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TABLE 1. Quantitative distribution of [V15S]methionine-labeled
T-ag in a reconstruction experiment

Fraction" Radioactivity % Of total"(cpm, X 101)

Cytoplasmic 47.5 4.4
Nuclear 558 51.2
Membrane 0.69 0.06

1' T-ag bands from the subcellular fractions prepared from a mixture of
[35S]methionine-labeled, infected cell nuclei and unlabeled, infected cells were
recovered from the gel shown in Fig. 1B. The bands were solubilized, and
radioactivity was quantitated by liquid scintillation spectroscopy.

" Percentages were based on the total input of labeled nuclei, which
contained about 1.09 x 106 cpm.

stablished thatT-ag In the present study, we evaluated the efficacy of the
te nuclear or mem- two-phase method for infected cells by using a modification
)y a reconstruction of the reconstruction experiment. Our objective was to
g a large amount of isolate nT-ag and mT-ag for structural analyses. Since mT-ag
) intact, unlabeled represents only a small proportion of the total cellular T-ag,
usual fractionation it was critical to determine whether nT-ag, which might be
fractions revealed released from nuclei during the fractionation procedure,
nly in the soluble, copurified with the membranes. As described in Materials
with the nuclei or and Methods, nuclei were prepared from [35S]methionine-

labeled, infected cells and mixed with an unlabeled, infected
cell suspension, and the mixture was processed by using the
two-phase procedure. The vast majority of the added radio-

B active nT-ag was found in the nuclear fraction; virtually none
was detected in the cytoplasmic or membrane fractions (Fig.

c N M 1). Quantitatively, 51.2% of the input radioactivity was
recovered in the nuclear fraction; only 4.4 and 0.06% were
recovered in the cytoplasmic and membrane fractions, re-
spectively (Table 1). Our findings clearly indicated that
contamination of the membrane fraction with nT-ag was
minimal. In fact, this experiment probably overestimated the
extent of contamination, because the nuclei from the labeled
cells were subjected to two consecutive rounds of homoge-
nization, which would have increased the probability of
damage and the release of more T-ag into the homogenate.
The total recovery of radioactive T-ag in the nuclear fraction
was rather low (51.2%), probably because we harvested only
the first nuclear pellet from the two-phase separations (more
nuclei were present in each of the subsequent pellets). In
addition, some T-ag may have been lost during washing of

40_M the nuclei with Tris-buffered Nonidet P-40.
We did not consider the reciprocal possibility of contam-

ination of the nuclear fraction with mT-ag to be a problem.
First, it is likely that membrane fragments adhering to
purified nuclei would be removed when the nuclei were
washed with Tris-buffered Nonidet P-40. Second, even if
contamination occurred, the contribution of T-ag from the

- membrane fraction would be insignificant within the vastly
lidate the subcellular larger nT-ag pool.

fractionation procedure for SV40-infected cells. (A) Cytoplasmic
(C), nuclear (N), and membrane (M) fractions were prepared from
about 108 SV40-infected, [35S]methionine-labeled cells by the aque-
ous two-phase polymer method. The fractions were extracted and
clarified, and then 10% of the cytoplasmic and nuclear fractions and
100%o of the membrane fraction were immunoprecipitated with HAF
and analyzed on an 8% acrylamide gel. (B) The remaining 90% of the
labeled nuclei from the first fractionation was added to a suspension
containing about 108 unlabeled, SV40-infected cells. The suspension
was immediately fractionated by the two-phase method, and cyto-
plasmic (C), nuclear (N), and membrane (M) fractions were ana-
lyzed as described above for the first set of fractions. Note that
labeled nT-ag did not copurify with the membrane fraction. The
positions of molecular weight markers are indicated on the left.

Immunoprecipitation and SDS-PAGE analysis of various
forms of T-ag. SV40-infected cells were labeled with
[35S]methionine, and then nuclear and membrane fractions
were prepared by the two-phase procedure. The fractions
were extracted and immunoprecipitated with anti-T-ag se-
rum (HAF), and the immunoprecipitates were analyzed by
SDS-PAGE (Fig. 2A). The major band of radioactivity in
each fraction was T-ag, which migrated with an apparent
molecular weight of about 88,000 (88K). This band was not
detected when NHS was used for immunoprecipitation or
when fractions were prepared from mock-infected cells (data
not shown). As expected, a much smaller amount of T-ag
was recovered from membranes than from nuclei. The two
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FIG. 2. Electrophoretic migration of various forms of T-ag. (A) Nuclear (NUC) and membrane (MEM) fractions were prepared from
[35S]methionine-labeled, WT SV40-infected cells, and then T-ag was extracted and immunoprecipitated with HAF. Disrupted immunopre-
cipitates were analyzed on 8% acrylamide gels. (B) Whole-cell extracts were prepared from WT SV40-, SV40 dlA2413-, or mock-infected,
[35S]methionine-labeled cells and then treated with NHS (N) or HAF (T), and disrupted immunoprecipitates were analyzed on 8%
polyacrylamide gels. The positions of molecular weight markers are indicated on the left.

mT-ag bands shown in Fig. 2A represent the total amount of
mT-ag from about 2 x 108 infected cells, whereas the nT-ag
bands represent only 30% of the total nT-ag from the same

cells. There appeared to be no major structural differences
between the T-ag species isolated from nuclear and mem-
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brane fractions, as indicated by their identical migration in
polyacrylamide gels.

In a separate experiment, whole-cell extracts were pre-

pared from WT SV40-, mutant dlA2413-, and mock-infected
cells. Each extract was immunoprecipitated with NHS or
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FIG. 3. Analysis of methionine-containing partial peptides of various forms of T-ag. (A) T-ag was isolated from nuclear (n) or membrane
(m) fractions of SV40-infected, [35S]methionine-labeled cells by immunoprecipitation and gel electrophoresis. Maps were prepared by treating
preparations with 0, 0.5, 5.0, or 50 p.g of V8 protease per ml as described in Materials and Methods. (B) V8 protease maps of T-ags isolated
from whole-cell extracts of [I3S]methionine-labeled cells infected with WT SV40 (WT) or SV40 dlA2413 (T*). The arrowheads indicate the
positions of peptides unique to WT T-ag or T*-ag.
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FIG. 4. Analysis of proline-containing partial peptides of nT-ag and mT-ag. T-ags were isolated from nuclear (nT-ag) or membrane (mT-ag)
fractions of WT SV40-infected cells labeled with [14C]proline. V8 protease maps were prepared as described in Materials and Methods. (C)
Overexposure of panel B.

HAF, and the immunoprecipitates were analyzed by SDS-
PAGE (Fig. 2B). Again, WT T-ag migrated at about 88K. In
contrast, the major HAF-reactive protein from dIA2413-
infected cells migrated at about 80K. Based upon its reac-
tivity with HAF but not with NHS and its absence in
mock-infected cell lysates, we identified the 80K protein as
T*-ag. This result is in agreement with previous reports
which indicated that T*-ag migrates faster in polyacrylamide
gels than WT T-ag, even though its predicted molecular
weight is slightly higher (29, 61).
The difference in apparent molecular weight allowed us to

examine membrane preparations for evidence of T*-ag.
There was no detectable band corresponding to the 80K
protein in these preparations (Fig. 2A), suggesting that T*-ag
does not account for mT-ag. However, since a putative
membrane form of WT T*-ag might not be identical to
dIA2413 T*-ag and might behave differently from T*-ag
isolated from whole-cell extracts, additional analyses were
necessary.

Partial peptide mapping of various forms of T-ag. Partial
peptide maps were prepared by using S. aureus V8 protease
digestion, as described in Materials and Methods. The
patterns obtained from [35S]methionine-labeled nT-ag and
mT-ag were identical (Fig. 3A), suggesting that the struc-
tures of these molecules are quite similar. The patterns were
highly reproducible at each of the V8 protease concentra-
tions used. In addition, a large number of peptides were
generated, suggesting that the analysis provided good sensi-

tivity.
An analogous comparison of the T-ags isolated from

whole-cell extracts of WT SV40- or dlA2413-infected cells
revealed clear differences (Fig. 3B). WT T-ag contained one

peptide that was missing in dlA2413 T*-ag (Fig. 3B, lanes c,
e, and g, arrowheads), and dlA2413 T*-ag contained one

peptide that was missing in WT T-ag (Fig. 3B, lanes d, f, and

h, arrowheads). This difference provided another means of
detecting the presence of T*-ag in mT-ag preparations. The
WT T-ag-specific peptide was clearly present in the mT-ag
map (Fig. 3A, lane h, arrowhead), whereas the T*-ag-
specific peptide was not. The upper peptide of a doublet
specific to WT T-ag is also indicated in Fig. 3A (lane f,
arrowhead); the T*-ag-specific peptide is located above this
doublet (Fig. 3B) and is absent in the mT-ag map. Thus,
mT-ag contained only WT T-ag peptides; no evidence of
T*-ag was detected.
To confirm and extend the results obtained with methio-

nine labeling, V8 peptide maps were prepared by using
['4C]proline-labeled nT-ag and mT-ag. Again, the two pat-
terns were indentical (Fig. 4). The predicted amino acid
sequences of WT T-ag and T*-ag dictated that their proline-
containing V8 peptides would be different. We did not
prepare a map of proline-labeled dIA2413 T*-ag, because
[14C]proline is costly and large amounts of sample are

required due to the low specific activity of the isotope.
However, since the WT nT-ag and mT-ag maps were iden-
tical, no evidence of T*-ag was detected among the proline-
containing V8 peptides of mT-ag.

Two-dimensional tryptic peptide mapping of various forms
of T-ag. Different forms of T-ag were analyzed at a higher
level of sensitivity be using two-dimensional tryptic peptide
mapping. [35S]methionine-labeled T-ags were partially puri-
fied by immunoprecipitation and SDS-PAGE, recovered
from the gels, oxidized, and exhaustively digested with
trypsin. The peptides were then resolved in two dimensions
by high-voltage electrophoresis and ascending chromatogra-
phy.
Maps of nT-ag and mT-ag are shown in Fig. 5A and B,

respectively, and both of these maps contain 17 clearly
resolved, highly reproducible peptides, in good agreement
with our previously published maps of T-ag (15). Other
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