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We determined the nucleotide sequence and predicted the amino acid sequence
of the gp70 gene of MCF 247, a recombinant murine retrovirus isolated from an
AKR mouse. Information specifying the first 286 amino acids of the protein was
probably derived from the presumptive nonecotropic parent of MCF 247, whereas
the C-terminal 154 amino acids were probably derived from the ecotropic parent
Akv. The nonecotropic sequences at the amino terminus of MCF 247 show only
38% homology, at the amino acid level, to those of Akv. In contrast, these
sequences are strikingly similar (99% homologous) to those reported for another
MCF virus, Moloney MCF, which was isolated from a BALB/c mouse. Moloney
MCEF also has ecotropic-derived sequences encoding the C-terminal portion of its
gp70 protein; however, the recombination event that introduced these sequences
occurs 213 nucleotides further towards the C terminus of gp70 than it does in MCF

247.

MCF 247 is the prototype of a class of dual-
tropic retroviruses isolated from thymic lympho-
mas of AKR mice (7, 9). These viruses are XC™,
induce foci of morphological alteration on mink
cells (MCF*), are thymotropic, and accelerate
leukemia when injected into newborn AKR mice
(3). They arise by recombination between inher-
ited ecotropic AKkv viruses and other noneco-
tropic endogenous viruses. It has been suggest-
ed that their novel envelopes play a role in the
leukemogenic process (6, 22).

The envelope (env) gene product of murine
leukemia viruses is translated as a glycosylated
precursor (Prgp85), which is proteolytically
cleaved to yield gp70 (4, 26) located on the virion
surface; Prp1SE, which in turn is cleaved to
yield p15E (18) anchored to the viral membrane;
and a small peptide, 16 to 21 amino acids long, of
unknown function (8).

To determine the structure of the gp70 gene of
MCF 247, we determined a 1,320-nucleotide-
long sequence encompassing the gp70 gene of an
infectious DNA clone of MCF 247. We com-
pared this sequence and the predicted amino
acid sequence of gp70 with those of another
MCEF virus, Moloney (Mo)-MCF (1), as well as
with the ecotropic progenitors of these MCF
viruses, Akv (13) and Moloney virus (25), re-
spectively.

MATERIALS AND METHODS

Molecular clones. The MCF 247 clone (A247-9) was
generated essentially as described by Kelly et al. (12),
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except that a A vector, NM788, was used. When the
DNA insert of A\247-9 is transfected in SC-1 or NIH
3T3 cells, infectious viral particles are produced which
are XC~ and MCF* and accelerate leukemia when
injected into newborn AKR mice. The gp70-coding
sequences of A247-9 contain all of the restriction
endonuclease sites characterized by Chattopadhyay et
al. (2). A subclone (pgp70-1) of the gp70-coding se-
quences of \247-9 was prepared by isolating a 3.2-
kilobase fragment from the unique Xhol site in the
polymerase gene to the Xbal site in the plSE gene.
The 3.2-kilobase viral fragment and Sall-digested XF3
plasmid DNA (a derivative of pBR322 constructed by
D. Hannahan) were ligated, which resulted in linear
molecules joined at the Xhol and Sall sites. These
were filled by using the large fragment of DNA poly-
merase I, ligated to Sall linkers, recleaved with Sall,
cyclized, and used to transform the bacterial strain
DH1 (D. Hannahan, J. Mol. Biol., in press).

Sequence determination. The subclone (pgp70-1) or
the Xhol-to-Xbal 3.2-kilobase fragment isolated di-
rectly from \247-9 was cleaved with restriction endo-
nucleases. Fragments isolated from either preparative
agarose or acrylamide gels were labeled at their 5’
ends with [y->PJATP and polynucleotide kinase. La-
beled fragments were either recleaved and isolated on
agarose gels or strand separated on acrylamide gels,
and their sequence was determined by using the proce-
dures of Maxam and Gilbert (16).

RESULTS AND DISCUSSION

Nucleotide sequence of the gp70 gene of MCF
247. The sequence of the gp70 gene of MCF 247
was determined by using the method of Maxam
and Gilbert (16) to sequence the fragments
shown in Fig. 1. The fragments were generated
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FIG. 1. Strategy for sequencing the gp70 gene of MCF 247. Arrows indicate regions of DNA sequenced from
the restriction site corresponding to the tail of the arrow. (<--) Regions sequenced from minus-strand DNA;
(=) regions sequenced from plus-strand DNA. Restriction enzymes are as follows: PII, Pvull; B, BamHI; H,

Hinfl; S, Sma; RI, EcoRI; R, Rsal.

either from an infectious molecular clone of
MCF 247 (\247-9) or from a subclone of the
gp70-coding sequences (pgp70-1). The sequence
that was determined had one large open reading
frame of 1,320 nucleotides contiguous with the
sequence of 603 nucleotides encoding the
Prpl1SE of MCF 247 determined by Kelly et al.
(12). The termination codon for the open reading
frame is located after the Prp1SE coding se-
quences, 34 nucleotides before the long terminal
repeat.

The nucleotide sequence and the predicted
amino acid sequence of the gp70 of MCF 247 are
shown in Fig. 2. Although the NH,-terminal
amino acids of MCF 247 have not been deter-
mined, Schultz et al. (23) have recently deter-
mined the sequence of the 25 amino-terminal
amino acids of the gp69 protein of a Rauscher-
derived MCF virus. An almost identical se-
quence (1 amino acid change out of 25) occurs in
MCF 247, and so we concluded that the NH,
terminus of mature gp70 is located at the Val
residue coded for by nucleotides 97 to 99 in Fig.
2. A single methionine codon is located 96
nucleotides upstream and in phase with this
residue. These 96 nucleotides code for 32 pre-
dominantly uncharged, hydrophobic amino ac-
ids, typical of a leader sequence (5). A 3’ splice
consensus sequence (24) (CTCTCCAAG) was
found 247 nucleotides 5'-ward of the initiator
methionine of gp70 (data not shown).

The carboxyl terminus of gp70 is not yet

known for any murine retrovirus. Previously, by
analogy with Moloney murine leukemia virus
(MoMuLV) we placed the amino terminus of
p15SE of MCF 247 at the first amino acid after
those shown in Fig. 2 (12). It is possible that
several amino acids of gp70 are lost during the
cleavage from p15E (5, 11), and thus, the car-
boxyl terminus of the mature gp70 protein might
be different from that shown in Fig. 2.

Six sequences which can serve as glycosyla-
tion sites (Asn-X-Thr and Asn-X-Ser) (17, 21)
were found in the gp70 of MCF 247. Five of
these sites are shared with Mo-MCF, Akv, and
Mo-MuLV, and four are clustered in the carbox-
yl-terminal half of gp70 (Fig. 2 and 5). The sixth
site is present near the N terminus of both MCF
247 and Mo-MCF but is not present in either of
the ecotropic viruses.

Comparison of the nucleotide sequences encod-
ing the gp70 proteins of Akv and MCF 247. We
compared the nucleotide sequences of the gp70
genes of MCF 247 with those of its putative
ecotropic parent, Akv (13). It was immediately
clear that the nucleotide sequences encoding the
carboxyl-terminal third of these gp70 proteins
were nearly identical. Except for a single nucle-
otide difference (nucleotide 1,097, Fig. 2), the
sequence of the gp70 gene of MCF 247 is identi-
cal to that of Akv from the arrow at nucleotide
857 in Fig. 2 to the beginning of the p1SE gene.
Since the single base change could well be a
mutation in one of the clones, we presume that

FIG. 2. Comparison of the nucleotide sequences and predicted amino acid sequences of the gp70 genes of
MCF 247 and Mo-MCF. The nucleotide sequence of the gp70 gene of MCF 247 was determined as described in
the text with the translation of the env gene product presented above. The predicted amino terminus of the
protein was identified by comparison with protein sequencing data for a Rauscher MCF virus (23). The
nucleotide sequence and predicted amino acid sequence for Mo-MCF are those of Bosselman et al. (1).
Nucleotide and amino acid differences between the viruses are accentuated by gray boxes. The points at which
the nucleotide sequences of each MCF isolate become like those of their respective ecotropic parents are
indicated arrows. The broken lines indicate potential glycosylation sites. Unshaded boxes enclose sequences
corresponding to large RNase Tl-resistant oligonucleotides analyzed previously in Akv and MCF 247
fingerprints (14, 15, 19, 20).
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gp70: MCF247 vs Akv
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FIG. 3. Comparison of the predicted amino acid sequences of the gp70 genes of MCF 247 and Akv. The
predicted amino acid sequence of the gp70 gene of MCF 247 was aligned to that of Akv, determined by Lenz et
al. (13), to allow maximum homology of amino acids. Identical amino acids are accentuated by gray boxes.
Regions of homology of seven amino acids or longer are numbered.

these sequences of MCF 247 are derived from
the ecotropic parent.

The nucleotide sequences of the amino-termi-
nal two-thirds of the Akv and MCF 247 gp70
genes were very difficult to align. Therefore, we
aligned their predicted amino acid sequences
(Fig. 3). By examining the nucleotide sequences
we predicted the gp70 gene product of MCF 247
to be 29 amino acids shorter than that of Akv. To

obtain maximum homology between the two
predicted protein sequences, the Akv gp70 gene
is assumed to begin at the second of two methio-
nine residues identified by Lenz et al. (13), and
deletions have been allowed in both sequences.
The amino acids predicted for the amino-termi-
nal portion of the gp70 of Akv (5'-ward of the
arrow, Fig. 3) are 38% homologous to those of
MCF 247. To determine whether the amino acid
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FIG. 4. Comparison of the nucleotide sequences of selected regions of the gp70 genes of MCF 247 and Akv.
(A) Nucleotide sequences of MCF 247 and Akv (13) encoding predicted amino acid homologs of seven residues
or longer. The numbers correspond to the regions numbered in Fig. 3. Nucleotide sequence differences are
shaded. (B) Nucleotide and predicted amino acid sequences of Akv (13) and MCF 247 encoding the 3’
recombination point. Except for a single nucleotide, the nucleotide sequences of MCF 247 are identical to those
of Akv from the arrow 3'-ward to the end of the gp70 coding sequences. Nucleotide and predicted amino acid

differences are shaded.

homology reflected significant nucleotide se-
quence homology, we examined five regions of
the gp70 genes of Akv and MCF 247 in which
seven amino acids or longer are identical. These
regions are numbered in Fig. 3. The nucleotide
sequences which encode these five regions are
shown in Fig. 4A. The longest nucleotide homol-
ogy between Akv and MCF 247 in these regions
is 20 nucleotides long. Thus, even though short
regions of amino acid homology were found, the
nucleotide sequences encoding these regions are
quite different. Although we cannot be certain
that these short regions of nucleotide identity
were not introduced by recombination, it seems
plausible that the information specifying the first
286 amino acids of the gp70 gene of MCF 247
was derived entirely from the nonecotropic par-
ent.

Shown in Fig. 4B are the nucleotide and
amino acid sequences which flank the presump-
tive 3’ recombination point in the gp70 genes of
MCEF 247 and Akv, indicated by the arrows in
Fig. 2, 3, and 4. The MCF-specific oligonucleo-
tides previously identified in T1 fingerprints of
many MCEF isolates are 5'-ward of the recombi-
nation point (13, 15, 19, 20). The T1-resistant
oligonucleotide 104 is present in all MCF iso-
lates characterized to date. Likewise, all but one
MCEF virus studied contain the sequences which
specify oligonucleotide 102. Therefore, the re-
gion limited by these oligonucleotides probably
codes for properties unique to MCF viruses. We
also note that MCF viruses exist which do not
contain the four ecotropic T1 oligonucleotides,
9, 3, 8, and 22 (Fig. 2), characteristic of the
carboxyl terminus of the gp70 gene of MCF 247,
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but instead inherit the C-terminal sequences of
gp70 from their nonecotropic parent (13). Al-
though the nucleotide sequences of these viruses
are therefore different in the region encoding the
C terminus of gp70, they could still code for
proteins of a very similar amino acid sequence.
It is therefore impossible to conclude from these
data which region of gp70 specifies the host
range.

We have not yet located the nucleotide se-
quence at which recombination introduces non-
ecotropic information to the 5’ side of env. In an
attempt to do this, we compared the nucleotide
sequences before the initiator Met codon of
MCF 247 shown in Fig. 2 with those of Akv
determined by Herr et al. (10). Of 218 nucleo-
tides shown, there are 29 nucleotide differences
resulting in six amino acid changes. There is also
one deletion of four amino acids in this region.
Preliminary sequencing evidence shows that
there are still limited nucleotide differences for
at least an additional 220 nucleotides 5'-ward of
the Pvull site shown in Fig. 2. Therefore, the 5’
recombination point must be more than 435
nucleotides 5’ to the start of the gp70-coding
sequences.

Comparison of the nucleotide and predicted
amino acid sequences of the gp70 genes of MCF
247 and Mo-MCF. We have compared the nucle-
otide and amino acid sequences of the gp70 gene
of MCF 247 with those determined by Bossel-
man et al. (1) for an MCF virus isolated from a
BALB/Mo mouse (Fig. 2). Although by examin-
ing the nucleotide sequences (Fig. 2) we predict-
ed that both genes code for proteins of identical
size, the recombination events which generated
MCF 247 and Mo-MCF did not occur at the
same position within the molecules. Interesting-
ly, although these two MCF viruses were gener-
ated by recombination within two different
strains of mice (Akv and BALB), the nonecotro-
pic sequences that each has acquired are re-
markably similar. Thus, Mo-MCF and MCF 247
have acquired gene substitutions in the amino-
terminal two-thirds of gp70 that are 99% ho-
mologous even though they arose in different
mouse strains by recombination involving differ-
ent ecotropic parents. The 25 N-terminal amino
acids of Rauscher MCF (23) are also highly
homologous to those of MCF 247 and Mo-MCF.

Comparison of the predicted amino acid se-
quences of the gp70 genes of two MCF viruses
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with their ecotropic progenitors. In Fig. 5, the
predicted amino acid sequences of the gp70
genes of MCF 247 and Mo-MCF (1) have been
aligned with those of Mo-MuLV (25) and Akv
(13) as in Fig. 3, and common amino acids are
shaded. The figure emphasizes that the carbox-
yl-terminal third of all four proteins is con-
served. In part, this is because, to the 3’ side of
the recombination points, the sequences of each
of the MCF-viruses are like those of their eco-
tropic progenitors. However, the nucleotide se-
quences between the 3’ recombination points of
the two MCF viruses are 90% homologous and
the predicted amino acid sequences in this re-
gion are 93% homologous, even though in MCF
247 these sequences were inherited from the
ecotropic parent, whereas in Mo-MCF they
were derived from the nonecotropic parent.
Therefore, the nonecotropic parent of Mo-MCF
is similar in amino acid sequence to the two
ecotropic viruses in this C-terminal region of
gp70.
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