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H-I virus, which was originally isolated 
from human tumors and embryos, is particu- 
larly charcterized by the production of a 
mongoloid-like deformity in newborn ham- 
sters (1). It is one of the parvoviruses, a 
group of small agents ranging from 18 to 2 5  
mp ( 1 ) , containing single-stranded DNA (2,  

In  a previous study (4) it was demonstrat- 
ed that H-1, in contrast to most DNA vi- 
ruses, causes a decrease in thymidine kinase 
activity and in the incorporation of thymi- 
dine into DNA in infected cells. The present 
study describes the effect of H-1 on the RNA 
synthesis of such cells. 

Materials and Methods. Cells and Vkus. A 
cell line (NB) originally derived from SV40 
transformed newborn human kidney cells 
and obtained through the courtesy of Dr. 
John Enders, Children’s Hospital, Boston, 
was used in this study. The origin of this cell 
line and the method of preparation has been 
described (5). The H-1 virus employed was 
plaque-purified in Salk “monkey heart” cells 
(6) and propagated in NB cells. 

Infection of Cells. Monolayer cultures of 
NB cells were infected with H-1 at an input 
multiplicity of approximately 10 to 15. After 
1 hr of virus adsorption, the cells were 
washed two times with Hanks’ balanced salt 
solution, and fed with Eagle’s minimum es- 
sential medium supplemented with 5 % fetal 
calf serum. Uninfected cultures were treated 
in a similar manner but no virus was added. 

Rate  of R N A  Synthesis. For study of rate 
of RNA synthesis, replicate cultures from 
uninfected and virus-infected NB cells were 
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pulse-labeled with tritiated uridine (0.5 
pCi/ml, 28 Ci/mmole) for 1 hr a t  37  at 
selected intervals. The rate of incorporation 
of uridine into acid-soluble and acid-insoluble 
fractions was measured according to the 
procedures described by Ledinko (7) .  To de- 
termine the number of cells labeled with triti- 
ated uridine during a 1-hr pulse, autoradio- 
graphic technique was employed (8). 

R N A  extraction and acrylarnide gel elec- 
trophoresis. The effect of H-1 virus infection 
on different species of RNA synthesis was 
investigated. Monolayer cell cultures of unin- 
fected and H-1 virus-infected NB cells grown 
in 60-mm petri dishes were labeled with 
tritiated uridine ( 15 pCiJml, 28 Ci/mmole) for 
2 hr at  different times after infection. The 
cells were then washed with Tris-buffered 
saline containing 0.005 A4 2-mercapethanol, 
collected in cold reticulocyte swelling buffer 
(9) containing the same amount of 2-mercap- 
toethanol, and stored at  -70”. Cytoplasmic 
RNA was isolated as described by Peacock 
and Dingman (10). Different species of RNA 
were separated and analyzed by electrophore- 
sis in 2 %  acrylamide gels containing 0.5% 
agarose. The methods for preparation of gels 
and electrophoresis were used according to 
Peacock and Dingman (1 1, 12) .  

Results. Cytopathic changes in H-1 infect- 
ed N B  ceUs. At different times after infec- 
tion, cultures were fixed with Zenker acetic 
acid fixative, stained with hematoxylin and 
eosin, and examined under a light micro- 
scope. Cytopathic changes in the H-1-infected 
cells were first detected at  24 hr after infec- 
tion and were evidenced initially by chroma- 
tin condensation. Nuclear vacuolation, chro- 
matin depletion, and disappearance of nucle- 
oli were noted at late stages of infection, 
approximately 48 hr postinfection. 
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FIG. 1. Rate of incorporation of tritiated uridine 
into RNA in control and H-1 infected Nl3 cells. 

Rate of R N A  Synthesis. The rate of over- 
all RNA synthesis of uninfected and H- 
1-infected NB cells is shown in Fig. 1. In  
uninfected cells, the rate of incorporation of 
uridine into RNA decreased gradually after 
approximately 20 hr. The rate a t  45-70 hr 
was approximately 50% of the rate a t  3 hr. 
In  K-1-infected NB cells, there may have 
been an initial small rise at  16 hr followed 
by a relatively rapid decrease in the rate of 
uptake of uridine. The rate at 20 hr was 
approximately 50% and the rate a t  70 hr only 
77% of the rate a t  3 hr. The rate of uridine 
uptake into RNA in H-1 infected cells was 
lower than that in the uninfected controls 20 
to 70 hr postinfection (Fig. 1 ) .  A t  20 hr, the 
rate of precursor uptake in infected cells was 
about 5 0 7 ~  of that in the control cells; it 
decreased sharply thereafter. By 70 hr, the 
rate of uptake of uridine into RNA was only 
10% of that in the control. 

The ilncorporation of radioactive precursor 
into acid-soluble p~o l s  was also measured. As 

vestigated using autoradiographic techniques. 
Cultures were labeled for 1 hr with triti- 
ated uridine as described in Materials and 
Methods. Most of the grains were located 
in the nuclei of both uninfected and H-l- 
infected cells. In addition to the nuclear label- 
ing, a few grains were also seen in some cells 
in the cytoplasm. A small number of cells 
were found where the grains were more con- 
centrated in the nucleoli. However, in the 

TABLE I. Uptake of Tritiated Uridine into tho 
Acid-Soluble Fraction of NB Cells Following H-1 

Virus Infection. 

Uptake of tritiated uridine 
into acid-soluble fractions 

After ( cpm/lOs cells) Ratio 
infection (infected 

(hr) NB control H-1 infected /control) 

2-3 
15-16 
19-20 
21-22 
25-26 
39-40 
45-46 
63-64 
69-70 

140 
163 
205 
162 
171 
138 
113 
114 
96 

128 
192 
208 
177 
126 
114 
99 
44 
38 

0.91 
1.18 
1.01 
1.09 
0.74 

0.88 
0.39 
0.40 

0.83 

majority of the cells, the grains were dis- 
tributed evenly in the nucleoplasm and nu- 
cleoli. The percentage of cells labeled with 
radioactive precursor in the uninfected and 
H-1-infected NB cells were determined by 
counting 1000 cellsjeach sample tested. The 
results are shown in Fig. 2. Over 93% of 

shown in TabIe I, the uptake of uridine into 
acid-soluble fractions in H-1 infected cells, 
when compared with the uninfected controls, 
did not show any appreciable difference until 
approximately 63 hr after infection. The rate 
of incorporation of precursor into the acid- 
soluble pool in H-1 infected cells was only 
40% of the control, 63-70 hr postinfection. 
Thus it appears that the decrease in the rate 
of RNA synthesis at  a late stage of infection 

uptake s f  uridine into infected cells. 

crease in the uptake of uridine into RNA fol- 
lowing H-1 infection (Fig. 1) was further in- 
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FIG. 2. Percentage of cells synthesizing RNA in 

Autoradiographic studies. The rapid de- uninfected and H-1-infected NB cells as determined 
by autoradiography. Approximately 1000 cells were 
counted for each sample. 
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SLICE Ne 
FIG. 3. Labeling patterns obtained by electro- 

phoresis in 27% acrylarnide--0.5% agarose for cyto- 
plasmic RNA isolated from uninfected and H- 
1-infected NB cells Iabeled for 2 hr with tritiated 
uridine at indicated times 'after infection: (@-) 
H-1-infected; (A-  - -) control. 

uninfected cells were labeled in 1 hr with 
tritiated uridine during 4- to 48-hr observa- 
tion. There was a gradual decrease of cells 
labeled with uridine in H-1-infected cells af- 
ter 20 hr postinfection. Only 57% of the cells 
were labeled at  30-31 br, and 27% at 47-48 

hr postinfection. Therefore, the decrease of 
RNA synthesis in H-1-infected cells seems to 
be due to the decrease in number of cells 
which are capable of synthesizing RNA. 

R N A  Analysis. In  order to study what 
type of RNA molecules are selectively inhib- 
ited or synthesized in H-1-infected cells, 
RNAs were isolated from the cytoplasm of un- 
infected and H-1-infected NB cells which had 
been labeled with tritiated uridine for 2 hr at 
different times after infection. RNA prepara- 
tions were analyzed by agaroseacrylamide 
gel electrophoresis. The results obtained for 
cytoplasmic RNA from uninfected and H-1 
infected cells are shown in Fig. 3. Following 
H-1 infection, there was a decrease in 28s 
ribosomal RNA. At 16-18 hr, the 28s RNA 
of infected cells was about 70% of the unin- 
fected control cells. The difference was more 
pronounced at  47-49 hr at which time the 
28 RNA produced in the infected cells was 
only 25% of the control. Low molecular 
weight 4s  RNA was selectively stimulated in 
the infected cells. There was 1.3- to 1.8-fold 
increase in the percentage of 4s RNA in 
H-1-infected cells over that of the control 16 
to 49 hr postinfection. The percentage of 18s 
ribosomal RNA showed no significant differ- 
ence in the infected and the control cells. 

Discussion. The selective increase observed 
in low molecular weight 4s RNA in H-1 
virus-infected cells is interesting. Similar ob- 
servations have also been described for tis- 
sues of VEE (Venezuelan equine encephali- 
tis) virus-infected mice (13), and a 5s RNA 
was augmented in adenovirus-infected KB 
cells (14). 

The mechanism of the H-1 viral inhibitory 
effect on" the RNA synthesis is not under- 
stood. Studies of RNAs in poliovirus infec- 
tions have demonstrated that poliovirus inter- 
feres with host messenger RNA; thus protein 
and RNA synthesis of host cells are sup- 
pressed (15). Kehoe and Lust (13) have 
reported that RNA polymerase activity de- 
creased in murine liver a t  an early stage of 
VEE virus infection. These investigators felt 
that the decrease in RNA synthesis in VEE 
virus infection was due to the decrease in 
RNA polymerase activity. Levine and 
Ginsberg (16) demonstrated that the fiber an- 
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tigen of adenovirus type 5 inhibited the 
DNA-dependent RNA polymerase from KB 
cells starting about 10 hr after infection. 
Whether the inhibitory effect of H-1 virus on 
RNA synthesis is also due to the inhibition 
of enzymes for RNA synthesis remains to be 
de tennined. 

Summary. The overall rate of incorpora- 
tion of tritiated uridine into RNA in NB 
cells rapidly decreased after H-1 virus infec- 
tion. This decrease in rate of RNA synthesis 
was apparently due to a decrease in number 
of cells synthesizing RNA. The 28s 
ribosomal RNA was selectively inhibited 
while the low molecular weight 4s RNL4 was 
selectively stimulated. 
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