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Two-dimensional tryptic peptide mapping was used to compare the peptide
sequences of the phosphoprotein (pp12) of cloned ecotropic and amphotropic wild
mouse leukemia viruses, strains 1504 and 292. The maps of two ecotropic isolates
were very similar to one another, as were the maps of two amphotropic isolates.
There was also extensive similarity between the maps of this protein from
ecotropic and amphotropic viruses, although characteristic peptide differences
were readily recognized. These differences were consistent with the general type
specificity of oncovirus phosphoproteins. The pp12 of the field isolate of 292 virus
contained five phosphopeptides, and the non-phosphorylated and variously phos-
phorylated species of this pp12 showed identical peptide maps, indicating differ-
ential phosphorylation of a single polypeptide.

Structural proteins of type C RNA tumor
viruses consist of a major high-molecular-weight
glycoprotein and several low-molecular-weight
non-glycosylated proteins. One of the non-gly-
cosylated proteins has been shown to be the
major structural phosphoprotein of the virion
(13, 14). In viruses of lower mammalian species,
including mice, rats, cats, minks, and pigs, the
12,000-dalton protein (p12) is always phospho-
rylated (ppl2) (13, 14; our unpublished data).
However, the analogous phosphoprotein in vi-
ruses of primate origin, such as RD-114 and
baboon type C virus, is pp15 (13), and in avian
viruses it is pp19 (12). These phosphoproteins
are present in the virion in multiple but specific
phosphorylated states (9, 10, 13), all of which
are located in the core structure of the virion
(14a). Viral phosphoproteins exhibit the most
highly type-specific immunological characteris-
tic among all the gag gene-coded structural pro-
teins (6, 19, 20; J. R. Stephenson, S. G. Devare,
and F. H. Reynolds, Jr., Adv. Cancer Res., in
press), and they show specificity in binding to
homologous viral RNA (17, 18).

Recently we examined the ppl2 of different
field, ecotropic, and amphotropic clonal isolates
(1, 8, 16) of wild mouse leukemia viruses for the
distribution patterns of the variously charged
molecular species (10). Here we extend those
studies with the wild mouse leukemia virus
phosphoprotein and report our results of two-
dimensional tryptic peptide analysis of the pp12
from ecotropic and amphotropic isolates. We
have also identified the phosphopeptides and
compared the peptide maps of the variously

charged species of the pp12 of a field isolate.

(A preliminary account of these findings was
presented at the Cold Spring Harbor Meeting
on RNA Tumor Viruses, 25-29 May 1977.)

Tryptic peptide maps of the ppl2 of cloned
ecotropic and amphotropic components of wild
mouse leukemia virus, strain 1504, and their
mixture are shown in Fig. 1a through c. Fourteen
major radioiodinated tryptic peptides were ob-
tained with the amphotropic virus (Fig. 1b), and
13 were obtained with the ecotropic virus (Fig.
la). These peptides may not necessarily be all
tyrosine-containing peptides, as the formation of
iodohistidine, iodotryptophan, and stable sul-
fenyl iodide has been reported under the exper-
imental conditions used (5). Ten of the iodinated
peptides were common between the pp12 poly-
peptides of these two host range classes, as
shown in the schematic drawing of the compos-
ite maps (Fig. 1d). The unique peptides of the
ppl12 from ecotropic and amphotropic 1504 vi-
ruses were mapped in mirror-image positions
(Fig. 1d). Although the significance of this inter-
esting property is not clear, it may be related to
primary structural differences in these unique
peptides. The possibility that the mirror-image
migration may be a result of the degree of phos-
phorylation is not very likely, because under the
experimental conditions of electrophoresis at pH
1.8 and chromatography with relatively nonionic
solvents, phosphorylation of peptides should not
have a significant effect on their mobility. More-
over, some of the common rather than the
unique peptides were detected as phosphoryl-
ated peptides, as described below.
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Fig. 1. Two-dimensional tryptic peptide maps of '*I-labeled pp12 from ecotropic and amphotropic 1504
virus. The pp12 fraction of cloned ecotropic and amphotropic 1504 virus labeled with *H-amino acid mixture
was purified by guanidine-agarose chromatography (15). Isolated ppl2 fraction was iodinated by the
chloramine T method (7), and the purity of the radiotodinated pp12 was checked by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (11); it showed a single major band of about 12,000 daltons. The
radioiodinated pp12 fraction was then analyzed by two-dimensional tryptic peptide mapping procedure, as
described previously (3). About 1 to 3 pl of tryptic digest of radioiodinated pp12 containing approximately 10°
cpm was spotted on a cellulose-coated thin-layer chromatography plate (E.M. Labs; 10 by 10 cm) and subjected
to electrophoresis at 600 V for 30 min with a buffer system of formic acid-acetic acid-water (5:15:80; pH 1.8).
The plates were dried at room temperature and chromatographed in the second dimension with a buffer
system of n-butanol-pyridine-acetic acid-water (32:25:5:20). After the run, the plates were dried and analyzed
by autoradiography with Kodak RP X-ray film. (@) pp12 of ecotropic 1504 virus; (b) pp12 of amphotropic 1504
virus; (c) mixed pp12 sample (1:1) from 1504 ecotropic and amphotropic viruses; (d) schematic drawing of the
composite map as shown in (c). Symbols, ®, common peptides; O, peptides unique to ecotropic virus; @,
peptides unique to amphotropic virus.
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F1G. 2. Two-dimensional tryptic peptide analysis of the pp12 of 292 virus and identification of phosphopep-
tides. Tryptic peptide mapping was carried out as described in the legend to Fig. 1. (a) '*I-labeled pp12 from
ecotropic 292 virus. (b) '*I-labeled pp12 from amphotropic 292 virus. (c) Schematic composite drawing of pp12
of ecotropic and amphotropic 292 virus. Symbols: ®, common peptides; O, peptides unique to ecotropic virus;
@, peptides unique to amphotropic virus. Arrows identify the iodinated peptides corresponding to major
phosphopeptides. For phosphopeptide mapping, pp12 of 292 field isolate, labeled with [**P]phosphate, was
subjected to a similar mapping procedure without going through the radioiodination step. (d) Phosphopeptides
containing [**P], detected by autoradiography. (> indicates the positions of the two minor phosphopeptides.
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These structural characteristics of the phos-
phoprotein of wild mouse ecotropic and ampho-
tropic viruses were also observed in the tryptic
peptide maps of the ppl2 of cloned subpopula-
tions of another isolate, strain 292 (Fig. 2a-c). In
addition, a comparison of the peptide maps
shown in Fig. 1 and 2 revealed that, whereas the
peptide patterns were almost identical for the
pp12 of ecotropic 1504 and 292 viruses (Fig. 1la
and 2a), the maps of the polypeptide of the
amphotropic 292 virus contained three addi-
tional radioiodinated peptides that were not de-
tected in the ppl2 of amphotropic 1504 virus
(Fig. 1b and 2b).

The autoradiogram of the tryptic peptide
maps generated from ppl2 of the 292 field iso-
late, labeled only with [3?P]phosphate, showed
three major phosphopeptides (Fig. 2d). Of these
three major phosphopeptides, two were readily
recognized in the maps of the iodinated peptides
(Fig. 2¢, shown with arrows). In addition to these
phosphopeptides, the positions of two other pep-
tides containing low levels of 3P radioactivity
are indicated by dotted circles (Fig. 2d). Al-
though these two minor spots were visible on
the original X-ray plates, they were only faintly
reproduced in the photograph. Identification of
these three major and two minor phosphopep-
tides in the ppl2 of 292 virus suggested that
there are at least five and more likely a higher
number of phosphorylation sites on this poly-
peptide. The intensity differences between the
spots may indicate that the phosphopeptides
contained variable amounts of [*P]phosphate;
and, therefore, more than one phosphorylation
site may be present in the major phosphopep-
tides detected.

The ppl2 of 292 field isolate was also used to
determine peptide homology between the non-
phosphorylated and variously phosphorylated
pp12 species. The ppl2 purified from 292 virus,
labeled with ®H-amino acids and [*>P]phosphate
(13, 14), was resolved by DEAE-cellulose chro-
matography (18) into three major peaks. One
was non-phosphorylated, and the other two var-
ied in the degree of phosphorylation (data not
shown). The molecular size of these non-phos-
phorylated and phosphorylated species was
about 12,000 in sodium dodecyl sulfate poly-
acrylamide gels (11, 15), indicating that the sub-
species were not due to protein degradation.
These individual pp12 species were radioiodi-
nated and analyzed for two-dimensional tryptic
peptide patterns. The results, exhibiting identi-
cal maps (data not shown), suggested that the
various charged species of pp12 represented the
same polypeptide sequence. Similar results have
also been reported with the lowly and highly
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phosphorylated species of avian pp19 (4, 9).
The data reported in this paper show that in
spite of the presence of extensive homology,
characteristic differences are present in the pep-
tide maps of the phosphoprotein of ecotropic
and amphotropic wild mouse leukemia viruses.
The unique peptldes, which are not phosphoryl-
ated, move in the two-dimensional maps in a
mirror-image fashion. These observations are
consistent with, but not proof of, the possible
amino acid sequence differences in parts of the
pp12 molecule of the ecotropic and amphotropic
viruses. Previous analysis of the tryptic peptldes
of pp12 of Gross, Moloney, and Rauscher murine
leukemia viruses also suggested that the unique
peptides might be related to the strong type-
specific serological reactivity of this protein (2).
The peptide differences in pp12 of ecotroplc and
amphotropic wild mouse leukemia viruses may,
therefore, predlct the presence of immunological
type specificity in this polypeptide of these two’
host range classes of virus. Furthermore, the
close similarity between the tryptic peptide
maps of two different wild mouse ecotropic iso-
lates and between the maps of two different
amphotropic isolates suggest that such maps of
pp12, like those of gp70 (1a, 3), may be used as
a distinguishing feature of ecotropic and ampho-
tropic wild mouse virus classes.

This investigation was supported by contract NO1 CP 5-
3500 within the Virus Cancer Program of the National Cancer
Institute.
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