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Nuclei obtained from chicken leukemic myeloblasts transformed by avian myeloblastosis virus were
fractionated into various subnuclear compartments, which were then analyzed by specific immunoprecipitation
for the presence of the leukemogenic product, p48v- Yb, of the viral oncogene. In cells labeled for 30 or 60 min
with L-[35S]methionine and in unlabeled exponentially dividing leukemic cells analyzed by Western blotting,
p48v-myb was detected within the nucleoplasm (29 + 9% [standard deviation] of the total), chromatin (7 + 4%),
and lamina-nuclear matrix (64 + 9%). Also, in myeloblasts analyzed by immunofluorescence during mitosis,
p48v-myb appeared to be dispersed through the cell like the lamina-nuclear matrix complex. Strong attachment
to the nuclear matrix-lamina complex suggests that p48v-,,b may be involved in DNA replication or
transcription or both.

The acutely oncogenic, replication-defective avian
myeloblastosis virus (AMV) induces acute myeloblastic leu-
kemia exclusively in chickens and transforms only myeloid
cells in vitro (2, 35). The leukemogenic properties of AMV
are encoded by v-myb, which arose by recombination be-
tween the replication-competent myeloblastosis-associated
virus type 1 and highly conserved proto-mvb cellular genetic
elements (36, 37, 44). Based on differences in gene, tran-
script, and protein structures (7, 25-27, 40), v-mvb is an
altered form of proto-myb, containing internal proto-mvb
sequences. The absence of a significant portion of the
proto-myb structure in v-myb may account for its transform-
ing potential.
The v-myb oncogene product, p48'-r?iYb, is a nuclear pro-

tein with an Mr of 48,000 (6, 28) and a half-life of 30 min
(J. M. Ong and M. A. Baluda, unpublished data) that pre-
sumably mediates specific transformation of myeloid cells
through interactions with nuclear components (2, 28).
p48v-mvb is not glycosylated, is phosphorylated to a small
extent, and does not act as a kinase in immunoprecipitates
(W. J. Boyle, J. M. Ong, and M. A. Baluda, unpublished
data). Also, there is no apparent structural similarity be-
tween P48vnlYb and the products of the three known classes
of nonnuclear retroviral oncogenes; i.e., those derived from
soluble external growth factors such as p28Si3 (47), those
representing altered plasma membrane growth factor recep-
tors and tyrosyl protein kinases such as gp74erh-B and pp60'''
(16, 22), and those related to plasma membrane-associated
proteins that appear to modulate adenyl cyclase activity
such as p21ras (46). The AMV p48v-nYh and the oncogene
product (p135) of the other myb-containing retrovirus, E26
virus (6), as well as the products of the v-mvc (1, 15) and
v-fos (14) oncogenes, constitute a fourth class of nuclear
transforming proteins (21). The functions of these nuclear
transforming proteins are not known, but their subcellular
localization suggests perturbations at the DNA level.

Previously we have shown that a nuclear fraction isolated
from AMV-transformed myeloblasts contains virtually all of
p48vm'b (6). We have now sought to identify the subnuclear
association of p48v-Plb by a fractionation procedure that
yields relatively well-defined nuclear components after se-
quential extraction with nonionic detergents, nuclease, and

* Corresponding author.

high-salt buffer (20). Here we report the effects of this serial
fractionation on nuclear ultrastructure and DNA, protein,
and p48'-InYh distribution. We detected p48'-"'!" in three
subnuclear compartments, including a very tight association
with the nuclear matrix-lamina complex, which is generally
thought to be intimately associated with DNA replication
and transcription (41, 43).

MATERIALS AND METHODS

Cells. The BM2 cell line of chicken myeloblasts trans-
formed by AMV was the gift of Giovannella and Carlo
Moscovici. Cells were cultured and biosynthetically labeled
with L-[35S]methionine (specific activity, 1,100 Ci/mmol; New
England Nuclear Corp.) as previously described (6, 7).

Nuclei isolation and fractionation. Intact nuclei were iso-
lated from BM2 myeloblasts as previously described (6) with
minor modifications. Cells were lysed with ice-cold nuclear
buffer containing 5 mM sodium phosphate (pH 7.4), 50 mM
sodium chloride, 150 mM sucrose, 5 mM potassium chloride,
2 mM dithiothreitol, 1 mM magnesium chloride, 0.5 mM
calcium chloride, 0.1 mM phenylmethylsulfonyl fluoride
(PMSF), and 0.1% Kyro-EOB (Proctor and Gamble). Nuclei
were then collected from lysed cells on a cushion of 30%
sucrose containing TN buffer (2.5 mM Tris hydrochloride,
pH 7.4, 10 mM sodium chloride) (9) after centrifugation at
1,000 x g for 10 min at 4°C. The sequential extraction of
intact nuclei was a modified procedure described by Razin et
al. (39) and Bodnar et al. (5). After centrifugation, 5 x 106 to
10 x 106 Kyro-EOB-isolated nuclei were suspended in 1.0 ml
of ice-cold Nonidet P-40 (NP40) buffer (0.5% NP40, 10 mM
sodium phosphate, pH 7.4, 120 mM NaCl, 0.1 mM PMSF)
and kept for 30 min on ice. After NP40 treatment the nuclei
were collected by gentle pelleting at 500 x g and then
reextracted twice by the same procedure. In different exper-
iments all three supernatants representing the nucleoplasmic
fraction were either pooled or kept separate. The final NP40
nuclear pellet was suspended in 100 ,ul of nuclease digestion
buffer (20 mM Tris hydrochloride, pH 7.4, 100 mM NaCl, 50
mM KCl, 5 mM CaCl,, 0.1 mM EDTA, 0.1 mM PMSF)
containing 170 U of micrococcal nuclease (Boehringer-
Mannheim) per ml and incubated for 30 min at 37°C. Nucle-
ase digestion was stopped by the addition of 900 ,ul of
high-salt buffer (2.0 M NaCl, 0.5% NP40, 5 mM sodium
phosphate (pH 7.4), 10 mM EDTA). Soluble chromatin was
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extracted by incubation for 60 min on ice and separated from
the residual nuclear matrix by centrifugation over a cushion
of 30% sucrose containing TN buffer at 12,000 x g for 15
min. The soluble supernatant (chromatin fraction) was re-
moved, and the insoluble pellet was redigested and
reextracted with high-salt buffer and collected by centrifu-
gation as before. The resulting insoluble nuclear matrix-
lamina fraction was solubilized by boiling in 100 ,ul of
electrophoresis buffer (29) and then diluted with 10 volumes
of detergent lysis buffer (7). In some experiments, low-salt
buffer (50 mM NaCI, 0.5% NP40, 5 mM sodium phosphate,
pH 7.4, 10 mM EDTA) was used instead of high-salt buffer
after nuclease treatment.
To examine total nuclear proteins in fractions extracted

from unlabeled nuclei, fractions were precipitated with 20%
trichloroacetic acid (TCA). The pellets were washed in
absolute acetone, solubilized in sample buffer, and then
electrophoresed on 7.5 to 15% linear polyacrylamide-
acrylamide gradient slab gels. For quantitation of DNA in
subnuclear fractions, BM2 cells were labeled with
[3H]thymidine for at least 12 h before nuclear isolation and
fractionation. Fractions were made 10% in TCA, and TCA-
insoluble tritiated DNA was quantitated by liquid scintilla-
tion counting.

Electron microscopy. Whole cells, isolated intact nuclei,
NP40-extracted nuclei, and residual nuclear matrix-lamina
were prepared for electron microscopy by standard proce-
dures (34). Briefly, samples were incubated in 0.1 M sodium
cacodylate buffer (pH 7.4) containing 0.1 M sucrose and 2%
(vol/vol) glutaraldehyde (Polysciences, Inc.) for 1 h at 4°C.
Fixed material was pelleted by centrifugation, washed in
cacodylate-sucrose buffer, and incubated for 1 h at 4°C in
postfixation buffer (0.1 M sodium cacodylate, 0.1 M sucrose,
1% [wt/vol] osmium tetroxide). Samples were dehydrated in
increasing concentrations of ethanol before being embedded
in a mixture of Epon and Araldite (Polysciences Inc.).
Blocks were sectioned with an ultratome (LKB type 4802A),
and "silver" thin sections were collected on Formvar-
coated copper grids and stained with uranyl acetate and lead
citrate. Samples were viewed and photographed with a
Philips 300 electron microscope at 60 kV.

Immunoprecipitation and immunofluorescence. The anti-
myb peptide P4 antiserum is a polyclonal rabbit antiserum
prepared against the 19 carboxy-terminal amino acids of the
v-myb oncogene (40). Preparation of this antipeptide anti-
serum and its immune activity have been described (7, 37).
Human antilamin antiserum LS-1 (31) was kindly provided
by Frank McKeon and Marc Kirshner (University of Cali-
fornia, San Francisco).

Immunoprecipitation from radiolabeled cell lysates and
electrophoretic analysis of immunoprecipitates were done as
previously described (7) with minor modifications. Nuclear
lysates (1 ml) containing extract from 107 nuclei were incu-
bated with 5 ,ul of anti-myb antiserum and precipitated with
20 ,ul of protein A-coated Sepharose beads (Pharmacia Fine
Chemicals). The radioimmunoprecipitated protein was quan-
titated by densitometric scanning of autoradiograph bands
(Beckman DU-7 spectrophotometer). Immunofluorescent
analysis ofBM2 cells was performed as previously described
(6). Immunoblot analysis of nuclear extracts was done
essentially as described previously, with radioiodinated pro-
tein A used to detect immune complexes (11, 24).

RESULTS
Chemical fractionation of intact nuclei isolated from AMV-

transformed myeloblasts. Nuclei isolated from BM2 cells

with Kyro-EOB were sequentially fractionated by the suc-
cessive chemical treatments described in Materials and
Methods. The resulting structural alterations of the nuclei
are shown in Fig. 1. Electron micrographs of untreated BM2
cells and of nuclei isolated from Kyro-EOB-lysed cells
revealed similar nuclear structure, indicating that the iso-
lated nuclei remained intact (Fig. 1A and B). In particular,
they had an apparently undamaged nuclear envelope with
discontinuous regions that resembled pore complexes, a
contiguous peripheral lamina, and undegraded nucleoli char-
acteristic of those seen in whole cells. Also, such isolated
nuclei were almost free of cytoplasmic vesicles. Since we
relied on the gentle, nonionic Kyro-EOB detergent to lyse
the plasma membrane (6), it was not necessary to apply
hypotonic or hypertonic buffers, which might have distorted
the nuclei during osmotic shifts. Analysis by polyacrylamide
gel electrophoresis (PAGE) of the total nuclear protein
content revealed a pattern typical for nuclei, with prominent
bands corresponding to histones, intermediate filaments,
lamins, actin, and myosin (Fig. 2, lane 1).

Extraction of isolated nuclei with 0.5% NP40 buffer dis-
solved the nuclear envelope membranes but did not appear
to disturb the peripheral lamina (Fig. 1C). The overall
nuclear architecture of NP40-treated nuclei was preserved,
although there was a conspicuous loss of homogeneous
nuclear sap, resulting in electron-translucent cavities. The
protein-rich supernatant fraction obtained by NP40 treat-
ment, which we call the nucleoplasm, contained less than 1%
of the total nuclear DNA (not shown) and was virtually free
of chromatin-associated histone proteins (Fig. 2, lane 2).

Digestion of these NP40-treated nuclei with micrococcal
nuclease, followed by extraction with high-salt buffer, re-
leased approximately 90% of the total DNA (not shown)
along with all of the chromatin-associated histone proteins
(Fig. 2, lane 3). After this series of rather harsh treatments,
there remained an insoluble subnuclear structure (Fig. 1D)
which contained less than 10% of the total DNA (not
shown). Analysis of the proteins in this fraction showed a
pattern of high-molecular-weight polypeptides (Fig. 2, lane
4; also see Fig. 4, lane 4) characteristic of the nuclear
matrix-lamina complex of mammalian and avian cells, such
as the p70 and p68 lamin components (8, 17). Depending on
whether nuclease treatment preceded or followed the high-
salt treatment, 90 or 98%, respectively, of the labeled DNA
was removed from the NP40-extracted nuclei (not shown).
Electron micrographs of the remaining nuclear components
revealed a filamentous, basketlike structure characteristic of
the nuclear matrix-lamina complex (12) (Fig. 1D). Thus, by
the criteria ofDNA depletion, histone depletion, presence of
characteristic proteins, including lamins, and ultrastructure,
this subnuclear fraction appears to be the peripheral lamina-
nuclear matrix (4, 20).

Subnuclear localization of p48 -mYb. Antibodies that specif-
ically recognize the carboxyl terminus of p48v-mYb were used
to probe the various subnuclear fractions described above.
Three types of experiments were carried out with exponen-
tially replicating leukemic cells having a division time of 14
h: (i) cells were labeled with L-[355]methionine for 30 min,
which is equal to one half-life of p48v-mYb; (ii) cells were
labeled in the same manner but for 60 min; and (iii) unlabeled
cells were used for analysis by Western blotting. In each
experiment the nuclei were fractionated, and in each fraction
the amount of p48v-mYb was determined as described in
Materials and Methods. The amount of DNA in each
subnuclear fraction was measured in parallel fractionations
of cells labeled with [3H]thymidine for 12 h. p48v-m b was
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FIG. 1. Ultrastructure of nuclear fractions. Thin-section electron microscopy of BM2 myeloblasts treated sequentially as described in
Materials and Methods. (A) Whole cells. (B) Isolated nuclei from Kyro-EOB-lysed cells. (C) Nuclei shown in panel B after NP40 extraction.
(D) Nuclei shown in panel C after two cycles of digestion with micrococcal nuclease and incubation in high-salt buffer. Bars, 1 ,um.

detected in three nuclear fractions (Table 1): of the total
p48v-m'b, 29% was in the nucleoplasm, 7% was in the
chromatin, and 64% was in the nuclear matrix-lamina com-
plex.

In three separate experiments in which nuclei were iso-
lated from cells labeled with L-[35S]methionine for 30 min, 34
± 9% (mean + standard deviation) of the total p48vm''b was
removed by two successive extractions in NP40 buffer
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(nucleoplasmic fraction) (Fig. 3). In two experiments in
which the cells were labeled with L-[35S]methionine for 60
min and treated identically, 25 + 8% of the total p48v-.ixb. was
removed. Finally, in one experiment in which unlabeled cells
were fractionated, the proteins in each subnuclear fraction
were separated by electrophoresis and transferred to nitro-
cellulose, and then p48v-,n! b was detected with specific
antiserum and 1251-labeled protein A, 25% of the total
p48v-myb was detected in the nucleoplasmic fraction. Less
than 1% of the total DNA was present in the nucleoplasmic
fraction. The p48v.mYb present in the nucleoplasm could
represent newly synthesized molecules or unbound mole-
cules in equilibrium between free and bound states. Alter-
natively, p48v-m')b could have been trapped in the small
population of vesicles adhering to the nuclear membrane.
However, our immunofluorescent analysis of intact cells
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TABLE 1. Percentage of total p48""" present in subnuclear
fractions of AMV-transformed myeloblasts"

Prepn tested (no. of '4 (mean ± SD) of total p48 "-""f in:

expts) Nucleoplasm Chromatin Matrix-lamina

35S labeled, 30 min (3) 34 ± 9 5 ± 2 62 ± 11
35S labeled, 60 min (2) 25 ± 8 7 ± 3 68 ± 5
Steady state' (1) 25 11 64

All experiments (6) 29 ± 9 7 + 4 64 ± 9

" In all experiments, exponentially dividing myeloblasts were treated under
identical conditions. Radiolabeling was done with the same concentration of
L-[35SJmethionine. After immunoprecipitation, PAGE. and autoradiography.
the intensity of each p48 band was measured by densitometer scanning.

I For this experiment, unlabeled cells were fractionated under the same
conditions as the radiolabeled cells, and p48 was detected in the subnuclear
fractions by Western blotting and probing with antiserum and 1251-protein A.

with the same antipeptide antibody did not support this
hypothesis (6) (see Fig. 5A).

After removal of the nucleoplasm with NP40, an addi-
tional 7 ± 4% of the total p48v.olV was released from the
nuclei by nuclease digestion and extraction with high-salt
buffer (Fig. 3, Table 1). In this so-called chromatin fraction,
the histone proteins and 90 to 95% of the 3H-labeled TCA-
precipitable DNA were also released. The small percentage
of p48v.t?1,b in this fraction could represent p48v-,,7ib specifi-
cally bound to chromatin or trapped in this fraction. The
resulting chromatin-depleted, insoluble nuclear matrix-
lamina complex contained 64 ± 9% of the total p48v-I"x (Fig.
3, Table 1) and less than 10% of the total cellular DNA.
The reliability of our fractionation technique was tested

further by using human antisera directed against the lamin A
and C components (31), which cross-react with avian lamins
(28), to demonstrate the presence of such antigens in our
lamina-nuclear matrix fraction (Fig. 4, lane 4). Thus, nearly

-Hi stone H 1
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FIG. 2. Sodium dodecyl sulfate (SDS)-PAGE of nuclear pro-
teins. Proteins in the various subnuclear fractions were separated on

a linear 7.5 to 15% gradient gel and stained with Coomassie blue.
Supernatants and solubilized pellets were precipitated with 20%
TCA, and the precipitates were washed in absolute acetone before
being dissolved in electrophoresis buffer. Lanes: 1, total nuclear
lysate from whole nuclei (shown in Fig. 1B); 2, supernatant obtained
after extraction of isolated nuclei with nuclear buffer containing
0.5% NP40; 3, supernatant released from NP40-extracted nuclei
after nuclease and high-salt buffer treatment; 4, nuclease-resistant,
high-salt-resistant nuclear skeleton solubilized by boiling in electro-
phoresis buffer and dilution in high-detergent lysis buffer (6); m,
micrococcal nuclease (amount equivalent to that added during
preparation of the sample shown in lane 3). Histone core proteins
and Hi, as well as the structural proteins actin, vimentin. and
myosin, are indicated. A to C, Lamina structural components
(lamins) p70, p68, and p62. respectively. Extract was obtained from
1 x 106 (lanes 1 and 2) or 5 x 106 (lanes 3 and 4) nuclei. Molecular
weights (in thousands) are shown to the left.

P48 - _ __

FIG. 3. Identification of p48'-"'s" in the various subnuclear frac-
tions of leukemic cells labeled with L-[35S]methionine for 30 min.
Immunoprecipitates of subnuclear fractions were washed and eluted
as previously described (6) and then analyzed by PAGE on a 10%
SDS-polyacrylamide gel containing 0.5 M urea. For autoradiogra-
phy the salicylated dried gel was exposed to film for 20 h. Lanes: 1,
total nuclear lysate, 2. 3, and 4, supernatant extracted from isolated
nuclei after one, two, and three consecutive incubations, respec-
tively. in buffer containing 0.5% NP40; 5 and 6. chromatin-
containing supernatant released from NP40-extracted nuclei after
one or two treatments with micrococcal nuclease and high-salt
buffer, respectively; 7, clarified supernatant of solubilized lamina-
nuclear matrix pellet. Arrow, Migration site of p48'?')"".
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FIG. 4. Identification of nuclear lamin proteins in subnuclear
fractions. Subnuclear fractions obtained from the equivalent of 5 x
106 nuclei were separated by SDS-PAGE on 10%S gels and then
electrophoretically transferred to nitrocellulose at 40 V for 16 h. The
nuclear lamin proteins were detected with a 1:1,000 dilution of
human antilamin antisera and '251-labeled protein A. Shown is an
autoradiograph of a filter exposed to film for 5 h. Lanes: 1, total
nuclear proteins; 2, pooled nucleoplasmic fractions obtained by
three consecutive NP40 extractions of isolated nuclei; 3, pooled
chromatin fractions obtained by two successive treatments of NP40-
extracted nuclei with micrococcal nuclease and high-salt buffer; 4,
peripheral lamina-nuclear matrix solubilized in high-detergent
buffer. Arrow, Migration site of the 70,000-Mr lamin A (33).

two-thirds of the p48v-myb was tightly associated with mate-
rial representing the nuclear framework.

Dispersion of p48v-myb in dividing leukemic cells. During
immunofluorescent analysis of exponentially replicating leu-
kemic myeloblasts with anti-myb P4 antibodies, we noted
that in dividing cells, p48v-myb was dispersed throughout the
cytoplasm in a granular pattern and appeared to be excluded
from condensed metaphase chromosomes (Fig. 5). During
interphase, p48v-myb was detected homogeneously through-
out the nucleus (Fig. 5A), except in the nucleoli. Nuclear
matrix components such as the lamins show a similar pattern
during the cell cycle (19, 31, 32), dispersing during mitosis in
a diffuse cytoplasmic pattern surrounding chrornosomes.
This pattern of immunofluorescent staining of p48vmYb, along
with the fractionation data, suggests that the AMV oncogene
product is not associated with the bulk of chromatin.

DISCUSSION
Previously we reported that the v-myb oncogene product,

p48v-mYb, is located within the nuclei isolated from either
freshly explanted or cultured leukemic cells transformed by
AMV (6, 30). In this study we fractionated such nuclei into
the subnuclear compartments defined previously by their
ultrastructure and macromolecular content (4, 8, 12, 20). The
leukemogenic p48v-myb was present in three distinct
subnuclear fractions, corresponding to nucleoplasm (29o),
chromatin (7%), and lamina-nuclear matrix (64%). This
distribution indicates that p48v-myb is involved in different
types of nuclear associations and possibly in different func-
tions.
The nucleoplasmic form of p48v-myb which represented

almost one-third of the total p48v-mb, was easily removed
from nuclei under nondenaturing conditions and retained its
DNA-binding property (33; data not shown). Since im-
munoaffinity-purified p48v-myb can bind directly to DNA (33),
accessory proteins are apparently not required for DNA
binding. Consonant with this property, we have previously
reported the presence within the v-myb amino acid sequence
of a potential DNA-binding region that resembles a consen-
sus domain in bacterial, bacteriophage, and eucaryotic

DNA-binding proteins (30). Because it is easy to extract, the
nucleoplasmic form of p48v-nl,b may not yet have interacted
with potential DNA- or matrix-binding substrates.
The low concentration of p48vinvb within the chromatin

fraction (7%) is somewhat surprising, since it has DNA-
binding potential. However, p48 -,,,b may interact directly
with DNA only at specific sites of active replication or
transcription. Our analysis of nuclear fractions indicates that
most of the v-myb protein is associated with nuclear com-
ponents (nucleoplasm and matrix) which contain only 10% of
the total nuclear DNA. Furthermore, immunofluorescent
staining of cells undergoing mitosis with anti-myb antisera
did not detect p48vm''b in association with condensed chro-
matin. It remains to be determined whether the small amount

FIG. 5. Indirect immunofluorescent microscopy of dividing leu-
kemic myeloblasts. Exponentially replicating BM2 cells were fixed
on glass slides, permeabilized with acetone, and treated with rabbit
anti-myb P4 antiserum and goat anti-rabbit immunoglobulin G
conjugated to fluorescein. (A) Cell during interphase (top) and
mitosis (bottom). (B) Cell during metaphase (center). The adjacent
clump contains both dividing and nondividing cells. (C) Myeloblast
in late telophase.
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of p48v-mYb within the chromatin fraction represents a spe-
cific population interacting directly with chromatin or con-
tamination from the other nonchromatin nuclear fractions.
Our localization of nearly two-thirds of the total p48$-mvb

in the nuclear matrix-lamina fraction is supported by the
colocalization of lamina structural proteins and by the gran-
ular and diffuse cytoplasmic dispersion of p48v-mYb in divid-
ing cells (19, 31). It appears unlikely that the association of
p48v-myb with this fraction is an artifact due to precipitation
of the protein caused by DNase digestion and high-salt buffer
treatment. The use of low (0.05 M) salt concentrations after
DNase treatment or of high salt concentrations before
DNase treatment did not affect the fraction of p48 retained
by the lamina-nuclear matrix. In eucaryotic cells, the nuclear
matrix and peripheral lamina are structural entities where
both replication and transcription of DNA occur (3, 13).
Several nonlamin matrix protein components have been
identified that bind DNA at chromatin attachment sites
within the lamina-matrix and protect it from nucleolytic
enzymes (5). Nuclease-resistant chromatin loop structures
bound to the matrix harbor genes that are being actively
transcribed (13). Identification of a lamina-matrix bound
population of p48vmYb raises the possibility that p48vmYb is
involved in these essential cellular functions. The short
half-life of p48v-mYb is consonant with its being a regulatory
protein.

Localization of a transforming viral gene product within
the lamina-nuclear matrix is not unique to AMV. The Ela
product of adenovirus (18), the large T antigen of simian
virus 40 and polyoma virus (8, 45), p11OgC'g-Y' of MC-29
virus (17), and ICP8 of herpes simplex virus (38) are also
found in this subnuclear compartment. The Ela protein has
been implicated as a trans-acting transcriptional activator
(18), and the large T antigen and the ICP8 protein are
DNA-binding proteins involved in the replication of viral
DNA genomes (12, 38). ICP8 has been shown to shuttle
between the peripheral lamina-nuclear matrix and replicat-
ing, chromatin-associated viral DNA (38), as does alpha-
DNA polymerase with cellular DNA in rat liver hepatocytes
located at the proliferative margin of regenerating liver (42).
Thus, both transcriptional and replicative DNA events me-
diated by these viral and cellular proteins appear to occur at
sites where chromatin loop structures are anchored to the
matrix. Like p48vmYb the nuclear phosphoproteins encoded
by v-myc and proto-myc have also been detected in the
nuclear matrix complex (17) and have been shown to bind
DNA directly (48).
To understand the role of p48vmYb in AMV-induced leu-

kemogenesis, the unique ability of AMV to transform spe-
cifically only a discrete population of myeloid hematopoietic
cells must be accounted for. Expression of nuclear p48v-mvb
in nonhematopoietic cells such as chicken fibroblasts (28)
does not alter the morphology or the normal replication of
these cells, indicating that cellular components specifically
present in myeloid target cells are required for transforma-
tion. We propose, therefore, that the AMV oncogene prod-
uct contains at least three functional domains that govern its
leukemogenic properties: (i) a domain involved in interac-
tions with lamina-nuclear matrix components, (ii) a domain
involved in DNA binding, and (iii) a domain that determines
its unique activity in myeloid stem cells. This last domain
could be a recognition site activated by factors that specifi-
cally affect the replication or differentiation or both of
myeloid cells, e.g., polypeptide hormones such as granulo-
cyte-macrophage colony-stimulating factor (10) or interleu-
kin 3 (23).
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