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The antigenic relationships between heat-labile enterotoxin (LT) produced by a
human strain of enterotoxigenic Escherichia coli (strain 286C2) and cholera toxin
(CT) were examined by using antisera raised against LT and CT and specific
antisera prepared against each subunit of both enterotoxins. Double immunodiffu-
sion analysis revealed reactions of partial identity between the A subunits of LT
and CT, as well as between the B subunits. Rabbit antisera raised against LT
subunit A reacted with only subunit A, whereas rabbits immunized with LT
subunit B produced antibodies which reacted with only subunit B. A high degree
of CT neutralization was observed with antisera raised against LT. Data from
neutralization assays with specific antisera to each enterotoxin showed that LT
was more effectively neutralized by homologous anti-LT than CT (3.7-fold);
however, anti-CT was only slightly more effective in neutralization of homologous
CT compared with LT (1.9-fold). In contrast, antisera raised against the B subunit
of CT (choleragenoid) exhibited significantly higher neutralization activity against
CT than LT (5.8-fold); however, the amount of CT neutralized by anticholerage-
noid was less (4.1-fold) than anti-CT. These results suggested that anti-CT serum
contained neutralizing antibodies reactive with a shared determinant formed by
interaction of the A and B subunits, whereas anti-LT and anti-choleragenoid sera
did not. Sensitive solid-phase radioimmunoassays were developed to examine the
affinity and degree of specificity involved in homologous and heterologous
antigen-antibody interactions between LT, CT, their subunits, and specific
antibodies. Only unlabeled LT competed with radiolabeled LT in polystyrene
tubes coated with anti-LT, and only unlabeled CT competed with radiolabeled CT
in tubes coated with anti-CT. However, when radiolabeled CT was incubated in
tubes coated with anti-LT, competitive inhibition responses were observed with
both unlabeled toxins. When radiolabeled LT was incubated with tubes coated
with anti-CT, competitive inhibition responses were observed with both unlabeled
toxins. Similar competitive inhibition responses were observed with the A
subunits of LT and CT and with the B subunits using antisera specific for the
subunits of each enterotoxin. Double immunodiffusion analysis and radio-
immunoassay data supported the presence of unique and shared immunodeter-
minants in each subunit.

The pathogenesis of diarrheal disease due to
Vibrio cholerae and enterotoxigenic strains of
Escherichia coli (ETEC) is similar in that both
bacilli must adhere to epithelial cells of the small
intestine before colonization (11). Subsequent
production of one or two kinds of enterotoxin
ultimately causes a profuse watery diarrhea (33).
Although cholera toxin (CT) and E. coli heat-
labile enterotoxin (LT) share several properties
at the molecular level (4, 5, 9, 12, 21, 28, 35;
D. C. Robertson, S. K. Kunkel, and P. H.
Gilligan, Abstr. 17th Joint Conference on Chol-
era, 1979, p. 54), resistance against one disease
does not necessarily confer long-lasting resist-
ance to the other (1). Thus, it is imperative that

immunological relationships between LT and
CT be characterized with as many diverse ap-
proaches as possible.
The antigenic relatedness of CT and LT has

been documented by numerous investigators
using antisera to purified CT (2, 3, 7, 15-19, 22,
34). Precipitin and neutralization tests have been
used to demonstrate that LT has antigenic deter-
minants in common with the A and B subunits of
CT (CT-A and CT-B) (2, 3). Holmgren and
Svennerholm employed antisera raised against
purified CT and crude preparations of LT in an
enzyme-linked immunosorbent assay to show
that CT and its purified subunits cross-react with
LT (18). Also, their data suggested that each
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enterotoxin possessed unique determinants,
since individual antisera exhibited higher anti-
body titers against homologous toxin prepara-
tions. Other investigators have also observed
that anti-CT neutralized both CT and LT; how-
ever, antisera raised against crude preparations
of LT exhibited low neutralization activity
against CT (15, 16, 32).
Methods for preparation of homogeneous LT

have recently been described (4, 5, 23); thus, it is
now possible to raise high-titered antisera which
can be used to better define and characterize
immunological relationships between LT and
CT. Honda et al. (19) have described antisera
against LT and CT which discriminate between
each enterotoxin and antisera which react with
both enterotoxins. Development of effective im-
munization regimens against both enterotoxins
depends on a clear understanding of the immu-
nological relationships between the subunits of
each enterotoxin. This report describes the ex-
amination of antisera raised against LT and CT,
as well as specific antisera prepared against each
subunit of both enterotoxins.

MATERIALS AND METHODS
Bacterial strains and cultural conditions. ETEC

strain 286C2, an LT-only strain isolated in Mexico
(26), was supplied by R. B. Sack, The Johns Hopkins
School of Medicine, Baltimore, Md. Stock cultures
were maintained on Trypticase soy agar plates or as
lyophilized ampoules. The minimal salts medium con-
taining 10 mM Tricine, 0.5% glucose, and three amino
acids (methionine, lysine, and glutamic acid) and
growth conditions for production of LT were as de-
scribed previously (13).

Purification of E. coli LT. The LT produced by
ETEC strain 286C2 was purified as described previ-
ously by Kunkel and Robertson (23). Briefly, the
purification involved concentration of pH extracts by
ultrafiltration, hydrophobic interaction chromatogra-
phy on norleucine-Sepharose 4B, hydroxylapatite
chromatography, and Bio-Gel P-150 gel filtration. The
LT preparation was assessed as being 60 to 70% pure
after hydroxylapatite chromatography and greater
than 95% pure after the final gel filtration step.

Preparation of A and B subunits of E. coli LT and
CT. CT (Schwarz/Mann, Orangeburg, N.Y.) and LT (5
mg/ml) were each dissolved in 6 M urea-0.1 M glycine
(pH 3.5) and dialyzed briefly against 100 volumes of 6
M urea-0.1 M glycine (pH 3.5). The subunits were
fractionated on a Bio-Gel P-60 column or a Sephadex
G-75 column (1.5 by 85 cm) as described by Finkel-
stein et al. (10). Fractions containing 280-nm absor-
bance were pooled and renatured by dialysis at 4°C
against decreasing concentrations of urea-0.12 M Tris-
hydrochloride (pH 7.5). The samples were concentrat-
ed by using an Amicon stirred cell with a PM-10 Diaflo
membrane and frozen at -20°C until use.

Preparation of antisera. New Zealand white rabbits,
3 to 5 months old, were injected intradermally at
multiple sites on a shaved portion of the back and in
one hind footpad with 100 jig of LT holotoxin or
subunits (175 jig of subunit A or 125 ,ug of subunit B)

dissolved in Freund complete adjuvant. After 3 weeks,
the animals were bled weekly from the central ear
artery until the antibody response subsided at 8 to 10
weeks. Booster doses of subunits suspended in Freund
incomplete adjuvant were administered at 3-week in-
tervals. Appropriate bleedings were pooled and stored
at -20°C until use.

Neutralization assays. The neutralizing capacity of
antisera against LT or CT was measured with the Y-1
adrenal cell assay (8). Twofold serial dilutions of
antisera were prepared with phosphate-buffered saline
(PBS)-0.1% bovine serum albumin and incubated at
37°C for 60 min with an equal volume of solution
containing 10 ng of either 286C2 LT or CT in a final
volume of 150 pt1. Portions equivalent to 0.5 ng of CT
or 2.0 ng of LT were added to wells seeded 2 days
previously with 2 x 105 Y-1 cells in 1 ml of medium.
Antitoxin titration curves were derived and used to
calculate the 50% neutralization point for each antiser-
um reacting with homologous and heterologous en-
terotoxins. The 50% neutralization titer was used to
determine the amount of enterotoxin (micrograms)
neutralized by 1 ml of antiserum. Steroids were deter-
mined fluorometrically 18 to 21 h after toxin addition
as described previously (13).

Radiolabeling procedure. lodination of proteins was
performed in glass tubes (10 by 75 mm) by the chlora-
mine-T procedure (14). The reaction mixture con-
tained 40 R1 of protein (12.5 to 25 p.g) diluted in 0.5 M
sodium phosphate buffer (pH 7.5), 5 ,ul of chloramine-
T (2.5 mg/ml) dissolved in 0.5 M sodium phosphate
buffer (rH 7.5), and 5 ,ul (500 mCi) of Na'251 (Amer-
sham Corp.; carrier free). The reaction was started by
the addition of Na'251. After incubation for 2 min at
room temperature, the reaction was stopped by the
addition of 10 p.1 of sodium metabisulfite (2.5 mg/ml)
dissolved in 0.5 M sodium phosphate (pH 7.5). After 1
min of incubation, 100 ,ug of potassium iodide (10 ,u1)
was added, and the reaction mixture was applied to a
Bio-Gel P-2 column (0.5 by 10 cm) equilibrated with
PBS-0.1% bovine serum albumin. Fractions of 0.5 ml
were collected in glass tubes (10 by 75 mm), and the
tubes were scanned for relative amounts of radioactiv-
ity by using a Packard 5110 gamma scintillation
counter. The tubes which contained radioactive pro-
tein were pooled and dialyzed extensively against PBS
with several changes of dialysate. Radioactive pro-
teins were stored at 4°C for no longer than 1 month.
The specific activity (microcuries per microgram) of
typical radiolabeled proteins was as follows: LT, 8.41;
CT, 3.84; LT-A, 5.71; LT-B, 6.18; CT-A, 7.14; and
CT-B, 3.48.

Radioimmunoassays. Polystyrene tubes (10 by 75
mm; Falcon Plastics, Oxnard, Calif.) were coated
overnight at 4°C with 0.5 ml of diluted antiserum or the
purified immunoglobulin G fraction of rabbit anti-LT
immune serum. The antiserum or immunoglobulin G
fractions were diluted such that 20 to 25% of the
radiolabeled antigen was bound under the conditions
noted above. The tubes were washed three times with
PBS, followed by incubation with 1 ml of 0.3% bovine
serum albumin for 30 min at 37°C to coat additional
binding sites. After three washes with PBS, each tube
contained 1 ng of radiolabeled holotoxin or purified
subunits, unlabeled homologous or heterologous anti-
gen (2 to 100 ng), and PBS to 0.5 ml. Tubes were
incubated overnight at 4°C, washed three times with
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PBS, and assayed for radioactivity. The immunoglob-
ulin G fraction of rabbit anti-LT serum was prepared
by ammonium sulfate precipitation followed by
DEAE-Sephadex A-50 chromatography.

Immunodiffusion analysis. Immunodiffusion experi-
ments were performed in 1% Noble agar (Difco Labo-
ratories, Detroit, Mich.) containing 50 mM Tris-hydro-
chloride, 150 mM NaCl, and 0.1% sodium azide (pH
7.4) as described by Ouchterlony (29). Each well
contained either 30 ,ul of antigen (5 to 10 ,g of protein)
or antiserum. Plates were incubated at room tempera-
ture for up to 4 days, with daily observation.

Reagents. CT was purchased from Schwarz/Mann.
Equine anticholeragenoid and equine anti-CT (Swiss
Serum Institute reference serum; 4470 antitoxin
units/ml) were kindly supplied by C. E. Miller and by
R. E. Horton, National Institutes of Health, Bethesda,
Md. Goat anti-CT and affinity-purified antisera to the
subunits of CT (rabbit anti-subunit A and goat anti-
subunit B) were generously provided by N. Ohtomo,
Chemo-Therapeutic Research Institute, Kumamoto,
Japan.

RESULTS
Purification of A and B subunits of E. coli LT

and CT. Each enterotoxin incubated in 6 M
urea-0.1 M glycine (pH 3.5) at 37°C for 1 h was
fractionated by gel filtration. As shown in Fig. 1,
CT and LT yielded almost identical profiles.
Peak fractions detected by absorbance at 280 nm
were pooled and dialyzed against decreasing
concentrations of urea with increasing pH. The
final dialysis was against TEAN buffer (4) (pH
7.5), which increased recoveries of the A sub-
unit. The A subunit exhibited biological activity
against Y-1 adrenal tumor cells at 100-fold high-
er concentrations than either holotoxin or stimu-
lated adenylate cyclase in pigeon erythrocyte
lysate assays at concentrations similar to both
enterotoxins. The B subunits were inactive in
the pigeon erythrocyte lysate assay at 1,000-fold
higher concentrations relative to the A subunit
but exhibited limited activity against Y-1 adrenal
tumor cells at 100-fold higher levels relative to
the amounts of holotoxins which exhibited a
maximum response. All subunit preparations
were homogeneous by sodium dodecyl sulfate
gel electrophoresis (data not shown). Despite
these results, there may have been trace
amounts of highly immunogenic subunit B in
subunit A preparations, and pooled column frac-
tions of subunit B may have contained amounts
of subunit A which were not detected by con-
ventional protein stains.
Double immunodiffusion analysis. Serum sam-

ples from rabbits immunized with LT and its
subunits and goat anti-CT sera were tested for
reactivity with LT, CT, and their subunits. Typi-
cal double immunodiffusion patterns are shown
in Fig. 2. Reaction of anti-CT with the subunits
of each enterotoxin (Fig. 2a) showed lines of
partial identity between LT-A and CT-A, as well

la 20 30

FRACTION
FIG. 1. Gel filtration of 286C2 LT and CT on a

Sephadex G-75 (1.5 by 85 cm) column equilibrated
with 6 M urea-0.1 M glycine (pH 3.5). Two-milliliter
fractions were collected at a flow rate of 4.0 ml/h.
Symbols: 0, CT; *, 286C2 LT.

as LT-B and CT-B. Reactions of nonidentity
were formed between CT-A and LT-B (Fig. 2a)
and between the A and B subunits of each
enterotoxin (data not shown). Antisera raised
against some purified LT-A preparations reacted
with a single precipitin line against LT-A and
LT-B, with a reaction of partial identity against
LT-B (data nbt shown); however, antisera raised
against more purified LT-A preparations did not
react with subunit B (R. Ching and D. C. Rob-
ertson, unpublished observations). Anti-LT-B
sera did not precipitate either LT-A or CT-A,
but formed a single precipitin line with LT-B
that showed a line of partial identity against CT-
B (Fig. 2b). Anti-LT sera did not yield a precipi-
tation reaction against either LT-A or CT-A
(Fig. 2c); however, a reaction of identity was
formed between LT and LT-B, and partial iden-
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FIG. 2. Double immunodiffusion reactions of E. coli LT, CT, and each of their subunits with specific antisera.
(a) Center, anti-CT (30 ,ul); 1, CT-A; 2, LT-A; 3, CT-B; 4, LT-B. (b) Center, anti-LT-B (30 p.1); 1, LT-A; 2, CT-A;
3, CT-B; 4, LT-B. (c) Center, anti-286C2 LT (30 p.l); 1, LT-A; 2, LT-B; 3 and 6, LT; 4, CT-B; 5, CT-A. (d)
Center, goat anticholeratoxin (30 ,ul); 1, LT-A; 2, LT-B; 3 and 6, LT; 4, CT-B; 5, CT-A. Outside wells contained
10 jig of antigen.

tity was detected between LT-B and CT-B, as
was observed with anti-LT-B sera (Fig. 2b).
Immunodiffusion patterns with anti-CT con-

sisted of single precipitin lines formed by each
enterotoxin subunit and showed reactions of
nonidentity between LT-A and LT-B, as well as
between CT-A and CT-B (Fig. 2d). The double
precipitin line formed with LT holotoxin is likely
due to dissociation of subunit A, since the
second faint precipitin line formed a line of
identity with LT-A. A reaction of partial identity
was observed between LT-B and CT-B, as
shown by the precipitin band formed by CT-B
which spurred over the line formed with LT-B.
Double immunodiffusion analysis with affinity-
purified antisera to CT-B and CT-A yielded
identical results to those obtained when antisera

raised against A and B subunits purified by acid-
urea gel filtration were used (data not shown).

Neutralization assays. The results of neutral-
ization assays with antisera raised against puri-
fied LT and choleragenoid showed that the
homologous toxin was more effectively neutral-
ized than either heterologous enterotoxin (Table
1). However, equine anti-CT neutralized ho-
mologous CT only slightly more effectively than
heterologous LT. In agreement with results re-
ported previously (7), the 50% neutralization
point for 10 ng of CT was determined to be 0.13
antitoxin units of the standard Swiss Serum
Institute preparation.

Antigenic relationships between the subunits of
LT and CT. Information obtained from double
immunodiffusion analysis was useful for charac-
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terization of antibody specificity and antigenic
cross-reactivity but was not particularly infor-
mative concerning affinities and degree of spe-
cific antigen-antibody interactions. Consequent-
ly, a sensitive radioimmunoassay (RIA) was
developed to examine such relationships. Poly-
styrene tubes were coated with rabbit anti-LT
serum or equine anti-CT serum. Radiolabeled
homologous antigen binding was subsequently
competitively inhibited through the addition of
either unlabeled LT or CT. The results shown in
Fig. 3A and B indicated that only unlabeled LT
competed with radiolabeled LT in tubes coated
with anti-LT and that only unlabeled CT com-
peted with radiolabeled CT in plastic tubes coat-
ed with anti-CT. In contrast, when radiolabeled
CT was incubated in tubes coated with anti-LT,
competitive inhibition responses were observed
with both unlabeled toxins. Similar results were
observed when radiolabeled LT was incubated
with tubes coated with anti-CT. These data were
interpreted to show that each enterotoxin con-
tains at least one individual and at least one
shared determinant. The unique determinant of
each enterotoxin appears to be either immuno-
dominant or capable of eliciting an antibody
population which reacts with a higher affinity
toward this determinant(s).
To examine relationships between the sub-

units of LT and CT associated with specificity
and relative binding affinity, sensitive RIAs
were performed with affinity-purified antisera to
the A and B subunits of CT and antisera to the
purified subunits of 286C2 LT. The data ob-
tained were similar to those observed with holo-
toxins; i.e., when affinity-purified anti-CT-B
was used to coat polystyrene tubes and incubat-
ed with radiolabeled CT-B, antigenic competi-
tion was observed with unlabeled CT-B and not
with unlabeled LT-B (Fig. 4). Likewise, when
radiolabeled LT-B was incubated in plastic
tubes coated with anti-CT-B, both unlabeled
LT-B and CT-B were competitive. The use of
heterologous subunits as competitors in homolo-
gous antigen-binding studies again suggested
that the antibodies reactive with individual de-
terminants were of higher affinity or were pres-

TABLE 1. Neutralization of purified 286C2 LT and
CT by homologous and heterologous antisera

Antiserum Toxin Toxin neutralized (jig)a
Anti-LT LT 239.0 + 14
Anti-LT CT 64.7 ± 23
Anti-CT CT 215.0 ± 44
Anti-CT LT 110.6 ± 22
Anticholeragenoid CT 52.4 ± 10
Anticholeragenoid LT 9.0 ± 2

a Micrograms of toxin neutralized by 1 ml of antiser-
um. Data are expressed as the mean + standard error.
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FIG. 3. Competitive inhibition studies of homolo-

gous and heterologous antigen-antibody interactions.
Symbols: 0, 286C2 LT; *, CT. (A) Anti-286C2 LT and
125I-labeled 286C2 LT; (B) anti-CT and '25I-labeled
CT; (C) anti-286C2 LT and 125I-labeled CT; (D) anti-
CT and 125I-labeled 286C2 LT. B/Bo, Amount of radio-
ligand (net cpm) bound to specific antibody in the
presence of unlabeled competitive inhibitor (B) divid-
ed by the amount of radioligand (net cpm) bound in the
absence of unlabeled competitive inhibitor (BO) multi-
plied by 100.

ent in larger amounts. Analysis of affinity-puri-
fied anti-CT-A (Fig. 5) indicated that, like the B
subunits, the A subunits of each enterotoxin also
contained both unique and shared determinants.
When antisera raised against purified subunits of
LT were substituted for the affinity-purified anti-
sera to each subunit of CT, identical results were
observed (data not shown).

DISCUSSION
The availability of purified A and B subunits

of both CT and LT, as well as antisera both to
holotoxins and each enterotoxin subunit, per-
mitted extensive characterization and compari-
son of antigenic determinants of both toxins by
double immunodiffusion analysis, neutralization
assays, and sensitive solid-phase RIAs. Antisera
raised against LT holotoxin did not contain
detectable anti-subunit A antibodies. In con-
trast, antisera raised against intact CT contained
adequate levels of anti-subunit A antibodies to
permit double immunodiffusion analysis. These
results suggested that CT-A is more immunogen-
ic relative to LT-A. Reactions of partial identity
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FIG. 4. Competitive inhibition studies of antigen-antibody interactions between LT-B and CT-B with affinity-
purified anti-CT-B sera. Symbols: 0, E. coli LT-B; *, CT-B. (a) 1251I-labeled CT-B; (b) 125I-labeled LT-B. See
the legend to Fig. 3 for definition of B/Bo.

between LT-A and CT-A were observed with
goat anti-CT; however, the precipitin line
formed with LT-A was very weak. Reactions of
partial identity were noted between the B sub-
units with antisera to both holotoxins, affinity-
purified antisera to CT-B, and antisera raised
against LT-B purified by acid-urea gel filtration.
Our initial data suggested a cross-reaction be-
tween LT-A and LT-B, since antisera to LT-A
reacted with LT-B, but antisera to LT-B did not
react with LT-A. These results were similar to
previous reports on the antigenic cross-reactiv-
ity of the subunits of CT (10, 25, 36). However,
antisera raised against more purified LT-A prep-
arations reacted only with subunit A in Ouchter-
lony analysis and did not react with subunit B in
the GM1 enzyme-linked immunosorbent assay
(R. Ching and D. C. Robertson, unpublished
observations). Their data indicate that there is
no cross-reactivity between LT-A and LT-B and
support studies in which hybridoma cell lines
were isolated which secrete monoclonal anti-
bodies reactive with CT-A but which do not
react with CT-B (31). It is very difficult to rule
out contamination by the strongly immunogenic
subunit B in subunit A preparations; thus, if
antiserum specific for the A subunit of either LT
or CT is desired, it should be absorbed over an
affinity column with the B subunit covalently
attached.
The high degree ofCT neutralization observed

with antisera raised against 286C2 LT (Table 1)
contrasts with previous data which showed that
anti-CT neutralized LT, but that anti-LT did not
exhibit a comparable amount of neutralization
against CT (15, 16, 32). Antisera to each toxin

reacted preferentially with homologous toxin
antigens in RIA; however, the amount of cross-
reactivity observed in immunodiffusion assays
suggested that each enterotoxin expressed
unique determinants in addition to at least one or
more shared antigenic determinants. Similar re-
sults have been described by Holmgren and
Svennerholm (18), who used antisera to purified
CT and crude preparations of LT holotoxin.
Honda et al. (19) also employed antisera raised
against intact holotoxins and demonstrated that
antisera raised against CT contained antibodies
which reacted only with CT and a second popu-
lation which reacted with both CT and LT.
Similar results were observed with antisera
raised against LT; that is, antibodies were de-
tected which reacted only with LT and a second
population was detected which reacted with
both enterotoxins.
Double immunodiffusion experiments are use-

ful in characterizing cross-reactivity of determi-
nants on different antigens but do not indicate
differences in binding affinities between antibod-
ies and their homologous and heterologous sub-
units. RIAs with anti-LT, anti-CT, and radiola-
beled holotoxins revealed that when polystyrene
tubes were coated with anti-LT, competition of
LT binding occurred only in the presence of
unlabeled LT and not with unlabeled CT. Simi-
lar results were observed with tubes coated with
anti-CT; that is, competition was noted only
with the homologous radiolabeled enterotoxin.
However, when the radiolabeled heterologous
enterotoxin was incubated with either antiser-
um, binding competition was observed with both
homologous and heterologous antigens. Similar
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a 1251CT-A b 125 -LT-A

LT -A

ng LT-A or CT-A ng LT-A or CT-A

FIG. 5. Competitive inhibition studies of antigen-antibody interactions between LT-A and CT-A with affinity-
purified anti-CT-A sera. Symbols: 0, LT-A; 0, CT-A. (a) 125I-labeled CT-A; (b) 125I-labeled LT-A. See the
legend to Fig. 3 for definition of B/Bo.

data have been reported by Holmes et al. (R. K.
Holmes, M. G. Bramucci, and E. M. Triddy,
Abstr. 15th Joint Conference on Cholera, 1979,
p. 52).
The lack ofCT inhibition ofLT binding and of

LT inhibition of CT binding in the presence of
homologous radiolabeled toxin and the presence
of both LT and CT inhibition of heterologous
radiolabeled toxin binding are not contradictory
observations. Significant antibody affinity differ-
ences may be present in the populations reactive
with unique and shared determinants of each
toxin. Thus, the inability of heterologous unla-
beled toxin to compete with homologous radio-
labeled homologous toxin binding may be partic-
ularly evident in RIA. If the unique determinants
are immunodominant, the absolute level of spe-
cific reactive antibody could significantly influ-
ence the observed results. Since the competitive
inhibition assay with radiolabeled heterologous
toxin depends on those antibodies which are
cross-reactive, one would predict competition to
occur in the presence of both heterologous and
homologous toxin preparations. Therefore, the
data clearly support the presence of shared
determinants but suggest that the affinity and/or
quantity of antibody reactive with these determi-
nants is lower relative to the antibodies reactive
with unshared toxin regions.

Since anti-286C2 LT sera did not contain
demonstrable subunit A reactivity, RIAs were
performed with either affinity-purified antibod-
ies to CT-A and CT-B or antisera raised against
the purified subunits of LT. Data obtained with
each of the subunit preparations were similar to
those observed with the holotoxins. For exam-
ple, only unlabeled CT-B exhibited a competi-

tive inhibition response with 125I-labeled CT-B
when incubated with tubes coated with anti-CT-
B, whereas both unlabeled subunits competed
with 125I-labeled LT-B. RIAs with affinity-puri-
fied anti-CT-A led to similar results, as did
experiments with anti-LT-B raised against LT-B
purified by acid-urea gel filtration. These data
were interpreted to show that the A and B
subunits of LT and CT contain an immunodom-
inant unique antigenic determinant(s) and at
least one minor shared antigenic determinant.
LT-B and CT-B have been shown to share about
80% sequence homology (6, 27). The one or
more regions which involve variation in the
amino acid sequences of LT-B and CT-B, which
may form the unique immunodeterminants,
must therefore be localized to a relatively small
region of the B subunit.
These observations underline the necessity

for the careful assessment of individual toxin
assay procedures and suggest interesting possi-
bilities concerning the presence of shared deter-
minants formed by the interaction of A and B
subunits in the individual holotoxins. Antichol-
eragenoid serum is essentially an anti-CT-B se-
rum, whereas anti-CT serum contains antibodies
reactive with both CT-A and CT-B. Interesting-
ly, anti-CT serum effectively neutralized both
CT and LT, whereas anticholeragenoid did not.
Significantly, the anti-LT serum examined in the
present study did not contain detectable
amounts of anti-LT-A, and this antiserum was
equal to anticholeragenoid serum in the ability to
neutralize CT. Earlier investigations (18) have
shown that anti-CT-A is not a particularly strong
neutralizing antibody population; furthermore,
recent studies with monoclonal antibodies pre-
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pared against individual CT subunits suggest
that anti-CT-A antibodies are not neutralizing
(24). Although the extent of anti-A activity in an
individual antiserum may be the explanation for
the enhanced neutralizing activity within an anti-
serum, the present data and those of other
investigators suggest that anti-CT contains neu-
tralizing antibodies which recognize determi-
nants formed by interaction of CT-A and CT-B.
These antibodies can therefore react with similar
determinants present on LT. There remains the
possibility, then, that such determinants may be
more accessible on CT than LT and would allow
a relatively more pronounced antibody re-
sponse.
The immunization potential of the shared and

unique antigenic determinants of CT and LT
remains to be established in studies with human
volunteers. However, the antigenic heterogene-
ity of LTs produced by human and porcine
strains of ETEC may decrease effectiveness
against one or both organisms. Significant anti-
genic differences have been observed between
human and porcine LTs and possibly within
both human LTs and porcine LTs (12, 20;
Holmes et al., Abstr. 17th Joint Conference on
Cholera, 1981, p. 43; P. H. Gilligan, J. C.
Brown, and D. C. Robertson, manuscript in
preparation). Rappaport and Bonde demonstrat-
ed synergistic protection against experimental
cholera using cholera toxoid and a killed ETEC
whole-cell vaccine (30). Antitoxic immunity due
to cholera toxoid and the ETEC vaccine was
probably enhanced by anti-LT antibodies direct-
ed toward one or more antigenic determinants
shared with CT. Whatever the mechanisms in-
volved in synergistic protection by antigens pre-
sent in vaccines, antitoxin immunity will likely
make an important contribution to protection
and resistance.
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