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Abstract Introduction

Enteroaggregative Escherichia coli (EAggEC) have been asso-
ciated with persistent diarrhea in young children, but little is
known about its pathogenesis. Weassayed for enterotoxic activ-
ity in culture filtrates (CF) of EAggEC strains in Ussing
chambers mounted with rabbit ileal mucosa. CF from strain
17-2, a prototype Chilean EAggECstrain, caused a greater rise
in potential difference and short circuit current (SCC) than that
seen in HB101 control, and this effect was abolished by pro-
tease pretreatment and partially stable after heat treatment.
Ultrafiltration of 17-2 CF preparations localized the active
moiety to the 2-5 kD Mr size range. CF from HB101 trans-
formed with the 17-2 plasmid showed Ussing chamber activity.
< 10-kD CF fractions from five of six other EAggEC strains
screened in Ussing chambers gave SCCresponses of similar
magnitude to 17-2. The 17-2 CF activity was not neutralized
after pretreatment with polyclonal anti-STa antibody. Addi-
tionally, all of the seven EAggECstrains studied were nonreac-
tive by heat-stable enterotoxin variant STa ELISA, were nega-
tive in the suckling mouse assay, and failed to hybridize with
heat-stable enterotoxin variant STh and STp DNAprobes. In
summary, our data indicate that 17-2 produces a low molecular
weight, partially heat-stable, protease-sensitive enterotoxin
which appears to be plasmid associated, and genetically and
immunologically distinct from E. coli STa. Preliminary screen-
ing suggests that this tox+ phenotype may be commonamong
EAggEC. (J. Clin. Invest. 1991. 87:1450-1455.) Key words:
diarrhea * enteroaggregative Escherichia coli * enterotoxin-
pathogenesis
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1. Abbreviations used in this paper: CF, culture filtrate; EAggEC,
EHEC, EIEC, EPEC, and ETEC, enteroaggregative, enterohemorrha-
gic, enteroinvasive, enteropathogenic, and enterotoxigenic E. coli;
EAST, enteroaggregative E. coli heat-stable enterotoxin; PD, potential
difference; SCC, short circuit current; STa, STh, and STp, E. coli heat-
stable enterotoxin variants.

Several categories of Escherichia coli have been firmly estab-
lished as important enteropathogens, including enteropatho-
genic E. coli (EPEC),' enterotoxigenic E. coli (ETEC), enter-
oinvasive E. coli (EIEC), and enterohemorrhagic E. coli
(EHEC) (1). Recently, evidence has accumulated to implicate a
fifth distinct diarrheagenic category, enteroaggregative E. coli
(EAggEC). EAggEC derive their name from their pattern of
adherence to HEp-2 cells in tissue culture (2), whereby the
organisms adhere to HEp-2 cells and the intervening glass in a
"stacked brick"-like lattice. Several epidemiological studies
have implicated EAggECas a cause of diarrhea in infants and
young children (3-5), noting a particularly strong association
with children exhibiting persistent diarrhea (4, 5).

E. coli strain 221, which was isolated from an adult traveler
to Mexico who had diarrhea, exhibits the aggregative pattern
when tested in the HEp-2 cell assay used at the Center for
Vaccine Development, University of Maryland (6), a modifica-
tion of the 3-h assay of Cravioto et al. (7). Strain 221 caused
diarrhea when fed to adult volunteers (8). Recently, strains 221
and 17-2, a prototype EAggEC strain from Chile, have been
shown to cause diarrhea in the gnotobiotic piglet model (9).

EAggECshare some commonthemes with other categories
of diarrheagenic E. coli. Certain O:H serotypes are common
(10). Virtually all strains contain an 60-MD plasmid which
is required for expression of the aggregative phenotype (10).
Preliminary insights on the pathogenesis of EAggEC infection
have been gained from studies in gnotobiotic piglets (reference
9 and Tzipori, S., J. Montenaro, R. M. Robins-Browne, P.
Vial, R. Gibson, and M. M. Levine, manuscript submitted for
publication). EAggECadhered to piglet ileal mucosa in a con-
tinuous sheet in a "stacked brick" pattern similar to what is
seen in vitro in the HEp-2 cell adherence assay. According to
Tzipori et al., certain pathological changes observed in the in-
testine, namely, moderate hyperemia of the distal small intes-
tine and cecum, swelling of small intestinal villi, and absence of
an inflammatory response, are compatible with an entero-
toxin-induced diarrheal response.

The in vitro Ussing chamber model has proven invaluable
for study of the mechanisms of action of enterotoxins on mam-
malian intestinal mucosa. Choleragen and heat-stable entero-
toxin variant STa of ETEChave been shown to cause an in-
crease in the short circuit current (SCC) of ileal mucosa by
stimulation of a net anion secretory flux (1 1, 12). In the present
study we employed this system to assay for enterotoxic activity
in cell-free culture filtrates of representative EAggEC strains,
and further undertook to characterize the nature of the entero-
toxic moiety elaborated by the prototype EAggECstrain 17-2.

Methods

Bacterial strains. Prototype EAggEC strain 17-2 was isolated from a

Chilean infant with diarrhea (10). EAggEC strains 73-1, 121-2, and
2036 were obtained from other Chilean infants with diarrhea. EAggEC
strains 34b, 44a, and 134a were derived from a cohort of rural Indian
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children with diarrhea (4). E. coli strain HBIOI served as a negative
control and was also used as the recipient for the transformation of the
- 60-MD plasmid of strain 17-2. Briefly, the latter construction, re-
ferred to as HBlOl/pBB17-36, was derived by using the previously
described system of SMIO/pRT733 (13) to deliver TnphoA into the
strain 17-2. Unexpectedly, all the Kmr clones harvested were also Apr
and, therefore, still contained the suicide vector pRT733. After culture
of these strains at 420C, Km' Ap' clones were isolated. Plasmid DNA
was extracted from the clones and used to transform competent cells of
HBIO1. Transformants were selected for Kmr.

Culture conditions and preparation of culture filtrate fractions.
Strain 17-2 was streaked to isolation and grown overnight at 370C on
Luria Bertani agar (14). Isolated colonies were inoculated into a 250-ml
Erlenmeyer flask containing 25 ml of Luria Bertani medium (14), ad-
justing the initial absorbance at 600 nm(OD 600) to 0.05. After 8 h of
incubation at 370C with shaking (200 rpm), an aliquot of the starter
culture was added to 300 ml of Luria Bertani medium in a 2.8-liter
baffled Erlenmeyer flask, to achieve a starting OD600 of 0.05. After 12
h of growth under the above conditions, the cultures were harvested.
Cell-free culture filtrate (CF) was obtained by centrifugation at 16,000
g for 10 min, and passage of the decanted supernatant through a 0.45-
tm filter membrane (Millipore Products, Bedford, MA).

CFof 17-2 was fractionated on the basis of molecular weight using a
series of Diaflo ultrafilters (Amicon Corp., Danvers, MA). Centricon-
10 filters (10,000-mol wt cutoff) were used in preliminary experiments
to localize the enterotoxic activity detected in Ussing chamber experi-
ments. Subsequently, CF was serially ultrafiltered through YM5
(5,000-mol wt cutoff) and either YM2(2,000-mol wt cutoff) or YCO5
(500-mol wt cutoff) membranes, to produce fractions defined by these
size limits. Membrane retentates were washed with PBS(Oxoid) by two
successive 10:1 volume restorations with PBS, reconcentration, and
final reconstitution to the original volume (or some factor of concen-
tration) in PBS. Fractions from strains HB101/pBB17-36 and HB101
were generated in the same fashion as 17-2.

All wild-type EAggEC strains other than 17-2 were grown under
conditions similar to 17-2 except that subculturing was done into 25 ml
of LB medium in 250-ml Erlenmeyer flask prior to harvesting. For
purposes of screening these strains for a low molecular weight moiety
with enterotoxic activity in Ussing chambers, culture filtrates were
passed through a Centricon-1O membrane, and the ultrafiltrate was
assayed for activity.

EAggEC CF and CF fractions as prepared above were also used
for testing in the competitive STa ELISA (15) and suckling mouse
assay (16).

Ussing chamber experiments. All experiments were performed on
segments of small intestine from male adult NewZealand white rabbits
weighing - 2-3 kg. Animals were anesthetized by methoxyflurane in-
halation and then killed by air embolism. A 15-cm segment of distal
ileum was removed, rinsed free of intestinal contents, opened along the
mesenteric border, and stripped of muscular and serosal layers as
previously described (17). Four sheets of mucosa so prepared were then
mounted in lucite Ussing chambers having an aperture of 1.12 cm2,
bathed by freshly prepared buffer containing (mM):NaCl 53, KC1 5,
Na2SO430.5, mannitol 30.5, Na2HPO41.69, NaH2PO40.3, CaCl2 1.25,
MgC12 1.1, NaHCO325. For experiments performed in C1- and HCO3-
free conditions, these ions were replaced with an equimolar concentra-
tion of SO- in the bathing solutions. The bathing solution was main-
tained at 37°C with water-jacketed reservoirs connected to a constant-
temperature circulating pump and gassed with 95% 02-5% CO2.
Potential difference (PD), short circuit current (SCC), and tissue resis-
tance (R.) were then measured as previously described (18). After al-
lowing tissue PDto reach a steady state, 400 ,1 of each test preparation
were added to the luminal surface, resulting in a 1:25 dilution of the
original CFconcentration (0.4 ml into 10 ml bathing solution). Equal
amounts of the test preparation were added to the serosal side to pre-
serve osmotic balance.

Suckling mouse assay. Suckling mouse assay forE. coli STa activity
was performed as described previously (16). CD1 mice (3-S d old) were
separated from their mothers for 3-5 h before orogastric inoculation of

0.1 ml of the supernatant fraction to be tested. After a 2-3-h incuba-
tion, gut to remaining body weight (G/B) ratios were measured for each
individual animal. Additionally, 17-2 CFwas also tested after S and 7 h
of incubation. ETECstrain H10407 (ST/LT producer) and PBSwere
used as positive and negative control, respectively.

Competitive STa ELISA. The competitive ELISA for E. coli STa
using monoclonal antibody 20clB8 (19) has been described elsewhere
(15). For screening purposes, a strain was considered STa-positive
when a CF concentration of 20 ng/ml of STa was measured in the
ELISA. ETEC strain H10407 was used as a positive control for this
assay.

Colony hybridization with STh and STp DNAprobes. All strains
were assayed for DNAhomology with genes encoding for two variants
of heat-stable enterotoxin, STh and STp. The STh and STp probe frag-
ments originally used by Moseley et al. (20) had previously been re-
cloned into pBR325 using synthetic oligonucleotide linkers (21). Sub-
sequently, the 157-bp Pst I fragment of STp and the 216-bp EcoRI
fragment of STh have been recloned into pUC 13, giving higher yields
of the probe fragments. It is from the latter vectors that the STh and
STp DNAprobe fragments were derived for this study. The probes
were radiolabeled with [32P]dATP (New England Nuclear, Boston,
MA) using the random primer method (22). Colonies were prepared on
Whatman 541 filter paper (23). In situ hybridization with the radiola-
beled fragments was performed as described (24) with modifications to
provide conditions of low stringency. Preincubation and hybridization
solutions contained 20% formamide. After overnight incubation, filters
were washed in 5X SSCwith 0.1% SDS for 1 h at 51'C. HB101 and
H10407 were added to each filter as negative and positive controls,
respectively.

Reagents. Where indicated, theophylline (5 mM), 4-bromo-cal-
cium ionophore (A23187) (5 X 10- M), and 8-bromo-cGMP (8-Br-
cGMP) (0.2 mM)(Sigma Chemical Co., St. Louis, MO)were added to
the serosal side of Ussing half chambers to the final concentration
shown in parentheses. Proteinase K (Sigma Chemical Co.) was used to
pretreat active CF fractions of strain 17-2 at a concentration of 200
gg/ml for 1 h at 37°C. Polyclonal anti-STa was obtained after cross-
linkage of STa-BSA with glutaraldehyde as previously described (25)
and was preincubated with active 17-2 CFfraction at a dilution of 1: 10
(3 h at 37°C) in cross-neutralization studies. Before these experiments,
a 1: 10 dilution was shown to abolish the SCCresponse of 300 mouse
units of purified STa in Ussing chambers after 3-h incubation at 37°C.

Data analysis. The numerical data presented from Ussing chamber
experiments and SMAare expressed as mean±standard error. Paired
or unpaired t tests or analysis of variance were used to test for differ-
ences among means. Multiple comparisons were obtained by Sidak (for
analysis of variance) or Bonferroni (for t tests) methods. A critical P
value of 0.05 was used for all analyses.*

Results

Effect of 1 7-2 CFand CFfractions on SCC. Preliminary Ussing
chamber experiments aimed at detecting the presence of en-
terotoxic effect on rabbit ileal mucosa as measured by a change
in SCCwere performed using crude CF. The overall increase in
PDand SCCwas significantly greater for 17-2 CFas compared
to HB101 negative control (Table I). Pretreatment of the crude
CF with proteinase K abolished the effect on SCC (ASCC
= 3±4.5 ,uA/cm2 after proteinase K pretreatment vs. ASCC
= 49.3±10.2 gA/cm2 untreated [n = 2]), suggesting that the
active moiety is protein in nature.

To approximate the size of the active moiety, we tested a
series of CF fractions separated on the basis of M, by ultrafiltra-
tion through Diaflo membranes. As shown in Fig. 1, fractions
> I0 kD and < 0.5 kD inMk failed to produce a rise in SCC. In
contrast, fractions of < 10 kD and < S kD Mr produced an
effect of similar magnitude to the crude CF, and a 2-5-kD
retentate fraction produced a rise in SCCthat was statistically
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Table I. Total Increase in PDand SCCafter Addition of Various CFPreparations to Ussing Chambers

Strain CF fraction n PD SCC

mV 4LA/cm2

HB101 Crude CF(negative control) 5 0.48+0.15 16.8±3.0
17-2 Crude CF 11 0.99±0.091 37.8±3.61

17-2 <500-D filtrate (negative control) 4 0.38±0. 3 18.6±3.7
17-2 2-5-kD retentate (positive control) 4 1.32±0.19 55.2±2.8
17-2 2-5-kD retentate: heat treated* 4 0.88±0.10 35.0±3.8"
17-2 2-5-kD retentate: anti-STa treatedt 4 1.60±0.21 62.0±0.8"

HB101 2-5-kD retentate (negative control) 4 0.42±0.19 16.0±3.7
HBIO/pBB17-36 2-5-kD retentate 4 1.08±0.18 38.7±5.8'

* Preparation pretreated at 650C for 15 min. * Preparation pretreated with 1:10 dilution of polyconal anti-STa antibody for 3 h at 370C. *P
<0.01 compared to HB1O1CF (negative control) (t test). IlHeat-treated preparation significantly lower than positive control and higher than
negative control; anti-STa-treated preparation significantly higher than negative control (randomized blocks ANOVAwith rabbits as blocks,
and one-tailed Sidak comparisons). ' P = 0.028 compared to HB10I 2-5-kD retentate (negative control) (randomized blocks ANOVAwith
rabbits as blocks).

homogeneous and significantly higher than the previous two
fractions (analysis of variance, Sidak comparisons). The active
moiety appears to reside between 2,000 and 5,000 DMr.

In order to determine the effect of heat on the activity,
2-5-kD fractions of 17-2 CFwere preheated at 65°C for 15 min
before assay in Ussing chambers. As shown in Table I, after
heat treatment this fraction maintained 63% of total activity,
demonstrating at least partial heat stability.

The intestinal response to most known secretagogues is me-
diated by one of the three established second messengers;
namely, cAMP, cGMP, or calcium. To determine the possible
intracellular mediator of the electrical response to 17-2 CF,
theophylline (a potent cAMPagonist), A23 187 (calcium iono-
phore), and 8-Br-cGMP (cGMP analogue) were added to tis-
sues pretreated with either 17-2 CF 2-5-kD fraction or
< 0.5-kD fraction (negative control). The mean change in SCC
after addition of theophylline to positive and negative control

tissues was 132.2±30.8 and 141.2±10.4 MA/cm2 (n = 2) (P
= NS, paired t test), respectively. The mean change in SCC
after addition of A23 187 to positive and negative control tis-
sues was 96.6±26.5 and 78.8±8.8 MAA/cm2 (n = 3) (P = NS,
paired t test), respectively. The additivity of SCCresponses to
17-2 CF active fractions with these second messenger agonists
does not support a role for either cAMPor calcium as possible
intracellular mediators of this enterotoxic effect. In contrast, as
shown graphically in Fig. 2, compared to the SCCresponse to
8-Br-cGMP in negative control tissue (ASCC = 123.4±7.9 MA!
cm2), the ASCCwith addition of 8-Br-cGMP to tissue pre-
treated with 17-2 2-5-kD CF (87.6±8.2 MAA/cm2) was signifi-
cantly less (P < 0.01). Further, the additive effect of 17-2 2-5-
kD CF and 8-Br-cGMP (ASCC = 142.8±9.1 MAmp/cm2) was
not significantly different compared to the SCC response to

160

0.5 kD 2-5 kD ' 5 kD ( 10 kD 10 kD.

Figure 1. Total increase in SCCafter steady state achieved after addi-
tion of various size-delineated 17-2 CF fractions to rabbit ileal mucosa

mounted in Ussing chambers. Two homogeneous sets of fractions
are indicated: fractions between 2,000 and 10,000 Dshow signifi-
cantly higher ASCCthan the remaining two fractions (ANOVAand
Sidak comparisons).

(si-
E

0
(I)

1200 30 60 90
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Figure 2. Time course of SCCresponse after addition of 17-2 2-5-kD
CF fraction vs. 17-2 < 0.5-kD CF fraction to rabbit ileal mucosa
mounted in Ussing chambers. Means±standard errors (n = 4) are
plotted. At the peak of response 8-Br-cGMP (0.2 mM)was added to
the serosal surface (indicated by arrow).
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8-Br-cGMP in negative control tissue as noted above (P
>0.05). Furthermore, pretreatment of tissue with 8-Br-cGMP
resulted in abolition of the response to 17-2 CF. The mean

increase in SCCafter addition of 17-2 CFto untreated (positive
control) vs. 8-Br-cGMP pretreated tissue was +38.6±0.04,uA/
cm compared to +6.7 ,A/cm2 (n = 2). These data constitute
preliminary, indirect evidence that cGMPmay be acting as

second messenger.

In response to other E. coli enterotoxins, cyclic nucleotide
levels within intestinal epithelial cells are increased, resulting in
a net active anion secretion (12). Weindirectly examined the
possible role of Cl- and HCO- as they relate to the overall
increase in SCCcaused by 17-2 active fractions. As shown in
Fig. 3, under both Cl--free and HCO-free conditions, the SCC
variation owing to the 2-5-kD fraction was significantly less
than that seen when normal Ringer's solution was used (t tests
with Bonferroni approximation). This suggests that both C1-
and HCO- may be involved in the electrical response engen-

dered by 17-2 CF.
Since this putative enterotoxin shares certain features with

E. coli STa, such as its small size, relative heat stability, and the
finding that cGMPmay be acting as second messenger, we

sought evidence of possible immunological relatedness. 17-2
2-5-kD CF fractions were preincubated with polyclonal anti-
STa before addition to the rabbit ileal mucosa in the Ussing
chamber. As shown in Table I, no cross-neutralization was ob-

served after anti-STa preincubation, suggesting a lack ofimmu-
nological cross-reactivity. To provide a baseline for these ex-

periments, we examined the effect of purified STa on Ussing
chamber-mounted ileal tissue. Addition of 100,300, and 1,000
mouse units to the mucosal half-chamber resulted in an in-
crease in SCCof 27.2 (n = 1), 49.1 (n = 2), and 55.7 (n = 1)
,gA/cm2, respectively. After preincubation of 300 mouse units
of STa with polyclonal anti-STa, a rise in SCCof 8.6 ttA/cm2
was observed, demonstrating complete abolition of the secre-

tory response.
Wenext examined the effect of a 2-5-kD M, CF fraction

from HB1O1/pBB17-36 on PD and SCC as compared to
HB101 CF fraction produced in the same manner. As shown in
Table I, paired variate analysis showed a significantly larger
incremental PDand SCCresponse to the HBI10/pBB 17-36 as

40

30
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0

-20

^ SCC (WA/cm2)

Normal
Ringer's
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Ringer's

Cl-froe HC03-free
Ringer's Ringer's

Figure 3. Total change in SCCafter addition of 17-2 2-5-kD CF

fraction to rabbit ileal mucosa bathed in normal Ringer's solution vs.

ClP-free or HCO-free Ringer's. *P < 0.05 and tP < 0.01 compared
to positive control by paired t test (n = 6) with Bonferroni approxi-
mation applied.

compared to the negative control. These data indicate that the
presence of the plasmid is required for expression of the entero-
toxic activity.

In all of the above experiments the increments seen in SCC
were accompanied by parallel increases in the PD after addi-
tion of test samples. Changes in R, of < 10%were observed. As
an example, the percent change in R, after addition of 2-5-kD
CF fractions from HBI01 and HBI01 (pBB17-36) was -4.5%
and -2.4%, respectively. These responses do not reflect a signif-
icant drop in tissue resistance. Furthermore, selected sheets of
rabbit ileal mucosa appeared morphologically normal after ex-

posure to 17-2 CF preparations when examined by light and
electron microscopy (data not shown).

To determine the frequency of this tox+ phenotype among

EAggEC strains, we screened < 10-kD CF fractions from six
other EAggEC strains, three each from young children with
diarrhea in Chile and India. As can be seen in Table II, six of six
of these strains produced a SCCgreater than the negative con-

trols, and five of six gave responses of similar magnitude to
preparations from 17-2.

Suckling mouse assay. The suckling mouse assay, the stan-
dard bioassay for detection of STa, was evaluated as a possible
model for secretion for the Ussing chamber-active moiety elab-
orated by strain 17-2. Most investigators define a positive re-

sponse as a G/B ratio of 0.083 or greater (21). Concentrates of
20X and 50X of the 2-5-kD Mr CF fraction from 17-2 were

inoculated into suckling mice and at 3 h gave G/B ratios of
0.064±0.001 (n = 16) and 0.068±0.002 (n = 5), respectively.
Additionally, crude CF from 17-2 were tested after 5- and 7-h
incubation periods and gave G/B ratios of 0.054±0.004 (n = 2)
and 0.059+0.001 (n = 4), respectively. The other six EAggEC
strains examined in this study also gave negative responses in
the suckling mouse assay, as seen in Table II. In all experi-
ments, ETECstrain H10407 and PBSwere used as positive and
negative controls, and always gave G/B ratios of 2 0.120 and

0.064, respectively.
STh and STp DNAhybridization. Under conditions of low

stringency none of the seven EAggECstrains examined in this
study hybridized with the DNAprobes for STh or STp, while

Table II. Mean Total Increase in SCCof Rabbit Heal Mucosa
in Ussing Chambers, and Suckling Mouse Assay Results

for Seven EAggECIsolates from Chile and India

Suckling mouse assayt

Strain Serotype Origin Mean ASCC* (n) G/B ratio (n)

MA/cm2

17-2 03:H2 Chile +43.6 (4) 0.064±0.001 (16)
73-1 073:H33 Chile +55.2 (2) 0.057±0.002 (6)
121-2 078:H33 Chile +35 (2) 0.059±0.001 (8)
2036 03:H2 Chile +26.1 (2) 0.059±0.001 (8)
34b O?:NM India +60.2 (2) 0.06±0.002 (4)
44a 077:H? India +38.3 (2) 0.061±0.002 (6)
134a O?:NM India +43.7 (2) 0.059±0.002 (8)
Negative

control0 + 19.1 (6)

* < 10-kD CF fractions added to Ussing chamber.
0.1 of ml crude CF orogastrically inoculated into each mouse.

Negative controls were composed of > 10-kD CF retentates from
one of the test strains in each experimental run.

Enteroaggregative Escherichia coli Heat-Stable Enterotoxin 1453
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the HB101 and H10407 control strains were negative and posi-
tive, respectively.

Discussion

The present study establishes that a substance excreted by the
prototype EAggEC strain 17-2 induces ion transport alter-
ations consistent with a secretory response. The significant rise
in SCCafter addition of 17-2 CF preparations to rabbit ileal
mucosa in Ussing chambers, which is ablated under HCO3or
Cl--free conditions, supports this contention. Our studies sug-
gest that this substance is protein in nature, protease sensitive,
between 2,000 and 5,000 Din Mr, at least partially heat-stable,
and plasmid associated. Second messenger data are compatible
with the hypothesis that cGMPacts as the intracellular media-
tor of this response. Wehave named this substance enteroag-
gregative E. coli heat-stable enterotoxin (EAST 1).

The size and heat stability of EAST 1, as well as the second
messenger data, are attributes shared with E. coli STa. There
exist a family of heat-stable enterotoxins which are structurally
and functionally highly related to STa, share varying degrees of
amino acid homology and immunological cross-reactivity, and
are all active in the suckling mouse assay. To date, such STs
have been associated with Yersinia enterocolitica (26), Non-0 1
Vibrio cholerae (27), Klebsiella pneumoniae (28), and Citro-
bacterfreundii (29). Unlike these other STs, EAST 1 does not
appear to be immunologically cross-reactive with STa, as
shown by its nonreactivity in the competitive STa ELISA and
absence of cross-neutralization by polyclonal anti-STa in the
Ussing chamber model. Also, EAST 1 is not active in the suck-
ling mouse assay under conditions in which STa is active. Fur-
thermore, as suggested by DNAhybridization data, EAST 1
also appears to be genetically distinct from STa.

The mean time until onset of enterotoxic action, as mea-
sured by the increase in SCCafter addition of CFpreparations
of 17-2, ranges between 30 and 40 min. This differs from the
immediate onset of enterotoxic effect when preparations of E.
coli STa or STh are added to the mucosal surface in the Ussing
chamber system. It is not clear if the kinetics of EAST 1 action
are somehow affected by using a crude vs. pure preparation, or
if this reflects a true difference related to the cascade of events
which intercede the binding of EAST 1 to enterocyte receptors
and the ultimate secretory response. Although our purpose was
not to define the specific alterations in active ion transport
engendered by EAST 1, the experiments in C1- and HCO--free
conditions suggest that active transport of one or both of these
anions may be involved. Interestingly, our current understand-
ing is that the mechanisms of action of STa and STh predomi-
nantly involve the active secretion of C1- and HCO3, respec-
tively (30, 31). Further study related to the kinetics and exact
mechanism of action of EAST 1 awaits purification of this
moiety.

Both the aggregative phenotype (10) and EAST 1 produc-
tion are plasmid associated properties. Colonization factors
and enterotoxins elaborated by ETECstrains require the pres-
ence of plasmids (32). Wesuggest that the 60-MD plasmid,
which is highly conserved among strains of EAggEC(33), repre-
sents a critical virulence determinant. Data from the gnotobio-
tic piglet model showing in vivo aggregation of EAggECon the
ileal mucosal surface suggest that this phenotype may correlate
with colonization of the small intestine of infected hosts. We
postulate that aggregative adherence along the mucosal border

may also serve to create a microenvironment whereby EAST 1
and perhaps other exotoxins are secreted in close proximity to
the enterocyte surface protected from luminal proteases and
other degradative processes.

Ussing chamber screening of < l0-kD CF fractions from a
limited number of EAggEC isolates from children with diar-
rhea in India and Chile showed that five of six elicited an in-
crease in SCCof similar or greater magnitude as compared to
prototype strain 17-2. As with 17-2, preparations from these
strains were negative on testing in the suckling mouse assay
and STa ELISA, and colonies did not hybridize at low strin-
gency with DNAprobes for STh or STp. Since some common
serotypes are seen among these strains, all contain an - 60-
MDplasmid of which all but one hybridize with a newly devel-
oped DNAprobe for EAggEC (33), and the Ussing chamber-
active moieties are all in the same size range (< 10 kD Mr), we
predict that EAST 1 may be a common virulence property
among EAggEC. Clearly, further studies are necessary to prove
DNAand polypeptide homology among these candidate en-
terotoxin-producing EAggEC. Additionally, development of a
simple and reliable biological or immunological assay for
EAST 1 will facilitate large-scale screening of EAggEC for en-
terotoxin production, as well as facilitate purification of this
novel enterotoxin.
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