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The synthesis of Sendai virus RNA species was examined after UV irradiation
of cells late in infection. Compared with the inactivation of 50S genomic RNA
synthesis, the synthesis of the group of mRNA species that sediments at 18S
was inactivated at an average rate consistent with a process of sequential tran-
scription from a single promoter. The rates of inactivation of the synthesis of
individual mRNA's separated by polyacrylamide gel electrophoresis confirmed
this and, with the aid of additional data, suggested that the order of genes in
the Sendai virus genome is: 3'-NP-FO-M-P-HN-L-5'.

Cells and DNA-containing viruses regulate
polypeptide abundances largely through tran-
scriptional control of mRNA abundances (11,
12, 29). This also seems to be true for those
RNA viruses that use the negative-strand
strategy of genetic information transfer, as
exemplified by the rhabdoviruses and para-
myxoviruses (7). In infections by the rhabdovi-
rus, vesicular stomatitis virus (VSV), and the
paramyxoviruses, Newcastle disease virus
(NDV) and Sendai virus, the various virus
polypeptides are made in abundances similar to
their relative representation in virus particles
(24, 28, 31a, 38); when the virus mRNA's are
separated by polyacrylamide gel electrophore-
sis, their relative rates of synthesis are seen to
correspond to the relative synthetic rates of the
polypeptides they are thought to code for (13,
37). Furthermore, all of the mRNA's appear to
be translated with approximately equal effi-
ciencies in vivo (15).
Recent evidence suggests that the differen-

tial transcription of negative-strand virus
genes is regulated by a simple mechanism.
When the UV irradiation technique for map-
ping transcriptional units developed by Sauer-
bier et al. (10, 19, 20) was applied to the in vitro
transcription of VSV RNA, the entire virus
genome behaved as a single transcription unit,
with a single strong promoter at, or close to, its
3' end (1, 5, 6). Moreover, there appears to be a
polar gradient of transcription efficiencies, be-
cause the VSV gene order deduced from rela-
tive rates of mRNA or polypeptide synthesis in
vivo is in excellent agreement with the gene
order deduced from the UV target sizes of tran-
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scripts made in vitro (1, 5, 6, 37).
We have used the UV mapping technique to

investigate the organization of the transcrip-
tional apparatus of Sendai virus. The changes
we have observed in rates of synthesis of indi-
vidual mRNA species after UV irradiation of
infected cells provide strong evidence that para-
myxoviruses, too, transcribe their mRNA's se-
quentially, and the data suggest the order of
genes within the virus genome.

MATERIALS AND METHODS
Virus, cells, and infection. Confluent monolayers

of primary chicken embryo lung epithelial (CEL)
cells were infected with wild-type Sendai virus (14)
at an input multiplicity of 5 to 10 infectious units
per cell and were incubated at 370C under Eagle
minimum essential medium supplemented with 3%
fetal calf serum.
UV irradiation. At the time of peak virus produc-

tion, 48 h after infection, the medium was removed
from the infected cells and they were exposed to
irradiation from a low-pressure germicidal lamp
with an output predominantly at 254 nm. The dose
rate was about 10 ergs/mm2 per s, as measured by a
Blak Ray ultraviolet meter, model J-225 (Ultravi-
olet Products, Inc., San Gabriel, Calif.).

Labeling and extraction of RNA. Immediately
after UV irradiation, Eagle medium containing 50
gg of actinomycin D per ml (31) was added to the
cells. After 30 min of incubation at 370C, to assure
completion of nascent transcripts, the virus-specific
RNA was labeled for 3 h with [3H]uridine (23 Ci/
mmol, Schwarz/Mann) at a concentration of 50 uCi
per ml. Cells were then dissolved in 0.01 M sodium
acetate, 0.05 M NaCl, 0.001 M EDTA, 0.5% sodium
dodecyl sulfate (SDS) (pH 5.0), and RNA was ex-
tracted by shaking with phenol-chloroform (1:1) at
65°C. Fresh phenol-chloroform was added to the
aqueous phase, and the mixture was shaken a sec-
ond time at room temperature. To the final aqueous
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layer, 2.5 volumes of ethanol was added, and this
mixture was kept at -20'C overnight to precipitate
the RNA.

Sucrose gradient analysis of RNA. Precipitated
RNA was dissolved in 2 ml of 0.005 M Tris-hydro-
chloride, 0.001 M EDTA, 0.1 M NaCl, 0.5% SDS (pH
7.4; TENS buffer) and layered onto a 36-ml linear 15
to 30% (wt/wt) sucrose gradient made up in TENS.
Gradients were centrifuged in a Spinco SW27 swing-
ing-bucket rotor at 18,000 rpm at 20'C for 18 h.
Radioactivity in 1-ml fractions was measured by
liquid scintillation counting after acid precipitation
(31).

Isolation of Poly(A)-containing mRNA. mRNA
rich in polyadenylic acid [poly(A)] was selected by
adsorption to and elution from oligodeoxythymidylic
acid[oligo(dT)]-cellulose (4). Each sample, repre-
senting the total RNA extracted from one 100-mm
dish of cells, was applied to a 1-ml column of
oligo(dT)-cellulose (type T2, Collaborative Research
Inc., Waltham, Mass.) in 0.01 M Tris-hydrochloride,
0.5 M NaCl, 0.001 M EDTA (pH 7.4). Poly(A)-con-
taining RNA was eluted with 0.01 M Tris-hydro-
chloride, 0.001 M EDTA (pH 7.4). Fractions of the
eluate containing radioactive RNA were pooled,
mixed with 0.1 volume of 1 M sodium acetate and
2.5 volumes of ethanol, and placed at -20OC for
16 h or more to precipitate the RNA.

Polyacrylamide gel electrophoresis and fluorog-
raphy. Poly(A)-rich RNA was collected from ethanol
by centrifugation, partially dried in an air stream,
dissolved in formamide containing 2 mM sodium
P04 (pH 7.0), and applied to 4% polyacrylamide slab
gels containing phosphate-buffered formamide (16).
Electrophoresis was performed under a voltage gra-
dient of6 V per cm for 24 h with tap water cooling.

Fluorograms of the gels were made using Kodak
RP Royal X-ray film hypersensitized to increase
sensitivity and linearize response (9, 25).

RESULTS
UV inactivation of Sendai virus RNA syn-

thesis. In this study, we examined Sendai vi-
rus-specific RNA synthesis at 48 h after infec-
tion, when large amounts of progeny virus ge-
nomes had accumulated within the cell and
viral transcription and genome replication
were proceeding at maximum rates (14, 31).
After UV irradiation, total virus-specific RNA
synthesis was impaired (Fig. 1). The dose-re-
sponse curve was not simple first order, but was
skewed towards lower inactivation rates at
higher doses, an effect noted with other tran-
scribing systems, probably deriving from the
recovery ofprematurely terminated RNA mole-
cules when acid insolubility is used as the assay
(19, 35). As seen in previous work, and as we
show below, first-order kinetics ofRNA synthe-
sis inactivation are observed when only com-
pleted RNA molecules are measured instead
(10, 19, 20). Thus, UV-induced lesions in an
RNA template appear to cause premature ter-
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FIG. 1. Inhibition of Sendai virus-specific RNA
synthesis in CEL cells by UV irradiation. After expo-
sure to various doses ofUV light, infected cells were
labeled with PHiuridine as described in Materials
and Methods and total radioactivity precipitated by
5% trichloroacetic acid was measured.

mination of RNA synthesis in vivo, just as
when DNA is the template. We also note that
the UV dose range effective in the inhibition of
Sendai virus RNA synthesis is comparable to
that which inhibits cellular RNA synthesis
(19), so the inclusion of actinomycin D during
RNA labeling did not appear to have untoward
effects.

Inactivation of transcription versus replica-
tion. Available evidence indicates that all but
one of the Sendai virus mRNA's sediment to-
gether at about 18S (15a, 34), and, as we show
later, they have molecular weights less than
106 (see also reference 13). On the other hand,
the viral genome sediments at about 50S, and
has a molecular weight of about 5 x 106 (23).
Therefore, target considerations dictate that
Sendai virus transcription will be less sensitive
to UV inactivation than genome replication.
More precisely, the relative sensitivities of the
two functions will depend on the number of
transcription units in the virus genome. We
show this for the two extreme cases: (i) each
gene represents a separate transcription unit
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(multiple promoters), and (ii) the entire ge-
nome is a single transcription unit (a single
promoter). For simplicity, we stipulate that one
UV hit inactivates all distal transcription in a
transcription unit, that all of the genome is
devoted to the specification of transcripts, and
that all transcripts are the same size and tran-
scribed with equal efficiencies. In the first case,
the relative rate of UV inactivation (RM =
transcription/replication; multiple promoters)
is obviously the ratio of the target sizes of the
molecules in question:

R.,= 1 ( 1)
n

where n = the number of genes. In the second
case, the target size of each transcript depends
on its distance from the promoter, so the rela-
tive rate of UV inactivation (Rs = transcrip-
tion/replication; single promoter) can be ex-
pressed as:

Rs= i (2)n

where i = the gene order and n = the number
of genes.
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Applied to Sendai virus, if n = 6, we calcu-
late thatRm = 0.17 and Rs = 0.58, a difference
that should be detectable by experiment. Al-
though additional Sendai virus genes may be
discovered in the future, it is circumspect to
select six as a minimal number to formulate
our models, because the predicted difference
between the single promoter and multiple pro-
moter models increases as the number of genes
increases. This follows from the fact that as n
increases, Rj, approaches zero, and Rs ap-
proaches 0.5.
As shown in Fig. 2, Sendai virus transcrip-

tion, as measured by incorporation of label
into 18S RNA, was, indeed, less sensitive to
prior UV irradiation of the infected-cell com-
plex than genome replication, as measured by
the incorporation of precursor into 50S RNA.
The surviving fraction of radioactivity appear-
ing in each of these sedimenting classes is
plotted as a function of UV dose in Fig. 3.
Transcription was inactivated at 0.42 of the
rate of RNA replication inactivation, a value
closer to that predicted by the single promoter
model. We show later that when additional
data are supplied to the computation ofRs, the
theoretical value approaches the experimental
value more closely.
Target sizes of individual transcripts. Sup-
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FIG. 2. Sucrose gradient velocity centrifugation of Sendai virus RNA synthesized after UV irradiation.
Doses, in ergs/mm2, were: (A) 0; (B) 15; (C) 50; (D) 100; (E) 200; (F) 300. RNA was labeled, extracted, and
centrifuged as described in Materials and Methods. The mobilities in the gradients of18S and 28S CEL cell
ribosomal RNAs and 50S Sendai virion RNA, as measured by absorbance at 254 nm, are indicated.
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FIG. 3. Inactivation ofSendai virus RNA replica- C

tion and transcription by UV. The data points for
50S RNA synthesis (X) and for 18S RNA synthesis
(0) were derived by summation of the counts per
minute under the respective peaks in Fig. 2. The
dashed line represents the expected inactivation rate
of 18S RNA synthesis if each mRNA species were a tl
separate transcription unit. The dotted line repre- D
sents the rate of inactivation expected ifall six mRNA D
species comprise a single transcription unit. For the
derivation of these curves, see the text.

port for the idea that the Sendai virus genome
is a single transcription unit came next from E
examination of the UV target sizes of the
mRNA's separated by polyacrylamide gel elec-
trophoresis. To minimize overloading of the
gels and to eliminate incomplete (prematurely
terminated) RNA molecules, we selected RNA
molecules that contained poly(A) (32) for F
study. As depicted in Fig. 4, five discrete spe-
cies ofRNA were resolved, with apparent mo-
lecular weights ranging from 0.44 x 106 to 1.4
X 106 (Table 1). When total virus-specific RNA FIG. 4. Inactivation of the
from infected cells was examined, all of these rus transcripts by UV. Doses
RNA species and no others were seen in this 0; (B) 100; (C) 200; (D) 300;
part of the gel (K. Glazier, unpublished obser- irradiation, RNA was lc
vation), so the selection of poly(A)-rich RNA poly(A)-rich material was s(
did not appear to have introduced a serious polyacrylamide gel electron
bias. Also seen in the gels were variable and fluorograms were prepa
amountofheterogeneous material that mi- terials and Methods. Shownamounts of h eterogeneous material t tat mi Ortec densitometer. Putati

grated more slowly than the largest putative numbered in order of decrea
transcript (Fig. 4); this material may repre- bility.

e synthesis ofSendai vi-
s, in ergslmm2, were: (A)
(E) 600; (F) 1,200. After
labeled and extracted,
elected and subjected to
ihoresis in formamide,
tred as described in Ma-
are tracings made by an
yve mRNA species are
sing electrophoretic mo-
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TABLE 1. Apparent molecular weights of Sendai
virus poly(A)-rich RNA species and polypeptides

RNA Mol wt of Probable Mol wt of poly-
speciesa RNoA'b gene peptide x 10-4d

5 13.7 L 16
4 8.6 FOandP 6.5and7.9
3 7.8 HN 7.2
2 7.3 NP 6.0
1 4.4 M 3.4

a RNA species are numbered as shown in Fig. 4.
b Calculated from electrophoretic mobilities in

formamide-containing polyacrylamide gels, relative
to the following standards (19, 37): chicken embryo
cell 28S rRNA (molecular weight, 1.7 x 106);
chicken embryo cell 18S rRNA (molecular weight,
0.71 x 106); Escherichia coli 23S rRNA (molecular
weight, 1.07 x 106); E. coli 16S rRNA (molecular
weight, 0.55 x 106).

e Based on the molecular weights of the polypep-
tides and other considerations discussed in the text.

"' From Lamb et al. (24).

sent RNA aggregates (8) or transcriptive in-
termediates (31), since we did not denature
our RNA preparations thermally before oligo-
deoxythymidylic acid fractionation.
The calculated molecular weights of the

RNA species, uncorrected for poly(A) content
(32, 37), are in reasonable agreement with the
expected sizes of templates for the Sendai vi-
rus polypeptides (Table 1). Since there are six
polypeptides and only five electrophoretic
RNA species, it appears that one of the latter
is comprised of two transcripts with similar
molecular weights. For reasons we discuss
later, we believe that the unresolved pair is in
band 4, that the two messages in question are
those for polypeptides F. and P, and that band
3 represents HN and band 2 represents NP.
The assignment ofband 5 to polypeptide L and
band 1 to polypeptide M are more immediately
obvious, since these species represent the ex-
tremes of the transcript and polypeptide mo-
lecular weight spectra and each is well sepa-
rated from the remaining transcripts or poly-
peptides.
The lower tracings in Fig. 4 reveal that the

UV sensitivities of the templates for most
transcripts did not reflect the molecular
weights of the transcripts. Most striking was
the behavior of band 2. It was the most UV-
resistant species, even though it was not the
smallest. Inactivation rates for all of the RNA
species are presented in Fig. 5. Band 2 was
followed in order of increasing sensitivity to
inactivation by bands 1, 4, 3, and 5. From
these data, the UV dose required to inactivate
the synthesis of each RNA species to a level of
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e-' was determined (Table 2). Clearly, these
values are not inversely proportional to the
molecular weights of the RNA species, the
prediction of target theory if each species rep-
resented an independent transcription unit.
Instead, they fit a single promoter model with
additive target sizes (1, 5, 6, 10, 19, 20). How-
ever, the target distance between RNA species
2 and 1 was disproportionately large (Table 2);
our explanation is given below.
Order of genes in the genome. If all Sendai

virus genes comprise a single transcription
unit and if we can relate the genes to each of
the RNA species that we resolved, we can
establish the order ofgenes in the Sendai virus
genome. Our argument is circumstantial,
since we have not identified the gene products
of these RNAs directly by their separate trans-
lation in a cell-free system. Proceeding by
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FIG. 5. Inactivation of the transcription ofSendai
virus RNA species by UV. The data points were
derived from the weights of areas cut from the num-
bered peaks in densitometer tracings like those
shown in Fig. 4, adjusted for the total radioactivity
in each poly(A)-rich RNA sample as described by
Portner and Kingsbury (31a). The data shown are
from a single experiment, except for band 3. Since
this band did not always separate clearly from
adjacent bands (see Fig. 4), the data from four
experiments were combined to derive the values
shown. Three other experiments gave results for the
remaining bands similar to those shown above.
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TABLE 2. UV target sizes and molecular weights of Sendai virus RNA species

Theoretical target size x 10'6

Probable Do (ergs/ Observed target daltonseRNAs~ecesgene6 mmtons" Single transcrip- Multiple tran-

tion unit scription units

2 NP 1,420 0.60 0.73 0.73
1 M 434 1.96 2.03 0.44
4 F0 and P 311 2.74 1.6 and 2.9 0.86
3 HN 241 3.54 3.7 0.78
5 L 164 5.20 5.1 1.37

a Numbered as in Fig. 4.
b As assigned in Table 1.
e The UV dose that reduced synthesis of the RNA species to e-l of an unirradiated sample (Fig. 5).
" Calculated from the relationship T = (C x Do)-', where T is the target size; C is proportionality

constant, based on the target size of a standard, which was chosen as the virus genome (23; Fig. 3); and Do
has been defined.

e Based on the molecular weights of the RNA species presented in Table 1.

other criteria, we have already used their mo-
lecular weights to assign RNA 1 to gene M and
RNA 5 to gene L (Table 1). On the same basis,
RNA 2 probably represents gene NP; it is the
second smallest RNA and polypeptide NP has
the same rank among the primary viral trans-
lation products (24) (Table 1).
Three polypeptides, F0, HN, and P, remain

to be apportioned between two RNA species, 3
and 4. The doublet seems to be RNA 4, because
it is the more abundant, and we have, in fact,
occasionally seen two partially resolved com-
ponents in band 4. Strict adherence to the
order of polypeptide molecular weights de-
rived from SDS-polyacrylamide gel electro-
phoresis (24) would assign RNA 3 to F0 and
RNA 4 to HN + P. But two of the polypeptides
in question, F0 and HN, are glycosylated, so

there is some uncertainty about their molecu-
lar weights.
We think it is more likely that RNA 3 repre-

sents HN and RNA 4 represents F0 + P, on the
assumptions that the abundance of a polypep-
tide reflects the abundance of its message (15)
(Fig. 4 and Table 3) and that the abundance of
a message reflects the distance between its
gene and the single transcription promoter
(37) (Tables 2 and 3). The data in Table 3 are
based on P-5S]methionine labeling, but the me-
thionine contents of Sendai virus polypeptides
are so similar that errors in the ranking seem
unlikely (24).

Finally, to account for the disproportionate
UV target distance between RNA 2 and RNA 1
(Table 2), we propose that one of the genes
represented by the transcripts in RNA 4 inter-
venes between NP and M in the genetic map.
F0 is our candidate for this position, since poly-

TABLE 3. Molar rates of Sendai virus polypeptide
synthesis

Relative molarRelative rate of Rltv oa

Polypeptide synthesist rate of synthe-synthesis0 5.sis
NP 27.5 4.6
F, + Fc 13.4 + 8.5 2.1 + 1.7
M 10.8 3.2
P 17.0 2.2
HN. 10.2 1.4

a Relative incorporation of [35S]methionine in a
10-min pulse; from Portner and Kingsbury (31a).

" Calculated by dividing the relative rates of syn-
thesis by the polypeptide molecular weights given in
Table 1 and (24).

c F is the cleavage product of F0 (24, 31a).

peptide F0 is synthesized more abundantly
than any other polypeptide, except NP (Table
3). We explain the target size of band 4 as the
average of the relatively small and relatively
large target sizes of genes F0 and P, respec-
tively. Thus, our suggestion for the gene order
of Sendai virus is: 3'-NP-FO-M-P-HN-L-5'.

DISCUSSION
Our approach to the mapping of the tran-

scriptional organization of the Sendai virus ge-
nome by UV irradiation has the advantage over
previous studies on VSV transcriptive com-
plexes in vitro (1, 6) of directly measuring
events in the infected cell. However, Villarreal
et al. (37) showed that the stoichiometry of the
synthetic rates of VSV mRNA's and polypep-
tides corresponds to the gene order derived from
UV mapping studies, and Ball (5) has more
recently demonstrated that the target sizes of
VSV polypeptides made after primary tran-
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scription in vivo from irradiated virion tem-
plates also agree. Clearly, the evidence is
mounting in support of the conclusion that the
genomes of both rhabdoviruses and paramyxo-
viruses are organized as single transcriptional
units.

In another departure from previous ap-

proaches, we did not irradiate our virus; in-
stead, we irradiated the infected cell at a time
when abundant virus-specific RNA synthesis
occurs on accumulated nucleocapsid templates.
We had thought that the addition of cyclohexi-
mide to the cells before irradiation might be
necessary to block the production of new ge-
nomic RNA templates for transcription in cases
where UV doses were insufficient themselves
to abolish RNA replication (33). Significant
transcription from undamaged templates
would have biased the results against detection
of a single-promoter genome. But despite sig-
nificant RNA replication at low UV doses (Fig.
2), a multiple promoter model was clearly con-
traindicated (Table 2), apparently because most
of the transcription that we measured derived
from templates present in the cells at the time
of irradiation (14).
The lack of close agreement between the sim-

plified formulation (equation 2) of the single
promoter model and the experimental measure
of transcription inactivation versus replication
inactivation by UV (Fig. 3) may be explained as

follows. The simple model eliminated consider-
ations like gene size differences, differential
transcription rates, and recovery of all mRNA
species. In particular, the transcript for gene L
is not expected to be represented in the 18S
population that we took as an overall measure
of transcription (34). If the target sizes of Table
2 are entered into equation 2, taking the target
sizes of the two components assumed to be pres-
ent in RNA band 4 to be 1.6 and 2.9 (Table 2),
and if the putative L gene is included, a value
of 0.58 is obtained for Rs, the same as predicted
by the simple model. But, if the contribution of
the L gene is deleted, the value obtained for Rs
is 0.39, much closer to the experimental value
of 0.42.
With respect to the impact of differential

rates of transcript synthesis on Rs, if promoter-
proximal genes are indeed transcribed more

abundantly than promoter-distal genes, this
weights Rs towards lower values, independent
of other considerations. Quantitation of the ra-
dioactivity in the viral RNA species from unir-
radiated cells gave relative molar rates of syn-
thesis for species 2, 1, 4, and 3 that corre-

sponded to the order of relative molar rates of
viral polypeptide synthesis shown in Table 3.

But species 5 had a synthetic molar abundance
greater than species 3, though less than all the
other RNA species (K. Glazier, unpublished
data). This discrepancy challenges our gene or-
der and the notion that gene order determines
transcript abundances. However, we have
found that the recovery of different RNA spe-
cies varies with the conditions used for their
extraction, (K. Glazier, unpublished data) and
our quantitation was based solely on poly(A)-
containing transcripts, so it may be premature
to place undue weight on this point until more
data on Sendai virus transcription rates are
obtained. Different efficiencies of recovery of
different transcripts would not invalidate our
UY data, since we compared the changes after
irradiation to the unirradiated control value for
each RNA species.
The major deficiency in our data is the lack of

a direct demonstration of the identity of each of
the mRNA species we resolved. Until this is
remedied by their individual translation in
vitro, our assignment of gene order must be
considered tentative. Also, it will be desirable
to have independent confirmation of the map
order of the mRNA's we resolved, such as by
hybridization tests with RNA molecules from
defective-interfering virus particles (26, 36).
Assuming that we have the correct gene order,
it has some interesting parallels with that pro-
posed for VSV (3' N-NS-M-G-L 5') (1, 5, 6). In
both cases, the most abundant polypeptide in
infected cells is the nucleocapsid structure unit
and its gene is promoter proximal, whereas the
gene for the least abundant and largest poly-
peptide, the nucleocapsid-associated polypep-
tide, L, is placed at the opposite end of the
genome. The order of intermediate genes dif-
fews, however. If gene order determines gene
product abundances consistently in these sys-
tems, the differences presumably reflect the
special needs of each virus for certain polypep-
tides in particular levels of abundance.
Regulation of gene expression by gene order

has been termed "polarity" (21, 27, 29). Origi-
nally discovered in connection with nonsense
mutations in prokaryotes, polarity may be a
normal device for regulating the abundances of
polypeptides represented by an operon or tran-
scription unit. However, the mechanism by
which polarity determines mRNA abundances
is not yet clear, even in prokaryotes. Cases
have been made for the primacy of a transcrip-
tional level of control, or alternatively, for a
post-transcriptional, degradative control of
mRNA abundances (21, 27, 29). This is the
crossroad at which our understanding of nega-
tive-strand virus transcription is poised; if tran-
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scription begins only at a single promoter, how
are individual mRNA species generated, and
what regulates their abundances?

Previous authors (1, 5, 6) have opted for a
cleavage mechanism, a theme that is currently
popular in eukaryote molecular biology (11). A
cogent argument in support of this idea comes
from the evidence that the beta-phosphate at
the 5' end of each VSV message is derived from
the inverted 7-methyl guanylate added post-
transcriptionally (2), contrasting with other
systems in which the beta-phosphate can be
traced to the 5' triphosphate that initiates tran-
scription (17, 18). However, it has not been
ruled out that a phosphoesterase cleaves the
original terminal triphosphate to yield a free
alpha-phosphate in the case of VSV. In addi-
tion, there has been no demonstration of the
existence in any negative-strand virus of a nu-
clease with the specificity that a processing
model demands. Therefore, alternative models
warrant consideration. For example, the 3' pro-
moter might be the only "independent" pro-
moter capable of being used in the initiation of
transcription regardless of the previous loca-
tion of the transcriptase that encountered it,
whereas each of the distal genes might contain
"dependent" promoters capable of initiating a
transcript only if presented with a transcrip-
tase that has just terminated the 3' proximal
gene. In this case, polarity could result from
decreasing efficiencies of dependent promotion
along the genome. This last corollary can also
be applied to explain polarity if there is a cleav-
age mechanism, with some modification.
What impact does the discovery of a single

transcription unit for negative-strand viruses
have on our understanding of the relationship
between transcription and the other vital form
of virus-specific RNA synthesis, replication?
The first step in replication involves the pro-
duction of an RNA molecule with the same
polarity as transcripts, but it must be the size of
the genome (22). If individual mRNA's are pro-
duced by cleavage, then the mechanism for pro-
ducing antigenomes must abrogate that cleav-
age. A virus-specific protein is clearly involved
(30, 33). It could be a nuclease inhibitor or, as
we have suggested earlier, it could be the struc-
tural protein of the nucleocapsid itself (22)
which, in the process of encapsidating the
product, would protect it from nuclease action.
On the other hand, if cleavage is not involved,
the nucleocapsid protein could switch on repli-
cation by acting as a suppressor of termination,
analogous to the action of the product of the N
gene of bacteriophage lambda (3).
For both VSV and Sendai virus, the primacy

of transcriptional regulation of polypeptide

abundances need not be absolute. A superim-
posed "fine-tuning" level of translational con-
trol has not been disproven; in fact, close in-
spection of our data on the relative abundance
of the putative message for polypeptide L com-
pared with available data on the abundance of
polypeptide L in infected cells (24, 38) suggests
that this message is inefficiently translated. A
similar situation may exist for the L polypep-
tide of VSV (15).
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