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allows restriction fragments from this gene 
and its flanking sequences to be recognized 
in digests of total DNA. Pulse-labelling 
with thymidine reveals that the character
istic restriction fragments replicate early in 
the S phase of the cell cycle and that there is 
a temporal order of fragment labelling. 
Isolation of these fragments and insertion 
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into other cells could help in elucidating the 
nature of the elusive eukaryotic 'replicon'. 
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Is polypeptide heterogeneity the 
key to neurofilament function? 
from Rosaleen Calvert 

THE most enigmatic component of the 
cytoskeleton remains the intermediate 
filament. Microtubules and microfila
ments can depolymerize to tubulin and to 
actin respectively, and the effects of their 
absence in the cell investigated. In contrast, 
there are no situations where intermediate 
filaments depolymerize in vivo (though 
other ultrastructural changes do occur) and 
no known drugs which have this effect. 
Nonetheless, by using a variety of 
approaches we are now beginning to find 
out what the functions of these filaments 
may be. One class of intermediate fila
ments - the neurofilaments - is the sub
ject of this article (see also refs 1,2). 

Intermediate filaments were first defined 
ultrastructurally as filaments intermediate 
in width between the thick filaments of 
myosin and thin filaments of actin3 • 

Subsequent purification from different 
tissues led to the surprising observation 
that although the proteins actin and 
tubulin always consisted of one and two 
polypeptides respectively, there were five 
classes of intermediate filaments. In the 
case of the epithelial cytokeratins, they 

contain at least nineteen different polypep
tides in contrast to, for instance, the fibro
blast intermediate filament protein 
vimentin which is a single gene product. 
The three remaining intermediate fila
ments are desmin in muscle, glial fibrillary 
acidic protein in glia and neurofilaments. 
Mammalian neurofilaments consist of only 
three polypeptides of molecular weight 
about 200,000, 150,000 and 70,000 (ref.4); 
these will subsequently be referred to as 
the 200K, 150K and 70K. It has proved 
fruitful to probe their different roles in 
neuronal structure and behaviour. 

The first indication of heterogeneity in 
neurofilament structure came from a 
genetic polymorphism of the 200K in 
rabbits, in which one variety had a mole
cular weight about 10,000 larger than the 
other. Heterozygotes and homozygotes for 
each allele were observed. Unfortunately, 
no functional attributes of these animals 
mirror their molecular differences5 • There 
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is further heterogeneity in the isoelectric 
points of all three polypeptides6 , but again, 
the functional significance is not yet clear. 

Recently, immunofluorescence has 
revealed neuronal processes which lack or 
have very little of the highest-molecular
weight polypeptide - the dendrites of 
pyramidal cells of the cerebral cortex and 
hippocampus and certain cell bodies or 
axons in the brain stem on sections of adult 
rat7 and human8 brain, and certain dorsal 
root ganglion9•10 neurones. In developing 
rat brain the 200K can be first detected with 
Coomassie brilliant blue stain on a gel three 
days postnatum, whereas the l50K and 70K 
can be seen one day prenatum. It could be 
therefore that the 200K is found only in 
mature axons11 • However neurofilaments 
are known to be susceptible to an endo
genous calcium protease and there is some 
evidence that this is not evenly distributed, 
at least within single neurones 12 , so it is 
possible that the 200K is proteolysed during 
tissue preparation. 

Ten nm filaments can be reconstituted 
from the 70K alone 13- 15 or with the 200K 
added, and thin sections show projecting 
side arms 13 , suggesting that the200K could 
be responsible for the bridges between 
neurofilaments observed in the electron 
microscope. There is some immunological 
evidence for this: antibodies specific for 
the 200K appear to label the cross-links 
between neurofilaments in electron micro
scope studies of whole neuronal cytoskele
tons 16 • Moreover, in vitro digestion studies 
using trypsin have shown that 75 percent of 
both the 200K and the 150K can be 
removed, leaving morphologically intact 
filaments 17 • 

It is interesting that in the growing axon, 
the neurofilament triplet is transported dis
tally at eight times the final rate. Retard
ation correlates with the increasing quanti
ties of the 200K which appear at this time, 
and it has been proposed that a con
comitant formation of cross-bridges could 
be the explanation for the change in rate of 
axoplasmic transport 18 • This anterograde 
transport of neurofilament polypeptides 
also raises the question of what happens to 
the filaments or networks of filaments 
when they reach the axon terminal. Soluble 
subunits have never been found, so 
degradation is still considered as the most 
plausible mechanism for their disposaJI 9 • 

In support of this mechanism is the 
observation that a monoclonal 
antibody20•21 , which binds strongly to the 
200K and weakly to the l50K, binds to 
these and only two other polypeptides in 
neonatal rat brain whereas in the course of 
further development a whole ladder of 
antibody-binding polypeptides appears 
below the 200K on polyacrylamide gels. A 
possible interpretation of this observation 
is that gradual cessation of axonal out
growth necessitates an increase in degrada
tive processes to dispose of neurofilaments 
accumulating at the axonal terminals. The 
200K polypeptide thus emerges with a 
distinct structural role. Further compari-
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