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We evaluated the sensitivity and specificity of an immunochromatography kit, Single-path
Emetic Tox Mrk (Merck), which targets a marker protein for the detection of Bacillus cereus that
produces emetic toxin. Strains were isolated after outbreaks of food poisoning, and from retail pre-
pared foods and food products. The strains were examined for the presence of the emetic toxin-syn-

" thetase gene by PCR. All 58 emetic strains isolated from the food poisoning cases showed a positive
reaction in the immunochromatography kit. No emetic strains gave false negative result. Among 47
non-emetic strains, only two strains isolated from the food poisonings and one strain isolated from
food products showed a false positive reaction in the test. We concluded that this method has high
sensitivity and specificity. The test can be used for detection of emetic toxin-producing B. cereus not
only from food poisoning cases, but also in food products.
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Table 1. Relationship between immunochromatographic and PCR test results of Bacillus cereus of various origins

Number of strains

Case Causative bacterium Origin Institute T PCR Immunochromatography Name of isolate
‘ested
' Positive Negative  Positive Negative
Food poisoning B. cereus Human (Patient, employee) Fukuoka 5 5 5
Osaka Prefecture 7 7 K
. 9 8 8
Osaka City
: 1 1
Toyama 2 2 2
Food, manufacturing, environment Fukuoka 13 13 13
Osaka Prefectire 1 1 1
Unknown Osaka Prefecture 2 2 2
B. cereus and S. aureus Unknown ' -2
Osaka Prefecture
2 2
Others Human (Patient, employee) Osaka City 1 1 1
Food, manufacturing, environment Osaka Prefecture 1 1 1
‘ ‘ ) ' QOsaka City 5 5 5
Not identified Human (Patient, employee) 2 1 1
Osaka City
1 1
Toyama 2 2 2
Food, manufacturing, environment Qsaka City 3 3 3
Toynma 2 2 2 T2011-2. T2011-4
Complaint Not identified Human (Patient, employee) 9 8 8
Osaka Prefecture
{with symptoms) 1 1
Toyama 2 2 2
flood, manufacturing, environment Osaka Prefecture 1 1 1
Toyama 5 5 5
Complaint Not identified food, manufacturing, eﬁvironment 1 1 1
’ Osaka Prefecture
(without symptoms) )
- Food, manufacturing, environment Osaka Prefecture 4 4 4

Regular examination

9Lg
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Table 2. Reactivity of Bacillus cereus isolated from foods in PCR and immunochromatography

Number of strains

Origin PCR Immunochromatography
Tested
Positive Negative Positive Negative
Retail prepared foods 18 13 13
Egg products 8 8 1 7

Table 3. Reactivity of Bacillus cereus in PCR and immunochromatography

Reactivity Number of strains isolated from T
otal
PCR Immunochromatography  Food posioning cases Prepared food and egg products
-+ - 58 0 58
+ - 0 0 0
- + 2 1 3
- - 24 20 44

Table 4. . Sensitivity and specificity of the immunochro-
matography kit for detection of emetic type Ba-
cillus cereus

Catergory of B. cereus Sensitivity Specificity

(%) (%)
Food poisoning 100 92.3
Prepared foods and food products — 95.3
Total 100 94.0
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AHESEIST AMEIHMIHER I OVWTEL RS
UBLARIELEDbRS. ~ :
b LT, K4As/z70vbdy M, ARERER
BTORENBEEEEL LY AESEEBRHCTIHELL
THRETELLZT TR, BEREEICBITS, EHFRHHE
ERFOELSEAR LY AEERA 2 ) -2V I T5H
HEELTHAETELEEZELLNS,

# [

ARELFTTHCHD, RBRYERLUBKE TR
(RS VE LAKREAFL AREEFEI O ARSI
FEHCLLET. 4 ARLEIHEEZBYILEEE
TR ETATBEDBORHAMES L, MRFRFRER
EHEROTERBAKBIL L VBB LLTES. 55
HREE, BOREIEREHE [REBEDOIRRES ~
N BIFEBCHRREEORE L T OER - ARHE
EOISAME] OBBOb L, EHIhE LA

-197 -

X
1)

2)

3)

4)

6)

8)
9)
10)

11)

)

Shiota, M. et al. Rapid detoxication of cereulide in Ba-
cillus cereus food poisoning. Pediatrics, 125, e351-e955
(2010).

EBRTFII. BREB XU BITB 5 Bacillus cereus
& B. thuringiensis D9 #ilZ 2. Nihon Syokuhin Bi-
seibutsu Gakkai Zasshi (Jpn. J. Food Mierobiol.}, 7,
177-182 (1991).

S FBR. Bacillus cereus & Bacillus thuringiensis. Ni-
hon Syokuhin Biseibutsu Gakkai Zasshi (Jpn. J. Food
Microbiol.), 8, 4149 (1992).

Turnbull, P. C. B. et al. Properties and production chax-
acteristics of vomiting, diarrheal, and necrotizing toxin
of Bacillus cereus. Am. J. Clin. Nutr.,, 32, 219-228
(1976).

Agata, N. et al. A novel dodecadepsipeptide, cereulide,
isolated from Bacillus cereus causes vacuole formation in
HEp-2 cells. FEMS Miocobiol. Lett., 121, 31~34 (1994).
Agata, N. et al. Production of an emetic toxin, cereulide,
is associated with a specific class of Bacillus cereus. Cur-
rent Microbiology, 33, 8769 (1996).

B BIEEII A, Bacillus cereus D EFHFHEFK. Nihon Sai-
kingaku Zasshi, 51, 993-1002 (1996).

Agata, N. et al.  Production of Bacillus cereus emetic
toxin (cereulide) in various food. Inter. J. Food Microbi-
ol,, 78, 28-27 (2002).

Ueda, S. et al. Rapid identification of emetic Bacillus
cereus by immunochromatography. Biocontrol Sci., 186,
41-45 (2011).

Szabo, R. et al. Cell culture detection and conditions for
production of a Bacillus cereus heat-stable toxin. J. Food
Prot., 54, 272-276 (1991).

LHETF. NMEEAPEHRED Bacillus cereus. J. Anti-
bact. Antifung. Agents, 25, 656-669 (1997).



Veterinary Immunology and Iimmunopathology 152 (2013) 78-81

Contents lists available at SciVerse ScienceDirect Veteriiary

innwnolngy

Veterinary Immunology and Immunopathology

. journal-homepage: www.elsevier.com/locate/vetimm

Research paper

Effects of Escherichia coli heat-stable enterotoxin and guanylin on the
barrier integrity of intestinal epithelial T84 cells

Ryo Nakashima?, Yoichi KamataP®, Yoshikazu Nishikawa*

2 Graduate School of Human Life Science, Osaka City University, Sugimoto 3-3-138, Osaka 558-8585, Japan
b pivision of Microbiology, National Institute of Health Sciences, Kamiyoga 1-18-1, Tokyo 158-8501, Japan

ARTICLE INFO ABSTRACT

Keywords: Tight junctions contribute to the formation and establishment of intestinal epithelial bar-
Eﬂte‘?mxm ) riers against microbial infections. However, a variety of enteric pathogens have developed
_'g;;sttgzilcgir:“ strategies to adhere to and invade epithelial cells and disrupt epithelial integrity. The aim of

this study was to ascertain if enterotoxigenic Escherichia coli heat-stable enterotoxin (STa)
can cause deterioration of epithelial barrier integrity. Since STa shows amino acid similar-
ity to guanylin, we evaluated the effects of both of these molecules on T84 epithelial cells.
T84 epithelial monolayers were grown on 24-well Transwell filters and barrier integrity
was assayed by measurement of transepithelial electrical resistance (TER). Macromolecu-
lar permeability of the monolayers was determined by measuring the paracellular passage
of FITC-labeled dextran 4000 from apical to basolateral compartments of the Transwell filter
culture. Treatment of T84 monolayers with either ST or guanylin did not increase paracel-
lular permeability to FITC-dextran. However, although guanylin, which is a physiological
guanylate cyclase activator, did not change TER in polarized T84 monolayers, ST did elicit
a reduction in TER within 2 h, at concentrations above 4 M. These data suggest that STa
causes not only induction of water secretion but also intestinal barrier dysfunction.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction E. coli (ETEC) are some of the best-known diarrheagenic
E. coli in both livestock and humans (Croxen and Finlay,
2010; Turner et al, 2006). These organisms colonize

intestinal mucosa using species-specific colonization fac-

Escherichia coli (E. coli) is the predominant facultative
anaerobe of human colonic flora. Generally, most of the

E. coli strains in the intestinal lumen of healthy people
are harmless. However, some E. coli clones are virulent
and can cause a spectrum of diseases such as sepsis, uri-
nary tract infection, and diarrheal disease. Enterotoxigenic

Abbreviations; DEC, diarrheagenic E. coli; DMEM, Dulbecco's Modified
Eagle's Medium; ETEC, enterotoxigenic E. coli; STa, heat-stable entero-
toxin; TJ, tight junction; TER, transepithelial electrical resistance; LT,
heat-labile enterotoxin; EGTA, ethylene glycol tetra acetic acid.

* Corresponding author at: Department of Food and Human Health
Sciences, Osaka City University, Graduate School of Human Life Science,
3-3-138 Sugimoto, Sumiyoshi-ku, Osaka 558-8585, Japan.

Tel.: +81 6 6605 2910; fax: +81 6 6605 2910.
E-mail address: nisikawa@life.osaka-cu.ac,jp (Y. Nishikawa).

0165-2427/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
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tors. However, heat-labile enterotoxin (LT) and heat-stable
enterotoxin (STa) are present in both animal and human
ETEC strains. LT and STa cause an increase in intraepithe-
lial cAMP and cGMP levels, respectively, and subsequently
mediate decreased absorption of sodium and chloride ions,
and increased secretion of bicarbonate and chloride ions,
via activation of the cystic fibrosis transmembrane conduc-
tance regulator (Fasano, 1999). Thus, ETEC cause watery
diarrhea by changing epithelial function from absorption
to secretion.

Tight junctions (TJ) of intestinal epithelial cells con-
tribute to the formation and establishment of barriers
between the intestinal lumen and subepithelial tissues.
However, a variety of enteric pathogens have developed



R. Nakashima et al. / Veterinary Immunology and Immunopathology 152 (2013) 78-81 79

strategies to disrupt epithelial integrity as well as to adhere
to and invade the epithelial cells (Bonazzi and Cossart,
2011). For example, Clostridium perfringens. and C. difficile
use toxins to induce the deterioration of tight junctions.
Areduction in transepithelial electric resistance and the
paracellular passage of FITC-labeled dextran are recognized
as indices of the decreased barrier integrity of epithelial
cells infected with microbes. The objectives of this study
were to assess whether these indices of barrier integrity
could be reduced by STa and to compare the effects of
STa on these indices with the effects of guanylin. A com-
parison with guanylin was carried out because the amino
acid sequence of STa is functionally similar to that of the
physiological modulator guanylin, which is known to acti-
vate guanylate-cyclase-C in intestinal epithelial cells and
to induce water secretion from epithelia (Taxt et al., 2010).

2. Materials and methods

2.1. Epithelial cell lines

The T84 human colon cell line was routinely main-
tained in medium containing a 1:1 mixture of Dulbecco’s
Modified Eagle’'s Medium (DMEM) (Nissui Pharmaceutical,
Tokyo, Japan)and Ham's F-12 {Nissui Pharmaceutical) sup-
plemented with 2 mM r-glutamine, 0.15% NaHCQ3, 5% FBS
(Invitrogen, Grand Island, NY), 63 mg/ml penicillin (Sigma,
St. Louis, MO), and 100 mg/ml! streptomycin (Sigma). The

cells were seeded at high density in 25c¢m? polystyrene
tissue culture flasks and were maintained in humidified
incubator with 5% CO, at 37°C. To generate polarized
T84 cell monolayers, approximately 4 x 104 cells were
seeded onto 0.33cm? polystyrene Transwell permeable
support cell culture inserts (0.4 um pore size; Costar) and
were grown for 7-9 days. Transepithelial electrical resis-
tance (TER) was calculated as € c¢m? using the electrical
resistance measured with a Millicell Electrical Resistance
System (Millipore, Bedford, MA) and the surface area of the
filter. Monolayers were used for experiments in which TER
was increased up to >1000 2 cm?.

2.2. Test for epithelial barrier integrity

T84 cells were seeded on 24-well Transwell polyester
cell culture inserts as described above. The growth
medium in the apical and basolateral compartments of the
Transwell inserts was exchanged for DMEM/F12(1:1) con-~
taining 0.5% FBS. After the medium change, T84 cells were
maintained in 5% CO, at 37°C for 2h for equilibration.
Peptides or chemicals were then added into the apical com-
partment of the Transwell inserts and TER was measured.
The background reading of a cell-free control filter was sub-
tracted from sample readings. Ethylene glycol tetra acetic
acid (EGTA; Kanto Kagaku, Tokyo, Japan} treatment (4 mM)
functioned as a positive control for induction of tight junc-
tion dilation and forskolin (Wako, Osaka, Japan) was used

(A) Forskolin (8) ST(10-5~10-8M)
120
100 ‘
oy coOntrol
z & ~=fr=control g —t—10°M
& 60 } -t B X 10¢M & —— & X 10°M
= 40 e 4 X 105M - —h— 6 X 10°5M
e 2 X 1060 —— 4 X 10%M
2 —~ 10N — 2 X 10M
0 e e~as 106y
0 1 2 3 4 5 6 7 8
Time (h) Timeth)
©) Guanylin
—&-control
g —t~ 1051
m - 106\
4= 107M
-~ 10FM
=O~EGTA

Timeth)

Fig. 1. Effect of forskolin, ST and guanylin on longitudinal changes in transepithelial electrical resistance (TER) through T84 monolayers. Forskolin (A), STa
(B). or guanylin (C) were added to T84 monolayers and incubated for the indicated times. TER was then measured using a Milticel! Electrical Resistance
Systemn (Millipore). Forskolin, an adenylate cyclase activator, was used as a substitute for the heat-labile enterotoxin of ETEC. EGTA, which loosens tight
junctions, was used as a positive control.
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as a substitute for LT and a positive control for adenylate
cyclase activation.

Paracellular macromolecular permeability through T84
cell monolayers was determined by measuring the para-
cellular passage of FITC-dextran (molecular weight 4 kDa)
(Sigma) from apical to basolateral compartments of
the Transwell filter -culture. The test substance and
the FITC-dextran (2mg/ml) were dissolved in phe-
nol red-free DMEM/F12 (1:1) containing 0.5% FBS and
the mixture (150ut) was loaded onto the apical side
of the monolayer. The FITC-dextran concentration in
the basolateral compartment was determined longitu-
dinally on the basis of fluorescence intensity analyzed
_ using a spectrofluorophotometer (Wallac 1420 ARVOSX;
PerkinElmer Life Sciences, Boston, MA) at an excitation
wavelength of 485nm and an emission wavelength of
535nm.

2.3. Assay of cGMP

The ¢cGMP level of T84 cells was measured using the
Cyclic GMP EIA Kit (Cayman Chemical C., Ann Arbor, MI)
after reaction of the cells with the test substance for 4 h.

3. Result§ and discussion

T84 epithelial monolayers were treated  with
enterotoxin STa, and its effect on TER was compared

R. Nakashima et al. / Veterinary Immunology and Immunopathology 152 (2013) 78~81

with the effects of the endogenous peptide guanylin.
Forskolin, a well-known cAMP inducer, was used as a pos-
itive control for decrease in TER (Fig. 1). STa reduced TER
within 2 h at doses ranging between 4 x 10~8 and 10-5 M,
and this reduction was similar to that of forskolin. In con-
trast, the guanylin, an endogenous guanylate-cyclase-C
ligand, showed no effect on TER. Neither STa nor guanylin
increased paracellular permeability as assessed by mea-
surement of the paracellular passage of FiTC-dextran
although, the FITC-dextran did pass through the epithelia
in 8h when EGTA was added as a positive control of T|
dilation (Fig. 2A and B). Not only STa but also’guanylin
increased cellular cGMP within 4 h at doses between 10-8
and 10~ M (data not shown).

T84 epithelial monolayers were reconfirmed as a use-
ful in vitro model for the detection of effectors of TJ.
Several studies have shown that toxins often have the
ability to dilate T] and increase paracellular permeabil-
ity (Guttrnan and Finlay, 2009; Hofman, 2003; Soong
et al,, 2008). Both STa and forskolin (Fig. 2C) decreased
TER but did not allow the passage of dextran-FITC,
suggesting that both of these substances induced a mod-
erate increase in paracellular permeability. In contrast,
the physiological substance guanylin increased cGMP
to the same level as that induced by STa, but did so
without affecting TER. The observed effect of STa on
TER is likely to play a role in the pathogenesis of
ETEC.

(A) STa (B) Guanylin
30 30 '
2 25¢t £ 25 5
g ~—10%M 2_ -
€ E20 -6 £F 20 -
£5 = 105M ES -~ 100\
a -]
15 —de 107M
§ E . g e 107M
28 10 - 10-"M 28
g8 -9 @ g 10 )
g - 10°M & - 10*M
=1
g 5 iy CONTOl é 5 ol
b —EGTA . _ =teecon
o 5 10 15 20 2% 0 5 10 15 20 25 ~——EGTA
Time(h) Time(h)
{C) Forskolin
20
g "
g %15 —t 6 X10°M
ES -t 4 X 10°5M
8 210
SE -2 X 10M
g £ 5 - 10M
E —s= conirol
0 = —EGTA
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Fig. 2. Effects of ST and guanylin on macromolecular paracellular permeability of T84 monolayers. Cell permeabitity was longitudinally determined by

measuring the paraceliular passage of FITC-labeled dextran 4000 from apical to basolateral compartments of the Transwell filter culture after addition of
STa (A), guanylin (B) or forskolin (C) to the apical side. EGTA, which loosens tight junctions, was used as a positive control.
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It was recently reported that LT could cause not only
a reduction in TER but also in the passage of dextran-
FITC by disrupting the TJ of T84 celis (Kreisberg et al,
2011); the lack of dextran passage in the forskolin-treated
cells would suggest that LT causes barrier permeabil-
ity for large molecules in an cAMP independent way.
On the other hand, STa-producing ETEC organisms did
not affect the TER in that study. Since we observed
a decrease in TER only when STa was added to T84
cells at doses of more than 4x10-6M, it is possible
that the STa-induced reduction of TER may only occur
at the limited number of epithelial sites to which the

ETEC organisms adhere and at which they elaborate the

STa.
4, Conclusion

Although both STa and guanylin induced cellular cGMP
production in T84 epithelial monolayers, only STa reduced
barrier integrity. The effect of STa on epithelial tight junc-
tions may contribute to enterotoxic activity.
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