%Y

TRANSACTIONS

OF THE

JENNER INSTITUTE OF PREVENTIVE
i MEDICINE,

7\) OBSERVATIONS UPON THE CONSTITUTION
e OF THE DIPHTHERIA TOXIX I

;: BY PROFESSOR P. EHRLICH.

(From  the Institute Jfor Sermnpriifung und Serumforschung, Steglitz,
Berlin.)

s IMMUNITY i3 & reaction of the living organism towards
o a given class of poisons, in which are included the toxins,
toxalbumins and ferments, The study of the antitoxin pro-

ferments, which are most closely related to the toxins, does
not encourage one to place any implicit reliance upon
research in this direction. Qur primary duty, therefore, ag
) medical investigators, is to search for a solution of such
questions in the field that properly belongs to us—thag of
biological experiment,. Progress was not to be hoped for so
long as no clear views prevailed with regard to the essential
nature of the antitoxin action and the opinions of the most
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competent inquirers differed widely, and sot.{ccz)r;%n a; Ciz:]e
lem was not decided whet.her .the. antitc cted
o ically and directly on the toxin or indirectly 1n.v1rIu of
Cherz:i:es zf cell immunisation. Thej first step whl(;h vtth;
?ezpto take in this direction cogsmted n ex(;:l.u é?(iting
nimal experiments—so difficult to interpret—an 1pf reving
:imple experimental methods, whlchlwou}lld al'i?lv’clondil}ci g,m
it, of work under purely chemic: ions.
IS(Z te}):irs)r:::y lttlyle experiments n m'trq originated, lny WEC;E
able to furnish the proof that in the case of ric  ane
V‘{)as. oison and anti-poison act dlrectl}{ on each o ‘81.
a'i‘hrms’i ]i)liﬁcance of these investigations, which were speedi 2{
coneﬁrngled and expanded by Kossel, Caplus and Gl?;,n :J;_
hack, is apparent, inasmuch as a direct chenncttfl o
Kanf' n o,f the two components was proved and the Vb]
zf]i((;rl; as upheld by Roux and Buchner,lbecame un;i,e}?;;h ;.
’ e time the essential nature Qf the process, -
ﬁtct()}ilesisgrsrlin a destruction of the.po1son or ]z; nzrlll(;c;lii g);n;l
bination of the two components, is not at a ebl on
iments. And the recent and.valua e exp
- e}{t'p?\rlartin and Cherry, in which mixtures of snake-
oo & d antivenene were filtered under pressure through
vei](:;riiemxlnembranes, only prove that snake-venom dlgappfsri
igr? ta'he mixture without givingf&ny clue a\s :Ei t]};(z }i(':i:iznw}l ea;l
not, therefore, agrec w ) .
;zksgniliZZié ﬂ{&g T}]lese experiments demonstrate a chemical
inati d. .
com:;n:g;m;ifr?ehi;eer?Csllll(:r((;octrine of immunity vil.ms tin 1t§
o o
initial stages it was assumed that the z;ntltf(:;Eenfs r%}his
the toxin, somewhat after the manner o a,r . .d his
i iew has, however, been gradual‘ly aban oned,
fk?(lanstuggf;ezlt?xl that both components unlte.chemliallyrl:zz
finds many supporters. There iﬁ, however, htt‘le Fof etg;.\ t,o
by mere hypotheses, and it will be. more S&t]S'&C fy)Dhe
cg’nsider the facts that favour a chemical explanation o
Pm(lxie]:zéntially the question to be proved is, whether neut'ml
toxin:antitoxin mixtures (¢.c.. such as h&vz\be(;z;rll]e C;g_
nocuous to test animals) can once more, under g
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ditions, develop toxic properties, a result which would be
Impossible if the toxin had been destroyed. In thig con-
nection, Buchner found that g mixture of tetanus toxin and
tetanus antitoxin, barely innocuous to mice, remained toxic
for guinea-pigs.
These results appear in a different light from our present
standpoint, and the Interpretation to by placed upon then,
leads me to anticipate g subsequent section of this paper.
In such a mixture which approaches the Lo dose certain
derivatives of the toxin are present in o free condition, vig, -
toxoids and toxones—derivatives that exercise a toxic action
on the one species of animals, but not on the other (mice).
Similar effocts have been noted by different observers in
animals characteriged as “hypersensitive.” T refrain, how-
ever, from a discussion of this hypersensitive condition, as
the subject stil] remains a most obscure one,
It would be ragh to draw
character from the uncertain,
observations that exist,

Now, oddly enough, it is just the Investigations of Martin
and Cherry which are considered the chief proof against
the destruction theory, which originated with Roux, that
make the matter appear doubtful.  Ropx and Calmette
showed that whilst snake-venom ig resistent to heat, the
corresponding antitoxin ig not.  When a mixture of the two
components, neutral o animals, wag exposed to heat, they
found that the mixture became toxic once more, The
English authors have, however, shown that the effect g
observed by Roux, only occurred when the mixture was
heated shortly after jgg Preparation—such 5 mixture is of
itself toxic, and therefore containg unchanged toxin.
allows the mixture to stand for about twenty minutes 5
temperature, it becomes non-toxie
being subjected to heat. Wit ¢
the hypothesis of Roux that both components exist yn-
changed in the neutral mixtyre becomes s untenable that
€ven a supporter of the destruction theory might accept the
same as valuable corroborative materin]. From this shopt
summary it will appear that the reasong generally broughy

any conclusions of g general
incomplete gnd confused

If one

t room
and remaing 80, even aftey

his observation before ug



4 JENNER INSTITUTE OF PREVENTIVE MEDICINE

forward in favour of a chemical combination of toxin and
antitoxin are not in a position to withstand criticism.  On
the other hand, one can in another way—viz. : by the methods
of quantitative analysis—readily furnish the proof that the
processes occurring in the neutralisation of toxin and anti-
toxin are of a quantitative character, and that one is dealing
with a process following the laws of definite proportion,
which can be illustrated by the example of the formation of
a simple salt.

If ten equivalents of an acid are mixed with ten equiva-
lents of a base (or 100 with 100), a neutral mixture is
obtained in each instance. We find exactly the same re-
lationship to exist in the interaction of toxin and antitoxin.
If a given quantity of diphtheria antitoxin (e.g.,the immunis-
ing unit used as a test basis) is mixed with varying quantities
of a given toxin, an amount of the toxin which is exactly
neutralised by the I.U. can always be determined. To this
dose of toxinI apply the term Lio dose (Liimes O). Through
the mixture of all the toxic.groups with antitoxin, prepared
by adding one Lo dose to one L.U., & neutral mixture results
which has no injurious effect on test animals.

Tt has thus been proved that corresponding to the laws
of definite proportion, by means of one such single estima-
tion upon any given amount of scrum, the corresponding Lio
dose of the toxin can be determined by a simple process of
multiplication.

I found, for example, on using % I.U. the Lo dose of a
given toxin to be 0-24. On making an analogous determina-
tion with 1 1.U. the Lo dose was found to be 2-4—exactly
tenfold. Similar figures confirming the above results are to
be found in the papers of Kanthack and Madsen.

A second important test result, however, behaves quite
differently in this respect, viz., that which I have termed the
I+ dose (Limes, death). The L+ dose is that amount of
a given diphtheria toxin which is not completely neutralised
by & given amount of diphtheria antitoxin (I generally use

one 1.U.), to the extent that ezactly one toxin dose,
sufficient to produce the death of a guinea-pig of 250 grm.
weight, remains unneutralised. This toxin dose may be
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.termed one lethal guinea-pig equivalent. To give an example
In the case of a given toxin: I found on using % L.U. an
L+ dose .of 0037, but on using one 1.U. only the ;(z;lue 026
was obtamed. We see, therefore, that the postulated law
regarding multiplication of doses is only admissible for the Lo
dose, but not for the L.+ dose. An example will make clear
th‘e reason for this difference. If ten equivalents of HC] are
mixed w1th. eleven equivalents of KOH, one equivalent of
KOH remains unneutralised. If, however, the same amount
of alkali is to remain {ree on using 100 equivalents of acid
one must add not 10 x 11, but only 101 equivalents of a.cid’
In' the above mentioned example in which I mixed I.U'
W.lth O'QS7 toxin there remained exactly one lethal gl’linea'-
pig toxin equivalent free. On mixing 1 I.U. with 037
tO}fln the resultant mixture contained ten free lethal
guinea-pig equivalents, 4.¢., a fatal dose for ten guinea-pi
T}'lere.fore the value 037 for the Li+ dose obtaineggls;?n}:ﬁi
plloatlgn, but experimentally found to be 026, is much too
large, nmsxlnuch as the Li+ dose on neutralisation with the
C(?rrespgndlng amount of serum leaves only one lethal guinea-
pig equivalent free.
prever simple it may be to determine the questions
affecting the Lo and Li+ dose on one and the same toxin
the matter assumed quite a different aspect when, proceediné
from. the above data, I undertook a comparative examination
of dlfferept toxins. Instead of finding the postulated uni-
formity, in accordance with the law of equivalents, there
occurreq such differences and variations that I gave up, for
fmlong time, any hope of finding the right clue. The g’reat
lmportance pertaining to these questions leads me to give a
brief outline of the method by which I was able to reach
the goal. The diphtheria toxin contains, besides the specific
secretory products of the bacillus, a large number of different
substances (salts, meat extractives, peptone, &c.). These sub-
stances are, however, without any significance with respect
to.the specific action of the bacilli, inasmuch as they can
neither 'produce the specific intoxication nor combine with
!;he antitoxin. We may therefore, in our considerations
1gnore completely these associated bodies, and, in a physio-’
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logical éense, regard the diphtheria poison as a solution of
the specific toxin in an indifferent fluid.

The problem resolves itself into this:—Can we regard the
toxin-broth as a solution of a pure substance, and as con-
taining solely a body characterised by its toxic and com-
bmmg properties? The method for deciding this question
is a simple one, and consists in a comparative examination
of different toxins. Suppose, in the case of a given weak
poison, the fatal dose for a guinea-pig is 0°5 c.c., in the case
of a second 003, and in the case of a third 0:002. Granting
that the toxin solutions were pure, in the above-defined
sense, it follows that in these different quantities exactly
the same amount of toxin must be present, that is to say,
one lethal guinea-pig toxin equivalent—on this assumption,
the same amount of antitoxin ought to suffice to render each
of the three doses innocuous. But this is not what is found
to occur, as a matter of fact, inasmuch as each of these
doses may require a differing amount of antitoxin for
neutralisation.

On the assumption of a pure and definite toxin, a uniform
amount of antitoxin (e.g., 1 1.U.) ought, in the case of dif-
ferent toxin-broths, to neutralise such amounts that by
means of the same, an equal number of guinea-p.igs are
always killed ; or, in other words, the Lo dose of different
poisons, as ascertained with 1 T.U., ought to possess exactly
the same toxicity. I have carried out such investigations
with great exactitude upon about twenty different toxins,
and have found the most marked variations, so that in one
case the Lo dose (reckoned for 1 1.U.) corresponded to sixteen,
and in another extreme instance, to 136 lethal guinea-pig
doses. '

Tt follows from these facts that the toxic broth does not
represent a pure toxin solution, in the above-defined sense,
but that in addition to the poison it must contain other
bodies, which, whilst capable of combining with antitoxin,
do not possess any marked tox101ty At the same time

these  non-poisons’’ (ungifte) are in so far specific, that

each one only occurs in that nutrient soil in which the given
micro-organism has vegetated.
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The observations upon the so-called spontaneous attenua-
tion of the toxin furnish a certain explanation of the origin
and significance of such bodies. It is well known that a
toxin-broth, in course of time, gradually diminishes in
toxicity. A freshly prepared toxin-broth, having a lethal
dose for guinea-pigs of 0'2, may, after some months, require
several such doses to produce the lethal effect.

I have now definitely proved (and this has been con-
firmed by Madsen’s excellent researches) that in the course
of this attenuation the neutralisation power does not
necessarily undergo the slightest modification, 4.c., the Lo
dose of the freshly prepared toxin is exactly the same as that
of the attenuated.

How is this phenomenon to be explained? If a toxin
broth, when freshly made, possesses the same Lo dose (in
relation to 1 1.U.) as it does after attenuation, it follows that
in both phases it must contain exactly the same amount
of groups capable of combination, groups which may be re-
presented by toxin or by the combining ¢ non-poison ™
(ungift).

When, therefore, we find in the case of a given poison
that the Lo dose remains the same in both phases, but that
whilst at first it represented fifty, and finally only twenty-
five lethal doses, it necessarily follows that these several
twenty-five toxin equivalents have become transformed
quantitatively into twenty-five equivalents of a “non-
poison ”’ capable of combination. ThlS quantltatlve change
points to the combining “ non-poison” being a derivative

of the toxin. Corlespondlng to this genes1s I designate
as toxoids such species of combining “ non-poisons.”

But it is specially to be noted that other species of com-
bining ‘‘ non-poisons ” also occur in the toxin broth, which
are primary secretory products of the diphtheria bacillus,
and which, therefore, I distinguish by the special name
of toxones, in order to distinguish them clearly from the
toxoids.

The toxones possess less affinity for the antitoxin than
toxins and toxoids, so that in the course of the partial
neutralisation of a poison, the latter become neutralised
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before the former. Through this circumstance it is easy to
estimate with “approximate accuracy the amount of the
toxone, as I have already shown in my earlier researches
upon the standardisation of the diphtheria toxin. I may
mention that the amount of toxone present can be readily
estimated by the difference between the Lo and L+ doses
—the greater this is the greater the amount of toxone
present. On testing a number of fresh toxins in which the
toxone was still unimpaired, I found that the T+ dose was
double that of the Lio dose. In these cases the poison con-
tained exactly the same amount of toxone as toxin, so that
the diphtheria bacillus had simultaneously produced with
each part of toxin an equal amount of toxone.

Asregards the properties of the toxone I will only mention
here that it does not possess the property of killing test animals
acutely, but it possess a certain power of producing indura-
tions at the seat of injection, which are, however, less
marked than those due to the toxin. On the other hand—
and this would allot to the toxone a most important réle—
it appears to produce the slowly developing diphtheritic
paralyses, as my own observations and those of Madsen and
Woodhead tend to show. The circumstance that not only
in the diphtheria patient, but also in animals infected with
living bacilli such paralyses occur, favours the view that the
toxone represents a primary secretory product of the
diphtheria bacillus.

As a result of these various observations the question
suggested itself whether the toxoids represent uniform sub-
stances (Einheitliche Stoffe), or whether they also consist of
several groups. I was able to prove that in old diphtheria
toxin-fluids at least three different species of toxoids occur
which are differentiated through their affinity to antitoxin,
and which I distinguish as proto-deutero- and trito-toxoid.
Amongst these the proto-toxoid has the maximum affinity to
antitoxin, and becomes neutralised in the first instance and
before the other toxoids by antitoxin. T cannot now refer
in detail to the lines I was led to follow, and I must there-
fore refer the reader to my publication upon the constitution
of the diphtheria toxin and to the very detailed and clear ex-
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perimental researches of Madsen, which fully confirm my
observations. The guiding principle which led me to the deter-
mination of the actual constitution of the diphtheria poison and
its varying composition of toxin and toxoidis a relatively simple
one, and depends upon the partial neutralisation of a constant
toxin amount with varying amounts of antitoxin, With
th.is object in view suppose that one has determined (e.g.,
with one 1.U.) the Lo dose of a poison which is represented
by z c.c., and which contains, say, 100 toxin doses—this
toxin amount z is mixed with fractions of 1 1.U., say, %, 2,
2, 4, LU, and for each of these mixtures the number of
lethal doses that still remain is determined.

In the first mixture, prepared with the smallest amount
of antitoxin, only those portions of the poison (toxin and
toxoid) become neutralised which possess the greatest
affinity to antitoxin, whilst corresponding to the increasing
additions made of antitoxin, the weaker and the weakest
components eventually become neutralised, and of these the
toxones, possessing as they do the least affinity, combine last
o‘f all. If we represent such a process of neutralisation in a
simple schematic fashion, and assume that the broth con-
tains only one kind of poison and one kind of toxoid, in
exactly the same amounts, the experiment may assume three
Phases, which are dependent on the toxoid becoming neutral-
1sed—(1) simultaneously, or (2) subsequently to the toxin.
The following table, in which the lethal capacity of the
individual mixtures is given, will illustrate this point :—

Lo ( = 100 toxin doses).

I 158 111
1 LU. ... 100 ... 80 .. 60
2, ... 100 .. 60 .. 20
8§, .. 80 .. 40 .. 0©
L, .. 40 .. 20 .. 0
5, .. 0 .. 0 .. 0

It will be evident that, on this simple supposition, a
single estimation carried out on any given mixture gives
one a full insight Into the constitution of a toxin. If we
find, on mixing with z L.U., the value 60, we are un-
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doubtedly dealing with a toxoid of the same affinity as the
toxin.

In the case of the poisons of more complex constitution,
obviously one analysis is not enough; four to six are gener-
ally necessary for the adequate analysis of these toxins. I
refrain from discussing the numerous analyses of individual
toxins I have carried out, or the method of graphically
illustrating the results in the form of the “ toxin-spectrum.”
I will only touch on a few of the results of these prolonged
investigations. It was found that the immunising unit used
as a basis for official testing purposes contains 200 com-
bining units, the combining unit being represented by
that amount of antitoxin which is exactly sufficient to
neutralise the lethal dose for a 250 grm. guinea-pig, 7.¢., one
lethal guinea-pig toxin equivalent.

The same equivalence with respect to the antitoxin can
also be exercised by the non-toxic constituents of the broth,
t.e., the toxoids and toxones. If one ever succeeded by
chemical methods in obtaining a diphtheria toxin, free from
toxoids and toxones, its constitution would be such that
(tested with 1 1.U.) the Lo dose would be sufficient to kill
exactly 200 guinea-pigs.

Such an ideal toxin, according to my observations, is not
capable of existence, as the bacilli always produce toxone
along with the toxin, and consequently the number of lethal
doses contained in the Lo dose is always considerably less
than 200. On the other hand I have succeeded, and
Madsen likewise, in finding two toxins which partially con-
tain such a pure poison. In the case of the toxin I investi-
gated, if one added to the Lo dose (which per se kills eighty-
four guinea-pigs) 383 = 4 1.U., the toxicity of the mixture
was found to be 23. But if one added to the Lo dose
a larger amount of antitoxin, viz., 133 I1.U., the mixture
then possessed only a toxicity of 7. The further addition
of 4% L.U. (corresponding to fifteen combining units) had
thus lessened the toxicity from 23 to 7, t.e., it was
diminished sixteen times. Consequently, through the addi-
tion of fifteen combining units of antitoxin, sixteen lethal
guinea-pig doses had become neutralised, i.e., each com-
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bining unit had almost exactly neutralised one lethal guinea-
pig dose. Thus the original mixture of the Lo dose 4- 3 L.U.
was so constituted, that of the portions remaining un-
neutralised the pure toxin possessed the maximum affinity
and became neutralised in the first instance.

If the symbol T represent toxin, there became neu-
tralised under these conditions—

TTTTT
Such pure toxin “ zones” in the toxin spectrum are very
rare and are only met with in the case of freshly prepared
toxins. In contrast to this, one finds in the case of all
toxins another form of combination represented by less
extended “ zones” of hemitoxin. One can with every toxin
without exception prepare mixtures with antitoxin, which
are so constituted that the addition of each additional com-
bining unit (335 I.U.) reduces the toxicity by % (in contra-
distinction to 1 in the case of pure toxin). There are
always exactly the same portions of toxin and toxoid
simultaneously neutralised corresponding to the following
figure, in which T = toxin and I = toxoid, viz.:—
TITITIT

It requires no further demonstration that this occurrence
can only be due to the affinity of the given toxin in question
being the same as that of the toxoid. The question forces
itself upon one, through what primary conditions is the
toxoid formation brought about? The following observa-
tions will help towards an answer.

The toxin is defined through two attributes, of which the
one is represented by the specific toxicity, the other by the
specific combining power with antitoxin. 1 have already
in the investigation upon the standardisation of toxins
touched upon the question whether these two functions are
bound up in the same complex of atoms, or whether the
toxin molecule contains two independent groups, of which
the one (the toxophore) conditions the toxicity, and the other
(the haptophore) the combining property. Lhad at that time
to leave the question undecided, but as the result of my
further investigations upon toxoids I am now in a position
to decide this question in the sensc of duality.

<
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The evidence in favour of the complete separation of the
two functions rests especially upon the discovery of the
hemitoxins, which, as mentioned above, are to be met with
in all toxin broths to a greater or less extent. In the case of
hemitoxin, there are always simultaneously neutralised equal
parts of toxin and toxoid. Both these bodies must, there-
fore, possess exactly the same affinity to antitoxin. If we
consider that the hemitoxin is derived from pure toxin
through the half of the toxin molecule changing into the
toxoid molecule, it follows that in the course of the meta-
morphosis of toxin into toxoid the affinity to antitoxin does
not undergo the slightest modification but remains exactly
the same. This is only comprehensible on the supposition
of the existence of two different groups which are com-
pletely independent of one another.

We must, therefore, thus represent the action of the
poison that with the help of the haptophore groups, the toxin
molecule becomes *‘ anchored ” to the cell, and that it comes
in this way within the sphere of action of the toxophore
group. The poisoning is an effect of the toxophore, the
antitoxin production an effect of the haptophore group.

The physiological significance of these two groups is of
very different character, as will be seen from what has just
been said. The biological rank of the two groups of the
toxin molecule does not appear to be equivalent. The
toxophore group, with functions of a ferment-like character,
must as regards constitution be more «complicated than the
haptophore group, whose simple functions might well cor-
respond to a simple structure.

This point of view would explain the ready disintegration
of the ‘toxophore group and the relative stability of the
haptophore group. We thus see that the supposition of
two different groupings explains, in the easiest manner, the
phenomena observed in the attenuation of the diphtheria
toxin, and especially the fact that the combining power of
the broth remains intact, whilst the toxicity markedly sinks.
From this point of view some phenomena observed, in the
case of certain toxins, may be explained in an unconstrained
fashion. The singular fact has been noted by Courmont

b e s S
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that frogs, treated with large doses of tetanus toxin, will
remain for an indefinite period without toxic symptoms, if
they are kept in a cool atmosphere. If, however, t‘he fr.ogs
are placed in an incubator, a quickly fatal tetanus intoxica-
tion immediately ensues. Dr. Morgenroth proved, in my
Institute, that the healthy animals, under cool conditions,
had already fixed the tetanus poison in their central nervous
system. If he gave to the frogs a sufficient quantity of
tetanus poison and injected, after they had remained some
time in a cool place, an amount of tetanus serum more than
sufficient to neutralise the entire toxin dose, supposing the
toxin to be still harboured in the blood, there yet occurred,
despite the serum treatment, a typical and quickly fatal
tetanus so soon as the animals were placed in the incubator.

This was, of course, only done after some days in order to
allow sufficient time for the absorption of the serum. Inthe
case of the cold frogs a portion of the tetanus poison must
have left the blood and passed into the tissues, as only under
this supposition can the absence of the serum action be
understood. The experiments made by Dr. Billinger, and
confirmed by Professor Donitz, are probably to be explained
in the same way, that marmots during their winter sleep
are not affected by tetanus toxin, and first succumb to
its action when they wake out of the same. We must,
therefore, suppose that the haptophore groups of the tetanus
toxin can become fixed by the nervous system at the lower
temperature, but that the toxophore groups first become
active above certain temperature limits. Such a thermic
limitation to the activity of the toxophore group may at first
appear remarkable. But numerous analogies are to 'be
found amongst a class of bodies closely related to the toxins
—the ferments. For example, any given quantity of rennet
ferment when kept at zero produces no casein precipitation,
but this immediately occurs when the milk in question is
placed at a higher temperature. Apparently we have here
a complete analogy to the frog experiments.

A second important question can be readily explained on
the supposition of the existence of two groups, viz..: the
question of the so-called incubation period observed in the
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case of most toxins with very few exceptions (snake venom).
When on the injection of a single fatal dose of tetanus toxin
the first symptoms appear twenty-four, forty-eight, or fifty-
two hours, the question arises whether we are here dealing
with a function of the toxophore or haptophore group. This
point has been decided for diphtheria and tetanus toxin by
Prof. Dénitz by the intravenous injection of a given quantity
of toxin and the estimation of the amount of serum necessary,
when directly administered, to completely neutralise the toxin
effect. This dose was so conditioned that it completely
neutralised the toxin present in the blood. If, however, a
little time was allowed to elapse between the injection of
toxin and antitoxin (six minutes) it was found that the single
neutralising dose was no longer adequate to prevent death.
A portion of the toxin must therefore have left the vascular
system and a dose sufficient to produce death been fixed by
the central nervous system. It follows that the union
between poison and tissue, which is a function of the hap-
tophore group, occurs quickly. Further, the long incubation
period must be referred to a slow functionating of the toxo-
phore groups.  Whilst in the case of the ordinary bacterial
poisons the latent period does not generally last longer than
twenty-four hours, there are substances which show a much
longer latent period, e.g., the toxones which produce the
diphtheritic paralyses in test animals after two or three
weeks.

The dual groups found in the case of the toxins occur
also in the case of ferments. Anti-ferments can be produced
in the body which completely neutralise the action of the
given ferment. Dr. Morgenroth by successive injections of
rennet ferment produced a serum which neutralised large
quantities of the rennet ferment n vitro.

As already stated, the haptophore group of the toxin is
relatively stable, the toxophore or ferment-like group 1is
unstable, and readily undergoes disintegration. With these
facts before us the formation of hemitoxin can be readily ex-
plained. Taking the above matcrial and collective observations
as a basis, we may reconstruct the origin and fate of the
hemitoxins in the following manner :—The process usually
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occurs in two phases, the hemitoxin is derived from pure
toxin, and the toxoid from hemitoxin, e.g. :—
TTTTTT
TITITI
ITIIIT

The toxin is thus not a uniform entity, but contains two
modifications which are present in exaetly the same amount.
The one modification readily disintegrates and forms hermni-
toxin, the other modification on disintegration forms pure
toxoid. We may confidently state that the difference be-
tween the two modifications does not depend upon the
haptophore group, as these possess the same combining power
In toxoids as in toxin. The destruction of the toxin action
points more emphatically to the toxophore group, and we
must assume that the toxin contains two different toxophore
groups, and that these two varietics are always simultane-
ously produced. The recent investigations of E. Fischer
help towards an understanding of this phenomenon. These
investigations show that as regards the enzymes and their
objects of attack a similarity in molecular configuration must
exist if a reaction is to occur. Fischer has rendered it most
probable that the ferment group, analogous in many respects
to the toxophore group, possess an asymmetrical constitu-
tion. If this is so @ priori two possibilities exist—either the
diphtheria bacilli produce one single group, or they produce
simultancously two.  When onc cell simultancously produces
two asymumetrical components, it frequently oceurs that the
two components are formed in exactly the same amount,
e.g., inactive oxalic acid. On such a supposition the forma-
tion of hemitoxin is capable of an unconstrained explanation.
In many instances with the aid of micro-organisms an optic-
ally active half of a racemic compound has been split off,
and one and the same organism may at one time attack the
levo- and at another the dextro-rotatory modification of the
compound.

T. Fischer has noted similar differences in the action of
ferments.

The above considerations might help one to understand
how in the toxophore group the one modification is first
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attacked on storage of the broth and its original toxicity
becomes reduced by one half (hemitoxin). It is difficult to
decide what special influences control this change. It may
be due to the presence of slowly-acting enzymes, which
gradually develop their activity under certain conditions that
arise in the conserved broth.



