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duced penicillinase; none of the susceptible the former in infection. (4) Staphylococci 
strains had this property. ( 3 )  Many of the naturally resistant ,to penicillin appear to be 
penicillinase-producing staphylococci pro- resistant as a result of their ability to pro- 
duce coagulase indicating the importance of duce penicillinase. 
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The isolation and properties of the specific 
somatic antigens of several types of Shigella 
paradysenterioe (Flexner) have been de- 
scribed in detail in a previous pub1ication.l 
These substances appear to be single chemical 
entities constituted from a phospholipid, a 
protein and a polysaccharide. The antigens 
are toxic and as far as has been determined, 
account for all of the immunological proper- 
ties of the microorganisms from which they 
are derived. Thus, when small quantities of 
antigen are injected into experimental ani- 
mals they give rise to bacterial agglutinins 
and precipitins which are similar in all re- 
spects to those evoked by the microorganisms 
themselves. I n  addition, they elicit anti- 
bodies in mice which protect them against 
lethal infections with homologous bacilli. The 
polysaccharide portion of the complex is 
neither toxic nor is it antigenic in rabbits; 
it is this constituent, however, which is re- 
sponsible for most of the serological prop- 
erties of the somatic antigen. 

The present study was undertaken to de- 
termine whether the specific lipocarbohy- 
drate-protein complex of Flexner dysentery 
bacilli is the only antigen which stimulates 

the production of protective antibodies or 
whether the microorganisms contain addi- 
tional constituents which are important in the 
immune response. Experiments designed to 
ascertain the immunological role of the poly- 
saccharide hapten are included as well. 

In the following experimental account we 
shall compare the protective antibody present 
in the sera of rabbits immunized wi,th Type 
I11 Flexner bacilli with that remaining after 
absorption with the homologous specific anti- 
gen and its polysaccharide hapten. 

Materials and Methods. The Type I11 
specific antigen used in this study was isolated 
as described previous1y.l The polysaccharide 
hapten was obtained by dissociation of the 
complex with acetic acid.l The immune sera 
were prepared by subjecting rabbits to 3 
prolonged courses of injections with formol- 
killed Sh. paradysenteriae (Flexner) Type 
I11 (Andrewes and In~l lan ,~  Type Z, Boyd,2 
and \Veil et a1.P Type 111). The rabbits were 
bled after each course of injections and the 
sera obtained were pooled. Passive protec- 
tion tests were performed on Swiss mice 
weighing 18-20 g. 0.1 ml of S-fold dilutions 
of the sera to be tested were injected intra- 
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TABLE I. 
Results of Mouse Protection Tests of Type I11 Immune Serum Before and After Absorption 

with Specific Antigen and Hapten. 

M1 of serum required to protect 50% of the mice 

No. of micro- Serum absorbed 
organisms in  with specific Berum absorbed Unabsorbed 

Exp. No. challenging dose antigen with hapten serum 

1 16 X 106 
2 4 x 106 
4 9 x 106 
6 4 x 106 
7 4 x 106 

3 1.4 x 106 

5 32 x 106 

Mean 

- 
- 

0.003 
0.0008 
0.0008 - 
- 

0.0015 

- 0.00003 
- 0.000025 
- 0.00005 

0.00015* 0.000035 
0.00015" 0.000015 
0.00025 t 0.000075 
0.0001 t 0.00003 

0.00016 0.000037 2 0.000018 

50% of untreated control mice were killed by 1 t o  9 microorganisms of the virulent Type I11 

* Serum absorbed with slight excess of hapten. 
t Serum absorbed with great excess of hapten. 

Strain No. 79-118-52. 

peritoneally into each of 6 to 8 mice together 
with the challenging dose of microorganisms. 
The test dose consisted of 0.4 ml of a 1CP 
dilution of a 6-hour culture of mouse viru- 
lent Type I11 (strain 79-118-5Zt) organisms 
diluted in a 6.25% suspension of Wilson's 
granular mucin (Type 1701-W). The details 
of the method are described in a separate 
comm~nication.~ Each experiment was re- 
peated at  least once. The results given in 
the accompanying table are expressed in 
terms of the 50% survival endpoint.6 

Experimental. I .  Absorption of Type  111 
antiserum with somatic antigen. The pooled 
Type I11 antiserum was titrated quantitative- 
ly with varying amounts of the purified 
specific antigen. Each ml of serum was 
found to contain a total of 0.312 mg of pre- 
cipitin nitrogen. I t  was also observed that 
a t  the equivalence point 395 pg of antigen 
were required to precipitate 0.296 mg of anti- 
body nitrogen from each ml of serum. A 
test of the supernatant liquid after precipita- 
tion with this quantity of antigen revealed 
that it still retained 6% of the original pre- 
cipitin, but contained only a very slight ex- 
cess of specific antigen amounting to 2 pg/ml. 

t Kindly supplied by Capt. C. V. Seastone, Army 

5 Weil, A. J., and Farsetta, K., J. Intinuno!., in 

GReed, L. J., and Muench, H., Am. J. Hyg., 

Medical School. 

press. 

1938, 27, 493. 

In  order to avoid the toxic effects of ex- 
cess antigen, each ml of full strength serum 
was absorbed by the addition of an equal 
volume of a solution containing 395 ,ug of 
somatic antigen per ml. The mixture was 
incubated at 4" C for 48 hours and then 
centrifuged in the cold. The supernatant 
serum was used for the mouse protection tests 
as described above. 

The results of the mouse protection tests 
performed with the serum before and after 
absorption with the specific antigen are sum- 
marized in Table I. In Table I1 these results 
are compared with those of the quantitative 
studies described above. From the data 
presented it can be seen that absorption of 
Type I11 antiserum with homologous antigen 
removes approximately 95% of the precipitin 
and approximately 97% of the protective 
antibodies. The amount of protective anti- 
body which remains after absorption is rough- 
ly equivalent to the remaining precipitin. 

I I .  Absorption of Type  111 antiserum with 
the homologous polysaccharide hapten. The 
pooled Type I11 antiserum was absorbed 
with a slight excess of specific Type I11 
hapten. The addition of an equal volume of 
a solution containing 375 pg/ml of the poly- 
saccharide sufficed to remove all of the anti- 
body precipitable by hapten. After absorp- 
tion, the supernatant was found to contain an 
excess of polysaccharide amounting to 84 
pg/ml. The amount of antibody removed by 
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TABLE 11. 
Precipitative and Protective Antibodies licmovcd from Immune Serum by Absorption with 

Specific Antigen and Hapten. 

Antibodies removed a4 determined by 
f \ 

Quantitative Quantitative 
estimations on estimations on Mouse protection 

Immune serum immune precipitates supernates tests 
% % % 

Absorbed with specific antigen 95 94 97 
Absorbed with hapten - 90 77 

the polysaccharide hapten corresponded to 
90% of that precipitable by the complete anti- 
genic complex. From the mouse protection 
tests recorded in Tables I and I1 it can be 
seen that absorption of the serum with hapten 
removed approximately 7 7 %  of the protec- 
tive antibodies. 

The pooled antiserum was also absorbed 
with a large excess of Type I11 hapten (3000 
pg per ml of serum). The results of the mouse 
protection tests with this serum are recorded 
in Table I. These results do not differ sig- 
nificantly from those obtained with the serum 
absorbed with a slight excess of hapten. 

From the above experiments it is evident 
that the immune bodies in dysentery anti- 
serum which confer passive immunity on mice 
are those primarily directed against the so- 
matic antigen. The fact that some 7 7 %  of 
the protective antibodies can be absorbed 
with the polysaccharide hapten suggests that 
the major portion of these immune bodies are 
directed against the carbohydrate component 
of the complex antigenic molecule. 

Summary. 1. Antisera prepared by pro- 
longed immunization of rabbits with Type 
111 Shigella paradysenteriae ( Flexner) con- 
tain mouse protective antibodies which can be 
removed by absorption with the chemically 
purified type specific antigen. Absorption of 
the serum with the polysaccharide portion of 
the antigenic complex removes approximately 
80-90% of the precipitating and protective 
antibodies. 

2. Most, if not all, of the protective anti- 
bodies present in Flexner Type I11 anti- 
serum are directed against the homologous 
specific antigen. Any protective antibodies 
reactive with other constituents of the bac- 
terial cell appear to have little or no signifi- 
cance in the immune response. The poly- 
saccharide hapten is the component of the 
antigenic complex most important in orient- 
ing the protective and precipitative anti- 
bodies.$ 

4 Similar results are reported by Smolens, J., 
Halbert, S. P., Mudd, S., Donk, B. W., and Gon- 
zalcz, L. M., J .  Iminunol., in press. 
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Although it has been known for many Department of Pharmacology and Experimental 
yearslT2 that cultures of Bacillus subtilis are Tlierapeutics, University of California Medical 

antagonistic to the growth of other organisms, School, San Francisco, under the direction Of Dr. 
H. H. Anderson; the Department of Bacteriology, 

* This and subsequent investigations on subtilin University of California, Los Angeles, under the 
are part of a cooperative study undertaken by the direction of Dr. A. J. Salle; and the Biochemical 




