢ & Sephadex
G-50(Sigma Co. ) column (25cm X 2. 5cm, bed volume
160me) o) % o] sodium acetate buffer(0. IM, pH 5. 3) =
ZF94E ol 439 0.8m/min® FEEEE HA 5
Sme¥ 35709 ¥ AUk A P2 280mmoN A F
BEE FAstden, FYHE 2 gel dAe 52
=38 disc diffusion method 2 2§ A A A 82 &
Ack

HMER Y EE2| YAZAL HPLC: Talarico 5'°
9] ¥yol A}, &, gel filtrationdt 2t B3 &
el e #Y& 55 E8g A 10me% -2 C18 column
(300X 7. 8mm)el F< & 0.8m¢/mine) FE45E2 H-
PLC3 9t} mobile phaset= acetonitrile 65% 2+ % &%
3B%E EHA ALE A LT, UV detectorZ 280nm
oA H&3hch

L casei sub. vhamnosus 7469 % Str faectum 27273 Hj ok
o4 g gel filtrationt 2 £ 5 FF o) Ue YL
25 g8 A& Laemmli*W ol 3t SDS-PAGES
Atk &, stacking gel 12.5% ¥ separating gel 10% 2
30mA°l A 63 M 719 S8 geld FAE 0. 75m-
m, molecular marker(Bio-Rad, USA)¥ low rangeE A}

[ ]

b
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&34t

FAPAELY 2xo 0 FFL FE37) 98 A
gel filtraton @ 2 £ 8 ZF gado] e £Y L LF §
g 21 10Tl A 5, 10, 15, 20834 @ g, d-
isc diffusion method 2 A& A A H & ATk

Hhol g dFHYEA 9GS BF37] A5
gel filtration ¥ 2} £ 83 74 £¥& 25 §g A&
lysozyme, trypsin, pepsin, lipase2 X &% t&, &
AAY S 39k Z+ 4+ potassium phosphate buffer
(5mM, pH 7.0)2 £813}3, gel filratedl]l HFEAF
% 500 pug/mé & BHod, 37Tl A 308l A 24 2t 3087
74 308 AL g A o, 95C FxA 5&T
Helste] BLHEE AAAIAG. olghto] Mg A
< disc diffusion method 2 &S AH A1 H-& A A8t

2 o

MiZe| ZA : L casei subsp. 2 Str faecum& MRS br-
oth 200m¢l 10°~10°/me7) o) Ml & ¥ f 2mé S FF 3t
3 37Coll A 48412 Wi F3FAA 4A| Tk vt vl gl & &)
Hato] YaFFo ATl we vz pH H3lE &
et Ade FHAE 2AIAHFig 1). L casat
AF & sARE AFs7E G233 F718H7] A 2t
UNTINA 5FA 7192, 36274 BA71E /A
sohrt AdFe BastacHFig 1). St faecume A%
E 16X 27 & 5524718, 2083 ol FREHE A
FF7 b e Aue AR 76 2@5 o 404
b ol BE Mase BastdckFig 1).

A gl ue vjz) o] pH W3l F A BF 84
o] EHE F743) Yolr 7] A&t 284 7t o] Fof
%7]9) pH 7.00. 2 %€ pH 4.5~4.62.2 Yol 2
2 EREHe 2 ¥%%el 292 #3319 (Fig

£oar e
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M EEI| MiTol ChEt 2t

1) Spot-on-the-lawn method®l| 2|8t &4 L caswi
subsp. 2 Str faecumoll sk} MArE gFAHEA 7
T Aol o g LR AA YL zAsL7] 98t
o] % Mld-& MRS brotholl 24—48A] 7+ wj k3l Al 4
10°~10"/mé 2 F 43 0& 2] PN 2 2 sopt-on-th-
e-lawn methodol|l & &led M AW KA AL E =43}
fAch

Table 1. Susceptibility of antibacterial substances tested by
the sopt-on-the-lawn method

As%?acrtneri:l Antibactenial activity to
produ y ETEC Sal pudlorum | Sta wureus
L casei 393 4 F+ Ft
L casei 4646 ++ + +
L awer b +++ +++ +++
rhamnaosus 7469
Str faectum 27270 ++ + ++
Str faechum 21273 A+ F++ F++
MRS broth(pH 4.6) - - -

Note: + :<3mm ++ [3-5mm +++ >5mm

Lactobacillus casei sub. thamnosus 7469 2 Str faecium
272739 vl F N & ETEC, Sal pullorum 2 Sta aureus°l
thale) 5mm ©]39) & AANE et o] o] 5 A F
ol g Fe FFAol A& ¢ F UAK(Table 1,
Fig 2). ©& %59 L casei subsp. 2 Str faecium 27270
o} ujFol = 5mmo|3te) EEHA g YEPd oM &
ALl ALS ¢ F YA BFAAFlAM vl
ZPS N4 9 21442 2] el x BS
JA el Z7)= & o7} QAL

Str faecium 27273°) 2] & ETECS] W& the} 227
g AztgdE 24 A3 ETEC g 28944
2 vl F 6A)ZHRE LR A sk 22471l

%5
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Fig 1. Growth curve and pH changes in MRS broth culture(C)—0O ! growht curve, 4 —a I pH at 37°C).



Fig 2. Inhibition of ETEC by L casei sub. rhamnasus 7469 culture fluid tested by spot-on-the-lawn method.

o) ol2ly, 1 FREE HEol Ak

) =2 4 MRS broth& lactic acid2 pH 4. 622 %
date) g o AFAAES A, Zedd
Aol dsle] B A gL dehtA okt e
B2 L casei subsp. 2 Strfaeczum»J ZNog QA A
o} pH A3}7} &4 110] ehd& ¢ 4 AUk

2) Disc diffusion methodOf| 2|5t &4 L casei sub-
2 Str faecium®] 24~48A1 7t W] F A& 0. 45 pm filter

paper2 o 78 R o 2 disc diffusion methodll ] 3t
AN Ao v g ARG A E G 2
7 8t FAdWH o2 ETEC, Sd pullorum 2 Sir
aureusol) 3kl FKAAAHE At

ETECo) W3l & 4v) 3] 4712 Sal pullorum 2 Sta
aureu.s"’ﬂ ) slod &= gul 8] A 7 A] 2§ A W) 7F e
woh A A g EgdAgY Ave
a2 A FA debkon, L casei 4646 2 L case sub. vha-
mnosus 74692 B /3 A o A& Sal pullorumoll ™ & T

3L B2 5 UK Table 2).

djQioio| cHHE] : uj F A Y o ppallol] ZA)3he Ty
) bacteriocin®] Aol 1] )&= Ja-S s vl
ok Ao mollo) Ea)3t= Tl A FS Lowry method 2
st dt. =, L csei subsp. Z St faeciumS MRS b-
rotholl 24~484] 3 v F& F A FF 10°~107/mez At

3mm®]

Table 2. Antibacterial actibity of filtrates of bacterial culture
fluids tested by disc diffusion method

Anubactenal Antibacterial actibity to
tan es —
pro uce ETEC Sal pullorum | Sta aureus
L casei 393 + + +
L casei 4646 + - +
L casei sub. + B +
rhamnosus 7469
Str faecium 27270 + + +
Str faecium 27273 + + +

Note ©  + ! <3mm

Z2A 892 o pore size 0.45#m2| filter paper2
TR gy g 23 A A FFFoA VL
2 R & Str. faecium 27273°] 594 pg/mé, L casei sub
rhamnosus 74697} 495 pg/mé & 2 ETEC] Wl & 459
Ah7p 2 FFoAA A s EE A4 JEth Sof
aechum species W ¥ d 3ol & [, casei subsp. W) Qo #ol
wrl dwra o g EA JebttHTable 3).

HiQOHO| F7|A 1 Ml FZ 2 02 ikl Foll AP E
714kl g Aol A e BFE nEjste MEESHAl
glucose 23] 2 4 4+ ¥ organic acid& HPLCZ &3t
Ay, 1 A L casei sub vhamnosus 7469 8 9F of 7} Y o)
= lactic acid 0. 032M, acetic acid 0. 01M o] A 2. ™, Sir
jaamm 27273 v ¥ o ol = lactic acid 0. 027M, acet-
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Table 3. Protein concentrations of the culture filtrates of L. casei subsp. and St Jaecium

Bacleria L casei L casei L casei Str faecium Str faecium Control
cultured 393 4646 7469 27270 27273 MRS medium

0.D. 0.11 0.30 0.3 0.33% 0.35 0.,05
Protein 217 594 594 663 693 99
(rg/mé)

ic acid 0. 0IM @]t} IE lactic acid & acetic acidE 7
2% 548 =2 2483 F ETEC o sho 2
SAAA S AAT 27 o] & organic acid¥ H 59
4 o] u]opat et

Se|AAet &M EEC| ZHA | L casei subsp. 2
Str faecium SN Ao dY o} gFaayt au @
H T2t ¥ L casei sub. rhamnosus 7469 2L Str faecium
aene $dEd 2o 2 A Az A9 F,
M & MRS brothell 3 % 3o 24~48A1 2F w43
F AEeE AV AL casei sub. rhammosus 7469
65X 10°/mé, Str faechum 272732 2. 82X10%/meo1 A}, o
Wkl GFER EA e Al F5to A3
&
4

ammonium sulfate precipitation @ solvent extraction

o3 2%, BAG gL MNPt

1) Ammonium sulfate2 2|15t sHFM 22 © ammon-
ium sulfate 80% 2 F W& &4 &322 disc diffusion
methodol] &3te] 8- A A A1 QS 3tA). L caser sub. r-
hammosus 74692 H-E19] R4 SR E
Sta aureus®l) t)shod WA Aol Qo g o) HF
b A g8 22 ammonium sulfateo) WA E &
o F AUk

Str faectum 272739 BA) a3 E R L Sal pullorum %2
Sta aureus® 3t g Aol AR et ETEC of 3¢
g8 GEp A 9kt (Table 4).

ammonium sulfate ¥ A& A Vel 74 cut o-
{12 Kd®] 4ol AdEHA & Ao g Hol H.Ou
lactic acid #& A A A ofyn] Eajake HAag
12Kd o]’d9] 249& ¢ + U

2) Methanol-acetone FE2 HH|5t St AMEE I L
casel sub. rhamnosus 7469 'L Str raectum 272732] ] ¥ o 7}
4% methanol-acetone 2. & F &3} disc diffusion met-
hodol) ol ate] WM& A A H-E g A2} S fuechum 27273
LS2RH Qe F2ELE ETEC 2 Sd pullorumd) o) &}
o &4 A4S Jebl A o S awrensoll 3L &
gyt A o] IR} L casei sub. rhamnosus 74692 H-¥ A
2 FEES EE AR GA T Dt FFA o)
tHERU 2] ol ARl FE2HA ¢SS U+ 3
1ck(Table 5).

7o

Table 4. Antibacterial actibity of culture fluids purified by
the ammnium sulfate precipitation method
Antibacterial Antibacterial activity to
substances - - - .
produced by ETEC | Sd. pudlorum| Sta awreus
L caser sub.
rhamnosus ++ - +
7469

Str faecrum
27273 - + +
Note !+ 1 <3mm ++ 1 3-5mm

Table 5. Antibacterial activities of culture fluids purified by
the methanol-acetone extraction

Antibacterial
substances
produced by

Antibacterial activity to
ETEC Sal prdlorum

Sta aureus

1. caser sub.
rhamnaosus 7469 - - -
Str faecium
27273 ++ + -

Note © ++ 1 <3mm ++ ! 3-5mm

3) Chiroform ¥ propanol &2 M H|8t ehr A 22

> L caset sub.rhamnosus 7469 2 Str faecium 7273 ¥) % o 2}
4o 2 ¥ chlroforme 2 &% a4 E8AL ETEC
of 3 dAdol RN propanol 2 F5F A2 &
ol flof o5 wo] e dFAEE L chlroform
o 23= FZ 529 propanololl &= F=& 5 A ¥t}

4) Gel coumne 2 |3t stn M EE © Sur facchum
272739 M-A 3% TR ER U L cawi sub. rhamnosus
7469 9] ammonium sulfate 3% &4 & 23 Sephadx
G-50 column©. &2 ¥ & &t EyPHz A& F3Yeo
7t 80 FHEE 245 $go B A Ity
B4 FEE 2AsP e, B8 disc diffusion
method 2 ETEC] t & g#4-& A1P3t o

L casei sub. rhammosus 74692 5-€12] -8 9, 11, 12 2
13912 ETECe] thg 2§ do] slten, 2zt 3
o] FFEE0.14, 0.30, 0.26, 0.240]Uvk. 11 £33
F33E 1A 0.3050]% 2.1, gel A #Hste] Qe 3574
88 280nmell A K& Azte 19 39 2oh(Fig
3).
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Fig 3. Gel(Sephadex G-50) chromatography profiles of the L casei sub rhamnosus 7469 culture fluid partially purified
by the ammonium sulfate precipitation method(® : growrh iahibition fraction).

0.D. at 280 nm
n

o
3]

1 3 5 7 9 1 13 15

17

19721 23 25 27 29 31 33 3

Fraction Number

Fig 4. Gel chromatography profiles of the St faecum culture fluid partially purified by the methanol-aceton extrac-

tion method(® : growrh inhibition fraction).

Table 6. Antibacterial - activities of culture fluids partially
purified by the gel filtration

A:)%ls)acterial Antibacterial activity to
supstances
p uceg%y ETEC | Sal pullorum | Sta aureus
L caset sub.
rhamnosus 7469 +++ - ++
Str faectum
27273 ++ + -

Note : + ! <3mm ++ :3-5mm +++ >5mm

Str faecum 2727322 H-El 9] ¥-3 14, 15, 17 2 18%
AN FFdo) et on, FFcE 247 1.4, 1.20,
0.42, 0.22°11T}. Str faectum 2727302 BE] AL 3570
Z 2y FHEE U Y| L5 71 Bgto
o, e 148 £ ol Fo A UdeltcH(Fig 4). gel
Aot AL 3570 £3Y2 280mmol M H28 AR
TY 4ol Mg} g

gel filtration¥ 2} 8 F ETECo} & &Aool
© 2YS 25 §3 Ao disc diffusion methodol <)
o] WX AR AANBAT. L casei sub rhamnosus
74692 HE 9 eluate= ETEC ¥ Stz aureusol o 8}
g 2AA g0l kA Vel o, St fuecium 272732 %
8 & eluate= ETEC 2 Sal pullorumol o 5} 3
F9AA4 & Y R oY S awrens©l) 3 M = A
o] Vel ¢kttH(Table 6, Fig 5).

A SR ERS| Mk

1) 3N BEIO| HPLC : gel filtration ¥ %8 % ET-
ECel 3 iAol e ¥9& 25 §3 AL HPL-
C3}<d retension time(RT )& AV} A3} L caser sub rha-
mnosus 74697} A48 FH#AdE AL RT 1.36. Str raeciu-
m 27273°] A4 dFAHEHES RT 1.82 2 2,210}
(Fig 6).



Fig 5. Inhibition of ETEC by L casei sub. rhamnosus 7469 and Str faectum 27273 culture fluids partially purified by

the gel filtration via the disc diffusion method.

2) SDS-PAGE : gel filtration ¥+ ¥ 8 Z ETEC®| th
& Aol e BUL EF §E AL Laemmli™F
Wol #3ta] SDS-PAGESS #3748 v 43 L
caset sub. rhammasus 74697F A AH3 S F A EH & ok 31 k-
d5-2o A diffusedt shde] =2 Jepsich 22y S-
tr faecium 272730] A FF AP EH L geldoll A A7)
5] 2] eFdrHFig 7).

3) 25 ¥ FAX2|0lf CHEH A : gel filtration ¥ &
gz gaAol Ax B BF §3ko 100THNA 20%
7t At e L A H A G kth(Table 9).
gel filiration® £ ¥ 5 dFAo] e ¥YL 257 &
22 lysozyme, trypsin, pepsin, lipase 59 &4 &
g & I L ZAVE A Lactobacillus caser sub. thamm-
osus 746971 A AE Z AL lysozyme 2 trypsin S 2 304
T 242 HYstAE @A) A EA §% o peps-
inoll & 3083 MM x FaAdo] 24=AT

Str faectum 272730] BAHg QB AL A 712 @
B is 25 087 AN Aol 24HUTh
lipaseol] thatel &= 5 Migto] Hakste AN EA 2F
gr Aol obrd Walyl dojubx) Yk Table 10).

o

LAB7} 4Atste @A 240 dig A+« o] 83
S ol g3t FEY ABEES TAANI R AP o

s AL Eilvle 5o o)Fojx 1 . LAB
% o]_g_@ %:lng i] g_oﬂ EH%]_O:] \‘:%.% (‘;-:1;?_3,]2,22,25. 26, 35, 36
7} o] Fo] Mo, o] & M o] WA= anti-E coli
24 WEAL 383, lactate 59 A SR Aol
g8 Aoz GAAJD LY FFYS A $4L &
Hog e LABE e dydlgoen 840
¥& g% 22 M Lactobacillus speciess N Al L acidophilus,
L tndgaricus, L plantarum, L casei &, Streptococcus speci-
es 3N X Str faecium, Str lactis, Str thermophalus, Str diacetil-
actus 5Z o] &3P

P EA YL FF9 VY F 85 viA
o] A% Folol ¥}, L casei Y Str faechum) ¥) A 2
A= MRS medium, BHI, BYE, MHB, skin milk. nutrie-
nt medium, tryptose broth % <& 7}A] 7} 4 & v} MRS
borth7} FFHE Aol 713 Frim A A

g 53 Aihl 2] 2 MRS brothE ©)-83td L cas-
@ subsp. 2 Sir faechom W) F B o 2 W YA A 7ol )5}
o AL A A8 B ETEC, Sal pulloru-
m, Sta aureus 5o &t WH A o] o £3
L casei sub. thammosus 7469 R Str faeciun 27273 v % 4 &
ETECe] W3t $&AA ) 5Smmol g2 A &4 o]
FU HHIAA FLL 6417 o] Foll 2H37) A1 =s
o 2A 72 AL RIGANE P33} ol &
A AlgZ 2ol we} e A SR $H A o

— 400 —
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Fig 6. HPLC chromatograms of gel filtrated fraction of bacterial culture fluids.

Tl gAHAl 02 Qg A Fo] AL v A Ao| 24=Act. Harting $7-& #l ¥ g 0.3~0.5#m
ol g1, filter2 of #hste wlokalol EAsH FRAdo] 2457

wof Ao g wgAAANELE & A L caser 4646 % #t}a sk o, Barefoot 5% Hoogkamp-Korsta-
9 I casei sub.rhamnosus 74692) Sal pudlorum®l ¥ T nje $¥2 L acidophilus B Str faechm ¥} N & o



Fig 7. SDS-PAGE patterns of antibacterial substance.

M : molecular markers. A L caser sub. rhamnosus 7469.
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Table 9. Antibacterial effect of heat treated antibacterial
substances produced by L caset sub. rhamnosus 7469
and Str faecium 27273

Antibacterial activity to
/‘;ﬂ%‘;acteﬂgl ETEC | Sal pullorum | Sta aureus
pro Ucegeb 5101520 1510152051015 20
(mim. )
L caset sub.
rhammosus 7469 | ++++ | ++++ | A4+
Str faectum
27273 FHtt | Attt | At

Table 10. Antibactenal effect of enzyme treated antibacterial
substances against ETEC

Antibacterial substances produced by
Enzymes L casei Sub. Str faecoum
rhammosus 7469 27273
0.5[1.0(1.5({2.012.5]0.5]1.0[1.5([2.0
hrs
Lysozyme + |l +[+ 1+ == -]-]|-
Trypsin + 1 +[(+]+]--|-1-|~
Pepsin -{=-'-1-1-1-1-1-1-
Lipase + |+ [+ +]+ |+ +H|+ |+

S ANE A7 25 9A 52 e, pH 4.6%) BHI
brotholl 4 Sta aureus, ETEC, Sal pullorumm2] & o 5
2 A% 14N BE FAEAY. 2o pH A
oz A NaEdgdAse d9E e
o922 AR+ Prescott 5“2 Hinton 59 2 #}9}
FArak ok

v %kef 2} o W &) organic acidE it /dell FEE vl
4= A, organic acid YA ELE L casei sub rhamno-
sus 7460 vl 2k U)ol = lactic acid 0. 032M, acetic acid
0.01M °1 2.1 Str faecium 27273 ¥] FHH ol & lactic a-
cid 0. 027M, acetic acid 0. 01M o] At} #7] 4o} o] 9}
22 Fxd A ETECH & 845 2533 v
ofstglor £4o g {7k A A ol M &
A2 A48 gt I8 2 & lactic acidu} acetic ac-
d7} s Aol oA e Agke n|estian, g2 Wk
o} 52] 12 Kd o) 442 ¥&tFe] 2 B ot A
otk McGroarty $%& L casei GR-1 ¥ ¥ 2} 9} F ¢
obo) e FFEE ‘—?— A o) o Foleta stAATh

FFAHEA B8 ammonium sulfate F AY 0 L
u“‘“% 0|38ttt

L casei sub thamnosus 746991 ¥ o] of & ammonium
sulfate 80% & F &3t & 24 A7 ETEC
2 Sia aureus®l] W3 FEA ol A AL FAAE

methanol-acetone 5%



4 Ak 28y McGroarty S22 L casei GR-10] A
Asle dF Y EAo] ETECYH i3t gaFA e ot
80% ©1/4 9] ammonium sulfate 2% $ 25 A ¥evln
dt] =g o] &2, Kim $°& L plantarum®] ¥
%o %42 ammonium sulfate 70% & F238t St sure-
usoll 3te] Aol e EAE BASAT). Joerger
5% L helveticus7} AT A EA L 50% 9] ammo-
nium sulfate 2 % 7hEsith E 03 A}, S faecium
272732 ammonium sulfate 80% Z & AN A Sal pu-
Uorum 2 Sta aureus®l] 3ty FFAol Ae EFE F
#3Att. 22 Y ETECA tistd & vfFfe] &) st
A gAdo] delubA] gkt

Mikolajcik §*°, Kodama®®6 % Shahani $*2 L acid-
ophalus7t M 218 834 5 2& methanol-acetone .2 F
23tk St faectum 27273 ¥ Fod 24 & methanol-ace-
tone2 2 %3 A& ammonium sulfate JAHS 2 F
&3 AR} ETECe disto gdAdol A vt E
TECHE 7128 o £ Wiol d F88S ¢+ A
ATh. L casei sub. rhammosus 74692] ¥ Fd 3o F 282
BE F Aol q g Aol Gept R gkot
ammonium sulfate ¥ A Y o] ¥ Wy Bt o up A
strp JztEc

ammonium sulfate ¥ methanol-acetone & 2 3 & 3t
8 A 882 Sephadex G-500.2 ¥8% 0, 7 ¥
gog ETECH W& a8 A A3 L caser sub
rhamnosus 7469+ 9~12%H, Str faectum 272732 14~18¥
ol Ao AN FFAol e £US FF
=7F #=A Jeigd 2:uv g3 de Y &
Broke Auldletx) o a4 B d45A
%ol gel A7A] Z £ o) Fg =R op3lE Pol &
A2 2" 4 AA} DeKelrk 5°, Barefoot 5%, Jo-
erger ¥'' 2 Dufour 5°& FaAol AE YL e
A F3=7t A4 Jepdon siych

AP EAL cut off 12 Kd9 $4 3 Folx= 3FFA
o] AAEXR Y= Ao Bol FANEDL H4AF 12
Kd ool 22188 2d Edojgtn A4 5 At
A7l Fo) A ¢ 31 Kd 29 A diffused band2 E}
ok, A7GFANA Jebd diffuse? bande ©] EF 0
&4 thill o] op2}t B dg AASEL Ath Aust-
in-Prather Y& wl oo Y HQ FFHEE L& AL
AE3 Agstd 2R Ede EAFd 1 s
o}, Upreti "% WA ol nEAsle FaELL
grsg-vae 7AE A RAYEAR Ao
AEAAEN 2 A7 AR 2 nondialyzable3h™ lipop-
rotein-carbohydrate complox®} REAF EF 2 &4

st n &g}, ol9bzre A H L& staphylococein 462 c-
olicins®ol 4 & @& A 9t} Barefoot 5% U Joerger
52 lactacin Bu lactocin 27 22 3FEAL £4
A A G FEd e A2 EA st EApFol
A diffusedtAl YepG AR 24 A Foll = £ Aol
747} 2.5~6.5 Kd ¥ 12.4 Kd¥ &4ddz 9diy
2.2 Jepdoha sch. 18y Juven 5 L acidophi-
st A3 EE 343 & - (LA-147) & SDS-PAGE 3ol
A B2 oF 38.5 Kde) Edoletn 3t 99 Az}
ezt e dHo 2 wusiyr)

Sty faechum 272730] 34 G ERAL B G T
M AR gkch FFHEAS) ARAFEAY 7}
e Aeeg AEAF g Ao ArGFHY ure-
a-SDS-PAGEE 3t ov 94 £ 57| gokrh. Dek-
lerk $°& L fermenti7t A2 & G344 2H S A2 @
Mol oMo e A7 H P& gzt goez
B8 A7} o]t 39 o0, Barefoot 53¢ lactaci-
n BE SDS-PAGE#® ¥ marker protein& 7 & 7}5 3}
A5 lactacin Be WM& #A# = gle olfE
ol ko] A AL} AR silver stainH o2 HAEE 4 ¢l
© &30zt st

PG ER L 100CAA 2087 AgjFol x g3k
2 S AAEA gtk ol 10T A 1412 A
2ol = A EHo] 4 A A gerhe lact
acin B¥, 96T ol M 30% dx gz gF Ao F o
e L fomeni2 A BT B1° 121TAA 158 IA e
2 A slhe L plantarumol A& A HP S fAHSH
Atk 1t L hetveticus' L L casei GR-170] YAt
FFAEEE gAeol st Riste dFPL 44
gk g4 Fe Aol 7t YAk

HFAEA fdol W AP A A Lac
tobecillus casei sub. rhammosus 7469 21§ FAHEHL |-
ysozyme®} trypsin© 2 308 X uw) o] 44} o
AR pepsine 2 FEFAHE 2 HAAYG #9H lysozy-
me ¥ trpsin®l] & ZA1 A & FF Aol A4 HA] B
21} 2417 307 A Alele B0l ALHATE Swfa-
ecium 272739 ¥ FA P EHA LS A DA EHEL BF
304 Helg Aol AHHAC. L ferment’, L hebveticu-
s', L plantarum'®o] 4 A+g 834 8 A& trypsin, pepsin
o 53 ¥ 11 lysozymedl A FITHE 8, lysozyme A
2] A Bl A Sir faechum 2727390 &) & FTFAHE A} o]
£ BYth. F Aldo] A4kgt 379542 lipasedl o
&hed QH 3] helveticin J¢ A B3 FAMIA 2 Y p-
lanracin B9 #Ho] 7} QI RATh. ©hel B3 & Aof) 2 5]
Fiagde] AHETE AL YA ER L GHAN B
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Lactobacillus casei subsp. 2 Streplococcus faecum©] 4 3t
e gaAEEdY 44E 79371 945t MRS broth
o] Wjokated Alge] wsAel, dFAETH WY,
qArg g EA o) AT e FFEe 24
s ew, 87 AE 2 & ammonium sulfate ¥ A 4
methanol-acetone &P o2 AA IS 44 L a4
& ZAME T

L casei subsp. % Str faechum MRS brothel] vl &3}
=N ZAS A3} L caser sub. fhammosus 74695 244]
7+oll, Str faecium 27273& 2041 Zbell A F A7 =2
stg o, Wxel pHE F AT ZF 1243 o] F 7§
#7258 Hasle 28417 ol pH 4.5~4.62.2 §A
skt

L casei subsp. 2 Str faecium-2 MRS brothell vj 4 &
wjokoll o 2 71z MFE& Hd 22 spot-on-the-lawn
method 2 L& AAAEE & A3 gFL 7 o
2} 2Fo) 7} AN 0.1, L caser sub. rhamnasus 7469 2 Str. [-
acchom 272730] A3 AHg 3t A B A 2 enterotoxigenic £
coli (ETEC), Sal prllorum 2 Sta aureus 5o W3to] &
S 7t bl ol W L casel sub. rhamnosus 7469
wjokel o) chel A Bk 495 pg/me, Str. faecium 272732)
kol 594 pg/meo)ATh. organic acido] AAFE L w-
sei sub. thammosus 7469 ¥ ¥ 2 2 lactic acid 0.032M, ace-
tic aicd 0. 0IM oL 2.8, Str faecum 27273 lactic acid
0,02M, acetic aicd 0.01Mo] Xt}

L casei sub rhamnosus 74692] ¥l ¥ 24§ ammonium
sulfate 2 %% $ 7 E2L ETEC ¥ St aureus©l
ate] gF ol AN, St faecium 272730] A4 A7
&7 A 52 & ammonium sulfate 2 F2& 3 22T} meta-
nol-actone® & & &8 Ro] ETECe tste] &34
o] vk

L caser sub. rhammosus 7469 2 Sta faecium 272730] A2k
o GFAEAG gel AT 2 FYo) ¥ FREE
ZAVEE A oW 2 144 B8] 7hg weken, ETEC
off thh WA AL 9~13% £8 2 14~18¥ E ol
X ebdh g@Aol e B8-S HopA AXg
F A A @l X L caser sub. rhammosus 74697} A4 3 3
F#XH2AE ETEC 2 Sz aurews®l ©) 8+, Str faechom
272730) A2+ A A ERL ETEC 2 Sal pullorumel
tate] gEAdol AU

A & FAE AL SDS-PAGEA A oF 31 Kd
waol A v) ¢ diffused bandz YFERTE BAIT A

AEH L 100C 207 HEolME iAo Ads7
ek, L casei sub. thamnosus 74697} A 213 @A 2 A
2 lysozyme, trypsin ¥ lipase©l] il ¢t s Q21 p.
epsin®l & D3N 2 Sir faecium 2727301 g &
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