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Purified preparations of reticuloendotheliosis virus (REV) appear to lack the endogenous 
RNase-sensitive DNA polymerase activity present in most, if not all, avian RNA tumor 
viruses. Although no endogenous RNA-directed DNA polymerase could be detected in 
REV, we have been able to demonstrate the presence of a virion-associated DNA 
polymerase by employing exogenous synthetic homopolymers as template .primer. A 
comparison of the REV-associated DNA polymerase activity with the RNA-directed DNA 
polymerase of Rous sarcoma virus (RSV) reveals similarities in the preference of the 
enzymes to utilize certain synthetic template .primer complexes containing ribopolymers 
as template. For example, both enzymes prefer poly(rA) .oligo(dT),, to 
poly(dA) .oligo(dT),, as template .primer. In addition, poly(rC) .oligo(dG)lo appears to be 
efficiently utilized by the REV DNA polymerase under conditions whereby a DNA-directed 
DNA polymerase does not utilize this synthetic homopolymer as template.primer. 
Although the REV 70 S RNA genome is not transcribed by the DNA polymerase contained 
within virions of REV, it is as good a template. primer for the purified avian oncornavirus 
RNA-directed DNA polymerase as RSV 70 S RNA. Furthermore, the virion-associated 
REV DNA polymerase can transcribe REV 70 S RNA when oligo(dT) ll.ll is present as a 
source of primer. Therefore, the inability of the REV DNA polymerase to transcribe 
effectively the REV genome in vitro appears to reflect either some unique property of the 
REV enzyme or some structural feature of REV 70 S RNA, such as the lack of certain 
primer molecules required by the REV DNA polymerase for the initiation of DNA 
synthesis. 

INTRODUCTION al., 1971; Maldonado and Bose, 1971, 1973; 
The reticuloendotheliosis viruses (REV) Halpern, 1973; Kang and Temin, 1973). As 

are a newly characterized group of avian is the case for the avian RNA tumor 
RNA viruses that produce reticuloendo- viruses, the REV group contains a seg- 
theliosis of the viscera and proliferative mented, high molecular weight RNA spe- 
and infiltrative lymphoid nerve lesions in ties sedimenting at 60-70 S (Halpern et al., 
their avian hosts (Purchase et al., 1973). 1973) and low molecular weight 4 S RNA 
This group of viruses exhibits several mor- structurally analogous to tRNA (Staskus, 
phological and biochemical features char- K. and Faras, A., unpublished observa- 
acteristic of the avian leukosis-sarcoma tions). Although the REV group maintains 
virus (ALSV) complex including morphol- several features in common with the ALSV 
ogy, buoyant density, and RNA composi- complex, considerable serological and ge- 
tion (Zeigel et al., 1966; Baxter-Gabbard et netic differences have been detected be- 

1 Present address: Department of Biochemistry, tween these two groups of avian viruses. 
University of Pittsburgh, Pittsburgh, PA 15261. For example, REV lacks the group-specific 

*Author to whom correspondence should be ad- antigen common to all members of the 
dressed. Present address: Department of Micro- ALSV complex (Theilen, 1966; Maldonado 
biology, University of Minnesota Medical School, and Bose, 1971). Significant differences 
Minneapolis, MN 55455. have also been detected between the poly- 
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peptides of the REV and ALSV groups, 
and, the REV DNA polymerase appears to 
be antigenically distinct from the ALSV 
DNA polymerase (Halpern et al., 1973; 
Maldonado and Bose, 1973; Mitzutani and 
Temin, 1973). Furthermore, no biological 
interaction such as phenotypic com- 
plementation or interference could be dem- 
onstrated between these virus groups 
(Halpern et al., 1973). Finally, no detecta- 
ble nucleic acid sequence homology exists 
between the genomes of these two groups of 
avian viruses (Kang and Temin, 1973; 
Faras, A., unpublished observations) indi- 
cating that the REV complex is a separate 
group of avian RNA viruses distinct from 
the ALSV complex (Purchase et al., 1973). 

The REV group exhibits varying effects 
on their avian hosts ranging from cyto- 
pathic effects on cells in vitro to malignant 
transformation of cells in uiuo (Purchase 
et al., 1973; Temin and Kassner, 1974; 
Franklin et al., 1974). In some instances, 
chronic infection of cells in vitro is also 
observed (Bose and Levine, 1967). We are 
currently investigating the mechanism of 
replication of REV in order to understand 
better the process of infection by this group 
of viruses. Although little is known about 
the mode of replication of these viruses, 
preliminary evidence suggests that they 
replicate through a DNA provirus (Temin 
and Kassner, 1974; Collett et al., 1975) 
and therefore require reverse transcrip- 
tion for their replication. However, in this 
communication we report that purified 
preparations of REV appear to lack de- 
tectable endogenous RNA-directed DNA 
polymerase activity characteristic of most, 
if not all, infectious avian RNA tumor 
viruses. We further report that, although 
such an endogenous RNA-directed DNA 
polymerase activity is absent, virions of 
REV do contain a DNA polymerase ac- 
tivity that exhibits a preference for ribo- 
polymers to deoxyribopolymers as tem- 
plate. The existence of this enzyme was 
established by employing exogenous syn- 
thetic homopolymer complexes as tem- 
plate .primer for the REV DNA poly- 
merase. Data are also presented suggest- 
ing that the apparent lack of endogenous 
REV DNA polymerase activity appears 

to be a function of the inability of the 
REV DNA polymerase to utilize avail- 
able primer molecules associated with the 
REV genome, since REV 70 S RNA is as 
efficient a template .primer as RSV 70 S 
RNA for the purified avian oncornavirus 
RNA-directed DNA polymerase. Further- 
more, the REV DNA polymerase can copy 
the REV genome when oligo(dT) la-ls is 
added to reaction mixtures as a source of 
primer. ’ 

MATERIALS AND METHODS 

Reagents. The sources and preparation 
of most of the pertinent materials have 
been described previously (Faras et al., 
1972, 197313, 1974a). Unlabeled deoxynu- 
cleoside triphosphates were obtained from 
Calbiochem. [3H]TTP( 15-20 Ci/mmole) 
and [3H]dGTP(12 Ci/mmole) were from 
Schwarz BioResearch. Poly(dA) . oligo- 
(dT) 10, poly(rA) .oligo(dT) 10, poly(rC) . 
oko(dG) 1o, poly(dC) .oligo(dG) 10, and 
poly(rA) (6-13 S) were from P-L Bio- 
chemicals. Oligo(dT) 10-18 was from Collab- 
orative Research, Inc., and Takadiastase 
(Sanzyme) was obtained from Calbiochem. 

Cells and virus. Embryonated chick 
eggs, negative for avian leukosis virus 
group-specific antigen, were obtained from 
SPAFAS, Roanoke, Ill. The propagation of 
the B77 strain of Rous sarcoma virus (RSV) 
in chick embryo fibroblasts has been previ- 
ously described (Levinson, 1967). The 
Cook strain of REV was a kind gift from 
Dr. G. Purchase. This strain of REV was 
presumably derived from the original virus 
isolate of Twiehaus (Strain T) (Theilen, 
1966). REV was propagated in chick em- 
bryo fibroblasts. RSV and REV were puri- 
fied by precipitation from tissue culture 
fluid with ammonium sulfate, followed by 
sedimentation through 15% (w/v) sucrose 
to a cushion of 40% (w/v) potassium tar- 
trate and isopycnic centrifugation in 25- 
55% sucrose (Bishop et al., 1970). Puri- 
fied preparations of REV were found to be 
free of avian leukosis virus by nucleic acid 
hybridization (Collett et al., 1975). AMV 
was a generous gift from Dr. J. Beard of 
Life Sciences, Inc., St. Petersburg, FL. 

Purification of viral RNA. .RNA was 
extracted from virus with sodium dodecyl 
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sulfate (SDS)-phenol at room tempera- 
ture, and 70 S RNA was fractionated 
from the free, low molecular weight RNAs 
by rate-zonal sedimentation in 15-30% 
sucrose in an SW 41 rotor at 40,000 rpm at 
4” for 3 hr. 

Purification of enzymes. The RNA- 
directed DNA polymerase of RSV was 
partially purified by sequential chromatog- 
raphy on DEAE-cellulose and phosphocel- 
lulose as described previously (Faras et al., 
1972). Purified AMV RNA-directed DNA 
polymerase was obtained from Dr. J. Beard 
through the auspices of the Special Virus 
Program of the National Cancer Insti- 
tute. Escherichia coli DNA polymerase I 
was a gift from Dr. A. DeVries and R. 
Deleys. The enzyme was purified essen- 
tially as described by Heyneker et al. 
(1973). 

The single-strand specific nuclease, S, 
was purified from Takadiastase powder by 
DEAE-cellulose chromatography essen- 
tially as described by Sutton (1971). Stan- 
dard reaction mixtures contained 0.03 
M Sodium acetate buffer, pH 4.5, 1.8 x 
10m3M ZnCl,, 0.3 M NaCl, 10 &ml of 
denatured calf thymus DNA and approxi- 
mately 200 units/ml of S, nuclease (Leong 
et al., 1972). Reactions were incubated for 
2 hr at 50”. Under these conditions, more 
than 98% of single-stranded DNA and less 
than 1.0% of double-stranded DNA was 
hydrolyzed. 

Synthesis and purification of RSV- and 
REV-specific complementary DNA. The 
enzymatic synthesis of DNA complemen- 
tary to the RNA genomes (cDNA) of RSV 
and REV was performed in presence of 100 
pg/ml of actinomycin D and 20 pg/ml of 
oligo(dT) 1 2- 1 8 under conditions described 
in Table 1 except that incubation was for 6 
hr at 37”. The reaction mixture was then 
adjusted to 10 mM EDTA, 0.5% SDS, and 
500 pg/ml of Pronase and incubated for 30 
min at 37”. The nucleic acids were ex- 
tracted with STE (0.1 M NaCl, 0.02 M 
Tris-HCl, pH 794, 0.01 M EDTA-sat- 
urated phenol at room temperature and 
the viral RNA removed from the cDNA 
preparations by hydrolysis with 0.6 M 
NaOH for 5 hr at 37”. Conditions for hy- 
bridization are in the footnote to Table 3. 

RESULTS 

Lack of Endogenous RNA-Directed DNA 
Polymerase Activity in Virions of RE V 

Purified preparations of REV were tested 
for the presence of endogenous RNA-di- 
rected DNA polymerase activity under re- 
action conditions that elicit maximum en- 
dogenous DNA polymerase activity from 
all other avian RNA tumor viruses tested 
in this laboratory to date. A comparison of 
the ability of detergent-disrupted RSV and 
REV to synthesize DNA under various 
conditions is presented in Table 1 and Fig. 
1. Whereas considerable RNase-sensitive 
DNA-polymerase activity is observed with 
RSV, little, if any, endogenous RNase-sen- 
sitive DNA polymerase activity can be 
detected with equivalent concentrations of 
detergent-disrupted REV (Table 1). Vary- 
ing the pH, divalent cation concentration, 
or replacement of MgCl, with MnCl, did 
not stimulate an REV endogenous DNA 
polymerase activity (data not shown). The 
RSV DNA polymerase activity exhibits a 
sharp dependence upon detergent, having 
an optimum activity at approximately 
0.05% NP-40 (Fig. 1A). However, varying 
the concentration of detergent from O.OOl- 
1.0% did not stimulate the endogenous syn- 
thesis of DNA from virions of REV (Fig. 
1A). Virions of REV did not inhibit the en- 
dogenous RNA-directed DNA polymerase 
activity of RSV when both viruses were 
included in the reaction mixture suggesting 
that the lack of endogenous RNA-directed 
DNA synthesis with REV was probably not 
due to some inhibitor present within the 
virion particle or the result of nuclease(s) 
degrading the REV RNA template (Table 
1). 

Detection of REV DNA Polymerase Activ- 
ity with Synthetic Homopolymers 

Although no measurable endogenous 
DNA polymerase activity was observed in 
preparations of detergent-disrupted REV, 
a DNA polymerase activity could be de- 
tected upon the addition of various exoge- 
nous template. primers to the reaction 
mixtures (Table 1). A slight, but measura- 
ble stimulation of this REV DNA polymer- 
ase activity could be observed using calf 
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TABLE 1 

TEMPLATE SPECIFICITIES OF REV, RSV AND E. coli DNA POLYMERASES~ 

517 

Additions to the 
endogenous reaction 

RSV 

Relative incorporation (pmoles) 

REV E. coli 

None 3.20 
RNase* 0.15 
Calf thymus DNA’ 3.85 
Poly(rA) .oligo(dT),,’ 17.50 (14.34)d 
Poly(dA) .oligo(dT),, 3.12 (2.32) 
Poly(rC) .oligo(dG),, 10.36 
Poly(dC) .oligo(dG),, 48.69 
RSV 70 S RNA’ 6.20 
REV’ 2.97 

<0.03 - 
<0.03 - 

0.15 21.1 
9.08 (4.80) 0.28 (0.05) 
0.24 (0.19) 0.26 (0.36) 
5.83 0.04 

29.51 6.47 
<0.03 - 

- - 

“Standard reaction mixtures contained 100 rg/ml of viral protein, 0.1 M Tris-HCl (pH 8.1), 0.01 M MgCI,, 
2% (v/v) fl-mercaptoethanol, 0.1% NP-40, three unlabeled deoxynucleoside triphosphates (5 x IO-” M), and one 
SH-labeled deoxynucleoside triphosphate (TTP or dGTP, 5 x 1O-B M). The SH-labeled precursors were 
[sH]TTP (10,000 cpm/pmole) for the endogenous, DNA-stimulated, and poly(rA) .oligo(dT),,- or 
poly(dA) .oligo(dT),,-stimulated reactions and [3H]dGTP (8,000 cpm/pmole) for the poly(rC) .oligo(dG),,- or 
poly(dC) .oligo(dG),,-stimulated reactions. Reaction mixtures containing E. coli DNA polymerase I were 
identical to those described for RSV and REV except that virus was replaced with 0.2 units/ml of the E. co/i 
enzyme. All enzymatic reactions were incubated for 2 hr at 37”. Incorporation of radiolabeled precursors into 
acid-insoluble material was assayed as described by Garapin et al. (1970). 

bRNase-treatment (500 pglml) was performed for 15 min at 37” prior to the addition of deoxynucleoside 
triphosphates to the reaction mixtures. 

c The final concentration of all exogenously added templates in the reaction mixture was 20 &ml. 
d Numbers in parentheses indicate [WFMP incorporated under standard reaction conditions described in 

footnote a except that 60 mM KC1 was included in the reaction mixtures. Under these conditions DNA-directed 
DNA polymerases exhibit a marked preference for poly(dA) .oligo(dT),, over poly(rA) .oligo(dT),, as 
template ‘primer (Baltimore and Smoler, 1971; Goodman and Spiegelman, 1971). 

‘An equal concentration of purified REV was added to an RSV-containing reaction mixture. Reaction 
conditions were similar to those described in footnote a except that the NP-40 concentration was 0.2%. The 
reactions were incubated for 2 hr at 37”. 

FIG. 1. Effect of detergent concentration on REV-associated DNA polymerase activity. (A), Samples of 
purified RSV and REV (100 @g/ml of viral protein) were incubated in standard reaction mixtures as described in 
Table 1. Reaction mixtures contained the indicated amounts of NP-40 and were incubated for 2 hrs at 37”. (B), 
Conditions were as in (A) except that 20 pg/ml of poly(rA) .oligo(dT),, was added to the reaction mixtures as 
template’primer. 0, RSV; 0, REV. 
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thymus DNA as template.primer. How- 
ever, a more dramatic stimulation of DNA 
polymerase activity is observed when cer- 
tain synthetic homopolymers are added to 
reaction mixtures containing REV (Table 
1). These synthetic homopolymers can be 
used to differentiate between RNA-di- 
rected and DNA-directed DNA polymer- 
ase activities (Baltimore and Smoler, 1971; 
Goodman and Spiegelman, 1971; Wells et 
al., 1972; Robert et al., 1972; Scolnick and 
Parks, 1973; Verma and Baltimore, 1973). 
Both the RSV RNA-directed DNA polym- 
erase and the DNA polymerase activity as- 
sociated with virions of REV exhibit a 
marked preference for certain ribohomopol- 
ymers over the homologous deoxyribopol- 
ymers as template (Table 1). For example, 
both enzymes prefer poly(rA) . oligo(dT) 1O 
to poly( dA) . oligo(dT) 1O as template. 
primer, whereas no demonstrable prefer- 
ence for poly(rA) . oligo(dT) 1O is observed 
with the DNA-directed DNA polymerase I 
from E coli. In fact, under certain condi- 
tions this latter enzyme shows preference 
for the deoxyribohomopolymer template. 
primer complex poly( dA) . oligo( dT) 1O. A 
similar preference has been demonstrated 
for several recently isolated eukaryotic 
DNA-directed DNA polymerases (Chang 
and Bollum, 1972; Sedwick et al., 1972; 
Smith and Gallo, 1972). Both the RSV 
and REV DNA polymerases prefer 
poly(rA) . oligo(dT) 1O to calf thymus DNA 
as template, whereas the E. coli DNA 
polymerase exhibits a much poorer re- 
sponse to poly(rA) . oligo(dT) 1O than to 
calf thymus DNA as template. 

We also tested the ability of the REV 
DNA polymerase to effectively utilize the 
synthetic homopolymer poly (rC) .oligo- 
(dG) ,o, a template .primer that is effi- 
ciently copied by only RNA-directed 
DNA polymerases of RNA tumor viruses 
(Temin and Baltimore, 1972; Baltimore 
et al., 1973) (Table 1). Both the RSV 
and REV enzymes can utilize poly(rC) 
oligo(dG) 1,, whereas the E. coli DNA- 
directed DNA polymerase shows little, 
if any, incorporation of labeled precur- 
sor with this template. primer complex. 
In all cases, poly(dC) . oligo(dG) 1,, is a more 
efficient template -primer than poly(rC) . 

oligo (dG),, for enzymatic activity. How- 
ever, the ability of a DNA polymerase 
to utilize poly(rC) . oligo(dG) 1,, as tem- 
plate. primer is suggestive of a reverse 
transcriptase activity (Temin and Bal- 
timore, 1972; Baltimore et al., 1973). 

The DNA polymerase activity detected 
in virions of REV requires the presence of a 
detergent for activity, indicating that the 
enzyme is probably contained within the 
virus particle (Figure 1B). The optimum 
activity of the REV DNA polymerase is in 
the range of the detergent concentration 
required for maximum activity of RSV 
(Figure 1B). We conclude from these re- 
sults that virions of REV contain a DNA- 
polymerase activity that appears similar to 
the RSV RNA-directed DNA polymerase 
in its response to synthetic template. prim- 
ers. 

Stimulation of the Endogenous REV DNA 
Polymer-use Reaction by Addition of 
Exogenous Primer 

The RSV RNA-directed DNA polymer- 
ase requires the 3’ terminus of a primer 
molecule for the initiation of DNA synthe- 
sis in uitro (Taylor et al., 1973; Faras et al., 
1973; Dahlberg et al., 1974). We have 
previously demonstrated that the addition 
of oligo(dT) 12-18 to detergent-disrupted vir- 
ions of RSV stimulates the endogenous 
synthesis of DNA two- to threefold (Taylor 
et al., 1972 and Table 2). This stimulation 
presumably occurs as a result of the associ- 
ation of oligo(dT) 12- 18 with the poly(A) 
region of the viral genome, thereby produc- 
ing additional primers for the initiation of 
DNA synthesis by the RNA-directed DNA 
polymerase. To determine whether the ad- 
dition of an exogenous primer would simi- 
larly stimulate the endogenous REV DNA 
polymerase to copy REV-RNA we investi- 
gated the effect of adding oligo(dT) 12-18 to 
reactions containing detergent-disrupted 
REV. The results presented in Table 2 
indicate that the REV endogenous reaction 
is stimulated considerably by the addition 
of oligo(dT) 12- 18 to the reaction mixture, 
suggesting that the REV DNA polymerase 
is capable of transcribing the REV genome 
if an appropriate primer is available for the 
initiation of DNA synthesis. Under identi- 
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cal reaction conditions, oligo( dT) ,2- 18 by TABLE 3 

itself does not act as template for the SPECIFICITV OF REV cDNA SYNTHESIZED IN THE 

purified RSV DNA polymerase nor will it PRESENCE OF OLmo(dT) 19.,11 

stimulate the response of the RSV enzyme 
to exogenously added calf thymus DNA 

cDNA” RNAb % DNA hybridized’ 

(Taylor et al., 1973). The oligo(dT),,-,,- RSV 70 S RSV 75.2 

stimulated enzymatic reaction can be RSV 70 S REV 10.6 

completely eliminated by pretreatment of RSV Poly(A) 8.5 

the virus with RNase indicating that the REV 70 S RSV 18.5 

bulk of the DNA product synthesized in REV 70 S REV 77.9 

response to oligo(dT) 12- l8 is transcribed REV Poly(A) 18.6 

from RNA (Table 2). “cDNA was synthesized essentially under condi- 
Finally, we have employed nucleic acid tions described in Table 2. The presence of 100 &ml 

hybridization techniques to demonstrate of actinomycin D was included in the reaction mix- 
that the DNA product made in the pres- tures to promote a more uniform transcription of the 

ence of oligo(dT) 12-18 is REV-specific. The template RNA into DNA (Garapin et al., 1973). The 

data presented in Table 3 indicate that the synthetic primer oligo(dT),,.,, was included at a 

bulk of the cDNA, synthesized in an concentration of 20 &ml. cDNA (8,900 cpm/O.OOl 

oligo(dT) ,,.,,-stimulated reaction contain- pg) was purified from reaction mixtures as described 

ing REV, hybridizes specifically to REV 70 in Materials and Methods. 

S RNA. Similarly, cDNA synthesized by 
b 70 S RSV and REV-RNAs were extracted from 

disrupted virions of RSV in the presence of 
purified virus as described in Materials and Methods. 

oligo(dT) 12-18 hybridizes to the same extent 
‘Approximately 2,500 cpm of cDNA was hybrid- 

ized to a vast excess of RNA (1,OOO:l) in 0.3 M 
to RSV 70 S RNA. A small amount of NaCl-0.001 M EDTA-0.02 M Tris-HCl, pH 7.4, at 
cross-hybridization can also be detected 68” to a C,t of 2.30. The extent of hybridization was 

between RSV and REV. This appears not determined by measuring duplex DNA. RNA hybrids 

to be a result of contamination of our REV with S, nuclease (Leong et al., 1972). 

preparations with avian leukosis virus, be- 
cause our stocks of REV are free of detecta- 

ize to RSV and REV 70 S RNA, re- 

ble avian sarcoma or leukosis virus-specific 
spectively, suggesting that the cross-hy- 

nucleic acid sequences (Kang and Temin, 
bridization observed is probably due to 

1973; Collett et al., 1975). Furthermore, 
some poly( dT) sequences synthesized dur- 

REV- and RSV-cDNA hybridize to poly(A) 
ing the course of the enzymatic reaction. 

to the same extent that they cross-hybrid- 
Employing more direct methods we have 
previously reported that the DNA prod- 

TABLE 2 
uct synthesized in the presence of oligo- 

EFFECT OF EXOGENOUS PRIMER ON ENDOGENOUS REV 
(dT),,.,, does indeed contain some poly- 

DNA-POLYMERASE ACTIVITY 
(dT), sequences which are presumably 
transcribed from the poly(A)-containing 

Additions Relative incorporation end of the RSV genome (Taylor et al., 1973). 
(pmoles)” Ability of REV 70 S RNA to Function as 

RSV REV Template.Primer for the Avian RNA 

Control 1 .oo <0.03 
Tumor Virus DNA Polymerase 

RNase 0.10 <0.03 The above results indicate that exoge- 
Oligo(dT),,.,, 1.70 0.87 nously added primer is capable of stimu- 
Oligo(dT),,.,, plus RNase 0.19 0.11 lating the endogenous REV DNA polymer- 

a Conditions for enzymatic synthesis of DNA were 
ase to transcribe the REV RNA-genome 

as described in Table 1. The incorporation of 
into DNA. Since no endogenous REV 

[3H]TMP into acid-insoluble material is expressed DNA polymerase activity is observed in 
relative to the incorporation observed with RSV in the the absence of exogenous primer, it is 
absence of added primer. The synthetic primer conceivable that the native REV 70 S RNA 
oligo(dT),,.,, was used at a concentration of 20 &ml. complex may not be capable of serving as 
RNase pretreatment was as described in Table 1. functional template. primer for the RNA- 
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directed synthesis of DNA. However, as 
indicated in Table 4, REV 70 S RNA is as 
efficient a template. primer as avian leuko- 
sis or sarcoma virus 70 S RNA for the 
purified RNA-directed DNA polymerase of 
either RSV or AMV. Therefore, it appears 
that REV 70 S RNA is a suitable tem- 
plate primer for the avian oncornavirus 
DNA polymerase. Furthermore, RSV 70 S 
RNA does not stimulate the virion- 
associated DNA polymerase of REV to 
synthesize DNA when added to reaction 
mixtures containing detergent-disrupted 
virus (Table 1). Under similar reaction con- 
ditions exogenous RSV 70 S RNA does 
stimulate the RSV-associated DNA polym- 
erase. These preliminary results suggest 
that the REV enzyme may be unable to 
utilize avian oncornavirus 70 S RNA as a 
template. primer. However, since either 
REV-associated nucleases and/or a limited 
accessiblity of exogenous 70 S RNA to the 
REV-associated DNA polymerase could 
conceivably account for these observations, 
further studies employing purified REV 
DNA-polymerase and RSV 70 S RNA will 
be required. 

DISCUSSION 

We have been unable thus far to detect, 
in purified preparations of REV, an endog- 
enous DNA polymerase reaction in which 

TABLE 4 

TEMPLATE ACTIVITY OF REV 70 S RNA 

RNA Enzyme [3H]TMP 
Incorporated 

(cpm)” 

RSV RSV 4219 
RSV AMV 4405 
RAV-2 RSV 4092 
RAV-2 AMV 4923 
REV RSV 4209 
REV AMV 4047 
AMV RSV 4462 
AMV AMV 5539 

“Enzymatic conditions were essentially as de- 
scribed in Table 1 except that both detergent and 
virus were omitted from the react.ion mixtures. Ap- 
proximately 0.4 units/ml of purified AMV or RSV 
DNA-polymerase and 2 ag/ml of template RNA were 
incubated under these reaction conditions for 1 hr at 
37”. 

the 70 S virion RNA acts as a template for 
the synthesis of DNA. However, by em- 
ploying exogenous synthetic homopoly- 
mers that are routinely utilized for differ- 
entiating RNA-directed DNA polymerase 
activity from DNA-directed DNA polyme- 
rase activity, we have detected a virion- 
associated DNA polymerase that prefers 
ribopolymers to deoxyribopolymers as tem- 
plate. We have also demonstrated that the 
REV DNA polymerase is capable of copy- 
ing REV-RNA if the exogenous primer, 
oligo(dT) I 2- 1s, is added to the reaction mix- 
ture. Furthermore, both the RSV and AMV 
RNA-directed DNA polymerases can effi- 
ciently transcribe purified REV 70 S RNA 
indicating that the REV genome is an 
efficient template . primer complex for the 
avian oncornavirus RNA-directed DNA 
polymerase. It therefore appears either 
that the REV 70 S RNA genome lacks a 
specific primer molecule required by the 
REV DNA polymerase and not by the RSV 
DNA polymerase for the initiation of DNA 
synthesis, or that some property of the REV 
DNA polymerase renders it incapable of 
transcribing REV-RNA as efficiently as the 
avian RNA tumor virus DNA-polymerase. 
We are currently attempting to differenti- 
ate between these possibilities. Previous 
studies have demonstrated that the RSV 
DNA polymerase utilizes a specific species 
of 4 S RNA as primer for the initiation of 
DNA synthesis on the RSV 70 S RNA 
genome (Faras et al., 1973b; Dahlberg et 
al., 1974; Faras et al., 1974b). Preliminary 
studies from our laboratory indicate that 
the REV genome contains 4 S RNA but 
further studies will be required to deter- 
mine if any of these 4 S molecules are 
capable of functioning as primers in RNA- 
directed DNA synthesis. In addition, stud- 
ies are currently in progress to attempt to 
determine similarities and/or differences 
between the purified REV and RSV DNA 
polymerases. 

Our inability to detect an endogenous 
RNA-directed DNA-polymerase activity in 
purified preparations of REV is in agree- 
ment with a recent communication by 
Kang and Temin who failed to detect an 
endogenous RNase-sensitive DNA polym- 
erase activity associated with another 
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member of the REV group (Trager duck 
spleen necrosis virus) (Kang and Temin, 
1973). However, our results are in contrast 
to those of Peterson et al. (1972) who previ- 
ously reported that an endogenous RNase- 
sensitive DNA polymerase activity could 
be detected in virions of REV. Although 
other explanations cannot be excluded at 
this time, we feel that the most likely 
explanation of this discrepancy between 
their results and ours is that the RNase- 
sensitive DNA polymerase activity previ- 
ously reported by these authors was a 
result of a contaminating avian leukosis 
virus acquired during propagation of REV. 

Verma et al. (1974) recently character- 
ized a DNA polymerase associated with 
virions of hamster leukemia virus (HaLV) 
that was incapable of transcribing the 
HaLV RNA-genome in an endogenous re- 
action. However, the HaLV enzyme differs 
from the REV DNA polymerase in that it 
could neither utilize poly(rA) .oligo(dT) 1O 
efficiently nor transcribe HaLV-RNA when 
exogenous oligo(dT),,-,, primer was added 
to the reaction mixtures. 

The lack of an endogenous RNA-directed 
DNA polymerase activity does not appar- 
ently prohibit REV from replicating 
through a DNA provirus intermediate sim- 
ilar to the avian RNA tumor viruses. We 
and others have demonstrated that virus- 
specific DNA synthesis is indeed required 
for replication of these viruses in chick 
embryo fibroblasts (Temin and Kassner, 
1974; Collett et al., 1975). Furthermore, 
the presence of REV-specific DNA se- 
quences can be directly detected in cells 
after infection by hybridization techniques 
(Collett et al., 1975; Kang and Temin, 
1974). Whether a host cell function is 
required to facilitate transcription of the 
REV genome subsequent to infection of 
cells with REV has yet to be determined. 
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