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Serum Protein Patterns in Experimental Coccidioidomycosis.* (27836) 

R. H. DIVEN AND R. E. REED (Introduced by A. R. Kemmerer) 
Department of Animal Pathology, University of Arizona, Tucson 

Electrophoretic separation of serum pro- 
teins has become an important means of 
demonstrating the presence and progress of 
several disease states. A survey of changing 
levels of serum protein fractions provides a 
suitable beginning for studies of a host's meta- 
bolic response to a disease. The following 
experiment was undertaken to determine if 
significant changes occur in serum protein 
fractions of mice infected with Coccidioides 
im mit is, 

Methods. Arthrospore and hyphal frag- 
ments of Coccidioides were washed with iso- 
tonic saline from Sabouraud's dextrose agar 
after 6-weeks growth at  37°C. The wash- 
ings were plated and the colonies counted for 
viability estimation. The particle suspen- 
sions were then adjusted to a concentration 
of 200 viable particles in a volume of 50 pl 
and used for inoculum. 

Fifty male and 50 female Namru mice oi 
uniform age and weight were anesthetized 
with ether and inoculated intranasally with 
a total of 40'01 viable particles in two succes- 
sive inoculations of 200 particles each. In- 
oculated mice were caged in groups of 10, 
and each cage was paired with a cage of 4 un- 
inoculated mice of the same sex. 

Sampling was started the second day after 
inoculation. All mice from one cage of in- 
oculated males and those from the correspond- 
ing control cage were anesthetized by intra- 
peritoneal injections of thiamylal sodium, 
after which blood was drawn from their 
hearts. The process was continued with suc- 
cessive cages every second day thereafter, 
the sex of the sampled mice being alternated. 
The number of analyses varied from one 
sampling to the next because hemolyzed sam- 
ples were discarded and because some mice 
developed fatal coccidioidal infection before 
arriving at  their turn to be sampled. 

Ten microliters of clear serum were sepa- 
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rated electrophoretically on paper strips in 
Durrum type cell with sodium Verona1 buffer 
(pH = 8.6; p = .075) for 1 7  to 18 hours. 
Total serum protein was estimated refracto- 
metrically( 1). 

The amount in grams of each serum pro- 
tein fraction in 100 ml of serum was deter- 
mined by multiplying the percentage of each 
fraction with the grams percent of total pro- 
tein. The resulting data from each fraction 
and from total protein were subjected to re- 
gression analysis against time, then sum- 
marized by a variance analysis of each re- 
gression ( 2 ) . 

Results. The serum protein patterns con- 
tained 4 distinct fractions-albumin, alpha 
globulin, beta globulin, and gamma globulin 
(Fig. 1).  The alpha globulin separated was 
alpha-2. The alpha-1 fraction was too closely 
associated with albumin to be estimated quan- 
titatively, as shown by the last 2 patterns in 
Fig. 1. 

The successive serum protein patterns il- 
lustrated in Fig. l show an obvious increase 
in alpha and beta globulin and a decrease in 
albumin with time. These changes were con- 
sistent from mouse to mouse, whereas the 
slight change in gamma globulin was not. 
The variation in the latter fraction may be 
considered due to experimental error. 

The rate a t  which total protein and each 
protein fraction changed with time is shown 
by Fig. 2. This figure also indicates that 
male mice, which were sampled on the 2nd, 
6th, loth, and 14th days after inoculation, 
had higher levels of total protein, albumin 
and alpha globulin than female mice sampled 
on the remaining days. Beta globulin was 
only slightly higher in male mice, while 
gamma globulin did not vary with sex. The 
sex variation in mouse serum proteins, which 
became obvious after a large amount of data 
was accumulated, made it necessary to ad- 
just the observations to a common mean of 
each dependent variable. 
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Once the data were adjusted for sex varia- 
tion, the time of first change in any fraction, 
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FIG. 1. Sequential serum protein patterns f roiii 

mice inoculated with Coccidioides. 
FIG.  2. Changes in mean total protein and 

serum protein fractions from mice inoculated with 
Coccidioid es. 

TABLE I. Regression and Correlation Coefficients 
of Total arid Serum Protein Fractions against 
Tinit. :uid Variancc Analyses of the Regressions. 

Corffcient 
Ikgrees I 7 

P 1-0 t ei ii of J k r n  Rcgrcs- Correln- 
fraction frccvlom square sion tioii 

Total protein 1 1.65" .046 .361 
Error 55 .20 
A lbiinii I t 1 6.04" -.088 . i 2 6  
Error 55 .10 

Error 55 .03 

p-glol)ulin 1 4.42" .075 .842 
Error 55 .03 
y-globulin 1 .02 .005 .140 
Error 55 .02 

a-globulin 1 1.80" .052 .72G 

+ E' values were significant a t  P < . O l .  

or in total protein, became more obvious than 
is apparent in Fig. 2.  Alpha and beta globu- 
lin began to increase between the 4th and 6th 
day after inoculation. Albumin started its 
decline between the 6th and 8th days. Total 
protein appeared to climb steadily through- 
out the experimental period. Coincident with 
these measurements was the appearance of 
gross lesions in the lungs on day 4 and simi- 
lar lesions in the liver on day 8 in most of 
the mice observed. 

The data summarized in Table I further 
support the conclusions that may be drawn 
from Fig. 1 and 2.  A highly significant (P< 
. O l )  amount of the variation in levels of total 
protein and all fractions except gamma globu- 
lin can be explained by the progression of the 
infection with time. The rate of change was 
greatest in albumin, but degree of linear asso- 
ciation with time was greatest in beta globu- 
lin. 

Discussion. In the acute stage of tubercu- 
losis in experimentally infected guinea pigs 
serum albumin was found to decrease and the 
alpha- 1 and gamma globulins increased while 
total protein' and beta globulin did not 
change(3). By comparison, the serum from 
Coccidioides infected mice also showed a de- 
crease in albumin but an increase in total 
protein, beta globulin and alpha-2 globulin. 
Gamma globulin remained unchanged. 

A decrease in serum albumin has been as- 
sociated with hepatic disease in man (4).  The 
appearance of coccidioidal liver lesions a t  the 
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time mouse serum albumin levels dropped re- 
inforces such observations and further sug- 
gests that a drop in albumin may herald 
spread of the disease beyond thoracic viscera. 

I t  has been suggested that the change in 
serum protein levels of tubercular humans is 
the product of inflammation(5). The ob- 
served increases in the alpha-2 and beta 
globulins of mice may reflect degrees of tis- 
sue destruction or developing hypersensitiv- 
ity. Since the levels of the 2 fractions rose 
steadily as the disease progressed and through 
the period when mice began to die, the tissue 
destruction thesis seems acceptable. 

The lack of increase in gamma globulin 
may reflect the acute morbidity or a failure 
of immune response, leading to high death 
rate. 

Since the data are incomplete with respect 
to measurements of serum volume, no ex- 
planation can be offered for the steady climb 
in total protein. 

The consistency of response suggests that 
change in serum protein levels will serve as a 

good measure of disease progress in Coccidi- 
oides infected mice. 

Summary. Serums from mice inoculated 
intranasally with Coccidioides were separated 
electrophoretically. Total protein and the 
alpha-2 and beta globulin fractions increased 
significantly with development of disease, 
while albumin decreased. Gamma globulin 
remained constant. Increases in alpha-2 and 
beta globulins began about the 5th day. Al- 
bumin began to decline about the 7th day 
after inoculation. 
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Previously we have shown that antibody 
prepared against a normal cell constituent, 
myosin, which is unique for muscle cells, re- 
acts only with certain but not all tumors de- 
rived from muscle. It reacted with several 
embryonal rhabdomyosarcomas and not with 
the so-called adult rhabdomyosarcomas ( 1 ) . 
We have now studied the reaction of antisera 
prepared against 'testis and spermatozoa to 
see if there are antigenic components unique 
to spermatic or testicular tissue which are 
also present in testicular tumors. 

That antigenic substances are present in 
sperm and testicular tissue which are differ- 
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ent from substances present in other tissues 
such as kidney has been demonstrated by 
Freund et al.(2). They were able to produce 
aspermatogenesis and testicular lesions by in- 
jecting guinea pigs with sperm or testis tissue 
in Freund's adjuvants. Injection of other tis- 
sues did not produce the lesions. 

Materials and methods. Human tissues 
were obtained at  surgery or a t  necropsy. Diag- 
noses were made by the Department of Path- 
ology at  this Institute (courtesy of Dr. John 
Pickren) . 

Normal human semen was obtained from 
the sperm viability clinic. These samples were 
treated according to the procedures described 
by Weil(3), the sperm cells and seminal fluid 
were pooled separately and frozen. 


