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1. Introduction

Cell-free systems from animal cells in which added
viral messenget RMA’s (mRNA’s) are translated have
proved useful in studies oa eukaryotic protein synthe-
sis and its control. Of the viruses which contain their
own transcriptases for the syntiesis of viral mRNA,
however, only with reovirus has it been possiblz to
synthesise i virro sutficient intact mRNA for its
translation to be studied in this way [1—3]. Vaccinia
is a large DN A virus which contains an RNA polymer-
ase activity associated with the virus cares [4]. The
core polymerase, prepared i virro from purified virus,
will effect the synthesis of RNA having propertics
similar to the viral mRNA present at early times in
vaccinia-infected celis [4]. This RNA is a mixture of
specias, the sizes of which are consistent with their
coding predoeminantly for individval vira: proteins
rather than for vecy large precursar molecules zs is the
case with the picornavirus RNA’s {5, 6] . Furthzrmore
these RNA species unlike the renvirus mRNA’s have
poly A at their 3-ends [7]. Thus these presumptive
vaccinia mRMA’s appear to resemble animal cell mes-
sengers more than do either of the other viral mRNA
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species rost readily available for study — those of
reo- and picornaviruses. As yet, however, no ditect
demonstration of messenger function has been re-
ported for this vaccinia RNA. Here we describe its
translation in two mouse cell-free systems.

2. Materials zod methiods

Vaccinia virus {strain WR) was grown and purified
essentially according to Jaklik {8] as previously de-
scribed [9]. The method of Kates and Beeson was
used in the preparation of the virus cotes [4] . The
reaction mixture for RNA synthesis contained:

2 X 1011 cores; 10 umoles ATP; 5 pumoles each of
CTP. GTP and UTP; 10 »Ci [3H]UTP (40 Ci/mmole};
20 umoles MgCl,; 40 umoles 2-mercaptoethanol;
100 zmoles phosphoenoloyruvate; 100 ug pyruvate
kinase; 250 pg Macaloid [10] ; 200 umoles Tris-HC,
pH 8.5;in a total volume of 4.0 ml. Incarporation of
radioactivity from [PHJUTP into an acid-insolub’e,
alkali and RN Aase-labile product was completely de-
pencdent upon the preseace of ATP, GTP and CTP.
The mixture was incubated at 33° for 3 hr during
which incarporation was almost linear, then centri-
fuged at 30,000 g for 30 min to remove the cores una
the Macaloid. The supernatant was treated with 10
mM EDTA and 1% (w/v) sodiunm: dodecyl sulphate
(SDS) at 37° for 5 min and the inixture was layered
orto a 15—30% sucrose (w/v) gradient in 10 mM Tris-
HCi pH 7.0, 100 mM NaCl, 10 mM EDTA, 0.5% SDS
and centrifuged in the SW 27 rotor at 70,000 g for
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20 hr at 20°. Fractions were coliected and aliquots
werc taken for measurement of acid-insoluble radioac-
tivity. The fractions containing the greater part of the
RNA were pooled and precipitated by the addition of
2.5 vol of ethanol. After storage overnight at —20°,
the RNA was sadimented, washed once with ethanol,
dried in vacuo and dissolved in sterile water prior 12
storage in small aliquots at —20°. The concentration
was determined from the absorbance at 260 nm as-
suming that an absorbance of 1.0 is given by a solu-
tion of 40 pg/ml. The final yield from such a prepara-
tion was of the order of 500 ug.

Ribosome and cell sap components for the Krebs
cell-free system and the L-cell extructs were prepared
as previously described {11, 12]. In each case the
cndogenous protein synthetic activity was reduced by
oreincubation of the post-imitochondrial supernatant
fraction. The response of the Krebs cell-free system
to added vaccinia RNA was assayed in 30 ] niixtures
as {or encephulomyvocarditis virus (EMC) RNA [13]
except that incubation was for 60 min at 30" rather
than 37°. For the L-call-free systam each 50 p reac-
tion mixture contained the following (final conc.):

30 mM Tris-HCL, pH 7.6, 7 mM 2-mercaptoethanol,
3.5 mM Mg acetate, 40 mM KCi, 1| mM ATP, 0.1 mM
GTP, 10 mM creatine ghosphate, 0.16 mig/m! creatine
kinase, 5 uCi/ml M C-amino acid mixture (> 45 mCi
per milliatom carbon}, 40 mM each of the amino acids
not present in the 1*C-amino acid mix and 10 to 15 yl
of L-cel! extract [11, 12]. For the preparation of ma-
terial for gel efectrophoresis, the assays were scaled up
twenty-fold and the 1#C-amino acid mixture was re-
placed by {33S}methionine (20 to 30 Ci/mmole) plus
the “other nineteen” non-radicactive amino acids.
50100 ul aliquots of the cell-free system product
were treated with 2% SDS, 8 M urea and 0.5 M 2-mex-
captoethanol at 100° for 2 min prior to electrophore-
sis on 10% polyacrvlamide gels in the presence of SDS
[14]. The preparation and electrophoresis of

[35S] methionine-labelled polypeptides from vaccinia-
.infected cells has already been described [9, 15]. Gels
were sliced longitudinally and subjected to autoradio-
graphv.

All radicchemicals were purchased from the
Radiochemical Centre, Amersham, Bucks, England.
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Fie. 1. Sucrare gradient sedimentation of I Lisbelled vaccinia
BNA symiliesised in vitra with the core polymeruse from pu-
rified virus. Sedimentation was from ieft to right, The bar in-
dicates the fractions thut were poojed and precipitated 1o
vietd the RNA used in the cell-free systems.

3. Results and discussion

3.1 Chyracterisation of the vaccinfa RNVA arud condi-
rions for irs transtation

The viral RNA synthesised and released by the iso-
lated cores sediments in a sucrose gradient as a broad
peak at abavt 12 § (fig. 1) {4] . The sedunentasiion
behaviour of this RNA is very similar to that of early
vaccinia mRNA seen in infected colls shortly atter in-
fection [4.9]. Blectrophoresis of the RNA ia peiv-
acrylumide gels vielded 4t least 10 discrete species of
3X 104 to 10° in apparent molecular weight on the
basis of comparison with marker ENA’s (fig. 2).

The conditions for optimad stimlation of mino
acid incorporation by this RNA ir: the Krebs cell-{tee
system were very similar 10 those for EMC RNA
[t1, 13!, maximim incorporation being obtained
with 4 to 6 mM Mg2* in the presence of S0 mM K*.
Incubation at 307 was as good or better than at 37°.
Most of the incorporation occurred during the initial
20 to 30 min at either temperature. Typically a 2 1o
5-fold stimulation was observed at a saturating RNA
concentration of about 60 ug/ml. With the L-cell ex-
tracts, maximum incorporation of amino acids in
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Fig. 2. Vaccinia RNA was labelled with ['*CJUTP, isalated
as degeribed in the text and an amount corresponding to
T.000 cpm was applied to a 2% polyzerylamide gel containing
0.59 agarose and subjected to clectraphoresis at 100V

4.5 ma per gel) for 1.5 hr [23]. A, B, C, and D indicate,
respectively, the positians to whicn Encephalomy ocarditis
virus RNA (37 $) znd 28 S and 18 S ribesomal RNA and 4 S
tRINA trom mouse Krels ascites tumour cells included as
markers migrated. These markers did not affect the disteibu-

tion of the radioactive species of vaccinia RNA. After staining
with methylene blue to show tre anlabelled markers, the gels
were dzied and subjected to autoradiography for 5 wesks,
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response to the added vaccinia RNA occurred at 3.5
mM M2, 20 mM K* and 20 pg/ml of RNA and was
essentially complete after 60 min at 30°.

3.2. Analysis of the polypepiide products synthesised
in rezponse io the vaccinia RNA

In the intact vaccinia virus-infected L-call a very
rapid inhibition of hest protein synthesis occurs im-
riediately after infection. Thus by 20 to 60 min post
infecticn the vast majority of protein synthesis is vi-
rus mediated [9, 15—17]. This synthesis is thought to
occur on mRNA’s produced by the transcriptase of
the infecting parental virions. It should be emphasized,
however, that the synthesis of the different viral poly-
peptides is under very fine control, their relative
amounts varying with time post infection |9, 15, 16
and fig. 3, gcls 4 and 5]. It is not yet known for how
many o: these polypeptides the isolated core polymer-
asc from: purified virus synthesises mRNA in vitro. An
estimate for this can be made, however, from the fact
that about 7% of the DNA is transcribed [4] 1o yicid
messages theoretically equivalent to approx. 560,060
molecular weight units of protein.or 10 to 25 polypep-
tides of 20,000 to 50,000 in molecular weight. The
products synthesised in the cell-frae system and the
intact celi were compared by electrophoresis on SDS
polyacrylamide gels (fig. 3, gels | to 6). Itisclear
that while at least 14 discrete polypeptides are
formed in the cell-free system in response to the vac-
cinia mRNA not all of thesa correspond to palypep-
tides present in the intact cell. There is some coinci-
dence, for example, the pair of polypeptides at
approx. 30,000 molecular weight are particularly
characteristic, but also significant differences (figs. 3
and 4}. Immunological identification of the products
has not vet been possible. This may reflect a fatlure
in the phosphorylation [18] or glycosylation of pro-
teins in the cell-free systems, or the fuct that the sera
used contained antibody to “late’ rather than “‘early
viral proteins. A failure in glycosylation or in post-
translztional cleavage [19, 20] in the maturation of
some of the polypeptide products in the cell-free sys-
tem could also explain the tact that not all of these
products correspond exactly ia electrophoretic mabil-
ity to those present in the intact infected cell {fig. 3.
gels | to 6). On the other hand the two mouse cell-

free systems used here are known to be capable of

F3]
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Fig. 3. Polyacrylamide gel electrophoresis of [3 5S]met.hioninc: labelled polypeptides synthesised it vaccinia-infected cells and in
cell-free systems in response to vaccinia RNA. Infected L-cells pulse labelled from 20-40 min (gels L and 4) and 60 to 84 min
(zst $) post intection. Uninfected cells pulse labelied for 20 min (gel 6). Krebs cell-free system with (g2ls 3 and 9) and withiont
{gels 2 and 10) vaccinia RNA. Lcell extracts with (gel 8) and withont (gel 7) vaccinia RNA, Gels 1 to 6 and 7 to 10 were run on
sparate gccasions. The approx. molecular weights (X 10} i some of the infected-celt polypeptides are shown.

the translation of addsd mBRNA’s in the form of in both the Krebs and L cell-free systemns showed det-
‘mouse globin and EMC RNA’s {12, 20—-22]. Moreover, inite similarities with those {rom vaccinia polypep-

in preliminary experiments, fingerprints of tryptic pep- tides tornied at 20 to 60 min but not 180 min post
lides of the vaccinia RNA-stimulated products formed infection in the intact cell. They were, of courser
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Fig. 4. Comparison of the polypeptides formec in response to
vaceinia RNA in the Krebs ceil-free system with early vuccinia
paly peptides from infected L-cells. Analysis of the |355] me-
thionine-labelled polvpepitides was by electrophoresis on SDS-
poalyacrytamide gels. The figure presents densitometer tracimgs
of autoradiograms of the dried gels with the origins to the
right. A) Vacciniz-infected cell polypeptides pulse labelled 20
to 40 min post infection. B and C) Polypeptides from cell-
tfiee syslemns incubated with (B) and without (C) vaceima
RNA

clearly different from those of the products formed
in response to EMC RNA in these systerns. Finally,
the same polypeptide products appear to be synthe-
sised in response to the vaccinia RNA in the two com-
pletely distinct celi-free systems from L and Krebs
cells {fig. 3 gels 7 to 10). It 1s reasonable to conclude,
therefore, thar it is the added vaccinia mBRNA chat is
being translated in the two systems, for it seems high-
v uniikely that identical polypeptide products would
he produ-:ed by an zrtefactual vaccinia mRNA-medi-
ated stimulation of the translation of endogenous
mRNA of L cells in the one case and Krebs celis in the
uther. Accordingly, while absolute proof awaits the
results of 4 more detailed study, the data presented
here ¢learly indicate that the vaccinia core polymerasc
is making RNA which is not only complementary to
vaceiz . DNA [4] but is also active messenger capable
of beiig trunslated in appropriate cell-free systems.
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Addendam: Similar results have recently been reported in | u



