of 1.0 w1/10° cells is used (/5), the esti-
mated PRPP concentration in cells in-
cubated with 0.1 mM glutamine is in the
range of the Michaelis constant (K) for
PRPP, 7 uM, observed with purified
APRT (/6). Thus, a subsaturating con-
centration of PRPP could account for the
diminished rate of adenine conversion to
nucleotide indicated in Fig. 1. Most oth-
er PRPP-utilizing enzymes involved in
purine and pyrimidine reutilization and
de novo synthesis have higher Ky values
for PRPP than does APRT (5, pp. 105,
128, 178). This suggests that glutamine
limitation may result in a decrease in
availability of PRPP for these reactions.
In studies with an HGPRT-deficient
line similar to those with WI-L2 de-
scribed in Fig. 1, 50 uM inosine stimulat-
ed adenine conversion to nucleotide in
cultures supplemented with 0.1 mM
glutamine to rates equivalent to those in
cultures with 2 mM glutamine. The speci-
ficity of stimulation of adenine con-
version is indicated in Fig. 2. Only sub-
strates of purine nucleoside phosphoryl-
ase, namely, inosine and guanosine,
stimulated adenine conversion to nucle-
otide. Guanosine could not overcome
the glutamine growth limitation in WI-
L2, probably because of toxicity specifi-
cally related to guanosine or guanine
(17). As with other mammalian cells (5,
pp. 87-88), an active pathway for con-
version of these purine nucleosides to
PRPP via the intermediates ribose-1-
phosphate and ribose-5-phosphate can
be observed in supernatants prepared by
100,000¢ centrifugation of extracts from
cultured human lymphoblasts. Since (i)
purine nucleosides alone are sufficient
for maximal stimulation of adenine con-
version to nucleotide in glutamine-limit-
ed cultures and (ii) in other studies pu-
rine synthesis de novo in an HGPRT-
deficient cell line was nearly maximal at
concentrations of 0.1 to 0.2 mM (I8) if an
inosine supplement greater than 10 uM
was also present, glutamine limitations
may give rise to a lack of availability of a
precursor of PRPP, such as ribose-5-
phosphate.
STEPHEN D. SKAPER
RanDALL C. WILLIS
J. EDWIN SEEGMILLER
Department of Medicine,
University of California, San Diego,
School of Medicine, La Jolla 92093
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Cholera Toxin—Peroxidase: Changes in Surface Labeling of

Glioblastoma Cells with Increased Time in Tissue Culture

Abstract. Cholera toxin coupled to peroxidase yielded a highly specific ultrastruc-
tural marker of plasma membrane monosialogangliosides. Studies with cultures of
brain and brain tumors suggested that long-term culture of tissue in monolayers re-
sults in eventual loss of surface monosialogangliosides.

Fractionation of cells both from brain
and from other organs suggests that gan-
gliosides are a constituent of membranes
and possibly serve as receptor molecules
on the cell surface. Gangliosides are
abundant in the central nervous system
(CNS). The ultrastructural localization
of gangliosides to the plasma membranes
of intact CNS cells has not been investi-
gated. In our study we have coupled per-
oxidase directly to cholera toxin, which
specifically binds to the monosialogan-
glioside Gy (1), in order to investigate the
distribution of Gy at the surfaces of nor-
mal cells and of tumor cells derived from
the CNS. We now describe a human
glioblastoma tumor line that showed
alterations in cholera binding with in-
creasing time in tissue culture.

Highly purified cholera toxin (2) was
coupled to peroxidase (type VI, Sigma)
with glutaraldehyde as the cross-linking
agent (3). The conjugate (cholera-peroxi-
dase) displayed a single peak on G-22
Sephadex chromatography, and neither
free peroxidase nor free cholera toxin
was detectable.

Glioblastoma TC 593 cell line was ini-
tiated from a human surgical specimen
and was maintained in monolayer culture
for 14 months @), the cells were frozen
and stored in liquid nitrogen for 7V2 years
and started again in monolayer culture
for our experiments. Cholera binding
was first tested 2 months after cells were
taken from storage, again tested after 7
months and 8 months. Conjugated chol-

era-peroxidase was added to monolayers
of cells in the log phase of growth at a
density of about 80 percent after they
had been washed several times in phos-
phate-buffered saline (PBS). Intact cells
were exposed to the conjugate for 15 min-
utes at 22°C, and unbound material was
washed off with excess PBS (three wash-
ings for 5 minutes each) prior to fixation
of the intact monolayer with glutaralde-
hyde (5). In order to demonstrate speci-
ficity of the conjugated cholera toxin, the
following experiments were done. (i) Ex-
cess human ganglioside or purified frac-
tions of human ganglioside (Gy; and Gpy,)
were added to the incubation medium
containing cholera-peroxidase in order
to prevent binding of cholera-peroxidase
to the cell surface. The Gp;, was used be-
cause it is a disialoganglioside, and thus
it should not be as effective as Gy, in
binding cholera-peroxidase. (ii) Unla-
beled toxin was added to the incubation
medium to test whether all cholera-per-
oxidase could be prevented from binding
to the cell surface. (iii) The TC 593 cells
were first treated with ganglioside frac-
tions and then washed with PBS in order
to enhance the binding of cholera-per-
oxidase when cells were subsequently
exposed to the conjugate. This experi-
ment was based on studies showing that
fat cells can take up into their plasma
membranes exogenously applied gangli-
oside (6). (iv) '*»’I-Labeled cholera toxin
(specific activity 15 uc/ug) was also used
to see whether autoradiographic findings
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were compatible with studies in which
cholera-peroxidase was used. In these
experiments excess Gy, unfractionated
gangliosides, and unlabeled toxin com-
pletely abolished binding of both cholera-
peroxidase and '**I-labeled cholera toxin,
whereas addition of Gp;, had no effect
on either peroxidase or labeled toxin
(Figs. 1 and 2). No background per-
oxidase was detected on the cell surface
in any of these inhibition experiments.
Furthermore, prior treatment of cells
with Gy, (but not Gp,) increased the
binding of conjugate at the cell surface.
On the basis of these experiments, we
concluded that cholera-peroxidase re-
tained the specificity for Gy, that is char-
acteristic of native toxin.

At 2 months (Table 1A) more than 50
percent of the cells of TC 593 revealed in-
tense binding of cholera-peroxidase, and
another 25 percent showed weak but de-
tectable binding. Only 14 percent of the
cells at this time were completely unla-
beled when counts were made with the
electron microscope, which is more sen-

sitive for detection of peroxidase. Cells
binding cholera-peroxidase, in contrast
to those inhibited either by excess gan-
glioside or unlabeled toxin, showed in-
creased uptake of peroxidase in pinocy-
totic vesicles (Fig. 1). At 7 months
(Table 1B) only a few cells displayed in-
tense labeling; intensely labeled cells
now accounted for less than 15 percent
of the population. Furthermore, there
was a clear-cut increase in cells com-
pletely devoid of label, and these now ac-
counted for more than 50 percent of the
population. At 8 months (Table 1C) the
results were similar; there was a slight in-
crease in unlabeled cells. Autoradiograph-
ic studies with > at 8 months (Table
1D) showed results similar to those ob-
tained with cholera-peroxidase, and
many unlabeled cells were seen; only a
few intensely labeled cells were ob-
served, and the numbers were in fair
agreement with the number observed
with cholera-peroxidase during the same
culture period.

No obvious differences were observed

in binding of cholera-peroxidase by meta-
phase cells as compared to interphase
cells, and both could be heavily labeled
(Fig. 1, A and B). In the experiments at 7
and 8 months both with cholera-per-
oxidase and with '*’I-labeled cholera, un-
labeled metaphases were more frequent
and thus followed the pattern of the inter-
phase cells. When different bottles of
cells grown to different cell densities
were sampled, comparable labeling of
the cell surface characteristic for that cul-
ture period was observed. In all cases un-
der the conditions used, the exposed cell
surface was entirely labeled and there
was no clustering or aggregation of chol-
era-peroxidase or '*I-labeled toxin, nor
were special regions of the cell surface
(as those containing numerous micro-
villi) preferentially labeled.

Although biochemical analyses of
brain show gangliosides enriched in cell
membrane fractions, our method demon-
strates ultrastructural localization of a
specific ganglioside to the plasma mem-
brane of cells derived from the CNS.
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Fig. 1. Electron microscopic sections of TC 593 cultures exposed for 15 minutes at 22°C to the same amount of cholera-peroxidase. (A) Intense
peroxidase reaction seen on surface of interphase cell at 2 months. Note many pinocytotic vesicles contain peroxidase (arrows) (X 10,500). (B)
Metaphase cell at 2 months shows equally intense surface reaction as interphase cell. Ch is chromosome, arrows show uptake into pinocytotic
vesicles (X 17,250). (C) Cell exposed to cholera-peroxidase plus a fivefold concentration of unlabeled cholera toxin. There is no surface label;
peroxidase, however, is visible in two large vacuoles (arrows) but not in all pinocytotic vesicles (triangle) (X 17,250). (D) Cell exposed to cholera-
peroxidase plus 130 ug of whole human ganglioside. No reaction production is visible on the surface; peroxidase is in large vacuole (arrow) but not
in coated vesicle near surface of cell (triangle) (X 23,500).
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Thus this reagent might be useful as a
marker of plasma membrane ganglio-
sides in physiological and biochemical
studies. Peroxidase-labeled antibodies to
cholera toxin have been used for ultra-
structural labeling of intestinal surfaces
(7); our direct coupling of toxin avoids
the production of antibodies and the sub-
sequent purification of antibody moieties
specific to cholera. More intriguing than
this technological aspect, however, is
the apparent loss of Gy on the surface of
these glioblastoma cells with more pro-
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Fig. 2. Autoradiographs of 0.8-um Epon sections of TC 593 cultures exposed to '**I-labeled
cholera toxin. (A) Variation in labeling seen at 7 months. Two cells with many grains on their
surfaces (arrows), as well as several cells completely devoid of label (triangles), are seen in this
field (X 1,370). (B) Culture exposed to **I-labeled cholera plus 5.5 ug of human Gy,. No grains

are visible on cell surface (X 2,000). (C) Culture exposed to '**I-labeled cholera plus 5 ug of
human Gp,,. Grains are still visible on surface of cells (X 2,560).

longed tissue culture. We do not know
whether any of the changes in this line
were caused by initial freezing for stor-
age or whether such changes represent
an overgrowth by particular cells as com-
pared to eventual loss of ganglioside by
all cells in the culture. However, another
long-term human glioblastoma line (TC
526) that we have examined with chol-
era-peroxidase after propagating it for
10 years in continuous subculture
showed virtually no labeling of its
plasma membranes at any time or cell

. T

e

Table 1. Cholera toxin—peroxidase or **I-labeled cholera toxin of TC 593 at different times.
The percentage of reaction was judged by the labeling observed by light microscopy (LM) and
electron microscopy (EM). More than 100 cells were counted for each determination.

Reaction (percent)

Substance
Intense Weak None
A. Labeling at 2 months
Cholera-peroxidase
LM S1 26 23
EM 61 25 14
Control:
Cholera-peroxidase plus ganglioside
LM 0 0 100
EM 0 0 100
B. Labeling at 7 months
Cholera-peroxidase
EM 13 36 51
C. Labeling at 8 months
Cholera-peroxidase
LM 10 23 67
EM 11 33 56
Control:
Cholera-peroxidase plus unlabeled toxin
EM 0 0 100
D. 125]-Labeled cholera toxin at 8 months
LM 10 20 70
Control:
125]-labeled Cholera plus Guy;.
LM 0 0 100
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density. Extensive searches for myco-
plasma or viruses, sometimes associated
with glycolipid changes in other cells, in
TC 526 as in TC 593, were reproducibly
negative (8). Furthermore, biochemical
studies on TC 526 and other long-term
glioblastomas have shown reduced gan-
glioside levels and reduction in labeling
by cholera toxin-peroxidase (9). Con-
versely, differentiating short-term organ-
otypic embryonic CNS cultures dis-
played very intense labeling of all
exposed cells (10). Possibly, some glio-
blastomas in long-term tissue culture
where no detectable binding of cholera-
peroxidase was seen did not initially
have a large complement of surface gan-
gliosides. However, a second view,
made more likely and attractive by the
evolution of TC 593 in culture, is that the
conditions of long-term monolayer cul-
ture per se can affect the gangliosides in
the plasma membranes. In this context it
is worth mentioning that, after serial
propagation of various glioblastomas in
monolayer culture, a change in morphol-
ogy of tumor cells was observed (I1).
The change in surface gangliosides, as
described here for TC 593, may be re-
lated to such altered patterns of growth.
LAURA MANUELIDIS
ELiAs E. MANUELIDIS
Yale University School of Medicine,
Department of Pathology,
New Haven, Connecticut 06510
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