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Shemical Zonstitution =rd Tiolo,:lcal

tlie Tndo-anticen

ey

Iroperties o
of the Brucella "‘roun of !’lcro-

Oorzanisms. *

Chemical fractionation of the bacterial cell in order to
obtain pure and suitable antigens has received coneiderable atten-
tion during the last few ysars. It has already been demonstrated
that chemically defined and reproducable anticens sceparated from
the bacterial cell serve as hetter imvwnizing agents, and furnish
more suitable naterials for the study of antigen-antibody systens
nid bucterial allergy thanr do the intact bacterial cells.

Jonsiderable nrogress has alreadr been made in the chemical

fractionation of Jrucella cells. In previous studies (1), (2},
two significant hichly antigenic Zractions uwere separated which
from prelinminary investigations anpeared to Le of sufficient

i sportance to warrant a further and wmore detziled chemical and
biological study. The isolation of one of those, the JG-substance,
has recently besn confir ed by .chapira (7). .although it is

neither carbohvdrate nor »rotelin, its antigenic activity zrpears

#is study was made possible by a ¢rant in aid Iromn
the I'orace (l. and Lary 4. L2ackham Pund and the Tlfa

Sachs Plotz foundatione
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similar to that which is delegated to the specific polysaccharides
in many other organisms. The albuminoid fraction from 73rucella
cells, a combination of the S-substance with a protein-like ¢roup,
exhibits in addition to the vrecipitation of immune sera, the
property of being extremely toxic for normal guinea pigs upon
intraperitoneal injection. This same toxic property upon injection
into normal guinea pigs is a&also exhibited by a dense suspension

of the intact bacterial organisms.

The symptons and signs shown by the guinea vig following the
intraperitoneal injection of a toxic dose of the albuminoid, of the
more highly purified endo-antigens or of a dense suspension of in-
tact cells begin to apvpear about two hours after injection. The
animal remains quiet, its coat becomes rouzhened, and it hangs 1its
lead in a state of stupor. At the fourth hour the animals show
signs of peritoneal Iirritation characterized by rigidity and spasms
of the abdominal ruscles. The head is momentarily retracted on the
back. Later the spasms involve other muscles of the bodr, causing
the animal to juwnp upward when disturbed. If the reaction continues
for 8 to 10 hours an opaque exudate containing neutrophiles collects

in the left eve. The leukocyte count falls to B,OOO,’chiefly aue
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to the. disappearance of neutrophiles from the psripherel blood.
The administration of a dose which produces no lowering of the ten-
perature raises the leukocyte count, often to 20,000, the increase
in count being due chiefly to an increase in the neutrophiles.
The temperature begins to fall from 1 to 2 degrees the second
hour after injection, and continues downward until the animalrs
death, preceding which a temperature of 34° to 32°C. is noted.
Death occurs from & to 18 hours after injection depending upon
the toxicity of the material. The temperature never rises nore
than 2 degreses above normal following the administration of a
non-lethal dose. A% autopsy, the only gross ohanﬁes'noted are
a small amount of clear viscous exudete containing lymphocytes and
neutrophiles in the peritoneal cavity, petechial hemnp?hages in
the parietal peritoneum and extensive hemmoﬂhages in the mucosa
of the stomach and in the intestines. The reactions in the guinea
pig are similar to if mnot identical with those described by
Vaughan and Vaughan (4) in their studies of bacterial poisons.

The 3-substance was reported to stimulate no anti-hod; pro-
duction, to elicit non-specific skin reuactlons and to precipitate

specific serums. The albuminoid, on the other Land, vas found to



(4)
produce specific antibodies in normal animals and specific skin
recctions upon intradermal injection into sensitized subjects.

Gwatkin (5) has described the preparation of an alcohol
precipitate prepared from an agqueous extract of moist “rucella
organisms, as well as an extract involving autolysis of dried and
ground Brucella cells. These preparations were found extremely
toxic for normal guinea pigs. The alcohol precipitate, character- ///
ized by qualitative tests only, was found to e polysaccharide in
nature. In work reported previously from this laboratory (1) i%
has been shown that precipitates and extracts prepared in a manner v
similar to those used by CGwatkin contain a variety of conponents
which may bs sevarated by fuéher chemical treatment. It was
thus believed that some FTurther purification of the toxie principle
should be possible.

The carly work on the toxic Zraction indicated that it was
liberated in a soluble form in the course of autolysis of the bac-
terial cells. Autolysates prepared at varying pH and under a variety
of conditions vwere subjscted to fractionation by dialysis, alcohol
precipitation and by tri-chlor acetic acid precipitation. Il'any of

the fractions obtained exhibited toxicity for normal guinea pigs.
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The fractions were, howeVer, chemically ill-defined and consti-
tuted no improvement of the previously obtained albuminoid. This
work was further complica®ed by the fact that occasionally auto-
lysates were obtained which were non-toxic. Mxtracts of ground
bacteria; ¢cells in N/2 ITaQH, fractionated by various means, gave
results similar to those obtained by autolysis.

Digestion of ground Brucella cells at pE 8 with trypsin and
erepsin and thorough centrifugation of the undigested residue fur-
nished extracts that were wore constant in their toxicity than those
obtained by the first methods used. H#ractionation of the digests
by alcohol precipitation vrovided little of interest. Precipita-
tion with phosphotungstic acid, besic lcad acetate and with silver
nitrate, and decomposition of tho precinitutes yielded a hiologsical-
ly significant oil-like constituent which in.large doses produced a
typical toxic reaction a&d“ﬁddition produced an imnediate Hut
temporary respiratorr varalysis. “his fraction ves not antipenic.

In view of the close simileritr between the toxic pronverty of

o

1
Brucella extracts and thalt of vaushan and Taurhans(4) "soluhle

p———————————

protein poison™ whiel was prepared from o varietr o nroteins,
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their chemical separation procedure was carried out on Trucells cells

A fragtion was ohtained sinilar in nature to their nreparstions uhich
produced, upon intraperitoneal injecetion into normal gfuinea pirs, a
toxic reaction entirely unalogous to thet siven by injection of the
albuminoid or of whole orsanisms. The fraction hovever, hed no
antigenic properties whctsosver.

The isolation of a toxic antirenic fraction fron Salnonslla
asrtryclzez by Ruistrick and Topley (6) and by RPoivin, *esrobeanu and
Tesrobeanu (7)) as well as from a number of other organisms by the

ztter aathors, surrested th2 goplication of thelr nrocedures to the
Z“rucella group. 4 modificuation of tiie method of “oivin znd collabo-
rators yielded a produect v ich was 7ound to be extremncly toxie and
2t the sane tize a specific and hichly active antisen. ™his product,
nmoreover, was found siilar to 1P not identical with the L-substenee,
which implies that L.erc is a cloce councction between the new frac-
tion and the albuminoid previocusly discussed.

Isolation of the Jado-cntigen

hs endo-anticsen vwas prepared from a nunber of strains o

Drucella abortus, Sricella meliteunsis and _rucella suls in the

stock collection maintained in +hiis laboratory. e dricd cells ere
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Prepared in a manner sinmilar to that described in u rreviouc pub-

lication (1). The dried organismes wers ground in a ball nill for

.

7 days. The resultin; fine powder was suspended i sufficient

distilled water to make a suspension of 5 per cent by welght.
Toluene was addea at the sawe ti.e with the water. The suspension
was digested under tolusene by 0.0 per cent trrypsin and 0.5 per cent
NaBCOBat 37% C. for two and one-half davs. at the end of tuis tine
0«5 por cent trypsin was again added and digestion was allowed to
proceed again for two and one-half days. To the tryptic digest
suspension was added tri-chlor acetic acid to a dilution of IN/4.
At the end of three liours the mixture was neutralized and subnitted
to dialysis in running tap water, foillowed by si. ilar treatment in
distilled water until dialysis was compleste. The dialyzed suspen-
sion was concentrated to as small a volume as was practicable by

distillation at 40° C. in vacuo. The resulting concentrate was

<t

precipitated with 10 volumes of alcohol containing & few drops of
~lacial scetic acid. The precipitate was centrifuged and re-
suspended 1in a small volwae of distillsd water and &pain precipita-

ted with alcohol, which procedure was rensated o tines, o0 until

the supernatants contained no urther ctructable naterial.
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The final alcohol precipitate represents the endo-antigzen.
The yield in a large number of such preparations has varied from
15 to 30 per cent of the dry weight of the bacterial cell; the
average for all preparations being roughly 25 per cent. The
endo-antigen forms unstable acidic suspensions in distilled water.
These suspensions may be converted into decply opalescent solutions
by adding H/l Nébﬁ‘until no increase in clarity is observed. The
liquid may then be adjusted to pH 7 with no increase in turbidity.

The preparations from Br. abortus, Br. melitensis and Br. suls are

grossly similar.

The similarity of this product to the earlier mentioned albumin-
oid is shown in that suspensions of the finely g&ound albuminoid in
distilled water, dige;ted with trypsin and trsated as ghove, yield
preparations exactly analogous to those obtained from the pulverized
whole cell.

Chemicgl Mature of the lndo-antigen.

The endo-antigen gives a positive, though very slow reaction in
the Jolisch test for carbohydrates; a vosltive reaction with Tialts
test for pentoses; a negative reaction to the di-phenylamine test

for ketoses; positive reactions to the hiuret test for the peptide-~
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linkage and 1fillon's test for tyrosine; a very faint reaction
in the Rosenheim test for tryptophane.

The nitrogen content of the endo-antigen. (micro-I jeldahl
method ) is from 5 to 10 per cent of the total veight. 4imino
nitrogen (method of Van Slyke ) is absent. There are no re-
ducing sugars present as such. After hydrolysis with dilute hy-
drochnloric acid, however, reducing sugzars calculated as g lucosé
(Skhaffer-Hartmann procedure ) have been found to comprise from
4 to 12 per cent of the fraction. Thosphorus and sulphur are
not present. Determinations of acetyl groups by the method of
Kuhn and Roth (8) give an average value of 6 per cent. Acetic
acid has not bcen isolated in this procedure and, because of
data to be considered later, it has seemed possible that this
value may represent some other volatile acid produced by the
hydrolysis employed in the procedure.

A typical analysis of endo-antigen is given. This parti-

cular preparation was obtained from cells of 3r. melitensis

strain 608.
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Total N: 9.403 per cent

Amino N: sabsent

Reducing sugars pefore hydrolysis: Absent

Reducing sugars after hydrolysis: 5.93 per cent

Sulphur: Absent

Phosphorus: Absent

Acetyl groups: 3.48 per cente.

At this point it is ©perhaps well to consider a similar examin-
ation of a sample of S-~substance prepared from the same strain of
organisms as was the above endo-antigen. The 3-substance gives a
weekly positive Molisch reaction upon standing; the biuret reaction
is a 1light pink; the Rosenheim test is negative; with Bial's re-
agent the reaction is positive but much weaker than that given by
the endo-antigen. NMillon's reaction %%e weakly positive. The
analysis of the S;substance is as follows:

Total IN: 5.86 per cent

amino N: Absent

Heducing sugars before hydrolysis: Absent

Reducing sugars after hydrolysis: 8.13 per cent.

Julphur: Absent
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Phosphorus: Absent

Acetyl groups: 48.43 per cent.

It will be seen that the data for the endo-anfigen and
those for the S-substance correlate closely with the exception
of the acetyl content. The probably meaning of the high figure
for the acetyl content of the S-substance will be considered
later. The analytical data for the S-substance differ from those
previously presented in that reducing sugsrs are found present
after hydrolysis and the biuret test is found weakly positive.
This latter reaction, checked several times to assure its authen-
ticity, is very weak and might be easily overlooked. The reduc-
ing sugars upon hydrolysis are detectable only by the use of a
quantitative reagent and do not afford reduction sufficient for
visible detection.

Acetylation of the Endo-antigen
Since the endo-antigen presumably contained determinable
acetyl groups, the importance attributed to the acetyl groups of
the specific polysaccharide of Pneuococcus Type 1 (9) suggested

a study of the effect of acetylation upon this substance. A
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portion of endo-antigen prevared from cells of 3r. aborius

strain 1151, was precipitated with acid alcohol and tie »Hre-
ipitate jacked tightly by centrifucation. ™he »recipitate, still
moist with alcohol, was suspended in acetic anhydride containing
a small amount of freshly “used sodium acetate. The nixture uas
warmed ﬁo start the recction and was then heoated in a bhoiling
water bath for ome-half hour. 2t the end of this tile the mixture
was neutralized, then dialyzed in running tap water and in dis-
tilled water until dialysis was complete. The zcetyl content of
the endo-antigen hefore acetylation was 2.29 per cent, alter
acetrlation, 7.74 per cent.

Because of the interesting effect of the above treatrient

on the biological prepsrties of the endo-antigen, to be discucsed

J
=

-

later, a second prenaration which showed little hiolcgicel wetivity

from the same strain of orpanieme, s acetylated. Acetyl countert

was %.17 and %.57 per cent Lefore and alter acetrylation respectivel:r.

%]

he rmethod used in determining acetl sroips involved scpon-

ification in methrl alcorolic T"aCH. © nunmber of thoe solutions left

after distillation of the acil Tiom the cuponification nmix rres were
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collected, reduced in volume and precipitated with alcohol con-
taining glaeial acetic acid. This precipitate was tested bio-
logically and was then acetylated and retested. The acetyl
content, which was assumed to be zero after saponificetion,
increased to 29.03 per cent after acetylation.

For comparison with the endo-antigen a sample of S-sub-
stance was also acetylated. Its arparent acetyl content in-
creased from 48.43 per cent before, to 68.19 per cent after
acetylation.

Felton and Prescott (10) have shown it possible to restore
completely antigenicity to the S-substance of Pneumococcus Type
1 after removal of the acetyl groups, by allowing it to stand
at 4°C. in 25 per cent NH4LOH. In view of their remarkable

findings, a portion of endo-antigen from Br. melitensis strain

748 was heated for 1/2 hour in N/2 NaCOH at 88° C. Upon cooling,
the suspension was precipitated with alcohol without neutraliza-
tion. One portion of this precipitate was acetylated and one

portion was suspended in 25 per cent IH4O0H and allowed to stand

overnight in the icebox.
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It was then nrecivitated with zalcohol mnd ether, resusnended
in diétilled adater and reprecipiiated. Tn Tahle 1 ic resentsd
the chemical data obtained for the thres nreparations. Tt may
bz noticed that treatment with HHéOH had no influence unon the
IT content of the material. It is also apvarent that heating writh
N/B NaQH for onz2-hal’ hour reduced bhoth the nitrogen content
411l thie reducing susars determinable upon hydrolysis. The acetyl
content on the other nand shows an unexpscted increase by this
treatment. The eflfects ol those procedures on the biologicsl
properties of ths endo-antizen are consinersd in a later porition

of the parer.
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Table 1

Chemical Properties of an iAndo-antigen
Treated with 1i/2 HaQH, acetylation

and HHQOH

Per cent of Per cent of Iler cent of
total N Reducing Sugars Distillable
after Ilydrolysis Acid Tormed
in Acetrl
Determination
Endo-gntigen from
Br. melitensis strain 748 035 4.53 3e34
Indo-antigen heated
1/2 hr. at 80°C. in iI/2 NalH 7 .00 3437 6.05
Endo-antigen acetryluated after
neating in N/2 NaOH 5434 3.22 14.85
Endo-antigen treated with NH4OH
after heating in Ii/2 NaOH 6.88 2.52 584
Table 2

Acetrl Content of Several rreparations
Dafore and After Acetyrlation

Per cent

of Distillable acid Formed

in dcetvl Devermination

Before Acetylation AT teTr AcetvLiation
Endo-antigen from
Br. abortus str. 1151 2.28 774
[nactive endo-antigen
from 3r. abortus str.
1151 : 3.17 3.54
faterial recoversd after
saponification in the )
acetyl deteriination 0.00 22.03
j-substance from Br.
melitensis str. 606 48 .45
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Data showing the effect of acetylation on the acetyl content
of several preparations are presented in Table 2. That the acetyla-
tion procedure may have some effect on the endo-antigen other than
addition of acetyl groups is suggested by the one experiment in
which the acetyl content of the endo-antigen was unchanged by the
process although its biological properties were found to have in-
creased. The acetyl content of the re-acetylated product, which
can hardly entirely represent acetyl groups, suggests that acetyla-
tion has brought about an hydrolysis, forming some distillable acid
other than that representing acetyl groups. The product is known
to have besn partially broken down already by saponification. This
explanation is borne out by the acetyl contents of the products
obtained when the endo-antigen was heated in N/2 NaOH and treated
with NH,OH, both of which should have been acetyl-free. The extreme-
ly high figures obtained for the S-substance would, by analogy, sug-
gest the S-substance to be & partially hydrolyzed endo-antigen. Kinal
analysis of the effect of acetylation must await identification of
the products obtained in the acetyl distillation.

Acetone Extraction

When the endo-antigen was precipitated with alcohol containing



(17 )
a few drops of glacial acetic acid, and the resultant centrifuged
precipitate was thoroughly extracted with acetone containing a few
drops of 5N HCl, an intensly yellow extract was obtained. No pig-
ment was extracted by acetone except in the presence of HGl which
seemed to act as a catalyst. After distillation of the acetone from
the extract there remained an orange-brown, semi-solid mass with a
peculiar sweetish-pungent odor. Nitrogen was absent. When submit-
ted to saponification by refluxing for four hours in 4 per cent
alcoholic KOH, the material formed a deep reddish-brown solution.
Upon cooling and diluting the saponification mixture with three
volumes of distilled water, ether extraction removed much of the
pigment. After distillation of the ether from this extract there
remained a yellow oily méterial having a spicy fragrance. The
small quantities of this material which have been obtained in a
pure state have precluded its adequate characterization. The com-
pound gives the characteristic red color given by ketones and alde-
hydes with diazo-benzene sulphonic acid. This, together with its
physical propertiés and its spiecy odor, sug;est it to be a di-ketone.

It was shown to be responsible for the brilliant red ring sometimes

encountered in testing the endo-antigen with lolisch reagent.
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shown to be responsible for the brillisnt ied ring gow:tl 25 cli-
countered in testin. the sndo-antissn it [ olisch roasznt.

acidification of the agqueous soap soiutions w wivracitlon vitn
ether vieldsd, wpon distillation o7 thz 2ther, = oli” t1l7 piiented
fatt acid. Ths Tatiy aeld was a . ed te thut ohtalned L subsequent
ether extraction of the :sndo-antigen ofter reiininury 2xuninasion
nad shown thelir sinllarit:r.

In a single sxperinens the aqueous solutions remaining wfter +he
ra.aoval of ths unéaponifiable aind bine Tatty acid froctions wvere

axaminsd. from tiess  Uers obubulnzd 2 swor2stion of 13 presence of

polysaccharides consisting of & slouly levalopdin iffoliscin e ctilon

bl

ani 2eo2 roece Tt of redvceing subetaacs culeoulated.as clucoss.e 10

e
W
Py

po:ysaccrarides wers isolatsd wia no osazonss  coula oo o>t13n de

Thers sas no hHracs o ~lve2ro.. or of unr othar =lcohol.

sydrolysis of S westone  cubtrast L oa Lover o3t solution

of 4,53';)‘L in lechol as aisbeambad in siccle aunerineet. 1.3 orans
[+
s i <y am o B e |
hWrown semi-solid das recov oo Uunn’iov 3

that tic Lcetone 2xhrach vas 0% entirelr 2iirunceons wcither
merasly accompanyin:s the endo-anticen is indiscted - the Tact Shot

intraperitoneal injection into mormal Julnsa pizs oSrove. 1t %o ‘e
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ather Bitractiion

further material ~was removed fron the acetons cxitracted endo-
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has been made. Its resemblance to the acetone soluble, saturated,
liquid fatty acids first noted by Anderson (11l) in his studies of
the lipides of the tubercle bacillus is obvious.

Examination of the aqueous solutions remaining from saponifi-
cation was undertaken in a single experiment. There was a sugges-
tion of polysaccharide in a weakly positive Molisch reaction.
There was no trace of glycerol. There was obtained, however, a
small amount of crystalline material which was benzoylated by the
Schotten-Baumann reaction. Saponificatiog of the benzoylated pro-
duct and back titration suggested an alcoholic nature for the
crystals.

Intraperitoneal injection of the ethereal fraction had no anti-
genic or toxic effects. This fraction may represent extraneous
material accompanying the endo-antigen. It is present, however,
even when‘the endo-antigen is prepared from previously defatted
cells.

The acetone and éther fractions together, represent from 10
to 15 per cent of the total weight of the endo-antigen. In the
particular separation just discussed, these two extractions re-

moved 13.4 per cent of the total weight of the endo-antigen.
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Acetone -Ether Extracted Endo-antigen

The endo-antigen, which was usually an amber color in solution
or a gray powder when dried, became white after the two extractions.
Upon suspension in distilled water it becesme a salmon-pink in color.
The resuspended material was found to be acidic and quite insoluble.
After neutralization, it became partially soluble and suffered no
loss in its biological properties. Further addition of N/1 NaOH
brought about further solution of the material, but was found, in
contrast to the findings before extraction, to reduce the biologiecal
properties of the fraction.

The extracted endo-antigen still gave similar reactions to all
the qualitative tests to which it had previously been subjected. Lhe
Millon's test for tyrosine was much enhanced, while the Rosenheim re-
action for tryptophane had become extremely faint and even absent in
some cases. In comparison to the unextracted endo-antigen, the nitro-
gen content was slightly higher, running from 8 to 12 per cent, while
sugars determinable as glucose upon hydrolysis were lower, 3 to 8 per
cent. values for acetyl group content varied from 5 to 10 per cent

The chemical constitution of the acetone-ether extracted endo-

antigen from Br. melitensis strain 606 is as follows:
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Total N: 12.0 per cent

Amino N: Absent
Reducing sugars before hydrolysis: Absent
Reducing sugars after hydrolysis: 4.0 per cent
Acetyl groups: 5.42 per cent
After lipid extraction, a series of tests was employed to
identify the nit;ogenous compounds. ‘'he analysis indicated the

presence of amino acids or amino-sugars and of pyrrol rings only.

Boivin and co-workers (12 ) reported the splitting of the
antigen obtained from Salmonella aertrycke by hydrolysis in dilute
acetic acid into toxic non-specific and non-toxic specific fractions.
Portions of extracted endo-antigen were hydrolyzed by refluxing for
one hour in N/5 acetic acid, one hour in N/2 acetic aecid, one hour
in N/2 HCl, one hour in N/l HCl, eight hours in N/2 sulfuric aeid,
one hour in /4 NaOH and one hour in i/2 NaOH. The results were
very unsatisfactory. A number of fractions were obtained, each of
which was an amorphus powder containing polysaccharide and nitrogen,
and many of which retained some part or all of their biological acti-
vity. rrom these experiments 1t was learned that only hydrolysis for

one hour in N/5 acetic acid had no material effect on the biologiecal

properties of the endo-antigen. <(here was noted a gradual destruction



(23)

of these properties as the strength of the acid and the length of
hydrolysis was increased. After eight hours in N/l sulphuric acid
the hydrolytie products showed only slight precipitation with
specific serum. On the other hand, hydrolysis with N/4 or with
N/2 NaoM for one hour completely destroyed the biological activity
of the fraction.

An attempt was made to isolate the polysaccharide constituent
of the endo-antigen by the method used by rrinkel and Jellinek (13)
in the isélation of the polysaccharide from egg albumin. Hydrolysis
for three hours in 10 per cent barium hydroxide in flowing steam
failed to liberate any free polysaccharide. Attempts to producg
osazones failed. ‘'he modification method of Levene and Mori (14)
entailing longer hydrolysis produced similar results.

The repeated production of a pink to light lavender color upon
the addition of acids, particularly of sulphurie aeid, to the extracted
endo-antigen suggested that tryptophane might be present in the substance
even though the Rosenheim reaction was but faintly positive. The method
evolved by Gortmer and Holm (15 ) for the quantitative determination of
tryptophane and the minimum determinastion of tyrosine in the course of

their studies on humin formation was decided upon, in that it would
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allow a complete nitrogen partition to be run on each sample. These
workers found that hydrolysis of a protein with 20 per cent HCl in
the presence of increaswing amounts of formaldehyde produced a
gradual increase and finally a decrease in the humin nitrogen formed.
At the peak of this curve the huﬁin nitrogen represented a quantita-
tive determination of tryptophane in the protein. Repeating this
pProcedure with benzaldehyde in ﬁhe place of the formaldehyde, the
amount of humin.nitrogen formed rose to a still higher value. The
difference between the peak value of the formaldehyde eurve and
thet of the benzaldehyde curve represented a minimum determination
of the tyrosine of the protein. The method of Van Slyke (16) was
used in the further partition of the nitrogen of the fraction after
removal of the humin.
From the curves shown 1in Greph 1, it is apparent that the

s

percentages of tryptophane and tyrosine in the three species of

Brucella vary one from the other. While the percentages obtained

from Br. melitensis and Br. suis form curves approximately similar

to those expected from the data of Gortner and Holm, the values for

the benzaldehyde curve of Br. abortus differ widely from the expected.
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According to the method, this could only mean that tyrosine -is not
present. "l‘he rercentages of the two amino acids for the three

species of Brucells are given in Table 3.
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Table 3

Distribution of Tryptophane and Tyrosine in the

Endo-antigens of the Three Species of Brucella

Per cent of Per cent of Per cent of Per cent of
Tryptophane Tyrosine Trvptophane 'yrosine
Nitrogen Nitrogen

Br. melitensis 2.46 0.60 18.92 8.45

Br. abortus 1.49 none 11.46 none

Br. suis 0.91 0.66 7.00 9.29
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The results tebulated in Table 3, show that the endo-antigens
from the three species of Brucella vary widely in their tryptophane
and tyrosine content. That the differences in percentages bear
no relation to the tdul nitrogen content of the endo-antigen is
shown by the fact that the total nitrogen of the three endo-antigens

was: Br. melitensis 8.11 per cent, Br. abortus 9.08 per cent, Br.suis

10.07 per ce;it. The surprising feature of these data is that while
the Rosenheim test for tryptophane was extremely faint for all three
endo-antigens, the NMillon's test for tyrosine was brilliant in all
three cases. The possible significance of this fact will be discussed
later.

It is apparent that the tyrosine and tryptopheane nitrogen account
for but a small portion of the total nitrogen. In every instance the
remainder of the nitrogen fell into two classes, namely, acid-amide
nitrogen and mono-amino acid nitrogen. The acid-amide nitrogen values
remained almost constant throughout, averaging 1.57 per cent. This
nitrogen is generally regarded as being derived from acid-amide link-
ages -CONHg. Gortner and Holm have shown, however, that in a 24 hour

hydrolysis there may be an appreciable amount of deamination of the

amino acids, which nitrogen occurs in this fraction. The remainder
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of the nitrogen of the endo-antigen fell into the class containing
the mono-amino mono-carboxylic, and the mono-amino décarboxylic acids.
There was no indication of the presence of any of the basic gmino

acids.

The Sugar Acid

The solutions remaining from the nitrogen determinations of
each endo-antigen were united. These solutions were concentrated
to a small volume in vacuo at 40° C. Addition of & volumes of
aleochol to each of those produced a precipitate, which upon stand-
ing formed a gummy residue. This gummy precipitate was thorough}y
examined from only the endo-antigen of §£. melitensis. It was
re-dissolved in distilled water, decolorized by boiling with
Norite. Re-precipitation with alcohol produced an almost colloidal
white precipitate, which upon colleeting became a colorless sirupy
material. This material gives a slowly positive Molisch reaction;
nitrogen is absent; Bial's test 1s negative; there is no reduction
of Benedict's reagent; with FeCls a deep vellow color is given
which is produced by many alpha-hydroxy acids. The material is
acidie, titrating slowly. For complete titration it is necessary

to heat in a sealed tube in N/1 alecocholic KOH. The fraction
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appears to be an anhydride or a lactone of a sugar acid. Because
of its sirupy nature, equivalent weights obtained are meaningless.
The compound is optically inactive. Attempts to prepare saccharic
and mucic acids from it have been futile.

That this compound 1s a lactone of a sugar acid seems highly
probable. Sinece it is optically inactive, this suggests that it is
produced in the course of the hydrolysis. It is difficult to con-
ceive that fs precursor could have been the usual type 6f reducing
sugar as those are completely destroyed by prolonged heating in
acid solution. There is a possibility that it is formed from a
sugar acid present as such in the original endo~antigen, or that
it is fomed by oxidation and deamination of an-amino sugar.

Lead Acetate Precipitation
The alcoholic supernatants from the above precipitation of the
sugar acid of each endo-antigen were combined and freed from alcohol
by distillation in vacuoc at 40° C. The aqueous concentrates were
thoroughly precipitated with neutral lead acetate, the bulky pre-
cipitate consisting largely of lead chloride. The lead precipi-
tates were decomposed with HgS. <The supernatants from the Sulphide

precipitates, upon evaporation on the steam bath, deposited crystals
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of lead chloride. Occluded to the lead chloride in a manner which
resisted separation during four recrystallizations from hot water
were small quentities of the fatty acid, the yellow fragrant oil
and the sugar acid previously mentioned. There were no nitrogenous
products. These materials were detected because of the persistent
antigenicity of the erystals. ‘'hey were eventually liberated by
saponificetion. ‘his surprising ability of an inorganic salt to
carry with 1t through repeated crystallization traces of an anti-
genic material, is worthy of further investigation.

The behavior of the three endo-antigens differed somewhat,
however. Wwith the endo-antigen from Br. 3215 needlezlike crystals
separated before and during concentration for the precipitation of
the sugar acid and upon concentration for precipitation with lead

acetate. This crystalline deposit was obtained only from Br. suis

and has not yet been characterized chemically. The Br. melitensis

endo-antigen differed from the other two, in that while the lead

sulphide precipitates from the Br. suis and Br. abortus preparations

eould be decomposed with HC1l with the formation of PbCly, the lead

sulphide precipitate from the Br. melitensis endo-antigen could not

———

be decomposed. it was Tfound to contain organic matter.
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Lt is significant to note that injection into normal rabbits of
the combined products obtained from lead acetate precipitation (although
they were nitrogen-free and had been hydrolyzed in strong acid ) pro-
duced agglutinins and opsonins for the intact Brucella cells. ‘rhis is
possibly due to the presence of small quantities of the diketone frac-
tion which has been previously noted as antigenic. 1n an earlier
preliminary report (17 mention has been made of a hydrocarbon, a
probanlg isomer of b-anthraquinone carboxylic acid, obtained from the

lead acetate precipitates of Br. melitensis and Br. abortus but not

from Br. suis. Subsequent work has shown this product to be impure,
The anthraquinone derivative is present only in traces and not in
significant quantities as was previously supposed. It is possibly
an artifacts The antigenicity previously attributed to it seems due
to traces of the diketone fraction.
The Remaining Nitrogenous Constituent

The supernatants from the lead precipitation yielded upon con-
centration, an orange sirupy material which became partially crys-
talline in the ice box, but a sirup again at room temperature. This

sirup was thoroughly examined only in the case of the Br. melitensis

endo-antigen. Upon saponification in 4 per cent alcoholic KOH an
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insoluble precipitate of inorganic matter is formed. There is no
trace of lipide present. The aqueous solutions from this saponifica-
tion contain nitrogen and give a positive Molisch reaction. They
do not reduce Benedict's reagent; no osazone is produced; and Bial's
test is negative. The nin-hydrin reaction is positive. Although
the color developed in the Elson-Morgan test for glucose-amine
and chondrose-amine (18) deepens in proportion to the nitrogen con-
tent of the samples being‘tested, neither of these compounds was
isolated.

In Table 4 are presented, as complete as possible, summarized
data of the chemical constitution of the endo-antigens. In con-
sideration of the chemical examinations of the endo-antigens, suf-
ficient data have been presented to demonstrate their dissimilarity
to any previously described bacterial products. The differences
in the distribution of the tyrosine and tryptophane in the endo-
antigens from the three species of Brucella, as well as the differing
behavior of the hydrolytic products, demonstrate that the three
endo-antigens are not chemically identical. Although quantitative
methods of determining the sugar acid and the remaining unidenti-

fied nitrogenous fraction have not yet been developed, the amounts
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Oof each obtained preclude the presence of any other constituents
in the endo-antigen. 1In faect, assuming the sugar acid to arise
from the reducing sugars demonstrable in the endo-antigen, &nd
assuming the nitrogenous constituent to represent even a very
small mono-carboxylic amino acid, the percentages alrsady add

up to more than 100 per cent. This can only indicate that some
of the fractions are identical and are being counted twice as
would be the case if the residual nitrogen, the reducing sugars
and the sugar acid all had their origin in an amino-sugar.

An attractive but at present purely speculative correlation
of the chemical data is possible if one considers the proposition
of the endo-antigen being a combination of an amino-sugar with a
dikefone. 't'hat amino-sugars may form a variety of hetero-cyelic
compounds, including those cgntaining & pyrrol ring has been de-
mons trated (19). Their combination with diketones to form such
compounds is the basis of their colorimetric determination (18).
Precedence for such a combination is thus established. The fact
that the tryptophane and tyrosine determination do not correlate
with the qualitative tests for these compounds might indicate

their presence not as actual entities, but as formed by the conm-
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Table 4

Summary of the Chemical Constitution of

the Endo-antigens of Brucella

Per cent |Br.melitensis |Lipide-extracted| sr.abortus | sr.suis |S-sub-
endo-antigen | Br.melitensis |endo-antigen endo-an- |stance
strain 606 endo-antigen strain 1151 tigen strain
strain 606 strain 606
‘ 1635
;al N. 9.40 12.00 6.08 8.86 5.86
no N - - - - -
lucing sugars
ifore hydrolysis - - - - -
lucing sugars
'ter hydrolysis 5.93 4.00 6.49 4.4 8.13
fur - - - - -
1sphorxus - - - - -
tyl groups 3.48 5.42 5.82 10.03 48.43
itone soluble
llow oil 8.53 6.00 9.00
ty acid 4.87 9.00 5.57
ptophane N 2.13 2.46 1.26 0.77
osine N 0.51 0.60 0.00 0.52
ptophane 16.38 13.92 9.74 5.98
osine 7.31 8.45 0.00 7.93
ar acid Percent Percent Percant Percent
not not not not
determined determined determined | detemined
dentified Percent Percent Percent Percent
itrogenous not not not not
omponent determined determined determined |determined
isch test + Slow + Very + Slow +Slow +Slow
slow
l's test + + + + Weak
ret test + + + + Very
faint
lonts test + 2+ + + .
2nheim test raint faint er Faint Faing Vega
negative s
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bination of other compounds. <the data disclose that a diketone is
present in, or closely associated with, the endo-antigen. ‘there is
also evidence that the final nitrogenous residue gives a color re-
action for an amino-sugar. All of these data could be correlated
with such an hypothesis.

It 1s hoped that further work may complete the identification
of each of the constituents of the endo-antigen, and reveal the

manner in which they are combined.

Biological asctivity of the fndo-antigen

the studies of the biological vroperties of various prepara-
tions of the endo-asntigen were undertaken with the following objectives
in mind: precipitability; antigenicity; toxicity and nature of the
toxic reaction in the guinea pig; sensitizing activity; immunizing
value and therapeutic property. ‘f[hree types of material, wiz. endo-
antigen, lipide-extracted endo-antigen and acetylated endo-antigen,
were used in these studies.

Precipitation studies: 'the precipitation studies were made with

serums prepered for each of the three species of Brucella. Normal
goats were injected intravenously with suspended living bacterial

cells from one agar slent of growth. Vhen the serums of the goats
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reached an agglutination titer of 1-10,000, the goats were bled to

obtain a large amount of serum. The collected serums were diluted
one -half and sterilized by passing through a Seitz filter. All pre-
cipitation tests were made in small glass vials using 0.2 cc. of
serum layered with 0.2 ce of the antigen solution. The tubes of
serum and antigen dilutions were‘incubated at 37° C. for 2 hours

and then allowed to stand in the cold room at 10°C. over night.

‘The antigen dilutions were made on a dry weight basis. the results
are recorded by giving the highest dilution of antigen showing pre-
¢ipitation.

In 1able 5 are recorded the results of an experiment to determine
the effect of pH, heating and aging on an endo-antigen prepared from
Br. abortus strain 1151. the antigen was divided into three pa;ts,
one of which was adjusted to pH 6, one to pH 7 and the other to pH 8.
‘these were then divided into equal parts, one of which was left un-
heated and the other heated at 80°C. for 3 hours in & water bath.

The results indicate that the precipitability of the endo-antigen is

only slightly affected by heat, age and alkalinity.
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Table 5

Effect of Heat, pH and Age on Br. Abortus

Endo-antigen Strain 1151

Age of PH Precipitat ion Titer of Antigen
Antigen Unheated Heated
One week 6 409,600 409,600
7 409,600 409,600
8 409,600 409,600
Three |
months 6 409,600 204,800
7 409,600 204,800
8 409,600 102,400
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Since much emphasis has been placed on the importance of
acetyl groups in antigens, several experiments were made to
determine the effect of acetylation on the precipitability of
several endo-antigens. The results of one experiment comparing
the precipitability of 4 antigens before and after acetylation
are recorded in Table 6. It is quite evident from the results
that acetylation enhances the precipitating property of the

endo-antigens. ‘The S-substance is unaffected.
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Table 6

Effect of Acetylation on the Ability of
Endo-antigens to precipitate

Specific Serums

Precipitation Titer of Antigen

Before Acetylation After Acetylation

Endo-~-antigens from 345,000 1,500,000
Br. abortus strain .

1151 -

Inactive endo-antigen 57,600 921,000
from Br. abortus
strain 11
Material recovered 1,800 921,000
after saponification

in the acetyl deter-

mination
S-substance 409,600 409,600
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The effect of acetone and ether extraction on the pre-
cipitating ability of the endo-antigen was studied. Representa-
tive results are presented in Table 7. The data indicate that
extraction of the endo-antigen with acz2tone containing HCl1l and
with ether causes some loss of ability to precipitate specifiec

serum. The precipitating ability is by no means destroyed, how-

Qver.
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Table 7

Effect of Lipide Extraction on the Ability

of endo-antigens to

Precipitate Specific Serum

Endo-antigen from

Br. sbortus strain

TI51

Precipitation Titer of Antigen

Before Extraction

After Extraction

573,440

192,560

Endo-antigen from
Br. melitensis
Strain 748

437,400

128,000

Endo-antigen from
Br. suis strain
1635

349,820

316,200
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Extremely significant results were obtained in the study of
precipitating ability of the endo-antigen after treatment with
N/2 NaOH at 80°C. for one-half hour and with subsequent acetyla-
tion or treatment with NH,OH of the product thus obtained. The
results of one experiment are presented in Table 8. While heat-
ing the endo-antigen in N/2 NaOH destroys the ability of the
material to precipitate specific serum, this ability is restored
either by acetylation or by allowing the material to stand in
NH4OH, thus demonstrating that the beneficial effect which acetyla-
tion has been shown to have on the precipitating ability of the
endo-antigen is probably not due to the addition of acetyl groups,
but to some other influence. These results correlate with those
presented by Felton and Prescott (10) in their work on the specific
substance of Pneumococcus Type I. The amount of precipitate pro-
duced by the acetylated and by the NH40H teated material was not so
heavy as that produced by the original endo-antigen, indicating

possibly e partial depolymerization.
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Table 8

Precipitation of Specifie¢ Serum by an EZndo-antigen

After Chemical Treatment

Precipitation Titer

of Antigen

Endo-antigen from .
Br. melitensis gtrain 512,000
748
Endo-antigen heated None

1/2 hour at 80°C. in

N/2 NaOH
Endo-antigen acetylated

after heating in N/2 182,000

NaOH

Endo-antigen treated with
NH,OH after heating in 512,000
N/2 NaOH
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Toxicity: In the preliminary studies of the toxicity of the
endo-antigen it was found that various preparations differed con-
siderably in their effect on the guinea pig. From those early
experiments it was learned that the differences were due chiefly
to the size of dose used and the pH of the preparation. The admin-
istration of too large a dose as well as of too small a dose of a
particular antigen failed to elicit a reaction in the guinea pig.
The toxic activity of each preparation of endo-antigen was arrived
at by injecting guinea pigs, weighing from 350 to 450 grams, intra-
peritoneally with one to two cubic centimeters of the preparations,
containing definite amounts measured on a dry weight basis. The
criterlia of their toxicity for the guinea pig are as follows:

Upon intraperitoneal injection into normal guinea pigs, the
first symptoms are rarely noticeable before the end of the first
hour and much more frequently at the end of the second or third
hours. The temperature of the animal begins to fall and may con-
tinue %o do so until death occurs, or the temperature may rise
again to normaley if the injection is not fatal. As the ten-

perature drops the animal becomes irritable and nervous. The hair

on the back becomes roughened. The abdomen mav bepme very tense
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and distended and a white purulent exudate ey appear in the left
eye. Toward the end of a fatal injection the animal is frequently
seized with periodic spasms. Upon post-mortem examination the
most usual findings are an intense congestion of the blood vessels
of the mesentery, hemorrhagic areas in the mucosa of the stomach
wall, the intestines, the greater omentum sand the genital organs.
Of these, the mucosa of the stomach is most often amd most severely
affected. The spleen is often congested with blood.

In Table 9 are set forth the results of one of several exper-
iments which show the effect of pH, heat and aging on the toxicity
of an endo-antigen prepared from cells of Br. abortus strain 1151.
It was found that the antigens, shortly after preparation show their
greatest toxiecity in 20 mg. doses. Slight inereasing or decreasing
of the dose from the optimums, results in little or no reaction in
the guinea pig. In determining the toxicity of & particular anti-
gen at intervals after preparation, the usual procedure followed
was to inject guinea pigs with doses of 1,5,10,15,20, and 25 mg.
The results would reveal any dscrease or increase in toxicitye.

The results in Table 9 are tabula ted only for the amount of antigen



(46)
which produced the maximum reaction or death of the guinea pig.
freparations that were allowed to age at 10°C., especially those
made at or below pH 7 and hegted, increased in toxieity. The
previous size doses then failed to elicit reactions in the
guinea pig while smaller ones were effective. Preparations

made at a pH above 7 tend to decrease slightly in toxicity with

age.
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Table 9

The Effect of pH, Heat and Aging on the

Toxieity of the Endo-antigen

Age of PH Toxic Dose
Antigen Unheated Heated
One week 6 20 mg. Died 24 hrs. 10 mg. Died 4 days
7 20 mg. Died 24 hrse. 20 mg. Died 7 days
8 20 mg. Temp. fell to
35.5°C. Recovered 10 mg. Temp. fell to
37%C. Recovered
Two months 6 20 mg. Died 10 hrs. 5 mg. Temp. fell to
37.5°C. Recovered.
7 1l mg. Temp. fell to 20 mg. Died 10 hrs.
37.5°C. Recovered
8 25 mg. Died 7 hrs. 20 mg. Died 9 hrs.
rour months 6 20 mg. Died 10 hrs. 5 mg. lemp. fell to
33.2°C. Recovered
7 1 mg. Temp. fell to 20 mg. Died 6 hrs.
36°C. Recovered
8 25 mg. Died 7 hrs. 20 mg. Died 4 hrs.
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The effects of acetone and ether extraction on the toxic
property of the endo-antigen were quite significant. Representa-
tive results are recorded in Table 10. In each case it is seen

that the toxic activity of the endo-antigen is markedly increased

by the extractions.
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Table 10

Bffects of Lipide kxtraction on the ‘Toxicity

of the iZndo-antigen

Toxielity

Before Extraction

After hxtraetion

Endo-antigen from 20 mg. Temp. fell 1l mg. ‘temp. fell
Br. abortus strain to 36.6°C. Re- to 37.1°C. Re-
1151. covered covered.
Endo-antigen from 20 mg. Died 4 hrs. 5 mg. Temp. fell
Br. melitensis to 37.2°C. re-
strain 748 covered
Endo-antigen from 10 mg. Temp. fell 5 mg. Temp. fell
Br. suis strain to 37.4°C. Recov- to 34.4°C. Re-
1655 ered. covered.
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The effect of acetylation on the toxicity of the endo-antigen
is less clear. While the toxicity was never destroyed it appeared
to be considerably reduced. In endo-antigens where a lethal dosage
was found before acetylation, none could be discovered afterwards
although a variety of dosages showed mild toxicity. The same
findings occurred when the endo-antigen was heated with N/z NaOH
at 80°C. for one-half hour. The original toxicity was not re-
stored in the latter by treating with NH4OH or by acetylation.

One may summarize that the toxic property of the endolantigen is
not easily destroyed, but once impaired, its original toxiecity
cannot be restored.

Antigenicity: As a rule guinea pigs were used to study the

ability of the endo-antigen to provoke antibodies. The rapid and
test-tube agglutination tests were used to measure agglutinin
production; the phagocytic system previously deseribed (A0 ) was
used to measure opsonin production. Those pigs in which a given
intraperitoneal dose of antigen was non-toxic or which failed to

succumb following a systemic reaction were bled on the tenth day
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after injection and examined for antibodies. Preliminary
examinations showed that the antibodies reached their peak by
the tenth day.

In Table 11, are presented representative data from one of
several experiments which i}lustrate the antibody response to
varying doses of heated and unheated antigen. It is interest-
ing to note that antigenicity and toxicity correlate very closely.
When large doses of the antigen fail to provoke a toxic reaction
in the guinea pig, they also stimulate little if any antibodies.
A one milligram dose of the antigen, if toxic, appears to be
just as capable of stimulating antibodies as larger doses. The
phagocytic system was fouﬁd to be much more delicate than an
agglutinin or precipitin system for measuring the antigenicity
of the endo-antigens. Many times opsonins were produced when
the presence of agglutinins could hardly be detected.

There was found to be little difference between the anti-
genicity of heated and unheated antigens. The s toring of anti-
gens in a cold room at 10°C. for four months does not impair

their antigenicitye.
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Table 11

The Antigenic Activity of the Endo-antigen

Antigen Dose Toxiecity Agglutinin Opsonic Activity
Titer Cells (a)
Ma Mo S N
Unheated 20 mg. Negative - 0 1 8 16
5 mg. Slight +1/25 18| 5 2 0
1 mg. Slight +1/500 18 7 0 0
Heated (D) 20 mg. Negative - 6 9 10 0
10 mg. Slight +1/100 20 5 0 0
5 mg. Slight +1/100 21 4 0 o'
1 mg. Slight Pl/25 16 9 0 0

(a) Ma-Cells

showing marked phagocytosis

Mo-Cells
S--Cells
N-~Cells

(b) At 80°C.

showing moderate phagocytosis
showing slight phagoeytosis
showing no phagoeytosis

for 2 hrs.




(53)
When the endo-antigen is freed of its lipide content, the
‘antigenicity is unimpaired; It still correlates with the toxi-
city of the material, however.

In Table 12 are recorded the effects of acetylation on the
antigenicity of the endo-antigen. It is seen that antigenicity
is unquestionably enhanced by the process. This is deomonstrated
most clearly in the case of the product recovered from acetyl
determination and in ths case of the S-substance. 4lthough the
toxicity of the endo-antigen is changed by acetylation so that
there is no lethal dose determinable and so that there is little
gradation with dosage, the antigenicity is increased regardless
of the size of the dose. The correlation betwsen toxic¢ity and

antigenicity is,therefore, no longer present.
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Table 12

Effects of Acetylation on the Antigenicity

of the bindo-antigen and of the S-substance

Agglutinin Opsonic
Dose Titer Aetivity (a)
Before | After Before After Before After
Acetyla- Acetyla-| Acetyla- | Acetylaq Acetyla- Acetyla-
tion tion tion tion tion tion
Me|Mo|S|N [Ma] Mo| S [N
Endo-sntigen from 20 mg. | 20 mg. P 1/50 P 1/100 /22| 3|ojo (24| 1|00
Br. abortus strain
1151
Inactive endo-anti- | 20 mg. | 20 mg. P 1/50 + 1/500 | 7| 6/6/6(25 ©0|0]|0
gen from Br.abor tus
strain 1151
laterial recovered 20 mg. | 15 mg. Negative | + 1/50 [16| 5| 4|/0(25] ofo0]|o0
after saponifica- -
tion in the acetyl
determination.
3.substance from 15 mg. | 15 mg. Negative | + 1/50 8 |13 4| 0|25 0| 0|0
Br. melitensis
strain 606

(a) Ma - Cells showing marked phagocytosis

Mo - Cells showing moderate phagocytosis

S -- Cells showing slight phagoeytosis

N -- Cells showing no phagoeytosis
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In the experiment in which the endo-antigen was heated in N/z
NeOH for one-half hour at 80°C. antigenicity was completely de-
stroyed. Treatment with NH,OH failed to restore the antigenicity
while acetylation brought about but a very slight restoration. As
it was noticed in the study of this treatment on precipitating
ability of the endo-antigen that partial hydrolysis had probably
occurred, it may be supposed that this explains the failure of acetyla-
tion to restore complete antigenicity in this case.

Allergic Activity of Endo-antigens: The comparative allergic

activities of endo-antigens prepared from the three species of Brucella
were determined on sensitized rabbits. The rabbits were sensitized by
one intravenous injection of 1 e¢c, of living cells suspended in sterile
saline solution. The turbidity of the suspension was made to compare
with tube 2 of the McFarlend Nephelometer. This procedure will pro-
duce a high degree of skin sensitiveness to Brucella in 30 days for
measuring quantitatively the allergic activities of various prepara-
tions. When antigens prepared from each of the three species of

Brucella were compared as to their allergic activities, successive

dilutions ranging from 1-5000 to 1-1,280,000 were made in sterile



(56)
saline solution. 4n injection of Qe.lcc of each dilution of the

three antigens was then made intradermally into a rabbit sensitized

to Br. abortus, one to Br. suis and one to Br. melitensis. The
intradermal tests were observed at 24 hour intervals for 5 days.
The reactions were recorded at the 48th hour, although they often
rersisted for as long as 5 days.

In Tables 13 and 14 ére recorded the results of two of several
experiments designed to determine quantitative differences in the
allergic activity of acetylated and lipide extracted endo-antigen
in rabbits sensitized to Br. gbortus, to Br. suis and to Br. meli-
tensis. Rabbits sensitized with Br. abortus were found to show
the same degree of allergic respounse to both 3r. abortus and Br.
EEEE,'acetylated and lipide extracted endo-antigens. The allsrgic
titers of the two melitensis antigens were considerably lower than
those from Br. abortus or Br. suis. The allergic titer of Br. suis
acetylated antigen was considerable higher than the Br. sbortus or

Br. melitensis antigens in Br._suis sensitized rabbits. Lipide

extracted antigens induce little or no allerglc response in dilu-

tions of 1-5000 and above in Eg. suis sensitized rabbits. Rabbits

sensitized to Br. melitensis showed about the same allergic response
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to dilutions of the acetylated antigens and to dilutions of the
1lipide extracted antigens. The allergic titer of the melitensis

antigens was either low or negative in the Br. melitensis sensitized

rabbits.

It is apparent from the results that rabbits, when sensitized
to the different species of Brucella show a eonsiderable difference
in their allergic response to varying dilutions of endo-antigens pre-
pared from each of the three species. If one employs the proper
dilutions of acetylated and lipide extracted endo-antigens it should
be possible to detect the species of Brucella responsible for an
existing state of allergy. It is believed that in these antigens

may be found the means for detecting the infeeting species of Brucella

in human beings.
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Table 13

The Comparative Allergic Activity of Acetylated
Endo-Antigens

Rabbit Endo-antigen Skin Reactlons of Dilutions of Endo-Antigens
Sensitized to 1-128(
__1-5Th | 1-10Th |1-20Th | 1-40Th| 1-80Th | 1-160Th| 1-320Th | 1-640Th) Mil
abortus 1Onm. Smm. 7mm. | Smm. 4mm. 3mm. lmm. - -
abortus Mw»m Smm Smm. - Smm. S5mnme. Smm. 3mme. lmme. - -
melitensis 7mm. 6mm. Smm. 3mnm. Smm . - - - -
abortus 10mm. 6mm. 4mn. 2mm. - - - - -
suls suis Smm. 4rmm. 2mm. 2rm. 2mn. 2mm. 2mm. 2mm. 1mm.
melitensis ) Smm. - - - - - - - -
abortus Smm. 5mm. 3mm. 1mm. - - - - -
melitensis suis 4mm. 3mm. 2mm. 2mm. lmm. - - - -
Emwueounnm - - - - - - - - -
abortus - - - - - - - - -
.oouauow suis - - - - - - - - -

melitensis
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Immunizing value of the endo-antigen: All attempts to im-
munize guinea pigs with various preparations of the endo-antigen
in varying size and number of injections agalnst experimental
Brucella infection have thus far failed. Guinea pigs in groups
of five have been injected intradermally, subcutaneously and intra-
peritoneally with from one to nine successive doses of the antigens
in amounts varying from 2 mg. to 20 mg. After an interval of 30
days the pigs were exposed to infection by placing one drop of a
dense suspension of a newly isolated anaerobic strain of Br. abortus
in the conjunctiva. At the end of five weeks after exposure, the
treated pigs as well as an aqual number of untreated controls were
killed and the organs examined for gross changes and cultured.
All pigs treated with varying size doses of the endo-antigens as
well as the untreated controls, showed evidences of infection,
grossly and culturally. Since gﬁinea rigs are not ecasily immunized
against Brucella infection and since those used in these experi-
ments were exposed to a massive dose of the virulent culture, the

results do not necessarily mean that the antigens are without

immunizing value.
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Studies are being conducted to determine the immunizing value
of the antigens against Brucella infection in cattle and human
beings. While the studies are far from being complete, the results
thus far show that if the proper size dose of the lipide extracted
endo-antigen is injected intradermally, cattle and humans develop
a high Brucella opsonin titer which persists for more than 6 months.

Therapeutic value gg the endo-antigen: Several experiments

were carried out on small groups of guinea pigs 30 days after
exposure to a virulent culture of Br. abortus, to determine whether
the course of infection could be altered by the administration of
endo-antigen. The endo-antigen was used intradermelly and sub-
cutaneously at intervals of 3 days and 7 days in 5 and 10 mg. doses.
One group of pigs received one injection, another 3 injections and
another 9 injeetions. Infected guinea pigs are very allergic to
Brucella antigens, and consequently many pigs died within 24 hours
following the 1njectioh of the larger amount of endo-antigen. When
the surviving pigs were killed 5 weeks after the last injection of
antigen in each series of experiments, all showed gross changes in

the organs characteristic of Brucella infections, The organism was

cultured from all pigs exposed to infectioh.
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Biological Activity of the Constituents of the Endo-antigen

Each of the constituents obtained from the endo-antigens, has
been examined for ability to precipitate specific serum, for toxicity
and for antigenicity. None have been found to be toxic and none have
been found to precipitate immune serum, although the lipide fractioms
could not be examined for preeipitating ability because of their
insolubility in water or in saline. 'the portion of the endo-antigen
removed by acetone extraction has, however, been found to produce
agglutinins and opsonins for Brucella upon injection into normal
animals. This fraetion is nitrogen free. Likewise, the material
precipitated by lead acetate, after hydrolysis in 20 per cent HC1,
has been found antigenic. This activity may also be due to the
diketone fraction, as a small amount of this material was removed

from the lead acetate precipitate.
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Physiological Studies

Blood sugar: It was noticed by Delafield (21) that the toxic

antigenic fraction isolated by Raistrick and Topley (6) from

Salmonella aertrycke had a hyperglycemic effect when injected into

animals. The endo-antigen from Brucella was examined for this
activity.

In a single experiment a guinea pig was bled from the heart
immediately before, 3 hours after and 24 hours after intraperitoneal
injeetion of 5 mgs. of endo-antigen. Blood sugar was run by the

Somogyi-Shaffer-Hartmann method (22). The following results were

obtained:
Blood sugar in mgs.
per 100 cc.
Before injection: 137 mgs.
3 hours after injection: 174 mgs.
24 hours after injection 97 mgs.

The endo-antigen is thus seen to bring about in injected animals

a hyperglycemia which is followed by a hypoglycemic condition.

Basal metabolism: A study was made of the effeet of injections

of the endo-cntigen on the basal metebolism of the guinea pig. 4

glass metabolism chamber was arranged so that a regulated amount of
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dried, COg free air could be drawn through it. The moisture and
COe of the air leaving the chamber were removed by passage through
Dehydrite and Rscarite respectively. A normal metabolism was run
on each animal before its use in the experiment. The animals used
varied greatly in size and age. The variation in basal metabolism
of the normal animals is explainable largely by this factor. Young
guinea pigs invariably had a higher metabolic rate than did the
older animals. The amounts of endo-antigen injected varied with the
body weight. The first tests were run for a period of 8 hours. A
second set of tests were run for 4 hours. The results of these tests

are recorded in Table 15.
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Table 15

The Effect of Endo-antigens on Basal Metabolism

Antigen Calories per kilogram per hour
4 hour period 8 hour period
Before After Before ATTer
Injection Injection Injection Injection
Br. abortus
10 mgs. per kg. 3.35 4.03 8.6 8.8
20 mgs. per kg. 2.56 3.80 11.8 4.7
30 mgs. per kge. 2.56 4.15 3e7 0.65
10 mgs. per kg. 8.3 4.1
20 mgs. per kg. 2.8 2.56
30 mgs. per kg. 4.5 3.2
Br._melitensis
10 mgs. per kg. 3.1 3.0
20 mgs. per kg. 10.5 7.7
30 mgs. per kg. 2.5 097
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In most cases, if the animal is observed over a period of 8
hours, a definite decrease in the basal metabolism is noted. 1IT,
however, the time of observation is limited to 4 hours the data
show a definite increase in the calories consumed per kilogram
per hour. In other words, upon intraperitoneal injection of the
endo-antigen, the basal metabolism of the animal is at first stirula-

ted, and is then depressed, the depression usually being more than

sufficient to counteract the increasse.
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DISCUSSION

" The endo-antigens prepared from the three species of the
Brucella differ from any previously described bacterial fractions.
Although their structures have not yet been fully elucidated it
appears from the data presented that they may be described as
neither protein nor carbohydrate in nature, but a combination of
certain units of both of these classifications with a lipide frac-
tion. The endo-antigens are thus somewhat similar to the prepara-
tions described by Boivin and coworkers (7, 12 ), but differ from
these in their stability, their incapability of being separated
into specific non-toxic and toxic non-specific fractions and in
their containing no phosphorus or sulfur.

In previous work on the chemistry of the Brucella group a
soluble specific substance, the S-substznce, was found to exist in
Br. melitensis but could not be prepared from the other two species
(1, 2, 3). A very similar substance was obtained, however, by
chemicél treatment of a protein-like fraction, the albuminoid, occur-
ring in all three species. The present work has shown the identity
or close similarity of the endo-antigen with the S-substance, and

has shown that the endo-antigen may be prepared from the albuminoid
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of all three species. The implication is, therefore, that the
endo-entigen is united with a protein in the bacterial organism,

occurring in a free state only in Br. melitensis.

The gquantitative determination of tyrosine and tryptophane in

the endo-antigens of Br. melitensis, Br. suis and Br. abortus demon-

strates clearly that the three endo-antigens are not chemically iden-
tical. There has besn, as yet, no clear demonstration of species
variation in the other constituents of the endo-antigen, but this
must obviously appear upon further investigation.

The relationship of acetyl groups to the biological properties
of the endo-antigens does not emerge clearly from the work accom-
plished. Although distillable acid, which is believed to be acetic
acid, is obtained in the determination of acetyl groups, the bio-
logical properties of the endo-antigen do not correlate closely
with the acetyl content, as would be expected if the groups possessed
the importance delegated to the acetyl content of the specific poly-
saccharide of the Type 1 Pneumococcus (9). On the other hand,
acetylation of the endo-antigen brings about a remarkable increase

in its biological properties, although, here too the increase in

antigenicity does not always correlate with the increase in acetyl
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groups. It has been shown further that when the ability to pre-

'cipitate Specific serum has beenllost by the endo-antigen, this
property may be restored either by acetylation or by allowing the
endo-antigen to stand in 25 per cent NH4OH at 10°C., in a manner
similar to that demonstrated for the restoration of thé specific
polysaccharide of Pneumococcus Type 1 (1l0). One must concluds,
therefore, that the presence of acetyl groups in the endo-antigens
is not requisite to their biological activity, but that their pres-
ence induces a state which is necessary for biological activity and
which can be reproduced in their absence by other means.

The role of the lipides in the endo-antigen is not clear from
the present work. Whereas the lipide-extracted endo-antigen is
inereased in toxicity and antigenicity it shows a decline in the
ability to grecipitate specific serum. It has also beep noticed
that the lipide-extracted endo-antigen is much more sensitive to
the presence of alkall than is the unextracted antigen. It seems,
thus, that the lipides play a part in the antigenic pattern 6f the
endo-antigen but do not contribute to toxicity or antigenicity.

The surprising dependence of the toxicity and antigenicity of

the endo-antigen upon the optimum dosage, and the disappearance of
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this dependence after acetylatioh, do not admit ready explanation.
Similar evidence of antigenicity in small doses but not in large
doses has been noticed with the specific polysaccharide of Tyve
1l Pneumococcus (9) and with the Forssman antigen (23). The sig-
nificance of this observation on the application of the endo-
antigen to other animals and in attempted immunization is being
investigated.

Although the experimental data are not yet complete, the endo-
antigens show some promise of value as immunizing, therapeutic, and
diagnostic agents. Attempts to experimentally immunize guinea pigs
have, it 1s true, been unsuceessful although the immunizing injedé-
tions'stimulated excellent antibody production in the animals.

Beéause of work done in this laboratory on guinea pigs with agents
known to immunize other animals, the use of guinea pigs in immunizing
experiments seems questionable. Similar results have been obtained by
Gwatkin (24 ) in his work with Brucella fractions. Incomplste work on
the immunizing value of the endo-antigens for cattle and humans appears
very promising.

The therapeutic value of the endo-antigen for infected guinea pigs
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has been found to be negligible. Here, as with experimental immuni-
zation, the use of suinea pigs as experimental animals seems to be
of 1little value. There is excellent evidence that at least a part
of the activity of Brucellin, a therapesutic agent developed in this
laboratory and used very successfully in humans (25, 26), is due
to the presence of endo-antigen in that product. The endo-antigen
has been isolated from this agent. Exverimental therapy in humans
with the endo-antigen is being investigated.

As diagnostic agents the endo-antigens have been investigated
only in regard to their ability to elicit skin reactions in sensitiz-
ed animals. As shown in the experimental part, the acétylated and
lipide-extracted endo-antigens show some species differentiation,
which gives hope for the development of an agent capable of differ-

entiating infections due to Br. abortus, Br. suls and Br. melitensis.
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SUMMARY

A method is described for the preparation from cells of Br.

abortus, Br. melitensis and Br. suis of a highly antigenic fraction,

———

the endo-antigen, which is toxiec for normal guinea pigs, and which
precipitetes immune serum in dilutions of from 1-500,000 to
1-.5,000,000.

Endo-antigens obtained from the three species oé Brucella are
grossly similar. The endo-antigen comprises roughly 25 per cent of
the bacterial cell. While containing the same or similar constituents,
however, the endo-antigens from the three organisms have been shown
to differ markedly in the distribution of some of these constituents.

Positive reactions are given to the Molisch test, the biuret
test, Millon's test, Bial's test and a very slight reaction to the
Rosenheim test. The nitrogen content of the fraction varies from 6
to 8 per cent. Reducing sugars are absent Dbefore hydrolysis. OCal-
culated as glucose after hydrolysis reducing sugars represent from
4 to 12 per cent of the endo-antigen. Amino-nitrogen, phosphorus
and sulfur are absent. In the determination of acetyl groups, dis-

tillable acid representing an average of 6 per cent of the endo-

antigen is obtained. This acid is presumably acetic acid although
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that product has not been isolated.

From the endo-antigen there may be extracted by acetone and
ether a compound having the properties of a di-ketone, and an
acetone soluble, saturated liquid fatty acid. These two compounds
represent from 10 to 15 per cent of the fraection.

The acetone-ether extracted product still reacts positively
to the above mentioned qualitative tests. Tryptophane and tyrosine
have been found to represent 18.92 per cent and 8.45 per cent, 11.46
per cent and 0 per cent, 7 per cent and 9.29 per cent of the ex-

tracted endo-antigens of Br. melitensis, Br. abortus and Br. suis

respectively.

From the remaining 65 to 70 per cent of the original fraction
there has been obtained an unidentified nitrogenous fraction and an
optically inactive sugar acid. These are obtained in quantities such
as»to preclude the occurrence of any further compounds in a signifi-
cant amount.

The endo-antigen is shown to be relatively stable in the presence
of dilute acid, and dilute alkali, upon heating, and upon long stand-
ing. Its activity is not completely destroyed by hydrolysis with

dilute acids, but is destroyed bv similar treatment with dilute alkali.
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The ability to precipitate specific serum is lessened by extraction
with acetone and ether, but is enhanced by acetylation or by treat-
ment with 25 per cent NH4OH. The toxicity and antigenicity of the
endo-antigen are shown to bé dependent upon proper dosage, an over-
dosage as well as an under-dosage giving poor results. The toxiecity
and antigenicity are increased by lipide extraction of the endo-
antigen. Acetylation causes a distinet decline in toxicity but a
marked increase in antigenicity.

The endo-antigen elicits specific skin reactions in sensitized
animals, the lipide-extracted and thes acetylated endo-antigens show-
ing some species specificity in this reaction. Injections of endo-
antigen have failed to protect normal guinea pigs from subsequent
exposure to virulent g;gggl;g organisms and have failed to alter the
course of the diseass in infected pigs. Zxperiments with cattle and
humans, however, seem to.promise immunizing and therapeutic value to
the endo-antigen.

Injection of the endo-antigen causes a"hyperglycemia followed by
a hypoglycemia in experimental animals. The basal metabolism of in-

jected enimals is at first stiimulated and then depressed. A leuko-

penia, chiefly due to the disappearance of neutrophiles from the
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peripheral blood, follows injection of the endo-antigen into
normal guinea pigs.

The endo-antigen may be produced from the previously des-
cribed albuminoid fraction of the Brucella, thus accounting for
the toxicity of that fraction and suz:3sting that this albuminoid
is a combination of the endo-antigen with a protein-like group.
The endo-antigen is shown to be similar to or possibly identical
with the previously described S-substancs, the latter being pro-
bably a partially hydrolyzed endo-antigen.

The Author wishes to express his gratéful appreciation to
Dr. I. Forest Huddleson for his guidance and cooperation in this
problem, to thank Mrs. Myrtle Munger for conducting the blood
examinations mentioned in the study, and to thank Drs. C. D. Ball
and C. A. Hoppert of the Department of Chemistry for their helpful

suggestions and advice.
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