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ABSTRACT 

A novel myelln~tion model that incO:)-por~te~ many 

morphologieal and morphomentrie, observations of t.he' developing 

nenous system b propo~ed., The ~odel describes th~ rorma~ion of 

myelin spirals ~hrough the intracellular deposlt}lbn of preformed 

and extendj!d mem,brane elements (plates). This model predicts 

many common and unexplained features of the central nervous 

'Pyelin under nôrmal a1ld p~thol~Blcal candi tians. A mathematical 

description of protein translocation ls also p:esented. as weIl 

as its appllca,tièn ~o time-staggered double isotope (TS01) 

t protocols., These i<feas constitute a theoret:Lcal framework for .. ~ 
.--(_ .,.,..-./ , t 

the stUliyof myel1n assembly and its morphogenests. . ' 

'xperi~ts in this, thesis foous on the de~elopmental 
" 

, relat1~nshlps 
- .-

old myel1n relat~d subfràctions of 1~ da'y among 

, , mouse bràln. 
. "-

Ir specifIe subfractionatlon protocol was d9s'igned' 
~ ~ ~ . 

. and subfractions characterized morphologically and biochem'1cally. 
, 

TSO! 'Protocols were employed t~ study the kinetics 9f myel!n 

~prot~in depo~ition. ~n~ to distingUi~ bet~een developmentâl or 

'precursor-product relationships. ".. 
\ 

. The resul ts obtained indlcate quant~ tative. qual1 tati ve 'and 
, " 

metabo:Uc di fterences a~ong myel1n subfract,ions. Very. short, 

depo.sl'tiO,ri' Ùme~, ,less thsn 5 min, were found for the 14K, 17K 
, 

and ·18.5K. dal.to~ myelin basic proteins, and no more than 15 

miQutes fOr;" the proteol1pid proteine Together these ,results 

suggèst that. under spec.ific ·conditions. myel1n subfractions 
, 

lso1ated from, developing brain- repl'esent J.I1yelin "comllartments" at 
, . 

, dif,férent' stages of development. 
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RESUME 

Un nou~ea~ m~le. d~ myHlnlsaÙon, incorporant \,p,luSieurs 

observations mo\PhPI0giQU~~-et morphom6triques est icl prJ;~~., 
l ' 

Dans c~1~1-o1, or décr1,t 1
1
8 'format10n de ,la spirale nw~l1nisè~ " 

1 

travers le .d'PÔ~ 
, \: 

1ntracytoplasmique d'extes10ns de me~branes 

1 

préformées. Le: modèle est capable de pr~dire' des, 

caraét~rl~tlq~1U .y.t~me ner •• ux, .entral. Un. description 

m~~matiqUe du pr~cesus de translation des protéines ainsi' que 
.J . 

son !PPlica;lon 
• r 

dans des expériences d'utilisation non-

L'lynchronls~e de deu isotope~ (TSD'r) est aussi présentée. Les 

dèux propositions c stituent une base théorique pour l'~tude de 
- ~ 

l'assemblage de la my lin~ et'de sa morphoge~èse. 

Les ex~rlences dé~1tes dans dette thèse sont bas~e~ sur 
- )<, 

l'6tude des relations d'ontogenèse entre les dive~ses ~s-

fractions de la my~line u cer~~~u de souris âgé ~e 15 jours. Un 
" , . 

protocole de sous-fractionation sp~cifique a été élabor~, èt les 

diverses sous-fraotions ont 6té éaraotérisées par des moyens 

morphologiq~es et biochimiques. Des protocoles du genre TSDI ont 

~~ appliqu~s dans l'étudeAge ~a cinétique du dépô des protéines 
<.J , , 

~~ dans la my~line et dans la dis~~nction des relations d'ontogenese 

ou de -ftprêcurseur-1;roduit" entre les diverses sous-'fractio'ns. 

\ Les resul tats obtenus ont montré, des différences 
, 

quantitatives.' qualitatives IV 
et ~~aboliqUes entre les diverses 

-----8ous-fractions de myéline. Le temps 'necéssa1re pour le dépôt des 
- )-

proU:I,nes bas~es 14K, 17K et 18.5K dalt'on de la myéline a 'été 

de l'ordre de \-minutes, tandis que le temps de dépôt de la 

,) prÇ>U1ne protéolipid1que a ~U de l'ordre de 15 lIIinutes.· 
6 
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L'ense,mble des 'r~suitats, suggère que, dans des circonstances 

8p'c~f1ques, les sous-rrac~1on8 de la mytHlne lscrl4!e du cerveau 

" " 'en voie .de matur1U representent ·des' "comparti,lIIenbs" de my~l1ne ,a 

. f dirfe~e~t~ ~tat~ 'd' ontogen~s~ ~ 
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RESUHEN 

Haciendo usa de informes morfol6gicos sobre el slstema 
~ 

n~rvloso en desarrollo, se lleg6 a la elab~raci6n de un nuevo 

modelo de mie1inlzac16n. , En ~ste se descr1be la formacl~n de la 

esp1ral ml~llnlca a trav~s de la deposici6n intracitoplâsmlca de 

extenslones de membranas pr~rormadas. El modelo es capaz de 

prede9ir caracterlstlcas morfol6gicas tfpicas de la mielina en 

condicione~ normales y pato16gicas deI sistema nervioso central. 

Se presenta tambi~n una descripc16n matemâtlca deI proceso de 

translaci6n de prot~lnas, as! como su empleo en experlmentos que 

hacen uso de la inyecci6n aslncrona de dos 1siotopos (TSD1). 

Estos dos procedlm1entos constltuyen el marco te6rico para el 

estudio deI ensamble y de la morfog~nesis de la mielina. 

Los experlmentos·expuestos en esta,tesls est!n enfocados al 

estudio de las relacioneS onto16gicas entré las subfracciones 'de ' 

mielinà deI cerèbro de rat&n dé 1~ df~s' de nacido. Para ésto se' 

diseli6 un ,proceso, <Je s,übfraccionall\iento especffic~. cuyas 

subfracciones se carapterizaron, por 'meqios, ~orfol6gicos y 

bioqu~micos • ~~todo:r deI, tip6 TSDI fuèron ~pléados par'a 

es'tudlar la cin~tlca 'de. depos-1clon de pr'!te:f-nas -IIliel1nlca~ Y, para 
. , 

dlstlnguir las rel~cl~nes.ontol~gicas 6 de "precursor-producto" 

entre subfracciones. 

Los r:esult(ldos obt-en11:1QS indican difer:ncias, cuantitati vas. 

cuali tat~ vas ~ m~tab6licàs entre subf~acciones. ~~ mielina., s~ 
\ ~ \ -'.. ( , 

'~ncon~r.6. 'q~e los tiempos de deposi~~~n de las pr.otelq~s bb:l.cas 

l.1&K, ·11K Y 18.5K de la mielina.. son del orden de 5' minl,ltos •. 
. 

mientras ql;1e,.la .depo~ici6n de la protefna ~lpo~f1.~. tQma alrededor 

() 

, ' 

.' 
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. de 15 mlnutos. En conjunto, estos resultados sugleren que bajo 

(} clrcunstanclas especlales, las subfracclones de mlelina aisladas 

del cer~bro en desarrôllo, representan compartimientos de mlellna 

en diferentes estados onto16gicos • 
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PREFACE 

The work discribed in Chapj.ers 4 and 5 of this thesis has 
&, Co' 

been published :. 

Chapter 4. Pereyra t P .M. and Braun, P .E. wi th 
rv Q 

technlcal assistance of Elsa Horvath (1"983) 

~ Neurochem. in press 

ehapter 5. Pereyra, P.H., Braun, P .E. t 

Greenfield, S. 'and Hogan, E.L. (1983) 
r:;t',,( 

h Neurochem. ln press 

In ~ccordance wi th the regulations described in the general 

information . booklet 1982 of-- the Faculty o"f Gràduate Stud1es and 
1.1 
'~1 ~ 

R,esearch1 and as approved by the Biochemistry Department, papers 

, already publ1shed have been incorporated into the thesis .. 

'l'he figures ln Chapters 4 and 5 were prepared by H~u"go 

Oeltsèhner.. Other drawings and figures are property of", the 
, . 

author .. 
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PROLOGUE: 

,"During ont:ogeny and a~sO- ~urii\g phylogeny (as judged ,by 

compa~~tiv~ anatomy) ,a number of char~cter1st1c changes 6ccur in ,the 

cells and t1ss1,Ies of ttte. bra11l • Chie,f among' thes,e are blood s~pply f' 

,ce11' form, and that intr1guing phenomenon- called myelination."; "The 

formation o'f 'myel in .. (.ilppears to be related not only to the 

ta~onomic poSiti~n of, the animal, bu~ also to the stage Of 

'/ em~,ryofogical dev.elopment.and pf thé phy.logenetic antiquity of the 

, ' 

,fiber 'in questioh." (Pinckèy J. Harman i "paleoJ)eu~0109iC", 

Neoneurologic, and ontogenetic Aspects of, the Brain Phylogelly" 1 James. 

Arthur Lecture on the Evolution' of the ,Brain (1957) i :t'he Americ;:a,n 

I.r '1976 i, r~ceived my B.sc. degree' at 'th'e Insti,tuto 

TeCnol?gico y de Estudios l?uper10res de Mo~te~rey. _ My'.arèa of 

conc~ntration VaS" organ'ie S~J;lth~-~i~' ~so~ation 'of, natu~ai 
, , , 

, '. 

products. In addition to ch~m1stry ,1 ha~ 10n9 stand1ng.1nterests , 
, - ' 

itl membrane' biol,ogy,. as ,vel.l as th~ ,èmtogeneS1s' of the ·brain." ' 
, , . ~, , . . : 

This' 1nterest. becam~ 'intenl?ified .'a'fter .a y~ar,'s tnin.1rg, in ttle­

Meiic~~ Nation~; ~nst1t~te ~f ~~u~o~'o~y: - '1 ~as "fortunate' to, be 
~ '. . ' , . 

supervised by t",o exceÜent histohet1rop'atl:lolog:l:sts~ 'Dr. ~saac 

Costero, a fr1~nd' an~ a te~ëher 1 and Dr. R~sar-io ~arI"osa':' ~oguél. . - . 
Upoll ttly ar'ri val at MCG~ll in 1~77 _ ~ j01~èd' tne, resear~h t~aJtI 

'supe'ry'ised' bY~:Dr. ~.E'. ~r'~lJn~ to' purs,ue st~!i~ès:'on the 1~Olat10n. 
'. . .... 

, , • • ~ - 1 _ , '_ ~ 

and cha~acter.t'zat1on o-f a' p1.1taUve mYelin· tr,ansPor.t ' .. ~esicle . ' 

- , 

(Ba~bareBe ~t'!l." '197~; Braun tl. !:!.;, 198Ç>L:'The,atmospbefe'of , 

,-

, ' 
'1 

" - < 



, ( ; 
, , 

thé laboratory .at t,h~t t~m~ pIayed 'an imPortant role in the 

devel?pment of many of mr ideas. I soon' real~ted that in order 
, -

to under~tand the o6mp~ex nature of many disastrous myelin 

net1~Opath~es,' the 'st,UdY oÏ' mye,lin ~eeds to be àppr9ached .... t'thin a 

much vider scope:, 

, ,l 
Rec~nt-vo'rlt has shed ,fu,rther light on the role of inyelogenesis 

in the f\ln'ctiQnal and behavieral maturation, of the bréf1n 'C~akoviev and 

~ecour, 1967; Lecour, 1975). In addition, the excellent compar~tive 

, ' 
studiès of Flec.hsin (1920), ~ang .... orthy (.1933·) and Ariens Kappers et 

al" (1936) 1 and a ,lengthy 'Hat of neurophysio1og1.cal 'and .' 

ultrastructural'f!tud.1es, further aUest to the specificity of 

• myel inatiOh in both the PNS and .the CRS «(or a revie .... see wa)Cll'lan and 
. ' .; " 

Foster, 1980 l wa~man, 1972,)' The ~t.udy Ç)f these' sour~es ,brings into 

focus a nev perspecùv'e that l'Und necessar,y in 'order to 'fit the 
1 1 - J " ~ • 

ultra~tructural ,and. molecular. events Underlying' myelogenesis, in the " . , 

géneral. context of .'brain developmen~ and the ev~l ufion of .,beliavior. 
, 

Hence,·the' reasons for'myelin research's~oUld not be restrictea to the 

, pro~lem Of demyelïnating ·neÎ.lr.()pathle~ 1 or for that ma't ter of any other 

narrow context, that .... ill deprive t;he studî' of myepnat.1on, 

myelogenesi~ 1 a.nd ïndeed -demyel1nattng neuropath'ie$ from ,a 
1 .' ... 

~ultid-1sc·i.pl1n.ry approa,ch' ~Bunge, 1968; Johnston and Root.s, 1972) . 

• 
The {{rst' chapter prese~ts a gené..ral deseription of the bio1oqy . , 

of mye1in at the ultrastructural, biological and molecular levels . 

. T~i,s_ approach .is reguired ~o del1neate the complexi ties' en,countered in 

, " 1 the des~9n of- âeve',lopmen:ta~ e.lCp~r.:1ments. . ' 
It ~lso has served as the , 

. . 
gui:de to a IZompletè reass,essment of .... hole-brain subfnction,ation 

protocOl$ used ip myelin re6e~rch CChapter 4), with the po~entiàl to' 

, 
'. 
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, 
create an emp~r1cal. system of developmentally.defined myel1n 

sUbfracUons., The search for 1ntrace Il ul'ar çarriers ot mye lin, 
, , -
components led us to the use of a previously reported time-staggered 

double 'isotope' (TSDI). Unetic 'approach (Benjamins tl al., 1976). 

However; the simpl1fied.interpretat1on of Benjamins and Morell (1978) 

proved inadequate, a~d a more extensive œonceptualization of the 

technique was developed. This gave rlse to an 'interpretive mOdel 

(Chapter 3) that has been appl1èd to the. anàlysis of our TSDI 

protocols CChapter 5). 

TO keep in line with the helistic objectives of our experimental 

approaco, the intuition of an intimate relat10nship between the 

molecular assembly of the myel1n lI)embrane and Hs morphogenesis led me 

to ohallenge the classical views of mye1in morphogenesis (geren uzmàn, 

1956) and te propose a nove1 intracellular mechanism of spiral 

formation' <,Chapter 2). A discu8~ion of sorne of the part1cular 

biochemica1 consequences o'f th1~ proposal are diScussed in 
, . 

relationsh1p to our experimental results (c~aptér 5). 

It would be nex~ 1mposs~ble for anyone engaQe~ ~in a narrow 

area of b1ochem1cal research to see and apprec1ate, 'at lèast some Of 

the many directions and m1ssi?g links ot thè field, would 1t 'not be 

',tor the explicit comments, p~oposal~ and discu~s10ns of so many 
'0 

excellent scientists .whose lo'ork has t'r1ggered my 1nterest during the 

last couple, of years. 

, , 
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1. BIOLOGY RF MYELIN 

1.1. Introduption 

Hyelin can be eonsiderèd a passive insulator that permits the(; 

conduction of impulses' in a '~"Sal ~atory" fashion.' This f~terpret~tion 

applies, 'parUaUy J to PNS fib.ers ",hich, requlre. maximizàt.ion of 

conduction, and which were thé onés,u~ed as the experimental system to 

develop the' th~ory of· ".saItatory" con<1uctibn (for. a r~vie", see R~9art 

aftd Ritcl1ie,. 1.977}. 
.. , [;). 

However, other important aspects of myeli-n 

biolo9Y are beginn1ng to be appreciated through stud·ies of CNS 

myel1nated axon conductiOn (WaXma~19n).' as weÙ .~s· the 'r~laüon~hiP~ 
. . . - • . ,- . 1 

~etwee~ conductiorrv~lQCity-and' the dimensions of. the axon-myelin unit 

(Rushton, 195J; Waxman and Bennett, 1972). , The emerging pict~r~e, 

indicates that the mech~nism of conduction,ts the s~~ far the CRS and 

the PHS CRogart and Ri:,tchie;, 197?l an,d that it r,equires a very 

" . 
intimate physlological coopf:ration between .a_xof.l and myelin'- A The r9le 

of myelln in the biochemis.try of' conduétiOrf 1:6 uhdérgo1ng ·re.V1~1on- ln' 
~ - ..... - ~ - -- ~ - ~ ... 

, . 
the light of new electrophysiological 

\Adelman et al., 1977; Grisell~ 1979), 

stud·1es . (Çohep !tt !l. l' 1.968; _ 
. '-. .. 

X-ray diffracUon ,~t"uài!"S -. ' 

(padrcm and Mateu, 1982), and biochèmical characterizatiOns "{-EiÜsman - .... . -. 

et al. 1 1980; Huo, Lib and Lees, ("1982)').: '-MoréoV~J:, changes _ in- t.h,:-" "_ 
Il ... ~ ~ ~ M --::---~ 

dimen~1oris of .enshea'thme·nt (~'. e. ".internoltàl· .1ength-, a,xon . .and ·my~l~A. 

d1ameters l etc.) may modulate axonai conduction Vé~ocitiesl a . . ~ - ; 

. ' 
phenome~on commonly observed in var10us spec1à11zêd regions'of the CRS 

<in, '..... ..... ........ ~ .. 

(Wa'lCman and 'Poster 1 '198~ 1. ltnsheath1rrg c:ells tlavé"-also b"e~{l , , 
~ ... ~, 

1mp11cated in, the ma1nten~nce oi the axçplasm under.normal and 

6 

... '" ....... ' J'" 
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diseased conditions (Sp~ncer and Thomas, 1974). 

1~ the' ,f~llo .... ing séctions l shall explore SOrne of the oiology of 
, (' 

'ensheat~ment from phy~genetic and ~ntological perspectives. On the 

one hand, thia .ahould allow for a broader appreciation of the role of 

- myel~n in the development and operation of the nervOus system and on 

the other, i t viIi lead to· a rea,ssessment 'of proposed mechanlsm of 

myelination a~ .... ell as the exposition of a nev model of myelin 

mo~phogÈmesis in the ~t chapt.er'. 

'1.2. Evolution and ontophylogenesis of Myelination 

Several. imp?r~ant · .... orlts have described the phylogenetic 
, 
distributipn ofaxoqâl ensheathment in vertebrates and 1nvertebrates 

(Bungè, 1968; JOhnston and Roots, 1972; Tréherne, 1961). Hovever, the 

role of the neuroglia·1n the evolution and ~daptions of the brain 

,archi tecture ~as been overlooked or simply not approached. 

for thls can be found in the secondary role that has been assigned to, 

these 'cells .... ~ th respect· to, th~' maturation df neuronal ,networks. 
. ~ - -

AÎthÇ>u'gn ve'l1 documented, many researchers, have failed to recogn1ze 
. " ,'ff.' , 

that nervous Us'sue has requ1:red, t.he de'fe~Opment of "9l~al" celle 

. ' 
. around axon 'bundles (e.g. sbme coelenterates; tbe ring nerves' of the 

~drOlDedu~ae j HOr!idge, ,1968)' or neuronal cell bocÎies in order to 
~ 

organ1z!" theuiselv~s 1,nto ga.n9li~ (~.9.' the'-prlmltiVe 9ao,911a in 

anneÜda" ,arthro~da, mollus,ca, plathelminthes J and nemertinea; 

. BUllock and, HOrridge,: 1~65; B~~94r, 1968) •. 'Coïncident ...,ith tbis nev 
, 

multicëHular c;>rgan1%ation ls t~e appe'arance of. .... ell dlfferentiated 

synaptic trànsJt\1ss;1.on (Horddge! 19'68). Thé r.el.ationship o~ .. 

',' 7 



t. neuroglial differentiation to the maturation of brain functioris and 

adaptive behaviours can thus not be further ignored (Lecours, ~975). 

From the above observations l wish to advance the sU9gestion that 

the neuroglial cells must satisfy two comp1ementary funct1ons, first 

as a topographical delineator, and second as a metabolic coupler. 

1.2.1. The Neuroglia in the Evolution of the Brain Architecture 

The study of the evolution of brain structures lS restricted to 

the analysis of endocasts of fossil skulls (JerisOn, 1973) wlth aIl 

the limitations that this rnethod entails. Nevertheless, interesting 

relationships have been described among endocast volumes - which can 
" 

be shown to be proportional to brain weight-body length, phylogenetic 

and paleontological distributions, and the Neuron-Glia index (Jerison, 

1973; Friede and van Houten, 1962; Tover and Young, 1973a,b), The 

results of these investigations can be summarized as follows: 

Important transitlons in the evolution of vectebrate brain can be 

traced as an increase in endocast vol urnes (and b~tj inference, in brain 
.J"",~ 

weight). It can be shown that these changes occurred only at sorne 

discrete stages of the paleontological scale. Intermediary 

transitions involved either an increase in body we1ght and thus a 
, -

proportional increase in brain weight to maintain the same 

brain-volume to body-length ratio, or nev osteological adaptations 

that gave riee to new body shapes but without any considerable demand 

on brain structures. Bence, it can be observed th~t the transition 

from sea to land required minimal brain transformations. Some changes 

( 
can be detected 1n the e~docast volumes in the transformation of 

8 
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amp~ibians ·to reptiles. However, 'the transition from repti}es . to . 

b1rds dèmahded oné of th~'first con~1derable en~argement6 of the brain 

ca~1ty ànd the deve'lC?'pm~nt O.f comple~ cerebellar struc.tures. An other 

small transition .seemed. te have occl,lrred in ,the transformation' of . 

reptiles' to mammals, ..... hich- 1hCl uded some' changes in the ar'ea of 

dis tance percept:1on (0 l racto~y ~I)d vi suaI sys teins) , perh.aps' one o! 

the most radical chpnges 1n .brain architecture occurred during tl}e 

Tert1ary. Dur1ng th1s' per1od,' a majbr flexure appeared at the level 

of what we' know as the mid~rain, 9reatly·a~terin9.t~e .shape of t~e 

tubular- form of' thè brain in ~orè anC1ent structures, ând open1ng the 

way for the enlarg~ment of the neocortex'th~t characterizes the 

mammal1an brain (Jerisçm,.1973rRomer.: 196~).' . . ' 

(t'he role of t1')e myelinati~g tells in the evo'lutioh of bra1n 

architect~re and funct~on can be p~rce1ved through the comparative 

study of s~cific brain structures,. The~e' studies, however, repre~ent 

o~ly. a' phylogeJ?e.tic picture: of ~vents qrfd. thus thè struçtureis 'o,bserv.ed 

indicate primarLly radial adaptations rathe~ ~han evOlu~~ona~Y.6nes • 

. One çf the 'most studied .str.uctu,res o~· the, brain 1s ~t'\~ 'c~~l1um 

(I,.li,nas,.1969),.' an org~n .... lth important funct.ion's 'in'bCidy movement 

control' (Crosby, 1969}. Thè phylogen~s 1 s of- mye l1nated f1,bers in th1s 
, • J 

~ ,\ 4 

organ. can be fOll?we,d by analyz~ng the devel'opment of intr'insic .fibers 
, , 

and the ·44.b.er pat'hs c;onsÜtut1ng the peduncIes. The 1ntrinsic, fibers 

'of the .cerebellum are of t~ree types:' Commissural ftbérs, 'association 

f·1bers. and coit1çOnuclea~ fibers' (Crosby, .1969 ).~. T.he.. thr~e èerebellar. 
, , , 

. ' 
, peduncles ~ the, i~ferior, the middle., t~e s~perior - of higl')er forms 

carry f~scicles 1nte~relat1ng the cerebellum on the one hand wlth 
" 

brain s~em centres and 'on the other ..... 1thspinal. cord levels. on the, 

9 
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basis' of 't-heir 'comptments; ~he infer1or' ~nd the ~uper1'or pedurrcles , . 

have: re~res~ntat~o~ in essentiall'y 'aIl vertebrates (çr~s&y, '1969 h ", 
~ . ..', \ , \ ~ .. ; . 

, , 

·In CyclostOllés' the cerebellum appears as' ~ ~udimentary structure 
.. ; 1 ~... - # ,_., ,- ,\.-

..... i thout· a wel1 definèd PLtÙinje cell . layer'" arid. utlmy~linated inferior' . ' . , 

peduncula~ fit;èrs CBertpÎin1,.19.64!'" !n,Ela8!DOb~an~hs t~e c~r'ebellaI: 
- • ~ 1 • 

structure 1s more compiex but still no,' white mat'ter' is' present· 1n, the 

pontine f1bers / arthough "~yel1~~ted" f{bers are pre~ent in .ot'hE!r 
, , ' 

" , 

regions 'or' the C~S 01, the s'harks. (Sée Section 1. 3 ~ (Baluty and Lee 1 

-1966),' 1.n ActinopteryC]11 white matter can'be dètected' in afferent. and 
, - "", . 

'incoming fiber's of the cereb.ellum.' Their 'Purkinje and Cjranular, ce 11 
~ • ' \ J • _, •• _ • 

l'ayers ,are, hovever / uneve'nly ~1stribùted and n9 cléar, cOt:Unconuclear' 

-
path c~n be deteQtea (.Romer.l 1969), TeleostOili i that represént a ·ve·11 ' 

, , . 

'established adap~1ve' rad~at1on of ~he ',Actii'lQpterygU,- contâin' somè 

.myelinated fibers, bet'!leen ,well de,fined PUr~1nje' a~d '9r~nUlar, 1àye.rs 
" , 

(cOr~,ic,onu·C.1e1ir' ~i~ers) and myel-~n~ted p.eduncular f1b~rs~ , 

~ The 11O'e of the Sarcopteryg1.1 'gave, r1se' to the prim1tiv~ 
, '.. 1,. .' " '.... _ ". . - '" ~ " J ' 

amphib1'ans l'and çount-s, among i ts c;ontemporary' represe~tat1 ves the '... - - ' , , ~ 

D1pno1 and' the COelacanth latiiner1a,' ,Cerebellar ârchi tectuI"e aod i ts 
, . '~', 

'hodography iS'Nery s1m11ar in thes~ speÇ1~s,to tnqt 'of ~1n~terygi1. 
• ; 1 • l " .", " • \ _ • _ _ • __ - ! _ \ _ ' • ... ~ _ 

ThiS situation extendf? up to 'the tailed:amphibians,' _ AÎ'lurans', Urodeles 
, , • < '. , • , , 

lbot~ ca!'l .be' ~ons~der'ed' ,r~9reSS1ons 6f J.IIOre"pr~m1~1~e: ~Phtb1,a~~i 
, Ro~er /, 1~69} and' R~p.t1l1a beg1n to ~ncor,porate s~me' n~';" fiber' paths 

. a~d 'a ,more.' compl'ex, c~r~J:)ell~r ~c~itecture,' 'Nev~X't~e.l~Bs, m~enJlat-1én 
, ." ~ -" ' 1 1 ~ • 

of corticonuclear f1:be~s does not 'ap~ar, ~~ti_i the b1,.rd$ and .mammals! 
l' \ 1 __ \ 1 

In these species ~ye1ina~i,on. 'of 't~, corticonu~l~ar fibers 16' 
- , 

ex~en~ive:, cèrebe11~r' ~oQul1:zat1:on' 16 ~e'ry ,complex and ne:- myel1nat~d 

and spec1es'. s~cif1c pedunçular paths 'hlave appea.fe'd, (Cro~by, 1969), 

, , 
l , 

, , 
l , -
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. ' 

, " 

\ , 

.r. 
1 

1 

'1 
; , 1 

'J 



, 
.; 

. , 

" 

". 

, , ' 

-! ' 

, , 

In mamma1. t~e s1tuatto~ 1s even more extreme, v1~h the appeara~~e oi 

d~rect corticocerebe11ar conn~ct10ns at a 'consequ~~c~'of 
... - - , 1 

cephal,hat ion, Hod01og1ca1 studies .of mammalian ~erebe'l1um (Voogd, 

'1'969') indi~ate ''u~at 'each ceréb~llar' lobule and, sUb10bule d~splay th~~r ' 
_ ~ ',,' _ f. 1 ~ • 1. .' ~ . , . 
own characteristic distribution of afferent fibers. This represent's 

vi th respec.t ,to' ,the, afferent- 'co~nections ,of t~e 10bu~es and 

,. , 

m~re expans~ons,o~ the cer~bellat struct~re (phy~ogènetic - ,e~olutive 
• - • '" 1 " , '. ' 1 , ~ • 

-, adaPtati~~~ )', ont~iPhYi~genetié::' StU~i.es on ,t.he'.othe~ ~nd" sho~ a 

'phyl~genèt1c 'cor~elat1 . of cerebeUar ïnye'log~~es1é (Harm~n, 1957; 

'cr~S~Y', 1969; ver~its ~ya, 1969)~ , Lastly; the hu~àn Cére~ellum is,the . , ' 

on1r one to èon,ta1~ II)yel1n~téd' ~sSQC1at1ve ~1bers' "'hieh ,u'p to, this 

specles pad ~eGome increàsingly inter€Onnectèd but n~~yelinat1on nad 

yet talten plaée, 
, -

1.2.2.. ,The Glia - Neuron Intèraction: An or.gan1c relàtlons,hi~ 
, , 

, , 

Recent obBerya~lon qt t~e interrelatiQnship between neuron~ and 

9lia un~er' normal -and patnoi~91cal condi tio~s have ,~rough~ të;> 1.19h~ ~ 

.' név ~ay of - t,h;nk1ng, abou,i: ,the -n~~~us 6.yst'em', ~any 'o~ tru!B!3 '1deas' , -,': 

have: been '~xpressed in the 'woâ 'of Mugna1n1 (19~8,. stet 'Massa arid 
" ' , , ' 

, Mùgnéiin1 / 1~82); Johnston and Roots (1'972 ~" ~à~Jiia~ (1?12 l waxman and' 
, , 

FoUer 1',19801', aÎnc;mg. other pnysiôlogiBts ,and morphol'O<]ists .. 
- • • .' l' 1 ~. _ ,. ,,~ 

It 16 pos'sibl~ fr,om the above d'~8cUS6ion: on '~hé phy1ogenes16 of' 
, , 

,myel1~at1O,n" from thE!' close :~nd ~mple)C -_membra~e~ to. mem,br~ne 

,ass~C,lat10nS th,t have bee'n characterized 1n 'recent years among' aH 
, , " . ..-

. t.hese ceÙ tYPes. 'Be~ Table '1.2.1; ta~en 'from M~gnai~1" 1978) 1 and, 

, , , 

, 
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frOll the fraqmentary evidence for the compartm.nt~t1on 0\ brain 

~etabolt~m in specifie céllular structures (aalazs and Cremer, 1971), 

to intuit that the relationship between neurons and glial cells 

represents'a-different level of biologic~l organ1zation. In the same 
& 

manner as the o~ganeÙes of a ceH can be considered' individual uni t's 

that - only when coordi~ted by their ~utual interactions ~ give rise 

to the c.el,~ular; level of or.ganization; so the cooperation of the-. , 
• • - , ' ., • 1\ 

,neurons, and glial çeI16 through complex mult1potential membrane to 

" ( membrane interaction.s (se~ the c<?ncept' 'of Mul tiplex neur~:m; waxman, 

1~72)" ~an'gl~e -r1,se,t~.'~ l,e~el of ~rgai'l1zation,that 1s above the one' 

'" encountere~ ln other tissues. '') . 

. ,- 'The glial-neuron interaction becomes 1n this context a 
, . ~ / , 

_ - spec1~11 ~ed, v?rk 1ng: uni t or ERGON, and a gi ven area or u!e brain 1 S 

thên:charapte~iz~d by a spe~if1c set of ergon1c units that are 

partic:ular. tQ t l1_e- ph~logenetiC and àdaptive state of, the g1.vfÏn brain 

regïon •. Adaptive pressures vil) thus affect each brain area 

diHeren'py: Thfs ,cqncept also 1J/lpl1 es 1 that to e',ach set of ergons, 

- the, cbopera'uve -o~ gl1.~-neu'ron' cells will express Spe~ifi~ ~etâb~l ~c 
, . . 

, . ~ . 
adaptationl!j that ,wtlLallow the formation of a sel! contained 

meta~,oùc_ compartment (i,.e. speci,fic nellrotra~smi~ters' and. thelr 

me.tabo1.1zation, by surrouh~ing neuro91 ~a). 
l , ' , , 

Morebver, implicit t9 the idea qf ElGoN 1s the concept of 
, . 

'''Coopera1:1ng Ge)l sets". as ~esCI'ibe~ t,y Boyse al}d Cantor (1978)' in 
'. . 

their hypothesis of""evolut1o'n "by program duplication": in, th~ 

conte'xt 'Of ontogerl:i it . i6 helpful to eov1.sa9.e the 'unit of 

cHfferent1ation- not as 'a single cell, but as a pair of cells that . 

updez::'go complementary di.! ferentiative steps, to prepare them' l~r théir 

" 

\ ' 

" 

i 
1. 

\ 
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collaborative task". 

The mQst obvious example of an ERGON i6 the ensheathment of axons ' 

by neuroC}l,'ial ce 11 s. A closer' ontolbc}ical analys1~ 'of éin~ subsystem , . 

of the nerV'ous system will, however, disclose the clear on~ol091ca.1 

and architecton~c cooperativit~ between the select1v~ and cont~oled 
\ r • 

expression of Specifie inter~ellular associations a~d metabolic 
1, - " 

pathways. The optic system is especially accessible.to research and 

is also -one where the local variations 1n ce 11 ular architec(ure '< 

(retina, optic nerve, chiasma) originat1ng from different clones, !J,ive 

r1se to very specifie ergonic relationships alOng the system' (,Be.ntley 

and Xeshishian, 1982; Wiesel, 1982)~ 

The intrinstc ontophylogenetic implications of the ERGOD concept 

shoula give rlse to a re1nterpretation - ~hen pecess~ry - of the, 

apparent disconnectivenes$ among the ultrastructural"metabolic and 

physiolpgical adaptations of the neurog11a among 1nvertebrate~ and 

between these and the vertebrates. (Bullock and Horridge, 1965; 
\, 

Bunge, 1968, 1969; Johnston and Roots, 1972; Lane, 1981). I~eas~ 

of the myelin, the ERGON concept should be helpful to understand the 

physiological and metabolic interrelationship between.axon and 

myeli~-forming cells. 

1.3. A General Outl1ne of Myelination 

Several lines of morphologica~ and biochemical evidence 

(Rosenbluth, 1966; Smith, 1967; Ban1k and Davison, 1969) have 

indicated the presence pf semi-discrete stages in the overall proce~s 

of myelination. These observations led, Johnston and Roots (1972\ to a 
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copceptualizat1on of a two stag~ myel1n formation proeess. _ Theit 
, " 

schemè centers stric~ly on th~ events ofaxonal en~heathment and the~r 

impl1catlotl in' spe~ific demye11nat.lng n~ur:opathies:, ",Tl'l~ ,fi nt.' staQe 

may be seèn as the-formatio~Jof'a myelin temp1àte in wh~ch the 
L'li 

genetically dèterm1n'ed protein compon~nt -controls, the lipid, pattern 

wi th whieh it can aesoci~te.' When the nu'mber ,of t.urne of the lamellae 
~ ~ " . . ~ 

, , 
,reaches a critical point, the' myelin becomes an individual metabolic 

, ' 
, -

enti ty and- a s~cond stage of mYel1nation commences. In tne ~ecoria 
. . , 

'stage the mye1.1n tnay by i tseH syn~hes1ze and/or receive from the glia 

·ne .... 'protein and lipid cçmstituents wh1ch ~n.9age in a. self-assembl'~"of 

l1poprotein units.. Thus ~fter, the' dePos_1 tion of certa1n cr1tical 

levél oJ glial plasmalemma, the mye"I1n "'.Ollldo, in itself, 'grow 

. . 
witb the'experimental corroboration pf the axon-mediated contrb~ 

Of myelination (A9uayO!! !l., 1976, 1977, 1981; we~nber? an~ spencer 4 

1975, 1976, 19791 and the extensive description of'the high d~gree of 
. ' 

spec~ficity 1n the ~nteraction between axons and mye11n~form1ng ~ell$ 

(Waxman and Foster, 1980), myelogenesis in the PNS .... as conceptualized . 

by Spencer and weinberg (1978) into a scheme that includes . 

myelinat1on, remyelination and demyelinat10n in the contéxt of ,a 

selective ~xpression of surface receptors on the axonal and Schwann 

,ce11's plasma ~embrane. In thls hypothesis. t .... o sets ·of surface 

receptors ~ould be invo1ved in the regu1ation ofaxon ~undle 

fasciculation and the identific~t10n of pro-myelin axons by the 

Schavon cells~1 A third set "'ould regulate the initiation of 

ensheathment once a 1:1 relat10nsh~p between pro-myelin axons'and 

Sch~ann celle has been achieved (Martin and webster, 1973; webster et 
..."... 
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~ •. , 1973);, Waxman an,d .Foster, 19.80). 

In the 'PHS, axon, bundle f.asc~culat1op, is acco~pl1Shed du.ring the 

prolHef'fltive ~tage· of ,Scnwan.n ceU dif.fer-ent:iiltion lnto . 

myelin':'formi~g ce.l1s (~a~t1n an~' ,webster, 1973). In the CRS, en the 

ot'her hand, fasciculation ef- axon bundl'es 1s reg1on-spectft,c and .is 

perfo~med bJ astrecytes· dut~ng their preliferative stage. A second 
,\ 

pro11ferati~n'and differehtiation of.glioblasts is then required te' 

give r1se to CNS myelin-forming cella (oligodendrocytes) which.will 
\, . . 

displace t)'le ini.tial astrocyte-axon asseciation ,in those axons or 

neuronal per1k~rya ~hat viII become.myelinated. 

AlI these events require, in both the CNS and the PHS, very 

precise t1ming ànd a com~lex interdependance vith the maturation of 
L , w 

the vasculature of the nervous tissue (see Peters et al., 1976 for a 
, , 

review)', vith humera! factors (Walters and MoreU, 1981) and .... ith·the 

nutritional levels of the animal during development (Martinez', 19'82; 

, , 

Wiggins, 1982). If one accepts the regulation ofaxon ~nsheathment by 

'IQcal factors' other (han just axonal surface signals, thén many of 

the ol1godendroglial morphological types described in the li terature . 1 

(Bunge !l·al., 1961; Mori and Leblond, 1970; Tennekoon et al., 1980), 

the regi;h~l variations 'in the chemi~8~1Iuon of CRS and PHS 

my.lin (tgOr~.lew1cz !l !\!'" 1974; .anÙ and s~ th, 19j!,; spr1nkle !! 

al., 1978), ahd the form~~i1 and short myelin 

sheat~s during remyel1nat1en of CNS axons (Harrison and MCDOnald, 

1977; Blakemere and Murray, 1981) can be accounted for'by the .. 
adapt~tion of the neuroglia ta specifie ontological, trophic and 

"'JI>. 

humoral'requirements (Remahl and Hildebrand, 1982). 
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The fundamental concepts behind these ideaa are, that mye11nat1on 

1s sequential and -tha-t, the events 1nvol ved 1n the regulation of H'5 ' 

de.velopm~nt are the ,Same for both the PHS and the, CNS sY6t~m~. The 

, J" 
phenotyp1c d~fferences betveen the ensheath1ng cells of these t~o 

, ,," . 
~stems have not precluded the fo~at1on of the.s~e spiral 

arr~ngement around an aXQn.- a.topology that can be traced far back'1n 
, . 

the phylogenet1~ tree of v~rtebrates (sect~on l.2), and can ~e 1ntu~t· 

al'ready in ma~y of the "myel1nated" g1ant axo~ of 'some 1n-vertèbrates 

(Hama, 195.9; Bullock and Horr1dge', 1965'j Heu~er and Doggenweiler, 
. , 

1~66; üohnston and Root s, 1972). Hence, i t can :be expected that th~ 

same spiraJ:Ùng 'mechanism 1s ope'rattve under aIl circumst~nces ~s 
, .. - 1 , . 

proposéd' 1-n tbe "Spi~al-Wrapp1ng" 'hypothes1s to~ the' PHS (Geren uzman, 
!) 

1956; ROberts,on v 1959) 'anjj Hs appl1cabion to CNS myelinatton (Bunge 

et al., 1961; Hirano 'and Dembi t~er, 1967; M~r~ll, 19-77)'. ' 
- . " " 

Néverth~les.~, a' closer e'xamihâtion of thè mqrph?lo9y. of . 

ensheathment .fieéms 'to' 1nd1cl:l.te '. more t'han one appro~ch' to the' ~ame' 
. , . 

functional-morphologic~+ relations~1p betvee~ axons and myellnforming 
" 

cells; for e~ample: 1) the myel1nat1'on of neuronal perikarya of some 
t .. .. ' • 

gangl1a . (ROsenbtyth, 1962b; Dixon', 1~63 i Cant ino arid Mugna1ni /. 1975; , 
'",,", . 

hri9 , 1976 a;b;' Romand ~t al:, 1980\ i 2.) éif neuroÎlal' pe'rijtarya ~hd . 
dendrHe~ in: t}1è olfac.tory bulb o'f several SP4JC1~S' (Willey 1 1973;' . . ' . 

• 1 

Braak 1 • et al. 1 1977; Diaz-FIore'5 ll, al ;'1/ 1977; Burd-, 1980; Tigges and 

Tigges, 1980); 3) of ne~rons in the dorsal h~rn of the mO.use alld 

monkey 1 a sp1nal cords (Blinzin'ger ll. !l. 1 1972; B.éal and Cooper;,' 

1976); ~) of 9~anu~a~' cella in the cerebellum of ~âriy higher 
" 

ve~tebràt~s (suyeoita, 1968;' Cooper and ~eal,.- 1977); 5) ,and the . , . . 

ensheathment'ofaxons' iri lower vertebrates (Rosenbluth, 1966; Celto, 
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1979; Cullen and Webster 1 1979). It seems, therefore 1 more 

appropr1ate topepart trom 'the v1e~~that the molecular'd1fferences 

between ~elin.f the CNS and that of the PHS, imply alternative 
() 

adaptations of the méchan1sms (biogenic and morphogenic) responsible 
l!~~ 

for the formation of mye lin. 

"" In any case two fundamental elements,az;;e conserved between the 
" ' 

aNS and the PNS,systems. The f1rst is the formation of a spiral, and 

the second 16 that the codes impl1cated in the regulation of 

ensheathment must produce a ~imilar "Baup~~n" (outline), albeit their 

integrati.on, and .de.codi~g by tl1e dlfferent mfêlin-forming 'Cells mignt 

~e medi~ted through similàr or different receptor!signal systems 

(Raine, 1976;- Jung tl a1..~ 1978; B~nfey an~ Aguayo, 1982). . -
Evidence fOr the similaritie6 between the gener~1 ,myel1natton 

, , 

~aupîan o'f the CRS and the PHS will Qe di,sclolssed b~~ow in the context: 
. . , 

ot the 'bi~chemistry and morP1'!0~enes'lS' Of lÎIyel~~devel~pment •. The 
~ . - . 

res'ul ts 'furtl:ler corroboràte the existence- ~t' stages in t~e pr~ces's of 

myel1nation. However" the 11 teratut"e seems to indicate that these 

stages rep~esent· discre'te phases of a comple~ genÙically programmed 

event',' FurthermoJ?e,'each phase; .permit~ the myel1n-forming cell and 

the uon -to choos'e betw~en sP~Ci'~iC phen~typic alternatives that will 

permi t . -' wi thin C!rt'ain 'boundaries - the expression of the -observed 

, . 1 t' 

speci-ficities of the'axOl'l-myelin.interaction (waxman and Foster, 

·~lak.more, 198il~ . Table 1.3.1 ~ummar~ ••• the.tour~a •• ·out1i •• 

myelination, in Ule PHS and tHe CNS: ( ~ 
of 

/""' 
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PHASE Zero: 

PHASE 1:, 

PHASE Il: 

PHASE III: 

" 

" 
TABLE 1.3.1. 

OUTlINE 

clis PHS 

-------------~------------.,.-----~------.:;----------------------------

1) Astnl!llast prol if erati on and dif­
ferenti aU on 

1) Schwann eell proli feration and 
1 differentiation 0 

2)Fasciculation ofaxo'li bundles 
3) AeU vahon of oligodendroblast di f': 1 3") Schlfanh eell prol iferahon and 
ferentiation 'differentiahon Into pro.yehn cells 

4) Initiation 'of nodal de.arcahon 
51 Oligodendroc-yte proliferahon and 5) 1:1 Relationshlp .. ith axons 
differentiation into ptDlyelin cells 

ffffff,ffffffffUUfUfffffffffffffffffff . ~ 

'U Atti vat~on..~f E!fishl!ath.ent CDIIl t.ent 
2) Second $tage of nodal di.amti on 

3) Elcpresion of lipid pr:eéursDrs" and related gene produets 
4' InItial bidirectional .-alÎd .ulfî ver'lcular eosheath.ent 

, { r to 10 la.eIlae } " 
S}Activation of cell spe~ifi[' .yelin gene produds 

. "lHIUHlflHfftffftfffffffffHflffffff 

'" U ,Adi ve~phase of .yelination 
2) Elon~atton gf inter'oodes and enlarglent ofaxonal dia.eter 

3) Ihird stage of nodal de.arcation (paranode fomtion) 
41 Second proliferativ!!' phase to .an- 4} ,----
tain .. critical .yelin to axon surface 
relati onship 

fIfUlffffllfflUfflfnfilUflHnllflfff'l~ 

r ' 
1 1) Ter.inal phase 

r' 

2) Fourth stagE! of 'nodal de.arcat~on ( nOdal-paranodal' re'Ddellingl 
'3) Physiological laturation of Iyelinated fibers (.odulation of the g raNp 

through the re'Dval of ex cess .yelin or further dl!posi tion) 
41 laintenace of "yelin 

• .. 
'ffl,ffllfl~UlllllfffIlIHfflffllfflfffffIlIfUf'lflflfflfflffflfUfllffffffl'" 
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The déseript10n of_ th!s outl1ne will assume knovledge of some of 

the fumlamental constituents of PNS and CRS myel1n. For a review the 

folloving sources are recommended: MOrell and 'Norton (1980) 1 and 

'0 
• More 11 (1983). Briefly, myel1n membranes in both the CNS and the PNS 

are composed of 30\ protein and 70% ~ipid; vith approximately equal 

parts of cholesterol, glycolipids and phospholipids. Differences 

between the tvo systems occur primarily among their protein classes. 
, . 

, A major'integral membrane glycoprotein (Po) constitutes up to 80% 

of the PNS myel1n prote1n. 'The rest is made up of many myelin 

speci fic proteins that are also shared by the CNS. The Most 

controversial of thèse 1s the PZ protein; orig1nally described as a 

specUie PNS prote1n. Recent investigations, however, have revealed 

the presence of thi s protein in some speci fic regions of the spinal 

cord Jn various spec1es (Trapp et al., 1983)' and 1n only some 

myel1nated segments of PNS fibers (Trapp t1 !l. 1 1979). The 
< .. 

implications of these findings indicate that this protein is a major 

component of some very particular mye~.in-form1ng cells. 

, . The CNS con'tains t;"o types of majo~_ protein components 1 the 

, 1ipèph111é:' prote1n (PLP) - an integral acy-lated membrane proteln - and 

the family of myel1.n, balaic proteins Omps), that are associated vith 

the cytoplasmic face of the myel in membrane.; Together these two 

prôtein' types comprise about 70% of all CNS 'myelin proteins. The 

other 30% is made up of a ,eries of proteins' that 'have· beeh poorly 

described. Of th~m, the mOl$t important are the 'myel~n associated 

glycoprote'in (MAG - or a\ correctly su9gested, the myel1n glycoprotei.n 
c' ~ • • '" .. _ 

MGP (Braun', 1983) "and ,the 2',3' cy~hc phosph~-nucleot1de -3' 

phosphohydrolase (CHP). 
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Myel1n is also char.actèrizéd by its- abundance' of specific l1pid 

classes. (cerebro~ides and sulfa.tides);, long chain 'fatty acids vhich 

are more than 18 car bons long, alld the lack of significant amounts of 

comp1ex gangl1osides •. 

In the context of this analysis, myelination phases are 

understood outside a SpeC1f1C temporal framework. They are intende'd 

to emphasize the phenomenological similarities bet .... een myelinating 

cells Of the PriS and the CRS 1 as vell as their phenotypic differences 

and the consequences of these in the biogenic mechanisms of myel1n 

assembly. 
,( 

1.3. L Phase ZERO: proliferation, Differentiation and Axon Bundle 

l'asciculation 

This phase is characterized by the proliferaUve activities of 
" 

the neuroglia popul~tion after neuronal proliferation, migration, and 

-
major axonal committment (Sidman and Rakic, 1973; Peters tl !l., 

1976). ThlS happens within a phylogenetic sequel)ce of events vhich 

may have different tlme scales in aIl vertebrates. 

PHS glial cells (Schvann cells) l.nitlate the fasclculation oL 

axon bundles by enclosing 'a qiven set of axons' under a common; basal 

lamina and "family" of Schvann cells (Martin a~d webster ,/1973; 

. ;p-ec~'fic assoc'iattons vith ~axons and the Webster et al. 1 1973). 

selection of promyel1n aX0!ls begins by, displacing. axons. to the 
il) ~r .>: 

periphery pf the bundle' and establlshing a '-1-:-1 relationship vith them~-~ 

within. a uniqu,e basal lamina' (Webster, 1973). Blochemically 1 no 

traces of Po have been found. during this period (Wood and Enge~, 

i 
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1976), al though more research on this ,aspect needs to be done. 

The situation in the CRS is s1milar, but not 1denUcal. Here the 

complex arch1 tecture of the brain and the interaction of the glial 

population w1th early and late neuronal migrations (Sidman and Rakic, 

1974), requires a more versatile and at the same time sbphisticated 

approach to axon-bundle fasc1culat1on. 

Fasciculation of CRS axons has not be~n given full consideration; 

though this event has been clearly dernonstrated in the optic nerv~ 

(Grossman, 1967; Sturroclt, 19-75; Skoff !! !U.., 1976 a,b) and in sorne 

cery1cal reg10ns Of the spinal cord. (,Gllmore, 1971; Matthews and 

Duncan, 1971; Nagash1ma, 1979). 'In these éases 1n1 Ual axonal 
. , 

ensheathment 1s carried out by the astrocyte which at ~h1s stage, like 

its PRS counterpart, 1s engaged in an active state of prolifération' 

and differentiation. This ac.tivity give's r1se, on the one hand" to, 

the formation of spec1 fic axon fasc1.cles, vhile 'on the, other, to the 

third element of the central nervous'tissue, the ol1godendrocyt~ 

(Cajal, 1925-26; deI Rio Hortega, 1928) whi'ch 101111 be réspons,1ble' f-or 

the' mye lination of the axons. 

It i8 necessary ta draw attention at this point to the presente 

of centriol,es and cilia in many of the (undifferentiated) a~trocytes. 

that fi ~ the requirements for phase S.ERO (Cajal, 192?'-26; Bunge et 

al., 1961; Skoff !! al., 1~176a). Their function 1s stll1 ~pecul~t1ve., 

Schwann cells during this preparative ~hasè hav~ been descr1bèd wtin 
. , 

an "axial process that originates at the'level of the centrioles of 

the spindle pole, arches over and runs beyond the JIlidnuçlear level •• : 

It contain<s) microtubles and 100nm vesicles." (Martin and webster, 

1973; page 423). If the astrocytic element is similar to that of the 
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Schwanç cel'l, its function· as a' guidance tQ reestabl1sh a s~'c1f1c' 
(, " 

symmetrY,or direction 'after mi to'sis 1 appears for the moment· the most' 

adequa~e explanation. 

'Recent repo,rts have indicated the appearance ot a group of 
, • 1 ~, ~ , , ~ ~ 

proteins, in t.he molecular weight rang'e of '30' toc 40 k1l0dàl,tons, from 

cerebral and cerebelÏar à.~greg~té systems, that croBsreact ',v1th ' 

speCifie ,MBP antibcxt.1e.s (Barbarese and Pfeiffer, 19tn). Th,ese .res\ll ts 

~ave. 'been i,ntetprete~ i~ the ,?ontex,t of gene mod,ulatioTl; the observeà 

, proteins be~ng the tra~sration p~Oduct: of 'unspliced ,!Jenes that ~ave' 

been inappropriately ac~i ..... ated ,by the. e,xpeI'imental cul tur~ system. 

,This vould be 1.n agreement with the inaQÙity te translate the'se 
.~ . . - -' . 

prote1nt ~1th: mRNA' ,isolated f·rôm intaçt' syste~s' (COlemal'l,!1 !.!.,', 
~, . . 

1~82), al-though, further resear~h 'is require'd to come to any 

concl, uSiQn. 

, , 

. " 

~ligodéndt:ocyt~ pr-o-li fer.at i'~n ind icat~s the' 'trans'~ (1.?n trom ph~se' 

Z('!ro to-phase'I in t-hê CNS'(Ma~the""6 ~nd, I?uncan,,19?1;- Skoff,-~t .!1:" 

'1976 a,b)-' l'n', thè ~tlS this transttion oc~u;s vith-the last ~, '. 
- l' l , '. '. \ t ~. \ , 

prOliferat-ive burst that perm1ts the exclus1o", Of aU pro7'myel1n axçnfi ,: 
.' #. .. " . .... , 1 1 

,.~. . ,.,' 

vith;l.n' s~n91~' 'basa1 lamt~.e and in a ,1: 1,rèlatiol)sl'l1p vith,. schwann' 
" ' , 1 

'~ "7ells' (We~6ter et !l., 1~73)., . . " 

The connection' betwe~n' '~xon' and ,,~el1n-forming ce'll becomes 'àt . . ' ,. 

thi.s ,moment very apparent. Obser,vati.~ns' 'i-ndiéate tba~ cri tica,l' aX,onal 

. dimel'lsions are necessar;y t'Or '-the enBne~th1ng cells' to'- engul f\h~: ~'x~n:' , 
, ' -

In1.t'lilllY, ,~orphOloq1cal. Jn'easuremel}t$ <ind1cat~d, a .correlat,ion petween 
J '1' ~ 

, , 

, , 
" , " ,. 
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: Figures 1.:3.1 'a-g., The sche.a~i.é: fI!(On5trU(ti~n and' scal.e~ tradnqs ~J the I!l~ctrol'l ,Iic~ogr~phs Ùn ' 
. FljUreS tb-21; Knobll!f g! ~!!.1974L. Thl! i~ngth Df the schl!latic r,eco.nstrucfion rï!prl!5ents 5.0 UJ ,04 

tissue sectioned.' Scaled t'rilcings,' x 17 000. . , , 

Figure a.! A recontrucflon of '50 's~rial sections through il portion of a 'il!lopillg'internode 'in th~ , 
rat CNS. Thè-, Qutslde 'pOrtIon, of tft!! coùntercJoc~t15IH1irectéd ?, ~n.d he, entire èlocl:Wise-
direèted layer are eut' ~lIay to aHON ,an unobsf.ructed' vie~~f. the _ oside 'le'ilfht ~ al ,the. 
cDuntercIOt:kwise-direded layer, an'd the' ver.~tulaf prote5sAen~j~g frol H. The,arrol! on the' , 
ri.ght of ,the' figure ~~tnt~ ta t~e last portion ,of th~ Quts.ide ,leil'f1et of the bifurcati!d, 

, cauntercloc:kwi se-dlfetted, layer. ' , " ' , ,-', ' " ", " , 
..t' ' , , ' ' .' , " ' ' 

Figure b.',A reco~5tr,uction ,identical tD Figure a, lIitlr the, outside portion of thé! tOI.mtérèlod~ise" , 
dif'l!cted .layer and the entire clochnsl!,..,dir~cted layer intact... Th'l! axon (AI is ,en.sheathet1' by 
uncDcpacted ohgodendroglül cytoplasl (OJ. The clodllise-direct~d layer' is insîde (lU, and the 

'I:;ountertlodtnse-dired'ed bye'r i 5 'outside fOU ~ : ihe dotted lin!! on the riqht' ,of tHe' figure. 
. represents ,t'he inside po~tion 'of tbè cou~tercloc;Jcllj-!il!':dliec-tl!d.laYl!r ~, '.,,'.' 

1 • • • 1 

Fi.gure, c. A teduced-scale .tratinq of' qn e~eêtron 111 crograph 'fi ve sedi DOS reio\'"ed froll ,the first. 
Therè IS' a slall round, profile (~P) beheen the iXlm ànd the inside hyer' of ensheilthaent" .in' a. 
posit~on cŒ'rl!SpOndlng to the tip o~ t~1! outsldè layer of ensheathunt ·(OU'~ ',' '" ' . 

1 • ._ 

figure d. A'reducl!d-scl1e tracinq of,an, eleCtron ai-erDljfiph IT.sec;Hons alliy. "flle ~rofile is. 
lfidening, inta a plate, iU)d'about half il liyer I1f ensheathlent' is cn.paéted in the fonl of 'a' fijor 

'dense line, ntDu.,' ' , ", ",' , ' , ' " ' 
~ .. \ 

, ' 

FigUf'1:! "e. ,A reduced.-s,talll tnC:ing of al1.electroll lI!itroqraph IS sections away.' The" orig.inil' 
élocl:ltise-direded Inside layer ü' interdigitafed -betNl!eR thè .lita 14!aVe,5 Of, the' countmlockwlsl!':' 
directed l~yer; , , " ,_',,' .' , ",,' j' ',:' i 

, '. ' , , ". '4'.' . '. 
Figure f. A,fl!du["I!~-sqle trating of a~ elettron aicrlUjraph four 5l!c~ions. ~~ay. The en5heat~leRt 
re.aiRs pirtially cOlpacted. The chlckllise-direl;f~d rayer\noN forl~ the 'ne .. outside'laye'r ,(NOll ind 
tbe re~alning porÜon' of. the càunterc,lDék .. ise-~itec:ted layer 'on th~ jn!iide forlS the' ne., iMide 
layer 'fNIU. lh!, lound of 'CytQplaSI (arroll' is the last portIon of the cutside 'le:Ùlet al the 
~i futcited counte~clodu'~sè~'dir'ect~d layer, il' is indiciltèd by 'the squi'ggl y 'UflI!S 'in Figure; ,a .. 

, (arrDN';, ' ~ , " ' " " , " " ",' , 
, ' ." ~ .. 

. figure q." A' r'educ~d-s[.le tracitlg of 'the, elettron' ~l~oqraPh l'tIne !:l!ctionN~~Y. .' T,h(uon tg 

" ',', Dnce açain surrounded lly I.\ncoap,acfed ,eytoplasa, The new i1l51de layer (NIL) and tb'e ne" outslde hyl!r 
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. ou~èome C!f thè ,'R~senb~uth"':E~l1~Jll.a{l é:ont~over~y i~dica,ted th~t' dur,lng 
• • 1: ' '. 

t~is .pieparative ph~se the axol~mma' undergoes '1inpo~ta:nt changes that_ 

" ..,{'b perm~,t 'the' à~marc~tic;m ',of the ~Oda~' '~e~fo'n (E~1~8m~n, \~79;. , 
\ ~., . - ... , , 

;c 

'Ros~nblut'h, - 197.9i W11eY'-L1",1n9~ton anÇl Ellis~an ,'1980 i W~xman et al.; 
- -," ,'. , " . . ."" 

_ l , 1 t. 

, 1982). Recent pub l1cations by Friède and, Btschhausen; '1982), and' the 
'~ .... ' ~ " - ,". . . 

intèrp~etat ions' of I!lak~mOre (1981'), of cNS mye'11nàtion contro.l" 
, ,", '.. , , ' 

, fûrtl1er' sup~t't < the idea' thât the t'nternodal: axolemma. con tains the 
l'" _. '" 

nece'ssary (~fox:màtion, for' in,1t1ating ensh~athm~nt as weIl ,as the 

,extent· of activaU'on. , 
1 • .. • 

-. \ .. , 

-Motplplogica~ observations sho.., tÎlat! in the CNS"differeriUated. 

, "oligodendrocytes: ha~e' to d1'spÏace' the ~st["ocy.tes, 'aîreiJi~' i~ cQntact 
'", ," ,." \ .. . - ". 

" 

, . , 

'-, ,1o'i th thè ,axons or that some, other cOlI\ple-x intera~tions, betwee~, t:.hese 
1-

, . t~o. ce,ll typ~s is .. actiVe du~ing 't~1~ phase (JagaSh~ma" 1979 NOb',le l " 

-1982 )." The 1nitial axon' enshe~thme~t t:I~ my~l1,n"'formin9 ce.11s ,has, ~een 
• ~ '. ... 1 

~escr1bed ?nly for spm~ r-egions of 'the l'lervous, system; th~ opt1,c nervt{ 
. .• ..~ ~ , , '1" ,,, , 

(Derm1,etzel ',an~ Kroezèk, 1980a),. tt?e' sp~nal ~ord, (Xnobler. et 'al! ," .' 
, . , 

~974, ,1976) ,and the sc1at.1..c_ neJ;'ve (!'lebstêr,. 1'971)., Irrespèct'ive of 
~, ~. • l ' .. • 

,,' the 10cal1zation, ·thr~e 'cÙmene1'onal rec~nstruè:tïon& 1nd1cate that the 
~ • •• \' ~ .. '.. • • ' • ' • v ' 4 " 

"'i~1t~·al.,enShèathJrie!lt o~cur'ls by'.an .~i-regUl'a~, ·I)idtréctional D!echanfsÎn, 
. ......-, . 

, (see~ F1g~res :.1.3.1 al,ld 1.~,~~ taken frQm ~c'nobler. ~t'!l., 19?6" ~b~ter, 

1971) • 
, ' . 

The fr~e9~lQr.i,t.ies' o,! this ~n6hèathment are, however l' more 
" '. 

.. , 

J 

,'.', Obv'10~S'1h the cRs Yhe~e -complex.vE'rmieular proces$~.s '(K'o'OI:Her:et al:;' 
'; '. , , '.. l , 

)976) have 'b'een ill,lpl1cated in' the b1d1.tec;:t:10na~ ity of éns~eauünerit" 
" . 

Single field .o~se~at10ns ,1n ,~he,' opÜç né.rv~ (aee 'F,igurès'. 1' .. '3.3 and 

26 . " 
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Figure 1.3.2. rhree-d~lensiohal reprŒse'ntatians ôf the SCh"ann ~ell with t'h'l! position' Qf four 
.transy'erse 1 evels. i nd i taUd, ~y arroits. The' bel iial 9uc1 eus and rel,aU vel y tonstant position of the 
mesa.~onJ5 surface' orlgin ilre included in the ,upper figure:- The 'lower Ilne shDlfes the IlI!Së!xon as il 

.el~ranl?' sheèt; Hs' .contour and transvér'se lengtb Y~r,y, (Ff~. Web'st.l1r, -1971). . 
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'1.3.4 from Dermiè't:zel :and ,xr~czek,' 1980) show the formation 'of the' 
, ~ " ' 

inltial vrap a;-ou~d ~he axon; e The, ensh~a~hment begins .... ith the tirst 

contaçt of the Î1ps O,f the g~ial pr;oc~ss" form1ng tt:te tirst tight' 

junction, betY~en the' jOi,n1~g . ii.p~ 'of the ol1godendroçyUê: cup.' . 
, . . 

Morpnometry of ~nsheat,hment indicates that at least in the CRS 
" . 

" , 

the position of the ,two e'ngul fing ~.ongues are randomly sftuated wi th 
, ' 

respect to each other ·during this early stages Of, ensheathment 

, ( peters, 196~). . , 
, 

Meaningful st'udies oh the b~ochemistry of CNS my~lin during this' 

'early stage of d~velopment are restricted t..o the possibility ta aècess 

specifie brain areas in t~é animaIs', use for experimentati-on. Reports 
, , 

using whole brain preJ:!,araUons are the must abund.ant,' but ~hese are 

inappropriate for developmental' studies and a1&o !imite,d in scope .. 
, . 

Characteristic my~lin components have not been fou,nd at this, eél:rl'y 
, , , " .. 

stag~ •. However, the active prol1feration'9f oligoa~n~~Obla~t~ must 

activate specifie enzyme complexes in order to~ cO~i t .the , 
. . 

o1190d~nQrocytes to ,axonal ensheathment (Te!'1nekoon' et al., 1980'). 

Scattered r~por'ts ,in the lÜerature t'nd1cate active fatty acid , , , . 

synthesi~ from acetoacetate (Yeh et al., 198,3), ac.cumulation of C-14 
. !',. , 

fatty acids (Bourre et 'al., 1973 f, active, synt..b.êsis of 'dol1chol (James 
, " 

. ~ and xandu;tsch" 1980), and the rapid incorportion of, cenbrosïdes .into 

non'::microsomal membranes (Yahara,!! ~., 1'980)' prior t6 the appearance , 
• l ' • ~ 

o! distinctive myelin membra~es ,in agreement with the different1ation 

of oligodendroblasts during phase I. 

Biochemical rePOrts for the PHS are very fey. Cytochemical 
, , 

studies have lndicated the localization of acyl transferase activi ty in .. 
ves1cu1ar structures i~ the per1aXonal,processes of'~ Schwann'cells ' 

, " 
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Figure 1.3.3. IlIustrates' the !iequences of tJght junctioll isseably du~inq the onset 'of the 
spirillhng 'prOC1!55 (Figure aUlLbers' corre!>pond ta th~ orl"qina15). tFrol2 Derruetzel and Kroned, 

• 1980J. ' '. , 

Fig 9 Elongation of the lIesaxon .ith the initial forlation of the outerfOSU and the inner 
qliaJ Joop U6U. TJfo points of fUSlOA can be clearly discriainàted (arroNs). x153,OOO 
Fig !il JnsjilU~tion of the-inner" glial loop !IGU, and the develop,ent o(the second glï"al 
turnl TJ tignt Junctions. x 153,000 
Fig 11 The saae phase of .yelin dl!veloplent a~ sholln in Figurê 10. Thl! tight juncUons HJ! 
appear as typical afllbrane thickeninys in the pOtaSSl UI perlanganate-stai nèd .aterul. xl 04-,000 
Fig .12 TangentiaJ fracture of the éar)y spiralization process exposlnq J10th . E-face fE-FI 
and P-face CP-FI <l5peds. The typlcal confIguration of the tight junction (TJI at thls stage of 
developlent (On515ts of groDves bearing rOlls of, globules on the E-hel! and corresponding 
lelbrane cre5t5, the top of IthlCh i 5 decorated by s.all furroH5 on P-face larroN5!. Fragments 
Df rONS (double arroll5! and i50Iated particles are present on both fracture faces. x46,ooO. 
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and the GOlgi apparatus (Benes !1 al., 1973); and the local1zat1on of 

the PO protein in the GoIg1 apparatus (Trap~ et al., 1981) dur1ng this 

early phases of myel1n development. 
/ . 

Immunocyto'&ëmistry of the Corpus callosum during this early 

phasè reveals the presençe of MBPs 1n the soma of the oligodendrocytes 

and ~long t~lr process. NO reaction can be detected along the axons 

(Sternberger !l al., 1978; Russel and Nussbaum, 1981). Antibodies 

aga1nst the W1 region (Mr 40 to 50 kdaltons) of the molec~lar,~elQbt 
~ 

/ ~ 

spectrum of CRS mye1in proteins (whiGh contains among o~hei things CRY 
\,J 

and probably other cytoskeletal proteins of the oligodend~ocyte), can 

be detected sinee the béginning of phase l (oligo~ndrocyte 

proliferation). At the moment of the initial ensheathment the 

actlvity 1s loca11zed more intensely in the spaée below the plasma 

membrane and in the ensheath1nq processes, indicat1ng a developmental 

pattern which is different from ~hat for MBP (Rousell and Hussbaum, 

1981) . 

1.3.3. Phase nt Active Deposition of Hyelin Melnbranes 

After the depos1tion of 1 to 6' lamellae, bidirectionality and 
, 

other irregulatities of the e~sheathment disappear ~n PHS fibers ~ \ 

,(Webster, 1971) and PO protein ean now be 10cal1zed in the periaxonal 

membranes of the Schwann celle Production of these and other PNS. 

myelin related proteins and lip1ds 1s now accelerated (Wood and Engel, 

,1976). CompacUon of ,amell'ae begins 1.eav1ng an uncompacted 9uadrant 

where cytoplasm and organelles can be found unti~ late in this phase 
u 

"" of myelin depos1t1on (Webster, 1971). The number of lamellae increase 
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logarithmically at a rate that is dependent on fiber t~act and initial 

internodal length (Friede, 1968; webs~r, 1971; williams and 

wendell-Smith, 1971; Friede and Bischhausen, , 1982.; ,Smith et aL, 

1982). After the ini Ual burst in axçnal diame'ter during phase l,. 

axons enlarge at a stead'y rate in phas~ II (Webster, 1971). 

Internodal elongation also taxes place during this phase and relates 

in a non linear fash10n to the increase ~n fiber diameter (Fried et 

al., 1.982). The "9" ratio (-diameter of the axon/diameter of the 

fiber) begins. to drop rapidly-!rom Hs unit value at ,the onset of 

myelination to its normal.; (.65) or belo .... normal values by the end of 

this phase (Fried et al., 1982). Clear eut values are not found 1n 

these events and simllar. dispersions in axon-myel1n dimen~1ons are-

found 1n both mature and de~eloping fibers. Renee, making use -of the 

recent estimates of total internodal axonal' surface area and mye11n 

surface area (or mye~1n volume) (Friede and B~sehhausen 1982; Smith ~ 

al., 1982) in developmental studles, 1t should be poss1ble to prediét 

that the relat10nships bet .... een axon and myelin dimensions during this 

active phase of myel1n deposition mainta"in, after an initial_ critical 

moment (phase ,P, a linear correlation. Furthermore, the rate of 

internodal elongation which is directly related to body growth (see 
" 

for example Fr1ede !! al., 1982), if assumed proportional to the 

extent of myelin production, (Blakemore, 1981), .... ill be expected to 
• '1 

control the extension of the active phase of my~lination and the rate 

at .... hich the ~ctivity will level off. The result .... 111 be the precise 

arrivaI at a "g" ratio .... hi4h 1s the most approp~iate for the intenodal 

and,diametral dimensions of the f1ber (Fr1ede and Bischhausen, 1982). 

, , 

31 

'-



.' 

" 

. î 
( 

f 

t 
~ 
1 
\ 

, 
L~ -_ 

,t 
Figure 1.3.4. Diagrals to shoN. the relative positions of Internai lesaxons and external tonl}ul!s 
of cytaplasi in transverse, section of 5Hè~th!i frohthe optic nerves in sheaths frol 7-, 14-, and 
2o-day postnatal rats, on the basis' of the nUlber of cOlplete lanllae .,ithln the sheath. 

The nlati VI! positi on Il.,the external tongpl! process and interni1 leSilxon of each sheath lias 
deterlined by leasuring the' angle f3 subtended àt the centre of the !iheath, betlleen the fixed 
points A and B : 

myelin 

intêrnal 
~ mesaxon ___ -1 

ln leàsur-ing the angle (3 , the position of the fixe'" po-int related to the internaI lesaxon Nas 
hien to be 0 and the angle- betHeen this point and .that r:.elated to the éxternaI tonque proces5 lias 

.Ieisured in the direction tak.en by tbe spiral of the laaellae of the sheath. The frequency with 
•• hich the ilngle' b t'eH' inta eich octant 'of a circle is gi ven as a 'percentage in the liddle of each 

diaqru, ' ilnd this freql!ency is aISD indicated by the size: of the bladned area at the periphery of 
each oc:tan~ . The nu.ber of 5he~tlrs .easured dqring the·constrùt:tion of each diagraa 15 ginn. The 
figures qiven lIithin the sections of the sheaths are in per cent; [Frol Peters, 1964]. 
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Deposition of Po m1mics the loga~ithmic increase in myelin 

" 

content vith d~ve1opment (wood and Enqel" 1976). other biochemica1 

, information 16 not available for the PNS. 

~ ? 1 
, For the CRS, myel1natfon data.of this active period iB restricted 

only to a fev but very important morphometr'Î.c d,term1nations and to a 

more extens1ve body of biochemical characterizations. Peters (1964) 
o 

reported the change in the 10cal1zation of tl1e 1nner an; outer 

(0 

01 igodendrogl1a1 tongues vith respect to each other during 

myeli~ation. His findlngs indicate that after the initial 1 to 5 
1" 

1 ame Il ae , tf.e 10cal1zation of the tvo tongues 16 restricted to the 

same quadran~ (Bee Figure 1. 3.4 trom p'eters, 1964). Lame Il ar 

compact ton in the CRS occurs 1mmed~ately atter the tirst or second 

turn. A complex, series of junctions and radical-particle arrangements 

rBl distinguish theBe membranes trom their PHS counterparts~~'eters, 1964; 
, " 

Tetzlaff, 1:978; Mugnain1, 1978; Dermietzel and Kroczek, 1980; 

oer.l!'iet'ièl tl al. / 1980). Dut:,1ng development these arrangements 

(radial .cOtnporl~nts, int~rlamel1ar tight junct10ns a'np the zonula 
, " 

occludentes) are continuously establ1shed as each nev l,amella appears 
- 0-

(Oermietze"l and Krôczek, 1980, Tet~laf f, 1978). Recerlt vork by Remahl 

and -ilildebrànd (1982) offers a- cle'arer picture of the dynamics of CRS .. 
" -" 

axon ensheathment. Their resul te indicate il dynamism simllar to that , 
,,.. 

1n the ~NS. The d1stin'ôtiôn between phases I. and I~ àre very clear in 
" 

these- da:a, (-see Figure 1.3. SA < from Remahl and Hildebrand,' ~982), as 

indj,cated by the transition from ensheathed to myel1nated 't of f1bers . 
./ 

SiinÜar' aat-a- from. PRS sciatic nerve i8 g1.ve.n in Figure 1.3'.5B (trom ,-

"Friede, 1968) for,comparisOn • 
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figure 1.3.5. AI Sraphs showinQ the developlental change in proportion of!lyé(inated (top) ,ana ènsheathed, (bottol) 
nOlIs in thl?)spin~l ~d callDsal areas. Along tire x-axis Ilogarithaic,scale) sOie 'ages nniy have been written 
out Uong tiars). Abbrevjàtions: SC := spinal cord. CC = corpus callo'sui. lFrol Reia~l- inH _ 
Hildebrand, 1982) • 
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- Bioche~ically, the oligodendroglia have init1ated the synthesis 

of'other important myelin proteins and lipids. FtP can be detected 

alông the oligodendrocyte processes and rapidly deposited together' 
1 

vith MBP and CHP in the myelin sheath (Barb~rese !! !l., 1978; 

Sprinkle !! al. 1 1978; Hartman .tl !l- 1 1982). Li,Pià depos1t1on le 

also accelerated and i~rtant enzyme pathvays become,activated in 

th1s phase, The accumulation of C-14 fatty ac~ds in the previous .. 
phase is followed by their elongation to C-18 to C-24 fatty aCids 

(Bourre et al •. , 1973). Cholesterol synthesis and cerebroside sulfate 

formation arè also rapidly pctivated (Mandel .tl !l., 1971; James and 

Kandutsch, 1S80)., Nyelin components accumulate 1n a coordinate 

faehion with the increase ln lamellae although the enzyme sys~ems 

-re~ponsible for the1r synthesis prdmptly respond to regulatory, signaIs 
I, 

~hat turn the initial frant1c'act1vity off (see Figure 1.3.6, as 

exemplif1ed ~r sulfotrans ferase activity; trom Bourre, 1980). The 
... ,..., ." ~ 

curve of ac~1vity can be interpreted as the time different1al of the 

" rate Qf lamellation with a maximum at the turning point, that 

initiates the last ph~se of myelin format1pn. The temporal extension 

of phase II will determin~ the overall extent of'tbe myelination cycle 
1 1 

J 
for each fiber (Ya~ovle~ and Lecours, 1967). 

1 

One la6t p01nt to cons1der 16 the importa~t structure that h~ 

been in th, making during th1s phase: the node - paranode 

compartment. This compartment 1s very different in both systems 

especlally with r:espect to its paranodal architecture and juncttonal 

arrangements (Schnapp and Nugnaini 1975; Nugnain1, 1978). 
w 

compares Nevertheless, these differences are vaUd if one the average 

CRS fibers - wh1ch 1n many instances don't reach more than 20 lamellae 
1 j 
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{e.g'. ,1n :the' cœpÙ8 cal1OS~, ,sturroCk, 1975)'. ln ,many areas of the 
~ _ • , 4 1 

.. ,spinal cord, howeve~,.. fhe avèrage' ~ibers can have up to i60 làmeÙ~e, . , , . - . 

Qr ~ote .(HUdebr~d 1971)~' . , , 
1'\ .' 

TO t'êach these Qimensions ,of ensheathment the oligodendrocyte' has 
-, - . , . . ',. 

,to ap?rOaéh a' 'le 1 rèlatïo~ship yith th~ 1~rge axons it, t~ g~ing t~ 

- 'myelinate-'and'henc'e,'become,"sChwannOid'~'in natUre (its diStinc'ttve' 
, •• ~ '. ~ " - - .. , 1 ~ .... 

, radia'l:, compements ~nd 1ack of SChm1:'dt-Lantern~ann incisures ,intlicatln9 
; • 1 ~ 

itç, ol1gode'ndrogl1,al origin) ,. 
, ' 

NormaHy onè oligodetldrogl1al cel!'. 

. ehsheatps. approX1m~telY sÙty aJ0!ls with ,t~m Or;' less' lamellae. 'As th~':' 

, number of lamel lae i~cieases toe nùmber cif, associations deèreases 1n il 

"mitotic" rel~tiOnShiP CMat,th,ews 811d pUl'lca":, -1971). 'Whet.her 'mi tos;i.s ' . 

'OCCUfS prior to~ or after enshea~hment committment is,still a matter 
• . ' 1 ~ • ". • ,~ 

. ,of· c~ntt!=>vers~,~ . However l 'ih ,spi~al éord, where the largest ftbers are 
, • 1 : 

,iocàlïz.ed, committ:ed' 611goçenèlrqcYt'ès ,have béen- detected .in mHotic , . 
,. .. . . 

~ta~e J s~'urrock and ~cRàe,' 1980'),. Analysie' Qf the p~r~nodes O~' the8~ 

',' . l.arge ,é~s ;1~rs: lndléa·tes -niàny '~imq~r1ti.e,s tQ :the 'to'pog,raph~cai 
• ~ ~ • • >:- ~.:-

" arranqements obaeryed, 'in equ1vale~t -p~S f~'bèrs_ (liUa'èbrarld 1971a,b,c, 
- . '. _____ 4_-- .- ." .• ~:. " 

and Berthoid, 1978). 
, " ,,'.. '-~.~' 

, ( 

, 1.3~4 ppase II: Termination,!nd Hyelin Haintena~ce 
. , 

, . 

Modulation or the myé11nati~n' activity takes pl~èe i~ ~ 
~ ~. . ~ 

, . .' 

relatlvely short'periOd of t1me. At' tM.~ ~oment the' a'xon-myeÙn unit 
., ~ ~ . 

> 

begins to undergo a new sèri,s Of meta?oliC and phy~~oiogiCal,changes 
, '. 

that can, be visualized as the maturation qf the fiber ~nto'mye11nat~ 

axon. As d1scussed '&bove important me~a.bOl1c' patt:tvays are depressed., 
r • 

Bevertheless, the a~tivity, especially ln large myelinated fibers, is 
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nov localized in the 'formation of the parànodal appa~at~s '(~n ~NSi 

Berthold, 1978) a~d in paranodal "remode'lling ,or ;'~Odal1zaÙOn'" 

. (Berthold and SIt~lU?d, 1968 a,b; Hildebrand/1971 b,c). ~uring this' 

stage "superfluçus" myel1nated internodes (-Hyelin ~monl$ters, Berthold . ' 

and'Skoglund, 1968) and sections of nqrma,l myélinatêd internode~ ~e' 

qe,ing -removed by still tinknown mech~~i 6ms' that s~ern tq 1nvbl Vê' the '" 
~ ~,' .. 

potential enrichment of cholesterol esters in ,thèse sections 'of 
~ -... . 

"~edUndan~" myel1n', (Hlld.ebran~ anc;l SItQglund( 1971 ),.' The' function'of 
-, -. . - ~. - , . , ~ ~ . 

chol~st~rol esters in myeli.naUon rema1:ns und~tined, howe:ver,' these 
t 1 • , ; t- r 

liP1ds are ,,,,ell characterized,in Many important mye11n, neuropath1es 
~ 1 1 1 -.. - '. ~ 

During develoPment'myei1n ~cquires a small,but'stèady" 
, " , ' 

(Horton ~ 1'977). 

amount of cholesterol ester hydrol~ses that can' be d1stin9ùi~hed f~om' . . ~ .. . 
other esterases of the enaopla6'lllic ret~,culUIh (~to and Suzuk1, ~973,; 

I-9arashi ànd Suzuk1, 1977). ' ThE! pot~ritial' ent1cluneqt of' cholesterol. 
- .... ~ , ( ~ - ~ , 

esters in the myelinoid boQies or.~edupd~nt p~ra~odal mye~in,of-lar~e 

PRS and èNS fibers can indièate the mome~tary i~balance in,an " 
l " • , 

otherwise ~ormal molecular mechanism'of myelin assemQly (~ee Section 

6. ). 

Characterization of'myelinated fibers 1n bo~h sys~em~ 'at,th1s and 

older stages 18 abundant but extremely confusin9, 91ven th~t most 

studies consider an a'n1mal from this phase on, an, "ààult" specimen •. 
., .' .. 1 • 

Hovever, ,developmental determinations' of biocnemic~l par~et,er6' 

inoicate that true adult 'v~lues have not been reached: During this 

phase,' sloW' but continu.ous changes occur untll thé. lIIy~l1nated fÙ~r . , ~ , ~ 

, 
path h~· term1natec;l,its ph~siolog1cal maturation (Conway 11 al., 1969) 

~ 

, Lecours,. 1975-; Humphrey 1 1960).-
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Figurè ,1.4.1.. ~eveloping·Sch .. ann ,cell Sheaths. 
, . . . . 

Althôugh sou 'of the axons (Ax) ar,e still .in bundles [ phase zero J, other~, have', l1ecole 
',individùally 51!pmtèd [ early ph.1se 1 l. lhe e.lJority of these separ.lted aX'ons IAdJ have .just 
'bèen enclalH by Sch"ann cell protesses whose hps co.~ together to fora a sÏlpll! 'Iesaton 'aes) 

[phase 1 l. rilD axons '( Ax2 and A.x31 enclosêd by Schwann cl'lls (SC) have' shl'aths at' a latl!r' stage 
of developlent [. lité pha'se 1 and early phase II J, ln uhirh the ll'saxon 'has elongated uIto a 1-DOS!! . 

spiral, and- in the spiral 'a~ound Ax3 the' plls.a leabrane of the "èsaxon has bl!cole partially apilOsed 
. ta for. the .beginnirlg of the intrapenod line. "nother axon IAx41 has il lare laturé sheath. in .which 
thé cytopla~l' has disappeared frOA betNeen the turns of the lesaxon 50 that tOt!paèt Iyelin has' 
fOf'l!!I [ phase II ]; , •. . .. 
N~wbarn rat ~ùati.c nervI!, x -21,000. [Frai Peters ~t !l .• 19761. 
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1.4. ,Mpdels'of Mxelin tamellar Formation 

Th~ eve~ts of. phase l 'to III in\tolve .the formation' of the 
"-

charact~ristiç 'myel~arch1.tecture t;hat 1s observed in mature' f1bers in 

both' the CRS, and' the P~S', 'Figures l', 4 ,1 ':a~d . L 4 ~ 2. (tàken ,f'rom\)ete~ " 
~ • '. 1 

, , . 
'tl !l'i 197~) 'sho~ PHS and, CHS t1b'ers dur1ng the"initial stages of 

1 .. • 1 

·ehsheathment .... (late phase 1: and ear1y phase' U), On ,the b~si6 of 

,slmilar observations Gere~ vzman (1953, 1954, 1956) proposed the 
~, • " l " .~ ~'~ ~ 

"'spir'ai-wr;'appin9~' liypot.hesi~ of PHS' my;ÙnaÙon (Fig~r~ 1.~,3). 

TVO main, alternati,ves were proposed' at t~at 't1me" ,onè by 

'DèROb~~~iS (1958), who study~ng CRS '~yelination'p~oposed the .. , ... 

1ntracellUl-~, aépOs:it~on of' modified endcimembranes arol:1nd the' . 
" 

cytOplasmic eltlbraceqlent of ·the .ol1godendrogl.ia aroun!I the axons. The 
, . 

~Ve~t~ descr1bed involved the.depositton'of·tbe fi~st 8 to. 10.layers' 
.' ' 1 

. of '!myeÜn" as concent~1c lày~~s of' electron ,dense' mater1al. 

A~1gnment fo11oved by 1riternal'fu61bn'~nd thé for.at1on 9f the spi~al, 
. " 

, . 
'acti ve il'lVol vemént 'of the, cytoplasm in the f.ormation 9( a ml,ll t1 spiral 

a, • 

arrimgèment., . 

The secend al'tèrnaÙ ve w~s p;-oposed' by tuse· (1956 1 1958); The-, 
. , . 

, work 'of, this author, po1nted out the complex a~d mu1 Uple cellular .. " , . \ 

proeesaes, ~hat' enqùlfed, and enSheathed'. aXQI')~ du~in,g, the 1n1 Ual -event~'. ' 
" . 

that lead ~~ thé appearance .of lIIy~lio; lfyel1,nat~on wa~ thUG proPosed' 

to occur by a. complex lIIul tiproe~s~ ,e~s~e~thment meCha~i:sm ràther t~an' 

~ s1ngle ~~cess erisheat~ent ~s proposed in Gerep's ~ypothes1s, 

.' 

• '1)' 
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fiqur~ 1.4.2. Developing "yelin Sheaths, Central Nervous Syste •• 
. . 

Host of the transverse. ~ctiDn axons (Ax) in this held are still unlyelinated but SOli! of thel 
are becoling Iy~linated ( phase z~ro 1. Sole of the axons (Axll are bRinq enveloped by i single 
process [early phase 1 l. In soae cases (Ax21 èytoplasi i5 '1 Dst fl'ol the '.iddle pOrtion of' the 
process 60 that it has a duabbelled profile. So.ething of the sl!quenèl! ln thè extension of thls. 
proces~ into il spiral is shown around the, axoqs labelled Axl to Ax5 [ phase 1 to II J. Stages ln 
'the thictening of the cD.pact .yelin sheath are also show (Ax6 and Axn [phase 'II l, and i.o these 
cylopiasi is rehined only at the inner (Cil and outer (Co) ends,of,the, spual, 'tire, latter lIeing 
equivalenl tD the external tongue process of, the mâture sheath. The sheath of the axon labelled AxB 
.ay be il staqe in the Iyelination of an internode, but it could equàlly weIl be il section throug~ a 
developing pàranode. " ..' , 

At the upper right' i5 part of the dense penl:aryon of an active oligodendrocyte, frol which a' 
prBcfSs (Op) exlends iu:ross the field. , . ' .-" . '... , ' 
Develcping white latter beneath, the cerebral cortex'pf i5-diY po stllat il'l, rat.' x 40,000. "rrrol~Peters 
ft !!., 1976>1. . . " 
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The ·1ack of further corroboration of these observations and 'the 

attractive simpl1citi of the "spiral-wrapping" hypothesis, promoted 

the wide spread application of this latter model. Robertson's (1955) 

corr~boration of a spiral arrangement of rèptilian myelin w~s taken 

rapidly as a demonstrttion of Geren' 5 arguement. Bunge et !le 1 (1961) 

assumed that a similar mechanism could be app1ied without ~uch 

problems to the' myelination of the CRS. The multiple irregu1arlties 

that were rèported for CRS myel1n durinq- and after d,e.velopment were 
~ 

"successfully" disproved' by the work of Hirano and Dembitzer (1967), 

who interpre~ed the i~regular1ties as discontinuities in an other wise 

continuoue shove1-shaped myelin sheath surrounded by a thickened rim 

of cytoplasm (see Figure 1.4.4). The demonstration of a ~ 
, ' 

"Sp1ral:"wrapping~ mechan1sm 1n the fo~mat10n of myel1n has, 

nèvertheless, qot been' tormulated. 
~Ir.\ 

AIl these studies demOnstrateWon1y 

, -
that at any given Ume 'lat Itlast in "adi,llt" vertebrates) my.eHt:' is a 

continu~us sp1ra1l~â,membrane. 

. . Î '. 
~reov~r, th~ "sp1ral~wrappin9" hypothes1s, ~as based on single 

. . 
. field ,obSerVati~.p~ Of, ens~ea:hed a,:,ons that, çould b~ identified,' given, 

. , 
.the 'l1mitatlons. df',the Ume, only·by v1suai criteria. .The 

'F 
introduction oÎ seriaI section techniq~e~ in electron micr~scopy 

. -
. il!Ul)edi~tel~ indicated a complex sequence 0"(, events involv~d in the 

. . 
initial stages of ~Qsheathment (p~â~è 1; webster, 1971; xnob1er.~ 

!.!. /1974, ~976). 
, . 

The bidirect·1onal and mul tivermicular enshe~thment 

observed by these authors' further corroboratéd the incomplete 

. observations by. Luse (l'958) and Lehrer < Ross II al., 1962). 
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Figure 1.4.3. 'Diagramtic Representation of ,the Forution of Peripheral "velin Sheaths. 

" ',,' ·Spiral-lCrapIl10g H~IIl~5i5· 
. .. ~ , . 

'~rly in developlent (A) a ·Scbw'lRn cell conhi~s bptr' bundles of sull irons and individual 
iXons. ·lhrough an increase in the nu.ber of Schwann cells br 11tosis, ~ach Schwann cell becoses 
.concerned with only one ilxon (B), which is enclosed in i troi/go indenting the surface of the Schllann 
celle At this tile the 1 jps of the, enveloping process cOle together to fon a ler.aion (C). The 
lips of the enveloping process then extend 50 that the .esaxon beglns to elongate and the lore 
extensive appositIon. of the exteroal faC!!S of the enveloplng and -spualling proces5 leads ta the 
beqinning of the intraperiod line (D) • • Hext cytophsi begins to .be lost fro. the spi rail ing protess 
and th!! taJor dert5e hn!! results (f). As th!! sheath becolf!s lare lature, the nutber of turns of the 
spirall ing protess inc.reasl!s. and the JaièIlae of the sheath becole lore cOlpact (f). [Fra. Petws g! 
~!., 19761. '-' {/ 
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The same cIe rness and distinction df events i6 lacking in our 

understanding 0 the events that taxe place during the active pbase. 

(phaSé II) of y,el ination , and tl1at lead to the formation of PNS 
\ ' 

incisures 0 Schmidt - Lanterman (Hall and Williams, 1970; Bertbold l 

1978), CRS radial components (pet'~rs,'1964; Tabira!1 al., 1978) and 

the zoo a occludens (Schnapp and MU9nain~, 1975) among others. (FOr 

a revi w of CRS myelin structures see Mvgnaini, ,1978; for PNS 

str tures see Kruger ~ !l., 1979). 

ReconsideJ;"ations ~bout the validity of U~e "spira.l':'wrapping" 

ypothesis can be found in the- work of p~ters,(1964), Robertson ~nd, 
. , 

Vogel, 1962; Peters and vaug~n (1970) and many'others confronted vith 

theinevitable complexitieç observed in an electron 'microscopie, 
, '. 

analysis of mye11nation (se~ for example Peters and vaughn (1970 

figures 1-9, 1-10, 1-20, 1-22 and 1-24). 
, 

The st'udy of myeitn can be characteri'zed by an uninterrupted 

exchange of morpnologiéal and biochemlcal ,information. It is, 

~evertheless, surprising to tind 50 littie mutual cr1tical assess~ent 
\. 

by mem~ers of both disCiplines.' The compl~xities tnat ùltimately lead 

t the formation of mye11nated axons 1mply 'a careful reconsideration-
\ 

of t e fundamental axioms upon wh1ch bioChemists and molecular . 

biolog ts are go.1ng to base their interpreta.tion~. ~xposit10n~ of 

myelinati hypothesis .f~O!'l the m~lecul'ar' Point ,9f' vi.ew ha~e unt1'l 
'. 

" 
recently mad use of pypotheses derived from studies on, secretion only' 

,(membrane bioge èsis ~nd membran~ flo~ hypothes1s - ~e~ Ch~pter-3). 

They have assumed 'continuity of assembly between tpe plasma membran~ 

of the JIIyelin-form1n cell-and rec:ently deposi ted _ myeHn lamellae " 
" . 

(Danks . and Matthieu, 1919 T waehneldt and- L1nington, '1980; Braul! et' 
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. Figure,l..... U~rDlled CNS ayelin sheath sholling lahral, inner an'd outer cytoplaslic belts. The 
lateraI belts when rollèd will fora the helicill y arranged paranodal appmtus. Note aJSo the 
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!l., 1980\. Table 1.4.1 summarizes the cqmb1ned implications 'of the 
, "" ! ~ 

"Spiral-wrappin9'" hypothests (Peters !! al., 1916) "and ~"'he Most !. 

~' 
-~ ~ . 

commonly accepte ct biOC]en1c hypotheses by myel1n researchers. This· 

-
table can be compared .yith Table 2..5.1, vhe~ the. 'b~ogen1c 

" '~ . 
implications of the ney myel1nation modèl have beeh sOlRlllar1r;ed. " , 
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TABLE 1.4.1 

BIOGENIC IMPLlCATION~ OF THE "SPIRAL-WRAPPING" HYPOTHESIS' 

EVents in the Perinuclear cytoplasmic space: 

al Synthesis of membrane components ~n. the rough .endoplasm1c - ~ 

reticulum anCi free ribosomes of the per1~clear cytoplasm • . ' 
b) Transport of integral myel1n membrane components via a . . 

, 

1 cla6sieal' endomembrane pathway: RER ,- SER - GA .. , 

. c) Insertion of post - GOlgi ves'icles at the feet of: t~è 

processes of oligondèhdrocytes or in the 1min,ed1ate. -

per1nuclear plasma membrane 1n the case o'f ;Schvann cella. 
. , 

dl v~ctorial elongation of the .plasma membrane 1~ tJiè . diréct ion. 
\ \ ~' 

of the grow1ng 'mye lin sheàth .. 

O' 

EV,nts at the Site of Myel in~t1on: 

, . , 

a) Elongation. of the externel or: internal meliaxon aroun~ ·th~ 

axone 

b) 
-

Extrusion of interlamellar cytoplas~. 
. . 

cl COmpact1on of lUIUa. to fOrBI the Ilajor 1nterper1ql line. 

dl 
;. \' J 

Intrins1e 'lletabolte transforlll.Uons (myel1n maturation).' 
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., 2. !~ ModJl oC Hyelin Horpho~enesis 
('7 

\ 

From the'pteoeding cha~ter' it was possible to grasP
q 

some of 

the intricacles of the myélinatlon event. It was.also sta~ed 

that many researchers have des~Fibed numerous lrreguîarltles' oC 

oensheathment ~h~t are dlfflcult to explain by the "Splral­

wrapplng" hyp~thesis (Peters ~ al. 1.976). ,~~he model to be 
, " 

descrlbed in thls chapter expla1n& the mecha~lsm oC myelinat10n 

., by integrating. biochemical and morpho1o~ical descriptions. Care 

has been teken to distinguish • within a given organism, the 

assocl~tlon betveen myellnatlon events and other,neuro glial 

adaptations ln other 16SS developed,OrganlsMS as'well as with, 

well characterlzed'abnormalitles as descrlbed'Cor specific ,~elo-' 
, , 

pathies or neup,ologica1 muta~lons • 
.... 

The primary intention of thls model 18 ,to suggest 

.. 

imaglnàtlve experlmenta~lon oondtioive to'the eluoidation of 

blogen~c principles which operate in the active phase of , . . 
myelin deposition. 

" ' 

., .,. '. 

'2~ t.' ",DeScription' of 'the MOde1 9 

f (' '\ j 

I)I~O~ld be 'us~cul at the outset tQreoa11 ~he three 

d~men81onal ima~e ot a, my~Ùnate~~,~'. Figure 2.1. 1 . 1l1ustrates 

10ng;tudinal ~nd perpandloular eut;'~t'" ough a CNS ~ell~ated 
Intèrnode. " The aeometriea1 descrip ion of the' model will be 

, :J 

done,on th~ pe~pehdicular plane of the -.relinated internode,glven 

tha~ ~b1s 1a ~e lDO$t fami~l.r image or myellnated ribers. 
; 
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Ta b 1 e 2.1. 1. !.!!.!!!!!!!.!:I. .2! ~Z!!! b o!!. i!!. !i.&~.! 2. 1 • 2 • 

Q , 

"~Graphic Symbol Code nêacription 

--~-------------~-----------------------------------------------_. MY 

o "2" 

"l", "3" 

U,bit, myeli~ membrane of 
the spiral 

Unit ÏIIembr'ane 'of' , 
. "-.J 

in trace Il u l ar or endo-

membrane platée ( EHP )! 

Complementary eyt~­

eke1etal elementa for 

EMP al,lchQring •. 

Interla.el~ar,junction 
, . 

~y - BKP j~ne t ion 
• 1 

----------~--------~----------------------~------------~--------
Lettera denot~ lamellar, continuity; for ~xample from C to C' and 

D to.D"cônltitutea-a whole' turn of the lamella around the axone 

Greek lettera 'ar'e rè.erv~d for the 'EMPs. 

\ ' 

---------------------~-~----------------------------------------~ , , 

" 

'1 

. ' 

\) 

• 
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'Never.theless, the description extrapolates: to a thre-e dimensional - ' -

space by extension of the construction principles to be . , .. 

desoribed. The illustratipn i~ Figure 2.1.2. represents an 
c 

amplified section of the quadr8n~ containing the two enshe~thi~g 

tonsues separated by intervening lamëllae. The explanatlon of 

5ymbols encountered ln thls and the two follawlng figures are 

Indexed in Table 2.1.1. ( it would be convenient to rerer ta thls 
, ' 

table and tolbecome familiar with Figures 2.1.2 through 2.1.4, 

before continuing ). 

In 'order to construot a spiral by the semiconcentric intra-

oytoplasmic depositlon of membrane, the following i'n1tial 

conditions have ta be met· : 

1) A spiral template must exist prior to the active phase of 

myelinatlon (phase l, Section 1.3.2). .. 

li) The deposition of endomem~rane plates (EHP) has to ooeur 
,.. 

at any of the ensheathing tongues and at thè next Immediate 

lamelle. 

111) .The EMPs have to be arranged with respeot to· a "11ne" of . 

alignment whioh runs along the longitudinal plane of the two 

juxtaposed surfaces of the spiral. 

Iv) The 'plastic' properties of the EHPs ,ànd the membranes 
, - ,-"" 

compos!ng thè spiral are suoh that fusion of 'membranes can only 
.,"\. 

oocur st locations defined by the chirality of the allgnment. 

v) The EMPs grow along the cytoplasml0 aide or the aplraled 
" 

, myelln membranes ln two opposite directions until they ••• t • 

. 
~_unlon of abstraot and èoncrete biological re~ulre.enta 

1. lnevl table ln tIlls ca... Tbus the te... 'pl.stiC' propertles 

, 
'-, 
f'> 
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figure ,2.1.1. This di.gril il1u5t~~te$ both knoNft iAd hypotheti~.l a.pects of the iaturt .yelin 
she.th .nd, its rela~ion5hip to'. ,liai cell. Taien frol Bunqe !! !!~ 1961. Syibol5 repre5ent: 
Unit pla~a lelbrane (pI}} Inner ,I15iXon Ill) for~d as a glial proces5 completes the initial turn 
.round"'" lIon (a) 'and shrts the second. IntnlyJ!lin trapped cytoph~1 (cy). On the fully fQrlM 
5h~ath .xt~~or, • bit of gll.1 cytopl'SI is .150 ret.iRed. In transverse section, this cytoplas, 
is cDllfined to the éxlernaI,and'i,nternal tongues 'Dr loops (01 and iH.' -Along the inbrnode this 
cytopl~SI forls a ridge (r) Mhiçh fS conti~uDu~ with a gl.il cèll body (gl ~t c, 'iRd with the 
pMIDoU! structure (pn). lfrol Bun~~, lY~l., 
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invo~es specific, but yet undefined, physicoehemical 

oharaeteristie~ of biologieal membranes in relation to membrane 

fusion. The biologioal analogues for t~e 'line' of allgnment and 
Clip )1' ~ ~ 

the mechanisms to maintain the ehirality, ca~ be fouqd in the 

'interlamellar tight junctions (Dermietzel et al. 1980), t.he 'zona' 

9001ud~ns·(M~gnaini. 1978>, and the versatile propertles of the . , 
cytoskeleton - ln particular the Intermediate filaments as 

"mechanieal 1ntegrators of cellular space" ( Lazarides, 1980). 

The const~uoti~n.ot these arguments ls depicted ln Figure 

2.1.2. As stated ln Table 2.1.1., the lettera to ~he left are 
, 

~ontinuous with the ones to the rlght. the darkest lines denote 

the "old" myelln membrane and'the fine triple lines denote the 

Knew" endomembranes (note that the continu1ty of these membranes 
\ ' 

has 'been denoted with Greek letters to ~phaalze,the difference 

in initiâl location and origin). Furthermore. the 

in~racytoplasmie membranes have to be visualized ln reality 8S 

double ~embrane plates (EHP) whlch ex tend along the oytoplasml0 
~, . 

. spàce, of the external pr' outer tongue and, tha~ of the lamell,a 

ID1Dedlately.below. ' In order ta comprehend the description that '. . . \ 

foll~ws, it is neoessary:to recognize the contlnuity of the 

internal tongue with the firat lamella, then trom here'to the 
-' . 

next lamella' abov~ it, 'unt11 we arrlv~ at the outer t~nsue 

following· the lettèrs from E 'F' to E F. etc? CID'. to , CD. and so 
, ,( . 

on. ' The rholDbolds indlcate t'wo complementary proteins' or ' ,-... ... ~-

prote!n aggr~gat~~ with 8UC~ chiral propertles as to per~1t'the 
\ . ,~ \ 

alignm~nt of the EHPs alons the lnterlamellar junotlon "2". 
J 

Thes. putative structures ~y or may not be tr~n8meœbrane .. " 
, 1 
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'\ Figure 2.1.2. "yelination aOdel; first Itep. Sch!latit representation of the lDn~ of apposition 

of the int~rnal and external 'tonq~es of early ayelin forling il spiral telplate. In the cytQPlaslic 
spiCe of the outer tDngue and the hrst aliter laellie tllO endoe.brane· plates (E"P's' are 
represented aligned. to each'olher through a radial.cytosieletaJ structure. NUlbers 1 throûgh 3 
indicilte regions of .elbrine fusion. [For detai,15 su T~ble 2~I.l. and the te~tJ. . . , 
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protein~. their postulated function being localized exclusively 

at the'cytoplas~ic' side. The illustration. in this case, 

ind1cates transmembrane ,e~ements for the pur pose of 

suggesting that the control of the 'propens1ty' of myel1n 

for close, membrane appos1tion occurs by ttie .i'nter~ct1on of 

speOifie transmembrane prote1ns ,( MAG ? ; Brady and 

'Quarles, 1973 ) or by the regulat10n of particle distribution 

.in the mye.Un membrane plane (KlrlSc~ner et al. 1979). 

, The model at th1s point ,requires. the presence of at least 
-

two dlfferent' physlcochemical mlcroenvlroments on the two types 

of membrane·surfaces. The first ia the one between the two "old~ 

MY membranes jo~ned by "2". The seoond will be establiahed by 
: ... 

the formatto'n of Junotlons at "1" and "3" • EMPs and the join~d . - , 

,MY m~mbranes ~re r,~adY to undergo 8_ coorCt,\'ated, fusion as • 

represented in Figure 2.1.3. The result of this operation. 
: ' 

.l) 

tllustrated ~_Flgure 2.1.4., is the establishment of new 
il!~) 

, , 

membrane continulties. Note th~ incorporation of "newft membrane 

between patQhes of "old" memb~anes, and ,also the incorporation of 

. " one !Dore turn around tne axo~. 

Although not shown (for sake o~, s.lmpl1city) the addition of 

this new lame lIa implies also the Immediate opmpacti~n ot the 

sh~its enlargement as t~e EMPs grow in opposite. 
: " \..t. ',' f 
/1 \.., , r 

d~reètlons (trom a / b towards a'/b") until they rpeet. 
, ~, Y, , 

Bfoc'hemlCal~Y this mlgllt \mP1Y ,the actl ve In~rPOratl~n of 11pi~s , . 
1~rec~~y, a,t the 8,1 te of myel1n~tlon,. togé,ther ~ th, ... envoys' of " 

6~erormed membrane 'vesloles (see Seotion 2.4), Lamellatlon 

'lmplies. then. a loo~l ·consumptton" ot oytoplasm ratber tban lts 
1'-
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Figure 2.1.3. Hyélination Hodel; second step. Representation of the thret regional fusion of the 
EKP's ind the t'ô ippcsed outer Iyelin le.branes. This transfor.ation generates on~ IOre la.ellae 
and eRsures the radial alignlent of the internaI and exterr:l. tongues {Set Fig. 2.1.4 and text for 
further detaU S)...F u ' . ' ft 
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extrusion, as sU8geste~ in the n~piral-Wrapplng" hypothes1s ( 'see . , 

ln thls .co'ntext the ideas by Frlede (1912)' on:spiral colnpacti-on). 

, 2.2. Morphologieal Predictions of the Lamellat1o~ Model, 

The multifusion event ean be in1tlated at any given locus in 

the lnternodal plane ot the sheaths and ean propagate as a 
.. . 
perturbation t of the membrane' uotil it reaehes the paranodal . 

regio~St'wi~houc altering the otitcome of th~ spiral. In my 

hypotheslS', h~ever f the initiat1o~ of the fusion e'vent,' oecurs at 
o , 

the paranodal regions (and the 'incisures' of Schm~dt-Lanterman , 

in the case of PHS fibers), while the perturbation ls expected to 

trave1 inwards 'a10ng the internodal plane generating ~n lts 
Ç1 

course .~ l~n~ ~f'lon~itudinally organlzed partieles ,(z~na 

oooludens or inter,lamellar tight junotions Dermletzei et al' • 

1978; Hugnai~i, 1978). 

This, mOde of lamellar construction predicts that at any 

gh,en tlme new U1e~brane ma~erial ia IOOal1zed along the three 

o~termost lamellae, and 'travels' trom the outer para nodal 

regions. towards' the center of the sheath. 'Furthermore, lt can be 
, l ' , 

ex~cted that ,the new mat~r1al'ln thls'lamella will be dl1uted 

vi th :rolder" I!lembrane ln .a predfctable proportion às a lunetion' : .. 
• ... ' ~ i 

of,sheath ~blckness,and l~ternodal 1ength. It must·be 
, . 

~mphasized that this model does not presuppose that th~ loitsl 

'81.0nal ensneatlùDent (phase :n Section 1.3.2;> neceasary to, ' 
- " f -

" . 
gen'érete t.~e. spiral telDplate, i~ co.prl~ed of lDembrane~ vl th the - , \. . 

~ l' ~~. 

aame"oompoaltion aa tbo~e tba~ 'aYe ~ln& depoaited during the 
- , , 

aatUe ph ••• or·.ye~ln.t1on~' xnv •• t18,.tlons or ~elin ... b1ôanes --/" 
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,Figure 2.1.4. KyeliRitipn ~del; third step. lleorgpitation of Fig. 2 .. 1.3. to indic.te cOlplition 
M. 'Juellar forJaU011 and total .yelin elargéÎfllt 'in respons.' to' aional .. grputh. Note the 
disttibution of -Diffa ItId -Dld' .elbranes along the ~IID .ast outer batH'! ."d the ou\er tongue. 
[Ste telt fot,details). ' 
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during development do Indeed indioa~e a contlnuous nmaturatlo~fl 
< 

of mye11n membranes rather than' homageneous myelin 

charaoteristlcs aIl through the 'myeli~ation event'(for a review 

see Benjamins and Mor,ell,. 1978>', Morphologic'al investigations 

.also seem to indicate a marked difference between the periodicity 

,.of fi bers myellnated with fewer than 10 lamellae and those 

myellnated with up to 50 lamellae (H~ldebrand and Hahn, 1978) •. 

Moreover, in thls oontext ft ls neo~ssary to make clear that from 

the évidence qiscussed in the prèvious ohapter ensheathment does 

not ooour,by a simple spiralling pr~cess; at least ~ot ln ita 

initial stages. where lrregularlties are more the rule th an the 

exoeption. The'rapid multilamellatlon wbioh ocours after this 
15 

J initial ensheathment ls also unsatlsfactorlly e~pl,lned bt, the 

"Splral-Wrapping" hypothesis, ~ problem whlch ls addressed ln my 

model. 

Inherent ln thls model 13 the tor~ation of radial 

arrangements suoh as those commonly observed ln CNS mye lin 

,(pet,rs. 1964; Tabira II al. 1978). Mor,eover, ft should ,be noted 

that an allgnment of the Inner and outer tongues in this model-~~ 

the expected norme Any mfsalignment occurs with equal ' 

probabillty to the'left-or to the,rlgbt of the reference-
_ .. f" ~ • 

quadrant, for any given fiber at,anf given, location along 

"the, Internode (see flgure 1.3.4; taken from Peteri. '1964) • 
u , 

The construction of tHe paranodal reglon~ lollow~ ~rom ~hat . ~. 
'N ~ ]. ~ 

of the upper làmellae'" whldh are. at "ny 81ven lIlO1Ilent during an 
" . 

aotive phase.ot myellnatlon, the most·active in their 

lonsltudlnal enlar,.ent:.' This ensure. that the. paranO{lal., 
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FIgure 2.3.1. Transverse 'section of a stage 65-&6 hdpole optic nervI!. Note the concentric and 
uncocp,aded lIe.br:mes arround the axon t~ the right. The outer .ost .e.~rane5 are only partia11y 
ensheathing the .yelin-axan cOllpll!~. Si.lhrl y in the upper turl ed Iyelinated axon' to the left. 
(Picture is a courtesy of Dr. H. deF. "ebster). 0 
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loops oloaest to the axon, are also ~he slowest in thelr 
, . 

enlargement, henoe, generating the typioal helloa! arrangement of 
',. , fi 

the paranodal reg1on. ~ 

2.3. Abnormalitles of Myel1natlon -and Their Simulation 
~ the Model ",;' 

"An interes<~1ng study ls that 01' Robertso~.and-" Vogel 

, (1962) 'on t~e ~truotur~ of the oonce'n'trio ;Â:ations Of· ~he 
• . J g11al prooesses ln solne ol1godenrogliomas. From "their 

exoellent illustrations th'ere i8 no doubt that ap~~t from 

. "'" 
the, arrangement of the lamellae, the oonoentrio lamlnaM.,ons 

, 
" 0 are simllar in appearanoe to the loose ~yelin fot:!I'ed dur!ng ! 

, ,F 

the early stages of myelln formàtlon ln boU)" oeptral and 
o , 

periph~râl sheaths. If ,the oells, responslble. for the 

formatl~ of both· thes& ooncentrlc'lamlnatlons and" oentral 
• 

myelin sheaths are ol1godendr.ocytes: then . it 'ls 'very 
4 

Interestlng that the oella are . oapa<ble, 'under dlf'ferent 
~ , , '(/ " ~ . . 

, oondi tions, of forming both oonqentrio and spiral lamellae." 
./ 

(Peters. 196~). 

A very inlPortàn~<l oonsideration' 'for: a~y' model of mye liriat 1 on' " 
, ( • 1 ( 0 

v J • 
ils the posibil1ty of preCiioting the appearanoe ~f spe~irl0 ' 

• 1 • ~ 

,'abnormal1t1es by 'manlpulating its rules of formation." 'l'his 
. , 

'lDOd.l ,usaest" 1~~1ately 'that ~~e 'f.orlll1tt'ion 01 sp.irai, ,ab.e.th" ,: ',..: : 

, " 
" 

'0 , 
, " r Q 

l,a ~ependent; on a' ~lIIple'x mèohanism, of 'membrane al1gnment atill" '" 
" 

. " 
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Figure 2.3.2. Porti ons of Iyelinated fibers Df 70-day-01 d qua~i ng louse. Note the 
intralyeltnic Islands of oligodendrogllal cytoplasl, the abundance of Iltrotubules, and the abundant 
but disorganlzed radIai coeponents. [From Nagara and 5uzukl, 1982]. 
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abnormali ties: first, those that produce ~trictly an alteration 

in the continuity of the spiral (like the exarnple cited above); 

and second those that will alter the cornpaction and bioehemical 

properties of the myelin sheaths. Hence, it should be possible 

to find sorne e~arnpies where one of the two possibilities is 

predominant. 

Alterations of the alignment of EMPs and of the fusion 

events can produce : 

1) Coneentric lamellation : This scenario can be-generated if 

fusion oceurs only at "2"; examples of these abnormalities can be 

found in Robertson and Stephen (1962) and Cullen and Webster 
-

(1979) (see Figure 2.3.1). 

2) Irregular arrangements of myelin with vermicular processes 
, 

in the periphery of the myelin sheath, and interruption of-

lamellation: In this case the l.ack of fu~ion at "2" or 

misaligned deposition of EMPs will generate a series of 

disconected lamellae, sorne of which caQ become eompletely 

separat~d from an~ cellular contact as if exeluded to the extra­

cell~lar space; examples can be found in the neurologieal mutants 

Quakil')g, Shiverer and _perhaps in 'Jimpy (Nagar~ and Suzuki, 

1982 and Rosenbluth, 1980; see Figures 2.3.2, 2.3.3.and 

2.3.4). 

On the other hand alterati?ns of specifie myelin membrane 

èomponen'ts other than those r~quir,ed for its asselllbly would !>e 

~xpected to p~odueB uncompacted or uns table ~yelin membranes, or 

an arrest of myelination due to ~he'laek of adequate myelin 

consÜ tuents. Several examples c'an be foûnd ,in the 11 terature, 

, 76 
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Flqure 2.3.3. Rare jlcpy ayehnated axon shoHing lnten.lyellmc islands of ohgodendroghal 
cytOplaS9 and a cilJor dJ50rganizatJon of both the 1fltra and extra pcfîod lIm. focally increased 
(arrollsJ radIai cOQPonerits ar~'COll!lOn at the 51tés of mterllyelln,,: islands of c:ytopiasli. Note 
Incrotubules and enrlpmE!lJbrane tubules lEIîPs?) in thesE! islands. [Frol tlagara and Suzuki, 1982J. 
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sueh, as the case of -the Trembler and the Jimpy neurologieal 

mutants (see Figures 2.3.4, >. and the effect of certain 

gllotoxiris during ~eye~opment ~~.g. i~hibitOrs of cholesterol 

synthesis. Rawlins and Geren Uzman (1970). 

Lastly. certain aberrant ~orms of my~llnation commonly 

observed under n'ormal or pathologieal conditions may be 

considered in the context of this mOdel, not because they 

can be simulated by specifie alterations in the properties 

of the construction method used, but because of the ability 

of this model to generate spiral sheaths of compaeted myelin 

under extraordinary eircumstances. Examples of these 

circumstances have been deseribed in Section 1.3. (myelina-

tian of neuronal perikarya and dendrites in the CNS of 

vertebrates). Other examples include the myelination arounct 

multiple axons in peripheral nerves under pathologieal 

conditions (see Figure 2.3.5, Dystrophie mou se - Brown and 

Radich, 1979; M. leprae inoculated rodents - Shetty and 

Antia,' 1980) and the eommon encounter of redundant myelln 

forros in dystrophie and normal animaIs (see Figure 2.3.5, 

and 2.3.6 from Rosenbluth, 1966). 

The point here i8 not to enumerate strange mYelin 

configurations (of which there are many) but to indicate the 

adaptability of the ensheatQing mechanism to topographies that in 

cases of 'need' can be successfully myelina~ed. This requlres a 

myelinatlon mechanism that can function 1ndependently of the 

outside topography, that ls to' say from within, but in obedience 

to sorne general principle of cellular ensheathment. 

76 
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Figures 2.3.4. Portion of a shmrer Ayelin sheath sholling several laaellae terJanahng ln 
loopli~e structures that contaln 11crotuLuies and aQOrphOU5 background c~terlal. A cluster of ahout 
a dozen 5uch oligadendrocyte proce5~e5 closely apposed to pach other 15 51tuated leaedlately 
a~jacent ta these lOO~5. [Fro; Rosenblulh, 1980]. 
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2.li. !!!, Search of Holecular-Biological Evidence 

This section will focas on sorne of the evidence available 

that supports an intracyto~lasmlc mechanism of active 

ensheathment by myelin-forming.cells. 

The presence of lamellated me~branous and granulated bodies 

- called "gliosomes" (Scharrer, 1939; Pipa et al. 1962) - in , 

neuroglia is weIl documented in invertebrates where they hàve 

been a~sociated with ly3030mal activities on the one hand, and 

with storage of'.spècial1zed produ~ts on the other (Lane, 1981>. 

In the oligochea~e Tubifex gliosomes have been shown to increa3e 

in number during C~S differentiation and then to decrease after 

t,he completion of ganglion~o develapment (Dja<;zenko and Cimmino.,,1 .<,-' - .-( 
n,..t 1 

, ,:,. ".t: 

1976). 

The formation of gliosomes in vertebrates i3 common in 

specifie experiment~l situations such as, astrocytes grown in 

organotypic cultures of the cerebellulI) and spinal cord (Ra'in~ and 
~ • '1 

Bornstein, 1974) and cultured o1igodend~ocytes lso1ated düri~g 

active myelination (sée figùre.2.4.'1. and 2.4.2; ,courtesy of Dr .• 

Szuchet - Szuchet èt al., 1980). . ---
: . Oligodendroglisomas 'were dec'ribed Ini tfal1y by Del Rio 

Horteea (1928) who dr~w attention ~o their 'presence at the time . " 

of active, ~yelinatiQn. _ Immûriocyotchemistry at the light 

.'microscopic level seems to corroborate their presence (aee figure 
, . ..' 

4. A-E irr Hartman'et al. 1979, 1982) during the aotive phase of 
, . ---. 

, , . 
myelin~tion (n~e thè ~en.eral resembl.ance to Figure 2.4.2). In 

1 • 

tl)e context of CNS 'mf~linat1'on ,the3~ strùctUl"es Ilan be expected 

". 
' .. 
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Figure 2.l.5. Prouaal :;ciatic,nervl! oh three-day-old dystrophie IOU51!. Onl! irregular Iyehn 
sheath encloses thr!!!! axons an~ SChwann-cel) cytopl,asi. ne redundant fold of lIyelin (arrol1) 

resl!lIbl es those aS5/lCl ated Id th SllIgl Y , ~yl!li nat~d axons in dl!veloplng noraal and dystrophi e 
farrllNheadl nervl!s. Bar= LUI. ( Fro.- Br-oNn and Irad~[h, 1979J. 
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to represent 'envoys' of preformed membrane structures destined 

for the myelination compartment,where they, in the light of this 

mOdel, will generate the EMPs. The exact topology of these 

gliosomes,can be expected to be of Many forms as evidenced by the 

collection of observations of vesicular, tUbular, crystalline and 

multilamellated and amorphous structures in the inner and outer 

cytoplasmic extensions of the myelin sheath during ontogenesis 

(see Figure 2.4.3. from Celio, 1979: see also Rawlins and 

~eren Uzman, 1970; Cullen and Webster, 1977 among others). 

The~tructure of each of them could represent different 

1ipid-protein phases or a different metaboliè stability of 

the membranes (lysosomal). Their presence in alterations of 

myelinating and demye11nating neuropathies has been amply 

documented and they are known as "myeloid bodies ", (Peters, 

et al. 1976). Their relation to myelin development has, . 
~owever, been considered only by a few authors (Cullen and 

Webster, 1917: Hildebrand, 1971). The accumulation of these 

structures in sorne neurologieal mutants and other 

circumstances that inhibit myelination can on1y suggest a 

role in mye1in assemb1y. 

Recent studies with undernourished developing rats has 

yielded some very interesti~ observations that strengthen the 

role of endomembrane arrangments ( gliosomes 7) in myelin 

formation (Sharma, 1983 personal communication). Dr. Sharma's 

Interpretations resemble the early descriptions of DeRobertls 

(1958) (see Section 1.4) and suggest the complete 'èndocytosis' 

of the ~on into the oligodendroglial cytoplasm, followed by the 
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Figure 2.3.6. Granule ŒIl alliost cO:llpletely tmveloped by uyehn. Tl!nllnal loups of ghal cell 
cytoplasii occur at bath end~ of the sheath: Uo separation or Ilght spall 15 visIble Nlthin the 
sheàth. Froa the unshpathed porhon of the granule tEll, .1 prOCl!S5 eli!~rqes. [ Ai axon tenunal. 
x l1,SOO J. (FraJ Rasenbluth, 1966J. 
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dlreet arrangment of pentalamellar structures of the endoplasmic 

retlculum around the engulfed axone The descrlbed structures 

are very slmllar to the gllosomes of cultured oligodendrocytes 

isolated during active myelination ( see Figure 2.4.1). 

The role of the endoplasmic reticulum in the relationship 

of glial cells to neurons is one striking feature of aIl 

invertebrate and lower vertebrate nervous systems (Holtzman 

et al. 1970; Lane, 1981). It i5 also involved in the functional 

adaptation of Many other cell systems of which, the retinal 

" 
fine structure in octopus (Yamamoto et al. 1965), the 

junctional subsurface organs ln sympathetic ganglion cells 

of the frog (Watanabe and Burnstock, 1976) and the 

ergastoplasm of the parotid acinous cells (Parks, 1962) are 

only sorne examples. 

2.5. Final Considerations 

Reexamination of Figure 2.2.1. suggests that this model 

requires three fundamental cytological prerequisits : 

1 ) The metabolic compartmentatlon of the perimyelin space. 

2) The formation of promyelin membranes that will constitute 

the EMPs. 

~l 
3) The presence of a speciallzed alignment complexe 

The first two considerations become immediately reYevant in 
\ 

the context of CNS mye11nation, where oligodendrocytes conne ct ta 

thelr myel1n sheaths by tortuous and very fine processes ( 

dendrites; see Figure 2.5.1, from Roussel and Nussbaum, 1981). 
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This requires material from the cell' s soma t.o be carried towards 

a weIl defined myelin compartment. In the PNS compartmentation 

"--... of the ~rimyelin space 13 Dot 50 evident, although careful 

scrutiny ot the morphological evidence seems to indicate the 

exis.tence of a complex c"ytoplasmic compartmentation (Kruger et 

al. 1979). Furthermore, it 15 necessary to emphasize that the 

ide as which gave rise to this model are based on the assumption 
\~ 

that there 13 no a priori indication that the mechanisms of 

myelin membrane assembly in the PNS and'the CNS are the same. 

Uevertheless, the inclination to do 50 will always be there 

until clear evidence is presented of both, the true ensbeathing 

mechanism of the myelin-forming cells in PNS and CUS, and of 

their assembly mechanisms. 

Table 2.5.1 summarizes the most important biogenic .. 

Inferences that can be gathered from this modela When compared 

to the biogenic Inferences deri ved from the "Spiral-Wrapping" 

hypothesis as ~xposed in Table 1.4.1, the Most important 

dl,fference between the two models is. from the point of view of 

the kinetics of assemb~y. the continuit1 or discontinuity between 

the assembly of new mémbrane elements into myelin and the 

formation of new lamellae; that is, between membrane biogenesis 

and myelin morphogenesis. As will become evident in Chapter 5 

this difference between the models 18 immediatly relevant to the 

kinetic approach to be described in this thesis. The technology 

and theoretical approaches presented in C~apters 3 to 5, should 

permit the further investigation of this very, important question. 
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Figure 2.4.1. Thln section through a cultured oligcdendrocyte lsoliltl!d froe lIyehnatlng sheep 
brain shOliung l'nClrc)ed and Juxtaposcd arrengelent of endollecbranes. This feature has be~n 

dl!scribed dunng the sale penod of extensIVe re:;tructurlzation of proces5!!'s by thesl! cells and the 
appearance of glial bodIes along the procems Isee FIg. 2.4.2.1 [, the plcture Îs il courtesy. of Dr,. 
S. SzuchetJ. 
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FIgure 2.4.2. Scanning eleclron 1I1crogrilph of a rultured ohgodendroryte isolated frol Iyelinahng 
csheep braln shoNlnq charaèteristic spherical bodip5 along neltly gade procmes. CPicture is a 
coûrfesy of Dr. S. Szuchetl 
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figure 2.4.3. Transverse sechon throug"-the .yelin sheat~ of the Hauthner axon shmllng circuliiry 
ordered !itructures ln a IlldeOlng of the .~in 5_heath cOlllposed of 'tubular' (tu) and 'undul ated 
prohles'(pe). Structures !lm slightly rounded or oblong fore (black arroNheadsl and I!lpty regulns 
(asterisk') are also present. 'TubuIar profi les' contain a structure slillar to the Inner tongue of 
usual .yelin sheath h.hlte arroHhead). x 2~JOOO. [Frai Celio, 1979]. 
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Figure 2.5.1. Cryostat section of a-day-old rat éorpus callosulII iallunostalned Nith 1:100 antimyelln 
basiC protein serui. Ail the cytopl as. Ilf th!! oh godendroghal [l'Il appears pasl tIVe; nUlI!rous stal ned ' 
procl!sses onglnating frolt thlS cell are ViSlbl~. Inter'ference [ontrast T optlCS x 830. [Frol Roussel 

. and Nussbaul, 1981 J. ., r • 
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TABLE 2:5.1. 

Blogen}C i.plications of the l'Iodel 
-------------~------------~-----~----------------------------------~-------------

11 CO • .Part~ent.ah on of the Cyt~pl aSI: 

. aJ .For.ation of a pennuclear· "eta~ol lé: space 

rh}.' FOrfahoh. of a '.p1!naxonal spiralled 
'-énsheath.ent,space 

cl TransfDrlaflon of the'cytoskeletal apparatu5 

prellyelln 

dl Expression of 'ayelîn p~enotypes < ln dlfferent 
cOllp,arteents: 

21 Events in the Perinuclear Cl?lpart,lIent: 

31 

û Synthesis 0'1 l~tegr'al lellllrane, co.ponents in the' 
RER 

. . 
bl Synthem of Bplds and cholesterol. , . 

c;) P.rpces5Ing· of liplds' and' proteus through the GA 
to lorI' gl ycol.ipl'd,s ,a~d 1)1 ycoprptl!l'lls , ' ~ 

'f dl Fotlation of pr!l~liyelin lea.fir-ane "granule.s· ,fro • 
• ellbr.anes den ved. fron th.e SÈR and SA ' 

f el Jransportation Of granulès to 'the lleria~o~al 5pac~ 
, . , 

fI Dlred insertwn' of ,601'91 deriveA vesu:} es' in 
pehnuclear pJasïalèlaa Dr 'thelr transport' ta 
periaional EOllpart.è~t 

, \;, 

'. . /'- , 
Events al- the Site of tlyellnati'oo (Pet"lixona1 space):· 

• < • ' : t ' ' 

the' 
the 

al local ,synthesis of. c'yfopl~,Slic é~Zyl~S,Cyto-
slelétal elmnh arrd .e.b~an~ a~sorb~d rotei.ns .' . 

bl For.âtion an~ ~rrangeJent' of EHPs 'roI the pro:' 
Iyel{n granules' (CNS) or Golgi derived yes'icles' 
IPNSI. 

cl . "odulation o{ .yelin le.brane. properties' thr'ough 
bioch!!.lcal .pdl fitatilms . of lipids and' protnn's 
tb ,achieve . EHP fusi'9n; .• yeHn 'forlatiôn . land 
la,ellar- co.pacti~n. ' 

, 
dl' lntrinsic letabaIii:: tranSfor.aHon to st-abilize 
the .yelin sheaths. 

~:---:--~~~-----:---~----:-----~--~-------------:;~~--~-------;~--~------~_._~-~. 
f CNS gnly, ,'.' , . " 
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3. THE STUDY OF MYELIN MEMBRANE ASSEMBLY~ 

DESCRIPTION OF ~ I,(lNETIC APPROACH BASED ON 

THE THEORY OF MEMBRANE BIOGENESIS 

Hyelin .... hen compared to other tell ular membranes stands o,ut, not 

only because of its distinctive morphology, but also due to lts 

partlcular molecular composition. (Benjàmins ahd MoreIl, 1978). 

Furthermore, Hi;, function, mophology,and eVQlut,lon can be show to be 
~ , " ~. ~ \' 

C'losely related to' the biology of the' axon (B].lnge 1 19'68 i JOhn'Ston, and. 

Roots, 1972) . 

. Myelin can not be studied as though it ver.e merely a speciallzed ,', 

extÉmsi'on' of the plasma 'membr:al'le,. but rather l,t· must. b,e sean as- a)'l . . " 
- " 1 .. , 

~ '.. 1 1 ~ ~ -~ ,,~ J 

~dapt~Uon that uicorporates a ne .... · l.evel of .membrane ,to ,memb;-ane, .a'nd 
, , 

, 

'anëllt'16 qot merelyan lntercellular ass~c~a~i(:>n.~ ~ye-1in and Hs· 

.re1.ated axonal,se;g~ent can be seen as an ~xttqceU,ulB;r· "or,ga~eil.l'e" or, 
. . 

.element,ary ,ln~ercellular working' uni~: . ~eAce, ,becàuse ,of the unique' 

?à~~r~ ,of, the' mye,lin-axon assoC'l D:t l'on ~ , Ü" 16 important, ~o ~~p~écia\t~ , .', 

that the study of myelin asseml>ly reqLl1res, cOl1cepts that e,mbra,ce the 
" 

molecular. biology of plasma membrane biogenesis, al1d 'that of ,oiga~elle. 
, " 

blogenes,is. 

, . , 

A brief reVlev ~f current concepts ,in ,membrane biogene~is and t~e 

, , ' 

d~str~pt1on'of tHe a1nb{gui~'1.eS' e~c~untered ~ill, l hOp~, .1l1ustrate:' 

't,his point mOre cl.eat)y. 

Giv·en. that th1s th~siS" con~éntrates' on the distinction' betveen . , '. . \ , , 
• \ 1 ~ , 

'dev~lopmental and' preèut"sor-pr.oduct tel~tiOnSh1ps amqn'g myel.1n , ' 
• 1 1 ~ 

sub(ractions l 'mak~ng' \.Ise of' Ùme-stàggered double' isotope (TSDI)' 
• 1." # " _ 1 

. \ 
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technique~', an under-standing, of thlS and otheJ;" l~béll i~.g techniques t'a 
, , ' 

ëssential.. ' Furth~rmore, 'a rev'lé~ ~f the -l~terature.; rep~rti~g 'the use 
, ' 

of the~e-techniques tO'stud~ myelin pr~t~in assembly and turnov~~, 

i~dicates that a' re~~sesment ot the ~onclus~ons'and underly~ng. 
, , 

'Concepts ls necessary. The prote1n tr~~slocat,i?n mOdel., ~teserit~a 1n 

the thir,d se~tion of this ctiapter 1 is.'the prçduct of theoreÜcal'and 

emp:l.rical 're~search done 1.n the last' ye'ar an~ a h~lf. It ,repr,esen~s 

only t~e, 9~ound .... ork for, -a' ,moI:e'~eta1.led ,d'es~rlptién 'ç:u~re.ntly . 
, , , , 

Nevertheless, the pos~ula~es'de~~veâ ~rom this model are 

suf flç1ent tQ interpre,t' iSO~Opl~ ratios withou't further extenuating 

d~sc~ipponsJ and ,Ü~dS i ts ,applicatlon as a confl.rmat i,on procedure in 

the ,ana~ys1s .of ~e~eJ.opmental' and biogenic relaUonshl}?s among 
'1 , ' ' .. (, '" # 

: ~ubèellu'l'ar 'fractions. 
. ' , 

" , ' , 

3.1. ,Concepts in .~em,brane B'i09~ri~sis ard' Turnovè~' " 

\ , 

, , ... The', ~lrst ç9nc~pt, ta' be di,scussed ~s '''membrane ,blCigimés,~~". Th1.S 

, " term implies the formation 'of new p10~991cal membranes' from 'existing ", 
\, .. " , ,,' . ,. 

1 J" ~ 1 l "-.'_ 

",ones (paladè", 1%5) .. ,MOlècularly, thl& 'sù99~sts '~hat 'the, biosynthe<tlc .. . , . 
• />. ~ . , '\ . , 

~achùery. r~quired ta· ,i.nc'orporate' membrane componehts such ,as :lipids 
1 • .... '.. ~ 

ard prOteins 1 ml.!st be pres,ent ln aH or sorne 'of the ce 11 membrànes. 

'Experimental,evidence ~uggests that, in most cell types, the only 

"en'domemb'ranes vith' thes~ characterisUcs are the nuclear envelope (NE) 
, " 

~nd' thé' I\ough endoplasmi,c r,eticulum (REtn (Morré ~ g.,,' 197~h. '.t'he se 

me'mbranes conta1n the most complete array of lipid; pt'otéln, ~nd 
, , ' 

. :carbohydr~te biosynthetic machinerY. This contrasts vith the plas~a 
1 .. _ • ~ ... , , 

. ~ , ' , 

membranes fp,.n .... "-tch are potentially the least autonomous of the 

" 
, " 
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cellular membranes with tespect to their blogenesis. Other 

endomembrane systems, such as the Golgi. apparatus (GA·) and other 

smooth vesicular (VS) or trabecular endomembranes (SER), are 

intermediate to theae two extremes and have a limited biogenic roIe 

(Morré, 1977). 

Biochemical analysis of these discrete endomembrane structures 

attest further to their compos1t1onal and functional d1fferences, as 

weIl as to their b10genic 1nterrelationshlps. These complex 

propert1es have been expressed by Morré (1977) and Morré and 

Mollenhauer (1974) in their concept of "endomembrane system". In this 

thesis l will refer to this «endomembrane system" a~ "enaomembrane 

network", for reasons that wl11 become apparent ln the context of the 

protein translocatlon model (Sect10n 3.4). 

The genera~ picture which emerges from studles on membrane 

biogenes1s is that lntegral 11pld and protein components of the 

endomembrane network are synthesized and initially mod1fied 

(enzymat1cally) ln the RER/NE. Thelr translocation to the smooth 

(polyaome free) endomembranes - SER, GA, VS - brings about further 

specific modiflcations to these componénts before they are 

2 2 transl0cated e1ther to the plasma membrane, lysosomes and secretory 

2 veSlcles , or alternati vely retain'ed along the endomembrane, patt:ways 

as intrinsic constituents. 

Essential to this "flow of membrane" 1s the biochem1cal 
..,,, ..... >s 

transformation of its constituents through speclfic and sequential 
o 

enz~atic activlties (peptidases, glycosyl transferases, 

phosphokinases, methyl transferases, etc .•. ). in general terms, the 

( nature of thesè modifications is speciflc to each component of the 



endomembrane network and has been widely used to define these 

membranes (~.e. the concept of Enzyme Marker; De Duve et al., 1962). 

The detailed'picture, however, is mu ch more complex. 

Contradictory observations made in the last decade have brought into 

questlon - not 50 much the validity as the generality - of the above 

picture'. Research has concentrated on two major areas: the 

synthesis, translocatlon, degradation and compartmentalization of 

membrane componente, and the biogenesis of the GOlgi apparatus and the 

plasma membrane. 

Prote in synthesis has been shown to occur both 1n membrane bound 

(in the RER) and membrane free polyribosomes (see Shore and Tata, 1977 

for a review). In general, intrinslC (deeply embedded) membrane 

profeins, and ~ecret<>ry proteine are synthetl.zeO by membrane-bound 

polyribosomes (Palade, 1975). .However, certain integral membrane 

proteins as weIl, as proteins that are tra~slocated thrQugh membranes 

are known to be synthetized by membrane free polyribosomes (parry, 

1978; Morré et al., 1979). 

Incorporation of proteins into membranes lS currently envisioned 

in the context of two maJor 'hypotheses: the "Signal" hypothesis of' 

palade (1975) and the "Trigger" hypothesis of Wic)mer (1979, 1980) 

(For a critical assesment of these and other hypotheses see Waksman ~ 

al., 1980). The majo~ difference between the two lS the dependence, 

or independence, of protein insertion into the membrane on the binding 

of ribosomes to the membrane. In the "Signal" hypothesis prote in 

insertion ,is dependent on the driving force prQduced by , . 
, " , 

membrane-attached ribosomes during protein synthesis and the cleavagé 

( 
of an N-terminal "Signal" sequence. In the "Trigger" hypothesis, 

• 
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insertion is a function of physiochemical factors in,here.nt in the 

protein which allow the assembly of proteins syntheslzed by free 

polyribosomes into membranes. 

The advantages of membrane bound polyribosomal ~rotein synthesis 

can be easily appreciated in the case of secretion and the production 

of large amounts of membrane. On the other hand, free ribosomal 

protein synthesis and 'subsequent lnsertlon into membranes can also be 

advantageous in retaining the functional versatility of endomembranes 

(See for example GOIgl-associated fr~e rlbosomes, Marré, 1977}. Hence 

the Trigger hypothesis can b~ viewed as a more generalized hypothesis, 

where membrane-bound polyribosomal proteln synthesis can be consldered 

,as two composite events: protein synthesis and membrane insertion; 

makin9 the "Signal" hypothesls the desaripti~n of a -spec1alized case. 

We will now turn our attention to sorne of the current concepts on 

the translocation of membtane components along endomembranes. As, 
. , 

mentioned ab~ve, there are strong indlcations for, a yectorial 

transp_ort of. proteins and' l ipids from the RER/~ te othe~ 

·endomembranes. How this transport occurs i5 summarized in the 
, . 

"Membrane Flow" hypothesis (Franke -tl- al. 1 1971; Palace 1 19,75) and the 

im~rtant modifications i'ntroèluced later (Morré et Q. 1 1979}. The 

principal arg~ment~ in-this model can be summarized as three distlnct 

concepts: 

1} "The blogenesis of certain membranes is accompli shed by the 

physical' transfer, of lI\~lJ\brane ~àterial fr~~ ~>ne ce~l ,com,poneni: (e~g.' 

RER) to another (e.g. PM) ,in t~e ,cour~e ôf their fo~matior _o'r normal 

functi:oning" (Franké 'et. al.: 1971). , -

,.-

- , , 
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2) Membrane flov is selective, that is, some components aré 

transferred vhile others are not, and membranes are not transferred in 

bulk. (Morré ~ al., 1979). 

3) Membrane flov inyolves endo~embrane d1fferent1ation (Membrane 

lnterconvers1on). (Horré!1 !l., 1979). Hence, selective 

translocation of membrane lipids, enzymes and struçtural proteins can 

bring about the ,formation of specifie endomembrane components vith nev 

physieoehe~ical and biological properties. 

Transloeatlon of membranes' from the RER/NE endomembrane 

components to the GA or PM is aBsumed to be mediateà pY membrane 

vesicles vh1ch pinch off f~om one component and coalesce to form the 

initial section of the next comP9nent. Net transfer ~f lipids and 

proteins lB thus expected by this mechanism (discontinuous ~embr~ne 

-
flov). Alterrtatively, endomembrane conti~uity from one componènt to 

'-

the next has also been described. In this case flov of components 

could occur vectorially along the membrane plane - reversaI flov 

included (continuous ~embrane fIow). (For a discussion on these two 
. 

alternâtives, see Morré ~ !l'I 1979.) 

The Golgi apparatus is a complex compone nt of the endomembrane 

network. rts role in endomembrane differentiation and membrane 

sorting lS weIl recogQized (Morré, 1977; Rothman et al., 1981). These 

1mportant properties of the GA have been conceptualized in two 

different models, each emphasizing one or the other function in ,the' 

context O.f three major, rOles ass1gned to the GA: ' 1') the formation and 

maintenqnce of the plasma membrane, 2) t~e organization of secretio~, 

and 3) the c?mpartmentaliza,tion of membrane degradaÜon -and 

endocytos l S • 
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The most recent model is that proposed by Rothman (1980; Rothman 

et ~'I 1981). This model calls attention towards two biochemically 

different Golgi components which are proposed as two organelles in 

tandem (cis and trans Golgi). This model recognizes the problem of 

protein sorting and compartmentalization and discusses it in the 

context of a membrane fractionat~on mechanism (like fractlonal 

'distillation) between the endopl.asmlc reticul um and the cis-Golgi. 

The trans-Golgi component organizes thé differential transport of PM, 

lysosomes and secretcry è~mponents through a complex three stép 
" - , 

shuttle proc~ss involving co~ted vesicles. 

An alternative model was ,proposed' by Morré and. Qutracht (1977) 

base~ op cytochemical observations. This model aiso describes two 

GO'lgi ',compart.ments ~onnecte'd to the RER-SER by two different routes. 

The 'flrst co~partment 1 c0!fl~osed oi dllated sacules and trabecullae a!: ' 
1 . , 

t.he penpheFY 'Of th'e ~A, 1s called the "Boulevard Pér1phér>ique't and 1s 
, . , 

as'sumed to be continuOlls with the RER. (continuous flow). r,t 15 
, 

a~soclated wlt~ glycosylation or' other Go~gi associated 

post-translational modificat~00s of secretory'proteins and major 
\, ,1 

plasma mémbrane compohents..' On th~ othe,r' bçmd, .the core of the Golgi 

,apparatusj the (ÜctySbme1> (or cisternae), ar:e'formed by the 

coalescence of smoofh vesicles derived from thé RER (d1scontinuous 

membrane flow), and are assot1ated with the tr'an5~or;mat1on of Golgi 

l1pids. These results and descriptions imply the existence of two 

vector1al components: "vertical" (Le., RER .: GA - PM)' ar;ld 
, ' 

"horizontal" (i.e: form the core towards the ,"Boulevard" 
" -

Périp}lérique"). Furthermore, membrane 'translocation via-"both G0lg'i 

components were reported by these authors to,probably be inaepe~dent 
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(Morré et al., 1979). Both models have been derived from studies 

using different cell types and experimental conditions. For the 

moment it would be more appropriate to consider them complementary. 

They indicate the complex functions of the /~A, and more impor,tantly, 

they emphasize the adaptability of the endomembrane netVQrk to 

specifie cell functions. 

Coalescence of secretory vesicles or specifie pre-plasma membrane 

vesicles with the plasma membrane produces a net ~ncrease ~n its 

surface area (Plasma membrane biogene5is). Furtherm9re, ~t has been 
;j " 

recognized that secretory events and the productlon of plasma 

membrane, although' mediated by the GOlgi apparatus, are not 

necess~rily the ~ame event5. (Mellman 1 1982) < 

Plasma membrane compartmentallzation is a poorly understood 

'phenomenon. Several mèchanlsms have been postulated based on theor~es '" 

of membrane bi'ogenes ~ 5 and turnover (Evans; 1980). . The roI e of" th~ 

cytosxeleton ln this'event has become, increasingly apparent since the 

observation of capp~n,9 ~~trVlty in' antibody .recognltion and hormone 

~nternaflzatlon (Pastan and willinghamj 1981). 

The "Membrane-FlolJ" hypothesis does,nbt malte any specJfic, 

predictions on the fate ot the pla~ma membrane. It does hOIJever 

'-

recognize, tlle,reintern,allzat~on of plasma membr~e (endoèytosis). PM ('" 

can be either' 'de'graded i'n' the lysosomal sys~em (.t)è Duve and ~à'ttiatl~, 
l' , - , 

1966; Morré et al. 1 1979) or recycled through some' ~or al,1 of the 
, <:; w 

'" ~ , l' endomembrane components by.p shuttle system (Rothman e~ al,., 1981). 

(An altern~tive rnechanism of plasma membrane eliminati~n by She~di09 

has been proposeo, further supportive evidence 15 required P~ry 

(1978)). 

" , 
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The synthesis and degradation of components of the cell "as a 
'. 

"- 3 , 
whole, or of specific organelles is known as turnove~ (Schimke, 1974). 

Analysis of cellular protein turnover has indlcated the fo~10win9 0 

general characteristics: 

1) Turnover lS extensive; that iB, essentially an protelns of 

the cell take part ln a continuous replacement pçocess. 

" -
2) Turnover is largely lntracellular and precludes ~ell 

replacement. 

3) There lS a màrked heterogeneity in the rates of turnover of 

-
dlffe!e~t proteins~ 

The preclse mechanlsms involved in the degradatlon of membrane 
v' 

compon~;ts a;é ~ot ye~ cle~r; Much of the work was carried out using 

two~i~terent ~e~h~dologies which"have yielded opposite results and 

interpretat~Qns.. of this phenomenon. 

Schim~e ~nd collaborafors (Taylor et !!" 1973; Arias ~ al~, 
- ~- -" - -- .. 

... l'962) havè found that membrane (plasma and endomembranes) and 
, , 

cytOplasmic ~rotein-turnover occurs with varying half~lives (random, 

flrst ordei Xlnettcs), and that a correlation exists between the 

" -
half-life of ~ protein and ltS subunlt molecular weight - with larger 

molecules being turned over faster. These observation have been 

interpreted to lndicate the folloving: 1) lndividual protein 

components of the membrane can dissociate and associate freely vith , 

the membrane matrix; 2) vhile free in the cytoplasm, the proteins are 

subjected_to" degradat10n; 3) the surVlv1ng moI-ècules in the 
"," 

cyt~pla~m1c EOOI m1x vith the nevly synthetized 'molecules, maintaining 

a consrant pOOl size and can then be inserted into the membrane; and 

~) -dissociation trom the membrane cannot be the rate-limiting step in 
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,,, 
membrane protein degradat-ion beeauB~' both the "old" and newly , 

synthesized membrane proteins must be degraded from the same ~ool t~_ ' 
. ~ .-

maintain first order kineties (model of "heterogeneous" degradation).' 
- . 

An alternattve mechanism for membrane PFotein turnover has been 

suggested by Tweto and Doyle (1976), Cohn (Hubbard 
~ 

and Cohn, 1975 ~,b) 

and Roberts and Yvan (1974,,1975). This model '(model of I~unit-

degradation") suggesis that the proteins of the membrane must bé 

inserted into (or removed from) the membrane in a coordinate fashion 

as predict~d by the membrane flow hypothes~s. The evidence supporting 

this interpretation ~ndicates very si'mllar half 11 ves for various' . 

Lntegral membrane proteins. (For an assessment of the implications of 

both models in the interpretation of kinetic analysis of membrane 
, t 

biogenesis, see section 3.3. and Tweto and Doyle (1977)). 

NO real alternative models exist to the "Membrane Flow" 

hypothesis, 'al though importé;lnt consideration has to be given to models , , 

that regard the three mai~ endomembrane co~ponents, RER, GA and PM, as 

independent entities, sui generesj their me~brane prec~rsors received 

via special shuttle systems such'as exe~a~ge proteins Qr membrane - ; 

veslcles shuttling back and. forth f-r~;in a com'mon, cytoplasmlc pool., 
, -

These ideas'have been deyeloped from the isolation and identifioation 

of Molecules or molecular aggregates w1th lipid exchanging properties. 

Thes,e m'olecules might play an important role in generating membrane -

lipid asymmetry (Parry, 1978). 

One last factor to be considered is the compartmentallzation of 

cytoplasm in zones of exclusion and zones of adhesion and the roles of 

these zones in differerttiation,- sègregat10n and tunCti?~al 

Ispecialization of the endomembrane network (Mollenhauer and Morré, 

• r 1 f'I" 
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, f978). ,- ·zones of exclusion arè characterized by the- abset;lêe pf ' 

. r~bosomes" glycogen' and organelles' such é).s irfiié)_Chondri~~ "rhey , :, ' 
, , 

sur~ound GA, GA equiyalents, water expulsion vacuoles; ~icrotubu1es( 

Endoplasmic 
, ' ' 

reticulum 'vit.hin zones ot éXGlus10n '1s dévOid:Of ribosomes. These·' 
• '~. _...' l ,,, _ J 

~egiOn~ ~re Ch~~ac~er.1zed' by "fLbi"illar, or ~oalesced materi'a'l ~f varted 

éomposit1on' '(lIlicrOfl,lalllents, ribonu~ieo-prot~i~ c~rriplexes, 'as, w~l,l ,as 

other cytoskeletal prote1!)' types). Zones of ad~sion on the other 

hand dre character,1zed by' organized" juxtaposed organelles or membrane 
, , ' 

'elements (e .,9. Gcilg,l ,stacks ~ ËR juxt~pqâ1tiOh5' te, PM o~ other ' 

endomembranes ') . 

3,.2. Kinetic' AP&roaches to the study of Membrane Biogenes1s 

'3.2. f. IS6topic' Tèéhnig~es' in stud'ies, of Membrane',flow ahd "'Turnover'" 
! '. .. ~, ; 

, r 

" , 

Ma~y: of the 'conc~p~s: of, membran~ b109~nes1's disèusséd ,i~ 'Section, . , ." .. 

'3.~' are ba~ed,oJl th~' resûlts,'of two'baÙc expe~1m~ntâl .appn>aé)1es., 
* ~ '. '1 ~ \. , 

one lS 'bas~d- on morpholog1cal' an'd, cYtolo~ica~. obsérvat1ons< .... ~ll~ ,the 
, ' -

other on subéellular isolation and character;zation of endomembr~ne ' 

'com~nents,' ~orèo~er','-~~dômembra!1e inte~conve~f;)iO'n 'and, . 
~ , -, 1 ~ • - \ " , ' 

, differenti,a'~10n J'laVe,bee~ ~~udie,d ,l)la~nly,'PY c~e~l,..c~l, enzym~~tc and 

t~m~nol09ica:l, approachés on broken (sut?cellular. traG,tùms) or:' whole 

~ell sys'te,ms CFor a 'revi,ev on ,methods ,for th~, -b10chemic$.1 -analysis of -
~, • • 1, 

, ~ ," t 1 

b1o~09ical -membranes see: Maddy~ 1976 •.. For a r;eyiew on -the ,evidence 
~ , ~ ... 

• ~, 1 

fC(r membrane' floi'anQ i.nter~oi'lVer-SiOn among ehdo}!lémbr~nés 'sée Mèrré et . ~ , ---
, 

'al., 1979). 
\ ' 

- 1 

lm 
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'Typ1cal approaches'to the stuày of membrane flow and turnover 

have made use of i»ot<;>pe lab~l1ing ,~ro~edures., 'In gene~al" sPeCifie 

prefu'rso~s to membr,ah~ constÙuents '( àmin~' aCids, 'lipid, prec~~sors, 
• , ~ '1 1", • 

,carbOhyd.rates, étc,.) are admi'n,istered"to animal~ in vivQ, or,suppl1ed 

"te' Ùss'lies or c~lls in ,vitrb,.- Thér'e~~t~r, ~t vàrious ti~e interval~, 

spec1fiç e~:)JI'I:pone~t» 'Of '.thE/el1dOm'embrane ·net .... ork 6r :their' spe~ific 
, . 

constltuents are an,alyzed for thelr r'adloactive cohtent by bfochernic'al 

or 'éytologic,al me'thods. This' approaèh offers 60th ,a corroboration of", ' 

tlle m~mbrarie ,flow ~ypothesis and an' insight 'into the d~Tnami,c ~vents 

that ,cati take pl'ace' àmQng- c.omponents, o~ the, endomeDibrane ne t .... ork , and 

among, :their '~onst~tue'nts. ',The' metho~ Of ràdio la!:>el aÙlI)lni:stratibn~ 

how;ver, pl~ys'. a' vèry importànt roh~ 'in determi,:ü.n9, the effect1"ene~s ' 
, ,,,1 

and extent tp .... hieh resul.ts mas t;>e interpreted. Turl)Over studies l'lave 

, ' 
in ge~eraJ used ~hree libelling techniques~ continuo~s,lab~llin~, 

pulse-labelling' and double-labelÙng. On the other nana, ,mèmbrane 
, • r , 

, 1 , , 

flow stuqies have made .p,articuJar ,use of the pul~e-labell1n9 . . '-, , , 

technl.ques. ',:Each 'teGhi'l1,~u; éont~ins' a .nu.m~~.r o~ obvious adva~tages as 

.... en as' important, limitations' .. Thes~ ,are d1d:at~9 by t~e -exper1~~ntal 
\ "... , ..- ~ (, (~ , ~ 

sy,ste'm emplpyed' and thé ~nderlyihg assumption~ appl1ed' to' tJ:'le, 
• l, 

interp~e~'iory, of the 'reflults.. ~ence; a brief àss~ssmenf?f the~e' ' ' 
. 

te-chniques' ;"',111 enab1e a more cri tical ev'al'uatt'on of isotope' st~d les 

on 'myelin protei!,! synthesls and t~rnover', as 'well as Oh mye lin . 

.membrane asse-mbl,y • 
. ~ 

a) Continuous Labell.1ng: '. Thi,s m~tho~ requires t~e cont;'inuç,us èxposuri " , . , 

. of a cel~ or organism tu labelled p,recursors. U~der such CO~ditions,. 
4 \ ~ ~ ~ .. 1 

, , 
, the rate at which the -specif.ic radio-'act'i,vity' ot the éell protètn , 

! 

appro'aches ',its maximal value is proportional to the degradat.1~e t:;ate. 
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(See ,Schmilt~ 1 1970 for an exposi Hon of the ,rnethod ~. ,\o.h th intact 

animaIs' a cohstant'.level-of ~ntracellul?r' spe.Cific aétivity' pf an ~ 
- ' 

amino acid' 15 very diff1cul-t to ma1ntain. -Fur,th~tll)or~e, in somé cê:lS~s 
1 • ~ , .. 

, ft' 1 

, an: él:ppreciaole tirrie' 1aq of' several 'hoUr.s' ts o(ten réquired for 'somè' 
, , , 

, ' 

, Iabelled precursors, tô reô:'ch' their. max'imal: ,intrace11111a-r specHt'c 
, '. 1 

r,ad'ioacfi vit Y thet'eby limi Ùng ,the use'fulQe"ss 'of, the: m~thod to " 
'1 { ,. ,,' , '".. • 

c~mpon'ents v~ th a ;ap'id "turnover". (Go-ldberg :and Dicé 1 :1974),' 

,b) Pulse-;-Labell'ing. This·is one of the most epmmon isotopie 

techniques ùsed ift bo!h tur~over and membrane' flow ~tUd1és~ In this , 

approach the label i5 'administ'e1;ed for .a 'short period of t:lme {pUl'Se) 
, ~ , '\ • l ' " '. ' 

and the' r~dioactivtt~ ~iti1in a given pr'~te'in As .assayed as· a, ,Junct,ién 

of time', , CPô:nges in the spec1 fic' r~dioacÙ ~ity o;~ the p~o~ein 'or, 

'total amount of 'labelle9 protein ar~ taken as a meas.ure of the rate o~ 
, , 

, .' p:Qtein de9rad~ti,on, or turnov~t' (flov)'., Thi,s 15 based on the' , ", 

. , 

~sst.imptio~ 't~at ,ne~ 'm61ec'urés 'o'f th'e s'ame prè~~i~ 'b~ing synthe'Ùzed' , 
',' , . - \ . ~. 

at"e nonrad ioact ive" 
\, . 

Although ~he. re~ûlts obtained th~6u9h thi~, . ... - ... 

. ' 

, . 
technique a~~'very informative ,~t t~e k1net1cs ot maero~Qlecula~ 

,turnover in 9.eneral, 'there- ,are, seri'ous '1imita~lon!S that. aff,ect t'heir: 
~, ~ ." .. .. , , . 

/ . interpretatlo'n'. The 'most important limitation is lélt:>el' r'eutiliz&tio~ 
)- \, \.. . ;-

, 1 ~ , 

, '(GO'lj3berg and Diee ," J,974).' T.hi'S p~oblem, tends 'to produc~ 
, ' • .. • ~ l , 1... , 1 

~ ~ \ I, .. ~ \ 1 l '_ • , ; , " ... 

over-estiinations !,f ;deQra(lati ve .hal r-li ves, 'especially in ': stable '\ 
, . 

" 

,"proteihs (Koch, Î962; 'poole,: 197.1). , 

, 
In studi~s. ~f membrane., ' ' 

, , 
biogene'sis ( l~b;1 ~eutUizatiOn 9r-e~t)y aHeçts, the detë~min4t:ion of 

.' la~el fl-~w l ,spe~1f,1cal1y in those '.compartit\ents ,cl<?B~st .to the 'sit!!' of 
.. \" 1 ~ ( l ,"....., ", 

-- synthes1~., s,everal é'xp~rimental àpp~oaches, ",ere' used to 'minlm~ze 
, -. ~ , • '- ... 1 ~ _ .. l , ' .. 1 _ • 

, 
Thè most w1del~ used, 

meiho,d is' thf] addition of large ~xcess- of' nonradioactive 'a!J1inb ac:id', 
• ' 'r • • .. 

1 \ . " 
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',after, t'he 1ni.t1al pÎ.ll~>è,· to comp'ete vi th th~, labelled fé~idues 'for 

. : ÙcorpOration' a~d to' chas,e ~hem out of the" cèll '(~ul'se-cha,se " 
> -

" labe li 1,0,9 V :rhi s ,meth~d, ~owever,' has some 1 ~m1t,at l...on,s- ..,hen ',used in 

, intact 'an'lma,lS. ' The 'usè of guanido-labeuèa' argil)lne' as a 'p~eê:ui:sor 
\ • , ~ • l ' , -

, ..,ith littl~ reut~lizatlon'h~i been psed,su~c~ssfully ln,organs vith 
\ _ ~ J , ,\ • 1, ' "\ ' _ • - \ " '\ l " ; 

:'lali9~' ar9:1nase 'activity' (S-;;"ic~ and-Ha~da, ~95~; G~ass :a~d peyle, 
." • - \ .'. 1 .. . , - ~ 

~972), al though t~ :dègree: 6f ',reUt11iZàt1.0~f,O~ tnif> label v~rle~ ",l'th 

the nu'trititmal state of the 'animàl ;and the' d~etary 'i'ntakè ~f' 
... - - ... 1 \ 1 ... i ~ 

argi,nine. other amino ac;ids "us~d 'in ,the, s.a-me'. ~a.r)ner l:n~cll;ldeq C-l - , , 

labelle-d '91 utalhate an~' aspartate ( 'that after transaminati,on 9-néi" " 
" . 

'entrànce into the 'K,rebs .cycle th,ey ,are r::apidly catabolyzed and the 
, , ' 

" 

-labêl diluted in t~e b1carbonél:te pOol. 'This- latt~r 'oappr~c~ 16 to' be' 
; _ ,. i "' 

ta~en ,into consid~ratlop Yh~n st~yi~9' brat~ protei~ tur~over 'or-
1 {.. ... ,-'" 

membian~ protein as~~mbly/' glven th~ ve~y:act~ve metaQoliBm of 

, ' 91ùta~ate, 1n this' .orqan-. 
. ~ '. . 

. Lastly, thé l'-sharpl)e~s''' ?f. the puhe 'plays a. véry im'port~nt . 

fun'chon 'in t'\'liS' 'labellin9 te~hn,ique although' v.er,y -11 tue' attent-1ori 
., '" - '. . , , 

has been p'~1d 'tq' 11:,. ,'p~lse shape,ls_dep~ndent .upon sévera~ 'fa~tors; 
, _ 1 ' l ~.' • l ' 

1 

the' most impo~tant of which ar'e: 

'i} t'he extr-acelÏular and intracellular' amin~ ~C1d ~l-shape 'a.nd 

pQQl-sl~el and' ~heir, rela~io~sh~P. to 'protein synt~esis (R~be~tsori and 
.' • 1', \, • r 

wheatley, 1979 i Hod pnd Her~hlto, 1~76; MortlmO,re et, al '1 1972; .Fern-
, '. ' • ... • 1 _ ' ' • • ~ , • 

a'nd ,Gar'1i'clt ~ i974; V1drié~ tl. al., 1 • 197'7 i -0 ' Hara '~ 'al ~, 1981 i AlItes: and 
• 1 - • , • . ' 

parks, ~976); 

\ • 1 

, 2.} ~he ldnetics of amine ~èid transport -'aeross" membranes (Amès et-, 
• ,r·~ • , ', 1 

" ... ' 
$.r, ?976; ,sersh~n and' L~jt~a, 19,79';, Guid~tti. e't !!..,' 197à) ; - ' _ 

,. 
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3), the metabol~sm,Of the aminé acid ~n'qu:sti?n. ' (p~el and 
, ' 

Balazs"1970; Banker and cotman~ '1971; Smith J 19T4} and 
, , , -

, , 
~) the blood tio .... or organ irrigaUOI'I in exp~timeAts 'Using int-act ' . - . - ~ \ .."" , ,. 

- , 1 ..... , ' l ,~ 

a,nimals '6r' perJused. or~ans~, respeCt1velY 'U~agè et al.; l,9~i; BOd~'cl1 : 
1 - - ~ t \, 1 • 

and '~ssm9:nn', , 1982) • , " 

ct DOubIe-Label Tec;hnigues~, Do~,bl~ pulse-labelling techi'liq)Jes are, 
" 

~ery powérful -approaché& used ùnd~~ ~an; ~xpe~imènial' ~onditions. " 
.. ." ',~ . 

,. À \ _' • 

Th~se' techniqûes' are subje-cte~ ~o, the same' pr;e~autions thàt, ,a~ply to 
- (, 

In Clddit~on", the validÙY, oI ~he, 
, ' 

interpr:eta'tion of double-lab~'l resul ts 15 '-dep~ndent 'ori. the und~'rlyi~9 ' 
. -

assumpt'lç:ms anà lnte,rpreta:t~ve mode1s u~red_ in .thé experim'ent. 'l'n', uhs 
1 , .. ~. ..' • " 

section we Will .discuss only two such approaches as th~y apply to' 
1 .... ' 

, . 
researeh on myelin turn6~er an~ assembls. 

, i) Time .. staggered ,double lsotope 'teèhntqu'es: Based on ,the' 
- , ; 

:i.n-terpretàt1ve' Jll'odels derl ved from non-isotopie determinations of 
.' .. ~ _ , • \ J ~ \ .. ',;' 1, _.. ~ 1 J , - 1 .-

: enzyme tucnov,ér '(Schimke,. 1974')', Arias!! !l.,- ,(1969) desç:ribed '~he 
, . 

. use' of :a ~fme-~taggered doub)e, -isotope prot"<?éo.l -fo~ the determ,in~t~bn' 

of 'protein degraaation. In thlS p.pproaçh, 14C-leticine -is, f-i~S~ 
,,' '3 - ,-

'administe.red to the ânlmal 'and then, sorne d,ays Iater ' H-leuclne' is 

9,ivèn 't,o the .sâme' anima-l 'which 1:S 'sacnficed.4 hours lahr;' Proteins' 

vith rapid- turnpver r::ate,s -~rapi,d ~ynthes1's, '(h1gh ~H), and rapid ~ " 

degradàti~n (lo...,-14ç) .... ill ,h~ve high, aH/l4e 'ra'tios. 
, . . ~ - .. ~ .. ' 

\ .; - ( 

This approach' 1.s based on four 1nherent ~ssumpt~ons .( sehimke~ , , 

1913),; , . ' 

Whieh are also lnà~rporateQ into proteins;' . 

'" 

" 
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. , ' 

l , 

l , 

, , 

, " 

. , '1 

, \, 

, , 

, " 

( 

i ., 

'. 
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~)' the r~te~ ,~f' prc:>teiÎ} sy~thesis and breakqo'ill are" the 1 sarne' .... hen· 
, " 

, the 'Hrst ,ànd' second 'inl'ecÙons of 'iso,tope are 'g~ven~ 
~ ~ f ".' " 

~) ,the .protein's und~r study fOl1o~ ,e~pOnen.t1al decay ke.n~tiçs; and 
, , 

'4). at th~.'.~i~e ~he ·a~im'~i.',is .kliie9,. t~~, ~mo~n~s' of 3a 'an~ '14c in 

tissue prote1ns are,' dec;réasing. at identi,cal; rates 0, 

f .. _" " _....' , ' 

, '., " The fir:st. t .... o- aSSUlnptiOI"lS ar.e the, easiest to' satisfy if"adequate' . 
-" ./ ~ / 1 ~ • " , 1 - 1 \, " .. "'.... 1 ','..._/ 

notice ls tak~n' of the .preca~üons· noted for, th~ case of l ' 

, 'pu~se-Iab'ell~ng tecJ:lnfque.s. 

. Margi veanu an'd 'Ghet1e (1981,)· iri their pàper on a selective 'mbdél' 
\ ... l '... .. ..... ~.. \ ' • ~ ~ ~ , 

• , ',' 1 .. ~ ~ • • _ •• 

'of"plasma ·prdte-in· degradat10n àrejue that; ''',The 'assumpt iori that .Î>là,Srna 
1 ~. - ~ • , • .., ," .. 

, protein c~tab?I;..sm .... ould· bé a firsi:.-~rc;l4?r'l ~aTldomly. occu~ring ,process, 

, l~ ~~m~o~l;' a.é~e~~,éd ~Od~~. : T~is 'r~~tl'~er 'iar~e: .cè~,s~nsus doe,s not 
- 1 .. " • 

,. '. \ .. 

'ari'~e from ,a' true-' understitnding (!)f the mechanisIl) ~t p~Qtein catabolism-

,but ~s,' s~p~~~eà b; ~h~'·S~t'7~f.a~toiY >~~~< of,~the ~x;er'~~:~tal. -Po'in'~~ 
descri'b,ing 'the 1;ime, de.crease of ~ 'labelled- p,làsma protein, 

~ ';' \ 

cpn~èntr.ati~n by 'first-order kinetics.": .Thi,s'argument can ,be _ 
, .... '" ," . '" ,\ - '\. . 

ext'raPo'late~ to ,'the àssumptiçn' Ç>f expon~nùâl d~ca~ Ùne'tics' fp~ . : . , ..,.. ~ 
" .. " '- . \ 

. lntracel1 ulat, proteira catal:)ol.i~m .I!j~de j,n 't?e 'qb6ye' tt')ir9 'c1~u~e. 'l'I) 
.. T _ ~ l ' , 1 ~ .. 

- .. '", t'" \ ' - ' .. 

cases of both' p.la~ma ~nd ·~ni:ra'ce.l ~111ar, pro~e,ins:, exper,ilrien'tén, ", 

> " 

. , 

~~er\fat10ns' .indicate' èatabbÜc speç\aCity (Go1qberg and st-J~hn', :: ~" 
• ,. 1" " 1" ... ~... J' ! " 

1976} and ·even- Arp 'del>en.de~t degtaliati,on ~f pr;éte,ins, (Hershko ri. 'al ~,' . 
" . " 

. " '1919). ,This proviÇies st~ong 'indications' aga1nst the' vie .... oi. ~a·ndôllqy 
r .' '... , • ~ 1 \, ~ • 

occurr1~g protein catabo~isrn.,' . , 
~.. ~ ; , .. 1 l ' ... 

,Glass 'and DOylè (i972)' hav'e :s'hown', t,he depèndenc'e ef' t~e' fourth ' . 
- ... 1 _ ," 1 • "" - ",'. 

assumption of· Schi!'1ke (1973) ~n 't'he' t~m~' i~terva'l . u;~d 'b~t'~~en ''isotope 
, ' , 

1~ jeét'1~s~" Fu'rthe'rmore, t he conseq~enèe', of the r~nd6m' catabo11sm 
\ '-' ".... .. '" . '. ' . . '.,.. 3- ' 14" 

- 'assumption as 'well as that 'of synchrOnié1,ty bet .... een H and 'C decay , 
• • , ;;. 1 l,', • " 

, 
, ' 

;. , " 

>'. 1 

.. , 

" , 

, , , 

• > 

" 

" ' 
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\ ' 

rat~s has been challenged by Tweto and DOyle (1976) on the basis of 

other experimental approaches. 

/~ 
Tsd1 protocols have been applied to study myelin membrane 

assembly (Benjamins et al., 1976 'a, b; Braun et al., 1980). The basic 

assumptions ,in these studies are: Cl) isotope rat lOS are independent 

, ' 
of ~mino aci~ and protein pool size and rates of synthesis of 

, , ' 

,indiv~dual prote~nsj (2) ~a~King of isotope ratios for a given protein 

i~9lated from different'membrane compartments 1ndicates 

- •• - - - 1 

précur~or-product, relationsnips 'amqng,such compar~ment under the 
, , , 

, ass,umption t'hat 'thé' exper1ments take place dur1ng the pe-riOd of l1near 

uptake çt radiO~ctiv~ precursor i,~t:o the membranes,' As ..,ill be 
, , 

"disc\Jsséd. in SecUon ~.3 tre"as8u~ption 'in (2) is misleading, and from 
-- - , ~... ". . 

assumpt,lOns, ln ,( 1) _~re' te,na,bl, lI;nl ef?s "proP*:J:ly, 'iiccoimt-ed for. 
;' " 1. 

_ ,t', ' ! ' 

Furthermore ~ none ,of 'th~se studles take lnto co~slderjit1(:>n the effect 

,o,!, pulsé ":shal'pness" i ~Il'oté~n degradation, or lapel reutil i2;ation in 
, , 

, , ' 

, îi), lsochrgnous doubl,e isotope exeeriments (IDI): . These 
1 ;' '. ' 

, ' 

" ,protocols', hav'e ,been yllQely used ,to 'st~dy, th,e !'!ttects' ,of specqic: 
" ., 1 _... \ 1 1 

l '- _ \ _ "~, " ~ , 

agent'S'or'Cllff~rencès betwee,n JTlut,ant, ,strains, on protein turnQv~r or 
\ '_ • \'.... 1 

1 "', 1 

. ttu; .kinepc~ <;>~ membr,ane a~$emb~y,. In all case~ éne -label 1s 

administèred ,te the control, -wh11~ the ~thêr labèl lS administered to 

'th,e' e~per\mental, sy'~te~ under ~ident ~c~f cèmà1 tions. 'Interpre-tatiôn of 
• 1 

, ,the effects élr..e,. ~gain~, c'onti,ngent on the assumptions and .mod~ls used . . , 
, ., 

,. t ~ , 

',- ~~è r,é!:ndom' d~9,rad'a,tïon, model for -example, i~ 'widely used in turnover 
. , 

sttJdi~s ,(Schi~ke! 1974; K,afr;lto~ and.Gelinas, 1974L. Orr the other 

, ':., hanGi'
f 

studiés' C~rripa~i~9 aÙerations 'in' the b~0gene~is 01', m'yelin 

" , 

109 
" ' 

, , 



\ 

membranes between neurological mutants and their "rior-ma'l" ritter mat~s, " _ 

(Brostoff et al. 1 1977; G;-eenf1eld et !l., 1977) a~sume tl'!~t tl)e POCÜ&' 

of labelled' amino acids for protern, 'synthesis' in the ~utant" ana 

control 'animaIs are the' saine. Thu,s,' a èomparison 'of ,label per ur:it of, 

prote1n isolated from a given compartment ipd1cates the difference in" 
\ ' . - -

, • ".. 1 

relative change ~n the r,ates of lncOr~ration. : Ho'" tenable this 

assumption can bé' ù open 'to d~scussion. (Fut"ther notes on IDI 

expex:1ments- are presented ln ,S-ection 3.,3.4 (see P 'ratios)'- A ,complete 

description of this protocol. 15' not attempted.) 
, , 

3.2.2. Myelin Proteins: Topographie Localization in the Myelin 

Sheath of ~ynthes1s. 

Characterization of. myelin membranes by x-ray diffractlon 

- " 
(Kirshner et al., 1981)i histochem~cal and lm~unQchem1cal techniques 

Omlln et al., 1982); and through iodination reactions and chemlcal 

crossllnking rëagents (Poduslo and Braun, 1975; Gelds and ~raun; 19~6, 

1978 a,b), suppor~s the idea that MBP is located on the intracellular 

side of the myelin membrane (major period line). Accessibilityof PLP 

for chemical modification u~ing intact myelln membranes, and, the iarge 

af,flnity of PLP to a lipid env1ronment (Lees et al., 197~) support the 

idea that this protein const1tutes an lntegral myelin membrane 

component. Slml1ar procedures using lectin and antlbody blnding led 

to the conclusion that the MAG ~s loca11zed at,least part1ally, on the 

e~ternal side of the myelin membrane (extraperiod 11ne) (Poduslo et 

al.,121§). Other myelin ,proteins, like CNP and consHtuents of the 

, wolfgram reglon CM 40 x'to 70 X daltons), are not yet weIl 
r 
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\ ' 

character'ized and, no conclusive. data are yet available. ('For 'a reviev 

see ~og9S et' al .. ; 1.982; Br aUI), 1983): 

Hence, from the abover've can concl~de, on· the basis of the 

, 'concepts· of ",Membrane Biogen~!ii s ':, that, Hie MBP should' 'be synthesized 
,~ .' 

by free pOlyri'bOsomes vhile' '~LP and, M/fo,G should be tncorporated tnto 
" ' _ 1 • 

myel1~ via membrane bound ribosomal pro'téin' sy~thésiS'. ' 
, . - , '~,,' 

, .. " . 
MBP mRNA has been shovn 'te ,b~ translatable, in vitro l:!y l.solat'ed' 

, , 

free,polyribosomes (camp~gnonl et al., 1980; Col~an ~ ~" 1982) 

a,lthOU9h a fnlcti,on',of m~mb~~lne' bounp p;lyr<bosome has been repOrtèd 
, , 

~n sorne stud,ies ·to ,contain 't,ranslatàble' message' for; MBP (Townsend and 
, ~ , 1 ..' ,~ 

Benjamins; 1983). 'Recent chax::ac~erizaÜon of 'myel-in prote.itls vith 

1m'!'uno-techniques has confi'rmed' the 'existence of 2 MPBs (M 21. 5K' and 
, r 

, , 
18.5-1< ,daltons) in all vertebrates and 4 MP;B~ in' sorne rCidents 5 ~,r 

, , 

21.51<, 18.5K, 171< and 141< dalt~ns}: That none. of the higher molecular 

ve?-ght, MPB's is ~a ,prècursor to any' o'f' t'he' lover ones has been conflrmed 
- , <, 

by 1n vitro translation (Yu and èanipaèjnoni, 1982, Colman, et al., 

1982) • Am~no acid sequencing ~as confirmed that the;r' d1tferenc~s' ùe 

l ' , 

in the presence or absence of two,internal domains (Barbarese, 1978~. 

. ' 

Nevertheless higher molecular forms (M 35K daltons) of pro~eins that 
r 

, , 
crossreact with antibodies directed again~t MBP have been described 

'prior to myelination (Barbarese and Pfeifer; 1981). Translation ot 
1 

the message for PLP on the other hand, ,occurs only throogh membrane 

b~und pol~ribosomes (Colman!1 al~, 1982), but, no prot~olyt~c 
, ' -~ 

proces~ing'of this prote1n has been reported (See section 5.4). 

No' in vit'ro translation data 1s yet ava11.able for MAG or' the PNS 

Po pr~tein, a,1~hou9!1 a classical glycoprotein transioèatton p~ocess 

would be ,expected' for both. 
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3.2.3. 'MyeTin rrotein Turnover 

The general conaen,sus 16 that MPB and the PLP, once in the my,e11n 

,~heath, are.degtaded or removed from myelin at very slow rates 

(half-lives in the range of 100 days). Other high molecular welght 

'myelin çompollent-s (M . larger .than 30K daÙons) on the other hand, bave 
,r ' , , . 

been descnbed t'o . have 'taster .turnover:- rates (HaH-lives in the' order 

of wee~s)i (Benjamins and Morell, 1978). 

pu~sé~labell1ng technlques uSlng intraperitoneal and 
\,. ~ ~ 1 1 

intraventÏ"icular ~outes of label a~mlnlstration (Sabri 'et al. '. 1974; 

Singb and Jungawala l 1979), as, weIL as a pellet implantation technigue 
~ , ' ,w 

(Lajtha ~' al., '1917), ha{,e indicated the existence of a, fâst and a . 
, . 

slow turnover compdnent for 'the MBPs and PLP. 'CoQtaminat.1on of thése' 

... , ' ~ , 

'proteins by ~ast turnover components has been 1mpllcated pS a 

plausible, artqact'ual cause for the observed bimodal turnover; , 

h?w~Ver, the· same résults have been 6btained using d~ f f,erent 

purification methods. 
, ' 

Nevertheless, myelin turnover studies have not 

taken into account other 1mportant'fact?rs that could affect these 

conclusions. Mong t'hem are label recycling, lo~al (,paranodal'and 
. . 

axonal) amino acid pools 1 st.able extr'amyelin pOOls ,(]~enjam1ns a~d .. ' , . 
, . 4 

Morell, 1~78), and paranodal protein 'synthesis of myelin c9mponents 
. " 

Moreover, the model of random first order degradation-k1n~tics has 

been assumed ta be valid for ali p:ote1ns stud1ed~ and the 'datâ has' 

been fitted to this model without any stat1st'ical analysis o~ 

val1di ty. 
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Given the importance of the question addresse~, it seems that 

more' èàreful research is required before any final "statements 'càn be 
, \ 

made vith regard ta the stability of the myelin compartmen~. Ii might • 
.... ' 

be,that myel1.n is a very "stab'le" compartment, but,1t also could he . ' 

that mye11:n is a 'very' "autonomous." co~partment ,whe'n, referring to its 

ovn maintenance. The strategies as t,hey have bee,n applieç. to myelin . ',' 

turnoV,~r 1 only point to the'existence' of a cÇ>mprex piCture. 

, 
:?2.~. ,}\sseml5ly of Mytl-in Pr:6teins 

" 

Given the héterogenity of associatlons and postranslationa1 

mOdifications of myel.in p.t-,otelDs ( their tranSl0CatiO~ from. the!r site 
, 

of synthesi~ to t~eir site ,of ~eposition will probab1y requ1re mor~ 

than one mechanism. 

From the ava~laele ln~?~mation on glycop~otein proc~ssing and 

J 

the'ir .translocation through the endomembrahe net·york (Sabat1n~ et al. l ' 

1981) l 'lt can be 'concluded that the two main myelin glycoprotel.ns, MAG 

and PN& Po pr~tel.n,'must be'delivered to the'myelln via the GOlgi 

apparatus. BO~h protein~ are postranslationa11y glycosy1ated. In 

other systems studied, fuco~ylation occurs p~imarily in the Golgi 

apparatus. PUlse 'labellirig vith 3H fucosè has ,~eell applied to study 

1 

MAG and PO incoporation !tinetics (Benjamins and MoreIl, 1978; Rapaport 

and Bénjamins 1 1981 L These ,authors conclude th~t both prote1ns show 
/ 

â 30" té 60 minute" time lag. in the1r transit from the GOlgl, apparatus 

te the myèlln shèath. Net inhibi·tlon of ~~tlJ the peptide anq the 

'çarb9hydrate moieties of Pq can be'~èmonsttated vith ~onebs1n and 

" 

~unicamycin (Rapaport !! al:, 1982 i Sml th and Sternberger, 1982) .... hich . 

, " 

.. -
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, ' 

(. 

l ' 

indir-e'ctly supP.Orts the rolè of the GO.Igi 'apparatus in theu 

, process ing • 
rD 

In vitro translation studies on PIlP l.nd1,cate that this protein ls 
Ut:' 

made by membrane bound ribosomes (Colman'Cèt al., 1982,). Kinetic 
, 0 t9~" 'f"' [~, ~ 

analysis of the incorporation of this pro~ei~ into myelin membranes 

has been done using slngle pulse and àpubl~ pulse i,soto'pic techniques, 

. (BenJamlns et al., 1975 , 1976b '. 1~:n8),. l'hes'e ~esul.ts seem tO" confirom 
. . 

a delayed incorporation of P~P, that ls 15:; to 30 m~'nute5 1es~ thaJ'i· 

that for MAG or PNS Po. Aithough'aèylatibn qf PLP has beèn eonflrmèd 
0::.,-, , 

(JoUés ~ al., 1977), analysis ot th1s' rn'Odifirc~tion and Hs 

relationshlp to the kinetics 'of PtP, assembly. lnto mye~in remains 

unresolyed (Townsend et al., 1982). 

Immedlate incorporation o~ MBPs into myel1n has been rep?rted by. 

BenJamins et al., (1975, 1978) using pulse labelling techniques, in 
\ 

t ~ ~() 
agreelnent wl th its synthesis by free polyribosomes çlose to the 5 l te 

of ir1sertion of MBPs. (Coleman, et al. 1982). . (, 

Many of the Iunetle analys.es done to eluei9ate the meehanlsms of 

myelln proteln assembly must be eonside~e'd. to be at an ~nlti~l stage. 

The choice of brain 51 iee systems, (Benjamins and' Iwat~, 1979; Rapapor,t 

and Benjamins, 1980; Rapaport ti !!., 1982; Konat and ·C1ausen" 1980; 

Smith,' 1980; Smlth and stenberger, 1982)' resolves sorne problerns of 
, . 

amino acid pools and pulse "sharpness". Neverthel~s's, it 1ntroduces 
, 

m,any more problems that have not beep accounted for in these 

,over-simplified incubation procedures (e.g. ce1l viabi1ity, , , 
' .... 

acces·sibility.Of the medium to the core of th~ sl1ce,' etc~; Pavlik and 
, , 

Ja)wube~, 1976 i Lipton, and Heimbach, 197'7). Intracran1al label 

administration'procedures (Benjamins et ~., 1975, 1976a, b, 1978; 
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Braun tl. al., 19B~; Shapira ~ al., 1981) on the other hand, have nol 

been corrected ,Ïor blooB flo\.' effects, differential metabol1sm ot' 
, -

labèl (see sec~ ion 3.3.6 and Chapter 5), and other variapons due to 
animal age, state,of ,nutrition etc. (Wiggins, 19~i). The unaccounted 

limitations of all these studies have ~estricted theD scope of the 

v 
1nterpretations. to qual1ta~~Ye ,desc~1ptions, greatly reducing the 

" , 

quantitative po~eni1<:lJ' of purs'e labèlling techmques to eluc1date the' 
- 1 ~ 1 

-dynamiéB of meUlbrane- .-Çlssembly. 

3.3 A Mathematical Descriptlon of Protein Translocation and rts 

APplication, to Time-staggered Double Isotope Experiments. . 
i 

As dlscussed in section 3.1" endoll]embranés can bJ differentiated ' 
. 

into semi-discrete enti ties or ensembles .... i th particular biochemical, 

and morpholog1cal characteristics. According to the "Membrane Flow" 

hypothesl.s, and .the recent observations on the molecuiar b~ology of 

secretion and plasma membrane biosynthesis, integral and· lumlnal 
, , 

membrane proteJ.ns are vectorially translocated from their site of 

synthesis (rough endoplasmic reticUlum) to their destinat,ion (Le. 

plasma membrane) via intrace~lular.membranes. AlonQ this vectorial 

transit specifJ.c biochemica1 alterations are known t~ occur 1P'the 

protein (postranslational modifications) and lipid components (l ip1d 

interconyersions) of thé membrane. Il 

Throughout the intracellular mi11eu, membrane or cytoplasmic 

proteins will be subjeeted to variou,s types of field effeets (Le. 

transmembrane voltage, proton gradients, intercellular lonie fl~w, 
, 1 

etc.) and the1r response towards these local or intracell ular , 
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t, potential fields .... ill be altered by the biochemical modificat ions' that, ' 

affect each protein "'ith!n a given. intracellular domaln. In this 
ir - --

context l ",is~ t,o propose that_ the path",ay that.~ -g~v-en \-:nt,egral 

l!.Iembr'ane 'component ",Ul taie - from i ts site of 8YJ1't~esi,s- to that of 

its depos1tion - 18 determined by the sequential modification of t-he 

phys1coch~mi,cal relationship of proteihs' towards other cytoplasrnic or 

membrane elem~nts through chemical al te%;"atlOns (postrans'lational ~ 

, , -J 

modification) . 

On the basis of the above terms an endomembrane "compar_tm~nt" lS 

understooà as a region~of the intracellular endome~brane net .... o~k, .... here 
~ . ~ , '-, ~ ,. , 

only a Ilmit~d tYP~ of ?iochemieal and phy~ic~chemic~l _mo~ifications .. 
are tak1ng place. _ This reg10n is isol-ated from other' reqions_ of the 

net .... ork in t~e sen~e Urat, no ehemical reactions occur across-- i ts -

boundary. Hovevèr,; ther'e is al .. ays a directed transfer of metabolic 

products among compartment~ by e~ther a shuttle-like mechanism or 

diffuSlon'alonç the membrane plan~. 
, " 

Henee 1 ~~e specifie pathway that· any 9l "en int~9ral memprane_ 

prote in will follo,,", "ili be defined by the response of the protein to 

the .,.combinatJorÎ of àll' field effects affecting a given reglon or 

r ft" . . 

. domain ot. tne cell,'; 

The above arg~ménts. :~~~.?s to tnvoké the role,of speèlalized 

ce Il ular struçtur:,es _ln ~~ m~l!1t_en~nce~.a!ld reçUl!ltion of the 

constraints imposed at each' leveI of the transiocatlon and 

transformation processes. compartmental'1,zed synth~sis of specifie 

membrane protein~ in the cytoplasm (!ree ribosomai: syhthesis) and 

the1r ineor.porat10n t0gether!~1th- other lipi~ const1tuents br 

preeursors into membrane-s at specifie: 'sites. a10n9 the. path",ay Js '01Je - : 
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ObviOti~(way 'of al t~r1ng the phys1cochemiçal mqteu of Va given 'membrane 
~ j; ..-; ..' , .. ' - , 

, , 

"cotnpart~ent". ,On the ~ther hand, cytoskeletéll anchoring of enzymes, 
, , ' 

'RNA ,and l ipid complexes at -àiscret~ locations; offers other regulatory-

POSS1bil1 ties (Fu j1ta, 1981). Neve,r,the?eSS 1 the fmporta~t -a~pest 

discussed in here 1s that, the intra~ytoplasmi7 ~rgâniz,ation of- ,th,e 

'endomembrane,net,work, and for that. matter, of' the ~ytoskeleton 1s due 

,to tne direç:t response of these .struct u,res 1 and thei~ ~omponents to 
, , 

, the a,ction 'Of'i~terna'ny and externally generated physièochemicàl 
.,' f , ~, • , , • 1 

, , 

fï~lds." ,T~i~ po,iht of view ls lmpo~tant~' speci~l,ly in the contèxt, of 

the' flscnb'ed role- of the ~xtrace'Uular matr1,x in gepe expression and 

d1U~r~ntiatio,n (Bi~sel1 et al., .1982). ,Thi,s ap~roach will for'ee l!S 

to. d:es~~ibe thé v~rious' bi.oche~ical a~ ,b~olOg1-ca1 Al ~erations: ,of the 
, ,\ " ' 

, " 
intracellul\ar and e~tracellular ,env1ronmènt 'in ~'er..m~ ot more r~g6ro,us 

, ' 

, phys i cal f7 ft ec.t s • 
, , 

3 • 3 ~ 1. De fini tion of compartmen t Space 
o / 

Within the '3.;..d, space of the ceIlt,~. given membrane' "co)llpartment" 
, ' 

, , 

arb~ triiry posi~ion vector 
, J ' "~ 1 

~n ,these terms .the' œl1ulaI'- spac~ c{lh 
- " 

\ be desgr1:bed as ~'lattice or "-compartment spa ce If. made up of a finite-
, , • 1 _ 

, . 
, .', ' If."e l'et, 9 n ( .. nI ,be t",: ex~nd 1t ur~ of ~~.m1 ci.!", ",neU f and, , 

. tha-modY.nam-lc ";'O~k _~Y intracellular or extracelll,tl,ar, pGtenti~, f,ields 
l,l, - ~ J -, l ' ... 

• l, ... 

at à pOint ,p in the volume element ,v' (1& ),1 then the ,total ~ner9Y , ' ", ,., n, n 
• ~ • - 1 ~ " 

a~sociated with the d,isp~àcment ,of -the pro.tein tht:~ugh the .nth ' 
, ' 

,cômpï:l:rtment lis given by: 
, " 

, ' 

ip' 

/ 

/ '{ 
iJ 

'\ 

, ' 

l' 
1 
\ 

, , 

'1. 
'i " , ), 
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Figure 3.3.1. Dlagrlll.atic 3-D rl!~~esentation of il [I!ll Mhere each endOlE.bran~ strudure has heen-
'répreSl!nte~a5 a volu.é dOllain-V,,(1rt} defined.'by an arbltrary p"OSlhOfl vector$ •• ". ' · 1 1- " 

• t .. _, • _. /, ... f • \ _ " / 1 _' -. 
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G (~ ) 1: • 9 ri }dV 

n, n. n n 3-.3.l.a 

- ,v (1) 
n n 

n .. ·1,2..., .... , N . " 

The net poten,ttaL fiel.d in terms'Of the "c;o,mpartme!)t space:' 1$ thef\ 
" , 

dë~ineè, by: ~ 

, , 

'3.3.Lb 

, 
, ' 

'NÇ>te, hOw!?ver, th'at the' ihvariance oe' G C;- ) 'wit'h time can be assumed' 
. _ . - '. n,·n . . 

~ ~, 1 ~ ~ " \ 

. c:m1y' if.. the sy.st!'?m i5 Ul ,a' steady st-ate. -Non .steady' state CO?d,ition'S, 
• f , • • j 

. . 
'whi-ch may oCCur during çellulaJ;', diHerentia.tion or ~uring. the 

, , , 

modul~tlOn, (Ji. pr~tein- syn,thesis an~ lnemb:an~ bi09'en~sis, ,çould lnvolve 
( '.. - .. .. ' .. ' • ' ~ \ l "',' 

altera!;ions of 'the acting poten,Ual 'fields and I)ence m<?di:f1~ahons qf 
1 ... ~ " J _ ... , • 

~h~ "i~tràcel\Ul~r Q~t~s.J<eletal and: ena~mèmbr~~e tn'na.eu. 
\ • .' • 1 

, 1 • 

be' ,given ~y 'thé ",chem1cal' hïstôry of th~ ,component anC! .its· .specific . 
\ -" . : . . 

,rèsponse to the- field HC1 ) at aiay' 91 v~~ l~cauon ?':' The' respon~e 
n , ',' n " 1 • 

rct ), l.s.a m~asll~~·of •. ~he effect th~t 'any'-cjiven sèt bf Che'm1c~1 
.n ," , . , .' 

," tJ;'a,ns,~o~'ma.tipns, ~,~s 'o~ the,' susép~ibil ~ ty .:ot ,the protein to specifie 
t~ 

: field "effects ànd àl s~ > On its, actil. va ti ori to' overcome speci fic physicar 

, oi thër-modynainic ~baFr'ier~ '( bound~·ri~·s.) that' impede' 1 ts translocation. 
~ 1 - ... 

::rhe response r (-; ) cari then be def~ned as: 
• • f , n 

, .. ~ " 

< l,: 

1 • 
, ' 119, 
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" 

r(; ) .. '·G (~ )p (l';' i n n n,n, n 3.3.1.b' 

, , 

.... her~ p <_ ), i5' ~ ";'~ig)'lt, hnçtion cnaraèteristic for eac~ compartment. n n, ~ . 
\ j • - r -' , • -. - ~ -

, At e.ach point of '·the 1at't'lce,' a gi ven proteïn will be 'sutijêct~â 
, ~ - -' -

to ,n9w.'or· altered field' effe~ts: that, in' t.urn~ will defin'e the',extent 
,1 . ' , 

of re6idence of the protein in. the com.partment and ,ifs dèstinati,on: 
-. 1 ... -. • 

Thus the intracellular. no," ~f the 'prot~1n lS not preàèt~rm1n'eq~ but, 
• 1 fi.. _ , • -

, . 
1s determïné.d'at each point by, the,local'effects ta~ing plate.at each 

. "<:ornpa~tment".- . 
; , 

'., . U",der'steady-'stat:e 'condftions it'it; 'possl.ble to,identify a'· 
, , ... ' • Il • _. ' 

.' . 
path!lay ,~19n9 yhï~l\ a. 91vén prote~n wiU b~ tran'Slocated {rom 1t6 site - / 

of' synt'hes1,s 'to i ts destination., 'This pathway ~ari ,be then vie'rled as ~ 
" " ' , f' \, . .. 

~ r - ,1 .' \., _ 6 
unidimensionq.l pa,th (t,) 'in 'the' ,z:0!llpartment spate -; n" 

, ~. . ,-

. , 
, " 

, . 
. :3 .3.2 Definition of the ,Gel1erâl Transfer ~unction cx( , t) 'and t'he 

.' 
'Degrada~ion FunCtio,n:" (t «t), , 

~ J -

, ' . 

\ - .' --
The, 'f l~w of pruteins along a membranè ~an b~ ~ed by' 

\ - • 1 ..." 
• , .- " 1 _ 

applying t1"!e eq'uation of 'cha;ge' for il' m'ulùcompénent system, (Bird et"· .... . . / - \ -

a1.,; 1960 )'1 ,a~d 'by incl ud1.n9 t~e ~Ùe'c~' of the, respon'se- rc~" ~ as' a " 
" ' ~ t - ~ • 

",forcecl diffusion tèrrn. furth'er~ore, ,H -'o~e assumes a s9stem \lhere, 
, ' _ _ f' 

l " .., , 

, proteins 'ex.ist under cons:tant mass dens'ity 'the .concentration' profile· . . ' - "- _.' " 
1 ... • t 

-"'" fpr the f.lo~ of the ~ th protein .i~ the 'II fll.l1-d" 'envlr;onment of the ceIl 
" 

f' \. I~ , 

sytop~asm or' the e.ndornembr~ne netwot'k w~l)~ be given ~y: 
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, ' 

,t 

, ' 

, , , 

, " 

.3'.3.2. a 
• .1 

.. 1*......, ~ , 
subshntial ti~e derivati ve A and R s 1,s the molar rate of, syhthes,is, Of, 

,J " • \ 'le 

prote1n "1". In fulfilment with the cond1 tion of continuity R S .. 
.. ,.:,' -" :,' ' 

, aC1/~t +(~V.C'i)' ~1m 1~ 't~~ e'ffe~tive- d1ffusivity' of the' p~otèin 'in,' 

the mi'xtu.re' a,nd' ~~ll' 'bel as ~ tirst approximation, assumed to be 

c9nsta~t along' thè path'J~y t. j. 1s Uie for.ced flu'x of the p~ote1n ,at 
1. 

any ?1V~n lOeat10n~_n in the "compartment sp~~,e"' arid 1.s writtén il') 

terms of the réspo~sè funetion r(_ ) of the ith'protein to the field-
'. n ' '" , 

H(_.)'as fo110 .... 5: 
n ' 

, "'. 
Ji' = R Ci (V·,r.) 

" ~A, 

'" .... here R 'lS a }?arameter dependent on the' mOlar, fraction of the i th 
.m 

'prote~n i11'a 91ven'eompartmè~t (poo.l ,size). ' 
. , . \ ~ 

unqe!;" the éonditions .Of a pulse labelling 'protocol, ,the specifie 

radioactivity .... hich 1s a function of the path .f and ,Ume t/' 1s given 

, . 

d.f~ ,t)'""ke1'(- ,t) 
,~ n,. ' 11 

3.3.3 

, " 

.. , 

, . 
If' we -assume that th~ labe1l1ng 'pr~cedure does ,not-perturbed the. 

system and, that a ~te~dy 'st,ate exi~ts, thén Dei./Dt "' O, •. and t'he .. 
èq'!~ti?,n fO~ rI./. be~omes, ftom equatiQns 3.3.2.a aM 3.3,.3.; 

1.21 

1-

, ' 
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, 1 

, ' 

, , 

, ' 

" 

l ' ' 

l' 1 l' 
/ 

" 

,a, (-; .. t) '" F (r'H; (il-
,1 , n' / n ,n,' 

3.3.5. 

\ ' 

Hence; t.he' 'c1istrlbutfon 'of ,labêl: alç>ng the' pithway,~' ë~r\ be described 
.. 1 ., J. ~ , , ~ 

, '-
in t~rms 'Of tfle "c~mpartment 'S'pace" __ . by a time depend.ent 1 

\.' 'n " , 

di'strl.bution" funéüon q!t) and ~ fûnct1on' F (t ) ChàracteriSt1c 'for , ·n n, ' ' " , 

each ç:ompartment ~ 

Thi.s discussion g1 ves us,,' at le-a&1:, t'Wo iJhpo~tant ,t.elllporal 1 

"J' ,', 

The first one' 16 'the time 'ihiC;b' a mell.!bra~e compon'ent 
\ ~ ~ . 

,1 

paramet,ér~ . 

1 t:,akes te go f:rom _.1ts site. of' synth~si's 1 te a"gi.ven l~cat;ioJ;l in the 
1 1 ~ r • • , 

• l' \,1 ~ ~ • • f "'\ ..... ~ \ 1 

'nei,wor~. We ,caU thi,s,~he ·~i1"~ of deposition/ta., T,h~ second, is'tl'~e 
t ' ~ '. '.. 

~ :: - • 1 

'extent to which a proteil1. resfdes ~n a "c0II!partiQel?t ~, or time of . -' . 
r~Gide'n'ce, ,t~~ : The. Um~ 'of ~èG1dence 15: inltself',. a,reflèctl.on of 

\. ,1 .' • ,,' \ J. f 'A - ".. ~ r J \ 

the )ünetics of the metabolic ,transformations that modulate the l , , , .' 

tesponse r(; ) of 'the membran~ component te any given potential field.-' n' 1 • '. 

tt:~ns~orm~t'ions,' r(;n) will t~nd~to i~ro .~nd we dehne '-'th1.s 
" ' 

For slow 
v: . 

regicm 'oi the, pathway as the dest inat10n "compartment". Henée, the 
i 

di'fferent compartment.s of the netwbrlç are qéf,ineQ by ,chemical and 
" 

physical 't~q'nsfOrmations, that in turn define the temporal 

charact'eristics of the $yst,em. 

ln this d~~cript1.on, t~e proflle of label depos1tion does not 
• ", 1 ~ ~.1 ~ .... \ 

" 

reUect a net tr'ans fer _of mass tbrough the ceIl ular .l>pace 1 but ràther 
, 1 1 1, '", 

, , < 

,the c~an~es im~osed on the l~,beped pro'te'in .. bl' t~e metabol,ic 

: trans for'mp,t1:ens w-hich, ta~e pl~~~' ~long the . t~ans lO~àtion path~~y ~nd 
.. 

r 

l ' .. 1 

1 
, ' 1 

, , '122" _ t 



. ' 
by the size of the ,protein P901 'at ea~h compartment. 
, " ~ , \ " 1 

, , , "For ~he 'mom~nt ~é, 'shaH 'focus olJr attent1~n of the' temporal 
, , ~ ." ~ 

, . 
, ,i , .chiara~t~ristics, of this aescr1pUon 'and ,tt:teh: impl1c~tfon in tl)e ' 

tnterpretation of ~im~-st,a9get'ed doub~e ~isotope ex~rilnents as, uS,ed in, 
,; , ',' r 

",myèlinat1ng, systems. 
\,' ,~ " 1 , 

From t~e de~cr1ption' of our system, ,we can assign the init.~al 
,.i \ 

~ond~t,ion «(';0, '0) ~".O and ac,to, t) ,": G(t),. w~ere 1n~ ~o at, th~ sit; 

" , ct Hie component' s insertion irlto' tne membr~ne pr at its, site of . , 
, ' 

synthesis. ' 
, ' 

.' , D 
other 'boundary conditions, however, are diffïcult 'to,êssign due 

, , , 

to the c~mplexi ties of' intracell ular membrane' interconversio}'ls. All 
, " ~,. - 1 \ 4, • 

, cellular COn,st.ltùents lare turned over or r.eplaced in a, finlte amourÎt 
• 1 • ; , ' 

, , 
,( i.~. ,protein!» undf!!r study. may be, de~raded ~r reta:1n~d in a 

, , 

.c6mpartment wLthin that time span~ while the othe; $UrrOunding 
1 • , ~ • • 

membr-ahe, comi;onel)ts ,conflt1 tuting i t.s immedàte' space can continue 
, ' 

, their flo ....... perhaps to the extent ot complete rec:ycling' (Rothman et 
1 J ~ , 

, , 

'. '(' , 

al., l,.981). Unqer these conditiçn~., ~he ,surrou,nd1ng membrane elements' 

could be CQnsidèred: unboûnd, whlle the èomponent, under study would 

'become' bound at the point of lts removal from the flo .... of'membrane 
~ . . ; 

, (secretlon,' lysos9mal.de9radatio~, ac.cumulation l,n a specifie 
, , 

'C?r9anel~e, etC')4 

" None of the events described up to now account for ènzymatic; 
. 

. de9râdation of prote ins or l1pids. , , 
~e will describe the effect 9~ 

1,'&0: 

~è9r:ada:ti?n by' a disttibutlQn funct10n Il such that: 

3 • .3.6-1 
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,r 

( 

1 ~ 

/ 

l' 
1 

When degradation occurs along one or a11 of the compartments of the ~ 

endomembrane path, the labelled compound will be locally removed (or 

irrevers~bly diss1pated). This removal ""in ~e ~xpected to folIo"" 

enzymatic Ünetics (Urst order or not). Although. 1t will not- ~ffect 

the, rate of label flov 1t will affect the absolute content of labelled 

, protelns or l1p1ds in the membrane (FC~ )). On the other 'hand, -
n 

lyse'somaL degradation can be considered as a ~pec-1fic and 
, , 

compa:r;tment~i1Zed degr~daÜon for s,ome memb~ane_ c~mponents_. , 

Kinetically, it can be visualized as a label sink towards which 

lab~l1ed' cOlI).ponent~ in a membrane section are vectonally directed. 

ln this ,ca~é the fun~ti~n ~r_. ~ t1 follôws .a 'fo~m 'th~t desçr'ibes. the 
, " • Jr 

flow chara.ct~rist1cs pf l1\emDranes ~rom the "main" endomembr,ane path 

'(at tHe compartment CjJ) to""ard the lysosomal sink (LJ rather, than 
~. \!.' -" '\" ", - .. ~ -

e.nzyme )l;ine,tips. Ihe random distribution (exponential decay kinetics) 

described by many ,authors for thé turnoyer 6f me~brane protein~ 
. 

. (S!=hi!M.e 1 197.5), 15 al so in àgreemen't;· ""i th th,is descr1ptlon. 

, . Degradàtior\ Prior -t6; ~n; or' aft~r thé' cOÎnpàrtmèntof int~.res"t 1.s 
, 1 • 

, . ' 

lnd~pendeni of ,~he ·torin of the de9rad~t1on distributlon, funct1on· Il (,sn' t) 
, , , 

and wi)l deter,mine th~.manner by wh1ch cz:(~n/t),is Qaffected •. If 

degradat10n 1~ occurr1pg prior te>' a· given compart!f\ent (j) th~9 

3.3.6-2 

For degradation ·o'é,curI'in9. 'after: (j) then. 
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" 

, 
" 

In the case of a multi-port compartment, vhere proteins are 

speeifically diverted to a lysosomal compartment (L), or if 

degradation occurs,only at that point, the, dè9radat1~n function 16 

represented by 

3.3.6-4 

Henee, 'in general terms 1 the effect of _ on cr'(; ,t) can be described 
n 

by the equation 

IJ 1 (; , t) " CI C~ , t ) [1 - ,1 (t ) ] 
n, n 

3.3.7 

3.4.3 Definition of TSDI Parameters as a Funct10n of ClC'It) and r(tct) 

The function 1J(~,t) can be used 1n its general form Cequation 

3.3.4) to define the flow of an integral membrane protein through a 

series of intermediary endomembrane compart~ents. For,a given 

compartment (jJ, the flow of a given protein along the compartment 
, , 

will be given by the fu~ction G(t), while F(~j) becomes an average 

flxed val ue funetlon wh,ieh characterizes that 9Jven compartment 

Cproteln'pool size of the compartment). . 1 

For the specifi~ case of membrane proteins that ~ecumul~te 1n a 
, 

ç 
specifie compartment (A) (terminal or accumulating compartment~, the 

rate 'of accumulation of labelîed proteine dur~ng a time interva~ dt, 

ie given by 
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" 
" ( 

, " 

f
t+At 

", cx'(_ ,t)dt 
n' , ' 

t 

" t+At 

=, F{-CAJ){ -G(~)[l 
, J t , 

In this situation the'accumulation of lapel becomes independent of the' 

,net membrane flo .... , .... hic.h may or may not proceed to other ebmpartments; 
~ 

',Let ùs·,considèr a ti,me-staggered ~Otll?le'1sotope,(TSDI) pulse . ' 

incorporàtion (for technical details see Chapter'- 5') of a speç1fic 

am~no ac1d into proteins. 

At 1 denot~s ,the. interval bet .... een th,e lncO'rporahon of' the first 

isotope at to and the sec,oM isotope, al' fI, and ·At,' is thè interval 

between the 1ncorpor~t1oA of the second' isotope at ~l and the 

termination of the experiment at tz.. At l 1s ,9r~ater t~fn At z unde~. 

aIl circ.ums,tances. 

,MyeUn ~ar:' be considered a net terminal boundary' 'for the 

tr;ansloeat 10n of myel1n proteins, and .... i11 be' denot"ed specifical.ly as 

(M). Noté that this compartment .... ill have the properties def~ned for , 

a terminal accumulatlve compartment «(A)). Furthermore, if .... e take 
, 

the assumption that certain protein components 'once ,assembled ln' t.he 
.. 

myel!n membrane are very stable (Benjamins and Morell, 1978; s~e also " 

Section 3.2.3.), then 1t can be expected that thé degra~at1~n funetton 

. _(~,t) for these myelin components will be approx1mately zero. 

The~otope ratio (R) of the second isotope over the first' 

isotope, for' a g~ven protein in any eompartment 5(j))~ .... 111 be given 

by: 
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, ' 
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" . 

, , 

SR]t z 

R(j) 8: 
t 1 3.3.9 

SR]t z . 
to 

If the compartment .in question 16 an intermediate compartment then t'he 

... 
SR is defined by «'(~,t) as in equation 3.3.6. By substitution, R(j) 

becomes: ~ 

3.3.10 

On, thé, other hanQ, if the compartment 15 (A) then equation 3.3.6 and 

3.3.7 ~y sUbst-it~t10n into 3.3.8 give 

/l'(t)]dt 

/l'(t)]dt 

which tor the case of a myel1n compartment' (M) reduces to 
, ' . 

3.3.12. 

if nb degradat10n oeeurs along the eritire path~ay or if degradation 

OCCUIlS atter the compartment (loi) .. 
" 

',' 

, 12~ 
, 
1 
J 



t 
'- . 

~ , 

( 

" 

Note that the isotope ratio R is "unbound" sinee it reflects only 

a relationship of the flow tates of the protein's label contained in 

the membrane segment pS a wqole. I~.is also ambiguous with respect to 

the cause .of tbe change in SR, ~ecause variations in SR can be due to ' 

a change in r:tet flow as weÙ as te degradat ion, unless this latter 

cause can be eliminated by othet criteria. This ambiguity can be 

resolved partiaHy by the auxiliary use of "bound" parameters and by 

the" selection of at least two sets of expétimental time intervals. A 

"bound" parameter is one that establishes boundary conditions by 

refering the SR of a part~cular protein in a given intermediate 

compartment (j) to the SR of the same protein in ltS terminal or 

accumulative compartment (A). For our studies on myelin the reference 

compartment of choice has bèen one'that fulfi11s the criteria tor (H). 

CChapter 5). Under the'se ,premises 'we can then define the ratio 0 for 

a given isotope "i" as: 

SR protein in (j) ';FCt)) GIH)[l- ,'(Atl] 
1 . [1 

3.3.13 Q(j) = = . r . SR protein i,n. (.H) F(;~) G(t)[l -','(t)]dt 
to . 

. witn this parame ter , tfle' diff-erÉmce of Q'values tletween the flrst and 

- the second -labèl can be used to cCSmpare 'the degree 'of' metabol1c 

'simu,àrity betveen the compartments (j) and (M):. 
\ , . , 

- ,'(At1+Atz)1· 'G(Atz)[l - ,'(Atzl] 

(tzG1t)[1..!. ,'Ct)]dt 
J.t 1 

3.3.14 

'. 
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The use of this par~!.~e.:~ togetfer with R in the interpretation of 

TSDI protocols, "'il~, be the cent~r of the discussion ip the next 

section. It should be noted, fO~\ the moment, that the si9n of the 

expressions ",ithin the brackets (10 < 0, àQ > 0, àQ = 0) "'ill depend 

on th~ relatlonship bet",een the time of deposition (ta) and the time 

of residence (t
R

) of the labelled protein in the compartment (j~. ' The 
\\ 

compartment (M), by definition has a very large t1me of rêsidence 

(t
R

» (At z + At l », and a time 'of deposition (t
IlM

) that is always larger 

than that of any precursor compartment. Values of Q can be used to 
\, 

define d~fferences in pool size between compartments that approximate 

the criteria of "M" compa,rtments (fj) = (M)). Under these 

circumstances 

t10.= 0 ' and 
'1 

LastfY, a second type of "bound" parameter can be defi'ned as: 
.. 1 

1 

3.3.<15 

SR of protein x in (j) (moles of protein bound a~ino acid in 14XMBP) . . , 
P~--------------------~ -------------------------------------------

SR of i4KMBP in (j) 
o 

(moles of protein bound amino acid in .) 

. " 

This parame.t~r shoùld be sensitive to the variations' in the 

label1ed protein-bound amino acid pool of the compartm~t. Jhis 

difference can indicate dlversity of amine acid pools at the site of 

'protein synthesis and variation ln their site of insertion inte th~ 

- . 
endomembrane path",ay (see Chapter 5), 
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" The cho1ce of the 14KMBP as a reference in this ~ystem is not 
/t co 

arbitrary. This protein~s synthesized by free ribosomes and is 
> 

1~corporated rapid1y onto the membrane (see Section 3.2). The 

difference betveen membrane dependent deposition and cytop~asmic 

deposition pathvays vil~ become more obvious us1n9 the 14KMBP as 

reference. Note a1so that in 101 experiments (Section 3.2.1) the 

isotope ratio is g1ven by 

p '" 
G(At)[l - ~'(At)l 

,1 1 

From the relat10nship betveen treatment (*) and control 1t can be 

appreciated that variations betvee~ treatments cannot be interpreted 

by simplif1ed assumptions as the ones assumed by Schimke (1974) and 

Brostoff !i al., (1977); Greenfield et !l., (1977). 

3.3.4 Interpretation of 0, AO and R Pa~amêters Based on 

Tempçral Inferences • 

... r·-\~-"'· "\'1""::, 
.t.~ t;:\ 

We are nov 1n a position to apply the de'f(ni tions 6f Q,. ÀQ and R 
( , 

parameters to the interpretation of brain subtraction~: A subfraction 
J 

can be equated vith an endomembrane "compartmeht" based on biochemical 

and morphologieal criteria. The enrichment of a 9iven protein in a ,­

subfraction i6 hovever, no indication of the positiOn of a' prote1rr in 
.~ 

the context of a biogenic pathvay , vithout further bioc\em1ca1 or 
, 

kinetie criteria. 
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-In, this -section we, shall outline. these kineUc criteria and" the,ir 
, . 

interpretation trom TSDI, parameters .• 

\, '. TO'· s.impl1.ty oùr analysis' the' fOllo"'ing equivalences ",ill be' u~ed 
j. " 

,in tbis 'section 

M .. 
tz 

G(t)dt 
c. 

t~ 
m = ' G(t)dt 

t l 

3.3.16 

'. 

capital ~etter~ denoie ,the value of 

[1 - ~t(.t.tz)l !,­
the function thr~the 

. 
total exper1mental 1nterva~ of the t~rst isotope, (àt 1 + àtz) and the 

, ' 

small lett~rs for the second isotope. interval (Hz ),. 

Equations 3.3.9,.3.3.11, and 3.3.13 can then be rewritten . . 
~ respectively as: -

.. 

m 
M 

3.3.17 

In this analysis ve "'ill make use of another empir1cal parame ter 

Ro. It w~ll be defined as the isotope ratio, should the two isotopes 

"-have been mixed together at time zero. This ratio Ro represents the 

value that the isotope mixture "'ould reach'if the labelled protein 

accumulates in a compartment ",ith no or minimal dégradation, and if 

the isotope variations, du, to metàbolism)Of the amine acid used have 
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been ,àccounted' for': , . , 

.' 

if r ,(M), and _. (t) - '0, ~ _ . ' 

and T 1s any g.iv~n Unite time,. 
, 

For ~ fixed second i~o~ope' interval At z, ,t~e follo .... 1ng 

relationsh1ps:. RM .< ,R,o and' 'RM .. Ro, .... ill il1dicate tliat' t ClM > Hz. and 
, , 

t~M < Atz respe,ctive~y. That 1& to say, the flinctton 'm' .... ill have 

reached its maximum valùe (m .. ,M) only if t~e time of depositlon,t 
, . a 

"" \ Hence, from the equations o( 3.3.16 .... e can inter that the 

.follo\l'11!9 statements' hold at· all Urnes: 

131) If , Ct) 1: 0 then B -ï::l .. 1 

s2) If "C t) p '0 then B <,b'S 1 

s3 ) If, M = m then , t ClM < ât z and R a Ro 
M 

64.) ~f M > m then t
ClM 

> t.t~ 'and RM <'Ro . 
If .... e make ~tz our tempor~~ point of reference, then from 

statements &3 and 64 .... e can construot t .... o main, scenarios. The first _ 

.... ill cont~in the referenc~ compartment' (M) .... 1t?tn the experimental 

J 

t1me frame ,<t crM S âtz) and the ot~er outside of i1:oCt
aM 

> .ü z ). 

Furthermore, similar arguments can hold for the funct10ns Gand 9, 

dep~nd1ng. on .... hether tClj 16 large,r or smaller' than At z a"..d t
ClM

: Then, 

in~orporating into our considerations the t1me of,ree1dence t
R

, the 

reiationships of G and 9 to t~M' ~tz' and Ro 101111- suftice tô define 

, 
fOU; types ~f kinet1c compartments: 

.. 
1) Precursor corn artment (Pl, + (t

Clj 
<; 'ât,z;.t

R 
< At! +' At,) ; and 

> Ro; and for (P) to be precursor to any g1ven compaftmen~ (k), 
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t,aR) have ta be 
\' . 

, saUsfied. -

,2.1. AcCUmUlat1~~ s~mpartment CA) - I(t. j' < At r i. t R > Üt l + ;At z )) 

-and· R·· -Ro' 

, 3) Myelin compartment (M) - {tcrj' < .t.t~; ,t
R

» ,(At l t Atz)); 

and R ri Ro 1 
1 

. 1 

4~ Postcursor comRartment (*) + (t aj !> ~tr; ta); and R < Ro. 

This compartinent descr1bes undefined k1netic' relationships because of 

inappropr1ate exper1m~ntal p~ranlèters At l . 'and Àt z : No~e ~hat for, , 

,cer~ain temporal conditions developinentally rel,ated compartments (0) 

(e.'g. -maturation of myel1n) .'01111 be always postcursor w1th1n the Ume 

frame of endomembrane transformat1on~. 

Interpretation of Ao·requ~res an analysi~ of the 

interr~lationsh1p among the funct10ns G, M, Band g, m, b (seè 

equations 3.3.17). It 16 possible to see that aIl c~ses of AO (~O m 
l , 

o i AO < 0 and AO > 0) can be reduced to a' re,lationship between 
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TABLE 3'.3.1· 

ri 

suinmary of. thE} Condi tians for the' :Interpretat1:on ~f TSDI' pro~oc.Ois· for' 

protei~s Having a Time' of DepOsition in t~e Reference compar~m~nt Le~s 

Than the Interval for ~he Second Label (~uM.<,At) 

') , 
, Condltitons to 'È! ~ 

Inf!r{ed 
TSDI Parameters comp r ment Degradation De~f~~1on' ReH~:nce 

IIQ 'R 
j 

(j) , _jCt) ++ t ' t R IIj 

.(, 
0: 0 .. Ro: (A) 0 < At z '\ 

> 0 
\. Ro" 

(*_J > 0 > At'z 

> 0 ~ Ro (lit) 0 > At z 

<.0 > Ro CP) 0 < IIt z <(.at 1 + Atzl 

< 0 > Ro (P_) > 0 < At z « At z + Atz) 

< a . > Ro (A_) > Q < IIt z 

. ' 

, < 
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fi.lnctions ?' ana g' (p~1m1t~ve ~e1ationsh1ps)' ~('Sta~~mePt:s' st' to S4' are 
.~ , ~ ,. 1 .' ... ' .' \ ,_ _ _ 

,a_ppl1e~ (sèe Appen~1.lt '1 ), • .' Henc~ "'t~e's~ ,pr1:m~ t1 ves '~f ,G apd' 9 .... 111-
" 

'd~termit;le the r~1_at,ionsh1p oi ~h~' c~mp~r.tln~n~ un~eF st~dy vith respect 
\ ." . - ~ 

to '00. 'Tables 3.3-.1 an'd 3.3.2,sùmmarize the 'p'laus'1ble situations given 
• , ~.. 1'" \ , , 

nominal val u~~ 'oi, ~j ~n~' A'~, i6r, ~~t~ ~e'fe~~~ee s'~~na~1os, Herr~~ for a ' 

pair 'of eXperimental,ly.determ1ned Rand, AQ va~u~s; '~nly, a certain' set, 
.. " • • ~ 1 , 

',of possible' kinetic, relat10~ShipS cari 'sa't1sfy that speè~f1c-~, 

cOrnb1nation'. Hovever, 'un1ess other ·éircullfstances· arè kn?vn e', g. 
, j «. ' .. 

(b10g~n1'c).- a simpl,~ l'SDI experj,m~nt i6 inade'q~ate t'o dete,rm1ne. tl1e' 
, ' 

" 1 

true !tinetie nature of a'compartmen,t vith, respéet-'to all.1,ts'pr~t~lns~ 

3.3.5 Dela~ Times 

l , 

The time neëe6s'ary for the t1rs.t ,appearance of, labelle~ p~otein 

in ~ gfven compa~tment 1s detined. as the' delay' Ume" T111s "temporal 
, > 

parameter' represents only the minimal t1~e, requ1red ~or d~~s\t1o~/,' 

vhile, t 
CI 

1nd1eate's the av~rage delay t1m~' of, the' labe'lled' prote1n ' 
. . , 

pulse. 

By relating the 1S,ot'ope rat,i.e 'Rf pf ,a' 9,fvé~ protein .. in a g1 vèn 
.. ~ . ~ 

compartment (j) to the, r~ferehce iso.tope rq~1o·:lto (fi,ee s~et,1on 3:~'~4)/' 

. ' " 
it 16 possible to de~erm1ne t.<he ext;erit of, làbel 1ncorpox-atiqn- lnto, the 

, , 

cc>mpartment (j). For, this t,o he 'm~,ani-n9~~I,' ('j) lias ,to be an' 

accumulative com~a;tment" and .no deg,ràdation- of l'a.be~ can occur along 

the assembly pathway (1' (t) * 0), The' Ume' requiied for 'thé label 
. 

front' to rea~h the given compartment c.n be 'calcula,ted from ,the, 

relat10nship of the'proport~on Rj/Ro to the t~me interval o~ the 

second isotope: 
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1 
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" 
J ,1. , , 

, , " 

, , 
, , 

... ' 1 ~" 
• l, 

,'TABL~ 3.3.2 
\ , 

, • , • ," ", l ' " • 0 ' 

Summ~ry of. ~h~ ·.<::~,nd.~:~o~~" :-?r: the r~~~~~~et~t1~n ~~ TSDloJProtocOl~' \ 

fO.r .p~oteins... H~v:ing a- Time ,~f' ~.e~,1t1P,~, ;n: the !te~e~e.nce, .compartment ~ , 

.- ,Larger Th'an the l'nt~rv~l fO~, 1~~, ~~é\o!ld 'L,ab~t . it CI~ > ~t.~', 
. 'l" ", " 

" 
" , 

-------'---~--~--:-I ~...;.......------------.;..--" 

. 1 
i cond,ititons 12 be Met 

~egr~dat10n' . Dé~f~~~o~ l\eHi~n.ce 
',1:' \ . .. 

, , 

AO, . '. -'R 
, j 

.;: ~ j Ct)' " 't, 
, ". _a: j, 1 

+ FOr' (*), compartmen.ts: , {Rj, '< Rmr (,(~). or (~)').i 

-. ",(Rj',> ,Rm) ('(~) ,-or ,(D})", " . 
. . . . 

++ t > {Atï ~ At,z) ,other-wise'. , 
R, ' . 

, ' 
" 

" 

-. 
1 .... 

" 
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, . -- ~ \ , 

, 
• At z, - ·At z Rj '+ r 

, ~o ' 

" , 

, "elay time 

where r ts 'the ,mlnimal Ume fo+ proteiq synthesiS. " 

1 • 

" 

3.3.6 Clos-in9 RèmarXs' 

Initial- experime'nt~ ~s~n9' l'SOI protocols to ~tu~y myel1.n membrane' 

biogenesi~ '(Be~;làmin~' et ai. 1 19~6 ai b; Braun et al ~ 1 198,0) / l'!ave 

assume9 that: 

1) isotope ratios (R),are in~eperident of amino'acid ~nd proteih 

pool s'ize' and rates of synthesis of- t'nd i vidual prqt~ins.; and 
. 

, 2) ranking of h6tope ,ratios (R) 1 fpr a given prote!n isolated . , 

from different ~embrane compartments~ indicates precursor-p~oQuct . ' 
, 1 

,'relat10l)S,h~pS among such éom?~rtment.s under the assumpt~n that tJ1e 

experimen~s take place during the period of linear uptake of 

ràdioactlve pr~cursor .int~ th~ membranes, • . . . 
AS" p0i~ted out in Section 3.2. .1, none of the;;e, assumptions ar.e 

.' 

tenaple for reasons that t~ll. vtthin the context o~ the l imltat1.ons of 

pulse labell.~ng, techniques or vi thin th,e cont.ext ~t the model 

presented'here: 
J 

i) There is e~idence that' os'cUlatioAs' ln 'the J7a,tes of prote!'n 
" , o 

synthesis occur ..,i t,hin intervq.ls of an ho~r (circah?ra'l1an rhy1;hms 1 

, . 
Brodsky, 1975), Probably both the rates of synthesis a~d the amino 

acid pools, are affectéd by these oscillations. TSDI,experiments, 

subjected to these variations tend to show large scatter of valuè.s for 

a given t~me point if several ~~per1ments are n?t performeç with~n, 

ce~taln tlmes of the day. Hence, unless prôperly controll~q, th~ 

.. 
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in je cUon of bot}) labels' can be no~ equiyalent. Fu~thermor~, g.1vetl 
\ ~, , ' 

, ' . " " ,~ 
, ' the diffe.rent lilbe lled si'tes .ln amine acids, i t cal'l be'- shown ',that in 

~ • \ li • 

tM 'case ~t 3l{ 'ahd ,14è 'i~d~opes of f?ay, leuci,ne (sé~ ,secti~n 5:.2..1) 1 

, . ~. ... . 
the tUstrtbUti6n ~n, the free _am1no àc1d p~: :f I?<?~ labj:! 1 spec1es 1,s 

'non equ1 val.ent.j ~ven if, the 1T!~1n metaboit,c fatè .ot leucine 1s, Hs 
. , , 

lncc;>rpoiation into pr,oteins '(Ga1tonde et al., 1~79; Wi991ns·tl aL, 

. 1979) •. " 
, . 

" 
, , 

1i) In relationship to the model, isotope ratios R wer~ 4efined 

in, equation 3.3.~ by:', ' ' 

, , 

\; G ( 6 t ~ )[ i -;- ~ 1 (A tz ) J 
. ~(j) ," 

. . G '-â t 1 + A t' z ) [ i " 1 ( H 1 + 4 t z.) J 

, . - , , 

Note that th1s relationsh1p ,assumes' t'hat ~(r j) tor both labeHl' i,s, 

,equi v~lent or that necessary correctiOns ,!,ere' taken lnto 

. conslderation. ' ' . " 

. . . , , 

If . tpe inco~potat1oÎl of. iabel :i.~ assumeq. tp be l1near ~or b~th 
, , 

.isotopes, and: each label corrésponds 'to .the same typ.e 'of molecu'les~ 

then both labels'w111 be incor.pora~ed at the,sarne rate into ~he' 
. _. 
c,ompartment., Thil value' o~ the -isotope' rati6 ...... ill: be l~nearl:( . 

, '. 

propo~Üonal to the ~ime '~'nterval" betw~en '~~jeçtions and t? the rates 

of deposi ti-ort '01 the labelled Molecules into the' 9~ ven compartmè~t'. , 

Deviations from this I1nearity can ,be attributed only to degradation. 
, " 

• • - 1 • 

aenée ra.tio difference's 'for a ·.giv~n p'rotein amon~ cOtnpartments will' 
, ' . . 

, . 
indicate yari,ations in the rate-s of depos1 tion. Prom thlS i,t 18 'clear ' 

~hat the'onlY'possible 1nieren~e, for a s~quence of ra~ro5 amonq 

. , !!Iye',lin ~nc;l, m~élin "relate.d,\ub~ra~t~o~s; 18 that the differences irr 

'138 

> ' • 



'l 

, 1 

f , ... 

.. 

i 
l ",' 
1 

1 -( f 
1 
1. 
1 . , 

j, 

ratios imply'different metabolic needs (rates of deposition) among 

SUbfr~cti9ns, and not precursor-product reiationships. " 

, . ' In order to eval uate 'l'SDI results .... 1 th th16 approach -( see Tables 

3.3.2 ·and 3.3.3) it i6 neces6ary to ensure that certain conditions are 

met: 
, 

l)'?recautions, as out11ned for' pulse labelling procedures 
. 

<Section 3.2.1l, must be accounted for. One has to keep in mind that . .. . 
.the pulse shape vi11 determ1ne 1n TSDI protocols the resol ution that 

~. ' ...j .. 

~ill be possible given shOrt intervals of label'1ncorpotÂ~ion. 

2) The reference'rati~ Ro has to b~ ac~urately determined for aIl 

experiments in order to'allow for proper normalization of results. - . 
-3) A minimum of two experiments, wUh Ume intervals (At z ) must be 

performed for adequate interpretation. 
. w 

. 4) The reference compartment must be chosen carefully in ord~r to 
, . \ 

'ensu~e tna~ its t R' ~> ('At 1 + Atz). Whethe.r or not degradation 'occurs 

along t~e pathway, 'Or within ,tHe compartment, w111 play a secondary 

r-o'le 'since thé 1nfe~encès' ar~ O!'lly r~lat1ve. Corrections to the 

interpretations can be introduced by solv1ng for ,AQ g1ven the adequate 

initia~ conditions, as ·exemplifieq 1n Appendix 1. ' 
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A.l 

A.l.2 

APPENDIX l 

-\ -
Interpretat ion of AC. 

Under each of the two scenarios t «M < At z and t
aM 

> At z , 

AO can be of three forms: AO c 0, AO < O.and AO > O. 

In thè scenario t aM < At z, M = m and AO reduces to the form: 

FC._
j

) > 0 
AO = F7T"T [ GB/M - gb/M ] ,., 0 ' A.l.I 

M < 0 

while for the scenarlO t aM > Atz , M > m and AQ keeps its 

otigina1 descriptionr 

GB/M - gb/m 
> 0 
= 0 
< 0 

-A.1.2 

In both cases the sign of AO will be 9i ven by, the -expression, 
.. .. ~ , . 

. within brackets, independent of the protein poo~s (F(,_j )/.F(~M)) 

Scenario t,u < ·At z · 
, "a", 

l' 

> 0 
A'O cC. [GS/M - gb/M] cC [GB - gb] .. 0 A.1.3 

,< 0 

A.l.2.l 'If 'AO = 0 ~nd Il .. 0 then 8- '" b .. 1 hence G II: 9 .. <, 

GB gb 

If AO = 0 and Il ~ 0 then B <' b ~ l hence G' > 9 
GB .. gb 

A.1.2~2 If AO'> 0 and Il .. 0 ,then B • b or l hence G >. 9 
GB ~ gb 

If AO ~ 0 artd Il # 0 then B < b ~ 1 , , hence G» 9 
GB > gb 

Î40 
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A.1 ,ê. 3 If AO < 0 anp _. 0 then B" b .. 1 hence G <. 9 
GB .<i gb 

If AO < 0 and ,,~O ttlen B < b S- 1 hence G S 9 
GB < g~ 

Scenario t~M > At z 

< 0' 
AO 4 [GBIM g~/m]~ .. 0 

> 0 

A.l.3.1 If AO = 0 then' GBIM a gb/m 
,GB/gb • Mini > l 

GB >. gb - \ 

If Il = 0 

--:-::­
If Il ,.,. 0 

then Bab '" l 
GB > gb 

, 

hence- G >, 9 

.. 
then' ,B < b SI', hence G» 9 

. GB > gb 

A.'1.3.2 If ~O > 0 then GB/lof> gb/m 
GB/gb- > Mlm > 1 

If , 1: 0 then B ~ b • l '~nd GB > ~b 
hence G > 9 

1 _ 

If" .,. p ,then B < b ::!i ~ and GB > gb' <:1 

hence G» 9 

A.1.3.3 If AO < 0' then GBIM < gb/m 

If " = 0 

If Il .,. 0 

t 

GB/gb S Mlm; H(m > 1· 
.GB> gb or GB S gb 

then B = b • l and'GB > gb 
hence G > b 

GB S gb hence G!. 9 
then B < b S land ,GB > gb' 

GB S gb 
hence G > 9, 
hence G > 9 

or 
G !. 9 

" 1 

1 J~ 

A.1.4 

In thè case of postcursor compartments (*) (see section 3.3.4), 
1( 

distinct1on'among some of the other compartment tyPes i6 possible if 

the isotope ratio of the compartment in question 16 compared vith that 
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of_the reference compartment. This C?mpar1S0n ls only valld for those 

cases where., no deg~adat10n (, II: 0) occurs. 

~f Rj < RM' then t aj > t aM , hence the compartment ls a pure postcur6or 

éom~artm~nt C~), that 16 k1net1cally localized after the reference 

compartment due to slower deposition rates or longer metabo11c 

distances. 

" 
If Rj = RM then t aj • t aH , hence the compartment 1s kinetically 

equivalent to 'CM). u 
1 

',If Rj > RM then, t~j < taH' hence the "compartment has a deposition Ume 

(J 
that 1s shorter than the reference compartment, either because faster 

rate~of depos1tion or shorter metabolic distances. 
/" ' 
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4. STUDIES ON SUBCELLULAR FRACnmJS WHICH ARE INVOLVED 

IN MYELIN MEMBRANE ASSEMBL Y: '1 SOLATION FROM DEVELOPING MOUSE , 

BRAIN AND CHARACTERIZATION BV ENZYME MARKERS, 

ELECTRON MICROSCOPY AND ELECTROPHORESIS 

4.1 Introduction 

Myelinogenesis in the developing CNS is one experimental system 

which offers several major advantages ,for a study of eucaryotic cell 

membrane assembly. The oligodendroglial cell, like the PNS Schwann cel', 

produces vast quantities (up to 1 mm 2 per cell) of plasma membrane 

(Norton, 1976) which undergoes molecular modification to become the 

lamellar myelin sheath. In mice the synthesis of this membrane occurs at 

an exponential rate for approximately a two-week period, beginning about 

d~ 10. Moreover, the protein composition is relatively simple; the 

well-characterized mYelin basic proteins (MBP) and the intrinsic protein 

lfpop~ilin (proteolipid pro,tein) eac,h comprise abO.ut 30% of the total 

myelin protein (Braun and Brostoff, 1977). These and ot~er favorable 
. 

considerations suggested to us the,possibiliiY of 1) defining the intra-

cellular events in the process of oligodendrJglial membrane assembly; 2) 
;, 

testing the validity of several aspects of existing hypothetical assemblY 

!11echanisms (for reviews see Rothman and Lenard, 1977; Morré et .!!.. .. , 1979; . 

Wickner, 1979; Waksman et !!.., 1980; Sabatini et 21. .• 1982) as they 

pertain to myelination. 

In an earlier report we described a microsomal fractiono(obtafned as 

a "11ght" fraction by rate sèd1mentat1on 1n a sucrase gradient) 1n which 

the oligodendroglial-specific' MBP accumulated very differen~ly from that 

of al" other membrane fractions during development (Barbarese et a.l., --- . 
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, 1979). As a working hypothesis, it seemed reasonable that this fraction 

could contain precursor vesicles involved in the membrane assembly 

process, as has been de'Scribed in preliminary reports (Braun and Pereyra, 

1979; Braun et ~., 1980; Greenfield et ~., 1981). Subsequent equili­

brium-density centrifugation of this still-heterogeneous fraction yielded 

several microsomal subfractions of which one'appeared at a density 

lighter than mYelin (1.04 g/cc), consisted mostly of smooth vesicles, and 

contained all the proteins and enzymes typical of mye';n. In further 

studies designed to show the relationship of these vesicles to mYe1in 

assembly, and to obtain other intracellular membranes from brains of 

developing an]mals it became clear that the use of non-equilibrium 

sedimentation protocols resulted in myelin-containing fractions which 

contained many types of endomembranes,some of which could be associated • 

with myelination. This fractionation is complicated by the fact that 

during development the CNS contains axons at various stages of 

mye li nation. For example, "at 15 days of age, the mouse brain has 

st~ctures which'are just beginning to myelinate while other regions have 
" myelin which varies from one to seven days of "agé". 

The homogenization and fractionation procedure which we have devised 

for our developmental studies provides repr.oducible fractions of 

ll\Yelinated axons and endomernbr"anes during l1\Yelination. In view of the 

above considerations the morphological and biochemical character~stics, 

which we report here, lead us to suggest t~at the lllYelin-containfng 

fractions are largely composed 0'.(" myelinated axons and membranes, 

\ differing in both si.ze' and buoyant density which represent different 

stages of ll\Yelination that coexist in developing brain. Additional 

support of this interpretation is provided by the metabolic studies 
<-, 

described in a companion paper (Pereyra et .!l., 1983). 
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4.2 Experimental Procedures 

4.2.1 Materials 

All radioisotopes and chemicals for scintillation counting were 

purcha~ed from New England Nuclear Corp., Boston, Mass. All other 

biochemicals were product~ of Sigma Chemical Co., St. Louis. Rabbit 

anti-proteolipid protein (bovine) was a generous g1ft from Ors. W. 

Macklin and M. Lees, Boston. Rabbit anti-MAG was generously provided by 

Dr. N. Sternberger, Rochester, N.Y. Rabbit anti-basic protein, raised 

agai nst puri fi ed bovi nè 18.5 K MBP, was prepared by Çl standard procedure. 

(Barbarese et ~., 1977). BEEM embeddi ng cap sul es were purchased from 

J.B. EM Services Inc. 

4.2.2 Subcellular Fractionation 
~ 

OU~,fractionation scheme ~presents the extended development of our 

earlier procedure (Barbarese et ~.,. 1979) and has been' influenced by the 

detailed discussions of procedures for other tissues as given by Depierre 

and Dallner (1976); Adelman et ~~ (1974); and Whittaker (1969). 

Typically, brains from 40 young mice of a specifie age were rapidly 

(20 sec) removed to cold sucrose (0.25 M) and rinsed of adhering blood. 

A 30% w/w homogenate was prepared in fresh 0.25 M sucrose, usir:tg a glass 

homogenizer and Teflon pestle with a mêdium fit (clearance range 0.15 to 

0.23 nm). 

Ten up-and-down,cycles at 800 rprn was a rigidly adhered ta condition 

for all preparations; these 'and all other procedures were carried out in 

a coldroom at 4°C. The homogenate was dflute,d to 10% w/w with cold 0.25 

M suc rose and centrifuged for 1.7 X 10 3 g-min (5 min/2 Krpm/Ty 30) to 

remove broken cells and nuclear rnaterial. .The supernatant (So) was 
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figure 4.2.1. Subtellular fradionation prot!dure for developing louse bnin. 
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then fractionated by differential velocity centrifugation in a Type 30 
, Q 

rotor, according to the schelOO in Figure 1. Briefly, centrifugation for 

2.4 X 10 4 g-min Cl 7' min/4 Krpm) produced the pellet Pl. Further ce~tri,. , 

fugation of SI for 1'.05 X 106 g-min (20 min/27 Krpm) yielded p~llet P2, 

with 52 bei ng centrifuged for another 1. 5 X 10 7 g-min (200 mi n/25 Krpm) 

to produce pellet P3 and supernate 53. 
,; 

Pellets Pl and P2 were each further fractionàted during the time 

that S2 was centrifuging. They were rehomogenized in 0.25 M sucrose (20% 

v/v homogenate) using 3 up-and-down cycles 'at 800 rpm, and applied as a . ' 

'16 ml sample to a sucrose, gradient consisting of 12 ml 0.8 M sucrose 
, 

overlaid with 10 ml of 0~5 M sucrose. Rate zonal separations were 

achieved by centrifuging for 1.5 X 10"·'g-min (180 min/25 Krpm/SW 27). 

Figure 4.2.1 illustrates the location of resu1tant fractions. The , , 

visualization 'of bands was aided by positioning 'a Tens~r Min'1-lamp 

di rectly above the, gradi ent tube. Fracti ons were coll ected with a 10 ml 
, . 

syr~nge fitted Wit~ a 10 cm, blunted, 19 guage needle. Sucrose concen-

trati ons were dete~i ned by the refractf ve index measurements of E!ach 

fraction •. 
. 

The péllet P3 was 'fractionated somewhat differently ,from Pl and P2. 

It was re-susp~nded in l ml of 0.25 M,sucrose, by gent1e' agitation with a 

syringe needle as describe~ above, followed by ,3 cycles 'of, gentle 
'" if " , 

aspiration ending in the transfer to a single tube. The'pooled material 

was diluted to a 10% (v/v)' homogenate imme'diately prior ta the next ... 

step. 

Density equilibrillm separations of particles wére obtained as 

illustrated in Figure 4.2.1. The resuspended material of fraction P3" , . . 
and the bands recovered as PIA and' P2A were applied as a 14 ml sample to 
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a~radient consisting of 4 ml 1.3 M sucrose overlaid with 10 ml 0.8 M 
, 

sucr,ose, fallawed by 10 ml 0.5 M sucrase. Similarly 14 ml samples of PIB 

ar'ld P2B were applied ta, a tube containing 10 ml 1.3 M sucrose overlaid 

with 14 ml 0.8 M sucrase. All tubes were centrifuge~;for 1.44 X lOB g-
, " 

min i24 hr/23 Krpm/SW 27)." Particle distribution was unchanged .upon 

addi ti onal' centri fugati on and a 0 1 i near gradi ent resul ted from thi s 

operation. 

Subfractions of PIC and P2C are complex and hav~ not yet been 

complete~y characterized; they will be described in future cammuni-
J' 

cati ons. Preliminary studi es show that they contai n the bulk of the 

mitochondrial, synaptosomal, Golgi, and endoplasmic reticulum membranes. 
) 

All fractions were collected into pre-weighed vials and weighed • 
. 

Thi s wei ght and the dens i ty of the sucrase sol uti an contai ni hg the 
l ' 

1 

membranous particles, as determined by refractive index'measurement, 

permits a rapid and reproducible calculati~n of the volume this fraction 

occupies. Thi~ parameter is used ta calcula,te total enzyme activities 

and protein recovery. 

All subfracti ons" were di luted 1: 1 wi,th col d water and were pelleted 

a's fa 11 ows: P2B and P3 subfracti ons requ i red 60 mi n at 35000 rpm in the 

Beckman Ti 75 rotor for complete pelleting; all ather subfra'Ctions were 

cêntrifuged under the ,same conditions for 35 min. This operation was 
~ 1 l ' Ç» 

done in order to separate membrane bound and trappèd proteins from 
, , .. ' ~.J:::"'-

" soluble proteins. .. 
Pellets were resuspended such that the final protein <;oncer'ltration " 

, 
was 2 to 5 mg per ml. 

4.2.3 Calcul ation of Sedimentat10n Coefficients 

Calculation of sedimentation coefficient rànges for particles 
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pelleted by velocity sedimentation, as 'a function of equiv~lent .radius 

(req) and the fraction of material left in the supernatant (q) were 

done by computer, using a program based on t~e equations of,Rasmussen 

(1973) • 

. For 'particles centrifuged in discontinuous sucrose gradients in , 
" 

o \ s~inging bucke~ rotors the minimum sedfmentation coefficients at a g:iven 

p~r~iCle densi.ty (pp) which are required for a'particle'to traverse a 
, '. 

• given gradient ste~were calculated with a computer program based on the-

equations<taf McEwen (1967): These va' ues were caltul ated as a funct; on 
~. J f' 

of the ra<J3'us di-fference between the upperrnost meni scus and the ; nterface 
" . of, each gradient, as well as ~ function of particTe density., The sucrose 

1 

, , 

concentrations w.as'assumed to beoconstant throughout each gradient step, 
, ./' t." 
, , . 

, ,li valid assumption for centrifugation times les,s then 3 hours. Particles 
." , '~,I ' 

• ~ • ' ~ , j 

w1th densities ,èqual to or less. then' the sucrose-ldensity were assumed to 
" ~ " 

be illi!Robile 'or to move centripetally" 
, 

4.2.4 Determination of Protein 
o , • 

We used··~ sli,ghtly IOOdified ve'rs;on of the dye-binding assay of 
- ~ ~ -

Bradford (1976), with bovine gammaglobulin as standard,'and the Biorad 

; R protei n assay reagènt. Âssays were performed wi th the standard , , 
procedure in the range of la to ·140 lJ9 or protei n, or by a sem; -mi cra 

assay in the range of 1 to 14 1J9. In the' latter ·assay, sampl es were 
~ 

contained in a volume of 0.1 ml to 'which was addetri.5 ml Qf Biorad' R 
Ù 

tea gel)t. 

Standard curves were ,computed by linear regression analysi s. 

,4.2.5 Determination of ~A 
Ne employed ,the standard procedure of Fleck and Munro (1962) for -the 

isolation of RNA and 1ts spectro~hotome~r1c assay. We used the equat10n 
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CRNA.P (~9/ml) ~ 11.87 E260 _ 10.4 E27~ to calculate the amount 

of RNA recovered from each subfraction, assuming that the absorbances of 
, -

RNA and of polypeptides were additive. Values of RNA represent relative 

content amongst subfractions and cannot be assumed to be absolute 

ctron Microsco y 

ubcellul~r fractions were prepared for electron microscopy by 
, , 

suspe ding them ln Karnoysky,ls gluotaraldehyde fixative for 8 hr. The 

suspended materfal was then pelleted in BEEM capsules by centrifugation 

for 60 min at 23000 rpm in a SW 50.1 rotor fitted with special adapte~s. 

This produced a' pellet 2 - 3 mm thick. The supernatant was removed and. 

the pellet gently rinsed 3 times with fresh fixative. The pellet was , 

carefully recovered by slicfng away the capsule. It was then transferred 

intact to'a 3 ml screwcap vial and the samples were post-fixed wfth OsO~-

potassium ferrocyan1de, stained èn bloc with uranyl acetate and de-
-- c 

hydrated prior to embedding ln Vestopal. • 1 

R~presentative sections were cut from all regions of the tissue 

blocks and examined in a.Philips 300 electron microscope. 

4.2.7 Gel Electrophoresis 

Proteins \were sepitrated by SDS-polyacrylamide gel 'electrophoresis 1n 
'\ 0 

slab gels (1.5 mm X 10 cm X 15 cm) made with a ljnear gradient'of 5 - ?p% 
acrylamide, using the system of Laemmli .(1970). Gels were aged overnight 

and pre-run ai 70 Volts for 1 hr. Electrophoresis was carried out at 80 

Volts for 16 hr, or until the cytochrome c marker just reached the bottom 

of the gel. Gêls were stained overnlght by Coomassi~ blue (0.1%) in 25% 

1sopropanol-10% acetic acid, and pestained ffrst in 10% isopropanol-lO% 

acetic actd,' th en 10% acet1c acid.' Gels were stored in the hydrated 
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state on a glass plate tfghtly wrapped in Saran R wrap. 
Q 

Spectrophotometric scans were obtained by scanning strips of stained 

)'~~s at 555 nm in the Gilford Gel Scanner. ~:~ 

_f 4.2.8 Immunochemical Identification of Mye 1 in Proteins' 

An ill1l1unochemi càl assessment of ,the presence or absence of specifi c 

myelin proteins in subcellular fractions was made. Membrane proteins, 
\ , . 

~ ~ 

separated by SOS-PAGE as described above, were transferred electro-

phoretically from the gels to nitrocellulose sheets (Towbin et !l., 1979) 

and i dentifi ed by the peroxi dase-conjugated antfbody techni que (Barbarese < 

• 

and Pfeiffer, 1981). Typically, this procedure permitted an unequivocal 

identification on the gel of as lfttle as 50 ng myelin basic protefns, 1 

tlQ proteol1pid protein ,(Macklfn et !l., 1981) and 50 ng myelin-associated 

glycoprotei n (Braun et.!l., 1982). .. 
4.2.9 Enzyme Markers . 

o 

a)- Acetylthiocholinesterase 

This activity was .measured by the procedure of Klingman et ~. 

(1968) • 

'b) 2',3'-Cyclic Nucleotide 31-Phosphohydrolase (CNP, EC 3.1.4.37), 

Activity was assayed by measuring the conversfon of 2' ,3'-cyclic 

NADP ta 2'-NADP (Sogin, 1976), modified by the addition to the assay 

mixture of 2~ Triton X-lOO and sufficient NaCl to bring the final ionic 

strength to 0.75, as reconvnended by Sims et al. (1979). 
-"- -

c) NAOH-Cytochrome C Reductase 

Activity was measured both in the absence and in'the presence of 
\ 

,anti-mycin A as recommended by Mahler (1955); the procedure of Huang et 

al. (1979) was used. 
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d) $uccinate Oehydrogenase 

Activity was measured as described by Huang et!l. (i979). 

e) PAPS-Galactocerebroside Sulfotransferase 

The assay was an amalgamation of procedures described by Farrel1_ and 

McKh~nn (1971) and Siegrist et!l. (1977). 

'Stock Solution 

Tri s HC1, pH -7.1. 250 JTIt1 
-ATP, 6.25 rrM 
MgCl 2' 50 rrM 
NaCl, 385 !TM 

PAp35S. 2.0 ~i per ml in 0.9t NaCl 

Galactocerebroside, 1 mg per ml in 2~ 
Triton X~100 and 0.9~ NaCl 

En~me (0.1 to 0.2 mg protein) 

Volume Used in Assay 

0.2 ml 

0.1 ml 

0.1 ml 

0.1 ml 

All ingred1ents 1n screw-capped tubes, were brought ta 37°C and the 

reaction was initiated by the addition of the PAP35S. The reaction was 

termfnated by the addition of 5 ml CHC1 3/CH 30H (2:1) with rnixing. A two­

phase mixture"was obtained by the addition of 1.~ ml O.74~ KC'. with 

vortexing and centrifuging at room temperature. Phases were separated 

and the lower phase was washed twice with theoretical upper phase (Folch 

et !l., 1957). Samp1es were transferred to vials and dried, then 

incubated at SO°C for 60 min wfth 0.4 ml Protosol soluoilizer. Econo­

fluor scintillation m1x was added and 35S-sulfatide was determfned by > 

scintillation count1ng. 
v 

f) N-Acetyl Glucosam1nyltransferase Ut11izing Endogenous Accept~rs 

Activity was measvred by the procedure of Ko and Raghupathy (1972). 

Each assay tube conta1ned 0.3 ~1 3H-UDP-N-Acetyl glucosamine. ATP (2 

mM) was a1so added 10, protect the substrate against endogenous pyro­

phosphatase. as suggested by Bretz et al. (1980). The Pl fract1on o (500 . --

1bO 

l 

1 
1 
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~ total protein per assay) served as the acceptor source. This material 

was resuspended in the as say buffer. 

g) Ga1actosy1transferase Utiliz)ng Endogenous Acceptors 

Act1vity was measured by the proçedure of Ko and Raghupat~ (1971). 

Each"assay tube contained O.OB ~i 14C-UDP-ga1actose. ATP (2 mM) and the 

P3 endogenous acceptor source were a1so added as in (f). 

4.3 Resu1:ts . 
4.3.1 Subce11u1ar Fractionation: Consideration of Sedimentation 

)3rameters 

Since our approach to the study of"~elin0genesis is to examine 

early events ft is imperative that fntracellular membrane fract10ns which 

participate in th1s process be di'Ssoc1ated from ntfel1n fragments, and 

th~ mYel;n elements be separated as extensively as .pOSSfb1: into 

fractions which reflect structural and compositiona1 d1fferences. Thus, 

we developeü"a fract1onatfon procedure (Fig. 4.2.1) for young mYe1;~ating 

animals based on both size a~d buoyant densfty characteristfcs of 

parti cl es. 

A1though there are a number of methods entirely suitable for the 
, " 

isolatiop of mature mYelin from adu1t animals they are inadequate for 
. 
iso1at1ng mYe11n fractions representing various stages of deve1op,ment at 

a g1ven moment during myelinogenesis. Thus, a detai1ed assessment of how 

partic1es separate unq~r severa1 centrifugational procedures seemed 
" ~~ 

appropr1ate in v1ew of the many dffferent protoco1s which a,re befng used 

in ~search on lIlYelinogenesis and the miSfnterpretation, of resu1ts from 

procedures wh1ch fa11 to separate membranes on the ba~1s of defined 

se~imentat10n parameters, but rather produce fr~ctions of mixed charac­

ter1stfcs. This has been a ser10us problem which makes it impossible to 

161 

, l 

l 
j • 

1 



" ! 

! 

r 
l . 

1 

i 
1 
t 

a 

MInimum 

1.14 

1,12 

. 1.08 

1.06 

1.04 

particle siz
g
e pelleted after a given time (min) 

Rotor Ti 75: 35 K rpm 
120.-0

35
15 

Pe a 
PzAa 

/ 

1Aa 

p. 4' , 
eS 

2 3 4 ~ 6 
log SW,20 

~ . 
~~ -~ - - --. ------ - - __ .. ' J 

. 
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obtaln meanlngful comparlson of results amongst the various reports in 

the literature. 

In preliminary experiments we determined the overlap of particle 

size which can be expected for a given set of velocity sedimentation 

conditions (data not shown), since the success of subsequent separations 

in discontinuous gradients under non-equilibrium conditions depends on 

the dègree of size overlap of a given fraction. In our first gradient 

(Fig. 4.2.1) small particles originating ,from plasma membranes, endo­

plasmic reticulum, Golgi elements, etc., were retained in the upper two . -
or three layers of tne gradient even though the.ir dénsJty iso higher than 

'. 

that of sucrose. Water-shock followed by velocity centrifugational 

collection of particles is no improvement since small particles still 

remaln intermfxed with< other membranes of interest. A specific example 
00 0 • 

of the inadequacy of non-equi11brium sedimentation procedures to separate 

complex mixtùres is the presence of 'large quantjties of ribosome~ and 

ribonucleoprotein pa~tfcles which fil1 the perikarya of oligodendroglia 

during active mYelinatfon (Peters et'!!., 1976). 
r • 

the'se sma 11 free ri bosoma 1 _ el ements (S < 80) °L~r 

We have observed that 
~ 

/ 

present in most 
• • u 

fractio~s, es'pecially those that contain mY&1in obtained by rate zonal 

centrifugation on discontinuous suc rose gradients. Theyccan be removed 

by centrifuging these fractions to their equilibrfum densities, or they' 

can be maintained in an aggregated state wfth the aid of low-salt buffers 
JO :.../. 

containing 2 - 4 mM Mg++ as recommended for the 1s01~fon of endoplasmic 

reticulum and other intracellular membranes CAdelmal et !l., 1974). 

In the case ofovery large mYelin ofmYelinated ax&n fragments 

~~, 20 1: 104 to 105) the ",;areful ~~ a sedimentation rate can ... 

render 1sopycnic centrifugation unnecessary. For example, the small free 
, } 
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ribosomal contamination ( '5% on a RNA basis) of PIA can be eliminated by 

simple rate sedimentation under appropriate conditions. However, the 

isolation of smaller mYe1in and mem~rane elements (SW,20 = 10 2 to 

10'+) requîTes centrifugation to density equilibrium,in order to achieve 

adequate'separations, i.e. subfractionation. 

Figure 4.3.1 is ao attempt to obtain a summary perspective of these . . , 

sUb·fraction.~haracterist;cs· in terms of a two-dimensional ·repres~ntatlon 
of their particle-size range and particle density. This has broad 

biochemical implications in t~e context of size and density differences 

that oceur' amongst organelles or membranes of a given type in the 

developfng brain. Myelin ,itself undergoes considerable change in 

morphology and in 1ts relationship to the axon during development (see 

Discussion). 

4.3.2 Morph~log1cal Assessment by Electron Mièrosco2Y 

Four distinct myel;n and myelinated axon fractions, PIAa, P2Aa, 

P18a:, P2Ba: (Table 1), were consistently obtained from 15-day old mfce 

(Fig. 4.3.2), Most of the axonal fragments in the light subfractions 

(P1Aa:; P2Aa) contai n aggregated fil aments, 1dent1f~abl e axol emma., and 

compact myeli n. Th~ axonal fragments in the denser subfract10ns (P1B a; 

P2Ba) contain non-aggregated filaments and well-preserved mftochondria in 
• 

the axoplasm,o and the myel in has fewer lamellae. (1 

The heterogenous subfracti ons, PioB fJ and P2B 13. al so contai n 

mYelinated axons with wel1-defined and'non-aggregated axoplasmi~ 

filaments and in many cases, axoplasmic mi tochondria. These axonal 

elements frequently have cytoplasm entrapped mesaxona.l1y and in intra­

mrelin1c POC~~i M~ny, large vesicles. and membrane fragments are a1so 

'present, but ~11ar fl\Yelin fragments are observed. 
" . 
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Figure 4.3.2. Eiectron aicrographs of four Iyelin-containing 5ubfractions of 10US!! brain (15 dl. 
al PIA ai bl P2A aj ~~ PIB a; dl t28 a. Haqnlfication: 4~OOO X. 
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The mi crosomal fraction P3a' é contai ns all the typical myel i n 

proteins but its density (1~043) is lower than that of myelin-containing 

fractions. It appears transiently during early stages of myelinogenesis 

and has a characteristic, vesiculated EM morphology (Fig. 4.3.3a). 
'\" ~ 1 

,.1 

Another interesting microsomal fraction, P3a, also contains typical 

myelin proteins, but the SOS-PAGE profiles are nevertheless quanti ta-

ti vely and qual itatively di fferent from those of P3a' (as presented and 
1 

~ discussed below). Electron micrographs of P3a (Fig. 4.3.3b) rev.eal a 

"" 

mixture of dense bodies, smooth vesicles and aggregated particles having 

the appearance of ribonucleoprotein aggregates. 
r 

Two other fractions of lnterest ta us are P2By and P2Bô, (see Table 
" 

4.3.'1), which contain morphological structures' of the Golgi apparatus 
, . 

(Fig. 4.3.3c and 4.3.3d). Although not previously recognized, these 

fracfion~ are present in the so-called IIheavy" myelin described by many 

investigators using a variety of standard ntYelin isolation techniques • 
. , ~ ." 

4.3.3 Recovery of Subfractions Determined by Protein Content 

The total protein, recovered from a complete fractionation of mouse - - ' 

brain was 90 - 95% of starting material. The recovery of protein in each 

particulate subfraction fs shawn in,Table 4.3.2, as an average of 8 

separate subfractionatfon experiments. The % variatfons show~eflect 

the large exper1m~ntal deviatfon in the protein' content of the unpelfetéd 
\ 

subfractions (col~mn 2, Table 4.3.2) as compared ta the smaller 

variations in the % of protein pelleted '(column 3, Table 4.3.2) in each 

subfracti on. The difference f n variati on between these two deter-

mlnations seems ta indicate that variations among experiments are due 

mainly to differences in the amount of cells (soluble proteinsl dfsrupted 
, ... 

in .the initial homogenization rather than to variations in the disruption 

patterns that give r1se ta each subfraction. 
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Figure Electron .icro~raphs of four eicrosD8al subfractions of lause brain (15 dl. al 
P3 a' i cl P2Bt dl P2BS' "agni hcation: 49000 X. 

) 
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The sma 11 ~ vari ât ions in the" suc rose concentra ti on of each sub-

fraction (oolum~ 3, Table 4.3.2) suggests that it is possible to achieve 

considerablè uniformity and reproducibility in deciding boundaries of 
1 

bands and in collecting them. 

4.3.4 Enzyme Markers and the Distribution of RNA 

Our choice of enzyme markers was based not only on the need to 

identify subfractions but ·a1so included. the objective of estab1ishing 

sorne of'their ~etabolic inter-relationships. The distribution of enzyme 

"activities ar.e summarized in Table 4.3.3. 

a) Mitochondrial Markers 

Electron micrographs of sorne of our subfractions which·contain 
- , 

mYelinated axons (PIAa, P2Aa, PIBa, P2Ba) reveal the presence of a few 

axoplas,,!ic mitochondria. In addition, small vesiculated inner and outer 
~ 

mitochondri~l membrane fragments can be expected to co-isolate with 

mi cros orna 1 subfracti ons. We assessed thi s by measuri rfg the acti vi ty of 

two enzymes: 
, 

il NADH~Cytochrome c Reductase 

The antilllYci n A-sensi ti ve form of thi s enzyme from bra in has been 

reported tO'be localized in the outer mitochondrial membrane, and the 

insensitive form.appears to be distributed "among membranes of the endo­

plasmic reticulurn, Golgi apparatus, and the cell surface (Mahler, 1955; 

Huang et 2.!.., 1979). 

Only a small amount of total anti~cin A-sensitive NADH-cytochrome c 
• • 1 

reductase activity was found in our subfractions (2.3t of brain homo­

-genate), indicating very little contamination by intact or disrupted 

.. mftochondrfa (Table 4.3~3). 
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Sucrose Concentrations and Recovery of Total 
Protein in f-.1ouse Bra in (15 d) Subfractions 1/ 
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\ 

1 

! 

The inhibition of total NADH-cytochrome c reductase by antimycin A 

ranged from 30 - 90% and only 3 subfractions (P3f3., P3cx and P2A~) showed 

no sensitivity toward this compound. 

1il INT-Succinate Dehydrogenase -

This enzyme is present in the inner mitochondrial membrane and 

serves to corroborate the distribution of cytochrome c reductase. Aga;n, 

we found a _very low recovery of enzyme acti vit Y in our subfracti ons 

confirming the low level of mitochondrial contamination. The bulk of 

both of these mitochondrial marker activities occurred in PIC and P2C 

(data not shawn). 

Compari,son of relative specifie activities of these t'tIo enzymes 

(Table 4.3.3) suggests that a~ contamination of mitochondrial origin in 

the microsomal upper subfractions P3cx' and P3a is derived primarily from 

the ,outer mitochondrial membrane. 

b} Markers for Golgi Membranes 
\, \ 

, i)' G~lactosyl Transferases Utilizing Endogenous Microsomal Protein 
" 

Acceptors 

These-activities are known to be involved in the post-translational 

modification of proteins in membranes of the Golgi apparatus, and can be 
, 

used ta assess the presence of Golgi membranes in al1 fractions (Lennarz, 

1980) • 

We found only about 16% of the total homogenate activity in our sub­

fractions (Table 4.3.3), with 12% appearing in onlY'l~bfractions, P2By 

and PZB6. This accords with our finding of numerous Golgi elements in 

e1ectron mfcrographs of these subfractions (Fig. 4.3.3c and 4.3.3'd). 

11} Galactosy1 Ceramide Sulfotransferase 

,This en~me has been attributed ta the Golgi membranes of brain by 
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TABLE 4.3.3. 

Characterization of Mouse Brain (15 d) Subfractions by 
Their Content of Marker Enzyme Activity and of RNA * '( 

~ 

PAp35S MITOCHONDRIAl + SUCClNATE-INT UDP-NAGluA UDP-Sa1. ACETVl-THIO 
SUBFRACTION NADH Cyt. c Red REDUCTASE TRANSFERASE TRANSFERASE TRANSFERASE CHOLINESTERASE CNP RNA 

S of 
RSA S T.U. RSA S T.U. RSA !..L..!:!.:.. RSA S T.U. RSA S T.U. RSA LU:.. ~ ~ l!9. Total - - -- -,,-- - -- - --

P1Aa .8 .01 1.3 1.0 .2 .1 .1 .1 3.5 .6 15.9 2.5 4.9 .,2 

" P2Aa 1.4 .1 .3 .04 2.4 .4 .2 .1 .7 .1 8.5 .2 17.4 3.1 7.4 .2 

P2AS 0.0 0.0 .04 .01 .5 .1 .5 .1 .03 0.0 9.6 .3 9.3 2.8 1.4 .04 

PlAy .3 .2 0.0 0.0 1.2 .2 .8 .1 :8 .1 6.9 1.5 3.3 2.0 4.0 .1 
! 

Pl Ba • 1 .02 1.9 .7 5. 1 6.1 .2 1 5.4 .9 .3 .2 14.6 

1· P188 .3 .2 2.6 .8 1.1 .3 1.3 .4 2.3 2.6 13.8 1.8 4.1 .1 

P1By 0.0 0.0 2.4 1.2 1.1 .5 1.5 .7 4.7 2.3 2.1 .06 

P2Ba .2 .1 0.0 0.0 4.0 .5 1.9 .2 2.4 .3 1.9 .4 18.7 2.2 3.8 .1 

P2B8 .3 .2 .1 .04 2.3 .6 2.7 .7 4.6 1.2 6.8 1.7 8.5 2.2 5.4 .2 
-P2By .1 1.3 .1' .1 27.8 15.6 5.0 2.8 11.8 6_6 

2.8 10.8 2.8 1.6 20.1 .6 
P2B6 .2 .4 21.7 35.3 5.8 9.5 9.0 14.6 1.2 2.0 

-Pl al 3.0 .2 • 1 0.0 2.0 .1 .8 .1 .3 .02 21.1 .7 14.3 1.0 9.0 .3 
P3 Cl .7 .2 .2 .1 0.0 0.0 .8 .04 .3 .01 2.8 .3 1.3 .1 64.4 2.0 
P3 8 0.0 0.0 .2 .2 2.6 .9 .8 .3 1.2 .4 10.2 4.9~ 4.6 1.6 226.8 7.0 
P3 y 0.0 0.0 .03 0.0 .5 .3 1.2 .7 2.4 1.5 3.9 4.3 1.2 .8 146~5 4.5 

t • 2.3 t • 1.2 t • 58.7 t • 15.9 t • 26.3 t • 28.3 Ribosomal 
/ l: • 31.2 total pellets / 

635.3 19.5 

RSA is relative specifie activity (with respect. to homogenate). 
% T.U. is % total units of enzyme activity. -----
* Not al1·en~e determinations were performed on the same preparation of subcellu1ar fractions. They do not 

• < -

Th~ do not have the same statistical validity as the values of protein in Table 4.3.2. 

"--" 
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Sfegrist-et~. (1977). In our fractfonation scheme its distribution 

correlates well (correlation coefficient (0.0l) = 0.96) with 

the distribution of galactosyl transferase activity. well in agreement 

with their obser~tfons. 

iii) UDP-N-Acetylglucosaminyl Transferase (Endogenous M;crosomal 

Acceptor) 

This activity represents a combination of a11 the var;ous N-Acetyl­

glucosaminyl transferas~j present in the Golgi apparatus. The specific 

activity of this enzyme was much lower than that of the other trans­

ferases. but a larger amount of the total activity (about 59%) was 

recovered in our subfractions (Table 4.3.3). This enzyme is distributed 

basicapy in the same way as the other two transferases, with the bulk of 

the activity found in only two subfractions, P2By and P2Bô. which we 
, 

believe to be major Golgi-enriched fractions. As is also the case for 

the other transferases. only 1 - 2c.t of the total activities occu} in 

rough endoplasmic reticulum containfng fractions (P3~ and P3y). 

suggestfng that these fractions contain only a small amount of Golgi 

contamfnati on. 

Despite these apparent similarities in distribution amongst trans­

ferase activities, two myelin-containing subfractions, PIAa and P1Bn, are 

enr1ched by a factor of 10 in UDP-NAGluA transferase activity, compared 

to UDP-Gal transferase (comparison of % total units). 

The absence of th1s large difference in recovery from other mYel~n­

containing fractions (P2Aa and P2Ba). as wel1 as the ve~ low levels of 

other transferase activit1es rules out a generalized, non-specifie 

contamination by Golgi membranes. Thus, the possibility exists that a 

specific N-acetylglucosaminyl transferase for glycolipid synthesis is 
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actually a constituent of plasma membrane-derived structure in PIAa and 

P1Ba. In fact, the methodology of the ass~ does not preclude the 

possibility that we are observing the incorporation of isotope into 
. 

oligosaccharides and gangliosides. In this regard, some gangliosictes are 

known to contai~ N-acetylglucosamine instead of N-acetylgalaetosamine 

(lennarz, 1980). Furthermore, we also cannot exclude the possibility of 

artifact due to non-specifie binding to proteins and lipids of isotopie 

contaminants which can be present in thè commercially labeled substrate. 

iv} Acetylthiocholinesterase 

This activity actually represents two enzymes: acetylcholinesterse, 

found mainly in neuronal sutrace membranes, and pseudocholinesterase 

which appears ta be localized mainly in glial membranes and microsomal 

membranes in general. We were able to recover a maximum of 28% of total 
~ 

acetylthiocho11nesterase activity in our subfractions (Tablè 4.3.3); the 

remainder of the activity appeared in fractions not shown here. The 
., 

highest relative specifie activities were located in the ~ or y sub­

fractions, with the exception of P2Aa and P3a:'. This is what we expected 

given the possible appearance of dense, synaptosome-derived contaminants 

1n the ~ and y regions of the gradient. In fact, these specifie acti­

vities do parallel the density distribution one expects of synapto­

somally-derived elements containing acetylcholinesterase activity. The 

h1gh RSA values for the light fraction P2Aa is puzzling, and we offer no 

11111lediate explanati,on, except to indicate that the total unfts of thfs 

activfty are very 10w. In P3a' we cannot rule out sorne co~taminatfon by 

synaptic vesicles. 

4.3.5 RNA Determination 

In the absence of salt buffers we anticipated a substantfal quantity 
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TABLE 4.3.4 

Comparison of RNA Contént Among Microsomal fractions of r"Ollse 
Brain (15 d) Obtained by Oiscontinuous Gradient Velocity 

Sedimentation (A) an~ Equilibrium Oensity Sedimentati~n (D) 
;, 
i 

A 
\: 

8 J 
--------------~-------------------------------------------- ~ 

SUBFRACTl ON SUBfRACTION 

3 hr/25K rpm/SW27 J,g RNA 24 hr/25K rpm/S~127 ~ RNA 

P3 top 32.40 

~ PlA 406.60 
-

P3«' 8.90 j 

1 
P3« 64.40 

1 

PlB 365.60 
P3~ 226.80 

PlB/C 15.60 

PlC 25.40 
P3y 146.50 

P3 pelle 430.00 
PlC/O 1.20 

, 
PlO ' "34.00 

I = 880. ~ ! 
t := 8/6. i 

i 

.C 
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of free po1ysomes, ribosomes and RNA in sorne of our subfractions, 
. 

e~pecial1y since glial ce11s and their processes of the deve10ping brain 

are fil1ed with ~_~~e structures. PIA was- found to have up to 2~ of the 

total RNA, consistent with the visual aggregates of free ribosomes inter­

spersed with the large mYelin fragments which were seen in electron 

micrographs. Cent ri fugati onal pe11eting of these Membranes by velocity 

sedimentation or separation by equilibrium density centrifugation removed 

about 90% of the RNA, concordant with the visua1 disappearance of 

ribosomal parti cl es. 

Fractionation of microsomal material by the procedure of Barbarese 

et al. (1979) resu1ted in the appearance of most of the RNA as ribo-

nucleoprotein aggregates and ribosomes in the uppermost 1ayers (P3A and 

P3B) of the step gradient (Table 4.3.4, panel A), fractions which contain 
f 

MBP's and other mye1in' constituents during deve10pment. Centrifugation 

of partic1es in P3 to their equi1ibrium density produced four distinct 

bands of membranous material and a pellet containing ribosomes (Table 
, 

4.3.4, panel B). The small amount of RNA in the uppermost mye1in related 

subfraction (P3a') represents free RNA (SW,20 = 50) rather than 

ribosomes. Note that there has been a redistribution of free and 

membrane associated RNA from the "lfght" myelin related subf,ractions P3A 

and P3B into the rough endop1asmic reticu1um enriched subfractions P3~ 

and P3y by subjecting the same initial discontinuous gradient to 

1sop1cnic conditions. Table 4.3.3 1ists the content of RNA in sub­

frâctions obtained by our current procedure (Fig. 4.2.1). Hence, we can 

1dèfttjfy P3~ and P3y as subfractions which contain rough endoplasmic 

reticu1um, and show that on1y small amounts of RNA are associated with 

other l1ghter subfractions. 
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4.3.6 Myelin Markers 

Our objective was not only to show the distribution of typica1 

myelin components amongst the var; ous subfracti ons, but al sa to determf ne 

the way in which these fractions could be grouped according to comman 

characteristics. In this way 'we hope to achieve a more comprehensive 

understanding of metabo1icalTy inter-related parameters in mYel;n 

assemb1y. 

f} 2' ,J'-Cyel;e Nucleotide 3'-Phosphohydrolase 

,,' 
Although the function of this enzyme remains an enigma its 

structural association with the mye1in ~heath ~nd oligodendroglial plasma 

membrane 1s firmly established (Braun and Brostoff, 1977). However, its 

presence in endomembranes of lllYelinating cells, as we11-as in membranes 

of non-neural tissues has a1so been reported (Drefling ~tal., 1981; 

Wei ssbarth et~ .. , 1981) and suggests a broader 'funeti on than heretofore 

recognf zèd. ... 

Tab1 e 4.3.3 shows that only 3a .... of total units are recovered in our 

subfract1ons; the remainder of the activity was found in the post­

microsoma1 supernatant and in PIC and P2C. The enzymatic activity is 

distr1buted very similarly amongst most of the subfractions (average of 

2.a ± 0.3) except in P2AtX, P2AtX anl1 PIBtX in which it varies from 2.8 ta 

5. U, or 1n some microsomal subfract10ns "in wh1ch activity accounts for 

0.6 to 1% of total uni ts. 

Distribution of CNP on the basis of relative specifie activity, 
1 ~ 

1 

h~wever, is quite different. Subfract10ns wh1ch contain typical morpho-

1091ca1 characteristics of lI\YeT1n (PIAa, PIB(3, P2AtX, PlBIX, P2Bn) are' 

enriched 13,- to 18. 7-fo1 d over total homogenate. Subfracti ons P2A,~ and 

P2BP, have RSA's around 9, an<J a thfrd càtegory (PIBy, P2Ay, P2By; P2B6) 

-, " 
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Group Subfroctions 

PtAa.PfBa.P2AtI 

1 P2Ba, P3a' 

PIB/1 

)[ P2A,p.P2B(J 

m PlBy. P2By, 
P2Bb 

Dr 
P2Ay. P3,i. 

P3y 

II . Ribosomal pellet 

Identiflcotion br 
immuno-electro bIot 
MBP MAG PLP 

+ + + ++ .. + ++ 

+ ++ .. 

+ .... 

+ + : 

++ 

1 

Ge' Scon 

CNP 

RSA(ronp' L% T.Ù. 

13.2 - 18.7 16.3% 

8.'- 9.3 !U% 

1.22 - 4.72 5.9% 

1.6 - 4.4 4.4% 

Tible 4.3.5. Sroupin, of louse brtin U5 d) subfncUDII5 Iccording ,ta th. prtsenc. Dr Iblence of 
specifie ayeljn proteins, iRd eoaparison lith prat.in profil .. and &NP Ictlvity. 

f 
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15 enr1ched 1.2- to 5-fold over the homogenate. The mfcro~om~lly~derfved 

subfractions (P3a', P3a, P3~, P3y) also fall 1nto the above three 

cat~gories, according to their RSA of CN~. 

Comparison of CNP activity (% total units) distribution to the 

"""" distribution of other enzymes in Table 4.3.3 suggests that this enzyme is 

distributed widely among plasma membrane subfractions and endomembranes. 
1 

It is worth noting that CNP activity was determined under conditions of 

maximal activation using media of high ionie strength and containing 2~ 

Triton X-lOO, as recommended by Sims et!l. (1979) and Clapshaw and 

Seifert {l980} and RSA values are therefore higher than under enzyme 

assay conditions ~ich provide only ineomplete activation of CNP, using 

deo~cholatet but the same ass~ procedure. Our distribution of 

activities (RSA) amongst vesiculated membrane subfractions could be 

ranked according to their apparent densities, i.e. activity of heavy 

medium light fractions with a correlation coefficient of 0.9. However, 

in the case of myelinated axon-enriched subfractions no such correlation 

was observed. 

11) Myelin-Specific Proteins 

Membrane protei ns were clearly separated by SOS-PAGE on por~­

grad1ent slab gels. Representative spectrophotometric scans are shown in 

Table 4.3.5. Positive identification in each gel of proteolipid protein 

(lipophilin; 25K). the four ~elin basic proteins (14K, 17K, l8.5K, 

?1.5K) and myelin-associated glycoprotein (105K) was achieved by the 

1mmuno-electroblot technique as we have described elsewhere (Macklin et 
1 -

~.t 1982; Braun et .!l., 1982). On the basis of the immunochemical 

verification of these characteristic mye11n protein~ we have assigned 

each subfraction to one of the five gr9ups shown in Table 4.3.5. 

179 

~ 

~.-,.--------~--~-
--.,----:--"--...........,.~.f-tr"r':'-:.:-t..._:_:_;_~~ ... - - ~ - :ê -.1..---:. ~ ~ ____ _ 

J 
1 
i 
! 



i 
~ 
i 

1 
1 

1 

l' 

o 0 
~~~-Io •• \ic" **"'" .Mi .. " .- . "-111 ;ç'K.",*,~iI'f""11"'''tl ... ;;:w.!>tf ....... eM+144M' .i(lMfl>'t'I)io ............... V"" ..... , -~_ .. ,~-( ... Il"..< __ ~_~ ~ ... _ ........ ~_ ................. __ --.,..,....., ,~. ' ___ ..-_ ~ _ 

() 

.. 

1 
, . 
1 

Table 4.3.6. 

Ranld n9 of Groups 1 and II Subfract ions Accordi'ng ta Thei r Enri chment in 

l4K MBP and 18.5K MBP and Camparison with Their Particle Index ($) 

Subfract; on 14K MBP 17K MBP 18.5K MBP 2l.5K MBP PlP cp 

P1Ao.'! 6 2 3 1 3 5.28 

Pl Ba. 4 1 3 1 2.5 5.28 

P2An 3 .. 1 2 1 
, 

l 3.94 

P2Ba. 3 l 2 1 l 3.94 

p}'gâ 3 1 .. 2 1 2 3.43 

P2B13 l 2 l 1 3.5 3.25 
- - - - - - - - - - - - - - r 

P3o.' 2 1 2 1 2 2.75 
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Protein profiles withfn each group were remarlcably sfmilar, differing 
. 

only in the quantitative proportions of each component. 

Groups l and II differ quantitatively in tneir protein profiles, but 

contain all three categories of mye11n-specific protefns. Subfractions 

on Group 1 and II could De distinguished by the ratios of peak areas of 

blue-stained proteins. determined by triangulation (Table 4.3.6). We 

have found that these qye-binding ratios for adult mouse mYelin (Norton 

and Poduslo, 1973) proteins are 10:1:3:1:4 for 14K/17K/18.5K/21.5K/25K. 

By comparison, the average ratios of 15-17 day mYelin (prepared by the 

same procedure) are 3:1:2:1:2. Although the subfractions in Table 4.3.6 

show a great deal of variation in these ratios. we have tentatively 

ranked them on the basis of a relative "m~turity" pr~file of the MBP's. 
4 . 

assuming as a first approximation that the most "mature" myelin will ~ 

approach the adult ratios, and that this should agre~ generally with a 

ranking of a relative sedimentation index (column 7). Thus, in Groups 1 

and II PIAa and PIBa contain the most mature and P2B ~ the least mature 

fflYelin structures. We note that ff we take into consideration the PLP 

component in ratio ranking we do not establish the same "maturity" 

sequence. Although this might ~e explained by variable agg'regation of 

the PLP during exper"imental manipulations, our metabolfc studies (Pereyra 

et !l., 1983; this issue) suggest that the more likely reason resides in 

the relative proportions of PLP to MBP's message expressed at different 

stages of development. 

Group III 1s characterized by the absence of detectable proteolfp1d . 

protein, the presence of relatively ~ry small amounts of basic proteins j 

and a moderate amount of ~elin-associated glycoprotein. Group IV­

sûbfractions have no detectable proteolipid protein or basic proteins but' 
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have an amount of ~elin-associated glycoprotein comparable to that in 

authent1c myelin-containing subfractions. Group V is the r1bosomal 

pellet which has no detectable rqyelin protefns except several components 

of about 501< and 701< which react with the antiserum to myelin-associated 

glycoprotein. At this point we cannot be certain ff these proteins are 

degradative fragments of MAG, incompletely synthesized precursors of MAG, 

or artifacts. 
... 

At this point sueh a ranking scheme is valid only to the degree that 

a specifie component ean be clearly identified. Comparisons of the 

content of any specifie component must be analogous to comparisons of 

rel atfve specifie activi ti es in the case of enzymes. 

4.4 Discussion 

An integral aspect of our approach to the cellular mechanisms of 

myelinogenesis was to develop a methodology which would allow us to 

..-distinguish the various endo- and exomembrane fractions which are 

i nvo 1 ved in thi s proc~s s • The methodo 1 ogy we descri be here i s not 

necessarily the best to achieve puri~y of any given fraction but rather 

is a compromise which permits the acquisition of the greatest number of 

identifiable myelin-related fractions without regard for purity. Thus, 

we sought te aehieve a gentle, r.eproducible homogenization ànd fractiona-
: . 

tion protocol for developing mouse brain which would result in fractions 

that retai n as many i nternodal axonal segments, organelles and endo­

membranes as possible in a simple procedure. For this rellson we avoided 

the more extreme condi ti ons of hyposmo,,{ c shock whi ch are usua lly used to 

acqu;re the more heavil~ lamellated 'elin' elements fl"'Ollloadult brain, 

free of other endomembrane and axoplasmic components. 
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We have paid careful attention to the phy"sical principles which 

govern separation of particles by velocity and buoyant density sedimenta-

'r" tion in order to assign to each of our subfractions Qperational para-
C,," 

meters which we use as' independent variables in the .correlation of 

ql1ant 1 ~Jti ve a~d qua 1 i tat ive di fferences among subfract i orts. These 

parameters a~ 1) the average buoyant density determined by refractive 

indé1< rneastirement' of the sucrose gradient; 2) the calcul ated range of 

sedimentatfon rates, expressed as the logarithm of the Svedberg unit (log 

iW' $w., 20; see Methods); and 3) the vector sum of these pa rameters, whi ch 

we express as a frparticle Index". In general, our experience shows that 

although the buoyant density is a gQod parameter to distinguish various 

membrane types such as pl asma membrane, Go19i membranes, and endoplasmic 

reticulum, the sedimentation index or the "Particle Index" is better 

suited to describe more complex elements such as myelinated axons. 

Having taken into tonsideration the limitations and pitfalls of ,this 

approach with respect to marker distribu~ion, we have arrived at a sub­

fractionation scheme which yields physically and biochemically defined 

membrane fractions from myelinating brain. These can b~ grouped orl the 
, 

bas1s of their specifie l1\Yelin protein content (Table 4.3.5) as deter-
, 

mined by the immuno-electroblot technique. 

We found that the four groups of membrane-containing subfractions 

(Table 5) fell into the following general categories: Group l, 

lI\Yelinated axons and associated elements; Group rI, amorphous plasma 

membranes; Group III. Gol gi membranes; Group IV, endopl asmic reticulum 

lough and smooth). In making these assignments. we were careful not ta 

over-interpret data fram marker enzyme determinationsj thus, sorne overlap 
c ~ 

exists. 
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~Subfracti ons in Group 1 and II can be ranked accordi ng ta thei r 

en~ment in the 14K and 18.5K MBPs (Table 4.3.6); this ranking 

correlates closely with the "Particle Index~ (~). We currently interpret 

th1s correlation as showing that the developmental characteristics of the 

myelin-axon unit are related more closely to the observed size distri­

bution of myelinated axon fragments then to their bouyant densities. 

Under specifie conditions of homogenization, the separation of 

cellular organelles and nuclei by sedimentation techniques has been well 

documented. 'the literature in the area of lI1Yel in research shows that it 

1s widely assumed that the relationship of lI1Yelin to the axon is 

completely disrupted by homogenization, and that a continuous range of 

particle size is generated, rather than several populations of discrete 

sile ranges. However, even in mature brain, the disruption of myelinated 

axons will depend on the stability of the myelin-myelin and myelin-axon 

interactions, givert a constant shear force. From this argument it 

follows îhat one can expect ta obtain at least two discrete size popu­

lations, given an appropriate sedimentation protocol. One of these will .. . 

be composed of a mixture of 'small' particles which arise from large,~ 

p, structurally unstable myelinated segments, or from small structurally 

stable or unstable myeli~nated internodes. The other population of 

particles will contain 'large' particles whose initial structural 

stabi11ty al1 OWS tttem to survive as rel ati vely 1 arge lI\Yel in membrane 
... 

aggregates or even as Ilb'eli nated âxon segmer1tl. Furthermore, in the case 

of water-shocked myelin subfractions the bouyan~y of the myel;n membranes 

will depend on the degree of integrity of association among the disrupted 
<c. 

lIlYelin lame" ae. On the other hand~ in the cas~ of non-water-shocked 

lIlYelinated axon fragments their structural integrity and size will 

determ1ne their overal1 entrapped axoplasmic volume, and the extent of 
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l11Yelin lamellation will determine their impermeability to the surrounding 

sucrose medium, conditions which in turn will determine the bouyancy of 

the particle (Sarrna and Sitaraman, 1982). Our own electron microscopie 

analysis of myelin-containing fractions supports this interpretation. 

For the moment, we are led to suggest that the size contribution to 

sedimentation behaviour of myelinated axonal segments is more related to 

the extent of mYel in maturity than i s the buoyant density contributi on. 

Further investigation should clear this important interpretative 

proposal. 

The microsomal subfraction P3a ' , which we have also assigned to 

Group I because of its shared properties with other subfractions in this 

category, actually consists of two vesicle populations: one consisting 

of large. trilamellar structures that contain mYelin proteins in the same 

relative proportions as P2Aa and P2Ba; and the other consisting of 

smaller, unilamellar vesicles which rnqy or m~ not contain electron-dense 

material, and which have a mYel;n prote;n proportions intermediate 

between that of P2B ~ and P1B ti.. These vesi cul ar subfracti ons appear only 

dur1ng the most active phase of mYe11nation. 

The subfrac::t1ons in Group III represent only about a third of a11 

the Golgi-associated membrane elements; most of these are found in PIC 

and P2C. However, they are characterized by a relatively high enrichment 

1n three transferases wh1ch are known to be Golgi markers. All three 

enzymes show a high degree of correlation among these subfractions in 
u 

both their total unit and specifie activfty distribution (Table 4~4.1). 

We believe that this argues for·a common subcellular origin of these 

membrane ~l ements even though they ori g1 nate from several cell types. 

From the hi gh correl ati on between acetyl choH nesterase acti vi ty and the' 
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tra!1sferase activities, in terms of their total activity distribution, we 

further conclude that Group III subfractions contain a significant amount 

of neuronal or synaptosomal, membrane. The presence of MAG in these 

subfractians can be explained on the basis of the Golgi apparatus 

constituting the logical processing site for this glycopro~in en route 

to mye li n, but we cannot exclude the possibility of its presenc.e in small ' 

amounts of oligodendroglia1 plasma membrane which remains associated with 

the neuronal membrane. Discrirn'fnation between these possibn ities must . 
awa1t more quantitatfv~ measurements of MAG. 

Group IV subfractfons represent on1y a very smal1 fraction of the 

endop1asmic reticu1um, most of which is found as large elements in the 

fractions PIC and P2C. The RNA in this group is mafnly. of th~ "free" 
"-

type, with good correlation of specifie enri~hment and total uni\ distri~ 
) 
\ 

bution. 

These subfractions also contain two antigenic components, of 1 
approximately 50K and 70K dal tons, which react with our anti serum to MAG. 

We do not yet know if these represent MAG precursors or degradation 

fragments. 

Since CNP is widely used as a marker for lT!Yelin we did an extensive 

survey of this enzyme and found activity in all of our membranous sub­

fractions, with variable behaviour toward activating conditions and 

variable ratios of soluble to membrane bound fortils of this enzyme. Other 

1nvestigators in the mYelin field have a1so noted this but have not dealt 

with the broad implications of the general distribution of CNP; instead 

the tendency has been to assume that this means subcel1ular fractions are 

contaminat~~ by l1lYel in. More recently, several reports have appéared 

shôw1ng the presence ,of CNP activity in tissues other than brain, 
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In the context of the above consi derations 1 we presently view CNP to 

be distributed in a multifocal fashion, and are further investigating 

thi s probl em, as well as the rol e that thi s enzyme mi ght pl ay in the 

regulatory machinery of oligodendroglia. 

The following observations should be underscored: 

1) Proteolipid protein is localized to only a restricted group of . 

membranes or structures which possess a typical spectrum of mYelin 

proteins; these membranes rarge in density from 1.04 to 1.08 g/ml. 
! 

Absence of detectable amounts of this protein from Golgi-enriched 

fractions is potentially an \mpor.tant observation, given that the MAG is 

clearly present, as weIl as l~ levels of mvel1n baslc protelns. We are 

attempti ng to provi de i ndepende.~t corroborati on of these immunochemi ca 1 

data, which are reproducible and apparently reliable. 

2) Myelin basic proteins are present in three membrane categories, 

but appear most prominently in on1y the mYelin-containing compartments. 

Even though immunochemical staining for these antigens on nitrocellulose 

e1ectroblots of the gels is not a strictly quantitative procedure, a 

relative assessment of amount of protein is nevertheless possible. 

lndeed, examination of the relevant gel scans in Table 4.3.5, offers a 
li 

visual confirmation of diminished MBP bands in the protein profile. 

3) The distribution of MAG is a more general phenomenon, encom­

passing all membrane fractions as well as the ribosome-containing 

pel 1 et. 

4) Quantitative differences in protein profiles (gel scans) are 
1 

observed within each major group of subfractions, and qualitative 

d1fferences are ev1dent when comparing the major groups ta each other. 

5) CNP, when max1mally act1vated 1s w1dely d1strfbuted among brain 

subfractfons. We interpret this as mult1focal d1stribution and not as 
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fflYelin contamination. 

Although more definitive structural and fùnctional descriptions of 

fflYelin-related membranes will only be derived from purified sUbfractions, 

the approach we describe here, based o~size and buoyant density consi­

derations provides a complex overview of protein and enzyme distribution 

and their interrelationships, w1th respect to an early stage of 

fflYelination. We wish to emphasize that our present, as well as future 

~ experimental designs are not and will not be constrained by the details 

of the subfractionation protocol presented here, but rather will employ 

the strategy embodied in ft. A eombination of fractionation refinement 

techniques, protein isolation, immunochemical procedures and studies of 

metabolic dynamics by.isotope methodologies shoul,d provide us with deeper 

fnsights into the biogenic sequence of events in which these membranes 
.. 

are involved. The companion paper (Pereyra and Braun, 1983) addresses 
.. 

the k i neti c isotope appr6ach. . 
Î 
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.. 5. STUDIES ON SUBCELLULAR FRACTIONS WHICH ARE INVOLVED IN MYELIN 

ASSEMBlY: LABELING OF MYELIN PROTEINS SY A DOUBLE RADIOISOTOPE 

APPROACH INDICATES DEVELOPMENTAL RèLATIONSHIPS 

5.i Introduction 

Our objective is to define the early events of oligodendroglial 

membrane assembly as part' of the myelinogenesis process from the site of 

protein synthesis to the ultimate appearance of specifie proteins in 

,lamellar ~elin (Braun et, ~., 1980). We have developed~a fractionat;on 

scheme to isolate a number of membrane fractions from mouse brain which 

are related to this process, including several microsomal fractions which 

have properties of special jinterest (Pereyra and Braun, 1983; this 

issuè). Briefly, we have shown that 5 major myelin proteins of mouse 

brain (14K MBP; 17K MBP; 18.5K MBP; 2l.5K MBP; PlP) are all present in 

two of five categories of subfractions identified and grouped accor~ding 

to their irnmuno-reactivity toward specifie antisera (Pereyra and .Braun, 

1983; this issue). Six subfractions (P1Aa:, P2Aa, P1Ba, P2Ba, P3a' and 
S p 
\J>;; 

PIBf3) had electrophoretic protefn profiles typical of lI1Yelin. and two 

subfr.actions (P2AI3, P2B~) had profiles which were enriched in proteins 

havi ng 1001 ecul ar wei gfits greater than 30K. 

In order to stuqy the possibility that these sublractions are 

rel ated to a temporal sequence of events in the ass~bly process ~e 
'-, 

, 
./ 
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decided ta approach this problem by observing the fncQ~poration of radio­

active amino.acfds into specifie proteins which are common to these 

fractions, usfng a time-staggered double isotope (TSDlf methodology 

1 

_1 

~'l\ 
sfmilar to that described by Benjamins and Morell (1978). The initial 

idea was to inject a puls~ of ~abel (e9. l~-leucine) fol1owed after an 
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appropriate interval by a pulse of a second labèl (eg. 3H-leucine) and to 

terminate labeling by homogenizing the brain after a second appropriate 

interval, The notion is that the first isotope journeys from the point 

of prote;n synthesis through various intracellular compartments to the 

site of mYel;n assembly. The second isotope traverses the same route but 

since its duration is shorter it cannot label all compartments to the 

same extent. Progressions of isotopie ratios among different sub-
• 

fractions for a given protein have been interp~ted to indicate 

precursor-product relatfonships among the membranes cont~Jning the 

protein under study. Assuming this to be a valid assumptlon, we 

pre.sented sorne preliminary data on this system (Braun et !l.., 1980; 

Greenfield et !L., 1981). However, this interpretation requires not only 

that the specifi~roteins in any given compartment ~re not bétng 
1 .. 

degraded during the selected tfme interval, but also-that a net transfer 

of labeled material can be demonstrated to occur from the precursor 

membranes to the product. Since this latter condition is hard to meet in 

broken cell systems. indepgde~racterization data fr.,om morPholo~ical 
and enzyme marker studies are necessary for any conclusions to be reached 

on·precursor-product relationships. These data have led us to suggest 

that those subfractions from developing mou se brain, which have cha~ac­

teristics of mYel;n, represent mainly, bût not only~ developmentaT stages 

of myelination, whereas in mature brain they represent myelinated 
1:. Q " 

segments of various sizes and degree of disruption (Pereyra and-Braun, 

1983; thfs issue). The metabolic relationships of five myelfn-specffic 

proteins (derived from TSOI ratios) among t~ese, subfractions are complex 

and are presented here in the light of ~ mathematical conceptua1ization 
;, 

of' label compartmentation and net prote;n turnover as developed by one, of 
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us CP.M.P.) and is given in an expanded'~formal treatment elsewhere 

(Ch8:pt~r 3) •. 

5.2 Experimental Procedures 

5.2.1 M~terial s 
, 

All radioisotopes and chemica's for scintillation counting were (J 

purchased from New England Nuclear, Corp., Boston. Al' other bio­

chemfcals were products ,of Sigma Chemica' Co., St. Louis. 

5.2.2 Subfractionation Protocol 

Subfractionation and recovery of mYelin and mYel;n related sub­

fractions was do ne according to Chapter 4. The microsomal subfraction 

P3a' was further processed into two subfractions. Briefly, P3a' was 

fsolated and diluted 1:1 wfth cold water and pelleted for 30 min at 37 

Krpm in a Ti 75 rotor. The pellet was designated P3a', (large) and 

resuspended in 1 ml of water. The turbid supernatant wa~ then centri­

fuged
o 

again for 60 min at 37 Kr~m in the same rotor. The pellet, 

des1gnated P3«'s (small);' was then resuspended in 1 ml water. The clear 

supernatant was discélrded. Enzyme" analY,sfs oof these two fractions did 

not differ s1gnificantly. However, electron microscopy showed enrichment 

of ~lt1lamellar vesicles 1ri the P3a', and of smooth, unilamel1ar 
. , 

ves1tles in PlaIs. 

5.2~3. Isotope Administration 
l , 

(1) T1me-staggered double isotope mathod (T5DI). 
" Twelve C57 Black mice '(15 days old)' rece,ived an intracranial 

fnjection, 1n the left ventral parieto-temporal reg1on, of 30 !ACi 1ItC(U)-. , 

leuci~ fn 10 ~l potassium phosphate buffered saline, pH '7.5, usin9 a 25 
f ' 

~l~' Hamilton syringe fitted"wfth
O 

a ~ l'mi needle. S1xty minutes later the: 

. " 

{ 
~ 
1 
1 

! 

1 
l 
( 

t - , ''', 
saane) animals received, 'fn t~e same"sequential order, a 's1~lar inject10n 
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of 110 iCi 3H(3,4,5)-leucine in the contralateral region. After an 

additional 15 min each animal was decapitated in the same, sequence. the 

Drain rapidly removed and immediately' homogen1zed 1n 1.2 ml of ice-cold 

0.25 M sucrose containing 11 rrM unlabeled leucine; This homogenization 

was accomp11shed by 2 up-and-down passes at,300 rpm 1n a motor-driven 

Teflon-glass homogen1zer. We. found that spacing ~he injection at 60 s~c 

interva1s a110wed adequate time for a11 subsequent steps to be adequate1y 

performed. Immediately f0110wing the last 1abe1ed animal, 24 unlabe1ed 

brains (from size-matched litter-mates of the above) were homogenized 

under identica1 conditions in 30 ml of 0.25 M sucrose containing Il mM 

leucine and homogenates of the 32 brains were pooled and further homo­

genized by 8 up-an~-down passes at 800 rpm. Fractionation by velocity 

and buoyant dens1ty centrifugation, and recovery of subfract10ns is 

described in detail in the first paper of this 'series (Pereyra and Braun, 

1983; this issue). Aliquots were removed at each step for determination 

of radioactivity and protein. All membrane subfractions were obtained 

ult1mately as pellets, resuspended in a specifie volume of water, and 

were analyzed for protein content, as described Measured aliquots of 
1 

these suspens ions werè 'transferred to 15 ml Corex tubes, lyophi li zed, and 

delipidated in cold (_20°) ether-ethanol (3:2; 2 ml per tube) and 

collected as pellets after centrifugfng fo~ 35 mfn at lOK rpm fn a Sorval 

rot.or at ,_}($O ~ Supernatants were transferred to scintillation, vials, and 

the 'pellets were treatèd once more in the same way. Supernatants were 

combined ~nd.evaporated to dryness. Pellets were ~ried under vacuum. 

, In ,a.slight variation of this approach one expe'rfment was conducted, 

in w~ich the t1me interval of th~ second injection was var1ed; this . , ' 

provided a k1netfc assessment of the T501 protocol. The f1rst isotope 
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( 14(;-1 eu) was fo 11 owed 60 mi n 1 ater (fit 1) ~y the second ; sotope (3H-1 eu ). . 

Anima1s were sacrificed at various time intervals (flt 2 ) from 3 to 90 min. 

Eight mice were 1njected for each time point, and the same genera1 

procedure as for the SUI ~xperiment was fo11owed • 

. (i1) Synchronous double isotope incorporation (SOI). 

Pairs of CS7 Black mice were injected intracranially with a mixture 

of leucine radioisotopes which were prepared as fol1ows: 

1 mGi 3H(3,4,5)1eu (110 Ci/mmol) in 1.0 ml 0.01 N HC1 

250 ~i 14C(1)1eu (53.7 nCi/nuno1) in 2.5 ml 0.1 N HCl 

93 trft1 K jiP04' 8.4'; NaCl (pH 8) in 0.430 ml 

This mhture was brought to pH 7.4 with 5N Na,OH and the final volume 

adjusted to 4.0 ml with H20. Each animal received 15 jll of this 1:4 
1 

(l4(;/3ti) mixture. At specifie interva1s each pair of anima1s was sacri­

f1eed and e,ach brain homogen1ze~ separ~tely in 4 ml of O.4N perchloric 

ac1d (PCA). 'Homogenates were centrifuged 'for 35 min at 10 Krpm in the 
, 

Sorval SS-34 rotor: The supernatant fluids were measured and counted for 

radioactivfty. Pellets w~re washed twfce wi,th .0.2 N PCA and delfpidated 
~ , , 

. twi ce wi th ether: ethano l (3 : 2 ) • So l vent wash'es wer~1il co 11 ected f,or' ra di 0" 

actw,ity counting. The dry pellets were resuspended in 2 ml of 0.3 N' 

KOH,. 

5,2.4 Detenmination of Radiolabel Purity 

The aommercial preparations of radiolabeled leucine were ~out1rte1y 

checked for purity. A mixture was made of 14C-leu (lL P;i) and 3H-leu 

(2.5 .ci) in 500 III of aqueous 3.4 nf.1 unlabeled leu. Ten 111 of this was 

reserved for counting and the rest was passed over a·2.5 cm AG 50W X' 4 

cation exchange co1umn. prepared in ~ Pasteur pipet. This column was 

then washed four times with 1 ml H20 and eluted w1th 8 X 1 ml portions of 
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1 N' NH 40H. A11 e1uants were col1ected as 0.5 ml fractions and counted 

direct1y' in 10 ml of Aquasure R. Leucine appeared between one and two 

ml of e1uate; degradation products ap.peared in later fractions. The 

degree of purity was calcu1ated from the e1ution profile of each isotope. 

As much as 20% of the original starting material can be degradation 

products after one month from the time the sealed ampoule has been 

opened. 

5.2.5 Separation of Proteins 

Oe1fpidated subfractions were resuspended in appropriate volumes of 

SOS-containing buffer to obtain a protein concentration of 2 mg/ml. Pore 

gradient (5 - 25%) SDS-po1yacrylarnide slab gel electrophoresis was 

performed as described (PereYl'7a and Braun, 1983; this issue). on samp1es r 

run in dupllcate. After 'staining a~ destaining, Coomassi~ bluQ-stained 

gels were scanned spectrophotometrical1y and photographed to obtain a 

record. Peak areas were integrated by triangulation and computed with a 

Hewlett-Packard 41C programmable system. 

5.2.6 Determinatio~of Radioactivity 

Protein bands were excised from the gel and fine1y chopped with a 

scalpel. Following transfer to glass vials, 50 J.ll of water was added, 

followed 1 hr later by 450 J.ll of so1ubilizer (Protosoll. Vials were 
~ 

ti ghtly capped and hel d at 56 0 for 15 hr. After cooli ng to 20 0
, 10 ml of 

scintillation mixture (~conof1uor) was added. Dried lipid extracts were 

sfmi1arly solubflized and prepared for counting. 

Countjng efficiencies were determined by use of internal standards 

(3Ji and l\tc-Toluene), and quenching assessed by the channels ratio 

metho,d. Optimum window settings of the Intertechnique counter, counting 

effj~iency and sp1110ver for ,the two isotopes were ca1culated by the 

'method of Engberg as described by KObayashi and Maudsley (1972). 
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Figure 5.3.1. Behavior of the PCA-soJuble pDol of 15,d lause brain folloNlng intracranial SBI 
adllOlstration of H (3,4,5-HIN)J and C [l-C)-hbeled leucine. fila brains lIere \lsed for each 
deterlination (see Hethods), 
Regression analysis of both isotopes ShOMed a best fit (r1 >O.91 with a power reqression of the type: 
Ci per braln : Ait 
A) For Hl Al = 0.51 and J( = -0.43. 
B) For C; Al = 0.07 and J( :: -0.99. 
C) Regression analysis of lHJ""C ratios Ir~ = 0.97) for the pOlt!!r regression'R = Rlt+kr 

IRI = 0.03 and Kr = 0.59). 
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5.2.7 Data Handling and Standardization 

Experimental parameters were standardized as much as po~sible to 

permit ma)(;mum compari sons among data from a variety of experiments. 

Animals were individually weighed and only those were used whose weight 

did not differ by more than 5% of the average weight previously 

establ ished for 15- to 17-day 01 d mice. In~ected isotope rat; os were 

corrected for substrate puri ty, as described above. TSOI rati os 

represent the average of four e)(periments. Peak areas in the gel scans, 

Q and ôQ values, are the average of on1y two determinations. 

5.3 Results and Discussion 

3.1 Characteristics of the System and the TSOI Protocol 

TSOI protocols require that the labeled leucine free amino acid pool 

for protein synthesis becomes rapidly saturated given that the resolutfon 

of the method will be a function of the pulse sharpness. Furthermore, 

the administered label has to be metabolized only to a minimal extent 

during the duration of the experiment in order to avoid label incor-

poration into other amino acids. 

Analysis of the PCA so1uble pool, using an SDI protocol and intra­

cranial injections (10-15 III in 30 sec), shows an inverse power relation­, 
shi p5 for the removal of label from the brain (see Fig. 5.3.1A and Bl. 

'" 

The results indicate that by 5 min after label administration 95% of the 

radioactive amino açid has been removed from the combined intracellular 

,and' brain blood bed free amino acid pools. 

The values that have been found to descr1bc the behav10r of leucine 

only. are given by the label saturation curve of the [l-CJ Ilf(: leu (Fig. 

,5.3.1B). Any degradation of thfs labeled lel:Jcine, by genel"al catabolism 
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or simpTy by enzymat1c decarboxylation, will produce an!, unlabeled 
, , 

molecule and therefore remain invisible. However, he 3H labeled leucine 

[3,4,5-H(N)] will produce a shift in the fnjected r io (R') Ro = 5.24) 

if degradation occurs. The rapid metabolic decarbo~1at~on of leucine is 

reflected in the rapid increase of the isotope ratios (Fig. 5.3.1C). 

Rapid metabolic activity can also be shown by the d1fference in the 

exponent K (see Footnote Fig. 5.3.1) of the power fit VIZ K14C = -0.99, 

compared to K3fi= -0.43 (See Figures 5.3.1A and B). The higher K value 

for the 3H-leu results from the acclJmulation in the brain of decarboxy., 

lated leucine metabolites. (Note that t:X ",KR'" 0.6). These metabolic 

events could affect the intracellular amino acid pool through the 

formation of labeled glutamate and aspartate, with a subsequent altera­

t10n of 1 abe 1 i ncorporati on i nto protei n. However, ana lys i s of the tota 1 

protein, obtained by delipidation of the cold PCA penet, shows that even 

after two hours there i s no change in the isotope rati 0 (RpCA = 

5.3) ± 0.11). This observation indicates that the decarboxylation 

product of leucine is not-primarily isovaleryl-CoA, but possibly isoamyl­

amine. This is further supported indirectly by the observation (data not 

shown) that variations in the site of injection in relationship to 

localization of venous or arterial blood produce variations in the K 
• 

·va1ue for 3H, ranging from -0.5 to -0.9, which suggests a blood-related 

decarboxylation. Am~s et -!L. (1980) have reporte~ 30% reutilization of 

.1euci ne in one hour in reti nas in vitro. If we assume that th; s event ----
a1so oecurs in mouse brain, w1thout decarboxylation, then our methodology 

will not detect reutilfzat-fon. In sUllIIIary, the use of fntracranial 

administration leucine isotopes allows for relat;vely sharp label pulses 

with,an average durat10n of less than 5 min and a minimal d1version of 
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Figure 5.3.2. Change lIith Hee (~t2) in t~e isotope ratio (RJ of the protein pool in 15 d Nhole 
lause bralll (delipidated, PCB insoluble pooll, folloNing intncranial TSDI adllnistration of 3H and 
14C-labeled leuCIne !Ra = 41 (fl tl = 60 lin), Each experilental pain~ represents one brain. 
Regr,ession analys,is showed a best fit for the expression R = -1.5 + 2.16 InAt2 (r2 = 0.95; F= 1184; 
and' 39 degrees of freedol). This analysis was used ta detfraine the coeparability of.r'esults uonC) 
different TSDI experilents by detenining the expeded isotope ratio for totil brain pratein IIhen 
t2 = 15 li n and Ro i 5 knoNn. 
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labelled molecules into other metabolites. 
~ 

The selection of time intervals for the TSO! protocol depends on the 

type of system to be studied. In general, the fi rst time interval (6t 1) 

has to be larger than the average transit time of the proteins being 

investigated, and ~horter by a factor. of 5, if possible, than the average 

halflife of degradatio~f these proteins. The second time interval 

(6t 2 ) can then be chosen to be shorter or longer than the average transit 

time, depending on the e~erimental objéctives. Figure 5.3.2 shows the 

change in isotope rati 0 for a TSOi protoco 1 where 6t I = 60 mi n, and 6t 2 

varies from 3 to 45 min. It should be noted that in a system where there 

is no degradation the maximum attafnable ratio is the same as the propor­

t10n of labels injected. The larger values of R after 13 min are due to 

protei n degrada-tj on. 

From the regression analysis of Figure 5.3.2 and the selected time 

intervals (lIt l = 60 min; Ât 2 = 15 min) the ratio for total brain protein 

was calculated to be R = 4.36 ± 0.2. The actual value obtained from four 

1ndependent TSOI exper1ments on myelin proteins (normalized for compari­

son) was found to be R = 4.34. This close agreement between the 

pred1cted and experimental value was obtained despite anticipated 

variations due to: 1) ntin-stereotaxic, 1ntracranial administration of 

label; 2) isotope purity, affecting Ro; and 3)' the general state of 

~ shock produced in the young animals due to injection, a factor which has 

a considerable influence on the cerebral blood flow. 

5.3.2 Application of the TSOI Protocol 

On the basis of our prev10usly isolated and characterized sub­

fracti ons from deve 1 opi ng mou se bra in we we re ab le to select sUbftacti on s 
, " 

(des1gnated Groups 1 and II, in Chapter 4) for Which we 
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TABLE 5.3.1 
c, • 

3H-Leûcine to·l~-Leucine Ratios in Specifiç Myelin Proteins of Mouse Brain (15 d) Subfractions* 
. 1 

1 

1 

~4K HBP 17K HBP 18.51< HBP 21.5K MBP PlP 
Subfract10n 

R3.H/ l 4(: i 5.0. R3H/ 1&tc i 5.0. R~/l~ t 5.0. R 3H/ la.c i 5.0. R3H/ la.c - ± 5.0. 

1 

P1A« 3.86 .37 4.65- 1.27 4.33 .61 1.99 .33 .87 '.06 

PIB« 4.16 .53 4.43 .77 4.22 .84 1.80 .23 1.01 .05 

P2A« 4.71 .46 4.50 .39 4.40 .42 2.18 .28 1.23 .24 

'P2Bct 4.21 .24 4.24 .91 4.27 .31 2.49 .23 1.78 .12 
... 

Pl~~ 5.2? 1.11 4.90 .~7 5.16 1.70 3.05 .42 2.51 .20 

P2B~ 6.29 .51 6.22 .42 6.27 .44 6.31 1.27 5.84 .49 

P3«t s 5.24 .. 31 5.85 .47 5.87 .20 3.10 .20 1.92 .17 

Pla'} 6.06 .61 5.14 .78 4:97 .79 2.89 .32 1.82 .13 

* l1t 1 :. 60 minj At 2 = 15 mfn. 
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could eonfidently analyze isotope ratios in specifie l1\Yelin proteins. 3H 

to l~-leueine ratios in sueh specifie proteins are presented in Table ' 

5.3.1, and specifie radioaetivities (SR) for lite and 3H are given in 

Table 5.3.2, for a TSDr protoco' with ât 1 = 60 min and ~t2 = 15 min. In 

g~neral, clear and unambiguous separation of proteins was achieved by a 

pore-gradient PAGE system (Fig. 5.3.3). However, the bands corres-

ponding to the 17K and 18.5K MBpls migrated quite close together, and 

examination of the data show similarity of ratios between these two 

proteins in most subfraetions whieh suggests a.possible overlap. We 

intend ta elarify this in the future by modifying the pore-gradient and 

using longer gel.s. The minor band which migrated to a final position 

between the 18.5K and 21.5K MBPls is, presumably, the DM-20 protein 

(Agrawa l et.!L., 1972; Cammer and Norton, 1976), si nee i t reaets wi th 

antiserum raised·against proteolipid protein but not against mYelin basic 

protein, and'since ft is the only radioactive protein in this regfon when 

mouse myelin is labeled with 35S-cysteine (unpublished data from our 

laboratory). We did not include this. protein in our present study 

because it is quantitativ~ly a very minor component at 15 days. 
,+>' 

,Other proteins we examfned were those in the Mr regions of 50K and 

lOOK, ~hich include the enzyme CNP and the MAG. However, no detailed 

analysis was undertaken because other proteins of neuronal and axop1asmie 

, ori g1 n overl ap these regi ons. Rapf dly turni ng over components in hetero­

geneolls mixtures, such as this class comprises, seriously mask isotopie 

,-:----relat1onsh1p.s of l1\Yel in elements having slower turnover rates (for a 

deta~led analysis, see Ame~ et.!l.-, 1980;:-- . 

" The resul ts we have ,obtained from the "'SOI experfments' are evaluated 

and 1nterpreted according to the conceptual framework outlined in Section 

3.3. ~riefly, three is?topfc proportions have been deffned: 
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TABLE 5.3.2 

; ~ , ... 
t , 

Specifie Radioactivities of Leucine-labeleq ~elin Proteins in Mouse Brain (15 dl S~fractions* 
, ~ ·1 

:1j +, 
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;,1;' 
" J 'f IJ" 
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t
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l' 

" 
141< HBP 17K M~P 

Subfraction 
l~ ~ 14C . ,~ 

.:;,. 

PIAu 15.5 12.7 . 13.5 12.3 

PIBœ 22.3 20.0 21.4 18.9 

P2Aa: , 44.5 39.0 26.5 22.7 

P2Ba 35.8 32.5 37.2 30.8 . 

PIB~ , 18.6' ' 16;9 12.3 12.0 

P2B~ 49.0 60.0 48.7 59.7 

P3a l s 81.7 89.9 121.4 ' 109.2 

P3a'.l 48:2 52,.9 52.7' 54.8 

-
* dpm per equivalent area'under'the èurve •. 

"' ....... r 1 
'..J 
"--

. , 

18.5K HBP 21.5K MBP 

lit(; ~ 1'+C 3ti lit(: 

- 11.0 9.2 32.7 12.7 30.4 
. 9.6 7.4 34.1 11.8 31.7 

~5.5 ' 27.5 42.8 18.8 66.2 

25.6 20.0 44.5 19.5 74.6 

14.1 17 .8 32.1 16.4 53.8 

25.6 87.1 111.5 118.5 50.7 

63.4 61.9 119.4 68.4 88.4 

41.1 36.1 56.6 ' 37.3 46.8 

" 
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PLP 

3H 

4.4 

' 5.6 

16.7 

23.0 
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Isotope"Ratios (R): these show the proportion of the second isotope 

wi th respect to the fi rst 1 sotope for 'lny gi ven' prôtein ; n any gi ven 

compartment (or subfraction). ' 

Q Ratios: 

( 
''\ 

"-
these show the proporti on of ~ gi ven i sGotope of the 

o"lS'ç Q ~ 
speciff c radi oacti vi ty of a given protei n i n ~ gi ven compa rtment wi th 

respect to the speci fi c radi oacti vi ty for the !ame isotope and protei n in 

the reference compartment (Ml. The referepce subfracti on PIAa wa's 

selected to represent an M-type compartment beeause 1) it has the charac­

teristic morphological features of myelin; 2f'it has a well:'defined 
'1-

protein profile that is characteristic of lllYelirq" 3) the leucine incor­

poration data shows that this subfraction contains the lowest isotope 

ratios and the lowest SR's in the four t~BP's and in PLP. This indicates 

that these membrane elements are metabolically the least active of all 

subfractions and contain a large pool of unlabeled proteins with minimal 

turno~~,degradati on, in agreement with the well-establ i shed data 
-- -

showing a very low rate' of protein turnover or degradation in myel;n 
a- .u 14C 

(Benj~mi ns -and Morell, 1918). The dffference between the Q val ue and 

the 3J.I Q value for a given protein in a given comp'artment is designated 

dJ. This parameter serves as an indicatiGR--6f the dynamic similar1ties. 

between the ,protein pool s in the .. 91 ven eompartment and the reference 

compartment~ M (PlAa). 

P Ratios: these show a comparison of the specifie radioactivities 

of a given protein, labeled by the first isotope ( l4C) with ~he lit(: 

specifi c radi oactivf ty of the 14K MBP in the reference compartment, M 

(PIAa). Under approprfate conditions thfs' ratio contains information 

about the relative dynamfcs of saturation of the protefn bo~nd leucine 
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pool, and can be' used to assess di fferences in the synthesi s pool s of 

several proteins dueto differential regulation at the translational 
, ; 

level, fl'RNA stability, or the- size of the free pool of leucine available 

for protein synthesi s. 

Table 5.3.3 conta1ns the calculated Q ratios for the five myelin 

proteins in the subfractions previously designated:Groups 1 and II. 

_ ta\>le 5.3.4 shows the t::.Q values for these proteins in subfractions P2B~ 

and P3a'.- The t:Q values for the 21.5K MS? and proteol ipid protein are 

presente<J in Table 5.3.5. 

5.3.3 Determination of Accumulative Product Compartments<Through the 
, 

Inter'pretati on of Q Values 
<, 

Interpretation of Q values will depend'or(the relative, inter-
:.0-

, pr~~ation of the lI) and.R for the proteins in a given compartment. The 

_. , "intérpretat1on of tJJ (~ = 0; ~ > 0; tJJ < 0) is dependent on the overall 

. 'dynamics of the .prote5n translocation process and the presence or absence .... 

_ 'of-degra~ation in each step of theepathway. Tables 3.3.2 and 393.3 

'~uinma-ri ze the i nterpreta t ions deri ved froRl ... the premi se of a transport 
, , 

. ~ .. l,' 

,. ,fU!'ction ~(r)t) and, a degradation function ~(t}; whe,re r designates 

metallolic distance or index of ,biochemical transformation (see Section 

,. 3.3 .. 1) and t designates time. Two reference systems have been deflned. _... .. ~ 

.. , 

", ~ The f1rst onè is for protei ns that arri ve at the reference compartment M -, 
" .. .j. '1 _ JI! 

. ___ ;:" ~Il: lE[ss 'than t~ê<'~ec~nd time interval (ta,., < l\t 2 ) (Table 3.3.t) '" 

, 

,-

A1te"rJ1at1'v~ly ,thE!' other sY$tem 15 def1 ned for the condition ta> l\t 2 

-~- "('iabl~ i:3.3) . . Henee, given a pair of nominal lI) and R (Tables 3.3.2 and 

,', - 3.3.3, "col1J~ns i' and.2) H,1s possible to infer the characteristics of '.. .' ~ - , , 

the compa,rtme~,t',w1th resPé~t' ta â given proteln (columA 3,). Thé other 
- .. , .!, 
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Subfracti on Group 

P1Aa 
A 

P1Ba 

P1Ba 

P2Ba 
B 

P2Aa. 

P2Ba 

P3a 1 1 C 

P3a l s 

TABLE 5~ 3.3 

Q Values for Myelin Proteins in Deve10ping 

Mouse Brain (15 d) Subfractions 

14K MBP* 17K MBP* 18.5K MBP* 21.5K MBP** 

1.0 1.0 1.0 1.0 

1.5 1.6 .9 1.0 

1.3 1.0 1.4 1.2 

2.5 2.7 2.3 1.5 

3.0 1.9 3.1 1.4 

3.2 3.'6 , 6.4 3.4 

1.3 3.9 3.7 1.7 

5.3 ' 9.0 6.2 3.7 

.,. " 'll1e ,3ft - - lIfe 3H 

25K (PLP)** 

1.0 

1.0 ., 

1.8 

2.5 

2.2 

1.7 

1.5 

2.9 

*Ya 1 ues represent the average of Q and Q • For these cases Q el! Q • 
A difference of ± 0.3 was found to be not signifkantly different from zero using "the 
student-t test. 

lite lite 3H .. 
**Values represent Q ,only; Q < Q • 
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columns summarize the degradat10n state and the temporal conditions of 
% 

deposition and residence that can be expected from the given ~ and R 

val ues. 

The Q values for lltC and ~ proved to be equfvalent for the 14K, 17K 

and 18.5K MBP's in most subfractions except P2Bf3 and the microsomal P3a' 

(both smal' and large vesicles). As described in Table 3.3.~, this 

situation, where tlJ '" 0, shows that the average time of deposition t < 
aj 

6t 2• Under these conditions Q values are proportional to the ratio of 

the function FCr) which encompases. information about the relative pool 

proportions in the respective compartments and at the site of synthesis. 
, 

~rrangement of the subfractions on the basis of their Q values 

(Table 5.3.3) for the 14K MBP leads to the automatic formation of sub-

fraction clusters which we interpret to represent isotopical1y equivalent 

compartments. The first such group (A) is composed of PIAa and P1Ba. , , 
o 

These subfractions have t:iJ '" 0 for all proteins and Q' values clôse to 

unity. Isotope ratios have values below Ra. Morphologica11y, both 
~ 

" subfractions are made of compact multilamellar myelin, arranged around 

well preserved axons. From the point of v1ew of sedimentation pro­

perties, bath have the same particle index (~= 5.28; Pereyra and Braun, 

1983; Chapter 4) although PIBa is found at a slightly higher sucrose 
. 

dens i ty. The second group c:>f 'subfracti ons (B) i s composed of P2A a and . 

P2BŒ. These subfractions have dJ ::t: 0 only for the four MBP's and Q 
-

values in a11 cases are an average of 2.5 times larger than those in 
, 

group A, 'which indicates that the SR 1n these subfractions are higher as 1 

the result of a smaller, unlabeled protein pool. Morphological exami­

nation of these subfractfons sho~s compact multflamellar ~elinated axons 
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TABLE 6.3.4 

6Q'Values in Three Subfractions* 

Subfraction 14K MBP 17K MSP 18.5K MBP -- --21 .5KMBP PIP '(25K) -. 

" 

P2Bf3 -1.6 -0.7 -3.1 -5.9 -0.9 

P3a's -1.8 -0:2 -0.9 -1.8 -5.7 

P3a'l -2.9 0.6 -0.2 -1.2 -O.~ 

* . Q values for the 14K.17K~ and 18.5K MBPs in other subfract10ns 
are zero. 

TABLE '5'. '3'. ~ 
c oc .---=-

J 
6Q Values for 21.5K MBP and 25K PlP 

-Subfraction . 21.5K MSP 251<,,- PlP 

P1Aa 0 

P1Ba 0.1 

0 .} Ct 0 
.,:0.3 

P1B~ ,:-0.3 Ct 0 ~2.2 

P2Aa -0.2 -1.6 -2.1 ± 0.5 

P2Ba -0.1 -2.7 

P2Bf3 -5.9 -0.9 

P3a" -1:2 ,,' 

tJ.t -0.9 
. -

P3a l s -1.8 .. "'5.7 ., 

1 • , 
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with a wel1 preserved axoplasm. The partic1e index (~) 1s 3.95 for ~hese 

subfractions, and the density ranges from 1.08 for P2Bo: to 1.06 for P2Aa. 

Isotope ratios are be10w Ro for a11 five proteins in this category. 

Both groups (A and B) can be confident1y described as A-type compartments 

with no si9nificant turnover (~= 0). 

PIBj3 has not been inc1uded in any of the above groups. From its tn 

values (t/:1 ~ 0) and its Q values for a11 four MBP's it can be c1assified 

as an A-type compartment. However, isotope ratios for the 14K, 17K and 

18.5K MBP's are slight1y higher than Ro (R = 5.1 ± .2), most probably 

because of degradation. or contamination by nonmyelin proteins (axona1). 

Morpho10gica11y, P1B~ is made of large membrane fragments and very .. . 
100se1y ensheathed axons. It has ~ = 3~4 and a bouyant density of 1.09. 

A third group (C) can be identified on the basis of the Q values for 

14K MBP. This group, is represented by P2B~ and the microsomal sub­

fraction P3o: ' , both large and small vesicles. ffJ values are in a11 cases 

less than zero and therefore Q IIfC can not ~ interprJ'd as differences 

in protein pools to differences in the metabolic distance. The Ql4C 

values presented in Table 5.3~3 indicate that the overa1l un1abeled 
, 

protein pool in these subfractions is sma11 (large Q values). either 

, , 

because of degradation or turnover, or perhaps because of the relative 

state of differentiation (architectural modification) of the compartment 

(R> Ro'. 

Table 5.3.5 shows ~ values for the 21.5K MBP and PLP (25K) among 

a11 subfracti ons. A di fference of zero i ndi cates, as for the other MBP l's 

discussed above that Ql~ = Q3H~ Note,' h~wever, that both proteins are 

present in a number of subfractions for which the ~ 1s. negative. On the 

other hand, both protefns have 'isotope ratios that are smaller than Ro 

, 
" , 

---- --~, --~- ~,-
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TABLE 5.3.~. 

Delay Times for Appearance of Mye 1 in Proteins in Subfractions 

Group Subfract ion 

P1Aa 
A 

Pl Ba .. 
P2Aa 

B 
P2Bœ 

.. P1B6* 

Pla' s** 

P3a', 

P2Bf3*** 

, . 

DEL~Y TIMES 
14K, 17K and 18.5K MBP 21. 5K MBP PLP (25K) 

, ' 

4 ! 1 min 

\ 

< 4 min 

13 min > 15 min 

11 min' 

9 min 

10 min 

\ ,. 

14 min 

12 min 

13 min 

( 

*For the 14K, 17K and 18.5K MI'S' R = 5.1 ± .2; AQ ::! 0 which we, interpret as 
t < t with degradation .. 
ai ~ 

**For the, 14K, 17K and 18.5K [JBP'S, R = 5.5 ± .5; AQ < cj ,(degradatlon of these 
proteins i s suspected).' , ' 

***For a11 proteins, R =' 6.2 ± .2 and 'AQ ~ O,{indicates tu~nov,er or degradation)., 

" 
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1 
and' as outlin'ed in Table 3.3.2, this indicates the average deposition 

time of the reference compartment t ) ât 2. Al though we cannot extract , 'l1 
any direct data concerning the relative residence time (tr ) of a 

protej!l in a compartment we can be sure that for the observed isotopie 

conditions tr ) lIt l + lIt 2" When this is taken together with our 
~ 

conclusions on the MBPls in the subfract10ns of flroups A and B, we 

L anti ci pate that tr for the 21.5K MBP and for PLP in the same sub­

fractions will be large, and that the degradation function will be close 

to zero. 

In summary, the fractions PIAa, PIBa, P2Aa, and P2Ba can be 

considered to behave as accumulat1ve compartments (product compartments) 

w1th a minimal degradation rate (f3 = 0) and a resi dence time tR ) 

(lit! + ât2). Under these conditions ft 1s possible to calculate the 

minimal delay time of deposition as 

Delay time 

defined by the linear relationship: 
_ R 
- ât 2 - lit 2 1r + y 

o 
where y fndfcates the minimal time of synthesfs of the given protein (see 

Table 5.3'.5 and Section 3.3.5 for further details). 

It was of interest ta us to assess the possibility that the delay .. -

.. 

times for the deposition of PLP could be consistent with an endomembrane 

pathway fnvolvfng the Golgi apparatus. Recent studies on Golgi turnover 

in·a varfety of systems (Morré et ~., 1979) suggest that on average two 

to three minutes are required for the complete turnover of one Golgi 

stack. Since 5 to 8 min are regarded as an aCGeptable time frame for the 

synth~sis, insertion into and transport of a protein ~ut of the endo­

plasmic reticulum, and 2 min for its transfer· from the Golgi to the cell _ 

surface. then the delay tlme of 14 min for PlP deposftfon in fflYelin 
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suggests a resi dence time in the Golgi of·4 to 7 min. if in fact it 

passes through this organelle. If SO. ft would à'îso sU9gest a very small 

Golgi of 3 to 5 stacks. These are. of course, only rough estimates, 

subject to many assumptions and limitations. Nevertheless, estimations 

,of this sort ha~ been helpful in assessing th~ possible routes for 

processing of ~elin proteins. particularly the PLP. On the basis of our 

results te date. and in the light of the above considerations, we are led 

to suggest that PLP might be translocated from its site of synthesis to 

its ultimate destination in ~elin by a mechanism which bypasses the 

Golgi apparatus. This notion of a non-conventional route for the 

inse:tion of integral mYelin proteins has a1so been suggested by 

Friedri'ch et!l. (1980) from a morphological point of view. 

The del~ (10 to 14 min) in the insertion of ?1.5K MBP. compared to 

the much shorter times for the other MBp·s., was a surprise to us. $0 far 

our efforts to account for ~h,is ,suggest that .jt ;s not a result of metho-
~ 

dological inadequacy (overlap with PlP and DM20); neverthe'less, çorro-

boration by other means will be necessary. 

5.3.4 Determination of Degrading or Precursor Compartments Through the 

Interpretation of Q Val ues 

Situations where t.Q 0 and R Ro can be interpreted in two ways: 

~ 1) when dealing with an M-type compartment t~e resultant increased 

isotope ratio will be due to protein degradation {A~}; and 2) when 

dealing with an intermediate (precursor) compartment {p} thé el ev~ted 

ratios are due ma1nly to protein transit (turnover). Th~ee subfrac~ns 

meet these conditions. for sorne or all of their proteins (TableÇ!J.4). 

P2B~ has these character1stics for all five proteins (see Table 5.3.1 for 

is·otope ratios;, R .. 6.2 ± 0.2). This subfractfon, which has a suc rose-
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equivalent dens~ty of 1.09 and ~ = 3.2, contains wel1~preserved axons 

which are enveloped by only a few lamellae and" sorne cytoplasmic pockets. 

It also conta1ns vesiculated structure containing electron~dense 

materia1. 

Our data at th1s point do not yet allow us to state with certafnty 

that the prote1ns of P2B~ are being degraded or are turn1ng"over. 

However, if this subfraction represents an intermediate compartment for 
, 

all myelin proteins we have to account for the fact that even for the 

deposition .(delay) time of PlP (Table 5.3.6) the average residence time 
". . 

fn a lI\Yelin uprecursorll cOJill)artment would be relatively short and isotope 

ratios would be expected to ~e at least two orders of magnitude higher 

than we observe. This does not preclude the possibility that proteins in 

th1s compartment are turning over. 
.. 

However, this turnover rneans that there must be a relatively longer 

residence t1me (on the order of 12 hours, calculated by assuming a normal 

distribution of transit times). Such a scenario would likely represent 

more a process of membrane (myelfn) modification (differentiation) rather 
• than the initial process of membrane assembly. If one wants to argue 

that significant degradation 1s occurrfng, then half-1ives of this 

process on the order of 3 to 4 hours are r~qufred in order to obta1n the 

observed ratios Ceg. R = 5.5), calculated by assum1ng exponential decay 

k1net1cs. These poss1bilities can only be distinguished by addit1onal' 

experimentat1on. ~For further comments on developmental precursor 

comp'artments see Appendi,x). 
• - 1 

~ . . 
The' other subfraction whfch 1s character1zed by AQ 4( 0 and R> Ro 

(for 3 HBP's) is P3a' (see Table 5.3.1 and Table 5.3.4). The membranes 

in·th1s subfraction can be separated-into two categories, based on the1r 
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relative size, by velocity sedfmentatfon; we refer to these as the 

"large" and "small" vesicles. Accordi.ng to their average sedimentation 

sedimentation characterî stics (" = 2.75) these fall into the category of 
. 

IImicrosomes". P3Œ' (large) has a sedimentation constant greater than 162 

$, .fs enr'i~hed fn large, trilamellar 'elements of various sizes and 

, contains a minor contamination by ribonucleoprotein. P3Œ' (small) is 

characterized by a sedimentation constant of less than 162 S, is a 

C collection of vesicles of relatively.homogeneous size, enclosing a 

lightly electron-dense material. Both have a fairly typical lllYelin 

protein profile by SOS-PAGE, showing slightly less 14K MBP and PlP than 

the mYel;n subfractfons fn groups A and B. These microsomes are also 

characteri zed by their very low buoyant densf ty (ô = 1. 04) and by the 

fact~that they accumul ate only during the peak of lllYe1 i nati on (between 

d~ 13 and 20). In 'prelfmfnar,y reports, we suggested that these micro-
1 

somés could represent intracellular transport vesic1es. However, our 

current analysis of the TSO! experiments, as we present here, shows that 

this fnterpretation fs no longer valid. The fact tHat the fsotope ratios 

for the 21.5K MBP and for PLP are lower than Ro means that, irrespec­

tfve of degradative events, deposftion tfmes of these two protefns into 

the membranes contafned in P3Œ' (small and large) are similar to those 

'" calculated f~r the myelin fractions in groups A and B (Table 5.3.6). 
--~ 

Likewise the delay tfmes observed for the i4K, 17K and 18.5K feP's in ... 

groups A and B (less than 5 mi~) are consistent with a free ribosoma1 -

• synthes1s of these cprotefns occurring very close to the insertion site, 
• 

rather than with a mechanlsm involvlng in~ra~ular ·transport. Since 

the 21.5K MBP and.the PlP have relat)ve1y longer de1ay'times for 

depos1t1on in myelin, one might. conc1ude that th~ reach their dest1-
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TABLE 5. 3. 7 • 

P Values for Hyet'n Proteins and their Adjustment for Leucine{Content 

14K MBP 17K MBP 18.5K MBP 21.5K MBP 25K PLP' 

lite t P 'ratios 1.0 1.0± .2 0.8 ± .3 1.6 ± .4 1.8 ± 
~ 

~ 

1.7 

,~, 
Leucine prop~rtion~~ 1.0 _ 1.5 1.5 

" 

Jlte 
(adjusted) 1.0 O.~ . Ct. 5 f\ ratios ~ 

3.0 

0.6 

, ....... , ( 
1 

t p values for 18.5K and 2i.5K MBPls and for,PLP are significantly'different fro~ 1 
unit y (p > 0.95) as determined by student t statisti cs'. " ;' ',' '" i j 

*Obtained' by averaging val ues obtained in ôur laboratory anri from the l-ite.ra.tuh 1 
for bovine and rat myelin proteins (Braun and Brostoff, 1977; Barbarese, 197~;. : j' 

'Ii ' 
Agrawa 1 et ,tl., 1982). -. i,' .' 
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nation by more complex, intracellu1ar transport mechanisms; no further 

data, however, exfst to support this notion. We are left, theréfore,' 

with the possibility that the microsomes of P3a ' are membranes of the A­

type, undergoing degradation with half-lives of about 6 to 7 hours. At 

this point we can on1y speculate as to the functional nature of these 

apparently unstable vesicles which can be obtained only dlJring the most 0 

active stage of mYelination. 

5.3.5 Interpretation of P Values 

Analysis 'of P ratios for the four MBP's 1s possible, given that the 

~e-binding affini~y for the~e proteins in get electrophoresis, is the 

same. As stated in Section 3.3, ? ratios among this set of proteins 

would have to be unit y if the only difference among them is the propor­

ti on of ava il ab le message (tran'scri pti ana l control; Darne 11, 1982). As 

seen in Table S.3.7, P values for the 18.5K. 21.5K MBP's and PlP are 

significantly different from/unity. Ln order to take into account the 

different leucine content of these proteins, we have adjusted them for 

their relative proportion of leucine. As llustrated in Table 5.3.7, 

adjusted values of P indieate that the 14K and 21.5K MBP's appear to have 

a common radi oactf-ve l euei ne p'oo 1; the; roporti ons i n my~ 1 in mi ght be 

regulated by transcriptional control. Fr m our isotope data we can 

suggest that the 17K and 18.5K MBP's are transported from the site of 

syn~esis to the point of insertion by a process that is npt very 
"', 

different from that for the 14K MBP •. From this it follows that the 

çomparatfvely lower adjusted P value for 17K and 18.5K MBP's may indicate 
'-- '. ~ 

that the~e protelns are handled differently from the other two MBP's at 

,their site of synthesis (perhaps by differences in mRNA processing, a'nd 

in the stability of the message or d1fferences in their relative radio-

, ac~ive leuéine poo~s). 
( 
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Benjamins et al. (1975; 1976b) have reported that, in general, the 

spec1 fi c radi oacti vi t i es for PLP a re hi gher than for MBP. From the P 

value for PLP it can be seen that, in our experiments after 75 min of 

labelfng, the P ratio of PL? is 1.8. From Benjamins et al. (1975) we 

have calculated that the same proportiory. is obtained after one hour 

labepng with lH-leu. After 24 hr their incorporation values indicate 

that the ratio of PLP ta MS? (14K plus 18.5K) is 2.88, very close to the' 

expected value for the ratio of leucine betweéh the two proteins and PLP 

(Table 5.3.7). The difference in our adjusted P value for PLP is, 
1 

therefore, consistent with a mechanism of delayed incorporation, and the 

proportion of this protein in myelin might a1so be expected to be 

controlled at the transcript10nal l evel. 

5.4 Concluding Remarks 
• 

Our long-term objective 1s te relate the character1stics of our sub-

fractions trom developing brain-to specific morphological and biochemical 

properties of membrane compartments wh1ch are involved in myelin 

biogenesis. Once we have establ1shed this relationship we will be able 
il 

te design experiments to examine current views on the molecular events' in 

myelin assembly. 

We woul d l ike to recommend that the use of the term "preèursor­

product rel ati onsh1 p" t in the context of l11Yelinogenesis, be only used to 

deffne the events which occur in the de'novo processing of lIlYelin 
, ---", 

components, from site of synthesis to the site of incorpo.ration into the 

end-product, the oligodendrog11al plasma membrane:~specially at the 

mesaxonal site and beyond. Furthermore, a clear dfostinction should be 

, 

made between this assembly process a,nd the structural modifications which 
ô 

/ 
:225 

IJ I~ 

, ' 

• 
, '1 

1 

- _._--~-_.-\--._~, -, ,- --'--~"- _ .. ~ .. ........--'-~ e"'!!!lil\!'l!!!' ff '.--" 
. . .. '--'- ._--_.-

j ., 
" 

1 



1 ,-
~ 
~ 

~f 
~ 

t 

P2B 

10", 

•• 
4r. 

• ) '1 , 
1 

If 

i 
1 

él 
GROUp?" , 

B 1-

GROUPA ! 
'.' , 1 

! 

Figurt ~.4.1 • ~ , ' ... _ 
AI Diagta •• atic representation of an al igodendroglhl tell showing differfltt Ibgu of 'Yllin 

. 'deve1ap.ent (architect.ral differentiation). Isolated subfractions have beln alsigned ta different 
regions of the tell surfaCe and to difftrent sbgts of Ifevelopent on thl 'bisis of IOrphologicll~ 
Q/lzyutie and label incorporation dah. Subfriction P2B~ has belli tenbtiv'ly iI!ligned ta the 
larly stages of .yelin fOfliltion '!hen significant DOUIIts of cytophsi u. still contai ne in tIt'o­
lesillonal spate and in be~lIeen the .yelin 11111l.1.. Pl~ has blell inttrpreted as Iyelin lHbranu 
at a IOre .ature stage. This 5ubf~action éontains 10051 'I.bran,s, probably originating IrOi ~hl 
oJigodendrogliaJ proce55ès, pIa s.a .elbr.", rr outer lieUiI of Iyelibded lionS. Cross ,w 
conta.ination betll!en the se two B subfractions is ,vident fro. their sedi.entation ratll ind 
densities. Group B subfractions (P2Aa ind P2Ba) see. ta be representativ, of 1 s.all .yelin pratein 

'lPttol .. ith labeling dynaaies eharaderistic of tature I,elin. T"'s. subfractions haVI b.en IIsi,ned 
taHhe early eo.pattion StiCJ!!5 of .yelin forllitian. Group A (P1AI and PIDa) il consistent .. itl! il 

larg) .yelift prot.in pool tUh Jab~J deposition tinetin, protein profilu ad IDrpholic.l f •• turH 
typicii of weIl deve10ped .yelinated IIORS. 
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myelin sheath. The ability ta discriminate between these two temporal 

sequence of-events is, in our vi~~, a fundamental requfrement for the 

interpretatton of data relating to mechanisms of myelination. Previous 
c. 

1nvesti,gators, îllcluding ourselves, have not always appreciated this 

distinction and have ascribed a biogenic lnterpretation to data.per­

taining more to post-assembly modification of mYelin. : 

From ,the resu'l ts presented in thi s paper and our precedi n9 work 

··(pereyra an~ Braun, 1983; Chapter 4) we have been able to construct a 

preliminary working scheme (Figure 5.4.1.) which permits us to frame 

questions concerning the mechaoisms of myel;n assembly and the morpho­

Jog1cal ~odifications of the myelin sheath during development. In part 

na" of Figure 5.4.1 we have tentatively assigned group A -subfraGtions to 

well-developed myelin sheaths, and group B subfractions to the incom­

pletely mre1inated axons. However, the bioc~emical and metabolfc 

(fs'otape incorporation) characteristics of both groups are a1so 

consistent with two lI\Yelin pools that may result,from regional morpho­

logica1 and developmental di fferenc'es •. We have assi gned P2B ~,. on the 

basis of morphology and b10chemical features, to the initial stages of 
, . :! 

, • /i. •. 'fI:. • 

lI\Yelin formation, ~hi1e P1~13·.appears to fit best w~th the first lI\Ye11n 

wrappfngs or perhaps oligodendroglfal plasma membrane. We also propose ... . 
, . 

that the microsomal subfraction. P3a·. represents an unfinished and 

·unstabl el. lI\Yel i n &partment. subject to 11 mi ted degradati on. 
r5, . 

Deposition 'of "recently" synthesized proteins occurs by a series of 

short-time events (i.e.,. short-term turnover characteristicsl. These 

events are.repre'sented schematical1y in Ffgure 5.:".lb. ·PlP fs 'Sh~~n t6" 
. -

be transportep fro~ the endoplasmic ret1~ulum.pf the per1karyon to the 

j • 
,"" -,,> 
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Figurl 5.4. J. ' ". 
1) Diagri ••• tic' tlpresent.ti~ of intrlcellular IIlbranl difflrefttiali~,in 1ft aligodendroglill 
proeess in accordanc. vith aorphDlo9ic.l Dbsery.tions '(Friedrich et~, 1980), and an illustration 
of relative delay UliS in the incarpontion of .. jor .yelin proteiAs. In .ettlr ilrlIItIIt ,itll our 
experi.ental results, P3a' lias bllh Issignll ta para .. ,elin .... rlRt Ile.ents Idj.cent ta th. 
',rowing Iyetin shlath. 
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mYe1in compartment, whether or not it passes through intermediate 

compartments such as the Golgi apparatus. We observed delayed incor­

poration of this protein," a'S had been previously reported by Benjamins 

!le (1975; 1976b). Our data, however, showed a dél ay time of on1Y 14 

et 

to 

20 mi n, i nstead of' ~he 30 or mbre mi n reported by these workers. We 

interpret this time range for pLp to be due to differences in the average 

deposition times or the "metabolic 'distances" among the various ,myelin 

compartments (see Section 3.3.1). The 14K, 17K and 18.5K MBP's, on the 
q 

other hand, are inserted di rectly into the lIlYel i n with only a very short 

delay. The 21.5K MBP showed an unexpected delaylPin its incorporation' 

into all lTtYelin subfractions and' further research on" this is now in 

progress in order to corroborate this observation. 

The similar experimen~al approach by Benjamins et 21.. ,(1976a and b~ 

led to suggestions that subfractions of lIlYelin are metabolically 

differeet from each other. Unfortunately, an oversimplified in.ter-

pretati on of ~ sotope rat;'os, in the, absence of true Ro' val ues (the 

results from several leucine and glycine isotopes were mixed) resulted in 

a pr~mature conclusion about a precurso~-product relationship among their 
. , 0 

myelfn subfractions. Other investigators who have also sought to 

, establish "precursor-product" events by studyfng lIlYelin subfractions have 

not taken into account that these are the' end-product of myelin assembly, 

representing fnstead a varfety of developmental stages of the mYelin 

sheath (maturation stages). 

Studies on murine mutants such as Qu~k1ng have 50 far yielded only 

qu lftative rather than mechanistic differenées 'in the myelination 
, ~ ." 

p ocess (Brostoff et !le J 1977; Greenfield!! 21.. J 1977)., However, this 

o~ approach to mutants as wel1 as TSDI approaches to Wal1erian 
" 
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degeneration (Patsalos et !l: t 1982) has considerable potential an~ 

should yield n~ and useful information upon the appl~cation of 
, -

conceptual approaches to data: i,nterpretati on, such as the one we present 
'1 

, \ 

here, and when adequate characterization of subfractions is pursued. 
1 

'We are currently developing ~ur subfraction scheme for a wider 

recovery of size and density ranges in order to obtain large fragments of 

the endo~asmic reticulum and dense Golgi membranes. These developments 

and the use of 5 to la day old mice in new TS01 strategies will allow us 

t~ address various questions which ~ave been prompted by the results we 

report here, '~nd to stud,y tru~ precursor-product relati onships among 

, endomembranes\of the initial stage of mYelination, as well as their 

devel opmenta 1 i nterrel at; onsh'i ps. 

This work has called into question several commonly -accepted . ' 
assumptions and procedures used in the biochemical studies of lIlYelfn. 

1 

the one hand; we believe that a distinction must be made petween the 

~namics of intracellular events involved in the assembly of, mye 1 in and 

the dynamics of ,mYelin maturation in order to design and interpret - , -

1 sotope i ~corporc.tf on exper~ts--. - --rn~ the fi rst case precur~or-product 
, ~ 

- -- < 

~elationships are being considered, while in the second case consi-
, 

On 

deratfon is given to changes oqcurring in the product (myelin) because of. 

variations in the phenotypic expréssfon of ,the maturing myelinating cell, 
. ... 

or because of 1ntrinsic mètabo11c transformations. 

On th~ other' hand, the interpr~tation and understanding of brain 

~ubfract1ons 1s an essential requirement fn'ôrder to extrapolate the 

expe.riment~al work to the .!!l vivo situation. The rati·onale for applying 

subf~açtionat1on protocols to developmental studfes rests on the 

assumpt~on that under adequate conditions it 15 possible to 1solate 

230 

, ' 

~ 
" , 
~ 
i 
~ 

r 

J. 
J 
-~ 
~ , 
• 



.. 

d1fferent intracellular components and various intercellular asso­

ciations. The isolation of myelin subfractions after éxtensive homo­

genization and osmotic shock is a procedure that defeats this object~ve. 
,1 

Incomplete characterization of subfractions, even if care is taken in the 

homogenization st~p and osmotic shocks are avoided, leads, on the other 

hand, to meaningless interpretations~ If~!~e size heterogeneity of 

mYelinated internodes, and the variation in the maturation stage of 

mYelin and its association with the axon is taken into consideration, 
1;. 

then the only valid a priori conclusion possible 1s that upon homogeniza-

tion and subfractionation of developing CNS tissue, one should expect 

several populations of particles ~ithin a discrete range of rate and r 

bouyant sedimentation properties. 

Our. ex peri mental results confirm this èxpectation rather than the 

more common view among mYelin investigators that myelin differences are 

only reflected in particle dénsity changes. Furthermore, the above 

statements and our empirical observations have lead'us to consider that: 

1) Homogenization of d~~oping brain tissue can give rise to 

operatiQnally discrete ~elin and mye11nated axon fragments with 

di fferent metal:>o'l1 c characteri sti cs that are' i nterpreted as di fferent ~ 

maturati onal stages of ~eli n. ;~ 

2) Important endomembrane çomponents' are co~only c~ntained in 
, 

fracti ons' deri ved from procedures that use only 4i,sconti nuous gradi en~ 

rate-sedimentation conditions. 
j' 

3) The range of observed isotope ratios inr'our ~or.k as well as that 
1·· , , 

of. Benjamins (Benjamins and Moren, 1978) 'are ,insüfficfent on kinetJc 

grounds to jus tif Y a IIprecursor-productll rel ati onshfp even in a . ' , 
, 'r 

maturational sense among the various my~li".r.~ontain~ng subfractions. ,.' 

l' 
1 
\ , 
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Rathe~ the dtfferences are interpreted as an indication of either 

'differences -in the metabolic distance of ~elin proteins or in their 

r~tes of deposition and assembly. 

4) Making use of sedimentation protocols that séparate mYelin and 

mYelinated axon fragments as a function Qf their size and density it is 

possible to show that the metabolic differences observe'd in these myel;n 

compartments are related to the size of the particle rather than to their 

bouyancy. Previous reports which assigned metabolic differences to 

"li ght, medi um and heavy" mYel in subfracti ons are thus i nterpreted to be 

erroneous due to contamination of theèJ'heavy myelin" subfractions by 

endomembrane components, and the presence in the "medi um and li ght Il 

subfractions of dense vesiculàr Elements which are too small to have been 
<f. 

removed in the relatively short sedimentation times which were employed. , 

In addition, these latter two subfractions also contain varying propor­

tions of the large and small mrelin compartments, thereby greatly 

affecting the distribution of metabolic markers. 
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6. EPILOGUE 

6.1. Commentary on Theoretical Contribiutions 

The first three chapters of this thesis cont;\q a series of 

theoretlcal cons,ideratitgns wi th implications on current vi;.ws ofC' 

myelin function, phylogenesis and ontogenesis. It was 

empha~ized that the association of glia with neuron is not only 

determlned by ontological factors but also by phylogenetic ones. 

It 18 these latter factors which, as 8uggested, have given rise 

to the present ontological relationship between these various 

cell types. Viewed from this perspective, these cells must be 

considered as cooperative working unlts or ERGQNs. This concept 

merges other important theoretical oonsiderations previously 
,.. 

desoribe~ in the literature; such as the "multiplex neuron" 
~ ... . 

conoept of Waxman (1972), the concept of " cooperating oeIl sets" 
C • 

of Boyse and Cantor (1978) and the important morphologieal 

• observations of the intrioate intercellular junctions among CNS 

cells (?Hugnaini, 1978; Dermietzef and,Kroczek, 1980; Dermietzel 

et ~l. 1980; Massa and Hugnaini, 1982). 

Similar approaches to myelination have been attempted by 
,( 

other authors. Of these, the work of Johnston and Roots (1912) 

deserves espeo1a! mention. where Many similar ideas to the ones l 

have exposed have been extensibly expiored • 

This holistlc perspective leads to the distinction of stages 

1n the process of myelination. Furthermore, these stages, as 

, proposed in thls thes1s, involve not only chang78 ln the 

morphogenesls o~ myelin, but alsoPdiscrete phenotypic 

alterations which are indicative of continuous cellular 
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differentiation. These cellular phases have been described 

tentatlvely on the basis of eombined morphologieal and 

biochemlcal observations. Developme~ studies of myel1nation, 

however, have not yet been designed in the context of this 

proppsal and many large gaps have yet to be covered. 

The.morphogenie model in Chapter 2. is one step furthen in 

the theoretical analysis of myelination which takes into 

consideration the available morphologieal descriptions. This 

model foouses on the events of phase II, when myelin membranes 

are assembled into a eontlnuous spiral. How this process oepurs 

15 not yet clear. Data to delineate these events are simply not 

available. AlI indirect evldence suggests a falrly complex 
. 

1nvolvment of eytQplasmic structures in this event. The model 

presented here was developed as â formaI alternative to the 
1 

general "Splral-Wrapping" hypothesis (Peters et al. 1976) whlch . . ---
1 has by now become a dogma. The theoretical consequence of this 

new model - 'and one of lts main intentions - Is the generation of 
ij 

new experlmental approaches to the myelinatlon process. This 

mod~l a1so points toward a claslfioation of demyellnating 

neuropathies based on moleeular oonsld~rations rather than on 

the more ambiguous lmmunomorpho~ogical descriptions • 

6~2. Co~entary ~ Emplrlcal Results 

~ my arrival ln th1s laborator~ l .as presented wlth 

the interest1ng problem of'p~rify1ng a microsomal fraction . .... 

trom the mouse brain, or1ginally desor1bed'by Barbarese et' 

;!! (1978) as P3A. , This fraction showed characteristlcs of 

237 

.\ 

" 

" 

l 

ri 
'j 

1 
1 
1 
1 

__ 'r_~_ -.~- ".-- - --P-'-~-----------""'''''_'''If!,""._ ...... _.:.:.= ___ !IIIII!I!!!!'I!I!'''--~. ,,"~_!,:_~.i ::*:: • .... ,.. ~, .. ..,; , II!! III!I!!I!!I , ..... Il:k'c v~ • !!!!!! 



.{ 

1 .... .,,~~!PtII!4t."'.ttl 11_,4\i"t"-;~~""""~ ..... ~~p.1'~ ~_.W%.; )AWL'V .. ,...I0,''':Jt'P'.1''t.~ ~ ~.~ -. w'l'l'~f'~~~J\":'l....-q'<-~"",""j.,- ~ .. , ............ __ .. ~ ~ <.~_'1f, .. ,~"..p'J ' 

1 

, 
';' 
J-

nt 
i 1 

I, Q. 1 

j 

.1 

1 
\_'-' 

" 

;.C) 

o 

" 

developmental klnetics, that were prematurely interpreted to 

indlcate that these veslcles were' transpor.t structures 

Involved ln the assembly of myelin (Braun et al. 1980). 

However, a cl oser examination of this fraetton showed ver~ 

light smooth ves1cles with a typical myelin prot~in profile 

(P3A 1 • , Chapters 4. and 5. >. Moreover, the1r appearanee 

wlth.development was best described by bssuming the presence 

of a type of, myel1n that vesiculates easi1y during 

homogenizatlon of myelinating brain, rather than being 

transport ves1eles as initially proposed. 

During the isolation and charaeterization of these ves1cles, 

It became allparent that the subfractlonat'ion of developlng brain 

gave rise to a series of myelln related subfractions with . .. - .. 

co~sistent and specifie morphologieal, 'biochemical and ki~etie 

" ' characterlstics whlch were related to the developmental stages of 

thEi brain. Oh kinetic grounds alone, it wasaPossible to 

~ifferentlate among three major groups of subfractions (see Table 

On the basis of the kinetic analysis presented in ~ , , ., . ...~. 

Chapter 3, these results were inter~r~ted to indicate elther . 
dirferences among the gr'oups ln the rate of deposi tion of their . -~) 

, .. - J ... 

. myelin constituents or their 'metabolic dist~nce. Moreove'r. 
- , ' 

taking into consideration the morphology, markér enzymes and 

~ prote~n character1stics of. these subfraotlons, it was concluded . 
that aIr of them represented mye11nated axon and mYel!n ~embrane 

fragments w1th different ~etabo11c properties. 
. 0. 

The correlation 

o~ the groups in Table 5~3.3 with~that of ·the arrangement of 
. , 

subfractions on t~~.basis o~ their,relativ~Z~ ,and d~nsity . .. , 
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index (Table ~.3.6.Y ~uggested to us that under certa~n "mild" 
~! 

conditions of homogenlzat10n, myelinated axons and myelin 

membrBnes subfractlonate as particles of a size that ls 

proportional to the orfginal size of the myelinated internode. 

For CNS tissue, thls assumption implies that small and dense 

p'artlo1es represent predominantly axons at an early stage of 

myel1nation (phase land beginning of II; Section 1.3), whlle 

light,small and large, particles would be enricheq, 

predominantly, with myelinated axons or myelin membranes at 

different stages of maturlty. 

Future research uslng ~he methodology proposed in this work 

- will attempt t.o achieve two main goals. One Is t.he extensive 

oharacterization of myelin subfractions during~ouse brain-. . 
development, trylng t.o correlate myellnation aetivitie8. myelin 

protein and lipld deposition klnetics with'the morphologieal 

maturation of myel1n in order to identify," on molecular terms, 

the proposed stepwise dlfferentiatlon of the myel1nating eell. , . 

The oth~r direction i8 the application of these procedures to 

specifie pathQgenic and pathologieal experimental systems. This 

approaeh should permit the identification of specifie molecuies 
. 

in the morphogenes!s of myel!n aS'suggested by the myelinatiog 
, 

modeL 
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A- 2 

CONTRIBUTIONS TO ORIGINAL KNOWLEDGE 
• c 

d ' 

A)' Th1=, work presents a 'new model of myelination based on the 

intraoytoplasm1C and s~~i-concentrlc deposition of ~~domembrane ~ 
figures or pl~tes. This model r~presents a for mal alternative to 

existing hypotheses on the mechanisms of myelinatlon. It 

8Uggests a common principle of ensheathment that can explain botb 

normal ànd aberrant myelin'formatlons. 

B)~ 1 have proposed a mathematioal con~eptualization'of protein 

translocation based on current oQncepts of membrane biogenesis 
y 

and membrane flow. This approach presents the initial results of 

a klnetic descrlptlon(of protein translocation as a function of 
,., 

the met~~olic di~tance. a variable that incorpora~es the chemlcal 

In~erconyerslons (post-translational modifications) of proteins 

along the endomembrane pathway withip a thermodynamio framework. 

~,-: This outl1ne was appl1ed to the Interpretation of time-

staggered doubl~·isotope (TSDI) studles of prqtein incorporation 

~ during myelin membrane assembly. As a result it was possible to 
~ 0 

'. define precurffor-product relationships involved in the 

interconversion of endomembranes. as ,a funetion of three 

experlmental parameters. A simple method to calculate the delay 

of protein incorporation into a given compartment that fulfills 

the biological characteristicl\' of "mature" myel1n, is also 

presented. 

~ I~ order to perform a complete developmental study of the 

biochemlstry of myel1nation using normal and neurologieal mutant 

mice, It waB necessary to develop a extensive subfra~tionation 

. 
protoool. This thesis presents the description of this endeavour 
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and its results, of which the following must be'underscored 
't 

1) The proteol1pid prote1n 15 local1zed to only a 

2) 

4) 

, D 

'\ 

.6) 

restr1cted group of, membranes 'or structures whic'h 

possess a typic~l spectrum of mye lin proteins and 
, 

'sed1mentat1~n properties. Absence of 

amounts of this,prote!n from Golgi-e~riched 

detectable 

fractions 
'~ 

is,Potentiallyan important observation, given that the 

myelin glycoprote1n (MAG) Is clearly present. 

The distribution ofoMAG 18 a more generai phenomenon. 

encompassing aIl membrane fractions. 

Hyelin basic proteins (MBPs) are present mainly in , 

myelin-contalnlng compartments. Its presence in'other 
- " 

weIl defined membrane fractioRs can be e~plalned by 
~ 

contamination of these fractions wlth myel~n. 

2' 3 !.-cyclic nucleotide 3'-phosph?dlesterase (CNP). when 
< 

maxlmaUy aotivated is wfdely distributed ,-
,.' among brain 8ubfj-'actions •. The specifie act1vity in 

myel1n fractions, although verYQ represents Iess 

tban 30 S of the total' uni t8. , " 

Synchronous double isotope ncorporatlon studies . . 
lnd~cate~ that the total brain pool of labelled leuciné 

rapidly exchanges wlth the,blood followlng power decay 

klnetics rather than exponential. decay kinptlcs as· 

normally~assumed. 

The range of obser~ed isotope ratios. using TSD! ... . 
protocols, .are insufficient û on kinet1c grounds~ to 

justify a nprecu~sor-product" 
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subfract1ons, even 1n a mat~ratlonal sense. Rather the 

",dlffer~noes are interpreted to r'epresent ei ther . ~., . " 

differences in the metabolic dis\ance of myel!n 

protelns or 1n thelr rates of deposition and assembly. 

Three of the four HBPs (14K. 17K and 18.5K) could be 
"\~.~ 

oharacterized as isokinetl,c with respect to thelr rates 

of deposition onto mye1!n membranes. For these 

proteins v~ry short delay times - in the order of two 

to fi ve minutes -, were calcu1ated. This 1s in 

~greement with their syntheses, by free ribosomes, 

oècuring very olose to their site of incorporat1op. 

. 8) Proteo11pld protein (PLP) was oharacterized by a 

, p, , . 

, , 
delayed incorporation into'mye11n membranes (tert ~o 

. , 

twenty minutes >,a1though these values are oonsiderably 
• a 

low~r than previously reported. The delay 1s in 

agreement with the synt1:lesls of this p'rotein 'by. 

membrane _ bound 
/ ' 

ribosomes and its transport ~y', 

endomembranes to the myelination si te; the Golgi; , \ 

1 

apparatu8 could or could not J>e involved. 
,'''' . 
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POOTROUS 

• J 

1. The use of the terms 'myeI1nation' and tm~eloqenesis' i6 not 

~nterchanqeable. Myel1noqenes-i-s 1-8 ~here vith developmental . 

ana biological implications •. Myel1n~tion on tbe otber hand 

'denotes the Morphogenie anà molecular aspects of myelin 

formation. 

2.'\All the.e structures are commonly considered the end-products of 

3 • 

4. 

/the endomembrane netvork. 

It has been common practice to equate turnovet of proteins in a 

q1ven compartment with protein deqradation. In thestrictest 

sense of ~embrane bioqenesis this equatlon does not hold. The 

term "turnover", v~ere in quotation, viII be taken in th!s thes!s 
1 

to lmply' only the transient residence of a macromo'lecule in a 

'" qiven evdomembrane component CRER, GA, PM, etc.). Deqradation, 

or further flov of any macramolecule to other companents of the 

endomembral'le netvork are taken as reasons for the &'turnover". 

"Tur-nover" 16 thus aeflned as a descriptive term and not an 
, . 

explanatory one. Should the discussion require the defin1tion 

q1ven to it by researchers 1n the field o'f macromolecular 

synthesis and deqradation, the ward turnover viII be left vithout 

quotat1on marks. 
-1 

Vsin; 1mmunocytochem1cal techniques, ster~berqer et !l., (1980) 

vere able to demonstrate that the immunoloca11zation of MPB and 
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PLI shifted frOllr a somatic to an exclusive JIIyelin loealizaUon 

vit~ devel?pment. S~milar results have been repbrted reeently b~ 
l 

Hartllàn !i !!. ( 198t:) • 

, 
, ., 

! 
1 

l 
1, 

5. Pow~r relat1onsh1ps' among biologieal parameters have been videly 

. , 

, , \' 
descr1beà. These relationships can be expla1ned by the 

àependence of the parameters under study (1n our case the tnflux 

and efflux of leucine) on a common governing cause (the cerebral 

blood flov CBF) (Apple and Korostyshevsk1y, 1980). Ac,ord1ng'to 

Zieler (1965) the amount of label in the brain blood bed can be 

-described by the fraction of material le ft in the blood beà at 

any time (desaturation of label), This fraction of material is, 

itself, a function of a distribut1?n function which describes the 
- , 

behaviour of the lable actoss the blood-brain barrier. In the 

caee- of leu'cine, th1s relationship involvea bath t'he label 1n the 

brain blooâ beà and the fract10n of 1t that has exchangeC vith 

the intracellular pool (Sage e~'1 1981). 

6. The length of thls unidimenslonal pa th (iti) ha~-,---been 

termed "MetaboUc Distance" to indicate its nature as 

the -effective physical distance that a pro~ein has -to 

transit from its site of synthesis to that of its 
'~ , /~ 

functional LO~ strùc~ural deposltion. as a result of 
~ 

specifie biophysical or biochemlcal forces. 

~. This type,of representation makes It'easler to identify 

the possible cod13t~lbutlons of enzymes among 

8ubfractions. This information can be used to asses the 

- ' 
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eftect~ that a glven subfraot1onat10n protocol has on 

the descr1mination of endomembranes,based on specifie 

enzyme markers. Its use 1s intended as an 

Interpretative aide only. Hence. for example, the 

agreement between the distribution of total units 

(T.U.) and relative specifie activities (R.S.~J among 

the transferases is a strong indication of their common 

subcellular origine These resuits are in eontrast with 

the lack of codistribution of T.U.s and R.S.A.s in the 

cases of CNP and AcTChE, a result that ravors the 1 
Interpretation of their presenoe 1n membranes or , 

1 
cellular. structures wi th dl:fferent sedimentation' 

1. 
l, 
, '. 

properties • . . 

.. 
, , 

, ' 

" .. '. 

-, .' -t> "\, 

, " .. ,. 
" ... '. , 

" 

\, ''', 

. , 

r 
() 

2116 
, 


