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for the deficient and supplemented group. 
2. Other studies indicated that the rates of 
incorporation of N15 glycine into the purines 
of RNA were lower for the deficient animals. 
3. These studies suggest that in a vit. BIZ 
deficiency the reduced rate of nucleic acid 
synthesis in the liver reduced the rate of cell 
divisions. 
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Coccidioides iininitis Spherule Antigen in a Complement Fixation Test 
For Experimental Coccidioidoinycosis. (19440) 

RALPH -4. VOGEL AND SORMAN F. CONANT. 
Front the Department of Racteriolog?, Duke Eniversity School of Medicine 

Prior to 1937 few investigators were suc- 
cessful in demonstrating an immune response 
to Coccidioides immitis in patients with coc- 
cidioidal granuloma. Cooke (1) obtained a 
positive precipitin test with serum from a pa- 
tient using antigens prepared from dried pow- 
dered cultures, and extracts of pus-containing 
spherules. Davis( 2 )  obtained a positive com- 
plement fixation test with serum from a pa- 
tient using an antigen prepared from a 
macerated mycelial culture. Chipman and 
Templeton(3), however, were the first to use 
successfully a broth filtrate of Coccidioides 
immitis as an antigen in a complement fixation 
test. This type of antigen has since proven 
effective and is now widely used. C. E. Smith 
and associates(4) have used the broth filtrate, 
coccidioidin, as antigen in a precipitin test and 
complement fixation test for diagnosis and 
prognosis in coccidioidomycosis. 

In  a preliminary report(5) it was shown 
that the spherules or tissue phase of COG- 
cidioides inzinitis could be obtained in abun- 
dance by inoculation of the yolk sac 04 chick 
embryos with arthrospores of Coccidioides 
iinmitis. The use of the spherules as antigen 
in the complement fixation test is presented 
in this paper. 

Methods. The yolk sacs of 10-day-olld em- 
bryonated hens' eggs were inoculated with the 
arthrospores of Coccidioides inwnitis as de- 
scribed in a previous report(5). Up to 0.5 
ml of egg yolk from the initially inoculated 
embryos was passed to the yolk sac oi a sec- 
ond series of 10.-day-old embryos. -4fter 9 
days incubation the yolk of the second trans- 
fer eggs was harvested and treated with 4 
parts of 10% NaCl, and allowed to stand 
overnight in the refrigerator. The suspension 
of yolk and spherules was centrifuged at  3000 
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r.p.m. for 7; hour. The fat which collected 
at  the surface during centrifugation was de- 
canted along with the soluble egg protein in 
the supernate. The sediment containing the 
spherule material was washed several times 
with physiological saline and finally suspended 
in veronal buffer solution, pH 7.3-7.4. A 1:50 
concentration of spherules by volume was ob- 
tained from 10 eggs. Equal aliquots of 
spherule suspensions were treated with a )  5% 
formalin for 12 hours, and b) heat-killed in a 
60°C water bath for 30 minutes. Excess 
formalin in the spherule material was neutral- 
ized with sodium metabisulfite as recom- 
mended by Cox.* Before use in the comple- 
ment fixation test the antigens were diluted 
and ground for hour in a small Ten Broeck 
glass tissue grinder. Coccidioidin. Coccidi- 
oides immitis, strain 2023, was grown in a syn- 
thetic medium( 6) for 4 months, the fluid con- 
tent filtered thrlough a Seitz filter and the 
filtrate stored immediately at  -28O.C without 
preservative. This filtrate, a clear amber 
colored fluid, was found to be a suitable an- 
tigen for the complement fixation test in an 
optimal dilution of 1 : 16. Sera from infected 
animals. Seven white rabbits, each weighing 
approximately 2 kg, were inoculated intra- 
venously with 1 ml of a 1: 1000 concentration 
(by volume) of Coccidioides arthrospores. 
Two weeks later the rabbits were bled to death 
and their sera was stored in small amounts a t  
-20" C without preservative. Sera f r m  
hyperimmunized animals. S ix  white rabbits 
each weighing approximately 2 kg, were in- 
oculated intravenmsly with 1 ml of a 1:50 
concentration of spherule antigen on 4 con- 
secutive weeks and were bled to death 7 days 
after the last inoculation. The sera were 
stored in sniall amounts a t  -20°C without 
preservative. -4t no time during the vaccina- 
tion period did the animals show any reaction 
to the injected material. Complement @a- 
tion test. Three 50% units of guinea pig 
complement(7) were used in the test. All 
reagents were diluted in veronal buffer, pH 
7.3-7.4, and used in a volume of 0.3 ml. -4 
dilution of 1:3 serum, inactivated at  60°C 
for 30 minutes, served as unity for subsequent 

* Personal communication. 

2-fold, serial dilutions. After 16-18 hours 
refrigeration a t  3-6OC, 0.6 ml of optimally 
sensitized sheep cells were added and the 
tubes placed in a water bath at  37°C for 30 
minutes. All tubes were centrifuged at  2500 
r.p.m. and the degree of hemolysis was com- 
pared with color standards prepared to repre- 
sent 0, 25, 50, 75, and 100% hemolysis inter- 
preted as 4+, 3+, 2+, I+ and no fixation. 
Tubes showing hemolysis or less were 
considered positive. Absorption of infected 
and hyperimmune sera. The absorption tech- 
nic outlined by Rrumweide et al. (8) was used 
to absorb non-inactivated sera from infected 
and hyperimmunized rabbits. The egg yolk 
antigen used for absorption was prepared by 
suspending the yolk from one 18-day-old in- 
cubated egg in distilled water. Three ml ali- 
quots of a 1 : 3 dilution of serum from a hyper- 
immunized rabbit and an infected rabbit were 
added to a )  the washed sediment of 4 ml of 
centrifuged egg yolk antigen, and b) the cen- 
trifuged sediment of 5 ml of stock spherule 
vaccine. The sera were placed in a water 
bath at  37°C for 5 hours and then refrigerated 
for 15 hours. The tubes were shaken often 
during the incubation periods. I t  was neces- 
sary to repeat the test twice to obtain com- 
plete absorption of the sera. 

The antigenic titer of the heat 
killed spherule antigen was taken as that 
dilution of antigen beyond which further in- 
crease failed to enhance complement fixation. 
The antigen, despite its concentrated appear- 
ance, was not anticomplementary either un- 
diluted or diluted 1:2.  The optimal antigen 
dilution for testing in rabbit sera was 1:4. 
Formalized antigen failed to fix complement 
in these experiments. The results of comple- 
ment fixation tests with sera from 7 rabbits 
inoculated with Coccidioides ar throspores 
using coccidioidin, heated spherule antigen 
and antigen prepared from egg yolk are pre- 
sented in Table I. The titers obtained with 
the spherule antigen were slightly higher in 
some instances than those to coccioidin. The 
egg yolk antigen failed to fix complement in 
these sera, while all three antigens failed to 
react in the sera from 6 normal rabbits tested 
independently. 

Results. 
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TABLE I. Reactions in Complement Fixation Test Employing Heated Spherule -4ntigen, 
Coccidioidin, and an  Egg Yolk Antigen and Serum from Rabbits Infected with Coccidioides 

imrnitis. 
~ ~ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ ~  

Serum dilutions --- 7- Controls 7 
Antigens Rabbit 1-1 1-2 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
1 
3 
1 

3 

1 

3 
1 

3 

7 - 

7 - 

3 - 

28 

23 

27 

11 

13 

14 

3 1  

Kornial” 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

- 

-- 

- 

- 

- 

- 

- 
- 
- 
- 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

- 

- 

- 

- 

- 

- 

- 

- 
- 
- 

1-4 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

4+ 
4+ 

4+ 
4*+ 

- 

- 

- 

- 

- 

- 

- 

- 
- 
- 
- 

2 +  
4+ 

3+ 
3+ 

4+ 
4+ 

3+ 
4+ 

2+ 
4+ 

3 f  
4+ 

4+ 
4+ 

- 

-- 

- 

- 

-- 

- 

L 

- 
I 

- 

1-8 1-16 1-32 1-64 Antigen Swum 

- 

* Represents the reaction of 6 rabbit sera tested independently. 
1-Goccidioidin. 2-Spherule. 3-Egg yolk. 

Hyperimmune sera. The sera from 6 rab- 
bits immunized with heat killed spherule an- 
tigen gave high titers to both spherule antigen 
and egg yolk antigen revealing the complicat- 
ing factor of a concurrent stimulation of egg 
yolk antibodies during the immunization with 
this antigen (Table 11). In  only a few in- 
stances was it possible to demonstrate a titer 
to coccidioidin and, when evident, always in 
a low titer. 

Absorption studies. Egg yolk antigen com- 
pletely removed egg yolk antibody in the 
serum from immunized rabbit No. 6 (Table 
11). After absorption, this serum showed a 
reduction in titer to 1 : 4 with spherule antigen 
while the titer to coccidioidin was unchanged, 
Absorption of this serum with spherule antigen 
completely removed antibodies to spherule 
antigen, e g g  yolk and coccidioidin. Absorp- 
tion of a serum from an infected rabbit with 
egg yolk antigen and spherule antigen failed 
to lower the titer to spherule antigen or coc- 
cidioidin. 

Discussion. The spherule antigen prepared 
from the yolk of embryonated eggs inoculated 
with the arthrospores of Coccidioides immitis 
appears to have the ability to fix complement 
in the sera of rabbits infected with Coccidi- 
oides immitis and in the sera of rabbits hyper- 
immunized with the spherule antigen. The 
spherule antigen is also capable of stimulating 
in low titer, antibodies to coccidioidin, the 
broth filtrate, which is used in the standard 
complement fixation test for coccidioidomy- 
cosis. A preliminary testing in human serum 
with both antigens was made. The spherule 
antigen failed to react in the serum of a pa- 
tient with coccidioidal granuloma showing a 
titer of 1 ; 3 2 to coccidioidin. 

Summary. 1. A method is described for the 
preparation of a serologically active antigen 
from egg yolk material containing spherules. 
2. “Spherule antigen’’ used in a complement 
fixation test reacted with sera from animals 
infected with Coccidioides and animals hyper- 
immunized with the antigen. 3. The antigen 
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TABLE 11. Reaction in Complement Fixation Test Employing Heated Spherule Antigen, 
Ooccidioidin, and an Egg Yolk Antigen and the Sera from Rabbits Immunized Intravenously 

with Spherule Vaccine. 

Serum dilutions -Controls- 
Antigens Rabbit i-1 1-2 1-4 1-8 1-16 1-32 1-64 1-12; Antigen Serum 

1 5 
1 
3 
1 1 

3 
1 6 

3 
1 2* 

1 4” 
2 
1 3 

3 

3 - 

> - 

3 - 

-J - 

- - - - -  
3+ 3+ 3+ 3+ 3+ 
2+ 3+ 3+ 2+ - 

4+ 4+ 4+ 2+ - 
4+ 3+ -+ - - 
4+ 2+ - - - 
4+ 4+ 4+ 4+ 3+ 
4+ 4+ 4+ 2+ 2+ 
2 + - - - -  
4+ 4+ 4+ 4+ 3+ 
I + - - - -  
4+ 4+ 4+ 4+ 4+ 
I + - - - -  
4+ 4+ 4+ 4+ 3+ 
4+ 4+ 4+ 4+ 2+ 

- - - - -  

+-Caiiiplete fixation (no hemolysis) ; -, no fixation (complete hemolysis) . 
* Sera from these rabbits were not tested with egg yolk antigen. 
I-Coccidioidin. 2-Bpherule. 3-Egg yolk. 

was found to stimulate low titers to coccidioi- 
din in hyperimmunized animals. 4. The 
“Spherule antigen” completely absorbed anti- 
bodies to the homologous antigen and COC- 
cidioidin from the serum of a hyperimmunized 
rabbit, but failed to absorb antibodies from 
the serum of a rabbit infected with COC- 
cidioides irnmit is. 
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Identification of Ferritin in Blood of Dogs Subjected to Radiation from an 
Atomic Detonation.+ (19441) 

THOMAS J. HALEY, M. R. ANDEM, RICHARD F. RILEY, AND I. WILLIAMS 
From the Atomic Energy Projec:, School of Medicine, University of California at Los Angdes. 

Direct observations on the mesoappendix 
capillary bed in the roentgen ray irradiated 
rat demonstrated that a pronounced peri- 

* ’Phis article is based on work performed under 
Contract S o .  .\T-04-14EN-12 between the Atomic 

at L o 5  Angeles. 

pheral vasodepression occurred during the first 
post-irradiation week. Further investigation 
showed that this effect was not due to a 
direct effect of the radiation on the capillaries 
themselves but was the result of the appear- 

I t  was shown that this vasodepressor was 

_- 

Energy COmdsion and the University of California ante of a vasodepressor agent in the 


