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The replication of many RNA viruses re-
quires the induction in the host cell of the
formation of an RNA-dependent RNA polym-
erase (replicase) which is the enzyme re-
sponsible for the synthesis of viral RNA [see
(1, 2) ]. We have shown previously (2) that
in mengovirus-infected Novikoff rat hepato-
ma cells viral RNA polymerase activity as
measured in cell-free extracts becomes detec-
table about 2.5-hr after infection and that its
appearance coincides with the beginning of
the synthesis of the bulk of the viral RNA.
Little is known about the biochemical pro-
cesses occurring during this 2.5-hr lag period
except that continuous protein synthesis is re-
quired between 1 and 2.5-hr after infection
for RNA polymerase activity to appear at the
normal time (3). In attempts to determine
whether only the parental viral RNA serves
as messenger for the synthesis of viral RNA
polymerase or whether some early RNA
synthesis is required for viral RNA poly-
merase formation, we examined the effect
of 6-azauridine on the formation of viral
RNA polymerase, viral RNA, and mature
virus. Azauridine is a general inhibitor of
cellular and viral RNA synthesis in both bac-
teria (4, 5) and mammalian cells (6-8) and
consequently inhibits the growth of cells or
the replication of viruses in them (4-10).
RNA synthesis is inhibited by azauridine
since the phosphorylated form of azauridine,
azaUMP, is a competitive inhibitor of OMP
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decarboxylase and thus inhibits de novo syn-
thesis of pyrimidine nucleotides (6, 11).

Preliminary experiments showed that azau-
ridine has no effect on the formation of RNA
polymerase in mengovirus-infected cells but
also did not affect viral yield, in spite of the
fact that it markedly inhibited the incorpora-
tion of labeled uridine into wviral specific
RNA and into mature virus. Although it is
known that uridine or cytidine at high con-
centrations reverse the toxic effects of azau-
ridine on cell growth (12-15), uridine or
uracil in low concentrations have been em-
ployed in a number of studies to evaluate the
effect of azauridine on RNA synthesis (6-8,
15). Wilson and his co-workers (7, 15) have
shown that azauridine inhibits the incorpora-
tion of uridine into Newcastle disease virus
RNA in chick embryo monolayer cultures
and interpreted this finding to indicate an
inhibition of viral RNA synthesis. In con-
trast, Pasternak and Handschuhmacher (6)
reported that azauridine stimulates the incor-
poration of uridine by L5178Y lymphoma
cells and suggested that this stimulation was
due to an increased utilization of the scaven-
ger pathway by cells in which de novo syn-
thesis of pyrimidine nucleotides was blocked
by treatment with azauridine.

The present investigation shows that azau-
ridine inhibits uridine incorporation into both
cellular and mengovirus RNA in Novikoff
cells by interfering with incorporation of
uridine into free nucleotides. It acts as a
competitive inhibitor of both the entry of
uridine into the cell and its subsequent phos-
phorylation to UMP. When host cell and
viral RNA synthesis are measured by the
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incorporation of adenosine, both processes are
found to be highly resistant to inhibition by
azauridine.

Materials and Methods. 3H-5-uridine, 3H-
adenosine (generally labeled) were purchased
from New England Nuclear Corp., Boston,
Mass.; *H-6-azauridine from Schwarz BioRe-
search, Orangeburg, N.Y.; and 6-azauridine
from Sigma Chemical Corp., St. Louis, Mis-
souri.

Cell culture and virus infection. The culti-
vation of Novikoff rat hepatoma cells (line
N1S1-67) in medium 67 in suspension cul-
ture and their infection with mengovirus were
described previously (16-18). Cells were
collected from cultures in the exponential
phase of growth between 1.4 and 2.5 X 10¢
cellsyml (18). Infected and uninfected cells
were suspended in basal medium 42 (BM42,
16) to about 2 X 108 cells/ml. Methods for
the assay of virus-induced RNA polymerase
(19) and of virus concentration by hemag-
glutination (HA) titration (16) have been
described. Plaque assays were conducted on
monolayer cultures of L-67-G cells as de-
scribed elsewhere (Plagemann, in prepara-
tion).

Incorporation  of  SH-5-uridine, °H-
adenosine, and *H-6-azauridine. Suspensions
of cells were supplemented with radioactive
precursors as indicated in the appropriate ex-
periments. Duplicate samples of cell suspen-
sion were analyzed as follows: (i) for total
radioactivity associated with cells. The sam-
ples were centrifuged at 500g for 2 min at 0°.
The cells were rapidly washed with 5 ml of
cold (0°) BSS (20) and suspended in 0.2 ml
of 0.5 N trichloroacetic acid. The mixtures
were heated at 70° for 30 min, transferred to
bottles containing 15 ml of a scintillator—
solvent mixture described previously (16)
and the radioactivity was measured with a
Packard liquid scintillation spectrometer. (ii)
for radioactivity in acid-insoluble material.
Other samples were quickly frozen in a bath
of s8lid CO, in ethanol. Later the samples
were thawed, mixed with perchloric acid at
0°, and the precipitates were washed re-
peatedly with perchloric acid and trichlo-
roacetic acid as described previously (16,
18). The precipitate of each sample was sus-
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pended in 0.1 ml 0.5 N trichloroacetic acid
and heated and analyzed for radioactivity as
described under (i). The counting efficiency
of *H was approximately 129% for all samples
as estimated by the external standard meth-
od. Acid-extracts to be analyzed chromato-
graphically were prepared from labeled cells
as described previously (21). The incorpora-
tion of uridine into virus-specific single-
stranded and double-stranded RNAs and into
mature virus was measured as described pre-
viously (22).

Chromatography. Acid-extracts from la-
beled cells and uridine kinase reaction mix-
tures were analyzed by ascending chromatog-
raphy on 3 MM Whatman paper (21). The
paper was developed with a mixture of 1 M
ammonium acetate (pH 5.0) and 95%
ethanol (3:7; v/v) at 30° for 18 hr. Mixtures
of  appropriate  standards  were  co-
chromatographed and located after chroma-
tography by examining the paper under ultra-
violet light. Chromatograms of the experimen-
tal samples were cut into 1-cm segments at
right angles to the direction of migration.
Each segment was rocked with 1 ml of H;O
for 1 hr and then mixed with 15 ml of scintil-
lation fluid and analyzed for radioactivity as
described above. The counting efficiency was
approximately 129 and the recovery of ra-
dioactivity from the paper was close to
100%.

Results. Effect of azauridine on wridine
and adenosine incorporation by infected cell
and on virus production. The data in Fig.
1B demonstrate that 24 mM 6-azauridine
strongly inhibited the actinomycin-resistant
incorporation of uridine by infected cells into
acid-insoluble material. Results from addi-
tional studies showed that the incorporation
of uridine into virus-specific single-stranded
and double-stranded RNA and into virus
were reduced to about the same extent by
azauridine. However, this inhibition of incor-
poration of uridine into viral RNAs was
probably a direct consequence of a failure of
the azauridine-treated cells to convert uridine
into nucleotides, since the data in Fig. 1A
show that the incorporation of uridine into
total cell material was inhibited to about the
same extent as its incorporation into RNA.ai
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TABLE I. Distribution of *H among Uridine Nuecleotides in Acid-Extracts from Mengovirus-
Infected Cells Labeled with *H-Uridine in the Presence of Actinomycin D and in the Presence
and Absence of Azauridine.*

UuTP UDP + UDP-G? UMP
Azauridine (mM) (epm)© (%)¢ (epm)°® (%) (epm)°® (%)*
0 2750 76 636 18 225 6
24 137 63 48 22 31 15

@ The details of the experiment arc described in the legend to Fig. 1. Cells were treated with
azauridine at zero time of infection and with actinomyein D at 2.5 hr and labeled with *H-
uridine from 3 to 3.5 hr after infeetion. Acid-extracts (0.4 ml) were prepared from 5 X 10° cells

and analyzed ehromatographically as described in ‘¢ Materials and Methods.’’

® UDP-G refers to those components whiech migrate in chromatography and electrophoresis
identical to authentic UDP-glucose (21). We have not attempted further identification.

¢ Total amount of radioactivity associated with the various nucleotides after chromatography

of 25 ul of acid-extract.

¢ Percentage of total radioactivity associated with nucleotides.

This is also indicated by the results from chro-
matographic analyses of acid-soluble extracts
prepared from these cells (Table I) which
show that only small amounts of labeled nu-
cleotides were present in infected cells that
were labeled with uridine in the presence of
azauridine. Results from previous experi-
ments (21) have shown that actinomycin D
has no effect on the incorporation of uridine
into free nucleotides for at least several
hours, and the data in Table I show that, as
in uninfected cells (21), most of the uridine
incorporated by infected cells was further
phosphorylated to the triphosphate level.

Furthermore, when assayed at 8 hr after
infection, the infectivity titers (about 1 X
10® plaque forming units/ml) and the hemag-
glutination titers (about 5120 HA units/ml)
were about the same in azauridine-treated
and untreated suspensions of infected cells.
Results from other studies showed that azau-
ridine had no effect on the induction of viral
RNA polymerase. Similar results were ob-
tained when cells were incubated in BM42 in
the presence and absence of azauridine for 4
hr prior to infection, except that the viral
yield was reduced about 30% in both suspen-
sions.

The effect of azauridine on viral RNA syn-
thesis was further investigated by labeling
actinonuycin-treated infected cells with 3H-
adenosine (Fig. 2). Uninfected cells treated
with actinomycin D were similarly labeled to

estimate the normal actinomycin-resistant
incorporation of adenosine into nucleic acids.
Actinomycin-treated uninfected cells incorpo-
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Fic. 1. Effect of 6-azauridine (AZUR) on uridine
incorporation into total cell material (A) and into
acid-insoluble material (B) by actinomycin-treated,
mengovirus-infected cells. One half of a suspension of
infected cells (2 X 10° cells/ml) in BM42 was
supplemented with 24 mM azauridine at O time of
infection, and the other half was not treated with
azauridine. Actinomycin D was added to both suspen-
sions to 2 wg/ml at 2.5 hr after infection and
0.037 uM °H-5-uridine (27,000 uCi/pmole) at 3 hr.
At various times thereafter, 0.5-ml samples were an-
alyzed for radioactivity in total cell material (A) or
in acid-insoluble material (B) as described in “Ma-
terials and Methods.”
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F16. 2. Incorporation of *H-adenosine into nucleic acids by actinomycin-treated uninfected and
infected cells in the presence and absence of azauridine (AZUR) and sedimentation analysis of RNA
from infected cells. A portion of a suspension of mengovirus-infected cells (2 X 10° cells/ml) in
BM42 was supplemented with 24 mM azauridine at the time of infection (0 time) and another por-
tion remained without azauridine. Suspensions of uninfected cells were prepared and treated in an
identical manner. At 0.5 hr, all suspensions were supplemented with 2 ug of actinomycin D/ml
and 5 min later with 0.01 mM *H-adenosine (100 #Ci/umole). At various times thereafter, duplicate
0.5-ml samples were analyzed for radioactivity in acid-insoluble material as described in “Materials
and Methods,” and the average values of the duplicate samples are presented in (A). The amount
of radioactivity in virus-specific RNA (B) was estimated by subtracting the values for azauridine-
treated and untreated cells from the corresponding values for infected cells. At 5§ hr after infection
2 X 107 cells were collected by centrifugation from each of the infected cultures, treated with so-
dium dodecyl sulfate and the deproteinized samples were analyzed by gradient centrifugation (C) as
described previously (17). After centrifugation, the gradients were analyzed for absorbancy at 254
mu (—) and 1-ml fractions were collected by means of an ISCO gradient fractionator which was
attached to a continuously recording spectrophotometer. The fractions were analyzed for radioacti-

vity in acid-insoluble material (O), (®).

rated only about 10% as much adenosine into
acid-insoluble material as uninfected cells
not treated with actinomycin D (compare
Figs. 2A and 3A). The amount of adenosine
incorporated into viral RNA (Fig. 2B) was
estimated by subtracting the radioactivity in
actinomycin-treated uninfected cells from
that in virus-infected cells (Fig. 2A). The
data in Fig. 2B clearly show that 24 mM
azauridine had no significant effect on the
incorporation of adenosine into viral RNA.
This conclusion is substantiated by sedimen-
tation analyses of the RNA isolated from
labeled azauridine-treated and untreated in-
fected cells (Fig. 2C). In both preparations
most of the label was recovered in RNA with
the sedimentation properties (37S) typical

for mengovirus RNA (2). Smaller amounts
of label sedimented at 18-20S and probably
represented mainly viral double-stranded
RNA (2).

The data in Fig. 2A also show that in
contrast to the synthesis of viral RNA, the
incorporation of adenosine by actinomycin-
treated uninfected cells was inhibited about
40% by azauridine. In the following experi-
ments the effect of azauridine on the incorpo-
ration of uridine and adenosine by uninfected
cells was determined to further compare the
effect of the drug on cellular and viral RNA
synthesis and to obtain information with re-
spect to the mechanism of resistance of Novi-
koff cells to azauridine.

Effect of azauridine on the incorporation of
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TABLE II. Distribution of *H among Adenosine Nucleotides in Acid-Extracts from Uninfected
Cells Labeled with *H-Adenosine in the Absence and Presence of Azauridine.®

ATP ADP AMP
Azauridine (mM) (epm)? (%)° (epm)?® (%)° (cpm)?® (%)°
0 6117 62 2573 26 1189 12
24 5710 58 2423 24 1663 18

¢The details of the experiment are deseribed in the legend to Fig. 3A. After 90 min of
labeling with *H-adenosine, acid-extracts were prepared from 5 X 10° cells and analyzed chro-
matographically as described in ‘¢ Materials and Methods.’’

® Total epm associated with the various nucleotides after chromatography of 25 yl of acid-

extract.

° Percentage of total radioactivity associated with nucleotides.

uridine and adenosine by uninfected cells.
As indicated by the data in Fig. 3A, 24 mM
azauridine had no effect on the incorporation
of adenosine into total cell material, whereas
the incorporation into acid-insoluble material
was inhibited about 45%. The inhibition of
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F1c. 3. Effect of azauridine (AZUR) on the incor-
poration of *H-adenosine (A) and *H-uridine (B)
by uninfected cells. Portions of suspensions of unin-
fected cells in BM42 (2 3 10° cells/ml) were
supplemented with 24 mM azauridine and other por-
tions remained untreated. The *H-uridine (10 uCi/
pmole) was added to 0.2 mM (O time) immediately
after the addition of azauridine (B). The °H-
adenosine (100 uCi/umole) was added to 0.01 mM (0
time) after 2 hr of preincubation with or without
azauridine (A). At various times thereafter, duplicate
0.5-ml samples were analyzed for radioactivity in
total cell material (O), (®); or in acid-insoluble
material (A) (A) as described in “Materials and
Methods.” All values are averages of the duplicate
determinations.

the latter was not due to a failure of the cells
to phosphorylate adenosine to the triphos-
phate level since about the same proportion
of the total acid-soluble label in the cells
(about 60%) was present in ATP whether
the cells were labeled in the presence or ab-
sence of azauridine (Table II). Thus, the
inhibitory effect was probably due to an inhi-
bition of the de novo synthesis of pyrimidine
nucleotides by azauridine.

In contrast to adenosine and similarly as in
actinomycin-treated infected cells, the incor-
poration of uridine into total cell material by
uninfected cells was markedly inhibited by
azauridine (Fig. 3B), and the incorporation
of uridine into acid-insoluble material was
equally affected (not shown). Results from a
previous study (Plagemann and Roth, sub-
mitted for publication) indicate that the en-
try of uridine into the cell is a reaction dis-
tinct from the uridine kinase reaction. This
conclusion was based on the findings that
uridine incorporation by whole cells is inhi-
bited competitively by adenosine, persantin,
and phenethyl alcohol, whereas the in vitro
uridine kinase reaction is not affected by
adenosine or persantin and is inhibited by
phenethyl alcohol in a noncompetitive manner.
It was also observed that the K, for the
incorporation of uridine by whole cells is over
one order of magnitude lower than that for
the phosphorylation of uridine by cell-free
extracts (see Table IIT). Further, the finding
that the V,, for the latter reaction is about
15 times greater than that for the incorpora-
tion of uridine by whole cells suggested that
the rate of incorporation of uridine into the
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TABLE III. Kinetic Constants for the Phosphoryl-
ation of Uridine by Whole Cells and Cell-Free Ex-
tract and Their Inhibition by Azauridine.®

Km
Preparation K,* (M) K (M) K,
Whole eells 1.3 X 10 8 X 10* 1.6 X 10
Cell-free 2.1 X 10 6 < 107 3.5 X 107

@ The values were calculated from the slopes of
the curves in Figs. 4 and 5, assuming simple com-
petitive inhibition.,

nucleotide pool by whole cells is limited by
the rate with which uridine is taken up by
the cells. It was concluded that the rate of
incorporation of uridine by whole cells is an
effective measure of the entry reaction. The
data in Fig. 4 demonstrate that azauridine
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F1c. 4. Lineweaver-Burk plot of the incorporation
of uridine into total cell material by whole cells in the
absence and presence of various concentrations of
azauridine. Portions of a suspension of 2 X 10°
cells/ml of BM42 were mixed with azauridine to the
indicated concentrations; and immediately thereafter,
10-m! samples were supplemented with 5, 10, 15, 20,
or 50 uM °H-5-uridine (40 cpm/umumole) or with
50, 100, or 200 uM *H-5-uridine (4 cpm/uumole) and
incubated on a gyrotory shaker at 37°. At 5 and 10
min of incubation, duplicate 1-ml samples were an-
alyzed for radioactivity in total cell material as de-
scribed in “Materials and Methods.” The initial rates
of incorporation were estimated from these values and
taken as an estimate of the rates of incorporation
of uridine into the acid-soluble pool since the free
nucleotides are obligatory intermediates in the incor-
poration of uridine into RNA,

o
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F1c. 5. Lineweaver-Burk plot of the phosphoryla-
tion of uridine by cell-free extract in the absence and
presence of azauridine. A cell-free extract was
prepared from 4 X 107 cells in 2 ml of B4 and
assayed for uridine kinase activity as described previ-
ously (21). Samples of 0.2 ml of cell-free extract were
mixed with equal volumes of a reaction solution
containing: 20 mM ATP; 10 mM MgCl.; 200 mM
Tris-HCl (pH 8.2); 10 mM mercaptoethanol; 100
mM KCl; 50 uCi/ml of *H-5-uridine (27,000 uCi/u-
mole) and 50, 100, 150, 250, 400, and 1000 wuM
unlabeled uridine and in addition the indicated con-
centrations of azauridine. The reaction mixtures were
incubated at 37° and at 2.5, 5, 10, 20, 30, and 45 min,
50-ul samples were transferred to tubes in a boiling
water bath and heated for 1 min. The samples were
rapidly cooled, clarified by centrifugation and 10-ul
samples of each supernatant fluid were analyzed chro-
matographically. Reaction rates were estimated from
the linear portions of plots of the amount of uridine
converted into total uridine nucleotides as a function
of time [ see (21) 1.

acted as a competitive inhibitor of the incor-
poration of uridine by whole cells, probably
by interfering with the entry of uridine into
the cells. However, azauridine also inhibited
in a competitive manner the phosphorylation
of uridine by cell-free extracts (Fig. 5), as
would be expected if azauridine is phosphory-
lated by the same kinase as uridine (12).
Thus, azauridine inhibits uridine incorpora-
tion into RNA in N1S1-67 cells by interfer-
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F16. 6. Incorporation of *H-6-azauridine by unin-
fected cells. Samples of a suspension of 2 X 10°
cells/ml of BM42 were supplemented with the indi-
cated concentrations of unlabeled uridine (0 time)
and immediately thereafter, with 13 uM °*H-
6-azauridine (330 cpm/pumole). At various times
thereafter, duplicate 0.5-ml samples were analyzed for
radioactivity in total cell material (O), (@), (A);
and acid-insoluble material (A) as described in “Ma-
terials and Methods.”
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ing both with entry of uridine into the cells
and its subsequent phosphorylation. The ap-
parent K,,’s for the incorporation of uridine
by whole cells and for the in vitro uridine
kinase reaction and the K;’s for the inhibi-
tion of these processes by azauridine are
listed in Table III.

Incorporation of 3H-azouridine by wumin-
fected cells. The foregoing results showed
that azauridine has no effect on viral RNA
synthesis and, at 24 mM, inhibits cellular
nucleic acid synthesis only about 40%. It is
clear that this relative resistance of N1S1-67
cells to the action of azauridine was not due
to a lack of uridine kinase [Fig. 5 (21) ]. To
obtain further information on the mechanism
of this resistance, we defermined the time
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course of the incorporation of 3H-azauridine
into the nucleotide pool and the nature of the
labeled nucleotides. The data in Fig. 6 show
that the incorporation of azauridine into total
cell material ceased after about 60 min of
incubation when only about 0.55% of the
total azauridine had been incorporated or 2.7
ppmoles/108 cells. In contrast, at 1 pM, the
cells incorporate approximately 100 ppmoles
of uridine/10 min/10® cells (Plagemann, sub-
mitted for publication). As reported for other
cell systems (6, 12), azauridine was not
incorporated into nucleic acids (Fig. 6).
Thus all the cell-associated label was present
in acid-soluble material and chromatographic
analysis of an acid-extract prepared after
120 min of labeling showed that about 93%
of the total label was present in azaUMP,
about 5% in azauridine and little, if any, in
azaUDP, and azaUTP. The data in Fig. 6
also show that azauridine incorporation was
inhibited by the presence of uridine in the
medium.

Discussion. Although the principle objec-
tive of the study could not be realized be-
cause RNA synthesis in uninfected or men-
govirus-infected Novikoff cells was found to
be highly resistant to the inhibitory effects of
azauridine, the results have some practical
significance with respect to the general effects
of 6-azauridine on the metabolism of cells
and the mechanism of resistance of N1S51-67
cells to its action. The reason for this resist-
ance has not been ascertained unequivocal-
ly, but it is probably related to the failure of
the cells to accumulate significant amounts of
azaUMP, the active form of azauridine
(Fig. 6). This failure to accumulate azaUMP
is certainly mot due to a lack of uridine
kinase in N1S1-67 cells [Fig. 5 (21) ] as has
been suggested as the mechanism of resist-
ance of certain strains of Escherichia coli
(23) or of L5178Y lymphoma cells (24). It
seems more likely that the failure to accumu-
late azaUMP is the result of the induction of
some regulatory control on the uptake or
phosphorylation of azauridine, since the cells
cease to incorporate ®H-6-azauridine after 1
hr of incubation when less than 1% of the
azauridine in the medium has been incorpo-
rated (Fig. 6). The results of Pasternak et al.
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(24) also suggest that a mechanism other
than loss of uridine kinase might be involved
in establishing resistance of certain lines of
cells to azauridine. These investigators re-
ported that some lines of lymphoma cells
were 1500 times more resistant to azauridine
than the wild type line while they still phos-
phorylated uridine at 3-5% of the wild type
rate. The phosphorylation of uridine by
mammalian cells appears to be under feed-
back control by UTP (Plagemann, submitted
for publication) and that of thymidine by
dTTP (25, 26). A similar mechanism might
be regulating the phosphorvlation of azaurid-
ine, although we have been unable to detect
the formation of azaUTP in N1S1-67 cells.
Similarly, Pasternak and Handschuhmacher
(6) reported that azaUMP is not further
phosphorylated by L5178Y lymphoma cells,
but it cannot be ruled out that the absence of
azaUTP from acid-soluble extracts of azau-
ridine-treated cells is not due to its degrada-
tion during preparation of the extracts. High-
er phosphorylated derivatives of azauridine
are formed in bacteria and indeed predomi-
nate (6).

The higher resistance of viral RNA synthe-
sis to azauridine than cellular RNA synthesis
cannot be explained satisfactorily at present.
It may be related, however, to the fact that
cellular RNA synthesis is largely confined to
the nucleus whereas viral RNA synthesis oc-
curs in the cytoplasm [see (2) ], and that the
cells possess two relatively independent nu-
cleotide pools, only one of which serves as
the direct precursor pool for cellular RNA
synthesis in the nucleus (Plagemann, sub-
mitted for publication).

The results also indicate that azauridine
inhibits the entry of uridine into the cells and
its subsequent phosphorylation. Similarly,
Skoda and Sorm (12) found that uridine
inhibits the phosphorylation of azauridine by
cell-free extracts of E. coli. Tt is not surpris-
ing that the inhibition is of the competitive
type because of the close structural similarity
between the two compounds. It seems likely
that azauridine is taken up by the same cel-
lular system as uridine and is phosphorylated
by uridine kinase (12), but the low K, /K;
values indicate that it is a less efficient sub-
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strate than uridine. These findings also indi-
cate that the inhibition of uridine incorpora-
tion into RNA by azauridine is mainly a
consequence of its inhibition of the uptake or
phosphorylation of uridine by the cells, or of
both. Thus under these conditions uridine
incorporation cannot be employed as a mea-
sure of the synthesis of either viral or cellular
RNA.

Summary. The incorporation of uridine
into cellular RNA or viral RNA by uninfect-
ed and mengovirus-infected Novikoff rat hep-
atoma cells (line N1S1-67) is inhibited
about 90% by 24 mM 6-azauridine in the
medium. This inhibition is a direct conse-
quence of an interference by azauridine with
the conversion of uridine to free nucleotides
and is not a reflection of an inhibition of
RNA synthesis. Azauridine acts as competi-
tive inhibitor of both the entry of uridine
into the cell and its subsequent phosphoryla-
tion to UMP. Both, host cell and viral RNA
synthesis are highly resistant to inhibition by
azauridine as measured by the incorporation
of adenosine, and the production of virus-
induced RNA polymerase and mature virus
are also not affected by 24 mM azauridine.
The resistance of the cells to azauridine ap-
pears to be related to a failure of the cells to
accumulate significant amounts of azaUMP,
not because they lack uridine kinase but
probably because azauridine uptake or phos-
phorylation is under some regulatory control.

The authors thank John Erbe for valuable technical
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