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INTRODUCTION 

. 14 
It has been reported that C-labeled protein is 

released from the axons of the frog (Rana catesbeiana) 

sciatic nerve (Garwood, 1975; Hines and Garwood, 1977; Hines, 

Garwood, and Forsyth, 1974). This efflux protein is synthe-

sized by the neurons and, following its synthesis, is 

transported by rapid axonal transport prior to its release. 

This release of protein has been observed across a range of 

vertebrate classes, including Reptilia, Aves, and Mammalia 

(Krikorian, 1977). The precise target cell, function, or 

biological significance of the released protein has not yet 

been elucidated. 

Various workers have reported evidence suggesting that 

transported protein may be supplied to myelin from the axon 

(Giorgi et al., 1973; Elam, 1974; Elam, 1975; Autilio-

Gambetti, Gambetti, and Schafer, 1975). Giorgi et al. (1973) 

reported that purified myelin from the optic pathway was 

consistently found to be radioac tive after intraocular 

injection of 3H-labeled leucine. They suggested that the 

labeled major myelin proteins and labeled high molecular 

weight minor proteins were synthesized by the neurons and 

transported by axonal flow , thus allowing for axonal/glial 

interaction in the metabolism of myelin. These findings, 

1 
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however, contrasted in pa rt with those of Elam (1974, 1975), 

and Autilio-Gambetti, Gambetti, and Schafer (1975), who found 

that while high molecular weight axonally transported pro

teins were isolated with myelin, none of the major myelin 

proteins appeared to be neuronally synthesized. They 

concluded that none of the major myelin proteins were of 

neuronal origin, and suggested that the neuronally labeled 

(synthesized) proteins isolated with myelin were either 

axolemmal contaminants of myelin, or had somehow been 

associated with or inserted into myelin. 

Recently, it has been found that a neuronally synthe

sized and transported protein (molecular weight of 100,000 

daltons) is isolated with myelin, and a similar neuronally 

synthesized and transported protein (molecular weight of 

100 ,000 daltons) is released extra-axonally (Edwards, 1980). 

The treatment of neuronally radiolabeled myelin with EDTA 

releases the high molecular weight protein from the myelin, 

indicating dissociable bonding . It was suggested that the 

transported and released protein may be associated with 

myelin as a trophic factor or informational molecule. This 

protein may be acting to repress or induce some aspect in 

the normal metabolic turnover of myelin. 

A trophic role for proteins is not a new idea. Several 

authors have suggested that proteins released from one cell 
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exert influences on neighboring cells. Lasek, Gainer, and 

Przbylski (1974) reported that up to 50% of the proteins 

synthesized by Schwann cells are transported to the squid 

giant axon, possibly by pinocytosis. They suggested that 

these proteins might act as informational molecules with 

some regulatory role in neuronal function. Raff et al., 

(1978) suggest that.there are at least two distinct path-

ways for stimulating Schwann cell division - one involving 

an increase in intracellular cAMP, the other involving 

some protein(s) (found in pituitary extracts and brain 

extracts) which appear(s) not to be any of the previously 

characterized growth factors or classical pituitary hor

mones , and do not affect cAMP levels. Musick and Hubbard 

(1972) reported that, in a diaphragm-phrenic nerve pre

paration, protein is released concurrently with acetyl

choline at the neuromuscular junction. When the proteins 

are released, they might mediate some postsynaptic effects, 

including some trophic influence over the muscle. Singer 

and Steinberg {1972) speculated that since Wallerian 

degeneration occurs shortly after a nerve fiber is cut, 

there could be a neurotrophic factor present in the rapid 

component of axoplasmic flow. 

Possible signalling mechanisms involved in the 

neuronal regulation of myelination have been proposed 
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which incorporate contemporary concepts of intercellular 

communication. Spencer and Weinberg (1978) suggested 

that the neuronal regulation of myelination involves a 

surface membrane interaction between the glial or myelin

ating cell and the axolemma, a concept proposed originally 

for CNS myelination by Brady and Quarles (1973). Several 

methods of axon/glial communication are possible. (See 

Figure 1.) These methods include: 

1. The incorporation of signal (chemical messenger) into 

axolemma after transport from the neuronal cell body. 

2. A diffusible signal, released from the axon, which is 

picked up on the surface membrane of myelinating cells. 

3. The passage of diffusible signal from the axon into 

the Schwann cell. 

4. Signalling by contact of axon and glial surface 

membranes after incorporation of signal into the 

neuronal plasma membrane (or axolemma) (Spencer, 1979). 

Several investigators have reported data which sug

gest that axons may direct Schwann cells to produce or 

maintain myelin. Epps, Aguayo, and Bray (1975) reported 

that two to six months after anastomosis of the mouse 

(myelinated) phrenic nerve with the (unmyelinated) cervical 

sympathetic trunk, previously unmyelinated (cervical 

sympathetic) distal stumps contained many myelinated 
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fibers, while there were few myelinated fibers in the 

distal phrenic stumps joined proximally to cervical 

sympathetic stumps. They suggested that regenerating 

axons (from the proximal stumps) determined whether or 

not non-proliferating Schwann cells will form myelin. 

Weinberg and Spencer (1975) anastomosed the proximal 

stump of the predominantly myelinated (sternohyoid) 

nerve with the distal stump of the largely unmyelinated 

cervical sympathetic nerve to explore the role of the axon 

in activating Schwann cells to produce myelin. Their 

results indicated that Schwann cells of the distal un

myelinated nerve were stimulated to form myelin by the 

regenerating myelinated nerve. Mirsky et al. (1980) 

reported evidence suggesting that rat Schwann cells in 

culture require a continuing signal from appropriate 

axons to make detectable amounts of myelin-specific 

glycolipids and proteins. 

In summary, the data previously discussed suggest 

the possibility that the protein released from the axon 

could act as a signal for the neuronal regulation of 

myelination. Furthermore the results of our past series 

of in vitro experiments, and reports of recent 
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investigations, suggest additional research in an attempt 

to answer the following questions: 

1. What is the quantity of the protein released from 

the axon, and what are its electrophoretic properties? 

2. Can a target cell or structure for the protein be 

elucidated through immunological and histological 

techniques? 

3. Is the efflux protein immunologically cross-reactive 

across a range of vertebrate classes? 
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Figure 1. Possible methods of axon/glial communication. 
A "diffusible signal protein", synthesized in 
the neuronal cell body (soma) and transported 
along the axon, is released into the extra
cellular space. It could then bind to any of 
three sites: 1) the external axolemma membrane, 
2) the myelin membrane, or 3) the external 
Schwann cell membrane. 
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MATERIALS AND METHODS 

Purification, Quantitation and Electrophoretic 

Properties of the Efflux Protein 

Preparation and Incubation 

A standard procedure was employed to excise the 

eighth and ninth dorsal root ganglia and sciatic nerves 

both sides of six frogs (Rana catesbeiana) ; the prepar

ations were placed in a two-compartment chamber (Figure 2) 

with the ganglia in the inner compartment and the nerve 

trunks in the outer compartment. To prevent leakage 

between the compartments of labeled amino acid or other 

materials, the compartments were separated by impermeable 

silicone grease (Dow Corning Corporation) barriers. The 

ganglia were incubated in 3H-leucine in Ringer (200 ~Ci/ml) 

and oxygenated for the duration of the run, 22 hours. The 

axons were bathed in oxygenated frog Ringer with cyclo

heximide to inhibit the incorporation of isotope into 

protein by non-neuronal cells (Hines and Garwood, 1977). 

The chamber was placed in a temperature-controlled water 

bath (Blue M Electric Company) for accurate temperature 

regulation during the course of the experiment; the controls 

8 
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Figure 2. Diagram of the two-compartment chamber used with 
the dorsal root ganglia-sciatic nerve preparations. 
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were set so that the temperature in compartments A and B 

was maintained at 20°c. 

The Ringer used in the compartments as an incubation 

medium contained: sodium chloride, 109 roM; calcium 

chloride, 0.82 mM; potassium chloride 1.88 mM; sodium 

bicarbonate, 2.39 mM; and dextrose, 5.5 roM. This was 

supplemented by the addition of 1 ml penicillin-strepto

mycin (GIBCO Laboratories) per 50 ml Ringer to prevent 

bacterial growth. 

Distribution of Labeled Protein in Nerve 

Efflux protein is synthesized in the cell body, and 

transported along the axon. To check for this transport 

at the end of the run (22 hours) , preparations were removed 

from the incubation chamber and placed in 10% trichloro

acetic acid (TCA) to fix the nerve for axonal transport 

studies and to remove any unincorporated counts. Following 

a rinse in distilled water, the nerve was pinned to a flat 

surface and allowed to dry. To determine the distribution 

of labeled protein in the preparation, the nerve was cut 

into 3 mm segments and dissolved in 0.25 ml soluene (Packard); 

it was decolorized by the addition of 0.15 ml 30% H2o 2 and 

0 .15 ml isopropyl alcohol. After 30 minutes the dissolved, 

decolorized segments were added to 10 ml Bray's scintil

l ation cocktail. Bray's scintillation cocktail consisted 
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of 100 ml 10% methanol, 20 ml ethylene glycol, 60 g 

naphthalene, 4 g 2,5-diphenyloxazole (PPO), 0.2 g 

1,4-bis(2-5[5-phenyloxazolyl]) benzene (POPOP), brought 

to one liter with dioxane. The radioactivity in each 

segment was determined by use of a Beckman liquid scintil

lation spectrometer. The radioactivity was expressed as 

counts per minute (cpm) per segment. 

Efflux Protein 

After the efflux protein is synthesized in the cell 

body, it is transported along the axon, where it is 

released into the surrounding medium. Following the 

termination of the 22 hour run, the efflux-containing 

solution in the outer compartment was collected and filtered 

(Whatman filter paper, No. 1) to remove any debris. The 

solution was then concentrated using an Amicon Diaflow 

filtration system (with a PM-10 filter at 30 PSI nitrogen) 

to retain for purification and electrophoresis studies all 

materials greater than 10,000 daltons. This material was 

dialyzed for 24 hours against several changes of distilled 

water to remove inorganic salts. An aliquot of unpurified 

or "untreated" efflux (that is, efflux which had not been 

purified of contaminating plasma protein) was frozen at 

-20°C for future studies and comparisons . 
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Production of Antibodies to Frog Plasma Proteins 

An adult albino rabbit was bled ·through the lateral 

ear vein to obtain pre-immune serum, than immunized with 

frog plasma protein to obtain anti-frog plasma antiserum. 

For the immunization solution, 6 mg of frog plasma were 

lyophilized and resuspended in 3 ml mammalian Ringer. The 

mammalian Ringer used in the experiments contained: sodium 

chloride, 118 mM; calcium chloride, 4.8 mM; potassium 

chloride, 4.7 mM; sodium bicarbonate, 23.9 mM; and dextrose, 

5.55 mM. This was supplemented by the addition of 1 ml 

penicillin-streptomycin per 50 ml Ringer. It was sterile

filtered (Gellman filters), and emulsified with Freund's 

complete adjuvant (1:1). Injections of the above solution 

(1 mg efflux protein/ml) were given subcutaneously every 

5 days for a total of 6 injections. The rabbit was bled 

through the lateral ear vein to obtain anti-frog plasma 

antiserum . 

Salting Out Antibodies to Frog Serum 

The pH of a saturated solution of ammonium sulfate 

was adjusted to 7.8 with 2 N sodium hydroxide. The 

ammonium sulfate solution was then slowly added dropwise 

to the antibody-containing serum in a 1:2 ratio (ammonium 

s l fate:serum) with constant gentle stirring. After 
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stirring an additional 2 - 3 hours, the suspension was 

centrifuged 30 minutes at room temperature (1400 x g) . 

The precipitate containing IgG plus traces of other 

globulins and albumin was dissolved in saline to restore 

the volume to that of the original sample. A purer IgG 

fraction was obtained by a second and third precipitation, 

done as above. The precipitate from the third salting out 

procedure was dis solved in borate buffered saline (BBS) to 

a final volume of less than half of the original serum 

sample. The ammonium sulfate was removed from the pre-

0 cipitate by dialysis against BBS for several days at 4 C. 

The antibodies were stored at 4° C. 

The borate buffered saline consisted of 95 ml 

0 .85 % (w:v) sodium chloride plus 5 ml borate buffer (6.18 g 

boric acid, 9.54 g anhydrous borax and 4.38 g sodium 

chloride per liter distilled water). 

Purifi cation of Efflux Protein 

The purification procedure used to remove contaminat-

ing plasma proteins from the neuronal efflux protein 

involved a type of affinity chromatography. 

Anti-plasma antibodies were dialyzed overnight 

against 0.1 M sodium bicarbonate (pH 9, 4°C). Cyanogen 

bromi de-activated Sepharose-4B beads were washed with 
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distilled water, followed by 200 ml 0.1 M sodium bicarbon-

ate, pH 9. The antiplasma antibodies were then added to 

the beads and stirred slowly overnight at 4°C to allow 

binding of the antibodies to the beads. The beads were 

recovered by centrifugation (1400 x g at 4°C for 10 minutes). 

To block any remaining active sites on the beads, 1M 

ethanolamine was added and the beads were stirred slowly 

for an additional 1 - 2 hours at room temperature. The 

beads were recovered by centrifugation (1400 x g at 4°C 

for 10 minutes) and washed four times with Dulbecco's 

phosphate buffered saline (PBS; GIBCO Laboratories), 

pH 7.4. The plasma-contaminated efflux soultion was added 

to the beads and the slurry was stirred slowly overnight 

0 
(at 4 C) to allow binding of the plasma proteins to the 

anti-plasma protein antibodies (which were attached to the 

beads). The slurry was centrifuged (1400 x g at 4°C for 

10 minutes) and the neuronal efflux protein was recovered 

in the supernatant. The efflux protein was then checked 

immunologically for the presence of any remaining plasma 

proteins by the ring interface and Ouchterlony plate 

methods, as well as by electrophoresis. 
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Quantitation of Efflux Protein 

The protein content of the "untreated" and "treated" 

aliquots of efflux protein was determined by the Lowry 

procedure (Lowry, Rosenbrough, Farr , and Randall, 1951). 

The quantity of protein in each sample was expressed as 

mg protein per original volume (ml) for comparison. 

Electrophoretic Characterization of Efflux Protein 

Two polyacrylamide gel systems were employed for the 

electrophoretic characterization of the efflux protein. 

Molecular weight and Rf determinations of the bands were 

done on 10% 80S-polyacrylamide gels; 7% polyacrylamide 

Tris -glycine buffered gels were used to further characterize 

the protein bands with respect to Rf values. 

SDS-polyacrylamide Gel Electrophoresis 

Ten percent SDS-polyacrylamide gels were prepared 

according to Weber and Osborne (1969). Ten percent 

acrylamide was prepared by adding 22.2 g acrylamide and 

0.6 g methylenebisacrylamide to water to make 100 ml; it 

was paper-filtered before use. The gel buffer contained 

7.8 g dibasic sodium phosphate, 38.6 g monobasic sodium 

phosphate and 2 g SDS per liter distilled water . 
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The running buffer was prepared by diluting gel 

buffer 1:1 with distilled water. The sample buffer was 

0.01 M sodium phosphate buffer, pH 7.0, and contained 1% 

(w:v) SDS and 1% S-mercaptoethanol. The destaining 

solution contained 50 ml methanol, 75 ml acetic acid, 

and distilled water to make 1 liter. 

The gels were prepared by mixing 15 ml gel buffer, 

0.045 ml Temed, 20 rng ammonium persulfate, and 13.5 ml 

10% acrylamide solution. Three ml of gel solution were 

added to each electrophoresis tube and 0.15 rnl of water 

was gently added to the top of each gel to obtain a level 

meniscus. After the gel solidified, the water was removed 

and running buffer was added to the electrophoresis cham

bers. Dialyzed, lyophilized protein samples were resus

pended in the sample buffer; they were subsequently boiled 

4 minutes in a water bath and incubated 1.5 hours at 37°C. 

Two drops of tracking dye (0.005% bromphenol blue) and 

several crystals of sucrose were then added to each sample; 

sample aliquots containing 100 ~g protein {in 0.05 ml) 

were gently layered on each gel. The proteins were 

electrophoresed at 8 rnA/gel for approximately 8 hours 

(until the tracking dye front had migrated to within 1 ern 

of the end of the gel) . The gels were removed from the 

tubes; the tracking dye front and gel length were 
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determined for each gel. The gels were fixed in 10% TCA 

for 30 minutes. The gels were stained with 0.05% Coomassie 

blue in methanol and acetic acid (10:1, v:v) for 4 hours. 

The gels were then rinsed in water, destained, and scanned 

with a Beckman gel scanner. 

Tris Gel Electrophoresis 

Sever percent polyacrylamide Tris-glycine buffered 

gels, pH 8.9, were prepared according to Davis (1964) and 

Ornstein (1964). The running buffer contained 3.0 g Tris 

and 14.4 g glycine per liter distilled water. The 7% 

acrylamide solution was composed of 28.0 g acrylamide 

and 0.735 g methylenebisacrylamide made to 100 ml with 

distilled water. The gel buffer was made by adding 48 ml 

1 N hydrochloric acid, 36.3 g Tris, 0.23 ml Temed, and 

distilled water to make 100 rnl. The pH was adjusted to 

8.9. The catalyst contained 0.14 g ammonium persulfate 

in 100 ml distilled water. The destaining solution 

contained 50 rnl methanol , 75 ml acetic acid, and distilled 

water to make 1 liter . 

The gels were prepared by mixing 8 ml acrylamide 

solution, 4 ml buffer, 4 ml distilled water, and 16 ml 

catalyst (ammonium persulfate solution). Three ml of gel 

solution were put into each electrophoresis tube and 0.15 ml 
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water was gently added to the top of each gel to obtain a 

level meniscus. After the gels solidified, the water was 

removed and running buffer was added to the electrophoresis 

chambers. Dialyzed, lyophilized samples of protein were 

resuspended in distilled water; two drops of tracking 

dye (0.005% bromphernol blue) and several crystals of 

sucrose were added to the samples. Sample aliquots 

containing 100 ~g protein (in 0.05 ml) were gently layered 

on top of each gel. The proteins were electrophoresed at 

8 rnA per gel, until the tracking dye front had migrated 

to within 1 em of the end of the gels. The gels were 

removed from the tubes and the tracking dye front and gel 

length were determined for each gel. The gels were fixed 

in 10% TCA for 30 minutes. The gels were stained with 

0 .05 % Coomassie blue in methanol and acetic acid (10:1) 

for 4 hours. The gels were then rinsed in distilled water, 

destained, and scanned with a Beckman gel scanner. 

Distribution of Radiolabel in Gels 

After scanning, gels were cut into 2 mm segments, 

placed in 0.3 ml Soluene (Packard) in small test tubes, 

and incubated overnight at 50°C to dissolve the gel seg

ments . One ml Bray's scintillation cocktail was added to 

each test tube ; the contents of each test tube were poured 
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into precounted scintillation vials containing 9 ml Bray's 

scintillation cocktail. After standing undisturbed for 

48 hours (to dissipate any chemiluminescence) , the samples 

were counted, 2 minutes per sample, in a Beckman liquid 

scintillation counter. 

Histological Localization of the Efflux Protein 

Preparation and Incubation 

To decrease the amount of contaminating plasma 

protein in the efflux, groups of frogs were first perfused 

with 1.5 to 2 liters frog Ringer supplemented by heparin 

(1000 units/liter). The perfusing solution was introduced 

through the dorsal aorta (near the iliac branches) and 

drained from the (left) pulmoncutaneous artery. After 

excision of the sciatic nerves from both sides of the 

frog, the preparations were put into 100 ml oxygenated frog 

Ringer for 22 hours. The collected solution was filtered 

{Whatman filter paper, No. 1), concentrated, dialyzed, and 

purified as above. 

the Lowry method. 

The purified protein was quantitated by 

The purity of the protein was determined 

immunologically by the ring interface method, Ouchterlony 

plates, and electrophoresis {10% SDS-PAGE, as above). 
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Ring Interface Method 

This method provides a useful, qualitative method 

for the rapid detection of pre ~ipitating antibody. An 

aliquot of antiserum was placed in a small test tube and 

carefully overlaid with an aliquot of antigen such that 

a sharp liquid interface was formed. If antibodies to the 

antigen were present, a ring of precipitation occurred 

near the interface in the antibody layer. 

Ouchterlony Plates 

Diffusion agar was prepared by melting 0.8 g agarose 

(Sigma) in 100 ml sodium barbital solution (consisting of 

6.98 g sodium barbital, 6.0 g sodium chloride, 27 ml 1 N 

hydrochloric acid, and distilled water to make 1 liter). 

Ten ml diffusion agar was poured into non-wettable plastic 

Petri dishes. After the agar hardened, wells were made 

with a 0.25-inch cork borer, 8 mrn apart. The antigen and 

antibody solutions were added to the designated wells and 

the plates were incubated in the refrigerator 7-10 days. 

The plates were examined periodically and the results 

recorded. A positive result was indicated by a line of 

antigen-antibody precipitation between appropriate wells. 
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Mouse Efflux Protein 

Mouse efflux protein (from 6-week old TEX:(ICR) albino 

mice, Timco Breeding Laboratories) was obtained by modific

ations of the procedure used to obtain frog efflux. Due 

to the small size of the mice, they were not perfused. 

Anti-mouse plasma protein antibodies were produced and 

isolated for use in purifying the neuronal mouse efflux 

protein from the contaminating mouse plasma proteins. 

Mammalian Ringer was used instead of amphibian Ringer. All 

other procedures remained the same. 

Histological Localization of the Efflux Protein 

To study the localization of the efflux protein at 

the light microscope level, both cryostat-cut histological 

sections of frog (R. catesbeiana), turtle (Chelonia sp.) , 

chicken (Gallus domesticus), and mouse (Mus sp.) sciatic 

nerves and cultured mouse Schwann cells were examined by 

the indirect fluorescent antibody technique. 

Histological Sections 

Portions of frog, turtle, chicken, and mouse sciatic 

nerves were excised and immediately frozen in gum 

tragacanth for sectioning into 14 ll ffi sections. The gum 

tragacanth embedding medium was composed of 5.0 g 
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tragacanth gum, and 2 crystals phenol dissolved in 100 ml 

boiling deionized water. The thin sections were cut in an 

American Optical Cryo-Cut Cryostat Microtome. 

Schwann Cells in Culture 

Mouse Schwann cells were obtained in culture by 

modifications of the Hill and Burnstock (1975) and Wood 

(1976) procedures. Neonatal mice were killed by cervical 

dislocation and washed with 70% alcohol. The skin on the 

mid-dorsal aspect was opened, pinned back, and the body 

wall cut. The spinal cord was removed and dorsal root 

ganglia (DRG) were removed from the intervertebral spaces. 

In some experiments, the DRG were put directly in 0.25% 

trypsin for 10 minutes and rinsed in Hank's solution (GIBCO). 

In other experiments, the DRG were placed directly in 

Hank's solution. The DRG were subsequently minced with 

sterile scalpels. The DRG were then placed in minimal 

essential medium (MEM) (GIBCO) with 10% fetal calf serum 

(FCS) and transferred to sterile cover slips which had 

been previously coated with collagen (Vitrogen, Collagen 

corporation), diluted 1:1 with sterile distilled water, 

and rinsed in MEM. The cover slips were placed in a Petri 

dish for incubation. The DRG were then incubated at 37°C 

in an incubator flushed with 5% carbon dioxide : 95% 
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oxygen. Schwann cells could usually be found growing out 

of the explanted tissue within 48 hours. 

Staining Technique 

The indirect fluorescent antibody method (Coons, 1958) 

was used to examine both cryostat-cut histological sections 

of frog, turtle, chicken, and mouse sciatic nerves, and 

mouse Schwann cells in culture, for the presence of bound 

efflux protein. In this technique, the thin sections of 

cells are exposed to the unlabeled (primary) antibody (that 

is, antibody to the efflux protein) to allow binding of 

the primary antibody to any efflux protein bound to the 

cells. Then, the fluorescent-labeled secondary antibody 

is brought into contact with the antigen-primary antibody 

complex (the primary antibody now acts as an antigen). If 

there is antigen present, it will bind to the primary anti

body , which will bind to the secondary antibody. The 

presence of antigen can then be demonstrated by fluores

cence microscopy. 

Primary Antibody 

To obtain primary antibody or anti-efflux antibody, 

200 ~g (treated) efflux protein were emulsified in 1 ml 

F reund's incomplete adjuvant (DIFCO Laboratories); 0.25 ml 

was injected into each hind foot pad (intramuscularly) and 
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0.5 ml was injected in the neck region (subcutaneously) 

of an albino rabbit. After three weeks, 200 ~g (treated) 

efflux protein were emulsified in 1 ml Freund's complete 

adjuvant (DIFCO Laboratories) and injected by the same 

method . Efflux protein (200 ~g per injection) was emulsi

fied in Freund's incomplete adjuvant for subsequent 

injections (every 6-8 weeks) which were given by the same 

method. Seven to ten days after the third injection, the 

rabbit was bled to obtain anti-efflux protein antiserum 

(containing the primary, or anti-efflux protein antibodies). 

Secondary Antibody 

The secondary antibody used for the indirect 

fluorescent antibody method was fluorescein isothio

cyanate (FITC)-labeled goat anti-rabbit immunoglobulin

antibody (Antibodies, Inc.). 

Procedure 

The following procedure was used to examine cryostat

cut sections of sciatic nerve for the presence of efflux 

protein. Cryostat-cut sections of nerve were dried over

night, fixed with 95% ethanol for 10 minutes, then rinsed 

for 15 minutes in Dulbecco's phosphate buffered saline 

(PBS) , pH 7.4. Either preinject serum or primary antibody 

(diluted 1:5 with PBS) was applied to the sections and the 
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sections were incubated at 37°C for 1-2 hours or at 4°c 

overnight in a moisture chamber. The sections were washed 

well for 15 minutes with several changes of PBS and 

periodic gentle agitation. The sections were then incu

bated in the presence of the secondary antiserum (or 

fluorescein isothocyanate-conjugated goat anti-rabbit 

immunoglobulin anti-serum) containing fluorescently

labeled antibodies to the primary antibodies for 1-2 hours 

at 37°C or at 4°C overnight in a moisture chamber. The 

sections were again washed well for 15 minutes with several 

changes of PBS and periodic gentle agitation; they were 

then air-dried and mounted on alcohol-washed glass slides 

with glycerin-PBS (9:1, v:v). Control sections were also 

incubated in the presence of primary antibody, then un

labeled secondary antibody and finally labeled secondary 

antibody, using the procedure above. The slides were 

examined for fluorescence with a Reichert Zetopan micro

scope (C. Reichert, Austria) adapted for fluorescence with 

a fluorescence barrier filter slide (American Optical Corp.), 

dark-field fluorescence condenser (American Optical Corp.) 

and FITC filter (American Optical Corp.). 

The following procedure, adapted from Mirsky et al. 

(1980) , was used to examine cultured mouse Schwann cells 

for the binding of efflux protein. Schwann cells, grown 



26 

on glass coverslips, were exposed to efflux protein (diluted 

1:2 in MEM-HEPES with 10% FCS for 2 hours at 37°C to allow 

binding of efflux protein to the cells. They were gently 

washed 15 minutes in several changes of MEM-HEPES with 10% 

FCS . Primary antibodies (to the efflux protein) were 

applied to the coverslips and incubated at 37°C for 1 hour. 

The coverslips were washed well for 15 minutes in several 

changes MEM-HEPES with 10% FCS. The coverslips were then 

incubated in the presence of the secondary antiserum 

(containing fluorescently-labeled antibodies to the pri

mary antibodies) for 1 hour at 37°C. The coverslips were 

then washed well for 15 minutes with several changes of 

MEM-HEPES with 10% FCS. The cells were fixed in 5% (v:v) 

aceti c acid in ethanol (acid-alcohol) at -20°C for 10 

minutes. The covers lips were mounted on alcohol-washed 

slides with glycerine-PBS (9:1). The cells were examined 

for fluorescence with a Reichert Zetopan microscope 

(C. Reichert, Austria) adapted for fluorescence, as pre

viously described. 



EXPERIMENTAL RESULTS 

Purification, Quantitation and Electrophoretic 

Properties of the Efflux Protein 

Since previous data have shown that neuronally 

synthesized protein is transported and released from the 

axon (Hines and Garwood, 1977), it seemed pertinent to 

attempt to quantitate the protein being released from the 

nerve trunks, as well as examine some of its electro

phoretic characteristics. 

Figure 3 shows a typical rapid transport profile 

for a frog sciatic nerve. It was obtained by slicing a 

previously tritium-incubated and fixed sciatic nerve into 

2 mrn segments and determining the radioactivity per segment 

by liquid scintillation. The transport rate was calculated 

by measuring the distance from the ganglia to the leading 

edge. In this experiment, the pulse moved 75 mm in 22 hours 

at 20°C, giving a transport rate of about 3.4 mm per hour. 

During the transport phase the efflux protein is 

released from the nerve trunk into the superfusing solution. 

From preliminary research we realized that the released 

protein was greatly contaminated with plasma proteins. 

Although experiments using 3H-leucine helped to distinguish 

27 
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Figure 3. Rapid transport profile, showing the distr1~ 
of labeled protein in the frog sciatic nerv e 
after incubation with 3H-leucin e at 20°C £or 
hours. The ganglia are at 0 mm, the roots t 
left, and the nerve trunk to the r i gh t . 
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radiolabeled neuronal proteins from non-labeled plasma 

proteins, it was not possible to accurately quantitate 

the amount of protein released, nor was it possible to 

further characterize the protein biochemically, nor to 

raise antibodies against it for use in immunological 

localization studies. Immunological procedures were used 

to remove the plasma proteins, leaving only neuronal 

protein. The purpose of this procedure was to obtain the 

neuronal protein free of contaminating plasma proteins for 

further study. The neuronal efflux protein, free of con

taminating plasma proteins, was termed "treated efflux 

protein." 

After immunological purification, the treated portion 

of the efflux protein was checked for plasma contamination 

by first placing an aliquot of the treated protein over 

anti -frog plasma antiserum for a ring interface test, and 

second by running Ouchterlony plates. Before removal of 

the plasma proteins, the results for the ring interface 

tests and the Ouchterlony plates were positive. After 

removal of the plasma proteins, the results were negative, 

indicating that the contaminating plasma proteins had been 

removed . 

Using efflux protein pooled from 5 batches of (20-40) 

perfused frogs, it was determined that the amount of 
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protein released from the nerve trunks is approximately 

5 ~g treated efflux protein per 100 mg tissue per 24 hours. 

Figure 4 is a comparison of a 10% polyacrylamide-80S 

gel scan of untreated radiolabeled frog efflux protein with 

counted 2 mm segments from the same gel. For this figure, 

100 ~g untreated frog efflux protein was electrophoresed 

per disk gel. Absorbance scans at 580 nm revealed three 

distinct peaks, one with a molecular weight of 100,000 

daltons , and two larger peaks with molecular weights of 

65,000 and 55,000 daltons. When the gels were sliced into 

2 mrn segments and counted for radioactivity, two distinct 

peaks were revealed at 110,000 and 65,000 daltons. 

Figure 5 is a comparison of a 10% polyacrylamide-80S 

gel scan of treated radiolabeled frog efflux protein with 

counted 2 mm segments from the same gel. For this figure, 

100 ~ g treated frog efflux protein, purified of the con

taminating plasma proteins, were electrophoreses per disk 

ge l. Absorbance scans, at 580 nm, revealed a distinct 

change from the untreated protein, as seen in the last 

figure. In Figure 5, the highest peak had a molecular 

weight of 110,000 daltons. Peaks at 65,000 and 50,000 

daltons were greatly reduced. When the gels were sliced 

into 2 mm segments and counted for radioactivity, it was 

found that the peak at 110,000 daltons corresponded to a 
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Figure 4. Comparison of a 10% po1yacrylarnide-SDS gel sc 
of untreated radiolabeled frog efflux protein 
with counted 2 mm segments from the same gel 
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Figure 5. Comparison of a 10% polyacrylamide-SDS gel sc 
of treated radiolabeled frog efflux protein 
counted 2 mm segments from the same gel. 
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still sizeable radiolabeled peak, and that the peaks at 

65,000 and 50,000 daltons had a larger amount of radio

activity associated with them. The three peaks may 

represent subunits of the same protein. 

Figure 6 is a comparison of a 7% polyacrylamide-Tris 

gel scan of untreated radiolabeled frog efflux protein with 

counted 2 rom segments from the same gel. For this figure, 

1 00 ~ g untreated frog efflux was electrophoresed on a poly

a crylamide-Tris gel. Absorbance scans at 580 nm revealed 

two major sets of protein peaks, one with an Rf value 

be tween 0.2 and 0.4, the other with an Rf value between 0.8 

and 1.0. When the gels were sliced into 2 mm segments and 

c ounted by liquid scintillation, several major peaks of 

radioactivity were revealed. In particular, to the right 

on the graph , there was a major group of peaks with Rf 

values between 0.8 and 1.0, with a major radiolabeled 

peak occurring at 0.98. 

Figure 7 is a comparison of a 7% polyacrylamide-Tris 

gel scan of treated radiolabeled frog efflux protein with 

counted 2 mrn segments from the same gel. For this figure, 

100 ~g frog efflux, purified of the contaminating plasma 

proteins, were electrophoresed on 7% polyacrylamide-Tris 

gels . Absorbance scans at 580 nm revealed three distinct 

peaks with Rf values of 0.84, 0.89, and 0.98 . When the 
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Figure 6. Comparison of a 7% polyacrylami de-Tris gel scan 
of untreated radiolabeled fro g effl ux protein 
with counted 2 mm segments from t he same gel. 
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Figure 7. Comparison of a 7% polyacrylamide-Tris gel sc 
of treated radiolabeled frog efflux protein 
counted 2 rom segments from the same gel. 
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gels were sliced into 2 mm segments and counted for 

radioactivity, a major radioactive peak was still found 

with an Rf value of 0.98. It corresponds to one of the 

peaks in the untreated protein samples, thus revealing a 

neuronal , rather than a plasma origin. In the absorbance 

scan, the smallest peak with the Rf value of 0.89 repre

sents 8.5 % of the total protein, while the peaks with 

Rf values of 0.84 and 0.98 represent 45 and 46%, respect

ively, of the total protein. The "peak" seen between Rf 

0.1 and 0.25 is due to uneven destaining (which occurred 

near the top of the gels) . 

Histological Localization of the Efflux Protein 

Figures 8 through 20 show results of the histological 

l ocalization of efflux protein in cryostat-cut sections of 

f rog, turtle, chicken, and mouse sciatic nerves, as well as 

c ultured Schwann cells. Standard immunological preparations, 

as described by Uyeda, Eng, and Bignami (1972), coupled with 

adaptations of Coons' indirect fluorescent antibody proce

dure (Coons, 1958), were employed to study the localization 

of efflux protein at the light microscope level in cryostat

cut s ections of the sciatic nerve and cultured Schwann cells. 

Figure 8 shows a control section of frog sciatic 

nerve stained by indirect f l uorescence . This section was 
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Figure 8. Control section of frog sciatic nerve stained 
indirect immunofluorescence method. The secti 
was exposed to preinject rabbit serum (lacki g 
primary antibodies) , then to FITC-labeled goa 
anti-rabbit immunoglobulin antiserum (contai~-·~·~ 
secondary antibodies). The result is a lack 
fluorescence, a result obtained for all tiss 
exposed to preinject serum and stained by thi 
method. 
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exposed to preinject rabbit serum (which lacks primar y 

antibodies), then to FITC-labeled goat anti-rabbit immuno

globulin antiserum (which contains secondary antibodies ) . 

The result is negative, as indicated by the lack of 

fluorescence. This result was obtained because there were 

no primary antibodies available to bind to the efflux 

protein in the tissue section. This result was consistently 

obtained for all tissues exposed to preinject serum and 

stained by this method. 

Figures 9 and 10 show, respectively, control sections 

o f frog and mouse sciatic nerves exposed to anti-efflux 

protein antiserum (containing primary antibodies), then to 

pooled goat anti-rabbit immunoglobulin antiserum, and 

fi nally to FITC-labeled goat anti-rabbit immunoglobulin 

a n t iserum (containing secondary antibodies) . The results 

are negative, as indicated by the lack of fluorescence. 

Because the non-FITC-labeled secondary antibodies have 

already bound to all available primary antibodies, binding 

by the fluorescently-labeled secondary antibodies was 

blocked. The negative result also demonstrates that the 

binding of the secondary antibodies is specific for the 

prlmary antibodies and not a non-specific attraction of 

FITC for the tissue. 



Figure 9. 

Figure 10. 
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Control longitudinal section of frog sciatic 
nerve stained by the indirect immunofluorescence 
method. The section was exposed to anti-frog 
efflux protein antiserum (containing primary 
antibodies) , then to pooled goat anti-rabbit 
immunoglobulin antiserum, and finally to FITC
labeled goat anti-rabbit immunoglobulin anti
serum (containing secondary antibodies). The 
result is a lack of green fluo rescence. This 
result was obtained for sciatic nerve sections 
from all four classes examined, whether the 
section was exposed to primary antiserum to 
either frog or mouse efflux protein, and then 
stained by this "blocked" secondary antibody 
method. 

Control longitudinal section of mouse sciatic 
nerve stained by the indirect imrnunofluoresce 
method. The section was exposed t o anti-mouse 
efflux protein antiserum {containing primary 
antibodies) , then to pooled goat anti -rabbit 
immunoglobulin antiserum, and finally to FITC
labeled goat anti-rabbit immunoglobulin anti
serum (containing secondary antibodies). The 
result is a lack of green fluorescen ce. 
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Figures 11 and 12, respectively, show a cross section 

and longitudinal section of frog sciatic nerve stained by 

the indirect fluorescence method. After the section was 

exposed to rabbit anti-frog efflux protein antiserum 

(containing primary antibodies), it was exposed to FITC

labeled goat anti-rabbit immunoglobulin antiserum (con 

taining secondary antibodies). The positive result or 

binding of the FITC-labeled secondary antibodies to the 

primary antibodies (bound to the efflux protein in the 

ti ssue section) is indicated by the apple green color. 

Figure 13 shows the result of a cross section of 

frog sciatic nerve exposed to anti-mouse efflux protein 

anti serum (containing primary antibodies), then to FITC

labe led goat anti-rabbit immunoglobulin antiserum (contain

ing secondary antibodies). The apple green fluorescence 

indicates the binding of the FITC-labeled secondary anti

bodies to the primary antibodies (bound to the efflux 

protein in the tissue) . An important feature of this slide 

is that it demonstrates that efflux protein from one class 

of vertebrates (Amphibia) is antigenically cross-reactive 

with anti-efflux antibodies to another class (Mammalia) . 

Figures 14 and 15 show sections of turtle sciatic 

nerve stained by the indirect fluorescence method. For 

Figure 14, the longitudinal section of turtle sciatic 



Figure 11. 

Figure 12. 
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Fluorescence of a cross section of frog scia 
nerve stained by the indirect fluorescence 
method. The section was exposed to anti-frog 
efflux protein antiserum (containing primary 
antibodies) , then to FITC-labeled goat anti
rabbit immunoglobulin antiserum {containing 
secondary antibodies) . The binding of the F 
labeled secondary antibodies to the primary 
antibodies (bound to efflux protein in the 
section) is indicated by the apple green co1 

Fluorescence of a longitudinal section of fr 
sciatic nerve stained by the indirect fluore 
cence method. The section was exposed to 
frog efflux protein antiserum (containing 
primary antibodies) , then to FITC-labeled q 
anti-rabbit immunoglobulin antiserum (cant 
ing secondary antibodies). The apple gree 
fluorescence indicated the binding of the 
labeled secondary antibodies to the primary 
antibodies (bound to efflux protein in the 
section) . 
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Figure 13. Fluorescence of a cross section of frog sciat 
nerve stained by the indirect fluorescence 
method. The section was exposed to anti-mouse 
efflux protein antiserum (containing primary 
antibodies) , then to FITC-labeled goat anti
rabbit immunoglobulin antiserum (containing 
secondary antibodies) . The apple green fluo
rescence indicated the binding of the FITC
labeled secondary antibodies to the primary 
antibodies (bound to efflux protein in the 
tissue section) . 





Figure 14. 

Figure 15. 

43 

Fluorescence of a longitudinal section of tur
tle sciatic nerve stained by the indirect fluo
rescence method. The section was exposed to 
anti-frog efflux protein antiserum (containing 
primary antibodies) , then to FITC- labeled goat 
anti-rabbit immunoglobulin antiserum (containi 
secondary antibodies) • The apple green fluo
rescence indicates the binding of the FITC
labeled secondary antibodies to the primary 
antibodies (bound to the efflux protein in the 
tissue section) . 

Fluorescence of a longitudinal section of tur 
sciatic nerve stained by the indirect fluo
rescence method. The section was exposed to 
anti-mouse efflux protein antiserum (contain · 
primary antibodies) , then to FITC-labeled go 
anti-rabbit immunoglobulin antiserum {contai 
ing secondary antibodies) • The apple green 
fluorescence indicates the binding of he FI 
labeled secondary antibodies to the pr' ary 
antibodies (bound to the efflux protein in 
tissue section) . 
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nerve was exposed to anti-frog efflux protein antiserum 

(containing primary antibodies), then to FITC-labeled 

goat anti-rabbit immunoglobulin antiserum (containing 

secondary antibodies). For Figure 15, the turtle sciatic 

nerve longitudinal section was exposed to anti-mouse 

efflux protein antiserum (containing primary antibodies) , 

then to FITC-labe led goat anti-rabbit immunoglobulin 

anti serum (containing secondary antibodies). The apple 

green fluorescence indicates the binding of the FITC

labeled secondary antibodies to the primary antibodies 

(bound to the efflux protein in these sections). Again, 

the important feature of these slides of turtle tissue 

is that they demonstrate that efflux protein from reptiles 

is antigenically cross-reactive with anti-efflux antibodies 

to two other vertebrate classes -- Amphibia and Mammalia. 

Figures 16 and 17 demonstrate the result of chicken 

sciatic nerve sections exposed, respectively, to anti-frog 

efflux protein antiserum and the other to anti-mouse efflux 

protein antiserum. They were then exposed to FITC-labeled 

goat anti-rabbit immunoglobulin antiserum (containing 

secondary antibodies). The apple green fluorescence 

indicates the binding of the FITC-labeled secondary anti

bodies to the primary antibodies (bound to the efflux 

protein in the tissue) . The important feature of these 



Figure 16. 

Figure 17. 
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Fluorescence of a longitudinal section of 
chicken sciatic nerve stained by the indirect 
fluorescence method. The section was exposed 
to anti-frog efflux protein antiserum (contain
ing primary antibodies) 1 then to FITC-labeled 
goat anti-rabbit immunoglobulin antiserum (con
taining secondary antibodies) • The apple green 
fluorescence indicates the binding of the FITC
labeled secondary antibodies to the primary 
antibodies (bound to the efflux protein in the 
tissue section) . 

Fluorescence of a longitudinal section of 
chicken sciatic nerve stained by the indirect 

' fluorescence method. The section was exposed 
to anti-mouse efflux protein antiserum (contain
ing primary antibodies) 1 then to FITC-labeled 
goat anti-rabbit immunoglobulin antiserum (con
taining secondary antibodies) • The apple green 
fluorescence indicates the binding of the FITC
labeled secondary antibodies to the primary 
antibodies (bound to the efflux protein in the 
t~~sue section). 
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slides of chicken sciatic nerve sections is that they 

indicate that efflux protein from one class of vertebrates, 

Aves, is antigeni cally cross-reactive with anti-efflux 

antibodies to two other classes of vertebrates, Amphibia 

and Mammalia. 

Figures 18 and 19 show the result of mouse sciatic 

n erve sections exposed, respectively, to anti-frog efflux 

protein antiserum and anti-mouse efflux protein antiserum, 

then stained, as in previous figures, by FITC-labeled 

goat anti-rabbit immunoglobulin antiserum. The apple green 

fluorescence indicates the binding of the FITC-labeled 

secondary antibodies to the primary antibodies (bound to 

the efflux protein in the tissue). As before, the impor

tant feature of these slides of mouse sciatic nerve sections 

is that they indicate that efflux protein from one class of 

vertebrates, Mammalia, is antigenically cross-reactive with 

anti -efflux antibodies to another class of vertebrates, 

Amphibi a, as well as with anti-mouse efflux antiserum. 

The appropriate controls (i.e., the preinject serum 

control and blocked secondary antibody control) were run 

for sections of turtle, chicken, and mouse sciatic nerves. 

The results for these controls were consistently negative, 

indicating that the anti-efflux protein antiserum was 

specific for the efflux protein in the tissue and that the 
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Figure 18. Fluorescence of a longitudinal section of mouse 
sciatic nerve stained by the indirect fluores
cence method. The section was exposed to anti 
frog efflux protein antiserum (conta ining primary 
antibodies) , then to FITC-labe led g oat anti
rabbit immunoglobulin antiserum (con t aining sec
ondary antibodies) • The apple green fluores
cence indicated the binding of the FITC-labe l e d 
secondary antibodies to the primary antibodies 
(pgund to the efflux in the tissue section). 

Figure 19. Fluorescence of a longitudinal section of mouse 
sciatic nerve stained by the indirect fluores 
cence method. The section was exposed to anti 
mouse efflux protein antiserum (containing 
primary antibodies) , then to FITC-labeled goat 
anti-rabbit immunoglobulin antiserum (containing 
secondary antibodies) • The apple green f l uor e s
cence indicates the binding of the FITC-labeled 
secondary antibodies to the primary antibodie s 
(bound to the efflux in the tissue section) • 
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binding of the FITC-labeled secondary antibodies was 

specific for the primary antibodies. A final control, 

also giving negative results, was done by staining sec

tions of frog liver by the indirect fluorescence method. 

(Data not shown.) These results indicated that the stain-

ing was specific for a protein found in nervous tissue, 

but not in all other tissue; it also indicated that the 

primary antibodies are bound to a protein found in the 

nerve, and not to contaminating proteins, such as plasma 

proteins, common to both the nerve and other tissues. 

Because of the physical proximity of the Schwann 

cells and axons, as well as possible axon/glial inter

actions, it seemed pertinent to examine Schwann cells in 

culture to determine their ability to b i nd efflux protein. 

For Figure 20, Schwann cells from neonate mouse 

dorsal root ganglia were cultured on (collagen-coated) 

coverslips. After incubation in medium containing mouse 

efflux protein, the cells were stained by the indirect 

fluorescence method by exposing them first to rabbit 

anti-mouse efflux protein antiserum, then to FITC-labeled 

goat anti-rabbit immunoglobulin antiserum. None of the 

cultures exhibited specific fluorescence indicating the 

lack of binding of the efflux protein to the cultured 

Schwann cells. 
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Figure 20. Schwann cells, stained by the indirect fluo
rescence method, in a culture from neonate mouse 
dorsal root ganglia. The culture was incubated 
in the presence of mouse efflux protein, then 
exposed to anti-mouse efflux protein antiserum, 
and lastly to FITC-labeled goat anti-rabbit 
immunoblobulin antiserum. 





DISCUSSION 

It has previously been reported that proteins are 

released from frog axons (Hines and Garwood, 1977) and 

that similar proteins are released from the nerves of four 

classes of vertebrates (Krikorian, 1977). The data 

presented here indicate that three protein bands of 

neuronal origin make up the efflux protein(s). These 

proteins have molecular weights of 110,000, 65,000, and 

55,000 daltons based on 10% polyacrylamide-SDS gel electro

phoresis (Figure 5) . On 7% polyacrylamide-Tris gels they 

have Rf values of 0.84, 0.89, and 0.98; these bands repre

sent, respectively, 45%, 8.5%, and 46% of the total efflux 

protein (Figure 7). It is not clear, however, how the 

three peaks found in each of the two different gel systems 

are related. 

In Figure 7, the apparent incorporation of 3H-leucine 

into a radioactive peak at Rf 0.6 may reflect the incorpor

ation of leucine metabolites possibly into some non-protein 

moiety as determined by the lack of absorbance at 580 nm. 

Although the peak was consistently found, it is not yet 

clear to what moiety it corresponds. Due to the enrichment 

of the non-plasma protein components of the "treated" frog 

efflux preparation relative to the "untreated" preparation, 
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this peak may be more readily visible in the treated 

efflux absorbance scans than in the untreated efflux 

scans . 

These data regarding the three protein peaks found 

i n the treated frog efflux are similar to those found 

earlier by Kri korian (1979) for untreated efflux from 

r abbit and mouse, as well as untreated turtle and chicken 

e fflux (Krikorian, 1977}. The data presented here extend 

the findings of Krikorian (1977, 1979) by showing three 

n euronal e fflux proteins which are immunologically similar 

a cross a range of vertebrate classes. 

Recently it was reported (Edwards, 1980) that a 

n euronally synthesized and transported protein with a 

molecular weight of about 100,000 daltons can be isolated 

1 th myelin , and that a similar neuronally synthesized and 

t ranspor t ed protein of the same molecular weight is releas

ed extra axonally. When neuronally radiolabeled myelin was 

t reated with EDTA, the high molecular weight protein was 

r e l eased from the myelin, indicating dissociable bonding. 

It was s uggested that the transported and released protein 

may be a s sociated with myelin as a trophic factor or signal 

molecule. Based on Edwards' (1980) data, it seems possible 

that the protein released from myelin by EDTA treatment 
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and the 110 ,000 dalton protein of treated efflux protein 

may be the same . 

A persistent problem throughout this research was 

that the proteins released from the nerve trunks were 

highly contaminated with plasma proteins. Although 

perfusion of the frogs with Ringer helped to reduce the 

amount of contamination, it was not a satisfactory 

solution. While radiolabeled experiments helped to 

distinguish the labeled neuronal proteins from the non

labeled plasma proteins, it was not possible to quantitate 

the amount of protein released. The immunological method 

uti lized to remove the contaminating plasma proteins from 

the efflux proteins was shown to be effective and satis

factory by ring interface tests, Ouchterlony plates, and 

electrophoresis. An important feature of the immunological 

procedure used was that it preserved the antigenic activity 

of the protein being purified (treated), in this case, for 

later use in making anti-efflux antibodies. 

After purifying the efflux protein, the amount of 

protein released from the nerve trunk was determined by 

the Lowry method to be approximately 5 ~g protein per 

100 mg tissue per 24 hours. Because efflux proteins 

were shown to be released from four classes of vertebrates 

(Krikorian, 1977, 1979), it seemed pertinent to determine 
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whether the released proteins were antigenically similar. 

Figures 11-19 show results of a series of studies under

taken to dete rmine whether efflux proteins across a range 

of vertebrate classes are antigenically cross-reactive. 

As can be seen from Figures 11-19, the efflux proteins 

from frog, turtl e , chicken, and mouse sciatic nerves are 

cross-reactive with both anti-frog efflux antibodies and 

anti-mouse efflux antibodies. The common cross-reactivity 

demonstrates that the efflux proteins are antigenetically 

similar, and suggests a common function for themo While 

i t is not possible to localize the proteins ultrastructur

ally by the indirect fluorescence method, many fluorescent 

s ections e xhibited a salient feature. Figures 13 and 14 

a re cross sections of sciatic nerve showing ring-like areas 

o f fluorescence where the FITC-labeled antibodies are 

bound. Fi gure 18 demonstrates the thread-like fluorescent 

pattern s een in longitudinal sections of sciatic nerve. 

These resul ts suggest that the three-dimensional configur

ation of the efflux protein in the tissue is tube-like. 

This seems likely, particularly in view of Edwards' (1980) 

data previously presented. It also suggests a function 

for the e fflux protein as a signal or informational 

molecule relating to axon/glial interaction. 



54 

Spencer (1979) suggested several methods of axon/glial 

communication (Figure 1) which could be effected by the 

efflux protein. These methods include: 1) the incorpor

a tion of s ignal into axolemma after transport from the 

n euronal cell body; 2) a diffusible signal, released from 

the axon, which is picked up on the surface of myelinating 

cells; 3) the passage of diffusible signal from the axon 

and incorporation into the Schwann cells; 4) signalling by 

contact of axon and glial surface membranes after incorpor

a tion of s ignal into the neuronal plasma membrane (axolemma) . 

Because of the physical proximity and the sheathing 

r elationship between Schwann cells and axons, the Schwann 

c e l l seems to be a likely target for the efflux proteins. 

Also, Mirsky et al. (1980) reported that Schwann cells 

(in culture) require a continuing signal from appropriate 

axons t o make detectable amounts of myelin-specific glyco

lipids and proteins. When cultured Schwann cells were 

examined for the binding of efflux protein, however, the 

res u l t was negative. The possibility that Schwann cells 

may l o se their ability to express certain proteins after 

several days in culture (Mirsky et al., 1980) was also 

explored. However, Schwann cells from dorsal root ganglia 

of n e onatal mice to 4-week-old mice failed to bind efflux 

prote in up to several weeks in culture. It therefore 
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seems possible that Schwann cells in their elongated form, 

as in tissue culture, may not express the receptors neces

sary or have the ability to bind efflux protein. It is 

also possible that the efflux protein could have the 

axolemmal membrane or the myelin membrane as its target. 

These are possibilities that would correlate well with the 

t ube-li ke configuration of the fluorescently stained 

s ciatic ne rves (Figures 11-19) • 

The direction of future research should be oriented 

t oward: 1 ) the isolation of large quantities of efflux 

p rotein fo r the separation and purification of the three 

p rotein bands for further biochemical characterization, 

and 2) the ultrastructural localization of the efflux 

proteins using electron micr oscopy. 



SUMMARY 

1. An investigation was conducted to: 

a. Quantitate the protein released from the nerve 

trunk and to examine their electrophoretic 

properties. 

b. Determine whether the released protein is immuno

logically similar across a range of vertebrate 

classes. 

c. Determine whether a binding site for released 

protein can be discovered using immunological 

and histological techniques at the light micro

scope level. 

2. The following points have been demonstrated: 

a. The amount of protein released from the nerve 

trunk was determined to be approximately 5 ~g 

protein per 100 mg tissue per 24 hours. 

b. The efflux protein when freed of contaminating 

plasma proteins, is separable by gel electro

phoresis into three distinct peaks comprising 

more than 99% of the total released protein. 

c. The released efflux protein is immunologically 

cross-reactive across a range of vertebrate 

classes. 

56 
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d. Although it was not possible to determine the 

specific binding site of the efflux protein by 

immunological and histological methods, the 

three-dimensional pattern of the efflux protein

antibody complexes appears tube-like and suggests 

a possible association with axolemmal or myelin 

membranes. 
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