JOURNAL OF VIROLOGY, Nov. 1979, p. 442-448
0022-538X/79/11-0442/07$02.00/0

Vol. 32, No. 2

Macromolecular Synthesis in Cells Infected by Frog Virus 3

XII. Viral Regulatory Proteins in Transcriptional and Post-
Transcriptional Controls

RAKESH GOORHA, DAWN B. WILLIS, aNnpD ALLAN GRANOFF*
Division of Virology, St. Jude Children’s Research Hospital, Memphis, Tennessee 38101
Received for publication 2 March 1979

Using fluorophenylalanine (FPA) to interfere with functional viral protein
synthesis, we have investigated the complex transcriptional and post-transcrip-
tional controls that operate in cells infected with frog virus 3. Our previous data,
obtained by polyacrylamide gel electrophoresis of viral RNAs and proteins,
showed that the addition of FPA at the beginning of infection completely
prevented the synthesis of late viral RN As and late viral proteins and blocked the
normal progressive decline in the rates of synthesis of two quantitatively different
classes (class I and class II) of early proteins. These results indicated that the
initiation of late RNA and late protein syntheses, as well as the post-transcrip-
tional regulation of early protein synthesis, was under the control of virus-specific
proteins (D. B. Willis, R. Goorha, M. Miles, and A. Granoff, J. Virol. 24:326-342,
1977). In this communication, we show that the viral protein required to “turn
on” the synthesis of late RNAs and late (class III) proteins was made within 1 to
1.5 h postinfection (p.i.); when we added FPA after this time, we observed the
synthesis of all of the late macromolecules. The data also suggest that another
viral protein, separate from the “turn-on” protein, controlled the abundance of
late RNAs. In addition, at least two separate proteins were involved in the post-
transcriptional regulation of two classes of early proteins. When FPA addition
was delayed until 2 h p.i., the rate of synthesis of class I proteins (which normally
peaked at 2 h p.i.) was reduced by 6 h p.i. just as in a normal infection, but the
rate of synthesis of class II proteins (which normally reached a maximum at 4 h
p.i. before declining) was reduced only when we waited until 3 or 4 h p.i. to add
FPA. These experiments corroborate and extend previous evidence for the
existence of numerous viral regulatory proteins in the control of frog virus 3 gene
expression at the transcriptional and post-transcriptional levels.

We previously classified the virus-specific pro-
teins in frog virus 3 (FV3)-infected cells as early,
intermediate, or late, based upon the time during
the growth cycle when their rates of synthesis
were maximum (13). Thus, early proteins were
synthesized maximally at 2 h postinfection (p.i.),
intermediate proteins at 4 h p.i., and late pro-
teins at 6 h p.i. or later. The appearance of late
proteins was solely a time-dependent phenome-
non and did not require prior synthesis of viral
DNA (3). On the other hand, viral RNAs could
only be called early (i.e., synthesized at 1 h p.i.)
or late (i.e., synthesized at 2 h p.i. and thereaf-
ter), because once the synthesis of any viral
RNA species had begun, its rate was maintained
at the same or at a higher level (13).

The amino acid analog fluorophenylalanine
(FPA) aided us in the temporal classification of
viral macromolecules. This drug, when incorpo-
rated into proteins in an essential site, renders
such proteins nonfunctional without inhibiting
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protein synthesis in general (11). The addition
of FPA at the beginning of infection had pleio-
tropic effects (13). Only the early RNAs were
synthesized, even at 6 to 8 h p.i. Both early and
intermediate proteins were made, but their rates
of synthesis did not decline as in cells infected in
the absence of the drug. Since both early and
intermediate proteins were synthesized in the
presence of FPA, we have now elected to classify
all of these proteins as early, to correspond with
the early RNAs. However, as these two groups
of proteins displayed obvious differences in both
the time of their own peak rate of synthesis (13)
and the time of synthesis of their regulatory
proteins (see Results), we have subdivided them
into class I proteins or class II proteins. The
difference between early and late proteins is a
qualitative one; only early proteins are present
at 1 h p.i. or when cells are treated with FPA at
0 h (13). The difference between class I and class
II early proteins is a quantitative one. Both can
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be detected under the above conditions; how-
ever, class I proteins reach a maximum rate of
synthesis at 2 h pi. and decline thereafter,
whereas class II proteins display a peak rate of
synthesis at 4 h p.i. before their rate of synthesis
goes down. In keeping with this terminology,
which is based on the rate of synthesis of a
protein rather than its presence or absence, we
have termed the late proteins, which have a
peak rate of synthesis at 6 h p.i, as class III
proteins.

The data presented in this paper show that at
least one protein regulated transcription by
switching on the synthesis of late RNAs. The
evidence also suggests that another protein con-
trolled the abundance of certain species of viral
RNAs. In addition, we demonstrate that two or
more proteins were also involved in the post-
transcriptional regulation of FV3 gene expres-
sion, because the inhibition of class I and class
II protein synthesis late in infection involved
regulatory proteins synthesized at disparate
times in the infectious cycle.

MATERIALS AND METHODS

Cells and virus. Fathead minnow cells were grown
as monolayers at 33°C in Eagle minimal essential
medium containing 10% fetal calf serum (MEM-10). A
clonal isolate of FV3 was grown and assayed in fathead
minnow cells as described previously (8).

Isotopic labeling of RNA and proteins in in-
fected cells. To inhibit host RNA (14) and protein
(4) syntheses, we exposed cells to heat-inactivated
(A)FV3 (56°C, 15 min) in amounts equivalent to 20
PFU/cell for 60 min at room temperature (23°C). The
cells were then washed, overlaid with MEM-10, and
incubated at 30°C for 2 h. The medium was removed;
active virus was inoculated at 20 PFU/cell and ad-
sorbed at 23°C for 60 min. The cells were washed,
overlaid with MEM without serum, and incubated at
30°C. This time was considered 0 h for the growth
cycle. The cells taken for analysis at 6 or 8 h p.i. did
not receive AFV3 because by that time host RNA and
protein syntheses could be inhibited by active virus
alone (4, 14). In experiments with temperature-sensi-
tive mutants, heated mutant virus was used instead of
wild-type virus to prevent nongenetic reactivation of
the heated viral genome (6).

At various intervals after infection, the medium was
replaced with methionine-free MEM containing 25 uCi
of [**S]methionine per ml (to label proteins) or 50 uCi
of [°*H]uridine per ml (to label RNA). After a 30-min
labeling period, cytoplasmic extracts were prepared
for electrophoresis. FPA (100 ug/ml) was added in
phenylalanine-free MEM. At indicated times, medium
containing FPA replaced the regular MEM in infected
cell dishes.

Polyacrylamide slab gel electrophoresis of
RNA and proteins. The procedures for electropho-
retic separation of RNA and proteins, as well as for
autoradiography of dried gels, have been described
(13). For RNA, slab gels consisting of 3.5% acrylamide
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in 20 mM phosphate-buffered formamide were cast in
a Hoefer slab gel apparatus (30 cm by 15 cm by 1.5
mm). Protein samples were layered on wells of a 10-
cm, 5 to 15% acrylamide-0.1% sodium dodecyl sulfate
gradient slab gel with a 3% stacking gel. Molecular
weights of each of the RNA and protein bands were
calculated by comparing the distance migrated with R,
of several standards (13).

Computer analysis of data. The developed films
were scanned with an Ortec 4310 densitometer inter-
faced with a PDP 8/1 minicomputer (Digital Electron-
ics Corp.). Other details of computer analysis were
previously described (13).

Reagents. [*S]methionine (specific activity, 600
Ci/mmol) was from New England Nuclear Corp.;
[*H]uridine (specific activity, 20 Ci/mmol) was pur-
chased from Schwarz/Mann. Formamide, obtained
from BDH Laboratories, was deionized with 5% Am-
berlite MB-1 until the conductivity measured less than
3 mmho. FPA was bought from Sigma Chemical Co.

RESULTS

Virus-induced protein regulates the rate
of viral RNA synthesis. We previously showed
that the addition of FPA to FV3-infected cells
at the beginning of infection locked the pattern
of RNA synthesis into the early phase (13).
Figure 1A illustrates the typical 10 early infected
cell RNA (ICR) species (ICR 597, 577, 506, 489,
463, 425, 358/345, 322, and 169) synthesized at 1
to 1.5 h p.i. The same species were seen at 6 h
p.i. when infected cells were treated with FPA
at 0 h (Fig. 1C). The larger RNA species
(>597,000 molecular weight) appeared early, but
were often poorly resolved, and have not been
analyzed further. In Fig. 1B, we can clearly
identify the late RNA species—ICR 560, 534,
390, 290, 240, 235, and all RNAs smaller than
ICR 169. The increased rate of synthesis of ICR
463 at 6 h p.i. may represent the synthesis of a
late RNA superimposed over that of an early
RNA of the same molecular weight or an in-
crease in the rate of synthesis of that particular
early RNA at late times. The absence of late
RNAs in cells treated with FPA indicated that
a virus-induced protein was required for late
transcription.

To determine when the protein required for
late transcription was synthesized, we added
FPA at various times after infection and labeled
the RNA with [*H]uridine from 6 to 6.5 h p.i. In
Fig. 2A, FPA was added at 0 h, and only early
RNASs were being synthesized 6 h later (see also
Fig. 1). If the addition of FPA was delayed by 1
or 1.5 h (Fig. 2B and C), the late RNAs were
synthesized (although at barely detectable lev-
els) at 6 h p.i. All of the late RNA bands were
visible in Fig. 2B and C on the original fluoro-
gram, but only the band representing ICR 534,
the major late RNA, was sufficiently intense to
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Fi1c. 1. FPA inhibits synthesis of late viral RNAs.
Cells were treated with AFV3 for 4 h before infection
with 20 PFU of active FV3 per cell. RNA, labeled for
30 min with [*HJuridine (50 uCi/ml) at indicated
times, was extracted from the cytoplasm of infected
cells and subjected to electrophoresis as described
(13). AFV3 treatment was not necessary for 6-h sam-
ples, because by that time active virus alone had
sufficiently reduced cellular RNA synthesis. (A) 4 h
AFV3, 1 h active FV3; (B) 6 h active FV3; (C) 6 h
active FV3, with 100 ug of FPA per ml added at 0 h.
ICR, Infected cell RNA, molecular weight X 1073,

be seen after photographic reproduction. The
synthesis of late ICRs, albeit at a very low rate,
when FPA addition was delayed for 1 to 1.5 h
implies that an early protein, synthesized within
the 1.5 h, was responsible for turning on late
transcription. However, to achieve the maxi-
mum rate of late RNA synthesis, addition of
FPA had to be delayed for at least 3 or 4 h (Fig.
2E and F). Thus, there may be two different
proteins involved in the regulation of late tran-
scription: one responsible for qualitatively turn-
ing on the transcription of specific late RNA
species, and a second for insuring a high rate of
transcription of late messages. Alternatively,
only a single protein may be required, with low
amounts sufficient to turn on late transcription
but continuous synthesis required to achieve the
maximum rates of transcription.

Support for the existence of two different pro-
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teins was found by examining the kinetics of
RNA synthesis in cells infected with a temper-
ature-sensitive mutant of FV3, ts 2436. Figure 3
illustrates the rates of RNA synthesis at various
times after infection by this mutant at the non-
permissive temperature (30°C). This mutant
synthesizes viral DNA (10), but even at 8 h p.i.
(Fig. 3D) the late viral RNAs (notably ICRs 560,
534, 240, and 235) were synthesized at a much
lower rate at 30°C than at 25°C (Fig. 3E). In
cells infected with this mutant, late transcription
was turned on, and abundant viral DNA tem-
plate was available, yet the rate of late transcrip-
tion remained low. This finding indicates that a
second protein, independent of both the “turn-
on” protein for late RNA synthesis and of DNA

ICR
(early)

ICR
(late)
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Fi16. 2. Two virus-specific proteins regulate late
transcription. All cultures were labeled at 6 h p.i. for
30 min with [*H]Juridine (50 uCi/ml). Medium con-
taining FPA (100 pg/ml) replaced the regular medium
at the indicated times. Other details are as described
in Fig. 1. Time of addition of FPA: (A) Oh, (B) 1 h,
(C) 1.5 h, (D) 2 h, (E) 3 h, (F) 4 h. ICR, Infected cell
RNA, molecular weight x 107%.
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FiG. 3. ts 2436 is defective in regulating the rate of
late transcription. Cultures were exposed to Ats 2436
" for 4 h before infection with active ts 2436 (see legend
to Fig. 1 for details). Infected cells were incubated at
30 or 25°C and labeled at the indicated times with 50
uCi of [*HJuridine per ml. (A) 2 to 2.5 h, 30°C; (B) 4
to4.5h, 30°C; (C) 6to 6.5 h, 30°C; (D) 8to 8.5 h, 30°C;
(E) 6to 6.5 h, 25°C. ICR, Infected cell RNA, molecular
weight x 1072,

synthesis, controlled the rate of late transcrip-
tion.

Two viral proteins are involved in post-
transcriptional control. Late in the course of
a typical FV3 infection, the rates of synthesis of
both class I and class II early proteins go down
(13). This decreased rate of synthesis occurs
even in the face of high rates of early RNA
synthesis, indicating that this process is under
post-transcriptional control. In addition to
blocking the appearance of late viral RNAs, the
presence of FPA from the beginning of infection
prevented this decline in the rates of synthesis
of both classes of early proteins late in infection;
this observation suggested that virus-specified
proteins were involved in post-transcriptional as
well as transcriptional control. We therefore in-
vestigated (i) the number of viral proteins in-
volved in post-transcriptional control and (ii)
the time during the replication cycle of FV3 at
which these regulatory proteins appeared by
adding FPA at different times after infection
and examining the RNA and protein synthesis
patterns late in infection, i.e., at 6 h p.i. We
reasoned that, if a regulatory protein were syn-
thesized before we added FPA, then class I and
class II protein synthesis would decrease as
usual. However, if the regulatory protein were
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normally synthesized after the time we added
FPA, then this protein might not function and
the synthesis of class I or class II proteins would
continue at a high rate.

Figure 4 shows the changes in the pattern of
infected cell protein (ICP) synthesis in FV3-in-
fected cells that occurred when we added FPA
at different times after infection. In each sample
the cells were labeled with [**S]methionine be-
tween 6 and 6.5 h p.i. We previously showed that
no late proteins were made when FPA was pres-
ent from the beginning of infection, presumably
because of the lack of late viral mRNA (13).
When we added FPA at 1 or 1.5 h p.i. (Fig. 4A
and B), we saw that late (class ITI) proteins (ICP
62, 55, 19) were synthesized at 6 h p.i., although
at a markedly lower rate when compared with
control cells that had not been treated with FPA
(12), or with cells that did not receive FPA until
4 h p.. (Fig. 4F). However, in contrast to normal
infection, the rate of synthesis of class I (e.g.,
ICP 68, 65, 47/45, 35) and class II (e.g., ICP 18,
50, 37) proteins did not decrease by 6.5 h p.i.
when FPA was added at 1 to 1.5 h p.i. When
FPA was added at 2 h p.i. (Fig. 4C), the rate of
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Fi16. 4. Two proteins are involved in post-tran-
scriptional regulation of FV3 protein synthesis. All
cultures were labeled with 25 uCi of [**S]methionine
per ml at 6 h p.i. for 30 min. Medium containing FPA
(100 pg/ml) replaced the regular medium at the in-
dicated times. Cytoplasmic extracts from cells were
prepared and electrophoresed as described in the
text. From 10 to 20 pg of protein was placed in each
well. The film was exposed for 48 h. AFV3 was not
used for the 6-h sample because active virus alone
inhibited cellular protein synthesis at that time. (A)
FPA added at 1 h p.i.; (B) FPA added at 1.5 hp.i;
(C) FPA added at 2 h p.i.; (E) FPA added at 3 h p.i.;
(F) FPA added at 4 h p.i. ICP, Infected cell protein,
molecular weight x 107>,
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synthesis of class I proteins was reduced. How-
ever, class II protein synthesis was not reduced,
which suggested that the viral regulatory pro-
tein(s) involved in the inhibition of class I (but
not class II) protein synthesis was produced
between 1 and 2 h p.i. Once synthesized, this
protein remained active in the infected cells up
to 6.5 h p.i. The rate of synthesis of the class II
proteins decreased only when the addition of
FPA was delayed by 3 h or more (Fig. 4E and
F), giving a pattern of viral protein synthesis
similar to the one observed in normal infection
(13).

Figure 5 shows the quantitative determination
of the molar rates of synthesis of representative
class I (ICP 68), class II (ICP 18), and class III
(ICP 55) proteins. FPA was added at the indi-
cated times, and the infected cells were labeled
for 30 min at 6 h p.i. The relative amount of
radioactivity distributed in the individual pro-
tein bands, measured by computer planimetry
of the densitometric tracing of the autoradi-
ogram (13), was compared either with that of
the same protein in cells which received FPA at
the beginning of infection (class I and II pro-
teins), or with that of the polypeptides in cells
not receiving FPA (class III proteins). Class I
proteins were inhibited over 40% at 6.5 h p.i. if
the addition of FPA was delayed until 2 h or
more, but the rate of synthesis of class II proteins
was reduced to 50% of control only when addi-
tion of FPA was delayed by 4 h or more. These
data suggest that the protein(s) involved in the
post-transcriptional regulation of class I proteins
differed from the one(s) involved in post-tran-
scriptional control of class II proteins.

We have previously shown that the rate of
synthesis of late (class III) proteins was propor-
tional to the rate of synthesis of late RNA (13).
The effect on class III proteins of adding FPA
during the first 2 h p.i. (Fig. 5) was to reduce the
rate of class III protein synthesis to the level
that had been attained at the time the drug was
added. Since synthesis of late RNA requires
continuous protein synthesis (Fig. 2) (13), these
data confirm the conclusion that late protein
synthesis is regulated at the level of transcrip-
tion.

ts 3674 is defective in the protein that
regulates the synthesis of class II proteins.
In a previous study of the altered regulation of
viral protein synthesis by temperature-sensitive
mutant ts 3674, we similarly concluded that a
virus-specific protein was responsible for the
decrease in the rate of synthesis of some of the
early proteins (4). However, in that study, the
resolution of infected cell proteins was poor; a
detailed analysis of the rates of synthesis of
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F1G. 5. Quantitative analysis of the rates of syn-
thesis of selected FV3 proteins. Cultures were labeled
for 30 min at 6 h p.i. with 25 uCi of [**S]methionine
per ml. The time on the abscissa indicates the hour
when FPA was added to the infected cell cultures.
The specific activity of each protein was determined
by scanning the autoradiogram with an Ortec den-
sitometer interfaced with a PDP 8/1 minicomputer
(13) and determining the percentage of density of the
area under each peak to that of the total scan.
Changes in the rates of class I and class II protein
synthesis are expressed as the percent change in the
specific activity of these viral proteins in cells treated
with FPA at indicated times to those in infected cells
which received FPA at the beginning of infection.
Changes in the rate of late protein synthesis are
expressed as the percent change in the specific activ-
ity of ICP 55 in treated cells to that in infected cells
which were not treated with FPA. Symbols: @, rela-
tive rate of synthesis of a representative class I pro-
tein (ICP 68); A, relative rate of synthesis of a repre-
sentative class II protein (ICP 18); O, relative rate of
synthesis of a representative late protein (ICP 55).

various proteins was not performed, and the
early proteins were not separated into two dis-
tinct classes. Therefore, we repeated the analysis
of protein synthesis in ts 3674-infected cells (Fig.
6). After 7 h p.i. at nonpermissive temperature
(30°C) in ts 3674-infected cells (Fig. 6A), the
rate of synthesis of class III (e.g., ICP 62, 55, 19)
proteins was high and that of class I (e.g., ICP
68, 65, 47, 45, 35) proteins was low, as in wild-
type FV3-infected cells (13). However, there was
no reduction in the rate of synthesis of class II
proteins (e.g., ICP 50, 39/37, 18). When ts 3674-
infected cells were shifted to permissive temper-
ature (25°C) at 7 h p.i. and labeled (7 to 8 h p.i.)
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F1G. 6. Class II protein synthesis is altered in ts
3674-infected cells. Cultures were labeled with 25 uCi
of [*S]methionine per ml for 60 min at indicated
times. Other details are as described in the legend of
Fig. 4. (A) Infected cells incubated at 30°C and la-
beled from 7 to 8 h p.i. (B) Infected cells incubated at
30°C for 7 h and then shifted to 25°C and labeled
immediately for 1 h. Actinomycin D (10 pg/ml) was
added at 6.75 h p.i. and was present during the
labeling period. (C) Cells incubated at 30°C and
labeled from 7 to 8 h p.i. Actinomycin D (10 ug/ml)
was added at 6.75 h p.i. and was present during the
labeling period.

with [*S]methionine, there was an immediate
reduction in the rate of synthesis of class II
proteins, even in the presence of actinomycin D
(Fig. 6B). Actinomycin D, added to ts 3674-in-
fected cells kept at 30°C (Fig. 6C), caused no
reduction in the rate of class II protein synthesis,
showing that the drug alone was not responsible
for the sudden decrease in class II protein syn-
thesis.

The half-life of FV3 mRNA’s is about 5 h (4),
which eliminates the possibility that the reduc-
tion in the synthesis of class II proteins upon
shift-down to 25°C was due to cessation of syn-
thesis of mRNA for class II proteins. Our inter-
pretation of these results is that, in ts 3674-
infected cells, the viral regulatory protein that
inhibited the rate of synthesis of class II proteins
was defective at nonpermissive temperature;
upon shift-down this protein immediately be-
came functional and acted to reduce the synthe-
sis of this class of proteins.
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DISCUSSION

The results reported here strongly support our
previous conclusions (3-5, 13, 14) that viral reg-
ulatory proteins control both viral transcription
and viral protein synthesis in FV3-infected cells.
In the realm of transcriptional control, this study
shows that one virus-specific protein turned on
the synthesis of specific late viral RNAs,
whereas another regulated the rate at which
these RNAs were produced. Both qualitative
(on-off) and quantitative (abundance) controls
of transcription have been described for two
other large DNA viruses—herpesvirus (2, 12)
and poxvirus (1). In each of the above investi-
gations the data were obtained by hybridization
kinetics, because resolution of individual RNA
species had not yet been achieved in these sys-
tems. The analysis of the hybridization data
from herpesvirus- or poxvirus-infected cells dur-
ing inhibition of protein or DNA synthesis could
be interpreted to mean that a virus-specific pro-
tein was directly required for either on-off or
abundance transcriptional controls. However,
the accepted explanation was that the necessary
viral protein was involved in DNA rather than
RNA synthesis, and that the state of the tem-
plate (replicating or not) controlled the class and
rate of RNA synthesis. Using FPA or a transcrip-
tional defective mutant, as reported here and in
a separate communication (D. B. Willis, R.
Goorha, and A. Granoff, Virology, in press), we
have demonstrated that at least one FV3-specific
protein is required for late transcription without
regard to DNA synthesis. Using a temperature-
sensitive mutant (ts 2436), we have presented
evidence that a second viral protein may also be
required for the increased rate of transcription
of late viral RNA species and that this increased
rate of transcription is not coupled to viral DNA
replication (Fig. 3). However, evidence for the
existence of the second protein is not unequivo-
cal. It is possible that the protein which turns
on late transcription also controls the abun-
dance; i.e., more of this protein is required for
an increased rate of transcription. In ts 2436-
infected cells at nonpermissive temperature this
regulatory protein may retain some functional
activity; thus, late transcription is turned on, but
an increased rate of transcription is not achieved.

Our results also indicate that at least two
virus-specific proteins were involved in the post-
transcriptional regulation of FV3 protein synthe-
sis. The evidence for the involvement of two
proteins in post-transcriptional control of pro-
tein synthesis is, however, indirect. Direct proof
for the existence of these proteins can only be
obtained by devising a suitable in vitro protein-
synthesizing system in which inhibition of syn-
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thesis of class I and class II proteins by two
different viral regulatory proteins can be dem-
onstrated. Post-transcriptional control of viral
protein synthesis has been suggested in herpes-
virus- (7) and vaccinia virus-infected (9) cells.
Viral proteins in herpesvirus infection have been
classified, based on the time at which they ap-
pear, into three groups—a, 3, and y (6). Honess
and Roizman (7) used the amino acid analog
canavanine to show that the presence of a func-
tional herpesvirus 8 polypeptide was required to
shut off the synthesis of a polypeptides and that
a functional y polypeptide was required to shut
off the synthesis of 8 polypeptides. This inhibi-
tion was probably mediated at the post-tran-
scriptional level.

One major difference between the synthesis of
FV3 and herpesvirus proteins seems to be that
the presence of an amino acid analog from the
beginning of herpesvirus infection resulted in
the production of a polypeptides only (7),
whereas in FV3 infection both class I and class
IT proteins were produced in the presence of
FPA. However, only a subset of the FV3 RNAs
synthesized in the presence of FPA was pro-
duced when cycloheximide was used to inhibit
protein synthesis (15). These ‘“cycloheximide
RNAs” could not be translated in vivo upon
removal of the drug, but made authentic viral
proteins in a messenger-dependent reticulocyte
lysate (Willis and Raghow, manuscript in prep-
aration). If we use the a, 8, y terminology of
Honess and Roizman (7) to classify groups of
proteins whose synthesis is qualitatively turned
on in a temporal manner, then the FV3 proteins
identified by translation of the cycloheximide
RNAs in vitro would be equivalent to the her-
pesvirus a proteins. The FV3 «a proteins include
in their number both class I and class II proteins,
which are defined on a quantitative basis. It is
possible that, as with herpesvirus, an FV3 «
protein switched on the synthesis of the FV3 8
proteins, hereby defined as all remaining early
proteins not synthesized by cycloheximide
RNAs in vitro. However, in the case of FV3, this
function of the a proteins was not affected by
analog substitution. The FV3 B proteins also
include representatives of both class I and class
IT; all FV3 y proteins are class III. Translation of
FV3 mRNA'’s in vitro, which has recently been
accomplished in our laboratory, will enable us to
decide which RNAs are translated into specific
proteins, and may even allow us to isolate and
assay in vitro the factors responsible for the
post-transcriptional control we observe in vivo.
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