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five observations: two where the abscesses mere free 
of both amoebae and bacteria, and three where definite 
evidence of spontaneous healing was present. 

i l s  a result of the inoculation of the amoebae and 
bacteria into the liver, we have failed to produce 
abscesses in some instances while in other instances 
we have produced abscesses which ranged all the way 
from purely bacterial ones with no amoebae in them 
to those which contained only amoebae. I n  those in 
which only bacteria were present, the amoebae had 
probably been killed off or crowded out by the growth 
and activity of the bacteria, while in those where 
the activities of the bacteria were partly checked by 
the cat, it was possible for both amoebae and bacteria 
to live together as they do in the lumen of the intes- 
tine or in culture media. Whenever amoebae were 
present in an abscess, regardless of whether bacteria 
were present or not, there was no membrane or wall 
of granulation tissue a t  the edge or periphery of the 
abscess. This fact made it possible to tell a t  a glance 
whether amoebae were present or not. Whenever pus 
was present in the abscess, the amoebae were always 
found to be accompanied by bacteria. When a large 
amount of pus was present in the center of the 
abscess, as was sometimes the case when many bac- 
teria were present, the amoebae were confined mostly 
to the outer portion near the uninjured tissue. But 
when no bacteria were present, the entire abscess 
mas hard and dry and the distribution of amoebae 
was uniform throughout the abscess. I n  the abscesses 
which we have studied, there has been no indication 
that the amoebae ever bring about pus formation. 
However, if the abscesses were to run a long t i m e -  
perhaps months or years as they are supposed to do 
in man-it is possible that pus might be formed. 

We have estimated that each of the pieces of the 
bacteria-free amoebic abscesses which were placed in 
culture tubes contained from five to ten thousand 
large active trophozoites. These bacteriologically 
sterile amoebae have been placed in many kinds of 
culture media employed in the cultivation of bacteria, 
all the media that have been used in the cultivation 
of amoebae, and many others, but in no instance have 
they lived longer than fourteen days. There was 
some multiplication in several kinds of media, but 
the amoebae never multiplied so rapidly as they do 
when certain bacteria are present. The two kinds 
of media which gave the greatest promise of success-
ful cultivation were: (1) egg slants covered with 
horse serum-saline (1-6) with one to three drops of 
laked blood added to each tube; and (2) liver infu- 
sion agar slants covered with horse serum-saline 
(1-6) with 1c.c. of hydrolyzed haemoglobin and three 
drops of the sediment from autoclaved red cells of 

the horse added to each tube. Many substances were 
added to each medium; for instance, red cells of the 
cat, sterile cells from the liver, brain, spleen and 
kidney of the cat, rice flour, pure rice starch, various 
kinds of heat-killed bacteria, egg-white, egg yolk, 
glycogen, glucose, powdered milk, coagulated albu-
men, etc., but the amoebae were never successfully 
cultivated. I n  a few instances the growth of the 
amoebae appeared to be stimulated somewhat when 
the oxygen tension was reduced. 

We have not spent a great deal of time in culti- 
vating the amoebae with pure cultures of bacteria. I n  
most of the experiments, a medium composed of liver 
infusion agar slants covered with serum-saline (1-6) 
and sterile rice flour has been used. After the amoebae 
had been definitely proved to be free of all bacteria, 
they were transferred to this medium and then the 
various bacteria were added. With some bacteria 
there was little or no multiplication of the amoebae. 
To this group belong certain of the spore-formers- 
Bacillus megatheriunz, B. cereus and B .  sz~btilis-and 
Proteus vulgaris, Escherichia acidi-lactic;, Pseudo-
m o n m  aerugiaosa and Alcaligines fecalis. With the 
spore-formers B. niger, B. mesentsricus and B. brevis, 
the amoebae grew rather poorly for the first two or 
three subcultures, -but after this they grew better and 
finally became abundant. They have been grown 
with B. brevis for almost a year and are no dolibt 
capable of growing indefinitely. With Escherichia 
communior, Vibrio comma and Neisseria catarrhalis 
they grow well from the start. 

L. R. CLEVELAND 
ELIZABETHP. SANDERS 

DEPARTXENTOF TROPICALMEDICINE, 

HARVARD MEDICAL
UNIVERSITY 


SCHOOL 


THE SPECIFIC ACTION OF A BACTERIAL 
ENZYME ON PNEUMOCOCCI OF TYPE I11 
A SYSTEMATIC search for enzymes capable of hydro- 

lyzing the polysaccharides found in the capsular 
material of pneumococei of the various types has 
been carried on in this laboratory for several years. 
A number of enzymes from animal and plant sources, 
known to be active in the hydrolysis of simpler car- 
bohydrates, were tested, but none of them were found 
capable of attacking the polysaccharides of pneu-
mococcus origin. I n  addition, cultures of various 
moulds, yeasts, soil actinomycetes and bacteria, many 
of which were known to decompose cellulose, were 
tested without success. Recently, however, a bacillus 
has been isolated from the organic matter of soil 
taken from the cranberry bogs of New Jersey, which 
is able to split the specific capsular polysaccharide 
of pneumococci of Type 111. The micro-organism is 
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a pleomorphic, Gram negative bacillus, motile and 
spore-bearing. A detailed description of the special 
technique employed in its isolation and cultivation, 
together with a more complete account of its biolog- 
ical characters, will be given in a subsequent publica- 
tion. 

From cultures of this bacillus i t  has been possible 
to extract a soluble principle which, in  the absence 
of the living cell, decomposes this specific carbohy- 
drate. The decomposition of the specific polysac- 
charide is indicated by the appearance of reducing 
sugars i n  the hydrolyzed mixtures and by the simul- 
taneous disappearance of serological specificity. The 
rate  of reaction and the total amount of specific sub- 
strate decomposed appear  to bear a quantitative re- 
lationship to the concentration of the active prin- 
ciple. 

The active substance present i n  the sterile bacterial 
extracts is heat labile, being destroyed by exposure 
to  a temperature of 60" to 65" C. It is extraordi- 
narily specific in  its action against the polysaccharide 
of pneumococci of Type 111,since the capsular carbo- 
hydrates of the specific types of Friedlander's bacil- 
lus, and even those of pneumococci of Types I and 11, 
are unaffected. The fact that the reacting substance 
is a product of living cells, that it is specific and 
heat labile and that its action seems to conform to 
the laws of enzymatic reactions strongly supports the 
view that the active principle is of the nature of a 
specific enzyme. 

The addition of a n  active extract to media does 
not inhibit growth or  cause lysis of pneumococci; 
however, organisms of Type 111, when grown under 
these conditions, are  not specifically agglutinable in  
immune serum of the homologous type. That the 
f u n c t i o n  of elaborating the type-specific substance is 
not destroyed, however, is shown by the fact that 
pneumococci so treated continue to produce the 
capsular polysaccharide when transferred to a me-
dium devoid of the active hydrolyzing agent. These 
two facts, namely, the decomposition of the specific 
carbohydrate removed from the pneumococcus cells 
and the hydrolysis of the specific capsular substance 
as rapidly as  it is formed in growing cultures are  
evidence that the active principle is directed against 
this single, specific component rather than against 
the cell as a whole. 

Previous studies on infection with pneumococci 
have led to the view that the invasiveness of these 
organisms is conditioned, in, par t  a t  least, by the 
presence of the cell capsule. Since, early i n  the 
present work, the experimental evidence pointed to 
the fact  that  only the capsular material of the cell 
is vlxlnerable to the attack of this enzyme, i t  was 

tempting to determine whether the course of pneu'-
mococcus infection in a susceptible animal might not 
be favorably influenced by the injection into the 
animal of this specific enzyme. This possibility 
seemed more likely, since it was found that the 
activity of the enzyme in v i tvo  is not inhibited or  
retarded by the presence of fresh animal serum. 
Repeated experiments with various preparations of 
sterile extracts containing the specific enzyme have 
demonstrated that the active principle has a distinct 
and specific protective action in mice experimentally 
infected with pneumococci of Type 111. The protec- 
tion afforded is type-specific, being effective only 
against pneumococci of this particular type. The 
protective value of the enzyme is destroyed by heat- 
ing the bacterial extracts a t  70" C. f o r  10 minutes. 
The capacity of any given preparation to protect ani- 
mals against infection bears a definite relationship to 
its power to decompose the specific polysaccharide 
in vi tvo.  

I n  addition to its protective action, the active prin- 
ciple has been found to exert a specific prophylactic 
and curative effect on experimental Type I11 pneu-
mococcus infection in mice. 
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