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FORWARD AND ABSTRACT

This annual report describes research investigations conducted during
the period between June 1, 1977 and February 15, 1978. Work completed
during thi s period has either been: (a) published , (b) submi tted for pub-
lication , or (c) put in prelimi nary draft form in preparation for submission
for publication. This material is listed in this report under PUBLICATIONS
AFID MANUSCRIPTS and either a reprint or the manuscr ipt form of eac h paper is
enclosed. Since our work has been described in detail and the results dis-
cussed at length in this form, this annua l report will confine itself to
presenting a summary of what has been accomplished.

The goals of our research duri ng the first year of support were: (a) to
determine whether an immunologic interrelationship exists between the IT and
ST enterotoxin forms of different species of coliform bacteria, and (b) to
develop an animal model of acute and chronic intestinal contamination by coli—
form bacteria with specific toxigenic or nontoxiqenic properties. These noals
have been accomplished .

IMMUNOLO GICAL INTERRELATIONSHIPS BETWEEN CHOLERJ\ TOXIN AND THE HEAT—LABILE
AND HEAT— STABLE ENTEP.OTOXItIS OF COLIFORrI BACTERIA

Cholera toxin (CT) and the heat—labile (LT) toxin of Escherichia col i
are known to share antiqenic properties. This study examined the immunological
relationship of CT and the LT and heat-stable (SI) toxins of E. col i, Klebsiel l,a
pneumoniae,and Enterobacter cloacae. The neutralizing capacity of equine CT
antiserum and of antiserum raised in rabbits to the LT toxin of the three
species of coliform bacteria was evaluated by determining their capacity to
inhibit the action of purified CT and semipurified ultrafi l tration preparations
of the col iform LI and ST tox ins in inducing water secretion as assayed by
the in vivo marker perfusion technique in the rat jejunurn. One milliliter
of antiserum to CT and to E. call and Kiebsiella IT completely neutralized
the secretory action of each of these three toxins; effective serial dilutions
of CT antiserum extended to 1 to 4, whereas those of the antisera to LT were
limi ted to 1 to 2 in most instances. One milliliter of antiserum to E. cloacae
LT partially neutral ized each of the three col iform LT tox ins; serial~~ilutionswere inactive. Anti serum to E. cloacae IT did not neutralize CT. Antiserum
to CT and to each of the three col iform LT toxins also had a weak neutralizina
effect on the ST toxins of E. col i and Kiebsiella , but they did not affect E.
cloacae ST. Adsorption of ~E~Te antiserum to CT ~nd to each of the three LI
toxins by incubation with a heat—inactivated preparation of either the honoloaous
or a heterologous LI toxin completely abolished the neutralizing capacity of
the antisera towards both LI and ST. These observations indicate that the
immunological interrelationship of CT and E. coli LI extends to the LT toxins
of Kiebsiella and E. cloacae and , further, that these immunolo gical properties
are shared to a lesser e~téi~t by the ST toxins of E. coli and Klebsie lla.
IMMUNOLOGIC RELATIONSHIP OF DIFFERENT PREPARATIONS CF COLIFORP1 ENTEROTOXINS

Antisera raised in rabbits to LI preparations prepared either from ~:holecel l lysates (LI—WCL) or broth filtrates (LT-BF) and to a broth filtrate ST
preparation from nontoxiqenic and toxigenic strains of Escherichia coli and
Kiebsie lla pneumoniae were examined for their ability to neutralize the secre-
tory effect of these toxins in the rat iejunum using in viva marker perfusion
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technique. Antisera to LT—WCL from nontoxigenic strains and antisera to
the ST preparations from toxiçienic strains were inactive . Antisera to both
types of LT preparation from both bacterial species neutralized , with three
exce pti ons , all of the homologous an~ heterologous IT and ST toxin preparations.When tested against material derived from whole cell lys.ates that had been
separated on the basis of molecular weight by sequential ultrafi ltration , anti-
sera to the LT preparations consistently neutralized a heat-labile fraction
with a defined molecular weight of between 30,000 and 100,000, but failed
to neutralize a heat—stable fraction with a mol ecular weight of 500 to 30,000.
These observations a) indicate that the immunologic interrelationshi p of E.
coi l and Ki ebsiella LI and ST toxins extends to antisera raised against LT
prepared by different methods , b) confirm the lack of anticenicity of ST,
and c) suggest an immunologic heterogeneity among different ST preparati ons
based on their response to antisera to LI.

IN TESTI N AL STRUCTURE AND FUNCTION IN GERMFREE RATS CHRONICALLY COLONIZED
BY EF ITEROTOX IGENIC COLIFOPJfBACTER IA

Due to lack of a suitable model , the effect of either acute or chronic
intestinal colonization by enterotoxigenic strains of colifo rm bacteria on
intestinal transport has not been ascertained hithertofore. In the present
study, groups of germfree rats were monocontaminated with either enterotoxi-
genic or nontoxinenic strains of Escherichia coli or Kl ebsielia pneunonfae
and intestinal bacteriology, transnort and structure were evaluated at weekly
intervals for up to 5 weeks thereafter. Intestinal colonization occurred
promptly ; colony counts remained unchaneed and the toxiqenic strains continued
to produce potent enterotoxins throughout the study period . Intestinal trans-
port was assessed by the in vivo marker perfusion technique. Values in the
jejunum and ileum of rats colonized by nontoxictenic strains were similar to
those in conventional animals. Water and sodium transport was normal in the
jejunum of animals contaminated by toxigenic E. coli during the first two
weeks and in secretion thereafter; transport Th the ileum was reduced after
one week and in secretion thereafter. Water and sodium transport were
either signifi cantly reduced or in secretion throughout the study period in
the jejunum of all rats contaminated with toxiqenic K. pneumoniae. The ab-
sorption of xylose remained normal in all groups. Intestinal morphology was
similar to that of conventional animals in nest instances; no structural
abnormalities that could specifically be attributed to the toxiqenic strains
were observed. These observation s establish the fact that toxicienic strains
of K. p~çuncniae share with E. coil the capacity to alter water transport duringintestinal colonization and iij~dicate that chronic colonization by toxiqenicstrains of these species is associated wi th persistent abnormalities of
intestinal transport.

REVER SAL OF JEJUNAL WATER SECRETIO N BY GLUCOSE IN RATS EXPOSED TO COL IFOP!
EN TE RO T OX IN S

Glucose absorption and qlucose-facilitated water transport were assessed
in rats exposed to semipurified preparations of the heat—labile (LI) and heat—
stable (ST) enterotoxins of Escherichia call, Klebsie lla pneuncniae and
Enterohacter cloacae by in vivo jejunal perfusion of these toxins alone and
with varying amounts of glucose . Progressive increases in the glucose concen—



~~~~~~ . . . . . .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—5—

tration of from 12 to 56 mM resul ted in incremental rises in water absor ption,
with ~ values that were equal to or exceeded that of the balanced electrolytesolu tion alone , in perfusates containing each of these toxins . Water secre-
tion was reversed to absorption by the addition of 12 mM glucose when secretion
was mild but 24 mM was required to achieve this in the presence of severe
secretion. In no instance did absolute values for water transport return to
normal. Glucos e absorption was severel y reduced from 24 and 56 mM so l utions
exposed to the ST toxins. It was marginally reduced by some of the IT toxins
but this effect appeared to be due not to the toxin itself but rather to an
unidentified factor that was also found present in the IT, but not the ST,
preparations from nontoxigenic strains. These observations indicate that
glucose-facilitated water transport remains intact in intestinal tissue
exposed to various coliform enterotoxins and that this occurs despite the
presence of impaired qi ucose absorption in some instances.

SUMP-1ARY

These investigations provide evidence that an immunologi c interrelation-
ship exists between the LI and ST toxin forms of several species of coliforri
bacteria. Such a relation has previously been well documented to exist between
E. coil LI and cholera toxin , and active immunization by cholera toxoid has
U~en shown to protect partially against the action of E. coil LI in rats byPierce. These observations suggest that active imunization using the IT
toxin from one species of coliform bacteria nay arouse protection aoainst
the secretory of this and the ST toxin form of multiple species of toxiqenic
coliforn bacteria. We have shown in a preliminary study that active inniuniza-
tion against E. coil LI can be achieved in the rat. The next logical step
is to determine whether active immunization is protective during acute and
chronic intestinal contamination by toxicienic strains of different species
of coliform bacteria. For this purpose, we have developed an anima l model ,
the germfree rat, in which the pathophysiolo gic events during such colonization
can be evaluated. We propose now to determine the protective effect of active
immunization in this animal model .

In conducting the research described in this report, the investiqators
adhered to the “Guide for Laboratory Animal Facilities and Care,” as
promulgated by the Committee on the Guide for Laboratory Animal ,
Resour ces, National Academy of Sciences—National Research Council.
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