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C-24 substituent. When the accumulation and fate of these 7-
dehydrosterols is considered, the following possibilities come to
mind: 1) prothoracic glands, like guts'®, are able to dealkylate
these 7-dehydrosterols such as 2b and 2¢ into 7-dehydrocholeste-
rol, the latter being metabolized into normal ecdysone; 2) these
dehydrosterols are converted into a modified ecdysone (24-al-
kylecdysones, without dealkylation of the C-24 substituents;
3) 2a is selectively metabolized into ecdysone and the remaining
2b and 2c are equilibrated with 1b and le. Detailed analysis of
the ecdysone of B. mori will shed some light on these questions. It
is of interest to note that makisterone, an ecdysteroid with a
24-methyl group, has been isolated from Oncopeltus fascia-
tus' B, Dysdercus cingulatus'S, D.fasciatus"’, Apis mellifera'®,
and Drosophila melanogaster', although, in the cases of Onco-
peltus and Dysdercus, the insect do not convert their dietary
plant sterol to cholesterol'> 77,
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Possible target of Abelson virus phosphbkinase in cell transformation’
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Summary. By fusing interphase cells to cells undergoing mitosis, the interphase chromosomes can be visualized. When analyzed in
this way, chromosomes of normal mouse cells show characteristic undercondensed centromeric regions. We have found that the
centromeric regions of chromosomes from Abelson virus-transformed cells are fully condensed. Abelson virus transforms mouse
cells by imtroducing into them a virally encoded phosphokinase that is expressed constitutively. Thus, we propose that the
condensation of centromeric chromatin is a result of overphosphorylation by the Abelson virus phosphokinase, and that the
centromeric region is the relevant target of overphosphorylation in transformed cell growth.
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Interphase chromosomes, unlike metaphase chromosomes, can-
not be directly visnalized in situ by light microscopy because
they are not condensed. During mitosis, the nuclear membrane
disappears, allowing the condensed metaphase chromosomes to
be spread on a microscope slide after hypotonic treatment of the
cells. When interphase cells are fused to metaphase cells, the
interphase nuclear membrane rapidly dissolves, and the inter-
phase chromosomes condense and can be prepared in the same
way as metaphase chromosomes®. By varying the time between
fusion and chromosome preparation, we can vary somewhat the
degree of condensation of the interphase chromatin, because the
factors introduced by the metaphase cell take some time to act.
We fused mitotic Chinese hamster ovary (CHO-B11) cells to
untransformed interphase NIH/3T3 mouse fibroblasts and to
the Abelson virus-transformed WIH/3T3 cell line ANN-1°
(fig. 1). The mitotic condensation factors from the hamster cells
were allowed to act on the interphase mouse chromosomes for
30, 40, or 50 min before chromosome spreads were prepared
(fig. 2). Since the hamster metaphase chromosomes are meta-
centric with the two sister chromatids connected, they can be
easily distinguished from the single acrocentric mouse chroma-
tids of G, phase cells. On chromatids of the NIH/3T3 cells
(fig.2A), the centromeric regions characteristically appear as

lightly stained elongated chromosomal stretches, as is character-
istic of normal mouse cells®”. At each of the sampling times,
about 90% of the chromosome spreads from NIH/3T3 cells
showed this undercondensation of the centromeric chromatin
(table 1). In the transformed fibroblast line ANN-1, on the other
hand, only 52% of the cells had undercondensed centromeric
chromatin 30 min after fusion, and this decreased to 35% after
40 min and 15% after 50 min (table 1). The condensed centro-
mere (fig. 2B) could be visualized only by using the C-banding
technique® (not shown). In contrast to the centromeric region,
the condensation rate for the noncentromeric chromatin was not
markedly different in the two cell types.

At 50 min after fusion, the centromeric chromatin was fully
condensed in four independent Abelson virus-transformed pre-
B-cell lines, whereas 70Z/3, a chemically transformed pre-B-cell
line, was similar to the NIH/3T3 cell line (iable 2). Interestingly,
other dividing cells of lymphocyte origin, including lipopolysac-
charide-stimulated B lymphoblasts, exhibited fully condensed
centromeric regions after fusion; normal spleen cells, thymus
cells, and transformed cells of macrophage, mast cell, monocyte,
melanocyte, and mammary carcinoma origin did not.

Although we cannot be sure of the proximate cause of the
phenomenon described here, it is known that premature chro-
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Table 1. Dependence of condensation of centromeric and noncentromeric
chromatin on the time elapsed between cell fusion and chromosome
preparation, Preparation of metaphase hamster cells, cell fusion, and
chromosome spreading were performed as previously described®?2. Over
100 cells were scored for each time point

Time of % of cells with chromosome % of cells with

chromosome condensation values* of undercondensed

condensation 1and 2 3and 4 centromeric

(min) chromatin
NIH/3T3 ANN-1 NIH/3T3 ANN-1 NIH/3T3 ANN-1

30 49 55 51 45 92 52

40 62 70 38 30 89 35

50 70 78 30 22 89 15

*Numbers 1-4 represent decreasing degrees of chromosome condensa-
tion as classified by Hittelman and Rao®* for cells in G, phase. On their
scale of 1 through 6, value 1 represents the most highly condensed G,
chromosomes, and 6 represents the most diffused. Chromosome spreads
showing the degree of condensation for each value of the scale are shown
in Hittelman and Rao?.

mosome condensation® 1, as well as chromosome condensation
in metaphase® "%, is correlated with, and perhaps caused by,
phosphorylation of histone and nonhistone proteins. Of the five
pre-B-cell lines, the four that showed fully condensed centrome-
ric regions were transformed by Abelson virus, the oncogene of
which encodes a phosphokinase!®. On the other hand, the other
lines of B cell origin and the B lymphoblasts showing fully
condensed centromeric regions did not contain detectable
amounts of messenger RNA of the v-abl or c-abl gene (examples
are given in fig. 1). Thus, if overphosphorylation of the centro-
meric region is the reason for its complete condensation, another
phosphokinase would have to cause that effect in these cells.
Indeed, recent evidence suggests that lipopolysaccharide acti-
vates a protein kinase in B cells'”> '8,

The centromeric region contains satellite DNA, the function of
which is not known. However, as it is clear that the centromeric
region is involved in cell division, we suggest that the packed
state of satellite DNA is a factor in the proliferation of both
activated B cells and cells transformed by Abelson virus.
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Figure 1. Titration of steady-state level of mRNA specific for v-abl by
cytoplasmic dot hybridization. Serial 1:1 dilution steps were carried out,
starting with the denatured cytoplasm? from 1.5 x 10° cells. The hybridi-
zation probe is the 1.6 kb Hind II fragment of v-abl*!, supplied by Oncor
Inc., Gaithersburg, MD. The cell types listed are described in table 2. LPS
blasts are lipopolysaccharide-stimulated spleen cells at an initial cell dens-
ity of 2.5 x 10° cells, harvested at day 3 of culture.
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Figure 2. Photomicrographs of prematurely condensed chromosomes of
cells derived from the fusion of metaphase hamster cells and G, phase
mouse fibroblasts. 4 NIH/3T3 cells, B ANN-1 cells. The micrographs are
matched for equal mouse chromosome length, i.e., equal chromatin con-
densation stage.
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Table 2. Cells and cell lines of various origins classified according to their
centromeric chromatin condensation status in prematurely condensed
chromosomes of G phase after 50-min condensation time

Cell type Cell line Reference Condensed centro-
meric chromatin
Fibroblast NiH/3T3 24 -
Fibroblast ANN-1 5 +
Spleen -
Thymus -
Macrophage P388D, <25 -
Mastocytoma P81s 26,27 -
Monocytoma WEHI-3 28 -
Melanoma B 29 -
Lymphoblast +
(stimulated by
lipopolysaccharide)
Pre-B cell 18-81 30 +
Pre-B cell 18-48 30 +
Pre-B cell PD31 31 +
Pre-B cell K 32 +
Pre-B cell T70Z/3 33 -
B lymphoma WEHI 279 34 +
B lymphoma 38C-13 35 +
Plasmacytoma NS1 and 36 +
Ag8.653
Plasmacytoma 3558 37 +
Plasmacytoma MOPC-315 38 +
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Possible involvement of protein kinase C in the stimulation of amino acid transport by phorbol ester, platelet-derived

growth factor and A23187 in Swiss 3T3 cells’
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Summary. Stimulation of amino acid transport induced by phorbol-12, 13-dibutyrate, platelet-derived growth factor or A23187 was
not observed in cells lacking protein kinase C. On the other hand, stimulation of transport by epidermal growth factor or insulin was
not affected. These resulis suggested that the stimulation of amino acid transport is mediated by at least two separate pathways.
Key words. Amino acid transport; protein kinase C; calcium ion; mouse fibroblast.

Among the early events associated with initiation of growth in
quiescent cultured cells are alterations in the activity of a number
of membrane transport systems>*. Increased rates of amino acid
transport, as well as hexose transport, have been demonstrated
in a variety of cell types upon initiation of cell proliferation
inducg:ed be several growth factors®”’, hormones”® and phorbol
ester”.

Recently it has been suggested'®!! that the hexose transport
system is regulated by the Ca?*-activated, phospholipid-depen-
dent protein kinase (protein kinase C), which appears to be a key
enzyme in many transmembrane control systems. Therefore, it is
of interest to elucidate the involvement of protein kinase Cin the
control mechanism of amino acid transport activity. In this
study, we examined the role of protein kinase C in the stimu-
lation of amino acid transport by phorbol-12, 13-dibutyrate,

platelet-derived growth factor, epidermal growth factor, insulin
and A23187, and found that there may be at least two mecha-
nisms of stimulation by these mitogens, only one of which is
dependent on the activation of protein kinase C.

Methods. Cell culture. Mouse embryo fibrablast Swiss 313 cells
were cultured in Dulbecco’s modified Eagle medium supple-
mented with 10% fetal calf serum at 37°C in a humidified CO,
incubator. Three days after seeding at a density of 3 x 10° cells/
2 mi in plastic Petri dishes (35 mm in diameter), the culture
became confluent and these dishes were used for experiments.
Measurement of amino acid uptake. Cells were incubated for a
designated period of time, and rinsed twice with 2 ml of Krebs-
Ringer bicarbonate buffer. The uptake was initiated by addition
of 1 ml of Krebs-Ringer bicarbonate buffer containing PH]J-oc-
aminoisobutyric acid (5300 uM, 50 pCi) at 20 °C. Choline chloride



