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Celt-Cell Recognition in Development 

655 CELL-CELL RECOGNITION I N  DEVELOPMENT, Gerald M. Edelman. Department of Developmen- 
ta l  and Molecular Biology, The Rockefeller University. New York, New York. 10021 

Cellular  recogni t ion events  have been implicated in a wide var ie ty  of biological  pro- 
cesses. With the exception of c e r t a i n  v i r a l  and b a c t e r i a l  in te rac t ions ,  however, much re- 
mains t o  be understood concerning the soluble  fac tors .  surface receptors ,  l igands,  and con- 
t r o l  mechanisms involved in c e l l u l a r  recognition. As exemplified by t h i s  meeting, many 
laborator ies  a r e  vigorously at tacking these problems. 

have used a combination of immunological techniques and biological  assays t o  detect  and 
character ize  c e l l  surface components involved in adhesion between and among c e l l s  of the 
chick embryo. 
from nerve t i s sue  (N-CAM) and l i v e r  (L-CAM). Specif ic  antibodies against  these molecules 
have been used to  probe t h e i r  expression, d i s t r i b u t i o n ,  and physiological function. N-CAM 
function has been shown to  be required f o r  nerve bundling and appearance of c e l l  and neuri te  
layers  i n  re t ina ,  and anti-(L-CAM) prevents the  formation of h i s to typic  colonies of hepato- 
cytes. Histological  s tud ies  a l so  suggest t h a t  the regulat ion of N-CAM expression may be a 
key event in the  migration and aggregation of neural  crest c e l l s .  

A complete descr ip t ion  of adhesion requires  analysis  of modulating events mediated by 
cytoskeletal  in te rac t ions  and transmembrane control. The proposal t h a t  such modulating 
mechanisms a r e  important i n  cel l  recognition has been supported by s tudies  on the  influence 
of c e l l u l a r  in te rac t ions  in growth control. While a d i r e c t  r o l e  of modulating events in 
c e l l u l a r  in te rac t ions  remains to  be demonstrated, it seems l i k e l y  t h a t  the coordination of 
adhesion with other  developmental events requires  some form of modulation o r  cont ro l  a t  the 
c e l l u l a r  level .  

To obtain a molecular descr ipt ion of c e l l u l a r  events in vertebrate  t i s s u e  formation we 

These s tudies  have resul ted in the  i d e n t i f i c a t i o n  of c e l l  adhesion molecules 

Cell Recognition in Procaryotes and Lower Eucaryotes 

656 CELL-CELL INTERACTIONS BETWEEN CONJUGATING ESCHERICHIA COLI, 
Mark Achtman, Max-Planck-Institut fuer molekulare Genetik, Abt. 
Trautner, D-1000 Berlin 3 3 ,  Germany. 

E. coli cells carrying the F plasmid act as efficient donors of the F 
plasmid DNA to F- plasmid-free recipient cells. A series of stages which to- 
gether comprise the mating cycle have been defined (1, 21: a) F pilus to 
wall contact, b) wall to wall contact, c) in parallel: stabilization of 
wall to wall contacts and triggering of DNA replication, d) DNA transfer be- 
ginning from a defined origin, e) disaggregation of the mating cells. DNA 
transfer does not occur between any two donor cells because neither can act as 
a recipient. Each donor cell possesses two active barriers, one to stabili- 
zation and the other to triggering. Many o f  the genes and proteins encoded 
by the F plasmid which enable these interactions have been defined (2). The 
receptor in F- cells which allows stabilization has also been defined. Three 
o f  the individual proteins have been purified and shown to have biological 
activity in vitro. 

-- 

1. Achtman, M. & Skurray, R., A redefinition of the mating phenomenon in 
bacteria (1977) In: Microbial Interactions (Receptors and Recognition, Series 
B, Vol. 3 ) ,  Ed. J. L .  Reissig, Chapman & Hall, London, pp. 2 3 3  - 279. 

2. Manning, P. A. & Achtman, M. Cell-to-Cell interactions in conjugating 
Escherichia &: the involvement of the cell envelope, (1979) In: Bacterial 
Outer Membranes: Biogenesis and Functions, Ed. M. Inouye, John Wiley & Sons, 
N.Y. pp. 409 - 447. 
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Neisseria gonorroheae appears as four distinct colony types when grown on artificial media (1). 
Two of these have sufrace appendages termed pili, two do not. 
that the piliated organisms are the more virulent and attach more readily to mamnalian cells 
(2,3) sug esting that pili play a prominent role in gonococcal attachment. 
Buchanan 74), using radioiodinated pili, have demonstrated attachment to a variety of cells 
and have defined factors which influence this attachment. Further, pili attachment has been 
blocked to varying degrees using purified gangliosides, the most effective being GD~A, thus 
indicating that a pili receptor on the host cell would consist of simple sugars and their 
n-acetylated amino sugars. Attachment experiments using lectin resistant clones o f  Chinese 
hamster ovary cells indicate that galactose and n-acetylglucosamine are involved in pili 
attachment. 

Cyanogen bromide cleavage of intact pili yields amino terminal and carboxy terminal peptides. 
Using the radiolabeled attachment assay, the amino terminal peptide was shown to contain the 
binding portion of the pilin molecule. 

Antibody raised to gonococcal pili can also block attachment, however this blockage is strain 
specific. Recently monoclonal antibody raised to one strain o f  gonococcal pili has been 
shown to recognize pili from different strains and to effectively block the attachment of the 
homologous pili and its amino terminal fragment. The characterization of both the pili re- 
ceptor and its own binding site should be facilitated by hybridoma technology. 

THE ROLE OF PILI IN GONOCOCCAL ATTACHMENT TO CELLS, T.M. Buchanan, M.D. and E.R. 
Gubish, Jr., Ph.D., University of Washington, Seattle, WA 98195. 

Other investigators have shown 

Pearce and 

1. Kellogg, D.S., J r . .  W.L. Peacock, W.E. Deacon, L. Brown, and C.L. Pirkle. 1963. J.Bacterio1. 

2. Swanson, J. 1973. J. Exp. Med. K:571-589. 

3. Gubish, E.R., Jr., M.L. Mace, Jr., S.M. Steiner, and R.P. Williams. 1979. Inf. Imm. 25:1043- 

4. Pearce, W.A., and T.M.  Buchanan. 1978. J. Clin. Invest. g:931-943. 

- 85: 1474-1479. 

1050. 

LECTIN AND ITS SACCHARIDE RECEPTORS IN THE RHIZOBIUM-CLOVER SYMBIOSIS, Frank B. 
Dazzo, Department of Microbiology and Public Health, Michigan State University, 
East Lansing, Michigan 48824 U.S.A. 

658 

~- Rhizobium trifolii, the nitrogen-fixing symbiont of clover, specifically adheres to 
clover root hairs, which are targets for subsequent infection (1). Genetic and inmunochemical 
studies suggest that selective adhesion involves cross-bridging of similar saccharide 
receptors on the bacterium and the host by a multivalent, host-coded lectin called trifoliin 
(2.3). This specific carbohydrate-glycoprotein interaction can be reversed by the hapten 
2-deoxyglucose. Quantitative adsorption and immunocytofluorimetric studies indicate that 
this recognition phenomenon ia regulated in the plant by NO-,- provided to the growing root 
( 4 ) .  One form of regulation by the bacteria is accomplished through growth-phase dependent 
changes in surface polysaccharides (e.g., increases in quinovosamine, 2-amino, 2.6-dideoxy- 
hexose) which affect their affinity for trifoliin and clover root surfaces (5, Urbano, 
Hrabak, and Dazzo, submitted for publication). 
is a multiphase process involving an initial selective docking of fully encapsulated cells 
to root hair tips where trifoliin accumulates, followed by host-mediated modification of 
the bacterial symbiont surface which favors polar accumulation of lectin-binding receptors 
on the bacteria and their polar attachment along the sides of the root hair (Hrabak, Sherwood, 
Truchet, and Dazzo, manuscript in preparation). 

1. F.Dazzo, C.Napoli, and D. Hubbell. 1976. Appl. Environ. Microbiol. 32:166-171. 
2 .  F.Dazzo, W.Yanke, and W. Brill. 1978. Biochim. Biophys. Acta 539-276-286. 
3. F.Dazzo, and W.Bril1. 1979. J. Bacteriol. 137:1362-1373. 
4 .  F.Dazzo, and W.Bril1. 1978. Plant Physiol. 62:18-21. 
5. F.Dazzo, M.Urbano, and W.Bri11. 1979. Curr. Microbiol. 2:15-20. 

Rhizobial attachment to the clover root hair 
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INTERCELLULAR SIGNALS I N  THE DEVELOPMENT OF MYXOCOCCUS, Dale Kaiser, Robert  LaRossa, 
J e r r y  Kuner and Robert Suva, Department of Biochemistry,  S tanford  Un ive r s i ty ,  Stan- 659 

fo rd ,  CA 94305. 

s t r u c t  m u l t i c e l l u l a r  f r u i t i n g  bodies  (1). When s t a rved  a t  h igh  ce l l  d e n s i t y ,  many thousands 
of c e l l s  come toge the r ,  p i l e  on top  one another  and bu i ld  a f r u i t i n g  body t h a t  has  a genet i -  
c a l l y  determined shape. Within t h e  f r u i t i n g  body, rod shaped v e g e t a t i v e  cells  d i f f e r e n t i a t e  
i n t o  ovoid,  envi ronmenta l ly  r e s i s t a n t  myxospores. 

How do cells  coord ina te  t h e i r  behavior  i n  t h i s  p r i m i t i v e  developmental  p rocess?  One 
p o s s i b i l i t y  is  t h e  emission and r ecep t ion  of  i n t e r c e l l u l a r  chemical s i g n a l s .  To look  f o r  
such s i g n a l s  mutants w e r e  i s o l a t e d  t h a t  behaved as i f  d e f e c t i v e  i n  s i g n a l  product ion  ( 2 ) .  
These mutants a r e  syne rge t i c :  unable  t o  f r u i t  by themselves;  they  can f r u i t  when mixed wi th  
wild-type o r  w i th  o t h e r  mutants.  Presumably t h e  wild-type c e l l s  supply t h e  miss ing  s i g n a l .  
There a r e  fou r  classes of  s y n e r g e t i c  mutants and many members of  each class. 
mutants t h a t  belong t o  d i f f e r e n t  classes can syne rg ize ,  bu t  t w o  mutants be longing  t o  t h e  same 
c l a s s  cannot .  This  sugges t s  t h a t  t h e r e  are a t  least f o u r  d i f f e r e n t  s i g n a l s .  

The s i g n a l s  behave l i k e  d i f f u s i b l e  subs t ances  because donor and r e c i p i e n t  s t r a i n s  can  be  
sepa ra t ed  by membrane f i l t e r s  having  pores  less than  0.2 pm i n  d iameter .  A c e l l - f r e e  extract 
of deve loping ,  bu t  n o t  v e g e t a t i v e ,  wild-type c e l l s  can syne rg ize  mutants  of  c l a s s  B. I f  t h e  
fou r  c l a s s e s  of mutants are d e f e c t i v e  i n  producing d i f f e r e n t  s i g n a l s ,  then  mutants of  d i f f e r -  
e n t  c l a s s e s  should  map t o  d i f f e r e n t  chromosomal reg ions .  The t r ansposab le  element,  Tn5, in- 
troduced from E. c o l i ,  can i n s e r t  i n t o  t h e  Myxococcus chromosome a t  many d i f f e r e n t  s i tes  
which then s e r v e  as landmarks f o r  mapping chromosomal genes (3). In  gene ra l  mutants of  t h e  
same synergism class do map t o  t h e  same chromosomal reg ion  and d i f f e r e n t  c l a s s e s  map t o  d i s -  
t i n c t  reg ions .  

(1) Kaiser, Manoil and Dworkin (1979) Ann. Rev. Microbio l .  2, 595. 
( 2 )  Hagen e t  a l .  (1978) Devel. Bio l .  66, 284 .  
(3) Kuner and Kaiser  (1980) PNAS i n  p re s s .  

Myxococcus is a bac ter ium t h a t  moves i n  m u l t i c e l l u l a r  swarms and t h a t  aggrega tes  t o  con- 

Any p a i r  o f  

660 SEX-SPECIFIC MOLECULES THAT MEDIATE THE CHLAMYDOMONAS MATING REACTION, Ursu la  W .  
Goodenough, Department of Biology, Washington Un ive r s i ty ,  S t .  Louis ,  Missouri  63130. 

An overview of t he  euka ryo t i c  Chlamydomonas mating r e a c t i o n  w i l l  be  p re sen ted ,  w i th  informa- 
t i o n  obta ined  from biochemica l ,  g e n e t i c ,  and s t r u c t u r a l  s t u d i e s .  
mating-type plus and 
membranes bear  mating-type s p e c i f i c  adhesion molecules t h a t  govern the  i n i t i a l  a g g l u t i n a t i o n  
r e a c t i o n ,  wh i l e  s p e c i a l i z e d  s e c t o r s  of  t h e  plasma membrane bea r  mating-type s p e c i f i c  compon- 
e n t s  t h a t  govern t h e  fus ion  r eac t ion .  
in both mating types ,  by a complex of 2 po lypept ides ,  350K and 20K. plus f l a g e l l a r  $dhesive- 
nes s  i s  governed by t h e  x-l- and x - 2  gene l o c i ;  n e i t h e r  l ocus  is  l inked  t o  t h e  "master 
locus"  bu t  bo th  r e q u i r e  i t s  presence  f o r  expressio_n. Mutations a b o l i s h i n g  m i n u s  f l a $ e l l a r  
adhes iveness ,  by c o n t r a s t ,  map d i r e c t l y  t o  t h e  g "master locus".  Mutant imp-11 m t  gametes 
a c t i v a t e  t h e i r  mating s t r u c t u r e s  normally i n  response  t o  adhes ion ,  a r e a c t i o n  t h a t  involves  
a c t i n  polymer iza t ion  from a dense cytoplasmic nuc lea t ing  s i te .  
s p e c i a l i z e d  plasma-membrane d i f f e r e n t i a t i o n  r equ i r ed  f o r  fus ion .  F l a g e l l a r  adhes ion  s i g n a l s  
ma t ing - s t ruc tu re  a c t i v a t i o n  i n  both  mating types ;  s i g n a l i n g  is manifes ted  morphologica l ly  by 
changes i n  t h e  i n t e r i o r  of t h e  f l a g e l l a r  t i p  and f l a g e l l a r  micro tubule  e longa t ion .  
mating sequence occur s  wi th in  30 s e c ;  t h e  c e l l - c e l l  i n t e r a c t i o n s  involved  a r e  thus  comparable 
i n  both  complexity and e f f i c i e n c y  t o  f e r t i l i z a t i o n  i n  h igher  organisms. 

C e l l  r ecogn i t ion  between 
gametes i s  mediated by two d i s t i n c t  membrane systems: f l a g e l l a r  

F l a g e l l a r  membrane adhes iveness  i s  appa ren t ly  mediated,  

They l a c k ,  however, t he  

The e n t i r e  
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MOLECULAR BASIS OF CELL-CELL RECOGNITION: ISOLATION, CHARACTERIZATION 
AND FUNCTION OF AN AGGREGATION COMPLEX FROM THE SPONGE GEODIACYDONIUM 
Werner E.G. Miiller, Institut fiir Physiologische Chemie, Universitat, 

6 5  Mainz, West Germany 
Dissociated sponge cell system has proved to be a useful model to study the 
process of cell aggregation both on cellular and subcellular level. Moscona 
succeeded in the isolation of an aggregation factor from the sponge Microciona 
prolifera; 1973  Burger solubilized from the same species a cell surface-bound 
aggregation receptor. These two macromolecules, which are involved in reaggre- 
gation, were 1973  and 1976  purified from the siliceous sponge Geodia c donium 
(1, 2 ) .  The aggregation factor (rnol. wt. 17 ,400)  was found to -ndYto a 
high-molecular weight particle ( S O ~ O , ~  : 80; diameter: 740  - 1,260 A) which 
was termed aggregation complex. Besides of the aggregation factor, the aggre- 
gation complex consists of two further functional subunits: UDP-glucuronosyl- 
transferase and UDP-E-D-galactosyltransferase. The aggregation receptor with a 
mol. wt. of appr. 17,000 was found to be a glycoprotein with D-glucuronic acid 
as terminal sugar moiety. Some evidence is available indicating that aggrega- 
tion receptor recognition involves interaction between lysine (functional site 
of the aggregation factor) and glucuronic acid (aggregation receptor). From in 
vitro data with the Geodia system a working hypothesis is formulated ( 3 )  to 
explaine cell aggregation and cell separation on the level of interaction be- 
tween glucuronidase and glucuronosyltransferase. 
The aggregation complex of Geodia cydonium is synthesized in the "spherulous 
cells". The earliest s t a g e s o f e  complex are detected in the nuclear mem- 
brane as round-shaped particles with a diameter of 360-480 8, filled with elec- 
tron dense material. After release into the perinuclear space the particles 
reach a diameter of 550-950 A .  Before the aggregation complex is released by 
the cell it associates with the cell membrane; it is egressed by exocytosis. 
The aggregation factor is linked to the complex during its egress from the 
intracellular to the extracellular space.(This work was supported by a grant 
from the "Stiftung Volkswagenwerk"; no. 35850,  W.E.G.M.) 
1 .  Muller, W.E.G. and Zahn, R.K. (1973)  Exptl. Cell Res. 8 0 ,  95.  
2 .  Miiller, W.E.G., Muller, I., Zahn, R . K .  and Kurelec, B. ( 1 9 7 6 )  J. Cell Sci. 

3. Eller, W.E.G., Zahn, R.K., Kurelec, B., Muller, I., Uhlenbruck, G. and 
21, 227.  

Vaith, P. ( 1 9 7 9 )  J. Biol. Chem. 254, 1280 .  

662 SPONGE CELL RECOGNITION AND ORGAN FORMATION, Max M. Burger, James Jumblatt, Gradimir 
Misevic and Werner Burkart, Biocenter of the University of Basel, Switzerland 

Species specific aggregation of sponge cells depends on Ca++ and an extracellular proteogly- 
can of about 20 x 106 daltons. Specificity of aggregation of Microciona cells is provided 
by a Cat+ independent binding of the protoglycan to a receptorlike baseplate on the cell sur- 
face. 
necessitating Cat+. 
cules may contribute to the specificity of the aggregation will be discussed. 
heat, urea and EDTA treatment at elevated pH produces fragments of about 200 K daltons. 
tease treatment produces pieces down to 10 K. 
carbohydrates and protein and both retain species specificity of binding. 

The formation of the first organs during differentiation was so far thought to be due to a 
rearrangement of flagellated larval cells. Evidence will be provided that this concept is 
incorrect and that these first organs are probably formed de novo from stem cells. 

Aggregation force is provided by interactive forces among the proteoglycan molecules 
To what degree weak specific interactions among the proteoglycan mole- 

Simultaneous 
Pro- 

Both the large and the small fragments contain 
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Receptor Mechanisms in Fertilization 
663 EGG SURFACE COMPONENTS INVOLVED I N  SPERM B I N D I N G ,  W . J .  Lennarz,  D.P. Ross ignol ,  C. 

G. Glabe, and W.H. Kinsey, Johns Hopkins Univ. Sch. of Med.. Bal t imore ,  MD 21205 
I n  echinoids ,  sperm-egg b inding  p r i o r  t o  f e r t i l i z a t i o n  is  a h igh ly  s p e c i f i c  cel l  r ecogn i t ion  
process .  This  b inding  is  preceded by induct ion  of a s e c r e t o r y  event  i n  sperm which r e s u l t s  
i n  depos i t i on  of  t h e  p ro te in ,b ind in ,on  t h e  t i p  of t h e  sperm. 
shown t h a t  b indin  is  t h e  s p e c i e s  s p e c i f i c  adhes ive  molecule a s soc ia t ed  wi th  sperm t h a t  medi- 
a t e s  b inding  t o  t h e  egg. 
i . e . ,  a r ecep to r  f o r  b ind in ,  exists on t h e  s u r f a c e  of t h e  egg. 

t h e  p r o p e r t i e s  of such  a recep to r .  However, i n i t i a l  a t t e m p t s  t o  o b t a i n  a so lub le ,  i n t a c t  
form of t h e  r ecep to r  were unsuccessfu l .  
a so lub le  r e c e p t o r - l i k e  a c t i v i t y  fo l lowing  p ro tease  d i g e s t i o n  of i n t a c t  eggs .  I n  bo th  S. 
purpura tus  and A. punc tu la t a  eggs it w a s  found t h a t  a f t e r  ex tens ive  Pronase  d i g e s t i o n  a 
s o l u b l e  g lycopept ide  fragment could be i s o l a t e d  t h a t  has  t h e  p r o p e r t i e s  expected of  a 
r ecep to r ,  i . e . ,  i t  i n h i b i t s  bindin-dependent egg a g g l u t i n a t i o n ,  sperm-egg b inding  and f e r t i l -  
i z a t i o n .  
g lycopept ide  i s  s p e c i e s  s p e c i f i c .  

spec ie s  s p e c i f i c ,  w e  have r e c e n t l y  developed methods t o  p a r t i a l l y  p u r i f y  t h e  i n t a c t  r ecep to r  
from iod ina ted  membranes from S .  u r  u r a t u s  eggs.  
g rad ien t  c e n t r i f u g a t i o n ,  an  125I-fabEled f r a c t i o n  w a s  found t o  bind t o  p a r t i c u l a t e  b ind in  i n  
a concen t r a t ion  dependent manner. 
an t ibody and by t h e  Pronase-derived g lycopept ide  desc r ibed  above. 
r ecep to r  der ived  from 5. purpura tus  eggs showed s a t u r a t i o n  b inding  t o  acrosome reac t ed  sperm 
f r o m 2 .  pu rpura tus ,  bu t  n o t  t o  unreac ted  sperm o r  t o  sperm from 4. Eunc tu la t a .  
dependent on both  sperm and r ecep to r  concen t r a t ions .  
r eac t ed  sperm, t h e  r ecep to r  f r a c t i o n  i n h i b i t e d  f e r t i l i z a t i o n  of 2. purpura tus  eggs.  A t  
s i m i l a r  concen t r a t ions  t h e  r ecep to r  f r a c t i o n  from 4. p u n c t u l a t a  eggs showed < 10% i n h i b i t i o n  
of 5. p r p u r a t u s  f e r t i l i z a t i o n .  
s o l u b i l i z e d  bu t  t h e  ma jo r i ty  of t h e  r ecep to r  a c t i v i t y  remained in so lub le .  
p u r i f i e d  r ecep to r  f r a c t i o n  conta ined  approximately 4 mg pro te in lmg hexose. 
d i g e s t i o n  > 80% of t h e  hexose material w a s  i n  a component of mol. w t .  > 2 x 106. 
component competed wi th  t h e  i n t a c t  r ecep to r  f o r  b inding  t o  b indin .  
d i r e c t e d  towards f u r t h e r  pu r i fy ing  and c h a r a c t e r i z i n g  t h e  r e c e p t o r  and de termining  s t r u c t u r a l  
r e c e p t o r  d i f f e r e n c e s  between spec ie s .  
an N I H  f e l lowsh ip  [HD 059861 t o  D.P.R.) 

Vacquier and coworkers have 

Our o b j e c t i v e  has been t o  de te rmine  i f  a complementary molecule,  

Ear ly  s t u d i e s  r evea led  t h a t  t h e  egg plasma membrane c o n t a i n s  a g lycoconjugate  t h a t  has  

Therefore ,  we under took  a sea rch  f o r  t h e  release of 

However, i n  c o n t r a s t  t o  t h e  i n t a c t  r ecep to r  on t h e  egg su r face ,  n e i t h e r  i s o l a t e d  

In view of  t h e s e  f ind ings  and t h e  f a c t  t h a t  t h e  i n t a c t  membrane a s s o c i a t e d  r e c e p t o r  is  

Af te r  de t e rgen t  e x t r a c t i o n  and d e n s i t y  

This  i n t e r a c t i o n  wi th  b ind in  w a s  blocked by an t i -b ind in  
The p a r t i a l l y  p u r i f i e d  

Binding was 
Under cond i t ions  of  l i m i t i n g  acrosome 

Af te r  e x t r a c t i o n  wi th  d e t e r g e n t ,  60% of t h e  125I- labe l  w a s  
The 200-fold 

Af t e r  Pronase 
This  

P resen t  e f f o r t s  are 

(Supported by a n  N I H  g ran t  [HD 083571 t o  W.J.L. and 

664 
Struc ture ,  U n i v e r s i t y  o f  Nashington, Sea t t l e ,  UA 98195. 

de r i va t i ve ,  d i i o d o f l u o r e s c e i n  i so th iocyana te  ("'IFC), we have been ab le  t o  t r a c e  t h e  f a t e  o f  
spera sur face  components a f t e r  f e r t i l i z a t i o n  by t h e i r  f luorescence and r a d i o a c t i v i t y .  Labet- 
i n g  i s  p r i n c i p a l l y  on the  sperm midpiece surface, as demonstrated by i rmunoperoxidase cy to -  
ches i s t r y ,  us ing  IFC-labeled sperm and an t i - IFC an t i se ra .  
c i a t e d  r a d i o a c t i v i t y  i s  s o l u b l e  i n  3% Non ide t  P 4 0  under cond i t i ons  t h a t  do n o t  d i s r u p t  t h e  
o v e r a l l  morphology o f  t h e  sperm. A l l  t he  Non ide t  P 4 0  s o l u b i l i z e d  r a d i o a c t i v i t y  i s  p r e c i p i -  
t a b l e  w i t h  10% TCA, w h i l e  about 25% i s  e x t r a c t a b l e  w i t h  CHCl,:methanol, s u g y s t i n g  t h a t  some 
l i p i d  has been labe led  w i t h  "'IFC. A number o f  r a d i o a c t i v e  bands a r e  observed on SDS-poly- 
ac ry lan ide  ge ls ,  w i t h  a l l  o f  them above 5,000 da l tons  i n s o l u b l e  i n  30% ethanol .  

Upon f e r t i l i z a t i o n ,  t h e  l abe led  sperm components a re  q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  the  
egg, where they  remain as a pa tch  th roughout  e a r l y  development, i n  ech ino id  (sea urch in ,  
sand d o l l a r ,  s t a r f i s h ) ,  mouse, and medusa embryos. I n  n o s t  cases, t h e  pa tch  reRains i n  a 
s i n g l e  blastomere, as determined by f luorescence microscopy. GJith an imnunoabsorbent tech-  
nique, us in?  an t i bod ies  d i r e c t e d  aga ins t  IFC, t h e  '251FC-labeled p r o t e i n s  cou ld  be i s o l a t e d  
and then i d e n t i f i e d  by SDS-polyacrylanide gel  e lec t rophores i s .  I n  sea u rch ins  c e r t a i n  o f  
t he  '251FC-labeled sperm g r o t e i n s  t h a t  a r e  t r a n s f e r r e d  t o  the  egg a t  f e r t i l i z a t i o n  have been 
found t o  remain unmodif ied th roughout  development t o  the  l a r v a l  stage. 

The pa tch  o f  l abe led  spem su r face  comoonents i s  i n i t i a l l y  assoc ia ted  w i t h  the  egg sur -  
face, b u t  d u r i n g  the  twenty  minutes a f t e r  f e r t i l i z a t i o n  i t  noves t o  a l ocus  i n  the  embryo 
co r tex .  The i n t e r n a l i z a t i o n  o f  pa tch  components appears t o  be a m ic ro f i l amen t  ned ia ted  
process, as i t  i s  blocked by cy tocha las ins  B and D, a t  concen t ra t i ons  s i m i l a r  t o  those t h a t  
i n h i b i t  egg cleavage. 
image i n t e n s i f i c a t i o n  microscopy; t h e  pa tch  noves t o  i t s  c o r t i c a l  l o c a t i o n  and p e r s i s t s  i n  
t h a t  zone th roughout  the  m u l t i p l e  c e l l  d i v i s i o n s  l ead ing  t o  the  b l a s t u l a  stage. Occasional 
movement o f  t h e  pa tch  i s  seen dur ing  cy tok ines i s ,  bu t  t he  pa tch  remains l o c a l i z e d  i n  an i n d i -  
v idua l  b las tonere .  The l o c a l i z a t i o n  and pe rs i s tence  o f  t h e  sperm patch  i n  t h e  e a r l y  embryo 
suggests t h a t  i t  may p l a y  a r o l e  i n  modu la t ing  e a r l y  development, a p o s s i b i l i t y  t h a t  we a r e  
c u r r e n t l y  pursu ing .  Supported by Nat iona l  Science Foundat ion aran t ,  PCI: 7720472. 

PERSISTENCE OF SPERE! SURFACE COl$POEIENTS I N  THE EARLY EI?BRYO, Bennet t  1:. Shapiro, 
C.A. Gabel, G. Gundersen, and E . H .  Eddy, Department o f  B iochemis t ry  and B i o l o g i c a l  

A f t e r  c o v a l e n t l y  l a b e l i n p  sperm w i t h  f l u o r e s c e i n  i so th iocyana te  (FITC), o r  an i od ina ted  

Greater than 95% o f  t he  sperm asso- 

The pathway o f  pa tch  n i g r a t i o n  a f t e r  f e r t i l i z a t i o n  can be fo l l owed  by 
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THE ROLE OF ZONA PELLUCIDA GLYCOPROTEINS AS REGULATORS OF SPERM-EGG INTERACTIONS IN 665 
THE MOUSE, Paul M. Wassarman and Jeffrey D. Bleil, Department of Biological Chemis- 
try, Harvard Medical School, Boston, MA 02115 

Sperm-egg interaction in mammals is initiated by binding of sperm to the zona pellucida 
(ZP), an acellular coat surrounding the plasma membrane of unfertilized eggs. Following fer- 
tilization, additional sperm are unable to bind to the ZP of embryos, and sperm that had par- 
tially penetrated the ZP prior to fertilization are prevented from further penetration. Thus, 
the ZP initially serves a recognition function permitting species-specific binding of sperm to 
unfertilized eggs, but subsequently serves as a block to polyspermy. 
these biological functions of the ZP are under investigation in our laboratory. 

and ZP3, having apparent MWs of 200K, 120K, and 83K, respectively. All three glycoproteins 
are synthesized, glycosylated, and secreted by oocytes during their growth phase.' ZP1, an 
oligomer bonded by intermolecular disulfides, is converted to a 130K Mh' species, designated 
ZP1' (pI"5.9), by reducing agents. ZP2 (~1~4.3) has intramolecular disulfides and represents 
more than 50% of the total ZP protein. 
teins. All three glycoproteins are found in ZP isolated from mouse oocytes, eggs, or embryos 
and analyzed by SDS-PAGE under non-reducing conditions. However, under reducing conditions, 
ZP2 from embryos, but not from oocytes or unfertilized eggs, migrates with an apparent MW of 
90K and is designated ZP2f. The evidence suggests that modification of ZP2 following fertili- 
zation involves proteolysis, but that intramolecular disulfides prevent the release of peptlde 
fragments. 
with the calcium ionophore A23187. It is likely that the conversion of ZP2 to ZP2f is carried 
out by a cortical granule protease(s) and is responsible for certain of the biochemical and 
biological changes in the ZP that occur after fertilization. 

sperm to eggs in vitro to as little as 10% of control values. To determine if any ZP glyco- 
protein has sperm receptor activity, ZP1, ZP2, and ZP3 were purified from egg and embryo ZP, 
and evaluated for their effect on binding of sperm to eggs in vitro. Whereas, ZPl and ZP2 do 
not interfere with sperm binding, ZP3 purified from unfertilized eggs, but not from embryos, 
reduces sperm binding to an extent comparable to that observed with solubilized ZP. These re- 
sults suggest that ZP3 possesses the receptor activity responsible for binding of sperm to un- 
fertilized eggs. 
such that it no longer serves as a sperm receptor. EM analysis has revealed that ZP3 from un- 
fertilized eggs, but not from embryos, induces the acrosome reaction in vitro. This suggests 
that ZP3 is not only responsible for the attachment of sperm to eggs, but also for inducing 
changes in sperm that are necessary for penetration of the ZP. 

The molecular bases of 

The ZP of mouse eggs is composed of three different glycoproteins, designated ZP1, ZPZ, 

ZP3 (~1~3.7) is the least abundant of the ZP glycopro- 

The same change in ZP2 occurs in vitro following activation of unfertilized eggs 

Solubilized ZP from unfertilized eggs, but not from 2-cell embryos, reduce binding of 

Fertilization apparently results in modification of ZP3, designated ZP3f. 

The Cellular Slime Molds 

666 RECEPTORS FOR CHEMOATTRACTANTS AND ENDOGENOUS LECTINS OF DICTYOSTELIUM DISCOIDEUM. 
William A. Frazier, James R. Bartles, Nancy J. Galvin, Nandini Kishore and Beth L. 
Meyers, Departments of Biological Chemistry and Neurobiology, Washington University 
School of Medicine. St. Louis, MO 63110 

The aggregation phase of D. discoideum is characterized by chemotaxis to the endogenous 
chemotransmitter CAMP and by acquisition of cellular cohesiveness, for which the endogenous 
lectin discoidin I is required. The developmentally regulated chemotaxis receptor binds 
CAMP with oscillatory kinetics on both intact cells and isolated plasma membranes. 
tial regulatory system for the oscillating affinity of the receptor has been Identified. 
The CAMP receptor has been solubilized from plasma membranes with the nonionic detergent 
Emulphogene BC-720, and two assays have been developed In which bound and free 3 H - m  can be 
separated in less than 2 6 ,  a condition necessitated by the rapid off rate of the receptor. 
The affinity of the detergent solubilized receptor is about 100-fold lower than that of the 
membrane associated receptor and its selectivity for CAMP vs cGMP is also reduced. Both the 
membrane bound and detergent solubilized receptors are inactivated by sulfonyl fluorides 
suggesting that they are in fact the same entity. 

ing both a monomeric BSA species with 10 to 15 CAMP moieties attached and a BSA polymer 
containing larger numbers of CAMP molecules. These derivatives have been labeled with both 
1251 and TRITC. 
contrast to the N6-succinylcAMP from which they are prepared. This suggests that a multi- 
valent interaction with receptors is a more potent stimulus than the monofunctional succinyl 
CAMP. The binding kinetics of the CAMP-BSA conjugates also indicate a multivalent mode of 
specific binding to the CAMP receptor. These labeled conjugates are being used in attempts 
to localize the CAMP receptors on living cells. Rapid binding assays, affinity labels and 
multivalent conjugates are now being developed for studies of the folate chemotactic receptor 
which is present on vegetative D, discoideum cells. 

tion of this endogenous lectin with living cells under physiological conditions. Discoldin 
I binds to both a cell surface glycoprotein receptor and negatively charged phospholipids. 

A poten- 

We have synthesized multivalent CAMP ligands by coupling N6-succinylcAMP to BSA, yleld- 

The derivatives are strong chemoattractants for differentiated cells. in 

Using 1251- and tetramethylrhodamine/ferritin-discoidin I. we have studied the interac- 
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This binding leads to clustering of the bound discoidin I and its apparent internalization. 
Discoidin I can bind to and agglutinate negatively charged vesicles containing only purified 
phospholipids, and this interaction is modulated by sugars which bind to discoidin I. Pre- 
liminary data indicate that discoidin promotes vesicle fusion. These results have substan- 
tial implications for discoidin I function. [Supported by NS 13269 and PCM 78-04304. WAF 
is an Established Investigator of the American Heart Association.] 

667 CONSTRUCTION OF STRAINS OF DICTYOSTELIUM DlSCOlDEUM WITH PRIVATE CELL- 
CELL RECOGNITION. Richard A. Lerner. Molecular Genetics GrouD. Research Institute o f  . .  

Scripps Clinic, La  Jolla, California 92037 
Recent biochemical experiments have defined a lect in ligand system which is involved in cohesion and 
oggregotion of Dic ostelium discoideum cells. The two molecules involved are a tetrameric 
carbohydrate bind-ich consists of 4 subunits with approximate molecular sizes of 26K and o 
glycoprotein receptor with an approximate molecular size of EM(. We isolated o missense mutant in 
which CBP is present but has lost the abi l i ty to  bina t o  galactose. This mutant both provided definitive 
evidence for the role o f  CBP i n  development m d  gave a point of departure for further studies. I f  one 
imagines that cell-cell interaction occurs via a lock and key bond then the missense mutant can be 
thought of in terms of an altered key and should be suppressible by selecting for cells where an altered 
lock which now f i ts the altered key. We isolated a second site suppressor mutant which developed 
normally but st i l l  had a missense mutotion in CBP. The prediction was that these cells had an altered 
8oK receptor which bound to the mutated CBP and allowed development to  proceed. Two predictions 
fallow from this hypothesis. a) Since the strain with the outside suppressor has both cn altered CBP 
and 8OK receptor, i ts cells should interact (synergize) with themselves but no other cells. In other 
words, the manipulation of mutating a cel l  surface binding molecule md suppressing the mutation via a 
second site lesion in the receptor should create a new strain with private recognitive specificity. b) In 
two strains which do not synergize with each other, the homologws CBPs should bind t o  the homologous 
receptors, but not visa versa. Data wi l l  be presented which suggests that both o f  these predictions hold. 
Thus, we have been able to construct in the laboratory strains o f  Dictyo;te;um discaideum wi th  private 
cell-cell recognition. The general point is that where molecules tnvo ve in cellular recognition ore 
concerned, extrogenic suppression of missense mutants can lead to constraints in the obilities of the 
cells to  recognize anybody but themselves. These strains should provide a point of departure for 
understanding the molecular basis of cell-cell interaction and species specific recognition. 

668 CELL SURFACE LECTINS I N  SLIME MOLDS AND HIGHER EUCARYOTIC CELLS, S.D. Rosen, L.B. 
Grabel, D.K. Drake, C.G. Glabe, M.S. Singer, and G.R. Mart in, Department o f  Anatomy, 
UCSF, San Francisco, CA 94143. 

Considerable evidence, accumulated over the l a s t  several years, suggests t h a t  c e l l  
surface l e c t i n s  on c e l l u l a r  sl ime molds are involved i n  i n t e r c e l l u l a r  adhesion (1). 
hypothesized t h a t  the i n te rac t i on  between l e c t i n s  and complementary, carbohydrate-containing 
receptors on opposing c e l l s  mediates c e l l - c e l l  adhesion. 
the existence o f  h i g h - a f f i n i t y  receptors f o r  the endogenous l e c t i n s  on the surface o f  
d i f f e r e n t i a t e d  amoebae. I n  Pol s hond l ium al l idum, we have found a potent i n h i b i t o r  o f  
p a l l i d i n  ( the l e c t i n  p u r i f i e - z m  soluble ex t rac t  o f  membranes. We have 
p u r i f i e d  t h i s  i n h i b i t o r  and have i d e n t m  as a high molecular weight heterosaccharide, 
cons is t ing predominantly o f  rhamnose and glucose. 
t i o n  o f  P. 
trations, i e  are i nves t i ga t i ng  the p o s s i b i l i t y  t h a t  t h i s  substance may a c t  as an "aggregation 
fac to r "  i n  sl ime mold adhesion. 

We have used an erythrocyte-roset t ing assay as a probe for i d e n t i f y i n g  ce l l -sur face 
carbohydbate-binding prote ins on mouse teratocarcinoma stem c e l l s  (embryonal carcinoma c e l l s ,  
EC)  (2)  and on various species o f  cu l tured f i b rob las ts .  EC c e l l s  possess a c e l l  surface 
l e c t i n  t h a t  binds oligomannosyl s t ructures and t o  a much greater  extent su l fa ted fucans 
[fucose polymers). 
of EC c e l l s .  
the c e l l  surface component has been detected i n  soluble ext racts  o f  EC c e l l s .  
o f  the l e c t i n  i s  i n  progress. 

We have studied the very strong in te rac t i on  between BHK-21 f i b rob las ts  and t ryps in ized Ox 
erythrocytes. 
i n te rac t i on .  

I t  i s  

Binding studies have establ ished 

This po ten t i a l  receptor blocks agglut ina- 
a l l idum c e l l s  a t  high concentrations and augments agglut inat ion a t  low concen- 

These same carbohydrate s t ructures i n h i b i t  the i n t e r c e l l u l a r  adhesion 
A l e c t i n  a c t i v i t y  w i t h  the same carbohydrate-binding s p e c i f i c i t y  as t h a t  o f  

P u r i f i c a t i o n  

D i f f e ren t  f i b r o b l a s t  1 ines exhi b i t  c l e a r l y  d i s t i n c t  erythrocyte-binding s p e c i f i c i t i e s .  

Neutral sphingoglycol ipids i so la ted  from Ox erythrocytes i n h i b i t  t h i s  rose t te  
Furthermore, incorporat ion of these g l yco l i p ids  i n t o  nonrosett ing erythrocytes 
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(guinea pig) causes them to bind to BHK cells. 
carbohydrate structure o f  the active glycolipid. 
(lectin-like substance) in the interactions between BHK fibroblasts will be investigated. 

1. 

2. 

Investigations are underway to identify the 
The role of the rosette-mediating factor 

Rosen, S.D. and Kaur, J. 
sphondyliwn Pallidum. 
Grabel, L.B., Rosen, S.D., and Martin, G.R. 
Surface Carbohydrate-Binding Component Implicated in Cell-Cell Adhesion. Cell 17: 

Intercellular Adhesion in the Cellular Slime Mold poly- 
American Zoologist 19: 809-820 (1979). 

Teratocarcinoma Stem Cells Have A Cell 

477-484 (1979). 

Lymphoid Cell Interactions 
669 
School, Boston, MA 02115 

ANALYSIS OF SPECIFIC T-CELL FUNCTIONS USING CLONED CELL LINES, Harvey Cantor ,  Gary 
Nabel, Manuel Fresno, L a i l a  McVay-Boudrea, Department of Pathology, Harvard Medical 

W e  have produced cont inuous ly  propagatab le  mouse lymphocyte c lones .  Each c lone  repre-  
s e n t s  a c e l l  a t  a p rogres s ive  s t a g e  of thymus-dependent c e l l u l a r  d i f f e r e n t i a t i o n .  
cloned cel ls  bea r  s t a b l e  s u r f a c e  membrane g lycopro te ins  c h a r a c t e r i s t i c  of p recu r so r  cel ls  
and mature progeny; cond i t ions  a l lowing  maximal c lon ing  e f f i c i e n c i e s  f o r  each  c e l l  t ype  
(10-85Z) have been e s t ab l i shed .  Mature lymphocyte c lones  con t inue  t o  expres s  s p e c i a l i z e d  
func t ion  and provide  m a t e r i a l  f o r  biochemical a n a l y s i s  of T-lymphocyte func t ions :  
d i f f e r e n t i a t e d  c lone  from t h e  ' inducer '  o r  ' he lpe r '  lymphocyte s e t  syn thes i zes  a molecule  
t h a t  a c t i v a t e s  o the r  lymphocytes t o  s e c r e t e  immunoglobulin. 
w i th  a h igh ly  p u r i f i e d  molecule having a M.W. 45,000 and a n  i s o e l e c t r i c  po in t  of approxi- 
mate ly  6.0. 
provide  a system t o  f u r t h e r  s tudy  t h e  mechanisms of gene a c t i v a t i o n  dur ing  c e l l u l a r  d i f f e r e n -  
t i a t i o n .  

These 

one f u l l y  

Th i s  a c t i v i t y  i s  a s soc ia t ed  

T h i s  molecule toge the r  w i th  c lones  of p recu r so r  and mature T-lymphocytes, nay 

670 CELL SURFACE RECEPTORS I N  THE DEVELOPMENT AND HOMING OF LYMPHOCYTES. 
E.C. Butcher, R.V. Rouse, R.G. Scollay, F. Lepault, R.L. Coffman, L. Jerabek, 
E. Pillemer and M.S. McGrath. Laboratory o f  Experimental Oncology, Department of 
Pathology, Stanford Medical Center, Stanford, CA 94305. 

I.L.Weissman, 

Cells of the imnune system undergo several developmentally and functionally significant 
stages of expression of cell surface recognition structures. These recognition structures 
1) enable immature cells to migrate to central lymphoid organs containing inductive micro- 
environments; 2) are involved in recognition of microenvironmental signals which trigger 
their development along one of several pathways; 
of maturation to peripheral lymphoid organs wherein imnune responses take place; and 
allow these antigen reactive cells to recognize antigen on appropriate accessory cells or 
target cells, resulting in the proliferation and differentiation of these immunocompetent 
lymphocytes. 
but well-defined subpopulation of bone marrow cells to the thymus. 
interact with MHC-bearing cortical epithelial cells; the result of such interactions appears 
to be intrathymic death for approximately 99% of the progeny of these cells. The survivors 
express receptors enabling them to home specifically to differentiated lymphoid tissues via 
interaction with receptors on subsets of differentiated endothelial cells. Lymphocyte 
differentiation markers on the surface of T cells (and perhaps B cells) appear to be 
involved in the recognition of other lymphoid cells and of specific antigens; specific recog- 
nition of antigen by these cells is necessary for the onset of proliferation via a receptor- 
mitogen complex. These various cell surface markers and receptor systems are expressed on 
malignant lymphoid cells of both the T and B cell series, and appear to be involved in the 
two lethal properties of malignant cells - uncontrolled proliferation, and distant 
metastasis. 

3)  permit the cells to migrate from sites 
4) 

Lymphocyte differentiation in the T cell series involves homing of a rare 
Within the thymus they 
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671 ANTIBODIES: THE GENERATION OF INFORMATION IN A COMPLEX RECEPTOR SYSTEM, 
Leroy E. Hood and Henry V. Huang, Division of Biology, California Institute of Technology, 
Pasadena, CA 91125 

The antibody system is an interesting model to examine genetic mechanisms for t he  expression and 
amplification of information in a complex eukaryotic membrane-receptor system. The antibody gene 
families evolved more than 500 million years ago with the emergence of vertebrate immunity. These 
gene families exhibit a "split gene" character with the  individual gene segments rearranging during the  
differentiation of the  antibody-producing (B) cell. These DNA rearrangements play two fundamental 
roles in B-cell development-they are correlated with the expression of antibody polypeptides and they 
play a fundamental role in generating antibody diversity. I will examine the  general organization of 
antibody genes and the mechanisms for their DNA rearrangements and somatic diversification. Then I 
will raise the  possibility that  the split gene-DNA rearrangement strategy may be employed by other 
complex eukaryotic systems that  encode membrane recognition systems. These we have denoted as area- 
code systems. I will discuss possible examples of area-ode gene families and then consider the 
microchemical instrumentation that  we a r e  developing at Caltech to explore these fascinating membrane 
gene families. 

1. 
2. 
3. 

Early, P. and Hood, L. In Genetic Engineeri 
Hood, L., Huang, H. and Dreyer, W. J. J. Su?amol. Struct. 7, 531-559 (1977). 
Hunkapiller, M. and Hood, L. Science 237, 5;3-525 (19so)I 

(in press). 
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672 SYNAPSE-SPECIFIC COMPONENTS OF THE NEUROMUSCLILAR JUNCTION. Zach Hall, Laura 
Silberstein, Nibaldo Inestrosa, Joshua Sanes and Crispin Weinberg, Dept. Physiology, 
University of California, San Francisco, CA 94143. 

At the adult neuromuscular junction both the postsynaptic muscle cell membrane and the 
extracellular basal lamina (BL) in the synaptic cleft are biochemically specialized. 
postsynaptic membrane has densely clustered acetylcholine receptors (AChRs) which differ from 
the diffusely distributed AChRs in embryonic and denervated muscles in having a slower meta- 
bolic turnover time. Acetylcholinesterase (AChE) is also concentrated at the synapse where at 
least some of it is associated with the BL. 
(165) appears to be specifically associated with endplates. Recent experiments have shownthat 
the BL of the synapse can influence directly pre- and postsynaptic differentiation after 
damage in adult muscle (1,Z). To investigate further the relation between the BL and the post- 
synaptic membrane, we have obtained antibodies that bind selectively to the muscle BL at the 
synapse. 
used along with the 16s AChE as markers to study differentiation of the synaptic BL in cell 
culture and during ectopic endplate formation in adult muscle. 

muscle in which a foreign nerve had been previously implanted. Within two days clusters of 
AChRs were detected by radioautography after reaction with 1251-u-bungaro~axin. The initial 
density of AChRs in these clusters increased until at four days the adult value was achieved. 
In newly formed clusters, the half-time for metabolic turnover was the same as that found for 
unclustered receptors, about 1 day. By day 6 ,  however, the half-time had increased to the 
adult value of 10 days. In contrast, neither AChR nor the BL-specific antigens could be de- 
tected by cytological methods until after about one week, when they were present at some, but 
not all endplates. Their appearance coincided with the rapid accumulation in the tissue of 
the 165 form of AChE. Maturation of the synaptic BL thus occurred after the AChRs achieved 
nearly their final density and had become metabolically stabilized. We conclude that differ- 
entiation of the postsynaptic membrane and the synaptic BL follow separate time courses. 

skeletal cell line, C2. After fusion, the cells produced the 16s form of AChE. This form of 
the enzyme appears to be associated with a BL as it is distributed in patches on the extra- 
cellular surface of the myotubes from which it can be released hy collagenase. Each of the 
other three synaptic BL antigens are also produced by these cells. 
that components of the synaptic BL can be made by muscle cells in the absence of nerves. 
1. Sanes, J.R., L.M. Marshall and U . J .  McMahan. (1979) J. Cell Biol. 78, 176-198. 
2. Burden, S . ,  P.B. Sargent and U . J .  McMahan. (1979) J. Cell Biol. 82, 412-425. 
3. Sanes, J.R. and Z.W. Hall. (1979) J. Cell Biol. 3, 357-370. 

The 

In rat muscle a particular form of the enzyme 

These antibodies, which define at least three different determinants (31, have been 

We initiated endplate formation in rat soleus muscle by cutting the original nerve to a 

We have investigated the cellular origin of synaptic components of the BL, using a mouse 

These experiments show 
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673 CONTACT GUIDANCE OF NEURONAL MOVEMENTS DURING CORTICAL DEVELOPMENT, Pasko Rakic, 
Section of Neuroanatomy Yale Un ive rs i t y  School of Medicine, New Haven C t .  06510 
Previous electromicroscopic analys is  o f  c e l l  behavior i n  the developing primate cer- 

ebrum ind icates t h a t  the i n t e r a c t i o n  between r a d i a l  g l i a l  c e l l s  and migrat ing neurons may p lay  
a c r u c i a l  r o l e  i n  o r i en ta t i on ,  displacement and pos i t i on ing  o f  neurons w i t h i n  the cor tex ( 1 ) .  
Immunocytochemical studies using antibodies t o  g l i a l  s p e c i f i c  marker (GFA) show t h a t  both 
neuronal and g l i a l  c e l l  classes coexis t  a t  e a r l y  developmental stages (2) and t h a t  they o r ' g  
i na te  from separate c e l l  precursors s i t ua ted  i n  the p r o l i f e r a t i v e  zones (3 ) .  Analysis o f  
thymidine data ind icates t h a t  many r a d i a l  g l i a l  c e l l s  cease t o  d i v ide  f o r  about two months (4)  
wh i l e  t h e i r  elongated f i b e r s  serve as guides f o r  m ig ra t i on  o f  neurons from the place o f  t h e i r  
o r i g i n  near the ven t r i cu la r  surface t o  t h e i r  f i n a l  dest inat ions i n  the d i s t a n t  cerebral cor tex 
(1, 5 ) .  
par tmenta l izat ion o f  the developing cerebral wal l  and insures f a i t h f u l  mapping o f  the p r o l i f -  
e r a t i v e  ven t r i cu la r  surface upon the expanding and convoluted cerebral cor tex i n  primates ( 6 ) .  
Migrat ing neurons se lec t i ve l y  f o l l o w  the curving course o f  g l i a l  f i b e r s  ra the r  than the o f t e n  
more regular  surfaces of o ther  c e l l s  and processes t h a t  they encounter dur ing displacement, 
suggesting a s t rong surface a f f i n i t y  between these two classes o f  c e l l s .  I w i l l  present a 
model which accounts f o r  displacement of neurons along r a d i a l  g l i a l  even i f  the membranes o f  
both c e l l  classes remain f i x e d  a t  any po in t  o f  t h e i r  i n te r face .  
leading neuronal process acquires new membrane along the surface o f  elongated g l i a l  f i b e r s  
wh i l e  the nucleus and surrounding organelles o f  the migrat ing neuron t rans locate w i t h i n  the 
thus formed cytoplasmic cy l i nde r .  
c e l l  surfaces may be nonspeci f ic  (e.9. a l l  migrat ing neurons may have the same a f f i n i t y  f o r  
a l l  r a d i a l  g l i a l  c e l l s ) ,  the spatio-temporal order o f  c e l l  migrat ion would be acheived s ince 
each pos tm i to t i c  neuron becomes attached exc lus i ve l y  t o  a neighboring r a d i a l  g l i a l  f i b e r .  I 
w i l l  present several l i n e s  o f  evidence t o  support t h i s  model, i nc lud ing  the pa t te rn  o f  c e l l  
surface growth, the speed o f  c e l l  migrat ion,  and the consequences of genetic and acquired 
abnormali t ies o f  g l i a l  c e l l s .  

(1) Rakic, P.J. Comp. Neur. 141:283 (1971); i b i d ,  145:61 (1972) 
( 2 )  L e v i t t ,  P. and P. Rakic, J. Comp. Neur. 1 x 8 1 7  (1980) 
(3)  L e v i t t ,  P., M. Cooper and P. Rakic, J. Neurosc. i n  press (1981) 
(4)  Schemchel D. and P. Rakic, Nature 277:303 (1979) 
(5)  Rakic, P. Postgrad. Med. Journal 54:25 (1978) 
(6)  Rakic, P. I n :  The Organization o f  Cerebral Cortex. (Schmitt, F.O., F.G. Worden and 

This arrangement of t r ans ien t  g l i a l  c e l l s  provides a s t r u c t u r a l  framework f o r  com- 

According t o  t h i s  model, the 

Although the b ind ing a f f i n i t y  between neuron and g l i a l  

S.G. Dennis eds.) MIT Press (1981) 

674 THE DEVELOPMENT AND INTERACTIONS OF NEURONS AND GLIAL CELLS IN CULTURE 
Martin C. Raff, Erika Abney, Jim Cohen, Justin Fallon, Rhona Mirsky and 
Tom Vulliamy, Medical Research Council Neuroimmunology Project, Zoology Department, 
University College London, London WClE 6BT, England 

We have used various conventional and monoclonal antibodies which react specifically with the 
major classes of cells in the rat central nervous system (CNS) and peripheral venous system 
(PNS) to study the development and interactions of these cells in dissociated cell cultures. 

We have found that: (i) astrocytes, ependymal cells and oligodendrocytes develop on precisely 
the same schedule in dissociated cell cultures of 10 day old embryonic rat brain as they do 
in vivo; (ii) the neurites of both CNS and PNS neurons tend to associate with Schwann cells, 
astrocytes and oligodendrocytes, even in cases where they normally would not encounter one or 
other of these cells in vivo; (iii) central and peripheral neuronal cell bodies do not "sort- 
out" from each other in mixed CNS and PNS cultures and their neurites form mixed bundles 
(Fascicles) in such cultures, and (iv) oligodendrocytes (which make myelin in the CNS)continue 
to make myelin proteins and glycolipids for many weeks in culture in the absence of neurons, 
while Schwann cells (which make myelin in the PNS) stop making these molecules as soon as they 
are separated from their axons. 
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675 ORGANIZATION, ASSEMBLY AND RIMODELING OF THE EPITHELIAL BASAL LAMINA. 
Bernfield,  G .  David, S.D. BanerJee, A.C. Rapraeger and J .E .  Koda. Department of 
P e d i a t r i c s ,  Stanford Un ive r s i ty ,  Stanford,  C a l i f o r n i a  94305. 

M.R. 

A basa l  lamina (BL), a complex o f  g lycopro te ins ,  n o n - f i b r i l l a r  co l l agens ,  proteoglycans (PG) 
and hyaluronic  ac id ,  is  c l o s e l y  adherent  t o  t h e  b a s a l  su r f ace  of parenchyn?al c e l l s  wherever 
t hey  con tac t  mesenchymal t i s s u e .  The BL maintains  e p i t h e l i a l  morphology, a c t s  as a subs t r a -  
t u m  upon which c e l l s  change shape and d i f f e r e n t i a t e ,  as a pe rmeab i l i t y  b a r r i e r , . a n d  as a scaf- 
fold fo r  t i s s u e  r e p a i r .  The BL is produeed by t h e  epi thel ium and c o n s i s t s  of two u l t r a s t r u c -  
turally d i s t i n c t  layers, t h e  lamina densa containing co l l agen  and the lamina r a r a  (or in t e rna )  
containing laminin.  F ib ronec t in  i s  p resen t  i n  some  BL and t h e  glycosaminoglycans (GAG) pre-  
s e n t  a r e  i n  ordered pe r iod ic  arrays. 
For e x m p l e ,  BL r i c h  i n  heparan s u l f a t e  (HS) predominate on a d u l t  e p i t h e l i a  and on embryonic 
e p i t h e l i a l  shee t s  and tubes ,  wh i l e  BL r i c h  i n  hyaluronate  a r e  on e p i t h e l i a  t h a t  bud, branch 
and f o l d  (1). 
t h e l i a l  c e l l  l i n e .  When cu l tu red  on p l a s t i c ,  no BL forms, bu t  when cu l tu red  on a type  I 
col lagen g e l ,  al though t h e  PG syn thes i s  r a t e  is unchanged, t h e  r a t e  of PG degradat ion i s  
markedly reduced and a BL r i c h  i n  HS PGs accumulates ( 2 ) .  The HS PG unique t o  t h e  BL appears  
t o  b e  produced i n i t i a l l y  as a smaller membrane-bound p recu r so r ,  which i s  then  cova len t ly  
modified, e i t h e r  e x t r a c e l l u l a r l y  or upon s e c r e t i o n ,  for  depos i t i on  i n t o  t h e  BL. On p l a s t i c ,  
t h i s  PG i s  produced but it r a p i d l y  degrades,  suggest ing t h a t  t h e  co l l agen  s t a b i l i z e s  t h e  BL. 
This  i d e a  i s  supported by s t u d i e s  o f  t h e  mouse embryo s a l i v a r y  epi thel ium during i t s  branch- 
ing morphogenesis. A t  13 days g e s t a t i o h ,  t h i s  epi thel ium has  formed d i s c r e t e  l obu le s  separ- 
a t ed  by c l e f t s  and i s  surrounded hy t h e  mesenchyme t h a t  i s  r equ i r ed  f o r  t h e  morphogenesis. 
Type I co l l agen  produced by t h e  mesenchyme is w i t h i n  t h e  c l e f t s  which axe l i n e d  by a cont inu-  
ous HS PG-rich BL. Collagen f i b e r s  a r e  nea r ly  absent  from t h e  t h i n  and discont inuous hy- 
a luronate-r ich BL on t h e  d i s t a l  l obu le s .  During morphogenesis, t h e  GAG i n  t h e  BL on t h e  
lobu le s ,  t h e  s i t e s  of growth and new branching, i s  degraded more r a p i d l y  than  t h a t  on t h e  
i n t e r l o b u l a r  c l e f t s ,  t h e  morphogenetically quiescent  sites (3 ) .  This  degradat ion i s  due t o  
t h e  mesenchyme which con ta ins  a so lub le  n e u t r a l  hyaluronidase.  The r a p i d  remodeling of t h e  
BL on t h e  lobu le s  may a l low more growth and fo ld ing  than  t h e  more stable BL i n  t h e  c l e f t s .  
Regulation of EL turnover  may be a general  mechanism f o r  c o n t r o l l i n g  e p i t h e l i a l  behavior .  
(Supported by N I H  g r a n t s  HE 06763 and CA 2 8 7 3 5 ) .  

(1) Gordon JR and Bernfield MR. Develop. B io l .  74:118, 1980 
( 2 )  David G and Bernfield M R .  Proc. N a t l .  Acad. S c i .  USA 76:286, 1979 
(3)  Bernfield MR and Banerjee,  SD i n  Biology and Chemistry o f  Basement Membranes ( N . A .  

Kefal ides ,  ed )  p 137.  

BL d i f f e r  between t issue types and wi th  development. 

To s tudy BL assembly, we have examined t h e  PG produced by a mouse mammary epi-  

Academic P res s ,  N.Y.  1978. 

FIBRONECTIN Kenneth M .  Yamada, Steven K .  Akiyma, and Masao Hayashi. 
Membrane Biochemistry Sec t ion ,  Laboratory of Molecular Biology, Nat ional  Cancer 
I n s t i t u t e ,  Bethesda, MD 20205. 
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Fibronect in  i s  a mul t i func t iona l  adhesive glycoprotein present  on the c e l l  s u r f a c e ,  i n  
e x t r a c e l l u l a r  ma t r i ces ,  and i n  blood. F ib ronec t in  i s  present  a n t i g e n i c a l l y  i n  a number of 
i nve r t eb ra t e  and v e r t e b r a t e  spec ie s .  This glycoprotein has been implicated i n  c e l l u l a r  
adhesion,  c e l l - c e l l  i n t e r a c t i o n s ,  c e l l  m o t i l i t y ,  and i n  the uptake of p a r t i c l e s  by macro- 
phages. 

s t r u c t u r a l l y  d i s t i n c t  molecules,  with s p e c i f i c  regions of polypeptide d i f f e r e n c e s .  Three 
regions of e i t h e r  polypeptide i n s e r t i o n  or d e l e t i o n  have been i d e n t i f i e d :  one i s  i n  a 
collagen-binding region and two a r e  i n  heparin-binding regions.  The i d e n t i f i c a t i o n  of such 
i n t e r n a l  polypept ide d i f f e r e n c e s  suggests  t he  ex i s t ence  of more than one gene or sp l i ced  mRNA 
product coding f o r  f ib ronec t in .  The two forms o f  f ib ronec t in  a l s o  d i f f e r  i n  c e r t a i n  bio- 
l o g i c a l  a c t i v i t i e s ,  al though they share  o t h e r  a c t i v i t i e s  such a s  chemotactic a c t i v i t y  f o r  
f i b r o b l a s t s  and the a b i l i t y  t o  s t imu la t e  macrophage phagocytosis.  

i n t o  i t s  func t iona l  domain s t r u c t u r e .  D i sc re t e  domains t h a t  i n t e r a c t  with c e l l  su r f aces ,  
co l l agen ,  heparin,  a c t i n ,  and o the r  ma te r i a l s  have been i s o l a t e d .  In add i t ion ,  t he  i d e n t i t y  
of the  c e l l  su r f ace  receptor  f o r  f i b r o n e c t i n  has been under i n v e s t i g a t i o n ,  and r ecen t  da t a  
suggest t ha t  i t  may include a gangl ioside component; f o r  example, f i b ronec t in  can funct ion a s  
a ve r t eb ra t e  l e c t i n  with s p e c i f i c i t y  fo r  t he  ol igosaccharides  of gangl iosides  such a s  G T ~ .  

The e luc ida t ion  of the molecular mechanisms by which f ib ronec t in  i n t e r a c t s  with s p e c i f i c  
l igands i s  providing in s igh t  i n t o  how t h i s  p ro te in  and r e l a t e d  molecules can mediate a wide 
v a r i e t y  of c e l l u l a r  i n t e r a c t i o n s .  

Recent reviews: 
Yamada, K . M . ,  and Olden, K .  (1978).  Nature 275: 179-184. 
Hynes, R . O . ,  Destree,  A . T . ,  Pe rk ins ,  M . E . ,  and Wagner, D . D .  (1979).  

Recent d a t a  suggest  t h a t  the c e l l u l a r  and plasma forms of f ib ronec t in  a r e  s i m i l a r  but 

Dissect ion o f  f ib ronec t in  using a v a r i e t y  of  p r o t e o l y t i c  enzymes has provided i n s i g h t s  

J .  Supramolec. S t r u c t .  11: 95-104. 
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Pearlstein, E., Gold, L., and Garcia-Pardo, A. (1980). Molec. Cell. Biochem. 2: 103-128. 
Mosher, D.G. (1980). Prog. Hemostas. Thrombos. 5: 111-151. 
Mosesson, M.W., and Amrani, D.L. (1980). Blood 75: 145-148. 
Kleinman, H.K., Klebe, R.J., and Martin, G.R. (1980). 3 .  Cell Biol. (in press). 
Yamada, K.M., Olden, K., and Hahn, L.E. (1980). Ifl The Cell Surface: Mediator of Develop- 

mental Processes, S. Subtelny and N.K. Wessells, eds., Academic Press, pp. 43-77 .  

677 INTERACTIONS OF AXONS, SCHWANN CELLS AND FIBROBLASTS IN PERIPHERAL NERVE DEVELOPMENT. 
R. Bunge, Dept. Anatomy & Neurobiology, Washington University, St. Louis, Missouri. 

Recent observations indicate that ensheathment and myelination of nerve fibers by Schwann 
cells involves a complex series of interactions in which fibroblasts or their products also 
play a role. Studies utilizing separated (and recombined) populations of Schwann cells, sen- 
sory neurons and fibroblasts in tissue culture indicate that: 1) axonal contact provides a 
mitogenic signal for Schwann cells, 2)  axonal contact engendas Schwann cell production of 
certain extracellular matrix components, 3) fibroblasts appear to contribute the major portion 
of endoneurial collagen, 4 )  secretory activity by Schwann cells appears to be necessary for 
the expression of Schwann cell ensheathment, 5 )  secretory activity by Schwann cells may be 
instrumental in modifying the neurite mitogen to terminate Schwann cell proliferation, 6 )  
contact of the axon by the Schwann cell will not result in normal Schwann cell differentiation 
unless simultaneous contact with a "third element'' (present in our culture system as reconsti- 
tuted tendon collagen) is provided, 7 )  long-term cultures containing only neurons and Schwann 
cells in serum-containing medium will not myelinate unless embryo extract is added in the cul- 
ture medium or a population of fibroblasts is present in the culture dish and 8) axonal 
characteristics determine whether Schwann cells will simply ensheath axons, or manufacture a 
myelin sheath. 
Schwann cell ensheathment which may be explained on the basis of abnormalities in certain of 
these interactions. 

Peripheral nerves of the mutant mouse dystrophic contain deficiencies o f  

Role of Extracellular Matrix in Cell-Cell Recognition 
678 
EXTRACELLULAR MATRIX. 
Texas System Cancer Center, M.D. Anderson Hospital and Tumor Institute, Houston, Texas 77030 

During blood-borne tumor metastasis circulating malignant cells must bind to the vascular endothelium 
and invade the underlying basement membrane. A model for this process has been developed using 
cultured vascular endothelial cell manolayers which synthesize a basalateral extracellular matrix (I). 
Metastatic tumor cells as well as some normal cells such as leukocytes bind to vascular endothelial cell 
monalayers and stimulate endothelial cell retraction, exposure of the underlying matrix, migration of 
the malignant cells ta the matrix and finally destruction of the matrix (2). The movement of 
metastataic tumor cells to the endothelial extracellular matrix appears to be due ta an adhesive 
difference between the endothelial cell surfoce and the matrix. Human and murine melanoma cells 
adhere much more rapidly to the extrocellular matrix, and this con be mimicked by the ottachment of 
tumor cells to polyvinyl-immobilized fibronectin (3). Anti-fibronectin inhibits slightly binding of B16 
m e l a m a  cells to matrix, but completely blocks binding to immobilized fibronectin suggesting that this 
molecule may mediate in part the enhanced adhesion of melanoma cells to  matrix. Tunicamycin inhibits 
glycasylatim of tumor cell glymproteins and blacks tumor cell- endothelial cell attachment and 
metastasiskino. The specificity of organ metastasis of selected 816 lines was examined in vitro using 
endothelial cells fram specific organs. Brain-selected 816-8 sublines adhered more r a p g n o  brain 
endothelial cells than lung-selected BI6-F sublines suggesting that endothelial cells pasess determinants 
that c m  be specifically recognized by blood-borne metastatic cells. Suparted by NCI grants ROI-CA- 
28867 and ROI-CA-28844 to G.L. Nicalson. 

( 1 )  Birdwell, C.R., Gospadarowicz, D. and Niculson, G.L. (1978) Prac. Natl. Acad. Sci. U.S.A. 75: 3273- 
3277. 
(2) Kramer, R.H. and Nimlsan, G.L. (1979) Proc. Natl. Acad. Sci. U.S.A.7& 5704-5708. 
(3) Kramer, R.H., Gonzalez, R. and Nicalson, G.L. (1980) Int. J. Cancer (in press). 

TUMOR CELL INTERACTIONS WITH ENDOTHELIAL CELLS AND ENDOTHELIAL CELL 
Garth L. Nicolsan et al., Department of Tumor Biology, University of 
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679 CULTURE OF DIFFERENTIATED EPITHELIAL CELLS ON TISSUE-SPECIFIC 
SUBSTRATES OF EXTRACELLULAR MATRIX. L .  Reid, Z .  Gatmaitan, S. Mackensen, P. Jubinsky 
and B.  Morrow. Albert Einstein College of Medicine, 1300 Morris Park Ave.,Bronx,N.Y. 

We have proposed t h a t  c r i t i c a l  var iables  control l inq the d i f fe ren t ia t ion  of normal c e l l s  
as well as p a r t i a l l y  d i f fe ren t ia ted  malignant c e l l s  a r e  found w i t h i n  the t i s s u e  and due t o  
ce l l -ce l l  in te rac t ions .  In e f f o r t s  t o  study controls  of d i f fe ren t ia t ion  of adul t  and embryo- 
nic t i s sues ,  we have focused upon the epithelial-mesenchymal re la t ionship ,  a ubiquitous c e l l -  
ce l l  re la t ionship i n  t i s s u e s ,  and, we bel ieve,  a primary determinant o f  di f fe ren t ia t ion .  Our 
approach i s  t o  cu l ture  ep i the l ia l  c e l l s  on subs t ra tes  of t i s sue-spec i f ic  ex t race l lu la r  matrix 
and in medium supplemented with ce l l - spec i f ic  hormones and w i t h  conditioned medium from pr i -  
mary cul tures  of the appropriate mesenchymal c e l l  der ivat ive.  The f i r s t  phase of developing 
t h i s  new c e l l  cu l ture  technolology was t o  develoo methods f o r  i so la t ing  basement membranes. 
We have succeeded i n  developing such methods by which t o  i s o l a t e  an ex t rac t  of ex t race l lu la r  
matrix, cal led biomatrix, and which includes components derived from basement membrane and 
from ground substance. I t  i s  i so la ted  by homogenizinq t i s sue  i n  water w i t h  protease inh ib i tors  
f i l t e r i n g  through polyester  c loth havinq an 80 micron pore diameter, sequent ia l ly  t rea t ing  
the insoluble  f ibrous material w i t h  low ionic  s t rength s a l t  buffers ,  nucleases, and del ipida-  
t i n g  solut ions.  
t e ins .  Chemical character izat ion of biomatrix from several t i s sues  indicates  t h a t  i t  i s  
approximately 50-60% collagens and the r e s t  ,non-collagenous proteins  which a r e  of ten r i c h  i n  
carbohydrate groups. All o f  the  biomatrices examined thus f a r  have contained f ibronect in .  
The types and amounts of collagenous and non-collaaenous Droteins a r e  sDecific t o  each type 
o f  biomatrix and cor re la te  w i t h  the known components found i n  t h e  e x t r a c e l l u l a r  matrix o f  the  
t i s sue .  Methods have been developed f o r  use of biomatrix as  a subs t ra te  f o r  ce l l  cu l tures .  
The biomatrix i s  e i t h e r  homoqenized, pulverized or prepared as frozen sect ions smeared onto 
pe t r i  dishes  and is then s t e r i l i z e d  by gamma i r r a d i a t i o n .  Use of t i s sue-spec i f ic  biomatrix 
substrates  has considerably enhanced the a b i l i t y  t o  cu l ture  various types o f  epi the l ia l  c e l l s  
resu l t ing  in increased plat inq e f f ic ienc ies ,  increased long-term surv iva ls ,  and increased 
expression of various markers of d i f fe ren t ia t ion .  
___  i n  v i t r o  i s  correlated w i t h  the  pro l i fe ra t ive  ootent ia l  of the c e l l s  i n  vivo. Normal c e l l s  
appear t o  be s t r i c t l y  t i s sue-spec i f ic  and t o  some extent  species  spec i f ic  i n  preference f o r  
biomatrix types. Maliqnant t i s sues  a r e  l e s s  s t r i c t  b u t  have a t i s sue  s p e c i f i c i t y  which may be 
relevant  f o r  t h e i r  metastat ic  potent ia l  i n  vivo. The t i s sue-spec i f ic i ty  i s  correlated w i t h  
non-collagenous proteins  and can be eliminated or  reduced w i t h  glycosidases o r  w i t h  extract ion 
of biomatrix w i t h  quanidine hydrochloride. Studies of heaatoma c e l l s  i n  serum-free, defined 
medium indicate  t h a t  hormone and growth fac tor  requirements a r e  a1 tered both qua l i ta t ive ly  
and quant i ta t ive ly  by cul tur ing the c e l l s  on collagenous o r  biomatrix subs t ra tes .  

The procedures s e l e c t  f o r  nat ive collagen f i b e r s  and their associated pro- 

The a b i l i t y  of c e l l s  t o  qrow on biomatrix 

Cytoskeleton-Surface interactions 
680 MOLECULAR MORPHOGENESIS OF THE 2-DISC IN MUSCLE CELLS. Elias Lazarides, Bruce 

L. Granger, David L. Gard and Richard H. Gomer. Division of Biolegy, California Institute 
of Technology, Pasadena, CA 91125. 

Immunofluorescent mapping of protein in isolated chicken skeletal muscle Z-disc sheets has demon- 
strated that the Z-disc is composed of two distinct, but interconnected, domains: A central one contain- 
ing actin and the actin-binding protein a-actinin and a peripheral one containing actin, the actin-binding 
protein filamin and the intermediate filament proteins, desmin, vimentin and synemin. The peripheral 
domain surrounds each Z-disc, and may be responsible for linking and promoting the registration of adjacent 
myofibrils as well  as for integrating associated membranous organells such as mitochondria, the transverse 
tubular (T) system and the sarcoplasmic reticulum. During the early stages of myogenesis in vitro desmin, 
vimentin and synemin exist in a filamentous form in the cytoplasm and are  readily aggregacdbycolcemid; 
within a week of fusion and two to three days af ter  the assembly of a-actinin containing Z-discs, desmin, 
vimentin and synemin begin to  associate with t h e  Z-discs and become resistant t o  rearrangement by colce- 
mid. From these observations it becomes apparent that the Z-disc is composed of a t  least two distinct 
molecular domains which assemble sequentially. Early in myogenesis, filamin is found associated with the 
newly differentiating a-actinin-containing filament bundles. However within two days after fusion filamin 
synthesis ceases and the quantity as well as cytoplasmic fluorescence of filamin decrease rapidly. The dis- 
appearance of filamin persists for the ensuing four days of myogenesis at which time filamin synthesis re- 
sumes and filamin accumulates in the cytoplasm. The newly appearing filamin localizes now to  the myo- 
fibril Ziine and is visible there shortly before vimentin, desmin and synemin become associated wi th  the 2- 
line. Thus the peripheral domain assembles sequentially in at least two distinct steps. The removal of 
filamin from the cells suggests that either filamin may not be required or may actually interfere with a 
necessary process during the early stages of sarcomere morphogenesis. The reappearance and deposition of 
filamin to  the periphery of the Z-disc indicates that this protein may be required for the transition of des- 
min, vimentin and synemin to  the Z-disc. 
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581 THE T/t-COMPLEX AND EARLY DEVELOPMENT, Dorothea Bennett, Laboratory o f  Developmental 
Genetics, Sloan-Kettering I n s t i t u t e  f o r  Cancer Research, New York, N.Y. 10021 

Mutations i n  the muse T/t-complex have profound e f fec ts  on d i f f e r e n t i a t i o n  i n  ea r l y  embryos 
and i n  spermatogenesis, The impairment o f  d i f f e r e n t i a t i o n  appears t o  r e s u l t  from, or  t o  be 
associated with, abnormali t ies o f  c e l l  i n te rac t i on  caused by aberrant c e l l  surface molecules. 
Recent sero log ica l  and biochemical studies show tha t  abnormal c e l l  surface antigens are 
con t ro l l ed  by t-mutations, and tha at  least  pa r t  o f  t h e i r  antigenic s p e c i f i c i t y  resides i n  

terminal  galactose. 
are a f a i l u r e  t o  form normal i n t e r c e l l u l a r  junctions, and an i n a b i l i t y  o f  morulae t o  =ergo 
compaction and transform i n t o  blastocysts. The dependence o f  these phenomena on normal 
ga lactosy lat ion o f  c e l l  surface components i n  normal and mutant embryos w i l l  be discussed. 

(1) Cheng, C. and Bennett, D. (1980) Nature o f  the antigenic determinants of  T-locus 

19 s p e c i f i c  carbohydrates (1). The t 1 *-haplotype, f o r  example, has an immunodeterminant 
The s p e c i f i c a r y o n i c  defects associated wi th  homozygosity f o r  t 

antigens. C e l l  3: 537-544. 

682 MICROFILAMENT FUNCTION DURING CHANGES I N  CELL SHAPE AND SURFACE ARCHITECTURE, John 
Condeelis, AECOM, Bronx, New York 10461 
I n  t h i s  laboratory  we have studied the composition and func t i on  o f  a c t i n  conta in ing 

s t ructures and t h e i r  assoc iat ion w i t h  the  c e l l  membrane. We have p u r i f i e d  several a c t i n  
b ind ing prote ins (1) frm the  c e l l u l a r  sl ime mold D i c t  oste l ium discoideum which account f o r  
many a c t i n  associated funct ions i n  c e l l  ex t rac ts  and i i t a c t  c e l l s ( 2 ; 3 ) . O n e  o f  these 
proteins, 120 K, i s  l oca l i zed  i n  the  c e l l  cor tex immediately subjacent t o  the  c e l l  membrane 
and can account f o r  the dense meshwork o f  cross- l inked and branched a c t i n  f i laments found 
the re  (1,4). 
regulat ing the  d i s t r i b u t i o n  and s t ruc tu re  o f  the c o r t i c a l  a c t i n  cytoskeleton. 

induced receptor r e d i s t r i b u t i o n .  
complexes have been p u r i f i e d  f r a n  c e l l s  dur ing various stages o f  capping (5) .  Analysis of 
these membrane fragments demonstrates t h a t  they are subs tan t i a l l y  enriched i n  a c t i n  and myosin 
as compared w i t h  the  whole c e l l .  
surface o f  the c e l l  membrane opposite l i gand  c lus te rs  through l i n k s  t h a t  are s tab le  t o  i o n i c  
condi t ions requi red f o r  disassembly o f  the a c t i n  cytoskeleton and con t rac t i on  i n  c e l l  ext racts  
(2). Detergent ex t rac t i on  o f  these membrane fragments removes 1 i p i d  wi thout  d i s rup t i ng  
attachments between a c t i n  f i laments and l igand c lus te rs  which i nd i ca tes  t h a t  t h i s  assoc iat ion 
involves a p ro te in -p ro te in  i n te rac t i on .  

We have a lso invest igated the  r o l e  o f  a c t i n  f i laments i n  receptor  mediated 
endocytosis (6). When human 8 lymphoblastoid c e l l s  ( W i l  2) are challenged w i t h  anti- IgM a 
sequence o f  events r e s u l t i n g  i n  endocytosis o f  antibody i n t o  coated ves ic les i s  act ivated. 
Fur ther  study o f  coated ves i c les  i n  W i l  2 and other  cu l tured c e l l s  demonstrates t h a t  they form 
numerous attachments w i t h  a c t i n  f i laments t h a t  have p o l a r i t y  away frm the  vesicle. 
gemet ry  o f  t h i s  suggests t h a t  a c t i n  i s  invo lved i n  product ion o f  motive fo rce  f o r  ves i c le  
t rans loca t i on  w i t h i n  t h e  cytoplasm. 

w i t h  myosin t o  produce movement a t  t he  surface o f  the c e l l  regardless o f  o r  i n  response t o  
disassembly o f  t he  c o r t i c a l  a c t i n  cytoskeleton. 
References: 1. 

2. Condeelis and Taylor (1977) J. Cel l  B io l .  Vol. 74: 901-927. 
3 .  
4. 

The proper t ies and l o c a t i o n  o f  120 K i n d i c a t e  t h a t  i t  i s  o f  major importance i n  

We have studied the  attachment o f  a c t i n  f i laments t o  the c e l l  membrane dur ing l i gand  
Regions o f  t he  c e l l  surface t h a t  conta in  Con A-receptor 

Act in  f i laments are found t o  be attached t o  the cytoplasmic 

The 

Hence, a c t i n  f i laments w i th  s tab le membrane attachments are ava i l ab le  f o r  i n t e r a c t i o n  

Condeelis and Geosits (1981) J. Biol. Chem. I n  press. 

Condeel i s (1980) Neurosci. RZ.m1.. 18. 
Wolosewick, B e c k e m d x s - 0 )  In Microtubules and Microtubule - 
I n h i b i t o r s  (ed. deBrabander). 
Condeelis (1979) J. Ce l l  B io l .  80: 751-758. 
Sal isbury, C o n d e e T s a n d m  (1980) J. Ce l l  B io l .  87: 132-141. 

5. 
6. 

Cell Recognition in Eucaryotic Cells 

683 
We will review work on cell recognition with emphasis on the functional consequences of 
cell adhesion. Approaches to the study of cell recognition events will focus on contact 
inhibition of growth in fibroblasts and the mitogenic interaction between neurites and 
Schwann cells. The general approach is to purify membrane components involved in these 
interactions and to characterize their interactions with the cell surface, and their rela- 
tionship to other hormones involved in growth control. 

CELL RECOGNITION IN EUKARYOTIC CELLS. L. Glaser, Department of Biological 
Chemistry, Washington University School of Medicine, St. Louis, MO 63110. 
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Carbohydrate Signals on Proteins 
634 VERTEBRATE LECTINS: WHAT ARE THEIR FUNCTIONS? Samuel H. Barondes, University Of 

Calif., San Diego, La Jolla, CA 92093; and Veterans Administration Medical Center, 
San Diego, CA 92161. 

The possible functions of three lectins that have been purified from embryonic and/or adult 
chicken tissues will be considered. These lectins, chicken-lactose-lectin-I (CLL-I), chicken- 
lactose-lectin-I1 (CLL-II), and chicken-heparin-lectin (CHL) are named to indicate a potent 
hapten inhibitor. 
16,000 and all are found in both developing and adult chicken tissues. However, there are 
striking differences in their relative expression in different developing and adult tissues 
as well as in their cellular localization. For example, CLL-I is much more abundant in 
embryonic than in adult muscle, but much less abundant in embryonic than in adult liver. 
is largely intracellular in developing muscle cells and hepatic Kupffer cells; but it iS 
mostly extracellular in adult chicken pancreas. 
adult kidney, but is far more abundant in adult than in embryonic intestine where it is 
localized in the secretory granules of the goblet cells and on the intestinal mucosal surface. 
Relatively less is presently known about chicken-heparin-lectin which has been purified from 
embryonic muscle and adult liver. Evidence that it and a complementary ligand are present 
extracellularly in muscle cultures suggests that it may interact with the cell matrix. The 
striking differences in distribution and developmental expression suggest that chicken 
lectins have a variety of functions in different tissues and at different stages of develop- 
ment. 
cell-matrix interactions, and interactions of cells with extracellular products. 

Barondes, S.H.  in Cell Adhesion and Motility, Cambridge Univ. Press, Cambridge, England 

Barondes, S.H.  in Annual Review of Biochemistry 50, 1981 (in press). 
Beyer. E.C., Tokuyasu, K., and Barondes, S.H. 3 .  Cell Biol. 82, 565-571 (1979). 
Beyer, E.C., Zweig, S.E., and Barondes, S.H. 3 .  Biol. Chem. 255, 4236-4239 (1979). 
Ceri, H., Kobiler, D., and Barondes, S.H. J. Biol. Chem. (in press). 

(Supported by the McKnight Foundation, USPHS, and the Veterans Administration) 

All are composed of subunits with molecular weights ranging from 13,000 to 

It 

CLL-I1 is more abundant in embryonic than in 

The role for these endogenous lectins apparently include cell-cell interactions, 

pp. 309-328 (1980). 

685 THE MOLECULAR BASIS FOR MEMBRANE-CYTOSKELETON ASSOCIATIONS IN HUMAN ERYTHROCYTES, 
Vann Bennett, Department of Cell Biology and Anatomy, Johns Hopkins School of 
Medicine, Baltimore, MD 21205. 

Spectrin, the major cytoskeletal protein in erythrocytes, is localized on the inner 
membrane surface, in association with membrane-spanning glycoproteins and with intramembrane 
particles. 
the cytoplasmic surface of the membrane has been established by measurement of reassociation 
of spectrin with spectrin-depleted inside-out vesicles'. 
of this attachment protein has been purified*, which bound to spectrfn in solution, competed 
for reassociation of spectrin with vesicles, and, when incubated with erythrocyte ghosts, 
increased the rate of lateral mobility of integral membrane proteins3. 
tide was identified as the precursor of the spectrin-binding fragment based on immunological 
cross-reactivity, ability to bind to spectrin, as well as other properties4. 
attachment protein for spectrin was named ankyrin, and has been purified and characterized'. 
Ankyrin is a peripheral membrane protein, and thus additional linkages are required to 
explain the observations that spectrin interacts with integral membrane proteins. Ankyrin 
has been demonstrated to be tightly associated in detergent extracts of vesicles with band 3 
a major membrane-spanning polypeptide, and to bind directly to a proteolytic fragmentderived 
from the cytoplasmic domain of band 36'7. 
directly links a cytoplasmic structural protein to an integral membrane protein. The organi. 
zation of the erythrocyte membrane has implications for more complex cell types, since 
immunoreactive forms of ankyrin distinct from myosin or filamin have been detected by radio- 
immunoassay in a variety of cells and tissuess. Indirect immunofluorescent staining of 
cultured epithelial cells reveals ankyrin in microvilli, ruffles and other cell surface 
structures in a cytoplasmic meshwork, and in a punctate distribution over nuclei. The 
staining changes dramatically during mitosis, with concentration of stain at the spindle 
poles during metaphase, and intense staining of the cleavage furrow during cytokinesis. 

'Bennett, V. and Branton, D. J. Biol. Chem. 252, 2753-2763 (1977). 
'Bennett, V. 
3Fowler, V. an- 
*Bennett, V. and Stenbuck, P. 
'Bennett, V. and Stenbuck, P.  
6Bennett, V. and Stenbuck, P. Nature 280, 468-473 (1979). 
'Bennett, V. and Stenbuck, P. 
aBennett, V. Nature 281, 597-599 (1979). 

The presence of a specific, high affinity protein binding site for spectrin on 

A 72,000 M proteolytic fragment 

A 215,000 polypep- 

The membrane 

Ankyrin is thus an example of a protein which 

J. Biol. Chem. 253, 2292-2299 ( 1 9 7 8 ) .  
TSupramol. Struct. g, 215-221 (1978). 

J. Biol. Chem. 254, 2533-2541 (1979). 
J. Biol. Chem. 255, 2540-2548 (1980). 

J. Biol. Chem. 255, 6424-6432 (1980). 
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686 PHOSPHOMANNOSYL-ENZYME RECEPTORS: SUBCELLULAR DISTRIBUTION AND ROLE 
IN INTRACELLULAR TRANSPORT OF LYSOSOMAL ENZYMES, William S , Sly, H , David 
Fischer and Alfonso Gonzalez-Noriega, Washington University, St,  Louis, MO 63110 

Cell surface lectins which recognize sugars on glycoproteins include the Galactosyl-glycoprotein 
receptor on hepatocytes, the Mannose/N-acetylglucosamine receptor on macrophages, a Fucosyl a - 
(1+3) N-acetylglucosamine receptor on hepatocytes, and the Man 6-P acid hydrolase receptor on 
fibroblasts (1). All of these have been recognized as pinocytosis receptors that mediate uptake 
of the respective ligands . The Man 6-P enzyme receptor has an even more important intracellular 
role, mediating transport of newly synthesized lysosomal enzymes and is not limited to fibroblasts. 
Lysosomotropic amines enhance secretion of high-uptake (i , e . , phosphorylated) acid hydrolases 
(2). 8-Hexosaminidase B was purified from amine-induced fibroblast secretions and used to study 
enzyme receptors (3). Pinocytosis of this ligand by fibroblasts was saturable, linear with time, 
inhibited by Man 6-P, and abolished by treatment of thgligand with alkaline phosphatase or endo- 
glycosidase H , Enzyme interaalized over 3 hours at 37 C in 0 , l  mM cycloheximide was 32 times 
the amount bound to cells at 4 C . The Man 6-P inhibitable component of enzyme binding to cell 
membranes was saturable, and specific for enzymes bearing the phosphomannosyl recognition 
marker. Of the Hex B receptors in human fibroblasts, only 13% were on the cell surface; 87% were 
on intracellular membranes, Comparable Hex B receptors were found in membranes from 9 human 
organs, and the corresponding rat organs. Subcellular fractions from rat liver showed the follow- 
ing distribution of enzyme receptors: endoplasmic reticulum (80%), Golgi apparatus (?'%), lyso- 
somes (4%), plasma membrane (9.5%), nuclei and mitochondria (less than 2%).  The distribution of 
enzyme receptors, the gradient of receptor occupancy (from mostly occupied receptors in the endo- 
plasmic reticulum to mostly unoccupied receptors in lysosomes) , and the distribution of high-up- 
take endogenous rat enzymes were all compatible with a model of enzyme transport in which phos- 
phomannosyl enzyme receptors act as vehicles for delivery of newly synthesized acid hydrolases 
from the endoplasmic reticulum to lysosomes . The effects of amines suggest that the intracellular 
receptors recycle following enzyme delivery, as do cell surface receptors following pinocytosis . 

Sly, W .  S .: Saccharide Traffic Signals in Receptor-Mediated Endocytosis and Transport of 
Acid Hydrolases. In Structure and Function of the Gangliosides (19801, L. Svennerholm, P. 
Mandel , H. Dreyfuz P-F , Urban (eds) , Plenum Pub. Co. , New York , pp . 433-451. 
Gonzalez-Noriega, A ,  , Grubb , J .H , , Talkad, V , , and Sly, W , S . : Chloroquine inhibits lyso- 
soma1 enzyme pinocytosis and enhances lysosomal enzyme secretion by impairing receptor 
recycling. J . Cell Biol. 85: 839-852, 1980. 
Fischer , H .D. , Gonzalez-Noriega, A .  , Sly, W .S , and Morre, D .J ,: Phosphomannosyl-Enzyme 
Receptors in Rat Liver: Subcellular Distribution and Role in Intracellular Transport of Lyso- 
somai Enzymes. J .  Biol. Chem. 255:9608-9615, 1980. 

Intercellular Membrane Recognition 
687 CELLULAR MECHANISMS UNDERLYING LDL RECEPTOR ACTIVITY, Richard G.W. Anderson, 

Joseph L. Goldstein, and Michael L. Brown, Departments of Cell Biology and Molecular 
Genetics, University of Texas Health Science Center at Dallas, Dallas, Texas 75235 

Extensive biochemical and genetic work has established the LDL receptor as the 
The receptors for this 

We envision three underlying 
mediator for uptake and degradation of low density liproprotein. 
protein are primarily located in coated cell surface regions. 
mechanisms that are involved in regulating the activity of this receptor. 
synthesis is required for LDL receptor activity. 
cholesterol source cease to synthesize LDL receptors and they disappear from the cell sur- 
face with a half time of 2 0  hours. 
synthesis of new receptors. Evidence suggests that these new receptors are transported to 
the cell surface in coated vesicles. 2)  In contrast to receptor synthesis, receptor recy- 
cling is very rapid and is necessary for the sustained uptake of LDL. 
suggests that receptor recycling requires that the LDL receptor reappear on the cell surface 
less than 1 minute after delivering LDL to the endocytic vesicle and that the new receptors 
are pre-clustered. 
sidered to be key aspects of efficient recycling. 3) Previous work with a mutant cell line 
that is unable to internalize LDL suggested that tight coupling must exist between receptors 
for LDL and coated pits for any internalization to take place. We now report that cells that 
have an excess number of LDL receptors are able to internalize only the LDL that is bound to 
those receptors that are in coated pits. 
membrane system can be rate limiting and affect the ability of the cell to internalize LDL. 

1) Protein 
Cells that are exposed to an exogenous 

A release from cholesterol supression leads to the 

Recent evidence 

The rapid return as well as the pre-clustering of receptors are con- 

This suggests that the activity of the coated 
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688 REGULATION O F  ORGANELLE MOVEMENT, MEMBRANE FUSION AND EXOCYTOSIS IN THE CHROMAFFIN 
CELL, Harvey B. Pollard, Carl E. Creutz, Christopher J. Pazoles, Janet H. Scott, and 
Velia M. Fowler, NIAMDD, NIH, Bethesda, Md. 20205 

The process of exocytosis appears to involve a series of critical intracellular interac-,, 
tions between secretory vesicles and other subcellular components, necessarily involving Ca 
at some or all of these steps. Our approach over the last few years has been t o  study the 
chromaffin granule from adrenal medullary cells with specific interest in (a)the interaction 
of the organelle with cytoskeletal elements such as actin;(b)the synexin-mediated, calcium 
dependent interaction of granule membranes with other granules and with plasma membranes;(c) 
synexin dependent membrane fusion;and (d) the comparative energetics of chemiosmotic granule 
lysis and in situ release of catecholamines from chromaffin cells. Our aim has been to recon- 
stitute e v z t x  the secretion process on a cell-free basis and to thereby identify proteins 
and other factors involved in each interaction. 

We presumed that mvement of chromaffin granules to the cell periphery for eventual secre- 
tion might be mediated by the specific interaction of actin with the granule membrane. In 
fact, we have been able to detect such interactions using a falling ball viscometer to meas- 
ure cross linking of F-actin by purified $$anule membranes. The interactions are both pH de- 
pendent and inhibited by raising free [Ca 
membrane responsible for actin binding is itself thermolabile and protease sensitive. 

In order for secretion to occur the granule membrane must associate with either the plasma 
membrane or with other granule membranes during compound exocytosis. Synexin, a calcium bind- 
ing protpin recently discovered in our laboratory, may be involved in this step. When synexin 
binds Ca 
into pentalaminar complexes. Binding sites for activated synexin have now been detected not 
only on chromaffin granules but also on the inner aspect of chromaffin cell plasma membranes. 
In all cases,$ynexin binding, self-association and consequent membrane interaction have had 
identical Ca dependency. 

Final release of granule contents from the cell depends on breakage and fusion of the mem- 
brane complex separating the granule core from the external medium. This poorly understood 
membrane remodeling process may involve osmotic stress on the granule-plasma membrane com- 
plex, perhaps by means of a chemiosmotic lysis process easily studied with isolated chromaf- 
fin granules. This membrane remodeling may also involve the action of &-unsaturated fatty 
acids such as arachidonic acid which we have recently found will induce massive fusion of 
isolated chromaffin granules if they are first aggregated with synexin and calcium. 

3 to micromolar levels. The site on the granule 

it self-associates into rods which themselves cause granule membranes to aggregate 

689 
of Vi rg in i a ,  C h a r l o t t e s v i l l e ,  V i rg in i a  22901. 

g lobu l in  G (IgG) from t h e  i n t e s t i n a l  lumen t o  the  c i r c u l a t i o n .  
t he  morphological pathway f o r  t h i s  t r a n s p o r t  (1,Z).  
s p e c i f i c ,  pH-dependent a t tachment  of IgG t o  r e c e p t o r s  on t h e  luminal  s u r f a c e  of abso rp t ive  
c e l l s .  Receptor-bound IgG i s  then  i n t e r n a l i z e d  wi th in  a s p e c i a l i z e d  system of small t ubu le s .  
The IgG i s  t r a n s f e r r e d  t o  s p h e r i c a l  coa ted  v e s i c l e s  which d i scha rge  a t  the  b a s o l a t e r a l  c e l l  
su r f ace .  
amounts of o t h e r  p r o t e i n s  can  e n t e r  cel ls  non-se lec t ive ly .  Unlike IgG, however, t h e s e  pro- 
t e i n s  are normally n o t  d i scharged  f u n c t i o n a l l y  i n t a c t  from t h e  c e l l s .  
termine the  b a s i s  f o r  t h i s  i n t r a c e l l u l a r  s o r t i n g  of p r o t e i n s  by us ing  s e v e r a l  tracers f o r  
e l e c t r o n  microscopy. When we  expose abqorp t ive  cells  t o  ho r se rad i sh  peroxidase  (HRP) as a 
marker f o r  f l u i d  phase endocytos is  and IgG conjugated  t o  f e r r i t i n  (IgG-Ft) as a s p e c i f i c  
tracer f o r  receptor-bound IgG, w e  f i n d  t h a t  bo th  tracers e n t e r  c e l l s  s imul taneous ly  w i t h i n  
t h e  same endocyt ic  v e s i c l e s .  Although IgG-Ft i s  subsequent ly  t r a n s f e r r e d  a c r o s s  t h e  c e l l s  i n  
t h e  normal manner, HRP remains w i t h i n  t h e  a p i c a l  cytoplasm where i t  is concent ra ted  and pre- 
sumably degraded w i t h i n  sma l l  vacuoles  and lysosomes. When w e  use  c a t i o n i c  f e r r i t i n  (F t f )  as 
a r e l a t i v e l y  non-spec i f ic  marker f o r  lumina l  membrane components, we f i n d  t h a t  t h i s  t r a c e r  
a l s o  b inds  av id ly  t o  t h e  membranes of endocyt ic  v e s i c l e s  and i s  t r a n s f e r r e d  ac ross  cells. 
However, un l ike  IgG, t h e  Ft' t h a t  c r o s s e s  t h e  c e l l s  remains a s soc ia t ed  wi th  t h e  b a s o l a t e r a l  
plasma membrane. 
s o r t i n g  of p r o t e i n s .  
i s  t r anspor t ed  t o  t h e  b a s o l a t e r a l  sur face .  
t r a n s f e r  of a l i gand  ac ross  the  abso rp t ive  ce l l  r e q u i r e s  cont inued  b inding  of t h e  l i gand  t o  
t h e  membranes of t h e  endocyt ic  v e s i c l e s .  
o f  t h e  i n t e r a c t i o n  of IgG wi th  its membrane r ecep to r ,  o r  r e l a t i v e l y  non-spec i f ic ,  as i n  t h e  
case  of t h e  b inding  of c a t i o n i c  f e r r i t i n .  P r o t e i n s  such as HRP t h a t  e n t e r  t h e  c e l l s  i n  t h e  
f l u i d  con ten t s  of endocyt ic  v e s i c l e s  are e f f i c i e n t l y  removed from t h e  t r a n s p o r t  pathway and 
are d i v e r t e d  t o  lysosomes. 

1. Rodewald, R. 1973. J. C e l l  B io l .  58: 198-211. 
2.  Rodewald, R. 1980. J. C e l l  B io l .  B: 18-32. 

SORTING OF VESICLE CONTENTS DURING IgG TRANSPORT I N  THE NEONATAL RAT INTESTINE. 
Richard D. Rodewald and Dale R. Abrahamson, Department of Biology, Un ive r s i ty  

The duodenum and proximal jejunum of neona ta l  rats e f f i c i e n t l y  t r a n s f e r  materna l  immuno- 
Our p a s t  s t u d i e s  have def ined  

Success fu l  t r a n s f e r  depends on t h e  

Although endocytos is  of IgG at t h e  luminal  s u r f a c e  i s  h igh ly  s e l e c t i v e ,  smal l  

We have sought t o  de- 

When we p r e s e n t  cells w i t h  a mixture  of HRP and Ft+, aga in  we  f i n d  i n t e r n a l  
Both tracers appear i n  endocyt ic  v e s i c l e s ,  bu t  only membrane-bound Ft+ 

The r e s u l t s  of t h e s e  experiments sugges t  t h a t  

This  b inding  may be h igh ly  s p e c i f i c ,  as i n  t he  case  
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SO;-GalNAc- Man , 

Carbohydrate Structure 

690 RECOGNITION OF CARBOHYDRATE MOIETIES ON GLYCOPROTEINS BY H-2 RESTRICTED CTL. Paul L. 
Black, Ellen S. Vi te t ta ,  James Forman and Jonathan W. Uhr, Dept. of Microbiol. & 
Immunol., Temple u. Medical School, Phi la . ,  PA 19140 & Dept. of Microbiol.,  U. of Texas 

Health Sci. C t r . ,  Dal las ,  TX 75235. Mice infected with vesicular  s tomat i t i s  v i rus  (VSV) gen- 
e r a t e  cytotoxic  T lymphocytes (CTL) which recognize v i r a l  antigens on the surfaces  of H-2 com- 
pa t ib le  VSV-infected c e l l s .  The importance of the  carbohvdrate moieties of t a r e e t  c e l l  sur- 
face glycoproteins i n  recogni t ion b- VSV-immune CTL was dbmon t r a t e  t e a n t i b i o t i c  
tunicamycin which i n h i b i t s  the addl t ion of carbohydratqs tQ he p O f y % ~ f ~ ~ ~  OP’ glycpproteins . 
Treatment of OeIla with tunicamycin before  and during VSV in fec t ion  inhibi ted glycosylation of 
H-2 & VSV alYcOPrOtein (G Protein) .  & i t  inhib i ted  l v s i s  of in fec ted  cells bv VSV-imune H-2 . .  ~ 

i d e n t i c a l  CTL. . In  contras;, tunicamycin had only a modest inh ib i tory  e f f e c c  on c y t o l s i s  by 
alloimmune CTL & on H-2 r e s t r i c t e d  cy to lys i s  directed against  both minor his tocompatibi l i ty  
antigens & chemically modified (by t r ini t rophenylat ion)  autologous c e l l s .  Tunicamycin t r e a t -  
ment a l s o  did not i n h i b i t  the  surface expression of e i t h e r  H-2 or  VSV G protein as judged by 
several  serological  techniques (irmrmnoprecipitation & SDS-PAGE, quant i ta t ive  absorpt ion,  & 
radioimmunoassa Furthermore analysis  of surface r o t e i n  expression a t  the s ing le-ce l l  
l eve l  with the  Pkorescence-activated c e l l  s o r t e r  (FAES) revealed no differences i n  quant i ty  
o r  d i s t r ibu t ion  of H-2 h VSV G protein a f t e r  tunicamycin treatment. Therefore. e lvcosvlat ion 

~ 

of H-2 and/or v i r a l  glycoprotein is a prerequis i te  f o r  l y s i s  of infected c e l l s  by VSV-immune 
H-2 i d e n t i c a l  CTL. 
ant igenic  determinants e i t h e r  consis t ing of o r  s tab l ized  by carbohydrate moieties on glycopro- 
te ins .  
i n  progress & w i l l  f a c i l i t a t e  fur ther  analysis  of the r o l e  of the  carbohydrates of H-2 and 
VSV G protein i n  H-2 r e s t r i c t e d  cy to lys i s .  

These data  support the  in te rpre ta t ion  t h a t  H-2 r e s t r i c t e d  CTL recognize 

Experiments employing nonglycosylated G & H-2 proteins  incorporatedinto liposomes a re  

DEVELOPMENTAL REGULATION OF GLYCOPROTEIN BIOSYNTHESIS I N  DICTYOSTELIUM,Faymond I v a t t ,  692 
Prem D a s  , Ellen Henderson and P h i l l i p s  Robbins, M.I.T. Cambridge, MA 02139. 

The synthesis  of glycoproteins i n  Dictyostelium discoideum i s  i n i t i a t e d  by the  en bloc t rans-  
f e r  of a precursor oligosaccharide from a c a r r i e r  l i p i d  t o  nascent polypeptide chains. 
processing of t h i s  oligosaccharide a f t e r  t r a n s f e r  t o  pro te in  is dramatically depedent upon 
the s tage of development. 
mentally regulated groups. One group is  expressed during ear ly  development and contr ibutes  a 
pathway which leaves the precursor oligosaccharide e s s e n t i a l l y  i n t a c t  and r e s u l t s  i n  substan- 
t i a l  (50-60%) fucosylation of the  di-N-acetylchitobiose core and occassional (30%) su l fa t ion  
of the  glycans. 
expressed during l a t e  d i f fe ren t ia t ion .  Together they cons t i tu te  a pathway which r e s u l t s  i n  
extensive trimming of t h e  precursor oligosaccharide and is  character ized by the  absence of 
su l fa t ion  and by fucosylat ion of per ipheral  ra ther  than core sugars. This pathway makes i t s  
appearance coincident  with the  construct ion of t i p s  on t i g h t  mounds. A t  t h i s  s tage  enzymatic 
a c t i v i t i e s  of both pathways occur simultaneously. 

Developmental regulat ion of t h e  wide a r ray  of protein-linked glycans during the  develop- 
mental cycle  of D.discoideum i s  therefore  the  control led modulation between a vegetat ive path 
way ( s i m i l a r  t o  t h a t  i n  other  simple eukaryotes) t o  a mut l ice l lu la r  pathway (s imilar  t o  t h a t  
i n  higher eukaryotes). 
t r a n s i t i o n  w i l l  be presented. 

The 

The react ions involved i n  t h i s  processing f a l l  i n t o  two develop- 

This pathway demishes during aggregation. The other  group of react ions i s  

The r o l e s  played by c e l l - c e l l  contact  and c-AMP i n  regulat ing t h i s  

Supported by NSF grants  PCM 7703343 to EJH and PCM 7827036 t o  PWR. 
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693 STRUCTtiRAL RETHODS I N  ANALYSIS OF CELL SURFACE LONG CHAIN POLYLACTOS- 
AMINE GLYCOPEPTIDES (ERYTHROGLYCAN), ROGER A ,  LAINE, SALVATORE J I TURCO 

AND JEFFREY S ,  RUSH, UNIVERSITY OF KENTUCKY, LEXINGTON, KY 40536 

HIGH MOLECULAR WEIGHT (MR=lO,OOO) POLYLACTOSAMINE POLYMERS ATTACHED TO “BAND 3” 
AND OTHER PROTEINS (1978, $BIOL,&FM, 253, 8006; 1978, EEBS L E ~ .  89, 111; 
1978, h., J.BIOCHEM, a, 2891, K-562 ERYTHROLEUKEMIC CELLS MAY BE USED IN 

BIOSYNTHETIC STUDIES OF THESE POLYMERS, 

A LARGE PROPORTION OF THE GLYCOCALYX OF THE HUMAN ERYTHROCYTE CONSISTS OF 

STRUCTURAL ANALYSIS OF SUCH LARGE OL- 

IGOMERS REQUIRES THE USE OF P A R T I A L  DEPOLYMERIZATION TECHNIQUES SUCH AS HYDRA- 
Z INOLYSIS-DEAMINATION,  ENDOGLYCOSIDASE D I G E S T I O N  AND D E A C E T Y L A T I O N - P A R T I A L  HY- 

DROLYSIS, 
GLYCOSIDASES, THE SENSITIVITY FOR DETECTION OF THE PRODUCTS OF METHYLATION 

MASS SPECTROMETRY. (RESEARCH SUPPORTED BY N I H  GRANT #AP125101 TO R.A.L,) 

FOLLOWING THIS, THE PRODUCTS CAN BE PURIFIED AND TREATED WITH EXO- 

L I N K A G E  A N A L Y S I S  CAN B E  ENHANCED B Y  THE USE OF METHANE CHEMICAL I O N I Z A T I O N  

694 THE ENZYMATIC BASIS OF THE PHOSPHORYLATION OF LYSOSOMAL ENZYPIE HIGH MANNOSE UNITS, 
Marc L. Reitman, Ajit Varki, and Stuart Kornfeld, Washington University School of 
Medicine, St. Louis, MO 63110. 

The recognition marker for the targeting of lysosomal enzymes contains mannose 6-phosphate. 
The recent discovery of phosphate in diester linkage between N-acetylglucosamine (GlcNAc) and 
mannose led to the proposal that phosphomannosyl residues are acquired by GlcNAc-phosphate 
transfer from UDP-GlcNAc to mannose, followed by the removal of the GlcNAc residue (I. Tabas 
and S .  Kornfeld (1980) JBC 25S:6633). 
pound to demonstrate a UDP-G1cNAc:glycoprotein GlcNAc-1-phosphotransferase. The basis of the 
enzyme assay is the incorporation of 32P and 3H into glycopeptides with a high affinity for 
Concanavalin A-Sepharose. This membrane-associated transferase is neither inhibited by tuni- 
camycin nor stimulated by dolichol-phosphate, indicating that the reaction does not proceed 
via a dolichylpyrophosphorylGlcNAc intermediate. Characterization of the enzyme reaction pro- 
ducts demonstrated that a-linked GlcNAc 1-phosphate is transferred en bloc to the 6 hydroxylof 
mannose in high mannose-type oligosaccharides of endogenous glycoproteins. The GlcNAcphospho- 
transferase will work on an exogenous glycopeptide acceptor. We have also purified (1800-fold) 
a highly specific a-N-acetylglucosaminyl phosphodiesterase from rat liver smooth membrane pre- 
parations. This enzyme is physically separable from the lysosomal a-N-acetylglucosarninidase 
and exhibits different substrate and inhibitor specificities. 
will cleave the in vitro product of the GlcNAcphosphotransferase reaction. 
the combined action of these two enzymes results in the formation of 6-phosphomannosylresidues 
on newly synthesized lysosomal enzymes. 

We synthesized [8-32P]UDP- [3H]GlcNAc and used this com- 

The purified phosphodiesterase 
We propose that 

HPLC Separation of Anionic and Neutral Oli osaccharides. S.J. Mellis M. Natowicz 
and J . U .  Baenziger, Washington University Zchool of Medicine, St. Louls, MO 63110 

Techniques are now available for the enzymatic and chemical release of intact oligosaccha- 

695 

rides from glycoproteins. We have developed high performance liquid chromatographic proce- 
dures for the rapid fractionation and analysis of oligosaccharides and their degradation pro- 
ducts. Detection in the picomole to nanomole range is obtained by metabolic introduction of 
radiolabel or reduction with NaB(3H)4. Neutral and anionic oligosaccharides can be fraction- 
ated by ion exchange chromatography on MicroPak AX-10 (Varian Associates) with an aqueous 
mobile phase and a gradient of increasing KH2P04 concentration. Oligosaccharides bearing from 
0-4 sialic acid moieties or from 0-3 PO4 moieties in mono or diester linkage can be completely 
resolved in less than 45 min. 

into their individual components in a single 1 hr. analysis on MicroPak AX-5 using a gradient 
of acetonitrile:H2O.Neutral complex, high mannose. and hybrid type oligosaccharides have been 
fractionated in this fashion with previously unattainable resolution. I n  a number of instan- 
ces, high mannose type oligosaccharides have been fractionated into multiple species of identi- 
cal molecular weight and composition, suggesting that these columns are sensitive to composi- 
tion and to other structural features such as linkage pattern. These methods in conjunction 
with rapid analyses on BioGel P-4 at elevated temperatures and pressures (Anal. Biochem. 105: 
159-164, 1980) have markedly improved the resolution and reduced the time required for 0 1 5 -  
saccharide structural analyses. 

Mixtures of neutral oligosaccharides containing from 1-20 residues can be fractionated 
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696 U s e  of Endo-H i n  Clar i fying the Structure  and Function of Glycoproteins, Frank Maley, 
Robert B. Trimble, Frederick K. Chu, and Anthony L. Tarentino, Division of Labra-  
tories and Research, New York S t a t e  Department of Health, Albany, NY, 12201. 

The s p e c i f i c i t y  of ac t ion  of endo-L3-N-acetylglucosaminidase H (hdo-H) w i l l  be discussed 
i n  reference to i t s  a b i l i t y  t o  modify polymannosyl containing glycoproteins such as invertase ,  
thyroglobulin, IgM, ribonuclease B,  deoxyribonuclease, carboxypeptidase Y and c e l l  surfaces .  
Removal of oligosaccharide chains does not appear t o  diminish enzyme a c t i v i t y ,  although 
e f f e c t s  on s t a b i l i t y  and s t a t e s  of aggregation have been observed, par t icu lar ly  i n  the case 
of invertase ,  where the  most s t a b l e  form of t h e  enzyme appears t o  be associated with an 
oligomer i n  m n t r a s t  t o  i t s  inact ive form. 
and N-type oligosaccharide on t h e  same molecule by the 1251-lectin overlay technique before  
and a f t e r  treatment with Endo-H. The use of qlycosyl-asparagine der ivat ives  i n  es tab l i sh ing  
the  lower limits of s p e c i f i c i t y  of hdo-H w i l l  be a l so  described, a s  w e l l  as a novel modifi- 
ca t ion  of the Smith degradation, which can be used t o  d is t inguish  between d i f f e r e n t  s t ruc tures  
a t  t h e  nanamole leve l .  In  t h i s  method a f luorescent  dansyl gmup is at tached to the aspara- 
gine moiety and following per iodate  oxidation, DoweX-5OH+ i s  used t o  catalyze the  removal of  
the  modified sugars. 

It is a lso  possible  t o  dis t inguish between 0- 

The remaining residue is ident i f ied  by thin- layer  chromatography. 

697 SYNTHESIS AND PROCESSING OF ASPARAGINE-LINKED OLIGOSACCHARIDES: INTERMEDIATES OF THE 
BRANCH GLYCOSYLATION, James R. Etchison, Univ. of Cal i fornia ,  Davis, CA. 95616. 

Elucidation of the comgex i n t r a c e l l u l a r  pathway for the  synthesis  and processing of aspara- 
gine-linked oligosaccharide moieties of glycoproteins is  important f o r  a comprehensive 
understanding of the biogenesis of plasma membrane and secretory glycoproteins. 
of the individual react ions and t h e i r  co l la t ion  in to  a descr ip t ive  pathway provides insight  
in to  and a conceptualization of the c e l l u l a r  processes leading t o  the  formation of plasma 
membranes. Following the en bloc t ransfer  of a glucosylated oligomannosyl precursor oligo- 
saccharide (Glc3Man GlcNAc ) from a polyisoprenyl donor to  the nascent polypeptide, a s e r i e s  
of processing reactyons oc&r which include removal of the terminal glucose residues followed 
by the  trimming of the  oligomannosyl core  t o  a s t r u c t u r e  containing only f i v e  mannoses 
(Man GlcNAc ). It has been proposed and demonstrated in  v i t r o  tha t  the  f i n a l  phase of trim- 
ming'to the'trimannosyl core found i n  numerous glycoproteins occurs a f t e r  the i n i t i a t i o n  of 
synthesis  of one of the branches found in  the mature glycoprotein oligosaccharides. 
r e s u l t s  t o  be presented descr ibe the i so la t ion  and character izat ion of intermediates formed -- i n  vivo during t h e  branch glycosylation of the vesicular  s tomat i t i s  v i r u s  glycoprotein. An 
intermediate containing a terminal N-acetylglucosamine attached t o  a pentamannosyl core has 
been ident i f ied  a f t e r  pulse-labeling of VSV-infected BHK c e l l s .  
suggest tha t  t ransfer  of galactose t o  t h i s  i n i t i a t e d  branch may a l so  OCCUK pr ior  t o  the  
f i n a l  trimming t o  a trimannosyl core. 

Delineation 

The 

In  addi t ion,  the data  

Membrane Dynamics 

698 
We have i s o l a t e d  cy toske le ta l  " s h e l l s "  by  c e n t r i f u g a t i o n  o f  T r i t o n  X-100 e x t r a c t s  o f  human 
p l a t e l e t s  sur face  labe led  w i t h  1251. 
sedimentable f r a c t i o n  i s  cmposed l a r g e l y  of c t o s k e l e t a l  p r o t e i n s  i n c l u d i n g  ac t i n ,  myosin 
and f i l a m i n .  Less than 10% o f  t he  two major 115I - labe led  sur face  g lycopro te ins ,  GPIIb and 
G P I I I  was assoc ia ted  w i t h  t h i s  f r a c t i o n  i n  r e s t i n g  p l a t e l e t s .  
a d d i t i o n  of ConA a t  concent ra t ions  >50 pglml, 90-95% o f  these two g l ycop ro te ins  became 
assoc ia ted  w i th  the  T r i t o n  res idue.  
No co-sedimentat ion o f  GPIIb and I 1 1  w i t h  the  cy toske le ton  was seen when a T r i t o n  e x t r a c t  o f  
p l a t e l e t s  was t r e a t e d  w i t h  ConA p r i o r  t o  cen t r i f uga t ion .  
co-sedimentat ion observed i n  ConA-st imrlated p l a t e l e t s  was n o t  due t o  p r e c i p i t a t i o n  o f  GPs 
by ConA o r  t o  the  b r i d g i n g  o f  GPs t o  the  cy toske le ton  by ConA o c c u r r i n g  a f t e r  de tergent  
l y s i s .  
depended on an i n t a c t  cy toske le ton ,  T r i t o n  e x t r a c t s  o f  ConA s t imu la ted  p l a t e l e t s  were 
incubated w i t h  ONase I t o  depolymerize F a c t i n .  Th is  caused a dose dependent decrease i n  
ConAmediated GPIIb and 111 sedimentat ion i n  assoc ia t i on  w i t h  l oss  o f  a c t i n  f rom the  
c y t o s k e l e t a l  s h e l l .  Th is  r e s u l t  suggests t h a t  t h e  co-sedimentat ion o f  GPIIb, G P I I I  and t h e  
cy toske le ton  depends upon phys i ca l  i n t e r a c t i o n s  between them. To determine whether such 
i n t e r a c t i o n s  might occur i n  the  i n t a c t  c e l l s ,  p l a t e l e t s  were incubated w i t h  Rhodaminated 
ConA and c o n t r a c t i o n  o f  the  cy toske le ton  induced w i t h  thrombin. Under these cond i t i ons ,  t he  
ConA b ind ing  s i t e s  c o - d i s t r i b u t e d  w i t h  a myosin-containing c o n t r a c t i l e  r i n g .  

BIOCHEMICAL EVIDENCE FOR THE ASSOCIATION OF SURFACE GLYCOPROTEINS WITH THE PLATELET 
CYTOSKELETON, R.G. Pa in te r ,  M.H. Ginsberg. Res. I n s t .  of Scr ipps  C l i n .  La J o l l a ,  CA 

I n  bo th  ConA-st i rmlated and r e s t i n g  p l a t e l e t s ,  t h i s  

W i th in  15-30 seconds a f t e r  

In add i t i on ,  t he  amount of sedimentable a c t i n  doubled. 

Th is  r e s u l t  i nd i ca tes  t h a t  t he  

To determine whether the  ConA-induced increased s e d i m e n t a b i l i t y  m I I b  and I11 
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699 JNIEmIAm F I I A C m  OFGANIZATION PT(0BED BY 'RIE INJECTION OF A 
CLONN, ANTIBODY -ZING AN AhppIG3NIC DETEZIINANT CDW TO ALL IWI'ERREDIATE 
FIW@ST CLASSES, P4ichael W. Xlynkmsky, PW NeuroinInunolwy Project, Dept. of 

Z o O k q y ,  University College London, London WClE 6BT U.K. 

distributions. 
organizers remain unclear. 
cgmon to all classes of intermediate filaments (Pruss et al, m preFation) has been 
injected into living cells in an atten'@ to perturb intermediate filament organization and 
thus elucidate their functional role within the cell. The a n M y  (an IgG ) decorates 
intermediate filaments in a n h r  of different types of living cells. In iT3 cells the 
injected antiboay causes the rapid collapse (1-2 hours postinjection) of vimentin filaments 
into bundles and rings a r d  the nucleus. This collapse occurs without obvious effects on 
cell rmrpholcgy or microtubule or cytoplasmic myosin filament patterns. By 6 hours pst- 
injection and increasingly thereafter these collapsed filaments then remerge frcn the 
cluster and disperse aaain into the cytoplasm, still decorated with the injected antiboay. 
Such a rapid filament collapse is not observed in rjlial fibrillaq acidic protein containinq 
protoplasmic or fibrous astrocytes. 

study continues on various classes of intermediate filaments using intracellular 
injection and other techniques. 
(The author is supported by a Eb.scular Dystrophy Association postdoctoral fellmship.) 

Intermediate filament networks in a nmber of distinct classes with varing cellular 
Their functions within the cell, whether as mechanical supports or cytoplasmic 

A rmn0clona.l antiboay which -zes an antigenic determinant 

700 AN ACTIN CONTAINING MATRIX ASSOCIATED WITH THE PLASMA MEMBRANE OF MURINE TUMOR AND 
LYMPHOID CELLS, Matthew F. Mescher, Mimi J . L .  Jose, Steven P. Balk and Steven H. 
Herrmann, Harvard Medical School, Boston, MA 02115 

A detergent insoluble fraction has been isolated f r o m  purified plasma membranes of P815 
tumor cells. This fraction accounts for 20-25% of the total membrane protein and appears to 
form a matrix at the inner face of the membrane. The major component polypeptides have 
molecular weights of 36k,38k,42k (actin), 69k,70k,130k and 150k. Vectorial labeling by 
lactoperoxidase-catalyzed iodination has provided evidence that the matrix is localized at the 
inner face of the plasma membrane. It consists largely of closed structures having the same 
size distribution as the membrane vesicles they are prepared from. No lipid bilayer is 
apparent in thin-section electron micrographs. A cell surface glycoprotein, 5'-nucleotidase, 
remains selectively associated with the detergent insoluble matrix. An insoluble fraction 
having major protein components of the same mobility on SDS gels has been isolated from 
purified plasma membranes of a number of murine tumor cell l i n e s  and normal spleen 
lymphocytes. 

Purified cell surface H-2 antigens can be incorporated into liposomes along with the 
matrix. These liposomes stimulate generation of an H-2 dependent, allogeneic cytolytic T 
lymphocyte response much more effectively than liposomes containing just H-2 antigen and 
lipid. 
from the larger size and more irregular shape of the vesicles. Alternatively, there may be 
an interaction between the transmembrane H-2 antigen and components of the matrix which 
affects recognition. 

The more effective cell recognition of H-2 on matrix-containing liposomes may result 

701 ACETYLCHOLINE RECEPTOR: A MEMBRANE-BOUND REGULATED IONOPHORE. J . M .  Gonzalez-Ros, 
A. Paraschos, C. Farad, J. Mttingly and M. Martinez-Carrion. bkdical College of 

Virginia. Virginia Cornonwealth University. Richmond. Virginia 23298 
hrified acetylcholine receptor (AcChRj 'is isolated frEm To edo californica electroplax 

through the use of the easily removable detergent, B-D-octyl&ranoside (OG) . The entire 
purified AcChR preparation can be reconstituted into hctional AcChR-membrane vesicles at the 
proper lipid/protein ratio. Physicochemical properties of CG purified AcaR are investigated 
in an attempt to clarify the reasons for the differences between ffi and other detergents with 
regard to feasibility of reconstitution of AcChR membranes. AcChR-enriched and AcChR-depleted 
electroplax membrane fractions are used to provide infoxmation on the nature of those lipids 
which topographically or, perhaps, functionally relate to the receptor protein in situ. 
quantitative and qualitative differences in the chemical composition of membranZ-1% com- 
ponents are found. In these receptor-rich membranes, several fluorescent pyrene derivatives 
are used as spectroscopic tools to assess: 1) the effects of either agonists, antagonists or 
neurotoxins on receptor-lipid interactions, and 2) the cation translocation events induced by 
agonist binding to the receptor protein through the perturbation of the quenching effect of 
externally added thallous cations. 
events of ion translocation on the millisecond time scale is discussed. 
from the National Science Foundation and the Muscular Dystrophy Association.) 

Both 

Re potential of these techniques to probe molecular 
(Supported by grants 
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IDENTIFICATION OF SPECTRIN IN NONERYTHROID CELLS, Steven R. Goodman and Robert R. 
Kulikowski, The Milton S. Hershey Medical Center, Hershey, PA 17033 

Spectrin is the major protein of the human erythrocyte cytoskeleton, which functions in 
controlling cell shape (review, Lux, 1978) and mobility of cell surface proteins (review, 
Goodman and Branton, 1978). Indirect immunofluorescence with monospecific anti-spectrin IgG 
has indicated the presence of proteins with common antigenic determinents to spectrin in 
embryonic chick cardiac myocytes (ECCM) , mouse fibroblast lines (3T3, SV-40 transformed 3T3) 
and rat hepatoma lines (HTC, HMOA). 
spectrin has been demonstrated by the immunoprecipitation of 240,000 and 220,000 dalton pep- 
tides from octyl glucoside solubilized ECCM which (1) comigrate on NaDodSO4 gel electrophor- 
esis and (2) yield similar one dimensional tryptic peptide maps with human erythrocyte 
spectrin bands 1 and 2. 
octyl glucoside as demonstrated by immunoprecipitation of the established cytoskeletal 
proteins [syndeins (Bands 2.1-2.6), 3 ,  4.1, actin (5), 71 along with spectrin from the human 
erythrocyte. The spectrin associated cytoskeleton from ECCM includes actin, myosin, a-actinin, 
10 nm filament protein, tropomyosin and other peptides of 150,000, 26,000, 19,500 and 15,000 
daltons. We propose that by analogy to the erythrocyte,spectrin in nonerythroid cells may 
function in binding actin, and hence the cytoskeletal microfilament cables to the proto- 
plasmic surface of the cell membrane. This is the first demonstration of the existence of 
spectrin in nonerythroid cells. (NIH Grant fHL26059 awarded to S.R.G.) 

'@ 

Size and sequence analogy for ECCM and human erythrocyte 

Cytoskeletal protein interactions remain intact in the presence of 

CHANGES IN CYTOSKELETAL PROTEINS UPON ENDODERM DIFFERENTIATION FROM TERATOCARCINOMA 
STEM CELLS, James L. Grainger and Gail R. Martin, Dept. of Anatomy, UCSF, 
San Francisco California 94143 

'03 

Certain clonal cell lines of teratocracinoma stem cells (for example PSAl cells) 
retain the capacity to mimic the differentation of the fetus-forming inner cell mass of 
the early mouse embryo and subsequently, to differentiate into many cell types in culture. 
When aggregates of PSAl cells are placed in suspension, the first detectable morphological 
change is the appearance of endoderm on the outer surface of the cell clumps. 
by two-dimensional gel electrophoresis, of the cytoskeleton associated proteins from 
pure populations of PSAl stem cells and of PSAl-derived endoderm has shown that this 
morphological change is accompanied by the synthesis of a new set of cytoskeletal proteins 
with molecular weights, 56,000, 45,000, and 38,000 daltons. At least one of these cyto- 
skeletal markers, the 56K endodennal protein, appears to be associated with intermediate 
filaments and not with microfilaments or microtubules. 
migrate on two-dimensional gels with any of the known intenmnediate filament proteins 
(vimentin, desmin or keratins isolated from mouse skin), a partial peptide analysis has 
shown that there are significant homologies between the peptide maps of the 56K protein 
and vimentin. 
homology found between the peptide map 
proteins examined. 

A comparison 

Although this protein does not co- 

The 45K protein appears to be unique to endoderm cells as there was no 
of this protein and any of the cytoskeletal 

SPECIFIC LIPOSOME-CELL INTERACTIONS. Lee D. Leserman, Jacques Barbet, Patrick Machy, 
Centre d'lmmunologie INSERM-CNRS de Marseille-Luminy, Case 906, 13288 Marseille 
Cedex 2 ,  France, & John N. Weinstein, National Cancer Institute, NIH, Bethesda, 
MD 20205 USA. 

Small sonicated liposomes composed of phospholipid and cholesterol and containing the water- 
soluble fluorophore carboxyfluorescein do not bind to cells in vitro in the absence of spec- 
ific ligands. Three kinds of ligands have been introduced into liposomes to facilitate 
specific interaction. 1 )  Phosphatidylethanolamine with DNP modification of the available 
NH 
glzbulin with affinity for DNP; but not to myeloma cells of different SIg specificity (J. 
Imunol. 122, 585, 1979), 2) When these DNP-bearing liposomes were incubated with IgG Yc- 
receptor bearing tumor cells i n  the presence of IgG antibody to DNP they bound to and were 
endocytosed by the cells. F(ab') 
contained methotrexate the lrug affect was greater than the same amount of unencapsulated 
methotrexate (Proc. Natl. Acad. Sci. USA. 77, 4089, 1980), 3) We have recently developed a 
method to covalently couple monoclonal antibodies and other hydrophilic proteins to pre- 
formed liposomes (Nature, in cress). This technique is being extended to studies of hormone 
receptor-mediated endocytosis and specific deletion of receptor-bearing cells by coupling of 
insulin, EGF, and NGF to liposomes containing fluorescent markers or  toxins. 

group became bound to cells of the murine myeloma MOPC 315 which express surface immuno- 

anti-DNP did not mediate binding or uptake.When liposomes 
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Koch and Smith (Nature 273: 274-281, 1978) have shown an  increased  a s s o c i a t i o n  between a c t i n  
and s u r f a c e  IgG i n  patched myeloma c e l l s  us ing  a myosin a f f i n i t y  procedure t o  bind a c t i n  and 
i t s  as soc ia t ed  p r o t e i n s .  
mouse IgG t o  P3X63 Ag8 c e l l s .  About 12+6% of the  bound IgG was  i s o l a t e d  i n  t h e  myosin 
p e l l e t  i n  non-patched c e l l s  wh i l e  32?19% of t h e  bound IgG w a s  a s soc ia t ed  wi th  myosin i n  c e l l s  
patched wi th  r a b b i t  an t ibody ve r sus  mouse IgG (n=20).  When t h e  myosin w a s  p r e t r e a t e d  wi th  
a c t i n ,  only 7 t 7 %  of the  IgG was bound t o  patched c e l l s .  Thus, t h e r e  is  about a t h r e e  f o l d  
inc rease  i n  immunoglobulin b inding  t o  t h e  myosin p e l l e t  du r ing  pa tch ing .  Moreover, t h i s  
i n t e r a c t i o n  appears  t o  t ake  p l ace  v i a  a c t i n  and bo th  r ecep to r  bound IgG and s u r f a c e  IgG 
behave s i m i l a r l y .  3H-leucine l abe led  myeloma c e l l s  were a l s o  c a r r i e d  through t h e  myosin 
a f f i n i t y  procedure be fo re  and a f t e r  pa tch ing .  F luorographs  from SDS p a t t e r n s  of myosin 
p e l l e t s  showed t h a t  a l a r g e  number of p r o t e i n s  b ind  t o  myosin and can be competed by 
p r e s a t u r a t i n g  t h e  myosins wi th  a c t i n .  
50,000 and 45,000 da l tons  showed a sma l l  i n c r e a s e  (20-25%) i n  patched compared t o  
non-patched c e l l s .  
and a c t i n .  (Supported by N I H  g r a n t  HD12285 and a Basic Research Grant from the  Na t iona l  
March of Dimes f o r  B i r t h  D r f e r t s  Foundat ion) .  

ASSOCIATION OF ACTIN WITH RECEPTOR BOUND IgG, James L.  Lessard and Ann Akeson, 
Ch i ld ren ' s  Hosp i t a l  Research Foundation, C i n c i n n a t i ,  OH 45229 

We have used a s i m i l a r  approach t o  fo l low b inding  of 1251 labe led  

Two p r o t e i n s  wi th  apparent  molecular weights  of about 

These components may r ep resen t  endogenously synthes ized  IgG hezvy cha in  

7% 

We have examined the filamentous actin structures in the unicellular, chemotac- 
tic, tight aggregate, slug and fruiting body stages of D. discoideum develop- 
ment by labeling with NBD-phallacidin (1). This fluorescent-labeled (k =488 
nm) circular heptapeptide has a high affinity for filamentous (F) actis? Live 
cells incorporate enough NBD-phallacidin from an agar support containing 100 nq 
/ml label to yield actin patterns easily observed with fluorescence microscopy. 
Both NBD-phallacidin and the original nonfluorescent phalloidin have no detec- 
table morphological effects on development when present in the agar substrata 
below concentrations of 1 ug/ml. Optimal resolution of morphological detail in 
the actin patterns was obtained by "staining" fixed cells. As little as 5 ng/ml 
NBD-phallacidin is sufficient for visualization of actin in the podia of motile 
cells and labeling is abolished by a 50-fold excess of unlabeled phalloidin. In 
chemotaxing cells F actin is highly concentrated in podia1 extensions, while a 
diffuse distribution is seen in early aggregates. In tight aggregates, F actin 
appears concentrated under the plasma membrane, particularly at points of cell- 
cell contact. At lower resolution we observe a uniform distribution of label in 
mature slugs which becomes polarized during culmination resulting in discrete, 
ring-like concentrations of F actin in the basal and apical regions of the 
spore cap, while the stalk is unlabeled. (Supported by NS-13269 and PCM 78-04304, 
WAF is an Established Investigator of the American Heart Association.) 
(1) Barak, L., alJ1980), Proc. Nat./Acad. Sci. USA, 77 ,  980-984. 

FILAMENTOUS ACTIN STRUCTURES IN DEVELOPING DICTYOSTELIUM DISCOIDEUM 
Federico Goodsaid-Zalduondo and William A. Frazier, Washington Univ. 
School of Medicine,?St. Louis, MO 63110 

707 
The f luorescence  photobleaching recovery (FPR) experiment involves  the  de t e rmina t ion  of t h ree  
parameters  - the  d i f f u s i o n  cons tan t .  the  percent  of b leaching ,  and the  f r a c t i o n  of f luorophore  
t h a t  is mobile. According t o  s t a t i s t i c a l  theory  f o r  t he  propagat ion  of e r r o r s ,  the  p rec i s ion  
(more p rec i se ly  the  expected var iance)  of a parameter can be d i r e c t l y  r e l a t e d  t o  t h e  p a r t i a l  
second d e r i v a t i v e  of t he  sum of the  squares  of t he  r e s i d u a l s  with r e spec t  t o  t h a t  parameter.  
A computer method has been developed t o  c a l c u l a t e  t he  p rec i s ion  i n  t h i s  way. Comparison is 
made between es t imated  p rec i s ion  and t h e  p r e c i s i o n  found f o r  t he  parameters by t h e  a n a l y s i s  
of m u l t i p l e ,  computer-generated d a t a  curves  wi th  added, random gauss ian  noise .  

The r e s u l t i n g  method f o r  p r e c i s i o n  e s t ima t ion  has  the  fo l lowing  advantages:  (1) The 
method is  gene ra l ly  app l i cab le  t o  any type of d a t a  analyzed by minimiza t ion  of r e s idua l s .  
( 2 )  The accuracy of t he  p r e c i s i o n  e s t ima te  i s  d i r e c t l y  t e s t e d  by s imula t ion  - which need be 
done only once f o r  a g iven  experimental  design. (3 )  The p r e c i s i o n  e s t ima t ion  f o r  a parameter 
can be ca l cu la t ed  from one t y p i c a l  d a t a  curve  by s imple  computer subrout ines .  ( 4 )  Comparison 
of the  es t imated  p r e c i s i o n  f o r  t he  parameter,  w i th  the  a c t u a l  p rec i s ion  found f o r  a given ex- 
per imenta l  cond i t ion  can be used t o  de te rmine  whether v a r i a b i l i t y  is the  r e s u l t  of an inherent  
imprec is ion  i n  the  method due t o  random no i se  (p red ic t ed  va r i ance  is the  same a s  a c t u a l  va r i -  
ance ) ,  o r  i s  the  r e s u l t  of non-random v a r i a t i o n  wi th in  the  experimental  system. (5) An an- 
a l y s i s  of t h i s  type can be used i n  choosing exper imenta l  des ign  so as t o  maximize s e n s i t i v i t y  
t o  a p a r t i c u l a r  parameter of i n t e r e s t .  Examples of t hese  advantages w i l l  be presented .  
[Supported by N I H  Tra in ing  Grant GM 07067-061 

PRECISION ESTIMATION FOR LATERAL SURFACE MOBILITY MEASUREMENTS. Stephen Fe lde r  and 
N i l s  0. Pe t e r sen ,  Washington Un ive r s i ty  School of Medicine, S t .  Louis,  MO 63110 
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EFFECT ON DIFFUSION MEASUREMENTS OF OUT-OF-FOCUS FLUORESCENTLY LABELLED CELL MEM- 7m BRANES, N i l s  O .  Petersen+,  William B. McConnaughey* and E l l i o t  L. Elson*, Univ. o f  
Western Ontario+, London, Ontar io ,  and Washington Univ. Sch. of Med., S t .  Louis,  MO 63110. 

Fluorescence Photobleaching Recovery (FPR) experiments provide measurements of dynamic 
processes  (d i f fus ion ,  flow) on su r faces  of cells o r  i n  small volumes. Measurements of d i f -  
fu s ion  of l abe l l ed  plasma membrane components of t i s s u e  c u l t u r e  c e l l s ,  gene ra l ly ,  a r e  made by 
focusing on one of t he  c e l l  su r f aces .  Nevertheless ,  t h e r e  may be a s i g n i f i c a n t  con t r ibu t ion  
t o  t h e  detected f luorescence from the "off-focus'' membrane. The bleaching a r e a ,  and hence 
t h e  amount of bleaching and the  r a t e  of recovery,  as wel l  as the de t ec t ion  e f f i c i e n c y  depends 
on the  sepa ra t ion  of t h i s  membrane from the  focus,  and on the  shapes of t he  i l l umina t ion  and 
d e t e c t i o n  volumes. We have employed a new sample t r a n s l a t i o n  device (N.O. Petersen,  W.B. 
McConnaughey and E.L. Elson, Biophysical J. 1981 submitted) t o  measure accu ra t e ly  both t h e  
i l l umina t ion  volume and t h e  de t ec t ion  volume f o r  s eve ra l  focusing condi t ions.  With t h i s  
information we have estimated the e f f e c t s  on d i f f u s i o n  measurements of the out-of-focus 
membrane a s  a func t ion  of c e l l  t h i ckness  (membrane sepa ra t ion ) .  The sample t r a n s l a t o r  a l s o  
permits  rapid c h a r a c t e r i z a t i o n  of beam s i z e s  d i r e c t l y  on the  b io log ica l  samples used i n  a 
given experiment.  The p rec i s ion  and advantages offered by t h i s  approach w i l l  be presented.  
[Supported by g r a n t s  GM21661 and GM27160 from the  NIH.] 

709 PHOTOBLEACHING RECOVERY STUDIES OF ANTIGEN-SPECIFIC MOUSE LYMPHOCYTE STIMULATION BY 
DNP-CONJUGATED POLYMERIZED FLAGELLIN. B.G. Barisas and J .S .  Peacock, S t .  Louis Uni- 
v e r s i t y  School of Medicine, S t .  Louis,  MO 63104. 

We have used f luorescence photobleaching recovery to s tudy d i f f u s i o n  o f  ant igen-receptor  
complexes during s t imu la t ion  of DNP-specific mouse lymphocytes with t h e  T-independent a n t i -  
gens DNP-polymerized f l a g e l l i n  ( D N P - p o l ) .  Depending on ep i tope  dens i ty  and dose,  t hese  
ma te r i a l s  can behave e i t h e r  as innnunogens o r  tolerogens.  Lymphocyte DNP recep to r s  binding 
DNP 
aft$!t5bleaching. 
cons t an t s  decrease monotonically wi th  increased an t igen  dose and e p i t o  e dens i ty .  Under 
opt imal ly  immunogenic condi t ions o f  DNP2.3-pol a t  lug/ml, D = 1 . 5 ~ 1 0 - ~ ~  cm2 sec-l implying 
t h a t  -14 r ecep to r s  have been crossl inked.  Under to l e rogen ic  cond i t ions  lower d i f f u s i o n  
cons t an t s  approaching 0 . 8 ~ 1 0 - l ~  cm2 sec - l  a r e  observed imply ing somewhat l a r g e r  r ecep to r  
aggregates .  The f r a c t i o n  o f  aggregates  mobile on t h e  t ime s c a l e  of t h e  experiment remains 
cons t an t  a t  50-60% i n  a l l  immunogenic s i t u a t i o n s  bu t  f a l l s  ab rup t ly  t o  25-33% i n  p r e c i s e l y  
those s i t u a t i o n s  where t h e  antigen/dose combination i s  to l e rogen ic .  This  might support  
hypotheses t h a t  t h e r e  e x i s t  c r i t i c a l  ep i tope  d e n s i t i e s  above which an t igens  and r ecep to r s  
form r i g i d l y  c ros s l inked  aggregates  which a r e  tolerogenic .  Receptor aggregate  d i f fus ion  is 
unaffected by co lch ic ine  o r  cytochalasin B and by t h e  presence o r  absence of T c e l l s  i n  
c u l t u r e .  This  r e sea rch  supported i n  p a r t  by NSF g r a n t  PCM-78-13708 and by N I H  RCDA A 1  00291. 

f l a g e l l i n  monomer show D = 2 . 2 ~ 1 0 - ~ ~  cm2 sec - l  and 60% fluorescence recovery 
For DNP-pol binding t o  DNP-specific lymphocytes, t h e  observed d i f f u s i o n  

710 LATERAL DIFFUSION OF A LIPID ANALOG IN THE SURFACE MEMBRANE OF CELLS AND IN MULTI- 
EILAYEFS FORMED FROM PLASMA MEMBRANE LIPIDS. K.  Jacobson', Y. Hou', Z .  Derzko', 

J .  Wojcieszynl and D .  Organisciak3, lLab. f o r  Cell Biology, Department of Anatomy, Univ. of 
North Carol ina,  Chapel H i l l ,  NC 27514; 2Roswell Park Memorial I n s t i t u t e ,  Buffalo,  NY 14263 
and 3School of Medicine, Wright S t a t e  Univ., Dayton, OH 

l i p i d  analog, dihexadecylindocarbocyanine [diI-Cl6(3)] ,  w a s  compared i n  seve ra l  systems: t h e  
c e l l  su r f ace  membrane of l i v i n g  human f i b r o b l a s t s ,  t he  bottom s u r f a c e  membrane remaining 
a f t e r  t h e  top su r face ,  nucleus and cytoplasm were removed, mul t ib i l aye r s  r econs t i t u t ed  from 
t h e  t o t a l  c e l l  l i p i d s ,  and mul t ib i l aye r s  r econs t i t u t ed  from plasma membrane (PM) l i p i d s .  
Diffusion c o e f f i c i e n t s  (D) f o r  diI-C16(3) i n s e r t e d  i n t o  t h e  l i v i n g  c e l l ' s  su r f ace  membrane 
o r  botfom su r face  ghosts were similar--ranging from about  3.5 x 10-9cm2/sec a t  5" t o  about 
2 x 10 6cm2/sec a t  37" wi th  a change i n  s lope  a t  about  25'. For diI-C16(3) incorporated 
i n t o  ex t r ac t ed  PM l i p i d  m l t i b i l a y e r s ,  D ranged from about  5 x 10-3cm'/sec a t  5' t o  over 
6 x 10-8cm2/sec a t  37" with a d i scon t inu i ty  a t  10" and s lope  change a t  25". Above 25", t h e  
temperature dependence of D was similar i n  a l l  systems wi th  a c t i v a t i o n  ene rg ie s  (E ) i n  t h e  
range of 5-7 kcal/mole.  
bottom su r face  ghosts  t o  17 kcal/moleafor t he  PM l i p i d  mul t ib i l aye r .  Although a t  5" 
s ion  in t h e  PM w a s  nea r ly  matched by t h a t  i n  t h e  PM l i p i d  m u l t i b i l a y e r , a t  37", diI-C16(3) 
d i f fus ion  w a s  fou r  t imes f a s t e r  i n  t h e  mul t ib i l aye r  composed of PM l i p i d s  than i n  t h e  PM 
i t s e l f .  The r o l e  of PM pro te ins  i n  producing t h i s  d i f f e r e n c e  w i l l  be  discussed.  

45401. 
The d i f fus ion ,  as measured by f luorescence recovery after photobleaching, of a f luo rescen t  

Below 25", E ranged from 9-11 kcal/mole f o r  t h e  i n t a c t  c h s  and 
i i f f u -  
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711 LATERAL MOBILITY OF BAND 3 IN THE HUMAN ERYTHROCYTE GHOST MEMBRANE STUDIED BY FLUORES- 
CENCE PHOTOBLEACHING RECOVERY: EVIDENCE FOR CONTROL BY CYTOSKELETAL ImERACTIONS, 

William R. Veatch and David E. Golan, Harvard Medical School, Boston, Massachusetts 02115. 
Band 3 ,  the major intrinsic protein of the human erythrocyte membrane, was specifically and 
covalently labeled with eosin-5-isothiocyanate, and its lateral mobility was examined using the 
fluorescence photobleaching recovery technique. We reasoned that the same parameters important 
f o r  the complete dissociation of the erythrocyte cytoskeleton from the membrane--low ionic 
strength, high temperature. and time--might progressively and reversibly lift the mobility 
restrictions on band 3. Low temperature (2l0C) and high ionic strength (46 mM NaP04) favored 
immobilization of band 3 (10% mobile) and slow diffusion of the mobile fraction (diffusion 
coefficient, D - 4 x 10-&m2sec-l). Upon incubation of ghost membranes at moderate ionic 
strength (13 mM NaPO ) at 37’C, the diffusion coefficient of the mobile fraction increased 50- 
fold (D = 200 x 10-1~cm2sec-1) and the mobile fraction increased to 90%. This rapid lateral 
diffusion is almost as fast as that of rhodopsin in the photoreceptor rod outer segment disk 
membrane (D = 400 x 10-11cm2sec-1 at 23’C) and approaches the expected diffusion rate of band 3 
limited only by the viscosity of the lipid bilayer. Increases in the fraction of mobile band 3 
were markedly dissociated from increases in the diffusion rate of the mobile fraction, under 
both steady-state and time-dependent conditions. 
temperature were totally reversible while increases in the mobile fraction were only partially 
reversible. 
trin is still attached to the membrane, probably in a reversibly loosened state which precedes 
complete spectrin dissociation and concomitant ghost vesiculation. 

Further, changes in diffusion rate with 

This very fast lateral diffusion of band 3 occurred under conditions where spec- 

712 DIFFUSIBILITY MODULATION MECHANISMS-INFERENCES FROM RECENT EXPERIMENTS, Watt W. Webb, 
Larry S. Barak, David W. Tank and En-Shinn Wu, Cornell University, Ithaca, N.Y. 14853. 

Measurement of protein diffusion in membranes of vertebrate cells in tissue culture have gen- 
erally ielded diffusion coefficients (D) less than 10-10cm2/sec while for lipid analogs 
D . 10-xcm2/sec. 
now found to diffuse nearly as fast as lipids, D - 10-8cm2/sec, as expected on the basis of 
the fluid mechanics of viscous fluid membranes. Inhibition of protein diffusion on cell mem- 
branes has been attributed to various intermolecular interactions including those with cyto- 
skeleton and exoskeleton and amongst membrane molecules. Recently we have found that diffu- 
sion of membrane receptors on living cell membranes is enhanced by orders of magnitude by 
detaching the actin cyt skeleton through swelling or blebbing the cell. 
coefficients D 2 10-gcm’/sec, comparable with rhodopsin on visual disc membranes have been 
observed in several systems. 
receptor on fibroblasts and Con A receptor on lymphocytes. 

In model lipid bilayer membranes small reconstituted integral proteins are 

Receptor diffusion 

Experiments include the acetylcholine receptor on muscle, LDL 

Surface Receptors and Hormone Action 
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of Nebraska Medical Center, Omaha, Nebraska 68105. 

been suggested that fat cells are essential for the maintenance of hematopoietic stem cells 
in vitro. through MC4) obtained from the ad- 
herent cells of murine bone marrow cultures have been edriched for and Purified by multiple 
trypsinizations. 
lines are all fibroblastoid when grown as monolayers or organ Cultures with RPMI 1640 medium 
and 10% fetal calf serum. 
of syngeneic mice, one line, MC establishes a graft composed primarily of fat cells, whereas 
the others form aggregates of fibroblastic cells. 
frm 10% fetal calf serum to 10% horse serum, MC4 cells accumulate large quantities of lipid. 
This lipid is lost when the line growing in horse serum is transferred to fetal calf serum. 
We have investigated the role of insulin in this transformation. These cell lines were cul- 
tured in medium containing fetal calf serum supplemented with insulin (10  pg/ml). All of 
the cell lines accumulated lipid at this insulin concentration although it was most evident 
in cell line MC . Thus it appears that insulin at high concentrations stimulates murine 
bone marrow eel? lines to accumulate lipid. One cell line appears much more responsive to 
this stimulus than the others tested. To date, none of these cell lines have demonstrated 
any evidence of hematopoiesis when grafted in vivo, sqd their abilities to support hemato- 
poiesis in vitro are still under investigation. 

MODULATION OF FIBROBLASTOID MURINE BONE MARROW CELL LINES TO ADIPOSE CELLS BY SERUM 
AND INSULIN, R. W. Anderson, S. L. Mann, D. A. Crouse and J. G. Sharp, University 

Adipose cells are an integral stromal component of bone marrow in vivo. It has also 

Four stromal cell populations (designated MC -- 
Although some specific characteristics vary, morphologically these cell 

When such organ cultures are transplanted under the kidney capsules 

When these cell lines are transferred 

(Supported by NIH grant AM 2 6 6 3 6 ) .  
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714 PHOSPHORYLATION OF THE RECEPTOR FOR IMMUNOGLOBULIN E ON BASOPHILS, 
Clare Fewtrell. Anlrew Goetze ond Henry idetzaer, NIAMDD, NIH, Betmsdu, Md. 20205. 

Mast cells and basophils have high affinity receptors for immunoglobulin E (IgE) on their surface 
membranes. Aggregation of these receptors t o  form dimers or larger receptor clusters results in Ca2+- 
dependent exocytosis. We have studied the s t a t e  of phosphorylotion of t he  receptor for IgE in order t o  
leorn more about its biochemistry and the molecular mechanism by which it triggers secretion. These 
studies employed a rat  basophilic leukaemia (RBL) cell line in which the receptor for IgE has been well 
choracterized. The receptor is composed of two sub-units, a 55K a chain which binds IqE and a 3 chain 
with a M r  in the region of 35K. The two chains interact non-covalently in a I:I stoichiornetry and this 
association can be stabilized using covalent cross-linking reagents. Short-term ( -  2hr) exposure of RBL 
cells to 32Pi results in the labelling of a protein which is indistinguishable from the chain of the receptor 
for IgE. Thus, specific immune precipitation of Igkreceptor complexes using anti-&E antibodies yields a 
single phosphorylated protein Mr - 35K. This species disappears af ter  exposure to  the cleavable cross- 
linking reagent dimethyl dithiobispropionimidate. Instead a phosphorylated species with a Mr of about 90K 
is seen which is consistent with the 55K + 35K ( a+ 3 )  complex of t he  receptor for IgE. Subsequent 
reduction leads to  the recovery of the 35K phosphoprotein which we conclude is the 3 chain of the  receptor 
for IgE. The achain of the receptor does not appear t o  be phosphorylated. Incorporation into the  3 chain 
was observed even when the cells were exposed to 32Pi ofter the receptors had bound IgE. This suggests 
that  phosphorylation occurs af ter  the receptor has been inserted into the plasma membrane. W e  have so 
far been unable to observe any changes in the s t a t e  of phosphorylation of either chain of the  receptor 
during IgE-mediated triggering of RBL cells. 

7 15 AN ACTIN AND MYOSIN BASED MEMBRANE-CYTOSKELETON FROM DICTYOSTELIUM 
DISCOIDEUM. E l i z a b e t h  J. Luna, Vel ia  M. Fowle r ,  Joel Swanson, D a n i e l  
Bran ton  and D. Lansing T a y l o r ,  Harvard U n i v e r s i t y ,  Cambridge, MA. 02138 

SDS-gel e l e c t r o p h o r e s i s  and c o m p a r a t i v e  two-d imens iona l  p e p t i d e  mapp ing  i d e n t i f y  
a c t i n  and  m y o s i n  a s  c o m p o n e n t s  o f  i s o l a t e d  D i c t y o s t e l i u m  d i s c o i d e u m  p l a s m a  
membranes .  T h e s e  membranes bind exogenous r a b b i t  musc le  F - a c t i n  i f ,  and o n l y  i f ,  
t h e  endogenous a c t i n  and myosin a r e  p r e v i o u s l y  removed. The b i n d i n g  b e t w e e n  a c t i n  
and 5 d i sco ideum plasma membranes is e x m i n e d  b o t h  by q u a 1  i t a t i v e  s e d i m e n t - a t i o n  
s t u d i e s  a n d  w i t h  a new a p p l i c a t i o n  o f  f a l l i n g  b a l l  v i s c o m e t r y  i n  w h i c h  t h e  
membranes a r e  t r e a t e d  a s  m u l t i v a l e n t  a c t i n - b i n d i n g  p a r t i c l e s  ana logous  t o  d i v a l e n t  
a c t i n - g e l a t i o n  f a c t o r s .  Actin-membrane i n t e r a c t i o n s  a r e  mon i to red  b e f o r e  and a f t e r  
e x t r a c t i o n  o f  p e r i p h e r a l  membrane p r o t e i n s ,  a f t e r  h e r t -  o r  p r o n a s e - t r e a t m e n t  o f  t h e  
membranes ,  and  i n  t h e  p r e s e n c e  and absence  o f  T r i t o n  X-100. Our r e s u l t s  s u g g e s t  
t h a t  i n t e g r a l  membrane p r o t e i n s  a r e  r e s p o n s i b l e  f o r  a t  l e a s t  some o f  t h e  a c t i n  
b i n d i n g  t a  membranes .  I n  t h e  a b s e n c e  o f  ATP o r  MqATP, T r i t o n  X-100 e x t r a c t i o n  o f  
i s o l a t e d  membranes r e s u l t s  i n  a d e t e r g e n t - i n s o l u b l e  r e s i d u e  composed  o f  a c t i n ,  
myosin,  and a p p a r e n t l y - a s s o c i a t e d  membrane p r o t e i n s .  The i n c l u s i o n  o f  ATP o r  EngATP 
b e f o r e  2nd d u r i n g  T r i t o n  e x t r a c t i o n  g r e a t l y  d i m i n i s h e s  t h e  amount o f  p r o t e i n  i n  t h e  
T r i t o n - i n s o l u b l e  r e s i d u e  w i t h o u t  a p p r e c i a b l y  a l t e r i n g  its compos i t ion .  Our r e s u l t s  
s u g g e s t  t h e  e x i s t e n c e  of a p r o t e i n  c o m p l e x  s t a b i l i z e d  b y  a c t i n  a n d / o r  m y o s i n  
(membrane-cytoskeleton)  a s s o c i a t e d  w i t h  t h e  o i sco ideum plasma membrane. 

716 REGULATION OF INSULIN RECEPTORS I N  FROG ERYTHROCYTES BY INSULIN AND CONCANAVALIN A 
Ronald D. Vale, Andre De Lean, Robert J. Lefkowitz and J e f f r e y  M. S t ade l ,  Duke Uni- 
v e r s i t y ,  Durham, NC 27705 

Preincubat ion of f r o g  e ry th rocy te s  wi th  i n s u l i n  f o r  4 h r  a t  3OoC induces a 50% decrease i n  t h e  
a b i l i t y  of t hese  c e l l s  t o  bind 1251-insulin. Under i d e n t i c a l  cond i t ions ,  turkey e ry th rocy te s  
exhibi ted no insulin-mediated i n s u l i n  r ecep to r  down regu la t ion .  Down regu la t ion  of t h e  insul-  
i n  r ecep to r  i n  f rog  e ry th rocy te s  w a s  dependent upon t h e  concentrat ion of i n s u l i n  and t h e  time 
of exposure t o  the  hormone bu t  w a s  l a r g e l y  independent of temperatures ranging from 4-30° C. 
Detai led competit ion binding da ta  from con t ro l  and i n s u l i n  down regulated f rog  e ry th rocy te s  
were analyzed by computerized non-linear l e a s t  squares  curve f i t t i n g  methods. 
i t i o n  curves could be b e s t  f i t t e d  with a model f o r  two i n s u l i n  binding s i t e s :  
high a f f i n i t y ,  low capaci ty  (Kd = 575 pM; Ro = 425 s i t e s  pe r  c e l l )  and S i t e  I1 being of low 
a f f i n i t y ,  high capac i ty  (Kd = 100 nM; Ro = 4300 s i t e s  per  c e l l ) .  
reduct ion i n  t h e  number of high a f f i n i t y  s i t e s  a f t e r  i n s u l i n  promoted down regu la t ion .  No 
s i g n i f i c a n t  change i n  t h e  Kd of S i t e  I o r  t he  Kd and R 
u re  of f rog  e ry th rocy te s  t o  concanavalin A a l s o  producgd a 50% decrease i n  t h e  1251-insulin 
binding t o  these  c e l l s .  Computer ana lys i s  revealed a two-fold decrease i n  t h e  a f f i n i t y  of 
S i t e  I i n  con A t r e a t e d  as compared wi th  un t r ea t ed  c e l l s .  No s i g n i f i c a n t  e f f e c t  of con A w a s  
observed on the  Ro of S i t e  I o r  the  Kd and R Thus, both i n s u l i n  and con A a r e  
a b l e  t o  r egu la t e  t h e  high a f f i n i t y  i n s u l i n  b?nding s i t e s  without  a f f e c t i n g  t h e  low a f f i n i t y  
binding component. These experiments support  t he  not ion of independent c l a s s e s  of binding 
s i t e s  i n  the  f rog  e ry th rocy te .  

Control compet- 
S i t e  I being of 

The a n a l y s i s  revealed a 50% 

Expos- of S i t e  I1 could be detected.  

of S i t e  11. 
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717 PURIFICATION AND CHARACTERIZATION OF THE INSULIN RECEPTOR, Gi;nGl Velicelebi, 
The Biological Laboratories, Harvard University, Cambridge, MA. 02138 

We have approached the problem of purification of the insulin receptor by preparing an insulin 
affinity column in which insulin is linked to agarose through a chemically cleavable bond. 
Such a scheme enables us to elute the insulin-receptor complex off the affinity column by 
means of a specific chemical reaction instead of the use of high concentrations of denaturing 
agents such as urea, GuHC1, etc. To this end, we have prepared a sulfhyryl containing 
derivative of insulin by using a bifunctional reagent and reacted it with organomercurial 
agarose. Receptor binding properties of this derivative have been investigated, indicating a 
K of about 200 IN. Triton X-100 solubilized extract of rat liver membranes was reacted with 
tfe agarose-bound-modif ied-insulin to facilitate the binding of the solubilized receptor to 
the immobilized insulin, and the remaining proteins were extensively washed away. The insulin- 
receptor complex was subsequently eluted by treatment with a reducing agent, following which 
excess reducing agent was reepved by gel filtration. The insulin receptor thus obtained is 
first detected through binding of native 1251-insulin and is further characterized by 
standard biochemical methods such as SDS polyacrylamide gel electrophoresis and autoradiography 
of 1251-iodinated receptor protein. 

COVALENT LABELING OF THE NERVE GROWTH FACTOR RECEPTOR OF RABBIT SYMPATHETIC GANGLIA, 718 
Claudia J. Morgan, and Ralph A. Bradshaw, Wash. U. School of Med. St. Louis MO 63110 

Joan Massague, Barbara J .  Guillette and Michael P. Czech, Brown U. Providence RI 02912 
Nerve growth factor (NGF) is an insulin-related protein which regulates the growth and viabil- 
ity of sympathetic and certain sensory neurons. The interaction of NGF with these target tis- 
sues involves initial complexation with specific plasma membrane receptors followed by recep- 
tor-mediated internalization. The cell surface NGF receptor of both sensory and sympathetic 
neurons has beeP2Sharacterized primarily in terms of kinetic and equilibrium measurements of 
the binding of 
sive tissues. 
ted NGF receptor from rabbit sympathetic ganglia have provif59 a molecular weight estimated 
on the basis of hydrodynamic measurements of 135,000. The I-NGF-receptor complex of crude 
microsomes and Triton X-100 solubilized microsomes has been covalently crosslinked using the 
heterobifunctional reagent N-hydroxysuccinimidyl-4-azidobenzoate. SDS-polyacrylamide gel 
electrophoresis of the crosslinked microsomes revealed two labeled bands of 115000-120000 and 
150000, specifically competed by cold NGF. These bands were also present in detergent extrac- 
ted microsomes but with a greater amount of nonspecific background. Efforts to covalently 
label the nuclear NGF receptor from rabbit sympathetic ganglia are currently in progress. De- 
termination and comparison of the structures of cell surface and intracellular NGF receptors 
should provide a better basis for elucidating the mechanism of action of nerve growth factor I n  
molecular terms. Supported by USPHS Research Grants NS10229 and AM17893. 

I-NGF to whole cell and plasma membrane preparations of a variety of respon- 
Physical studies (Costrini st JBC 254: 11242, 1979) of the detergent extrac- 

719 BINDING, SEQUESTRATION, AND DEGRADATION OF NERVE GROWTH FACTOR (NGF) AND~EPIDERMAL 
GROWTH FACTOR (EGF) BY PC-12 PHEOCHRQMOCYTOMA CELLS, Charles E. Chandler , Leonard 
H. Rome', and Harvey R. Herschman", SUMC, Stanford, CA 94305 and 'UCLA, Los Angeles, 
CA 90024 

The rat pheochromocytoma cell line, PC-12, specifically binds both NGF and EGF. The time when 
maximal binding is reached at 37OC is 40 mfyytes for NGF (100 ng/ml) and 20 minutes for EGF 
( 6 0  ngfml). In the continued presence of I-labeled growth factor, PC-12 cells show a de- 
crease in total cell-associated growth factor: NGF decreases by 20% and EGF decreases by 50% 
after 160 minutes. 
factor binding is done at 0.5"C, most of the cell-associated growth factor can be removed by 
the addition of 100-fold excess of unlabeled growth factor. In contrast, when binding is done 
at 37OC, 65 - 70% of the cell associated NGF and only 10 - 20% of the cell associated EGF are 
removed by 0 . 5 O C  incubation with an excess of the respective unlabeled growth factor. The se- 
questration of NGF at 37OC is 50% complete by 4 minutes and is maximal by 12 minutes while EGF 
sequestration at 37'C is 50% complete by 1 - 1.5 minutes and is maximal by 10 minutes. Upon 
further incubation at 37'C, 50% of the sequestered NGF is degraded and 50% is released as in- 
tact NGF into the incubation medium, while virtually all of the sequestered EGF is degraded. 
The sequestration of both growth factors is temperature dependent: the half maximal rate being 
achieved at approximately 15OC. The intracellular localization of both growth factors is fol- 
lowed by using sub-cellular fractionation on silica/PW density gradients. The differences in 
processing may be important in the differential actions of these two growth factors. 

These decreases are blocked by the inclusion of 20 mM NH4C1. When growth 
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720 CONFORMATIONAL CHANGE OF ADENYLATE CYCLASE REGULATORY PROTEINS MEDIA- 
TED B Y  GUANINE NUCLEOTIDES. Thomas H. Hudson and Gary L. Johnson, Brown Uni- 
ve rs i t y ,  Providence, Rhode Is land 02912 . 

Cholera tox in ,  in the  presence of (32PlNAD+, catalyzes the  specific radiolabel ing o f  a M,=42,000 
subuni t  o f  a p ro te in  (G-protein) which mediates guanine nucleotide regulat ion o f  hormone-sensi- 
t ive adenylate cyclase in pigeon ery throcytes membranes. In the  absence o f  added guanine nu- 
cleotide, treatment o f  labeled membranes w i t h  t r y p s i n  resul ts  in the  par t ia l  digestion o f  the M = 
42,000 radiolabeled pept ide and product ion o f  several minor t r y p s i n  specif ic fragments which :e- 
main associated w i t h  the membrane. 
phosphate) [CTPySl al ters  the par t ia l  t r y p t i c  digestion o f  t he  Mr=42,000 radiolabled peptide, re -  
su l t ing in a loss of the minor fragments and the quant i ta t ive generation o f  a Mr=41,000 peptide. 
G T P e  exposes a new site to  t r y p t i c  cleavage which releases from the membrane an inact ive frag- 
ment o f  t h e  G-protein containing the M =41,000 labled peptide. Guanosine-5'-0-(2-thiodiphosphate 
(GDPB)  fai ls t o  act ivate adenylate cycrase and does no t  cause the generation o f  t he  Mr=41,000 
t r y p t i c  fragment. Incubation o f  membranes w i t h  GDPBS does, however, decrease t r y p t i c  digestion 
o f  the 42,000 labeled peptide. 

Generation o f  t h e  GTPyS specific Mr=41,000 t r y p t i c  fragment from the  Mr=42,000 tox in  labeled 
peptide exhib i ts  a time dependent increase upon incubation of membranes w i t h  GJPyS which is  si- 
milar t o  tha t  f o r  cyclase activation. Addi t ion o f  isoproterenol t o  the C P T d  incubation diminishes 
the lag time for cyclase activation and the generation o f  t he  Mr=41,000 fragment. Similar f ind ings 
are observed in human e ry th rocy te  membranes. 

Incubation o f  membranes w i t h  guanosine-5'-0-( 3-thiotr i-  

721 Endocytic Red i s t r ibu t ion  of t h e  High A f f i n i t y  Receptor f o r  Nerve Growth Fac tor .  
Bruce A. Yankner and E r i c  M. Shooter ,  Dept. Neurobio. ,  S t an fo rd  Univers i ty  School 
of Medicine, S tanford ,  CA 94305. 

Incubat ion  of c e l l s  of a continuous l i n e  of r a t  pheochromocytoma (PC12) withlZ51-BNGF 
r e s u l t e d  i n  t h e  downregulation of 45-50% of t h e  c e l l  s u r f a c e  b inding  s i tes  a f t e r  6 h r .  A 
l igand-induced convers ion  of r ecep to r s  t o  a h ighe r  a f f i n i t y  form preceded i n t e r n a l i z a t i o n .  
High a f f i n i t y  r ecep to r s  deple ted  from the  ce l l  s u r f a c e  by i n t e r n a l i z a t i o n  were rep len ished  
by t h e  a d d i t i o n a l  convers ion  of low a f f i n i t y  r ecep to r s .  Assoc ia t ion  of i n t e r n a l i z e d  NGF 
wi th  lysosomes and n u c l e i  has  been p rev ious ly  demonstrated (Yankner and Shooter  1979 PNAS 
- 76, 1269).  Cytochalas ins  B and D i n h i b i t e d  the  lysosomal degrada t ion  of NGF wi thout  pre- 
vent ing  s u r f a c e  b inding  or downregulation sugges t ing  t h e  involvement of microf i laments  i n  
t h e  i n t r a c e l l u l a r  lysosomal pathway. Colchic ine  was no t  i n h i b i t o r y .  These c y t o s k e l e t a l  
d i s r u p t i n g  agents  enhanced t h e  t r a n s l o c a t i o n  of NGF t o  t h e  nuc leus  presumably by r e d i r e c t i n g  
v e s i c l e s  o r i g i n a l l y  des t ined  f o r  lysosomes. 

A spontaneous ly  a r i s i n g  mutant of  PC12 (NR2) which is  n o t  respons ive  t o  NGF has  been 
c loned  and found t o  be completely l ack ing  i n  c e l l  s u r f a c e  r ecep to r s  f o r  NGF. 
t o  n u c l e i  i s o l a t e d  from PC12 and NR2 revea led  t h e  same number of lower a f f i n i t y  nuc lea r  
r ecep to r s  (KdZ9X10-9M) on both .  However, h igh  a f f i n i t y  r ecep to r s  (Kd&XlO-''M) p resen t  i n  
PC12 w e r e  absen t  from both  t h e  c e l l  s u r f a c e  and nuc leus  of  NR2. These r e s u l t s  sugges t  t h a t  
NGF and i ts  high a f f i n i t y  r ecep to r  may be  i n t e r n a l i z e d  as a complex which i s  subsequent ly  
depos i ted  on t h e  nuc lea r  membrane. The appearance of NGF i n  t h e  nuc leus  c o r r e l a t e d  wi th  
t h e  commitment of t h e  c e l l  t o  subsequent n e u r i t e  outgrowth. 

Binding of NGF 

722 MECHANISMS LEADING TO THE RETENTION OF PEPTIDE HORMONES BY TARGET CELLS, 
David B. Donner, Robert E. Corin, Michael L.  McCaleb and Pa t r i ce  Fe r r i o la ,  Memorial 
Sloan-Kettering Cancer Center, New York, NY 10021 

The d i ssoc ia t i on  o f  1251- insul in  from r a t  hepatocytes was biphasic and was resolved i n t o  
r a p i d l y  and slowly d i ssoc ia t i ng  components. 
hepatocytes increased the propor t ion o f  s lowly  d issoc iab le rad ioact ive l abe l  increased. 
process was receptor mediated. 
concentrat ions o f  i n s u l i n  a t  15OC. 
a t  the slow r a t e  i n  v i t r o .  
membranes, these Gt-gested a r o l e  f o r  the c e l l u l a r  per iphery i n  the re ten t i on  o f  i n s u l i n .  
L ivers  perfused w i t h  i n s u l i n  were f u r t h e r  subfractionated t o  y i e l d  a crude phagosome- 
lysosome f r a c t i o n .  
products o f  i n s u l i n  degradation were found. 
second mechanism leading t o  i n s u l i n  re ten t i on  by c e l l s .  
o f  receptor associated hormone may be i n te rna l i zed  i n t o  the cytoplasmic compartment where i t  
i s  degraded. 
sequestrat ion w i t h i n  subce l l u la r  compartments may be re la ted,  one process d i d  n o t  
necessar i ly  requi re  the other .  
hormone and glucagon suggest m u l t i p l e  pathways r e s u l t i n g  i n  the re ten t i on  o f  peptide 
hormones by ta rge t  t issues. Supported by grants AM 19846, AM 22121, CA 08748 and 
T32 AM 07313 from N I H .  

As  assoc iat ion time between i n s u l i n  and 
This 

Rat l i v e r s  were perfused i n  s i t u  w i t h  phys io log ic  
I n s u l i n  bound t o  membranes dur ing per fus ion d issoc iated 

Together w i t h  p a r a l l e l  studies w i t h  i so la ted  l i v e r  plasma 

i n t a c t  i n s u l i n  was i n  t h i s  f r a c t i o n  whereas a t  37OC mainly A t  15oC 
This observation suggests the operation o f  a 

Subsequent t o  binding, a f r a c t i o n  

Although the change i n  hormone b ind ing a t  the plasma membrane and i n s u l i n  

Q u a l i t a t i v e l y  s i m i l a r  r e s u l t s  obtained w i t h  human growth 
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f23 CYTOPLASMIC MICROTUBULES AFFECT THROMBIN BINDING AND INITIATION OF DNA SYNTHESIS. 
K.L.  Crossin and D.H. Carney, Un iv .  of Texas Medical Branch, Galveston, Texas 77550 

Several  r epor t s  have ind ica t ed  t h a t  cytoplasmic microtubules (MTs) modulate the response of 
c e l l s  t o  mitogens o r  growth f a c t o r s .  To e l a b o r a t e  the mechanism and extent o f  this modula- 
t i o n ,  we have examined the e f f e c t s  o f  MT modifying drugs on thrombin binding t o  i t s  receptors  
and i t s  i n i t i a t i o n  of DNA syn thes i s  i n  primar cultures of m u s e  embryo c e l l s .  
treatment of t hese  c e l l s  w i t h  co l ch ic ine  (10-% M) depolymizes MTs. This t reatment  has no 
e f f e c t  on 125I-thrombin binding a t  low concen t r a t ions ,  b u t  i n h i b i t s  binding o f  mitogenic con- 
cen t r a t ions  o f  thrombin. 
add i t ion  prevents gross  MT depolymerization and t h e  i n h i b i t i o n  of s p e c i f i c  binding ind ica t ing  
t h a t  this i n h i b i t i o n  i s  d i r e c t l y  r e l a t e d  t o  MT depolymerization. That  this i n h i b i t i o n  of 
receptor  binding only occurs  a t  mitogenic concentrat ions suggested tha t  the concentrat ion 
dependent thrombin-receptor event  leading t o  c e l l  d iv i s ion  might involve receptor-MT i n t e r -  
ac t ions .  We recen t ly  found t h a t  MT depolymerization i t s e l f  is  s u f f i c i e n t  t o  i n i t i a t e  DNA 
syn thes i s  and c e l l  d i v i s i o n  (Crossin and Carney, Cell, i n  p r e s s ) ,  t he re fo re ,  i t  was important 
to determine whether MT s t a b i l i z a t i o n  could i n h i b i t i n i t i a t i o n  of DNA syn thes i s  by thrombin. 
Taxol pretreatment  i n h i b i t e d  up t o  50% of  the thrombin-stimulated DNA syn thes i s  without  
a f f e c t i n g  nucleot ide t r anspor t  o r  thrombin binding. Addition o f  taxol w i th in  e i g h t  hours o f  
thrombin add i t ion  a l s o  decreasad 
r i t y  i s  important for normal i n t e r a c t i o n  between thrombin and its recep to r  and tha t  M l  depoly- 
merizat ion may be necessary f o r  thrombin to i n i t i a t e  DNA syn thes i s  and c e l l  d i v i s i o n .  
(Supported by AM-25807) 

A two hour 

A one hour t reatment  w i t h  Taxol (10 pg/ml) p r i o r  t o  co lch ic ine  

thrombin s t imu la t ion .  These r e s u l t s  suggest  t h a t  MT integ-  

724 IDENTIFICATION OF A STEROID RECEPTOR ON THE SURFACE OF AMPHIBIAN OOCYTES, 
Susan E. Sadler and James L. Maller, Department of Pharmacology, University of Colorado 
School of Medicine, Denver, Colorado 80262. 

Ripe Xenopus oocytes in first  meiotic prophase when incubated with progesterone in vitro progress 
synchronously in 3-5 hr without interphase to  2nd meiotic metaphase, where they remain until 
fertilization or activation. Previous studies in several laboratories have provided evidence that  proges- 
terone induces this cell division by interacting with the  oocyte surface rather a conventional cytoplasmic 
steroid receptor. To determine directly whet e r  surface steroid receptors exist in oocytes, manually 
dissected plasma membranes were exposed to 'H-promegesterone (R5020) under photoaffinity labelling 
conditions. Labelled membranes were analyzed by SDS gel electrophoresis, followed by slicing and 
counting of the  gel. A single peak of covalently labelled protein was found, corresponding to a molecular 
weight of 110,000. The binding component was of low capacity as indicated by competitive elimination of 
85% of the  labelling in the presence of a 100-fold excess of cold R5020. Time course studies of covalent 
labelling reach a plateau in 10 min and the concentration dependence of labelling is also saturable, 
providing further evidence that  t he  binding site is of low capacity, a s  expected for a receptor. Kinetic 
studies have shown a direct correlation between the initial r a t e  of covalent labelling of the protein and 
the  R5020 concentration. Other studies have shown that  the photoaffinity ligand can induce cell division 
in the oocyte, although the EC is approximately 10-fold higher than with progesterone. These results 
indicate that  steroids induce cel?%vision in the oocyte by interaction with a surface receptor. (Supported 
by NIH grant GM-27643 to  JM). 

725 THE EFFECT OF EGF AND INSULIN ON S6 PHOSPHORYLATION AND PROTEIN 

George Thomas, Jorge Martin-Perez and Michel Siegmann, 
Friedrich Miescher-Institut, POB 273. CH-4002 Basel, Switzerland. 

SYNTHESIS DURING THE TRANSITION OF QUIESCENT 3T3 CELLS I N T O  G1. 

Previously, we have shown that within minutes of the addition of serum to 
quiescent cells there is a rapid multiple phosphorylation of ribosomal pro- 
tein 5 6 ,  as measured by its electrophoretic shift on 2-dimensional-PAG 
(PNAS 76,3952,1979). Results of subsequent studies with inhibitors of both 
protein synthesis and 56 phosphorylation suggest that serum stimulation of 
S6 phosphorylation is a necessary pre-requisite for the activation of protein 
synbhesis and not a consequence of it (Cell =,1015,1980). Present studies 
with EGF (epidermal growth factor) and insulin further support this view. 
The addition of either mitogen at saturating concentrations ( n ~ _  range), to 
quiescent 3T3 cells in each case leads to a partial activation of protein 
synthesis and a limited increase in the extent of S6 phosphorylation. when 
both mitogens are added together, the increase in protein synthesis and S6 
phosphorylation are found to closely approach those values obtained with 10% 
serum. Whether both mitogens are acting through a separate or common pathway 
is presently under investigation. 
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726 INTERACTIONS OF EGF AND ANTI-RECEPTOR ANTIBODIES WITH THE MEMBRANE RECEPTOR FOR EGF, 
Graham Carpenter and Christa Stoscheck, Vanderbil t University School of Medicine, 
Nashville, Tennessee 37232 

The membrane receptor f o r  epidermal growth fac tor  ( E G F ) ,  pur i f ied by a f f i n i t y  chromatography, 
was used as a n  a n t i g e n  t o  produce r a b b i t  an t i se ra  contai@g antibodies t o  the receptor. 
High t i t e r  antisera was assayed by the a b i l i t y  t o  block 
IgG was purif ied from the imune and preimnune sera and F(ab )Z1$8d Fab produced from the IgG. 
All factions from the immune sera retained a capacity t o  block 
h i b i t  the s t imulat ion of DNA synthesis by EGF. Antireceptor IgG a lso  imunoprecipi ta ted the 
EGF receptor from detergent solubi l ized ce l l  extracts. 
ed w i t h  a protein kinase a c t i v i t y  i n  the ce l l  membrane and the a c t i v i t y  of the kinase i s  i n -  
creased by the binding of EGF t o  the receptor. This kinase a c t i v i t y  copurif ies  w i t h  the 
EGF receptor and was present i n  the purif ied material used as the a n t i g e n .  The immune sera, 
however, d id  not  contain inac t iva t ing  antibodies to the EGF-sensitive protein kinase, but 
did block the EGF ac t iva t ion  of kinase ac t iv i ty .  Further characterist ics of the an t i -  
receptor antibody will be reported. 

I-EGF binding t o  cultured c e l l s .  

I-EGF binding and t o  i n -  

The E G F  receptor i s  t i g h t l y  associat-  

727 ITRROMAGNETIC-IFXTWI PARTI~LES: N E ~  RFAGENTS FOR LABELING OF CELL SURFACE 
A??TIGENS AND RECEPTORS AND MAGNX?IC C m L  SE~ASP.TIONS. R .S . Molday and D .  J. 

Mackenzie, Department of Biochemistry, University of B r i t i s h  Columbia, Vancouver, B.C. 
V6T 1W5 Canada. 

Small, magnetic, i ron oxide co l lo ida l  p a r t i c l e s  have been prepared and coated with 
These p a r t i c l e s  were ( i )  i n  t h e  s i z e  range of 300-400 dextran and other  polysaccharides. 

6 ,  (ii) s t a b l e  against  degradation and aggregation, (iii) ferromagnetic and electron 
dense and ( i v )  nonadherent and nontoxic t o  c e l l s .  Various proteins  including Protein A ,  
anti-immunoglobulin ant ibodies  and l e c t i n s  have been covalently coupled t o  these 
iron-dextran p a r t i c l e s  using the sodium periodate-sodium borohydride react ion.  
reagents have been used t o  labe l  ant igenic  s i t e s  and l e c t i n  receptors  on the surface of 
normal and tumor c e l l s  for visua l iza t ion  by scanning and transmission electron 
microscopy. 
magnetic separation of spec i f ica l ly  labeled c e l l s .  
reagents  i n  the  separat ion and ana lys i s  of membranes and receptors  i s  described. 

These 

Ferromagnetic-dextran-protein A conjugates have a l s o  been used i n  the 
The appl icat ion of these novel 

728 A UNIQUE PROTEOLYTIC CLEAVAGE SITE ON THE 6 SUBUNIT OF THE I N S U L I N  RECEPTOR, Michael 
P. Czech, Joan Massague and Paul F .  Pi lch,  Brown University, Providence, R I  02912 
The aff ini tyylabeled jnsu l in  rece t o r  of i n t a c t  adipocytes i s  a M 

linked complex whlch 1s spllt i n t o  two Mr ~10,000 receptor  halves under mifd reductlon condi- 
t ions .  A second s t e p  of d i ssoc ia t ion  occurs whereby two f u l l y  reduced species  t h a t  we denote 
a s  a (Mr 125,000) and 6 (Mr 90,000) insu l in  receptor  subuni ts  a r e  generated from each Mr 
210,000 fragment. Thus, the  subunit stoichiometry of the Mr 350,000 i n s u l i n  receptor  form 
present  i n  i n t a c t  adipocytes is  ( a 6 ) 2 ,  a l l  t h e  subunits being linked i n  the  receptor complex 
by d isu l f ide  bonds. I n  cont ras t ,  a f f i n i t y  label ing of  i so la ted  plasma membrane preparations 
shows a heterogeneous population of insu l in  receptor  s t ruc tures  of  Mr 350,000, Mr 320,000, and 
Mr 290,000. The two lower Mr receptor  species  are shown t o  evolve from the  Mr 350,000 species  
by a sequent ia l  s ing le  pro teo ly t ic  cleavage of each of the  6 subuni ts  t o  a Mr 49,000 fragment 
(61) t h a t  remains disulf ide- l inked t o  the receptor  complex. While homogeneous plasma membrane 
f rac t ions  contain the three  forms of insu l in  receptor  i n  approximately equivalent proportions, 
insu l in  receptors  i n  a plasma membrane f rac t ion  associated with lysosomes a re  found almost 
exclusively i n  the  M, 290,000 (af31)2 form. 
ceptor  t o  the 51 subuni t  i s  achieved by incubation of plasma membrane receptors  with alysosome- 
r i c h  membrane f rac t ion  o r  incubation of receptors  on  i n t a c t  adipocytes with e las tase .  We con- 
clude t h a t  1) the  nat ive insu l in  receptor i n  i n t a c t  c e l l  surfaces  i s  minimally composed Of two 
a and two 6 subunits, a l l  d isulf ide- l inked and 2 )  s u s c e p t i b i l i t y  of the subunit t o  s p e c i f i c  
pro teo ly t ic  cleavage t o  the 61 form, mediated by lysosoml  protease,  is c h a r a c t e r i s t i c  of the 
insu l in  receptor  i n  a l l  t i s s u e s  studied. 

350,000,disulfide- 

Conversion of t h e  6 subuni t  i n  t h e  Mr 350,000 re- 
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School of Medicine, Boston, MA 02118. 
Poly(1ysine) (PLL) i s  taken up e f f i c i e n t l y  by cul tured c e l l s  and can serve as  c a r r i e r  i n  the 
membrane t ransport  of enzymes (Proc. Natl. Acad. Sci. US 75, 1872, 1978) and drugs (Proc. NatL 
Acad. Sci. US 75, 3867, 1978). Conjugation of methotrexate t o  PLL increases  drug uptake 
enough t o  overcome drug res i s tance  i n  a t ransport-def ic ient  CHO mutant. 
radish peroxidase-PLL conjugate shows tha t  PLL is  taken up by endocytosis through both coated 
and uncoated vesicles .  The s t rong binding of PLL t o  the c e l l  surface,  and its non-saturable 
t ransport  k ine t ics  ind ica te  t h a t  endocytosis of PLL is  adsorptive and not receptor-mediated. 
The decrease of PLL t ransport  i n  Ca*-free medium can be re la ted  t o  decreased surface binding. 
To t e s t  whether PLL causes a general s t imulat ion of endocytosis, 3H-inulin uptake was measur- 
ed i n  the presence of various concentrations of PLL of d i f fe ren t  molecular weights. PLL does 
not a t  a l l  inf luence the uptake of inu l in ,  which indicates  tha t  i t s  s t rong uptake a t  the c e l l  
surface cannot be ascribed t o  an increased surface vesiculat ion,  but ra ther  t o  i t s  strong 
surface binding with the  subsequent in te rna l iza t ion  of bound PLL by a vesiculat ion process 
occuring a t  a steady r a t e .  When labeled PLL of d i f f e r e n t  MW a re  compared, t h e i r  uptake in- 
creases with t h e i r  MW, even when tes ted a t  constant weight per m l .  Increase i n  molecular 
s i z e  appears t o  increase membrane t ransport  not only i n  terms of mass per c e l l ,  but i n  terms 
of number of molecules per c e l l .  A t  equimolar concentrations of PLL of MW 20,000 and 280,000, 
the r a t i o  of molar uptake per  mg c e l l  protein is  1 t o  3 .  
the Community Technology Foundation) 

POLY(LYS1NE) INTERACTION WITH THE CELL SURFACE: ITS ENDOCYTOTIC UPTAKE AND CARRIER 
FUNCTIONS. H. J . -P.  Ryser, I .  Druaunond, W.-C. Shen and R. Mandel, Boston University 

The use of horse- 

(supported by N C I  grant CA 14551 and 

730 ASSOCIATION OF THE P-GLYCOPROTEIN WITH MULTIPLE DRUG RESISTANCE: IMMUNOLOGICAL 
DETECTION AND DNA-MEDIATED TRANSFER. 
L. Siminovitch' and V .  Ling*. 
University of Toronto*+, Toronto, Canada. 

N .  Kartner*, P.G. Debenham+, J.R. Riordan', 
Ontario Cancer Ins t . " ,  Hosp. for  Sick Children' and 

A 170K dal ton c e l l  surface glycoprotein (P-glycoprotein) is  associated with p le io t ropic  drug 
res i s tance  i n  colchicine r e s i s t a n t  Chinese hamster ovary (CHk5) c e l l s  (Bech-Hansen 
1976, J. Cell .  Physiol.,  88: 23; Riordan and Ling 1979, J .  Biol. Chem., 254: 12701). Similar 
plasma membrane a l t e r a t i o n s  a r e  observed i n  a number of mammalian c e l l  l i n e s  possessing the 
multiple drug res i s tance  phenotype. Rabbit ant ibodies  ra ised against  CHk5 plasma membrane 
ves ic les  bind the CHR5 P-glycoprotein on SDS-PAGE Western b l o t s .  
a 17m:dalton c e l l  surface glycoprotein expressed i n  d i f fe ren t  mammalian c e l l  l i n e s  bearing the 
pleiotropic  drug res i s tance  phenotype. Hence, P-glycoprotein expression appears to  be a 
phenomenon universal  t o  pleiotropic  drug res i s tance  i n  mammalian c e l l s .  
phenotype has been t ransferred to  mouse LTK rec ip ien t  c e l l s ,  using genomic DNA from CHk5 
cells. Under the  same conditions no drug r e s i s t a n t  transformants w e r e  detected using DNA from 
drug sens i t ive  donors. 
170K dalton component i n  the drug r e s i s t a n t  transformants, suggesting tha t  the mouse recipient  
c e l l s  may be expressing the P-glycoprotein of hamster or ig in .  Work is  i n  progress to  fur ther  
corroborate these r e s u l t s .  These findings a r e  consis tent  with the funct ional  involvement of 
the P-glycoprotein i n  p le io t ropic  drug res i s tance .  
(Supported by the Medical Research Council and the National Cancer I n s t i t u t e  of Canada) 

g .  

These ant ibodies  a l s o  bind 

This drug res i s tance  

Rabbit antibodies against  CHk5 P-glycoprotein a r e  able  to  de tec t  a 

Lectins 

731 PURIFICATION OF AGGREGATION INHIBITORY PROTEIN FROM NON-ADHESIVE 
MOUSE TERATOMA CELLS, Steven B. Oppenheimer,  Chr is topher  B. CapeIle, 

Steven E .  Sorensen  and J a m e s  T. M e y e r ,  Cal i fornia  S ta te  Universi ty ,  Northr idge,  CA 91330 
A prote in  was  ex t rac ted  f r o m  in tac t  I Z S / J  a s c i t e s  m o u s e  te ra toma ceI ls  (subl ine OTT6050) 
w h i c h  d o  not aggregate .  
the s a m e  subIine that  normal ly  can aggrega te  in r o t a r y  cul ture .  
f r o m  a s c i t e s  ceIIs was  accomplished without s ignif icant  loss of viabi l i ty  (de te rmined  by 
e lec t ron  m i c r o s c o p  

consis tent ly  and immedia te ly  (a f te r  5,10, I5 and 30 minutes  of rotat ion)  inhibited the 
a g g r e  a t i o n  of cul tured t e r a t o m a  ce l l s  by n e a r l y  50% using 145pg purif ied pro te in /ml  and 

d i rec t Iy  var ied  with pro te in  and ce l l  concentrat ion.  
po lyacry lamide  gels  sugges ts  tha t  it is p u r e  and composed of 4 subunits, e a c h  <2xIO5da1tons. 
P r e l i m i n a r y  r e  suI ts  sugges t  tha t  the pro te in  is carbohydrate-free.  Asc i tes  t e r a t o m a  ce l l s  
( tha t  p o s s e s s  the inh ib i tory  protein)  d o  not aggrega te  in cul ture  whiIe the cul tured te ra toma 
ce l l s  der ived  f r o m  the s a m e  subIine as the a s c i t e s  ce l l s  d o  aggrega te .  Continued work  
with this  p r o t e i n  m a y  he lp  explain the r e a s o n s  f o r  the defect ive adhes iveness  of the a s c i t e s  
Celts and the  r e a s o n s  for  the adhes iveness  c h a r a c t e r i s t i c  of the cuItured t e r a t o m a  ce l l s .  
( Supported by USPHS G r a n t  CA 12920 to  S. Oppenheimer f r o m  the National Cancer  Inst i tute)  

This  pro te in  inhibited aggregat ion of cul tured t e r a t o m a  ce l l s  of 
Ext rac t ion  of the pro te in  

and  dye exclusion)  by a technique invoIving the appl icat ion of a n  e lec t r ic  
f i e l d  t o  5 to  6 x I0 t; ceIIs  suspended in a hypertonic  e lec t rode  buffer .  The isolated pro te in  

1 x I0  b celIs /vial  in glucose-free Ear I ' s  balanced s a l t s  solution. The inhibi tory effect  
Charac te r iza t ion  of the pro te in  on 
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Medical Center Durham, North Carolina 27710 
Alteration of adhesive properties of malignant cells might greatly influence the metastatic 
potential of the tumor. 
(normal epidermal) cells by a proteolytic mechanism. 
studied the effects of antibody binding on the adhesive properties of melanoma cells in cul- 
ture. 
and from normal monkey (NM) serum by affinity chromatography on Protein-A Sepharose. Mono- 
layer cultures were exposed for 6-24 hr. @370 to 1-10 mgfml IgG. 
repeated washing with the overlying medium using a Pasteur pipette. 
cells with 51-Cr permitted enumeration of cells whichdetached from the dish and allowed the 
monitoring of cytotoxicity. Dyshesion of cells following treatment with NM IgG varied in ex- 
periments from 15-30% and did not differ from dyshesion resulting from exposure to medium de- 
void of IgG. In contrast, 50-80% of cells were released from the dish following treatment 
witha(-mel IgG. No cytotoxicity was demonstrated. Using a caseinolytic assay to detect pro- 
teolysis, we have demonstrated a substantial increase in prcteolytic activity of medium col- 
lected from cells treated for 6 hr. with 1 mg/mlo(-mel IgG compared to medium from cells 
treated with NM IgG or with no IgG. 
to establish the role of this proteinase in IgG-induced cellular dyshesion. 
Supported by USPHS grants AM21848 and CA20364 

ANTIBODY-INDUCED DYSHESION OF ADHERENT HUMAN MELANOMA CELLS IN MONOLAYER CULTURE 
G.M. Stuhlmiller, K.H. Singer, K. Hashimoto, N.J.Sawka, G.S. Lazarus; Duke University 

We have demonstrated that antibody induces dyshesion of non-malignant 
Using similar techniques, we have 

IgG fractions were prepared from a multispecific monkey anti-melanoma antiserum (a-mel) 

Cells were then subjected to 
Prelabeling of melanoma 

Studies are underway to characterize the enzyme(s) and 

733 STUDIES ON ERYTHROID DEVJZLO-AJ AGGLVl'ININ SUGGEST THAT SMALL, p-GAUCTOSIDE- 
SPECIFIC, ANIMAL, PROTEIN LECTINS ('GALAPTINS') H A m  A CELLCELL BRlXING IVNCTION. 

C. James Chesterton and F. Lynne Harrison, Dept. Biochemistry, King's College, London, U.K. 
During their development in the adult rabbit bone marrow, erythroblasts are clustered tightly 
together forming erythroblastio islands. When su h t'ssue is extracted with lactose media, a 
lectin termed e hmid developmental a$ lutinin FDA is released. This ha a Mol. Wt. of 
1 000 a PI o f T 6  p-galactoside s cificity ani coitains no carbohydrate !Hamison & 
Ckstehon, Nat& 386, 502-504, 19887. Sheep anti-EDA I& used in conjunction with an 
indirect inununofluoGcence technique has revealed that EDA is located only on the surface of 
erythroblasts and reticulocytes in fresh bone marrow. Cells at all stages of the erythroid 
line- are labelled but the fluorescence diminishes when the retioulocde is released from 
the island. The lectin is thus tissue specific, a finding confirmed by-in vitro a$glul 
studies, and its presence I s  concpitant with the requirement f o r . a * e s i z m  eve1 
EDA induces the agglutination of inert glutaraldehyde-fixed trypsimzed erythrocytes. 
addition hroblasts can be blocked by incubation 
EDA-lade; cells with anti-EDB Fab fr-ents. %th these findings point to a cell-cell 
bridging mechanism for the leotin. 

the leetin-mediated clustering of e 

Anation 
lopment . 
In 

the island. The lectin is thus tissue specific, a finding confirmed by-& vitro glutination 
studies, and its presence I s  concpitant with the requirement for.a*esion TEEga$evelopment. 
EDA induces the agglutination of inert glutaraldehyde-fixed try-psimzed erythrocytes. In 
addition, the lectin-mediated clustering of e 
EDA-laden cells with anti-EDB Fab fr-ents. %th these findings point to a cell-cell 
bridging mechanism for the leotin. 

hroblasts can be blocked by incubation of the of the 

Small, P-galactoside-specific, animal, protein lectins have been isolated from a wide variety 
of higher animal tissues and species. Recently, we have suggested the name 'galaptin' f o r t h i s  
class of molecule (Greek: Hapto, to touch o r  join). The species and tissue specificity of EDA 
and other rabbit galaptins will be discussed. 

734 CELLULAR COHESION OF DICTYOSTELIUM DISCOIDEUM, Ben A. Murray and W i l l i a m  F. Loomis, 
U n i v e r s i t y  o f  C a l i f o r n i a  San Diego, San Diego, CA 92093 

We have prepared a n t i s e r a  i n  r a b b i t s  t o  the  "con tac t  s i t e s  A "  g l ycop ro te in  (gp SO) p u r i f i e d  
from O i c t  os te l i um discoideum by the  method o f  M u l l e r  e t  a l .  (Eur.  J. Biochem 99:419-426, 
1979).  I i G  i s o l a t e d  from these a n t i s e r a  reac ts  w i t h  m a n y a i f f e r e n t  p r o t e i n s  i np ._d isco ideum 
l ysa tes ,  as analyzed by imnune p r e c i p i t a t i o n  and by an t ibody  s t a i n i n g  o f  ge l  e lec t ropher -  
ograms t r a n s f e r r e d  t o  n i t r o c e l l u l o s e .  B lock ing  exper iments i n d i c a t e  t h a t  t h i s  c ross-  
r e a c t i v i t y  r e f l e c t s  the  presence o f  comnon an t igen ic  determinants on gp 80 and o t h e r  
c e l l u l a r  p r o t e i n s ,  r a t h e r  than  t h e  presence o f  extraneous an t i bod ies  i n  the  a n t i s e r a .  
spectrum o f  r e a c t i v e  p r o t e i n s  i s  d i f f e r e n t  a t  d i f f e r e n t  stages o f  development. I n  
p a r t i c u l a r ,  gp 80 i t s e l f  i s  syn thes ized o n l y  f o r  a r e s t r i c t e d  p e r i o d  du r ing  the  c e l l  
aggregat ion  phase. 
spores. Ant i -gp  SO IgG b inds  t o  the  su r face  o f  deve lop ing  D. d iscoideum c e l l s  and 
s p e c i f i c a l l y  b locks  t h e i r  deve lopmenta l l y - regu la ted  cohesion. 
cohes ion-b lock ing  a c t i v i t y  can be removed by repeated absorp t ion  o f  t he  IgG w i t h  vege ta t i ve  
c e l l s .  
l y s a t e s  o f  aggregation-competent c e l l s .  Thus an t i bod ies  o f  severa l  d i f f e r e n t  s p e c i f i c i t i e s  
a re  capable o f  b l o c k i n g  cohesion, bu t  they  a l l  may a c t  th rough t h e i r  a b i l i t y  t o  b i n d  gp 80. 
However, t he  p o s s i b i l i t y  t h a t  o the r  mo lecu la r  species r e a c t i v e  w i t h  these a n t i s e r a  may be 
f u n c t i o n a l l y - s i g n i f i c a n t  t a r g e t s  o f  t he  cohes ion-b lock ing  a c t i v i t y  cannot be r u l e d  ou t .  

IMMUNOLOGICAL CHARACTERIZATION OF A GLYCOPROTEIN (CONTACT SITES A) INVOLVED IN  INTER- 

The 

The p r o t e i n  p e r s i s t s  throughout development and can be de tec ted  i n  

Most, b u t  n o t  a l l ,  o f  t h i s  

The absorbed IgG s t a i n s  o n l y  gp 80 and ( t o  a l e s s e r  e x t e n t )  one o t h e r  band i n  
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735 BIFLINCTIONALITY OF D I S C O I D I N  I-MEMBRANE INTERACTION, James R. Bart les  and W i l l i a m  A. 
Frazier ,  Washington University School of Medicine, S t .  Louis, MO 63110 

The endogenous slime mold l e c t i n  discoidin I is  required f o r  the acquis i t ion  of c e l l u l a r  
cohesiveness during the d i f f e r e n t i a t i o n  of Dictyostelium discoideum. Indi rec t  evidence 
suggests tha t  discoidin I on the c e l l  surface mechanically crossl inks c e l l s  v ia  carbo- 
hydrate-containing receptors. 125I-discoidin I binding s tudies  have detected two types of 
receptors f o r  discoidin I on the  surface of fixed and l i v i n g  c e l l s .  
( the C s i t e )  i s  inhibi ted by hapten sugars, and thus represents  a carbohydrate recognition 
mechanism. The C s i t e  appears t o  be a developmentally regulated glycoprotein. Binding t o  
the other  type of discoidin I receptor  ( the I s i t e )  i s  not inhibi ted by hapten sugars, but 
is inhibi ted by high ion ic  s t rength  o r  polyelectrolytes .  
detected only a t  physiological ion ic  s t rength.  
c e l l s  with CHC13/CH30H, suggesting i t  i s  a l ip id .  Discoidin I binds t o  and agglut inates  
negatively charged l iposmes  containing only purif ied phospholipids. 
the a b i l i t y  t o  per ipheral ly  associate  with and crossl ink membranous s t ruc tures  by two 
d i s t i n c t  mechanisms. WAF is  an Established In- 
ves t iga tor  of the American Heart Association.1 

Binding t o  one type 

This e l e c t r o s t a t i c  in te rac t ion  is 
The I s i t e  receptor is  extracted from fixed 

Thus discoidin I has 

[Supported by NS-13269 and PCM 78-04304. 

736 ASIALOGLYCOPROTEIN RECEPTOR MEDIATES THE TOXICITY OF AN ASIALOFETUIN-DIPHTHERIA TOXIN 
FRAGMENT A CONJUGATE ON CULTURED RAT HEPATOCYTES, David L.  Simpson, Daniel B.  Cawley 
and Harvey R. Herschman, Dept. of Biological  Chemistry and Lab of Nuc. Med. and Rad. 

Biology, University of Cal i fornia  School of Medicine, Los Angeles, Cal i fornia  90024. 
W e  have designed and constructed a toxic  hybrid pro te in  which i s  recognized by asialogly- 

coprotein receptors  of cul tured rat hepatocytes. The asialoglycoprotein receptor  recognizes 
galactose-terminated glycoproteins. The conjugate cons is t s  of fragment A (DTA) of diphther ia  
toxin linked by a d isu l f ide  bond to  as ia lofe tu in  (ASF) . 'Ibis conjugate is more tox ic  than any 
conjugate of DTA previously rep ted,  inh ib i t ing  pro te in  synthesis i n  primary rat hepatocytes 
a t  concentrations as low as  lo-'' M. The ASF-DTA conjugate was 600 and 1800 times as toxic  as  
diphther ia  toxin and DTA, respect ively,  on primary hepatocytes. We t e s t e d  a s e r i e s  of glycopro- 
t e i n s  f o r  t h e i r  a b i l i t y  t o  block the act ion of the conjugate. Fetuin and orosomucoid, two gly- 
coproteins with terminal s i a l i c  acid on t h e i r  oligosaccharide chains, did not block t h e  ac t ion  
of t h e  conjugate. The N-acetyl-glucosaminyl-terminated der iva t ive  (asialo-agalacto-orosomucoid) 
had no appreciable e f f e c t  on the  a c t i v i t y  of the  conjugate. The galactose-terminated asialo-  
der ivat ives ,  ASF and asialo-orosomucoid, as expected, d id  block t h e  ac t ion  of the  conjugate. 
We tes ted  the ASF-DTA conjugate on s i x  c e l l  types; except f o r  primary r a t  hepatocytes, none 
were affected by a high concentration (10%) of ASF-DTA conjugate. A fetuin-DTA conjugate was 
300-fold less tox ic  than the ASF-DTA conjugate and apparently exerted its e f f e c t s  pr imari ly  
through non-receptor mediated uptake systems. The ASF-DTA conjugate i s  the f i r s t  DTA conjugate 
which is  highly toxic ,  cell-type s p e c i f i c  and whose ac t ion  i a  mediated by a well-defined re- 
ceptor associated with a spec i f ic  biochemical a c t i v i t y  and function. 

737 THE DEMONSTRATION OF A CELL SURFACE UDP-GALACTOSYLTRANSFERASE ON MAMMALIAN CELLS BY 
INDIRECT IMMUNOFLUORESCENCE, Joel H. Shaper and Paul L. Mann, Johns Hopkins Un ive rs i t y  
School o f  Medicine, Baltimore, MD 21205 

A c e l l  surface UDP-ga1actose:N-acetylglucosamine galactosy l t ransferase (GT) has been d i r e c t l y  
demonstrated on bovine kidney e p i t h e l i a l  and bovine tu rb ina te  f i b r o b l a s t  c e l l s  i n  t i ssue  
c u l t u r e  by imnunohistochemical techniques. A conventional r a b b i t  heteroantiserum was prepared 
against  a so lub le form o f  GT from bovine m i l k  a f t e r  p u r i f i c a t i o n  t o  apparent homogeneity by 
sequential a f f i n i t y  chromatography on UDP-Sepharose 4B and a - lac ta l  bumin-Sepharose 48. 
an IgG f r a c t i o n  i s o l a t e d  from t h i s  r a b b i t  antiserum, GT appears as a un i formly s t i p p l e d  
pa t te rn  over the exposed membrane surface o f  i n t a c t  c e l l s  as v i sua l i zed  by i n d i r e c t  imnuno- 
fluorescence. 
serum-free cu l tu re  medium induced a t ime and temperature dependent aggregation o f  the GT i n  
the plane o f  the membrane. GT can be r a p i d l y  released from the membrane surface by t r y p s i n  
d igest ion under condi t ions i n  which the c e l l s  remain f irmly attached t o  t h e i r  substrates. 
Reappearance o f  the c e l l  surface GT requi res p r o t e i n  synthesis; cycloheximide ( 5  ~ g / m l )  
e f f e c t i v e l y  prevents repopulat ion o f  the c e l l  surface. Las t l y ,  c e l l  surface GT i s  no t  the 
r e s u l t  o f  spurious adsorption o f  the so lub le enzyme from the growth medium. 
added a f f i n i t y - p u r i f i e d  GT t o  serum supplemented o r  serum-free c u l t u r e  medium i s  no t  adsorbed 
t o  the c e l l  surface o f  t r yps in - t rea ted  c e l l s  i n  detectable quan t i t i es  as monitored by 
i n d i r e c t  immunofluorescence. 

Using 

Exposure o f  l i v i n g  c e l l s  t o  the anti-GT-antiserum i n  serum supplemented o r  

Exogenously 
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THE INTERACTION OF D I S C O I D I N  I WITH L I V I N G  0. DISCOIDEUM CELLS ASSESSED BY FLUORES- 
CENCE AND ELECTRON MICROSCOPY. Nancy J. Galvin and W i l l i a m  A. F raz i e r .  Washington 
Universi ty  School of Medicine, St .  Louis,  MO 63110. 

The i n t e r a c t i o n  of t h e  endogenous l e c t i n  d i sco id in  I with l i v e  g. discoideum c e l l s  has  been 
examined i n  t h i s  l abora to ry  using 1251-discoidin I. 
physiological  cond i t ions ,  i n d i c a t e  t h a t  the l e c t i n  binds r eve r s ib ly  t o  a carbohydrate- 
containing r ecep to r  ( t h e  C s i t e )  and nega t ive ly  charged phospholipids ( t h e  I s i t e ) .  
t i o n  of the bound d i sco id in  (20-40%) becomes i r r e v e r s i b l y  cel l -associated.  
a f e r r i t i n - d i s c o i d i n  conjugate which is a l s o  l abe led  with TRITC t o  y i e l d  a d e r i v a t i v e  which 
can be v i sua l i zed  by both f luorescence and e l ec t ron  microscopy. 
d i s c o i d i n  I t o  l i v e  c e l l s  i s  inh ib i t ed  by GalNAc (50 mM), a C s i t e  i n h i b i t o r  and by I 
s i t e  i n h i b i t o r s  such a s  heparin and BSA, but  not  by GlcNAc. 
found with 125I-discoidin I as w e l l .  Observed a t  30 min (22O. s t eady  s t a t e  binding) TR-FE- 
d i s c o i d i n  I f luorescence is  patchy. A t  60 min f luorescence i s  punctate  and appears associ-  
a ted with i n t r a c e l l u l a r  ves i cu la r  s t r u c t u r e s  where i t  p e r s i s t s  a s  long as 2 h r .  
t e r n  of a s soc ia t ion  is  seen with both the  pinocyt ic  A-3 s t r a i n  as w e l l  as t h e  phagocytic 
wild type NC-4, and is seen with both vege ta t ive  and d i f f e r e n t i a t e d  c e l l s  cons i s t en t  with 
t h e  presence of t he  I s i t e  a t  both s t ages .  Extension of these low re so lu t ion  observat ions 
by e l ec t ron  microscopy of TR-FE-discoidin I t r ea t ed  c e l l s  is now i n  progress .  
NS-13269 and PCM-78 04304; WAF is  an Establ ished Inves t iga to r  of the American Heart  
Associat ion.]  

These binding s t u d i e s  performed under 

A frac- 
We have prepared 

Binding of t h i s  TR-FE- 

This  pa t t e rn  of i n h i b i t i o n  is  

This pat- 

[Supported by 

RAT LUNG AND CHICKEN LIVER CONTAIN SIMILAR HEPARIN-BINDING LECTINS, Marie Roberson, 
Howard C e r i ,  Pau la  Shadle and Samuel H. Barondes, Universi ty  of C a l i f . ,  San Diego, 
La J o l l a ,  CA 92093; and Veterans Adminis t ra t ion Medical Center ,  San Diego, CA 92161. 

A l e c t i n  with heparin-sensi t ive hemagglutination a c t i v i t y  has  r e c e n t l y  been p u r i f i e d  from 
a d u l t  chicken l i v e r  ( C e r i  e t  al. ,  J. B i o l .  Chem., i n  p r e s s ) .  Young r a t  lung a l s o  con ta ins  a 
s i m i l a r  l e c t i n .  
galactosamine o r  lM N a C l  t o  t h e  homogenization medium and a r e  i n h i b i t e d  by heparin and N- 
acetyl-D-galactosamine. The r a t  and chicken l e c t i n s  can be p u r i f i e d  by g e l  f i l t r a t i o n  on 
Sepharose CL-2B followed by a f f i n i t y  chromatography on heparin-Sepharose. 
as high molecular weight aggregates .  E lec t rophores i s  of both t h e  ra t  and chicken l e c t i n s  i n  
SDS r e s u l t s  i n  two pep t ides  of apparent  molecular weights of 13,000 and 16,000. Mouse a n t i -  
s e r a  r a i s e d  a g a i n s t  t h e  chicken l e c t i n  w i l l  e f f e c t i v e l y  block t h e  hemagglutination a c t i v i t y  
of both t h e  chicken l e c t i n  and t h e  rat l e c t i n .  Spectrophotometric readings of t h e  p u r i f i e d  
rat l e c t i n  i n d i c a t e  a h igh  degree ( t20%) of contamination with nuc le i c  acid.  Both t h e  s i z e  
of t h e  aggregates  and t h e  hemagglutination a c t i v i t y  of t h e  r a t  l e c t i n  can be g r e a t l y  reduced 
by t reatment  with micrococcal nuclease.  
l e c t i n  p repa ra t ions  a f t e r  nuclease d iges t ion .  
may func t ion  t o  inc rease  hemagglutination a c t i v i t y  by t h e  formation of l a r g e  mul t iva l en t  
p ro te in -nuc le i c  a c i d  aggregates.  Our r e s u l t s  do no t  d i sc r imina te  between a func t iona l  o r  a 
spurious a s soc ia t ion  of t h e  heparin-binding pep t ides  wi th  t h e  nuc le i c  acid.  The func t ion  of 
t hese  l e c t i n s  remains t o  be determined. (Supported by t h e  McKnight Foundation and t h e  USPHS) 

739 

Both l e c t i n s  are s o l u b i l i z e d  by t h e  add i t ion  of e i t h e r  0.1M N-acetyl-D- 

Both l e c t i n s  behave 

However, heparin-binding a c t i v i t y  i s  r e t a ined  by t h e  
These r e s u l t s  suggest  t h a t  the nuc le i c  acid 

740 ELICITATION OF CELL SURFACE LECTIN I N  CELLULAR SLIME MOLDS, Wayne R. Springer  and 
Samuel H. Barondes, Veterans Adminis t ra t ion Medical Center ,  San Diego, CA 92161; and 
Universi ty  of C a l i f . ,  San Diego, La Jolla,  CA 92093. 

The l e c t i n s  of c e l l u l a r  s l ime molds are extremely abundant i n  d i f f e r e n t i a t i n g  c e l l s .  Of the  
approximately 5x106 molecules p e r  aggregat ing c e l l ,  only about  2% is  p resen t  on t h e  c e l l  sur-  
face.  However, much more can appear on t h e  su r face  i n  response to c ross l ink ing  of t he  l e c t i n  
a l r eady  the re .  We have shown that c ross l ink ing  purpurin,  t h e  l e c t i n  of Dictyostelium 
purpureum by a d d i t i o n  of d i v a l e n t  immunoglobulin, l eads  t o  a s t r i k i n g  inc rease  of c e l l  su r f ace  
purpurin.  Univalent  antibody fragments had no e f f e c t  (Springer ,  e t  a l . ,  J. C e l l  B io l . ,  
December 1980).  Recent s t u d i e s  i n d i c a t e  t h a t  mu l t iva l en t  glycoproteins  which r e a c t  w i th  t h e  
carbohydrate-binding s i t e  of purpurin a l s o  e l i c i t  more c e l l  su r f ace  purpurin,  although they 
a r e  less p o t e n t  than d i v a l e n t  antibody. When t h e  ma jo r i ty  of t he  purpurin i s  e l u t e d  from the  
c e l l  su r f ace  wi th  l ac tose ,  p r i o r  t o  add i t ion  of t hese  g lycopro te ins ,  l i t t l e  o r  no e l i c i t a t i o n  
occurs .  Crossl inking of o the r  s u r f a c e  molecules wi th  l e c t i n s  such as concanavalin A (con A) 
a l s o  e l i c i t s  t h e  appearance of c e l l  su r f ace  purpurin which, i n  t h i s  case,  occurs  even i f  t he  
purpurin i n i t i a l l y  p re sen t  had been e l u t e d  from the  su r face  wi th  l ac tose .  This  e l i c i t a t i o n  
r equ i r e s  c ros s l ink ing  s i n c e  succinyl-con A,which does not  i t s e l f  cause c ros s l ink ing ,  has  no 
e f f e c t  un le s s  followed by r e a c t i o n  wi th  ant ibody t o  con A which forms a c ross l inked  complex. 
Exogenous purpurin a l s o  e l i c i t s  t h e  appearance of endogenous purpurin on t o  t h e  c e l l  su r f ace .  
These r e s u l t s  r a i s e  t h e  p o s s i b i l i t y  t h a t  t h e  l a r g e  i n t r a c e l l u l a r  pool  of purpurin may become 
a v a i l a b l e  f o r  c e l l  su r f ace  r e a c t i o n s  under appropr i a t e  condi t ions.  
(Supported by t h e  Veterans Adminis t ra t ion Hosp i t a l ,  USPHS, and the McKnight Foundation) 
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741 SEVEN ISOLECTINS FROM DICTYOSTELIUM PUWUREUM, Douglas N. Cooper and Samuel H. 
Barondes, University of Calif., San Diego, La Jolla, CA 92093; and Veterans 
Acjlninistration Medical Center, San Diego, CA 92161 

Cellular slime molds synthesize large quantities of lectins as they differentiate. Consider- 
able evidence indicates that these lectins and complementary cell surface receptors are 
involved in cell-cell adhesion. All slime mold lectins studied to date have more than one 
subunit raising the possibility of multiple forms. 
purin, the lectin from Dictyostelium purpureum and demonstrate seven tetrameric isolectins by 
PAGE at pH 8.9. 
and tryptic peptide mapping. TWO of the subunits (111 and IV) form only homotetramers. The 
other two subunits combine randomly to form mixed tetramers (I4: 13111 
binomial proportions. The isolectins can be functionally discrunmatea and separated on the 
basis of their relative affinity for columns derivatized with complementary saccharides. 
Neither 1114 nor IV4 are bound by a GalNAc-conjugated column, while isolectins of subunits I 
and I1 bind and are sequentially eluted by a galactose step gradient. 

and IV 
sirnilas profiles. 
weights of approximately 88,000. Forms I11 and IV appear earlier in development than iso- 
lectins of subunits I and 11. 

We have examined the composition of pur- 

The isolectins are assembled from four distinct subunits resolved by SDS-PAGE 

12112, 11113, 114) in 

Isolectin IV binds 
to a lactose-conjugated column, but I11 does not. The hemagglutination profiles f8r I11 4 

are distinct from each other an% from isolectins composed of I and 11, which have very 
None of the subunits is glycosylated, and all form tetramers with molecular 

The existence4 of mulgiple functionally and developmentally 
distinct lectins suggests that lectin function in cellular slime molds may be more complex 
than presently envisioned. (Supported by USPHS and the McKnlght Foundatlon) 

742 ENDOGENOUS LECTIN IN CHICKEN INTESTINE: POSSIBLE ROLE IN INTESTINAL MUCIN SECP.ETION, 
Eric C. Beyer and Samuel H. Barondes, University of Calif., San Diego, La Jolla, CA 
92093; and Veterans Administration Medical Center, San Diego, CA 92161 

The major lectin in adult chicken intestine, chicken-lactose-lectin-I1 (CLL-11) has been 
purified to homogeneity and specific antibodies (unreactive with chicken-lactose-lectin-I) 
have been raised and employed for immunohistochemistry and radioimmunoassay. Immunofluores- 
cence studies show localization of CLL-I1 in the mucous secretory granules of goblet cells. 
Purified chicken intestinal mucin, which is also concentrated in these granules can interact 
with CLL-11, since it is a potent inhibitor of its hemagglutination activity. Localization 
of the lectin and mucin at the same site, have raised the possibility that they may interact 
in the secretory granule and/or that they may interact after secretion onto the intestinal 
mucosal surface. CLL-I1 was indeed detected on the intestinal mucosal surface and could be 
eluted by washing intestinal segments with lactose. Secretion of CLL-I1 was demonstrated 
by incubation of intestinal segments with cholinergic compounds known to stimulate mucin 
secretion. These results suggest that CLL-I1 may have a function in secretion of mucin 
and/or its association with the intestinal mucosal surface. 
(Supported by USPHS and the McKnight Foundation) 

743 FORMATION AND ISOLATION OF CELL SURFACE ASIALOGLYCOPROTEIN RECEPTOR PATCHES FROM RAT 
HEPATOCYTES BOUND TO SYNTHETIC GALACTOSIDE SUBSTRATA. 
Biochemistry, The Un ive rs i t y  o f  Texas Medical Branch, Galveston, Texas 77550 

Paul H .  Weigel, D iv i s ion  o f  

Using a recen t l y  developed model system t o  study c e l l  i n te rac t i ons  w i t h  syn the t i c  carbo- 

Binding i s  sugar spec i f i c ,  requires Ca+2 
hydrate c u l t u r e  surfaces we have shown t h a t  as ia log lycoprote in  receptors can mediate the 
b ind ing o f  r a t  hepatocytes t o  galactoside surfaces. 
and occurs as a threshold response only  above a c r i t i c a l  concentrat ion o f  galactose (Weigel 
e t .  a l . ,  J. B i o l .  Chem. 254, 10,830; 1979). The d i s t r i b u t i o n  o f  c e l l  surface receptors (moni- 
tored w i t h  fluorescein-amo-orosomucoid; f l - A S O R )  appears d i f f u s e  on non-bound c e l l s  whereas 
on bound c e l l s ,  which are released from the substratum a t  0' C w i t h  EGTA, there i s  a s ing le  
l a rge  ( 4 ~ 2 )  patch. 
patches disappear w i t h  f i r s t  order k i n e t i c s  (t4=2.6 min). To estimate the number o f  receptors 
i n  a patch reg ion we have used an antiserum (a g i f t  from G. Ashwell), which blocks the b ind ing 
o f  [3H]asialo-orosomucoid by the receptor. I n h i b i t i o n  o f  on ly  20% o f  the c e l l  surface recep- 
t o r s  w i t h  antibody completely prevents c e l l  b ind ing t o  the substratum, i n d i c a t i n g  t h a t  an 
average o f  up t o  150,000 receptors /ce l l  may be necessary f o r  c e l l  b ind ing.  The receptor 
patches were i s o l a t e d  by gen t l y  shearing bound c e l l s  o f f  the galactoside surface. The patch 
l e f t  on the substratum cannot be seen by phase con t ras t  microscopy, b u t  can be v i sua l i zed  by 
fluorescence microscopy using f l - A S O R  o r  antiserum t o  the receptor .  
a re  no t  observed on contro l  o r  ga lactos ide surfaces on which c e l l s  have been incubated b u t  t o  
which they do not  b ind.  
t h a t  can be s o l u b i l i z e d  from i s o l a t e d  patches. 

When c e l l s  released a t  0' C are then incubated a t  37O C, the receptor 

These membrane regions 

Experiments are i n  progress t o  quan t i t a te  the number o f  receptors 
(Supported by N I H  grant  GM 26228.) 
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744 INTERACTIONS OF THE ISOLECTINS OF WGA WITH SIALYLOLIGOSACCHARIDES, K. Anne Kronis and 
Jeremy P. Carver, Un ive rs i t y  o f  Toronto, Toronto, Ontario, Canada M5S 1A8. 

Lect ins such as wheat germ agg lu t i n in  (WGA) have proven usefu l  i n  the study o f  protein-carbo- 
hydrate i n te rac t i ons ,  s i m i l a r  t o  those which have been impl icated i n  d i f f e r e n t i a t i o n ,  cancer 
and metastasis. The b ind ing o f  WGA t o  sugars which i n h i b i t  i t s  i n te rac t i ons  w i t h  c e l l  surface 
carbohydrates have been stud ied extens ive ly .  
l y  r e f l e c t  the carbohydrate moieties a t  the c e l l  membrane t o  which WGA binds. For instance, 
N-acetyl-0-neuraminic a c i d  (NeuNAc) i s  not  a potent  i n h i b i t o r  o f  WGA y e t  neuraminidase t r e a t -  
ment o f  a wide v a r i e t y  o f  c e l l  types g r e a t l y  reduces WGA binding. Recently, c rys ta l l og raph ic  
studies have demonstrated t h a t  WGA c r y s t a l s  b ind  NeuNAc and a s ia ly lo l igosacchar ide,  1*. We 
have undertaken a so lu t i on  b ind ing study o f  the i s o l e c t i n s  WGA I and I1  t o  a ser ies o f  s i a l y -  
lol igosaccharides, l,z and ?*, i s o l a t e d  i n  our laboratory  from bovine colostrum. 
constants were measured by 360 MHz proton magnetic resonance spectroscopy. 
a f f i n i t i e s  o f  1 and 2 r e f l e c t s  the e f f e c t  of the NeuNAc l inkage, (cr2,3 versusa2,6). 
- 3 d i f f e r s  from-2 i n  The presence o f  an N-acetyl group on the glucose residue and i s  i d e n t i c a l  
t o  the d i s t a l  por t ions o f  many complex Asn-linked glycopeptides. 
importance o f  GlcNAc residues i n  WGA b ind ing makes 3 an i dea l  c e l l  surface analogue. The 
a f f i n i t i e s  we have measured are s t i l l  orders o f  magxitude weaker than those found fo r  WGA 
b ind ing t o  c e l l  surfaces. 
ol igosaccharides o f  the c e l l  membrane. 

*1, NeuNAca2,3Gal~1,4Glc; 2, NeuNAca2,6Galgl,4Glc; 3, NeuNAca2,6Gal51,4GlcNAc. 

However, these i n h i b i t o r y  sugars may n o t  accurate- 

Dissoc iat ion 

Ligand 
A comparison of the 

This, i n  add i t i on  t o  the 

We postu la te an add i t i ona l  i n t e r a c t i o n  ex i s t s  when WGA binds t o  

745 
B o r r e b a e m e r s i t y  o f  Ca l i f o rn ia ,  Davis, CA 95616. 

COMPARISON OF CELLULAR LOCALIZATION AND CARBOHYDRATE BINDING PROPERTIES OF DOLICHOS 
BIFLORUS SEED LECTIN AI’ID CRM FROM STEMS AND LEAVES. Mar i lynn E. E tz le r  a n d r  

The stems and leaves o f  the Dolichos b i f l o r u s  p lan t  contain a l e c t i n - l i k e  g lycoprote in  
(CRM) t h a t  cross reacts  w i t h  antibodies to-d l e c t i n .  This CRM i s  a dimer composed o f  
a subunit w i th  i d e n t i c a l  e lect rophoret ic  m o b i l i t y  t o  subunit I o f  the seed l e c t i n  and a 
subunit heavier than the seed l e c t i n  subunits (Talbot E Etz le r ,  1978, Biochemistry 17, 1474). 
Both the CRM and the seed l e c t i n  subunits have s i m i l a r  NH,-terminal amino ac id  sequences. 

A f f i n i t y  e lect rophoret ic  and a f f i n i t y  chromatographic studies show t h a t  the CRM and 
seed l e c t i n  have d i f f e r e n t  carbohydrate b ind ing proper t ies.  Fluorescence microscopy and 
c e l l  f r a c t i o n a t i o n  studies i nd i ca te  t h a t  a substant ia l  po r t i on  o f  the CRM i s  l oca l i zed  
i n  the c e l l  wa l l s  o f  c e l l s  o f  the stems and leaves whereas the seed l e c t i n  i s  found i n  the 
p ro te in  bodies o f  the c e l l s  o f  the cotyledons. 
respect t o  the re la t i onsh ips  o f  these two g lycoprote ins and l e c t i n  func t i on  w i l l  be con- 
sidered. 

The impl icat ions o f  these f i nd ings  w i t h  

Supported by N I H  Grant GM 21882 and USDA Grant SEA 5901-0-0242. 

746 COMPARISON OF MITOGENIC PROPERTIES AN0 METAL I O N  CONTENT OF DOLICHOS BIFLORUS SEED 
LECTIN AN0 CRM FROM THE STEMS AND LEAVES. 

E tz le r ,  Un ive rs i t y  o f  Ca l i f o rn ia ,  Davis, CA 95616. 
The stems and leaves o f  the Dolichos b i f l o r u s  p lan t  conta in  a g lycoprote in  (CRM) t h a t  

cross reacts  w i t h  antibodies a g a i n s t t h e l e c t i n o m  the seeds o f  t h i s  p lan t .  CRM and the 
seed l e c t i n  have many s t r u c t u r a l  proper t ies i n  comon (Talbot E Etz ler ,  1978, Biochemistry 11, 
1474) i nc lud ing  amino ac id  and carbohydrate composition and NH,-terminal amino ac id  sequence. 
CRM has a lso recen t l y  been found t o  b ind t o  carbohydrate s t ructures under c e r t a i n  condit ions. 
I n  s p i t e  o f  the s t ruc tu ra l  s i m i l a r i t i e s  we have found d i s t i n c t  d i f ferences i n  mitogenic pro- 
pe r t i es  and metal i on  requirements between the two p lan t  prote ins.  
l e c t i n  i s  a non-mitogen whereas CRM has weak mitogenic proper t ies towards neuraminidase 
t reated human per iphera l  lymphocytes. 

Zn and Cu but  requi res only  Ca t o  r e t a i n  f u l l  carbohydrate b ind ing a c t i v i t y  as tested by an 
a f f i n i t y  e lect rophoret ic  system. 
d i f f e r e n t  r a t i o s  as compared t o  the seed l e c t i n ,  and seems t o  requ i re  Ca and Mg t o  r e t a i n  
carbohydrate b ind ing a c t i v i t y .  

seed l e c t i n  have immunological differences. 

Carl Borrebaeck, m r m  Mar i lynn 

A t  1-300 u g h 1  the seed 

The dose-response maximum i s  a t  70 ug/ml. 
The na t i ve  seed l e c t i n  from Dolichos b i f l o r u s  contains the d i va len t  cations Ca, Mg, Mn, 

On the other  hand CRM contains Ca, Mg, Zn and Mn, i n  q u i t e  

We have a l so  recen t l y  been able t o  show, using a monoclonal antibody, t h a t  CRM and the 
Supported by N I H  Grant GM 21882 and USDA Grant 

SEA 5901 -0-0242. 
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DISCOIDINS I AND 11: HOMOLOGOUS AND UNIQUE STRUCTURAL RELATIONSHIPS BETWEEN TWO 
FAMILIES OF ENDOGENOUS LECTINS IN DICTYOSTELIUM DISCOIDEUM, Edward A. Berger, D. 
Randall Armant, and Lauren Jensen, Cell Biology Group, Worcester Foundation for 

747 
Experimental Biology, Shrewsbury, M a .  01545. 

As 2. discoideum amoebae differentiate from the non-cohesive to the cohesive state, they 
synthesize two lectin-like proteins, Discoidins I and 11, which have been implicated as pri- 
mary components of the morphogenetic cell cohesion system. We have performed extensive im- 
munochemical and biochemical analyses in order to assess the degree of structural relatedness 
between the two molecules, and to ultimately identify structural and functional domains. Anti- 
sera raised against highly purified preparations of either Discoidin I or I1 were tested for 
their reactivity against each protein by both immunoprecipitatlon and double diffusion 
analyses. 
antigenic determinants. This interpretation was supported by thin-layer peptide maps of the 
radio-iodinated Discoidins I and 11, which revealed a substantial number of common peptides. 
The finding of homologous as well as unique regions may have important functional impli- 
cations for these cell recognition proteins. 

Upon SDS gel analysis of affinity purified Discoidin preparations, we have consistently 
observed not only the prominent Discoidin I and I1 bands (subunit M ‘ s  26,000 and 24,000 re- 
spectively), but also three distinct minor species, all in the Disczidin region of the gel. 
Peptide maps of the two slowest migrating minor species are identical to that of Discoidin I, 
whereas the map of the fastest migrating minor species is indistinguishable from that of 
Discoidin 11. In view of the recent discovery of multiple Discoidin I genes 
to speculate that the major and minor species reflect the activity of rnultigine families for 
both Discoidins I and 11. 

The pattern of cross-reactivity suggested the presence of both shared and unique 

it is intriguing 

748 THE CARBOHYDRATE SPECIFICITY AND PROPOSED FUNCTION OF THE TERATOCARCINOMA STEM 
CELL SURFACE LECTIN, L.B. Grabel, C.G. Glabe, M.S. Singer,  G.R. Mar t in ,  and S.D. 
Rosen, Department o f  Anatomy, UCSF, San Francisco, CA 94143. 

As p r e v i o u s l y  repor ted ,  teratocarcinoma stem c e l l s  have a c e l l  sur face  carbohydrate- 
b ind ing  component ( r o s e t t e  med ia t ing  f a c t o r ,  RMF) t h a t  recognizes and b inds  s p e c i f i c  
carbohydrate mo ie t i es  on the  sur face  o f  g lu ta ra ldehyde- f i xed ,  t r y p s i n i z e d  r a b b i t  e ry th rocy tes  
(GTRs). 
o f  GTRs. The RMF and the  hemagglut in in,  which a re  bo th  s e n s i t i v e  t o  t r y p s i n ,  a re  i n h i b i t a b l e  
by t h e  same s p e c i f i c  g lycocon jugates  (mannans and fucans),  i n d i c a t i n g  i d e n t i t y  o r  c l o s e  
s i m i l a r i t y  o f  t he  two: 
o f  magnitude more e f f e c t i v e  than mnn 2 mannan as an i n h i b i t o r  o f  r o s e t t e  fo rma t ion  and 
hemagglut inat ion.  Desul fated fucoidan, hydro lyzed fucoidan, and a s u l f a t e d  fucan from sea 
u r c h i n  egg j e l l y  a re  a l s o  e f f e c t i v e  whereas c h o n d r o i t i n  su l fa te ,  hepar in  and glycogen a re  no t .  

The r o l e  o f  t he  RMF/hemagglutinin i n  c e l l  adhesion i s  demonstrated by s tud ies  showing 
t h a t  mannans and fucans p a r t i a l l y  i n h i b i t  t he  reassoc ia t i on  o f  d isaggregated stein c e l l s .  
Again, fuco idan i s  a more po ten t  i n h i b i t o r  than mnn 2 mannan. P a r t i a l  i n h i b i t i o n  o f  reaggre- 
g a t i o n  can a l s o  be ob ta ined by removal of d i v a l e n t  ca t i ons  w i t h  EDTA. I n  the  presence of 
bo th  fuco idan and EDTA, complete i n h i b i t i o n  o f  reaggregat ion  occurs.  
a two component system o f  i n t e r c e l l u l a r  adhesion, one r e q u i r i n g  d i v a l e n t  ca t i ons ,  and the  
o t h e r  dependent upon a c e l l  su r face  l e c t i n .  

We have now shown t h a t  so lub le  c e l l  e x t r a c t s  o f  stem c e l l s  con ta in  a hemagg lu t in in  

fucoidan, a su l fa ted  fucan from Fucus ves icu losus ,  i s  2-3 o rders  

These r e s u l t s  suggest 

7& ASIALOGLYCOPROTEIN RECEPTOR MEDIATES THE TOXICITY OF AN ASIALOFETUIN-DIPHTHERIA T O X I N  
FRAGMENT A CONJIJGATE ON CULTURED RAT HEPATOCYTES. David L. Simpson, Daniel  5. Cawley, 
and Harvey R. Herschman, Dept. o f  Z i o l o g i c a l  Chemistry and Lab o f  Nuc. Med. and Rad. 

B io logy ,  U n i v e r s i t y  o f  C a l i f o r n i a  School o f  Medicine, Los Angeles, C a l i f o r n i a  90024. 
We have cons t ruc ted  a t o x i c  hyb r id  p r o t e i n  which i s  recognized by a s i a l o g l y c o p r o t e i n  

receptors  o f  c u l t u r e d  r a t  hepatocytes.  The a s i a l o g l y c o p r o t e i n  recep to r  recogn izes  galactose- 
te rmina ted  g l ycop ro te ins .  The con jugate  cons is t s  o f  fragment A (DTA) o f  d i p h t h e r i a  t o x i n  
l i n k e d  by a d i s u l f i d e  bond t o  a s i a l o f e t u i n  (ASF). Th is  con jugate  i s  more t o x i c  than any 
con jugate  o f  DTA p r e v i o u s l y  reppfted, i n h i b i t i n g  p r o t e i n  syn thes is  i n  p r imary  r a t  hepatocytes 
a t  concent ra t ions  as low as 10- M. The ASF-DTA con jugate  was 600 and 1800 t imes as t o x i c  a s  
d i p h t h e r i a  t o x i n  and DTA, r e s p e c t i v e l y ,  on pr imary  hepatocytes.  We t e s t e d  a se r ies  o f  g lyco-  
p r o t e i n s  f o r  t h e i r  a b i l i t y  t o  b lock  the  a c t i o n  o f  t he  con jugate .  Fe tu in  and orosomucoid, two 
g l ycop ro te ins  w i t h  te rmina l  s i a l  i c  a c i d  on t h e i r  o l i gosacchar ide  chains,  d id .  n o t  b lock  the  
a c t i o n  o f  t h e  con jugate .  The N-acetyl-glucosaninyl-terminated d e r i v a t i v e  (as ia lo -aga lac to -  
orosomucoid) had no apprec iab le  e f f e c t  on t h e  a c t i v i t y  o f  t h e  con jugate .  The ga lac tose- te rmin-  
a ted  d e r i v a t i v e s ,  ASF and asialo-orosomucoid,  as  expected, d i d  b lock  the  a c t i o n  o f  t h e  con ju -  
gate.  We tes ted  the  ASF-DTA con jugate  on s i x  c e l l  +y PS; except f o r  p r imary  r a t  hepatocytes,  
none o f  were a f f e c t e d  by a h igh  concen t ra t i on  (lO-%Y-of ASF-DTA con jugate .  A fetuin-DTA con ju-  
ga te  was 300- fo ld  less t o x i c  than t h e  ASF-DTA con jugate  and apparen t l y  exer ted  i t s  e f f e c t s  
through non-receptor mediated uptake systems. The ASF-DTA con jugate  i s  t h e  f i r s t  DTA con jugate  
which i s  h i g h l y  t o x i c ,  c e l l - t y p e  s p e c i f i c  and whose a c t i o n  i s  mediated by a we l l -de f i ned  recep- 
t o r .  
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IMMUNOCHEMICAL. ANALYSIS OF DISCOIDINS I AND I1 AT THE CELL SURFACE OF DICTYOSTELIUM 
DISCOIDELIM, D. Randall Armant and Edward A. Berger, Cell Biology Group, Worcester 
Foundation for Experimental Biology, Shrewsbury, MA 01545. 

750 

The endogenous lectins Discoidins I and I1 are believed to be primary components of the 
We have developed immunochemical meth- morphogenetic cell cohesion system of D. discoideum. 

ods to analyze the association of the Discoldins wlth the cell surface. 
stage antibody binding assay in which intact cells are incubated on ice withljtbbit serum 
(eit,her normal serum or anti-Discoidin I + 11). washed, then incubated with 
Reaction mixtures are spun through sucrose cushions, and radioactivity in the cell pellets 
and supernatants is determined. 
between cell-bound radioactivity with anti-Discoidin versus normal serum during the first 
sta e. 
witf vegetative cells or with differentiated cells of an aggregation-defective mutant dis- 
playing negligible Discoidin in cell extracts. 
immunoadsorption analyses demonstrated that intact differentiated cells are capable of nearly 
complete adsorption of immunoreactivity, as judged by assaying adsorbed supernatants for both 
specific antibody binf@-activity against fresh intact cells and immunoprecipitation activ- 
ity against purified Discoidin. By contrast, vegetative cells have no effect. Most 
importantly, in experiments where increasing numbers of differentiated cells are added to 
fixed dilutions of antisera, there is a quantitative reciprocal relationship between initial 
specific antibody binding and residual immunoreactivity in the adsorbed supernatants. We 
thus conclude that the specific antibody binding assay is a reliable measure of the relative 
quantities of surface-localized Discoidin. It was also possible to show by adsorption an- 
alyses that both anti-Discoidin I and anti-Discoidin I1 antibodies bind to differentiated 
cells. This is the first demonstration that both lectins are present at the cell surface. 

One method is a two- 

I-Protein A. 

Specific antibody binding is defined as the difference 

Substantial specific antibody binding is observed with differentiated cells, but not 

As a complementary method, quantitative 

751 Neutral glycosphingolipids are implicated in the specific adhesion of ox erythrocytes 
to BHK fibroblasts. Charles Glabe, M.S.  Singer, L.R. Grabel and S.D. Rosen 
Dept. of Anatomy University of California, San Francisco 94143 

BHK fibroblasts form rosettes specifically with trypsinized ox (tOx) erythrocytes. BHK 
cells interact to a much lesser extent with sheep and rat and not at all with rabbit, guinea 
pig and hamster erythrocytes. 
erythrocytes to monolayers of BHK fibroblasts. 
components responsible for the interaction between BHK and tOx cells. 
factor (RMF) of the fibroblasts is destroyed by prolonged proteolysis, suggesting that it may 
be proteinaccous. 
competitively inhibit rosetting whereas neutral glycolipids from rabbit erythrocytes had no 
effect on rosetting at similar concentrations. Incorporation of ox glycolipids into guinea 
pig erythrocytes caused these non-rosetting cells to adhere to BHK fibroblasts. 
rosette inhibitory activity was found in fractions containing the major neutral glycolipid 
galactosyl paragloboside (Galal~3Gal61~GlcNAc61~3Gal61~Glc61~1Ceramide). The terminal a 
galactose residues may be recognized by the fibroblast RMF. In support of this possibility 
is the finding that neoglycoproteins containing a galactose residues inhibit the adhesion of 
tOx cells to BHK monolayers while 6 galactose-BSA has no effect. Furthermore, treatment of 
tOx cells with a galactosidase results in a decreased ability of tOx cells to adhere to BHK 
cells. The role of the BHK RMF in the social behavior of the fibroblasts is being studied. 

This same specificity is observed in the adhesion of different 
We have investigated the nature of the 

The rosette mediating 

Neutral glycosphingolipids extracted from ox erythrocytes were found to 

The highest 

752 PURIFICATION OF A CANDIDATE FOR THE RECEPTOR TO PALLIDIN, THE LECTIN OF THE CELLULAR 
SLIME MOLD POLYSPHONDYLIUM PALLIDUM. Debra K. Drake and Steven D. Rosen, UCSF, 
San Francisco, C a l i f o r n i a  94143. 

We have p u r i f i e d  a l a r g e  molecular weight, carbohydrate-containing molecule, a candidate f o r  
the receptor f o r  p a l l i d i n ,  the c e l l  surface l e c t i n  i n  the c e l l u l a r  sl ime mold, Polysphondylium 
pal l idum. 
and provided evidence f o r  the existence o f  a h i g h - a f f i n i t y ,  ce l l - su r face  receptor f o r  p a l l  i d i n  
on d i f f e r e n t i a t e d  amoebae. A potent antagonist o f  p a l l i d i n  hemagglutination a c t i v i t y  i s  found 
i n  a so lub le e x t r a c t  o f  crude membranes from aggregation-competent c e l l s .  This i n h i b i t o r y  
a c t i v i t y  i s  p rec ip i t a ted  from so lu t i on  by the add i t i on  o f  p a l l i d i n .  The carbohydrate-contain- 
i ng  component i s  separated from p a l l i d i n  by s o l u b i l i z i n g  the p r e c i p i t a t e  i n  6M guanidine HC1 
and f r a c t i o n a t i n g  on Sepharose 4B. The mater ia l  y i e l d s  fou r  peaks: a vo id and an i n te rna l  
OD280 peak and two carbohydrate-containing peaks. The f i r s t  carbohydrate peak contains 75% 
o f  the i n h i b i t o r y  a c t i v i t y  i n  the s t a r t i n g  crude ext ract ,  whereas the other  peaks conta in  
n e g l i g i b l e  a c t i v i t y .  
graphy reveals two major components, glucose and rhamnose. Metabolic label1 ing experiments 
i nd i ca te  t h a t  on ly  the f i r s t  o f  the carbohydrate peaks i s  synthesized by the sl ime molds. 
Pre l iminary experiments i nd i ca te  the heterosaccharide may be developmentally regulated. 
concentrat ions o f  t h i s  heterosaccharide block the agg lu t i na t i on  o f  cohesive amoebae i n  gyrated 
suspension. 
c e l l u l a r  "aggregation factor"  by at taching t o  c e l l  surface p a l l i d i n  on opposing c e l l s .  

Previous s tud ies have both impl icated p a l l i d i n  i n  mediat ing i n t e r c e l l u l a r  adhesion 

Carbohydrate analys is  o f  the i n h i b i t o r y  component by paper chromato- 

High 

Low concentrat ions augment agglut inat ion.  This substance may a c t  as an ext ra-  
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753 MUI,TIPLE DISCOIDIN I CiENF.3 I N  DICl'YCETELIUM, Stephen Poole, Walter Rowekamp, and 
Richard A. F i r t e l ,  Univ. Cal i f .  San Diego, La Jolla, CA 92093 

Discoidin I is a tetrameric protein which may play an important role i n  c e l l  cohesion i n  
D. discoidem. I% 2-D ge ls ,  i n  vivo synthesized Discoidin I shows three d i f fe ren t  is@ 
electric f o m  i n  approximately e q u m l a r  r a t i o s .  
l a t ion  products of mRNA f ran  developing cells a l s o  y ie lds  these three  isoelectric f o m .  

Using r e d i n a n t  DNA techniques w e  have shown t h a t  Discoidin I is encoded by a snall 
m l t i g e n e  family. We have isolated r e c d i n a n t  phage and plasnids containing portions of 
several d i f fe ren t  Discoidin I genes. DNA sequence analysis  of t h e  protein coding regions 
shows very l i t t le  sequence divergence, resu l t ing  i n  only a few amino acid subst i tut ions 
between t h e  various genes. The subst i tut ions a r e  not canpletely randan, but show sane 
cluster ing.  There is very l i t t le  subst i tut ion i n  t h e  t h i r d  posi t ion of t h e  codons. A t  least 
three  of t h e  genes are transcribed and t h e  5' ends of t h e  mRNA's of these genes have been 
local ized by S nuclease mapping. 
s t rong h m l g y l a n d  have features  shared by other  Dic tyos te l im genes which have been isola-  
ted.Final ly ,  more 5 '  hybridizing regions e x i s t  i n  the  genane than 3' hybridizing regions 
when studied with Southern DNA b lo t  f i l t e r s .  

I m o p r e c i p i t a t i o n  of in  v i t r o  trans- 

The 5' untranslated regions of t h e  three genes show 

754 
Middletown, CT. 06457 Our previous studies show that adhesionsformed during 
reaggregation of dissociated sea urchin blastula cells are pronase insensitive 
Reaggregation is totally inhibited by pronase plus NaNj or pronase plus CCB, 
but not by pronase nlus colchicine. NaN3, CCB or colchicine do not affect rea- 
ggregation when used alone as markedly as they do in the presence of pronase. 
We tested the possibility that NaN3 or CCB inhibit adhesive component replace- 
ment from an intracellular source, which makes the pronase able to inhibit re 
aggregation since the adhesive components it affects are not continuously re- 
plenished. We labeled intact embryos and determined the amount of labeled pro- 
tein released during reaggregation of control cells, pronase treated cells, 
NaN3 treated cells and cells treated with NaN plus uronase. If our hypothesis 
is correct, less label should be released in ?he presence of NaN3 plus-pronase, 
since the former agent would block the replacement of the adhesive comnonents 
affected by pronase. We found that cells treated with pronase plus NaN 
lease more label than cells treated with pronase alone o r  YaN3 alone. d;fiso 
found that a class of glycopeptides is released in the vresence of pronase p l u s  
NaN that is not released when either of these agents is used alone. We con- 
cluae that the adhesive components of these cells are protected from digestion 
by pronase by an energy and microfilament dependent process. 

MASKING OF THE PRONASE SENSITIVITY OF SEA URCHIN EHBRYO CELL ADHESION 
FORMATION, Robert S. Turner, Jr. and Donald R. Bertolini, Wesleyan Univ., 

755 MONOCLONAL ANTIBODIES TO HUMAN T E R A T O C A R C I N O M A  DIFFERENTIATION A N T I G E N S .  
P e t e r  G .  C a r r o l l  a n d  R o b e r t  S .  S c h w a r t z ,  T u f t s  u n i v e r s i t y  S c h o o l  o f  Med- 

i c i n e ,  B o s t o n ,  MA 0 2 1 1 1  
T e r a t o c a r c i n o m a  c e l l s  i n  h i g h  d e n s i t y  c u l t u r e  u n d e r g o  d i f f e r e n t i a t i o n  t o  f o r m  
f o c i  o f  e a r l y  e m b r y o n i c  t i s s u e .  T h e s e  c e l l s  h a v e  t h e r e f o r e  b e e n  u s e f u l  i n  t h e  
s t u d y  o f  n o r m a l  d e v e l o p m e n t .  C e l l  s u r f a c e  r e c o g n i t i o n  m o l e c u l e s  seem t o  d i r e c t  
t h i s  d i f f e r e n t i a t i o n  p a t h w a y .  W e  h a v e  r a i s e d  m o n o c l o n a l  a n t i b o d i e s  t o  s p e c i f i -  
c a l l y  d e t e c t  t h e s e  r e c o g n i t i o n  s t r u c t u r e s  o f  e m b r y o g e n e s i s  by  i m m u n i z i n g  m i c e  
w i t h  human t e r a t o c a r c i n o m a  c e l l s  g rown  i n  s e r u m  f r e e  m e d i a .  The m o n o c l o n a l  a n -  
t i b o d i e s  d i s p l a y e d  t h r e e  m a j o r  s p e c i f i c i t y  p a t t e r n s :  1)  s p e c i f i c  r e a c t i v i t y  f o r  
u n d i f f e r e n t i a t e d  c e l l s  ( c e l l s  g rown  a t  l o w  d e n s i t y ) ,  2 )  s p e c i f i c  r e a c t i v i t y  f o r  
d i f f e r e n t i a t e d  c e l l s  ( c e l l s  g rown  a t  h i g h  d e n s i t y ) ,  o r  3 )  r e a c t i v i t y  w i t h  b o t h  
u n d i f f e r e n t i a t e d  a n d  d i f f e r e n t i a t e d  c e l l s .  M o n o c l o n a l  a n t i b o d i e s  t h a t  r e a c t e d  
w i t h  t h e  (HLA+) a u t o l o g o u s  l y m p h o b l a s t o i d  c e l l  l i n e  h a v e  b e e n  e x c l u d e d  f r o m  
t h e s e  g r o u p s .  T h i s  s e l e c t i v e  r e a c t i v i t y  i n d i c a t e s  a s p e c t r u m  o f  m o l e c u l e s  o n  
t h e  c e l l  s u r f a c e ,  b o t h  t e m p o r a l  a n d  p e r s i s t e n t ,  t h a t  p r e c e e d  a n d  a c c o m p a n y  c e l l  
c o n t a c t - d e p e n d e n t  d i f f e r e n t i a t i o n  o f  t h i s  e m b r y o n i c  c e l l  l i n e .  The  b i o c h e m i c a l  
n a t u r e  o f  t h e s e  p u t a t i v e  c e l l  i n t e r a c t i o n  m o l e c u l e s  w i l l  b e  d i s c u s s e d .  

T h i s  w o r k  w a s  s u p p o r t e d  i n  p a r t  by g r a n t s  N C I  CA-24530 a n d  N I A M D D  AM-27232. 
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756 DIFFERENTIAL CELL COHESIVENESS OF PRESPORE AND PRESTALK CELLS I N  DICTYSTELIUM E- 
COIDEUM, C-H. S i u ,  T.Y. Lam, G.  Pickering and J. Geltosky, University of Toronto, 
Toronto, Ontario. M5G 1L6 

Pseudoplasmodia of Dictyostelium discoideum a t  the culmination s tage  were separated i n t o  two 
c e l l  populations by sedimentation i n  a discontinuous renografin gradient .  The two l i g h t e r  
f rac t ions  (I and 11) had enzymatic a c t i v i t e s  c h a r a c t e r i s t i c  of the an ter ior  pres ta lk  c e l l s ,  
while the  heaviest  f rac t ion  (111) showed enzyme a c t i v i t i e s  c h a r a c t e r i s t i c  of  the  pos te r ior  
prespore c e l l s .  
hanced cohesiveness when compared with 10-hr c e l l s  and 18-hr pres ta lk  c e l l s .  They were more 
r e s i s t a n t  t o  d issoc ia t ion  by EDTA. However, Fab fragments prepared from ant ibodies  d i rec ted  
against  a s p e c i f i c  c e l l  surface glycoprotein gp150 were more e f fec t ive  i n  d issoc ia t ing  pre- 
spore c e l l s  than pres ta lk  c e l l s .  Cells beyond the  13-hr s tage were about &-fold more sensi-  
t i v e  t o  d issoc ia t ion  by these Fab fragments than c e l l s  a t  the 7-hr s tages ,  suggesting t h a t  
prespore c e l l s  acquired an increase i n  cohesiveness between 10 and 13 hr .  I n  addi t ion,  pre- 
spore c e l l s  contained an approximately 2-fold higher concentration of the  major endogeous car- 
bohydrate binding protein discoidin-I than pres ta lk  c e l l s .  These differencesmayaccount f o r  
the d i f f e r e n t i a l  cohesiveness of these two cel l  populations and provide a bas i s  f o r  ce l l recog-  
n i t i o n  and c e l l  sor t ing  a t  the s lug s tage.  

Prespore c e l l s  obtained from preculmination and culmination s tages  showed en- 

757- INHIBITION OF FUSION OF EMBRYONIC MUSCLE CELLS IN CULTURE BY TUNICAMYCIN 
IS PREVENTED BY LEUPEPTIN, J. Brian Parent and Kenneth Olden, Howard University 
Cancer Center, Washington, D. C. 20059 

The carbohydrate requirement for a l ignment  and fusion of embryonic quail muscle c e l l s  h a s  
been examined in  t i s sue  culture by u s e  of tunicamycin (TM). The mononucleated, spindle- 
shaped proliferating myoblasts were treated with TM a t  various times before fus ionand 
differentiation into multinucleated muscle fibers capable  of spontaneouB contraction. 
TM blocked protein glycosylation and expression of glycoproteins ohth? ce l l  surface,  and 
strongly inhibited fusion when added to cultures of differentiating muscle cells before 
the fusion "burst': but had no apparent effect o n  cel l  alignment. The inhibition of fusion 
was  partially prevented when TM was  administered i n  the presence of protease inhibitors 
such a s  leupeptin and pepstatin, but the  inhibition of glycosylation was  not prevented. 
Both glycosylation and fusion were completely restored to  normal by the removal of the  
antibiotic from the  medium. These studies  provide strong support for the idea that  myoblast 
fusion is partially mediated by glycoproteins with asparagine-linked oligosaccharides. 
However, the requirement for the carbohydrate portion of the glycoprotein appears  to be  
indirect i n  that  it a c t s  to s tabi l ize  the protein moiety against  proteolytic degradation. 
Our findings d o  not rule out the  possibility that  oligosaccharide uni ts  of surface glyco- 
l ipids  have some role  in  myoblast fuslon. 

758 DEVELOPMENTAL MODULATION OF PROTEIN SYNTHESIS IN DROSOPHILA PRIMARY EMBRYONIC CELL 
CULTURES, Carolyn H. Buzin and Robert L .  Seecof, City of Hope Research Ins t i tu te ,  
Duarte, CA 91010. 

The pat terns  of proteins synthesized during embryonic development in Droso hi la  melano- 
gaster have been examined by two-dimensional gel electrophoresis. Pr& =es 
prepared from donor embryos synchronized t o  * 1 hr were labeled with ["S]methionine 
a t  5, 11.5, 14.5, and 26 hour a f t e r  oviposition. Of approximately 400 t o  500 proteins 
detected, the synthesis of about 50 i s  developmentally modulated. The greatest  number 
of changes in the synthesis of stage-specific proteins occurs a t  11.5 and 14.5 hr a f t e r  
oviposition, periods just pr ior  t o  and during the times of the  qreatest  overt morpholo- 
gical and biochemical changes. A t  11.5 hr, 35 stage-specific proteins a re  synthesized. 
including 19 tha t  are  not present a t  the previous stage examined. 
spec i f ic  proteins can be detected, including 11 newly synthesized proteins. However, 
12 proteins from the previous stage a re  no longer synthesized. 
embryonic d i f fe ren t ia t ion ,  a t  26 hr, no new proteins are synthesized and the synthesis of 
many tha t  were present in e a r l i e r  stages has decreased o r  stopped. Comparison of patterns 
of embryonic proteins t o  those synthesized by two Droso hi la  continuous cel l  l ines  reveals 
tha t  the majority of proteins are  common t o  a l l .  &nly about 40% of the embryonic 
stage-specific proteins a r e  present i n  e i ther  ce l l  l ine .  
proteins unique t o  each cel l  l ine  tha t  are  not observed in any of the embryonic stages. 

A t  14.5 hr, 34 stage- 

A t  the completion of 

In addition, there are  several 
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Cellular Recognition 

759 
Yale University, New Haven, CT 06510 
Two strains of the parvovirus MVM which are restricted reciprocally In their ability to 
infect fibroblasts and lymphocytes have been characterized. 
tropic variants, are serologically indistinguishable and almost identical in the nucleotide 
sequence of their genomes. Cell fusion studies indicate that the restriction is recessive 
and that the establishment of viral infection depends upon the expression of developmentally- 
regulated host genes which are not extinguished in stable cell hybrids. Lack of comple- 
mentation between the two virus variants suggests that each differentiated host gene product 
recognizes a +-acting determinant within the genome of the appropriate virus strain in 
order to promote replication of that genome alone. Further variants of these viruses, which 
overcome the restriction, have been selected and the location of the allotropic determinant 
has been mapped within the viral genome. The location of this sequence, and its role in the 
replication of the virus will be discussed. Further cell studies have shown that the ex- 
pression of the developmentally-regulated host function is inherited in a meta-stable manner 
-~ in vitro and that cells may switch between phenotypes associated with dissimilar differen- 
tiated states with relatively high frequency. Factors affecting the control of expression 
of these host genes, and their possible functions during differentiation, will be 
addressed. 

ANALYSIS OF A SEQUENCE DETERMINING SPECIFIC TISSUE-TROPISM WITHIN THE GENOME 
OF THE MINUTE VIRUS OF MICE (MVM). Peter J. Tattersall, Dept. of Human Genetics, 

These strains, designated allo- 

760 
Truchet, Michigan State University, East Lansing, Michigan 48824 

clover root exudate by an innnunofluorescent assay employing encapsulated cells of Rhizobium 
trifolii 0403 heat-fixed to microscope slides. Its presence in root exudate was confirmed 
by imunoaffinity chromatography and polyacrylamide gel electrophoresis. Trifoliin in root 
exudate bound uniformly to fully encapsulated cells after 1 hr incubation, but after 4-8 hr 
there was a progressive reduction in bound trifoliin resulting in a distinctive localization 
at only one cell pole. Trifoliin could no longer be detected on the surface of heat-fixed 
cells after 12 hr of incubation with the root exudate. However, trifoliin was detected on 
one pole of cells grown in situ for 4 days in the simulated clover rhizosphere of Fahraeus 
slide cultures. The substance(s) in root exudate which induced this alteration were high in 
molecular weight, heat-stable, trypsin-sensitive, and were antigenically unrelated to seed 
trifoliin. These results suggest that proteinaceous substances in root exudate affect the 
development of polarity in trifoliin-binding receptors which may account for the distinctive 
polar attachment of these cells to clover root hairs during Phase I attachment. 

TRIFOLIIN IN CLOVER ROOT EXUDATE AND ITS RELATIONSHIP TO CELL SURFACE POLARITY OF 
-- RHIZOBIUM TRIFOLII, Estelle M. Hrabak, Frank B. Dazzo, John E. Sherwood, and Georges 

Trifoliin, a Rhizobium-binding glycoprotein from white clover, was detected in sterile 

Chemotaxis 

761 FRACTIONATION OF CHEMOTACTIC FACTORFROM BY-PROnUCTS OF INTERFERON PURIFICATION. 
Amanullah Khan, Cindy Kiker. Syeda Shariff and N.O. Hill, Wadley Institutes of 

Molecular Medicine, Dallas, TX 75235. 
Human leukocytes are stimulated with an fnducing virus (Sendai) and cultured for 24 hours to 
obtain human leukocyte interferon. It is likely that other lymphokines are also produced 
during this culture. We have attempted to isolate other lymphokines that may be produced 
and then discarded during interferon purification procedures. 
the monocyte chemotactic factor is produced during this procedure. Two of the discarded 
fractions consisting of ethanol precipitates at pH 5 and 5 . 6  contained chemotactic factor 
for monocytes. 
tion. Further work has shown that 45% ammonium sulfate gives better yield with less protein 
contamination. The ammonium sulfate precipitate was further fractionated on controlled-pore 
glass bead columns (Electro-Nucleonics, Inc., mean pore size 116A).  Four fractions were 
obtained by this procedure. Fraction 3 ,  which had a small protein peak, contained chemotac- 
tic activity. 

It was reported earlier that 

Ammonium sulfate (50%)  precipitation was used as a first step for purifica- 
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762 CHEMOTACTIC PEPTIDE RECEPTOR CYCLING I N  POLYMORPHONUCLEAR LEUKOCYTES (PMNs). Susan 

Incubat ion  of PMNs w i t h  the chemotac t ic  pep t ide  N-fomylnorleucylleucylphenylalanine, 
FNLLP, a t  37°C r e s u l t s  i n  a dose  dependent loss of r e c e p t o r s  which are a v a i l a b l e  f o r  
b inding .  Within 20 min, a new p l a t e a u  l e v e l  of r e c e p t o r s  i s  reached. The c e l l s  con t inue  
t o  t ake  up pep t ide  i n  a receptor-mediated manner a f t e r  t h e  p l a t e a u  has  been reached. I f  
pep t ide  is  removed, cells  recover  t h e  " los t "  receptor$ .  Recovery is f i r s t  o rde r  func t ion  
of t h e  number of r e c e p t o r s  " lo s t "  from t h e  ce l l  su r face .  
o f  t h e s e  processes  t o  de te rmine  i f  t h e  p l a t eau  r e c e p t o r  l e v e l  could  r ep resen t  a s teady-  
State i n  which t h e  r e c e p t o r s  are con t inua l ly  being ince rna l i zed  and r e supp l i ed  t o  t h e  cel l  
su r face .  
ra te  of receptor-mediated pep t ide  uptake.  The r a t e  cons t an t  f o r  r ecep to r  recovery ,  G ,  
w a s  determined a f t e r  p re incuba t ion  a t  va r ious  concen t r a t ions  of FNLLP. We f i n d  t h a t  t h e  
ra te  of r ecep to r  i n t e r n a l i z a t i o n ,  kur (RC), is  similar t o  t h e  ra te  of r ecep to r  r e i n s e r t i o n ,  
& (R i ) ,  where (RC) equa l s  t h e  number of s u r f a c e  r e c e p t o r s  occupied and (R ) equa l s  t h e  
number of r e c e p t o r s  i n s i d e  t h e  c e l l .  This is c o n s i s t e n t  w i t h  t h e  p l a t e a u  t e i n g  a s t eady  
state of r ecep to r  cyc l ing .  

J. S u l l i v a n  and S a l l y  H. Zigmond, Un ive r s i ty  of Pennsylvania ,  Ph i l ade lph ia ,  PA 19104. 

We have i n v e s t i g a t e d  t h e  k i n e t i c s  

The rate cons t an t  f o r  r ecep to r  i n t e r n a l i z a t i o n ,  br, w a s  determined from t h e  

763 
Durham, NC 27705 
Syn the t i c  N-formylated o l igopep t ides ,  i nc lud ing  N-formyl-Nle-Leu-Phe-Nle-Tyr-Lys, induce 
va r ious  f u n c t i o n a l  changes i n  human phagocytes.  
a c t i v e  and b inds  t o  human blood monocytes and pe r i tonea lmacrophages .  
l abe led  pep t ide  i s  s p e c i f i c ,  r ap id ,  and s a t u r a b l e ,  b u t  bound pep t ide  cannot be d i sp laced  by 
s a t u r a t i n g  doses  of  un labe led  pept ide .  
macrophages occurs  a t  about  3 nM, a concen t r a t ion  t h a t  corresponds t o  the  maximally chemo- 
t a c t i c  concen t r a t ion  of  t he  pep t ide  f o r  t hese  cells .  A t  s a t u r a t i o n ,  t he  monocytes bind 8 
fmol/lO5 c e l l s  i n d i c a t i n g  approximately 50,000 uptake s i tes  per  ce l l .  Pre t rea tment  of t h e  
monocytes w i t h  2-20 nM unlabe led  pep t ide  causes  a 20-60% dec rease  i n  uptake of l z5 I - l abe led  
pep t ide  (down regu la t ion ) ;  i n  p a r a l l e l  assays  t h e r e  is  a comparable dec rease  i n  chemotac t ic  
respons iveness .  
z a t i o n  of rhodamine-labeled pep t ide  by t h e  f r e s h  monocytes and p e r i t o n e a l  macrophages. 
monocytes are cu l tu red  i n  v i t r o  f o r  7-10 days ,  they  morphologica l ly  resemble t i s s u e  macro- 
phages. 
pep t ide ,  b u t  they  have 60-90% less chemotac t ic  response  t o  chemotac t ic  pep t ide  o r  zymosan- 
a c t i v a t e d  serum i r r e s p e c t i v e  of t h e i r  a b i l i t y  t o  b ind  t h e  l abe led  pep t ide .  
i a o l a t e d  human blood monocytes and p e r i t o n e a l  macrophGges have comparable r e c e p t o r s  for and 
cheaoeac t i c  reponses t o  the  s y n t h e t i c  chemotac t ic  pep t ide .  

HUMAN BLOOD MONOCYTE AND PERITONEAL MACROPHAGE RECEPTORS FOR CHEMOTACTIC PEPTIDE 
J. Br ice  Weinberg, Joseph J. Muscato, and James E .  Niede l ,  VA and Duke Medical Center, 

The 125I- labe led  pep t ide  i s  b i o l o g i c a l l y  
Monocyte uptake  of t h e  

Half-maximal uptake i n  monocytes and p e r i t o n e a l  

F luorescence  microscopy g ives  v i s u a l  evidence of receptor-mediated i n t e r n a l &  
Af te r  

The cu l tu red  monocytes d i sp l ay  a v a r i a b l e  dec rease  i n  t h e i r  b inding  of t h e  l abe led  

Thus, f r e s h l y  

764 
Ghemotactic formyl o l igopep t ides  a r e  processed  by receptor-mediated aggrega t ion ,  endocy tos i s ,  
degrada t ion  and r e l e a s e  a f t e r  b inding  t o  a s p e c i f i c  r ecep to r  on t h e  plasma membrane of 
human neu t roph i l s .  Seven techniques  f o r  t he  c l e n t  a f f i n i t y - l a b e l i n g  of t h i s  r ecep to r  
have been compared. N-formyl-Nle-Leu-Phe-Nle-"'I-Tyr-Lys was c ros s l inked  wi th  e i t h e r  
d imethyl  suber imida te ,  e thy leneg lyco l  b i s  ( succ in imidyl  succ ina te )  (EGS) OK d i th io -b i s  
( succ in imidyl  propionate)  (Lomant's reagent )  . N-fo~myl-Nle-Leu-Phe-Nle-~~~I-Tyr-Lys-N~-4- 
azido-2-nitrophen 1 and -NE-4-azidobenzoyl were c ros s l inked  by pho toac t iva t ion  and N-formyl- 
Nle-Leu-?he-Nle-1q51-Tyr-Lys-NE-bromoacetyl and -N'-maleimidobenzoyl r eac t ed  spontaneously.  
A l l  methods l abe led  a polypept ide  wi th  an  apparent  molecular  weight of 55,000 t o  70,000 by 
SDS-PAGE. 
a f f i n i t y  used t o  c h a r a c t e r i z e  the  r ecep to r  by r ad io l igand  b inding  s t u d i e s .  
methods l abe led  t h e  r ecep to r  and mul t ip l e  non-receptor p r o t e i n s  as w e l l ,  whereas EGS l abe led  
only  the  r ecep to r .  E f f i c i ency  of c ros s l ink ing  was lowest f o r  t he  two a r y l a z i d e s  (<0 .5%)  and 
h ighes t  w i t h  EGS (10-20%). 

Approximately 50% of the  a f f i n i t y - l a b e l e d  r e c e p t o r s  can be s o l u b i l i z e d  wi th  low concen- 
t r a t i o n s  of va r ious  d e t e r g e n t s ,  i nc lud ing  d i g i t o n i n ,  Triton-X100, Nonidet P-40, Ammonyx-10 
and o c t y l  g lucopyranos ide .  
changes i n  i o n i c  s t r e n g t h ,  t r ea tmen t s  which r e l e a s e  p e r i p h e r a l  membrane p r o t e i n s ,  do no t  
e x t r a c t  t h e  formyl pep t ide  r e c e p t o r .  
g e l  f i l t r a t i o n  and hydroxyapat i te  chromography. 

PARTIAL PURIFICATION OF THE AFFINITY-LABELED FOWL PEPTIDE CHEMOTACTIC RECEPTOR, 
James Niede l ,  Duke Un ive r s i ty  Medical Center ,  Durham, North Caro l ina  27710. 

This  l abe l ing  was shown t o  meet t h e  same c r i t e r i a  of s a t u r a b i l i t y ,  s p e c i f i c i t y  and 
S ix  of t he  

Potassium iod ide ,  a c e t i c  a c i d ,  d i v a l e n t  i on  c h e l a t o r s  and 

The r ecep to r  can be p a r t i a l l y  p u r i f i e d  by i o n  exchange, 
S tud ie s  of l e c t i n  s p e c i f i c i t y  a r e  underway. 
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STUDIES ON THE CAMP RECEPTOR OF D. DISCOIDEUM I N  INTACT CELLS, PLASMA MEMBRANES, AND 
THE SOLUBILIZED STATE, Beth L .  MGers and William A. F r a z i e r ,  Washington Un ive r s i ty  765 

School of Medicine, S t .  Louis ,  MO 63110. 
Aggregating c e l l s  of t h e  c e l l u l a r  slime mold 
promote both  chemotaxis and f u r t h e r  d i f f e r e n t i a t i o n .  
r ecep to r  f o r  cAMP i n  i n t a c t  cel ls  and plasma membranes b inds  CAMP i n  an o s c i l l a t o r y  manner. 
This  r ecep to r  has  been s o l u b i l i z e d  from plasma membranes wi th  the  nonionic  de t e rgen t  h u l p h o -  
gene BC-720. 
necess i t a t ed  development of %CAMP binding  a s says  i n  which bound and f r e e  l a b e l  can be 
separa ted  i n  less than 2 seconds.  In  one assay  de te rgen t  s o l u b i l i z e d  r ecep to r  is  bound t o  DE- 
81 f i l t e r s  ( i o n  exchange) and a second method employs hydrophobic b inding  of t he  r ecep to r  
p r o t e i n  t o  decyl-agarose beads a t  low de te rgen t  concen t r a t ion .  
s o l u b i l i z e d  r ecep to r  shows the  expected rap id  on and o f f  rates. 
and cGMP has  a 1 0  to 50 f o l d  lower a f f i n i t y  f o r  the  so lub le  r ecep to r ,  i n d i c a t i n g  both  lower 
a f f i n i t y  and s e l e c t i v i t y  of t he  r ecep to r  i n  the  so lub le  s ta te .  
both  the  de t e rgen t  s o l u b i l i z e d  and membrane a s soc ia t ed  r ecep to r s ,  sugges t ing  i d e n t i t y  of 
t hese  cAMP binding  p r o t e i n s .  Mul t iva len t  r ecep to r  l i gands .  such as CAMP-BSA conjugates ,  a r e  
chemoa t t r ac t an t s  and bind t o  i n t a c t  c e l l s  w i th  nonosc i l l a to ry  k i n e t i c s  sugges t ing  mul t iva l en t  
r ecep to r  i n t e r a c t i o n .  
mu l t iva l en t  l i gands  a r e  now i n  p rogres s .  
Es tab l i shed  I n v e s t i g a t o r  o f t h e  American Hear t  Assn.] 

discoideum produce re layed  CAMP s i g n a l s  which 
We have shown t h a t  t he  chemotactic 

The extremely r ap id  a s s o c i a t i o n  and d i s s o c i a t i o n  rates of t h e  r ecep to r  have 

With both  assay  methods. 
The approximate Kd is  10-7 M 

Sul fonyl  f l u o r i d e s  i n a c t i v a t e  

S tud ie s  on r ecep to r  l o c a l i z a t i o n  and i n t e r n a l i z a t i o n  us ing  these  
[Supported by NS 13269 and PCM-78 04304, WAF is  an 
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By us ing  a moving mic rop ipe t t e  source ,  i t  i s  p o s s i b l e  t o  e x e r t  some independent c o n t r o l  over 
t he  s p a t i a l  and temporal c h a r a c t e r i s t i c s  of t h e  chemical s j g n a l  concen t r a t ion  seen  by a c e l l .  
Experiments are descr ibed  i n  which t h i s  i s  done f o r  c y c l i c  AMP s i g n a l s  presented  t o  
Dic tyos te l ium discoideum amebas. The r e s u l t s  a r e  d iscussed  i n  terms of t h e  two c u r r e n t  mo- 
d e l s  f o r  ameboid chemotaxis:  t h e  response  i s  due t o  t h e  s p a t i a l  g rad ien t  a t  t he  ce l l  o r ,  t he  
response  is  due t o  t h e  t i m e  v a r i a t i o n  a t  the  c e l l  ( u p s h i f t  vs .  downshi f t ) .  The r e s u l t s  a r e  
r e l a t e d  t o  ou r  r e c e n t  f i n d i n g s  t h a t  chemotaxis i n  Dic tyos te l ium is l a b i l e  and r ap id .  C e l l s  
respond wi th in  seconds t o  s t a r t i n g ,  s topping ,  o r  moving t h e  CAMP source .  Concent ra t ion  up- 
s h i f t s  a l s o  produce a t r a n s i e n t  (30 s)  s topping  response  c a l l e d  "cringing".  Between CAMP 
pulses ,  l a t e  c e l l s  s t o p  t r a n s l o c a t i n g  f o r  many minutes ,  hu t  e x h i b i t  s u b s t a n t i a l  a c t i v i t y  a t  
t h e i r  margins,  u n l i k e  c r ing ing .  We propose t h a t  t h e  func t ion  of t h i s  long du ra t ion  s topping ,  
c a l l e d  "quivering",  is  t o  s t a b i l i z e  t h e  c e l l  arrangements which have developed t o  t h a t  po in t ,  
r a t h e r  than  l o s i n g  t h e  arrangements due t o  random c e l l  motion between success ive  CAMP 
s i g n a l s .  

SPATIAL VS. TEMPORAL MECHANISMS I N  DICTYOSTELIUM CHEMOTAXIS, R. P.  F u t r e l l e ,  Univer- 
s i t y  of I l l i n o i s ,  Urbana, I L  61801 

767 THE EFFECT OF CYCLIC AMP ON PROTEIN PHOSPHORYLATION IN  DICTYDSTELIUM DISCOIDEUM, 
Donna Coffman, Ben L e i c h t l i n g ,  H.V. Rickenberg, Na t iona l  Jewish Hosp i ta l  and 
Research Center /Nat iona l  Asthma Center and U n i v e r s i t y  o f  Colorado Medical Center, 
Denver, CO 80206 

The phosphorylated p r o t  'ns o f  D i c t  o s t e l  ium discoideum were examined by SDS po lyacry lamide 
ge l  e lec t rophores i s  o f  5JPi-labeledYamoebae. We observed t h a t  t h e  p a t t e r n  o f  phosphopro- 
t e i n s  changed du r ing  the  d i f f e r e n t i a t i o n  o f  t he  amoebae on M i l l i p o r e  f i l t e r s .  To exp lo re  
t h e  e f f e c t  o f  c y c l i c  AMP on p r o t e i n  phosphory la t ion ,  d u p l i c a t e  c u l t u r e s  o f  s t a r v i n g  amoebae 
were exposed t o  pu lses  o f  cAMP o r  S'AMP every  seven minutes such t h a t  t h e  nuc leo t i de  con- 
c e n t r a t i o n  a f t e r  every  pu l se  was 10-7 M. Approximately t h i r t y  phosphoproteins were de- 
tec ted .  Labeled e x t r a c t s  were separated i n t o  membranal and nuc lea r  f r a c t i o n s .  We found a 
number o f  changes i n  the  occurrence o f  phosphoproteins du r ing  development. Exogenous cAMP 
caused t h e  precoc ious  appearance o f  c e r t a i n  membranal phosphoproteins (apparent  subun i t  
m.w. 77,000 and 79,000) and the  precoc ious  disappearance o f  c e r t a i n  nuc lear  phosphoproteins 
apparent subun i t  n.w. 34,000 and 39,000). The m a j o r i t y  o f  t h e  phosphoproteins appeared t o  
be una f fec ted  by the  a d d i t i o n  o f  CAMP. 
i n  response t o  exogenous cAMP may occur.  
a n a l y s i s  o f  t he  phosphoproteins o f  D ic t yos te l i um discoideum and o f  t h e i r  behav io r  i n  
response t o  CAMP. 

C l e a r l y  a d d i t i o n a l  changes o f  t he  phosphoproteins 
There fore  we have i n i t i a t e d  a two-dimensional 
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Cilia and Flagella 

768 W. J. SNELL, A. CLAUSELL, and J .  WEBB, The Univ. o f  Texas Health Science Center a t  
Dallas, Dallas, Texas 75235. 

We have recen t l y  shown &. Ce l l  x., 84:203) t h a t  dur ing aggregation between gametes 
o f  opposite mating type ( m t ]  o f  C h l a m  domonas there I s  a r a p i d  loss o f  f l a g e l l a r  adhesion 
molecules whose replacement i s  p h n h i b i t o r s  o f  Drote in  svnthesls. Since theqe - - - .- - - . _ _  - 
r e s u l t s  suggested t h a t  there i s  an adhesion-induced synthekif  o f  f l a g e l l a r  prote ins we have 
attempted t o  i d e n t i f y  such molecules by incubat ing m t  and m t  gametes i n  "SO+ both before 
and a f t e r  mixing. Analysis by SDS-PAGE and autoradiography o f  f l a g e l l a r  f r a c t i o n s  i s o l a t e d  
from such preparations revealed t h a t  two prote ins o f  approximately 220K and 165K dal tons 
show a h igh  r a t e  of's incorporat ion only  dur ing aggregation. These molecules, which are 

j u s t  ba re l y  detectable by Coomassie b lue s ta in ing  f o r  prote ins on the gels bu t  are detectable 
w i t h  pe r iod i c  ac id  Schi f f  s ta in ing  f o r  carbohydrates, appear t n  a membrane f r a c t i o n  separable 
from i n t a c t  f l a g e l l a  when the f l a g e l l a  are fu r the r  f ract ionated.  
agalnst  these two prote ins t o  determine I f  they are indeed f l a g e l l a r  surface prote ins 
invo lved i n  adhesion. 
t h a t  occur dur ing f l a g e l l a r  adhesion and deadhesion, we have used o c t y l  glucoside (OG) 
ex t rac ts  of f l a g e l l a .  which have been shown t o  contain mating type s p e c i f i c  adhesion 
molecules &. Ce l l  m. 204: 599). We have found t h a t  c e l l s  are ab le t o  adhere t o  and 
deadhere from m x t r a c t  coated substrata. 
rendered non-adhesive by i n t e r a c t i o n  w i t h  l i v e  gametes o f  the opposite bu t  no t  t he  same 
mating type. We are c u r r e n t l y  t r y i n g  t o  deternline what biochemical changes i n  the ex t rac ts  
might be co r re la ted  w i t h  these funct ional  changes. 

We a re  making ant ibodies 

I n  f u r t h e r  attempts t o  character ize changes I n  f l a g e l l a r  molecules 

Moreover, the substratum adsorbed ex t rac ts  are 

Supported by NIH Grant #25661 t o  W. J.  S. 

769 THE PLASMA MEMBRANE OF SEA URCHIN SPERM: ISOLATION, ELECTROPHORETIC CHARACTERIZATION, 
AND ADENYL CYCLASE ACTIVITY. Nicholas L. Cross*, Marisa Mourelle,  Meredith Gould- 
Somero' and Albert0 Darszon. *Universi ty  of Ca l i fo rn ia ,  San Diego, CA 92093, and 

Centro de Invest iqaciBn y de Estudios  Avanzados d e l  IPN, Mexico 14, D.F. 
Two plasma membrane f r a c t i o n s  were i s o l a t e d  from f l a g e l l a  of Strongylocentrotus  

purpuratus  sperm by d i f f e r e n t i a l  cen t r i fuga t ion .  On SDS polyacrylamide g e l s ,  f r a c t i o n  1 
contained 9 major p r o t e i n s  and 14 minor species .  
had more p r o t e i n  of 55 k d a l t o n s  as we l l  a s  a d d i t i o n a l  minor bands. Five p r o t e i n s  of -200 k, 
149 k, 1 2 0  k, and 59 k s t a ined  with PAS: these  5 can be e x t e r n a l l y  l abe led  by l ac tope rox idase  
ca t a lyzed  r ad io iod ina t ion .  Membranes of f r a c t i o n  1 i s o l a t e d  from rad io i cd ina ted  sperm a r e  
enriched 10-fold i n  t h e  s p e c i f i c  a c t i v i t y  of '"1, and comparison wi th  g e l s  of l abe led ,  
un f rac t iona ted  sperm suggests  t h a t  no major labeled p r o t e i n s  a r e  l o s t  du r ing  i s o l a t i o n .  To 
t h i s  e x t e n t  t h e  membrane f r a c t i o n  is rep resen ta t ive  of t h e  e n t i r e  sperm lasma membrane. 
Both f r a c t i o n s  contain adenyl cyc la se  a c t i v i t y  which i s  s t imu la t ed  by Mn'+ and i n s e n s i t i v e  
t o  F-. The s p e c i f i c  a c t i v i t y  of f r a c t i o n  2 was 10-15 f o l d  higher  than i n  whole sperm and 
3-7 fo ld  h ighe r  than i n  f r a c t i o n  1. The cyclase appears  t o  be a s soc ia t ed  with t h e  membrane 
s i n c e  washing wi th  b u f f e r s  of high or l o w  i o n i c  s t r e n g t h  or son ica t ion  d i d  no t  r e l e a s e  
appreciable  a c t i v i t y  i n t o  t h e  supernatant .  
12.5 mM Ca2+ when the  Mn2+ concentrat ion i n  t h e  assay w a s  5 mM and ATP was 3.2 mM. 
Supported by USPHS Grant GM-07169 and NSF PCM 80-03759. 

Gels of f r a c t i o n  2 w e r e  s i m i l a r  bu t  

The enzyme a c t i v i t y  w a s  i n h i b i t e d  by 10 pM t o  

770 PAIR FORMATION IN TETRAHYMENA REQUIRES PRIOR CONTACTS WITH CELLS OF ANOTHER MATING 
TYPE, P e t e r  J. Bruns, Cornel l  Universi ty ,  I t haca ,  New York 14853 

Tetrahymena thermophila forms mating p a i r s  only a f t e r  s t a rved  c e l l s  of d i f f e r e n t  mating types 
phys ica l ly  i n t e r a c t  (cost imulate)  f o r  a t  l e a s t  ha l f  an  hour. Although the re  a r e  seven 
mating types in t h i s  spec ie s ,  cost imulat ion is not  mating type s p e c i f i c ;  con tac t s  with c e l l s  
of one mating type prepare a c e l l  f o r  mating with c e l l s  of any bu t  i t s  own type.  Both 
i n t e r a c t i n g  c e l l s  must be ready f o r  t h i s  a c t i v i t y  (properly s t a rved) ,  and both must be 
mature (wild type c e l l s  must have grown for about 40 f i s s i o n s  a f t e r  t h e  l a s t  mating).  
r eces s ive  e a r l y  mature mutation has  been i s o l a t e d  which e l imina te s  t h e  immaturity per iod;  
t he  scheme f o r  its i s o l a t i o n  and some of i t s  c h a r a c t e r i s t i c s  a r e  descr ibed.  Supported 
by NSF g ran t  PCM77-07056 and N I H  g ran t  GM27871-01 

A 
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771 PROTEIN AND LIPID FUNCTION IN THE CILIARY MEMBRANE OF PARAMECIUM, David L. Nelson, 
Lea Eisenbach, Michael Forte, Todd Hennessey, Ching Kung, Rajeev Ramanathan and 
Yoshiro Saimi, University of Wisconsin, Madison, WI 53706 

Antibodies raised against purified ciliary membranes imunoprecipitate several membrane 
proteins, including the immobilization antigen (i-antigen) (MW 250,000) and a family of 
acidic polypeptides of MI4 42-45,000. 
sylated, and are accessible to lactoperoxidase-catalyzed iodination with 125-1 and to 
labeling with 3-H-NaBH4 after treatment with galactose oxidase. 
susceptible to proteolysis in intact cells. Either monovalent g bivalent antibodies 
against some membrangprotein, probably the i-antigen, block Ca 
voltage-sensitive Ca 

with altered Ca 
two ciliary membrane sphingolipids. 
membranes of this mutant are more fluid, as measurd by fluorescence depolarization with 
diphenylhexatriene, than those from wild type cells. Addition of a sterol to the growth 
medium causes the electrical properties of the ciliary membrane, as well as its phospho- 
lipid composition and fluidity, to become indistinguishable from those of wild type cells. 

Both the i-antigen and the 45,000 family are glyco- 

The i-antigen is also very 

flux through the 
channel of the ciliary membrane. 

Lipids of thgciliary membrane also affect the function of the Cafe channel. In a mutant 
currents and altered swiming behavior, there is a specific alteration in 

Phospholipid vesicles prepared from the ciliary 

772 
We are examining length regulation in the Chlamydomonas reinhardtii flagellum in order to 
learn about the control of size at the cellular level. When the short-flagella mutant 
- ts253 is mated to wild type to produce quadriflagellate dikaryons with two normal and two 
short flagella, the two short flagella grow to wild type length at a rate comparable to the 
initial rate seen after deflagellation of wild t7pe. This result argues against uassive 
models for flagellar length control, in which the rate of flagellar growth is an inverse 
function of flagellar length, and it argues for active models in which the cell monitors and 
regulates flagellar length. 

shear-deflagellation but not after pH shock deflagellation, whereas wild type regenerates 
after either procedure. This may mean that some cellular element involved in length control 
- perhaps the flagellar basal body - is particularly sensitive t o  pH shock in the 253 mutant. 
We are presently looking for biochemical or ultrastructural evidence of such sensitivity. 

LENGTH CONTROL IN THE CHLAMYDOMONAS FLAGELLUM, Jonathan W. Jarvik, 
Frederick Reinhart, and Sally Adler, Carnegie-Mellon University, Pittsburgh, PA 15213 

253 cells have the peculiar property of regenerating their flagella after 

CHLAMYDOMONAS SEXUAL AGGLUTININS, W. Steven Adair, Washington Univerefty, St. Louis ,  
773 Missouri 63130. 
Fertilization in the unicellular flagellate Chlamydomonas is initiated by a rapid agglutina- 
ation of gametes by their flagella. 
only between complementary mating types of the same species, and is presumeably mediated by 
recognition/adhesion components associated with the flagellar membrane. To probe the mclec- 
ular basis for cell specificity and adhesion in this system we have devised procedures which 
employ the dialyzable non-ionic detergent octyl-D-glucopyranoside (OG) to extract the flag- 
ellar agglutinin(s1 in a form which is amenable to bioassay using living cells. 
quantitative form of this bioassay we have obtained preparations enriched for the active com- 
ponents by three different fractionation schemes: (1) gel filtration in the presence of Na- 
deoxycholate; (21 immunoaffinity chromatography; and ( 3 )  preparative agarose gel electrophor- 
esis under non-denaturing conditions. In each case, agglutinin activity co-fractionated with 
two polypeptides of apparent MW 350 K and 20 K respectively. The 350 K component represents 
the major flagellar membrane polypeptide, is glycosylated, and is the major species labeled 
by lactoperoxidase/glucose oxidase catalyzed iodination. 
does not label under the same conditions and gives a negative PAS reaction for carbohydrate. 
Preliminary experiments indicate that neither 350 K nor 20 K alone has significant agglutinin 
activity; experiments to test whether the two components associate together to form an active 
complex are presently in progress. 

This cell-cell interaction is highly specific, occurring 

Using a 

The 20 K component, by contrast, 
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The mating system of Tetrahymena inc ludes  a preconjugat ion cour t sh ip  pe r iod  during which 
t h e r e  occurs  c e l l - c e l l  r ecogn i t ion ,  s i g n a l  t r ansduc t ion  and t h e  development of t h e  a b i l i t y  
t o  form he te ro typ ic  p a i r s .  
shape and i n  gene expression,  can go to completion a f t e r  r e c i p r o c a l  induct ion without  
continued i n t e r a c t i o n s ,  t h e  pre-pair ing pe r iod  c o n s i s t s  of a s p e c i f i c  and discont inuous 
c e l l - c e l l  cormnunication event .  It is g e n e r a l l y  accepted t h a t  cost imulat ion is mediated 
by f l e e t i n g  d i r e c t  c o n t a c t s  between t h e  c e l l  su r f aces .  
s p e c i f i c i t y  wi th  seven mating types ,  surface-bound r ecep to r s  and l i gands  may be organized 
i n  the  form of t r i p l e t  complexes. 
p r o t e i n  syn thes i s  de t ec t ab le  between 1 5  o r  30 min a f t e r  mixing mating types ,  using 35s- 
methionine l a b e l l i n g ,  SDS-PAGE and autoradiography. The predominant change is i n  t r a n s t e n t  
syn thes i s  of an  80 kd polypept ide ( ~ 8 0 ) .  
block t h e  appearance of p80. 
a t  concen t r a t ions  (25 ug/ml) which e f f e c t i v e l y  block pos t - in t e rac t ion  development. 
Presumably its syn thes i s  is under p o s t - t r a n s c r i p t i o n a l  con t ro l .  There i s  evidence t h a t  
p80 may be a nuclear  p r o t e i n  which r ap id ly  responds t o  d i f f e r e n t  s t i m u l i  each of which 
e f f e c t s  a switch i n  gene programming. 
T h i s  r e sea rch  supported by N I H  g r a n t  GM 18014. 

CELL-CELL COMMUNICATION AND GENE EXPRESSION I N  MATING TETRAHYMENA. Jason Wolfe, 
Biology Department, Wesleyan Universi ty ,  Middletown, CT. 06457. 

Since t h e  developmental even t s ,  which include changes i n  c e l l  

I n  o rde r  t o  economically achieve 

The i n t e r a c t i o n  induces a change i n  t h e  pat term of 

Conditions which prevent  cost imulat ion a l s o  
However, induct ion of p80 i s  n o t  i n h i b i t e d  by Actinomycin D 

Cell Interactions in the Immune System 
775 ANTIBODIES TO CHEMICALLY-SYNTHESIZED POLYPEPTIDES AS UNIQUE PROBES OF 

GENE EXPRESSION, Nicola Green, Thomas M. Shinnick, J. Cregor Sutcliffe, Richard A. 
Lerner, Molecular Genetics Group and Department of Cellular and Developmental Immunology, Scripps 
Clinic and Research Foundation, La Jolla, California 92037, Owen Witte, Molecular Biology Institute, 
University of California at  Los Angeles, Los Angeles, California 90024 
The retroviral envelope protein gp70 is both a recognitive molecule which allows virus particles to 
at tach to cells, and a major differentiation antigen of certain normal mouse cells. One unresolved 
question concerning the viral expression of this protein is the mechanism whereby it is processed from 
its polyprotein precursor, inserted into the membrane of infected cells, and subsequently budded in the 
form of  mature virus envelope. W e  cnalyzed this sequence of events using an antibody prepared against 
the polypeptide predicted by the right hand most 15 triplets of the Moloney MuLV genome coding 
region. This mtibody recognizes 2 proteins in virally-infected cells -- t he  80K env precurosr and a 17K 
molecule. Amino acid sequencing of the 17K malecule revealed that  its N - t e z n u s  is that  of p15e. 
Since the C-terminus is defined by antibody, this molecule must represent a composite of p15e and the 
recently-described gene of the precursor. Immune precipitation with uplSe sera showed that 
this 17K molecule is the predominant protein species containing p15e determinants in extrocts of  
virally-infected cells. In virus porticles, however, the major pl5e species locks the C-terminal R- 
reactive fragment and has an apparent molecular weight of 15K. These and other studies suggest a 
cleavage-exit model in which virus moturation is accompanied by removal of o C-terminal domain from 
the env precursor. In addition to providing insights into the process of retrovirus maturation, these 
s t u d ' z o f f e r  a general method to occess proteins bredlcted by nucleic acid sequence. Insofar as 
antibodies made in this way ore sequence-specific, they become unique biochemical reagents. 

776 BIOCHEMICAL ANALYSIS OF A MHC-LINKED LYMPHOCYTE CELL SURFACE ANTIGEN, Qa-2. Mark J. 
Soloski ,  E l l e n  S .  V i t e t t a ,  and Jonathan W. Uhr. Department of Microbiology, Uni- 

v e r s i t y  of Texas Southwestern Medical School,  Da l l a s ,  Texas. 
The region of t h e  murine 17th chromosome telomeric  t o  H-2D encodes a group of sero-  

l o g i c a l l y  def ined c e l l  su r f ace  an t igens  termed Qa-1-5. These an t igens  a r e  of i n t e r e s t  
because t h e i r  expression i s  r e s t r i c t e d  t o  seve ra l  func t iona l  lymphoid c e l l  subpopulat ions.  
I n  add i t ion ,  t h e  molecular weight and subuni t  s t r u c t u r e  (&, assoc ia t ion  wi th  6-2 micro- 
g lobu l in )  of Qa-2 molecules a r e  s i m i l a r  t o  H-2 and TL an t igens .  I n  t h e  p re sen t  s t u d i e s  we 
have prepared i s o t o p i c a l l y  l abe led  pa-2 and H-2 molecules from mitogen s t imu la t ed  C57BL/6 
sp&een f e l l % .  Comparative pep t ide  mapping of t r y p t i c  pep t ides  from Qa-2 and H-2 molecules 
(K , K , D ) r evea l  t h a t  98-2 has  a unique primary s t r u c t u r e .  However, considerable  
homology i s  ind icg ted  s i g c e  30-40% 8 f  t h e  Qa-2 pep t ides  co-chromatograph with pep t ides  
der ived from H-2K , H-2K , and H-2D . Stud ies  by o the r  i n v e s t i g a t o r s  have demonstrated 
t h a t  s i m i l a r  l e v e l s  of s t r u c t u r a l  homology a r e  observed when H-2K, H-2D and H-2L t r y p t i c  
pep t ides  a r e  analyzed. We conclude from these  s t u d i e s  t h a t  t h e  Qa-2 a l loan t igen  i s  s t r u c -  
t u r a l l y  r e l a t e d  t o  a c l a s s  of c e l l  su r f ace  molecules (= H-2) which p l a y  c r i t i c a l  r o l e s  
i n  immune r ecogn i t ion  processes .  These da t a  f u r t h e r  suggest  t h a t  t h e  genes encoding Qa-2 
and H-2 molecules may have a r i s e n  from a common primordial  gene. 
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777 CYTOLYTIC T CELL-TARGET CELL FUNCTIONAL BINDING IN SUSPENSION AND SPECIFIC KTVEFSAL, 
Steven P. Balk and Matthew F. Mescher, Harvard Medical School, Boston, MA 02115 

The specific binding of target cells by cytolytic T lymphocytes (CTL) provides an excellent 
model system for studying cell-cell interactions mediated by surface proteins. 
been developed which allows measurement of the rate and extent of target cell binding in 
suspension, independent of the rate of lysis. Target cell binding was found to plateau in 
suspension within 3 hours. Unbound, functionally active CTL and target cells were present 
at this plateau, indicating that target cell binding is an equilibrium process. Scatchard 
plots could be used to derive values for Keq (apparent affinity) and bmax (maximum binding). 
Secondary in vitro stimulation of CTL by membranes resulted in the generation of effectors 
with a lower bmax and a higher apparent affinity than did stimulation with intact cells. 
Target cell binding in suspension was not blocked by purified plasma membranes. 

between CTL and P815 target cells were stable in suspension for greater than 5 hours but 
were rapidly reversed by addition of free, unlabeled target cells. This reversal was spe- 
cific in that no reversal was induced by tumor cells of other H-2 types. Similarly, binding 
of spleen cell targets was rapidly reversed by syngeneic spleen cells but not by cells allo- 
geneic with the target. 
of specific reversal is dependent upon the relative affinity of the CTL for the bound versus 
the free target cell. 

A n  assay has 

Reversal of specific target cell binding was also examined. Functional adhesions 

Comparisons of various syngeneic cells demonstrated that the rate 

778 GROWTH OF HUMAN T-LYMPHOCYTE COLONIES FROM WHOLE BLOOD: CULTURE REQUIREMENTS AND 
APPLICATIONS, S. J .  Knox, F. 0. Wilson*, M. Sh i f r ine,  and 8 .  R. Greenberg'r, LEHR, 

Un ive rs i t y  o f  Ca l i f o rn ia ,  Davis, CA 95616; *Battelle-Columbus Laboratories, Columbus, OH 
43201; and t U .  C. Davis, Sacramento Medical Center, Sacramento, CA 95817. 

Human T-lymphocyte co lon ies have been d i r e c t l y  grown from whole blood fo l l ow ing  
s t imu la t i on  w i t h  PHA, Con-A or PPD. 
Paque gradient-separation, and provides a sens i t i ve  system f o r  the study o f  T-lymphocyte 
progeni tors  t h a t  more c lose ly  approximates the i n  v i vo  m i l i e u .  Colony c e l l s  had t yp i ca l  
lymphocytic/lymphoblastic morphology and were demonstrated t o  be T-lymphocytes on the basis 
o f  ANAE a c t i v i t y ,  and E r o s e t t e  formation. Colony formation increased as a power func t i on  
o f  the number o f  c e l l s  p la ted over a wide range o f  c e l l  concentrat ions. The slope f o r  the 
l i n e a r  regression l i n e  f o r  PHA-stimulated colony fcrmation was 2.4, imply ing a requirement 
f o r  a t  l e a s t  two c e l l s  i n  such a response. Pre l iminary studies i n d i c a t e  t h a t  the whole 
blood lymphocyte c lon ing assay i s  an extremely sensi t i v e  technique for  the measurement o f  
i n  v i t r o  r a d i a t i o n  damage on the p r o l i f e r a t i v e  capaci ty  o f  sens i t i ve  lymphocyte progeni tor  
c e l l s .  Subpopulations o f  lymphocytes from pa t ien ts  w i t h  Fanconi's anemia were s i g n i f i -  
can t l y  more rad iosens i t i ve  than lymphocytes from normal i nd i v idua ls .  Abnormali t ies i n  
whole blood colony formation are associated w i t h  c e r t a i n  disease states, and poss ib ly  may 
be useful as prognostic/diagnostic i nd i ca to rs .  This method a lso has wide app l i ca t i on  f o r  
the study o f  c e l l u l a r  i n te rac t i ons ,  antigen recogni t ion,  and the i nduc t i on  and amp l i f i ca t i on  
o f  T c e l l  funct ion.  

This technique e l iminates the requirement f o r  F i c o l l -  

779 BOTH S P E C I F I C  AND NONSPECIFIC LYMPHOCYTE-MEDIATED CYTOLYSIS INVOLVES TARGET CELL HISTO- 
COMPATIBILITY ANTIGENS. Va le r ie  W. Hu, Gideon Berke, E l l a  McVey and W.R. Clark. Univ. 

o f  Ca l i f . ,  Los Angeles,CA 90024, and the Weizmann Inst . ,  Rehovot, I s r a e l .  
We have used lect in-dependent cel l-mediated c y t o t o x i c i t y  (LDCC) t o  examine in te rac t i ons  be- 
tween e f f e c t o r  and ta rge t  c e l l s  i n  cel l-mediated c y t o t o x i c i t y .  We f i n d  t h a t  l e c t i n  does n o t  
mediate nonspeci f ic  l y s i s  by simple b r idg ing  o f  e f f e c t o r s  and targets  v i a  surface sugars, o r  
by a c t i v a t i o n  o f  e f f e c t o r  c e l l  funct ion.  Lys is  occurs when ta rge t  c e l l s  are pret reated w i t h  
l e c t i n ,  but  no t  when e f f e c t o r  c e l l s  are pret reated.  Moreover, when cy to tox i c  T c e l l s  (CTL) 
are used as both e f f e c t o r s  and targets ,  and only  one i s  pret reated w i t h  l e c t i n ,  l y s i s  occurs 
only i n  the d i r e c t i o n  o f  the pret reated CTL ta rge t .  We f i n d  t h a t  i n  LDCC, as i n  s p e c i f i c  c e l l -  
mediated k i l l i n g ,  t a rge t  recogni t ion proceeds through i n t e r a c t i o n  o f  e f f e c t o r  c e l l  receptors 
( d i s t i n c t  from sugar moiet ies)  and ta rge t  antigens perhaps modi f ied by, but  d i s t i n c t  from, the 
l e c t i n  i t s e l f .  We conclude t h a t  the t a r g e t  antigens recognized i n  nonspeci f ic  l y s i s  are major 
h i s tocompa t ib i l i t y  antigens: 1) Cel ls  t h a t  d i sp lay  reduced amounts of MHC antigens are poor 
ta rge ts  i n  LDCC; 2)  removal o f  H-2 by papain renders murine ta rge ts  r e f r a c t o r y  t o  LDCC; 3) a n t i -  
sera t o  ta rge t  c e l l  MHC antigens block LDCC. The l a t t e r  f i n d i n g  i s  a l so  t r u e  i n  ox idat ion-  
dependent cel l-mediated c y t o t o x i c i t y .  
s p e c i f i c  and nonspeci f ic  l y s i s  reconci les an apparent fundamental d i s t i n c t i o n  between these 
two processes, and furthermore suggests a poss ib le  r o l e  f o r  MHC prote ins i n  post - recogni t ion 
steps o f  cy to l ys i s .  

The ob l i ga to ry  involvement o f  MHC prote ins i n  both 
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780 STUDIES O F  GENE FUNCTION USING AN I-A MUTANT MOUSE STRAIN, Ted H. Hansen, 
C. Shirley Lin and Alan S. Rosenthal,  Merck Insti tute for  Therapeutic Research, Rahway, 
NJ 07065 

The mechanism 9 , e i c h  la molecules media te  Ir gene control was studied using t h e  I-A m u t a n t  mouse 
strain,  B6.C-H-2 Mutant mice were  compared with "wild-type'' 8 6  mice  f o c h e i r  ability to 
respond in a T e l l  proliferation assay against  f ive soluble protein antigens. Two of these  antigens, 
(TG)A-L a n  beef insulin, were  tes ted  under conditions of s t r ic t  Ir. gene  c o n t ~ o l .  Surprisingly, 
B6.C-H-Zbrn' mice  failed t o  respond t o  beef insulin while t h e  wild type  IA gene confer red  
r e s p o n i n e  , and in cont ras t  both mutant  and wild t y p e  responded comparably tT(TC)A-L. B6 and 
B6.C-H-ZErniiZ mice  were  also found t o  b e  indistinguishable in&@ responses to DNP-OVA, PPD and 
pork insulin. Therefore, these  da ta  demonst ra te  t h a t  t h e  H-2 mutation resulted in t h e  se lec t ive  
deletion of a n  gene function. b&eryl approaches a r e  being taken  t o  investigate the mechanism 
causing the  failure of B6.C-H-2 The genet ic  basis of t h e  Ir 
gene mutation was i n v e s t i g a t e d s i n g  (I x I )F hybrid animals, t w o  non-responders t o  beef insulin, 
Interestingly, these hybrid mice  responded to beef' insulin and studies a r  erway to de termine  t h e  
molecular basis of this complementation. The cellular na ture  of t h e  H-5" lesion is also currently 

u n t  and wild-type spleen cells to present antigen t o  ??" x Ig)FI hybrid T cells. The B6.C-xrma mice  therefore  offer new approaches to t h e  study 
of the  complexlty of t h e  genetic,  molecular, and  cellular mechanism of Ir gene function. 

. 

rmci5 t o c e s p o n d  t o  beef insulin. 

inve t iga ted  by testing t h e  ability of 

781 NCA IN MATURING MYELOID CELLS, Britta Wahren, Department of Virology, 
National bacteriological laboratory, 5-105 21 Stockholm, Sweden 

The normal colon- and granulocyte antigen (NCA) cross-reacts immunologically 
with carcinoembryonic antigen (CEA). NCA is a glucoprotein with terminal ami- 
noaciesin common with CEA. It is related to the differentiation of human mye- 
loi9 cells. 
To show whether NCA is synthesized during differentiation, stem cells from hu- 
man bone marrow were cultivated insoftagar. After colony formation, NCA was 
identified in granulocytes, myelocyte-like cells and macrophages. It was lo- 
cated in the cellular cytoplasm and at the cell membrane. 
Patients with chronic myeloid leukemia (CML) have high serum NCA. The in vitro 
formation of mature myeloid cells from healthy persons was inhibited by high 
levels of NCA but not by CEA. This inhibition may have a role in the regula- 
tion of leukemic myeloid cell differentiation in vivo in patients with chronic 
myeloid leukemia. 

STUDIES OF TARGET CELL RECOGNITION BY CYTOTOXIC T LYMPHOCYTES, Joan M. Chapdelaine,  
T.V. Rajan, Stanley G. Nathenson and Frank L i l l y ,  A lbe r t  E ins t e in  College of Medicine, 

Bronx, N . Y .  10461. 
Cytotoxic  T lymphocytes (CTL) generated during a Moloney murine sarcoma v i r u s  (MSV) i n f e c t i o n  
i n  H - Z b  mice are s p e c i f i c  f o r  t h e  H - 2 b  molecule recognized i n  a s soc ia t ion  with a v i r a l  a n t i -  
gen shared by t h e  Friend,  Moloney and Rauscher (FMR) v i ruses .  The H - 2 9  s p e c i f i c i t y  has now 
been s t u d i e d  us ing  a heterozygous H - 2 b / H - 2 d  Friend virus-induced tumor cell l i n e  which w a s  
mutagenized with e t h y l  methanesulfonate (EMS). These c e l l s  were t r e a t e d  with a hybridoma 
antibody d i r e c t e d  aga ins t  t h e  I f - 2 9  molecule i n  t h e  presence of r a b b i t  complement. 
v iv ing  c e l l s  were no longer  suscep t ib l e  t o  t h e  hybridoma antibody b u t  were s t i l l  lysed with 
convent ional  an t i -H-29  a l loan t i se rum p l u s  complemeit. 
followed by g e l  e l e c t r o p h o r e s i s  i nd ica t ed  t h a t  both a n t i s e r a  recognized t h e  same molecule. 
When t h e  mutant c e l l s  were used a s  t a r g e t s  f o r  MSV-specific CTL, t h e  amount o f  c e l l  l y s i s ,  
compared t o  t h a t  seen with t h e  nonmutant pa ren t  c e l l s ,  w a s  d r a s t i c a l l y  decreased.  However, 
t hey  remained s u s c e p t i b l e  to a l logene ic  CTL r a i s e d  a g a i n s t  the H - 2 9  molecule. The mutant 
c e l l s  also d i d  n o t  d i f f e r  from t h e  p a r e n t  c e l l s  i n  t h e i r  l e v e l  of v i r a l  an t igen  expression.  
Prel iminary biochemical d a t a  suggest  t h a t  t h e r e  may be s e v e r a l  t r y p t i c  pep t ide  d i f f e rences  
between the  mutant and t h e  p a r e n t a l  c e l l  l i n e s .  These s t u d i e s  suggest  t h a t  a poss ib l e  
mechanism of escape by v i rus - in fec t ed  c e l l s  from des t ruc t ion  by CTL might b e  a l t e r a t i o n  by 
somatic mutation of t h e  C l a s s  I H-2 g lycopro te in ( s )  t h a t  must be recognized by t h e  CTL i n  
o rde r  f o r  them t o  be e f f e c t i v e .  This  s t rong ly  implies  t h a t  t h e  mechanism of H-2 r e s t r i c t i o n  
i n  t h i s  system works a t  the  l e v e l  of t h e  t a r g e t  c e l l  r a t h e r  than t h a t  of t h e  responder c e l l .  

The sur-  

s e q u e n t i a l  i m u n o p r e c i p i t a t i o n  
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783 ANALYSIS OF THE ORIGIN OF THE ALLOREACTIVITY DETECTED IN SOME LONG TERM T CELL 
LINES REPEATEDLY STIMUL.ATED WITH HAFTEN TREATED SYNGENEIC CELLS. A-M. Schmitt- 

Verhulst, A. Guimezanes and F. Albert. Centre d'Immunologie INSERM-CNRS de Marseille- 
Luminy, Case 906, 13288 Marseille Cedex 2,  France. 
When T cells from hapten-sensitized mice are restimulated in vitro with the same hapten on 
syngeneic spleen cells, T cell lines can be established which are dependent for their propag- 
ation on stimulation with that hapten on I region matched cells. 
not be detected in such T cell populations from the third restimulation on as measured by 
incorporation of ( H) thymidine. 
having shown such a classical pattern of specificity for restimulation up to stimulation 8 
subsequently behaved differently : in addition to the previous pattern of stimulation, equal 
stimulation levels were detected for unmodified allogeneic cells presenting the s ,  q.  f or  p 
alleles in the I region which share the Ia5 specificity. 
were net stimulating. Two possibilities could explain such behaviour : A/ alloreactive 
clones which were initially a minor component of the T cell line, maintained through trans- 
stimulati n ,  could start to out grow the line, B1 among different T cell clones rgactive to 
TNP + I-A , a selection could have occurred for clones reactive to both TNP + I-A and 
public allogeneic I-A specificities such that a given T cell car: bear the two types Of 
receptor, o r  that the same receptor specific for self I-A + TNP would also have affinity 
for foreign I-A antigens. To distinguish these possibilities, reactivities are being ana- 
lysed under limiting dilution conditions. 
to study receptor specificity. 

Alloreactivity can generally 

3 Or:e line however (C57BL/IO anti-C57BL/IO-TNBS) after 

Cells of the k or d haplotypes 

g 

Direct antigen binding assays are being developed 

784 
Ficholson, and Bruce P .  Voris, University of Rochester School of Medicine, Rochester, N.Y.14642 
te have previously found changes in membrane properties (increased resistance to osmotic shock) 
that occur during the progression of rat thymus cells to immunologically-cormnitted medullary 
lymphocytes. 
ant medullary thymocytes were obtained from rats treated with dexamethasone (10 mg/kg body 
weight/day) for 3 days. When the protein patterns from 2-D gel electrophoresis of glucocorti- 
coid sensitive cells are compared to those from resistant cells the majority of the = 1,000 
proteins were similar. Yet 18 proteins differed. There were 13 proteins that increase in the 
resistant state and 5 that decrease. One major change is the appearance of a new protein of 
= 36,000 daltons in resistant rat thymocytes. This protein is in the same position on the gels 
as is a protein found previously in corticosteroid resistant P1798 mouse lymphosarcoma cells 
hut not in the corticosteroid-sensitive cells. These results suggest that there exists a set 
of proteins characteristic of the hormone-resistant state. Thus, similar mechanisms appear to 
be operative both for the emergence of resistance in tumor cells and for the normal maturation 
of thymocytes as they become resistant to glucocorticoids during immunological commitment. 
(This work was supported by grants from NIH, ~ ~ 1 6 1 7 7 ,  CA25655 and GM 07136.) 

NOVEL PROTEINS ASSOCIATED WITH CHANGES IN MEMBRANE PROPERTIES DURING THE MATURATION 
OF THYMIC LYMPHOCYTES TO THE GLUCOCORTICOID-RESISTANT STATE, Donald A. Young, Mary L. 

We report here the detection of new proteins that accompany this change. Resist- 

785 RECOGNITION OF ORGAN-SPECIFIC ENDOTHELIAL CELL DETERMINANTS BY B AND T LYMPHOCYTES, 
Eugene C.  Butcher, Susan K. Stevens, and I r v i n g  L. Weissman, Department o f  Pathology, 

Stanford Un ive rs i t y ,  Stanford, CA 94305. 

q u a n t i t a t i v e l y  both i n  v i v o  and i n  a simple i n  v i t r o  system -- i t  i s  an exce l l en t  model-far 
the study o f  heterotyp ic  c e l l - c e l l  recogni t ion.  We have prev ious ly  demonstrated t h a t  normal 
and neoplast ic  lymphocytes can s e l e c t i v e l y  
sections o f  murine lymph nodes and Peyer's patcnes. Some lymphomas have been described t h a t  
i n t e r a c t  almost exc lus i ve l y  w i t h  lymph node venules, and others t h a t  b ind  only t o  Peyer's 
patch venules. It was proposed t h a t  lymphocytes can express surface receptors f o r  organ- 
s p e c i f i c  endothel ia l  c e l l  determinants, and t h a t  these complementary lymphocyte-endothelial 
c e l l  recoqni t ion s t ructures mediate the organ s p e c i f i c i t y  o f  lymphocyte emigration from the 
blood. We have now extended these studies by comparing the i n  v i vo  m ig ra t i on  o f  B and T 
lymphocytes w i t h  t h e i r  i n  vitro s p e c i f i c i t y  f o r  b ind ing t o  lymph node and Peyer's patch high 
endothel ia l  venules (HEU. I t  i s  shown t h a t  1 )  6 c e l l s  from any organ source p r e f e r e n t i a l l y  
recognize and b ind t o  HEV i n  Peyer's patches, whereas T c e l l s  adhere p r e f e r e n t i a l l y  t o  those 
i n  per iphera l  nodes; 2)  these endothel i a l  preferences are pa ra l l e led  by (and presumably 
determine) a p r e f e r e n t i a l  i n  v i vo  migrat ion o f  B and T c e l l s  t o  Peyer's patches and per iphera l  
nodes, respect ive ly .  For F s E e ,  under condi t ions i n  which an equal number o f  B c e l l s  and 
T c e l l s  l o c a l i z e  i n  ( o r  b ind t o  HEV i n )  per iphera l  nodes, there w i l l  be 5-6 B c e l l s  f o r  every 
T c e l l  i n  Peyer's patches. These r e s u l t s  are presented i n  the context  o f  our cu r ren t  model 
o f  lymphocyte-endothelial c e l l  recogni t ion.  

The i n t e r a c t i o n  of lymphocytes w i t h  specia l ized endothel ia l  s t ructures can be assayed 

b ind t o  specia l ized venular endothelium i n  frozen 
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Polyclonal a c t i v a t i o n  o f  murine sp len ic  B lymphocytes by l ipopolysaccharide was found t o  be 
subject t o  regu la t i on  by helper and suppressor in f luences from T lymphocytes. I n  the normal 
a d u l t  spleen, on l y  helper in f luences were exercised over po lyc lonal  B c e l l  ac t i va t i on ;  t h i s  
in f luence i s  a proper ty  o f  L y t  lt23-, s lowly  sedimenting T c e l l s .  Suppressive i n f l uence  e v i -  
den t l y  i s  l a ten t ,  f o r  it ex is t s  a t  such a low leve l  ( o r  the c e l l s  are so few i n  number) t h a t  
i t s  e f f e c t s  are d i f f i c u l t  t o  detect .  Suppressor T c e l l  f unc t i on  may be evoked by c u l t u r i n g  
spleen c e l l s  a t  high r a t i o s  o f  T t o  B c e l l s ,  by a c t i v a t i n g  sp len ic  T c e l l s  w i t h  Concanavalin A, 
o r  by sonicat ing unstimulated sp len ic  T c e l l s  i n  order t o  l i b e r a t e  a suppressive po ten t i a l  
which i s  no t  expressed by these unstimulated c e l l s  when i n t a c t .  The so lub le f r a c t i o n  o f  r e s i -  
dent sp len ic  T c e l l  sonicates exer ts  both helper and suppressor regu la to ry  inf luences. The 
sa lub le he lper  a c t i v i t y  i s  derived from L y t  l t23- s lowly  sedimentinq T c e l l s ,  whereas suppres- 
sor a c t i v i t y  i s  generated from a d i s t i n c t  subpopulation o f  L y t  1-23 r a p i d l y  sedimenting T 
c e l l s .  The thymus contains c e l l s  capable on l y  o f  he lp ing but  no t  o f  suppressing polyc lonal  
a c t i v a t i o n  o f  sp len ic  B c e l l s .  Helper and suppressor a c t i v i t i e s  contained i n  sp len ic  T c e l l  
sonicates were separated by gel chromatography; the suppressive a c t i v i t y  was found t o  e l u t e  
w i t h  a molecular weight between 68,000 and 84,000 daltons, and the helper a c t i v i t y  e lu ted w i t h  
a molecular weight between 15,000 and 23,000 daltons. The data i nd i ca te  t h a t  helper and sup- 
pressor a c t i v i t i e s  are d i s t i n c t  molecular e n t i t i e s  derived from d i s t i n c t  sp len ic  T lymphocyte 
subpopulations. 

HELPER AND SUPPRESSOR ACTIVITIES FROM UNSTIIIULATEO T CELLS REGULATE POLYCLONAL B CELL 
RESPONSIVENESS, Michael G. Goodman and Wi l l iam 0. Weigle, Scripps C l i n i c  and Research 
Foundation, La Jo l l a ,  CA 92037 

787 CYTOPLASMIC INCORPORATION OF 3H-THYMIDINE IN MURINE SPLENOCYTES, Phyllis R. Strauss, 
Ellen Supple and James Schwalbe, Northeastern University, Boston, MA 02115 

In preceding reports we have described the incorporation of thymidine into a cytoplasmic-plas- 
ma membrane product by murine nonadherent spleen cells from Concanavalin A stimulated mice. 
This product is greatly reduced in spleens of unstimulated mice. 
weight material can be obtained in greater yield by NP40 lysis of splenocytes or thymocytes. 
After a 2 hr pulse with 3H-thymidine (4-6 Wi/ml, 80-100 nM), the Np40 soluble material (cyto- 
plasmic component) accounts for 40% of all the high molecular incorporation in the cell. 
Sepharose 2B elution patterns and gel electrophoresis in 2% agarose reveal a heterodisperse 
size distribution with discreet molecular weights between lo6 and 2 x lo5 daltons. 
extraction in the presence of chloroform-isoamyl alcohol completely extracts the material 
into the aqueous phase. The gel and column chromatography patterns of the phenol-extracted 
material are the same as the cytoplasmic-plasma membrane product described earlier. Sensi- 
tivity of the phenol extracted cytoplasmic component to proteinase K, pronase, RNase, DNase I 
with and without Mg, exonuclease I and phosphodiesterase with or without bacterial alkaline 
phosphatase and to nuclease S-1 has been examined. The results differed from the behaviour 
of nuclear DNA. Since the appearance of the high molecular w ight material is not sensitive 
to ethidium bromide, we conclude that short-term exposure to 'H-thymidine incorporation in 
stimulated murine splenocytes yields a highly significant cytoplasmic component of non-mito- 
chondrial origin. 

The same high molecular 

Phenol 

Supported by NIH CA 24283. PRS is the recipient of RCDA CA 00460, DHEW. 

788 ASSOCIATION OF MEMBRANE BOUND IMMUNOGLOBULIN WITH INTRACELLULAR ACTIN. A l l en  J .  
Rosenspire and Yong Sung Choi, Sloan-Kettering I n s t i t u t e ,  Rye, New York 10580 USA. 

I n  lymphocytes, the capping o f  surface imnunoglobulin (as we l l  as other  receptors)  i s  wel l  
known t o  be dependent on the cytoskeleta l  system. 
t h a t  a c t i n  w i l l  l o c a l i z e  i n  the  v i c i n i t y  o f  capped membrane imnunoglobulin ( m I g ) ,  suggesting 
a l i n k  between a c t i n  and mfg. We have begun t o  i nves t i ga te  the r e l a t i o n s h i p  o f  the spec i f i c  
antigen receptor i n  lymphocytes (mIg) t o  the cytoskeleton by look ing d i r e c t l y  a t  the b io -  
chemical assoc iat ion o f  a c t i n  w i t h  mIg i n  chicken lymphoid c e l l s .  
syn the t i ca l l y  labeled w i t h  3H-leucine and lysed i n  1% Nonidet P-40 (NP-40). 
a f f i n i t y  technique was used t o  i s o l a t e  3H-labeled a c t i n  and any c e l l u l a r  p ro te ins  associated 
w i t h  ac t i n .  
63K, 95K, 105K, 200K) as we l l  as mIg can be i so la ted  w i t h  the myosin a f f i n i t y  technique, 
under condi t ions where mIg has not  been s p e c i f i c a l l y  cross- l inked o r  capped. 

the c e l l  l y s a t e  does no t  co - i so la te  w i t h  3H-actin t o  any appreciable extent. 
add i t i on  o f  co ld  a c t i n  t o  the c e l l  l ysa te  compet i t ive ly  i n h i b i t s  the i s o l a t i o n  o f  mIg (as 
wel l  as the other  fou r  polypeptides) by the myosin a f f i n i t y  technique. 
sero log ica l  p r e c i p i t a t i o n  o f  NP-40 l ysa te  w i t h  anti-F(ab)z y i e l d s  the 63K peptide and a c t i n  
i n  add i t i on  t o  Ig .  
along w i t h  the  63K peptide w h i l e  the other  act in-associated polypeptides are bound t o  a c t i n  
through in te rac t i ons  t h a t  are independent o f  mIg. 

Immunofl uorescent experiments have shown 

Lymphoid c e l l s  were b io-  
A myosin 

We have found t h a t  i n  add i t i on  t o  ac t i n ,  several d i f f e r e n t  polypeptides (m.w. 

The associat ion o f  mIg w i t h  a c t i n  appears t o  be s p e c i f i c  because secreted I4C-Ig added t o  
Furthermore, 

On the other  hand, 

These r e s u l t s  suggest t h a t  a f r a c t i o n  o f  c e l l u l a r  a c t i n  i s  l i n k e d  t o  mIg 
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789 DETECTION OF la ANTIGENS ON THE SURFACE OF THREE SPONTANEOUS MURINE 
MELANOMA CELL LINES BY MONOCLONAL ANTIBODIES. Timothy V. Updyke and Garth L. Nicolson, 
Dept. Developmental and Cell Biology, University of California, lrvine, California 92717 and Dept. Tumor 
Biology, University of Texas System Cancer Center, M.D. Anderson Hospital and Tumor Institute, Houston, 
Texas 77030 

la antigens play on important role in recognition, communication and regulation of cellular interactions 
within the lymphoid system. la ontigens which map within the mause H-2 locus, are polymorphic, integral 
membrane glycoproteins with a dimeric structure ( a-chains 32-34K daltons, B-chain 25-28 K daltons in 
mice). Varying levels of the la-like antigens have been detected an human melanoma lines by several 
groups. We have used three monoclonal antibodies, lak (specificity 2 and specificity 17) (Becton-Dickinson), 
and CI. 49-12 antibodiy produced by fusing NS-I myeloma cells with spleen cells from a rat immunized with 
murine B16-FI cells (from Dr. K.M. Miner). T e antibodies were used to immunoprecipitate NP-40 

p: lysates from the foll wing metabolically labeled 93 ( S;methionine, 1100 Ci/mmole) elanoma lines: KHDD, 
melanoma (C3H, H-2 R ), K1735P melanoma (C3H, H-2 1, and €316-FI (C57BL/6J, H-2 ). Labeled splgen cells 
from C3H and C57BL/6 mice were used as la-positive controls and EL-4 lymphoma cells (H-2 ) as la- 
negotive controls. After electrophoresing the immunoprecipitates on reducing 10% SDS-PAGE gels, the 
bands characteristic of the la dimeric structure were detected by an ultrasensitive protein staining 
procedure (''silver stain") and by fluorography. These results provide a preliminary basis for studying the 
role that these molecules play in melanoma-host interactions and metastasis. 

Supported by NCI gront ROI-CA-28867 awarded to G.L. Nicolson. 

790 THE UNEXPECTED ISOLATION OF AN Lyl+Qa2+ T CELL CLONE FROM AN Ig& B CELL LWHOMA, 
Carol L. Reinisch, Sidney Farber Cancer Ins t i tu te  and Harvard Medical School, Boston. 

L;ymphoid tumors are characterized by ce l l  surface antigens which re f l ec t  the ir  ontogeny. For 
e x q l e ,  we have recently described independent clones isolated from MSV-&LV induced leukemias 
which express H-2, brain-associated theta(BAT) and Qa2. In t h i s  system, the target ce l l  of 
viral transformation appeared t o  be a stem ce l l .  We now present a model o f  an immature B ce t l  
lymphoma from which an Lyl' &a2+ T ce l l  ctone has been isoiated. C57BL/6(B61 mice, when in jec t -  
ed a t  three weeks of age with MSV-&LV, develop tumors two or more years later which histolog- 
ica l ly  resemble Waldenstrcms MacroglobuZinemia i n  man. Intraperitoneal inoculation of syngeneic 
B6 mice with mesenteric lymph node o r  spleen ce l l  populations from MSV-injected mice resu l t s  i n  
the development of tumors characterized by 80% Ig& c e l l s  in the spleen,elevated levels of IgM 
and IgG and a predominance of Lyl' c e l l s  i n  the T ce l l  compartment of splenic lymphoid ce l l s .  
Attempts t o  clone the malignant B ce l l  i n  u i t ro  led t o  the unexpected isolation of an Lyl+ &a21  
T ce l l .  The pheiwtype o f  t h i s  c l m , c l o n e  A ,  has remained stable even a f ter  the ce l l  m s  re- 
cloned twice i n  uitro.  O f  greater in teres t  was our finding that clone A promotes CFU-E d i f fer -  
entiation i n  v i t ro  and interacts with purified B ce l l s  by inducing IgM secretion. Both i n  
u i t ro  functions reflect  the imnopathotogy of the tumor in uivo. Based on these results,  we 
wouM argue that characterization of tumor ce l l s  by ce l l  surface antigens defines the c e t t s  
invotved i n  neoptasia but does not elucidate the cellular interactions which govern tumor ce l l  
growth. Our findings underscore the necessity o f  identifying,but,more importantly, functionally 
characterizing 
Supported by N I H  Grant CA 21100. 

populations of ce l l s  which interact during tumor ce l l  proliferation. 

STRUCTURE AND BIOSYNTHESIS OF A FAMILY OF LARGE MEMBRANE GLYCOPROTEINS 
EXPRESSED ON MURINE LYMPHOCYTES. Brian Dunlap, Andrew Watson, Beverly Koller 
and Fritz H. Bach, University of Minnesota, Minneapolis, Minn. 55455 

791 

Murine lymphocytes express a group of antigeneically related, large (170,000-240,000 daltons) 
membrane glycoproteins ( I N S ) ,  seriologically defined by aT2OO and Ly5, whose relative dis- 
tribution varies on different subpopulations. A 200,000 (200K) MW component appears restric- 
ted to T cells, while a 220K component is found on B cells. 
LMPs on allogeneically activated T lymphocytes differs from that of precursor resting T 
cells, while cloned T lymphocyteslgfhibit a distribution which varies with the type of clone. 
Peptide napping of the LMps from 
homology between the protein moieties of these molecules. 
gating (1) if the difference in molecular weight between these proteins is due to differen- 
tial glycosylation or to undetected protein differences, and (2 )  the biosynthesis of the 
different MW forms. To stud3 (l), the sialic acid terminating residues of the LMps were 
labeled using the periodatel H borohydride method. The LMPs were isolated by immunoprecipi- 
tat ion.  separated by SDS-PAGE and the resulting bands removed and digested in situ with pro- 
nase. The resulting glycopeptides were separated on Sephadex G50 columns. The 187K and 200K 
proteins have both Small and large oligosacchararide moieties. 
greater proportion of large oligosaccharides, consistent with the MW differences in the W s  
being due to glycosylation. 
(2)  Biosynthetic studies indicate rapid synthesis of a 17OK MW precursor (not expressed on 
the cell surface) which is sequentially processed to the 187K and then to the 200K LMP. 

The MW distribution of these 

I labeled cells demonstrates considerable structural 
Our laboratory is now investi- 

The 2 0 0 ~  component has a 

Similar experiments are in progress using 220K and 240K MW W s .  
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792 MONOCLONAL ANTIBODIES WHICH CHARACTERIZE NEW DIFFERENTIATION ANTIGENS IN MOUSE 
BONE MARROW AND ALTER THE HOMING PATTERNS OF PROGENITOR CELLS. Joan W .  Berman 
and Ross S .  Basch, Dept. of Pathology, N.Y.U.  Medical Center ,  New York, N . Y .  10016 

Monoclonal a n t i b o d i e s  r e a c t i v e  wi th  a v a r i e t y  of hematopoie t ic  p rogen i to r  c e l l s  have 
been produced. 
myeloma SP-2 wi th  sp l een  c e l l s  of Wistar rats t h a t  had been hyperimmunized wi th  mouse (AKRIJ) 
b ra in .  
u s ing  an  Ortho 50H Cytof luorograf .  Only c lones  which r e a c t  w i th  some, bu t  n o t  a l l ,  bone 
marrow cel ls  were s e l e c t e d  f o r  f u r t h e r  study. 

Ant ibodies  wi th  s p e c i f i c  r e a c t i v i t y  f o r  macrophage-granulocyte p recu r so r s ,  pe r iphe ra l  
T -ce l l s  and immature T-cells have been i d e n t i f i e d .  One of t h e  T-ce l l  r e a c t i v e  a n t i b o d i e s  
resembles Thy-1 i n  its a c t i v i t y  b u t  another  reacts p r e f e r e n t i a l l y  wi th  mature,  thymus-derived 
c e l l s .  Severa l  a n t i b o d i e s  r e a c t  w i th  immature thymocytes and T-ce l l  p recu r so r s .  These can 
be  d i s t ingu i shed  by t h e i r  r e a c t i o n s  wi th  T ce l l  tumors. 

The a b i l i t y  of  t h e s e  monoclonal a n t i b o d i e s  t o  i n t e r f e r e  wi th  stem c e l l  repopula t ion  of  
murine bone marrow, sp l een  and thymus has  been inves t iga t ed .  One of t h e s e  hybridoma products  
b locks  t h e  a b i l i t y  of  T-cell p recu r so r s  i n  t h e  marrow t o  home t o  t h e  thymus of a l e t h a l l y  
i r r a d i a t e d  mouse. 

The hybridomas s e c r e t i n g  t h e s e  an t ibod ie s  were made by f u s i n g  the  Balb C 

Mouse bone marrow cells were used as t h e  t a r g e t  i n  a f luo rescence  sc reen ing  assay ,  

(Supported by Grant CA 24472 of  t h e  N.I .H. ,  U.S.P.H.S.) 

793 MODULATION OF INTERACTIONS BETWEEN HEMOPOIETIC CELLS AND THE BONE MARROW STROMA. 
Dov Z ipo r i ,  Dept. o f  Cel l  Biology, The Weizmann I n s t i t u t e  o f  Science, Rehovot,Israel. 

Stromal c e l l s  from mouse bone marrow regulate the growth of both leukemic c e l l  l i n e s  and 
normal mouse hematopoietic progeni tors .  The u l t ima te  r e s u l t  o f  the i n t e r a c t i o n  between 
stromal c e l l s  and lymphoblastoid c e l l  l i n e s  depended on the d i f f e r e n t i a t e d  funct ions ex- 
pressed by the l a t t e r .  S im i la r l y ,  the p r o l i f e r a t i o n  of normal myeloid progeni tors  (CFU-C) was 
p rmo ted  by stromal c e l l s ,  b u t  t h e i r  d i f f e r e n t i a t i o n  (i .e. format ion o f  granulocyte/monocyte 
[G/M] colon ies)  was rest ra ined.  This i n h i b i t o r y  e f f e c t  could be r e l i e v e d  e i t h e r  by detachment 
o f  the CFU-C f r o m  the stromal c e l l  o r  f o l l ow ing  add i t i on  o f  s p e c i f i c  methyl glycosides, 
suggesting a r o l e  f o r  surface g lycoprote in  or g l y c o l i p i d  receptors. Colony formation i n  the 
presence of stromal c e l l s  could a l so  be induced by high concentrat ions of the f r e e  sugar D- 
glucose. It appeared t h a t  glucose con t ro l s  the production o f  stromal c e l l  der ived a c t i v i t y  
requi red f o r  colony formation. 
features from CFU-C demonstrable under conventional c u l t u r e  condi t ions.  
cu l tu red  i n  medium i n  which sodium pyruvate replaced glucose, l o s t  t h e i r  capacity t o  support 
colony formation fo l l ow ing  re -add i t i on  of glucose wh i l e  t h e i r  a b i l i t y  t o  i n h i b i t  G/M colony 
formation was reta ined.  
t a rge t  c e l l - s p e c i f i c ,  d i f f e r e n t i a t i o n - i n h i b i t i n g  and promoting a c t i v i t i e s .  
nature of these a c t i v i t i e s  i s  present ly  investigated. 

The t a r g e t  c e l l  for  t h i s  a c t i v i t y  d i f f e red  i n  a number o f  
Stromal c e l l s  

Thus, stromal c e l l s  from muse  bone marrow concomitantly produce 
The molecular 

794 RECOGNITION OF HUMAN HISTOCOMPATIBILITY ANTIGENS BY CYTOTOXIC T LYMPHOCYTES, Michael 
S. Krangel", W i l l i a m  E. Biddison+ and Jack  L .  Strominger", *The B io log ica l  Laborator- 
ies, Harvard Un ive r s i ty ,  Cambridge, MA. 02138 and % . I . H . ,  Bethesda, MD. 20205 

HLA-A and -B an t igens  are c e l l  s u r f a c e  g lycopro te ins  c o n s i s t i n g  of a membrane embedded 44K 
heavy cha in ,  i n  noncovalent a s s o c i a t i o n  wi th  a 12K l i g h t  cha in ,  62-microglobulin. These mole- 
cu le s  d i s p l a y  a h igh  degree of s e r o l o g i c  polymorphism, which is due t o  amino ac id  sequence 
v a r i a b i l i t y  among heavy cha ins .  HLA an t igens  p re sen t  on t a r g e t  c e l l s  may be  recognized as s e l f  
de te rminants  by HLA r e s t r i c t e d ,  v i r u s  immune cy to tox ic  T lymphocytes (CTLs), o r  as f o r e i g n  de- 
t e rminan t s  by alloinnnune C T l s .  h e  r e a c t i v i t i e s  of HLA a n t i g e n s  i n  s e r o l o g i c  and i n  c e l l u l a r  
a s says  usua l ly  c o r r e l a t e ,  sugges t ing  t h a t  t h e  s i t e ( s )  on t h e  molecule recognized by t h e s e  re- 
agen t s  may be i d e n t i c a l .  However a n  i n d i v i d u a l  has been i d e n t i f i e d  who has  been typed a s  HLA- 
A2 s e r o l o g i c a l l y ,  y e t  whose p e r i p h e r a l  blood lymphocytes (PBLs) cannot be recognized  by HLA-A2 
s p e c i f i c  alloimmune CTLs, and whose in f luenza  i n f e c t e d  PBLs cannot be  recognized by HLA-A2 re- 
s t r i c t e d ,  i n f luenza  v i r u s  immune CTLs. The HLA-A2 heavy cha in  syn thes i zed  by t h e  B cell  l i n e  
der ived  from t h i s  i n d i v i d u a l  (M7) w a s  compared t o  those  syn thes i zed  by o the r  HLA-A2 c e l l  l i n e s  
by i s o e l e c t r i c  focus ing  and w a s  found t o  d i f f e r  by a s i n g l e  charge.  Double l a b e l  t r y p t i c  pep- 
t i d e  a n a l y s i s  u t i l i z i n g  HPLC sugges t s  t h a t  t h i s  s t r u c t u r a l  d i f f e r e n c e  i s  confined t o  a s i n g l e  
pept ide .  Microsequence a n a l y s i s  is  be ing  used t o  i d e n t i f y  t h i s  pep t ide  and thus  l o c a l i z e  t h e  
s t r u c t u r a l  d i f f e r e n c e  between t h e  HLA-A2 heavy cha in  syn thes i zed  by M7 wi th  t h a t  synthes ized  
by t h e  c e l l  l i n e  J Y ,  f o r  which ex tens ive  sequence informat ion  is  a v a i l a b l e .  These r e s u l t s  sug- 
ges t  t h a t  t he  sites on  H I A  molecules recognized by a l l o a n t i b o d i e s  and CTLs a r e  no t  i d e n t i c a l ,  
and should  h e l p  t o  c l a r i f y  which reg ions  of t h e  molecule a r e  important f o r  CTL recogn i t ion .  
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795 MECHANISM OF ALLOANTIGEN-INDUCED CML SUPPRESSIVE ACTIVITY, Charles G. Orosz, Benny 
Leshem and Fritz H. Bach, Imnunobiology Research Center, University of Minnesota, 
Minneapolis, Minnesota 55455 

Suppressor T cells are among the functional subsets of lymphocytes thought to recognize and 
respond to foreign histocompatibility antigens in murine mixed lymphocyte culture. 
investigate various aspects of suppressor cell generation and function, we developed an 
vitro suppressor assay which allows ready detection of alloantigen-induced suppressor cells, 
but eliminates effects of concomittantly developed cytotoxic activity. In contrast to the g 
vitro generation of primary cytotoxic activity, alloantigen-induced CML suppressive activity 
develops only after activation with an allogeneic proliferative stimulus, such as H-2 I region 
encoded antigens; stimulation with cytotoxic target determinants, such as H-2K or H-ZD/L 
region encoded antigens does not result in suppressive activity, if a proliferative stimulus 
is not present. When alloantigen-induced suppressive populations are fractionated on an lg 
velocity sedimentation gradient, only fractions containing lymphoblasts suppress subsequent 
CML generation; furthermore, the suppressive population continues to proliferate during the 5 
day assay for suppressor activity. 
results from (a) competition for soluble helper signals normally generated in primary MLCs and 
(b) dilution of newly generated cytotoxic cell pools by the expanding suppressive population. 
These observations raise the question of whether or not antigen non-specific, alloantigen- 
induced suppressor cells exist. Suppressive activity normally attributed to such a cell type 
may result from the ability of proliferating T cells, with other primary functions, to compete 
for and respond to soluble CML helper activity generated in mixed lymphocyte cultures. 

To 

Additional data suggest that apparent CML suppression 

796 PHOSPHOLIPID METHYLATION AND PHOSPHOLIPASE A ACTIVATION BY HUMAN NATURAL KILLER 

Phospholipid methylation and phospholipase A activity associated with human natural killer 
(NK) function was studied using specific inh?bitors o r  direct measurement. Pretreatment of 
peripheral blood effector cells with micromolar concentrations of a methyltransferase inhibi- 
tor, 3-deazadenosine (DZA), in the presence of homocysteine thiolactone, reduced cytotoxicity 
in a dose-dependent fashion. This effect was attributable to inhibition of methylation of 
lipids and not nucleic acids or proteins. Interaction with NK-susceptible (but not NK- 
resistant) tumor targets caused measurably increased phospholipid methylation by peripheral 
blood mononuclear cells. Inhibitors of phospholipase A2 such as tetracaine, mepacrine, 
Rosenthal's inhibitor, as well as corticosteroids, impaired NK function by peripheral blood 
mononuclear cells. Rosenthal's inhibitor was also shown to exert its inhibitory effect on a 
purified NK cell population obtained by the isolation of large granular lymphocytes (LGL) on 
Percoll gradients. Peripheral blood mononuclear cells and LGL were also directly shown to 
display phospholipase A activity, as measured by the decrease in radioactive arachidonate from 
prelabeled effector c&l phospholipids (phosphatidylcholine). Phospholipid methylation 
apparently plays a part in recognition of susceptible cells by NK effectors. Consequent 
activation of phospholipase A2 may also be involved in the mechanisms leading to lysis of the 
target cells. 

CELLS, Thomas Hoffman, Phillipe Bougnoux, and &sao Hirata, NIH, Bethesda, MD 20205 

797 MAJOR HISTOCOMPATIBILITY COWLEX-ASSOCIATED NATURAL RESISTANCE AS A MODEL FOR SELF- 
RECOGNITION IN THE MAMXALIAN LYMPHOID SYSTEM, George A. Carlson, The Jackson Labor- 
atory, Bar Harbor, M E  04609 

Nonimmunized H-2 heterozygous F hybrid mice are able to recognize and reject parental strain 
cells of hemoFetic origin in hpparent violation of the classical laws of transplantation. 
To study s natural resistance, transplantable leukemia cells were labeled with the thymidine 
analogue %-IdUrd and injected i.v. into mice either H-2 identical or nonidentical with the 
tumor. The survival and metastic distribution of the leukemia were determined by whole-body 
y counting and by counting various organs after the hosts were killed. Increased tumor cell 
death was seen when the parental tumor and the F host were not identical at the major histo- 
compatibility complex. The initial seeding of tie tumor in various organs was the same in 
both H-2 identical and nonidentical host-tumor combinations, but elimination of H-2 nonidenti- 
cal cells from the spleen began as soon as 4 hr after injection. The spleen was a favored 
site for survival and growth of H-2 identical cells. 
liver and poorly in the lungs regardless of H-2 haplotype. 
not involved in natural resistance against H-2 nonidentical cells; neither T cells nor natural 
antibody could account for the rejection observed. Natural resistance can be further distin- 
guished from an immune response in that specific memory can not be demonstrated. One inter- 
pretation of these and similar data is that H-2 associated natural resistance is related to 
primitive cell-mediated alloreactivity seen in many invertebrates in, or leading to, the pro- 
tochordate line. These primitive rejection systems may be based on the failure of the 
effector cells to find an appropriate self-marker on the allogenic cells. 

The leukemic cells survived well in the 
A classical immune response was 
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798 POTENT MITOGENIC ACTIVITY FOR SCHWA" CELLS IN BRAIN AXOLEMMA. Dan Cassel, James L. 
Salzer, Patrick M.Wood, Richard P. Bunge and Luis Glaser, Washington University 

School of Medicine, St. Louis, MO 63110. 
Previous studies in this laboratory have shown that membranes derived from dorsal root ganglia 
(DRG) neurons are mitogneic for cultured Schwann cells. Searching for a source of membranes 
more suitable for biochemical characterization of the mitogen, we found that bovine brain 
axolemma membranes, prepared by the method of DeVries s&. (Brain Res. =:339-352) are 
highly mitogenic for Schwann cells. Using freshly replated cells, the mitotic index was 
increased by the addition of axolemma from 0.5-1% to 30-50% during 48 h incubation in the 3 presence of H-thymidine. 
containing 2-4 x LO3 cells. 
was abolished by treatment with trypsln. 
of the two preparations were also observed. 
activity of the axolemma was only partially inactivated by heat treatment (by 60-70%). Further- 
more, axolemma membranes failed to stimulate the proliferation of Schwann cells in defined, 
serum free medium (N-2) whereas neurite membranes were highly mitogenic in this medium. 
These findings indicate a possible difference between DRG neurites and brain axolemma in 
either the mitogen itself or in a recognition unit involved in the attachment of the membranes 
t o  the cells, 

Half maximal effect was obtained at 0.5 ug axolema per microwell 
Like the DRG neurite mitogen, mitogenic activity of the axolemma 

However, notable differences between the properties 
Unlike the neurite preparation, the mitogenic 

799 SURFACE DIFFERENCES AMONG CELLS OF THE 14 DAY EMBRYONIC CHICK NEURAL RETINA, Joel B. 
Shef f ie ld ,  Department of Biology, Temple Univers i ty ,  Phi ladelphia, PA 19122 

I n  order t o  t e s t  the hypothesis t h a t  the progressive l aye r ing  and d i f f e r e n t i a t i o n  o f  c e l l s  
dur ing the development of the neural r e t i n a  i s  associated w i t h  c e l l  surface a l te ra t i ons ,  we 
have developed a procedure fo r  the i s o l a t i o n  of four d i f f e r e n t  v iab le  c e l l  populat ions from 
the 14 day embryonic ch ick neural r e t i n a .  Two o f  these populat ions conta in  z 80% each o f  a 
morphological ly d i s t i n c t  c e l l  type, whi le  the others conta in  mixtures o f  o ther  c e l l s .  Ce l l s  
i n  each o f  the f ract ions d i f f e r  i n  assoc iat ive behavior, as judged by c e l l  aggregation and 
s ta t i ona ry  c u l t u r e  assays. The s i ze  and shape of aggregates and the c e l l u l a r  con f igu ra t i on  i n  
s ta t i ona ry  c u l t u r e  were dependent on the p a r t i c u l a r  c e l l  f r a c t i o n  used as a source o f  c e l l s .  
When c e l l s  o f  two d i s t i n c t  populat ions were mixed and al lowed t o  aggregate f o r  periods o f  up 
t o  three days, c l e a r  pa t te rns  of c e l l  s o r t i n g  were obtained. D i r e c t  evidence o f  c e l l  surface 
d i f ferences was obtained by freeze f racture analys is  and by spec i f i c  l a b e l i n g  o f  c e l l  surface 
glycopolypeptides. 
from the d i f f e r e n t  populat ions. 
which was consis tent  w i t h  the suspected o r i g i n  o f  each populat ion i n  the t issue.  I so top ic  
l abe l i ng  w i t h  glucosamine, enzymatical ly appl ied galactose, o r  borohydride reduct ion a f t e r  
galactose ox idat ion,  fo l lowed by SDS-PAGE and radioautography i nd i ca tes  t h a t  although there 
are many surface g lycoprote ins i n  comnon between the d i f f e r e n t  f rac t i ons ,  there are some 
mater ia ls  t h a t  may be unique, p a r t i c u l a r l y  i n  the most pure populat ions. 
Supported by Grant EY-02625 frm N E I  and N I H  BRSG t o  Temple Un ive rs i t y .  

Intramembrane p a r t i c l e s  ( I M P )  were counted on membrane surface o f  c e l l s  
Each populat ion had a c h a r a c t e r i s t i c  d i s t r i b u t i o n  o f  I M P ' S  

800 
The embryonic neural c r e s t  appears t o  segregate several d i s t i n c t  c e l l  l ineages dur ing normal 
development. These l ineages u l t i m a t e l y  produce a l l  per iphera l  nervous system neuronal and 
g l i a l  c e l l s ,  as we l l  as endocrine, paracrine, ske le ta l  and pigment elements. I n  order t o  
deduce the order o f  segregation o f  various lineages, and the intermediate c e l l  types i n  each 
l ineage, we have developed a ba t te ry  o f  monoclonal antibodies which b ind t o  surface antigens 
found on subpopulations o f  neurons w i t h i n  embryonic sensory ganglia. 
i s  o f  a c lass t h a t  binds t o  the c e l l  bodies and f i b r e s  o f  some neurons. 
d i r e c t  imunoperoxidase s ta in ing  methods w i t h  t h i s  antibody, we have examined cu l tures,  
t i ssue  "squashes" and t i ssue  sections conta in ing various crest -der ived c e l l s .  
mediates s ta in ing  o f  a subpopulation o f  cu l tured,  apparently und i f f e ren t i a ted  neural c res t  
c e l l s .  I n  vivo, a subpopulation o f  c e l l s  i n  nascent ( 4  day) sensory ganglia and i n  7 day 
sympathetic ganglia s ta ins.  
antigen i s  present on the i n i t i a l  segment o f  the neur i t e  as we l l  as a patch o f  the adjacent 
c e l l  body. As development o f  the sensory ganglia proceeds (days 8 through 13), the amount o f  
neuronal s t a i n i n g  increases and becomes more extensive. I n  contrast ,  s t a i n i n g  .of sympathetic 
neurons becomes more r e s t r i c t e d  and eventual ly  disappears from the  soma a l together .  U l t r a -  
s t ruc tu ra l  analys is  o f  the s ta in ing  pat terns on the various crest -der ived intermediate c e l l  
types should e luc idate the r o l e  o f  such c e l l  surface antigens i n  the normal development o f  
peripheral neurons. 

IMMUNOCHEMICAL STUDIES OF AVIAN SENSORY NEUROGENESIS, Gary Ciment and James Weston, 
Un ive rs i t y  o f  Oregon, Eugene, OR 97403 

One such antibody (E/C8) 
Using d i r e c t  and i n -  

This antibody 

The subce l l u la r  l o c a l i z a t i o n  o f  s ta in ing  i nd i ca tes  t h a t  the 
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801 MOLECULAR MECHANISM OF A V I A N  NEURAL CREST CELLS MIGRATION AND AGGREGATION. Jean-Paul 
THIERY, Donald N E W G R E E N ,  Annie DELOUVEE and Jean-Loup DUBAND 
Ins t i tu t  d’Embryologie, 94130 NOGENT sur MARNE - F R A N C E  

The neural c res t  i s  a transitory structure which appears early in development a t  the dor- 
sal border of the closing neural tube of vertebrates. Neural crest  cells  migrate away from the 
neural tube and  sometimes traverse long distances before reaching well defined s i tes  in the 
embryo. A t  this stage cells derived from the neural crest  aggregate and differentiate into va- 
rious tissues including the peripheral nervous system and in the head, the mesectoderm. I n  
order t o  better understand the mechanisms t h a t  govern the migration and aggregation of neural 
crest  ce l l s ,  we have been studying the role of the cell associated glycoprotein Fibronectin 
( F )  both  in vitro and i n  vivo. FN has been shown t o  be one of the major components of the ex- 
tracellular matri’x t h r m i c h  neural c res t  ce l l s  migrate. A t  this early stages of develop- 
men t ,  FN was synthesized by most embryonic t i s s u e s  with the remarquable exception of a l l  the 
trunk and  some cranial neural crest  ce l l s .  Since the f i r s t  cranial crest  ce l l s  t o  leave the 
neural tube were able t o  synthesize and construct FN matrices ; this mat r ix  might serve as a 
substrate for the cells which follow. I n  the t r u n k ,  neural crest  cells  migrated t h r o u g h  a FN 
meshwork already deposited by surrounding tissues. Therefore, we propose that the inabili ty of 
t r u n k  neural crest  cells  t o  synthesize FN may render them more sensitive t o  this substrate. 
A t  the i r  s i t e  of a r res t ,  the r a p i d  decrease i n  cell  t o  substrate adhesivity and an increase in 
cell t o  cell adhesiveness i s  correlated w i t h  a local disappearance o f  FN and a concomittant 
appearance of the cell adhesion molecule ( C A M ) .  

802 MONOCLONAL ANTI BODIES AGAINST TORPEDO SYNAPTOSOMES. P .  D. Kushner and L .  F .  Re ichard t  . 
In o rde r  t o  ga in  a more thorough molecular  unders tanding  of synapses ,  t h e i r  a r c h i -  

t e c t u r e ,  func t ion  and development, we have genera ted  a l i b r a r y  of  monoclonal an t ibod ie s  
a g a i c s t  t h e  cho l ine rg ic  synaptosome of  t h e  r ay  e l e c t r i c  organ .  Torpedo synaptosomes were 
prepared  by a technique  designed t o  ensure  as pure  a p re synap t i c  fraTtTon a s  p o s s i b l e  (Deutch 
and Kelly,  in p r e p . ) .  Mice were i n j e c t e d  over a two month pe r iod .  Spleen c e l l s  were then  
fused wi th  NS1 c e l l  l i n e .  Media condi t ioned  by hybridoma c e l l s  were assayed f o r  antibody 
product ion  us ing  s o l i d  phase radioimmuno assay .  We have i s o l a t e d ,  cloned and s t o r e d  125 
c e l l  l i n e s  which produce c u l t u r e  media p o s i t i v e  f o r  an t ibod ie s  a g a i n s t  t h e  o r i g i n a l  
synaptosome. 
a n t i s e r a  and r e s u l t s  i n d i c a t e  t h a t  most of tile sera a r e  nervous system s p e c i f i c ,  wi th  l e s s  
than  5% c ross  r e a c t i n g  s t r o n g l y  with f i s h  l i v e r .  
c l a s s e s  of s e r a ,  a s  r evea led  both by p l a t e  assay  (Kel ly)  and inununocytochemistry. Many of 
s e r a  cross r e a c t  wi th  t h e  mammalian nervous system. Our cu r ren t  e f f o r t s  are focused 011 

those  candida tes  showinp nervous system s p e c i f i c i t y ,  cho l ine rg ic  s p e c i f i c i t y ,  and neuronal  
te rmina l  s p e c i f i c i t y .  
coniponents . 

I n  co l l abora t ion  with R .  K e l l y , t i s s u e  s p e c i f i c i t y  tests were conducted on the  

There appear  t o  be s e v e r a l  d i f f e r e n t  c l a s s e s  

We a n t i c i p a t e  us ing  t h e s e  an t ibod ie s  t o  d i s s e c t  synap t i c  and neuronal  

803 MONOCLONAL ANTIBODY Pl2: CERESELLAR CELL SURFACE SPECIFICITY, Carl 
Lagenaur and Melitta Schachner, University of Heidelberg, D6900 ,  FRG. 
A monoclonal antibody designatad M2 arose from the fusion of mouse 

myeloma with splenocytes from a rat that was immunized with early postnatal 
mouse cerebellar particulate fraction. The expression of M2 was examined 
by indirect immunofluorescence on livinq monolayer cultures of cerebellar 
cells derived from 1-10 day old mice. During the first three days of culture 
M2 antigen appeared to be confined to the cell surface of two classes o f  
alial cells: 1. GFAP containing astrocytes and 2. a population o f  largely 
immatllre olioodendrocytes. This latter population is characterized by the 
expression of 04 antigen, present on more immature oliqodendrocytes (Sommer 
and Schachner, Schachner et al., Dev. Biol., in press) but is generally 
negative for galactocerebroside and 01 antigen, present on more mature oligo- 
dendrocytes (Sommer and Schachner, ibid). After four days in culture, M2 
appeared on tetanus toxin binding neurons in addition to the above described 
glial cells. It appears that in early cultures, M2 may prove useful in 
examining the molecular relationsnips between astrocytes and immature oligo- 
dendrocytes and in defining steps in oligodendrocyte differentiation. The 
delayed expression o f  M2 on neuronal Cell surfaces will be a further aspect 
of developmental studies 
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804 
California ,  Los A n g e l s ,  CA 90033 
This report  provides the f irst  imnunohistochemical and biochemical evidence t h a t  murine brain 
c e l l s  synthesize and express Ia (Immune response associated)  antigens. We used an extremely 
s e n s i t i v e  and spec i f lc ,  t r ip le - layer  immunoperoxiaase method to  reveal Ia+ c e l l s  i n  frozen 
sect ions of mouse brains .  Posi t ive s ta in ing  was observed only w i t h  appropriate an t i - Ia  sera  
and not inappropriate sera .  Hence, BIO.S brain sect ions s ta ined w i t h  an t i - I s  but not w i t h  
ant i - Ik  serum. 
AQR. 
region reac t iv i ty .  Final ly ,  detectable  12 c e l l s  cons t i tu te  a very low percentage (<1%) o f  
the  to ta l  brain ce l l  population. 
antigens by brain c e l l s  was obtained w i t h  SH-leucineltyrosine label led lysa tes  and 
imnunoprecipitation u s i n g  monoclonal antibody. 
25,000 and 35,000 daltons were isolated by gel e lectrophoresis .  
indis t inguishable  from Ia antigens obtained from spleen c e l l s .  
p rec ip i ta te  any product, t h u s  eliminating contaminating B lymphocytes as  a source of Ia 
antigens. Theaccumulatn'veevidence indicates  a central  ro le  foi" Ia bearing c e l l s  from both 
lymphoid and nonlymphoid organs i n  T-B lymphocyte, and lymphocyte-accessory c e l l  in te rac t ions  
which a re  required f o r  antibody production and ant igen-specif ic ,  T-cell responses. The 
importanceand implications of Ia-bearing brain c e l l s  wil l  be discussed i n  l i g h t  of these 
f indinqs.  

SYNTHESIS AN0 EXPRESSION OF LMMUNE RESPONSE [SSOCIATED ( I a )  ANTIGENS BY BRAIN CELLS. 
Jenny P.Y. Ting, Lesl ie  P. Weiner and Jef f rey  A .  Frelinger. University of Southern 

Specif ic  s ta in ing  was observed w i t h  two addi t ional  mouse s t r a i n s ,  BIO.K and 
Spec i f ic i ty  of the react ion was confirmed by absorption s tudies  which ruled out  anti-Tla 

Biocheini a1 evidence for  the the ac t ive  synthesis  of Ia  

Only two charac te r i s t ic  molecular species  of 
Their migration patterris were 

A n t i *  serum did not 

BRAIN LIGATIN: A MEMBRANE-BOUND LECTIN THAT BINDS ACETYLCHOLINESTERASE. M. GASTON, 
R.B. MARCHASE AND E.R. JAKOI, DUKE UNIVERSITY, DURHAM, N.C. 27710. 

805 
Ligatin, a lectin that recognizes phosphorylated sugars, has been demonstrated i n  mammalian 
tissues to bind specific hydrolases to cell surfaces. Ligatin exists as a filament that can 
be released from membranes still complexed with its bound hydrolases by treatment of membrane 
preparations with CaC12 and/or pH 8.0. 
dissociated with EGTA, resulting i n  a concurrent depolymerization of the ligatin filament. 
From isolated membranes of cerebrum and cerebellum, this procedure also produces a cosolu- 
bilization of membrane-bound acetylcholinesterase (AChE, E.C.3.1.1.7.). Binding of the co- 
solubilized AChE to ligatin can be demonstrated i n  vitro by affinity chromatography using the 
immobilized lectin. Ligatin-hydrolase complexes have been shown to be dissociated by low 
concentrations of specific phosphorylated sugars (mannose 6 phosphate and glucose 1 phos- 
phate). 
Analysis of labeled glycitols produced by tritiated borohydride reduction confirms the pres- 
ence of phosphorylated sugars on the ligatin-cosolubilized material from brain. 

The ligatin-hydrolase complexes subsequently can be 

These sugars are also effective in eluting bound AchE from ligatin affinity columns. 

806 
A m o n o c l o n a l  a n t i b o d y  d e s i g n a t e d  C1  was o b t a i n e d  f r o m  t h e  f u s i o n  of mouse 
myeloma w i t h  s p l e n o c y t e s  from a mouse immunized  w i t : :  b o v i n e  c o r p u s  c a l l o s u m .  
When e x a m i n e d  b y  i n d i r e c t  i m m u n o f l u o r e s c e n c e  on  mouse  b r a i n  s e c t i o n s ,  C1  was 
f o u n d  t o  s t a i n  cerebellar Bergmann g l i a ,  r e t i n a l  M u l l e r  c e l l s  a n d  ependyma  i n  
t h e  a d u l t  mouse  n e u r o e c t o d e r m .  C 1  a n t i g e n  i s  d e t e c t a b l e  i n  r a d i a l l y  o r i e n t e d  
s t r u c t u r e s  i n  t h e  t e l e n c e p h a l i c  a n l a g e  a t  e m b r y o n i c  d a y  10, t h e  e a r l i e s t  
stare t e s t e d  so f a r .  
a s t r o c y t e s  o f  t h e  p r e s u m p t i v e  w h i t e  mat ter ,  o f  t h e  i n t e r n a l  g r a n u l a r  l a y e r  
a n d  i n  Bergmann g l i a l  f i b e r s  i n  t h e  m o l e c u l a r  l a y e r  of t h e  c e r e b e l l u m  o f  
n o r m a l  a n d  m u t a n t  mice ( reeler ,  s t a g g e r e r ,  w e a v e r ) .  I n  n o r m a l  mice, C 1  a n t i -  
g e n  e x p r e s s i o n  subsides  i n  t h e  w h i t e  mat te r  a n d  i n t e r n a l  g r a n u l a r  l a y e r  
d u r i n q  tl?e s e c o n d  p o s t n a t a l  week ,  b u t  p e r s i s t s  i n  Bergmann  g l i a  a n d  e p e n d y m a l  
cel ls  t h r o u g h o u t  a d u l t i i o o d .  I n  cerebella of m u t a n t  m i c e ,  h o w e v e r  Bergmann  
g l i a  a l so  lose  t h e  a b i l i t y  to  e x p r e s s  C 1  a n t i g e n  d u r i n g  t h e  s e c o n d  p o s t n a t a l  
rreek. Bergmann g l i a  of t h e  v e n t r o m e d i a l  p a r t  of t h e  c e r e b e l l u m  ( w h i c h  are 
known t o  m a t u r e  e a r l i e r )  lose t h e  a n t i g e n  f i r s t .  C 1  e x p r e s s i o n  i n  M i i l l e r  
ce l l s  a n d  e p e n d y m a l  c e l l s  i s  n o t  a f f e c t e d  b y  t h e s e  m u t a t i o n s .  

C1 ANTIGEN I N  NORMAL A N D  MUTANT MOUSE CEREBELLUM, Ilse Sommer a n d  
Melitta S c h a c h n e r ,  U n i v e r s i t y  of H e i d e l b e r g ,  D6900,  FRG. 

1; t h e  f i r s t  p o s t n a t a l  week,  C 1  a n t i g e n  i s  f o u n d  i n  
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CHOLINERGIC SYNAFTIQ VESICLES CONTAIN AN ANTIGENIC PROTEDGLYCAN, Steven S. Carlson, *07 Ken Kassenbrock, and Regis B. Kelly, University of California, San Francisco, CA 94143 

Antibodies raised to highly purified synaptic vesicles from fish electric organ cross-react 
with a cytoplasmic element of the laanrmalian nerve terminal, presumably the synaptic vesicle. 
The cross-reacting antigens are not present on the outside of a resting frog neuromuscular 
junction, but become exposed to the outside whes the terminal undergoes exocytosis of synaptic 
vesicle contents (von Wedel, Carlson & Kelly (1981) P.N.A.S. in press). 
are exposed on the outside gf the ae'cive nerve terminal are psesumably those which are inside 
the synaptic vesicle. 
large amounts of a material with the following characteristics. It does not enter acrylamide 
gels. 
containing SDS as a large molecular weight material between 335 and 70 kilodaltons. It binds 
in NP40 detergent to wheat germ agglutinin-Sepharose 4B beads and is s'electively eluted by 
N-acetylglucosamine. The proteoglycan 
appears to be inside the synaptic vesicle since intact vesicles fail to bind to wheat germ ag- 
glubinin beads whereas vesicles lysed by sonication bind very effectively. The antibodies 
used to detect exocytosis bind to synaptic vesicles and to no other major component of the 
electric organ. These specific antibodies imunoprecipitate the proteoglycan. The antigens 
which appear during exocytosis could therefore be the proteoglycan determinants, but this has 
not been shown dlrectly. The proteoglycan may play a role in packaging the acetylcholine or 
ATP into the s aptic vesicle. Whatever its function, the observation that synaptic vesicle 
proteoglycans Eve unique determinants suggests that their structure is funCtlOnally important.. 

The antigens which 

We have demonstrated that electric organ synaptic vesictes contain 

It elutes from gel filtration columns It contains protein, carbohydrate and sulfate. 

We believe the material to be a sulfated proteoglycan. 

808 
Glial cells in primary cultures of the central and peripheral nervous system divide slowly. 
It is necessary to define mitogens for these cells in order to propogate them for biochemical 
studies. We have examined a number of polypeptide factors which might provide mitogenic sig- 
nals in vivo. These include a bovine pituitary extract, central myelin basic protein, fibro- 
blast growth factor from both brain and pituitary, insulin, and epidermal growth factor. 
have combined autoradiography with indirect immunofluorescence using neural c 11 type specifir 

addition we have assayed the amount of 
Schwann cell cultures or rat corpus callosum cultures which are enriched in astrocytes. These 
methods showed that astrocytes and Schwann cells were able to respond to the pituitary extract 
while only astrocytes were able to respond to fibroblast growth factor. 
factors tested stimulated division in either Schwann cells or astrocytes. 

served large cells floating in suspension in long-term primary cultures of the rat central 
nervous system. These cells were tentatively identified as oligodendrocytes by the presence 
of cell-surface galactocerebroside and the absence of other neural cell markers. When these 
cells were harvested and grown on a surface of irradiated 3T3 cells they were positively 
identified as oligodendrocytes by their elaborate branched processes, and by the presence of 
intracellular basic protein as well as surface galactocerebroside. 
such cells were labeled by 3H-thymidine during a 48 hour pulse even in the absence of mitogen. 

IDENTIFICATION OF MITOGENIC SIGNALS FOR CULTURED GLIAL CELLS. Rebecca M. Pruss, Perry 
F. Bartlett, and Robert P. Lisak. University College London, London WClE 6BT England. 

We 

antisera to identify those cells which fsjpond to a mitogen by incorporating 4 H-thymidine. In 
IUdR incorporated into mitogen treated purified rat 

None of the other 

Oligodendrocytes are rarely seen to divide in tissue culture. During our studies we ob- 

Remarkable, nearly 50% of 

a ANALYSIS OF MFMBRANE DIFFERENTIATION DURING SmLETAL MYOGENESIS USING MONOCLONAL ANTI- 
BODIES, Stephen J. Kaufman and Heide U. Lee, University of Illinois, Urbana, IL 61801 

During the differentiation of skeletal muscle, mononucleate myoblasts proliferate, then cease 
replication, interact with one another and spontaneously fuse to form multinucleate, electri- 
cally excitable fibers. During this process of differentiation, changes in the membranes of 
myogenic cells preswnably evolve and reflect the missions of these cells at their respective 
stages of development. Hybridoma cells producing monoclonal antibodies reactive with the myo- 
genic clone of LgE63 rat myoblasts were established. These antibodies are being used to study 
the biochemical differentiation of the myoblast membrane. 
of SP2/0 Ag-14 cells with spleen cells from BALB/C mice immunized with LgE63 myoblasts and 
myotubes. These antibodies have been used to define stage-specific changes in the myoblast 
membrane by radioimmunoassay and immunofluorescence. The presence and distributions of the 
antigenic determinants on L&3 myoblasts and myotubes, on developmentally defective nOnfuSing 
fu-1 myoblasts and on primary cultures of rat and chick embryo myoblasts were compared (Lee 
and Kaufman, w. w., 81: in press). 
or greatly reduced on L&3 myotubes. 
blasts. Chick myoblasts have some but not all determinants recognized by these antibodies. 
Several determinants are almost totally absent on fu-1 cells; the distribution of some of 
these determinants on fu-1 cells are also different than on LgE63 myoblasts. 
progress to characterize these antigens and to define the qualitative, quantitative, and 
topographical changes on the myoblast membrane that are germane to the differentiation of 
these cells. 

Hybridomas were obtained by fusion 

Some determinants present on myoblasts were absent 
Identical results were obtained with primary rat myo- 

Studies are in 
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810 A CATALOG OF MOUSE BRAIN SYNAPTIC ANTIGENS, Larry D. McClain and Ronald T. Acton, 
University of Alabama, Birmingham, AL 35294 

A variety of evidence suggests that membrane macromolecules play an important role in medi- 
ating cell-cell interaction phenomena in general and establishment of synaptic connections in 
particular. As a prerequisite to direct testing of this hypothesis, a unique subset of these 
cell surface components has been identified and selected for study. This subset is comprised 
of proteins and glycoproteins expressed on mouse cerebellar synaptosomes which are suscep- 
tible to surface labeling and which elicit a serological immune response. Synaptosomes were 
isolated from mouse cerebella of varying age by isopycnic density gradient centrifugation on 
linear metrizamide-sucrose gradients. 
formaldehyde and administered to rabbits according to conventional immunization protocols. 
The resulting antisera were heat inactivated and exhaustively absorbed with mouse liver mem- 
branes. Aliquots of crude cerebellar sfigptosomal fractions prepared from mice of corres- 
gonding ages were surface labeled with 

Following the labeling procedure in- 
tact synaptosomes were isolated by gradient centrifugation as before and solubilized using 
0 . 5 %  NP-40, 0.01% SDS in 0.01 M Tris pH8. 
tated using the rqbbit antisera and gluteraldehyde fixed Staphlococcus aureus, resolved by 
SDS polyacrylamide gel electrophoresis, and detected by autoradiography. Synaptoplasm, micro- 
somal, and plasma membrane fractions were similarly analyzed. 
exclusively on synaptosomes and which appeared to be expressed transiently in the course of 
deyelopment were cataloged numerically with the prefix MAS (mouse antigen synaptic). 

The synaptosomes were lightly fixed using 0.5% para- 

I using Iodogen or Bolton-Hunter reagent and with 
H-borohydride using galactose oxidase or periodate. 

The radiolabeled antigens were immune precipi- 

Molecules which were detected 

811 
of Medicine, St. Louis, MO 63110 
The reeler (2) mutation in the mouse produces a severe abnormality in the position 
of neurons in the laminated cortical structures of the brain, including neocortex, 
hippocampus, and cerebellum. We have analyzed the physiological properties of the 
neurons that project from the visual cortex to the superior colliculus, and found 
that the neuronal interconnections that determine the function of these cells are 
normal. We have also shown that thalamo-cortical and cortico-cortical connections 
are established properly in the visual cortical regions despite the abnormality in 
cell position. Thus the factors that determine cell-to-cell connections during 
development are not strongly dependent on the relative position of neurons within 
the cortex. 

DOES LAMINAR POSITION DETERMINE NEURONAL INTERCONNECTIONS IN THE NEOCORTEX? 
Alan L. Pearlman, Vance Lemmon and Peter Simmons, Washington University School 

812 APPEARANCE OF SYNAPTIC MOLECULES IN ANEURAL MYOTUBE CULTURES. Nibaldo Inestrosa, 
Laura Silberstein and Zach Hall, Univ. of Calif., San Francisco, CA 94143. 

muscle cells in culture, we have determined the appearance and cellular localization of 16s 
acetylcholinesterase (AChE) as well as synaptic basal lamina antigens in a mouse skeletal mus- 
cle cell line, C2. The endplate form of AChE (165) appears in C2 myoblast cultures after fu- 
sion to form myotubes. 
of the total AChE activity present. The 165 AChE is at the cell surface, as evidenced by pro- 
tection from DFP inactivation by the membrane-impermeable inhibitor, BW284c51, and solubiliza- 
tion by collagenase digestion. 
100; thus, it is probably associated with the extracellular matrix. Histochemical localization 
of AChE reveals a patchy distribution of the surface enzyme. Collagenase digestion, which 
removes only the 165 form, abolishes this staining pattern, indicating that the patches con- 
sist of the 16s enzyme. 

cultures by using antisera that are specific for three distinct components of the endplate 
basal lamina (Sanes and Hall, 1979). 
tures as localized areas on the cell surface, often coincident with acetylcholine receptor 
clusters. 
and those of esterase and receptor. 
the absence of nerves, can synthesize synapse-specific components of the basal lamina. 

A s  a first step in examining the synthesis of specialized synaptic components by nerve and 

Within two days after myotube formation, this form represents 20 to 30% 

The 165 enzyme is extracted by 1 g NaC1, but not by Triton X- 

We looked for other components of the synaptic basal lamina that might be present in myotube 

Each of these antigens appear in aneural C2 myotube cul- 

Work in progress concerns the relationship between the synaptic antigen clusters 
We conclude from these experiments that muscle cells, in 

We are grateful to D. Jaffe for making available to us the C2 cell line. 
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Specific antibodies may provide the resolving power necessary to dissect cell surface compo- 
nents involved in cellular recognition phenomena. The possibility of obtaining antibodies a- 
gainst individual surface proteins has been greatly facilitated by the introduction of the 
myeloma hybrid technique for production of monoclonal antibodies. For the selection of antibo- 
dies reacting with the brain cell surface, we developed an indirect radioactive binding assay 
on live monolayers of mouse cerebellar cells. Using this test in conjunction with binding as- 
says on liver membranes and thymocytes to discard antibodies against constituents present on 
all tissues, we obtained two monoclonal antibodies which recognize glycoproteins present at 
the neuronal cell surface. The monoclonal antibody H28.123.16, when tested by imunofluores- 
cence on primary cultures of young postnatal mouse cerebellum stains only neuronal cell types. 
It immunoprecipitates a triplet of surface-iodinatable polypeptides of 180,000, 140,000 and 
120,000 daltons, which bind to and are specifically eluted from lentil leclin columns. The 
monoclonal antibody H30.107.2 imnunoprecipitates a glycoprotein of 48,000 daltons from lysates 
of surface-iodinated cerebellar cells. Electron microscopy of peroxidase-labelled sections of 
mouse cerebellum show the antigen to be present on granular and Purkinje cells and on a sub- 
populatiop of astrocytes. The antigens recognized by both antibodies are present in neonatal 
cerebellum but persist throughout adulthood. 

MONOCLONAL ANTIBODIES TO NEURONAL CELL-SURFACE GLYCOPROTEINS, Christ0 Goridis and 
Michel HIRN, Centre d'Immunologie INSERM-CNRS de Marseille-Luminy, Case 906, 
13288 Marseille cEdex 9 ,  France. 

8L4 NEURONAL DIFFERENTIATION IN CULTURES OF WEAVER (WV) MUTANT MOUSE CEREBELLUM. 
n..  Willinger, D. Margolis.and R.L. Sidman. Harvard Medical School, Boston, MA 02115. 

environment to direct nerve cell movement and axonal growth. The development of granule cell 
neurons in dissociated cell cultures of normal and weaver (wv) mutant mouse cerebellum serves 
as a model system to study these events. The weaver mutation in the homozygous state results 
in the early death of the cerebellar granule cell neuron in situ. It has been postulated that 
the neuronal death is due to a block in axonal outgrowth and neuron migration caused by defec- 
tive interactions with Bergmann glia. Neuron survival, neurite initiation and neurite elonga- 
tion was quantitated in cultures of normal (+/+), heterozygous weaver (wv/+) and homozygous 
weaver (wv/wv) cerebellar cells to determine the dynamics of mutant phenotype expression. The 
majority of wv/wv neuronal precursors (cells labeled with a pulse of 3H-Tdr six hours prior to 
sacrifice) die over the first three days in vitro. 
viving neurons is severely impaired. 
day 3, as opposed to only 10-159 in +/+ cultures. Cultures of wv/+ neurons have values inter- 
mediate between +/+ and wv/wv for the number of cells of a given fiber length ( O , L 2 0 ,  > 2 0 f l )  
over the first six days. These results suggest that the rate of  neurite outgrowth is affected 
by gene dosage. To determine whether the abnormal characteristics of weaver neurons are a re- 
sult of defective cell interactions during differentiation, normal or weaver neurons are being 
co-cultured with astroglia of the opposite genotype. 
survival and neurite outgrowth is altered by the astroglial environment. 

The assembly of a neuronal network requires interactions between the cell surface and the 

Neurite initiation and elongation of sur- 
Greater than 50% of these cells do not have fibers at 

Preliminary results suggest that neuron 

815 
The d i f f e r e n t i a t i o n  o f  ske le ta l  muscle i s  characterized by the recogni t ion,  alignment, and 
subsequent fus ion of myoblast c e l l  surfaces t o  form large,  mul t inuc leated myotubes. Monoclonal 
antibodies were used t o  i nves t i ga te  ant igenic  changes i n  the c e l l  surface membrane spec i f i c  f o r  
the various stages o f  myogenesis. Chick embryonic ske le ta l  muscle c e l l s  were cu l tu red  i n  v i t r o  
t o  the des i red stage o f  d i f f e r e n t i a t i o n  and then i n j e c t e d  i n t o  BALB/c mice. Spleen c e 1 E  from 
the immunized mice were hybr id ized w i t h  NS-1 non-secreting mouse myeloma c e l l s .  Hybrid c e l l  
clones were selected i n  HAT medium and screened, us ing an i n d i r e c t  radioimmunoassay (RIA), f o r  
the production of monoclonal ant ibodies t o  myogenic c e l l  surfaces. Target c e l l s  f o r  the R I A  
included three stages o f  myogenesis (myoblasts, alignment stage myoblasts, myotubes) and ch ick 
lung c e l l s  as a con t ro l  for  polymorphic antigens. Sixteen clones were obtained which produced 
antibodies speci f ic  f o r  myogenic c e l l s .  
gluteraldehyde f i x e d  c e l l s .  To ascer ta in  whether the ant ibodies a c t u a l l y  recognize surface 
membrane components, R I A ' S  were a l so  performed on unf ixed c e l l s .  O f  the 14 immunoglobulins 
tested, a l l  bound t o  unf ixed c e l l s  although ove ra l l  b ind ing was lower than t o  f i x e d  c e l l s .  
For each antibody, the determinants were most prevalent  on the myoblast stage o f  d i f f e r e n t i a -  
t i o n  w i th  b ind ing ranging up t o  14-fold over background. Thus, we have successfu l ly  used 
hybridomas t o  obta in  monoclonal antibodies t o  ske le ta l  muscle c e l l  surface membranes and have 
i d e n t i f i e d  a t  l e a s t  4 determinants which are more prevalent  on myoblast c e l l  surfaces than on 
myogenic c e l l  surfaces a t  o ther  stages o f  d i f f e r e n t i a t i o n .  

MONOCLONAL ANTIBODIES DETECT CELL SURFACE CHANGES DURING MYOGENESIS, Barbara K. Grove 
and F r m k  E. Stockdale, Stanford Un ive rs i t y ,  Stanford, CA 94305. 

I n i t i a l l y ,  the supernatants were screened i n  

Supported by NSF grant  #PCM7904963. 
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816 INTERCELLULAR RECOGNITION: QUANTITATION OF INITIAL B I N D I N G  EVENTS, David R .  McClay, 
Gary M. Wessel, and Richard B.  Marchase, Duke Un ive r s i ty ,  Durham, N . C .  27706. 

A c e l l  b inding  assay  has  been developed t h a t  suppor t s  t h e  hypo thes i s  t h a t  i n t e r c e l l u l a r  
adhesion can be  subdiv ided  i n t o  two sepa rab le  phenomena, an  i n i t i a l  r ecogn i t ion  event and a 
subsequent s t a b i l i z a t i o n .  In add i t ion ,  t h e  a s say  provides  a q u a n t i t a t i v e  measure of  i n t e r -  
c e l l u l a r  b inding  s t r e n g t h s .  
monolayers a t  4OC. The monolayers a r e  inve r t ed  and a c e n t r i f u g a l  f o r c e  i s  then  app l i ed  
tending  t o  d i s lodge  t h e  probe c e l l s  from t h e  monolayers. 
uga t ion ,  t h e  f o r c e  main ta in ing  a s s o c i a t i o n s  between embryonic ch ick  n e u r a l  r e t i n a  cel ls  
w a s  determined t o  be  on t h e  o r d e r  of dynes.  S p e c i f i c i t i e s  of s i n g l e  embryonic cells  
f o r  monolayers of homologous t i s s u e  type  and f o r  topographic  p o s i t i o n  wi th in  a t i s s u e  were 
de tec t ed  wi th  t h i s  a s say  and corresponded t o  those  observed i n  more t r a d i t i o n a l  a s says  a t  
37'. 
t h e  f o r c e  requi red  f o r  dislodgment inc reased .  
s e n s i t i v e  t o  d in i t ropheno l  and i n a c t i v e  a t  4OC, wh i l e  t h e  second was s t i l l  a c t i v e  i n  m e t a -  
b o l i c a l l y  quiescent  cells. 
least  1 3  times a s  s t rong  as t h e  i n i t i a l  binding. 
i n  about a two-fold i n c r e a s e  i n  b inding  s t r e n g t h  and had a tempera ture  dependence similar t o  
t h a t  of membrane d i f f u s i o n a l  phenomena. 

Radioac t ive  s i n g l e  c e l l s  a r e  brought i n t o  con tac t  w i th  ce l l  

By vary ing  the  speed of  c e n t r i f -  

Also observed were two t i m e  and tempera ture  dependent s t a b i l i z a t i o n  processes  i n  which 
One of t h e  s t a b i l i z a t i o n  processes  w a s  

The metabolism-dependent process  r e s u l t e d  i n  i n t e r a c t i o n s  a t  
The metabolism-independent process  r e s u l t e d  
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St .  Louis ,  MO 63110. 
BC3-H1 c e l l s ,  a non-fusing smooth muscle-like ce l l  l i n e  (Schubert  e t  a l . ,  J. Cell Bio l . ,  61. 
398 (1974)).  show dramat ic  i nc reases  i n  the  l e v e l  of c r e a t i n e  k inase  and ace ty l cho l ine  r ecep to r  
(determined by the  b inding  of a-bungarotoxin) when growth is  a r r e s t e d  a t  confluency o r  when 
s p a r s e  cel ls  a r e  t r ans fe r r ed  t o  medium con ta in ing  low l e v e l s  of serum. The induct ion  of 
these  p r o t e i n s  is  no t  due t o  the  dep le t ion  of serum components, s i n c e  medium recovered from 
such cells  w i l l  no t  induce the syn thes i s  of c r e a t i n e  k inase  when added t o  spa r se  BC3-H1 
cells. Induct ion  of c r e a t i n e  k inase  by lowering t h e  serum concen t r a t ion  from 20% t o  1% i n  
spa r se  c u l t u r e s  i s  a func t ion  of c e l l  dens i ty  and appears  no t  t o  be due t o  the  dep le t ion  of 
serum components. Induct ion  of muscle s p e c i f i c  p r o t e i n s  i n  these  c u l t u r e s  occurs  over  a 
per iod  of s eve ra l  days  and b inding  of 1251-u-bungarotoxin t o  these  c e l l s  followed by auto- 
radiography show t h a t  t h i s  slow induc t ion  i s  a proper ty  of  most cells  i n  the  c u l t u r e ,  i.e. 
t h a t  a t  e a r l y  times a l l  c e l l s  a r e  p a r t i a l l y  induced. Addi t ion  of high serum or a high molecu- 
l a r  weight f r a c t i o n  of f e t a l  c a l f  serum t o  a p a r t i a l l y  induced c u l t u r e  r e s u l t s  i n  an a r r e s t  
of i nduc t ion ,  i n  the  l a t t e r  ca se  wi thout  i n i t i a t i o n  of growth. We hypothes ize  t h a t  i nduc t ion  
of muscle s p e c i f i c  p r o t e i n s  i n  BC3-H1 c e l l s  r e f l e c t s  a ba lance  between inducing s i g n a l s  
genera ted  by cell  t o  cell  con tac t  and r ep res s ing  s i g n a l s  der ived  from t h e  presence  of serum 
components. The induc t ion  i n  these  c e l l s  of muscle p r o t e i n  appears  t o  a r e v e r s i b l e  process .  
[Supported by g r a n t s  from NSF PCM 77-15972 and N I H  GM 18405 and GM 07067.1 

CONTROL OF DIFFERENTIATION OF BC3-HI CELLS, Kendra L. Caldwell ,  Robert Munson, and L. 
G lase r ,  Department of B io log ica l  Chemistry,  Washington Un ive r s i ty  School of Medicine, 
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Tennessee, Knoxv i l le ,  TN 37916 
We are attempting t o  develop a model system w i t h  which the b ind ing between membranes as 
mediated by s p e c i f i c  l igand-receptor  assoc iat ion can be studied. 
l e n t l y  couple a water so lub le l i gand  w i t h  a hydrophobic anchor such t h a t  the r e s u l t i n g  
amphipathic l i gand  can be incorporated i n t o  liposome membranes. 
t o x i n  (aBGT), has been chosen f o r  t h i s  purpose because o f  i t s  h igh  a f f i n i t y  t o  the n i c o t i n i c  
acety lchol ine receptor. aBGT was coupled t o  p a l m i t i c  ac id  by using the N-hydroxysuccinimide 
es te r  o f  palmic ac id .  
by the hydrophobic column chromatography. 

125I-crBGT. 
by a detergent-column method. 
membrane ves ic les i so la ted  from the electroplaxes o f  Tor edo Ca l i f o rn i ca  but  not t o  
the red blood c e l l  ghosts. 
above which the b ind ing o f  PBGT-vesicles w i t h  microsacs increased dramat ica l ly .  
apparent p o s i t i v e  coopera t i v i t y  i n  b ind ing i s  explained i n  terms o f  the mu l t i va len t  binding 
theory. 
i n te rac t i ons  mediated by spec i f i c  l igand-receptor  binding. 
MDA. 

INTERACTIONS BETWEEN MEMBRANES AS MEDIATED BY SPECIFIC LIGAND-RECEPTOR BINDING. Leaf 
Huang and Stephen R. Grant, Bruce P. Babbi t t ,  Dept. o f  Biochemistry, Un ive rs i t y  o f  

Our approach i s  t o  cova- 

The snake toxin,a-bungaro- 

The major coupling product, mono-palmitoyl-aBGT (PBGT), was p u r i f i e d  

PBGT can be incorporated i n t o  un i l ame l la r  liposomes o f  about 1000 A i n  diameter 

PBGT show d spec i f i c  binding t o  the detergent 
so lub l ized acety lchol ine receptor w i t h  a KD o f  2x10- 5 M, as compared t o  1.16xlO$M f o r  

PBGT-liposomes showed s p e c i f i c  b ind ing t o  the microsac 

This 
Furthermore, there was a &ld number o f  PBGT per liposome 

We conclude t h a t  t h i s  system provides a simple model t o  study the membrane-membrane 
Supported by N I H  (CA24553) and 
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The growth o f  embryonic parenchymal organs  i s  s t imu la t ed  by  c o c u l t u r i n g  d i s s o c i a t e d  c e l l s  
from chick  embryo kidney and l i v e r  w i th  s i n g l e  c e l l  suspens ions  o f  d o r s a l  r o o t  and 
sympathetic gang l i a  c e l l s  on a r o t a r y  shaker .  Mixed r eaggrega te s  o f  nerve  and parenchymal 
c e l l s  syn thes i ze  1%-3 t i m e s  mre DNA, RNA and p r o t e i n  than  each  t i s s u e  c u l t u r e d  s e p a r a t e l y  
or mixtures  o f  parenchymal and non-neural c e l l s .  When t h e  cel l  su r face  i s  modified wi th  
e i t h e r  concanavalin A (50pg/ml) o r  wheat germ a g g l u t i n i n  (lOpg/raLx t h e  enhancement of 
mcromolecular  s y n t h e s i s  i n  mixed reaggrega tes  of  nerve  and parenchymal c e l l s  i s  abo l i shed  
when compared t o  each  t i s s u e  c u l t u r e d  s e p a r a t e l y  i n  t h e  presence  o f  l e c t i n s .  These r e s u l t s  
sugges t  t h a t  s p e c i f i c  su r face  components and  c e l l  con tac t s  may b e  r equ i r ed  f o r  growth 
s t imu la t ion .  Other popula t ions  of c e l l s  wi th  d i f f e r e n t  neuronal  p r o p e r t i e s  were combined 
wi th  parenchymal c e l l s  i n  an  e f f o r t  t o  i d e n t i f y  t h e  growth promoting f a c t o r  provided  by 
nerve. Di s soc ia t ed  c e l l s  from both  a mouse neuroblastoma, which s e c r e t e s  cho l ine  
a c e t y l a s e  and t y r o s i n e  hydroxylase ,  and a rat  g l i a l  twnor c lone ,  which s e c r e t e s  5-100 
p r o t e i n ,  s t i m u l a t e  macromolecular s y n t h e s i s  when cocu l tu red  w i t h  d i s s o c i a t e d  ch ick  embryo 
parenchymal c e l l s .  These results l end  suppor t  t o  t h e  no t ion  t h a t  c e l l - t o - c e l l  i n t e r a c t i o n s  
between neuronal  and non-neuronal c e l l s  may p l a y  an important r o l e  i n  c e r t a i n  phases  of 
organogenes is .  

NERVE-PARENCHYMAL CELL INTERACTIONS I N  DEVELOPMENT, J u d i t h  Medoff, S a i n t  Louis 
Un ive r s i ty ,  S t .  Louis,  W 63103 

820 
Cinc inna t i ,  OH 45229. 
S e l e c t i v e  express ion  of c e l l  s u r f a c e  components i s  one  f a c e t  of cel l  phenotype. 
ch ick  te lencephalon  c e l l s  p l a t e d  on poly-1-lysine coa ted  t i s s u e  c u l t u r e  d i shes  i n  medium 
con ta in ing  10% hor se  serum y i e l d  c u l t u r e s  con ta in ing  g r e a t e r  than  95% neurons.  
t he  same d i s s o c i a t e  p l a t ed  on co l l agen  l a y e r s  i n  medium con ta in ing  10% f e t a l  c a l f  serum y i e l d  
c u l t u r e s  of mixed round neuronal  and f l a t  (presumptive g l i a l )  morphology. Af t e r  one passage 
g r e a t e r  than  95% of t h e  c e l l s  have a f l a t  morphology. 
neuronal  and f l a t  cells have been examined by s e l e c t i v e  l a b e l i n g  wi th  pyr idoxal  phosphate and 
NaB3H4. 
The method l a b e l s  approximately 20 polypept ides  i n  each ce l l  type  sepa rab le  on SDS-poly- 
acry lamide  g e l s .  A minor i ty  of t h e s e  a r e  common t o  a l l  t h r e e  ce l l  types  i n d i c a t i n g  major 
d i f f e r e n c e s  in s u r f a c e  components a c c e s s i b l e  t o  l a b e l i n g  between f i b r o b l a s t s  and c e l l s  of 
neu ra l  o r i g i n .  
f l a t  c e l l s .  
s i m i l a r i t y  of s u r f a c e  components (by t h i s  c r i t e r i o n )  of n e u r a l  cells  from t h e  s a m e  b r a i n  
r eg ion  r ega rd le s s  of  phenotype. Metabolic l a b e l i n g  s t u d i e s  confirm t h a t  most of t he  l abe led  
components are c e l l u l a r  po lypept ides  and no t  adsorbed serum p r o t e i n s .  
b a s e l i n e  d a t a  f o r  comparison of s u r f a c e  components of cells  of i n d i v i d u a l  neuronal  and g l i a l  
phenotypes. 

Cul tured  Embryonic Chick Neurons and Glia Have S imi l a r  Su r face  Components, 
Richard Akeson and Edward Risden, Ch i ld ren ' s  Hosp i t a l  Research Foundation, 

Embryonic 

C e l l s  from 

The ce l l  s u r f a c e  components of 

Cu l tu re s  of ch ick  s k i n  f i b r o b l a s t s  from t h e  same embryos were l abe led  f o r  comparison. 

However only two of t h e  major components found on neurons a r e  no t  found on 
Two components of f l a t  cel ls  were no t  found on neurons i n d i c a t i n g  s u b s t a n t i a l  

These s t u d i e s  e s t a b l i s h  

821 BASAL LAMINA OF THE NEUROMUSCULAR JUNCTION: FUNCTIONAL AND IMMUNOHISTOCHEMICAL 

A basa l  lamina (BL) enshea ths  each s k e l e t a l  muscle f i b e r ,  and ex tends  between nerve and 
muscle a t  the  neuromuscular, j unc t ion  where it comprises a s u b s t a n t i a l  f r a c t i o n  of t he  
synap t i c  c l e f t  material a t  t h i s  synapse. The synap t i c  po r t ion  of the  BL p lays  important 
r o l e s  i n  the  formation. func t ion ,  and maintenance of t he  neuromuscular junc t ion :  It 
con ta ins  ace ty l cho l ines t e ra se ,  which t e rmina te s  t r a n s m i t t e r  ac t ion ;  it media tes  adhesion 
of nerve t o  muscle; and it guides  d i f f e r e n t i a t i o n  of both pre- and pos t synap t i c  membranes 
when neuromuscular j unc t ions  r egene ra t e  fo l lowing  damage t o  nerve and muscle (Nature 271: 
172,1978;JCB 78:176,1978;JCB 82:412,1979). These r e s u l t s  mot iva te  a molecular a n a l y s i s  of 
synap t i c  and ex t r a synap t i c  BL. Because muscle BL has not  been i s o l a t e d  and because 
synap t i c  s i tes  occupy only 0.1% of the  muscle f i b e r  su r face ,  immunohistochemical methods 
have been used. Synapt ic  and ex t r a synap t i c  po r t ions  of t he  BL are ind i s t ingu i shab le  by 
convent iona l  EM, and immunohistochemistry shows t h a t  some proteins--e.g., laminin--are 
present  in both reg ions ,  On t h e  o the r  hand, some molecules are concent ra ted  i n  o r  
excluded from synap t i c  BL. Ant ibodies  recognize  a t  l e a s t  3 determinant6 p re sen t  in 
synap t i c  bu t  not ex t r a synap t i c  BL. One synapse-spec i f ic  an t igen  is ace ty l cho l ines t e ra se ;  
the  o t h e r s  remain un iden t i f i ed  (JCB 83:357,1979). Two o the r  an t igens  a r e  concent ra ted  i n  
ex t r a synap t i c  BL; an t ibod ie s  t o  them s t a i n  synap t i c  si tes l i g h t l y  i f  a t  a l l .  Thus, 
synap t i c  and ex t r a synap t i c  domains sha re  some f e a t u r e s ,  bu t  both are spec ia l i zed .  We now 
want t o  know when the  an t igens  appear dur ing  development, which c e l l s  make then ,  and 
whether any of them p a r t i c i p a t e  in func t ions  a sc r ibed  t o  BL. 

ANALYSES. Joshua R. Sanes, Washington Univ. Medical School, S t .  Louis,  MO, 63110. 
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A series of 10 monoclonal antibodies has been generated against a plasma membrane enriched 
fraction isolated from rat pancreas. Six of the 10 antibodies react with the pancreas cell 
surface in imunofluorescence tests using intact pancreas cells. Three of these antibodies 
are specific to the pancreas while the other three react with membrane components comon to 
the pancreas and several other organs including liver, gut, and lung. 
that do not react with the cell surface recognize internal components that associate with 
membranes upon fractionation. 
a 71,000 MW protein that may be associated with zymogen granules, and the fourth with an 
unidentified protein. Immunofluorescence tests with intact embryonic pancreas cells 
indicate that the non-specific surface antigens are present on the pancreas at the earliest 
time tested (14 days of gestation). 
between 16 and 18 days of gestation, the same developmental period when exponential 
increases in the synthesis of digestive (pro)enzymes and insulin are detected. 
lecular weights of several of the antigens have been identified using SDS gel electrophor- 
esis combined with Various procedures including immunoprecipitation and transfer to nitro- 
cellulose for antibody treatment. Antibodies are also being generated against isolated 
intact pancreas cells and zymogen granule membranes. 

MONOCLONAL ANTIBODIES DIRECTED AGAINST RAT PANCREAS MEMBRANES, Gary A. Van Nest 
and William J. Rutter, University of California, San Francisco, California 94143 

The four  antibodies 

Two of these appear to react Bith lipase, a third with 

In contrast, the pancreas specific antigens arise 

The mo- 

Ligands to Extracellular Matrix 
823 
The MDCK dog k idney  e p l t h e l i a l  c e l l  l i n e ,  es tab l i shed  i n  c u l t u r e  more than 20 years  ago w i t h -  
o u t  exposure t o  oncogens, forms e p i t h e l i a l  sheets i n  v i t r o  which pump NaCl f rom mucosal t o  
serosa l  surface. C e l l s  grown i n  t i s s u e  c u l t u r e  have t h e m o r p h o l o g i c a l  and enzymatic p roper -  
t i e s  o f  d i s t a l  t u b u l a r  c e l l s  (M.J. R ind le r ,  e t  a l . ,  J. Ce l l  B i o l .  81, 635 (1979)) .  When FIDCK 
c e l l s  were i n j e c t e d  i n t o  baby nude mice, cont inuous nodule growth was observed u n t i l  a d u l t -  
hood was a t ta ined .  Subsequently nodule s i z e  remained cons tan t  w i t h o u t  de tec tab le  regress ion  
f o r  up t o  6 months. 
mouse f i b r o b l a s t s  which comprised 90% o f  t he  s o l i d  nodule mass, and MDCK c e l l s ,  which formed 
e p i t h e l i a l  sheets l i n i n g  i n t e r n a l  f l u i d  f i l l e d  sacs. The t i s s u e  was morpho lg i ca l l y  i n d i s -  
t i ngu ishab le  f rom normal dog kidney. 
v i l l i  (on the  mucosal su r face )  faced t h e  lumen o f  t h e  sacs; 2 )  ad jacent  MDCK c e l l s  were 
j o i n e d  by t i g h t  j unc t i ons ;  and 3 )  t h e  serosa l  sur faces  o f  t h e  e p i t h e l i a l  sheets were char -  
a c t e r i z e d  by smooth membranes which were i n  con tac t  w i t h  a basement membrane and co l l agen  
f i b e r s .  I n  v i t r o  c e l l  aggregat ion  s tud ies  showed t h a t  these c e l l s  e x h i b i t e d  adhesive 
p r o p e r t i e s  which a l lowed them t o  form pure and mixed c e l l  aggregates.  The r e s u l t s  l ead  t o  
t h e  conc lus ion  t h a t  t h e  MDCK c e l l s  r e t a i n  1 ) t h e  capac i t y  f o r  bo th  homotypic and and he tero-  
t y p i c  adhesion; 2) reg iona l  d i f f e r e n t i a t i o n  c f  t he  c e l l  sur face  membranes, and 3)  p o t e n t i a l  
f o r  t h e  regenera t ion  o f  k idney  t u b u l a r - l i k e  s t r u c t u r e s  i n  v i t r o .  

AN ESTABLISHED KIDNEY EPITHELIAL CELL LINE WITH POTENTIAL FOR TISSUE REGENERATION. 
M i l t o n  H. Saier ,  Jr., U n i v e r s i t y  o f  C a l i f o r n i a ,  San Diego, La J o l l a ,  CA 92093. 

H i s t o l o g i c a l  s tud ies  revea led  the  presence o f  2 c e l l  t ypes :  normal 

E lec t ron  mic roscop ic  ana lys i s  showed t h a t  1 )  a l l  m ic ro-  

824 FIBRONECTIN INVOLVEMENT IN EMBRYONIC BASAL LAMINA RECONSTITUTION, A.G. Brownell, H.C. 
Slavkin, C.C. Bessem L P. Bringas, Jr., univ. So. Cal., LOS hgeles, CA 90007 

Basement membranes in a number of developing organs contain fibronectin (Linder et al. (1975). 
J. Exp. Med.:142, 41-49). As basal lamina are purportedly synthesized by epithelial cells, we 
designed experiments to determine what role mesenchyme-derived fibronectin (FN) has on basal 
lamina organization. Using the developing muse tooth organ, we dissociated the two tissues by 
trypsinization to remove the basement membrane and then cultured isolated mesenchyme or epi- 
thelial tissues under various conditions. A serum-free culture system is permissive for dif- 
ferentiation. Basal lamina reconstitution was assayed by transmission electron microscopy. In 
serum-free medium alone, isolated enamel organ epithelia did not reconstitute basal lamina be- 
tween 2-24 hrs. Addition of 10% fetal calf serum, authentic mouse plasma FN, or mesenchyme- 
conditioned medium resulted in basal lamina reconstitution. Isolated tissues were incubated 
for 6 hrs. in serum-free medium. After homogenization and dialysis, proteins found within 
tissues and medium were chromatographed on gelatin-Sepharose 4B to analyze for FN. Three frac- 
tions were collected: unbound proteins, 4.5 M urea eluant and 8 M urea eluant. Each fraction 
was examined by SDS-gel electrophoresis. FN specifically binds to gelatin-Sepharose 4B and is 
eluted with 4.5 M or 8 M urea. Using the criteria of binding to gelatin and the subunit mole- 
cular weight on SDS-gels, we found: 1) enamel organ epithelia did not make FN; 2) dental pap- 
illa mesenchyme made FN which is released into the culture medium; and 3 )  epithelia cultured 
in mesenchyme-conditioned medium accumulates FN. These experiments support the hypothesis that 
mesenchyme-derived FN participates in the supramolecular assembly of epithelial basal lamina 
reconstitution. Supported by USPHS Research Grant DE-02848 and Training Grant DE-03569. 
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Bio logy ,  U n i v e r s i t y  o f  F lo r i da ,  Ga inesv i l l e ,  FL 
Ve te r ina ry  Medicine, U n i v e r s i t y  o f  F l o r i d a ,  G a i n e s v i l l e ,  FL 
l a r  B io logy ,  Nat iona l  Cancer I n s t i t u t e ,  Bethesda, MD 20205. 
P r o t e o l y t i c  f ragments o f  ch i ck  c e l l  f i b r o n e c t i n  (CFN) were i n j e c t e d  i n t o  Ba lb /c  mice and the  
spleens o f  t he  immunized mice were used t o  prepare hybridomas by f u s i o n  w i t h  c e l l s  f rom t h e  
P3x63Ag8 myeloma c e l l  l i n e .  
b ind ing  fragment (40K) o f  f i b r o n e c t i n ,  t he  hepar in  s u l f a t e  b ind ing  fragment (50K) o f  f i b r o -  
n e c t i n  and the  i n t a c t  f i b r o n e c t i n  molecule.  Monoclonal an t i bod ies  de r i ved  from sp lenocy tes  
i s o l a t e d  from animals immunized w i t h  e i t h e r  the  40K o r  50K fragments o f  CFN recogn ized the  
approp r ia te  f ragment o f  CFN. 
CFN molecule recogn ized the  40K and 50K fragments as w e l l  as the  c e l l  b i n d i n g  reg ion  o f  t he  
CFN molecule.  Most o f  t he  monoclonal an t i bod ies  bound t o  ch i ck  embryo f i b r o b l a s t s  descr ibe  
the  same f i lamentous  arrangement o f  CFN which was de tec ted  w i t h  a monospec i f i c  anti-CFN serum. 
Approximately 75% o f  t he  monoclonal an t i bod ies  s tud ied  t o  da te  show species s p e c i f i c i t y  i n  
t h a t  they  b i n d  t o  ch i ck  FN b u t  n o t  FN de r i ved  from mammalian sources. 
monoclonal an t i body  a v a i l a b l e  t o  us i s  one which, w h i l e  b ind ing  very  e f f i c i e n t l y  t o  c e l l  FN, 
b inds  o n l y  very  weakly t o  plasma f i b r o n e c t i n  (C Ig ) .  Th i s  an t ibody  i s  be ing  used t o  descr ibe  
t h a t  reg ion  o f  t he  CFN molecule which i s  p robab ly  n o t  conserved i n  the  CIg molecule.  
work was supported by NIH g r a n t  GM-23227 t o  KDN.) 

MONOCLONAL ANTIBODIES DIRECTED AGAINST FRAGMENTS OF FIBRONECTIN, Kenneth 0. Noonan’ , 
Nor ine  E. Noonan2 and Kenneth Yamada3, 1Department o f  B iochemis t ry  and Molecu la r  

32610, *Department o f  Metabolism, Col lege of  
32610 and 3Labora tory  o f  Molecu- 

We have developed monoclonal an t i bod ies  aga ins t  t h e  co l l agen  

Monoclonal an t i bod ies  de r i ved  from immunizat ions w i t h  the  i n t a c t  

The most i n t e r e s t i n g  

(Th is  

826 EFFECT OF EXOGENOUS GAVGLIOSIDES ON FIBRONECTIN RETENTION AND ORGANIZATION BY 
GANGLIOSIDE-DEFICIENT CELLS, Peter  H. Fishman*, David R.  C r i t ch ley * ,  Joe l  Mosst, B e t t y  
E. Hornt and Kenneth Yamada5, *NINCDS, +NHLBI and §NCI, NIH, Bethesda, MD 20205 

Previous s tud ies  demonstrated t h a t  complex gang l i os ides  i n h i b i t e d  the  f ib ronec t in -med ia ted  
at tachment o f  Chinese hamster ovary  c e l l s  t o  co l lagen-coated  subs t ra tes  (Kleinman. M a r t i n  E 
Fishman, Phoc. N&. Acad. Scc. USA 76:  3367-3371, 1979). 
gang l i os ide  i n t e r a c t i o n  f u r t h e r  by us ing  a l i n e  o f  t ransformed mouse f i b r o b l a s t s  (NCTC 2071 
c e l l s )  t h a t  have been adapted t o  grow i n  chemica l l y  def ined medium and a re  d e f i c i e n t  i n  
gang l ios ides .  To d e t e c t  t he  presence and o rgan iza t i on  o f  f i b r o n e c t i n ,  we f i r s t  exposed the  
c e l l s  t o  a n t i f i b r o n e c t i n  an t i bod ies  fo l l owed  by a f l uo rescen t - l abe led  second an t ibody .  
2071 c e l l s  c u l t u r e d  i n  the  absence o f  serum o r  added gang l ios ides  produced f i b r o n e c t i n ,  which 
a t tached t o  the  subs t ra te  b u t  was n o t  r e t a i n e d  by the  c e l l s .  
18 h i n  medium con ta in ing  i nc reas ing  amounts o f  a m i x t u r e  o f  bov ine  b r a i n  gang l ios ides ,  t he  
c e l l s  now r e t a i n e d  f i b r o n e c t i n .  
per  m l .  More dramat ic  e f f e c t s  were observed w i t h  i n d i v i d u a l  gang l ios ides ;  o f  those tes ted ,  
t he  d i s i a l o g a n g l i o s i d e  G 1 was more e f f e c t i v e  than the  monos ia logang l ios ides  G M ~ ,  G M ~  and 

%zn the  gang l i os ide - t rea ted  c e l l s  were c u l t u r e d  i n  the  absence o f  gang l ios ides ,  t h e  c e l l s  
l o s t  t h e i r  f i b r o n e c t i n .  F i n a l l y ,  f o l l o w i n g  exposure o f  t h e  c e l l s  t o  gang l ios ides ,  t he re  
appeared t o  be inc reased f i b r i l l a r  o rgan iza t i on  i n  the  reg ions  o f  c e l l  t o  subs t ra te  contac t .  

We have examined the  f i b r o n e c t i n -  

NCTC 

When the  c e l l s  were c u l t u r e d  f o r  

An e f f e c t  was observed w i t h  as  l i t t l e  as 2 ug o f  gang l ios ides  

. The e f f e c t  o f  gang?igside t rea tment  on f i b r o n e c t i n  r e t e n t i o n  appeared t o  be reve rs ib le .  

827 
Human vascu la r  e n d o t h e l i a l  c e l l s  i nco rpora t e  35804 i n t o  glycosaminoglycans and N-linked 
o l igosaccha r ide  s i d e  cha ins  of g lycopro te ins .  
from s u l f a t e d  pro teoglycans  by DEAE-cellulose chromatography and t h e  p a r t i a l l y  p u r i f i e d  
g lycopro te ins  y i e l d  s e v e r a l  major 35s-components upon SDS-PAGE. 
o l igosaccha r ides  of  t h e s e  g lycopro te ins  are unique  from t h e  3%-glycosaminoglycans when 
analyzed by g e l  f i l t r a t i o n  and i o n  exchange chromatography, c e t y l  pyridinium c h l o r i d e  
p r e c i p i t a t i o n ,  and a v a r i e t y  of enzymatic and chemical t r ea tmen t s .  
l a y e r  a s soc ia t ed  35S-glYcOcOnj~gates are membrane bound and are d i f f e r e n t i a l l y  ex t r ac t ed  by 
s a l t ,  u rea ,  and d e t e r g e n t s .  When conf luen t  e n d o t h e l i a l  c e l l s  are mechanically removed from 
a p l a s t i c  subs t ra tum,  25% of t h e  3%-glycoconjugates remain a t t ached  t o  t h e  p l a s t i c .  
subs t ra tum a t t ached  m a t e r i a l  conta ined  16% of t h e  c e l l u l a r  [35S]heparan s u l f a t e ,  24% of t h e  
c e l l u l a r  [35Slchondroi t in  and dermatan s u l f a t e s ,  and 60% of the  c e l l u l a r  [35S]glycopro te ins .  
Thus t h e  s y n t h e s i s  of  s u l f a t e d  g lycopro te ins  may be a s soc ia t ed  wi th  endo the l i a l  c e l l  b a s a l  
mat r ix .  Human pulmonary e n d o t h e l i a l  c e l l s  grown on a hydra ted  co l l agen  ma t r ix  showed only  
small changes i n  t h e  r e l a t i v e  p ropor t ion  of g lycoconjugates  syn thes i zed .  
t h e t i a l  cel ls  grown on  a ma t r ix  de r ived  from vascu la r  smooth muscle cel ls  d i sp layed  a 
p r e f e r e n t i a l  4-fold i n c r e a s e  i n  [35S]heparan s u l f a t e  syn thes i s .  
i n t e r a c t i o n s  wi th  e x t r a c e l l u l a r  materials may a l t e r  t he  s u r f a c e  p r o p e r t i e s  of t h e s e  c e l l s  
exposed t o  t h e  vascu la r  f low. (Supported by g r a n t s  from t h e  NHBLI 81-ROl-HL25937 and 
the  American Heart Assoc ia t ion /Texas  A f f i l i a t e )  

ENDOTHELIAL CELL SULFATED CLYCOPROTEINS AND EXTRACELLULAR MATRIX, Aaron Hei fe t z  and 
Al i ce  Johnson. The Un ive r s i ty  of Texas Heal th  Sc ience  Center ,  Da l l a s ,  Texas 75235. 

These s u l f a t e d  g lycopro te ins  were sepa ra t ed  

The pronase der ived  35s- 

The ma jo r i ty  of a l l  c e l l -  

This 

However, endo- 

Thus, e n d o t h e l i a l  c e l l  
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828 
Maureen Mayes, Cleveland C l i n i c  Foundation, Cleveland, Ohio 44106 
Since antigen s t imulated lymphocytes have been shown t o  s t imulate col lagen synthesis, we i n -  
vestigated the a b i l i t y  of a l l oan t igen  s t imulated human per iphera l  blood lymphocytes t o  regu- 
l a t e  col lagen synthesis by human embryonic lung f i b rob las ts  i n  v i t r o .  For the col lagen syn- 
thes is  assay, human embryonic lung f i b rob las ts  were cu l tu red  w i t h  C14-proline i n  the presence 
of supernatant from a l l oan t igen  s t imulated lymphocytes. Af ter  cu l tu re ,  p ro te in  i s  p r e c i p i t a -  
ted and hydrolyzed. P ro l i ne  and hydroxyprol ine are separated on paper chromatography and C14 
a t  each po in t  i s  determined on a s c i n t i l l a t i o n  counter. With t h i s  technique it i s  poss ib le  
t o  measure t o t a l  p r o t e i n  synthesis and t o t a l  col lagen (hydroxyprol ine conta in ing p ro te in )  
synthesis. 
gen synthesis th ree - fo ld  over contro l .  A l loant igen s t imulated lymphocytes from pa t ien ts  w i t h  
progressive systemic sc leros is ,  an autoimmune disease invo lv ing  excessive col lagen accumula- 
t i on ,  cause col lagen synthesis three times t h a t  o f  normals w i t h  a s i g n i f i c a n t  increase i n  
t o t a l  p ro te in  synthesis and an increase i n  the f rac t i on  of t o t a l  p ro te in  being represented by 
co l  1 agen. 
We therefore bel ieve t h a t  col lagen synthesis i s  i n  some ways under immunologic con t ro l  through 
lymphocyte f i b r o b l a s t  i n t e r a c t i o n  and t h a t  i n  progressive systemic sc le ros i s  the immunologic 
abnormali ty responsible f o r  autoimmunity i s  a lso responsible f o r  increased lymphocyte stimu- 
l a t i o n  o f  col lagen synthesis by f i b rob las ts .  Thus we bel ieve the immunologic abnormali ty i s  
responsible f o r  both the auto imune and connective t i ssue  aspects o f  t h i s  disease. 

CONTROL OF COLLAGEN BIOSYNTHESIS BY LYMPHOCYTE FIBROBLAST INTERACTION I N  NORMALS 
AND PROGRESSIVE SYSTEMIC SCLEROSIS, Randall S. Krakauer, Martha Cathcart and 

I n  t h i s  manner, supernatants o f  a l l oan t igen  s t imulated lymphocytes increase c o l l a -  

829 GLUCOSE CAUSES THE DISSOCIATION OF FIBRONECTIN-GELATIN COMPLEXES, T. Kent Gartner 
and P a t r i c i a  P. Agin, Dept. of Biology, Memphis S t a t e  University, Memphis, TN 38152 

We previously reported t h a t  plasma f ibronec t in  s p e c i f i c a l l y  bound D-glucose and tha t  t h i s  
bound glucose caused the d issoc ia t ion  of plasma f ibronect in-gelat in  complexes by a non- 
competitive mechanism (Gartner and Agin, Biochem. Biophys. R e s .  C m .  In  press ) .  Here we 
report  t h a t  the binding of cell surface f ibronec t in  t o  ge la t in  is control led by a s imi la r ,  
i f  not ident ica l ,  mechanism. 
bound glucose caused the d issoc ia t ion  and/or inh ib i t ion  of formation of c e l l  surface 
f ibronect in-gelat in  complexes. 
sites on c e l l  surface f ibronect in .  D-galactose a l s o  affected cell surface f ibronect in-  
ge la t in  in te rac t ions ,  but with much l e s s  eff icacy than D-glucose. I n  cont ras t ,  2-deoxy-D- 
glucose, D-fructose, L-glucose, sucrose, maltose and lac tose  were without e f fec t .  Since 
plasma f ibronec t in  and c e l l  surface f ibronec t in  bound D-glucose with the  same a f f i n i t y  
(Kd = 2.3 X 10-7M) and because the  f ibronect in-gelat in  in te rac t ions  of both types of f ibro-  
nec t ins  were affected by the  same sugars, i t  appears as i f  both types of f ibronect ins  have 
s imilar ,  i f  not  ident ica l ,  saccharide binding s i t e s .  Thus, these f ibronect ins  seem t o  share 
a common a l l o s t e r i c  control  mechanism f o r  modulating t h e i r  in te rac t ions  with ge la t in .  

That i s ,  c e l l  surface f ibronect in  bound D-glucose and t h i s  

Glucose and g e l a t i n  d id  not compete f o r  the same binding 

830 SEPARATION OF RAW117 LYMPHOSARCOMA TUMOR CELL METASTATIC SUBPOPULATIONS 
BY COUNTERCURRENT DISTRIBUTION IN DEXTRAN/PEG PHASES. Karen M. Miner, Harry Walter, and 
Garth L. Nicolson, Dept. Molecular Biology and Biochemistry, University o f  California, Irvine, Calif. 92717, 
Veterans' Administration Medical Center, Long Beach, Calif. 90822 and Dept. Tumor Biology, University of 
Texas System Cancer Center, M.D. Anderson Hospital and Tumor Institute, Houston, Texas 77030. 

Metastatic variant cells can be separated from tumor cel l  populations by countercurrent distribution in two 
palymer aqueous phase systems o f  dextran/PEG. The lymphosarcoma parental line RAW117-P and subline 
(RAW1 17-HIO) selected sequentially ten times for liver colonization were grown in  suspension and 
subjected to countercurrent distribution. Both RAW1 17-P and RAW1 17-HI0 lines exhibited broad 
distribution profiles, but the distribution of cells f rom the more metastatic subline RAW1 17-HI0 was 
shifted to  the r ight wi th  a higher mean part i t ion coefficient. Cells from various part i t ion fractions of the 
RAW1 17-P profi l  were placed into tissue culture, allowed to  double overnight, and then assayed h v i v o  by 

partitioning coefficients were more metastatx  m v  Analysis o f  surface proteins on cells from the 
separated fractions by SDS-PAGE and staining wi th  "I-Con A indicated that the cell surfaces of the 
more metastatic cell subpopulations obtained from RAW 117-P dif fer from the original parental line. These 
results suggest that cell subpopulations of  dif fering malignancy can be separated by countercurrent 
distribution. 

injection of 5x10 9 cells i.v. After 20 days i n  vivo RAW1 17-P cells obtained from fractions o fh ighe r  

Supported by NCI grant ROI-CA-29571 to  G.L. Nicolsan. 
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831 THE EFFECT OF TUNICAMYCIN ON I N  VITRO AND I N  VIVO BEHAVIOUR OF METASTATIC B16 
MELANOMA CELLS. Tatsuro Irimura, Robert Gonzalez and Garth L. Nicolson, Department of Tumor 
Biology, University of Texas System Cancer Center, M.D. Anderson Hospital and Tumor Institute, Houston, 
Texas 77030. 

The effect  of tunicamycin on experimental metastasis of €316-FI and -FIO melanama was examined by 
injecting cells intravenously into C57/BL6 mice. g/ml) 
produced fewer lung tumor nodules did than untreated cells. In the presence of this drug, t he  synthesis of 
complex saccharide was inhibited about 90%, whereas protein synthesis remained at 50% of control levels. 
Cell surface proteins of B16 cells were identified by lactoperoxidase-catalyzed iodination-SDS-PAGE and 
showed little change af ter  drug treatment, while surface carbohydrate chains detected by binding of 
-- Ricinus communis agglutinin were dramatically reduced. The drug also induced morphological alterations 
and reduction of growth rates. These changes were reversible, but approximately I 2  hours were required 
for complete recovery. The results show that the effects  of tunicomycin on melanoma cell blood-borne 
implantation was specific but was accompanied by several secondary effects. The results also suggested 
thot the f a t e  of injected tumor cells was determined prior to recovery of the usual cell surface 
properties. Adhesion of drug pretreated cells onto endathelial monolayers was slower and less extensive 
compared to untreated cells which may explain the reduced capacity to arrest and form pulmonary tumors. 

Cells treated previously with tunicamycin (0.5 

Supported by NCI grant ROI-CA-28867 to G.L. Nicolson. 

832 
Liga t in  i s  a f i lamentous,  basep la t e  p r o t e i n  t h a t  binds and l o c a l i z e s  o the r  glycoproteins  t o  
t h e  e x t e r n a l  ce l l - su r face .  
chemical analyses  suggest  t h a t  l i g a t i n  binds glycoproteins  bea r ing  high mannose-type ol igosac-  
cha r ides  containing penul t imate  mannose r e s idues  l inked by phosphodiessqr bonds t o  terminal  
saccharides .  
a f f i n i t y  column containing cova len t ly  bound r e t i n a l  l i g a t i n  and resist e l u t i o n  by a l l  mono- 
saccharides ,  most phosphorylated sugars ,  and phosphate. 
l e v e l s  of mannose-6-phosphate o r  glucose-1-phosphate. 
aminidase H ,  an  enzyme t h a t  s p e c i f i c a l l y  removes o l igosaccha r ides  of t h e  high mannose-type, 
prevents  t h e  p r o t e i n s  from binding t o  t h e  coluy2. The o l igosaccha r ides  prepared from t h e s e  
l i ga t in -a s soc ia t ed  p ro te ins  by Endo H con ta in  P and d i sp lay  a n e t  nega t ive  charge bu t  are 
unaffected by a l k a l i n e  phosphatase un le s s  p r e t r e a t e d  under cond i t ions  s u f f i c i e n t  f o r  hydro lys i s  
of phosphodiester-l inked moiet ies ,  thereby exposing underlying phosphate. Enzymatic analyses  
d e t e c t  mannose-6-phosphate as a cons t i t uen t  of t h e  hydrolyzed ol igosaccharide.  
r e t i n a l  l i g a t i n  a t  20uglml has  been found t o  i n h i b i t  t h e  r eas soc ia t ion  of s i n g l e  r e t i n a l  c e l l s .  
L i g a t i n ' s  i n h i b i t o r y  e f f e c t  is suggested t o  be mediated through binding t o  r e t i n a l  c e l l  sur- 
f aces  i n  t h a t  preincubat ion of d i s soc ia t ed  r e t i n a l  c e l l s  w i th  l i g a t i n  i n h i b i t e d  t h e  c e l l s '  
adhesiveness and removed t h e  i n h i b i t o r y  a c t i v i t y  from t h e  media. Models f o r  t h e  involvement 
i n  i n t e r c e l l u l a r  adhesion of l i g a t i n  and t h e  phosphoglycoproteins i t  binds w i l l  be  presented.  

RETINAL LIGATIN: A CELL-SURFACE BASEPLATE FOR PHOSPHOGLYCOPROTEINS, R.B. Marchase, 
L.A. Koro, C.M. Kel ly ,  and E.R. J ako i ,  Duke Univ. Med. C t r . ,  Durham, N.C. 27710. 

I n  embryonic chick n e u r a l  r e t i n a ,  a f f i n i t y  chromatography and 

P ro te ins  co- isolated wi th  l i g a t i n  and r ad io l abe led  with P a r e  r e t a ined  by an 

E lu t ion  is  achieved by mil l imolar  
Treatment with endo-8-N-acetylglucos- 

Monomeric 

INTERACTIONS OF COLLAGEN AND FIBRONECTIN I N  EMBRYONIC CHICK HEART FIBROBLAST CULTURES, 
Charles D. L i t t l e  and Wen-Tien Chen, Universi ty  of Ca l i fo rn ia ,  San Diego, CA 92093 833 

I n  o rde r  t o  s tudy t h e  i n t e r a c t i o n s  o f  co l l agen  and f i b r o n e c t i n  during formation of t h e  extra-  
c e l l u l a r  matr ix  (ECM), we have examined t h e i r  c o d i s t r i b u t i o n  by double immunofluorescence (DImF) 
microscopy on whole mounts and frozen s e c t i o n s  of embryonic chick h e a r t  f i b r o b l a s t s  (CHF). W e  
prepared guinea p ig  an t ibod ie s  s p e c i f i c  t o  chick s k i n  col lagen (CSC) and r a b b i t  an t ibod ie s  
aga ins t  chicken f i b r o n e c t i n  (CFN). I n  one group o f  s t u d i e s ,  c e l l s  were imuno labe led  a t  t ime 
p o i n t s  from 1 5  min t o  3 days a f t e r  t r y p s i n i z a t i o n  and r e p l a t i n g .  The r e s u l t s  showed t h a t  i n  
e a r l y  spreading c e l l s  (15 min t o  3 hr) t h e r e  was i n t e n s e  i n t r a c e l l u l a r  l a b e l i n g  of both CSCand 
CFN; while  beneath the  c e l l s  non-superimposible p a t t e r n s  of e x t r a c e l l u l a r  CSC and CFN wereseen 
proximal t o  t h e  margins of spreading lamell ipodia .  Once c u l t u r e s  reached confluence (1-3 days) 
i n t e n s e  e x t r a c e l l u l a r  CFN l a b e l i n g  w a s  observed b u t  no l a b e l i n g  f o r  e x t r a c e l l u l a r  col lagen.  
Mild t r y p s i n i z a t i o n  of 3-day CHF c e l l  l a y e r s  produced a decrease i n  CFN l a b e l i n g ,  and an ap- 
pearance of i n t e n s e  e x t r a c e l l u l a r  CSC l abe l ing .  These data ,  suggest  t h a t  an  e x t r a c e l l u l a r  in-  
t e r a c t i o n  between CSC and CFN e x i s t s  a t  t h i s  t ime, which blocks t h e  CSC binding sites f o r a n t i -  
body, and t h a t  mild t r y p s i n i z a t i o n  exposes those s i t e s .  A t  l a t e r  t i m e  po in t s  when "piled-up'' 
c u l t u r e s  were examined by DImF, areas c l o s e  t o  t h e  c e l l  were observed t o  show superimposi t ion 
of CSC and CFN images; however, i n  a reas  away from t h e  c e l l s  only CSC l a b e l i n g  was observed 
( see  V a h e r i , e t  al.,PNAS 75:4944, 1978). These obse rva t ions  suggest  t h a t  as a func t ion  o f  time 
i n  c u l t u r e  much of t he  s e c r e t e d  procol lagen does no t  d i f f u s e  i n t o  t h e  medium b u t  is  processed 
and assembled i n t o  ECM f i b r i l s  and t h a t  t he  r e l a t i v e  amount o f  CSC t o  CFN i n  t h e  ECM inc reases .  
Sup.by GM15971. CDL, Fellow, CA A f f i l .  Am. Heart As., W-TC, Fellow Muscular Dyst.  As.  
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834 STRUCTURAL ANALYSIS OF HAMSTER FIBRONECTIN WITH MONOCLONAL. ANTIBODIES, Blair T. 
Atherton, Deena Taylor and Richard 0. Hynes, Massachusetts Institute of Technology, 
Cambridge, MA 02139 

We have developed a panel of monoclonal antibodies to map the location of a variety of frag- 
ments of fibronectin which contain different functional sites of the molecules. 
specificities were characterized by their reactivity with proteolytic and chemical cleavage 
products of fibronectin. 
Antibodies have been obtained with binding sites scattered along most of the length of the 
fibronectin molecule. 
200 kd fragment which has gelatin, heparin and cell binding activities; (2) a chymotryptic 
fragment of 130kd with the same activities as (1) except it lacks the gelatin-binding site; 
(3) a 40kd tryptic fragment which contains a free sulfhydryl group and does not bind to 
gelatin. 

Antibody 

For example, we have monoclonal antibodies directed against (1) a 

Two antibodies are of particular interest because they have determinants in the same small 
region of NIL.8 cellular fibronectin, but one of them does not cross-react with hamster 
plasma fibronectin while the other does. 
differences between cellular and plasma fibronectin. 

These antibodies will be useful in defining the 

FIBRONECTIN PROMOTES PHAGOCYTOSIS OF LATEX PARTICLES BY A MURINE MACROPHAGE LINE, 
Livingston Van de I!ater 111, Scott Schroeder, E. Bryan Crenshaw and Richard 0. Hynes, 
Massachusetts Institute of Technology, Cambridge, MA 02139 

835 

Studies on the clearance of various particles from the circulation have indicated that fibro- 
nectin may promote the recognition, binding and endocytosis of particles by phagocytes of the 
reticuloendothelial system. Using gelatin-coated latex particles, we have investigated in 
detail their uptake by a murine macrophage cell line (P388D1). 

Fibronectin promotes the association of gelatin-coated beads with these cells both in sus- 
pension and in monolayer cultures. This association is dependent upon fibronectin concen- 
tration, temperature, time of incubation and the presence of heparin as a cofactor. Proof 
that the beads were actually endocytosed was obtained by electron microscopy which showed 
beads internalized in membrane-bound vesicles, and by immunofluorescence analysis, using 
antibodies to fibronectin to stain external beads. Endocytosis of these particles by this 
cell line was inhibited by F)ab’)2 anti-fibronectin. 
synthesis of fibronectin or the presence of fibronectin on their surfaces. 
analysis indicates that these cells do not have detectable levels of fibronectin. Further- 
more, electrophoresis of metabolically labelled cells showed that P388D1 cells do not produce 
fibronectin. 
synthesize fibronectin. This cell line should facilitate the study of the internalization 
of fibronectin with the cell surface and its involvement in endocytosis. 

These cells were also examined for the 
Immunofluorescence 

Certain other macrophages (RAW 309 Cr.1, mouse peritoneal exudate cells) do 

836 
Immunological and kinetic analyses show that embgonic (7-day) chick neural retha cells 
possess two distinct adhesion mechanisms, one Ca -inependent 
(CI). Rapid removal of the CI mechanism occurs with low [trypsin] with or withou 
removal of the CD mechanism occurs only with high [trypsin] but is blocked by Cak.Subsequent 
restoration of either mechanism begins after a 30-40 minute &g and requires several hours 
for completion. 
insensitive while that of the CD mechanism is nfither. 
however, onlyafter treatment by trypsin and Ca 
removal of Ca 
coaggregation experiments using FITC-labelled and unlabelled cell preparations, mixed aggreg- 
ates are formed only when both coaggregating cell preparations share at least one adhesion 
mechanism. Similar kinetic, immunological and cross-adhesion experiments have been performed 
on other embryonic chick tissues as well. All CNS tissues investigated (cerebrum, optic 
tectum, cerebellum, and spinal cord) possess dual CI and CD mechanisms similar if not ident- 
ical to those of retina. The non-neural tissues investigated (heart, liver, and limb bud) 
also possess distinct CD mechanisms but generally lack well-developed CI mechanisms. Each 
class, where present, reacts with the corresponding retinal mechanism. These results 
demonstrate regulation of cellular adhesive capacities through the presence or absence of 
distinct adhesion mechanisms and suggest that such capacities mig& be modulated 
physiologically through local changes in the concentrations of Ca and protease. 

DUAL ADHESION MECHANISMS IN EMBRYONIC CHICK TISSUE, William A. Thomas, John L. Magnani, 
Susan M.Lobe1, Arnold Breitbart, James Thomson, Malcolm S.Steinberg Princeton NJ 08544 

-dependent (CD), the other Ca 
Ca ,whereas 

Adhesive activity of the CI mechanism is Ca -independent and temperature- 

together and is inactivated by subsequent . The two adhesion mechanisms do not cross-react to form adhesive bonds; in 

CD adhesion is detected in our assay, 
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837 
Dermer, Department of Biochemistry and the Comprehensive Cancer Center, .University of Southern 
California, School of Medicine, Los Angeles, CA 90033. 

Glycoproteins (gps) which may be important in maintaining the three-dimensional glandular 
structures were studied using human breast epithelium. Synthesis of gps was monitored by incorporation 
of 14 C-glucosamine and 14 C-leucine by breast surgical specimens which were maintained in short term 
organ culture and by established breast cancer cell lines. Five major families of labeled gps were 
identified from culture supernatants using two-dimensional gel electrophoresis. 

Immuno-diffusion and - electrophoresis with culture supernatants and rabbit anti-a antichymo- 
trypsin produced characterist ic radioactive arcs. 3-5% of the total  labeled gps was precibitated with 
this antiserum. Two-D gel electrophoresis of the immunoprecipitate revealed a family of gps with an 
approximate mol. wt. of 65K and an apparent PI of 4.8-5.6 on urea gels. Similar characterist ics were 
obtained with a -antichymotrypsin (Achy) purified from normal serum. Immunoperoxidase staining 
established the &east epithelial cells as the site of origin. The amounts of Achy that  were observed 
varied among the different specimens of breast adenocarcinomas. 

The synthesis of this protease inhibitor represents a new molecular parameter for breast epithelial 
cells. The designation of this gp as a protease inhibitor may be serendipitous t o  i ts  in vivo function. 
However, Achy may provide a protective shield against neutral  proteases released by leukocytes and may 
inhibit lymphocyte-mediated cytotoxicity. Achy synthesis may increase as a result of desmosome 
sparcity and protect normally unexposed cell surfaces. Alternatively, fewer desmosomes could result 
from decreased protease-inhibitor synthesis which could lead to the breakdown of junctional integrity. 

THE SYNTHESIS OF A PROTEASE INHIBITOR al-ANTICHYMOTRYPSIN BY HUMAN BREAST 
EPITHELIAL CELLS. Zoltan A. Tokes, Sandra J. Gendler, Curtis B. Winters and Gerald B. 

838 
Cal i fo rn ia ,  San Diego, La J o l l a ,  CA 92093. 

undergo growth and d i f f e r e n t i a t i o n  i n  a def ined medium containing f i b r o n e c t i n  (FN) and o t h e r  
components (Elson e t  a l .  (1980) J. C e l l  Biol .  87: 268a).  Using t h i s  model system, we wished 
t o  f u r t h e r  examine t h e  role of FN and o t h e r  matr ix  components i n  myogenesis. 
medium, FN w a s  found t o  s t i m u l a t e  t h e  attachment of c e l l s  t o  P e t r i  d i s h e s  coated wi th  collagen. 
Other e x t r a c e l l u l a r  molecules,  such as some glycosaminoglycans, g e l a t i n  and f e t u i n ,  were 
e i t h e r  i n f e r i o r  t o  FN or i n h i b i t e d  t h e  attachment of c e l l s  t o  col lagen.  None of t h e s e  e f f e c t s  
could be observed in  an  enriched serum-containing medium. 

A small  f r a c t i o n  of t h e  c e l l s  w a s  a b l e  t o  a t t a c h  and, i n  rare ins t ances ,  d i f f e r e n t i a t e  i n  
t h e  absence of added FN. 
de t ec t ed  FN synthesized by t h e s e  c u l t u r e s  using immunofluorescence microscopy, and followed 
i t s  accumulation and d i s t r i b u t i o n  during development. 
most prominant a t  c e l l - c e l l  con tac t s .  
around them, wi th  f i b r i l s  extending t o  t h e  d i s h  su r face .  Myoblasts, on t h e  o the r  hand, had FN 
along c e l l  processes  and a t  po in t s  of contact  w i th  o the r  c e l l s ,  bu t  l i t t l e  on t h e i r  f r e e  c e l l  
surfaces .  In  more mature c u l t u r e s ,  ex t ens ive  networks of f i b r i l s  were found on t h e  substratum 
and around f i b r o b l a s t s ,  w i th  almost none on myotubes. Thus, muscle c e l l s  appear t o  have less 
FN on t h e i r  su r f aces  than f i b r o b l a s t s  a t  a l l  s t a g e s ,  and bind it mainly a t  t h e i r  p o i n t s  of 
contact  t o  t h e  substratum and t o  o the r  c e l l s .  

ROLE OF FIERONECTIN ANJI OTHER EXTRACELLULAR MATRIX MOLECULES I N  HUMAN MUSCLE CELL 
DIFFERENTIATION, Hannah Friedman Elson, John E .  Bergmann and Edward C. Elson, Univ. of 

It was previously shown t h a t  primary c u l t u r e s  of human f e t a l  s k e l e t a l  muscle c e l l s  could 

I n  t h e  def ined 

Th i s  may have been due t o  endogenously synthesized FN. Indeed, we 

I n  e a r l y  c u l t u r e s ,  f i b r i l s  of FN were 
F i b r o b l a s t s  developed cage-l ike s t r u c t u r e s  of f i b r i l s  

839 
W. Mark Leader,  David Stopak and Albert  K. Harris, Department of Zoology, and 
Arthur H. Lockwood, Department of Anatomy, Laborator ies  f o r  C e l l  Biology, Un ive r s i ty  of North 
Carol ina,  Chapel H i l l ,  NC 27514 
Many transformed f i b r o b l a s t s  r ega in  f e a t u r e s  of normal c e l l  growth and morphology when t r e a t e d  
with agents  t h a t  e l e v a t e  i n t r a c e l l u l a r  c y c l i c  AMP. Using e l a s t i c  s i l i c o n e  rubber s u b s t r a t a  
(Science 208, 1 7 7 ,  1980) and i n t e r f e r e n c e  r e f l e c t i o n  microscopy w e  have s tud ied  t h e  e f f e c t s  of 
d ibu ty ry l  CAMP induced reverse  t ransformation on t h e  c o n t r a c t i l i t y  and cel l -substratum 
adhesions of CHO c e l l s .  W e  f i n d  t h a t  t h e  c e l l s '  morphological conversion t o  a more spread and 
elongate  shape i s  accompanied by s t r o n g l y  increased wrinkl ing of t h e  rubber s u b s t r a t a  and by 
replacement of broad c lose  adhesions with many smaller f o c a l  t i g h t  adhesive con tac t s  (adhesion 
plaques) t o  g l a s s  s u b s t r a t a .  
adhesive con tac t s  develop gradual ly  over  t h e  s i x  hours fol lowing a d d i t i o n  of d ibu ty ry l  CAMP. 
Both these  e f f e c t s  are f u l l y  r e v e r s i b l e .  
t i l i t y  i n  t h e  f i r s t  hour following removal of d ibu ty ry l  CAMP. 
induces t h e  o rgan iza t ion  of actomyosin containing microfilament bundles i n  CHO c e l l s  (Exp. Cel l  
Res. 2, 31, 1980). Microfilament bundles a t t a c h  t o  t h e  plasma membrane a t  adhesion plaques 
and a r e  l i k e l y  r e spons ib l e  f o r  c o n t r a c t i l e  fo rce .  Therefore ,  an a t t r a c t i v e  i n t e r p r e t a t i o n  of 
our observat ions is t h a t  a coxmnon CAMP dependent mechanism, poss ib ly  phosphorylat ion of 
s p e c i f i c  p r o t e i n s  of adhesion plaques or microfi lament  bundles,  co-ordinately r e g u l a t e s  c e l l  
morphology, c o n t r a c t i l i t y  and adhesion. 

REVERSE TRANSFORMATION OF CHO CELLS BY DIBUTYRYL CYCLIC AMP IS  ACCOMPANIED BY AN 
INCREASE I N  CONTRACTILE STRENGTH AND A FOCALIZATION OF CELL-SUBSTRATUM ADHESIONS 

These changes i n  s t r e n g t h  of c o n t r a c t i l i t y  and morphology of 

There i s  an e s p e c i a l l y  r ap id  decrease i n  contrac- 
It has  been shown t h a t  CAMP 
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810 PURIFICATION OF EMBRYONIC CHICK LIVER ADHESION MOLECULES (LAM) FROM CHICK LIVER 
MEMBRANES, Edward 3. McGuire, Malcolm Pitts, Sharon Grady and Larry Nielsen, National 

Jewish Hospital, Denver, CO 80206 

Anti-aggregation antisera specific for embryonic chick liver cells have been used to 
develop an assay for the detection of embryonic chick liver adhesion molecules (LAM). 
neutralization of the anti-aggregation immune sera and subsequent semi-quantitative assess- 
ment of the remaining activity is the basis for this assay. Fnbryonic chick liver membrane 
proteins have been solubilized using a number of detergents and the LAM activity has been 
partially purified using sucrose gradient sedimentation, isoelectric focusing, gel filtration, 
affinity chromatography and preparative PAGE procedures. 
intrinsic, trypsin resistant, membrane glycoprotein of approximately 65,000 daltons. The 
65 K preparation of LAM is an effective immunogen in generating an aggregation blocking xeno- 
antiserum specific for embryonic chick liver cells. Purification of LAM to homogeneity has 
been hampered by an apparent lability by self association or loss by adsorption of the more 
purified LAM antigencs). 

The 

The isolated LAM appears to be an 

841 FACTORS RESPONSIBLE FOR THE ADHESION OF CARTILAGE CELLS TO COLLAGEN, Gary Balian, 
Depts. of Orthopedics & Biochemistry, University of Virginia, Charlottesville, 
Virginia 22908 

Cells from seventeen day old chick sterna were isolated by sequential treatment with hyal- 
uronidase, and a collagenase/trypsin mixture. Attachment of these cells to collagen-coated 
petri dishes is mediated by a factor or factors obtained from various sources. The attach- 
ment activity was observed in fetal bovine serum, extracts of young sternal cartilage, con- 
ditioned medium from chick cartilage cells grown in culture and synovial fluid. Fraction- 
ation of synovial fluid by ammonium sulfate precipitation showed that the activity 
responsible for adhesion of chondrocytes to collagen precipitated between 10-152 ammonium 
sulfate (w/v). 
the addition of human plasma fibronectin to chondrocytes did not facilitate attachment of 
cartilage cells to petri dishes coated with type I1 collagen. Chondrocyte adhesion to 
various collagen types isolated from lathyritic chick cartilage was studied. A mixture of 
type I1 and type V collagen produced greater attachment than type I1 by itself; type I was 
least effective in supporting attachment of chondrocytes. Preparations containing certain 
chromatographically purified collagen chains derived from type V were not as effective as 
intact type V collagen in supporting cell attachment. The ability of cells to bind to 
various collagen types through the intermediary of factors present in various biological 
fluids is being investigated in order to understand the role of collagen types and of 
adhesion factors in the chondrocyte environment. 

Although fibronectin mediates attachment of fibroblasts to type I collagen, 

842 
Analysis of fibronectins synthesized by human fibroblasts, at different times during serial 
subcultivation, reveals biological differences, Fibronectin isolated from late passage cells 
is defective in promoting the adhesion of either late or early passage cells while the con- 
verse is true for fibronectin isolated from early passage cells. We establish y& SDS-PAGE 
that the fibronectins have identical molecular weights, Further, we can show that both are 
present on the cell surface using indirect immunofluorescence. Fibronectin has been shown, 
in other laboratories, to be composed of discrete domains that interact with the cell surface, 
with components of the extracellular matrix, and act as a substrate for a transglutaminase. 
Our evidence indicates that the difference in the human fibroblast fibronectins is not in 
cell binding but rather in collagen binding. We used an enzyme linked immunoadsorbant assay 
to examine fibronectin-collagen interactions. -Both direct and indirect assays support the 
conclusion that fibronectin from late passage cells has a 6-8 fold reduction in its affinity 
for type I collagen and for gelatin, but unaltered affinity for the other collagens tested. 
Our results establish that a single strain of non-transformed cells can synthesize distinctive 
types of fibronectin. Further, because it is the only isolated fibronectin shown to be 
defective in a critical step in the process of cell adhesion it will be useful in probing 
mechanisns of cellular interactions. (Supported by NIH-Ag00697.) 

CELLULAR FIBRONECTIN DEFECTIVE IN CELL ADHESION AND COLLAGEN BINDING, Albert J.T.Millis 
and Srinivasan Chandrasekhar, Biology Department, SUNY-Albany, N.Y. 12222, 
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843 IDENTIFICATION OF INTEGRAL SURFACE MEMBRANE GLYCOFROTEINS INVOLVED I N  CELLULAR ADHESION 
C.  H. Damsky, K. A. Knudsen and C. A. Buck, Wistar I n s t i t u t e ,  Phi la .  Pa. 19104 

Several l ines  of evidence from work done i n  t h i s  laboratory and from work reported by others  
suggest t h e  exis tence of a class of evolut ionari ly  conserved glycoproteins of approximate 140, 
000 & involved i n  the maintenance and/or control  of c e l l u l a r  adhesion i n  a wide var ie ty  of 
c e l l  types. 
of  hamster f ib roblas t s  (Anti-M) and against  mater ia l  shed i n t o  serum-free t i s s u e  cu l ture  
medium by mouse mammary tumor e p i t h e l i a l  c e l l s  (Anti-SFM I). These a n t i s e r a  have been shown 
to  cause a revers ib le  d is rupt ion  of cell substratum adhesion when applied t o  l iv ing  cu l tures  
of t h e i r  respect ive c e l l  types Wylie  e t  a l ,  1979, J.C.B.80:385; Damsky e t  a1 1981, J.C.B.,  
i n  press) .  
scheme has led i n  each system t o  the i s o l a t i o n  of a highly r e s t r i c t e d  group of glycoproteins 
of about 140,000 & which a r e  able  to  block the  e f f e c t s  of the i r  respect ive an t i se ra .  
(Damsky e t  a l ,  1981; J.C.B.,  i n  press;  Knudsen e t  a l ,  ms submitted). We have now tes ted  the 
a b i l i t y  of the  two ant i sera  t o  induce rounding and detachment of other  c e l l  types. 
a c t i v i t y  i n  antiserum e f f e c t s  can be demonstrated although a higher concentration of antiserum 
is required t o  detach heterologous c e l l  types. 
a b i l i t y  of pur i f ied  a c t i v e  glycoproteins from each of the  two cell types t o  block antiserum 
induced detachment of heterologous c e l l  types. Reports from other  laborator ies  (Thiery et a l ,  
1977, J.B.C.252:6841, Takeichi 1978, J.C.B.75:464) have a l so  implicated glycoproteins of about 
140,000 & i n  c e l l u l a r  adhesion. These observations a l l  support the hypothesis tha t  there  
exists a c l a s s  of adhesion-related surface glycoproteins of 140,000 Q. ACS53A,CA 19144,27909. 

We have reported previously the production of an t i se ra  against  surface membranes 

The development of an antibody-blocking assay and a biochemical f rac t iona t ion  

Cross r e -  

A s imi la r  c ross - reac t iv i ty  e x i s t s  in  the 

8114 EXPRESSION OF ADHESION-RELATH) MEMBRANE COMFONENTS I N  ADHERENT VS "ADHERENT MElANOm 
CELLS. K. A. Knudsen, C. H. Damsky and C. A. Buck, Wistar I n s t i t u t e ,  Phi la .  Pa. 19104 

The exis tence of i n t e g r a l  membrane components in te rac t ing  with both i n t r a c e l l u l a r  and ex t ra -  
c e l l u l a r  components involved i n  cell-substratum adhesion has been postulated. This laboratory 
has used a combination of immunological and biochemical methods t o  implicate a r e s t r i c t e d  group 
of membrane glycoproteins of about 140,000 Q as being involved i n  the maintenance and/or 
control  of hamster fibroblast-substratum adhesion (Wylie e t  a l ,  J.C.B.80:485; Knudsen e t  a l ,  
as sub). 
employing a v e r s a t i l e  c e l l  system consis t ing of an adherent hamster melanoma c e l l  l i n e ,  CS 473, 
and its nonadherent var ien t ,  RPMI 3460, which can be induced t o  adhere t o  the substratum by 
BudR. Using t h i s  system we have shown tha t  p a r t i a l l y  pur i f ied  f rac t ions  of nonionic detergent  
e x t r a c t s  of the  CS 473 c e l l s  w i l l  i n h i b i t  the  rounding and detachment of c e l l s  induced by an 
antiserum, a n t i - M ,  made against  hamster f ib roblas t  membranes. In  cont ras t ,  10-fold more prot- 
e i n  from s imi la r  f rac t ions  purif ied from the  RPMI 3460 c e l l s  is required to  block the morpholo- 
g i c  changes caused by anti-M, suggesting tha t  the nonadherent c e l l s  express e i t h e r  a l te red  
antigens or  a reduced amount of the  adhesion-related antigens. This contention is supported 
fur ther  by the  observation t h a t  40 times more nonadherent c e l l s  a r e  required t o  absorb rounding 
a c t i v i t y  from anti-M serum when compared to  the adherent c e l l s .  F ina l ly ,  when induced t o  ad- 
here ,  RF'MI 3460 c e l l s  appear t o  express the  adhesion-related ant igens.  Supported by ACS 53A,  
CA 19144, CA 27909, CA 10815, CA 06517, CB 63984. 

In order t o  support fur ther  the relevance of these glycoproteins to  adhesion, we a r e  

845 I N  VITRO FORMATION OF CAPILLARY-LIKE STRUCTURES BY S K I N  ENDOTHELIAL CELLS, Marvin 
Karasek, Steven Lieberman and Pamela Davison. Stanford Unviersity, Palo Alto CA 94305 

i n  v i t r o  a s  monolayers of c losely apposed cuboidal c e l l s  i n  the  plane of t h e  growth surface 
and show l i t t l e  or  no a b i l i t y  t o  or ien t  outs ide t h i s  plane, Dramatic changes i n  the  behavior 
and or ien ta t ion  of microvessel endothel ia l  c e l l s  takes  place when the  luminal sur face  of an 
endothel ia l  colony is  exposed t o  collagen and f i b r i n ,  

Endothelial c e l l s  were i so la ted  from the microvessels of newborn foreskin dermis and grown 
on t h e  sur face  of an acid soluble  collagen ge l  i n  Eagle's Minimal Essent ia l  Medium supplement- 
ed with human serum (lo%), cholera enterotoxin (1 X lO-gM) and isohutyl  methylxanthine ( 3 . 3  X 
l O - 5 M ) .  
exposed t o  a second layer  of a ge l  of acid soluble  collagen containing fibrinogen and thrombin, 

a c e n t r a l  cav i ta t ion ,  reor ien ta t ion  of nuc le i  toward the  center  of the  cavi ta t ion  and junc- 
t ions  a t  the  t i p s  of adjacent c e l l s .  
hut is  markedly stimulated by t h e  presence of f i b r i n .  Complete l y s i s  usual ly  occurs 5 days 
a f t e r  s t imulat ion.  

Reformation of cap i l la ry- l ike  s t ruc tures  under conditions frequent ly  associated w i t h  de no- 
vo vesse l  growth a f t e r  wounding suggests t h a t  t h i s  model may be appropriate  in  fur ther  s tud ies  
of the  f a c t o r s  tha t  regula te  blood vessel  growth in  vivo. 

Endothelial c e l l s  isolated from t h e  capi l la ry- r ich  region of human newborn foreskin grow 

After 2-3 c e l l  d iv is ions ,  the  luminal surface of t h e  endothel ia l  c e l l  colonies were 

Collagen and f i b r i n  i n i t i a t e  a sequence of c e l l u l a r  changes t h a t  r e s u l t  i n  the  formation of 

Formation of these  s t ruc tures  occurs with collagen alone 
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846 ROLE OF HYALURONIC ACID IN DECREASED ADHESIVE PROPERTIES OF TRANSFORMED CELLS, 
Susan P. Hawkes and John Blenis, Michigan Molecular Institute, Midland, MI 48640 
and Michigan State University, East Lansing, MI 48824. 

Development of the transformed phenotype has been studied in chicken embryo fibroblasts 
infected with a temperature sensitive mutant of Rous Sarcoma Virus. Cells exhibit a 
decrease in adhesive properties early in the process of transformation as determined by the 
ability of EGTA (5mM) to detach them from tissue culture dishes. One proposed mechanism of 
detachment involves the destabilization of the adhesive glycoprotein, fibronectin, by 
hyaluronic acid. Deposition of hyaluronic acid at the cell surface is considerably enhanced 
.within five hours of the onset of transformation, followed by the continued release of the 
polymer into the culture medium. However, in this system loss of surface fibronectin does 
not occur until at least 24 hours after temperature shift. Hyaluronidase treatment of 
transformed cells at times prior to loss of fibronectin results in a significant restora- 
tion of adhesive properties. These results provide further evidence for the role of 
hyaluronic acid in cell detachment and particularly in the loss of adhesion which OCCUTS as 
the result of transformation. Furthermore it can be suggested that the significant decrease 
in surface fibronectin may be a consequence of decreased adhesion rather than the primary 
cause. Supported by NIH Grant CA-27283-01 and the Elsa Pardee Foundation. 

847 ANALYSIS OF SUBSTRATE ATTACHED MATERIAL DURING THE DEVELOPMENT OF THE TRANSFORMED 
PHENOTYPE, John Blenis and Susan P. Hawkes, Michigan Molecular Institute, Midland, MI 
48640, and Michigan State University, East Lansing, MI 48824. 

The development of the transformed phenotype has been studied in chicken embryo fibroblasts 
infected with a temperature sensitive mutant of Rous Sarcoma Virus. 
to study the kinetics of changes in cell substratum adhesion which can be compared with the 
expression of other measurable parameters of transformation such as alterations in glucose 
transport, DNA synthesis and surface organization detected by fluorescamine labeling. 
Although fibronectin has been implicated in cell substratum adhesion, its loss from the cell 
surface occurs too late to account for the differences in adhesive properties we have mea- 
sured. We have identified alterations i n  several endogenous proteins and associated glycos- 
aminoglycans, in substrate attached material, which correlate with decreased adhesion of 
transforming cells and are possible candidates for the changes we observe. 

Supported by NIH Grant CA-27283-01 and the Elsa Pardee Foundation. 

We have devised an assay 

&# EXTRACELLULAR MATRIX INFLUENCES ON ELASTIN GENE EXPRESSION, Robert P. Mecham, 
Pulmonary Division, Washington University School of Medicine, St. Louis, MO 63110 

The extracellular matrix (ECM) plays a key role in the regulation ,of cellular development and 
in the synthesis of extracellular connective tissue macranolecules. As yet, little is known 
about the effects o f  the extracellular microenvironment on elastin gene control or elastic 
fiber formation. We have utilized the fetal bovine ligamenturn nuchae to study the role o f  
ECM in modulating elastogenesis. The ligamentum nuchae contains a single fibroblast cell 
type specialized to secrete an extensive extracellular matrix of which elastin is the major 
cunponent. Our results show that ligament cells grown on tissue culture plastic are unable 
to form insoluble elastin despite continued synthesis of all known elastic fiber constituents, 
and synthesize less soluble elastin per ug DNA than cells in ligament tissue. Ligament cells 
cultured directly on nonviable ligament tissue, however, are able to utilize the tissue mat- 
rix to form insoluble elastin and are stimulated to synthesize more soluble elastin than 
cells grown on plastic. ECM also appears to play an important role in initiating elasto- 
genesis in the ligament at the beginning of the last trimester of fetal development. Elastln 
production is initiated in ligament cells fran younstissues not actively synthesizing elastin 
when the cells are grown on nonviable ligament tissue isolated after the onset of elastogene- 
sis. These results provide strong evidence that the composition of the ECM Influences the 
synthesis of elastin and that direct cell-matrix interactions are important in mediating 
elastogenesis in vivo. 
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849 
Bio log i ca l  Chemistry, SmS, Univers i ty  o f  I l l i n o i s  a t  the Medical Center, Chicago, 11. 60612 
The pmmiwn t  role o f  plasma f i b m n e c t i n  (Pfn) i n  the host defense system as an opsonin f o r  
g e l a t i n  (col lagen) coated c o l l o i d s  has been establ ished. I n  the  present study we had 
invest igated the  p o s s i b i l i t y  t h a t  Pfn may a l so  opsonize na tu ra l l y  occuring p a r t i c l e s  devoid 
o f  col lagen.-Interactions with Pfn o f  t e s t  mater ia ls  was determined: a. by an i d i r e c t  
method i n  which i n h i b i t i o n  o f  Pfn-mediated uptake o f  1251-gelatin-coated l a t e x  beads by 
l i v e r  s l i c e s  and/or macro hage monolayers was used as a measure o f  i n te rac t i on ;  b. by a more 
d i r e c t  method i n  which &-labeled t e s t  mater ia ls  were used i n  conjunction with 
macrophage monolayers i n  which phagocytosis mediated by P fn  confirmed such i n t r a c t i o n . - I t  
was fourd t h a t  a c t i n  from ske le ta l  muscle was a potent i n h i b i t o r  i n  both the l i v e r  s l i c e  and 
macrophage systems. 
a d  pe r i t onea l  exudate c e l l s  and l i v e r  by sucrose densi ty  gradient cen t r i f uga t ion  were 
i n h i b i t o r y  a t  very low concentrations. Resides these,E. c o l i  and S. aureus s t r a i n s  o f  
bac te r ia  caused strorlg, concentrat ion deperdent i n h i b i t i o n  i n  the macrophage system. The 
i n t e r a c t i o n  o f  these mater ia ls  with Pfn was confirmed by showing t h a t  Pfn promoted 
i n t e r m l i z a t i o n  o f  125I-labeled act in ,  membraneous subcel lu lar  f rac t i ons  from t issues and 
bacteria.-The r e s u l t s  revealed t h a t  P fn  can mediate phagocytosis, besides the already 
establ ished col lagen coated pa r t i c l es ,  o f  a c t i n  a d  a c t i n  associated pa r t i c l es ,  
i n t r a c e l l u l a r  membraneous structures o f  t issues and c e r t a i n  types o f  bacteria. 
therefore suggest a very wide s p e c i f i c i t y  and role o f  Pfn i n  the host defense system. 

INTERACTION OF PLASMA FIeRONECTIN WITH ACTIN, INTRACELLULPR MAMMALIAN MEMeRANEOUS 
STRUCTURES AN@ BACTERIA, Janos Molnar, Judy Fmeh l i ch  and Brad Rovin, Department o f  

S im i la r l y  a l l  the membraneous subcel lu lar  f rac t i ons  i so la ted  fmm l u r g  

The data 

850 CELL DENSITY DEPENDENT REGULATION OF PHENYLALANINE HYDROXYLASE ACTIVITY IN HEPATOMA 
CELLS IN CULTURE, Ross Shiman, Don McClure, Richard E. Baker, The Milton S. Hershey 
Medical Center, Hershey, PA 17033. 

The activity, but not the amount, of phenylalanine hydroxylase in Reuber H4 rat hepatoma cells 
in culture is regulated by the population density of the cells in the monolayer: and the 
effect is not due to conditioning of the growth medium (McClure, D., Miller, M. and Shiman, R. 
Exp. Cell Res. 98, 223-236, a976)). Present data suggest that direct cell-cell contact medi- 
ates the effect, that the effect is cell-type specific and that low resistance junction for- 
mation between the cells is probably not involved. Three lines of evidence support these 
possibilities: 1. Clones of H4 cells which have a decreased cell-density dependence of 
hydroxylase activity also show a greatly increased tendency to agqregate with one another at 
low density. 2. Several rat liver derived cell lines which do not contain phenylalanine 
hydroxylase activity were co-cultured with H4 cells. None of these heterologous cell lines 
affected the activity of the hydroxylase in the H4 cells, implying that the effects are 
specific to the H4 cells and are not the result of general microenvironmental changes due to 
cell-crowding. 3 .  Although H4 cells do show some low-resistance junction formation, as 
indicated by their ability to transfer [ 'Hluridine nucleotides from labeled to unlabeled 
cells (autoradiographic detection was used), the number of cells showing transfer was in- 
sufficient (only 510%) to account for the cell-density induced changes in phenylalanine 
hydroxylase activity. 

851 USE OF MONOCLONAL ANTIBODIES TO DEFINE INTERACTIONS OF FIBRONECTIN W I T H  -. - 
OLUBLE & CELLULAR CONSTITUENTS, L.Furcht  &D. Smith ,  Gniv. MN MPLS MN 

Fibroondn (W)is a high molecular weight glycoprotein present in plasmr, the c e l i  matrix,& 
in the soluble supernatant of various c e l l s  grown in vitro. 
togelatin or colIagen,heprin, c e l l  Surfaces and staphlococci. Monoclonal antibodies were 
made t o  human plasma W and the antibodies reacted with human W as shown by competitive ELISA. 
he specific antigenic region of W reacting with the Wbridam antibodies n s  determined. % -W was digeated with trypsin and specific fragumnts were innnunoprecipitated or purified on 
monoclonal af f in i ty  c o l m ~ .  One representative clone recognima a 3l.K free sulfhydryl con- 
taining fragment and another recognims an 8 0 K  free sulfhydryl containing fragment which 
a lso  binds to-heprin(Smith, Mosher, & Furcht submitted). Human confluent fibroblasts were 
labeled with 35-S methionine.Labeled media or c e l l s  were solubilized,in SD8, triton, deox- 
cholate, HaC1, and Tris, with innnune precipitates collected and run on gels.  Irmune precip- 
itates from the medium showed a 226 W band and a 180, and 1 6 O K  proteins that co-precipitate 
with W. Irmuune precipitates from the c e l l  lysates showed these - bands and additionally 
bands of xx), 130, and 43 W among others. This laat set of bands co-migrates with knm 
cytoakeletal camponants. Them experiments dcmon6trate that hybrid- antibodies t o  FN w i l l  
precipitate W and FIY associated proteins from c e l l .  

Specific regions of W w i l l  bind 
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I n s t i t u t e s  o f  Heal th,  Bethesda, MO 20205 
Rabb i t  i n t e s t i n a l  e p i t h e l i a l  c e l l s  were d i ssoc ia ted  w i th  hya lu ron idase (Sigma, Type 11). 
Washed c e l l s  (105 c e l l s  i n  1 m l  of  medium, NCTC-135 and OMEM, 1 : l )  were added t o  p re t rea ted  
35 mn b a c t e r i o l o g i c a l  d ishes c o n t a i n i n g  2 m l  o f  media w i thou t  o r  w i t h  va ry ing  concen t ra t i ons  
of c a l f  serum (up t o  10%) and incubated  f o r  one hr a t  37°C. Attached c e l l s  were removed w i t h  
0.1% t r y p s i n  i n  phosphate-buffered s a l i n e  and counted w i t h  a Cou l te r  Counter (Cou l te r  E lec-  
t r o n i c s ) .  Dishes, e i t h e r  p l a i n  o r  coated w i t h  10 ug o f  Type I co l lagen  f i l m  (Co l lagen Corp., 
V i t rogen  IOO), were p re t rea ted  f o r  one h r  a t  room temp w i t h  medium a lone o r  medium c o n t a i n i n g  
5% c a l f  serum, p u r i f i e d  f i b r o n e c t i n ,  o r  p u r i f i e d  lamin in .  
s t imu la ted  a t  serum concent ra t ions  between 0.5% and 10% w i t h  maximal at tachment a t  o r  above 
5%. 
ment o f  co l l agen  coated dishes w i t h  va ry ing  concen t ra t i ons  o f  e i t h e r  f i b r o n e c t i n  o r  l a m i n i n  
enhanced c e l l  attachment i n  a concen t ra t i on  dependent manner. Attachment t o  subs t ra te  pre- 
t r e a t e d  w i t h  e i t h e r  p r o t e i n  was increased by t h e  a d d i t i o n  o f  e i t h e r  5% normal serum or f i b r o -  
n e c t i n  f r e e  serum i n  t h e  i ncuba t ion  medium. These da ta  suggest t h a t  i n t e s t i n a l  e p i t h e l i a l  
c e l l s  can use bo th  f i b r o n e c t i n  and l a m i n i n  t o  a t t a c h  t o  a co l l agen  subs t ra te  i n  v i t r o .  
Furthermore, serum possesses a fac to r ,  which i s  no t  f i b r o n e c t i n ,  t h a t  f u r t h e r T t m t e s  
e p i t h e l i a l  c e l l  at tachment t o  these subs t ra tes .  

SERUM, FIBRONECTIN, AND LAMININ INCREASE INTESTINAL EPITHELIAL CELL ATTACHMENT TO 
COLLAGEN, IN  VITRO, Pe te r  H. B u r r i l l ,  I sa  Berna rd in i ,  and Norman Kretchmer, Nat iona l  

C e l l  attachment t o  co l l agen  was 

C e l l s  d i d  n o t  a t tach  t o  b a c t e r i o l o g i c a l  p l a s t i c  even i n  t h e  presence o f  serum. P r e t r e a t -  

853 DIFFERENCES IN CELL SURFACE GLYCOPROTEINS IN CONFLUENT AND SUB-CONFLUENT INTESTINAL 
EPITHELIAL CELL CULTURES, Annette Herscovics*, Wlodzimierz Sasak*. and Andrea Quaroni** 
Laboratory for Carbohydrate Research, Departments of Biological Chemistry and Medicine, 
and **Gastrointestinal Unit, Department of Medicine, Harvard Medical School at the 
Massachusetts General Hospital 

The structure of the carbohydrate groups of membrane glycoproteins was studied in rat IEC-6 
intestinal epithelial cells in culture [ Quaroni Sub- 
confluent and confluent cells were labeled for 24 hrs with [2-3H]mannose, and then treated with 
mild trypsin or Pronase to release cell surface constituents. Labeled glycopeptides obtained 
by exhaustive Pronase digestion of the cell surface and of the residual cell pellet were then 
fractionated on Bio-Gel P-6 before and after digestion with endo 8-~-acetylglucosaminidase H to 
distinguish between high mannose and complex asparagine-linked oligosaccharides. 
peptides in the c e l l  pellets contained mostly high mannose oligosaccharides, and showed no 
significant difference between confluent and sub-confluent cells. In contrast, the cell 
surface glycopeptides contained a much higher proportion of complex oligosaccharides. Sub- 
confluent cells had a much higher ratio of high mannose to complex oligosaccharides than 
confluent cells, Treatment of sub-confluent cells with hydrocortisone or with retinoic acid, 
both of which inhibited cell growth in a different manner, caused little change in the glyco- 
peptide pattern obtained from the cell surface or cell pellet. These results suggest that the 
changes in structure of the oligosaccharides at the cell surface are related to the density of 
the cell population, and not to the growth rate. (Supported by NIH grants CA-14294 and 
AM-03564). 

&. , J. Cell Biol. 80 (1979) 2481. 

The glyco- 

PERICELLULAR MATRIX COMPONENTS OF NORMAL HUMAN EPITHELIAL CELLS 
AND OF HUMAN CARCINOMA CELLS Kari Alitalo, Esa Kuismanen, Hannu 
Halila and Antti Vaheri, Deparment of Virology, University of 
Helsinki, 00290 Helsinki, FINLAND 

854 

Human epidermal cells were grown in coculture with feeder Balb/3T3 cells. 
After selective removal of the 3T3 cells, the epithelial cell islands were 
studied for production of connective tissue proteins by metabolic labeling 
and analysis of collagenous proteins, fibronectin and laminin. The 3T3 cells 
were similarly analyzed and found to produce type IV collagen and laminin in 
addition to interstitial collagens and fibronectin. The epidermal keratino- 
cytes produced only small amounts of matrix proteins in culture. The- - 
effect of feeder cells or their conditioned medium may be to supply basal 
lamina proteins reported to promote the initial adhesion of epithelial cells 
in culture conditions. 
In cultures of pure ep i the l ia l  cells from uterine ectocervix, 
matrix proteins very similar to that of epidermal cells was foimd. This was 
compared with matrix proteins of endocervical cells, that do not stratify 
in vivo or in vitro, 
Human carcinomacells in culture show distinct patterns of secreted matrix 
proteins that may be used in their dassification and in studies of the 
biosynthesis of basal lamina components. 

a pattern of 
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London, W.C.2, England & Yale University, New Haven, CT 06510, USA. 
The rodent cell surface antigen Thy-1 is expressed on particular cell types at specific stages 
in their differentiation. High level surface expression of Thy-1 frequently coincides with 
the establishment of strong cell-cell contacts. 
turally homologous to Thy-1 have now been purified from a number of other mammalian species, 
including man. Sequence studies show that rat brain Thy-1 bears a strong structural and 
evolutionary relationship to immunoglobulin constant region domains. Many questions concern- 
ing the function, tissue-specificity and evolution of Thy-1 could best be examined by analys- 
ing the nucleotide sequences which code for these molecules. We are attempting to isolate 
these sequences by using two strategies. Firstly, short length polynucleotide probes are 
prepared from murine Thy-1 expressor cell mRNA, either from poly A+ RNA or from sucrose 
gradient fractions enriched for translatable message. 
with affinity-labeled polynucleotide fragments prepared from mRNA of non-expressor human cells, 
and the common sequence hybrids removed by chromatography. 
sequences are used to probe a cDNA-plasmid library derived from a human Thy-1 expressor cell. 
In addition, this library is being probed with cloned DNA known to code for other cell surface 
proteins which share a common evolutionary relationship with immunoglobulin. DNA from posi- 
tive clones will be used to select message from mRNA of human expressor cell origin, and its 
-~ in vitro translation product identified by immunoprecipitation. 

STRATEGIES FOR CLONING THE HUMAN THY-1 GENE. Susan F. Cotmore, Peter J. 
Tattersall, David C. Ward & Michael L. Waterfield. Imperial Cancer Research Fund, 

Developmentally-regulated glycoproteins struc- 

These probes are annealed to high ROT 

The remaining single strand 

Intercellular Junctions 
856 SIGNAL FOR CONTACT AN0 MEMBRANE ADHESION MEDIATE0 BY GANGLIOSIOES, Gregory J. Brerrer, 

In  order  t o  s tudy membrane-membrane adhesion, I have made two spherical  membranes in an 
apparatus  which allows simultaneous monitoring of s t r u c t u r e  with f luo rescen t  probes and 
funct ional  conductance with e l ec t ron ic s .  Membranes were made of phosphatidylcholine and 
beef b ra in  gangl iosides  d i s so l  ed i n  n-decane. Upon appos i t i on ,  t h e  area o f  contact  

i n  s epa ra t ion  of t h e  membranes, when t h i s  bras t r i e d .  An i nd ica t ion  of mobil i ty  of t h e  
glycol i p i d s  was obtained by binding fluorescein-concanavalin A. 
anisotropy i n  t h e  con tac t  region was double t h a t  observed on the rest of t h e  membrane. 
Thus ,  t h e  contact  region showed r e s t r i c t e d  mobili ty.  Furthermore, t h e  conductance 
increased 10-fold ac ross  t h e  con tac t  region. 
were not observed. When each membrane contained a d i f f e r e n t  f l uo rescen t  probe, a f t e r  
adhesion we observed no mixing of t h e  two probes a t  t h e  junct ion.  Therefore,  t h e  two 
membranes do not p a r t i a l l y  fuse ,  b u t  form two adhering b i l aye r s .  
t o  mediate membrane-membrane adhesion and provide a transmembrane s ignal  f o r  t h i s  
funct ional  con tac t  sensat ion.  

Oept. k d .  Microbiology, SIU Sch. Med., Sp r ing f i e ld ,  I l l i n o i s  62708 

increased from 0.05 t o  0.26 mm 3 '  i n  15 minutes.  Adhesion was a l s o  indicated by d i f f i c u l t y  

The measured f luorescence 

Without gang1 ios ides ,  t hese  c h a r a c t e r i s t i c s  

Thus, gangl iosides  appear 

857 THE GAP JUNCTION PROTEIN, PARTIAL SEQUENCE AND TURNOVER. S. Barbara Yancey, 
Bruce J. Nicholson, and Jean-Paul Revel, California Institute of Technology, Pasadena, CA 91125 

The gap junction fraction we isolate from r a t  liver is highly purified as evaluated by electron microscopy 
of negatively stained preparations. SDSPage, however, shows one major band with several  minor bands 
at both higher and lower M.W. Two-dimensional peptide mapping of tryptic or chymotryptic digests 
of each band in conjunction with sequencing and other studies on the isolated components lead w to con- 
clude that  gap junctions as isolated by ow procedure are comprised of a single protein of M 28 kD. 
The other components that  are seen are derived from this protein with the exception of a 38 kD polypep- 
t ide which is probably a contaminant. The sequence of the N-terminal58 amino acids of the junctional 
protein shows a s t re tch of hydrophobic residues consistent with a transmembrane portion of the  molecule. 
This same N-terminal sequence is found in a 10 kD polypeptide characterist ic of gap junctions isolated 
a f t e r  t reatment  with proteases. The r a t e  of turnover of the junctional protein has been estimated from 
the specific radioactivity in this 10 kD band a f t e r  a single i.p. injection of 35Smethionine. From the 
decay in the  specific activity with time, t he  gap junctional protein has an  apparent half-life of about 
19 hours. This figure probably overestimates the t rue half-life and indicates a surprisingly rapid turn- 
over of what has usually been believed to be a very stable structure. It suggests t ha t  in liver, the gap 
junctions may be very responsive to alterations in physiological demands. 
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DEVELOPMENTAL CHANGE IN CO2 SENSITIVITY OF CHICK LENS INTERCELLULAR 
COUPLING. S. M. Schuetze and D.A.Goodenough Dept. of Anatomy, Harvard Medical School 

858 
Freeze fracture studies show that lens gap junctions differ from those in other tissues in that the 
connexons (subunits) a r e  more disordered. We are  studying gap junctions in early embryonic chick 
lens cells (Hamburger and Hamilton stages 12-22). Freeze fracture replicas of lenses from stage 
12-14 embryos fixed in glutaraldehyde reveal small, infrequent gap junctions that contain tightly packed, 
ordered connexons, unlike their adult counterparts. Between stages 14-18, freeze fractured lens gap 
junctions contain small islands of tightly packed connexons within larger regions of loosely packed 
connexons. Between stages 18-22, the lens fiber junctions appear similar to the adult junctions. Lens 
cells a r e  electrically coupled at  all stages, shown by paired intracellular recordings. v p i c a l  resting 
potentials a r e  -60 to -70mV. 
jecting a single lens cell with the fluorescent t racer  Lucifer Yellow (MW 443), dye can be found in 
dozens of adjacent cells. 
ting stage 15-22 lenses for 20' in medium equilibrated with 50-80%C02 has no detectable effect on dye 
transfer. In contrast, incubating stage 12-14 lenses for 10' in the same media appears to decrease 
dye coupling, since only a few cells near the injection site contain dye. The appearance of Cog-  
resistant coupling may be correlated with the appearance of loosely packed connexons in freeze 
fracture replicas. (Supported by NTH grants EY03011 and EY05337. We thank W. Stewart for 
the generous gift of Lucifer Yellow). 

The cells a re  also dye coupled. One minute after iontophoretlcally in- 

There is no striking change in dye coupling with age. We find that incuba- 

859 Structural studies of isolated communicating junctions from liver and bovine lens. 
G. Zampighi and S.A. Simon. Department of Anatomy UCLA and Department of Physiology 
Duke University. 

A pure junction fraction in milligrams quantity was isolated from bovine eye lens without 
using partial detergent solubilization or exogenous proteolytic enzymes. SDS-PAGE shows a 
major band running at an apparent molecular weight of 27,000 d and a minor one at 21,000 d. 
Chemical analysis show phospholipid/cholesterol/protein having a molar ratio of %20:10:1 
respectively. 

Structural studies were performed on the isolated fraction by x-ray diffraction and 
electron microscopy (thin sectioning, freeze-fracture, and negative staining). The fraction 
is primarily composed of large (>10pm) wavy junctions. 
ness of %15011 and exhibits in the frontal plane, a tetragonal array of protein oligomers 
spaced -65A apart. 
subunits. No evidence of the usual hexagonal arrangement of connexons in these isolated 
junctions was observed. 
freeze-fracture. 
from our findings, to be produced from the paracrystalline lattice by the freeze-fracture 
techniques. 

free buffer, the solubilized junction protein contains 40% a-helix and a15% 5-sheet. 
calcium was added, a definitive change in the molecular ellipticity was measured implying 
a conformational change. 

Each junction has an overall thick- 

Optical reconstruction suggests that each unit is made up of 4 identical 

Moreover, the tetragonal lattices were observed in intact lenses by 
The random organization of particles previously described by others appears 

Detergent solubilized junctions were studied using circular dichroism. In calcium 
When 

860 OCCLUDI!!c . l I I : ICT!DI!S I'! V9 ' IqLAYERS OF CULTURED E P I T H E L I A L  CELLS. I .Meza, 
A .  M a r t i n e z - P a l o m o ,  F. S t e f a n i  and  M. C e r e i j i d o .  D e p t s .  o f  C e l l  B i o l o g y  

a n d  P h y s i o l o q y .  C I E ' ?  d e l  I D ' I .  f lnartado 1 4 - 7 4 0  M Q x i c o  14 ,  D.F. 

MDCK c e l l s  p la ted  a t  h iqh  dens i t y  form occ lud ing  j u n c t i o n s  (OJ) t h a t  separate two membrane 
domains endowed w i t h  s o e c i f i c  s t r u c t u r a l  and b iochemica j  d i f f e rences .  DJ confere  t o  the  mono- 
l a y e r  an e f f e c t i v e  e l e c t r i c a l  res i s tance  o f  80-600 R cm . Th is  res i s tance  s t a r t s  t o  develop 
i n  3 -6  h r s  a f t e r  n l a t i n q  and reaches steady s t a t e  values i n  12-18 hrs .  The fo rma t ion  o f  OJ 
and development o f  t he  e l e c t r i c a l  res i s tance  can be i n h i b i t e d  by  cycloheximide and puromycin. 
Once es tab l i shed,  t he  OJ have a 3:l  Na/C1 s e l e c t i v i t y ,  and a ca t i on -ca t i on  s e l e c t i v i t y  f o l l o -  
wing the  order  K>Na>Rb>Cs>Li. The number o f  s t rands  found i n  f reeze  f r a c t u r e  r e p l i c a s  i s  he- 
terogeneous, va ry ing  from 1 t o  10 along the  same j u n c t i o n .  Th is  c o r r e l a t e s  w i t h  measurements 
made w i t h  a vo l tage  scanning procedure o f  h igh  s p a t i a l  r e s o l u t i o n  which shows s i t e s  o f  h i g h  
conductance a l t e r n a t i n g  w i t h  reg ions  o f  low conductance a long t h e  pe r ime te r  o f  a g i ven  c e l l + +  
A s  f o l l owed  by changes i n  the  t r a n s e p i t h e l i a l  res i s tance ,  t h e  removal and r e s t o r a t i o n  o f  Ca 
causes opening and resea l i ng  o f  t he  OJ. Changes i n  OJ permeab i l i t y  a re  concomitant w i t h  chan- 
ges i n  the  i n t e g r i t y  o f  t he  j u n c t i o n a l  s t rands  and the  cy toske le ton  pa t te rn .  Imnunof luorescent 
techniques i n d i c a t e  t h a t  a c t i n  f i l amen ts  form a cont inuous r i n g  a t  t he  pe r iphe ry  o f  t he  c e l l s  
i n  c lose  con tac t  w i t h  the  reg ion  occupied by the  OJ. The o rgan iza t i on  o f  t he  a c t i n  r i n g  i s  ne- 
cessary f o r  t he  maintenance o f  t he  j u n c t i o n s  sea l i ng  capac i ty .  (Supported by research g ran ts  
o f  CONACyT o f  Mexico and AM26481 from t h e  N I H ) .  
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REGULATION OF CELL TO CELL COMMUNICATION VIA GAP JUNCTIONS, Camillo Peracchia, 
Giovanni Bernardini, and Lillian L. Peracchia, Univ. of Rochester, Rochester, N.Y. 861 

Physiological studies have shown that cell conununication via gap junctions is abolished (un- 
coupling) by treatments which increase the intracellular concentration of divalent cations. 
Recent data indicate that cell uncoupling also follows a decrease in PHI. Thus questions on 
whether divalent cations and/or H+ are the uncoupling agents and on their direct effect on the 
junctional gating mechanism have been posed. 
studies. In various tissues cell uncoupling is paralleled by a change in gap junction par- 
ticle packing from disordered to crystalline (Peracchia, Int. Rev. Cytol. %, 81, 1980). 
Recently we have shown that Cat+, M g H  and H+ affect independently, directly and reversibly 
the gap junction structure at concentrations (5.lO-7M. 1.10-3M, 3.10-7M or greater respective- 
ly) similar to those believed to cause uncoupling. These data have been obtained on isolated 
lens fiber junctions. These junctions are capable of crystallizing also in the intact organ 
following treatments which increase cell calcium content (Bernardini and Peracchia, Inv. 
Ophthalmol., in press) and are able to uncouple following cell injury (Bernardini et al., J. 
Cell Biol. 87, 207a, 1980). 
ing the rapid return of 42K washout rate to control values following injury in presence of 
normal [CaHl0. 
hydrolysis by hexokinase-glucose, and is not affected by glutaraldehyde. We suggest that 
junction crystallization and uncoupling result from neutralization of negative charges on the 
junctional protein by divalent cations or H+ followed by changes in protein conformation. 
ticle crystallization may result from blockage of repulsive charges. 

Some answers can be obtained from morphological 

Uncoupling of lens fiber junctions has been demonstrated by show- 

Gap junction crystallization is energy independent, as it occurs after ATP 

Par- 
Supported by NIH GM20113 

Secretory Vesicles and Endocytosis 

862 ADSORPTIVE ENDOCYTOSIS OF Wistaria floribunda AGGLUTININ, M. Merion. R. Triemer and 
R. D. Poretz, Rutgers University, New Brunswiclc, NJ 08903 

Exposure of murine fibroblast monolayers to W. floribunda agglutinin (WFA) results in 
the accumulation of large lysosomes. This effect, which is related to the carbohydrate bind- 
ing site and valency of the lectin, is associated with endocytosis of WFA by the cells. 
of a hTA-ferritin conjugate in electron microscopic studies demonstrates that the lectin binds 
to both clathrin associated and free portions of the plasma membrane and is internalized with- 
in micropinosomes and clathrin coated vesicles. 
lectin conjugate results in fusion of lectin containing vesicles and localization of ferritin 
containing material within large lysosomes. TO study the nature of the membrane glycoproteins 
involved in the internalization of WFA, experiments were performed to identify and determine 
the intracellular location of plasma membrane derived glycoproteins capable of interacting 
with the lectin. Affinity chromatography employing a WFA-sepharose adsorbant results in the 
isolation of six radioactive proteins from NP-40 solubilized plasma membranes of cells surface 
labelled with 1251. 
from 50 to 250 Kd. Isopycnic density centrifugation of homogenates of untreated cells results 
in a bimodel distribution of lysosomal enzyme activities. Exposure of the cells to WFA for 
increasing periods of time results in a progressive increase in the more buoyant pool of ly- 
sosomal enzyme activities with a concomitant decrease in the other pool. Results will be 
presented describing the location of plasmalemma derived glycoproteins capable of binding to 
WFA within various intracellular memhraneous pools. 

Use 

Continued incubation of the cells with the 

PAGE of these proteins demonstrates that they range in molecular weight 

863 LIGATIN BINDS PHOSPHOHEXOSE ON ACIDIC HYDROLASES. E.R. JAKOI AND S.M. GASTON. 
Ligatin, a lectin that recognizes phosphorylated sugars, has been isolated from 

plasma membranes of mouse macrophages, rat ileum and rat brain. Several acid hydrolases 
including N acetyl 6 D hexosaminidase are cosolubilized with this lectin. The cosolubilized 
hexosaminidase binds to ligatin in vitro as demonstrated by affinity chromatography using the 
immobilized ligatin. Hexosaminidase-ligatin complexes can be dissociated by low concentra- 
tions of mannose 6 phosphate (M6P) and/or glucose 1 phosphate (GlP). The effectiveness of 
these two phosphomonosaccharides varies characteristically: ileal hexosaminidase-ligatin 
complexes show a 4 fold preferential dissociation with M6P; macrophage complexes show a 160 
fold preferential dissociation with G1P. 
erence for M6P and G1P. Heterologous complexes display the specificity charaqteristic of the 
source of the enzyme. Treatment of the cosolubilized hydrolases with endoglucosaminidase H 
releases phosphorus-32 label on hexosaminidase and prevents its binding to ligatin; yet 
treatment of the hexosaminidase with alkaline phosphatase affected its binding by no more than 
30%. 
chromatographic behavior on QAE of 'H mannose labelled acidic oligosaccharides isolated from 
the cosolubilized hydrolases. The oligosaccharides that contain 3H M6P are less acidic than 
rnonophosphoesters and are insensitive to alkaline phosphatase until subjected to mild acid 
hydrolysis. These results suggest the presence of a phosphodiester on hexosaminidase anal- 
ogous to the NAC glucosamine 1 P  6 mannos2 on B glucuronidase isolated from murine lymphoma 
cells (Tabas and Kornfeld J. Biol. Chem. 255: 6633, 1980). 

Brain complexes dissociate with nearly equal pref- 

This apparent inability to dcphosphorylate the hexosaminidase is consistent with the 
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864 PROPERTIES OF HIGH-UPTAKE LYSOSOMAL HYDROLASES FROM DICTYOSTELIUM DISCOIDEUM, Hudson 
H. Freeze, Wi l l iam Novotny, and Arnold L. M i l l e r ,  Univ. o f  C a l i f . ,  San Diego,CA 92093 

a-D-Mannoside (,-man) and 8-D-glucosidase (8-g lu)  from D i c t  oste l ium discoideum conta in  phos- 
phohexosyl residues and are s p e c i f i c a l l y  endocytosed in-oblasts v ia  a receptor 
mediated process. These enzymes were p u r i f i e d  t o  homogeneity fo l l ow ing  secret ion 
phate bu f fe r .  Both enzymes contained 10-12% carbohydrate cons is t i ng  o f  mannose (%7%),  N-acetyl 
glucosamine ( ~ 2 % )  glucose (1.2%) and galactose (0.6%). Greater than 90% o f  each enzyme was ad- 
sorbed t o  Concanaval i n  A-sepharose (Con-A) and cha rac te r i s t i c  e l u t i o n  pat terns were generated 
by stepwise e l u t i o n  w i t h  25-800 mM a-methyl mannoside. Prolonged treatment o f  each enzyme w i t h  
endoglycosidase H (endo H) reduced b ind ing t o  <40% and s i g n i f i c a n t l y  a l t e red  t h e i r  Con A 
e l u t i o n  p r o f i l e s .  About 16% o f  a-man and 11% o f  the 8-glu a c t i v i t i e s  were bound t o  wheat germ 
a g g l u t i n i n  ( W G A )  and e lu ted by N-acetylglucosamine. Endo H treatment o f  8-glu had no e f f e c t  
on i t s  b ind ing t o  WGA, bu t  increased the b ind ing o f  a-man t o  42%. 
columns o f  Ricinus comnunis. Our previous s tud ies ind icated t h a t  c e r t a i n  sl ime mold glycopep- 
t i des  contained e s t e r i f i e d s u l f a t e  residues. A ry l  su l fa tase treatment o f  8-glu, but  not  a-man, 
lowered the e lect rophoret ic  m o b i l i t y  o f  6-glu on na t i ve  polyacrylamide gels suggesting t h a t  i t  
may conta in  s u l f a t e  i n  su l fa tase-sensi t ive l inkage. These r e s u l t s  i nd i ca te  t h a t  a-man and 6- 
g l u  are glycoproteins whi'ch nay conta in  heterogeneous, high-mannose-like, endo H-sensi t ive 
ol igosaccharide chains. (Supported by NIH grant  1 ~ 0 1  13~29262). 

i n t o  phos- 

Nei ther  enzyme bound t o  

865 
Coated vesicles are thought to be vehicles for the intracellular transport of membranes. 
identify the minor components which might be transported by the coated vesicles, it is 
essential that they be highly purified. 
of 50-150 nm, they are included in glass bead columns of appropriate pore diameter. 
brain coated vesicles purified by the standard procedure of Pearse have been further purified 
using permeation chromatography on glass bead columns of average pore size 200 nm. 
four of the polypeptides present in the conventionally purified coated vesicles are absent 
from the final form. 
weight range of about 100,000 appear to co-purify with clathrin, although four of the 
specific polypeptides are found in the contaminating membranes. To measure the extent to 
which coated vesicles are formed randomly during the homogenizetion procedure, pure 
radiolabelled cholinergic synaptic vesicles were added to pieces of bovine brain prior to 
homogenization. 
vesicle fractions in the first two steps of coated vesicle isolation. 
permeation chromatography less than 0.007% of the exogenous synaptic vesicle membrane was 
found in the pure coated vesicles. 

PURIFICATION OF COATED VESICLES USING PERMEATION CHROMATOGRAPHY, Suzanne R .  Pfeffer 
and Regis B. Kelly, University of California, San Francisco, California 94143 

To 

Since coated vesicles have diameters in the range 
Bovine 

At least 

Six specific polypeptides and a family of polypeptides in the molecular 

Considerable amounts of the exogenous membrane were found in the coated 
However, after 

866 A CELL-mE MODEL FOR COMPOUND EXOCYTOSIS: AGGREGATION AND FUSION OF CHROMAFFIN 
GRANULES IN THE PRESENCE OF CALCIUM, SYNEXIN AND =-UNSATURATED FATTY ACIDS 

Carl E. Creutz, Janet H. Scot t ,  Christopher J. Pazoles and Harvey B. Pol lard 
C e l l  Biology and Biochemistry Section, Cl in ica l  Hematology Branch, N.I.A.M.D.D., Bethesda, 
Maryland 20205 

Synexin is a calcium binding pro te in  or ig ina l ly  extracted from the  adrenal medulla 
t h a t  causes t h e  calcium dependent aggregation of isolated chromaffin granules (J. B i o l .  
Chem.253:2858-2866 and 254:553-558). 
by synexin a r e  exposed a t  37% t o  =-unsaturated f a t t y  acids  such a s  arachidonic acid 
(20:4) o r  o l e i c  acid (18:1), they fuse together t o  form large,  membrane-bound ves ic les  
t h a t  swell t o  enclose t h e  maximum volume. 
of o l e i c  acid i n  which t h e  cis double bond is  displaced towards or  away from the  head 
group, and no fusion is induced by --unsaturated or  saturated f a t t y  acids, detergents  
or  lysoleci thin.  During fusion t h e  soluble  core pro te ins  of t h e  granules a r e  re ta ined 
although some of the  epinephrine escapes. 
by increasing t h e  osmotic s t rength of the medium, and we  a r e  invest igat ing the  r o l e  of 
osmotic forces  i n  t h e  fusion event. 

acids  - may be present i n  the  cytoplasm of the  chromaffin c e l l  when it is s t inu la ted  t o  
re lease  epinephrine and granule proteins  by exocytosis. 
a l s o  occur between chromaffin granules undergoing compound exocytosis. 

When chromaffin granules t h a t  have been aggregated 

Only l imited fusion can be induced by isomers 

The swelling of t h e  ves ic les  can be inhibi ted 

The regulators  of t h i s  i n  v i t r o  fusion - calcium, synexin and =-unsaturated f a t t y  

Therefore, t h i s  fusion event may 
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867 I N  VITRO RECONSTITUTION OF CHROMAFFIN GRANULE-CYTOSKELETON INTERACTIONS: CALCIUM DE- 
PENDENT F-ACTIN CROSS-LINKING BY PURIFIED CHROMAFFIN GRANULE MEMBRANES, Vel ia  M. 
Fowler and Harvey B. Pol lard.  Nat ional  I n s t i t u t e  of A r t h r i t i s ,  Metabolism and Digest ive 
Diseases,  Bethesda, Md. 20205. 

The sec re to ry  v e s i c l e s  of t h e  adrenal  medulla (chromaffin granules)  provide a u s e f u l  model 
system f o r  biochemical i n v e s t i g a t i o n  of t h e  proposal  t h a t  a c t i n  p l ays  a r o l e  i n  exocytosis .  We 
have made use of a novel app l i ca t ion  of f a l l i n g  b a l l  viscometry t o  measure a c t i n  binding by 
membranes (Fowler g G., and Luna et&., J. Ce l l  Biol. ,  i n  press) .  P u r i f i e d  chromaffin gran- 
u l e  membranes cause l a r g e  inc reases  i n  vircority and g e l a t i o n  of p u r i f i e d  r a b b i t  s k e l e t a l  mus- 
c l e  F-act in  under cond i t ions  which may approximate t h e  r e s t i n g  i n t r a c e l l u l a r  environment (pH 
6.8, 20 mM KC1, 1 mM MgC12, [Caft.lfree ca. 10'8M, 3OOC). These inc reases  i n  v i s c o s i t y  r e f l e c t  
a c t i n  binding t o  t h e  membrane s ince  F-act in  is, i n  f a c t ,  observed t o  cosediment with chromaffin 
granule  membranes under condi t ions which do not  p e l l e t  F-act in  alone. 
a c t i v i t y  of t h e  membranes is  thermolabi le  (lOO°C, 2 min) and t r y p s i n  s e n s i t i v e ,  suggest ing t h a t  
F-act in  may i n t e r a c t  with a p r o t e i n  component i n  t h e  chromaffin granule  membrane. 

The inc reases  i n  v i s c o s i t y  of F-act in  induced by t h e  membranes a r e  somewhat enhanced by in-  
c lus ion  of 1-2 mM MgC12, and a r e  g r e a t l y  diminished by inc reas ing  K C 1  concentrat ion,or  pH ov r 
t h e  oH r an  e from p H  6.0 t o  8.0. Inc reas ing  t h e  f r e e  calcium ion concentrat ion from ca. 10"M 
t o  ca,  lo-$ a t  pH 6.8 r e s u l t s  i n  a 50-90% drop i n  t h e  inc reases  i n  v i s c o s i t y  induced by t h e  
membranes over t h e  v i s c o s i t y  of F-act in .  t i o n  of t h e  i n t e r a c t i o n  of F-act in  with chrom- 
a f f i n  granule  membranes by parameters (PH ee) which a r e  thought t o  r e g u l a t e  s ec re t ion  -- i n  vivo suggests  t h a t  a c t i n  may indeed plby a r o l e  i n  exocytosis .  

The a c t i n  c ros s - l ink ing  

868 CALCIUM SPECIFIC BINDING OF SYNEXIN TO CHROMAFFIN CELL PLASMA MEMBRANE, J ane t  H. Sco t t ,  
Carl E. Creutz and Harvey B. Po l l a rd ,  Nat ional  I n s t i t u t e  of A r h t r i t i s ,  Metabolism and 
Digest ive Diseases,  Bethesda, MD 20205 

Synexin, a so lub le  calcium binding p r o t e i n  i s o l a t e d  from bovine adrenal  medullary t i s s u e ,  
binds t o  chromaffin granules  and cau8es them t o  aggregate  i n  a calcium dependent manner 
( i r e u t z  & al, 2. w. m. 253, 2858, 1978 and 254, 555, 1979). It has been proposed t h a t  
synexin may i n i t i a t e  membrane fus ion  during exocytosis  by causing chromaffin g ranu le s  t o  
become c l o s e l y  juxtaposed t o  t h e  plasma membrane. This hypothesis  p r e d i c t s  t h a t  synexin can 
bind t o  t h e  inner  aspect  of t h e  plasma membrane i n  a calcium dependent fashion.  We have 
demonstrated t h i s  point  by using chromaffin c e l l  plasma membrane i so l a t ed  on po ly lys ine  
coated polyacrylamide beads (Jacobson and Branton, Science 195, 302, 1977). Synexin was 
found t o  bind t o  plasma membrane coated beads and chromaffin granule  membrane coated beads 
but  not  t o  uncoated beads nor t o  e ry th rocy te  membrane coated beads, i n d i c a t i n g  membrane 
s p e c i f i c i t y .  The a n a l y s i s  of enzyme markers showed t h a t  t h e  binding of synexin t o  plasma mem- 
brane coated beads cannot be explained by contamination of t h e  beads with granule  membrane. 
The binding w a s  calcium dependent (Q.-2OOpM); magnesium, s t ront ium and barium were in -  
e f f e c t i v e  s u b s t i t u t e s .  Synexin binding t o  beads was s a t u r a b l e  and about h a l f  of t h e  bound 
synexin could be recovered by incubat ion i n  t h e  presence of EGTA. 
coated beads was a l s o  demonstrated by SDS polyacrylamide g e l  e l ec t rophores i s  with comparable 
r e s u l t s .  We conclude t h a t  synexin can bind s p e c i f i c a l l y  t o  t h e  inner  a spec t  of t h e  plasma 
membrane of chromaffin c e l l s  and may t h e r e f o r e  play a r o l e  i n  a t t ach ing  chromaffin granules  
t o  t h e  plasma membrane p r i o r  t o  exocytosis ,  

Synexin binding t o  membrane 

869 CHEMIOSMOTIC LYSIS OF CHROMAFFIN GRANLTLES ll VITRO AS A MODEL FOR OSMOTIC EVENTS IN 
EXOCYTOSIS IN VIVO, Chris topher  J. Pazoles ,  Carl E. Creutz and Harvey B. Po l l a rd ,  
Sect ion on Ce l l  Biology and Biochemistry, CHB,NIAMDD, NM, Bethesda, MD 20205 

S tud ie s  on seve ra l  model systems of membrane fus ion  have suggested t h a t  t h e  d r i v i n g  fo rces  

Thus, r egu la t ion  of t h e  osmotic p r o p e r t i e s  of 
f o r  fus ion  during exocytosis  may include a g rad ien t  of osmotic s t r e n g t h  ac ross  t h e  s i t e  of 
p l a s m a  membrane-vesicle membrane in t e rac t ion .  
i n t r a c e l l u l a r  compartments such as t h e  sec re to ry  v e s i c l e  may be of importance du r ing  exocyto- 
sis. We have approached t h i s  p o t e n t i a l  r egu la to ry  mechanism by examining t h e  molecular 
f e a t u r e s  of osmotic c o n t r o l  i n  adrenal  medullary chromaffin granules  (CG). 

I so l a t ed  CG could be induced t o  l y s e  and r e l e a s e  t h e i r  con ten t s  i n  an isoosmotic medium 
containing both MgATP and permeant anions such as chlor ide.  This was due t o  an inc rease  i n  CG 
osmotic content  and subsequent water  entry.  
anions r e f l e c t e d  t h e  involvement of s eve ra l  CG membrane components including a proton pumping 
ATPase and a s e l e c t i v e  anion t r a n s p o r t  s i t e .  The i r  concurrent  a c t i o n s  r e s u l t e d  i n  e lectroneu-  
t r a l ,  coupled t r a n s p o r t  of protons and anions i n t o  t h e  CG thereby e l eva t ing  t h e  CG osmotic 
content.  This  mechanism was  e lucidated by measuring t h e  e f f e c t s  of osmotic s t r eng th ,  anions,  
MgATP and i n h i b i t o r s  of anion t r a n s p o r t  on CG l y s i s ,  transmembrane e l e c t r i c a l  and pH g rad ien t s ,  
anion t r anspor t  and ATPase a c t i v i t y  i n  CG. The p o s s i b l e  r o l e  of such chemiosmotic CG proper- 
t i e s  i n  exocytosis  was supported by s t u d i e s  of s e c r e t i o n  from i s o l a t e d  adrenal  medullary 
chromaffin c e l l s .  Exocytot ic  s e c r e t i o n  of catecholamines from t h e s e  c e l l s  was dependent upon 

Regulat ion of CG osmotic content  by MgATP and 
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870 EXPRESSION OF THE MANNOSE/FUCOSE PINOCYTOSIS RECEPTOR BY PRIMARY MACROPHAGES AND 
MACROPHAGE HYBRIDS, Philip Stahl and Siamon Gordon Washington University Medical 
School, St. Louis, MO.and The Sir Wm. Dunn School of Pathology, Oxford, U.K. 

Glycoproteins terminating in D-Mannose or L-Fucose and various lysosomal glycosidases are 
recognized and internalized by pinocytosis receptors on alveolar macrophages (M0) [Stahl 
et al. (1980) Cell 19, 2071. Other primary M0 which express this trait include resident 
y95itonea1 MLb, thiogGcollate-induced peritoneal Ma and bone-marrow derived M0. Uptake of 

I-0-glucuronidase into mouse thioglycoilate-M0 is time and temperature dependent and is 
fully inhibited by yeast mannan. L-fucose-BSA or D-mannose-BSA. 5-774 and P388D 
(macrophage-like lines) were negative for binding and uptake of 1251-Mannose-BSA. Hybrids 
prepared by fusing rat alveolar mac ophages with a HAT-sensitive clone of 5-774 were 
positive for binding and uptake of "'1-Man-BSA. Several clones derived from cultures of 
mixed hybrids express uptake activity. Hybrids prepared by fusing primary macrophages 
with a non-macrophage cell line were negative for receptor activity. 

871 
Catacholamine containing secretory vesicles were partially purified from the clonal cell 
line PC12. The purification procedure consisted of gentle lysis into isoosmotic buffer, 
differential centrifugation, and sedimentation on an isoosmotic ficol gradient. At this 
stage, the vesicles have been purified twelve to fifteen fold and 50 to 70 percent of the 
catacholamines were recovered with the vesicle peak. The specific activity of the vesicles 
at this stage of purification is 250 pm of dopamine per ug protein. The vesicle fraction 
also contains ATP, and the molar ratio of dopamine to ATP is about 10. The vesicle fraction 
is clearly enriched in a number of proteins when compared to the total cell proteins on 
SDS polyacrylamide gels and thus there is the possibility that there are vesicle specific 
proteins. 

PURIFICATION OF CATACHOLAMINE CONTAINING SECRETORY GRANULES, John A. Wagner, Sidney 
Farber Cancer Institute, Boston, MA 02115 

872 INHIBITION OF ENDOCYTOSIS .IN A MACROPHAGE-LIKE CELL LINE BY GLUCOCORTICOIDS, Steven C. 
Miller and George Melnykovych, University of Kansas Medical Center, Kansas City, 
KS 66103 and Veterans Administration Medical Center, Kansas City, MO 64128 

Glucocorticoids are known to alter the lipid metabolism of a variety of cultured cells. 
Such alterations may lead to specific impairment of specialized membrane functions such 
as endocytosis. As demonstrated by others, macrophages can internalize an amount of plasma 
membrane equivalent to % 200% of their surface area per hour. Such surface active cells 
provide a model system for studying the effect of glucocorticoids on both fluid and recep- 
tor mediated endocytosis. 
that glucocorticolds inhibit the fluid-phase endocytosis of fluorescein-labeled dextran 
(FITC-dextran). Initial experiments demonstrated that the interaction of FITC-dextran 
with cells had all the features of fluid-phase uptake, i.e., the amount taken up was pro- 
portional to the concentration in the medium, the uptake proceeded continuously with time, 
and was blocked at 4-C. Dexamethasone (10-7M) had no effect on endocytosis until 11 hours 
after addition of the steroid, where it inhibited the uptake of FITC-dextran by 35%. The 
amount of inhibition increased with longer exposure times to the hormone up to 50% after 
2 2  hours. Although this effect on endocytosis was observed prior to any effect on growth 
of the cells, endocytosis as well as cell proliferation were inhibited by dexamethasone 
in a dose-dependent fashion. A preliminary survey of selected steroids has established 
that the inhibition of endocytosis was restricted to steroids of the glucocorticoid class. 
Cortisone was inactive suggesting that this cell line lacks the enzymatic ability to con- 
vert it to cortisol. 

We have used a macrophage-like cell line (P388D1) to demonstrate 
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873 
Ctr., Dallas, Texas. 
Electron microscopic investigations have shown that during phagocytosis in polymorphonuclear 
leukocytes (PMN), cytoplasmic granules (lysosomes) fuse with nascent phagosomes. Because we 
have recently identified the externally disposed lysosomal membrane proteins from rabbit PMN 
by lactoperoxidase-catalyzed iodination procedures, it became possible to determine if these 
same membrane proteins are incorporated into phagosome membranes. 
were pulsed with a paraffin oil emulsion (POE) meal for 2 min. after which the cells were 
washed from unbound, uningested POE and reincubated in buffer without POE. At various times 
after washing, aliquots of cells were removed and POE-phagosomes were isolated. These intact 
phagosomes were iodinated to label externally disposed proteins and analyzed by SDS-PAGE. The 
results showed that phagosomes prepared at t-2 min contained iodinated proteins which comigra- 
ted with lysosomal membrane proteins; and, the relative concentration of these proteins was 
found to be increased in phagosomes isolated later in the chase period. Interestingly, not 
all of the iodinatable lysosomal membrane proteins were found to have counterparts on intact 
phagosomes. This is the first biochemical evidence that lysosomal membrane proteins indeed 
become incorporated into phagosome membranes. In addition, the results suggest that there 
are fusion-induced modifications of some lysosomal membrane proteins rendering them inacces- 
sible to surface iodination. 
Supported by N.I.H. Grant GM 25661. 

TRANSFER OF LYSOSOMAL MEMBRANE PROTEINS INTO PHAGOSOME MEMBRANES, W.J. Brown. W.A. 
Shannon, Jr., 6 W.J. Snell, Univ. of Texas Health Sci. Ctr. 6 Veterans Admin. Med. 

Rabbit peritoneal PMN 

874 INCORPORATION OF SPECTRIN AND GLYCOPHORIN A INTO CULTURED HUMAN FIBRO- 
BLASTS USING CELL FUSION, I. Virtanen, V.-P. Lehto, S. Stenman and 

C.G. Gahmberg, Dept Pathol., Bacteriol., and Immunol., Univ. Helsinki, Finland 
The behaviour of the red cell membrane proteins, glycophorin A and spectrin 

was studied in indirect immunofluorescence microscopy during Sendai-virus 
induced fusion of human erythrocytes with cultured human fibroblasts. 
After the initial attachment phase of erythrocytes to fibroblasts a rapid 

diffusion of glycophorin A took place to the fibroblast cell surface and after 
24 h the fibroblasts contained glycophorin A all over the membrane. 
On the other hand, in similarly fused cells, spectrin, a cell-membrane-as- 

sociated cytoskeleton protein, found only in RBCs, behaved quite differently. 
Distinct plaque-like areas showing spectrin specific-fluorescence were seen 
in fused cells. The plaques were consistently associated with a nuclear dis- 
tortion resulting in an apparent nuclear expulsion in some cells. After 24 h 
the cells were overall positive for spectrin. 
The results show that spectrin and glycophorin behave in a distinctly dif- 

ferent manner during fusion of erythrocytes with cultured human fibroblasts. 
On the other hand, they also suggest that spectrin organization could play a 
role in the nuclear phenomena involved in mammalian erythrocyte maturation. 

875 A 140 KD GLYCOPROTEIN - A NOVEL, DETERGENT-RESISTANT CYTOSKELETON- 
Depts Pathology and Virology, Univ. Helsinki, Haartmaninkatu 3 ,  SF-00290 Hel- 
sinki 29, Finland 

treated with 0.5 % Triton X 100 to study tfle cytoskeleton-plasma mimbrane in- 
teractions of cultured human fibroblasts. This approach is based on the pro- 
perty of nonionic detergents to preserve the protein-protein bonds while most 
of the membrane proteins and -lipids are extracted and to leave the cytoskele- 
ton - intermediate filaments, microfilaments and microtubules - intact. Two 
major surface glycoproteins, a 220 kd gp and a 140 kd gp, were enriched in 
the cytoskeletal preparations and remained together with intermediate fila- 
ments in tne non-extractable residue also after disruption of microfilaments 
and microtubules. The 220 kd gp corresponds to pericellular fibronectin. The 
140 kd gp is a novel surface glycoprotein which contains fucose and is colla- 
genase- and trypsin resistant. It is hardly detectable in polyacrylamide gel 
electrophoresis if lactoperoxidase catalyzed iodination is applied as a 
membrane labeling technique. The 140 kd gp copurifies with the plasma membra- 
ne sheets in sucrose density gradient analysis of cultured fibroblasts. The 
results suggest that the 140 kd gp could serve as a transmembrane link between 
cytoskeleton and extracellular matrix. 

ASSOCIATED MEMBRANE GLYCOPROTEIN, V.-P. Lehto, T. Vartio and 1.Virtanen 

or metaperiodate/NaB3H ) cells were Surface labeled (galactose oxidase/NaB3H 
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