
from an action of the "antiviral" pro- 
tein (13) on the ribosomes of toxo- 
plasma which interferes with translation 
of toxoplasma messenger RNA by toxo- 
plasma ribosomes. Among alternative 
explanations is the possibility that host 
cell ribosomes are used in toxoplasma 
replication, and in the interferon-treated 
cells they fail to translate toxoplasma 
messenger RNA. Either of these mech- 
anisms may account for the observed 
action of interferon on cells infected 
with psittacosis (1) and TRIC agents 
(2, 3). Certainly the current definition 
of interferon in terms of its antiviral 
properties alone must be broadened to 
include its action against phylogenet- 
ically higher organisms. 

Variations in virulence of certain 
viruses appears to be correlated with 
the ability to induce interferon produc- 
tion (14). The wide variation in viru- 
lence among different strains of toxo- 
plasma (15) may, in a similar manner, 
be related to their ability to induce in- 
terferon production. As toxoplasma have 
been shown to stimulate interferon pro- 
duction, the role of interferon as a 
determinant in recovery from protozoal 
intracellular infection (such as toxo- 
plasma, malaria, leishmania) in vivo 
must be considered. The general nature 
of interferon action against intracellular 
protozoa and its possible role in vivo 
are suggested by the independent find- 
ings of Jahiel et al. (16) on the pro- 
tective effect of interferon-inducing 
agents in the mouse against Plasmodium 
berghei infection. 
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Antibodies specific for DNA in the 
serums of patients with systemic lupus 
erythematosus have been demonstrated 
by several immunologic techniques in- 
cluding quantitative precipitation, im- 
munodiffusion in agar, complement 
fixation, and hemagglutination (1). 
These techniques measure a secondary 
manifestation which may or may not 
occur after a primary reaction between 
antigen and antibody has taken place. 
Since some serums, especially in the 
human, have low precipitating, com- 
plement-fixing, or hemagglutinating 
efficiencies (2), a technique which 
measures the primary interaction be- 
tween DNA and antibody should pro- 
vide information indicative of total 
antibody. We now report on a primary 
binding technique to measure DNA 
antibody by the ammonium sulfate 
method which was originally described 
for bovine serum albumin (3). Anti- 
body-bound DNA can be separated 
from free DNA by this technique be- 
cause DNA is soluble in 50-percent 
saturated ammonium sulfate solutions, 
whereas DNA-antibody complexes are 
insoluble. 

Human serums were obtained from 
patients with systemic lupus erythema- 
tosus and from normal subjects. All 
patients' serums had antibodies to nu- 
clear material as demonstrated by the 
indirect immunofluorescent technique; 
some serums had precipitins to DNA 
as detected by immunodiffusion in 0.4 
percent agarose against calf thymus 
DNA (4). None of the normal serums 
had demonstrable DNA precipitins or 
antibodies to nuclear material. 

Tritiated DNA (H3-DNA) was pre- 
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pared by growing Bacillus subtilis in 
medium (5) containing tritiated ade- 
nine or thymidine (6) and was isolated 
and purified as reported (7). The am- 
monium sulfate test has been described 
(3). DNA from calf thymus (20 /xg 
in 1 ml of borate buffer at pH 8.4; 
0.1 ionic strength) or H3-DNA from 
B. subtilis (2 /tg in 0.5 ml borate buffer) 
were added to equal volumes of serum 
diluted 1 :10 in borate buffer. Subse- 
quent dilutions of serums were made 

Table 1. DNA binding by normal human 
serums and systemic lupus erythematosus 
serums. Results are expressed as the percent- 
age of calf thymus DNA or Bacillus subtilis 
tritiated DNA (H3-DNA) detected by di- 
phenylamine or isotopic assay in the 50-per- 
cent saturated ammonium sulfate precipitates 
(ppt) of the serums diluted 1:10. DNA pre- 
cipitins were detected in patients' serums Nos. 
1 to 4 but not in the remaining patients' or 
normal human serums. 

Serums 20 yg DNA 2 jug H3-DNA 
(No.) (% in ppt) (% in ppt) 

Normal human 
1 7.5 3.7 
2 2.5 2.3 
3 7.5 2.0 
4 5.0 1.4 
5 2.5 2.1 
6 7.5 4.5 
7 5.0 8.8 
8 5.0 1.7 
9 7.5 2.8 

Pool 2.5 2.6 

Systemic lupus erythematosus 
1 97.5 71.7 
2 77.5 57.2 
3 72.5 51.6 
4 15.0 25.3 
5 10.0 10.7 
6 10.0 14.1 
7 7.5 5.0 
8 5.0 5.0 
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Deoxyribonucleic Acid Antibody: A Method to Detect 

Its Primary Interaction with Deoxyribonucleic Acid 

Abstract. Antibody to DNA in human serums can be detected by the am- 
monium sulfate method. This sensitive and specific technique, which measures 
the primary interaction between DNA and antibody to DNA, is based on the 
observation that free DNA is soluble in 50-percent saturated ammonium sulfate 
whereas antibody-bound DNA is insoluble. 
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with normal human serum diluted 
1 : 10 in borate buffer. After incuba- 
tion at 4?C for 18 hours, an equal 
volume of saturated ammonium sulfate 
was added. The precipitates were 
washed with 50-percent saturated am- 
monium sulfate in borate buffer, redis- 
solved and analyzed for calf thymus 
DNA by a diphenylamine method (8) 
and for H3-DNA in a Packard Tri- 
Carb liquid-scintillation spectrometer 
(9). The mean of duplicate determina- 
tions is expressed as the percentage of 
DNA added to serum which was de- 
tected in the ammonium sulfate pre- 
cipitate. 

When either 20 jg of calf thymus 
DNA or 2 ,xg of H3-DNA were added 
to normal serums diluted 1 : 10, less 
than 10 percent of the DNA added was 
detected in the ammonium sulfate pre- 
cipitates (Table 1). However, patients' 
serums (Nos. 1 to 4) containing DNA 
precipitins bound 15 to 97 percent of 
the added DNA. The percentage of 
DNA bound by the patients' serums 
lacking detectable DNA precipitins 
was either normal or slightly greater 
than normal. 

To investigate the specificity of DNA 
antibodies as measured by the ammo- 
nium sulfate method, we determined the 
effect of unlabeled nucleic acids and 
immunologically unrelated polyanions 
(hyaluronic acid and heparin) on the 
H3-DNA binding by patients' serums. 
Those serums which bound more than 
50 percent of the H3-DNA at a 1: 10 
dilution were further diluted so that 
approximately 50 percent of the H3- 
DNA was bound. Calf thymus DNA, 
yeast RNA, hyaluronic acid, or hepa- 
rin (10) was added to the serums and 
incubated at 4?C for 24 hours before 
the addition of H3-DNA. The final 
concentration of these inhibitors was 
50 /Ag/ml or 25 times the concentration 
of the H3-DNA. Under these condi- 
tions, antibody combining sites are 
occupied by specific unlabeled antigen 
and therefore are unavailable to bind 
labeled antigen when subsequently 
added (11). Patients' serums which 
bound more H3-DNA than normal 
serums did were significantly inhibited 
by calf thymus DNA (Table 2). By 
contrast, H3-DNA binding was slightly 
decreased in only two serums in the 
presence of heparin and RNA. Thus the 
inhibition technique has a high degree 
of specificity and can be applied to de- 
tect free DNA in serum or other bio- 
logical fluids. 

The sensitivity of the ammonium sul- 
fate method for measuring DNA anti- 
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Table 2. Effect of unlabeled nucleic acids, hyaluronic acid, and heparin on HM-labeled DNA 
binding by systemic lupus erythematosus serums. Results are expressed as the percentage of 
2 Ag of H3-DNA in the 50-percent saturated ammonium sulfate precipitates of the serums 
when no inhibitor was present or when calf thymus DNA, yeast RNA, hyaluronic acid, or 
heparin was added at a final concentration of 50 3ug/ml. Serums were diluted as follows: 
No. 1, 1:75; No. 2, 1:18; No. 3, 1:12; Nos. 4 to 8, 1:10. 

Serum Control Calf thymus Yeast Hyaluronic Heparin 
(No.) DNA RNA acidHeparin 

1 44.4 3.9 45.9 47.5 49.3 
2 50.3 5.5 50.2 51.1 49.7 
3 48.2 6.3 46.5 48.1 46.8 
4 21.5 2.6 17.4 17.9 13.9 
5 9.5 1.4 8.5 9.4 7.7 
6 19.4 2.3 10.7 17.2 17.8 
7 3.3 0.7 2.2 5.6 5.1 
8 5.5 1.4 3.0 4.9 5.8 

body is limited primarily by the specific 
activity of radioactive DNA. When this 
was increased so that less H3-DNA 
(0.1 txg) could be added to serums, it 
was possible to dilute a serum approxi- 
mately 1: 5000 before the percentage 
of H3-DNA bound approached normal 
(Fig. 1). More importantly, the results 
in Fig. 1 show that both precipitating 
and nonprecipitating antibody to DNA 
can be detected by this technique. Al- 
though we have observed 97 percent 
binding of mammalian DNA (Table 
1), maximum binding of tritiated bac- 
terial DNA has not exceeded 72 
percent. 

Our results indicate that it is feasible 
to measure antibody to DNA by pre- 
cipitation of DNA-antibody complexes 
with 50-percent saturated ammonium 
sulfate. This technique detects the pri- 
mary interaction between DNA and 
antibody, whereas secondary tests 
measure only those antibodies capable 
of precipitation, complement fixation, 

Reciprocal of Serum Dilution 

Fig. 1. Percentage of 0.1 Ag of H-DNA 
in the 50-percent saturated ammonium 
sulfate precipitates of dilutions of serums 
(fivefold, serially) from patients with sys- 
temic lupus erythematosus. A, serum with 
precipitins only to heat-denatured calf thy- 
mus DNA; B, serum with no detectable 
precipitins to DNA; and C, serum with 
precipitins to both native and heat-dena- 
tured calf thymus DNA. Less than 3 per- 
cent (3 ng) Ha-DNA was detected in the 
precipitate of normal human serum 
(NHS). 

or hemagglutination. With a sensitive, 
specific, quantitative primary binding 
technique, it may be found that the 
incidence and heterogeneity of DNA 
antibodies in human serums may be 
greater than is believed. 
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