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The proteins carried by the slow axonal transport in the rat 
sciatic motor axons were radiolabeled by injecting %-me- 
thionine into the spinal cord, and the distribution of their 
solubility through the 2 main components of slow transport 
(SCa and SCb) was considered. For this purpose, a cyto- 
skeleton-stabilizing buffer was designed in which a pellet 
enriched in macromolecular and polymeric structures was 
separated from the solubilized proteins. 

The monomer/polymer ratios for tubulin were quantified 
in the 2 rate components. Our results indicate that 90% of 
the total tubulin was carried with SCa. Of this, 75% was in 
a polymeric state, versus only 50% of the tubulin carried 
with SCb. The monomeric tubulin recovered in the soluble 
fraction was concomitantly transported with the polymerized 
microtubules, suggesting that it might represent metastable 
regions of these microtubules. 

The insoluble and soluble fractions of the transported actin 
were measured. Actin was mostly (70%) transported with 
SCb. Of this, more than 80% was recovered in the soluble 
fraction, but we cannot say whether it was in a monomeric 
or polymeric state, nor if it was transported free or bound to 
a structure solubilized during fractionation. The other 30% 
of the actin, most of it transported with SCa, was recovered 
in the polymer-enriched fraction, probably bound to a sta- 
bilized polymer, such as the microtubules. 

The neurofilaments, all of which were recovered in the 
polymer fraction, exhibited a complex transport profile sug- 
gesting the existence of 2 populations of motor axons: one 
with a high neurofilament/microtubule ratio and an average 
SCa transport rate of 1.1 mm/d, and the other with a lower 
neurofilament/microtubule ratio and an average SCa trans- 
port rate of 2.3 mm/d. 

Our data strongly suggest that the cytoskeletal proteins 
are in a polymeric state when they move inside the axons 
with SCa and, possibly, with SCb. 

The proteins that constitute the major cytoskeletal polymers of 
the axon, namely, the microtubules, neurofilaments, and actin 
microfilaments (Ellisman and Porter, 1980; Hirokawa, 1982; 
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Schnapp and Reese, 1982; Tsukita et al., 1982), move with the 
slow phase of axonal transport as 2 distinct components, defined 
according to their protein composition and migration rates: 0. l- 
2 mm/d for slow component a (SCa), and 2-4 mm/d for slow 
component b (SCb) (Hoffman and Lasek, 1975; Mori et al., 
1979; Willard et al., 1979; Black and Lasek, 1980). 

According to Lasek’s structural hypothesis regarding axonal 
flow (1980) and the sliding polymer model more specifically 
regarding slow axonal transport (1986), the a and b components 
each reflect the progression of a distinct set of polymerized 
structures, able to slide past one another; if true, this would 
mean that the SCa component represents a network of inter- 
connected microtubules, neurofilaments, and microfilaments, 
and the SCb component a large complex of soluble proteins 
organized with various degrees of tightness around a carrier 
structure containing microfilaments (Lasek, 1984, 1986; 
McQuarrie et al., 1986). 

Several pieces of experimental evidence support this elegant 
theory. First of all, the polymer/monomer ratios measured for 
tubulin, neurofilament triplet, and actin in the axoplasm of the 
squid giant axon indicate that 75, 95, and 55% of each of these 
proteins, respectively, is either in a polymeric state or bound to 
an organized structure (Lasek, 1984; Morris and Lasek, 1984). 

Second, tubulin, actin, and neurofilament triplet proteins were 
reported to be present in the detergent-insoluble-fraction pro- 
teins carried by slow axonal transport (Tashiro et al., 1984). 
Third, most of the tubulin transported with SCa appeared to be 
polymerized in cold-stable microtubules (Brady et al., 1984). 
And last, photobleaching experiments in PC 12 cells have shown 
that tubulin is in fact transported in the neurites in a coherent 
and not-free-to-diffuse manner (Keith, 1987). 

Nevertheless, none of these investigations have given any 
indication as to the amounts of tubulin and actin transported 
with the a and b slow components, the kinetics of this transport, 
or the polymer/monomer ratio of the tubulin and actin trans- 
ported. 

On the other hand, data not supporting Lasek’s (1980) hy- 
pothesis were also claimed. For example, experiments on the 
growing axons of isolated cells in tissue culture suggest that 
tubulin is transported in an unassembled form and that most 
of the axonal microtubules are stationary (Bambourg et al., 1986). 
Axonal neurofilaments have also been reported to be partially 
stationary (Nixon and Logvinenko, 1986). 

It is the purpose of this paper to measure the polymer/mono- 
mer ratio of the tubulin carried by axonal transport and to 
establish whether or not the soluble tubulin and the stable mi- 
crotubules are coherently transported. The possible binding of 
the actin carried by axonal transport with a stable and meta- 
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Figure 1. Slowly transported proteins in the pellet (a) and supernatant 
(b). Radioautographs of the labeled polypeptides present in consecutive 
6 mm segments of the sciatic nerve 21 d after the radiolabeling pulse. 
The polypeptides were resolved in 1 D gels. Radioautographic conditions 
were identical for both the pellet and supematant from the same nerve; 
exposure time was adjusted in accordance with the total radioactivity 
in the nerve in order to obtain a similar degree of darkening from one 
nerve to another. 

stable cytoskeletal structure, as well as the transport of neuro- 
filaments, will also be explored. 

Materials and Methods 
Radiolabeling of motor axo12s. The spinal cord of female Sprague-Daw- 
ley rats, 10 weeks old, was exposed by laminectomy at the level of the 
fourth-fifth lumbar vertebrae, and 120-l 50 &i of ?3-methionine (1200 
Wmmol; CEA Saclay, France) was injected with a glass capillary (tip 
width, 20-40 pm) at a point 0.5-l mm lateral to the midline to a depth 
of 1.6-1.8 mm. 

Protein fractionation. Rats were decapitated 2 1 d after injection and 
their right sciatic nerve was dissected out, placed on an ice-cold plastic 
plate, and cut into consecutive 6 mm segments. Each segment was 
rapidly homogenized in 150 ~1 of cold cytoskeleton-stabilizing buffer 

comprising 0.1 M PIPES (piperazine-N,K-bis[2-ethanesulfonic acid]), 
pH 6.9, 5 mM MgCl,, 5 mM EGTA, 0.5% Triton X-100, 20% glycerol, 
5% dimethyl sulfoxide, 1 mM PMSF (phenylmethylsulfonyl fluoride), 1 
mg/ml benzamidine, and 0.16 mg/ml bacitracin. The homogenates were 
immediately centrifuged at 80,000 x g for 20 min at 4°C in a Beckman 
Airluge. The pellets were resuspended in sample solution and directly 
submitted to gel electrophoresis, and the supematants were lyophilized 
before use. 

Polyacrylamidegel electrophoresis. One-dimensional SDS-PAGE was 
performed according to Iaemmli (1970) on slab gel, using a 7.5-15% 
linear polyacrylamide gradient. Two-dimensional gels were prepared 
using a modified version of O’Farrell’s procedure (Denoulet et al., 1982). 

Radioactivity measurement and normalization. Kodak X-O-Mat x-ray 
films were exposed to the one-dimensional (1D) gels and analyzed by 
densitometry using an LKB Ultroscan laser densitometer connected to 
a Spectra-Physics peak integrator. The optical density of a given protein 
in a given nerve segment was expressed as the percentage of the sum 
of the optical densities of that protein in all nerve segments, averaged 
for the entire group of animals. For mathematical coherence, the same 
number of nerve segments, always from the second through the thir- 
teenth, was used for all the nerves. The 2D PAGE gels were fluoro- 
graphed as previously described (Denoulet et al., 1982). 

Peptide mapping. In a few cases, an appropriate spot region of a 2D 
PAGE gel was excised, and the protein concerned was analyzed by 
limited proteolysis, using Staphylococcus aureus V8 protease (Miles), 
according to Cleveland et al. (1977). 

Immunoblotting. Monoclonal antibodies to the major cytoskeletal 
proteins were purchased from Amersham (tubulin, tubulin and actin) 
or Biosys @IF,). The proteins in the pellet and supematant fractions 
were transferred onto nitrocelhtlose membrane and submitted to im- 
munological detection using horseradish peroxidase, according to the 
method of Towbin et al., as described by Cohen et al. (1982). 

Results 
Identification of proteins in the pellet and supernatant 
fractions 
In more than 80 experiments, the protein compositions of the 
pellet and supernatant fractions were found to be highly repro- 
ducible (see Fig. 2). Some proteins (e.g., neurofilament triplet) 
were only present in the pellet, but many were entirely solubi- 
lized, e.g., albumin, nerve-specific enolase, and creatine phos- 
phokinase. These proteins were identified by peptide mapping 
after limited proteolysis (data not shown; cf. EddC et al., 1983). 
Tubulin and actin were the most abundant of the very few 
proteins found both in the pellet and supernatant. 

Slowly transported proteins 
Nerves were processed 2 1 d after the labeling injection, and the 
distribution of the radioactive proteins along the axons was 
established by radioautography of the 1D PAGE gels. On the 
resulting radioautographs, 2 portions of the nerve, segments 2- 
6 and 9-l 3 inclusive, exhibited a high level of radioactivity (Fig. 
1). Their locations coincided with the 2 radioactive peaks iden- 
tified as the SCa and SCb subcomponents of slow transport. In 
some experiments, 3 or 4 segments were selected from each 
portion, pooled, and analyzed by 2D PAGE as an SCa or SCb 
“window.” The protein compositions of the 2 subcomponents 
were quite different, since the proteins transported in SCa were 
essentially insoluble and included neurofilament triplet, tubulin, 
and actin, while those transported in SCb were mostly soluble 
and included actin, creatine phosphokinase, nerve-specific eno- 
lase, and tubulin. An intermediate filament protein called pe- 
ripherin, described as a neuronal component of the peripheral 
nervous system (Portier et al., 1985), was detected in the pellet 
of the sciatic nerve segments (Fig. 2), and appeared to be trans- 
ported with SCa, as confirmed by peptide mapping (not shown). 
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Figure 2. Silver-stained 2D gels ofthe 
proteins in the pellet (a) and superna- 
tant (b) from a 6 mm nerve segment. 
P, peripherin; AC, acti, NF200, NF150, 
and NF68, neurofilament subunits; V, 
vimentin; CPK, creatine phosphoki- 
nase; NSE, nerve-specific enolase; a’, 

Mr 
(Y”, and & &, corresponding tubulin iso- 
form. 

Individual distributions of radioactive proteins 
The radioactivity ofeach protein was measured by densitometry 
of the 1D PAGE radioautographs. Neurofilament triplet was 
detected in the insoluble fraction only, as shown in Figure 1. 
Since the 3 subunits of the triplet have been shown to be trans- 
ported together along the mature axons (Hoffman and Lasek, 
1975; Mori et al., 1979; Willard et al., 1979; Nixon and Logvi- 
nenko, 1986) we only quantified the distribution of the radio- 
active 68 kDa neurofilament subunit (NF,). More than 75% of 
NF, protein was transported in a sharp, regular peak, at rates 
ranging from 0.3 to 1.7 mm/d. Nevertheless, a significant pro- 
portion of the fibers moved ahead at rates of up to 2.9 mm/d, 
and the fastest radioactivity remained detectable up to the distal 
segments (Fig. 3). To check this result, an “SCb window” was 
selected and analyzed by 2D PAGE. The protein spot corre- 
sponding to the NF, coordinates was cut out and subjected to 
limited proteolysis. The fluorograph of its peptide map was 
compared with a reference peptide map of spinal NF,. As shown 
in Figure 4, the result confirmed that this more rapidly trans- 
ported protein was true NF,. Hence, the 2 radioactive polypep- 
tides detected at 200 and 150 kDa, respectively, in the SCb 
window can justifiably be considered true neurofilament sub- 
units. 

Radioactive tubulin was broadly distributed along the nerve 
in both the soluble and insoluble fractions (Fig. 1). However, 

as shown in Figure 3, 68% of the total radioactivity was insol- 
uble, and most of it was located in the first 9 proximal segments. 
In this region, almost 75% of the radioactivity was insoluble, 
and was transported at rates of 0.2-2.6 mm/d, whereas only 
45% of the remaining radioactivity, transported at rates greater 
than 2.6 mm/d, was insoluble. 

Radioactive actin was detected both in the soluble and in- 
soluble fractions. As shown in Figure 3, the soluble radioactivity 
constituted 75% of the total, and was transported preferentially 
at 1.9-3.8 mm/d, i.e., at rates coinciding with those for SCb. 
However, a noticeable proportion of the radioactivity was ap- 
parently left behind by the main transport peak. In the insoluble 
fraction, the radioactive actin was fairly regularly distributed 
over a decreasing proximodistal gradient. 

As shown in Figure 1, the radioactive proteins in the soluble 
fraction were numerous, and most of them were faintly labeled. 
From the densitograms, we selected 3 of them: S95, S6 1, and 
S39, weighing 95 f 4, 61 f 2, and 39 f 1 kDa, respectively; 
they were easily recognizable from one gel to another, and fol- 
lowed their distribution. According to their main transport rates, 
all of them can be assigned to SCb (Fig. 3). 

Discussion 
The primary aim of this work was to compare the axonal trans- 
port of the polymerized and soluble proteins composing the 
axonal cytoskeleton, and, in particular, to determine the poly- 
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Figure 3. Radioactivity distribution profiles of several slowly transported polypeptides. Cytoskeletal proteins were identified as described in 
Materials and Methods. S39, S61, and S95 were selected among the entirely soluble proteins and identified by their apparent molecular weights: 
95 ? 4 kDa for S95,61 f 2 kDa for S61, and 39 + 2 kDa for S39. 

mer/monomer ratio for tubulin and actin. For this purpose, rat 
sciatic nerve segments were homogenized in a cytoskeleton- 
stabilizing buffer designed to preserve most of the cytoskeletal 
polymers in their organized state. Similar buffers have often 
been used to preserve the whole fibrous system of various lysed 
cells (Webster et al., 1978; Solomon et al., 1979; Heuser and 
Kirschner, 1980; Blikstadt and Carlsson, 1982; Tsukita et al., 
1982). 

As concerns neurofilaments, we can reasonably assume that 
the neurofilament proteins recovered in the pellet were poly- 
merized, since more than 95% of the neurofilament protein was 
shown to be stably polymerized in axons by Morris and Lasek 
(1982). 

In the same study, Morris and Lasek showed that a significant 
fraction of the insoluble tubulin represents stably polymerized 
microtubules (Morris and Lasek, 1982,1984). Microtubules that 
resist depolymerization by cold and antimitotic drugs were also 
observed in several types of axons (see, for example, Morris and 
Lasek, 1982; Heidemann et al., 1984; Donoso, 1986). These 
insoluble microtubules are thought to represent stable regions 
along the axonal microtubules (Sahenk and Brady, 1987). Hence, 
it is justified to suppose that the pellet obtained with our buffer, 
which is similar to buffers used to stabilize microtubules in tissue 
culture and homogenate (Pipeleers et al., 1977; Rodriguez and 
Borisy, 1979; Solomon et al., 1979; Olmsted, 198 1; Black et al., 
1984), contains the axonal microtubules preserved in their po- 
lymerized state. 

Symmetrically, one can question whether some polymeriza- 
tion of microtubules could have occurred during the fraction- 
ation procedure, since our stabilizing buffer resembled, in sev- 
eral respects, the buffers designed to promote the in vitro 
polymerization of microtubules. This is unlikely, however, since 
all the experimental steps were completed at 4°C without the 
addition of nucleotides, 2 conditions that do not favor poly- 
merization (Dustin, 1978). To ensure that there was no poly- 
merization, we also performed a test experiment in which we 
used the radioactive supematant of an injected nerve segment 
to homogenize an unlabeled nerve segment. When the homog- 
enate was centrifuged, the radioactivity remaining in the pelleted 
polymers was less than 4% of that recovered from the initial 
labeled segment; this experiment not only indicated that no 
polymerization of tubulin occurred during fractionation, but 
also provided evidence that the unpolymerized tubulin did not 
contaminate the pellet. Hence, it can be assumed that the ratio 
of the radioactivity of the tubulin found in the pellet to that 
found in the supematant constitutes a reliable index of the poly- 
mer/monomer ratio for the transported tubulin, as discussed by 
Morris and Lasek (1984). 

The stabilizing effect of this type of buffer has also been shown 
to be effective for actin filament bundles in Helu cell cultures 
(Bravo et al., 1982). Nevertheless, we cannot entirely exclude 
the possibility that some microfilaments were depolymerized 
during the homogenization procedure, as was observed by phys- 
ical measurements in squid giant axon (Morris and Lasek, 1984). 
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In addition, on account of the short centrifugation step used 
here to separate the pellet from the supernatant, short micro- 
filaments should have remained in the supematant. Hence, the 
radioactive actin molecules or microfilaments that stayed in the 
pellet probably did so because they were bound to an insoluble 
polymer, such as microtubules or neurofilaments (Metuzals and 
Mushynski, 1974; Sattilaro and Dentler, 1982; Pollard et al., 
1984; Papasozomenos and Payne, 1986). Therefore, the pellet/ 
supematant ratio of the radioactivity bound to actin probably 
does not reflect the polymer/monomer ratio of this protein, but 
rather gives an estimate of the ratio of actin binding to other 
cytoskeletal polymers, which is also very useful (Lasek, 1986). 

Regarding the proteins exclusively recovered in the super- 
natant fraction, such as S95, S61, and S39, again we cannot say 
whether they were depolymerized during the homogenization 
procedure. It can be said, however, that they were not stable 
polymers, nor were they bound to a stably polymerized struc- 
ture. 

Monomer/polymer ratio of transported tub&n 

The distribution of radioactive tubulin did not exhibit a clear- 
cut peak for either its soluble or insoluble fraction. Nevertheless, 
2 main regions could be clearly distinguished: the first extended 
up to the ninth segment, and was characterized by a polymer/ 
monomer ratio of more than 2; in the second region, beyond 
the ninth segment, this ratio dropped very sharply to around 1. 

The first region corresponds to a transport rate of 0.6-2.6 
mm/d and included more than 90% of the total radioactive 
tubulin present in the nerve. The high polymer/monomer ratio, 
very similar to that measured in squid axon (Morris and Lasek, 
1984) indicates that a large fraction of the tubulin transported 
with SCa was polymerized. Moreover, this ratio was constant, 
which suggests coherent transport of the polymerized and sol- 
uble tubulin. 

Some of the microtubules found in this region might interact 
with the neurofilaments, certain microfilaments, and their cross- 
bridging proteins, thus constituting the network described in 
morphological observations (Hirokawa, 1982; Schnapp and 
Reese, 1982; Tsukita et al., 1982). 

The second region of tubulin distribution found here corre- 
sponds to transport rates of more than 2.9 mm/d, typical of 
SCb. Here, again, the polymer/monomer ratio was constant 
throughout the region, and seems to reflect the coherent con- 
veyance of microtubules and an equal quantity of soluble mono- 
mers with which they might exchange during their journey along 
the axon. 

In accordance with these results, studies comparing tubulin 
moving with SCa to tubulin moving with SCb showed that a 
smaller proportion of tubulin moving at SCb rates is insoluble 
in the optic (Brady and Black, 1986) and sciatic (Tashiro et al., 
1984) nerves. 

Transport projile of the NF, neurofilament subunit 
The present analysis of the distribution of neurofilament pro- 
teins was limited to the 70 kDa subunit, called here NF,. This 
protein exhibited a radioactive distribution (Fig. 3) with a sharp 
peak in the 4th segment and a shoulder located at the 8th seg- 
ment, which respectively correspond to average transport rates 
of 1.1 and 2.3 mm/d. Hence, the sharp major peak corresponds 
to the rates for the SCa component, while the minor faster peak 
corresponds to the slowest rates for the SCb component. This 
faster peak has been described by others in the rat optic and 

a b c 
Figure 4. Silver-stained peptide maps of spinal and nerve NF,. The 
NF, protein spots were cut out from a 2D gel stained with Coomassie 
blue and digested with V8 protease (5 @well). Lane a, spinal NF,; lane 
b, nerve NF, present in the pellet from an SCb-containing region of a 
nerve processed 21 d after pulse radiolabeling; lane c, fluorograph of 
lane b. 

sciatic nerves (McQuarrie et al., 1986). Its presence is somewhat 
puzzling, since it seems to indicate that also SCb, though in a 
minor proportion, contain neurofilaments. An alternative ex- 
planation could be the existence of 2 distinct classes of motor 
axons in the rat sciatic nerve, in which the neurofilament trans- 
port rates are 1.1 and 2.3 mm/d, respectively. Differences in 
the rates and protein compositions of SCa and SCb among 
different axons have indeed been reported in a comparative 
study of optic and sciatic nerves (McQuarrie et al., 1986), in 
the motor and parasympathetic axons of the oculomotor nerve 
(Paggi et al., 1986), in central and peripheral branches of the 
dorsal root ganglion cells (Mori et al., 1979), and in developing 
nerves (Hoffman et al., 1983, 1985). If true, this explanation 
would also explain why we did not observe 2 clearly separated 
peaks for the tubulin carried with the SCa and SCb components, 
respectively, since the SCa peak of the faster axons would then 
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have fallen between the SCa and SCb peaks of the slower axons. 
Also, the axons with the faster SCa rate seem to display a smaller 
neurofilament/microtubule ratio, which would suggest that their 
caliber is smaller (Hoffman et al., 1985). 

Transport projles of solubilized and insoluble actin 
The difference between the profiles ofthe radioactive actin found 
in the pellet and supematant, respectively, indicates that this 
protein is carried inside the axon in 2 different ways. The actin 
found in the pellet might be present in one of 3 forms: as bundles 
of filaments (Bravo et al., 1982), or as short microfilaments or 
single molecules bound to one of the polymers found in the 
pellet. In the latter case, the stable microtubules carried with 
both SCa and SCb would be the most likely binding polymers, 
owing to the similarity of their profile to that of actin (Fig. 3). 
As regards the radioactive actin found in the supematant, it 
might be carried either in soluble form, as monomers or short 
polymers, as suggested above, or have bound to a metastable 
structure that was not preserved during our fractionation pro- 
cedure. It should, however, be noted that most of the radioactive 
actin found in the supematant was transported with SCb at an 
average rate of 2.9 mm/d. Here again, the presence of 2 classes 
of motor axons would explain the blurred profiles. 

Transport profiles of proteins found only in the supernatant 
fraction 
Most ofthe proteins carried with the SCb component were found 
only in the supematant fraction. The 3 we selected as represen- 
tative of this class, i.e., S95, S6 1, and S39, respectively exhibited 
radioactivity peaks at the 9th segment, between the 7th and 
1 lth segments, and at the 1 lth segment (Fig. 3). These peaks 
corresponded to average transport rates of 2.6, 2-3.1, and 3.1 
mm/d, respectively. Further, S61 left no trail, since its radio- 
activity was almost undetectable up to the 6th segment, whereas 
S39 and S95 already left substantial trails at segment 2. All these 
proteins exhibited a shoulder between the 12th and 13th seg- 
ments, probably reflecting the existence of 2 classes of axons, 
as already suggested. 

Judging from their transport rates, all these proteins are car- 
ried with the SCb component. Their radioactive distributions 
along the nerve might reflect their differential interactions with 
the SCa and SCb carrier structures. For instance, proteins S95 
and S39 seemed to interact with both SCa and SCb, and their 
profiles were in fact very similar to the one found for the soluble 
actin. Protein S61, on the contrary, seemed to be exclusively 
transported with SCb. 

Conclusions 
In spite of the simple separation method used to carry out this 
study, reliable results were obtained for the polymer/monomer 
ratio of the transported tubulin, and of the transported actin or 
microfilaments tightly bound to a cytoskeletal carrier polymer, 
probably consisting of microtubules (Papasozomenos and Payne, 
1986). Our observations confirm the existence of at least 2 classes 
of axonal microtubules (Black et al., 1984; Brady et al., 1984; 
Tashiro et al., 1984; Brady and Black, 1986), respectively carried 
with SCa and SCb. They indicate that 75% of the tubulin carried 
with SCa and 50% of that carried with SCb are in a stable 
polymeric state, while the rest, recovered here in the supema- 
tant, is concomitantly carried with the stable polymers and could 
be in a monomer-polymer equilibrium. The presence of this 
tubulin does not necessarily reflect the existence of a third class 

of microtubules, but might indicate the presence of metastable 
regions of various sizes, located at the end of or between stable 
microtubular regions. Hence, the microtubules carried with SCa 
and SCb could only differ in the size of their metastable regions. 
These 2 populations of microtubules might well correspond to 
those described by Tashiro and coworkers (1984). 

It would be arbitrary to directly compare the cold-stability of 
the microtubules we recovered in the pellet with that reported 
by Brady and coworkers for the microtubules transported with 
SCa in the retinal ganglion cell axons of guinea pigs (Brady et 
al., 1984) because of the different homogenization media used 
in the 2 separation procedures. For the same reason, no sound 
comparisons can be made between our tubulin and the cyto- 
plasmic- and particulate-bound transported tubulin described 
by Goodrom and Morel1 (1982). It seems reasonable to suggest 
that the cold-labile microtubules correspond to the metastable 
region described here, and the cold-stable microtubules to the 
stable microtubule regions. These stable regions might also cor- 
respond to the nucleating elements required for microtubule 
assembly, as proposed by Heidemann and coworkers (Heide- 
mann et al., 1984; Baas and Heidemann, 1986; Joshi et al., 
1986). If the present SCb and SCa components are comparable 
to the 2 classes of microtubules recently described in lobster 
axons (Miller et al., 1987), the microtubules carried with the 
SCb components seem the most likely substrates for vesicle 
transport, and those carried with the SCa components would 
probably be the architectural microtubules. 

The distribution of the transported actin suggests that some 
microfilaments or actin molecules are bound to the stable mi- 
crotubules that are mostly carried with SCa. At the same time, 
most of the actin molecules or short microfilaments are carried 
with SCb, either in a free state or woven into a metastable carrier 
web (Lasek et al., 1984; Lasek, 1986) that might have been 
dissociated during our fractionation procedure. 

Finally, the 2 rate components of transported neurofilaments 
observed here are consistent with the existence of 2 classes of 
motor fibers, one with a high neurofilament/microtubule ratio 
and an average SCa transport rate of 1.1 mm/d, and the other 
with a low neurofilament/microtubule ratio and an average SCa 
transport rate of 2.3 mm/d. 

In conclusion, the present quantitative analysis of the poly- 
meric state of the cytoskeletal proteins carried inside the motor 
axons of rat sciatic nerves supports the hypothesis suggested by 
Lasek (1986) that the polymers are the natural units of slow 
axonal transport. 
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