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PREFACE

THE Investigations recorded in this volume, begun
nearly fifteen years ago, were inaugurated in consequence
of certain fundamental ideas or theories held by the writer,
and these have directed and dominated all our labors along
this line. The purpose of this work has been to solve
scientific problems, rather than to discover practical
applications. The latter, so far as they have in any way
influenced our studies or even received our attention, have
been only incidental. Quite naturally our theories have
been more or less modified, and have developed as the work
has progressed, but the essentials and fundamentals have
gmt been mucml}y dwcd Fm,l'ﬁtmew dme these
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trons in ceaseless motion, and groups of atoms being con-
stantly cast out of the molecule and replaced by new groups
split off from outside matter. As soon as a molecule becomes
the seat of assimilation and excretion, it is no longer dead;
it lives. As a result of assimilation it acquires the property
of building up its own structure; then polymerization
follows and reproduction in its simplest form begins. The
one phenomenon always manifested by living matter, and
never exhibited by non-living matter, is metabolism.

When matter becomes endowed with life it does not
cease to be matter; it does not lose its inherent properties;
it is not released from the laws that govern its structure,
its attractions, and its motions. In studying living things
it should be borne in mind that they are material in com-
position and subject to the fundamental laws that govern
matter, and possessed of those properties essential to
matter. 3 Sk




 PREFACE v

Why 1is there this constant change of atomic groups
between the living molecule and outside matter? It is
for the purpose of supplying the living molecule with
energy. It is probable that in the absorption of energy
by the living molecule, oxygen is released from its combina-
tion with carbon or hydrogen, and is attached to nitrogen,
while in the liberation of energy the reverse takes place.
Nitrogen seems to be the master element within the living
molecule. It is by virtue of its chemism that groups are
torn from non-living matter, taken into the living molecule,
and assimilated by atomic rearrangement; and furthermore,
it is on account of the lability of the compound thus formed
that potential energy is converted into kinetic and work
is accomplished. A nitrogen side-chain serves as a receptor
and transmitter of oxygen, and thus the traffic in energy
within the living molecule goes on rhythmically. It is not
to be supposed that the nitrogen side-chain, which serves
as the receptor and transmitter of oxygen, consists of so
simple a body as nitrogen or nitrogen oxide, but it is probably
‘a highly complex nitrogenous body in which the location
of the nitrogen is central, as suggested by Allen. Nor is it
- -A,pto’ol,ble tbat. anl;y wnfgzm !&broken o& fmm the pe.bulum,,
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metabolism. Nitrogen absorbed with the oxygen is, in
part at least, utilized in replacing the waste in this element,
and the carbon brought into the molecule at the same
time is in part detached by the free valences in the carbo-
‘hydrate groups, and used to repair loss in this part of the
molecular structure. In the living molecule it is probable
that nitrogenous metabolism proceeds much more slowly
than the carbon and hydrogen metabolism, but both move
rhythmically, and the tempo depends upon the swing of
the atomic groups that constitute the molecule, and this
rate can be changed, hastened or retarded, by alterations,
either physical or chemical, in the medium in which life
resides. When the molecule is in active life its food is
prepared for it by ferments, and it is quite certain that
these ferments have their origin in the nitrogenous metab-
olism of the living molecule.

The keystone or archon of the protein mulecule is our
pmson It is common to all protein molecules. Q is the
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groups. The former is physiologically the same in all
proteins. There probably are chemical differences in the
primary groups of varied proteins, and it is possible that
fine physiological differences may be detected by more
careful study, but the primary group is the ring about
which all proteins are built, or at least, it contains this
ring; and just as innumerable compounds may be built
with the benzol ring as a nucleus, so all proteins are con-
structed about a common centre. The secondary groups
are not identical in any two kinds of proteins. There may
be one or more common to the two, but in some respects
there are differences.

The cell is not the unit of life; life is molecular. The cell
is not only made up of protein molecules, but its form and
function are determined by the chemical structure of its
constituent molecules. The lines along which the spore,
seed, or ovum develops are determined by the chemical
structure of its proteins. Growth in other directions is
impossible, and this accounts for stability in reproduction.
However, gradual changes in the chemical structure of
living proteins occur, and in these lies the basis of organic
evolution.

The basic points of our theory, as stated above, will be
in evidence throughout this volume. The experimental
work devoted to the development of this theory could not
have been done without the aid of able assistants who
have devoted much time to it, and all without adequate
reward. Besides those associated with me in the prepa-
ration of this volume, special mention is due Drs. Sybil
May Wheeler and Mary Leach. The former gave eight
years and the latter two years of most devoted and skilful
service to the elaboration of the problems discussed here.
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PROTEIN POISONS

CHAPTER I
INTRODUCTION

MaNY years ago the senior contributor to this volume
began a research on the chemistry of bacterial cellular
substance. This work has grown and the progress made
has been reported from time to time in current scientific
and medical literature. Able assistants have rendered
valuable service, and as the research has developed it has
been correlated with that done along similar lines in other
laboratories. We feel that the time has come when the
more important facts ascertained along this and related

- lines, by all investigators, sbould be ehssﬁad and proper
: deducm drawn from them. W inclined
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drates. but neither of t! Yese glves the reactions characteristic
of cellulose. ‘One'of these is certainly a constituent of the
nueleis geid group, hav;ng the same relation, or at least a
similar relation, ‘to-the other members of this group as
exists in the nucleins and nucleoproteins found in the
vegetable and animal world. Our studies together with
those of other investigators render it quite certain that
bacterial cellular substance yields the nuclein bases on
hydrolysis. The position of the second carbohydrate in
the molecular structure has not been determined with
certainty. It is thought possible that it is simply stored
in the cell as a reserve food supply; but that this is not
true is indicated by the fact that it cannot be removed by
simple solvents, and that its separation is secured only
after disruption of the molecular structure. We are inclined
to the opinion, subject to change as the result of more
exact knowledge, that the second carbohydrate group found
in at least some bacteria is an essential constituent of the
| ._ ein structure. Our work on the amino-acids, both
0N0o- ﬁsd (li—MMcs :t certain that the greater part
) 1¢ y / 'h‘ve
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demonstration that bacteria are not only proteins, but
relatively complex proteins, is a matter of marked impor-
tance. It shows that in many of their life processes they
must bear a close resemblance to the cells of the higher
animals; that they require the same kind of food, which
they select, assimilate, and excrete in much the same way;
that the conditions of life are much the same; what is favor-
able to one bearing a like relation to the other, and what
proves injurious to one having a like effect upon the other.

2. All true proteins contain a poisonous group. At first
we found that the cellular substance of certain pathogenic
bacteria could be split up with the liberation of a poisonous
substance, then we tested non-pathogenic bacteria, then
animal and vegetable proteins, and all with the same result.
Not only do all these contain a poison, but so far as its
gross effects on the higher animals have been studied, the
same poison. We have held that when we know more
about these poisonous bodies obtained from all proteins,
it will be found that chemically they are not identical, but
physiologically they are so closely similar that up to the
present time we have not been able to distinguish one
from the other by the symptoms induced. The poison
obtained from the typhoid bacillus, that from egg-white,
and that from edestin of hemp-seed kill animals in the same
doses, with the same symptoms and with the same lesions.
This is striking evidence of the similarity in the structure
of the protein molecule, whether it be of bacterial, animal,
or vegetable origin. One cannot resist the temptation to
formulate a theory to fit these facts. Indeed, the theory
unfolds itself and may be briefly expressed as follows: All
proteins are constructed on the same model and contain a
chemical nucleus, archon, or key-stone. This is the poison-
ous group and is practically the same in all proteins. . One
protein differs from all others in its secondary and possibly
its tertiary groups. In these lies the specificity of proteins.
Living proteins function through their secondary and
tertiary groups. When the primary group is detached
from its own subsidiary and specific groups it manifests
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Its poisonous action through the avidity which it has for
the secondary groups of other proteins. These are thus
detached from their normal positions and consequently
the living protein is deprived of its capability of functioning
normally. This is only a theory, but it is one which naturally
suggests itself.

3. The chemical nucleus does not become a poison until
stripped in part at least of its secondary groups, and the
intensity of its porsonous action is determined by the thorough-
ness with which the secondary groups have been removed.
The protein molecule may be regarded as a highly complex
neutral salt, made up of many basic and acid groups.
One of these components, it may be either a basic or an
acid group (or it may have within itself both a basic and
an acid group), is the chemical nucleus of the molecule. In
its natural condition its chemism is satisfied by nicely
adjusted combination. When this combination is disrupted,
which may be accomplished either by chemical agents or
by enzymes, the chemical nucleus is set free, more or less
ﬂmplct,e.}v and to zl)e ext&mt that it is released fm com-
~ bination, it becc e preser
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at about the stage of the formation of peptone, and it has
long been known that peptones are quite highly poisonous
when administered parenterally. This also is a crude
method of obtaining the poison, and with all the work that
has been done along this line, we do not know whether the
peptone is itself poisonous or whether its poisonous action
is due to admixture with some other digestive product.
We do know thgt as alimentary digestion proceeds the
protein poison itself is destroyed. Indeed, we had no
conception of the small amount of protein necessary to
furnish a lethal dose of the poison, until we submitted
proteins to the blood sera and organ extracts of sensitized
animals. Then we found that 1 mg. of protein may supply
enough poison to kill a guinea-pig when injected intra-
venously. But to produce the poison in this way necessi-
tates a delicate adjustment between substrate and ferment
which is imperfectly understood, and consequently inade-
quately controlled, and we can know that we have produced
the poison in any given experiment only by its effect on
an animal. Thus it happens that after years of study we
are still quite ignorant of the true nature and chemical
composition and structure of the protein poison.

5. The pathogenicity of a bactertum is not determined by
its capability of forming a poison. Non-pathogenic bacteria
yield just as much of the protein poison as the most highly
pathogenic, and the proteins of our food contain the same
poison that is found in pathogenic bacteria.

6. The pathogenicity of a bacterium s dependent upon its
ability to grow and multiply in the animal body. Any micro-
organism which can grow and multiply in an animal body
is pathogenic to that animal. Growing and multiplying
in the animal body means that the invader converts the
proteins of the animal into its own proteins, transforms
native into foreign proteins, and the accumulation of foreign
proteins can result only from the destruction of the native.
There are two conditions which determine whether or not a
foreign protein can grow and multiply in the animal body:
One is the capability of the invader of digesting and utilizing

-
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the proteins of the body. All living cells grow by means
of their own digestive ferments, and these must act upon
the pabulum within their reach. If the ferment of the
bacterial cell cannot digest and prepare food for the bac-
terium from the body proteins, then the invading bacterial
cell dies. The second factor in determining whether a
given bacterial cell will grow in the animal body is the
effect of the ferments of the body cells on the invader. If
these are rapidly and thoroughly destructive there is no
bacterial development, and the organism is innocuous.
The prodigiosus is not pathogenic, but the cellular sub-
stance of this bacillus obtained by growth on artificial culture
media is highly poisonous to animals. This is true, with
modification as to degree, of the cellular substance of all
non-pathogenic bacteria. It is not the lack of poison in
the substance when placed under conditions favorable to
its growth, but it is its inability to grow under unfavorable
conditions. The smallpox virus is pathogenic to the unvac-
cinated but non-pathogenic to the vaccinated, because by
vaccination there has been developed in the body a ferment
~ which destmys the smallpox virus before it can develop
7. A'ny foretgn M'pﬂa&mm and multiply in the
of a given « / prove pathogenic to that animal.
"':' ‘ ’ 1

Lk :
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tion there is no effective resistance on the part of the body
cells to the growth and multiplication of the foreign pro-
tein. During this time the man is not sick, and we conclude
therefore that it is not the growth of the foreign protein
which per se gives rise to the symptoms of typhoid fever.
However, during this time the body cells are being pre-
pared for their combat with the foreign protein. This
preparation consists in the development in certain of the
body cells of a new function, that of elaborating a new and
specific ferment which will digest and destroy the foreign
protein. When this new ferment begins its action the
first symptoms of the disease appear. The active stage of
the disease, with its symptoms and the lesions induced,
marks the period over which the parenteral digestion of
the foreign protein extends. Death may come from the
too rapid breaking up of the foreign protein and the conse-
quent liberation of a fatal dose of the protein poison, which
1s always formed on the disruption of the protein molecule,
or it may result from some lesion induced by the procucts
of this disruption, such as perforation and hemorrhage, or
it may follow from chronic intoxication and consequent
exhaustion. In case of recovery the individual is for a
time at least immune to the typhoid bacillus because his
body cells are now able to elaborate and make immediately
effective the specific ferment wInch destroys the typhoid
Dmtem.. sithity b

. & mfed‘wm dwmm res ﬁm
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tion is due to living proteins, we have recently learned
that experimental fever can be induced by repeated injec-
tions of foreign proteins and by changes in size of dose and
in intervals. between doses, fever of any desired type can
be induced.

9. Natural tmmunity to any infection 1s due to inability
of the infecting agent to grow in the animal body. 'This, of
course, does not include toxin immunity, which is due to
the presence in the body of an antitoxin or of something
which destroys or neutralizes the toxin. The inability of
an infection to multiply in the animal body has been
explained under 6.

10. The immunity which s due to recovery from an infec-
tion is the result of the development in the body during the
course of the infection of a specific ferment which tmme-
diately destroys the infection on renewed exposure. As has
been stated, the cells of the body acquire the function
of developing the specific . ferment, and this function is
awakened and made immediately effective on subsequent
exposure. This new function developed in the body cells
by disease may continue throughout life, or it may ‘be lost
- a ‘qpori_-yhu])' - in different diseases. The

unity induced by YFDGW Ievmu believed
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passage through the cow. The anthrax bacillus is con-
verted into a vaccine by growth at high temperature.
The typhoid bacillus is killed by heat. In all these instances
the protein is so little changed in being converted from an
active, infecting agent into a vaccine that it still sensitizes
the animal to itself in the unmodified state. It seems
reasonable to conclude that the protein retains its capa-
bility of sensitizing so long as there is no radical alteration
in its chemical structure. The results secured by vaccina-
tion with killed typhoid bacilli prove that in this instance
at least a vaccine is not necessarily a living organism. The
possibility of obtaining vaceines from the split products of
pathogenic proteins has led to some of the investigations
detailed in this volume, and while we do not eclaim success
in this particular, we think that continued efforts in this
direction are justified.

12. Protein sensitization and bacterial immunity, appar-
ently antipodal, are in reality identical. This statement first
made by us in 1907 has since met with wide acceptance,
and will be discussed in detail in later chapters.

13. Protein sensitization consists in  developing in the
animal body a specific proteolytic ferment which digests the
same protein on reinjection. Protein sensitizers may be
living or dead, particulate or in solution. Soluble proteins
sensitize more readily and more fully than those not in
solution. The development of the specific proteolytic
ferment in sensitization is due to the action of the foreign
protein upon the body cells. There is developed in certain
body cells a new function, that of elaborating this new
ferment. In order for a given body cell to be thus influenced
by a foreign protein, the latter must come in contact with
the former. Cell permeation by the foreign protein .is
probably essential to the perfect elaboration of this process.

14. When a foreign protein is introduced into the blood of
an animal it soon leaves the circulating fluid and s distributed
throughout the tissues. The truth of this has been demon-
strated by the researches of independent investigators, and
will be detailed later. This is true of both particulate and
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soluble proteins, but the distribution is more prompt and
effective with soluble than with particulate proteins. This
explains why the former are more efficient sensitizers than
the latter. It will be understood that a protein relatively
insoluble in vitro may become more readily soluble in vivo.

15. Vaccines are protein sensitizers. One of the most
important problems in scientific medicine now awaiting
solution is that of the preparation and employment of
vaccines. The term vaccine—from vacca, a cow—was
first used when Jenner employed the infection of cowpox
to induce immunity to smallpox. Since that time the use
of the word “vaccine” has been extended to include every
form of preventive inoculation. Through the rescarches
of Wright vaccine therapy has been developed, and now
vaccines are employed not only in the prevention but in
the treatment of disease. Under 11 we have spoken of
the employment of vaccines in inducing immunity, and
now we wish to speak briefly of vaccine therapy. As we
understand it, these two uses of vaceines depend upon the
same principle. The action of the vaccine is the same in
both instances. The protein of the organism responsible
_. fwthe d.lmedpomﬁ.tiouandth‘tofthe vaccine must be
~ identica e ed bodie Mmu’tbeprotedn
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continued. In our own attempts in this direction we have
met with enough encouragement to lead us to be hopeful
of ultimate success, while admitting present failure. In
our opinion, it is not only unwise, but unjustifiable to treat
advanced cases of tuberculosis with tuberculin or other
tuberculo-sensitizer. So long as the disease is strictly localized
and the body in general is not sensitized, such treatment
can find reasonable justification. Our theory is that in
strictly localized infections the proper use of a specific
sensitizer may cause the more general and abundant forma-
tion of a specific proteolytic ferment which may aid in the
destruction of the infecting organism. In our opinion
sensitization consists in the development of a new function
in the body cells. In strictly local infections this new
function has been developed only in the infected area, and
to establish a like function in more distant cells may be
beneficial. The present tendency on the part of the pro-
fession to employ all kinds of bacterial proteins as vaccines
is, in our opinion, not only unscientific, but wholly without
justification. It should be clearly understood that with
every protein injected into the body a most potent poison
is introduced, and caution in the use of vaccines is not
out of place.

16. Toxin immunity and bacterial tmmunity are radically
different. This is a point upon which we shall frequently
touch, and we hold that attempts to describe one of these
forms of immunity in terms of the other have not only
been unwarranted by the facts, but have led to unnecessary
confusion.

17. The protein poison s not a toxin. It elaborates no
antibody, and while its repeated use in non-fatal doses may
establish a certain tolerance, it gives no immunity com-
parable in either nature or degree with that obtained by
like employment of toxins.

18. The protein poison is not specific.

19. The tolerance which may be secured by the protein
poison is not specific.



28 PROTEIN POISONS

20. The sensitization developed by a protein 1is specific,
but is not due to the poisonous group in the protein. As we
have stated, the specificity of a protein is not due to its
poisonous group, which is much the same in all proteins,
but to its secondary groups, for it is in these that one protein
differs from all others.

21. Different proteins find in the body certain predilection
places in which they are most prone to accumulate. The
pneumococcus accumulates in the lungs, the smallpox
virus in the skin, the typhoid bacillus in the spleen, and
mesenteric glands; the tubercle bacillus finds its most
frequent location in the lungs, but it has been a parasite
so long that it may grow on any human tissue.

22. The symptoms of a given disease are largely determined
by the location of the foreign protein. 'The most skilful
physician may not be able to tell what organism is respon-
sible for a meningitis. The symptoms of acute miliary
tuberculosis and those of typhoid fever are much alike.
It is the location of the infection rather than the exact
nature of the mfm a@tnt v/h‘leh gives rise to the more




CHAPTER II

THE GROWTH OF MASSIVE CULTURES OF
‘ BACTERIA

Havine decided to study the chemistry of the bacterial
cell, it soon became evident that we must devise some way
of obtaining this substance in large quantity and fairly free
from admixture with foreign material. Bacteria had been
grown only in test-tubes, Petri dishes, and Roux flasks,
and none of these methods of growth gave the amount of
material necessary to promise any satisfactory investiga-
tion. As a medium, agar suits the purpose admirably,
because the bacterial growth can be detached and washed
from the surface of this medium quite free from admixture,
but it remained to devise some means of obtaining a large

tﬂﬂi the wa ﬂasks, a;nd by moculatmg

surface s0 protccted as to be guarded against contamina-
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F1a. 1

Tank with raised lids.

Fig. 2

Tank with lids lowered.
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remove with anything like completeness the bacterial
growth from one hundred Roux flasks were greater than
we could afford to exert more than a few times; therefore,
attempts to secure the desired quantity of bacterial cellular
substance by this method were abandoned. We then tried

F1a. 3

The incubating room, lids lowered.

growing the colon bacillus in ordinary moist chambers, used
as Petri dishes, but with the greatest care many of these
cultures became contaminated. Finally, we devised the
large copper double tanks which have proved wholly satis-
factory and have supplied abundant growths, easily obtain-
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able and free from contamination. This tank, photographs
of which are here given, was first put into operation in 1900,
and was described in the following year! (Figs. 1, 2, 3, 4).
A copper tank ten feet long, two feet wide, and four

Fic. 4

The incubating room, lids raised.

inches deep, with a trough around the edge one inch deep,
has a cover which, when lowered into place, rests in the
trough. This tank is supported by an iron frame of gas
piping, the legs of which rest on rollers, so that the whole

Trans. Assoc. Amer. Phys., 1901, xvi, 217. ;
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may be easily moved about the room. An inner tank, two
inches shorter and two inches narrower, also provided with
a trough that runs around the edge, sits in the large one,
and is supported two inches from the bottom of the larger
one by iron cross-bars. The bottom of the outer tank and
the seal trough on its edges are filled with water. The seal
trough of the inner tank is filled with glycerin. Both lids
are raised and lowered by wire ropes passed through pulleys
fixed in the ceiling. The iron frame supporting the tanks
may be of any desired height. In our incubating room we
have a nest of six tanks, three of which are on frames four
feet high and three on frames two feet high. This economizes
space, as the lower ones can be rolled under the higher ones.
Both lids are supplied with vent tubes which are plugged
with cotton in sterilization. Twenty liters of 3 per cent.
agar is placed in the inner tank; both lids are lowered into
their respective troughs, and with large gas burners at full
blast underneath the apparatus is a sterilizer. After three
sterilizations on successive days the medium is inoculated
by pouring a liquid culture through the vent tubes in the
lid of the inner tank. Then with upper lid lowered into
the water trough and gentle heat, which may be controlled
by a thermoregulator, it becomes an incubator. With a
number of tanks in a small room it is better to heat the room
to the desired temperature, thus regulating the heat, than
it is to heat each tank separately.

When the growth has reached its maximum, the time
necessary for this varying with the organism grown and the
temperature maintained, both lids are raised, the growth
is detached from the subjacent agar with sterilized bent
glass rods, sterile salt solution added if necessary, and the
bacterial mass is drawn by means of a water pump into a
sterilized receiver.

The tanks are inoculated from special glass bulbs in which
the organism has been grown for some days. With the
colon bacillus we have usually employed Uschinsky’s
solution, or some modification of it, in the inoculating bulbs,
in order that there may be no trace of foreign protein in

3 7
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the bacterial growth. While it was highly desirable that
this should be done at least once in order to demonstrate
that the protein reaction given by the bacterial substance
was not due to some constituent of the culture medium,
ordinarily beef-tea cultures may be employed. As will be
seen later, we did grow the colon bacillus once in liquid
Uschinsky medium for the purpose of fully satisfying
ourselves that the protein material obtained did not come
from the culture medium.

After removal from the tanks the bacterial cellular sub-
stance may be washed with various fluids. As a rule, we
have washed once or twice with sterile salt solution by
decantation and then repeatedly with alcohol, beginning
with 50 per cent. and increasing to 95 per cent. The sub-
stance is then placed in large soxhlets and extracted first
for one or two days with absolute alcohol, and then for
three or four days with ether. "These extractions with
alcohol and ether should be thorough in order to remove
all traces of fats and waxes.

After extraction, the cellular substance is ground, first
in porcelain, then in agate mortars, and passed through
~the ﬁnest meshed sieves. lf there be bits of agar in the

e 1) nsoldomﬁncase,nm
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operation, and with a crop every three weeks, one may
obtain several kilograms within a few months.

Three successive crops of the colon bacillus have been
grown on the same agar, resterilizing and reinoculating
after each harvest, but the third crop is not abundant. It
has been found to be well to follow the example of the
scientific agriculturalist and rotate the crops. Colon
grows well after typhoid, but typhoid does not grow well
after colon. Iive crops have been obtained in the following
order: (1) pneumococcus, (2) typhoid, and (3) three suc-
cessive colon growths, or better, non-pathogenic bacteria
following one colon growth.

Many non-pathogenic organisms, the colon, typhoid,
pneumococcus, and diphtheria organisms, have been grown
on the tanks, and so simple is this method of obtaining
bacterial cellular substance in large amount that any intel-
ligent person, after some experience, may repeatedly go
through the whole manipulation, producing growth after
growth, without contamination. In the laboratory it is
best to have one man make a specialty of producing these
growths.

The anthrax and tuberculosis cellular substances with
which we have worked have not been produced in the
tanks. The former has been grown in Roux flasks and the"
latter in glycerin beef-tea cultures. After these growths
have been obtained, their further preparation has been the
same as that already outlined.

Prepared, as described, the bacterial cellular substances
form fine, white, or yellowish-white powders. This is true
even of the chromogenic bacteria, such as b. violaceus and
b. prodigiosus, the pigment being removed from the cells
by its solubility in alcohol. One of our former students,
Detweiler,! studied some of these pigments, but these do
not concern us at present, because they constitute no part
of the cellular protein. The same is true of the other bodies
soluble in alcohol and ether. The extracts made with these

t Trans. Assoc. Amer. Phys., 1902, xvii, 246.
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solvents contain fats, waxes, pigments, and possibly other
substances, but in this review we are interested solely in
the cellular proteins. ,

Microscopic examination of the powdered bacterial
substances show the bacilli, mostly intact, though many
are more or less broken by the attrition to which they have
been subjected. The cells still take the ordinary stains,
but the tubercle bacillus and others of this group are no

longer acid-fast, showing that the property of retaining
the stain when washed with mineral acid is due to some
constituent removed by the alcohol and ether.




CHAPTER III

PRELIMINARY EXPERIMENTS WITH BACTERIAL
CELLULAR SUBSTANCE

BaciLLus coli communis was selected in the carlier
experiments for the following reasons: (1) It is easily
obtained at any time from the normal feces of man. (2) It
is quite stable in artificial cultures, varying but little, if
transplanted from day to day, in its effects upon experi-
mental animals. (3) It elaborates no extracellular poison, at
least under ordinary conditions and in beef-tea cultures.

Our early findings were reported in 1901,' and these,
confirmed and enlarged by subsequent work w1ll be briefly
reported as follows:

1. The pmson is contained within the bacterial cell
from which it does not, at least under qrd-xmry omuhtmns
&iﬂ‘use xit; the culture medmm‘ AWy
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that these animals died from infection, and the object in
inoculating them was to show that the culture contained
living, virulent bacteria, while its filtrate was without
effect on animals. IHowever, it might be claimed that the
poison, although in solution in the beef-tea, will not pass
through porcelain. This suggestion is reasonable, and
calls for further experimentation; consequently an unweighed
portion of the dead cellular substance of the colon bacillus
was suspended in water, heated in the autoclave at 154°
under 2 kilos of pressure, and filtered through porcelain.
Four cubic centimeters of this clear, sterile filtrate injected
intra-abdominally into a guinea-pig caused death within
thirty-six hours, and section showed the same lesions that
are found after death from either the living bacillus or the
dead cellular substance. This demonstrates that when
the bacterial cells have been disrupted by superheated
steam, their poisonous constituent becomes to some extent
soluble in water, and may be passed through porcelain.
Furthermore, experiment showed that colon cultures when
boiled in open dishes and filtered through porcelain supplied
inert filtrates. This indicates that the disrupting effect
of a high temperature is necessary to the extraction of the
poison from the cell. ReAchiet v s
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in vacuo, taken up in a small volume of water, and injected
into animals without effect. That the extraction of the
cellular substance of the colon bacillus with alcohol and
ether has no destructive action on the intracellular poison
is shown by the fact that this material after extraction with
these agents does not lose any of its toxicity. Furthermore,
it may be stated that prolonged boiling of the cellular sub-
stance of the colon bacillus with alcohol or ether, or with
the two successively, neither sets free nor destroys the
intracellular poison. These agents dissolve the fats, waxes,
and coloring matter from bacterial cells, but do not remove
or destroy the intracellular poison. As will be seen later,
this is also true of the intracellular poison of those bacteria
that produce a soluble toxin in their cultures. Moreover,
it will later appear that the poisonous group not only in
bacterial but in vegetable and animal proteins is soluble
in absolute alcohol after it has been well detached from
the other groups in the protein molecule, but it is not
removed from its place in the complex molecule by either
alcohol or ether. Indeed, the poisonous group in the protein
molecule is not removed from its attachment to other
groups by any purely physical solvents, and the molecule
must be disrupted by high temperature, chemical agents,
or enzymes before its poisonous constituent can be extracted
by physical solvents.

3. The cellular substance of the colon bacillus may be
heated with water without destruction of its poisonous group.

Two hundred milligrams of the cellular substance of the
colon bacillus was suspended in 10 c.c. of water in a tube,
which was then sealed and heated at 184° for thirty minutes.
On opening the tube, the milky content was found on
microscopic examination to contain granular debris with a
few unbroken cells. Portions of this heated substance
injected into guinea-pigs caused death, and autopsy revealed
the same lesions that are seen after death from either the
living bacillus or the unbroken cellular substance.

Another portion of the content of this heated tube was
placed in a centrifuge and separated into a deposit and a
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supernatant fluid, the latter being somewhat opalescent.
Guinea-pigs were treated with both portions, and all died.
This demonstrates that superheated steam disrupts the
bacterial cells, but does not destroy the intracellular poison.
Heating the cellular substance of the colon bacillus in
physiological salt solution to 140° in the autoclave does
not destroy or even weaken the poison. The cell substance
used in this experiment had been prepared six years pre-
viously. One gram was thoroughly mixed with 100 c.c. of
salt solution. Two cubic centimeters of this mixture, con-
taining 20 mg. of the cell substance, killed guinea-pigs of
300 grams’ weight when injected intra-abdominally, and
0.5 c.c. or 5 mg. made the animals very sick. The emulsion
was then heated in the autoclave to 140° and held at this
temperature for ten minutes. One cubic centimeter of
this heated emulsion, containing 10 mg. of the cell sub-
stance, killed guinea-pigs of 300 grams’ weight, and 0.1 c.c.
or 1 mg. made the animals sick. Animals treated with the
heated emulsion died more promptly and from smaller
doses than those treated with the unheated preparation.
Evidently the heating prepared the cell substance so that
it was more pmmptb' split up by the ferments of the body
When heate& ta ‘this temperature a part of the poison
Th'm was shown by ﬁ&enng the
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mation as caused by bacterial cells. When such cells are
disrupted wholly by the body cells, and in a restricted
locality, there is marked destruction of the local body
cells, and this is the condition which we designate as “local
inflammation.”” On the other hand, when the bacterial
cells are disrupted and the cellular poison made soluble
before being introduced into the body of the animal, there
is no local reaction, or no special local reaction, and conse-
quently no recognizable inflammatory conditions.

While heating suspensions of the cellular substance in
water and salt solution does not lessen its toxicity, the
poison passes into solution only partially. The heated
suspension is more than twice as poisonous as the filtrate
from the same. Some of the poison actually goes into
solution and the filtrate from hardened paper may be
perfectly clear, provided the first portion be returned to
the filter, but the greater part of the poison is removed by
filtration through paper. It is worthy of note that heated
suspensions of the colon cellular substance, filtered or
unfiltered, easily become contaminated, and apparently
furnish acceptable culture media.

4. Dilute (0.5 per cent.) solutions of the caustic alkalies
disrupt the cellular substance of the colon bacillus slowly
and imperfectly.

This is shown by the following: 100 mg. of the cellular
substance was boiled for five minutes in an open dish with a
0.5 per cent. solution of sodium hydroxide. The fluid
was centrifuged and the deposit found to be still poisonous,
while the supernatant fluid was without effect. However,
stronger solutions (2 per cent.) of alkali completely disrupt
the bacterial cell and dissolve the poison after prolonged
heating. As will appear later, the method finally ‘selected
for splitting off the poisonous group consists in heating
the cellular substance with a 2 per cent. solution of sodium
hydroxide in absolute alcohol.

5. Boiling with a 0.2 per cent. dilution of hydrochloric
acid has but little effect upon the bacterial cell or its
contained poison.
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One hundred milligrams of the cellular substance was
boiled in an open test-tube with 10 c.c. of a 0.2 per cent.
dilution of hydrochloric acid. This induced no visible
alteration in the bacterial cells, as seen under the micro-
scope, and the injection of this material into animals caused
death in the usual time and with the usual findings.

6. Heating the cellular substance for an hour in an
open dish on the water-bath (about 80°), with from 1 to 5
per cent. solutions of hydrochloric acid, breaks up the cells
but does not wholly destroy the toxicity of the cell content;
however, prolonged boiling with 1 per cent. or stronger
dilutions of hydrochloric acid does destroy the poison.

Five hundred milligrams of the colon cellular substance
was heated on the water-bath for one hour with 500 c.c.
of a 5 per cent. solution of hydrochloric acid and then
decanted through a hard filter. The filtrate was clear
and colorless and gave no appreciable precipitate when
dropped into absolute alcohol, but that the acid had dis-
solved some part of the cellular substance was shown by
the response of the filtrate to the biuret test.

The m:uimm)wsd ‘material was suspended in a dilute
' n bicarbonate, mﬁicwtwumdtﬁetbe
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given subcutaneously no longer killed but 2 mg. did. Of
the part that was dissolved in the acid pepsin solution,
doses up to 100 mg. had no effect. A like result was obtained
with the cellular substance of the typhoid bacillus. The
amount of cellular substance left undigested after three
days’ exposure to the acid-pepsin was about 10 per cent. of
that originally taken. The conclusion is that the gastric
juice slowly digests the bacterial cellular proteins, and in
so doing destroys the poison.

With trypsin the effect is somewhat different. The
cellular protein goes into solution more rapidly, and at
least a part of the poison goes into solution without complete
loss of its properties. The parts of both the colon and
typhoid cellular substance that passed into solution after
three exposures to trypsin killed in doses of from 35 to 40
mg. given intra-abdominally, while the undigested portion
killed in doses of from 4 to 7.5 mg.

One gram of the cellular substance given to a rabbit
through a stomach-tube had no recognizable effect on the
animal.

At one time early in these investigations we had an idea
that the poison in the colon cell resisted peptic digestion,
and we therefore quite naturally suspected that it might
be a nuclein. This belief was founded upon the following:
The growth on fifty Roux flasks was removed, extracted
with 96 per cent. alcohol so long as the alcohol took up
coloring matter, then dried, placed in a beaker, and stirred
with 1 liter of 0.2 per cent. hydrochloric acid dilution in
which 0.5 grams of active pepsin had been dissolved. The
beaker with content was kept in the incubator for two
days, with occasional stirring. The undigested portion
on microscopic examination was found to be amorphous,
but still easily stained with methylene blue. It was col-
lected on a filter, washed thoroughly with 96 per cent.
alcohol, dried at 100°, and pulverized. One hundred milli-
grams of this powder was shaken with 50 c.c. of water,
forming an acid, colloidal mixture. On adding sodium
bicarbonate to a faintly alkaline reaction, the substance
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dissolved to an opalescent fluid. This was heated in order
to insure sterilization, and injected into guinea-pigs, which
it killed within from six to twenty-four hours. One milli-
gram and even less of this undigested portion killed the
animals thus treated, but subsequent investigation showed
that the poisonous portion, when fully detached from. the
other constituents of the protein molecule, kills in a few
minutes, and we concluded that the undigested part con-
sisted of several groups still attached, or, in other words, of
a larger and more complex group of which the poison is
only a part. The action of the proteolytic enzymes on
bacterial cells deserves a more thorough study than we
have given it.

These preliminary studies quite convinced us so long ago
as 1901 that a typical colon bacillus, obtained from normal
human feces, does not elaborate in its cultures a soluble
poison, but that its cells do contain a highly active body.
Moreover, these studies indicate that the poison of the colon
bacillus exists in the essential proteins of the bacterial
cell, and that it cannot be isolated until these proteins are
broken up into their constituent parts. In other words,
the poison consists of one or more groups in the protein
molecule. Swmthccobnbamﬂﬂ.GmJygmwmamednm
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the stability of the protein molecule varies within wide
limits, and that the facts learned in the study of the special
strain of the colon bacillus do not hold strictly true in
every particular with all proteins. This was expected, and
we hoped to obtain from these preliminary studies nothing
more than certain standards by which our findings in more
extended studies might be measured. With some strains
of the colon, and in many more of the typhoid bacillus,
we have obtained evidence of the presence of soluble poisons
in old cultures. Xor the most part at least these come from
autolysis of the bacterial cell. This is a subject to which
we shall return in recording the development of these
researches.

The findings in our early studies quite naturally developed
several inquiries, some of which may be formulated as
follows: If the protein of the colon bacillus contains a
poisonous group, may not the proteins of other pathogenic
bacteria contain similar groups, and if the proteins of patho-
genic bacteria contain poisonous groups, why should not the
proteins of non-pathogenic bacteria possess like constituents.
If bacterial proteins contain poisonous groups, why should
not other proteins, such as those of vegetable and animal
origin, contain like groups, and if all proteins possess in
their structure, poisonous bodies, how is it that the animal
world, including man, lives so largely on proteins? Attempts
to solve these questions have taken our time and energy,
and given us much pleasure. The results of these labors
constitute the principal record of this volume. '

Marshall and Gelston! made an exhaustive study of the
toxicity of the cellular substance of the colon bacillus. At
first they employed material coarsely ground in a porcelain
mortar. This was suspended in water, boiled to insure
complete sterilization, and then injected intra-abdominally
in guinea-pigs. Up to 1 part of poison to 40,000 parts of
body weight all animals treated in this way died. When
the proportion was reduced to 1 to 50,000 and less, none of

! Trans. Assoc. Amer. Phys., 1902, xvii, 208.
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the animals died. The same powder more finely ground in
an agate mortar killed 15 out of 16 animals up to 1 to
75,000; out of 28 pigs it killed 9 at 1 to 100,000; out of 8
it killed 5 at 1 to 200,000; out of 34 it killed 4 at 1 to
2,000,000. Heating the cellular protein for fifteen minutes
under 2 kilos of pressure at 134° did not appreciably lessen
its toxicity. The finely ground powdered substance killed
rabbits when injected intra-abdominally: 2 out of 4 at 1
to 75,000; 4 out of 7 at 1 to 100,000; 4 out of 12 at 1 to
200,000; and 2 out of 18 at 1 to 2,000,000.

One gram of the cellular protein was incinerated and the
whole ash injected intraperitoneally in a guinea-pig without
effect. 'The toxic effect when subcutaneously injected is
practically the same as when employed intraperitoneally,
but death is longer delayed.

The intracellular poison of the diphtheria bacillus was
studied by Gelston,! using different strains, among which
was the well-known extracellular toxin producer desig-
nated as Park No. 8. These were grown in Roux flasks,
as it was found that this organism does not grow well in
the tanks, supposedly on account of limited aération.
'i‘he growth anped from the surface of the agar was placed

]ﬂtsohmaa sw}natpdimcwp and one-
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mortem examination all animals dying from intraperitoneal
injection showed marked congestion of the mesentery,
omentum, peritoneum, and adrenals; also numerous ecchy-
moses and hemorrhagic effusions in the serous coat of the
stomach, intestine, and peritoneum. The spleen, liver,
and kidneys were slightly enlarged and dark. In the
kidneys a dark line sharply divided the cortex from the
medulla. The heart was in diastole. When mixtures of
dlphtherla antitoxin and suspensions of the cell substance
in salt solution were injected into guinea-pigs, death followed
as promptly as when the dead germ only was given. One
thousand immunity units failed to protect against 10
minimum fatal doses of the cell substance as shown by the
following:

TaBLE I "
Amount Immunity
No. Weight. injected. Antitoxin.! Antitoxin.? units. Result.
155 47.1 mg. 0.0005 c.c. 0.00031 c.c. 0.118
135 40.9 mg. 0.0050 c.c. 0.00290 c.c. 1.175
200 60.6 mg. 0.0242 c.c. 0.01940 e.c. 5.700

150 46.0 mg. 0.0500 c.c. 0.03000 c.c. 11.750
135 40.9 mg. 0.2000 c.c. 0.10900 c.c. 47.000
175 53.0 mg. 0.5000 c.c. 0.35000 c.c. 117.500
120 37.0 mg. 1.0000 c.c. 0.48000 c.c. 235.000
120 GTO'mg. 200£X)cc 0960€ﬂcc. &70000
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the cellular substance had been obtained, and 1 immunity
unit of antitoxin. These experiments show that whilé
diphtheria antitoxin protects against the extracellular
toxin it fails to protect against the intracellular poison.

Suspensions of the diphtheria cellular substance when
exposed to a temperature of 50° or higher, for fifteen minutes
or longer, gradually decrease in toxicity, but this is not
wholly lost after exposure to 122° in the autoclave for
thirty minutes. The minimum lethal dose of our prepara-
tion having been found to be 1 to 33,000, it was heated to
122° for 20 minutes, and then proved to be 1 to 6400. It
is worthy of note that the several strains of the diphtheria
bacillus employed yielded cellular substances that varied
widely in toxicity. As a rule, one that supplied a potent
extracellular poison yielded relatively an indifferent intra-
cellular poison. Possibly this is due to the greater lability
of the molecular structure of the former, which leads to
the partial breaking down of the protein molecule in the
heating resorted to in order to sterilize the growth.

The cellular substance of the anthrax bacillus was pre-
pared and studied by J. Walter Vaughan.! This kills
guinea-pigs in only relatively large doses, and this fact
mdimtes tbzt the mte:nmty of the mfacw properties
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The relative toxicity of the finely powdered cellular sub-
stances of certain bacteria in proportion to body weight of
animal, is shown in the following figures:

Bacillus anthracis smm " o heteds f

Sarcina lutea . . N e SRRSO 2: 050
Micrococeus pneumomm 1 to 10,000
1

Sarcina aurantiaca . % BN by A= o to 25,500
Bacillus violaceus . . . . . . . . . 1 to 26,500
Bacillus diphtherize 4 SR P S e o 0 340
Bagillus tynhosus & 8 N S En ST S st i = 1710405000,
Bacillus pyocyanecus . . . . . . . . 1 to50,000
Bacillus coli T e [ e e 28 oW 570,00
Bacillns' prodigiosusi® SRS E ES s e Liti0) 905000

Numerous and varied attempts to immunize animals
with the bacterial substances were made. Guinea-pigs,
rabbits, and goats were used in these experiments. The
following quotation is taken from the report Marshall and
Gelston! made in 1902:

“1. Although guinea-pigs and rabbits acquire immunity
to the germ substance but slowly, vet if sufficient time be
given, and the animal be allowed to recover before a second
dose is administered, a fair degree of immunity may be
obtained after many months of treatment. Unless the
animal be allowed to recover completely before a second
ﬂY}ectwn u given, death generally results. In these ex-
‘periments for the | of mdtmng 1mmunity, we
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“2. Study of the blood serum from animals partially
immunized to the germ substance led to the following
results:

“(a) The blood serum of rabbit No. 2, which had received
on the twelfth injection 562.3 mg. (1 to 3503), obtained
twenty days after the last injection, had no bacteriolytic
action on the organisms contained in a beef-tea culture
of the colon bacillus of the same strain as that which had
been used in immunizing the animals.

“() Tubes of immune serum and others of normal
serum were inoculated with virulent cultures of the colon
bacillus, and placed in the incubator at 37.5°. Both tubes
showed good and equal growth within seven hours.

“(¢) Tubes of immune and normal serum were inoculated
with virulent cultures of colon and typhoid bacillus, and,
from these gelatin plates were made at the end of one
minute, thirty minutes, one hour, and forty-eight hours.
The number of colonies on the colon plates did not diminish
while those on the typhoid plates did with both sera, thus
showing that the immune serum had no specific action.

“(d) Immune serum, when mixed with filtered cultures
of the colon bacillus, gives a slight precipitate, which,
however, is a ,_gwen\by mmml ae;um, 2
“(e) Th
react
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“(¢9) The immune serum of the rabbit exerts no protec-
tive action for the guinea-pig against the germ substance.

“3. The immunity obtained by treating animals with
the germ substance is apparently of short duration, and
if the interval between the administration of doses be
prolonged, death is likely to follow even when there is no
increase in the dose. It will thus be seen that the attempt
to immunize animals to the germ substance of the colon
bacillus is beset with difficulties. If the intervals be too
short, and the animal has not fully recovered, death is
likely to result, and the same will also probably happen
when the interval is unduly long. Even after a marked
degree of immunity has been obtained, this is apparently
lost within a few weeks, and a repetition of a dose of the
same size causes death. The following table, showing next
to the last, and the last injections given to certain animals,
will illustrate our meaning:

January 19, 1902, rabbit No. 17, 1780 grams, had 372.3 mg. (1 to 4780),
and recovered.

March 29, 1902, rabbit No. 17, 1880 grams, had 273.5 mg. (1 to 5048),
and died March 31.

January 18, 1902, rabbit No. 29, 2000 grams, had 293.3 mg. (1 to 6819),
and recovered.

March 29, 1902, rabbit No 29, 1880 grams, had 293.3 mg. (1 to 6409),
- and died March 31.
January 6, 1902, pig No. 93, 485 grams, had 28 mg. (1 to 17,329), and

recovered.
Mmh zo, 190»2 p:g Ko 93, 645 grams, had 28 mg. (1 to 19,464), and




CHAPTER 1V

CHEMICAL STUDIES OF BACTERIAL CELLULAR
SUBSTANCE

Proteins.—Nencki and Schiiffer! obtained the cellular
substance from a mixed culture of putrefving bacteria,
dried it to a constant weight, first on the water-bath and
then at 110°, pulverized, and extracted with alcohol and
ether. The residue thus obtained was extracted on the
water-bath with 0.5 per cent. potassium hydroxide. From
the alkaline extract a protein, designated as mylmoprotem
was preci 1ta\t:ed neutralization and mﬁmq&mn
sodium chloric %iyhi)pm ' when fres :
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anthrax protein, with the following results: C, 52.1 per
cent.; H, 6.82 per cent.; N, 16.2 per cent., and a trace of
ash. We now know that both mykroprotein and anthrax
protein are cleavage products obtained from bacterial
cellular substances through the action of alkali.

Brieger! found in Friedlinder’s pneumococcus a protein,
partially soluble in water and precipitated on boiling,
containing less nitrogen than is found in mykroprotein.
Lewith,? reporting work done by Hellmich on a hay bacillus
grown on synthetic medium, stated that a globulin was
extracted from the cellular substance by neutral salts at
ordinary temperature. This probably was in fact no part
of the cellular protein. Subsequent extraction with dilute
alkali gave a protein body described as an albuminate and
said to resemble casein.

Buchner? demonstrated that certain bacterial cells con-
tain pyogenetic bodies. These are extracted from the
cellular substances with dilute alkalies from which they
are precipitated with dilute acids. The amount of protein
obtained in this way varied greatly with the species of
bacteria. Bacillus pyocyaneus gave the most abundant
vield, supplying 19.3 per cent. of the dried cells. By
heating on the sand-bath under a reflux condenser, or
in an autoclave at 120°, filtering through sand, and precipi-
tating with absolute alcohol, he obtained a more soluble
protein.

Brieger and Frinkel,* Proskauer and Wassermann,® and
Dzierzgowski and Rekowski® prepared so-called toxal-
bumins from diphtheria cultures, and made ultimate
analyses of the same, but, as we now know, these were
mixtures and gave us no information concerning the com-
position of the bacterial cell.

1 Zeitsch. f. physiol. Chem., 1885, ix, 1.

2 Arch. f. exper. Path. u. Pharm., 1890, xxvi, 341.

3 Berl. klin. Woch., 1890, xxvii, 673; ibid, 1084; Miinch. med. Woch.,
1891, xxxviii, 841.

4 Berl. klin. Woch., 1890, xxvii, 241, 268.

5 Deutsch. med. Woch., 1891, xvii, 585.

6 Arch. d. Sei. biol., 1892, i, 167.

.
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Hammerschlag! extracted tubercle bacilli with dilute
alkali and precipitated a protein with ammonium sulphate.
Buchner? extracted tubercle bacilli with from 40 to 50 per
cent. glycerin, and obtained what he believed to be the
active principle of tuberculin, but which in reality consisted
of a mixture of the autolytic products of this bacillus.
Hoffman?® reported the isolation of six proteins from the
tubercle bacillus, but these were mixtures. Weyl* believed
that he had succeeded in separating the membrane from
the protoplasmic content of the bacterial cell, and from the
latter he obtained a body which he designated as a toxo-
mucin, but there is no proof that the bacterial cell has
any such structure as he supposed. Ruppel® prepared
from the tubercle bacillus a body that he named tuber-
culosamin.

Vandervelde® reported the presence of nuclein in bacillus
subtillis, and Dreyfuss,” basing his opinion on the behavior
of bacteria toward the basic aniline dyes, concluded that
nuclein is a constituent of all bacteria. Gottstein,® finding
that various bacteria decompose hydrogen peroxide, both
during life and a-ffa' dbsth oondudes fmm his, from the
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a nucleoprotein from the pest bacillus. From the effect
of methylene blue on this bacillus and its microscopic
appearance after extraction, they conclude that the alkali
removes the nuclein without destruction of the cell mem-
brane. Our studies do not indicate the existence of a mem-
brane in any bacterial cells. Galeotti! extracted an organ-
ism similar to bacillus ranicidus with 1 per cent. potassium
hydroxide, and obtained a protein body containing from
11.99 to 12.21 per cent. of nitrogen and from 0.94 to 1.16
per cent. of phosphorus, and which he believed to be a
nucleoprotein. The percentage of phosphorus increased
after several reprecipitations.

Aronson? extracted the diphtheria bacillus with from
one-tenth to one-fifth normal alkali in the cold, at 100°
and at 130°, precipitated these extracts, first with acetic
acid, then with acidulated alcohol, sometimes with alcohol
to which ether and a little acetic acid had been added.
The precipitate with acid furnished a white powder, giving
the biuret, xanthoproteic, and Adamkiewicz reactions.
Xanthin bases, a pentose, and an albumin were found
among its decomposition products, thus proving the presence
of a nucleoprotein. On the addition of alcohol to this
acid filtrate, a new precipitate was formed, and this on
purification yielded nucleic acid, from which xanthin
bases, a pentose, and a phosphate were obtained. Blandin®
obtained a nuclein and a nucleo-albumin from typhoid
cultures, but these may have come from constituents of
the medium or from the bacterial cells. Klebs* concluded
that nuclein makes up a large part of the tubercle bacillus.
He extracted the bacilli with ether and benzol, digested
with hydrochloric acid and pepsin and dissolved the residue
in alkali. By precipitating the alkaline extract with alcohol,
he obtained a nuclein containing from 8 to 9 per cent. of
phosphorus. Hahn® rubbed moist tubercle bacilli with

1 Zeitsch. f. physiol. Chem., 1898, xxv, 48.
2 Arch, f. Kinderheilkunde, 1900, xxx, 23.
3 La Riforma Medica, April 17, 1901.

4 Centralbl. f. Bakteriol.,, 1896, xx, 488.
5 Miinch. med. Woch., 1897, xliv, 1344.
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sand, mixed with water, 20 per cent. glycerin, or physio-
logical salt solution, to a dough consistency, and subjected
the mass to a gradually increased pressure of from 400 to
500 atmospheres. The clear, expressed fluid contained a
large quantity of coagulable protein, which decomposed
hydrogen peroxide, but lost this property on being heated.
It gave the protein tests and behaved like a nucleoprotein.
Ruppel' obtained a nuclein containing 9.42 per cent. of
phosphorus from the residue left after the preparation of
his tuberculosamin. This he called tuberculinic acid, and
he believed that it exists in the cell partly combined with
the tuberculosamin and partly free. Levene? prepared
three proteins from tubercle bacilli grown on protein-free
medium. The dried bacilli were ground for two or three
days in a porcelain mill, then extracted repeatedly for two
days with an 8§ per cent. solution of ammonium chloride.
These proteins coagulated at from 50° to 64°, 72° to 75°,
and 94° to 95° respectively. Ammonium sulphate pre-
cipitated all of them; sodium chloride only the first; 50
per cent. magnesium sulphate the first; magnesium sul-
phate to saturation the second, but not the third. Tt
required less acid to precipitate ﬁbe first, but 0.2 per cent.
_h:rdmchlurm &d@ procipitaied a | three. Athn:i 0\:: o
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any other known nucleic acid. De Schweinitz! thought
that a nucleo-albumin is the fever-producing agent in the
tubercle bacillus. Maragliano? made an aqueous extract
of the tubercle bacillus by digesting it on the water-bath
and obtained a poisonous substance. This comes from the
autolytic cleavage of the bacillus.

Carbohydrates.—One of the earliest studies of the chemistry
of bacteria was made by Scheibler? upon leuconostoc mesen-
teroides. The viscous growth of this germ in beet juice,
after extraction with alcohol was boiled with milk of lime.
The filtrate furnished a gum which was regarded as an
anhydride of dextrose, since by slow hydrolysis it is con-
verted into the latter. This substance, to which the name
of dextran was given, is a white, amorphous powder, soluble
in water and dextrorotatory, having three times the rotary
power of cane sugar. Scheibler stated that this germ con-
tains ash, fat, water, dextra, and a substance containing
nitrogen, believed to be protagon or some closely related
body. Kramer! separated from the slime of bacillus viscosus
sacchari two modifications of a carbohydrate of the formula
CH 05, Both were optically active, and on being boiled
with acid reduced Fehling’s solution. Ward and Green®
found that.a species of bacterium from Madagascar sugar-
cane secretes invertose. In sugar solutions it produces
- a viscous growth that gives an opalescent solution in water,
- ’l"htel, wheu taetted WF‘# dm;)\w}d&a bulky flocculent
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find no evidence of cellulose in bacillus subtillis, but Drey-
fuss! heated masses of this organism to 180° with concen-
trated alkali and from this extract obtained a substance
that reduced Fehling’s solution and from which crystals
of glucosazone were prepared. From this Dreyfuss con-
cluded that cellulose is present. However, this conclusion
is hardly justifiable. Like results were obtained from
pyogenic bacilli. Hammerschlag? concluded that the
tubercle bacillus contains cellulose. The cell substance,
previously extracted with alcohol, ether, and 1 per cent.
potassium hydroxide, was dissolved in concentrated sul-
phuric acid, diluted, and boiled, after which it reduced
Fehling’s solution. A second portion was treated with
potassium chlorate and nitric acid, but most of the substance
remained undissolved. A third portion was partly dissolved
in ammoniacal copper solution. Hammerschlag stated
that if one assumes that the nitrogenous material in the
tubercle bacillus is all protein and that the protein contains
16 per cent. of nitrogen, this bacillus contains 36.9 per
cent. of protein, 28.1 per cent. of cellulose 27 per cent. of
substance soluble in alcohol, and 8 per cent. of ash. Nishi-
mura? thought tha.t he found hemicellulose in a water
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minutes with 10 per cent. potassium hydroxide and found
that this digested the bacteria but left “the film” appar-
ently unchanged. The residue was washed with dilute
hydrochloric acid, then with water, and treated with
bromine according to Miiller’s method for obtaining cellu-
lose. The product seemed to be identical with that from
cotton, dissolving in ammoniacal copper solution and in
strong sulphuric acid. It gave a reducing sugar, dextro-
rotatory, even when grown on media containing only levoro-
tatory substances. Analysis showed a close agreement
with cellulose, and Brown regarded this as a cellulose proper,
differing from the metacellulose usually found in yeast and
the fungi. No trace of dextran was found. Brown regarded
the formation of cellulose as a process of assimilation and
not of fermentation. Bendix! extracted dried bacilli with
5 per cent. hydrochloric acid over the free flame, cooled,
made alkaline, then acidulated with acetic acid in order to
precipitate the protein. The filtrate gave with phenyl-
hydrazin an osazone which when purified melted at 153°
to-155°, thus showing it to be pentosazone. It gave the
orcin and optical tests for pentose. He obtained pentose
from diphtheria and tubercle bacilli, also from mixed fecal
bacteria, but not from the typhoid bacillus. The pentose
exists in the nucleoprotein. Aronson? found a nucleo-
protein containing pentose in alkaline extracts of diphtheria
bacilli. This author stated that the residue after complete
extraction with alkali contains carbohydrate which is
dextrorotatory and yields an osazone; it is neither cellulose
nor chitin.

Meyer® came to the conclusion that in some species of
bacteria fat is stored up, while in others complex carbo-
hydrates take their place. One species grown on barley
gave a substance, colored blue by iodine, and easily soluble
in malt diastase and in saliva. Bacillus subtilis gave
a body that is colored red by icdine and is dissolved by
saliva, and on boiling with dilute sulphuric acid. Meyer

1 Deutsch. med. Woch., 1901, xxvii, 18.
2 Loe. cit. - - 3 Flora, 1889, 432.
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thought that this might be either glycogen or amylodextrin.
He also obtained a substance that he considered a mixture
of much amylodextrin and a little S-amylose. It is easily
extracted from the cell with water. It may be remarked
here that our researches have shown that substances
removable from the cell by physical solvents constitute no
part of the actual cell protein. The carbohydrate in the
essential part of the cell is a constituent of the protein
molecule. All carbohydrates, fats, waxes, and inorganic
salts that may be washed out of the cell substance are
either no part of the cell proper or result from autolytic
changes in the cell molecules.

Levene! obtained a glycogen-like body from the tubercle
bacillus. The cell substance was extracted with salts, or
better, with alkali, the albumins removed from the extract
with picric and acetic acids, the nuclein and carbohydrate
carried down together with alcohol, and then separated by
means of copper chloride. The glycogen thus obtained is
soluble in water, gives the iodine color test, and reduces
Fehling’s solution after being boiled with dilute mineral
acid. Em prepared chitin @'»#{ime}y relat,ed body
from the zodglea of bucteriun 0 grams

& AJI
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noted that such an extract had the appearance of fat and
melted not much over 40°. Hammerschlag! obtained from
the tubercle bacillus free fatty acids that melt at 63° and
concluded that the fat of this organism consists mainly of
tripalmatin and tristearin, and that it contains little or
no triolein. Nishimura? obtained from the alcoholic and
ethereal extracts of his water bacillus a putty-like mass
with the properties of lecithin. Meyer® found that the
fat in bacillus tumescens gradually increases until spore
formation occurs, when it disappears, the spores also being
free from fat. Klebs! found in the tubercle bacillus 20.5
per cent. of a red fat, melting at 42°, and 1.14 per cent. of a
white fat melting above 50°; the latter being insoluble in
ether, but soluble in benzol. De Schweinitz and Dorset’
saponified fats from the tubercle bacillus and from the
melting-points of the acids concluded that the fat of this
organism contains palmitic and arachidic acids, while
that of the glanders bacillus contains oleic and palmitic.
They-also found a crystalline acid, for which they suggested
the name tuberculinic acid, though this is quite different
from Ruppel’s nucleic acid. This new fatty acid was
obtained mainly from the culture medium, only in small
amounts from the bacilli. The crystals are prismatic or
needles, melting at 161° to 164°, readily soluble in water,
alcohol, and ether, and not responsive to the biuret test.
Analysis showed close correspondence to the formula,
C;H1004. The authors called attention to the similarity in
composition and properties of this body to teraconic acid,
and suggested that this may be the substance which is
responsible for the coagulation necrosis and that it is the
temperature reducing substance. In a later paper they
described a crude fat extracted from the tubercle bacillus
and from which they obtained an acid melting at 62°,
unchanged by recrystallization. In concluding they decided
that the fat of the tubercle bacillus consists principally of
a glyceride of palmitic acid with a minute amount of the

1 Loe. eit. 2 Loec. cit. 3 Loec. cit.
4 Loe. cit. 5 Loc. eit.
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glyceride of a volatile fatty acid to which cultures of this
bacillus owe their characteristic odor, also a very small
amount of an acid (probably lauric) melting at 42° to 43°,
and an unusually high melting acid, one apparently with a
larger carbon content than any before noted in plants.
Ruppel® obtained three extracts from the tubercle bacillus
by using successively cold alcohol, hot alcohol, and ether.
The first contains free fatty acids and a fat melting between
60° and 65°, easily saponified and decomposed into a free
acid and a higher alcohol. The second contained a waxy
mass, saponified with difficulty, and which seemed to be
the ester of a fatty acid and a high alcohol. The third
melted at 65° to 67°, and had an odor resembling that of
beeswax.  Aronson? obtained from tubercle bacilli, by
means of a mixture of five parts of ether and one of abso-
lute alcohol, a yellowish-brown tenacious mass, constituting
from 20 to 25 per cent. of the dried bacillus. From the
growth of several hundred liters of culture 70 grams were
secured. This contained 17 per cent. of free fatty acids.
The remainder was wax, not acid and glycerin, but esters
of acid and alcohol insoluble in water. Most of this wax is
not in the oeli!b, but lies around and between them. Levene?
cent. iﬁ&t or ;mr; ir W&e bacilli.
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within the domain of this work, it may be well to mention
the results of a few investigations. W. Smith! found that
many bacilli, including the colon, decolorize methylene
blue, sodium indigo sulphate, litmus, etc. He concluded
that this reducing action is common to all bacteria, both
aérobic and anaérobic; that the velocity of reduction
depends upon the number of bacteria and the temperature;
that it is a function of the bacterial plasma, and that the
reducing substance does not diffuse into the culture medium,
but that the cell retains this property for a time after
death. Klett,? testing this reducing action of bacteria cn
sodium silicate, tellurate, and some other salts, also con-
cluded that the reducing agent exists in the cell, and is not
found among the cleavage products. Jegunow® showed
that hydrogen sulphide is formed by the reducing action
of bacteria on sulphates and on organic bodies contain-
ing sulphur. Sulphur bacteria oxidize hydrogen sulphide
and store sulphur in the form of oily spheres, which may
constitute as much as 90 per cent. of the cell substance.
This sulphur is oxidized to sulphuric acid, thus serving as
a source of energy in the vital processes of the bacterium.
The sulphuric acid is neutralized by carbonates and sepa-
rated as a sulphate; then by bacterial activity the sulphate
is reduced, thus forming a complete cycle. If the bacteria
can obtain no sulphur they use that stored up in their
cells and die in from one to two days.

The above is a resume of the work done on the chemistry
of bacterial cells up to the time when our work was begun.
It should be clearly understood that we are not now con-
cerned with the cleavage products of bacteria produced in
the media in which they grow. This subject is discussed in
Cellular Toxins by Vaughan and Novy (fourth edition, 1902).

Moisture, Ash, and Nitrogen.—Leach,* in studying the
chemistry of the cellular substance of the colon bacillus

1 Centralbl. f. Bakteriol., 1896, xix, 181.

2 Zeitsch. f. Hygiene, 1900, xxxiii, 137.

3 Annuaire géologique et mineralogique de la Russie, 1900, ii, 157.
4 Jour. Biol. Chem., 1906, i, 463.

-
-
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prepared in our laboratory, makes substantially the follow-
ing statement. The cell substance, prepared by the method
already described, takes up moisture readily and holds it
tenaciously, but may be dried to constant weight by heating
small amounts in a steam-drying oven for many days at from
85° to 95°. If the temperature falls to 60°, it may absorb
moisture even in the oven. One sample was heated to 105°
during working hours for three days and kept in a desiccator
during the intervals; it increased in weight. Drying in
vacuo over sulphuric acid is, on the Whole, the most satis-
factory method, although it may require days and even
weeks.

The dried cellular substance burns with a flame, forming
volatile and liquid products, giving off odors characteristic
of nitrogen compounds, and finally leaving a greenish ash.
Two determinations gave the following results:

0.346 gram gave 0.0296 gram of ash, or 8.55 per cent.
0.496 gram gave 0.0431 gram of ash, or 8.68 per cent.

Values reported for other bacteria vary from 3 per cent.
in putrefa.ctnm organisms to 13 per cent. in rlosus, or,
by using specia medlq,wnwiy,% pel canh in the cholera auid
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and weighed as pyrophosphate. The following results
were obtained:

Weight of Weight of

sample. phosphate. Weight of P. Per cent. of P.
0.496 gram 0.0475 gram 0.01323 gram 2.68
0.346 gram 0.0380 gram 0.01059 gram 3.06

The mean of these determinations, 2.87 per cent., agrees
quite closely with Levene’s finding, 2.67 per cent. of phos-
phorus in the tubercle bacillus from mannite cultures.
Most observers report smaller results, but it should be
noted that our samples are free from fat and wax, and
therefore the percentage is higher than if calculated for
the cells not previously extracted with alcohol and ether.

In view of the fact that the cellular substance, notwith-
standing the washings to which it has been subjected,
cannot be regarded as chemically pure, we have not
wasted time in making elementary analyses. Wheeler
has collected the nitrogen and ash determinations made
in bacterial cellular substance in this laboratory and has
arranged them in the following table:

. Substance.  Per cent. of nitrogen. - Per cent. of ash.
d 1T Sy
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Nicolle and Alilaire! give the following table, showing the
percentage of water, nitrogen, substance soluble in acetone,
and phosphorus in the bacterial cells named:
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B. glanders . . . 76.49 10.47 11.69 8.59 3.10 2.53 8.0
B. chicken cholera  79.35 10.79 7.54 6.30 1.24 2.370 7.5
B.cholera . . . 73.38 9.79 8.70 6.77 1.93 2.370 7.5
B. of Shiga . . . 78.21 8.89 12.80 10.57 2.23 1.570 5.0
B. proteus . . . 79.99 10.73 10.87 7.10 3.77 1.580 5.0
B. typhoid . . . 78.93 8.28 15.44 10.64 4.80 1.160 3.5
B. anthrax . . . 81.74 9.22 6.31 1.48 4.83 0.948 3.0
B. pseudotubercu-
osis T v 1 Y T8RS 10.36 15.63  10.31 5.32 0.793 2.5
. B. pneumonia . . 85.55 8.33 15.45 7.36 8.06 0.790 2.5
Be&h . . . . WR 10.32  15.25 TR 3.48 0.790 2.8
B. prodigiosus . . 78.00 10.55 9.00  6.60 2.40 0.474 1.5 .;’
B psittacosis . . 78.05  9.55 11.08  7.03 4.05 0.474 15
. B dh)lﬂhuin. t o 7.04 - 1.81 0.5 i
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color with iodine even after treatment with sulphuric acid.
A portion was dried, and heated with soda lime, when it
evolved a gas which turned red litmus paper blue, thus
indicating nitrogen which had been reduced to ammonia.
The odor of burning feathers also indicated the presence
of nitrogen. Irom these results it was concluded that the
residue left after extraction of the cellular substance with
10 per cent. potassium hydroxide at 120° contains a car-
bohydrate, but there is nothing to indicate that it is cellu-
lose. Leach made a search for cellulose in the cells of the
colon bacillus, with like negative results.

There are two carbohydrate bodies in bacterial cellular
substances. One of these furnishes a reducing sugar after
being boiled with dilute mineral acid, while the other does
not. The former may be extracted from the cells with
either alkali or acid, better with the former. In Wheeler’s
studies of sarcina lutea the portion soluble in 10 per cent.
potassium hydroxide was filtered through paper, acidified
with hydrochloric acid, and treated with three volumes of
95 per cent. alcohol, which produced an abundant white,
curdy, sticky precipitate. Precipitation by means of
alcohol with acetic and picric acids was also tried, but did
not prove satisfactory. Purification was attempted by
repeated solution and precipitation with acidified alcohol,
but the quantity was diminished each time on account of
its relative solubility in dilute alcohol. After filtering,
washing, and drying in an atmosphere of carbon dioxide,
the powder obtained weighed only 0.7872 grams. It con-
tained phosphorus, responded to the carbohydrate test,
and reduced Fehling’s solution after prolonged boiling with
dilute mineral acid. Its phosphorus content was deter-
mined and found to be 0.861 per cent., which is too low to
indicate the presence of nucleic acid or nuclein in anything
like a pure condition. The same investigator at one time
took 300 grams of the colon germ substance and heated.
on the water-bath with six liters of 2 per cent. potassium
hydroxide. The extract was filtered through paper and
acidified with acetic acid. The precipitate produced,
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presumably protein, was filtered out after standing twenty-
four hours, and was so small that it was lost on the filter
paper.

The filtrate was then poured into three volumes of 95
per cent. alcohol acidified to the extent of 0.5 per cent. with
hydrochloric acid. This formed a heavy, white, curdy,
fibrous precipitate, which was filtered, washed acid-free
with alcohol and then with ether. It was purified by
repeated solution in 0.5 per cent. alkali and precipitation
with alcohol. Finally there was obtained a fine white
powder amounting to something less than 10 per cent. of
the original cellular substance, but much had been lost by
its partial solubility in dilute alcohol. This powder consists
almost wholly of a carbohydrate which is converted into
a reducing sugar after prolonged boiling with dilute mineral
acid. However, it contained 5.9 per cent. of ash and 0.194
per cent. of phosphorus. Solutions of this powder give
none of the protein reactions, with the exception of the
xanthoproteic, to which they responded imperfectly.

- Leach prepared the same body, but with a higher phos-
phorus content, from the colon bacillus. The cellular
suhstimcc, &fté: !epmtet} ﬁxtﬁacbmn with dilute (1 to 5
3 niphu extracte d upon the water{
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added, and the mixture poured into three volumes of
alcohol.  An aqueous solution of the precipitate thus
obtained did not reduce Fehling’s solution, but after boiling
with hydrochloric acid it reduced both Fehling’s and
Nylander’s solutions, and also gave the furfurol test, thus
showing the presence of a carbohydrate. The original
powder burned readily, puffing up and glowing as does
nucleic acid, then fusing and leaving a dark ash. Two
determinations of phosphorus gave the following:

Weight of Weight of
sample. pyrophosphate. Weight of P. Per cent. of P.
0.4723 gram 0.0524 gram 0.01450 gram 3.09
0.6469 gram 0.0685 gram 0.01895 gram 2.93

In our attempts to extract the poisonous groups from
bacterial proteins this carbohydrate gave us great trouble.
It is readily soluble in water, whether acid or alkaline, and
more or less soluble in alcohol, the degree of solubility
depending upon the strength of the alecohol. In absolute
aleohol it is insoluble, but it cannot be precipitated com-
pletely from aqueous solution by the addition of alcohol.
Concentrated solutions and residues obtained by evapora-
tion in vacuo are sticky and unsatisfactory in all attempts
at purification. As we ascertained after much experimenta-
tion, the poisonous group in the protein molecule is freely
soluble in absolute alcohol, and finally when we disrupted
the protein molecule with a dilute solution of alkali in
absolute alcohol we secured a complete separation of the
poisonous group from both carbohydrates. Therefore the
best material in which the bacterial or other protein carbo-
hydrates can be studied is the non-poisonous portion after
complete removal of the poisonous group by heating the
protein repeatedly with a 2 per cent. solution of sodium
hydroxide in absolute alcohol. This method will be dis-
cussed in detail later, hut it needs to be stated here that
when this is done the poisonous group, free from any trace
of either carbohydrate, goes into solution in the alkaline
alcohol, while the non-poisonous part, or the haptophor, as
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we have designated it, containing all the carbohydrates,
remains insoluble in this menstruum.

Leach! has studied the carbohydrate in the haptophor
portion of the cellular substance of the colon bacillus.
Gram samples of the haptophor portion were dissolved in
water containing a little alkali, neutralized with hydro-
chloric acid to definite strength and heated on a water-bath
in a flask with a reflux condenser. The hydrolyzed solution
was neutralized and titrated with Fehling’s solution. Al-
though there is undoubtedly some pentose present, there
is no proof that the reducing substance is all carbohydrate.
However, for purposes of comparison the reducing sub-
stance was calculated as xylose. In order to find conditions
giving the maximum yield, amount and strength of acid
as well as time of boiling were varied as shown in the
following table:

Hgx

Repucing Power oF CoLoN HAPTOPHOR

No. of Amount of Per cent. of Hours Per cent. calculated
~ sample. HCl. ~ HCL  boiled. as xylose.

1 26.0 ce. 10 s 7.05
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with alcohol containing ether, then with ether, dried, and
pulverized. The yield from 50 grams of haptophor was 19
grams. This was twice dissolved in water made faintly
alkaline with sodium acid carbonate, and reprecipitated by
alcohol containing hydrochloric acid and ether. The final
precipitate G weighed 16 grams. With water, G forms an
emulsion, acid in reaction and cleared by the addition of
alkali. The biuret test is negative, Millon doubtful, xantho-
proteic, Adamkiewicz, a-naphthol, and orcin tests are all
positive, the carbohydrate tests being very marked. After
boiling with acid there is copious reduction of Fehling’s
solution. G was tested for glycogen, with negative results.
One gram of G boiled two and one-half hours with 72 c.c.
of 2.5 per cent. hydrochloric acid, gave 38.63 per cent. of
reducing substance calculated as xylose. A second gram
boiled for five hours yielded 43.77 per cent.

The second carbohydrate, or, more properly, the second
substance giving the a-naphthol test in bacterial proteins,
is not converted into a reducing sugar on being boiled with
dilute mineral acid. In Wheeler’s work with sarcina lutea
it remained as a residue after extracting the cell material
with- 10 per cent. potassium hydroxide at 120°. This
residue responded to the a-naphthol test, did not give the
protein reactions, and did contain nitrogen. The same
investigator also found this body in alkaline extracts of
the residue left after extraction with dilute acid. In her
work with the.cell substance of the colon bacillus, Leach
makes the following statement touching this body: “The
residue, after repeated extraction with dilute sulphuric
acid (from 1 to 5 per cent.), was treated with 2 to 4 per
cent. sodium hydrate either upon the water-bath or over
a free flame. In every case the substance went into solution
readily, leaving only a slight coating on the filter. The
slight residue gave no protein test, contained no nitrogen,
but gave test for carbohydrate. In one case it was removed
from the filter, and the organic matter approximately
determined. The total residue was about 0.4 gram, equiva-
lent to 0.8 per cent. of the cell substance used. The organic
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matter was only 0.15 gram, equivalent to 0.3 per cent. of
the original.” This body is also found in the dilute acid
extracts of cellular proteins, as is shown by the following
additional quotation from Leach: “Some earlier investi-
gations in this laboratory upon the toxicity of the colon
germ showed the desirability of studying the action of
dilute acid upon the cell substance. Accordingly, samples
were treated with 1 per cent. sulphuric acid under varying
conditions. On filtering, a light brown or straw-colored
fluid was obtained. This readily reduced nitric acid and
gave the typical xanthoproteic color on the addition of
ammonia. In no case was there more than a slight biuret
test, and there was too much sulphate present for a satis-
factory Millon test. The a-naphthol test for furfurol was
positive. Alcohol gave a voluminous precipitate, A, which
will be described more fully under another heading. The
alcoholic filtrate, B, was neutralized with sodium hydroxide,
the sodium sulphate filtered out, together with some organic
matter mechanically carried down and the liquid distilled
under diminished pressure at 30° to 38°. The liquid residue,
C left a&er fhﬁﬁﬂhﬁwﬂ bvg_umed vellow on heating with

R NORS
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The reducing carbohydrate is present in the bacterial
cellular substance examined in this laboratory in a minimum
of something over 10 per cent.; in the colon haptophor in
about 24 per cent.; and in precipitate G from the haptophor
in about 44 per cent. So far, we have not obtained it free
from phosphorus. The percentage of the other furfurol
giving body we have no means of determining even approxi-
mately, although we can safely say that the amount is
much smaller. The one yielding a reducing sugar probably
exists in the nucleic acid group as a pentose.

Nuclein Bodies.—In her work on sarcina lutea, Wheeler!
makes the following statement: “So far as the xanthin
bases are concerned, Nishimura? found -0.17 per cent. of
xanthin, 0.08 per cent. of adenin, and 0.14 per cent. of
guanin in his water bacillus. It has been suggested that in
Nishimura’s experiments these bases might have come
from the potato upon which his organism was grown, but
inasmuch as the potato contains only a very small per-
centage of protein, this is not likely. Lustig and Galleotti®
report guanin obtained from the pest bacillus, and Galleotti*
says -that a nucleoprotein separated from the bacillus
ranicidus yielded xanthin bases, although the percentage
of nitrogen was low.

“I have gone through the process of testing for xanthin
bases four times. Three times the acid extracts were
carefully precipitated with powdered silver nitrate crystals
until a drop of the solution gave a yellow instead of a white
precipitate with barium hydrate. The precipitate was
filtered out, washed, dried, and then worked up for xanthin
bases. The fourth time the process was almost the same,
the difference being that 33} per cent. acid extract had
been made. This was first almost neutralized with barium
hydrate, the barium sulphate filtered out, carefully washed
out and boiled with water, and then the slightly acid
extract was precipitated with silver sulphate instead of
silver nitrate. The first silver nitrate precipitate was

1 Trans. Assoc. Amer. Phys., 1902, xxvii, 265.
2 Loe. cit. 3 Loc. cit. 4 Loec. cit.
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investigated according to the method given by Kruger and
Solomon;! as no satisfactory separation was thereby ob-
tained, the last three precipitates were separated according
to the method of Kossel and his pupils, as outlined by
Hammersten,? for the separation of the four bases, xanthin,
hypoxanthin, guanin, and adenin. The precipitate was
dissolved as completely as possible in boiling nitric acid
(specific gravity, 1.1), a little urea having been added
to prevent nitrification, filtered hot, concentrated some-
what, and allowed to cool. On cooling, only a slight
residue of “the guanin-hypoxanthin-adenin portion separ-
ated out. On decomposing this precipitate, treating with
ammonia and evaporating, the amount obtained was so
small that it was not possible to make separation of the
bases, but ammoniacal solution produced a comparatively
heavy flocculent organic precipitate. The nitric acid filtrate
containing the xanthin portion was precipitated with
ammonia. A heavy, reddish-brown, mucilaginous precipi-
tate came down, but was not sufficient in quantity or
sufﬁcx.cntly free from Jmpurstles to justify an ultimate
~ analysis.” A
 Leach? obtained | ¢ n'1 pe A'gaﬂphurxcaadeximts A
the colon cellular sut b "T..%wper_';
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of the existence of lysin. She says: “As to lysin, I have
obtained in every instance a yellow, thick, oily body, where
lysin picrate should be formed, which, however, could not
be crystallized. This oily body was shaken up with ether
to remove excess of picric acid, but when I attempted to
purify it by redissolving it in alcohol, it was no longer
completely soluble, inasmuch as a part of it hardened into
a solid which seemed somewhat crystalline, and the remainder
was precipitated by alcohol. However, it was found to be
readily soluble in water, especially in hot water, and although
no crystals were obtained on concentration of the aqueous
solution, the same heavy oil separated. In order to obtain
the hydrochloride, if possible, the oily substance was treated
with hydrochloric acid in a little water, and the picric
acid shaken out with ether. From the solution on concen-
tration an imperfectly crystalline mass was obtained. It
may be that I have not lysin, but there is undoubtedly
present some organic body which, in its chemical behavior
at least, is very similar to lysin.”

In searching for the hexon bases in the cellular substance,
Leach: proceeded as follows: ““The cell substance was stirred
with nine times its weight of 33.33 per cent. sulphuric
acid, allowed to stand overnight, then heated in an evapor-
ating dish on the water-bath. When all danger of frothing
was over, the mixture was transferred to a flask fitted with a
reflux condenser, and boiled on a sand-bath for eight hours
one day and six the next. After cooling and filtering, some
water was added to the filtrate, and it was neutralized by
the addition of the calculated amount of barium hydrate.
When the barium sulphate had completely settled, the
supernatant liquid was siphoned off, the precipitate stirred
up with boiling water, heated to boiling, settled overnight,
and again siphoned. This was repeated until the wash
water was nearly colorless. The extract and wash water
were united, acidified with acetic acid,! concentrated on

L If there is a large excess of barium present, it is well to remove it by
carbon dioxide.
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the water-bath, cooled, and filtered to remove any tyrosin
and leucin that may crystallize out. The filtrate was
diluted to about one and one-half liters for each 100 grams
of cell substance, made decidedly acid with nitric acid,
and 20 per cent. silver nitrate added as long as it gave a
precipitate. It was left overnight to settle, and the silver
precipitate of xanthin bases filtered out. To this filtrate
excess of silver nitrate and barium hydrate were added to
remove arginin and histidin. After their removal, silver
and barium were precipitated by hydrochloric and sulphuric
acids, these inorganic precipitates boiled out with water
several times, the filtrate and wash water united, and con-
centrated. The solution, which should contain some 5
per cent. of acid, was treated with a 50 per cent. solution
of phosphotungstic acid as long as it gave an immediate
precipitate. The precipitate was rubbed up with 5 per
cent. sulphuric acid, carefully washed with the same
solution, and filtered with suction. The heavy white
precipitate was again rubbed up with water, hot saturated
solutions of barium hydrate added, until the mixture was
no longer a.c‘bcl_, nﬂ&kd overmght and the supernatant
- liquid_siphoned of v@bgmpn.ate consisting of barium

washec gel'etd times with
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granular or crystalline after long kneading and stirring, as
Fischer and Weigert suggest. When picric acid would no
longer give a precipitate even on standing, the crystals
were filtered out by suction, washed with alcohol, and
dried on a porous plate. On concentration the alcoholic
mother liquid became gummy and viscous, but no more
crystals were obtained. The crude picrate was recrystallized
from hot water several times. On dissolving there was
much sediment which mainly filtered out, but on concen-
tration more appeared upon the sides of the vessel. The
loss of substance by the first crystallization was very large;
as it became pure, however, it crystallized like an inorganic
salt. All mother liquors were treated with hydrochloric
acid to remove picric acid, reprecipitated with phospho-
tungstie, the precipitate worked up as before, and a further
crop of crystals obtained. The crystals are slender, yellow,
silky, felted needles or prisms. On heating in a melting-
point tube the substance begins to change color at 216°,
and is very dark at 230°. Heated side by side with lysin
picrate from fibrin and from gelatin, they agree within a
degree. The authorities all agree that lysin picrate turns
black at 230° to 232°, while Kutscher and Lohmann also
say that it begins to change color at 215°.

“To cbange the picrate into the chloride, 2 grams were
dissolved in 33 c.c. of hot water, 5 c.c. of concentrated
hydrochloric acid added, cooled, the picric acid filtered out
and washed with water containing hydrochloric acid. The
filtrates were shaken out with ether as long as there was
any yellow color. The solution should be colorless or
nearly so; if it is not, it can be decolorized by treatment
with animal charcoal. The solution was evaporated nearly
to dryness, first on the water-bath, and finally in a desic-
cator. When down to a thick syrup, stirring gave crystals.
These were recrystallized out of hot water containing
hydrochloric acid, giving long prisms, which melt at 192°,
again agreeing with the corresponding salt from gelatin
and fibrin. Henze says that lysin chloride becomes soft
at 193° and melts at 195°; Lawrow says that it has no sharp
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melting-point, but begins to melt at 194° to 195°. Hender-
son collected samples melting from 190° to 200°, prepared
by different individuals from widely different: sources.
By careful purification he obtained from each sample a
" product melting at 192° or 193°. Thus it would appear
that the apparent discrepancy in the melting-point is due
to impurities. Reactions, crystalline form, properties, and
melting (or decomposing) show that the picrate and chloride
from the germ are identical with lysin picrate and chloride
from gelatin and from fibrin. Thus the presence of one of
the hexon bases in the bacterial cell has been demonstrated,
and another point of resemblance between bacterial and
other proteins has been established.”
Mono-amino-acids.—The phosphotungstic acid filtrate ob-
tained by Leach in her work on the hexon bases was turned
over to Wheeler, who has made the following report on it:
“From the solution phosphotungstic acid was removed
with barium hydrate and carbon dioxide used to remove .
excess of barium. By concentration and crystallization
bodies were obtained resembling tyrosin and leucin under
the microscope. These were purified by repeated recrystal-
lization from water or from ammoniacal water, the tyrosin
bemg so mud Less selubilo ’dum the leucm that they could
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tyrosin as 235°; Cohn as 295°; while Fischer says that with
rapid heating the corrected point is 314° to 318°.

“The tyrosin obtained gives a Hofmann test with
Millon’s reagent. It gives Scherer’s test with nitric acid
and sodium hydrate on platinum foil, and also a beautiful
Piria test with sulphuric acid, then barium carbonate and
ferric chloride, which test is characteristic for tyrosin.

“The leucin crystallized in the characteristic knobs or
balls. As it became purer it crystallized more and more in
shining, white, very thin plates, sometimes in radial groups,
sometimes not. The crystals were finally obtained with a
practically constant melting-point, 262° to 263° or corrected,
268.5° to 269.6°. The pure laboratory leucin (Kahlbaum)
melted at the same point. Schwanert, Hammersten, and
others give the melting-point for active leucin as 170°%;
that for the inactive form is given as 270°. Fischer says
the melting-point is 293° to 295° (corrected) if heated
quickly in a closed tube. Cohn gives 275° to 276°. The
leucin obtained melted with darkening and decomposition.
With careful heating in an open tube it sublimed with
the characteristic white, woolly deposit. It also responded
to Scherer’s test on platinum foil with nitric acid and
sodium hydrate, which test Hammersten says is charac-
teristic for leucin.”

Agnew! has made the following contribution to the
mono-amino-acid content of the cellular proteins of the
colon and tubercle bacilli.

The material used in this research consisted of the cellular
substance of the bacteria. Growths from massive cultures
were placed in large Soxhlets and extracted for three days
with absolute alcohol and for the same time with ether.
The protein bacterial substance thus freed from everything
soluble in alcohol and ether was ground into a powder and
passed through a fine-meshed sieve. For the preparation
of the amino-acids Fischer’s method slightly modified was
employed. The cellular protein was boiled with three and

! Unpublished research,
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one-half times its weight of strong hydrochloric acid under a
reflux condenser until it failed to respond to the biuret
test. The humus substance was filtered out, repeatedly
extracted with hydrochloric acid, and the concentrated
extracts added to the filtrate from the humus. From this
filtrate glutamic acid was isolated as a hydrochloride by
saturation with hydrochloric acid gas and standing for some
days in the ice-box. The deposited glutamic acid was
collected on a filter with the aid of a pump. The filtrate
was concentrated in vacuo to a syrup, diluted with an equal
volume of alcohol, and esterified by saturating with hydro-
chloric acid gas, the solution being warmed to complete
the esterification. The alcohol was distilled off at a tem-
perature under 40°, more alcohol added, and removed by
distillation, this being repeated three times. At this point
glycocoll, as the hydrochloride of the ethyl ester, crystal-
lized out on account of difficult solubility in alcohol. For
convenience, the thick syrup containing the esters of the
hydrochlorides of the amino-acids was divided into portions
and each treated separately but in the same way. The
syrup was diluted with half its VOlume of water, cooled in a
freezmg mixture, and made slightly a&ﬁaﬂ‘ with sodium
L - This alkali sghlﬁ:o} ! wrﬂl ether,
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Hydrolysis of the Cellular Protemn of Bacillus Colv Com-
munis.—Three hundred and fifty grams of this cellular
protein was thoroughly mixed with 1100 c.c. of hydrochloric
acid, of specific gravity 1.19, and allowed to stand over-
night. The next morning it was found to be a frothy mix-
ture of deep purple color (Liebermann’s reaction). It was
placed in a 2-liter flask connected with a long reflux con-
denser, and boiled on the sand-bath for six hours, when it
no longer gave the biuret reaction. It was then filtered
through heavy paper, giving a clear brown filtrate and
leaving a heavy deposit of humus on the paper. The latter
was repeatedly ‘extracted with dilute hydrochloric acid,
the extracts concentrated, and added to the filtrate The
humus, air-dried, weighed 77 grams, making 22 per cent.
of the cellular protein.

The filtrate was concentrated in vacuo to half its volume,
placed in a freezing mixture, saturated with hydrochloric
acid gas and left in the ice-box for two days. By this time
the hydrochloride of glutamic acid had crystallized out.
An equal volume of ice-cold alcohol, previously saturated
with hydrochloric acid gas, was added, and the glutamic
acid .collected, dried over solid sodium hydrate, and
weighed. It yielded 10.5 grams of 3 per cent. of the cellular
protein.

The filtrate from the glutamic acid was esterified with
hydrochlemc acid gas, followed by entle heat The alcohol
- was led aﬁ,{ww me added., again
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Bath temperature. Yield.
Fraction I VP Sy { P11 40° to 60° 16.5 grams
ot 18 - e oAl o 60° to 80° 8.5 grams
Hraetion WO =~ s eeS i 80° to 100° 22.5 grams
Fraction: IV “SAE SRS S, 10025661302 20.0 grams
Braction V. +Jm D op. See . L A180%t07160° 16.5 grams

The dark red residue left in the distillation flask was
dissolved in hot alcohol, decolorized with animal charcoal,
filtered, and from the filtrate 0.5 gram of leucinimid was

. obtained.

Fraction I.—This was saponified by boiling with five
times its weight of water for five hours with a reflux con-
denser. On concentration two crops of crystals were
obtained. The first was dissolved in the smallest possible
amount of hot water, then treated with an equal volume
of alcohol, and left in the ice-box for twenty-four hours.
The white crystalline mass, tasting sweet and closely
resembling alanin, weighed 1.75 grams.
 The second crop was obtained by evaporation to dryness,

and weighed 1 gram. It was dissolved in 3 c.c. of hot
water; this was poured into an equal volume of hot absolute
alcohol, and set in the ice-box for twenty-four hours. White
' . taste and arranged in

ed, washed with
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Calculated per cent. of Cu in Cu-leucin- . . . . 19.66
Calculated per cent. of Cu in Cu-valin .. .. 25.52
Calculated per cent. of Cu in Cu-leucin-valin .. 20.48

The more soluble copper salt was freed from its copper
with hydrogen sulphide. The filtrate furnished, on treating
it with 80 per cent. alcohol and allowing it to stand in the
ice-box, (.5 gram of alanin.

Fraction III.—After saponification by boiling for five
hours under reflux condenser with five times its weight of
water, this fraction yielded 7.3 grams of solid. The absence
of prolin was demonstrated by the fact that hot absolute
alcohol dissolved nothing. The solution was boiled with
copper oxide which took up all the substance. The per-
centage of copper was found to be 20.38, thus showing the
compound to be the double salt of copper with leucin and
valin.

Fractions IV and V.—When these were mixed with
water a brownish oil separated. This was filtered off and
saponified by heating for several hours on the water-bath
with an excess of baryta. When the barium had been
removed there was obtained 0.5 gram of phenylalanin. It
was found difficult to purify this, but finally we did so, and
found the melting-point to be 262.5°. The filtrate from the
oily ester of phenylalanin was also saponified by heating
on the water-bath with an excess of baryta. The absence
of aspartic acid was shown by failure to obtain an insoluble
barium asparaginate. When the barium was removed a
small amount of glutamic acid was found in the filtrate.

The pasty mass left after the extraction of the esters
was neutralized with hydrochloric acid and prepared for a
second esterification, but owing to an accident this was
not completed. No ultimate analyses were made in this
or the subsequent hydrolyses, and we have relied for the
recognition of the amino-acids on (1) the boiling-point of
the esters, (2) erystalline form, (3) melting-point, and (4) the
percentage of copper in the copper compounds.

In this hydrolysis we have accounted for only a little
more than 10 per cent. of the nitrogen, distributed as
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follows: glutamic acid, 3 per cent.; glycocoll, 0.33 per cent.;
alanin, 1 per cent.; valin, 1.6 per cent.; leucin, 2 per cent.;
and phenylalanin, 0 2 per cent.

The cellular protein of the bacillus coli communis with
which we did this work contained 13.74 per cent. of moisture
and 7.2 per cent. of ash, or 8.38 per cent. of ash in the
moisture-free substance.

Hydrolysis of the Cellular Protein of the Bacillus Tuber-
culosis—Five hundred grams of this substance was hydro-
lyzed after the manner already given. The air-dried humus
from this substance weighed 120 grams or 24 per cent. of
the cellular substance, or 27 per cent. of the moisture-free
substance. The humus was found to contain 14.34 per cent.
of moisture, 0.15 per cent. of ash, and 1.69 per cent. of
nitrogen.

Before hydrolyzing this substance samples were taken,
and the following determinations made.
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Glutamic acid was separated as the hydrochloride.
Chlorides of ammonium and sodium were present in large
amount, but were easily separated on account of their
greater solubility in water. We obtained 1 gram of glutamic
acid, equivalent to 0.2 per cent. of the cellular substance
or 0.23 per cent. of the moisture-free substance.

The filtrate from the glutamic acid on being esterified, the
esters extracted, dried, and distilled, yielded the following:

Temperature Temperature ‘Weight of

of bath. of vapor. distillate.

Fraction I . 50° to 85° 35° to 60° 14 grams
Fraction II . 85° to 100° 60° to 85° 33 grams
Fraction ITI 100° to 140° 85° to 105° 34 grams
Fraction IV . 140° to 180° 105° to 130° 12 grams

Fraction V. . 180° to 210° 130° to 160° 12 grams

The pasty mass left after extraction of the esters was
acidified with hydrochloric acid, evaporated, the salt
filtered out from time to time, and when brought to a thick
syrup it was diluted with an equal volume of absolute
alcohol and the esterification repeated. However, the yield
from this esterification was exceedmgly small, not more
- than a few drops for each fmtm .

- From the resadue left ;gm stilla on, we obtamed 2
s of I ‘ nt. of the
e sub-
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senting 3.7 grams of leucin and 12.4 grams of valin. Prolin
was not present.

Fraction III.—From this there was secured by the
formation of the copper salt 5.4 grams of leucin and 10.6
grams of valin.

Fractions I and III gave a combined yield of 9.1 grams of
leucin and 23 grams of valin, equivalent to 1.82 per cent.
of leucin and 4.6 per cent. of valin in the cellular substance
or 2.04 per cent. and 5.17 per cent. respectively in the
moisture-free substance.

Fractions IV and V.—Each was shaken with three times
its weight of cold water and filtered through a damp paper,
leaving a brown oil. The oil, after being washed twice
with cold water, was saponified with excess of baryta.
From this there was obtained 2.5 grams of crude phenyl-
alanin. This was purified and the melting-point found to
be 263°. The yield of phenylalanin amounted to 0.5 per
cent. of the cellular substance or 0.56 per cent. of the
mowture-fme suhgt&nee From the filtrate from the oil a
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Hydrolysis of the Non-poisonous Portion of the Cellular
Protein of the Bacillus Tuberculosis—JYive hundred grams
of this non-poisonous bacterial split product, known in this
laboratory as “residue” or haptophor, was hydrolyzed.
The humus was found to constitute 29 per cent. of the air-
dried, or 40 per cent. of the moisture-free substance, the
percentage of moisture being 27.5.

The distribution of nitrogen was studied with the fol-
lowing results:

Percentage of nitrogen in residue . LRI LN | 3ol Ty ARG
Percentage of nitrogen in moisture-free reeldue e AV o
Percentage of nitrogen in ash-free residue . . SEPRTEL e -
Percentage of mtrogen in ash- and moisture-free re51due SnAe 8.29
Amount of nitrogen in the hydrolyzed fluid . . . . 18. 980 grams
Amount of nitrogen in the extract of humus . . . . 1.888 grams
Amount of nitrogen in the extracted humus . . . . 2.030 grams
Lotal wiE i o= IGE ey DTN G R R v A R 22 .898 grams
T otal amount of nitrogen in the 500 grams of residuz . 22,990 grams
Total amount of nitrogen in the products of hydrolysis .  22.898 grams
Tuoss: duringdhydrolyisiss™ 4.4 15 SRS Slipl Lfs JEoants Tl 0.092 gram
Amount of nitrogen in the hydfolyzed fluid S VY 18.980 grams
Amount of nitrogen in the extract (53 8L i hneya KM S 1.888 grams
Amount of mttogcn in the fluid to K;e osteri'ﬁcd T4 20.868 grams

from the residue.
' hww folloWS' ‘
i,
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It has been possible in this hydrolysis to recover only
8.19 per cent. of the nitrogen in the fluid esterified. Doubt-
less we should have obtained a greater percentage had
we been able to secure a higher vacuum. TFischer does his
work with a vacuum of 1 to 2 mm. of mercury, while the
best we could obtain with the facilities at our command
varied from 20 to 30 mm.

While the results of this work are not so satisfactory as
one might wish it does indicate that the proteins of the
two bacilli studied are different in their chemical compo-
sition. This is shown by the distribution of the amino-
acids as is indicated by the following figures:

Colon. Tuberculosis.
Glutamic acid .- . 3.00 per cent. 0.20 per cent.
Glycocoll . . . . . 0.33 per cent. 0.00 per cent.
Alanin 1.00 per cent. . 1.40 per cent.
Valin . e o 1460 percents 4.60 per cent.
Leucin 3 . . . 2.00 per cent. 1.82 per cent.
Phenylala.nm bl 0.20 per cent. 0.50 per cent.

Wheeler has J:eported as follows upon the mono-amino

A"
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From this point Fischer’s ester method for obtaining the
individual mono-amino-acids was carried out.

This method is so well known that it is not necessary to
outline it here other than to say that after the amino-acids
have been produced by cleavage of the protein with concen-
trated acid, the hydrochloride of their ethyl esters is formed,
and later the free esters are separated by distillation in the
highest possible vacuum. These are then saponified and
the amino-acids crystallized and purified.

The efficiency of this method depending in large measure
upon the vacuum secured, the yields here presented for
cleavage of the poisons might have been materially increased
with a better vacuum, the highest one possible with the
apparatus at hand varying from 20 to 30 mm. The following
table shows the results of the distillations of the free esters, -
both the bath and vapor temperatures being given, the
amount of the distillates, and the yield of crude crystals
after saponification.

™ 3 - ¥
Di1sTILLATION OF THE ESTERS OF THE MONO-AMINO-ACIDS FROM PROTEIN
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Colon Poison

Temperature Temperature  Amount of Weight of
Fraction. of bath. of vapor. distillate. crude crystals.
1 40° to 60° 28° to 41° 1.55:c.6: 0.07 gram
2, 60° to 80° 41° to 56° 1.0 c.c. 0.06 gram
33 80° to 104° 56°to 84° . 4.0 c.c. 2.00 grams
4 104° to 120° 84° to 88° 2.0 c.c. 0.63 gram
5 120° to 160° 88° to 139 5.5 c.c.

The yield from the colon poison was exceedingly small, due to the fact
that at one stage of the process part of the solution was lost.

Albumin Poison.

Temperature Amount of Weight of

Fraction. of bath. distillate. crude crystals.
1 40° to 60° 5 c.el 0.2638 gram

2 60° to 80° 3 c.c. 0.3338 gram

3 80° to 100° 8 c.c. 4.0000 grams

4 100° to 130° 10 c.c. 6.0000 grams

5 130° to 160° PN CECE 7.0000 grams

After repeated recrystallizations these crude products
were obtained in a state of chemical purity. From the
tuberculosis poison, fr sms 1 and 2 yielded needle-shaped
‘ ~soluble 1 ﬂOOhd Wﬂ.“ﬁemﬁ,]
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valin as 298°, corrected, when heated in a closed' tube,
decomposition taking place at the same time. The valin
from the tubercle poison melted as high as 296.28°, cor-
rected, but after continued recrystallizations the melting-
point dropped as low as 285°, and was never reliable.
Whether this was due to a partial racemization on repeated
heating is not known. Heated in a closed tube the melting-
point of the final product was 275.8° to 278.2°. As is well
known, valin closely resembles leucin in its properties, so
that it is very difficult to demonstrate the existence of one in
the presence of the other. On page 78, by another method,
the presence of leucin in the poison has been shown, but
by the Fischer method of ester distillation valin seems to be
the one obtained. The presence of leucin was further
demonstrated by the fact that from the final residue left
after the esters had been distilled, crystals of its decomposi-
tion product, leucinimide were obtained. This crystallized
from dilute alcohol in the form of needles and melted at
295.4°. Cohn gives the melting-point of leucinimide as 295°,
Frinkel as 262°. From fraction 5 of the tubercle poison a
qualitative test only was obtained for phenylalanin, the
quantity obtained being too small for complete purification.
After evaporation of the ethereal solution of the thick,
oily ester, according to the method, the ester is saponified
by twice evaporating with hydrochloric acid. It is then
evaporated with ammonia, dissolved in a small amount of
water, and poured into a large volume of absolute alcohol,
which precipitates the phenylalanin. From this precipitate
the qualitative test was obtained, according to Frinkel,
by dissolving in dilute sulphuric acid and adding an excess
of potassium dichromate, producing the -characteristic
odor of phenylacetaldehyde and showing thus the presence
of phenylalanin. From fraction 5, after removal of the
phenylalanin, upon saponification with barium. hydrate,
there was obtained, after the barium had been removed,
rhombic hemihedral crystals which had a distinctly sour
taste. These, after purification, showed 9.54 per cent. of
nitrogen, the average of two XKjeldahl determinations,
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identifying them as glutamic acid, C;H;NO,, which has 9.52
per cent. of nitrogen. Frinkel gives the melting-point of
glutamic acid as 202° to 202.5°, or quickly heated, 213°, with
decomposition. The product above obtained melted in an
open tube at 242° to 245°, in a closed tube at 236° to 238°.
From fraction 1 of the typhoid poison was obtained alanin,
with characteristic properties, as described above. These
crystals showed 15.633 per cent. of nitrogen and melted
at 267° to 271°. Fractions 2, 3, 4, and 5 contained only
valin, which showed 11.932 per cent. of nitrogen, the average
of four determinations. This melted at 287° to 290.6° in
an open tube, 278° to 280° in a closed one. From fraction 6
the qualitative test for phenylalanin was obtained as from
the tubercle poison.

Owing to the small yield of esters and crystals, fractions
1 and 2 from the colon poison could only be determined
qualitatively. Both fractions, however, showed needle-
shaped crystals and a sweet taste, which in conjunction with
the temperature at which their esters distilled indicated
alanin. Fractions 3 and 4 gave characteristic valin crystals
containing 11.942 per cent. of nitrogen and melting at
283.4° t0285°' ‘!'.9277°ma:closed
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with form -and properties as already given, was obtained
from both fraction 3 and 4, containing 11.935 per cent. of
nitrogen, and showing a melting-point of 282° to 286.4° in
an open tube, and of 279° to 283° in a closed tube. Like-
wise from fraction 5 the heavy oil of phenylalanin ethyl
ester was obtained, and from this as in the other cases the
qualitative test for phenylalanin by the production of
phenylacetaldehyde. The remaining portion of fraction 5
yielded the same rhombic plates and prisms as described
under the colon fractions, and which are like those of aspartic
acid properly obtained at this point if present. The copper
salt was -again formed, the same needles, very difficultly
soluble in cold water, difficultly in hot, being obtained.
The amount of crystals was too small for further identi-
fication.

From this it will be seen that mono-amino-acids are
obtained from the protein poisons after hydrolysis with
strong acid. It is not claimed that these are the only
mono-amino-acids present, or that all of these have been
sufficiently identified, but in consideration of the fact that
those discussed were found in the proper fraction according
to Fischer’s separation and according to the boiling-points
of their esters, that the crystalline form and qualitative
. ptopc:tie&ﬁcerrcspondzé cwi‘ Mr Ihm it could be deter-

e to the theo—-.
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of the poisonous group of the protein molecule. Attention
is called also to the comparative simplicity of the group and
to the great similarity of acids obtained from the different
poisons. This accords well with the great similarity and
non-specificity of their physiological action.

It is interesting that the final residue left after distilla-
tion of the esters gives still a very intense Millon reaction,
which cannot be ascribed to the presence of tyrosin.

It will be clearly understood that this work does not
show that the active agent or agents in the “crude soluble
poison’ is or are protein in nature.




CHAPTER V

THE CLEAVAGE OF PROTEINS WITH DILUTE
ALKALI IN SOLUTION IN ABSOLUTE
ALCOHOL

THE researches detailed in the preceding pages seem to
establish the following propositions:

1. The cellular substances of bacteria consist largely of
proteins that yield split products identical with those
obtained by the hydrolysis of vegetable and animal proteins.

It has been shown that the bacterial cellular substances,
when broken up with mineral acids or alkalies, furnish
ammonia, mono-amino and diamino nitrogen, one or more
carbohydrate groups, and humin substances. It seemed
therefore logical to conclude that the bacterial cell consists
largely of proteins.

2. The proteins of the bacterial cell contain at least
one group which when injected intra-abdominally, subcu-
taneously, or intravenously in anmials, has a markedly
poisonous effect.

3. This poisonous group may be detached from the cell
protein by hydrolysis with either dilute acids or alkalies.

4. The dilute alkali furnishes the better means of ex-
tracting the poisonous group.

5. When the bacterial protein is broken up with alkali
in dilute aqueous solution, at least two groups are split
off and pass into solution. These are the carbohydrate
and the poisonous groups. Both are soluble in water and
in dilute alcohol, and their separation, when the cell protein
is disrupted by alkali in aqueous solution, is difficult and
unsatisfactory.

6. Since the carbohydrate group is insoluble in absolute
alcohol, while the poisonous group is more readily soluble
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in this menstruum than in water, it was decided to attempt
to disrupt the cell protein with a solution of alkali in absolute
alcohol. Another idea also acted as a determining factor
in attempting this method of hydrolysis, and in fact it
was at that time the dominating factor. The effect of the
poisonous group on animals so closely resembles that of
neurin that it was thought that the two might be identical,
or at least that the poisonous body might contain neurin.
Knowing that neurin can be heated without decomposition
in alkaline alcohol was, therefore, a reason for trying this
method.

7. Previous experiments had demonstrated the advantage
of extracting the cell substance thoroughly with alcohol and
ether before submitting it to hydrolysis. This frees the
material from fat, wax, and other substances soluble in
alcohol or ether, and since it had been shown that these
are no part of the cell protein it is beneficial to get rid of
them in foto before hydrolysis is attempted.

The following preliminary trials were made by Vaughan
~and Wheeler (in the fall of 1903) in order to compare
hydrolysis with : ueous and alaohahc solﬂtmns of alkali.

T B ot thesaallio]
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as we could judge by the development and intensity of
the symptoms, in similar amounts. That the poison could
be extracted by alkaline alcohol was proved. However,
the yield was not satisfactory, and a second test was made,
and in this the strength of the alkali was doubled. These
were treated as before, and the pigs that received the
injections developed the characteristic symptoms and
died. The one that had the alcoholic extract died within
six, and the other within eight minutes. This confirmed
the hope that the alcoholic alkali was quite as efficient as
the aqueous in the extraction of the poisonous group.
While the aqueous extract contained a large amount of
the carbohydrate group, it was found that the alcoholic
extract, after evaporation to dryness and solution in water,
gave the biuret, Millon, and xanthoproteic tests, but failed
wholly to give the Molisch reaction. The carbohydrate
group had been split off in both samples, but being insoluble
in absolute alcohol, it remained with the insoluble portion
of the cellular substance.

The above and many other experiments have demon-
strated that the best method, so far devised, for extracting
the poisonous group from the cell protein, or, as subsequent
work has shown, from any protein, is by means of a 2 per
cent. solution of sodium hydroxide in absolute alcohol.
If satisfactory results are obtained, the alcohol used in the
extraction must be absolute. If it is not, more or less of
the carbohydrate will be mixed with the poison; a sticky
mass will be obtained, and the patience of the experimenter
will be taxed severely. Previous thorough extraction of
the protein with alcohol and ether for the removal of fats,
waxes, and other substances soluble in these agents, is
also essential to satisfactory work.

The method for preparing the bacterial cellular substance
has been given, but it may be well to give here some details
for the preparation of egg-white before splitting it up into
poisonous and non-poisonous proteins.

Fresh eggs (we have usually taken twenty dozen at a
time) are broken and the whites dropped into a beaker or

7
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precipitating jar, then poured with constant stirring into
four volumes of 95 per cent. alcohol. This stands with
frequent stirring for two days, then the alcohol is decanted,
and replaced with the same volume of absolute alcohol.
This is allowed to stand for from one to two days, when
the coagulated albumin is collected on a filter, allowed to
drain, then placed in large Soxhlets and extracted with
ether for from one to two days. It is then ground in porce-
lain mortars and passed through fine meshed sieves. This
gives a beautifully white powder which may be kept in
bottles in stock from which portions are taken for the
purpose of hydrolyzing it.
Twenty dozen eggs yield about 735 grams of this powder,
a little more than 3 grams per egg.
A weighed portion of the protein, prepared as above, is
placed in a flask, covered with from fifteen to twenty-five
times its weight of absolute alcohol in which 2 per cent. of
sodium hydroxide has been dissolved. The flask, fitted
with a reflux condenser, is heated on the water-bath for
one hour, when it is allowed to cool and the insoluble portion
collected on a filter. After thorough draining the insoluble
- part is returned to the flask and ﬂse, el#:raqtion mpeated
] It has been &mﬂi that 3 18
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of Kiel, b. proteus, b. subtilis, b. megaterium, b. pyo-
cyaneus, b. pneumoniee, and b. diphtherize. Gelatin con-
tains no poison, but gelatin is an albuminoid and gives the
Millon test imperfectly, if at all. Nicolle and Abt! found
that Defresne’s peptone does not yield a poison when
treated by our method, and we have confirmed this finding.
It would be interesting to know whether this peptone is
made from gelatin or from a true protein. The probabilities
are that in peptic digestion a point is reached when the
poisonous group in proteins is disrupted. In fact, as has
been stated (page 42), we have shown that the poison in
the cellular substance of the colon bacillus is slowly digested
and destroyed by digestion with pepsin-hydrochloric acid.
Therefore, it is not strange that certain peptones fail to
yield a poisonous body when disrupted with dilute alkali
in absolute alcohol. Witte’s peptone, so-called, as is well
known, is not a peptone, but an albumose.

This poison, like the whole protein of which it is a part,
is formed synthetically by the living cell. In case of the
colon poison we demonstrated this by growing the bacillus
in Fraenkel’s modification of Uschinsky’s medium, which
has the following composition:

Water . . NS Ll T T RS (006 parts
Sodium chlorlde g By MAPTER IN Cg [2 50 parts
Asparagin . NG (0 s RS C et e 34 parts
Ammonium lactate ’ ST g =h 63 parts
Di-sodium hydrogen phosphate oLl g ek 20 parts

After a week’s development the contents of these flasks
were poured into from two to three volumes of 95 per cent.
alcohol. The precipitate was filtered out and put into
absolute alcohol; next it was extracted in Soxhlets with
ether, dried, and powdered. This powdered cellular sub-
stance, when split up with 2 per cent. sodium hydroxide
in absolute alcohol, furnished the poison, the action of
which was demonstrated on guinea-pigs. Moreover, the
poison obtained in this way gave all the protein reactions

! Annales de I'Institut Pasteur, February, 1908.
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hereafter described as being obtained from the poison from
agar-grown cultures. This demonstrates that the poison is
an integral part of the cellular substance, and it is evident
that the bacterial cell must synthetically produce this
protein body during its growth from the chemical con-
stituents of the medium.

When the protein is split up by dilute alkali in absolute
alcohol according to the method described, the poison is
in solution in the alkaline alcohol. The preparation is
filtered and the filtrate neutralized with hydrochlorie acid,
avoiding an excess of acid. This throws down the greater
part of both base and acid as sodium chloride, which is
removed by filtration. In this way a solution of the poison
in absolute alcohol is obtained. This is evaported in
vacuo at 40°, redissolved in absolute alcohol to remove
traces of sodium chloride, and again evaporated in vacuo
at 40° or less. Evaporation may be done in an open dish,
but the toxicity of the substances is somewhat decreased
when this is done. The poisonous part of the protein
molecule when obtained in this way and powdered, when
“there is no water present, forms a dark brown scale which

| pulverizes into a h.g)ltﬁ‘ brown powder. '
- It should | r pnth'stood tb&t,w r&g:rd this
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normal sodium hydrate, and the percentage of nitrogen
calculated. The relative toxicity of the split products was
determined. In every case ammonia was still being pro-
duced when the process was interrupted. Again, a 10-gram
sample of the poison from egg ablumen was boiled for
fifty-four and one-half hours with 2 per cent. alcoholic
alkali to ascertain if ammonia could be split from the
poison itself. The results of this v&ork are shown in the
following table: gt

" -
952 S i (R ¢
Yol o
AMMONIA PRODUCED BY CLEAVAGE OF PROTEiN W)TH'DILUM Amu N,
ABSOLUTE ALCOHOL..’ &' -’

Per cent. of
Time in Atmos- N given Rate per

10, ¢ ’L'.’ sl v,

Sample. hours. phere. off. hour. Toxicity.
Witte peptone 3.0 air 0.4305 0.1435 Diminished.
Witte peptone 2.5 H 0.3956 0.1582 Greater than

that in air.

Witte peptone 8.5 H 0.7383 0.0868 Diminished.
Witte peptone 19.5 H 1.0517 0.0539 Diminished.
Poison 54.5 H

1.4800 0.0270 Diminished
) by half.

The albumin poison as ordinarily obtained contains
13.74 per cent. of nitrogen. By the fifty-four and one-half
hours’ heating with alcoholic alkali, 10.77 per cent. of its
nitrogen was converted into ammonia. After this treatment
the poison still gave a good Millon test, but no longer the
biuret.

It is probable that by continued heating in the same
manner quite all of the nitrogen could be separated, though
it is noticeable that the rate was greatly diminished as the
time lengthened. The decrease in toxicity with the evolu-
tion of ammonia suggests that this group is essential to the
toxicity of the poison. This seems to be highly probable.

Properties of the Crude Soluble Poison. The poison split
off from the protein molecule by the method above given
is deSIgnated as “the crude soluble poison;” “crude”
because it is undoubtedly a mixture of chemical bodies,
and “soluble” in contradistinction to the bacterial cellular
substance, from which it was first prepared, and which is
poisonous, but not soluble.
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The brownish toxic powder, varying in shade of color
somewhat with the protein from which it has been obtained,
has a peculiar odor. It is highly hydroscopic, and the
poisonous portion is freely soluble in water. The solubility
of the whole powder, however, varies with the protein
from which it is obtained, and possibly with the length
of time that it has been expoaed to the alkali in the alcohol.
Any portion m%Luble in water should be removed by
‘Tﬁltratlon, and. in some instances we have found filtration
fhrough poroelam necessary. Generally the powder dis-
. solves'§ i water ‘with-a‘slight opalescence easily removed by

filtration through paper. In all cases we have found the
portion insoluble in water free from toxic effect. Aqueous
solutions of the poison are decidedly acid to litmus, the
acidity being due to some organic body and probably
not to the poison itself. On neutralization with sodium
bicarbonate a brownish, non-toxic precipitate is formed.
Prolonged contact with alkali, as we shall see later, lessens
the activity of the poison, and even neutralization has
some effect, which is more marked the longer the prepara-
tion stands. We are inclined to attribute this to the forma-
tion af a salt wit ‘the acid poison and the alkali. The

m I hk»hol mom rﬁddy than in
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The “crude soluble poison” is soluble in strong mineral
acids, and such solutions remain clear on being boiled and
on dilution with water. However, a few drops of mineral
acid added to an aqueous solution cause a precipitate,
which seems to indicate that the acidity of the aqueous
solution is caused by the presence of some organic acid.

The poison diffuses slowly through collodion sacs both
within the animal body and when suspended in distilled
water. The following experiments bear on this point:
Two hundred milligrams of the crude soluble poison from
the cellular substance of the typhoid bacillus dissolved in
20 c.c. of water was placed in each of two collodion sacs
which were then suspended in distilled water. At the
end of twenty-four hours, the Millon reaction was given
by the dialysate. This was replaced every twenty-four
hours by fresh distilled water, and the dialysis continued
for ninety-six hours. At the end of this time the combined
dialysates were concentrated to dryness, the residues dis-
solved in absolute alcohol, filtered, and again evaporated.
The brown, sticky residue, thus obtained, dissolved in
water, was acid in reaction, had the characteristic odor,
and when injected into a guinea-pig, killed in twenty minutes
with typical symptoms, thus showing that the poison does
diffuse through a collodion sac. So slowly, however, does
it diffuse that at the end of ninety-six hours it was not
wholly removed from the sac. In another experiment
one gram of the same poison in 8 c.c. of water was put into
a collodion sac which was introduced into the abdominal
cavity of a medium-sized rabbit. After twelve days, the
animal not being visibly affected, the sac was removed
and found to contain 6 c.c. of a clear fluid which looked
more like blood serum than anything else. Five cubic
centimeters of this injected into the abdomen of a guinea-
pig had no effect. We conclude from this that the poison
had diffused from the sac, but so slowly that it was disposed
of by the animal’s body without recognizable discomfort.

Notwithstanding the ready solubility of the crude soluble
poison in absolute alcohol, we must regard it as either
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being a protein itself or as being mixed with one or more
proteins. Its aqueous solutions give all the protein color
reactions with the important exception of that of Molisch.
It is worthy of note that the part that separates from
alcoholic solution on long standing is inert and does not
give the protein reactions, while the solution does not
decrease in toxicity. This indicates that the protein is
permanently soluble in absolute alcohol. The Millon
reaction shows most perfectly and persistently whenever
the poison is found. It is generally believed by physio-
logical chemists that this reaction is given by all benzene
derivatives in which one hydrogen atom has been replaced
by a hydroxyl group, and it is also generally supposed that
tyrosin is the only oxyphenyl compound in the protein
molecule, therefore this reaction is presumed to show the
presence of tyrosin. This is interesting in view of the
~ fact already stated that gelatin, which contains no tyrosin,
or but little, yields no poison. The fact that the poison
contains no carbohydrate, as shown by its failure to respond
to the Molisch test, an exceedingly delicate test, is, in our
opinion, strong evidence that the cleax in the protein
molecule induced by dilute alkali in : uie alcohol at
&etmpmw &7&”&&% along stru
ere O ] rrad.
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proteins and their simpler non-protein disruption products,
and, so long as a disrupted protein continues to give the
biuret test it must still be classed among the proteins. It
will certainly be understood that the pure poison may
not be a protein, but until it is purified sufficiently to fail
to give the biuret test it must be regarded as a protein.

The poison responds nicely to the Adamkiewicz or gly-
oxylic acid test. Hopkins and Cole have shown quite
convincingly that this color test depends upon the presence
of tryptophan or indol-amino-propionic acid; therefore, while
we have made no direct search for tryptophan in our poison,
we assume its presence on account of the unequivocal
response to this test.

When the poison is boiled with concentrated hydrochloric
acid to which a drop of concentrated sulphuric acid has
been added, the powder passes into solution and a violet
color results, thus giving Liebermann’s test. At one time
Hofmeister believed this to be a carbohydrate reaction in
which furfurol and the aromatic oxyphenyl radicals take
part, but Cole has shown that this, like the Adamkiewicz
test, also once regarded as a carbohydrate test, is due to
the tryptophan group. We are quite convinced that our
soluble poison contains no carbohydrate, and we regard
the fact that it does respond to the Liebermann test as a
strong confirmation of the error of Hofmeister’s explanation
of this test, and in favor of the explanation given by Cole.

When heated with strong nitric acid the powdered poison
goes into solution, more or less yellow according to the
amount used, and this becomes orange on the addition of
ammonia, thus giving the xanthroproteic test and indicating
the existence of aromatic radicals.

The ordinary test for sulphur in proteins, that of heating
with excess of sodium hydrate in the presence of a small
amount of acetate of lead, is not given by the portion of
the protein split off by alkali in absolute alcohol. If,
however, a portion of the substance in a test-tube is fused
with metallic sodium and the cooled mass treated with
water, a few drops of a freshly prepared solution of sodium

.
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nitroprussiate added to a part of the clear filtrate, a beauti-
tul violet color is produced, indicating the presence of sulphur.
Also, if the other part of the clear filtrate be treated with a
lead acetate solution, lead sulphide is precipitated. If the
solution be acidified before lead acetate is added a faint
but unmistakable odor of hydrogen sulphide is detected.
It is known that sulphur may exist in the protein molecule
in at least two forms, one part being readily split off with
dilute alkali as a sulphide, the other bemg obtained only
when the dlsruptlon of the protein molecule is carried much
farther. It is still a question whether or not both of these
sulphur groups come from cystin. Since the nitroprussiate
reaction is very delicate, no conclusion as to the amount
of sulphur can be drawn from this test, and although a
good precipitate of lead sulphide is formed, the amount of
sulphur in the poison is probably not large, since Leach
failed entirely to find sulphur in the ash of the colon bacillus,
though both the cellular substance and the non-poisonous
portion, as well as the poison, respond to the nitroprussiate
test for sulphur and also give the lead sulphide precipitate
in the clear acidified filtrate from the fused mass.

A solution of this toxic substance is not coagulated by

o '.leactm acid, ne ﬂ{m@ﬁslmesolunon,though as already

acid added to an aqueous
i .'t‘ w_arecxpltahé
“addition
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mercury with hydrogen sulphide from their respective
precipitates and filtrates, the protein reactions are given
by the filtrates, and here also is found the poison in each
case. IFrom 10 to 15 per cent. of the crude poison can be
precipitated by the use of platinum chloride in either water
or alcoholic solution. All attempts to crystallize this
precipitate failed, as only a small part of it is dissolved by
hot water, and the insoluble part is unaffected by any of
the ordinary solvents. The protein reactions are given
by the platinum precipitate, by both soluble and insoluble
parts, but not by the filtrate. The poison is found in the
insoluble part of the precipitate after removal of the plati-
num by hydrogen sulphide, its toxicity being markedly
increased. The other parts, after removal of the platinum,
are inert.

The most active products have been obtained by precipi-
tation from solution in absolute alcohol with alcoholic solu-
tions of the chlorides of platinum, mercury, and copper and
removal of the base from the precipitate with hydrogen
sulphide. By this method we have obtained a body which
kills guinea-pigs of from 200 to 300 grams’ weight in doses
of 0.5 mg. given intravenously.

From a water solution of the poison, bodies giving protein
reactions may be salted out by the addition of ammonium
sulphate or sodium chloride to saturation, but in neither
case is the separation complete, the filtrates still responding
to the protein color tests after removal of the neutral
salts. In case of salting out with ammonium sulpkate, the
solubility of both parts is thereby lessened and the toxicity
diminished, possibly on account of decreased solubility,
though both parts exhibit some poisonous action, and like-
wise both show the protein color tests.

Phosphotungstic, phosphomolybdic, and picric acids all
give abundant precipitates. Since these reagents-are also
used in the precipitation of alkaloidal bodies, the precipitates
with phosphomolybdic and phosphotungstic acids were
further examined, the possibility suggesting itself that the
toxic body might be alkaloidal in nature, and that the
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protein part might be entirely separate from the poison.
A sample was precipitated with phosphomolybdic acid
in acid solution, the precipitate removed, washed, and
dissolved in ammoniacal water. This solution was then
shaken with amyl alcohol, but the alcohol was not colored
and the residue obtained on concentration was so slight as
to be practically nothing. Another sample was precipitated
with phosphotungstic acid, the solution being acid in
reaction. The precipitate was allowed to settle, removed
by filtration, washed with acidulated water, decomposed
with a saturated solution of barium hydrate, and the
remaining insoluble part filtered out. So far as possible,
the barium was removed from the filtrate with carbon
dioxide, alternating with concentration, and further addi-
tion of carbon dioxide. The solution was then allowed to
concentrate to dryness, when the residue was dissolved in
absolute alcohol, leaving barium salts behind. On con-
centrating the slightly opalescent solution, more barium
salts came down during the process and were filtered out.
The dry residue was taken up in water and ammonium
carbonate used to precipitate the barium that still remained.
After removmg lthe barium carbonate by evapora,'tlng on
the water , bot] mdumde and am,moma were
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Should the poison consist of an alkaloidal body existing
as a salt in the acid solution, the possibility of extracting
the base with ether or chloroform, after the solution had
been made alkaline with ammonia, is apparent. This
was tried with negative results. To a water solution of
colon poison, acid in reaction, ammonia was added, drop
by drop, to a slightly alkaline reaction, the mixture shaken
with ether, the ether separated and evaporated. The residue
remaining was non-toxic. The ammoniacal water solution
was next shaken with chloroform, the slightly colored
chloroform drawn off and evaporated at low temperature,
leaving a small amount of a dark, thick, semiliquid, which
was not poisonous either as it was or after faintly acidify-
ing with hydrochloric acid. The water solution remaining
being still poisonous, it is evident that the toxic part is not
an alkaloidal body capable of being extracted directly.

Potassium bismuth iodide in acid solution of the crude
soluble poison produces an abundant precipitate, apparently
more or less soluble in excess, and soluble in ammoniacal
water. '

Kowalewsky has shown that uranyl acetate will com-
pletely remove from various albuminous fluids every trace
of protein giving a biuret reaction, while Jacoby and others
have used this reagent for the removal of proteins from
faintly alkaline solutions. Abel and Ford used it to remove
protein from an extract of poisonous fungi. In a slightly
alkaline solution of albumin poison, uranium acetate gave
an abundant precipitate, but not a complete separation,
as both precipitate and filtrate still gave the Millon and
biuret tests, and the filtrate, after removal of excess of
uranium with a solution of di-sodium hydrogen phosphate,
filtration, evaporation, solution in alcohol, and reévapora-
tion, was still poisonous. In acid solution, the precipitation
was complete, the filtrate no longer giving the. protein
reactions.

Freshly prepared metaphosphoric acid also produced
an abundant precipitate, but not a complete separation,
the filtrate showing both Millon and biuret reactions.



110 PROTEIN POISONS

Likewise a heavy precipitate is produced by the use of a
saturated solution of picric acid, but the poison is not in the
precipitate, which gives only a very poor Millon test after
removal of the picric acid, and no biuret. Hofmeister has
given a method for introducing iodine into the molecule
of egg albumen. This was tried with the poison split from
egg albumen. The iodized compound no longer gave either
the Millon or biuret reactions, and while it affected animals
more or less, they did not die, and the symptoms were not
those induced by toxin poisoning. The iodine seemed to
have entered into chemical combination in the poison
molecule, and to have thus changed its characteristics.
The iodized body was freely soluble in absolute alcohol,
and in alkaline water, not in water alone, and was precipi-
tated by acid water from alcoholic solution, also on acidi-
fying an alkaline water solution. Though it no longer
responded to the Millon and biuret reactions, a good test
for nitrogen was obtained after fusing with metallic sodium.
An attempt was made to benzoylate the poison by the
Schotten-Baumann method, using albumin poison. Prac-
tically no precipitate was obtained. Irom the filtrate in a
part so'}uble n hat aleebd ‘there were obtained shiny, glis-
g plates or s which matted together under

wnd had rance of some of the fatty, >
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and showing both Millon and biuret tests, but not seriously
affecting animals in usual doses.

The nitrogen in a number of the crude poisons has been
determined by Gidley in this laboratory as follows:

PERCENTAGE OF NITROGEN IN PROTEIN POISONS.

Per cent. of N.

Source of poison. in crude poison.
Colontbalcillusyss » L= S [San e afs Snga s = L os=os 131449
Typhoid bacillus 3 o TR e SR B ST HIC R
Tuberecle bacillus e Wl Sl oS S Siatiasy] 1o 0f)
Pyocyaneus, Sk Rt - W suimopl -ttty oLl (50
Ruberl of JKiel= 1 35501 5= S0 0 ad ATt B0 201 03495
Subtilisses, &5 3 anes L L e AN R RS S S D
Megaterfimis s A 500 fg L8 e i % Lt AR 8505
Proteus vulgarls A T A Al ot e r L DR T
Yellow sarcine . L8 £ WA e e 6.145
Egg albumen (Leach) P & Ty =k nTTaL SRV | 2 7
Serumy AlBUIINGS: ol Y R Rl Lk v e 4 1048,
Edestin-aAvaiitms - 1 e RS R S e S S s I 1125078
Zein J Lt e R M ) e AN
Witte pe-ptone % e n ) et Y A= Ol a2 14
De Chapoteaut peptone BENETS T e NN e ([ 153

To. studiy the ffﬁsthbutum af‘ @l[f; mti‘ “determinations
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undoubtedly present, but the crystalline masses were
largely leucin, and no tyrosin was obtained in purified
form. From the crude crystals, after many and repeated
crystallizations, what was thought to be leucin was obtained
pure, melting at 264° to 265° uncorrected, or 269.42° to
270.46° corrected. The crystals were thin plates charac-
teristically grouped, and sublimed readily. From another
5 per cent. sulphuric acid extract of albumin poison was
obtained a large mass of crystals in characteristic tyrosin-
like sheaves, and giving a deep Millon reaction. These
were undoubtedly tyrosin, though at the time no melting-
point was taken.

Properties of the Haptophor or Non-poisonous Group.—Leach!
has investigated this split product with the following
general results: After cleavage of the protein with alkaline
alcohol, the haptophor remains undissolved. It is collected
on a filter, then transferred to Soxhlets, and for some days
extracted with 95 per cent. alcohol. This is for the purpose
of removing as thoroughly as possible the alkali which it
has absorbed from the alkaline alcohol. This cannot,
olly washed out by this method, and it is

Uit is held chemically. After this
casily reduced to a fine brownish
rives off the ¢

‘however, be w
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either dilute alkali or acid in the cold, but is soluble in
alkali on boiling. The clear, aqueous solution of the hapto-
phor is alkaline from sodium hydrate held either mechanic-
ally or chemically; it is precipitated by mineral acids and
by alcohol. It responds to the biuret, xanthoproteic,
Millon, and Adamkiewicz tests. Millon’s test is not very
satisfactory, and in some samples has failed altogether,
even after care has been exercised in neutralizing the alkali.
It is quite evident that the substance or substances in the
protein molecule to which the Millon test is due are for
the most part found in the toxophor group. However,
the readiness of response to this test varies greatly in the
different haptophors. The haptophor substance does not
reduce Fehling’s solution directly, but does so readily and
abundantly after prolonged boiling with dilute hydro-
chloric acid. The presence of carbohydrate in the hapto-
phor has already been discussed (page 70). Tests with
a-naphthol, phloroglucin, and orcin give positive results.
Ammonium molybdate gives an organic precipitate, but
no evidence of free phosphoric acid. The preliminary tests
show the presence of protein, nucleic, and carbohydrate
groups. Comparing these results with those obtained in
the study of the toxophor, the following statements may
be formulated: (1) The toxophor is freely soluble in abso-
lute alcohol, the haptophor is insoluble in this menstruum.
(2) The toxophor contains no carbohydrate, all of which is
found in the haptophor. (3) The toxophor freely responds
to the Millon test, while the haptophor does so slightly and
in some instances not at all. (4) The toxophor contains no
phosphorus, or but little of this element, while the hapto-
phor is rich in phosphorus. (5) The toxophor from different
proteins seems to be the same, possibly with unrecognizable
differences in chemical structure, while the haptophor of
each protein differs from that from all other proteins.

Leach! gives the following table showing the percentages
of ash, nitrogen, and phosphorus in the haptophor of the
colon bacillus:

1 Loec. cit.

8
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Fixed Inorganic Nash Pash Ratio
Ash. ash, ash. N. B free free. N:P.

Cell substance . okl 8.61 36,9 10.65 2.87
Haptophor . . 33.25 - 26.08 5.56 2.34 7.52 3.99 2.38
Prep. A. . 26.76 20.36 15.66 6.76 3.61 8.02 4.28 1.87
Prep. B. . 35.34 1 30.74 4.87 1,50 7.03 2.16 3.25
Prep. D. . 15.38 15.05 8.48 4.95 2.25 5.41 246 2.20
BraptiG. 2. . lv 6.99 2 1.66 4.65 1.74 4.73 L5 T 2.67
Prep. G.pur. . 5.50 5.50 1.36 3.43 1.35 3.48 1.37 2.53
Prep. H. . 35.91 14.00 27.67 5.98 2.68 8.27 3.71 2.23
Prep. Kz . 7.57 L 2.08 5.50 1.79 5.62 1.83 3.07
Prep. M. s 11,71 11.71 3.74 3.16 2.47 3.28 2.70 1.28
Prep. M2 . 8.30 =, 3.47 5.35 1.58 555 164 3.39

Ezxplanation of the Table—Ash, residue heating at low
redness. Fixed ash, residue after heating to full heat of
powerful burner. Inorganic ash, ash less calculated amount
of PO,. N, nitrogen by Kjeldahl-Groening method. P,
phosphorus by the Neumann method. N and P ash free,
reckoned free from ‘inorganic ash.” N:P, quotient of
column 4 divided by column 5. A, portion of haptophor
dissolved by acid alcohol. B, portion of haptophor not
dlseolwd by mmi .:Qcahol D, substance precipitated by
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nucleic acid and the nucleates are the only nucleo com-
pounds in which the ratios are at all comparable with
those given in the preceding table. Nuclein contains a
little less phosphorus than any of these preparations from
the germ, while other nucleo compounds are much richer
in nitrogen and poorer in phosphorus. It is perhaps worthy
of mention that contact with mineral acid apparently
breaks up the nucleic acid, the phosphoric acid going into
solution; thus, preparation A gives evidence of phosphorus
in inorganic combination, while G does not.”

Substance. Source. : Observer. N. P. NEBS
Nuecleic acid Salmon sperm Miescher 15.24 9.62 1.58
Nucleic acid Sea urchin sperm Mathews 15.34 9.59 1.60
Nucleice acid Yeast Miescher 16.03 9.04 1.77
Nucleie acid Pancreas Bang 18.20 7.67 2.37
Nucleic acid Thymus Kostytschew 15.55 9.25 1.69
Nucleic acid Thymus Kostytschew 15.26 9.30 1.65
Nucleic acid Wheat embryo Osborne and 15.88 8.70 1.83

Harris

Inosinic acid Muscle Haiser 16.00 8.60 1.86
Clupein nucleate - Mathews 21.06 6.07 3.48
Nucleohiston Thymus Huiskamp 18.37 3.70 4.97
Nucleoprotein Thymus Huiskamp 16.42 0.95 17.30
Nucleoprotein Pancreas UmBert= =2 MASI7Ro 1.67 10.65
Nuclein ‘Pancreas . Umber ~ 17.39  4.48 3.88
Ba a-nucleate Thymus Kostytschew  12.83 7.63 1.68

; 8.48 1.38

Ba Bnucleate  Thymus  Kostytschew  10.16

Y Ty GBI Sugve
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Leach split up edestin, casein, egg-white, and colon
cellular substance with alkaline alcohol. The insoluble
part of each gave the various protein color tests, Millon’s
reaction less satisfactorily than the others. On stirring
with water, the edestin preparation was entirely soluble,
there was a slight flocculence with the casein preparation,
the others were mainly but not wholly soluble. Addition of
a little sodium hydroxide increases the solubility. Mineral
acids give precipitates with the casein and egg preparations.

The most marked difference was found on testing for
carbohydrates. As edestin contains no carbohydrate, its
preparation showed no evidence of such a group. Although
casein is said to contain no carbohydrate, it has been found
to respond to the Molisch test, and so does its haptophor.
As was to be expected, the egg preparation gives evidence
of hexose and not pentose. The lead sulphide reaction
shows the presence of loosely combined sulphur in the
preparations from egg and edestin, not in the ones from
_casein and the colon bacillus.

Samples of the haptophor of egg-white were stirred with
‘water, ﬁlbemd tnd Mxﬁmpts made to separate protein and
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present interfered with the reaction, but by adding the
solution all or nearly all at once it was possible to obtain
comparative results. Experiments with the haptophor of
the colon bacillus had shown that the maximum reduction
was obtained by boiling for two and one-half hours with
2.5 per cent. hydrochloric acid (see p. 70).

Three grams of the haptophor of egg-white was mixed
with 200 c.c. of water, and 20 c.c. of 25 per cent. hydro-
chloric acid. A second sample was prepared in the same
way except that it was filtered before adding the acid.
Both were boiled with reflux condenser. After boiling half
an hour and then at intervals of three hours, aliquot parts
were removed, neutralized, titrated with Fehling’s solution,
and the amount of reducing substance calculated. Other
samples were hydrolyzed with sulphuric acid, with less
satisfactory results. These preliminary experiments indi-
cated that the reducing substance is all present in the
portion soluble in water, and that the maximum yield,
which if calculated as dextrose, is about 9 per cent., is
obtained by boiling from ten to twelve hours, and uatil the
mixture no longer gives the biuret test.

Accordingly, 25 grams of the egg-white haptophor was
shaken for two hours on a shaker with ten times its weight
of water, filtered, 200 c.c. more of water added, the solution
neutralized with hydrochloric acid, then 50 c.c. of 25 per
cent. hydrochloric acid added, thus making approximately
a 5 per cent. solution of material in 2.5 per cent. acid. This
was boiled with a reflux condenser for ten or twelve hours,
until the solution no longer gave the biuret test. It was
then filtered, leaving very little on the filter. The clear,
red-brown filtrate was cooled, neutralized with sodium
hydroxide, and benzolated by the Schotten-Baumann
method. The mixture became very warm, but was cooled
by surrounding the flasks with pounded ice and salt. When
the reaction ceased, the compound settled nicely, and was
filtered by suction after standing two or three hours. The
precipitate was washed with water containing a little
ammonia, and treated with' boiling water, in which a large
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portion was freely soluble. On cooling and concentrating
the alcoholic solution, a fine yield of crystals was obtained.
The crystals from several samples were united and recrys-
tallized from hot absolute alcohol until the solution was
clear and colorless. Macroscopic bundles of needles were
thus obtained, showing very characteristic grouping. They
were washed in alecohol and in ether, dried upon porous
plates, the operations being repeated until samples from
two recrystallizations melted side by side within 1° or 1.5°.
The crystals are pure white, readily soluble in benzol,
chloroform, and in glacial acetic acid as well as in alcohol,
and melt at 203°. When boiled with sodium hydroxide,
ammonia is given off; after removing benzoic acid by boil-
ing with hydrochloric acid, the resulting product reduces
Fehling’s solution.

0.4150 gram gave 0.00891 gram N, corresponding to 2.14 per cent. N.
0.4220 gram gave 0.00962 gram N, corresponding to 2.279 per cent. N.
Average is 2.213 per cent. N.

These charqc;tﬁ'lstncs suffice to identify the compound
as glueysdi’gx bmwhe wlnch Pumm reports as meltlng




CHAPTER VI
ACTION ON ANIMALS!

It will be interesting and instructive to compare the
effects of the living bacillus, the dead cellular substance,
and the soluble poison on animals.

The Action of the Living Bacillus.—When a gumea—plg is
inoculated with a fatal dose of the living colon germ, prac-
tically no symptoms whatever are noticeable for a period
varying from five to twelve hours, according to the size
of the dose given. This may be considered as the period
of incubation and is roughly proportional to the amount of
living germ injected. We have always worked with a
bacillus 1 c.c. of a twelve-hour or older, bouillon culture of
which has invariably proved fatal to guinea~pigs within
twenty-four hours. If 1 c.c. of such a culture is given, no
effects will be seen for a period of from tcn to twelve hours.
If, on the other hand 2cc. & t lture be i,q_iectefl,
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during this period that individual resistance and acquired
immunity are important factors acting by causing increased
bacteriolysis and the destruction of all bacilli before a
fatal dose of poison has been set free. During this time
the temperature of the animal may rise to a greater or less
extent or may remain stationary; the animal remains
active, eats; its coat is not roughened and it appears in
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Indeed, this fall of body temperature is often the first
marked symptom and, when occurring to a marked degree,
it is invariably a bad omen. The body temperature will
often fall from 101° to 94° I¥. or even lower within from two
to four hours, and this fall is progressive and continuous
until the animal’s death, immediately preceding which a
temperature as low as 87° or 86° I. is not uncommon. At
the same time the animal shows signs of the most marked
peritoneal inflammation, as is evidenced by rigidity and
spasm of the abdominal muscles on pressure. At autopsy,
the only gross lesion present is a marked hemorrhagic
peritonitis with a large amount of bloody fluid containing
intact red corpuscles and leukocytes in the peritoneal
cavity. The parietal and visceral peritoneum are studded
with minute punctiform hemorrhages. Hemorrhage is an
especially prominent feature in the great omentum and is
present to a less marked degree in the mesentery.

The Action of the Cellular Substance.—The dead bacterial
substance used in the following work was obtained by
growing a large amount of the colon germ on tanks filled
with agar for a period of two weeks at room temperature.
At the end of this time the growth was removed from the
tanks and extracted with absolute alcohol and ether. The
crude bacterial substance thus obtained was reduced to a
fine powder by pulverization in an agate mortar, and was
then ready for use.

It is interesting to note that the person who did the
pulverizing was often quite seriously poisoned during the
process unless he took the precaution of wearing a mask
which hindered the inhalation of the powder. The symp-
toms of such poisoning were exceedingly interesting. The
first thing noticed was a marked irritation of the nasal
mucous membrane and a huskiness of the voice, due no
doubt to the mechanical irritation of the inhaled powder.
This was followed by a feeling of depression and malaise,
and chilly sensations. Occasionally a decided chill would
be experienced. It is unfortunate that no accurate obser-
vations of temperature were taken in these cases. Nausea
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and even vomiting were occasionally noted. After a period
of discomfort varying from six to ten hours, during which
the patient often complained of dull pain in the various
joints, recovery would rapidly and completely take place.
On examining the powder obtained in this manner
microscopically we found that it consisted of colon bacilli
which still retained their morphological characteristics and
could still be stained by aniline dyes. On the other hand
cultures made from this powder have, of course, never
given a growth. In other words, the bacillus has not been
broken up by this treatment, but simply has been deprived
of life and of the power of reproduction. It is worthy of
note that neither by the action of alcohol, ether, physiological
salt solution, distilled water, nor any simple solvent have
we Leen able to extract a poison from the colon bacillus.
Nor, again, can a poison be split off by the action of heat
even when the germ substance is heated to 184° C. in a
sedled tube for thirty minutes. It is only when we make
use of agents which will chemically break up the colon
bacillus that we are enabled to obtain a poison apart from
the rest of the cellular substance. The powdered bacterial
substance is not sollfble. but can be held in suspenéion in
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it may be stated that they are similar in all respects to
those induced by the living bacillus. The temperature
remains the same or may rise slightly during the first two
hours. At the end of the four hours it has begun to fall,
and there is a decided drop from then on until the time of
death, provided the dose given is a fatal one. If a non-fatal
dose has been injected intraperitoneally the temperature,
as will be seen from Fig. 6, has reached a minimum at the
end of from six to eight hours and has returned to normal
again in from twelve to twenty hours.

Moreover, as a general rule, it may be stated that the
fall in non-fatal cases seems to be directly proportional to
the amount of bacterial substance injected. That this
should be the case seems to be only natural when we con-
sider the fact that in this instance we have largely done
away with that factor which is known as the individual
resistance of the animal. As has been previously mentioned
in the case of the living bacillus, the individual resistance
plays an important part in determining the amount of
poison which will ultimately be set free in the body. For
example, whereas 1 c.c. of a twelve-hour culture of our
colon bacillus invariably proved fatal, 0.25 c.c. never did.
The explanation of this is to be found in the fact that with
the smaller dose all animals were able to cause disintegra-
tion of all bacilli injected before a fatal dose of poison was
set free. If now 0.5 c.c. be given some would recover, while
others would die. In this case we would speak of the former
as possessing a greater individual resistance than the latter.
This simply means that, in the first instance the animal
has possessed a sufficient quantity of bactericidal substance
directly available to cause disintegration of all bacilli before
the latter have multiplied to a sufficient extent to furnish
enough poison to kill the animal on its liberation., On the
other hand, those animals which succumbed did not possess
quite enough of the bactericidal substance, or at least did
not possess it in a form available for immediate use. When,
however, the dead bacterial substance is given the dose
of poison which the animal receives is a certain definite
amount and is not capable of subsequent increase.
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Accompanying the fall in temperature there is apparent
lassitude, stupor, and roughening of the coat. In cases in
which many times the fatal dose has been given, the animals
occasionally die within from four to six hours with convul-
sions, a feature which can now and then be observed after
the injection of large quantities of the living bacillus. At
autopsy we find a picture similar in all respects to that
following inoculation with the living colon bacillus. There
is a marked hemorrhagic peritonitis, the peritoneal cavity
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due, no doubt, to the fact that the intracellular poison is
liberated much more rapidly and in greater concentration
in the second case. As will be seen later, it is not so much
the absolute quantity of the poison which is injected that
determines the result, as the amount which is active at a
given time.

The Action of the Soluble Poison.—When doses of this
powder are given intraperitoneally in amounts varying
from 8 to 60 milligrams, according as to whether we have
been careful to remove most of the common salt or not, a
fatal result follows in guinea-pigs in from thirty to sixty
minutes. Within fifteen minutes after injection the temper-
ature begins to fall and sometimes within half an hour has
reached 94° F. or even lower. At first, after an interval of
from five to ten minutes immediately following the injec-
tion, the animal appears restless, runs about the cage, and
shows a great tendency to scratch itself, this undoubtedly
- being due to itching sensations in the skin caused by irrita-~
tion of the peripheral nerves. The animal then begins to
show evidence of lack of coordination, which is rapidly
followed by partial paralysis, which is especially marked
in the hind extremities. This stage lasts for from five to
ten minutes, during the later part of which the animal
usually lies quietly on one side. Irom this state the animal
passes into what one might term the convulsive stage.
These convulsions are usually clonic in nature and, as a
rule, at first involve only the neck muscles, the head being
momentarily drawn backward on the back. At first these
convulsions are but slight in degree and are separated by
considerable intervals of time. Soon, however, they become
much more frequent and of much greater severity. Gradu-
ually they become more and more general in their extent,
until all the musecles of the body become involved in violent
clonic convulsions. This stage when present presages a
fatal outcome; rarely an animal recovers after reaching
the convulsive stage. During a convulsion, or occasionally
in the interval of calm, respiration ceases. The heart,
however, continues to beat, at first with perfect regularity
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and no acceleration; indeed, the rate seems to be somewhat
slower than normal. Gradually the beat becomes more
and more feeble, the rate and regularity being preserved
to the end. It is usually only after an interval of from
three to four minutes after the cessation of respiration that
the heart ceases to beat. As has been previously stated, a
fatal issue, if it occurs at all, always results within one
hour after injection and usually within from thirty to forty
minutes. This is to a large extent independent of whether
the dose is the minimum lethal one or two or three times
that amount. It is certainly entirely independent of the
size of the pig. 'Death, of course, results at slightly different
times with different batches of the poison, but even in this
case the interval of time between injection and a fatal
issue does not vary to any great extent. A dose which has
proved to be the minimum fatal dose for one pig will almost
surely prove to be the same for another. In other words,
we have done away practically entirely with the period of
incubation, and the poison acts so rapidly that individual
resistance plays no part; hence, the animal acts almost
- with the exactltudbcé mctqéeal compound into which
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with ether. The result was that on evaporation of the
alcoholic filtrate we obtained a sticky residue which it
was utterly impossible to pulverize or to weigh. We were
compelled, therefore, to content ourselves with evaporating
it to a sticky mass, which was then immediately dissolved
in water. The solution of the substance thus prepared
was very poisonous, but, as a rule, took from one to two
hours or even longer to bring about a fatal result. The
animals showed the roughening of the coat and the stupor
characteristic of the living and dead bacillus, but not as a
rule seen in the case of the soluble poison. Furthermore,
the majority of the animals showed during life unmistakable
signs of peritoneal inflammation. They died in convulsions.
At autopsy an intense hemorrhagic peritonitis was present,
which was particularly prominent in the omentum and
mesentery, and hemorrhage was often present in the cap-
sules of the liver and the spleen. From the fact that death
was slower in these cases and that the symptoms were
more like those seen after inoculation with the living bacillus,
we are inclined to believe that in this instance the poison,
although split off from the bacillus itself, still exists in
combination with some other cell group, and that it is
essential that this combination be broken up before the
poison can be set free and can act on the body cell.
Another interesting fact in this connection is furnished
by the action of the poison in solutions which have been
rendered strongly alkaline by the addition of sodium bicar-
bonate. As has been previously stated, the aqueous solu-
tions of the poison are slightly acid in reaction, and in order
to avoid the irritative effects which might follow their
injection into the peritoneal cavity, they were neutralized
or rendered slightly alkaline by the addition of sodium
bicarbonate.! At first no attempt was made to secure
perfect neutralization, with the result that sometimes
we were making use of neutral, while again slightly or

! The precaution of neutralizing the soluble poison, when properly
prepared, is unnecessary as it has no appreciable irritative action.
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decidedly alkaline solutions were employed. It was soon
noticed, however, that the results obtained in the three
cases were very different. Thus, whereas in the neutral
or faintly alkaline solution the injection of 60 mg. of the
powder invariably killed, in the case of a stronger alkaline
solution the same amount did not cause a fatal result,
although the animals were very ill. © From this fact it
became evident that some change had taken place in the
poison on standing in alkaline solution. In order to study
this change more in detail, experiments were conducted
with solutions of different degrees of alkalinity, with the
results found in the following tables:

TaBLE III.—RESULTS WITH SOLUTION OF Po1soN BARELY NEUTRALIZED
WITH SODIUM BICARBONATE AND PLACED IN INCUBATOR

Solution ) Result of Time of
No. of Dose of kept in Weight  injec-  death after
"‘anims@ ‘poison. ;&]m_‘ ~ of pig. tion. injection.
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TaBLE V.—RESULTS WITH SOLUTION OF PoisoN RENDERED DECIDEDLY
ALRKALINE wWITH SoptuM BicaARBONATE AND KEPT AT Room

TEMPERATURE

Time at Time of
No. of Dose of room tem- Weight Result of death after

animal. poison. perature. of pig. injection. injection.
1 60 mg. Fresh 350 gm. -+ 35 minutes

2 60 mg. 12 hours 265 gm. Sick Recovered

3 90 mg. 2 days 280 gm. Sick Recovered
4 120 mg. 2 days 460 gm. + 20 minutes

5 120 mg. 7 days 405 gm. Sick for 5 Recovered

hours
6 160 mg. 7 days 440 gm. Sick for Recovered

several hours

From the above tables it will be seen that the degree of
alkalinity of the solution, and especially the length of time
that the poison has stood in alkaline solution are very
important factors in determining its toxicity. Thus in
Table III, in which the solution was barely neutralized, the
poison seems to have retained its full potency after eight
days in the incubator, whereas, in the case of the strongly
alkaline solution, the potency has decreased markedly
within from twenty-four to forty-eight hours. Again,
there are great differences to be seen depending on whether
the strongly alkaline solution has been kept at room tem-
perature or at that of the incubator, the decrease in toxicity
being much less rapid in the first instance.

A more detailed report of the effects on animals than
it was possible to give in the above tables is not without
interest. For example, in Table IV, No. 2, which received
60 milligrams immediately after the solution had been
rendered decidedly alkaline, was very sick indeed, whereas
No. 3, which received the same amount after two hours
in the incubator, was only slightly affected. In the case
of Nos. 5 and 6 the effects observed corresponded more
closely to those obtained with the crude bacterial cell
substance. It is unfortunate that the time of death was
not ascertained in the case of No. 5. No. 6 did not suc-
cumb until seven hours after the injection. On autopsy

9
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there was considerable fluid in the peritoneal cavity, and
the vessels of the mesentery were markedly congested.
The omentum was particularly injected and a few minute
hemorrhages could be made out. The most plausible explan-
ation of the above facts is found in the theory that the
poison has not been destroyed in the alkaline solution, but
rather has entered into chemical combination with the
alkali and that we are again dealing with it in a combined
instead of in a free state. The fact that the same amount
will not cause a fatal result is thus readily explained, since
the outcome depends largely on the rapidity with which
the poison acts. If it is present in a state of combination
which must be broken up before it can exert its deleterious
action on the body, and if this combination is only slowly
decomposed, the nerve cells, for which it apparently has a
special affinity, are not subjected to an overwhelming dose
at one time, as in the case of the intraperitoneal injection
of the free poison.

The results obtained in animals Nos. 5 and 6, Table V,
are very interesting. In these instances there were two
distinct illnesses, the first becoming manifest within from
twenty to thu'ty m,mutes after the injection and corre-

cts to that following a non-fatal dose
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one, but occurs gradually and reaches a maximum only
after the lapse of a considerable interval of time. That
the rapidity with which this combination is effected depends
largely on temperature is shown by the fact that it occurs
much more rapidly in a solution kept in the incubator
than in one which is allowed to stand at room temperature.

The results which follow the injection of a fatal dose of
the soluble poison intraperitoneally have already been
described. When a non-fatal dose has been injected the
symptoms first noticed are similar in all respects to those
following a fatal dose. The animal becomes restless, shows
signs of irritation of the peripheral nerves, incoérdination,
and partial paralysis. The convulsive stage is not present,
as a rule, and when it is noticed is evidenced solely by
slight movements separated by considerable intervals of
time. We have never seen a case showing marked general-
ized convulsions which recovered.! Recovery is apparently
rapid and complete, and within two hours after injection
the animal which has been desperately ill appears as well
as any untreated animal. The maximum effect is obtained
within from forty-five to sixty minutes in every instance.
The study of the changes in temperature in these animals
is particularly interesting. Within fifteen minutes the
rectal temperature has begun to fall and has reached a
minimum within one hour.

It remains stationary for a short time and then begins
to rise again, and at the end of three hours after the injection
has usually returned to normal or above.

On injecting the soluble poison subcutaneously, we find
that animals are able to withstand a much larger dose
than when the poison is given intraperitoneally. Thus, in
the case of a poison, 60 mg. of which invariably killed
when given intraperitoneally, it was found that 120 mg.
could be given subcutaneously without causing a fatal
result. However, the injection of a solution containing
180 mg. invariably caused death, the fatal issuc occurring

1 This does rarely occur.
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in about the same length of time as in the case of animals
treated intraperitoneally. Thus a dose of 180 mgs. always
proved fatal in from one-half to three-quarters of an hour.
The symptoms are practically identical with those following
the intraperitoneal injection with the exception of the fact
that the various stages are much more sharply defined.
For example, the stage of peripheral irritation is much more
marked. The animal soon after injection becomes very
restless, runs around his cage, and scratches his body.
This itching seems, however, to be general from the outset,
and is not, apparently, more pronounced in the immediate
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symptoms of incoordination, lies on one side, and finally
develops convulsions, with failure of respiration, the heart
continuing to beat regularly for some time after the com-
plete cessation of respiration. Here also the symptoms are
accompanied by a decided fall in the body temperature.

The results following the intravenous injection of the
soluble poison are given in the following table:

TaBLE VI
Time of cessa- Time of cessa-
No. of animal. Amount of tion of respira- tion of heart-
poison injected tion after beat after
intravenously. injection. injection.
1 10 mg. 4 minutes 7 minutes
2 10 mg. Recovered
3 10 mg. 3 minutes 6 minutes
4 10 mg. Recovered
5 15 mg. 4 minutes 6 minutes
6 15 mg. 3 minutes 5 minutes
7 15 mg. 4 minutes 7 minutes
8 15 mg. 4 minutes 6 minutes
9 et he: 3 minutes 5 minutes
10 g i et 2 ORI 4 minutes 6 minutes
11 N e ) Wro ) 3 minutes 6 minutes
L2ty & S 20 m s 3 minutes 7 minutes

From the above table it will be seen that in all cases
respiration ceased within four minutes after injection.
Indeed, the respiratory embarrassment becomes pronounced
immediately following the injection. The animal struggles
for breath and there is violent retraction of the sternum.
No convulsions are seen following the intravenous injection,
this being probably due to the inhibitory influence of the
anesthetic which has been used during the preparation of
the animal for the operation. The failure of respiration in
the absence of convulsions would seem to be conclusive
evidence that the cessation of this function is due not to
mechanical interference during a convulsive attack, but to
a direct paralysis of the respiratory centre itself. Further-
more, the fact that the heart continues to beat in a perfectly
normal manner. for from two to four minutes after respira-
tion has entirely ceased, would tend to show that the
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immediate cause of death is asphyxia brought about by
paralysis of respiration through the action of the poison.!

This action of the heart after the cessation of respiration
is exceedingly interesting, and is entirely analogous to that
mentioned as following the intraperitoneal injection. The
rate of the beat is decidedly lessened and at first the indi-
vidual beats are stronger. They gradually become more
and more feeble, however, until finally the heart stops in
diastole, the rate after the preliminary slowing remaining
unchanged until the end. It is worthy of note that in the
case of intravenous injections the fall of temperature, which
is so marked a feature after the intraperitoneal and
subcutaneous injections of the poison does not occur.
The explanation of this fact is doubtless to be found in the
very short interval of time which elapses between the
injection and a fatal outcome. As regards the size of the
lethal dose when given intravenously, we see that 10 mg.
often, and 15 mg. invariably, proved fatal.2

For purposes of comparison, we have always made use
of the poison obtained from the same extraction in our
intravenous, subcutaneous, and intraperitoneal injections,
and have thenfpg been able to ascertain with a fair degree

cy angnces in dqse re.qu;red to bring about

; ce hus, whereas 60
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extraction only. It must be understood that the poison
is not in a pure state and when it is stated that 60 mgs.
causes death when injected intraperitoneally we refer simply
to the powder obtained from a given extraction. We have
been able to procure powders which kill in doses of 15 and
even as low as 8 mgs. when given intraperitoneally. This
difference is in large amount due to the presence of sodium
chloride, since no attempt has been made to remove this
salt in the case of the less toxic powders by redissolving
in absolute alcohol.

There are several facts which lead us to believe that
this poison is the one which causes the symptoms of illness
and death in animals infected with the colon germ. Most
of these facts have already been brought out, but it may
not be out of place to briefly recapitulate at this point.
As has been previously seen, the results obtained with the
living germ, the dead bacterial substance, and the soluble
poison can best be explained on the ground that the poi-
sonous body in each case is the same. The differences in
action are not differences in symptoms, but simply in the
rapidity with which these symptoms become manifest.
While it is undoubtedly true that in animals dying with
the minimum fatal dose of the living germ, the convulsive
stage is not present or is only slightly marked, it is rarely
absent in cases where from three to four times the fatal
amount has been given. The sole difference between the
living germ and the soluble poison which would appear to
demand an explanation is the lack of evidence of a perito-
nitis in the latter case. This, we think, is best explained by
the fact that in the case of the soluble poison the poisonous
substance exists in an uncombined form, which, of course, is
not true in the case of either the living or the dead bacte-
rial cell. The uncombined poison is rapidly absorbed from
the peritoneal cavity, and hence the irritative effects which
would result from its retention in this place are absent.

As has been stated, one of the first signs of the action of
the poison is a lowering of the body temperature. This
hypothermia is usually present to a marked degree, and
is noticeable before any visible symptoms occur. It is,
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therefore, the best index which we have as to the exact
time at which the poison begins to exert its effect. In the
same manner the rise of temperature after the development
of hypothermia is the first indication of recovery. More-
over, if in an animal with a subnormal temperature a rise
oceurs, it is an infallible sign of ultimate recovery, no matter
how grave the general condition may appear to be at the
time. We have laid great stress, therefore, on the changes
in body temperature as furnishing the most delicate test
of the action of the poison. It may be here stated that
the body temperature of guinea-pigs is ordinarily fairly
constant within certain narrow limits, and they are much
more satisfactory animals to work with in this respect
than are rabbits. Moreover, their temperature does not
seem to be materially altered by the injections of sterile
salt solution or such inert substances as a suspension of
pumice stone into the peritoneal cavity. As has been seen
in the case of the living germ, it is only after the lapse of
several hours that a fall in temperature occurs. This
would indicate that it is not until this time that sufficient
poison is liberated to cause notable toxic effects in the
animal. That it takes an appreciable time for the poison
to be liberated from the bodies of the bacilli is well illus-
trated in the instance of the dead bacterial substance.
Here it is only a question of dissolution of the bacilli and
the setting free of the contained poison, and yet it will
be noticed that an interval of at least two hours and usually
longer elapses before there is any noticeable fall in temper-
ature. The maximum effect in this case is reached between
four and six hours, and if the dose has been a non-fatal
one, recovery begins at the end of from eight to ten hours,
as is indicated by the upward trend of the temperature
curve at this point. In the case of the soluble poison, the
toxic effect begins at once. Within fifteen minutes the
temperature has begun to drop and within an hour has
reached a minimum. Recovery then begins and within
three hours the effect of the poison has worn off, as is best
evidenced by the return of the body temperature to normal
or above by this time.



CHAPTER VII

THE PRODUCTION OF ACTIVE IMMUNITY
WITH THE SPLIT PRODUCTS OF THE
COLON BACILLUS!

IT may be stated that the work which we have done
with the colon bacillus up to the present time has in every
instance upheld the belief that the substances which give
rise to the phenomena occurring in animals infected with
the living colon germ exist as essential groups within
the bacterial cell and can be liberated from the latter
only by its disruption. Moreover, until these substances
have been separated from the other constituents of the
bacterial cell with which they are normally combined they
are unable to exert any deleterious action upon the body
cells. . If the belief that the phenomena which result from
infection with the colon bacillus are due to the action of
the intracellular constituents of this organism is correct,
we would expect that it might be possible by chemical
means to split up this bacillus into different groups, the
injection of some of which into animals would be followed
by some of the results which are seen after inoculation with
the living germ. In a previous chapter we have shown that
it is possible to split off a toxic group which causes death
in animals with symptoms similar to those observed after
the injection of a fatal dose of living bacilli. However,
death is by no means the sole phenomenon which results
from the inoculation of animals with the colon bacillus.
The results which follow the injection of non-fatal doses of
the living germ are of equal if not of greater importance.

1 This chapter is taken, with but few changes, from an article by Victor
C. Vaughan, Jr., in the Journal of Medical Research, 1905, xiv, 67.
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It is a well-known fact that animals which have been
treated with non-fatal doses of either the living or dead
colon germ acquire a certain degree of immunity toward
subsequent infection with this bacillus. If, now, our theory
as regards the action of this bacillus is correct, one would
suppose that among the groups which we have been able
to split off there exist certain ones which possess the power
of producing immunity when injected into susceptible
animals. To ascertain whether such an active immunity
can be established in animals through treatment with the
split products of the colon bacillus is the aim of this chapter,
and we shall find it convenient to take up (1) the active
immunity obtained with the toxic portion, and (2) the
immunity obtained with the residue which remains after
the separation of the poisonous portion from the cellular

substance.
1. Immunization with the Poisonous Portion of the Cellular
Substance of the Colon Bacillus.—I'rom the description of
the action of the “crude soluble poison” of the colon bacillus
given in the preceding chapter, it can be readily seen that
the poison with which we are working is one which exerts
its action with great rapidity. The difficulties of immunizing
~ animals wmh such a poison can be readily appreciated, and
] du,m:g ﬂyq &l;mlrsc of tleﬁment a large
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is quite possible that with the employment of the combined
poison a higher degree of immunization may be obtained.

That it is possible by means of repeated doses to-induce a
certain amount of tolerance in animals for the poisonous
portion is illustrated in the following tables:

TaBLE VII

20 Mg. oF THis PoisoN INVARIABLY CAUsED DEaTH IN UNTREATED Pigs
WitaiN OnE Hour

Total
Weight Dose of poison in mg. and when given. amount
Guinea- in - 3 ~ poison

pig No. grams. 3/2 3/7 3[15 328 3/28 4f1 4/7 414 422 i

1 815 15.0 20 25.0 30.0 30 30 35.0 40.0 45 270
2 705 12.5 15.0 17.5 20 25 30.0 35.0 40 195
3 575  10.0 15.0 20.0 20 25 30.0 35.0 40 195
4 700 10.0 15.0 20.0 20 25 30.0 35.0 40 195
5 . 580 9.0 12.5 150 20 25 27.5 30.0 35 174
6 790 10.0 15.0 20,0 25 25 30.0 35.0 35 195
7 545 7.5 15.0 20.0 20 25 30.0 32.5 35 185
8 655 10.0 15,0 20.0 20 25 30.0 35.0 40 195
9 640 15.0 '20.0 25.0 25 30 35.0 40.0 45 235

The following table furnishes an index to the degree of
tolerance established in rabbits through the administration
of gradually increasing doses of the poison: -

.A, .. »_: b3 .‘v' . [h - 5 o] v ‘Iq':r. P 5 -
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the injection of from two to three times the amount which
would surely have proved fatal for an untreated control.
This would indicate that during the course of the treatment
the animal had developed either a slight degree of immunity,
or had established a certain amount of tolerance for the
poison. Which of these explanations is the correct one
can only be determined after a careful study of the subject
of the possible production of passive immunity and the
demonstration of a possible antibody in the blood of treated
animals. At present, owing to the slight amount of increased
resistance which the animals exhibit to the action of the
poison, we are inclined to believe that the question is one
of tolerance. Although the degree or tolerance thus far
secured has been limited, we do not feel justified in con-
cluding that greater resistance to the poison may not be
obtained. There are many factors of primary importance
in this work, all of which must be carefully studied before
definite conclusions can be drawn. TFor example, the
interval of time which is allowed to elapse between the
injections is a matter of first importa,nee Since the length
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From this we see that it is possible to establish a certain
amount of tolerance by means of daily injections of the
poisonous portion. Here again we find that it is compara-
tively easy to reach a dose which corresponds to about
twice the fatal amount, but above this the animal cannot
be carried. When death does result from a dose of the
poison which is too large to be borne by the treated pig, the
symptoms are identical in all respects with those which
occur in the case of an untreated animal, and a fatal result
follows in the same length of time.

The question now arose as to whether these animals
which had acquired a tolerance for the poisonous portion of
the colon bacillus were more resistant to inoculation with
the living germ than were untreated animals. In order to
ascertain this point, guinea-pigs which had received from
174 to 235 mg. of the toxic portion were inoculated intra-
peritoneally with doses of the living germ with the following
results:

d TasBLe X

1 c.c. oF A 16-HOUR CULTURE OF THE CoLoN BaciLLus UseEp IN THESE
ExPERIMENTS INVARIABLY KiLLED A CONTROL WITHIN
TwWENTY-FOUR HOURS.

Interval be-
Total  tween last
No. of in- amount injection and
Guinea- jections of poison inoculation Amount and age of

pig No. of poison. received. with germ. culture. Result.
1 9 270 mg. 11 days 1 c.c. 24-hour culture  Recovery.
2 8 195 mg. 11 days 1 c.c. 24-hour culture  Recovery.
3 8 195 mg. 11 days 1 c.c. 4-day culture Died in 22 hrs.
4 8 195 mg. 11 days 2 c.c. 4-day culture Dead in 24 hrs.
5 8 174 mg. 15 days 2 c.c. 24-hour culture  Recovery
6 8 195 mg. 25 days 2 c.c. 24-hour culture  Recovery
7 8 185 mg. 33 days 2 c.c. 24-hour culture  Recovery
8 8 195 mg. 25 days 2 c.c. 24-hour culture  Recovery
9 8

235 mg. 8 days 2 c.c 24-hour culture  Recovery

That an active immunity to the living colon bacillus is
also developed in rabbits which have been treated with
repeated injections of the toxic portion is illustrated by the
following experiments:
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Rabbit No. 1 received between May 25 and July 5 eight
injections of the toxic part, the total amount of poison
injected being 855 mg. On July 8 this animal received
5 c.c. of a twenty-four-hour culture of the living germ
without apparent effect. The control inoculated at the
same time was found dead in eight hours.

Rabbit No. 2 received between May 28 and July 18
eleven injections of the toxic portion, the total amount of
poison given being 2475 mg. On July 27 this animal was
inoculated with 5 c.c. of a sixteen-hour culture of the colon
bacillus without effect. The control was found dead in
ten hours.

Rabbit No. 3 received between June 27 and July 18 seven
injections of the poison, the total amount given being 2100
mg. On July 28 this animal was inoculated with 6 c.¢. of
a twenty-four-hour colon culture. Recovered. -

Rabbit No. 4 received the same amount of poison as the
preceding one. Twelve days after his last treatment this
animal was given 6 c.c. of a forty-hour colon culture and
recovered. The control was found dead in eight hours.

From the foregoing experiments it becomes evident that
animals which have been treated with the toxic portion of
the colon b&cﬂlu.s &cqu:k'e a certam d.egree of 1mmun1ty to
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of time. In the first instance the protection afforded is
very temporary, while in the second it is still present even
after the lapse of from twenty-five to thirty days. It may
be possible that in the case of the injections extending over
a long period of time the immunity obtained is of a higher
degree. This is a point which will require further study.
In the case of an animal which has been treated with
the poisonous portion and has subsequently received a dose
of the living germ which would surely have proved fatal
for a normal animal, the symptoms noticed are ‘identical
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been reached in each case, and within from ten to twelve
hours it has again returned to normal. The similarity of
the symptoms in the two instances leads us to believe that
in all probability we are here dealing with an immunity
which is identical in character with that which is usually
spoken of as natural immunity. This idea has been further
upheld by the fact that we have been able to obtain from
egg albumen and peptone poisonous substances which
resemble the toxic portion of the colon bacillus in their
action, and by the injection of single non-fatal doses of
which it is possible to obtain the same transitory immunity
to the living colon germ as is observed after the injection
of the colon poison. That this toxic group is common to
certain bacteria and other protein bodies is not improbable,
and this would furnish an explanation not only of the
increased resistance to certain bacterial infections occurring
in animals treated with albumin and peptone, but of some
phases of natural immunity as well. However, this subject
will be more fully considered in a future paper on a compari-
son of these various poisons. It may be well to reiterate
at this point that we have conclusively shown that the
poison which we have been able to obtain from the colon
bacillus, and to which death is due in colon infection,
does not come directly from the peptone or albumen in
the culture medium, since we have obtained the same
poison from the bacillus when grown upon a protein-free
medium.

2. Immunization with the Residue Remaining after the
Extraction of the Poison from the Colon Bacillus.—The residue
remaining after the extraction of the poison from the
colon bacillus, which is insoluble in alkaline absolute alcohol,
is soluble in water. The resulting solution is, however,
quite decidedly alkaline in reaction, owing to the presence
of free alkali. Since it is essential that we should avoid
the irritative effects which would follow the injection of
this free alkali into the peritoneal cavity, the solution is
first rendered slightly acid with hydrochloric acid, and
then neutralized with sodium bicarbonate before injection.
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The solution of the residue thus obtained after sufficient
extraction with alkaline alcohol is non-toxic in the ordinary
sense of the term. However, the toxicity of a substance
for the body as a whole depends largely upon whether the
cells which it attacks are of fundamental importance in
maintaining the life of the animal or not. Thus a poison
which possesses a special affinity for the cells of the respira-
tory centre will inevitably lead to the production of marked
symptoms of poisoning on the part of the animal, while
one which exerts its effect upon the blood or connective-
tissue cells would not necessarily do so. Of course, in the
latter case, treatment over a prolonged period of time would
undoubtedly result in symptoms of chronic poisoning.
The residue is as potent a cell poison as is the toxic portion,
but the cells which it poisons are not directly concerned in
the carrying on of a function, the cessation of which would
prove immediately fatal to the organism as a whole. That
the residue is possessed of but slight toxicity is seen from
the fact that the injection of from 300 to 400 mg. into the
peritoneal cavity of guinea-pigs at a single dose has appar-
ently no effect upon the animal. There is no fall of tem-
perature such as is observed after the injection of the
poisonous portion, nor, on the other hand, is there any
appreciable rise. It may be well to emphasize at this point
that in order to study this portion of the colon bacillus and
its action it is absolutely essential that the toxic portion
should have been completely removed. In order to accom-
plish this it is necessary to extract the bacterial cell sub-
stance at least three times with the alkaline alcohol, and
frequently a fourth extraction is required. If all of the
poisonous portion has not been removed, the treated animal
begins to show evidences of poisoning, as lowering of tem-
perature, stupor, and, provided the extraction has been
very imperfect, death. These symptoms do not, however,
become manifest to a marked degree until from two to
four hours after the injection. This is in marked contrast
to the rapidity with which the free poison acts, and would
indicate that the poison in the imperfectly extracted residue
10
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still exists in combination with ather constituents of the
bacterial cell.

The question now arose as to whether the animals treated
with increasing doses of the residue had acquired any
immunity to infection with the living colon bacillus. To
ascertain this point, guinea-pigs were treated with this
portion and subsequently inoculated with the living germ
with the following results:

TaBLE XI

Nos. 1, 2, 3, AND 4 RECEIVED A CULTURE, 1 c.c. OF A 12-HOUR CULTURE
ofF WHicH CausEp DEATH IN UNTREATED PIigs wITHIN TWENTY-
FoUrR Hours. THE REst RECEIVED A CULTURE, } C.C. OF WHICH
INVARIABLY PROVED FATAL TO UNTREATED ANIMALS.,

No. of Total  Time between
~Guinea- injections amount. last injection
pig of received and inocula-~ Amount of culture
No. residue.  in gm. tion. injection. Result.
1 9 0.29 16 days 1 c.c. 16-hour culture Recovery
2 ) 0.26 15 days 1 c.c. 24-hour culture Recovery
s 21207 ol SR A0S 16 days 2 c.c. 16-hour culture Recovery
' 4 2 0.3 4 days 2 ec.c. 16-hour culture Death
5 4 E0. o ’ .c. 18-hour culture  Re
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For example, No. 3, which received a total amount of 0.3
gram in nine doses, was able to withstand 2 c.c. of a sixteen-
hour culture after an interval of sixteen days, while No. 4,
which received the same total amount in two doses, suc-
cumbed to the injection of 2 c.c. of a sixteen-hour culture
given at an interval of four days after the last dose of
residue. Again we notice that the length of time over which
the immunity lasts is rather short in the case of animals
which have received a large amount of the substance in a
few doses continued over a short period. Thus the immunity
to 3 c.c. of a culture, 0.5 c.c. of which proved fatal for
untreated pigs, was lost between the fourteenth and the
seventeenth day following the injection of the last dose of
residue, and that to 4 c.c. of the same culture disappeared
between the seventh and the fourteenth day.

That it is possible to secure active immunity to the living
colon bacillus in rabbits by the injection of the colon residue
is shown in the following experiments:

Rabbit No. 1 received on August 13 a solution which
contained 1 gram of the residue. On August 20 a second
injection of 2 grams was given. Eighteen days later this
animal was inoculated with 5 c.c. of an eighteen-hour culture
of the colon bacillus. From two to four hours after injec-
tion this rabbit was apparently very sick, the symptoms
resembling those which are seen following the injection
of the toxic portion. However, it then began to improve,
and eventually completely recovered. A control inoculated
at the same time with an equal amount of the same culture
died in five hours.

Rabbit No. 2 received doses of 1 gram of the residue on
October 5, 10, and 20. Four days after the last injection
this animal was inoculated with 5 c.c. of an eighteen-hour
culture from which he recovered. A control given the
same dose at the same time died within five hours.

Rabbit No. 3 had the same treatment as did No. 2, and
six days after the last dose of residue withstood 5 c.c. of
an eighteen-hour culture. Eight days later this animal
received 10 c.c. of a sixteen-hour culture and did not die.
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Rabbits No. 4 and 5 had the same treatment as did Nos.
2 and 3, and seven days after the last dose each received
5 c.c. of a twenty-four-hour culture of the living colon
bacillus without a fatal result. A control which received
the same amount of the same culture died within five hours.

When we turn our attention to the symptoms which
follow the ‘injections of living cultures of the colon bacillus
into animals which have been actively immunized with the
split products, we find that the clinical picture differs
materially according as to whether they have been treated
with the toxic portion or with the residue. As has been
previously mentioned, the symptoms which are observed
in a pig immunized with the toxic part are apparently
identical with those which one sees in a normal animal
after inoculation with a non-lethal dose of the living bacillus.
The picture which is obtained on inoculation of animals
rendered immune by previous treatment with the residue
is, however, quite different. In this case the animals
become apparently very ill within an hour after inoculation
with the living germ. Indeed, so noticeable was this fact
and the treated pigs appeared so much sicker than did the
controls thu; our first thought was that we had in some

manner increased thcl: SuSﬁﬁpﬁbﬂ:ty to subsequent infec-
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amount of tolerance for the intracellular poison of the
colon bacillus as represented by the toxic part. In the
case of animals treated with the residue, however, no
tolerance for the poison contained within the colon bacillus
has been developed. If now the process which takes place
in both instances is a bacteriolytic one, it results that in the
case of the animal immunized with the toxi¢ group the
effects of the poison contained within the bacterial cell and
liberated upon its disintegration will not become manifest
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in behavior in the two cases. This is a point on which we
are as yet unable to give any definite results.

In order to study the differences in reaction to the living
germ in animals treated with the toxic part and those
immunized with the residue it is not only essential that
they should receive the same amount of the same culture,
but the dose given should not exceed twice that which would
prove fatal for a control. When a larger amount of the
living culture is given the differences are by no means so
clearly defined, although even in this case the animal which
has been treated with the residue shows symptoms of
severity at a much earlier time. As can be seen from Tig.
9, the temperature of a residue pig which had been inocu-
lated with twice the fatal dose of a living colon culture had
begun to rise at an interval of six hours after injection.
However, if an animal which has been rendered immune
by treatment with the residue is inoculated with six to
eight times the fatal dose of the living culture we find that
the temperature curve obtained is somewhat different in
character. The temperature falls with the same initial
rapidity, but instead of showing an early rise it continues
_for some tu: at a }ow pomt and it is only at the end of

, )jlpfﬂlébk hae is mani-
he fact th: h h Ly,




THE PRODUCTION OF ACTIVE IMMUNITY 151

immunized with the residue and subsequently inoculated
with a large amount of the living germ, we obtain evidence
of hypothermia at a much earlier period, owing to the
fact that bacteriolysis takes place very rapidly since the
bacteriolytic substance is present in a form available
for immediate use. If, however, the amount of this sub-
stance directly available is not sufficient to cause death
and bacteriolysis of all germs present, those bacilli which
remain are still capable of further reproduction. The same
mechanism which causes destruction of the bacteria in
normal animals, and which is probably connected with
the phenomenon of phagocytosis is, however, still operative
in the immune animal. Thus we shall have two influences
at work in the immune animal to cause bacteriolysis, one .
acting rapidly, and the other manifesting its action only
after a considerable interval of time. We should there-
fore expect theoretically that we would find in the im-
munized animal a marked fall in temperature at an early
time, due to the setting free of the poison from the bodies
of the bacteria disintegrated by the directly available
bacteriolytic substance followed by a secondary rise, and
a succeeding fall due to the liberation of the poison by
means of the factors present in the normal animal. How-
ever, this is not actually the case, since the effect of the
poison liberated at first has not worn off before the second
period of bacteriolysis becomes well established. Conse-
quently, the intermediate rise of temperature is absent.

The results which follow the injection of the dead bac-
terial substance into animals immunized with the residue
are very interesting. As has been previously mentioned,
whereas animals treated with the residue develop an active
immunity to colon infection, they do not possess any greater
degree of tolerance for the colon poison than do untreated
animals. This is shown by the fact that the fatal dose of
the soluble poison is the same for the treated pig as for the
untreated control. This would lead to the belief that the
immunity obtained to the living colon bacillus is, in the
case of the residue animals, purely a bacteriolytic one. If
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this is true, one would suppose that on the injection of a
fatal amount of the dead bacterial substance death would
occur more rapidly in the immunized than in a normal
pig, provided the immune animal possesses a suflicient
amount of bacteriolytic substance directly available to
cause disintegration of all bacteria present. If, now, a
pig which has been immunized with the residue receives
5 c.c.- of a twenty-four-hour culture of the colon bacillus
which has been deprived of life by means of heat, the
animal is very sick within from fifteen to twenty minutes.
The symptoms noted are similar in all respects to those
which are observed after the injection of the soluble poison.
The pig runs about the cage, scratches itself, and shows
the same evidence of lack of codrdination and partlal
paralysis of the hind extremities. This behavior is in
marked contrast to that seen in the case of a normal animal
which has received an injection of 5 c.c. of a twenty-four-
hour culture which has been rendered sterile by means
of heat. In this instance the animal appears perfectly
well until after the lapse of about an hour, when it begins
to show signs of illness such as roughening of the coat,
stupor, and indications of a beginning peritonitis. The
latter . symptoms are those which we have described as

¢ due t '_Mhb«wtmdkh%pm&omacom-
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the injection of the dead culture. In fact, several of them
have shown signs of the commencement of the convulsive
stage as evidenced by slight convulsive movements of the
head separated by considerable intervals of time. We have
been unable to secure a fatal result in these animals up to
the present time simply because we have worked with pigs
which did not possess a sufficient amount of bacteriolytic
substance directly available to cause disintegration of
enough bacilli to liberate a fatal amount of poison at one
time. It is worthy of note that this behavior of animals
immunized with the residue toward the dead bacterial sub-
stance furnishes additional proof of the fact that the poison
of the colon bacillus is an intracellular one. If the poison
existed free in the culture medium we should expect that
the control ‘would show evidences of its action at as early
a period as does the treated animal. However, as has
been stated above, this is not the case. The fact that the
treated animal shows symptoms of poisoning to a much
greater degree and at an earlier time than does the control
can be explained only on the ground that the pmson with

which we are dealing is an intracellular one and is set free
only after the disintegration of the bacillus by bacteriolysis.
The question now arose as to whether the immunity

mdued thro  the residue is specific for the colon bacillus
g | tystthivxqw a;mbaﬁlchhadboen_- &
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Although these experiments are by no means sufficient
in extent to warrant the conclusion that the injection of
the residue obtained from the colon bacillus furnishes no
increased resistance to typhoid infection, it can be seen
that the degree of immunity established must be very
slight. As far as the typhoid bacillus is concerned, the
immunity produced by the colon residue would appear to
be specific. If the immunity induced by the colon bacillus
is indeed specific, one would suppose that the immunizing
group is one which is found only in the residue obtained
from the colon germ.

As has been previously mentioned, we have found it
possible by treatment similar to that which we have used
in splitting up the colon bacillus to secure toxic substances
from egg albumen and peptone, which possess a similar
action when injected into the animal body, to that observed
after the injection of the colon poison. We have also
stated that the same transitory immunity to colon infec-
tion followed the injection of the albumin and peptone

son ngwas dﬁaaned *ﬂxh ﬂte colvm ‘poison itself. The
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TasLE XIIT

1 c.c. oF A 16-H0UR CULTURE OF CoLON BaciLus KiLLEp CONTROLS
IN TweNTY-FOUR Hours. % c.c. Dip Nor KiLu

Peptone Residue

Total Time between
Guinea- No. injec- amount last injection

pig tions of received and inocu- Amount of colon
No. residue. in gm. lation. culture injection. Result.
1 4 0.9 3 days 2 c.e. 16-hour culture Death
2 4 0.9 4 days 2 c.c. 16-hour culture Death
3 4 0.9 6 days 2 ¢.c. 16-hour culture Death
4 4 0.9 3 days 2 c.c. 18-hour culture Recovery
5 4 0.9 4 days 2 c.c. 18-hour culture Recovery
6 4 0.9 5 days 2 c.c. 18-hour culture Death
7 4 0.9 4 days 2 c.c. 16-hour culture Death
8 4 0.9 6 days 3 c.c. 16-hour culture Death
TasLe XIV

Albumin Residue

Total Time between
Guinea- No. injec- amount last injection

pig tions of received and inocu- Amount of colon

No. residue. in gm. lation. culture injection. Result,
1 oy AL 0.9 3 days 1 c.c. 16-hour culture Death
@ 4 0.9 5 days 1 c.c. 16-hour culture Death
ok 4 0.9 3 days 2 c.c. 16-hour culture Death
4 4 0.9 4 days 2 c.c. 18-hour culture Death
5 ol 0.9 5 days 2 c.c. 16-hour culture Death
6 4 0.9 5 days 3 c.e. 16-hour culture Death
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some of the toxic portion which had been left in the residue
as the result of incomplete extraction. In the animals
treated with the albumen residue we were unable to obtain
any evidence whatever of increased resistance to colon
infection.

It has now been shown that active immunity to the
colon germ can be produced in animals by treatment with
the split products obtained from this bacillus. This would
seem to furnish conclusive evidence that there exist within
the colon bacillus certain immunizing groups which are
capable of being separated more or less completely from
the other constituents of the bacterial cell by means which
bring about a chemical cleavage of the latter. Furthermore,
it has been seen that the colon bacillus contains at least
two different groups, cach of which when injected into the
animal body is capable of establishing a certain degree of
immunity toward subsequent infection with the living
germ. One of these groups is contained within the toxic
portion, and probably represents a group which is common
to many protein bodies, since, as has been shown, it is
contained in the poisons secured through the chemical
cleavage of egg a:ibumen and peptone, as well as from the
colon bacillus.
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immunity to the living germ obtained through the employ-
ment of the residue is apparently much higher than that
which follows treatment with the toxic portion. It does
not seem improbable that the specific immunizing group
which is contained in the residue represents that group of
the colon bacillus which is of primary importance in the
development of specific acquired immunity to this germ.

The work just detailed may be summed up as follows:

1. Guinea-pigs treated at intervals of from <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>