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A 57 kDa protein, that is not vimentin, is the major component 
of intermediate filaments (IF) obtained after 2 cycles of in 
vitro assembly from PC1 2 cells (Parysek and Goldman, 1987). 
By use of an antiserum to the 57 kDa protein, a cross-reacting 
antigen (of identical molecular weight) was detected on im- 
munoblots of IF preparations and by immunofluorescence 
of various rat tissues. lmmunolocalization studies on 3-4 pm 
frozen sections of tongue, small intestine, and adrenal gland 
showed bright labeling of nerve bundles and fine-caliber 
nerve fibers. The chromaffin cells and ganglion cells of the 
adrenal medulla also were labeled. In the nervous system, 
intense labeling was seen in small-caliber nerve fibers in 
sciatic nerve and spinal cord dorsal roots, as well as in the 
dorsal white columns and dorsal root ganglia. Of the ganglion 
cells, preferential labeling was seen in small-sized ganglion 
cells, whereas a monoclonal antibody to the 150 and 200 
kDa neurofilament triplet (NFT) components labeled the large- 
sized ganglion cells. In the areas of the brain thus far ex- 
amined with 57 kDa antiserum, there was labeling of com- 
ponents of cranial nerves and labeling of thin fibers in sev- 
eral areas, including the granular layer of the cerebellum and 
the corticospinal tract in the brain stem. For each tissue, 
adjacent sections treated with vimentin or glial fibrillary acid- 
ic protein antibody revealed labeling patterns distinct from 
that seen with either the 57 kDa or NFT antibodies. These 
results indicate that the 57 kDa IF protein is a neural IF 
component. Furthermore, this protein is distributed in only 
certain neuronal elements; these elements may be unified 
by an as yet unrecognized pattern of function in the nervous 
system. 

The major components of neuronal IF are known to be a triplet 
of proteins of about 68, 150, and 200 kDa (Liem et al., 1978; 
Schlaepfer and Freeman, 1978). IF-enriched preparations from 
adult whole neuronal tissue also yield a glial fibrillary acidic 
protein (GFAP) of about 50 kDa (Liem et al., 1978; Schlaepfer 
and Freeman, 1978; Czosnek et al., 1980) and vimentin (-55 
kDa) (Dahl et al., 198 1; Bennett et al., 1982; Shaw and Weber, 
1982) which have been shown to be components of various 
glial cells (Dahl et al., 198 1; Schnitzer et al., 198 1; Shaw et al., 
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198 1; Tapscott et al., 198 1; Yen and Fields, 198 1; Cochard and 
Paulin, 1984); vimentin also has been detected in certain neu- 
ronal cells (Drager, 1983; Shaw and Weber, 1983). The number 
and amount of minor polypeptides in IF preparations vary when 
tissues from different parts ofthe nervous system are used (Liem 
et al., 1978; Schlaepfer and Freeman, 1978; Bennett et al., 1982). 
The distribution of the NIT proteins has been thought to include 
all or most neuronal elements of the nervous system, but NFT- 
negative neuronal cells have been described (Shaw et al., 1981; 
Dahl, 1983; Trojanowski et al., 1986). Although it has not yet 
been determined whether there is an actual absence of NIT in 
certain neurons or whether NFT is not easily immunodetectable 
in these cells, it is possible that other types of neuronal IF 
proteins are present in some neurons. 

The major intermediate filament (IF) protein in both native 
and twice-cycled IF preparations from PC12 (rat pheochrom- 
ocytoma) cells is a 57 kDa protein. This protein is distinct from 
vimentin, as indicated by their nonidentical peptide maps and 
noncomigration on SDS-PAGE (Parysek and Goldman, 1987). 
To determine the distribution of the 57 kDa protein in situ, we 
have examined cryostat sections of rat tissues with an antiserum 
prepared against the PC12 cell 57 kDa protein. We show here 
that the 57 kDa protein is found in neuronal elements in tissues, 
as well as in the CNS but that its distribution, in contrast to 
that of the NFT proteins, is not widespread in the nervous 
system. 

Materials and Methods 
Antibodies. The 57 kDa antiserum and monoclonal antibody to the 150 
and 200 kDa NFf proteins were characterized previously (Parysek and 
Goldman, 1987). The vimentin antiserum was elicited by injection of 
column-purified BHK-21 cell 55 kDa (vimentin) protein. The hybri- 
doma cell line that produces the anti-intermediate filament antigen (IFA) 
antibody (Pruss et al., 198 1) was obtained from ATCC (ATCC TIB 13 1, 
Rockville, MD). The anti-IFA antibody has been shown to recognize 
by immunoassay all IF proteins thus far characterized. The GFAP an- 
tibody was a gift from Dr. C. delcerro. The monoclonal antibody to 
neuron-specific @-tubulin (TUJ 1) was a gift of Dr. A. Frankfurter(Frank- 
furter et al., 1986). TUJ 1 was characterized by its recognition of a fusion 
protein expressed by a clone of the minor neuronal (CB4) tubulin gene 
from chick; this gene is exclusively neuronal in expression. In rat tissues, 
immunological analyses show that, except for an as yet uncharacterized 
component of the testis, TUJl labels only neurons (A. Frankfurter, 
personal communication). 

Immunofluorescence. Rat tissue pieces were placed in 7% gelatin (Bio- 
Rad) and immediately immersed in liquid nitrogen. After freezing, the 
tissues were either cut immediately or stored at - 70°C. Cryostat sections 
were made at 3-4 pm and picked up on a dry slide. Sections were 
immersed shortly thereafter in - 18°C dry methanol for 5 min and then 
put in room temperature Tris-saline (10 mM Tris, pH 7.5,0.9% NaCl). 
The remainder of the labeling procedure was as previously described 
(Parysek et al., 1984). Images were recorded on Plus-X film and de- 
veloped in Diafme. 



556 Parysek and Goldman l Distribution of a 57 kDa IF Protein 

Figure I. Antibody characterizations. Coomassie blue-stained SDS- 
PAGE of IF-enriched cytoskeletal preparations from PC 12 cells (lane 
I) and rat spinal cord (lane 4). Immunoblot of PC12 IF with 57 kDa 
antiserum shows specificity of this reagent for the 57 kDa protein (lane 
2), while the IF antibody (Pruss et al., 1981) recognizes several poly- 
peptides in the IF preparation (lane 3). The PC12 57 kDa antiserum 
detects a protein of that molecular weight in immunoblots of spinal 
cord IF (lane 5). Vimentin antiserum identifies a band at 55 kDa (lane 
6), while NFI AB blots 200 kDa, presumptive dephosphorylated 200 
and 150 kDa NFT proteins (lane 7). Dash, 57 kDa; dots (from top), 
200, 150, and 68 kDa. 

Electrophoresis and immunoblotting. IF-enriched cytoskeletal prep- 
arations from spinal cord and from PC12 cells were carried out as 
described previously (Parysek and Goldman, 1987). Polyacrylamide gels 
were made 7.5% according to Laemmli (1970). Immunoblots were per- 
formed as described previously (Parysek et al., 1984). 

Results 
Characterization of antibodies 
The major IF protein in an IF-enriched cytoskeletal preparation 
from PC12 cells is a 57 kDa protein that is not vimentin (Fig. 
1, lane 1) (Parysek and Goldman, 1987). As seen by Western 
immunoblot analysis, a 57 kDa antiserum recognizes this pro- 
tein specifically (lane 2), while culture supemates from growth 
of anti-IFA antibody-secreting hybridoma cells detect the PC1 2 
57 kDa protein and several other bands, some that migrate faster 
and some slower than the 57 kDa protein (lane 3). Presumably, 
the concentration of all of the NFI proteins is not great enough 
to be easily immunodetectable in this preparation with the anti- 
IFA antibody. A band of 57 kDa is not prominent in SDS- 
PAGE of IF-enriched cytoskeletal preparations from adult rat 
spinal cord (lane 4), but the 57 kDa protein is immunodetectable 
on immunoblots of spinal cord IF (lane 5). On similar immu- 
noblots, antiserum directed against BHK-21 cell vimentin de- 
tects a protein of about 55 kDa (lane 6). The monoclonal an- 
tibody to the 150 and 200 kDa NFT proteins (lane 7) will be 
called the NFT AB in this report. 

To determine the distribution of the 57 kDa protein in situ, 
the 57 kDa antiserum was used in indirect immunofluorescence 
on 3-4 brn frozen sections of various rat tissues. In each tissue 

examined, nervous elements were prominently labeled. In the 
muscle layer of the rat tongue, for example, 57 kDa antiserum 
identified large bundles of fibers of various sizes (Fig. 2a) and 
a network of fine fibers surrounding blood vessels (not shown). 
Many fine fibers in the smooth muscle wall of the small intestine 
and surrounding the base of the villi were brightly labeled in 
addition to the submucosal and intermuscular ganglion cell plex- 
uses (Fig. 2, c, e, f). Since elements of the nervous system ap- 
peared to be 57 kDa-positive, we wished to compare the dis- 
tributions of the 57 kDa protein and of the NFT. The 57 kDa 
antiserum and the NFT AB were used together in double-label 
studies with no apparent decrease in label compared with the 
label seen with each probe alone. The NFT AB used in con- 
junction with 57 kDa antiserum on rat tongue shows that most 
of the 57 kDa-positive fibers were labeled with NFT AB (Fig. 
2, a, b); a few fibers in the bundle did not double-label (arrow, 
Fig. 2, a, b). In the small intestine, few 57 kDa-positive struc- 
tures were labeled with the NF’T AB (Fig. 2, c, d), but the other 
neural components of the intestine were identified with a mon- 
oclonal antibody to a neuron-specific p-tubulin isoform (Fig. 2, 
f; g). Thus, it appeared that the 57 kDa protein was found in 
most, if not all, PNS elements in these tissues. 

Examination of peripheral nerve, such as sciatic, indicated 
that not all nerve fibers labeled with equal intensity. The small- 
caliber fibers were prominently labeled with 57 kDa antiserum, 
but there was variation in the intensity of labeling of the large 
fibers (Fig. 3a). The NFT AB brightly labeled all of the large- 
caliber axonal cylinders and identified many of the thin-caliber 
fibers as neuronal structures (Fig. 3b). The NFT AB, however, 
did not prominently label all of the thin-caliber, 57 kDa-positive 
fibers (not shown). Even though this may have occurred because 
the monoclonal NFI AB used in this study did not show the 
complete distribution of neural elements in tissues (see above), 
we wished to determine whether any of the fine-caliber, 57 kDa- 
positive, NFT AB-negative fibers were non-neuronal in nature. 
A comparison of 57 kDa and GFAP antisera labeling on ad- 
jacent sections of sciatic nerve indicated no apparent overlap 
in labeling patterns (Fig. 3, c, 6). In addition, the labeling by 
vimentin antiserum of sheathes that “outline” the nerve fibers 
(Fig. 3f) was distinct from the 57 kDa labeling pattern (Fig. 3e). 
These data suggest that the 57 kDa protein is found in neuronal 
elements and is not part ofglial or connective tissue components 
of peripheral nerve. 

Since not all fibers in the peripheral nerve labeled with 57 
kDa antiserum, we sought to determine whether or not a similar 
situation existed in the CNS. Serial sections of the cervical spinal 
cord were double-labeled with 57 kDa antiserum and NFI AB. 
These sections showed that most of the 57 kDa-positive label 
was found in the posterior portion of the dorsal horn of the 
spinal cord. A few axons in the corticospinal tract (Fig. 4a) and 
a large percentage of axons in the cuneate and gracile fasciculi 
(DC, Fig. 4c) were labeled with 57 kDa antiserum. These axons 
of the dorsal columns also were identified with the NFT AB 
(Fig. 44. In addition, the thin fibers of the propriospinal tract 
(PT, Fig. 4c) appeared to be labeled with 57 kDa antiserum. 
Although cell bodies in the horns of the cord were generally 57 
kDa-negative, presumptive giant motor neuron nuclei were la- 
beled (Fig. 4e). Their axons were labeled and were one of the 
few examples of large-caliber fiber labeling with 57 kDa anti- 
serum; just a few other axons in the ventral columns were pos- 
itively labeled (Fig. 4g). Proteins recognized by the NFT AB 
appeared to be ubiquitous in the spinal cord and where 57 kDa 
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Figure 2. Sections of rat tongue and small intestine labeled with 57 kDa antiserum (a, c, e,f). NFf AB (b, d), or neural-specific fl-tubulin antibody 
(g). In rat tongue, large bundles of nerve fibers are double-labeled with 57 kDa antiserum (a) and NFI AB (b); a few fine-caliber fibers in the bundle 
are not detected with the NIT AB (arrow in a and b). In the intestine, ganglion cells in both the submucosal (c) and intermuscular plexuses (not 
shown) were strongly labeled with 57 kDa antiserum, as were the presumptive autonomic fibers in the muscular wall of the intestine (arrowheads 
in c) and those that surround the base of the microvilli (arrows in e andj). Only a subset of 57 kDa-positive elements in the intestine were labeled 
with NFf AB (4. However, a neural-specific @-tubulin antibody (g) double-labeled the nervous components delineated by the 57 kDa antibody 
f), specifically, the fibers at the base of the villi (arrows), the ganglion cells (asterisk), and the intramuscular fibers (arrowheads), seen here cut on 
end. In each tissue, peripheral and autonomic nervous system elements were illustrated with 57 kDa antiserum. Scale bar, 10 pm. 
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labeling also was found, the 57 kDa and NFT labeling patterns 
were generally coincident (compare Fig. 4, g, h). 

In the attached nerve roots and dorsal root ganglia, there was 
a differential labeling pattern seen with 57 kDa and NFT ABs. 
The 57 kDa antiserum intensely labeled the small-caliber fibers 
of the dorsal root (Fig. 5a), while NFT AB strongly labeled the 
large-caliber fibers (Fig. 5~). The 57 kDa-positive fibers in the 
dorsal root appeared to belong to 57 kDa-positive cell bodies 
in the dorsal root ganglion (DRG) (Fig. 5b). A reciprocal labeling 
pattern in the adult DRG was always observed: fine-caliber 
fibers and small-sized ganglion cells were brightly labeled with 
57 kDa antiserum, while NET AB labeled the large-caliber fibers 
and large-sized ganglion cells more strongly (Fig. 5, b, d). In the 
sympathetic ganglion, all cell bodies were labeled with both 
antibodies, as were all of the slender fibers of the sympathetic 
ramus (not shown). Labeled fibrillar structures were detected in 
the DRG cells with both the 57 kDa antiserum (Fig. 5e) and 
NFT AB (Fig. 5f). 

Sections of the brain stem and cerebellum showed labeling 
with 57 kDa antiserum of fine fibers of the granular layer of the 
cerebellum (Fig. 6, a, b) and of the corticospinal tract. These 
fine fibers were not double-labeled when 57 kDa antiserum was 
used in conjunction with either GFAP or vimentin AB. The 57 
kDa-positive labeling in the brain stem was most striking in 
certain of the cranial nerve roots (not shown), where both fine- 
and large-caliber nerve fibers, as well as nuclei, were identified 
with 57 kDa antiserum. 

Since the PC 12 cell line was originally derived from a tumor 
of the adrenal medulla (Warren and Chute, 1982) we wished 
to determine the distribution of the 57-kDa protein in that 
organ. The adrenal cortex was negative by immunofluorescence 
for the 57 kDa protein, but labeling in the adrenal medulla 
included chromaffin cells, ganglion cells, and extensive networks 
of nerve fibers (Fig. 7~). The NFT AB labeled each of these 
components except for the fibrillar structures within the chro- 
maffin cells (Fig. 7b). The adrenal chromaffin cell nature of the 
PC 12 cell line is supported by these findings. 

Discussion 
An antiserum to the PC12 cell 57 kDa IF protein (Parysek and 
Goldman, 1987) labels a band of identical molecular weight on 
immunoblots of IF-enriched cytoskeletal preparations from rat 
tissue. By immunofluorescence, this antiserum, which labels a 
fibrillar array in PC 12 cells (Parysek and Goldman, 1987) labels 

a network of filamentous elements in situ. In this report, we 
show also that the 57 kDa protein is immunodetectable with 
the anti-IFA antibody. This latter antibody has been shown 
previously to characterize IF proteins from cells and tissues of 
various species (Pruss et al., 198 1). The number of other poly- 
peptides recognized by the anti-IFA antibody suggests that there 
is a complex set of IF proteins in PC 12 cells (see Franke et al., 
1986; also Parysek and Goldman, 1987). Together, these data 
suggest that the 57 kDa protein is an IF structural protein. 

The localization of the 57 kDa protein in situ suggests that it 
probably belongs to the neural IF class of IF proteins. The 
distribution, however, does not follow any currently recognized 
functional pattern in the nervous system. The 57 kDa protein 
appears to be predominantly found in small-caliber fibers such 
as those seen in sections of the small intestine, adrenal medulla, 
sciatic nerve, the posterior root of the spinal cord, and the pos- 
terior columns. This protein is not restricted to small-caliber 
fibers of either autonomic or sensory neurons since labeling is 
seen in both of these systems in these tissues. The absence of 
labeling in the medial lemniscus (not shown), however, does 
suggest that, in sensory pathways, the 57 kDa protein may be 
found only in first-order neurons. Although one cannot deter- 
mine the degree of myelination of the small-caliber fibers at the 
level of the light microscope, the 57 kDa protein is not restricted 
to unmyelinated fibers, as might be suggested by the small size 
of the 57 kDa-positive fibers. It is found also in the large-caliber, 
heavily myelinated axons of the giant motor neurons. If, indeed, 
the 57 kDa protein is primarily in unmyelinated fibers, the 
greater degree of labeling in the posterior funiculi over the other 
axons of the spinal cord may reflect the preponderance of un- 
myelinated axons (Langford and Coggleshall, 198 1). Although 
there were no non-neuronal structures that could be identified 
as containing the 57 kDa protein, the limited number of tissues 
examined do not permit the conclusion, at this time, that the 
57 kDa protein is restricted to the nervous system. The data 
thus far, however, do suggest that the 57 kDa protein is a neural 
IF component that is predominantly found in, but not limited 
to, small-caliber fibers, particularly in those of the autonomic 
nervous system and first-order neurons of sensory pathways. 

The migration of the 57 kDa protein on 2-dimensional gels 
(L. M. Parysek and R. D. Goldman, unpublished observations) 
is similar to that of another Triton-insoluble protein, called 
peripherin, that has many characteristics ofthe IF protein family 
(Pot-tier et al., 1984). The analyses of that protein in 2-dimen- 

Figure 3. Localization of 57 kDa protein (a, c, e), NFT protein (b), GFAP (d), and vimentin (f) in sciatic nerve. The 57 kDa antiserum labels 
fine-caliber fibers with much greater intensity than large-caliber fibers (a); these same fine fibers are double-labeled with NFT AB (b). The labeling 
pattern of GFAP antiserum (d) in the same area of a section immediately adjacent to one labeled with 57 kDa antiserum (c) suggests that the 57 
kDa protein is not also a component of glia. The pattern of 57 kDa antiserum labeling (e) is distinct from that seen with vimentin antiserum g 
same nerve, nonadjacent sections) and further distinguishes the 57 kDa protein from vimentin. Scale bar, 10 pm. 

Figure 4. Serial sections of the cervical spinal cord double-labeled with 57 kDa antiserum (a, c, e, g) and NPT AB (b, d, f ;  h). A small number 
of axons in the corticospinal tract (a) and a large percentage of axons in the gracile fasciculus (DC in c) are detected with 57 kDa antiserum. The 
gray areas of the cord were generally unlabeled with exception of the giant motor neuron cell bodies (e). The axonal outflow of the giant motor 
neurons were the only example of large-caliber axon labeling detected thus far with 57 kDa antiserum (g). NFT AB fluorescence is shown for 
comparison (b, d, 1; h). Scale bar in b is for u-c, andf-h; in d for c and d, 10 pm. 

Figure 5. Sections of dorsal root (a, c) and dorsal root ganglion (b, d-f) double-labeled with 57 kDa antiserum (a, b, e) and NFT AB (c, d, f). 
The 57 kDa antiserum labels fine-caliber nerve fibers (a) and small-sized ganglion cells (b; note small fiber extension of 57 kDa-positive cell in b 
(arrow), e), in preference to large-caliber fibers and large-sized ganglion cells. The NFT appears to predominate in these latter components of the 
ganglion (c, d, f). A filamentous pattern of labeling is detected in the ganglion cells with both 57 kDa antiserum (e) and NFT AB cf). Scale bar in 
aisforu-d,ineforeandf; 10rm. 









Figure 6. Section of cerebellum double-labeled with 57 kDa antiserum (a) and NFf AB (b). Scant fine fibers were only 57 kDa-positive elements 
detected in cerebellum. Scale bar, 10 pm. 

sional gels of various areas of the nervous system has led to the 
conclusion that peripherin is restricted to the PNS (Portier et 
al., 1983). Although there are similarities between the 57 kDa 
protein and peripherin, the distribution of the 57 kDa protein 
in spinal cord and in certain other areas of the CNS distinguishes 
these 2 proteins. 

Axonal transport studies led to the suggestion that proteins 
of -68, 145, and 200 kDa comprised neurofilaments (Hoffman 
and Lasek, 1975). Biochemical evidence indicates that these 
proteins are the major components of IF-rich fractions of ner- 
vous tissue (Liem et al., 1978; Schlaepfer and Freeman, 1978). 
In addition, antibodies to each protein decorate isolated IF (Wil- 

Figure 7. Section of adrenal gland double-labeled with 57 kDa antiserum (a) and NFT AB (b). The 57 kDa protein was found in chromaffin cells, 
nerve fibers (a), and ganglion cells (not shown) of the adrenal medulla. The NFT AB detected all 57 kDa-positive elements with the exception of 
the chromaffin cells (b); neither AB labeled the cortical parenchyma (cortical area is above dotted he). Scale bar, 10 pm. 
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lard and Simon, 198 1). In situ localization studies have shown 
the widespread distribution of NFT (Shaw et al., 198 1; Yen and 
Fields, 198 l), although microheterogeneity of individual neu- 
rofilament subunits has been suggested through the use of mono- 
clonal antibodies (Goldstein et al., 1983). Using a battery of 
polyclonal and monoclonal antibodies, other studies have in- 
dicated that there are areas of nervous tissue containing neurons 
in which the NFT appears to be absent (Sharp et al., 1982; 
Trojanowski et al., 1986). The monoclonal antibody that we 
have used in this study was not intended to provide a compre- 
hensive view of NFT expression, but was used to identify NFT 
AB-positive structures for comparison with the distribution of 
the 57 kDa protein. We do not know if it is true in every region 
of the nervous system, but at least with regard to the DRG, the 
57 kDa protein appears to be present in those cells identified 
as NET-negative (Sharp et al., 1982; Dahl, 1983). This would 
appear to suggest that more than one set of intermediate filament 
proteins exist in the nervous system. Although most are likely 
to be present in lesser amounts than the NFT, the delineation 
of the distribution patterns of the other possible IF proteins in 
the nervous system may give additional clues to developmental 
pathways, aid in disease diagnoses, and, perhaps, reflect diversi- 
ty of IF function in the nervous system. 
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