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Translational Control of Vesicular Stomatitis Virus Protein
Synthesis: Isolation of an mRNA-Sequestering Particle
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University ofRhode Island, Kingston, Rhode Island 02881,1 and Roche Institute of Molecular Biology,

Nutley, New Jersey 071102
Received 17 May 1982/Accepted 16 August 1982

An mRNA-ribonucleoprotein particle (mRNP) was found in vesicular stomatitis
virus (VSV)-infected Chinese hamster ovary cells. The particle was present 3 and
4.5 h after infection but was barely discernible at 2 h. The mRNP (buoyant
density, 1.56 g/cm3), which cosedimented with viral nucleocapsid in a sucrose
density gradient at approximately 120 to 160S, was separable from nucleocapsid
(buoyant density, 1.31 g/cm3) by CsCl density gradient centrifugation. It con-
tained all five VSV mRNAs and, almost exclusively, viral N protein. Some host
mRNA and host protein was also present in the particle. The intact mRNP was
incapable of stimulating protein synthesis in an in vitro protein-synthesizing
system, although the VSV mRNA isolated from the particle by phenol extraction
was functional in vitro. In contrast, intact polysomes stimulated cell-free protein
synthesis to the same extent as purified polysomal mRNA. By 4.5 h after
infection, 97% of the functional mRNA in vivo was associated with the mRNP,
and only 3% was on polysomes. The amount of polysomal mRNA at 4.5 h after
infection was only 31% of that found at 2 h after infection; this was reflected by
the 76% decrease observed in the rate of in vivo protein synthesis at 4.5 h relative
to that found at 2 h. Thus, it appears that the mRNP serves as an organelle which
sequesters the large excess of VSV mRNA that is normally made during
secondary transcription.

Vesicular stomatitis virus (VSV), a negative-
stranded RNA rhabdovirus, provides an ideal
system for studying the interrelationships be-
tween gene transcription and translation and
between translation and messenger stability.
The VSV genome codes for five proteins (12, 13,
21), and it is possible to isolate and translate the
corresponding mRNAs in vivo (17). VSV mes-
sages can be used as a paradigm for studying
some of the general properties of eucaryotic
mRNA, since VSV mRNAs possess many of the
features of normal eucaryotic mRNA, such as a
5' cap and a 3' polyadenylate tail (1, 2).
Soon after infection, VSV initiates the replica-

tion of the genome, its transcription into mRNA,
and subsequent translation of the mRNAs (11,
27). In addition, the virus or virus-directed prod-
ucts inhibit host protein synthesis (19, 28). Dur-
ing replication, a nucleocapsid particle contain-
ing N, NS, and L proteins and a 42S genome
length RNA appears (19). Recently, an in vitro
system has been described which assembles
VSV genome-size RNA plus and minus strands
into nucleocapsids containing N protein (9). The
presence of other VSV proteins was not fully
established. Another intracellular particle con-
taining N protein and VSV leader RNAs sedi-

menting at 18S has also been described (3). Its
role in replication and transcription is not
known.
The presence of mRNA-ribonucleoprotein

particles (mRNPs) late in VSV infection has also
been demonstrated (8, 11, 25). The particles,
isolated by Grubman and Shafritz (8), were
obtained from polysomes (>120S) and subribo-
somal particles (<80S). They are composed of
two size classes, a large particle (approximately
60 to 80S) containing 26S viral mRNA and a
small one (approximately 40S) containing 12 to
18S mRNA. The particles also included the VSV
N protein and a host protein. In these studies,
the region of 120 to 160S (the "nucleocapsid")
was not analyzed, nor was quantitation of the
fraction of total mRNA in these particles per-
formed or the presence of host cell mRNA
studied.

In the present communication, we character-
ize a new mRNP isolated from the nucleocapsid
region of a sucrose density gradient which is
present reasonably early (before 3 h) during
VSV infection of Chinese hamster ovary cells.
This particle sediments at approximately 120 to
160S and contains all five VSV mRNAs and
almost exclusively the VSV N protein. Data are

932

 on A
ugust 15, 2018 by U

N
IV

 O
F

 R
H

O
D

E
 IS

LA
N

D
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


mRNP IN VSV 933

E

o o~~~~~~~~~~~~~~~~~t

30 l
-04

10~~ ~ ~ ~ ~ ~ ~ ~

TOP FRATION NUMBER BOTTOM

FIG. 1. mRNP at 2 (A) and 3 (B) h after VSV
infection. Chinese hamster ovary cells were infected
with VSV for the indicated times. The cells were
labeled with [35S]methionine for 10 min before the
addition of puromycin. The spinner culture was then
divided, and half of the cells were incubated with
puromycin for 10 min. Cytoplasmic extracts were
fractionated as described in the text. Radioactivity of
control (0) and of puromycin (0) is shown. The solid
line without symbols is the absorbance profile of
polysomes before addition of puromycin.

presented which suggest that the mRNP regu-
lates the translation ofVSV protein synthesis by
sequestering functional mRNA and making it
inaccessible for protein synthesis.

MATERIALS AND METHODS
Chinese hamster ovary cells and viral infections.

Chinese hamster ovary cells and VSV (Indiana strain)
were kindly supplied by Alice Huang (Harvard Medical
School, Boston, Mass.) in 1976 and have been main-
tained as previously described (26). All infections were
carried out at 34°C in F-13 medium (GIBCO Labora-
tories) supplemented with 2%o fetal bovine serum. Sus-
pension cultures were infected at a multiplicity of infec-
tion of 10 in the presence of actinomycin D (10 g/ml) as
described previously (22). Medium contained HEPES
(N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid)
and TES [N-tris(hydroxymethyl)methyl-2-aminoethane-
sulfonic acid] buffers to maintain a constant pH of 7.4.
Labeing and dissociation of polysomes. When distri-

bution of mRNA was used to visualize polysomes,
cells were labeled continuously with [3H]uridine (10
,uCi/ml, 48 Ci/mmol) until completion of the experi-
ment. When polysomal bound protein was to be used
as a marker, cells were labeled with [35S]methionine
(20 LCi/ml, 1,295 Ci/mmol) 10 min before harvest.

When required, polysomes were dissociated with pu-
romycin (300 pg/ml) 10 min before cell harvest.

Gradient analysis of RNA and RNP. Cells were
fractionated as described previously (20) with modifi-
cations. Cells (2 x 106/ml) were centrifuged (500 x g, 5
min), followed by two washings with Earle's balanced
salt solution. Cell pellets were suspended in 1.8 ml of
reticulocyte standard buffer (10 mM Tris-chloride [pH
7.21-10 mM NaCI-1.5 mM MgCl2) and allowed to
swell for 10 min at 0°C. Cells were then disrupted by 50
strokes in a tight-fitting Dounce homogenizer. The
extracts were centrifuged (2,000 x g, 4 min) to remove
nuclei. Postnuclear supernatants were made 1% in
Nonidet P40 to dissolve membranes. The superna-
tants were layered onto 36-ml, 5 to 40%o (wt/vol)
sucrose gradients in high-salt buffer (10 mM Tris-
chloride [pH 7.21-500 mM NaCI-50 mM MgCI2). Cen-
trifugation was carried out at 3°C for 2.5 h at 25,000
rpm with a Spinco SW27 rotor. Gradients were frac-
tionated with an ISCO density gradient fractionator,
(Instrumentation Specialties Co.) and the UV absor-
bance at 254 nm was monitored. Identification of
polysome and mRNP fractions was accomplished by
removing 50-Al samples from each gradient fraction of
separate gradients of extracts of puromycin-treated or
untreated infected cells and measuring the amount of
trichloroacetic acid-precipitable radioactivity (usually
in the form of [35S]methionine-labeled protein). The
extract from puromycin-treated cells gave the mRNP,
and in the untreated control, the polysome fractions
past the mRNP were collected. When required, the
mRNP was further purified from comigrating poly-
somes by pooling mRNP fractions taken directly from
the gradient, dialyzing against reticulocyte standard
buffer for 12 h, and separating the dialyzed material on
CsCl gradients (Fig. 2).

Extracion of RNA. RNA was isolated from the
polysomal and mRNP fractions as previously de-
scribed (7, 24), washed in 70%6 ethanol, and stored at
-70°C in a small volume of sterile water until further
use. In experiments involving mRNA bound to intact
particles, recovery of purified mRNP was accom-
plished by centrifugation in a Beckman 65 rotor at
45,000 rpm for 4.5 h through 32% sucrose in high-salt
buffer. Polysomal RNA still associated with poly-
somes was obtained in the same way.

Cell-free protein synthesis. Seven micrograms of
total RNA per 50-SIl reaction sample was used to direct
an in vitro cell-free wheat germ protein-synthesizing
system or a rabbit reticulocyte lysate as described
previously (22, 23). Incorporation of RNA at this
concentration was in the linear range.

Gel electrophoresis of protein, peptide analysis, and
fluorography. Both in vivo and in vitro protein prod-
ucts, as measured by incorporation of [355]methio-
nine, were analyzed on 10%6 polyacrylamide slab gels
as described previously (7). Peptide mapping of the
mRNP and the viral N protein was done by the method
of Cleveland et al. (5) with Staphylococcus V8 prote-
ase (Miles Laboratories). Dried gels were fluoro-
graphed by the procedure of Laskey and Mills (14).

RESULTS
Subcellular localization of VSV mRNA and

protein. The subcellular localization of VSV
RNA and protein was determined. Cells were

VOL. 44, 1982
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934 ROSEN, ENNIS, AND COHEN

labeled with either [35S]methionine for 10 min at
2 and 3 h after VSV infection or [3H]uridine
continuously for 2 and 3 h before cell harvest. At
each time, half of the spinner culture was incu-
bated with puromycin (300 ,ug/ml) for 10 min to
dissociate active polysomes (10). In this way, it
was possible to distinguish between polysome-
bound mRNA and RNA which sedimented with
polysomes but was not functionally bound to
them. At both 2 and 3 h (Fig. 1A and B),
fractions 15 to 30 were sensitive to the drug, as
evidenced by polysome breakdown (data not
shown). It is noteworthy, however, that there
was a puromycin-resistant, protein-containing
particle (mRNP) (Fig. 1B) which encompassed
the entire small polysomal region of the gradient
(approximately 120 to 160S). The same results
were obtained when viral RNA was labeled with
[3H]uridine (data not shown). Consequently, the
particle contains both protein and RNA. The
mRNP also remained intact when cytoplasmic
extracts were analyzed on sucrose gradients
containing 20 mM EDTA, which also dissociat-
ed polysomes (data not shown).
The mRNP was purified by CsCl gradient

sedimentation. VSV-infected cells were labeled
continuously with [3H]uridine and then labeled
with [35S]methionine for 15 min before harvest-
ing the cells. In this way, both viral RNA and
protein were labeled. Cytoplasmic extracts were
prepared, and the crude particles were collected
from the appropriate fractions of a sucrose den-
sity gradient. The mRNP labeled in protein with
[35S]methionine and in RNA with [3H]uridine
was separated from the nucleocapsid by CsCl
density gradient centrifugation of crude mRNP
fractions. The buoyant density of the mRNP was
1.56 g/cm3, and that of the nucleocapsid was
1.31 g/cm3, a value reported by others (11; Fig.
2). It is noteworthy that most of the protein (69o
of total) was associated with the nucleocapsid,
and practically all of the mRNA (92%) was
found in the mRNP. The mRNPs were not fixed
before sedimentation through CsCl, yet they
seemed quite stable. Less than 10o of the total
mRNA put on the gradient was found in the
pellet, and no protein was present in the top of
the gradient, where it would be expected if both
macromolecules were stripped off the particles.

Characterization of the RNA and protein pre-
sent in the mRNP. The presence of VSV mRNA
in the mRNP was demonstrated by its in vitro
translation. Cells infected for 3 h were treated
with puromycin to disaggregate the polysomes.
Cytoplasmic extracts were made and separated
by density gradient centrifugation, and the frac-
tions containing the mRNP were collected by
centrifugation through 32% sucrose made up in
high-salt buffer. The respective particles were
separated by centrifugation through CsCl. RNA

16~
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o61
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FIG. 2. CsCl density gradient centrifugation of
mRNP fraction. Cells were infected for 3.5 h. Cyto-
plasmic extracts were prepared and analyzed on su-
crose density gradients as described in the text. The
mRNP-containing fractions were dialyzed extensively
against reticulocyte standard buffer and then lyophi-
lized. The material sedimenting within this fraction
was centrifuged on a 5-ml preformed CsCl gradient
(1.17 to 1.65 g/cm3) at 35,000 rpm for 10 h in a Spinco
SW50.1 rotor. [35S]methionine incorporation during a
10-min pulse (0) and [3H]uridine incorporation after
labeling for 3.5 h (0) is shown.

from each particle was isolated by phenol ex-
traction and used to program an in vitro cell-free
reticulocyte protein-synthesizing system. The
[35S]methionine-labeled proteins synthesized
were identified by gel analysis. It was clear (Fig.
3A, lane 3) that the particle contained mRNA
which coded for the G, N, NS, and M VSV
proteins. L protein was not made in vitro (8, 11),
but it was observed in a gradient ofRNA as 28S.
The mRNP did not contain rRNA (data not
shown) and was therefore not contaminated with
polysomes which have the same buoyant densi-
ty. Some host protein was made in vitro (Fig.
3A, lane 3), indicating that some host mRNA
was present in the particle. Although prominent
in the overexposed gel, the presumed host pro-
teins made up a small portion of the total transla-
tion products. One prominent protein (R in 3A)
was an endogenous reticulocyte protein made in
extracts lacking added mRNA. Both the R pro-
tein and another one running slightly slower than

J. VIROL.
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FIG. 3. Polyacrylamide gel anal
nucleocapsid-associated proteins a]
sized proteins with particle mRNA
cles were isolated from cells infecte(
collected from sucrose density grad
to get rid of the sucrose. The partic
on a CsCl gradient as described in t
and dialyzed to get rid of the CsCl. (
particle (60 ,ug of protein) was r
treatment and suspended in 10 ,u
microliters of each RNA sample
reticulocyte lysate, and the transla
separated on a polyacrylamide gel.
uninfected cells labeled for 15 min
nine (35,000 cpm); lane 2, [35S],
translation vroducts with RNA fri

B were labeled with [35S]methionine 10 min before
harvesting. The mRNP and nucleocapsid were

1 2 collected, and the labeled protein was analyzed
by polyacrylamide gel electrophoresis. The
mRNP contained, almost exclusively, a protein
of the same molecular weight as VSV N protein

-X (Fig. 3B, lane 2) and a trace of L protein. In
addition, a 90,000-dalton protein, presumably a
host protein, was also observed (see "X" in Fig.
3B). Peptide maps of both authentic N protein
and the protein present in the particle proved
that both proteins were identical (Fig. 4).

In contrast to what was observed in mRNP,
the nucleocapsid (Fig. 3B, lane 1) contained L
and NS protein in addition to the major N
protein.

Distribution of viral mRNA between polysomes
and mRNP. The distribution of functional viral

ysis of mRNP- and mRNAs between polysomes and mRNP was
nd in vitro synthe- determined by translating purified RNA from
as template. Parti- the respective fractions in vitro. Stimulation ofd with VSV for 3 h, incorporation by each sample of RNAs was
ients, and dialyzed taken as a measure of the amount of functional
he legend to Fig. 2 messenger present (Table 1). There was an ap-
(A) RNA from each proximately fivefold increase in total functional
purified by phenol mRNA (polysomes plus RNP) from 2 to 3 h
LI of water. Three postinfection and a further twofold increase
was added to a from 3 to 4.5 h postinfection, although there was

tion products were a slightly less than twofold increase in poly-
Lane 1, Extract of some-bound mRNA from 2 to 3 h and a fivefold
i with [3S]methio- decrease from 3 to 4.5 h. The vast majority of
om the1i31-/cm3 the mRNA present at 3 h (75%) and at 4.5 h

particle (25,000 cpm); lane 3, translation products from
1.56-g/cm3 particle (%,000 cpm). (B) As described in
the text, VSV cells infected for 3 h were labeled with
[35S]methionine for 15 min. The proteins from the
respective particles were run on a 10% polyacrylamide
gel. Lane 1, 1.31-g/cm3 particle (18,000 cpm); lane 2,
1.56-g/cm3 particle (18,500 cpm). A reaction with no
added mRNA gave the same pattern as that shown in
(A), lane 2. Abbreviations: L, G, N, NS, and M are the
respective VSV proteins; R, reticulocyte protein made
in the translation system lacking added mRNA; X,
unknown host protein.

VSV N protein in translations ofRNA extracted
from the nucleocapsid were endogenous reticu-
locyte lysate proteins made in the absence of
added mRNA (Fig. 3A, lane 2). Therefore, the
nucleocapsid apparently has no mRNA associat-
ed with it. However, some 42S genome RNA
was present (although plus- or minus-strand
RNA was not determined), as shown by sucrose
density gradient analysis (data not shown). Viral
genome has been previously shown to be pres-
ent in the nucleocapsid (11). No 42S RNA was
found in the 1.56-g/cm3 particle.
To determine the protein composition of the

mRNP and nucleocapsid, cells infected for 3 h

I 2
A*1

FIG. 4. Peptide analysis of mRNP protein. The
peptides released by Staphylococcus V8 protease
were analyzed on a 15% sodium dodecyl sulfate-
polyacrylamide gel as described previously (5). Lane
1, Authentic VSV N protein; lane 2, protein isolated
from mRNP. The proteins were isolated from 10o
gels.

VOL. 44, 1982
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936 ROSEN, ENNIS, AND COHEN

TABLE 1. Distribution of viral mRNA between
mRNP and polysomesa

Sample [35S]methionine
and h incorporated

postinfection (cpm)

mRNP
2 3,404
3 79,098
4.5 188,688

Polysomes
2 17,325
3 26,500
4.5 5,429

a Polysomal and mRNP fractions were separated
from cytoplasmic extracts of infected cells on sucrose
density gradients as described in the text. RNA was
isolated from each fraction by phenol extraction. The
RNA content of each fraction before and after phenol
treatment was determined by the orcinol method. In
this way, the percent recovery ofRNA in each fraction
was determined. It was thus possible to add amounts
of purified RNA to each 5-,ul wheat germ cell-free
protein-synthesizing reaction in proportion to the
amount initially present in the sucrose gradient frac-
tions. Therefore, the data presented quantitatively
show the mRNA content in each fraction. Total incor-
poration was proportional to the amount of RNA
added and is therefore a reflection of the mRNA
content of the samples. At 2 h, 84% of the total mRNA
sedimenting at 80S or greater was present in poly-
somes, and 16% was present in the mRNP region of
the gradients; at 3 h, the values were 25% for poly-
somes and 75% for mRNP; and at 4.5 h, the values
were 3 and 97%, respectively.

(97%) postinfection was found in the mRNP,
whereas little mRNA was present at 2 h in the
mRNP (16%). These percentages refer to the
fraction of the VSV mRNA present in the poly-
some region of the gradient, and not to anything
less than 80S. At 2, 3, and 4.5 h, about 35, 80,
and 65% of the VSV mRNA was on polysomes,
respectively (18).
The in vitro stimulatory activity of the intact

mRNP was also determined. The mRNP was
isolated from cells infected for 3 h by centrifuga-
tion through a solution of 32% sucrose in high-
salt buffer of the appropriate gradient fractions
of a cytoplasmic extract. Polysomes were isolat-
ed in the same way. The pellets were dissolved
in water and added directly to an in vitro wheat
germ protein-synthesizing extract. RNA isolated
from each of the samples was also translated in
vitro. Although purified RNA isolated from the
mRNP was very active in stimulating protein
synthesis (77,709 cpm), the intact mRNP was
not (400 cpm) (Table 2). Furthermore, the intact
mRNP at this concentration did not significantly
inhibit protein synthesis directed by purified
mRNP RNA. In addition, intact polysomes and
polysomal RNA were about equally effective in

TABLE 2. Stimulatory activity of intact polysomes
and mRNP and of their purified RNAsa

[35SJmethionine
Source of RNA incorporated

(cpm)

Intact mRNP 400
Purified mRNP RNA 77,709
Intact polysomes 11,100
Purified polysomal RNA 15,000
Purified mRNP RNA + intact mRNP 58,500

a Cytoplasmic extracts from cells infected for 3 h
were prepared and analyzed on sucrose gradients as
described in the text. The mRNP and polysome frac-
tions were collected by centrifugation through 32%
sucrose. The pellets were collected and dissolved in
water. RNA was isolated by phenol extraction from
one portion of each sample. The intact polysomes and
mRNP or the RNA isolated from the respective frac-
tions were used to program an in vitro wheat germ
protein-synthesizing system. Seven micrograms of
each RNA was used in a 50-1I reaction.

stimulating incorporation in vitro (11,110 and
15,000 cpm, respectively).

Correlation between protein synthesis and dis-
tribution of mRNA on polysomes and mRNP
during VSV infection. Previous work has shown
that both the rate of protein synthesis and poly-
some content decrease late in VSV infection (4,
11, 15). We determined whether the decrease in
protein synthesis was accompanied by a corre-
sponding decrease in the amount of polysome-
bound mRNA. Polysomes and mRNP were iso-
lated from cells at 2, 3, and 4.5 h after infection,
and their mRNA content was determined. The
relative rates of in vivo protein synthesis corre-
lated very well with the polysomal mRNA con-
tent at each time of infection (cf. rate of protein
synthesis and polysomal mRNA content in Ta-
ble 3). For example, at 4.5 h after infection,
there was more than twice as much mRNA in

TABLE 3. Relative rates of protein synthesis,
polysome content, polysomal mRNA, and mRNP

content during VSV infection

Time Rate of Content of b:

infteto proteininfectiosynthesisa Polysomec PolYsomal mRNP-
(h) sythnRNAd mRNAd

2 1 oob 1.00 1.00 1.00
3 1.04 1.24 1.53 23.24
4.5 0.24 0.52 0.31 55.43

a Measured by a 10-min pulse with [35S]methionine
(see text).

b Two-hour values were taken as 1.00; 3- and 4.5-h
values were calculated relative to 2 h.

c Measured as area in the polysome region of su-
crose gradients.

d Measured by cell-free protein synthesis (data from
Table 1).

J. VIROL.
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VOL. 44, 1982

the mRNP than at 3 h, with only one-fifth as
much mRNA in polysomes (Tables 1 and 3).

In contrast, the mRNA content of the mRNP
was not correlated to the rate of protein synthe-
sis, rising dramatically during the same period
(see mRNP-mRNA content in Table 3). For
example, the mRNA content of the mRNP at 4.5
h after infection was 55-fold that at 2 h, yet the
rate of protein synthesis actually decreased to
one-third the 2-h rate.

DISCUSSION
In the present investigation, we report on an

mRNP found in VSV-infected cells. The particle
was present in the nucleocapsid region of the
sucrose density gradients in the 120 to 160S
region (Fig. 1), could be separated from the
nucleocapsid (buoyant density, 1.31 g/cm3) by
CsCl density gradient sedimentation, and had a
buoyant density of 1.56 g/cm3 (Fig. 2). The
mRNP contained all five VSV mRNAs and a
small amount of host mRNA (Fig. 3), but no
ribosomal RNA. This particle also included al-
most exclusively viral N protein (Fig. 3). A
90,000-dalton protein (presumably host) is also
present, but at less than 0.1% the concentration
of N.
As previously described (9), the nucleocapsid

contains L, N, and NS proteins. It does not
possess host mRNA (Fig. 3).

Unlike the mRNP which we isolated from the
nucleocapsid region of a sucrose gradient (120 to
160S), mRNPs studied by others (8) were isolat-
ed only from polysomes (>120S) or subribosom-
al particles (<80S). These particles contain viral
N protein in addition to a 78,000-dalton host
protein but sediment at approximately 60 and
40S (buoyant density, 1.36 g/cm3).
Most important, we have shown that the

mRNA sequestered in the mRNP is nonfunc-
tional in vitro. The intact particle and purified
mRNA isolated from the particle were assayed
for stimulatory activity in a wheat germ protein-
synthesizing system. The purified mRNA stimu-
lated very well, whereas the intact particle did
not (Table 2). In addition, the particle itself was
not inhibitory, because it did not inhibit protein
synthesis when added to a wheat germ extract
simultaneously with VSV mRNA. In contrast,
mRNA bound to polysomes was functional in
vitro (Table 2). Therefore, the inability of the
mRNP-bound mRNA to function in vitro is due
to some intrinsic property of the particle. It is
tempting to extrapolate from this finding that
particle-bound mRNA in the intact cell is like-
wise nonfunctional.
We previously reported that a large propor-

tion of what was presumably polysome-bound
VSV mRNA made between 2 and 3 h after
infection is not translated in vivo (18). In these

mRNP IN VSV 937

studies, the entire polysome region displayed on
a sucrose gradient was collected, and the RNA
was isolated. Estimates of functional mRNA
were made by determining the stimulatory activ-
ity of the RNA in a wheat germ protein-synthe-
sizing system. It was assumed that all of the
mRNA which was contained within the
polysomal region of the gradient was actually
bound to polysomes. In retrospect, it is obvious
that this is not so. As we have shown (Table 1),
75% of the VSV mRNA at 3 h is sequestered in
the mRNP, which is presumably inactive in
vivo. Only 16% of the total VSV mRNA is found
in an mRNP at 2 h postinfection. We estimate
that the amount of mRNA actually bound to
polysomes in vivo is sufficient to support the
amount of VSV protein synthesis observed at
either time of infection. Therefore, the control
over the translation of VSV protein synthesis
during infection is obtained by preventing the
majority of the mRNA from binding to poly-
somes and acting as templates for VSV protein
synthesis.

In addition, it is known that both the rate of
protein synthesis and polysome content de-
crease late in infection (4, 11, 15). This decrease
in protein synthesis is accompanied by a de-
creased amount of mRNA on polysomes, even
though the total mRNA content of the cell
increases throughout infection. The data pre-
sented in Table 3 intimate, as also discussed in
the previous paragraph, that the amount of
mRNA on polysomes accurately reflects the
protein-synthesizing capacity of the cell, where-
as the total mRNA content (polysomes plus
mRNP) does not. The mRNA bound to the
mRNP is unavailable for protein synthesis. It
has recently been reported that cell-free extracts
of VSV-infected L cells lose their ability to
synthesize VSV proteins programmed by VSV
mRNAs. However, addition of eucaryotic initia-
tion factor 2 restores the protein-synthesizing
capacity of the extracts (4). It is probable that
these extracts contain large amounts of the
mRNP we have described. If so, it is possible
that the mRNA-sequestering ability of the
mRNP and the loss of functional eucaryotic
initiation factor 2 in vivo are related. We are
now studying this possibility.
Host protein synthesis is inhibited during

VSV infection (19, 28). However, the mRNAs
for these proteins are still present late in infec-
tion and can be translated in vitro (6). One
mechanism advanced to explain this observation
is that the large excess of VSV mRNA made
during infection effectively outcompetes for ri-
bosomes and thereby prevents host mRNA from
being translated (15, 16). We feel that this expla-
nation should be reexamined, since we find the
vast majority of VSV mRNA is unavailable for
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translation and is therefore presumably unable
to compete for sites on polysomes.
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