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3H-labeled 35S RNA from purified avian myeloblastosis virus (AMV) was ex-
haustively hybridized with an excess of normal chicken DNA to remove all viral
RNA sequences which are complementary to DNA from uninfected cells. The
[3H]RNA which failed to hybridize was isolated by hydroxylapatite column
chromatography which separates DNA-RNA hybrids from single-stranded
[3H]RNA. The residual RNA hybridized to leukemic chicken DNA but did not
rehybridize with normal chicken DNA. This demonstrates conclusively that
DNA from AMV-induced leukemic cells contain viral-specific sequences which
are absent in DNA from normal cells.

DNA sequences are present in all apparently
normal chicken cells which are complementary
to the RNA of avian oncornaviruses and proba-
bly represent endogenous virus infomation (1,
3, 8, 10, 12). After infection with avian myelo-
blastosis virus (AMV) the amount of viral-
specific DNA sequences is increased in trans-
formed cells, such as leukemic myeloblasts and
kidney tumor cells, as well as in nontransformed
virus-producing fibroblasts (1-3). Oncornavirus
DNA sequences present after infection with
AMV are complementary to the entire AMV
RNA and do not simply represent an increase in
the amount of endogenous viral DNA. Under
DNA excess conditions, 70 to 80%7 of AMV RNA
hybridizes to leukemic DNA, whereas only 30 to
40% hybridizes to normal chicken DNA (4, 6, 9).
Similar findings have been reported in cells
transformed by Rous sarcoma virus (7). The
acquisition of new viral DNA after transforma-
tion by avian sarcoma viruses was clearly dem-
onstrated in rat cells and mouse cells which,
unlike chicken cells, do not normally contain
avian oncornavirus-specific DNA (1, 5, 9, 11).

In this study we demonstrate directly by two
successive DNA-RNA hybridizations that cer-
tain AMV-specific DNA sequences present in
AMV-induced leukemic cells are absent in
fininfected chicken cells. (i) Viral RNA se-
quences shared by normal and leukemic cell
DNA were removed by hybridization of soni-
cally treated 35S AMV RNA with an excess of
normal cellular DNA. (ii) The RNA which
failed to hybridize with normal cellular DNA
was rehybridized with DNA from leukemic cells
or from normal cells. In the second hybridiza-
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tion the residual AMV RNA hybridized with
DNA from leukemic cells but not with DNA
from normal cells.

MATERIALS AND METHODS
AMV strain A, subgroup B of the Bureau of'Animal

Industry was used. Leukemic myeloblasts from
acutely leukemic chicks were kindly provided by J.
W. Beard of' Life Sciences, Inc., St. Petersburg, Fla.
Embrvonated gs-negative eggs were kindly supplied
by R. L. Luginbuhl of the University of Connecticut
and were hatched in our facilities. The purif'ication
and isolation of 3H-labeled 35S RNA from purif'ied
AMV, the extraction and purification of' cellular
DNA, and the preparation of cellular DNA and viral
RNA for liquid hybridization have been described (9).
The hybridization of viral RNA sonicated into 6 to

7S fragments with an excess of DNA was carried out
at 65 C in 0.4 M phosphate buffer (9). [3H]35S AMV
RNA (12,000 counts/min) and 30 mg of gs-negative
chicken embryo DNA in 7.5 ml of 0.4 M phosphate
buffer (pH 6.8) containing 0.2%9 sarkosyl were dena-
tured in a water-ethylene glycol bath for 3 min and
immediately transferred to a water bath maintained
at 65 C. The hybridization reaction was carried out to
a Cot (concentration of deoxynucleotides in moles per
liter times the time in seconds) of 25,000. After
hybridization, the mixture was diluted with cold
distilled water containing 0.1% sarkosyl to obtain a
final phosphate concentration of 0.05 M. The mixture
was added to a column of packed hydroxylapatite
(four columns of 10-ml bed volume each were used;
DNA grade Bio Gel HTP f'rom Bio-Rad) at 60 C, and
the column was washed with 30 ml of 0.05 M
phosphate, pH 6.8, containing 0.1%( sarkosvl. Single-
stranded and double-stranded nucleic acids were
eluted with 0.17 and 0.40 M phosphate buffer, pH 6.8,
respectively (9). Both the single-stranded and the
double-stranded f'ractions were passed through hy-
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droxylapatite columns a second time, and the eluates
were dialyzed extensively at 4 C against 0.01 M Tris,
pH 7.4, containing 0.1% sarkosyl. The nucleic acids
were precipitated by ethanol, pelleted, dried, dis-
solved in TM buffer (0.01 M Tris, pH 7.4, 0.01 M
MgCl2), treated with DNase, extracted with phenol,
and ethanol precipitated. The precipitate was again
pelleted, dried, and dissolved in 0.3 ml of cold 0.01 M
phosphate, pH 6.8. The nonhybridized RNA fraction
contained approximately 6,000 counts/min and ap-
proximately 2,000 counts/min of RNA were recovered
from the DNA-RNA hybrid fraction.

35S AMV RNA exhaustively hybridized with leu-
kemic myeloblast DNA was treated as the AMV RNA
hybridized with normal chicken DNA.

RESULTS AND DISCUSSION
The kinetics of hybridization of unfrac-

tionated 35S AMV RNA with DNA from normal
or leukemic cells are shown in Fig. 1. As
reported recently (7, 9), AMV RNA hybridized
in a biphasic manner with either DNA suggest-
ing the presence of fast and slowly hybridizing
viral-specific DNA sequences. At a Cot of
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FIG. 1. Liquid hybridization in excess of leukemic
or normal DNA of sonicallv treated unfractionated
35S AMV RNA and of 35SAMV RNA which failed to
hybridize with gs-negative chicken embrvo DNA. The
reaction mixture contained 4 mg of sonically treated
DNA per ml fragmented to a size of 6 to 7S, 1,200
counts per min per ml of unfractionated or fraction-
ated 35SAMVRNA (specific activity 1.1 x 106 counts
per min per gg), and 0.1% SDS in 0.4 M phosphate
buffer, pH 6.8. The hybridization was carried out at
65 C in silicone-stoppered tubes. After boiling for 3
min in a water-ethylene glycol bath, the tubes were
quickly transferred to a water bath at 65 C. Samples
of 0.25 ml were taken at different time intervals and
diluted with cold water in an ice-water bath. One-half
of each sample was then treated with pancreatic
(fraction A) and T, RNase's to determine the fraction
of RNA rendered RNase resistant. Symbols: 0, hy-
bridization ofAMV RNA with leukemic DNA; 0, hy-
bridization of AMV RNA with normal DNA; A,
hybridization of residual AMV RNA with leukemic
DNA; A, hybridization of residual AMV RNA with
normal DNA.

10,000, 78% of the AMV RNA was rendered
RNase resistant by leukemic DNA, whereas
only 42 to 44% was hybridized with normal
DNA. Approximately equal proportions of AMV
RNA were hybridized by the fast- and slowly-
reacting sequences in leukemic DNA. Only
approximately one-third of the AMV-specific
DNA in normal cells represents fast-reacting
sequences.
35S AMV RNA was separated into two frac-

tions by hybridization with an excess of normal
chicken DNA to a Cot of 25,000: (i) RNA which
hybridized, and (ii) RNA which did not. Each
RNA fraction was then rehybridized with a
large excess of DNA from leukemic myeloblasts
or from normal cells (4, 9). The rehybridization
curves depicted in Fig. 1 show that the RNA
which had not hybridized with normal DNA
again did not hybridize significantly with nor-
mal DNA even at a Cot of 10,000. However, this
RNA does hybridize with biphasic kinetics to
leukemic DNA, suggesting that both fast- and
slowly-reacting sequences were still present in
the residual RNA. Approximately equal propor-
tions of residual RNA formed hybrids with the
fast- and the slowly-hybridizing viral-specific
sequences in leukemic DNA. However, only 36%
of the residual RNA was rendered RNase resist-
ant by leukemic DNA at a Cot of 10,000,
whereas we expected 60 to 70% RNase resist-
ance. The experiment was repeated with simi-
lar results. Since sonically treated AMV RNA
was incubated about 106 h at 65 C to achieve
25,000 Cot and the processing of the residual
RNA consumed a long time, it is possible that
the RNA was greatly reduced in size by thermal
scission, i.e., large enough to be precipitated by
trichloroacetic acid but not of sufficient length
to form stable hybrids with complementary
DNA. It is also possible that the hybridized
RNA was reduced to a very small size by RNase
treatment especially if the RNase susceptible
regions due to imperfect matching are randomly
distributed in the viral RNA. Nevertheless, it is
clear that the viral RNA sequences complemen-
tary to both normal and leukemic DNAs are
removed by the first cycle of hybridization with
normal DNA. This experiment provides un-
equivocal evidence for the addition of new viral
DNA sequences after infection of normal
chicken cells by AMV.
The AMV RNA sequences which hybridized

to gs-negative DNA in the first cycle of hybridi-
zation were eluted from the hybrids and rehy-
bridized with normal or leukemic DNA to a Cot
of 10,000. The results (Fig. 2C) show that ap-
proximately 40% of the eluted RNA reformed
hybrids with either leukemic or normal DNA.
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FIG. 2. Rehybridization with normal or leukemic
DNA of various AMV RNA fractions. The reaction
mixtures and hybridization procedures were similar to
those in Fig. 1. The following RNA fractions were

used: A, unfractionated 35S AMV RNA; B. AMV
RNA remaining single-stranded after hybridization
with normal DNA; C, AMVRNA eluted from hybrids
formed with normal DNA; D, AMVRNA eluted from
hybrids formed with leukemic DNA. Symbols: *,
leukemic DNA; 0, normal DNA.

Again, possibly due to the small size of the
RNA, as discussed in the previous paragraph,
the level of hybridization obtained was less than
the expected 60 to 70%. Similar levels of rehy-
bridization with leukemic or normal DNA were
achieved with 35S AMV RNA eluted from
gs-negative DNA trapped on nitrocellulose fil-
ters after a first hybridization in RNA excess

(unpublished data).
A control experiment was carried out with a

first cycle of hybridization between 35S AMV
RNA and leukemic DNA. The nonhybridized
fraction was negligible. After melting, the RNA
isolated from the hybrids was rehybridized with
normal and leukemic DNA (Fig. 2D); 64 and
30% of the RNA rehybridized with leukemic and
normal DNA, respectively.
The present study supports our earlier find-

ings (9) and provides conclusive evidence for the
addition of new AMV-specific DNA sequences
in leukemic cells transformed with AMV. These
results add compelling evidence for the exist-
ence of a DNA intermediate in the replication of
the viral RNA and suggest that new viral
genetic information may be involved in on-

cogenesis.
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