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Synaptic Ultrastructure in a Marsupial, Setonix 

A l t h o u g h  t h e  de t a i l ed  u l t r a s t r u c t u r e  of t h e  v e r t e b r a t e  
s y n a p t i c  region h a d  been  ex t ens ive ly  i n v e s t i g a t e d  b y  t h e  
mid  1960's  ~-e, t h e  use  of g l u t a r a l d e h y d e  f i xa t i on  a n d  
e thano l i c  p h o s p h o t u n g s t i c  acid (E -PTA)  s t a i n i n g  7-~ led 
to a g r ea t e r  u n d e r s t a i n i n g  of i t s  u l t r a s t r u c t u r e ,  p a r t i -  
cu la r ly  of t h e  p a r a m e m b r a n o u s  c o m p o n e n t s  w h i c h  a re  
se lec t ive ly  s t a i n e d  b y  E - P T A .  Accord ing  to  BLOOM a n d  
AGHnJAmA~ s t h e  o rgan ized  dense  s y n a p t i c  m a t e r i a l  
cons i s t s  of:  p r e s y n a p t i c  dense  p ro j ec t i ons  s e p a r a t e d  f rom 
each  o t h e r  b y  e l e c t r o n t r a n s l u c e n t  areas,  a d i s con t i nou s  
i n t r a s y n a p t i c  l ine  w i t h i n  t h e  cleft,  a p o s t s y n a p t i c  b a n d  
a n d  p o s t s y n a p t i c  whorls .  W i t h  t h i s  t e c h n i q u e  s y n a p t i c  
m e m b r a n e s  a p p e a r  as e l e c t r o n t r a n s l u c e n t  b a n d s  s e p a r a t i n g  
t h e  p r e s y n a p t i c  dense  p ro j ec t i ons  a n d  t h e  p o s t s y n a p t i c  
t h i c k e n i n g  f rom the  i n t r a s y n a p t i c  l ine.  S y n a p t i c  c o n t a c t s  
such  as  t h e  a b o v e  h a v e  b e e n  f o u n d  in  d i f f e ren t  v e r t e b r a t e  
species a n d  in d i f f e ren t  a reas  of t h e  c e n t r a l  n e r v o u s  sys-  
t em .  I n  add i t ion ,  t h e  E - P T A  m e t h o d  a n d  t h e  r e l a t ed  bis-  
m u t h  iodide u r a n y l  l ead  ( B I U L )  t e c h n i q u e  of AKERT et  
al. ~° h a v e  t h r o w n  new l igh t  on  t h e  s t r u c t u r a l  o r g a n i z a t i o n  
of t h e  p r e s y n a p t i c  gr id  a n d  n e t w o r k  as wel l  as i t s  r e la t ion-  
sh ip  to  t h e  p r e s y n a p t i c  dense  pro jec t ions .  

Us ing  t h e  s ame  t e c h n i q u e s  on  I r a c t i o n a t e d  r a t  ce rebra l  
cor tex ,  J o ~ s  ~ desc r ibed  2 t y p e s  of s y n a p t o s o m e .  I n  
T y p e  A, t h e  s y n a p t i c  m e m b r a n e  spec ia l i za t ions  a re  dis-  
c o n t i n u o u s  a n d  show p r e s y n a p t i c  dense  p ro jec t ions ,  pos t -  
s y n a p t i c  dens i t i e s  a n d  a n  i n t e r m e d i a t e  b a n d  w i t h i n  t h e  
c lef t  w h i c h  is i n t e r m i t t e n t l y  t h i c k e n e d  to  fo rm clef t  dens i -  
ties. T y p e  B e x h i b i t s  c o n t i n o u s  t h i c k e n i n g s  of b o t h  s y n a p -  
t ic  m e m b r a n e s  a long  t h e i r  l e n g t h  of appos i t ion ,  w i t h  each  
t h i c k e n i n g  f o r m i n g  p ro j ec t i ons  i n to  t h e  a d j a c e n t  cy to-  
p la sm.  The  i n t r a c l e f t  m a t e r i a l  is in  t h e  fo rm of 2 longi-  
t u d i n a l l y  r u n n i n g  b a n d s  jo ined  b y  t r a n s v e r s e  bars .  

brach yurus 

B y  c o n t r a s t  t h e  c o n t a c t  reg ion  of oc topus  s y n a p t o s o m e s  
d i sp lays  m e m b r a n e s  h a v i n g  a t r ip le  l ayered  a p p e a r a n c e  
cons i s t ing  of e l e c t r o n o p a q u e  i n t e r n a l  a n d  e x t e r n a l  coa t s  
s e p a r a t e d  b y  a n  e l e c t r o n t r a n s l u c e n t  b a n d  n .  A n  i n t e r e s t i n g  
fea ture ,  m a r k e d l y  d i f f e ren t  f rom t h a t  of v e r t e b r a t e s ,  is t h e  
p resence  a t  spec ia l ized  s y n a p t i c  c o n t a c t  reg ions  of a pro-  
m i n e n t  e l e c t o n o p a q u e  s y n a p t i c  p l a t e  t h o u g h t  to  be  fo rmed  
b y  coalescence  of t h e  e x t e r n a l  coa t s  of  t h e  pre-  a n d  pos t -  
s y n a p t i c  m e m b r a n e s .  

P r e l i m i n a r y  u n p u b l i s h e d  l i gh t  mic roscope  o b s e r v a t i o n s  
on  t h e  dorsa l  l a t e r a l  gen icu la te  nuc leus  of t h e  q u o k k a  
(Setonix brachyurus), a d i p r o t o d o n t  m a r s u p i a l  of t h e  su-  
p e r f a m i l y  Ph a l an g e ro i d ea ,  i nd i ca t e  t h a t  i t  possesses  a t  
l eas t  3 d i s t i n c t  ce l lu lar  l aminae .  T h e  on ly  o t h e r  non-p r i -  
m a t e  m a m m a l s  k n o w n  to  h a v e  m o r e  t h a n  3 l a m i n a e  a re  
t h e  p h a l a n g e r  (Trickosurus vulpecula) ~* a n d  t h e  s u g a r  
g l ider  (Petaurus breviceps)an, b o t h  m e m b e r s  of t h e  super -  
f a m i l y  P h a l a n g e r o i d e a .  
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Fig. 1. The 'discontinous-continuous' pattern 
of the synaptic junction is clearly demonstrat- 
ed. The dense projections (dp) are separated 
from each other, although a strand of the 
presynaptic network (nw) runs between them. 
Cleft densities (cd) and a postsynaptic thick- 
ening (pt) are also present. × 153,000. 
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Fig. 2. The dense projections (dp) are irre- 
gularly arranged, and are continuous at a 
number of points (arrows) with the strands 
of the presynapfic network (nw). These strands 
also penetrate as far as the presynaptic net- 
work (between the projections). Cleft densities 
(cd) and a postsynaptie thickening (pt) a r e  

visible. × 235,000. 
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Fig. 3. Small triangular opacities (op) as well 
as dense projections (dp) are seen along the 
presynaptic membrane, which displays a thin 
barely visible external coat (ee). Postsynaptie 
focaldensities (pd) arerecognizable. × 102,000. 

Because  of i ts  appa ren t ly  un ique  phylogene t ic  posi t ion 
and the  pauc i ty  of neurological  s tudies on Aus t ra l ian  
marsupials ,  t he  present  s tudy  was carr ied ou t  to inves t i -  
gate  the  synap t ic  organiza t ion  of the  q u o k k a  la tera l  
geniculate  nucleus.  I t  shows t h a t  the  fine synap t ic  struc- 
ture  has  a d is t inct  pa t te rn ,  differ ing m a r k e d l y  f rom the  
a r r angemen t  in an  inve r t eb ra t e  (e.g. Octopus) bu t  re- 
sembl ing  in cer ta in  respects  t he  m a m m a l i a n  pa t te rn .  
There  are, however ,  s ignif icant  differences f rom the  l a t t e r  
and  these  m a y  t h r o w  new l ight  on our  unders t and ing  of  
the  degree of  local iza t ion  possible a t  t he  synap t i c  region. 

Samples  of t issue f rom the  dorsal  l a te ra l  genicula te  
nucleus of t he  adul t  q u o k k a  (Setonix brachyurus) were 
f ixed in 2.5 % phospha te -buf fe red  g lu ta ra ldehyde ,  p H  7.3, 
for 4 h. Fo l lowing  dehydra t ion  in e thanol  the  mater ia l  was 
block s ta ined wi th  a 1% e thanol  sout ion of P T A  for 2 h s, 9. 
Af te r  embedd ing  in Araldi te ,  th in  sections were examined  
wi th  a Phi l ips  300 electron microscope.  

Dense  project ions  cons t i tu te  a p r o m i n e n t  fea ture  of the  
synapt ic  junct ion ,  appear ing  e i ther  as discrete,  fair ly uni- 
form s t ruc tures  (Figure 1) or  as i r regular  pro longat ions  of 
a p resynap t i c  th icken ing  (Figure 2). I n  a lmos t  all  ins tances  
t h e y  a re  separa ted  f rom ne ighbour ing  project ions ,  a l though  
the  d i s tance  be tween  t h e m  var ies  f rom junc t ion  to junc-  
t ion and  wi th in  the  same junct ion .  The  project ions  are 
general ly  40-70 n m  high, w i th  in te r -pro jec t ion  dis tances  
ranging  f rom 10 to  70 nm. In  some junc t ions  (Figure 3) 
typ ica l  dense project ions  have  m u c h  smal le r  (15-25 n m  
high) t r i angula r  opaci t ies  associated wi th  them.  In  all  
cases the  dense project ions  are cont inuous  wi th  s t rands  
cons t i tu t ing  the  presynapt ic  ne twork  (e.g arrows in 
F igure  2) ' ,  14 

The  ma te r i a l  w i th in  the  cleft  is a r ranged in t he  form of 
an  in t e rmed ia t e  band  para l le l  w i th  and close to  t he  post-  
synapt ic  th ickening.  F r o m  this  band  opaque  areas, t r i an-  
gular  or  quadr i l a te ra l  in outl ine,  ex tend  towards  the  pre- 
synap t ic  m e m b r a n e  and bear  some resemblance e i ther  to  
the  c lef t  densi t ies  of Type  A synaptosomes  or, in a smal l  
minor i ty  of cases, to  the  developing  t ransverse  bars  of 
Type  B ' ,  15 Breaks  general ly  occur a t  one or more  points  
along the  band,  while  the  p resynap t ic  membrane  some- 
t imes  exhib i t s  an ex te rna l  coa t  (Figure 3). 

The  pos t synap t i c  th icken ing  is charac ter ized  by  its 
cont inous  nature ,  resembl ing T y p e  B b u t  unl ike  Type  A. 
Foca l  densi t ies  are  vis ib le  on i ts  cy top lasmic  aspect.  

The  m a j o r i t y  of  la te ra l  genicula te  synapses in the  
quokka,  therefore,  d i sp lay  a ' d i s c °n t i nu°us - c °n t i nu°us '  
pa t te rn ,  the  p resynap t ic  moiet ies  being discont inous 
and the  pos t synap t i c  cont inous.  This  contras ts  marked ly  
wi th  the  p r e d o m i n a n t l y  discont inuous  type  A and contin-  
nuous t y p e  B pa t t e rns  descr ibed by  J o N E s '  and JoNEs 
and REVELL 15 in E - P T A  s ta ined ra t  synaptosomes.  
Al though  this  a r r angemen t  does no t  differ  as grea t ly  f rom 

t h a t  described in E - P T A  and  B I U L  studies of in tac t  
m a m m a l i a n  mater ia l  8, is. 17, there  are s ignif icant  points  
of contrast .  I n  quokka,  dense project ions  are more  var i -  
able  in outl ine,  somet imes  resembl ing the  branching  pre- 
synap t ic  spicules of Octopus and giv ing the  appearance  of 
an incomple te  ne twork  n, 1,. I t  is unl ikely  t h a t  this  is a 
consequence of obl ique  sect ioning as t he  corresponding 
clef t  regions are  sect ioned t ransversely .  The  presence of 
t r i angu la r  opaci t ies  resembl ing  smal l  dense projec t ions  
(Figure 3) has  no t  been previous ly  descr ibed and  war ran t s  
fur ther  inves t iga t ion .  The  dense projec t ions  usual ly  h a v e  
an i r regular  border  which is somet imes  prolonged out -  
wards  to  sur round e lec t ron t rans lucen t  spherical  areas  
20 nm across. 

The  va r i a t ion  in in te r -pro jec t ion  dis tances  raises the  
ques t ion  of whe the r  more than  one vesicle can come into 
con tac t  wi th  the  p resynap t ic  m e m b r a n e  be tween  neigh- 
bour ing  dense project ions.  This  is p robab ly  the  case in 
some instances,  a l though  the  vesicles appear  to  be sepa- 
ra ted  by  s t rands  of the  p resynap t i c  ne twork ,  Never theless ,  
th is  raises t he  poss ib i l i ty  t h a t  more  t h a n  one vesicle m a y  
discharge i ts  con ten t s  s imul taneous ly  a t  some inter-pro-  
j ec t ion  sites, in con t ras t  to  t he  'one vesicle to  one dense 
p ro jec t ion '  a r r a n g e m e n t  descr ibed in m a m m a l s  9, lo, 18, i s  

Rdsumd. L'organisa t ion  synap t ique  du noyau  lat6ral  
genicuM du q u o k k a  Setonix brachyurus fur examin6 dans 
le t issu fix6 en g lu ta ra ld6hyde  et  color6 avec de I 'E -PTA.  
Les project ions  denses pr6synapt iques  sont  de contours  
irr6guliers e t  l ' in te rva l le ,  qui  les s6pare de la m e m b r a n e  
pos t synap t ique  est  con t inue  e t  large. Les densit6s de la 
fen te  sont  quadr i l a t6 raux  ou ressemblent  ~ une  barre.  
E n t r e  les pro jec t ions  denses ad jacen tes  plus d ' u n e  v6si- 
cule touche  la m e m b r a n e  pr6synapt ique .  
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