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vesicles (Figure 3), r e sembl ing  t h e  synap t i c  vesicles of 
m a t u r e  synapses~L These  vesicles seem to be  bes t  
p re se rved  in m a t e r i a l  pos t f ixed  w i t h  p o t a s s i u m  p e r m a n -  
ganate .  I n  some cases, i sola ted vesicles of 1000-1400 A in 
d iameter ,  w i t h  a cen t r a l  dense  core, can  be  seen a long 
cell processes or in cell somas.  

Neu rob l a s t s  found  in aggrega tes  fo rmed  b y  T or N R  
cells h a v e  t he  same  morpho log ica l  charac ter i s t ics ,  al- 
t h o u g h  t he  l a t t e r  show a pecu l ia r  spa t i a l  o rgan iza t i on  
wh ich  has  been  descr ibed b y  SI~EFFI~LD a n d  1VIoscoNA s. 
Besides occasional  c lus ters  of synap t i c - l ike  vesicles, no  
o the r  s y n a p t i c  e l emen t s  could be  obse rved  in t h e i r  
processes.  

'Combined' aggregates. ' C o m b i n e d '  O L + N R  and  O L + T  
aggrega tes  do n o t  show a n y  s t r i k ing  u l t r a s t r u c t u r a l  
differences w h e n  c o m p a r e d  w i t h  ' pu re '  OL, N R  or T ones. 
A l t h o u g h  b o t h  t ypes  of ' c o m b i n e d '  cu l tu res  a p p a r e n t l y  
h a v e  a g rea te r  n u m b e r  of cell processes,  morpho log ica l  
synap t i c  d i f f e r en t i a t i on  seems to be  a t  t he  same s tage as 
in ' pure '  aggregates .  ADLER a n d  TEITELMAN 1~ observed  
t h a t ,  a f te r  8 days  in c u l t u r e ,  t he  a c t i v i t y  of t he  enzyme  
cho l ine-ace ty l t rans fe rase ,  wh ich  is respons ib le  for t he  
syn thes i s  of ace ty lchol ine ,  is h igher  in  ' c o m b i n e d '  O L +  
N R  aggrega tes  t h a n  in ' pu re '  OL or N R  ones. I t  could  
seem surpr i s ing  t h a t  no dif ference in synapse  f o r m a t i o n  
is found  w h e n  t h e  u l t r a s t r u c t u r e  of t he  same aggregates  
is compared .  On t he  basis  t h a t  b iochemica l  and  s t r u c t u r a l  
aspec ts  of d i f f e r en t i a t i on  m u s t  no t  necessar i ly  be  
synch ron ica l  (see also ref.~a), we are now s t u d y i n g  t he  
same t y p e  of aggregates  k e p t  in  cu l tu re  for longer  
periods.  

I n  O L + L B  ' c o m b i n e d '  aggregates ,  b o t h  t ypes  of ceils 
show a pecul ia r  so r t ing -ou t  b e h a v i o r  (Figure 4). Af te r  8 
days  in  cul ture ,  LIB cells fo rm a cen t r a l  core of s te l la ted  
ceils i m m e r s e d  in a n  a m o r p h o u s  ex t race l lu la r  s u b s t a n c e  
and  s u r r o u n d e d  b y  a shell  of e longa ted  cells. OL cells 
a p p e a r  fo rming  clusters  a d h e r e n t  to  th i s  ou te r  shell. This  
t e n d e n c y  of r e c o n s t r u c t e d  neu ra l  t i s sue  to  cover  on ly  
pa r t i a l l y  o the r  t i ssues  in  ' c o m b i n e d '  cu l tu res  ha s  been  
descr ibed b y  S ~ I ~ E I ~  t*. I n  t he  neu ra l  region of these  
O L + L B  aggregates ,  t he re  seems to be  a g rea te r  
n u m b e r  of cell processes  and,  moreover ,  synapse  fo rma-  
t i on  seems to be  more  a d v a n c e d  t h a n  in ' pu re '  OL 
aggregates .  M a n y  cell processes  show clusters  of synap t i c -  
l ike vesicles of t he  clear t y p e  a n d / o r  larger  vesicles (800-  
1500 A) c o n t a i n i n g  a c en t r a l  dense  core. I n  these  ' com-  
b i n e d '  aggregates ,  t he  c lus ters  of vesicles o f ten  a p p e a r  
associa ted  w i t h  m e m b r a n e  specia l iza t ions  which  suggest  
t he  ex is tence  of a s y n a p t i c  complex  (Figures 5 and  6). 

O t h e r  au tho r s  h a v e  shown  t h a t  e m b r y o n i c  neura l  
cells in  r eaggrega t ion  cu l tu res  are able  to  a t t a i n  f u n c t i o n a l  
synapse  d i f f e ren t i a t ion  ~. The  l e n g t h  of t i m e  requ i red  for 
t he  a p p e a r a n c e  of synap t i c  s t ruc tu re s  in v i t ro  depends  
on  t he  age a n d  t y p e  of donor  t issuea,  S,~,l~-~L Seven-  

day-o ld  opt ic  lobe cells, which  a t  th i s  age h a v e  no t  fo rmed  
s y n a p t i c  s t r u c t u r e  in v ivo  ~*, are able  to  form synapse -  
l ike s t ruc tu re s  a f te r  on ly  8 days  in cu l tu re  in  c o m b i n a t i o n  
w i t h  l i m b  b u d  cells, a l t h o u g h  t h e y  fai l  to  do so in  ' pu re '  
cul tures ,  or in  c o m b i n a t i o n  w h i t  t e l encepha lon  or neu ra l  
r e t i n a  cells. L i m b  b u d  cells, therefore ,  seem to p rov ide  
some fac to r  w h i c h  s t i m u l a t e s  synapse  f o r m a t i o n  b y  
op t ic  lobe ceils ~9, s0. 

Resumen. Se descr ibe  la d i fe renc iac i6n  u l t r a e s t r u c t u r a l  
a l canzada  en  cul t ivos  de reagregac idn  por  c61ulas neura les  
e m b r i o n a r i a s  despues  de 8 dins in  v i t ro .  Se e s t u d i a r o n  
agregados  <~puros~ fo rmados  por  c61ulas de ldbulo 6pt ico,  
r e t i n a  neu ra i  o telenc6falo,  y cu l t ivos  , c o m b i n a d o s ~  de 
ldbulo 6pt ico + r e t i n a  n e u r a l  (OL + NR),  16bulo 6pt ico  + 
te lenc6falo (OL + T), y ldbulo 6pt ico  q- esbozo de 
m i e m b r o  (OL + LB).  E n  los cul t ivos  <~puros~ las c61ulas 
poseen  ca rac te r l s t i cas  de neurob las tos ,  pero  el proceso 
de s inap tog6nes i s  estA poco desarrol lado.  No se e n c u e n t r a n  
di ferencias  s ign i f ica t ivas  en t re  la d i fe renc iac idn  a l c a n z a d a  
p o t  los cu l t ivos  <~puros~> y los <~combinados~ OL + N R  
y OL + T. Po r  el con t ra r io ,  en  los (~combinados~> OL + 
L B  Ia s inap tog6nes i s  est~ m u c h o  m~s a v a n z a d a  y se 
e n c u e n t r a n  p ro longac iones  s inApticas s e m e j a n t e s  a l a s  
del adul to .  
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The Allergenic Cross-Reactivity of Antisera made 
of a Homopolymer,  Dextran 

D e x t r a n ,  a h 0 m o p o l y m e r  cons i s t ing  of 96% ~-1,6 
l inked  glucose un i t s  can  be  o b t a i n e d  in f rac t ions  r a n g i n g  
in molecu la r  we igh t  f rom 1400 to  1.9 • 10 ~1. T he  homo-  
p o l y m e r  m a y  exis t  in  p re fe r red  conf igura t ionsK Studies  
u t i l iz ing th i s  h o m o p o l y m e r  h a v e  d e m o n s t r a t e d  t h a t  t h e  
va l ency  of an t i body ,  b o t h  of t he  I gG  a n d  IgM class, v a r y  
w i t h  t h e  size of t he  d e x t r a n K  B i v a l e n t  h a p t e n s  can  
elici t  t h e  pass ive  c u t a n e o u s  a n a p h y l a x i s  r eac t ion  a n d  
p rec ip i t a t e  w i t h  a n t i b o d y  whereas  u n i v a l e n t  h a p t e n s  
canno t .  RICHTER~ has  shown  t h a t  a pass ive  a n a p h y l a c t i c  

Against Different Molecular Weights 

reaction (PCA) can occur  if the antiserum is of sufficient 
strength and with dextran homopolymers of molecular 
weight as low as 3600. This study was undertaken to 
determine the degree of cross-reactivity between antibody 
made against various sized dextran fractions and to 
determine the lower limit molecular weight which will 
elici te a n  allergic reac t ion .  

Materials and methods. New Zea land  wh i t e  r a b b i t s  were  
i m m u n i z e d  w i t h  d e x t r a n  molecu la r  we igh t  f r ac t ions  
1400, 2950, 4875, 10,000, 110,000 a n d  1.9 • 10 ~ coupled  to  
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The relationship between the molecular weight of dextran, serving as ligand, and the passive cutaneous anaphylaxis (PCA) reactions obtained 
with antisera made against each dextran fraction 

Antibody to dextran Ligand size 

Fraction 1400 2950 4875 10,000 110,000 1.9 X 10 G 

1400 0 ~= 2+  2+  2 +  2+  
2950 0 1+ 2+  2+ 3+  2+  
4875 0 1+ 3+  4 +  4+  2+  
10,000 0 1+ 2+  4 +  4+  2+ 
110,000 0 0 1+ 4+  4 +  4 +  
1.9 x 106 0 0 0 2+  3+ 4+  

The degree of PCA is measured for each fraction, as compared to a nonsensitized panel of guinea-pigs, from no detectable PCA (0) to maxi- 
mum PCA (4+). 

h u m a n  IgG ut i l iz ing cyanur i c  chloride.  D e x t r a n  f rac t ions  
of molecu la r  we igh t  10,000 a n d  above  were commerc ia l ly  
o b t a i n e d  ( P h a r m a c i a  Co., P i sca t away ,  New Je rsey) ;  
d e x t r a n  f rac t ions  of lower molecu la r  we igh ts  were ob- 
t a i n e d  b y  acid hydro lys i s  a n d  u l t r a f i l t r a t ion .  All  f r ac t ions  
were phys i ca l l y  a n d  chemicM-ly a n a t y z e d  ~. Molecular  
we igh t  was  d e t e r m i n e d  b y  equ i l ib r ium s e d i m e n t a t i o n  
m e a s u r e m e n t s  m a d e  in a B e c k m a n  mode l  E u l t r a cen t r i -  
fuge s a n d  molecu la r  n u m b e r  was d e t e r m i n e d  b y  t he  
endg roup  m e t h o d  of ISBELL 6. 

Male a lb ino  guinea-pigs  weighing  b e t w e e n  250 a n d  300 g 
were sens i t ized  w i t h  1.0 m l  of a n t i s e r u m  24 h p r io r  to  
t h e i r  r ece iv ing  an t i gen i c  chal lenge.  T h e  an i m a l s  were  
cha l l enged  w i t h  1.0 m g  of d e x t r a n  in 2.5 ml  of E v a n s  b lue  
dye  i.v. 15 ra in  pos t -cha l l enge  t h e  an i m a l s  were sacr i f iced 
a n d  t he  d i a m e t e r  of dye  p e r m e a t i o n  on t h e  u n d e r  surface 
of t he  skin  measured .  6 an i m a l s  were ut i l ized for each  
f r ac t ion  s tudied .  

Results and discussion. H i g h - t i t e r  a n t i s e r u m  was 
ra i sed  t o  all  d e x t r a n  f rac t ions .  All  d i a m e t e r s  of E v a n s  
b lue  dye  p e r m e a t i o n  were c o m p a r e d  to  a s t a n d a r d ,  non-  
sens i t ized  p a n e l  of gu inea  pigs. E a c h  va lue  (see Table)  
was  t h e  ave rage  of 6 guinea-pigs ,  t he  ave rage  be ing  
g raded  1 + to  4 +  w i th  0 n o t  be ing  s ign i f i can t ly  d i f fe ren t  
f rom t h e  unsens i t i zed  panel .  4 +  r ep re sen t ed  t h e  zone 
d i a m e t e r  of g rea t e s t  p e r m e a t i o n  for a g iven  d e x t r a n  frac- 
t ion.  Th i s  s y s t e m  was choosen  to  o b v i a t e  t h e  d i f fe ren t  
d i f fus ion  coeff ic ients  of t he  d e x t r a n  f rac t ions  a n d  m a k e  
resu l t s  b e t w e e n  f rac t ions  comparab le .  

Pass ive  c u t a n e o u s  a n a p h y l a x i s  could be  el ic i ted 
r e p r o d u c i b l y  b y  d e x t r a n  f rac t ions  of molecu la r  we igh t  
4875 a n d  h ighe r  a n d  w i t h  molecu la r  we igh t  2950 w i t h  
50% of our  an t i se ra .  Chal lenge w i t h  molecu la r  we igh t  
2950 gave  1 + reac t ions  w i t h  a n t i s e r a  aga i n s t  d e x t r a n  
f rac t ions  molecu la r  we igh t  2950, 4875 a n d  10,000 whi le  
nega t i ve  r eac t ions  w i t h  an t i s e r a  aga ins t  d e x t r a n  f rac t ions  
1400, 110,000 a n d  1.9 • 106. Molecular  we igh t  2950 was, 
in  t h i s  series, t he  lowest  molecu la r  we igh t  h a p t e n  able  to  
el ici t  PCA. 

I t  appears ,  as shown  in t he  Tab le  t h a t  a n o n - h o m o -  
gene i ty  exisst ,  t o  some ex ten t ,  conce rn ing  t h e  cross-reac-  
t i v i t y  of d i s p a r a t e  molecu la r  we igh t  f rac t ions  w i t h  an t i -  
sera  ra i sed  to  d e x t r a n  f rac t ions  of v a r y i n g  sizes. An t i s e r a  
ra i sed  to  d e x t r a n  f r ac t ions  in  t h e  h ighe r  molecu la r  we igh t  
r ange  elici te t h e  PCA  reac t ion  to  a g rea t e r  degree w i t h  
h igh  molecu la r  we igh t  d e x t r a n  t h a n  w i t h  low molecu la r  
we igh t  dex t r an .  Likewise,  a n t i s e r a  ra ised  aga ins t  low 
molecu la r  we igh t  d e x t r a n  e l ic i ted t h e  P C A  reac t i on  to  a 
g rea t e r  degree w i t h  low molecu la r  we igh t  d e x t r a n  f r ac t ions  
t h a n  h i g h  molecu la r  we igh t  d e x t r a n  f ract ions .  

Since t he  d e x t r a n  molecule  is n e u t r a l  ~, consis ts  of on ly  
one t y p e  of an t igen ic  d e t e r m i n a n t  s, 9 a n d  var ies  on ly  w i t h  

respec t  to  size in  i ts  phys ica l - chemica l  proper t ies ,  a n y  
changes  in i m m u n o l o g i c a l  r e a c t i v i t y  a m o n g s t  d e x t r a n  
f rac t ions  m u s t  be  due  to  e i the r  changes  in t h e  v a l e n c y  of 
t he  a n t i b o d y  in respec t  to  d e x t r a n  or s ter ic  conf igura t ion-  
al changes  occur r ing  be tween  d i f fe ren t  sized d e x t r a n  
f ract ions .  Since i m m u n o l o g i c a l  specif ic i ty  lies in  t he  
~-1,6 reg ion  he te rogen i ty ,  of a n t i b o d y  p r o d u c t i o n  is 
e f fec t ive ly  ru led  out .  These  di f ferences  m a y  be  due to a 
c o m b i n a t i o n  of t he  s ter ic  h i n d r a n c e  of a n t i b o d y  com- 
b i n i n g  s i tes  b y  large molecules  a n d  t he  g rea t e r  degree of 
spacia l  spec i f i ty  t h a t  could be  p r e sen t  a m o n g  t he  larger  
f ract ions .  KABAT et  al. ~ has  r epo r t ed  t h a t  t he  d e x t r a n  
molecule  m a y  ex is t  in  p re fe r red  conf igura t ions .  The re  is 
q u a n t i t a t i v e  ev idence  t h a t  t he  va l ency  of a n t i b o d y  is no t  
t h e  same for smal l  a n d  large d e x t r a n  molecules.  D e x t r a n  
molecu la r  we igh t  1 .9 •  106 lowers t he  v a l e n c y  of IgG 
f rom 2 to  1.1 a n d  IgM f rom 10 to  2.33 . This  i n h e r e n t  
di f ference of b i n d i n g  abi l i t ies  of large and  smal l  molecu la r  
we igh t  d e x t r a n  f rac t ions  would  h a v e  n o t h i n g  to  do w i t h  
t he  a n t i b o d y  molecule  pe r  se. Therefore ,  ina te ly ,  e x t r e m e l y  
large h o m o p o l y m e r s  m a y  func t i on  less well  in serological  
r eac t ions  due  to  t h e i r  lower ing  of t h e  v a l e n c y  of t he  
a n t i b o d y .  Large-s ize  molecules  could be  expec ted  to 
p r e sen t  t he i r  i m m u n o g e n i c  g roups  in spacia l  conf igura t ions  
w i t h  wh ich  t he  smal le r  groups  are incapab le  due  to  t he  
o p p o r t u n i t i e s  offered b y  size. 

Zusammen/assung. Nachweis  e iner  K r e u z a k t i v i t / i t  
zwisehen A n t i k 6 r p e r n  gegen D e x t r a n  yon  ve r sch i edenen  
Moleku la rgewich ten  u n d  B e s t i m m u n g  der  n ied r igs ten  
F r a k t i o n e n ,  die noch  eine al lergische R e a k t i o n  auszu l6sen  
ve rmag .  
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