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acid in i ts  c rys ta l l ine  form, o b t a i n e d  f rom Sigma Chemica l  
Corpora t ion ,  St. Louis,  Mo., USA,  se rved  as s t a n d a r d .  
The  s u p e r n a t a n t  f luids of neu r am i n i da s e -  a n d  T B S -  
t r e a t e d  l eukemia  cells were ana lyzed ,  and  t he  sialic acid 
c o n t e n t  r e l a t ed  to t he  n u m b e r  of cells i ncuba ted .  Cel lular  
e l ec t rophore t i c  m o b i l i t y  (epm) of cells suspended  in  
0.145 M NaC1, p H  7.2 • 0.2, was m e a s u r e d  w i t h  a Zeiss 
c y t o p h e r o m e t e r  as descr ibed  beforel6.  

50 • 106 n e u r a m i n i d a s e - t r e a t e d  cells were i.p. i m p l a n t e d  
in 35 B D I X  rats .  5 an i m a l s  were sacrif iced eve ry  4 h up  to  
24 h, also a t  48 h a f t e r  i m p l a n t a t i o n ,  and  t he  t u m o r  cells 
h a r v e s t e d  as s t a t e d  above .  P a r t  of t he  cells were aga in  
s t a n d a r d  washed ,  p a r t  were t r e a t e d  w i t h  n e u r a m i n i d a s e  
and TBS,  respect ive ly ,  and  the i r  epm  measured .  The  
sialic acid c o n t e n t  was  d e t e r m i n e d  f rom t he  s u p e r n a t a n t s  
of t he  2 g roups  of t r e a t e d  cells. 

Results. The  sialic acid c o n t e n t  in  t h e  s u p e r n a t a n t  of 
L 5222 l eukemia  cells a f t e r  t r e a t m e n t  w i t h  n e u r a m i n i -  
dase  was in the  o rder  of 27 ag/109 cells. A second 
e n z y m e  i n c u b a t i o n  yie lded negligible a m o u n t s  of sialic 
acid only, whi le  t he  s u p e r n a t a n t s  of T B S - t r e a t e d  con-  
t rols  were free of sialic acid. M e a s u r e m e n t s  of t he  e lectro-  
phore t i c  m o b i l i t y  showed  t h a t  s t a n d a r d  washed  l eukemia  
cells h a d  va lues  of -0 .84  • 0.05 SD a m  sec-~V 1 cm 
(mean  of 17 d i f fe ren t  exper iments ) .  I n c u b a t i o n  w i t h  
n e u r a m i n i d a s e  lowered t he  mob i l i t y  b y  38% to -0 .52  • 
0.05 SD ~,m sec -~V -~ cm (mean  of 11 d i f fe rent  exper i -  
ments} if c o m p a r e d  to  T B S - i n c n b a t e d  cont ro ls  (0.84 • 
0.04 SD a m  s e c - l V  -~ cm as m e a n  of 9 d i f fe ren t  exper i -  
ments ) .  The  g r adua l  r e a p p e a r a n c e  of sialic acid moiet ies  
on l eukemia  cells t r e a t e d  w i t h  neu ramin idase ,  re im-  
p lan ted ,  and  t h e n  h a r v e s t e d  a t  t he  t ime  in te rva l s  ind ica t -  

ed, is p r e sen t ed  in the  Figure.  Sialic acid and  surface  
charge  s t a r t  to  be r e s t i t u t e d  i m m e d i a t e l y  a f t e r  cessa t ion  
of t he  e n z y m e  t r e a t m e n t .  The  or ig ina l  sialic acid c o n t e n t  
is r ega ined  a f te r  20 h, while  t he  e lec t rophore t i c  m o b i l i t y  
va lues  are no rma l i zed  a f t e r  16 h. 

Discussion. The  resu l t s  p r e s e n t e d  in th i s  s t u d y  cor- 
r e spond  r o u g h l y  to  pub l i shed  d a t a  on  in v i t ro -mode l s  
and  show t h a t  cel lular  a l t e r a t i ons  i nduced  b y  r emova l  of 
neu ramin ida se - s ens i t i ve  sialic acid res idues  are of s h o r t  
du ra t ion .  This  fac t  is p a r t i c u l a r l y  i m p o r t a n t  for a t t e m p t s  
to  expose  cell surface  an t igens  m a s k e d  b y  sialic acid 
moiet ies.  I t  shou ld  be real ized t h a t  t he  la t ter ,  a f t e r  
cessa t ion  of n e u r a m i n i d a s e  t r e a t m e n t ,  beg in  to r e a p p e a r  
immed ia t e ly .  A l t h o u g h  th i s  m a y  sti l l  be c o m p a t i b l e  w i t h  
de t ec t ion  of the  u n m a s k e d  an t igens  b y  surve i l lance  
mechan i sms ,  t he  s i t ua t ion  is u n c e r t a i n  w i t h  regard  to t he  
ensu ing  i m m u n e  reac t ions .  W e  h a v e  to  assume t h a t  
classical an t ibod ie s  and  sens i t ized  l y m p h o c y t e s  will on ly  
be  ava i l ab le  a f te r  the  t a r g e t  cells h a v e  r e c o n s t i t u t e d  t h e i r  
or ig inal  surface conf igura t ion .  However ,  in  view of t he  
conf l ic t ing  resu l t s  in  the  l i t e r a tu re  on t he  fa te  of neu ra -  
m i n i d a s e - t r e a t e d  t u m o r  cells, t h e  ope ra t i on  of n a t u r a l  
an t ibod ies  to  ' c ryp t i c '  m e m b r a n e  an t igens  u n m a s k e d  b y  
n e u r a m i n i d a s e  t r ea tmen t*~ , l s  should  be  t a k e n  in to  
account .  
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Summary. N e u r a l  t u b e  defects  caused  b y  c o n c a n a v a l i n  A in ch ick  e m b r y o s  are consequences  of change  in the  cell sur-  
face of deve lop ing  neu r oep i t he l i um .  

M a n y  phys i cochemica l  agen t s  h a v e  been  found  to 
in te r fe re  w i t h  n e u r u l a t i o n  of t he  ch ick  e m b r y o  w h e n  
appl ied  du r ing  t he  ea r ly  s tages  of deve lopmen t .  Desp i te  
new i n f o r m a t i o n  concern ing  t he  e t io logy of cen t r a l  
ne rvous  s y s t e m  abnorma l i t i e s ,  m u c h  is ye t  to  be l ea rned  
a b o u t  t h e  u n d e r l y i n g  m e c h a n i s m s  respons ib le  for neu ra l  
t u b e  closure. R e c e n t  ev idence  has  sugges ted  t h a t  d r iv ing  
forces for closure of t he  neu ra l  t u b e  arize, a t  leas t  in par t ,  
f rom the  cons t r i c t ion  of mic ro f i l amen t s  and  e longa t ion  
of cells u n d e r  t h e  inf luence  of mic ro tubu le s  2-4. Our  
p rev ious  s t u d y  5 showed  t h a t  c o n c a n a v a l i n  A (Con A), a 
p l a n t  agg lu t in in  t h a t  b inds  to cell surface t e r m i n a l  
glycosyl  and  m a n n o s y l  res idues  of glycol ipids and  glyco- 
p ro te ins  6,7, se lect ively  i n h i b i t e d  n e u r u l a t i o n  and  in te r -  
k ine t ic  nuc l ea r  m i g r a t i o n  in e x p l a n t e d  ear ly  ch ick  
embryos .  These  f ind ings  sugges t  t h a t  closure of t he  neu ra l  
t ube  is s t rong ly  in f luenced  b y  t he  cell surface. The  
ob jec t ive  of th i s  s t u d y  was to e l abo ra t e  f u r t h e r  c ausa t i ve  
m e c h a n i s m s  of Con A ac t ion  in p roduc ing  neura l  t u b e  
defects  in ch ick  embryos .  

Materials and methods. Two e x p e r i m e n t a l  series were 
carried out.  I n  t he  f i rs t  series, fert i le W h i t e  L egho rn  
eggs were i n c u b a t e d  a t  37.5~ to  o b t a i n  e m b r y o s  a t  
stage 4 of d e v e l o p m e n t  s. E m b r y o s  were e x p l a n t e d  b y  

N e w ' s "  t echn ique .  T h i n  a l b u m e n  ( n u t r i e n t  med ium)  
w i t h  or w i t h o u t  16 [xg/ml Con A, a c o n c e n t r a t i o n  which  
s t rong ly  inh ib i t s  n e u r u l a t i o n  of ch ick  embryos  a, was 
added  ou ts ide  t he  glass ring. Af te r  24 h of incuba t ion ,  
neu ra l  t i ssue  was isola ted f rom r a n d o m l y  selected con t ro l  
and  e x p e r i m e n t a l  embryos ,  f ixed for 1 h in 3~o p h o s p h a t e -  
buffered  g lu t a ra ldehyde ,  r insed  severa l  t imes  in buf fe red  
sucrose solut ion,  and  pos t f ixed  for 1 h in 1% p h o s p h a t e -  
buf fe red  o s m i u m  te t rox ide .  Af ter  f ixa t ion,  spec imens  were 
d e h y d r a t e d  in g raded  e thano l  series and  e m b e d d e d  in a 
m i x t u r e  of E p o n  and  Ara ld i te .  Th ick  sect ions  s t a ined  
w i th  to lu id ine  blue were p r e p a r e d  for l igh t  microscopy.  
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T h i n  sec t ions  were  c o n t r a s t e d  w i t h  3% a q u e o u s  u r a n y l  
a c e t a t e  a n d  lead c i t r a t e  a n d  e x a m i n e d  u n d e r  a n  A . E . I .  
e l ec t ron  mic roscope .  I n  t he  second  series, e x p l a n t e d  
s t age  4 e m b r y o s  were  e x p o s e d  to  0.01 ~Ci /mI  Con A - H  a 
(E l sc in t  INC. ,  Pa l i s ades  Pa rk ,  N . J . )  a t  37.5~ for  6 h. 
Af t e r  i n c u b a t i o n ,  e m b r y o s  were  f ixed  in a b s o l u t e  e t h a n o l -  
glacial  acet ic  acid (3:1), e m b e d d e d  in pa ra f f in ,  sec t ioned  
a t  4 ~m, a n d  m o u n t e d  on  slides. Sec t ions  were  d e p a r a f f i n -  

ized, r e h y d r a t e d ,  a n d  s t a i ned  w i t h  Dela f ie ld ' s  h e m a -  
t oxy l in .  Slides were  c o a t e d  w i t h  K o d a k  N T B - 2  p h o t o -  
g r a p h i c  e m u l s i o n  a n d  e x p o s e d  for  7 14 d a y s  a t  4~ No  
o b v i o u s  c h a n g e  in t h e  genera l  d i s t r i b u t i o n  of labe led  
m a t e r i a l s  w a s  n o t e d  b y  i nc r ea s ing  t h e  e x p o s u r e  t ime .  
T h e  e m u l s i o n  w a s  d e v e l o p e d  for  6 ra in  in K o d a k  D-19 
d e v e l o p e r  a t  20~ a n d  f ixed  for  10 m i n  in K o d a k  acid- 
fixer.  T h e  sec t ions  were  d e h y d r a t e d  t h r o u g h  a g r a d e d  

Fig. 1. NeuroepitheliaI cells of a control embryo explanted at stage 4 and cultured for 24 h on thin albumen. Note the luminal surface is 
convoluted with many cytoplasmic processes; the membranes of adjacent cells are interdigitated; microtubules (MT) are abundant and 
usually extend in an apical-basal plane; microfilaments (MF) are associated into large bundles. L, lumen. • 45,000. 

Fig. 2. Neuroepithelial cells of an embryo explanted at stage 4 and cultured for 24 h on thin albumen containing 16 ~zg/ml of Con A. Note 
cells are not closely apposed except at the apical corner; the luminal surface is smoother than in controls. L, lumen; Nu, nucleus; MT, micro- 
tubules. • 26,000. 

Fig. 3. Neuroepithelial cells of an embryo explanted at stage 4 and cultured for 24 h on thin albumen containing 16 [xg/ml of Con A. Note 
mierofilaments (MF} are associated into prominent bundles. • 20,000. 

Fig. 4. Transverse section through the hindbrain region of an embryo explanted at stage 4 and cultured for 6 h on thin albumen containing 
0.01 ~xCi/ml of Con A-H a. Note labeled materials are found mostly on the cell surface. NP, neural plate; N, notocbord. • 90. 
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e thanol  series, cleared in xylol, and m o u n t e d  in Pe rmoun t .  
Results. Of the  94 Con A- t r ea t ed  embryos ,  86 had  a 

ma l fo rmed  brain,  which  was shor t ened  and d i s to r ted  by  
irreguIar foldings. The neura l  t ube  showed va ry ing  
degrees of openness.  Somites,  a l though  less numerous  
t h a n  controls,  were a lmos t  normal  in appearance .  Other  
s t ruc tures  were usual ly unaffec ted .  E lec t ron  microscopic 
observa t ions  on the  Con A- t r ea t ed  neuroep i the l ium 
revealed t h a t  cells were more  rounded  t h a n  those  of 
controls ,  were no t  closely apposed,  and showed loss of 
la teral  cy toplasmic  ex tens ions  (Figures 1 and  2). The 
apical surface was  smoo the r  t h a n  in the  un t r ea t ed  cells 
and had  no apical  folds. Con A, a t  the  concen t ra t ion  used, 
had  no a p p a r e n t  effect  on the  in tegr i ty  of micro tubules  
(Figure 2) and  microf i l aments  (Figure 3) excep t  in 
severely affected neuroepi the l imn.  Rad ioau tog raph ic  
s tudies  showed t h a t  labeled mater ia l s  were  found  mos t ly  
on the  cell surface (Figure 4). 

Discussion. The p re sen t  s t u d y  showed t h a t  1. cellular 
processes associated wi th  closure of the  neura l  tube  were 
more  sensi t ive to  Con A t h a n  were those  essent ial  to  the  
fo rma t ion  of microf i laments  and  micro tubules ;  2. the  

init ial  site of Con A effect  on neuroep i the l ium was  the  
cell surface. These f indings along wi th  the  known bio- 
logical p r o p e r t y  of Con A6, v indica ted  t h a t  the  observed  
neural  t ube  defects  were consequences  of a l te ra t ions  in 
the  cell surface of developing neuroepi the l ium.  Indeed ,  
the  presence  of g lycoprote ins  and g lycosyl t ransferases  
on the  surface of cells which  are in con tac t  wi th  a lumen  
has  been impl ica ted  in cell adhes ion  and  recogni t ion  
dur ing  embryonic  d e v e l o p m e n t  l~ F u r t h e r  expe r imen t s  
are p re sen t ly  u n d e r w a y  in our  l abora to ry  to inves t iga te  
the  possible role of cell surface coat  mater ia l  in neuru-  
la t ion of chick embryos .  
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Summary. Using a f luorescence t echn ique  numerous  developing noradrenerg ic  nerve  te rmina ls  were observed in t he  
muscle  coat  of the  ra t  duc tus  deferens  be tween  2 and  6 days  p o s t p a r t u m .  In  the  e lectron microscope similar developing 
nerve  te rminals  possessed an extens ive  sys tem of tubu la r  endoplasmic  re t icu lum bu t  did no t  conta in  the  small  dense 
cored vesicles charac ter i s t ic  of ma tu re  noradrenergic  nerve terminals .  Thus  the  tubu la r  re t iculum is proposed as an 
a l t e rna t ive  s torage site for noradrena l ine  in developing adrenergic  nerves.  

Noradrena l ine  (NA) is bel ieved to occupy  m e m b r a n e  
b o u n d  stores wi th in  per iphera l  adrenergic  (sympathet ic)  
nerve  te rmina ls  and bo th  pharmacologica l  and electron 
microscopic  s tudies  ~-a have  shown t h a t  in t ra -axona l  
dense cored vesicles - b o t h  small  (50 n m  diameter)  and 

large (90 n m  diameter)  - are the  s t ruc tures  concerned  
wi th  th is  amine  storage.  However ,  these  and m a n y  o the r  
s tudies  app ly  to adu l t  mater ia l  and re la t ively  li t t le infor- 
ma t ion  is avai lable on NA in i mma t u re  per iphera l  adren-  
ergic nerves.  Consequent ly ,  the  d i s t r ibu t ion  of NA in 
developing axons  was  examined  using a microfIuorescence 
t echn ique  and these  results  have  been corre la ted  wi th  the  
fine s t ruc tu re  of s imilar  i mma t u re  adrenergic  nerves.  The 
ra t  duc tus  deferens was chosen for examina t ion  since th is  
t issue has been used extens ive ly  in s tudies  on adu l t  
au tonomic  inne rva t ion  and  it is known to  possess a r ich 
supp ly  of NA conta in ing  nerves  4, 5. 

Mater4als and methods. Male Sprague Dawley ra t s  were  
killed a t  b i r t h  and on a l t e rna te  days  the rea f t e r  to  p rov ide  
a series of animals  in age f rom 0-24 days.  For  each group,  
a m i n i m u m  of 2 animals  was examined  and f rom every  
ra t  one duc tus  was processed h is tochemical ly  for t issue 
NA using the  t echn ique  descr ibed by  FALCK and OWMAN 6. 
The o the r  duc tus  deferens  f rom each animal  was exam-  
ined electron microscopical ly  following f ixa t ion  in e i ther  
buffered po tas s ium pe rmangana te7  or osmium te t roxide .  
Pa r t i cu la r  a t t en t i on  was focused on the  u re th ra l  end  of 

Fig. 1. An oblique section through the duetus deferens of a 6-day-old 
rat showing a dense plexus of fluorescent nerves throughout the 
museIe coat. Note the large fluorescent adventitiat nerves {arrows). 
x 200. 
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