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toxin in Vibrio mimicus strains isolated from diarrhoeal patients
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SUMMARY

A total of 17 isolates of Vibrio mimicus from patients, 29 from environment and
2 from food was examined for toxigenicity. Sixteen (94 %) clinical isolates and one
(50%) from food produced TDH-like toxin, whereas none of the environmental
isolates did so. The food from which V. mimicus with TDH-like toxin production
was isolated, was one which had caused food poisoning. Only one environmental
strain produced CT-like toxin, whilst ST-like toxin was not detected from any
strains tested.

INTRODUCTION

Vibrio mimicus is distributed widely in marine and estuarine environments and
in seafoods. The organisms are recognized as a causative agent of human diarrhoea
[1,2]. Clinical studies on V. mimicus infection revealed that diarrhoea was
accompanied in the majority of patients by vomiting and abdominal cramps, some
with bloody diarrhoea [2]. Gastroenteritis due to V. mimicus has occurred
following ingestion of seafoods [1, 2].

Some V. mimicus strains have been reported to produce toxins similar to cholera
enterotoxin (CT) [3] and heat-stable enterotoxin (ST) [4]. However, the frequency
of such toxin-producing strains was estimated to be less than 10 % of both clinical
and environmental isolates [1, 5]. Recently, the organisms were found to produce
hemolysin which has some similarity to thermostable direct hemolysin (TDH) in
V. parahaemolyticus [6]. The sequence structure of the genetic locus for producing
hemolysin in V. mi¢micus is homologous to that in TDH-gene of V. parahaemolyticus
[7]. The primers to detect the TDH-gene of V. parahaemolyticus by polymerase
chain reaction (PCR) have been established [8].

In this report, the frequency of toxin production in V. m¢micus strains of clinical
and environmental origins was compared.

MATERIALS AND METHODS
Strains of V. mimicus

The V. mimicus strains used in this study were isolated from patients with
diarrhoea including 5 sporadic cases, 4 cases of food poisoning and 4 overseas
travellers, those from environment sources included 15 water samples and 14 live
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fish, and those from purchased sea-foods. The V. mimicus isolates were identified
by standard biochemical tests [1]. The V. parahaemolyticus strains used were
isolated in this laboratory from diarrhoeal patients.

Bacterial growth conditions

For toxin assay, bacteria were cultured in brain heart infusion broth (Difco
Laboratories) supplemented with 0-5% NaCl for 20 h at 37 °C with shaking [9].
Cultures were centrifuged, and the supernatant was filtered through a sterile
membrane at 0-22 myu porosity (Toyo Roshi Kaisha, Ltd.). For PCR, bacteria were
cultured in L-broth for 20 h at 37 °C.

Toxin assay

For the ST-like toxin assay, three mice of 3-5 days of age were used for each test
[10]. The milk-filled stomach of each mouse was administered with 0-1 ml of the
culture filtrate containing Evans blue (0-01 %). Inoculated mice were kept for 4 h
at 25 °C then sacrificed. The whole intestine was removed, and the ratio of the
weight of intestines to the remaining body weight was measured to calculate the
fluid accumulation ratio. Samples with a ratio greater than 0-09 were defined as ST
positive. For CT-like toxin, culture filtrates were assayed by using the bead
ELISA method (Nissui Pharmaceutical Co.) described previously [11]. Technical
procedures were briefly as follows; 25 ul of each culture filtrate was mixed with an
equal volume of the appropriate buffer, and the anti-CT IgG coated polystyrene
beads added into the mixture. After incubation for 1 h at 37 °C, the beads were
washed three times with distilled water and subsequently incubated for 1 h at
37 °C with 0-5 ml of Fab’-horseradish peroxidase conjugate. After the incubation,
the beads were washed three times with distilled water. Peroxidase activity was
determined by incubating the beads for { h at 30 °C with 0-6 ml of 0-56 mm-3-3",5-
5’-tetramethylbenzidine in 0:1 M sodium acetate buffer (pH 5-5) containing 2 mm-
EDTA followed by the addition of 0-:02% of H,0,. Finally, the reaction was
stopped by adding 0-2 ml of 4N H,SO, and the intensity of the resulting yellow
colour was measured at 450 nm using a spectrophotometer. For TDH-like toxin,
culture filtrate was assayed by using the beads ELISA method (Nissui
Pharmaceutical Co.) reported previously [12]. The procedures for ELISA was the
same as the beads method for CT detection, except that the polystyrene beads
were coated with anti-TDH Ig(. The heat stability of TDH-like toxin was
confirmed after heating them for 15 min at 100 °C.

PCR amplification

For PCR amplification, 3 ul of the bacterial culture was heated initially to
100 °C for 5 min to disrupt bacteria and denature DNA, and was put into a total
volume of 30 ul reaction mixture composed of 10 mm-Tris-HCI (pH 9:0), 50 m>-
KCI, 1-5 mm-MgCl,, 0-01 % gelatin, 0-6 um each of the primers [8], 0-2 mm each of
the four deoxynucleoside triphosphates (Wako Junyaku Kogyo Co. Ltd.), 0:05%
Tween 20, 0-05% Nonidet P-40 and 0:75 U of Taq polymerase (Perkin-Elmer
Cetus Corp., Norwalk, Conn.). A total of 35 PCR cycles was run in a DNA thermal
cycler; one cycle included denaturation for 1 min at 94 °C, primer annealing for
1 min at 55 °C, and extension for 1 min at 72 °C. Four ul of each PCR-mixture was
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Table 1. Toxin production of various V. mimicus strains isolated

Positive no. (%) of strains

— A
Strains TDH- CT- ST-like
Origine of strains examined like toxin like toxin toxin
Human diarrhea 17 16 (94:1) 0 0
Purchased sea food 2 1 (50-0) 0 0
Environment water 15 0 0 0
Live marine fishes 14 0 1(71) 0

246 bp

Fig. 1. Electrophoretic analysis of PCR amplified DNA from V. mimicus strains. Lane
a, 123-bp ladder (Bethesda Research Laboratories, Ins., Gaithersburg, Md.); lane b,
TDH positive V. parahaemolyticus; lane ¢, TDH negative V. parahaemolyticus; lanes d,
e, g. TDH-like toxin positive V. mimicus isolated from a sporadic patient of food
poisoning, an overseas traveler and a food causing food poisoning, respectively; lane
f, V. mimicus negative for TDH-like toxin.

electrophoresed on a 1:5% agarose gel. After electrophoresis, the gel was stained
in 0'5 ug/ml ethidium bromide solution and photographed under UV light.

RESULTS

The activities of CT-like toxin, ST-like toxin and TDH related toxin were
determined in 48 V. mimicus strains isolated from human diarrhoea cases, seafood
and environment. As shown in Table 1, TDH-like toxin was detected in 16 of 17
human diarrheal strains (94%) and in 1 of 2 strains from purchased seafood
(50%). The seafood from which a TDH-like toxin positive strain was detected,
was one which had previously caused food poisoning. CT-like toxin was detected
in one strain from environment, whereas ST-like toxin was not detected in any
strains examined. Presence of TDH-gene was examined in isolated V. mimicus
strains by PCR using the DNA primer specific to the TDH-gene of V.
parahaemolyticus. The expected DNA fragment at 251 bp was produced by the
strains positive for TDH-like toxin but not by the strains negative for TDH-like
toxin (Fig. 1, Table 2). Also, the presence of CT-gene was revealed by PCR-
amplification test in a V. mimicus strain producing CT-like toxin.
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Table 2. Detection of toxin genes by PCR from 48 strains of V. mimicus

No. of
TDH-like toxin No. of strains TDH-gene
production examined positive strains
Positive 17 17
Negative 31 0

DISCUSSION

In this paper, it was demonstrated that production of TDH-like toxin together
with the presence of TDH producing gene were detected frequently in V. mimicus
isolated from diarrheal patients. However, strains isolated from environmental
sources examined in this study, did not produce the toxin nor possess the toxin
gene. As the TDH in V. parahaemolyticus is closely related to its entero-
pathogenicity (13, 14], TDH-like toxin is estimated to be the enteropathogenicity
factor in V. mimicus. Recently, Nishibuchi and colleagues [15] demonstrated that
the TDH had enterotoxigenic activity and might be implicated in the watery
diarrhoea by V. parahaemolyticus. Further study will be required for under-
standing the more actual role of TDH-like toxin in human diarrhea.

ACKNOWLEDGEMENTS

We thank Drs H.XKodama, Y.Gyobu, M.Ogawa and K.Shiozawa of
Prefectural Health Institutions in this country for providing the bacteria strains
and Shimazu Corporation for supplying the primers for detecting the TDH-gene.
We also thank Dr T. Yamamoto for helpful advices.

REFERENCES

1. Davis BR, Fanning GR, Madden JM, Steigerwalt AG Jr., Smith HL Jr., Brenner DJ.
Characterization of biochemically atypical Vibrio cholerae strains and designation of a new
pathogenic species. Vibrio mimicus. J Clin Microbiol 1981; 14: 631-9.

2. Shandera WX, Johnston JM, Davis BR, Blake PA. Disease from infection with Vibrio
mimicus, a newly recognized Vibrio species. Ann Intern Med 1983; 99: 169-71.

3. Spira WM, Fedorka-Cray PJ. Purification of enterotoxins from Vibrio mimicus that appear
to be identical to cholera toxin. Infect Immun 1984 ; 45: 679-84.

4. Arita M, Honda T, Miwatani T, Takeda T, Takao T, Shimonishi Y. Purification and
characterization of a heat-stable enterotoxin of Vibrio mimicus. FEMS Microbiol Lett 1991 ;
79: 105-10.

5. Chowdhury MAR, Aziz KMS, Kay BA, Rahim Z. Toxin production by Vibrio mimicus
strain isolated from human and environmental sources in Bangladesh. J Clin Microbiol
1987; 25: 2200-3.

6. Honda T, Miwatani T. Multi-toxigenicity of Vibrio cholerae Non-Ol. In Advances in
research on cholera and related diarrheas. Ohtomo N, Sack RB, eds., vol. 6. Tokyo: KTK
Scientific Publishers, 1988: 23-32.

7. Nishibuchi M, Khaeomanee-iam V, Honda T, Kaper JB, Miwatani T. Comparative analysis
of the hemolysin genes of Vibrio cholerae non-O1, V. mimicus, and V. hollisae that are similar
to the tdh gene of V. parahaemolyticus. FEMS Microbiol Lett 1990; 67: 251-6.

8. Tada J, Ohashi T, Nishimura N, et al. Detection of the thermostable direct hemolysin gene
(tdh) and the thermostable direct hemolysin-related hemolysin gene (trh) of Vibrio
parahaemolyticus by polymerase chain reaction. Mol Cell Prob 1992; 6: 477-87.

https://doi.org/10.1017/50950268800056661 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800056661

10.

11.

12,

13.

14.

15.

TDH like toxin production tn V. mimicus 53

. Nischibuchi M, Seidler, RJ. Medium-development production of extracellular enterotoxins

by Non-O1 Vibrio cholerae, Vibrio mimicus, and Vibrio fluvilais. Appl Environ Microbiol
1983; 45: 228-31.

Dean AG, Ching YC, Williams RG, Harden LB. Test of Escherichia coli enterotoxin using
infant mice: application in a study of diarrhea in children in Honolulu. J Infect Dis 1982;
125: 407-11.

Uesaka Y, Otsuka Y, Kashida M, et al. Detection of cholera toxin by highly sensitive bead-
Enzyme Liked Immunosorbent Assay. Microbiol Immunol 1992; 36: 43-53.

Oku Y, Uesaka Y, Hirayama T, Takeda Y. Development of a highly sensitive bead-ELISA
to detect bacterial protein toxins. Microbiol Immunol 1988; 32: 807-16.

Miyamoto Y, Kato T, Obara Y, Akyama S, Takizawa K, Yamai 8. In vitro hemolytic
characteristic of Vibrio paraheamolyticus: Its close correlation with human pathogenicity.
J Bacteriol 1969; 100: 1147-9.

Sakazaki R, Tamura K, Kato T, Obara Y, Yamai S, Hobo K. Studies on the
enteropathogenic, facultatively halophilic bacteria. Vibrio parahaemolyticus. I11. Enteropa-
thogenicity. Japan J Med Sci Biol 1968; 21: 325-31.

Nishibuchi M, Fasano A, Russell RG, Kaper JB. Enterotoxigenicity of Vibrio parahaemo-
lyticus with and without genes encoding thermostable direct hemolysin. Infect Immun
1992; 60: 3539-45.

https://doi.org/10.1017/50950268800056661 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800056661

