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Fractionation and Itiiiiiunological Properties of a DNA-rich Preparation 
f r o m  B r u c Y I 1  (I (I h or t us. * t ( 26463) 

OTTO J .  PLESCIA, JOSEPH J. NOV.\L:, NICHOLAS C. PALCZUK AND WERNER BRAUN 
Z i z s t i f  trte of MicrobioloRy, Rirt g e n  C n i w r s i t y ,  -Vew Brunswick, N .  J .  

Previously we described the isolation of 
DXA-rich preparations from Brucella obor- 
tus  by estraction with 0.5% phenol( I ) , and 
the ability of such preparations to produce 
antisera containing antibodies that precipi- 
tated DNase-sensitive antigens ( 2 , 3 ) .  Subse- 
quent studies (4) revealed that such antisera 
also contained antibodies to antigens insen- 
sitive to DNase treatment. and that only 51./, 
of all immunized rabbits were capable of pro- 
ducing antibodies against DSase-sensi tive 
antigens. This variability may be similar to 
that encountered in studies of  Lupus erythe- 
matosus, in which antibody-like serum fac- 
tors reacting with DXA were found irregu- 
larly, and to the irregularity with which anti- 
bodies to haptenes are produced. With this 
variability in mind, the present report is re- 
stricted to an analysis of a lot of DNA-rich 
material from B .  abortus, hereafter referred 
to as preparation #12, which contained 
DNase-sensitive antigens. Preparation # 12. 
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as well as previously used preparations, con- 
sisted largely of DNA, but also contained 
some RNA, carbohydrate, and about 25% 
protein that could not be dissociated from 
the nucleic acid( 1 ) .  An attempt was there- 
fore made to establish more precisely the 
chemical basis for the immunogolical speci- 
ficity by fractionating the preparation con- 
taining the antigens. Progress made in such 
purification and the properties of the several 
fractions obtained will be described. 

,%faterials and methods. Immunizing anti- 
gens. Preparation # I 2  ( “ # i 2  prep”) was 
obtained from mucoid cells of ,BruceZZa abor- 
tus, strain 19, according to Braun et al.( 1). 
I t  was separated into several fractions by dif- 
ferential ultracentrifugation ah described be- 
low. Preparation of antisera.. ‘,New Zealand 
white rabbits (5 -6  Ib.) were immunized by 
intravenous injections of a saline solution of 
either the unfractionated preparation or its 
fractions. In the course of immunization, 
each rabbit received a total of 2.5 mg of nu- 
cleic acid, as determined by absorption at 
2 6 0  mp, or that quantity of a given fraction 
which was obtainable from 2.5 mg nucleic 
acid in the unfractionated preparation. In- 
jections were spaced over a period of 4 weeks, 
with doses of unfractionated material ranging 
from 0.05  to 0 .25  mg of nucleic acid and 
equivalent amounts of the fractions. The 
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FIG. 1. Fractionation of '' 812 prep " by differential centrifugation (Spinco ultracentrifuge, 
rotor 40, RCF = 6,590 X G at 10,000 rpin). 

rabbits were bled by cardiac puncture one 
week after last injection and the sera were 
stored a t  -10°C. Precipitin analyses. The 
technique of Ouchterlony(5) was used for 
analysis of antigens. Although a series of 
concentrations of each antigen was tested, 
only results with optimd concentrations are 
given. Such solutions contained about 0.5 
mg nucleic acid/ml; fractions were used at 
equivalent concentrations. Antisera were 
used undiluted or diluted with saline as much 
as 4-fold. 

Results. Fractionation. In preliminary 
tests '( #12 prep" proved heterogeneous elec- 
trophoretically, chromatographically, and ul- 
tracentrif ugally. Differential ultracentrifuga- 
tion was selected for purification because it 
gave the best resolution. Fig. 1 is a flow 
sheet for such fractionation, using a Spinco 
preparative ultracentrifuge with rotor #40. 
Each of the fractions, except the final super- 
natant, was taken up in 0.9% saline to the 
original volume, and all fractions were ana- 
lyzed for DNA and protein. DNA was meas- 
ured in terms of absorption at  260 mp as 
compared to a standard solution of calf thy- 
mus DNA( 6) ; however, since independent 
analyses had established that approximately 
S- lO% of the nucleic acid represented RNA, 
the values reported represent maximal 

amounts of DNA. Protein Concentration was 
determined on the basis of the biuret reac- 
tion as modified by Zamenhof(7). The re- 
sults (Table I )  indicate that protein was not 
uniformly distributed among the fractions, 
its concentration being greatest in the fastest 
sedimenting fraction. The bulk of the pro- 
tein was found in 10 Sed and most of the nu- 
cleic acid was in the 40 Sup fraction. The 
ultraviolet spectra of the slower-sedimenting 
fractions were typical for nucleic acids, 
whereas that of 10 Sea! showed no maximum 
a t  260 mp. 

Reacthg antigens in fractions. Results of 
the gel-diffusion analysis are shown in Fig. 2. 

" -  

FIG. 2. Analysis of reacting antigens in a DNA- 
rich preparation from Bru,ceZZa abortus. Center 
well contains antiserum pooled from 3 immunized 
rabbits, outer wells contain " #12 prep" and dif- 

f erent fractions thereof. 
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The antiserum was placed in the center well: 
one of the surrounding wells was filled with 
the immunizing “#12 prep,” and the others 
with the fractions. The plates were kept at 
23°C for 1 week for development. The I 0  
Sed fraction gave no evidence of reaction 
with the antiserum diluted 1:3 with saline, 
but precipitated weakly when undiluted anti- 
serum was used in another analysis, indicat- 
ing a relatively low concentration of antibody 
directed against antigens in the 10 Sed frac- 
tion. Both the 40 SeR and 40 Sup fractions 
reacted weakly a t  all concentrations. Tn the 
20 Sed fraction some antigens were detect- 
able, whereas the reaction of the 30 Sed frac- 
tion indicated that it had more of the reac- 
tive antigens and in higher concentration. 
The 30 Sed fraction was therefore recentri- 
fuged at  10,000 rpm in an effort to achieve 
further purification. A sub-fraction, 30 Sen - 
10 Sup, containing less than 2 %  protein was 

A.~ 30 SED 
1.k..i20 SUP 

FIG. 3. Analysis of reacting antigeris in sub-frac- 
tions of SO Sea derived from ‘( #12 prep.” Center 
well contains the antiserum pool; outer well coil- 

tains the various f raetions. 

obtained. Fig. 3 shows the gel-diffusion 
analysis of antigens in these sub-fractions. 
Clearly, all of the reactive antigens were in 
the DNA-rich fraction 30 Sed - 10 Sup, and 
no reactivity was detectable in the protein- 
rich fraction 30 Sed - 10 Sed. 

The 30 Sed fraction subsequently was 
treated with DNase for 45 min at 26”C, 
then centrifuged a t  10,000, 20,000 and 40,- 
000 rpm for 2% hr. After such enzymatic 
treatment, which resulted in a detectable re- 
duction of reacting antigen, i t  was not pos- 
sible to sediment remaining antigens even 
when speeds of 40,000 rpm for 2% hr were 
employed. 

Immunizing antigens in fractions. Because 
the reactive antigens were found predomi- 
nantly in the 30 Sed fraction, it was tested 
for its capacity to elicit the formation of pre- 
cipitating antibodies in rabbits. A total quan- 
tity of 30 Sed equivalent to 2.5 mg of 260 
mp-absorbing material in the crude prepara- 
tion was injected intravenously into rabbits. 
An equal number of rabbits received the un- 
fractionated preparation. All were bled by 
cardiac puncture, one week after the last in- 
jection, and the sera examined by gel-diffu- 
sion. The sera of rabbits injected with the 
.?O Sed fraction, which had most of the reac- 
tive antigens, had no detectable precipitat- 
ing antibody in contrast to the sera of rab- 
bits which had received the crude DNA 
preparation. This suggests the necessity for 
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distinguishing between reactive and immun- 
izing an tigens (see discussion). 

Rabbits that had received the 30 Sed frac- 
tion and failed to give precipitins were sub- 
sequently injected with a mixture of frac- 
tions I0  Sed and 30 Sed. At the same time, 
rabbits which had previously yielded precipi- 
tating antibodies with the whole “ 1 2  prep,” 
and had been allowed to rest until precipitins 
could no longer be detected in the serum, 
were given the 10 Sed fraction alone. All of 
the sera now contained precipitins induced 
apparently by immunizing antigens in the 
10 Sed fraction but directed against reactive 
antigens in fractions other than 10 Sed, such 
as 30 Sed - 10 Sup.  Subsequently, previously 
non-immunized rabbits were injected with 
the 10 Sed fraction alone, and these rabbits 
also produced precipitating antibodies direct- 
ed against antigens in fractions other than 
the immunizing fraction. It seems, there- 
fore, that the protein-rich fraction I0 Sed 
can contribute the immunizing antigens, but 
that the antigens reacting with immune sera 
are to be found among the DNA-rich frac- 
tions. 

Discussion. These fractionation studies 
have demonstrated that in antigenically ac- 
tive DNA-rich preparations, obtained by 
0.5% phenol extraction, protein is not uni- 
formly distributed among fractions obtained 
by differential ultracemtrif ugation. Thk 
method of fractionation, therefore, has 
proved useful for an analysis of antigenic 
properties associated with materials differing 
markedly in their ratio of DNA to protein. 

Reacting antigens were concentrated pre- 
dominantly in fractions rich in DNA and 
were not proportional to the relative amounts 
of protein present. Thus the protein-rich 
subfraction of 30 Sed contained no reacting 
antigens, whereas the DNA-rich supernat- 
ant 30 Sed - 10 Sup showed undiminished re- 
activity. Furthermore, reactivity ivas not 
abolished by the action of proteolytic en- 
zymes such as trypsin, chymotrypsin and 
panprotease. However, since the purest avail- 
able preparations still contain traces of pro- 
tein, the latter cannot be excluded definite- 
ly as a necessary part of the reactive anti- 
gens. 

The likelihood that a t  least some of the 
several antigens present in the 30 Sed frac- 
tion are in some manner associated with 
DNA is indicated hy the finding that DNase 
treatment of the 30 Sed fraction diminishes 
the intensity of the antigen-antibody reac- 
tion and decreases the molecular weight of 
the antigens so that. they can no longer be 
sedimented at 40,000 rpm. The possibility 
that the antigens are complexes containing 
DNA has been suggested by our observation 
that treatment of the reacting antigen prepa- 
ration with periodate, which acts primarily 
on carbohydrates but not on deoxyribose of 
DNA, results in a complete abolition of anti- 
genic reactivity. 

The protein-rich I0  Sed fraction? which 
was capable of stimulating the formation of 
precipitating antibodies that reacted with the 
30 Sed - I0 Sup  fraction (containing less 
than 2% protein), did not appear to have re- 
active antigens. Furthermore, the reactive 
fraction, 30 Sed - 10 Sup, was unable to 
stimulate production of precipitating anti- 
bodies. It would appear, therefore, that a 
distinction must be made between the im- 
munizing and reactive antigens. The failure 
to elicit antibodies with the relatively pure 
DNA fraction is consistent with the general 
experience of others who could not detect 
precipitating antibodies in the sera of ani- 
mals injected with pure DNA(8). As yet no 
experimental data are available to explain the 
differences noted in the immunogenic capac- 
ities of purified DNA vs. DNA-protein. 

While these studies have failed to yield 
pure antigens and thus have not enabled us 
to associate the DNase-sensitive antigens 
with a well-defined chemical entity, they have 
indicated at least that substantial concentra- 
tions of protein do not play a role in the anti- 
gen-antibody reactions here studied. Even 
though the specificity of antigens associated 
with DNA may not ultimately depend upon 
DNA itself, such antigens, nevertheless, 
would appear to be of considerable interest 
chemically and, above all, biologically. 

Summary. A DNA-rich preparation, ob- 
tained from Brucelln abortus by extraction 
with 0.5% phenol, was fractionated by dif- 
ferential ultracentrifugation, and its immuni- 
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logical properties were studied. Tne antigens 
that precipitated antibodies from the sera of 
rabbits injected with the crude DNA prep-  
ration were concentrated in  a fraction con- 
sisting essentially of DNA and only about 
2% protein. This fraction did not elicit the 
formation of precipitating antibodies, where- 
as a protein-rich fraction with no reactive 
antigens did. Treatment of the reactive anti- 
gens with DNase altered some of their prop- 
erties. On the basis of present evidence, it is 
suggested that the DNase-sensitive antigens 
are complexes containing DKA. 
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Effect of ACTH on Sex Ratio of the Albino Rat." (26464) 

EHICH GEIHINGER 
Departnieni of Medicint, l'niversity of Otago, Dunedin, N .  2. 

Mammalian spermatogenesis results in an 
equal number of male and female producing 
spermatozoa. The actual sex ratio of most 
species, however, differs characteristically 
from the expected theoretical vaIue of unity 
( 1 ) .  

The factors which enter habitually into 
the reproductive process of those species and 
modify the sex ratio (number of males per 
100 females) could be paternal, e.g. excess 
mortality of one type of spermatozoon after 
spermatogenesis or diminished aptitude of 
one type of spermatozoon for fertilization. 
Such and other differential properties of the 
2 types of spermatozoa have been demon- 
strated and have become the subject of con- 
siderable research. On the other hand, the 
maternal milieu interne could be such as 
habitually to favor survival of. or fertilization 
by, one type of spermatozoon. These two 
possibilities may be largely synonymous. 

In  addition to these normal and species 

*Supported in part by the British M.R.C. My 
thanks are due to Mr. George F. Spears, Otago Medi- 
cal School, for statistical evaluation of the results, 
and to Mrs. Evelyn Ewing and Miss Maureen Ken- 
nedy for technical assistance. 

specific deviations from unity of the sex ratio 
further changes in sex ratio occur in several 
well authenticated situations. The old obser- 
vation that the human sex ratio rises in wax 
time was again verified during the second 
world war and statistical analysis suggests 
that this rise was not due to age of the pas- 
ents or to the birth order(2). In  many spe- 
cies including man, i t  has also been noted 
that the first born or the first litter tends to 
have a significantly higher sex ratio than 
the species as a whole. In 
cies specific sex ratio of 
first litters is 1 2 2 ( 3 ) .  
(cattle, sheep, pigs, wolf 
indicate that the relative 
births tends to rise during 

the rat with a spe- 
10.5 the ratio for 
In some animals 
hounds) statistics 
number of female 
the cold months of 

the year. King has confirmed this for the 
rat(3). 

These observations suggest that stress may 
be able to alter sex ratio. The possibility 
that the adrenal cortex may be involved in 
mediating these effects is strengthened by 2 
observations of King and Donddson made 
in 1929, i.e. before the relation between 
adrenal cortex and stress responses was un- 
derstood. King recorded the sex ratio of the 


