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Cellular Parameters of Malignancy 

THE IN VITRO TUMORIGENIC SYNDROME, Robert Pollack, 
Department of Biological Sciences, Columbia University, N.Y. ,N.Y.10027 

What is the mechanism of in vitro transformation? Why does a cell become 
a tumor? 
lies the chance to understand this disease. The in vitro transformations 
that are separately correlated with tumorigenicity form a subset of 
physiological, genetic and biochemical events, each linked to the other to 
form a syndrome. The linkages imply a common mechanism, and that, in turn 
implies that their normal counterparts share in a common mechanism to 
maintain normal growth control. 

the syndrome includes increased production of the protease plasminogen 
activator, acquisition of the ability to grow without anchorage, reordering 
of the actin-containing cytoskeleton, and of course, cellular tumorigenicity. 

We will discuss current work on the roles of promotors and viral genes 

These are certasl- identical questions, but in their overlap 

For early passage rodent fibroblasts transformed by Papova viruses, 

in initiation and maintenance of this syndrome, and on the mechanism underly- 
ing it. 

406 KINETIC AND BIOCHEMICAL PROPERTIES OF NOW& AND TRANSFORMED CELLS, 
Arthur B. Pardee,  P e t e r  W. Rossow, and Veronica G. H. R iddle ,  Sidney Farber  Cancer 
I n s t i t u t e  and Department of  Pharmacology, Harvard Medical School, Boston, HA 02115. 

The f i r s t  p a r t  of t h i s  t a l k  w i l l  p r e sen t  biochemical and k i n e t i c  evidence sugges t ing  t h a t  
cu l tu red  f i b r o b l a s t s  emerging f r w  the  qu ie scen t  state a r e  q u i t e  d i f f e r e n t  from exponent ia l ly  
growing c e l l s  e n t e r i n g  the  cyc le  fo l lowing  c e l l  d iv i s ion .  Severa l  i n h i b i t o r s  t h a t  do n o t  
a f f e c t  cyc l ing  c e l l s  b lock  G c e l l s  from reaching  S phase (DNA s y n t h e s i s ) .  Biochemical d i f -  
fe rences  inc lude  p r o t e i n  phogphorylation p a t t e r n s  and s p e c i f i c  p r o t e i n s  t h a t  are synthes ized  
r ap id ly  fo l lowing  growth s t i m u l a t i o n  of G c e l l s  b u t  t h a t  do n o t  show pe r iod ic  syn thes i s  i n  
exponent ia l  c e l l s  t r a n s i t i n g  G . There a!e a l s o  morphological d i f f e rences  inc lud ing  c i l i a -  
t i o n  of  c e n t r i o l e s .  
events  t o  r e t u r n  them t o  cyc le ;  e .g .  ,Owe d iv ide  the  r e t u r n  pathway of qu ie scen t  c e l l s  i n t o  
two s t a g e s ,  G t o  G , followed by G t o  S. 

t o  g r m t h .  Normal c e l l s  become s e n s i t i v e  t o  the dep le t ion  of growth f a c t o r s  about  2 h r  be- 
f o r e  S ( the  r e s t r i c t i o n  p o i n t ) .  This t i m e  remains r e l a t i v e l y  cans t an t  when ce l l  growth is 
slowed by the  presence  of low l e v e l s  of cycloheximide. Thus t h e  e longa t ion  of the  genera t ion  
time occurs p r i o r  t o  the  r e s t r i c t i o n  p o i n t .  Cel ls  transformed by d i f f e r e n t  agents  a r e  a f -  
f ec t ed  d i f f e r e n t l y  by lm serum c m c e n t r a t i o n s  and var ious  drugs t h a t  a f f e c t  c e l l  g r m t h .  
The g r m t h  f a c t o r  requirements of many of t h e s e  transformed l i n e s  are a l s o  q u i t e  d i f f e r e n t  
f r a n  m e  ano the r ,  i n  some cases  t h e  l i n e s  having  l o s t  nea r ly  all of the  f a c t o r  requirements 
of normal c e l l s  and i n  o the r s  having l o s t  only a few. We conclude from these  experiments 
t h a t  t he  " t ransformat ion"  and the  s p e c i f i c  r e t e n t i o n  of  some degree of growth c o n t r o l  does 
no t  have meaning unless  a t  the  very l ea s t ,  the  transforming agent i s  s p e c i f i e d .  I n  pa r t i cu -  
l a r ,  t r ans fo rna t ion  by DNA tumor v i ruses  such as polyoma and SV40 is  of an extreme S o r t  wi th  
abol i shed  g r m t h  con t ro l  and few growth f a c t o r  requirements.  I n  c o n t r a s t ,  t ransformat ion  
wi th  RNA v i r u s e s  and chemicals gene ra l ly  has  much l e s s  d r a s t i c  consequences. 

We concei4e of G c e l l s  a s  be ing  out  of c y c l e ,  and r equ i r ing  e x t r a  

The second'part hf t he  t a l k  wi l l ' dea l  wi th  the  response of cells  t o  cond i t ions  suboptimal 
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407 CONTROL OF CELL DIVISION BY CELL TO CELL CONTACT, L. Glaser, M. Lieberman, D. Raben, 
J. Sa lze r ,  B.  Whittenberger,  and R .  Bunge, Departments of Biological  Chemistry and 

Anatomy and Neurobiology, Divis ion of Biology and Biomedical Sciences,  Washington Universi ty  
School of Medicine, S t .  Louis, MO 63110. 

We have inves t iga t ed  con tac t  i n h i b i t i o n  of 3T3 c e l l s  by examining t h e  i n h i b i t i o n  of 
growth of spa r se  3T3 c e l l s  by a plasma membrane enriched f r a c t i o n  obtained from confluent  3T3 
c e l l s .  The i n h i b i t i o n  of growth by plasma membranes is r e v e r s i b l e  by t r y p s i n i z a t i o n ,  and is 
not t h e  r e s u l t  of a dep le t ion  of growth f a c t o r s  from t h e  medium. Membranes a t  s a t u r a t i o n  
a r r e s t  about 50% of t h e  c e l l s  a t  each generat ion e a r l y  i n  t h e  GI por t ion  of t h e  c e l l  cyc le .  
The i n h i b i t i o n  of c e l l  growth by membranes i s  competi t ive with high serum concentrat ion o r  by 
the  add i t ion  of def ined mitogens such a5  FGF and dexamethasone. The i n h i b i t o r y  components 
present  in membrane f r a c t i o n s  are destroyed by hea t ing  a t  60". lz51-labeled membranes bind 
t o  3T3 c e l l s ,  bu t  hea t  i nac t iva t ed  membranes f a i l  t o  bind. C e l l s  whose growth has been in- 
h ib i t ed  by a d d i t i o n  of membranes show a decreased r a t e  of a-amino i sobu ty r i c  t r anspor t ,  but  
normal r a t e s  of glucose and phosphate t r anspor t .  The i n h i b i t o r y  components present  i n  mem- 
branes can be ex t r ac t ed  with o c t y l  glucoside and remain a c t i v e  a f t e r  removal of t h e  de t e rgen t  
by d i a l y s i s .  

Schwann c e l l s  from d o r s a l  root gangl ia  (Wood, Brain Research 115, (1976) 361-375) remain 
quiescent  u n l e s s  i n  con tac t  with axons from d o r s a l  r o o t  gangl ia .  A membrane v e s i c l e  f r a c t i o n  
prepared from such n e u r i t e s  is mitogenic from Schwann c e l l s .  The membrane component is 
t ryps in  and hea t  s e n s i t i v e ,  appears  t o  be located on t h e  e x t e r n a l  su r f ace  of t h e  n e u r i t e  
membrane, and i s  not  present  i n  the  so lub le  f r a c t i o n  of t he  neu r i t e s .  

The general  conclusion from these  experiments is t h a t  both homologous (3T3) and hetero- 
logous (Schwann ce l l -neu r i t e )  c e l l  con tac t  can a c t  t o  s t imu la t e  or i n h i b i t  c e l l  growth, by 
mechanisms t h a t  could be a t  l e a s t  s u p e r f i c i a l l y  considered analogous t o  the  i n t e r a c t i o n  of a 
hormone with t h e  c e l l  su r f ace .  (Supported by Grants CM 18403, NS 009923, BM 77-15972 from 
NSF) 

408 THE APPEARANCE I N  CONFLUENT VASCULAR AND CORNEAL ENDOTHELIAL CELL MONOLAYERS OF A 
SPECIFIC CELL SURFACE PROTEIN (CSP-60) NOT PRESENT I N  ACTIVELY GROWING ENDOTHE- 
LIAL CELLS OR I N  CELL 'LYPES GR WING I N  MULTIPLE LAYERS, D e p  J. Gospodarowicr*, 

Israel V odavsky*. and Laurin K. Johnson A Cancer Research I n s t i t u t e  , Endocrine Research 
Divis ion , and t h e  Department of Medicine , Universi ty  of Ca l i fo rn ia  San Francisco,  
San Francisco,  Ca.  94143. 
The formation of a highly organized vascular  and corneal  endo the l i a l  c e l l  monolayer is 
assoc ia t ed  with t h e  appearance of a 60K molecular weight c e l l  su r f ace  p ro te in  (CSP-60) 
which, when reduced, g ives  r i s e  t o  a 30K component. This major c e l l  su r f ace  p ro te in  i s  
not  d e t e c t a b l e  i n  e i t h e r  r ap id ly  growing endo the l i a l  c e l l  c u l t u r e s  seeded a t  l o w  dens i ty  
o r  i n  subconfluent c u l t u r e s  which do not yet  exh ib i t  the s t r i c t  pavement-like morphology 
of a confluent  monolayer composed of c lose ly  apposed cuboidal c e l l s .  It is a l s o  absent  
in vascu la r  smooth muscle c e l l s ,  which grow i n  m l t i p l e  l aye r s  a t  confluence.  as w e l l  as 
from endo the l i a l  c u l t u r e s  t h a t  were maintained i n  t h e  absence of f i b r o b l a s t  growth f a c t o r  
and which grow on top of each o the r  a t  confluence.  After  d i s rup t ion  of a confluent  endo- 
t h e l i a l  c e l l  monolayer, CSP-60 i s  no longer exposed on the  c e l l  su r f ace ,  but it reappears 
as soon as the  cells readopt t h e i r  c h a r a c t e r i s t i c  highly f l a t t e n e d  and two-dimensional 
organizat ion.  There is no c o r r e l a t i o n  between t h e  appearance of f ib ronec t in  and the  fo r -  
mation of a confluent  endo the l i a l  c e l l  monolayer, s ince such a configurat ion is  r ead i ly  
adopted i n  t h e  absence of f i b r o n e c t i n  a f t e r  i t 8  p a r t i a l  o r  complete removal from the  c e l l s  
by urea,  EDTA, o r  t rypsin.  Maximal amounts of f i b ronec t in  and no CSP-60 a r e  de t ec t ed  i n  
subconfluent.  but  no t  y e t  organized endo the l i a l  c u l t u r e s  or in endo the l i a l  c e l l s  t h a t  no 
longer  form a monolayer of non-overlapping c e l l s  a t  confluence. Likewise, c u l t u r e s  of 
vascu la r  smooth muscle c e l l s  which a t  confluence grow i n  mul t ip l e  l a y e r s  con ta in  f ibronec-  
t i n  but no CSP-60. 
c u l t u r e s  t h a t  were pooled and reseeded a t  a high dens i ty  resemble subconfluent c u l t u r e s  
i n  having an unorganized morphology. 
l a r g e  amounts of c e l l u l a r  f i b r o n e c t i n  and the  complete absence of CSP-60. 
suggest  t h a t  CSP-60 is only present  i n  c e l l s  which adopt t h e  conf igu ra t ion  of a two-dimen- 
s i o n a l  monolayer of f l a t t e n e d  and c l o s e l y  apposed c e l l s .  

8 t 

Actively growing vascular  endo the l i a l  c e l l s  der ived from low dens i ty  

This morphology is c o r r e l a t i v e  with t h e  presence of 
These r e s u l t s  
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409 BIOLOGICAL EFFECTS OF TUMOR PROMOTERS MAY BE MEDIATED BY ALTERATIONS IN THE 
STRUCTURE AND FUNCTION OF CELL MEMBRANES, 1.B. Weinstein, L.S. Lee, R.A. Mufson, 
H. Yamasaki, and P .  Fisher, Columbia University, New York, New York, 10032. 

The potent tumor promoter 12-0-tetradecanoyl phorbol-13-acetate (TPA), and related compounds, 
elicit four unusual biologic properties in cell culture: 1) mimicry of transformation in 
normal cells, 7 )  enhanced expression of markers of transformation in tumor cells, 3 )  inhibi- 
tion of terminal differentiation, and 4 )  enhancement of carcinogen or virus initiated cell 
transformation. In various types of cell cultures these effects are associated with the 
following changes in cell surface properties and membranes: 
increased transport of 2-deoxyglucose, increased release of arachidonic acif2$nd prostaglan- 
dins, altered cell surface glycoproteins, and inhibition o f  the binding of 
growth factor to its cell surface receptors. 
ester analogs, and the effects of various inhibitors suggest that the pleiotropic effects of 
the phorbol ester tumor promoters are a result of their capacity to induce a rather general- 
ized perturbation in cell membrane structure and function. 

altered morphology and adhesion, 

I-epidermal 
Time course studies, the effects of phorbol 

410 SELECTION AND PROPERTIES OF TUMOR CELL LINES W I ~  ALTERED METASTATIC POTENTIALS. 
G a r t h  L. N i c o l s o n ,  Depa r tmen t  o f  Deve lopmen ta l  a n d  Cell B i o l o g y ,  U n i v e r s i t y  of 
C a l i f o r n i a ,  I r v i n e ,  C a l i f o r n i a  92717.  

Animal tumor mcels for s t u d y i n g  b lood-borne  metastasis h a v e  b e e n  d e v e l o p e d  b y  i n  v i t ro  c l o n -  
i n g  o f  m a l i g n a n t  tumor c e l l  l i n e s  or i n  vivo s e l e c t i o n  o f  m a l i g n a n t  c e l l  p o p u l a t i o n s  t o  o b t a i n  
d i s t i n c t  organ p r e f e r r i n g  tumor cel l  l i n e s  w i t h  al tered m e t a s t a t i c  colonization p o t e n t i a l s  
(G.L. N i c o l s o n ,  BIOSCIENCE 28:441-447,  1 9 7 8 ) .  S e l e c t i o n  schemes  and ce l l  s u r f a c e  p r o p e r t i e s  o f  
lung- ( I . J .  F i d l e r ,  NATURE NEW BIOL. 242:148-149,  1973) b r a i n -  (K.W. Brunson ,  G. B e a t t i e  and 
G.L. N i c o l s o n ,  NATURE 272:543-545,  1978)  a n d  o v a r y - c o l o n i z i n g  (G.L. N i c o l s o n ,  K.W. Brunson  a n d  
I.J. F i d l e r ,  CANCER RES. 38:4105-4111, 1978)  metastatic 816 melanoma, l i v e r - c o l o n i z i n g  RAW117 
lymphosarcoma (K.W. Brunson  and G.L. N i c o l s o n ,  J. NATL. CANCER INST., i n  p r e s s ,  12/78 i s s u e )  
and  l u n g - c o l o n i z i n g  MSV3T3 vasoformative s a r c o m a  (G.L. N i c o l s o n ,  K.w. B runson  a n d  I.J. F i d l e r ,  
CANCER RES. 38:4105-4111,  1978)  var iant  l i n e s  w i l l  be d i s c u s s e d .  C loned  s u b p o p u l a t i o n s  f r o m  
u n s e l e c t e d  p a r e n t a l  a n d  i n  vivo s e l e c t e d  v a r i a n t  l i n e s  h a v e  b e e n  u s e d  t o  c o n f i r m  t h a t  s p e c i f i c  
ce l l  s u r f a c e  m o d i f i c a t i o n s  are related t o  t h e  h i g h  metastatic p h e n o t y p e  (G.L. N i c o l s o n ,  K.W. 
Brunson a n d  I.J. F i d l e r ,  CANCER RES. 38:4105-4111,  1 9 7 8 ;  G.L. N i c o l s o n  e t  a l . ,  i n  CELL AND 
TISSUE INTERACTIONS, pp. 225-241, Raven P r e s s ,  N e w  York,  1977 ;  G.L. N i c o l s o n ,  i n  BIOLOGICAL 
MARKERS I N  NEOPLASIA: BASIC AND APPLIED ASPECTS, pp. 227-239,  Nor th -Hol l and  P u b l i s h i n g  Co . ,  
New York, 1 9 7 8 ) .  

A d d i t i o n a l  i n f o r m a t i o n  on m e t a s t a t i c  melanoma l i n e s  selected f o r  o r g a n  s p e c i f i c i t y  (K.W. Brun-  
son and G.L. N i c o l s o n )  , m a l i g n a n t  lymphosarcoma s e l e c t e d  for non-adhe rence  t o  i m m o b i l i z e d  
l e c t i n s  (C.L. Read ing ,  P.N. B e l l o n i  and G.L. N i c o l s o n ) ,  malignant mammary a d e n o c a r c i n o m a  
s e l e c t e d  for lymph node  and l u n g  metastasis (A.  Neri, E. R u o s l a h t i  and G.L. N i c o l s o n )  a n d  
the i n t e r a c t i o n  o f  malignant tumor c e l l  l ines  w i t h  v a s c u l a r  e n d o t h e l i a l  ce l l s  (R.H. Kramer a n d  
G.L. N i c o l s o n )  w i l l  be p r e s e n t e d  i n  t h e  abstract s e s s i o n s .  

S u p p o r t e d  b y  NCI c o n t r a c t  N01-'374153, NCI g r a n t s  RO1-CA-15122 a n d  RO1-CAZ2950 and ACS grant 
BC-211A. 
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I n  c l i n i c a l  cancer i t  i s  the  process o f  metastasis,  t he  fo rmat ion  o f  secondary tumor f o c i  a t  
d i s t a n t  s i t e s ,  t h a t  even tua l l y  de fea ts  the rapeu t i c  e f f o r t s .  The development o f  a metas tas is  
i s  dependent on an i n t e r p l a y  between i n t r i n s i c  c h a r a c t e r i s t i c s  o f  ma l ignant  tumor c e l l s  and 
hos t  f a c t o r s .  The process o f  metas tas is  i s  h i g h l y  s e l e c t i v e  and the  me tas ta t i c  l e s i o n  
represents  the  end p o i n t  o f  many d e s t r u c t i v e  events t h a t  o n l y  a few c e l l s  can surv ive .  
Neoplasms, which a re  predominant ly heterogeneous, con ta in  a v a r i e t y  o f  subpopulat ions o f  
c e l l s  w i t h  d i f f e r i n g  me tas ta t i c  p o t e n t i a l .  Furthermore, me tas ta t i c  c e l l  v a r i a n t s  have been 
shown t o  p r e e x i s t  i n  murine neoplasms o f  o l d  and recen t  o r i g i n .  Tumor c e l l  v a r i a n t s  w i t h  
d i f f e r i n g  mal ignant  phenotypes se lec ted  i n  a v a r i e t y  o f  tumor systems cou ld  be use fu l  t o o l s  
f o r  answering ques t ions  regard ing  the  b io logy  o f  metas tas is  and i n  p a r t i c u l a r  f o r  t e s t i n g  
new the rapeu t i c  approaches t o  cancer. The poss ib le  ex is tence o f  h i g h l y  me tas ta t i c  v a r i a n t  
c e l l s  w i t h i n  a p r imary  tumor suggests t h a t  we no longer  should cons ider  a neoplasm t o  be a 
un i fo rm e n t i t y .  E f f o r t s  t o  develop e f f e c t i v e  the rapeu t i c  agents and procedures aga ins t  
ma l ignant  tumors should be d i r e c t e d  toward the  f a t a l  me tas ta t i c  subpopulat ions of c e l l s .  
(Research supported by the  Na t iona l  Cancer I n s t i t u t e  (NCI) under Cont rac t  No. N01-CO-75380 
w i t h  L i t t o n  B ione t i cs ,  Inc.)  

TUMOR HETEROGENEITY FOR INVASION AND METASTASIS, I s a i a h  J. F i d l e r ,  Cancer B io logy  
Program, NCI-Freder ick Cancer Research Center, F reder ick ,  Maryland 21701. 

TUMOR CELL VARIANTS WITH ENHANCED INVASIVE AND METASTATIC 
PROPERTIES, George Poste, Department of Exp. Pathology, Roswell Park Memorial 412 

Institute, Buffalo, NY 14263. 

There is increasing evidence that metastases are caused by subpopulations of tumor cells 
endowed with specific phenotypic characteristics which enable them to successfully invade 
surrounding host tissues, penetrate into the lymphatics and/or the vascular system, survive 
dissemination within the host circulation, successfully arrest in organs distant from the 
primary tumor, undergo extravasation into the surrounding tissues and proliferate to form 
clinical metastases and, at each of these stages, survive assault by the defense mechanisms 
of the host. Recognition that not all cells in a malignant primary tumor possess the proper- 
ties needed to complete all of these steps in the metastatic process has major implications 
for the choice and design of experimental systems for the study of metastasis. Studies on 
unselected heterogenous tumor cell populations isolated from primary lesions may offer 
little insight into the properties needed for a cell to successfully metastasize. Analysis 
of the malignant phenotype therefore requires isolation and characterization of those sub- 
populations of malignant cells which are endowed with the full complement of properties 
required for metastatic behavior. In addition to their demonstrated capacity to cause 
spontaneous and/or experimental metastases in vivo, it is of considerable value if the 
metastatic tumor cell subpopulations chosen for experiments can also be cultivated in vitro 
so that their morphological, biochemical and immunologic properties can be characterized 
in detail. 

Current techniques for the isolation and characterization of cloned tumor cell populations 
with enhanced invasive and/or metastatic properties will be discussed and the suitability of 
existing models for the study of metastasis will be critically reviewed. Experimental data 
on the properties of cloned tumor cell variants with enhanced invasive and/or metastatic 
properties isolated from avian and mamalian tumors isolated in the authors laboratory will 
be presented. 
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Until recently 
substrata and, although we do not yet know how cells move under these conditions, we now 
have some good ideas, based on an expanding array of fact. 
understand how cells move in vitro this may not tell us how they move in vivo, where the 
cellular environment is often three-dimensional and where adhesion is entirely to other 
cells or to extracellular materials. It seems clear, therefore, that if we are to learn 
how cells engage in Iocormtion within organisms they must be Studied there. There have 
been a number of investigations of cell locomotion in vivo recently and, although all 
must be regarded as preliminary, considerable information has been gained. Cells Surely 
possess the same iocomotory machinery in v i m  as they do in vitro, such as an adhesive 
fluid cell surface, a cortical system of contractile mlcrofilaments, and structural elements 
such as microtubules; however, they appear to use this machinery in quantitatively different 
ways when confronted with their normal tissue environment. 
of spreading iamellipodia which adhere at discrete loci or plaques, like cells on a planar 
substratum in culture, their predominant modes of movement appear to involve either the 
contraction of long adhering filopodia, which pull the cell along, or extensive cytoplasmic 
flow into blebs or lobopodia. These different modes of movement nay well depend on the 
three-dimensional extracellular matrix through whicn cells move in vivo, and this can De 
tested in part by culturing cells in collagen gels. Such a dual approach, observing the 
same cells in vivo where they show normal locorntory behavior, and in vitro, where the 
environment can be controlled and various cell components can be JabeJed and where the 
optical conditions are Ideal, is precisely the approach that is necessary, i f  we are one 
day to understand the normal mechanism of tissue cell movement, and, with this, how Cells 
move directionally during morphogenesis and invasiveiy during the spread of cancer. 
Supported by N I H  Grant (CA 22451) .  

INVASIVE CELL MOVEMENTS IN VlTRO AND IN  VIVO. 
Yale University, New Haven, CT 06520. 

J.P. Trinkaus, Department of eiology, 
the locormtion of tissue cells has been studied mainly in vitro on planar 

Yet, even when we come to 

Although they may move by means 
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414 SURFACE PROTEINS AND THE TRANSFORMED PHENOTYPE, Richard 0. Hynes and Toni Destree, 
Department of Biology. Center for Cancer Research. M.I.T., Cambridge, MA 02139 

Tfie absence or reduction in amunt of fibronectin at the surface of transformed cells is 
a fairly reproducible correlate of oncogenic transformation. 
transfomed cells causes restoration of some normal properties, in particular, increased 
adhesion, flattened mrphology, reduced overlapping and alignment of cells, and reappearance 
of organized microfilament bundles. 
effects of fibronectin on cell-substratum adhesion. 
is that reductions in levels of fibronectin lead to reduced adhesion and thus to pleiotropic 
alterations in behavior. 

We have been investigating the molecular basis for the effects of fibronectin on cells. 
Fibronectin interacts with Proteoglycans (Perkins et al, this meeting). The arrangement of 
fibronectin is also related to that of actin, as observed by double label immunofluores- 
cence. The patterns of correspondence between exterior fibronectin and internal micro- 
filament bundles suggest that the two are connected across the membrane and that fibro- 
nectin is a constituent of the adhesion plaques by which cells attach to the substratum. 
This arrangement 1s consistent with the effects of fibronectin both on cell adhesion and 
on the cytoskeleton. 

Readdition of fibronectin to 

It seems likely that many of these alterations reflect 
The corollary of this hypothesis 
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415 STRUCTURE AND FUNCTION OF THE FIBRONECTINS, Kenneth M. Yamada, Liang-Hsien E. Hahn, 
and Kenneth Olden, Laboratory of Molecular Biology, National Cancer Institute, 
Bethesda, HD 20014 

The fibronectins are high molecular weight adhesive glycoproteins present on the cell surface 
and circulating in blood. 
after malignant transformation, due to both decreased biosynthesis and increased turnover 
(1-3), 
and man reveal identical biological activities in cell attachment to collagen and in cell 
spreading. 
morphology to transformed fibroblasts than plasma fibronectin, and it is over 150-fold 
more effective as a hemagglutinin. 
panied by structural differences as revealed by elpctrophoresis in comparisons of cellular 
fibronectins from cell surfaces or culture medium and plasma fibronectin (4). 

isolate active fragments of the fibronectin molecule. Biologically active fragments have 
been isolated from cellular and plasma fibronectins, including a common 40,000 dalton 
chymotryptic fragment that contains the collagen-binding site. Isolation, purification, 
and characterization of these fragments have provided means to analyze adhesive interactions 
defective in transformed cells in terms of specific active sites on fibronectin, as well 
as permitting detailed, direct chemical comparisons of cellular and plasma fibronectins. 

Finally, the role of carbohydrates in the function of fibronectin has been analyzed 
utilizing the drug tunicamycin to inhibit glycosylation. Non-glycosylated fibronectin 
is not significantly less active than normal fibronectin in several biological assays 
including hemaglutination and capacity to restore a more normal morphology and alignment 
to transformed fibroblasts. However, the absence of carbohydrate does result in a sub- 
stantially greater susceptibility to proteolytic degradation both in vivo and in vitro. 
These and earlier results (5) indicate that the carbohydrate moiety of fibronectin is not 
required for its synthesis, secretion, or biological function, but instead helps to protect 
the protein against proteolytic attack. 

1. Yamada, K.M., and Olden, K. Nature 275: 179-184 (1978). 
2. Vaheri, A,, and Mosher, D.F. BiochicBiophys. Acta 516: 1-25 (1978). 
3 .  Hynes, R.O. Biochim. Biophys. Acta 458: 73-107 (1976). 
4. Yamada, K.M., and Kennedy, D . W .  1 .  Cell Biol. (in press). 
5. Olden, K., Pratt, R.M., and Yamada, K.M. Cell 2: 461-473 (1978). 

The cellular form (also known as CSP or LETS) is often decreased 

Direct comparisons of purified cell surface and plasma fibronectins from chicken 

However, cellular fibronectin is  50-fold more active in restoring a more normal 

These differences in biological activity are accom- 

A second approach to determining the mechanism of action of the fibronectins is to 

416 POSSIBLE ROLES OF FIBRONECTIN IN MALIGNANCY, Lan Bo Chen, Ian Summerhayes, Rosalind 
Segal, Joyce Jen, Marcia L. Walsh, Philip Hsieh and Selma Silagi, Sidney Farber 
Cancer Institute, Harvard Medical School, Boston, MA 02115 and Cornell Medical 

Center, NY, NY 10021. 
Our first phase of work on the possible role of fibronectin i n  malignancy was to establish 
whether the fibronectin negative transformed cells have a higher probability of inducing tu- 
mors in animals. By first approximation one can generally state that the loss of fibronectin 
as assayed by the culture method is indeed a high probability event ( 70%) for tumorigenic 
cells. If fibronectin really is involved i n  the determination of oncogenic potential, one 
has to ascertain why there are significant numbers of tumorigenic cells expressing more than 
the expected amount of fibronectin i n  culture. Therefore, our second phase of work i s  to 
concentrate on those fibronectin positive tumorigenic cells. We ask whether passaging cells _- i n  vivo can lead to the selection of cells with increasing tumorigenicity yet decreasing 
fibronectin expression in culture. Indeed, we observed such a phenomenon in hamster cells 
transformed by Herpes simplex virus (Type 2). Unfortunately, we have been unable to extend 
this observation to other fibronectin positive tumorigenic cells. We then hypothesized that, 
perhaps fibronectin has nothing to do with solid tumor induction but merely influences the 
escaping probability of tumor cells from primary tumor. We observed an almost perfect corre- 
lation between the loss of fibronectin and increase i n  metastasis until we found that certain 
highly metastatic mouse melanoma cells are, i n  fact. fibronectin-abundant in culture. As a 
last resort, we finally assayed fibronectin in situ i n  frozen sections of tumors by imuno- 
fluorescence. The result of these studies show that the expression of fibronectin in cultur- 
ed tumor cells do not correlate with the expression of fibronectin i n  tumors induced by in- 
jection of the same cells. 
press fibronectin in tumors i n  situ. 
express fibronectin i n  tumors i n  situ. 
nectin-abundant tumor cells, vith few exceptions, express little or negligible amounts of 
fibronectin in tumors i n  situ. In contrast, an abundant amount of fibronectin was detected 
i n  the connective tissue of various organs, blood vessel walls, and muscles. It is possible 
that the factors controlling the expression and fibrillogenesis of fibronectin may be dif- 
ferent in vivo and i n  culture. 
in-cultze-fronectin-abundant tumor cells (mostly in fibroblastic shape) may assume a total- 
ly different cell configuration i n  vivo which discourages fibronectin assembly. 

None of the in-culture-fibronectin-abundant melanoma cells ex- 
Also, none of the metastatic tumor lines tested so far 
Moreover, even those nometastatic in-culture-fibro- 

Since cell shape plays a vital role in fibronectin assembly 
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EXPRESSION OF YALIGNANT PROGFESSION IN CULTURED HUMXV EPITHELIAL 
CELLS, Helene S. Smith, Adeline J. Hackett, E. Louise Springer, 417 

Peralta Cancer Research Institute, Lawrence Berkeley Laboratory, Berkeley, CA; 
John L. Riggs, State Department of Eealth, Berkeley, CA and Michael W. Moses- 
son, Department of Medicine, SUNY, Brooklyn, N.Y. 
We have approached the problem of determining which in vitro parameters corre- 
late with various stages of human malignancy by characterizing epithelial cell 
lines developed from nonmalignant human tissues, primary and metastatic carcin- 
omas. All of the lines derived from metastatic lesions were distinctive in 
that they had little or no fibronectin in an extracellular matrix, while the 
lines derived from primary carcinomas and from nonmalignant tissues all pro- 
duced fibronectin matrices of varying morphologies. In contrast, using trans- 
mission electron nicroscopy to define various aspects of nuclear ultrastruc- 
ture, the lines derived from primary and metastatic specimens were identical 
albeit readily distinguishable from the nonmalignant lines. Carcinoma biop- 
sies had ultrastructural markers similar to those found in the tumor derived 
cell lines suggesting that these markers were not artifacts of culturing. 
Other parameters known to correlate with transformation in murine systems, 
such as growth without anchorage, on contact inhibited monolayers, or in 
immunosuppressed mice were expressed by some but not all of the malignant 
lines. In most, but not all cases, lines derived from metastatic lesions 
tended to have more abnormal properties than those derived from primary carcin- 
omas. Since the tumor derived lines did not consistently display these para- 
meters, it is likely that the properties do not represent changes essential to 
the malignant state. However, the nonmalignant lines were all negative sug- 
gesting that the markers are somehow related to malignancy even if not essen- 
tial. The fact that each tumor line had a unique combination of abnormal pro- 
perties, suggests that there may be many different ways that cells become 
malignant. If various in vitro transformation systems each describe a valid 
pathway for a normal ceii -come malignant, one might expect that the pro- 
perties correlating with neoplasia could differ depending on the system 
studied. 

418 
Brooklyn, New York 11203. 
Chick embryo fibroblasts transformed by Rous sarcoma virus (RSVCEF) produce enhanced levels 
of the serine protease plasminogen activator (PA). Treatment of RSVCEF cultures with the 
tumor promoter, phorbol myristic acetate (PMA), further enhances (8-12 fold) the production 
of  FA in already transformed cells. The net result is a 500-1000 fold increase in PA over 
untreated, normal CEF. Concomitant with the enhanced synthesis and secretion of PA, 
pronounced morphological changes occur in cultures under serum-free conditions. The PMA- 
created cultures undergo cellular elongation, increased cell to cell adhesion, formation of 
star-like networks of cells and the eventual formation of clustered colonies composed of 
hundreds of cells. These morphological changes occur even when the cells are grown in 
plasminogen-free serum prior to the serum-free condition. 
were tested for-Jheir effect on-5he PMA-induced morphologi a1 changes, DFP (2x10 M), 
leupeptin (5x10 M), NPGB (1x10 M) and benzamidine (lxlO-’M) were among the compounds that 
prevented the formation of cell cluster and colonial aggregates. Trasylol (10-100 
Units/ml). amino caproic acid (lxlO-’M) and soybean trypsin inhibitor (1-10 ugmlml), all 
inhibitors of plasmin, were ineffective. A large number of other protease inhibitors were 
tested and also shown to be ineffective in preventing the morphological changes. The 
former compounds, which prevented morphological changes, were shown to be inhibitors of 
plasminogen activator by a direct fluorometric assay of the enzyme. 

employment of ’H-DFP to identify and characterize serfne proteases indicate that PA itself 
is directly involved in altering the morphology of the PMA-treated transformed cells. The 
studies suggest that PA catalytically alters a cellular or extracellular substrare. This 
finding represents a new catalytic function f o r  PA, independent of plasminogen, heretofore 
its only known substrate. 

PLASMINOGEN ACTIVATOR AND ITS DIRECT EFFECT ON THE CELL SURFACE, James P. Quigley, 
Department of Microbiology and Immunology, SUNY, Downstate Medical Center, 

A series of protease inhibitors 

Use of the direct assay for PA t o  determine K ‘ s  for the protease inhibitors and 
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419 
The asparagine-linked oliqosaccharides of mature glycoproteins have a wide variety of 
structures, most of which can be assigned to two general families: the high-mannose class 
and the complex class. Both types contain ManjGlcNAc2 as a central core: the high mannose 
type contains additional mannose residues, and the complex type contains other sugars 
(galactose, fucose, and sialic acid). During the last year evidence has accumulated that 
both high-mannose and complex asparagine-linked oligosaccharides arise from a comon pre- 
cursor, identified as a lipid-linked oligosaccharide with the structure 

CELL SURFACE GLYCOPROTEIN SYNTHESIS AND PROCESSING, Phillips W. Robbins, Center for 
Cancer Research, Massachusetts Institute of Technology, Cambridge, Mass. 02139 

Man -Man ' Man-GlcNAc-GlcNAc-PP-lipid 
/ Glc-Glc-Glc-Man-Man-Man 

This species appears to be ubiquitous; it has been detected in 3T3 and Nil-8 cells, in 
Chinese hamster ovary cells, in human diploid fibroblasts, and in normal, Sindbis virus- 
infected, and vesicular stomatitis virus-infected chick embryo cells. 

Pulse-chase techniques, glycosidasedigestion, and high-resolution gel filtration 
chromatography have been used to elucidate the early stages in the sequence of events 
("processing") by which the lipid-linked MangGlc3GlcNAc2 species is converted to mature 
high-mannose and complex protein-linked oligosaccharides in chick embryo cells. The 
MangGlc3GlcNAc~ oligosaccharide is rapidly built up on the lipid carrier, then transferred 
-- en bloc to nascent polypeptide acceptors. 
quickly ( <.2 min for isotopic equilibrium during pulse labelling with 3H-mannose) that this, 
too, may be a nascent event. The second glucose residue is removed more slowly (5-10 min), 
and the third still more slowly (z. 30 min). 
is the sequential excision of mannose residues begun. A family of smaller mannose- 
containing protein-linked oligosaccharides is generated, the smallest of which appears to 
be MangGlcNAc2. 
oligosaccharides ~ 

The terminal glucose residue is removed so 

Only after all glucose residues are removed 

It is probable that this species is the precursor of mature complex 

420 GLYrnPID SYNTHESIS IN CNaXEmsIS AND cxmxEmsIS AND M3DIFIWICN OF 
C " T C  pR)(IEss BY ANTI-GLYCDLIPID ANT1BIX)IFS 

Sen-itiroh Hakarpri, Bi-cal Cncolcqy, Fed Hutchinson Cancer Resear& 
Center, and V n i v e r s i t y  of W a s h i n g t o n ,  Seattle, Wash.98104 

During the precess of ontcqenic developnent of h m  erythrocytes, the linear s ta r igh t  
chain g lyml ip ids  ( lactD-N-nor-hexmsyloeramide and its analogs, structwe see below) are 
converted to the branded -3 glycolipids ( lacto-im-ocbxylcerami& and its analogs, str- 
cture, see below). 

~~1-.4G1~~~1-.3Gal~1~4G1~~61+3161+4Glcl+ 1 Ceramide (lacto-N-~hexasylceramide) 

Gal6lt4GlcNAcB1~3Gal61~4G1~c61~3Ga161+~1c1~ 1 Ceramide 
.L 

( lacto-N-~ccbasylcerHRide)  8 
Gal61+4GlcNAc61 

The f o m r  represents the receptor f o r  anti-i  antibodies and the latter represents the receptor 
f o r  anti-I antikcdies. ?bus, arborization of glycolipid cakohwate &ah i n  mmbrane may 
define a certain step of ontogenic phenotrpe of h- 

'lh types of glycolipid changes associated with onmgenic transfomtion have been 
h a m :  1) a classical inccrrplete synthesis rrodel with an often acclnarlation of the precursor 
glymlipids,  and 2) activation of a new synthesis of a miqw glyml ip id(s )  foreign to the 
host. The latter m y  cause a conversion of blood group in huMn m r ,  sucfi as: synthesis 
of PP -antigen in  tmr of a host with b l d  group p (Levine et al, Prcc.SoC.Exp.Biol.Wd. 77, 
403-4h5,51), A - l i k e  antigen synthesis in m r  of host blood e~ o r  B ( H a k a r p r i  5 d, JY 
Imnunol98, 31,67), and F o r m  synthesis i n  tutors of F--individuals(Hakmri, ProcNat.Aod.Sc 
- 74,302337). 
d7anges and these &anges may r e f l e c t  "retrogenetid'expressicm of ontogenesis. 

anti-glycolipid antibodies Fab, as the process of ontogenesis is inhibitable by a ceratin 
antibodies to an d r y o n i c  antigen. 

( e.g. hemglobin synthesis).  

Many tutor cells are characterized by d i n a t i o n  of these W glycolipid 

n7e process of oncogenic t r a n s f o m t i o n  is inhibited or tmdified i n  the presence of 

Supprt.ed by NIH grants,GM23100, CA20026, and CA 19224 
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421 CELL MUTANTS TO STUDY MALIGNANT TRANSFORMATION: ANALYSIS OF A SURFACE CARBOHYDRATE 
AN0 OF A GLUCOSE UPTAKE DEFICIENT FIBROBLAST LINES, Jacques Pouyssegur, Centre de 

Biochimie,  Un ive rs i t e  de Nice, Parc Yalrose. 06034 NICE, France. 
From 3T3 Balb/c c e l l s ,  mutants w i t h  low adhesiveness t o  p l a s t i c  substratum were se lec ted .  One 
o f  these se lec ted  clones, AD6, was analyzed and found t o  be d e f i c i e n t  i n  glucosamine 6-phos- 
phate N-acetylase. A r e s u l t  o f  t h i s  b lock  i s  a decrease by 60% o f  c e l l  sur face  carbohydrates 
(mannose, galactose, N-acetylglucosamine, N-acetylgalactosamine, s i a l i c  a c i d )  and a s  a conse- 
quence there  i s  a general  reduc t i on  i n  the  exposure o f  g l ycop ro te ins  on t h e  c e l l  surface. 
Th is  biochemical  de fec t  i s  f u l l y  reve r ted  t o  normal, s imply by growing the  mutant c e l l s  i n  
presence o f  10 mM N-acetylglucosamine. This s p e c i f i c  and r e v e r s i b l e  enzymatic b lock  a l l ows  
us t o  conclude t h a t  t he  abnormal p r o p e r t i e s  o f  A06 c e l l s :  low adhesion, round shape, inc rea-  
sed a g g l u t i n a b i l i t y  by l e c t i n s ,  l o s s  o f  d i r e c t i o n a l  locomotion and absence o f  m ic ro f i l amen t  
bundles are  the  r e s u l t  o f  t he  sur face  carbohydrate de fec t  s ince  reve rs ion  o f  g l ycop ro te in  
syn thes is  t o  normal r e s u l t s  i n  the  general  reve rs ion  o f  t he  a l t e r e d  phenotype. 
Two membrane po lypept ides  o f  MW 95K and 75K t he  syn thes is  o f  which i s  regu la ted  by glucose, 
a re  present i n  inc reased amounts i n  AD6 and a l s o  i n  some transformed c e l l s .  Me demonstrate 
t h a t  t he  a l t e r e d  p a t t e r n  o f  these two Glucose Regulated P ro te ins  (GRP95, GRP75) a re  induced 
i n  t ransformed c e l l s  secondary t o  glucose s ta rva t i on .  
Using [3Hl-2-Deoxyglucose s u i c i d e  i n  Chinese Hamster Lung f i b r o b l a s t s  (CC139) we se lec ted  OS7, 
a mutant impa i red  i n  glucose metabolism. The 10 min uptake o f  2-Deoxyalucose reDresentS o n l y  
10% o f  t he  w i l d  type  value. Th is  very low a c t i v i t y  i s  due t o  a 4-5 f o l d  decrease i n  glucose 
t ranspor t  a c t i v i t y  (measured by the  i n i t i a l  i n f l u x  ra tes  o f  3-0-Methylglucose) and t o  an 
i n h i b i t i o n  o f  t he  i n  v i vo  hexokinase a c t i v i t y .  The g l y c o l y s i s  r a t e  measured by the  l a c t a t e  
produced per  mg o f  p r o t e i n  syn thes ized i s  28 f o l d  lower i n  DS7. DS7 grows l i k e  the  w i l d  type  
i n  f ruc tose ,  ga lac tose  bu t  w i t h  a s l i g h t l y  inc reased genera t ion  t ime  i n  glucose ( 1 7  H i ns tead  
o f  15 H). I n  s p i t e  o f  a very  l ow  glucose uptake and almost o f  a t o t a l  d e f i c i e n c y  i n  g l yco l y -  
s i s ,  DS7, l i k e  the  pa ren ta l  c e l l s  grows a t  h i g h  f requency i n  agarose. A l l  t he  c lones  growing 
i n  agarose d i s p l a y  the  DS7 phenotype. Tumor igeh ic i ty  t e s t s  a re  i n  p rogress .  
A denera1 conc lus ion  of these s tud tes  i s  t h a t  t he  a l t e r e d  p roper t i es  and c e l l  behavior o f  
t ransformed f i b r o b l a s t s  such as low adhesiveness, round morphology, inc reased a g g l u t i n a b i l i t y  
by l e c t i n s ,  a l t e r e d  m o t i l i t y ,  absence o f  m ic ro f i l amen t  bundles, inc rease i n  membrane p r o t e i n  
GRP 95 and 75, inc rease i n  hexose t r a n s p o r t  and i n  aerob ic  g l y c o l y s i s  a re  d i ssoc iab le  f rom 
mal ignant t rans format ion .  These phenotypic a l t e r a t i o n s  should the re fo re  be considered as 
secondary events t o  the  mechanism which leads  t o  the  l oss  o f  growth c o n t r o l .  

422 TRANSGLUTAMLNASE AND e-(y-GLUTAMYL)LYSINE ISOPEPTIDE BONDS IN 
NORMAL AND TRANSFORMED CELLS, Paul  J. Birckbichler  and M. K. Pat terson,  

J r . ,  Biomedical Division, The Samuel Roberts Noble Foundation, Inc., Ardmore ,  OK 73401. 
Transglutaminase catalyzes  a Ca++-dependent acyl  t r a n s f e r  react ion between the y-carbox- 
amide group of peptide bound glutamine and p r i m a r y  amines.  
e-(y-glutamy1)lysine isopeptides a r e  produced when the p r i m a r y  amine  i s  the e-amino 
group of peptide bound lysine. 
eukaryatic cel ls  (1). 
formed in  vivo and in vi t ro  with v i ruses  and chemicals  (2, 3). 
w e r e  used in subsequent studies. Reduced isopeptide leve ls  were  observed in virus  t rans-  
formed cel ls  and in  prol i ferat ing cel ls  (4). Nonproliferating cel ls  grown in the presence  of 
dansylcadaverine, a n  isopeptide inhibitor, showed reduced isopeptide content and exhibited 
severa l  c r i te r ia  of prol i ferat ing cells. Immunofluorescent staining with antibody to  guinea 
pig l iver  t ransglutaminase substantiated the differentials in t ransglutaminase activity (5). 
Following extract ion with Tri ton X-100, normal  cel ls  but not virus  t ransformed counter- 
p a r t s  showed a res idual  fibrous network when incubated with ant i t ransglutaminase anti- 
s e r u m  suggesting a n  associat ion of t ransglutaminase with cytoskeletal components. 
Additional studies showed paral le ls  between t ransglutaminase and the t ransformation 
sensitive protein fibronectin. 
cel lular  a rch i tec ture  conducive to  a nonproliferating s ta te .  

Inter-  o r  intramolecular  

Such isopeptides were  reported in membrane  proteins f rom 
Transglutaminase activity was  significantly reduced in  ce l l s  t rans-  

Human lung cel ls  (WI-38) 

The resu l t s  suggest  isopeptide crossl inks contribute to a 

1. Birckbichler ,  P. J . ,  Dowben, R. M.,  Matacic, S. ,  and Loewy, A. G. Biochim. 

2. Birckbichler, P. J.,  O r r ,  G. R., and Pat terson,  M. K.,  J r .  Cancer  Res. 36: 
3. Birckbichler, P. J., O r r ,  G. R . ,  Conway, E., and Pa t te rson ,  M. K . ,  J r .  

4. Birckbichler, P. J.. Car ter ,  H. A., O r r ,  G. R., Conway, E., and Pat terson,  

5. Birckbichler, P. J. and Pa t te rson ,  M. K., J r .  Ann. N. Y. Acad. Sci. 312: 

Biophys. Acta 149-155 (1973). 

2911-2914 (1976). 

Cancer  Res. =. 1340-1344 (1977). 

M. K., Jr. Biochem. Biophys. Res. Commun. s4: 232-237 (1978). 

354-365 (1978). 
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Transmembrane Interactions 

423 
and European Molecular Biology Laboratory**, Heidelberg, Germany. 
In studies of the membranes of cultured fibroblasts our attention haa focused on those regions 
of the plasma membrane which are adjacent to cytoplasmic fibers containifig actin, myosin, fil- 
amin, tropomyosin and alpha-actinin (denoted X-sites for brevity). Using the fluorescence 
microscope with two color staining we have compared the distribution of actin. using a bio- 
tinyl-HMM system (11, with a variety of membranl! proteins, using specific imunofluorescent 
reagents (2). Several integral membrane proteins are normally excluded from X-sites of the 
plasma membrane. 
bodies the resulting patches quickly move to X-sites and. therefore, line up over actincables. 
Lectin receptors are not completely excluded from X-eites, but lectin-induced clusters are 
concentrated on X-sites ( 3 ) .  
tracehlar fibronectin containing fibrils are spontaneously arrayed over X-sites (4). Clearly 
the X-sites are areas of several transmembrane interactions which suggests that the actin 
based cytoskeleton has an important otganizing and controlling function for the plasma mem- 
brane. 
and peripheral components of the X-site complex will be discussed. 

1) Heggeness, M. H. and J. F. Ash (1977), J. Cell Biol. 73:783-788. 
2) 
3) 
4) 

PLASMA MEMBRANE - CYTOSKELETON INTERACTIONS, Rick Ash", Daniel Loward** and 
S. J. Singer': University of California at San Diego*, La Jolla, California 92093 

However, when the same integral proteins are clustered with specific anti- 

After trypsinization and replating of cells newly deposited ex- 

These results will be reviewed and work i n  progress on the identification of integral 

Ash, J. F., D. Louvard and S. J. Singer (1977), Proc.?at. Acad. Sci. USA E:5584-5588. 
Ash, J. F. and S. J. Singer (19761, Proc. Nat. Acad. Sci. USA 2:4575-4579. 
Heggeness, M. H., J. F. Ash and S. J. Singer (19781, Annu. New York Acad. Sci. %:414- 

417. 

424 
The P815 mouse mastocytoma line possesses a cell surface densely coveted by long micro- 
projections refered to as filopodia. 
gentle shearing and relatively pure preparations isolated. 
actin as the major protein. 
of the cell surface major histocompatibility antigen H2 is also released. 
are stripped of plasma membrane with detergent the antigen remains associated with the micro- 
filament bundle. 
technique, confirmed that the H2 and microfilaments are associated in the filopodia. 

The myosin affinity technique has also been used to analyse the putative associations between 
surface Ig and microfilaments during the "capping" o f  the former. 
cross-linking of surface Ig results in the formation of a stable association between the 
surface Ig and microfilaments. 
receptors could serve as a mechanism for transmitting transmembrane signals across the plasma 
membrane through perturbations of the cytoskeleton of the cell. 

ASSOCIATIONS BETWEEN SURFACE PROTEINS AND HICROFILAMENTS, Gordon L.E.  Koch, MRC 
Laboratory of Molecular Biology, Cambridge, CB2 ZQH, England. 

The filopodia can be detached from the cell body by 
The purified filopodia contain 

During the shedding of the filopodia a substantial proportion 
When filopodia 

A specific affinity technique for microfilaments, the myosin affinity 

The analyses show that 

These in turn indicate that valency modulation of surface 
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IDENTIFICATION AND PROPERTIES OF TRANSMEMBKANE PROTEIN FROM MOUSE CELLS Louis  M 
Fink 
Co1o;ddo Medical School ,  Denver, CO 80262. 

425 F r a n c i s  G. G r i l l o  and Rober t  M. Evans, Department o f  Pa thology,  UAivers i ty 'o f  

We have ana lyzed  plasma membrane p r o t e i n s  from c u l t u r e d  mouse c e l l s  w i t h  r e s p e c t  t o  topo- 
g r a p h i c a l  d i s t r i b u t i o n  u s i n g  l a t e x - f i l l e d  phagosome p r e p a r a t i o n s  a s  a model of membrane w i t h  
an " ins ide-out"  o r i e n t a t i o n .  We have  a l s o  s t u d i e d  t h e  e f f e c t s  of c y t o c h a l a s i n  B and c o l c h i -  
c i n e  on t h e  p r o t e i n  composi t ion  of phagosomal membranes. 

s e l e c t i v e  enzymatic l a b e l i n g  of t h e  c e l l  s u r f a c e  p r o t e i n s  and s e l e c t i v e  l a b e l i n g  of t h e  cy to-  
p lasmic  plasma membrane p r o t e i n s  on  p r e p a r a t i o n s  of phagosomes. A f t e r  t r a n s g l u t a m i n a s e  
c a t a l y z e d  d a n s y l  c a d a v e r i n e  l a b e l i n g  of t h e  c y t o p l a s m i c  s u r f a c e  p r o t e i n s  of phagosomes, i s o -  
l a t e d  from c e l l s  whose e x t e r n a l  p r o t e i n s  had been i o d i n a t e d  by l a c t o p e r o x i d a s e  l a b e l i n g ,  a n t i -  
b o d i e s  d i r e c t e d  a g a i n s t  t h e  d a n s y l  moie ty  were used t o  s e p a r a t e  t h e  p r o t e i n s  l a b e l e d  on t h e  
cy toplasmic  s u r f a c e .  A n a l y s i s  of  t h e  d a n s y l  c a d a v e r i n e  l a b e l e d  p r o t e i n s  f o r  I l Z 5  by SDS-PAGE 
r e v e a l e d  3 major bands  c o n t a i n i n g  b o t h  l a b e l s .  Because t h i s  approach  i s  somewhat r e s t r i c t i v e  
i n  t h e  number o f  p r o t e i n s  which a r e  l a b e l e d ,  o t h e r  methods have  a l s o  been i n v e s t i g a t e d .  

We found t h a t  t h e  c a r b o h y d r a t e  m o i e t i e s  of t h e  g l y c o p r o t e i n  of phagosomes by l e c t i n  
a f f i n i t y  chromatography on ConA and WGA Sepharose  and by p e r i o d a t e  b o r o t r i t i d e  l a b e l i n g  were 
e s s e n t i a l l y  a l l  on t h e  e x t e r n a l  s u r f a c e  of t h e  membrane. Using l e c t i n  a f f i n i t y  chromatog- 
raphy of  s o l u b i l i z e d  membrane p r o t e i n s  and SDB-PAGE of t h e  p r o t e i n s  from phagosomal membranes, 
e i t h e r  l a b e l e d  s e l e c t i v e l y  on t h e  e x t e r n a l  s u r f a c e  o r  t h e  i n t e r n a l  s u r f a c e ,  we have found t h a t  
most of t h e  membrane p r o t e i n s  which b i n d  t o  t h e  l e c t i n s  a r e  i o d i n a t a b l e  from e i t h e r  s i d e  o f  
t h e  membrane. These molecules  a r e  s t r o n g  c a n d i d a t e s  f o r  h a v i n g  a transmembrane c o n f i g u r a t i o n .  

Another method developed t o  a n a l y z e  t h e  p o s i t i o n  o f  s p e c i f i c  p r o t e i n s  i n v o l v e s  t h e  r e s o l -  
u t i o n  of  p r o t e i n s  i o d i n a t e d  from t h e  e x t e r n a l  o r  i n t e r n a l  s u r f a c e s  of t h e  plasma membrane on 
twu-dimensional gels. A n a l y s i s  of t h e s e  p r o t e i n s  r e v e a l s  a c l a s s  of p r o t e i n s  which a r e  i o d i n -  
a t a b l c  o n l y  on t h e  e x t e r n a l  c e l l  s u r f a c e ,  a c l a s s  i o d i n a t a b l e  o n l y  on t h e  c y t o p l a s m i c  f a c e  and 
a c l a s s  i o d i n a t a b l e  from e i t h e r  s i d e .  Some of t h e s e  p r o t e i n s  appear  t o  e x i s t  i n  s e v e r a l  t y p e s  
o f  mouse c e l l s .  
o f  125,000 d a l t o n s  i o d i n a t a b l e  from b o t h  s i d e s  o f  t h e  phagolysomal membrane is  a l s o  h e a v i l y  
phosphoryla ted .  

phagosome p r e p a r a t i o n s  h a s  a l lowed u s  t o  a n a l y z e  t h e  e f f e c t s  o f  c y t o s k e l e t a l  d i s r u p t i n g  chem- 
i c a l s  on t h e  p r o t e i n  composi t ion  o f  membranes. C y t o c h a l a s i n  B c a u s e s  s p e c i f i c  d e l e t i o n s  of 
p r o t e i n s  from t h e  phagosomes; however t h e  e f f e c t  is  d i f f e r e n t  i n  t h e  v a r i o u s  c e l l  l i n e s  and 
ru.icruphages t e s t e d .  There  a r e  no d e t e c t a b l e  a l t e r a t i o n s  i n  t h e  p r o t e i n  composi t ion  o f  phago- 
somes prepared  from c o l c h i c i n e  t r e a t e d  c e l l s  ana lyzed  on 2-D g e l s .  ( T h i s  work was suppor ted  
i n  p a r t  by USPHS Grant  CA-15823 and R . J .  Reynolds I n d u s t r i e s ,  I n c . )  

The approaches  used t o  d e t e c t  which p r o t e i n s  could  s p a n  t h e  b i l i p i d  l a y e r  a l l  i n c l u d e  

Double- labe l ing  w i t h  S 3 5  m e t h i o n i n e  and P3* s u g g e s t s  t h a t  one  a c i d i c  p r o t e i n  

The e x t e n s i v e  r e s o l u t i o n  o f  t h e  S 3 5  methionine  l a b e l e d  p r o t e i n s  from plasma membrane o r  

426 
Since the  d iscovery  of  t he  2 - l i n e  p r o t e i n  a - a c t i n i n  i n  nonmuscle c e l l s ,  i t  has o f t e n  been 
suggested as a cand ida te  f o r  med ia t i ng  the  at tachment o f  a c t i n  f i l amen ts  t o  membranes. We 
are  i n v e s t i g a t i n g  t h i s  hypothes is .  
a - a c t i n i n  i n d i c a t e  tha t ,  a long w i t h  o the r  p ro te ins  o f  t he  c o n t r a c t i l e  complex, i t  i s  found 
under l y ing  the  "patches" and "caps" o f  aggregated c e l l  su r face  molecules.  More d i r e c t  
evidence f o r  t he  assoc ia t i on  o f  a - a c t i n i n  w i t h  the  plasma membrane has been sought by ana lys is  
o f  p u r i f i e d  plasma membranes. 
analyzed on SDS ge ls .  #hen these a re  reac ted  w i t h  an t ibody  t o  muscle a - a c t i n i n  a prominent 
band a t  100,000 da l tons  i s  l a b e l l e d .  Some o f  t h i s  membrane-associated a - a c t i n i n  can be ex- 
t r a c t e d  from the  membranes e a s i l y ,  b u t  a f r a c t i o n  remains which can on ly  be e x t r a c t e d  under 
cond i t i ons  which a l s o  remove the  m a j o r i t y  o f  t he  a c t i n  ( f o r  example, by e x t r a c t i n g  wi-th a 
h igh  pH, low i o n i c  s t reng th  b u f f e r  con ta in ing  c h e l a t i n g  agents ) .  Th i s  a - a c t i n i n  which i s  
c l o s e l y  assoc ia ted  w i t h  the  plasma membrane cou ld  be l i n k e d  i n  two d i f f e r e n t  ways: e i t h e r  i t  
i s  i n t e r a c t i n g  w i t h  membrane components d i r e c t l y  and forms a b r idge  f o r  t he  at tachment o f  t he  
a c t i n  f i l amen ts ,  o r  a l t e r n a t i v e l y  i t  i s  b ind ing  d i r e c t l y  t o  o r  c r o s s - l i n k i n g  the  a c t i n  
f i l amen ts  t h a t  a r e  themselves l i n k e d  t o  the  membrane v i a  molecules o t h e r  than a - a c t i n i n .  
A t  p resent  we a re  t r y i n g  t o  d i s t i n g u i s h  between these a l t e r n a t i v e s .  

Supported by Cancer Center Grant #LA13106 t o  Cold Spr ing  Harbor Labora tory .  

ASSOCIATION OF a-ACTININ WITH THE PLASMA MEMBRANE. 
Harbor Labora tory ,  Cold Spr ing  Harbor, New York 11724. 

K e i t h  Burr idge, Cold Spr ing  

I n d i r e c t  immunofluorescence w i t h  an t i bod ies  aga ins t  

Plasma membranes from lymphocytes and HeLa c e l l s  have been 
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477 INTERACTION OF FIBRONECTIN WITH COLLAGENS, AND ITS ROLE I N  CELL ADHESION, Erkk i  
Ruos lah t i ,  Edward 6. Hayman, and Eva Engva l l ,  D i v i s i o n  o f  Imuno logy ,  Ci ty o f  Hope 
Medical Center, Duarte, CA 91010. 

F ib ronec t i n  b inds  t o  d i f f e r e n t  types of  co l lagens .  
cha in  co l lagens ,  type  111 i s  t he  most a c t i v e  b inde r  o f  f i b r o n e c t i n ,  and the  AB chains,  t he  
l e a s t  a c t i v e .  Denatured co l lagens  a re  fa r  more a c t i v e  than t h e  n a t i v e  ones. F ib ronec t i ns  
f rom d i f f e r e n t  species and d i f f e r e n t  sources (plasma, amnio t ic  f l u i d ,  c u l t u r e d  f i b r o b l a s t s ,  
and e p i t h e l i a l  c e l l s )  show s i m i l a r  C o l l  agen-binding p roper t i es .  ' '' 3 3 5  

L im i ted  p r o t e o l y s i s  a l lows cleavage o f  t h e  f i b r o n e c t i n  molecule i n t o  b i o l o g i c a l l y  a c t i v e  
fragments. 
70,000 and 30,000. The l a t t e r  fragment i s  e l e c t r o p h o r e t i c a l l y  homogeneous. 
t r y p s i n i z e d  f i b r o b l a s t s  i s  g r e a t l y  enhanced by coa t ing  o f  m i c r o t i t e r  p l a t e  we l l s  w i t h  f i b r o -  
nec t i n .  
whereas the  non-co l lagen-b ind ing  fragments were a c t i v e .  Gel f i l t r a t i o n  o f  t he  non-col lagen 
b i n d i n g  fragments a l lowed i s o l a t i o n  o f  fragments w i t h  an a c t i v i t y  equal t o  t h a t  o f  t he  whole 
f i b r o n e c t i n  molecule i n  t h e  c e l l  adhesion assay. These r e s u l t s  suggest t h a t  f i b r o n e c t i n  has 
two d i s s i m i l a r  b ind ing  s i t es ,  one fo r  co l lagen,  and another f o r  c e l l  surfaces. The a v a i l a -  
b i l i t y  o f  a homogeneous co l lagen-b ind ing  fragment w i th  a molecu la r  weight o f  l e s s  than 10% o f  
t h e  whole molecule may f a c i l i t a t e  s tud ies  on the  molecu la r  bas is  o f  t he  f i b ronec t i n -co l l agen  
i n t e r a c t i o n .  

Supported by g ran ts  CA 22108 and CA 16434 from t h e  Nat iona l  Cancer I n s t i t u t e .  
'Engva l l ,  E., and Ruos lah t i ,  E., I n t .  J. Cancer, 20, I, 1977. 
'Engval l ,  E.. Ruos lah t i ,  E . ,  and M i l l e r ,  E.J., J . P x p .  Med., 147, 1584, 1978. 
3Ruos lah t i ,  E., and Engva l l ,  E., Ann. N . Y .  Acad. Sc i . ,  312, 178, 1978. 
'Quaroni ,  A., I sse lbacher ,  K . ,  and Ruos lah t i ,  E., Proc.%tl. Acad. Sc i .  USA, i n  press.  

O f  t he  n a t i v e  type  I, 11, 111, and AB 

We have i s o l a t e d  co l lagen-b ind ing  fragments w i t h  mo lecu la r  weights o f  about 
Attachment o f  

The co l lagen-b ind ing  fragments d i d  n o t  enhance at tachment o f  c e l l s  i n  t h i s  assay, 

428 COMPOSITION OF THE SUBSTRATE ADHESION S I T E  OF NORMAL AND VIRUS-TRANSFORMED MURINE 
CELLS, L loyd  A. Culp, B a r r e t t  J .  R o l l i n s ,  Ben A. Murray, Oept. o f  M ic rob io logy ,  

Case Western Reserve Un ive rs i t y ,  School o f  Medicine, Cleveland, Ohio 44106. 
When normal o r  SV4O-transformed Balb/c 3T3 c e l l s  a re  t r e a t e d  w i t h  the  Ca" -spec i f i c  c h e l a t o r  
EGTA, they round up and p u l l  away from t h e i r  foo tpad adhesion s i t e s  t o  the  serum-coated t i s s u e  
c u l t u r e  subs t ra te  as shown by scanning e l e c t r o n  microscope s tud ies .  E l a s t i c  membranous 
r e t r a c t i o n  f i b e r s  break upon c u l t u r e  a g i t a t i o n ,  l eav ing  adhesion s i t e s  as subs t ra te -a t tached 
m a t e r i a l  (SAM; c e l l s  leave " f o o t p r i n t s "  o f  subs t ra te  adhesion s i t e s  du r ing  movement by a very 
s i m i l a r  p rocess) .  SAM conta ins  1-2 percent  o f  t h e  c e l l ' s  t o t a l  p r o t e i n  and phospho l ip id  con- 
t e n t  and 5-10 percent of i t s  glucosamine-radiolabeled polysacchar ide, most o f  which i s  g lyco-  
saminoglycan (GAG). There i s  cons iderab le  enr ichment i n  SAM f o r  s p e c i f i c  GAG's; f o r  the  LETS 
g l ycop ro te in ;  and f o r  the  cy toske le ta l  p ro te ins  ac t i n ,  myosin, and the  subun i t  p r o t e i n  o f  t he  
l0nm-diameter f i laments .  The GAG composi t ion i n  SAM has been examined under d i f f e r e n t  c e l l u -  
l a r  growth and at tachment cond i t i ons .  Heparan s u l f a t e  conten t  c o r r e l a t e s  w i t h  g lycopept ide  
conten t  (de r i ved  from g l ycop ro te in ) .  Newly-at taching c e l l s  depos i t  SAM w i t h  p r i n c i p a l l y  hep- 
aran s u l f a t e  and LETS and l i t t l e  of  the  o the r  GAG's. Hyaluronate and c h o n d r o i t i n  p ro teog ly -  
cans a re  coo rd ina te l y  depos i ted  i n  SAM as c e l l s  beg in  spreading and movement over the  sub- 
s t r a t e .  
composi t ions.  The pro teog lycan na ture  o f  the  GAG'S  i n  SAM has been examined, as w e l l  as the  
a b i l i t y  o f  proteoglycans t o  form two classes o f  r e v e r s i b l y - d i s s o c i a b l e  
p lexes"  - one c lass  w i t h  heparan s u l f a t e  and g lycopept ide-conta in ing  m a t e r i a l  and the  second 
w i t h  hya lu ronate-chondro i t in  complexes. Enzymatic d i g e s t i o n  o f  " i n t a c t "  SAM w i t h  t r y p s i n  o r  
t e s t i c u l a r  t iyaluronidase i n d i c a t e  t h a t  (A) on l y  a smal l  p o r t i o n  o f  long term-rad io labe led  LETS 
and c y t o s k e l e t a l  p r o t e i n  i s  bound t o  the  subs t ra te  v i a  hya lu ronate  o r  c h o n d r o i t i n  c lasses o f  
GAG; (B) most o f  t he  LETS, c y t o s k e l e t a l  p ro te in ,  and heparan s u l f a t e  coo rd ina te l y  r e s i s t  
s o l u b i l i z a t i o n ;  and ( C )  newly-synthesized LETS, which i s  m e t a b o l i c a l l y  l a b i l e  i n  SAM, i s  
l i n k e d  t o  SAM by hyaluronate-and/or chondroi t in-dependent b ind ing .  
ca te  t h a t  heparan s u l f a t e  i s  a d i r e c t  med ia to r  o f  adhesion o f  c e l l s  t o  the  subs t ra te ,  poss ib l y  
by b ind ing  t o  bo th  c e l l  sur face  LETS and substrate-bound CIg i n  the  serum coat ing ;  hyaluronate- 

- chondro i t i n  complexes i n  SAM appear t o  be most impor tan t  i n  m o t i l i t y  o f  c e l l s  by b ind ing  and 
l a b i l i z i n g  LETS a t  t he  pe r iphe ry  o f  foo tpad adhesions w i th  subsequent c y t o s k e l e t a l  d i so rgan i -  
za t i  on. 

(1 )  Culp, L.A. e t  a l ,  J.  Ce l l  B io l . ,  2, i n  press (1978) 
(2 )  R o l l i n s ,  B. R. and L. A. Culp, Biochemistry,  18, i n  press (1979).  
(3)  Culp, L. A. i n  Cur ren t  Topics i n  Membranes andTranspor t :  

C e l l s  a t tach ing  t o  serum-coated o r  CIg-coated subs t ra tes  depos i ted  SAM w i t h  i d e n t i c a l  

supramolecular com- 

A l l  o f  our  s tud ies  i n d i -  

C e l l  Surface Glycopro te ins ,  
Vol .  11, ed. by R. Ju l i ano  and A .  Roths te in ,  Academic Press, NY, pp. 327-396 (1978). 

173 



Tumor Cell Surfaces and Malignancy 

429 METABOLIC REGULATION IN SUSPENDED AND REATTACHED ANCHORAGE-DEPENDENT FIBROBLASTS, 
S. Penman, Massachusetts Institute o f  Technology, Dept. of Biology, Cambridge, 
Yassachusetts 0?139 

h modcl systcm has hccn dcvclopcd for tho study of thc mctabolic control of cclls 
cxcrtcd hy thc intcraction of ccll surfaccs with thc cxtcrnal milicu. 
ribroblasts DTC incuhatcd in mcthoccl suspcnsion or rcattachcd to a solid surface. 
cclls arc profoundly altcrcd in macromolccular mctaholism. 
ccssing ccasc abruptly. 
of control within 5 hours. 
withdrawn from activc translation and storcd in a form frcc of thc cytoskclcton. mRNA is 
oltcrcd and no longcr translatablc in a ccll-frcc translation systcm. 
rcsults in rapid rcstoration of mcsscngcr translatahility and ccllular protciri synthcsis. 
Only latcr nuclcolar function and mcsscngcr production rcsunc. 

I~ccovcry dcpcnds primarily on ccll -surface contact and not on subscqucnt ccll sprcading. 
Concanavallin A prcvcnts ccll sprcading hut pcmits a full rcstoration of protcin synthcsis. 
Colchicinc and cytochalasin also inhibit sprcading and givc similar rcsults. 
aftcr prolongcd suspcnsion culturc rcsults in a supranonnal production of actin. 
actin, normallv a minor componcnt in fibroblasts, is now synthcsizcd at thc ratc of hcta 
actin. 
protcin arc rcgulatcd by ccllular architccturol organization but through vcry diffcrcnt 
mcchanisms. 

Thc 3T6 fibroblasts cxamincd hcrc arc an cstahlishcd linc and havc propcrtics intcr- 
mcdiatc bctwccn fibroblasts from primary cxplants, which cxhihit much more prompt 
inhibitions of macromolccular proccsscs, and anchoragc-indcpcndcnt cclls which arc 
indiffcrcnt to thc modc of culturc. 

Anchoragc-dcpcndcnt 
Suspcndcd 

Nuclcolar synthcsis and pro- 
blcsscngcr production, hut not hnRNA synthcsis, is inhibitcd to 20% 

hlcsscngcr RNA tumovcr csscntially ccascs, thc molcculcs arc 

Ccll rcattachmcnt 

Rcattachmcnt 
G m a  

Othcr kjor structural protcins such as tuhulin and 58K intcrmcdiatc filamcnt 

Modcls of thcir control systcms will hc prcscntcd. 

430 CELLULAR AND MOLECULAR SPECIFICITY IN THE INTERACTION OF ADHESION PROTEINS WITH 
COLLAGEN AND WITH CELLS. Hynda K .  Kleinman. A .  Tyl H e w i t t ,  John P.  Pennypacker, 

Ermona B. McGoodwin, George R. Martin and Pe te r  H. Fishman*, N I D R  and *NINCDS, N I H ,  Bethesda, 
MD 20014. 
I t  is  we l l  e s t ab l i shed  t h a t  f i b ronec t in  mediates t he  adhesion of f i b r o b l a s t s  t o  co l lagen ,  
b inding  f i r s t  t o  t he  co l lagen  s u b s t r a t e  and subsequent ly  t o  the  c e l l s .  The b inding  s i t e  f o r  
f ib ronec t in  i n  the  a l ( 1 )  cha in  of type  I co l lagen  has been loca l i zed  t o  a s p e c i f i c  sequence 
of amino a c i d s  t h a t  l acks  carbohydrate and conta ins  the  bond cleaved by animal co l lagenase .  

In add i t ion  t o  f i b r o n e c t i n ,  t he re  may be o t h e r  c e l l  s p e c i f i c  adhesion p ro te ins .  For example, 
chondrocytes i n  a c a r t i l a g e  mat r ix  do not syn thes i ze  fibKOneCtin and s i n c e  t h e  t i s s u e  Is 
avascular.  they a r e  probably not  exposed t o  i t .  We have found t h a t  pu r i f i ed  f ib ronec t in  does 
not s t imu la t e  chondrocyte adhesion, whereas whole serum and f ib ronec t in - f r ee  serum do. The 
chondrocyte attachment a c t i v i t y  i n  serum has been separa ted  from t h a t  f o r  f i b r o b l a s t s  by 
DUE-cellulose column chromatography. The serum f a c t o r  f o r  chondrocyte adhesion lo ses  50% of  
i t s  a c t i v i t y  a f t e r  incubat ion  a t  52' f o r  t h i r t y  minutes,  while f ib ronec t in  l o s e s  only 7% o f  
i t s  a c t i v i t y  a t  t h i s  tempera ture .  I n  a d d i t i o n ,  chondrocytes in c u l t u r e  syn thes i ze  a f a c t o r  
which promotes chondrocyte adhesion. We the re fo re  conclude t h a t  chondrocytes adhere v i a  a 
serum component o the r  than f ib ronec t in  and propose the  name chondronectin for  t h i s  ma te r i a l .  

Recently we have a l s o  attempted t o  i d e n t i f y  the  r ecep to r  f o r  f ib ronec t in  on the  c e l l  su r f ace .  
Incubation of mixed b ra in  gangl ios ides  wi th  the  f ibronec t in-co l lagen  complex p r i o r  t o  the  
add i t ion  of c e l l s  blocks c e l l  adhesion. An i n h i b i t i o n  of  c e l l  at tachment was observed with 
the  o l igosacchar ide  po r t ion  of t he  gangl ios ide ,  although i t  was no t  a c t i v e  t o  the  same ex ten t  
a s  t h a t  observed wi th  the  i n t a c t  gangl ios ides .  Ceramides, the  l i p i d  po r t ion  of t he  ganglio- 
s i d e s ,  and f r e e  sugars  inc luding  s i a l i c  a c i d ,  g lucose ,  ga l ac tose ,  N-acetyl glucosamine and N- 
a c e t y l  galactosamine d id  not  i n h i b i t  c e l l  adhesion. Glycosaminoglycans, such a s  hepa r in ,  
heparan s u l f a t e ,  ke ra t an  s u l f a t e ,  dermatan s u l f a t e ,  chondro i t in  s u l f a t e  and hya luronic  a c i d ,  
were a l s o  i n e f f e c t i v e .  Of the  gangl ios ides  t e s t e d ,  GM was i n a c t i v e  whi le  GD and GT 
produced an equal  i n h i b i t i o n  of cell  attachment and wehe more e f f e c t i v e  than  &e mixed' 
gangl ios ides .  Modi f ica t ion  of te rmina l  s i a l i c  ac id  res idues  by mild pe r ioda te  t rea tment  
destroyed the  a c t i v i t y  of bo th  GD and mixed gang l ios ides .  Our s t u d i e s  i n d i c a t e  t h a t  
s p e c i f i c  gangl ios ides  (GD 
attachment t o  the  f ibrone&?in-col l igen  complex. 
gangl ios ides  (or  o the r  glycoconjugates) on the  c e l l  su r f ace  may se rve  as the  b inding  s i t e  f o r  
f ib ronec t  i n .  

and d a )  a r e  a b l e  t o  i n t e r a c t  with f ib ronec t in  and b lock  c e l l  
Thus, the  o l igosacchar ide  cha ins  of  c e r t a i n  
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Hormones and Growth Factors 

CROWTP FACTOR INTERArTIONS WITH WCRMAL AND TRPMSFORVFD CFLLS, Georne J. Todaro ,  
Labora tory  of V i r a l  C a r c i n o q e n e s l s ,  N a t i o n a l  Cancer I n s t i t u t e ,  V a t i o n a l  I n s t i t u t e s  
o f  H e a l t h ,  Bethesda ,  Maryland 20014 

An h y p o t h e s i s  is p r e s e n t e d  t h a t  s t a t e s  t h a t  tumor v i r u s e s  oroduce t h e i r  t r m s f o r n i n a  a c t i o n  on 
c e l l s ,  at  l e a s t  i n  p a r t ,  by t h e  p r o d u c t i o n  of endORenOus p o l v o e p t i d e  nrowth s t i m u l a t o r v  
f a c t o r s .  Cells t ransformed bv murine sarcoma v i r u s e s  have  been found to  have  reduced o r  
a b s e n t  c e l l  s u r f a c e  r e c e p t o r s  f o r  e p i d e r m a l  m o u t h  f a c t o r  (EGF) a s  c o n o a r e d  t o  t h e  
unt ransformed p a r e n t a l  c e l l s  and t o  c e l l s  t r a n s f o r r e d  by o t h e r  v i r u s e s .  Sarcoma v i r u s  
t ransformed c e l l s  a r e  shown t o  r e l e a s e  a fami ly  of p o l v o e n t i d e  m o u t h  f a c t o r s  I n t o  t h e  
s u p e r n a t a n t  f l u i d s  i n  c e l l  c u l t u r e s .  These ,  wi th  molecular  wei-hts o f  a n p r o x i n a t r l v  2F , 000 ,  
12,000 and 7,000 d a l t o n s ,  s t i m u l a t e  c e l l  d i v i s i o n  and c o n o r t e  f o r  FCF r e c e o t o r s .  The new 
sarcoma qrowth f a c t o r s  ( ' W e )  a r e  not  oroduced bv unt ransformed c p l l =  o r  hv DX'P v i r u s  
t ransformed c e l l s .  SOFs induce normal f i b r o b l a s t s  t o  v o w  in  s o f t  awar and t o  e x p r r s c  some of 
t h e  ohenotypic  p r o p e r t i e s  of t ransformed c e l l s ;  t h e s e  e f f e c t s  a r e  c 'eoendert  on t h r  r-ontinurd 
p r e s e n c e  of t h e  f a c t o r .  A hunan f i b r o s a r c m a  was found t h a t  h?d n o m a l  l e v e l s  of FGF 
r e c e p t o r s  bu t  no a p p a r e n t  v l t i o l i c a t i o n  s t i n u l a t i n q  a c t i v i t v  ( b ' s a )  r e c e o t o r s .  q i n c e  norFal  
f i b r o b l a s t s  have MSP r e c e p t o r s ,  it was dec ided  t o  t e s t  whether t b e  r e c e n t o r - n e p a t i v e  c e l l  V P =  
producing  a r e l a t e d  wrowth f a c t o r .  I n  t h i s  c a s e ,  a f a i i l v  o f  r e l s t e d  r r o v t h  @ o l v o e @ t i d e -  were 
found t h a t  i n t e r a c t e d  wi th  MSA r e c e p t o r s ,  b u t  no t  wi th  EGF r e c e n t o r - ,  and s t i m u l a t e d  cell 
d i v i s i o n  i n  c e l l s  of v a r i o u s  s p e c i e s .  The e c t i v i t l e s  o f  bo th  t b e  SGFq and t h e  MSF-relpted 
hunan f i b r o s a r c o n a  arowtk- f a c t o r s  a r e  h e a t  s t a b l e ,  o r o t e a 2 e  s e n s i t i v e  and s e n s i t i v e  t o  
d i s u l f i d e  reducinR a a e n t s .  The endoPenous o r o d u c t i o n  of n o l v n e o t i d e  arowth f p c t o r s  bv c e l l s  
t h a t  a r e  a b l e  t o  respond t o  t h e i r  own p r o d u c t s  mav r e o r e s e n t  a g e n e r a l  n e c h a n i s n  f o r  c e l l  
t r a n s f o r m a t i o n .  

431 

432 THE PLATELET-DERIVED GROWTH FACTOR, Russell Ross, Elaine Raines, Beverly Kariya and 
Arthur Vogel, Department of Pathology, School of Medicine, University of Washington 
Seattle, Washington 981 95. 

The platelet-derived growth factor is a mitogen present in whole blood serum, that 
is derived from the process of platelet aggregation, or adherence, and release 
during the process of serum formation. This mitogen is principally responsible for 
the growth promoting activity present in whole blood serum that is missing in cell- 
free, plasma-derived serum. Isolation and purification of the platelet factor has 
resulted from a series of chromatographic steps utilizing CM-Sephadex, Biogel P-150, 
and DEAE Sephadex followed by Hydroxylapatite. The material eluted from Hydroxyl- 
apatite columns presents a doublet of active material 0- acid urea gels. Elution 
of this material from the acid urea gels and examined on SDS anyalytical gels dem- 
onstrate three molecular weight regions, 16,000, 34,000 and 60,000. The material 
is stable in 7 M guanidine, 8 M urea, 2% SOS and Ph 4. Its activity is destoryed 
by trypsin and also is destroyed by reduction with dithiothreitol and alkylation 
with iodacetamid. 
molecules in plasma. In the absence of plasma, it will induce cells to enter S. 
however cell doubling will not occur. Increased cell doubling is correlated in a 
dose response fashion with increased amounts of plasma. 
(less than 0.5%) excess amounts of platelet factor will not induce multiple cell 
doubling. Experiments with limiting amounts of platelet factor and/or plasma 
demonstrate that the molecule that limits saturation density for 3T3 cells in 
culture is the platelet factor and not molecules present in plasm. Cells shown 
to be susceptible to the mitogenic effects of the platelet factor include fibro- 
blasts, 3T3 cells, smooth muscle cells and glial cells. One important exception 
to this observation is the arterial endothelial cell which grows equally well in 
plasma containing medium in the presence or absence of platelet factor. 

Supported in parts by grant from the USPHS HL-18645 and AM-13970. 

The platelet factor induces mitogenesis cooperatively with 

If plasma is limiting 
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U n i v e r s i t y  o f  C a l i f o r n i a ,  l r v i n e  92717. 

A d d i t i o n  o f  h i g h l y  p u r i f i e d  th rombin  ( T H )  t o  serum-free c u l t u r e s  o f  e a r l y  passage human, 
mouse, o r  c h i c k  f i b r o b l a s t i c  c e l l  s t r a i n s  produces a 40 t o  80% increase i n  c e l l  number ( 1 ) .  
To determine t h e  c e l l u l a r  s i t e  o f  TH a c t i o n ,  we l i n k e d  1251-TH t o  carboxy la te -mod i f ied  
p o l y s t y r e n e  beads v i a  a p e p t i d e  bond. The TH beads s t i m u l a t e d  c e l l  d i v i s i o n .  w h i l e  beads 
w i t h  nonmitogenic p r o t e i n s  l i n k e d  t o  them d i d  no t .  The s t i m u l a t i o n  by t h e  TH beads was no t  
a r e s u l t  o f  re lease o f  TH i n t o  t h e  c u l t u r e  medium o r  d i r e c t l y  i n t o  t h e  c e l l s .  
th rombin  can i n i t i a t e  c e l l  d i v i s i o n  by a c t i o n  a t  t h e  c e l l  sur face  ( 2 ) .  This  prompted 
us t o  examine t h e  c e l l  s u r f a c e  f o r  i n t e r a c t i o n s  and changes i n v o l v e d  i n  t h e  m i t o g e n i c  
s t i m u l a t i o n  by TH. B ind ing  s t u d i e s  w i t h  l Z 5 l - T H  l e d  t o  t h e  i d e n t i f i c a t i o n  o f  a s i n g l e  
a f f i n i t y  c l a s s  of c e l l  s u r f a c e  r e c e p t o r  t h a t  was s p e c i f i c  f o r  TH. 
occupancy o f  t h i s  r e c e p t o r  by TH l e d  t o  cor respond ing  changes i n  t h e  i n i t i a t i o n  o f  c e l l  
d i v i s i o n ,  i n d i c a t i n g  t h a t  TH must b i n d  t o  i t s  r e c e p t o r  t o  cause c e l l  d i v i s i o n  ( 3 ) .  
I n a c t i v a t i o n  o f  TH w i t h  e i t h e r  DFP o r  PMSF d i d  n o t  change i t s  b i n d i n g  p r o p e r t i e s ,  b u t  
d i d  e l i m i n a t e  i t s  a b i l i t y  t o  produce an inc redse i n  c e l l  number. Th is  requirement f o r  
p r o t e o l y s i s  l e d  us t o  look f o r  c e l l  s u r f a c e  cleavages t h a t  a re  i n v o l v e d  i n  t h e  i n i t i a t i o n  
o' c e l l  d i v i s i o n  by TH. Our s t u d i e s  revea led  t h a t  TH c leaved a c e l l  surface component 
o f  43,OOC d a l t o n s  (43k)  on c e l l s  t h a t  were respons ive  t o  i t s  m i togen ic  a c t i o n .  An 
a p p a r e n t l y  s i m i l a r  c e l l  s u r f a c e  component was present  on f o u r  s e p a r a t e l y  i s o l a t e d  
p o p u l a t i o n s  o f  c e l l s  t h a t  were unresponsive t o  TH b u t  f u l l y  respons ive  t o  t h e  mi togen ic  
d c t i o n  o f  seruni. However, o n  each o f  these unresponsive c e l l  p o p u l a t i o n s ,  43k was no t  
c leaved by TV, i n d i c a t i n g  t h a t  o r o t e o l y s i s  o f  i t  i s  necessary f o r  TH-s t imu la ted  c e l l  
( l i v i s i o n .  Cxper inents i n  which t h e  c o n c e n t r a t i o n  of TH and t h e  d u r a t i o n  of TH t r e a t -  
r ient  were v a r i e d  revea led  a c l o s e  r e l a t i o n s h i p  between removal o f  43k and s t i m u l a t i o n  
o f  c e l l  d i v i s i o n .  WP r a d i o l a b e l e d  t h e  c e l l  surface r e c e p t o r  f o r  TH w i t h  a photo- 
r e a c t i v e  d e r i v a t i v e  o f  TH and found t h a t  t h e  r c c e p t z r  has a n io lecu ld r  we igh t  of 
43,000 ddltOnS. Taken t o g e t h e r ,  these s t u d i e s  i n d i c a t e  t h a t  th rombin  must b i n d  t o  
i t s  r e c e b t o r  and c leave i t  t o  s t i m u l a t e  c e l l  d i v i s i o n .  (Supported by I ISPHS Grant 

ROLE OF THE CELL SURFACE I N  THROMBIN-STIMULATED CELL DIVISION. Dennis D. 
Cunningham, D a r r e l l  H. Carney, and Kev in  C. Glenn, Department o f  M i c r o b i o l o g y ,  

Thus, 

Modu la t ion  o f  t h e  

: 1 )  Carney, D.V., Glenn. K . C .  and Cunninghaw, D.U. J . C e l l .  P h y s i o l .  95:13-22 (1978) .  
( 2 )  Carney, [:.ti. and Cunninghari, P . P .  
( 3 )  Carney, D.H. and Cunninghan, D.1). 

C e l l  1 4 : 8 1 1 - 8 2 3 8 7  
( I n p r e s s ,  x). 

434 MITOGENIC HORMONE-INDUCED COMODUlATIO~4  OF T H E  EGF RECEPTOR. C. Fred For.  Michael  
Wrann and Ron Vale, Oept. o f  M i c r o b i o l o q y .  M o l e i u i d r  B io loqy  I n s t i t u t e ,  U n i v e r s i t y  
o f  C a l i f o r n i a ,  Los  Anqeles, CA 90r)?4 

I n c u b a t i o n  o f  many p o l y p e p t i d e  horrmnes w i t h  c e l l s  induces d l oss  i n  the  b i n d i n o  c a p a c i t y  f o r  
the  hormone, a phenorilenon t e r r w d  "down r e n u l a t i o n " .  This has been e s t a b l i s h e d  i n  a number o f  
cases, e . q . ,  i n s u l i n ,  human growth hormone and EGF. EGF r e c e p t o r  down r e q u l d t i o n  i s  
dCC0IIlpdnied by the i n c o r p o r a t i o n  o f  EGF i n t o  a compartment i n a c c e s s i b l e  t o  protedse and 
an t ibody  t o  EGF ( 1 ) .  F luorescent  d e r i v a t i v e s  o f  EGF ( 2 - 3 )  and i n s u l i n  ( 3 )  appear i n t r a c e l l u -  
l a r l y  i n  v e s i c l e s  ( 2 - 3 ) ;  b o t h  appear t o n e t h e r  i n  the sdne v e s i c l e s  ( 3 ) .  I n  c u l t u r e d  c e l l s  
t r e a t e d  t o  a f f i n i t y  l d b e l  t h e  EGF r e c e p t o r  (4-5), the  EGF-receptor complex c o f r a c t i o n a t e s  w i t h  
the  lysosonial f r a c t i o n  ( 6 - 8 )  and aupears t h e r e  as lower mo lecu la r  we iqh t  p roduc ts  (5-8). With 
t h e  EGF r e c e p t o r ,  down r e 7 u l a t i o n  can be quant i :d t i ve ly  accounted f o r  by i n t r a c e l l u l a r  uptake, 
and a major  b i o l o q i c a l  a c t i v i t y  o f  EGF, i n d u c t i o n  o f  DNA s y n t h e s i s ,  has t h e  same EGF r e q u i r e -  
ment as Goes down r e g u l a t i o n  ( 6 - 8 ) .  We have determined t h e  i n f l u e n c e  o f  d i f f e r e n t  m i t o q e n i c  
p o l y p e p t i d e  h o m n e s  on EGF b i n d i n g  by c u l t u r e d  murine 3T3 c e l l s .  When c e l l s  a re  incubated  
w i t h  FGF o r  POGF and EGF b i n d i n q  measured s i x  hours l a t e r ,  no e f f e c t  i s  observed ( 8 ) .  When 
FGF o r  PDGF i s  added t o  3T3 c e l l s  and EGF i s  added one hour  l a t e r ,  down r e q u l a t i o n  o c c u r r i n g  
d u r i n g  a subsequent s i 5  h o u r  i n c u b a t i o n  i s  s t r o n g l y  i n h i b i t e d .  Th is  does not a r i s e  by PDGF 
o r  FGF a c t i n g  a t  t h e  EGF b i n d i n g  s i t e ;  n e i t h e r  o f  these hormones d i r e c t l y  competes wi th.EGF 
f o r  b i n d i n g  t o  i t s , r e c e p t o r .  When POGF o r  FGF alone i s  added t o  c e l l s ,  bo th  induce a 
t r a n s i e n t  down r e g u l a t i o n  o f  t h e  EM r e c e p t o r .  Th is  reaches a maximum approx imate ly  1 - 2  h r  
f o l l o w i n q  FGF o r  PQGF add i t ,on .  
corresponds wel l . .  w i t h  the t ime o f  maximal i n h i b i t i o n  o f  n o n t r a n s i e n t  EGF r e c e p t o r  down 
r e g u l a t i o n  by EGF. T r a n s i e n t  EGF' ceceptor  down r e o u l a t i o n  by FGF and PDGF i s  enhanced a t  
low c o n c e n t r a t i o n s  of LGF, where EGF by i t s e l f  produces no s i g n i f i c a n t  down r e q u l a t i o n .  These 
da ta  b e s t  f i t  a node1 whereby FGF, EGF and.PW,F share t h e  S a m  down r e o u l a t i o n  mchan ism.  FGF 
o r  POGF i n i t i a l l y  enhances down r e g u l a t i o n  o f  the  EGF r e c e p t o r  by promotrna fo rmat ion  o f  
commn e n d o c y t i c  v e s i c l e s  shared by these r e c e p t o r s .  The i n h i b i t o r y  ohenomnon prov ides  an 
i n d i c a t i o n  t h a t  some c o m n  f a c t o r  i s . b o t h  necessary and l i m i t i n g  f o r  r e c e p t o r  
i n t e r n a l i z a t i o n .  References: I )  Carpenter & Cohen 1976 J C e l l  B i o l  71:159; 2 )  H d i q l e r  et d l  
1978 PNAS 7>:3317; 3) f l a x f i e l d  e t  a! 1978 C e l l  14:1805; 4 )  Das e t  a! 1977 PNAS 74:2790; 
5 )  Oas e t  a1 1978 i n  C e l l  Surface Carbohydrates and B i o l o q i c a l  Recoqn i t ion ,  pub. L i s s ,  N Y ,  
p 647; 65 Gs & Fox 1978 PNAS 7>:2644; 7 )  Fox & Das 1979 i n  Transmenbrane S i q n a l l i n q ,  pub. 
L i s s ,  NY, i n  press;  8) Fox et aJ 1979 Cold S p r i n q  Harbor,  i n  p ress .  Supported by qran ts  
f rom MDAA, A C S  & USPHS. MW i s  a Max Kade Foundat ion f e l l o w .  

The t ime of, nraxinial enhancement o f  t r a n s i e n t  down r e a u l a t i o n  

176 



Tumor Cell Surfaces and Malignancy 

435 GLYCOLIPIDS: A CLASS OF X3IBHAi.iE HEC?X"OHS, D.R. Cr i t ch ley  ar.d S. Anse l l ,  
Department of Biochemistry,  Univers i ty  of L .e ices te r ,  L e i c e s t e r ,  LEI 7RH. 

Much experimental  evidence sugges ts  t h a t  changes i n  c e l l  su r f ace  o rgan iza t ion  a r e  
a s soc ia t ed  with the  malignant phenotype. one such change be ing  l o s s  of t he  more compiex 
g lyco l ip ids ' .  
malignant c e l l  su r f ace  remains unc lea r ,  g l y c o l i p i d s  have been impl ica ted  as de terminants  
o f  c e l l u l a r  i n t e r a c t i o n  and as r ecep to r s  f o r  the  g lycopro te in  hormones and c e r t a i n  
b a c t e r i a l  toxins. '  However, a l though such  of the  evidexce i s  s u b s t a n t i a l ,  i t  i s  l a r g e l y  
i n d i r e c t .  
cholera  tox in  r ecep to r  at  l e a s t  i n  mouse f i b r o b l a s t s  using immunoprecipitation. CX1 i s  
the  only g l y c o l i p i d  recovered 'when i n t a c t  su r f ace  l abe l l ed  (ga l ac tose  oxidase o r  per ioda te  
b o r o t r i t i i d e )  Balb/c o r  Swiss 3T3 c e l l s  a r e  exposed t o  tox in  and the  tox in- receptor  
complexes i s o l a t e d  from NP-I0 e x t r a c t s  of t he  c e l l s  by a d d i t i o n  of an t i - tox in  followed by 
p r o t e i n  A-containing s t r a i n s  of S.aureus.  
g lyco l ip ids ,  and the  ones nos t  s t r o n g l y  l a b e l l e d  by the  pz r ioda te  procedure,  w e r e  not 
recovered by t h i s  method. GM1 was not  found adsorbed t o  t h e  b a c t e r i a l  p e l l e t  i f  cholera  
tox in  o r  tox in  an t ibody w a s  omitted dur ing  t h e  i s o l a t i o n  procedure.  There would thus  
appear t o  be i i t t l e  doubt t h a t  GM, i s  t h e  cho le ra  tox in  r ecep to r  at l e a s t  i n  mouse 
f i b r o b l a s t s ,  a l though fo l lowing  the  t e n t a t i v e  i d e n t i f i c a t i o n  of a ce l l  su r face  ga lac to-  
p r o t e i n  i n  these  c e l l s  t h a t  c ros s - r eac t s  with an t ibod ie s  t o  JMlq it remains poss ib l e  t h a t  a 
g lycopro te in  r ecep to r  f o r  cho le ra  t o x i n  i s  y e t  t o  be discovered. However w e  have been 
unable t o  i d e n t i f y  such a g lycopro te in  fo l lowing  SDS-PACE o f  immunoprecipitates prepared 
as descr ibed  above. We have a l s o  cha rac t e r i s ed  the  major s p e c i e s  of  t ox in  r ecep to r  on a 
lymphoid c e l l  l i n e  as CM1. I n t e r e s t i n g l y  i n t e r a c t i o n  of cho le ra  t o x i n  with i t s  r ecep to r s  
on lymphocytes induces pa c i n g  and capping i n  a manner repor ted  t o  be i n h i b i t e d  by 
cy tocha la s in  B and azide,'dtid we are p resen t ly  looking  at poss ib l e  ways i n  which GMi might 
i n t e r a c t  wi th  t h e  c y t o s k e l e t a l  system. I n  conclus ion ,  g iven  that g l y c o l i p i d s  are a c l a s s  
of membrane r ecep to r s .  then  t h e i r  l o s s  from the  c e l l  su r f ace  may be a n  important f a c t o r  i n  
the  malignant process .  
1. Cr i t ch ley ,  D . R .  and Vicker,  M .  (1977) i n  C e l l  Sur face  Reviews 3, 307-370. 
2. Cr i t ch ley ,  D.R. e t  a l ,  (1979) Biochem SOC. Trans. i n  press .  
3 .  Tonegaws, Y.  and Hakomori, S. (1977) Biochem. B i o d s .  Res. Comun. 76, 9-17. 
A .  Revesz, T. and Greaves,  M.F. (1975) Nature 257, 103-106. 
5. Craig, S. and Cuat recasas ,  P. (1975) Proc. Natl. Acad. Sc i . ,  USA, 72 ,  38AA-38d8.  

Whilst the  s i g n i f i c a n c e  of loss of more complex g lyco l ip ids  frolr the  

We ha& recen t ly  provided d i r e c t  evidence t h a t  g l y c o l i p i d  GMq i s  indeed the  

Glyco l ip ids  GM and GDla.  t h e  major c e l l u l a r  
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Normal, untransformed f i b r o b l a s t s  reduce t h e i r  r a t e  of en t ry  i n t o  S(DNA synthes iz ing)  phase 
of the c e l l  cyc le  and accumulate in  GIG, when the cu l tu re  medium becomes depleted of grovth 
f ac to r s .  Addition o f  serum t o  such quiescent  cu l tu re s  s t imu la t e s  DNA syn thes i s  and c e l l  
d iv i s ion .  Furthermore,  qu iescent  c u l t u r e s  o f  f i b r o b l a s t s  can be s t imula ted  t o  e n t e r  S phase 
by grovth-s t imula t ing  hormones, f a c t o r s  produced by c e l l s  and t u m r  promoters. Cer ta in  
conbinations of  these agents  a c t  s y n e r g i s t i c a l l y  in  serum-free medium. 
A complex a r r ay  o f  biochemical changes precedes the onse t  of DNA syn thes i s  (9-15 hours) in 
serum-stimulated c e l l s .  Since i t  i s  poss ib le  t o  s t imula te  DNA syn thes i s  i n  a completely 
def ined  medium, more c r i t i c a l  ques t ions  can be asked regard ing  the biochemical events  t ha t  
occur between recogni t ion  o f  a de f ined  p r o l i f e r a t i v e  s igna l  and the ac tua l  onse t  of  DNA 
synthes is .  A s  a f i r s t  s t e p ,  i t  i s  poss ib l e  t o  def ine  which e a r l y  events  s t imula ted  by serum, 
in  f a c t ,  a re  a l s o  induced by h ighly  p u r i f i e d  mitogenic molecules. 
A c e n t r a l  problem i n  understanding the mechanism of ac t ion  of growth promoting f a c t o r s  i s  to  
e l u c i d a t e  how, a f t e r  b inding  t o  s p e c i f i c  sur face  r ecep to r s .  such f a c t o r s  e l i c i t  m t a b o l i c  
responses i n  the c e l l .  We are  approaching t h i s  ques t ion  by examining the biochemical b a s i s  
of  the e a r l y  metabolic responses induced by serum or growth-promoting f a c t o r s  i n  quiescent  
c e l l s .  Our a t t e n t i o n  has been focused on three  prominent responses:  t h e  i nc rease  i n  the 
uptake of nuc leos ides ,  the acce le ra t ion  of  the g l y c o l y t i c  f l o w  and the inc rease  i n  the 
transmerrtrane f l u  of monovalent ions. Recently,  advances have been made i n  de f in ing  the 
biochemical b a s i s  of these  e a r l y  events  i n  quiescpnt  7 T 1  c e l l s .  The increase  in  the uptake 
of nuc leos ides  , r e s u l t s .  From an enhanced capac i ty  o f  s t imula ted  c e l l s  t o  phosphorylate 
nuc leos ides . r a the r  ctian from a change i n  the  r a t e  of ur id ine  t r ans loca t ion  ac ross  the 
membrane. The acce le ra t ion  o f  the g lyco ly t i c  flow i n  cu l tu re s  of S w i s s  3T3 c e l l s  appears 
to  r e s u l t  from an i n c r e a s e . i n  the a c t i v i t y  of the phospho€ructokinase.  as  revea led  i n  
c e l l u l a r  homogentates of s t imula ted  c e l l s .  F ina l ly .  a model which i s  cons i s t en t  w i t h  s tud ie s  
on "Rb+ '2Na+ and L i +  t r anspor t  i s  proposed f o r  the regula t ion  of the Na+-K+ punp: ( i )  t h a t  
there  i s  a Na channel i n  the plasma mmbrane of f i b r o b l a s t s ;  ( i i )  t h a t  growth f a c t o r s  
i nc rease  Na+ e n t r y  v i a  the channel;  ( i i i )  t h a t  the a c t i v i t y  of the Na+-K+ pump i n  f i b r o b l a s t s  
is l imi t ed  by the supply of i n t e r n a l  Na+: and ( i v )  growth f a c t o r s  appear to  s t imu la t e  the 
Na+-K+ pump in  quiescent  3T3  c e l l s  by inc reas ing  i t s  supply of  Na+. These f ind ings  prornpted 
us to  t e s t  vhe ther  subs tances  tha t  p r o m t e  Na' e n t r y  can regula te  c e l l  p r o l i f e r a t i o n .  We 
discovered tha t  vasopress ins  a re  potent mitogens f o r  3T3 c e l l s .  This hormone provides  a 
convenient model molecule t o  f u r t h e r  s t u d i e s  on the mchanism o f  ac t ion  of growth-promoting 
pep t i des .  

EARLY EVENTS IN G R O k T H  STIMULATION, Enrique Rozengurt, Imperial  Cancer Research 
Fund Labora tor ies ,  L incoln ' s  Inn F i e l d s ,  London, WC2A 3PX. 



Tumor Call Surface. and Malignancy 

437 
Thc f u n c t i o n a l  i n t c r l , l a y  bctween r e q u l a t l o n  of mcmbrane t r a n s l m r t  >.ystems and  r e g u l a t i o n  of 
i n t r a c e l l u l a r  p r o c e s s e s ,  r.t.11 p r o l i f e r a t i i m  and  r j e n c  e x p r e s s i o n  h a s  been  i n v e s t i g a t e d  by 
d i v c r s c  aiq.roaclit:s usir iy  s v v e r a l  t y p e s  of r e 1 1  c u l t u r e  s y s t e m s  .IS w e l l  a s  p l a sma  membrane 
v e h i c l e s  d e r i v e d  from tlicst: c u l t u r c s .  

F i b r o b l a s t  c u l t u r c n  have b r c n  u s e d  as a mudel t o  i n v e s t i y a t e  t h e  t r a n s l m r t  c h a n g e s  
which accompany g rowth  r u q u l a t i o n .  These  c h a n y c s  c a n  b e  a n a l y z e d  i n  terms o f  t h e  t r a n s p o r t  
mrxchanism u s i n q  mfmbranc vcsiclc: . .  F i b r u b l a s t  I.lasma membrane v e s i c l e s  e x h i b i t e d  s e v e r a l  
n u t r i e n t  t r a n s p o r t  f u n c t i o n s  (1).  A c t i v u  t r a n s p o r t  o f  n e u t r p l  'm ino  a c i d s  lh-System) a n d  
monuvalcnt  p h o s p h a t e  ion l!:-systeml 1 2 )  were c n c r g i z c d  by Na q r a d i e n t s  a r t i f i c i a l l y  
i m i n w d  across t h e  membrant.. 
i i r l v l n y  f o r c e  f o r  A-sy:;tm amino a i . i d  a c c u m u l a t i o n  b u t  Na -dependen t  p h o s p h a t e  t r a n s p o r t  
was e l e c t r i c a l l y  s i l i . n t .  w h e r e a s  many c h a r a c t o r i s t i c s  o f  t h e  t r a n s p o r t  systems o f  i n t a c t  
rrlls were also e x p r e s s e d  i n  v e s i c l e s ,  i m p o r t a n t  d i f f e r e n c e s  were o b s e r v e d  -- n o t a b l y  i n  t h e  
case o f  g l u c o s e  t r a n s p o r t  ( 3 ) .  c o r r e l a t i v e  s t u d i e s  u s i n q  vesicles i m p l i c a t a d  p r o t e i n  
k i n a s r - m e d i a t e d  membrane p h o s p h o r y l a t i o n  as an e l e m e n t  which r a p i d l y  m o d u l a t e s  t r a n s p o r t  i n  
f i b r o b l a s t s  1 4 ) .  

E p i t h r l i a l  c e l l  c u l t u r e  s y s t e m s  were used  as a model for  d i f f e r e n t i a t i o n  o f  p l a sma  
mmnbrane t r a n s p o r t  p r o p e r t i e s  I F . ) .  S p c c i a l i z u d  e p i t h e l i a l  t r a n s p r t  f u n c t i o n s  were m a n i f e s t  
i n  b o t h  t h o  Ham 2 5  r a t  mammary and t h e  MCCK dog k i d n e y  e p i t h e l i a l  cell  l i n e s  a s  'domes '  of 
c e l l s  r e s u l t i n g  from f l u i d  a c c u m u l a t i o n  b e n e a t h  t h e  cell  m i n o l a y e r .  A b r o a d  s p e c t r u m  o f  
known i n d u c e r s  o f  mammalian c e l l  d i f f e r r n t i a t i o n  s t i m u l a t e d  dome f o r m a t i o n  i n  t h e s e  ce l l  
l i n e s .  Dome f o r m a t i o n  was a lso i n c r e a s e d  b y  c o n d i t i o n s  e x p e c t e d  t<) e l e v a t e  i n t r a c e l l u l a r  
l e v e l s  o f  c y c l i c  AMP. These  r e s u l t s  s u g g e s t  a hypo thes i f i  t h a t  domcs arise i n  t h e s e  c u l t u r e s  
by rl procc!;s a n a l a g o u s  t o  d i f f e r e n t i a t i o n  and r e q u l a t e d  by c y c l i c  AW. 

1) Lever .  J . E .  'The Llsc o f  Vesicles i n  T r a n s p o r t  S t u d i e s , '  CRC C r i t i c a l  Rcviews i n  

2 )  Leve r ,  J . E .  J. Ei&. 2. g 3 ,  2081-2DA4 11978) .  
3 )  Lcver .  J.E. 11. =. w. (197'31 i n  p r e s s .  
4 )  Lever .  J .E .  Biochcrn. Biophys-. E. Lo-. 2, 1051-1058 11977) .  
5 )  L e v e r ,  J .E .  Cold  S p r i n g  Harbor C o n f e r e n c e s  o n  Cell P r o l i f e r a t i o n ,  V o l .  b, Hormones a n d  

KEGULATIf%' GF TMNSPOlrT AND MEMHPAANE FUNCTION. J u l i a  E. L . w r r ,  ThP S a l k  I n s t i t u t e ,  
10010 K. Torrry P i n e s  Road. La J o l l a ,  CA 92037 

I n t e r i o r - n e q a t i v e  mcmbrane p o t e n t i a l s  p r o v i d e d  a n  a d d i t i o n a l  

B i o c h e m i s t r y  l ed .  G. Fasman) CRC P r e s s  1 1 9 7 8 )  i n  press. 

C e l l  C u l t u r e  11979) i n  p r e s s .  

438 USE OF CYTOCHALASINS FOR STUDYING SUGAR TRANSPORT AND CELL MOTILITY 
IN MAMMALIAN CELLS, Diane Chang Lin, Andrew Lees, and Shin Lin, 
Department of Biophysics, Johns Hopkins University, Baltimore, MD, 
21218. 

The fungal metabolite cytochalasin B (CB) is a potent inhibitor of sugar 
transport and cell motility in mammalian cells. Two derivatives of this drug 
are being used in our laboratory for identifying cellular components involved 
in the drug-sensitive processes. 

no effect on sugar transport even at high concentrations, but is similar to 
CB in affecting cell motility and morphology. In the human red cell, 
[3HIH CB binds with high affinity to a high molecular weight complex peri- 
pherally associated with the cell membrane: SDS-acrylamide gel electrophoresis 
showed that the complex consists of spectrin, actin, band 4.1, and some minor 
protein components. The relative affinities of several cytochalasins (CB, CD, 
CE, H CB) for the binding complex correlate with their relative potencies in 
affecging cell motility and morphology in several biological systems. Pre- 
liminary data indicate that the complex, isolated from a low ionic strength 
extract of red cell membranes, can act a s  an initiator of actin polymerization 
-- in vitro, suggesting that it functions a s  a regulatory site for formation and 
membrane-attachment of actin-containing microfilamentr in vivo. 

tion of the C-7 and C-20 hyqroxyl groups of CB with acetic anhydride, followed 
by selective removal of the C-20 acetyl group by mild alkaline hydrolysis. 
This derivative is an effective inhibitor of sugar transport, but does not 
affect cell motility and morphology in fibroblasts even at high concentrations. 
13HlCB has previously been shown to bind with high affinity to sugar trans- 
port. proteins in the human red cell. Competitive binding experiments showed 
that the affinity of CBAc for these proteins is 3 to 4 times less than that 
of 13HlCB; in contrast, the affinity of this derivative for high-affinity 
binding sites associated with red cell spectrin and actin is 20 to 30 times 
less than that of f3H1H2CB. These results indicate that CBAc will be a use- 
ful tool for identifying sugar transport proteins in cells such as fibro- 
blasts, where most of the high-affinity CB binding sites are apparently not 
related to sugar transport. (This work was supported by grants GM-22289, 
AG-00993, and RCDA-GM-00241 from the National Institutes of Health, and 
grant VC-288 from the American Cancer Society.) 

Dihydrocytochalasin B (HzCB), formed by reduction of CB with NaBH4, has 

The second derivative is CB-C7-monoacetate (CBAc),pr=ed by acetyla- 
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439 THE TRANSFORMING GENE PRODUCT OF AVIAN SARCOMA VIRUSES, R.L. Erikson, J.S. Brugge, 
M.S. Collett, E. Erikson, and A.F. Purchio, Department of Pathology, University of 
Colorado Medical Center, Denver, Colorado 80262 

The product of the avian sarcoma virus (ASV) transforming gene (sarcoma, src) is a phospho- 
protein with a molecular weight of 60,000, denoted pp60srC (1-4). 
act as a protein kinase when assayed in specific immune complexes (5,6). 
strains examined to date encode a similar 
activity is growth-temperature dependent in cells transformed with an ASV temperature- 
sensitive transformation mutant (6) it is possible that ASV-induced oncogenesis may be 
mediated by aberrant phosphorylation of cellular proteins by pp60Src. 
that pp60src is itself a phosphoprotein because it is well-established that the phosphoryla- 
tion state of various enzymes influences their function. Studies on the sites of phosphory- 
lation of pp60Src and enzymatic activities that influence phosphorylation will be presented 
and discussed. 
identified in normal uninfected avian cells (7) and will also be discussed. 

1. Brugge, J.S. and Erikson, R . L .  Nature 269:346-348, 1977. 
2 .  

This p x e i n  appears to 
Since all ASV 

gene polypeptide and since the pp6Osrc-kinase 

It is interesting 

A protein immunologically and structurally similar to ASV pp60srC has been 

Purchio, A.F . ,  Erikson, E. and Erikson, R . L .  Proc. Natl. +. s. 574:4661-4665, 
1977. . . 

3.  

4. Brugge, J.S., Erikson, E.. Collett, M.S. and Erikson, R.L. J. Virol. 26:773-782, 1978. 
5 .  Collett, M.S. and Erikson, R.L. Proc. Natl. Acad. Sci. USA 75:2021-2024, 1978. 
6. 
7. Collett, M.S., Brugge, J.S. and Erikson, R , L .  w, in press, 1978. 

Purchio, A.F., Erikson, E., Brugge, J.'S. and Erikson, R.L. 
USA 75:1567-1571, 1978. 

&. E. e. x. 
-- 

Erikson. E., Collett, M.S. and E r i k s o n , T .  Nature74:919x21, 1978. 
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University of California at San Diego*, La Jolla. California 92093 and University of Southern 
California School of Medicine"*, Los Angeles. California 90033. 
We have been studying phenotypic properties associated with the transformation of fibroblasts 
by Rous Sarcoma virus (RSV) employing a temperqture-sensitive mutant (LA23) of RSV infecting 
a normal rat kidney (NRK) cell line. 
phenotype: 
brane, and the cytoskeleton is comparatively disaggregated (1). When grown at 39". they ex- 
hibit the normal phenotype: the cells are flat. surface receptors are not mobile over large 
distances, and the cytoskeleton (stress fibers and microtubules) extends the length of the 
cell. Furthermore, at 33' the cells show an enhanced rate of aerobic glycolysis compared to 
39", and this rate shows an altered sensitivity towards dinitrophenol and oligomycin compared 
to normal ( 2 ) .  
other inhihitors of protein synthesis, within several hours they show a reversion of thetrans- 
formed phenotype to the normal with respect t o  the characteristics described. These results 
led us to propose that transformation by the % gene of RSV is a pleiotypic and reversible 
process, such as is involved in a pleiotypic enzymic modification reaction and its reversal. 
These results conform with the recent demonstration ( 3 )  that the gene product has, o r  is 
closely associated with, a protein kinase activity. 
components might be affected in vivo by such a kinase activity, and the possible mechanisms 
involved in generating the new steady state of the transformed cell, will be discussed. 
1) Ash, J. F., p .  K. Vogc and S .  J. Singer (1976). Proc. Natl. Acad. Sci. USA z:3603-3607. 
2 )  Carroll, R. C., J. F. Ash. P. K. Vogt and S. J .  Singer (1978). PKOC. Natl. Acad. Sci. 

3) Collett, M. S .  and R .  L. Erikson (1978). PKOC. Natl. Acad. Sci. USA 11:2021-2024. 

ON THE BIOCHEMISTRY OF TRANSFORMATION BY ROUS SARCOp VIRUS. 
Roger C. Carroll*, J. F. Ash", Michael H .  Heggeness , and Peter K. Vogt 

S .  J. Sin er". 8* . 

LA23-NRK cells grown at 33' exhibit the transformed 
the cells are rounded, cell surface receptors are mobile in the plane of the mem- 

Tf the LA23-NRK cells are grown at 33" in the presence of cycloheximide or 

Experiments designed to detect which cell 

USA 75:5015-50151. 
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Sera from rats carrying syngeneic polyoma virus-induced tumors precipitate five species of 
T antigen from lytically infected or transfoned cells. 
PAGE are 100K, 63K. 56K. 36K and 22Kl. 
antigen, is located largely or entirely in the nucleus. It is thermolabile in cells infected 
by ts-a mutants'.3. The 56K is associated with the plasma membrane4*5, and the other forms 
appear to be present predominantly in the 'cytosol' fraction. Hr-t mutants are affected in 
some or all of the minor T antigen species. 
minor bands. while non-deletion hr-t mutants induce the 56K and 2ZK (reduced amount) but not 
the 63K and 36K speciesL. 
production of the multiple T antigen species, and that sequences in the hr-t region of the 
viral DNA are involved in the splicing. 
define twu distinct functions essential for cell transformation as well as viral growth. 

MOLECULAR FORMS OF POLVOMA VIRUS TUMOR ANTIGEAS, Dr. Thomas L. Benjamin, 
Department of Pathology. Harvard Medical School, 25 Shattuck St., Eioston, Ma. 02115 

Estimates of molecular weight by SDS- 
The lOOK protein, called the major or "big" T 

Deletion hr-t mutants fail to induce all our 

It is likely that multiple R;IA splicing events are involved in the 

These two early viral genes - ts-a and hr-t - 
1 

'Ito, V., Spurr, N and Dulbecco, R .  (1977a) Proc. Nat. Acad. S c i .  USA 
3Silver, J.E., Schaffhausen, B.S. and Benjamin, T.L. (1978) Cell 
'Ito, Y . ,  Brockelhurst, J.R. and Oulbecco. R. (1977b) Proc. Nat. Acad. Sci. USA 
5Silver, J.E.. Schaffhausen, 6.5. and Benjamin, T.L. (1978) Cell 
bSilver, J.E.. Schaffhausen, B.S. and Benjamin, T . L .  (1978) Cell 

Schaffhausen, B.S., Silver, J.E. and Benjamin, T.L. (1978) Proc. Nat. Acad. Sci. USA 

EXPRESSION OF MOLONEY AND ABELSON ML'RINE LEUKEMIA VIRUSES AT THE CELL SURFACE, 
U.N. Witte*, N. Rosenherg+ and D. Baltimore*. *Center for Cancer Research. M.I.T., 442 

Cambridge, Mass. and +Department of Pathology, Tufts University School of Medicine. Rostun. 
Hass. 
Murine leukemia viruses (?lul.V) replicate in cells without affecting the normal host cell 
macromolecular synthetir processes. The assembly of  their enveloped virions provldes a modcl 
for the control of specific protein interactions at the cell membrane. 

Moloney (M) MuLV is a replication competent virus that trans€orms "T" lymphoid cells in  
__ vivo. 
and the virion polymerase are translated on cytoplasmic ribosomes. rapidly bind to the cell 
membrane and assemble a budding structure. Cleavage of thesr precursors occurs during the 
final stages O F  the budding process. A separate prei'uraor for the viral envelope proteins is 
translated on membrane bound ribosomes and is nasccntlv alycosyloted by high mannnse groups. 
Its carbohydrate is subsequently proi.essed and the protein cleiivrd during maturation to the 
cell membrane where it associates with corr StrLirttirrs during t h e  budding process. 

"B" lymphoid stem cells. A-Mu1.V tias retained horntil,,Kous regions tn Y-MuLV at the 5' and 3 '  
ends of its genome but has a largc deletion-suhstiturion repion internally. Ahclson HuLV 
expresses no functional structural polvprotein precursors like M-MuLV and hencc i t  requircs 
a helper virus. A-MuLV encodes a large polyprotein (120.000 MW) which represents a fusion 
protein between the N-terminal one-half of thc Moloney core pretursnr and new information 
derived from the mouse genome. The P120 protein is stronxly corrrl3ted with maintendnce of 
the transformed state. P120 is not cleaved or incorporated into virions in mouse cells 
transformed by A-MuLV,. 
antihodv specific for the unique region of P120 whirh ran stain viable A-MuLV transformed 
non-producer cell's' on the cell membrane. 

Thus all the described proteins of M- and A-MuLV are found at the cell membrane. What 
mechanisms control the subsdquent cleavages and assembly. or exclusion from budding 
structwes are of continuing interest. 

This virus encodes 3 large polyproteins. Prerursors for the core structural proteins 

Derived from M-MuLV. Abelson ( A )  Mu1.V is n rcplil-nti<in drfectivr virus uhil.h transforms 

Serum from, mice rejecting a syngrnrii- A-MuLV lymphoid tumor contain? 
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Cell Biology of Malignancy 

CELL SURFACE COMPONENTS OF MALIGNANT MELANOMA VARIANTS SELECTED FOR ORGAN SPECIFICI'IY. 
Kenneth W. Brunson and Garth L. Nicolson .  Department of Developmental and C e l l  Biology, 
U n i v e r s i t y  of  C a l i f o r n i a ,  I r v i n e ,  C a l i f o r n i a  92711. 

We have developed animal t m r  systems f o r  s t u d y i n g  t h e  organ s p e c i f i c i t y  of blood-borne metas- 
t a s i s  t o  b r a i n  (Brunson r t  a l . ,  NATURE 272:543, 1978) o r  ovary  (Nicolson e t  a l . ,  C A N E R  RES. 
38:4105, 1978) .  816 melanoma l i n e  B16-Fl (from lung m e t a s t a s i s  i n  C57BL/6 mouse) i n j e c t e d  i . c .  
y i e l d e d  t m r s  i n  b r a i n  (B16-Bl) or ovary (816-01) which were c u l t u r e d .  Melanoma c e l l s  w e r e  re -  
i n j e c t e d  i . c .  o r  i . v .  and t h i s  process  repea ted  t e n  times t o  o b t a i n  l i n e s  B16-BlON and B16-010 
which were more m e t a s t a t i c  t o  b r a i n  and ovary ,  r e s p e c t i v e l y .  To r u l e  o u t  s imple  organ adapta- 
t i o n  s e l e c t i o n s  were p e r f o r r e d  by d i r e c t  i n t r a c e r e b r a l  i n o c u l a t i o n .  In  c o n t r a s t  t o  blood-borne 
s e l e c t i o n  f o r  organ c o l o n i z a t i o n ,  l i n e s  s e l e c t e d  by organ i n o c u l a t i o n  ( b r a i n )  formed t h e  same 
number of m e t a s t a s e s  compared t o  p a r e n t a l  l i n e s .  Lactoperoxida~e-'~~I-labeling of exposed s u r -  
f a c e  p r o t e i n s  of i n t r a v a s c u l a r l y  s e l e c t e d  b r a i n  c o l o n i z i n g  l i n e s  r e v e a l e d  i n c r e a s e d  exposure of 
components o f  295,000 and %100,000 MW which c o r r e l a t e d  w i t h  enhanced b r a i n  mtastasis,  whi le  
l i n e s  s e l e c t e d  f o r  ovary  mtastasis showed i n c r e a s e d  l a b e l i n g  of components of ~ 1 4 0 , 0 0 0  and 
2150,000 MW. Tumor l i n e s  s e l e c t e d  t e n  tims by direct b r a i n  i n o c u l a t i o n  w e r e  s i r r u l a r  t o  par- 
e n t a l  c e l l s  i n  s u r f a c e  l a b e l i n g .  In  v i t r o  morphological changes a s s o c i a t e d  wi th  s e q u e n t i a l  
s e l e c t i o n  t o  b r a i n  and ovary  were r e v e a l e d  by phase c o n t r a s t  and SEM. B r a i n - s e l e c t e d  l i n e s  
(B16-B5, B16-BlON) were less sp indle-shaped  and f l a t t e r  than  B16-Fl. and both had numerous 
long c e l l u l a r  p r o l e c t i o n s .  816-010 c e l l s  grew i n  c o l o n i e s  w i t h  round, r a t h e r  smooth c e l l  p e r i -  
p h e r i e s  and were less pignonted than  B16-Fl. 
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Suooorted bv N C I  q r a n t  Wl-CA-15122 and N C I  c o n t r a c t  NOl-CB74153 ( t o  G.L.N. I .  

RELATIONSHIP OF FIBRONECTIN TO THE METASTATIC BEHAVIOR OF RAT ?(AMMARY ADENOCARCINOMA 
CELL LINES AND CLONES. Anthony N e r i ,  Erkki  Ruos lah t i  and Garth L. Nicolson ,  Department 
of  Cevelopmental and Cell Biology,  U n i v e r s i t y  of  C a l i f o r n i a ,  Trv ine .  C a l i f .  92717 and 
Div is ion  of I m u n o l c q y .  C i t y  of  Hope m d i c a l  Center ,  Duarte,  C a l i f .  91010. 

W e  have s t u d i e d  mammary tumor metastasis u s i n g  13762NF adenocarcinoma. F i s h e r  344 rats inocu- 
l a t e d  S.C. w i t h  tumor t i s s u e  s h w e d  n o  m e t a s t a s e s  a t  23 days ;  however, a t  40 days 13/21 and 
4/21 an imals  had r e g i o n a l  lymrh node (RLN) and lung m e t a s t a s e s .  r e s p e c t i v e l y .  C u l t u r e s  of  
primary and metastatic l e s i o n s  were cloned. B i o l o g i c  t e s t i n g  of c l o n e s  r e v e a l e d  from 0/20 to  
2 0 / 2 0  animals  w i t h  lung and/or  RLN m t a s t a s e s  a t  2 3  days. Clones f r a n  Rw or lung metas tases  
p r e f e r r e d  t h e  lymphat ic  r o u t e  r a t h e r  than i n t r a v a s c u l a r  as judged by t h e  number and s i z e  of 
p o s i t i v e  RLN (40-90% animals  a t  2 3  days)  p r i o r  t o  d e t e c t i o n  of lung  m e t a s t a s e s .  In  c o n t r a s t ,  
3/4 primary tumor c l o n e s  produced lung  m e t a s t a s e s  l40-100\ an imals )  wi thout  RLN involvement,  
and 1/4 primary tunwr c l o n e s  produced no m e t a s t a s e s  a t  23 days .  Subcutaneous tumor s i z e  was 
unique t o  each c lone  and n o t  r e l a t e d  t o  m e t a s t a s i s .  In  v i t r o  morphology of  c l o n r s  v a r i e d  from 
f i b r o b l a s t i c  t o  e n i t h e l o i d  and was i n f l u e n c e d  by c u l t u r e  d e n s i t y .  These o b s e r v a t i o n s  i n d i c a t e  
t h a t  tumor c e l l  h e t e r o g e n e i t y  exists i n  t h e  o r i g i n a l  p a r e n t a l  tumor c e l l  popula t ion  wi th  
r e s p e c t  t o  growth and m e t a s t a s i s .  F u r t h e r  s t u d i e s  were performed t o  determine t h e  s u r f a c e  d i s -  
p l a y  and/or r e l e a s e d  amounts of f i b r o n e c t i n  (LETS, CSP) us ing  i n d i r e c t  IMF o r  compet i t ion  RIA. 
Cont rary  to i n i t i a l  o b s e r v a t i o n s ,  t h e s e  s t u d i e s  s u g g e s t  t h a t  m e t a s t a t i c  p o t e n t i a l s  of v a r i o u s  
c l o n e s  a r e  independent  of  s u r f a c e  exposed or r e l e a s e d  f i b r o n e c t i n .  
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Supported by NCI c o n t r a c t  N01-CB74153 and ACS g r a n t  BC-211A ( t o  G . L . N . ) .  

445 METSTATIC TUMOR CELLS INDUCE THE I N  VITRO DEGRADATION OF ENDOTHELIAL CELL EXTRACELL- 
ULAR MATMX. Randall  H. Kramer a n d T a r t h .  Nicolson .  Department of Developmental and 
C e l l  Bio logy ,  U n i v e r s i t y  of C a l i f o r n i a ,  I r v i n e ,  C a l i f o r n i a  92717. 

'Ihe i n t e r a c t i o n  of n e o p l a s t i c  cells wi th  v a s c u l a r  e n d o t h e l i a l  c e l l 3  and a s s o c i a t e d  e x t r a c e l l -  
u l a r  m a t r i x  h a s  been s t u d i e d  i n  v i t r o .  When B16-Fl m t a s t a , t i c  melanoma c e l l s  a r e  seeded on con- 
f l c e n t  c a l f  a o r t i c  e n d o t h e l i a l  monolayers,  d r a p i d  r e t r a c t i o n  of t h e  e n d o t h e l i a l  c e l l s  occurs  
a t  t h e  s i t e  of  tumor b e l l  a t t a c h m n t .  The e f f e c t  of t h i s  a c t i v i t y  on t h e  i n t e g r i t y  of t h e  endo- 
t h e l i a l  e x t r a c e l l u l a r  m a t r i x  (ECEO was examined by measuring the loss o f  r a d i o a c t i v i t y  from 
3 5 S 0 ~ - l a b e l e d  e n d o t h e l i a l  lnonolagers.  The ECM was i s o l a t e d  a t t a c h e d  tb t h e  s u b s t r a t u m  by ex- 
t r a c t i o n  of t h e  e n u o t h e l i a l  monoldyer w i t h  NP-40 d e t e r g e n t  and 'is composed p r i m a r i l y  of  .fibre- 
n e c t i n  and 35sO~-1Bbeled h i g h  molecdlar  weight  qlyoosaminoglycans (GAG'S).  A m a j o r i t y  of ' the  
3 5 S 0 ~ - l a b e l e d  macmmolecules a r e  ECM-associated and are r a p i d l y  t u r n e d  over by t h e  e n d o t h e l i a l  
cells .  ?he i d t r o d u a t i o n  of B16-F1 ihe lanma ceils Onto 35SOrq-labeled e n d o t h e l i a l  monolayers ' 

r e s u l t s  i n  an i n c r e a s e  i n  t h e  s a l u b i l i i a t i o n  a n d  degrada t ion  of ECM-associated GAG'S which is 
r e l a t e d  t o  Ohe number of tumor cells added and c o r m l a t e s  w i t h  t i m e  of e n d o t h e l i a l  r e t r a c t i o n .  
In  c o n t r a s t ,  when tumor cells are seeded  d i r e c t l y  ?to -40 e r p o s e d  3sS0t,-labeled Em, n o  
s i g n i f i c a n t  s o l u b i l i z e t i o a  or d e g r a d a t i o n  of t h e  "S-label is d e t e c t e d .  ?hew r e s u l t s  s u g g e s t  
t h a t :  (1) tumor c e l l s  CM induce the  s o l u b i l i z a t i o n  of e n d o t h e l i a l  basement membrane-like 
m a t r i x ;  ( 2 )  t h i s  s o l u b i l i z a t i o n  i s  mediated by t h e  e n d o t h e l i a l  c e l l s  and (3) e n d o t h e l i a l  c e l l s  
may a c t i v e l y  p a r t i c i p a t e  i n  blood-borne tumor c e l l  e x t r a v a s a t i o n .  

Supported by NCI c o n t r a c t  N01-CB74153. NCL g r a n t  CAl5122 Bnd ACS g r a n t  BC-211A (to C.L:N.). 
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I n  vitro growth characteristics, motility and adhesive properties have been examined in a 
Gm-f tumor cell lines, derived from the polvoma-induced PW20 Wlstar-Furth renal sarcoma, 
which vary In their spontaneous metastatic properties. Four of the lines are highly meta- 
static (88-l00% of animals develop macroscopic ioetastases following excision of  primary sub- 
cutaneous tumors), two are intermediately metastatic (67% incidence of metastasis), and three 
are poorly metastatic (0-208 incidence o f  metastasls). 
lines grow nwre rapdily In vitro and grow to higher density than cells from the metastatic 
lines. The motility of  5e-s in vitro, as ludged both by colony morphology and by the 
formation of phagokinetic tracks on gold particle-coated coverslips, correlates directly with 
their metastatic activity. Cells from the metastatic lines are also more adhesive to each 
other and to plastic substrates, as determined by the degree of clumping o f  cell suspensions 
following trypslnization of cell monolayers, by the rate of attachment o f  cells to plastic 
tissue culture dishes following plating, and by the rate of trypsin-induced detachment of 
oonconfluent monolayer cells. Previous stud’es have shown that cells from the metastatlc 
lines are more highly sialylated in v tro than cells from the poorly metastatic lines. Fur- 
ther experiments will be undertaken t o  examine the relatlonship between the surface slalyla- 
tlan o f  the cells and the I n  vltro properties observed In the present studies, and t o  deter- 
mine the relevance o f  these parameters to the metastatic process. 

IN VITRO GROWTH CHARACTERISTICS, MOTILITY PNO ADHESIVE PROPERTIES OF METASTATIC VARI- 
ANT PW20 CELL LINES, Peter L. Salk and Robert P. Lanza, The Salk Institute for 
Biological Studies, San Oiego, CA 92112. 

Cells from the poorly metastatic 

447 SPONTNIEOUS METASTATlC BEllAVIOll AIJL, GLYCOSAMIIJOGLYCAN COblPOSITION OF 816 MELANOMAS. 
John S. Lazo, Charleis A. Maniglia, Men liui Lee, and Alan C. Sartorelli. Yale Univ. 

Sch. of lled., Dept. of Pharinacol. G Uevel. Therap. Prog., Comp. Cancer Ctr., New Haven, CT 
06510 
Two non-selecfed Blb melanoma sublines ( H M j  and LM) were found to differ in spontaneous 
metastatic behavior. Subcutaneous imlilaiits of HE$ and LE1 into syngeneic mice exhibited 
similar growfli rates as measured by weight and host lethality as expressed by mean or  median 
survival times. 
50% of animals wit11 the LM tumor were similarly affected. No correlation existed between 
survival time and the number of lung metastases in mice bearing either tumor. Tumor ly- 
cosaminoelycaii (GAG) cohiposition was estimated by the amount of [3i(1]glucosamii~e and [j5S] 
sulfate incorporated into cetylpyridinium chloride (CPC) precipitable material. HM3 m d  LM 
tumors incorporated 850 + 180 and 850 + 270 dpm [3H]glucosamine/mg dry tumor weight and 741 - + 170 and 730 
table material. 
sbowed a significant difference in [~H]glucosasiine but not 
the 2 tumors. 
NaCl fraction compared to on1 There was no significant 
difference in the amount of [gH]glucosamine in the 0.8 M or 1 . 2  M NaCl fractions of thl3 
o r  LM tunors, but tlie UA tumor incorporated significantly less ( p s  0.05) [31i]glucosamine 
into the 2.0 l1 IJaC1 fraction. The spontaneous metastatic behavior of these 2 twtmrs may be 
related in part to an altered GAG composition. 

At death, 96rk of mice bearing tile IN3 tumor had lung ilietastases while only 

220  dpm F58] sulfate/Eg dry tumor weight, respectively, into CPC precipi- 
Fractionation of this material with increasing concentrations of NaCl 

sulfate distribution in 
Over 66% of total [3Hjglucosamine in GAG of the U.1 tumr was in the 0.4 M 

4 2 %  for the tU43 tumor ( p C ’ O . 0 1 ) .  

PROPERTIES OF AN MSH-GROWTH RESISTANT VARIANT OF 816 MOUSE MELANOMA. 
and Nary P. Logue, Piv. of Surgery & Dept. of Biochemistry, Boston Univ. School of 
Medicine, Boston, Mass. 02178 

Richard M. Niles 

A variant of Bl6-F1 mouse melanoma was selected for its ability to survive md replicate 
in the presence of melanocyte stimulating hormone [MSH). Although the variant (MR-4) was 
completely reristant to growth inhibition by MSH, cyclic AMP was *till able to block repli- 
cation. Tyrorinase activity In MR-4 cells was considerably lower than in F1 cslis. MSH 
induced a 2-3 fold increase in tyrosinass i n  both cell types, but the absolute activity from 
MR-4 remained significantly less than the parental cells. MR-4 cells were alro found to 
have a ma Fsdly depressed cyclic AMP dependant protein kinase relative to F1 cells, m e  
protein k[nase from both cell types was stimulated by cyclic AMP, but the level of MR-4 
kinasa activity at maximal cyclic AMp concentrations remained considerably lower than P1 
kinasp act iyity under the aame conditions, Preliminary observations concerning the biolo- 
gical behavioy of MR-4 in44cate they form tumors earlier and kill the host soaner than the 
parental F1 cells. We conalude that the biochemical alteration which allowr yR.4 cells to 
replicate in the presence of HSH i s  I low level of lyrosinase which in turn m y  be the re- 
sult o f  low cyolic AMP dependent protein kinass activity. 

tluPPOrTe4 i n  Part by Grant CA18015 from the NCI 
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CHARACTERIZATION OF INDUCED METASTATIC VARIANTS FROM A CLONED METASTATICALLY HOMOGE- 
NEOUS CELL LINE. James E. Talmadge, Jean R. Starkey, William C. Davis, Washington 449 

State University, Pullman, WA 99164. 
A model of metastasis is presented which utilizes a cloned cell line, metastasizing to the 
lung, developed from the dimethylnitrosamine transformed syngenic hepatic epithelioid cell 
line IAR6-1-RT7. We demonstrate that this clonal line exhibits unique specific tumor associ- 
ated antigens as assayed by antibody-complement and antibody dependent cellular cytotoxicity 
assays and has a homogeneous metastatic phenotype. We deacribe the results obtained from 
utilizing several techniques to reintroduce metastatic variance into the clonal population. 
Techniques used to alter metastatic phenotype include; induced resistance to antibody- 
dependent cytotoxicity and adaptation to ascites culture. 
tions we obtained clones with maximum variance in metastatic expression. The metastatic capa- 
bilities of the variant clones were examined in normal and immunologically manipulated 
animals. Studies on the mechanism of metastasis (trapping, arrest and survival) using 1251UDR 
labeled cells are also reported. Immunological characteristics of the variant clones are pre- 
sented. These include; antigen expression, antigen shedding, and cellular sensitivity to 
various facets of the immune system. 
stasis were studied. These include; cell production of enzymes involved in fibrin formation 
and fibrinolysis, glycosyl transferase production, and concentration of Con A receptors. 
These characteristics of membrane function are discussed as they relate to the observed meta- 
static capabilities. 

From the selected variant popula- 

Other membrane associated phenomena relevant to meta- 

450 IN VfTRO SELECTION OF LYMPHOSARWMA VARIANTS WITH ALTERED MALIGNANCY IN VIVO. ChriStO- 
pher L, Reading, Paula N. Belloni and Garth L. Nicolson. Department of Developmental 
and all Biology, University of California, Irvine, California 92717. 

Using immobilized lectins we have selected lectin-attachment variants of malignant RAW117 lym- 
phosarcana tumor cell lines. Ihe parental RAW117 line grows in suspension and was rapidly 
bound by inniubilized-concanavalin A (Con A), Ricinus comnunis agglutinin I (RCAI), peanut ag- 
glutinin (PNA) m d  wheat germ agglutinin (WGA). After attachment, cells remaining in suspension 
(<10) were removed and subcultured. This selection process was repeated 7-10 times, and the 
sele ted cells tasted for malignancy. Parental RAW117 line forms a few (1-10) liver tumors per 
5x10 i.v. injected cells after 14 days, while a variant selected on Con A Seven times (RnW117/ 
Con A-7) fonns >BO liver tumors. RAW117 cells selected 7-10 times on ilmnobilized-WGA, -PNA or 
-RCAI show no increase in liver tumor formation. In contrast, RAW117-Hl0, a variant line se- 
lected ten t i m s  ih vivo for liver colonization (K.W. Brunson and G.L. Nicolson, J. NATL. 
CANCER INST., in press, 12/78 issue) fonns >200 liver tumors. A variant selected ten times on 
insolubilized-WGA from RAW117-HlO (RAWl17-H10/WGA-~o) fonns only 1-5 liver tumors. Variants 
of the RRW117-HlO line selected on immobilized-RCAI, -Con A or -PNA still formed >200 liver 
tumors. 1Z51-lectih binding studies indicate decreased lectin binding sites on the selected 
lines. Ihese studies indicate that alterations in cell surface lectin receptors can modify 
malignant behavior. 

8 

Supported by a b a o n  Runyon fellowship (to C.L.R.) and NCI grant RO1-CA22950 (to G.L.N.). 

451 SURFACE CHARACTERISTICS OF METASTATIC AND NONMETASTATIC CELL LINES FROM SINGLE 
HEPATOCELLOW CARCINOMAS, Thomas M. Kloppel, D. James Morrg, J. Michael Cherry dnd 
Linda 8 .  Jacobsen. Purdue University, West Lafayette, IN 47907 

In previous inVeNtigatiOnS, we correlated levels of sialic acid, gangliosides and ganglioside 
glycoSy~tranSfeKaSeS with tumorigenesis over a 24 week continuum of growth of hepatocellular 
neoplasms of the rat induced by the carcinogen N-2-fluorenylacetamide (M0rr.5 et al., J. Supra- 
mol. Struct., in press; Merritt et al., J. Natl. Cancer Inst. 60, 1313, 1978). However, meta- 
static tumors developed only rarely and were not analyzed. 
associated with UIetaatasis, well (WDH)- and poorly (PDH)-differentiated hepatocellular carcin- 
omas Were tranaphtted to syngeneic recipients and, after several generations, carried in cell 
culture. From these initial isolates, metastatic and nonmetastatic lines were obtained and 
analyzed. As reported previously, the nonmetastatic lines, both WDH and PDH, were character- 
ized by ganglioside patterns depleted in G M ~  and elevated in the products of the monosialo- 
ganglioside pathway, GM1 + %la. 
OK PDH, exhibited a restoration of $3 and nearer normal levels of 
lines showed altered rates of reduction of exogenously supplied indophenol and ferrlcyanide 
and an apparently specific detachment response to exogenous cytochrome c. The findings point 
to consistent differences in surface glycolipids comparing metastatic and nonmetastatic cell 
lines derived from aingle hepatocellular carcinomas and further extend the concept that gang- 
lioside deletiona are not causal to tumorigenesis but are the end result of a cascade of events 
which apparently continues beyond the onset of malignancy. 
Supported in part by a grant from the National Institutes of Health CA 18801. 

To investigate surface changes 

In contrast, metastatic isolates. whether derived from WDH 
+ G D ~ ~ .  The metastatic 
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452 TUIX)R-ASSOCIATED ANTIGENIC DIFFERENCES BETWEEN THE PRIMARY AND THE DESCENDANT META- 
STATIC TUMOR CELL POPULATIONS, Eliezer Corelik, Mina Fogel, Shraga Segal 4 Michael 
Feldman, Department of Cell Biology, Weizmann Institute of Science, Rehovot, Israel. 

We tested whether antigenic dlfferences exist between cell populations of the local growth of 
the 3LL tumor (L-3LL) and its lung metastases (M-3LL). 
in vitro during 5 days against L-3LL monolayers lysed preferentially L-3LL targets but not 
M-3LL tumor cell targets, 
more efficiently than they killed L-3LL targets. 
subcutaneous L-3LL tumors were cytotoxic to L-3LL targets significantly more than to M-3LL 
tareets, and vice versa. M-3LL cells were found also to be more ressstant in vitro and in 
vivo to natural killer cells than L-3LL tumor cells. Anti M-3LL lymphocytes generated both 1n 
vitro and in vivo, but not anti L-3LL lymphocytes, admixed with L-3LL or  W3LL tumor cells and 
inoculated into foot pads of syngeneic recipients suppressed the development of lung metastases 
These results suggest that metastatic cells are indeed phenotypic variants of the local grow- 
ing tumor cell populations. 
home to and grow in the lungs, and for their resistance to specific immune effects initially 
evoked against the local tumor and to nonspecific natural killer cells. These data might be 
of importance with respect to any rational approach to the problem of immunotherapy. 

Normal C57BL/6 spleen cells sensitized 

Conversely, anti M-3LL sensitized lymphocytes killed H-3LL targets 
Furthermore, spleen cells from mice bearing 

Presumably, these variants are selected for their capacity to 

REMOTE EFFECTS OF NEOPLASIA: INHIBITION OF MURINE CEREBRUM CELL AGGREGATION BY SERUM 
FROM TUMOR-BEARING ANIMALS, Nelson L. Levy and Karen A. Abernethy, Duke University, 
Durham, N.C., 21710 

453 

Tumors have been shown to alter the function of cells and tissues, particularly those of the 
nervous system, at sites remote from either the primary or metastatic masses. We questioned 
whether the serum from animals bearing syngeneic tumors could inhibit the basic cell-cell 
interactions that occur during In vitro aggregation of embryonic murine cerebrum cells. Sera 
were obtained from C57B1/6J male mice at intervals after the subcutaneous inoculation of 
either a methylcholanthrene-induced fibrosarcoma (MlO), a melanoma (916) or a lymphoma tEL4). 
Cerebrum cells from 1 4  day C5781/6J embryos were enzymatically dissociated, washed fiwt in 
medium containing normal mouse serum and then in medium alone, and then incubated for 18 hr 
at 37' on a gyratory shaker in medium containing 2.5% serum, either from the tumor-bearing 
mice or from normal C57Bl/6J mice. 
Aggregation was quantitated both by direct measurement of aggregate Size and by coulter 
counter enumeration of the disappearance of free cells. Aggregates formed in sera from tumr- 
bearing animals showed a 30 to 70% reduction in volume relative to those formed in normal 
serum. 
cerebrum cells. 
immune reaction to the syngeneic tumors. 1) the sera contained no detectable antibody against 
embryonic cerebrum cells; 2) serum from mice alloimmunlzed either with kidney or spleen cells 
did not inhibit aggregation; 3) inhibitory activity was elaborated into the supernatants of 
cultured tumor cells. 

No xenogeneic sera were used in any phase of the system. 

These sera also had the same inhibitory effect on aggregates formed from allogeneic 
Three lines of evidence argue against these results having been due to an 

454 PLASMA COFACTOR IN PLATELET-PLASMA MEIIBRANE VESICLE INTERACTJDNS. Gabriel J. Gasic, 
James L. Catalfamo, and Tatiana B. Gasic. The University of Pennsylvania, PA. 19104. 

Plasma membrane vesicles shed by transformed cells interact with blood platelets in vitro and 
indqce platelet aggregation and secretion with unique features (Cancer Res. 38:2950, 1978). 
This interaction requires a plasma cofactor(s) other than fihrinogen (J. Cell Biol. 79:240a, 
1978). Isolation and purification of this cofactor(s) may contribute to an understanding of 
its role in cell surface interactions in our model, as well as in metastasis, 
purification of the cofactor(s) has been accomplished by step ammonium sulfate (AS) fraction- 
ation (20,40,60,80% saturation) of EDTA anticoagulated rat plasma followed by gel filtration 
of the active AS precipitate (60%) on either Sephadex G200 or Biogel 0.5 m columns. 
were tested in the aggregometer for their capacity to restore reactivity of gel filtered 
platelets t o  the aggregating stimulus of purified plasma membrane vesicles shed by 15091A 
ascites mammary tumor cells. 
Camassie blue stained polypeptide bands of inactive and active fractions on ME-SDS-PAGE, 7.5% 
slab gels, revealed the presence of 2 bands in the active fractions which were not present in 
inactive ones. These 2 proteins with similar M.W. appear to be implicated in the activity. 
The cofactor(s) has an apparent M.W. of 130 I: daltons as detennined by 7.5% ME-SDS-PAGE and 
supported by gel chromatography data of the native protein. 
eliminated the possibility of the involvement of LETS subunits o r  IgG and suggest that some 
other protein(s1, not fully identified, is the responsible cofactor(s) permitting platelet 
aggregation by tumor vesicles. (Supported by USPHS grant HL 18827). 

Partial 

Fractions 

The only active fractions were 36 to 38. Comparison of 

Preliminary studies have 
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The clotting reaction can be initiated by the adhesion of platelets to collagen, followed by 
the subsequent spreading of the attached platelets on the collagen-coated surface, and the 
release of various agents from granules within the platelets.%,& attachment and spreading 
of cultured cells to various substrata is known to involve fibronectin, we investigated the 
possible involvement of cold insolubls globulin (C1u)Jplasma f ibronectil)r in the attachment 
and spreading of platelets on collagen-coated surfaces. 
prepared by drying acid-soluble collagen onto the coverslip. 
citrated platelet-rich 
affinity chromatography. 
relatively poorly to collagen-coated coverslip,and did not flatten or spread on this 
surface, as seen by phase microscopy or  SEM. 
suspension, the nvmber of - adherent platelets increased, and the platelets spread and in 
some cases aggregated. By immunofluorescence microscopy, it was seen that the CIg was 
organized about the spread platelets in fine fibers. 
be involved in the spreading of platelets on collagen coated 

PLATELET ADHESION TO COLLAGEN-COATED SUBSTRATA: ROLE OF FIBRONECTIN, Peter R. Hoff- 
mann and Richard 0. Hynes. Massachusetts Institute of Technology, Cambridge, m 02139. 

Collagen-coated coverslips were 
Platelets were prepared from 

plasma by gel filtration. CIg was prepared by gelatin-Sepharose 
Platelets suspended in a modified Tyrode's Solution attached 

However, when CIq was added to the platelet 

We therefore conclude that CIg m y  
surfaces. 

456 

Platelets are circulating anucleate cells derived from megakaryocytes. 
tion by agents such as thrombin or collagen, platelets adhere firmly to collagen coated sur- 
faces, to polymerizing fibrin, and to each other. Thus platelets represent a potential model 
for cellular adhesion to surfaces or t o  other cells. We have evaluated the possible presence 
of fibronectin related antigen in these cells. Human platelets were washed by a combination 
of Centrifugation and gel filtration and were lysed by detergent and their fibronectin content 
measured in a radioimunoassay. An average of 1.8 ug of fibronectin antigen/l09 cells was 
detected, less than 5% of which could be attributed to carry-over of plasma fibronectin in 
the washing procedure. In addition, when the platelets were pelleted by centrifugation, all 
of the fibronectin antigen was present in the cell pellet. Thus, the fibronectin antigen 
was cell associated, but the possibility remained that it was bound to another type of cell 
contaminating the platelet suspension. To examine this possibility, fixed platelets were 
subjected to imunofluorescent staining by affinity purified anti fibronectin antibody. 
Virtually every platelet stained usually showing more than 10 pinpoints (1.0.2 urn diameter) of 
fluorescent staining per cell. Thus, platelets contain fibronectin antigen, the bulk of 
which is present in a punctate distribution. 
collagen, fibrin and its role in cell-cell adhesion suggests the possibility that this 
material mediates the generation of platelet adhesiveness. 

THE ASSOCIATION OF FIBRONECTIN WITH HUMAN PLATELETS, Hark H .  Ginsberg, Charles Bird- 
w e l l ,  Richard Painter, Vicky Byers, Lorna Taylor, & Edward Plow, Res. lnst. of Scripps 
Clinic, La Jolla, CA 92037 

Following stimula- 

The known interaction of fibronectin with 

INTERACTION OF FIBRINOGEN WITH SURFACE OF HUMAN PLATELETS ALTERED BY PROTEOLYTIC 
ENZYMES, Stefan Niewiarowski, Andrei Z. Budzynski, Gwendolyn J. Stewart and Thomas 457 

Morinelli. Temple University Health Sciences Center, Philadelphia, PA 19140 
It is well established that surface membrane glycoproteins are involved in a number of plate- 
let interactions. Suspensions of washed platelets of the human, incubated either with pro- 
nase (proteinase V of Streptomyces griseus) or  with a chymotrypsin lost residues of membrane 
glycoproteins that stained with periodic acid-Schiff reagent. On the other hand, residues 
of a mannose and a glucose were exposed on the surface of these platelets as evidenced by 
their enhanced interaction (binding and aggregation) with concanavalin A. Intact platelets 
did not aggregate with fibrinogen and they did not bind 1251-fibrinogen. Platelets treated 
with pronase or chymotrypsin bound specifically 1251-f ibrinogen and aggregated upon addition 
of this protein. Bivalent cations were required for  fibrinogen binding to platelets and for 
subsequent aggregation. A Steck and Uallach plot indicated one type of hi h affinity binding 

scopic observations with ferritin labeled anrifibrinogen antibodies showed patchy binding of 
fibrinogen to chymotrypsin-treated platelets. Experimental evidence suggests that fibrinogen 
binding sites on the platelet membranes can be made available through the alteration or re- 
arrangement of surface glycoproteins brought about by proteolytic enzymes. Since fibrinogen 
has a bivalent and symmetrical structure it can be postulated that one molecule of this pro- 
tein can bind t o  two platelets thus contributing to the formation of aggregates directly 
through bridging or  indirectly through alteration of surface glycoproteins. 

sites for fibrinogen on pronase- or chymotrypsin-treated platelets (Kdl.10 H ') . Electron micro- 
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DECREASED PLATELET MEMBRANE GLYCOPROTEINS I N  GLANZMANN'S THROMBASTHENIA: 458 ASSOCIATION WITH AGGREGATION DEFECT AND WITH CLOT RETRACTION. Dolores i'l. 
Pe t e r son ,  J o e l  L. Moake, Ronald S. Weinger and Sai-Hung Yu. The Un ive r s i ty  of  
Texas Medical School a t  Houston. 
Glanzmann's thrombasthenia ,  a h e r e d i t a r y  p l a t e l e t  d i s o r d e r ,  i s  Charac te r i zed  
by absen t  aggregat ion t o  p l a t e l e t  agg rega t ing  agen t s  excep t  t h e  a n t i b i o t i c  ris- 
t o c e t i n  i n  t h e  presence of  human von Wi l l eb rand ' s  f a c t o r  (vWF), and absen t  ( o r  
s eve re ly  decreased)  p l a t e l e t -med ia t ed  c l o t  r e t r a c t i o n  induced by thrombin. 
There a r e  decreased amounts of membrane g l y c o p r o t e i n s  I I b  and I11 i n  thrombas- 
t h e n i c  p l a t e l e t s .  Sepa ra t ion  of p l a t e l e t  p r o t e i n s  us ing  two-dimensional iso- 
e lectr ic  focusing and SDS-PAGE show t h a t  I Ib  and I11 a r e  major p l a t e l e t  mem- 
brane p r o t e i n s  and t h a t  G P I I I  of thrombasthenic  p l a t e l e t s  focuses  a t  a more 
a c i d i c  pH than normal ( C i r c .  58: 1 1 - 2 1 6 ,  1 9 7 8 ) .  We r e p o r t  h e r e  t h a t  thrombas- 
t h e n i c  p l a t e l e t s  r e t r a c t  f i b r i n  c l o t s  provided they a r e  aggregated by r i s t o -  
c e t i n  and vWF. These d a t a  i n d i c a t e  t h a t  t h e  l i m i t e d  or absen t  clot r e t r a c t i o n  
e x h i b i t e d  by thrombasthenic  p l a t e l e t s  r e f l e c t s  d e f e c t i v e  aggrega t ion  i n  re- 
sponse t o  thrombin r a t h e r  than an abnormali ty  e i t h e r  of p l a t e l e t - f i b r i n  i n t e r -  
a c t i o n  or of t h e  c o n t r a c t i l e  appa ra tus .  Apparent ly ,  t he  at tachment  of thromb- 
a s t h e n i c  p l a t e l e t s  t o  t h e  f i b r i n  meshwork occur s  a l though t h e  two major mem- 
brane g lycopro te ins  I I b  and I11 a r e  decreased t o  less than 20% of normal 
amounts. 

459 ISOLATION OF MUTANTS TEMPERATURE-SENSIIlVE FOR EXPRESSION OF THE TRANS- 
FORMED STATE FROM CHEMICALLY TRANSFORMED C3H/IOTl/Z CELLS, Craig Boreiko, 

Sukdeb Mondal, and Charles Heidelberger, University of Southern California Comprehensive Cancer 
Center, 1303 N. Mission Road, Los Angeles, CA 90033. 
The non-tumorigenic mouse embryo fibroblast cell  line, C3H/lOT1/2 C1 8 ,  can be oncogenically trans- 
formed by a variety of chemical and physical agents. Oncogenic transformation occurs without any 
apparent involvement of RNA tumor viruses. The isolation of cellular mutants temperature-sensitive 
for the expression of transformation should facil i tate our understanding of the mechanisms which 
undetly the chemically-induced oncogenic state.  Such mutants have been isolated from N-methyl- 
N'-nitro-N-nitrosoguanidine-mutagenized populations of C3H/lOT1/2 C1 8 cells previously oncogenically 
transformed by 3-methylcholanthrene. C3H/lOT1/2 C1 8 cells a r e  not able to  grow in confluent mono- 
layers or when suspended in methyl cellulose, making them relatively resistant under these conditions 
to the toxic effects of high concentrations of FUdR. Selection systems utilizing this resistance were 
employed to  isolate revertant cells which exhibited transformed characteristics at 33O and nontrans- 
formed traits  a t  39.5OC. One class of mutants isolated wa8 temperature-sensitive for the expression 
of such transformed traits  as anchorage independence, high saturation density and transformed morphology. 
Other classes of mutants were found which exhibited temperature sensitivity only for saturation 
density and/or morphology. Thus, while the expression of numerous transformed t ra i ts  sometimes 
appear to be coupled, we have been able to dissociate expression of these t ra i ts  from each other. 
These mutants are  being characterized. (Supported in part  by Grant #R-80-5208 from the EPA.) 

460 EARLY MORPHOLOGICAL CHANGES IN THE CELL SURFACE AND CYTOSKELETON INDUCED BY MALIGNANT 
TRANSFORMATION WITH RSV TS MUTANTS, C. Bruce Boschek, Institut fur Virologie, 
Frankfurter Str. 107. 63 GieBen, W.-Germany. 

Using a combination of methods It has been possible t o  correlate various morphological alter- 
ations in chtck fibroblasts infected with temperature sensitive transformation-defective 
mutants of Rous Sarcoma Vlrus. The temporal dynamlcs of these changes have been analyzed 
by use of the various technlques at different times followlng temperature shift. 
structure of the cytoskeletal stress fibers has been examined by use of the selective 
mordanting effect of tannic acid on lead staining. Surface ruffles, which appear shortly 
after shifting from the restrictive to the permlssive temperature are visible in the con- 
ventional scanning electron microscope and are brightly stained as well by indlrect 
fluorescent-antibody labelling of certain cytoskeletal proteins such as actin. The 
fluorescent label may be visualized at high resolution by cathode lumlnescence in a scanning 
electron microscope equipped with photon detectors. This novel technique allows an exact 
localization of the stress fibers and their attachment sites in topographical relation to 
the surface ruffles. 

The fine 
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41 
Transformed c e l l s  c h a r a c t e r i s t i c a l l y  d i s p l a y  knobs ( o r  b lebs)  d i s t r i b u t e d  over t h e i r  sur face .  
Scanning e l e c t r o n  microscopy (EM) and t ime- lapse cinematography on CHO-K1 c e l l s  revea l  rough ly  
spher ica l  knobs o f  1-4pm i n  diameter d i s t r i b u t e d  densely around the  c e l l  per iphery  bu t  sparse ly  
i n  the  c e n t r a l  nuc lear  h i l l o c k  and o s c i l l a t i n g  i n  and o u t  o f  t he  membrane w i t h  a pe r iod  o f  
15-60 sec. C y c l i c  AMP d e r i v a t i v e s  cause the  phenomenon o f  reverse  t rans format ion  in which the  
c e l l  i s  converted i n t o  a f i b r o b l a s t i c  morphology w i t h  disappearance o f  t he  knobs. A model was 
proposed a t t r i b u t i n g  knob fo rmat ion  t o  t h e  d i so rgan iza t i on  o f  t he  j o i n t l y  ope ra t i ng  mic ro-  
t ubu la r  and mic ro f i lamentous  s t r u c t u r e  o f  t he  normal f i b r o b l a s t .  Evidence f o r  t h i s  model i n -  
c ludes  the  fo l l ow ing :  (1) e i t h e r  colcemid o r  cy tocha las in  B (CB) prevents the  knob disappear-  
ance no rma l l y  produced by CAMP, and e l i c i t s  s i m i l a r  knobs from smooth-surfaced c e l l s ,  ( 2 )  knob 
removal by CAMP i s  s p e c i f i c  w i t h  l i t t l e  e f f e c t  on m i c r o v i l l i  and l ame l l i pod ia ,  ( 3 )  imnuno- 
f luorescence w i t h  a n t i - a c t i n  o r  a n t i - t u b u l i n  sera revea ls  condensed. amorphous masses d i r e c t l y  
beneath t h e  membrane o f  CB-treated c e l l s  i ns tead  o f  smooth, p a r a l l e l  f i b r o u s  pa t te rns  o f  r e -  
verse transformed c e l l s  o r  normal f i b r o b l a s t s ,  (4 )  t ransmiss ion  EM sec t ions  show dense, 
elongated mic ro f i lament  bundles and mic ro tubu les  p a r a l l e l  t o  t h e  l o n g  a x i s  o f  t h e  reverse  
transformed CHO c e l l ,  bu t  sparse, random micro tubu les  throughout the  t ransformed ce l l  and a 
d isordered network o f  3-7nm mic ro f i l amen ts  beneath the  knobs, ( 5 )  c e l l  membranes a t  t he  end o f  
telophase, when the  sp ind le  d isorgan izes  and cleavage i s  complete, d i s p l a y  t y p i c a l  knob a c t i v i -  
ty  as expected by t h i s  p i c tu re , (6 )  t he  Por te r  mic ro t rabecu lae  demonstrated by h igh  vo l tage  EM 
w i t h  normal human f i b r o b l a s t s  i s  aq i n t i m a t e  network involv i , r lg bo th  mjc ro tubu les  E mic ro f i l amen ts  

ROLE OF THE MICROFIBRILLAR SYSTEM IN  KNOB ACTION OF TRANSFORMED CELLS, Wi l l i am 0. Meek 
and Theodore T. Puck. Eleanor Roosevel t  I n s t .  Canc. Res.. Denver, Colo.  80262. 

462 
James L. Catalfalmo, Temple Medical School and University of Pennsylvania Medical School, 
Philadelphia, PA 19140. 
Under appropriate conditions normal and transformed cells of fibroblastic and epithelial ori- 
gin exhibit spontaneous or cytochalasin induced blebbing in culture. The two types of 
blebbing differ from each other with respect to form and stability of blebs and arrangement 
of microfilaments in blebs. In both cases, the blebs were reported to remain attached and to 
resorb into the cell under appropriate conditions. Mouse mammary 15091A tumor cells grown in 
the mouse peritoneal cavity spontaneously form stable, bulbous blebs mounted on stalks (simi- 
lar to those induced by cytochalasin D). However, the presence of a submembrane cortex of 
microfilaments resembled spontaneous blebbing. Blebbing was observed on cells in interphase 
and anaphase, indicating that the stage in the cell cycle was not the major factor inducing 
blebbing. In contrast to previous studies part of the blebs were shed into the suspending 
fluid as free membrane vesicles containing ribosomes and a submembrane cortex of microfila- 
ments. 
medium for one hour. Shed vesicles lost ribosomes and microfilaments during separation on 
sucrose density centrifugation with EDTA in the buffer. Shed vesicles have at least one bio- 
logical activity, stimulation of platelet aggregation. This and other activities of vesicles 
could conceivably participitate in the pathology of malignancy. 

M E M B W E  ACTIVITY OF MOUSE MAMMARY TUMOR 15091A CELLS IN VIVO: 
OF MEMBRANE VESICLES, Gwendolyn J. Stewart, Gabriel J. Gasic, Tatiana Gasic and 

BLEBBING AND SHEDDING 

Shedding was increased by in vitro incubation of tumor cells in minimal essential 

ULTRASTRUCTURAL ANALYSIS OF THE RETINOID INDUCED REVERSAL OF EPITHELIAL HYPERPLASIA 463 AND METAPWSIA, A. Matter, L. Miiller-Salamin, I. Lasnitzki' and w. Bollaq, F.Hof€mann- 
La Roche 6 Co.Ltd., Basle, Switzerland, "Strangeways Research Laboratory, Cambridge, 
England 

The DMBA-induced skin papilloma of the mouse and the MCA induced hyperplasia and metaplasia 
in prostate organ cultures were studied in electron microscopy. The two types of tissues both 
showed a reversal of hyperplasia and metaplasia when treated with retinoids (= vitamin A and 
analogs), but this reversal was reached by means that are quite characteristic for a given 
type of tissue: a) in the skin, the DNA-synthetic activity was not influenced by retinoid 
treatment (Frigg and Torhorst, JNCI s: 1365, 1977); there were, however, many necroses and 
an impressive mucous metaplasia (Matter and Bollaq, Eur. 3. Cancer 3: 831, 1977). The latter 
might be at least partly responsible for the cell loss, probably through a loss of anchorage 
in the prickle-cell layer. b) In the prostate, no mucous metaplasia was observed, but an 
important depression of DNA-synthetic activity (Lasnitzki and Goodman, Cancer Res. 3: 1564, 
1974). The secretory apparatus reappeared, together with the microvilli, possibly induced by 
the slowing down of cell division (Muller-Salamin et al., JNCI, submitted). 
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464 RETINOID-INDUCED ADHESION OF SPONTANEOUSLY-TRANSFORMED MOUSE FIBROBLASTS (BALB/c 
3T12-3CELLS). David Oion, Sergio Adamo. Irene Akalovsky, Pangala V .  Bhat, Wlodzmierz 

Sasak, Carol S. Jones ,  Gerald J .  Chader* and Luigi M. De Luca. National Cancer Institute, 
and National Eye Institute*. 
Vitamin A analogues (retinoids) enhance the adhesion of 3T12 cell monolayers to the surface 
of the tissue culture flask. 
detachment assay and is dose-dependent over the range of 0.5 ug (0.17 uM) to 5 ug (1.17 uM) 
of retinoid per ml of medium. Of the sixteen retinoids tested the most active were retinol, 
retinoic acid and their 5,6 epoxyderivatives. 
with activity in promoting epithelial differentiation in organ cultures of hamster tracheas 
were also active in increasing adhesion of 3T12 cells. 
activity in other systems were inactive in inducing adhesion. 
and guanosine monophosphate levels were not affected by retinoid treatment, at least between 
6 and 72 hours after treatment. Unaffected was also the level of the 220,000 MW fibr nectin 
as measured by surface iodination, immunofluorescence and metabolic lab ling with [2-%]- 

porated into total glycoconjugates and a specific increase in the metabolic labeling of 
a glycoconjugate of MW 180,000, as shown by SDS-PAGE. 

Bethesda. M D  20014. 

The enhanced adhesion is measured by an EDTA-mediated 

The synthetic derivatives of retinoic acid 

Retinoids devoid of biological 
Cyclic adenosine monophosphate 

mannose. However, retinoids caused a 60% increase in the amount of [2- 5 HJmannose incor- 

465 
versity of Colorado Medical Center, Denver, Colorado 80262 
When S"40 tsA transformed cells are grown at the non-permissive temperature (40.5'C), the 
cells express a "normal" phenotype; however, at the permissive temperature (33' or 37OC) they 
express the transformed phenotype. In previous studies with tsA transformed Chinese hamster 
cells, we showed that at 40.5OC a large percentage of the cells were capable of entry in the 
S phase and in fact, this percentage was similar at the 33' or 37O temperature. In order to 
simultaneously quantitate the amount of Tumor (T) antigen and correlate T antfgen with the 
stage of the cell cycle, a double staining procedure was utilized followed by measurement of 
single cells by flow microfluorometry. 

Propidium iodide was utilized to assay cellular DNA and the T antigen was detected by fluo- 
rescent isothiocyanate labeled antibodies. Various controls, such as normal serum, normal 
cells, polyoma transformed cells and singly stained cells demonstrated that this procedure 
assayed with flow microfluorometry, was capable of quantitating DNA content and T antigen in 
the same cell. 
similar staining pattern at both temperatures. 
cence (T antigen) as the G1 cells. 
tsA transformed cells at both temperatures correlated with the DNA content of the cells. These 
studies will be extremely useful in obtaining the role of T antigen in control of the trans- 
formed phenotype and cellular DN4 synthesis regulation. 

CELLULAR DNA SYNTHESIS AND T ANTIGEN QUANTITATION IN SIMIAN VIRUS 40 tsA TRANSFORMED 
CHINESE HAMSTER EMBRYO CELLS, John M. Lehman, Ph.D., Department of Pathology, Uni- 

Preliminary data with SVho wild type virus transformed cells demonstrated a 
The G 2  population had twice the green fluores- 

Data will be presented concerning the T antigen content of 

466 KINETICS OF jll2DIDS-LABELED GLYCOCALYX RtLEASE BY EHRLICli ASCITES TUMOR CELLS, 
Thomas C. Smith and Charles Levinson, Department of Physiology, The llniversity of 
Texas Health Science Center, San Antonio, TX 78284 

Ehrlich ascites tumor cells spontaneously release cell surface material (glycocalyx) into 
jsotonic saline medium. 
1,2-diphenyl ethane-2,2'-disulfonic acid (31i2DIDS) at 4°C leads to preferential labeling of 
the cell surface coat. 
the effects of enzymatic treatment and cell electrophoretic mobility to characterize the 
3H2DIDS-labeled components of the cell surface. 
activity is spontaneously released from cells after 5 hr at 22OC. The kinetics of release is 
consistent with first order loss of two fractions; a slow (tk.360 min) component representing 
33% of the radioactivity, and a fast (tj.=20 min) component representing 39%. Trypsin 
(1 !Jg/ml) also removes 72% of the label2d material within 30 min and converts the kinetics of 
release to that of a single component (tk=5.2 min). 
released by trypsin immediately after labeling is 90% of the SA of material spontaneously lost 
in 1 hr. However, trypsinization following a 2 hr period of spontaneous release yields mate- 
rial of reduced (39%) SA. 
alters cell electrophoretic mobility. However, trypsinization immediately following labeling 
or after spontaneous release (2 hr) reduces mobility by 32%, suggesting that a fraction of 
the cell surface coat which contributes to the surface charge is not 3H2DIDS labeled. 
Supported by grant CA 10917, USPHS, National Cancer Institute. 

Exposure of these cells to the tritium-labeled 4,4'-diisothiocyano- 

We have combined studies of the kinetics of 3H2DIDS-label release, 

Approximately 72% of cell-associated radio- 

The specific activity (SA) of material 

Neither 3112DIDS labeling nor spontaneous loss of labeled material 
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467 GLYCOPROTEIN RELEASE FROM CELL SURFACES OF INTACT HUMAN ADENO- 
CARCINOMAS. Gerald B. Dermer and Zok& A. T8k&, Hospital of the Good Samaritan and 
USC School of Medicine, LACIUSC Cancer Center, Los Angeles, California 90017. 

It is possible to  maintain the viability and metabolism of explants of intact  human tumors for several 
days under conditions where three dimensional tissue integrity is  conserved. Using such an in vitro 
organ culture system, we have studied the synthesis of glycoproteins (gp) by surgical s p e c i m y n x  
adenocarcinomas and non-palignant epithelium. Gp synthesis wils studied by autoradiography of ex- 
plants pulse-labeled with H-glucosamine and maintained in organ culture for up to  72 hours. Data 
indicate that human adenocarcinomas can be placed in one of two groups which depends on bistogenesis. 
Adenocarcinomas derived from secretory epithelium (breast, prostate, etc.) retain secretory activity 
and rapidly secrete  most newly synthesized gp; those derived from non-secretory epithelium (bronchus, 
colon, etc.) accumulate newly synthesized gp a t  luminal cell surfaces. This suggests a residence of 
the gp within plasma membranes. The difference in the  cellular distribution of newly synthesized 
gp in the two groups provides diagnostic information which reduces the choices of possible primary 
sites for any adenocarcinoma. Labeled gp a re  slowly released over a period of several days from sur- 
faces of normal and mahgnant non-secretory epithelium and enter the culture medium where they 
can be collected for  study. Gp products released from normal secretory epithelium or from secretory 
adenoc rcinomas a re  also found in spent medium. A heterogeneous collection of 18-22 different re- 
leased H-glucosamine labeled glycoproteins, in various proportions, can be identified using SDS-poly- 
acrylamide slab gel electrophoresis. (Grant No. NCI Ca-14083). 

4 

TISSUE INTEGRITY DEPENDENT SYNTHESIS AND RELEASE OF GLYCOPROTEINS BY 
BENIGN AND MALIGNANT HUMAN BREAST EPITHELIAL CELLS. 2 0 1 t h  A. Tl;kbs, Juliana 
Wong, Lawrence Silverman and Gerald Dermer. Dept. of Biochemistry, USC, School of Medi- 
cine, LAClUSC Cancer Center, Hospital of the Good Samaritan, Los Angeles, CA 90033. 

Previous study of glycoprotein (gp) biosynthesis by human breast and prostate epithelium in organ 
culture revealed the possibility that cell arrangement markedly effects  gp synthesis. (J. Supramol. 
Structure 7:515-530). Subsequently, a comparison was made of the released gp profiles from benign 
and malignant breast surgical specimens maintained in organ cultures. Gp synthesis w a s  followed 
by the incorporation of 3H-glucosamine. Labeled macromolecules released into the  culture medium 
were analyzed by SDS gradient-polyacrylamide slab gels. When tissue integrity and glandular architecture 
were conserved, gp 48 was released six times more abundantly in adenocarcinomas than benign lesions. 
The proportion of released large molecular weight gp w a s  higher in benign specimens. These prominant 
differences were eliminated af ter  destruction of three dimensional tissue integrity by collegenase. 
18 labeled and released gp fractions were detected in benign and malignant specimens with no significant 
differences in their proportions. Established human breast epithelial cell lines in monolayer cultures 
produce gp which do not resemble the ones produced by intact  tissue in organ culture. (Grant KCI 
CA-14089). 

469 PROTEOLYTIC ACTIVITY ASSOCIATED WIT€: NORMAL AND MALIGNANT HUMAN BREAST 
EPITHELIAL CELLS. Thaddeus Pullano, Csaba Csipke and Zoltin A. Tskes, Department of  
Biochemistry, USC School of Medicine. LAClUSC Cancer Centet ,  Los Angeles, CA 90033. 

Malignant secretory epithelium is characterized in intact  tumors by an altered glandular architecture. 
W e  have previously reported glycoprotein (gpl synthesis and release in organ cultures of breast surgical 
specimens under conditions where three dimensional tissue relationships are  conserved, (J. Supramol. 
Struc. 7:515-530). A marked elevation in the release of gp 48 was  observed in breast adenocarcinomas 
when compared to benign lesions. Also, the relative proportion of large molecular weight gp released 
from benign specimens w a s  higher. The above observations prompted us  to  investigate proteolytic 
activity associated with normal and malignant breast epithelial cells. Two normal human breast epi- 
thelial cell lines (BF-724,AT-432) and four malignant lines (MB-175,MB-238,MCF-7,HBL-I00) were 
studied in vitro using substrates supported by latex beads, (Biochm. Biophys. Res. Comm. 73:965-97 1, 
1976). Cells were grown over half the surface area of tilted plastic petri  dishes. Latex beads covalent- 
ly covered with radioiodinated protein substrates were rolled over the viable cell surfaces or on the 
cell-free area of culture dishes. The rate  of iodinated peptide release was proportional t o  the proteoly- 
t ic  activity. Malignant cell  lines exhibited a significant increase in proteolytic activity as  compared 
to  normal cells. This increase was also observed when the bead-substrate complex was not in contact 
with the viable cells. We suggest that  the observations of elevated proteolytic activity may be rele- 
vant t o  the altered glandular architecture and to  the difference in released gp profiles of intact  human 
breast tumors. (Supported by NCI Ca  14089). 
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470 SUBCELLUIAR DISTRIBUTION OF PIASMINOGEN ACTIVATOR IN 3T3 CELLS, Susan Jaken and Paul 
H. Black, Massachusetts General Hospital and Harvard Medical School, Boston, MA 02114 

Previous work from this laboratory by Chou et a1 (J. Cell Physiol. 91:31-37, 1977) demonstrated 
that growing and transfomed 3T3 cells release plasminogen activator (PA) extracellularly, but 
that confluent cultures do not. 
PA level, we reasoned that the difference in release of PA may be related to a difference in 
the intracellular PA location. 
have shown that most of the PA in confluent cells sediments with a heavy membrane fraction, 
while most of the PA in growing and transformed cells sediments with lighter plasma membrane 
enriched fractions. Addition of phorbol myristate acetate to confluent cultures results in 
growth stimulation and an increase in PA activity. It also causes a shift in intracellular 
distribution of PA from heavy to light membrane fractions. We suggest that the distribution 
of PA into the plasma membrane enriched fractions is  related to extracellular release of PA. 

Because the confluent cultures maintain a high intracellular 

Using a discontinuous sucrose-dextran gradient system, we 

471 AN INCREASE IN INTERCELLULAR ADHESION IS ASSOCIATED WITH GROWTH INHIBITION OF TRANS- 
FORMED CELLS. Raphael J. Mannino. CMDNJ-Rutgers Medical School, Piscataway,N.J.08854 

and Kurt Ballmer and Max M. Burger, Biocenter, University of Basel, Basel, Switzerland. 

Succinylated concanavalin A (succinyl-conA), a non-toxic, non-agglutinating derivative of 

Cells whose growth has been inhibited with succinyl-conA accumulate in the G-1 phase 
the jack bean lectin concanavalin A, inhibits the growth of both 3T3 and SV40 transformed 3T3 
cells. 
of the cell cycle and remain viable. Succinyl-conA induced growth inhibition can be prevent- 
ed by, or reversed by, a-methyl-D-mannoside, a concanavalin A hapten sugar. Succinyl-cod 
inhibited SV40 transformed 3T3 cells show a rate of nutrient uptake one-half that of control 
cells but still higher than that of 3T3 cells. Anchorage independent growth of SV40 trans- 
formed 3T3 cells is also inhibited by succinyl-conA. 

In addition to its growth Inhibitory properties. succinyl-cod also induces an increase 
in cell-cell adhesion. Scanning electron microscopy demonstrates that cells grown in the 
presence of succinyl-cod are connected by numerous "microvilli-like" structures. 
appears, therefore, that the cell surface-cell surface interactions of cells grown in the 
presence of succinyl-conA are altered in some way. The functional relevance of the succinyl- 
conA induced increase in cell-cell adhesion to growth inhibition remains to be determined. 

It 

472 POSSIBLE MECHANISM INVOLVED IN LECTIN-INDUCED GROWTH REGULATION OF 
TISSUE CULTURE CELLS, K. Ballmer and M.M. Burger, Biozentrum der Univer- 
sitlt Basel, 4 0 5 6  Basel, Switzerland 

We have shown previously, that the growth of both normal and transformed 3T3 
cells is inhibited by the lectin derivative succinyl-con A (SCA). The cells 
accumulate-transformed cells only partially - in G /G of the cell cycle and 
can reenter S-phase if the cell surface bound lectyn 1s released by adding a 
lectin specific hapten sugar to the growth medium. To investigate the mechanism 
of this lectin induced growth inhibition we used Epidermal Growth Factor (EGF) 
as a model growth promoter and could show, that its specific binding to the 
cell surface is inhibited by SCA. However the unspecific binding is increased. 
We will present data obtained in a serum free tissue culture system showing 
that SCA could act as a growth inhibiting agent by modulating the binding of 
growth factors to the cell surface. 
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LECTIN AGGLUTINABILITY AND MEMBRANE LIPID FLUIDITY, James R. Lepock, Gord S. Rule 473 and Jack Kruuv, University of Waterloo, Waterloo, Ontario, Canada, N2L 3G1. 
The effect of membrane lipid fluidity on Concanavalin A (Con A) induced agglutination was 
studied by determining the initial rate of agglutination (IRA) of polyona transformed baby 
hamster kidney (PyBHK) cells as a function of temperature and butylated hydroxytoluene (BHT), 
a known lipid perturber, concentration. 
counter, the remaining number of single cells as a function of time after addition of Con A 
and extrapolating the rate of change of this quantity to t = 0. 
decreased as the temperature was decreased from 37OC to 22OC in an Arrhenius fashion with an 
activation energy of 12 kcallmole. 
The addition of 0.1 mM BHT increased the IRA at all temperatures by about a factor of two 
and decreased the temperature at which the IRA dropped to zero. 
cellular membranes, as determined by the electron spin label probe 2N14, changes by a 
similar amount upon addition of 0.1 mM BHT. 
chains of phospholipids and thus increases the lipid fluidity and lowers lipid crystalline to 
gel phase transitions. 
appears to be directly related to membrane lipid fluidity as determined by spin labelling. 

The IRA was determined by counting, with a cell 

This is the IRA. The IRA 

Below 22OC there was a sharp decrease to zero in the IRA. 

The lipid fluidity of the 

BHT perturbs the packing of the fatty acyl 

Thus the initial rate of Con A induced agglutination of PyBHK cells 

474 FLUIDITY MEASUREMENTS ON PLASMA MEMBRANES OF INTACT 3T3 AND SV101-3T3 CELLS, Nancy 
Lee and Carl Scandella, State University of New York, Stony Brook, N.Y. 11794. 

Ue svnthesized an analog of phosphatidylcholine carrying a 5-doxylstearate chain in theB.- 
positton and found conditions which allowed us to incorporate this spin label into intact 
fihroblasts. 
fnto membranes. The label was not degraded by the cells as judged by extraction and thin 
laver chromatographv. Isolation of plasma membrane, mitochondria, endoplasmic reticulum and 
nuclei from spin labeled cells showed that the spin label is mainly localized in the plasma 
memhrane. ESR measurements performed on intact 3T3 and SV101-3T3 cells indicated that 
plasma membrane fluidity differs in these two cell types. 
label, which labels all of the cellular membranes, revealed no difference in fluidity between 
3T3 and SV101-3T3 cells (Hatten, Scandella, Horwitz and Burger, J .  Biol. Chem. 253, 1972 
( 1 9 7 8 ) ) .  

The electron spin resonance (ESR) spectra showed that the label was incorporated 

In contrast, a fatty acid spin 

WOLESTEROL LEVELS IN 3T3 AND SV101-3T3 CELLS, Carl Scandella and James Hayward, 
qtate lhiversitv of New York, Stony Rrook, V.Y. 11794. 475 

Cholesterol is a malor component of plasma membranes. Hatten and Burger (Biochemistry, in 
press) observed that 3T3 and SV101-3T3 cells react differently with a cholesterol-specific 
polvene antlbiotic, filipin. 
these cells. We found that SV101-37'3 cells have 50-100% higher levels of cholesterol per cell 
than 3Tl cells under some growth conditions. Furthermore, the variation of cholesterol level 
wfth cell density is different for the transformed SV101-3T3 3T3 cells. We starved cells 
for cholesterol by growth in lipid-depleted medium plus the biosynthetic inhibitor 
25- hydroxycholesterol. Under these conditions cholesterol levels in SV101-3T3 cells were 
depressed bv approximately 50X while cholesterol levels in 3T3 cells remained unaltered. 

Their results prompted us to investigate cholesterol levels in 
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476 
We and o the rs  have found t h a t  t he  membranous phospho l ip ids  i s o l a t e d  f r u n  Mor r i s  7777 hepatma 
a re  decreased i n  t h e i r  con ten t  o f  po lyunsatura ted  acy l  chains,  p r i m a r i l y  a rsch idonate  and 
docosohexenoate. Since t h i s  change i s  thought t o  i n f l uence  membrane-associated func t ions ,  we 
have inves t i ga ted  the reason f o r  t h i s  l a c k  o f  po lyunsatura ted  f a t t y  acids.  F i r s t ,  we examlned 
the  capac i t y  o f  t he  hepatma and l i v e r  t o  take  up c i r c u l a t i o n  sa tura ted  and po lyunsatura ted  
f a t t y  acids complexed t o  albumin. A l though the  hepatoma took  up less  t o t a l  f a t t y  a c i d  than 
the  l i v e r ,  t he re  was no p r e f e r e n t i a l  uptake o f  f a t t y  a c i d  based on the  degree o f  unsatura t ion .  
The metabo l ic  f a t e  of  t he  f a t t y  a c i d  w i t h i n  the  two t i ssues  was d i f f e r e n t :  The l i v e r  used 
f a t t y  ac ids  p r i m a r i l y  f o r  t r i g l y c e r i d e  syn thes is ,  whereas the  h e p a t a a  incorpora ted  f a t t y  a c i d  
i n t o  phospho l ip id  o r  f o r  ox ida t i on .  
and Ag acy l  CoA desaturases o f  microsomes. 
were 40% o f  the  c o n t r o l ,  bu t  t he  A 5  desaturase, key t o  the  produc t ion  of arachidonate,  was 
o n l y  5% o f  the  c o n t r o l .  S tud ies  on the  microsomal e l e c t r o n  t ranspor t  system ind i ca ted  t h a t  
the  a l t e r a t i o n  i n  desaturase a c t i v i t y  was no t  t he  r e s u l t  o f  the  l ack  o f  t r a n s f e r  o f  t he  e lec-  
t rons  t o  the  desaturase. Th is  imp l i es  a l a c k  o f  t he  A 5  desaturase. Third,  we have repor ted  
on an increased lysophosphol ipase a c t i v i t y  i n  hepatomas which r e s u l t e d  i n  an increased f r e e  
f a t t y  a c i d  poo l  and a decrease i n  membranous phospho l ip id .  We conclude t h a t  t he  l ack  o f  t he  
As desaturase and increased lysophosphol ipase a c t i v i t y  cou ld  have fa r - reach ing  imp1 i c a t i o n s  
i n  our understanding o f  t he  aber ran t  membranes o f  tumors. 

ON THE ORIGIN OF HEPATOHA MEMBRANE FATTY A C I D S ,  M. Waite, R .  Morton, J. Hartz,  The 
Bownan Gray School of  Medicine, Winston-Salem, NC 27103 

Second, we inves t i ga ted  the  a c t i v i t i e s  o f  t he  As, A6, 
Both the  A6 and A 9  desaturases o f  t he  hepetma 

(supported by AM11799 and CA1431B) 

477 PHOSPHOLIPID SYNTHESIS IN HERPES SIMPLEX V I R U S  TYPE '2 INFECTED HUMAN EMBRYO FIBRO- 
BLASTS, L. W. Daniel ,  R.  A.  Respess, L. S .  Kucera, and B. M. Waite, The Boman Gray 
School o f  Medicine, Winston-Salem, NC 27103 

Human embryonic f i b r o b l a s t s  (HEF) a re  s e n s i t i v e  t o  i n f e c t i o n  w i t h  herpes s imp lex  v i r u s  type  2 
(HSV-2), r e s u l t i n g  i n  the  p roduc t i on  o f  progeny v i r u s  (SO-I00 i n f e c t i o u s  v i r i o n s  per c e l l )  and 
c e l l  death.  HEF can syn thes ize  phospho l ip ids  by the  i nco rpo ra t i on  o f  c h o l i n e  and ethanolamine 
(Waite e t  a l . ,  L i p i d s  E:698-706, 1976). 
study the  e f f e c t s  o f  HSV-2 i n f e c t i o n  on these metabo l ic  pathways. A t  t he  t ime of i n f e c t i o n ,  
the  [3H]-precursor was replaced by the  precursor  w i t h  a [ " k ] - l a b e l .  I n  t h i s  way we have 
determined the  e f f e c t  of v i r a l  i n f e c t i o n  on membrane degradat ion  as w e l l  as membrane syn- 
thes i s .  Cho l ine  was incorpora ted  predominate1 i n t o  phosphat idy lcho l ine  and sphingomyelin. 
I n  bo th  i n fec ted  and mock- in fec ted  c e l l s  t he  [YH] -cho l ine- labe led  phospho l ip ids  were slowly 
degraded and replaced by [ I 4C ] -cho l i ne - labe led  phospho l ip ids  a t  about an equal r a t e .  On the  
o the r  hand, ethanolamine was incorpora ted  i n t o  phosphatidylethanolamine, phospha t idy l cho l i ne  
and the  methylated in te rmed ia tes .  
lower i n  i n fec ted  c e l l s .  L ikewise, t he  de novo syn thes is  o f  [14C]- labeled phospho l ip ids  was 
i n h i b i t e d  by HSV-2 i n f e c t i o n .  The percent  o f  labe led  phosphat idy lcho l ine  was decreased by 
i n f e c t i o n ,  and the  methy la ted  phospho l ip ids  were increased. The envelope o f  v i r i o n s  p u r i f i e d  
from the  double- labeled c e l l s  was enr iched i n  methy la ted  phospho l ip ids  and predominately 
contained l i p i d s  present i n  the  c e l l  b e f o r e  i n fec t i on .  These s tud ies  a r e  bas i c  to an ongoing 
study o f  t he  c e l l u l a r  changes induced by HSV t rans fo rma t ion  o f  H E F .  

A doub le- iso top ic  t race r  technique has been used t o  

The degradat ion  o f  [3H]-ethanolamine l i p i d s  was s l i g h t l y  

(supported by CA21146) 

478 
B-type human lymphoid c e l l  l i n e s  o f  ma l ignant  and normal o r i g i n  were examined f o r  t h e i r  su r -  
face charge c h a r a c t e r i s t i c s  by mans  of e l e c t r o n  mic roscoo ic  eva lua t i on  o f  t he  l a b e l i n g  p a t -  
t e r n  w i t h  c d t i o n i c  f e r r i t i n ( C F )  , f o r  t h e i r  a g g l u t i n a b i l i t y  w i t h  p o s i t i v e l y  charged Poly-L-Lys- 
i ne , fo r  t h e i r  e l e c t r i c  mobil it.y,and f o r  t h e i r  s i a l i c  a c i d  conten t .  I n  addi t ion,we have inves-  
t i g a t e d  the  k i n e t i c s  o f  CF-induced r e d i s t r i b u t i o n  o f  CF-labeled c e l l - s u r f a c e  receDtors on no r -  
mal and transformed c e l l s .  Two p r i n c i p a l  f i n d i n g s  concerninp membrane su r face  charge charac t -  
e r i s t i c s  of  ma l ignant  and normal c e l l  l i n e s  are  presented i n  t h i s  s tudy :  a ) C e l l  membranes o f  
mal ignant c e l l s  l abe led  w i t h  CF p r i o r  t o  f i x a t i o n  w i t h  g lu ta ra ldehyde e x h i b i t  a l a b e l i n g  oa t -  
t e r n  o f  c l u s t e r s  and patches,as d i s t i n c t  f r o m  a random and even CF l a b e l i n g  Pa t te rn  o f  c e l l  
membranes of  normal c e l l  l i n e s .  b)The r e d i s t r i b u t i o n  of CF-labeled recep to r  complexes i n t o  
c l u s t e r s  and patches i s  a time-dependent process. The t i m e  r e q u i r e d  f o r  t he  l i g a n d  t o  induce 
and complete the  r e c c i t o r  r e d i s t r i b u t i o n  va r ies  s l i g h t l y  w i t h  d i f f e r e n t  c e l l  t ypes ;genera l l y ,  
i n  a l l  t he  c e l l  l i n e s  t h a t  were s tud ied , the  r e d i s t r i b u t i o n  i s  h i g h l y  pronounced a f t e r  5 min- 
utes o f  i ncuba t ion  w i t h  CF.The d i f f e rences  i n  the  CF l a b e l i n g  p a t t e r n  observed between c e l l  
surfaces of  mal ignant c e l l s  and those o f  normal c e l l s  nopear t o  be a sur face  c h a r a c t e r i s t i c  o f  
ma l ig i ian t  ce l l s ,wh ich  e x h i b i t  an a l t e r a t i o n  i n  s t r u c t u r a l  composi t ion and membralre behav io r  
d i f f e r e n t  from t h a t  o f  normal ce l l s .The c h a r a c t e r i s t i c  r e d i s t r i b u t i o n  o f  su r face  an ion i c  s i t e s  
w i t h  the  CF l i g a n d  on mal ignant  c e l l s  i s  c l e a r l y  d i f f e r e n t  f rom t h a t  o f  normal c e l l s  i n  which 
the  CF does no t  induce a r e d i s t r i b u t i o n  of an ion i c  s i t e s .  A random and un i fo rm CF l a b e l i n g  
p a t t e r n  was observed w i t h  normal c e l l s  throughout t h e  lo -minu te  i ncuba t ion  w i t h  CF. 

SURFACE CHARGE CHARACTERISTICS OF CELLS FROM MALIGNANT CELL LINES, Yehuda Mari kovsky, 
The Weizmann I n s t i t u t e  o f  Science, Rehovot, I s r a e l .  
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Cell Surface Proteins 

479 
Fibronect in  is a m l e c u l e  composed o f  domains. 
two 230K da l ton  chains  with the  in t e rcha in  d i s u l f i d e  bond(s)  located within 10K da l tons  
o f  t he  C-terminal, as shown by partial d iges t ion  with t ryps in  and carboxypeptidase Y .  
There is  a Protease-sensi t ive.  carbohydrate-free segment o f  25K da l tons ,  r i c h  i n  in t r acha in  
d i s u l f i d e  bonds, and f i n a l l y  a 200K da l ton  p ro tease - r e s i s t an t  region containing mst  o r  
a l l  o f  t h e  carbohydrate.  This major p a r t  187%) of  the  molecule contains  only 8-12 d i s u l f i d e  
loops o u t  o f  t h e  t o t a l  Of 22-24 per  i n t a c t  bhain.  So t h e  d i s t r i b u t i o n  o f  t h e  in t r acha in  
d i s u l f i d e  bonds appears  a l s o  to be a s y m e t r i c .  Each chain o f  t h e  dimeric f ib ronec t in  
contains  a sulfhydryl  group. 
f r e e  su l fhydry l  group(s)  . 

phological  changes on transformed c e l l s  I A l i  and Hynes, BBA =:140, 1978). They a r e  a l s o  
necessary f o r  i t s  binding t o  g e l a t i n  and presumably to col lagen.  The presence o f  t h e  f r e e  
su l fhydry l  groups makes i t  poss ib l e  f o r  f ib ronec t in  t o  be involved i n  d i s u l f i d e  bonded 
complexes on t he  c e l l  su r f ace .  On confluent  c e l l s ,  f i b ronec t in  dimers a r e  extensively 
d i s u l f i d e  bonded i n t o  higher m l e c u l a r  weight complexes IHynes and Destree,  PNAS z : 2 8 5 5 ,  
1977). Blocking o f  t h e  su l fhydry l  groups i n t e r f e r e s  with binding of exogenous f ib ronec t in  
t o  t h e  su r faces  o f  hamster f i b r o b l a s t s ,  suggest ing t h a t  formation o f  intermolecular  d i s u l f i d e  
bonds mav be Lmmrtant i n  anchoring o f  f ib ronec t in  t o  the  c e l l  su r f ace .  

STRUCTURE AND FUNCTION OF FIBRONPCTIN, Denisa D. Wagner and Richard 0 .  Hynes, 
Massachusetts I n s t i t u t e  o f  Technology, Cambridge MA 02139 

I t  i s  a d i s u l f i d e  bonded dimer composed of 

The 200K region contains  the  q e l a t i n  binding s i t e  and the  

The i n t a c t  d i s u l f i d e  bonds a r e  necessary f o r  f ib ronec t in  t o  be ab le  to  induce m r e  

4% COMPARISON OF AMNIOTIC FLUID FIBRONECTIN AND PLASMA COLD-INSOLUBLE GLOBULIN. 
ISOLATION OF A COLLAGEN-BINDING FRAGMENT COMMON TO THE TWO PROTEINS. 
Eva Marie Cl ick,  Ed Crouch and Paul Bornstein.  
Medicine, Universi ty  of Washington, S e a t t l e ,  WA 98195 

Gary Balian,  
Departments of Biochemistry and 

Amniotic f l u i d  f ib ronec r in  and plasma cold- insoluble  globul in  (CIG) a r e  two l a r g e  glycopro- 
t e i n s  t h a t  a r e  immunologically ind i s t ingu i shab le  and show extensive chemical s i m i l a r i t i e s .  
The i n t a c t  chain of t he  dimeric p ro te in ,  a s  we l l  a s  some enzymatically-derived fragments of 
f i b ronec t in ,  were heterogeneous on SDS-PAGE, possibly r e f l e c t i n g  a va r i ab le  ex ten t  of glyco- 
s y l a t i o n  i n  d i s c r e t e  regions of t h e  molecule. 
and C I G  produced d i f f e r e n t  pept ide p a t t e r n s  f o r  the two p ro te ins ,  point ing t o  d i f f e r e n c e s  
e i t h e r  i n  primary s t r u c t u r e  o r  i n  conformation. 
produced by cleavage with cathepsin D,was found to  contain a collagen-binding region which 
was near  the COOH-end of t he  polypeptide chain i n  f ib ronec t in .  In t r acha in  d i s u l f i d e  bonds 
maintained a conformation t h a t  w a s  necessary f o r  the i n t e r a c t i o n  of t h i s  region with col lagen.  

Limited p r o t e o l v t i c  cleavage of f ib ronec t in  

A cysteine-  and carbohydrate-rich fragment,  

PROTEOLYTICALLY-DERIVED FRAGMENTS OF HUMAN PLASMA FIBRONECTIN AND THEIR LOCALIZATION 
W I T H I N  THE INTACT MOLECULE, Martha 8. Fur i e  and Daniel  8 .  Rifkin,  The Rockefel ler  481 

universi ty ,  New York, NY 10021 and New York Universi ty  School of Medlcine, New York, NY 10016 
Plasma f i b r o n e c t l n  IFN), a l s o  known as cold- insoluble  q lobu l in ,  is  s i m i l a r  o r  i d e n t i c a l  t o  FN 
found on the  su r faces  of f i b r o b l a s t s .  Plasma FN c o n s i s t s  of two polypept ide chains  of 
‘L250.000 da l tons  joined by d i s u l f i d e  bonds. 
acid.  FN i s o l a t e d  from human plasma w a s  cleaved with human a-thrombin ( g i f t  of J.  W. Fenton) ,  
and t h r e e  major fragments were recovered: two l a r q e  ones of 235,000 and 230,000 da l tons ,  and 
a s m a l l  one o f  29,000 da l tons .  Each cons i s t ed  of a s i n g l e  polypept ide chain.  The small  p i ece  
was no t  r e t a ined  by a gelatin-Sepharose column, while  t h e  l a r q e r  fragments were bound and 
could be e lu t ed  with 2 M guanidine-HC1. No NH2-terminal res idues could be de t ec t ed  i n  i n t a c t  
plasma FN o r  i n  t h e  s m a l l  fragment by t h e  dansyl  ch lo r ide  technique,  while ana lys i s  of the  
pooled l a r g e  fragments yielded dansyl-alanine.  Treatment of t h e  i n t a c t  molecule and t h e  small  
p i ece  with pyroglutamyl pep t ide  hydrolase r e s u l t e d  i n  t h e  appearance of NHZ-terminal a l an ine .  
The presence of blocked NHZ-termini i n  t h e  i n t a c t  molecule and t h e  small  p i ece  w a s  confirmed 
by automated sequence ana lys i s .  Analysis of t h e  l a r q e  fragments gave an NH2-terminal sequence 
of Ala-Ala-Ala-Val-Tyr-Glu-, and pyroglutamyl pep t ide  hydrolase- t reated s m a l l  fragment y i e lded  
Ala-Glu-lGlu?)-Met-Val-. The r e s u l t s  i n d i c a t e  t h a t  t h e  s m a l l  fragment i s  loca ted  a t  t h e  NH2- 
terminus of plasma FN, while  the l a r g e r  fragments c o n s t i t u t e  t h e  carboxyl po r t ion .  S imi l a r  
experiments using FN synthesized by cu l tu red  human embryo f i b r o b l a s t s  w i l l  be descr ibed.  
Character izat ion of t h e s e  fragments and assessment of t h e  b io log ica l  a c t i v i t i e s  which they  
r e t a i n  may a i d  i n  understandinq how FN a c t s  as a br idginq,  adhesive element in vivo. 

The NH2-termini a r e  blocked wi th  pyroglutamic 
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482 CHEMICAL STRUCTURE OF GLYCOPEPTIOES ISOLATED FROM HUMAN CIg (COLD INSOLUBLE GLOBULIN) 
P.NO PLACENTAL LETS (FIBRONECTIN, OPSONIC a,SB GLYCOPROTEIN), Susan F. Frasch and 
Roger A. Laine, U n i v e r s i t y  o f  Kentucky, Lexington, KY 40506 

CIg, which i s  e l e c t r o p h o r e t i c a l l y  and immuno log ica l l y  i d e n t i c a l  t o  the  LETS g l ycop ro te in ,  was 
i s o l a t e d  from human plasma by a f f i n i t y  chromatography on collagen-Sepharose [Int .  J .  Cancer 
20,  1 (1977)l. SOS-polyacryIamide ge l  e lec t rophores i s  o f  t h e  p u r i f i e d  g l ycop ro te in  gave a 
double band which migra ted  near myosin and which s ta ined  w i t h  Coomassie b lue  and PAS. 
tography o f  t he  pronase-so lub i l i zed  CIg g lycopept ides  on Sephadex 6-50 r e s u l t e d  i n  a s i n g l e  
peak which co-e lu ted  w i t h  t r a n s f e r r i n  g lycopept ides .  
g lycopept ides by GLC o f  t he  t r i m e t h y l s i l y l  methyl g lycos ides  gave the  fo l l ow ing  molar r a t i o s :  
s i a l i c  ac id ,  1.6; galactose, 2.0; N-acetylglucosamine, 4.2; and mannose, 3.0. 
chromatography of t he  CIg g lycopept ides  on Con A-Sepharose r e s u l t e d  i n  two f r a c t i o n s ;  one 
t h i r d  o f  t he  g lycopept ides  were unbound and two t h i r d s  were weakly bound (WB). Me thy la t i on  
ana lys i s  o f  t he  WB f r a c t i o n  gave ma in l y  & l i n k e d  galactose, 2- and 3,6- l inked mannose and 
4 - l i nked  N-acetylglucosamine. Fo l low ing  d i g e s t i o n  w i t h  neuraminidase a lone o r  i n  combinat ion 
w i t h  6-galactosidase, t he  WB CIg and t r a n s f e r r i n  g lycopept ides  co-chromatographed on Sephadex 
G-50. Me thy la t i on  a n a l y s i s  o f  t he  r e s u l t i n g  produc ts  suggested t h e  s t r u c t u r e  o f  t h e  major  
CIg and t r a n s f e r r i n  g lycopept ides  t o  be i d e n t i c a l .  The LETS g l ycop ro te in  i s  a ma jor  c e l l  
surface component of two types of  p lacen ta l  c e l l s  [Conn. Tissue Res. 3, (1975) l .  LETS was 
i s o l a t e d  from human p lacentas  by urea e x t r a c t i o n  [proc. Nut. Acad. Sci. 72, 3158 (1975)]  and 
p u r i f i e d  as descr ibed above. 
of t he  oronase-so lub i l  i z e d  LETS q lycopeot ides  t o  be s i m i l a r  t o  the  major CIg g lycopept ide .  

Chronia- 

Sugar compos i t ion  ana lys i s  o f  t he  

A f f i n i t y  

Sugar composi t ion and me thy la t i on  ana lys i s  showed t h e  s t r u c t u r e  

483 THE GLYCOPEPTIDES OF FIBRONECTIN, Joy E.  Koda, Kenneth Keegstra,  Stephen Weitzman 
The glycopept ides  o f  t h e  c e l l  su r f ace  glvcoprotein,  f i b ronec t in ,  i s o l a t e d  from BHK 
21/13 c e l l s  were s tud ied .  Since t h e  p r o t e i n  e x i s t s  i n  two forms, a surface-associ-  

a ted form and a so lub le  form present  i n  conditioned media,the glycopept ides  from both were 
analysed and compared. 
pept ides  from both t h e  su r face  associated pnd so lub le  p ro te ins  r evea l s  a conmlex p a t t e r n  t h a t  
s impl i f i e s  i n t o  four  peaks following d iges t ion  with neuraminidase.  An add i t iona l  peak i s  pre- 
s en t  a t  t h e  void volume o f  t he  column. Each of t h e s e  peaks can be me tabo l i ca l ly  labeled with 
glucosamine, mannose, ga l ac tose ,  and fucose.  A combination o fconcanava l i rA  a f f i n i t y  chroma- 
tography and d iges t ion  with endoglycosidase D from Diplococcus Dneumoniae 
analyse t h e  carbohvdrate p re sen t .  Resul ts  i n d i c a t e  t h a t  t h e  four s t r u c t u r e s  p re sen t  can be 
f r ac t iona ted  i n t o  both Con A binding and non-binding components. The maJori ty  of both these  
comuonents a r e  s e n s i t i v e  t o  endoase D. A reproducible  small f r a c t i o n  of bo th  of t h e s e  compon- 
e n t s  remain r e s i s t a n t  t o  t h e  enzyme. Ion exchange chromatography on DEAE sephadex of t r y p t i c  
glycopeptides w a s  used t o  analyse t h e  attachment s i t e s  of t h e  carbohydrate.  Resul ts  i n d i c a t e  
t h a t  t h e  so lub le  p r o t e i n  and t h e  su r face  p r o t e i n  sha re  at  l e a s t  t h r e e  attachment s i t e s  i n  
common. One s t r u c t u r e  i s  p re sen t  a t  a unique s i t e  on t h e  su r face  p r o t e i n  t h a t  i s  not shared 
by t h e  so lub le  p ro te in .  

Gel f i l t r a t i o n  on Biogel P6 of r ad ioac t ive ly  l abe led  oronased glyco- 

w a s  used t o  f u r t h e r  

IDENTIFICATION OF PHOSPHATE IN FIBRONECTIN FROM CULTURED CHICKEN EMBRYO 
FIBROBLASTS, Mei-hui Teng and Daniel B. Rifkin, Department of Cell 

Biology, New York University, New York, NY 10016 
Fibronectins are a class of glycoproteins present in the plasma of vertebrates 
and on the surfaces of their fibroblasts and some other cell types. We have 
i so l a t ed [32P) f ib ronec t in  from 
transformed or transformation-defective RSV (td-RSV)-infected chicken embryo 
fibroblasts. Confluent cell cultures were incubated in the medium containing 
[32P)orthophosphate and t he  fibronectin in the conditioned medium was 
isolated by gelatin-Sepharose column chromatography: the fibronectin on the 
cell surfaces was isolated by urea extraction, ammonium sulfate precipitation 
and preparative gel electrophoresis. 32P was stably associated with 
fibronectin during immunoprecipitation, SDS polyacrylamide gel electrophoresis 
hot TCA and phospholipid solvent extractions, and acid but not alkaline 
treatment. After limited acid hydrolysis of fibronectin, both phosphoserine 
and phosphothreonine were found. Therefore, fibronectin of cultured CEF 
contains phosphate covalently linked to the hydroxyl side chains of serine 
and threonine. The specific radioactivities of 32P-labeled fibronectin from 
the conditioned media of normal and td-RSV-infected CEF were higher than that 
from the culture of RSV-transformed CEF. 

normal and Rous sarcoma virus (RSV)- 
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FIBRONECTIN-RELEASING POLYPEPTIDES FROM HUMAN FIBROSARCOMA CULTURE MEDIA. 485 Jorma Keski-Oja, Hans Marquardt. Joseph E. De Larco, and George J. Todarq, 
Laboratory o f  V i ra l  Carcinogenesis, National Cancer I n s t i t u t e ,  Bethesda, MO. 20014 

A radioimmunoassay spec i f i c  f o r  human f i b ronec t i n  has been developed by using pur- 
i f i e d  human plasma f i b ronec t i n  and r a b b i t  a n t i - f i b r o n e c t i n  
c a l f  serum (Kosher and Vaheri, Exp. Cel l ,  Res. 112: 323, 1978). 
lung f i b rob las ts  were incubated i n  serum-free media, and the radioinmunoassay was used t o  
detect d i f ferences i n  f i b ronec t i n  released from the d i p l o i d  f i b rob las ts  i n t o  the medium a f te r  
treatment o f  the c e l l s  w i th  factors  described below. 

Serum-free media concentrated from cul tured human fibrosarcoma c e l l  l i n e  (8387) was 
f ract ionated by gel permeation chromatography using Bio-Gel P-100 colurm i n  1M ace t i c  ac id .  
D i f f e r e n t  column f rac t i ons  w i t h  ml. wts. between 30,000 and 6,000 daltons were assayed for  
t h e i r  a b i l i t y  t o  release f i b ronec t i n  from c e l l s .  It was found tha t  the column f r a c t i o n  w i th  
an apparent mol. w t .  o f  10,000 daltons contained an a c t i v i t y  t h a t  released f i b ronec t i n  from 
c e l l s .  S ign i f i can t  changes could be detected w i t h i n  30 minutes a f t e r  treatment of the c e l l s .  
Several hormnal  factors studied, inc lud ing epidermal growth factor ,  sarcoma growth factor ,  
i n s u l i n  and dexamethasone, proved negative i n  t h e i r  a b i l i t y  t o  release f i b ronec t i n  from 
human c e l l s .  The 10,000 dal ton ml. w t .  polypeptides may be responsible f o r  maintenance o f  
low leve ls  o f  surface associated f i b ronec t i n  i n  fibrosarcoma c e l l s  and MY a l so  be involved 
i n  t h e i r  a l t e red  growth behavior. 

antibodies adsorbed w i t h  f e t a l  
Cultures o f  human d i p l o i d  

CELL SURFACE EXPRESSION OF FIBRONECTIN BY EMBRYONIC GLIAL CELLS, C l i f fo rd  J. 
Kavinsky, Lan Bo Chen, and Bea t r i ce  B .  Garber, Universi ty  of Chicago, Chicago, I L .  
and Harvard Medical School,  Boston, Mass. 

Embryonic b r a i n  c e l l  populat ions d i s soc ia t ed  from 10-day chick or 14-day mouse cerebra were 
separated i n t o  homogeneous neuronal and g l i a l  c e l l  f r a c t i o n s  using procedures involving 
d i f f e r e n t i a l  adhesion and s e l e c t i v e  cy to tox ic  responses t o  cytosine-d-arabinoside (Kavinsky 
e t . a l . ,  J . C e l l  Bio1.79:99,1978, Wong 6 Garber,  Proc. 9 th .  I n t .  Cong. E.M. 3:602,1978). The 
p u r i t y  of t he  f r a c t i o n s  was assayed using monospecific a n t i s e r a  d i r ec t ed  aga ins t  g l i a l  
f i b r i l l a r y  a c i d i c  p ro te in  (GFA, Dahl and Bignami, Brain Res. 116:150,1976). After  r eac t ion  
with anti-GFA serum, p u r i f i e d  g l i a l  monolayer c u l t u r e s  exhibi ted in t ense  f lourescence 
a s soc ia t ed  with i n t r a c e l l u l a r  f i b r i l l a r  networks a s  v i sua l i zed  by i n d i r e c t  immunofluorescence 
microscopy. Furthermore, pu r i f i ed  neuronal c u l t u r e s  showed no de tec t ab le  GFA. Corresponding 
preparat ions s t a ined  with a n t i s e r a  d i r ec t ed  aga ins t  plasma f ib ronec t in  showed a similar 
d i s t r i b u t i o n :  g l i a l  c e l l s  exhibi ted in t ense  surface-associated f luorescence which was 
loca l i zed  a t  c e l l  at tachment sites; whi l e  neurons showed no f luo rescen t  r eac t ion .  When 
t h e  an t i - f ib ronec t in  serum w a s  t e s t e d  f o r  r e a c t i v i t y  wi th  malignant g l i a l  c e l l s  grown 
_- i n  v i t r o ,  no f luorescence was detected.  
t o  be a c e l l  su r f ace  marker f o r  embryonic g l i a l  c e l l s ,  and furthermore e s t a b l i s h  a c l e a r  
d i f f e r e n c e  between embryonic and neop las t i c  c e l l  su r f aces .  

These immunological probes demonstrate f ib ronec t in  

487 TRANSFORMATION-ASSOCIATED A N D  GROWTH-DEPENDENT CELL SURFACE CHANGES I N  
LIVER EPITHELIAL CULTURES, Mary S . R i e b e r ,  Manue l  R i e b e r ,  I V I C ,  A p a r t a -  
do  1 8 2 7 ,  C a r a c a s ,  V e n e z u e l a  

S u r f a c e  l a b e l l i n g  o f  “ n o r m a l “  n o n - t u m o r i g e n i c  e p i t h e l i a l  c e l l s  p e r m i t t e d  t h e  d e  
t e c t i o n  o f  a 150 ,000  d a l t o n  componen t  a n d  o f  a n o t h e r  2 3 0 , 0 0 0  d a l t o n  m o l e c u l e s  
w i t h  c o - m i g r a t e d  w i t h  t h e  f i b r o n e c t i n  e x t e r n a l  t r a n s f o r m a t i o n - s e n s i t i v e  p r o t e i n  
o f  f i b r o b l a s t s  a n d  g a v e  an  i d e n t i c a l  r e a c t i o n  w i t h  a n t i - f i b r o n e c t i n  s e r u m .  S i m L  
l a r  e x p e r i m e n t a l  c o n d i t i o n s  w i t h  t h e  t u m o r i g e n i c  e p i t h e l i a l  c e l l  c o u n t e r p a r t  re 
v e a l e d  d e c r e a s e d  l a b e l l i n g  i n  t h e  230 ,000  d a l t o n  r e g i o n  a n d  p r e f e r e n t i a l  l a b e l -  
l i n g  i n  t h e  150 ,000  d a l t o n  and  6 0 , 0 0 0  d a l t o n  r e g i o n .  Amino a c i d  l i m i t a t i o n  b u t  
n o t  0,25% s e r u m  s t a r v a t i o n  w a s  f o u n d  t o  d e c r e a s e  p r o l i f e r a t i o n  b o t h  i n  n o r m a l  
a n d  m a l i g n a n t  e p i t h e l i a l  c e l l s ,  c o n c u r r e n t  w i t h  a marked  d e c r e a s e  i n  t h e  l a b e l -  
l i n g  o f  e p i t h e l i a l  s u r f a c e  f i b r o n e c t i n .  No c o m p a r a b l e  d e c r e a s e  i n  f i b r o n e c t i n  
w a s  o b s e r v e d  i n  f i b r o b l a s t s  e x p o s e d  t o  a s i m i l a r  amino a c i d  l i m i t a t i o n  a n d  t o  
n e u r a m i n i d a s e  t r e a t m e n t ,  w h i c h  l e a d  t o  a marked  d e c r e a s e  o f  t h e  e p i t h e l i a l  
f i b r o n e c t i n .  Amino a c i d  l i m i t a t i o n  a l s o  r e s u l t e d  i n  t h e  i n c r e a s e d  e x p r e s i o n  o f  
a g l y c o s y l a t e d  m a c r o m o l e c u l e  l a r g e r  t h a n  f i b r o n e c t i n  i n  “ n o r m a l “  b u t  n o t  i n  t h e  
t u m o r i g e n i c  e p i t h e l i a l  c e l l s .  
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SURFACE FIBRONECTIN, ANCHORAGE AND GROWTH BEHAVIOUR IN NORMAL AND NEO- 488 

Normal unestablished cells, established normal cells, virus transformed cells 
and malignant cells of human and rodent origin have been studied with refer- 
ence to cell surface and foot-print fibronectin, anchorage and proliferation 
under conditions favoring (tissue culture plates=TC) and not favoring (bacte- 
rial culture plates=BC) cell adhesion. Normal human and rodent cells (unes- 
tablished) grew into fibrobla tic monolayers on TC plates and obtained satur- 
ation density (sd) of 0.73~102 and 1.63~104 cells/cm2 with a population 
doubling time of 75 hr and 28 hr at log phase; these cells showed abundant 
fibronectin on their foot-prints as well as the cell surface as indicated by 
immunofluorescence. These cells were unable to grow on BC plates. Established 
normal BHK-21 cells and all the neoplastic cells were able to grow equally 
well on both TC and BC plates. When deprived of  anchorage, these cells grow as 
multicellular spheroids (BHK-21; BHK-14B; WI-38-VA13-2RA; WI-26-VA4; SV-T2) or 
as loose aggregates (Ki3T3; HeLa). These studies indicate that in normal unes- 
tablished cells, abundant cell surface fibronectin is accompanied by anchorage 
dependence of growth; in neoplastic cells, l o s s  of cell surface fibronectin is 
accompanied by l o s s  of anchorage dependence for growth. Established normal 
cell line (BHK-21) has gained indefinite division potential and also anchorage 
independence of growth but still retains surface fibronectin. 

PLASTIC CELLS, R. Rajaraman and K. Lonergan, Departments of Medicine 
and Microbiology, Dalhousie University, Halifax, N.S., Canada. 

ADHESION VARIANTS OF CHO CELLS: A POSSIBLE ALTERATION I N  THE B I N D I N G  OF SERUM PROTEINS. 
P a t r i c i a  A. Harper and Rudolph L .  Ju l i ano .  
Children, Toronto, and Department of Medical Biophysics,  Universi ty  of Toronto, 
Toronto, Ontar io .  

4g9 Research I n s t i t u t e ,  Hospi ta l  f o r  Sick 

We have i s o l a t e d  v a r i a n t  CHO c e l l s  which show a marked reduct ion i n  t h e i r  a b i l i t y  t o  adhere t o  
p r o t e i n  coated g l a s s ,  p l a s t i c  o r  col lagen subs t r a t e s .  Thus a f t e r  90 mins. more than 80% of 
w i l d  type CHO c e l l s  w i l l  adhere t o  a serum coated col lagen substratum, whereas l e s s  than 2% 
of t h e  v a r i a n t s  F l 1  and F21 w i l l  do so. This non-adherent phenotype is not co r rec t ed  by 
increasing e i t h e r  t h e  d iva l en t  ion concentrat ion o r  t h e  serum concentrat ion.  
f i b r o n e c t i n ,  a serum p ro te in  thought t o  be d i r e c t l y  involved i n  c e l l u l a r  adhesion, promotes 
t h e  attachment of wild type CHO c e l l s  h u t  not  t h e  v a r i a n t  F11. However, i f  an a l t e r n a t i v e  
l igand is  used f o r  attachment such as p l a n t  l e c t i n s  o r  po ly lys ine ,  t h e  v a r i a n t s  w i l l  a t t a c h .  
The F11 c e l l s  a t t a c h  t o  a concmava l in  A coated p l a s t i c  s u b s t r a t e  w i th  t h e  same k i n e t i c s  as 
wild type e e l l s  and t h e r e a f t e r  t h e  v a r i a n t  c e l l s  spread and a t t a i n  a normal morphology. 
evidence implies  t h a t  t h e  v a r i a n t s  such a s  F11  a r e  i n  some manner unable  t o  recognise  o r  
i n t e r a c t  w i th  t h e  serum component(s) such as f i b r o n e c t i n ,  that a r e  necessary f o r  t h e  normal 
adhesion process .  

P u r i f i e d  

This 

490 THE FIBRONEXUS: A TRANSMEMBRANE ASSOCIATION OF FIBRONECTIN AND ACTIN AT THE 
FIBROBLAST SURFACE, I w i n  I. Singer.  I n s t i t u t e  f o r  Medical Research of 
Bennlngton, 110 Hosp i t a l  Drive,  Bennington. Vermont 05201. 

Transmission e l e c t r o n  microscope s t u d i e s  o f  hamster f i b r o b l a s t s  transformed by a temperature 
s e n s i t i v e  mutant o f  SV40 (A28). and human WI-38 and MRC-5 c e l l s .  have demonstrated an 
apparent attachment between e x t e r n a l  f l b ronec t in  f i b e r s  and cytoplasmic 50 A a c t i n  
microfilaments at t h e  s u r f a c e  membrane. This a s s o c i s t i o n  between f ib ronec t in  and a c t i n  
f i b e r s  occurs  a t  a dense submembranous area denoted t h e  flbronexus.  LETS an t igens  w e r e  
l o c a l i z e d  on t h e  e x t e r n a l  f i b e r s  w i th  h m o f e r r i t l n ,  and the  50 1 microfi laments  were 
continuous wi th  conspicuous l n t r a c e l l u l a r  microfilament bundles.  These two sets o f  f i b e r s  
remained c o l i n e a r  du r ing  thin-sect ion t i l t i n g  through an angle of 40' around t h e  f i b r i l l a r  
long axis. demonstrating t h a t  t h e i r  a s s o c i a t i o n  is no t  M a r t i f a c t  due t o  image 
superimposit ion.  Fibronexuses remain a f t e r  expression o f  t h e  t r ans fo rncd  phenotype, 
d e s p i t e  reduct ions in f ib ronec t in  ma t r ix  and a l t e r a t i o n s  o f  microfllmoent bundles.  
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491 CROSSLINKING OF FIBiQNECTIN 10 PRDTEOGLYCANS AT THE CELL SURFACE, Margaret E. Perkins ,  
Tae H. Ji, and Richard 0. Hynes, Massachusetts I n s t i t u t e  o f  Technology, Cambridge, 
MA 02139 

F ib ronec t in  added to n o r m 1  and transformed cells binds tc t h e  surface and i n  t h e  la t ter  
case,  e f f e c t s  profound changes i n  su r face  u l t r a s t r u c t u r e ,  cytoskeleton and c e l l  morphology. 
The na tu re  o f  the i n t e r a c t i o n  o f  f ib ronec t in  with the  c e l l  su r f ace  and t h e  subsequent 
changes i n  t h e  arrangement of t h e  cytDskeleta1 f i b r i l s  i s  unknown. We have i n i t i a t e d  a 
s tudy  i n t o  t h i s  problem using he te rob i func t iona l  c r o s s l i n k e r s  o f  the type, methyl 
3 (4 azidophenyl) di thiopropiomidate .  
t o  t h e  c e l l s .  FollOWing a s u i t a b l e  incubat ion t i m e ,  t he  az ide  end o f  t h e  c r o s s l i n k e r  is 
a c t i v a t e d  by W l i g h t .  
c ros s l inked  to f ib ronec t in  are i d e n t i f i e d  on p lyac ry lamide  ge l s .  
cond i t ions  t h e  predominant i n t e r a c t i o n  of f ib ronec t in  with both normal and transformed 
cells is w i t h  t h e  s u l f a t e d  proteoglycans.  

Several  c h a r a c t e r i s t i c s  of binding and c ross l ink ing  o f  f ib ronec t in  i n  transformed 
c e l l s  d i f f e r  from those i n  normal c e l l s ,  and these  m y  r e f l e c t  d i f f e rences  i n  t h e  populat ion 
o f  proteoglycans i n  t h e s e  two c e l l  types.  

Fibronect in  r eac t ed  with t h e  imidoester  end is added 

The r e s u l t a n t  c ros s l inked  complexes a r e  i s o l a t e d  and t h e  components 
We f ind  t h a t  under these  

492 
and National I n s t i t u t e  of Dental Research, Bethesda, MD 20014 
Soluble f ib ronec t in  i s  found i n  body f l u i d s  and media o f  cu l tu red  adherent c e l l s .  Insoluble  
f ib ronec t in  is found i n  t i s s u e  stroma and matr ices  around cu l tu red  c e l l s .  Fibronect in  is a 
s u b s t r a t e  f o r  Factor  XIII, (plasma t ransglutaminase)  and binds t o  f i b r i n  and co l l agen .  S o -  
dium dodecyl sulfate-polyacrylamide ge l  e l ec t rophores i s  was used t o  s tudy Factor  XI11 - 
mediated c ros s - l ink ing  of f ib ronec t in .  
of Type I col lagen and t o  iodinated cyanogen bromide fragment 7 (1251-CB7) of t h e  = l ( I )  c h a k  
CB-7 blocked cross- l inAing of f ib ronec t in  and f i b r i n .  
l i nk ing  of f ib ronec t in  and 1*51-CB7. 
were blocked by amidination of l y s ines  on f ib ronec t in  and = ] ( I )  but  not by amidination of 
f i b r o n e c t i n .  These s t u d i e s  suggest t h a t  c ros s - l i nk ing  i s  between a common Factor  XI11 - 
suscep t ib l e  glutaminyl res idue on f ib ronec t in  and ly sy l  res idues on f i b r i n  and collage:. 
Cross- l inking of f ib ronec t in  may be a mechanism f o r  immobilizing f ib ronec t in  in  c l o t s  and 
t i s s u e  matr ices  and may be important f o r  normal wound heal ing.  

CROSS-LINKING OF FIBRONECTIN TO FIBRIN AND COLLAGEN BY FACTOR XIII,,Deane F .  Mosher, 
Peter  E .  Schad, and Hynda K .  Kleinman, Universi ty  of Wisconsin, Madison, 11 53706, 

Fibronect in  could be cross- l inked t o  t h e  -1(IB chain 

Conversely,  f i b r i n  blocked cross-  
Fibronect in-=l  ( I )  and f i b r o n e c t i n - f i b r i n  c ros s - l ink ing  

I N  VITRO EVOLUTION OF AN EXTRACELLULAR FIBRONECTIN AND COLLAGEN MATRIX ON NORMAL HU- 
MAN FIBROBLASTS, Leo T. Furcht,  Dean F. Mosher, Gwen Wendelschafer-Crabb, Jean M. Foi- 
d a r t .  Univ. of Minn.. Univ. of Wisc., National I n s t i t u t e  of Dental Research. 
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I n  these  s t u d i e s  we use the  peroxidase ant i -peroxidase method f o r  t h e  imunocytochemical,  ul-  
t r a s t r u c t u r a l  l o c a l i z a t i o n  of f ib ronec t in  and type I procollagen a t  va r ious  t imes a f t e r  sub- 
c u l t u r e  of human s k i n  f ib rob la s t s .  In  very low dens i ty  nonconfluent cu l tu re s ,  f i b ronec t in  is 
d i s t r i b u t e d  i n  non-filamentous patches on t h e  membranes of c e l l s ,  whi le  procollagen type I i s  
p resen t  i n  an extremely spa r se  d i s t r i b u t i o n  on t h e  membrane, seen by e l ec t ron ,  bu t  n o t  by 
l i g h t  microscopy. As c e l l  dens i ty  inc reases  f ib ronec t in  and procol laeen I s t a i n i n g  inc reases  
i n  J. d i f f u s e  form on t h e  plasma membrane and shor t  f i laments  then appear.  As c e l l s  reach con- 
f luence an e x t r a c e l l u l a r  matr ix  of nonperiodic f i b r i l s  develops.  The nonperiodic f i b r i l s  a r e  
15-25 nm i n  diameter and s t a i n  f o r  both f ib ronec t in  and procollagen and a r e  seen i n  young con- 
f l u e n t  cu l tu re s .  With time a t  confluence,  or following a sco rba te  treatment pe r iod ic  f i b r i l s  
develop. The pe r iod ic  f i b r i l s  s t a i n  in t ense ly  f o r  procollagen I and have t h e  67 nm a x i a l  per- 
i o d i c i t y  t y p i c a l  of mature type I col lagen f i b r i l s .  Fibronect in  i s  d i s t r i b u t e d  along pe r iod ic  
f i b r i l s  i n  bands which have t h e  same 67 nm a x i a l  pe r iod ic i ty .  Subsequent to t h e  development 
of pe r iod ic  col lagen f i b r i l s  I n  o ld  or asco rba te  t r ea t ed  c u l t u r e s  the re  is  a d i f f e r e n t  p a t t e r n  
i n  response t o  col lagenase and t r y p s i n  degradat ion compared t o  t h e  non-periodic f i b r i l s  seen 
i n  young confluent  cu l tu re s .  These observat ions sugeest  that non-periodic f i b r i l s  of f ibro-  
n e c t i n  and procollagen may form by condensation o f  c e l l  su r f ace  a s soc ia t ed  f ib ronec t in  and 
procollagen and may then se rve  as a precursor  of t h e  d e f i n i t i v e  pe r iod ic  col lagen f i b r i l  
which f ib ronec t in  then a s soc ia t e s  with.  
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nicrobiology, Univers i ty  o f  Ca l i f o rn ia ,  I r v ine ,  College o f  Medicine, I r v i n e ,  CA 92717 
Cel l  surface f i b ronec t i n  (FN) expression was evaluated on a ser ies of human c e l l  hybrids 
derived from tumorigenic and normal parental c e l l s .  These hybrids continued t o  express many 
o f  the i n  v i t r o  transformed proper t ies o f  t h e i r  respective tumorigenic parent, but  were non- 
tumorigenic when examined i n  nude mice. 
nant segregant subpopulations were i s o l a t e d  which formed progressive tumors i n  nude mice. A 
qua1 i t a t i v e  and quan t i t a t i ve  comparison o f  the FN expression, using both surface i od ina t i on  
and spec i f i c  imnunofluorescent s ta in ing,  was done f o r  each malignant segregant c e l l  l i n e  and 
i t s  corresponding nontumorigenic parental hyb r id  c e l l  l i n e .  A rad ica l  a l t e r a t i o n  i n  the 
organizational pat tern o f  c e l l  surface FN was observed i n  the malignant segregants. The non- 
tumorigenic c e l l  hybrids expressed an incomplete, branched f i b r i l l a r  network a t  regions o f  
c e l l - c e l l  contact which a l so  extended p a r t i a l l y  across the c e l l  surface. I n  a l l  the tumori- 
genic subpopulations FN was expressed as shor t ,  predominantly unbranched f i b r i l s  l oca l i zed  
exc lus ive ly  a t  regions o f  c e l l - c e l l  contact. By immunofluorescence i t  was found t h a t  FN and 
col lagen showed extensive cod is t r i bu t i on  and organizat ional  s i m i l a r i t i e s .  I n  addit ion, both 
collagen and FPI showed a coordinate s h i f t  i n  organizat ional  pat terns associated w i t h  the 
acqu is i t i on  o f  tumorigenic po ten t i a l  i n  the malignant segregants. This p a r a l l e l  a l t e r a t i o n  i n  
col lagen and FN expression i n  the e x t r a c e l l u l a r  ma t r i x  may represent an important property 
required f o r  the i n  vivo growth po ten t i a l  o f  these malignant segregant c e l l  l i nes .  

CO-DISTRIBUTION OF FIBRONECTIN AND COLLAGEN ON THE SURFACE OF HUMAN HYBRID CELLS AND 
THEIR RELATIONSHIP TO TUMORIGENICITY. C.J.Der and E.J.Stanbridge, Dept. o f  Medical 

From three independent nontumr igenic  hybrids maliq- 

EXTRACELLULAR MATRIX OF VASCULAR ENDOTHELIAL CELLS Charles R. 
Birdwell, Scripps Clinic and Research Foundation, L a  Jolla, California 
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I have been working wi th  a cloned line of adult bovine aortic endothelial cells. 
These cells secrete a thick layer of extrocellulor matrix, similar in appearance to  a 
basement membrane in vivo. This matrix is  only deposited underneath the cell 
monolayer, and a mazrcomponent  of the matrix is fibronectin (Birdwell e t  01, 
Proc. Natl. Acad. Sci. USA, July, 1978); no fibronectin is found on the 5 p e r  
surface of these endothelial cells as detected by immunofluorescence. I am 
presently conducting ultrastructural studies of the extracellular matrix and 
studying the distribution of fibronectin in the extracellular matrix and an the lower 
cell surface using immuno-electron microscopic techniques. I am also studying the 
functioo of fibronectin in the extracellular matrix, and the abi l i ty of the matrix t o  
support cell growth. 

In collaboration with Dr. Garth L. Nicolson, the interaction of metastatic tumor 
cells wi th  vascular endothelial cells is being studied, wi th  particulor attention given 
t o  the fate of endothelial fibronectin after tumor cells are plated onto monolayers 
of endothelial cells. 

ENDOGENOUS AND EXOGENOUS FIBRONECTINS AS BUILDING BLOCKS OF EXTRACELLULAR MATRIX, 496 Edward G. Hayman and Erkki Ruoslahti ,  D i v i s ion  O f  Immunology, C i t y  of Hope Medical 
Center, Ouarte. CA 91010 

Fibronectin, a 450,000 dal ton g lycoprote in  i s  present i n  an i nso lub le  form on the surface o f  
many normal c e l l s  and i n  the surrounding e x t r a c e l l u l a r  matr ix  where i t  can be v i sua l i zed  as 
a three-dimensional f i b r i l l a r  matr ix .  F ibronect in  i s  a l so  found i n  a so lub le form i n  plasma 
and serum. 
f e t a l  bovine serum f i b r o n e c t i n  can be incorporated I n t o  p e r i c e l l u l a r  ma t r i x  o f  cu l tu red  r a t  
f i b rob las ts .  

Normal r a t  kidney c e l l s  were cu l tured i n  medium supplemented w i t h  usual normal f e t a l  bovine 
serum o r  serum depleted o f  f i b ronec t i n .  The c e l l  surface f i b ronec t i n  o f  these cu l tures was 
v i sua l i zed  by i n d i r e c t  imnunofluorescence using species spec i f i c  ant isera f o r  e i t he r  r a t  
f i b ronec t l n  or  bovine f i b ronec t i n .  
c e l l s  grown i n  e i t h e r  normal medium o r  f i b r o n e c t i n  depleted medium. Anti-bovine f i b r o n e c t i n  
revealed f i b r i l l a r  networks only  on the  c e l l s  grown i n  medium conta in ing bovine f i b ronec t i n .  
Sta in ing i n  both cases was abolished by absorption w i t h  homologous antigens. 
exogenous f i b ronec t i n  was incorporated i n t o  the  same st ructures as endogenous f i b ronec t i n .  
This f i n d i n g  suggests t h a t  c i r c u l a t i n g  f i b r o n e c t i n  may serve as a bu i l d ing  block f o r  t he  
assembly o f  e x t r a c e l l u l a r  matrix, poss ib ly  by c e l l s  which are incapable o f  synthesizing i t . 

The funct ion o f  t he  c i r c u l a t i n g  f i b r o n e c t i n  i s  no t  known. We have found t h a t  

A n t i - r a t  f i b r o n e c t i n  revealed f i b r i l l a r  s t ructures on the 

I t  appears tha t  
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497 FIBRONECTIN I N  THE EXTRACELLULAR MATRIX, K .  Al i talo,  M. Vuento, M. Kurkinen, 
K. Hedman, A. Vaheri, University o f  Helsinki, Helsinki, Findland 

The pericellular substrate-attached matrix has been isolated from cultures of human 
fibroblasts. The matrix forms a structural entity and contains mainly fibronectin, 
procollagens, heparan sulfate and hyaluronic acid. The fine structure is filamentous. 

Fibronectin has been purified from human plasma by a double step affinity procedure in 
nondenaturing conditions. In polyacrylamide gel eleCtKophOKeSiS, in defined conditions, 

two subunits with different mobilities are seen. Fibronectins purified from plasma, from 
the media of normal and transformed cells show distinct patterns of proteolytic peptides. 

Polymerisation of purified plasma fibronectin can be induced by changes in ionic strength, 

and by the pesence of certain charged molecules. The polymerised fibronectin has a 
filamentous fine structure similar to that found in the fibroblast matrix. 

IN VITRO BASAL LAMINA FORMATION BY NORMAL AND TRANSFORmD EPITHELIAL CELLS. 498 Guido David and Merton B. Bernfield, Stanford University, Stanford, CA 94305. 
Destruction of the basal lamina (BL) is  thought to be important for invasion and metastasis 
of carcinomas. The mouse manaary epithelial BL, similar to the BL of certain other epithelia, 
is glycosaminoglycan (GAG)-rich. Low passage (LP) secondary cultures of Namru mouse mammary 
epithelial cells produce a heparan sulfate-rich BL when maintained on type I collagen gels, 
but no BL is formed on plastic substrates (David & Bernfield, PNAS, in press). This in vitro 
BL formation correlates with and may be due to a collagen-mediated reduction in degradation 
rate of the cell-associated GAG. To determine whether absence of a BL at sites of tumor inva- 
sion in vivo could be duplicated in vitro , we investigated the effect of transformation on 
the in vitro production of a BL by these cells. 
Benign cystadenomas surrounded by a continuous BL are formed by LP cells injected into nude 
mice, whereas high passage (HP) cultures of the same origin form adenocarclnomas showing inter- 
rupted or absent BL in their extensive invasive regions. In contrast to LP cells, these trans- 
formed HP cells do not deposit a BL in vitro in response to a collagen substrate. 
show no collagen mediated reduction in their rate of GAG degradation, supporting the idea that 
BL formation and reduced degradation are causally related. HP cells have less immunoreactive 
fibronectin (LETS, CSP) at their surfaces. This normal matrix constituent may be involved in 
the organization and stabilization of the extracellular materials In a BL through its interac- 
tion with collagen. (Supportedby NCI contract NOl-CB53903;NIHgrnnt llD06763 m d  N'IBFellowship 
lF05TW02548;GD is a Pcllow oftheDamon Runyon-Walter Winchell Cancer Fund (DRG-243-F)). 

HP cells 

CELL SURFACE ASSOCIATED GLYCOSAMINOGLYCANS OF HIMAN NORMAL AND MALIGNANT GLUL CELLS. 499 B. Glime1ius.B. Nor1ing.B. Westermark and A. Wasteson. The Wallenberg Laboratory and 
The Institute of Med. and Physiol. Chemistry, University of Uppsala, Uppsala. Sweden. 

Cell surface associated glycosaminog cans (GAG) of h n normal glial and malignant glioma 
cells in culture were studied using hsulphate and %giucosamine as markers for GAG. The 
amount, distribution, composition and turnover were similar in all of the four tested normal 
cell lines, but showed great variability in the nine malignant cell lines. The GAG of mate- 
rial liberated by trypsin from the intact cell layer (pericellular pool). from EDTA-detached 
cells (membrane fraction) and from the substrate ( S A M )  of the normal cells consisted mainly 
of heparan sulphate (HS) with only minor amounts of the other GAG. 
most glioma cells showed hyaluronic acid as the major GAG. No HS was present in SAM of any 
glioma cell line. 
most of the GAG were internalized and degraded. A considerable portion of pericellular GAG. 
including SAM, showed a slow turnover rate with a half life time of several weeks. 
glioma cell lines the turnover rates were usually more rapid and most of the GAG were released 
in macromolecular form t o  the culture medium. Several glioma cell lines showed no fraction, 
except SAM, with the long half life time. When present, it usually consisted of more chon- 
droitin sulphate than HS in contrast t o  the normal cells. The results indicate that HS-proteo- 
glycans participate in the intercellular matrix of cultured glial cells. The presence of cell 
surface associated HS with the slow turnover rate also correlates with the presence of other 
matrix components. The glioma cells show various abnormalities, including those of the GAG, of 
the cell surface and in the organization and composition of the intercellular matrix. 

The analogous material of 

The sulphated GAG of normal cells showed heterogeneous turnover rates and 

In the 
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500 SULFATED GLYCOSAMINOGLYCANS ARE TRUE COMPONENTS OF THE EXTERNAL MEMBRANE SUWACE OF 
HUMAN FIBROBLASTS IN CULTURE, Kathryn G. Voqel, Department of Biology, The 
University of New Mexico, Albuquerque, New Mexico 87131 

Cultures of human embryo fibroblasts (IMR90) were allowed to incorporate 3H-qlucosamine and 
Na235S04 for 4 OK 24 hours. Following their release from the cell  surface qlycosaminoqlycans 
were quantitated by filtration a- Sephadex G-25 to obtain labeled macromolecular material and 
then fractionation as either the carbohydrate moiety of qlycoprotein (1% CPC soluble), 
hyaluronic acid (soluble in 0.5N HCl), or sulfated glycosaminoqlycan (CPC insoluble). 

Attempts were made to release qlycosaminoglycans from the surface of intact fibroblasts by 
changes in pH and ionic strength of the surrounding buffer. No additional macromolecular 
material was released by such 5-min treatments and 4M GuHCl reptured the cells, while trypsin 
(0.1 mq/ml) released nearly 50X the amount naturally shed. This suggests a covalent attach- 
ment of qlycosaminoqlycans to the cell membrane. 

The amount of labeled macromolecular material released naturally by cells incubated in 
Earle's Balanced Salt Solution at 37O for 30 min was compared with the amount released by 
treatment of the same cells with trypsin. The qlycopeptide and sulfated qlycosaminoglycan 
fractions of naturally-shed samples showed a 2.5X increased in the quantity of radioactivity 
between 4 and 24 hours of labelling, while these trypsin fractions showed a 4.5X increase. 
This suggests that these components are accumulating at the cell surface prior to their 
release from the cell. The hyaluronic acid fractions of both buffer and trypsin-released 
samples were increased 4.5X between 4 and 24 hours, suggesting that hyaluronic acid may be 
directly secreted from the cell. (NIH AG 00191) 

ISOLATION OF MEMBRANE PROTEINS AFTER DERIVITIZATION WITH TRINITROBENZENE SULFONIC ACID. 
G. Kaplan and J. C. Unkeless. The Rockefeller University, New York 10021 502 

A simple reproducable method for isolating externally disposed plasma me 
cultured cells has been developed. Cells biosynthetically labeled with "S-methionine or other 
precursors were incubated with trinitrobenaene 
amino groups on the cell surface with the trinitrophenyl (TNP) moiety. Under the conditions 
used (1Od TNBS in PBS, pH 7.9, 4OC for 30 min) the TNBS did not penetrate the cells. The TNR 
derivatized cells were then incubated with rabbit anti-DNP IgG at 4OC, washed, lysed with NP- 
40 and the anti-DNP IgG-TNPprotein complexes isolated by absorption with fixed Staphylococcus 
aureus for analysis by polyacrylamide gel electrophoresis. 

This method was used to investigate the composition, biogenesis, and turnover of macrophage 
membrane proteins. In a series of pulse-chase experiments, we found that a variety of glyco- 
sylated surface proteins first appeared on the cell surface about 60-90 min after a 15 min 
pulse with 35S-methionine. The method was also used to investigate the surface membranes of 
the 5774 macrophage cell line and a series of variants lacking the Fc receptor for IgG2b 
aggregates (FcRII). The electrophoretic profiles of radiolabeled proteins isolated from the 
variants were significantly different from the parent cell line and were consistent with pro- 
cessing and/or glycosylation defects. 

rane proteins from 

sulfonic acid (TNBS) which derivatized free 
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The saccharide moieties o f  glycoproteins present a t  the surface o f  Novikof f  asc i tes hepato- 
c e l l u l a r  carcinoma c e l l s  were rad io labeled by sequential ox ida t i on  (galactose oxidase o r  p e r i -  
odate) and reduct ive t r i t i a t i o n  (NaB3H4). 
galactose oxidase/NaB3Hq only  a f t e r  p r i o r  treatment o f  the c e l l s  w i t h  neuraminidase, i n d i c a t i n g  
the exposure o f  Gal and/or GalNAc residues by neuraminidase d igest ion.  Treatment o f  the c e l l s  
w i t h  periodate/NaB3Hq produced e f f i c i e n t  l abe l i ng  o f  c e l l  -surface s ia log lycoprote ins.  
rad io labeled 
401, resolved by polyacrylamide,gel e lect rophores is  i n  the presence o f  sodium dodecyl su l fa te ,  
and v i sua l i zed  by f luorography. 
bound l e c t i n s ,  e.g. Ricinus cormnunis agg lu t i n ins  I and I 1  and soybean agg lu t i n in ,  al lowed 
f u r t h e r  reso lu t i on  o f t h e m i n s  based on the s t ruc tu re  o f  t h e i r  heterosaccharide 
moieties. Using t h i s  methodology several classes o f  glycoproteins were characterized: those 
i n  which a l l  of the g lycoprote in  bound t o  the a f f i n i t y  support, those demns t ra t i ng  saccharide 
heterogeneity i n  which on ly  a f r a c t i o n  o f  the g lycoprote in  bound t o  the a f f i n i t y  support and 
those g lycoprote ins t h a t  on l y  bound t o  the a f f i n i t y  support a f t e r  p r i o r  treatment o f  the c e l l s  
w i t h  neuraminidase. 
plasma membrane glycoproteins o f  normal and malignant c e l l s .  Supported by grants from Na t l .  
Cancer I n s t .  (CA-18829), Paul and Mary Haas Fdn. and George and Mary Josephine Hamnan Fdn. 
J.R.G. was the r e c i p i e n t  o f  a J.S. Abercrombie Fdn. Predoctoral Fellowship. 

RESOLUTION AND CHARACTERIZATION OF PLASMA MEMBRANE GLYCOPROTEINS OF NOVIKOFF TUMOR 
CELLS, John R. Glenney, J r .  and Ear l  F. Walborg, Jr.,  The Un ive rs i t y  o f  Texas System 
Cancer Center, Science Park-Research Div is ion,  Srn i thv i l le ,  Texas 78957. 

Plasma membrane qlycoproteins could be labeled by 

The 
plasma membrane g lycoprote ins were s o l u b i l i z e d  i n  nonionic detergent (0.5% NP- 

A f f i n i t y  chromatography o f  the g lycoprote ins on Sepharose- 

These s tud ies suggest a methodology f o r  i nves t i ga t i ng  d i f ferences i n  the 

504 mEMBRANE GLYCOPROTEINS POSSIBLY INVOLVED IN CELL-SUBSTRATE AmSION. Clayton A. Buck, 
Patricia Rao, Karen Knudaen and Caroline H. Damsky. Wistar Institute, Philadelphia, 
Pa. 19104. 

In an attempt to identify the integral membrane molecules involved in cell substrate adhesion, 
we developed a series of immmoglobulins which reversibly and in a non-toxic manner cause 
hamster cells to round and detach from tissue culture plate. 
tion of NP-40 extractable material from these cells implicate a group of 140K H.W. glyco- 
proteins as being involved in the regulation of cell adhesion and morphology (Wylie et al, 
J .  Cell Biol., in press). To confirm these results we have developed an assay in which- 
NP-40 extracts of hamster cell membranes are used to block hamnoglobulin-induced rounding 
and detachment of the cells from the substratun. 
has been partially purified by ion exchange chromatography on Affi-Gel 102 colrnma by a 
modification of the procedure of Steck 
of 14C-glucosemine-labeled NP-40 extracts, the blocking activity was found restricted to one 
fraction. 
labeled glycoproteins from inmunoprecipitates previously thought to be important to adhesion. 
The radioactive profiles were virtually superimpomable lending further support to the con- 
tention that a glycoprotein or group of glycoproteins with an appsraat subunit U.W. of 140K 
are responsible in some maaner for controlling cell adhesion and/or oorphology. Supported by 
UspHs Grants CA-19144, CA-10815, CA-21124 and CA-09171. 

Differential inmnmoprecipita- 

The blocking activity in the NP-40 extracts 

4 (personal conmunicatiw). Upon fractionation 

The active fractton was co-electrophoresed on SDS-PAGE with 3R-glucosamine 
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The characteristic morphology of cultured fibroblasts is dependent, in part, on a large 
surface glycoprotein (LETS, CSP, or fibronectin). 
relatively small amounts of collagen and LETS and do not adhere strongly to the culture dish. 
We have recently described a nervous system specific cell surface glycoprotein on murine 
neuroblastoma cells which shares some properties with LETS but appears to be an independent 
polypeptide (Akeson. R. and Hsu, W-C., Exp. Cell Res. =,367-377,1978). For many cultured 
neuronal cells, strong cell-dish interaction results in the extension of long processes 
resembling axons. 
Bu2cAMp extend processes. 
fold. 
polyacrylamide gels is enriched in the polypeptides left on the dish relative to total 
cellular protein. 
increased in cells extending processes compared to non-axonating controls. 
all provide circumstantial evidence for the role of band 1 in mediating cell-substrate 
adhesion. 
band 1. 
mare biological growth substrates w i l l  also be presented. 

THE ROLE OF BAND 1 PROTEIN IN NEURAL TUMOR SUBSTRATE ADHESION, Richard Akeson, The 
Children's Hospital Research Foundation, Cincinnati, Ohio 45229 

Cultured neuronal tumors synthesize 

Clone N18 cells in serum-free media and clone NB2a cells treated with 
Under these conditions the amount of band 1 per cell increases 3-4 

After removal of the cells with EGTA, a component which comigrates with band 1 on SDS 

The proportion of band 1 in such substrate attached material is somewhat 
These experiments 

More direct evidence for such a role is currently being sought using antibodies to 
The results of these experiments and others examining the interaction of band 1 with 
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5% DYNAMICS OF SURFACE PROTEINS ON THE NRK CELL AND ITS VIRAL TRANSFORMANTS, 
William W. Carley* and William M. Mitchell+, Department of Biochemistry, Cornell University*, 
Ithica, N.Y. 14853 and Department of Pathology, Vanderbilt University+, Nashville, TN. 37232 

Cell surface proteins of 250 x 103,&0 x lo3, 77 x lo3, and 67 x lo3 mdecular weight (MW) resolved by SDS- 
PAGE are readily labeled by the I-lactoperoxidase method on intact normal ra t  kidney (NRK)3cells in 
cultyre. N R K  cells transformed by the Kirsten sarcoma v i y  (K-NRK) are devoid of the 250 x 10 and 67 
x 10 3 W  proteins and have reduced marking of t h e  190f 10 MW membrane component. In addition to the 
77 x 10 MW protein, a new major component a t  5 2  x 10 MW is observed on K-NRK. These changes in cell 
surface proteins on K-NRK correspond to marked alterations of morphology and intracellular CAMP 
content (R.A. Carchman, G.S. Johnson, 1. Pastan, E.M. Scolnick, Cell k59, 1974). NRK cells are contact 
inhibited and have an epitheloid appearance with a flattened surface free of microvilli. Transformation 
results in a loss of contact inhibition, vastly decreased intracellular CAMP content, and a rounded cell 
contour with abundant surface microvilli (W.W. Carley, H.L. Moses, W.M. Mitchell, J. Supramol. Structure 
5:309, 1976). Cells transformed by temperature sensitive (td mutants of the Kirsten sarcoma virus, in 
which contact inhibition, intryellular cAMfi content, and surface microvilli can be modulated by growth 
tepperatures, exhibit 250 x 10 and 190 x 10 M W  surface proteins at restrictive temperatures. The 250 x 
10 M W  surface protein decreases a t  permissive temperatures concomitant with the expression of the 
transformed phenotype. 

507 IRON D E P L E T I O N  I N D U C E S  TWO T R A N S F O R M A T I O N - S E N S I T I V E  M E M B R A N E  P R O T E I N S  I N  NORMAL CELLS.  
J.A. Fernandez-Pol, VA Medical Center and S t .  Louis University, S t .  Louis, MO 63125. 

Rapid depletion of iron from the growth medium spec i f ica l ly  induces the synthesis of two mem- 
brane proteins of MW 160,000 and 130,000 i n  cultured normal ra t  kidney (NRK) c e l l s .  
proteins were termed iron-regulated proteins ,  IRP-160 and IRP-130, respectively. We estimated 
the turnover ra te  of the proteins  and show that  i t  is slower than that  of control N R K  c e l l s .  
We find that IRP-160 and IRP-130 are  the underglycosylated forms of two membrane glycoproteins 
of  MW 163,000 and 132,000, respectively. Thus, glycosylation appears to  have an essent ia l  
role  i n  the turnover of IRP-160 and IRP-130. Simian virus  40-transformed ( S V - N R K )  and 
K i  rsten sarcoma virus-transformed ( K - N R K )  cel Is showed a defect ive response t o  iron depriva- 
t ion manifested by great ly  reduced levels  of both IRP-160 and IRP-130 and a l te red  time- 
sequence of the induction. I n  a SV40-transformed BALB/JT3 mutant ce l l  l i n e ,  that  release 
siderophore-like growth factor  (Cell 14:489, 1978).  IRP-160 and IRP-130 are  absent .  I n  N R K  
c e l l s  IRP-160 is  readily labeled by  lactoperoxidase-mediated iodination. High  spec i f ic  
ac t iv i ty  iodination of S V - N R K  and K - N R K  c e l l s  showed great ly  reduced labeling o f  IRP-160. 
IRP-130 was inaccessible to  iodination i n  a l l  ce l l  l i n e s .  To fur ther  character ize  IRP-160 
and IRP-130 they have been isolated from plasma membranes of N R K  c e l l s .  Antibodies generated 
against these proteins  provide a means of determining i t s  function. Experiments have i n d i -  
cated that IRP-160 may cons t i tu te  a subunit of the t ransfer r in  receptor. The major a l te ra t ion  
i n  the induction of IRP-160 and IRP-130 i n  transformed c e l l s  strongly suggests that  these 
proteins may have an instrumental role i n  loss of growth control of transformed c e l l s .  
(Supported by V A  and N l H  research funds) 

These 

508 
Purif ied plasma membrane preparations were i so la ted  from rapidly growing 3T3, methylcholan- 
threne transformed and Simian v i rus  40 transformed 3T3 c e l l s  by the vesiculat ion technique 
(Scott, Science 294:743, 1976). The a b i l i t y  of these specimens t o  phosphorylate exogenous and 
endogenous substrates  i n  the presence and absence of cyc l ic  AMP was tes ted.  The membranes of 
a l l  three c e l l  types showed phosphorylation of exogenously added his tone which w a s  stimulated 
3 t o  6 fold by cyc l ic  AMP, 
substrate  f o r  the  endogenous cyc l ic  AMP-dependent membrane protein kinase, 3T3 membranes were 
exceeding e f f i c i e n t  phosphate receptors  r e l a t i v e  t o  SV3T3 or  MCA3T3 plasma membranes which 
showed s igni f icant ly  reduced or  no cyc l ic  AMP-dependent plasma membrane phosphorylation, re- 
spectively. These data  suggest tha t  the r e l a t i v e  i n a b i l i t y  of plasma membrane proteins  t o  
undergo endogenous cyc l ic  =-dependent phosphorylation may be a unique charac te r i s t ic  of 
transformed c e l l s .  Preliminary r e s u l t s  suggest tha t  the a b i l i t y  of the plasma membrane t o  show 
modulation of cyc l ic  AMP-dependent phosphorylation during the c e l l  cycle may be an even more 
useful  method t o  dis t inguish nontransformed from transformed ce l l s .  In  s tud ies  on the  plasma 
membranes of synchronized c e l l  populations. w e  found t h a t  3T3 c e l l s  down modulate cyc l ic  AMP- 
dependent endogenous membrane phosphorylation during the l a t e  G 1  phase of the c e l l  cycle. By 
contrast ,  i n  SV3T3 and MCA3T3 plasma membranes the leve l  of cyc l ic  AMP-dependent plasma mem- 
brane phosphorylation remained fixed during the  G 1  and S phases of the c e l l  cycle. 
pose tha t  the i n a b i l i t y  of transformed c e l l s  t o  modulate plasma membrane phosphorylation dur- 
ing the  c e l l  cycle  may account a t  l e a s t  i n  par t  f o r  t h e i r  loss of growth control. 

ABERRANT CELL CYCLE - CYCLIC AMP-DEPENDENT PLASMA M B R A N E  PHOSPHORYLATION IN TRANS- 
FORMED CELLS, Robert E. Scott ,  Dept. of Pathology, Mayo Clinic. Rochester, MN 55901 

By contrast ,  when endogenous membrane proteins  were used as the 

We pro- 
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509 THE INTZRACTION OF 5'-NUCLBCTIDASE WITH ACTIN AND AGTIN'DNAase I 
COMPLEX H.G. Mannherz, M.Magener and G.Rohr, Max-Flanck-Institut 
fur medizinische Forschung, Jahnstr. 29, 6900 Heidelberg 

The integral plasma membrane protein 5'-nucleotidasc 5 s  aL!r t a  
reverse the inhibitory action of actin on pancreatic DNAase I. 
It also accelerates the rate of actin polymerisation, indicating 
direct interaction with actin. The formed actin polymer, however, 
does not have the normal structural appearance of thin filaments, 
instead a filamentous network can be visualized after negative 
staining.resembling Cytochalasin B treated F-actin. 
Evidence will be presented indicating that 5'-nucleotidase might 
act as an anchorage protein of submembranous actin and that its 
inhibition will lead to an inhibition of its ability to interact 
with actin. 

510 IDENTIFICATION OF, THE BINDING PROTEINW, NECTIN, FOR HUMAN ERYTHROCYTE 
SPECTRIN. John Yu ond Steve R. Goodman'. Deportment of Cellulor ond Developmentol 

Immunology, Scripps Clinic and Research Foundation, La Jolla, CA 92037 and The Biologicol 
Laboratories, Harvord University, Combridge, MA 02138' 
Spectrin comprises 25-30% of total erythrocyte membrone protein ond appears to ploy o key role in the 
maintenance of discoid shope and in the restriction of lateral mobility of membrane macromolecules. 
The proteids) which provide the binding site for spectrin is now identified using two dimension01 peptide 
mcpping technique. Analysis based M this mapping technique showed thot all the major polypeptides of 
human erythrocyte membrane display charocteristic peptide maps; however, bond 2.1 and several 
polypeptides below this band exhibit similar tryptic and chymotryptic maps and thus appeor to be o 
fomily of closely related proteins or degraded products. Furthermore, they 011 contain a subset of 
peptides which are accounted for by the peptides from two known spectrin-binding fragments. One of 
the fragments, the 72,000 dalton fragment, had been further purified and i t s  role in spectrin binding 
confirmed. The other fragment, 3', was found to oppeor with o concurrent loss of band 2.1 upon aging of 
ghost preparotions. It was therefore concluded that both fragments derived from 2.1-related proteins 
and 2.1 and its reloted proteins, which we name "nectin," bind spectrin and connect it to erythrocyte 
membrane. [Supported by gront HL 21845-01 from NIH, an Established lnvestigotorship (to J.Y.) from 
the American Heart Association and a postdoctoral fellowship (to S.R. Goodman) from NIH.] 

511 LYMPHOCYTE PIASK4 MEMBRANE PROlEINS ON THE Cr"r0PLASMIC SURFACE. Alan P. Johnstone 
and Michael J. Crumpton. National I n s t i t u t e  f o r  Medical Research, M i l l  H i l l ,  London. 

Plasma membrane p ro te ins  have been implicated i n  r egu la t ing  var ious aspects  of c e l l  behaviour,  
such a s  c e l l - c e l l  recogni t ion and i n t e r a c t i o n ,  c e l l  growth and d i f f e r e n t i a t i o n  a s  w e l l  a s  
response t o  hormones and drugs.  In add i t ion ,  some d i f f e rences  between normal and neop las t i c  
c e l l s  have been ascr ibed t o  a l t e r e d  membrane p ro te ins  or  membrane-associated p ro te ins  (e .g .  
c y t o s k e l e t a l  elements).  These phenomena are mediated by transmembrane s i g n a l s  involving,  in 
p a r t ,  p ro t e ins  on t he  cytoplasmic s i d e  o f  the plasma membrane; thus,  i t  is  important t o  
determine the  molecular s t r u c t u r e  of the membrane inner su r face .  Our approach t o  t h i s  s tudy 
is  the  biochemical cha rac t e r i za t ion  of lymphocyte plasma membrane and sea l ed  membrane 
v e s i c l e s  w i th  an "inside-out" o r i e n t a t i o n ,  as wel l  as using a n t i s e r a  aga ins t  the inner  
su r face  t o  probe the  na tu re  and arrangement of the exposed p ro te ins .  Sealed membrane 
v e s i c l e s  were i s o l a t e d  by dextran g rad ien t  cen t r i fuga t ion  of p l a s m  membrane and were 
Lractionated by chromatography on Cod-Sepharose columns. Thin f r ac t iona t ion  apparent ly  does 
not r e f l e c t  d i f f e rences  i n  protein composition o f  the v e s i c l e s  but  r a t h e r  d i f f e rences  i n  
o r i e n t a t i o n  of t he  f aces  of the membrane and the re fo re  i t  can be used t o  i s o l a t e  " inaide-  
out" v e s i c l e s .  Antisera  aga ins t  the membrane inner su r face  recognised a c t i n ,  albumin and 
and seve ra l  o the r  p ro te ins .  The relevance of these p ro te ins  to  the s t r u c t u r e  of t he  membrane 
inner  su r face  w i l l  be discussed. 

203 



Tumor Cell Surfaces and Malignancy 

LICATIN FROM EMBRYONIC CHICK SEURAL RETINA, Emma R .  Jakoi, and Richard B. Marchase, 
Duke L'niversity, Durham, N.C. 27710. 512 

Ligatin, a filamentous protein previously found in suckling rat ileum, has been purified 
from plasma membranes of embrvonic chick neural retina. The isolated plasma membranes are 
cuveredcfn part b y  b . 5  nm filaments that can be released from the membranes by treatment 
with Ca , Subsequent dialysis against EGTA followed by sieve chromatogrshy results in 
purification of the 10,000 dalton ligatin monomer. Upon readdition of Ca , purified ligatin 
monomers polynerize to form filaments 3 nm in diameter. However, in both retina and ileum, 
the filaments observed on plasma membranes are larger than 3 nm in diameter. I n  ileum, this 
enlargement results from ligatin's function as a baseplate for the attachment of 6-X- 
acetylt,exosaminidase tu the cell surface. In retina, a corresponding difference in diameter 
between fildments seen &I!O and those formed from repolvmerized ligatin alone and the co- 
solubilization of other proteins with ligatin suggest that ligatin may also function there 
as d baseplate for other cell-surface proteins. The proteins associated with ligatin in 
r r r i n a  differ murphologically from 2-N-acetvlhexosaminidase and do not possess this enzymatic 
activity. 
retinal cells, suggesting that in retina ligatin may function as a baseplate for rell-surface 
molecules resp<nnsihle for interci.1 lular adhesion. 

Purified retinal ligatin d o e s ,  however. inhibit the reassociation of trypsinized 

513 LECTIN-2 FROM EMBRYONIC CHICK W.JSCLE INTEMCTS WITH GLYCOSAMINOGLYCANS FROM EXTRA - 
CELLULAR YATRIX, Paula J. Shadle, David Kobiler, and Samuel 11. Barondes, L'niv. of 
California at San Diego, La Jolla, CA 92093 

Embryonic chick muscle contains two developmentally regulated lectins which may he involved in 
cell interactions. Lectin-1 interacts with fixed trypsinized rabbit erythrocytes, is markedly 
inhibited by lactose, and has been purified by affinity chromatography (Nowak, g g .  JBC: 252, 
6026-6030, 1977). Lectin-2 (Mir-Lechaire and Barondes, Nature 272: 256-258, 1978) reacts with 
fixed trypsinized rabbit erythrocytes only after they have undergone a modification with pro- 
longed aging u r  treatment with ethanol; is insensitive to lactose; and can be partially 
purified by centrifugation at 100.000 x g for 12 hrs., subsequent dissociation with high salt 
and gel filtration. This partially purified material contains no fibronectin by SDS PACE and 
does not react with antiserum to fibronectin. Lectin-2 is  markedly inhibited by 0.1 N SaOH 
extracts of substrate attached material ( S A M )  from embryonic chick muscle cultures. The 
inhibitor from SAH is insensitive to boiling, trypsin, pronase, hyaluronidase and chondroitin- 
ase AC, but 90% is destroyed by chondroitinase ABC. It binds t o  DEAE-cellulose and elutes in 
twu peaks,one at 0.5 M NaCl and one at 0.1 ti NaOH. Some purified elycosaminoglycans also 
inhibit lectin-2. Heparin and dermatan sulphate are especially potent, heparin sulphate less 
so and hyaluronic acid and chondroitin sulphates (A  and C) are inactive. These results raise 
the pussibility that lectin-2 functions by interacting with extracellular glycosaminoglycans, 
either in the matrix or on  adjacent cells. Supported by Grants from the USPHS and XcKnight 
Foundation. Paula J. Shadle is supported by a NSF Predoctoral Fellowship and David Kobiler 
bv a Lieizmann Fellowship. 

514 LECTIN-2 ACTIVITY I N  %OIA OF POST-FUSIOS tNOBLAST CULTURES, Howard Ceri, David Ibbiler 
and Samuel 14. Barondes. L'niv. of California at San Diego, La Jolla. CA 92093 

Uedia and cells from primary chick myoblnst culturcs obtained from 11 day old chick embryos and 
containing 90% myoblasts were assayed for lectin-1 and lectin-2 activity as described in 
Shadle g g .  (this meeting). Extracts were nade by homogenizing cells in buffer containing 
0.1 M lactose andO.l>'N-acetyl galactosanine and assays were done after dialysis of the extract 
Extracts of myoblasts were rich in both lectin-1 and lectin-2 which remained at fairly constat 
levels from the tine of plating to terminatiun of the experiment about 2 weeks later. Media 
from the cultures contained neither lectin activity until about 8 or 9 days after culture at 
which time cunsiderable myoblast fusion !lad occurred. Lectin-2 activity then rose dramatically 
in the medium such that there was approxinately an equal amount in the medium and in the cells. 
So lectin-1 activity was ever detected in the medium. Lectin-2 in the medium was inhibited by 
glycosaminoglycans and substrate attached material (SAM) extracted as in Shadle &. It 
appears identical to partially purified lectin-2 extracted from embryonic muscle that was 
shown to be unrelated to fibronectin. Unlike fibronectin it does not bind to collagen and is 
fully active as an agglutinin in the presence of EDTA. Fibroblast and cardiac muscle cultures 
contained considerable lectin-2 but none was ever detected in the medium. A function of extra- 
cellular lectin-2 from myoblasts could be to interact with extracellular glycosaminoglycans 
like those detected in SN1,  o r  known to be associated with some cell surfaces. Supported by 
Grants from the USPHS and McKnight Foundation. Howard Ceri is supported by the Medical 
Research Council, Canada, David Kobiler is supported by a Weizmann Fellowship. 
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515 BIOSYNTHESIS AND MATURATION OF CELLULAR MEMBRANE GLYCOPROTEINS. Lawrence A. Hunt, 
Dept. Microbiology, Univ. Kansas Medical Center, Kansas City, Kansas 66103 

Previous studies of the asparagine-linked oligosaccharide chains of cellular glycoproteins 
from cultured fibroblasts have demonstrated both a heterogeneous array of oligomannosyl core 
sizes with acidic and neutral glycopeptides, and a growth dependent difference in the oligo- 
mannosyl core size distribution (Muramatsu et al., J .  Biol. Chem. =:4673 ( 1 5 7 6 ) ) .  
to examine the intracellular biosynthesis o f  such oligosaccharides, cellular membrane glyco- 
proteins were isolated from BHK21 and human diploid fibroblasts after pulse and pulse-chase 
labeling with ( 2 - h )  mannose, and pronase-digested glycopeptides were characterized by gel 
filtration and glycosidase treatment. Newly synthesized glycoproteins contained a relatively 
homogeneous population of neutral 01  igosaccharides (8-9 mannoses and 2 N-acetylglucosamines) , 
which were smaller than the lipid-linked oligosaccharides from the cell and apparently devoid 
of terminal glucose. After pulse-chase or long labeling periods, a significant fraction of  
the large oligomannosyl cores were processed by addition of branch sugars and/or removal of 
mannose units, resulting in a heterogeneous array of core sizes with 5-9 mannoses in neutral 
structures and 3 or 5 mannoses in complex acidic structures. This heterogeneity is similar 
to that reported for the oligosaccharides o f  avian RNA tumor virus glycoproteins (Hunt et al., 
J. Virol. (in press, Jan. 1979)), and the processing is analogous to that of the vesicular 
stomatitis virus glycoprotein in the same cell line (Hunt et al., Proc. Nat. Acad. Sci. 75: 
754 (1978)). 

In order 

(supported in part by PHS grant A l  14757) 

516 
The carbohydrate portions of cellular glycoproteins undergo extensive modification or pro- 
cessing during transit to the cell surface. Glycoproteins are glycosylated as nascent 
polypeptide chains by the en bloc transfer of the oligosaccharide GlcjMangGlcNAc2 from 
polyisoprenoid lipid carrier to the polypeptide. 
the oligosaccharide begins by the sequential removal of the three glucose residues 
mannose residues and the addition of carbohydrate residues which are characteristic of the 
matuxe cellular glycoprotein. 

We have identified glucosidase activities which catalyze removal of glucose from the 
oligosaccharide Glc~MangGlcNAc2. Glc2MangGlcNAc2 and GlclMangGlcNAc2. 
are integral membrane proteins, are localized in the rough and smooth endoplasmic reticulum 
and show asymmetric spatial orientation, with the active sites of the enzymes on the cister- 
~l surface of the reticulum. Detergent solubilization studies, inhibitor studies, and 
temperature studies indicate that at least two distinct glucosidases are present in the 
membranes. One of these glucosidases has been solubilized and partially purified. These 
glucosidases are suggested to be of biological importance in catalyzing the initial events 
in the pOst glycosylation processing of cellular glycoproteins. 

GLUCOSIDASES INVOLVED IN THE PROCESSING OF CELLULAR GLYCOPROTEINS, Lynn S. Grinna and 
Phillips W. Wbbins, Massachusetts Institute of Technology, Cambridge, Mass. 02139 

Immediately after transfer, processing of 
and 0-6 

The enzymes, which 

517 SPECIFIC ALTERATIONS I N  THE STRUCTURE AN0 PROCESSING OF GLYCOPROTEIN 

L INES,  James R .  E t c h i s o n  and  O.F. Summers, U .  o f  U t a h ,  SLC, UT. 8 4 1 3 2  
A c l o n a l  l i n e  o f  C h i n e s e  h a m s t e r  o v a r y  c e l l s  s e l e c t e d  f o r  r e s i s t a n c e  t o  t h e  
c y t o t o x i c i t y  o f  p h y t o h e m a g  l u t i n i n  (PHA; c l o n e  62p  1 = P h a R I )  and  a s e c o n d  

( c l o n e  6 p  CI 38 = P h a R I C o n A R I I )  e x h i b i t  a l t e r a t i o n s  i n  g l y c o p r o t e i n  o l i g o -  
s a c c h a r i d e  s t r u c t u r e .  The v e s i c u l a r  s t o m a t i t i s  v i r u s  g l y c o p r o t e i n ,  u s e d  a s  
a p r o b e  t o  i s o l a t e  and  p u r i f i y  c e l l  o l i g o s a c c h a r i d e  s t r u c t u r e s ,  h a s  been  
shown t o  l a c k  NeuNAc-Gal -G lcNAc b r a n c h e s  and  t o  c o n t a i n  a l t e r e d  o l i g o m a n n o s y l  
c o r e  s t r u c t u r e s  when v i r u s  i s  g r o w n  i n  t h e s e  c e l l  l i n e s . *  The  s e q u e n c e  o f  
t h e s e  a l t e r e d  o l i g o m a n n o s y l  c o r e s  has  b e e n  d e t e r m i n e d :  

e x  P h a R I :  Man~l-6(Mancll-3)Manal-6(Manal-3)Man~l-4GlcNAcpl-4GlcNAc-peptide 

e x  P h a R I C o n A R I I :  M a n a l - 3 M a n ~ l - 6 ( M a n a l - 3 ) M a n p l - 4 G 1 c N A c ~ l - 4 G l c N A c - p e p t i d e  
Hence ,  t h e  r e s i s t a n c e  t o  Con A c y t o x i c i t y  i n  t h e  d o u b l e  m u t a n t  was a c c o m p a n i e d  
b y  t h e  l o s s  o f  a s p e c i f i c a - m a n n o s e  r e s i d u e .  The l i p i d - l i n k e d  o l i g o s a c c h a r i d e  
p r e c u r s o r s  t o  t h e s e  a l t e r e d  g l y c o p r o t e i n  o l i g o s a c c h a r i d e s  h a v e  a l s o  been  
c h a r a c t e r i z e d .  

OLIGOSACCHARIDES OF TWO LECTIN-RESISTANT CHINESE H A M S T E R  O V A R Y  CELL 

l i n e  i s o l j t e f  f r o m  t h e  Pha R I l i n e  a f t e r  s e l e c t i o n  f o r  r e s i s t a n c e  t o  C o n  A 

* M . A .  R o b e r t s o n  e t  a l . ,  C e l l  1 3 ,  515  ( 1 9 7 8 ) .  
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Previous studies from this laboratory have described the biosynthesis by the retina of the 
embryonic chick of dolichyl-4-mannosyl phosphate and mannosyl-oligosaccharide lipids. This 
report is concerned with the formation of N-acetyl-glucosaminyl-mannosyl pyrophosphoryl poly- 
prenols. When omogenates of the retina were incubated,under conditions approximating initial 
rates, with Hn2' (3.3 mM), TES buffer, pH 7.0, TX-100 (0.19%) and dolichyl phosphate (23 uH), 
the presence of GDP-mannose (67 JM) resulted in a 10 fold stimulation in the rate of transfer 
of radioactivity from UDP-(3H)-GlcNAc (14 uM) to material extractable into chloroform : meth- 
anol (2:l). The stimulation was specific for GDP-mannose. The GlcNAc-containing lipids had 
t e characteristics of pyrophosphates on DEAE cellulose acetate. When examined by TLC, three 
( H)-GlcNAc areas were detected: (A),a slow Tebility material (Rf=0.06); (B), (GlcNAc)2-lipid; 
(C), GlcNAc-lipid. 
DEAE chromatography, only component (A) contained ( C). Although stimulated by GDP-mannose, 
the major GlcNAc labeled material was (B), with the ratio of labeling from UDP-(3H)-GlcNAc 
of41 : 4 : 2 ,  for A, B, and C, respectively. The rate of incorporation of label from GDP- 
( C)-mannose into the GlcNAc-lipids was about 2% of that into dolichyl-phos-mannose. The 
formation of the ClcNAc-lipids was almost completly inhibited by tunicamycin, slightly by 
bacitracin, and unaffected by streptozotocin. Although labeled UDP-glucose served as a sub- 
strate for the lipid-intermediate pathway , it did not stimulate the labeling of the GlcNAc- 
lipids in the presence or absence of GDP-mannose. 

BIOSYNTHESIS OF MANNOSYL-N-ACETYL-GLUCOSAMINYL PYROPHOSPHORYL POLYPRENYLS BY RETINA, 
Edward L. Kean, Case Western Reserve University, Cleveland, Ohio 44106 

4 
In the presence of GDP-( C)-mapzose, after removal of dol-P-mannose by 

519 EFFECTS OF BRDURD ON ENZYMES INVOLVED I N  CELL MEMBRANE BIDSYNTHESIS, I rene  M. 
Evans, David Hockenberry, and H. Bruce Bosmann, The U n i v e r s i t y  o f  Rochester, Rochester, 

New York, 14642 

Bromodeoxvuridine (BrdUrd), a thymidine analogue, has var ious  e f f e c t s  on b i o l o g i c a l  systems 
i n c l u d i n g  suppression o f  t he  syn thes is  o f  d i f f e r e n t i a t i v e  products and reduc t i on  o f  t he  
tumor igen ic i t y  o f  t ransp lan tab le  tumor c e l l s  c u l t u r e d  i n  i t s  presence. 
demonstrated c e l l  sur face  membrane a1 t e r a t i o n s  i n  c u l t u r e d  melanoma c e l l s  grown i n  BrdUrd 
(Evans e t  a l ,  1977, FEES L e t t .  78:109; Rosenthal e t  a l ,  7978, Exp. C e l l  Res., 112:419). 
I n  o rder  t o  determine whether BrdUrd migh t  a f f e c t  nuc leos ide  sugar reac t i ons  which a re  
i nvo l ved  i n  membrane b iosynthes is ,  measurements were made o f  t he  a c t i v i t y  o f  g l ycosy l  t rans-  
ferase and neuraminidase enzymes i n  c e l l  e x t r a c t s  f rom BrdUrd, thymidine, o r  un t rea ted  
c e l l s .  
p r o t e i n  q lycosy l  t rans fe rase  o r  CMP-N-acetylneuraminic a c i d  g l ycop ro te in  s i a l y l  t r ans fe rase  
enzymes. 

Previous s tud ies  have 

Our experiments de tec ted  no changes i n  the  a c t i v i t y  o f  e i t h e r  UDP-ga1actose:glyco- 

Neuraminidase a c t i v i t y  was 3x h ighe r  i n  the  BrdUrd t r e a t e d  c e l l s .  

520 ANALYSIS O F  M E M B R A N E  GLYCOPROTEIN OLIGOSACCHARIDES FROM MOUSE EMBRYDNAL 
C A R C I N O M A  CELL L INES,  J .R.  E t c h i s o n ,  C .  G e o r g o p o u l o s ,  a n d  D.F .  Summers, 
U n i v .  o f  U t a h  M e d i c a l  C e n t e r ,  S a l t  L a k e  C i t y ,  U T  84132  

R e c e n t  s t u d i e s  h a v e  shown t h a t  mouse e m b r y o n a l  c a r c i n o m a  (EC)  c e l l s  c o n t a i n  a 
c l a s s  o f  l a r g e  o l i g o s a c c h a r i d e  s t r u c t u r e s  i s o l a t e d  a f t e r  d i g e s t i o n  o f  membrane 
g l y c o p r o t e i n s  w i t h  P r o n a s e . *  These  s t r u c t u r e s  w e r e  a b s e n t  i n  d i f f e r e n t i a t e d  
c e l l  l i n e s  d e r i v e d  f r o m  m u l t i p o t e n t  E C  c e l l  lines.* R e c e n t  s t u d i e s  o n  a 
" q u a s i " - n u l l i p o t e n t  E C  c e l l  l i n e  i n d i c a t e d  a p r e d o m i n a n c e  o f  " h i g h - m a n n o s e " -  
t y p e  o l i g o s a c c h a r i d e s  and  l i t t l e ,  i f  a n y ,  c o m p l e x - t y p e  o l i g o s a c c h a r i d e s . * *  I t  
was s u g g e s t e d  t h a t  t h e s e  c e l l s  may be d e f i c i e n t  i n  o l i g o s a c c h a r i d e  p r o c e s s i n g .  
We h a v e  u s e d  r e p l i c a t i o n  o f  v e s i c u l a r  s t o m a t i t i s  v i r u s  (VSV)  t o  p r o b e  o l i g o -  
s a c c h a r i d e  b i o s y n t h e s i s  i n  t h r e e  E C  c e l l  l i n e s  and  t w o  d i f f e r e n t i a t e d  c e l l  
l i n e s  d e r i v e d  f r o m  E C  c e l l s .  We f o u n d  t h a t  V S V  g l y c o p r o t e i n  p r o d u c e d  i n  t h e  
E C  c e l l s  c o n t a i n s  n e i t h e r  t h e  l a r g e ,  d i f f e r e n t i a t i o n - s e n s i t i v e  (LDS)  o l i g o -  
s a c c h a r i d e s  n o r  u n p r o c e s s e d  h i g h  mannose o l i g o s a c c h a r i d e s  b u t  c o n t a i n s  c o m p l e x  
t y p e  o l i g o s a c c h a r i d e s  t y p i c a l  o f  o t h e r  mammal ian  c e l l  l i n e s .  A n a l y s i s  o f  u n -  
i n f e c t e d  E C  c e l l  g l y c o p r o t e i n s  c o n f i r m e d  t h a t  t h e  c o m p l e x - t y p e  o l i g o s a c c h a r i d e s  
were  a s m a l l  p e r c e n t a g e  o f  t h e  t o t a l  s t r u c t u r e s .  I n  a d d i t i o n ,  we h a v e  f o u n d  
t h a t  t h e  E C  c e l l s  i n c o r p o r a t e  m o r e  f u c o s e  i n t o  t h e i r  g l y c o p r o t e i n s  t h a n  do t h e  
d i f f e r e n t i a t e d  c e l l  l i n e s  d e r i v e d  f r o m  t h e  E C  c e l l s .  

*Muramatsu  e t  a l . ,  P N A S  7 5 ,  2315  ( 1 9 7 8 )  
* *Muramatsu  e t  a l . ,  F r z s .  
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521 COMPARATIVE ANALYSIS OF THE OLIGOSACCHARIDE MOIETIES OF XENOTROPIC AND 
ECOTROPIC MURINE LEUKEMIA VIRUSES (MuLV), Maurice C. Kemp, Sukla Basak and Richard 

W. Compans, Department of Microbiology, Univ. of Alabama Med. Ctr., Birmingham, Al. 35294. 
The oligosaccharide moieties of a xenotropic MuLV (AKR-MuLV) 6 9 x 9  and those of Raucher and 

AKR-MuLV ecotropic murine leukemia viruses were analyzed by gel f i l tration on Bio-Gel P6 or PI0 
following exhaustive digestion with pronase and t rea tment  with neuraminidase. Four different 
glycopeptide s ize  classes having molecular weights of approximately 5100, 2900, 2700 and 1500 daltons 
(G , G , G and G ), respectively, were shown t o  be associated with ecotropic Rauscher-MuLV (R- 
Muh-V)2virii?ns g r o z n  in JLS-V9 cells. The two larger glycopeptides G were shown t o  be 
sulfated complex (type I) galactose-containing glycopeptides. The twd smalle$ glycopeptide s ize  
classes, G and GI( were shown to  b e  mannose rich glycopeptides. G was more sensitive t o  digestion 
with endoilycosidase H than  G3, suggesting t h a t  t h e  mannose core  o!G may contain fewer mannose 
residues. A comparison of t h e  ohgosaccharide moieties of ecotropic $-MuLV and AKR-MuLV, both 
grown in 1116A cells, showed t h a t  they  possessed glycopeptides similar to those of R-MuLV grown in 
JLS-V9 cells including the  large glycopeptide G Analysis of t h e  glycopeptides of t h e  cell associated 
gp70 isolated f rom xenotropic AKR-MuLV 69XSl;nfected CCL64 mink lung cells showed tha t  t h e  6 9 x 9  

virus gp70 did not possess G . In addition, t h e  mannose labeled R-MuLV glycopeptides were present in 
ratios of 13:1:7 (G :G :G ), b h e r e a s  t h e  mannose labeled 6 9 x 9  glycopeptides were present in ratios of 
13:lO:l. The obger?ed 'differences in t h e  glycopeptide composition between t h e  ecotropic and 
xenotropic MuLV may be due t o  host-dependent variations in t h e  glycosylation pattern.  However, 
differences in t h e  primary s t ruc ture  of t h e  viral glycoproteins have been noted and i t  may b e  expected 
tha t  such changes may cause differential  glycosylation of t h e  viral glycoproteins. 

and G 

522 GLYCOCONJUGATES OF MOUSE TERATOCARCINOMA CELLS. Marie-H&l&ne Buc-Caron 
Institut Pasteur, Unit& de GPn6tique cellulaire, 2 5  rue du Dr. Roux, 
75015 Paris. 

We are currently trying to correlate the presence of specific cell surface 
molecules of totipotent mouse teratocarcinomas with events occuring during 
differentiation. This tumor was chosen as a model for the study of the 
early development of the mouse embryo. It has been shown, using serolo- 
gical and biochemical techniques, that specific glycopeptides and glyco- 
lipids are expressed in large amounts on the undifferentiated primitive 
cells and that these are greatly reduced or not present on differentiated 
derivatives of the tumor, whereas other glycoconjugates appear. 

523 STRUCRTRAL DEIE- OF RCAI AM) WAII OLIGosFI3cHARIDE SPECIFICITY. 
Baenziger and Oorothy Fiete, Washington Uuvasity, St. Louis, M3 63110 

Glympptides radiolabeled with icdinatd 3-(4-hydroxyphayl) propionic acid N-hydroxy-  
succ-de ester (50-200~10~ M p m l e )  have been utilized to examine the structural 
determulan ts affecting glycopeptide interaction with the saccharide birding site of lectins. 
Scatchard plot analysis of saturation curves obtaind w i t h  WAI and WAII isolated fran 
-___ Ricinus camwnis yields association constants (ka) for imnumglobulin and fetuin cunplw 
oligosaccharides which are generally 2-fold higher for RCAI than ISAII and range fran 
2 to 17x106 M-l. 
a prcgressive increase in their ka fmn 10 to 17x106 M-1 for 
for IICAI~. In both cases the presence of sialic acid results in a significant (ge~ally 
2-fold) reduction in the ka for mnplex oligosaccharides. 
deronstrable binding to the Gal 81,3 G a W  a-ser/thr oligosaccharides of fetuin which bear 
sialic acid. 
IgAl yielding ka's of 6xlOi and 47x106 M-1 respectively. Detailed krxmledge of lectin 
specificity for oligosaccharides should aid in the interpretation of cell surface changes 
follming transfomtion which are mnitord by lectin binding. 
been useful for the establishmt of separation procedures for glycopeptides based on lectin- 
se&umse affinity chmratography. 

Jacques U. 

Canplex oligosaocharides with 1,2, or 3 residues of t d n a l  galactose have 
and fran 3 to 14x106 ~ - 1  

HlA1 and KY.11 do not display 

RCAI and RCA I differ markdly in their binding of the O-glycosidic units of 

This information has also 
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Tumor Antigens as Molecules 

524 
Johns Hopkins University School of Medicine. 

An analysis of the protein composition of the plasma membrane of mouse fibroblasts is 
being carried out through the use of hybrid cell lines secreting specific monoclonal anti- 
bodies. Sprague-Dawley rats were immunized with NIH 3T3 fibroblasts. Spleen cells of these 
rats were fused to the murine myeloma P3-X63Ag8 (Galfre, G. etg.. Nature 266, 1977). Of 
121 initial hybridoma cultures analyzed, antibodies against NIH 3T3 cell surface determinants 
were detected in 36 culture supernatants by a cell binding assay utilizing 1251 goat IgG anti- 
rat IgG ( Williams, A.F. &&., Cell 12, 1977). The distribution of these determinants was 
analyzed using a variety of different cells. Each of these antigenic sites was present on 
NIH 3T3 cells transformed by Harvey sarcoma virus. Most noteworthy was the finding that all 
of the major antigens thus detected on murine fibroblasts were also found on thymocytes of a 
variety of mouse strains. 
cytes and absent OK significantly reduced on fibroblasts of other species. The specificity 
of these monoclonal antibodies has been analyzed by imunoprecipitation and SDS-PAGE of 
35s-methionine labeled polypeptides. One principal reactive component was a protein of 
65,000 daltons immunoprecipitated by antibody from four of the thirty-six positive hybridoma 
cell lines. 

MONOCLONAL ANTIBODIES AGAINST MURINE FIBROBLAST CELL SURFACE ANTIGENS. Edward N. 
Hughes and J. Thomas August, Department of Pharmacology and Experimental Therapeutics, 

In contrast, these determinants were undectable on murine erythro- 

525 PRODUCTION OF MONOCLONAL ANTIBODIES AGAINST CDNCANAVALIN A RECEPTORS ISOLATED FROM 
CHINESE HAMSTER OVARY CELL PLASMA MEMBRANES, Kenneth 0. Noonan and James J .  Star l ing,  

Department o f  Biochemistry, Un ive rs i t y  o f  F lor ida,  Gainesvi l le, F lo r i da  32610. 
Plasma membranes i so la ted  from the H-7, subclone o f  CHO c e l l s  were so lub i l i zed  i n  5omM sodium 
borate containing 0.5% T r i t o n  X-100 (pH 7.4) and applied t o  a Con A-Sepharose a f f i n i t y  column. 
The Tr i ton-so lub le membrane components which d i d  no t  bind t o  the Con A-Sepharose a f f i n i t y  
column exhib i ted a coomasie blue s ta in ing  p r o f i l e  on SDS-PAGE which was s i g n i f i c a n t l y  d i f f e r -  
ent from the hapten-released, Con A binding f rac t i on .  [125I] Con A overlays o f  the SDS-PAGE 
demonstrated tha t  there were v i r t u a l l y  no Con A receptors associated w i t h  the unretarded peak 
whereas the mater ia l  which was bound and s p e c i f i c a l l y  e lu ted from the Con A-Sepharose column 
contained approximately 15 d i f f e r e n t  bands which bound [I2511 Con A. 
monoclonal antibodies t o  the various Con A receptors, c e l l  fusions were performed using spleen 
c e l l s  obtained from Balb/c mice imnunized w i t h  the T r i t o n  so lub le Con A receptor f r a c t i o n  and 
mouse myeloma P3-X63-Ag8 c e l l s .  The supernatants derived from the fused hybridoma c e l l s  were 
screened f o r  antibodies which could bind t o  l i v e  and glutaraldehyde-f ixed CHO c e l l s  as wel l  
as t o  the soluble Con A receptor glycoproteins. Several hybridoma clones were subsequently 
isolated. The clones secreted antibody which exhib i ted p re fe ren t i a l  binding t o  both CHO c e l l s  
and the Tr i ton-so lub le Con A receptor glycoproteins. 
t i f y i n g  the i nd i v idua l  Con A receptor fs)  which i s ( a r e )  the ta rge t  f o r  the c lonal  ant ibody( ies)  
so t ha t  these antibodies may be used t o  address questions concerning the r o l e  o f  i nd i v idua l  
Con A receptors i n  the phenomena o f  Con A-induced receptor s i t e  capping as wel l  as Con A-  
i n i t i a t e d  c e l l  agglut inat ion.  

I n  order t o  produce 

On-going experiments are aimed a t  iden- 

526 HEAT SENSITMTY OF P60sRc KIESLSE FK2-I TRANSFORMATION DEFKTIVE TS hWlYNl3 OF AVIAN 
SARCOMA VIRUS, Helga Riibsamn, Robert R. Friis and Heinz Bauer, Institut fUr V b l o -  

gie, Frankfurter S t r .  107, 63 GieOen, W.4e-y. 
Sera have heen made in SR-D tunor-bearing rabbits which recognize a fiosphorpmtein of & 
60,030 in cells t r a n s f o d  by four different strains of avian sarcana virus (ASV) but not in 
nom1 cells, or cells infected by Rous-associated viruses. A l l  characteristics of the protein 
detected by cur sera agree with the findings of Erikson and m r k e r s  (1 ,2 ) ,  w therefore have 
called it p60Src. In the imnunoprecipitates from a l l  ?SV t r a n s f o d  cells a prutein kinase 
activity m s  observed which @msphorylated the heavy chain of IgG. The activity of this  kinase 
m y  be controlled by @yphorylation since conccmitant to the loss of kinase activity pert 
looses 70 % of its Po4 a than the kinase from wild-type t r a n s f o d  cells &en it %as derived from cells trans- 
f o d  by G I  251, a transfomtion-defective mra ture-sens i t ive  (T class) mtant of RSV. 
?his finding suggests that it is coded for by the mutated src gene of G I  251 and that there- 
fore pert is a protein kinase. 'Ihe m t ,  the degree of=sphorylation and the kinase ac- 
tivity of pasrc have been studied in a set of 5 T class nutants of FTA and here correlated 
with the biological characteristics 
tive tgnperature. 
References: 1) Brugge, J.S. and Erikson, H. L. (1977) Nature 269, 346-348. 

content. ?he protein kinase w s  found to  be nure heat-sensitive 

of the mtant infected cells a t  permissive and restric- 

2) Brugqe, J.S., Esikmn, E., Collett, M. S. and EriksOn, R. L. (1978) J. VirOl. 
26, 773 - 782. 
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527 TRANSFORMED MAMMALIAN CELLS SECRETE SPECIFIC PROTEINS AND PHOSPHOPROTEINS, b n a l d  

Transformed c e l l  l i n e s  from s e v e r a l  mammalian s p e c i e s  secrete t r a n s f o r m a t i o n - s p e c i f i c  
R. Senger.  Dyann F. Wirth,  and Richard 0. Hynes, M.I.T., Cambridge, MA 02139 

p r o t e i n s  o f  molecular  weight  58,000 d a l t o n s .  The 58K s e c r e t o r y  p r o t e i n s  o f  t ransformed 
hamster ,  ra t ,  and mouse c e l l  l i n e s  a r e  a l l  a n t i g e n i c a l l y  r e l a t e d .  S e c r e t i o n  o f  t h e  58K 
p r o t e i n s  o c c u r s  w i t h  e i t h e r  RNA o r  DNA v i r u s  t r a n s f o r m a t i o n .  C e l l s  t ransformed by RNA 
and DNA tumor v i r u s e s  a l s o  s e c r e t e  major phosphoprote ins  o f  s i m i l a r  s i z e  b u t  t h e s e  a r e  
immunologically d i s t i n c t  from t h e  58K s e c r e t e d  p r o t e i n s .  
a r e  s p e c i e s - s p e c i f i c  and u n r e l a t e d  to t h e  t r a n s f o r m i n g  v i r u s .  I n c u b a t i o n  o f  t ransformed 
ce l l  c o n d i t i o n e d  media w i t h  y 32P-ATP labels phosphcpro te ins  which a r e  a p p a r e n t l y  i d e n t i c a l  
t o  t h e  major  s e c r e t e d  phosphoprote ins  l a b e l e d  i n  v i v o .  This  i n d i c a t e s  t h a t  t h e  media 
c o n t a i n  b o t h  p r o t e i n  k i n a s e  and s u b s t r a t e .  A l l  t h r e e  p r o p e r t i e s  (58K p r o t e i n ,  phospho- 
p r o t e i n ,  i n  v i t r o  p h o s p h o r y l a t i o n )  are c l o s e l y  c o r r e l a t e d  w i t h  t r a n s f o r m a t i o n  i n  cel ls  
t ransformed by t e m p e r a t u r e - s e n s i t i v e  v i r u s e s .  

The s i z e s  of t h e  phosphoprote ins  

528 
The f u s i o n  a c t i v i t y  a s s o c i a t e d  w i t h  many s t r a i n s  of murine leukemia v i r u s  (MLV) 15 commonly 
used t o  measure MLV i n f e c t i v i t y .  Other s t r a i n s  o f  MLV l a c k  f u s i o n  a c t i v i t y  and some of  
t h e s e  can  produce  v a r i a n t s  which have  f u s i o n  a c t i v i t y .  
t h e  i n f e c t i v i t y  of MLV grown i n  SC-1 c e l l s  by t h e  XC ce l l  f u s i o n  a c t i v i t y  o f  t h e  progeny 
v i r u s .  
f e w  h o u r s  a f t e r  i n f e c t i o n .  NO new macromolecular s y n t h e s i s  is r e q u i r e d  f o r  t h e  f u s i o n  
p r o c e s s .  Trea tment  of  MLV v i r i o n s  w i t h  p r o t e o l y t i c  enzymes d e s t r o y s  t h e i r  a b i l i t y  t o  f u s e  
XC cel ls .  The i n f e c t i v i t y  o f  MLV 1s much more s u s c e p t i b l e  t o  W - i r r a d i a t i o n  t h a n  v i r a l  
f u s i o n  a c t i v i t y  and n o n - i n f e c t i o u s  ( W - i r r a d i a t e d )  MLV c a n  c a u s e  XC c e l l  f u s i o n .  When MLV 
v i r i o n s  are d i s r u p t e d  w i t h  NP-40 d e t e r g e n t  and  t h e  v i r a l  cores removed, t h e  f u s i o n  a c t i v i t y  
c a n  b e  r e s t o r e d  after d i a l y s i s  o f  t h e  d e t e r g e n t  and reassembly  o f  ( n o n - i n f e c t i o u s )  MLV 
e n v e l o p e - l i k e  p a r t i c l e s .  The f u s i o n  a c t i v l t y  of  MLV e n v e l o p e - l i k e  particles 1s i n h i b i t e d  
by a n t i s e r u m  a q a i n s t  MLV gp70. Thus, t h e  f u s i o n  a c t i v i t y  o f  MLV is a s s o c i a t e d  w i t h  t h e  
v i r i o n  envelope  p r o t e i n .  MLV f u s i o n  a c t i v i t y  a p p e a r s  to be e s s e n t i a l  f o r  MLV i n f e c t i v i t y  
and  f u s i o n  a c t i v i t y  may also p l a y  a n  e s s e n t i a l  r o l e  i n  c e l l - m e d i a t e d  immunity a g a i n s t  
v i r u s  i n f e c t e d  or t ransformed c e l l s .  

MURINE LEUKFMIA VIRUS FUSION ACTIVITY, David A. Z a r l i n g  and I l a n a  Keshet ,  
Univ. o f  Wisconsin,  Madison, 53706. 

The SC-l/Uv-XC f u s i o n  a s s a y  measures 

The f u s i o n  a c t i v i t y  of  p a r e n t a l  MLV i n  XC c e l l s  c a n  be measured d i r e c t l y  w i t h i n  a 

52' 
HSV i n f e c t i o n  r e s u l t s  i n c e l l  f u s i o n  under s p e c i f i c  c o n d i t i o n s .  P r e v i o u s  s t u d i e s w i t h v i r a l  mu- 
tant shaverevea ledthatoneof  theHSVmembrane g l y c o p r o t e i n s . d e s i g n a t e d B 2 , p l a y s  a n e s s e n t i a l  
r o l e  i n  inducing  c e l l  f u s i o n  whereas a n o t h e r v i r a l g e n e  p r o d u c t ,  p o s s i b l y  t h e H S V g l y c o p r o t e i n  de- 
s i g n a t e d  C2. a p p e a r s  t o m o d u l a t e  o r  i n h i b i t  fusion-inducingactivity. The e x i s t e n c e  of t h i s  "modu- 
1 a t o r " e x p l a i n s  t h e  f i n d i n g s  that wild-typeHSVusually d o e s n o t  induce  c e l l  f u s i o n w h e r e a s m u t a t i o n  
can r e s u l t  i n  t h e s y n c y t i a l p h e n o t y p e .  Wehaveconductedexperimentsdesignedtodeterminewhich 
c o n s t e l l a t i o n s  of HSVmembraneglycoproteinsmust be p r e s e n t  i n t h e m e m b r a n e s o f  n e i g h b o r i n g c e l l s  
i n o r d e r  f o r  f u s i o n  t o o c c u r .  Theapproach  is t o  q u a n t i t a t e  t h e  f u s i o n  of c e l l s  f r o m o n e p o p u l a t i o n  
withthoseofanotherwhosemembranesdifferwithrespecttocellularorviralconstituents,under 
c o n d i t i o n s t h a t  p r e v e n t  t h e s p r e a d o f  v i r u s  b e t w e e n c e l l s a n d  t h a t  a l l o w  i d e n t i f i c a t i o n o f  n u c l e i  
f r o m t h e t w o d i f f e r e n t c e l l p o p u l a t i o n s .  Our r e s u l t s  i n d i c a t e  t h a t  t h e m o d u l a t o r  of f u s i o n  can pre- 
v e n t a c e l l f r o m i n i t i a t i n g f u s i o n o n l y i f  t h e i n d u c e r ( s )  andmodula tor  are e x p r e s s e d b y t h e s a m e c e l l  
butcannotpreventace l l f rombe ingrecru i ted intoapo lykaryocyte .  Also ,  c e l l s  e x p r e s s i n g t h e f u -  
s i o n  i n d u c e r ( s )  on ly  c a n  f u s e  w i t h  u n i n f e c t e d  c e l l s ,  s u g g e s t i n g  t h a t  t h e  i n d u c e r ( s )  i n t e r a c t  w i t h  
c e l l u l a r c o n s t i t u e n t s i n o r d e r t o i n i t i a t e  f u s i o n .  Because c e l l s  e x p r e s s i n g  t h e m o d u l a t o r  c a n b e  
r e c r u i t e d i n t o p o l y k a r y o c y t e s ,  t h e p o s s i b i l i t y t h a t  t h e m o d u l a t o r  i n h i b i t s  f u s i o n b y  a f f e c t i n g  c e l l -  
u l a r  c o n s t i t u e n t s i s  r u l e d o u t .  
i n  t h e  e f f i c i encywi thwhichtheyarerecru i ted intopo lykaryocytes .  Thus our  s t u d i e s i n d i c a t e t h a t  
HSV- inducedce l l fus ion i s in f luencednoton lybymul t ip lev ira lgeneproductsbuta l sobythenature  
of ce l l -de te rmined  s u r f a c e  components. 

MODULATION DF CELL FUSION INDUCED BY HERPES SIMPLEX VIRUS (HSV), G l o r i a  T. Lee and 
P a t r i c i a  G .  Spear ,  Commit teeonViro logy ,  U n i v e r s i t y  of Chicago, Chicago, I L  60637. 

Wehavea l sonotedthatun infec tedce l l so f  d i f f e r e n t  t y p e s d i f f e r  



Tumor Cell Surfacer and Malignancy 

530 C E L L ~ R  ORGANELLES AS TARGETS OF TUMOR-INDUCING PROTEINS: STUDIES OF CELL SURFACE 
AND CXROMATIN ALTERATIONS DURING CELLULAR TRANSFORMATION, Reinhard Kurth,  Adolfine 
Huesgen, Gert  Huesgen and Johannes E w e r ,  F r i ed r i ch  Miescher-Laborator iu ,  Max Planck- 
I n s t i t u t e s ,  74 Tubingen, West Germany. 

We had previously defined by immunological means a tumor-specific c e l l  su r f ace  an t igen  (TSSA) 
which i s  inva r i ab ly  expressed on Rous sarcoma v i r u s  transformed c e l l s  of a v a r i e t y  Of  d i f f e -  
r e n t  species .  Genetic s t u d i e s  had furthermore implicated a c lose  c o r r e l a t i o n  between TSSA ex- 
pression and t h e  presence of a func t iona l  src-gene o f  Rous sarcoma v i r u s ,  which i s  needed f o r  
virus-induced f i b r o b l a s t  t ransformation.  The r ecen t  cha rac t e r i za t ion  of t h e  f ib rob la s t - t r ans -  
forming p ro te in  (p6oSrc) o f  t h e  Rous sarcoma v i r u s  by Erickson and h i s  co l l abora to r s  prompted 
our s tud ie s  t o  look f o r  a poss ib l e  r e l a t i o n s h i p  between TSSA and p6OSrc. Prel iminary da t a  in- 
d i ca t e  t h a t  t h e  cytoplasmic p6OSrc does not  appear on t h e  c e l l  su r f ace  i n  an immunologically 
recognizable form. However, it cannot be excluded at present  t h a t  t h e  cytoplasmic p6OSrc 
appears on t h e  tumor c e l l  su r f ace  a s  a p o t e n t i a l l y  immunogenic molecule a l t e r e d  by proteoly-  
t i c  cleavage and/or glycosylat ion.  We have the re fo re  i n i t i a t e d  t h e  biochemical i s o l a t i o n  of 
Rousvirus-induced c e l l  surface ant igen.  
For t h e  study of another  c e l l u l a r  o rgane l l e  as p o t e n t i a l  primary t a r g e t  f o r  p60src, nuclear  
h i s tone  and non-histone p r o t e i n s  have been p u r i f i e d  from normal and virus-transformed c e l l s .  
These p ro te ins  a r e  p re sen t ly  being inves t iga t ed  as poss ib l e  s u b s t r a t e s  f o r  t h e  known phos- 
phokinase a c t i v i t y  of p6oSrc. 

531 A CELL SURFACE PROTEIN SPECIFIED BY MUTANT HAPLOTYPES OF THE MOUSE T / t  COMPLEX 
Lee M. S l l ve r ,  Karen Ar t z t ,  and Dorothea Bennett 
Sloan-Kettering I n s t i t u t e ,  New York, New York 

Mutant haplotypes o f  the mouse T / t  complex have profound e f f e c t s  on embryonic 
development, chromosomal recombination, gene transmission frequencies, and sperma- 
togenesis. A combination o f  h i s to log i ca l  and sero log ica l  data sugqest t h a t  genes 
i n  the T / t  complex def ine c e l l  surface antigens expressed dur ing embryogenesis and 
spermatogenesis. 
analogue o f  the major h is tocompat ib i l i  t y  complex. 

Two-dimensional gel electrophoresis has been used i n  conjunction w i t h  other  
techniques t o  i d e n t i f y  a major c e l l  surface protein--p63/6.9--which i s  spec i f i ed  
by a gene i n  the T / t  complex. 
sion o f  a form o f  p63/6.9 which i s  d i f f e r e n t  from the wi ld- type form. The T& 
haplotype i s  thought t o  represent an extensive de le t i on  over a region o f  the T / t  
complex. Molecular analysis demonstrates tha t  the THP haplotype does not  a l l ow  
expression o f  e i t h e r  form o f  p63/6.9. Three a l t e r n a t e  a l l e l e s  o f  the T / t  complex 
"p63/6.9 gene" have been defined--a wild-type a l l e l e ,  a mutant t-haplotype, and a 
- THP n u l l  a l l e l e .  

10021. 

It has been hypothesized t h a t  the T / t  complex i s  an embryonic 

A l l  mutant t-haplotypes analyzed cause the ex res- 

532 
Thymus-Leukemia (TL) antigens are associated w i t h  the surface membranes o f  leukemia c e l l s  and 
immature thymocytes of c e r t a i n  mouse st ra ins.  
imunoprec ip i ta ted polysomes o f  TL (+) c e l l s  using s p e c i f i c a l l y  p u r i f i e d  mouse TL antibodies 
and rabb i t  anti-mouse imnunoglobulins (RAM-19). ASL-I c e l l s ,  a TL (+) leukemia c e l l  l i n e  o f  
A/J mice was converted t o  i n  v i t r o  growth by hyb r id i za t i on  w i t h  LM(TK)- c e l l s .  Hybrid c e l l s  
formed approxlmately o n e - h z f t h e q u a n t i t i e s  of TL antigens as t h e i r  ASL-I parents. 
somes were prepared by sucrose gradient cen t r i f uga t ion  from 5 x 109 hybr id  c e l l s ,  lysed pre- 
v ious ly  w i t h  1.5% T r i t o n  XI00 and 0.5% DOC. The gamna g lobu l i n  f rac t i ons  of  both RAM-1g and 
mouse a n t i  TL 
by DEAE-cellulose chromatography. Approximately 8 A260 u n i t s  of polysomes were incubated a t  
O* w i t h  1.0 mg/ml TL antlserum f o r  30 min fol lowed by incubation a t  Oo f o r  an add l t l ona l  30 
min w i t h  an imuno log ic  equivalent o f  RAM-19. 1.2 percent of the polysomes present precip- 
I ta ted.  mRNA was iso la ted from imnunoprecipitated polysomes by phenol-detergent ex t rac t i on  
and two passages through an o l igo(dT)-ce l lu lose column. 
a s lng le  peak i n  a sucrose gradient. 0.5 pg of the RNA st imulated i n  the wheat germ system 
the incorporation o f  190,000 cpm i n t o  TCA p rec ip i t ab le  mater ia l ,  a ZOO-fold increase over 
endogenous levels .  Approximately 10% of  the cpm obtained p rec ip i t a ted  w i t h  TL antiserum; 
less than 0.4% o f  the cpm obtained under s i m i l a r  condi t ions w i t h  g lob in  mRNA p rec ip i t a ted  
w i t h  TL antiserum. "Supported by USPHS grant number CA-19265-03. 

lMMUNOPRECiPlTATlON OF POLYSOMES SPECIFYING THYMUS-LEUKEMIA ANTIGENS", Ryszard Slomski 
and Edward P. Cohen, La Rabida-University o f  Chicago I n s t i t u t e ,  Chicago, IL  60649 

mRNAs f o r  TL antigens were obtained from 

Poly- 

1,3 sera, were prepared by (NHq)S04 p rec ip i t a t i on .  RNase a c t i v i t y  was removed 

The poly(A)-RNA obtained migrated as 
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533 THE HUMAN i BLOOD GROUP ANTIGEN AS A MODEL FOR CROSS-REACTING ONCOFETAL 
ANTIGENS. Zolt;n A. Tok& Department of Biochemistry, USC School of Medicine, LACfUSC 
Cancer Center, Los Angeles, CA 90033. 

Human fetal  erythrocytes express the i blood group antigen which gradually disappears af ter  birth 
as the I blood group antigens appear. With several conditions the i antigen can be reexpressed on 
adult erythrocytes. This antigenic modulation and the availability of well defined monoclonal antibodies 
against these antigens create an ideal model to investigate the molecular events related to oncofetal 
antigen expression and recognition. The disappearance of i antigen from erythrocytes is independent 
of the change from fetal  to adult type hemoglobins. Enzymatic modification of adult (i-) erythrocyte 
surfaces slowly uncovers the i antigen when sialoglycopeptides a re  gradually removed. Disruption 
of erythrocyte membrane integrity reveals the presence of this antigen but a t  only half the concentration 
found in fe ta l  erythrocyte stroma. Cell types such as lymphocytes and liver cells which can relocate 
cell surface bound macromolecules always express i antigen throughout adult life. Increased capability 
to undergo patching increases the probability for multiple binding of monoclonal IgM and enhances 
the detection of i antigen. Quantitation of molecular fractions with I and i blood group antigen from 
cord and adult erythrocytes suggests that  the expression of i- phenotype can be explained by the 
topographic distribution of molecules a t  the cell surface. (NCI CA-14089). 

534 
The r e f e c t i o n  of a small subcutaneous inocular, of  syngeneic tumor c e l l s  is being s tud ied  as 
a mudcl fo r  t h e  n a t u r a l  su rve i l l ance  of spontaneous tumors. The e f f e c t o r  mechanism has been 
demonstrated i n  botlr normal and immunodeficient (ATxRY) mice and is macrophage dependent and 
d. c e l l  indr7endent.  
logous bu t  not  a l lozene ic  tm.or nembrane preparat ions.  suggest ing tile p a r t i c i p a t i o n  of a 
s p e c l f i c  receptor  molecule. 
exh ib i t ed  d i f f e rences  i n  tunor frcquc!;cies. The phenotype of the c e l l s ,  def ined hy the  tumor 
frequency following n small  subiutancous inocu1u.n. w a s  q u i t e  s t a b l e  f o r  c lones maintained in 
in v i t r o  Culture.  I?. aJd i t i cn .  rcclonfng yielded c e l l  l i n e s  whlcti ex;lresse! t h e  same suscep- 
t i b i l i t y  t o  su rv r l l l anc  c as di; tlke ),*rent c lones,  providiny, furt!ier e v i  dence fo r  phenotype 
s t a b i l i t y  i n  v i t r o .  Tumor c e l l  membrane c h a r a c t e r i s t i c s  \-ere suiight vhiclr would r e l a t e  t o  
t h e  d i f f e rences  obbi.ri.cI: i:: these tumor frequencies .  To da t e  only s u s c c p t i b i l i t y  of c lones 
t o  cosplement medi.t:fd l y s i s  v i a  n a t u r a l  airtibody i n  normal nouse serum has been shown t o  
c o r r e l a t e  with a la: t u m r  frequency I n  tltc i n  vivo model. Furtllermore, pretreatment  of 
mice w i t h  proteose peptone, which increased t h e  l e v e l s  af n a t u r a l  antibody in serum. r e s u l t -  
ed i n  a decrease In tumor frequency. These observat ions suggest t h a t  na tu ra l  nntfhody bin*- 
ing may def ine 8 tiinor p:lrootype vhich I s  s u s c c p t l h l e  tu  n a t u r a l  su rve i l l ance .  

TU?lOR CELL SURFACE AXD !iATL'RAL SURVEILLANCE, D.A. Chow and A.H. Greenberg. 
I h i v e r s i t y  of Manitoba, Winnipeg. Canada R3E OVS 

.. 11: add i t ion ,  i t  can be blocked by the  IV i n j e c t i o n  of so lub le  auto- 

C1.oning of tumors used i n  t h i s  study yielded c e l l  l i n e s  which 

535 CHARACTERIZATION OF THE MAJOR SIALOGLYCOPROTEIN, A PEANUT LECTIN RECEPTOR, OF TWO 
ASCITES SUBLINES OF THE 13762 RAT MAHMARY ADENOCARCINOMA. Anne P. Sherblom, Robert L. 
Buck and Kermit L. Carraway, Biochem. Dept., Oklahoma S t a t e  Univ., S t i l l w a t e r  OK 74074. 

The MAT-B1 and MAT-C1 sub l ines  of t he  13762 r a t  mammary adenocarcinoma e x h i b t t  s t r i k i n g  
d i f f e r e n c e s  i n  a g g l u t i n a b i l i t y ,  s i a l i c  ac id  con ten t  and xeno t ransp lan tab i l i t y .  Chemical 
l a b e l i n g  of c e l l s  with ('H)-NaBH, fol lowing pe r ioda te  ox ida t ion  o r  metabolic l a b e l i n g  with 
(3H)-glucosamine r e v e a l s  a s i a log lycopro te in  (ASGP-1) with apparent  MW >300 K by SDS g e l  
e l ec t rophores i s  as the major labeled component f o r  bo th  subl ines .  ASGP-1 from each sub l ine  
is r e a d i l y  p u r i f i e d  from a crude plasma membrane p repa ra t ion  of a s c i t e s  c e l l s  by cen t r i fuga -  
t i o n  i n  a C s C l  g r ad ien t  containing 4 & guanidine'HC1 (GuHC1). 
which is t r ansp lan tab le  i n t o  mice, appears  s l i g h t l y  l a r g e r  and more heterogeneous than  t h e  
MAT-B1 glycoprotein both by sedimentat ion v e l o c i t y  i n  4 g GuHCl and by g e l  f i l t r a t i o n  i n  SDS. 
MAT-C1 ASGP-1 a l s o  appears  t o  have l a r g e r  ol igosaccharide components, as ind ica t ed  by chroma- 
tography of products  from a l k a l i n e  borohydride el iminat ion.  Isopycnic cen t r i fuga t ion  i n  C s C l  
r evea l s  a higher  dens i ty  f o r  t he  MAT-C1 glycoprotein compared with MAT-B1 ASGP-1 both i n  t h e  
absence and presence of GuHC1. The amino acid compositions f o r  t h e  ASGP-1 molecules from t h e  
two c e l l  types are q u i t e  s i m i l a r ,  but  they d i f f e r  s u b s t a n t i a l l y  in carbohydrate compositions 
wi th  MAT-C1 having much l a r g e r  amounts of ga l ac tose ,  glucosamine, fucose and s i a l i c  ac id .  
Differences i n  composition and physical  p r o p e r t i e s  of t h e s e  glycoproteins  may c o r r e l a t e  with 
dramatic d i f f e rences  i n  c e l l  su r f ace  p r o p e r t i e s  which a r e  important t o  tumor su rv iva l .  

ASGP-1 from t h e  MAT-C1 subl ine.  

21 1 
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536 OCCURRENCE OF PEANUT LECTIN RECEPTOR (BLOOD GROUP T-ANTIGEN) IN ASCITES BUT NOT SOLID 
AND CULTURED FORMS OF THE 13762 RAT ?(AMHIARY ADENOCARCINOEIA. Susan P. Howard, Tim P. 
Trenbeath, John IJ. Huggins and Kermit L.  Carraway, Biochem. Dept., Oklahoma State 
Univ., Stillwater, OK 74074 

The Thomsen-Friedrich antigen (blood group T-antigen), a precursor of M and N blood group 
substances, is found associated with malignant, but not benign, human mammary lesions. It 
can be detected by its cross-reactivity with peanut lectin (PNA). We have investigated the 
presence of this antigen in various forms of the metastatic 13762 rat mammary adenocarcinoma 
by its interaction with "'I-PNA after electrophoresis of the cells or tissues on polyacryla- 
mide gels in SDS. Five different 13762 ascites sublines have PNA receptor associated almost 
exclusively with a major sialoglycoprotein (ASGP-1) of apparently high molecular weight 
(>300 K). The solid tumor from which the ascites forms were derived and a variant maintained 
in cell culture (XR)  do not have the PNA receptor in significant amounts. A solid tumor 
obtained by transplanting MR into rats does not have the PNA receptor, but the ascites form 
obtained by transplanting MR does have the receptor, again associated with the ASGP-1. 
solid tumors derived by transplantation from the various ascites forms, the PNA receptor was 
greatly reduced or absent. Our results suggest that the expression of PNA receptor is 
related to the environment in which the tumor is grown. We suggest that the sialoglycoprotein 
bearing PNA receptor contributes to the survival of the tumor in an ascites form and may be 
important to the ability of the tumor to metastasize. 

In 

537 REDISTRIBUTION AND SHEDDING OF CONCANAVALIN A AND PEANUT LECTIN RECEPTOR OF ASCITES 
SUBLINES OF THE 13762 RAT 'IhMXARY ADE!!OCARCI?JO?IA. John LJ. Huggins, Tim P. Trenbeath 
and Kermit L. Carraway, Biochem. Dept., Oklahoma State Univ., Stillwater, OK 74074. 

Because the shedding of cell surface components has been implicated in the escape of mammary 
tumors from immune surveillance, we have investigated cell surface receptor redistribution 
and shedding in two ascites sublines of the metastatic 13762 rat mammary adenocarcinoma. The 
sublines differ substantially in cell surface labeling profiles, lectin agglutinability, 
morphology and xenotransplantability. 
microvilli extending from the cell body. It is transplantable into mice. MAT-B1 has a more 
normal surface architecture and is not xenotransplantable. Concanavalin A receptors on EIAT-ti1 
are mobile and form caps in the presence of Con A. Colchicine treatment in the presence of 
Con A induces prolific shedding of Con A receptors. The !lAT-Cl Con A receptors appear 
immobile, even in the presence of cytoskeletal perturbants such as colchicine, cytochalasin B 
and dibucaine. However, hypotonic swelling nf ?IAT-Cl cells followed by Con A treatment will 
cause reorganization and shedding of the branched microvilli without apparent mobility of the 
receptors on  the microvilli. The results suggest a stabilization of cell surface organization 
of the microvilli. Treatment of either ?lAT-III or NAT-C1 cells with peanut lectin (PNA), which 
reacts almost exclusively with the major sialoglycoprotein (ASGP-1) of these cell surfaces, 
causes copious shedding of the PN.\ receptors o n  membrane fragments, including microvilli. 
These results indicate that specifir cell surface interactions are critical to shedding 
processes, which nay contribute tn the survival of metastatic tumors. 

:IAT-CI has a highly irregular surface with branched 

538 
1Dept. 
Research Institute, University of Michigan, Ann Arbor, MI Lt8109 
Rittenhouse _al. (Biochemistry 17:829-837,  1978) have demonstrated that Ehrlich ascites 
tumor cells, obtained from the peritoneal cavity of Swiss-Webster mice will spontaneously re- 
lease cell surface components upon incubation i n  isotonic buffer for l h  at 4". A portion of 
the shed material occurs as high molecular weight (MW) aggregates (cell coat particle) which 
contain host-derived tumor-associated immunoglobul in G (TAIg) and a complement component (C3). 
The release of such immune complexes has been implicated in the ability of tumor cells to 
escape host immune mechanisms. In order to distinguish tumor-derived glycoproteins from host 
components (e.g.,TIAg or complement). cells were metabolically labeled in vivo by injecting 
''C-glucosamine i.p. into tumor-bearing mice. After 4h the cells were harvested and the cell 
coat particle was isolated by ultracentrifugation of the shed m a t e r i a l . A u t o r a d i o g r a p h s  obtain- 
ed after SDS-PAGE revealed numerous glycoproteins ranging in MW from approximately 25K-20DK. 
The predominantly labeled glycopolypeptide had an apparent MU of GOK. Specific immunoprecipi- 
tation of the shed glycoproteins with rabbit anti-muse IgG revealed that only one major glyco- 
polypeptide (45K) was tightly bound by TAIg. It is possible that the spontaneous sheddinq of 
tumor cell surface glycoproteins may be influenced by the binding of host antibodies directed 
to the tumor cell surfaces. We are presently studying the kinetics of antibody-mediated re- 
lease of cell surface I oproteins from EL4 I m hom cells maintained in syngeneic C5JBL/6  
mice. Supported by CAI89G (RLR)  and USPHS S - O f R k 0 5 3 8 3  (HGR). 

CHARACTERIZATION OF IMMUNE COMPLEXES SHED FROM MOUSE ASCITES TUMOR CELLS, Richard L .  
Rader', Harry G. Rittenhouse2, Matthew 0 .  Lynn2, Diane Ar2 and Michael M. Moon', 

Immunol/Microbiol .,Wayne State Medical School, Detroit, MI 48201 and 2Mental Health 

21 2 



Tumor Cell Surfaces and Malignancy 

REDUCED TUMDRlGENlClTY OF LYMPHOMA CELLS LACKING A NORHAL DIFFERENTIATION ANTIGEN, 539 
J. Buxbaum 5 R. Basch, Depts. of Medicine and Pathology, New York University Medical 
Center; Dept. of Medicine, Manhattan V.A. Hospital, New York, New York 

Cloned, cultured cells from the Thy-l.2(8)+ BALB/c lymphoma RLdl were imnunoselected to obtain 
Thy-1.2(-) variants in a single step procedure. Analysis of a prototype (-) clone suggested 
that the defect was due to a point mutation at the structural locus for Thy-1.2 (Somatic Cell 
Genetics 3:1,1977). The single demonstrable difference between the ( - )  clone and its Thy-1.2 
(+) sibling was associated with a marked reduction in tumorigenicity. 106 cells from the (+) 
clone killed 82% of recipients with a mean death time (MDT) of 46 days. An identical cell dose 
obtained from the Thy-1.2(-) clones killed 2% of the recipients with a MDT of 62 days. The 
two clones had similar in vitro generation times and were serologically identical in other 
surface antigens, including lymphocyte differentiation and MuLV-associated antigens. The re- 
duction in tumorigenicity appeared to be related to an alteration in the host response to the 
tumor, since (+) and (-) cells Eroduced tumors in irradiated recipients at the same rate. 
Animals surviving challenge wit the (-) cells were specifically protected against re-chal- 
lenge with the (+) cells (mortality 30% vs 8% in untreated animals). The protection was asso- 
ciated with the appearance o f  cytotoxic antibody to the inoculated cells. The role of cell- 
mediated immunity is not yet clear. The experiments su gest that the genetic removal of a nor- 
mal cell surface antigen results in the exposure of mo?ecules not normally strongly immunogen- 
ic in the host. These then become effective t u m r  specific transplantation antigens, recogniz- 
able and attackable by the host immune system. Studies in other systems, including Lewis lung 
carcinoma, teratocarcinoma and other murlne lymphomas suggest that this may be a relatively 
common event in tumor biology. 

MODIFICATION OF M A L I G W T  CELL SURFACES BY VIBRIO CHOLERAE NEURAMINIDASE AND.EMIT1NE. 540 mgelyn nos.  Department of Developmental an= R i o l q y ,  university of California, 
Irvine, California 92717. 

Modification of malignant cell surfaces has been shown to alter tumor growth in ViVo when 
treated cells are injected into syngeneic tumor bearing animals (M.D. Prager and F.S. Baechtel, 
METH. CANCER RES. 9: 339-400, 1973). Tumor growth can be strongly inhibited when mice bearing 
established transplantable syngeneic tumors are challenged with tumor cells which have been 
treated in vitro with Vibfio cholerae neuraminidase (VCN) plus mitomycin-C (A.M. Rios and R.L. 
S i m n s , ~ ~ C A N C E R  INST. 51 : 637-644 , 1973: A.M. Rios and R.L. Simmons, ANN. N.Y. ACAD. 
SCI. 276: 45-60, 1976). ‘Ihe present study examines effects of combining VCN with Emetine for  
in vitro cell treatment. VCN acts on the cell surface to remove terminal sialic acid residues. 
Emetine is a protein synthesis inhibitor which inhibits regeneration of sialic acid (C.E. 
Brinckezhoff and M. Lubin, CANCER RES. 38: 3668-3672, 1978). Mean survival time of mice which 
has received VCN- and Emetine-treated tumor cells was enhanced (76.7t7.1 days) as compared 
to VCN plus mitomycin-C treated cells (70.5f5.2 days) or animals which had received mitomycin- 
C treated cells alone (65.1f6.3 days). Runor growth was also inhibited. ?he results suggest 
that combining in vivo VCN cell treatment with Emetine enhances the in vitro imunotherapeutic 
effect of VCN-treated tumor cells to prolong tumor-bearing animal survival time. 

-__ 

541 CHARACTERIZATION OF CROSS-REACTING ANTIGENS ON THE EPSTEIN-BARR VIRUS ENVELOPE AND 
PLASMA MEMBRANES OF PRODUCER CELLS, David A. Thorley-La-wson, Sidney Farber Cancer 
Institute, Harvard Hedical School, 44 Binney St., Boston, )fa. 02115 

A rabbit antiserum has been prepared against the 895-8 transforming strain of EBV. 
The antiserum has a high virus neutralizing titer (approx, 1:lOOO) against both the marmoset 
B95-8 EBV and the human P3HR-1 EBV. The neutralizing antibodies may be absorbed completely 
with EBV producer cell lines, but, not with non-producer cell lines or producer cell lines 
treated with phosphonoacetic acid (PAA) so as to be non-producer. After repeated absorption 
with PAA treated B95-8 the serum remains reactive with the membranes of producer cell lines 
as judged by immunofluorescence or the I25I Staphylococcal protein A radioimmunoassay. Thus 
the neutralizing antigens are expressed on the membranes of producer cell line and may be 
purified from this source using the serum and lZ5I Staph A binding as an assay. The ability 
of the serum to differentiate producer and nun-producer cells by means of cell surface deter- 
minants has been exploited to achieve a separation of these two populations from the same 
culture. Immunoprecipitation by the protein A technique shows that the serum recognizes 
two polypeptides from producer cells of approximate molecular weights 150,000 and 75,000. 
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542 BIOCHEMICAL STUDY OF THE MOLONEY LEUKEMIA VIRUS-DETERMINED CELL SURFACE ANTIGEN 
(I4CSA) IN RELATION TO IMMJNORESISTANCE, F. A. Troy and E. 14. Fenyo, Univ. of Calif. 

Sch. of Medicine, Davis, CA 95616 and Uept. of Tumor Biology, Karolinska Inst., Stockholm, 
Sweden 
An experimental procedure involving SDS-PACE of Triton X-100 solubilized cell surface compo- 
nents has recently been developed which can detect a large number of surface antigens as 
separate molecular entities (Troy, F.A. et al: PNAS 74, 5270 (1977). The capacity to recover 
individual proteins from the gels and test them in specific cytotoxic assays has permitted 
the assignment of specific antigenic determinants to distinct mol. wt. species. Application 
of this technique to Moloney Leukemia Virus (MLV) induced mouse lymphoma cells of strain A 
mice (YAC) which express on their membranes an MLV-directed cell surface antigen (MCSA) in 
addition t o  the type C viral proteins has shown that MCSA is distinct in size and antigenic 
determinants from the known ML virion proteins or the histocompatibility antigen, H-2a. 
The surface expression, mol. wt. distribution and quantitation of MCSA in an immunoresis- 

tant subline of YAC, YAC-IR, has been examined and found to be distinctly different from the 
parental line. In this relatively antigen deficient IR line, MCSA is associated with a 
different mol. wt. species. Since MCSA is the antigen recognized by the syngeneic host, 
tnese results suggest that the altered surface expression of MCSA on  YAC-IR may relate to 
the inability of this line to elicit an immune rejection reaction. Whether the surface 
alteration of MCSA represents a general mechanism of escape from immune surveillance and how 
commonly IR sublines alter their CSA when faced with becoming IR again is presently being 
studied by examining the surface expression of MCSA on independently selected IR lines. 

543 
Tumour Immunology Group, University Colleqe Hosuital Vedical School, 
University Street, London WClE 6JJ. 
We are investigatins the bindin? of human sera previously shown to be 
capable of precipitating disrupted HL23V v i r u s ,  to the surfaces of KNRK cells 
infected with this virus. Usinq a sensitive solid phase radioimmune assay 
we have detected antibody bindinq to the cell surface. This bindinq 
activity can be blocked by bovine sera (foetal calf, calf, agammaqlobulinemic 
calf, and adult), and sera from other species. We will present results on 
the nature of the blocking antigen(s1 and their relationship with viral 
antigens presented on the cell surface. 

SURFACE ANTIGENS OF KNRK CELLS INFECTED WITH HL23V VIRUS DETECTED BY 
ANTIBODIES IN NORMAL HUMAN SERA. J.A. Hope, E. Cardoso, The Human 

544 BIOCHEMICAL AND IMMLINMOCHEMICAL CHARACTERISTICS OF TUMOR SPECIFIC PNTIGENS ON 
CHEMICALLY INDUCED RAT TUMORS, R .  W. Baldwin, J. G. Bowen, M. J. Embleton and 
M. R ,  Price, Cancer Research Campaign Laboratories, The University, Nottingham, U.K. 

Sarcomas induced by 3-methylcholanthrene LKA) and hepatomas induced by d-dimethylaminoazo- 
benzene in the rat express individually distinct tumor-specific antigens which are associated 
with integral plasma membrane components. Conventional biochemical separative procedures, 
lectin affinity and specific immunoadsorption techniques have indicate3 that the antigenic 
determinants are expressed upon papain released glycopeptides (molecular weight 5 5  ,Doe) 
although activity may be solubilized with other agents such as 3M KCL. In the hepatoma 
studies it was fusther established that the tumor-specific antigens are related to normal 
alloantigens since they could be isolated by binding to alloantibody-containing immuno- 
adsorbents. But they are probably not modified products of the major histocompatibility 
complex (RT-1) since hepatoma D23-specific antigen did not bind to immunoadsorbents prepared 
from antisera to allogeneic erythrocytes and lacks association with rat 82-microglobulin. 
These findings have been interpreted to suggest that the tumor-specific antigens arise 
following carcinogen induced modification of the genes coding for normal cell antigens or 
that there is a derepression of genetic information which is not normally expressed in the 
adult host. This latter point is emphasized by related investigations showing that neo- 
antigens with the same specificity as the tumor-specific antigens on MCA-induced sarcomas can 
be induced on rat embryo cells following a short exposure to 3-methylcholanthrene. 
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545 
The L-5178Y cell line is a methylcholanthrene-induced transplantable thymoma of H-2d origin. 
The L-5178Y is highly compatible with its host of origin, DBAI2; 10 cells inoculated i.p. 
will kill more than 90X of the inoculated mice. 
mitomycin C-treated cells or cell-free membranes (MLP) will sensitize DBA/2 mice to reject a 
challenge of 100 live cells. 
challenges. 
mice to reject skin grafts at an accelerated rate as well as induce anti-H-2 cytolytic anti- 
bodies. 
position of L-5178Y in order to identify the TSTA(s). The initial experiments were carried 
out with NP40 lysates of 3H-glucosamine-raised cells. Using a C57BLl6 anti-L-5178Y serum 
(cytolytic titer with DBA/2 spleen cells is 1:10,000), innnunoprecipitates showed in SDS-PAGE 
peaks that had apparent molecular weights of 7,000, 27,000, 47,000, 52,000 and 70,000 daltons. 
Using an NP40 extract of MLP made fro labeled cells, similar peaks were observed. This 
serum brings down only one peak from 'H-fucose-labeled DBA/2 spleen cells, with a molecular 
weight of 45,000 daltons. 
and D-31, and all show the same 5 peaks with the L-5178Y extracts. 
carried out to determine what are the relationships, if any, between the TSTA(s), the addi- 
tional peaks seen in SDS-PAGE, and the H-2 gene products. 
and CA 07973). 

ANTIGENIC ANALYSIS OF A MURINE LYMPHOMA L-5178Y. Lionel A. Manson and Neomi Moav, 
The Wistar Institute, Philadelphia, PA 19104 

Yet the tumor line has a TSTA(s), in that 

Once immunized, imune DBA/2 mice will reject 106 live cell 
The MLP is also a complete H-2 immunogen, in that it will sensitize allogeneic 

The cell line is known to be Ia negative. We have been studying the antigen com- 

Standard N I H  ar1ti-H-2~ sera have been used, D-4, D-8, D-13, D-28, 
Further studies are being 

(Supported by NCI Grants CA 10815 

Immune Reactants Associated With Human Solid Tumors, J.M. MacSween, Dept. of Medicine, 546 Dalhousie University and Camp Hill Hospital, Halifax, Nova Scotia, Canada 

Immunoglobulins were eluted with acidic buffers from washed cell suspensions obtained from 
freshly resected solid tumors and adjacent normal tissue. Elution of antibody to the tumor 
was suggested in some cases by increased concentration of IgG in acidic eluates compared to 
preceding eluates obtained at pH 7.4. Rebinding of immunoglobulins in the acidic eluates to 
the tumor cells as an indicator of antibody activity was studied with the use of 12% 
staphylococcal protein A. This was compared to the binding of eluates from adjacent normal 
tissue which had been equalized for protein content. In seven of fifteen tumors, there was 
clearly greater binding of lZ5I protein A to cells exposed to tumor eluates than to eluates 
obtained from corresponding normal tissue. 
tumors showed increased binding to cells obtained from a lung carcinoma. 
tumor antigen in 3M KC1 extracts from the tumor cells was investigated by determining therr 
inhibition of binding of immunoglobulins in the acidic eluates. Three of four KC1 eluates 
from different lung tumors showed greater than 40% inhibition of binding of an acidic eluate 
to autologous lung tumor cells. KC1 eluates from four colonic tumors failed to inhibit in 
this system whereas two of five KC1 eluates from breast tumors were inhibitory. Antigenic 
material in a KC1 eluate from a gastric carcinoma was purified by immune adsorption with 
insolubilized acidic eluate from the same tumor. 
evidence of autoantigenic activity on the basis of primary binding by the acidic eluate. 
The major molecular species in this case was of less than 13,700 daltons molecular weight. 

Twu of thirteen acidic eluates from other lung 
Recovery of putative 

After labelling with 1251, there was 

547 CYTOTOXIC T CELLS AGAINST A METASTASIZING MURINE TUMOR VARIANT: SPECIFICITY AND 
PROTECTIVE CAPACITY IN VIVO. Volker Schirrmacher and Klaus Bosslet. Institute of 
Immunology and Genetics, Deutsches Krebsforschungszentrum, Heidelberg, FRG. 

A model system is described that allows the study of interactions between cells of the 
lmmune system and tumor metastases. The model consists of a non-metastasizing chemically 
induced lymphoma (FL) ofDBA/2 mice and a spontaneous variant thereof (ESb) with pronounced 
metastasizlng capacity. Syngeneic cytotoxic T lymphocytes (CTL's), induced Ln vivo by 
immunization with Eb or ESb and restimulated in vitro for 5 days with mitomycin C-treated 
autologous tumor cells. show high specific anti-tumor cytotoxx activity in a 4 h 
release assay. 
Anti-tumor CTL's were highly specific: (1) Anti ESb CTL's lyzed ESb but did not lyze 
anyone of fourteen syngeneic or allogeneic murine tumors. (ii) Anti Eb CTL's lyzed Eb and 
cross-reacted with one of the fourteen tumors above (RLh). (iii) Surprisingly, no cross- 
reactivity was observed on the level of specific CTL's between Eb and ESb. 
Thus, CTL's were able to recognize unequivocally deviations between the parental tumor 
and its metastasizing varlant. Similar antigenic differences could be demonstrated in vivo 
in protection experiments. 
These results suggest that in our system CTL's recognize the individually specific tumor- 
associated transplantation antigens (TATA) , which have hitherto been only demonstrable in 
vivo. 

5lCr 
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548 m m  OF MZAIXWi TUMJR AWIQ24 ?ClTVITY WIDI B -MfcR)IH(pKILzN, rlds R. w, 
R. Mark Wtto, ?uthur Vandenbark, Arthur Malley, Vet&- Pdninistratim MBdical 
Center, F'ortland, OR 97201 and O m g m  Ragional Primate l&search Center, Beawtan, OR 

 his report describes exper-ts evaluating the relationship hetween the n -mcrogwxi~in 

t&r tissue.  he MPA activity was m~ in viw iy dermal testing and in vim by 
the l e v  adherence inhibiticn (W) test. Analysis of our exp&nmtal data stqp&iq 
that MllA actwity present in the KCl extracts might be asscciated with B -p is s-ized 
b e h .   he majority of me- tumr antigen activity present in m A  extracts derived 
fmm fresh tmur tissue binds to a -anti B 4cmqlcbulin -t. kmval  of 
HIA antigens fmm the extracts of ml- bssue ding a KBr flotation technique did not 
red- either the t m r  antigen activity of the -acts or the binding of m?laxrm tumr 
antigepl (MllA) activity to the sepharoseanti B 
blo&ing of MPA activity by pretreatirtq the a n C B  -miaogl&ulin adsarfpnt with B *- 
globulin and tk lack of detectable MPA binding to2a sepharose anti-xmml hunan & 
adsorbmt denonstrated the specificity of th? binling of MPA to the anti Bz*aogl&Ulh 
adsorkat. 

(B -p) and mlaMma tucor antigen (MI741 present in the KC1 extracts Of f&y excised 

croglobulin adS0-t. 'BE ample* 

549 -c FtmmwrIai OF mF&PExmTc Ic6EmE-lTmING mLLs IN CmCxR 
P-S, R. Mark Vetto, W i l g q  Kr ill Alex TcnrJ ?u-thur Mndenbark 
Derus R. Eurger, Veterans namrrUstr%!& h c a l  Cenkr, portland, OR 9f201. 

This report describes the use of a cytofluxamtric technique (utilizing a Bio/physics 
cytofluorograf) to e n m a t e  the rosette-forming cells in hunan blmd. Cells farming 

fmm utlmaetted lxncnuclear cells by their mmeased integral size. 
m t h g  of msetted pcpulatiam, cne can accurately determine the perawf Togettes ( E s )  
in a pcpulaticn of 100,000 cells in a short pericd of tim (10 min/detenranaticn) "Tiding 
the subjectihty of visual detarmrna ' tims. * h a v e u s e d t h i s m s e t t e a u n t i n g ~  
to quantitate tulur antigen binding cells in patimts with llRvly diagnos€d S q y l u u S  -11 
cancer of the head and neck. 
exhibit tulur specific ros2ttes.when kIckgramd msettes to HSA or Kui - carpared to 
squarmus antigen rosettes. In contrrrst, nine of seven- patients with untreated, squarmus 
cell m i r n n a  of the head and neck had squamous antigen binding rmylluclear cells. 
noted that w i t h  increasing trma burden in these patients (m tumr stage classification) 
the percentage of patients with aquamu antigen binding cells mmeased (p,'0.05, R, = 0.94) 

roBettes with antigen-cmj~atea -s (w-RKk) are differentiated electrolu * cally 
Using autunated 

Patimts w i t h o u t  e v i h c e  of mlignant disease &d not 

It  was 

550 EXPRESSION OF HUMAN PLACENTAL CELL SURFACE ANTIGENS ON NORMAL AND NEOPLASTIC CELLS 
IN CULTURE, Thomas A. Hamilton, H. Garrett Wada, and Howard H. Sussman, Stanford 
University School of Medicine, Stanford, CA 94305 

Trophoblastic and neoplastic cells share some significant behavioral properties including 
invasiveness, escape from imunosurveillance, and cell surface charge properties. In order 
to examine this relationship on a molecular level, the expression of a defined set of human 
placental brush border glycoprotein antigens was studied in a series of cultured human cell 
lines. 
and JEG-3), a transformed non-trophoblastic cell (Chang liver cells), and two "normal" fibro- 
blastic cell lines (WI-38. 124-38). 
with anti-placental brush border antiserum and two-dimensional electrophoresis. Ten of these 
were expressed in all cells examined. The expression of the other four antigens (including 
placental alkaline phosphatase) was variable. Two of the 10 comnly expressed glycoproteins 
were not seen in adult human kidney or liver tissue. 
neoplastic cultured cells suggests that these antigens may represent functions lost during 
tissue differentiation which are re-expressed as a result of adaptation to autonomous growth 
in vitro. 

These lines included two independently derived gestational choriocarcinomas (BeWo 

Fourteen components were resolved by immunoprecipitation 

Their appearance in both normal and 

-- 
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INFLUENCE (r AN INCICEASED NA SUPPLY ON M E  ACTIVITY (F THE W-K PUMP IN CULTURED 551 ANIMAL CELLS, Jeffrey B. Smith and Enrique fbzengurt, Imperial Cancer Research Fund, 
London, WCZA. England, and Section of Biochemistry, Molecular and Cell Biology, 
Cornell University, Ithaca, NY 14853 

The Na-K pump in quiescent fibroblasts derived from mice i s  not fully active due to the 
limited supply of internal Na. Hence certain ionophores. (e.g. gramicidin and monensin) 
that increase the supply of cell Na markedly enhance the activity of the Na-K pump in 
the intact fibroblasts (Smith, J.B.. and Rozengurt, E. (1978) PNAS, in press). brewer, 
the stimulation of the pump in quiescent 3T3 cells by serum and growth factors appears 
to be mediated by an increase in the Na permeability of the plasma membrane. The 
activity of the Na-K pump in a variety of cultured animal cells has been found to be 
stimulated to varying degrees by monensin. In 3T3 cells transformed by SV40, the 
Na-K pump is stimulated less by monensin than the pump i n  3T3 cells implying that 
the supply of Na to the pump in the transformed cells is nearly sufficient for maximal 
pump activity. 

552 ROLE OF INTRACELLULAR Na+ AND K+ IN THE EXPRESSION OF THE TRANSFORMED PHENOTIPE 
Robert F. Garry and Marilynn R. F. Waite, The University of Texas at Austin, Austin, 

Texas 78712. 
Chick cells transformed with the B Ian or Schmidt-Ruppin strains of Rous sarcoma virus have 
intracellular concentrations of ??a' and K+ which differ slightly from those found in normal 
cells. 
depending on the strain of the transforming virus. Changes in the intracellular monovalent 
cation concentrations similar to those caused by each virus can be induced by appropriate 
manipulations of the NaCl concentration of the medium. 
the RSV-transformed culture with similar intracellular concentrations of monovalent cations. 
The treated cells also exhibit loss of contact inhibition and grow to higher saturation 
densities; they have reduced levels of LETS and of succinic dehydrogenase; they produce 
excess amounts of lactate and pyruvate; and they transport increased amounts of hexose. 
They do not, however, grow i n  soft agar or in low serum medium. These results indicate 
that there might be only two functions for the sarc protein, one of which changes the 
anchorage and serum requirements for growth, and one of which changes the intracellular 
concentration of monovalent cations. 
transformed cells appear to result from the cation changes. 

The alterations require a functional sarc gene product and the concentrations differ 

The cells rapidly come to resemble 

The other phenotypic changes characteristic of 

553 

Decreased uptake of nucleosides, hexoses and nucleic acid bases has been re- 
ported in some cell lines when intracellular CAMP has been elevated, o r  was 
presumed to have been elevated, by treatment with dibutyryl-CAMP, phosphodi- 
esterase inhibitors or  B-adrenergic hormones. The decreased uptake has been 
implicated in CAMP-mediated regulation of cell proliferation. Uptake of these 
nutrients into cells involves, minimally, two processes operating in tandem - 
transport across the membrane and intracellular phosphorylation. We have e x -  
amined the question of whether the first of these processes - transport - is 
influenced by cellular cAMP levels. Initially, we screened several cell lines, 
grown both in suspension and monolayer, f o r  their cAMP response to prostaglan- 
din El, papaverine and isoproterenol, and selected prostaglandin El - treatment 
of Chinese hamster ovary cells as a system giving the largest and most con- 
sistent elevation of CAMP. Then we employed rapid kinetic techniques to 
measure transport of adenosine, adenine and 3-0-methylglucose i n  cells incap- 
able of  metabolizing the transport substrate ( f o r  example, in cells selected 
for deficiency in adenosine kinase and blocked in adenosine deaminase by 
deoxycoformycin). In no case did a substantial change in nutrient transport 
rate accompany the elevation - generally 5- to 50-fold - in cellular cAMP con- 
centration. 

ENDOGENOUS cAMP DOES NOT MODULATE TRANSPORT OF NUTRIENTS IN CHINESE 
HAMSTER OVARY CELLS, R. M. Wohlhueter and P. G .  W. Plagemann, University 
of Minnesota, Minneapolis, MN 55455 
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554 6-DEOXI-D-GLUCOSE AND D-XYLOSE: ANALOGS FOR THE STUDY OF HEXOSE TRANSPORT I N  3T3 AND 
SV40 TRANSFORMED 3T3 CELLS. Nancy D. Connell and Antonio H. Romano, University of 
Connecticut, Storrs, Connecticut 06268. 

Studies on glucose transport in animal cells using 2-deoxy-D-glucose (2-DOG) are ambigu- 
ous, because 2-WG is phosphorylated by intracellular kinases. 3-0-methyl-D-glucose (3-0%) 
is not phosphorylated, but has other limitations: 
into cells, and less specificity than 2-WG for the glucose transport system. 

We have investigated the use of 6-deoxy-D-glucose and D-xylose as alternative non- 
phosphorylatable analogs for transport by 3T3 cells and their SV40 transformant (SVlOl), and 
found that they show advantages over 3-OMG. As sham in the table, 6-DOG in particular is a 
more efficient Inhibitor of 2-DOG uptake, and 6-DOG uptake I s  more effectively Inhibited by 
D-glucose than is 3-OMG. Thus, a greater specificit is indicated. 

We have measured the transport of 3H-6-DOG and XbC-xylose by 3T3 and SVlOl cells grown 
to confluency (48 hr). and by 48 hr 3T3 cells that received 
fresh medium with 20X serum 10 hr before transport measure- Substrate Inhibitor &,(mM) Ki(mM) 
ment. SVlOl and serum-stimulated 3T3 cells transported 6- 2-DOG Glucose 7 
DOG at similar rates, significantly greater than 48 hr 3T3 2-DOG 3-0-MG 1.7 15.0 

1.7 5.0 cells. Thus, the enhanced rate of glucose transport at- 2-DOG 6-DOG 
tributed to transformed cells appears not to be a specific 2-DOG Xylose 1.7 10.0 
consequence of transformation, but a reflection of the 3-0-MG Glucose 5.6 12.0 
growth rate and physiological state of the cell. 6-DOG Glucose 5.0 2.0 

Xylose Glucose 6.6 2.0 

it shows significant passive diffusion 

555 ACTIVE CARRIER-MEDIATED TRANSPORT O F  MELPHALAN BY TWO SEPARATE AMINO 
A C I D  TRANSPORT SYSTEMS I N  LPC-1 PLASMACYTOMA CELLS I N  VITRO, Gerald J. 
Goldenberg,  Hing-Yat P. Lam, Asher B e g l e i t e r ,  Un ive r s i ty  o f  Manitoba 

and t h e  Manitoba I n s t i t u t e  of C e l l  Biology, Winnipeg, Manitoba, Canada. 
Previous s t u d i e s  have shown t h a t  up take  of  s e v e r a l  a l k y l a t i n g  agen t s  occur s  by 
independent t r a n s p o r t  mechanisms. Evidence sugges t ing  t h a t  melphalan uptake is  
by an a c t i v e  p rocess  i s  t h a t  uptake of f r e e  i n t a c t  melphalan proceeds u p h i l l  
a g a i n s t  a c o n c e n t r a t i o n  g r a d i e n t  of approximately 11-fold,  is  temperature  and 
sodium dependent and i s  i n h i b i t e d  by s e v e r a l  me tabo l i c  a n t a g o n i s t s .  Other  
f i n d i n g s  suppor t ing  t h e  concept  t h a t  melphalan uptake i s  ca r r i e r -med ia t ed  i s  
t h a t  uptake followed b i p h a s i c  Michaelis-Menten k i n e t i c s ,  is chemical ly  s p e c i f i c  
and is mediated by a t  least 2 s e p a r a t e  amino a c i d  t r a n s  o r t  systems. Melphalan 
uptake w a s  s t r o n g l y  i n h i b i t e d  by -2-aminobicyclo [2,2 ,! heptane-2-carboxylic 
a c i d  a s p e c i f i c  i n h i b i t o r  o f  t h e  L amino a c i d  t r a n s p o r t  system b u t  n o t  by 2 
amino i sobu ty r i c  a c i d  or 2-(methylamino) i s o b u t y r i c  a c i d  s p e c i f i c  i n h i b i t o r s  o f  
t h e  A amino a c i d  system. Under c o n d i t i o n s  i n  which systems L and A w e r e  sat- 
u r a t e d  by t h e i r  r e s p e c t i v e  i n h i b i t o r s  d rug  uptake w a s  i n h i b i t e d  by a l a n i n e ,  
s e r i n e ,  c y s t e i n e  and o t h e r  amino a c i d s  known t o  b e  t r a n s p o r t e d  by t h e  ASC 
t r a n s p o r t  system. I n  r e c i p r o c a l  experiments  w i t h  l e u c i n e  as s u b s t r a t e  melpha- 
lan i n h i b i t e d  uptake o f  t h e  amino a c i d  by bo th  system L and a second system 
resembling ASC. Carr ier-mediated uptake o f  melphalan cou ld  b e  accounted f o r  
e n t i r e l y  by t r a n s p o r t  on t h e s e  t w o  amino a c i d  t r a n s p o r t  systems.  

556 

Ce l lu la r  amino ac id pools can have mult ipye e f fec ts  on i n f l u x  o f  amino acids. I n  add i t i on  t o  
the phenomenon o f  exchange d i f f u s i o n  and trans i n h i b i t i o n ,  c e l l u l a r  pools o f  amino acids may 
increase i n f l u x  i n d i r e c t l y  by hyperpolar izat ion o f  t he  c e l l  membrane. E f f l u x  o f  c e l l u l a r  
amino acids by the Nat-dependent route causes hyperpolar izat ion o f  the c e l l .  The increased 
membrane potent ia l .  i n  turn, enhances i n f l u x  o f  l abe l l ed  amino acids from the  medium. Phe- 
nomenologically, the l a t t e r  event appears s i m i l a r  t o  exchange d i f f us lon ,  but  i s  i n  f a c t  
q u i t e  d i f f e r e n t  since there i s  no ob l i ga to ry  s to ich iometr ic  re la t i onsh ip  between the f lows 
i n  potential- induced t ranspor t  changes i n  contrast  w i t h  t r u e  exchange d i f f us ion .  This ob- 
servation may account f o r  t he  demonstration I n  the published repo r t s  t h a t  under some condi- 
t i ons  “exchange d i f f u s i o n ”  i s  Nat dependent. K ine t i c  analyses o f  t he  e f f e c t s  o f  Na+ per se 
and changes i n  membrane po ten t i a l s  per se on amino ac id  t ranspor t  have been executed. The 
resu l t s  showed t h a t  w i t h  A:Na = 0, Nat p r i m a r i l y  a f f e c t s  the  f o r  t he  amino acid, a de- 
creased b being observed w i th  increased Na’. I n  contrast, an increase i n  membrane poten- 
t i a l  ( i ns ide  more negative) mainly increased J ~ x .  A t  high c e l l u l a r  l eve l s  o f  amino acid, 
exodus concomitant with hyperpolar izat ion may mask a t rans i n h i b i t i o n  o f  i n f l u x  o f  amino 
acfds by the c e l l u l a r  amino ac id pool. 

MEMBRANE POTENTIAL-INDUCED CHANGES I N  KINETIC PARAMETERS OF AMINO A C I D  TRANSPORT I N  
EHRLICH CELLS, Rose H. Johnstone and P h i l i p  C. Laris, McGill University, Montreal, 
Quebec, Canada, H3G 1Y6, Un ive rs i t  o f  Ca l i f o rn ia ,  Santa Barbara, C a l i f .  93106. 
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557 PURIFICATION OF A PLASMA MEMBRANE GLYCOPROTEIN APPARENTLY UNIQUE TO COLCHICINE- 
RESISTANT PERMEABILITY MUTANTS OF CHINESE HAMSTER OVARY CELLS, John R. Riordant and 

V i c t o r  Ling', Research I n s t i t u t e ,  Hospital f o r  Sick Children and Dept. of Clin. Biochem., 
University of Toronto; *Dept. of Medical Biophysics and Ontario cancer I n s t i t u t e ,  Toronto. 

Isolated plasma membrane ves ic les  from colchicine r e s i s t a n t  mutants of Chinese hamster 
ovary c e l l s  contain a glycoprotein with a molecular weight of about 170,000 (P-glycoprotein) 
not present  i n  vesicles  from drug sens i t ive  wild type o r  rever tan t  c e l l s  (Riordan and Ling, 
J. Cel l  Biol. 2, 225a, 1978). 
e i t h e r  t h e  l i p i d  o r  polypeptide compositions of ves ic les  from r e s i s t a n t  and sens i t ive  c e l l s ,  
it is  suspected t h a t  the  P-glycoprotein may be responsible f o r  the  r e s t r i c t e d  permeability t o  
drugs. 

I n i t i a l  attempts to d issoc ia te  the  molecule from t h e  membrane provided evidence t h a t  it 
w a s  an in tegra l  membrane protein. 
label led membranes resul ted i n  successful pur i f ica t ion .  (1) 35 mM lithium di iodosalyci la te  
dissociated 45% of the t o t a l  membrane protein;  (2)  0.5% N-dodecylsarcosinate dissolved 90-95% 
of the  remaining protein? ( 3 )  the  P-glycoprotein and some other  minor glycoproteins which 
together accounted f o r  about 30% of the  t o t a l  membrane protein were separated from other  
detergent  soluble proteins  using a Ricinus ccmmunis I-agarose column: (4) the  minor qlyco- 
proteins  were separated from the  P-glycoprotein using a Lens culinaris-agarose o r  other  
l e c t i n  a f f i n i t y  colunmsr (5) N-dodecylsarcosinate was e f f e c t i m v e d  from the  purif ied 
product by dialysis .  

Since we have been unable t o  f ind  any other  differences i n  

Rigorous t e s t i n g  of t h i s  postulate  w i l l  require  pur i f ied  glycoprotein. 

The following s teps  which were quant i ta ted using 

(Supported by the  MRC of Canada) 

558 ALTERATION OF CELL BEHAVIOUR BY THE RECONSTITUTION OF THE BACTEFIAL DICARBOXYLATE 
TRANSPORT SYSTEN INTO EUKARYOTIC CELLS. Vincent Duronio, Karen Tippet t ,  Debra 
Sorbara and Theodore Lo, Department of Biochemistry, University of Western Ontario, 
London, Canada N6A 5C1 

A t  l e a s t  two membrane t ransport  proteins  (SBP 1 and SBP 2)  are involved i n  the  t ranslocat ion 
of dicarboxylic ac ids  across  the  cytoplasmic membrane of E. c o l i .  We have been ab le  t o  
i s o l a t  
Using H-Triton X-100 t o  so lubi l ize  the  t ransport  Components, i t  is found tha t  l e s s  than 
0.00008% (v/v) of Triton X-100 is  associated with 1 ug of SBP 1 or  SBP 2. 
mouse L-cells by themselves cannot t ransport  succinate. The addi t ion of e i t h e r  one of the  
two t ransport  components does not s t imulate  succinate t ransport ;  however, the  addi t ion of both 
SBP 1 and SBP 2 confers t o  the  c e l l s  the a b i l i t y  t o  take up succinate. 
t ransport  system has an apparent Km of 20  uM for succinate, and is  responsible for t h e  uptake 
of succinate, fumarate and malate --- similar  t o  the k ine t ic  propert ies  of the  b a c t e r i a l  
t ransport  system. The above f indings suggest tha t  SBP 1 and SBP 2 a r e  indeed inser ted 
through the  membrane matrix. 
i n  the i r  c e l l  morphology, they have l o s t  t h e i r  a b i l i t y  to anchor t o  the  substratum, and t h e i r  
membrane surface components a r e  changed. 
out myogenic d i f fe ren t ia t ion .  

biological ly  ac t ive  SBP 1 and SBP 2 through the  use of aspartate-coupled Sepharose 4B. 5 
R a t  myoblasts or  

This newly acquired 

The "reconsituted" c e l l s  a r e  pecul iar  i n  tha t  they are a l te red  

Furthermore, the  myoblasts a r e  now unable t o  carry 

559 PYRIMIDINE BIOSYVIWBIS IN NORMAL AND TRANSFORMED CELLS, Mayo Uziel  and J. K. 
Selkirk, Biology Division, Oak Ridge National Laboratory, Oak Ridge, W 37830 

We have developed procedures f o r  sens i t ive  measurement of excreted pyrimidine nucleoside 
spec i f ic  rad ioac t iv i t ies  from c e l l s  In cul ture .  
d i l u t i o n  of the  added l a b e l  through de novo biosynthesis of nonradioactive pyrimidine nucleo- 
s ides  o r  by s h i f t i n g  and equi l ibra t ion  of other  nucleotide pools i n t o  the free ur id ine  pool. 
It is thus possible  t o  monitor ur id ine  biosynthesis occurring in i n t a c t  cells w i t h o u t  destroy- 
ing o r  d i s rupt ing  the c e l l  population. On canparing a s e r i e s  of normal and t ransfomed l ines ,  
we have obsemed severa l  pa t te rns  of change In spec i f ic  ac t iv i ty .  
f ib roblas t ,  an e p i t h e l i a l  c e l l  l i n e  derived frm rat l i v e r  (W), and a transformed epi the-  
lial c e l l  l i n e  (IAR28) capable of  Inducing cancer cease making U r d  by de novo syn+hesis, 
although each turnoff occurs a t  d i f fe ren t  s tages  of  growth. However, the  h w t e r  V79 c e l l s  
and malignant IAR19 c e l l  lines do not s top  d i lu t ing  the  Urd at  any the, but the re la t ive  
r a t e  of d i lu t ion  is 13- t o  40-fold l e s s  ccmpared t o  the Initial rate. This method is one 
addi t ional  a i d  In recognizing and di f fe ren t ia t ing  transformed c e l l s  In cul ture  that do not  
exhibi t  the transformed f ibroblas t  phenotype. (Research sponsored by the Division of Bio- 
medical and Environmental Research, U. S. Department of Energy, under contract  W-7405-eng-26 
w i t h  the  Union Carbide Corporation. ) 

The changes i n  the observed values r e f l e c t  

The normal h w t e r  embryo 
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560 ALTERATION OF TUMOR CELL MEMBRANE FUNCTIONS BY CHROMOSOME MEDIATED GENE TRANSFER, 
Peter N. Gray and Razia 5 .  Muneer, U n i v e r s i t y  o f  Oklahoma Hea l th  Sciences Center, 
Oklahoma C i t y ,  OK 73190 

BOT-2 c e l l s  have an impaired a b i l i t y  t o  u t i l i z e  exogenous thymidine (Td r ) .  Previous s tud ies  
revealed t h a t  the  c e l l s  a re  d e f i c i e n t  i n  t ranspor t  o f  py r im id ine  nuc leos ides .  I n  c e l l  f r e e  
ex t rac ts ,  thymidine kinase (TK),  i s  present and ac t i ve .  Chromosome mediated gene t r a n s f e r  
(CMGT) i s  a va luab le  system for t r a n s f e r r i n g  gene t i c  i n fo rma t ion  between euca ryo t i c  c e l l s  i n  
cu l tu re .  BOT-2 r e c i p i e n t  c e l l s  were incubated w i t h  i s o l a t e d  s ized  HeLa-65 metaphase donor 
chromosomes as Iipochromes or w i t h  po l y -L -o rn i th ine .  Trans feren t  c lones were i s o l a t e d  i n  HAT 
se lec t i ve  media a t  a frequency o f  and 4 x respec t i ve l y .  Clones MGP-1, MGL-1 and 
MGX-100 were charac ter ized  on the  bases o f  pu r ine  and py r im id ine  nuc leos ide  uptake, metho- 
t rexa te  res is tance and r e l a t i v e  a c t i v i t i e s  o f  TK, a l k a l i n e  phosphatase (AP) and d ihyd ro fo la te  
reductase (DHFR). MGP-1 and MGL-1 a re  s t a b l e  t rans fe r ren ts .  MGX-100 i s  uns tab le  and loses 
i t s  methotrexate res i s tance  when grown i n  non -se lec t i ve  medium f o r  severa l  genera t ions .  The 
DHFR i n  the  s tab le  c lones i s  2-4 t imes more a c t i v e  than BOT-2, and MGX-100. A l l  t r ans fe ren ts  
contained adequate T K  a c t i v i t y .  However, a l k a l i n e  phosphatase a c t i v i t y  o f  M G P - I  i s  6 t imes 
tha t  o f  BOT-2 and MGX-100. Donor HeLa c e l l s  and MGL-1 have extremely low AP a c t i v i t y .  The 
nucleoside uptake exper iments demonstrate t h a t  MGX-100 and MGL-I have l i m i t e d  Tdr uptake 
s i m i l a r  t o  BOT-2 whereas, MGP-1 takes up 3 t imes more Tdr and incorpora tes  i t  in to  DNA. We 
have separated a thymidine permease de fec t  f rom TK and can c o r r e c t  i t  v i a  CMGT. I n  add i t i on ,  
we have a l t e r e d  methotrexate uptake and r e g u l a t i o n  o f  a l k a l i n e  phosphatase. 

Hormones, Growth Factors and Receptors 

561 DIRECT IOENTIFICATION OF EGF RECE’TORS ON MOUSE AND HUHAN CELLS LABELED BY SURFACE 
SPECIFIC IOOINATION, Michael Wrann & C. Fred Fox, Mo lecu la r  B io logy  I n s t i t u t e  and 
Department o f  M ic rob io logy ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Angeles, CA 90024 

The human e p i d e r m i d  carcinoma c e l l  l i n e  A431 has an unusua l ly  h igh  number o f  s p e c i f i c  
sa tu rab le  receptor  s i t e s  f o r  t he  po lypept ide  hormone, epidermal growth f a c t o r  (EGF). 
exposed t o  un labe led  EGF i n  the  c u l t u r e  medium, these c e l l s  l o s e  approximately 50% o f  t h e i r  
EGF s p e c i f i c  b ind ing  a c t i v i t y  w i t h i n  a few hours ( receo to r  down r e g u l a t i o n ) .  
t he  sur face  p ro te ins  o f  un t rea ted  and down requ la ted  c e l l s  by sur face  i o d i n a t i o n  and gel  
e lec t rophores i s ,  we have i d e n t i f i e d  the  EGF recep to r  on t h i s  c e l l  l i w  as a p r o t e i n  o f  apparent 
M = 175,000. 
c e l l s  i s  one o f  t he  most h e a v i l y  l abe led  p r o t e i n s  f o l l o w i n g  sur face  s p e c i f i c  l a b e l i n o  by the  
c h l o r o g l y c o l u r i l  procedure (Biochemistry,  1978, 17:4807-4817). 
EGF receptor  o f  human and mouse f i b r o b l a s t s  cou ld  no t  be v i sua l i zed .  This was accomplished 
when c e l l s  were sur face  l abe led  under r i q o r o u s l y  de f i ned  cond i t i ons  o f  t r y p s i n  t rea tment .  An 
apparent M r  = 170,000 was ob ta ined f o r  t he  receDtor on muse f i b r o b l a s t s  us inq  g rad ien t  ge ls .  
The m l e c u l a r  i d e n t i t y  o f  bo th  human and muse EGF recep to r  was conf i rmed w i t h  d i r e c t  l a b e l i n g  
s tud ies .  We have p rev ious l y  repo r ted  t h a t  a smal l  p o r t i o n  o f  c e l l  bound labe led  EGF becomes 
a t tached t o  i t s  receptor .  Gel e lec t rophores i s  o f  s o l u b i l i z e d  human and nouse c e l l s  t h a t  had 
been incuhated w i t h  lz5I-EGF revea led  r a d i o a c t i v e  bands which migra ted  s l i o h t l y  s lower  than 
the  EGF receptor .  This d i f f e r e n c e  can be accounted f o r  by the  increased Mr o f  EGF recep to r  
a f t e r  a t t a c h m n t  o f  lZ5I-EGF. 
Assoc ia t ion  o f  America. M.W. i s  a Max Kade Foundation fe l l ow .  

When 

By comparinq 

I n  con t ras t  t o  normal mouse and human f i b r o b l a s t s ,  t he  EGF recep to r  on A431 

By the  same procedure, t he  

Supported by gran ts  f rom USPHS and the  Muscular Dystrophy 
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Edidermal growth f a c t o r  (EGF) b inds  w i t h  h igh  a f f i n i t y  and s a t u r a t i o n  k i n e t i c s  t o  a c e l l  
sur face  recep to r  and i s  subsequent ly i n t e r n a l i z e d  and degraded. The b ind ing  r e a c t i o n  leads  t o  
a major l o s s  o f  EGF receptors  (down r e g u l a t i o n ) .  
was t o  see i f  the  down r e g u l a t i o n  i s  ope ra t i ona l  i n  the  modu la t ion  o f  t he  c e l l u l a r  response t o  
the  f a c t o r .  We took  advantage o f  t he  f a c t  t h a t  human g l i a - l i k e  c e l l s  r e q u i r e  serum albumin t o  
be responsive t o  the  mi togen ic  a c t i o n  o f  EGF, whereas t h e  down r e g u l a t i o n  o f  t he  recep to rs  i s  
albumin independent. 
w i thou t  induc ing  c e l l  m u l t i p l i c a t i o n  by p r e t r e a t i n g  the  c e l l s  w i t h  1 pg o f  EGF per  m l  f o r  24 h 
i n  a lbumin- f ree  medium. P re t rea ted  c e l l s  and c o n t r o l s  were then exposed t o  va r ious  concentra- 
t i o n s  o f  EGF i n  permiss ive  medium, i .e. ,  con ta in ing  0.1% albumin. 
was measured as % l a b e l l e d  c e l l s  i n  autoradiograms a f t e r  a 48 h exposure t o  3H-thymidine. The 
dose-response curves (EGF conc. v s .  % l a b e l l e d  c e l l s )  c l e a r l y  showed t h a t  t he  loss o f  recep- 
t o r s  induced by pre t rea tment  w i t h  EGF was accompanied by a reduc t i on  i n  the  f r a c t i o n  o f  
l a b e l l e d  c e l l s .  
response t o  a mi togen ic  f a c t o r  and may c o n s t i t u t e  an impor tan t  mechanism i n  t h e  r e g u l a t i o n  
of t h e  hormonal response, a t  t h e  t a r g e t  c e l l  l e v e l .  

DOWN REGULATION OF THE MITOGENIC RESPONSE TO EPIDERMAL GROWTH FACTOR, B. Westermark, 
A. Wasteson and C.  He ld in ,  Department o f  Molecular,  C e l l u l a r  & Developmental B io logy ,  
U n i v e r s i t y  o f  Colorado, Boulder,  CO 80309 and U n i v e r s i t y  o f  Uppsala, Uppsala, Sweden. 

The o b j e c t i v e  o f  t he  present  i n v e s t i g a t i o n  

We the re fo re  cou ld  denude the  c e l l s  o f  recep to rs  almost comple te ly  

Induc t i on  o f  DNA synthes is  

We the re fo re  conclude t h a t  t he  down r e g u l a t i o n  mechanism can mod i fy  t h e  
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563 DIRECT LINKAGE OF EPIDERMAL GROWTH FACTOR TO I T S  RECEPTOR, Peter S. Linsley, Cindy 
B l i f e l d  & C. Fred Fox. Mol. B io l .  I ns t .  & Dept. Microbiol. .  UCLA. Los Anqeles 90024 

Epidermal growth fac to r  (EGF) i s  a polypeptide hormone t h a t  i n i t i a t e s  a potent mitoqenic 
response upon b ind ing t o  i t s  s p e c i f i c  receptor on the surface o f  t a roe t  c e l l s .  
f ract ion o f  the Iz5I-EGF spec i f i ca l l y  bound t o  cu l tu red  murine 3T3 c e l l s  o r  human A431 c e l l s  
(an e p i d e m i d  carcinoma) becomes d i r e c t l y  complexed t o  a 185,000 dalton orote in .  
complex i s  res i s tan t  t o  b o i l i n g  i n  so lut ions containino 3% sodium dodecyl su l face and 
2-mercaptoethanol and contains a s ing le  imnunoreactive EGF molecule which Dermits i t s  
p r e c i p i t a t i o n  w i t h  antiserum s p e c i f i c  t o  EGF. 
propert ies expected o f  the EGF-receptor complex: i t s  formation has a saturat ion n r o f i l e  
nearly i den t i ca l  t o  t h a t  f o r  phys io loo ica l  EGF bindinq. Comlex formation i s  reduced as 
a r e s u l t  o f  EGF mediated down requla,tion o f  t he  EGF receptor. When c e l l s  containino t h i s  
complex are incubated a t  37', the complex i s  degraded t o  y i e l d  three major products s i m i l a r  
t o  those reported f o r  the pho toa f f i n i t y  l i n k e d  EGF-receptor complex by Das and Fox (1978) 
Proc. Natl .  Acad. Sci. USA 75:2644. 
and i t s  r a t e  of formation i r m o r e  sens i t i ve  t o  temperature than i s  EGF bindinq. Prel iminary 
studies w i t h  chemically modi f ied EGF species suggest t h a t  complex formation my be i n h i b i t e d  
w i t h  no concomi tant  a l t e r a t i o n  o f  t o t a l  EGF s p e c i f i c  bindino. 
explo i ted f u r t h e r  t o  explore the  possible b io loa i ca l  s ign i f icance o f  formation o f  t h i s  stable, 
and poss ib ly  covalent, complex. Supported by grants f r o m  the Muscular Dystroohy Associat ion 
and the  h r i c a n  Cancer Society. 

A small 

This 

The complex has the  b io loa i ca l  and biochemical 

The comlex  arises i n  a s tep subsequent t o  bindina, 

This s t ra tegy i s  beino 

P.S.L. i s  supported by NIRSA CA 09056. 

THRRLBIN AND EGF BECOME LINKED TO THEIR CELL SURFACE RECEPTORS, J.B. Baker, R.L. Sim- 
mer, K.C. Glenn, and D.D. Cunningham, University of California, Irvine, CA 92717 

Studies with the mitogens epidermal growth factor (EGF) and thrombin (Th) revealed that a sig- 
nificant fraction of the growth factor molecules that bound to cell surface receptors became 
linked to their receptors. Six to nine % of the '"I-EGF molecules bound to receptors at 37' 
hecame linked in an EGF-receptor complex (EGF-R) of about l80K daltons. EGF-R survived heat- 
ing in 3% SDS and 1% 2-mercaptoethanol, and treatment with 6M guanidine.HC1 and 0.1M Z-mercap- 
toethanol. suggesting the linkage of EGF to its receptor was covalent. EGF-R was formed with- 
in 10 min and was absent when ' 'I-EGF binding to receptors was competitively inhibited by a 
vast excess of unlabelled EGF. EGF-R was formed at the cell surface but was internalized 
within 1 hr. and was degraded to fragments of about 70K, 50K, and 40K daltona. 
incubation of cells with 1251-Th for 9 mfn at 37' resulted in formation of a Th-receptor com- 
plex (Th-R) of about 70K daltons that survived heatin 
Th-R accounted for most of the cellular binding of '281-Th at 1251+Th concentrations below 4 
ng/ml. At higher levels of "sI-Th the amount of Th-R remained constant. whereas the amount 
of bound but unlinked "'I-Th continued to increase and comprised a majority of the total 
s ecifically bound '"I-Th at '"I-Th concentrations about 100 ng/ml. 
'"I-Th binding to cell receptors was inhibited by a vast excess of unlabelled Th. Like 
EGF-R, Th-R was formed at the cell surface and then entered the cells within 90 min. Unlike 
EGF-R, Th-R was not degraded to well-defined fragments. 
transfer of just '"I. 
the growth factor molecule. 

Similarly. 

in 3% SDS and 1% 2-mercaptoethanol. 

Th-R was absent when 

EGF-R and Th-R were not caused by 
Chymtryptic digests shoved that each contained a significant part of 

(Supported by NIH grant CA 12306) .  

565 PWlDAFFINITY ULBELING OF THE THROMBIN RECEPTOR ON MOUSE EMBRYO FIBROBLASTS~ D.H. 
Carney, K.G. Glenn and D.D. Cunningham, Dept. of Medical Microbiology, Univ. of 
Calif, Irvine 92717, M. Das and C.F. Fox, Molecular Biology Institute, Univ. of 
Calif., U s  Angeles, 90024. 

Thrombin initiates division of flbroblast-like cells in serum-free medium. Recent studies 
have shown that thranbln action at the cell surface is sufficient for initiation (Cell 14:811. 
19781, and that initiation appears to require thrombin binding to specific cell surface re- 
ceptors (Cell, Dec. 1978, in press). Using photoaffinity procedures, we have labeled the 
thrombin-receptor complex to identify the thrombin receptor. N-(4-azido-nitrophenyl) ethylene 
diamine (NAPEDE) was linked to 1251-thrombin by carbodiimide condensation. 
mouse embryo cells for 25 hr at 220 in the dark with 50 ng/d 1251-thmmbin-NAPEDE, the NAPEDE 
crosslinker was activated by exposure to U.V. light. The cells were then rinsed, dissolved 
in SDS, and samples were analyzed by SDS PAGE. Gel profiles revealed only tuo radioactive 
peaks, one in the 35,000 molecular weight range (about 25\ of the total radioactivity) and a 
second at about 80,000 (approximately 60\ of the total radioactivity). 
thrombin ( 4 ug/ml) was present during incubation there was only one peak at 35,000, thus the 
80.000 mlecular weight peak represented specific binding of thrombin to its receptor. 
NAPEDE thrombin alone (with or without photoactivation) migrated with the lower molecular 
weight pMk, indicating that the 80.000 molecular weight peak was not an aggregate of NAPEDE 
thrombin. These results indicate that the 80.000 molecular weight peak represents a complex 
between 1251-thrombin (35,000) and its receptor which has an apparent molecular weight of 
about 45.000 daltons. (Supported by Grant '3-12306 from NCI.) 

After incubating 

If excess unlabeled 
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566 THROMBIN-STIMULATED CELL D I V I S I O N  INVOLVES PROTEOLYSIS OF A CELL SURFACE RECEPTOR. 
Kevin C. Glenn and Dennis D. Cunningham, Dept. o f  Medical Microbiology, Univers i ty  o f  
Ca l i f o rn ia ,  I r v ine ,  I r v ine ,  CA 92717 

Previous studies have shown t h a t  c e l l  surface ac t i on  o f  thrombin (TH) i s  s u f f i c i e n t  t o  i n i t i a t e  
d i v i s i o n  o f  chick embryo (CE) c e l l s  under serum f r e e  cu l tu re  condit ions. It has a lso been shown 
t h a t  both the p r o t e o l y t i c  a c t i v i t y  o f  TH and i t s  b ind ing t o  a s p e c i f i c  c e l l  surface receptor 
are required f o r  mitogenic s t imulat ion.  To probe the question o f  cause and e f f e c t  re la t i on -  
ship, we conducted studies on secondary CE c e l l s  t h a t  d i v ide  a f t e r  TH treatment and on 4 d i f -  
ferent  iso la tes o f  CE c e l l s  a t  populat ion doubling 25 t h a t  do no t  d i v ide  a f t e r  TH treatment 
but  remain f u l l y  responsive t o  the mitogenic ac t i on  o f  serum. 
e led using lactoperoxidase and 125I-. 
43,000 dalton c e l l  surface p ro te in  (43K) on both the responsive and unresponsive CE c e l l s .  
However, 43K was cleaved by TH only  on the responsive c e l l s ;  i t  was TH insens i t i ve  on the 4 
unresponsive populat ions. Two other  kinds o f  experiments corre la ted cleavage o f  43K w i t h  the 
mitogenic ac t i on  o f  TH. F i r s t ,  there was a close correspondence between cleavage o f  43K and 
i n i t i a t i o n  o f  c e l l  d i v i s i o n  as a funct ion o f  TH concentrat ion; importantly, submitogenic con- 
centrat ions o f  TH d i d  n o t  remove 43K. Second, there was a correspondence between durat ion of 
removal o f  43K and amount o f  c e l l  d i v i s i o n  as a r e s u l t  o f  varying the i n t e r v a l s  of T 
ment. T 
(NAPEOE-v'5-TH). The molecular weight o f  the receptor was 43,000, i d e n t i c a l  t o  the molecular 
weight o f  43K discussed above. 
face p ro te in  produces a mitogenic s ignal  by b ind ing 

Cel l  surface prote ins were lab-  
Fol lowing SDS-PAGE and autoradiography, we found a 

TH receptor was labeled using a photoreactive c ross l i nk ing  de r i va t i ve  of e2sy%- 
These separate approaches suggest t ha t  a 43,000 dal ton c e l l  sup- 

TH and undergoing TH-mediated rroieo;ysis. 

567 THROMBIN-CATALYZED HYDROLYSIS OF SPECIFIC MEMBRANE GLYCOPROTEIN; PROTEOLYTIC RECEPTORS 
ON HUMAN PLATELET PLASMA MEMBRANES. O.R. P h i l l i p s ,  Dept. Biochemistry. S t .  Jude 

Chi ldren 's  Research Hosoi ta l .  Memohis. TN 38101 
Thrombin i s  a h igh l y  s p e c i f i c  pro'tease which-can produce d i f f e r e n t  responses i n  d i f f e r e n t  
c e l l s  (e.g., mi tos is  i n  c e l l s  grown i n  cu l ture;  aggregation o f  p l a t e l e t s ) .  
attempted t o  determine i f  any p l a t e l e t  membrane p ro te in  was hydrolyzed by thrombin and if 
hydro lys is  was responsible f o r  thrombin-induced p l a t e l e t  aggregation. 
washed, human p l a t e l e t s  were labeled using neuraminidase/galactose oxidase/(3H)-NaBHq. 
Various concentrations o f  thrombin were incubated w i t h  p l a t e l e t s  f o r  10 min. 
cent rat ion y i e l d i n g  complete hydro lys is  o f  g lycoprote in  V was 10-9 M. 
hyd ro l y t i c  product (Mr = 70,000) produced f r o m  t h i s  event was released i n t o  so lu t i on .  
k ine t i cs  o f  glycoprotein V hydro lys is  using 2 x 10-9 M thrombin were comparable t o  those o f  
thrombin-induced aggregation: 
15 sec. incubation; aggregation occurred 10 to  15 sec. f o l l ow ing  t h i s  p m t e o l y t i c  event. 
Thrombin i nac t i va ted  w i t h  phenylmethylsulfonylfloride was found to  i n h i b i t  thrombin-induced 
aggregation and the hydro lys is  of g lycoprote in  V .  Trypsin and thernnlysin, which a lso i n i -  
t i a t e  aggregation o f  p la te le t s ,  were a l so  found to  catalyze the hydro lys is  o f  t h i s  glyco- 
prote in .  However, g lycoprote in  V hydro lys is  was no t  observed when p l a t e l e t s  were aggregated 
by collagen, AOP, o r  the Ca++ ionophore A-23187. The data i nd i ca te  t h a t  g l ycopmte in  V i s  a 
thrombin receptor and tha t  cleavage o f  t h i s  g lycoprute in  i s  a p re requ is i t e  f o r  thrombin- 
induced aggregation. 

I n  t h i s  study, we 

The glycoproteins on 

The glycopeptide 
The lowest con- 

The 

70% o f  g lycoprote in  V hydro lys is  occurred w i t h i n  the f i r s t  

568 
Hormone-induced change i n  phosphoprotein phosphorylations were s tud ied i n  i s o l a t e d  r a t  f a t  
c e l l s  and i n  subcel lu lar  f rac t i ons  derived from f a t  c e l l s .  I n s u l i n  ac t i on  increased the 
phosphorylat ion o f  two prote ins,  designated 2 and 6b (subuni t  Mr 130,000 and 62,000) wh i l e  
isoproterenol treatment decreased the phosphorylat ion o f  protein-6b and marked1 increased 
the phosphorylation o f  p r o t e i n 4  (subuni t  M r  60,000). Subcel lu lar  f r a c t i o n  of YEP-labeled 
f a t  c e l l s  showed t h a t  prote in-2 was found w i t h  the cytosol  wh i l e  protein-6b was no t  ext racted 
by standard buf fers  and was found w i t h  the " f a t  cake". Nonidet P40 conta in ing b u f f e r  ext rac-  
t i o n o f  the " f a t  cake" released 6b. 
o f  f i laments and shor t  memb 

crude act in-conta in ing f rac t i ons  prepared. 
associated prote ins.  
treatment d i d  not  s o l u b i l i z e  protein-6b. Two-dimensional gel e lect rophores is  o f  f rac t i ons  
r i c h  i n  phosphoprotein-6b separated i t  from a l l  o ther  32P-labeled prote ins.  Since the phos- 
phory la t ion o f  protein-6b i s  increased by i n s u l i n  ac t i on  and because i t  i s  associated w i t h  
a f i lamentous f r a c t i o n  which i s  cons is tent  w i t h  intermediate f i laments o f  the cytoskeleton, 
phosphoprotein-6b i s  a l i k e l y  canidate t o  be involved i n  the t ransduct ion o f  i n s u l i n  act ion.  

INSULIN-INDUCED PHOSPHORYLATION OF A POSSIBLE CYTOSKELETAL PROTEIN, Dominick L. Pucci 
and Wi l l iam B. Benjamin, SUNY a t  Stony Brook, Stony Brook, NY 11794 

Protein-6b was now associated w i th  a new p e l l e t  composed 

Protein-6b was no t  found w i t h  the ac t i n -  

ne segments. To determine whether protein-6b was found w i t h  
actin-associated prote ins,  59 P-labeled f a t  c e l l s  were ext racted w i t h  0.6 M KC1 bu f fe rs  and 

I n  addit ion, b u f f e r s  conta in ing 1% T r i t i o n  X-100 and r ibonuclease 
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I n s t i t u t e ,  Jewish General Hospi ta l ,  Montreal, Canada H3T 1E2. 
A l terat ions i n  the b ind ing constant o r  the number o f  plasma membrane receptors which b ind 
serum mitogens as a consequence o f  transformation may be a mechanism f o r  c o n t r o l l i n g  c e l l  
r ep l i ca t i on .  
a c t i v i t y  (ILAs) b ind ing t o  C3H TloJlr and spontaneously transformed mouse c e l l s .  1Z51- Insul in  
bound op t ima l l y  a t  pH 7.4 and was maximum by 60 min o f  incubat ion a t  22°C. 
mum pH f o r  b ind ing between 7.8 and 8.2 and requi red 2 hours o f  incubation a t  22°C. Competi- 
t i v e  b ind ing experiments i nd i ca ted  t h a t  the C3H c e l l s  have unique receptors f o r  each o f  the 
mitogens. Binding o f  ILAs and i n s u l i n  was determined f o r  normal and spontaneously t rans fo r -  
med c e l l s  p la ted  a t  densi t ies of 0.25, 0.5, 1 and 1.5 x l o 5  and cu l tured f o r  3 days i n  media 
containing 10% serum. I n s u l i n  b ind ing t o  normal C3H c e l l s  displayed a c e l l  density-dependent 
decrease from 164520 fmoles/mg fo r  c e l l s  p la ted  a t  the lowest densi ty  t o  107k12 f o r  those 
p la ted  a t  150,000. 
p la ted  a t  25,000 bound 274k74 fmoles/mg prote in ,  and displayed only  s l i g h t  changes as a func- 
t i o n  o f  c u l t u r e  density. ILAs binding t o  both normal and spontaneously transformed C3H c e l l s  
decreased as a func t i on  o f  c u l t u r e  densi ty  from about 0.7-0.6 t o  0.17 pU/mg prote in .  
r e s u l t s  suggest t h a t  c e l l - c e l l  i n te rac t i ons  o r  a d i f f e r e n t i a l  i n  the u t i l i z a t i o n  o f  serum 
mitogens dur ing c e l l  cu l tu re  modulates the a v a i l a b i l i t y  o f  receptors which s p e c i f i c a l l y  b ind  
i n s u l i n  whereas transformation i s  accompanied by an increased a v a i l a b i l i t y  o f  these receptors. 
This work was supported by grant R23763 f r o m  the NIH.  

INSULIN AND ILAs BINDING TO SPONTANEOUSLY TRANSFORMED AND UNTRANSFORMED C3H T1& 
CELLS AS A FUNCTION OF CULTURE DENSITY, James F. Perdue and Iwan Susanto, Lady Davis 

This hypothesis was evaluated by measuring 1251- insu l i n  and ' 2 5 1 - i n s u l i n - l i k e  

ILAs had an o p t i -  

Spontaneously transformed c e l l s  bound greater quant i t ies ,  e.g. those 

These 

GENETICS OF CELL SURFACE RECEPTORS FOR BIOACTIVE POLYPEPTIDES: A VARIANT OF MOUSE 
BALBc/3T3 CELLS POSSESSING ALTERED INSULIN BINDING ABILITY, N. Shimizu and Y. Shimizu, 
Dept. C e l l .  6 Dev. Biol.,  Univ. of Arizona, Tucson, A2 85721. 

570 

A number of human and rodent es tabl ished c e l l  l i n e s  were characterized i n  terms of insu l in  
binding a b i l i t y .  
and contact-inhibited property was mutagenized with ethylmethane sulfonate  under conditions 
s u f f i c i e n t  t o  k i l l  90% of c e l l  populations. 
mutant phenotype the surviving c e l l s  were plated i n  monolayer using DME-medium containing 
10% f e t a l  calf  serum and selected f o r  mutation resu l t ing  i n  non-responsiveness t o  mitogenic 
act ion of insu l in .  By simultaneously t rea t ing  non-dividing c e l l s  with i n s u l i n  ( 5  x 10-l' M), 
vinblas t ine  s u l f a t e  (1.0 pg/ml) and BSA (1% w/v) , w e  were ab le  t o  el lminate  those c e l l s  tha t  
were stimulated by insu l in  t o  en ter  mitosis. 
l a ted  a f t e r  3 cycles of t h i s  se lec t ion  procedure. One of those primary clonal  lines (IN-2) 
exhibited no binding a b i l i t y  a t  O°C under which condition wildtype 3T3 c e l l s  showed normal 
saturable  binding k ine t ics .  The insu l in  binding a b i l i t y  of IN-2, however, was recovered 
subs tan t ia l ly  a t  15OC and increased with higher temperature. The s u s c e p t i b i l i t y  of IN-2 
t o  v inblas t ine  s u l f a t e  seemed normal. Since t h i s  is a novel phenotype f o r  insu l id  binding 
a b i l i t y  the IN-2  c e l l s  a r e  being fur ther  characterized i n  order t o  determine whether such a 
phenotype is derived from mutation i n  the  s t r u c t u r a l  gene(s) f o r  insu l in  receptors  o r  from 
other  epigenet ic  mechanisms. (Supported by Grants f r m  NIH,  GM24375 and ACS, JPRA-96) 

Among those, mouse BALBcl3T3 f ibroblas t s  possessing a high binding a b i l i t y  

Af te r  allowing a period f o r  expression of the 

Four surviving colonies were found and iso- 

5'11 STIMULATION OF HUMAN VASCULAR ENDOTHELIAL CELL GROMH ny A PLATELET-DERIVED GROMH 
FACI'OR AND ITS POTENTIATION BY 'IHROMBIN, Bruce R. 2et ter"md Harry N. Antoniades+, 

*Children's Hospital Medical Center, Harvard Medical School, and +Center f o r  Blood 
Research and Harvard h i v e r s t i y  School of public Health, Boston, Ma. 02115 

Repair of a vascular wound i s  mediated by migration and subsequent rep l ica t ion  o f t h e  endo- 
t h e l i a l  cells t h a t  f o m  the inner  l in ing  of blood vessels. We have measured t h e  growth re- 
sponse of human uubi l ica l  vein endothel ia l  (HUE) c e l l s  t o  two growth promt ing  ngents t h a t  
are t rans ien t ly  produced i n  h i &  concentrations a t  t h e  s i t e  of a wound; the  platelet -der ived 
grcuth fac tor  (PDGF) mid the  protease thrombin. When lo4 HUE c e l l s  a re  seeded as a dmse 
is land (2 m diameter) i n  the  center  of n 2 cm t i s s u e  cul ture  well i n  rnediwn containing 20% 
human platelet-poor  plasma, no increase i n  c e l l  number o r  colony s i z e  is observed. With the  
addition o f  0.5 ng/ml of  highly pur i f ied  human PDCF, colony s i z e  increases and the  nmber  of 
c e l l s  after 6 days i s  3.8 x lo4. 
the  cell number rises t o  7.2 x lo4.  
ber, it is l ike ly  t h a t  the  enzyme ac ts  t o  poten t ia te  t h e  c e l l u l a r  response t o  the PDGF. me 
a b i l i t y  of  PDGF t o  s t imulate  endothel ia l  c e l l s  appears t o  be species dependent s ince human 
PDGF f a i l s  t o  s t imulate  the  growth of  bovine endothel ia l  c e l l s  derived from aorta ,  unbi l ica l  
vein o r  adrenal cap i l la r ies .  
these growth fac tors  is observed when t h e  c e l l s  s n  plated as a dense i s land  with room t o  out- 
grcu but not when the  same number of c e l l s  a re  seeded sparsely i n  t h e  same 2 cm well  suggest- 
ing t h a t  c e l l  density o r  c e l l - c e l l  in te rac t ions  may play a posi t ive ro le  i n  human endothel ia l  
c e l l  prol i ferat ion.  

When human throwbin (2  up/ml) i s  added along with the  PDGF, 
Since thrombin alone st imulates  no increase is c e l l  nwn- 

I t  is of i n t e r e s t  t h a t  the mitogenic response of HUE c e l l s  t o  
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572 POTENTIATION OF SERUM DERIVED MITOGENIC ACTIVITY IN MEDIUM CONDITIONED BY NORMAL AND 
CARCINOGEN-ALTERED RAT LIVER CELL LINES BY THROMBOGENIC FACTOR Xa, Jean R. Starkey, 

Howard L. Hosick, James E. Talmadge and David F. Counts, Washington State University, Pullman, 
WA 99164. 
Partial characterization of growth factors in complete medium conditioned by normal and 
carcinogen-altered rat liver cell lines indicates that a mitogenic factor(s) is generated from 
the large molecular weight fraction of serum, is proteinaceous in nature, and is susceptible 
to inhibition of activity by the protease inhibitor, epsilon-amino-N-caproic acid. Production 
of growth factor activity is markedly enhanced by factor Xa and depressed by the serum pro- 
tease inhibitor of Xa and thrombin, antithrombin 111. The concurrent cellular production of a 
small molecular weight inhibitor of growth is documented. Further studies on the mitogenic 
activity of factors from the fibrinolytic and the thrombogenic pathways towards these liver 
cell lines are described. 
cellular derivatives to these mitogens is documented as are studies on the production of pro- 
thrombin, proconvertin, factor X, thromboplastin and cancer procoagulant A. The possible 
involvement of thrombogenic factors in tumor embolus trapping, maintenance of the transformed 
cell phenotype and as tumor cell mitogens is discussed. 

The relative sensitivity of  the normal and the carcinogen-altered 

573 
Harvard School of Public Health, Boston, MA, 02115; University of North Carolina Medical 
School, Chapel Hill, NC, 27514 
Serum contains two sets of factors which function synergistically to stimulate growth of Balb/ 
c-3T3 cells. A platelet derived growth factor (PDGF), stored in platelet a-granules, is 
released into serum during clotting. PDGF, which has been purified to homogeneity, has a PI 
of 9.8 and a M.W. of 13,000 on reduced SDS-PAGE gels. Like other polypeptide hormones, PDGF 
is active at lo-'%; about 5000 molecules per cell stimulate a round of DNA synthesis. PDGF 
induces the initial event in the replicative response, "competence." Plasma induces a later 
event, "progression", which allows competent (but not incompetent) cells t o  pass through GO/G1 
and enter the S phase. Plasma from hypox. rats is deficient in progression activity and 
does not allow competent cells to synthesize DNA. The addition of somatomedin C to hypox. rat 
plasma stimulates competent cells to synthesize DNA demonstrating that somatomedin C has 
progression activity. A variety of growth factors such as multiplication stimulating activity 
(MSA) and fibroblast growth factor (FGF) were assayed for competence and progression activity. 
FGF, Ca (PO ) and "wounding" induce competence: DNA synthesis occurs after the addition of 
plasma.3 Sokagomedins A or C, MSA, or high concentrations of insulin allow progression: 
addition to competent cells in hypox. rat plasm stimulates DNA synthesis. 
agents induce both competence and progression. 
induces DNA synthesis in the absence of PDGF o r  normal plasm. 
requirement for both competence and progression factors. 

REGULATION OF THE CELL CYCLE BY HORMONAL GROWTH FACTORS OR SV40. C.D. Scher, W.J. 
Pledger, H.N. Antoniades, J. J. Van Wyk and C.D. Stiles, Harvard Medical School and 

None of these 
Unlike hormonal stimulated DNA synthesis, SV40 

Thus, SV40 overrides the 

574 

A growth promoting aeent was isolated from cultures of normal human fibrohlasts(HNF) and desig- 
nated as "HFGPF". It was purified as described by Ilakirn (Experientia-In Press). The final prepa- 
ration yielded one single hand on polyacrylamicle disc gel electrophorcsis at pH 8.5. The biolo- 
gical activity of HFGPF was measured by stimulation of DNA synthesis in bovine vascular endothe- 
lial cells (BVEC), canine cardiac cells (CCC) and Human normal epithelial mamnary (HNMEC) and 
mammary carcinoma (HMC) ce1ls.HFGPF 
fold greater than the binding capacity to CCC.Using four different HMC cell lines. the hinding 
capacity of HFGPF varied from one cell line to another, and averaged 50 fold greater than the 
binding capacity to MMEC. The time course of hinding of HFGPF reached maximal at 37OC after 30 
rnin for Hm: cells and 
compared to its mitogenic effect on these cultures, it was ohserved that althougli HFGPF did bind 
to HNMEC, i t  had no mitogenic effect upon them, as sliowm by the absence on incrense in cell 
number. By contrast, HFGPF was a strong mitogen for IW cell culture and gave a maximal increase 
15 to 22 fold in cell niimher and thymidine uptake at concentration as low as 0 . 3  ng/ml and a 
half maximal effect at 17 pg/ml. Trypsin decreased, causing the cells to round up, whereas 
collagenase and neuraminidase enhanced the growth-promoting effects of HFGPF. The growth-promo- 
ting agent increased the adhessiveness of trypsinized BVEC, CCC and W C .  It is suggested that 
HFGPF binds at the cell surface and possess angiogenic effects. Also, the presence of HFGPF 
binding sites is, by itself not sufficient for the mitogenic effect and induction of cell pro- 
liferation bv HFGPF. 

HUMAN FIBROBLAST GROWTH-PROMOTING FACTOR "HFGPF" AND CELL PROLIFERATION.Anwar A.Hakim. 
Department of Surgery and Oral Diagnosis. University of Illinois Medical Center.Chicago 
Illinois 60680. 

did not bind to HNF.The binding of HFGPF to BVEC averaged 35 

95 inin for the HNMEC. When the hinding of tlFGPF to HMC and IPSMEC was 
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575 CORTICOSTEROIDS INDUCE PROLIFERATION OF HEMOPOIETIC STEM CELLS AND ADIPOCYTES AND 
STIMULATE LEUKEMOGENESIS IN LONG-TERM BONE MARROW CULTURE, Joel S .  Greenberger, 

Joint Center for Radiation Therapy, Department of Radiation Therapy, Harvard Medical School, 
and Sidney Farber Cancer Institute, Boston, MA 02115 
Maintenance of a hemopoietic microenvironment with proliferation of granulocyte-macrophage pr- 
ogenitor cells and pluripotent hemopoietic stem cells is required for in vitro leukemogenesis 
by viruses with long latent periods. In the absence of free corticostEoGouse marrow cul- 
tures grown in 25% horse. fetal calf or other sera failed to maintain proliferation of adi- 
pocytes, macrophages, and endothelial cells required as stroma for hematopoietic cells. 
Following addition of 10-7 M hydrocortisone sodium hemisuccinate, or other 17-hydroxycortico- 
steroids, two separable effects were observed. In horse serum corticosteroid stimulated 
preadipocyte-proliferation and accumulation of intracellular oil-red-0 positive neutral fat. 
Stromal cell proliferation without lipid accumulation was seen in corticosteroid-supplemented 
calf serum; however, hematopoiesis was maintained for 14-21 weeks. 
ulated proliferation of pluripotent hematopoietic stem cells and granulocyte-macrophage pro- 
genitor cells is separable from lipogenesis. In corticosteroid-supplemented cultures induc- 
tion of endogenous ecotropic type-C virus was detected in marrow from high leukemia-incidence 
mouse strains associated with high frequency generation of preleukemic morphologic alteration 
in granulocytes. Myeloid leukemogenesis in this system suggests that corticosteroid associa- 
ted removal of lymphocytes may facilitate virus induction and transformation of rapidly 
dividing granulocyte precursors. 

Thus, corticosteroid-stim- 

576 GLUCOCORTICDID MEDIATED INDUCTION OF TYROSINE HYDROXYLASE I N  A CLONAL CELL LINE. 
Rosanne Goodman and Harvey R. Henchman, UCLA, Laboratory o f  Nuclear Medicine and 
Radiat ion Biology, 900 Veteran Avenue, Los Angeles, CA 90024 

Glucocor t ico ids have been shown t o  modulate i n  v i vo  the phenomena known as transsynaptic 
enzyme induction. 
the Nerve Growth Factor mediated induct ion o f  t y ros ine  hydroxylase. 
explants o f  a r a t  pheochromocytoma tumor, g lucocor t ico ids a l so  induce t y ros ine  hydroxylase 
a c t i v i t y .  I n  order t o  examine the molecular basis f o r  t h i s  g lucoco r t i co id  induct ion o f  the 
adrenergic enzyme t y ros ine  hydroxylase, we have i so la ted  from a r a t  pheochromocytorna tumor, 
a c lonal  c e l l  l i n e  i n  which t y ros ine  hydroxylase s p e c i f i c  a c t i v i t y  i s  increased 6 - f o l d  i n  
the presence o f  the g lucoco r t i co id  dexamethasone. 
s p e c i f i c i t y  o f  t h i s  response w i l l  be presented. 

I n  organ cu l tu res  of s u p e z o y c r v i c a l  gang1 i a  the glucocort icoids enhance 
I n  addi t ion,  i n  ?rimary 

Data on dose response, t ime course, and 

577 ANIHAL MODEL SYSTEMS FOR NALIGNANT MELANOKA: STESOlD HORMONE RECEPTOR STUDIES, 
Francis S .  Harkland and Diane Horn. Dept. of Biochemistry, LAC/USC Cancer Center, 
USC School of Hedicine, and Dept. of Biological Sciences, USC, Los Angeles, CA. 

Recent evidence suggests that hormonal factors may influence the incidence and growth charact- 
eristics of a certain percentage of human malignant melanomas. Recently we initiated studies 
to determine if steroid hormone receptors are present in animal melanomas and if the presence 
o f  receptors correlates with growth characteristics of the tumors. For these studies we used 
the 816 melanotic melanoma and the Syrian hamster melanoma cell line, 3460. Studies with 816 
melanoma removed 10-14 days after transplantation indicated that a cytoplasmic estrogen re- 
ceptor (ER) is present. There is no evidence for androgen, progestin or qlucocorticoid recep- 
tors. 
revealed the presence of an 8s peak that is suppressed by 100-fold molar excess radioinert 
diethylstibestrol (DES) or E2. 
Titration of cytosol from the 816 melanoma with 3H-E2 and subsequent Scatchard analysis gave a 
linear plot indicating a single class of high affinity binding sites. 
tant is approximately 6 X 10-lOM. 
binding is inhibited by radioinert€? and DES but not by glucocorticoids, androgens or pro- 
gestins. 
translocation of ER and hormonal sensitivity o f  the tumor are in progress. In contrast to 
B-16, no ER is found in the Syrian hamster melanoma line, 3460. Paradoxically, tamoxifen, an 
anti-estrogen, inhibits growth of 3460 in culture. These cells a l s o  respond to glucocorticoid 
since dexamethasone causes both an inhibition of growth and a decrease in final cell density. 

Sucrose density gradient centrifugation of cytosol incubated with 3H-estradiol (3H-E2) 

Binding varied from 5-35 fmoles per mg cytosol protein. 

The dissociation cons- 
The receptor molecule is estrogen specific since 3li-E~ 

C-57 mouse plasma and skin contain no 3H-E2 binding. Additional studies on nuclear 
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578 PHOSPHOLIPID METHYLATION AND BETA-ADRENERGIC RECEPTORS I N  HELA CELLS, R.C. Henneberry 
J.F. Tallman, F. H i r a t a ,  and J. Axelrod, NINCDS and NLMH, N I H ,  Bethesda. MD 20014 

Numerous biochemical changes can be induced i n  HeLd c e l l s  by inc lud ing  c e r t a i n  shor t -cha in  
s a t u r a t e d  f a t t y  a c i d s  i n  t h e  c u l t u r e  medium. We have previous ly  shown t h a t  HeU cel ls  have 
func t iona l  be ta -adrenerg ic  r ecep to r s  on t h e i r  s u r f a c e  and t h a t  t h e  number of  r ecep to r s  per  
c e l l ,  bu t  not t he  c e l l u l a r  conten t  of adeny la t e  cyc la se  (AC), i n c r e a s e s  markedly dur ing  
exposure of c e l l s  t o  bu ty ra t e .  Receptors can be induced in 2 forms, e i t h e r  "coupled" t o  o r  
"uncoupled" from AC;  t h i s  r e l a t i o n s h i p  can subsequent ly  be a l t e r e d  by manipula t ion  of  t h e  
c u l t u r e  medium contents .  This  system now proves t o  be of va lue  f o r  s t u d i e s  on t h e  r o l e  of  
phospholipid methyla t ion  in r ecep to r  func t ion .  HeLn c e l l s  con ta in  2 a symne t r i ca l ly  d i s t r i b u t e d  
membrane-bound enzymes which c a t a l y z e  t h e  syn thes i s  of  phoaphat idylchol ine  (PC) from phoapha- 
t idy le thsnolamine  (PE) by sucess ive  N-terminal methyla t ions .  Synthes ia  of PC by t h e s e  react- 
ions  i s  s t imu la t ed  by be ta-adrenerg ic  a g o n i s t s  wh i l e  a n t a g o n i s t s  such a s  propanolo l  b lock  t h e  
s t imu la t ion ;  a lpha-adrenerg ic  an tagon i s t a  such a s  phentolamine a r e  inac t ive .  The increased  
r a t e  of methyl group inco rpora t ion  i n t o  PC i s  due t o  occupancy of  r ecep to r  r a t h e r  than  t o  
s t imu la t ion  of AC;  cholera  t o x i n ,  under cond i t ions  which maximally a c t i v s t e  AC. has  no e f f e c t  
on phospholipid methyla t ion .  When i n h i b i t o r s  of methyla t ion  such a s  4-deazaadenosine are in- 
cluded in t he  medium, phospholipid methyla t ion  is s p e c i f i c a l l y  inh ib i t ed .  Concurren t ly ,  t h e  
number of be ta -adrenerg ic  r e c e p t o r s  on t h e  c e l l  s u r f a c e  decreases  a s  does i sop ro te reno l -  
s t imula ted  c y c l i c  AMP production. It appea r s  t h a t  phosphol ip id  methyla t ion  a f f e c t s  t h e  
exposure of t h e  be t a -ad rene rg ic  r ecep to r  on t h e  HeLa c e l l  su r f ace ,  a s  well a s  t h e  a b i l i t y  of 
the r%ep to r  t o  a c t i v a t e  AC when occupied by beta-hydroxylated catecholamines.  

579 HORMOkAL REGULATION OF GROWM AN0 DOME FORMATION BY KIDNEY EPITMLIhL CELLS I N  SFRM 

J o l l a , C a l i f .  92093. A hormone-supplemented, serum-free medium has been developed 
f o r  a canine  kidney e p i t h e l i a l  ce l l  l i n e ,  MDCK. The supplements in t h e  medium 
inc lude  i n s u l i n ,  t r a n s f e r r i n ,  hydrocor t i sone ,  t r i i odo thyron ine  (Tg) and PGE1. 
c e l l  growth occurred  a t  equ iva len t  r a t e s  i n  serum-free medium supplemented wi th  
e i t h e r  t hese  f i v e  components o r  w i th  f e t a l  c a l f  serum. This  medium has  been used 
t o  s tudy:  1 ) t h e  r egu la t ion  of dome formation by hormones. (Domes are groups of cel ls  
a l i g h t l y  r a i s e d  from t h e  t i s s u e  c u l t u r e  d i s h  su r face ,  presumably as a r e s u l t  of 
t r a n s e p i t h e l i a l  salt  and water  t r a n s p o r t ) .  
PGE w a s  necessary  i n  t h e  medium f o r  dome format ion  t o  occur .  
menied wi th  ins 'u l in ,  t r a n s f e r r i n  and PGE was f u r t h e r  supplemented y i t h  e i t h e r  
h y d r o c p i s o n e  o r  T t h e  frequency of dokes increased .  
t he  N a  channel was30bserved i n  p a r a l l e l  w i th  t h e  inc reases  in t h e  frequency of 
domeb observed above, which s u b s t a n t i a t e s  t h e  hypothes is  t h a t  dome formation depends 
upon the  r a t e  of salt t r anspor t  ac ross  t h e  monolayer. 
medium has a l s o  been u t i l i z e d  t o  grow primary c u l t u r e s  of kidney e p i t h e l i a l  cells. 
Primary baby mouse kidney c u l t u r e s  grew a t  equ iva len t  r a t e s  i n  medium supplemented 
e i t h e r  w i th  hormones, or wi th  f e t a l  c a l f  serum. 
l i n ,  t r a n s f e r r i n  and PGE caused s i g n i f i c a n t  growth s t imu la t ion  when added ind iv i -  
dua l ly  t o  t h e  medium 
c u l t u r e s  der ived  from human embryonic and r a t b i t  kidneys.  

FREE K D I U M  - Mary Taub and Gordon Sa to .  Un ive r s i ty  of Ca l i fo rn ia ,  Sail Uirg6, 1% 

MDCK 

Of the f i v e  components d i scussed  above, 
When medium supple- 

Enhanced N a  t r a n s p o r t  by 

2)The hormone-supplemented 

Among t he  5 added components, insu- 

TAe dog kidney e p i t h e  i a l  medium a l s o  maintained primary 

580 THE GROWTH OF SV3T3 TRANSFORMED CELLS I N  A HORMONE-SUPPLWENTED,SERUM-FREE MEDIUM, 
Delano V.  Young, Michael Dean, S tewar t  Chipm-n, Fred W. Cox 111, Ei l een  T. Nakano, and 

Sfandish  C. Hartman, Dept. of Chemistry,  Boston Univers i ty ,  Boston, MA 02215 

Simian Virus  40-transformed mouse f i b r o b l a s t s  (SV3T3) normally r e q u i r e  serum for s u r v i v a l  and 
growth i n  c e l l  c u l t u r e .  Both the  rate of c e l l  p r o l i f e r a t i o n  and the  f i n a l  c e l l  dens i ty  are 
dependent on t h e  l e v e l  of serum i n  t h e  c u l t u r e  medium (Dulbecco's Modified Eagle Medium, DME). 
Successfu l  c u l t i v a t i o n  of SV3T3 cells i n  serum-free medium is poss ib l e  i f  c r y s t a l l i n e  t r y p s i n  
and t r y p s i n  i n h i b i t o r  are used dur ing  t h e  t r y p s i n i z a t i o n  process  (Bush, H. and Shodel l ,  M . ,  J .  
Cell Phys io l . ,  90 [I9771 573) and i f  DME i s  supplemented wi th  b i o t i n  (DMEB) and t r a n s f e r r i n  or 
f e r r o u s  s u l f a t e .  
c e l l s  per 3.2 cm d i s h  as a f i n a l  c e l l  dens i ty )  are a t t a i n a b l e  i n  the  serum-free,  b io t in - t r ans -  
f e r r i n  medium (DMEBT). The t r a n s f e r r i n  (or i r o n )  growth e f f e c t  is  dependent on the  presence 
of b i o t i n  i n  t h e  medium. 

I n s u l i n  added a t  h igh  concen t r a t ions  (200-500 ng/ml) t o  e i t h e r  DMEB or DMEBT causes  an 
inc rease  i n  t h e  rate of ce l l  p r o l i f e r a t i o n  a s  seen i n  a decrease  i n  t h e  popula t ion  doubling 
t i m e .  I f  Epidermal Growth Fac tor  (EGF, 50ng/ml) and/or  F ib rob la s t  Growth Fac tor  (FGF, lOng/ml 
are added t o  insu l in-conta in ing  DMEBT growth n e a r l y  comparable t o  t h a t  found i n  s a t u r a t i n g  
serum i s  achieved (a  popula t ion  doubling t i m e  o f  14 hours and a f i n a l  c e l l  dens i ty  of 1-2 x 
106 c e l l s  per  3.2 c m  d i s h  i n  t h e  hormone medium vs .  12  hours and 2-3 x 106 c e l l s  f o r  10% c a l f  
serum DME). The r e l a t i o n s h i p  of i n s u l i n ,  EGF, FGF, and t r a n s f e r r i n  t o  the  u n i d e n t i f i e d  SV3T3 
growth f a c t o r s  p re sen t  i n  serum i s  c u r r e n t l y  under inves t iga t ion .  

Surv iva l  and moderate growth (20-30 hours  popula t ion  doubl ing  t i m e ;  1 x lo6 
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581 THE RELATIONSHIP OF EARLY MEMBRANE EFFECTS OF TETRADECANO~ PHORBOL ACETATE (TPA) AND 
PGF2 TO CELL CYCLE KINETICS: AN APPROACH THROUGH GI MAPPING. L.  D. Tomei and C. E. 

Wenner, Roswell Park Memorial Institute, Buffalo, New York 14263. 

lationship of early membrane effects to activation of cell cycle. The earlies chan es induc- 
ed by the potent tumor promoter, TPA, are in membrane transport where TPA (lO-ki-lO-gM) stimu- 
lates the ouabain-sensitive uptake of the K+ marker 86Rb+ by 1.3-1.7 fold and the enhancement 
of 32Pi incorporation within a few minutes of administration. 
with prostaglandin Fpx at the same concentrations as TPA. Since PGF2h and TPA exhibit similar 
activities, the question arises as to whether tumor promoting phorbol esters and PGF2< have in 
common properties that influence cell growth regulation. Both TPA and PGFzs have been associ- 
ated with proliferative responses and cell cycle activation. 
membrane effects, we approached the problem of relating cell cycle responses to stimulation of 
ion movements by attempting to map the g1 phase of cell cycle. 
devaoped and is based upon the rate at which a cell enters DNA synthesis and the manner by 
which a drug changes the cells' entry into DNA synthesis. 
ti compartment model within gl defined by the responses to drugs in terms of 2 variables; (1) 
distance in time between drug addition and entry into S phase and (2) drug induced stimulation 
of ion uptake. TPA as well as PGF@ stimulated h-Tdr incorporation into D Y  in postconfluent 
3T3 cells. 
when fresh serum was- introduced. 
respect to clonal variation as a test of the validity of the model. 

An objective of the current research with mouse embryonic fibroblasts is to define the re- 

Similar effects were obtained 

Since both drugs exhibit early 

A working hypothesis has been 

This involves the proposal of a mul- 

However,.TPA, but not PGFZq , produced a further stimulation of H-Tdr into DNA 
The kinetic responses to TPA and PGF2d are evaluated with 

582 
TRe t u m r  promoter 12-0-tetradecanoyl-phorbol-13-acetate (TPA) has been shown to inhibit cell 
differentiation in several in vitro systems. The effects of TPA on the outgrowth of nerve 
fibers in dissociated cell G l G o f  7-9 day postnatal mouse cerebellum has now been 
examined. In contrast to the inhibition by TPA of the induced neurite outgrowth by clonal 
muse neuroblastoma cells (Ishii et al.,Science 200:556, 1978; and my results with clone 
N l 8 )  and embryonic chick gang1 ia (Ishi i, Cancer G. 38:3886, 19781, the spontaneous out- 
growth of nerve fibers in cerebellar cultures proceeda in the presence of TPA (lxlO-lo - 
5x104 M ) .  
seenby day 1 in the presence of TPA.This attachment effect was independent of cell prolifera- 
tion as shown by treatment of  cultures with 1x10-5 M cytosine arabinoside. 
tures did not show a" stimulation over control cultures in the incorporation of 3H-thymidine 
during day 1 (the time of increased cell attachment), but did show an approximately 2-fold 
incre e in incorporation measured at 44-48 hr. The nature of the refractoriness of the 
cerebslar cultures to an inhibition of morphological differentiation i s  not understood at 
present, but several types of evidence suggested that it was not due to an inactivation of 
TPA. Supported by NIH grants F-32-CA-Ogg49; NS-09818 (to N.W. Seeds); and a grant from the 
Milheim Foundation. 

EFFECTS OF THE TllMOR PROMOTER TPA ON CEREBELLAR NERVE F I B E R  OUTGROWTH IN VITRO, 
Alphonse Krystosek, Univ. Colorado Medical Center, Denver, Colorado 80x2- 

Moreover, there was an enhancement of cell attachment and early fiber outgrowth 

TPA treated cul- 

583 IWITIATION OF DNA SYNTHESIS BY TPA AND GROWTH FACTORS IN NORMAL AND RSV-TRANSFORMED 
RAT RIBROBLASTS. B.E. Magun and G.T. Bowden, University of Arizona, Tucson, Az. 85724 

Stimulation of DNA synthesis in response to different growth factors and the tumor promotor 
tetradecanoyl phorbol acetate (TPA) was examined in untransformed and RSV-transformed (B-77 
strain) Pat fibroblasts (Rat-1 cells). 
conservative DNA replication was measured by incubation of cells in BrUdR and FUdR after stimu- 
lation, followed by CsCl density uradient analysis of newly replicated DNA. When added to qui- 
escent cultures in serum-free medium, TPA induced a minimal increase in the amount of DNA made 
over a 30h period ((10% above controls) in both untransformed and transformed cells. However, 
if a short period of serum stimulation (4h) was followed by TPA for 1 h, a dramatic increase in 
DNA synthesis occurred in the untransfonned, but not in the transformed, cells. The latter 
cells responded by a decrease in DNA synthesis under the same conditions. In all experiments, 
the RSV-transformed cells were refractory to, or inhibited by, TPA at all concentrations up to 
1 pg/ml. We conclude that TPA acts as a comitogen on the untransformed, but not the transformed, 
cells. 
we tested the mitogenic efsect of EGF, fibroblast growth factor (FGF) and multiplication stimu- 
lating activity (MSA). Quiescent untransformed Rat-1 cells, but not the RSV-transformed cells, 
were stimulated by synthesize DNA by EGF, FGF and MSA. These data support the conclusion that 
the transforming function initiates a process which renders the normal hormonal control mecha- 
nisms ineffective in the regulation of growth. 

Following serum deprivation to achieve quiescence, semi- 

Because TPA has been found to interact with epidermal growth factor (EGF) receptors, 
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584 
Several investigators have reported that transferrin is among a small group of protein growth 
factors necessary for serum free growth of cell lines (e.g., Proc. Natl. Acad. Sci. 75:901. 
1978). We have recently demonstrated the existence of receptors for iron-saturated trans- 
ferrin on both normal human peripheral mononuclear cells and matched pairs of T and B lympho- 
blastoid cell lines. Binding of 125I-labeled transferrin is rapid, saturable and reversible. 
It can be specifically inhibited by unlabeled transferrin but not by lactoferrin, ovalbumin, 
ar bovine serum albumin. Receptor molecules have been solubilized in the non-ionic detergent 
octaethyleneglycoldodecylether. Characterization of the receptor molecules solubilized from 
lyraphoblastoid cell lines and isolated by affinity chromatography will be presented. 
mately 60,000 binding sites per cell are found on T cell lines which is double the number 
found on B cell lines. The affinity of binding determined by scatchard analysis i s  high 
&ff - 1 x 1012 M-1) and approximately equal for the B and T cell lines. 
mononuclear cells have fewer receptor sites and less affinity for transferrin than the trans- 
formed cell lines. 
Rapidly proliferating (log phase) lymphoblastoid cells express more receptors than stationary 
cu1tures OK untransformed cells. Implications of changes in transferrin receptor number and 
affinity during normal and transformed cell growth will be discussed. 

TRANSFERRIN RECEPTORS ON NORMAL AND TRANSFORMED LYMPHOID CELLS. James W. Larrick and 
Peter Cresswell, Div. of Immunology, Duke Univ. Medical Center, Durham, NC 27710 

Approxi- 

Mixed peripheral 

The number of binding sites varies with the growth rate of the cells. 

585 

Human and bovine milk contain growth factors capable of stimulating DNA synthesis and Cell 
division in cells in culture. 
milk obtained shortly after parturition. that is. in the co~ostrum. Mitogenic activity is 
diminished by over 80% in lactating cows within 5 days after birth and in lactating women 
within 20 days after birth. 
weights are between 5,000 and 20,000. 
focusing between pH 3 and pH 11, only 1 peak of activity is  found. The isoelectric points 
for bovine and human milk mitogen are 4.6-6 .8  and 4.4-4.7 respectively. Since no activity 
is found i n  the high pH range. it is unlikely that milk contains platelet growth factor or 
fibroblast growth factor which have isoelectric points between 9.5 and 10. A partially 
purified preparation of bovine colostrum will support the growth of certain cells in 
culture in the absence of serum. A Sanine kidqey epithelial cell line (MDCK) can je 
trYPShi ed, plated sparsely ( 2  x 10 cells/cm ) and grown to confluence ( 1 . 5  x 10 
cells/cm ) in Dulbecco's modified Eagles medium supplemented with 1 mg/ml of partially 
Purified bovine colostrum. The MDCK cells 
can be subcultured at least twice more and grown to confluence with the colostrum. On the 
other hand, Balb/c cells when plated sparsely will not grow in medium in which colostrum 
has been substituted for serum. It is suggested that the mitogenic activity of colostrum 
has specificity for epithelial cells but not for fibroblasts. 

THE GROWTH FACTOR ACTIVITY OF HUMAN AND BOVINE MILK. 
Tapper and Jacqueline Neumann. 
School, Boston, Mass. 02115. 

Michael Klagsbrun, David 
Children's Hospital and The Harvard Medical 

In both species, mitogenic activity is most pronounced in 

The bovine and human milk mitogens are proteins whose molecular 
When bovine and human milk are analyzed by isoelectric 

1 
There is no growth in unsupplemented medium. 

5% SPECIFIC BINDING OF SERUM MITOGENS TO HYPERPLASTIC RAT INTESTINAL MUCOSA I N  SITU, 
Peter M i l t ho rp  and James F. Perdue, Lady Davis I n s t i t u t e  fo r  Medical Research o f  the 

Jewish General Hospi ta l  , Montreal, Quebec, Canada H3T 1E2. 
Hyperplasia o f  r a t  i n t e s t i n a l  mucosa occurs a f t e r  resect ion o f  50% o f  the jejunum-ileum. 
Analysis o f  the mucosa a t  day 4 post  operation showed a 46% increase i n  RNA and a 16% i n -  
crease i n  DNA. Studies i nvo l v ing  perfusion of the res idual  jejunum-ileum were i n i t i a t e d  t o  
determine whether compensatory hyperplasia i s  re f l ec ted  i n  greater n u t r i e n t  t ranspor t ;  
prote in ,  RNA and DNA synthesis, and if these changes can be co r re la ted  w i t h  greater  s p e c i f i c  
binding o f  serum mitogens, i . e .  i n s u l i n ,  IGF ( i n s u l i n - l i k e  growth fac to rs )  and EGF (epider- 
mal growth factors) .  The vascular system o f  the organ was perfused a t  37°C and 110 mm Hg 
pressure w i t h  oxygenated media composed o f  a bicarbonate buf fered s a l t  so lu t ion,  5.5 mM 
glucose, 3% dextran and the appropriate rad io labe l l ed  l igands. The i n t e s t i n a l  lumen was 
simultaneously perfused w i t h  300 mOs m n n i t o l .  
the vascular perfusate t o  the lumen and t i ssue  was monitored over a 90 minute period. 
l im ina ry  data ind icates t h a t  2-deoxyglucose and u r i d i n e  are s p e c i f i c a l l y  t ranspor ted i n t o  
mucosal c e l l s .  
s t ra ted.  

(Supported by research grant GM23763 from the N.I.H.) 

The movement o f  rad io labe l l ed  l igands from 
Pre- 

TO date s t imu la t i on  of t h i s  uptake by 200 mM i n s u l i n  has not  been demon- 
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587 QUANTITATIVE RECEPTOR OCCUPANCY STUDIES, Edward O'Keefe, University of North 
Carolina, Chapel H i l l ,  North Carolina 27514 

A transformed c e l l  re la t ive ly  def ic ien t  in  ganglioside GM1, the natural  receptor f o r  cholera 
toxin (choleragen1,binds 2% of the choleragen bound by the parent l i n e .  
by the i n  
( % = 2 ~ l O - ~ ~ M ) , c a n  be reconst i tuted by incorporation of exogenous ganglioside GM with 
r e s t i t u t i o n  of  adenylate cyclase ac t iva t ion ,  indicat ing tha t  a l l  receptors  a r e  Biological ly  
equivalent. 
seen readi ly  only in  f a t  c e l l s ,  which lack receptors  in  excess of the number (1-2x10 ) 
required for  f u l l  cyclase ac t iva t ion .  
excess choleragenoid over choleragen i n  transformed c e l l s ,  which have 10-fold excess 
receptors ,  and is poorly seen in  the parent l i n e ,  which has 100-fold excess receptors .  
In te rpre ta t ion  of competitor a c t i v i t y  requires  quant i ta t ive  assessment of receptor occupancy 
i n  re la t ion  t o  a proximal, prompt biological  e f fec t  in  the membrane. 

3H-f)yflmidine incorporation, a d i s t a n t  e f fec t  of adenylate cyclase s t inu la t ion ,  i s  maximal a t  
10- 
ac t iva t ion .  
comparison with adenylate cyclase;  comparison of hormone receptor occupancy with d i s t a n t  
biological  e f f e c t s  is not val id .  

Receptors blocked 
t i v e  der ivat ive,  choleragenoid, which binds with equal a f f i n i t y  t o  the receptor  

Choleragenoid competes for  binding i n  a l l  c e l l s ,  but inh ib i t ion  of cycl  se is 4 
Inhibi t ion of cyclase act ivat ion requires  50-200-fold 

Inhibi t ion i n  the parent l i n e  by choleragen of epidermal growth factor  stimulated 

M choleragen, but binding is less  than 10% of tha t  sa tura t ing  adenylate cyclase 
Thymidine incorporation overestimates "spare" receptors  by a t  least 10-fold i n  

588 A TOXIC. DISULFIDE-LINKED HYBRID MOLECULE CONTAINING FRAGMENT A OF DIPHTHERIA 
TOXIN AND CONCANAVALIN A. Gary G i l l i l a n d .  R. J .  Co l l i e r ,  Department of Microbiology, 
College o f  Let ters  and Science, UCLA, Los Angeles, CA 90024. 

A d i su l f i de - l i nked  conjugate of Concanavalin A (Con A) and F r a p n t  A from d iphther ia  

The conjugate i s  constructed by f i r s t  coupling cystamine t o  Con A w i t h  a carbo- 
t o x i n  has been synthesized and i s  t o x i c  for  HeLa (human), CHO (hamster), and SV3T3 (murine) 
c e l l s .  
d i imide reagent and then react ing the  modif ied Con A with reduced Fragment A under condi t ions 
pormoting d i s u l f i d e  interchange. The desired conjugate, obtained i n  near ly  50% y i e l d  
r e l a t i v e  t o  i npu t  Fragment A. i s  p u r i f i e d  by a f f i n i t y  chromatography on Sephacryl 5-200 and 
NAD-Sepharose. The conjugate i s  about equal ly  ac t i ve  i n  i n h i b i t i n g  p ro te in  synthesis i n  
HeLa, CHO, o r  SV3T3 c e l l s  i n  cu l ture,  but  i s  i nac t i ve  r e l a t i v e  t o  contro ls  on a t o x i n  
r e s i s t a n t  s t r a i n  o f  CHO c e l l s  conta in ing a l te red  elongation fac to r  2,  the t a r g e t  p ro te in  o f  
Fragment A. On tox in -sens i t i ve  s t ra ins  the conjugate was 100-1,000 f o l d  more ac t i ve  than 
controls, inc lud ing Fragrnent A, cystamtnyl-Con A, and mixtures thereof. bu t  was 50-500 f o l d  
less t o x i c  than d iphther ia  t o x i n  i t s e l f .  The a c t i v i t y  o f  the conjugate i n  t i ssue  cu l tu re  
was i n h i b i t e d  by Con a o r  a-methyl mannoside, but not  by galactose. 
conjugates should be usefu l  I n  studying mechanisms o f  ent ry  of b i o l o g i c a l l y  ac t i ve  
prote ins i n t o  c e l l s .  

This and s i m i l a r  

589 MITOTIC FACTORS FXOM IUHEIAIIAN CELLS INDUCE GERwfNAL VESICLE B R E "  AND QIROMOSOHE 
CONDENSATION I N  AE@HIBIAN OOCYTES, Prasad S. S karal Dnvi A Wright2 and Potu N. 
Real. DeDclrtment of DeveloDmental IheraDeuticslfnand B i o l o d .  h e  Universitv of Texas 

I .  _. 
System Cnncer Center, M.D. Anderson Hospital anb T u w r  Institute,-iIo&ton, Texas 77630. 
The fusion between a mitot ic  and an interphase c e l l  usually leads t o  the breakdown of the  in- 
terphase nucleus and the condensation of chromatin i n t o  d iscre te  chromosomes under t h e  in- 
fluence of the fac tors  present i n  the  mi to t ic  cell. 
premature chromosome condensation (PCC) appears t o  be s imi la r  t o  the i n i t i a t i o n  of mitosisand 
meiotic maturation of amphibian oocytes. In amphibians, meiotic maturation of ovarian oocytes 
involves breakdown of t h e  rZuclear envelope (germinal ves ic le ) ,  chromosome condensationand pro- 
gression through f i r s t  meiotic division. This maturation process can be induced e i t h e r  by in- 
cubating oocytes with progesterone i n  v i t r o  o r  by in jec t ing  them with the  cytoplasmic ex t rac ts  
from rrmture oocytes. Because of these s i m i l a r i t i e s  between PCC inductionaad meiotic maturation 
of amphibian oocytes,we decided t o  test whether mitot ic  fac tors  from mamullan c e l l s  can in- 
duce maturation i n  amphibian oocytes. Cytoplasmic ex t rac ts  of HeLa cells synchronized i n  vari- 
ous phases of the c e l l  cycle were injected i n t o  f u l l y  grown Xenopua - oocytes t o  monitor 
t h e  presence of fac tors  t h a t  can induce meiotic msturation, 1.e.. germinal ves ic le  breakdown 
and chromosome condensation. Extracts f r w  G1 and S phase c e l l s  had no ac t iv i ty .  The matura- 
tion-inducing ac t iv i ty .  which was found t o  be low during ear ly  and mid 62 phases. increased 
rapidly during late G2 and reached a peak i n  mitosis. 
the  fac tors  that regulate  the breakdown of nuclear membrane and chromosome condensation durinn 

This phenomenon. which has  been termed 

The r e s u l t s  of t h i s  study suggest that 

mitosis  meiosis acd remature chromosome condensation appear t o  be ve 3 siu$yd i f  not  
ident ic&l  throu'hout !he animal k ngdom. (Supported i n  par t  by grants  1152 1 528. 
CA19856 a h  CA23878 from NCI. DBEWf. 

- 
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590 
Technology, Cambridge, MA 02139 

Under condit ions of s tarvat ion,  the i n i t i a l l y  f r e e - l i v i n g  amoebae o f  E. discoideum elab- 
orate c e l l  surface receptors f o r  cAMP and aggregate i n t o  m u l t i c e l l u l a r  masses. 
i s  a consequence o f  a chemotactic response o f  the amoebae t o  CAMP released by neighboring 
c e l l s .  The r e s u l t i n g  c e l l  mass undergoes a ser ies o f  biochemical and morphological trans- 
formations r e s u l t i n g  i n  formation of a f r u i t i n g  hndy composed o f  s t a l k  c e l l s  and spore c e l l s .  

We have i so la ted  a mutant (D477) which aggregates wi thout  streams i n t o  small aggregation 
t e r r i t o r i e s  and forms small f r u i t s .  
these f r u i t s  i s  t en fo ld  higher than f o r  the w i l d  type parent. Scatchard analys is  o f  cAMP 
binding t o  the mutant c e l l s  shows a s ing le  c lass o f  s i t e s  w i t h  an a f f i n i t y  f o r  cAMP intermed- 
i a t e  between the two a f f i n i t y  classes exhib i ted by w i l d  type. The mutant has about h a l f  the 
t o t a l  number o f  s i t e s  observed i n  the parent. As a consequence o f  these d i f ferences,  the 
mutant binds more CAMP than the parent a t  phys io log ica l  CAMP concentrations, y e t  i n  a l i g h t -  
scat ter ing assay o f  responsiveness t o  CAMP. the mutant i s  less sensi t ive.  The proper t ies o f  
t h i s  mutant conf i rm the i n d i r e c t  evidence o f  o ther  workers suggesting a r o l e  f o r  t he  CAMP 
chemosensory system i n  the se lect ion o f  terminal d i f f e r e n t i a t i o n  pathways during f r u i t i n g  
body formation. 

Supported by an N I H  Postdoctoral Fel lowship t o  S.L.B. and N I H  Grant GM 21828 t o  E.J.H. 
(*)Current address: Un ive rs i t y  o f  I l l i n o i s  a t  Chicago Ci rc le ,  Dept. o f  B io log i ca l  Sciences. 

A MUTATION AFFECTING THE CYCLIC-AMP RECEPTOR OF DICTYOSTELIUM DISCOIDEUM, E l l en  J. 
Henderson and Stephen L. Barclay? Dept. o f  Chemistry. Massachusetts I n s t i t u t e  o f  

Aggregation 

The r a t i o  o f  spore mass diameter t o  s t a l k  length i n  
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I n t e r a c t i o n  of c y t o s k e l e t a l  elements w i th  the  plasma membrane has  been shown in a number of ex- 
per imenta l  systems. I n  t h i s  regard ,  we have r ecen t ly  been s tudying  the  i n t e r a c t i o n  between 
microtubule i n h i b i t o r s  (MI, e. g.colchicine,vinblastine)and c y c l i c  AMP(cAMP)generation in murine 
549 lymphoma c e l l s .  W e  have r epor t edc la tu re  273:471(1978))that M I  enhance beta-adrenergic-stim- 
u l a t e d  CAMP l e v e l s  i n  wild-type(WT) S49 cel ls  by an a c t i o n  d i s t a l  t o  be ta -adrenerg ic  r ecep to r s .  
In orde r  t o  de f ine  f u r t h e r  t h e  mechanism of t h i s  enhancement, we have s tud ied  o the r  s t imu lan t s  
of adenyla te  cyc lase  and have used S49 v a r i a n t s  t h a t  have abnorma l i t i e s  i n  t h e  pathway of CAMP 
genera t ion  and func t ion .  In i n t a c t  WT S49 c e l l s ,  M I  a l s o  enhance PGE - and cho le ra  toxin-stim- 
u l a t ed  CAMP l e v e l s ,  bu t  t h e  enhancement of PGE and b e t a  agon i s t s  i s  l o s t  i f  c e l l s  t r e a t e d  with 
M I  a r e  d i s rup ted  or i f  M I  are incubated wi th  S t9  plasma membranes. M I  do not  b lock  desens i t i za -  
tion t o  be ta -agonis t s  in i n t a c t  WT S49 c e l l s .  I n  S49 variants(94.15,UNC) that l a c k  coupl ing  be- 
tween PGE and be ta  r ecep to r s  and adenyla te  cyc la se ,  M I  a lone  do not f a c i l i t a t e  PGE -or beta-  
s t i rnu la tea  CAMP, whereas S49 v a r i a n t s  l ack ing  CAMP-dependent p r o t e i n  k inase  ac t iv i t :  respond as 
do WT cells. Incubat ion  of WT c e l l s  wi th  cholera  toxin(which i n h i b i t s  GTPase i n  o the r  c e l l  
t ypes )a l so  enhances PGE -and be ta-s t imula t ion  of cAMP;this enhancement summates with t h a t  pro- 
duced by M I .  Moreover, in t he  UNC va r i an t , cho le ra  tox in  and M I  appear t o  p o t e n t i a t e  each o the r  
so t h a t  beta-stimulated CAMP generation(normal1y absen t )  can be demonstrated.  We conclude t h a t  
M I  i nc rease  CAMP probably by i n h i b i t i n g  micro tubules  in  i n t a c t  S49 c e l l s ,  t h a t  micro tubules  may 
r e s t r i c t  adenyla te  cyc la se  a c t i v i t y  in i n t a c t  c e l l s ,  and t h a t  t h i s  e f f e c t  may occur by an  a l -  
t e r a t i o n  in t h e  GTP coupling u n i t  of adenyla te  cyc la se .  

REGULATION OF HORMONE-STIMULATED ADEMLATE CYCLASE BY MICROTUBULES I N  INTACT s49 ~ m -  
PHOMA CELLS. Paul  A. I n s e l  6 Michael Kennedy, U.of Cal. ,San Diego and San Francisco. 
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Our e a r l i e r  studies, using 1251- insul in  as a model mitogen, demonstrated t h a t  cytochalasin B 
(CB) treatment o f  uninfected cu l tured ch ick embryo f i b rob las ts  (CEF) resu l t s  i n  an increase 
i n  the number o f  mitogen receptors and suggested a r o l e  o f  microf i laments i n  t h i s  process. 
I n  contrast, RSV-transformed CEF, w i t h  2-4 f o l d  more mitogen receptors, do no t  respond t o  
treatment w i t h  CB. Recently we have invest igated the re la t i onsh ip  between mitogen receptor 
expression, the organizat ional  pat tern o f  microf i lament  bundles and changes i n  c e l l  surface 
morphology. Treatment o f  uninfectedCEF w i t h  l oca l  anesthetics. i nc lud ing  dibucaine. xylo- 
caine, tetracaine. and mepivicaine, r e s u l t s  i n  d i s rup t i on  o f  microf i laments (MF) and micro- 
tubules (MT) and an increase I n  the number o f  mitogen receptors. 
dose-dependent and removal o f  the agent r e s u l t s  i n  a time-dependent decrease i n  these recep- 
to rs .  
r e s u l t s  i n  an increase i n  mitogen receptors. However. t r y p s i n  treatment i s  no t  syne rg i s t f c  
w i t h  anti-MT/MF reagents. The increase i n  mitogen receptors I s  associated w i t h  rounding up 
o f  c e l l s ,  the appearance o f  r u f f l e s ,  blebs and m i c r o v i l l i  on the c e l l  surface, and a decrease 
i n  the number o f  microf i lament  bundles. Treatment o f  RSV transformed CEF, which have round 
morphology. decreased microf i lament bundles and increased mitogen receptors, w i t h  anti-MT/MF 
agents does not  r e s u l t  i n  a fur ther  increase i n  receptors. These r e s u l t s  i nd i ca te  t h a t  the 
expression o f  mitogen receptors i n  cu l tu red  CEF i s  r e l a t e d  t o  a l t e r a t i o n s  i n  c e l l  morphology 
and the organizat ion o f  cytoplasmic MT/MF. Supported by N I H  grants AM 21018 and AM 19901. 

MICROTUBULE/MICROFILAMENT ORGANIZATION AND MITOGENIC HORMONE RECEPTOR EXPRESSION. 
Mohan K. Raizada and Robert E. Fellows, Un ive rs i t y  o f  Iowa, Iowa City. I A  52242. 

This e f f e c t  i s  t ime and 

M i ld  t r y p s i n  treatment o f  uninfected CEF, whichdisrupts organizat ion o f  MT/MF. a l so  
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Enucleation techniques permit cells to be divided into nuclear (karyoplast) and cytoplasmic 
(cytoplast) cell fragments. 
bolically stable for short periods of time ultimately they degenerate. It is possible. how- 
ever, to reconstruct viable cells by PEG-induced fusion of karyoplaats to cytoplasts and 
such reconstructed cells may provide a clearer understanding of the interactions between the 
nucleus and the cytoplasm. 
a murine adrenal tumor and which retains the ability to aacrete steroids in response to 
adrenocorticotropic hormone (ACTH), we have reconstructed cells containing the Y-1 karyoplast 
and a cytoplast from a non-responsive cell (AEIT ) .  In addition we have reconstructed cells 
containing the Y-1 cytoplast and The Y-1 cytoplasts when treated with ACTH 
results in steroid secretion and morphological rounding up which indicated that the nucleus 
was not necessary for this response. 
reconstructed cells containing the Y-1 karyoplast initially did not respond to A C W  but after 
a delay of approximately 10-20 generations became rerponmive. 
taining the Y-1 cytoplast initially did respond to ACTH but after a short delay became unre- 
sponsive. 
expression of this differentiated cell function but that ultimately the nucleua dominates. 

RECONSTRUCTION OF MAMMALIAN CELLS BY PEG-INDUCED FUSION OF CELL FRAGMENTS, 
Jerry W. Shay and Mike A. Clark, The University of Texas Health Science Center at 
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Even though these nuclear and cytoplasmic fragments are meta- 

Utilizing the Y-1 cell line which was originally derived from 

karyoplast. 

The results of our experiments indicated that the 

The reconstructed cells con- 

These experiments suggest that the cytoplasm initially controls the phenotypic 
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