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The two-dimensional peptide maps of the methionine-containing tryptic pep-
tides of the 100,000-molecular-weight (100K) and 17K T antigens of simian virus
40 (SV40) have been compared. The two proteins share nine methionine-contain-
ing tryptic peptides in common. The 17K T antigen has two peptides not found
in the 100K T antigen, and the 100K T antigen has 14 unique peptides. The
peptide maps of the 100K and 17K T antigens were also compared with those of
the SV40-specific proteins found in cells infected by the nondefective adenovirus
type 2-SV40 hybrid viruses, which we have previously shown are encoded by
defined sequences within the early region of SV40 (K. Mann, T. Hunter, G.
Walter, and H. K. Linke, J. Virol. 24:151-169, 1977). This comparison shows that
the lOOK and 17K T antigens share common N-terminal sequences coded for
between 0.65 and 0.59 map units on the SV40 genome. Furthermore, none of the
sequences in the 17K T antigen arises from the region between 0.54 and 0.18 map
units. We deduce that the sequences unique to the 17K T antigen originate
between 0.59 and 0.54 map units. This type of structural relationship between the
100K and 17K T antigens fits well with the proposed model (L. V. Crawford, C.
N. Cole, A. E. Smith, E. Paucha, P. Tegtmeyer, K. Rundell, and P. Berg, Proc.
Natl. Acad. Sci. U.S.A. 75:117-121, 1978) for the expression of the early region of
SV40.

Infection by simian virus 40 (SV40) induces
the synthesis of at least two proteins early in
infection before the initiation of viral DNA syn-
thesis (1, 4, 5, 15, 17, 19, 22). These proteins have
been defined by their ability to react with anti-
sera directed against SV40-induced tumors and
are known as T antigens. When separated by
sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis, the larger T antigen migrates with
an apparent molecular weight of 100,000 (100K
T antigen), while the smaller protein migrates
with an apparent molecular weight of 17,000
(17K T antigen). It has been shown that both
these proteins are virally coded (10, 12, 15, 17),
and that the 100K T antigen is required for the
initiation of each round of viral DNA synthesis
during productive infection (20). Both the 100K
and 17K T antigens have been implicated in the
initiation and/or maintenance of cellular trans-
formation (3, 8, 19, 21).
Based on a number of different lines of bio-
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chemical (2, 6, 16) and genetic evidence (3, 19),
Crawford et al. (5) proposed the following model
for the expression of the early region of SV40.
Both the 100K and 17K T antigens would share
a common N-terminal sequence coded for be-
tween 0.65 and 0.59 map units. The coding se-
quence for the 17K T antigen would be contin-
uous between 0.65 and 0.54 map units, where
there are terminator codons in all three reading
frames (6, 16). In the coding sequence for the
100K T antigen the sequences between 0.59 and
0.54 map units would be missing so that the N-
terminal sequence from 0.65 to 0.59 map units
would be joined to the region from 0.54 to 0.17
map units. This model has received support from
the finding that the 100K and 17K T antigens
do indeed share a common N-terminal sequence
(13) and also have extensive amino acid se-
quences in common, while both possessing
unique amino acid sequences (12, 14, 18). The
finding that the larger early mRNA codes for
the 17K T antigen while the smaller codes for
the 100K T antigen is also consistent with this
model (12).
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Previously we have analyzed the lOOK T an-
tigen by tryptic peptide mapping and can distin-
guish more than 20 methionine-containing tryp-
tic peptides (10). We have also analyzed the
tryptic peptides of an overlapping series of early
SV40-coded proteins isolated from cells infected
with nondefective adenovirus type 2-SV40 (Ad2-
SV40) hybrid viruses (10). As a result of that
analysis regions on the SV40 genome could be
defined specifying each methionine-containing
tryptic peptide of the lOOK T antigen. Here, we
have used this information to establish the struc-
tural relationship between the lOOK and 17K T
antigens.
The 100K and 17K T antigens of SV40 were

isolated from SV40-infected TC7 cells after la-
beling with [35S]methionine and purified by im-
munoprecipitation with anti-T serum and pre-
parative sodium dodecyl sulfate-polyacrylamide
gel electrophoresis. The purified proteins were
digested with trypsin, and the resulting peptides
were separated by a two-dimensional system of
electrophoresis and chromatography. Figure 1
shows the peptide maps of the 100K and 17K T
antigens and a mixture of both proteins. The
peptides are numbered and lettered according to
the scheme we have used previously (10). Of the
11 methionine-containing peptides generated
from the 17K T antigen, 9 (peptides 3, 14, 16, 17,
18, M, N, P, and Q) are shared with the 100K T
antigen, whereas peptides R and S are unique to
the 17K T antigen. Similar results were obtained
from the peptide analysis of the 100K and 17K
T antigens synthesized in vitro from SV40-spe-
cific RNA in the mRNA-dependent reticulocyte
lysate (data not shown). This indicates that the
unique peptides of the 17K T antigen are un-
likely to be the result of modification of peptides
of the 100K T antigen.
From our previous analysis of the 100K T

antigen of SV40 and a series ofT antigen-related
proteins encoded by a group ofAd2+SV40 hybrid
viruses (Ad2+ND1, Ad2+ND2, and Ad2+ND4),
we were able to assign sets of methionine-con-
taining tryptic peptides to approximate coding
regions within the early region of SV40 (10). For
instance, Ad2+ND1 is a nondefective Ad2 con-
taining an insert of SV40 DNA mapping from
0.11 to 0.28 map units on the SV40 genome (7,
9, 11). The region from 0.28 to 0.17 map units
corresponds to the 3' end of the early region and
encodes a 28K SV40-specific protein in
Ad2+ND1-infected cells (10). The tryptic pep-
tides generated from the 28K protein (peptides
1 to 7) are therefore derived from the 3' end of
the early region. In a like manner, Ad2+ND2,
whose SV40 DNA extends from 0.11 to 0.44 map
units, encodes two SV40-specific proteins of 42K
and 56K from which the peptides 1 to 7 plus 8 to
11 are generated by tryptic digestion. Ad2+ND4
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consists of a mixture of viruses. A major fraction
contains a segment of SV40 from 0.11 to 0.625
map units with the sequence between 0.60 and
0.50 map units being deleted (H. Westphal, T.
Hunter, C. Lawrence, and G. Walter, manuscript
in preparation). In addition a minor fraction of
the Ad2+ND4 population contains SV40 infor-
mation extending from 0.11 to 0.625 map units
(H. Westphal et al., manuscript in preparation).
Ad2+ND4 encodes an SV40-specific protein of
95K which has tryptic peptides 1 to 21 in com-
mon with the lOOK T antigen and shares pep-
tides 3, 14, 16, 17, and 18 with the 17K T antigen.
It is likely that the 95K protein is encoded by
the regions from 0.62 to 0.59 map units and from
0.54 to 0.17 map units since the region from 0.54
to 0.59 map units does not code for any part of
the lOOK T antigen (5). Therefore, the peptides
in common between the 95K protein of
Ad2+ND4, the lOOK T antigen, and the 17K T
antigen, namely, 3, 14, 16, 17, and 18, probably
correspond to the region from 0.59 to 0.62 map
units. Peptides M, N, P, and Q were found in
the tryptic digests of the lOOK T antigen and the
17K T antigen, but not in that of the 95K protein
of Ad2+ND4. From this finding, we conclude
that peptides M, N, P, and Q are encoded by the
region from 0.65 to 0.62 map units which is
missing in Ad2+ND4. Analysis of their two-di-
mensional mobilities suggests that, of these four
peptides, M is the most likely to be the N-
terminal peptide, N-acetyl Met. Asp. Lys, of the
lOOK and 17K T antigens (13). Finally, one can
assume that peptides R and S, which are found
uniquely in the tryptic digest of the 17K T
antigen and not in the lOOK T antigen or the
95K protein of Ad2+ND4, are derived from the
region from 0.54 to 0.59 map units, known to
encode part of the 17K T antigen (5). This
information is summarized in Fig. 2.

In a previous publication, we assumed that
Ad2+ND4 only contained SV40 information
from 0.11 to 0.59 SV40 map units, on the basis
of published results (7, 9, 11). If these SV40 map
end points had been correct, we would have had
to conclude from our present data that the 17K
T antigen was coded in part by a region down-
stream of 0.54 map units, which would have been
in contradiction with the model of Crawford et
al. (5). This inconsistency led us to reexamine
the precise end points of the SV40 information
integrated in Ad2+ND4 by electron microscopic
heteroduplex analysis. Our new data locate the
most 5' end point of early SV40 information in
Ad2+ND4 at 0.625 SV40 map units (H. Westphal
et al., manuscript in preparation). This therefore
allows us to place peptides 14, 16, 17, and 18
proximal to 0.59 map units.

Despite this new map information, the occur-
rence of peptide 3 in both the 100K and 17K T
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FIG. 2. Assignment of methionine-containing tryptic peptides of the 100K and 1 7K T antigens to locations
within the early region. The DNA of the early region of SV40 is represented by the open bar. The map
coordinates of the 5' and 3' ends of the early cytoplasmic mRNAs (0.67 and 0.14), the 5' ends of the SV40
inserts of Ad2+ND1, Ad2+ND2, and Ad2+ND4 (0.28, 0.44, and 0.625), and the end points of the region in
which viable deletions can occur (0.59 and 0.54) are shown. The locations of the methionine-containing tryptic
peptides within the 100K and 17K T antigens are indicated as described in the text.

antigens remained a puzzle, because we had
previously located the coding region for peptide
3 near the 3' end of the early region (10). Perusal
of the theoretical amino acid sequence of the
100K and 17K T antigens (6, 16) shows that the
tryptic peptide Met-Lys is encoded by DNA
sequences mapping at about 0.255 (peptide 3),
0.595 (peptide 3'), and 0.625 (peptide 3") map
units. In addition, the migration of peptide 3 in
our two-dimensional system is compatible with
its being the dipeptide Met.-Lys. Therefore the
100K T antigen would generate peptides 3 and
3", while the 17K T antigen would generate
peptides 3' and 3". There is still an open question
regarding peptide 16. Based on its migration in
our system, we think it could be Met. Lys Lys,
a peptide coded for by sequences at 0.625 map
units. This identity, however, would be incon-
sistent with the occurrence of this peptide in the
74K SV40-specific protein of Ad2+ND4, which
we thought was coded downstream of 0.54 map
units (10). This paradox may be resolved by our
recent analysis of the structures of the SV40-
specific RNAs present in the cytoplasm of
Ad2+ND4-infected cells (H. Westphal et al.,

manuscript in preparation), which shows RNAs
with unusual splices joining sequences at 0.60
map units to sequences at 0.44 map units within
the SV40 early region. The 74K protein may be
coded by one of these RNAs.
The work we have presented here provides

independent support for the proposed model for
the expression of the early region of SV40 (5).
Our results confirm that the 100K and 17K T
antigens share a common N-terminal region
coded between the initiator AUG triplet at 0.65
map units (13) and 0.59 map units, whereas none
of the sequences in the 17K T antigen arises
from the region between 0.54 and 0.17 map units.
Our data also show that the unique sequences of
the 17K T antigen not in common with the 100K
T antigen probably originate between 0.59 and
0.54 map units. One final conclusion can be
drawn concerning the mRNA for the 95K pro-
tein in Ad2+ND4-infected cells. The almost com-
plete identity of the peptides of the 95K protein
with those of the 100K T antigen, coupled with
the absence of peptides R and S in the 95K
protein, strongly suggests that the mRNA for
the 95K protein is lacking the sequences between

FIG. 1. Tryptic peptide maps of [35S]methionine-labeled 100K and 17K T antigens. Tryptic digests of
[35S]methionine-labeled 100K and 17K T antigens were prepared as previously described (10). In this case,
one 14-cm dish of TC7 cells was infected with wild-type SV40 at a multiplicity of infection of about 20
PFU/cell. At 72 h postinfection at 37°C, the infected cells were labeled for 3 h with [3S]methionine at 150
ytCi/ml. The labeled cells were lysed atpH 8, and the cytoplasmic extract was immunoprecipitated with anti-
T serum. The resultant immunoprecipitate was run on a preparative sodium dodecyl sulfate-polyacrylamide
gel, which was subjected to autoradiography. The 100K and 17K T antigen bands were excised, and the
extracted proteins were digested with trypsin. These digests were separated in two dimensions by electropho-
resis at pH 4.7 toward the cathode with the origin on the left, followed by ascending chromatography. We
used 6 x 103 cpm of the 100K T antigen digest and 2 x 103 cpm of the 17K T antigen digest. A mixture of the
digests ofthe two T antigens was also run, containing halfthese amounts ofradioactivity. The autoradiograms
(Kodak NS5T X-ray film) were exposed for 30 days. The peptides have been lettered and numbered according
to our previous scheme (10). In this instance, peptides 13 and 21 were not detectable, while peptide 15 is a very
weak spot. These peptides have been found in variable yield on other occasions.
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0.59 and 0.54 map units and has undergone the
same splicing event as the smaller of the two
early SV40 mRNA's (2), which codes for the
lOOK T antigen (12).
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