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Preparations of purified Rauscher murine leukemia virus were found to contain
an endodeoxyribonuclease after disruption of the virus with nonionic detergents.
The enzyme makes single-strand breaks in linear or covalently closed circular
phage double-stranded DNA molecules. The enzyme was partially purified by
ion-exchange chromatography on DEAE- and carboxymethyl-Sepharose columns
followed by electrophoresis in DNA-containing polyacrylamide gels. The enzyme
was separated from reverse transcriptase (p8oPO'), and the final endonuclease
preparation contained no detectable reverse transcriptase activity. The DEAE-
Sepharose column-purified endonuclease activity contained a polypeptide of
about 40,000 M, that we term p40. Peptide mapping experiments demonstrated
that p40 shares methionine-labeled tryptic peptides with Pr2009a"P" and Pr135P'.
Six major methionine-labeled tryptic peptides derived from p40 were found in
Pr200g909P°, but only five of these were detected in Pr1351"". The four core proteins
(p30, p15, ppl2, and plO) and p80"P' plus p40 account for most, but not all, of the
peptide sequences of Pr2009g-P°'. The endonuclease-associated p40 is similar in
size and precursor origin to the avian retrovirus-coded endonuclease (p32). In
view of these similarities to the avian p32 endonuclease and its association with
partially purified Rauscher murine leukemia virus-associated endonuclease prep-
arations, we propose that p40 is the Rauscher murine leukemia virus-coded
endonuclease.

Retroviruses are known to package a virus-
coded RNA-directed DNA polymerase (reverse
transcriptase) and its associated activities
(DNA-directed DNA polymerase and RNase H)
within the core of the mature virus particle. This
enzyme complex is involved in the synthesis of
the integrated viral DNA. A viral DNA endo-
nuclease has also been detected within the core
of avian retroviruses (2, 3, 15, 23). Its role in viral
DNA formation and integration is unknown.
The murine leukemia virus (MuLV) reverse

transcriptase is a protein with a molecular
weight of about 84,000 (p80""') (16, 26) that is
formed by synthesis and processing of a joint
product of the gag and pol genes (8, 11, 12, 18)
termed Pr20M#'g°t. We have recently proposed
that other enzymes in addition to the reverse
transcriptase are formed by cleavage of M00eg-
P" (12), which is synthesized at about one-for-
tieth the rate of Pfrf6Vf- (18), the core protein
precursor (1, 8, 20). A detailed analysis of
Pr200Yag-P° by peptide mapping showed that the
viral core protein sequences (p30, p15, ppl2, and
plO) and the reverse transcriptase accounted for

only about three-fourths of this polyprotein (12).
Assuming the Mr of the proteins to be correct,
we estimated total Mr of these additional protein
sequences to be about 50,000. These additional
sequences were detected in both methionine-
and tyrosine-labeled tryptic peptide patterns
(11, 12). Part of these unidentified sequences
were also found in the intermediate reverse tran-
scriptase precursor Pr1351"". We have proposed
that the cleavage product containing these extra
sequences performs an enzymatic function sep-
arate from that of reverse transcriptase (11).

In this report, we describe the isolation and
partial purification of a DNA endonuclease from
virions of Rauscher MuLV (R-MuLV). An ap-
proximately 40,000-Mr polypeptide found in vir-
ions of R-MuLV was associated with the par-
tially purified endonuclease activity. Tryptic
peptide analyses demonstrated that it shares
tryptic methionine-containing peptides with
Pr20O09"' and Pr135-"' but appears to be dis-
tinct from p80""'.

(This research was part of J.J.K.'s Ph.D. dis-
sertation [1980] and B.S.G.'s M.S. dissertation
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[1974] presented to the University of Texas
Health Science Center Graduate School of
Biomedical Sciences, Houston, Tex.)

MATERIALS AND METHODS
Cells and virus. NIH Swiss mouse embryo cells

(JLS-V16) infected with R-MuLV were used in this
study (19). The culture medium was a modified Eagle
formula containing 10% fetal calf serum (24). Virus
was produced in 2-quart (ca. 1.89 liters) roller-bottle
cultures and purified as described previously (24).
[3H]methionine-labeled virus was prepared as de-
scribed (18).

Analysis of endodeoxyribonuclease activity
by velocity sedimentation of 14C-bacteriophage
DNA. Bacteriophage T7 was labeled with ['4C]thy-
mine during infection of Escherichia coli C thy-321
(6) and purified by precipitation with polyethylene
glycol 6000 and isopycnic centrifugation in CsCl gra-
dients (14). T7 DNA was purified by phenol extraction
(25). Assay reactions (200 pl) contained 60 mM Tris-
hydrochloride (pH 8.1), 20 mM KCl, 10 mm MgC12,
0.02% Triton X-100, and from 3,000 to 4,000 cpm of
'4C-labeled T7 DNA. The amounts of purified R-
MuLV analyzed are indicated as amounts of protein
added to the reaction mixture. Reactions were termi-
nated by the addition of EDTA to 50 mM and chilling
in an ice bath. Total DNA breakage was detected by
sedimentation in alkaline sucrose gradients after ad-
justing samples to 0.1 NaOH, layering onto 4.5-ml
linear gradients (5 to 20%) containing 0.3 M NaOH,
0.7 M NaCl, and 0.01 M EDTA. Gradients were cen-
trifuged at 42,000 rpm at 4°C for 2.5 h in an SW50.1
rotor of a Spinco preparative ultracentrifuge. The
radioactivity profiles were determined by collecting 9-
drop fractions into 5 ml of liquid scintillation fluid (1/
25-part Packard Permafluor, 1/3-part Triton X-100,
2/3-part toluene) and counting in a Packard liquid
scintillation spectrometer. In some studies reported
but not presented in this paper, double-strand DNA
breakage was investigated by sedimentation in neutral
sucrose gradients after adjusting samples to 0.5% Sar-
kosyl and layering onto 4.5-mi linear gradients (5 to
20%) containing 1 M NaCl, 0.01 M EDTA, and 0.01 M
Tris-hydrochloride, pH 8.5. Centrifugation, gradient
fractionation, and radioactivity determinations were
performed as for alkaline gradient analysis.

Analysis of endodeoxyribonuclease activity
by PM2 DNA breakage. Conditions for performing
analysis of endodeoxyribonuclease (endonuclease) ac-
tivity in polyacrylamide disc gels containing covalently
closed circular PM2 DNA or solution assays contain-
ing PM2 DNA were as described (5, 13). In brief,
endonuclease activity in PM2 DNA gels was accom-
plished by electrophoresis of samples through PM2
DNA polyacrylamide gels. Gels were then incubated
in endonuclease buffer (0.01M Tris-hydrochloride [pH
8.1]-10 mM MgCl2), chilled, stained with ethidium
bromide, and scanned for fluorescence. Regions within
the gel containing endonuclease activity are identified
by the increased fluorescence associated with en-
hanced binding of ethidium bromide to broken DNA
molecules.

In test tube reactions, the breakage of PM2 DNA is
detected by selective denaturation of all but unbroken

molecules at pH 12.1, addition of ethidium bromide,
and measurement of fluorescence. At pH 12.1 ethidium
bromide binds only to unbroken PM2 DNA molecules
which are stable to denaturation. Thus, residual fluo-
rescence decreases as PM2 DNA is broken by endo-
nuclease activity (14).
The number of breaks introduced into PM2 DNA

molecules during incubation was determined from the
following expression: breaks/molecule = ln(If - Imin/
Imax - Imin), where Imax = fluorescence of unincu-
bated reaction mixture, If = fluorescence of incubated
reaction mixture, and Imin = fluorescence of reaction
mixture without DNA. The nuclease activity exhibited
single-hit reaction kinetics which could be reliably
measured to about 0.05 fractional survival of PM2
molecules. Thus, the assay measures DNA breakage
in the range of 0 to 3 breaks/molecule.
Endonuclease purification. About 30 mg of

twice-banded virus containing 5 x 107 cpm of
[3H]methionine-labeled virus was disrupted in a solu-
tion containing 10 mM Tris-hydrochloride (pH 7.5),
5% Nonidet P-40, and 0.5 M KCl (in some cases the
0.5 M KCl was omitted). The mixture was incubated
on ice for 30 min and centrifuged at 10,000 x g for 10
min. The supernatant was dialyzed against 10 mM
Tris-hydrochloride, pH 7.5. The dialyzed solution was
applied to a DEAE-Sepharose column (2 by 15 cm)
equilibrated with 10 mM Tris-hydrochloride (pH 7.5),
and washed with 30 ml of that buffer. The enzyme
activities were eluted with a 300-ml linear gradient of
NaCl ranging from 0 to 0.5 M. Three-milliliter frac-
tions were collected. Endonuclease activity was as-
sayed with PM2 DNA as described above. The endo-
nuclease activity fractions were pooled, dialyzed
against 10 mM Tris-hydrochloride (pH 7.5), and ap-
plied to a column (2 by 15 cm) of carboxymethyl (CM)-
Sepharose equilibrated with 0.01 M Tris-hydrochlo-
ride (pH 7.5), and eluted with a similar NaCl gradient.
As a final step, the CM-Sepharose fractions con-

taining endonuclease activity were fractionated under
nondenaturing conditions on a polyacrylamide gel con-
taining PM2 phage DNA, as described (5, 13).

Reverse transcriptase was assayed with Nonidet P-
40, Mn2" ion, and poly(rC):oligo(dG) under the con-
ditions of Kacian et al. (9).
Denaturing gel electrophoresis. Fractions con-

taining endonuclease activity eluting from either
DEAE-Sepharose or CM-Sepharose columns were
pooled and dialyzed against three changes of solution
containing 0.01 mM Tris (pH 7.5), 0.0001% sodium
dodecyl sulfate (SDS), and 0.0001% mercaptoethanol.
After dialysis, the fractions were lyophilized, sus-
pended in electrophoresis sample buffer (8) minus
SDS, and loaded onto an SDS-polyacrylamide gel.
Electrophoresis and fluorography were performed as
described (12).

Peptide mapping. This procedure has been de-
scribed previously (10).

RESULTS

R-MuLV-associated endonuclease. In pre-
liminary studies, the endonuclease activity as-
sociated with R-MuLV at each stage of purifi-
cation was investigated by deternining the pro-
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f total breaks and double-strand breaks dium without serum were examined to minimize
ed into "40-labeled T7 DNA. The se- contamination of virus with endonuclease activ-
stages examined included virus pellets ities contained in serum. The data shown in
ture medium centrifuged at 10,000 rpm Table 1 demonstrate that highly purified virus
virus sedimented onto 65% sucrose exhibited endonuclease activity only when dis-

20% sucrose, virus sedimenting to equi- rupted by a nonionic detergent Nonidet P-40.
lensity in linear sucrose gradients (15 to Only limited activity was observed in nondis-
nd velocity sedimentation of virus rupted virus, regardless of whether serum was
linear sucrose gradients (5 to 20%). Ac- included in the culture medium provided R-
at produced single-strand breaks, but MuLV-producing cells.
)le-strand breaks, was detected at each Partial purification of the virus-associ-
purification. However, the endonuclease ated endonuclease. To characterize the virus-
exhibited increasing dependence on dis- associated endonuclease further, we disrupted
virus by inclusion of 0.02% Triton X-100 about 30 mg of virus containing about 5 x 107
;tage of purification. At the highest stage cpm of [3H]methionine-labeled protein in 5%
cation, only limited endonuclease activ- Triton X-100, clarified the extract by centrifu-
expressed without added Triton X-100, gation at 10,000 x g for 10 min, and applied the
significant activity was expressed in its supernatant to a DEAE-Sepharose column. To
(Fig. 1). facilitate purification of the virus-associated en-

etergent dependence of virus-associated donuclease activity, we applied the ultrasensi-
lease activity was examined further with tive solution assay described by Love and Hewitt
circular PM2 DNA as a substrate. In (13), which measures single-strand breaks in
viral samples purified from culture me- molecules of covalently closed circular duplex

DNA from PM2 phage. The endonuclease activ-
ity was eluted from the matrix be means of a
linear gradient of NaCl (Fig. 2). The gradient
fractions were also assayed for reverse transcrip-
tase, using a poly(rC):oligo(dG) primed assay.
Reverse transcriptase activity eluted just ahead
of the endonuclease activity. The activity peaks
were pooled and dialyzed, and the radioactive
proteins were analyzed by electrophoresis in an

r' \ SDS-polyacrylamide gel (Fig. 3A). The endo-
nuclease activity coincided with lanes C and D,
whereas reverse transcriptase activity was found

| g 1 in B and C. The fractions containing endonucle-
i?/ \, jase activity contained a minor polypeptide with
/,, 4\' j an approximate Mr of 40,000 (termed p4O), plus

several other bands, including p30 and two poly-
/, t \\4 \ + peptides of about 15,000 to 18,000 Mr. The re-

verse transcriptase activity peak contained a
1#i\4\1y' band of p80p', as described previously, as well

as p30 and lower-Mr polypeptides (18). However,
A since p80"' appeared to be present in both the

________________________________ endonuclease and reverse transcriptase activity
10 20 30 fractions, it is possible that the endonuclease
Fraction Number fraction may contain an inhibitor to the reverse

-Sedimentation transcriptase.
Treatment of the virus with detergent and 0.5

Detergent-dependent endonuclease activ- M KCl caused a more complete disruption of
oximately 10 pg ofpurified virus was incu- the virus than did detergent alone. Therefore, in
h about 3,000 cpm of '4C-labeled T7 double-
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escribed in the text. Symbols: , virus incu- ated as in Fig. 2, and a similar profile was ob-
,h DNA in the presence of 0.02% Triton X- tained. The endonuclease activity eluted in frac-
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TABLE 1. Influence of virus disruption and culture
medium on R-MuLV-associated endonuclease

activitya
Breaks/molecule

Sample
Expt. 1 Expt. 2

R-MuLV 0.088 0.100
R-MuLV (disrupted) 1.258 1.153
R-MuLV (serum-free) 0.032 0.054
R-MuLV (serum-free, 0.999 0.840

disrupted)
No virus 0.032 0.000

a Endonuclease activity was assayed by the selective
denaturation solution assay as described in the text.
Reaction mixtures (200 ul) contained 10 mM Tris-
hydrochloride (pH 7.5), 10 mM MgC12, 10 mM CaCl2,
10 jug of PM2 DNA, and 50 iLg of purified R-MuLV.
Incubations were for 30 min at 37°C. Serum-free R-
MuLV was prepared by first growing virus-producing
cells in serum-free medium for 4 h. Four-hour culture
fluids were then decanted and discarded. Cells were
then grown in serum-free medium for 16 h from which
serum-free R-MuLV was recovered and purified. Dis-
rupted virus samples were prepared by treatment of
purified R-MuLV with 5% Nonidet P-40 for 30 min in
an ice bath. Samples to be assayed for endonuclease
activity were from supernatants of disrupted virus
after centrifugation at 10,000 rpm for 10 min.
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transcriptase activity eluted in fractions A and
B. The preparation ofendonuclease activity con-
tained a major band of p40 and a band migrating
just slightly slower than p30, as well as a p30
band. Much lower amounts of p30 and almost
none of the 15,000 to 18,000 Mr proteins were
present in the endonuclease prepared from virus
treated with both detergent and high salt than
were present in the endonuclease prepared from
virus treated with detergent alone (cf. Fig. 3A,
lanes C and D, and Fig. 3B, lanes B and C).
The pooled endonuclease activity from the

second DEAE-Sepharose column, in which virus
was solubilized by 0.5 M KCI treatment, was
further fractionated by chromatography on CM-
Sepharose (Fig. 4). The endonuclease activity
peak eluted at about 0.1 M NaCl, whereas the
polymerase activity eluted at about 0.25 M
NaCl. The radioactive viral proteins found in
the endonuclease activity peak were analyzed by
SDS-polyacrylamide gel electrophoresis. A band
of about 40,000 Mr with the expected mobility of
p40 was detected in the fluorogram, as was an
additional polypeptide migrating slightly slower
than p30. Neither the p30 nor the 15,000- to
18,000Mr proteins were detected in this prepa-
ration (data not shown). The proteins were un-
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FIG. 2. Fractionation of detergent-disrupted R-MuLV on a DEAE-Sepharose column. R-MuLV was dis-
rupted with 5% Nonidet P-40 as described in the text and applied to a column ofDEAE-Sepharose. Fractions
were assayed for reverse transcriptase activity [with poly(rCQ:oligo(dG)] and endonuclease activity, the latter
with the PM2 DNA assay (13). Fractions labeled B, C, D, and E were analyzed by SDS-polyacrylamide gel
electrophoresis in Fig. 3A.
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FIG. 3. Analysis of DEAE-Sepharose column fractions by SDS-polyacrylamide gel electrophoresis. The
column fractions containing reverse transcriptase and endonuclease activities were analyzed by electropho-
resis on an 11.25% polyacrylamide gel containing SDS. The radioactive bands from the methionine-labeled
samples were detected by fluorography. (A) DEAE-Sepharose column fractions from virus disrupted with
detergent: lanes B (fractions 79-81) and C (fractions 82-84) contained the bulk of the reverse transcriptase
activity; lanes C andD (fractions 85-87) contained the bulk ofthe endonuclease activity. (B) DEAE-Sepharose
column fractions from virus disrupted with 0.5 M KCI and detergent: lanes A and B contained most of the
reverse transcriptase activity; lanes B and C contained most of the endonuclease activity. The entire pooled
fractions from the DEAE columns were applied to the gel in each case.
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FIG. 4. CM-Sepharose fractionation of DEAE-Sepharose column-fractionated endonuclease. Virus was

disrupted with detergent in the presence of 0.5 M KCI and was clarified and fractionated on a DEAE-
Sepharose column as in Fig. 2. The endonuclease peak waspooled, dialyzed, and applied to a CM-Sepharose
column. The fractions were analyzed for reverse transcriptase and endonuclease activities.

able to be analyzed by peptide mapping because
of insufficient radioactivity.
The peak of endonuclease activity from the

CM-Sepharose column was pooled and further
fractionated by electrophoresis in a polyacryl-
amide gel under nondenaturing conditions (Fig.
5). A single peak of radioactive viral protein
comigrated with the endonuclease activity.

The CM-Sepharose column-purified endonu-
clease activity did not contain detectable pro-
tease activity and RNase activity. The protease
assay involved hydrolysis of radioactive casein
(R. Brown, J. Kopchick, and R. Arlinghaus,
unpublished data). RNase activity was assayed
by testing for the ability to hydrolyze radioactive
18S and 28S rRNA (R. Bartlett, J. Kopchick,
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and R. Arlinghaus, unpublished data).
Coding origin ofp40. To determine whether

the 40,000-molecular-weight protein associated
with the endonuclease activity was a viral or
host protein, we compared its peptide map with
the maps of bona fide viral precursor polypro-
teins. Because of the yield of activity, we were
forced to analyze the preparation eluting from
DEAE Sepharose as in Fig. 3B. Since our earlier
work showed that Pr200(Y°"" contained addi-
tional peptide sequences not related to either
gag or pol gene products (11, 12), we first com-
pared the map of p40 with those of Pr200 )P°',
Pr135P"', and p80"'. The patterns of methionine-
containing tryptic peptides of these three pro-
teins are shown in Fig. 6 and 7. In agreement
with our previous results (11, 12), p80""' was
found to share much of its peptide sequences
with Pr2009'9"1 and PrM35""'. However, several
methionine-labeled tryptic peptides derived
from either M009'9 or Pr135""' were not ac-
counted for by p8(IY' or any of the viral core
proteins (Fig. 6). We emphasize that, of the four
core proteins, only p30 and ppl2 contain methi-
onine (1). Furthermore, the ppl2 methionine-
labeled tryptic peptides do not bind to the ion-
exchange resin (10).
The pattern of methionine tryptic peptides of

p40 was found to contain most of these extra
peptides of Pr200V"gP' and Pr135P"' (Fig. 7). We

R-MULV EndonucWase

C
c BAL-31 Enzyme

0
0 U.~

have used the numbering system as published
previously (12). p40 was found to contain tryptic
peptides 4, 5, 7b, llb, 12, and 13 (Fig. 7). All of
these were found in Pr2009"9P' and Pr135""',
except for peptide 5, which was missing from
Pr135""'. A surprising finding was that p40 con-
tained two peptides seen in p80W"' (no. 7b and
llb). Because of the possibility of chance coe-
lution of nonidentical peptides, further analyses
of p80"' and p40 need to be performed. No
homology with p30 was observed. These results
provide strong evidence that p40 is a virus-coded
protein.

DISCUSSION
The experiments presented here provide con-

vincing evidence that R-MuLV particles contain
an endonuclease that makes single-strand breaks
in either linear T7 phage, double-stranded DNA,
or covalently closed circular double-stranded
DNA of bacteriophage PM2. Studies on the
location of the enzyme within the virus have not
been done, but the fact that the detergent dis-
ruption of the virus is required for enzyme activ-
ity suggests that the endonuclease is present in
the interior of the virus. Another point of inter-
est is that this endonuclease can be separated
from the reverse transcriptase activity.
An endodeoxyribonuclease has been detected

in virions of Rous sarcoma virus (15) and more

100.
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FIG. 5. Disc gel electrophoresis of CM-Sepharose-fractionated endonuclease. (Top) The CM-Sepharose
activity peak was dialyzed, and about 10 ,Il was applied to an 8-cm polyacrylamide gel (6-mm diameter, 7%
acrylamide) containing 10pg ofclosed circular PM2DNA per ml as described (5, 13). After electrophoresis for
3.5 h at 4°C, the gel was incubated at 37°C for 60 min and then scanned for fluorescence. The endonuclease
activity is identified by regions ofenhanced fluorescence. The gel was then sliced, and the slices were counted
in a liquid scintillation cocktail that efficiently detects radioactive protein (17). (Middle) The activity of
purified BAL-31 endonuclease (4), a single-strand specific nuclease which recognizes localized regions of
base-pair disruption in superhelical PM2 DNA, was included as control. (Bottom) minus enzyme analysis.
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FIG. 7. Cation-exchange chromatography of tryptic peptides of endonuclease-associated p40. [3HJmethio-

nine-labeledp40 isolated by DEAE-Sepharose chromatography and SDS-polyacrylamide gel electrophoresis
(as in Fig. 3B) was digested with tolylsulfonyl phenylalanyl chloromethyl ketone (TPCK)-trypsin, and the
soluble tryptic peptides were fractioned on cation-exchange column (1). [3S]methionine Pr207P°'*" was
isolated from R-MuL V-infected NIH Swiss mouse cells as described (11). Pr200Kf"fgP' was digested with TPCK-
trypsin and added as marker. The methionine-tryptic peptides have been arbitrarily numbered as described
previously (12).

recently has been isolated and purified from
avian myeloblastosis virus particles (2, 3, 23). In
contrast to the results presented here, the avian
endonuclease appears to be part of the reverse
transcriptase enzyme complex. The avian re-
verse transcriptase is composed of two polypep-
tides, one of 95,000 Mr termed the ,B subunit and
one of 65,000 Mr termed the a subunit (15, 23).
A 32,000-molecular-weight fragment of the C
terminal third of the / subunit contains the
endonuclease activity (2, 3, 23).
, The subunit structure of the MuLV-associ-
ated endonuclease is not yet known. Our results
indicate that an approximately 40,000Mr viral
polypeptide (p40) is associated with the partially

purified enzymatic activity. Our tryptic peptide
analyses have shown that p40 shares at least six
major methionine-containing tryptic peptides
(nos. 4, 5, 7b, llb, 12, and 13) with Pr2009"g-,°'
the precursor to the reverse transcriptase (p80W"';
8, 11, 12). Also, p40 was found to share five
methionine-containing tryptic peptides with
Prl3Y°' (nos. 4, 7b, lib, 12, and 13). The murine
pB"' and p40 appear to be quite different in
structure except for two tryptic peptide fractions
(nos. 7b and llb), which may be just chance
comigration of nonidentical peptides.

Proof that p40 is, in fact, the virus-coded
endonuclease awaits further work, but several
considerations favor such an interpretation.

FIG. 6. Cation-exchange profiles of methionine-containing tryptic peptides of p80"'" and PrI35P"'. (A)
[3H]methionine-labeled p80°" and ["Simethionine-labeled Pr2W""-P' were isolated from R-MuLV-infected
JLS- V16 cells by anti-reverse transcriptase immunoprecipitation and SDS-polyacrylamide gel electrophoresis
as described (11, 12). Samples of tryptic digests were chromatographed on a cation-exchange column as
described (1). The methionine-tryptic peptides have been arbitrarily numbered as described previously (12).
(B) [3H]methionine-labeled Pr135P"" and [35S]methionine-labeled Pr20W""P" were isolated and digested with
trypsin as in (A).
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First, p40 was always detected in partially puri-
fied endonuclease preparations, including en-
zyme preparations that were fractionated first
on DEAE-Sepharose and then CM-Sepharose.
Second, p40 has a similar size to the 32,000-Mr
endonuclease of the avian retroviruses. Third,
the precursor origin and mode of formation of
p40 appear to be similar to the avian virus-coded
endonuclease. Studies performed by Grandge-
nett and co-workers have shown that the avian
endonuclease (p32) apparently is generated by
cleavage of the /B subunit of the reverse tran-
scriptase (2, 3, 23). The /B subunit, itself, is pro-
duced by cleavage of the avian gag-pol gene
product, Prl80 (21, 22). A similar pathway seems
likely for the formation of p40. Thus, p40 ap-
pears to be derived from Pr2009`9P" by way of
Pr135'°'; the latter appears to be the murine
retrovirus analog of the /3 subunit. Of course, a
major difference exists between the two virus
systems since Pr135""' does not appear to be part
of the MuLV reverse transcriptase enzyme (16,
26).
We have previously proposed a model that

states that Pr2009a9P° is the precursor to p801Jo,
plus other enzymes (12). We view Pr2009f9P°o as
not only the precursor to viral enzymes, but also
as providing a mechanism for packaging the
virus-coded enzymes into the infectious particle.
We propose that the gag gene-coded portion of
Pr2009ag-Po permits virus-coded enzymes that
are contained within the precursor to be pack-
aged into viral particles by virtue of its plO and
p12 sequences. These sequences favor selective
binding to viral RNA (7).
The role of a virus-coded endonuclease in

retrovirus replication is not yet known, but it is
obvious that such an enzyme could be involved
in integration of viral DNA by making staggered
single-strand cuts in the double-stranded DNA
of the host and in viral DNA intermediates
generated during the reverse transcriptase re-
action.
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