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ABSTRACT

Enterotoxigenic Escherichia coli (ETEC) produces a heat-stable enterotoxin (STa) that binds to and
activates a putative intestinal receptor, guanylate cyclase, causing an increase in the intracellular levels
of cyclic guanosine monophosphate (¢<GMP). Using flow cytometry and '2*I-STa binding assays, we
studied the distribution of STa-receptors on enterocytes isolated from different segments of the
newborn calf’s intestinal tract. We also investigated the effect of STa on the intracellular levels of
c¢GMP and ion transport to the intestinal lumen. More STa-receptors were found on enterocytes
prepared from the ileum than on enterocytes obtained from the other segments of the intestinal tract.
Guanylate cyclase activity was higher in the ileum of STa-challenged calves than in the ileum of control
calves. No changes were observed in the guanylate cyclase activity of the other intestinal segments of
the STa-challenged and control calves. Na* levels, as measured by atomic absorption spectroscopy,
were significantly increased in the luminal contents of the ileum of STa-challenged calves, whereas
serum CI~ levels were significantly lower in the STa-challenged calves than in control calves. This study
supports previous observations on the role of guanylate cyclase in the initiation of STa-induced
secretory diarrhoea and suggests that Na*/CI™ coupling may be the major mechanism for the loss of
ions in the diarrhoeal response that is mostly induced in the ileum of newborn calves.
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INTRODUCTION

Enterotoxigenic Escherichia coli (ETEC) is a major cause of colibacillosis in calves
(House, 1978; Roussel et al., 1988). The incidence of diarrhoea caused by ETEC varies
widely between herds and probably is affected by geographic, managemental, seasonal,
and diagnostic variables (Acres, 1985). Strains of ETEC that cause diarrhoea in young
farm animals have pili that facilitate adhesion to the intestinal mucosa and produce
enterotoxins that cause a net secretion of fluid and electrolytes (Acres, 1985; Dean and
Isaacson, 1985; Roussel et al., 1988; Jaso-Friedmann et al., 1992). ETEC produces two
types of enterotoxins, heat-stable enterotoxin (ST) and heat-labile enterotoxin (LT). LT
has been studied extensively and found to be similar to cholera toxin in its structure
and function (Sears and Kaper, 1996). On the other hand, ST is unique in its structure
and function and consists of two subtypes, STa (methanol-soluble) and STb (methanol-
insoluble) (Sack, 1980; Sears and Kaper, 1996). Most ETEC isolated from calves
produce mainly STa (Acres, 1985). STa has a low molecular weight (2 kDa), is poorly
immunogenic, and induces a secretory response in infant mice (Chan et al., 1983;
Acres, 1985; Roussel et al., 1988, 1993).

STa induces secretory diarrhoea by stimulating intestinal guanylate cyclase (Field et
al., 1978; Rao et al, 1981; Epstein et al, 1986). STa binds to a specific receptor,
guanylate cyclase-C, present on the apical surface of enterocytes and induces intestinal
secretion through an increase in the level of cyclic guanosine monophosphate (cGMP)
in affected enterocytes (Giannella et al., 1983; Schulz et al., 1990; Cohen et al., 1993).
STa-receptors are found throughout the small intestine and the colon of rats and pigs
(Krause et al., 1994). STa-induced diarrhoea is associated with enhanced intestinal
secretion of CI™ and water (Kuhn et al., 1994). Increased secretion of CI” from target
tissues exposed to STa has been directly demonstrated in the cultured human colon
carcinoma cell line T84 and in isolated rat intestinal mucosa maintained in the Ussing
chamber (Rao et al., 1981; Guandalini et al., 1982; Argenzio et al., 1984). Studies of
electrolyte transport in ligated jejunal loops of weanling pigs have also demonstrated
an increased net secretion of Na* and CI” in the presence of crude preparations of STa
or cholera toxin (Argenzio et al., 1984).

In this study, using flow cytometry, we studied the distribution of STa-receptors
throughout the intestinal tract of newborn calves. In addition, we investigated the effect
of STa on brush border membrane (BBM) guanylate cyclase activity in different
segments of the small and large intestine of newborn calves. We also measured ion
transport to the intestinal lumen in STa-challenged and control newborn calves.

MATERIALS AND METHODS
Experimental animals
Six male 1 to 4-day-old colostrum-fed Holstein calves were used. Three of the calves

were challenged orally with 2 mg of STa mixed with 100 ml of 10% glucose solution.
The rest of the calves received 100 ml of 10% glucose solution. The animals were



