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Although the specific polysaccharides of Type  I I  and Type  I I I  pneumococcus 
have been obtained free from nitrogen (1) and/or  phosphorus (2) and the 
repeating structural unit of the Type  I I I  substance has been shown to consist 
only of glucose and glucuronic acid (1, 3) combined as cellobiuronic acid (4), 
it is a difficult mat ter  to separate the polysaccharides from the last per cent 
or two of nitrogen- and phosphorus-containing impurities. To some, this has 
seemed adequate evidence upon  which to postulate that  the pnettmococcal 
polysaccharides owe their characteristic immunological properties to a pros- 
thetic group (5). 

The experiments reported-herein were undertaken to determine whether or 
not  a pneumococcal polysaccharide could be purified to the extent of removal 
of all but  traces of nitrogen and phosphorus and yet  retain its antigenic prop- 
erties as indicated by  the precipitation of the maximum quant i ty  of antibody 
in an antiserum formed in the rabbit  (2) and as shown by its stimulation of 
a typical ant ibody response in the human subject (6, 7). 

EXPERIMENTAL 

Materials and Methods.--The specific polysaccharide' of Type III  pneumococcus, S I I I ,  
was prepared from 16 liters of autolyzed culture in a partially defined medium (8) which 
had been intermittently neutralized with alkali to increase growth. Owing to the increased 
yield of specific polysaccharide, 5.95 gin., as determined on an aliquot portion in the region 
of antibody excess with a calibrated antipneumococcus Type III  rabbit serum according to 
reference 9, the culture was not concentrated in vazuo, as recommended in reference 2, but 
was instead treated with 80 gin. of crystalline sodium acetate per liter and then precipitated 
directly with 16 liters of ethanol. About 10 per cent of the S III  escaped precipitation and 
was discarded. The remainder was reprecipitated several times with ethanol and isopropanol 
(10), deproteinized by repeated shaking with chloroform and butanol (2, 11), and precipi- 
tated as the barium salt with Ba(OAc)2 at pH 6.6 (2). After reconversion to the sodium salt 
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(2) and three or four repetitions of this cycle the sodium salt was precipitated twice by 2 to 
2.5 volumes of warm saturated Na2SO4 solution. After several reprecipitations with neutralized 
sodium acetate and isopropanol and several centrifugations at 10,000 R.P.~. in the chilled 
rotor of a Servall centrifuge to remove residual turbidity the solution was divided into two 
parts and chilled. One (S IIIx) was precipitated with 1.5 volumes of chilled redisfilled ethanol, 
the other (SIIIs)  with about 1 volume of chilled propionic acid (12). S IIIB was immediately 
centrifuged in the cold and washed with chilled redistilled ethanol and redistilled acetone. 
The properties of the fractions are given in Table I. Nitrogen was estimated by Russell's 
modification (13) of the Van Slyke-Hiller method (14), phosphorus by that of Fiske and 
SubbaRow (15). 

TABLE I 

Prop~ties~ S I l l  Fr~tions P u r ~  by Num~o~ Repegtions ~Mi ld  ProcMures 

Preparation 

S IIIl~ 
S III,~ 
S IIIA 
S IIIB 
S I I I  ll4AI[ 
S III  18611 

per cent 

6.8 
7.3 
6.6 
3.7 

k 
i 
i 

toll 

m 

degrees 

- 3 8  

--37 
--20 
--34 

N* 

J 
I ~rel., 0.1 per 

p* I cent in 0.9 

I per cent 
NaCI, 20°C. 

0.13 0 08 
0 . 3 0 ]  0.10 
0.06 0.01 
0.05 0.01 
1.4 0.45¶ 
1.9 0.05¶ 

2.73 
2.70 
2.54 
2.43 
1.07 
1.63 

Antibody N 
~rreCipitated 

om 1.0 m[. 
rabbit anti-Pn 
III serum B-58, 
68, C-absorbed, 
13.5 ~ 50, by 

0.124 rag. S III 

mg. 

1.346§ 

1.244 
1.250 

* Calculated to the ash-free basis. 
J; Two fractions combined and further purified. 
§ 0.126 mg. S I I I  used. 
[I Manufactured by E. R. Squibb & Sons, New Brunswick, New Jersey. Analytical data 

by courtesy of Dr. John W. Palmer. 
¶ Calculated from nucleic acid content. 

Immunization of Volunteers.--Five subjects, Nos. 96 to 100, were bled and their sera 
labeled with the subnumeral 0. They then received, subcutaneously, within 48 hours 0.3 
and 0.7 ml. of a solution of S IIIB in 0.5 per cent phenol-saline containing 50/xg. of S I I I  per 
ml. (of. reference 16). After about 2 months the subjects were again bled and the sera labelled 
bleeding sub-1. Analyses for anti-C and antibodies to S I I I  were carried out as described in 
references 16 and 17. 

DISCUSSION 

B y  repea ted  reprec ip i ta t ions  wi th  e thyl  alcohol  and  isopropyl  alcohol,  several  

p rec ip i ta t ions  as the  water - insoluble  ba r ium salt,  and  several  sal t ings ou t  wi th  

sodium sulfate  a t  35-37°C.,  all as mi ld  procedures  as could be  applied,  a p repa-  

ra t ion  of the  specific polysacchar ide  of T y p e  I I I  pneumococcus  has  been  

ob ta ined  with  as l i t t le  as 0.05 per  cent  of n i t rogen and 0.01 per  cen t  of phos-  

phorus.  I t  is clear f rom Tab le  I t ha t  this p roduc t  prec ip i ta tes  a lmos t  as m u c h  
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antibody nitrogen from a C-absorbed (2, 18) Type I I I  antipneumococcus 
rabbit serum as does a less highly purified sample from which it was, in part, 
prepared. An even more sensitive indicator of degradation is the relative 
viscosity, ~rel., which, also, is almost as high as that of the cruder fraction 
from which it was prepared, and which compares well with the viscosities of 
earlier lots of S I I I  isolated from broth cultures (2). I t  is therefore evident 
that most of the nitrogen and phosphorus can be removed from S I I I  without 
subjecting the polysaccharide to serious degradation. 

TABLE II 
Antibody Response of Human Subjects to Injections of 50 to 70 t~g. of Type I I I  Pn~umococcus 

Specific Polysaccharide 
Micrograms of antibody N per 4 ml. of serum. 

Subject No. Antibody 
to: C 

960 5 
961 13 

970 69 
971 71 

98o 48 
981 57 

99o 39 
991 34 

lOOo 7 
1001 7 

Mean value after injection. 

S III  

0 
21 

0 
11 

0 
96 

1 
27 

9 
42 

39 

Subject Nos. 

83-95 
(11 persons) 

10, 52-82 
(7 persons) 

201-206 
(6 persons) 

Range of 
anti-III values 
after injection 

2-59 

0-99 

2-29 

Mean anti- 
III  values 

20 

28 

13 

I t  now remained to be determined whether or not the new preparation would 
prove to be fully antigenic in man. In  Table II ,  the antibody response is shown 
of five human volunteers who received subcutaneous injections of 50 #g. of 
the new preparation. For comparison the formation of anti-S I I I  in three 
previous series (6, 7) is given. These subjects were injected with 50 to 70 #g. 
of S I I I  manufactured by E. R. Squibb & Sons, one lot of which contained 
1.9 per cent of N, the other, 1.4 per cent (Table I). In these instances the 
injected solution contained five other type-specific pneumococcal polysac- 
charides as well. 

Subjects 96 to 100, injected with the material of low nitrogen and phos- 
phorus content, gave the best average response of the four series, so that it is 
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evident that the elements N and P have nothing to do with the antigenicity 
of the specific polysaccharide. 

The conclusion therefore appears inescapable that the specific polysaccharide 
of Type III  pneumococcus exerts its characteristic immunological properties 
without benefit of a prosthetic group. Earlier experimental evidence (1-4) against 
the assumption (5) that such a group is a necessary portion of immunologi- 
cally specific polysaccharides in general is thus strengthened. 

Note Added to Proo/.--Professor Maurice Stacey has kindly permitted the authors to 
record here his substantial agreement with the above conclusions. 

SUMMARY 

The specific polysaccharide of Type I I I  pneumococcus, with only 0.05 
per cent of N and 0.01 per cent of P, still shows almost maximal precipitation 
of a Type I I I  antipneumococcus rabbit serum and the expected antigenicity 
in man. There is therefore no evidence that a prosthetic group is involved in 
these characteristic activities. 
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