necessary for the immune response are
phagocytic and that these cells, by inter-
acting with antigen, process antigen in
some manner, then clearly x-irradiation
does not injure macrophages primarily
or any processing mechanism of these
cells for sheep erythrocyte antigens.

Many elegant experiments in which
cells are used to reconstitute heavily
x-irradiated animals have identified
radiosensitive populations required for
the immune response, but it is obviously
impossible to evaluate any requirement
for radioresistant populations with such
a model. This first demonstration, that
a step or cell required for the antibody
response is relatively Xx-ray resistant,
may permit further dissection of the
complex cell interactions required for
the immune response.

JEFFREY ROSEMAN

Department of Pathology,
University of Chicago,
Chicago, Illinois 60615
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Mammary Alveolar Epithelial Cells:
Effect of Hydrocortisone on Ultrastructure

Abstract. Hydrocortisone is necessary for the formation of rough endoplasmic
reticulum in mammary alveolar epithelial cells. This membrane system is required
for the synthesis of the milk protein, casein, but it is not required for the syn-

thesis of a nonmilk protein fraction.

Insulin, hydrocortisone, and prolac-
tin are necessary for the induction of
casein synthesis by mouse mammary
gland explants (). After 4 days of
culture with insulin and hydrocortisone
(2), explants from mice midway through

pregnancy do not make detectable ca-
sein; however, within 12 hours after
the addition of prolactin these explants
do make casein. In contrast, explants
that have been cultured in the absence
of hydrocortisone (medium containing

Fig. 1 (top). Ultrastructure of alveolar epithelium from mammary gland of C3H/HeN
mouse midway through pregnancy. This micrograph shows portions of four alveolar
epithelial cells from explants cultured for 96 hours in Medium 199 (1), containing
5 pg/ml of crystalline beef insulin (Lilly). The explants were fixed in Karnovsky’s
fixative (7) and embedded in Maraglas (8). Sections were cut on a Porter-Blum MT-1
ultramicrotome, stained with lead citrate and uranyl acetate (9), and examined in an
RCA EMU-3G electron microscope. In most respects, these cells resemble the alveolar
epithelial cells seen in-the uncultured tissue. The cytoplasm contains very little rough
endoplasmic reticulum. The epithelium contains no visible secretory products (ap-
proximately X 20,400). Fig. 2 (bottom). Ultrastructure of alveolar epithelium in
explants ‘derived from the same animals as in Fig. 1, cultured for 96 hours in Medium
199 containing 5 ug/ml of crystalline beef insulin (Lilly) and 5 xg/ml of hydrocortisone.
The tissue was fixed and prepared as in Fig. 1. Rough endoplasmic reticulum (RER)
is present throughout the cytoplasm. It often forms- parallel nondilated cisternae and
sometimes whorls. In some cells the RER is dilated. Lipid droplets (left side of micro-
graph) are often present in the cytoplasm (approximately X 21,250).
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only insulin) do not respond similarly
to the addition of prolactin (3). The
action of hydrocortisone that endows
mammary epithelial cells with the ca-
pacity to respond to prolactin in terms
of casein synthesis has been heretofore
unknown. This report describes an ef-
fect of hydrocortisone on the ultra-
structure of the alveolar epithelial cells.

Alveolar epithelial cells in explants
that have been cultured in the pres-
ence of insulin for 4 days have only a
small amount of rough endoplasmic
reticulum (RER) (Fig. 1). This ultra-
structural appearance was very con-
stant in cultured tissue from eight ani-
mals, and is also representative of the
morphology of the majority of alveolar
cells in uncultured tissue from C3H/
HeN mice midway through pregnancy.
When explants from the same animals
were cultured for 4 days in the pres-
ence of both insulin and hydrocorti-
sone a dramatic alteration was ob-
served. The alveolar epithelial cells de-
veloped an extensive RER system
(Fig. 2).

This marked difference in the struc-
ture of these cells is not reflected in
their ability to synthesize some non-
secretory proteins, for it has been dem-
onstrated (4) that insulin causes a
fourfold increase in the formation of
a nonmilk protein fraction, and that
hydrocortisone exerts no effect on such
synthesis in the presence of insulin. It
appears, however, that the presence of
the hydrocortisone-induced RER is a
prerequisite for the formation of secre-
tory protein, such as casein, under the
influence of prolactin.

Work by others has implicated ste-
roids in the formation of smooth mem-
branes in a variety of systems (5).
Rough endoplasmic reticulum has been
shown to be associated with secretory
proteins in a number of tissues (6).
The observations presented here sug-
gest that the formation of RER, under
the influence of hydrocortisone, in
mammary alveolar cells is necessary
for full expression of the genetic po-
tential of these cells. Prolactin, a termi-
nal agent in the differentiation of mam-
mary epithelium, elicits milk protein
synthesis only in cells which possess
this membrane system.

EviNOR S. MILLs
YALE J. TOPPER
National Institute of Arthritis
and Metabolic Diseases,
Bethesda, Maryland 20015
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Uptake of Isolated Chloroplasts by Mammalian Cells

Abstract. Mouse fibroblasts (L cells) in suspension culture incorporated isolated
chloroplasts of spinach and African violets and isolated mitochondria of chicken
liver. The organelles resided in the cell cytoplasm and were not contained in
vacuoles or digestion vesicles. Green cells divided like normal cells. Green chloro-
plasts were followed for five cell generations or 5 days, at which time hybrid cells
were greatly outnumbered by nongreen progeny cells. The ingested chloroplasts
retained their structural integrity as determined by electron microscopy of organ-
elles and hybrid cells and by analysis of photochemical activity and DNA in
chloroplasts reisolated from cells after 1 or 2 days in culture.

The introduction of exogenous ge-
netic material or DN A-containing struc-
tures into animal cells can be achieved
by diverse techniques. These include in-
fection of cells with bacteria and
viruses, formation of hybrids of two
cell types by fusion (I), transplantation
of isolated single nuclei in eggs and
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embryos (2), microinjection of nuclear
and mitochondrial fractions (3), and
pinocytic uptake of purified DNA (4).
We have been interested in the problem
of the degree of independence which
can be achieved by various cytoplasmic
organelles that contain DNA, such as
mitochondria and chloroplasts.

In order to introduce isolated hetero-
specific cytoplasmic organelles into
mammalian cells with technical facility
and high yield of hybrid cells, advan-
tage was taken of the phagocytic prop-
erties of mouse fibroblasts (L cells)
grown in suspension culture. These
cells incorporated isolated chloroplasts
and mitochondria within 30 minutes
after addition of the organelles to the
cell culture. We have first concentrated
on chloroplasts because they are easier
to follow than mitochondria. Unlike the
fate of DNA-containing gelatin par-
ticles, which were hydrolyzed in diges-
tion vacuoles within an hour after up-
take by L cells (5), green chloroplasts
were seen in L cells for at least 5 days
or five cell generations after ingestion.
Green cells divided like normal cells,
randomly segregating chloroplasts into
progeny cells. After six divisions, green
cells were greatly outnumbered by cells
of subsequent generations, limiting
further observations on their fate.

The ‘ingested chloroplasts retained a
considerable degree of structural in-
tegrity. With electron microscopy it was
seen that the chloroplasts residing in
the cytoplasm were only partially sur-
rounded by a membrane. No phagocy-
tosis vesicles surrounded the chloro-
plasts. The organization of chloroplast
lamellae was similar to that in freshly
isolated organelles. Chloroplasts reiso-
lated after 1 or 2 days in cell culture
showed light-stimulated Hill reaction
activity (reduction of dichlorophenolin-
dophenol) and CO, fixation; the chloro-
plast DNA was found to be in macro-
molecular form with a molecular weight
in the range of 107 to 108 daltons.

Chloroplasts were isolated from
leaves of fresh spinach (Spinacia olera-
cea) and African violets (Saintpaulias)
by grinding the thoroughly washed
leaves at 4°C in a mortar with a modi-
fied Honda (6) medium (0.25M sucrose,
2.5 percent Ficoll, 5 percent Dextran-40,
0.01 percent bovine serum albumin,
6 mM mercaptoethanol, 25 mM tris-
(hydroxymethyl)aminomethane-HCl, pH
7.8). The solutions and glassware were
sterile. The suspension was filtered
through cheesecloth, centrifuged twice
at 400g, and the bulk of chloroplasts
was sedimented at 1000g. The pellet
was washed twice in the same medium.
Electron microscopy of the isolated
organelles showed that approximately
40 to 60 percent of spinach chloro-
plasts and 10 to 30 percent of African
violet chloroplasts retained at least part
of their surface membrane. Further
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