Studies concerning Chemistry and Immunological Properties of Pneumococcus
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STUDIZS ON ANTIGENIC DISSOCIL.TION:

1. Pneumococcus as "Complex Antigen"

2. Consideration of the Cell as

a. Two distinct and Separate antigenic systems.

b. Single antigenic complex composed of carbo-
hydrate (haptene) and protsin,

3. Evidence for Antigenic Dissociation in Vitro?

a., Qualitatively different antibodies stimulated
by intact and dissolved cells,

b. Relative differonces in the dissociation of
Types I, II, and III,

4, Evidence for Antigenic Dissociation in Vivos

a, Dissociation of Type III in rabbits.

b. Antiprotcin antibodies in sorum as indox of
dissociation.

c. Relation of antigonic dissociation to pro-
duction of antipnoumococcus sera,

d, Antigenic potency inversely proportional to
rato and oxtent of dissociation.

5, Factors relating to tho inimals

e. Natural rogistance and ahtibddy rosponsc,
b. Mature of bactorial injury.

c. Differenco botwoon Natural Resistance and Specific Immunity.

6, Factors Reolating to the Micro-organism.

a. Rolation botwceon antigonic stability and
chemical structure of tho cell.

7. Concept of-Virulence:

a. As tissue fastness.

b. Relationship between Virulence and Antigenicity.
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Investigations on the immunological relationships of the
carbohydrate and protein of Pneumococcus clearly indicate that the
bacterial cell functions as a complex antigen, the components of which
are subJect to dissociation. Moreover, the nature of the immune re-
gponse of animals experimentally infected or artificially immunized
with Pneumococcus 1s conditioned by principles which govern the rate
and extent of antigenic dissociation under given conditions. Cell
disintegration, whether brought about.by physical (freezing and thaw-
ing), by chemical (bile and alkalis), or by enzyme action (autolysis),
is always accompanied by partial or complete loss of the capacity of
the dissolved material to stimulate type-specific antibodies. Al-
though in cell solutions the specific polysaccharide (haptene) exists
free and unaltered in specific reactivity, in this form it is com-
pletely devoid of the power to provoke antibody production. Since in
the natural state in which it is present in the intact cell this same
carbohydrate substance is not only highly specific but extraordinarily
efficient as antigen, and since it loses its antigenic property to a
greater or less extent whenever cell dissolution occurs, the conclu-
sion seemé»inevitable. that cell disintegration ls accompanied by
antigegic dissociation, in which process the soluble, specific gub-
stance is split off from some other constituent with which it forms
the dominant type-specific antigen of the cell as a whole. It like-~
wise follows that morphological integrity is essential to the fullest
expression. of the antigenic value of the cell. Although by reason of
antigenic dissociation solutions of pneumococci may fall completely

to elicit the type-specific antibodies, such solutions always stimu-
late the formation of antibodies which are qualitatively different in
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that they react only vi th the srotein of %the ccll without regard

to tyve-sneciliclty; that is, ther are snecics bub not tyre-s»eciiic,
An immune serum contsining only the aati-protein irrrare bodies pre-
cipitates solutions of toc 1g0lated srotein regerdless of its tyoe
derivation and agglutirates all decraded nan cells which oy cultural
or chemical meaas have Leen stripped of the tyne-specific substsace.
These same protein antisera, houever, are not reactive with encapsu~
lated pneumococci or with pure solutions of specific bacterizl poly-
gsaccharides. Purtheruore, such sera afford no protection to wice a-
gainst infection with viruleat organisms of the fixed types. In
other words, pneumococcus protein antibodies are unrclated to tre
type-specific mechanim of the cell and pertain only to the broader
protein-antiprotein reactions of the soecies. These facts adnit of
at least two interpretetions.

Prom observations waich have vecn repcatedly confirned
experimentally, it is evident that both the cerbohydrate and protein
of pneumococcus share in the irmunolozical mechanisn of the csll,
elther as two distinct and independent a1 tigenic systems, or as a
single'cumplez in wvhich carbohydrate end protein together form one
antigenic unit. If these two constituents, both integral parts of
the cell as a‘ihole. be considered as forming two gseparate and un-
related antigens, then that system comprising the carbohydrate frac-
tion may be referred to as the ectoplasmic, capsular or type antigen,
and the other, involving the protein of the cell bodr, mey be spoken
of as the endoplasmic, somatic or species antigen. Since the specific
polysaccharide (haptene) is by itself non-antigenic, 1t follows that

in the system of which this material forms a part the carbohydrate
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does not exist as such but in combination 7ith some other substance

with which it Zors an antigeaic complex each component of which is

separately inert. That is, once this union has been disrupted the
antizenicity of the whole is lost and only the speciiic antibody
vinding-nroperty of the dissoclated haptene remains. This type-spec-
{fic sudbstence of tre cell has mow * been chemically identified as a

wolysaccharide and can be recognized in the svstem after dissociation

by its specific reactivity with the type eatibodies induced by tne
intact cell in which the two corponsants still remain undissociated §
and nance antizenic. The unature and properties of the factor in this
primary srysten which enters into combination with and confers anti-

genlcity upon the smecific polysaccharide ere unkmown. According to

the conception of "double antigea", the second and equall; indspend- o
ent antigenic system of tae cell would consist solely of the bacter-
ial protein. This substance, coastituting the larger part of thae

cell body, functions antigenically precisely as do the isolated nucleo-

proteln and the decepsulated "R" cells in stimulating oaly the antl-
protein antibodies which characterize the specles.

A simpler and perhaps more likely interpretation of the dual
entizenic function of tha intact cell is the concept that the vacter-
ial polysaccharide and protain exiet not as individual members of sep-

arate systeas, but as a single carbohydrate-protein comple:x, the speé—

ific antizenicity of thich is determined by the pressnce of the trpe-
specific polysaccharide. Iz other words, the hacterial cell as an anti-
genic unit consists of a combinstion of mcleoprotein and carbolydrate

ia which the latter deterrines tle type-specificlty of the whole. This

compound antigen is dissociable and the ease with which the linkage




between the two cellular constituents is disrupted varies with each of
the fixed types. When dissociation occurs, as it does to a greater or
less exfent whenever dissolution of the cell takes place, the specific
(polysaccharide) haptene is split off leaving only the protein frac-
tion which then functions as a secondary antigen. This conception is
supported by experimental evidence; although solutions of bacterial
cells, in which complete diSSOciétion has occurred, contain the total
content of body substance present in the formed elements, these solu-
tions are devoid of the property of stimulating the type-specific an-
tibodies which cha;acterize the immune response to the intact orgen-
isms. Immunization with these solutions results only in formation of
the secondary antiprotein antibodies.

The evidence presented thus far concerns antigenic dissocia-
tion in vitro, as revealed by differences in the antibody response to

intact and dissolved vneumococci. There is also considerable evidence

that similar dissociation goes on in the animal body after the intro-
duction of the whole cell. The most striking example of the occurrence
of this phenomenon in the animal body is the character of the ilmmune
response in rabbits to immunization with Pneumococcus Type III. Repeat-
ed injection of encapsulated Type III pneumococci fail in the great
majority of instances to elicit any type-specific antibodies; the serwmn
of immunized rabbits neither agglutinates the encapsulated cells, nor
precipitates the homologous specific substance, nor affords protection
to mice against infection with the virulent organisms of Type III.
Indeéd, such sera, if tested solely for the presence of antibodies of
the type-specific variety, would be considered devoid of all immune

bodies. However, these sera are rich in antiprotein antibodies; they




not only precipitate protein-contzining solutions of »newsococei, tut
azzlutinate tre decagsu;ated bacteria ("R" forms). This result cen only
be Intrepreted as evidence that in the anlnal “ody the same or a similar
process of dissoclation goss on 28 thzt which occurs with disruption of
the cell in vitro. Taese odservstions, .aow sunorted by exnerimzsatol
evidence, furnish a tasis for understonding tue difficuities encounter-
ed in attempts to produce an efficient aatiserum for Tyne 111 pneuno-
coccus. Indeed, the srinciple undarlying this vhenomenon is perhuds
applicable to the other tyves as well. I seems nct unlilkely that the
relative differeiices in the poteancr of immne serz, the efectiveress
of vwhich is greatest in Type I, less in Troe 11, and least in Trse III,
may be referable to differences in the ease of dissociation of tne
specific antigen complex in each type. It 1s interesting in this con-
nection to recall the fact that, although theie is a >rosressive in-
crease in the amounts of soluble specific sudstznce eleborated by Tyoes
I, II, III in the order named, tiere is a corresjyonding decrense in the
antigenic efficlency of tle three types. The specific polysaccharides
in each instance are kmom to be chenically distinct substaaces aand
these differences in chemical constitution may account not only for tae
specificity of eack, but may also determine the rate ard canplsteness
with which the antigenic complex of each underzoes dissociation. Accord-
ing to thie view, the most efficlent antigen is the one least easily
dissociable; that is, the antigenic potsacy of a given type is inversely
proportional to the rate and extent of dissocistion.

Like all antibhacterial processes in the body, the rhenoaenon
of antigenic dissociation is detersinedby two indenendent but iaterre-

lated groups of factors; those pertaininz to the animal body and those
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relating to the micro-organisms.

Factors relating to the animal: These comprise the antibac-

terial properties which are posseased naturally by the animal organism
and which together constitute the .vaguely defined quality of bodily re-
sistance. Since in the case of the Type III pneumococcus the rabbit
can tolerate with impunity ten million times the dose fatal to a mouse,
it is apparent that this result is determined by differences in the
normal resistance of the two animals to the same organism. However,

to say that the rabbit possesses natural resistance to infectioa with
Pneumococcus mucosis, and that the mouse doas not possess this proper-
ty, merely restates the problem and fails to explain the facts. If,

on the other hand, the evidence in favor of fhe dissociation hypothesis
be accepted, and this newer concept of the bacterial cell be applied to
processes occurrfng within the body, then differences in animal resist-
ance may be interpreted in terms of this dissociation process. There

is immunological evidence that dissociation involves an injury to the
cepsular mechanism of the cell, whereby the potentially virulent organ-
ism is reduced to a form resembling in antigenic and lnfective proper-
ties those cells which have been degraded "R" forms by growth in viteo.
Just as degradation of the encapsulated organism by cultural methods is
accompanied by loss of virulence and type-specificity, so the injury
inflicted on the bacteria by the tissues of the resistant animal results
in a loss of invasiveness with the liberation of the common protein anti-
gen. Both results are the expression of the same phenomenon; injury to
the capsular mechanism not only exposes the denuded cell to phagocytosis,
thus accounting for the lack of infection, but this same injury, by dis-

sociating the "S" substance, discloses the undifferentiated protein of




the cell, thus accounting antigenically for the presence of only anti-
protein antibodies in the blood serum of the resistant animals.  Llthough
resulting from the same process, the survival of the animal.is not neces-
sarily dependent upon the concomitant development of protein immunity.
The formation of the antiprotein immune bodies is in all likelihood mere-
ly a secondary reaction dependent upoh the presence of the dissociated
protein. This view seems the more likely since purely antiprotein sera
do not confer passive protection on animals susceptible to infection.
Although the nature of the bacterial injury which affects the
invasive and antigenic function of the cell is, as yet, unknown, the re-
sult is two-fold; first, the survival of the animal in the presence of
a potentlally virulent organism, and second, the development of a pure-
ly antiprotein immunity by a cell potentially capable of stimulating
the type-specif;c, anti-carbohydrate antibodies. The loss of vi rulence
and the depreciation of the antigenic value of pneumococci within the
body of the resistant‘animal are, in outcome at least, analogous to the
dégradation of these same two functions which is induced by growth in
an unfavorable enviromment.
Animals of different species and individual members of the
same speclies vary in the ability to inflict the cell injury which leads
to antigenic dissociation. The presence of this property in the tissues
determines the animals' resistance to a particular micro-prganism, as in
the case of the rabbit to Type III Pneumococcus, and the absence of this
property determines the animals! susceptibility, as in thq case of the
mouse to the same strain. Quantitative differences would account for
the variations observed in the susceptibility of individual animals.

Natural resistance, whereby an animal disarms the invading pneumococci

































































































