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ABS TRACT 

An ln vitro pre paration was utili zed to determine if a 

rap i d l y tra ns port e d prot e in which appears l n the mye li n 

f ractio n o f n e rve i s similar to rapidly transport ed pro t ein s 

wh i ch have previousl y been obse rved r eleased from nerve 

a xo n s . Three sciati c nerves , and th e ir ac companying e i ghth 

and ninth dors a l root ganglia were is o l ated from fro gs ( Rana 

cat esb i e ana ), and p laced l n a modified Warburg flas k . A 

cent e r we ll of th e flask contained the gan gl ia, bathed ln 

0 . 2 ml Rin ge r so lution cont aining 1 00 wei 3H-le ucine. The 

nerves passed from t he center we ll throu gh a hol e to an 

outer well c ontaining 3 . 0 ml Ri n ger s o lution with c yc lohex i-

mi de , but without radi o labeled l e ucine. After 24 h ours, the 

nerves were removed , and the ganglia excised and discarded. 

Myelin p r otein s were isolated from the nerves and separated 

by sodium dodecyl sulfate gel electrophoresis, and the 

radio labele d profile of the gel determined. Radiolabel ed 

transported proteins releas e d by the nerve into the outer 

we ll we re also electrophoresed , and their radiolabe led pro

file determined. To compare the myelin proteins synthesized 

by the Schwann cell s with the myelin proteins labeled by the 

neuron and with the prot eins released from the axons, the 

nerves , without the ganglia, were incubated ln 3.0 ml Ringe r 

containing 300 wei 3H-leucine for 24 hour s . The myelin pro 

t e ins were examined as above. The results show that the 



neuronall y l ab e le d and trans port ed pro t e in i solat e d with 

mye l i n i s of hi gh mole cular weight , about lOO k daltons , 

wh e r eas t h e prote in s synthes iz ed by Schwa nn cells correspond 

to t he major myel in prot e ins of the per i phera l n erv ous 

system , the P0 , P1 , an d P2 pro t eins , with mol ecular we i gh ts 

of 40k , 28 k, and l9 k dalt ons, r espe ctively . The protein 

r e l eased b y the n e rve axo n s i s similar t o the neuronall y 

labeled and transported pro t ein isolated with myelin, in 

that it al so has a molecular weight of about lOO k daltons . 

This conclusion was strengthened by the observation that the 

two proteins co- elect rophor ese when placed on the same gel . 

The results show t h at the neuronally labe led and axonally 

transported protein from is o lated mye lin can be released 

from iso lated myelin by treatment with 10 rnM EDTA, thus 

indicating that the bond ing to myel i n is dissociable. 



INTRODUCTI ON 

An a ccept e d hy pothesis of myel inat i o n is tha t the 

n .u r on p r od u ce s a trophi c substan ce which i s t ransported 

th r o u gh out the axon and subs equ e ntly in f luences th e s ur-

r oun d in g glial cell in t he format i on and ma intenanc e of 

mye lin ( Singer , 1968 ; Sin ger an d Ste inbe r g , 19 72; Brady 

and Qu arles , 1973). Singer a n d Steinberg (197 2 ) observed 

Wallerian degeneration when axonal transport was blo cked by 

colchicine , and suggested the trans port of a neurotrophic 

factor n ecessary for myelin maintenance . Brady and Quarles 

( 1973 ) theorized the presence of an activator substance pro-

duced by the neuron to be myelinated, which would result in 

a change in the membrane-membrane interaction between the 

n e uron a n d the surrounding glial ce ll, inducin g myelination. 

It has been shown that the axon controls the myelinate d 

state of both Schwann and oligodendroglial cells in vivo 

( We inberg and Spencer, 1975, 1976; Aguayo, et al., 1976; 

Aguayo , e t a l . , l 9 7 8 ) . vJ e in berg and Spencer ( l 9 7 5 , l 9 7 6 ) 

anastomosed the proximal end of a predominantly myelinated 

nerve. It was shown that the Schwann cells of the unmy-

el inated nerve were stimulated to form myelin by the regen-

erating myelinated nerve. This indicated that all Schwann 

cells were capable of my e lination, and that this phenomenon 

was control led by the type axon with which the Schwann cell 

associated . Thes e author s suggested the presence of a 
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membrane g lycopro t e in invo lved ln ce l l - cell r e c ogniti on , 

prese n t only in myelinat ed axons . An alt ernati v e su ggestion 

wa s the pre sence of a type o f a ch emi c al signal , a xonally 

transported , t o subse quently either be inserted into the 

axonal me mbran e or- rel e a sed to interact with the Schwann 

cell , stimulating mye lination. 

Aguayo , et al ., (1 976) and Agu ayo, et al ., (1 978 ) also 

showe d ax onal c ontro l of myelina tion, and that the signal 

for myelin inducti on was common to b o t h the central and 

periphera l n ervous syst e ms . Rege neratin g axons f rom a 

mye linated ne rv e induce d myelin a ti on i n transp lants of 

unmyelinated nerve segment s fr om both central an d perip h e ra l 

nervous s ys tems . However, it was n o ted that the t ype of 

myelin fo rmed de pended upon the type of gl i al cell present . 

Biochemical evidence of a neuronal prote in asso c iated 

with myelin has be en published by several laboratories 

( Gi orgi, et al ., 1 973; Elam, 1974, 1975; Autilio- Gambett i, 

et al ., 1975; Monticone and Elam, 1975; Prens ky , et al., 

1 9 7 5 ; a nd Matthieu, et al ., 1 978 ). Gior gi, et a l . ( 1973 ) 

allowed neurona l incorporation and transpor t o f proteins, 

and subsequently isolated the myelin. They report ed 

n e uron a l labe lin g of some of the major myelin prot e ins and 

of mlnor hi gh molecular wei ght proteins. 

The work of Giorgi, et al. (1 973 ) was contradicte d ln 

part by Elam (1974, 1975), Prensky, et al. (1975), and 
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Auti lio- Gambetti , eta~ . ( 1975 ). These workers f o und high 

molecular we i ght axonally transported proteins ass oc iat ed 

with myel in . However , n o neuronally produced prote i ns 

a ppeared associated with the major my e lin pr oteins . They 

concluded that the n euron d id n ot sign i f icantly contri but e 

to the pro t e ins and glycoprot ein s that we re def i n it e l y 

known to be mye lin components. The neuronally labeled hi gh 

molecular wei ght pro t e ins were sugge st ed t o be e ither incor 

porated into myelin or t o b e axolemmal c ontaminant s of t he 

i s olated mye lin. 

Matthi eu , et al . (197 8 ) addre s sed t he prob lem of 

a xo lemmal contaminat i on of i s o lated myelin by deve l oping a 

new myelin i so lation technique which yielded mye lin-enriched 

fractio ns and axo lemmal - enriched f raction s . The neuron a lly 

labele d and tran sport e d high mo lecular weight proteins 

a ppeared in both fractions. This indicated a possible 

axolemmal location f or the se proteins, but was inconclusive 

due t o the a ppearance of these prote ins in the mye lin

enriched fract i on as well . 

In order to determine if n euronal ly labeled hi gh 

molecular wei ght proteins we re integra l membrane pro t eins 

or were l oose ly associated with membranes, Elam ( 197 8 ) 

t reated is o l a ted myelin with ethylenediamine tetraacetate 

( EDTA) . The proteins we re released fro m the mye lin an d 

i so lated with the EDTA wa sh . This demonstrated that they 
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were not integral membrane pro t e in s . It was not resolved 

if they we r e dis sociat e d from the my e lin membrane or the 

axo lemmal membrane . 

These studies support the hypothesis that a trophic 

protein may be produced by the neuron and transported alon g 

the axon . It could then: l) associate with the axol emma 

for a membrane-membrane interaction, or 2 ) be released from 

the axon t o interact with the myel in membrane or the glial 

cell it self . 

Evidence for a chemical signal to be released from the 

axon as a diffusible a gent has been reported (Hines and 

Garwood , 1 977). They demonstrated the release of hi gh 

molecular weight rapidly transported proteins from the axon 

into the surrounding fl u id in an in v itro preparation. A 

comparative study by Krikorian and Hines (1977) demonstrated 

electrophoretically similar high molecular weight proteins 

released from the axons in chicken, turtle, rabbit, and 

frog, indicating the presence of these efflux proteins 

across distinct classes. A comparison of axonally released 

proteins from normal and dystrophic mice demonstrated an 

alteration in one of the released proteins, suggesting 

induction of myelination or myelin maintenance as a possible 

function for these proteins (Krikorian and Hines, 1978). 

If the transported proteins released from the axon hav e 

a trophic function, it is reasonable to assume a binding of 
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t he r eleased prote i ns t o the mye lin and/o r Sc hwann ce ll s . 

I t lS th e purpose of thi s work to e s t ab li sh t h e follow i n g : 

l) to show that the transport ed prot e ins r el e ased f r om a xon s 

a r e e l e c t r ophoretic ally similar t o the transport e d prote in s 

i so lat ed with my e lin , and 2) to det e r mine i f the t r a n spo r t e d 

proteins a s sociat e d with myelin are disso c iable up on tre at

me nt of the isolated myel i n with EDTA, or if they are 

int egral membrane proteins . While previous workers examined 

t r a n s porte d p rotein s isolat e d with myelin ln ln vivo central 

n e r v ous s y stem preparations, this wo r k is based on an ln 

vitro peripheral nervous system preparation . 



MATERI ALS AN D METH ODS 

Neur onal incorporati on of prote ins 

Bull frogs ( Rana cat e sbieana ) with slx t o e i ght inch 

l egs we r e us ed . The f r ogs were dou b le pithe d before 

s urge r y . The s t andard p r e pa ration c onsisted o f three 

s ciatic nerve s and the ir acc ompany in g eighth and ninth 

dorsal ro o t ganglia, with the nerve excised to the frog's 

kn ee . The pre paration wa s placed in a modified Warburg 

fla sk ( Fi gure 1), gangli a and roots r e sting in the inner 

we l l , with the n e rves pa s sin g f rom t h e inner well through 

a h ole to the outer we ll . Fro g Rin ger was made with sodium 

ch loride , 10 9 mM; calcium chloride, .82 mM; sodium bicar

bonat e , 2 . 3 9 mM; potassiu m chloride, 1.88 mM; dextrose, 

5 . 55 mM; pe~icill in; stre ptomy c i n, 200 units/rnl, 20 ml; 

dissolved to one liter, and the pH titrated to 7.4 with 

0 .1 M sodium phosphate ( Edstr~m and Mattsson, 1972), and 

oxy ge nated . Three ml Rin ger was added to the outer well, 

along with 100 ~g/ml cycloheximide to inhibit protein 

synthesis by the Schwann cells. The inner well contained 

0.2 ml fro g Rin ger, with 100 ~Ci 3H-leucine (ICN). The 

side arm contained 0 .2 ml of 10 % potassium hydroxide to 

absorb the carbon dioxide glven off by the nerves. The 

prepared flask was attached to a Warburg manometer, immersed 

in a 20° C water bath, and automatically shaken throughout 

the expe riment. Manometer readings were taken at intervals 
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Figure 1 . Modified Warburg flas k , containing gan glia in 
the inner well, with the ne r ve trunks (axons ) 
pass i ng through to the outer wel l. The inner 
well contained 0.2 ml frog Fin ger , the out er 
contained 3 . 0 ml an d 300 ~g cycloheximide . 
The side arm contained 0 . 2 ml of 10 % KOH . 
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over the 24 hour period , and oxygen u ptake calculated 

( Umbre i t, et al ., 1 964 ). 

At the end of the exper i ment , t h e nerves were r emoved 

from t he Warburg f l ask an d we i ghed . One n e r ve was meas ured 

for length , an d placed ln 1 0 % trichloroacet i c a c id ( TCA ) 

for at l east 24 h o ur s for transport studie s as descr i bed 

later . The remaining nerves ln the Warburg flas k were then 

treated as fo llows . The r oo t s , ganglia, and lengt h of nerve 

in the i nne r we ll were exc i sed and discarde d. Th e r emainin g 

nerve l e n gth was set aside f or my e lin i so lation . At this 

time the 3 . 0 ml solution in the out er we ll wa s colle ct ed , 

fr ozen, an d labe l ed ' efflux .' 

Myelin is o lation and treatment of mye lin proteins 

For myeli n isolation , samples o f thre e to fou r ne rves 

with ganglia excised we re weighed . The samples weighed 

between 0 .4 an d 0 .5 g . The nerve s were fro z en in liqui d 

nitrogen , and ground to a fine powder with a mortar and 

pestl e . The powder was placed in 21 ml of 0.29 molar ( M) 

sucros e and h omogenized in a Sorvall omnlmlxer. Ten ml o f 

the homo genate were layered over seven ml of 0 .7 9 M sucros e 

ln nitrocellulose SW - 27 centrifuge tubes and centrifuged 

in a Beckman 15- 65 u ltrac e ntrifuge at 25 ,000 (2 5k ) r pm for 

4 5 minutes at 4° C. The mye l i n, which accumulated at the 

interface , was remo ve d with a Past eur pipette and dilut ed t o 
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17 ml with distilled water ln a nitrocellulose centrifuge 

tube for osmot i c shock , wh i ch would release trapped ax onal 

c omponent s from membrane mic e lles . The pel l et at the 

bottom o f t he sucrose gradient was d is carded . 

The osmotically shocked myel i n solut i o n was cent rifuged 

ln the Be ckman 15 - 65 at 25k rpm for 45 min at 4° C. Mye l in 

wa s colle ct ed at the bottom of the tube. The pell e t wa s 

r emoved, r esuspend ed in 1 2 ml di stilled water f or a second 

osmot ic shock, and c entrifuge d i n the Beckman J-21B c entri

fuge at 1 6k r pm for 45 min at 4° C. 

The n euronally labe led osmotically shocked myel i n 

samp le wa s divided into t wo halves . On e was designa t ed as 

M and froz e n temporarily (-10° C). The other half was p l aced 

in 3.0 ml of 10 mM EDTA and stirred at 4° C for 14 t o 1 6 

hours. It was then centrifuged in a Beckman J-21B at 4k rpm 

for 45 mln at 4° C. The supernatant was carefully pipetted 

off and dialyzed against two changes of distilled water for 

a total of 12 hours, then l yophilyzed. The lyophilyz ed sample 

was labeled MW (myelin wash) and stored frozen (-10° C). The 

pellet was labeled wa s hed mye lin, M', and stored frozen at 

the same temperature until f urther us e . 

For delipidation of the myelin proteins, M and M' we re 

thawed. Five ml ether:ethanol (3:2) was added to each 

sample, and homogenized in a teflon-on-glass homogenizer. 

The homogenates were centrifuged fo r 20 min in a Beckman 
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J - 21B at 1 6k rpm a t 4° C. Th e delip i dati on pr o c edure was 

r epeated on the pe ll e t f our times . Th e 11 and M' p e llets 

were the n dr i ed wit h a stre am of nitroge n gas . 

El e ctroph or e sis a n d det e rmination o f radiolabe led pro f il e s 

Efflux samp l es were thawed , dialy z ed against at l e a st 

two changes of distilled water f or 16 t o 24 hours , a n d 

l yophily z e d . 

All sampl e s were we ighed. They were t hen solubiliz e d 

to an approx i mate concentration of 100 wg/0.05 ml in a 0 .1 M 

pho spha te buffer, pH 7.2 to 7.4, containing 1 % sodium 

dodecy l sulfat e ( SD S ) and 1 % beta-mercaptoe thanol. The 

s amp les were pla ced ln a water b ath and sonicated until 

c lear, to a max imum of 24 hours. Actual concentrations of 

the proteins were determined by the procedure of Lowry, et 

al. (1951). Specific activitie s were obtained by placing 

100 ~g of each sample into 10 ml of Bray ' s scintillation 

f luid and determining counts per minute (cpm ) per ~ g sample 

in a Beckman LS- 9000 liquid scintillation counter. The Bray's 

s cintillation fluid cons isted of 100 ml of 10 % methanol, 

20 ml ethylene glycol, 60 g napthalene, 4 g 2 ,5-diphenyloxa 

zole (PPO), 0.2 g 1,4-bis(2-5(5-pheny loxazo lyl)) benzene 

(P OPOP), and was dissolved to one liter with dioxane. 

Samples with a specific activity of le s s than 8 cpm/w g were 

discarded. 
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Samples with a h i gh e n ou gh spe cif i c ac tiv ity were pre 

pared for e l ctrophor esis by t h e a ddi t ion of several 

c rys t als of suc r ose t o inc reas e dens ity and a dro p of 1 % 

brompheny l b lue a s a t rack i ng dy e on t he ge l t o determine 

t he e l e ctro phor e ti c front . 

of Weber an d Osbor n (1969). 

Gels we re prepared by the method 

Gel buffer conta ine d 7. 8 g 

sodium phosphate, monobasic; 38.6 g s odium phosphate, 

di basic ; and 2 g SDS per liter. A 1 0 % acry lamide s oluti on 

c on tained 22 . 2 g acrylamide and 0 . 6 g methylene-bis-

acrylami de , d isso l ved t o 100 ml and fi l t e r e d. Gels c on -

tained 16.5 ml gel buffer, 13.5 ml acry lamide solution, 

0 . 045 ml N, N, N' ,N'-tetramethylethylene-diamine (TE MED ), a nd 

22 mg a mmoni um persu l f at e . Before the ge ls hardene d , 

several drops of distill ed water were layered on top to fo rm 

a smooth interface. The gels were made in tubes 1 22 mm lon g , 

with an internal diameter of 6 mm. For electrophoresis, the 

ge l buffer was diluted l:l with distilled water, and placed 

in t h e two compartments of the electrophoresis apparatu s . 

The prote in samp les were carefully layered on top of the 

g e l s . Electrophoresis was performed at 8 milliamperes per 

gel , with the positive electrode in the bottom compartment. 

Electrophoresis was stopped after 10 hours, the front and 

ge l l e n gth noted for each gel for later determination of Rf 

values. Th e gels were then placed in 10 % TCA for at least 

30 minutes . After removal from the TCA, they were rinse d in 
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dist ill e d wat e r onc e , and covered with Co omass i e brilliant 

b lue ( 1 . 25 g ln 4 54 ml of 50 % methanol an d 46 ml glacia l 

ac e tic a c i d ) for two t o six h our s . After stai ning , t h ey 

we r e rinsed once i n di s tilled water , and destained by di f 

fusi on in 7 . 5 % a cetic ac id - 5 % me th anol ( Weber an d Osborn, 

1969 ). Mo l e cular we ights were determine d by the concurrent 

e l e ctrophoresis of proteins of known molecular weights an d 

the c ons truction of a standard curve of the se pro t ei n s an d 

t he i r Rf value s . The standards used were DNA polymerase, 

l 05k dalton s ; c a talase , 6lk daltons; aldo lase, 40 k daltons; 

and myog l obin, l7.2 k daltons . Mo l ecular weight s were the n 

subst ituted for Rf values when graphin g the radiolabeled 

pr ofiles and scan s o f the gels . 

The gels we r e scanned on a Beckman- Rl l 2 mlcroz on e 

scanner at 600 nm. After scann ing, the y were wrapped ln 

Parafilm , frozen, and then sliced into 2 mm segments . Each 

s lic e was incubated at 55° C in 0.2 ml Soulene -350 (Beckman) 

for two to four hours. If necessary for decoloration, 0.1 

ml of 30 % hydrogen peroxide was added to each slice on an 

e ntire gel . The solubilized gel slices were rinsed out of 

the test tubes by adding one ml scintil lation fluid to each. 

Each slice was then added to vials containing 9.0 ml scin

tillation fluid, which had been previously counted for two 

min per vial at tritium energy l evels. Radioactivity for 

each slice was then de termined on t h e scintillation counter 
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f or two mln per vial . Backgro un d ( averag i ng 30 cpm ) cou ld 

t : en be s ubtracted t o determine actual cpm per slice . 

Sc hwann cel l synthe s i s of myelin proteins 

In o r der to determine Schwann c e l l synthesis of my e lin 

proteins , a sli ghtly different procedure was use d . The 

sciatic nerve of th e frog was remo ve d to the knee, without 

the gangl i a . Th e n e rve was placed in a single well Warb u r g 

flask , in 3 . 0 ml f ro g Rin ge r containing 300 ~Ci 3H-leucine . 

Manome try wa s carried out as above. Myeli n isolation a nd 

prote in tre atment were identi cal to that of neuronal lnco r 

poration, with th e exception that the myelin was not treated 

with EDTA . Myel in labeled by Schwann cell synthesis was 

designated SM. 

Transport studies 

To determine the transport profile, the transport nerve 

was removed from the TCA and pinned to a dissecting tray to 

dry for five to Slx hours. The nerve was then slice d into 

two mm segments and each slice was incubated at 5 0° C ln 

So luene-350 for 12 to 24 hours. Radioactivity per slice was 

determined by placing each slice in a precounted vial con

taining 10 ml Bray ' s scintillation fluid and counting b y 

liquid scintillation , as above. 
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Co - elec t rophores is of efflux a n d isolated myel i n proteins 

To determin e i f t he high molecular we i ght p rot e i n 

isolated wi th mye l in had the same e l ectrophoret i c p ropert i es 

as the eff lux prot e in, samp l es fr om each were combined an d 

e l ect r ophore sed on the same gel . Control samp l es of pure 

eff lux and pure is o lated myelin were electrophoresed on 

se p arate ge ls at the same time . 



EXPE RI MENTAL RESULTS 

Viab i lity 

I n order t o determine vi a b ility of the nerves throu gh 

out the experiment, oxyge n up take was carefully monitored . 

Fi gure 2 shows the ·graph of oxygen uptak e o f the n e rves and 

gang lia in thre e vials, which averaged 48. 8 ± 6 . 6 ~ l 02/g/hr 

at 20° C. 

A second p arameter of viability monitored was rap id 

transport of neuronally labeled proteins. Since the trans

port was allowed f or 24 hours, the front was not visible. 

However, Hines and Garwood (1977), uslng s horter time 

periods, showed normal isotope distribution and transport 

v e l ocities of this preparat ion. An isotope d i stribution 

from a typical preparation in these experiments shows a high 

level of incorporat·ion throughout the length of the n e rve 

(Figure 3). Since the nerve axons rested in cycloheximide, 

the incorporation shown is due solely to neuronal protein 

synthesis and transport. The ganglion is at zero mrn, the 

roots to the left, and the nerve to the right. At 30 mm, 

the branches of the eighth and ninth ganglia form a common 

nerve, producing a vi s ible rise in radioactivity. 

subsequently branches again at 60 mm. 

Neuronal labeling of isolated myelin 

The nerve 

In order to determine if neuronally labeled and 
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Each curve re presents oxygen uptak e of a sing l e 
f lask containing three sci a tic nerves with 
ga ng l ia over 24 hr s at 20° C. 



~-0~ X anSS!t 6 / lu 1n 

N 
'0 ,... 

>< 



Figure 3 . 

17 

Rapid transport profile, showing the distribu
tion of labe led protein in the sciatic nerve 
after incubation at 20° C for 24 hours. Note 
th e gang l ia at zero mm, the roots to the left, 
and the nerv e trunk to the right. At 3 0 mm, 
the branches of the eighth and ninth ganglia 
form a common nerve, producing a visible rise 
in radioactiv i t y . The n e rve subsequently 
branches again at 60 mm. 
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transport ed p r ote in s were is o lat ed wi t h myelin , the f ol l ow

ing exper i ment wa s performed . The ganglia were incubat ed 

i n 3H- l e ucine in the inner well of a Warburg flas k , with t he 

axon restin g in the outer well . Cycloheximi de was placed i n 

the outer well to prevent protein s ynthesis by t he Schwann 

c e ll s . As a r e sult , any labeled proteins observed shoul d be 

n euronal in ori gin. The isolated mye lin was exami n ed o n 

SDS - PAGE ge ls, and the gel s were sub s e qu ent ly counted f or 

radioacti vity . The radiolabele d pro f ile was normalize d by 

express in g the observed cpm as a per c e nt of the t ota l 

number of cpm placed on the gel. Mo lecular weight wa s s ub -

stituted for Rf values. A typ ical densitometric scan o f 

neuronally labeled myelin is shown in Fi gure 4A. The rad i o -

labeled profile as determine d by liqu i d scintillatio n 

counting of t he same gel is shown in Figure 4B. Th e ma j or 

myelin proteins, Po, P1 , and P2 , at 40k, 28 k , and 19 k 

daltons respectively, are labeled . A minor protein band 

around lOOk daltons also appears highly labe l ed . 

The radio l abeled profiles from several experiments of 

neuronal incorporation into myelin were averaged by cal cu 

lating the average incorporation in Rf values of 0 .0 25 

intervals. Figure 5 shows the average d radiol a beled results. 

Incorporation is seen in the ma j or myel in proteins, and in 

two high molecular proteins around lOO k and 62k dalt ons . 

Average deviation lines are drawn for each average point 
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Figure 4. Densitometric scan (A) and radiolabeled profile 
(B) of proteins isolated from myelin. Labeled 
proteins represent those associated with myelin 
after neuronal incorporation of 3H-leucine and 
rapid axonal transport. Both scan and radio
labeled profile are from the same gel. 
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Fi gure 5 . 
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A r a d i o labe l ed profile of proteins iso lated fro m 
myel i n . Labe l e d proteins represent those 
associated with my e l in a f ter neuronal incorpora
t i on of 3H-leuc ine and rapid axonal transport . 
Th is fi gu r e represents an average of ei ght gels 
and i s expresse d as a per cent of total radio
a cti v i ty . 
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(t op hal f on ly ). 

Schwa nn cell s ynthe sis o f mye lin pro t e in s 

In orde r to determine which mye lin pro t e in s were 

labe led throu gh Schwan n c e ll s yn t he s i s , the f ol l owi n g 

e xperime nt was performed . Th e s ciatic n e rve , minus gan gl i a , 

was incubated in 3H-leucine in the out e r well of a Warburg 

flas k . All labeled proteins we re t h erefor e of Schwa nn 

orlgln, and could be comp ared with the ne uronall y labe l e d 

mye lin. Mye lin was isolat e d and examined on SDS - PAGE ge ls , 

and examined for radioactivity. A t y pical dens i tome tric 

scan o f myelin labeled by Schwann c e lls is shown in Fi gure 

6A . The radiolabeled pro f il e as de t ermined by liquid 

scintillation counting of the same ge l is shown i n Fi gure 6B . 

The incorporation of 3H-le u cine appears only in the maj o r 

myelin proteins. No incorporation is noted in the high 

molecular weight proteins. The radiolabe l ed a verage o f 

several experiments of Schwann c e ll synthe sis of myelin p r o 

teins is shown in Figure 7. 

Since it was unexpected to fin d the ma J or mye lin pro 

teins labeled by the neuron, a comparison o f the s pecific 

activities of the myelin proteins labeled by the n e urons and 

the Schwann cells was necessary. As i s se e n in Table l, 

neuronally labeled myelin has a specific activity of 15 ± 5 

cpm/~g, while Schwann cell labeled myelin has a specific 
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Fi gure 6 . De nsi t ome t r ic sca n ( A) and a rad i olabeled 
profi l e ( B) o f p r oteins isolated from myelin. 
Labeled proteins repre s e nt tho se synthesized 
by t he Schwann c e lls of sciatic nerves, minu s 
gangl i a . Both scan and radiolabeled profile 
a re f r om t he same gel. 
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Figure 7 . 
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Radiolabeled profile of proteins isolated from 
myelin. Labeled proteins represent those 
synthes ized by the Schwann cells of sciatic 
n erves , minus ganglia. This figure is an 
av e rage of five gels and is expressed as a per 
cent of t otal radioactivity on the gel. 
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Tab l e 1 . Average speci f ic acti v itie s of pro t eins examin e d . 



TABLE I 

Specific activity of proteins exami n ed 

Protein cpm/ug 

Neuronal labeling of 
isolated my e lin 15.0 ± 6 . 8 ~·: 

Neuronally labeled mye lin 
washed with EDTA 15.5 ± 4. 9 ~·: 

EDTA wash of neuronally 
labeled myelin 9. 9 ± 0. 8 ~·: 

Schwann cell labeling 
of isolated myelin 199.5 ± 9 6 . l :': 

Neuronally labeled efflux 1857.5 ± 54 9 . 0 ~·: 

* Average deviation 
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a cti vity of 200 ± 96 cpm/~g . Even assumin g t h at two-thirds 

o f th e n e u ronal ly lab e l ed pro t e i ns a ppea r in the maj o r 

mye lin protein s , the incor pora t i on i s only on e - twent i e th o f 

the l a b e l pro duc ed by th e Sc hwann ce l ls . 

Neuronally labeled efflux prot e i n s 

Since it has previously been shown tha t n e u ronally 

labeled proteins are transported and r e l ea s e d fr om t he axo~ 

(Hines and Easton, 1971; Hines and Garwood , 1 9 7 7 ), it was 

decided to examlne the solutio n in t he out e r well of th e 

Warburg flask for ~euronally labe led protei n efflux , and t o 

compare this efflux to the n e uronall y l a be l e d pro t e i ns 

isolated with my e lin. Th e s o lut ion i n t h e out e r wel l of 

preparations labeled by the gang l ia wa s exami ned on SDS -PAGE 

gels. The gel scan is shown ln Fi gure BA, wi t h t he c o r r e s -

ponding radiolabeled prof ~ le ln Figure BB. Th e effl ux c on-

sists mainly of high molecular wei ght pro t e in s , with labe l-

ing appearing around lOOk dalt on s . Fi gure 9 sho ws a n 

average of several radiolabeled efflux pro f il e s. Th e 

majority of the radioactivity appear s around lO Ok d a lto n s . 

Treatment of myelin with EDTA 

The neuronally labeled myelin and the efflux prot e ins 

exhibit a similar labeled band on SDS-PAGE gel s . It has 

been shown that the reduction of Ca++ levels disrup t s 



Fi gure 8 . 
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Densitometric scan ( A) and radiolabeled profile 
( B) of rap idly axonally transported proteins 
rel e a sed from sciatic nerves. The radiolabeled 
tag is 3H- leucin e . 
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Figure 9. 
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Rad iolabeled pr of ile of rapidly a xonal ly t r ans 
ported r ro t eins released from sciatic nerves, 
aft e r labeling with 3H-leucine . This figure 
represents an average o f nine gels and i s 
expressed as a per cent of total radioactivit y . 
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axon - mye lin int e r a cti on s in t i ss u e cul t ure ( Blank , e t al ., 

1 974 ), and th a t the pr es ence of a ch e lating a gent facili

t ates the iso lation of an axo l emma l - e nr i ched fracti on fr om 

bra in ( DeVries, et al . , 1976). It was therefore decided 

t o e xamine the bonding o f the neuronally labe l~ d p r o t e in s 

i so lat e d with my e lin . I nt e gral membra ne proteins , such as 

the major my e lin proteins, woul d n ot be d i s s oc iable . Sinc e 

the e f flux pro t e in s are released from the axon, if they bir d 

t o the myelin, it would be logical to assume that t hey are 

not i n t egral membrane proteins , and would be dissociable 

under the app r opriat e conditions . Therefore, the n euronally 

l abeled myelin wa s wa s h e d with EDTA to de termine if t he 

neuronal ly labeled proteins isolat e d with mye lin are dis 

sociable . The washed myelin was t hen electrophoresed. The 

densitometric sc an ~n Figure lOA shows the electrophoretic 

pro file of the EDTA-washed myelin, with t he corres pondin g 

radiolabe led profi l e in lOB. Figure ll shows t h e a verage 

radiolabeled profile from s e veral e xperi ment s. The major 

mye lin prote ins remain labe l ed , a s does the peak around 62k 

daltons . However, the peak near lOOk daltons has been 

greatly reduced. A comparison of the per cent radioact ivity 

found the Rf ran ge 0.125-0 . 225 , corresponding to t he 

molecular range around lOOk daltons. The EDTA-washed myelin 

was reduced by 1.5 % cpm unit s, which is 4 0 % of the peak 

hei ght around lOOk daltons . 



Figure 10. 
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Densitometric scan (A) and radiolabeled profile 
(B) of proteins i s olated from myelin. Labeled 
proteins represent those associated with myelin 
after neu r onal incorporation of 3H-leucine and 
rapid axonal transport. The isolated myelin wa s 
then washed with 10 mM EDTA for 14 to 16 hrs. 
Both scan and radiolabeled profile are from the 
same gel. 
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Fi gure 1 1 . Ra dio l a beled profile of proteins isolated from 
mye lin. L~be l e d proteins r e present tho se 
ass ociat e d with myelin a ft e r neuronal incorp ora
tion of 3H-leu c ine and rap id axonal trans port. 
The is o lated mye l i ~ was the n washed with 1 0 mM 
EDTA for 14 to 1 6 hr s . Th i s figure re pre s ent s 
an average of ei gh~ ge ls and is express e d as a 
p e r cent o f total r ad i o ac t ivity. 
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The EDTA - wash was t hen e lectrophoresed t o d e t ermine 

which protein s we re di ssoc i ated . The elect r ophoretic pro 

file i s shown in Fi gure l 2A , and t he radiolabeled profile 

in l 2B . One of t he major myel i n proteins show s dis soc i a 

tion , but no l abe ling by the neuron. Fi gure 13 shows th e 

avera ge of several radiolabeled profi l es o f EDTA-wash gels . 

No t e the maj or radioacti ve peak appearing around l OOk 

daltons . This corresponds to the reduced pea k in the EDTA

washed mye l in , and to the efflux . The peak a t the far 

ri ght corresponds to the electrophore tic front, and i s 

believed to be compo s ed of breakdown products, possibly 

tritiated water . 

Figure 14 compares the myelin labeled thro u gh neurona l 

incorporation (C), the neuronally l abeled efflux p r ote i n 

(B), and the protein released from n e uron a lly labe led my elin 

by treatment with EDTA (A). An electrophoretically similar 

radiolabeled peak appearlng at lOOk daltons in all three 

types of experiments is noted by arrows. 

Co-electrophoresis of isolated myelin proteins and efflux 

protein s 

In order to determine if the neuronally labeled protein 

appearing in the lOOk dalt o n ran ge with isolated my elin 

co-electrophoreses with the neurona l ly produced protein 

released from the nerve, an efflux sample was mixed with 
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Figure 12. Densitomet ric scan (A) and radiolabeled profile 
(B) of proteins released from isolated myelin 
after washing with 10 mM EDTA for 14 to 16 hrs. 
Myelin was labeled through neuronal incorpora
tion of 3H-leucine and rapid axonal transport. 
Both scan and radio l abeled profile are from the 
same gel. 
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Fi gure 13. Radiolabeled profile of proteins released fro m 
i s olat e d myelin after was h ing with 10 mM EDTA 
for 14 to 16 hr s . Myel in was labe led through 
neuronal incorporation of 3H-leucine and rapid 
axonal trans port. This figur e rep re s ents an 
average of eight gels and is expressed as per 
cen t total radioactivity. 
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Figure 14. (A) Radiolabeled profile of proteins released 
from isolated myelin after washing with 10 mM 
EDTA for 14 to 16 hrs. 
(B) Radiolabeled profile of rapidly transported 
prot eins released from sciatic nerves. 
(C) Radiolabeled profile of isolated myelin. 
Proteins were labeled through neuronal incor
poration of 3H-leucine and distributed in the 
nerve by rapid axonal transport. 
An electrophoretically similar radiolabeled 
protein is visible in all three (arrows). 
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i so lat e d myelin a n d el e c trophor e sed o n one gel . On separate 

ge l s , bu t e l ec t roph o r e se d s imu lt an eous l y , we r e c ontro l 

samp les of e ff lux pro t e i n an d iso l a t e d my e lin . I f t he pro -

t e in i n th e lO Ok dalt on re g i on we re th e same in b o th samp les , 

one b a nd in the l OOk dalt o n r e g i on wc u l d be v isib l e . I f 

n o t, s epara t e band s probab ly wou ld b e v i s i b le. Fi gure 1 5 

shows the re sults of th e co-electrophore s i s . Pure efflux 

shows a protein band aroun d lO Ok da l t on s ( C), and a p la sma 

p r o t e i n band (Edward s , e t a l ., 1 9 7 9 ), a t a sli ght ly l owe r 

mo l e c u lar we ight. Pure is o l a t e d mye lin al so sho ws a m1 n o r 

pro t e in ban d aroun d l OOk d a l t on s (A), a E we ll as t he maJ or 

mye lin prot e in s . Th e e f f lux and is o lat ed myelin protein s 

ele c trophore s e d on the same g e l show a p rotein band in thi s 

same regio n of lOOk daltons, wi th no v i s ibl e shoulders, 

suggesting the pres~nce o f a sin gl e band. 

Electrophore tic varia])ili t y 

Several points s h ould b e n o ted conce rn1 n g the use o f 

electrophoresis in this proj e c t . Th e determination of 

mol e cular wei ght by electrophoresi s may vary ± 15 % (Bart on, 

personal communication). In many of the experiments, in 

order to place an adequate numb e r of cpm on the gel, the 

number of ~g necessary overloaded the ideal electrophoretic 

system. This procedure of overloading gels has been used b y 

other workers (Prensky, et a l ., 1975; Elam, 1978; De Vries, 
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Figure 15. (A) Den s itometric scan of isolated myelin. 
(B) Densitometri c scan of isolated myelin and 
of rapidly transported proteins released from 
nerve on the same gel. 
(C) Densitometric scan of rapidly transported 
proteins released from nerve. 
An electrophoretically similar protein is 
visible around lOOk daltons on all three scans 
(arrows). 
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et al ., 1 978). However , overloa ding t e nds t o cause t he 

protein bands to spre ad more , an d coul d even cau se an 

apparent shift i n mol e c ular weight . Th e subs equent slicing 

of t he se ge ls ma gnifies shifts, c ontributing to t he a verage 

deviat i on s seen in th e data. Th e c ounting of gel slices , 

with the hi gh amount of quenchin g present, also c ontribut es 

to the average deviations visible i n the data. However, 

these are the techni ques currently i n us e ln this are a , and 

the data obtained ma y be compared t o that ln the lit e rature . 

Var iability was also introduced with the isotope used. It 

was noticed that the percentage o f tritiated water increas ed 

with time , and although precaut i on s were take n, t he specific 

activitie s of the proteins examined decreased in proportion 

t o the a ge o f the isotope . 



DISCUSSION 

The data presented h ere d emons trat e t hat neuronally 

synthesized proteins are t ransport ed axonally and is o lated 

with myelin. Figures 4 an d 5 show that neuronally produced 

and transported pr oteins isolated with myelin appear in the 

high molecu lar weight regio n of l OOk daltons , as well a s in 

the ma jor myelin proteins. Schwann cell labe ling of my e lin 

proteins a ppears only in the major mye lin prote ins, as seen 

ln Figures 6 and 7. 

The labe lin g of the maJor mye lin proteins throu gh 

neuronal incorporation was un expe cte d , since previous 

workers s howed that neuronally synthe s ized and tran s ported 

prote ins only a p peared in th e h igh molecular weight proteins, 

not in th e major mye l in prot e i ns (Elam, 1 974, 197 5 ; Autili o 

Ga mbetti, et al., 1975; Prensky, et al., 1975; and Mat t hieu, 

et al., 1978). However, these previo us studies used in vivo 

central nervous system preparations, while the se data a re 

based on an in vitro peripheral nervous system prep a r ation. 

It was calculated that the labeling of the maj o r myelin pro

t ein s by the neuron was only one-twe nti e th that of the 

Schwann cell labeling. This could easily be account ed for 

by the segment of nerve in the outer well e xtending from the 

hol e between the we lls to the cycloheximi de -Ringe r solution. 

Di f fusion of 3H-leucine from the inner well to th{s segme nt 

of nerve through the extracellular spaces would make isotope 
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a vai lable to Schwann c e ll s not soak ing in c yc l ohexi mi de 

so lution , and c ou ld account f o r the l a be l ed major mye lin 

prote in s . 

Stud ie s of the neuronall y lab e l ed and trans ported pro 

teins r e l e ased int o t he surroundin g fluid show the p r e s e n ce 

of a rad i o labeled protein with a mol ecular we i ght a roun d 

l OOk daltons . This protein is electrophoreti c ally similar 

to the neuronal ly incorporat ed hi gh molecular we i ght p r otein 

asso c iated with myelin. It is possib l e tha t the se two 

neuronal proteins may be the same protein , s i nce the y have 

a common orlgln, are axonally transp ort e d, co-electrophorese , 

and have a mo lecular weight of abo ut lO Ok dal tons. 

It has been previously suggested that the neur on may 

produce a diffusab l e trophic signal r eleased from the a xon 

to interact with either the Schwann c e ll or myelin (Weinb e r g 

and Spenc e r, 1975, 1 976; Hines and Garwood, 1977). It is 

possible that the high molecular weight proteins in question 

may act as this trophic signal and appear is olated with 

myelin. If the efflux protein were re l eas ed to int era ct 

with the Schwann cell or myelin, one would h ypothe s ize a 

dissociable bonding to the membrane affecte d , as in the 

manner of hormone bonding to cell membranes, causing a 

me mbrane alteration or enzyme activation to induce further 

changes in the cell. However, if the transported -p rotein 

associated with myelin were not the same as the efflux 
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p rot e ins , but was integral membrane protein , it would b e 

ti ghtly bound to the membrane . 

Treatment of th e neuronally labe l ed myelin wi th EDTA 

had n o effect on the major myelin p r oteins, sugge sting that 

the y are int egral membrane prot e in s . Howeve r , t he labe le d 

p rot e in of lOO k daltons was releas ed from the myel in by t he 

chelating a gent, indicating dissociable binding. This 

re versible b inding support s the sugges ti on that the 

neuronally labeled high mo lecular weight prote in ass ociated 

wi t h mye lin could serve a trophic f unction , and may be t he 

same as the eff lux protein examin ed . 

It has been s u g,ge sted that t i1e neurona l protein as so 

ciated with myel in may be axo lemmal , and is o lated with the 

mye lin fraction ( Elam , 1 9 74 , 1 975 , 1978; Autilio-Gambetti, 

et al., 1 975; Prens.ky, et al., 1975). This suggestion can

not be verified unt il improve d mye lin isolat ion t echniq ue s 

are developed. Howeve r, an a xolemmal l ocation would n o t 

rul e out a possible trophic function for the prote in 1n 

question. A theoretical model (Fi gure 1 6 ) illustrates 

possible interactions between neuronally incorporated and 

transported proteins and the surrounding Schwann cells. The 

lOOk dalton protein is synthesi z ed in the n e uron cell b ody 

and transport e d alon g the axon. I t is then released along 

the a x on into the extracellular space as a diffusible signal. 

It could then bind to any of three sites: l) the external 
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Figure 16. The lOOk dalton protein is synthesized on the 
neuron cell body and transported along the 
axon. It is then released along the axon into 
the extracellular space as a diffusible signal. 
It could then bind to any of three sites: 
1) the external axolemmal membrane; 2) the 
myelin membrane; or 3) the external Schwann cell 
membrane. 
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axol e mma l membrane; 2 ) the my e lin membrane; or 3) the 

externa l Sch wann cell membran e . If the bi ~d in g site we r e 

axo lemmal , it could identi f y tha t particular axon as one 

to be mye linated , stimulating the surroundi ng Schwann cell 

by me mbrane -memb r ane interact i ons. The b i nding t o the 

mye lin or Schwann cell me mbrane would be a more direct 

interaction for mye lin maintenanc e or acti vation . 

The us e of i mmun o logical procedu r es would be very 

important for fu r t her studies of t he hi gh molecular weight 

p r oteins . I t wo uld be of great value to d e termin e if the 

neuronally labeled pro t e in associ ated with myelin is 

immunol ogically cro ss-reactive with t he ef ::-l ux p r otein . A 

histochemical localization of these proteins would al so 

determine binding sites . The influence of these prote in s 

in tissue culture of mye linat ed and unmye linat ed cell s could 

answer the question of a trophic function and identify the 

site of interaction. 



SUMMARY 

1. An investigat i on was c on duc t e d t o study the incorpora 

ti o n of neurona lly labe l ed and trans port ed p r oteins into 

myelin , and to c ompare the s e pro t e ins with thos e release d 

fr om th e axon and thos e labeled by the Schwann cel l s them

selves . 

2 . The fo llowin g ha s been demonstrated: 

a. Neuronally synthesized and transported proteins 

are isolated wi th myelin. 

b . On e of the proteins releas ed from the a xons l S 

electrophor e tically similar t o one of the neuronally 

synthe sized proteins isolated with myelin. 

c. The myelin proteins synthe s ized by Schwann cells 

do not show a prot ein band electrcphoretically similar 

t o that of the released n e uronal proteins. 

d. Treatment of t h e neuronally labeled myelin with 

EDTA releases the protein that is el e ctrophoretically 

similar to the a xonall y released pr oteins, i n dic a ting 

dissoc iabl e bind ing, and similarity between the 

proteins. 
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