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1. The decomposition of the capsular polysacchar-

ide of Type III Pneumncoccus by a bacterial cnzyne. (Drs.

Avery and Dudos). A nicroorganisn has been isolated, and

fraon it an enzyne extracted, which decnnposcs tiae purified
capsular polysaccharide obtalned fronm Type III Pneunococcus.
Phis nicroorganisn, a pleonorphic aerobdic bacillus, was iso-
lnted fron a enill rich in hemicelluloscs under-going decon-
position, by the use of a synthetic mineral nediun contain-
ing the capsular polysaccharidoc as sole source nf carbvon,

As alrendy described in a provious report, the endocellular
enzyne extracted fron this nicroorganisn exhibits a renark-
able specificity 4in its actioﬁ against the capsular poalysac-
charide of Type 11l Pneunococcus.

The work of this year nay be conveniently descridb-
ed under two main headings -

1, Attenpts at odtaining potent and non-toxic‘enZyme pre-~
parations.

2. Protective action of a specific cnzyme against Type I11
Pneunococcus infection in nice.

Before golng on with a description of these stud-
ies, it may be worth while to state that the work has been
controlled by a rapid and fairly accurate method of titra-
tion of the potency of the enzyme preparations in vitro:
this method, based on the existence of a quantitative rela-
tionship between amount of substrate decomposed and amount

of enzyme used, consists in determining the amount of cap-
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sular polysaccharide decomposed by a definite amount of

enzyme preparation.

1. Attempts at obtaining potent and non-toxic

enzyme preparations. The amounts of specific enzyme obtain-

ed from a culture of the bacillus decomposing the capsular
polysaccharide of Type III Pneumococcus 1s not a direct

function of the number of cells from which the enzyme 1is ex-

tracted. It is conditioned by a series of fact&rs amnong
which the following have been recognized:-

A. Past history of the culture.

B. Composition of the culture medium, with special
reference to - a) The presence or absence of the capsular
polysaccharide in the medium; b) The presence or absence of
substances acting as a more avallable source of energy for
the bacillus: ¢) The form in which nitrogen 1is supplied in
the medium; 4) the presence of catalysts affecting the rate
of decomposit}on of the oapaular,polysaccharide; and e) The
presence of substances retarding autolysis of the cells, .

10 Environmental factors, especially - temperaturo and..
conditions of 'aeration. . o0

In brief, the following points must be observed in

order to obtain a maximum yield of enzymeo. The culture must
be maintained at a high degree of specific activity by con- !
tinued passages in the specific synthetic medium containing 2
the capsular polysaccharide as sole source of energy. The

enzymé 18 usually not formed, or only in small amounts, un-
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less the capsular polysaccharide (or the aldobdionic acid de-
rived from it), is present in the medium. However, the con-
centration of capsular polysaccharide must not be too high;
it must be such that the decompositlon is completed in 2-3
days at the most. This condition may be accounted for as
follows:- The enzyme can be demonstrated free in the medium,
as soon as the cells begin to age. In case there is still
some polysaccharide undecomposed at this time, the free en-
zyme decomposes the residual polysaccharide and is therefore
neutralized without contributing in any way to the anabolilc
processes of the cell. Thie results of course in a loss of
both enzyme and capsular polysaccharide. This loss may be
reduced in two ways: - a) by increasing the rate of bacteri-
al growth (use of a large inoculum, presence of enough nitro-
gen, proper conditions of aeration, and the addition of
growth catalysts, such as soil extract and yeast extract),
end by retarding autolyeis and thus preventing the libera-
tion of the enzyme (additilon of yeast extract to the medium),
Unde; theée conditions, the yleld of enzyme has been increas-
ed almost tenfold over that previoualy’obtaine&.
Unfortunately some of the new preparations have
exhibited a definite primary toxicity. The production of
non-toxic preparations is being attempted along three dif-
ferent linest - a) modification of the medium used for the
growth of the bacillus; and b) modification of the process

of extraction of the enzyme; and ¢) by purification of the
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enzyme preparations.

2. Protective Action of the Specific Enzyme on
Type III Pneumococcus Infection in Mice. The earlier stud-

ijes comprised observations on the action of the enzyme on
the capsular sugar of Pneumococcus removed and separated
from the bacterial cells. In the natural state in which
this specific polysaccharide exists, it forms the capsular
structure which determines the antigenic and serological
specificity of the cell as a wnole, and conditions its pow-
er to invade and multiply in animal body. It was of special
jnterest, therefore, to determine what effect the specific
enzyme would have upon the encapsulated forms of Yype III
pneumococcus growing in_vitro and in vivo:- whether in a
medium containing the active enzyme, the pneumococcl would
fall to grow at all or would grow merely deprived of theilr
capsules; whether in the body of a susceptible animal, the
adminiﬁtration of the enzyme would in any way modify the
courae»of experimental infection with virulent Type III pneu~
mococci. Tha{results»of,these studies form the subject mat-
ter of a paper whichlislnow in manuscript foim. “

Briefly. the work shows that, when a sterile ex-
tract of the enzyme is added to a culture medlum seeded with
Type III pneumoco¢cl, growth occurs bdbut the bacéeria are de-
prived of their capsules; they are no longer specifically
agglutinadble, and the soluble specific substance is no long-

er demonstrable in the culture fluid. ZExperiments of this
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kind have shown quite clearly that the enzyme by itself is
neither bactericidal nor bacteriolytic; that by decomposing
the specific carbohydrate, it merely strips the pneumococci
of their capsules without impairing the viability of the
bacteria. Moreover, the action of the enzymc on the living
cell does not result in a loss of the function of elaborat-
ing the capsular substance, since pneumococci so treated,
regain their capsules and continue to elaborate the soluble
specific substance when transferred to fresh medium free of
the enzyme.

In more recent studies it has been found that the
enzyme has a distinct protective action in the animal body
against infection with virulent Type III pneumococci. MNice
receiving a single intraperitoneal injection of an active
preparation of the enzyme may survive infection with a mil-
lion times the fatal number of virulent organisms. The pro-
tection afforded by'the enzyme is type-épecific; Just as in
the test tubes the ensyme acts only on the Type III polysac;
charide, so in the animal body it is effective only against
}infection with Type III pneumococcus. 4 protocol of an ex-
periment illustrating the degree and the specificity of the

protective action of the enzyme in mice is given in Table I,
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Specificity of the Protective Action of Enzyme.
Infecting Enzyme (lot_4a) 0.5ce. No Enzyme
dose of ,
Pneumococcus | Type I | Type 11 { Type I11 Virudence controls
_cc. | _Type I _; 1II 111
.1 - - S l' - : - - t
.01 - - s - - s \
.001 - - 5 - - -
,0001 D20 D34 S - ! - -
.00001 D24 D34 s D22 ! D36 | D34
. 000001 D34 D34 S D34 i D36 D34
.0000001 - - - D34 ! 520 | D72 \
§ = Survived. D = Death of animal; the numeral indicates
the number of hours before death, or the time at which the

animals were found dead. - = Not done.

The active principle responsible for the protection
of mice is destroyed by exposure to 70° C, for ten minutes.
The 1na§t1vation by heat of the protective power for mice of
this‘enzyme. parallels the_loes_of jts activity when testad
in vitro after exposure to temperatures of 60° C. or higher.
The fact that heat destroys the power of the enzyme to acfl
either in vitf& or in vivo, Jjustifies the assumption that
the same‘prinoiple is involved in the mechanism of bYoth
reactions, _

Repeated tests have shown that withiﬁ the limits
of the‘reaction-capacity of the mouse, the protective action
of the enzyme is a function of the concentratlion of the ac-
tive principle in any given preparation; and further, that

the protection afforded by different preparations bears a




definite relatioan to theilr activity in decomposing a known
quantity of the capsular polysaccharide in vitro. The evi-
dence is that, to be effective in animal protection, the con-
centration of enzyme in the body must be maintained in ex-
cess so that the rate of decomposition of the capsular sub-
stance is always greater than the rate of its production by
the 1living bvacteria.

Experimental evidence indicates that in mice the
enzyme has a curative action when administered in the course
of an infection already established at the time of treatment.
4 single injection of enzyme as late as 18 hours after the
onset of infection has brought about the recovery of mice
infected with a dose of virulent pneumococci 100 times great-
er than that fatal for the untreated controls. It must be
borne 1in mind, however, that the curative action of the en-
zyme euffers the limitationa imposed By the variations which
occur in the oellular reuponse of the host since phagocyto-
sis is apparently the 1mportant ‘process involved in the pro-
tection afforded by the enzyme“

| A bettar underetanding of the mechanism under ly-
ing the protective action of the enzyme 1n infected mice has
been gaihed‘by.foilowing the course of the dbvacteremia by
means of blood cultures and by a study of the cellular reac-
tions in the peritoneal exudates of treated and untreated
animals. The results of a typical experiment are graphical-

ly 1llustrated in the accompanylng photomicrograph (fig.1).




























































































































