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Fig. 1. Schematic diagram of the genomic RNAs and gene products of MC29 deletion mutants 10A, 
10C, and 10H. A indicates the presence of partial complements of the structural genes gag and env, 
and of the transformation-specific sequences myc. Complexities of RNAs and genes are given in kilo- 
bases (kb), those of the gag-myc hybrid proteins (p) in kilodaltons 
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Fig. 2 a, b. Nucleotide se- 

,-, quence analysis of wt MC29 
ACCAGCAGCG ACTCGGAAGA A G A A C A A G A A  GAAGATGAGG A A A T C G A T G T  proviral DNA around the 

San and ClaI sites in the 
Center of the myc region a 

C G T T A C A T T A  GCTGAAGCGA A C G A G T C T G A  A T C C A G C A C A  GAGTCCAGCA arid arOund the myc-env 
junction b. a A subcloned 
1.5-kb PstI fragment of 

Aenv 

cloned MC29  NA [13] 
C A G A A G C A T C  AGAGGAGCAC T G T A A G C C C C  ACCACAGCCG C T G G T C C T C A  was sequenced from both 

Aenv 

C 10H 

the S U ~  and the ClaI sites 

C 1oc 

AGCGGTGTCA C G T C A A C A T C  C A A C A C A A C T  ACGCTGCCC--3 '  
by the method of Maxam 
and Gilbert 171. Seauences 

L > 

corresponding to previously 
identified myc-specific T,- 
oligonucleotides - 26 and 1 

~ ? * * G A T G A T G G G A  C A T T C T T C A T  G C T T G G G G A T  G A A C T C T T C A  A C T T T T T T C T  (in the 5' to 3' Order) are 
underlined [l, 51. b A sub- 
cloned 1.1-kb San-BamHI 

T T T A A A A T T T  T G T A T T T A A G  G C A T T C C T G G  TGGCCCTGAT A A C A b C A C A A  fragment 0f cloned MC29 
0000 0 

DNA [5] was sequenced 
from the BamHI site. Se- 

C C C T C A C C T A  T C G G A A G G T T  T C G T G C T T G T  T G T T A A A G C T  G A A C G T T T C T  quences cOrres~Onding t0 
L I I o I . o o I o I I I o  previously identified myc- 

specific Tl-oligonucleotide 

C T G T T A G A C G  A G C C A T C A G A  A C T A C A A C T A  T T A G G T T C C C  A G T C T C T C C C  
3 are indicated by a solid 

o o . . ~ o ~ o o ~ ~ o ~ ~ ~ ~  ------- line; those corresponding to 
env Tl-oligonucleotides 7 a, 
14a, and 2 (in the 5' to 3' 
order) are indicated by 
broken lines 
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These data allow the following con- 
clusions: (I) The deletions in all three td 
mutants are overlapping and probably 
even start from the Same map position near 
the SalI site. (2) Since the San site maps 
about 2050 nucleotides (corresponding to 
protein sequences of 78,000 daltons) 3' 
from the initiation site for the synthesis of 
the gag-related transforming proteins [5], it 
appears almost certain that the deletions 
are in phase and that the transforming pro- 

, 8 Fig. 3a, b. Electrophoresis - in 2.1 % polyacrylamide gels 
E of the RNA monomers of a 
(I 

U [3H] or b [32P] 10H BI 
,I (RPV) in the presence of a 

I [14C]RNA of wt MC29 
(RPV), rescued from the 
nonproducer line Q8, or b 
['HIRNA of Q10-MC29 
(Q 10-MCAV). Electropho- 
resis was at 50 V for 4 h and 
otherwise as described [5] 

teins (p100, p95, p90) of the td mutants 
share the carboxy-terminal sequences with 
the wt protein (p110). This is also strongly 
supported by the fact that the sizes of the 
deleted RNA sequences correspond closely 
to the smaller sizes of these proteins 
(Fig. 1). (3) Since all mutants were selected 
for fibroblast transformation, it appears 
that the 5' or 3' terminal myc sequences, or 
both, are needed for that activity, but not 
the central niyc sequences. Their deletion, 



however, strongly affects the potential for , 
hematopoietic cell transformation. This 
could possibly reflect the presence of two 
functional domains on the wt p110, one of 
which would be deleted in the mutant pro- 
teins. A possibly important difference be- 
tween the wt and the mutant proteins is that 
pl  10 is strongly phosphorylated whereas 
the mutant proteins have lost specific thre- 
onine phosphorylation sites [4, 101. 

11. Genetic Structure of Recovered MC29 
10H BI 

When td MC29 10H was passaged through 
chick macrophage cultures, a virus (10H 
BI) was recovered that had regained the 
ability to transform macrophages as effi- 
ciently as wt MC29 [ll]. Here, we used a 
nonproducer line of 10H BI-transformed 
quail embryo fibroblasts that was superin- 
fected with ring-necked pheasant virus 
(RPV) and labeled with [3H]uridine or 

H332P0,. Virus was purified and electro- 
phoretic analysis of purified, heat-den- 
atured viral RNA showed the presence of 
two components: the 8.5-kb RNA of RPV 
and a 5.7-kb RNA, comigrating with wt 
MC29 RNA originating from MC29-trans- 
formed cell lines 4 8  or Q1O (Fig. 3). Hence, 
10H BI RNA is 0.6 kb larger than the ge- 
nomic RNA of the deletion mutant td 
MC29 10H (Fig. 1) from which it was de- 
rived on Passage through macrophages. To 
analyze the structure and possible origin of 
these acquired sequences, T,-oligonucleo- 
tide fingerprints of [32P] RNA were pre- 
pared. [32P] 10H BI (RPV) RNA was 
hybridized with cloned proviral MC29 
DNA from the Agag-myc or the myc-Aenv 
region [5], or with cloned c-myc DNA [12]. 
Figure 4 shows that the oligonucleotide 
pattern of 10H BI RNA from the myc and 
the adjacent gag and env regions is very 
similar to that of wt MC29 RNA reported 
previously [5]. In particular, myc oligonu- 

ELECTROPHORESIS 

Fig. 4A-C. Fingerprint analysis of [32P]RNA from 10H BI (RPV) hybridized with (A) DNA from 
pBR322 containing the 5' half of the myc sequence and adjacent gag sequences @myc-5'; See [5]), (B) 
DNA from pBR322 containing the 3' half of the myc sequence and adjacent env sequences @myc-3'; 
See [5]), or (C) DNA from phage Charon 4A containing the cellular c-myc locus [12]. Hybridization of 
[32P]RNA with plasmid or phage DNA, isolation of the hybrid, and fingerprint analysis of hybridized 
RNA were carried out as already described [5]. The composition of T,-oligonucleotides after digestion 
with RNase A was determined. Oligonucleotides with previously found compositions were numbered 
accordingly [5 ] .  The composition of 7c is: 2U, 6C, 2AC, AU, AG, AAC. Large numbers indicate myc 
oligonucleotides; small numbers refer to gag or env oligonucleotides 



cleotides 1, 7 b, and 26, which are missing 
from td MC29 1OH RNA are present in 
1OH BI RNA. Oligonucleotide 7 C appears 
to be a variant of env oligonucleotide 7 a 
present in wt and td 10H MC29 [ 5 ] .  There 
are more differences in the oligonucleotide 
pattern of td 10H and 10H BI RNAs (not 
shown). These would have to be explained 
by point mutations or recombination with 
helper virus, if 1OH BI is directly derived 
from td 10H in a recombinational event in- 
volving cellular C-myc sequences. Due to 
the close relationship between the viral and 
the cellular myc sequences [12, 131, such an 
event would involve double legitimste re- 
combination, and hence could conceivably 
have occurred during the generation of 
10H BI. 
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