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human disease and on the behavior of strains of virus 
of human or  recent human origin in  cynomolgus mon- 
keys and chimpanzees have revealed rather different 
patterns of virus behavior, which appear to depend 
as much (or more) on certain qualitative differences 
between viruses derived from human beings and those 
thoroughly adapted to rhesus monkeys, as  on the vary- 
ing characteristics of the terrain in  the different hosts. 
One may wonder, therefore, to what extent the neural 
niechanisms worked out with M.V. virus i n  rhesus 
monkeys may apply to the disease in  human beings o r  
experimental infection with other strains of virus. 
From what has been observed already, however, i t  
would appear that regardless of what these other 
strains of virus may do in other tissues before inva- 
sion of the nervous system, the available evidence is 
still in  favor of the view that that invasion occurs 

along specific peripheral nervous pathways and that 
the subsequent dissemination within the CNS is gov- 
erned by the neuronotropism of the virus'of polio-
myelitis. The investigations of Drs. Howe and Bodian 
supply an excellent foundation for  the future attack 
on the many unsolved and intriguing problems pre- 
sented by the neural mechanisms in poliomyelitis and 
other neurotropic virus diseases, and as  Dr. Thomas 
M. Rivers has indicated in  a foreword to this book, 
it is highly desirable that virus workers in  this field 
train themselves in  "neurobiology" and that "neuro- 
biologists" come to regard neurotropic viruses as  a 
suitable t e r r a  i n c o g n i t a  to  invade. 
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~'ENICILLIN, a n  antibacterial agent produced by the 
mold P e n i c i l l i u m  no ta tu rn ,  was discovered by Flem- 
ingz in  1929. A chenucal study of penicillin and the 
pigments produced by this mold was undertaken by 
Clutterbuck e t  a L 3  Last year the remarkable chenio- 
therapeutic effect of purified penicillin, coupled with 
a low toxicity was reported by Chain et  aL4 A few 
months ago a more complete report by Florey and 
his collaborators5 was published, including a method 
of purification. 

Work on penicillin by our group was started over 
a year ago. I n  view of the practical importance of 
the subject it  was thought advisable to publish some 
of our data a t  this incomplete stage. 

F o r  the routine test i n  this work a serial dilution 
method was used, employing 15- to 18-hour cultures 
of strain C203Mv, a group A hemolytic streptococcus. 
I n  some experiments this test was supplemented by 
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the Oxford m e t h ~ d , ~  in which the width of a zone of 
growth inhibition formed by the action of the agent 
on a heavily seeded agar  plate culture is  measured. 

The culture fluid f o r  the mold was a modified 
Czapek-Uox medium. I n  par t  of this work, the peni- 
cillin containing mediuni was supplied by the Charles 
Pfizer Company.6 

Compared to other naturally occurring bactericidal 
substances like pyocyanine, gliotoxin, gramicidin or  
actinomyein, the isolation of penicillin proved rather 
difficult. This is due to the great instability of the 
agent and to the simultaneous production by the mold 
of many yellow pigments of similar chemical proper- 
ties, which however are  practically inactive as  bac- 
tericidal agents. 

I n  our procedure the culture medium is adjusted to  
PI-I 3-4, saturated with ammonium sulfate and ex-
tracted with chloroform. The active agent i s  removed 
from the concentrated chloroform extract by phos- 
phate buffer a t  PI-I7.2. Extraction with chloroform 
and buffer is repeated and the less acidic pigments 
separated from the most active fraction by chloroform 
extraction a t  different acidities. Penicillin is obtained 
from the concentrated extracts either as  the free acid 
by precipitation from petroleum ether, or as  the am- 
monium salt by saturation of a chloroform-benzol 
solution with d ry  ammonia gas. I f  the precipitation 
of the free acid is slow, i t  separates i n  yellow thick 
whetstone shaped crystals. The ammonium salt forms 
a dark yellow microcrystalline powder. I n  solution, 
penicillin, especially the free acid, is  rather rapidly 
inactivated. The ammonium salt is more stable. I n  

6 We thank the Charles Pfizer Company for this mate- 
rial. 
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dry form both acid and salt keep only in vacuo. This 
procedure has given uniform results and a yield of 
over 50 per cent. of the original potency. 

A considerable increase in  stability of the solutions 
was obtained by acetylation or  benzoylation of the 
ammonium salt. The free acids of the acyl derivatives 
form fine needles which have about the same in vitro 

activity a s  the mother substances. 
The analysis of penicillin best fits the formula 

C14H,,N0, o r  C14H17N05+H20. The Oxford authors 
have stated that their preparations are  nitrogen free. 
A11 our highly active and pure preparations, includ- 
ing the acyl derivatives, analyze f o r  one N atom. 
Chromatographic adsorption or  treatment with char- 
coal did not lower the N content. Penicillin is strongly 
dextrorotatory and has a n  absorption maximum a t  
2750 A0.7 

Biologically our preparations are  inactive against 
E. coli. The minimal concentration showing activity 
against 2 to  3 million hemolytic streptococci per cc is 
a t  a dilution of 1 :32 million. This corresponds to 
about 240 Oxford units per  mg. The Oxford standard 
has a n  activity of 42 units per mg. 

THE REVERSAL OF PNEUMOCOCCUS QUEL- 

LUNG BY DIGESTION OF THE ANTI- 


BODY WITH PAPAIN 

INa recent study1 we have been able to remove the 

antibody by means of digestion with the proteolytic 
enzyme papain and recover several neutralized bio- 
logic agents in  the active state. Among the agents 
studied was Pneumococcus, Type I, and i t  was found 
that i t  regained its virulence for  the mouse (even af ter  
gross overneutralization) when the suspension of neu- 
tralized pneumococci was treated with papain. 

Since there is no clear evidence a s  to the nature of 
the Quellung phenomenon, we thought i t  worth while 
to investigate whether the reactivation of the pneumo- 
cocci was accompanied by reversal of the Quellung as  
a result of the action of papain, since such a result 
would indicate that the Quellung merely represents 
the addition of antibody with no further mechanism 
needing to be postulated. I n  fact, Etinger-Tulzyn- 
~ k a , ~on the basis of experiments wherein the Quel- 
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lung reaction was reversed by means of heat treat-
ment, postulated that the Quellung phenomenon was 
merely a visualization of the capsule that was already 
there. Nungester and Kempf3 have likewise claimed 
that there is a reversal of the Quellung upon the ad- 
dition of specific soluble substance, which in fact may 
represent the removal of antibody, although this in- 
volves assuming that  the antibody was "pulled" off 
the pneumococcus by the soluble polysaccharide. 

Our investigations were carried out in  the following 
manner: Equal volumes of twenty-four hour tryptose 
broth culture of Pneumococcus Type I and undiluted 
antibody (rabbit serum) were mixed and a small por- 
tion was immediately removed and examined under 
the microscope f o r  Quellung, which was plainly evi- 
dent in  a few minutes. The remainder of the mixture 
was incubated a t  37O C. f o r  thirty minutes, af ter  
which time a small portion of activated papain was 
added to half of the quelled pneumococcus suspension, 
and as  a control papain, which had not been activated, 
was added to the other half. I t  was noted that, in  the 
presence of the active papain, in a few minutes the 
clumps of agglutinated pneumococci were dispersed 
and went into a homogeneous suspension. Examina-
tion of the digested mixtures af ter  about thirty min- 
utes' incubation indicated a complete loss of the Quel- 
lung, while the control mixture with inactive papain 
remained agglutinated and swollen. 

I n  order to  ascertain whether the de-quelled pneu- 
mococci were capable of being re-quelled, af ter  the 
digestion had taken place, the bacteria were spun 
down in the angle centrifuge and washed five times 
with saline in order to remove the enzyme. More 
serum was then added and Quellung occurred almost 
immediately. Thus, the cycle has been completed; i t  
has been possible to reverse the Quellung by means 
of the removal of antibody and to re-quell the same 
pneumococci by the addition of more antiserum. 

This experiment indicates that the Quellung merely 
represents the addition of antibody, a n  explanation 
which has been ~ u g g e s t e d . ~  W e  can bolster this 
theory by pointing out that from the quantitative 
point of view i t  is possible fo r  the antibody to account 
f o r  the increase in  size, simply by its own volume. 
This is possible since we now have knowledge of the 
amount of antibody which the very same culture pneu- 
mococcus takes 

White6 gives the size of the pneumococcus a s  from 
0.5-1.2 p. Taking a s  a n  average a diameter of 0.8 p, 
or  a radius of 0.4 x cm, the volume of a sphere 
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