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Adenovirus type 2 mRNA was translated in S30 extracts from Ehrlich ascites
and wheat embryo cells. The in vitro products were identified by sodium dodecyl
sulfate-gel electrophoresis after immunoprecipitation with specific antisera in
the presence of urea. Seven virion polypeptides could be identified by immuno-
precipitation. Three of these appear to be precursors to polypeptides of the
virion. mRNA isolated late in adenovirus infection was separated into three size
classes by zonal sedimentation. Material sedimenting at 26S was translated into
polypeptides corresponding to the largest virion polypeptides II to IV, a 22S
fraction corresponding to polypeptide V, and smaller polypeptides and a 15S
fraction corresponding to polypeptide IX. A significant amount of polypeptide IX
was also synthesized by the 26S and 22S RNA.

The DNA-containing adenoviruses may serve
as a model for translation in eukaryotic cells
since the viral mRNA, like the host-cell mRNA,
is synthesized and polyadenylated in the nu-
cleus and processed and transported to the
cytoplasm where it forms polyribosomes (for a
review, see 20). Several of the virion proteins
have been extensively characterized (for a re-
view, see 21), and there is evidence for regula-
tion at the translational level of their synthesis
(18). Translation in a cell-free system may
unravel these control mechanisms and also
reveal precursor polypeptides, since cleavage is
often deficient in cell-free systems (15, 17).

Several reports have appeared suggesting in
vitro synthesis of adenovirus proteins from poly-
ribosomes from infected cells, but it has not
been established unequivocally that these sys-
tems initiate translation (5, 27). Translation of
mRNA in a complete heterologous cell-free
system overcomes this difficulty, and no abso-
lute restriction for translation has yet been
reported (14, 25). This communication de-
scribes translation in S30 extracts from Ehrlich
ascites and wheat embryo cells of adenovirus
type 2 (Ad2) RNA isolated late in productive
infection. Several products are identified by
specific immunoprecipitation followed by so-
dium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis.
The translation products generated by the

three size classes of late adenovirus mRNA have
also been analyzed.

MATERIALS AND METHODS
RNA preparations. KB cells grown in spinner

cultures at a cell density of 2 x 101 to 5 x 10' cells/ml
were infected with Ad2 or mock infected as described
previously (13). The cells were labeled with [5-AH]uri-
dine from 14 to 16 h postinfection. During labeling the
cells were concentrated 10 times. Infected and mock-
infected cells were fractionated into cytoplasm and
nuclei, and in some cases the polyribosomes were
isolated as previously described (13). The cytoplasm
was extractbd with phenol according to three different
procedures (4, 9, 16). RNA dissolved in water at a
concentration of 2 to 4 mg/ml was used in the
translation system. Cytoplasmic RNA was, in some
experiments, subjected to fractionation by affinity
chromatography on oligo(dT)-cellulose essentially by
the method of Aviv and Leder (3). In other experi-
ments, poly(U)-Sepharose was used instead of oligo
(dT) as described by Lindberg and Persson (12).
TMe poly(A)-containing RNA eluted from the oligo

(dT)-cellulose columns was fractionated by centrif-
ugation. It was dissolved in 0.1 x SSC (0.15 M NaCl
plus 0.015 M sodium citrate) plus 0.5% sarcosyl to a
concentration of 1 to 2 mg/ml. Nine volumes of
formamide was added 150 to 200 ug of RNA. Samples
were kept at 37 C in a water bath for 5 min and
quickly cooled by incubation at -20 C for 1 min.
Samples were then diluted to a final concentration of
0.50% formamide with 0.1 x SSC plus 0.5% sarcosyl
and layered on top of a 15 to 30% (wt/vol) sucrose
gradient containing 0.1 M NaCl-0.1 M EDTA (pH
7.5)-0.01 M Tris (pH 7.5)-0.5% sarcosyl-50% formam-
ide. Centrifugation was for 48 h at 4 C in a SW 27
rotor in a LS 50 Beckman centrifuge.

Cell-free extracts. Preincubated S30 extracts from
Ehrlich ascites cells were prepared as described by
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Eggen and Shatkin (6). It was important to raise the
magnesium ion concentration to 3.5 mM immediately
after disruption of the cells to obtain an extract with
high activity. Wheat-germ cell extracts were prepared
according to Roberts and Paterson (22). The magne-
sium ion concentration was also raised to 3.5 mM in
these extracts directly after grinding.

Cell-free protein synthesis. The incubation condi-
tions for ascites and wheat embryo cell extracts were
those shown in Table 1 unless stated otherwise. The
standard volume was 100 uliters. Ten microliters of
0.1 M unlabeled methionine was added to duplicate
samples, and the mixtures were pipetted onto 3 MM
Whatman filter paper disks and placed in 10% trichlo-
roacetic acid at 90 C for 15 min and washed in 5%
trichloroacetic acid, ethanol, ethanol-ether, and
ether. Radioactivity was determined in a toluene
based scintillation mixture at an efficiency of 80% for
35S.

Antisera. Antisera against poliovirus and against
Ad2 virion proteins hexon (polypeptide II), penton
(polypeptides III and IV), and major core protein
(polypeptide VII) were prepared in rabbits (8); swine
immunoglobulin G (IgG) directed against rabbit IgG
(Dakopatts A/S, Denmark) was used in the second
step in the double immunoprecipitation. The nomen-
clature for the adenovirus polypeptides is that of
Anderson et al. (1). Antisera against Ad2 proteins
corresponding to polypeptides HIa, VI, VIII, and IX
were prepared in guinea pigs (7a; unpublished data).
Rabbit IgG directed against guinea pig IgG (Hoechst,
Behringewerke) was then used in the second step.
Two antisera against hexon (polypeptide II) were
used, one prepared against native hexon (8) and one
against hexon denatured with 6 M guanidine (lOa).
IgG was purified by passing the antisera through col-

TABLE 1. Translation conditions

Cell extract

Condition Ehrlich Wheat
ascites embryo

HEPESa (pH 7.6) 20mM 20mM
KCI 120 mM 65 mM
MgAc2 3.2 mM 3.2 mM
ATP(LiorK) 1mM 1mM
GTP (Li or K) 0.1 mM 0.2 mM
CTP (Tris) 0.06mM
Creatine phosphate 2 mg/ml 4 mg/ml

(Tris)
Creatine kinase 100 jig/ml 40 ug/ml
[I3S]methionine (150 50 to 250 uCi/ml 50 to 250 uCi/ml

to 200 Ci/mmol)
S30 extract, protein 5 to 10 mg/ml 5 to 10 mg/ml

concentration
RNA 20 to 60,ug/ml 20 to 60 wg/ml
Dithiothreitol 0.75 mM 0.75 mM
Amino acids 20,uM 20 yM
Incubation time 80 min 80 min
Incubation tempera- 37 C 30 C

ture

a HEPES, N-2-hydroxyethyl-piperazine-N'-2'-ethanesul-
fonic acid.

umns of DEAE-Sephadex A-50 in 0.01 M sodium
phosphate (pH 6.5) and collecting the flow through.

Immunoprecipitation. Cell-free translation mix-
tures prepared and incubated as described in Table 1
were further incubated for 30 min at 37 C with 100 ,g
of RNase A per ml in the presence of 0.1 M EDTA and
dialyzed overnight at 4 C against 7 M urea-1 mM
dithiothreitol in phosphate-buffered saline (PBS).
The resulting solution was centrifuged at 16,000 x g
for 10 min, and the supernatant was diluted with PBS
to 1 M urea, adjusted to 1% with Triton-X 100, and
centrifuged again at 16,000 x g for 10 min. At least
98% of the trichloroacetic acid-precipitable radioac-
tivity of the original translation mixture was re-

covered in the supernatant before immunoprecipita-
tion with antisera. The cell-free translation mixture
was subjected to a nonspecific precipitation with
anti-poliovirus rabbit IgG-swine anti-rabbit IgG, and
the supernatant was used for immunoprecipitation
with antibodies directed against Ad2 virion proteins.
Specific and nonspecific immunoprecipitation was
carried out by a double-antibody technique: 1.0 ml
portions of the sample were incubated at room tem-
perature for 1 h with 0.1 ml of antiserum (1.0 mg of
protein/ml) or purified IgG (0.4 mg of protein/ml)
directed against poliovirus or Ad2 virion proteins. A
heterologous antiserum or IgG directed against the
first IgG was added at equivalence, and the samples
were kept overnight at 4 C. The immunoprecipitates
were collected by centrifugation at 3,000 x g for 10
min, washed three times with PBS-1% Triton X-100,
dissolved in 0.1 M NaOH, precipitated with trichloro-
acetic acid, washed twice with acetone, and dissolved
for electrophoresis in gel sample buffer (11).

Electrophoresis. Portions of the translation mix-
tures or the marker proteins were incubated with 0.1
M NaOH for 15 min at 37 C and precipitated with
equal volumes of 10% trichloroacetic acid, washed
with 5% trichloroacetic acid and acetone or ethanol,
and dissolved in 100 Militers of gel sample buffer (11).
Slab gels contained 13% acrylamide (11) and were

subject to electrophoresis at 100 V for 3 to 4 h with
10-,gliter samples applied. [35S ]methionine-labeled
Ad2 was used as marker. For autoradiography, X-ray
films (Kodak X G14) were exposed to dried gels for 10
days. Immunoprecipitates were analyzed on cylindri-
cal SDS-polyacrylamide gels (8) (13% polyacrylam-
ide, 0.5 by 13.0 cm) with [3H]methionine-labeled Ad2
as an internal marker. Electrophoresis was carried out
at 100 V for 6 h. The procedures used to slice the gels
and to assay radioactivity have been described (8).

Chemicals and isotopes. Fresh commercial wheat
germ was supplied by a local mill (Kungsornen,
Uppsala). N-2-hydroxyethyl-piperazine-N'-2'-
ethanesulfonic acid, ATP (Ba salt) and CTP (Tris
salt) were from Sigma, GTP (Li salt) and creatine
phosphate (Tris salt) were from Boehringer, Mann-
heim. ATP potassium salt was prepared by triturating
the barium salt with K2SO4 and removing the BaSO4
precipitate. [I'S]methionine (150 to 250 Ci/mmol)
was from Amersham and 3H-labeled amino acid
mixture (1 mCi/ml) and [5-3Hjuridine (40 to 50
Ci/mmol) from New England Nuclear Corp. Oligo
(dT)-cellulose was obtained from Collaborative Re-
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TRANSLATION PRODUCTS OF ADENOVIRUS mRNA

search Inc. DEAE-Sephadex was from Pharmacia.
Formamide (Merck, Darmstadt) was purified by the
method of Tibbets et al. (24).

Virus. ['"S]methionine or [3Hlamino acid-labeled
Ad2 was prepared as described earlier (9).

Enzymes. Creatine kinase (EC 2.7.3.2) was from
Boehringer, Mannheim, and RNase A (EC 2.7.7.16)
was from Sigma.

RESULTS

RNA preparation. Three different proce-
dures (4, 9, 16) were used to extract RNA from
cytoplasm of Ad2-infected KB cells at a time
(16 h postinfection) when capsid proteins are
synthesized at a maximal rate and the host cell
protein synthesis is depressed (27). RNA from
mock-infected KB cells was extracted as de-

scribed by Oberg and Philipson (16). No quali-
tative difference in translation products could
be observed by polyacrylamide electrophoresis
using adenovirus RNA prepared by different
methods (Fig. 1C and E). This was also the case
when translation of poly(U)-Sepharose (12) and
oligo(dT)-selected RNA was compared. Nor
could any difference in translation be observed
between RNA from cytoplasm or isolated poly-
ribosomes. However, the relative amount of
radioactivity in the different bands showed
slight variation with different RNA prepara-
tions, particularly for the polypeptides of high
molecular weight.
Conditions for in vitro translation. The

optimal magnesium concentration for transla-
tion into trichloroacetic acid-precipitable radio-
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FIG. 1. SDS-polyacrylamide gel electrophoresis of products obtained by cell-free translation of adenovirus
RNA in ascites cell extracts. Preparation of samples and electrophoresis was as described in Materials and
Methods. (A) Adenovirus marker; (B) no RNA added to the translation mixture; (C) translation of RNA from
adenovirus-infected cells extracted by the method of Brawerman et al. (4); (D) translation of RNA from
mock-infected cells; (E) translation of RNA from adenovirus-infected cells extracted by the method of Oberg
and Philipson (16); (F) adenovirus marker (containing very low amounts of polypeptides V and VII).
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activity was found to be 3.2 mM at a potassium
concentration of 120 mM in ascites and 65 mM
in wheat embryo extracts. The optimal potas-
sium concentration was 120 mM in ascites and
65 mM in wheat embryo extracts at 3.2 mM
magnesium. Both translation systems were sat-
urated at RNA concentrations of 100,ug per ml
of incubation mixture, using oligo(dT) -selected
RNA which contained around 50% of ribosomal
RNA. Translation kinetics showed that the net
synthesis terminated after 60 to 80 min of
incubation in both systems under conditions
indicated in Table 1.
Translation products. Figure 1 shows poly-

acrylamide gel patterns of polypeptides synthe-
sized in an ascites cell extract with RNA from
infected and mock-infected KB cells as mRNA.
When RNA from adenovirus-infected cells (Fig.
1C and E) was translated, several polypeptides
were observed which migrated at the same
position as the virion polypeptides and nonvi-
rion virus-induced polypeptides present in in-
fected cells. Using the nomenclature of Ander-
son et al. (1) where Roman numerals refer to
virus polypeptides and Arabic numbers denote
the molecular weight of virus-induced polypep-
tides x 10' (K), radioactive bands were more
pronounced after translation of Ad2 RNA in the
regions corresponding to polypeptides II
(hexon), 100K, III (penton base), lIIa, 50K, 27K,
26K, and IX. A strong band was also observed
between VII and VIII. A very faint band could
be seen at the position of the precursor to
polypeptide VII (P VII). A low background of
polypeptides was observed when no RNA was
added to the in vitro systems (Fig. 1B and 2B
and E), and a different polypeptide pattern was
observed after addition of RNA from mock-
infected cells (Fig. 1D and 2D and G).
The band corresponding to polypeptide IX

always seemed to be synthesized in large
amounts. This is also the case for translation in
the wheat embryo extract where the polypep-
tide corresponding to IX is the major product.
In the wheat embryo extract the relative
amount of high-molecular-weight polypeptides
is lower than in ascites extract (Fig. 2).
Immunoprecipitation of Ad2 virion

polypeptides. Our initial attempts to charac-
terize some of the polypeptides synthesized in
vitro by specific immunoprecipitation with
antisera directed against Ad2 virion proteins
were unsuccessful. Centrifugation of the trans-
lation mixture prior to immunoprecipitation
sedimented up to 50% of the acid-precipitable
radioactivity, and immunoprecipitation of the
supernatant directly or by a double-antibody

technique showed no specificity. Conditions to
solubilize the proteins in the in vitro reaction
mixture and to maintain them in solution dur-
ing incubation with antibody were therefore
developed as described in Materials and Meth-
ods. This procedure maintained up to 98% of
the acid-precipitable radioactivity in solution
before immunoprecipitation. Immunoprecipita-
tion of the solubilized in vitro ascites reaction
mixture with antisera directed against Ad2
virion proteins, by either direct immunopre-
cipitation or by a double-antibody technique,
specifically precipitated the proteins reacting
with respective antisera (Fig. 3). In addition,
one polypeptide migrating in polyacrylamide
gels at the position of Ad2 virion polypeptide V
was precipitated. This latter polypeptide was
also precipitated by poliovirus antiserum (Fig.
3B) or other nonspecific antisera. The amount
of radioactivity in this region was reduced by
subjecting samples to a nonspecific precipita-
tion with poliovirus antiserum before immuno-
precipitation with antisera directed against
Ad2 virion proteins as described in Materials
and Methods. This procedure allowed us to
specifically immunoprecipitate Ad2 virion
polypeptides II, III, IIIa, and IX (Fig. 3).
The hexon polypeptide (H) was not precipi-

tated by antiserum prepared against native
hexon (19), but it was precipitated by an
antiserum prepared against guanidine-dena-
tured hexon (10a). The amount of polypeptide
precipitated by this technique varied between
5 to 15% of the amount synthesized as esti-
mated from the SDS-polyacrylamide gels of the
translation mixture. None of the polypeptides
shown in Fig. 3 were precipitated from the re-
action mixtures programmed by RNA extracted
from mock-infected cells.
Immunoprecipitation of virion precursor

polypeptides. Immunoprecipitation of the as-
cites reaction mixture with antisera directed
against virion proteins VI, VII, and VIII gave
polypeptides which migrated slower than the
corresponding virion polypeptides during poly-
acrylamide gel electrophoresis. The polypeptide
immunoprecipitated by anti-VII antiserum mi-
grated between virion polypeptides VI and VII
(Fig. 3F) and had an estimated mol wt of
20,000. The polypeptides immunoprecipitated
by antisera directed against virion proteins VI
and VIII had estimated mol wt of 27,000 and
26,000, respectively (Fig. 4A). Although these
two latter polypeptides migrated close to each
other in polyacrylamide gels, they were distinct
in size since they give sharp peaks when sub-
jected to electrophoresis separately (Fig. 4A)
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FIG. 2. Comparison between the translation products in ascites and wheat embryo extracts by SDS-polya-

crylamide gel electrophoresis. The products were analyzed as in the legend to Fig. 1, and the RNA from infected
cells was extracted by the method of Brawerman et al. (4). (A) Adenovirus marker; (B) ascites cell extract, no

RNA added; (C) ascites cell extract, unfractionated RNA from adenovirus-infected cells; (D) ascites cell
extract, unfractionated RNA from mock-infected cells; (E) wheat embryo cell extract, no RNA added; (F)
wheat embryo cell extract, unfractionated RNA from adenovirus-infected cells; (G) wheat embryo cell extract,
unfractionated RNA from mock-infected cells; (H) adenovirus marker.
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but a broad band when analyzed together (Fig.
4B).
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FIG. 3. SDS-polyacrylamide gel electrophoresis of
polypeptides synthesized in ascites cell extract and
immunoprecipitated with antibodies directed against
Ad2 virion proteins. Immunoprecipitates were pre-
pared and processed as described in Materials and
Methods and analyzed on gels. The antisera used are

indicated in the figure. The precipitation with anti-
sera against Ad2 proteins was preceded by nonspe-
cific immunoprecipitation. [3H]methionine-labeled
Ad2 virion polypeptides were used as internal
markers.

Translation of different size classes of ade-
novirus mRNA. mRNA isolated late in adeno-
virus infection was separated as shown in Fig. 5,
and the 26S, 22S, and 15S size classes were
translated in ascites extracts. The ["S]methio-
nine-labeled products were analyzed on SDS-
polyacrylamide gels with [3H ]amino acid-labeled
adenovirus polypeptides as internal markers
(Fig. 6). Translation of 15S mRNA gave one
major product corresponding to polypeptide IX
(Fig. 6A). The 22S mRNA was translated to
several polypeptides of the same size, smaller
than polypeptide V (Fig. 6B), and the 26S
mRNA finally gave rise to predominant bands
in the regions corresponding to polypeptides II,
III, and IIIa to IV (Fig. 6C). However, all RNA
fractions could be translated to polypeptide IX
as shown in Table 2, which gives the amount of
polypeptide IX immunoprecipitated by anti-IX
from the translation products with 15S, 22S,
and 26S mRNA, respectively, in the wheat em-
bryo extract. The 15S size class of mRNA ap-
peared to be five times more active than the 26S
RNA in generating polypeptide IX. A similar
result was obtained in the ascites system. No
radioactivity was precipitated with anti-IX
serum with endogenous or mock RNA in the
system, and polypeptide IX could be precipi-
tated efficiently without prior nonspecific
precipitation in both systems.

DISCUSSION

Translation of mRNA collected late in adeno-
virus infection can be carried out in both
Ehrlich ascites and wheat embryo cell extracts,
leading to synthesis of several virion polypep-
tides. The identification of the polypeptides was
based on their migration in SDS-polyacryla-
mide gels after immunoprecipitation with spe-
cific antisera. Only 5 to 15% of the radioactivity
in the respective bands after gel electrophoresis
of the crude translation mixture could be im-
munoprecipitated. A higher efficiency may not
be expected, since double immunoprecipitation
in the presence of urea was used and all antisera
except the hexon antiserum were made against
virion proteins (7a, 8) instead of denatured poly-
peptides. Alternatively, although more unlikely,
only a portion of the radioactivity in each band
corresponds to virus-induced polypeptides. The
relative amounts of polypeptides formed in the
two systems are different. The ascites extract
can form more high-molecular-weight poly-
peptides, especially polypeptide II (mol wt,
approximately 120,000) than the wheat embryo
extract. The latter extract has, on the other
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FIG. 4. SDS-polyacrylamide gel electrophoresis of polypeptides synthesized in ascites cell extract and
immunoprecipitated with antisera directed against Ad2 virion proteins VI and VIII. Samples were prepared and
analyzed with internal markers as in the legend to Fig. 3. The precipitates obtained with anti-VI and anti-VIII
antisera were analyzed in separate gels (A) or mixed before electrophoresis (B).

hand, an ability to form more of the low-molecu-
lar-weight polypeptides.

Pulse-chase experiments of Ad2-infected cells
have shown that during a short pulse with
[35S]methionine Ad2 virion polypeptides VI,
VII, and VIII are not labeled after the pulse but
become labeled during the chase (1, 7a, 10).
Thus, polypeptides VI, VII and VIII are prob-
ably not primary translation products, but are
derived from precursor polypeptides. Anderson
et al. (1) have shown that P-VII (mol wt, 20,000)
has a tryptic fingerprint pattern closely related
to that of Ad2 virion polypeptide VII (mol wt,
18,500). They concluded that virion polypeptide
VII is derived from PVII by removal of about 15
amino acids and suggested that polypeptide 27K
(mol wt, 27,000) is a precursor to polypeptide
VI. A structural relationship between Ad3 poly-
peptide 27K (mol wt, 27,000) and Ad3 virion
polypeptide VI (mol wt, 24,000) has also been
established by fingerprinting of tryptic digest of
these two ["S ]methionine-labeled polypeptides
(Prage et al., unpublished data). Our results
with immunoprecipitation agree with the pro-
posed precursor-product relationship between
27K and virion polypeptide VI, PVII, and poly-

peptide VII, and suggest that polypeptide 26K
is a precursor of virion polypeptide VIII (Fig. 3
and 4). The difference in size between pre-
cursor and product for polypeptide VIII is con-

siderably larger (mol wt, 13,000) than for poly-
peptides VI (mol wt, 3,000) and VII mol wt,
1,500). Processing of precursor polypeptides
involving cleavage of 10 to 20 amino acids has
been implicated in the assembly process of
the Ad2 virion (10) and the phage T4 (11). The
processing of 26K to give polypeptide VIII might
give rise to one of the small virion polypeptides
(X to XII), or two polypeptides VIII may be
generated from one precursor.

Separation of adenovirus mRNA in three size
classes (13) and analysis of their translation
products revealed that virion polypeptides II,
III, and IIla to IV were translated from the 26S
RNA but not from the 22S class. The latter
could possibly code for polypeptide V and
several smaller polypeptides. The 15S RNA
class is translated almost exclusively to poly-
peptide IX. It is not clear if any of the messen-
gers are polycistronic, but the size of the 26S
RNA is at least 30% larger than required to code
for polypeptide II. Conclusive experiments will,
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ently reported by Eron et al. (6a, 7) and Ander-
son et al. (2), who showed, by tryptic peptide
mapping, that the in vitro translation products
were similar to some virion polypeptides. To-
gether with the present results these studies
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FIG. 5. Separation of mRNA from adenovirus-
infected cells. Oligo(d7T)-selected mRNA extracted by
the method of Holmes and Bonner (9) was separated
on sucrose gradients containing formamide as de-
scribed in Materials and Methods. Bars indicate the
fractions pooled and precipitated with 2%o potassium
acetate and 2 volumes of ethanol at -2 C. The
designation 26S, 22S, and 15S refers to the sedimenta-
tion rates relative to rRNA centrifuged in a parallel
gradient.

however, require isolation of distinct mRNA
species.
The presence of polypeptide IX in the trans-

lation products from all size classes of RNA
(Table 2) could be trivial and due to aggrega-
tion, but since the RNA was exposed to dena-
turing conditions before and during sucrose
centrifugation, the RNA sequence coding for
polypeptide IX may be part of RNA classes of
different length as shown for the globin RNA
sequences in heterogenous nuclear RNA
(HnRNA) (23).
In conclusion, it has been shown that transla-

tion of adenovirus mRNA occurs faithfully in
cell-free systems and that immunoprecipitation
can be used to identify at least seven viral
polypeptides, three of which appear to be pre-
cursors to the virion polypeptides. During the
course of this investigation translation of adeno-
virus mRNA in cell-free systems was independ-
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FIG. 6. SDS-polyacrylamide disc gel electrophore-
sis of the translation products obtained with 15S, 22S
and 26S RNA from adenovirus-infected cells. Cell-
free translation mixtures were prepared and incu-
bated as described in Table 1 using 15S, 22S, and 26S
RNA in the ascites cell extract of a volume of 100
pliters and a [35S]methionine concentration of 10
uCi/ml. The incubation mixtures were treated as de-
scribed in Materials and Methods and dissolved in
100 uliters of sample buffer. (A) Fifty microliters of
translation product from 15S RNA; (B) 20 Aliters of
translation product from 22S RNA; (C) 50 Aliters of
translation product from 26S RNA.

TABLE 2. Immunoprecipitation of polypeptide IX
from translation products in wheat embryo extracta

Acid-pre- Immunopre-
cipitable Immunopre- cipitated

Translated translation cipitated polypeptide
mRNA prodiuct polypeptide IX (% total

class (counts/min IX (counts/cidprem
x 10-') min X 10-') cipitable

product)

26S 1.03 1.62 1.54
22S 1.32 3.01 2.28
15S 0.97 7.09 7.34

No RNA added 0.18 0.03 0.17

a The immunoprecipitated polypeptide was ana-
lyzed on polyacrylamide gels, and the figures in the
table showing immunoprecipitates are the amount of
radioactivity at the position of polypeptide IX in the
gels.
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suggest that most and possibly all the adeno-
virus polypeptides can be synthesized in vitro.
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