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Abstract

Probiotics including Lactobacillus acidophilus, refer to a group of nonpathogenic organisms that protect the
human host against gastrointestinal(GI) infections by pathogenic bacteria such as Shiga toxin-producing E.
coli(STEC). In the study, the inhibitory effects of STEC ATCC 43894 adhesion by L. acidophilus A4 was
investigated on the HT-29 epithelial cells. Specific proteins regulated by cell lysates of L. acidophilus A4 on STEC
ATCC 43894 were also characterized by proteomic analysis. Both cell mass and lysate of L. acidophilus A4 have
exhibited the profound inhibitory activity on the HT-29 cells(about 1.5 log scale reduction). Two-dimensional gel
electrophoresis(2-DE) revealed seven proteins that were up-regulated by cell lysates of L. acdiohilus A4 and three
proteins that were down-regulated. In addition, three protein spots were only detected in the presence of cell
lysates. These results suggest that inhibitory effects of STEC adhesion by L. acidophilus may be due to the

regulation of specific protein of STEC.
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9] FAA ] he WAdol S7HHAA o] &l 23 )7t
7kt 2 B0l dstaro] obd A WA A
probioticsel] 213+ A #F AT HIAA vAYE b
ek A7 BESHA o] FoR L YUtk AT ool THEk
B PIAE AAC ek 712t B e 12 ofF
B BrEA A @ot o]of] ha A7 AlFE Aol
o} 53, olei@ WA wgEe] AN Zdstel B
vehl7] 9% dAzne g AR Faste] £
PJAst= Zlo|tHFalkow et al., 1992). wWakA o5
4g Adeke AL AHH e o5e pdd I
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1tHLee et al, 2003).
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Lactobacillus acidophilusZ X &8V Lactobacillus T3
HEE Bl 2N E Ay JHA] tiA AR S Aitste &
2 7% IR A E, 9FE, 7IEAIE HUHA e Az
HHASA ol g1 glon HIde 17 S £ 4 du
9] 54& 7}*]+= probiotics T3-2] A9} F-8-<] Frlsla
ACHFuller, 1989). £3], & 5o a2 thfe HUA
o) 83 A A9z FHo BAE 4 9lE receptorS
TR UTte Bt glod, oby o A tig A%
2ol dTE FE3 AAoltiLee and Puong, 2002). 53],
STECS) 3 42 5ol st 34029 455 AL o
HEE o] &3t A AT F3 A9} o] Ee] A3t
+ Shiga-like toxin $3} & 0|59 HIAE A73A]7
EA 7Y FAE L glev ol 7R frabto] AAshe HY
4 A 4 B2 g FEL plEe A oltHKim e
al., 2001),

olat 719 EE o8& TUEA (proteomics) = TN
A FEodA 24 #d F32 Bl g S4E getsin
TheFe 95 g49] Wsle] ojd) A E we] dd 3
HE A& + e M2 7]€o|tiPandey and Mann,
2000). 7—}7—}-4 Z2 L AX FEA T Ed IF
o heiA o2l H7dF 71eL shte] gel AollA FH
Fo] 9l AS BFo N HT 5o 1 F840] Az
i & 715 F Ste|thOh ef al, 2004). 53], F34 &
Fol obd 4A functiong 7HE ©jdel &d Wsle
mass spectrometry(MS) 7]€EL}“Z§ Bl vwA &1 W=
A B2 AEE BAE F o] e A9 biomarkero]
M 5 2 &8V - guiEm gltkSoren et al,
2001).

B AgdAe A3 A7 o) F Az 73 5
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B A¥elN AEE BRE netn $1RE AUl
o) B39l #FE3} ATCC(American Type Culture Collec-
tons)ol | EPTE FFE AT FATFE MRS
broth(Difco Laboratories, Detroit, MI, USA)Z o]-&3}od 37T
olA 18A]7r 33] AltiulFste] A8l Shiga toxin-
producing E. coli(STEC) ATTC 43894 - American Type Cul-

ture Collection (ATCC Manassas, Virginia, USA)= Luria-
Bertani Broth(Difco, USA) HHX] o] 37CellAl 18A]7F 2 ekl
G F AMgSigTh BE B5E 2] iAol WY F €
A£2](2,000<g, 30 mln)o}oﬂ oA g AR
(10%), Lactose(2%), Yeast extract(0.3%)7} -2 HjA]| & &
3 %, B2 A2AA -30ToIA BBSHA AT,

do

M=E mpME (Cell Lysate)

100 ml MRS brothel] 3%} Aljul e fAHFFE 1% 3
Zata (10° cfwml) 37ColA] 18A]17F wieket & AR
(8,000 xg, 30 min, 4C)3lq THE 2| 3}A Tk Phosphate
buffered- saline(PBS)Z 23] A& A & 3£ 20mL2]
HE? T 208 <t 28 7HHCo = sonication(UP200H
ultrasonic processor, Dr. Hielscher, Germany)-S- 4 A|8l] A
Eg ASGT GHRG 4EAE I5T F B8R
filter2 <3} (0.22 mm pore size; Sartorious, USA)3 & 2
Zz3ka —80 TN Efshds AIRE A&t

& AEM=ZF ot

E ATl AL A Adu]A| E= HT-2924] Korean Cell
Line Bank(KCLB; Seoul, Korea)ollA] o} Alg-35hsith
HT-29 A|Z& & H]84d3he 10% Felo} E4(FBS)o] H7}
¥ RPMI 1640(Gibco BRL Life Technologies Inc., Grand
Island, NY, USA) 8jX| & o] &3l 5% CO, &4 s} 37C
A Ej STt F3 gA) AES A3 HT-29 Al X well
o 2.0x10° cells/mLe] $7} H =2 24 well-platedl] £33}
1 AY2 vAE z3eb 248 monolayerE A of
A e Feted Aol AMR-stAT.

-?Tﬁ Z=ol MEZII|E0f o8t STEC ATCC 43894
Tl B Au|MzZ FEb ofF|

YA 3 A A¥2 7 52004)9] WS ¥y
3le] A1 €4 monolayerE #AIEE HT-29 A ¥+
257C2] PBS buffer& o|8-3le] 33] MAsta YA 7E Fot
52 %2 RPMI 1640 vi=] 0.5 mL& H7Fstdch 4TS
o] AL 1.0x10° cfwmLe] F=7} =2 PBSo| @EHg o}
& 7} well plated] FE8}T 5% CO, EA s}l 37CTAA 2
AIZE S AAEET wido] ¢RE ¥ RAER] gL
AT A AF7] $18) PBS bufferZ 33], 384 200rpme]
&z gElEA AEE AAENTh A3He) ¢sdE ¥
1.0x10 cfwmLe] FX2 PBSe| #EE STEC ATCC 43894

T2 FFSIL oAl 5% CO, EA) 3ol 37CAA 1A1ZE )
FE AN A2 S Ee] 4% 10 mg/mlL(dry matter
7189 =2 PBSo| dEd & B3 #49 STEC



Shiga Toxin-producing E. coli ©r¥)a w3 H3}

ATCC 438947138 HE3kaL 1AZF vl ek AA)slg) B
ZE|A] & STEC ATCC 43894 752 A Ast7] 5] PBS
buffer2 53], 184 200rpme] $=2 wwkalaAs A2 4
AlBFH T Al2le] 5% & 0.2% Trypsin-EDTAS EF-8lc]
F250o] 9= M EE dojl L peptone T o] 83l ¢&E
AWM o 2 MacConkey agar(Difco, USA)] 3} wgts)
TCollA 2413t wijdste] F4E SH AT
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Overight B FH STEC ATCC 43894 752 L. acidohilus
A49] A3 E 10 mgmL7} H7HE LB 1% HEs)a 37
TollA 2417 Wk AAekdn wigdo] T8E F 94#
Zlste] 8=H cell pellet> PBSE 23] X3 AAIg = &
Z£20 7 lysis buffer(40 mM Tris-HCl, 1 mM EDTA, pH
7.5 #AE3 3 sonication(302 7HH o & 587H& HA8}
o A dAS 3]eadnh dojzl TlELS Arevalo-
Ferro 5(2003)2] *WHh 2 phenol(Sigma Chemical Co. St.
Louis, MO, USA)Z} acetone A M-S o] &ale] 223t
#HFHoz Adojzl AL Bradford reagent(Bio-Rad,
Richmond, CA, USA)Z o] &3] Fakar & —80ToA A
@ A7 wass gad AR2 A8

OlXte ®™7|8&E

olatgdl M719 %S OFarrelle] WA(1975)90] T3t A
stk E8]E 700 pge] @A AlFEE HF volumeo] 320
#L7} ¥ =2 rehydration buffer(8 M urea, 2% CHAPS, 100
mM DTT, 0.2% ampholyte, 0.0001% bromophenol blue)ol] &
815l & ReadyStrip(17cm, non linear, Bio-Rad, USA)S- o]-&
Btod 20T oA 12A]7F 9t rehydration AT o] %
Isoelectric focusing apparatus(Bio-Rad, USA)-& ©]|-&&}ed 250
Vol A 304, 500 VoiiAl 308, 1,000 VoilA] 30%, 8,000 Vo
2] 3A)7Y, 8,000 Vel A 25,000Vh, 500 VellA 3087t focusing
< AN H88E 98 equilibration buffer (6 M
urea, 2% SDS, 20% glycerol, 130 mM DTT, 0.375 M Tris-
HCl, pH 8.8)9} equilibration buffer II(6 M urea, 2% SDS,
20% glycerol, 135 mM idoacetamide, 0.375 M Tris-HCl, pH
8.8)0) 2}z 158-7F AX 3 T .12.5% SDS-PAGE(20x20cm)
o 711 0.5% agarose gel 2 sealings}al geld 20 mAC R
4TollA 12717t 3t W79 55 AABITh A7) d5e] &
2¥ T 1A1ZHE9 fixation(20% methanol, 10% phosphoric
acid)dt ¥ Candiano $(2004)2] W) u}2} Coomassie blue
G-2502.2 F4¥ Blue silver solution(0.12% dye, 10%
ammonium sulfate, 10% phosphoric acid, and 20% methanol)
o2 FME ANt G2 E gel-2 UMAX scanner (800
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1,600 dpi UMAX, UTA 2100XL, USA)E ©]-&3} scans
2A1%F B PDQuest image analysis software(Bio-Rad, USA)
£ olg3to] Ha 30 o4 Wao] FAUAY Pashe
spote BASTh ReE v ueel BAe
prestained molecular weight marker(RPN 800; Amersham,
Sweden)E o] &3t 45t
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HEe 3RS gAElden 23 ZAze SAS
program- ©]-8-3la] Zt 2] ¢7ke] FH49] 2ol & p<0.05
FEAAM ttestZ AA ST
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M=Zoiaj=ol elst STEC ATCC 43894 o] &t
MMz 22X AX|

2o E°] ProbioticsE ©]-83t Salmonella typhimurium,
pathogenic E. coli S Thekst A o & od 2 )
Fel ot Hart Al 2 At Matter ef al., 2002). A 63
Aol B Apxe thekd oA Eeljt g
B R AT A FFMAE 532 € ¥4 STEC
ATCC 438899] 72 oA 5 & gasigct B Aol A}
23 L. acidophilus A4 7]1Z B2 AT s A A
ol g2 73 FEE /e Ao HuHm e L
rhamnosus GG(LGG)<} W) md-& wj HT-29 A|Ed] & &+
F(10°~107 cfwmlo2 23t Aoz Yelkew mal,
o]5& %2 STEC ATCC 43889 2.3} <3 S8 = B9
THA &, 2004). B AFoA = Aol o3 A azfet &
7 o2 NESHEe] STEC 224 %82 #akslgth
FNEAL 10 mgmLe] HEhBo] AN | 10°
cfumlLe] Tt EAYE Aot AR FFoZ g 1.5
log =9 52 A gyt AAHAcHFig. 1). Positive
control 2 AFE-E 012 LGGE] A= A Aelsde] &
A AT} SRR, L plantarum 299ve] 750 A] 1 log U]
ko] E. coli O157:H72] £-2} ejA) 58 o] A& tH= Mark
5(1999)8] Buel= ©F2A L acidophilus A42] 735 ol A
= 2 A B A E B ES] 5~10% F= Sz &
Z=] ¢l tHdata not shown). WebA L. acidophilus A42] STEC
o] §& oAl= F2 AX FAHE Yo SAsks JE 9
3 Moz HEIth A2 Lee and Puong(2002)e SAHF
o] ME FHo EXdles & Aol HYA |2 His
AAsl=] T2 4L k= Aoz Husgoh v E
A= L. acidophilus A4S] AE T E-L STECo] AAskaL
#4]8}: Shiga-like toxin®] B4 Al 9= Taty
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Fig. 1. Effect of strains of L.bacidophilus A4 on adhesion of
STEC ATCC 43894 on HT-29 cells (Black bars: 10° cfuw/
mL of cell masses, grey bars: 10 mg/mL of cell lysates).

S tHKim et al., unpublished data). wWabr] Hz) 2 A7
A X FHEolA STECS F2E JA|sh= 54 B4
2, BAE & FE& FHoE Jg Fo) Ut} Frtge
cell lysate®] pHE 6252 S E|]oH o]o & v elite]
A A= 9 FA v Ao2 BAHAUL
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OlAtY HI|HE BA

oA ANGEL ol §8 TuAAE
W o) 24 7)E3 Pt gelgol viehd vl
Ae AR 57 faAs dgeled faAe] AT 4%
W2ate) JRBAE vole Hlo] 28} sh= Holch 53,

¢

7=
Bddel 98 AL HAg Y 72 9 o AT
of YA & UKL 5, 2002).

B Ao = L acidophilus A49] A|E 3} Eo] STEC
o] B n)x)= dEe BEsy] Yk 10 mgmLe] X
R Eo] M7t wixlolA STECS] vhild why i &
ARt 2k HelFolA FEH @A L nonlinear IPG
strip(pH 3~10)& ©]-&sled A A7 5F SDS-PAGE
oll+] 2705} 3 Blue silver staining ©]-&3kod spotg B8}
ATk 2t gel?] imaged| Al BTH 22 8007H¢] spotg AT
T Aen o]F 28| o]4fe] FH AolE Hole 13749
spotS A3l tiFig. 23 3). 7709) spot(Spot 1, 2, 3, 4, 5,
9, 221 10)2 M2 S Eo] H/=EHAS o) Fdo| 7t
3.2 370(Spot 6, 7, 1231 8)9] spot2 o] A
o ZulEAX 370e] @A spot (Spot 11, 12, 18] 3L 13)
S AXE s Eo] EAE wnt FdsE AL AT
(Table 1). €A ¥ AFRL 13719 spotS N4 & matrix-
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Fig. 2. Two dimensional gel electrophoresis images of protein
extracts of STEC ATCC 43894 exposed to control (A)
and 10 mg/mL cell lysates of L. acidophilus A4 (B).
The crude protein extracts (700 ug) were separated on pH
3.0 to 10.0 nonlinear IPG strips, following by 12.5%
SDS-PAGE. Outlined sections in A and B indicate zones
presented in Fig. 3.

assisted laser desorption/ionization time-of-flight mass spectro-
metry(MALDI-TOF/MS)$} proteome database S ©]-8-3to] o
WA 3 2 P 7)5S 8l Fol Yk Probioticsel 23
WU MR 23 olx] AR F2 4w ) pHe| A3}
ot 48 vAE FES Yehlie Bl Al 2
B2 2] Ak 9JgF Aoz HyEdTHMatter ef al., 2002).
SR H2 Bo] YA A ER & AR 84 7
FHMack et al., 1999) =5 B n|AEe] Hedg Hd B
o] e g WskAZIvE Ea(Bergonzelli e al., 2006)
7b o] FoIR[HA] ol BHAE ARt A7) A gl
3k A7t ASHT vk AR AF feo] AFERE
oz Haddel Azstel #HE el o] @l



Shiga Toxin-producing E. coli ©r¥2 w3 w3}

(A) 43894 (control)

|

¥ o« :7“ [:L
‘&» ,v " ? 8
w-g *
R TA
2 ‘ 12 13

(B) 43894 (cell lysates)

Fig. 3. Enlarged partial two dimensional images representing
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ATE oFH7HA 2] BA &2 A%tk HF fEllE ol
A%}t Nalca $(2006)-8- o|x}9] #7199 E3} DNA microarray S
o|-g-8ld Pseudomonas aeruginosa PAO1S T2 2 o]&9]
WAL A2EA7] = azithromycing A715E& o type
III secretion system, AF3} ~E#| A9l FHE thl A7 {3
7o) Hdo] ol o ashe AL AU webA
2 A7 fak A sl Bl o3 55 B Ak
A7+el GBS 2SI T o] & o] &3l 2 sde]
B2 g E8eluxl A&HoR #AA AFE MY F
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So} a4 wlage] AREE ool F12e] B4
o] B0l obd AEE de AlaA] o] &
st 28 Foll Ut 53], ol AVide Hed A%
A = ,j{/] Zfjof] &3} 3} probiotics THF9] A4

BAG MAES st A2 2o §34<
el a}uﬂ} 9 5 9l Ao BeED, 2 Aol

crude protein extracts of STEC ATCC 43894 exposed
to control (A) and 10 mg/ml cell lysates of L. acido-
philus A4 (B). Circled and boxed protein spots indicate
proteins that are up and down regulated in the presence
of 10 mg/mL cell lysates of L. acidophilus A4, res-
pectively. Triangled spots indicate proteins that are only
detected in the in the presence of 10 mg/ml cell lysates

m i

T-29 cell & A C. 2 L. acidophilus®] 1A <} A 1)
Aro 2 STEC ATCC 438949] 7 Aba] A B2k of &)
2451tk 10 mg/mLe] A X spflEo] EA3AS
10° cfwmLe] A7} 2APE we} A FFo=
STEC ATCC 438942] 22+ 3] 371 #&=Ich 8113,

£ ooff o o o b oz X
18 o
mlo

of L. acidophilus A4.

L. acidophilus A42] SN = 1 A8 a7} A F g3

Table 1. Listed proteins of the STEC ATCC 43894 in the presence of cell lysates of L. acidophilus A4 (10 mg/mL) on 2-DE gels

Spot No* Molecular masses (kDa) pl Comments

1 22.0 4.5 Increased amounts in the presence of cell lysate
2 19.0 45 Increased amounts in the presence of cell lysate
3 11.0 44 Increased amounts in the presence of cell lysate
4 7.0 4.5 Increased amounts in the presence of cell lysate
5 15 54 Increased amounts in the presence of cell lysate
6 24.0 5.5 Decreased amounts in the presence of cell lysate
7 35.0 6.1 Decreased amounts in the presence of cell lysate
8 34.0 72 Decreased amounts in the presence of cell lysate
9 26.0 6.4 Increased amounts in the presence of cell lysate
10 24.0 6.2 Increased amounts in the presence of cell lysate
11 46.0 6.5 Only detected in the presence of cell lysate

12 26.5 8.7 Only detected in the presence of cell lysate

13 20.0 8.5 Only detected in the presence of cell lysate

* Corresponds to the numbers in Fig. 2 and 3.
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=9 5~10% = FEoR #EH] 1 e wi¢ AL
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