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Molecular Determinants of Animal Form 

Determination of Embryonic Induction 

1074 
The p recu r so r s  o f  t h e  do r sa l  a x i a l  mesoderm of t h e  amphibian embryo l i e  w i th in  a t h i c k  
e q u a t o r i a l  band o f  c e l l s  at t h e  e a r l y  g a s t r u l a  s t a g e .  During subsequent development t h i s  
group o f  c e l l s  undergoes a c h a r a c t e r i s t i c  repacking,  extends d rama t i ca l ly  along t h e  f u t u r e  
cephalo-caudal a x i s ,  and forms t h e  notochord and segmented somi t i c  mesoderm. The c e n t r a l  
p a r t  o f  t h e  mesodermal l a y e r  is thought  t o  b e  r e spons ib l e  f o r  organizing t h e  surrounding 
mesodermal c e l l  s h e e t  and t r i g g e r i n g  neura l  p l a t e  formation by t h e  overlying ectoderm. I 
have c a r r i e d  out  experiments aimed a t  understanding how t h i s  important o rgan iza t ion  c e n t e r  o f  
t h e  embryo i s  e s t ab l i shed .  By a combination o f  t r a n s p l a n t a t i o n ,  d e l e t i o n ,  r e  placment, and 
f a t e  mapping o f  e a r l y  cleavage s t a g e  blastomeres ,  I have addressed two quest ions:  What i s  
t h e  s t a t e  of developmental autonomy at  var ious t imes throughout cleavage of blastomeres whose 
progeny normally form t h e  d o r s a l  mesoderm? To what ex ten t  do o the r  blastomeres  show a 
capac i ty  f o r  i nduc ing  do r sa l  mesoderm formation by t h e  progeny of neighboring c e l l s ?  

The r e s u l t s  i n d i c a t e  f l e x i b i l i t y  i n  t h e  process  o f  e a r l y  r eg iona l  s p e c i f i c a t i o n  o f  c e l l  
f a t e .  I n  some e a r l y  c leavage s t a g e  embryos t h e  d o r s a l  e q u a t o r i a l  c e l l s  have t h e  a b i l i t y  t o  
develop autonomously according t o  t h e i r  normal f a t e s  when placed i n  abnormal embryonic 
surroundings.  This autonomy encompasses t h e  development o f  organizing c a p a b i l i t i e s  as we l l  
as t h e  formation of a x i a l  mesoderm. I n  some s i b l i n g  embryos, however, do r sa l  e q u a t o r i a l  c e l l s  
show only l i m i t e d  autonomy i n  forming mesoderm. Ins t ead ,  adjacent  vege ta l  c e l l s  which form 
endoderm have t h e  capac i ty  t o  induce any neighboring e q u a t o r i a l  c e l l s  t o  form abundant do r sa l  
mesoderm. This  vege ta l - equa to r i a l  i n t e r a c t i o n  i s  complete by t h e  e a r l y  g a s t r u l a  s t a g e ,  when 
each embryo has  a f u l l y  autonomous organizer .  

d i r e c t  t h e  development o f  t h e  o rgan ize r  i s  v a r i a b l e  r e l a t i v e  t o  t h e  f a t e  map. I n  some 
embryos c e l l  l i neages  which con t r ibu te  t o  t h e  o rgan ize r  gain t h e i r  s p e c i a l  p r o p e r t i e s  l a r g e l y  
by i n h e r i t i n g  t h e s e  determinants  d i r e c t l y .  I n  o t h e r s  t h e  determinants  a r e  d i s t r i b u t e d  
p r imar i ly  t o  presumptive endodermal r eg ions ,  and con t r ibu te  t o  axis formation by enabl ing 
vege ta l  c e l l s  t o  induce t h e i r  neighbors t o  form t h e  o rgan ize r .  

A v a r i e t y  of approaches w i l l  be  used t o  i d e n t i f y  t h e  s p e c i f i c  mode o f  i n t e r c e l l u l a r  
communication involved i n  t h i s  p a t t e r n i n g  system, t o  determine t h e  b iosyn the t i c  requirements 
for i nduc t ive  a c t i v i t y  o f  vege ta l  c e l l s ,  and t o  examine t h e  s p a t i a l  r e l a t i o n s h i p  between 
f u n c t i o n a l l y  def ined determinants  of o rgan ize r  formation and morphologically def ined 
cytoplasmic l o c a l i z a t i o n s  which t a k e  p l ace  i n  t h e  uncleaved f e r t i l i z e d  egg. 

Formation i n  Xenopus l a e v i s .  

CYTOPLASMIC LOCALIZATION AND THE "ORGANIZER" OF THE FROG EMBRYO, Robert Gimlich, 
Department o f  Molecular Biology, Un ive r s i ty  of Ca l i fo rn ia ,  Berkeley, CA 94720. 

On t h e  b a s i s  o_f such observat ions I suggest  t h a t  t h e  pos i t i on ing  of determinants  which 

s e e  R . L .  Gimlich and J . C .  Gerhart  (1984) Early Ce l lu l a r  I n t e r a c t i o n s  Promote Embryonic Axis 
Dev. Biol .  104: 117-130. 

1075 TEMPORAL AND REGIONAL REGULATION OF ACTIN GENE TRANSCRIPTION I N  XENOPUS LAEVIS, 
J.B. Gurdon, T . J .  Mohun, S .  Brennan, and S. Cascio,  CRC Molecular Embryology 

The genome of Xenopus laevis con ta ins  s e v e r a l  a c t i n  genes,  f o r  some of which we have 
Un i t ,  Department of Zoology, Universi ty  of Cambridge, Cambridge CB2 3EJ; England. 

gene-specif ic  probes.  
present  a t  d i f f e r e n t  s t a g e s  and i n  d i f f e r e n t  regions of e a r l y  Xenopus embryos. Up t i l l  t h e  
end of g a s t r u l a t i o n  embryos con ta in  a constant  low amount of c y t o s k e l e t a l  a c t i n  mRNA 
(presumed t o  be of maternal  o r i g i n ) ,  and no d e t e c t a b l e  ca rd iac  or s k e l e t a l  a-act in  mRNA. 
J u s t  a f t e r  g a s t r u l a t i o n  t h e r e  is  a sharp r i s e  i n  t h e  l e v e l  of a l l  a c t i n  mRNAs ( f o r  which we 
have probes) .  The t r a n s c r i p t i o n  of c y t o s k e l e t a l  a c t i n  genes t akes  p l ace  i n  a l l  regions of 
e a r l y  embryos, whereas ca rd iac  and s k e l e t a l  a c t i n  mRNA i s  found almost exc lus ive ly  i n  t h e  
somite region of t h e  mesoderm. Cardiac a c t i n  i s  a major component of a x i a l  muscle a t  t h i s  
e a r l y  s t a g e  of development. 

a c t i v a t i o n ,  t h e  e q u a t o r i a l  region,  but not  t h e  animal o r  vege ta l  region,  undergoes ca rd iac  
gene t r a n s c r i p t i o n .  Even i n  f e r t i l i z e d  eggs a t  t h e  1-cel l  s t age ,  t h e  e q u a t o r i a l  cytoplasm, 
but  not  t h e  animal po le  cytoplasm, con ta ins  a l l  m a t e r i a l  r equ i r ed  f o r  ca rd iac  gene 
a c t i v a t i o n ,  a s  shown by h a i r  loop l i g a t i o n  experiments.  C e l l  contact  during cleavage is  no t  
required f o r  some degree of ca rd iac  a c t i n  gene t r a n s c r i p t i o n ,  s i E e  B r d i a c  a c t i n  RNA 
appears  a t  t h e  usua l  t ime i n  c e l l  aggregates  which cleaved i n  C a  Mg - f r ee  medium. These 
and many o the r  experiments i n d i c a t e  t h a t  t h e  substances needed f o r  ca rd iac  gene a c t i v a t i o n  
a r e  a l r eady  loca l i zed  i n  a subequa to r i a l  region.  However. i t  is  l i k e l y  t h a t  i nduc t ion  is  
a l s o  required f o r  some c e l l s  t o  undergo ca rd iac  a c t i n  gene a c t i v a t i o n ,  s i n c e  vege ta l  
b l a s t u l a  c e l l s  can s t rong ly  induce animal po le  c e l l s  t o  undergo ca rd iac  a c t i n  gene 
a c t i v a t i o n .  We a r e  c u r r e n t l y  i n v e s t i g a t i n g  t h i s  i nduc t ion  r eac t ion ,  and a r e  a l s o  
cha rac t e r i z ing  genomic a c t i n  c lones ,  with t h e  aim of u s ing  these  f o r  gene i n j e c t i o n  
experiments.  

Mohun, T . J . ,  Brennan, S . ,  Dathan, N . ,  Fairman, S . ,  and Gurdon, J . B .  (1984). Nature,  i n  

Gurdon, J .B. ,  Brennan, S . ,  Fairman, S . ,  and Mohun, T . J .  (1984). z, i n  press .  
Gurdon, J.B., Mohun, T . J . .  Fairman, S . ,  and Brennan, S. (1984) Proc. N a t .  Acad. Sc i .  us, 

We have used these  probes t o  determine the  amounts of a c t i n  mRNA 

When regions of b l a s t u l a e  a r e  i s o l a t e d  and cu l tu red  u n t i l  t h e  normal t ime of a c t i n  gene 

p res s .  

submitted.  
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1076 
The embryonic development of multicellular organisms requires almost continuous interaction 
between their constituant cells. Messages released by cells may be recognised by adjacent 
cells as distinct signals to which they may react, provided the messages differ sufficiently 
from those they release themselves. The messages probably represent transient, ordinary 
products of cellular differentiation attendant upon the pathway of differentiation in 
progress in these cells. The released messages may vary from simple ion fluxes to high 
molecular membrane and extracellular matrix components. 

An embryonic system can only develop when it has a minimal spatial heterogeneity. The 
majority of chordate eggs have a single polar axis and consist of only two different 
moieties. Chordate development is therefore almost completely epigenetic and development is 
based on the confrontation of different parts of the egg or embryo which come into contact 
during development, mainly as a consequence of morphogenetic movements. 

In all interactions a distinction must be made between an action and a reaction system. 
Interaction implies reciprocity. Both action and reaction system show time-dependent pro- 
cesses occurring at particular phases of development; the reaction system showing well- 
-defined periods of responsiveness or competence to certain messages from adjacent cells. 
Only interactions which lead to entrance into a new pathway of differentiation should be 

called "inductive", as distinct from those supporting an already existing pathway. Inductive 
interactions are therefore restricted to pluripotential reaction systems open to a choice of 
alternative pathways. 

competence of the reaction system. Emphasis should be placed on the study of the physiology 
of the action and reaction system during their critical period of interaction, and particu- 
larly on the differences between the two systems, which are primarily responsible for their 
interaction. 
Determination is the stepwise restriction of potential developmental pathways open to the 

reaction system. Although the mechanisms underlying induction and determination are still 
essentially unknown, there are some indications that competence nay imply an incipient, low 
level of specific transcription. 
Certain assumptions implicit in the title of this symposium will be criticised, particu- 

larly the putative specificity of cytoplasmic determinants (which may mostly represent 
differentiation products). 

IliDUCTIVE IXTEEACTIONS AND DETERMINATION, Pieter D. Nieuwkoop, IIubrecht Laboratory, 
Utrecht, The Netherlands 

It seems llkely that the specificity of inductive interactions chiefly resides in the 

Fate Maps and Morphogenetic Movements 

1077 A NEW MODEL FOR EPITHELIAL FOLDING: APPLICATION TO THE NEURAL PLATE 
Antone G. Jacobson, Department of Zoology, University of Texas, Austin, TX 78712, 

Garrett M. Odell, Department of Mathematical Sciences, Rensselaer Polytechnic Institute, 
Troy, NY 12181, and George F. Oster, Department of Biophysics, University of California, 
Berkeley, CA 94720. 

We propose a model to account for the shaping and folding of epithelial tissues. The 
cells of epithelia may reduce their apical areas and tug on adjacent cells ( 1 , 2 ) ,  and they 
may change neighbors, interdigitating between one another (1,3). Both these activities may 
shape the epithelium. The network of actomyosin in the cortex of cells is believed to drive 
both the changes of cell shape and the movements of cells. A "cortical tractor model" of 
cell movement of epithelial cells will be described. The boundaries between adjacent 
cellular domains with differing adhesive characteristics may organize cell movements in 
epithelia to produce some of the characteristic changes of shape of the tissue. 

plate progressively reduces, the plate cells get taller, neural folds arise, and the plate 
rolls into a tube. Boundaries between domains of cells are evident in the neural plate at 
the plate edges where the neural folds arise, and between a midline population of cells 
called the notoplate (3) and the rest of the neural plate. We will describe how cell 
movements that elongate these boundaries, together with the contractions of the apical 
surfaces of the plate cells may account f o r  neurulation. 

1) Jacobson, A . G . ,  and R. Gordon 1976 Changes in the shape of the developing vertebrate 

During neurulation, the neural plate elongates and narrows, the surface area of the 

nervous system analysed experimentally, mathematically, and by computer simulation. 
J. Exp. 2001. 197: 191-246. 

2) Odell, G.M., G. Oster, P .  Alberch, and B. Burnside 1981 The mechanical basis of 
morphogenesis. I. Epithelial folding and invagination. Dev. Biol. 85: 446-462. 

3) Jacobson, A.G. 1981 Morphogenesis of the neural plate and tube. In: Morphogenesis and 
Pattern Formation, T . G .  Connelly, et a l . ,  eds. Raven Press, New York .  pp. 233-263. 
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1078 FP.TE KAPS AND HC??PIiOGENETIC CELL MOVErlEI!TS I F !  AE1PHIBIP.N ERLY DEVELOPFIENT. R. 
K e l l e r  and Cathy Lundmark, Department o f  Zoology, and t l i k e  D a n i l c h i k  and Rober t  

G i m l i c h ,  Department o f  l l o l e c u l a r  B i o l o g y ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  B e r k e l e y  CA 94720. 

The f a t e  maps and morphogenet ic  c e l l  movements o f  two amphibians, Xenopus l a e v i s  and 
Ambystoma mexicanum, have been i n v e s t i g a t e d .  I n  Xenopus, t h e  s u p e r f i c i a l  e p i t h e l i u m  c o n s i s t s  
o f  p r o s p e c t i v e  endoderm and ectoderm. The mesoderm l i e s  i n  t h e  deep r e g i o n  o f  t h e  m a r g i n a l  
zone, f o r m i n g  a t o r u s  j u s t  above t h e  s i t e  o f  b l a s t o p o r e  f o r m a t i o n .  G a s t r u l a t i o n  i s  accomp- 
l i s h e d  i n  two s teps .  F i r s t l y ,  i n  t h e  d o r s a l  s e c t o r  o f  t h e  g a s t r u l a ,  t h e  v e g e t a l  edge o f  t h e  
mesodermal t o r u s  i s  t u r n e d  inward  ( i n v o l u t e d ) ,  p r o b a b l y  as a r e s u l t  o f  b o t t l e  c e l l  f o r m a t i o n  
and perhaps t r a c t i o n  o f  t h e  l e a d i n g  mesodermal c e l l s  on t h e  b l a s t o c o e l  r o o f .  A f t e r  t h e i r  
f o r m a t i o n ,  b o t t l e  c e l l s  a r e  n o t  necessary  f o r  g a s t r u l a t i o n .  Secondly,  i n v o l u t i o n  o f  t h e  mar- 
g i n a l  zone and c l o s u r e  o f  t h e  b l a s t o p o r e  arebrought  about  p r i n c i p a l l y  by  dua l  zones o f  d o r s a l  
convergence ( n a r r o w i n g )  and e x t e n s i o n  ( l e n g t h e n i n g )  o f  t h e  c i r c u m b l a s t o p o r a l  r e g i o n .  One 
zone l i e s  i n  t h e  p o s t i n v o l u t i o n  r e g i o n  and narrows and lengthens  t h e  p r o s p e c t i v e  a x i a l  meso- 
derm and archenteron  r o o f .  
t h e  s i t e  o f  i n v o l u t i o n .  G r a f t i n g  exper iments  show t h a t  deep c e l l s ,  r a t h e r  t h a n  s u p e r f i c i a l  
c e l l s ,  d r i v e  t h e  convergent  e x t e n s i o n  movement. T r a c i n g  o f  c e l l s  i n  t h e  g a s t r u l a  by  l a b e l -  
l i n g  them w i t h  fluorescein-lysine-dextran c e l l  l i n e a g e  t r a c e r  and t i m e l a p s e  c i n e  o r  v ideo-  
mic rography  o f  c e l l s  i n  c u l t u r e d  e x p l a n t s  show t h a t  convergent  e x t e n s i o n  i s  accompanied by 
c i r c u m f e r e n t i a l  i n t e r c a l a t i o n  o f  deep c e l l s  t o  fo rm a l o n g e r ,  nar rower  a r r a y .  I n t e r c a l a t i o n  
i n v o l v e s  b r e a k i n g  o f  c e l l  c o n t a c t s  and m o t i l e ,  p r o t r u s i v e  a c t i v i t y .  I n  Ambystoma, mapping 
c e l l s  w i t h  l i n e a g e  t r a c e r s  shows t h a t  t h e  no tochord  and s o m i t i c  and v e n t r a l  mesoderm do, i n  
f a c t ,  l i e  i n  t h e  s u p e r f i c i a l  l a y e r  o f  t h e  e a r l y  g a s t r u l a .  C e l l  mark ing  s t u d i e s  and c o r r e -  
l a t e d  scann ing  e l e c t r o n  mic roscopy  show t h a t  t h e  movement o f  t h e  s o m i t i c  mesoderm f r o m  t h e  
s u p e r f i c i a l  l a y e r  a t  t h e  c o r n e r s  o f  t h e  b l a s t o p o r e  i n v o l v e s  t h e  f o r m a t i o n  o f  b o t t l e - s h a p e d  
c e l l s ,  l o s s  o f  t h e i r  e p i t h e l i a l  c h a r a c t e r ,  and t h e i r  i n g r e s s i o n  i n t o  t h e  deep r e g i o n .  Re- 
moval o f  t h e  s o m i t i c  mesoderm i n  zones l a t e r a l  t o  t h e  no tochord  may r e s u l t  i n  c i r c u m b l a s t o -  
p o r a l  t e n s i o n  t h a t  a i d s  i n  t h e  i n v o l u t i o n  o f  t h e  p r o s p e c t i v e  no tochord .  The p r o s p e c t i v e  no to-  
chord  undercoes convercent  ex tens ion ,  as i n  Xenopus, and i s  removed f rom t h e  s u p e r f i c i a l  l a y -  
e r  i n  t h e  n e u r u l a .  Comparison o f  t h e  c e l l u l a r  b e h a v i o r  and morphopenet ic movements i n  Xeno- 
pus and Ambystoma s u g e s t s  t h a t  v a r i o u s  c e l l u l a r  m o t i l e  processes a r e  m a r s h a l l e d  i n  b r i n g i n g  
about  a common system o f  mechanical  s t r e s s e s  a p p r o o r i a t e  t o  produce i n v o l u t i o n  and convergent  
e x t e n s i o n  o f  t h e  d o r s a l  t i s s u e s .  

I:. D a n i l c h i k ,  and PHS Crant  GPllS353 t o  D r .  John C e r h a r t .  

The second zone l i e s  o u t s i d e  t h e  b l a s t o p o r e  and s u p p l i e s  c e l l s  t o  

T h i s  work was suppor ted  b j i  E!SF Grant PCIE81-lXCS t o  P.. K e l l e r ,  PllS Grant  GM 08738-03 t a  

1079 YOQPHOGENETIC LIOVELIENTS A N D  FATE YAPS IN THE A V I A N  BLASTODEQY, 
L u c i e n  C .  VAKAET, L a b o r a t o r y  o f  P.natomy a n d  E m b r y o l o n y ,  
9 i j k s u n i v e r s i t e i t  G e n t ,  L e d e o a n c k s t r a a t ,  3 5 ,  B-30'30 GENT, B e l 9 i u m  

U s i n ?  a c o m b i n a t i o n  o f  m a r k i n c l  t e c h n i q u e s  ( v i t a l  d y e s ,  i r o n  o x i d e  n r a i n s  
a n d  e x n e c i a l l y  c h i c k - q u a i l  o r a f t s  a f t e r  N .  L e  D o u a r i n  ( 1 ) )  t h e  d i s n o s i -  
t i o n  o f  t h e  A n l a q e  F i e l d s  o f  t h e  a v i a n  b l a s t o d e r m  h a s  b e e n  i n v e s t i o a t e d .  
F a t e  mans h a v e  b e e n  c o n s t r u c t e d  o f  t e n  s t a q e s  f r o m  t h e  j u s t  l a i d  b l a s t o -  
d e r m  t h r o u o h  t h e  h e a d  f o l d  s t a c l e  ( 2 ) .  ! Y h i l e  t h e  f a t e  mans o f  s t a n e s  6 
t h r o u p h  3 m a i n l y  c o n f i r m  N i c o l e t ' s  f i n d i n n s  ( 3 ) ,  a m o r e  n r e c i s e  d e s -  
c r i p t i o n  i s  n i v e n  o f  t h e  f i n a l  n l a c e m e n t  o f  t h e  o u t  e n d o d e r m  b y  i n -  
7 r e s s i o n  t h r o u g h  t h e  a n t e r i o r  q a r t  o f  t h e  q r i m i t i v e  s t r e a k  b e t w e e n  s t a n e s  
4 a n d  5 .  E a r l y  m a r k i n q  h a s  made i t  n o s s i b l e  t o  d r a w  f a t e  n a n s  o f  j u s t  
l a i d  s t a g e  0 b l a s t o d e r m s .  4 h y o o t h e t i c  f a t e  man o f  a r a d i a l l y  s y m m e t r i -  
c a l  a v i a n  b l a s t o d e r m  ( a b o u t  f i v e  h o u r s  b e f o r e  l a y i n q )  i s  n r e s e n t e d .  
T h e  b i l a t e r a l  s y m m e t r i z a t i o n  o f  t h e  b l a s t o d e r m  i s  d i s c u s s e d  i n  r e l a t i o n  
w i t h  e x t e r n a l  ( g r a v i t y )  a n d  i n t e r n a l  ( e x t r a c e l l u l a r  m a t r i x )  f a c t o r s .  
T h e  r o l e  o f  a b a n d  o f  e x t r a c e l l u l a r  f i b e r s  o n  t h e  b a s a l  l a m i n a  o f  t h e  
u n n e r  l a y e r  ( 4 )  i n  t h e  m a r r i n a l  z o n e  o f  t h e  y o u n o  b l a s t o d e r n  i s  c o n s i -  
d e r e d .  

T h e  d e s c r i o t i o n  o f  t h e  m o v e m e n t s  c o r r e l a t e d  w i t h  t h e  e v o l u t i o n  o f  t h e  
d i s o o s i t i o n  o f  t h e  A n l a F e  F i e l d s  i s  u n d a t e d  u s i n n  c i n e m i c r o n r a n h i c  
d a t a .  P o s s i b l e  m e c h a n i s m s  f o r  t h e s e  m o v e m e n t s  a r e  n r e s e n t e d  b a s e d  o n  
t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o n i c  s t u d i e s .  

( 1 )  L e  D o u a r i n  N .  ( 1 9 6 9 )  B u l l .  B i o l .  ( I ' o o d s  H o l e ,  ' l a s s . )  Ll, 4 3 5 - 4 5 2 .  
( 2 )  V a k a e t  L .  ( 1 9 7 0 )  A r c h .  B i o l .  8 1 ,  3 8 7 - 4 2 6 .  
( 3 )  N i c o l e t  6 .  ( 1 9 7 0 )  J .  E m b r y o l . - F x n .  n l o r n h o l .  2 3 ,  7 3 - 1 0 8 .  
( 4 )  Ib!akely J . ,  E n a l a n d  F.1. ( 1 9 7 9 )  P r o c .  Q. S O C .  L z d .  B 06, 3 2 9 - 3 5 2 .  
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and C lay ton  Buck, The Wis ta r  I n s t i t u t e ,  Ph i lade lph ia ,  PA 19104. 
C e l l s  i n  t i s s u e s  o f  a d u l t  organisms are  f irmly assoc ia ted  w i t h  one another and w i t h  t h e i r  
e x t r a c e l l u l a r  mat r ices  by a v a r i e t y  o f  adhesive complexes. Blastomeres o f  t he  very e a r l y  
mammalian embryo are  l oose ly  associated. Dur ing  subsequent development, p a r t i c u l a r  popu- 
l a t i o n s  o f  c e l l s  must recognize one another bu t  must be ab le  t o  change t h e i r  assoc ia t ions  
migrate over cons iderab le  d is tances  and e s t a b l i s h  new assoc ia t ions .  Thus, a p rogramed 
d i s p l a y  and r e g u l a t i o n  o f  c e l l - c e l l  and c e l l - m a t r i x  i n t e r a c t i o n s  i s  essen t ia l  f o r  normal 
embryogenesis. We have i d e n t i f i e d  and p u r i f i e d  a c e l l - c e l l  adhesion g l ycop ro te in  ( c e l l  
CAM 120/80: 1 )  f rom c u l t u r e d  mammary tumor ep i the l i um and a group o f  120-160Kd c e l l -  
substratum adhesion g l ycop ro te ins  (GP140: 
examined t h e i r  r o l e  i n  med ia t ing  adhesive i n t e r a c t i o n s  i n  e a r l y  m u s e  development. The 
80Kd fragment o f  c e l l  CAM 120/80 was p u r i f i e d  from the  cond i t ioned serum f r e e  medium from 
MCF-7 c u l t u r e d  human mammary tumor ep i the l ium.  Ant iserum aga ins t  t he  80Kd g lycopept ide  
( a n t i  GP80) recognized a s i n g l e  80Kd band i n  immunoblots of cond i t ioned SFM and a s i n g l e  
120Kd band i n  b l o t s  of NP40 e x t r a c t s  o f  e p i t h e l i a l  c e l l s .  The 120Kd mate r ia l  cou ld  be 
converted t o  80Kd f o l l o w i n g  t r y p s i n i z a t i o n  i n  the  presence o f  calcium. E x t r a c t i o n  s tud ies  
suggest t h a t  t he  120Kd parent  molecule i s  an i n t e g r a l  membrane g lycopro te in .  
o f  4.8 and i s  h i g h l y  protease sens i t i ve .  L o c a l i z a t i o n  s tud ies  show t h a t  c e l l  CAM 120/80 
i s  d i s t r i b u t e d  d i f f u s e l y  along reg ions  o f  c e l l - c e l l  con tac t  i n  e p i t h e l i a l  c e l l s  bu t  i s  not 
found i n  o ther  c e l l  types. When t e s t e d  f o r  i t s  e f f e c t s  on e a r l y  m u s e  development, a n t i  
GP80 i n h i b i t e d  compaction o f  8-16 c e l l  embryos and subsequent b l a s t u l a t i o n .  The an t ibody  
had no e f fec t  on c e l l  d i v i s i o n  o r  on the  a b i l i t y  o f  i n d i v i d u a l  c e l l s  t o  accumulate f l u i d .  
When exposed t o  i s o l a t e d  i nne r  c e l l  masses, a n t i  GP80 caused decompaction and i n h i b i t e d  
segregat ion  o f  an endoderm l a y e r  (4 ) .  The GP140 i n t e g r a l  membrane ce l l -subs t ra tum adhesion 
g l ycop ro te ins  were p u r i f i e d  from NP40 e x t r a c t s  o f  f i b r o b l a s t s  o r  e p i t h e l i a l  c e l l s .  
GP140 detached c u l t u r e d  c e l l s  f rom d i ve rse  species and t i s s u e  o r i g i n .  A n t i  GP140 i n h i -  
b i t e d  attachment o f  bo th  mouse b las tocys ts  i n  v i t r o  and c u l t u r e d  p a r i e t a l  endoderm c e l l s .  
Thus, bo th  se ts  o f  an t igens  a re  expressed vGy-y i n  development. C e l l  CAM 120/80 i s  
i nvo l ved  i n  c e l l - c e l l  con tac ts  requ i red  f o r  p roper  c e l l  l i neage segregat ion  wh i l e  GP140 
may be i nvo l ved  i n  imp lan ta t i on  and p a r i e t a l  c e l l  m igra t ion .  Supported by CA32311, 
CA27909, CA07572, H012487 and PCM-81-18801. (1 )  Oamsky e t  a1 C e l l  3: 455 (1983), ( 2 )  
Knudsen e t  a1 P N A S E :  6071 (1981), ( 3 )  Damsky e t  a1 J. C e l l  B i o l .  g: 173 (1981), ( 4 )  
Richa e t  a1 Dev. B i o l .  i n  press. 

TWO CELL ADHESION MOLECULES: CHARACTERIZATION AND ROLE I N  EARLY MOUSE EMBRYO 
DEVELOPMENT. Caro l i ne  H. Damsky, Margaret J. Wheelock, Jean Richa, Oavor S o l t e r  

2,3) from c u l t u r e d  e p i t h e l i a  o r  f i b r o b l a s t s  and 

It has a PI 

A n t i  

1081 CELL ADHESION MOLECULES I N  EMBRYOGENESIS AND HISTOGENESIS, Gerald M .  Edelman, The 
Rocke fe l l e r  Un ive r s i ty ,  New York, NY 10021 

In t h e  las t  decade, t h e  s p e c i f i c i t i e s  and b inding  mechanisms of s eve ra l  c e l l  adhesion mole- 
c u l e s  have been cha rac t e r i zed .  These molecules inc lude  N-CAM (neura l  c e l l  adhesion molecule,  
180-250 Kd), L-CAM ( l i v e r  ce l l  adhesion molecule,  124 Kd), and Ng-CAM (neuron-glia adhesion 
molecule,  200 Kd, 135 Kd, and 80 Kd). CAMS a r e  expressed i n  def ined  sequences dur ing  embryon- 
i c  development beginning a t  very  e a r l y  times and appear i n  a d e f i n i t e  t opo log ica l  o rde r  i n  
f a t e  maps. L-CAM i s  seen  i n  d e r i v a t i v e s  of a l l  3 germ l a y e r s ,  N-CAM i n  ectodermal and meso- 
dermal d e r i v a t i v e s  and Ng-CAM i n  neuroectodermal d e r i v a t i v e s .  These d i s t r i b u t i o n s  p e r s i s t  i n  
a d u l t  t i s s u e  der ived  from t h e s e  l a y e r s .  

Anti-L-CAM a n t i b o d i e s  pe r tu rb  l i v e r  c e l l  colony formation i n  v i t r o .  Monovalent fragments 
of serum an t ibod ies  and monoclonal an t ibod ie s  aga ins t  N-CAM b lock  n e u r i t e  f a s i c u l a t i o n ,  
neurite-myotube i n t e r a c t i o n s ,  and o rde r ly  r e t i n a l  l aye r ing  i n  t i s s u e  c u l t u r e .  Ant ibodies  t o  
N-CAM a l s o  d i s t u r b  t h e  o rde r  and p r e c i s i o n  of t h e  r e t i n o t e c t a l  p r o j e c t i o n  when in t roduced  & 
v ivo  i n t o  t h e  tectum of Xenopus =. 
granule  c e l l s  i n  embryonic c e r e b e l l a r  s l ices i n  v i t r o .  

r e s p e c t i v e l y  neuron-neuron and neuron-glia adhes ion  i n  a calcium-independent f a sh ion .  N-CAM 
a l s o  media tes  h e t e r o t y p i c  neuron-myotube i n t e r a c t i o n s  by a homophilic (N-CAM t o  N-CAM) 
mechanism. The Ng-CAM i n t e r a c t i o n  appears  to& h e t e r o p h i l i c  t o  a p u t a t i v e  molecule (Gn-CAM) 
on g l i a l  c e l l  s u r f a c e s .  L-CAM adhesion is  C a  dependent and is suspec ted  to be homophilic.  

The carbohydra te  moiety of N-CAM from embryos con ta ins  a l a r g e  amount of s i a l i c  ac id  (30gm/ 
lOOgm polypept ide)  some of which appears  t o  e x i s t  as p o l y s i a l i c  a c i d .  During development and 
i n  p e r i n a t a l  l i f e  t h i s  embryonic form (E form) i s  rep laced  by s e v e r a l  a d u l t  (A) forms which 
have much l e s s  s i a l i c  ac id .  A model of N-CAM has  now been c o r r e l a t e d  wi th  k i n e t i c  s t u d i e s  of 
N-CAM b inding  a f t e r  i n s e r t i o n  i n  l i p i d  v e s i c l e s .  The r e s u l t s  sugges t  t h a t  t h e  o rde r  of bind- 
ing  rates is:  E-E<E-A<A-A and t h a t  a two-fold inc rease  i n  p r o t e i n  t o  l i p i d  r a t i o  l e a d s  t o  a 
30-fold inc rease  i n  b inding  rates. E-A convers ion  occurs  i n  d i f f e r e n t  sequences i n  d i f f e r e n t  
p a r t s  of t h e  b r a i n  and i s  delayed i n  t h e  mouse c e r e b e l l a r  mutant,  s t agge re r .  These r e s u l t s  
provide  suppor t  f o r  t h e  i d e a  t h a t  l o c a l  c e l l  s u r f a c e  modulation occur s  i n  v ivo  and sugges t  
t h a t  neu ra l  p a t t e r n s  a r i s e  by k i n e t i c  c o n s t r a i n t s  upon primary processes  of  development 
( d i v i s i o n ,  movement, mig ra t ion ,  dea th  e t c . )  

i ance  of t h e  t iming of CAM gene express ion  and va r ious  morphogenetic movements a r e  important 
f a c t o r s  i n  t h e  con t ro l  of embryonic induc t ion .  
c e n t l y  i s o l a t e d  and a r e  being used t o  test  t h e  onse t  of CAM gene express ion .  The combined d a t a  
sugges t  t h a t  CAM's  p l ay  major r o l e s  i n  the  de te rmina t ion  of animal form and t i s s u e  S t ruc tu re .  

Ant ibodies  t o  Ng-CAM i n h i b i t  mig ra t ion  of e x t e r n a l  - 
Binding s t u d i e s  sugges t  t h a t  N-CAM and Ng-CAM can  appear on t h e  same neuron, mediating 

We have proposed t h a t  CAM's  a c t  a s  r e g u l a t o r s  of morphogenetic movements and t h a t  t he  covar- 

Severa l  cDNA probes  f o r  C A M ' s  have been re -  
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1082 AGGREGATION AND SEGREGATION OF CELLS CONTROLLED BY SPECIFIC CELL-CELL 
ADHESION MOLECULES, Masatoshi Takeichi, Department of Biophysics, 
Faculty of Science, Kyoto unlversity, Kyoto 606, Japan 

The Ca2+-dependent cell-cell adhesion system is present in a wide variety of 
cell types and essential for tight binding of these cells. We have obtained 
two kinds of monoclonal antibodies, ECCD-ll) and NCD-1, both of which can 
block this adhesion system of mouse embryos. If these antibodies are given to 
monolayer culture of cells, their cell-cell adhesion is actively disrupted. 
An important difference between these antibodies is that they react with 
distinct cel types. ECCD-1 reacts with blastomeres of early embryos inducing 

with epithelial cells of various organs such as skin, mammar gland, salivary 
gland, adenohypophysis, thyroid, lung, liver and pancreas1* '). On the other 
hand NCD-1 does not react with these epithelial cells, but it does with neuron 
and glia of various nervous tissues, myotube of skeletal muscles, cardiac 
muscle cell and lens epithelial cell. There are another class of cells that 
react with neither of ECCD-1 nor NCD-1, such as fibroblast and endothelial 
cell of blood vessels. These results indicate that cells in the body can be 
classified into three groups, the ECCD-l-reaCtlng type, the NCD-l-reacting 
type and the third, non-reactin type. 

was found that only the ECCD-1 type is expressed at the early developmental 
stage. Therefore, the other types become to be expressed at ome later 
stages. 
adhesion molecule, it is assumed that many classes of cells in the body cease 
expression of the ECCD-1-reacting type at the certain stage of development and 
instead begin expression of another type. We suppose that such replacement of 
cell-type-specif ic Ca2+-dependent adhesion molecules plays a crucial role in 
separation of cell populations with different phenotypes. 

1) Yoshida-Noro, C., Suzuki, N., and Takeichi, M. (1984) Develop. Biol. 

2 )  Shirayoshi, Y., Okada, T.S., and Takeichi, M. (1983) Cell 35: 631-638. 
3 )  Ogou, S., Yoshida-Noro, C., and Takeichi, M. (1983) J. Cell Biol.: 97, 

decompaction 3) , and at the later develpmental stage it reacts specifically 

When ontogeny of these Ca2'-dependent adhesion molecules were studied, it 

Since a given cell expresses only one type of the Ca3+-dependent 

101: 19-27. 

944-948. 

1083 

membranes and w i t h  the  mesenchyme plays a key ro le  i n  t i s s u e  remodelling and ce l l  migration. 
Fibronectin (FN) appears pr ior  t o  o r  a t  the blastula  s tage i n  the  ver tebrate  embryo. In 
amphibians, FN i s  assembled as a f i b r i l l a r  network on the roof of the blastocoel ic  cavi ty  
preceding mesodermal c e l l  migration. The latter do not migrate i n  regions of the roof where 
the ectoderm has been inverted,  providing an ECM-free subs t ra te .  Microinjection of 
monovalent antibodies t o  FN i n  the blastocoel ic  cavi ty  a r r e s t s  gastrulat ion.  The same e f f e c t  
is  obtained a f t e r  in jec t ion  of a synthet ic  decapeptide containing the ce l l  binding s i t e  
sequence of FN. Neural c r e s t  c e l l s  migrate along o r  between FN-rich basement membranes. In 
birds ,  the  pathways of migration have been traced u s i n g  antibodies t o  FN and a monoclonal 
antibody which i d e n t i f i e s  c r e s t  c e l l s .  I n  most cases, c r e s t  c e l l s  maintain a h i g h  density i n  
t rans ien t  narrow pathways. Di rec t iona l i ty  of migration i s  i n  par t  given by population 
pressure and does not seem t o  require  other  mechanisms such as  chemotaxis, haptotaxis o r  
contact guidance. Crest c e l l s  adhere preferen t ia l ly  t o  FN both 
Antibodies t o  FN and the ce l l  binding peptide inh ib i t  migration on m s u b s t r a t e s  i n  cu l ture  
and microinjection blocks cephalic c r e s t  ce l l  migration in embryos. These data provide both 
circumstantial and d i r e c t  evidence f o r  the importance of FN i n  d i rected c e l l  migration. The 
d is t r ibu t ion  of the two primary ce l l  adhesion molecules N - C A M  a n d  L-CAM has been determined 
throughout embryogenesis. Both molecules a r e  found i n  a l l  c e l l s  of the blastoderm. A par t ia l  
segregation is  observed during gas t ru la t ion  and neural induction. L-CAM disappears from the 
neural primordium b u t  accumulates i n  the l a t e r a l  ectoderm and i n  the endoderm. N-CAM becomes 
more abundant i n  the  neuroectoderm and appears t rans ien t ly  i n  many mesodermal t i s sues .  
Ng-CAM, a secondary adhesive molecule mediating in te rac t ions  between neurons and g l i a ,  was 
shown t o  appear exclusively on ear ly  d i f f e r e n t i a t i n g  CNS and PNS neurons. 

d e r i v a f i v e s r e  m o m d  by mechanisms including prevalence polar i ty  and chemical 
modification. The ro le  of ce l l  migration and ce l l  adhesion i n  the pat terning of the nervous 
system wil l  be discussed. 

Mechanisms of embryonic ce l l  migration and adhesion in  the ver tebrate  embryo. J.P. 
Thiery. I n s t i t u t  d'Embryologie CNRS, 94130 Nogent-sur-Marne, FRANCE. 
The  ex t race l lu la r  matrix ( E C M )  associated w i t h  ep i the l ia l  t i s sue  basement 

v_itro_ and I! v_Livc. 

In v i t r o  and i n  viv_o, the adhesive propert ies  of neural c r e s t  c e l l s  and t h e i r  neural 
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The interconnections be tween neural c e n t e r s  in t h e  v e r t e b r a t e  brain show a g r e a t  dea l  of order,  and a r e  
usually a r ranged  in a topographic fashion. The  process of forming such ordered  projections c a n  be thought 
of as t w o  nested developmental  processes: i. t h e  patterning and  organization of e a c h  neural cen ter ,  and ii. 
t h e  pa t te rn ing  of t h e  interconnections be tween t h e  centers.  The  re t ino tec ta l  projection of lower 
ver tebra tes  of fe rs  a n  excellent sys tem for  studying both of these  interwoven patterning processes. The  
projection from t h e  e y e  is topographically a r ranged  to produce a "map" of t h e  re t ina  o n t o  t h e  sur face  of 
t h e  opt ic  tec tum.  Experimental  ev idence  f rom severa l  laboratories indicates t h a t  the  cells of t h e  e y e  and 
t h e  opt ic  t e c t u m  possess some positional c u e s  t h a t  help to guide t h e  pa t te rn  of connections made  by opt ic  
nerve  f ibers  in t h e  tec tum.  The  major questions t h a t  must be  answered are:  i. how do t h e  ce l l s  gain this 
positional information, and ii. how do t h e  ce l l s  use this positional information to guide the i r  connection 
pa t te rn?  

T o  explore t h e  patterning of t h e  e y e  during embyonic development of t h e  frog, Xenopus laevis, we  have  
been exploring t h e  in te rac t ion  be tween cells following a surgical rear rangement  of t h e  eyebud. Small  
pieces of the  embryonic e y e  rudiment c a n  be  graf ted  toge ther  to form e y e s  made  up of a n  unusual set of 
cells. For  some combinations of fragments,  t h e  maps formed by t h e s e  recombinant eyes  d o  not  faithfully 
r e f l e c t  t h e  origin of rhe  t issues used to make-up t h e  eyebud. Instead, t h e  map shows t h a t  some form of 
repa t te rn ing  or  regulation t a k e s  place. By preloading t h e  cells of one  of t h e  eyebud f ragments  with a 
f luorescent  dye,  i t  is possible to examine  t h e  position of t h e  graf ted  ce l l s  in t h e  eyebud and te rmina t ion  
p a t t e r n  formed by these  recombinant e y e s  in a living larvae. This technique i s  now being used to examine  
when and where t h e  regulation of positional c u e s  in t h e  eyebud occurs. 

T o  investigate t h e  pa t te rn ing  of t h e  projection be tween t h e  e y e  and  tec tum,  we have  employed a 
combination of computer  modeling and exper imenta l  techniques. The  computer  simulations have  been used 
to re f ine  a model for t h e  pa t te rn ing  of t h e  projection, and to show t h a t  t h e  model is consistent with t h e  
vast  majority of t h e  exper imenta l  l i terature.  This model is based on a set of adhesive in te rac t ions  among 
t h e  opt ic  nerve  fibers and  between t h e  opt ic  nerve  fibers and t h e  tec tum.  In order  to test for  t h e  ro le  of 
cell  adhesion in t h e  patterning of t h e  projection, w e  have  employed antibodies raised against  Xenopus N- 
CAM, t h e  neuronal adhesion molecule (in collaboration with G.M.Edelman and  colleagues). The  antibody 
causes  a distortion in t h e  projection pa t te rn  and a n  increase in t h e  disorder of the  projection when applied 
to t h e  t e c t a l  neuropil. The  results indicate a role for ce l l  adhesion in t h e  pa t te rn ing  of t h e  re t ino tec ta l  
projection and impl ica te  N-CAM in the  process of neuronal map formation. 

PATTERNING OF NEURONAL MAPS. Scot t  E. Fraser  and Nancy A. O'Rourke, Depar tment  of 
Physiology a n d  Biophysics, and  Dev. Biology Center ,  University of California,  Irvine, CA 92717. 

POSITIONAL MAPS AND CELLULAR INTEEACTIONS IN INSECT DEVELOP- lM5 
ICQJT, Vernon French, Zoology Department, University of Edinburgh, Scotland, U.K. 

The "positional information" approach to the process of pattern formation proposes that 
cellular interaction generates a map of positional values and the cells then individually 
interpret their value and differentiate accordingly. The nature of a "positional map" 
and the cellular and molecular mechanisms by which it is generated and interpreted are 
the central problems of  pattern formation. 
relatively simple and repeated through the organism. 
division of the embryo into a number of differently determined segments within each of 
which the same cellular interactions occur to build the segmental map, which is then 
interpreted in the various segment-specific ways. 
from grafting experiments and homeotic transformations. 
Numerous grafting experiments (particularly on bugs) have suggested that the abdominal 
segment epidermis contains a simple map consisting of a linear anterior-posterior sequence 
of  positional values, while work on the thoracic appendages (particularly of cockroaches 
and Drosophila) has suggested a very different two-dimensional map of positional values, 
arrdged along polar co-ordinates, down and around the appendage. 
the map seems to direct pattern, polarity and, to some extent, c e l l  division. These 
experiments, however, have not really addressed the relationships between the appendage 
and the rest of the thoracic segment from which it arises, between the thoracic and 
abdominal segments and between the dorsal and ventral parts of the segment. These 
relationships will be discussed in the light of recent grafting and extirpation experiments 
performed on the beetle, Tenebrio. 

It is widely assumed that positional maps are 
Hence insects may develop through 

"his idea has received some support 

In both systems 
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Ketrovlruses as Probes for Mammalian Development 

Rudolf .Jaenischl’,’Angelika Schniekel, Michael Breindl’, Klaus Harbers’, 
Jurgen Lohle?, and Klaus Kratochwi13. 

‘Whitehead Institute, 9 Cambridge Center, Cambridge, MA, U.S.A.; 2Heinrich-Pette-Institut, 
Martinistrasse 52, 2000 Hamburg 20, F.R.G. ; 30sterreichische Akademie der Wissenschaften, 
Billrothstrasse 11, A-5020 Salzburg, Osterreich, F.R.G. 

Experimental insertion of the Maloney leukemia virus into the germ line has resulted 
in an embryonic recessive lethal mutation in Movl3 mice. Integration of the proviral genome 
occured at the 5 ‘  end of the Ul(1) collagen gene blocking formation of stable mRNA. Sequence 
and SI mapping analyses were performed to characterize the position of the proviral genome 
in relation to the transcriptional map of the mutated gene. The results indicated that the 
virus has inserted into the first intron 19 bp 3‘ of the intron-exon boundary. 

To study the mechanism of how insertion of the provirus may interfere with gene tran- 
scription, the chromatin structures of the mutated and the wild-type alleles were compared. 
Limited digestions with DNase I revealed that a hypersensitive site located at 100-200 bp 5’ 
of the cap site was strictly correlated with collagen @l(I) transcription. Integration of 
the virus into the first intron prevents the developmental appearance of this site, and this 
may interfere with proper activation of the gene during embryonic development. 

Embryos homozygous at the Movl3 locus are arrested in development between days 12 and 14 
of gestation. This is the time when abundant transcription of theaLl(1) collage gene starts 
suggesting an essential role of type I collagen for midgestation development. Histological 
examination of day 12 embryos revealed a general cell necrosis without obvious malformation. 
Cell necrosis typically begins in erythropoietic cells of the liver. The embryos die, how- 
ever. due to a sudden breakdown of the circulatory system. This ascribes to collagen I an 
important function in establishing, or in the maintenance of the circulatory systems. 

of in vitro development of organs from homozygous,heterozygous, or wild-type embryos was 
observed, suggesting that collagen type I has no essential role in early morphogenesis. 

1086 

Organ rudiments from day 12 embryos have been explanted in organ culture. No difference 

Genetically Defined Systems 
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Pattern formation in Drosophila imaginal discs appears to depend on continuous inter- 
cellular communication. 
type, cell surface components that are distributed nonuniformly in imaginal discs are good 
candidates for molecules involved in patterning or morphogenesis. Using monoclonal anti- 
bodies, we have been searching for such molecules, and at least three of the antigens so 
identified appear to be related to one another, based on their structures and distribu- 
tions. Groups of cells specified to differentiate identical structures, but located in 
different regions of the epithelium, may display very different patterns of expression of 
these antigens: this msitional Specificity has led us to designate the three antigenic 
specificities FS 1-3. For example, in the epithelium that will produce the adult wing, 
the FS1 antigen primarily is found on the ventral cells, and the PS2 antigen on the dorsal 
cells: the FS3 antigen is found on both dorsal and ventral cells, but there is a band 
cells separating these domains that appears to contain reduced levels of the antigen. 
Generally, the distributions of the PS antiqens appear to correlate with morphogenetic 
events in the disc epithelia. 
there are discontinuities in FS antigen expression. 
concentration are characterized by distinct morphological entities (e.g. the epithelial 
grooves along the nascent wing margin) and small or gradual variations are characteristic 
of more subtle or smoother morphological features (eg. the forming wing puch). An 
extensive analysis of the distributions of the FS antigens leads us to hypothesize that 
they are involved in cell-cell recognition and/or adhesion processes. Also, examination 
of binding patterns in flies of various genotypes has shown that the PS antibodies can be 
very useful as probes for developmental events in the undifferentiated imaginal discs. 

proteins. 
these common components are probably recqnized by the FS3 antibodies. 
of the complex appear to be modified to give the more localized PS1 and FS2 specificities. 
Work is currently underway to clone the structural genes for these glycoproteins, in order 
to proceed with a genetic analysis of their functions. 

CELL SURFACE MOLECULES EXPRESSED WI’IH FOSITIONAL SPECIFICITY IN DKEOPHILA 
IMAGINAL DISCS Danny L Brower, Epartments of Molecular and Cellular Biology and 
Biochemistry, University of Arizona, Tucson, A2 85721. 

Because the disc epithelia are composed of essentially one cell 

More specifically, morphogenetic events are observed where 
Large, sharp differences in antigen 

Structurally, the ps antiqens are oligomeric complexes of large (92-125 KD) glyco- 
m e  or more members of this complex seem to be common to all of the PS groups: 

Other Components 
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1088 MOLECULAR ANALYSIS  OF engra i led :  A GENE INVOLVED I N  EARLY DROSOPHILA 
DEVELOPMENT, Pa t r i ck  H. O'Far re l l ,  J e r r y  M. Kuner ,  Tom Kornberg ,  J im i-. 
The is ,  J u d y  A. Kassis,  U n i v e r s i t y  o f  Ca l i fo rn ia ,  San Francisco, CA 94143 

We are  s t u d y i n g  an  ea r l y  developmental  s tep  t h a t  d i v ides  the  Drosoph i la  embryo  i n t o  
t h e  dominant p a t t e r n  elements, t h e  segments. Segments appear  t o  b e  an  obv ious  
morphological  man i fes ta t ion  o f  subd iv i s ion  i n t o  smaller u n i t s  - t h e  developmental  
compartments.  Each segment i s  composed of  an te r io r  a n d  pos te r io r  compartments.  these 
compartments a r e  impor tan t  because t h e y  behave as u n i t s  o f  spec i f i ca t ion  o f  developmental  
fa te  and  u n i t s  o f  g r o w t h  cont ro l .  We have c loned a n d  a re  cha rac te r i z ing  a gene, the  
engra i l ed  gene, t h a t  i s  essent ia l  t o  t h e  processes t h a t  es tab l i sh  a developmental  
compartment.  T h e  en  ra i l ed  gene i s  t h o u g h t  t o  encode a regu la to r  t h a t  i s  expressed in a 
prec ise  spat ia l  p a t t b  con t r i bu tes  t o  t h e  establ ishment o f  t h e  repeat ing  a r r a y  o f  
compartments and  segments. 

Muta t ions  de fec t ive  in engrai1e.d func t i on  have been phys i ca l l y  mapped; d i s rup t i ons  
t h r o u g h o u t  a 70 kb sequence g i v e  r i s e  t o  the  e n  ra i l ed  pheno types  ( K u n e r ,  Nak in ish i ,  A l i ,  
Drees, Cus tavson,  The is ,  Kauvar ,  Ko rnberg ,  a h r r e l l ,  submi t ted) .  Desp i te  t h e  l a rge  
size o f  t h e  e n  ra i l ed  complementat ion g r o u p  n o  ia rge  t ransc r ip t i on  u n i t s  have been de f ined.  
Ea r l y  e n g r a h c t i o n  appears  to  be  encoded in 2 . 7  kb RNA t h a t  i s  d e r i v e d  f rom a 
re la t i ve l y  small, 4.5 kb, genomic reg ion  (Drees, O 'Fa r re l l  a n d  Kornberg ,  in prep . ) .  We 
have  proposed t h a t  p r o p e r  e n  ra i l ed  func t ion  requ i res  ex tens i ve  f l ank ing  sequence because 
these areas encode r e g u l a t o h  t h a t  a c t  in c i s  t o  d i r e c t  t h e  process ing  o f  t h e  nascent  
cod ing  sequence (O 'Far re l l ,  in p r e p . ) .  T h e  cod ing  reg ion  conta ins  a long (1700 b p )  open 
read ing  frame and  inc ludes  a sequence resembl ing the  conserved "homeobox" sequence t h a t  
i s  f ound  a t  o the r  k e y  developmental  loci  (Pool a n d  Kornberg ,  submi t ted) .  In s i t u  
hyb r id i za t i on  t o  RNA in t i ssue sect ions revea ls  t h a t  t r a n s c r i p t s  f rom t h e  reg ion  a re  I E a l i z e d  
t o  n a r r o w  bands  o f  ce l l s  co r respond ing  t o  t h e  pos te r io r  p a r t s  o f  t h e  embryon ic  segments 
(Ko rnberg ,  A l i ,  O 'Fa r re l l  a n d  Siden-Kiamos, submi t ted) .  Comparison o f  t h e  e n  ra i l ed  
reg ion  o f  D. melano as ter  t o  c lones o f  t he  e n  ra i l ed  reg ion  o f  D.  v i r i l i s  r e v h  
conserved  Sequences gare p resen t  t h r o u g h o u t  h b  reg ion  (Krssis- O 'Far re l l ,  in 
p r e p . )  and  t h a t  t he  p a t t e r n  o f  sequence conserva t ion  in t h e  proposed cod ing  sequence i s  
unusua l .  We have cons t ruc ted  hybrid genes t h a t  exp ress  po r t i ons  o f  t he  engra i l ed  
sequence as p r o t e i n  in E. coli. An t ibod ies  ra ised  aga ins t  two  o f  these fus ion  p ro te ins  
de tec t  a number  o f  p r o t e ? n s T  ex t rac ts  o f  Drosoph i la  ana lyzed by p ro te in  b lo t t i ng .  T h e  
probes  we have  deve loped shou ld  allow u s  t o  charac ter ize  the  engra f l ed  gene p roduc t ,  
examine t h e  basis f o r  regu la t ion  o f  i t s  express ion  a n d  to  inves t iga te  i t s  in te rac t ion  w i t h  t h e  
o the r  developmental  loci. 

Histogenesis 

1089 MATRIX REGUIATION OF EPITHELIAL BEHAVIOR INVOLVES HEPARAN SULFATE-RICH PROTEOGLY- 
CAN AS A C E L L  SURFACE RECEPTOR, M. B e r n f i e l d ,  A. Rapraege r ,  M.Jalkanen, J. Koda, 

and S.  Banerjee,  P e d i a t r i c s  Department, S tanford  Univers i ty ,  S tanford ,  Ca l i fo rn ia ,  94305. 
The subs t ra tum of adherent  c e l l s ,  which i n  vivo is t h e  e x t r a c e l l u l a r  mat r ix ,  modi f ies  

t h e i r  shape and t h e i r  a b i l i t y  t o  e x h i b i t  s p e c i f i c  c e l l  behaviors.  C e l l s  recognize  t h i s  
subs t ra tum wi th  ma t r ix  r ecep to r s  t h a t  may va ry  i n  type  o r  amount depending on t h e  n a t u r e  of 
t h e  c e l l  s u b s t r a t u m ,  c e l l  t y p e ,  and d e v e l o p m e n t a l  s t a g e .  Dur ing  b r a n c h i n g  e p i t h e l i a l  
morphogenesis, t i s s u e  form becomes s t a b l e  where i n t e r s t i t i a l  ma t r ix  accumulates and changes 
c o n t i n u o u s l y  where  t h e  m a t r i x  t u r n s  o v e r  mos t  r a p i d l y .  V a r i o u s  e p i t h e l i a  f o r m  s t a b l e  
branched s t r u c t u r e s  t h a t  resemble  t h e i r  i n  v ivo  conf igu ra t ion  when cu l tu red  w i t h i n  type  I 
c o l l a g e n  g e l s .  Thus,  morpho log ic  s t a b i l i t y  may i n v o l v e  l i n k a g e  of  c e l l  s u r f a c e  m a t r i x  
r ecep to r s  t o  in so lub le  ma t r ix  components. 

We have s tud ied  t h e  r o l e  of c e l l  su r f ace  heparan su l f a t e - r i ch  pro teoglycan  (PG) a s  a 
ma t r ix  r ecep to r  because heparan s u l f a t e s  bind s e v e r a l  ma t r ix  components. The c e l l  s u r f a c e  
PG on mouse mammary e p i t h e l i a l  c e l l s  c o n s i s t s  of a t  l e a s t  two f u n c t i o n a l  domains: ( i )  a 
m e m b r a n e - i n t e r c a l a t e d  domain  which  a n c h o r s  t h e  PG t o  t h e  c e l l ,  and ( i i )  an  ec todomain  
which  b e a r s  b o t h  h e p a r a n  s u l f a t e  and c h o n d r o i t i n  s u l f a t e  c h a i n s .  The PG behaves  a s  an  
a u t h e n t i c  i n t e g r a l  membrane p ro te in :  it i n t e r c a l a t e s  i n t o  l iposomes, i s  d i sp laced  from t h e  
c e l l  su r f ace  on ly  by c leavage  from i t s  membrane domain, and i s  mobile i n  t h e  p l ane  of t h e  
membrane a s  shown by i t s  a g g r e g a t i o n  i n t o  c l u s t e r s  by c r o s s - l i n k i n g  a n t i b o d i e s .  The 
ectodomain i s  r e l eased  from t h e  c e l l  su r f ace  by mi ld  p ro tease  t r ea tmen t ,  y i e ld ing  a so lub le  
PG which  b e a r s  a l l  t h e  g l y c o s a m i n o g l y c a n  o f  t h e  p a r e n t  m o l e c u l e  and  which  b i n d s  
i n t e r s t i t i a l  co l l agen  f i b r i l s  a t  a h igh  a f f i n i t y  s i t e  t h a t  i s  s p e c i f i c  f o r  h igh ly  s u l f a t e d  
polyanions.  Cel l  su r f ace  PG behaves i d e n t i c a l l y  because i n t a c t  mammary e p i t h e l i a l  c e l l s  
d u p l i c a t e  t h e  b i n d i n g  s p e c i f i c i t y  shown by t h e  ec todomain ,  t y p e  I c o l l a g e n  f i b r i l s  c a n  
i m m o b i l i z e  t h e  PG i n  c l u s t e r s  a t  t h e  c e l l  s u r f a c e ,  and  p o l y a n i o n s  which  i n h i b i t  t h e  
i n t e r a c t i o n  p r e v e n t  t h e  c e l l s  f rom f o r m i n g  duc t - l i -ke  s t r u c t u r e s  when c u l t u r e d  w i t h i n  
co l l agen  g e l s .  The turnover  of  t he  PG, i n  tu rn ,  may depend on t h i s  type  of  i n t e r a c t i o n :  i n  
v i t r o ,  t he  PG i s  r a p i d l y  shed when t h e  c e l l s  a r e  rounded, bu t  i t s  degrada t ion  i s  markedly 
s lowed  when t h e  c e l l s  a r e  c u l t u r e d  on t o p  o f  c o l l a g e n  g e l s .  Thus,  t h e  m a t r i x  may 
immobi l ize  t h e  PG which anchors t h e  c e l l s  t o  t h e  ma t r ix ,  thus  s t a b i l i z i n g  t h e  morphology of 
t he  e p i t h e l i a l  shee t .  C e l l  su r f ace  heparan s u l f a t e  PG's, ub iqu i tous  on adherent  c e l l s ,  may 
se rve  a s  ce l l -ma t r ix  anchors which t r a n s m i t  changes i n  t h e  ma t r ix  i n t o  c e l l  behavior.  
1. B e r n f i e l d ,  M., B a n e r j e e ,  S.D., Koda, J.E., and Rapraege r ,  A.C., (1984)  i n  "The Ro le  o f  
E x t r a c e l l u l a r  Mat r ix  i n  Development," t he  42nd Symposium of  t h e  Soc ie ty  f o r  Developmental 
B io logy ,  ( T r e l s t a d ,  R., ed Alan  R. Liss ,  Inc . ,  N.Y., 545-572. 
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THE BASEMENT MEMBRANE IN HISTOGENESIS, Peter Ekblom, Friedrich- 
Miescher-Laboratorium der Max-Planck-Gesellschaft, Spemannstrasse 3 7  
D-7400 Federal Republic of Germany 

'090 

Kidney differentiation is driven by interactions between three cell lineages, 
the nephrogenic mesenchyme, the epithelial ureter bud, and the endothelium. 
The mesenchyme is induced to differentiate by the ureter bud, and this in 
turn stimulates the migration of the endothelium into the developing tissue. 
Immunocytochemistry suggests that the mesenchyme in response to induction 
switches the matrix composition. Interstitial collagens are lost, whereas 
basement membrane(BM) components appear. That change preceeds morphogenesis. 
The stimulation of the mesenchyme also leads to an increase in cell prolifera- 
tion, and to an acquisition of transferrin responsiveness. Thus, the matrix 
on which the cells differentiate is the BM, while the growth factor is trans- 
ferrin. 
BM components are also involved in the migration of the endothelium. This has 
been demonstrated in interspecies hybrid kidneys, which were constructed from 
endothelium of the quail, and from the epithelium of the mouse. Both these 
cells produce a BM, as judged by staining with species-specific antibodies 
against either mouse or quail type IV collagen. Staining with species-speci- 
fic antibodies against fibronectin shows that epithelial podocytes do not 
produce any detectable fibronectin. It is noteworthy that the migrating 
endothelium at all stages produces a rather linear BM. Thus, the migrating 
endothelial cells do not apparently use the matrix of the target organ for 
migration. 
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MORPHOGENESIS OF SKIN AND CUTANEOUS APPENDAGES: ROLE OF EXTRACELLULAR MATRIX, 
Ph i l i ppe  Sengel ,  Annick Mauger and Madeleine Kieny, UA CNRS 682, Department of 

Curing t h e  development of  av ian  and mauunalian sk in  and cutaneous appendages,  s e v e r a l  ex t r a -  
, Unive r s i td  s c i e n t i f i q u e  & mddicale de Grenoble,  384C2 Saint-Martin-d'HSres,  France 

c e l l u l a r  mat r ix  (ECM)  macromolecules, l i k e  i n t e r s t i t i a l  co l l agen  types  I and 111, f i b r o n e c t i n  
and glycosaminoglycans,  e x h i b i t  a changing heterogeneous d i s t r i b u t i o n  ( 1 ,  2 ) .  Thei r  synthe- 
s is ,  depos i t i on  and degrada t ion  a r e  r e l a t e d  t o  sk in  morphogenesis. Indeed, i n  zones of high 
morptogenetic a c t i v i t y ,  l i k e  outgrowing f e a t h e r  o r  s c a l e  buds ,  o r  ingrowing f e a t h e r  f o l l i c l e s ,  
co l l agens  a r e  spa r se  o r  absent ,  whi le  f i b r o n e c t i n  i s  abundant.  Cont rar iwise  i n  h i s togene t i -  
c a l l y  s t a b i l i z e d  zones,  such as inter-appendage o r  g labrous  sk in ,  f i b r o n e c t i n  i s  r a r e ,  whi le  
co l l agen  i s  dense. 

I n  o rde r  t o  t e s t  whether t h e  morphogenetic performance of s k i n  c e l l s  i s  inf luenced  by 
t h e i r  environment, t h e  e f f e c t  of s e v e r a l  ECM components on i n  v i t r o  c u l t u r e d  7-day ch ick  
embryonic dermal c e l l s  was analyzed us ing  homogeneous o r  heterogeneous s u b s t r a t e s  of type  I 
co l lagen  o r  f i b r o n e c t i n ,  as compared t o  polys tyrene  ( 3 ) .  For q u a n t i f i c a t i o n  of c e l l  behavior 
a s e r i e s  o f  t e n  a r b i t r a r y  s t ages  of c e l l  p a t t e r n i n g  w a s  de f ined .  F ib ronec t in  had no e f f e c t  on 
t h e  r a t e  of  c e l l  p a t t e r n i n g ,  bu t  co l lagen  s i g n i f i c a n t l y  r e t a rded  i t .  When f i b r o n e c t i n  w a s  
depos i t ed  on t h e  co l lagen  s u b s t r a t e ,  t h e  r e t a r d i n g  e f f e c t  o f  co l lagen  was suppressed. A l s o ,  
when a heterogeneous s u b s t r a t e  was used, c o n s i s t i n g  of f i b r o n e c t i n  coa ted  a r e a s  surrounded by 
e i t h e r  co l lagen  o r  po lys ty rene ,  t h e  c e l l s  tended t o  a l i g n  along t h e  edge of  t h e  f i b r o n e c t i n  
spo t .  Ce l l  spreading  was g r e a t e r  on co l lagen  than  on e i t h e r  f i b r o n e c t i n  o r  po lys ty rene ,  i n d i -  
c a t i n g  t h a t  c e l l - s u b s t r a t e  adhesion w a s  s t ronges t  on co l l agen .  

can t  way by t h e  presence o f  ECM components i n  t h e i r  environment.  Collagen slows down t h e  r a t e  
of c e l l  pa t t e rn ing ,  which i s  i n  agreement w i t h  t h e  hypothes is  t h a t  i n t e r s t i t i a l  co l lagens  
p l ay  a s t a b i l i z i n g  r o l e  i n  morphogenesis.  The f a c t  t h a t  f i b ronec t in  i s  a b l e  t o  r e s t o r e  a 
"normal" r a t e  of  c e l l  p a t t e r n i n g  and t h a t  t h e  c e l l s  a r e  able  t o  sense  i t s  p resence  i s  l i k e -  
wise i n  agreement wi th  t h e  idea  t h a t  f i b r o n e c t i n  f a c i l i t . a t e s  morphogenetic movements. Thus 
t h e  microheterogeneous d i s t r i b u t i o n  of ECM macromolecules i n  s k i n  might c o n s t i t u t e  a t  l e a s t  
p a r t  o f  t h e  morphogenetic message t h a t  t h e  dermis i s  known t o  t r ansmi t  t o  t h e  epidermis 
dur ing  t h e  development of  cutaneous appendages. 

These pre l iminary  r e s u l t s  i n d i c a t e  t h a t  t h e  c e l l s '  behavior  i s  inf luenced  i n  a s i g n i f i -  

( 1 )  Mauger A,  Ddmarchez M ,  Herbage D ,  Grimaud J A ,  Druguet M ,  Bartmann D J ,  Sengel P (1982) 
Devel Bio l  94, 93-105 

(2) Mauger A ,  Ddmarchez M ,  Herbage D ,  Grimaud J A ,  Druguet M ,  Hartmann D J ,  Fo ida r t  J M ,  
Sengel P (1983) Wilhelm Roux's Arch Devel Bio l  192, 205-215 

( 3 )  Sengel P, Kieny M (1984)  B r i t  J Dermatol 1 1 1 ,  Suppl.  27 ,  E6-97. 
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1092 RULES OF RETINOTECTAL MAPMAKING. 
Sciences, U n i v e r s i t y  o f  Michigan, Ann Arbor,  MI 48109. 

Stephen S. Easter,  Jr . ,  D i v i s i o n  of B i o l o g i c a l  

The h i g h l y  ordered topograph ic  map t h a t  r e l a t e s  t h e  r e t i n a l  p o s i t i o n s  o f  gang l i on  c e l l  
bodies and t h e  t e c t a l  p o s i t i o n s  o f  t h e i r  t e rm ina l  a rbors  has been s tud ied ,  ma in ly  i n  f i s h  and 
amphibia, f o r  several  decades. 
o f  months t o  years  a f t e r  t h e  i n i t i a l  establ ishment o f  con tac t  by a r e l a t i v e l y  few pioneers.  
I n  t h e  g o l d f i s h ,  t h e  r u l e s  fo l lowed by t h e  l a t e r  axons a r e  t h e  fo l l ow ing .  
new gang l ion  c e l l s  o r i g i n a t e  on l y  i n  t h e  per iphery ,  and send t h e i r  axons a long t h e  most 
s u p e r f i c i a l  rou te ,  d i r e c t l y  beneath, and i n  contac t  w i th ,  t h e  basal  lamina o f  t h e  i n n e r  
l i m i t i n g  membrane (1 ) .  B )  I n  t h e  o p t i c  nerve, t h e  new axons from t h e  e n t i r e  r e t i n a l  p e r i -  
phery c l u s t e r  t oge the r ,  such t h a t  t h e i r  neighbors a re  from t h e  same general  r e t i n a l  reg ion  
(2,3).  
r e t i n a  t o  dorsa l  hemitectum, t h e  o the r  frm dorsa l  hemi re t ina  t o  ven t ra l  hemitectum (2,4).  
D )  I n  t h e  tectum, t h e  new axons grow a long t h e  ou te r  edge and leave t h e  bundle sequen t ia l l y ,  
temporal  axons f i r s t ,  nasal  l a s t ,  t o  te rm ina te  r e t i n o t o p i c a l l y  on t h e  t e c t a l  pe r iphe ry  ( 5 ) .  
E )  As t h e  tec tum en la rges  by adding new c e l l s  a long i t s  dorso-caudo-ventral  edge, new genera- 
t i o n s  o f  axons f o l l o w  t h e  same ru les ,  bu t  i n  an enlarged tectum, and t h e  connect ions pre-  
v ious l y  formed s h i f t  t o  new l o c a t i o n s  ( 6 ) .  The ordered and s te reo typed pathway prov ides  an 
e f f i c i e n t  r o u t e  f o r  t h e  axons t o  t h e i r  p roper  t e r m i n a t i o n  s i t e s ,  bu t  axonal guidance by 
i t s e l f  cannot account f o r  t h e  a b i l i t y  o f  regenerated axons t o  f i n d  t h e i r  p roper  l oca t i ons ,  
s ince  t h e  regenerated nerve and t r a c t  a re  d isordered,  bu t  t h e  map i s  res to red  nonetheless.  
R e l a t i v e l y  permanent markers must e x i s t  on t h e  t e c t a l  sur face ,  bu t  i t  remains an open 
ques t i on  whether o r  no t  these markers e x i s t  p r i o r  t o  t h e  a r r i v a l  o f  t h e  axons. 

(1) Easter,  S . S . ,  Jr. ,  B. B ra t ton ,  S.S .  Scherer (1984). J .  Neurosci. 4: 2173-2190. 
(2 )  Eas ter ,  S . S . ,  Jr . ,  A.C. Rusoff ,  P.E. K ish  (1981). J .  Neurosci. 1: 793-811. 
(3 )  Bunt, S.M. (1982). J.  Comp. Neurol. 206: 209-226. 
( 4 )  A t t a r d i .  D.G., R.W. Sperry (1963). Exp. Neurol .  7: 46-64. 
( 5 )  Stuermer, C.A.O., S . S .  Easter,  J r .  (1984). J. Neurosci .  4: 1045-1051. 
( 6 )  Eas ter ,  S.S.,  Jr. ,  C.A.O. Stuermer (1984). J.  Neurosci .  4 :  1052-1063. 

The vast m a j o r i t y  o f  these te rm ina ls  a re  added over a pe r iod  

A) I n  t h e  r e t i n a ,  

C) I n  t h e  t r a c t ,  t h e  f i b e r s  rearrange t o  form two b rach ia ,  one from ven t ra l  hemi- 

1093 NEURAL CELL ADHESION MOLECULE “-CAM) IS PRESENT AT THE SITES OF NERVE-MUSCLE 
CONTACT IN THE DEVELOPING AND THE ADULT VERTEBRATE NEUROMLISCULAR SYSTEM. Franfois 

Rieger, *Martin Grumet, Martine PinGon-Raymond, and *Gerald M. Edelman, *The Rockefeller 
University, 1230 York Avenue, New York, New York, 10021; Groupe de Biologie & Pathologie 
Neuromusculaires INSERM U.153 ,  17,  rue du Fer-i-Moulin 75005 Paris. 

Immunoreactivity with specific monoclonal and polyclonal antibodies to the neural cell 
adhesion molecule (N-CAM) has been detected on adult mouse diaphragm muscle fibers at the 
nerve-muscle contacts by indirect immunofluorescent techniques. Specific N-CAM staining was 
mostly coextensive with a-bungarotoxin (a-BgTX), which stains specifically the acetylcholine 
receptor (AChR) accumulated at the motor endplate. In double label experiments using fluo- 
rescein-aBgTX and an indirect rhodamine label for anti-N-CAM IgG, only the gutter-like struc- 
tures of the motor endplate stained with a-BgTX, whereas both these structures and the nerve 
terminal arborizations showed strong staining for N-CAM. Similar experiments were performed 
on frog and chick adult muscles. In the developing mouse muscle, just before or after birth, 
a similar staining pattern for N-CAM and AChR was also found at sites of nerve-muscle con- 
tacts, with additional N-CAM staining on axons, axon terminals, and myofiber surfaces. 
Qualitative and quantitative biochemical studies using SDS gel electrophoresis followed by 
immunoblotting with anti-N-CAM IgG showed that detergent extracts of muscle contained a major 
immunoreactive component of MK 140,000. This form of N-CAM was present even in the embryonic 
muscle, in contrast to N-CAM in nerve which displays a heterogeneous embryonic form (Mr 
180,000 to 250,000) and three adult forms (Mr 180,000, 140,000 and 120,000). The Mr 140,000 
component from muscle, unlike N-CAM from nerve, was not detected by monoclonal antibody anti- 
N-CAM No. 5 which recognizes N-linked oligosaccharide determinants. These results suggest 
differences between N-CAM in nerve and muscle, particularly in their carbohydrate structures. 
We also found a significant decrease of N-CAM concentration in muscle during postnatal devel- 
opment. In the mouse, a spontaneous recessive mutation, muscular dysgenesis (mdg), affects 
the nerve-muscle interactions in mutant embryo resulting in nerve overgrowth, multifocal 
polyinnervation and immature myotubes. Comparison of normal and mutant embryo muscles for 
their content of N-CAM and its localization in nerve and muscle showed that N-CAM is signifi- 
cantly increased in mdg/mdg diaphragms with increased muscle surface staining and multiple 
intense spots, demonstrating N-CAM accumulations all O V ~ K  the mutant muscle. Thus, muscular 
dysgenesis offers a natural genetic perturbation of N-CAM localization and content in muscle 
during the early development of the neuromuscular system. 
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1094 SELECTIVE STAEILIZATION OF RETINOTECTAL SYNAPSES BY AN ACTIVITY DEPENDENT MECYANISM, 
John T .  Schmidt, Deut. B io log ica l  S c i . ,  S t a t e  Univ. of Mew York a t  Albany, NY 12222. 

During r egene ra t ion  of  t he  o p t i c  nerve  i n  a d u l t  go ld f i sh ,  t h e  ingrowing r e t i n a l  f i b e r s  
success fu l ly  seek ou t  t h e i r  c o r r e c t  p l aces  i n  t h e  o v e r a l l  r e t i n o t o p i c  ?rejection on t h e  t e c t m ,  
a s  assessed  by e l ec t rophys io log ica l  record ing .  Chemospecific c e l l  su r f ace  i n t e r a c t i o n s  (1) 
a lone  a r e  s u f f i c i e n t  t o  organize  only  a d i f f u s e l y  r e t i n o t o p i c  map; t h e  p r e c i s e  r e t i n o t o p i c  
order ing  i s  achieved v i a  an  a c t i v i t y  dependent s t a b i l i z a t i o n  of appropr i a t e  synapses.  Four 
t r ea tmen t s  b lock  t h i s  sharpening  Brocess:  A) Blocking a c t i v i t y  of t h e  gangl ion  c e l l s  wi th  
i n t r a o c u l a r  t e t rodo tox in  (TTX, 2 ) ,  B) Rearing i n  t o t a l  darkness  ( 3 ) ,  C) Cor re l a t ed  a c t i v a t i o n  
of a l l  gangl ion  c e l l s  v i a  s t roboscopic  i l l umina t ion  (31, D)  Block of r e t i n o t e c t a l  synap t i c  
t ransmiss ion  wi th  alpha-Bungarotoxin (unpub. d a t a ) .  These experiments show t h a t  i t  i s  not  
j u s t  a c t i v i t y  per  s e ,  bu t  l o c a l l y  c o r r e l a t e d  a c t i v i t y  i n  neighboring gangl ion  c e l l s  of t he  
same type (4) t h a t  d r i v e s  t h e  sharpening  of t h e  d i f f u s e  p r o j e c t i o n ,  and f u r t h e r  sugges t  t h a t  
t h e  c o r r e l a t e d  a c t i v i t y  i n t e r a c t s  w i th in  t h e  pos t synap t i c  c e l l s ,  probably through the  summa- 
t i o n  of EDSP's and t h e  s t a b i l i z a t i o n  of t h e  most e f f e c t i v e  ( r e t i n o t o p i c )  synapses.  

I n  o rde r  t o  s tudy  the  morpholopical events  dur ing  the  sharpening ,  regenera ted  and normal 
o p t i c  a rbo r s  were s t a i n e d  v i a  an terograde  t r a n s p o r t  of 13P.P and viewed i n  t e c t a l  whole mounts. 
Normal o p t i c  a rbo r s  range i n  s i z e  from 133 t o  403 pm ac ross .  Ind iv idua l  regenera ted  a rbo r s  a t  
e a r l y  s t a g e s  ( 2  t o  4 weeks pos tc rush)  were up t o  5 times l a r g e r  than  normal i n  ex ten t  a l though 
more s p a r s e l y  branched. Many were more than  2 mm ac ross  and covered more than  213 of the  
t e c t a l  e x t e n t .  These could account f o r  t he  e a r l y  d i f f u s e  p ro jec t ion .  By 2 months, few of t h e  
en larged  a rbo r s  w e r e  found, and by 6 months, a l l  were of normal s i z e  aga in .  Thus, many, if 
not  a l l ,  o p t i c  f i b e r s  i n i t i a l l y  form enlarged  a rbo r s .  The e l imina t ion  of r e t i n o t o p i c a l l y  
inappropr i a t e  branches of t hese  a rbo r s  may be the  method by which the  map i s  sharpened us ing  
a c t i v i t y  . 

I n t r a o c u l a r  TTX experiments sugges t  a s i m i l a r  mechanism f o r  t h e  formation of ocu la r  
dominance pa tches  i n  f i s h  tectum (5)  and k i t t e n  v i s u a l  co r t ex  (6),  and f o r  t h e  seg rega t ion  of 
d i f f e r e n t  r e c e p t i v e  f i e l d  types  i n  the  l a t e r a l  gen icu la t e  nuc leus  (7 ) .  A c t i v i t y  dependent 
s t a b i l i z a t i o n  may t h e r e f o r e  be a gene ra l  mechanism whereby the  d i f f u s e  p r o j e c t i o n s  of e a r l y  
development a r e  brought t o  the  p r e c i s e ,  mature l e v e l  of o rgan iza t ion .  

1. Sper ry ,  P..LJ. (1963) DNAS USA 50:703-309. 2 .  Schmidt, J . T .  and Edwards, D.L. (1933) 
Brain Res. 269:29-39. 3.  Schmidt, J . T .  and E i s e l e ,  L . E .  (1935) Neuroscience ( i n  p r e s s ) .  
4. Arne t t ,  9.W. (1978) Exp. Bra in  Res. 32:49-53. 5.  Boss ,  V . B .  and Schmidt, J .T. (1984). J .  
Neurosci.  ( i n  p r e s s ) .  6.  S t ryke r ,  Y . ? .  (1381) Neurosci.  Abs t r .  7:842. 7 .  Archer,  S.Y . ,  
Dubin, M . W .  and S ta rk ,  L.A.  (19e2) Sc ience  217:743-745. 

Theory, Evolutionary Implications and Summation 

1095 MOTILITY AND SHAPE CHANGE I N  EMBRYONIC CELLS, George F. Oster, Department of 
Biophysics,  Un ive r s i ty  o f  Ca l i fo rn ia ,  Berkeley, CA 94720. Garrett M. Odel l ,  

Department of Mathematics, Rense l l ae r  Poly technic  I n s t i t u t e ,  Troy, NY 12181. 

Ehbryonic c e l l s  are mot i l e ,  changing t h e i r  shapes  andfo r  c rawl ing  about  and aggrega t -  
i n g  i n  p a t t e r n s  t h a t  e s t a b l i s h  subsequent t i s s u e  geometries.  While i t  i s  clear t h a t  t h e  
c e l l u l a r  cy toske le ton  i s  t h e  'motor '  f o r  c e l l  m o t i l i t y ,  t h e  e x a c t  mechanism by which ce l l s  
p rope l  themselves has  remained obscure.  We s h a l l  p re sen t  a mechanochemical model f o r  c e l l  
motion based on t h e  phys ica l  chemis t ry  of  actomyosin g e l s .  The model accounts  f o r  a 
v a r i e t y  of m o t i l i t y  phenomena, and sugges t s  a gene ra l  mechanism f o r  shaping  t i s s u e  geome  
t r ies  i n  both  mesenchyme1 and e p i t h e l i a l  c e l l  popula t ions .  

Os ter ,  G., G. Ode l l  (1984). The mechanics of cy toge ls .  I: Plasmodia1 o s c i l l a t i o n s  i n  
Physarum. C e l l  Mot i l i t y .  (In Press ) .  

Oster G. (1984). On t h e  c rawl ing  of cells .  J. Embryol. exp. Morphol. (In Press) .  

10% PATTERN FORMATION AND POSITIONAL INFORMATION. Lewis Wolpert ,  Department of 
Anatomy and Biology a s  Applied t o  Medicine, The Middlesex Hosp i t a l  Medical School,  
Cleveland S t r e e t ,  London WIP 6DB, UK. 

P o s i t i o n a l  in format ion  can provide  the  b a s i s  f o r  genera t ing  p a t t e r n s  of 
c e l l u l a r  d i f f e r e n t i a t i o n .  This  w i l l  be assessed  wi th  r e spec t  t o  limb 
morphogenesis, and p a r t i c u l a r l y  i n  r e l a t i o n  t o  mechanisms t h a t  might genera te  a 
p repa t t e rn  such as  r eac t ion -d i f fus ion .  The concept of  p o s i t i o n a l  va lue  w i l l  be 
cons idered  a s  a c e l l  parameter and r e l a t e d  t o  both limb morphogenesis and 
pigment p a t t e r n  formation i n  b i r d s .  I t  w i l l  be suggested t h a t  t he re  i s  q u i t e  a 
f i n e  gra ined  assignment of p o s i t i o n a l  va lue .  
implemented and i n t e r p r e t e d  w i l l  be d iscussed ,  i n  r e l a t i o n  t o  r ecen t  advances 
i n  the unders tanding  of homeotic genes i n  i n s e c t s .  

The problem of how t h i s  might be 
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1097 TRANSIENT EXPRESSION OF TISSUE-SPECIFIC ANTIGENS IN THE XENOPUS LAEVIS EMBRYO, 
Rebecca M. Akers, Carey R. Phillips, and Normn K. Wessells, Stanford University, 
Stanford, CA 94305 and University of California, Berkeley, CA 94720 

The distribution of tissue-specific antigens was studied in Xenopus - embryos witn 
nunoclonal antibodies. Antibodies were generated against a membrane preparation isolated 
from late neurula stage embryos (Nieuwkoop and Faber, st. 19-22 ) .  Several antibodies were 
found which recognize antigens expressed during restricted periods of embryonic development. 
Two of these antibodies denwnstrated interesting patterns of tissue specificity. END0 1 
recognizes a subset of large yolk platelets localized in the vegetal hemisphere of blastula 
stage embryos; after gastrulation this antigen is restricted to platelets found in the trunk 
endoderm. This antigen is associated with the yolk platelet membrane and disappears from 
the endoderm during the late tailbud stages. A second antibody, DORSAL 1 ,  selectively 
stains dorsal axial structures (notochord, somites, and neural tube) in the neurula stage 
embryo. The DORSAL 1 antigen first appears in the embryo at the end of gastrulation (st. 
1 3 )  and persists in the dorsal structures through the completion of neural tube closure. 
After that tim?, it progressively disappears from the neural tube and notochord but is min- 
tained in the somites through the tailbud stages; during this tine it is selectively local- 
ized at the boundaries of individual myotoms. There is no evidence for expression of this 
antigen in mture mscle or  nervous system tissue. We are currently investigating the 
nulecular identity, subcellular localization, and functional roles of these transiently- 
expressed antigens. Supported by NIH grant HD 04708 and NSF grant PCM 83-092621. 

MANY MUSCLE CELL TYPES EXPRESS SOME FORMS OF N-CAM, Richard A. Akeson, lW8 Children's Hospital Research Foundation, Cincinnati, OH 45229 
N-CAM's are a family of glycoproteina previously reported to be on the surfaces of 
vertebrate nerve and skeletal muscle cells (Edelman, G.M., Ann. Rev. Neurosci. 7:339- 
371, 1984). We have examined clonal muscle cell lines to determine which muscle 
phenotypes express N-CAM's. Both rabbit and monoclonal anti-N-CAM's bound to rat L6 
skeletal myoblasts, A7r5 and A10 smooth muscle cells and H9c2 cardiac myocytes. 
Rabbit anti-N-CAM also P u n d  to mouse BC3H1 smooth muscle cells. These lines all 
expressed more than 2x10 monoclonal anti-8-CAM binding sites per cell indicating N- 
CAM is a relatively high abundance surface protein. To determine the molecular 
forms of N-CAM expressed by muscle cells, cultures were lactoperoxidaae iodinated. 
solubilized, and N-CAM's immunoprecipitated. L6, A7r5. BC3H1 and H9c2 cells all 
expressed only the 140 and 120 Kd forms. Little if any 180 Kd or higher molecular 
weight forms were immunoprecipitated. No N-CAM was found on fibroblast cells, another 
mesodermal derivative. Immunof luorescence analysis indicated both L6 myoblasts and 
postfusion myotubes expressed N-CAM. There was no obvious differential distribution 
of N-CAM on the myotube surface. These results further indicate that individual cell 
types express only selected molecular weight forms of N-CAM. 

1099 ANALYSIS OF FIBRONECTIN RECEPTOR FUNCTION USING A DIRECT BINDING ASSAY AND 
FIBRONECTIN FRAGMENTS, Steven K. Akiyama and Kenneth M. Yamada, Membrane 

Biochemistry Section, Laboratory of Molecular Biology, National Cancer Institute, 
National Institutes of Health, Bethesda, MD 20205 
Fibronectin is an adhesive glycoprotein which plays crucial roles in developmental and bio- 
logical processes. 
el, and to identify possible candidates for cell-surface fibronectin receptors, we devel- 
oped a direct binding assay to measure the parameters which define the interaction of solu- 
ble fibronectin with cells using BHK cells adapted for growth in suspension as a model sys- 
tem. The binding of intact fibronectin is of moderate affinity (Q=0.8 @I), consistent 
with a mechanism involving the repeated making and breaking of contacts as presumably 
would be the case during cell migration on a fibronectin-coated substrate. A purified 75 
kDa cell-binding domain of fibronectin binds with slightly higher affinity (Q=0.4 p) sug- 
gesting a slight proteolytic activation of this fragment. A smaller 11.5 kDa fragment of 
fibronectin which interacts with cells has been identified and isolated using a monoclonal 
antibody. This fragment binds with low affinity, as judged by inhibition assays. We have 
begun to characterize the cell-surface fibronectin receptor(s) using these fragments and 
our binding assay. Our results apparently rule out proteoglycans as possible fibronectin 
receptors and suggest that the receptor function is dependent on a protein component which 
is sensitive to physiological concentrations of divalent cations. 
S.K.A. was partially supported by N.I.H. grant #CA 06782 ,  PH.S., D.H.H.S. 

In order to understand fibronectin-mediated events on a molecular lev- 
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1100 AGGREGATION CHIMAERAS IN CAPILLARY TUBES.AN EFFICIENT NEW TECHNIQUE FOR CLONAL ANALY- 
SIS OF DEVELOPMENT IN MAMMALS.Juan Arechaga,Robert Wells and G.Barry Pierce.Universi- 

The introduction of chimeric technology has ma- 
de possible the study of the fate and differentia- 
tion of cell populations of different genotypes ifl 
to mammalian embryos.The methods currently avail* 
ble are: cell injection by micromanipulation and 
aggregation,gently placing cells and/or embryos to 
gether in a microdrop of culture medium under para 
ffin oi1,with or without special chambers and using 
phytohaemagglutinin a s  an aggregation agent.How-- 
ever,all these procedures are compl icated,tedious 
and typically of low yield.We have developed a very 
simple technique that permits the production of 
hundreds of chimeric aggregations per week by a 

ty of  Granada (SPAIN) and University of Colorado Health Sciences Center,Denver,CO 80262(USA) / 
single person.The method comprise:(a)digestion of "zona pellucida" with 0.2% pronase in 0.5% 
PVP-40 in PBS,(b)Aggregation and culture in a few microliters of MEM plus 10% of FCS supple- 
mented with Sodium Piruvate and Glutamine,utilizing only the force of gravity as the cohesi- 
ve agent.Experiments i n  progress include capillary aggregation cultures of fluorescent labe- 
led teratocarcinoma cells and normal mouse embryos by this technique.(picture: aggregation 
between CD-1 and C57BJ/6 two days mouse embryos-vaginal plug=day 0) 

1101 

The biochemical events underlying the induction of differentiation in motor nerve termi- 
nals are still largely a mystery. In order to examine these events, we have developed an 
assay system employing antibodies which recognize two molecules specific to nerve termi- 
nals, synapsin I and p65. These molecules are associated with synaptic vesicles at mature 
synapses (De Camilli et a l . ,  J. Cell Biol. 26, 1983; PIatthew e t  al., J .  Cell Biol. 
B, 19811. When dissociated chick ciliary ganglia are plated onto cultures of embryonic 
chick iayotubes. both of these molecules become concentrated at sites of nerve-muscle con- 
tact over a period of 4-5 days. By 5 days in r i t r o ,  clusters of these molecules are found 
apposed to patches of Ach receptors at "25% of nerve-muscle contacts. This is in the 
range of the fraction of contacts which result in functional synapses in such cultures 
(Betz. J. Physiol. 25%. 19761. Since N-CAII has been reported t o  be involved in initial 
neuromusrular interactions (Rutishauser et a l . .  J .  Cell Biol. 97. 19831, we have begun 
to examine the role of N-CAII in this system. Preliminary results indicate that Fab frag- 
ments of polyclonal antibodies to N-CAM disrupt the formation of early nerve-muscle con 
tacts. and slow down subsequent co-localization of vesicle antigens and Ach receptors, but 
do not prevent this differentiation entirely. 

LOCALIZATION OF NERVE TERMINAL-SPECIFIC ANTIGENS AT NEUROPNSCULAR SYNAPSES IN 
VITRO, John L. Bixby and Louis F. Reichardt. U.C.S.F.. San Francisco, CA 94143 

1102 TRALIDOMIDE NETABOLITE INTERFEFES WITH LECTIN IGDIATED ATTACHMENT, Andrew G. Braun, 
Fiona A. Harding and liichael Collins, Massachusetts Institute of Technology, 
Cambridge, MA 02139 

A large class o f  chemical teratogens inhibits acites tumor cell attachment to lectin coated 
plastic surfaces. To assay for inhibitory activity radiolabeled cells are treated with a 
test chemical, poured over concanavalin A coated polyethylene disks and allowed to attach 
for 20 minutes. The extent of attachment is determined by measuring the radioactivity 
adherent to the disks. Incubation with thalidomide does not inhibit attachment. However 
inclusion of rabbit hepatic microsomes, an NADPH generating system and FMN results in a dose 
dependent, time dependent and temperature dependent inhibition. Microsomes from human 
placenta are also active in the system. Omission of microsomes, NADPH or thalidomide 
eliminates attachment inhibition. FMN (0.2mM) increases the degree of inhibition. CO, metyra- 
Pone, N-octylamine, SKF 5258 and alpha-naphthaoflavone prevent activation. These results 
suggest a thalidomide metabolite inhibits attachment. It is, therefore, possible this 
metabolite also interferes with normal embryonic cell-cell interactions and is the cause of 
thalidomide mediated teratogenesis. 

Supported by Department of Energy Contract DEACO 282-ER-60070. 
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1103 TRANS-SPECIES EXPRESSIO!J OF CLONED GENES, Francois C. Bregegere, Stanford Univer- 
sity, Stanford, CA 94305 

Genetic transformation of Drosophila melanogaster by injecting DNA into preblastoderm 
embryos provides new means to assay for functional divergence between genes from differ- 
ent insect species. Not only can one try to complement Drosophila mutations by grafting 
foreign DNA sequences in Drosophila genome, but one can also determine which structural 
features of the genes are involved in their possibly different phenotypic expression. 

We have constructed a gene library of Calliphora erythrocephala (European flesh fly) 
and have isolated a DNA segment homologous to the coding sequence of the rosy (ry) gene 
of Drosophila melanogaster, which codes for the xanthine-dehydrogenase (XDH) and is in- 
volved in the eye pigment synthesis. Inserting the Calliphora XDH gene in ry- Drosophila 
genome would provide a good model system for this kind of studies on the functional 
evolution of genes. 

1104 REVERSAL OF A DEVELOPMENTAL RESTRICTION IN NEURAL CHEST-DERIVED 
CELLS OF AVIAN EMBRYOS 6 Y  THE TUMOR PROMOTER 12-0-TETRADECANOVL 
PHOR60L-13-ACETATE (TPA), Gary Ciment and James A. Weston, 
University of Oregon. Eugene, Oregon 97403 

The neural crest of early vertebrate embryos gives rise to a variety of 
different cell types in the adult, including neurons and glial cells of the 
dorsal root ganglia (DRG> and pigment cells. Earlier studies of Nichols and 
Weston (1977) showed that 5 day embryonic chicken DRG contain cells which 
undergo adventitious pigmentation in culture, but that DRG from older 
embryos do not, suggesting that the developmental restriction of 
melanogenesis in this early crest derivative occurs after the 5th day. We 
have reexamined this phenomenon in quail DRG cultures using the tumor 
promoter TFA. We have found that this drug dramatically extends the 
developmental period in which adventitious pigmentation in DRG cultures can 
be produced. This drug effect is dose- and stage-dependent and also occurs 
with other crest derivatives. In addition, when TPA-treated DRG explants 
from quail embryos are grafted into 4-day old chicken embryos, the grafted 
cells not only give rise to pigment cells, but display other appropriate 
morphogenetic behaviors of normal pigment cells. We interpret these results 
to mean that TPA can reverse the developmental restriction of melanogenesis 
that occurs in at least some of the crest-derived cells of the early DRG. 

INFLUENCE OF SYMPATHETIC NERVES ON DEVELOPMENT OF B-ADRENERGIC RECEPTORS IN 'lo5 SALIVARY GLANDS, Leslie S. Cutler, University of Connecticut Health Center, 
Farmington, CT 06032 

During the development of the rat submandibular gland (SMG) there is a well defined se- 
quence in the morphologic and functional maturation of the acinar secretory cells. There 
is a temporal correlation with regard to the ingrowth of catecholamine containing nerves, 
the appearance of 8-adrenergic receptors on the secretory cell surface and the functional 
coupling of the stimulus-secretion system, all of which occur at 6 days after birth. This 
temporal correlation suggested the possibility of a cause and effect relationship between 
the appearance of the catecholamine containing nerves in the gland and the maturational 
increase in the number and the coupling of 6-adrenergic receptors. This study utilized 
chemical sympathectomy and chronic isoproterenol treatment to investigate the role of the 
nerves on the development of the B-adrenergic receptors in the neonatal rat SMG. Chronic 
isoproterenol treatment resulted in accelerated maturation of the gland with a concomitant 
premature appearance of the beta receptors. However, chemical sympathectomy did not effect 
the time of appearance or the number of 5-adrenergic receptors seen in the developing 
gland. Taken together, these data suggest that the increase in the number of B-adrenergic 
receptors which normally occurs in the developing gland at 6 days after birth is a specifi- 
cally programmed step which is closely associated with the degree of maturation attained by 
the cells and is independent from the ingrowth of catecholamine containing nerve processes. 
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1106 USE OF GENE FUSLON TO ANALYZE ''ENGRAILED" GENE PRODUCTS. 

Segmentation and compartimental isation in Drosophila are controlled by genetically defined 
genes,a number of which have already been cloned.Several o f  these genes contain an evolu- 
tiommary conserved coding sequence,the"Homeobox". 
The "Engrailed" gene is involved in the development o f  the posterior part o f  each segment. 
This gene has been cloned and appears to express a major transcript o f  2.7kb.A 2.4kb cDNA 
has been isolated and could encode a 566 aminoacid "Engrailed" protein.This putative proteir 
contains several special features:;t contains a distantly related "Homeobox" sequence at 
the C-terminus;the N-terminal region contains a 13 Alanine repeat as well as a 1 1  Glutamine 
repeat . 
In order to anaiyze this protein biochemichally and developmentally,we produced Lac2 fusion 
proteins from expression vectors in E.Col i(pUR Z90).Fusion proteins containing the full 
lenght putative "Engrailed" product and specific sub-domains of the protein(i .e."Homeobox", 
repeated sequences.)have been produced to raise antibodies. 
Since the cDNA also contains an other long open reading frame on the other strand (1354bp) 
we also produced a fusion protein from this frame to test for the presence o f  this hypo- 
thetical protein i n  Drosophila. 
These fusion protein and the antibodies raised against them will be a powerful1 tool to 
analyse the "Engrailed" gene products during embryogenesis. 

Claude DESPLAN,Jerry KUNER,Jim THE15,Judy KASSIS,Liz SHER,Emily LIM,Patrick O'FARRELL 

1107 DETEXXRUTIOU OF rnmIFIm ~ I I I O H A L  PPBCO.SOB CKLLS I. mm EMBRYOS 
Chris Q. Doe and Corey S. Goodman, Stanford Univ., Stanford, CA 94305 

The insect central nervous system (CNS) is composed of a brain and a chain of 
segmental ganglia; each hemi-ganglion contains about 1000 individually identifiable 
neurons. The neurons of a hemi-ganglion develop from a stereotyped pattern of 30 
unique neuronal precursor cells, called neuroblasts (NBs). Neurogenesis involves two 
major steps: first, an undifferentiated ectodermal cell sheet produces the 
stereotyped pattern of NBs; second, each NB contributes a specific family of neuronal 
progeny to the developing CNS. We have used a laser microbeam to ablate individual 
cells in the grasshopper embyro in order to study the early events of neuronal 
determination: how does a layer of ectodermal cells produce a highly stereotyped 
pattern of unique NBs? Our results suggest the following mechanism for NB 
determination. (1) Cell interactions between the -150 equivalent ectodermal cells of 
a hemi-segment allow 30 cells to enlarge into NBs. ( 2 )  As these young NBs enlarge 
they inhibit the adjacent ectodermal cells from becoming NBs; the adjacent cells 
differentiate into non-neuronal support cells. ( 3 )  Each NB is assigned a unique 
identity due to its position of enlargement within the neuroepithelium. ( 4 )  The NB 
then generates its characteristic family of neurons by an invariant cell lineage. 
Development of the insect CNS depends on cell interactions and positional cues to 
create a pattern of NBs, and then on cell lineage to restrict the fate of the NB 
progeny. 
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1109 
The zona pellucida is a thick extracellular coat that  surrounds mammalian eggs and embryos and plays 
important roles during both fertilization and preimplantation development. 
pellucida is composed of three different glycoproteins, designated ZPI (200 kD; a disulfide-linked di- 
mer), ZP2 (120 kD), and ZP3 (83 kD; the  "sperm receptor"), tha t  together account for virtually all of 
its mass. The three  glycoproteins a r e  synthesized by oocytes, secreted, and assembled into the  extra- 
cellular coat during oocyte growth. Biochemical and electron microscopic analyses of solubilized 
material have revealed tha t  the mouse egg's zona pellucida consists of a three-dimensional array of 
interconnected glycoprotein filaments. Each fl lament resembles "beads-on-a-string", with beads 
(approx. 9 nm in diameter) spaced a t  regular intervals (approx. 17 nm) along the  filament axis. Prot- 
eolysis of ZP1 or reduction of intermolecular disulfides of ZPI results in both solubilization of zonae 
pellucidae and disruption of interconnections between individual zona pellucida filaments. These ob- 
servations strongly suggest that  ZPI is involved in  crosslinking of filaments. Furthermore, results of 
both chemical crosslinking and immuno-electron microscopic studies (using monoclonal antibodies di- 
rected against each of the zona pellucida glycoproteins) h a v e  provided additional information about the 
relative arrangement of ZPI,  ZP2, and ZP3 in  the  matrix. All of this information will be incorporated 
into a three-dimensional model of the mouse egg's extracellular coat. 
Supported in  part  by the National Institute of Child Health and Human Development (HD-12275). 

STRUCTURE OF THE MOUSE EGG'S EXTRACELLULAR COAT, Jeffrey M. Greve and 
Paul M. Wassarman, Dept. Biol. Chem., Harvard Medical School, Boston, M A  02115 

The mouse egg's zona 

1110 CLONAL O R I G I N S  OF CELLS I N  THE PIGMENTED RETINA OF THE ZEBRAFISH EYE, David Jonah 
Grunwald, George S t r e i s i n g e r ,  and Char l ine  Walker, Un ive r s i ty  of  Oregon, Eugene, 
OR 97403 

Mosaic a n a l y s i s  has been used t o  s tudy  the c l o n a l  o r i g i n s  of cel ls  of  t h e  pigmented r e t i n a  
of zeb ra f i sh .  
w e r e  exposed t o  i r r a d i a t i o n  a t  va r ious  developmental  stages t o  create mosaic ind iv idua l s  
c o n s i s t i n g  of  pigmented ce l l s  and a c lone  of p igment less  (golden) cel ls  i n  the eye. The 
number of cells  t h a t  g ive  rise t o  progeny t h a t  p a r t i c i p a t e  i n  the pigmented r e t i n a  i n c r e a s e s  
exponen t i a l ly  du r ing  very  e a r l y  c leavage  i n d i c a t i n g  t h a t  u n t i l  t h e  32-ce l l  s t a g e  a lmost  
every  b las tomere  w i l l  have descendants  tha t  c o n t r i b u t e  t o  the formation of the pigmented 
r e t i n a  of the 76 h r  p o s t f e r t i l i z a t i o n  zeb ra f i sh  l a rva .  During subsequent ce l l  d i v i s i o n s  
up t o  t h e  s e v e r a l  thousand c e l l  s t a g e  a cons t an t  number of cells  are p resen t ,  on the  o rde r  
of 35 t o  70, t h a t  w i l l  g ive  r ise to progeny i n  the pigmented re t ina .  These experiments 
i n d i c a t e  tha t  t he re  i s  ex tens ive  in t e rmix ing  between families o f  c l o n a l l y  d i s t i n c t  cells  
du r ing  zeb ra f i sh  embryogenesis. 
the  approximately 50 cel ls  o r  their descendants  a r e  i n s t r u c t e d  t o  form t h e  pigmented r e t i n a .  

Zebrafish embryos heterozygous f o r  a r e c e s s i v e  muta t ion  a t  t h e  g0l-l l ocus  

our experiments do n o t  r e v e a l  a t  w h a t  developmental  t i m e  

1111 AXON PATTERN FORMATION IN THE D E V E L O P I N G  A V I A N  RETINA Willi  Halfer,  Max-Plank- 
I n s t i t u t  fur Entwicklungsbiologie Spmanns t r  35/11, D 7400 Tubingen F . R . G .  

I n  o rde r  t o  gain more informat ion  about t he  r u l e s  governing t h e  naviga t ion  of nerve f i b e r s  
i n  t h e  embryonic cen t r a l  nervous system, I s tud ied  the  growth of axons i n  the  avian embryonic 
r e t i n a .  S i l v e r  s t a i n i n g  of r e t i n a e  f r m  chick, qua i l ,  and pigeon embryos of success ive  
s t ages  of developnent shows t h a t  t he  f i r s t  ganglion c e l l s  appear a t  s t a y e  16 H t H )  i n  t h e  
dorso-cent ra l  p a r t  of t he  r e t i n a .  The o p t i c  f i b e r  l a y e r  expands with t ime a n 6  even tua l ly  
covers t he  e n t i r e  r e t i n a l  s u r f a c e a t  E6 ( s t a g e  29) i n  chick and pigeon and a t  E5 ( s t age  28) 
i n  q u a i l .  Due t o  an uneven dorso- to-vent ra l  po lar ized  growth of t he  e n t i r e  r e t i n a ,  the 
o p t i c  d i s c  (which i s  t he  convergence po in t  of a l l  axons) s h i f t s  dur ing  development from 
an i n i t i a l l y  ven t r a l  pos i t i on  caning t o  l i e  c lose  t o  the  geometrical  cen te r  o f  t he  r e t i n a .  
The expansion of t he  o p t i c  f i b e r  l a y e r  a l s o  proceeds asymmetrically f r m  dorsa l  t o  vent ra l  
and frcm temporal t o  nasa l .  
combination wi th  the  changing r e l a t i v e  pos i t i on  of the o p t i c  d i s c  r e s u l t s  inaxons f r a n  d i f f -  
e r e n t  r e t i n a l  segments having d i f f e r e n t  growth d i r e c t i o n s  toward the  o p t i c  d i sc .  Q u a n t i t a t i v e  
measurements show t h a t  the  i n i t i a l  p o l a r i t y  of axons i s  no t  random, r a t h e r  from the very  
beginning axons extend i n  the  d i r e c t i o n  of thed o p t i c  d i s c .  This e a r l y  p o l a r i t y  of axons was 
found even on c e l l s  d i s t a n t  f r m  the next  gangl ion  c e l l  o r  axons. thereby excluding axon- 
axon i n t e r a c t i o n  o r  axon-ganglion c e l l  con tac t  a s  being e s s e n t i a l  f o r  i n i t i a l  f i b e r  
d i r e c t i o n .  

The asymmetry of t he  growth of t h e  o p t i c  f i b e r  l aye r  i n  
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1112 STRUCTURALLY ALTERED CELL ADHESION MOLECULE ON HEPATOCELLULAR CARCINOMA CELLS, 
Douglas C. Hixson & Kerry 0. McEntire, U.T. Science Park-Research Oiv., Smi thv i l le ,  
Texas, 78951. 

I n  an e f f o r t  to determine the molecular bas is  f o r  the aberrant behavior o f  malignant c e l l s ,  
we have used polyclonal and nunoclonal antibodies t o  de l ineate changes i n  the expression o f  
c e l l  adhesion molecules during hepatocarcinogenesis. To date, we have demonstrated by 
imnunoprecipitat ion analys is  t h a t  the expression o f  two 105 kd ac id i c  glycoproteins involved 
i n  c e l l - c e l l  adhesion o f  hepatocytes (cell-CAM 105) has been a l te red  on 12 d i f f e r e n t  trans- 
p lantable hepatocel lu lar  carcinomas (THC). This was suggested by the absence o f  these 
glycoproteins i n  mater ia l  imnunoprecipitated from ext racts  o f  1251-labeled THC c e l l s  w i th  
a n t i  gp105-2, a heteroantisera known t o  be react ive w i t h  cell-CAM 105 and capable o f  
i n h i b i t i n g  reaggregation o f  r a t  hepatocytes. Further analys is  w i th  monoclonal antibodies 
(MAb) spec i f i c  f o r  cell-CAM 105 revealed t h a t  on some THC, cell-CAM 105 was no longer 
expressed whi le  on others, i t  was s t i l l  present but  had been s t r u c t u r a l l y  a l t e red  i n  a 
manner which s i g n i f i c a n t l y  changed i t s  m o b i l i t y  ( P I  and/or Mr) on two-dimensional gels. 
Comparison o f  peptide maps prepared fo l lowing d igest ion w i th  V-8 protease showed t h a t  MAb 
reac t i ve  components from normal hepatocytes and THC c e l l s  displayed strong s t ruc tu ra l  
homology, thus suggesting t h a t  the a l te red  m o b i l i t y  o f  cell-CAM 105 on THC c e l l s  does not  
invo lve major d i f ferences i n  the peptide moieties. Supported by N I H  grant CA 31103. 

1113 ROLE OF EMBRYONIC GLYCANS IN CELLULAR RECOGNITION, Raymond J. Ivatt, 
M. D. Anderson Hmpital, Texas Medical Center, Houston, TX  77030 

Embryonal carcinomas m d  early embryonic cells express an unusual class of carbohydrates on 
their cell surfaces. These carbohydrates are lost in a progrcrnmed way during early 
embryogenesis and have a very rest r ided distribution in the adult. Their disappearance during 
development coincides with the major period of histogenesis. In the adult, they are associated 
wi th  cells of the reticuloendothelial system. Therefore in  both the embryo and the adult, this 
unusual class of carbohydrate is associated with cellular interactions that are transient in 
nature. We are exploring the role played by these carbohydrates in cellular recognition during 
early embryogenesis. Embryonal carcinoma cells in culture demonstrate the abi l i ty to  adsorb 
and recognize carbohydrates prepared from other embryonal carcinoma cells. We have 
characterized these ccrbohydrates and on the basis of these studies, we have selected 
embryonal carcinoma varicnts wi th  altered carbohydrate expression. Variant embryonal 
carcincma cells with a decreased level of expression reaggregate from single cell dispersion 
slowly and the cellular aggregates are very easily disrupted. Other variants wi th  a very high 
level of expression reaggregate rapidly and have unusually tight cellular interactions. We are 
currently exploring the cellular interactions that regulate the expression of these 
ccrbohydrates, and, in m p l e m e n t a r y  studies, we ore exploring the roles played by these 
carbohydrates during normal development. 

1114 
Reciprocal exchange transplants were performed using the roof of the blastocoel of Stage 10 
(early gastrula) &. pipiens 
catesbeiana ). After a 5 h period of subsequent development, recombinant embryos were fixed 
and dissected. Specimens were then prepared for scanning electron microscopy. In normal hosts 
receiving a hybrid roof of the blastocoel graft, gastrulation appeared to be unaltered. The 
hybrid grafts had large amounts of fibrous extracellular matrix (F-ECM) and normal host 
migrating mesodermal cells attached to the inner surface of the roof of the blastocoel. In 
hybrid hosts receiving a normal roof of the blastocoel graft, gastrulation did not occur. 
The normal grafts had little or no F-ECM and no attached hybrid host migrating mesodermal 
cells on the inner surface of the roof of the blastocoel. In sham operated normal controls, 
gastrulation happened normally and the inner surface of the roof of the blastocoel had a 
large amount of F-ECM and many migrating mesodermal cells attached. 
controls showed no gastrulation and had neither F-ECM nor migrating mesodermal cells present 
on the inner surface of the roof of the blastocoel. These results suggest that the F-ECM 
components are not synthesized by the roof of the blastocoel epithelium but elsewhere in the 
enbryo and that hybrid cells have the ability to bind F-ECM components synthesized elsewhere 
in normal host embryos. This research was supported by National Science Foundation Grant 
PCM-8400256 to Dr. Kurt E. Johnson. 

FIBROUS ECM ON THE INNER ROOF OF THE BLASTOCOEL OF FROG GASTRULAE. Kurt E. Johnson, 
George Washington University Medical Center, Washington, DC 20037 

normal embryos and arrested hybrid embryos (g. pipiens X 5. 

Hybrid sham operated 
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1115 METASTATIC PATTERNS OF EMBRYONAL CARCINOMA CELLS, Brenda W. Kahan, Univers i ty  
of Wisconsin,  Madison, W I  53706 

Embryonal carcinoma c e l l s  from an ovar ian  te ra tocarc inoma produce 
l o c a l i z e d  tumors i n  mice in unusual s i tes.  
t h e  r o u t e  of i n j e c t i o n .  
s i v e l y  ovar ian  tumors are formed. 
t a r g e t  organ i n  v i t r o  and then invade t h e  germinal ep i the l ium.  
j e c t i o n ,  t h e  c e l l s  d i s t r i b u t e  themselves throughout t he  body i n  numbers c l o s e l y  propor- 
t i o n a l  t o  t h e  percent  ca rd iac  output  t o  each organ. Following t h e i r  gene ra l  a r r e s t ,  
however, tumors develop exc lus ive ly  i n  t h e  gonads of bo th  sexes  and i n  t h e  ad rena l s ,  
eyes  and whisker a rea .  
embryonal c e l l  tumor l o c a l i z a t i o n  a r e  r e l a t e d  t o  those  involved in  normal germ ce l l  
and s e l e c t e d  neuronal  c e l l  migra t ions  and/or  s u r v i v a l .  
b ryonal  c e l l  migra t ion  i n  v i t r o  i n  response  t o  t i s s u e  from t h e s e  s i tes .  

h igh ly  s p e c i f i c a l l y  
The d i s t r i b u t i o n  of t h e s e  s i t e s  depends on 

Following i n t r a p e r i t o n e a l  i n j e c t i o n  of t h e  c e l l s ,  n e a r l y  exclu- 
Cel ls  adhere p r e f e r e n t i a l l y  t o  t h e  s u r f a c e  of t h e  whole 

Af t e r  i n t r a c a r d i a c  in- 

This  l o c a l i z a t i o n  p a t t e r n  sugges t s  t h a t  f a c t o r ( s )  determining 

I t  is  poss ib l e  t o  ob ta in  em- 

1116 EMBRYONIC LINEAGES AND MIGRATIONS OF CELLS DURING EPIBOLY AND A X I S  FORMATION I N  
THE ZEBRAFISH, Char les B. Kimmel and Rachel Warga, U n i v e r s i t y  o f  Oregon, Eugene, 

OR 97403. 
l i neage  t r a c e r  molecule,  and subsequeat ly t racked i n  v i v o  the  l ineages and rnorphogenetic 
movements o f  t he  l abe led  c e l l s  du r ing  the  t ime t h e p r i m a r y  organs form. 
c e l l s  o r i g i n a t i n g  f rom a s i n g l e  blastomere a re  l a t e r  d ispersed i n  the  embryo, and 
c o n t r i b u t e  t o  several  t i ssues .  
c e l l  m ig ra t i ons  t h a t  beg in  du r ing  ep ibo l y .  
ua l s ,  and ne ighbor ing  c e l l s  o f t e n  spread apar t  from one another.  
c e l l  f a t e s ,  u s u a l l y  t o  a s i n g l e  t i ssue ,  w i t h i n  i n d i v i d u a l  subl ineages t h a t  o r i g i n a t e  
a f t e r  t he  spreading movements have begun. 
t h a t  c e l l u l a r  de termina t ions  have occur red  a t  t h i s  e a r l y  stage o f  development. 

We have m i c r o i n j e c t e d  s i n g l e  c e l l s  a t  b l a s t u l a  stages w i t h  a f l uo rescen t  

C l o n a l l y  r e l a t e d  

The d i spe rs ion  i s  a consequence o f  a complex p a t t e r n  o f  
The c e l l s  appear t o  move a c t i v e l y ,  as i n d i v i d -  

We observe r e s t r i c t e d  

These r e s t r i c t i o n s  cou ld  mean, b u t  do no t  show, 

1117 MECHANISMS THAT RESTRICT THE MINGLING OF XENOPUS BLASTOMERES, Steven L. K le in ,  Univ.  
Utah Sch. Med., S a l t  Lake City, UT 84112. 

A t  t he  512-ce l l  stage, Xenopus blastomeres a re  segregated i n t o  group: (Ances t ra l  C e l l  Groups: 
ACG's) t h a t  a re  each ances t ra l  t o  a s p e c i f i c  body reg ion  (Jacobson, 83. J .  Neurosci.3:1019). 
Before and du r ing  g a s t r u l a t i o n  the  progeny de r i ved  f rom a s i n g l e  ACG u s u a l l y  i n te rm ing le  
bu t ,  progeny de r i ved  from d i f f e r e n t  ACG's do n o t  ming le .  The o r i e n t a t i o n  o f  c e l l  movements 
du r ing  g a s t r u l a t i o n  may r e s u l t ,  i n  p a r t ,  f rom the  absence o f  m ing l i ng  between the  c e l l s  o f  
d i f f e r e n t  ACG's. Al though a v a r i e t y  o f  mechanisms t h a t  guide c e l l s  t o  t h e i r  d e s t i n a t i o n  prob- 
ab l y  occur  o n l y  i n  the  presence o f  t he  concer ted  movements o f  c e l l s  i n  the  i n t a c t  embryo, t he  
mechanism t h a t  r e s t r i c t s  the  m i n g l i n g  o f  c e l l s  o f  d i f f e r e n t  ACG's may i n v o l v e  o n l y  i n t e r -  
ac t i ons  between d i f f e r e n t  ACG's. To t e s t  t h i s  hypothesis t h e  i n t e r a c t i o n s  between c e l l s  o f  
d i f f e r e n t  ACG's were examined i n  exp lan ts .  An HRP l abe led  ACG was p laced i n  con tac t  w i t h  
e i t h e r  the  same o r  a d i f f e r e n t  un labe led  ACG. I n  these combinations, as i n  v i vo ,  t he  progeny 
o f  d i f f e r e n t  ACG's d i d  n o t  ming le  whereas the  progeny o f  t he  same ACG u s G l ~ n t e r m i x e d .  
Thus, t he  m i n g l i n g  r e s t r i c t i o n  observed i n  v i v o  may r e s u l t  f rom an i n t e r a c t i o n  between the  
c e l l s  o f  d i f f e r e n t  ACG's t h a t  does n o t  r e q u i r e t h e  g a s t r u l a t i o n  movements o f  t he  i n t a c t  
embryo. To i d e n t i f y  t he  na tu re  o f  t h i s  i n t e r a c t i o n ,  t he  behavior o f  an i n d i v i d u a l  l abe led  
c e l l  was s tud ied  f o l l o w i n g  i t s  imp lan ta t i on  i n t o  an un labe led  ACG. The i n d i v i d u a l  c e l l  p ro -  
duced fewer progeny when i t  was among c e l l s  o f  a d i f f e r e n t  ACG than when i t  was among c e l l s  
o f  i t s  own ACG, suggest ing t h a t ,  i n  v i t r o ,  c e l l  d i v i s i o n  may be i n h i b i t e d  by c e l l s  o f  a d i f -  
f e r e n t  ACG. Thus, t h e  l a c k  o f  m ix ing  between ACG's d u r i n g  g a s t r u l a t i o n  may r e s u l t  f rom an 
i n t e r a c t i o n  between ACG's t h a t  i s  manifested i n  v i t r o  as an i n h i b i t i o n  o f  c e l l  d i v i s i o n .  
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1118 
D i f f e r e n t i a t i o n  of t h e  n e u r a l  hybr id  c e l l  l i n e  NG108 was used t o  s tudy  t h e  cues  d i r e c t i n g  
n e u r i t e  growth. NG108 c e l l s  s t o c h a s t i c a l l y  e x h i b i t  n e u r i t e  format ion  o r  p r o l i f e r a t i o n  upon 
c u l t u r e  i n  a def ined  (N2) medium (Krystosek, submi t ted  f o r  p u b l i c a t i o n ) .  Same c e l l s  
s e q u e n t i a l l y  formed n e u r i t e s  and la ter  d iv ided .  
process  and the  daughter  c e l l s  had a h igh  p r o b a b i l i t y  t o  re-extend n e u r i t e s .  C e l l  d i v i s i o n s  
f o r  which n e u r i t e  r e t r a c t i o n  l e f t  growth cone fragments w e r e  followed photomicroscopica l ly .  
Forty-seven per  cen t  of such d i v i s i o n s  y i e lded  a progeny c e l l  which i n i t i a l l y  re-extended a 
n e u r i t e  p r o j e c t i n g  wi th in  15' of t h e  p a r e n t a l  n e u r i t e  t r ack .  
n e u r i t e s  had a h igh  p r o b a b i l i t y  t o  c o r r e c t  t h e  ang le  of t h e i r  growth toward t h e  sou rce  of  
the  membrane material, o f t e n  r e s u l t i n g  i n  con tac t  w i th  such growth cones.  Di rec ted  regrowth 
occurred  both  when the  d i v i s i o n  p lane  was p a r a l l e l  o r  perpendicular  t o  t h e  p a r e n t a l  f i b e r  
pa th .  
microscopic  l e v e l  a l s o  exh ib i t ed  n e u r i t e  regrowth a long  t h e  p a r e n t a l  pathway. 
obse rva t ions  cannot  be  expla ined  s o l e l y  by endogenous de te rminants  of n e u r i t e  growth. 
Rather they  sugges t  t h a t  adhes ive  o r  r ecogn i t ion  molecules depos i t ed  on the  subs t ra tum 
dur ing  growth cone movement may be de t ec t ed  a t  l a t e r  t imes  by o t h e r  c e l l s  and have a 
d i r e c t i v e  in f luence .  
environment,  mimicking c e l l u l a r  d e c i s i o n  making dur ing  normal neurogenes is .  

NEURONAL MEMBRANE FRAGMENTS DIRECTING NEURITE GROWTH, Alphonse Krystosek, Univ. 
Colorado Heal th  Sc iences  Center ,  Denver, CO 80262 

Neur i t e  r e t r a c t i o n  occurred  du r ing  t h i s  

Furthermore,  e longa t ing  

Cel l s  which d iv ided  and d i d  n o t  l e a v e  behind n e u r i t i c  m a t e r i a l  v i s i b l e  a t  t h e  l i g h t  
These 

Daughter c e l l s  can e x h i b i t  d ive rgen t  behavior  based on t h e i r  micro- 

1119 SUBSTRATE BONDED HYALURONIC ACID ACTS AS AN INFORMATIONAL MOLECULE TO CONTROL THE 
DIFFERENTIATION OF MUSCLE AN0 CARTILAGE M a y  J. K u j w  and AhnoLd I. C a p h n ,  Biology Dept. 
Case Western Reserve University, Cleveland, Ohlo 441Ub 

Extracellular matrix molecules have been implicated in several differentiative and 
morphological processes. To examine the effect of one such molecule, hyaluronic acid (HA), 
on the differentiation of chick limb mesenchymal cells, we have plated cells isolated from 
two stages of development onto HA bonded to the culture substrate. Cultures of stage 24 
(day 4 1/2) chick limb mesenchyme and day 1 1  leg muscle myoblasts have been examined. With 
early limb mesenchymal cells, HA stimulates chondrogenic expression. Exposure to substrate 
bound HA causes cells in the myogenic lineage to continue to cycle and bars their entrance 
into the terminal myogenic pathway; these cells do not fuse or initiate the muscle 
macromolecular biosynthetic program until they are removed from the HA substrate. These 
effects appear to be specific to substrate bound HA; other glycosaminoglycans are 
ineffective, digestion of the HA substrate with hyaluronidase abolishes the response, and 
the responses are dependent upon the concentration of HA bound to the culture surface. Cell 
attachment and replication do not appear to be affected. It is interesting that the same 
molecule, HA, can both stimulate chondrogenesis and inhibit myogenesis. These experiments 
suggest that the developmental state and the decisional history of embryonic cells are 
important in determining whether signals such as HA will elicit permissive or 
non-permissive states for specific phenotypic expression. (Supported by MDA and NIH). 

1120 HYBRID DYSGENESIS IN THE KEMUTODE PANAGRELLUS REDIVIVUS? Christopher 0. Link 
and William 6. Wood, University of Colorado, Boulder, Colorado 80309 

Matings between certain Panagrellus strains lead to an increased mutation frequency and a 
unidirectional decrease in brood size of approximately 95%. This decrease in brood size 
results from embryonic lethality: affected embryos fail to complete morphogenesis and 
eventually degenerate. We have isolated from the Panagrellus genome a repetitive element 
which is a candidate for a putative dysgenic element. This repetitive element differs in 
copy number between interactive strains, and appears to be in different chromosomal locd- 
tions in different strains. 
has at least one copy of the element in a new location (based on Southern blot experiments). 
We are presently attempting to directly implicate this (or some other) element in the 
mutagenic effect by "catching" the element in a gene which we have recently cloned. 

A morphological mutant recovered from the anomolous cross 
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1121 A SUBPOPULATON OF DORSAL ROOT GANGLION NEURONS, lDENTlFIED BY MONOCLWL CWTIBODY 
W l ,  IS AFFECTED BY ALTERATlON OF PERIPHERAL TARGETS. M. F. Marusich,  K. Pourmehr, 
and J. A. Weston, Dept.  of B io logy ,  Univ.  of Oregon, Eugene, OR 97403. 

We have developed a monoclonal an t ibody  (des ignated  941) t ha t  b inds  t o  the  c e l l  sur face  of a 
subpopu la t ion  o f  av ian  sensory neurons. I n d i r e c t  inmunofluorescence revea led  t h a t  the  
d i s t r i b u t i o n  o f  W l ( + )  neurons i n  12-16 day embryos is c o r r e l a t e d  w i t h  a x i a l  l e v e l .  Thus, 
neurons w i t h i n  l w e r  tho rac i c  DRGs are  almost e x c l u s i v e l y  9 4 l ( + ) ,  whereas b r a c h i a l  and 
lumbo-sacral DRGs, which innerva te  the  l imbs,  have s i g n i f i c a n t  numbers o f  941(-) neurons. 
To t e s t  the  hypothes is  t h a t  the  p r o p o r t i o n  of SNl(+) neurons w i t h i n  a gang l ion  i s  r e g u l a t e d  
by  i n t e r a c t i o n s  between the deue lop ing  neurons and t h e i r  pe r iphe ra l  t a rge ts ,  we performed 
u n i l a t e r a l  wing-bud amputat ions a t  3 days o f  incubat ion  ( p r i o r  t o  sensory i nne rva t i on ) .  The 
embryos were s a c r i f i c e d  OR day 15 and s e r i a l  sec t i ons  were made through a l l  b r a c h i a l  DRGs. 
DRGs on the opera ted  and c o n t r a l a t e r a l  ( c o n t r o l )  s ides  d i sp layed  s t r i k i n g l y  d i f f e r e n t  
p a t t e r n s  of  W1 i nmunoreac t i v i t r .  Approx imate ly  60% o f  the neurons i n  c o n t r o l  DRGs were 
W l ( t ) ,  whereas W l ( + )  neurons were d r a m a t i c a l l y  reduced i n  DRGs supp ly ing  the  
exper imen ta l l y  a b l a t e d  reg ions .  These r e s u l t s  support  the hypothes is  tha t  pe r iphe ra l  
t a r g e t s  p r m o t e  the appearance of  SNl(*) neurons. The i d e n t i t y  of the pe r iphe ra l  t a r g e t s  o f  
these neurons, and the  func t i ona l  s ign i f i cance  of  the  W I ( + )  phenotype i s  p r e s e n t l y  unknwn.  
L ikewise ,  i t  remains t o  be determined i f  r e g u l a t i o n  i s  accanp l ished by the s e l e c t i v e  
s u r v i v a l  of p r e c m i t t e d  neurons or through the modu la t ion  of pheno typ i ca l l y  p l a s t i c  
neurons. 
Fe l l aush ip  HD-06292 t o  M.M. 

Supported by NSF Grant PCH-8218899, NIH Grant DE-04316 and N lH  Pos tdoc to ra l  

Differential expression of sea urchin early and l a t e  histone genes in Xenopls oocytes in 
response to a trans-acting factor  isolated from l a t e s t a g e  sea urchin embryos. 1122 

R. Maxson, M. Ito, S. Balcells' and L. Etkin' 
* *  

*Department of Biochemistry USC Medical School, Los Angeles, CA. 
'Department of Genetics, M.D. Anderson Hospital Houston, Texas. 

The sedurchin histone gene family comprises two subfamilies, "early" and "late", each of which is 
expressed during a unique developmental interval. Early histone genes are active from fertilization 
to the blastula stage and la te  histone genes are  expressed from the blastula stage onwards. To 
search for trans-acting factors that  play a role in  this developmental switch, we have microinjected 
sea urchin histone genes and fractions prepared from sea urchin embryos into the nuclei of Xenopus 
laevis oocytes. Using S1 nuclease protection of early and la te  H2b histone DNA probes to monitor 
histone gene transcripts in recipient oocytes, we have found that  a chromatin fraction prepared 
from gastrula-stage embryos selectively stimulates l a t e  H2b histone gene expression. We otderve a 
similar selective stimulation of l a t e  H2b transcript levels when we inject gestrula-stage whole cell 
RNA along with early and la te  histone genes. These results provide evidence for sea urchin factors 
whose ability to differentially affect  transcription of early and la te  histone genes in  Xenopus 
oocytes may provide part  of the explanation for the switch from early to  la te  histone subtypes & 
vivo. - 

1123 EXTRA-SEX-COMBS AND TAILLESS hUTANT COMBINATIONS. 
S t r ecke r ,  Department of Biology, Universi ty  of Ca l i fo rn ia ,  Los Angeles, CA 90024.-- 

Obtaining Drosophila embryos simultaneously ca r ry ing  mutants a t  e sc  (extra-sex-combs, a home- 
o t i c  gene) and tll  ( t a i l l e s s ,  a zygotic l e t h a l  gene) i s  an approach t o e x n x b o t h  mu- 
t a n t s  a f f e c t  t h G a m m )  i n  development. In  % mutants the normal p a t t e r n  f o r  a l l  of 
t h e  t runk segments and sane of t he  head segments i s  replaced by repeated d i f f e r e n t i a t i o n  o f  
the terminal  e igh th  abdominal segment (S t ruh l ,  1981). The mutants lack the e igh th  abdom- 
i n a l  segment as w e l l  as t he  e a r l i e r  appearing n in th  and tenth abdominal segments, and have 
reduced procephal ic  lobes a n t e r i o r  t o  the gnatocephal ic  forming segments (S t r ecke r ,  Kongsuwan 
and Merriam, submitted).--We wish to  explore  t h e  fol lowing issues:  (1) i s  t he  repeat ing pat- 
t e r n  i n  the double mutant something other  than the  expected A8? ( 2 )  Does e s ~  a f f e c t  a l l  t h ree  
gnathocephalic forming segments and a r e  t h e  esc and t l l  mutant pa t t e rns  r ec ip roca l  around a 
l i n e  on the  head? ( 3 )  What i s  the e f f e c t  of-% on the normal n in th  and t en th  abdominal seg- 
ments and does esc d i f f e r e n t i a t e  an e x t r a  abdominal segment as  suggested by Struhl?-+ur pre- 
l iminary r e s u l t s t h  mature embryos i n d i c a t e  tha t  t he  eighth abdominal pa t t e rn  i s  repeated 
i n  the  double mutant;  t h e  esc and tll phenotypes appear t o  be add i t ive .  An ana lys i s  of 
younger s t ages  by means o f t h e  S E M z l l  d i s t i n g u i s h  the numbers and loca t ions  of the segments 
a l t e r e d  by t h e  esc mutat ions.  We suggest t h a t  e a r l y  i n  development regions a t  the a n t e r i o r  
and p o s t e r i o r  tF of the pa t t e rn  a r e  normally s e t  as ide f o r  f u r t h e r  s p e c i a l i z a t i o n  apa r t  
from t h e  trunk po r t ion  of the embryo. The normal gene funct ion is  required f o r  t he  a n t e r i o r  
and p o s t e r i o r  s p e c i a l i z a t i o n  (S t r ecke r ,  Kongsuwan and Merriam); we suggest the normal 
func t ion  is required f o r  proper development of t he  c e n t r a l  trunk region. 

John Merriam and Teresa R. 
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REGIONAL CONTROL OF ACTIN GENE EXPRESSION IN FROG EMBRYOS. Tim Mohun, S. Brennan. J.B. Gurdon, CRC 
Molecular Embryology Research Group. Department of Zoology, University of Cambridge. Downing Street, 
Cambridge CB2 3EJ, UK. 

iiZ4 
Cells in the early frog embryo destined to contribute to somitic mesoderm tissue (and hence embryonic 

muscle) are able to activate the muscle-specific actin genes at the appropriate sime after egg fertilisstion 
irrespective of whether the normal embryonic cell interactions are maintained. ' Indeed. all the 
requirements for activation of muscle actin genes in later development appear to be localised in a 
sub-equatorial region of the fertilised frog egg.3 

In addition. the muscle-specific actin genes can be activated in ectodermal cells. derived from the 
animal half of the egg even though such cells do not contribute to embryonic muscle during normal development. 
Activation results from an inductive interaction between ectodermal cells and vegetal endodermal cells of the 
early embryo. 

To study the molecular mechanisms of such gene regulation we have isolated five fragments of genomic frog 
DNA each containing a different actin gene. 
purative regulatory sites that determine the differing patterns of actin gene expression. 
cloned genes into frog eggs has been used to study the regulatory activity of these sites. 

Mohun. T.J.. Brennan, S.. Dathan, N.. Fairman. S.. end Gurdon. J.B. (1984).  Cell type-specific activation of 

Gurdon. J.B.. Brennan, S., Fairman, S.. and Mohun, T. (1984) .  Early commitment to a-actin gene transcription 

Gurdon, J.B.. Mohun. T.J.. Fairman. S.. and Brennan. S. (1984) .  All components required for the eventual 

These have been eharacterised by DNA sequencing and examined for 
Microinjection of 

actin genes in the early amphibian embryo. -, in press. 

in Xenopus development. G, in press. 

activation of muscle-specific actin genes are localized in the subequatorial region of an uncleaved 
Amphibian egg. Proc. Nat. Acad. Sci. USA. in press. 

1125 GASTRULATION MOVEMENTS OF PROGENY DERIVED FROM 16-CELL STAGE XENOPUS BLASTOMERES, 
Sal ly  A. Moody, Dept. Anatomy, Univ .  Virginia ,  Char lo t tesv i l le ,  VA, 22908 

Marking clones of individual Xenopus blastomeres by i n t r a c e l l u l a r  in jec t ion  of horseradish 
peroxidase has demonstrated t h a t  cleavage s tage  blastomeres a r e  ancestral  to  const i tuents  of 
each of the primary germ layers .  Single blastomeres were marked a t  t h e  16-cell s tage  i n  order  
t o  def ine the pathway their progeny follow during gas t ru la t ion  t o  populate the  developing 
organ systems. A t  the  512-cell s tage each clone remained coherent and i n  the  or iginal  posi- 
t ion of the  marked c e l l .  The progeny of the animal hemisphere blastomeres predominantly gave 
rise t o  ectodermal and axial  mesodermal der iva t ives  t h a t  followed the  c l a s s i c a l l y  described 
gastrulat ion movements. Superf ic ia l  progeny of these blastomeres rapidly expanded over the 
surface of the embryo, cons t i tu t ing  epiboly. These c e l l s  f r e e l y  mixed w i t h  unlabeled c e l l s  
derived from adjacent  blastomeres, whereas a l l  o ther  progeny moved a s  r e l a t i v e l y  coherent 
clones. Although the  surface c e l l s  from the equator ia l  region of t h e  clones derived from 
vegetal hemisphere blastomeres followed c lass ica l  gas t ru la t ion  movements, most of t h e i r  pro- 
geny moved very l i t t l e .  The deep c e l l s  i n  the equatorial region a t  the  caudal edge of the 
blastocoele did not r o l l  over the blastoporal l i p ,  but moved d i r e c t l y  in to  the  head mesoderm. 
The surface layers  near the vegetal pole invaginated as  b o t t l e  c e l l s ,  which eventually popul- 
a ted the head, and the  rostra1 archenteron roof and f loor .  The la rge  c e l l s  of the  yolk plug 
formed a coherent clone continuous w i t h  in ternal  central  c e l l s  t h a t  extended to  the f l o o r  of 
the blastocoele. These c e l l s  v i r t u a l l y  did not move during gas t ru la t ion  and did not intermix 
with the  progeny of adjacent  blastomeres. T h i s  technique allows us to  follow clones through 
gas t ru la t ion  and t o  study l ineage separat ion a t  these times. (5upported by 15-20604) 

CELL HOVEMENTS I N  AN INSECT W I N G :  PARADIGMS FOR EMBRYOGENESIS, 
James 8. Nardi, University of I l l i n o i s ,  Urbana, I L  61801 'lZ6 

An asynmetry e x i s t s  a long t h e  proximodistal (PD) axis  of the  Manduca wing t h a t  is  

Following t ransposi t ion of e p i t h e l i a l  
manifested i n  t h e  folding movements of transposed e p i t h e l i a l  populations as w e l l  as the 
movements of sensory neurons and t racheole  c e l l s .  
monolayers along the  PD axis ,  g r a f t s  can e i t h e r  invaginate  or evaginate. 
only occurs fol lowing a P +  D exchange; evagination only occurs fol lowing a D + P  ex- 
change. 
and t h e  fo ld ing  movements of g r a f t s  can be a t t r ibu ted  t o  t h e  presence of an adhesive 
d ispar i ty  between folding populations of c e l l s  and surrounding ep i the l ia .  Consistent w i t h  
t h i s  in te rpre ta t ion  is t h e  observat ion t h a t  frequency of invaginat ion and evagination is a 
function of graft s i z e  as wel l  as distance of g r a f t  t ransposi t ion.  
v i d u a l  neurons and t racheoles  occur w i t h i n  t h e  space between t h e  two e p i t h e l i a l  monolayers 
of the  wing. Sensory neurons migrate i n  a D + P  d i rec t ion  whereas t racheole  c e l l s  move i n  
a P +  D direct ion.  Cues d i rec t ing  t h e  a c t i v e  migration of sensory neurons res ide  on t h e  
basal surface of the dorsal  e p i t h e l i a l  layer. By cont ras t ,  movement of t racheoles  is  
apparently a process whose motive force res ides  i n  adjacent e p i t h e l i a l  c e l l s .  These 
e p i t h e l i a l  c e l l s  extend basal  processes t h a t  form intimate contacts  w i t h  t racheoles  and 
apparently cont ro l  t racheole  d is t r ibu t ion  by exer t ing t r a c t i o n  on these a i r - f i l l e d  c e l l s .  

Invagination 

Evidence e x i s t s  for a gradation of c e l l  adhesive propert ies  along t h e  PD axis ,  

Movements of i n d i -  

275 



Molecular Determinants of Animal Form 

1127 INTERACTIONS OF EMBRYONIC MESENCHYMAL CELL SURFACE PROTEINS WITH COLLAGEN, ROY c. 
Polypeptides specifically binding native collagen were isolated from detergent extracts of 
membranes purified from cultured chicken embryonic fibroblasts and mesenchyme by repeated 
collagen af f in i ty  chromatography. These collagen binding proteins were n o t  extractable in 
urea or NaCl containing buffers. The proteins were labeled by lactoperoxidase catalyzed 
iodination of intact  ce l l s  released non-enzymatically from the substratum. These 
biochemical properties suggest t h a t  the collagen binding proteins are integrally associated 
w i t h  the mesenchymal cell  surface. Interactions between these purified molecules and 
native collagen were studied i n  vitro. The ra te  and extent of collagen fibrillogenesis was 
inhibited by the addition o f t h e s e r o t e i n s .  The degradation of collagens by proteolytic 
enzymes was altered i n  the presence of collagen binding proteins. These results suggest 
t h a t  collagen binding proteins may affect  the native conformation of collagen molecules. 
If these proteins function on the cell surface as in vitro. they may serve as extracellular 
matrix adhesion molecules functioning t o  maintain cellular morphology and promote cellular 
locomotion through matrices by reducing pericellular viscosity. Furthermore these collagen 
binding proteins may direct both  matrix assembly by regulating collagen fibrillogenesis and 
disassembly by conformationally a1 tering collagen such that proteolysis occurs. The data 
suggest the collagen b i n d i n g  proteins are candidates for collagen "receptors" mediating 
cell-ECM interactions important to  differentiative and morphogenetic processes. 

Ogle and Charles 0. L i t t l e ,  University of Virginia, Charlottesville, VA 22908 

DEVELOPMENTAL REGULATION OF THE GENE FOR LIPOPHILIN, THE MAJOR INTEGRAL PROTEIN OF 1128 MYELIN, J . R .  Riordan, A.L. Naismith, E .  Hoffmann-Chudzik and L.-C. Tsui ,  Research 
I n s t i t u t e ,  The Hospi ta l  f o r  Sick Children, Toronto,  Canada M5G 1x8. 
Xyel inat ion i n  both c e n t r a l  and pe r iphe ra l  nervous systems of higher  animals i s  r egu la t ed  
Loth temporally and p o s i t i o n a l l y .  Thus a s  neuronal development occurs myelination i s  requi-  
red f o r  t h e  establ ishment  of motor funct ion.  This occurs  p r imar i ly  e i t h e r  pre- o r  p e r i -  
n a t a l l y  depending on t h e  animal spec ie s .  With r e spec t  t o  p o s i t i o n a l  r egu la t ion ,  Schwann 
c e l l s  syn thes i ze  myelin only when they a r e  i n  contact  w i t h  app ropr i a t e  axons. The molecular 
s i g n a l s  and t h e i r  t a r g e t s  a r e  unknown. The myelin membrane has two major p ro te ins ,  t h e  per- 
i;heral bas i c  p r o t e i n  and an i n t r i n s i c  p r o t e i n ,  l i p o p h i l i n .  Biochemical s t u d i e s  of t h e  
~ r m b r a n e  s t r u c t u r e  and biogenesis  imply t h a t  l i p o p h i l i n ,  being an i n t e g r a l  p r o t e i n  i n  t h e  
!,.embrane, might be expected t o  he involved i n  i n i t i a l  b iosyn the t i c  events .  The bas i c  pro- 
t e i n ,  on t h e  o the r  hand, may p a r t i c i p a t e  i n  t h e  apposi t ion of successive myelin l aye r s  and, 
t he re fo re ,  be r equ i r ed  only secondari ly .  To s tudy t h e  molecular con t ro l  of myelination we 
':ave cloned cDNAs f o r  bovine l i p o p h i l i n  which enable i d e n t i f i c a t i o n  of r e s t r i c t i o n  enzyme 
-ragments of t h e  l i p o p h i l i n  gene i n  s e v e r a l  animal spec ie s  including rodents  and man. They 
a l s o  recognize an mRNA of approximately 2.5 Kb. This mRNA a s  detected by b l o t  hybr id i za t ion  
m a l y s i s  i n  developing r a t  b r a i n  w a s  not  p re sen t  p r i o r  t o  10 days a f t e r  b i r t h ,  was maximal 
I t  2 0  days and minimal again by 25 days.  This provides an apparent ly  i d e a l  precursor-product 
r e l a t i o n s h i p  between t h e  production of l i p o p h i l i n  mRNA and myelination. S tud ie s  of t h e  
3 t ruc tu re  and o rgan iza t ion  of t h e  l i p o p h i l i n  gene a r e  i n  progress  so t h a t  i n t e r a c t i o n s  of 
w t a t i v e  temporal and axonal s i g n a l s  can be s tud ied .  (Supported by MRC of Canada) 

EXPRESSION OF THE BETA NERVE GROWH FACXOR GENE I N  SYMPATHETIC EFFECTOR ORGANS, 1129 D.L. Shel ton  and L.F. Reichard t ,  Div. ef Nemoscience,  IJCSF. San Franc isco ,  CA. 94143 
- Beta Nerve Growth Fac to r  (NGF) is a p r o t e i n  necessary  f o r  normal development and mainte- 
nance of sympathetic and sensory  neurons in vivo  and in v i t r o .  Evidence has  accumulated 
which i n d i c a t e s  t h a t  NGF is requi red  a t  growing t i p s  of axon8 and when present  t h e r e ,  is 
bound, i n t e r n a l i z e d ,  and t r anspor t ed  r e t rog rade ly  t o  t h e  ce l l  body. This  has  l e d  t o  t h e  hy- 
po thes i s  t h a t  NGF is produced by t a r g e t  tissues of the  respons ive  neurons,  bu t  so f a r  t h i s  
has been imposs ib le  t o  demonstrate.  Using an a s say  capable  of d e t e c t i n g  10 f g  of mRNA encod- 
ing NGF (NGFmRNA), we have surveyed t i s s u e s  wi th  vary ing  d e n s i t i e s  of sympathetic i nne rva t ion  
f o r  t h e i r  con ten t  of NGFmRNA a s  an  i n d i c a t i o n  of t h e i r  l e v e l s  of syn thes i s .  Using norepineph- 
r i n e  conten t  a s  a measure of t he  dens i ty  of sympathetic i nne rva t ion ,  w e  have found a s t rong  
p o s i t i v e  c o r r e l a t i o n  between t h e  NGFmRNA l e v e l  and inne rva t ion  dens i ty .  An ir is  denenrated 
either in vivo  o r  by growth in v i t r o  r a p i d l y  accumulates NGF. This  seems t o  a t  least  p a r t l y  
r e f l e c t  an  i n c r e a s e  in syn thes i s  a s  we have found a l a r g e ,  r a p i d  (< 1 hour) and sus t a ined  
(> 3 days) i nc rease  i n  NGFmRNA con ten t  when i r i d e s  a r e  placed i n t o  c u l t u r e .  W e  a r e  i n v e s t i -  
g a t i n g  t h e  magnitude and t i m e  cou r se  of changes a f t e r  denerva t ion  in vivo .  NGF has  r e c e n t l y  
been shown to  have e f f e c t s  on some cho l ine rg ic  neurons qf t he  c e n t r a l  nervous system (CNS) 
of mammals. We f i n d  l e v e l s  of NGFmRNA in t h e  CNS h ighe r  than  can  be accounted f o r  by t h e  
spa r se  sympathetic i nne rva t ion  of CNS vascu la tu re .  There a r e  up t o  5-fold d i f f e r e n c e s  in 
NGFmRNA con ten t  between d i f f e r e n t  reg ions  of t he  CNS, f u r t h e r  a rguing  aga ins t  vascu la tu re  
a s  the  only source .  The sep ta1  p r o j e c t i o n  t o  the  hippocampus is one system which has been 
shown t o  be a f f e c t e d  by NGF and we f i n d  h igh  l e v e l s  of NGFmRNA in t h e  hippocampus. 
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1130 MOLECULAR DETERMINANTS OF NEURAL SPECIFICITY ARE SHARED I N  INVERTEBRATES AND 
VERTEBRATES, Shahid Siddiqui 6 Joseph C u l o t t i ,  Dept of Biochemistry, Molecular 
Biology 6 C e l l  Biology, Northwestern Universi ty ,  Evanston, I L  60201 

Antibodies t h a t  recognize s p e c i f i c  molecular determinants within the  nervous System 
a r e  exce l len t  probes t o  study neural  development a t  the  molecular level .  We have 
character ized a ba t te ry  of monoclonal and polyclonal ant ibodies  t o  study t h e  morphology 
of i d e n t i f i e d  neurons, i n  wild type and mutants of the  simple nematode Caenorhabditis 
elegans, a t  the  leve l  of Light microscopy. Nerve s p e c i f i c  ant ibodies  have been 
i d e n t i f i e d  using i n d i r e c t  immunofluorescence on wholeFnt  squashes of nematodes. These 
include: monoclonal ant ibodies  ra i sed  against  leach(B. Zlpser, S. Siddiqui, d J. Culot t i ) ,  
- D. melanogaster( K. White, A. Per i ra ,  S. Siddiqui  6 J. C u l o t t i ) ,  and r a t (  R. Akeson , S. 
Siddiqui 6 J. Culot t i )  nervous t i s sue .  S igni f icant  cross  r e a c t i v i t y  is observed between 
t h e  monoclonal ant ibodies  ra i sed  aga ins t  leach, Drosophila, rat and t h e  nematode neural  
t i s s u e ,  a t  the  cytochemical and molecular level .  Similar ly ,  polyclonal ant ibodies  ra ised 
against  mouse neural  c e l l  adhesion molecule (mouse N-CAM) labe l  a s p e c i f i c  subset of 
neurons i n  C. elegans nervous system (U. Rutishauser, S. Siddiqui 6 J. Culo t t i ) .  Our 
r e s u l t s  suggest tha t  the  simple metazoan 5. elegans,  shares  common neural  ant igenic  
determinants with other  inver tebra tes  and ver tebrates .  These ant ibodies  a r e  being used 
t o  i d e n t i f y  t h e i r  t a rge t  molecules, and eventual ly  the  genes involved i n  the  expression 
of the  neural  antigens. 

1131 INVOLVEMENT OF THE CONTACT SITE A GLYCOPROTEIN IN CELL-CELL ADHESION DURING 
DEVELOPMENT OF DICTYOSTELLUM DISCOIDEUM. C.-8. Siu and A.H.C, Choi. Banting andBest 
Department of  Medical Research, University of Toronto, TorontO, Ontario. 

A membrme glycoprotein of  Mr 80,000 (-80) has been implicated i n  mediating t h e  EDTA- 
r e s i s t a n t  type of contact  sites (A) during development of DictyosteliIEn discoideum. 
However, the  evidence has  been circumstant ia l  and it remains t o  be determined whether gp80 
i s  d i r e c t l y  involved i n  c e l l  cohesion. To resolve t h i s ,  we have prepawd wnoclonal  
ant ibodies  (mAb) di rec ted  aga ins t  gp80. One of  them is monospecific and blocks the EDTA- 
r e s i s t a n t  sites. Inhib i t ion  
of c e l l  reassoc ia t ion  by this mAb is only a f f e c t i v e  a t  t h e  aggregation s tage,  suggesting 
t h a t  gp80 has only a t r a n s i e n t  funct ion and addi t iona l  surface components are required for  
cell-cell binding a t  t h e  post-aggregation etbqes. To fur ther  inves t iga te  t h e  r o l e  of gp80 
i n  i n t e r c e l l u l a r  adhesion, we  have examined its topographic d i s t r i b u t i o n  on the  cel l  
surface using mAb and pro te in  A-gold conjugates. 
a biased d i s t r i b u t i o n  and i s  p r e f e r e n t i a l l y  loca l ized  a t  contact  areas and on f i lopodia .  
These r e s u l t s  suggest t h a t  gp80 may play an i m p s t a n t  r o l e  i n  mediating t h e  i n i t i a l  
recogni t ion and contact  formation v i a  f i lopodia  during c e l l  aggregation. 
MRC of Canada). 

Its inhib i tory  a c t i v i t y  can be neut ra l ized  by pur i f ied  gp80. 

Quanti ta t ive analysis  shows t h a t  gp80 has 

(Supported by 

1132 EXPRESSION OF MICROINJECTED GENES IN XENOPUS W V I S  OOCYTES AND EMBRYOS. 
David N. Standring and W i l l i a m  J. Rutter ,  Hormone Research I n s t i t u t e ,  University 
of Cal i fornia ,  San Francisco, Ca 94143 

We have used microinject ion t o  introduce i n t o  the  germinal ves ic le  of Xenopus laevis  
oocytes supercoiled plasmids containing eucaryot ic  promoters linked t o  the gene encoding 
the  chloramphenicol ace ty l t ransferase  (CAT) repor te r  function. Assays of CAT a c t i v i t y  i n  
injected oocytes have revealed t h a t  a range of promoter a c t i v i t y  spanning grea te r  than 
1000 fold can be assayed i n  t h i s  system, with v i r a l  promoters (e.g. SV40 ear ly)  showing 
grea t  a c t i v i t y  while the  r a t  insu l in  promoter shows no detectable  a c t i v i t y .  The s t a t e  of 
these genes and t h e i r  expression a r e  a l s o  being s tudied i n  t ransgenic  tadpoles and frogs.  
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1134 
Prev ious  s t u d i e s  have shown t h a t  c u l t u r e d  neurons from c h i c k  te lencepha lons  o f  v a r i o u s  embry- 
o n i c  ages have d i f f e r e n t  requ i rements  f o r  s u r v i v a l  i n  a serum-free environment (Aizenrnan, e t  a., 1984, s u b m i t t e d ) .  Some o f  t h e  neurons (40%) from 6 day-o ld  c h i c k  embryos ( 6  ED) can - 
s u r v i v e  i n  OMEM/Ham's F-12 medium, w i t h o u t  any  a d d i t i o n ,  whereas t h e  r e m a i n i n g  neuronal  pop- 
u l a t i o n  r e q u i r e  i n s u l i n  f o r  s u r v i v a l .  
pendent on b o t h  i n s u l i n  and t r a n s f e r r i n .  Here, we r e p o r t  t h a t  neuronal  c u l t u r e s  f rom 6 ED 
embryos i n c o r p o r a t e  I3H1-thymidine. 
c u l t u r e .  
DMC, s y n t h e s i s .  A u t o r a d i o g r a p h i c  s t u d i e s  showed t h a t  40% o f  t h e  c e l l s  i n  c u l t u r e  i n c o r p o r -  
a t e d  t h e  r a d i o a c t i v e  DNA p r e c u r s o r  i n t o  t h e i r  n u c l e i .  C u r r e n t l y ,  we a r e  u s i n g  t h i s  system 
t o  screen f o r  neurona l  mitogens among known hormones and f a c t o r s ,  as w e l l  as t i s s u e  ex- 
t r a c t s .  

PROLIFERATION OF DEVELOPMENTAL NEURONS I N  A CHEMICALLY DEFINED MEDIUM, D o r i s  K. Wu 
and Jean de V e l l i s ,  UCLA School o f  Med ic ine ,  Los Angeles, CA 90024 

I n  c o n t r a s t ,  a l l  neurons from 9 ED a r e  t o t a l l y  de- 

L3H]-Thymidine up take o c c u r r e d  up t o  t h e  4 t h  day o f  
A d d i t i o n  o f  i n s u l i n  a t  any t ime d u r i n g  t h i s  p e r i o d  t r i g g e r e d  a t r a n s i e n t  r i s e  i n  

(Suppor ted  by  N I H  Grant HD 06576 and DOE C o n t r a c t  DE AM03-76-SF00012. 

1135 ?vomorulin, a mouse embryo cell adhesion molecule, Nadine Peyrieras, 
Service de Genetique cellulaire, Institut Pasteur, 25 rue Dr. ROUX, Paris 

Jvor iulin is a cell surface glycoprotein involved in compaction of early mouse 
embryo. With the aid of a rat monoclonal antibody (DEI)  raised against a tryptic 
fragment of uvomorulin, the detergent solubilized forms of uvomorulin as well as 
its biosynthesis have been examined. DE1 recognizes, in a detergent lysate of 
continuously labeled embryonal carcinoma cells, at least three molecules (120, 
100 and 88 kDa) that are not related by peptide mapping. Only the 120 kDa product 
is structurally related to the tryptic fragment of uvomorulin. Although all three 
products are expressed at the cell surface, only the 120 kDa form is glycosy- 
lated. The 120 kDa molecule shares this property with its presumed intracellular 
precursor ( 1 3 5  kDa product). Interference with N-linked oligosaccharide proces- 
sing using glucosidase and mannosidase inhibitors (1-deoxynojirimycin and 
1-deoxymannojirimycin) does not inhibit surface expression of uvomorulin nor 
does it affect compaction and early differentiation of embryonal carcinoma cells 
in culture induced by retinoic acid. 
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