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cells, the demonstrated phagocytosis of a 
third particulate substance by mast cells sug- 
gests that uptake of substances from the tis- 
sue environment may be a process with broad 
significance with respect to mast cell func- 
tion. 
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Assay of Spleen Cells Forming Antibodies to O-Antigens 
of Salmonellae (33456) 

A. L. OLITZKI~ (Introduced by W. Braun) 
Institute o f  Microbiology, Rutgers, The State University, 

New Brunswick, 

Quantitative assays of antibody production 
by single spleen cells in agar have been 
carried out with red blood cells ( l ) ,  red 
blood cells coated with bacterial antigens 
(2), and with gram-negative bacteria ( 3 )  as 
antigens. The latter are lysed in the presence 
of antibody and complement (4-6) and ster- 
ile plaques are produced around bacteriolys- 
in-producing spleen cells. The experiments 
described here were carried out to examine 
(i) whether a direct assay without the use of 
antigen-coated red blood cells can also be 
used for testing the immune response to 
typhoid and paratyphoid vaccines, (ii) 
whether there exist differences between the 
response to living or heat-killed microorgan- 
isms, and (iii) whether antibody production 
is primarily limited to species-specific anti- 
gens of the microorganisms or comprises, 
from the beginning of the immune response, 
species-specific and genus-specific antigens. 

Materids and Methods. Salmonella typhosa, 
strain 0901 with the antigenic formula IX, 

~~ ~~ ~~ ~~ 
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XI1 and Salmonella paratyplhi A with the 
antigenic formula I, 11, XII, were kindly pro- 
vided by Dr. L. s. Baron, Department of Bac- 
terial Immunology, WRAIR, Washington, 
D. C .  Bacteria grown 280 hr at  37” on the sur- 
face of nutrient agar plates were used as anti- 
gens for immunization and for the assays as 
well. Forty mice were divided in 4 groups, 
each of which was inoculated intraperitoneally 
on the same day with 2 X 108 microorganisms 
as follows: (i) S. typhosa, living, (ii) S. 
typhosa, heat-killed at  65” for 1 hr, (iii) S. 
paratyphi A ,  living, and (iv) S. paratyplhi A ,  
heat-killed at  65” for 1 hr. 

Assays for the detection of the number of 
spleen cells producing O-an tibodies were car- 
ried out as follows: 2 ml of melted 1.4% 
Noble’s agar (Difco) were mixed in small 
test tubes in a water bath at  50” with 2 ml of 
sterile, double-strength Eagle’s minimal es- 
sential medium (MEM), and 0.2 ml of a 
0.5 o/o solution of diethylaminoethyl-dextran. 
The spleens were removed under sterile con- 
ditions at  4 O ,  a suspension of single cells was 
prepared and cells from individual spleens 
were suspended in 2 ml of Hank’s balanced 
salt solution. If the presence of large num- 
bers of antibody-producing cells was suspect- 
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TABLE I.  The Appearance of Antibody-Producing Cells in Murine Spleens after Intraperi- 
toneal Injection of Four Different Salmonella Suspensions (containing 2 X lo8 microorganisms). 

~~~~~ ~ 

Antibody-producing cells in spleens of mice immunized 
with : 

Interval 
between in- S. S. 

oculation and Test S. iyphosa 5. typhosa paratyphi  A pa.ratyphi A 
test (days) organisms (living) (65", 1 hr) (living) (65", 1 hr) 

1 S .  typhosa 

3 5. typhosa 

4 5. tgphosa 

7 5. typhosa 

9 5. typhosa 

5. paratyphi  A 

S .  paratyphi  A 

S .  paratyphi  A 

S .  paratyphi  A 

S. paratyphi  A 

0 
0 
0 
0 

3200 
1680 

21,$20 

0 
10 

12,000 

0 
0 

0 
0 

11,200 
2600 

15,420 
14,240 

0 
10 

0 
0 

170 
20 

12,800 
4800 

21,280 
7600 

0 
10 

0 
0 

10 
10 

10,400 
6400 

15,360 
8200 

0 
20 

ed, further 10-fold dilutions of the original 
spleen cell suspension were made in Hank's 
solution. The bacteria were washed off from 
the agar surface and suspended in physiologi- 
cal saline solution yielding suspensions with 
an optical density of 170 in a Klett photome- 
ter (red filter). A sample (0.2 ml) of the 
spleen cell suspension was placed in the cen- 
ter of a plastic petri dish (100 mm in diame- 
ter) and nearby was placed 0.4 ml of the 
bacterial suspension. Onto these separate 
drops, the content of a test tube containing 
MEM agar (previously kept in a 50' water 
bath) was poured and thoroughly mixed by 
careful movements of the petri dish until a 
homogenous distribution of the bacteria and 
the spleen cells was obtained. After harden- 
ing, the mixtures were incubated for 1 hr at  
37". Subsequently 1.5 ml of a 1:4 dilution of 
guinea pig complement in acetate barbiturate 
buffer were spread over the surface of the 
plates, which were kept a t  4' for 1 hr in 
order to permit diffusion of complement in 
the absence of bacterial growth. The plates 
were then incubated at 37' for 18 hr. In the 
presence of antibody-forming spleen cells, 
round, clear and transparent plaques ap- 
peared in the greyish, opaque agar in which 
an uniformly dispersed bacterial growth had 
taken place. 

Results. The results of experiments sum- 
marized in Table I show that S. typhosa, 

strain 0901 was more sensitive to the bacteri- 
cidal serum action and yielded higher num- 
ber of sterile plaques than the simultaneously 
examined strain of S. paratyphi A .  Anti- 
body-producing cells appeared in the spleens 
of animals immunized with S. paratyphi A 1 
day earlier than in the spleens of animals 
immunized with S. typhosa, and on day 4 
after the injection of the antigens the number 
of antibody-forming cells appeared to be 
higher in spleens from animals immunized 
with living S. paratyphi A than in spleens 
from animals immunized with living S. 
typhosa. On day 7 after the inoculation no 
significant differences in the plaque counts 
obtained with different spleens were ob- 
served, however, the higher sensitivity of S. 
typhosa, strain 0901, was maintained through- 
out the experiment. 

Simultaneously with the plaques assays we 
examined the number of viable microorgan- 
isms present in the spleens of animals that 
had been immunized with living bacteria. Ta- 
ble I1 shows that, in spite of antibody pro- 
duction on day 3 after immunization, over 
lo6 bacteria were still present in the spleen; 
this bacterial count decreased slowly and on 
day 9 when the number of antibody- 
producing cells had receded, more than lo4 
microorganisms were still present in the 
spleens. 

When immunized animals received a boos- 
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TABLE 11. The Persistence of Living Sdmonellse in  Spleens of Mice during a Period in Which 
Antibody-Producing Cells Appear." 

Bacterial counts on different days after inoculation 
No. of 
inocula- Day : 1 2 3 4 7 9 

tion S t r  aiii ( X  10') ( X  loj) ( x  104) 

1 S. typhosa 8.0 x 107 1.8 X 10" 6.3 1.2 X lo6 8.0 
S. paratyphi A 1.3 X 10" 4.2 8.5 X 10' - 2.0 

2 S. typhosa 3.0 X loe 1.8 1.6 X lo8 6.0 X lo1 0 
S. pwatyphi  A 3.5 X 10" 2.5 5.6 X lo8  0 

a Inoculum: 2 X lo8  bacteria. 

ter dose of 2 X los bacteria 2 weeks after the 
first injection the regression of the viable 
count in the spleen was much quicker and 
reached the zero point within 7 days (Table 
11). 

Agglutinin titers for S. paratyphi A and S.  
typhi in nonvaccinated mice varied between 
1:2 and 1:s. Slight increases in these titers 
were observed on day 7 post vaccination with 
titers of 1:lO for S. typlii and 1:s to 1:lO 
for S. paratyphi A .  Significant rises were ob- 
served on day 8 postvacination with titers for 
both strains varying from 1:20 to 1:50. On 
day 10 postvaccination sera were obtained 
with titers of 1: 100 for the homologous and 
1:20 to 1:50 for the heterologous strain. The 
regression of the viable bacterial counts in 
the spleens may be ascribed to the presence 

. of circulating antibodies which had been pro- 
duced as a result of the primary inoculation. 

Cross-absorption experiments were carried 
out with sera taken on day 10 postvaccina- 
tion. They showed that S. paratyphi A im- 
mune serum lost its agglutinins compIetely 
by absorption with S. typhi, while the titer of 
S. typhi immune serum absorbed with S. 
paratyphi A was only reduced for S. typhi 
but not lost. Accordingly, it was assumed that 
immunization wimth S. paratyphi A resulted 
in the exclusive production of anti-XI1 agglu- 
tinins, whereas immunization with S. typhi 
resulted mainly in the formation of anti-XI1 
agglutinins and also in the formation of a 
small amount of specific anti-IX antibodies. 
Another explanation for the results of the 
cross-absorption experiments could be that in 
the absorbed S. typhi immune serum the 
highly sensitive strain 0901 still indicated 

some residual antibodies, whiIe the less sensi- 
tive S. paratyphi A strain was not agglu- 
tina ted. 

It seems that the method described above 
enables us to study early reactions of the 
host to living and killed vaccines, not only in 
terms of quantitative assays on one of the 
final products of the immune response-the 
serum antibody, but also in terms of much 
earlier cellular events, including the fate of 
living bacteria in antibody-producing organs 
and the interaction between antibody- 
producing cells and living bacteria. This 
method therefore should make it possible to 
study very early stages of the immune re- 
sponse under modified conditions such as in 
the presence of agents that stimulate or de- 
press antibody responses. 

Summary. The appearance and kinetics of 
an tibody-producing spleen cells was demon- 
strated after use of s. typhosa, strain 0901, 
and S. paratyphi A as immunizing antigens 
and as indicators in a bacteriolytic (or bac- 
teriostatic) plaque assay in agar. The results 
showed that in the very beginning of the 
immune response antibody-producing cells 
appeared which were able to produce mainly 
antibodies against the XI1 antigens which are 
present in both S. typhosa and S .  paratyphi 
A .  The number of plaques was dependent on 
the sensitivity of the strain employed for the 
assay; the highly sensitive strain 0901 pro- 
duced higher numbers of plaques in the 
presence of homologous antibodies and also 
in the presence of anti-S paratyphi A anti- 
bodies than the S. paratyphi A strain. No 
significant differences were found in the re- 
sponse to living and to heat-killed bacteria. 
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Dose Study of 32P Incorporation into the Nucleic Acids 
of Rat Lymphoid Tissues* (33457) 

JAMES C. RERCE (Introduced by David M. Hume) 
Department of SurgPry, Medical College of Virginia, Richmond, Virginia 23219 

Radiophosphorus (32P) is widely used to 
study DNA synthesis in proliferating tissues. 
Although the toxicity of large doses, especial- 
ly in lymphoid tissues, is well known (1-3), 
studies are lacking which demonstrate that 
the smaller doses usually employed in tracer 
studies do not also modify the rate of DNA 
synthesis. Because a number of studies have 
demonstrated the toxicity of tracer doses of 
th~midine-~H (4-8), the effect of small 
doses of 33p on DNA synthesis has been res- 
tudied in the lymphoid tissues of rats. The 
argument of this study is that if :j2P does not 
depress DNA synthesis then the dose incor- 
poration curve of 32P into DNA should be 
linear and, furthermore, this curve extrapo- 
lated to 0 dose should give 0 incorporation. 

Materials and Methods. Female, albino, 
Sprague-Dawley rats weighing 178-207 g were 
given food and water ad libitum. Carrier free 
32p (Na2HP04) in 0.45-1.00 ml of 0.9% 
sterile NaCl was injected intraperi4oneally 
after lightly anesthetizing the rats with ether. 
At intervals of 4 and 48 hr after injection 
groups of 5-6 rats at  each dosage level were 
killed with ether. Pooled lymph nodes (axil- 
lary, brachial, and mediastinal ) and approx- 
imately 2 0 0  mg of thymus from each rat 
were placed in tubes of ice-cold (4") 5% 
CClaCOOH and immediately homogenized. 
At the highest dose of 9.5 pCijg of body 

* Supported by USPHS Grant HE-0820.3-05 from 
the National Heart Institute. 

weight there was gross atrophy of the thymus 
and the lymph nodes at  48 hr and this 
necessitated the pooling of the lymph nodes 
into only two samples for the specific activity 
measurements. The acid soluble phosphate 
(ASP) fraction, the ribonucleic acid (RNA) 
fraction, and the deoxyribonucleic acid 
(DNA) fraction were subsequently isolated 
(9).  The amount of phosphorus in an aliquot 
of each fraction was measured by the colori- 
metric method of Fiske and Subbarow (10). 
The radioactivity of a 1-ml aliquot of each 
sample was estimated in a Packard Tri-Carb 
liquid scintillation counter using 9 ml of ab- 
solute alcohol as a solvent and 10 ml of 
scintillation mixture (2.5 diphenyloxazole, 4 
g and 1,4-bis-2- (phenyloxazolyl) -benzene, 
100 mg in 1 liter of toluene), The specific 
activity of each sample was calculated as the 
counts per minute per microgram of phos- 
phorus. 

Results. There was linear incorporation 
into DNA, RNA, and the ASP fraction of 
doses of 32P ranging from 0.191 to 1.91 &i/g 
of body weight in the lymph nodes (Table I )  
and in the thymus (Table 11) at both 4 and 
48 hr after injection. This contrasted with 
the nonlinear dose-incorporation curves ob- 
served for tritiated thymidine in a variety of 
tissues (8). All of the regression lines calcu- 
lated from the doses 0.191 to 1.91 pCi/g of 
body weight (Table 111) had intercepts a t  0 
dose which did not differ significantly from 0 


