
INFECTION AND IMMUNITY, Oct. 1978, p. 290-291
0019-9567/78/0022-0290$02.00/0
Copyright 0 1978 American Society for Microbiology

Vol. 22, No. 1

Printed in U.S.A.

Effect of Escherichia coli Heat-Stable Enterotoxin on Cyclic
GMP Levels in Mouse Intestine

P. M. NEWSOME,* M. N. BURGESS, AND N. A. MULLAN

Beecham Pharmaceuticals Research Division, Nutritional Research Centre, Walton Oaks, Tadworth,
Surrey, England

Received for publication 17 July 1978

Partially purified heat-stable enterotoxin obtained from Escherichia coli strain
Fl/P155 caused an accumulation of cyclic GMP in the intestines of 8-day-old
mice.

Enterotoxigenic strains of Escherichia coli
produce two types of enterotoxin which alter
fluid and electrolyte transport in the small in-
testine (5, 9). One type (ST) is relatively heat
stable with a rapid onset of action and a short
duration, and the other type (LT) is heat labile
with a slower onset of action and a longer dura-
tion (2). LT appears, like cholera toxin, to stim-
ulate adenyl cyclase, leading to accumulation of
cyclic AMP which causes electrolyte secretion
and loss of water (3, 4).
We have shown previously that ST toxin com-

prises two distinct toxins (1), but little is known
about the mechanism of action of either. This
study was designed to characterize the effect of
methanol-soluble ST on cyclic nucleotide levels
in mice.

In order that effects on cyclic nucleotide levels
could be unambiguously related to the effect of
heat-stable enterotoxin, studies were performed
with toxin from E. coli strain F11/P155, which
W. Smith (10) produced by donation of the Ent'
plasmid to the non-enterotoxigenic strain F11.
Thus, it was possible to perform control experi-
ments with material obtained from strain F11.
Partially purified ST (80 ml) was obtained by
methanol extraction and gel chromatography of
a 64-h, 5-liter culture supernatant of E. coli
strain F11/P155, essentially by the procedure
we have described for strain P16 (8). Control
material was similarly obtained from strain F1.

Freeze-clamped, full-thickness intestinal biop-
sies were taken from 8-day-old mice under ether
anaesthesia, at 40 min after oral dosing with
toxin. Biopsies were extracted with 8% (wt/vol)
trichloroacetic acid containing a tracer quantity
of [3H]cyclic AMP as a recovery marker. Tri-
chloroacetic acid-insoluble protein was deter-
mined by the method of Lowry (7), and, after
removal of trichloroacetic acid by ether extrac-
tion, cyclic AMP was determined by the method
of Tovey et al. (12). Cyclic GMP was determined

by radioimmunoassay by an adaptation of the
method of Steiner et al. (11).

Results in Table 1 show that both the F11/
P155 and F11 strains produced substantial quan-
tities of extracellular cyclic nucleotides, but that
both cyclic AMP and cyclic GMP were reduced
to negligible concentrations after gel chromatog-
raphy. The effect of ST toxin at 40 min after
oral dosing to infant mice can be seen in Table
2. There was a significant (P < 0.001) elevation
of cyclic GMP concentration in the intestine,
but cyclic AMP levels were not increased. The
failure ofST to raise cyclic AMP levels in mouse
intestine is consistent with a recent report by
Giannella (R. A. Giannella, Gastroenterology
72:1062, 1977).
Our observation that ST raised cyclic GMP

concentration in the infant mouse intestine was
unexpected and indicates that this nucleotide
may be involved in the mechanism of action of
this toxin. During the preparation of this man-
uscript, Hughes et al. (6) reported that crude
culture filtrates from two enterotoxigenic strains
of E. coli raised cyclic GMP in ligated intestinal
segments of adult rabbits.
We have demonstrated previously that ST

may be fractionated, on the basis of methanol
solubility, into two components: a methanol-sol-
uble toxin, STa, which is active in neonatal mice
but not in the rabbit model used by Hughes et
al. (6), and a methanol-insoluble toxin, STb,
which is active in the rabbit model but not in
infant mice (1). The culture filtrates used by
Hughes et al. presumably contain STa and STb.
By using a methanol-soluble toxin from strain
F11/P155 we have shown that STa causes both
fluid secretion and cyclic GMP accumulation in
the intestines of infant mice. Further work will
be needed to clarify the effect of isolated STb
on cyclic GMP in these systems.
However, the accumulation of cyclic GMP in

two animal models, responding to different en-
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TABLE 1. Cyclic nucleotide concentrations in toxin
and control materials before and after partial

purification
Concn (pmol/ml)

Material Before purification After purification

Cyclic AMP Cyclic Cyclic CyclicGMP AMP GMP

F11/P155 toxin 35,000 111 24 18
F11 control >50,000 210 29 22

TABLE 2. Cyclic nucleotide concentrations in the
intestines of infant mice after oral dosing

with ST toxin or control
Concn (pmol/mg of pro-

teinY
Treatmenta Gut wt/body Wtb

Cyclic AMP CGyMlc
Fil control 0.050 ± 0.003 6.3 ± 0.9 3.0 ± 0.3
F11/P155 toxin 0.103 ± 0.010 5.5 ± 0.6 6.0 ± 0.4

Statistical sig- P < 0.001 P > 0.1 P < 0.001
nificance
(Student's t
test)
a Each animal was orally dosed with 0.05 ml of the stated

preparation.
bMean ± standard deviation for groups of seven animals

killed and examined at 2 h after oral dosing.
'Mean ± standard deviation in five samples, each contain-

ing six intestinal biopsies obtained by freeze-clamping intes-
tines at 40 min after oral dosing; results have been adjusted
for efficiency of nucleotide extraction.

terotoxins, strongly suggests the involvement of
this nucleotide in the control of intestinal fluid
secretion.
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