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INTRODUCTION. 

It  is well known that the tetanus bacillus produces both a hemo- 
toxin and a true, killing toxin (" tetanolysin" and "tetanospasmin"). 
Historically, the existence of the true toxin was proved (1) about 10 
years before recognition of the hemotoxin by Ehrlich in 1898 (2, 3). 
The properties of tetanospasmin are described in detail in the larger 
handbooks of immunology, and the literature on the properties of 
tetanolysin has been reviewed in a previous paper in this series (4). 
Both of these products of the tetanus bacillus belong to the group of 
antitoxinogens and possess two fundamental properties in common: 
(1) they are primarily toxic substances which possess an affinity for 
particular cells (tetanolysin for erythrocytes and tetanospasmin for 
nerve cells, especially those of the gray matter of the brain); (2) 
they are antigenic, invoking the production of a specific neutralizing 
antibody (antihemotoxin and antitoxin) when systematically injected 
into an appropriate animal. 

Tetanolysin and tetanospasmin have been used as representative 
"antitoxinogens" in classical experiments, the results of which have 
been used in the establishment of many of the fundamental principles 
of immunology. The theoretical importance of these principles, as well 
as the practical importance of tetanus itself, makes it desirable to 
obtain a definite differentiation of these two antigenic products of the 
tetanus bacillus. Although it is generally recognized that hhey a r e  
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280 OXIDATION AND REDUCTION. VII 

distinct substances, there is little experimental evidence available in 
the literature to show the distinction between them. The most 
satisfactory differentiation is found in a paper by Madsen (3) (written 
in Ehrlich's laboratory), who cites, from apparently unpublished ex- 
periments of Ehrlich, the following points of difference: (1) the lysin 
and toxin appear in different proportions in cultures of different 
strains; that  is, some strains are good lysin producers and poor 
toxin producers and vice versa; (2) the lysin is much more labile 
than the toxin both to "spontaneous deterioration" and to heat; 
(3) they have different binding relations; when red blood cells are 
added to tetanus culture fluids the lysin combines with red blood 
cells while the true toxin or tetanospasmin remains in solution; 
(4) the lysin and the toxin have separate or specific antitoxins. None 
of Ehrlich's experimental data is given in support of these observa- 
tions. (The reference quoted in all the large German source books 
or handbooks for this differentiation is a short statement by Ehrlich 
(2) of the discovery of tetanolysin, which mentions only the fourth of 
the above points of distinction.) 

The present paper deals with the differentiation of tetanolysin and 
tetanospasmin. Both of these substances are antitoxinogens and 
both are contained in culture fluids of tetanus bacilli. Since most of 
the differences in properties proposed for their differentiation are 
quantitative and by no means absolute, the absence of any experimen- 
tal data in the literature makes it desirable to show the degree of 
separation of the two substances obtainable on the basis of previously 
reported (2,3) properties as well as to present new and additional 
points of distinction. 

This  report, therefore, includes the results of experiments showing 
differences in the following properties of these two antigenic products 
of the tetanus bacillus: (1).time of liberation in broth cultures; (2) 
effect of absorption with red blood cells; (3) heat lability; (4) suscep- 
tibility to oxidation by air. 

EXPERIMENTAL. 

Methods.--The tetanolysin and tetanospasmin used in these experiments were 
contained in broth culture fluids freed from bacteria by filtration through Berke- 
feld candles. All cultures before filtration were centrifuged under vaseline seal 
at high speed to remove most of the bacteria and thus insure rapid filtration. 
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WILLIAM L. FLEMING 281 

The lysin "titrations" were carried out by the methods described in a previous 
paper (4) in this series. In  some of the experiments, titrations were made with 
fluids treated with Na~S204 so that  the measurements would include the hemo- 
lytically inactive but reversible oxidation products of the lysin in the culture 
fluids under examination. 

The toxin "titrations" were made by subcutaneous injection of different dilu- 
tions of the culture fluids in order to determine the minimum dose causing death 
and also the minimum dose causing definite paralysis. White mice of approxi- 
mately the same weight were used; all injections were made at the base of the tail. 
In spite of the frequent reports of the unreliability of mice for toxin measurements, 
our results were always regular when mice of uniform age and weight were selec- 
ted for the experiments. 

The Effect of Berkefeld Filtration upon Tetanolysin and Tetanospasmin. 

The literature (5) is practically unanimous in stating that  tetanus culture 
fluids cannot be filtered without great losses in the content of both the lysin and 
the toxin. The loss is commonly ascribed to absorption or combination of the 
lysin and toxin to the constituents of the filter. Zunz (6) included kaolin, diatoma- 
ceous earth, talc, and clay in a study of the absorption of tetanus lysin and toxin. 
Although he found tha t  absorption of tetanus fluids with some of these sub- 
stances removed different proportions of the lysin and toxin, none of his absorp- 
tions removed all of either the lysin or toxin without also removing a large propor- 
tion of the other. 

While it  did not seem probable that  Berkefeld filtration would effect any spe- 
cific separation of the lysin and toxin, it  was desired to use the sterile, filtered 
fluids for our experiments if the filtration did not cause too great a decrease in 
the active substances. Hence, comparisons were made of the lysin and toxin 
contents of a number of different tetanus fluids before and after Berkefeld filtra- 
tion. A protocol of a typical experiment is given in Table I. 

The results in Table I present a comparison of the lysin and toxin contents of 
the centrifuged supernatant of a 7 day old glucose broth culture, before and after 
Berkefeld filtration. In the case of the lysin, the slight differences in the hemo- 
lytic activity of the filtered and unfiltered fluids are detectable only in the two 
smallest increments of fluid tested. In  the case of the toxin, a slight diminution 
is indicated by the smaller amount of the unfiltered fluid which was able to cause 
paralysis. However, with the test increments employed in the titration, no dif- 
ference could be shown in the minimum lethal dose. Thus, although some loss 
in both lysin and toxin did occur incident to the filtration, the loss was small 
and not of the order of magnitude reported in the literature. Similar com- 
parisons made with the fluids of 20 day and 30 day cultures showed no greater 
losses in either toxin or lysin. (Since no disinfectants were added to the super- 
natant  fluids of the tetanus cultures, it  is obvious that  they contained a few 
tetanus spores. I t  is interesting to note that  although a few live spores were 
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282 O X I D A T I O N  A N D  R E D U C T I O N .  V I I  

necessarily injected in the tests, their presence in the unfiltered fluids apparently 
did not affect the toxin titrations.) 

I t  is evident that  the loss of lysin and toxin in our experiments was extremely 
slight in comparison with the great losses attr ibuted to filtration in the literature. 
Our precautions to plevent loss of the active substances consisted chiefly in 
attempts to carry out the filtration as rapidly as possible and at  a low tempera- 
ture. (Since pH is frequently an important factor in determining successful 
filtration, i t  is desirable to state that the reaction of the fluids at  time of filtra- 

T A B L E  I .  

Effect of Berkefeld Filtration upon the Lysin and Toxin Contained in the Centri- 
fuged Supernatants of Tetanus Culture Fluids. 

Amount of 
culture fluid 

co .  

0.005 
0.003 
0.002 
0.001 
0.0005 

Lysin titration* 

Hemolytic activity 

Before After filtration 
filtration 

+ + + +  + + + +  
+ + +  + + +  
+ +  + +  
+ +  + 
+ 4- 

A m o ~ t o f  
culturefluid 

c c .  

0.003 
0.002 
0.001 
0.0008 
O. 0006 

Toxin titration** 

Time of death or condition of mice 
4 days after injection 

Before filtration 

1 to2 
1 to2 

PP 
P 
P 

After filtration 

1 to2 
l t o 2  

0 
0 
0 

* + + + + = complete hemolysis. 
+ + + = hemolysis approximately 3/4 complete. 

+ + -- hemolysis approximately 1/2 complete. 
+ = hemolysis approximately 1/4 complete. 
4- = hemolysis approximately 1/20 complete. 
0 = no hemolysis. 

** Numerals indicate time of death in days. 
PP = marked paralysis within 4 days. 
P = slight paralysis within 4 days. 
0 = no paralysis. 

tion was approximately pH 6.7 before exposure to air.) The culture fluids were 
chilled and then centrifuged at high speed, under vaseline seal. The clear super- 
natant  fluid was again chilled to about 5°C. and finally filtered through a dry 
(V type) Berkefeld filter into a tlask packed in ice; the filtrate was sealed with 
vaseline immediately after filtration. The loss in filtration under these condi- 
tions was so slight that  it  seemed unnecessary to carry out the process in a nitro- 
gen atmosphere as previously employed in the filtration of pneumococcus ex- 
tracts (7). 
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WILLIAM L. ]?LEMING 283 

Comparison of the Time of Liberation of the Lysin and Toxin in Tetanus 
Culture Fluids. 

Both  the  lysin and  the  toxin of the  t e t anus  bacillus are commonly  considered 
as "exocel lular"  bacter ia l  products ,  since b o t h  of t hem are l iberated in to  the  cul- 
ture  fluid and  are ob ta ined  in fi l trates devoid of the  bacter ia l  cells. Al though bo th  
of t h e m  are exoceUular substances,  i t  seemed desirable to determine whe ther  or 
no t  the  two products  migh t  no t  be differentiated b y  the  stage of growth dur ing 
which they  are l ibera ted  in to  the  cul ture  fluid. T h e  experiments  consisted of 
t i t ra t ions  of the  lysin and  toxin on the  fi l trates of cul tures  of different ages. A 
condensed protocol  of a typical  exper iment  is presented in Table  II .  

TABLE II. 

Time of Liberation of Lysin and Toxin in Tetanus Culture Fluids. 

Lysin titration 

Hemolytic activity Amount of 

19 hr. cul- 7 day cul- [ 30 day cul- ] culture flmd 
_ _  ture filtrate ture filtrate ture filtrate [ 

I 

Toxin titration 

Amount of 
culture fluid 

co ,  

0.01 
0.008 
0.005 
0.003 
0.002 
0.001 
0.0005 

+ + + +  + + + +  
+ + + +  + + + +  
+ + + +  + + + +  
+ + +  + + +  
+ +  + +  
+ ~ + 
0 I o 

+ + + +  
+ + + +  

i + + +  ] + +  

± 

0 

c c .  

0.02 
0.01 
0.005 
0.004 
0.003 
0.002 
0.001 

Time of death or condition of mice 
4 days after injection 

19hr.  cul- 7daycu l -  30 day cul- 
ture filtrate ture filtrate ture filtrate 

4 3 0 5  

PP 
P 
P 
0 
0 

7 L~ I- 
tu ~ te 

1 

1 

1 t o 2  
1 t o 2  
1 t o 2  
1 t o 2  

0 

1 t o 2  
l t o 2  
I t o 2  
1 t o 2  

0 

The results (Table II) show that tetanolysin and tetanospasmin may 
be differentiated to a certain extent by the time of their liberation into 
the culture fluid. The 19 hour culture, with the relatively large inocu- 
lure used in this experiment, had already attained its maximum growth; 
while the 7 day and 30 day cultures must be considered to represent 
cultures which had passed far beyond the period of active bacterial 
growth. I t  is evident from the titrations of the filtrates of these 
cultures, that the lysin had reached its maximum in the 19 hour culture, 
while the toxin attained its maximum only in the older cultures 
Hence, tetanolysin can be considered as a substance which is elaborated 
and liberated into the culture fluid during the period of active growth 
of tetanus bacilli; tetanospasmin, on the other hand, is either elabo- 
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284 O X I D A T I O N  A N D  R E D U C T I O N .  V I I  

rated much more slowly or is retained longer within the bacterial cell 
for it is not set free in the culture fluid until long after the period of 
bacterial multiplication. From a physiological point of view, it is 
interesting to observe that  these two antigenic products of tetanus 
bacilli (lysin and toxin) differ from each other in respect to the time 
of their elaboration or liberation, in much the same way as do the two 
principal end-products of bacterial nitrogen metabolism; i.e., the lysin, 
like ammonia, accumulates in the culture fluid during the period of 
bacterial multiplication; the toxin, like amino acids, accumulates 

T A B L E  I I I .  

Separation of Tetanolysin and Tetanospasmin by Absorbing Tetanus Culture Fluids 
with Red Blood Cells. 

Amount of 
culture fluid 

cc. 

0.06 
0.03 
O. O10 
0.005 
0.003 

Lysin titration Toxin titration 

Hemolytic activity 

Absor~d wKh Un~sorbed 
red blood cells control 

± + + + +  
0 + + + +  
0 + 
0 
0 o 

Amount of 
culture fluid 

cc. 

0.0010 
0.,0007 
O. 0005 
O. 0002 
0.0001 

Time of death or condition of mice 
4 days after injection 

Absorbed with Unabsorbed 
red blood cells control 

Ito2 Ito2 
I to 2 2 to 3 

2 to 3 2 to 3 
3 to 4 3 to 4 

PP PP 

during later periods when growth has ceased and when the bacterial 
enzymes alone remain operative. 

Separation of Tetanolysin and Tetanospasmin by Absorbing Tetanus 
Culture Fluids with Red Blood Cells. 

The technique employed in the absorption of tetanolysin was essentially the 
same as that utilized in the preceding paper (8) for the absorption of pneumo- 
coccus hemotoxin. The same temperature precautions were observed to reduce 
the possibilities for hemolysis during the absorption. The red blood cells used in 
the absorption were washed with especial care in order to avoid any possibil- 
ity of combination of the toxin with lipoid or other serum constituents. 

The filtrate of a 7 day culture (which contained both the lysin and the toxin) 
was diluted with 33 volumes of sterile salt solution. The diluted fluid was 
divided into two portions and put into separate tubes; 1 ce. of washed red blood 
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WILLIAM L. FLEMING 285 

cells (rabbit) was added to one tube; no blood ceils were added to the second tube, 
which served as the "unabsorbed control." After a 12 hour period allowed for 
combination of the lysin with the blood ceils, both tubes were centrifuged, the 
supematant fluids pipetted off and titrated for lysin and toxin. A condensed 
protocol of a typical experiment is presented in Table III. 

The results of experiments of this type (Table III) furnish the most 
satisfactory proof that tetanolysin and tetanospasmin are two distinct 
and separate substances. Although the culture fluid contains both 
the lysin and the toxin, the lysin can be completely removed by absorp- 
tion with red blood cells without diminishing the toxin content at all. 
(The very slight amount of lysin (Table III) left in the absorbed fluid 
is probably due to the equilibrium established between the eryth- 
rocyte-lysin combination and the free lysin. Even this small amount 
of residual lysin can be removed by a second absorption without 
decreasing the toxin content.) That the lysin had been removed by 
true combination with the erythrocytes was proved by the prompt 
hemolysis of the "absorbed" cells as soon as they were resuspended 
in warm salt solution; the "absorbed"  cells could be washed several 
times at a low temperature without removing the combined lysin. 

The results of this experiment which confirm Ehrlich's observation 
(3) furnish an interesting example of the specificity of bacterial 
"antitoxinogens" for particular cells: both of these primarily toxic 
antigenic products are produced by the same bacillus, but  one of them, 
tetanolysin, possesses a specific affinity for red blood cells, while the 
other, tetanospasmin, possesses a like affinity for the cells of nerve 
tissue. 

Comparison of the Heat Labilities of Tetanus Lysin and Toxin. 

One of Ehrlich's points of differentiation between tetanus lysin and toxin is 
their difference in heat lability. Our experiments to determine the difference 
in the degree of heat lability of the two substances included the following heating 
treatments: 10 minutes at 55°C.; 5 minutes at 60°C.; and 10 minutes at 60°C. 
The fluids were protected from air during the heating tests. The results are 
presented in Table IV. 

The results (Table IV) as a whole show that the distinction between 
the two substances on the basis of differences in heat lability is only 
quantitative, since it proved impossible to destroy all the lysin without 
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286 O X I D A T I O N  AND R E D U C T I O N .  V I I  

at the same time inactivating a considerable portion of the toxin: 
Indeed, when the heating tests were made at 55°C. the toxin inactiva- 
tion was not much less than the lysin inactivation. While the rates of 
the inactivation of the two substances seemed approximately the same 
at 55°C., an increase of 5°C. apparently accelerates the lysin inacti- 
vation more than it does the toxin inactivation; and at 60°C. the 
distinction between the heat labilities of the two substances became 
more pronounced. 5 minutes exposure of the fluid to 60°C. destroyed 
practically all the lysin, while it only reduced the toxin to about one- 

T A B L E  IV .  

Comparison of the Heat Labilities of Tetanus Lysin and Toxin. 

Lysin titration 

Amount Hemolytic activity 
of culture 

fluid 

CC. 

0 . 5  

0 . 2  

0 . 1  

0.05 
0.03 
0.02 
0.01 
0.002 
0.001 

Unheated 10 min. S rain. 
at 55"C. at 600C. 

b++q ± 
t-++q "o 
~-++q o 
~-++q o 
~++q o 
+ + +  o 
+ + +  o 

o o 
o o 

Amount l 
)f culture I 

10 min. fluid " 
at  O0°C. 

CO. 

0 . 0 2  

0 . 0 1  

0 . 0 0 6  

0 . 0 0 3  

0 . 0 0 2  

o.0ol 
o.0o07 
0.0005 
o.o002 

Toxin titration 

+ + + +  
+ + + +  
+ + + +  
+ + + +  
+ + + +  
+ + + +  
+ + + +  

+ +  
+ 

Un-  
heated 

1 t o 2  

1 t o 2  

1 t o 2  

2 to 3 

2 t o 3  
P P  

Time of death or condition of mice 
96 hrs. after ix ection 

I0 mil min. 10 min. 
at 55*{ 60°C at 60°C. 

1 to  2 2 to  3 

1 :o to  3 3 to  4 

1 :o to  4 4 to  5 
1 :o P P  P P  

2 :o P 0 

3 : p  0 0 

o o 
'P 0 0 

0 0 

tenth its original potency. A phenomenon frequently observed in 
the heat inactivation of toxins is evidenced in the results of the heating 
at 60°C.: while the greater part of the toxin was inactivated by 5 
minutes exposure to 60°C., exposure for twice this period caused no 
further increase in the ~.L.D. of the toxin and only a slight increase 
in the time of death. 

Hence, the results of this experiment show that a more satisfactory 
distinction between tetanolysin and tetanospasmin can be obtained at 
60°C. than at lower temperatures; but that any distinction made be- 
tween them from the standpoint of heat lability must be quantitative 
in nature. 
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Differences in the Susceptibilities of Tetanolysin and Tetanospasmin 
to Oxidation by Air. 

Ehrlich's differentiation of tetanolysin and tetanospasmin includes the state- 
ment that  the "spontaneous deterioration" of the lysin is more rapid than that 
of the toxin. The following experiment was made to furnish data showing the 
differences in the susceptibility of the two substances to oxidation when filtrates 
containing both of them are exposed to air. In these experiments, the lysin 
titrations included measurements of fluids treated with Na2S204 which serves 
to convert any hemolytically inactive reversible oxidation products of the lysin 

T A B L E  V .  

Differences in the Susceptibilities of Tetanolysin and Tetanospasmin to Oxidation 
by Air. 

Lysin t i tration 

Hemolytic  act iv i ty  

Amount Not  exposed to air Exposed to air 
of culture 

fluid 

GC. 

0.05 
0.03 
0.016 
0.008 

0.004 

Not treated [~ t " ith i i r e a  eu w w th 
N~S~C4 Na2SKh 

+ + + +  I + + + +  
+ + + +  I + + + +  + + + +  - + + + +  
+ + + +  + + + +  

+ +  + 

Not 
treated Treated with 

with Na2S~O4 
Na2Sg)4 

+ + + + +  
+ + + +  

0 + + + +  
0 + + +  

0 , + 

Toxin t i tration 

Amount 
~f culture 

fluid 

cc. 

0.004 
0.003 ! 
0.0024 
0.0016 
0. 0008 

Time of death 
or condition of mice 96 

hrs. af ter  injection 

Not  Exposed to 
exposed t 

air air 

3 to 4 3 to 4 
PP PP 
PP PP 
PP PP 
0 0 

to the active form. These measurements furnished a means of determining 
whether the loss in hemolytic activity previously termed "spontaneous deteriora- 
tion" was in fact an oxidation, since only oxidation products could be "reacti- 
vated" by the reducing agent. 

Tetanus culture filtrate containing both the lysin and the toxin was divided 
into two portions. One portion was placed in a long narrow tube and sealed 
with vaseline; the other portion was freely exposed to air in a shallow layer in an 
Erlenmeyer flask. Both the sealed and the exposed fluids were kept at 35°C. 
for 24 hours, and then t i trated for lysin and toxin by the methods used in the 
previous experiments. The results are presented in Table V. 
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288 OXIDATION AND REDUCTION. VII 

The results of this experiment (Table V) show a definite difference 
in the susceptibility of tetanolysin and tetanospasmin to inactivation 
by oxidation with air. The exposure to air caused a much greater 
diminution of the content of active lysin than occurred with the toxin. 
That the marked difference between the hemolytic activities of the 
sealed and aerated fluids was due to an actual oxidation was proved by 
the fact that when the aerated fluid was treated with a reducing agent 
it regained an activity approximately identical to that of the unexposed 
fluid. Since only oxidation products of the lysin could be reactivated 
by the reducing agent, this evidence contributes information not 
furnished in the literature where the loss in activity is indefinitely 
referred to as "spontaneous deterioration." In contrast to the 
marked decrease in active lysin, exposure of the same fluid to air 
caused no significant loss in the active killing toxin; in fact no loss at 
all could be detected with the test doses employed in the experiment. 

Comparison of the above differences in the ease of oxidation of the 
lysin and toxin with the previous results on differences in heat lability 
(Table IV) indicates that one can obtain a more satisfactory separation 
of these two products by taking advantage of differences in their sus- 
ceptibility to oxidation than can be obtained by differences in their 
heat labilities. However, it must not be deduced from the results in 
Table V that tetanospasmin is not affected at all by exposure to air 
for we have frequently observed marked losses in tetanus toxin content 
of fluids which have been exposed to air for several days (9). 

DISCUSSION. 

The preceding experiments have shown the following points of 
differentiation between tetanolysin and tetanospasmin: (1) the lysin 
is set free during the period of active growth of the culture, while most 
of the toxin liberation occurs after bacterial multiplication has ceased; 
(2) the lysin possesses specific combining affinity toward red blood 
cells at 0°C., and the toxin does not possess this property at all; (3) 
the lysin is more heat-labile than the toxin, but the difference in this 
property is only relative; (4) the lysin is also more susceptible to oxi- 
dative inactivation than is the toxin. 

Although much of this information has been reported as statements 
of fact in the literature, an extensive search has revealed no experi- 
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WILLIAM L. FLEMING 289 

mental data for the differentiation of tetanolysin and tetanospasmin. 
The importance of the two antitoxinogens of the tetanus bacillus makes 
it desirable to present evidence showing the degree of separation of the 
two products (lysin and toxin) which can be made upon the basis of dif- 
ferences in the above properties. The most satisfactory separation of 
the lysin and toxin is obtained by absorption with red blood cells which 
specifically removes tetanolysin without decreasing the tetanospas- 
min content of the culture fluid. The separation effected on the 
basis of the other properties is only a relative one. Heating tetanus 
culture filtrate at 60°C. for short periods, destroys practically all the 
lysin, but  a significant amount of the toxin is also inactivated by the 
same treatment. The separation of the two substances by means of 
differences in their susceptibility to oxidation is likewise only a quanti- 
tative separation; but  if the oxidation treatment is properly chosen, 
most  of the lysin can be inactivated without causing significant losses 
in toxin. 

The separations of the lysin and the toxin by absorption with red 
blood cells, or by fractional inactivation by heat, or by oxidation yield 
a fluid containing an increased proportion of the toxin and a decreased 
proportion of the lysin. The opposite result (i.e. a culture fluid con- 
taining the maximum amount  of tetanus lysin and the minimum 
amount of tetanospasmin) can be obtained by taking advantage of 
differences in the period of growth in which the two products are liber- 
ated. Tetanus culture fluids if filtered shortly after the end of the 
period of active bacterial cell growth, contain the maximum amount  
of lysin, and only minimum amounts of the true toxin; due to the 
delayed liberation of toxin and the cessation of lysin elaboration, 
older cultures contain an increased proportion of the true toxin. 

The differentiation of the hemotoxin (tetanolysin) and the true toxin 
(tetanospasmin) of the tetanus bacillus is of particular importance from 
an immunological point of view, since both of them are antitoxinogens 
which have been utilized in the illustration of important fundamental 
principles. While it has become increasingly more evident that  
bacterial cells and bacterial filtrates represent complex systems con- 
taining a number of different antigenic constituents, only a few of 
these antigens would be included in the antitoxinogen group since the 
majority of them give rise to sensitizing antibodies rather than the 
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290 OXIDATION AND REDUCTION. VII 

neutralizing type of antibody. From this aspect, the recognition of 
tetanolysin and tetanospasmin as distinct and separate substances 
acquires interest as an example of two primarily and specifically toxic 
antigens (antitoxinogens) which are produced and liberated in the same 
culture fluid by one species of bacteria. There are few, if any, other 
known examples of the production by the same bacteria of two distinct 
and different antigens of the toxin type in which the true antigenic 
nature of each of the products is as definitely established as in the 
case of the hemotoxin and true toxin of the tetanus bacillus. 

SUMMARY. 

Tetanolysin and tetanospasmin possess in common the immuno- 
logical properties of the group of "antitoxinogens." Both of them 
are contained in undeteriorated culture fluids of the tetanus bacillus, 
but each of them represents a distinct and separate antigenic sub- 
stance. Experimental data illustrating points of difference in their 
properties are presented in this paper. 

BIBLIOGRAPHY. 

1. Faber, K., Bed. klin. Woch., 1890, xxvii, 717. 
2. Ehrlich, P., Berl. klin. Woch., 1898, xxxv, 273. 
3. Madsen, T., Z. Hyg. u. Infectionskrankh., 1899, xxxii, 214. 
4. Neill, J. M., J. Exp. Med., 1926, xliv, 227. 
5. von Lingelsheim, in KoUe, W., and yon Wassermann, A., Handbuch der 

pathogenen Mikroorgardsrnen, Jena, 2nd edition, 1912, iv, 769. yon Eisler, 
M., and Pribram, E., in Kraus, R., and Levaditi, C., Handbuch der 
Technik und Methodik der Immunit~tsforschung, Jena, 1908, i, 111. Pfi- 
brain, E., and Russ, V. K., in Kraus, R., and Levaditi, C., Handbuch der 
Technik und Methodik der Immunittttsforsehung, Jena, 1908, i, 208. 

6. Zunz, E., Z. Immunit~tsforsch., Orig., 1913, xix, 326. 
7. Avery, O. T., and Neill, J. M., J. Exp. Med., 1924, xxxix, 357. 
8. NeiU, J. M., and Fleming, W. L., J. Exp. Med., 1927, xlvi, 263. 
9. NeiU, J. M., and Fleming, W. L., unpublished experiments. 

D
ow

nloaded from
 http://jem

.rupress.org/jem
/article-pdf/46/2/279/1177924/279.pdf by guest on 25 April 2024


