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INTRODUCTION 

Notable progress has been made in the area of axonal 

transport since results of research indicated that the 

nerve cell body supplies materials to its axon and axon 

terminals (Weiss and Hiscoe, 1948) . Subsequently, dif

ferent investigators have used various in vivo techniques 

and systems which indicate that there are at least two 

rates at which these rna ter ials move, a fast transport rate 

and a slow transport rate. 

Ochs and Johnson described evidence for two phases of 

axonal transport - a fast rate and a slow rate. An 

intraxonal location was shown for the cellular rna terials 

involved in fast flow by radioautography . Fast transport 

had a characteristic rate of about 4 0 0 mrn/day in mammals, 

while for slow transport, a rate of 4-5 nun/day was indicated. 

It was hypothesized that separate mechanisms are required 

to account for the fast and slow phases of axoplasmic 

flow (Ochs and Johnson, 1969). 

Lasek ( 1968) reported a study of axoplasmic transport 

in the dorsal root gang lion cells of adult cats when 3H

leucine was injected directly into the · L 7 dorsal root 

ganglion; the movement of the labeled leucine was then 

analyzed in the central and peripheral processes of these 

cells. Results of a radioautographic analysis coupled with 
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liquid scintillation counting indicated that protein is 

synthesized primarily in the soma and transported in at 

least two sectors of the axoplasm - that is, in a slow 

component (1.3 mm/day) and a rapidly moving component 

(>500 mm/day). 

Bray and Austin (1969) presented evidence for two rates 

of movement of 14c-labeled proteins in the axons of the 

chicken sciatic nerve. Two pulses of labeled protein 

travelling intra-axonally were observed; one moved at 

250-350 nun/day, the peak of the other moved about 2 mm/day. 

Elam and Agranoff (1971) demonstrated the transport of 

proteins and sulfated mucopolysaccharides in the goldfish 

visual system. Isotopic amino acids were utilized as 

markers for the rapidly transported proteins. Further 

research indicated that the sulfated macromolecules appeared 

to be bound to the rapidly transported proteins, though 

the coupling appears to be incomplete between the protein 

synthesis and so4 incorporation. 

Schlicter and McClure (1974) examined the properties 

of fast axoplasmic transport in the optic pathway of the 

rat, especially with respect to labeling efficiency, diurnal 

rhythm, the amount of material transported during the day, 

and the solubility of the material transported. 

James and Austin fractionated chicken axoplasmic 

proteins and then examined the affinity of colchicine for 
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both the slow and the rapidly moving axonal proteins to 

correlate the affinity of colchicine to bind with these 

particular proteins. Results indicated that colchicine 

preferentially blocks slow-protein transport, though the 

colchicine binding is not confined to only one slowly 

transported component; the other colchicine-binding 

components may also play a role in the effect of colchicine 

in axonal flow. It was suggested that since colchicine 

binds to rapid transport proteins, though to a lesser 

extent, the colchicine may block axonal flow by inter

fering with more than one process (James and Austin, 1970). 

These findings; however, contrast with other col

chicine work; Karlsson and Sjostrand (1969) reported that, 

in vivo, colchicine causes a more complete inhibition of 

the rapid transport of protein than of the slow transport. 

Work done by Karlsson, Hansson, and Sjostrand (1971) has 

shown that maximum sensitivity of axoplasmic transport 

to colchicine in vivo requires an exposure of long duration 

to the drug. Research by Paulson and McClure ( 19 7 4) 

reinforced these results and presented pharmacological 

evidence for the involvement of microtubules in fast axonal 

transport, and their disruption by colchicine. 

Edstrom and Mattsson developed an in vitro system 

with a frog sciatic nerve preparation to study fast axonal 

protein transport. An examination of the migration of 
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leucine-labeled proteins from the spinal cord and ganglia 

down the nerve toward the muscle revealed that about 80% 

of transported proteins in the sciatic nerve originated from 

the spinal ganglia. The rate of movement was about ' 125 mm 

per day at 18° C. Cycloheximide placed with the ganglia 

effectively blocked the synthesis of axonally transported 

proteins; however, it had no effect on the transported 

proteins when placed with the nerve only. Colchicine, 

when placed with the ganglia, inhibited the transport, 

though no effects were noted, even at higher concentrations, 

when placed with the nerve (Edstrom and Mattsson, 1972). 

Edstrom and Mattsson (1972), utilizing the above system, 

also looked at the rapid axonal transport of radiolabeled 

fucose-, glucosamine-, and sulfate-containing materials, 

and concluded that fucose-and glucosamine-labeled trichlor

acetic acid insoluble radioactivity was transported from the 

ganglia toward the muscle. The time course of appearance 

of the radioactivity of both precursors in the nerve was 

similar to that obtained for the leucine-labeled proteins. 

The sulfate-labeled TCA-insoluble material was resistant 

to extraction (by chloroform-methanol methods) and was 

rapidly transported from the ganglia into the nerve; the 

material, thought possibly to be proteoglycans, represented 

a very small part of the transported glycoproteins. 

Subsequent work by Edstrom and Mattsson (1973) utilizing 
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again the same system as above to observe the axonal 

transport, involved the characterization of leucine-, 

glucosamine-, and fucose-labeled proteins rapidly trans

ported in frog sciatic nerve. 

Gross (1973) carried out a thorough in vivo study of 

the temperature dependence of axonal transport in the 

olfactory nerve of the garfish, and established that the 

transport rate is a linear function of temperature over 

the range of 5-28° C. 

Edstrom and Hanson (1973), using frog sciatic nerve 

preparations in an in vitro system similar to that earlier 

described by Edstrom and Mattsson (1973), but modified for 

temperature control, reported the determination of 

transport rates measured as a function of temperature 

between 5.5° C and 28° C. The transport rate increased 

from 32 mm/day at 5. 5° C to about 290 mm/day at 28° c. 

The above 28° C produced erratic transport rates for the 

frog preparation, though extrapolation to 37° C (mammalian 

temperature) gives a value of about 400 mm/day. 

Using a similar in vitro frog sciatic nerve preparaton 

and procedure, Hammerschlag, Dravid, and Chiu proposed a role 

for calcium ions in axonal transport. Their results 

indica ted a calcium requirement for axonal transport, 

localized at a site within the ganglia; these investigators 

suggest that calcium ions might serve as ionic links 
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during the "loading" of proteins onto the transport system; 

further study indica ted that the calcium ions are also 

involved as links during the transport time (Hanuner schlag, 

Dravid and Chiu, 1975). 

Hines and Easton (1971) reported the release of protein 

from a gar olfactory nerve in an in vitro system, and found 

the release increased as a result of electrical stimulation 

or ionic depolarization of the nerve. The resolution of 

the efflux curve for these proteins into two linear 

components suggested that the material diffuses from an 

intracellular to an extracellular compartment before it 

diffuses from the extracellular site into the superfusing 

solution. This posed several questions: (1) does the 

released protein originate from the Schwann cells surrounding 

the axon, or from the axons themselves; (2) does the protein 

originate from the ins ide of the axons or is it washed from 

the outside of the axon, and (3) what is the function of 

this protein. 

Other investigators have also observed the release of 

proteins from nerves, or the transfer of protein from one 

cell to another. Using immunofluorescence techniques 

coupled with biochemical, serological and microscopical 

methods, Geffen, Livett and Rush (1969) provided evidence 

that protein components, (here, chromogranins) of sheep 

noradrenergic vesicles which are synthesized in the cell 
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bodies of noradrenerg ic neurons, are transported by axe

plasmic flow az:d can be released from these terminals by 

nerve stimulation. It was suggested that nerve stimulation 

may cause noradrenerg ic vesicles to discharge their contents 

by a process of exocytosis. 

Musick and Hubbard (1972) reported evidence that pro

tein is released concurrently with acetylcholine (ACh) at the 

neuromuscular junction of the mouse diaphragm and phrenic 

nerve. From the results, these researchers proposed that 

the proteins in cholinergic vesicles could serve an ACh 

binding function, playing a role in the maintenance of 

high ACh concentrations in vesicles, and suggested that 

once released, they might also mediate postynaptic effects, 

including trophic influences. 

Lasek, Gainer, and Przybylski (1974) reported the 

transfer of newly synthesized proteins from Schwann cells to 

the squid giant axon, to such an extent that approximately 

50% of the proteins synthesized by the Schwann cells 

surrounding the axon are transferred to the giant axon 

itself. They suggested that the uptake of these proteins 

by the squid giant axon occurs at a high rate through 

pinocytosis. These proteins may also have a regulatory 

role in neural function, perhaps as informational molecules. 

Considering again the evidence presented by Lasek et 

al. (197 4) for the transfer of newly synthesized proteins 
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from Schwann cells to the axon, it seems particularly 

intriguing and pertinent to determine whether the effluxing 

endogenous proteins we have observed are axonal in origin. 



MATERIALS AND METHODS 

Preparation and incuba tio·n 

A standard procedure was employed to excise the 

sciatic nerve from both sides of the frog, Ran a cambiensis 

(Louisiana Biological Supply Company). This preparation 

includes the eighth and ninth spinal ganglia and roots, 

the sciatic nerve (axon) and the gastrocnemius muscle which 

it inervates. (Figure 1). 

The chamber used in the system was similar to that 

designed by Edstrom and Mattsson ( 19 7 2) , and had three 

compartments; the adjacent compartments, A, B, and C, 

were separated by impermeable barriers, that is, by seals of 

silicone grease (Dow Corning Corporation). This prevented 

leakage between the compartments of labeled amino acid, or 

other materials. The preparation was mounted in the chamber 

such that the ganglia, containing the cell bodies, were in 

compartment A, the axon in compartment B and the muscle in 

compartment C. Compartment B was designed so that a 

superfusing solution could be pumped in by a Harvard pump 

(Harvard Apparatus) , flow through compartment B and be 

collected in hourly samples by a fraction collector. 

(Figure 2) • Because there were two identical chambers, 

it was possible to run paired nerves simultaneously under 

the same conditions. The chambers were then placed in a 

9 



Figure 1. 
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Standard frog sciatic nerve preparation. The 
preparation included the 8th (1) and 9th (2) 
spinal ganglia and roots; the sci a tic nerve 
(3) and the gastrocnemius muscle ( 4) . 



1 

----------3--------------~4 
2 



Figure 2. 
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Diagram of chamber used with the ganglia-nerve
muscle preparation. Hatched reg ions indicate 
the silicone grease seals between compartments 
A and B, and B and C. Arrows indicate the 
direction of flow of the superfusing solution 
from the Harvard pump, through compartment 
B and out to the fraction collector. 
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temperature-controlled water bath (Blue M Electric Company) 

for accurate temperature regulation during the experiment; 

the water bath was set so that the temperature in compart

ments A, B, and C was maintained at the desired level 

during the run. The temperature during the run was 

constantly monitored and recorded by a Soltec Rikadenki 

recorder. 

The ganglia in compartment A were incubated for 5 hours 

in a 14c-leucine frog Ringer solution with an activity 

of 25 rnicroCuries/ml (Arnersham Searle) ; the solution was 

continuously aerated. After the 5 hours had elapsed, the 

isotope was removed and replaced by an antibiotic saline 

solution, and continuously aerated. During the experiment, 

the antibiotic Ringer solution surrounding the axon in 

compartment B was slowly superfused ( 0. 028 ml/min.) and 

the hourly samples were collected. Meanwhile, the muscle 

in compartment C was bathed in Ringer solution. 

The Ringer solution used in the compartments as an 

incubation medium contained, per liter: 6.4 g NaCl, 140 mg 

KCl, 121 mg CaC1 2 and 201 mg NaHC0 3 • This was supplemented 

by the addition of 1 rnl penicillin-streptomycin (Micro

biological Associates) per 50 ml Ringer solution and 0.1 g 

glucose per 100 ml Ringer solution. 
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Distribution of labeled proteins in nerves 

Protein is transported from the cell body where it is 

synthesized, down the axon to the muscle. To study this 

transport, the preparation was run for 18 to 22 hours in the 

incubation chambers; at the end of the transport time period, 

this aspect of the run was terminated by removing the 

preparation from the chamber and placing it in 10% TCA for 

a minimum of 18 hours. This step was taken to extract 

from the nerve all free amino acid radioactivity. Following 

a rinse in distilled water, the muscle was removed; the 

preparation was pinned on a flat surface and allowed to 

dry. To determine the distribution of labeled protein in 

a nerve, the ganglia were removed, and the sci a tic nerve 

was cut into 3 mm long consecutive segments. Each segment 

was dissolved in .25 ml Soluene (Packard); the dissolved 

segments were decolorized by the addition of .15 ml 30% 

H202 and .15 ml isopropyl alcohol. Thirty minutes later, 

the dissolved, decolorized segments were each combined with 

10 ml of Bray's scintillation solution; the radioactivity 

in each segment was determined through the use of a 

Beckman liquid scintillation spectrophotometer. The radio-

activity was expressed as counts per minute/segment, and 

graphed. 
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Distribution of labeled protein in efflux 

After the hourly samples (1. 68 ml/hr) of superfusing 

solution from compartment B were collected by a fraction 

collector, they were dialyzed for 2 0 hours to remove any 

unincorporated counts in the solution. Then 0. 25 ml of the 

dialyzed solution was added to 10 ml of Bray's liquid 

scintillation solution and the radioactivity in each vial was 

determined as above. The total activity was expressed as 

counts per minute/hourly sample, and graphed. 

From the remainder of the dialyzed efflux, 0. 45 ml 

per sample was removed for protein determination by the 

Lowry procedure (Lowry, Rosebrough, Farr, and Randall, 1951) • 

The quantity of protein in each sample was expressed as 

mg protein per total ml in sample/hour. 

This was the standard procedure employed for all 

experiments. When temperature modifications were carried out, 

the temperature of the water bath was changed and allowed to 

stabilize at the desired temperature. The rest of the 

procedure was stated as above. When the cycloheximide 

studies were done, the drug was placed in the appropriate 

compartment, and the nerves and efflux were processed as 

previously indicated. 



EXPERIMENTAL RESULTS 

Figure 3 shows a typical transport curve. The pulse 

front reached the background level 9 0 rruu from the ganglia. 

This point is taken to be the leading edge of the pulse 

front; the transport distance is calculated by measuring the 

distance from the ganglia to the leading edge. In this 

case, the pulse moved 90 rruu in 18 hours at 20° C. The 

transport rate for 24 hours would therefore be 120 rruu. 

In order to show more clearly where the pulse front is 

in a given transport curve, the following experiment was 

performed. (Figure 4) . The ganglia of the nerve preparation 

were incubated in the isotope solution in compartment A 

at 20° C. The axonal portion of the preparation in com-

partment B was perfused with a solution at 2° C. At this 

temperature, the axonal transport of protein is blocked. 

As a result, the protein synthesized in the ganglia was 

concentrated at the interface of compartments A and B. 

When the temperature in compartment B was raised to 20° C, 

the concentrated pulse of radiolabeled protein moved through 

the axon as a sharp pulse, rather than as the gr'adient 

noted in Figure 3. 

Figure 5 shows the time course of the hourly efflux 

of labeled protein from the nerve. The top curve plots the 

15 



Figure 3. 
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Transport curve, showing the distribution 
of labeled protein in the sciatic nerve 
after incubation at 200 c for 18 hours. 
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Figure 4. 
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Transport curve showing a pulse of labeled 
protein, the result of a 3 hour cold block 
placed on the axon in chamber B. Transport 
time: 20 hours; temperature: 20° C. 
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Figure 5. 
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Efflux curve measuring the release of labeled 
protein in CPM, top graph; amount of protein 
released in each hourly sample, middle 
graph; and the specific activity of each 
hourly sample, bottom graph. Transport time: 
20 hours; temperature: 200 C. 
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efflux of radiolabeled protein coming from the nerve. The 

middle graph shows the level of protein as determined by 

the Lowry procedure in each hourly sample. It is evident 

from the two curves that the peaks of protein release are 

the same for both the labeled protein as well as the total 

protein released from the nerve. The bottom graph indicates 

the specific activity of each hourly sample. 

In order to show that the protein released from the 

nerve was axonal in origin and not the result of Schwann 

cell synthesis, a series of experiments were performed 

using an inhibitor of protein synthesis. Figure 6 shows a 

control transport curve, as well as a transport curve for 

which compartment B was perfused with cycloheximide. The 

latter curve indicates that cycloheximide does not inter

fere with the transport of protein. The bottom plot shows 

the effect of cycloheximide in compartment A. Cycloheximide 

does block the synthesis of protein, and therefore, no 

labeled protein was transported. 

Figure 7 shows the matching efflux curves for the 

experiments seen in Figure 6. All the experiments were run 

at 20° C and therefore no difference in the transport rate 

would be expected. As seen in this figure, the efflux 

curve for the experiment in which the perfusing solution 

contained cycloheximide is essentially similar to that with 

no cycloheximide present. Therefore, this shows that even 



Figure 6. 
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Transport curves resulting from cycloheximide 
studies. 0 Untreated nerve; e nerve 
perfused with cycloheximide (100 ~g/ml) in 
compartment B; !J nerve incubated in 1 4 C
leuc ine with cycloheximide (100 11g/ml) in 
compartment A. Transport time: 18 hours; 
temperature: 20 0 C. 
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Figure 7. 
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Efflux curves obtained from cycloheximide 
studies. 0 Untreated nerve; t compartment 
B perfused with Ringer solution containing 
100 wg/ml cycloheximide; D. ganglia incubated 
in 1 4C-leucine with 10 0 ].lg/ml cycloheximide 
in compartment A. Transport time: 18 hours; 
temperature 20° C. 
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with the Schwann cell protein synthesis blocked, labeled 

protein is still being released from the nerve. The bottom 

graph reflects the situation where the ganglia were soaked 

in a 14c-leucine-cycloheximide solution blocking the protein 

synthesis of the neurons. Therefore, if the labeled protein 

released from the nerve is neuronal in origin, one would not 

expect to see an efflux of labeled protein. It can be 

clearly seen in the bottom plot of this figure that no 

labeled protein was released; and therefore, normally the 

labeled protein released from the axons is synthesized by the 

nerve cell bodies in the ganglia. 

One might argue that the concentration of cycloheximide 

(100 ].lg/ml) in the solution perfusing compartment B is: 

(1) not sufficient to block protein synthesis of the Schwann 

cells, or (2) not penetrating the Schwann cell and therefore 

could not block the synthesis of protein by Schwann cells. 

Figure 8 shows an experiment in which the nerve minus the 

ganglia and muscle was soaked in radiolabeled leucine for 

different periods of time. It can be seen that, over a 

period of eight hours, the synthesis of protein is linear. 

If the nerve is exposed to cycloheximide over this same time 

period, it can be seen that the Schwann cell synthesis 

is blocked and therefore that the concentration of cyclo

heximide used in our experiments was effective. 



Figure 8. 

23 

Incorporation of 1 4 C-leucine into TeA
insoluble precipitate by the nerve alone 
1n t.he presence ot eye lohexirnid.e. 0 
Control nerves, incubated without cyclo
heximide; • nerves incubated in presence 
of cycloheximide. 
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Figure 9 shows the effect of temperature on the process 

of axonal transport. An increase in the transport rate 

occurs by elevating the temperature of the preparation. 

At S° C, very little transport occur red. This temperature 

approached the point at which transport is blocked, 4° C. 

Figure 10 shows the effect of temperature on the efflux 

of protein from the nerve. The time at which the maximum 

efflux occurs is thought to be a function of the time it 

takes for the pulse front to enter compartment B and be 

collected. As illustrated in Figure 9, the distance moved 

by the pulse front over a given time interval is a function 

of temperature. Therefore, if we are correct in the 

assumption that the maximum efflux occurs when the pulse 

front enters compartment B, then the time that the maximu.m 

efflux occurs should be a function of temperature. As 

can be seen in Figure 10, the time of maximum efflux is 

a function of temperature and, in fact, at 20° C the 

maximum efflux occurr:ed at two hours, at 150 C it· occurred at 

four hours, and at S° C, at eight hours after the onset of 

efflux collection had begun. 

To show what the quantitative relationship is between 

the time of occurrence of the peak of maximum efflux and 

the incubating temperature of the preparation, a plot is 

constructed from the data in Figure 10. Figure ll shows that 

there is a linear relationship between the time of maximum 
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Transport curves for nerves incubated at 5 ° C, 
15 ° C and 20 ° C. 0 Nerve incubated at 20° C; 
• nerve incubated a t 15 ° C; .6 nerve incubated 
at 5° C. Transport time: 18 hours. 
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Figure lO. 
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Efflux curves for nerves incubated at so c, 
1so C and 20° C. 0 Nerve incubated at 200 C; 
0 nerve incubated at 15°C; l:inerve incubated at 
5° C. Transport time: 18 hours. 
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Graph indicating the linear relationship 
between the time of occurrence of the peak 
of maximum efflux and the incubating temp
erature of the preparation. 



~· 

0 

29 

29 

28 

27 • 

HOURS 



28 

protein efflux and the temperature of the preparation. 

It can be similarly shown that the transport rate is a 

l inear function of temperature. The o10 for the transport 

p rocess i s 2. 40 and for the time of appearance of maximum 

efflux is 2. 58. These o10 figures are close enough to 

suggest that the relationship between the time of maximum 

efflux and the movement of the pulse front is not coincidental. 

One could therefore predict the time that the maximum efflux 

would occur based on the transport rate. 



DISCUSSI ON 

The data presented here demonstrates that (1) the 

protein released by the nerve is axonal (as opposed to Schwann 

cell) in origin ; (2) the protein released is produced in the 

cell bodies of the dorsal root ganglia; and (3) the protein 

arrives at the axon from the ganglia via r apid axonal 

transpor . These conclusions ar e supported by data from 

several experiments . We have shown that (1) blocking the 

synthesis of proteins by the Schwann cells does not affect 

the t nsport of proteins nor do e s it affect the release of 

pro e · ns by the cell bodies ; (2) blocking the synthesis of 

pro eins by cell bodies i n the ganglia causes no labeled 

prote · n to be transported or released from the nerve and ( 3) 

he axonal transport rate and time that the maximum efflux 

ra e occurred had Q 0 values which are quite similar 

( 2 . 4 0 vs. 2. 58) ; therefore the protein release is related 

to the need for transport of the protein . 

The time course of the protein efflux curve can be 

explained by making the simple assumption that the maximum 

efflux occurs when the pulse front of labeled protein enters 

compartment B and comes in contact with the super fusing 

solution around the axon . Data supporting . this conclusion 

may be seen in Figures 9 , 10, and 11. Figure 9 demonstrates 

29 



30 

that the transport rate is a function of temperature; ther e 

fore by increasing the temperature of the preparation, one 

would expect the pulse fr.ont to require less time to arrive 

in compartment B. Figure 10 shows that the time of occurrence 

of maximum efflux is likewise related to the temperature of 

the preparation; this relationship is plotted in Figure 11. 

By calculating the transport rate, we can predict the period 

during which the maximum efflux should occur. This may be 

further substantiated by looking at the o10 values: 2. 40 

for the transport rate as compared to 2. 58 for the time of 

appearance of maximum efflux. 

The idea of release and transfer of proteins from one 

cell to another playing a trophic or informational role is 

not new. Lasek, et al. (1974) reported that up to 50% of 

the proteins synthesized by the Schwann cells are transferred 

to the squid giant axon, possibly by pinocytosis. It was 

suggested that these proteins may act as informational 

molecules, with some regulatory role in neuronal function. 

Musick and Hubbard reported that protein is released 

concurrently with acetylcholine in a diaphragm-phrenic 

nerve preparation at the ··n euromuscular junction. They 

suggested that within the cholinergic vesicles, the proteins 

could serve as an acetylcholine binding agent, maintaining 

a high concentration of acetylcholine in the vesicles. Once 

released, they suggested that the proteins might mediate 
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postsy n aptic eff ects 1 i ncluding some trophic influ ence . 

Ge f f en , et a l . 1 1969 , showed that proteins binding 

norephinephrine are produced in the sympathetic ganglia , 

carri e d via axonal transpor t t o the adrenal me dulla and 

rele as e d with norepine phrine f rom t h e nerve endings. 

The unique contribu tion of thi s research is the demon

strat i on that protein b e ing transpor ted via r a pid axonal 

tra nsport is be ing r e l eased f r om t h e a xon. The biological 

signi f ica nc e of the protein re l eased f rom the a x on is not 

cle ar . Sev e r al worke rs have shown that axona lly t r ansporte d 

prot ein may be supplie d to myelin (Gio rgi , e t al. 1 1973; 

Elam 1 1974 ; Autilio- Ga mbetti 1 197 5 ; Hines and Ga rwood, 1975). 

It is n o t clear a t th i s point whether the same p rote ins that 

a r e released i nto the p e rfusing solution a r e the s a me pr oteins 

isolated with t he mye l i n . Some preliminary e l e c t rophorectic 

data indicates t ha t t hey a re not the s ame . Clearly 1 however 1 

the proteins supp l ied t o the mye l in f r om the neuron must 

l eave the axon, wheth e r or not they would leave the perfusing 

s o lution f i r s t. 

Because of the h istological re l ationship between the 

axons and Schwann c e lls , the Schwann cells may be considered 

as a likely target fo r t he pr oteins r e leased by the axon . 

A well known fact in neurobiology i s that when axons are 

severed from thei r cel l soma , the mye l i n distal to the cut 

degenerates and the Schwann cells d etac h t hemselves and become 
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motile. The blood supply to the Schwann cells and myelin 

is still intact, so this degeneration is not due to ischemia. 

It seems logical to conclude that the axon may be supplying 

the myelin and Schwann cells with some material normal 

for their maintenance. When the axons are severed the supply 

of material via axonal transport would be interrupted, and 

the resultant changes would occur. 

On the basis of this series of in vitro experiments, 

further research is suc;gested. One of the first questions 

confronting this worker is whether this release of protein 

occurs in vivo. A series of experiments is planned in which 

the ganglia will be injected with 14c-leucine in situ in 

the intact frog. A chamber containing frog plasma will be 

placed around the axon to determine if the radiolabeled 

protein is released. The second group of experiments will 

deal with the possible trophic or regulatory effect that 

the protein released may have on the Schwann cell and 

myelin. To approach this problem the protein released from 

the axon will be bioassayed on a myelinating system. 



SUMMARY 

l . An investigation was conducted to study the release of 

pro t ein by the frog sciatic nerve during rapid axonal 

transpo r t . 

2. The following ha s b een demonstrated: 

a . The protein r eleased in the efflux is neuronal 

(as opposed to glial) i n origin. 

b. The protein re l eased by the a xon during axonal 

transport was synth esized by the cell bodies in t he 

ganglia . 

c . Af er the protein has been synthesized in the 

ganglia , it is dependent on a xona l transport to move 

i from he gangl ·a to the axon, where it is released. 
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ABSTRACT 

An in vitro system was used to study the release of 

protein from frog sciatic nerve during rapid axonal trans-

port. This preparation included the dorsal root ganglia, 

sciatic n erve , and gastrocnemius. It was placed in a 

chamber with three com par ments ; each compartment was 

separa 

in cub 

comp r 

d by a silicon grease barrier . The ganglia were 

d in 14c leuc · ne for five hours at 20° c. in 

n A. Pro e'n 1 synthesized in the ganglial was 

ranspor e 

in comp r 

throu hou 

own he xon n compartment B toward the muscle 

n C. Th 

xp r 

solu ·on w s coll ct 

xons in compartment B were superfused 

with aerated Ringer solution. This 

n hourly samples 1 dialyzed to 

remov ny unincorpor d leucine 1 and analyzed for the 

pres n o r le sed protein. A plot of the time course 

of the r 1 ase of r · olabeled protein revealed that 1 at 20°, 

four ho rs f er the superfusion (of compartment B) was 

beg n, 

maxi 

he m x urn pro ein efflux was obtained. The peak of 

f 1 x corres onds to the time required for the 

pulse o r ch he s p rfused compartment . Research with 

cycloh X 'd I kno protein synthesis inhibitor 
1 placed, 

d rl. 9 ra e ex per ents , in compartment A and compartment 

B l in c h ( ) e released protein is axonal (as 

op ose o glial) origin ; and ( 2) the released protein is 



synthesized in the cell bodies in the ganglia and transported 

to the axon where it is released. Exper i ments using temper

ature modifications (so, 150, and 2 oo C.) i ndica ted that 

at 20°, the peak of maximum protein efflux occurred at two 

hours, at 1so the peak occurred at four hours, and at 5° 

the peak occurred at eight hours after the onset of efflux 

collection had begun. This further demonstrated that the 

protein being released from the axon depends on axonal 

transport for its movement from the cell body to the axon 

where it is released. 


	Copyright Statementr1
	1975Garwoodo
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54




