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clusion. 

There are two possible explanations 
for our results. The chloroplast DNA 
may simply be replicating faster than 
the nuclear DNA. This would be con- 
sistentt with the hypothesis that the 

chloroplasts themselves are replicating, 
but does not prove it. On the other 
hand, chloroplast DNA may be turn- 
ing over. From autoradiographic stud- 
ies on tobacco root tips, Mourad has 
suggested (18) that there is turnover 
of cytoplasmic DNA, but she did not 
localize this DNA in a specific or- 

ganelle. There have also been reports 
of the isolation of a rapidly labeling 
DNA fraction from a number of plant 
tissues (19), but unfortunately no pre- 
cautions against, or assays for, bac- 
terial contamination were reported in 
either paper. 

Somewhat similar results have been 

reported by Shipp et al. (10). Using 
a different tobacco system, they de- 
tached small secondary leaves from the 

plant and labeled them with p.2 in 
nutrient solution. They found almost 
all of the p.32 label in a peak which 
formed bands in CsCl at the same 

density as unlabeled chloroplast DNA. 

They found approximately the same 
numbers of bacteria in their prepara- 
tions as we did in ours, but they did 
not culture the bacteria to see if the 

buoyant density of the resulting DNA 
was the same as that of the chloro- 

plast DNA and the majority of the 
P"'' label. Considering the difficulties 
involved in eliminating the bacterial 

problem even when the seeds are steri- 
lized with bromine water, it seems high- 
ly unlikely that leaves detached from 
the plant and labeled for periods up 
to 2 weeks would be any less likely 
to contain highly labeled bacterial 
DNA. However, the proportion of la- 
bel in the chloroplast peak is decreased 
after 2 weeks of labeling, which would 
not be the case if bacterial DNA were 

being labeled. The ratios of the specific 
activities of chloroplast and nuclear 
DNA reported by Shipp et al. are 
much higher than those we found. In 
one experiment where the leaves were 
labeled for 6 days, approximately 80 
percent of the label is in the chloro- 
plast DNA, but it cannot be detected 
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tio of specific activities for their experi- 
ment is 196. In an experiment where 
immature leaves were labeled for 12 
hours, the ratio was 930. These dif- 
ferences may be a result of the dif- 
ferences between our two systems. The 
conclusion drawn from the experi- 
ments with both systems is essentially 
the same, namely, that chloroplast 
DNA in immature tissues is replicating 
faster than the nuclear DNA. 
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MILTON P. GORDON 

Department of Biochemistry, 
University of Washington, Seattle 
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tion of Moloney and Gross viruses 

by rabbit antiserum to Gross virus. 
Furthermore, immunological relations 
between the FMR and Gross leukemia 

agents were suggested by the demon- 
stration of a common complement-fix- 
ing antigen (8). 

We chose a highly sensitive, quantita- 
tive complement-fixation test (9), previ- 
ously applied to the differentiation with- 
in type I polioviruses (10) to compare 
the antigenic character of Rauscher 
and Friend leukemia viruses purified 
by density gradient centrifugation. The 
antigens were derived from the plasma 
of Balb/c mice 3 to 4 weeks after 
intraperitoneal infection with Rausch- 
er (11) or Friend virus. Mice were 
inoculated with extracts of spleens from 
infected Balb/c mice; control animals 
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Quantitative Complement Fixation 

Abstract. The murine leukemia viruses of Rauscher and Friend, derived froml 
plasma of infected Balb/c mice, was purified. Their antigenic relationship was 
studied by quantitative complement-fixation reactions with the virion antigen and 
homologous antiserums. The complemenet-fixation curves observed in cross- 
reactions indicated close antigenic similarity between these two leukemia viruses. 

Highly purified viral preparations contained detectable amounts of host antigens. 
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received normal spleen extracts. The 
plasma was subjected to differential 
centrifugation and concentration (12). 
The pellets were resuspended in 
0.153M potassium citrate (pH 6.75), 
clarified by low-speed centrifugation 
(2 minutes at 10,000g), and were then 
centrifuged for 3 hours at 105,000g 
on a linear sucrose density-gradient 
barbiturate buffer, (pH 7.4, density 
1.05 to 1.30). The resulting single band 
at a density of 1.16, on electron 
microscopic examination, showed a 
homogeneous preparation of virus par- 
ticles of typical morphology (13). The 
virus band was removed by lateral 
puncture of the centrifuge tube with a 
syringe and was dialyzed at 4?C 
against 400 volumes of barbiturate buf- 
fer, pH 7.4. In some experiments the 
purified virus was subjected to a sec- 
ond cycle of sucrose density-gradient 
centrifugation. 

Homologous antiserums were pre- 
pared by immunization of Balb/c mice 
with formalin-inactivated (0.1 percent 
HCHO) 10-percent extracts of virus- 
infected or normal Balb/c spleens. The 
mice were inoculated intraperitoneally 
with 0.5 ml of a mixture consisting 
of equal parts of inactivated spleen ex- 
tract and complete Freund's adjuvant. 
Three weeks later a booster dose of 
0.25 ml without adjuvant was admin- 
istered subcutaneously, and the animals 
were exsanguinated after 8 to 10 days. 
The antiserums to virus (14) had a 
homologous neutralization index of 
103 or greater. Antiserums to normal 
Balb/c spleen or plasma were prepared 
by hyperimmunization of guinea pigs. 
All serums were inactivated at 56?C 
prior to use. 

The quantitative complement fixation 
test was carried out as follows: Isotonic 
barbiturate buffer, pH 7.4, contain- 
ing 0.1 percent of bovine serum al- 
bumin was used as diluent for all 
reagents. In test tubes (13 by 100 mm) 
submerged in an ice bath, 0.2 ml of a 
predetermined optimum dilution of an- 
tiserum and 0.2 ml of guinea pig com- 
plement, containing 1.1 to 1.2 50-per- 
cent hemolytic units as determined 
by prior titration, were mixed. To this 
mixture was added 0.2 ml of varying 
concentrations of antigen. After an in- 
cubation of 18 to 20 hours at 4?C, 
0.4 ml of sensitized sheep erythrocytes 
was added, and the mixture was in- 
cubated at 37?C in a water bath 
for 1 hour. The reaction was stopped 
by chilling the tubes in an ice bath. 
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Fig. 1. (Upper curves) Complement fixation with antiserum to Friend virus 1:160, and 
homologous (Friend) and heterologous (Rauscher) murine leukemia viruses. (Lower 
curve) Reactions between Rauscher virus and antiserum to normal mouse plasma. 

Each tube then received 2.0 ml of 
diluent, and the nonhemolyzed cells 
were sedimented by centrifugation. 
The optical density (OD) of the hemo- 
globin in the supernatants was meas- 
ured with a Beckman BD specrophotom- 
eter at 413 miu. The degree of com- 
plement fixation was expressed as the 
difference (AOD) between the OD of 
the antibody control and the antigen- 
antibody mixtures. Duplicate sets of 
controls for the hemolytic system, anti- 
gens, and antiserums were included in 
each test. 

The purified preparations of each 
virion readily fixed complement (Fig. 
1). The curves for the cross-reaction 
between antiserum to Friend virus and 
Friend and Rauscher antigens are simi- 
lar. The reciprocal reactions with anti- 
serum to Rauscher virus also demon- 
strated the similarity of these antigens. 
In all cases the optimlum dilution of 
antiserum was determined by prelimi- 
nary checkerboard titrations with the 
homologous antigen. None of the 
mouse antiserums contained antibodies 
to normal spleen or plasma, and 
neither of the viral antigens reacted 
with serums from mice immunized 
with normal spleen or plasma. How- 
ever, the presence of small amounts of 
host component could be consistently 
demonstrated (bottom curve) in all 
preparations of purified antigens even 
after two cycles of density-gradient 
centrifugation. This finding is not un- 
expected. Dalton et al. (13) demon- 
strated budding of murine leukemia 

viruses from the plasma membrane of 
target cells, a suggestion of the pos- 
sible incorporation of host material 
by the virus during maturation. Fur- 
thermore, de The (15) has shown the 
presence of enzymes associated with 
the external structures of the Rauscher 
and Moloney viruses isolated from 
mouse plasma. 
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