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For an immunological analysis of the late adenovirus type 2 nonstructural
100,000-dalton (100K) and 33K proteins, we prepared antisera against sodium
dodecyl sulfate-denatured, gel-purified 100K and 33K proteins. These antisera
were tested for potential cross-reactivity, since according to a previous report
(Axelrod, Virology 87:366-383, 1978) these two proteins exhibit extensive amino
acid homologies. However, immunoprecipitations of 100K and 33K proteins, as

well as a sensitive immune replica technique, did not reveal any immunological
relationship between these proteins. Therefore, using fingerprint peptide analysis,
we investigated the structural relationship between 100K and 33K proteins
labeled with a '4C-amino acid mixture or with ['4C]proline after digestion with
trypsin. We detected only minor, if any, amino acid homologies, indicating that
the 100K and 33K proteins are not structurally related.

In adenovirus type 2 (Ad2)-infected cells three
virus-encoded late nonstructural proteins having
polypeptide molecular weights of about 100,000
(1OOK) (1-3, 14, 15), 50,000 (50K) (19), and
33,000 (33K) (2, 15, 21) have been characterized
in some detail. So far, very little is known about
the possible functions of these proteins in the
replication cycle of Ad2, but the occurrence of
the 100K, 50K, and 33K proteins late in infection
suggests that they may be involved in functions
necessary for the maturation of virions (e.g.,
processing of precursor virion proteins, trans-
port, or assembly of virion proteins).

In an attempt to analyze the potential func-
tions of the Ad2 100K and 33K proteins, we
decided to determine the exact subcellular lo-
cations of these proteins, both by biochemical
cell fractionation and by in situ immunofluores-
cence microscopy in which antisera against the
100K and 33K proteins were used (7). A prereq-
uisite for performing the immunofluorescence
experiments was to obtain antisera specific for
the 100K and 33K proteins. However, produc-
tion of such antisera seemed problematic, since
several workers have suggested that the 100K
and 33K proteins may be related genetically and
may share common amino acid sequences. The
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evidence for this is as follows: (i) the RNAs
which program in vitro translation systems to
produce the 100K and 33K proteins hybridize to
adjoining EcoRI fragments (15, 17) and to the
same BamHI (17) fragment of Ad2 DNA; (ii) as
determined by hybrid-arrested translation, the
coding region for the 33K protein on Ad2 DNA
seems to be within the region encoding the 100K
protein (17); (iii) Axelrod (2) analyzed the tryptic
peptides of Ad2 lOOK and 33K proteins labeled
with a '4C-amino acid mixture and found that
about two-thirds of the tryptic peptides of the
33K protein were in the 100K protein, implicat-
ing a considerable amino acid sequence homol-
ogy between the two proteins. Therefore, we
expected that antiserum against the 33K protein
would recognize the 100K protein and vice versa.
To isolate the 100K and 33K proteins, HeLa

S3 cells grown in a suspension culture were in-
fected with Ad2 at a multiplicity of infection of
100. At 36 h postinfection, the cells were lysed
in RSB (10 mM Tris-hydrochloride pH 7.2, 10
mM NaCl, 1.5mM MgCl2) containing 0.5% Non-
idet P-40 (Shell Chemicals Co., London, Eng-
land) and fractionated into a cytoplasmic frac-
tion and a nuclear fraction. The nuclear fraction,
which contained most of the lOOK protein and
all of the 33K protein (7), was separated on
preparative sodium dodecyl sulfate (SDS)-poly-
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acrylamide gels. Then the lOOK and 33K pro-
teins were eluted electrophoretically from the
gel, essentially as described by Lazarides and
Weber (13). The extracted proteins were
checked for purity by SDS-polyacrylamide gel
electrophoresis, using the methods of Laemmli
(12) and Maizel (16) (data not shown); these
proteins were used to raise antibodies in two
guinea pigs (1OOK protein) and one rabbit (33K
protein).
The antisera were first tested by immunopre-

cipitation of native lOOK and 33K proteins that
were labeled with 32Pi (2, 7) from nuclear extracts
of Ad2-infected cells by using the protein A-
Sepharose technique (7). The immunoprecipi-
tates were analyzed by SDS-polyacrylamide gel
electrophoresis (Fig. 1). To our surprise, neither
antiserum showed any cross-reaction. The anti-
serum against the lOOK protein quantitatively
precipitated the lOOK protein without reacting
with the 33K protein (Fig. 1, lane c), and the
anti-33K serum only recognized the 33K protein
(Fig. 1, lane d). A qualitatively similar result was
obtained when SDS-denatured lOOK and 33K
proteins were used as antigens in the immuno-
precipitation assay (data not shown). The anti-
lOOK serum also quantitatively removed the
lOOK protein from cytoplasmic fractions of Ad2-
infected cells (data not shown). Control experi-
ments with nonimmune sera and with extracts
of uninfected cells confirmed that our antisera
reacted only with the Ad2 lOOK and 33K pro-
teins (data not shown).
To demonstrate further the specificity of our

antisera, we characterized them by the sensitive
immune replica technique of Saltzgaber-Muller
and Schatz (20). HeLa cells were infected with
Ad2 and fractionated at 36 h postinfection into
a cytoplasmic fraction and a nuclear fraction.
The nuclear fraction was electrophoresed on an
SDS-polyacrylamide gel and then processed for
immune replication in an agarose gel containing
antiserum (anti-lOOK or anti-33K serum). Pro-
teins diffusing from the acrylamide gel into the
agarose replica gel formed an immunoprecipitate
if they reacted with the embedded antiserum.
Any immunoprecipitate in the replica gel then
was decorated with '25I-labeled protein A from
Staphylococcus aureus, which specifically binds
to the Fc part of many classes of immunoglob-
ulins (9). Figure 2 shows that the anti-lOOK
serum only reacted with the lOOK protein (Fig.
2, lane b) and that the anti-33K serum exclu-
sively recognized the 33K polypeptide (Fig. 2,
lane c).
Thus, from the results obtained both by im-

munoprecipitation and by immune replication
we concluded that neither antiserum showed
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FIG. 1. Immunoprecipitation of100K and 33Kpro-
teins from nuclear extracts ofAd2-infectedHeLa cells
by using antisera prepared against 100K and 33K
proteins: autoradiograms of 32Pi-labeled polypep-
tides. Ad2-infected HeLa S3 cells were labeled at 36
h postinfection for 2 h with 32p, (200 [WCi/ml; 285 Ci/
mg of P) in growth medium containing only '/lo the
normalphosphate concentration. The cells were lysed
in RSB containing 1 mMphenylmethylsulfonyl fluo-
ride and 0.5% Nonidet P-40 and then fractionated
into a cytoplasmic fraction and a nuclear fraction by
centrifugation at 10,000 x g for 10 min. Nuclear
fractions were sonically treated in Tris buffer (pH
7.4)-0.5M NaCl-1% Nonidet P-40-1 mMphenylmeth-
ylsulfonyl fluoride for 30 s on ice, and the lysate was
centrifuged at 15,000 x g for 30 min at 4°C. The
supernatant (nuclear extract) was diluted with the
same volume of RSB and used for immunoprecipita-
tions. The immunoprecipitates were analyzed on a
7.5% SDS-polyacrylamide gel. Lane a, Homogenate
of Ad2-infected cells labeled with '4C-amino acids
(protein marker); lane b, 32Pi-labeled nuclear extract
(original reaction mixture); lane c, immunoprecipi-
tate with anti-100K serum; lane d, immunoprecipitate
with anti-33 K serum. Control experiments with non-
immune sera and with extracts of uninfected cells
confirmed that our antisera reacted only with the
Ad2 100K and 33K proteins (data not shown).

any immunological cross-reaction. This is in ac-
cordance with the findings of Oosterom-Dragon
and Ginsberg (18), who prepared an antiserum
against native Ad5 100K protein that did not
react with the Ad5 33K protein. Considering the
results ofAxelrod (2), this lack of cross-reactivity
was difficult to understand. According to the
study of Axelrod, the 33K protein has about 12
tryptic peptides in common with the lOOK pro-
tein and only about 5 peptides of its own. If this
extensive amino acid homology exists, the ob-
served failure of the anti-lOOK serum to recog-
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FIG. 2. Immune replicas showing the reaction be-
tween Ad2-specific proteins separated by SDS-poly-
acrylamide gel electrophoresis and antiserum
against 1WOK or 33K protein. Nuclear fractions were

prepared from Ad2-infected HeLa S3 cells at 36 h
postinfection as described in the legend to Fig. 1,
separated on a 7.5% SDS-polyacrylamide gel, and
subjected to immune replication (20). The acrylamide
gel was placed for 20 h onto an agarose layer (1%
agarose in 0.14M NaCl-10 mMsodiumphospate [pH
7.41-0.4% Triton X-100) containing anti-lOOK or anti-
33K serum in order to allow diffusion ofproteins from
the acrylamide gel into the agarose gel. Then the
acrylamide gel was removed, and the agarose layer
was washed for 48 h with isotonic saline. To detect
immunocomplexes formed in the agarose gel, the gel
was incubated in isotonic saline containing '25I-la-
beled S. aureus protein A iodinated by the method of
Greenwood et al. (10). The agarose gel was washed
extensively in isotonic saline, dried, and autoradi-
ographed.

nize the 33K protein and vice versa could be
explained only if the amino acid sequences com-

mon to both proteins were not immunogenic or

were only weakly immunogenic, or, alterna-
tively, if the common sequences in both poly-
peptides formed an inner core which was not
available to the outside environment even after
SDS denaturation.

Therefore, we investigated the suggested
amino acid sequence homology between the 33K
and 100K proteins by using two-dimensional
peptide mapping. In our first experiment we

analyzed the tryptic peptides of the 100K and
33K proteins labeled with a '4C-amino acid mix-
ture by using the same protocol as Axelrod (2).
Figure 3 shows the tryptic peptide patterns of
the 100K protein (Fig. 3A), the 33K protein (Fig.
3B), and a mixture of the two (Fig. 30). The
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100K protein produced about 100 discrete pep-
tide spots, and the 33K protein produced about
30 spots. It is important that only very little
radioactive material remained at the origin (Fig.
3, arrowheads), indicating complete digestion of
both proteins by trypsin, as well as a good sep-
aration of all peptides. A thorough analysis of
the peptide maps shown in Fig. 3 revealed a
maximum of three peptides (peptides x, y, and
z) common to both the 100K protein and the
33K protein. However, since these peptides only
formed minor spots (i.e., presumably were small
peptides), it was difficult to identify them defi-
nitely, especially in the mixture.
Reading and interpretation of peptide maps

become difficult when a large number of spots
have to be analyzed (Fig. 3). To reduce the
number of labeled peptides in the 100K and 33K
maps, thereby facilitating the identification of
possible common peptides, we analyzed the tryp-
tic peptides of ["C]proline-labeled 100K and
33K proteins. Proteins were labeled with proline
because proline interrupts an a-helical arrange-
ment of amino acids in proteins and, therefore,
presumably is located in structurally important
areas of proteins. Thus, an analysis of ["C]pro-
line-labeled tryptic peptides of the 100K and
33K proteins should have allowed us to identify
homologous areas in the amino acid sequences
of these proteins. Figure 4 shows the tryptic
peptide maps of [14C]proline-labeled 100K (Fig.
4A) and 33K (Fig. 4B) proteins. For the 100K
protein (Fig. 4A), about 35 peptides could be
identified, and about 12 could be identified for
the 33K protein (Fig. 4B). A comparison of a
mixture of 100K and 33K peptides (Fig. 4C)
showed that the two proteins did not have a
single proline peptide in common. Therefore, we
concluded that there are at least no major amino
acid homologies between the two proteins.
This conclusion was further confirmed by a

fingerprint analysis of the chymotryptic peptides
of 100K and 33K proteins labeled with a 14C_
amino acid mixture. Only about 5 peptides of
about 125 resolved peptides for the 100K protein
and about 45 peptides for the 33K protein had
the same mobility in both 100K and 33K peptide
maps (data not shown). The low number of
common peptides observed after a fingerprint
analysis of 100K and 33K proteins labeled with
a 14C-amino acid mixture does not argue against
our conclusion. Considering the size of these
proteins, a low number of common peptides
might be expected for statistical reasons. In ad-
dition, our immunological data strongly support
our finding that the Ad2 100K and 33K proteins
are not structurally related.
To explain the discrepancy between the data
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FIG. 3. Tryptic peptide maps ofAd2 1OOK and 33K proteins labeled with a "C-amino acid mixture. Ad2-

infected HeLa S3 cells were labeled at 26 h postinfection for 3 h with a "C-amino acid mixture (50 ,uCi/ml) in
growth medium containing only '/io the normal amino acid concentration. The cells were subsequently
fractionated as described in the legend to Fig. 1. The 1OOK and 33Kproteins were isolated from preparative
SDS-polyacrylamide gels on which the nuclear fraction or immunoprecipitates of nuclear extracts with anti-
IOOK or anti-33K had been separated (5). Samples of the extracted proteins were checked for purity by SDS-
polyacrylamide gel electrophoresis (data not shown). The rest ofeachpreparation was oxidized withperformic
acid as described by Hirs (11). The oxidized proteins were digested with tolylsulfonyl phenylalanyl chloro-
methyl ketone-treated trypsin and subjected to peptide analysis on thin-layer cellulose plates (8), using the
modification described by Deppert and Walter (5). Peptides were visualized by autoradiography.
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FIG. 4. Tryptic peptide maps ofAd2 IOOK and 33K proteins labeled with ['4C]proline. Ad2-infected HeLa

S3 cells were labeled at 26 h postinfection for 3 h with [14C)proline (40 ,uCilml; 282 mCi/mmol) in normal
growth medium and then fractionated. The 100K and 33K proteins were isolated and processed for peptide
analysis as described in the legend to Fig. 3. Peptides were visualized by fluorography after the thin-layer
plates were immersed in a solution of 0.4% (wtlvol) PPO(2,5-diphenyloxazole) in 2-methylnaphthalene (4).

of Axelrod (2) and our data, the following points
concerning the study of Axelrod should be con-
sidered critically: (i) it seems that relatively large
amounts of the lOOK and 33K proteins were not
digested by trypsin, leading to a large smear in
the area of the origin, and most probably this
inefficient cleavage was responsible for the low
number of discrete peptide spots (roughly one-

half the number in our experiments) on the
peptide maps of Axelrod; and (ii) Axelrod did
not analyze a mixture of the lOOK and 33K
tryptic peptides on the same plate, but only
compared the two individual maps of the lOOK
and 33K proteins visually or by superimposing.
However, for a thorough comparison of the pep-
tide patterns of two individual proteins, we be-
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lieve that it is absolutely necessary to analyze
the peptides of both proteins under identical
conditions.
On the other hand, the data of Axelrod (2)

were supported indirectly by the in vitro trans-
lation mapping studies of Miller et al. (17). These
authors placed the coding region for the 33K
protein within the DNA region encoding the
100K protein. If this were the case, our results
could be explained only if the 100K and 33K
proteins were translated in a different reading
frame. However, the nucleotide sequence data
for the Ad2 EcoRI-F fragment (6), which ac-
cording to Miller et al. (17) should encode the
33K protein plus a large carboxy-terminal por-
tion of the 100K protein, suggest that only one
reading frame can be used to produce both pro-
teins. Therefore, our results favor the assump-
tion that the 100K and 33K proteins are encoded
by separate regions on the Ad2 DNA. This was
also suggested by the S1 nuclease mapping data
of Berget (17), which placed the coding region
for the 33K protein slightly farther to the right
on the standard map of Ad2 DNA than the data
of Miller et al. (17). However, ultimate resolution
of this conflict should come with elucidation of
the amino acid sequences of the 100K and 33K
proteins, which will allow us to describe the
exact encoding region of each of these proteins.
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