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Immunocytochemical Localization of raf Protein
Kinase in Cerebrum of Geoclemys reevesii (Gray)
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Raf protein kinases and protein kinase C belong to serine/threonine-specific proteins in the
cytoplasm, and are similar to each other in functional structure and the aspect of the distribu-
tion of cell. The distribution of raf protein kinase in the cerebrum of Geoclemys reevesii
was studied by using the antibodies against a-raf and c-raf protein kinase which induce the
expression of raf family oncogenes. In general, raf protein kinases were distributed in such
restricted regions as the general pallium, hippocampal formation, primordium hippocampi,
nucleus of lateral olfactory tract, basal amygdaloid nucleus, and bed of stria terminalis. Im-
munological labeling of c-raf protein kinase was more widespread than that of a-raf.

However, the intensity of the labeling of c-raf was lower than that of a-raf. The spherical
cells of basal amygdaloid nucleus is a ring-like form, because only the cytoplasm was im-
munolabeled. Especially, c-raf protein kinase occurred in the cells which contained protein
kinase C abundantly such as pyramidal cells and Purkinje cells. This suggests that a- and
c-raf protein kinases may synegistically induce carcinoma with myc gene which is activated by

protein kinase C.
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The raf gene, a kind of oncogene, was found in
murine sarcoma virus (MSV) 3611 by Rapp and
coworkers (1983). This gene, v-raf is to be a
transforming gene, and has the encode of serine/
threonine-specific protein in cytosol (Beck et al.,
1987; Bonner et al., 1986).

Recently, it was reported that the molecular
weight of a-raf was 64 KD, and that of c-raf was
74 KD (Bonner et al., 1985; Bonner et al., 1986,
Cleveland et al., 1986; Moelling et al., 1984).

These rafs induce primary human stomach can-
cer (Simizu et al., 1985), human glioblastoma line
(Fukui et al., 1985), and rat hepatocellular carci-
noma (Ishikawa et al., 1985).

Genetic expression of raf gene is the cause of
the activation of raf protein kinase. And the path-
way of the activation of raf protein kinases has
been studied recently (Rapp et al., 1988).

It is very important to find out in what region of
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brain tissue protein kinases exist and in what kinds
of cells they exist, as raf protein kinases cause
tumors from the expression of raf oncogenes.
However, there has not been an immunological
investigation of the raf genes of the lower Reptilia
which live in fresh water. This paper deals with
the distribution of raf protein kinases by using
antibodies against a-raf and c-raf protein kinases
in the cerebrum of Geoclemys reevesii.

Materials and Methods

Adult Geoclemys reevesii were used as speci-
mens.

Used specific binding antibodies against a- and
c-raf protein kinases were obtained from Dr. U.
Rapp of Viral Carcinogenesis Lab., NCI, NIH,
USA.
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The brains were removed and fixed for 12
hours at 4°C with a fixative solution containing
2% (wt/vol) formaldehyde, 1.5% lysine, and
0.2% sodium m-periodate in a sodium phosphate
buffer, pH 7.4 (Gerfen et al, 1987). The brains
were then transferred to 0.1 M potassium phos-
phate buffer saline (KPBS, pH 7.4) for 12 hrs at
4°C. The brains were sectioned on a cryocut mic-
rotome. Sections were incubated in dilutions of
polyclonal antibodies (each 10 xg/ml) directed
against a-raf protein kinase or c-raf protein kinase
in KPBS containing 2% normal goat serum and
0.5% Triton X-100 at 4°C for 24 hrs. Following
incubation in the primary antibodies, sections
were rinsed three times for 5 min each and
reacted then using the avidin-biotin peroxidase
technique (Hsu et al., 1981). Sections were first
incubated in a dilution of goat anti-rabbit conju-
gated biotin (2.5 ,g/ml, BRL, USA) in KPBS
containing 2% normal goat serum for 2 hrs at
room temperature and then rinsed 2 times for 15
min in KPBS. They were incubated in dilution of
streptavidin-conjugated peroxidase (2.5 g/ml)
in KPBS for 1 hr at room temperature and first
rinsed for 5 min in 0.1 M sodium acetate buffer
pH 6.0 (containing 5 mg of 3,
3’-diaminobenzidine, 20 mM dextran, 7.5 mM
NH,CI, and 25 units of glucose oxidase} and then
washed to a fresh solution for 30 min at room
temperature. The sections were transferred in
sodium acetate buffer containing 1.0% (v/v) for-
malin for 10 min, rinsed in KPBS, and mounted
with balsam onto gelatin-coated slides.

For the isolation of cytosol and membrane frac-
tions of the cell, the brain was finely chopped in
the ice cold HAP (10 mM KH,PO,;-NaOH buffer
(pH 6.0) containing 5% glucose, 5% fructose, and
1% bovine serum albumin) medium. Trypsiniza-
tion medium (HAP medium containing 1% tryp-
sin, 10 mg/g tissue) was added to the pellet after
centrifugation for 5 min at 140 xg, and then
shaken for 90 min in the incubator of 37°C. After
washing, the supernatant was discarded. The pel-
let was added to ice cold buffer calf serum (a
mixture of 9:1 (v/v) calf serum and phosphate
buffer, pH 6.0), and centrifuged for 5 min at 140
xg. Again, the supernatant was discarded. The pel-
let containing small pieces of tissue was washed
two times in HAP meidum, place on the nylon
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bolting cloth of 150 mesh, and stroked with a
glass bar. The cells which passed through the
nylon bolting cloth was washed in HAP medium
without trypsin, and then finally washed in KPBS.
The pellet was ultrasonicated after adding 0.5%
sodium deoxycholate. The pellet and supematant
were used as membrane fraction and as cytosol
fraction respectively.

For the immunoblotting, the isolated cytosol
and membrane fractions were electrophoresed on
the polyacrylamide slab gel, and electrophoretical-
ly transferred to a nitrocellulose sheet in electrode
buffer (20 mM/L Tris-HC}, 150 mM/L glycine,
20% methanol, v/v). The transferred nitrocellu-
lose sheets were saturated with 2% BSA. They
were then incubated overnight at 4°C with prim-
ary antibody (15 xg/ml). The nitrocellulose
sheets were incubated in horseradish peroxidase
conjugated anti-rabbit IgG for 4 hrs at 4°C, and
then developed with 4-chloro-1-napthol and hy-
drogen peroxide. The nitrocellulose sheets were
washed and dried.

Results
The diagram of the brain of Geoclemys reevesii
beionging to Reptilia is shown in Fig. 1. For im-
munohistochemical observation, the brains were

sectioned transversely as shown in Fig. 2. Fig. 3 is
a diagram of the cerebral regions depicted in
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Fig. 1. Brain of Geoclemys reevesii.



April 1990

Choi & Moon—Raf-protein Kinase in cerebrum 143

Fig. 2. Transverse section through the middle part of cerebral hemisphere.
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Fig. 3. Diargam of fig. 2.

Fig. 2.

Neuronal cells in the restricted area were
labeled with each antibody. but antibodies pread-
sorbed with the heterologous antigen did not label
on the sections. Both antibodies against a-raf and
¢ raf produced specific labeling patterns in the
brain of Geoclemys reevesii. The middle part of
the cerebrum (a little upper part of epiphysis) was
sectioned and treated with immunocytochemical
technique.

In the general pallium, the immunoreactivity of
a-raf (Fig. 4) and c-raf protein kinase (Fig. 5)
appeared typically in some pyramidal cells among
many constituent cells. A-raf protein kinase was
more densely distributed and clearly seen than
c-raf protein kinase. The labeling of the antibody,
especially, against a-raf protein kinase occurred
very densely in the neuronal cell bodies, but was
not labeled in their nuclei. On the other hand, the
c-raf protein kinase was more lightly stained than
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the a-raf protein kinase.

In the primordium hippocampi, the property of
immunoreactivity of a-raf protein kinase was re-
latively dense labeled at the connected portion
with the fasciculated dendrite and at the opposite
portion against at the dendrite portion of the cell
body, and also stained on the long fasciculated
dendrites of pyramidal cells (Fig. 6). The nucleus
of this neuronal cell was not stained the same as
in the general pallium. Therefore the cell was
occurred in ring-shaped. The dendrite labeled
with c¢-raf was not easily found because of the low
level of c-raf protein kinase (Fig. 7).

In the hippocampal formation, the highest im-
munoreactivity arose treated with a-raf antibody
(Fig. 8), while the relatively large pyramidal cells
were not clearly labeled. The whole cell body of
other constituent cells, small sized cells, were
strongly labeled under light microscope, although
nuclei were not labeled. Somethimes the labeled
fasciculated dendrite of a large sized cell was

observed, but the dendrites were failed to observe
in the small sized cell. The labeling pattern of the
antibody against c-raf was very low level in the
big sized cell, which is streamlined shaped, and it
did not occur in the small sized cell labeled with
a-raf (Fig. 9).

In nucleus caudatus, only a few large sized cells
were immunolabeled with a-raf and other consti-
tuent cells were not immunolabeled (Fig. 10). The
pryamidal cells with fasciculated dendrites were
more condensely labeled with c-raf antibody than
the neighboring neuronal cells in this region (Fig.
11).

In the most putamen region, no immunoreactiv-
ity of both antibodies against a- and c-raf protein
kinases was found. Rarely, a few small cells
reacted with only the a-raf antibody (Fig. 12), but
the cells labeled with the antibody of c-raf were
not observed at all (Fig. 13).

In nucleus of lateral olfactory tract, the antibody
of a-raf was densely labeled only in the fascicu-
lated dendrite with the except of the cell body of
pyramidal cell. Hence, it was seen similar to an
irregular network in form (Fig. 14), but the labeled
cells were not many distributed in this region. Fig.
15 shows the large sized cells labeled with the
antibody of c-raf. It is not easy to find the labeled
fasciculated dendrtie which stretches from the
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neuronal cell.

In the bed of stria terminalis, relatively large
numbers of cells in small size were labeled with
the antibody of a-raf Especially, the spherical
neuronal cell was composed of a large volume of
nucleus among neighboring cells (Fig. 16), and the
spherical cell was only labeled in cytoplasm.
Therefore, immunolabeling seems ring-shaped in
appearance.

The number of cells labeled with antibody
against c-raf protein kinase was fewer than that of
those labeled with the a-raf antibody. The im-
munoreactivity occurred in the relatively large
cells (Fig. 17).

In the basal amygdaloid nucleus, cells of some
different appearance were located and these
reacted very strongly with the antibody of a-raf. It
is an interesting phenomenon that the volume of
the ring-shaped cell was larger than that of the
constituent cells in the bed of stria terminalis (Fig.
18). The labeling pattern of antibody against c-raf
had a lower intensity than that with a-raf (Fig. 19).

Fig. 20 shows the band of the a-raf protein
kinase clearly occurred in the cytosol fraction, but
it was not detected in the membrane fraction. But
the band of c-raf protein kinase was not observed
in cytosol and membrane fractions.

In view of the results so far achieved, the
labeled cells with a- and c-raf antibodies were
distributed in the general pallium, primordium hip-
pocampi, hippocampal formation, nucleus of later-
al olfactory tract, bed of stria terminalis, and basal
amygdaloid nucleus. In these regions, generally,
oval- or pyramidal-shaped cells were labeled with
the antibodies in the cellular distribution of raf
protein kinases.

Among the immunolabeled region with the both
a- and c-raf antibodies, especially, the fascicu-
lated dendrites of neuronal cells were densely im-
munolabeled with a-raf antibody in general pal-
lium, primordium hippocampi, and nucleus of
lateral olfactory tract. In the immunoreactivity, the
labeling pattern of a-raf-positive system was more
clearly defined than that of the c-raf-positive sys-
tem when each antibody was treated in the same
concentration.
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Fig. 4. In general pallium, cytoplasm is strongly labeled for the immunoreactivity of a-raf protein kinase.
Fig. 5. c-raf protein kinase occurs with littie lower immunoreactivity than a-raf protein kinase of Fig. 4. in
general pallium.

Fig. 6. Pyramidal cells with fasciculated dendrites are densely labeled with a-raf protein kinase antibody in
the primordium hippocampi.

Fig. 7. No immunoreactivity of c-raf protein kinase is observed on the fasciculated dendrite in primordium
hippocampi.
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Fig. 8. The small cells in hippocampal formation are densely labeled with a-raf protein kinase antibody.
Fig. 9. Pyramidal cells in the same region of Fig. 8 are labeled with c-raf protein kinase antibody.

Fig. 10. In few cells, immunoreactivity of a-raf protein kinase appeared in the nucleus caudatus.

Fig. 11. Nuleus caudatus region is immunoreacted with c-raf. Pyramidal cell with a fasciculated dendrite is
more clearly labeled than are neighboring neurons.
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Fig. 12. Cells in the most putamen region do not react with a-raf protein kinase antibody. Very few small
cells show immunoreactivity.

Fig. 13. No cells in the putamen react with the c-raf protein kinase antibody.

Fig. 14. In nucleus of lateral olfactory tract, some cells are labeled with a-raf protein kinase antibody, and
many dendrites reacted.

Fig. 15. Some cells except their dendrites are labeled with c-raf protein kinase antibody in nucleus of lateral
olfactory tract.
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Fig. 16. Cells in bed of stria terminalis are densely labeled with a-raf protein kinase antibody.
Fig. 17. In bed of stria terminalis, cells are weakly labeled with c-raf protein kinase antibody.
Fig. 18. cytoplasm of cell in basal amygdaloid nucleus is densely labeled with a-raf protein kinase antibody.

Fig. 19. Cells in basal amygdaloid nucleus are very light labeled with c-raf *All magnifications of Fig. 4
through Fig. 19 are 660 X .
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Fig. 20. The band of a-raf protein kinase on the nitro
cellulose paper after immunoblotting. Lane 1: crude
extraction. Lane 2: cytosol fraction. Lane 3: membrane
fraction. *Note: the band is not detected in lane 3.

Discussion

I raf family oncogene, there are v-, a-, b-, c-,
and d-rafs. C-raf is the progenitor gene of v-raf,
and a-raf is a v-raf related gene which originated
from v-raf. Also, raf genes have specific chromo-
somal locations in murine and human genomes
(Bonner et al., 1984). They were also found in
various carcinomas in murine and human. A-raf
occurs in long adenocarcinoma, epidermoid vulva
carcinoma, and epididymis, etc. C-raf appears not
only in these tumors induced by a-raf, but are
also widespread in various tumors (Rapp et al.,
1987a).

In the previous study (Rapp et al., 1988), it was
demonstrated that the location of c-raf protein
kinase is changed after adding platelet-derived
growth factor (PDGF) as mitogen, and
12-0-tetradecanoylphorbol-13-acetate (TPA) as
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tumor promotor to NIH3T3-Clone 7 cells respec-
tively. The phenomenon of translocation of raf
protein kinases is similar to that of protein kinase
C (Anderson et al., 1985; Castagna et al., 1982,
Nishizuka, 1986, Pelech, 1986). Moreover, Worley
and coworkers (1986) described that protein
kinase C is densely located in pyramidal cells in
rat brains. This localization pattern and some
biochemical properties of raf protein kinase
labeled by the immunocytochemical procedure
are very similar to those of protein kinase C.
Therefore, the possibility of their directed interac-
tions is, firstly, diacylglycerol stimulates protein
kinase C to activation (Bell, 1986), and then this
activated protein kinase C is to make the high
level of myc gene expression (Rapp et al., 1988).
Then raf and myc are synergically induced carci-
noma (Cochran et al., 1983; Jansen et al., 1984;
Kelly et al., 1983; Rapp et al., 1985; Rapp et al.,
1987a, 1987b).

In the second possibility, although some investi-
gators (Rapp et al, 1987a; Smith et al, 1986}
suggest that ras stimulates raf protein kinase, other
biochemical pathways of protein kinase C may
activate raf protein kinase. Raf and protein kinase
C are located together in pyramidal cells or in
other kinds of neuronal cells. Perhaps protein
kinase C may directly or indirectly activate raf pro-
tein kinase through other biological mechanisms.

The biochemical properties are similar between
a-raf and c-raf protein kinases, but their labeling
intensities of antbodies show different appearance
in the brain. In the cerebrum of Geoclemys reeve-
sii, the cells which are labeled by the antibody of
a-raf protein kinase are easily detected in the cells
of some restricted regions in cerebrum. That is, a-
and c-raf protein kinases are only distributed in
the cells which are located in general pallium, pri-
mordium hippocampi, hippocampal formation,
nucleus of lateral olfactory tract, bed of stria termi-
nalis, and basal amygdaloid nucleus. However,
most restricted regions in the cerebrum of Geoc-
lemys reevesii are much higher immunoreacted
with a-raf than c-raf. While in the most mamma-
lian brains, the immunoreactivity of c-raf antibody
is much more densely labeled than a-raf. This is
very interesting phenomenon that the immunoac-
tivity of a-raf changes gradually into that of c-raf
according to the progress from the lower verte-
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brates (unpublished data in our Lab.) to the upper
vertebrates. Consequently, in Geoclemys reevesii,
a-raf protein kinase is distributed in the spherical
cells or pyramidal cells of rather restricted regions.
And immunoreactivity of a-raf is particularly dense
in the cell body and their fasciculated dendrites.

C-raf protein kinases are more widespreaded in
mammalian tumors, whereas these enzymes in the
normal tissues of cerebrum are primarily localized
to pyramidal cell with fasciculated dendrites and
some restricted neuronal cells. A-raf protein
kinase is markedly enriched in hippocampal
formation and general pallium of cerebral cortex.
Although our knowledges of the functional loca-
lization between raf protein kinases and protein
kinase C are incomplete, it seems likely that they
play synergically a major role each other in pyra-
midal or spherical cells.
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