Volume 257, number 2, 333-336

FEB 07786

November 1989

Ras protein expression is developmentally regulated in embryonic
chicken brain
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Immunoblot analysis using a panreactive monoclonal antibody directed against ras p21 proteins detects two differentially regulated ras pools in
embryonic chicken brain: a membrane pool that is not changed and a microsomal pool that starts at a low level but is strongly increased from
E6 to E16 chicken brain. In order to study the distribution of ras proteins in different cell types of the nervous system, immunoblot analysis was
performed on total cell proteins. In contrast to histochemical data showing the absence or low levels of ras proteins in glial cells, comparable
amounts of ras proteins were found in cell lysates from purified chicken sympathetic neurons, cultured rat Schwann cells and mouse brain astrocytes.
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1. INTRODUCTION

The ras family of oncogenes was discovered in
Harvey and Kirsten murine sarcoma viruses and was
subsequently shown to exist in vertebrate cells as pro-
tooncogenes. Members of the mammalian ras protoon-
cogene family, c-Ha-ras, c¢-Ki-ras and N-ras, each
encode guanine nucleotide binding proteins of 21 kDa
(p21 proteins) which are associated with the inner side
of the plasma membrane (for review see [1]). Sequence
homology between ras proteins and a-subunits of G-
proteins involved in signal transduction has led to the
proposition that these proteins have analogous func-
tions [2]. Mammalian ras genes acquire transforma-
tion-inducing properties by single point mutations
within their coding sequences (for review see [1]). The
biological function of ras proteins in mammalian cells
is poorly understood. It was shown that ras protein
function is required for serum-stimulated growth of
NIH3T3 cells [3]. In addition to their transforming
properties, microinjected ras proteins also induce ter-
minal differentiation of PC12 cells [4] and promote sur-
vival and fiber outgrowth of cultured embryonic
neurons [5]. Besides immature cells capable of pro-
liferation, fully differentiated cells like neurons express
abundant ras p21 [6]. Among mammalian tissues the
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highest level of ras proteins was detected in brain [6,7]
and subsequently shown to be localized mainly in
synaptic plasma membranes and microsomes [8]. This
study demonstrates the presence of two ras pools in
chicken brain which are differentially regulated during
embryonic development.

2. MATERIALS AND METHODS

Chicken brains from different embryonic stages were subjected to
Dounce homogenization and membranes (25000 x g fraction) were
prepared as described elsewhere [9]. Microsomes (200000 x g frac-
tion) were isolated by spinning the 25000 x g supernatant for 1 h at
200000 x g. Proteins were assayed by the method of Peterson [10] us-
ing bovine serum albumin as a standard. The isolation and purifica-
tion of chicken sympathetic neurons [11], rat Schwann cells [12] and
mouse brain astrocytes [13] was done as described. Cell lysates were
prepared by boiling the cells in sample buffer. Proteins together with
Rainbow protein molecular weight markers (Amersham Buchler,
Braunschweig, FRG) were separated on 12% SDS-polyacrylamide
gels prepared by the method of Laemmli [14] and then elec-
trotransferred onto nitrocellulose sheets (BA83, 0.2 xm; Schleicher &
Schuell, Dassel, FRG) for 15 h at 100 V [15]. The nitrocellulose
sheets were then reacted with the appropriate dilution of mouse
monoclonal antibody followed by anti-mouse IgG alkaline
phosphatase conjugate as specified by the manufacturer’s instruc-
tions (Promega, Madison, WI, USA). The following monoclonal an-
tibodies were used in this study: anti-ras p21 (TuMark-Ras 11; NEN,
Dreieich, FRG), anti-NF68 (clone NR-4; Sigma, Deisenhofen, FRG)
and anti-GFAP (clone G-A-5; Sigma). Staining of total proteins on
nitrocellulose blots was performed with FerriDye (Janssen, Beerse,
Belgium).

3. RESULTS AND DISCUSSION

In contrast to most other mammalian tissues, brain
contains high levels of ras p21 proteins [6—8]. Using a
panreactive monoclonal antibody directed against ras
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Fig.1. Immunoblot analysis of membrane and microsomal proteins prepared from different days of embryonic chicken brain with antibodies

specific for ras (A), NF68 (B) and GFAP (C). 50 xg of membrane or microsomal proteins for ras and GFAP and 20 xg for NF68 were subjected

to SDS-PAGE, transferred to nitrocellulose and reacted with monoclonal antibodies against ras (1:1000), NF68 (1:5000) or GFAP (1:5000).
Right lane in A: 5 ng of recombinant c-Ha-ras protein. Values on the right indicate the apparent molecular masses (kDa).

proteins [16], I find by immunoblot analysis high
amounts of ras proteins in membrane (25000 X g) and
microsomal (200000 x g) fractions prepared from em-
bryonic chicken brain. Fig.1A shows that this antibody
recognizes two ras species with apparent molecular
masses of 22 and 23 kDa in membranes and
microsomes from chicken brain. Also in subcellular
fractionation analysis of rat cerebrum ras proteins were
found mostly in synaptic plasma membranes and
microsomes [8]. I further used recombinant c-Ha-ras
protein [17] to demonstrate the specificity and sensitivi-
ty of this antibody. The reaction conditions used here
are sensitive enough to detect 5 ng of recombinant c-
Ha-ras protein with an apparent molecular mass of
24 kDa (fig.1A, right lane). The molecular weight of
recombinant ras proteins is higher than that of the
cellular counterparts due to lack of posttranslational
processing of ras proteins produced in E. coli [18-20].
When compared to the recombinant ¢-Ha-ras standard,
ras proteins in membrane and microsomal fractions
from hatched chicken brain represent about 0.02% of
total protein in these fractions. Since no sensitive an-
tibodies specific for the subtypes of ras proteins are
available at the moment, I cannot discriminate whether
the ras doublet found in chicken brain is caused by the
presence of two subtypes or by different posttransla-
tional modification of one predominant subtype.
Using this sensitive immunoblot system, I looked for
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developmental changes in expression of ras proteins in
embryonic chicken brain. As can be seen in fig.1A, ras
proteins are present at high levels in membranes
prepared from embryonic day 6 (E6) to hatched
chicken brain. In contrast, there is a strong increase in
content of ras proteins in microsomal fractions from
chicken brain between E6 and E16. Whereas at E6
about 10-fold more ras proteins are present in mem-
branes compared to microsomes, no difference can be
seen at E16 and hatched chicken brain. Apparently
there are two pools of ras proteins in embryonic
chicken brain which are differentially regulated in
development. Staining of transferred membrane and
microsomal proteins on  nitrocellulose  blots
demonstrated the presence of comparable amounts of
proteins from different developmental stages (data not
shown). Interestingly I found a change in the propor-
tion of membranes and microsomes during chicken
brain embryonic development. Whereas at E6 mem-
brane proteins (35%) constitute a smaller portion of the
particular fraction than microsomal proteins (65%), in
hatched chicken brain the situation is reversed. The
decrease in microsomes cannot explain the strong in-
crease of ras proteins in this fraction.

I further used monoclonal antibodies against the
neuronal cell marker protein neurofilament 68 (NF68)
and the glial cell marker protein glial fibrillary acidic
protein (GFAP) [21] to study the developmental pat-
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tern of these proteins in membranes and microsomes
from embryonic chicken brain. Fig.1B shows that anti-
NF68 detects a protein with an apparent molecular
mass of 68 kDa in the particulate fractions. In mem-
branes there is a pronounced increase in NF68 levels
which starts at E6 and continues up to hatched chicken
brain, whereas in the microsomal fraction maximal
levels of NF68 are reached at E16. As can be seen in
fig.1C, anti-GFAP recognizes a protein with an ap-
parent molecular mass of 49 kDa on immunoblots of
particulate fractions derived from embryonic chicken
brain. GFAP cannot be demonstrated before E12 and
is strongly increased up to hatched chicken brain. The
appearance of NF68 precedes that of GFAP in develop-
ing chicken brain, which is in accordance with a
previous immunofluorescence study in the rat embryo
[22]. By comparison of developmental changes in ras
proteins, NF68 and GFA, it becomes clear that levels of
NF68 and GFAP increase in a similar fashion in mem-
branes and microsomes from developing chicken brain,
whereas the expression of ras proteins is differentially
regulated in these two fractions. The underlying
mechanism which causes the differential expression of
ras proteins in membranes and microsomes from
developing chicken brain and its biological meaning re-
mains to be elucidated. The finding that ras proteins
and NF68 show a similar increase in the microsomal
fractions may suggest that the microsomal ras pool in-
creases in parallel with the neuronal characteristics of
developing chicken brain.

There is evidence that ras proteins are involved in the
intracellular  signal transduction pathway for
neurotrophic factors in neuronal cells [4,5]. In the par-
ticulate fraction of embryonic chicken brain I find an
increase in the level of ras proteins from E6 to E16.
This increase in amount of ras proteins is opposed to
the decrease in NGF receptor levels found in regions of
chicken brain between E6 and E12 [23]. Consequently
the expression of ras proteins and NGF receptors is not
coregulated during chicken brain embryonic
development.

The immunohistochemical staining of ras proteins in
mammalian brain by monoclonal antibodies has led to
controversial results. Using the mAb Y13-259, Furth et
al. found strong staining of neurons in human central
and peripheral nervous system, whereas glial cells and
astrocytes were weak or negative [6]. In contrast, Ward
et al. [24] could find no ras immunoreactivity in rodent
brain tissue using several mAbs against ras proteins in-
cluding Y13-259.

To get some insight into the distribution of ras pro-
teins in cells of the nervous system, I analyzed by im-
munoblotting the presence of ras proteins in cell lysates
from purified chicken sympathetic neurons, rat
Schwann cells and astrocytes from mouse brain. These
cells were isolated and purified as described [11-13]
and were lysed by boiling in sample buffer. As can be
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seen in fig.2, immunoreactive bands of the expected
molecular weight are present in chicken neurons, rat
Schwann cells and mouse astrocytes. For comparison
the pattern of ras proteins was analyzed in membranes
prepared from chicken, rat and mouse brain. Fig.2 and
other unpublished results point to a species-specific
pattern of ras proteins. Whereas chicken brain contains
two ras species with apparent molecular masses of 22
and 23 kDa, rat and mouse brain contain two predomi-
nant ras species of 21 and 23 kDa. Interestingly, the ras
patterns of purified cells are different from that of
brain membranes. In contrast to chicken brain, in sym-
pathetic neurons the 22 kDa form is more abundant
than the 23 kDa form. In rat Schwann cells and mouse
brain astrocytes the 23 kDa form is expressed whereas
the 21 kDa form present in rat and mouse brain cannot
be detected. These results provide clear evidence that
ras proteins are present in astrocytes and Schwann cells
at levels comparable to that of neurons. Further
evidence for the presence of ras proteins in astroglial
cells comes from the analysis of membranes derived
from several mammalian glial cell lines (unpublished
data). I cannot, however, exclude the possibility that
expression of ras proteins in primary astroglial cells and
glial cell lines is induced as a result of cell culture. The
demonstration of NGF receptors on glial cells [25]
might be in favour of the finding that ras proteins are
clearly detectable in these cells. It is unlikely that one
of the major bands in fig.2 represents an immature
form of ras proteins, since Mizoguchi et al. [8] found
that in rat brain ras proteins are almost exclusively
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Fig.2. Immunoblot analysis of membrane proteins from brain and
proteins from cell lysates with a panreactive monoclonal antibody
against ras proteins. Recombinant c-Ha-ras protein (lanes 1 and 8),
membrane proteins (lanes 2, 4 and 6) and comparable amounts of cell
lysate proteins (lanes 3, S and 7) were subjected to SDS-PAGE,
transferred to nitrocellulose and reacted with anti-ras mAb (1 : 1000).
(Lane 1) 5ng recombinant c-Ha-ras protein. (Lane 2) 40 #e
membrane proteins from E12 chicken brain. (Lane 3) Cell lysate from
E12 chicken sympathetic neurons. (Lane 4) 20 xg membrane proteins
from rat brain. (Lane 5) Cell lysate from rat Schwann cells. (Lane 6)
20 g membrane proteins from mouse brain. (Lane 7) Cell lysate
from mouse brain astrocytes. (Lane 8) 2 ng of recombinant c-Ha-ras
protein. Values on the right indicate the position of molecular mass
marker proteins (kDa).
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associated with the membrane and microsomal frac-
tions and not with the cytosol. Furthermore immature
ras proteins detected in the cytosol of ras-transformed
cells have a lower electrophoretic mobility than their
mature counterparts [26]. Due to the lack of sensitive
antibodies against the subtypes of the ras protein fami-
ly, I have no information on what subtypes are express-
ed in these cells. On the other hand, my results indicate
that different subtypes and/or posttranslationally
modified forms of ras proteins are expressed differen-
tially in cells of the nervous system. The biological
significance of this finding is unclear at the moment,
but suggests a cell-specific function for different ras

species.

Acknowledgements: 1 thank Dr G.D. Borasio for the preparation of
embryonic chicken brains and many helpful discussions. Chicken
sympathetic neurons, rat Schwann cells and mouse brain astrocytes
were kindly provided by C. Krieger, M. Meyer and Dr M. Spranger.
Recombinant c-Ha-ras protein was kindly provided by Dr A. Wit-
tinghofer. I wish to thank M. Neumann and W. Ansbacher for
technical assistance and H. Roth and U. Béuerle for the preparation
of the manuscript. The support of Professor A. Herz is gratefully
acknowledged.

REFERENCES

{1] Barbacid, M. (1987) Annu. Rev. Biochem. 56, 779-827.

[2] Hurley, §.B., Simon, M.1., Teplow, D.B., Robishaw, J.D. and
Gilman, A.G. (1984) Science 226, 860—862.

[3] Mulcahy, L.S., Smith, M.R. and Stacey, D.W. (1985) Nature
313, 241-243.

[4] Bar-Sagi, D. and Feramisco, J.R. (1985) Cell 42, 841-848.

[5] Borasio, G.D., John, J., Wittinghofer, A., Barde, Y.-A.,
Sendtner, M. and Heumann, R. (1989) Neuron 2, 1087-1096.

336

FEBS LETTERS

November 1989

[6] Furth, M.E., Aldrich, T.H. and Cordon-Cardo, C. (1987)
Oncogene 1, 47-58.

[7] Thor, A., Ohuchi, N., Horan Hand, P., Callahan, R., Weeks,
M.O., Theillet, C., Lidereau, R., Escot, C., Page, D.L., Vilasi,
V. and Schlom, J. (1986) Lab. Invest. 55, 603—615.

[8] Mizoguchi, A., Ueda, T., Ikeda, K., Shiku, H., Mizoguti, H.
and Takai, Y. (1989) Mol. Brain Res. 5, 31—44.

[9] Vachon, L., Costa, T. and Herz, A. (1987) Mol. Pharmacol.
31, 159-168.

[10] Peterson, G.L. (1983) Methods Enzymol. 91, 95—-119.

[11] Edgar, D. and Thoenen, H. (1982) Dev. Brain Res. 5, 89-92.

[12] Porter, S., Blair Clarc, M., Glaser, L. and Bunge, R.P. (1986)
J. Neurosci. 6, 3070—3078.

[13] McCarthy, K.D. and De Vellis, J. (1980) J. Cell Biol. 85,
890-902.

[14] Laemmli, U.K. (1970) Nature 227, 680—685.

[15] Towbin, H., Stachelin, T. and Gordon, J. (1979) Proc. Natl.
Acad. Sci. USA 76, 4350—4354.

[16] Carney, W.P., DeLellis, R.A., Wolfe, H., Cooper, G. and
Rabin, H. (1987) Proc. 78th Ann. Meet. Am. Assoc. Cancer
Res. 28, 397.

[17] Tucker, J., Sczakiel, G., Feuerstein, J., John, J., Goody, R.S.
and Wittinghofer, A. (1986) EMBO J. 5, 1351-1358.

[18] Buss, J.E. and Sefton, B.M. (1986) Mol. Cell. Biol. 6, 116—122.

[19] Gutierrez, L., Magee, A.l., Marshall, C.J. and Hancock, J.F.
(1989) EMBO J. 8, 1093-1098.

[20] Hancock, J.F., Magee, A.l., Childs, J.E. and Marshall, C.J.
(1989) Cell 57, 1167—-1177.

[21] Debus, E., Weber, K. and Osborn, M. (1983) Differentiation
25, 193-203.

[22] Raju, T., Bignami, A. and Dahl, D. (1981) Dev. Biol. 85,
344-357.

[23] Raivich, G., Zimmermann, A. and Sutter, A. (1987) J. Comp.
Neurol. 256, 229-245.

[24] Ward, J.M., Perantoni, A.O. and Santos, E. (1989) Oncogene
4, 203-213.

[25] Zimmermann, A. and Sutter, A. (1983) EMBO J. 2, 879—885.

[26] Shih, T.Y., Weeks, M.O., Gruss, P., Dhar, R., Oroszlan, S.
and Scolnick, E.M. (1982) J. Virol. 42, 253-261.



