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In  a previous paper (1) we reported that 
lactic dehydrogenase virus (LDV) replicated 
in vitro in mouse peritoneal macrophage cul- 
tures. Multiplication started within 3 hr after 
infection, and reached a maximum titer of 
lo7 IDBO/ml of supernatant within 15 hr, 
when cells were infected with a multiplicity 
af a t  least 100. These results allowed the 
study of the effect of actinomycin D, which 
blocks all DNA-directed RNA synthesis of 
the host and that of DNA viruses but does 
not affect the multiplication of many RNA 
viruses. Only one report on the effect of ac- 
tinomycin D on LDV has appeared: Crispens 
( 2 )  reported that this antibiotic did not 
inhibit LDV multiplication in intact mice, at  
the dosage used (10 pg of actinomycin 
D/mouse). The effect of actinomycin D on 
LDV multiplication in tissue culture at  a dose 
which clearly inhibited uridine incorporation 
in the host cell has been studied and is re- 
ported in this paper. 

Materials and Methods. Animals. Random- 
ly bred Swiss albino mice were supplied by 
the NIH anilmal production section. 

Virus. The strain of LDV used was isolated 
from a naturally infected Ehrlich ascites 
carcinoma, carried in CDFl mice (3 ) . 

Media. Medium 199 and Eagle's minimum 
essential medium, containing 100 units of 
penicillin and 100 units of streptocmycin/ml 
were obtained from the N I H  media prepara- 
tion section. Fetal bovine serum (FBS) was 
obtained from Microbiological Associates, Be- 
thesda, Maryland. 

Macrophages. Mouse peritoneal macro- 
phages were obtained as described previously 
( l ) ,  and grown in stoppered 16 X 95-mm 
Leighton tubes, in medium 199 containing 
20% FBS. 

Virus titrations. Virus titers were deter- 
mined as described before (1, 3 ) .  The 
ID50/ml was calculated by the method of 
Karber (4). 

Technical details. Preliminary experiments 
were performed to determine whether actino- 
mycin D inhibited RNA synthesis in macro- 
phages. 3 sets of 3 Leighton tubes each were 
seeded with 1-5 X lo6 cells. The cells were 
cultivated at  37" for 48 hr. The medium, 1 
ml/ tube, was replaced every 24 hr. After 48 
hr, the cultures were preincubated at  37" 
for 1 hr with 3, 1, and 0 pg of actinomycin/- 
tube. Then they were incubated for another 
hour after additiotn of 3H-uridine and the 
contents were analyzed. 

The rate of RNA synthesis was determined 
by measuring the incorporation of 3H- 
uridine into the acid insoluble portion of the 
cells. The original medium was collected, and 
the cell layers were washed 3 times with 
cold phosphate-buffered saline (PBS) . The 
cells were scraped into PBS and centrifuged. 
The pellets were then extracted with 5 %  cold 
trichloroacetic acid (TCA) , and washed with 
0.1% cold TCA. The pellets containing the 
acid-insoluble RNA was hydrolyzed in 5% 
TCA at 100' for 25 min, cooled, centrifuged, 
and the supernatant was collected. 

The various fractions were assayed for ra- 
dioactivity in a Packard Tri-Carb liquid scin- 
tillation spectrometer I1 3380, using the ab- 
solute activity analyzer. The results are 
presented as dpm per 1 Leighton tube. 

The effect of actinomycin D on LDV mul- 
tiplication in macrophages was determined as 
follows. One-day-old macrophage cultures 
were divided into 2 or 3 groups. In  one 
group, the medium was replaced by fresh 
medium containing 1 or 3 pg of actinomycin 
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TABLE I. Incorporation of 3H-Uridine in Macro- 
phage Cultures, After 1 hr, in the presence of 0, 
1, arid 3 pug of Actiiiouiycin D/Lcighton Tube 

(1 ml): 

Acid-insol. cell fraction Inhibition 
( O m )  (%) 

Act. D 
(ELg) EXP. I* Exp.Bb Exp.1 Exp.2 

0 2104.2 (2.5) 18,222.5 (1.0) 0 0 
1 105.6 (7.5) 2505.0 (2.5) 95 86 
3 22.0 (9.5) 552.5 (3.5) 99 97 

Tubes contained ca. 5 X lo6  cells. The standard 

0.1 pCi of 3H-uridine/tube added in Exp. 1, and 
deviation (%) is given in parentheses. 

0.5 pCi added in  Exp. 2. 

D/tube; in the control group the medium 
was replaced by fresh medium only. After 30 
min a t  37" the supernatants were removed, 
and replaced with the appropriate medium 
(with or without actinomycin D )  containing 
108 ID50 of LDV/ml. Since each Leighton 
tube contained ca. 5 X loG cells, the multiplic- 
ity of infection was ca. 20 IDno/cell. The 
cultures were incubated for 1 hr, washed 5 
times to remove nonabsorbed virus, and then 
reincubated in the appropriate medium. At 
each time period the fractions of 3 Leighton 
tubes were pooled, and the LDV titer was 
determined. 

Results. T h e  results of the preliminary ex- 
periments, in which the inhibition of RNA 
synthesis in macrophages by actinomycin D 
was studied are presented in Table I. They 
demonstrate that 1 pg of actinomycin D/ml 
reduced the "-uridine incorporation into the 
pellet to 5-14oJo of that in the nontreated 

cells; 3 pg of actinomycin D/ml reduced the 
incorporation to 1-3 % . 

The results of the effect of actinomycin D 
on LDV multiplication in macrophages are 
presented in Table 11. As shown, the titers of 
the supernatants of the 8-hr samples, con- 
taining 1 pg of actinomycin D/tube, are only 
somewhat lower than those of the controls, 
although the uridine incorporation of the host 
cells in the presence of the same amount of 
actinomycin D was reduced to 5-14% of the 
controls (Table I ) .  The titers of the superna- 
tants of the 8-hr samples, containing 3 pg of 
actinomycin D were ca. 1 log lower than 
those of the controls, although in this case 
the incorporation of uridine in the host cells 
was reduced to 1-3% of the controls (Table 
1) * 

Microscopic observation of the respective 
cultures 4 hr after infection, showed that the 
cells from the actinomycin D series were no- 
ticeably more rounded up  than those of the 
controls, particularly in the cultures contain- 
ing 3 pg of actinomycin/tube. This damage 
is probably reflected in the progressive de- 
crease in LDV titer of the actinomycin D 
series. 

Discussion. The  present results show that 
LDV can multiply in host cells in which the 
DNA-directed RNA synthesis was 84-99 % 
inhibited. This indicates that LDV, an RNA 
virus ( S ) ,  directs its replication in the cyto- 
plasm of the host cell, not requiring a host 
DNA function. This conclusion is supported 
by electron microscopic studies of the LD17 
which did not reveal any virus present in the 
host nuclei (6)  and by studies demonstrating 

TABLE 11. Effect of Actinomycin D on LDV Multiplication in Mouse Macrophage Cultures. 

1 hr 4 hr 8 hr 
Act. D 

(/-@/tube) Sup. Cells Fifth wash Sup. Cells Sup. Cells 

0 - - 1.9" 2.3 - 5.9 - 
1 

0 8.3 4.5 3.5 4.9 3.7 6.9 6.1 
1 7.7 4.7 3.5 3.9 3.5 6.3 5.1 

0 - 4.7 3.5 3.7 
1 - 4.5 3.7 4.5 
3 - 3.3 3.5 4.1 

- 5.3 - - 2.1 1.3 - 

- 6.7 

5.5 

- 
- 6.3 - 
- 

a Each number represents the LDV-titer of the pooled fractions from 3 Leighton tubes. 
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the absence in host nuclei of LDV antigens, 
which stain with fluorescent antibodies ( 7 ) .  
These results place LDV in the group of 
RNA viruses which multiply in the host cyto- 
plasm, and are independent of DNA-directed 
RNA synthesis. 

Summary. The mouse macrophage tissue 
culture technique was used to show that LDV 
multiplication is independent of DNA- 
dependent RNA synthesis since concentra- 
tions of actinomycin D which inhibited host 
RNA synthesis did not inhibit LDV multipli- 
cation. 

The assistance of Dr. S. Margolis in the determina- 

tion of RNA synth,esis is gratefully acknowledged. 
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