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Vi~. 1. Rabbit small intestitl('. ~trip I)reparation <~f the Alierba<b's 
ph,xlls. A Iarx(' ,~an,~lion ;llld s('\eral meshes richly supplk'd with 
~ldl;(?lltl'gic fibres are app~trcnt, x 220. 

Fig. 2. (;~IiI~ea-t/ig cardia. Se(tion thro.gh the mHsch~laxers. Many 
adrenergic fibres at( observed in the Allerba~h's ph'xu~ ganglia, 
al)d ill the o~Iter (If'if) at~d in1ier (right) muscte layers, x 150. 

cular adrenergic  fibres, besides being indicated by  the  
lack of adrenergic  ceils wi thin  the  in tes t ina l  wall, is 
fu r ther  borne  out  b y  the i r  comple te  d i sappearance  af ter  
exper i rnenta l  denerva t ion  of the  in tes t ina l  loops (experi- 
men t s  of dene rva t ion  by  means  of cr iocautery  of the  
mesenter ic  nerves  a t  the  in tes t ina l  hi lum l2). Last ly ,  the  
exis tence of adrenergic  fibres per ta in ing  to the  muscle 
layers has been s u b s t a n t i a t e d  by  electron microscope 
s tudies  in the  ra t  *a. In  the  circular muscle layer  of the  
smal l  in tes t ine ,  in fact,  in te rming led  wi th  smoo th  muscle 
cells, nerve fibres are observable  which  exh ib i t  varicosit ies 
r ich in vesicles ranging  f rom 300-700 & in d iamete r  and  
conta in ing  a highly  osmiophil ic  granule.  These vesicles 
are regarded  as specific of adrenergic  te rminals  (RICH- 
ARDSON 14). 

In  our  opinion, the re  is therefore  reason to  believe t h a t  
the  presence of extr ins ic  adrenergic  fibres in very  close 
p r o x i m i t y  to muscle  effectors demons t r a t e s  the  existence 
of an a l te rna t ive  p a t h w a y  to the  neuron chain envisaged 
by NORBERG. 

In  summary ,  adrenergic  varicose nerve fibres are ob- 
served  b o t h  a round  in t r amura l  nerve  cells and in mien-  
ter ic  and submucous  plexuses,  and  in close p rox imi ty  to  
muscle and glandular  effectors.  The possibi l i ty  thus  exists  
of a d i rect  act ion of adrenergic  fibres on the  effectors and 
an indirec t  one th rough  the  in t r amura l  nerve cellsl~. 

Riass~tntv. Le r icerche is tochimichc e f fe t tua te  sull ' in- 
nervazione adrenergica  de l l ' in tes t ine  hanuo  d imos t ra to  
che fibre adrenergiche  sono presen t i  non solo a t to rno  ai 
neuroni  e nelle maglie dei plessi mienter ico  e sot tomucoso,  
ma  anche hello spessore stesso dello s t r a to  muscolare 
in te rne  e in in t imo  r appor to  con e lement i  ghiandolar i  
della tonaca  mucosa.  Vi ~ quindi  la possibi l i t~ che sugli 
effet tor i  ghiandolar i  e muscolar i  le f ibre adrenergiche 
eserci t ino sia un 'az ione  d i re t t a  sia un 'az ione  ind i re t ta  
a t t r averso  i neuroni  in t ramural i .  
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Structure  of Nuclear  M e m b r a n e s  Isolated f r o m  Brain  C e l l s  

Despi te  of the  increasing n u m b e r  of s tudies  deal ing 
wi th  the  mechan i sms  of t he  nuc leocytoplasmic  inter-  
action,  our p resen t  knowledge of the  s t ruc tura l  basis of 
these  processes is still  insufficient .  Par t icular ly ,  the  
ques t ion  of t he  s t ruc tu re  of t he  nuclear  pore  complexes,  
which  are t h o u g h t  of as tile mos t  i m p o r t a n t  p a t h w a y s  
for the  control led nuc leocytop lasmic  exchange  of macro-  
molecules, r emained  unsolved (references to  th is  p rob lem 
e.g. in 1 and 3). Since a general ly  appl icable  me th o d  for 
isolat ing nuclear  m e m b r a n e s  opens the  possibi l i ty  for 
compar ing  tile s t ruc tu re  of nuclear  envelopes  of var ious  
cells 3, one of the  main  in ten t ions  in our l abora to ry  is 
to  collect the  s t ruc tura l  da t a  of the  nuclear  membranes  

of d i f fe rent  p l a n t  and  an imal  t i ssues  a,4 as well as those  
of the  same cell t ype  in d i f ferent  physiological  and  cytol-  
ogical s ta tes  5,~. The presen t  s tudy  is concerned  wi th  the  
s t ruc tura l  deta i ls  of the  isolated nuclear  envelopes of 
neuronal  and  glial nuclei  f rom the  ra t  brain.  
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Ra t s  of b o t h  sexes were sacrificed by  decapi ta t ion ,  
and the  bra ins  were removed,  c leaned f rom the  meninges  
and f rom the  blood under  p e r m a n e n t  r ins ing in cold 1% 
NaC1 solution. Por t ions  of the  bra in  were t h e n  imme-  
dia te ly  incuba ted  in t he  cold isolat ion med iu m (for 
detai ls  see3,4; in a few expe r imen t s  Mg2+-ions in a con- 
cen t ra t ion  of 2 m M  were added)  for 6-12 h. The nuclei  
were isolated according to  the  me thod  of KUEHL as 
descr ibed earlier a. The nuclear  f rac t ion was free of any  
c o n t a m i n a n t s  and  consis ted of the  in tac t  nuclei of bo th  
neuronal  and glial ceils (Figure 1). Only some r e m n a n t s  
of ER-c i s t e rnae  were occasional ly observed adher ing  to 
the  nuclear  envelope.  Capillaries and endothel ia l  nuclei, 
which of ten can be found  to  con t amina t e  nuclear  frac- 
t ions  f rom bra in  mater ia l  7-11, were a lmos t  to ta l ly  elimi- 
nate=l by  the  d iscont inuous  grad ien t  cen t r i fuga t ion  step. 
The isolated nuclei  were t hen  f rac t iona ted  and pieces 
of nuclear  envelopes were isolated according to the  pro- 
cedure previous ly  descr ibed a,4. The isolated nuclear  mem-  
branes  were f ixed wi th  1% OsO 4 buffered to a p H  of 
7.0 wi th  cacodylate ,  t h e n  negat ive ly  s ta ined wi th  phos-  
pho tungs t i c  acid, ad jus ted  to p H  7.0, and examined  wi th  
a Siemens electron microscope E lmiskop  IA. 

W i t h  respect  to the  d i s rup t ion  of the  nuclei by  the  
hypoton ic  t r e a t m e n t  and the  sonicat ion descr ibed by 

FRANKE ~ bra in  cell nuclei, in compar i son  e.g. wi th  l iver  
nuclei,  were more  fragile (see alsoT,S,l~ even t h o u g h  
t h e y  exh ib i t ed  a r e m a r k a b l e  r igidity.  As a resul t  of these  
proper t ies ,  the  envelope pieces ob ta ined  were, in general,  
smal l  and  irregular  in shape  as can be seen in Figures  2 and  
3. Frequent ly ,  the  nuclear  envelope is f r agmen ted  a round  
the  pore  complexes  so as to  p roduce  envelope r e m n a n t s  
which  do not  con ta in  pores  in add i t ion  to others  which 
con ta in  pores (Figure 3). This out l ine of f r ag men t a t i on  
indica tes  t h a t  the  pore  complex  is a si te of increased 
s tab i l i ty  as can also be seen in comparab le  micrographs  
p resen ted  by  Yoo and BAYLEY for nuclei  f rom pea  
seedlings 12 and by  MONROE et al. for nuclei  of l y m p h o m a  
cells~a. The surface of the  envelope f r agmen t s  was mos t ly  
covered by  an un iden t i f i ed  fibri l lar  mater ia l ,  p robab ly  
nucleoprotein ,  which  adsorbed a re la t ively  great  a n m u n t  
of the  s ta in ing  p h o s p h o t u n g s t a t e  so t h a t  the  s t ruc tu re  
of the  pore complexes  was s o m e w h a t  obscured.  
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l"ig. 2. Electron micrograph of a typical piece of mlclear envelope 
isolated from brain cells. • 70,000. 

Fig. 1. Phase contrast micrograph of the fraction of nuclei from 
brain cells. Glial as well as the larger neuronal nuclei are present. 
• 1400. 

Fig. 3. Electron micrograph of two nuclear envelope fragments. 
The fragment in the right contains pores while the left one does 
not. • 70,000. 
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The negat ive ly  s ta ined  nuclear  pore Complexes revealed 
a thin ,  'whi te '  de l inea ted  pore  pe r imete r  (Figures 2, 3 
and  4b) associa ted wi th  more  or less p r o m i n e n t  annular  
globules (Figures 4b, c and  5) and  the  cent ra l ly  located  
do t  (Figures 4a and  c). The d iamete r s  of the  globules are 
f rom 8-17 n m  while the  d i ame te r  of the  cent ra l  do t  is 
f rom 10-22 nm. In  those  pores  in which  the  pe r ime te r  
could clearly be recognized, t he  ' t rue  d i ame te r '  of t he  
lumen of t he  pore complex  was measured  and  found to  
be in t he  range of 68-80 nm. This  value is a p p a r e n t l y  
high when  compared  wi th  the  pore  d iamete r s  of the  nuclei  
of o ther  an imal  cells, p rov ided  t h a t  a comparab le  ade- 
qua t e  t y p e  of p repa ra t ion  has  been  used. 

So, for instance,  the  pore d i ame te r  in r a t  l iver nuclei  
is 65 n m  ~, in amph ib i an  oocytes  66 nm 14 and  in macro-  
nuclei  of t he  ciliate T e t r a h y m e n a  46-65 nmS,K I t  is 
in te res t ing  to  note  t h a t  the  pore d i ame te r  of the  bra in  
cell nuclei  r a the r  is of the  same magn i tude  as of l y m p h o m a  
cells as r epor ted  by  MONROE et al. la. In  those  pore  com- 
plexes in which  the  pe r ime te r  of the  pores is h idden  by  

Fig. 4a-d. Structural details of the pore complexes. Fig. 4a shows 
a typical pore complex at the margin of an envelope fragment with 
a central dot and annular material. In Fig. 4b the annular subunits 
can be seen lying at the sharply outlined perimeter (arrow). Fig. 4e 
presents the central dot. In Fig. 4d the tips of more diffuse material 
can be recognized as projecting from the annulus towards the central 
dot. All • 150,000. 

annula r  mater ia l  (e.g. Figure 4), an outer  annulus  dia- 
me te r  of abou t  90-110 n m  and  an inner  annulus  d i ame te r  
of 50-70 n m  is d i s t inguished  ( terminology sensu GALL1). 
I n  a grea t  m a n y  pores  some cen t r ipe ta l  pro jec t ions  could 
be de tec ted  or ig ina t ing  f rom the  annulus  in to  the  lumen 
of the  pore (Figure 4d) as descr ibed f rom o ther  material ,  
tOO 3, 4, 6,12" 

The pore f requency,  i.e. the  n u m b e r  of pores per  
square  micron  of the  nuclear  surface, was found to be 
ve ry  low. The m a j o r i t y  of the  envelope pieces conta ined  
only  30-45 pores/~ 2. This means  t h a t  no more  t h a n  
13-20% of t he  nuclear  surface is pore  area (for com- 
pa ra t ive  da t a  seeS,4,~,12,1~). W h e n  the  d i s t r ibu t ion  of the  
annular  granules was t e s t ed  wi th  MARKHAM'S ro ta t ion  
t echn ique  16 a p ronounced  e n h a n c e m e n t  of radial  struc- 
ture  was general ly  found for n -  8 (Figure 5). This  
demons t r a t e s  t h a t  in the  case of the  bra in  cell nuclei 
the  globular  subuni t s  of the  annulus  are a r ranged  in a 
precise eightfold s y m m e t r y ,  a p a t t e r n  which is known 
to  exis t  in nuclei  of o ther  cells also (e.g.~,4,13,15). This  
widespread  occurrence  leads one to  the  general izat ion 
t h a t  a symmet r i ca l  a r r angemen t  of 8, or in some cases 94, 
subuni ts  is a general  feature  of the  nuclear  pore complex  
of all cells. 

The nuclear  f rac t ion  as used in th is  s tudy  was hetero-  
geneous in t h a t  neuronal  as well as glial nuclei  were 
present .  Thus,  some slight differences be tween  di f ferent  
envelope pieces could no t  be corre la ted  to  e i ther  neurones  
or glia cells. Such differences in nuclear  envelope struc-  
tures,  i.e. s t ruc tu res  which migh t  be involved in t he  
mechan i sms  of R N A  and pro te in  synthesis ,  would be 
of par t icu lar  in te res t  in connect ion  wi th  the  f indings and  
hypo theses  of HYDEN and his co-workers  (e.g.l~) on the  
funct ional  me tabo l i sm of neurons  and  glia cells. Thus, 
a f rac t iona t ion  in to  neuronal  and glial nuclei, as out l ined 
by  the  work  of KATO and I~UROKAWA 11, preceding the  
isolat ion of the  nuclear  membranes ,  would be especially 
wor thwhi le  for the  fu r ther  inves t iga t ions  on these 
problems.  

Zusammen/assung. Von einer  re inen F rak t ion  von  Zell- 
kernen  aus R a t t e n h i r n  wurden  Stiicke der  K e r n m e m b r a n  
isoliert  und  nach  Nega t ivkon t r a s t i e rung  e lekt ronenmikro-  
skopisch un te r such t .  Dabei  wurden  sowohl  Neuronen-  
als auch Gliazellkerne erfasst .  Die Porenh/ iuf igkei t  be- 
t rug  30-45 Poren/~z 2, d . i .  e twa 13-20% der  14ern- 
oberfl/iche. Die Po rendurchmesse r  lagen zwischen 68 bis 
80 nm. Die auf d e m  P o r e n r a n d  l iegenden Unte re inhe i t en  
des Annulus  s ind in einer ach t s t rah l igen  Radi / i r symmet r ie  
angeordnet .  Die Ergebnisse  werden  in Z u s a m m e n h a n g  
mi t  den en t sp rechenden  S t r u k t u r d a t e n  aus anderen  Zellen 
vergle ichend diskut ier t .  
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Fig. 5 a-d. Markham analysis of an electron micrograph of a nuclear 
pore complex from rat brain cells (a). The radiary pattern of the 
globular subunits of the annulus is markedly reinforced for n - 8 (e), 
but not for n = 7  (b) and n = 9  (d). • 
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