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We have identified adenovirus type 2 (Ad2)-induced early polypeptides (EPs)
and have attempted to determine which EPs are coded by each of the four early
gene blocks. [*S]methionine-labeled EPs were resolved by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis. Cycloheximide pretreatment followed by
labeling in hypertonic medium (210 to 250 mM NaCl) facilitated the detection of
EPs. Seven major (reproducible bands in autoradiograms) EPs were detected
with molecular weights of 74,000 (74K), 21K, 19K, 15K, 13.5K, 11.5K, and 11K.
Minor (weaker bands) EPs of 55K, 52K, 42K, 18K, 12K, 8.8K, and 8.3K were also
often seen. To identify and map the genes for virus-coded EPs, we prepared
antisera against five lines of adenovirus-transformed cells that retain different
fractions of the viral genome. The lines were F17, 8617, F4, and T2C4 transformed
by Ad2 virions and 5RK (clone I) transformed by transfection with the Ad5 Hsul-
G fragment (map position 0 to 8). The early gene blocks retained and expressed
(in part) as RNA in these cells were as follows: 5SRK(I), block 1 (70% of left 8% of
genome); F17, block 1; 8617, blocks 1 and 4; F4, blocks 1, 2, and 4; T2C4, blocks
1, 2, 3, and 4. The following major EPs were immunoprecipitated: 15K by all
antisera; 53K and 14.5K by F17, T2C4, 8617, and F4 antisera; 11.5K by T2C4,
8617, and F4 antisera; 44K, 42K, 19K, and 13.5K by T2C4 antisera; 11K by 8617
antisera. Minor EPs of 28K, 18K, and 12K were precipitated by all antisera
except 5SRK(I). The 53K and 15K EPs were precipitated also from Ad2 early
infected monkey cells by the F17 antiserum and by sera from hamsters bearing
tumors induced by Ad1-simian virus 40. The relationships between some of the
immunoprecipitated EPs were investigated by the partial proteolysis procedure.
All 53K EPs are the “same” (i.e., highly related), all 15K EPs are the “same,” and
all 11.5K EPs are the “same.” The 15K EP is highly related to the 14.5 K EP.
Although less certain, all 28K EPs appeared related, as did all 18K EPs. The
T2C4-specific 44K EP is probably a dimer of the 21K glycopolypeptide. The
T2C4-specific 13.5K EP and the 8617-specific 11K EP appear unrelated to any
other polypeptides. These immunoprecipitation data provide evidence that early
gene block I (map position 1 to 11) may encode major 53K, 15K, and 14.5K
polypeptides, and minor 28K, 18K, and 12K polypeptides, and that all or some of
the gene for 15K and 14.5K lies within map position 1 to 8. The surprisingly
complex pattern of polypeptides coded by early gene block I raises the possibility
that some polypeptides may be coded by overlapping “spliced” mRNA’s. The
possible block locations of the genes for the 21K, 13.5K, and 11.5K polypeptides
are discussed.

The early genes of adenovirus type 2 (Ad2)
and the closely related adenovirus type 5 (Ad5)
are transcribed before initiation of viral DNA
synthesis at 6 to 7 h postinfection (reviewed in
17, 51, 72). The early genes are distributed in
four noncontiguous gene blocks (4, 6, 12, 14, 16,
18-20, 22, 50). Blocks 1 and 3 are located within
approximate map positions 1 to 11 and 76 to 86,
respectively, and are transcribed in the right-
ward direction. Blocks 2 and 4 are located within

approximate map positions 62 to 68 and 92 to
98, respectively, and are transcribed in the left-
ward direction. The left portion of block 1 con-
tains transforming genetic information, because
cells can be transformed by restriction endonu-
clease fragments such as Hsul-G (map position
0 to 8) (63), and because all virus-transformed
cells retain at a minimum these sequences as
DNA (21, 24, 63) and express them as RNA (10,
19, 20, 22). Recent studies indicate that all four
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early gene blocks encode a variety of overlapping
“spliced” presumptive mRNA'’s (4, 38; L. Chow,
T. Broker, and J. Lewis, personal communica-
tion).

The early polypeptides (EPs) induced during
early stages of infection are of interest because
they function in viral DNA replication, probably
cell transformation, and possibly regulation of
viral gene expression and inhibition of host DNA
synthesis. EPs may be virus coded or cell coded
and virus induced. Studies with temperature-
sensitive and host-range mutants (i.e., mutants
Hb5t5125, H5ts36, and H5Ar group I) have pro-
vided evidence that at least three virus-coded
polypeptides function in viral DNA replication
(28, 40, 70) and that at least three virus-coded
polypeptides (H5¢s36, H5Ar group I, and H5Ar
group II) may play a role in cell transformation
(29, 31). Virus-coded EPs are of further interest
because they serve as models of how polypep-
tides are synthesized from spliced mRNA’s in
eucaryotic cells.

The identification and analysis of EPs are
difficult because many host-cell polypeptides are
synthesized. Several laboratories have analyzed
the polypeptides labeled in vivo with [*S]me-
thionine in infected and mock-infected cells, us-
ing sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). These studies
have identified EPs with molecular weights of
70,000 to 80,000 (70K-80K), 42K, 35K, and
26.5K, and as many as seven polypeptides rang-
ing in apparent molecular weight from 11K to
21K (3, 8, 9, 32-34, 36, 47, 53, 56, 57, 69). The
70K-80K polypeptide is the only EP that has
been extensively studied. It is a single-stranded
DNA-binding protein (DBP) (59, 65) that is
coded by early gene block 2 (30, 44, 66). DBP is
a phosphoprotein (2, 37, 43, 45, 55) that has a
variable apparent molecular weight by SDS-
PAGE (37). It functions in viral DNA replica-
tion, as indicated by genetic studies (67, 68),
cytological studies (62), and studies with in vitro
complexes that synthesize viral DNA (1, 53).
DBP has been purified to homogeneity (45, 61)
and shown to be a nonglobular protein with a
native molecular weight of 73K (61). There is
evidence that the synthesis of DBP is regulated
during the course of infection (7, 22, 27, 62).
Several single-stranded DNA-binding polypep-
tides of 40K-50K have also been identified that
have been shown by peptide mapping to be
related to the 73K DBP (45, 54, M. Green et al.,
Cold Spring Harbor Symp. Quant. Biol, in
press); whether these have biological functions
is not known.

The 21K polypeptide detected by SDS-PAGE
is a glycopolypeptide that probably is virus
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coded (35, 36) and that has been localized to the
plasma membrane of infected cells (8). The 11K
protein is localized mainly in the cell nucleus (9,
32, 53) and is a major component of an in vitro
complex that synthesizes Ad2 DNA (53).

Ad2 and Ad5 EPs have also been studied by
cell-free translation. Saborio and Oberg (57)
identified 14 polypeptides by cell-free transla-
tion of early mRNA followed by immunoprecip-
itation with a rabbit antiserum prepared against
Ad2 early infected KB cells. Lewis and col-
leagues (32, 44) translated early mRNA purified
by hybridization to Ad2 restriction endonuclease
fragments; this method establishes that EPs are
virus coded and indicates the map positions of
their genes. The most interesting EPs are those
coded by early gene block 1, because these are
candidate “transformation proteins.” Lewis et
al. (32, 34) concluded that block 1 codes several
related polypeptides of 40K-50K plus a 15K
polypeptide, block 2 codes DBP, block 3 codes
13K, 14K, and 15.5K polypeptides, and block 4
codes 11K, 17K, 19K, and 21K polypeptides.
Lupker and colleagues (46) identified polypep-
tides of 14K, 38K, 42K, 48K, and 51K coded by
gene block 1. Pettersson and Mathews (49)
mapped a 12K polypeptide gene at approximate
position 10 in gene block 1.

Radioimmunoprecipitation studies have also
been done to identify transformation proteins
and other EPs by use of sera from hamsters
bearing tumors induced by adenovirus virions or
adenovirus-transformed cells, antisera against
extracts of adenovirus-transformed cells, or an-
tisera against extracts of adenovirus early in-
fected cells. Gilead and colleagues (26) preci-
pated 53K and 15K polypeptides from Ad2 early
infected KB cells, using both antisera against
the Ad2-transformed cell line F17 and sera from
hamsters bearing tumors induced by Ad1-simian
virus 40 (SV40). Levinson and Levine (41, 42)
precipitated a 58K polypeptide from Ad5-in-
fected and -transformed cells, using the Adl-
SV40 sera, as well as sera from hamsters bearing
tumors induced by 14b cells, a line of Ad5-trans-
formed hamster cells. The F17 and 14b cells are
interesting because they express only gene block
1 as RNA; thus, the 58K, 53K, and 15K polypep-
tides are candiate transformation polypeptides
coded by early gene block 1.

In this report we present further attempts to
identify EPs. In some experiments we enhanced
the synthesis of EPs by treating cells with cyclo-
heximide prior to labeling (33) and by labeling
in hypertonic medium (11, 15, 48, 58). We have
done radioimmunoprecipitation studies using
antisera prepared against four lines of Ad2 vir-
ion-transformed rat cells (F17, F4, T2C4, and



VoL. 30,1979

8617) (23; A. Freeman, personal communication)
and against one line (5RK, clone 1) transformed
by transfection with Ad5 Hsul-G fragment (map
position 0 to 8) (64). All lines have been shown
to synthesize RNA from block 1 (10, 20, 22), and
thus these antisera are good reagents for iden-
tifying transformation and other polypeptides
coded by this important gene block. Some lines
also synthesize RNA from block 2 (T2C4 and
F4), block 3 (T2C4), and block 4 (F4, T2C4 and
8617) (20, 22), and therefore the immunoprecip-
itation data provide evidence on where the other
polypeptides might be coded. We also present
our initial studies on the chemical relationships
between the immunoprecipitated polypeptides,
in which we used the partial proteolysis peptide
mapping procedure (13).

MATERIALS AND METHODS

Preparation of Ad2-infected and mock-in-
fected [**Slmethionine-labeled protein extracts,
with and without cycloheximide pretreatment,
labeled in isotonic and hypertonic media. KB
cells were grown at 37°C in suspension culture in Eagle
minimal essential medium (MEM) containing 5% horse
serum. Cells were infected at 6 X 10° cells/ml with Ad2
(strain 38-2) at 100 PFU/cell in MEM without horse
serum. After 1 h of adsorption, cells were suspended
at 3.5 X 10° cells/ml in methionine-free MEM with 5%
horse serum without cycloheximide or containing 25
ug of cycloheximide per ml. At 4 h postinfection,
arabinosyl cytosine (ara-C) was added (20 ug/ml) to
all cultures. About 0.5 h prior to labeling, cells were
washed thrice (using centrifugation) in warm methio-
nine-free MEM with 5% horse serum and 20 g of ara-
C per ml. For labeling under isotonic conditions, cells
were incubated at 6.5 X 10° cells/ml in the above
medium containing 25 uCi of L-[**S]methionine (100
to 200 Ci/mmol) per ml and 10 mM N-2-hydroxyethyl-
piperazine-N'-2-ethanesulfonic acid, pH 7.2, for var-
ious periods and at different times postinfection, as
indicated in the text. The presence of ara-C in the
medium starting at 4 postinfection, and during the
washing and labeling of cells, ensured that no late viral
proteins were synthesized. For labeling under hyper-
tonic conditions, cells were suspended as described
above in MEM containing different final concentra-
tions of NaCl (210 to 270 mM). After 15 min of
incubation, proteins were labeled with [**S]methio-
nine. After labeling, cells were washed twice with cold
phosphate-buffered saline. Cells were suspended in
cold 20% trichloroacetic acid for 15 min at 4°C, washed
once each in cold 10% and 1% trichloroacetic acid,
washed twice in cold 0.05% trichloroacetic acid, and
suspended in “SDS-PAGE buffer” (50 mM Tris-hy-
drochloride [pH 6.8], 10% glycerol, 1% SDS, 1% -
mercaptoethanol, and 0.005% bromophenol blue). Vis-
cous extracts that were difficult to dissolve were ad-
justed to 0.05 to 0.1 N NaOH, and on occasion were
also sonically treated. In most experiments, 1 to 2 mM
phenylmethylsulfonyl fluoride was included in the
phosphate-buffered saline, the SDS-PAGE buffer, and

Ad2-INDUCED EARLY POLYPEPTIDES 299
the immunoprecipitation buffer (see below). The same
procedures were used for infected and mock-infected
cells.

CV-1 (monkey) cell monolayers (usually in 75-cm?
plastic flasks) were maintained in MEM with 5% calf
serum in an atmosphere of 5% CO.. Either confluent
or subconfluent monolayers were infected with no
apparent difference in the synthesis of Ad2-induced
EPs. Cells were infected with Ad2 in minimal volumes
of MEM with no calf serum. After 2 h of adsorption,
MEM with 5% calf serum, with or without 25 ug of
cycloheximide per ml, was added to a final volume of
25 ml and incubation was continued. Cells were labeled
with [**S]methionine, and proteins were extracted as
described above for KB cells.

SDS-PAGE. Basically, the procedures of Studier
(60) and Laemmli (39) were used. Gradient polyacryl-
amide gels with 0.1% SDS were formed as slabs be-
tween glass plates; slabs were 0.75 mm thick and 100
or 270 mm long. The gradient concentrations are pre-
sented in the figure legends. A stacking gel of 5%
polyacrylamide and 1.13% bisacrylamide containing
either 10 or 20 sample wells was cast above the sepa-
rating gel. Solubilized proteins in SDS-PAGE buffer
were heated at 100°C for 2 min. Each well was loaded
with solubilized proteins, and electrophoresis was per-
formed with a constant current of 20 mA. After elec-
trophoresis, gels were dried under vacuum and auto-
radiographed using X-ray film.

Radioimmune precipitates (see below) dissolved in
SDS-PAGE buffer were heated at 100°C for 4 min
before electrophoresis. After electrophoresis, gels were
dehydrated in dimethyl sulfoxide, soaked in a solution
of 2,5-diphenyloxazole in dimethyl sulfoxide (5), dried,
and exposed to X-ray film at —70°C; fluorograms were
then developed.

Preparation of antisera. Antisera against extracts
of F17, F4, T2C4, 8617, and 5RK (clone 1) cells were
prepared in rats as described previously (26). The viral
DNA and RNA sequences present in each of these cell
lines are given in Table 1. The hamster antiserum
against extracts of Ad1-SV40-induced hamster tumor
cells (25) was a gift of R. V. Gilden. Preimmune sera
were taken from the rats or hamsters used to prepare
antisera. All antisera were fractionated into immuno-
globulin G fractions. Some batches of antisera were
absorbed for 18 h at 4°C with one-half volume of
sonically treated KB cells prior to fractionation. Ab-
sorption did not affect the immunoprecipitation re-
sults.

Radioimmune precipitation. [**S]methionine-la-
beled infected and mock-infected cells were washed
thrice in cold phosphate-buffered saline. For total
protein extracts, cells were suspended at about 5 x 10°
cells/ml in immunoprecipitation buffer (10 mM so-
dium phosphate, pH 7.2, 150 mM NaCl, 1% Triton X-
100, 1% sodium deoxycholate, and 0.1% SDS), treated
at full power in a Raytheon DF-100 sonic oscillator for
three 100-s intervals at 0 to 4°C, incubated for 15 min
at 20°C, and clarified by centrifugation at 30,000 X g
for 20 min. The preparation of nuclear and cytoplasmic
extracts for radioimmunoprecipitation, and the dou-
ble-antibody immunoprecipitation protocol, have been
described (26). Precipitates were dissolved in 20 pl of
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TABLE 1. Summary of polypeptides
immunoprecipitated from Ad2 early infected KB
cells by antisera to Ad2- or Ad5-transformed rat

cells
Polypeptides immu- Viral DNA
Transformed noprecipitated’ and RNA in
cel antise-  ______—————  transformed
rum Major Minor cells®
5RK(I) 15K 70% of left 8%
F17 53K 28K Block 1
15K 18K
14.5K 12K
8617 53K 28K Blocks 1 and
15K 18K 4
14.5K 12K
115K
11K
T2C4 53K 28K Blocks 1, 2, 3,
44K 19K and 4
42K 18K
21K 12K
15K
14.5K
13.5K
11.5K
F4 53K 28K Blocks 1, 2,
15K 18K and 4
14.5K 12K
11.5K

%F17, T2C4, and F4 cell lines were isolated by
Gallimore (23). The 8617 cell line was isolated by A.
Freeman (personal communication). The 5RK(I) cell
line was isolated by van der Eb et al. (64). Antisera
were prepared in rats against extracts of the trans-
formed cell lines.

® Apparent molecular weights were estimated by
SDS-PAGE, with polypeptides of known molecular
weights used as standards (33). “Major” polypeptides
were reproducibly observed in autoradiograms. “Mi-
nor” polypeptides were relatively weak bands ob-
served in many but not all autoradiograms.

¢ The approximate locations of the four early gene
blocks are as follows: block 1, map position 1 to 11;
block 2, map position 62 to 68; block 3, map position
76 to 86; and block 4, map position 92 to 98 (4, 6, 12,
16, 19, 20, 22; L. Chow, T. Broker, and J. Lewis,
personal communication). The viral DNA and RNA
sequences present in F17, 8617, T2C4, and F4 cells
were estimated by Gallimore et al. (24) and Flint et al.
(20), respectively. 5SRK(I) cells retain 70% of Ad5 Hsul-
G fragment (map position 0 to 8) as DNA and express
50% of G-fragment as RNA (10). The viral DNA
sequences are integrated into cellular DNA with all
cell lines, as indicated by Southern “blotting” analysis
(unpublished data).

SDS-PAGE buffer, and equal volumes of each precip-
itate were analyzed by SDS-PAGE as described above.

Partial proteolysis. The relationships between
the immunoprecipitated polypeptides were investi-
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gated by use of the partial proteolysis procedure (13).
The polypeptides were resolved by SDS-PAGE, the
gels were dried, and autoradiograms were developed.
Polypeptide bands were cut from the gel, and the gel
slices were inserted into wells (4 mm wide and 0.75
mm thick, containing soaking buffer which consisted
of 0.125 M Tris-hydrochloride, pH 6.8, 0.1% SDS, and
1 mM EDTA) of a second slab gel and hydrated by
soaking for 30 min. The proteolysis gel consisted of a
4-cm stacking gel of 9% acrylamide (pH 6.8) and a 5-
cm running gel of 17% acrylamide (pH 8.8). Staphy-
lococcus aureus V8 protease was diluted in soaking
buffer containing 10% glycerol and 0.025% bromo-
phenol blue, and 10 pl was added to the wells contain-
ing the gel slices. The amounts of protease used are
given in the figure legends. Electrophoresis was carried
out with the gel apparatus connected to a circulating
water bath at 20°C. The sample was subjected to
electrophoresis (25 mA per gel) until the bromophenol
blue band had almost reached the bottom of the
stacking gel. The power was shut off for 30 min to
allow the protease to digest the [**S]methionine-la-
beled polypeptides that had migrated from the gel
slices. Electrophoresis was then continued until the
dye reached the bottom of the running gel, and the
gels were dried and fluorographed.

RESULTS

Preferential synthesis of Ad2-induced
EPs in hypertonic medium, with and with-
out cycloheximide pretreatment. As noted
above, the detection of EPs by SDS-PAGE is
difficult within the background of host-cell poly-
peptides. We previously described the use of
cycloheximide pretreatment to facilitate the de-
tection of EPs (33). We have now labeled cells
in hypertonic medium, a procedure that en-
hances the synthesis of viral polypeptides rela-
tive to host polypeptides (11, 15, 48, 58). Figure
1 shows an SDS-PAGE electropherogram of
polypeptides from infected and mock-infected
KB cells, with and without cycloheximide pre-
treatment, labeled in normal medium (isotonic)
and in medium at 250 mM NaCl (hypertonic).
EPs are designated according to apparent mo-
lecular weight and are identified on the basis of
a polypeptide band being present in lanes rep-
resenting infected cell extracts but absent from
lanes representing comparable mock-infected
cell extracts. EPs marked with solid lines (DBP,
21K, 19K, 15K, 13.5K, 11.5K, and 11K) are “ma-
jor”; i.e., they were generally prominent and
were reproducibly observed. EPs marked with
dashed lines are “minor”; i.e., they were seen in
many but not all experiments.

As many as eight EP bands, which varied
considerably in intensity, were visible in extracts
of infected cells labeled in isotonic medium and
not pretreated with cycloheximide (Fig. 1, lanes
A and B). Two bands, DBP and 21K, were very
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F16. 1. Effect of hypertonic labeling and cyclohex-
imide pretreatment on the relative synthesis of ade-
novirus type 2 early polypeptides (EPs) and host
polypeptides. Standard protocols were used to label
cells with 25 uCi of [**S]methionine/ml from 7.5 to
8.5 h postinfection in normal medium (isotonic) and
in medium with 250 mM NaCl (hypertonic). Total cell
proteins were resolved by SDS-PAGE (27-cm gel),
and the dried gel was autoradiographed. Cells la-
beled in isotonic medium incorporated an average of
1.9 cpm/cell; infected and mock-infected cells labeled
in 250 mM NaCl incorporated an average of 1.6 and
0.3 cpm/cell, respectively. EPs marked with a solid
line are “major” EPs, and EPs marked with dashed
lines are “minor” EPs (see text). (I) Infected, (M)
mock infected, (CH™) no cycloheximide pretreatment,
(CH"*) with cycloheximide pretreatment.
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prominent. Bands of medium intensity included
11K, 13.5K, 15K, 18K, and 19K. Faint bands
were 11.5K and 8.3K; the latter band was not
always detectable. Cycloheximide pretreatment
increased the density of all EP bands (in most
experiments 21K was also increased) (lanes C
and D). The same EPs were present and were
more prominent in extracts of cells labeled in
hypertonic medium. Cycloheximide pretreat-
ment plus hypertonic labeling (lanes G and H)
yielded the most pronounced major and minor
EP bands, and revealed additional EPs of 55K
and 52K. A 42K band could also be seen occa-
sionally. These 55K, 52K, and 42K EPs are of
particular interest because they may be polypep-
tides coded by gene block 1 (see Discussion).
Hypertonic labeling seemed to reduce the syn-
thesis of most host polypeptides and produced
roughly the same increase in the relative density
of bands of all major EPs and most minor EPs.
Cycloheximide pretreatment increased the rela-
tive density of all EPs, but had a much more
pronounced effect on 11K and 19K.

Radioimmunoprecipitation of EPs from
Ad2 early infected human cells. Immunopre-
cipitation studies were done to further identify
EPs. Antisera were prepared against extracts of
four lines of Ad2-transformed rat cells (F17, F4,
F25, and 8617) (23) and one line (5RK, clone 1)
of rat cells transformed by Ad5 Hsul-G fragment
(64). We expected these antisera to contain an-
tibodies against virus-coded EPs synthesized in
the transformed rat cells, and we expected these
antibodies to precipitate [**S]methionine-la-
beled EPs from Ad2-infected KB cells. The viral
DNA and RNA sequences present in these
transformed rat cells are known (see Table 1),
and therefore we were able to obtain evidence
on which early gene block might encode the
precipitated EPs.

The five rat antisera precipitated several poly-
peptides ranging in apparent molecular weight
from 53K to 11K. Many immunoprecipitation
experiments have been done, but exactly the
same “minor” polypeptides were not always ob-
served, despite the use of the same preparations
of antisera. However, any given protein extract
always yielded the same array of polypeptides.
This suggests that the variability in the “minor”
polypeptides may be due to subtle biological
differences in the protein extracts, and not to
our immunoprecipitation proedure nor to differ-
ences in antisera. We present here the results
obtained in four independent experiments, per-
formed with four different extracts of [**SIme-
thionine-labeled infected cells; these results il-

lustrate most of the polypeptides that we have
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observed. Figure 2 shows three experiments in
which immunoprecipitates were subjected to
electrophoresis on 5 to 21% linear gradient acryl-
amide gels. These gels show the 53K as well as
most of the smaller polypeptides. Figure 3 shows
an experiment in which immunoprecipitates
were run on a 10 to 18% acrylamide gel; this gel
gives good resolution of the smaller polypep-
tides. Below we summarize (also see Table 1)
the “major” and “minor” polypeptides identified
in Fig. 2 and 3. None of the immunoprecipitated
polypeptides was precipitated from infected cells
by preimmune rat serum (Fig. 2, lanes F, G, and
L; Fig. 3, lane E) or from mock-infected cells by
any of the immune or preimmune sera (data not
shown; see 26).

(i) Major 53K. All antisera except 5RK(I)
reproducibly precipitated a 53K polypeptide
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that usually appeared as a diffuse band or a
doublet in gels (Fig. 2, lanes A, B, D, E, H, I,
and J).

(ii) Major 15K and 14.5K. All antisera in-
cluding 5RK(I) precipitated a fairly strong poly-
peptide band of approximately 15K. In some
experiments this polypeptide appeared diffuse
(Fig. 2, lanes A, D, and K). In other experiments
a 14.5K polypeptide was also observed (Fig. 2,
experiment B; Fig. 3). Sometimes the 14.5K was
more prominent than the 15K. Partial proteol-
ysis data (see below) indicate that the 15K and
14.5K polypeptides are highly related. Consid-
ering this, it is curious that 5RK(I) antiserum
precipitated the 15K but not the 14.5K poly-
peptide.

(iii) Minor 12K, 18K, and 28K. Depending
upon the experiment, all antisera except 5SRK(I)

A
e m i e
W "
53K— |
44Kk— B
42k’
20/2IK— E 3 e
I9K—“ —
I5K— : . R ’
13.5K— - e : K
12 K—
1 1K B
B N e T 5 L
7 K.....C.. ol ar r 2 C |
(I s liim m 4 7

F16. 2. Radioimmunoprecipitation of early polypeptides (EPs) from three separate extracts of adenovirus
type 2 early infected KB cells by antisera against five lines of adenovirus-transformed rat cells. Procedures
are described in Materials and Methods. Adenovirus type 2 early infected KB cells were labeled from 6 to 9
h postinfection with [*S]methionine. Arabinosyl cytosine (20 ug/ml) was added at 4 h postinfection, and cells
were labeled in the presence of 20 ug of arabinosyl cytosine/ml. Cells were not pretreated with cycloheximide.
Cytoplasmic protein extracts were prepared and precipitated with immunoglobulin G prepared from the five
transformed cell antisera and from preimmune (Norm) rat sera. Each immunoglobulin G was incubated with
equal volumes of extract, and equal volumes of each precipitate were subjected to electrophoresis in the 10-cm
5 to 21% linear gradient slab gel. Gels were dried and fluorographed (5). Table 1 lists the polypeptides
precipitated by each antiserum and gives viral DNA and RNA sequences contained in each of the transformed
cell lines. None of the EPs was precipitated by these antisera from mock-infected KB cells (data not shown).
Three separate experiments with three separate protein extracts are indicated under the braces A, B, and C.
F17 antiserum, lanes A, H, and K; F4 antiserum, lane B; 5SRK(I) antiserum, lane C; T2C4 antiserum, lanes D
and I; 8617 antiserum, lanes E and J; preimmune (normal) rat serum, lanes F, G, and L.
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precipitated fairly weak polypeptide bands of
approximately 12K, 18K, and 28K. The 18K and
12K polypeptides precipitated by the F17 anti-
serum are clearly shown in Fig. 2, experiment C,
lane K. The 12K polypeptide is visible in Fig. 2,
experiment A (the F17-specific 12K cannot be
seen), but not in Fig. 2, experiment B, or in Fig.
3. The 18K polypeptide cannot be seen in Fig. 2,
experiment A, but is visible in experiments B
and C of Fig. 2 and in Fig. 3. The 28K poly-
peptide, which usually appeared as a weak dif-
fuse band, is shown in Fig. 2, experiment B. The
28K polypeptide was usually more apparent
when immunoprecipitation was done by the
“Staphylococcus A protein procedure.”

(iv) Major 44K, 42K, and 21K and minor
19K polypeptides. Very strong 44K and 21K
polypeptide bands were precipitated by the
T2C4 antiserum (Fig. 2, lanes D and I). The 44K
is probably a dimer of the 21K (see below),
which is a glycopolypeptide (36). Polypeptides
of 42K and 19K were also reproducibly precipi-
tated by the T2C4 antiserum. Several weak,
diffuse bands ranging from 21K to 40K were also
often precipitated by the T2C4 antiserum (Fig.
2). Although T2C4 cells express a portion of
early gene block 2 as RNA (20), the T2C4 anti-
serum did not precipitate DBP, which is coded
by block 2. Consistent with this, we were unable
to detect DBP in T2C4 cells by immunofluores-
cence procedures using an antiserum to DBP
(62).

(v) Major 13.6K polypeptide. The T2C4
antiserum reproducibly precipitated a strong
13.5K polypeptide (Fig. 2, lanes D and I; Fig. 3,
lane B), which usually appeared in gels as a
doublet.

(vi) Major 11.5K polypeptide. The F4,
T2C4, and 8617 antisera reproducibly precipi-
tated a relatively weak band of 11.5K (Fig. 2 and
3).

(vii) Major 11K polypeptide. An 11K poly-
peptide was reproducibly precipitated by the
8617 antiserum (Fig. 2, lanes E and J; Fig. 3, lane
C), but not by any of the other antisera.

Partial proteolysis analysis of the im-
munoprecipitated polypeptides. The chemi-
cal relationships between the EPs precipitated
by the different antisera were investigated by
use of the partial proteolysis procedure (13).
This procedure is quite good for establishing
that highly related polypeptides are, in fact,
highly related. This is because all or most of the
partial proteolysis bands co-migrate. In contrast,
the procedure provides only suggestive evidence
on whether polypeptides are partially related, or
even completely unrelated, especially when the
polypeptides differ considerably in apparent size.
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F16. 3. Low-molecular-weight early polypepades
immunoprecipitated from adenovirus type 2 early in-
fected KB cells by antisera to four lines of adenovirus-
transformed cells. Adenovirus type 2- [*®S]methio-
nine-labeled cytoplasmic extracts were prepared and
immunoprecipitated as described in the legend to
Fig. 2. Cells were not pretreated with cycloheximide.
The precipitated polypeptides were resolved by elec-
trophoresis through a 27-cm 10 to 18% linear gradient
slab gel. The gel was dried and fluorographed. (A)
F17 antiserum, (B) T2C4 antiserum, (C) 8617 antise-
rum, (D) 5RK(I) antiserum, (E) normal (preimmune)
rat serum.

Norm.

This is because partially related polypeptides
may have only one or a few proteolysis bands
that co-migrate, and it is difficult to be sure that
the co-migration of these bands is not coinciden-
tal. Therefore, the major point addressed by the
followng experiments is whether all polypeptides
with the same mobility (e.g., all 53K polypep-
tides), precipitated by all antisera, are actually
the same polypeptide (or a highly related form).

(i) 53K polypeptide. The 53K polypeptide
precipitated by all antisera usually appeared as
a diffuse band in gel electropherograms and, as
shown in Fig. 4, sometimes as a doublet. The
appearance of the doublet and the diffuse nature
of the band raised the possibility that there may
be two unrelated polypeptides of approximately
53K. To investigate this we analyzed the upper
and lower 53K bands (precipitated by the F17
antiserum) by partial proteolysis. As shown in
Fig. 5, the upper and lower 53K bands gave very
similar partial proteolysis products at the three
different levels of protease used. Therefore,
there is no evidence for two unrelated 53K poly-
peptides. Figures 6 and 7 show partial proteoly-
sis of the 53K polypeptides precipitated by the
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F17 (Fig. 6, lane A), T2C4 (Fig. 6, lane E), and
8617 (Fig. 7, lane B) antisera. All 53K polypep-
tides gave very similar partial proteolysis prod-
ucts, indicating that the 53K polypeptides pre-
cipitated by all antisera are highly related or
identical.

F1G. 4. Close-up illustration of a 53K “doublet”
immunoprecipitated by F17 immunoglobulin G. The
gel was a 10-cm 10% slab gel. The photograph shows
the needle hole in the X-ray films used to mark the
location of the upper (U) and lower (L) bands of the
doublet in the dried gel. The upper band (within the
top four needle holes) and the lower band (within the
lower four needle holes) were cut from the gel, and
the polypeptides were analyzed by the partial prote-
olysis procedure. The results are shown in Fig. 5.

A B C D

J. VIRroL.

(ii) 28K polypeptide. Similar peptide pat-
terns were produced by partial proteolysis of the
28K polypeptide precipitated by'the F17 (Fig. 6,
lane B), T2C4 (Fig. 6, lane G), and 8617 (Fig. 7,
lane C) antisera. Thus, the 28K polypeptides
precipitated by the different antisera appear to
be highly related.

(iii) 18K polypeptide. Only small amounts
of the 18K polypeptide were immunoprecipi-
tated, so it was difficult to detect and photograph
all the proteolysis products. Partial proteolysis
of all 18K polypeptides yielded one prominent
band with the same gel mobility (Fig. 6, lanes C
and J; Fig. 7, lane D). Thus, all 18K polypeptides
probably are related.

(iv) 15K polypeptide. Very similar partial
proteolysis products were generated from the
15K polypeptides precipitated by the F17 (Fig.
6, lane D), 5RK(I) (Fig. 7, lane A), and 8617
(Fig. 7, lane E) antisera. In other experiments,
the 15K polypeptide precipitated by the T2C4
antiserum also gave a similar proteolysis pattern.
Therefore, the prominent 15K polypeptides pre-
cipitated by all antisera appear to be highly
related.

(v) Relationship between 53K, 28K, 18K,
15K, and 14.5K polypeptides. The 15K and
14.5K polypeptides precipitated by the F17 an-
tiserum gave very similar proteolysis products,
strongly suggesting that these polypeptides are
highly related. (Fig. 8). It was difficult to draw
clear conclusions about the other polypeptides.
The major proteolysis band of the 15K poly-
peptide co-migrated with the major proteolysis
band of the 18K polypeptide and with one (sec-
ond from bottom) proteolysis band of the 53K

E F G H

Zero 0.5ug

Protease

UL}UL

Protease

S0ug
Protease

Sug
Protease

F1G. 5. Partial proteolysis of the upper (U) and lower (L) bands of the 53K “doublet” illustrated in Fig. 4.
The partial proteolysis procedure is described in Materials and Methods. (A, C, E, and G) Upper band, (B, D,
F, and H) lower band, (A and B) no protease, (C and D) 0.5 pg of protease per lane, (E and F) 5 ug of protease

per lane, (G and H) 50 pg of protease per lane.
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F1G. 6. Partial proteolysis of early polypeptides immunoprecipitated by F17 and T2C4 immunoglobulin G.
Protease was used at 20 pg per lane. The partial proteolysis polypeptide bands reproducibly observed are
marked in the photograph. The numbers at the bottom of the figure indicate the polypeptide represented in
each lane, i.e., lane A, 53K; lane B, 28K; lane C, 18K, etc. The numbers 53K and 13K at the left side of the
figure indicate where 53K and 13K polypeptides migrate without treatment with protease.
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Fi16. 7. Partial proteolysis of early polypeptides
immunoprecipitated by 5RK(I) and 8617 immuno-
globulin G. Protease was used at 20 pg per lane. See
the legend to Fig. 6 for details.

polypeptide. Therefore, it is possible, although
far from certain, that the 15K, 18K, and 53K
polypeptides are related. The partial proteolysis
pattern of the 28K polypeptide appeared to dif-
fer from those of the other polypeptides, which
tends to suggest that the 28K polypeptide may

be unrelated, or at least not highly related, to
the other polypeptides.

(vi) 44K and 21K polypeptides. The 44K
and 21K polypeptides precipitated by the T2C4
antiserum gave very similar partial proteolysis
patterns (Fig. 6, lanes F and H), indicating that
these polypeptides are highly related. The 21K
(and 44K) polypeptide appears to be unrelated
to any of the other polypeptides, except possibly
the 19K.

(vii) 13.5 polypeptide. Partial proteolysis of
the T2C4-specific 13.5K polypeptide reproduc-
ibly yielded three very diffuse bands (Fig. 6, lane
K) that were not seen with the other polypep-
tides. This result suggests that the 13.5K poly-
peptide is unrelated to any of the other polypep-
tides.

(viii) 11.5K polypeptide. The 11.5K poly-
peptides precipitated by the T2C4 (Fig. 6, lane
L) and 8617 (Fig. 7, lane F) antisera both gave
two strong characteristic partial proteolysis
bands. Thus, the two 11.5K polypeptides are
highly related. The 11.5K polypeptide probably
is not highly related to any of the other polypep-
:ifg%{ including the 53K, 28K, 18K, 15K, and

(ix) 11K polypeptide. The 11K polypeptide
precipitated by the 8617 antiserum gave a dis-
tinct proteolysis pattern (Fig. 7, lane G) and
therefore probably is unrelated (not highly re-
lated) to any of the other polypeptides.

Although not shown here, partial proteolysis
of the 53K, 15K, and 11.5K polypeptides precip-
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F1c. 8. Partial proteolysis of 15K and 14.5K poly-
Dpeptides immunoprecipitated by F17 immunoglobulin
G. (A) 15K, no protease, (B) 15K, 5 ug of protease, (C)
14.5K, 5 pg of protease.

itated by the F4 antiserum indicated that these
polypeptides correspond to the same polypep-
tides precipitated by the other antisera.
Immunoprecipitation of 53K and 15K
polypeptides from Ad2-infected monkey
cells. As shown in lane C of Fig. 9, the 53K and
15K polypeptides were precipitated by the F17
antiserum from Ad2 early infected CV-1 (mon-
key) cells. The 53K and 15K polypeptides were
also precipitated from CV-1 cells by a serum
from hamsters bearing tumors induced by Ad1-
SV40 hybrid virus (lane G). The Ad1-SV40 an-
tiserum also precipitated polypeptides of 79K
and 40K-46K, which probably represent the
Ad2-coded DBP and its known 40K-50K sub-
species. We have reported previously (26; Green
et al., in press) that the same-sized polypeptides
were precipitated from Ad2 early infected KB
cells by the Ad1-SV40 antiserum. The precipi-
tation of the 53K and 15K polypeptides from
both human and monkey cells supports the no-
tion that these polypeptides are virus coded.

DISCUSSION

We have identified Ad2-induced EPs by use
of cycloheximide pretreatment and hypertonic
labeling procedures that enhance the synthesis
of EPs relative to host polypeptides, and by
radlommunopreclpltatlon with antisera against
EPs in adenovirus-transformed and tumor cells.

J. VIRoL.

The combination of cycloheximide pretreatment
and hypertonic labeling gave the greatest en-
hancement of EPs and thus should be useful for
studying Ad2 EPs. All major and some minor
EPs could be seen without either cycloheximide
pretreatment or hypertonic labeling, implying
that these EPs are not artifacts of the CH or
hypertonic protocols. However, caution should
be exercised in the use of these procedures be-
cause they might affect the metabolism of
mRNA'’s and/or possible polypeptide precursors
which generate the EPs.

Polypeptides of poliovirus, vesicular stomati-
tis virus, reovirus (48), and SV40 (15) are syn-
thesized in hypertonic medium in preference to
most host polypeptides. Hypertonic conditions

" apparently affect initiation of peptide chain syn-

thesis (58), suggesting that initiation of viral
polypeptides may occur more readily than initi-
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F1G6. 9. Radioimmunoprecipitation of early poly-
peptides from adenovirus type 2 (Ad2) early infected
monkey (CV-1) cells (isotonic, no cycloheximide), us-
ing F17 and Ad1-SV40 antisera. Ad2-infected and
mock-infected cells were labeled in 20 pg of arabino-
8yl cytosine/ml from 10 to 24 h postinfection with 25
1Ci of [**S]methionine per ml. Cells were fractionated
into nuclei and cytoplasm (26). Samplesofthecyto
plasm fractions representmg 4 x 10° cpm were im-
munoprecipitated using the rat F17 (F) and nonim-
mune (N) immunoglobulin G and the hamster Adl-
SV40 (A) and nonimmune (N) immunoglobulin G.
The precipitates were analyzed by SDS-PAGE on 10-
cm 5 to 21% linear gradient slabs. (A and B) Marker
Ad2-infected and mock-infected (cycloheximide-
treated) KB cell extracts. (C) Infected against F17.
(D) Infected against nonimmune rat. (E) Mock
against F17. (F) Mock against nonimmune rat. (G)
Infected against Ad1-SV40. (H) Infected against non-
immune hamster. (I) Mock against Ad1-SV40. (J)
Mock against nonimmune hamster.
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ation of cell polypeptides. The enhanced synthe-
sis of Ad2 and Ad12 (11) EPs in hypertonic
medium implies that initiation of adenovirus
EPs differs from initiation of most host polypep-
tides; this is of interest because adenovirus EPs
are thought to be synthesized entirely by host-
cell mechanisms. Possibly, adenovirus early
mRNA'’s have different structures than most cell
mRNA'’s with respect to initiation of translation.
Also, possibly one EP could modify the cell
translation machinery so that adenovirus early
mRNA'’s are translated more efficiently.

The increase by cycloheximide of Ad2 EP and
mRNA (71) synthesis relative to host mRNA
and polypeptide synthesis also implies that ad-
enovirus early gene products are metabolized
differently from most host-cell gene products.
The EP and mRNA enhancement may be a
general effect of inhibition of protein synthesis,
because pretreatment of infected cells with
either cycloheximide or pactamycin increased
early protein synthesis in cell-free translation of
early RNA (57). In our experiments, cyclohexi-
mide increased the labeling of 11K and 19K EPs
much more than the other EPs (33). The large
enhancement of 11K EP by cycloheximide pre-
treatment occurred in both infected human and
infected monkey cells. Both these polypeptides
are probably coded by early gene block 4 (see
below), which suggests that cycloheximide may
have a particularly strong effect on the metab-
olism of the products of this gene block.

Table 1 lists the polypeptides immunoprecip-
itated by the five transformed cell-specific anti-
sera. In general, polypeptides of about the same
gel mobility were detected by SDS-PAGE (see
Fig. 1) and by immunoprecipitation. The data
from the partial proteolysis analysis of the im-
munoprecipitated polypeptides permit the fol-
lowing firm conclusions. (i) The “same” (i.e.,
highly related) 53K polypeptide is precipitated
by the F17, 8617, T2C4, and F4 antisera, but not
by 5RK(I); there is no evidence for more than
one 53K polypeptide. (ii) The “same” 15K poly-
peptide is precipitated by all five antisera, and
the 15K polypeptide precipitated by the F17,
8617, T2C4, and F4 antisera is highly related to
the 14.5K polypeptide precipitated by these an-
tisera. (iil) The “same” 11.5K is precipitated by
the 8617, T2C4, and F4 antisera. (iv) The 44K is
highly related to the 21K glycopolypeptide, and
is probably a dimer. The partial proteolysis data
also allow some tentative conclusions. (i) It is
probable that the 53K, 21K, 13.5K, 11.5K, and
11K major EPs are “unrelated” (i.e., not highly
related) to one another or to any other EPs
(including DBP); the 15K major polypeptide is
“unrelated” to the 21K, 13.5K, 11.5K, and 11K
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polypeptides. (ii) It is also probable that the
“same” 28K and 18K polypeptides are precipi-
tated by F17, 8617, T2C4, and F4 antisera. It is
difficult to draw conclusions about the relation-
ships of the 53K, 28K, 18K, and 15K polypep-
tides, although the data tend to suggest that the
53K, 18K, and 15K polypeptides may be related
and the 28K polypeptide may be unrelated to
the others.

An indication of the gene locations for some
of these polypeptides can be obtained by corre-
lating the polypeptides precipitated by each an-
tiserum with the gene blocks that are repre-
sented in each cell line. We emphasize that this
approach strongly suggests, but does not prove,
that immunoprecipitated EPs are virus coded,
because we cannot exclude the possibility that
the antisera might contain antibodies against
virus-induced cell-coded polypeptides. However,
we point out that synthesis of these EPs was
enhanced by cycloheximide pretreatment and
hypertonic labeling, which is further evidence
that the EPs are virus coded. The strongest
conclusions are possible about block 1, because
all lines carry this block, and because F17 and
5RK(I) cells carry only this block. All antisera
except 5RK(I) precipitated major polypeptides
of 53K, 15K, and 14.5K, and minor polypeptides
of 28K, 18K, and 12K. Thus, these polypeptides
probably are coded within block 1. The 5RK(I)
antiserum precipitated only the 15K poly-
peptide, which is highly related to the 15K and
14.5K polypeptides precipitated by the other
antisera. 5SRK(I) cells contain 70% of Ad5 Hsul-
G fragment and express 50% of G-fragment as
RNA (10). Therefore, the 15K and 14.5K poly-
peptides may be coded, at least in part, within
map position 0 to 8. Lewis et al. (44) mapped a
44K-50K polypeptide within map position 0 to
4.5 and a 15K within map position 4.5 to 11.
These authors also observed 44K-50K and 15K
polypeptides after translation of Ad2-specific
RNA from F17 and 8617 cells (44). Lupker et al.
(46) mapped a series of polypeptides (51K, 48K,
42K, 38K) and a 14K polypeptide within map
position 0 to 4.5. Our 15K/14.5K, or one or more
of the weak 15K-20K or 10K-15K polypeptides
precipitated by the F17 and other antisera, could
correspond to the 15K polypeptide of Lewis et
al. (44) or the 14K polypeptide of Lupker et al.
(46).

It is not known whether the 53K polypeptide
corresponds to the 38K-51K polypeptide gene
that maps at position 0 to 4.5 (32, 44, 46). The
5RK(I) antiserum did not precipitate the 53K
polypeptide, which may suggest that the 53K
polypeptide is not synthesized in 5RK(I) cells,
which in turn may suggest that some or all of
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the 53K gene lies to the right of map position 8.
On the other hand, 5RK(I) cells may produce
53K polypeptide but in insufficient quantities to
raise antibodies in rats. The 53K polypeptide
could correspond to a 55K polypeptide linked to
the 5’ termini of adenovirus DNA (52). There is
strong evidence that this 55K polypeptide is
synthesized during early stages of infection and
thus is coded by a viral early gene or by a cell
gene (Green et al., in press; T. Yamashita, M.
Arens, and M. Green, J. Virol,, in press). Peptide
mapping experiments are in progress investigat-
ing the relationship of the 53K polypeptide to
the 55K and to the 38K-51K polypeptides.

The T2C4, 8617, and F4 antisera precipitated
an 11.5K polypeptide that appears to be unre-
lated to any of the other polypeptides. This
polypeptide should be coded by either gene
block 1 or 4, because 8617 cells do not carry
blocks 2 or 3.

The 11K polypeptide was precipitated only by
the 8617 antiserum, suggesting that it maps in
gene block 1 or 4. Lewis et al. (32, 44) observed
an 11K polypeptide after translation of EcoRI-
C-specific Ad2 early mRNA. Possibly, their 11K
and our 11K correspond, which would map our
11K in gene block 4. Our 11K is probably the
11K nucleoprotein described by several authors
(9, 32, 53, 57), because it was precipitated much
more strongly from the nucleoplasm than from
the cytoplasm (data not shown).

It is difficult to assign tentative locations to
the genes for the 21K glycopolypeptide and the
13.5K polypeptide precipitated by the T2C4 an-
tiserum. Probably these are coded by gene block
3 or 4, although block 1 cannot be excluded.
Lewis and colleagues (32, 44) mapped polypep-
tides of 13K, 14K, and 15.5K in block 3, and
polypeptides of 11K, 21K, 19K, and 17K in block
4.
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ADDENDUM IN PROOF

We have recently established by two-dimensional chymo-
tryptic or tryptic peptide mapping of polypeptides immuno-
precipitated by F17 antiserum that (i) 15K is highly related to
53K, (ii) 53K is unrelated to the 38K-51K polypeptides coded
by map positions 0 to 4.5, (iii) 18K and 14.5K are related to
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15K, (iv) 28K and 12K are unrelated to each other or to any
other F17-specific polypeptides, and (v) the two mobility forms
of 53K are identical (M. Green, W. Wold, K. Brackmann, and
M. Cartas, submitted for publication). We have also estab-
lished that the 53K polypeptide linked to the termini of Ad2
DNA is unrelated to the Ad2-coded 53K, 38K-51K, or DBP
(or 40K-50K subspecies of DBP) polypeptides (M. Green, K.
Brackmann, W. Wold, and M. Cartas, submitted for publica-
tion).
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