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Abstract

Enterotoxigenic Escherichia coli (ETEC) is a major cause of sporadic diarrhea disease in
humans, affecting mainly children in developing countries and travelers from industrialized
countries visiting tropical or subtropical areas. ETEC strains have also caused food-borne
outbreaks at schools and restaurants. Probiotics are known to be inhibitory to the growth of a
wide range of intestinal pathogens in human and animals. They are also able to promote the
growth of animals. Possible mechanisms of action include the production of acid and other
by-products of bacterial metabolism. In this study, we will screen adhesive lactic acid bacteria
(LAB) strains among isolate from infant stool. Anti-adhesion activity against ETEC will be
evaluated using adhesive LAB strains. We have been developed for study of the adhesion of
probiotic lactic acid bacteria and the competitive exclusion of pathogenic bacteria by the C2BBel
(Caco-2) cell line. In order to obtain potential LAB strains for human probiotic use, in this study,
LAB strains with survival rates from the simulated GI conditions and with good adhering
capability to the intestinal epithelium cells will be then further evaluated for their antagonistic
effect against the growth of ETEC in vitro. We then will study the effect of heat (100°C, 15 min),
protease treatment, and the dilution factors on the antagonistic activity of LAB. Results had been
found that Lactococcus lactis RY?2, Lactobacillus salivarius MM1 and L. paracasei En4 were
acid as well as bile tolerant. Lact. lactis RY2 and L. salivarius MM1were able to adhere to the
cultured human intestinal C2BBel (Caco-2) cell line. For the antagonistic effect, pH and acids in
LAB-SCS might play the major role.
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Table 1. Escherichia coli bacteria strins used in this study.

Lab No. Source Region of Toxin Type a Year of
isolation or virlence Isolation
factor
TO1l ATCC 35401 A # RR#EE LTIh+STIh (& %3
Flix 0178:H11)
T 10 UM 4247 A NE R IREE
Fltx STII
ES 02 RE! B R ST 1998
ES 10 %8 AT STla+STII 2000
LTI+
ES 12 %8 Fa STla+STII 2000
EK 06 Blood R %H% STla 1998
EP 18 B R LTIp+STII 1987
EWD 299 ATCC 37218 &% kikhiE# LTIp
Fltx

Table 2. Antimicrobial activity of cell free spent broth of lactobacillus strains
against eight enterotoxigenic Escherichia coli.

ETEC Zones of inhibition (mm) produced by spent culture medium (SCS) of
Strains lactic acid bacteria
RW1 RW3 MM1 RM1 End RY?2
TO1 22 21 21 20 23 23
EWD299 30 30 32 30 32 32

Table 3. Antimicrobial activity of cell free spent broth of three lactic acid bacteria
strains against eight enterotoxigenic Escherichia coli.

LAB zone diameter (mm)

ETEC

TO01 T10 ES02 ES10 ES12 EKO6 EP18 EWD299

RY?2 20 21 20 25 26 20 27 30
MM1 20 21 20 24 25 20 27 30
End 20 20 20 25 25 20 26 29

Fr f;ﬁ&ﬂx




Table 4. Identification of isolated strains in APl 50 CHL Kit

Lactic acid bacteria  Strains Identify
RW1 Lactobacillus salivarius
RW3 Lactobacillus salivarius
MM1 Lactobacillus salivarius
RM1 Lactobacillus salivarius
En4 Lactobacillus paracasei paracasei
RY?2 Lactococcus lactis lactis

Table 5. Analysis of acid tolerance (pH 2.0 2.5 3.2) for three lactic acid bacteria.

LAB Strains 0hr pH2,3h pH25,3h pH3.2,3h
En4 9.77 + 0.10° 9.64 + 0.04 9.63 + 0.13 9.63 + 0.17
MM1 9.35 + 0.08 9.17 + 0.24 9.07 £ 0.01 942 + 0.01
RY?2 9.25 + 0.19 9.17 + 0.12 9.01 + 0.40 9.13 + 0.07

“Bacteria counts are converted to log CFU ml™

Table 6. Effect of bile salts on the growth of low pH treated (pH 2.0, 3h) lactic acid bacteria.

LAB 3h? 12 h 24 h
Strains MRS MRS-bile” MRS MRS-bile MRS MRS-bile
En-4  10.55+0.04 10.13+0.05 11.09+0.03 11.06+0.03 11.93+0.01 11.67+0.00

MM-1  9.56+0.08 9.42+0.04 10.87+0.01 10.86+0.00 11.27+0.01 10.67+0.01
RY2  9.20+0.04 8.33+0.04 10.52+0.01 10.43+0.03 11.36+0.03 11.09+0.03

® LAB in MRS or MRS-bile after 3 h treatment at pH 2.0.
® MRS-bile means MRS broth with 0.3 oxgall.

® Bacteria counts are converted to log CFU ml™



Table 7. Effect of lactate dehydrogenase treatment after 2 hours on the antimicrobial
activity of cell free spent broth of three lactic acid bacteria strains against
eight enterotoxigenic Escherichia coli.

LAB zone diameter (mm)

ETEC

T01 T10 ES02 ES10 ES12 EKO6 EP18 EWD299

RY2 19 20 17 20 22 20 20 26

MM1 15 16 16 19 21 18 19 26

En4 17 18 15 19 20 18 20 25
Fr ) e

Interpretation of zone diameter of inhibition.
= less than 11 mm; + =11- 16 mm; ++ =17-22 mm and +++ = more than 23 mm.

Table 8. Effect of several treatment on the antimicrobial activity of cell free spent broth of
lactic acid bacteria strain En-4 against eight enterotoxigenic Escherichia coli.

Zones of inhibition (mm) produced by spent culture medium (SCS)

LAB ETEC of lactic acid bacteria after following treatments
Strains Strains  Catalase =~ SCS Trypsin  Amylase  Pepsin  Proteinase K

adjust
pH 7.2

En-4 T01 27 20 20 20 21

T10 21 23 21 21 21

ES02 20 20 20 21 20

ES10 24 21 22 21 22

ES12 25 23 23 21 22

EKO06 20 20 20 20 20

EP18 25 26 24 25 24

EWD299 28 29 28 26 27




Table 9. Effect of heat treatment (100 , 15 min) on the antimicrobial activity of
cell free spent broth of three lactic acid bacteria strains against eight
enterotoxigenic Escherichia coli.

LAB zone diameter (mm)

ETEC

TO1 T10 ES02 ES10 ES12 EKO6 EP18 EWD299

RY2 20 22 21 22 24 20 26 30

MM1 22 21 20 21 25 20 25 30

End 20 23 20 21 23 20 26 29
b e

Fig. 1. Adhesion of three lactic acid bacterial strains (A) MM1 (B) En4 (C) RY2 to
Caco-2 Caco-2 cell lines by inverted light microscopy. (D) The RY2 strain by
scanning electron microscopy (SEM).



Fig. 2. Agar diffusion test showing antagonistic activity of lactic acid bacteria against
enterotoxigenic Escherichia coli (ETEC). (A) The SCS with or without heat (100 C,
15 min) treatment of lactic acid bacteria strain En4 against ETEC strain EK06. (B) The
SCS with lactate dehydrogenase, pepsin, proteinase K and trypsin treatments of lactic
acid bacteria strain MM1 against ETEC strain ES12. (C) The SCS with or without
pepsin and proteinase K treatments of Lactic acid bacteria strain RY2 against ETEC
strain EKO06.

200
180
160
140 [
120 F — o
100 |

80

60

40
20
0 | == | |

ETEC Strains

Number of adhered cells per field

Fig. 3. Adhesion of eight enterotoxigenic Escherichia coli to the human intestinal epithelial
Caco-2 cell-line in vitro. (Adhesiom of eight enterotoxigenic Escherichia coli onto
monolayers of Caco-2 cells is expressed as a mean number (SEM) of ETEC adhering to
the cell monolayer/10 Caco-2 cells. Twenty randomized microscpic fields were counted.)
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Fig. 4. Adhesion of ETEC strains (A) EP18 (B) ES 10 to Caco-2 cell lines by inverted light
microscopy.
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