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Protein Complexity of Central Nervous System Cell Lines

David Schubert, Barry Brass, and Jean-Pierre Dumas
The Salk Institute for Biological Studies, San Diego, California 92138-9216

The total extracellular proteins and the most abundant 960 in-
tracellular proteins of clonal CNS nerve and glial cell lines were
examined by quantitative 2-dimensional acrylamide gel electro-
phoresis. While less than 0.2% of the intracellular proteins dif-
fer among the 5 nerve and 4 glial cell lines studied, over 65%
of the extracellular proteins vary in distribution between the 2
major classes of CNS cells. These data indicate that the phe-
notypic complexity of nerve and glia populations is similar and
that most of the protein complexity is in extracellular molecules.

It has been argued on the basis of RNA hybridization studies
that the mammalian CNS has a severalfold higher number of
unique mRNA sequences than other tissues (Brown and Church,
1972; Chikaraishi et al., 1983; Hahn and Laird, 1971). Assum-
ing that these mRNAs are translated, there are 2 alternatives
that could explain the apparent increase in protein complexity
within the brain; they are not mutually exclusive. Each cell
within the CNS might make many more species of proteins than
cells of other tissues, or there might be a greater number of cell
types, each making a few unique species that contribute to total
tissue complexity but whose overall protein complexity is sim-
ilar to cells of different tissues. To distinguish between these
alternatives, protein synthesis in a series of clonal CNS nerve
and glial cell lines was examined by 2-dimensional gel electro-
phoresis. Total cellular protein synthesis and the extracellular
proteins released into the culture medium were analyzed by
computer-assisted methods. It is shown that there is a great deal
of variability in the protein species synthesized by cells from
the rat CNS and that the variability within the glial population
is as great as that between the nerve cells. The majority of this
protein complexity is associated with the extracellular proteins,
which are more abundant in nerve and glia than in mesoder-
mally derived cells. The total number of cellular proteins syn-
thesized by clonal CNS cell lines is, however, indistinguishable
from that of mesodermal cells. It follows that the higher protein
complexity in the CNS is due to both the large number of unique
phenotypes and the increased number of extracellular proteins
relative to other tissues.

Materials and Methods

Cell lines

A list of the cell lines used in the following experiments is given in
Table 1 along with some of the properties on which the assignment to
the nerve, glial, or mesodermal classes was made. The nerve and glial
cells were cloned from nitrosoethylurea-induced brain tumors (Schubert
etal., 1974). The major criterion on which the classification of the nerve
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and glial cells was made was electrical excitability, but a large number
of other markers, such as cell-surface antigens, are in agreement with
the physiology. Nile and NI are nerve-specific antigens (Richter-Lands-
berg et al., 1984; Stallcup, 1981; Stallcup et al., 1983), and G2 is found
only on some glial cells (Stallcup and Cohn, 1976). The clonal mesoder-
mal cell lines were derived from both normal embryonic and neoplastic
cells. 3Y 1 and A 10 were isolated from embryonic skin and aorta smooth
muscle, respectively (Kimes and Brandt, 1976). L6 was derived from
neonatal skeletal muscle (Yaffe, 1968), while B44 was isolated from a
rat brain tumor (Schubert et al., 1974). CH5 was cloned from rat car-
tilage (Nevo and Dorfman, 1972) and SC from a rat chondrosarcoma
(Mason et al., 1982). All cell lines were cultured as described in the
original manuscripts.

Two-dimensional acrylamide gel electrophoresis

To assay extracellular proteins, cells were labeled in serum free modified
Eagle’s medium for 18 hr with *S-methionine (200 uCi/ml). The ab-
sence of serum for short-term biosynthetic labeling of cells previously
grown in serum does not significantly alter the pattern of released ex-
tracellular proteins (Truding et al., 1975). The supernatants were filtered
through G235 to remove free isotope and salts, and lyophilized. Small
peptides would also be removed at this step. The proteins released into
the culture medium were assayed by 2-dimensional acrylamide gel elec-
trophoresis according to the method of O’Farrell (1975) as modified by
Garrels (1979). The first dimension contained pH 3-10 ampholytes; the
higher pH is on the right. The second-dimension slabs contained 7.5%
acrylamide and 0.1% SDS.

To prepare 2-dimensional acrylamide gel maps of total cellular pro-
teins, exponentially dividing cells were labeled with 3S-methionine (200
uCi/ml) for 2 hr in modified Eagle’s medium minus methionine but
containing 10% of the original growth medium, including serum. The
cells were harvested and electrophoresed on 2-dimensional gels as de-
scribed for extracellular proteins. The amount of isotope loaded onto
each gel is described in the figure legends.

Radioautographs of the acrylamide gels were scanned on a drum
scanner and analyzed using computer programs similar to those pro-
duced by Garrels (Garrels, 1979; Garrels et al., 1984). Pairwise matching
of proteins was done on the basis of computer-generated synthetic im-
ages of the gel patterns as described in the text.

Results

Extracellular proteins

Proteins that are released into the medium of cultured cells are
derived either via a direct export process (secretion) or by “shed-
ding” from the cell surfaces (Doljanski and Kapellar, 1976;
McCormick et al., 1979; Schubert, 1976). The latter group is
therefore a reflection of the cell’s external plasma membrane
composition. To examine the synthesis of these extracellular
proteins, exponentially dividing cells were labeled with 35S-me-
thionine for 18 hr, and the total protein released into serum-
free medium was examined by 2-dimensional (2D) acrylamide
gel electrophoresis. Proteins released from individual cell lines
were initially separated on pH 3-10 isoelectric focusing gels,
followed by electrophoresis in slab gels containing 7.5% acryl-
amide and 0.1% SDS. This gel system resolves proteins within
the isoelectric focusing range and with molecular weights greater
than 30,000 Da. Less than 5% of the extracellular proteins fell
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Separation of extracellular proteins from nerve and glia. Five exponentially dividing nerve and 4 glial lines were labeled and the proteins

released into the culture supernatant isolated as described in Materials and Methods. **S-methionine, 100,000 cpm, was loaded onto 7.5% acrylamide
gels, and following electrophoresis, the *H-enhanced (New England Nuclear) gels were exposed to film for 10 d (1 x 10¢* dpm d). The original
fluorogram of the nerve—glia extracellular proteins is shown in 4, and a synthetic image generated from a computer analysis of the gel in B. Each
spot on the gel is represented by a polygon encircling a point at the center of the spot. The size of the polygon and the number of “contour” lines
within it are proportional to the optical density of the spot on the fluorogram. The computer keeps track of the spot position and intensity. Spots
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Table 1. Cell lines
Electrical  Sodium Surface antigens
Cell line excitability flux NILE N1 G2 Cell type
B35 + + + + - Nerve
B50 + + + + - Nerve
B65 + - + + - Nerve
B103 + + + + - Nerve
B104 + + N.D. + - Nerve
B12 — - N.D. N.D N.D Glia
B23 - - - - Glia
B28 — — — — + Glia
B92 — — — - + Glia
L6 + + - - - Skeletal muscle
B44 + + — - — Skeletal muscle
Al0 + + N.D. N.D. N.D Smooth muscle
3Y1 - - N.D. N.D. N.D Fibroblast
CHS - - N.D. N.D. N.D Chondrocyte
SC - - N.D. N.D. N.D Chondrocyte

Electrical excitability was assayed by intracellular recording and sodium flux by veratridine stimulated uptake of 22Na*.

N.D., not determined.

below this minimum molecular weight (see also Duncan and
McConkey, 1982). Fluorograms of the separated proteins from
cach cell line were compared pairwise with each other and with
a mixture of proteins from all of the cell lines. Figure 14 shows
the radioautographic image of a composite gel in which the
extracellular proteins of 5 clonal nerve cell lines and 4 clonal
glial cell lines were mixed prior to gel analysis. This gel serves
as a master against which the relative distribution of proteins
in the clonal cell lines and primary cultures can be compared.
For quantitation and facilitation in handling the data, the ra-
dioautographs of the 2D gels were scanned and analyzed by
computer to obtain the relative amounts of isotope in each
protein spot on the gel (Garrels, 1979; Garrels et al., 1984).
Figure 1B shows the computer-generated synthetic image of the
gel above it; the spots are numbered for bookkeeping purposes
and for the sake of discussion. When extracellular glycosylated
proteins are separated on the basis of isoelectric point, as is done
in the first dimension of 2D gels, single proteins are frequently
resolved into a series of spots due to their charge heterogeneity.
For the purpose of this article, the multiple spots with similar
molecular weights which were considered as one polypeptide
are circumscribed in Figure 1B. These assignments were made
on the basis of covariation of the encircled spots on a large
number of gels. Continued exposure of the film past 1 x 10¢
dpm d revealed a faint background of proteins that resembled
those from total cells. The appearance of these proteins was
most likely due to the lysis of a few cells during the isotopic
labeling protocol. Two-dimensional gel profiles of extracellular
proteins from the clonal C6 glial line have been published that
are very similar to those presented here (Arenander and De
Vellis, 1981).°

The distribution of the extracellular proteins among 9 clonal
nerve and glial cell lines is summarized in Table 2. The data
are obtained by pairwise matching of the total proteins from
the cells in the left-hand column with those from the cells at

—

the top. The total number of proteins released by cells of each
line is in parentheses. The data are presented as the percentage
of the total proteins shared between pairs of cells (number of
the proteins present in the cells listed at the left that are also
present in the cells at the top, divided by the number of proteins
in the cells at the top, multiplied by 100). For example, all of
the proteins present in B35 growth conditioned medium (118
proteins) are also present in B28 medium (164 proteins), while
only 71% of the proteins found in B28 growth conditioned me-
dium are also found in B35 medium. In addition, of the 172
resolved proteins secreted by the cell lines, only 63 (35%) are
found in the supernatants of all of the individual cell lines; the
remaining 65% vary in distribution between the nerve and glial
clones. It was expected that there would be groups of proteins
that are found only in glia or only in nerve. However, only
protein 2 (Fig. 1 B) is uniquely associated with nerve cells—none
was found in the 4 glial lines or in primary glial cuitures. No
protein was found to be present only in glial cells. Each cell had
at least one unique extracellular protein. These data show that
there is a great deal of complexity among the extracellular pro-
teins of nerve and glial cells and that the variability among the
glial cells is as great as that between the nerve cells.

One of the putative glial cell lines, B28, has the unique prop-
erty of releasing all except a few of the proteins that are found
in the sum total of the other 8 cell lines (Table 2). Extracellular
proteins of 3 independently isolated clones of the B28 tumor
were examined by 2D acrylamide gel electrophoresis, and all
had identical patterns of proteins. Therefore, B28 synthesizes
the extracellular proteins released by both CNS nerve and glial
cell lines. B28 has a near diploid karyotype, ruling out the pos-
sibility that it arose via the fusion of a nerve and glial cell
(unpublished observations). Since it is unlikely that a cell could
sequentially acquire the ability to make a ““complete” set of
extracellular proteins, it is possible that B28 is a precursor to
both CNS nerve and glia and that the ability to synthesize spe-

that were reproducibly streaked out along the first dimension, probably due to heterogeneous glycosylation, were connected by a continuous line
and were considered as one polypeptide for the purpose of this study. Each gel was exposed for 1 x 10¢ and 3 x 10¢® dpm d. The lower exposure
was used for assaying the presence or absence of a spot, and a spot was considered missing if it was not detectable at the longer exposure. In
addition, each cell type was labeled at least 3 times and gels were run from each sample.
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Table 2. Ratio of shared extracellular proteins in nerve and glia

B35 B50 B65 BI0O3 BI04 Bi2 B23 B28 B92 PG
Cell line (118) (143) (132 (118) (I131) (139) (131) (164) (115 (65
B35 100 77 80 83 81 77 78 71 80 77
B30 94 100 92 93 94 89 88 85 90 81
B65 90 85 100 91 97 82 82 80 83 74
B103 84 77 82 100 79 74 79 71 77 83
B104 89 86 86 87 100 82 81 79 81 80
B12 91 86 86 87 87 100 88 82 91 78
B23 87 81 82 88 81 84 100 77 95 91
B28 100 98 98 100 100 98 98 100 96 94
B92 77 73 72 76 72 75 75 68 100 82
PG 42 40 37 46 40 37 45 40 49 100

The protein content of complete growth conditioned medium was resolved on 2D acrylamide gels and the proteins of
the various cell lines matched pairwise against each other. The data are based on film exposures of 1 x 10¢ dpm d (for
example, 100,000 dpm per gel exposed 10 d). At least 3 gels were run for each cell line from independent labelings.
Multiple exposures were made as described in Fig. 1 and Materials and Methods, and the absence of a protein at 1 x
106 dpm d was verified against longer exposures. The data are presented as the percentage (ratio x 100) of the extracellular
proteins that are common to the cells on the left and the cells at the top compared to total number of proteins in the
cells at the top. The numbers in parentheses in the top row are the total number of proteins detected in that cell’s growth
conditioned medium. PG, primary glial cells from 4-d-old rat cerebellum after 2 weeks in culture. Of the 172 extracellular
proteins, 63 were present in all 9 cell lines, 30 in 8 cell lines, 24 in 7, 13in 6, 10in 5, 12in 4, 8 in 3, 5in 2, and 4 in

1 cell line.

cific proteins is sequentially lost as the cell further differentiates.
For example, the loss of ion channels as cells mature has fre-
quently been documented (see, for example, Hagiwara and Mi-
vazaki, 1977, Spitzer, 1979), and individual CNS cells have been
described that share traits of both nerve and glia (DeVitry et
al., 1980; Schubert et al., 1974; Tomozawa and Sueocka, 1978;
Wilson et al., 1981).

To rule out the possibility that the extracellular proteins re-
leased by the clonal cell lines were generated as a result of their
adaptation to culture, these proteins were compared with the
extracellular material of cells cultured from 4-d-old rat cere-
bellum. These cultures were greater than 90% glial as defined
by staining with anti-glial fibrillary acidic protein. Table 2 shows
that all except 4 (94%) of the extracellular proteins present in
the primary cultures are also present in the B28 glial-like cell,
which contains over 96% of the proteins found in the combined
nerve and glial cell lines.

Cellular proteins

In contrast to the extracellular proteins, the variability among
the CNS cell lines with respect to total cellular proteins is quite
limited. Figure 2 shows the 2D gel of a clonal nerve cell line,

Table 3. Ratios of shared extracellular proteins in mesodermal cells

Cell L6 B44 Al0 CHS5 3Y1 SC

line (50) (43) (48) 39) (48) (41)
L6 100- 98 92 92 90 93
B44 84 100 81 82 90 87
Al10 88 91 100 90 96 93
CHS 76 75 73 100 78 95
3Y1 86 96 96 95 100 92
SC 78 81 75 97 82 100

The extracellular proteins of 6 clonal mesodermal cell lines were electrophoresed
on 2D gels and the protein spots matched pairwise as described for the nerve and
glial proteins in Table 2. Gel exposures of 1 x 10% dpm d were used. The data
are expressed as the percentage (ratio x 100) of the proteins shared by the paired
cells in the matrix that are present in the cell line in the top row. The numbers
in parentheses are the total number of proteins detected in the growth conditioned
medium of that cell line.

B35. The positions of the 16 proteins that are variable between
the 9 nerve and glia are drawn into this profile. Of the 960
proteins reproducibly resolved by these gels at an exposure of
3 x 10¢ dpm d, 944 were common to all of the cell lines. With
1 exception, protein 16, the remaining unshared proteins were
apparently randomly distributed throughout the nerve and glial
cell lines. With the exception of B28, each cell line had one or
more unique proteins. Protein 16 was found in all of the nerve
cell lines but in none of the glial cells except B28. As with the
extracellular proteins, B28 had the most proteins in common
with all of the cells. Only 5 proteins of the 960 were not found
in B28; none was found in B28 that was not present in any other
cell line,

Mesodermal cells

The above data show that there is a great deal of protein vari-
ability between the extracellular proteins of CNS nerve and glial
cells, while there are few differences among total cellular pro-
teins. To ascertain if the protein variability among clonal neu-
roectodermally derived cell lines is greater than that between a
similar set of cells from a different germ layer, the extracellular
and total cellular proteins were assayed in a collection of 6 clonal
cell lines from differentiated rat mesodermal tissues. These in-
clude skeletal muscle myoblasts, smooth muscle myoblasts, fi-
broblasts, and chondrocytes. Table 3 shows that although the
differences in the distribution of shared proteins between pairs
of CNS cells (82 + 10) and pairs of mesodermal cells (88 + 7)
is not great, the absolute number of protein differences within
the mesodermal population is much smaller than for the CNS
cells. This is because the number of extracellular proteins from
the mesodermal cells is smaller—about one-third that of neu-
roectoderm.

In contrast to the more limited variation in the extracellular
proteins of mesodermal cells relative to CNS cells, the differ-
ences in cytoplasmic protein composition is similar between the
2 groups of cells. Figure 3 shows the proteins of A10, a smooth
muscle cell line. Circled and numbered are the positions of the
16 proteins whose presence varies among the 6 mesodermal cell
lines examined. This number of variable proteins was similar
to that of the CNS cells.

A direct comparison between the sum total of the CNS cellular
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Figure 2. Cellular proteins of nerve and glia. Exponentially dividing nerve (5) and glial (4) cells were labeled with **S-methionine for 2 hr as
described in Materials and Methods, with 200,000 dpm applied to gels and the gels exposed to film for 5, 15, and 30 d. 3 x 10° dpm d is shown
in this figure. The original data for the B35 nerve cell line are shown, and the position of proteins that were present in the other 4 nerve and 4 glia
or that varied between them are indicated by the numbered circles. The presence or absence of the protein was checked by comparing longer
exposures with the 3 x 10° dpm d exposure used to standardize the data. Each cell line was labeled independently and gels run at least 3 times to

assure the reproducibility of each circled protein.

proteins in Figure 2 and the total mesodermal proteins in Figure
3 indicates that of the reproducibly resolved proteins, only 73%
are shared; 15% of the proteins present in mesoderm are not
found in the CNS cells; and 12% present in CNS are not found
in mesoderm. None of the 16 variable proteins within each
group is shared. When the combined extracellular proteins from
the mesodermal cells are matched with those from the nerve
and glia, less than 30% of the CNS proteins are also present in
mesoderm.

It is possible to obtain an estimate of the number of proteins
in neuroectodermal cells relative to mesodermal cells by iso-
topically labeling clonal cell lines of each cell type, loading iden-
tical amounts of radioactivity on the gels, and counting the
protein spots on the radioautograms at different exposures. The
number of proteins that were scored either by the computer or
by eye were essentially identical between mesodermal and neu-
ronal cells. As indicated above, both neuroectodermal and me-
sodermal cells produced about 970 protein spots at an exposure
of 3 x 10¢ dpm d. An exposure of 1 x 107 dpm d generated

approximately 1500 spots in both cell types, but quantitative
computer analysis of the gels was impossible because of the spot
density. However, a careful visual comparison of the gels re-
vealed no differences in spot number at this high film exposure.
These data show that the number of proteins synthesized by
neuroectoderm and mesoderm is essentially the same.

As a control for the effect of transformation on the synthesis
of extracellular proteins, proteins from 2 pairs of clonal cell lines
with similar phenotypes but different tumorigenicities were ex-
amined. L6 is a nontumorigenic rat skeletal muscle myoblast
cell line (Schubert and LaCorbiere, 1980; Yaffe, 1968), while
B44 is a skeletal muscle myoblast line derived from a rat tumor
(Schubert et al., 1974). Both cell lines divide as mononucleate
myoblasts and at confluency fuse to form multinucleate, striated
myotubes. CHS and SC lines are derived from normal cartilage
and a chondrosarcoma, respectively (Mason et al., 1982). The
myoblast total extracellular proteins are similar (Table 3), and
there was only 1 qualitative difference among the intracellular
proteins. A similar result was obtained with the chondrocyte
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Figure 3. Cellular proteins of mesodermal cells. Exponentially dividing clones of L6, A10, B44, CH5, and 3Y1 were labeled with **S-methionine
as described in Figure 2, with 200,000 dpm applied to the gels and the enhanced gels exposed to film for 5, 15, and 30 d. In this figure the 5 d
exposure (1 x 10° dpm d) of A10 is shown. A pairwise comparison of the five cell lines generated 16 proteins that varied between the cells. These
proteins or their positions are indicated by numbered circles. As with the neuronal cells, each mesodermal cell line was labeled at least 3 times.

pair. These results show that transformation does not necessarily
lead to a high variability in protein synthesis. In addition to the
rat cell lines, the extracellular and total cellular proteins of un-
cloned human skin fibroblasts from 12 individuals have been
studied by the techniques described above. Of the 40 proteins
secreted by each of the 12 cell lines, only a single difference was
detected, and of the 1000 intracellular proteins assayed in each
cell line, only 2 differences were detected (unpublished obser-
vations). It is probable that these are examples of polymor-
phisms in the human population.

Discussion

The above data show that the complexity of proteins in CNS
nerve and glial cells is very similar and that most of the protein
variability is among the extracellular proteins. An analysis of
this type has, however, 2 potential sources of errors—the res-
olution of the gel system and the phenotype of the cells. Two-
dimensional gel electrophoresis of cellular proteins should pre-
sent a reasonable estimate of the number of proteins synthesized
by cells. There are, however, some technical limitations to the
maximum number of proteins that can be detected by the con-
ditions employed there. There are 3 problems with respect to
resolution: (1) some proteins, such as hydrophobic membrane
components, may be insoluble; (2) very basic proteins are not

retained by the focusing gel; (3) proteins of less than 30,000
MW are not resolved in the second dimension, although their
presence is detectable at the buffer front. It has been estimated
that between 20 and 30% of the total cellular proteins could be
lost due to these difficultics (Duncan and McConkey, 1982;
Garrels, 1979; and unpublished observations). Because very few
proteins with charge heterogeneity are seen in gels of total cel-
lular protein, it is likely that intrinsic membrane proteins are
not resolved because of solubility problems. Some of these pro-
teins are, however, shed from the cell surface and represented
among the more hydrophilic extracellular proteins (Doljanski
and Kapellar, 1976; Schubert, 1976). Since there are very few
basic extracellular proteins (J. Garrels and D. Schubert, unpub-
lished observations), the loss of this class of proteins should not
significantly change the results. Finally, electrophoresis of both
total and extracellular proteins on 12% acrylamide gels only
resolved a few additional low-molecular-weight proteins. Unless
all of the protein complexity is associated with the unresolved
subset of intracellular proteins, the above limitations fail to alter
the conclusion that the major source of availability among CNS
cells is in extracellular proteins.

With respect to the sensitivity of the method, it has been
shown that between 10,000 and 20,000 poly(A)-containing
unique mRNA sequences occur on the polysomes of most tis-
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sues, with a total number of 200,000-800,000 mRNAs per cell
(Axel etal., 1976; Cobert et al., 1977; Hastie and Bishop, 1976);
10-fold higher estimates for different mRNAs have been ob-
tained for the brain (Chikaraishi et al., 1983). On the basis of
hybridization kinetics, it has been suggested that most of the
mRNA species make up a rare or “‘complex” class of mRNA
molecules which are represented at between 1 and 10 copies per
cell (see, for example, Axel et al., 1976). Copy numbers of less
than 1 unique RNA per cell have been obtained for mRNAs
from the nervous system (Beckmann et al., 1981). On the basis
of sample load and the ability to detect a spot containing 2 dpm
in a | week exposure (Laskey and Mills, 1975), it has been
established that the methods used here can detect a protein
representing 0.0003% of the total cellular proteins (Duncan and
McConkey, 1982; Garrels, 1979; O’Farrell, 1975). Proteins
translated at an average frequency from 1 mRNA molecule per
cell could therefore be detected by our 2D gel system. mRNA
species with a frequency of less than 1 per cell may not be
detected. These very rare (<1 mRNA per cell) transcripts may
make up a major portion of the unique sequences within the
nervous system, for polysomal RNAs from 2 of the cell lines
used in our experiments have copy numbers of less than 1 per
cell (Beckmann et al., 1981), and equally rare transcripts have
been detected in CNS tissue (Brilliant et al., 1984). The role of
this very rare mRNA class and whether the mRNAs are trans-
lated remains to be determined. In addition, the frequency of
transcript data from whole brain could be misleading because
the extreme cellular heterogeneity in the CNS would tend to
reduce the copy number for each cell that is actually synthesizing
the protein. Finally, it is unlikely that polymorphic differences
between individual rats could significantly alter the above data,
for the majority of the cell lines were from the BDIX inbred
strain, and the average heterozygosity between human fibro-
blasts is less than 1% as defined by 2D gel analysis (McConkey
et al., 1979; Walton et al., 1979).

The second potential problem is the clonal cell lines, for the
majority were derived from chemically induced brain tumors.
It is possible that transformation and adaptation to cell culture
significantly alter protein synthesis in the cells and therefore
invalidate the results. This possibility is unlikely for the follow-
ing reasons: (1) An analysis of cellular proteins from a variety
of normal cells and their transformed derivatives by 2D gel
electrophoresis has failed to detect the appearance of any new
proteins, or loss of proteins, in the transformed cells (Bravo and
Celis, 1980, 1982). Instead of qualitative changes, numerous
differences in the relative proportions of polypeptides were ob-
served among the 1300 proteins resolved in the normal and
transformed cells. The data presented here have been based
solely on the presence or absence of a given protein. Multiple
runs of the same sample and several gel exposures were em-
ployed to ensure the detection of low-~intensity spots. (2) When
the extracellular proteins from primary cultures of CNS cells
were compared with the extracellular material from the cell
lines, essentially all of the proteins from the primary cultures
were found among those released from the clonal cell lines (94%
overlap with B28, which synthesizes almost all of the proteins
of the combined cell lines). Although not all of the proteins from
the CNS cell lines were found in the 1 primary culture, there
are extensive differences in the synthesis of extracellular proteins
by glia from different areas of the CNS (unpublished observa-
tions). It is therefore possible that only the proteins synthesized
by individual glial cells that were shared by the majority of the
cells within the population were detected on the gels. (3) Com-
parison of the extracellular proteins from 2 pairs of tumorigenic
and nontumorigenic cells indicates that there are no greater
differences between pairs containing transformed cells than be-
tween pairs of more normal cells when the total number of
extracellular proteins is taken into account (Table 3). (4) Finally,
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proteins shed from the cell surface are released as a single-
molecular-weight species and are not found in the culture me-
dium as a series of lower molecular weight peptides. This is true
for fibroblast proteins (see, for example, McCormick et al., 1979),
as well as for surface proteins of nerve and glial cells (Richter-
Landsberg et al., 1984; Stallcup et al., 1983; Sweadner, 1983).
The inclusion of the protease inhibitor Kallikrein in the culture
medium had no effect upon the pattern of extracellular protein
synthesis (unpublished observations). These experiments rule
out the possibility that differences in extracellular proteins be-
tween cell types are due to proteolysis.

There is extensive variability in the extracellular proteins syn-
thesized by nerve and glial cell lines from the rat CNS. When
the proteins released into the culture medium of clonal nerve
and glial cell lines were compared pairwise on 2D acrylamide
gels, only about 80% of the proteins were shared between any
2 cell lines. In contrast to the extracellular proteins, less than
0.2% of the total cellular proteins varied. These results were
similar in nerve and glial cells, indicating that the phenotypic
variability within both classes of cells may be similar. Mesoder-
mal cells release fewer proteins into their culture medium, and
the variation in extracellular protein between cell types is less.
The complexity in total cellular protein synthesis is, however,
similar in mesodermal cells and neuroectodermal cells. Since
some of the proteins released into the extracellular space are
derived from the plasma membrane (Doljanski and Kapellar,
1976; McCormick et al., 1979; Schubert, 1976), there may be
extensive specialization of CNS cells at this level. Because the
cellular protein complexity is the same between clonal CNS and
mesodermal cells, any greater intracellular protein complexity
in the CNS must be the result of large numbers of unique phe-
notypes rather than more protein complexity per cell. Since only
quantitative changes in protein synthesis have been detected
during the process of nerve differentiation from the neuroblast
to a neuron-like cell (Garrels and Schubert, 1979; Schubert et
al.,, 1971), it is unlikely that the examination of more differ-
entiated CNS cells would give results appreciably different from
those obtained here with exponentially dividing cells. Finally,
these data sugest that the clonal CNS cell lines may serve as
both a source for the isolation and characterization of CNS-
specific molecules, as well as a convenient assay for nervous
system-specific nucleic acid probes.
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