
M E C H A N I S M  O F  A C T I O N  O F  C H O L E R A G E N O I D  

Illiano, G.,  and Cuatrecasas, P. (1971), Nature (London), 

Illiano, G., and Cuatrecasas, P. (1972), Science 175, 906. 
Katz, R. L., and Fink, A. D. (1972), Nature (London) 238, 

Kimberg, D. V., Field, M., Johnson, J. ,  Henderson, A., and 

Lowry, 0. H., Rosebrough, N. J., Farr, A. L., and Randall, 

Moritz, M., Iber, F. L., and Moore, E. W. (1972), Gastro- 

Parkinson, D. K., Ebel, H., DiBona, D. R., and Sharp, 

Pierce, N.  F., Carpenter, C. C.-J., Elliott, H. L., and Gree- 

Pierce, N. F., Greenough, W. B. 111, and Carpenter, C. C. 

Rodbell, M. (1966), J.  Biol. Chem. 241,140. 
Ryley, J. R. (1955), Biochem. J.  59, 353. 

New Biol. 234,72. 

273. 

Gershon, E. (1971), J. Clin. Invest. 50,1218. 

R .  J. (1951),J. Biol. Chem. 193,265. 

enterology 63,76. 

G.  W. G.  (1972), J.  Clin. Invest. 51,2292. 

nough, W. B. I11 (1971a), Gastroenterology 60,20. 

(1971b), Bacteriol. Rev. 35 , l .  

Schafer, D. E., Lust, W. D., Sircar, B., and Goldberg, N. D. 

Sharp, G. W. G., and Hynie, S. (1971), Nature (London) 

Singer, S.  J., andNicolson, G.  L. (1972), Science 175, 720. 
Smith, J. B., and Willis, A. L. (1971), Nature (London), New 

Vane, J. R. (1971), Nature(London), New Biol. 231,232. 
van Heyningen, W. E. (1959), J. Gen. Microbiol. 20,310. 
van Heyningen, W. E., Carpenter, W. B., Pierce, N. F., and 

Greenough, W. B. I11 (1971), J. Infect. Dis. 124,415. 
van Heyningen, W. E., and Mellanby, J. (1968), J.  Gen. 

Microbiol. 52,447. 
van Heyningen, W. E., and Miller, P. A. (1961), J. Gen. 

Microbiol. 24,107. 
Vaughn, M., Pierce, N. F., and Greenough, W. B. I11 (1970), 

Nature (London) 226,658. 
Zieve, P. D., Pierce, N. F., and Greenough, W. B. (1970), 

Clin. Res. 18,690. 

(1970), Proc. Nut. Acad. Sci. U. S. 67, 851. 

229,266. 

Biol. 231,235. 

Vibrio cholerae Choleragenoid. Mechanism of Inhibition of 
Cholera Toxin Action? 

Pedro Cuatrecasast 

ABSTRACT: Choleragenoid, a biologically inactive protein 
which is derived from the exotoxin of Vibrio cholerae, 
blocks the binding of 1251-labeled cholera toxin to liver mem- 
branes as effectively as the parent toxin. The binding of l25I- 
labeled cholera toxin to  membranes which have been incu- 
bated with choleragenoid and subsequently washed is sup- 
pressed to the same extent as when the membranes are incu- 
bated with cholera toxin. The rate of dissociation of the 
cholera toxin-membrane complex is the same whether it is 
measured in the presence of cholera toxin or of choleragenoid. 
Choleragenoid does not elicit a lipolytic response in isolated 
fat cells. When the cells are preincubated for 15 min at  24" 
with choleragenoid, there is potent inhibition of cholera toxin 
induced lipolysis. The concentration of choleragenoid re- 
quired to inhibit by 50 the lipolytic response of 0.2 pg/ml of 
cholera toxin is about 40 ng/ml (7 X 10-lo M). Choleragenoid 
exhibits virtually no inhibitory effect if the fat cells are in- 
cubated (15 min, 24") first with cholera toxin. The ability of 
choleragenoid to block the lipolytic activity of cholera toxin is 
explicable in terms of its ability to block the binding of the 
toxin to  the membrane receptor by its own occupancy of that 

I n the process of purification of an active exotoxin from 
Vibrio cholerae, Finkelstein and LoSpalluto (1969, 1970) have 
purified another protein which is immunologically identical 

t From the Department of Medicine and the Department of Pharma- 
cology and Experimental Therapeutics, The Johns Hopkins University 
School of Medicine, Baltimore, Maryland 21205. Receiued January 23, 
1973. Supported by grants from the National Science Foundation (GB- 
34300), the American Cancer Society (BC-63), the National Institute of 

receptor. Cholera toxin and choleragenoid are equally active 
in blocking the binding of 124-labeled choleragenoid to liver 
membranes. Preincubation of lZ5I-labeled choleragenoid with 
gangliosides blocks the ability of the iodoprotein to bind to 
membranes. Incubation of membranes with gangliosides 
(followed by washing of the membranes) greatly increases the 
binding sites on the membrane for choleragenoid. The present 
studies indicate that cholera toxin and choleragenoid interact 
with the same receptor (probably gangliosides) on the cell 
surface, and that the properties of this interaction are very 
similar if not identical for both proteins. Choleragenoid is 
thus a structural analog of cholera toxin which appears to  
bind to the receptor with unaltered affinity but which pro- 
duces a biologically unproductive complex with the receptor. 
It is suggested that the choleragenoid- and cholera toxin- 
receptor complexes as initially formed are both very similar 
and inactive, and that the toxin- but not the choleragenoid- 
receptor complex is capable of undergoing a subsequent re- 
arrangement within the structure of the membrane which con- 
verts it into a biologically active form. 

with the toxin but which is lacking in biological activity in 
intestinal (Finkelstein and LoSpalluto, 1969, 1970) and fat 
cell (Vaughan et al., 1970) preparations. This protein, which 
has been called choleragenoid (Finkelstein and LoSpalluto, 
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FIGURE 1 : Effect of native cholera toxin (0) and choleragenoid (0) 
on the binding of lZ51-labeled cholera toxin to liver membranes. 
Membrane suspensions (92 yg of protein), in  0.2 ml of Krebs-- 
Ringer-bicarbonate buffer containing 0.1 :; ( d v )  albumin. aere 
incubated for 3 min at 24' w i t h  the indicated concentration of 
cholera toxin or choleragenoid. 1251-Labeled cholera toxin (9 X 
10' cpm, 14 pCi,'wg) was added to all the samples and the incuba- 
tion was continued at 23' for 15 min. Specific binding to mem- 
branes was determined by filtration over cellulose acetate Millipore 
filters (Cuatrecasas. 1973a). 

1969, 1970). appears to be smaller (mol wt 58,000) and less 
anionic than cholera toxin (mol wt 84,000) (LoSpalluto and 
Finkelstein, 1972). More recent evidence (Finkelstein et ( I / . .  

1971a,b) indicates that choleragenoid is derived from the 
cholera toxin molecule, thus explaining the immunological 
identity of these two proteins. 

In the course of studies on the mechanism of action of 
cholera toxin (Cuatrecasas, 1973a-c) it was discovered that the 
biological activity of cholera toxin as well as the binding of 
'2,iI-labeled cholera toxin to cells and membranes are strongly 
inhibited by choleragenoid. The present studies describe the 
nature of this inhibition and indicate that although chol- 
eragenoid and cholera toxin bind with very similar properties 
to essentially the same cell membrane sites. the choleragenoid- 
receptor complex is incapable of triggering the events which 
must subsequently occur and is thus biologically inactive. It 
has been suggested (Cuatrecasas, 1973c) that the initial cholera 
toxin-receptor complex is itself biologically inactive and 
must undergo a major transition within the structure of the 
membrane to bc transformed into an active complex. Within 
this framework it is possible that the structural modifications 
in the choleragenoid molecule do not significantly modify its 
interaction with the cholera toxin receptor but do prohibit the 
transition of the receptor complex into an active state. 

Experimental Procedurc 

Cholera toxin (lot 1071), purified by the method of Finkel- 
stein and LoSpalluto (1970) and obtained from Dr. R .  S. 
Northrup, SEAT0 Cholera Research Program, was prepared 
under contract for the National Institute of Allergy and In- 
fectious Diseases by Dr. R .  A. Finkelstein, The University of 
Texas Southwestern Medical School. Dallas, Tex. Purified 
choleragenoid was generously provided by Dr.  R .  A. Finkel- 
stein. Bovine brain gangliosides (fraction 11) were purchased 
from Sigma. 
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TABLE I : Binding of Cholera Toxin to Liver Membranes Which 
Have Been Washed after Incubating with Choleragenoid and 
Cholera T0xin.O 

~- - ___ -- - - ___ - ~- - 

Binding of 1 2  'I- 
Labeled Cholera Toxin 

Treatment of Membranes (cpmj 

None 
Choleragenoid, 2 pg ml 

7 iig ml 
Cholera toxin, 2 pg ml 

10 pg ml 

14,500 
3,800 
1,700 
4,400 
1,900 

Suspensions of liver membranes (1.8 mg of proteiniml) 
were incubated at  24' for 20 min in Krebs-Ringer-bicarbon- 
ate buffer containing 0.1 (w 'v) albumin in the absence and 
presence of cholera toxin or choleragenoid. The samples were 
then diluted 25-fold with the same buffer (4") and centrifuged 
at 30,000g for 20 min. After repeating the washing procedure 
once, the pellets were resuspended in the same buffer and 
0.2-ml samples (containing 80 pg of protein) were incubated 
for 20 rnin at 24- in the presence of '2:"I-labeled cholera toxin 
(3.2 X 1Olcpm). 

The methods used in the preparation of l"1-labeled cholera 
toxin (5--20 pCi per pgj have been described (Cuatrecasas, 
1973a). Choleragenoid was iodinated (16 pCi,'pg) and purified 
by essentially the same procedures. The molecular weight of 
cholera toxin b a s  taken to be 84,000 and that of choleragenoid 
58,000 (LoSpalluto and Finkelstein, 1972). The Ei'c!m (280 
nm) was assumed to be 11.41 for cholera toxin and 9.56 for 
choleragenoid (LoSpalluto and Finkelstein, 1972). Lolated fat 
cells were prepared from male Sprague-Dawley rats (90~-120 g) 
by the method of Rodbell (1966). Lipolysis was studied by 
determining the concentration of glycerol in the medium by 
the method of Ryley (3955). Liver membranes were prepared 
by homogenization and differential centrifugation in 0.25 M 

sucrose (Cuatrecasas. 1972 ; Illiano and Cuatrecasas, 1972). 
Membrane protein was determined by the method of Lowry 
ef n / .  (1951) after heating at 100' for 30 rnin in 1 NaOH; 
bovine albumin was used as the standard. 

Results 

Competition bj, Cholerugenoid ccf Ciioleru Toxin Binding to 
Meinbrunes. Choleragenoid can block very effectively the 
binding of '2~"IIabeled cholera toxin to liver membranes 
(Figure 1). Displacement curves consistently demonstrate that 
on a weight basis the choleragenoid molecule is slightly more 
effectibe than native cholera toxin. Both proteins can displace 
more than 90% of the binding of 1*51-labeled cholera toxin if 
these proteins are added to the membranes before introduction 
of the iodotoxin. Very similar displacement curves to those 
described in Figure 1 are obtained if intact fat cells are used 
instead of liver membranes; in both cases choleragenoid is 
slightly more effective than cholera toxin. Considering that 
choleragenoid is of slightly lower molecular weight than 
cholera toxin (Lo-Spalluto and Finkelstein, 1972), these data 
suggest that the t h o  proteins are binding with nearly the same 
affinity to identical sites on the cell membrane. 

The data described in Figure 1 do  not exclude the  OS- 
sibility that choleragenoid is inhibiting the binding of l?;I- 
labeled cholera toxin by directly combining with or inac- 
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MINUTES 

FIGURE 2: Effect of native cholera toxin (0) and choleragenoid (0) 
on the rate of dissociation of the 125I-labeled cholera toxin-liver 
membrane complex. Membranes (250 pg of protein/ml) were in- 
cubated for 20 min at 24" with 1251-labeled cholera toxin (4 X lo5 
cpm/ml) in Krebs-Ringer-bicarbonate buffer containing 0.1 % 
(w/v) albumin. Choleragenoid or cholera toxin (10 pg/ml) was added 
to the membrane suspensions (zero time) and the incubations were 
continued at 24" for the indicated time intervals. 

tivating the toxin molecule rather than by occupying its 
binding site on the cell membrane. For this reason experi- 
ments were performed in which the binding of 1251-labeled 
cholera toxin to membranes was studied after thoroughly 
washing the membranes which had been previously incubated 
with the native proteins (Table I). In these conditions both 
proteins effectively inhibit binding, and choleragenoid is 
again at  least as effective as cholera toxin. These experiments, 
which emphasize again the very tight nature of the interaction 
being studied, indicate that choleragenoid inhibits binding of 
cholera toxin by interacting directly with the membrane and 
that the affinity of this interaction is very similar or identical 
for both proteins. 

Effect of  Choleragenoid on the Rate of Dissociation of the 
Toxin-Membrane Complex. It has previously been demon- 
strated that the initial cholera toxin-membrane interaction is 
reversible (Cuatrecasas, 1973b,c). This presented an  oppor- 
tunity to test in a different way the possibility that chol- 
eragenoid and cholera toxin bind to the same membrane site 
by essentially the same mechanism. The rate of dissociation of 
the 1251-labeled cholera toxin-membrane complex is very 
similar whether native cholera toxin or choleragenoid is used 
to study this process of dissociation (Figure 2) .  Since under 
these conditions native cholera toxin acts directly by binding 
to the free receptors, thus preventing reassociation of the lZ5I- 
labeled toxin which spontaneously dissociates from the com- 
plex, the similarity of the two dissociation curves strongly sug- 
gests that the process of receptor association of choleragenoid 
is very similar to that of cholera toxin. Furthermore, these 
data also indicate that choleragenoid does not inhibit cholera 
toxin binding by actively disrupting the toxin-receptor com- 
plex or grossly increasing the rate of dissociation of the com- 
plex. By all criteria studied choleragenoid and cholera toxin 
appear to bind to the same membrane site with essentially 
identical properties. 

Effect of Choleragenoid on Cholera Toxin Induced Lipolysis. 
In agreement with the report of Vaughn et a/ .  (1970), chol- 
eragenoid (1 ng to 10 pg/ml) under a variety of conditions of 
incubation could not be demonstrated to have lipolytic ac- 
tivity on isolated fat cells. Despite the apparent ability of 
choleragenoid to  bind very strongly to the cholera toxin re- 

It 
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FIGURE 3:  Inhibition of cholera toxin stimulated lipolysis in isolated 
fat cells by various concentrations of choleragenoid. Isolated fat 
cells (8 X lo4 cells/ml) were incubated for 10 min at 24' in Krebs- 
Ringer-bicarbonate buffer containing 3 ,% (w/v) albumin and the 
indicated concentration of choleragenoid. Cholera toxin (0.2 
pg/ml) was added to all the samples and the cells were incubated 
at 37" for 150 min. 

ceptor, this interaction does not lead to activation of the bio- 
logical response. 

In harmony with the ability of choleragenoid to effectively 
inhibit the binding of cholera toxin to intact cells or mem- 
branes, choleragenoid is very potent in inhibiting the lipolytic 
response of fat cells to cholera toxin (Figure 3). The lipolytic 
activity of 0.2 pg/ml of cholera toxin is completely inhibited 
by prior incubation of the cells with concentrations of chol- 
eragenoid greater than 0.2 kg/ml. The concentration of chol- 
eragenoid required to achieve 50% inhibition of lipolysis is 
about 40 ng/ml (7 x 10-'0 M), which is very near the disso- 
ciation constant which has been estimated (Cuatrecasas, 
1973a) for the initial cholera toxin-fat cell complex.' These 
results, which generally reinforce the earlier evidence (Cuatre- 
casas, 1973a-c) that the techniques used to study the l2>I- 
labeled cholera toxin-cell interaction measure biologically 
significant receptor interactions, indicate that choleragenoid 
can block the action of cholera toxin by competitively oc- 
cupying the same receptor and by forming an  inactive com- 
plex with it. 

In the experiments just described (Figure 3) the fat cells 
were incubated with choleragenoid before addition of cholera 
toxin. It was important to determine whether choleragenoid 
could reverse the lipolytic effects of the toxin if it were added 
to the cells after the toxin. Choleragenoid produces virtually 
no inhibition of lipolysis if it is added after the fat cells have 
been exposed for 15 min at  24" to cholera toxin (Figure 4). 
The lipolytic response under these conditions is completely 
blocked if the choleragenoid is added before to toxin. Some 
inhibition (about 30 %) of toxin-induced lipolysis can be de- 
tected if choleragenoid is added 5 min after addition of cholera 
toxin under conditions similar to those described in Figure 4. 
These results are quite consistent with the very high affinity of 
the interactions being studied and with the identity of mem- 

1 As discussed elsewhere (Cuatrecasas, 1973a,b), the data from Figure 
1 cannot be used to accurately estimate dissociation constants since in  
the experiments which utilize liver membranes, unlike those with fat 
cells, there is nearly complete binding of the toxin present in the medium. 
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FIGURE 4 :  Inability of choleragenoid to reverse the lipolytic effect of 
cholera toxin when fat cells are preincubated with the toxin. Fat 
cells (about 5 X 1oj cells/ml) were incubtaed in Krebs-Ringer- 
bicarbonate buffer containing 3z (w/v) albumin for 15 min at 24' 
with 1 pg/ml of cholera toxin (0. O), or with 1 pg/ml of choler- 
agenoid (A). The cells were washed thoroughly with the same buffer 
and incubated for 60 min at 37' in the absence of other additions 
(0) or in the presence of 1 pg/ml of choleragenoid (0) or cholera 
toxin (A). The cells were washed again and the lipolytic response 
was studied by incubating at 37" for the indicated time periods. 
Lipolysis is presented as micromoles of glycerol released per milli- 
mole of triglyceride. The lipolytic response of cells processed by 
the same procedures but in the absence of choleratoxin or choler- 
agenoid was nearly the same as that described by A. 

brane receptors for choleragenoid and cholera toxin. Despite 
the apparent ability of choleragenoid to permit dissociation of 
the toxin-membrane complex (Figure 2 ) ,  it is not surprising 
that during a prolonged incubation at  37 O biologically signifi- 
cant dissociation does not appear to occur (Figure 4) since it 
is known that at  this temperature the toxin-membrane inter- 
action becomes markedly stronger as the period of incubation 
is increased (Cuatrecases, 1973~) .  

Binding of '2jI-Labeled C/iolerugenoid und the Effect cd' 
Gangliosides. It was of interest to determine if the interaction 
of choleragenoid with cell membranes resembles that of 
cholera toxin (Cuatrecasas, 1973b) with respect to the ability 
of gangliosides to inhibit binding. Preincubation of 12iI- 
labeled choleragenoid with crude brain gangliosides or with 
ganglioside GRll completely abolishes the binding of the iodo- 
protein to liver membranes and to fat cells in a manner very 
similar to that described earlier (Cuatrecasas, 1973b) for 12;JI- 
labeled cholera toxin. Equally important, incubation of mem- 
branes with gangliosides followed by thorough washing of 
the membranes to remove the gangliosides in the medium re- 
sults in a very substantial increase in the binding of l'i;I- 
labeled choleragenoid to the membranes (Table 11). In analogy 
with the results obtained with 124-labeled cholera toxin 
(Cuatrecasas, 1973b), the increase in I29-labeled chol- 
eragenoid binding is most pronounced if the concentration of 
the iodoprotein is high (Table 11), indicating that ganglioside 
treatment of membranes increase the total number of binding 
sites for this protein. The binding of 1251-labeled choleragenoid 
to membranes is inhibited by native cholera toxin and by 
choleragenoid in a way nearly identical with the inhibition 
which these proteins exhibit on 12jI-labeled cholera toxin 
binding (Figure 1) .  These results illustrate further the striking 
similarities in the properties of binding of these two proteins 
to what is probably the same receptor. 
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TABLE 1 1 :  Effect of Preincubating Liver Membranes with 
Gangliosides on the Enhancement of Binding of 1261-Labeled 
Choleragenoid." 

Binding of 25jI-Labeled 
Choleragenoid (cpm) _____~~ - _ _ _ ~  ~- . . yjI-Labeled 

Choleragenoid Native Ganglioside 
Added (cpm) Mem branes Membranes ~ - _  - .____~ ~ ~ ~~~. . 
3 . 6  X l o4  7,760 11,800 
1 . 4  x 10- 17,800 38,300 
7 . 2  x 10:' 50,000 199,000 

._________ ._-_____-__ ~ ~ .. . 

" Liver membranes (1.4 mg of protein/ml) were incubated 
for 60 min at  24" in Krebs-Ringer-bicarbonate buffer, 0.1 
(w,'v) albumin, in the absence and presence of 0.1 mg/ml of 
crude bovine brain gangliosides. The membrane suspensions 
were then diluted tenfold with ice-cold buffer and centrifuged 
a t  36,0006. for 15 min, and the pellets were suspended in a 
small volume of Krebs-Ringer-bicarbonate buffer containing 
0.1 (w,'v) albumin. The membranes were homogenized 
(Polytron) for 5 sec and diluted to a final membrane protein 
concentration of 0.14 mg,'ml. Samples (0.2 ml) of these sus- 
pensions were incubated with barious concentrations of i2JiI-  
labeled choleragenoid (1 6 pCi 'pug) for 15 min at  23 I. 

Discussion 

The present studies indicate that cholerage. oid, a protein 
which is derived from the cholera toxin molecule and which i b  

immunologically identical with it (Finkelstein and LoSpalluto, 
1969, 1970; LoSpalluto and Finkelstein, 1972 ; Finkelstein ('i 
u / . ,  1971b), interacts with the cholera toxin receptor of cell 
membranes in a manner which is nearly indistinguishable 
from and perhaps identical with that of the toxin. The dis- 
placement of binding of l?:'I-labelcd cholera toxin or of ";'I- 
labeled choleragenoid to membranes by cholera toxin and by 
choleragenoid is nearly identical, Choleragenoid does not 
interact directly with the toxin and it  does not simply perturb 
the membrane in a way which ca~ises dissociation of the toxin 
membrane complex. Choleragenoid. also like cholera toxin 
(Cuatrecasas, 1973b), appears to bind selectively to membrane 
gangliosides. 

Despite the ability of choleragenoid to bind very elfectivcly 
to the same receptors which are occupied by cholera tosin. the 
product of this interaction does not lead to a detectable bio- 
logical response in fat cclls or in intact gastrointestinal prcp- 
arations ( Finkelstein and LoSpalluto. 1969, 1970). Thcsc 
conditions form the basis for the bery potent inhibitory prop- 
erties of choleragenoid on the metabolic effects of cholera 
toxin.' Choleragenoid is thus a unique biologically inactive 
structural analog of cholera toxin which acts as an inhibitor 
of the toxin by virtue of competition with the toxin for binding 
to the receptor. 

Because of the extraordinarily high affinity of these proteinr 
for the same receptor, and because the strength of binding of 
the toxin molecule increases with increasing length and tem- 
perature of incubation (Cuatrecasas, 1973b), the net elTect in ;L 
biological system depends to a critical degree on which pro- 
tein is exposed to the cells first. Thus, if cholera toxin is added 

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

The inhibitory effect of choleragenoid is quite spccific sincc cpiiii'pli- 
rine-induced lipolysis is not modified by preincubatiny fat cclls \\ i t l i  
choleragcnoid for 100 min at 37" .  
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to  the fat cells 15 min before choleragenoid almost no in- 
hibition of lipolysis is detectable, while reversal of this order of 
addition results in nearly complete inhibition (Figure 4). The 
inability of choleragenoid to  reverse the metabolic effects of 
cholera toxin once the toxin has been incubated with the cells 
for more than 15 min resembles the inability of gangliosides 
to reverse the lipolytic activity of the toxin under similar con- 
ditions (Cuatrecasas, 1973b). Although choleragenoid and 
gangliosides both exhibit exceptional toxin-inactivating prop- 
erties which are based on an ability to  inactivate the receptor 
or the toxin, respectively, both of these can only act on the 
free toxin or the free receptor and they are both without 
effect on the toxin-membrane complex. Since the tenacious 
nature of the cholera toxin-cell interaction increases pro- 
gressively during the course of the incubation (Cuatrecasas, 
1973c), it is not surprising that choleragenoid and gangliosides 
are both ineffective in reversing the effects of the toxin once 
these are manifest. 

Studies on the nature of the delay in the onset of action 
(lag period) of cholera toxin have led to the hypothesis that the 
initial toxin-receptor complex in the cell membrane is an  in- 
active form of the complex (Cuatrecasas, 1973~).  It has been 
suggested that this inactive complex may be transformed into 
a form which is active by a time- and temperature-dependent 
transition which may involve special structural reorientations 
or reorganizations of the complex within the plane of the 
membrane. Within this framework it is possible to postulate 
that choleragenoid may be capable of forming essentially the 
same type of inactive receptor complex which is initially 
formed by cholera toxin, but that the presumably small al- 
teration in the structure of the choleragenoid molecule does 
not Dermit the complex to undergo the subsequent molecular 

tested by special microscopic techniques which allow direct 
visualization of the cholera toxin macromolecules on the sur- 
face and inner plane of the cell membrane. 3 
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