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Toxin types A, B and F which are puri- 
fied from proteolytic Clostridium botulinum 
cultures are of MW 150,000-167,000. They 
are “nicked” proteins in the s n s e  this term 
is applied to diphtheria toxin (1, 2 )  : one (or 
more) peptide bond of the toxin is cleaved 
by a protease(s) produced by the culture 
( 3 ) .  The resulting twochain structure is 
not demonstrable directly since the com- 
ponent polypeptides are linked by disulfide 
bridge(s). When these toxins are treated 
with a S-S reducing agent and analyzed 
by polyacrylamide gel electrophoresis, the 
two polypeptide chains can be separated and 
visualized [ (4) and unpublished data for 
type F]. 

The toxin isolated from nonproteolytic 
type E cultures is also of MW 150,000 but 
it behaves as a single-chain protein. The 
protein is a progenitor toxin which does not 
manifest its full potential specific toxicity 
until it is activated by an appropriate en- 
zyme such as trypsin ( 5 ) .  Although a causal 
relationship has not yet been shown, the ac- 
tivation of toxicity with trypsin is accom- 
panied by nicking of the protein between 
two cystine residues which form an intra- 
chain disulfide bridge (4).  The resulting tox- 
in form is comparable in its subunit struc- 
ture to the naturally activated toxin isolated 
from proteolytic cultures. Nicked form of 
all toxin types studied have a larger poly- 
peptide which is approximately twice the size 
of the smaller (k, approximate MW 100, 
000 and 50,0100, respectively; Refs. 4, 6, 
and unpublished data for type F).1 

The important role played by disulfide(s) 
in keeping intact the two unit nicked toxin 
molecules is evident. In this work, the pos- 
sible relationship between disulfides and the 
biological activity of the toxins was exam- 
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ined. When neurotoxin of several antigenic 
types were treated with the disulfide reduc- 
ing agent dithiothreitol (DTT),  they lost 
almost all of the original toxicity. 

.Materials and Methods. Type A toxin and 
type E progenitor toxin preparations were 
similar to those used previously (4) and were 
of MW about 150,000. Type F toxin was an 
essentially pure preparation of similar MW 
(unpublished). Crystalline type A toxin is 
the neurotoxin-hemagglu tinin complex of 
MW 900,000. 

Type E progenitor toxin was activated 
(nicked) by preparing a solution in 0.2% 
gelatin-hl/lS phosphate b u k r ,  pH 6.2, add- 
ing a solution made of crystalline t rypin 
(grade A? Calbiochem, Los Angeles, Calif .) 
to give final 0.02 ?$ enzyme concentration, 
and incubating the mixture a t  37” for 30 
min. Tryptic action was terminated by add- 
ing a volume of soybean trypsin inhibitor 
(Worthington Biochemical, Freehold, N. J.) 
solution that contained inhibitor equal to 
twice the weight of enzyme being used to 
activate progenitor. This mixture was ad- 
justed to pH 7.4 with 1 M NaOH before 
use in the actual experiment. Trysinization 
increased specific toxicity about 70-fold. 

Other toxic forms were prepared directly 
in diluent of 0.2 % gelatin-M/l5 phosphate 
buffer, pH 7.4. Gelatin was used to mini- 
mize loss of toxicity that can accompany 
manipulation of toxin dissolved in otherwise 

1 T h e  presentation in most of this report will be 
simplified by considerinig nicked toxins as being 
composed solely of tihe two polypeptide chains which 
have been demonstrated (4). However, the pos- 
sibillty exivts Ithat more than one peptide bonds 
have been cleaved; if so, these toxic proteins could 
have small peptide fragment(s) which hcave not 
been detected by the electrophoretic analysis. 
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protein-free buffers; the particular p H  was 
chosen because the disulfide reducing effi- 
ciency of D T T  is greater a t  this pH than a t  
the slightly acidic range in which botulinal 
toxins are usually maintained. 

Each of the toxic samples was tested in 
the same manner. The control portion was 
diluted with an equal volume of gelatin-phos- 
phate buffer diluent and the test portion 
with an equal volume of diluent containing 
0.08 M DTT. The samples were placed im- 
mlediately in a 37" bath; after 30 min, the 
samples were diluted, the control with plain 
diluent and the test mixture with diluent 
containing 0.04 M DTT. Each of the two- 
fold serial dilutions expected to cover the 
100 to 0% lethality range was injected ip 
into four mice (0.5 ml/animal). Total 
elapsed time from start of incubation to 
finish of injections was about 60 min. LDSo/ 
ml was calculated ( 7 )  from deaths occurring 
within 4 days of challenge. 

Results. Table I shows that the nicked 
forms of all three botulinal toxin types lost 
more than 99% of their toxicity when 
treated with DTT. Essentially the same de- 
gree of inactivation occurred with type E 
progenitor toxin. The neurotoxin in the 
crystalline type A toxin complex was as sus- 
ceptible to loss of biological activity as the 
neurotoxin tested in the purified form; pres- 
ence of the hemagglutinin protein did not 
affect the results. 

Equivalent LDZo values were obtained 
when the individual toxins, not treated with 
DTT,  were titrated in normal mice and in 
those treated three hours previously by an 
ip injection of 0.5 ml of the gelatin-buffer 

containing 0.04 M DTT. Only minor reduc- 
tion of toxicity occurred when treatment of 
toxins with D T T  was performed in p H  6.4 
buffer. These observations indicate that the 
toxicity loss shown in Table I resulted from 
an effect on the toxins and not from the 
reducing agent making the mice less suscep- 
tible to toxin. The greater loss when toxin 
was treated a t  p H  7.4 than at 6.4 makes 
more likely the probability that the effect of 
DTT is due to reduction of the toxins' S-S 
linkages. 

The residual toxicities observed could re- 
sult because not all the disulfides critical 
for toxicity are reduced. Such a possibility 
is suggested by the consistent findings of 
about twofold higher toxicity when toxins 
that had been incubated for S-S reduction 
were diluted for assays with plain diluent 
instead of DTT-containing diluent. Alter- 
natively, toxins whose readily reactive S-S 
are completely reduced may still be toxic; 
if so the specific toxicity is several magni- 
tudes less than the original untreated toxin. 

Discussion. The data indicate that the 
biological activity of the several nicked 
botulinal toxin types depends on the integ- 
rity of a t  least one disulfide bond. Available 
information does not permit definite conclu- 
sion that the critical disulfide(s) is the in- 
terchain one(s), but some support for this 
possibility can be adduced in the case of type 
A toxin. 

If i t  is accepted that freshly purified type 
A toxin has only one disulfide per molecule 
($), the toxin of the crystalline complex 
(immediate source of the purified toxin) 
should have but one disulfide per molecule. 

TABLE I. Toxicity 1 ~ ~ s c . s  Accompanying Treatment of Botulinal Toxin Types with Disulfide 
Reducing Agent Dithiathreitol. 

Toxin 

Type Forma 

LD,/ml 
Lom= of toxkity 

Not reduced Reduced (%) 

A crystdline 2.4 x 107 8.0 x 103 99.9 
A purified 2.0 x 107 1.0 x 103 99.9 

E purified progenitor 6.4 x 1 0 4  4.2 x 102 99.3 
E purified, activated 3.6 x 10' 3.7 x 102 99.8 

F purified 1.1 x 106 2.4 X 103 99.8 

MW of crystalline type A toxin is 900,000 ; that  of all others is 150,000. Type E p r o g e n h r  
toxin is form not treated with trypsin and activated type E is form obtained by trypsiniza- 
tian of progenitor. 
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Since reductive treatment is needed to dem- 
onstrate the two-chain nature of the toxin, 
this single disulfide must be an interchain 
link. On this basis the two polypeptide frag- 
ments of this nicked toxin molecule are in- 
dividually nontoxic or have very low toxici- 
ty in comparison to the intact molecule. 

Type E progenitor toxin is not nicked; i t  
becomes a two-chain protein when trypsinized 
and reduiced. Nevertheless, toxicity lost dur- 
ing its treatment with DTT is proportionate- 
ly equal to that found with the nicked tox- 
ins. The inferences are that the disulfide(s) 
critical for toxicity is ( i)  intramolecular S- 
S group (s) which becomes intermolecular 
bridge (s) during trypsinization of the pro- 
genitor toxin, (ii) intramolecular disulfide( s) 
other than those becoming intermolecular 
during trypsinization, or (iii) that connect- 
ing a yet to be identified small peptide to 
the otherwise intact protein. 

Types A and B toxin lose toxicity when 
treated with reagents which react with 
sulfhydryl groups (6, 8). Although the pre- 
cise relationship of these findings to those 
of the present study is not clear, the de- 
toxification in both instances is most likely 
due to changes in the molecular configura- 
tion of the toxin molecule. Any treatment 
which alters the requisite three-dimensional 
shape of the protein could affect the unique 
activity of the botulinal toxin. 

An earlier, generally unknown, report in 
abstract form (9) indiicates that crude type 
A toxin was inactivated by agents (unspeci- 
fied) destroying disulfide bonds. The present 
data confirm this observation with purified 
type A toxin and extend the findings to 
other botulinal toxin types. A possible clue 
to the mechanism involved is that disulfides 

are important in maintaining the two chain 
structure of activated botulinal toxin (4). 

Summary. Botulinal toxins (types A, E 
and F), in forms of two chain proteins of 
MW 150,000, lost more than 99% of their 
toxicity when incubabed with the disulfide 
reducing agent dithiothreitol. Type E pro- 
genitor toxin, which is a single chain pro- 
tein of MW 150,000, showed a comparable 
loss of toxicity during similar treatment. Re- 
sults indicate the importance of disulfide 
bonds in holding these proteins in the con- 
figuration that is critical for their biologi- 
cal activity. 
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