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Experiments exploring the reasons for a multiplicity of products from early region 1A of adenovirus 5 are
described. Labeled early region 1A products from wild-type virus were synthesized in infected cells and in a
cell-free system programmed with mRNA from infected cells, immunoprecipitated specifically with an
antipeptide serum, E1A-C1, directed against the C-terminal sequence of E1A products, and separated by gel
electrophoresis. Two-dimensional maps of [**S]methionine-labeled peptides were consistent with antigens
of 52,000 daltons (52K) and 48.5K being from the 13S mRNA and antigens of 50K, 45K, and 35K from the
12S mRNA. Partial N-terminal sequences of 52K, 50K, 48.5K, and 45K synthesized in vitro showed that
each of these antigens was initiated at the predicted ATG at nucleotide 560 in the DNA sequence. These
results eliminate multiple initiation sites and proteolytic cleavage at the N-terminal end as sources of antigen
diversity. Peptide maps and N-terminal sequences were obtained in a similar way for E1A products from the
AdS deletion mutant d/1504, which lacks the normal initiator codon. As predicted, these polypeptides are
initiated at the next ATG, 15 codons downstream in the wild-type sequence. These results are discussed in

relation to Kozak’s ribosomal scanning model.

In human adenovirus 5 (AdS) and the closely related
human adenovirus 2, genes located in early region 1A (E1A)
serve important functions in both the infection and transfor-
mation of cells. In the initial stages of infection, a product or
products from E1A is responsible for turning on other blocks
of early adenovirus genes (2, 18), possibly by interacting
with a cellular protein (22) or by facilitating the formation of
transcriptional complexes (10). For adenovirus to bring
about the transformation of cells, region E1A together with
early region 1B are the only portions of the viral genome that
are necessary (9, 12).

A puzzling feature of the E1A region of adenovirus is the
number of polypeptides produced from it early in infection.
Maps of E1IA mRNAs (3, 6), the partial sequences of these
mRNAs (25), and the complete sequence of the E1A region
of the genome (30) suggest that two mRNAs, a 13S of about
1,100 nucleotides and a 12S of about 900 nucleotides, are
produced at early times. These mRNAs have the same 5’ and
3’ termini and differ only in the 5’ donor site for the removal
of a single intron from the primary transcript. As a result,
each mRNA is expected to encode a single polypeptide chain
from the same reading frame; the two chains would be 289
and 243 amino acid residues long, they would possess the
same N and C terminal ends, and would differ only with
respect to an internal stretch of 46 residues. Two early
polypeptides have been detected from this region by gel
electrophoresis (11, 26), but more frequently the number has
been four, six, or more in infected cells treated with drugs
and in cell-free translation of selected viral mRNAs (8, 13—
15, 17, 28, 29).

Recently, the production of polypeptides from region E1A
in cells infected with AdS in the complete absence of drugs
has been studied by Yee et al. (31). These authors prepared a
rabbit antiserum, E1A-C1, against a synthetic heptapeptide
corresponding to the C-terminal predicted for products of
the 13S and 12S E1A mRNAs and found that it precipitated
four major and at least two minor antigens. On sodium
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dodecyl sulfate (SDS)-polyacrylamide gels, these antigens
migrated with M.s of about 52,000 (52K), 50K, 48.5K, 45K,
37.5K, and 35K. In further studies with this serum on
mutants of AdS, Rowe et al. (27) have shown that the 52K,
48.5K, and 37.5K polypeptides are products of the 13S
mRNA, whereas 50K, 45K, and 35K are produced from the
12S mRNA.

More than one polypeptide could be produced from a
single mRNA as a result of such factors as multiple transla-
tional initiation sites, premature termination, proteolytic
cleavage, or post-translational modification. Since the six
antigens just described were all immunoprecipitated by the
E1A-C1 serum, they must all share the same C-terminal
sequence. Thus, none of them could have arisen by prema-
ture termination or by cleavage at the C-terminal end (31).

To investigate the products of the E1A region of adenovi-
rus further, particularly with respect to their N-terminal
sequences, we obtained tryptic peptide maps and the partial
N-terminal sequences of the four major species from wild-
type (wt) AdS. The data show clearly that all four products
contain the same N-terminal sequence. As a further check
on the expression of region E1A, we obtained peptide maps
and partial N-terminal sequences of two major species of
polypeptides produced from this region in the adenovirus
mutant d/1504. This mutant, constructed by Osborne et al.
(23), is phenotypically wt but contains a deletion which has
removed the AU of the first AUG in the wild-type E1A
mRNAs, so that translation is presumed to be initiated at the
next AUG, 15 codons further on. This was confirmed.

MATERIALS AND METHODS

Materials. [>’SImethionine (specific activity, up to 1,200
Ci/mmol) was from New England Nuclear Corp.; [*Hlisoleu-
cine (87 to 113 Ci/mmol) and [*H]leucine (130 to 142 Ci/
mmol) were from Amersham Corp. Citrate synthase and
oxaloacetate were from Sigma Chemical Co. For amino acid
sequencing, reagents were from Beckman Instruments, Inc.,
and solvents (benzene, ethyl acetate, and butyl chloride)
were from Burdick and Jackson Laboratories.
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Viruses. Wt AdS5 was propagated in KB cells and titrated in
HeLa cells as previously described (16). The same proce-
dures were also used for the AdS deletion mutant d/1504 (23),
a gift from A. J. Berk to F. L. Graham, McMaster Universi-
ty.

Antisera. AdS antigens from early region E1A were im-
munoprecipitated specifically with a rabbit antiserum (E1A-
C1) raised against a synthetic peptide (Tyr-Gly-Lys-Arg-Pro-
Arg-Pro) corresponding to the predicted carboxy-terminal
ends of the E1A gene products as described by Yee et al.
(31). Preimmune sera collected from the rabbits were used as
controls.

Synthesis of viral antigens. The methods were essentially
those described previously (7). Antigens synthesized in vivo
were obtained from whole-cell extracts of KB cells grown in
monolayer. The cells were infected at 35 or 50 PFU per cell
with wt AdS or dl1504, labeled with [>*S]methionine at 8 to
12 h or 12 to 16 h postinfection, and then harvested. For in
vitro synthesis, total cytoplasmic polyadenylated [poly(A)*]
mRNA was prepared from KB cells infected with wt Ad5 at
50 PFU per cell or with dl1504 at 75 PFU per cell for 8 h in
the presence of cycloheximide and translated in a cell-free
reticulocyte system. This system was used without further
treatment for the translation of mRNA from wt-infected
cells, but before translation of mRNA from dl1504-infected
cells it was depleted of acetyl coenzyme A (CoA) by
pretreatment with citrate synthase in the presence of oxalo-
acetate as a precaution against N-terminal acetylation of
nascent proteins (24).

Immunoprecipitation and polyacrylamide gel electrophore-
sis. Antigens were immunoprecipitated in the presence of
protein A-Sepharose beads (7), and the immunoprecipitates
were analyzed either by one-dimensional electrophoresis on
SDS-polyacrylamide gels (7) or by two-dimensional O’Far-
rell-type electrophoresis (27), followed in each case by
autoradiography.

Peptide mapping and N-terminal sequencing. After one-
dimensional gel electrophoresis, polypeptide bands located
from the autoradiograph were eluted from the gel and used
either for peptide mapping or for sequencing on a Beckman
890C sequencer. (To locate bands of *H-labeled polypep-
tides, lanes of 3°S-labeled samples were used as markers.)
Mapping was performed on oxidized samples digested with
trypsin by using thin-layer silica gel plates. Separation was
by electrophoresis in 0.33% (vol/vol) pyridine-3.33% (vol/
vol) glacial acetic acid in the first dimension followed in the
second dimension by chromatography in 35.7% (vol/vol)
1-butanol-28.6% (vol/vol) pyridine-7.1% (vol/vol) glacial
acetic acid (5, 7). Sequencing was carried out essentially as
described previously (7) on polypeptides that had been
identified by peptide mapping part of the sample, or in the
case of *H-labeling, by mapping part of the corresponding
33S-labeled polypeptide used as marker in autoradiographs
of the gels.

RESULTS

Comparison of wt E1A products synthesized in vivo and in
vitro. KB cells were infected with wt Ad5 or were mock-
infected, and at either 8 or 12 h postinfection all of the cells
were labeled with [>>S]methionine for 4 h. Extracts of these
cells were immunoprecipitated with E1A-C1 serum, which is
directed against the carboxy terminal sequence predicted for
E1A proteins, and the immunoprecipitates were analyzed by
SDS-polyacrylamide gel electrophoresis. At least six poly-
peptides were detected in virus-infected cells at both labeling
periods (Fig. 1B): four major components with M,s of 52K,
50K, 48.5K, and 45K, and two minor components of 37.5K
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and 35K. These species, which closely resemble those
reported by Yee et al. (31) with a >?P; label, were not found in
uninfected cells (Fig. 1A) or when normal rabbit serum was
used instead of E1A-C1 (data not shown).

A pattern similar to that for the four major bands in Fig.
1B was also obtained with E1A products synthesized in vitro
(Fig. 1C). A rabbit reticulocyte system was incubated with
[**S]methionine in the presence of cytoplasmic poly(A)*
mRNA that had been extracted from KB cells infected with
wt AdS for 8 h in the presence of cycloheximide. The
mixture was immunoprecipitated with either E1A-C1 or
normal rabbit serum, and the immunoprecipitates were
electrophoresed on an SDS-gel. Four in vitro products were
precipitated by E1A-C1 serum (Fig. 1C) but not by normal
serum (Fig. 1D). These products were not synthesized in
cell-free systems to which had been added either no mRNA
or mRNA from uninfected KB cells (data not shown). In
vitro, only the two most slowly migrating polypeptides, 52K
and 50K, were produced in abundance; the more rapidly
migrating species were in much lower relative amounts than
they were in vivo (compare Fig. 1C and B). This made it
difficult to distinguish in vitro species corresponding to the in
vivo 37.5K and 35K products, but in favorable cases bands
of 37.5K and 35K were detected with E1A-C1 serum (Fig.
1E). Each of the in vitro polypeptides indicated in Fig. 1E
was identified as an E1A product by comparing its peptide
map with that of the corresponding in vivo product (see
below). (In Fig. 1C, D, and E, the dark uppermost band
represents the 72K DNA binding protein from early region
2A, which precipitates nonspecifically from the incubated
reticulocyte lysate and which in this gel system migrates at
about 60K [J. F. Downey, unpublished data].) For conve-
nience, the E1A products will be referred to by the M, values
shown in Fig. 1A to E, although no special significance can
be attached to these values since the products migrate at
different rates relative to one another and to molecular
weight markers in different gel systems (31; J. F. Downey,
unpublished data).

The E1A products synthesized in vivo and in vitro and
immunoprecipitated with E1A-C1 antiserum were also com-
pared by two-dimensional electrophoresis, using isoelectric
focusing in the first dimension followed by SDS-gel electro-
phoresis in the second. Figure 1F and G shows the appropri-
ate parts of the autoradiographs in which the four major
products can be distinguished. In both cases the pI’s of the
two sets of products are similar, about 4.8. In Fig. 1G, as in
Fig. 1C and E, the intensities of the 48.5K and 45K compo-
nents are much weaker than those of 52K and 50K, although
in Fig. 1G this effect is extreme. In Fig. 1G also, the in vitro
products are spread over a wider pH range than those made
in vivo. This difference was not observed consistently and is
probably due to variations in technique.

The major in vivo and in vitro products were compared
further by preparing two-dimensional maps of tryptic pep-
tides of material eluted from gels similar to those in Fig. 1B,
C, and E. Autoradiographs of these are shown for the 52K
and 48.5K antigens from the 13S mRNA in Fig. 2 and for the
50K, 45K, and 35K antigens from the 12S mRNA in Fig. 3.
Although several of the peptides varied in intensity from
sample to sample, especially numbers 3 and 4 in 52K (Fig. 2),
for example, it was evident that in each case the patterns of
[**S]methionine-containing peptides from in vivo and in vitro
products were the same. It was also evident from Fig. 2 and
3 and other autoradiographs that the patterns of 52K and
48.5K were identical to one another, as were those for S0K,
45K, and 35K, and that all five antigens share a number of
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FIG. 1. One- and two-dimensional gel analyses of E1A products synthesized in vivo and in vitro. (A and B) KB cells in monolayer were (A)
mock infected or (B) infected with wt Ad5 at 35 PFU per cell and labeled with [**S]methionine (50 w.Ci per 150-mm dish) from 12 to 16 h postin-
fection. Extracts of these cells were immunoprecipitated with E1A-C1 serum and separated by electrophoresis on 15% polyacrylamide-SDS
gels, and the gels were autoradiographed. In B, the heavy band at the top of the gel is due to hexon, produced in large amount in the labeling
period used in this experiment and precipitated nonspecifically. (C, D, and E) Total cytoplasmic poly(A)* mRNA was isolated from KB cells
infected with wt AdS5 for 8 h in the presence of cycloheximide and was translated in a rabbit reticulocyte system containing [**S]methionine.
The incubated mixtures were immunoprecipitated with (C and E) E1A-C1 serum or (D) nonimmune serum and analyzed on 12%
polyacrylamide-SDS gels, and the gels were autoradiographed. Lanes A through E have been printed to show the minor bands of lower
molecular weight; the darker bands were clearly resolved from one another on the original autoradiograph. (F and G) Immunoprecipitates
labeled with [**S]methionine were prepared with E1A-C1 serum from (F) infected cells and from (G) a reticulocyte system programmed with
mRNA from infected cells, as described above for B and C and E, respectively. These immunoprecipitates were analyzed by two-dimensional
electrophoresis, first in pH 4 to 6 isoelectric focusing gels (horizontal dimension) and then in 12% polyacrylamide-SDS slab gels (vertical
dimension). Only the portions of the autoradiographs of the gels containing the E1A products are shown. The basic side of the isoelectric

focusing dimension is on the left.

peptides. (A similar conclusion was reached by Smart et al.
[28] with Ad5 and by Green et al. [13] for the corresponding
E1A proteins of adenovirus 2 isolated by two-dimensional
electrophoresis.) These results are consistent with 52K and
48.5K being products of the E1A 13S mRNA and 50K, 45K,
and 35K being products of the E1A 12S mRNA (27). The
DNA sequence predicts that products of the 12S mRNA
should differ from those of the 138 in the absence of two *S-
peptides and a change in another **S-peptide. It is clear that
50K, 45K, and 35K lack peptide 4, which at pH 3.5 migrates
towards the anode, but it is not possible to identify another
absent peptide or the altered peptide. Apart from peptide 4,
the only other consistent difference found in a large number
of maps has been the reduction, and in some samples the
absence, of peptide 2 from 50K and 45K; this may indicate
altered solubility characteristics reflecting a change in the
composition of this peptide, even though its position on the
map is not detectably different.

Since sequencing was carried out on polypeptides eluted
from gels, the purity of such preparations has a bearing on
the significance of the sequencing results. In the electropho-
retic pattern, the 13S mRNA products alternated with 12S
mRNA products, so that the most likely source of contami-

nation was of a product of one mRNA by products of the
other. The freedom of 13S mRNA products from contamina-
tion by 12S mRNA products cannot be estimated, since the
latter contain no peptides not also present in the former.
However, the consistent absence of peptide 4 from all of the
maps we obtained of 50K, 45K, and 35K shows that these
polypeptides were not detectably contaminated with prod-
ucts of the 13S mRNA. This suggests that contamination of
any component by its neighbors was probably not signifi-
cant.

In separate experiments (data not shown), it was found
that maps of the 52K and 48.5K products (Fig. 2) were
identical to those of the in vivo and in vitro products
immunoprecipitated by combined polyvalent hamster antitu-
mor sera, which as Rowe et al. (27) have found precipitate
only 13S mRNA products.

Sequencing of the amino terminals of wt in vitro products.
To examine the N-termini of the multiple E1A products,
syntheses were carried out in the reticulocyte system in the
presence of [**S]methionine, [*Hlisoleucine, or [*H]leucine.
The reaction mixtures were then immunoprecipitated with
E1A-C1 serum, the precipitates were electrophoresed on
SDS-gels, and material in each of the four main bands was
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FIG. 2. Maps of [*>SImethionine-containing tryptic peptides of (a and b) the 52K and (¢ and d) the 48.5K products of the E1A 13S mRNA,
synthesized (a and ¢) in vivo and (b and d) in vitro. Polypeptides were eluted from the appropriate bands in gels such as those shown in Fig. 1B
and E and digested with tolysulfonyl phenylalanyl chloromethyl ketone-trypsin. Maps were prepared on thin-layer silica gel plates by using
electrophoresis in the first (horizontal) dimension and chromatography in the second (vertical) dimension. In each case the origin is toward the
lower right (in a, immediately below the spot marked 1). In d some of the fainter spots are due to contaminating peptides.
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FIG. 3. Maps of [**SImethionine-containing tryptic peptides of (a and b) the 50K, (c and d) 45K, and (e) 35K products of the E1A 12S
mRNA, synthesized (a, ¢, and e) in vitro and (b and d) in vivo. The maps were prepared by procedures similar to those described in the legend
to Fig. 2.
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Y L and 48.5K labeled with [**SImethionine and [*Hlisoleucine; and 45K
labeled with [*H]isoleucine. The antigens were synthesized in vitro
with the appropriate labels, separated on gels similar to that used for
s Fig. 1E, eluted, and sequenced. Material recovered from each
sequencing cycle was counted for radioactivity. In the sequences of
B 48.5K, the results of two runs are shown, as explained in the text.
The amino acid sequence shown at the top and bottom is that
_‘—\_j— predicted from the DNA sequence of region E1A of AdS, beginning
P e T Y Y T R at nucleotide 560 (30). Abbreviations: M, methionine; R, arginine;
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eluted, using the autoradiographs of the 3°S-labeled mate-
rial as guides. The samples were then processed on an
automatic sequencer, and the material recovered from each
cycle was counted for radioactivity. Initial experiments with
[>*SImethionine showed that the terminal amino groups of
the antigens were not blocked. The results obtained on the
four antigens with different amino acids are shown in Fig. 4,
together with the sequence predicted by van Ormondt et al.
(30) from the DNA sequence for AdS5, beginning at nucleo-
tide 560. For the 48.5K antigen, the sample from cycle 7 in

H, histidine; I, isoleucine; C, cysteine; G, glycine; V, valine; T,
threonine; E, glutamate; A, alanine; S, serine; L, leucine; D,
aspartate; Q, glutamine.

one analysis was lost; the results from an earlier run with
fewer counts were therefore included to show that cycle 7
contained no significant radioactivity. It is evident from Fig.
4 that for each of the antigens, the results obtained match the
predicted sequence, indicating that all four are initiated at
the same codon.

Peptide mapping and partial N-terminal sequencing of E1A
products from mutarit d/1504. E1A products from Ad5 dele-
tion mutant d/1504 were synthesized in vivo and in vitro,
immunoprecipitated with E1A-C1 serum, and analyzed on
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SDS-gel by procedures similar to those for wt virus. Both the
in vivo and in vitro products of d/1504 gave multiple bands
with M.s roughly comparable to those for wt virus. This is
illustrated for the in vitro products of wt and mutant virus in
Fig. 5A and B, respectively, where only the most abundant
species have been identified. In gels of mutant material
synthesized in vitro such as that in Fig. 5B, bands were
identified as containing E1A ?roducts by eluting the poly-
peptides and mapping their [>>S]methionine peptides. The
maps (see Fig. 5C and D) resembled those for wt polypep-
tides (Fig. 2 and 3) and like the latter formed two groups,
namely, those that contained a peptide migrating toward the
anode and those that did not. By comparison with the results
on wt products, these two groups are assumed to have been
synthesized on the 13S and 12S E1A mRNAs respectively.

As explained above, the E1A products of d/1504 should be
shorter and should therefore migrate faster than those of wt.
This was the case for all species except the uppermost band
in the in vitro pattern (Fig. 5B). This band, which represents
the only noticeable difference between the patterns of in vivo
and in vitro products from d/1504, was absent in vivo. In the
gel shown in Fig. 5B, this band is of roughly the same
intensity as the one immediately beneath it. In most experi-
ments, however, it was much weaker so that only the lower
of these two bands of 13S product yielded enough material to
be sequenced (see below). Whether the presence of the
upper band reflects a genuine difference between the syn-
thetic processes in vivo and in vitro or whether it is an
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artifact of electrophoresis is not known. It is evident that,
like the wt E1A products, those from d/1504 migrate anoma-
lously on SDS-gels, and so we did not attempt to clarify their
electrophoretic patterns further.

If in d/1504 E1A products are initiated at the second AUG
in the open reading frame, their [**S]methionine peptide
maps should lack the dipeptide Met-Arg at the N-terminal of
the wt products and should contain an N-terminal peptide of
83 residues in place of a peptide of 95 amino acids (represent-
ing residues 3 to 97) in the wt products. It was not possible to
identify any spot in the wt maps (Fig. 2 and 3) that was
missing from those for d/1504 products (Fig. SC and D) and
could represent the dipeptide. The only noticeable difference
between the maps is that the spot corresponding to spot 1 in
wt (Fig. 2 and 3) chromatographs further in the mutant (Fig.
5), and may therefore represent the large truncated peptide.

To establish the initiation codon for E1A products in
dl1504, two polypeptides labeled with [*H]leucine were
partially sequenced at their N-terminal ends as follows.
Material labeled with [*Hlleucine was synthesized in a
reticulocyte system pretreated with citrate synthase and
oxaloacetate as a precaution against N-terminal acetylation.
The incubation mixture was immunoprecipitated with E1A-
C1 serum, and the immunoprecipitate was electrophoresed
on an SDS-gel in parallel with a similar sample labeled with
[**SImethionine. With the autoradiograph of the 3°S-labeled
material as a guide, two bands labeled with [**S]methionine
and the corresponding two bands labeled with [*H]leucine
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FIG. 5. Gel analyses, peptide maps, and partial N-terminal sequences of E1A products from AdS deletion mutant d/1504, synthesized in
vitro. (M, A, and B) Separation on 12% polyacrylamide-SDS gel of (M) !“C-labeled marker proteins; (A) [**S]methionine-labeled E1A
products from wt virus, synthesized in vitro and immunoprecipitated with E1A-C1 serum as described for Fig. 1C and E; and (B)
[33SImethionine-labeled E1A products of d/1504 prepared by the same procedures as those for A. The electrophoresis conditions were the
same as those for Fig. 1A through E. (C and D) Maps of [>*S]methionine-containing tryptic peptides of d/1504 material eluted from the bands
indicated in gels similar to that in B. The numbers in parentheses indicate the EIA mRNA from which the polypeptide in each band is
synthesized (see text). The maps were prepared as described in the legend to Fig. 2. (E and F) Partial N-terminal sequences of two d/1504 anti-
gens (which originate from 13S and 12S mRNAs, respectively) labeled with [*H]leucine and prepared as described in the legend to Fig. 4. The
amino acid sequence under E is that predicted from the DNA sequence for E1A beginning at codon 16. See the legend to Fig. 4 for the

abbreviations.
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were excised from the gel, and the polypeptides were
recovered. The two [**S]polypeptides were used to prepare
the peptide maps shown in Fig. 5C and D, whereas the
polypeptides labeled with [*H]leucine were partially se-
quenced (Fig. SE and F). In both the 13S (Fig. SE) and the
12S (Fig. SF) mRNA products, leucine residues were found
at the positions predicted by the DNA sequence for a
polypeptide initiated at the second AUG codon in the wt
reading frame in region E1A but from which the N-terminal
methionine has been removed after translation (see the
sequence beneath Fig. SE and F).

The absence of initiating methionine residues from mutant
polypeptides recovered from in vitro synthesis was con-
firmed in a separate experiment in which polypeptides
similar to those in Fig. SB but labeled with [**S]methionine
were sequenced. In both cases no radioactivity was recov-
ered in the first two cycles. Analyses on the degradation of
lysozyme added to the samples in these experiments showed
that the automatic sequencer was performing properly (7).

DISCUSSION

The results presented here eliminate several possible
explanations discussed above for the multiplicity of polypep-
tides from the E1A region of AdS. First, the partial N-
terminal sequences of the four major slowest-migrating
species from wt virus, 52K, SO0K, 48.5K, and 45K, all
correspond to that predicted for E1A products by the DNA
sequence starting at nucleotide 560 (30). Thus, none of these
antigens could have arisen from one of the others by proteo-
lytic cleavage of this N-terminal region. Furthermore, addi-
tional species of antigen could not have arisen from the same
mRNA by the use of translational initiation sites elsewhere
in the mRNA and particularly not at the AUG codon at
position 15 in the open reading frame.

Another reason for the number of E1A products could be
that mRNAs other than the 13S and 128 already identified
are produced early in infection from the same E1A transcript
by different splicing patterns. The products from such un-
identified mRNAs would share the same N- and C-terminals
as the products of the other mRNAs, but some internal
sequences, probably including some methionine peptides,
would differ. Although this possibility cannot be excluded, it
seems unlikely in view of the close similarity between the
peptide maps of the products examined, except for the
limited differences that can be reasonably explained in terms
of the coding sequences of the 13S and 12S mRNAs.

The explanations for multiple species that remain are as
follows. (i) The multiple bands represent artifacts of SDS-gel
electrophoresis. This seems unlikely in light of recent evi-
dence suggesting that different products from the same
mRNA have different cellular locations (D. T. Rowe, S.-P.
Yee, F. L. Graham, and P. E. Branton, manuscript in
preparation). (ii) Occasionally during translation of the 12S
and 13S mRNAs, the normal termination codon at nucleo-
tide 1,543 is suppressed. The polypeptides produced in such
cases would still contain the normal C-terminal sequence
(although no longer in the terminal position) and could
therefore still respond to the E1A-C1 serum. Since no
methionine occurs in the normal C-terminal tryptic peptide
or among the residues that would be added, the peptide maps
would not detect suppression of termination. An argument
against this possibility comes from results with AdS deletion
mutant d/313. In this mutant, the 3’ end of region E1A and
most of early region 1B are removed, so that translation
initiated in E1A is terminated by sequences at the extreme 3’
end of early region 1B. Despite the lack of the normal E1A
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termination sequence, in infected cells this mutant still
produces at least two polypeptides from the mutated E1A
13S mRNA (27). To explain this result, suppression of
termination would have to be widespread in the adenoviral
genome. This does not seem likely as it would have serious
consequences for growth of the virus. (iii) There are different
degrees of post-translational modification of the product
molecules. This seems to be the most likely explanation,
although at present the nature of the modifications responsi-
ble is unclear. Yee et al. (31) have shown that all the E1A
polypeptides are phosphorylated, and there was ari indica-
tion from *?P-peptide maps that the antigens may differ in the
degree of phosphorylation. Whether these differences give
rise to the multiple species remains to be determined.

The N-terminal sequences obtained for the E1A products
of mutant dl1504 confirmed that the initiation of translation
of these products occurs at the codon predicted, namely,
codon 15 in the open reading frame of the wt sequence.
Furthermore, these sequences and those for the wt polypep-
tides establish clearly that translation can be initiated at the
AUG codon at position 15 but that this codon is not used as
an initiator until the normal initiator at codon position 1 has
been deleted. This confirms what would be predicted by
Kozak’s modified scanning model for initiation of translation
in eucaryotic mRNAs (19, 20). The sequence around codon
1, AAAAUGA, conforms to the consensus sequence
PuNNAUGPu that Kozak has identified for efficient ini-
tiation sites. In the presence of this site, therefore, very few
40S ribosomal subunits, as they scan from the 5’ end of the
mRNA, would fail to initiate at this point. Only in its absence
would significant numbers of subunits reach codon 15 to
initiate there. It is interesting that the sequence around
codon 15, GAAAUGG, is also that of an efficient ini-
tiation site, so that in dI1504 there is likely to be little
initiation at the next downstream AUG, which does not
occur until codon 71 in the wt sequence. (This situation in
E1lA contrasts with that in early region 1B, where the 22S
mRNA contains two functioning initiation sites [4, 21], both
of which have, by Kozak’s criterion, the less efficient
initiating sequence PYNNAUGG.)

A surprising finding with dl1504 was that the N-terminal
methionine residué is removed from E1A polypeptides in the
reticulocyte system, whereas it is not from the wt products.
The removal of terminal methionine residues has been
reported before by Anderson and Lewis (1) in adenoviral
proteins synthesized in a cell-free system. In light of the
present results, it seems likely that the penultimate N-
terminal residue(s) in a polypeptide may inflience the ability
of the reticulocyte enzyme to remove the methionine. The
results here suggest that alanine residues facilitate this
removal, which would be consistent with the experience of
Anderson and Lewis with adenovirus 2 hexon (1).
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