current flow through Miiller cells and dem-
onstrates that spatial buffering by glial cells
in situ occurs during the course of normal
neuronal activity. Glial cells may function in
a similar fashion to regulate [K*], through-
out the brain.
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appressed to them.

ARLY IN ONTOGENY, CELLS AND TIS-
sues of common lineage diverge into
contrasting paths of development as

they respond to developmental signals (1,

2). This ability to develop in response to a

specific signal is known as cellular compe-

tence (3-6) or cellular potentiality (7). As
competent cells become committed to par-
ticular paths of differentiation, they are not
readily diverted into other pathways; this
restriction of the developmental potentiality

of cells is referred to as determination (8).

In the absence of wounding (and usually
in spite of wounding), virtually all plant
epidermal cells are developmentally incom-

Fig. 1. Prefusion, fusmg,
and postfusion stages in
C. roseus carpels. The
large arrowheads indi-
cate the plane of fu-
sion. All tissue was fixed
in 2% glutaraldehyde,
postfixed in osmium te-
troxide, and dchydrated
in graded cthanol con-

centrations. ~ Specimens
for scanning electron mi-
croscopy (A to C) were
dried to the critical point
and gold-coated before
observation. Light mi-
croscopy specimens (D
to F) were embedded in
Spurr’s (20) epoxy resin;
sections 0.90 pum thick
were stained with 1% to-
luidine blue O. (A) Two
prefusion carpels arise as
scparate primordia and
grow toward cach other
until (B) the adaxial sur-
faces come into contact.
(C) Cells in the fused
Rﬁ cenlarge and de-
velop into the stigma,
style, and distal region of
the ovaries. (D) Two
scparate carpels, cach
with an epidermal layer
surroun

petent to redifferentiate (9, 10). This stable,
differentiated state arises early in epidermal
ontogeny (11). However, epidermal cells
that take part in postgenital tissue fusions
(12) are naturally occurring exceptions to
this rule. These cells can redifferentiate. The
postgenital tissue union that occurs in devel-
oping flowers of Catharanthus roseus L. (Apo-
cynaceae) involves redifferentiation of epi-
dermal cells in the young carpels, the struc-
tures in angiosperms that enclose the ovules

ch:tmcnt of Biological Sciences, University of Illinois
Chicago, IL 60680.
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ding parenchy-
ma. (E) As the adaxial surfaces of the carpels touch, epidermal redifferentiation (13) can be obscrved in
some of the cells (open arrowheads). (F) All contacting adaxial epidermal cells subsequently
redifferentiate and the carpels fuse. Abbreviations: St, stigma; Sy, style; Ov, ovaries; E, epidermal cells;

and p, parenchyma.
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(13-15) (Fig. 1). This change in cellular fate
is complete within 9 hours (16) and results
from cellular communication (17-19).

To demonstrate the presence and specific-
ity of the morphogenetic signal and to ex-
plore the phenomena of cellular compe-
tence, differentiation, and determination, we
performed the following experiments: (i) to
determine whether the trigger for epidermal
redifferentiation is specific to epidermal cells
that are normally in contact with each other,
we maneuvered the carpels so that normally
nonfusing cells touched normally fusing
cells, and we monitored their response; and
(ii) to determine whether diffusible factors
can change the developmental fate of other
epidermal cells, we loaded agar-impregnated
barriers (Fig. 2) with the factors and then
applied the loaded barriers to other epider-
mal cells and monitored the response of the
cells.

Throughout the development of the bud,
the anthers and epidermal cells on distal
surfaces of the carpels (abaxial cells) re-
mained epidermal even when the carpels
were tightly appressed to the anther (Fig.
3A). However, the abaxial cells of each
carpel can redifferentiate. If one of the two
prefusion carpels is excised at its base, rotat-

Fig. 2. Scanning electron microscopy showing
agar-impregnated barriers. (A) Nuclepore poly-
carbonate barrier (pore diameter, 12.0 wm) im-
pregnated with 1% agar. Agar layers can be seen
above and below the barrier. The boxed area is
enlarged X2 at right, showing agar plugs that
were pulled from the barrier pores during proc-
essing. (B) Bud with an agar-impregnated barrier
between two prefusion carpels. Abbreviations:
Ag, agar-impregnated barrier; AP, agar plugs;
and An, anther.
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Fig. 3. Light microscopy
of transverse sections of
C. roseus gynoecium. (A)
Normal bud with abaxial
carpel epidermal cells ap-
pressed to anther epider-
mal cells. Neither the an-
ther nor the carpel epi-
dermal cells redifferenti-
ate. (B) Bud with one
carpel excised, rotated
180°, and grafted back
to the receptacle. The
formerly abaxial epider-
mal cells of the rotated
carpel  redifferentiate
(large arrows) when
placed next to the adaxial
surface of the intact car-
pel (small arrows). (C)
Carpels separated by an
agar-impregnated  poly-
carbonate barrier (pore
diameter, 12.0 pm). Ad-
axial epidermal cells of
each carpel redifferenti-
ate. (D) Carpels separat-
ed by an agar-coated sol-
id polycarbonate barrier.
The adaxial epidermal
cells do not redifferenti-
ate. (E) Control agar
barrier (not loaded) next
to the abaxial surface of

one carpel. These epidermal cells do not redifferentiate. (F) Factor-containing agar barrier between the
abaxial surface of one carpel and an anther. Factors in the agar induce redifferentiation in the carpel
epidermal cells but not in the anther epidermal cells. Abbreviations: E, epidermal cells; An, anther; Ag,
agar-impregnated barriers; and C, carpel. Open arrowheads (C and F) show redifferentiated epidermal
cells.

ed 180° on its vertical axis, and then grafted
back to the receptacle so that normally non-
fusing (abaxial) epidermal cells touch nor-
mally fusing (adaxial) epidermal cells of the
intact carpel, the normally nonfusing cells
redifferendate (Fig. 3B). The original adaxi-
al surface that no longer can touch the other
carpel remains epidermal.

Porous barriers were impregnated with
agar to trap, transport, and characterize the
nature of the factors that induce redifferenti-
aton (Fig. 2A). The agar barriers were
placed between prefusion carpels (Fig. 2B),
which were then allowed to develop to a
normal postfusion stage and sectioned. If
the barrier is water permeable (Fig. 3C), the
cells redifferentiate. No redifferentiation oc-
curs when the agar-impregnated barrier is
impermeable to water (Fig. 3D). Use of the
agar barrier permits tests of competence to
be performed without a possible wound
response from the grafting process. The
loading of the agar barrier with factors is
accomplished by placing the barrier between
two prefusion carpels and leaving the barrier
in place until both carpels have contacted
the barrier. The loaded barrier is then re-
moved and placed next to the abaxial surface
of one of the two carpels. These loaded
barriers induced redifferentiation of the ab-

axial epidermal cells (Fig. 3F) while the
anther epidermal cells remained epidermal
(Fig. 3F). When control agar barriers that
had not been loaded with the factors were
used (Fig. 3E), the cells did not redifferenti-
ate. Anther cells did not respond to the
stimulus. This condition may be constant
for anther epidermal cells, or the period
during which anther cells can redifferentiate
may have passed because at this stage of
floral development the anther epidermal
cells have been differentiated for a much
longer time than the carpel epidermal cells.

These results indicate that diffusible fac-
tors in C. roseus carpels trigger epidermal cell
redifferentiation. Both adaxial and abaxial
carpel epidermal cells can respond to the
stimulus, but anther epidermal cells do not
redifferentiate, at least at this stage of floral
development. Factor-containing agar barri-
ers can be used to investigate the specificity
and timing of competence in epidermal cells
of C. roseus and of other plant species.
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Commitment of Mouse Fibroblasts to
Adipocyte Differentiation by DNA Transfection

Suzie CHEN, Luz C. TEICHER, DEBORA KAzIM, ROBERT E. POLLACK,

LEiGH S. WISE

Cells of the mouse cell line 3T3-F442A can be induced by various hormones to
differentiate into adipocytes, whereas cells of 3T3-C2, a subclone of 3T3, cannot.
However, transfection of DNA from uninduced 3T3-F422A cells into 3T3-C2 cells
permits recovery of 3T3-C2 transfectants that differentiate into adipocytes in the
presence of insulin. DNA isolated from human fat tissue, when transfected into 3T3-
C2 mouse cells, also gives rise to mouse transfectants that are induced to differentiate
into adipocytes by the addition of insulin. Apparently, transfection of a trans-
regulatory gene (or genes) from 3T3-F442A or human fat cells into 3T3-C2 cells is
sufficient to commit 3T3-C2 cells to adipocyte differentiation.

IFFERENTIATION REQUIRES THE
D concerted expression of large num-

bers of structural and regulatory
genes. Before entering a pathway of specific
differentiation, a cell must be committed to
that pathway. Commitment, or the capacity
to become differentiated, can precede the
differentiation itself by a considerable time.
Committed cells require an inducer or in-
ducers to initiate the cascade of biochemical
events that result in a differentation.

The capacity to introduce DNA from a
committed but undifferentiated cell into an
uncommitted recipient cell offers a straight-
forward strategy for detection and eventual
isolation of a committing gene for that
differentiation pathway. Lassar et al. (1)
showed that DNA from 5-azacytidine—treat-
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ed myoblasts can induce myoblast differenti-
ation in a culture of mouse fibroblasts; the
DNA of the cells of the donor must first be
demethylated by 5-azacytidine for differenti-
ation to occur on transfection. They identi-
fied a cDNA clone from committed myo-
blasts that, when transfected into fibroblast
cells, is sufficient to convert them to stable
myoblasts (2). Pinney et al. (3) passaged
cosmid vectors containing the human geno-
mic library and a selectable drug resistance
gene through methylase-deficient bacteria to
obtain hypomethylated and thus potentially
active DNA; stable myogenic cell lines were
isolated when this DNA was transfected
into the multipotential C3H/10TY2 mouse
embryo cell line.

We studied the pathway of adipocyte
differentiation. When the growth of 3T3
mouse fibroblasts is arrested in culture, a
minority of susceptible fibroblasts express
the adipocyte phenotype (4, 5). Expression
is accelerated by long-term exposure of the
cells to insulin or brief treatment of the cells

Fig. 1. Fat foci after transfection of DNA into
3T3-C2 cells. (Top) Transfection of uncut 3T3-
C2 DNA in to 3T3-C2 cells. (Bottom) Transfec-
tion of uncut 3T3-F442A DNA into 3T3-C2
cells. Plated cells were treated with insulin (5
ng/ml) for 21 days and stained with oil red O.

at confluence with dexamethasone and
methylisobutylxanthine (4-7). Induced and
fully differentiated adipocytes derived from
3T3 cells show the biochemical characteris-
tics and hormone responsiveness found in
true fat tissue adipocytes (8-19). By cloning,
Green and Kehinde (4) isolated several 3T3-
derived preadipocyte cell lines, such as 3T3-
L1 and 3T3-F442A, which convert to adi-
pocytes with almost 100% efficiency in the
presence of high levels of insulin. They also
obtained sublines of 3T3, such as 3T3-C2,
that have a small frequency of spontaneous
fat conversion and cannot be induced to
adipocyte differentiation even by high levels
of insulin (5). Nixon and Green (19) report-
ed the frequency of 3T3-C2 adipogenesis to
be less than 1% of 3T3-F442A. In our
experiments 3T3-C2 cells were not induc-
ible: we detected no adipocytes in >10°
insulin-treated 3T3-C2 cells.

We isolated high molecular weight geno-
mic DNA from untreated 3T3-F442A cells
and cotransfected it with a plasmid carrying
a neomycin (G418) resistance gene into
3T3-C2 recipient cells. After about 2 weeks
in selective G418 medium (400 pug/ml),
many cells survived. Most did not form large
colonies, but about ten visible G418-resist-
ant colonies (~100 cells each) were found
on each plate together with about 10° cells,
separate and in small clusters. All survivor
cells were pooled and replated onto a fresh
plate. As replated survivors grew into a
confluent monolayer, they were treated with
insulin. The plates that survived the insulin
treatment were then stained with oil red O
(Fig. 1). Although the number of fat foci
varied greatly from monolayer to monolay-
er, it is clear that 3T3-F442A DNA, but not
3T3-C2 DNA, conferred on 3T3-C2 cells
the capacity to differentiate into adipocytes
(Table 1).

Only cells that had taken up DNA sur-
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