
sufficiently scattered over the length of 
the I-AP chain to account for the ex- 
treme variations that were noted in the 
tryptic peptide maps. However, the fact 
that most of the differences are confined 
to the PI  domain suggests that mouse I-A 
and human HLA-DR-like P-chain genes 
have evolved along similar lines. Specifi- 
cally, the AP chain of one individual is 5 
to 10 percent different from that of an- 
other individual, and most of these dif- 
ferences are found in the PI  domain. This 
clustering of variation in the NH2-termi- 
nal extracellular domain of this polypep- 
tide may be related to the function of Ia 
molecules as targets for T-cell recogni- 
tion and cell-to-cell interactions. 

The comparison of the amino acid 
sequences of the I-AP chain alleles sug- 
gests that the evolution of these genes 
has not involved gross insertions or dele- 
tions in the exons. Bv contrast. restric- 
tion map analysis of the sequences flank- 
ing the I-AP chain exons (7, 17) suggests 
that there have been large insertions and 
deletions in these regions. In particular, 
the intron between PI  and p2 differs in 
size (by as much as 0.9 kilobase) in all 
three of the haplotypes we examined 
(Fig. 1). Also striking is the complete 
sequence divergence among the three 
haplotypes just 3' of the TM exon (Fig. 
2). From the data presented here we 
cannot determine whether the large dif- 
ferences between the introns of these 
alleles are a result of the same mutational 
events that altered the exons or whether 
the introns have been affected by an 
independent series of mutational events. 
However, our data do allow us to ex- 
clude certain models for the genetic basis 
of I-A polymorphism. Earlier data on I-A 
polymorphism suggested that models in- 
volving mechanisms analogous to the 
mechanism by which trypanosomes vary 
their coat protein genes were plausible 
(18). Such mechanisms, involving the 
insertion and deletion of large stretches 
of DNA, are not consistent with the data 
presented here. The pattern of sequence 
differences presented in Fig. 3 is more 
consistent with multiple separate events 
that affect one or a few nucleotides. How 
these relatively small changes in amino 
acid sequence can have such a profound 
effect on immune responsiveness re- 
mains to be determined. Future studies 
on the structure of mutationally altered 
genes detected in laboratory strains of 
mice may determine the precise nature 
and frequency of the mutational events. 
Eventually these studies should deter- 
mine whether the chromosomal region 
containing these genes is hypermutable 
or whether a selective advantage con- 

ferred by multiple forms of these genes 
leads to the maintenance of a large num- 
ber of polymorphic alleles. 
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Peptide Cotransmitter at a Neuromuscular Junction 

Abstract. The neuropeptide proctolin (H-Arg-Tyr-Leu-Pro-Thr-OH) is present in 
the nerve terminals of an identiJied slow skeletal motoneuron in the cockroach. 
Proctolin is released onto the target muscle, a coxal depressor, by neuron stimula- 
tion and by depolarization with potassium. The physiological action of the motoneu- 
ron suggests that proctolin acts as a cotransmitter. Proctolin and neural stimulation 
produce delayed and sustained contractile effects without muscle depolarization. 

Evidence that cotransmitters may act 
with classical transmitters at skeletal 
nerve-muscle junctions in both verte- 
brates and invertebrates is accumulating. 
Thus, although the vertebrate motor end 
plate has long been regarded as exclu- 
sively cholinergic (I), synthetic enzymes 

50 'HZ -DS stimulation (minutes) 

Fig. 1. The release of PLB from a single Ds 
coxal depressor muscle preparation (7, 10) by 
electrical stimulation of the Ds axon at 50 Hz 
for 5 minutes on four successive occasions 
(black bars). Bioassay of the perfusate (10) 
showed significant elevation of PLB after 
each stimulus. 

for neuroactive substances other than 
acetylcholine have now been found in 
mammalian motoneurons (2). Similarly, 
excitatory motoneurons in insects are 
generally regarded as L-glutaminergic 
(3),  but we have shown that the insect 
gut neuropeptide proctolin (H-Arg-Tyr- 
Leu-Pro-Thr-OH) (4) is associated with 
some excitatory motoneurons in the 
cockroach Periplaneta americana (5). In 
considering the role of this peptide at the 
insect neuromuscular junction, we stud- 
ied the individually identified, proctolin- 
containing, slow coxal depressor or Ds 
motoneuron (5, 6) in the cockroach. We 
chromatographically characterized the 
proctolin-like immunoreactivity (PLI) in 
Ds nerve terminals and showed a calci- 
um-dependent release of proctolin from 
Ds. The Ds motoneuron produces tran- 
sient effects consistent with the recog- 
nized effects of L-glutamate in addition 
to sustained, delayed effects consistent 
with the action of proctolin. Our findings 
provide direct evidence for a peptide 
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acting as a skeletal neuromuscular trans- 
mitter and challenge the idea that actions 
of skeletal motoneurons in insects are 
mediated by L-glutamate alone. The 
physiological findings suggest possible 
functions for the additional nonacetyl- 
choline neuroactive substances now sus- 
pected in vertebrate nerve-muscle junc- 
tions (2). 

The cell body, axon, and nerve termi- 
nals of the Ds motoneuron are immuno- 
reactive to a polyclonal rabbit antiserum 
specific to proctolin (5). The coxal de- 
pressor muscle (muscle 177, d and d') is 
innervated by Ds and at least four other 
motoneurons (6). The only one contain- 
ing PLI is Ds (5). To characterize further 
the PLI in Ds terminals, we purified 
extracts of muscle 177 using reverse- 
phase (CI8) high-performance liquid 
chromatography (HPLC) combined with 
a sensitive and specific bioassay of proc- 
tolin-like bioactivity (PLB) (7). Muscles 
were homogenized in a mixture of meth- 
anol, water, and acetic acid (90:9: 1). 
The soluble fraction was dried and again 
dissolved, either in a volatile liquid- 
phase buffer for HPLC fractionation or 
in physiological saline for bioassay pre- 
ceding chromatography (8). Chromato- 
graphed fractions were dried, dissolved 
in saline, and bioassayed. Nonchromato- 
graphed extracts contain PLB equivalent 
to a mean t standard deviation of 
31 t 16.8 femtomoles of proctolin per 
muscle (N = 10). All PLB recovered 
from muscle 177 is chromatographically 
and biologically indistinguishable from 
authentic proctolin. Extracts made from 
muscle in which Ds terminals had degen- 
erated after denervation showed a reduc- 
tion in PLB of 90 percent (89.6 r 5.8; 
N = 5) (9). This is evidence that the PLB 
and PLI in the motor terminals of Ds are 
due to the presence of authentic proc- 
tolin. 

Release of ~roctolin from Ds nerve 
terminals was achieved by eliciting ac- 
tion potentials in the Ds axon or by 
bathing nerve-muscle preparations in 
high potassium saline. Figure 1 shows 
PLB in the muscle perfusate after each 5- 
minute stimulus (50 Hz) applied to the 
Ds axon (10). Assays for PLB gave basal 
values immediately after saline wash, 
but PLB reappeared after each addition- 
al stimulus. Depolarization of several 
muscles simultaneously by bathing them 
in saline with an elevated potassium con- 
centration yielded sufficient released 
PLB to make possible (i) determination 
of calcium dependence of release, (ii) 
purification by HPLC of the released 
PLB, and (iii) an estimate of the amount 
of proctolin released relative to the total 

amount present in the nerve muscle drawn over the muscles by a peristaltic 
preparations. pump and through a small cartridge (Sep- 

Up to 15 coxal depressor muscles Pak) containing CI8 reverse-phase pack- 
were perfused with physiological saline ing (Fig. 2A). The Clg adsorbs and accu- 
and saline with altered ionic composition mulates released hydrophobic peptides 
(11). The different perfusates were from the aqueous perfusates. For each 

HPLC ,Assay 

- C18 Sep-Pak 

- CI8-HPLC 

m 
d 
P 
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C 

C 
HPLC fraction 

Fig. 2. Chromatographic characterization of 
5 - Ds-released PLB and calcium dependence of C l 8  Sep-Pak 

the release mechanism. (A) Diagram of the v apparatus used to depolarize nerve terminals of 
Ds. Released peptides were trapped down- rn 
stream in a C,8-filled Sep-Pak cartridge (Waters 2 - 
Associates, Milford, Mass.) and subsequently 
eluted with 80 percent methanol. The eluant 
was either further purified (B) or bioassayed 
without further purification (C). (B) HPLC of O 

K_ K_ Sep-Pak eluant from a 100 mM potassium perfu- CaCaCaCaCaCaCoCoCoCaCaCaCaCa 
sion of 15 Ds-innervated coxal depressor mus- 
cles. PLB and a tritiated proctolin standard are eluted together in fractions 20 to 23. (C) Calcium 
dependence of proctolin release is shown by replacing calcium with 5 mM cobalt. The cobalt 
inhibition of release is reversible on reintroduction of calcium. Each black bar represents the 
PLB eluted from a different Sep-Pak in a sequence of 10-minute exposures to 20 ml of saline. 
Normal physiological saline is represented by a small K and Ca. The altered saline solutions are 
underlined. Elevated potassium is represented by a large 51 and cobalt by @. 
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Fig. 3.  Physiological responses of coxal de- 
pressor muscle to Ds action potentials. (A) C 
A single action potential recorded in the 
soma of Ds results in a depolarizing tran- Vm 

sient EJP and a transient contracture (fast 
tension) in the muscle ( T ) .  (B) When Ds is 
stimulated in a burst, the mechanical re- 
sponse of the muscle is biphasic. Fast con- lo msec 

tractions one-to-one with EJP's are super- 
imposed on a delayed slow tension that is 
not associated with a depolarization of the 
muscle membrane (V,). (C) The relaxation T 
rate of individual fast contractions is uro- 1st  and 2nd 
gressively prolonged during a burst. A'deviation occurs in the relaxation profile of the third 
response in a burst compared to the first and second. The change in the rate of relaxation is not 
associated with a change in the shape of the EJP (upper trace). Ds, intracellular soma recording 
from Ds; V,, membrane potential of coxal depressor muscle recorded intracellularly; T, tension 
(force) transduction of muscle's mechanical response; I, current injected into Ds soma. 

15 JULY 1983 



saline condition, we changed the car- 
tridge and subsequently eluted the 
trapped compounds with methanol. In 
some experiments, we further purified 
the released and CI8-retained material 
using an analytical HPLC C18 column. 
Eluted samples were assayed for PLB 
after being dried and dissolved in physio- 
logical saline. 

High potassium saline caused release 
of PLB (Fig. 2, B and C). Purification of 
released PLB on HPLC against a tritiat- 
ed proctolin standard (Fig. 2B) showed 
that PLB and proctolin elute into identi- 
cal fractions. Replacement of calcium 
with equimolar cobalt reversibly blocked 
proctolin release (Fig. 2C). We conclude 
that proctolin is released from Ds nerve 
terminals by a calcium-dependent pro- 
cess. The mean amount of proctolin re- 
leased by high potassium treatment is 
approximately 0.9 percent of the total 
proctolin extractable from the Ds nerve 
terminals (12). 

Contractile and electrophysiological 
responses of muscle to stimulation of the 
Ds motoneuron were examined for evi- 
dence of an action of released proctolin 
(13). Intracellular recordings and tension 
measurements from the Ds-innervated 
coxal depressor muscle (177d) show a 
transient excitatory junctional potential 
(EJP) followed by a single transient con- 
tractile response when a single action 
potential is activated in the Ds neuron 
(Fig. 3A). This response to Ds is typical 
of the glutamate-mediated action of in- 
sect motoneurons and has been de- 
scribed in numerous accounts of insect 
neuromuscular transmission (3). When 
Ds is stimulated in a short train, howev- 
er, the contractile response becomes bi- 
phasic (Fig. 3B). There is a delayed and 
persistent rise in tension that is not asso- 
ciated with EJP's or with a membrane 
depolarization. In addition, although the 
shape of individual EJP's remains unal- 
tered, the relaxation phase of transient 
contractions becomes progressively pro- 
longed (Fig. 3C). The temporal separa- 
tion of these effects from the usual tran- 
sient responses and the absence of an 
associated muscle depolarization suggest 
that a non-glutamate-mediated mecha- 
nism is responsible. These effects are 
specifically associated with Ds and with 
no other motoneuron innervating the 
same muscle. 

Can the delayed effects, not associated 
with the EJP, be attributed to the proctol- 
in released from Ds terminals? The fol- 
lowing evidence suggests that they can. 
Proctolin applied in low concentration to 
muscle innervated by Ds produces the 
effects observed when Ds is stimulated 

in a train (Fig. 4). Thus, proctolin causes 
a slow and persistent rise in tension 
without a membrane depolarization (Fig. 
4A). The proctolin-induced contraction 
is related to the dose, with a threshold of 
about 5 x ~ O - ' ~ M .  Furthermore, when 
applied during Ds stimulation at nano- 
molar concentrations, proctolin prolongs 
the relaxation phase of the transient Ds- 
initiated contraction (Fig. 4B). Proctolin 
therefore can account for the additional 
effects seen when Ds is stimulated in a 
brief burst, but cannot account for the 
classical EJP and transient twitch con- 
traction. We propose therefore that re- 
leased proctolin acts as a cotransmitter 
that has both a direct action causing slow 
contraction and a modulatory action in 
altering relaxation of twitch contrac- 
tions. The site of action of proctolin is 
postsynaptic on the muscle because 
proctolin induces contraction of dener- 
vated muscle on which all motor termi- 
nals have degenerated. 

We have demonstrated the presence, 
release, and action of a neuropeptide at 
skeletal neuromuscular junctions on the 
coxal depressor muscle 177d. We do not 
yet fully understand the functional signif- 
icance of this activity, but it may be 
related to the special requirement of cer- 
tain slow muscle fibers to develop and 

W a s h  + 0.1 s e c  

Fig. 4. Action of proctolin on the coxal de- 
pressor muscle. (A) Bath application of 
5 x I O - ~ M  proctolin causes a tonic contrac- 
ture (T) not associated with a muscle depolar- 
ization (V,). Membrane response to injected 
current pulses (downward deflections of V,) 
suggests a small (20 percent) increase in input 
resistance associated with bath-applied proc- 
tolin. (B) Proctolin (10-9n/i) prolongs the re- 
laxation (arrow) of fast contractions evoked 
by single action potentials in the Ds neuron. 
The proctolin also caused a small tonic con- 
traction. The three tension records shown are 
parts of a continuous recording. The Ds neu- 
ron was stimulated at 0.1  Hz. 

sustain tensions over extended periods 
(14). Coxal depressor muscles 178 and 
179, which are adjacent to 177d ( 6 ) ,  
receive no proctolin innervation, are not 
sensitive to proctolin, and produce 
twitches but do not produce slow, sus- 
tained contraction on nerve stimulation. 
This apparent association of a cotrans- 
mitter with a muscle capable of both 
transient and sustained contracture may 
provide clues to the possible roles of 
additional transmitters now suspected in 
vertebrate motoneurons and end plates 
(2). 

MICHAEL E .  A D A M S *  

M I C H A E L  O'SHEA 
Department of Pharmacological and 
Physiological Sciences, University of 
Chicago, Chicago, Illinois 60637 

References and Notes 

1 .  H .  H .  Dale, W .  Feldberg, M. Vogt ,  J.  Physiol. 
(London) 86, 353 (1936); G. L .  Brown, H. H. 
Dale, W .  Feldberg, ibid. 87, 394 (1936). 

2. V .  Chan-Palay, A.  G.  Engel, S .  L .  Palay, J .  W u ,  
Proc. Natl. Acad. Sci. U.S.A. 79, 6717 (1982); 
V .  Chan-Palay, A.  G. Engel, J .  W u ,  S .  L.  Palay, 
ibid., p. 7027. 

3. P. N.  R. Usherwood, Adv. Comp. Physiol. 
Biochem. 7, 227 (1978); Biochem. Psychophar- 
macol. 2, 183 (1981). 

4. Abbreviations: Arg, arginine; Tyr ,  tyrosine; 
Leu, leucine; Pro, proline; and Thr, threonine. 
B. E .  Brown, Life Sci. 17, 1241 (1975); A .  N .  
Starratt and B.  E. Brown, ibid., p. 1253; B. E. 
Brown. J.  Insect Physiol. 23, 861 (1977). 

5. M .  O'Shea and C .  Bishop, J.  Neurosci. 2, 1242 
(1982): C .  A .  B i s h o ~  and M. O'Shea. J.  Comu. 
~ e u r b l .  207, 223 (1982). 

6. The Ds motoneuron was identified by K.  G .  
Pearson and J .  F. Iles [J.  Exp. Biol. 54, 215 
(1971)l. The numbering o f  the cockroach mus- 
cles is that used bv C .  S .  Carbonell ISmithson, 
Misc. Collect. lo?, 1 (1947)l. NO( all coxal 
depressor muscles receive Ds innervation; mus- 
cles 178 and 179, for example, do not. 

7 .  The bioassay [M.  O'Shea and M. E.  Adams, 
Science 213, 567 (1980); M .  O'Shea and C .  A .  
Bishop, J.  Neurosci. 2, 1242 (1982)l consists o f  a 
myogenic bundle o f  muscle fibers that form part 
o f  the main extensor muscle o f  the locust 
(Schistocerca nitens) hind leg. PLB was quanti- 
fied by dividing the intercontraction interval 
before sample application by the interval at the 
peak o f  the response. Since proctolin increases 
the rhythm frequency (threshold from lo-" to 
10-lOM), the PLB ratio is a number greater than 
1 (see scale for PLB in the figures). 

8. Extracts were chromatographed on a 10-pm 
pBondapak C I S  reverse-phase column (Alltech). 
A volatile liquid phase (50 mM ammonium ace- 
tate, 12 percent acetonitrile, pH 4.5) was 
pumped at 1.3 mllmin, 1800 pounds per square 
inch,' and 50-drop fractions were collected. Elu- 
tion time in this system was determined by 
chromatography o f  [-H-Tyr2]proctolin. This was 
prepared by catalytic reduction o f  an I~-TY? 
analog o f  proctolin (synthesized by E. T .  Kalser 
and W .  F. DeGrado, Department o f  Chemistry, 
University o f  Chicago). Chromatographed frac- 
tions were bioassayed after the liquid phase was 
evaporated under reduced pressure and dis- 
solved in isotonic physiological saline contain- 
ing (in millimolar concentration): NaCI, 140; 
KCI, 5;  CaC12, 5;  MgC12. I ;  NaHCO,, 4; treha- 
lose, 5; trimethylamlnoethane sulfonic acld 
(TES) ,  5;  and sucrose, 100; pH 7.2 

9. For denervation experiments, the nerve (N5)  to  
the coxal depressor muscle was severed unilat- 
erally in the third thoracic segment with the 
contralateral muscle serving as control. Extracts 
were made 7 days after the operation and con- 
tained either two denervated or two control 
muscles. 

10. An  individual coxal depressor muscle 177, d and 
d ' ,  with its innervating nerve (N5)  was isolated 
and bathed in a 7-pl drop o f  physiological saline 
(8) .  Portions (4 pl) were removed from the bath 
and bioassayed for PLB. The innervating nerve 
root was stimulated with a suction electrode 

SCIENCE, V O L .  221 



with 0.5-msec square pulses at 50 Hz for 5 
minutes. Portions were assayed at the end of 
each successive control or stimulus period. 

11. High potassium saline was identical to that 
described above, except that KC1 was elevated 
to 100 mM and NaCl lowered to 40 mM. High 
potassium cobalt saline contained 5 mM CoClz 
replacing CaC12. 

12. The mean value was determined from four such 
release experiments; the range was 0.5 to 1.6 
percent. Mean PLB extracted from those mus- 
cles was equivalent to 30 fmole of proctolin per 
muscle. Amounts of PLB recovered from the 
Sep-Pak before and after HPLC purification did 
not differ significantly. 

13. The third thoracic ganglion containing the Ds 
motoneuron and the coxal depressor muscle 
177d were removed intact from the animal and 
perfused in vitro with physiological saline. Ds 
was stimulated either intracellularly with a mi- 

croelectrode placed in the cell body or extracel- 
lularly with a suction electrode placed on the 
nerve root. Muscle membrane potentials were 
recorded intracellularly with flexibly mounted 
microelectrodes, and the contractile response 
was measured with a force transducer (RCA 
5774) - ,  d .,. 

14. A "catch" property of coxal depressor muscle 
177d described by M. Chesler and C.  R. 
Fourtner [ J .  Neurobiol. 12, 391 (1981)l may be 
related to the sustained tension we describe in 
this report. 

15. Supported by NIH grant NS-16298 and NSF 
erant BNS-8202515. bv the Universitv of Chica- 
go, and by the zodcdn corporation.- We thank 
K. G. Pearson for the RCA transducer. * Present address: Research Laboratories, Zoe- 
con Corporation, Palo Alto, Calif. 94304. 

21 December 1982; revised 8 March 1983 

Synthesis and Secretion of the Plasmid-Coded Heat-Labile 
Enterotoxin of Escherichia coli in Vibrio cholerae 

Abstract. Both cholera toxin and heat-labile enterotoxin were made and secreted 
into culture supernatants by Vibrio cholerae containing the enterotoxin plasmid 
pCG86. Several regulatory mutations in V. cholerae that increased or decreased the 
synthesis of cholera toxin did not affect production of heat-labile enterotoxin. In 
contrast, a mutation in V,  cholerae that interfered with the secretion of cholera toxin 
also decreased the secretion of heat-labile enterotoxin, indicating that they are 
processed by a common secretory pathway. Vibrio cholerae should be useful as a 
model system for analyzing the secretion of true extracellular proteins by Gram- 
negative bacteria. 

Vibrio cholerae and enterotoxigenic 
strains of Escherichia coli can cause 
diarrhea by producing enterotoxins that 
stimulate secretion of fluid and electro- 
lytes in the small bowel (1). Cholera 
toxin (CT) and E. coli heat-labile entero- 
toxin (LT) are closely related in mode of 
action, subunit structure, and immuno- 
chemistry (2-4); the structural genes for 
CT and L T  show strong homology al- 
though they are not identical in sequence 
(5 ) ,  and they are organized into similar 
operons (6, 7). Nevertheless, several dif- 
ferences in the genetic control of these 
heat-labile enterotoxins have been re- 
ported. Most of the CT produced by V .  
cholerae is secreted (8), but most of the 
L T  synthesized by E ,  coli remains cell- 
associated (4, 9, 10). The A and B sub- 
units of L T  are synthesized as separate 
polypeptides (6, l l ) ,  but one preliminary 
study suggests that the subunits of CT 
might be derived from processing of a 
larger precursor polypeptide (12). The 
structural genes for CT appear to be 
chromosomal in V .  cholerae (7), but the 
genes for L T  are encoded on plasmids in 
E. coli (5, 13). 

We constructed bacterial strains that 
produced both C T  and L T  by transfer- 
ring the enterotoxin plasmid pCG86 (14) 
from E .  coli into V .  cholerae. By com- 
paring the synthesis and secretion of CT 
and L T  in isogenic strains of V .  cholerae 
with wild-type or  mutant alleles at loci 
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that regulate toxinogenesis, we evaluat- 
ed the roles of specific host functions on 
the expression of the homologous struc- 
tural genes of CT and LT.  We used 
specific competitive-binding radioimmu- 
noassays to  measure each enterotoxin 
antigen in the presence of the other toxin 
(Fig. 1). 

Our analyses of the synthesis and se- 
cretion of CT and L T  in wild-type and 
mutant strains of V .  cholerae containing 
plasmid pCG86 are summarized in Table 
1. All strains of V .  cholerae containing 

0 
0.001 0.01 0.1 1 .o 10 

Nonradioactive competing toxin (ug) 

plasmid pCG86 produced detectable 
amounts of L T  antigen, whereas none of 
the control strains lacking pCG86 pro- 
duced the antigen. Therefore, the struc- 
tural genes for L T  can be expressed in V. 
cholerae. In cultures of wild-type V .  
cholerae 569B (8) and of 569B containing 
plasmid pCG86 [569B(pCG86)], almost 
all of the CT was in the culture superna- 
tant. Approximately 95 percent of the 
L T  produced by 569B(pCG86) was also 
in the culture supernatant. Extracellular 
protein presented less than 4 percent of 
the total protein in these cultures. There- 
fore, both CT and L T  are secreted by V. 
cholerae. In contrast, studies of the 
expression of cloned CT structural genes 
in E. coli showed that CT (7 ) ,  like L T  (4, 
9, lo) ,  remained cell-associated in E. 
coli. 

Synthesis of CT is controlled by regu- 
latory genes in at  least two different loci 
on the genetic map of V ,  cholerae, and 
different alleles at  these loci are associat- 
ed with hypertoxinogenic or severely 
hypotoxinogenic phenotypes (15, 16). 
When plasmid pCG86 was present in 
strain M13, a severely hypotoxinogenic 
mutant of 569B ( 4 ,  L T  antigen was 
produced and secreted in amounts com- 
parable to those observed with 
569B(pCG86). Strain CA401 is a wild- 
type, virulent strain of V .  cholerae that 
produces much less CT than 569B does 
(17). HV131 is a highly toxinogenic mu- 
tant of CA401 that produces CT in yields 
comparable to  those produced by 569B; 
HV133 is a hypotoxinogenic mutant of 
CA401. Both HV131 and HV133 were 
isolated from survivors of nitrosoguani- 
dine mutagenesis (18) of CA401 that ex- 
hibited altered toxin production in a tox- 
in-dependent plate hemolysis assay (19). 
Although the total amount of CT pro- 
duced by HV13 1 was approximately 100 
times that produced by CA401 or  

Fig. 1. Specific radioimmunoassays for chol- 
era enterotoxin (A) and E. coli heat-labile 
enterotoxin (B). Purified cholera enterotoxin 
(CT) from V ,  cholerae 569B (22) and purified 
heat-labile enterotoxin (LT) from E. coli strain 
HE12 (4, 10) were labeled with N~ ' " I  (23) and 
used in competitive-bindlng radioimmunoas- 
says (24). Each reaction mixture contained 
1251-labeled toxin, rabbit antiserum to the ho- 
mologous purified toxin, and unlabeled CT 
(e) or LT (0) as the competing antigen; 
immune complexes were absorbed on protein 
A-bearing Staphylococcus aureus, and the 
amount of I2'I bound was determined. Most 
of the antibodies in each immune serum were 
directed against the unique determinants of 
the homologous toxin antigen. In the presence 
of a large excess of heterologous toxin anti- 
gen, there was only a slight decrease in the 
amount of '''I bound in the assay for CT (A) 
or for LT (B). 
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