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qu'apr~s un laps de temps variable. Pour faciliter cette 
adhesion, nous 61iminons h maintes reprises le liquide 
sdcr6t6 par  le feuillet interne du blastoderme. Le lende- 
main de l 'op~ration los blastodermes sont fixds au Bouin, 
analysds in toto et ensuite inclus en paraffine et d~bitds 
en coupes s~rides de 8 # (Coloration ~ l 'hdmalun-drythro- 
sine). 

40 expdriences ont dtd faitcs. Cependant, quelques 
blastodermes sont morts prdcocement et claus quelques 
autres cas, le greffon s'est ddtachd du millipore. En  
ddfinitive, notre mat~riei contient 33 blastodermes. 

L 'examen histologique a r~v~l~ que l'61ongation et la 
diff~renciation de nos greffons ont dtd plus ou moins 
inhibdes. Ces greffons n 'on t  jamais ddpassd les limites du 
millipore et se terminent  par une masse cellulaire com- 
pacte. Plus en avant,  ils se sont pourtant  diff6rencids 
normalement  et ont  ~ourni une chorde, des somites, du 
m6senchyme et une goutti~re neurale. Les greffons sont 
fortement attach6s au miltipore, en particulier de nom- 
breuses cellules mdsenchymateuses adhbrent ~ lui ~troite- 
ment. En  revanche, l'ectoblaste, rev~tant la face opposde 
du filtre, est toujonrs sdpar6 du millipore par un  inter- 
stice qui semble vide au microscope optique. Cependant, 

l 'exception d 'un  seul cas, cet ectoblaste a toujours 
r6agi h la prdsence du greffon situ~ de l 'autre c6t6 du 
millipore. Cette r~action, toujours localisde au territoire 
correspondant ~ l 'emplacement du greffon, est en g~n~ral 
la plus marqude ~ la hauteur  de sa r~gion ant6rieure. 
Dans 9 cas, il s 'agit de la formation d 'une  petite, mais 
typique plaque neurale aux bords plus ou moins soulevds 
(Figures 1 et 2). Dans 7 cas, nous avons affaire k uue 
diffdren.ciation plut6t  neuro'dale que neurale. L'ecto- 
blaste est dpaissi en plaque, mais ses cellules sont moins 
allong6es et moins r6guli~rement dispos6es que dans 
1'dbauche neurale normate du meme Age. Dans les autres 
cas, l 'ectoblaste situd vis-g-vis du greffon est moins 
dpaissi et se pr6sente soft sous la forme d 'un  6pith61ium 
aux cellules cylindriques dont  les noyaux sont disposdes 
en 2 ou 3 rang6es (11 cas), soft d 'un  dpithdlium cubique, 
identique ~ l'dpiblaste cdphalique d 'un  jeune embryon 
(5 cas). 

Insistons encore sur le fair qu '~ part  la zone correspon- 
dant  h l 'emptacement du greffon, l 'ectoblaste sur route 
l 'dtendue du millipore est compos6 de cellules fortement 

applaties et garde son caract~re pdriphdrique. 11 est doric 
6vident que Faction inductrice du greffon sur l 'ectoblaste 
a dfl se r~aliser ~ travers le fittre millipore. Quoique 
l'arialyse au microscope optique ne nous ' permette pas 
&affirmer d 'une Ia~on d~finitive que cette r6action ne 
s'exerce pas par l ' intermddiaire de microvillositds trans- 
versant le millipore, cette dventualitd nous paralt  peu 
probable. En  effet, comme nous l 'avons d~jh mentionn6, 
l 'ectoblaste n'adh~re jamais au millipore. D'autre  part, 
aussi bien chez les Amphibiens que chez les Mammif~res 
(voir GROBSTEIN et DALTONe), le mfllipore, m~me aux 
pores plus larges que clans le n6tre, intercal6 entre les 
syst~mes inducteur et rdagissant n ' a  pas dt6 traversd par 
de tels prolongements plasmatiques. Enfin, BELLAIRS 7, 
en soumettant  de jeunes embryons de Poulet ~ l 'analyse 
ddtaillde au microscope dlectronique, n ' a  jamais observ6 
des microvillosit6s reliant le neurectoblaste ~ son sub- 
s t ra tum chordo mdsoblastique. 

Pour clore cette note pr~liminaire, soulignons l'analogie 
frappante entre nos rdsultats et ceux obtenus par SAX~I~ 
chez les Amphibiens. Aussi bien chez le Poulet que chez 
le Triton, Faction inductrice peut s'exercer ~. travers un 
filtre millipore, bien que ce dernier repr6sente un obstacle 
sdrieux. Dans les deux cas, les r6ponses de l 'ectoblaste an 
flux inducteur plus ou moins frein6 par le mitlipore 
s 'ordonnent  comme suit: ~piblaste 6paissi, structures 
neuroidales et, enfin, neurales typiques. 

Summary. In  the avian embryo, as ir~ the amphibian, 
we can even obtain a neural induction, if we interpose a 
millipore filter (thickness 25 /~, size of pores o.45 /~) 
between the inductor and the competent ectoblast. 

J. GALL~RA 

Laboratoire d'Embryologie expdrimentale, Imt i tu t  
d'Anatomie de l' Universitd de Gen~ve (Suisse), 
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Electron Microscopical Aspects of Myelin 
Ultrastructure 

At present, the most widely accepted view on myelin 
structure is the one that  each lamella is the result of the 
apposition of 2 'uni t  membranes '1. However, the uni t  
membrane theory does not  provide a convincing explana- 
t ion for at  least 2 well-established facts: the greater 
thickness of the major dense line in comparison with the 
intraperiod line and the existence of double intraperiod 
lines. 

Moreover, as reported elsewhere s, the results of high- 
resolution electron microscopical observations on thin 
sections of glutaraldehyde-fixed, post-osmicated, Epon- 
embedded tissues suggested a structural organization of 
biological membranes more complex than the one de- 
scribed by  the 'uni t  membrane '  concept. Indeed, in 

preparations of frog brain cortex, the membrane of 
synaptic vesicles appeared to consist essentially of a single 
layer of globules (diameter about 40-45 A) having a th in  
electron-dense contour and a light core and bound to 
each other directly or through an osmiophilic granule. In  
face-on views, the membrane appeared to be a mesh of 
polygonal or round areas (diameter 90-110 ]k) of un- 
stained material limited by osmiophilic lines, containing 
in'  their centers an osmiophilic granule (diameter 20-30 
A), In  these unstained areas it was often possible to 

1 j. D. ROSERTSO~, in Ult~astru~u~e and Metabolism ol the Nemous 
System (Ed. S. R. Ko~EY, A. PoPE and E. RosINS; Williams and 
Wilkins, Baltimore 1962), p. 94. 
V. Dz CAR~O, Nature 213, 833 (1967). 
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resolve th in  radia l ly  a r ranged  sep ta  d iv id ing  the  area  in to  
6 e lectron- lucid globules. Such b id imensional  images  
were t hough t  to  suggest  t h a t  t h e  m e m b r a n e  of syrmptic  
vesicles is formed by  e l emen ta ry  bui ld ing blocks wi th  a 
polyhedr ic  shape (probably  no t  too  d i f ferent  f rom the  
shape of a hexagona l  prism),  each of the  blocks being 
composed  of 6 osmiophobic  globules sur rounding  an  
osmiophi l ic  granule.  O the r  membranes ,  inc luding  the  
membranes  of mi tochondr i a  and  the  axo lemma,  also dis- 
p layed  the  above  descr ibed u l t r a s t ruc tu ra l  features .  These  
images were p robab ly  n o t  due  to  ar t i facts ,  since results  
ob ta ined  by o ther  inves t iga tors  using differe/ l t  t echn iques  
were in subs tan t ia l  agreement .  Thus,  SJOSTRAND and 
co-workers  observed  a g lobular  s t ruc tu re  in some bio- 
logical membranes  which were e i ther  chemicMly f ixed or  
f rozen-dried ~. H e x a g o n a l  pa t t e rns  wi th  a cen t ra l  p i t  were 
found on the  surface of nega t ive ly  s ta ined isolated ceil  
m e m b r a n e s  b y  BENEDETTI and  EMMELOT 4 and by  
MURR~,y~. H e x a g o n a l  s t ruc tures  wi th  a cen t ra l  dense 
spo t  were descr ibed by  I:{OBERTSON in the  synapt ic  discs 
of Mauthner ' s  cells of the  goldfish ~. Final ly ,  observat ions  
by  WHITTAKER and SHERIDAN 7 on nega t ive ly  s ta ined 
isolated synap t ic  vesicles appeared  to be in d i sagreement  
w i t h  the  classical mode l  of t h e  ' un i t  m e m b r a n e ' ;  b u t  we 
bel ieve t h e y  could be easi ly expla ined  on the  basis of t he  
proposed mode l  of m e m b r a n e  s t ructure .  The  resul ts  pre-  
sen ted  here  suggest  t h a t  the  myel in  of frog and  r a t  sciat ic  
nerves,  whe the r  f ixed in g lu ta ra ldehyde  8, dehydra t ed  in 
e thano l  and  embedded  in E p o n  D, or  f ixed in osmic acid 10, 
d eh y d ra t ed  in e thano l  and embedded  in Nfaraglas it, or  
f ixed in osmic acid, dehydra ted  fit ace tone  and embedded  
in VestopM12, appears  to  consist  of an  order ly  mesh  of 
t h e  same kinds  of osmiophobic  globules  and osmiophi l ic  
granules,  in which an  a r r angemen t  in polyhedr ic -g lobular  
units  can  f requen t ly  be dis t inguished.  

Ne rve  specimens were r em oved  f rom the  th ighs  of 
frogs and of ra ts  anes the t ized  wi th  amobarb i t a l  and  
i m m e d i a t e l y  fixed. I n  o ther  exper iments ,  sciat ic nerves  
were isolated f rom pi thed  frogs and kep t  a t  room temper -  
a tu re  for specified per iods of t ime  immersed  in frog 
Ringer  solut ion to which  dif ferent  concent ra t ions  o f  
t ryps in  13 (or no trypsin)  had  been added.  A P o r t e r - B l u m  
u l t r amic ro tome  equipped  wi th  a Ge-Fe -Ri  d i amond  knife 
and a H i t ach i  H U  11-B electron microscope were em- 

ployed.  Most  sections were s ta ined wi th  lead  monox ide  x4. 
Pho tographs ,  which were of ten  t h r o u g h  focal  series, 
were  t a k e n  a t  i n s t rumen ta l  magnif ica t ions  be tween  70,000 
and  140,000, a t  e i ther  50 or  75 KV. 

In  our  p repara t ions  of normai  nerve,  the  spaces be-  
tween  the  ma jo r  dense lines of mye l in  are  occupied b y  
uns ta ined  globules l imi ted  by  a del icate  osmiophi l ic  
shea th  (Figure 1). Size and shape of such globules are  
s imilar  to  those  observed  in t he  frog bra in  preparat ions .  
Vex 3- f requent ly ,  t h e y  appeared  to  be a r ranged  in 3 rows 
para l le l  wi th  t he  ma jo r  dense lines. I n  this case the  space 
be tween  consecut ive  ma jo r  dense lines measures  abou t  
120 _~. Less f r equen t ly  on ly  2 rows of clear globules are  
present  and the  space measures  on ly  abou t  90 A. Often,  

Fig. 2 

Fig. 1. ( x 550,000) and [Fig. 2. ( x 910,000). Myelin of rat sciatic 
nerve (fixation in osmic acid, embedding in Maraglas). 3 rows of 
osmiophobic globules occupy the space between consecutive major 
dense lines. The outlined arrows point to osmiophobie globules; the 
black arrows indicate some osmiophilic granules which constitute 
myelin's major dense lines. Polyhedric-globular units in face-on view 

can also be seen (in the squares). 

Fig. 1 
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t h e  rows of globules  are  i n t e r r u p t e d  b y  one  or  more  
po lygona l  or  r o u n d  s t r u c t u r e s  ( d i a m e t e r  a r o u n d  90 /~) 
w h i c h  h a v e  a c e n t r a l  osmiophi l i c  g r anu l e  s u r r o u n d e d  b y  
a n  u n s t a i n e d  a rea  (F igure  2). I n  o t h e r  words,  po lyhed r i c -  
g lobu la r  u n i t s  in  face-on  v iew c a n  be  seen in  t h e  l amel l ae  
of myel in .  S imi la r  des igns  occupy  more  or  less c o m p l e t e l y  
t he  space  b e t w e e n  m a j o r  dense  l ines  in  ob l ique  sec t ions  
of m y e l i n  (Figure  3) a n d  are  p r ac t i c a l l y  t he  on ly  k i n d  of 
s t r u c t u r e  v is ib le  in  t h e  a reas  where  no  m a j o r  dense  l ines 
c an  b e  obse rved .  

T h e  m a j o r  dense  l ines t h e m s e l v e s  a p p e a r  t o  cons i s t  
m a i n l y  of a sequence  of osmiophi l i c  g ranu le s  m e a s u r i n g  
2 0 - 2 5 / ~  in d i a m e t e r  a n d  set  a t  a d i s t ance  of a b o u t  20 A 
f r o m  each  o t h e r  (Figures  1, 2 a n d  4). 

T h e  i n t r a p e r i o d  l ines c a n  a s s u m e  d i f fe ren t  aspec t s  in  
d i f f e ren t  areas.  T h e y  can  be  d o u b l e  a n d  s y m m e t r i c ;  in  
t h i s  case  t h e  m y e l i n  l amel la  cons is t s  of 3 rows of osmio-  
p h o b i c  globules,  t h e  c o n t o u r  l ines of w h i c h  p r o d u c e  t h e  
doub le - l ine  p a t t e r n .  T h e y  c a n  also b e  doub le  a n d  a s y m -  
m e t r i c ;  in  s u c h  a case,  one  l ine cons i s t s  of a series of arcs,  
a n d  t h e  o t h e r  of a series of granules ,  e ach  g ranu le  be ing  
s i t u a t e d  in  t h e  c e n t e r  of t h e  surface  l imi t ed  b y  a n  a rc  
(F igure  5). T h e  c e n t e r - t o - c e n t e r  d i s t ance  b e t w e e n  con-  
secu t ive  g ranu les  c a n  v a r y  f r o m  a b o u t  60 to  a b o u t  90 A, 

Fig. 5. 'Arc and granule' pattern of asymmetric double intraperiod 
lines, due to oblique view of polyhedric-globular units (arrows). 

( × 440,000). 

Fig. 3. In this oblique section of myelin Iamellae, the space between 
2 consecutive dense lines shows the presence of.polyhedric-globular 
units in oblique view (arrow). 2 more of such units are singled out in 

the squares. ( x 440,000). 

Fig. 4. Osmiophilic granules bound to osmiophobic globules (black 
arrows) can be seen in an area of myelin in which the structure 
is slightly disarranged. Notice also some well defined osmiophobic 

globules {outlined arrows). ( x 440,000), 

Fig, 6, Trypsin-treated frog sciatic nerve (fixation in osmic acid, 
embedding in Vestopal). An area of myelin in which the lameUar 
structure can still be recognized (on the bottom) is contiguous to an 
area in which a profound disruption has occurced. Notice a cluster 
of osmiophilic granules (long black arrow), a conglomeration of 
osmiophobic globules (outlined arrow) and a fragment of myelin 
lamella with its content of osmiophobic globules (short black arrow). 

( x 500,0oo). 
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and, accordingly, the arcs can span the same length. The 
arcs are clearly part  of the peripheral contour, and the 
granule is the central osmiophilic granule of polyhedric- 
globular units  as seen in oblique view. When the intra-  
period line is single and continuous, the myelin lamelia is 
constituted by 2 rows of globules only. Finally, the intra- 
period line can consist of a sequence of osmiophilic 
granules set a t  a distance of about  90-120 /~ one from 
the other, each appearing to be, more or less clearly, the 
center of a polyhedric-globular uni t  seen in face-on view. 

When the myelin lamellae show splits, they are usually 
found to occur a t  the level of a continuous intraperiod 
line, giving the impression that  the bonds between the 
granules of the major dense line and the adjacent  clear 
globules are firmer t han  the bonds between rows of clear 
globules. 

Since the described findings agree with those obtained 
on frog~, rat  and guinea-pig 15 brain cortex, they seem to 
justify the conclusion tha t  membranes of amphibian and 
mammalian  central and peripheral nervous system, fixed, 
dehydrated and embedded in various ways, consist 
essentially of osmiophobic globules and osmiophihc 
granules, and to suggest the hypothesis of the arrange- 
ment  of these globules and granules into potyhedric- 
globular units. This hypothesis is at tractive in tha t  it  
furnishes an explanation of the presence of osmiophilic 
granules in the lamella of myelin on the basis of a par- 
ticular orientation of polyhedric-globular units  with 
respect to the section plane. 

I t  is difficult to s ay  what  such electron microscopic 
appearance may  mean in  terms df real structure of the 
biological membrane.  Vqhen very high magnifications are 
employed, one must  take into consideration how much 
the embedding process may contribute to the structural  
organization of the cellular const i tuents ,  as well as the 
effects of fixation and dehydration on the tissue as 
sources of artifacts, even if, as in our case, one is dealing 
with results consistently obtained with 3 different em- 

bedding media. With this problem in mind, we began to 
study the effects upon myelin ultrastructure of different 
chemical and physical t reatments  applied before fixation. 
In  short segments (about 2 mm) of isolated frog sciatic 
nerves kept immersed in 0.1% trypsin in Ringer for 16 h 
at  room temperature, the myelin showed areas of struc- 
tural  disorganization in which the tamellae appeared dis- 
rupted and subst i tuted by  agglomerates of osmiophobic 
globules irregularly interspersed with osmiophilic granules 
(Figure 6). These preliminary results seem to indicate 
that,  in the experimental conditions to which the frog 
nerve fibers were subjected, not  only the disruption of 
myelin lamellae but  also the scission of the hypothesized 
polyhedric-globular units into subunits  were obtained is. 

Z~ammenfassung. Das Myelin peripherer Nerven yon 
Amphibien und  S~ugetieren scheint, mi t  Hochleistungs- 
elektronenmikroskop untersucht, aus einer regelm~ssigen 
Anordnung yon osmiophilen Granuta und osmiophoben 
Globula zu bestehen. Solche Untereinheiten scheinen 
h~ufig p01yedrische Gebilde zu formen, in welchen zen- 
trale Granula j eweils yon 6 osmiophoben Globula umgeben 
sind. Es i~t beim Froschischiadicus m6glich, die St~uktur 
des Myelins zu zerst~ren und die Granula yon den Globula 
durch Behandlung mit  Trypsin zu trennen.  

V. DICARLO 

L. B. Mendel Research Laboratory, Elgin State 
Hospital, Elgin (Illinois 60120, USA), 9th January 1967. 
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Role of the Nuclear Membrane in Smooth 
Endoplasmic Reticulum Formation in 

White Rat Pinealocytes 

Although both granular and agranular endoplasmic 
reticulum have been described in rat  pinealocytes 1, the 
agranutar one is much more abondant  1. The presence of 
a well=developed agranular reticutum is also a character- 
istic of pinealocytes in other species s This structure is 
present mainly in the form of vesicles, the amount  of 
which may vary  in different physiological or experimental 
situations s The present work was undertaken in order 
to obtain further information on the origin and nature 
of this cytoplasmic component 

Materials and methods. Adult  white rats of both sexes 
of about  200 g were used Their pineal glands were 
dissected under ether anesthesia and immediately fixed 
in Palade's fixative s (1% osmium tetroxide in a 7.4 
veronalacetate buffer at  0°C) and embedded in buthyl-  
metacrilate. Thin  sections were cut with a Porter-Bloom 
microtome, and examined with a Philips EM 100 electron 
microscope. 

Results. A well-developed smooth endoplasmic reticulum 
was observed in pinealocyte cytoplasm. This was mainly 
formed by characteristic cysternae and small vesicles 
with a diameter varying between 250 and 1500 /~ 
(Figure 1). 

Nuclear membrane showed the typical double-layered 
consti tut ion;  its pores did not  appear to be a simple 
membrane discontinuity since they appeared closed by  a 
th in  diaphragm %o which a mass o f  electron dense 
material had joined (Figure 2). S o m e  ribosomes were 
observed in close contact with the external surface of the 
outer layer (Figure 1). Blebs of %hls outer layer were 
frequently seen;  t h e y  varied in size from one zone to 
another (Figures i and 3). At  the site where blebs 

I A. MILOFSKY, ~ l a t .  Rec. 127j 435 (1957). 
= E. ANDERSON, J.  Ultrastruct. Res., Suppl. 8, 1 (1955). 
S V. SAHLEAUN and R. HOLBAN~ Studil Ce~. Endocr. 13, Suppl. 5, 

617 (1962). 
'~ G. E. PALADE, J. exp. Med. 9.9, 285 (1952). 


