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Developmental expression of neurofilament and glial
filament proteins in rat cerebellum
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ABSTRACT Neurolilament protein (NFP) consists 01 three subunits: NF200. NF1S0 and NF6S.
Several studies on expression of NFP in developing brain have shown that NF200 appears later than
NF150 and NF68. However, there are some reports on simultaneous appearance of these subunits in
development. The present study is an attempt to resolve this controversy. Ratcerebellum was chosen
as most of its development takes place during the first three weeks of postnatal period. Cytoskeletal
and NFP preparations Irom newborn (POI. postnatal day S (PS), P1S. P21, P30 and adult (3 months) rat
cerebella were subjected to electrophoresis on 7.5% SDS-PAGE. All the NFP subunits were present
from POonwards and there was an increase in NFP content and glial fibrillary acidic protein (GFAP) with
age as revealed by the densitometric scanning. Immunoblots of NFP preparations confirmed the
presence of NF200 in the early postnatal cerebellum. In vivo phosphorylation studies indicated the
presence of phosphorylated NF subunits from P8 onwards, which was confirmed by staining in
immunoblots by SMI31, Immunohistochemical studies on Souin's fixed tissues revealed that in PO
cerebella, the deeper neurones (soma and processes) expressed all the NFP subunits while from P8
onwards they were negative for NF200. Similarly, Purkinje cells (soma) expressed transiently NF200
subunits on P8 and ceased to express them from P15 onwards. The white matter was immunopositive
for NF200 and NF150 on POand the intensity of staining increased progressively. Astrocytes expressing
GFAP were seen in cerebellar white matter from P8 onwards and the staining in radial glia could be
detected from P15 onwards. The polyclonal antibodies used in this study, recognize predominantly the
phosphorylated forms 01 NFP.
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Infroduction

Gliallilaments and neurofilaments, which belong to the family of
intermediate filaments are known to be developmentally regulated
and their expression is specific to astrocytes and neurones respec-
tively (Bignami and Dahl, 1977; Shelanski and Liem, 1979).
Neurofilament protein (NFP) is composed of 3 polypeptidesubunits
with apparent molecular masses, as determined by SDS-PAGE, ot
68-73 kDa (NF-LiNF68), 140-160 kDa (NF-M/NFI50) and 195-200
kDa (NF-H/NF200) (Liem etal, 1978; Lazarides, 1982; Schlaepfer,
1987). Each NFP subunit is immunochemically distinct (Lee et al.,
1982). Phosphorylation of NFP is a well established post-transla-
tional modification and it occurs mainly on the peripheral carboxy-
terminal domain (Jones and Williams, 1982; Julien and Mushynski,
1983; Carden et al., 1985). NF200 and NF150 are extensively
phosphorylated while NF68 has very few phosphate groups.
Monoclonal antibodies against NF200 and NF150, whose
specificities are dependent on the state of phosphorylation, have
been generated (Sternberger and Sternberger, 1983; Lee et al.,

1986; Carden et at., 1987). Biochemical and histochemical analy-
ses have shown that NF200 and NF150 are less phosphorylated
in the cell body and the dendrites, while they are highly
phosphorylated in the axons. Thus, the phosphorylation state of
NFP reflects the regional specialization of the cytoskeleton in
neurones (Sternberger and Sternberger, 1983; Bennettand Dilullo,
1985; Peng et al., 1986; Trojanowski et al., 1986; Dahl el al., 1987;
Nixon et al., 1987; Oblinger, 1987).

According to one of the initial reports using an antiserum against
the mixture of all 3 subunits, NFP appeared very early in embryonic
rat brain by E12 (Raju et al., 1981; Bignami et al., 1982). Subse-
quent investigations have employed antisera against individual
NFP subunits and one such study in the developing rat brain

Abbre'viations usaf in Ihi.".!m!!('}:CFAI', glial fibrillar;' acidic protein; .\lab,
monoclonal amibody; :\F, ncurolilament; I\FP, neurofilarncnt protcin:
DAB, diaminobenzidine; SDS-PACE, sodium dodcq'l sulfa!C polyacrylamide
gel electrophoresis; PBS, phosphatc buttered salin!'.
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Fig. 1.lmmunoblot of cytoskeletal preparations from adult rat brain
stamedwlthantiserumagaJnsrNF200(lane' I, NF1501lane21. NF68(lane
31 and GFAP (lane 41.

describes NF68 and NF150 as appearing first tollowed by NF200
(Shaw and Weber, 1982). In the mouse brain all the NFP subunits
could be detected simultaneously by 9-' 0 days of gestation (Cochard
and Paulin, 1984)_ With the availability of antibodies against NFP
and GFAP there are a number of reports on developmental
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Fig. 3. Histogram depicting the ratio of mean values:tSEM In= 51.
obtained on densitometric scanning afthe gel. Therario was calculared
consideringthe value on POas 1.A differential mcrease of NFPsubunits
and GFAP ISseen

expression of these cell-type specific intermediate filament pro-
teins, in different regions of the brain including brain stem and
cerebellum (Willard and Simon. 1983; Pachter and Liem, 1984;
Harry et al., 1985; Marc et al., 1986). Moreover there are very few
comprehensive reports on appearance of all the 3 NFP subunits
along with GFAP in the developing cerebellum. The present
investigation aims at defining the sequential expression of NFP
subunits, their phosphorylation and GFAP in the postnatal rat
cerebellum.

Results

Specificity of the antiserum used
The immunoblots of cytoskeletal proteins extracted from adult

rat cerebellum probed with the antisera obtained in our laboratory
showed that they recognized their respective antigens, and addi-
tional bands which could be their degradation products as shown
in Fig. 1. In immunohistochemical preparations the antiserum
against NF68 did not stain the white matter though it recognized
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Fig. 2. Coomassie blue stained cytoskeletal preparations of develop-
ing rat cerebellum separated using 7.5'0 SDS-PAGE. Ilanes 2 to 6)

P30. P21, P15. P8andPOrespecflvelY.ILanes 1 and 71 Molecular weight
standards. The gel shows the presence of NFP subunits andGFAP(arrows)
even on PO There IS a progressive increase of all the 4 proteins wirh
advancing age.

Fig. 4. Silver stained gel of NFP preparation of developing rat cerebel.
lum. separated using 7.5% SDS.PAGE. (Lanes 2 to 71 PO. P8, PIS, P21,
P30 and adult (A) respectivelv (Lanes 1 and 8) Molecular weight stand-
ards, Progressive increase with age of NFP subunits and GFAP IS evident.

NF200 and NF150 are seen distinctly even on day 0 (indica red bV arrows).
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NF200 on immunoblots. The pattern of staining exhibited by
antiserum against NF200 and NF150 on ratcerebella sections was
similar to that shown by SMI31 which recognizes phosphorylated
NF200 and NF150.

Electrophoresis

Cytoskeletal preparations
The developmental time course of NFP and GFAP expression

in the cytoskeletal preparations of cerebella from PO, PS, P15, P21,
P30 and adult is shown in Fig. 2. The protein profile is similar for all
the fime pOints studied. All NFP subunits are present on PO and
there is an increase in their content with increasing age. A similar
change is observed on comparisonof mean values for all four
proteins (Fig. 3). There is a steady increase in NF6S, from POfor
the first3 weekswithout muchchangelater. Increase in NF200 is
more obvious in the third week and after day 30, whereas the
increase in NF150 is more obvious during the first and third weeks.
GFAPalso increases progressively with age.

NFP preparation
Fig. 4 shows silver stained gel of NFP preparation from devel-

oping rat cerebellum. The protein pattern is similar for all time
pOints studied. As seen in cytoskeletal preparations, all 3 NFP
subunits are present at PO and there is a gradual increase there-
after.

--

Fig. 5.lmmunoblotof cytoskeletal preparation
probed with antiserum against (aJ NF20O, (lanes
1.61 PO. PB. PIS. P21. P30 and adulr. Ibl NFl SO,

Icl NF6B. Idl GFAP. and lei SM/31. ILanes '-61
Adult. P30, P21, PIS, PB and PO_ Arrow heads
show the positions of NF subunirs and GFAP

Immunoblotting
Fig. 5a-e shows the immunoblot of NFP preparations from PO.

PS, P15. P21 P30 and adult stained with antiserum against NF200.
NF150. NF6S, GFAP and SMI31 respectively. The intensity of
bands increased steadily from PO onwards. The increase was
differential for both NFP subunits and GFAP and was more obvious
with respect to NF6S and GFAP (Fig. 6). The monoclonal antibody
SMI31 strongly reacted with NF200 and NF150 in the cytoskeletal
preparations from P30 and adult. while itweakly stained both these
subunits on PS, P15 and P21. It also stained bands below NF200
and NF150 which may be the proteolytic products of the NF
subunits (Fig. 5e)

Autoradiography
The autoradiographs of cytoskeletal preparations for PO and P6

do not show a clear signa! among the phosphorylated proteins at
any of the positions of the NFP subunits, while the autoradiograph
of PS, P15, P21 and P30 shows labelled bands at the position of
NF200 and NF 150 (Fig. 7).

Immunohistochemistry
(i) On the NBFfixed cerebella. the immunoreactivity for NFP first

appears on P15, while that for GFAP appears only from P21
onwards in aSlrocytes of white matter. On treating the sections with
trypsin, the staining of radial glia with GFAP antibodies and the
reactivity for NF68 in the neurones are more intense than in the



TABLE 1

DISTRIBUTION OF NFP SUBUNITS IN DEVELOPING
RAT CEREBELLUM

PO P8 P15 P21 P30 A

NF200 Molecular layer.
Transverse fibers ++ +++ ++ ++
PurkinJ8 cytoplasm +
Basket axons ++ +++ ++ ++
White matter + ++ ++ +++ ++ ++
Deeper neurones In
cerebellum ++
Brain stem neurones ++

NF150 Molecular layer:
Transverse fibers + +++ ++ ++
Purkinje cytoplasm ++ + ++ + +
Basket axons + +++ ++ ++
White matter + +++ +++ ++ +++ ++
Deeper neurones in
cerebellum +++ ++ ++ +++ ++ ++
Brain stem neurones +++ ++ ++ +++ ++ ++

NF68 Molecular layer:
Transverse fibers
PurkinJ8cytoplasm + + + + +
Basket axons
White matter
Deeper neurones in
cerebellum ++ +++ + +++ +++ ++
Brain stem neurones ++ ++ + +++ ++ ++

P15 P21 P30 A

+ ++ ++ ++

++ ++ +++ ++
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Fig. 6. Histogram showing the ratio of proteins obtained on
densitometric scanning of the immunoblots from Fig. 5. The ratio was
calculated considering the values for PO as ,.

untrypsinized sections (data not shown). (ii) In Bouin's fixed
cerebellum, the staining for both NFP and GFAP is brighter than
with formalin fixation. Immunoreactivity is observed even in cer-
ebella of PO for NFP and P8 forGFAP. The distribution of NFP and
GFAP at various time intervals in the postnatally developing
cerebellum is shown in the Tables 1 and 2. On PO, immature
Purkinje cells were distributed irregularly in several rows between
the molecular layer and the cerebellar white matter. As shown in
Table 1, none of the antisera against NFP subunits stains the
Purkinje cell cytoplasm and dendrites. The white matter is stained
by antisera against NF200 and NF150. The staining of deeper

neurones in cerebellar nucleus is moderate for NF200 and NF68
(Fig. 8a and c) whereas it is brighter for NF150 (Fig. 8b). The brain
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Fig. 7. Cytoskeletal preparations from PB rat cerebellum on 7.5% 50S-
PAGE. (lane al Molecular weight standards, (lane bJ Coomassie stained
gel and (lane c) autoradiograph showing phosphorv'ation of NF200 and
NF150. Arrows indicate the positions of NF200. NF150. NF68 and GFAP.

stem neurones which are at a more advanced stage of differentia-
tion are stained intensely for NFP subunits (Fig. 9a,b,c).

On PS, Purkinje cells are aligned in a single row between the
molecular and internal granular layer. The cytoplasm of Purkinje
cells was highly immunopositive for NF150 (Fig. 1Db) while the
staining is moderate for NF200 and NF68 (Fig. 10a). NF200 and
NF150 stained fibers of the white matter while NF68 failed to stain
them. The neurones of the cerebellar deep nuclei are immunopositive
for NF150 and NF68, but negative for NF200 at this developmental
stage (Table 1). The astrocytes in the white matter expressing
GFAP are first discernible at this stage (Fig. 10c, Table 2).

On P15, the Purkinje cells show clear signs of dendritic growth
with many branches. The immunoreactivity of Purkinje cell cyto-
plasm for NF200 disappears completely at this stage, while that for
NF150 and NF68 persists, though faint. Its dendrites exhibit weak
to moderate immunoreactivity for both NF150 and NF200. The
nerve fibers in the white matter are moderately positive for NF200
and NF150 and negative for NF68. The basket axons around

TABLE 2

EXPRESSION OF GFAP IN DEVELOPING RAT CEREBELLUM

PO P8

Molecular layer:
Radial glia

White matter.
Astrocytes +
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Purkinje cells are stained more intensely lor NF200 than for NF150.
In addition, transverse fibers immunoreactive for NF200 and
NF150 are found in the molecular layer. most of them running
parallel to the surface 01 the cerebellum. The neurones of the
cerebellar deep nuclei are intensely stained lor NF150 and NF68.
(Table 1). The radial glia in the molecular layer, immunopositive for
GFAP are first seen at this stage. The astrocytes in the white matter
continue to express GFAP immunoreactivity (Table 2).

On P21, the staining for all the 3 NFP subunits is brighter than
on P15 though the pattern is similar (Fig. 11a,b,c). The Purkinje
cells have an adult orientation and their dendritic arborization
extends towards the surface of the cerebellum. The basket axons
are posilive for NF200 and NF150. The radial gila and astrocytes
in the white matter show GFAP immunoreactivity. On P30 and in
the adult, the intensity and pattern of staining for all the 3 NFP
subunits as well as GFAP is very similar to that on P21.

Discussion

The findings in the present study indicate that al13 NFP subunits
are present in the cerebellum since birth. According fo some
reports, NF200 subunit is absent in brains of newborn rat and rabbit

Fig. 8. Cerebellum from PO rat showing immunoreactivity for la)
NF200. (b) NF150 and Ie) NF68 in the deeper neurones and whlre
marrer, PAP '(200. Bar, 50 JIm.

(Shaw and Weber, 1982; Willard and Simon, 1983). On the other
hand, in a few studies the presence of NF200 has been recorded
in newborn rat brain (Calvert and Anderton. 1982; Holstein et at..
1985) and in embryonic brains of mice and rat (Cochard and Paulin
1984; Carden et al.. 1985). The developmental profile of NF200
and its mRNA have been described in various regions of the brain
(Leiberburg et al., 1989; Roussel et al., 1991) and they could be
detected prior to birth. Allhough Shaw and Weber (1982) could not
observe NF200 in postnatal rat brain on PO. using the same
extraction procedure, we were able to detect in newborn rat
cerebellum NF200 on gel, immunoblots and sections immunosta;ned
by specific antisera. The oniy difference between the study of Shaw
and Weber (1982) and our study was that the whole brain was used
for NFP extraction in the former, while only the cerebellum was
chosen in the latter. Also, it is known that brain regions giving rise
to neUtones with long-axons (spinal cord. cerebellum, pons and
medulla) contain high levels of the NF200 message as well as
NF200 polypeptide (Leiberburg et al.. 1989). The differential in.
crease in NFP subunits in the developing rat cerebellum observed
by us (Fig. 3) is similar to that reported by Harry et al. (1985), in the

rat brain slem. The cross-reactivity exhibited by our antisera in
immunoblots is possibly due to antigenic determinants shared by

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



434 L.A. Sall'alll el al.

Fig. 9. Brain stem neurones and white matter stained for lal NF200. (bl NF150 and (e) NF68. PAP x 300. Bar, 33 pm.

the subunits as suggested by Calvert and Anderton (1982), Willard
and Simon (1983), Dahl (1987) and Dahl et al. (1987).

In the present study, phosphorylated NFP could be detected
from PB onwards. while in PO and P6 it was not seen. However.
Noetzel et al. (1986) recorded the presence of the phosphorylated
form of all 3 NFP subunits in newborn rat brain, spinal cord and
sciatic nerves. Failure to detect phosphorylated forms of NFP in
autoradiographs of PO and P6 cerebella in the present sfudy is
probably due to fewer phosphate groups which defy detection. The
presence of phosphorylated NF200 and NFl 50 in P8 is confirmed
by the reactivity of SMI31 on immunoblots of cytoskeletal prepara.
tion (Fig. 5e). Also there are reports stating that NF200firstappears
in the non.phosphorylated form and then gradually becomes
phosphorylated. In the rat optic nerve, NF200 is present on day 10
in the non.phosphorylated form and by day 18 the phosphorylated
NF200 could be detected (Dahl et al., 1986). The appearance of
mature NF200 in dorsal root gangfion (DRG) neurones (Oblinger,
1987) was a late phenomenon. Studies on phosphorylation of NFP
(Komiya el al., 1986) in the sciatic nerve also revealed that the
existing NFP could be phosphorylated by phosphates. Extensive
phosphorylation of NFP (NF200 and NF150) at the carboxy-
terminal domains. which are believed to be projected outward from
the filament core, has been considered one of the means by which
neurofilaments cross link and stabilize the axonal cytoskeleton
(Leterrier et al., 1982; Sharp et al., 1982; Julien and Mushynski,
1983; Hirokawa et al.. 1984; Carden et al., 1985; Nixon and Sihag,
1991; Nixon and Shea, 1992).

Bouin's fixative has been recommended tor NFP immuno-
histology by Sternberger and Sternberger (1983) and Trojanowski
et al. (1985). Our findings of immunopositivity for NF200 and
NF150 in Purkinje cells on Bouin's fixed P8 rat cerebella are very
similar to the observations reported earlier. Bignami et al. (1982)
have shown that NF200 is expressed transiently in immature
Purkinje cells of chick cerebellum till day 20, when it starts appear-
ing in basket axons. According to a recent study (Kondo et al.,

1991) faint immunoreactivity for NF triplets appear in the somata
and dendrites of Purkinje cells of the postnatal rat cerebellum from
P8 and P10, fixed in formalin. A similar phenomenon has been
described (Watanabe et al., 1990) with reference to the progres-
sive elevation of neuron specific enolase (NSE) immunoreactivity
in the Purkinje cell somata and their axons until P9 in the develop.
ing cerebellum. Yachnis el al. (1993) have also reported the
transient expression of highly phosphorylated NF.M and H in the
Purkinje cell of the human cerebellum at gestational ages 20-40

weeks after which it disappeared. According to them this may be
due to the differences in the location or activity at NF kinases or

phosphatases during development and in the adult. An extensive
study on the expression of developmentally regulated neuronal
and glial polypeptides in the human cerebellar cortex and dentate
nucleus (Yachnis el al.. 1993) and spinal cord (Tohyama et al..
/991) has been carried out. Interestingly, the neurones of the deep
nuclei of cerebellum also show transient expression of NF200 on
PO and it disappears by P8, while the other two subunits persist. It
is believed that NF polypeptides are synthesized in the neuronal

Fig. 10. Cerebellar
folia of P8 rat
stained with tal
NF200 antiserum (bl
showing immuno-
positivity in the
Purklnje cytoplasm
and whire marrer,

PAP .'(200 lei White
marter astrocytes
showing immuno-
positivity for GFAP,
PAP x200. Bar, 50
~m.



somata and move down the axons by slow axoplasmic transport
(Hoffman and Lasek. 1975).11 is well known that NFP can undergo
post-translational modification during the axoplasmic transport
and it is restricted to certain parts of neurones (Nixon et al., 1982;
Goldstein et al., 1983; Sternberger and Sternberger, 1983; Bennett
and Dilullo. 1985; Trojanowski et al.. 1985; Nixon and Sihag. 1991).
There appear to be at least two possible mechanisms for the
differential distribution of NFP immunoreactivity in different do-
mains of the neurones during development: a) axoplasmic trans-
port and b) post-translational modification. Accordingly the accu-
mulation ot NFP in the Purkinje cell cytoplasm during the period of
rapid growth Le.. P8 (Altman, 1972) is influenced by the onset of
slow axoplasmic transport which may not be very eHective in that
particular developmental stage. Alternatively the phosphorylation
of NFP subunits in some neurones occurs even in the soma in the
embryonic brain so that they could be easily discerned on reacting
with antisera recognizing predominantly the phosphorylated
epitopes. It is generally believed that the cell body contains less
phosphorylated NF while these are more concentrated in the
axons. The studies by Lee et al. (1986) described for the first time
a group of Mab (dP series) that recognize exclusively the non-
phosphorylated or enzymatically dephosphorylated forms of NF200
in the Purkinje cell cytoplasm. That the partially phosphorylated
forms of NF-M was present in perikarya and neurites of E12
neurones and extremely phosphorylated isoforms of NF-M ap-
peared in E13 axons has been reported by Carden et al. (1987) .

It is possible that all NF subunits are rapidly transported to
neuronal processes following synthesis and that only a small
amount of NF remains in the perikarya of some neurones which
escapes detection by the antibodies used. II could also be that the
transient and distinct appearance of the subunits of NFP at the
neonatal stages in the present study represents premature occur-
rence of the phosphorylation in the deeper neurones and Purkinje
cell somata and that the phosphorylation may become restricted to
the Purkinje axons at later postnatal stages. Both NF200 and
NF150 exist in multiple phosphorylated forms within the same
neurones and this phosphorylation ot NF200 is region dependent
(Lee et al.. 1986, 1987; Black and Lee, 1988). The important
observation by Black and Lee (1988) was that NF-M and NF-L can
be phosphorylated in neuronal cell bodies and distal as well as
proximal locations within axons. The presence of NF-H and NF-M
in Purkinje cell cytoplasm on P8 is probably due to the fact that our
antisera recognize the phosphorylated epitopes of NF-H and NF-
M. The antiserum used in the current report is against NFP from
adull brain which contains more of phosphorylated forms of NFP
and the staining pattern is very similar fo SMI31 that recognizes
phosphorylated NF200 and NF150.

Our findings of GFAP in cytoskeletal preparations of PO rat
cerebellum supports the report of GFAP gene expression in mouse
brain which commences from P3 onwards (Riol et al., 1992). GFAP
positive cells have been observed in the brain and spinal cord on
embryonic E18 (in vivo) in cultures derived from 10 day old
embryos (Raju et al.. 1981). Our observation on the first appear-
ance of GFAP positive radial glia on PI5 and white matter astrocytes
on P8 is similar to those of earlier investigators (Schnitzer et al..
1981; Edwards et al., 1990). The GFAP immunoreactivity in both
the types of astrocytes increased progressively with glial matura-
tion. In contrast, in the later fetal period Mab RC 1 stained radial glia
of the mouse cerebellum have been found to disappear progres-
sively followed by appearance of immunoreactive scattered imma.
ture astrocytes bearing multiple processes (Edwards et al., 1990).
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Fig. 11. Cerebellar folia of P21 rat stained with antisera against la)
NF200 Ibl NF 150 and lei NF68. Note that deeper neurones are devoid of

NF200 immunoreactivIty and Pur/(;nje cell cytoplasm expresses NF 150and
NF68. PAP x200. Bar, 50 pm

To conclude, neurofilament subunit expression and its matura-
tion are complex phenomena in cerebral cortex. The NFP appears
early in differentiating neurones, forms filaments which are stabi-
lized by phosphorylation occurring mostly in axons. The post-
translationalmodification rather than genetic transition is an impor-
tant mechanism that brings about the stabilization of neurofilaments.
which is a gradual process. In situ hybridization analysis of devel-
oping cerebellum using cDNA to NFP along with the knowledge of
status of their phosphorylation will enhance our understanding of
the mechanism of the present developmental phenomenon. Ex-
pression of an incomplete set of NF proteins (Le. NF150 and NF68,
but not NF200) in certain neurones poses an interesting question
about the control of NFP gene expression in developing neurones.
NF68 and NF150 genes seem to be tightly linked, since both were
always present in the same cells viz. deeper nuclei of cerebellum.
The concurrent expression of NF150 and NF68 genes would also
suggest that the same signal induces them in newly formed
neurones. The significance of transient expression of NFP in some
neurones (Purkinje cells) during development is an interesting
feature which awaits elucidation.
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Materials and Methods

Newborn (PO), PB, P1S, P21. P30 and adult (A-3 months) Sprague-
Dawley (SD) rats were anesthetized with ether and sacnficed by decapita-
tion. Cerebella were quickly removed and stored at .70'C until all tissue
samples were obtained forthe isolation of NFP and GFAP. Sagittal sections
ot the cerebella were fixed either in Bauin's fixative or in neutral buttered
formalin (NBF) for histochemical studies.

CytoskeJelal proteins
Cytoskeletal proteins were prepared trom all the tissues at one time

using the method described by Chiu et al. (1981). About 50 mg ofthetissue
(cerebellum) were disrupted in 1 ml of buffer T (50 mM.Tris-HCI. pH 6.8. 2
mM-PMSF [phenylmethyl suiphony I fluoride] and 0.5% Triton X100) using
a Teflon homogenizer_The homogenate was centrifuged at 17,000 rpm for
10 min at 4cC. The pellet containing cytoskeletal material was
homogenized in 1 ml of buffer T containing 30%, sucrose and similarly
centrifuged. The pellet was dissolved in sample solvent containing 2%
SDS. 2 mM-EDTA, 2 mM-PM8F and 10% glycerol and stored at -20'C.

NFP preparation
Neurofilament proteins were isolated from the cerebellum from PO, P8,

P15. P21, P30 and adult (3 months) using the method described by Shaw
and Weber (1982). About 1.5 g of starting material was dounce homog-
enized in 20 vols of Dahl buffer pH 7.1. After centrifugation for 10 min at
12,000 rpm al4'C in an 5534 Sorvall rotor, the supernatant (8,) was saved.
and the pellet was again homogenized with the same volume of Dahl's
medium. Afterfurther centrifugation. the supernatant (S2) was again saved.
The pellet was resuspended in8 mlof Dahrs medium and sonicated using
a somfier at a setting 01 3W for 10 s. The material was spun in the Sorvall
centrifuge as before. The supernatant was saved (5)1 and the pellet was
again resuspended in 8 ml of Dahl's medium and sonicated for 10 s at 4W.
The supernatant (8..) was collected after a further centrifugation. All
supernatants were centrifuged in the Beckman type 40T1 rotor at 4:C for
30 minat 35.000 rpm. The pellets produced were dissolved in 1% SDS and
stored at -20°C. Protein was estimated using the method of Lowry et al.
(1951).

Phosphorylation of NFP
Sprague-Dawley rats aged postnatal PO, PG, PB, P15. P21 and P30

were injected intracerebrally with 20 pCi at carrier free (32P]-onhophosphate
(BRIT-Board of Radiation and Isotope Technology, India). The animals
were sacrificed 20 hours later and the cytoskeletal proteins were isolated
from the cerebella using the method of Chiu et al. (1981). The gels were
stained with Coomassie, destained. dried, exposed to X-ray films and
developed.

Electrophoresis
The cytoskeletal or NFP preparations were dissolved by boiling in the

solution containing 2% SDS, 2 mM-EDTA. 2 mM-PMSF and 10% glycerol
and then separated on 7.5% SDS-PAGE. The gels were stained with
Coomassie or silver stained, de stained and dried on a gel dryer. The bands
corresponding to the Molecular Weight (Mr) of NFP and GFAP were
quantitated as the area under the peaks generated by densitometric
scanning using the UVP program. The ratios of the proteins at P8, P15, P21,
P30 and A were calculated considering the value for PO as one and are
represented as mean.:tSEM (n= 5).

Antisera against NFP and GFAP
NFP from rat brain was extracted using the method described earlier.

GFAP was isolated from human spinal cord obtained at autopsy by
hydroxyapatite chromatography as described by Bignami et al. (1960).
Antisera toditferent subunits of NFP and GFAP were raised in rabbils using
proteins eluted from gels, about 600 I1g of gel-purified proteins were
emulsified with complete Freund's adjuvant and injected into the foot pad
of each rabbit. A second injection was given a week laler in the same
manner except that incomplete Freund's adjuvant was used. Blood was
drawn from the vein a week alter the second injection. The antiserum
specificity was checked by Western blotting and immunohistochemistry on

sections of adult rat cerebellum using the appropriate dilutions of the
antiserum.

Immunoblottlng
Cytoskeletal proteins were separated by 7.5% 80S-PAGE as described

by Laemmli (1970). Electrophoretic transfer of pOlypeptides from gels to
nitrocellulose paper was performed according to Towbin et al. (1979).
Nitrocellulose paper was then stained with Ponceau 8 to check for the
transfer of proteins, destained by washing with D/W and probed with
antiserum against NFP subunits. GFAP and monoclonal antibody SMI31
using Sternberger's PAP method. Densitometric analysis of the blot was

done using the UVP program. The ratio of proteins was calculated as
mentioned earlier for different developmental time points studied.

Immunohistochemistry
Immunohistochemical staining was performed on (i) Neutral buffered

formalin (NBF) fixed and (ii) Bouin's fixed cerebella from PO, PB, P15, P21,
P30 and adult (A) rat using polyclonal antisera against individual NFP
subunits and against GFAP (Sternberger et al., 1970). Sections were
deparaffinized in xylene, rehydrated, washed in phosphate buttered saline
(PBS) pH 7.5. Endogenous peroxidase was inactivated in methanol and

HzOz al1d covered with 3% normal goat serum (NGS) for 30 min. After
blotting. Ihey were flooded with primary antisera against NF200, NF150,
NF68 and GFAP. Sections were washed with buffer and flooded with goat
anti-rabbit IgG for 30 min. After washing, sections were covered for 30 min
with PAP complex. Slides were washed and incubated for 10-15 min with
0.05% DAB and 0.01 % H202 in 0.05 M Tris buffered saline (T8S) pH 7.5,
washed several times, counter stained with hematoxylin and mounted.
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