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IMMUSNITY is o reaction of the living organism towards
a given class of poisons, in which are included the toxins,
toxalbumins and ferments. The study of the antitoxin pro-
ducing poisons consequently affords us the best possibility
for elucidating thig complicated and important phenomenon,
There is not much to be expected ab present from purely
chemical methods of nvestigation, at least the history of the
ferments, which are most closcly related to the toxins, does
not encourage one to Place any implicit reltance upon
research in this direction. Oy primary duty, therefore, ag
medical investigators, is to search for a solution of sueh
questions in the field that properly belongs to us—ghat of
biological experiment. Progress was not to be Loped for so
long as no clear views prevatled with regard to the essential
nature of the antitoxin action and the opinions of the mogt

' Professor Ehirlich has been good encugh fo write the abave paper in
compliance with my suggestion thas & general survey from his own pen of
the results ho has reached and whieh arc recorded i, many individual papers
would ba most Lalpfal to his Eng]ish-speaking colleagues. Tk is with his full
concurrence that I undertook an English translation, .4, Macrapyey,
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ditiong, develop toxic properites, a resull which would be
impossible if the toxin had heen destroyed. In thig eon-
nection, Buchner fouind thut a misture of tetanys toxin and
tetanug ratitoxin, barely tunocuous to mice, vemained toxie
for guinea-pigs.

These resulty appenr in a Aifferent light from oyr present
standpoint, and the interpretation io e Placed upon then,
leads me tq anticipato o siubsequent section ol this puper.
In such a mixture whicl approaches the Lo dose certain
derivatives of the toxin ave present in o {ree condition, vig, -
toxoids and boxones—derivatives that exercise 4 toxie wetion
on the ong species of animals, huy N0t on the other {tmice).
Similar effects have been noted by different obscrvers in
animals characterised gs Ypersensitive.”" [ pafeai a, how.
ever, from a discussion of bhis hypersensitive condition, ag
the subject stil] FOMAINS & most ohsenpe one,

It would bo rash 60 draw
character from the unecertaiy,
observations {hat exigp.

Now, oddly enoagh, it is just the lavestigations of Martin
and Cherry which are considered the chiaf proof against
the destruction theory, which originated witl, Boux, thaj
make the matter appear donbtiul.  Rogy and Calmette
showed thag whilgt, snake-venom 1y resistent o heat, the
corresponding antitoxin is not, When a mixture of the two
components, noeutral i animals, wag exposed to heat, they
found that the mixture hecame toxic once mope, The
English authors have, hm\-'evm', shown that the offect gs
observed by Roux, enly oceurred when {he WIXture wag
heated shortly after jgg preparaiion—such g mixture jg of
itsolf toxic, and therefore contajns utchunged vosin, Tt che
allows the mixture 4o stand for abony, bwenty minntes i roomn
temperature, it becomes non-toxie 2ud remains 5o, even after
being subjected to heat.  With thig observation hofore us

the hypothesis of Roux that botp components oxist yn.
changed in the neytps) nuxture becomnes go untenable that
even a supporter of tha destruction theory might aecept the
sanre as valuahle corroborative wateria). From this shop
summary 1t will appear that the reasong generally broughy

ANy conelusions of 5 general
incomplete angd confused
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forward in favour of a chemical combination of toxin and
antitoxin are not in a position to withstand eriticism.  On
the other hand, one can in another way—viz. : by the methods
of quantitative analysis—readily turnish 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 pimple salt.

Tf ten equivalents of an acid are mixed with ten equiva-
lents of a base (or 100 with 100), a neutral mixture 1s
obtained in each instance. We find exactly the same re-
Jationship to exist in the interaction of toxin and autitoxin,
If & given quantity of diphtheria antifoxin {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 13 exactly
nentralised by the I.U. can always be determined. To thig
dose of toxin I apply the term Lio dose (Limes Q). Through
the mixture of all the toxic.groups with antitoxin, prepared
by adding one Lo dose to one L.U., a neutral mixture results
which has no injurious cffect on test animals.

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

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

A sccond important test result, however, behaves quite
differently in this respect, viz., that which I have termed the

L+ dose (Limes, death). The L+ dose is that amount of
a given diphtheris toxin which is not completely neutralised
by & given amount of diphtheria antitoxin (I generally use
one 1.U.), to the extent that ewactly onc toxin dose,
sufficient to produce the death of a guinea-pig of 250 grm.
weight, remains unncutralised. This toxin dose may be
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F‘.ermed one lethal guines-pig equivalent. To give an example
n the case of o given toxin: I found on using % L1, an
L+ dosp .of 0037, but on using one LU. only the vz;lue 026
was o’ptamcd. We see, therefore, that the postulated law
regarding multiplication of doses is only admissible for the Lo
dose, but nof for the L+ dose. An example will make clear
th‘e reason for this difference.  If ten equivalents of HCL are
II:.LXQd W‘lﬂl. cleven equivalents of KOH, one equivalent of
ROIL remains unnentralised. 1f, however, the same amount
of alkali is to remain free on using 100 equivalents of acid
one must add neé 10 x 11, but only 101 equivalents of a.cid,
II% the above mentioned example in which I mixed & I.U.
w:lth 0'937 toxin there remained exactly one lethal ;?ﬁnea.-
p1g‘tox1n equivalent free. On mixing 1 1.U. with 087
to:fm tl%c resultant mixturc contained ten free lethal
guinea-pig equivalents, i.e., a fatal dose for ten puinea-pigs
Thergforc the value §'87 for the L+ dose obtaingl b;iﬁ:ﬁ‘:—
pllcatlgn, but experimentally found to be 0°26, is nuch too
large, mas;nuch as the L+ dose on neatralisation with the
cc.)rrespt.::ndmg amount ol serum leaves only one lethal guinea-
Pig equivalent free,

H})\W'ever simple it may be to determine the questions
affecting the Lo and L+ dose on one and the same toxin
the matter assumed quite a different aspect when, proceeding;
from. tlie above data, I undertook a comparative examination
of dlﬁerept toxins, Instead of finding the postulated uni-
formity, in accordance with the law of equivalents, theve
occurreq such differences and variations that I gave up, for
.a.long tine, any hope of finding the right clue. The g,rca.t
importance 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, u large number of different
substances (salts, meat cxtractives, peptone, &e.). These sub-
stances are, however, without any significance with respect
to'the speetfic action of the bacilli, inasmuch as they can
neither produce the specific intoxication nor combine with
?.he antitoxin. We may therefore, in our considerations
ignore completely these associated bodies, and, in a phvsio—’
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logical Isense, regard the diphtheria poison as a solution of
the specific toxin in an indifferent fluid.

The problem resolves itscll into this :—Can we regard the
toxin-broth as & solution of a pure substance, and as con-
taining solely a body characterised by ifs toxic and com-
bining properties? The method for deciding this guestion
is a simplc one, and consists In & comparative cxamination
of diffcrent 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 & second 003, and in the case of a third 0-002. Granting
that the toxin solutions were pure, in the above-delined
sense, it follows that in these different quantities exactly
the same amount of loxin 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. DBut this is not what is found
to occur, as & matter of fact, inasmuch as each of these
doses may requirc a differing amount of antitoxin for
neutralisation.

On the assumption of a pure and definite toxin, a uniform
amount of antitoxin (e.g., 1 L.U.) ought, in the case of dif-
ferent toxin-broths, to neutralise such amounts that by
mesns of the same, an equal number of guinea-pigs arc
always Killed ; or, in other words, the Lo dosc of different
poisons, as asccrtamed with 1 I.U., ought to possess exactly
the same toxicity. I have cmrmd out such investigations
with great exactitude upon about iwenty different ¥0xms,
and have found the most marked variations, so that in one
cage 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
vepiesent a purc 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 toxmty At the same time

these non-pomons” (ungifte) are in go far specific, that

each one only oceurs In that nutrient soil in which the given
miero-organism has vegetated,
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The observalions upon the so-called spontancous attenua-
tion of the foxin furnish & certain explanation of the origin
and significance of such bodies. Tt is well known that a
toxin-broth, in course of time, gradually diminishes in
toxicity. A freshly prepared toxin-broth, having a lethal
dosc for guinea-pigs of 02, may, after some months, require
several such doses to produce the lethal effect.

I have now definitely proved {and ihis has been con-
firmed by Madsen's excellent rescarches) that in the course
of this attennation the nentralisation power does not
necessarily undergo the slightest modification, 4.¢., the Lo
dose of the freshly prepared toxin is exaclly the same as that
of the attenuated,

How is this phenomenen to be cxplained? If a toxin
broth, when freshly made, possesses the same Lo dose (in
relation to 1 L.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 samc in both phases, but that
whilst at first it represented fitty, 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 & * non-
poison ” capable of corbination. 'This quantitative change
points to the combining “ non-poison” being a derivative
of the toxin, (Jonespondmg to tlus genesis I designate

as toxoids such species of combining “ non-poisons.”

But 1t is speeially to be noted that other species of com-
bining *‘ non-poisons ™ also occur in the toxin broth, which
are primary sceretory products of the diphtheria bacillus,
and which, thercfore, I distinguish by the specisl name
of toxones, in order to dislinguish them cleatly from the
toxoids,

The toxones posscss less affinity for the antitoxin than
toxins and toxoids, so that in the course of the partial
neutralisation of a poison, the latter become neulralised
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before the former. Through this circumstance it is easy to
estimate with -approximate accuracy the amount of the
toxone, 88 I have alrcady shown in my carlier researches
upon the standardisation of the dipbtheria toxin. 1 may
mention that the amount of toxone present can be readily
estimated by the difference between the Lo and Li+ doses
—the greater this is the greater the amount of toxone
present. On testing & number of fresh toxing in which the
toxone was still unimpaired, I found that the T+ dose was
double that of the Lo dose. In these cascs the poison con-
tained exactly the same amount of toxone as toxin, so that
the diphtheria bacillus had simuitaneously produced with
each part of toxin an equal amount of toxone.

As regards 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 ndura-
tions at the scat of injection, which are, howover, less
marked than those due to the toxin. On the other hand—
and this would allot to the toxone & most important role—
it appears to produce the slowly developing diphtheritic
paralyses, 85 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 represomts & primary secretory product of the
diphtheria bacillus.

As o result of these various observations the question
suggested itsclf whether the toxoids represent uniform sub-
stances (Kinheitliche Stoffc), or whether they also cousist of
several groups. 1 was able to prove that in old diphtheria
toxin-fluids at least three different species of toxoids oceur
which are differentiated through their affinity to antitoxin,
and which I distinguish as proto-deutero- and trito-toxoid.
Amongst these the proto-toxoid bas the maximum affinity to
antitoxin, and becomes neutralised in the first inslance and
before the other toxoids by antitoxin. T cannot now refer
in detail to the lines T 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-

e Tt
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perimental rescarches of Madsen, which fully confirm my
ob‘scrvations. The guiding principle which led me to the deter-
anation of the actual constitution of the diphtheria poison and
its varying composition of toxin and toxoid is a relatively simple
one, and depends upon the partial ncutralisation of a constant
foxin amount with varying amounts of aniitoxin. With
th_is object in view suppose that one has determined (e.g.,
with one I.U.) the Lo dose of a poison which is represented
by z c.c.,, and which contains, say, 100 toxin doses—this
toxin amount x is mixed with fractions of 1 1.U., say, 1, 2,
g, 4, 1.U.,, and for each of these mixtures the number of
lethal doses that sill remain 1s determined.

In the fivst mixture, prepared with the smallest amount
of antifoxin, only those portions of the poison (toxin and
toxoid) become neutralised which possess the greatest
aﬂit?ity to antitoxin, whilst corresponding to the increasing
additions made of antifoxin, the weaker and the weakest
components cventually become neatralised, and of these the
toxones, possessing as they do the least affinity, combine last
o_f ell.  If we represent such a process of neutralisation in a
simple schematic fashion, and assume that the broth con-
tains only onc kind of poison and ouve kind of {oxoid, in
exactly the same amounnts, the experiment may assume three
Pha,ses, which are dependent on the toxoid becoming neutral-
1sed—(1) simultaneously, or (2) subscquently to the toxin.
The following table, in which the lethal capacity of the
individual mixtures is given, will illustrate this point (—

Mo (= 100 woxin doses).

1. II. 11T,
{LU, .. 100 .. 80 ... 60
2, L0 60 .. 20
5, .. 80 ... 40 .. ®
£, .. 40 .. 20 .. 0
T | DU | RO

It will be evident that, on this simple supposition, a
single estimation carried out om any given mixture gives
one a full nsight inte the constitution of a toxin, If we
find, on mixing with # LU, 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. 1
refrain from discussing the numerous analyses of individual
toxins I have carried out, or thc method of graphically
illustrating the results in the form of the ‘* toxin-spectrum,”
I will only fouch on a few of the results of these prolonged
investigations. It was found that the immunising unit used
as & basis for official testing purposes contalns 200 com-
bining units, the combining unit being represented by
that amount of antitoxin which is exactly sufficient to
neutralize the lethal dose for a 250 grm. guinea-pig, i.e., one
lethal guinea-pig toxin equivalent.

The same eguivalence with respect to the antitoxin can
also be exercised by the non-toxic constituents of the broth,
i.e., the toxoids and toxones. Il onc cver succeeded by
chemical methods in obtaining & diphtheria toxin, free from
toxoids and toxones, its constifution would be such that
(tested with 1 1.T7.) 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 succceded, 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 fo the Lio dose (which per se kills eighty-
four guinea-pigs) 388 =3 1.U., the toxicity of the mixture
was found to be 23. But if one added to the Lio dose
a larger amount of antitoxin, viz., 132 L.U., the mixzture
then posscsscd only a toxicity of 7. The further addition
of g5 LU, (corresponding to fifteen combining units) had
thus lessened the loxicity from 23 to 7, 7., it was
diminished sixteen times, Consequently, through the addi-
tion of fifteen combining units of antitoxin, sixteen lethal
guinea-pig doses had become neutvalised, i.e., cach com-

K
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bining unit had almost exactly neulralised one lethal guinea-
pig dose. Thus the original mixture of the Lio dose 4- £ L.1J.
was g0 constituted, that of the portions remsining um-
neutralised the purc toxin possessed the mazximum affinity
and became neutralised in the first instance,

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

TTTTT
“zones " 1w the toxin wpectrum are very
rare and arc only met with in the case of freshly preparcd
toxing. In conirast to this, one finds in the case of all
toxing another form of combination represented by less
extended * zones” of hemitoxin. One can with cvery toxin
without exception prepare mixturcs with antitoxin, which
are so constituted that the addition of each additional com-
bining unit (33; 1.U.) reduces the toxicity by } (in contra-
distinetion {0 1 in the case of pure toxin). There are
always exactly the same portions of toxin and toxoid
simultaneously ncutralised corresponding to the following
figure, in which I' = toxin and I - toxeid, viz, :—
TITITIT

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

The toxin is defined through two attributes, of which the
one is represcnted by the specific toxieity, the other by the
specific corbining 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, und lhe other
(the haptophore) the cotnbining property.  Lhad at thab time
to leave the question undecided, but as the result of my
further investigations upon toxoids 1 am now 1n & position
to decide this question in the sense of duality.

V

Such pure toxin
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The evidence in favour of the complete separation of the
two funcfions rests especially upon the discovery of the
hemitoxins, which, as mentioned above, arc to be met with
in all toxin broths to a greater or less extent. In the case of
hemitoxin, there are always simultaneously neutralised cqual
parts of toxin and toxoid. Both these bodies must, there-
fore, posscss exactly the same affinity to antitoxin. If we
consider that the hemitoxin is derived frow pure toxin
through the half of the toxin molecule changing into the
toxcid molecule, it follows that in the course of the mcta-
morphosis of toxin into toxoid the affinity to antitoxin does
oot undergo the slightest modification but remains exactly
the same. This is only comprehensible on the supposition
of the existence of two different groups which arc 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 eell, 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 sitple functions might well cor-
respond to & simple struciure.

This point of view would explain the ready disintegration
of the toxophore group and ihe relative stability of the
haptophore group. We thus see that the supposition of
two different groupings cxplains, in the easicst manner, the
phenomena obscrved in the attenuation of the diphtherix
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 toxing, may be explained in an unconstrained
fashion. The singular faci has been noted by Courmont
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that frogs, treated with large doses of {etanus toxin, will
remain for an indefinite period without toxic symptoms, if
they are kept in a cool atmosphere. If, however, the 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 eonditions,
had already fixed the tebanus poison in their central nervous
systen. If he gave to the frogs a sufficient quantity of
tetanus poison and injected, aftcr they had remained some
time in a cool place, an amnount of tetanus serum more than
sufficicnt to neutralise the entirc foxin dose, supposing the
toxin to be still harbourcd in the blood, there yot occurred,
degpite the sermm treatment, a typical and quickly fatal
tetanus so soon as the animals were placed in the incubater.

This was, of course, only done after some days in order to
allow sufficient time for the absorplion of the serum. Inthe
case of the cold frogs a portion of the tefanus poison must
have left the blood and passed into the tissues, as only under
this supposition can the absence of the serum action be
anderstood. '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 affceted by tctanus foxin, and first succumb io
its action when they wake out of the same. We must,
therefore, supposc that the hapéophore 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. Sueh a thermic
limitation to the activity of the toxophore group may at first
appear remarkable. DBnt numecrous analogies are to .be
found amongst a class of bodies closely related to the toxing
—4the ferments,  For example, any given quantity of rennet
ferment when kept at zero produces no cagein precipitation,
but this immediately occurs when the milk in question is
placed at & higher temperature. Apparently we have here
a complete analogy to tho frog experiments.

A second important question can be readily explained eon
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 venomy}.
When on the injection of a single fatal dose of tetanus toxin
the first sympioms appear twenty-four, forty-eight, or fifty-
two hours, the question arises whether we are here dealing
with a function of the toxophore or hapilophore gronp. This
point has been decided for diphitheria and tefanus toxin by
Prof. Dinitz by the intravenous injection of a given guantity
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 $ime 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 $o prevent death,
A portion of the toxin must therefore have loft the vaseular
system and a dose sufficient to produce death been fixed by
the central nervous system. Tt follows that ihe union
between poison and tissue, which is a function of the hap-
tophore group, oceurs 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, theve are substances which show g much
longer latent period, e.g., the toxones which produce the
diphtheritic paralyscs In test animals after two or three
weeks.

The dnal groups found in the easce of the toxing ceour
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 in witro.

As already stated, the haptophore group of the toxin is
relatively stable, the toxophore or fermeni-like group is
unstable, and readily undergoes disintegration.  With these
facts before us the formation of hemitoxin can be readily ex-
plained. Taking the above material and collective observations
28 @ basis, we may reconstruct the origin and fate of the
hemifoxing in the following wanner :—The Process usually
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oceurs in two phases, the hemitoxin is denved from pure
toxin, and the toxoid from hemiloxin, e.g. :—
TreTTY
TITITI
ITITII

The toxin is thns not a uniform entity, but containg two
maodifications which ate present nir exaetly the same amount.
The one modification readily disintegraies and forms hemi-
toxin, the other modification on disinbegration forms pure
tosoid, We may confidently state that the difference be-
tween the two modifications does not depend upon the
haptophore group, as these possess the sane combining power
in toxoids as in toxin. The destruclion of the toxin aetion
points more emphatically to the toxophore group, and we
musb assume that the toxin contains two different toxophore
groups, and thal these two varieties arc always simuitane-
ously produced. The recent investigations of T8, Fischer
help towards an understanding of this phenomenon.  These
investigations show that as regards the cnzymes and their
objecls of attack a similarity in molecnlor configuration must
exist if & reaclion 1s to ocenr. Piseher has rendered it most
probable that the {ferinent group, analogous in many respocts
te the toxophore group, possess an asymmetrical constilu-
tion. If this is so @ priori two possibilitics exist—either the
diphtheria baeilli produce one single group, or they produce
siilbancounsly two.  When one cell siinultancously produces
two asymmetrical comnponents, b lrequently ocears that the
two co.;npnncnts are formed in exoctly the same amount,
e.q., inactive oxalic acid.  On such a supposition the forma-
tion of hemitoxin 18 cupable of an unconsirained explanation.
In many instances with the aid of micro-organisins an optic-
ally active half of a racemic compound has heen split off,
and one and the saue organism way at one bime attack the
levo- and al ancther the dextro-rotatory modification of the
compound.

T2, Fischer has noted similar differences in the action of
ferinents.

The above considerations nnght 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 thewitoxin). It is difficult to
decide what special influences control this change. Tt may
be dune to the presence of slowly-acting enzymes, which
gradually develop their activity under certain conditions that
arise in the conserved broth.



