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3'-Deoxyadenosine (75 to 100 jug/ml) permitted analysis of the cytoplasmic
influenza virus-specific RNAs synthesized early in the replicative cycle-a
phase that has hitherto been obscured by host cell RNA synthesis. In addition,
late in the cycle (6 to 8 h) complementary virus-specific RNAs were the predomi-
nantly labeled species, suggesting that higher concentrations of 3'-deoxyadeno-
sine selectively inhibit influenza viral genome replication.

The study of influenza virus-specific RNA
metabolism in the cell had been hampered by
the lack of methods to reduce host cell RNA
synthesis without inhibiting transcription of
viral complementary RNAs (13, 16). However,
it has now been shown that up to 50 ag of 3'-
deoxyadenosine (3'-dA) per ml does not inhibit
influenza virus replication, transcription, or
adenylation (5, 10), and this offers a method for
uncovering virus-specific RNAs synthesized in
cells.
In this study, 3'-dA (75 to 100 ,ug/ml) was

used to inhibit host cell RNA synthesis in order
that the sedimentation properties and amounts
of Turkey/Ontario/7732 influenza virus RNAs
in the cytoplasm of chicken embryo cells could
be analyzed at any time in the replicative cycle.
To analyze the RNAs synthesized in the pres-
ence of 3'-dA throughout the replication cycle,
RNAs were biosynthetically labeled in the pres-
ence of 3'-dA at several time periods. At 6 h
(Fig. 1) and 8 h (data not shown) after infection,
the distribution of RNAs from infected cells
treated with 3'-dA (Fig. 1A) or actinomycin D
(Act-D) (Fig. 1B) was similar. Both samples
contained RNAs that sedimented predomi-
nantly at 18S, in agreement with previously
published data on RNA synthesized in the pres-
ence of Act-D (4). Six times more label was
present in the 18S region of the gradient in the
infected cell cytoplasm than in the uninfected
cell control (Fig. 1A). At 3 h, however, the
RNAs from infected cells treated with Act-D
sedimented at 8 and 12S, with little 18S RNA
present (Fig. 2B), whereas RNAs isolated from
3'-dA-treated cells sedimented primarily at
18S, with additional peaks at 8 and 14S (Fig.

2A). In addition, the amount of radioactivity
incorporated in the presence of3'-dA was about
one-half the amount incorporated at the 6- or 8-
h time period. The sedimentation properties of
the single-stranded RNAs from 3'-dA-treated
cells were similar to the sedimentation patterns
found at later times in infected cells treated
with either drug. However, the observation
that the virus-specific RNAs in the 8 and 14S
RNA peaks (Fig. 2) were more evident early
suggested that some RNAs were synthesized in
different proportions at 3 h than at 6 or 8 h,
which is in agreement with previous data (1).
To analyze the sedimentation properties of

the RNase-resistant structures in Turkey/On-
tario/7732-infected cells, a portion of each frac-
tion of the gradients (Fig. 1 and 2) was treated
with RNase A. Except for the RNAs isolated
from the cytoplasm of Act-D-treated cells early
in infection (Fig. 2B), all preparations con-
tained an RNase-resistant structure sediment-
ing at about 148 (Fig. 1A, B, and 2A). However,
at 3 h (Fig. 2A) there was a greater proportion
of RNase-resistant radioactivity sedimenting
slower (68) than at 6 h (Fig. 1A) after infection.
Although there was no RNase resistance found
at 148 in uninfected cell RNA, there was some
RNase-resistant material that sedimented at
approximately 68 in gradients containing unin-
fected cell RNA (data not shown), casting doubt
as to the viral origin of the smaller structure.
The sedimentation values of the 14S RNase-
resistant structures correlate with the value
previously shown for structures proposed to be
intermediate in influenza virus RNA synthesis
(12).
To determine the amount of complementary
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FIG. 1. Cytoplasmic RNAs from influenza virus-infected cells at 6 h after infection. Chicken embryo cell

cultures (3) were infected with one PFU of a cloned isolate of TurkeylOntariol7732166 (Hav5) strain of
influenza A per cell (17). The infected cultures were maintained in minimal essential medium with 4% bovine
serum albumin fraction V at 37 C in 5% CO2- Infected cells were treated at 4 h after infection with either 3'-dA
(75 pg/ml, Sigma Chemical Co.) (A) orAct-D (5 pglml, Merck & Co., Inc.) (B) for I h and were labeled in the
presence of the drug with [3H]uridine (50 puCi/ml; specific activity, 27 to 29 Cilmmol) for an additional hour.
Uninfected chicken embryo cells treated with 3'-dA served as a control (-). At 6 h, cytoplasmic extracts were
prepared (11), and the RNAs were extracted from the cytoplasm as described previously (14). The gradients
(containing 15 to 30% sucrose acetate-buffered saline, 0.01 M EDTA, and 0.5% sodium dodecyl sulfate) were
centrifuged in an SW-27 rotor at 20 C for 16.5 h at 20,000 rpm. A portion (10%) ofeach gradient fraction was
assayed for total acid-precipitable counts (0) and RNase resistance (A), and radioactivity was determined as
previously described (14). The remainder was used for analysis by hybridization (Experiment 1, Table 1).
Absorption profile of ribosomal RNAs provided internal markers for 18 and 28S RNA.

RNA synthesized in the presence of 3'-dA, por-
tions ofeach gradient (Fig. 1 and 2) and similar
fractions from other experiments containing 8-
h samples were combined and annealed with
unlabeled genomic RNA (Table 1). At 3 h after
infection (Fig. 2), 61% ofthe labeled RNA in the

cytoplasm of 3'-dA-treated cells was hybridized,
whereas, at 6 h (Fig. 1), 71% ofthe labeled RNA
was virus-specific (Experiment 1, Table 1). On
the other hand, RNAs synthesized in the pres-
ence of Act-D contained a lower proportion of
complementary RNA at 3 h (39%) and 6 h (29%)
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FIG. 2. Cytoplasmic RNAs from influenza virus-infected cells at 3 h after infection. Infected cells were

treated with either 3 '-dA or Act-D at I h after infection, and the RNAs were labeled, extracted and processed
as described in the legend to Fig. 1.

(Experiment 1, Table 1). The high self-anneal-
ing values of the samples suggested that both
strands were present in all preparations. It was
not known, however, how much radioactive la-
bel was contributed by each strand in the 3'-dA-
treated cell RNAs. In the preparations from
Act-D-treated cells, virion RNA may have been
the predominantly labeled strand in the self-
annealed preparations since Act-D inhibited
complementary RNA synthesis (Experiment 1,
Table 1). Experiments 2 and 3 (Table 1) showed
that, by 6 h after infection, complementary
RNA was the major labeled RNA species in the
cytoplasm of infected 3'-dA-treated cells. In ad-
dition, the slower-sedimenting RNAs (2-1S) in
Experiment 2 were shown to contain virus-spe-
cific complementary RNA, although not always
in the same proportions as the faster-sediment-

ing RNAs (Table 1). The values presented in
Table 1 are representative only of the propor-
tion of the total labeled RNA in the cytoplasm
of infected, 3'-dA-treated cells that hybridizes
to virion RNA. Without a complementary RNA
probe, it was impossible to determine what pro-
portion of the remaining nonannealed RNA
was virion RNA. As shown by others (15), these
data also showed that the machinery needed for
transcription was present 8 h after infection. In
addition, the data (Table 1) showed that com-
plementary RNA was the majority species of
labeled RNA in the cytoplasm of infected cells
treated with 3'-dA at 6 or 8 h after infection.
These data differed from the results of previous
studies (2, 8, 16). The observed differences could
be explained in the following ways. (i) Some of
the previous analyses were made in the pres-
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TABLz 1. RNAs present in cytoplasm of 3'-dA-treated cells

Time % Unan- Radioactivity Radioactivity
after in- S val- nealed To i -a % Self an- Ttl l1ae % Hybri-
fection laDrug ues' RNase re- Total RNase sealed' Total RNase dized"

(h) distance counm / counts/ counts/ counts/
min min min min

Expt 1e
3 3'-dA 15 445 97 22 444 270 61

Act-D 15 396 158 40 455 173 38
8-20

6 3'-dA 14 408 173 42 418 296 71
Act-D 9 412 175 43 443 129 29

Expt 2d
3 3'-dA 2-10 1 NDe ND ND 263 84 32

12-20 5 305 9 3 448 144 32
6 3'-dA 2-10 2 ND ND ND 191 93 49

12-20 5 423 65 15 390 232 60
8 3'-dA 2-10 6 ND ND ND 149 76 51

12-20 11 429 59 14 406 278 69

Expt 3
6 3'-dA 5 540 90 17 585 354 61

Act-D 5 488 109 22 470 102 22
8-20

8 3'-dA 6 490 156 32 524 434 83
Act-D 6 427 134 31 415 137 33

a Sedimentation values of RNAs in fractions pooled from gradients for analysis by hybridization, using
the technique of Kingsbury (6).

b These values are averages of at least two separate hybridizations of the same material.
e RNA preparations were lyophilized before the annealing buffer (25 gl) was added. Saturating amounts

(20 gg/ml) of virion RNA extracted (7) from purified Turkey/Ontario/7732 (9) were used.
d Experiments 2 and 3 were annealed in 100 IL of buffer without prior lyophilization to reduce self

annealing. Annealing was done with saturating amounts of virion RNA (2.5 jtg/ml) for 2 h at 80 C.
e ND, Not determined.

ence of Act-D, a known inhibitor of influenza
virus-specific transcription (2, 12). (ii) Other
analyses of RNA from influenza virus-infected
cells without Act-D were made on RNAs from
total cell extracts, which contain both nuclear
and cytoplasmic RNAs (12, 16), or from ribonu-
cleoprotein structures (8). None ofthese studies
analyzed all of the RNAs contained in just the
cytoplasm. (iii) Another possibility is that vir-
ion RNA was selectively lost during the ex-
traction procedure used in this study. (iv) Fi-
nally and most likely, higher concentrations of
3'-dA may inhibit replication, either by specifi-
cally inhibiting the enzyme synthesizing virion
RNA or by some secondary effect on protein
synthesis, as shown with Newcastle disease vi-
rus and Sendai virus (S. R. Weiss and M. A.
Bratt, Abstr. Annu. Meet. Am. Soc. Microbiol.
1975, 5227, p. 251; C. Pridgen and D. W. Kings-
bury, unpublished data).
Although 3'-dA may have inhibited replica-

tion of virion RNA, transcription of virus-spe-
cific RNAs continued in the presence of 3'-dA.
This study showed that 3'-dA was an adequate
tool to aid in the analysis of virus-specific tran-

scripts in the cytoplasm of cells infected with
influenza virus.
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