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Effects of Bifidobacteria on the Growth and Caco-2 Cell Adherence of E. coli 0157:H7. Kim, Eung-Rydol*, |
Hoo-Kil Jung, Suk-Lak Juhn, and Jae-Hyeun Yul. R & D Center, Maeil Dairy Industry Co., Ltd., Pyﬁjng—
taek 451-861, "Department of Dairy Science, Kon-KuK University, Seoul 143-707 — This study was conducted to
investigate the effects of bifidobacteria on the growth and Caco-2 cell-adherence of Escherichia coli 0157:H7. Dur-
ing momo-culture of E. coli O157:H7 and mixed culture with Bifidobacterium infantis K9, pH, viable cell count,
and ainmonia concentration were measured. Co-cultivation of E. coli O157:H7 with bifidobacteria, producing
acidic metabolites rapidly decreased the viable cell count of E. coli O157:H7. In addition, rapid decrease of ammo-
nia concentration was observed during mixed culture after 8 hrs i:ncubation,‘ compared to single culture of E. coli
0157:H7. Therefore, it is likely that bifidobacteria assimilate ammonia produced by E. coli O157:H7. When B:
infantis K9 were applied onto the Caco-2 cell before or after adherence of E. coli O157:H7 P4, B. infantis K9
showed quite similar adherence on the Caco-2 cells in either case. On the other hand, adherence of E. coli O157:H7
decreased from 2.6% to 1.86%, when B. infantis K9 was adhered to Caco-2 cell 2 hrs prior to the application of E:'
coli O157:H7. In conclusion, the adherence of E. coli O157:H7 to Caco-2 cell was inhibited by competition of its
binding to the adherence site with bifidobacteria. In addition, inhibitory effects of bifidobacteria on E. coli O157:H7
appeared to be much higher with increase of the number of bifidobacteria and its ability of adherence to Caco-2

cells. .
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el 55 Aol AREsielen, 7)1 FAA] (Forma
Scientific, USAYS o]-83}e] 37°CeollA 1541784t 7]l
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Table ‘1. List of bifidobacteria and E. coli O157:H7 tested
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FAMFH-2 Kojima (10,1119 HPEE &85 A
sleict, vl AdT} E coli O157:H7Y] &% =x &g
HjeF WX 2= 1.7% glucose’} T GAM broths AR

3ot #S HdlE el vluladT E coli O157HTS-

22k 1,710 x goll A 10%8-5<F Y4lHe)sle] PBS(phosphate-
buffered saline)2 23] A1A3 F, 9= =L ODgiomm
7} 1.00] FHA Az} NS GAM brothell 0.1
% 5, == F3 AFEste] 37°Ce] F7 R A w)
P, WAz pH, T4, R ol $=F 54319
o}, ou] F4o] =&AL horse blood 5%= 33 BL
agar medium(Difco, USAYS |43} =451}

Lo Mg

A& wiA] Fo] hE]o} R Ammonia Test Wako Kit
(Wako Pure Chemical, Japan)Z o]-83)o] Algkslgior,
I ¥pH-e o234 2t} Deproteinizing reagent solution
4mtE 15ml tubes] W blank testd-S 2miE P
1 Hgel A8 B 254 1 mlE A1 § amlksle
£t 1,190 x gl A 10859t ARzl A 2
miE AJ2-$- tubes]] 24 TS, color reagent solution A
2ml, color reagent solution B 1ml, color reagent solution
C 2mtg A7lgt ¥ 2 E&s)aL, 37°CellA 20854t =)
FAZ F- 3E-E)E tap water® WY74A 71} WA amls)
o 630 nmell AN FHEE SAI olfie} 2L AR
Eu]e} kS ARE3l9IYh Ammonia concentration(ug/dl)
=(Absorbance of sample/Absorbance of standard) x 400.

HIZ|ARO 28t £ coli 0157:H72] &2}t N §3f
Caco-2 M FEZE wieksled monolayerr} 3FAIE 24-well
platedl] & =Y (ODgionm 1.0y 100 pl(1 x 107 cfu/well)
4E31e] 5% CO, incubatorolM 1A1ZF 30852t HRE-A]Z)
%, Konishi 5[12]9] #PHel| weir A2 G Agupd 52
P oz AAFE A vy 2dH E coli

Code No. Strains tested Source
M3 B. bifidum KCTC3202 (ATCC29521) KCTC?
M8 B. longum Korean male, 20 years old
K8 B. adolescentis Korean female, 20 years old
K9 B. infantis Korean breast-fed infant, 2 months old
P1 E. coli O157:H7 ATCC43894 ATCCP
P2 E. coli O157:H7 ATCC43888 ATCC
P3 E. coli O157:H7 932 Georgia University, USA
P4 E. coli O157:H7 0019 Georgia University, USA
P5 E. coli O157:H7 933 Georgia University, USA

K orean Collection for Type Culture, "American Type Culture Collection
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o AFgle] vty Doz wikEl AR E
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< AR o]-§TTR= Jao S(818 Hareh IA|3IIH.
et &3 A2 wlEEa F5IF 1x10° ofw/ml o]
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ABZ) Aol igie. &, HF pHAl 44 o8k e
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log cycle °)AF A=A 5, wbHell pH 4.41-4.46 weil=
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Table 2. Changes of pH and viable cell count during co-cultiva-
tion of B. infantis K9 with E. coli 0157:H7 P1

Viable cell count (cfu/ml)

Mixed culture with
 bifidobacteria and E. coli Bifidobacteria E. coli
107:0 | 4.62 79 %108 -
10%:0 4.85 83x10% -
10°:0 4.63 7.2 108 -
0: 107 4.99 - 32x10%
0:10° . 5.01 - 3.4 %108
0:10° 5.05 - 4.5% 108
107: 107 4.36 1.3 x10° <10°
107: 10° 4.35 1.7x10° <10°
107:10° 435 1Ix1¢° <10°
10%: 107 4.39 1.2 x10° <106
10: 10%; 4.37 9.8 x 10® <10°
10°:10° 4.37 73x 108 <10°
10°: 107 4.46 7.9 % 10% 1.3 %107
10%: 108 4.44 6.8 x 10% 2.5%10°
7.1x108 2.3 %109

0°:10° ‘ 4.41
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B. infantis K92| E. coli 0157:H7 P1 A4S x| 1}
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Fig. 1. Change of pH in the media during co-éulti}vation of B.
infantis K9 with E. coli 0157:H7 P1. S
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Fig. 2. Changes of ammonia concentration (g/dl) during co-
cultivation of B. infantis K9 with E. coli O157:H7 P1.
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Fig. 3. Change of viable cell count of bifidobacteria and E.
coli 0157:H7 during co- and mone-cultivations.

a, single-culture of B. infantis X9; b, single-culture of E. coli
O157:H7 P1; ¢, B. infantis K9 during co-cultivation; d, E. coli
O157:H7 P1 during co-cultivation.
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Fig. 4. Change of adherence of bifidobacteria and E. coli
0157:H7 to Caco-2 cell during single and mixed inoculation.
MB8-K9, bifidobacteria; P1-P5, E. coli O157:H7; Others, mixed
culture with bifidobacteria and E. coli O157:H7.
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3} E. coli O157:H79] 5% M3 w2 3o ¢l
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Table 3. Change of adherence of B. infuntis K9 and E, coli O157:H7 P4 when co-inoculated with different inoculum size

Mixed culture with B. infantis K9 E. coli O157HT P4
bifidobacteria and E. coli Viable count (cfu/ml)  Adherent percentage (%) Vlable count (cfu/ml)  Adherent percentage (%)

107:0 2.6x 10° 2.17 - L
100 3.6 10* 3.00 - -

105: 0 6.0 x 10° 5.00 | - L
0:107 - - 6.2 x 10* 0.62
0109 - - 9.9 x 10 0.99
0:10° - - 1.71 % 0 1.70
107: 107 1.6 x 10° 1.33 8.0x 10* 10.80
107: 106 3.1 x 10° 2.58 54x% 103 0.54
10%: 10° 29x10° 2.42 7.0 % 102 '0.70
108: 107 4.4 x10* 3.67 7.5x 104 0.75
10°: 10° 3.3 x 10* 2.75 6.0 x 103 0.60
10°: 10° 3.5% 10 2.92 5.5% 102 0.55
10%: 107 41%10° 3.42 6.8 x 10* 0.68
10°: 106 3.4 x10° 2.83 2.1x10* 2.10
10% 10° 2.1 x10° 1.75 45% 102 045

Table 4. Effect of incubation time on the adherence of B. infan-
tis K9 and E. coli O157:H7 P4 in a mono- or co-culture

Table 5. Competition of binding of B. infantis K9 and E. coli
0157:H7 P4 to Caco-2 cells

Adherence(cfu/well)

" Strains Ijnitial count . Inoculation Strains Initial count %Adherence
tested (cfiwell) Reaction time method : tested (cfu/well) CWWeH %
15hrs ~ 2hrs 3 hrs o BmanisK9 11x107 19x10° 173
A 1.1x 107 22%x10° 23x10° 23 x10° | E. coli P4 3.7x107 9.8x10° 2.65
B 1.1x 107 12x10° 1.7x10° 2.6x10° B _B. infanits K9 11x107 18x10° 1.64.
C 1.1x 107 15%10° 20x10° 19x10° E. coli P4 3.7x107  69x10° 1.86
D 1.1x 107 89x10* 15x10° 2.9x10° B. infantis K9 L1x107 16x10° 145
A, single-cul‘mfe of B. infantis K9; B, single-culture of E. coli ¢ E. coli P4 3.7x107 1.7x10° 046

0157:H7 P4; C, B. infantis K9 in mixed culture; D, E. coli O157:
H7 P4 in mixed culture

e Aoz vehdtth o)AL wEv)AFT E. coli ETEC

7 AL AR Ao ARIAE AAHC= o)

£301= Chauviere S[410) Azl Qx)sigic).

=3t B. infantis K95’—]‘ E. coli O157:H7 P4¢] A= =
A7l whE 7‘*7—‘1*& 2 w3 A= Table 59 2o}
B. infantis K9 TF= 2/\]7]' Holl AFAZ] F E. coli

0157:H7 P4% 7@74"‘31“0—7\]?&—5 o), B. infuntis K9 F52]
AHzeg FAL AR 9RgAIY AW YEbAIRL, E. coli

O157:H7 P4 #59] AF5L 5 Az vkgAle) u)iA
Holzl= AL=E et o]¥% E coli O157: HT P4 T
Fo] Ao Yol o] B infuntis K9 dF7) AF
FE vE] ARslaL ol7]) gl Ao Ao}

T E coli OISTHT P4 TFE 2412 Aol A&7 F
B. infantis K?% A 9eAHE 9, B infantis KO T

A, co-inoculation of B. infantis K9 and E. coli 0157:H7 P4 to Caco-
2 cell; B, inoculation of E. coli O157:H7 2 hrs after bifidobacteria
adherence; C, Inoculation of bifidobacteria 2 hrs after E. coli
0157:H7 adherence

2] A& Ef‘l Sk H%—Ali} AR »}ep;tzm, E.
‘coli O157: H7 P4 FF Ass wolx| Aoz v
e, AEg o wuelAFH} E coli O157:H7S Caco-2
HEo] &g HRAIZS o, vgeaTd ojuigh 2AelA
= 593 AL JeIAT, E coli O157: H7S) A
g2 wlrleiagte] 2417 Aol Aol 9l W 265%
oA 186%%E FAEE AFS EAdo oA
Lactobacillus acidophilus LAIS E. colis &3 A3uke
Al o, L. acidophilus LAl TFE FAlol| == wA
AZSAIZ 9| L. acidophilus LA1S E. coli AW}
< F Uzl BEAZ] Al wIsM E coli BF AAE
7} % EgHelela B8l Bemet {21} Ate} @
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Asledet. =3 E coli O157:H7¢) w]E] A2Eg]S wje)
AAgo] 2.65%ANAM 0.46%2 FHAEE AL AAAH)
AANE] o) vlE) AR E. coli O157:HT7} Wo]e]x
ol o5 AR A7) W Aoz AR, vl
vlagte] mjg} AFEe] 9l E coli 0157:H79) AF %
Aol #3} 7|2hE ko2 oS W ATE Edlo] uEA
of gt}

(=) OF
vl =

E. coli O15TH7Z AF3) £l ofsjM A= 5%
Fo2A] o]Fo] A= vero toxino] ATe] Abw]AE
Y2 A=l AH-E FEA7)A "o =381 E coli 0157:
H7e] Aol ZRE7] Aside fAts v &
AN el AFs}edof gt wlebd B o Fellr nlgy)
o] E. coli O15T:H7E A5 & A& qsir] A&
7t A=A E getslr] e, vl AFF E o coli
O157H7& &% WeklS 99 o4 &3}, v)gjojae
Caco-2 ME A& M J4] &3} 55 =kl B
infantis K9 5} E. coli O1STHTE 5 = 3
FshEAl wiekAZlel W pH, ¥, o} kS 24
slodvt. 2 Az wiekAIzbe] A= o] B. infantis K9 75
o ofslA] Ak EAle] AAEHA E coli O157:H79] #
T 943 aEE o2 vepgd) g9 hrye} &
2 E coli O157:H7 wREaek A gel] nls|A] Eghulor
AlgofA 8AIZF o FHE ZhawE Zo® H o wima
o] E. coli O157:H70] A e kol E o] 8s)= A
22 =Y. B infantis K9 TF2¢ E coli 0157:
H7 P4 T55 AAA7E 2lsle] Caco-2 A|Ee] &3
AAANHE W, B. infantis K9 T2 FEA|7]e] AAs]
o] FARE AAE-E vepie}. windel| B. infantis K9 75+
7b 2217F Aol mlg] AAES] S doll= E coli 0157
H7 P4 #5F2] AFEo] 2.6%A 1.86%% ZHAE= 738k
& Bgth AEHog vy AFe] E coli O157:H70) o)
g AS 2 AR GAE AR 29, AR A EIE 1)
ujagtel ofsiA AR AMIER QA pH 4.40 ©)
std o X3 EAE Hgow, wYHAFH E coli
O157:H7°] AF F915 FYsP o]43iA|vt nlv|e|Aag
of $AX o= Azte] HYE W E coli O157:H7S] A=
£o] M3l A3 vepth
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