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Cell Surface Receptors Regulating Cell Growth 

0303 STRUCTURE AND FUNCTION OF THE NERVE GROWTH FACTOR RECEPTOR OF PERIPHERAL NEURONS. 
Ralph A. Bradshaw, Department of B io log ica l  Chemistry, Washington Un ive r s i ty  School 
of Medicine, S t .  Louis MO 63110 

Nerve growth f a c t o r  (NGP) i s  one of many polypept ide  agen t s  t h a t  i n t e r a c t  with a spectrum of 
t a r g e t  cel ls  t o  w d u l a t e  a c t i v i t i e s  r e l a t e d  t o  o r  requi red  f o r  t he  growth response,  1.e. 
hypertrophy o r  hyperp las ia .  
a c t i v i t i e s  appears  t o  u n i v e r s a l l y  r equ i r e  the  s p e c i f i c  b inding  t o  a membrane-bound r ecogn i t ive  
e n t i t y  which i n  t u r n  t r ansmi t s  t he  s i g n a l ( s )  t o  the  i n t e r i o r  of the  cell .  Although the  charac- 
t e r i z a t i o n  of t hese  r ecep to r  molecules is  still  i n  the  e a r l y  s t ages ,  i t  is  a l r eady  c l e a r  t h a t  
t h e r e  is wre d i v e r s i t y  than  s i m i l a r i t y  i n  t h e i r  g ros s  s t r u c t u r a l  f e a t u r e s .  The NGF recep to r  
from pe r iphe ra l  neurons a l s o  fo l lows  t h i s  p a t t e r n .  
c ross - l ink ing  s t u d i e s ,  it has  a molecular weight of %130.000. The la t ter  experiments a l s o  
revea led  s lower w l e c u l a r  weight s p e c i e s  (%lOO,OOO MK), p re sen t  i n  v a r i a b l e  amounts, t h a t  
appears  t o  be a l imi t ed  p r o t e o l y t i c  product of t he  130K spec ie s .  Whether i t  might r ep resen t  
a phys io log ica l  s i g n i f i c a n t  form of t h e  r ecep to r  remains t o  be determined. These p rope r t i e s .  
when con t r a s t ed  wi th  those of t h e  r ecep to r s  of o t h e r  growth f a c t o r s .  are, a t  p r e s e n t ,  unique. 
Even the  hormones r e l a t e d  t o  NGF through a comwn ances to r ,  1.e. i n s u l i n  and in su l in - l ike  
growth f a c t o r s  I and 11, have r ecep to r s  appa ren t ly  q u i t e  d i s s i m i l a r  t o  NGF. The r ecep to r  f o r  
a f i f t h  member of t h i s  evo lu t iona r i ly - r e l a t ed  subse t ,  r e l a x i n ,  remains uncha rac t r r f zed .  These 
f ind ings  sugges t  t h a t  the  development of h o r w n e s  and growth f a c t o r s  v i a  gene dup l i ca t ion ,  
s p l i c i n g  and m t a t i o n  may not  have been p a r a l l e l e d  by similar even t s  i n  the  development of 
t h e i r  receptors .  Such independent l i n e s  of evo lu t ion  may have in t roduced  important elements 
of d i v e r s i t y  i n  t h e  w l e c u l a r  a s p e c t s  of growth r egu la t ion .  Supported by U.S.P.H.S. r e sea rch  
g ran t  NS-10229. 

The i n i t i a t i o n  of the  molecular events  t h a t  comprise these  

A s  shown by both hydrodynamic and a f f i n i t y  

REGULATION OF HONONUCLEAR PHAGOCYTE GROWTH BY A COLONY STIMULATING FACTOR (CSF-1) 
E .R .  S tan ley ,  S.H. Bartelmez, P.V. Byrne, L.J. G u i l b e r t ,  I .T .  O l i v e r ,  R.J. Tush insk i  
and P.W. Tynan, Departments o f  t l i c rob io logy  & Immunology and C e l l  B io logy ,  A l b e r t  
E i n s t e i n  Co l lege o f  Medicine, Bronx, New York 10461. 

Mature mononuclear phagocytes (b lood  monocytes and t i s s u e  macfophages) a re  de r i ved  from the  
hemopoiet ic stem c e l l  by a process o f  p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  (stem cel l -precursor 
cell+inonoblast+promonocyte-.monocyte+macrophage). Each stem c e l l  can g i v e  r i s e  t o  many macro- 
phages and the  r o l e  o f  growth f a c t o r s  i n  t h i s  process i s  under i n v e s t i g a t i o n i n t h i s l a b o r a t o r y .  

P r o l i f e r a t i o n  o f  t he  more d i f f e r e n t i a t e d  c e l l s  (monoblast+inacrophage) i s  regu la ted  by a c i r -  
c u l a t i n g  g l ycop ro te in  growth fac to r  (CSF-1) ( 1 ) .  CSF-1 (Mr 45,000-70,000) cons is t s  o f  2 : i m i -  
l a r  subun i ts  t h a t  a re  l i n k e d  by d i s u l f i d e  bonds. N - g l y c o s i d i c a l l y  l i n k e d  ' a c i d i c  complex 
carbohydrate mo ie t i es  c o n t r i b u t e  as much as 50% t o  the  Ilr o f  t he  molecule.  S p e c i f i c  c e l l  sur -  
face  recep to rs  f o r  CSF-1 occur  o n l y  on mononuclear phagocy t ic  c e l l s  and mediate the  b i o l o g i c a l  
e f f e c t s  o f  t he  growth f a c t o r  ( 2 ) .  
l i m i t e d  because the  p r o l i f e r a t i v e  responses o f  i n d i v i d u a l  f r e s h l y  exp lan ted  macrophages vary .  
Homogeneous macrophage popu la t ions  were ob ta ined by c u l t u r i n g  bone marrow c e l l s  i n  the  pres-  
ence o f  CSF-1 p repara t i ons  and s e l e c t i n g  f o r  c e l l s  t h a t  had r e c e n t l y  acqu i red  the  a b i l i t y  t o  
adhere t o  a substratum ( 3 ) .  
bo th  t h e i r  s u r v i v a l  and grwoth i n  serum-containing c u l t u r e s .  The presence o f  CSF-1 du r ing  G1 
i s  bo th  necessary and s u f f i c i e n t  f o r  t he  e n t r y  o f  BtP? i n t o  S-phase and t h e i r  p rogress ion  
through G2 and H (4 ) .  Compared w i t h  n o n - p r o l i f e r a t i n g  B t W ,  BMY p r o l i f e r a t i n g  i n  the  presence 
o f  CSF-1 a re  ex tens i ve l y  vacuolated. I n  a d d i t i o n ,  they  r a p i d l y  and con t inuous ly  des t roy  CSF- 
1 v i a  the  CSF-1 receptor .  Thus s u r v i v a l ,  growth and d i f f e r e n t i a t i o n  o f  mononuclear phagocytes 
i s  dependent on a l i neage  s p e c i f i c  growth f a c t o r  which the  d i f f e r e n t i a t e d  c e l l s  s e l e c t i v e l y  
des t roy .  

Three f a c t o r s  have been reso lved which inc rease the  numbers o f  more p r i m i t i v e  CSF-1  b ind ing  
c e l l s  (p recu rso r  cel ls+inonoblasts)  by s t i m u l a t i n g  p r o l i f e r a t i o n  o f  as y e t  u n i d e n t i f i e d  pre-  
cu rso r  c e l l s  i n  bone marrow c e l l  c u l t u r e s .  They a re  CSF-1 i t s e l f ,  a f a c t o r  which a c t s  inde-  
pendent ly  o f  CSF-1 and another f a c t o r ,  t he  a c t i o n  o f  which requ i res  the  presence o f  CSF-1 .  
Rapid assays f o r  each o f  these f a c t o r s  i n v o l v e  measurement o f  t he  inc rease i n  t o t a l  125I-CSF- 
1 b ind ing  by bone marrow c e l l s  f o l l o w i n g  a 3 day i ncuba t ion .  

1 .  S tan ley ,  E . R .  and L.J. G u i l b e r t  (1981) J .  Imnunol. t lethods 42:253-284. 
2 .  G u i l b e r t ,  L.J. ,  Tush insk i ,  R.J. and E.R. S tan ley .  Th is  meet ing.  
3. Tush insk i ,  R.J. gal. (1982) C e l l  ( i n  p ress ) .  
4. Tush insk i ,  R.J., O l i v e r ,  I .T .  and E.R. S tan ley .  Th is  meet ing.  

0304 

Past  s tud ies  on the  mechanism o f  CSF-1 a c t i o n  have been 

These bone marrow de r i ved  macroDhaoes ( B M M )  r e q u i r e  CSF-1 f o r  
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0305 ENERGY. DEPENDENT GENERATION OF A HIGH AFFINITY SUBCLASS OF EGF RECEPTORS I N  
ISOLATED MEMBRANE VESICLES, C. Fred Fox, Ken Iwata, Michael  L i  p a r i ,  Hi I d a  Chamras 

and Sh in ta ro  Iwash i ta ,  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 ,  Un ivers i  
o f  C a l i f o r n i a ,  Los Angeles, CA 90024 
Scatchard ana lys i s  o f  EGF bound t o  murine 3T3 c e l l s  revea ls  two classes o f  s p e c i f i c a l l y  
associated hormone: approx imate ly  80% i n  a low a f f i n i t y  c lass  (Kd = 1OnM) and 20% i n  a 
h igh  a f f i n i t y  c lass  (Kd = 0.InM). 
50% e f f e c t i v e  dose f o r  EGF induced mitogenesis.  a l s o  O.lnM. The h igh  a f f i n i t y  c lass  i s  
n o t  de tec ted  on 3T3 c e l l s  incubated  w i t h  EGF f o r  s h o r t  t imes o r  a t  low temperature, b u t  
i s  when c e l l s  g iven  p r i o r  t rea tment  w i th  unlabeled EGF a re  then incubated  w i th  labe led  
EGF. Energy poisons and phorbol  es te rs  b lock  h i g h  a f f i n i t y  b i n d i n g  w i t h o u t  decreas ing  
t o t a l  b ind ing ,  b u t  appearance o f  t h e  h i g h  a f f i n i t y  c lass  i s  n o t  a f f e c t e d  by p r o t e i n  syn the i  
i n h i b i t o r s .  

B ind ing  t o  t h e  h i g h  a f f i n i t y  c lass  c o r r e l a t e s  w i t h  the  

These s tud ies  show t h a t  t h e  h i g h  a f f i n i t y  b i n d i n g  c lass  o f  EGF receptors  i s  
; i s  

formed i n  c e l l s  i n  a process r e q u i r i n g  energy, b u t  n o t  p r o t e i n  syn thes is .  

High a f f i n i t y  (0.lnM b) EGF receptors  a re  no t  p resent  on membranes de r i ved  from 3T3 c e l l s  
grown w i t h  c a l f  s e r m  o r  i n  s e r m  f r e e  mediun. Add i t i on  o f  un labe led  EGF d u r i n g  the  f i n a l  
stages o f  growth induces h igh  a f f i n i t y  EGF receptors  de tec ted  i n  subsequent b i n d i n g  
exper iments w i t h  membranes i s o l a t e d  from EGF-treated c e l l s .  
fo rmat ion  o f  t h e  h i g h  a f f i n i t y  c lass  o f  EGF b i n d i n g  on c e l l s ,  and s ince  EGF receptors  a re  
phosphorylated by ATP, we tes ted  f o r  ATP-dependent fo rma t ion  o f  h i g h  a f f i n i t y  EGF receptors  
i n  membranes i s o l a t e d  from c e l l s  d i s p l a y i n g  low a f f i n i t y  EGF recep to rs  on ly .  High a f f i n i t y  
EGF receptors  a re  formed i n  v i t r o  i n  an ATP-dependent r e a c t i o n  induced by EGF. 

More r e c e n t l y  we have s tud ied  phosphory la t ion  o f  EGF receptors  i n  i s o l a t e d  membranes i n  
at tempts t o  r e l a t e  recep to r  phosphory la t ion  t o  fo rma t ion  o f  t h e  h i g h  a f f i n i t y  recep to r  
subclass.  
EGF recep to r  band revea ls  11 major  phosphopeptides; most o f  these con ta in  one o r  t h e  o the r  
o f  P-tyr, P-ser o r  P-thr.  
t i o n  o f  some species i s  more h i g h l y  i n f l uenced  by EGF than  i s  t h a t  of  o thers .  
i n  progress a re  t e s t i n g  the  poss ib le  r e l a t i o n s h i p  o f  enhanced phosphory la t ion  i n  s p e c i f i c  
recep to r  P-pept ides w i t h  fo rma t ion  o f  a h i g h  a f f i n i t y  subclass o f  EGF receptors .  
by grants f rom USPHS, ACS and MDAA). 

Since energy poisons b lock  

Two dimensional  f i n g e r p r i n t i n g  o f  t r y p t i c  d iges ts  o f  t h e  h i g h  molecu la r  we igh t  

EGF s t imu la tes  the  phosphory la t ion  o f  a l l  these, b u t  phosphoryla- 

(Supported 

Stud ies  
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U n i v e r s i t y  o f  Massachusetts Medical Center,  Worcester, Massachusetts 01605 
A f f i n i t y  c r o s s l i n k i n g  methods developed i n  our  l a b o r a t o r y  have proven usefu l  i n  s p e c i f i c a l l y  
l a b e l i n g  several  c e l l  su r face  recep to rs  and t r a n s p o r t  systems. Our s tud ies  on t h e  subun i t  
s t r u c t u r e s  o f  t h e  a f f i n i t y - l a b e l e d  recep to rs  f o r  i n s u l i n  and IGF-I  has l e d  t o  t h e  conc lus ion  
t h a t  these respec t i ve  recep to rs  share a number o f  s t r i k i n g  s t r u c t u r a l  s i m i l a r i t i e s  i n  s p i t e  
3 f  t h e i r  d i ve rgen t  a f f i n i t i e s  f o r  hormones. The i n s u l i n  recep to r  e x h i b i t s  a h igh  a f f i n i t y  
f o r  i n s u l i n  and a low a f f i n i t y  f o r  IGF-I  o r  IGF-I1 w h i l e  t h e  IGF-I  recep to r  has a h i g h  
a f f i n i t y  f o r  IGF-I ,  a lower  a f f i n i t y  f o r  IGF-11, and a s t i l l  l ower  a f f i n i t y  f o r  i n s u l i n .  
The two recep to rs  share t h e  fo l l ow ing  s t r u c t u r a l  features:  
s t r u c t u r e s  c o n s i s t  o f  two subun i t  t ypes  denoted as a (Mr=125,000) and 6 (Mr=90,00D) i n  a 
d i su l f i de -1  inked he te ro te t ramer i c  s t r u c t u r e  (6-s-s-a)-s-s-(a-s-s-8), 2. I n d i r e c t  evidence 
i n d i c a t e s  bo th  a and 8 subun i ts  i n  these recep to rs  a re  g l ycop ro te ins ,  3. The cen te r  
d i s u l f i d e  l i nkages  ( c lass  I )  t h a t  connect t h e  two (8-s-S-u) recep to r  ha lves  a re  s e n s i t i v e  t o  
exogenous reduc tan ts  i n  n a t i v e  c e l l s  o r  plasma membranes w h i l e  t h e  d i s u l f i d e s  ( c lass  11) 
l i n k i n g  t h e  a and B subun i ts  a re  no t ,  4. The c l a s s  I d i s u l f i d e s  a re  more s e n s i t i v e  t o  low 
concent ra t ions  o f  d i t h i o t h r e i t o l  t han  t h e  c lass  I1 d i s u l f i d e s  when t h e  receptors  a re  
s o l u b i l i z e d  i n  dodecyl s u l f a t e ,  5. The 8 subun i ts  o f  bo th  recep to rs  con ta in  a s i t e  near the  
cen te r  o f  t h e i r  po l ypep t ide  cha ins  t h a t  i s  ex t remely  s e n s i t i v e  t o  p r o t e o l y t i c  c leavage by 
e las tase-1  i k e  proteases. Ce l l  sc reen ins  s tud ies  i n d i c a t e  ch i ck  embryo f i b r o b l a s t s  and 
s t r a i n  E Asc i tes  carcinoma c e l l s  con ta in  t h e  IGF-I  recep to r  b u t  no i n s u l i n  receptor .  Rat 
ad ipocy tes ,  r a t  hepatocytes,  and c u l t u r e d  H35 hepatoma c e l l s  con ta in  i n s u l i n  recep to r  bu t  no 
I G F - I  r ecep to r .  A l a r g e  number o f  c e l l  t ypes  con ta in  bo th  recep to r  types. Two dimensional  
gel  e lec t rophores i s  o f  membranes f rom c e l l s  t h a t  con ta in  on l y  one o f  t h e  recep to r  types  
a l l ows  l a r g e  sca le  p u r i f i c a t i o n  o f  t h e  recep to rs  f o r  f u r t h e r  s t r u c t u r a l  ana lys is .  
i n v o l v i n g  c a r e f u l  dose response r e l a t i o n s h i p  de terminat ions  f o r  C3H]-thymidine i n c o r p o r a t i o n  
i n t o  DNA and c e l l  p r o l i f e r a t i o n  demonstrate t h a t  t h e  IGF-I  recep to r  and t h e  i n s u l i n  recep to r  
can mediate growth e f f e c t s  i n  t h e  ch i ck  embryo f i b r o b l a s t  and H35 hepatoma c e l l ,  
r espec t i ve l y .  
i n s u l i n  and I G F - I  r ecep to rs  and t h a t  t h i s  may r e f l e c t  u t i l i z a t i o n  o f  comnon gene sequences 
o r  t h e  occurrence o f  gene d u p l i c a t i o n  d u r i n g  evo lu t i on .  
f o r  these l i gands  and t h e  a b i l i t y  o f  bo th  recep to rs  t o  mediate a t  l e a s t  one s i m i l a r  
b i o l o g i c a l  e f f e c t  ( c e l l  growth) i n  c e r t a i n  c e l l  t ypes  a l s o  i m p l i e s  t h e  u t i l i z a t i o n  o f  
s i m i l a r  mechanisms o f  transmembrane s i g n a l l i n g .  

HOMOLOGOUS SUBUNIT STRUCTURES OF THE RECEPTORS FOR INSULIN AND INSULIN-LIKE 
GROWTH FACTOR I SUGGEST A COMMON EVOLUTIONARY ORIGIN, Michael  P. Czech, Joan 
Massague, J u l i a  He in r i ch ,  and Laura A. Bl inderman, Department o f  B iochemis t ry ,  

1. The minimum recep to r  subun i t  

Resu l ts  

We conclude t h a t  marked s t r u c t u r a l  s i m i l a r i t i e s  a re  c h a r a c t e r i s t i c  o f  t h e  

The homologous recep to r  s t r u c t u r e s  
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Receptor Endocytosis, Metabolism, and Turnover 

0307 
of Molecular Genetics, University of Texas Health Science Center, Dallas, TX 75235 

Normal human fibroblasts and many other mammalian cells express on their surface a receptor 
that binds low density lipoprotein (LDL). Subsequent uptake and lysosomal degradation of LDL 
are achieved by receptor-mediated endocytosis (1). In OUT effort to delineate the biochemical 
mechanisms of this process, we have purified the LDL receptor from bovine adrenal cortex ( 2 ) .  
and we have begun its structural characterization. The receptor is a glycoprotein with an 
isoelectric point of pH 4.6. The single polypeptide chain has an apparent M!d of 164,000. Upon 
treatment with neuraminidase, the electrophoretic mobility of the protein on SDS-polyacrylamide 
gels is significantly increased. Desialylation does not affect the ability of the receptor to 
bind LDL. Also, we have reconstituted the purified LDL receptor from bovine adrenal into 
phospholipid vesicles, and we have initiated studies on the orientation of the polypeptide in 
reconstitutes. An important tool in these studies is the use of monoclonal antibodies as 
probes for different regions of the receptor. We have prepared several monoclonal antibodies 
that recognize a common determinant on the human fibroblast and bovine adrenal receptor ( 3 ) .  
One antibody, designated C7, was studied extensively. We have determined that on human 
fibroblasts and on the bovine receptor there is one antibody binding site per binding site for 
LDL. Furthermore, in human fibroblasts the monoclonal antibody is bound, internalized, and 
degraded in complete analogy to the receptor-mediated endocytosis of LDL. Interestingly, C7 
and LDL apparently do not bind to identical sites on the receptor, as indicated by the 

lowing observations. When the receptor was fully occupied by ior incubation with LDL, 
'**I-C7 was still able to bind in normal amounts. Moreover, when '"1-LDL was pre-bound to the 
receptor at 4"C, the addition of a saturating amount of C7 did not cause the LDL to dissociate. 
iq5contrast, when the cells were first allowed to bind C7 at 4'C, the subsequent binding of 

I-LDL was reduced by about 80%. Similar studies were performed with the reconstituted 
bovine LDL receptor. In addition to using C7 as a probe for functional sites on the receptor, 
it helped us to identify the human fibroblast LDL receptor. By blotting analysis, the 
fibroblast receptor appears to have the same electrophoretic mobility as the bovine adrenal 
receptor. Thus, LDL receptors from different species possess common features that can be 
identified immunologically. Monoclonal antibodies may serve as probes for common functional 
and structural domains of LDL receptors from a variety of sources. 
1) W.J. Schneider, U. Beisiegel, J.L. Goldstein, M.S. Brown (1982) J .  s. a., In Press. 
2 )  U. Beisiegel, W.J. Schneider, J.L. Goldstein, R.G.W. Anderson, M.S. Brown (1981) J. Biol. 

3 )  M.S. Brown and J.L. Goldstein (1976) Science 191, 150-154. 

THE LOW DENSITY LIPOPROTEIN RECEPTOR - STRUCTURE-FUNCTION RELATIONSHIPS, Wolfgang J. 
Schneider, Ulrike Beisiegel, Joseph L. Goldstein, and Michael S. Brown, Department 

Chem. In Press. 

0308 RECEPTOR REDISTRIBUTION, INTERNALIZATION AND PROCESSING IN THE ACTION OF EGF, Pedro 
Cuatrecasas, Molecular Biology Department, The Wellcome Research Laboratories, 
Research Triangle Park, NC 27709 

Using fluorescently labeled analogs of EGF, lateral diffusion of receptors along the 
plane of the membrane can be measured using the fluorescence photobleaching recovery method 
in cultured cells. With the aid of high image-intensified fluorescent microscopy, the recep- 
tors, which are initially distributed in a diffuse fashion, form patches and undergo endo- 
cytosis at 37O. These processes are probably not critical in mediating the initial, rapid 
actions of the hormone. By biochemical methods, the processes of uptake and endocytosis 
correspond to the loss of surface receptors ("down-regulation") and degradation of the recep- 
tor and hormone.' The hormone appears to be internalized via coated pits, although the 
intracellular vesicles ("receptosomes") are not coated with clathrin.2 These vesicles mi- 
grate toward the Golgi-GERL. and slowly transfer their content into small, new lysosomes. The 
EGF receptors are not apparently re-cycled o r  re-utilized, and they are continuously inter- 
nalized, even in the absence of ligand.' Transglutaminase does not appear to be necessary 
for endocytosis. Since all maneuvers that interfere with intracellular degradation and 
processing block mitogenesis, it is proposed that these may be essential processes, although 
in such a case they must be continuous and protracted  function^.^ Slow nuclear accumulation 
of the H-R complex may be an important process.* In addition, evidence exists to suggest 
that limited (submicroscopic) receptor aggregation (dimerization) at the cell surface may be 
sufficient to trigger the immediate biological effects and may also be required for endo- 
cytosis.' The ligand itself may not be an essential structural component of the action of 
the receptor. Recent data suggest that the accumulation of a stable intracellular complex 
may be directed by a special population of very high affinity receptors that control cellular 
growth and tumor promotion.e 
'King, A.C. and Cuatrecasas, P. (1981) New England J. Med., 305. 77-88. - 
2Pastan, I. and Willingham, M.C. 
3King, A.C., Davis, L.H. and Cuatrecasas, P. (1980TProc. Nytl. Acad. Sci. USA, z, 3283-7. 
'Savion, N., Vlodavsky, I. and Gospodarowicz (1980) Proc. Nat. Acad. Sci. USA, 77, 1466-70. 
'Shechter, Y., Chang, K.-J., Jacobs, S. and Cuatrecasas. P. (1979) Nature. 278. 8 5 - 8 .  

(1981) AM. Rev. Ph siol., 43, 239-50. 

_. . . .  
'King, A.C. and Cuatrecasas, P. (1982) J. Biol. Chem., in press. 
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0309 PROTEIN-PROTEIN INTERACTIONS IN RECEPTOR-MEDIATED ENDOCYTOSIS, Thomas 
F .  Roth, John W. Woods, and John Daiss, Department of Biological Sciences, 
University of Maryland Baltimore County (UMBC), Catonsville, MD 21228 
In the 20 years since coated pits and vesicles were first discovered and 

postulated to be involved in selective protein transport, the field of receptor-mediated 
endocytosis (RME) has blossomed. Numerous examples have been described where coated 
pits and vesicles mediated the transport of polypeptides into cells. Further, virtually 
every cell type in higher animals exhibits some degree of RME which indicates that this 
process is an ancient and ubiquitous process. Several basic steps are involved. Ligand 
binding to specific cell-surface receptors, clustering of the receptors in coated pits, 
assembly of the coat at discrete regions of the membrane, invagination of the coated pit 
to form a coated vesicle, disassembly of the coat, intracellular sorting of the ligand to 
specific destinations and recycling of membrane receptors arecommon steps in many 
examples of RME. 

W e  are pursuing the problems of receptor-l igand, receptor-coat and coat-coat 
interactions. Among the model systems we employ are the chicken oocyte and yolk sac in 
which we have operationally defined receptors for LDL, VLDL, vitellogenin and IgG. We 
are currently examining the localization of these receptors using electron dense labels. 
The receptor for vitellogenin has been tentatively identified and partially purified. At 
present, we are preparing anti-receptor antibodies to follow receptor interioriration, 
recycling and synthesis. 

Coated vesicle components and the interactions among them are being investi- 
gated with zero-angstrom cross-linking agents and polypeptide-specific monoclonal 
antibddies. A model of the coated vesicle is presented illustrating our current under- 
standing of coat protein interactions. 
Selective protein transport: Characterization and solubilization of the phosvitin receptor. 

Selective protein transport: Identity of the solubilized phosvitin receptor from chicken 

The binding of lober density lipoproteins to chicken oocyte plasma membranes. Krumins, 

Receptor mediated vitellogenin binding tochicken oocytes. Yusko, S., Roth, T.F. & Smith, 

Specific association of calmodulin with coated vesicles. Linden, C.D., Dedman, J.R., 

Woods, J.W. & Roth, T.F. 1979. J. Supramol. Struct. 12: 491-504. 

oocytes. Woods, J.W. & Roth, T.F. 1980. J.Supramo1. Struct. 14: 473-481. 

S. & Roth, T.F. 1981. Biochem. J. 196: 481-488. 

T. 1981. Biochem. J. 9: 14-34. 

Chafouleas, J.G., Means, A.R. & Roth, T.F. 1981. PNAS 78: 308-312. 

Membrane-Receptor-Linked Systems 

0310 STRUCTURAL ORGANIZATION OF THE CALMODULIN GENE, Anthony R. Means, Department of Cell 
Biology, Baylor College of Medicine, Houston, TX 77030, Lisette Lagace, Department 
of Cell Biology, Baylor College of Medicine, Houston, TX 77030, Joseph P. Stein, 
Division of Endocrinology, University of Texas Health Science Center, Houston, TX 77030. 

The amino acid sequence of calmodulin (CaM) , the ubiquitous intracellular Ca* receptor, is 
highly conserved among representative species of bpth animal and plant kingdoms. Based on 
significant degree of internal homology and the fact that each protein molecule binds 4 Ca , 
CaM has been proposed to contain 4 functional domains. These data have been used to develop 
a theory that the current CaM molecule has arisen by duplications of a primordial gene. We 
have cloned the chicken CaM gene in order to determine if this theory is supported by the pos- 
ition of intervening sequences within the gene since such introns have been reported to separ- 
ate functional domains. A full-length cDNA was isolated, cloned and sequenced from mRNA de- 
rived from the electroplax tissue of the electric eel. This cDNA probe was used to screen a 
chicken DNA library for the presence of CaM genomic fragments. A 10.6 Kb fragment from one 
of the 8 positive clones was subcloned in pBR322 (pCM 1.3) and sequenced. The genomic frag- 
ment begins very near the 5' end of the calmodulin gene and extends into the 3' flanking re- 
gion. 7 9 %  of the nucleotides prior to the translation termination signal are identical to 
the corresponding nucleotide of the eel calmodulin cDNA. When translated, 88% of the amino 
acid residues are identical in the two calmodulins. The DNA sequence confirms that no inter- 
vening sequences are present in the chicken calmodulin gene. Since internal sequence homo- 
logies argue that the present calmodulin gene has evolved by two gene duplication events. 
three alternatives can be envisioned to allow such an evolutionary change. First, the recom- 
binational events could have occured within short "spacer regions", which are sequences be- 
tween the domains that code for three o r  four amino acids that have not been assigned to the 
domains by amino acid homology. Although these amino acids might not be functionally criti- 
cal, splicing would have to occur in such a manner so as to maintain the correct mRNA reading 
frame. Second, recombinational events occured with absolute precision in breakage of DNA 
immediately preceding and following the exon segments involved, in order to maintain the cor- 
rect reading frame of the resulting mRNA. Since the recombination process itself is random, 
this would presumably be an event of low probability of occurrence. Third, recombination 
occured at any one of numerous sites in the flanking DNA on either side of the exon sequences. 
This would have led to the introduction of introns between the calmodulin domains, which then 
must have been lost since the formation of the primordial gene. It is clearly impossible at 
this time to distinguish experimentally between these three possibilities. Such evidence can 
only be obtained by sequencing calmodulin genes from diverse species. 

8 
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0311 PHOSPHOLIPID TURNOVER AND CYCLIC NUCLEOTIDES: A RECEPTOR-LINKED CASCADE FOR BI- 
DIRECTIONAL CONTROL OF PROTEIN PHOSPHORYLATION, Yasutomi Nishizuka, Department of 
Biochemistry, Kobe University School of Medicine, Kobe 650, and Department of Cell 
Biology, National Institute for Basic Biology, Okazaki 444 ,  Japan 

There appear to be two major receptor functions which are responsible for activation and 
inhibition of specific functions and proliferation of a wide variety of mammalian cells. 
In such bidirectional control systems various cellular activities may be regulated by two 
opposing extracellular messengers. 
phosphatidylinositol (PI) turnover, which is provoked by a group of extracellular messengers 
such as a-adrenergic and muscarinic cholinergic stimulators, peptide hormones, and many other 
biologically active substances including mitogens and growth factors, serves as a signal for 
the control of cellular processes through selective activation of a new species of protein 
kinase (C-kinase) . The activation of this kinase absolutely requires Ca2+ and phosphatidyl- 
serine (PS). 
receptor-linked breakdown of PI dramatically increases the affinity of enzyme for Ca2+ as 
well as for PS, and thereby initiates C-kinase activation. 
or negative cooperativity in this process. 
activities entirely different from those of cyclic AMP-dependent and cyclic GMP-dependent 
protein kinases (A- and G-kinases, respectively), but appears to show pleiotropic functions 
and phosphorylates many proteins such as those associated with membranes. A series of 
studies in v i t ro  as well as in v i m  with human platelets as a model system indicates that the 
thrombin-induced DG formation, C-kinase-specific phosphorylation and serotonin release reac- 
tion proceed in parallel manners, and evidence is now available indicating that such trans- 
membrane control of protein phosphorylation does operate in cellular activation processes. 
In most cases, a part of DG (or phosphatidic acid therefrom) releases arachidonic acid to 
produce prostaglandin derivatives, which eventually modulate cyclic nucleotide levels. In 
fact, cyclic GMP has been shown to be often increased by this group of extracellular messen- 
gers, although the causal relationship between PI turnover and Ca2+ gate opening is not known 
at present. In contrast, cyclic AMP is normally increased by stimulation of the other recep- 
tor function and appears to act as an inhibitor for cellular activation and proliferation. 
It is also shown in the present studies that both cyclic AMP and cyclic GMP block the 
receptor-linked breakdown of PI to produce DG presumably through the action of A- and G- 
kinases, and thereby counteract the activation of C-kinase. Thus, it is attractive to pro- 
pose that both cyclic AMP and cyclic GMP serve as negative signals which are involved in the 
extracellular and intracellular circuits, respectively, leading to the feedback control of 
cellular activation processes in such bidirectional control systems. 
Ministry of Education, Science, and Culture, Japan) 

It has been recently clarified in this laboratory that 

Under physiological conditions unsaturated diacylglycerol (DG) derived from the 

Other phospholipids show positive 
C-Kinase activated in this way shows catalytic 

(supported by the 

Growth Factors and Cell Division 

0312 m c  LIGAND axmms AS mu w m SIUDY OF RECEPIOR-LIGAM) mmwnm, 
Hamy Herschum, Daniel Cawley, and David Shpson, Departrent of Biological 

oremistry, and Laboratory of Biomedical and Envir-ntal Sciences, University of Califor- 
nia, La hgeles, La hgeles, CA 90024. 

Ricin, a toxin famd in the castor bean, and diphtheria toxin have sMlar polypeptide 
structures. Each Fs oooposed of a B-chain which recognizes a cell-surface conponent and an 
A-chain which is able t o  catalytically inactivate a component of the protein-synthesizing 
apparatus of manmalian cells. 'Ihe A and B chains of both r i c h  and diphtheria toxin are 
held together by a single disulfide bond. 
potent toxins on intact cells, neither the isolated B-chains nor A-chains of these mle- 
a les  are effective toxins. 
toxins by replacing the B-chains of ricin or  diphtheria toxin with receptor-specific 
l+ds such as hormmes, grcwth factors, or antibodies. 

In this presentation we w i l l  describe the synthesis of disulfide-lidced conjugates of 
epidermal growth factor with the A-chains of r ic in  and diphtheria toxin. 
A-chain conjugate (EGFRTA) is a potent toxin on cells bearing EGF receptors. 
the EGF-diphtheria toxin A-chain conjugate (EGF-DTA) is far less potent on 3T3 cells and 
A431 cells. 

lylated fetuin. 
only on hepatocytes. 
fetuin-diphtheria toxin A-chain @F-DTA) conjugates are (1) toxic t o  hepatocytes, (2) 
mable to k i l l  cells ladtfng receptors for  asialoglycoproteins, and (3) irhibited by desia- 
lylated glycoproteins but not by their  native counterparts. 
the toxicity of ASF-RTA and ASF-DTA is mediated by the asialoglycoprotein receptor. 

Because of the equivalent toxicity of the DTA and RTA conjugates of asialofetuin on 
hepatocytes, which contrasted w i t h  cur p r e v i a  observations on the paired EGF conjugtes 
W - R T A  and EGF-DTA) on 3T3 cells and A431 cells, we tested the l a t t e r  two conjugates on 
hepatocytes. 
EX-DTA w e r e  both potent toxins on hepatocytes. 

endocytosis and the mechanisms of pro&ctive toxin internalization. 
hybrid toxins in  biology and redicine w i l l  be presented. 

Although both r i c h  and diphtheria toxin are 

We, and others, haw attempted to make receptor-specific 

'Ihe EGF-ricin 
In contrast 

We have also prepared disulfide-linked conjugates of the two toxin A-chains with desia- 
Iksialylated or  asialoglycoproteins are recognized by a receptor famd 

Both the asialofetuin-rich A-chain conjugate @F-RTA) and asialo- 

'Ihese data Qmonstrate that 

In contrast t o  the results o b t a h d  with other cell types, EGF-RTA and 

(Xlr results w i l l  be discussed in the context of mrrent concepts of receptor-mediated 
Potential uses of 
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0313 STRUCTURAL HOMOLOGY BETWEEN MOUSE, RAT AND HUMAN TRANSFORMING GROWTH FACTORS, 
George J. Todaro, Hans Marquardt, Joseph F. De Larco and Daniel  R.  Twardzik, 

Laboratory of Viral  Carcinogenesis,  N C I ,  Frederick,  MD 21701 
Transforming growth f a c t o r s  (TGFs) t h a t  a l t e r  t he  p rope r t i e s  of 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  and t h a t  i n t e r a c t  with and induce the  phosphorylation of EGF recep to r s  have been iso-  
l a t e d  from the  supernatant  f l u i d s  of human tumor c e l l s  growing i n  cu l tu re .  They have been 
pu r i f i ed  by r eve r se  phase high performance l i q u i d  chromatography using a C18uBondapak column. 
TGFs have been i s o l a t e d  from the  conditioned medium of a Moloney sarcoma virus-transformed 
mouse 3T3 c e l l  l i n e ,  an Abelson leukemia virus-transformed r a t  F i she r  c e l l  l i n e ,  and a human 
melanoma c e l l  l i n e .  P u r i f i c a t i o n  was achieved by g e l  permeation chromatography on Bio-Gel i n  
1 M a c e t i c  a c i d ,  followed by reverse  phase high pressure l i q u i d  Chromatography on VBondapak 
c18 support  using aqueous a c e t o n i t r i l e  and/or 1-propanol-trifluoroacetic ac id  as solvent  
systems. This has r e su l t ed  i n  over a 200,030 fo ld  p u r i f i c a t i o n .  

Mouse, rat and human TGF a r e  s i n g l e  chain polypeptides with an apparent molecular weight of 
6,830. P a r t i a l  sequence da ta  is ava i l ab le  using the  gas phase sequenator developed a t  
Ca l i fo rn ia  I n s t i t u t e  of Technology (M. Hunkapiller and L. Hood). From the da t a  ava i l ab le  the  
TGFs a r e  c l e a r l y  d i f f e r e n t  from e i t h e r  mouse or human EGF. The sarcoma growth f a c t o r  (SGF) 
i s o l a t e d  from Moloney sarcoma v i r u s  (WV)-transformed mouse c e l l s  shows some sequence 
homology with human TGF and is a l s o  d i f f e r e n t  from the  EGFs. 

TGFs a r e  a l s o  detected i n  the  ur ine of human cancer p a t i e n t s .  These have been a l s o  p a r t i a l l y  
pu r i f i ed  and they,  t oo ,  i n t e r a c t  with the  EGF recep to r .  We conclude t h a t  t he  transforming 
grouth f a c t o r s  represent  a family of b io log ica l ly  a c t i v e  pept ides  t h a t  a r e  more potent growth 
s t imu la to r s  than EGF and a r e  d i s t a n t  r e l a t i v e s  of EGF. The family of EGF-like compounds may 
prove t o  be as extensive a s  the family of polypept ides  r e l a t e d  t o  i n s u l i n  and the  
i n s u l i n - l i k e  growth f a c t o r s .  

Regulation, Structure and Expression of Inducible Genes 

0314 REGULATION OF GROWH HORMON: AND PROLACTIN G E ~  EXPPXSSION 8: STEROIDS AND PEPTIDE 
HORMONES. Ronald M .  Evans, Marcia Barinaga, E l l en  P o t t e r ,  E s t e l i t a  S .  mg,* 

Scott  Supowit,§ Geoffrey Murdcchs and Michael G.  Rosenfeld.5 
g i c a l  Studies ,  Tumor Virology Laboratory,  San Diego, California 92138. 
Ca l i fo rn ia ,  San Diego, Divis ion o f  Endocrinology, School of Medicine, La Jolla,  Ca l i fo rn ia  92093. 

s t e r o i d  and pept ide hormones. The mechanisms and s i t e s  f o r  t h i s  c o n t r o l  have been examined 
using cDNA clones as hybr id i za t ion  probes t o  RNA i s o l a t e d  from c e l l s  fol lowing hormonal 
t reatment .  The ra t  growth hormone gene i s  shown t o  be regulated a t  a nuc lea r  l e v e l  by 
g lucccor t i co ids  while  t h e  p r o l a c t i n  gene is  s i m i l a r l y  con t ro l l ed  by t h e  hypothalamic r e l eas ing  
f a c t o r  TRH. We have explored t h e  use of DNA mediated gene t r a n s f e r  t o  examine t h e  na tu re  of 
hormonal con t ro l .  A novel r e t r o v i r a l  c lon ing  veh ic l e  has  been used t o  t r a n s f e r  t h e  molecular 
c lone of t h e  growth hormone gene i n t o  mouse c e l l s .  The product ion of growth hormone by these  
c e l l s  is  regulated by g lucocor t i co ids  and suggests  t h a t  hormonal responsiveness i s  i n t r i n s i c  
t o  t h e  s t r u c t u r e  of t h e  gene or i t s  RNA products .  The use of these  experiments t o  characte-  
r i z e  hormonally inducible  con t ro l  elements w i l l  be discussed.  

*The Salk I n s t i t u t e  f o r  Biolo- 
§Unive r s i ty  Of 

The production of growth hormone and p r o l a c t i n  is subject t o  complex c o n t r o l  by both 

0315 HORMONAL CONTROL O F  RAT a GLOBULIN SYNTHESIS, David T.  Kur tz  and 
Douglas K. Bishop, Cold S$r ing  Harbor Laboratory,  Cold SDrinp Harbor, 
New York 11724 

a Globu l i n  i s  a male r a t  l i v e r  p r o t e i n  whose syn thes is  
i s  und& complex hornonal  c o n t r o l  i n  v i vo .  
l a r g e  rnul t igene f a m i l y  (18-20 g e n e s o n a p l o i d  complement) c lus te red  on 
chromosome 5 ( 1 ) .  

t h e  r a t  aenone2!loned i n  Charon 4A. 
mouse L t k -  t i s s u e  c u l t u r e  c e l l s  and have been found t o  respond t o  dexamethasone 
(2 ) .  
a l s o  respond t o  i n s u l i n .  Thoueh i n s u l i n  has no e f f e c t  by’ytsel f ,  i t s  i n c l u s i o n  
along w i t h  dexamethasone r e s u l t s  i n  a 5-10 f o l d  o rea te r  i n d u c t i o n  o f  a 
a l o b u l i n  nRNA i n  L c e l l s  than found w i t h  dexamethasone alone. 
mimics the  s i t u a t i o n  i n  a4/9 c e l l s ,  
a2,, g l o b u l i n  (3 ) .  

S p e c i f i c  fragments f rom the  5 ’  end o f  t he  a 
l i a a t e d  t o  the  s t r u c t u r a l  gene f o r  HSV thymidine2#inase (TK). 
r e s u l t s  i n d i c a t e  t h a t  TK a c t i v i t y  i n  c e l l s  con ta in ing  these cons t ruc ts  i s  
hormonal 1 y requ la ted .  

The p r o t e i n  i s  encoded by a 

Several a g l o b u l i n  genes have been i s o l a t e d  from a l i b r a r y  o f  
The genes have been in t roduced i n t o  

More r e c e n t l y ,  we have found t h a t  t he  t rans fec ted  a g l o b u l i n  oenes 

Th is  c l & e l y  
a r a t  hepatona l i n e  t h a t  synthesizes 

g l o b u l i n  genes have been 
Pre l im ina ry  

- .  

1)  Kur tz ,  D.T. (1981) J .  Mol. @. Gen 1 :  29-38. 
2 )  Kur tz ,  D.T. (1981) N a t E  291: 629-631. 
3 )  Nidman, L. and C h a s n L . 7 9 )  J .  Cell Phys io l .  10: 391-398. 
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0316 ALTERNATIYE RNA PROCESSING EVENTS I N  CALCITONIN GENE EXPRESSION 
Rosenfeld , Susan G ,  Amara", Vivian Jonas", and Ronald M. Evansf,*Department of 
Medicine, Un ive r s i ty  of Ca l i fo rn ia ,  San Diego, La J o l l a ,  CA 92093; +The Sa lk  
I n s t i t u t e ,  San Diego, CA 92138 

Michael G. 

The neuroendocrine gene f o r  c a l c i t o n i n  encodes a n  mRNA p recu r so r  which i s  a l t e r n a t i v e l y  
s p l i c e d  i n  a t i s s u e - s p e c i f i c  f a sh ion  t o  gene ra t e  m u l t i p l e  mRNAs. The sequence of cDNA c lones  
of two of t h e  r e s u l t a n t  mRI?As and t h e  map and p a r t i a l  sequence of  a genomic c lone  of the 
c a l c i t o n i n  gene are c o n s i s t e n t  w i th  a model i n  which f u n c t i o n a l  domains encoding component 
po lypept ides  are a l t e r n a t i v e l y  s p l i c e d  dur ing  process ing  of t h e  primary RNA t r a n s c r i p t .  
mature mRNA spec ie s  ana lyzed  share an i d e n t i c a l  5 '  coding domain bu t  d i f f e r e n t i a l l y  con ta in  
one of two a l t e r n a t i v e  3 '  coding exons. 
having i d e n t i c a l  N-termini, b u t  which can  gene ra t e  d i f f e r e n t  pep t ides  from t h e i r  C-termini 
dur ing  p r o t e o l y t i c  process ing .  The phys io log ica l  and f u n c t i o n a l  s i g n i f i c a n c e  of t hese  
"pept ide  switching" even t s  i s  suggested by the  obse rva t ion  t h a t  t he  mRNA encoding the  p r o t e i n  
precursor  of c a l c i t o n i n  r e p r e s e n t s  t h e  major spec ie s  i n  C-cells of t h e  thy ro id ,  wh i l e  a 
second a l t e r n a t i v e l y  s p l i c e d  mRNA appears  t o  be p r e f e r e n t i a l l y  produced i n  the  hypothalamus. 
The consequence of  "pept ide  switching" i s  t h a t  one  neuroendocrine gene can  be expressed  t o  
gene ra t e  t h e  hormone c a l c i t o n i n  i n  t h e  thy ro id ;  and a new p u t a t i v e  hormone, r e f e r r e d  t o  as 
CGRP, i n  t h e  hypothalamus. 

Amara, S.G. and M.G. Rosenfeld; R.S, Birnbaum and B.A. Roos, I d e n t i f i c a t i o n  of t he  p u t a t i v e  
c e l l - f r e e  t r a n s l a t i o n  product of r a t  c a l c i t o n i n  mRNA. J .  Bio l .  Chem, 255, 2645-2648, 1980. 

Amara, S.G.,  D.N. David, M.G. Rosenfeld,  B.A. Roos, and R.M. Evans. Charac t e r i za t ion  of r a t  
c a l c i t o n i n  mRNA. Proc. N a t l .  Acad. Sc i .  USA 77, 4444-4446 (1980). 

Rosenfeld,  M.G., S.G. Amara, B.A. Roos, E.S. Ong, and R.M. Evans. A l t e red  express ion  of t he  
c a l c i t o n i n  gene a s s o c i a t e d  wi th  RNA polymorphism. Nature 290, 63-65 (1981). 

Rosenfeld,  M.G., C.R. L in ,  S.G. Amara, L. S to l a r sky ,  E.S. Ong, and R.M. Evans. Polymorphism 
i n  t h e  c a l c i t o n i n  mRNA process ing  pathway i s  as soc ia t ed  wi th  product ion  of a new f u n c t i o n a l  
mWA. Proc. d a t l .  Acad. S c i .  USA. In  p r e s s .  

Two 

A s  a r e s u l t  t h e s e  mRNAs encode p r o t e i n  products  

Hormone Receptors Which Act in the Nucleus 

0317 RECEPTORS FOR THE VITAMIN D HORMONES-1,25-DIHYDROXYVITAMIN D3 AND 24,25-DIHYDROXY- 
VITAMIN Dg. Anthony W .  Norman, Department of  Biochemistry,  Univers i ty  of  Ca l i fo r -  

n i a ,  R ive r s ide ,  C a l i f o r n i a  92521 
Vitamin D i s  a secos t e ro id  which is  a precursor  t o  an endocr ine  system s i m i l a r  t o  those  of  
c l a s s i c a l  s t e r o i d  hormones. The a c t i v e  forms, 1,25-dihydroxyvitamin D3 [1,25(OH)2D3] and 
24,25-dihydroxyvitamin D3 [24,25(OH)2D3], a r e  formed from 25-hydroxyvitamin D3 i n  t he  kidney 
v i a  a t i g h t l y  r egu la t ed  mitochondria1 25(OH)-vitamin D-1-hydroxylase. I n  i t s  t a r g e t  t i s s u e s ,  
1,25(OH) D i n t e r a c t s  with an i n t r a c e l l u l a r  r ecep to r  p ro te in  which media tes  genomic e f f e c t s  
r e s u l t i n g  in b i o l o g i c a l  responses .  This  paper w i l l  p r i n c i p a l l y  r e p o r t  t he  r e s u l t s  of  sev- 
e r a l  s t u d i e s  of t he  biochemical p r o p e r t i e s  of r ecep to r s  f o r  1,25(OH)2D3. ( a )  A d e t a i l e d  
assessment has  been c a r r i e d  o u t  of t he  s t ruc tu re - func t ion  requirements of r ecep to r s  i n  the  
ch ick  i n t e s t i n a l  mucosa f o r  over  36 chemica l ly  synthes ized  analogs of  1,25(OH)2D3. For sev- 
e r a l  key ana logs  a comparison of t he  l igand  s p e c i f i c i t y  has  been made f o r  the  ch ick  in t e s -  
t i n a l  r ecep to r  (used i n  s t e r o i d  compet i t ion  a s says )  and a n t i s e r a  u t i l i z e d  f o r  a radioirmnuno- 
assay  (RIA) f o r  plasma l e v e l s  of  1,25(0H)2D3. (b )  We have r e c e n t l y  developed an "exchange 
assay" f o r  1,25(0H)zD3 which permi ts  a s tudy  i n  the  ch ick  i n t e s t i n e  of  the  r e l a t i v e  propor- 
t i o n  of occupied and unoccupied 1,25(OH)2D3 recep to r s  s tud ied  under a number of endocr ine  
states.  ( c )  We have concluded t h a t  t he  unoccupied i n t e s t i n a l  r ecep to r  f o r  1,25(OH)zD3 i s  
l a r g e l y  a s soc ia t ed  with t h e  nuc lea r  r a t h e r  than cy toso l  compartments. ( d )  We p resen t  ev i -  
dence t h a t  t he  1,25(0H)zD3 recep to r  which i s  l oca l i zed  i n  the  chromatin f r a c t i o n  of a low 
s a l t  homogenate can e x i s t  i n  t h r e e  d i f f e r e n t  forms. These forms depend on the  absence o r  
presence of t h e  l i gand  and a l s o  on whether t he  l igand  i s  allowed to bind i n  v i t r o  O K  & 
vivo .  The unoccupied form binds  t h e  l e a s t  t i g h t l y  t o  chromatin o r  DNA c e l l u l o s e  and i s  
t h e r e f o r e  e l u t e d  a t  t he  lowest s a l t  concen t r a t ions .  Binding of l igand  i n  v i t r o  changes the  
shape of t he  molecule r e f l e c t e d  i n  exposure of  a s t ronge r  DNA b inding  moiety without a major 
change i n  t h e  su r face  charge (eva lua ted  by DEAE-Sepharose chromatography).  Su rp r i s ing ly ,  i f  
t he  l igand  i s  allowed t o  bind i n  v ivo ,  t h e  r ecep to r  appears i n  a t h i r d  form with an i n t e r -  
mediate a f f i n i t y  for chromatin o r  DNA and approximately the  same apparent W a s  t h e  & 
v i t r o  occupied form. This  i s  the  f i r s t  demonst ra t ion  of  a he te rogenei ty  in  the  1,25(0H)zD3 
=tor system. References:  (1)  Norman, A .  W .  (1979) Vitamin D: The Calcium Homeostatis 
S t e ro id  Hormone, Academic P r e s s ,  N e w  York, pp. 1-490. (2) Wecksler, W .  R .  and Norman, A.  W .  
-"Biochemical P rope r t i e s  of  1,25(OH)2Ds Receptors", S t e ro id  Biochem. 13, 977-989. 
( 3 )  Walters ,  M. R . ,  Hunziker, W .  and Norman, A .  W .  (1980) "Unoccupied 1,25(0H)2D3 Recep- 
tors :Nuclear -cy toso l  Rates Depend on Ion ic  S t rength" ,  J. Biol .  Chem. 255, 6799-6805. ( 4 )  
Walters ,  M. R . ,  Hunziker, W .  and Norman, A.  W .  (1981) 1,25(0H),D3 Receptors : In te rmedia tes  
Between Tr iodothyronine  and S te ro id  Hormone Receptors ,  Trends in  Biochem. Sc i .  - 2, 269-272. 
(Supported by USPHS Grants AM-09012 and AM-14,750) 
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0318 
Using cultured GH1 cells a growth hormone producing rat pituitary cell line, we have demonstra- 
ted that 3,5,3'-triiodo-L-thyronine (GT3) stimulates a 3-to 5-fold increase in growth hormone 
mRNA levels (1). Multiple lines of evidence indicate that this response is regulated by a chr- 
omatin associated thyroid hormone receptor (2) which can be extracted from nuclei with 0.4 M 
KC1 buffer ( 2 )  and is similar in properties to the receptor identified in nuclei in a variety 
of tissues. 
cient of 3.8 S, a particle density of 1.36 g/cm3, a Stokes radius of 3.3 run, and an estimated 
molecular weight ($) of 54,000 (3). This M, was further substantiated using a photoaffinity 
label derivitive of L T 3  in condunction with SDS gel electrophoresis. Although these studies 
provide information regarding the structure of the receptor binding site they provide no info+ 
mation as to whether the receptor is organized as a subunit structure in chromatin since this 
would likely be disaggregated by high salt conditions. Studies were performed to further idew 
tify the characteristics of the chromatin associated forms of the receptor. Receptor half-life 
(T 1/21 and synthetic rates were determined using dense amino acid labeling techniques (&I.. Th? 
nuclear receptor has a T 112 of 4.5 h and an estimated synthetic rate of 1500 molecules/h/cell. 
Greater than 95% of the receptor disappears with identical kinetics indicating no major subsets 
of nuclear pools of receptor with regard to T 112. No significant pool of undetected cytoplas 
mic receptor was identified indicating that nuclear receptor levels are solely dependent on the 
rate of nuclear accumulation of newly synthesized receptor and receptor T 112. 
nuclease excises the receptor as a predominent 6.5 S form and as a less abundant 12.5 S species 
which appears to be associated with mononucleosome particles. 
exogenous DNA while DNase I convertsthe6.5 S species to 4.9 S and 3.8 S forms which are DNA 
binding species. 
g/cm3 and an $ of 149,000. 
(1.42 VS. 1.36 g/cm3), the 6.5 S receptor was calculated to be composed of a DNA component of 
35-40 BP and a protein component with an 3 of 127,000. 
ified by reconstitution studies with purified DNA fragments released by nuclease digestion. 
Only fragments in the range of 30-40 BP regenerated the 6.5 S receptor when mixed with a salt 
extract of nuclei. 
functional complex with other protein components bound to 30-40 BP segment in chromatin ( 3 ) .  
(1) Shapiro, L.E., Samuels, H.H., and Yaffe, B.M. (1978) Proc. Natl. Acad. Sci. U.S.A. 75:45- 
49; (2) Samuels, H.H. (1978) a Receptors and Hormone Action (O'Malley, B.W. and Birnbaumer. 
L. Eds.) Vol. 3: 35-74. Academic Press, New York; (3) Perlman, A.J., Stanley, F. and SCinIUelS, 
H.H. (1982) J. Biol. Chem. In Press; (4) Raaka, B.M. and Samuels, H.H. (1981) J. Biol. Chem. 
256: 6883-6889. 

ORGANIZATION OF THE THYROID HORMONE RECEFTOR IN CHROMATIN, Herbert H.Samuels, Andrew 
J. Perlman, Bruce M. Raaka, and Frederick Stanley, NYU Med. Ctr. N.Y., N.Y. 10016. 

The salt extracted form of the receptor from GH1 cells has a sedimentation coeffb 

Micrococcal 

The 6.5 S form does not bind to 

The 6.5 S receptor has a Stokes radius of 6.0 run, a particle density O f  1.42 
Based on the density increment of the 6.5 S vs. the 3.8 S receptor 

The size of the DNA component was ver- 

This suggests that the 54,000 % 3.8 S receptor may be organized as a 

0319 THE PROGESTERONE RECEPTOR, William T. Schrader, Department of Cell Biology, 

Chicken progesterone receptor has been purified from oviducts of estrogenized chicks 
and from laying hens. Two hormone-binding components are detected in equal amounts. Pro- 
tein A (Mr=79,000) binds with high affinity to DNAwhereas protein B (Mr=108,000) does not. 
Photoaffinity labeling of the hormone site with the synthetic progestin R5020 has been used 
to map this site in smaller peptides released from both A and B by chemical and enzymatic 
digestion. R5020-labeled fragments from the two proteins are indistinguishable by HPLC 
and 2-dimensional gel analysis. Thus the hormone-binding domains are very similar to each 
other in amino acid sequence and composition. Conversely, iddination of the two intact 
proteins followed by exhaustive trypsin digestion shows that the tryptic maps of tyrosyl- 
tryptic peptides are dramatically different. Peptides present in A are lacking in B, and 
the reverse. Thus, B cannot be a precursor of A. The strong DNA-binding site of A is 
liberated by enzymatic digestion using S. aureus V8 protease as a polypepxide (Mr=15,000) 
retaining the DNA-binding activity. This fragment resides on the A primary sequence ad- 
jacent to the hormone-binding domain. Similar digestions of B fail to create a strong 
DNA-binding sites, and thus A and B differ at this locus. We conclude that B and A are 
closely related distinct proteins which arise from separate cytoplasmic mRNA's, probably 
as products of two different genes. Proteins A and B are subunits of a larger complex, 
as shown by composition analysis of intact receptor aggregates, by use of bifunctional 
crosslinking agents and by reconstitution titration. Stoichiometry of larger complexes 
shows [A]= [B]; molecular weight considerations predict that the most stable conformer is 
an AB dimer ( 6 s ) ;  a metastable 10s complex may be the native in vivo structure. Its com- 
position is consistent with the formula A2B2. No other cofactors are presently known. 
Both A and B are phosphoproteins; two moles of 32P can be added in vitro to each using 
cyclic AMP-dependent protein kinase. Neither is a substrate for myosin light chain kin- 
ase or the virus-associated kinase p6OSrc. Phosphorylation results in expression on 
both A and B of additional, weaker progesterone binding sites (Kdiss = 25 nM) which 
are independent of the strong sites (Qiss = 0.5 nM). Dephosphorylation with alkaline 
phosphatase from bovine intestine destroys the weak sites but not the strong sites. 

Baylor College of Medicine, Houston, Texas 77030. 
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Regulatory Role of Protein Kinases 

03% THE INVOLVEMENT OF TYROSINE PHOSPHORYJATION IN THE EGF RESPONSE OF A431 CELLS, 
Tony Hunter and Jonathan A. Cooper, Tumor Virology Laboratory, The Salk Institute, 
Post office BOX 85800, San Diego, California 92138 

Addition of EGF to A431 human tumor cells induces rapid phosphorylation of tyrosines 
present in the EGF receptor itself and in several cellular proteins. 
purified by imunoprecipitation with a minoclonal antibody supplied by Brad Ozanne, contains 
no phosphotyrosine in normal A431 cells, but becomes phosphorylated at a single site after 
EGF treatment. This response is maximal within two minutes. Partial sequence analysis of 
this site shows that there are glutamic acids 1 and 4 residues, and a lysine or arqinine 9 
residues upstream of the phosphotyrosine on the NH -terminal side. Thus this site shows 
strong homology with the tyrosine phosphorylation Zite in pp60E of Rous sarcoma virus (RsV) , 
which has glutamic acids 1 and 4, and an arginine 7 residues upstream. 
have shown that there is a tyrosine protein kinase in membrane preparations of A431 cells 
which will phsophorylate the EGF receptor in an EGF-dependent manner. 
phosphorylated in this in vitro reaction is the authentic in vivo site, but the three other 
major in vitro sites are not phosphorylated in the cell. 
system is not a faithful model for the situation in vivo. 

on tyrosine. In A431 cells infected with RSV, neither the EGF receptor nor the 81K protein 
is phosphorylated on tyrosine. 
lated in all other types of RSV transformed cell, is constitutively phosphorylated on tyro- 
sine in these cells. Infection of A431 cells with RSV has no effect on the binding of EGF. 
Treatment of the infected cells with EGF leads to the phosphorylation of both the receptor 
and the 81K protein and an increase in phosphorylation of the 36K protein. 

In collaboration with Ed Scolnick we have shown that the EGF receptor is not phosphory- 
lated on tyrosine in A431 cells infected with Harvey sarcoma virus (HaSV) or Kirsten sarcoma 
virus (KiSV). Binding of EGF to these infected cells is only slightly inhibited, even 
though transformation of mouse cells with HaSV and KiSV has been shown to decrease EGF 
binding. 
fected with HaSV or KiSV, although phosphorylation of these proteins is readily detected 
upon treatment of the infected cells with EGF. Our data therefore suggest that neither RSV, 
which itself encodes a tyrosine protein kinase, nor HaSV or KiSV activate the EGF-dependent 
tyrosine phosphorylation system in infected A431 cells. 

The EGF receptor, 

Cohen and colleagues 

One of the sites 

It appears that the in vitro 

Treatment of A431 cells with EGF causes rapid phosphorylation of an 81K and a 36K protein 

In contrast the 36K protein, which is found to be phosphory- 

Neither the 81K protein nor the 36K protein is phosphorylated in A431 cells in- 

0321 ROLE OF EGF-DEPENDENT PROTEIN KINASE IN CONTROL OF CELL PROLIFERATION. Gordon N. Gill, 
Janice E. Buss, Jeffrey E. Kudlow, and Cheri S, Lazar, Department of Medicine, Divi- 
sion of Endocrinology, University of California, San Diego, La Jolla, CA 92093 

Although EGF stimulates proliferation of many cell types, it inhibits proliferation of A431, 
GH4C1. and certain human breast cancer cells. In A431 cells which contain an unusually high 
density of EGF receptors, EGF increased cellular phosphotyrosine content %7-fold. 
inhibited proliferation of A431 cells, variants resistant to this inhibition were selected 
after treatment with mutagen by maintenance for one month in 0.1 VM EGF. After cloning and 
growth for 6-20 generations without EGF, resistance to the growth inhibitory effects of EGF 
was confirmed. 
tyrosine content after treatment with EGF. Solubilized membranes from the six variants 
examined exhibited diminished EGF-stimulated phosphorylation of the EGF receptor and of the 
exogenous substrate anti-p60v-src IgG. The decrease in EGF-stimulated tyrosine-specific pro- 
tein kinase activity varied from 1440% in clone 16 to 148% in clone 18 compared to parental A431 
cells. The number of EGF receptors in variant cells decreased in parallel with the EGF-stimu- 
lated kinase activity so that the specific activity of EGF kinase per EGF receptor remained 
constant in variants with up to 10-fold reductions in both activities. The decrease in EGF 
receptors was confirmed by quantitative imunoprecipitation of EGF receptors which were meta- 
bolically labeled with 35S-Met using a monoclonal antiserum. Phosphorylated or metabolically 
labeled EGF receptors migrated identically on gels. 
A second tyrosine kinase activity, p60c-sarc, was not altered in variants with decreased EGF- 
stimulated protein kinase activity. These results suggest: 1) EGF-stimulated protein kinase 
mediates inhibition of cell proliferation, 2)  the inhibitory effect is quantitative and seen 
only with high levels of activated enzyme, 3) EGF receptor and kinase activity are closely 
coupled if not identical molecules. and 4) in conjunction with other data, EGF-stimulated 
kinase is distinct from p60C-SarC. 

Kudlow, J. E., Buss, J. E . ,  and Gill, G. N. (1981) Anti-pp60src antibodies are substrates 

Gill, G. N. and Lazar, C. S. (1981) Increased phosphotyrosine content and inhibition of 

Buss, J. E., Kudlow, J. E., Lazar, C. S., and Gill, G. N. (1982) Altered EGF-stimulated 

Because EGF 

Resistant cells had diminished to no detectable increase in cellular phospho- 

The Kns of EGF binding were unaffected. 

for EGF-dependent protein kinase. Nature 290, 519-521. 

proliferation in EGF-treated A431 cells. 

protein kinase activity in variant A431 cells with altered growth responses to EGF. 
Natl. Acad. Sci. U.S.A. In press. 

Nature 293, 305-307. 

Proc. 
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0322 AN EQUILIBFSUM STUDY OF THE ACTIVATION AND DEACTIVATION OF TWE 11 CAMP- DEPEND^ 
PRUJ!EXN KINASE AND A COMPARISON OF ITS AMINO ACID SEQmCE WITH THAT OF cW- 

PRUl'EIN KINASE; E V l ~ C E  FOR A COMMON ANCESTRAL PRECURSOR. 
Stephen B. Smith*, Koji Takio+, Koiti Tit&+ and Edwin G. Krebs", Howard H d e s  Medical 
Institute and Departments of PharmacologY, and Biochemistry", University of Washington, 
Seattle, WA 98195 

CAMP and cW-dependent protein kinases have been extensively investigated without pro- 
viding conclusive answers to several important questions. 
questions, how tare these kinases noncovalently regulated by their appropriate cyclic nucleo- 
tides and E e  these two kinases evolutionarily related? Using type I1 CAMP-dependent protein 
kinase (R2 cardiac tissue which was reconstituted from urea treated R211, 
to remove CAMP, and native Cfl the activation-deactivation e uilibrium was udied from both 
directions. 
tion of Gly-~s-Ar~Ser-Al&Ser-Leu-Gly (PK-C), a poor substrate characterized by a & and 
V,, of 3.5mM and 16 mol/min mg espectively. The large K, value allowed kinase assays to 
be ccmpleted at 1.5x10-7M R2I&'' which is the approximate average physiological concentra- 
tion. The activation c w e s  for phosphorylation of PK-C in response to both CAMP and ccAMP 
have been fit with the Adair equation assuming 2 and 4 site models with the best fit in each 
case being the 4 site model. CAMP activates the enzyme at only a 3 to 4 fold lower concen- 
tration than the analogecAMP and in both cases the saturation of the first two cyclic nucle- 
otide binding sites is a strongly positive coorperative process while the last 2 sites fill 
in a noncoorperative manner. The equilibrium "inactivation" of the enzyme has been studied 
by CI1 titration of cAMP&I1 in the presence and absence of I@+ and ATP. Using urea pre- 
treated R211 the following values were determined from Hill plots for the apparent equilibri- 
um onstants (KO) f o r  rch CI1 subunit: +Mg+m, 1.1~10-~~,1.3~10-~~; +Mg-ATP, 1.1x10-9,1.8x 
?O-8; -Mg+A!l'P, 7.0~10- ,2.1x10-7; and -Mg-BTp, 1.2~10-~,5.6~10-7. From the KQ values the 
equil; rium constants K have been calculated to be ca.: +Mg+ATP, 1.~~10-10,1.~~10-3; +M&ATP, 

statistical corrections. In order to ascertain the familial relationship of CAMP and cW- 
dependent protein kinases (GKP) we have completed the amino acid sequence of RII and major 
portions of the sequence of GPK and compared these with the published se uence of CII. Not 
only does the sequence GPK exhibit significant homology with 
posed domain that contains the autophos 
ed the hiage region as in RII. Both RIpand GPK have repeat internal mino acid homologies 
that suggest ancestral gene duplication. Two of the repeat sequences show a considerable 
degree of residue identity in both $1 and GPK suggesting that these sequences could have 
been conserved as necessary for cyclic nucleotide binding. 

Among these are the dissimilar 

C211) from bovin 

The CAMP activation of R211C211 was assayed by catalyzed 31 P phosphoryl& 

6.8x10,1.1x10-5; b .  -Mg+&, 1.1x10-7,9.6x10-7; and -M&=, 6.3x10-7,3.5xl0-7 molar, including 

RI1 and but GPK has an ex- 
orylation site and is protsase labile which we ten+ 

Receptor Mutants and Variants 

0323 ISOLATION AND CHARACTERIZATION OF CHINESE HAMSTER~CELL MUTANTS DEFECTIVE IN THE RE- 
CEPTOR-MEDIATED ENNCYTOSIS OF LDL, Monty Krieger , Michael S. Brown, and Joseph L. 
Goldstein, Univ. of Texas Health Science Center at Dallas, YX 75235 

A two-step procedure for selection of Chinese hamster ovary cells with mutations affecting 
the receptor-mediated endocytosis of low density lipoprotein (LDL) will be described. In the 
first step, cells were incubated with reconstituted LDL containing a toxic compound, 25-hy- 
droxycholesteryl oleats. Normal cells take up this lipoprotein via the LDL receptor pathway, 
liberate the toxic 25-hydroxycholestero1 in lysosornes. and die. The colonies that survived 
this first step were then screened microscopically f o r  LDL uptake after incubation with LDL 
reconstituted with a fluorescent dye. When he cells were treated with the mutagen ethyl 
methanesulfonate prior tc selection, 1 in 10 cells formed colonies that survived the toxic 
LDL an6 also failed to accumulate fluorescent LDL. 
3 x 10 non-mutagenized cells. es derived from the mutant colonies showed absent or de- 
creased high affinity binding ofc"'I-LDL and were thus unable to take up and degrade the 
lipoprotein. Because of their receptor defect, these cells could not use LDL-cholesterol for 
growth o r  regulation of cholesterol metabolism. The mutant cells were able to grow in the 
presence of LDL reconstituted with 25-hydroxycholesteryl oleate at concentrations more than 
100-fold above those that killed parental cells. A l l  of these properties have been retained 
by the mutants for more than 175 cell doublings in the absence of selective conditions. 

5 
No such colonies were detected among 

* 
Current address: Department of Biology and Whitaker College, M.I.T., Cambridge, MA 02139 
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0324 MUTATIONS AFFECTING THE REGULATORY S U B U N I T  O F  C A M P - D E P E N D E N T  PROTEIN 
KINASE, B e r n a r d  P. S c h i m m e r ,  P a u l  J. D o h e r t y ,  J e n n i v i n e  Tsao a n d  

S h i r l e y  A .  W i l l i a m s ,  U n i v e r s i t y  o f  T o r o n t o ,  T o r o n t o ,  C a n a d a  M5G 1L6 
A s  d e s c r i b e d  p r e v i o u s l y ,  w e  h a v e  i s o l a t e d  a f a m i l y  o f  m u t a n t  c l o n e s  w i t h  d e -  
f e c t s  i n  CAMP-dependent p r o t e i n  k i n a s e  (cAMPdPK) a c t i v i t y  f r o m  ACTI i - r e spons ive  
Y 1  a d r e n o c o r t i c a l  t u m o r  c e l l s .  We h a v e  u s e d  t h e s e  m u t a n t s  ( d e s i g n a t e d  K i n )  t o  
e v a l u a t e  t h e  i m p o r t a n c e  o f  cAMPdPK i n  t h e  v a r i o u s  c e l l u l a r  r e s p o n s e s  t o  C A M P .  
Our  s t u d i e s  h a v e  p r o v i d e d  e v i d e n c e  f o r  t h e  o b l i g a t o r y  i n v o l v e m e n t  o f  cAMPdPK 
i n  t h e  r e g u l a t i o n  o f  a d r e n a l  c e l l  g r o w t h ,  m o r p h o l o g y  a n d  s t e r o i d o g e n e s i s  
v i t r o .  T h i s  r e p o r t  e x p l o r e s  t h e  b i o c h e m i c a l  a n d  m o l e c u l a r  b a s i s  f o r  a l t e r e d  
cAMPdPK a c t i v i t y  i n  Y l ( K i n )  m u t a n t  c l o n e s .  A s s a y s  o f  CAMP-binding a c t i v i t y  
a n d  p h o t o a f f i n i t y  l a b e l i n g  s t u d i e s  w i t h  8-azido-CAMP s u g g e s t  t h a t  t h e  K i n  
m u t a t i o n  r e s i d e s  o n l y  i n  t h e  Type  1 cAMPdPK i s o z y m e .  In e x p e r i m e n t s  i n v o l v i n g  
t h e  r e c o n s t i t u t i o n  of  cAMPdPK h o l o e n z y m e s  f r o m  i s o l a t e d  r e g u l a t o r y  a n d  c a t a -  
l y t i c  s u b u n i t s ,  t h e  m u t a t i o n s  i n  t h e s e  c l o n e s  w e r e  l o c a l i z e d  t o  t h e  r e g u l a t o r y  
s u b u n i t  o f  t h e  t y p e  1 i s o z y m e  ( R I ) .  R1 s u b u n i t s  s p e c i f i c a l l y  i m m u n o p r e c i p i -  
t a t e d  f r o m  t h e  K i n  m u t a n t s  h a d  e l e c t r o p h o r e t i c  p r o p e r t i e s  w h i c h  d i s t i n g u i s h e d  
them f r o m  t h e  p a r e n t a l  RI s u b u n i t .  We s u g g e s t  t h a t  t h e  e l e c t r o p h o r e t i c a l l y  
v a r i a n t  f o r m s  o f  R1 a r e  r e s p o n s i b l e  f o r  t h e  a l t e r e d  p h e n o t y p e s  o f  t h e  Kin  
m u t a n t s .  

( S u p p o r t e d  b y  t h e  N a t i o n a l  C a n c e r  I n s t i t u t e  o f  C a n a d a )  

0325 INDUCTION OF ORNITHINE DECARBOXYLASE IN MUTANTS OF CHINESE HAMSTER OVARY CELLS HAV- 
I N G  ALTERED CYCLIC AMP-DEPENDENT PROTEIN KINASE. J .  M .  T rev i l lyan ,  W .  H. F l e t che r  

6 C .  V. Byus. Dept. of Biochem., Div. Biomedical S c i . ,  Univ. Ca l i fo rn ia ,  Rivers ide,  CA 92521 
The induct ion o f  o r n i t h i n e  decarboxylase (ODC) and subsequent accumulation of po lymines  a r e  
r e q u i s i t e  events  f o r  c e l l  growth and p r o l i f e r a t i o n .  The a c t i v a t i o n  of c y c l i c  AMP-dependent 
p ro te in  k inase ( s )  (cAPK) has  been proposed t o  mediate the induct ion of ODC. To b e t t e r  
understand the  r e l a t i o n s h i p  between a c t i v a t i o n  of  cAPK and t h e  induct ion of ODC, t he  a b i l i t y  
o f  8-bromo c y c l i c  AMP (8-Br-CAMP) t o  induce ODC was inves t iga t ed  i n  mutants of Chinese 
Hamster Ovary (CHO) c e l l s  having wel l  cha rac t e r i zed  a l t e r a t i o n s  i n  t h e i r  cAPK [Gottesman, M .  
M. e t  a l . ,  Somatic C e l l ,  Genet. 6 ,  45-61 (1980)] .  8-Br-CAMP was capable of inducing ODC i n  
t h e p a r e n t a l  c e l l  l i n e  (CHO 1OOOfi i n  a dose-dependent manner, with 1 mM 8-Br-CAMP producing 
a 10 fo ld  inc rease  i n  ODC a c t i v i t y .  The induct ion of ODC by 1 mM 8-Br-CAMP was dramatical ly  
reduced i n  CHO 10260, a mutant lacking type I kinase and having l e s s  than 5% of  normal 
l e v e l s  of type 11 kinase;  r e s u l t i n g  i n  only a 3 fo ld  inc rease  i n  ODC. S imi l a r ly ,  1 mM 
8-Br-CAMP was incapable  of inducing ODC i n  CHO 10215, a mutant lacking type I1 kinase and 
having an a l t e r e d  type I kinase.  U t i l i z i n g  a highly p u r i f i e d  f luo rec ina ted  p ro te in  kinase 
i n h i b i t o r ,  f r e e  cAPK c a t a l y t i c  subuni t  was loca l i zed  i n  CHO 10001, 10260, and 10215 before  
and a f t e r  t reatment  with 1 mM 8-Br-CAMP (Byus and F le t che r ,  J. Cell  B io l . ,  i n  p re s s ) .  The 
l e v e l  of increased cytoplasmic and nucleolar  f luorescence co r re l a t ed  with the  a b i l i t y  of 
8-Br-CAMP t o  induce ODC i n  the  th ree  d i f f e r e n t  c e l l  l i n e s .  These s t u d i e s  a r e  d i r e c t  
evidence f o r  a r o l e  of cAPK i n  modulating the  induct ion of ODC i n  mammalian c e l l s .  

0326 PRELIMINARY CHARACTERIZATION OF A MUTANT DEFECTIVE I N  RECEPTOR-MEDIATED ENDOCYTOSIS, 
Apr i l  R. Robbins, Nat ional  I n s t i t u t e s  of Health,  Bethesda, MD 20205 

Cells d e f i c i e n t  i n  t h e  uptake of two l igands ,  whose i n t e r n a l i z a t i o n  i s  dependent on un re l a t ed  
r ecep to r s ,  were i s o l a t e d  in o r d e r  t o  ob ta in  mutants w i th  d e f e c t s  i n  receptor-mediated 
endocytosis  subsequent t o  t h e  i n i t i a l  s t e p  of l igand binding. Chinese hamster ovary c e l l s  
were incubated with d i p t h e r i a  t ox in ,  su rv ivo r s  were r e p l i c a t e d  and the  r e p l i c a t e  colonies  
w e r e  screened f o r  t h e i r  a b i l i t y  t o  accumulate r ad ioac t ive  p r o t e i n s  v i a  t h e  mannose 6-phos- 
phate  r ecep to r .  One of t h e  mutants obtained e x h i b i t s  many of t h e  c h a r a c t e r i s t i c s  observed 
when p a r e n t a l  (wild type)  c e l l s  a r e  t r e a t e d  with lysosomotropic amines: 1) While t h e  mutant 
is 30 t o  100 f o l d  more r e s i s t a n t  than t h e  pa ren t  t o  d i p t h e r i a  toxin,  r e s i s t a n c e  i s  abol ished 
i f ,  fol lowing binding of t h e  tox in ,  t h e  e x t r a c e l l u l a r  medium i s  s h i f t e d  b r i e f l y  t o  pH 4.5.  
This acid-induced t o x i c i t y  appears  t o  depend on t h e  d i p t h e r i a  t ox in  r ecep to r .  2 )  Endogen- 
ously synthesized ac id  hydrolases  a r e  sec re t ed  by the  mutant i n  e levated amounts. 3) Func- 
t i o n a l  mannose 6-phosphate r ecep to r  (measured by displacement of bound l igand)  is  absent  or 
markedly decreased on t he  s u r f a c e  of t h e  mutant, bu t  is  present  on membranes prepared from 
lysed c e l l s .  4 )  Growth of t h e  mutant i n  mannose 6-phosphate o r  b r i e f  i ncuba t ion  i n  medium 
a t  pH 4.5,  p r i o r  t o  measurements of binding,  r e s u l t s  i n  an inc rease  i n  func t iona l  mannose 
6-phosphate r ecep to r  on t h e  c e l l  su r f ace .  These r e s u l t s  suggest  t h a t  t h i s  mutant may be 
de fec t ive  e i t h e r  i n  t h e  t r a n s l o c a t i o n  of l igand-receptor  complexes t o  the  lysosomes o r  i n  
t h e  maintenance of lysosomal pH. 
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0327 GENETIC ANALYSIS OF CAMP AFFECTS ON THE GROWTH AND THE FUNCTION OF MDCK C ~ L S  IN HOR: 
MONALLY DEFINED MEDIUM,Mary Taub, Pa t r ic ia  Devis and Sue Hiller, S t a t e  University of 

New York a t  Buffalo, Buffalo. New York 14214 
PG 3 a supplement i n  M e d i u m  K-1, t h e  defined medium f o r  Madin Darby Canine Kidney (MDCK) 
C e l j s ,  has been proposed to  increase both MDCK c e l l  growth and the  expression of differen-  
t i a ted  funct ion v i a  a CAMP mediated mechanism(s). This hypothesis is being examined using 
tuo c l a s s e s  of "mutant" MDCK c e l l s  which have les ions  a f fec t ing  tw di f fe ren t  s t e p s  i n  the  
F a t h a y  by which PGE a f f e c t s  MDCK c e l l  growth and fucntion. Logarittmically growing MDCK 
c e l l s  have higher C A P  concentrat ions (and grow a t  a f a s t e r  r a t e )  i n  Medium K-1 than i n  
Medium K-1 lacking PGE . Under s imilar  growth conditions, in Medium K-1 lacking PGE1, 
WE,. independent MDCK &ells ( c e l l s  which lack t h e  FGE requirement f o r  long term growth) 
have a higher CAMP concentration than normal MDCK c e l l $  e i ther  i n  K-1 or  i n  K-1 minus PGE . 
T h e  i r r reased CAMP concentration iu  the  PGE 
a l t e r a t i o n  i n  CAMP dependent phosphcdiesterlse. 
l o s e  the i r  growth response to PGE , the  mutant c e l l s  s t i l l  requi re  PGEl t o  form mult icel lu-  
lar domes (dome formation i s  indi&ative of vec tor ia l  salt and wter transport) .  Isolated 
d i k t y r y l  CAMP r e s i s t a n t  MDCK c e l l s  have a genetic l e s i o n  which a f f e c t s  (a) CAMP dependent 
pro te in  kirase. a subsequent s tep i n  the  sequence of events i n i t i a t e d  by PG 

a b i l i t y  of one var ian t  c lone t o  make domes, although t h e  growth response t o  PGE is re ta ined.  
These s tudies  suggest t h a t  d i f f e r e n t  kinases mediate the e f f e c t s  of PGEl on grobth and domes. 

indepedent  c e l l s  can be accounted f o r  by an' 
Although t h i s  les ion  causes t h e  c e l l s  t o  

The decrease i n  CAMP dependent protein kinase a c t i v i t y  i s  correlated with a 

0328 A GENETIC APPROACH TO STUDIES OF INSULIN ACTION IN CLOUDMAN S91 MELANOMA 
CELLS, J. Pawelek, M. Murray and R. Fleischman, Yale University School of Medicine, New 
Haven, CT 06510 

Wild-type Cloudman 591 mouse melanoma cells have prolonged generation t imes when insulin is added to 
culture medium containing either horse or fetal calf sera. However, in serum-free medium the cells a r e  
stimulated to proliferate by insulin. In both cases the  effects a re  mediated through specific high affinity 
insulin receptors. The effects of insulin on proliferation a r e  dissodiable from those on amino acid 
transport and glycogen synthesis. W e  isolated a number of mutants which are resistant to the inhibitory 
effects of insulin in serum-containing medium, and have identified three distinct phenotypes: insulin 
inhibited (wild-type), insulin resistant, and insulin dependent. In addition, "revertants" of the insulin 
dependent line were selected which no longer require insulin for proliferation. Each revertant line 
expressed the insulin-resistant phenotype. The insulin dependent line was about I5 t imes more sensitive 
than the wild-type to the effects of insulin, and is one of the few lines described which is stimulated to 
proliferate by concentrations of insulin in the  0.1-1.0 nM range. The insulin dependent line exhibited 
insulin-mediated protein phosphorylation patterns which differed from those seen in wild-type cells. W e  
have produced hybrids between cells from each of the  above four phenotypic categories. By testing the  
effects of insulin on proliferation of hybrid clones, we were able to determine that  insulin inhibition is 
dominant over both insulin dependence and insulin resistance, and that  insulin dependence is dominant 
over insulin resistance. Also, hybrids produced between some of our insulin resistant lines a r e  insulin 
inhibited, indicating tha t  genetic complementation occurs. Therefore, a detailed genetic analysis of t he  
regulation of insulin action in these cells is feasible. The cloudman melanoma line represents the first  
system available for such studies. 

Monoclonal and Other Anti-Receptor Antibodies 

0329 
Weizmann I n s t i t u t e  of  Science, Rehovot 76100, I s r a e l .  

We immunized mice with insu l in  and found tha t  cer ta in  s t r a i n s  developed an t i - insu l in  an t i -  
bodies followed by antibodies tha t  bound t o  the insul in  receptor and mimicked most of the 
act ions of  the hormone on r a t  adipocytes. 
the ant i - receptor  antibodies was equivalent t o  300-400 ng insu l in  per  m l  serum. 
l ike  a c t i v i t y  was due exclusively t o  IgG. Anti-insulin antibodies (idiotypes) could be 
separated from the ant i - receptor  antibodies by adherence t o  an agarose-insulin a f f i n i t y  
column. The ant i - receptor  antibodies were characterized as being ant i - idiotypes because they 
bound t o  an t i - insu l in  antibodies. Thus, an immune response induced against  a hormone may lead 
t o  the spontaneous development of ant i - idiotype antibodies tha t  can i n t e r a c t  w i t h  the hormone 
receptor. 

AUTO ANTIBODIES TO THE INSULIN RECEPTOR SPONTANEOUSLY AI.,SE AS ANTIIDIOTYPES IN MICE 
It.tMUNIZED TO INSULIN, Yoram Shechter, Ruth Maron, Dana El ias  and Irun R. Cohen. The 

In some of the sera ,  the insu l in- l ike  a c t i v i t y  of 
This insu l in  

121 



Evolution of Hormone-Receptor Systems 

03% MONOCLONAL ANTIBODY AFFECTS NGF BINDING TO PC-12 CELLS, Linda M. Parsons, Charles E. 
Chandler, and Eric M. Shooter, Dept. Neurobiology, SUMC, Stanford, CA 94305 

Hybridoma cells expressing monoclonal antibodies against PC-12 cells (rat pheochromocytoma) 
were prepared by fusing SP-2 myeloma cells with spleen cells from BALBlc mice immunized with 
various preparations of PC-12 cells. Spleens from mice immunized with n-octyl glucoside 
solubilized proteins from purified PC-12 plasma membranes generated an antibody that affected 
the binding of NGF to PC-12 cells; spleens from mice imunized with whole PC-12 cells o r  
purified plasma membranes, while generating a large number of antibodies binding to the 
surface of PC-12 cells, did not generate any antibodies that affected NGF binding. An NGF 
binding assay on PC-12 cells in suspension was the screen used for detecting antibodies 
affecting NGF binding. Adding antibody %192 to PC-12 cells at 0' C for 1 hour prior to 
ligand addition (100 ng/ml 1251-NGF) doubled the binding of NGF to PC-12 cells both at 0" C 
(1 hr. incubation with NGF) and at 37O C (15 min. incubation), while not affecting the 
binding of another growth factor, EGF. At 37" C, the high-affinity NGF binding was also 
doubled at 15 minutes. Scatchard analysis of NGF binding to PC-12 cells at 0' C in the 
presence and absence of the Ab indicated an increased site number in the presence of Ab of 
about 60%. 
produced the same doubling of NGF binding. 
response was 1/100 when the PC-12 cell concentration was one million per ml. 
IgG that does not bind protein A. 
Further characterization of the Ab effects should determine if it is binding to the receptor. 

Adding hybridoma supernate to PC-12 cells either before or after ligand addition 
The titer of culture supernate which gave a 50% 

The Ab is an 
The antibody does not directly interact with NGF. 

0331 
We have produced monoclonal antibodies to cell surface components of PC-12 cells (rat 
pheochromocytoma),one of which affects the specific binding of epidermal growth factor (EGF) 
to PC-12 cells. 
fractions followed by spleenlmyeloma (SP-2) fusions produced hybridoma cells which produced Ab 
to PC-12 surface components but which failed to alter EGF binding. 
octyl-glucoside solubilized plasma membrane proteins did, however, produce a hybridoma which 
makes Ab capable of blocking EGF binding to PC-12 cells. 
incubating 1 vol. PC-12 cells with an equal vol. of hybridoma supernatant for 1 hour at 0" C 
followed by the addition of 2 vols. of 1251-EGF for an additional hour at 0" C. 
tration of PC-12 cells is one million per ml and EGF is 60 nglml. 
supernatant from the active clone gives a 50% activity titer (final) of 1/50. 
supernatant has no effect on NGF binding to PC-12 cells. 
natant is removed by prior incubation with Staph. A cells (Pan-Sorbin). The supernatant shows 
a precipitin line in Ouchterlony analysis using rabbit anti-mouse IgG antiserum. 
clonal Ab does not bind EGF directly as shown by immobilization of the Ab on a protein A 
coated polystyrene surface followed by incubation with 1251-EGF; therefore, the Ab is exerting 
its effect on the cell surface components. The monoclonal Ab also blocks EGF binding to 
bovine cornea endothelial cells. The Ab is more effective in blocking EGF binding when added 
prior to the 1251-EGF although it displaces EGF when added after 1251-EGF. 

EGF BINDING TO PC-12 CELLS IS BLOCKED BY MONOCLONAL ANTIBODY, Charles E. Chandler, 
Linda M. Parsons, and Eric M. Shooter, Dept. Neurobiology, SUMC, Stanford, CA 94305 

Immunization of BALB/c mice with whole cells o r  purified plasma membrane 

Immunization with PC-12 

The screening assay involves 

Final concen- 
Titration of the hybridoma 

This hybridoma 
Activity of the hybridoma super- 

The mono- 

0332 

IM Fields, London K2A 3PX, U.X., and +University of Texas Health Science Centre, Dallas, 
Texas, U. S. A. 
Monoclonal antibodies were raised against the humn epidermoid carcinoma cell line A431 which 
has an unusually high number of receptors for epidermal growth factor (EGF). 
fusion of spleen cells with NS1 cells, 600 clones were screened for antibodies which inhibit- 
ed binding of 1251-EGF to A431 cells. Six clones inhibited binding by 20-307. and one clone 
( R 1 )  was obtained as a stable line which produced large amounts of IgG2, in ascites. Puri- 
fied R1 monoclonal did not inhibit EGF binding to A431 cells but was shown to imunoprecipi- 
tate a protein of approximately 170,000 daltons from 35S-methionine labelled cells. 
protein was labelled by iodination of the cell surface and could be phosphorylated by ATP in 
membrane preparations and in an iwunoprecipitate. 
EGF (labelled with chloramine T) x-linked to a 170,000 dalton protein. 
studies using humen fibroblast cells shows that R1 in the presence of EGF is cleared from the 
cell surface. 
(Analysis using human-mouse somatic cell hybrids and R 1  confirms the correlation of chromo- 
some 7 with receptor expression). Taken together this evidence shows that R1 recognises a 
cell surface receptor for EGF. 
receptor for structural study by Gas-phase sequencing. 

MONOCLONAL ANTIBODIES TO THE HUMAN EPIDERMAL GROWTH FACTOR RECEPTOR, Michael D. 
Waterfield, Elaine Mayes, Paul Stroobant, Paul Bennett, Peter Goodfellow, George 
Banting and Bradford Ozanne+, Imperial Cancer Research Fund Laboratories, Lincoln's 

Following 

This 

R1 was able to innnunoprecipitate IZ5I- 
Imunofluorescent 

R1 does not stimulate DNA synthesis in human fibroblast (derived) cells. 

Currently, imnobilised R1 is being used to purify this 
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0333 
logy, The Weizmann Institute of Science, Rehovot 76100, Israel. 
Mice were immunized with human epidermoid carcinoma (A-431) cells. 
mice were fused with anon secreting murine myeloma (NSI cells). 
were found to secrete antibodies (IgM) which inhibit the binding of radiolabeled EGF to mem- 
brane receptors on 3T3 and A-431 cells and human foreskin fibroblastsl. These monoclonal 
antibodies induce morphological changes in A-431 cells and enhance the phosphorylation of 
endogenous membrane proteins in membranes from these cells. 
in human foreskin fibroblasts. 
membrane receptors but fail to induce DNA synthesis. However, cross-linking the receptor 
bound Fab fragments with anti-mouse antibodies leads to partial restoration of DNA synthesis. 
Binding studies and fluorescence microscopy studies with labeled antibodies indicate that 
intact anti-EGF receptor antibodies (IgM) cluster and become readily endocytosed into cultured 
cells while the monovalent Fab fragment are endocytosed very slowly. 
support the notion that the biological information of the EGF-receptor complex resides 
the me 

1) A.B. Schreiber, I. Lax, Y.  Yarden, Z. Eshhar and J. Schlessinger (1981) Proc. Natl. Acad. 

2) J. Schlessinger (1980) Trends Biochem. Sci. z, 210-214. 

MONOCLONAL ANTIBODIES AGAINSTEGF-RECEPTOR INDUCE EARLY AND DELAYED EFFECTS OF EGF, by: 
J. Schlessinger, A.B. Schreiber, Y .  Yarden and I. Lax. Department of Chemical Immuno- 

Spleen cells from these 
Several cloned hybrid lines 

They also stimulate DNA synthesis 
Monovalent Fab fragments inhibit the binding of lZ5I-EGF to 

These observations 
in 

rane receptors and that receptor clustering could play a role in the mode of action 
of EGF P . 

Sci. USA. December (in press) 

0334 MOLECULAR CHARACTERIZATION AND PURIFICATION OF 6-ADRENERGIC RECEPTORS USING MONOCLONAL 
ANTIBODIES, Claire M. Fraser and J. Craig Venter, SUNY at Buffalo, Buffalo, NY 14214 

Four monoclonal antibodies to turkey erythrocyte 6-adrenergic receptors have been produced by 
fusion of splenic lymphocytes from Balb/C mice immunized with partially purified turkey eryth- 
rocyte @receptors and SP2/0-Ag-14 myeloma cells using polyethylene glycol. 
antibody was identified as an IgG molecule and it was shown that all four monoclonal antibodies 
precipitated soluble turkey erythrocyte 6-adrenergic receptors (TEBR) in a concentration depen 
dent manner in an indirect immunoprecipitation assay. Scatchard analysis of saturation iso- 
therm of IHYP binding to twkey erythrocyte membranes obtained in the presence of monoclonal 
antibodies indicated that one antibody (FV-101) had no effect on ligand binding to TEBR, an- 
other one (FV-103) inhibited IHYP binding to TEBR in a non-competitive fashion and a third one 
(FV-104) inhibited IHYP binding to TEBR in a competitive fashion. These data suggest that the 
antigenic determinants recognized by antibodies FV-101, 103 and 104 represent three distinct 
sites within the TEBR molecule. The determinant recognized by antibody FV-104 appears to be 
located within the ligand binding site of the receptor and this determinant is common to both 
B and 6 -receptors from a number of sources but not to a-receptors as determined in cross- 
reactivizy studies of ligand binding. Monoclonal antibody FV-104 was utilized in the immuno- 
affinity purification of 6 SDS-PAGE subunit compostion of purified 8-re- 
ceptors indicate that the b -rece&or with a submit MY cT 70,000 and the B2-receptor with a 
subunit MW of 59,000 represent distinctly different proteins. 

Each monoclonal 

and 6 -receptors. 

0335 BIOLOGIC ACTIVITY OF ANTI-THYROTROPIN ANTI-IDIOTYPIC ANTIBODIES, Nadir R. Farid, 
Barbara Pepper, Rosario Urbina-Briones and Nazrul M. Islam, Thyroid Research Labor- 
atory, Memorial University of Newfoundland, St. John's, Newfoundland, A1B 3V6 Canada. 

An antibody against the antigen-combining site of an immunoglobulin (anti4diotype or a-id) 
specific for a hormone may be active at the hormone receptor. To investigate this possibil- 
ity, we immunized rabbits with rat anti-hTSH IgG purified by adsorption to TSH affinity 
column. 
the binding of ligand to rat anti h-TSH i.e. is a-id. The following observations suggested 
that a-id acted at thyroid TSH receptor: 
thyroid membrane in a dose dependent manner up to 50% at 200 pg/ml compared to 16% by normal 
rabbit IgG (NRIgG). 2) 13'1 a-id binding to these membranes was saturable and was inhibited 
by increasing concentrations of native bTSH (by 64% at 160 mU/ml). 3) Although 200 pg/ml 
a-id resulted in 27% reduction of thyroid membrane adenylate cyclase compared to NRIgG, 
when cyclase activity was assayed in the presence of 10 pM guanyl 5' - imidodiphospate 
(Gpp(NH)p) this concentration of a-id resulted in a 40% increase in enzyme activity over 
NRIgG ( 2 4 9  vs 356 p moles CAMP. mg protein. min.). 4 )  a-id caused a dose-dependent increase 
in the enterance rate of 1311-Na compared to NRIgG into cultured thyrocytes; with a maximum 
of 68% at 4 hrs at 125 pg IgGlml. 5) a-id (200 pglml) in contrast to NRIgG induced the 
organization of these cells into follicles between 5-7 days of culture. 

activity at the TSH receptor was made. 

Immune rabbit IgG absorbed with normal rat IgG did not bind lz5I b-TSH but inhibited 

1) It inhibited 1251 b-TSH binding to porcine 

We conclude that within the constraints imposed by TSH structure an a-id with agonist 
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0336 MODULATION BY MONOCLONAL ANTIBODIES OF THE HORMONE MEDIATED GROWTH OF A LYMPHOMA CELL 
LINE IN VITRU. J u r a j  I v a n y i ,  Department o f  Exper imenta l  Immunobiology, The 
Wellcome Research L a b o r a t o r i e s ,  Beckenham, Kent, UK. 

Several  d i s t i n c t  a n t i g e n i c  de terminants  were i d e n t i f i e d  on n a t i v e  molecu les  o f  human growth  
hormone and c h o r i o n i c  somatomammotropin u s i n g  mur ine  monoclonal a n t i b o d i e s .  The topograph ic  
r e l a t i o n s h i p  o f  these de terminants  t o  t h e  b i o l o g i c a l l y  a c t i v e  s t r u c t u r a l  m o i e t y  o f  t h e  
hormone was i n v e s t i g a t e d  by t i s s u e  c u l t u r e  exper iments i n  which t h e  e x t e n t  o f  g rowth  
i n h i b i t i o n  o f  a hormone-dependent r a t  lymphoma c e l l  l i n e  (NBZ) by monoclonal a n t i b o d i e s  o f  
d i s t i n c t  combining s i t e  s p e c i f i c i t y  was examined. 
checkerboard t i t r a t i o n  o f  a n t i b o d i e s  over  a 1O6-fold range o f  d i l u t i o n s  a g a i n s t  a 3 0 0 - f o l d  
range o f  hormone c o n c e n t r a t i o n s  i n d i c a t e d  major  q u a n t i t a t i v e  d i f f e r e n c e s  between t h e  
r e s p e c t i v e  a n t i b o d i e s .  
whereas o t h e r s ,  a l t h o u g h  l e s s  e f f e c t i v e  a t  l o w  hormone i n p u t  were more p o t e n t  i n  n e u t r a l i z i n g  
excess hormone doses. The observed d i f f e r e n c e s  c o u l d  be r e l a t e d  t o  a n t i b o d y  s p e c i f i c i t y  and 
a f f i n i t y  and v a r i o u s  mechanisms o f  g rowth  i n h i b i t i o n  have been cons idered.  
when bound i n  s o l u b l e  immune complexes may be prevented  f rom b i n d i n g  t o  t a r g e t  c e l l  r e c e p t o r s  
as a r e s u l t  o f  s t e r i c  o r  con format iona l  b l o c k i n g  o f  t h e  hormone's a c t i v e  s i t e :  
a l t e r n a t i v e l y ,  a n t i b o d i e s  may a r r e s t  t h e  b i o l o g i c a l  a c t i v i t y  o f  t h e  c e l l - b o u n d  hormone. The 
r e l a t i v e  c o n t r i b u t i o n  of  these f a c t o r s  i s  c u r r e n t l y  be ing  examined. 

A dose-response s tudy  based on 

Some a n t i b o d i e s  were most e f f e c t i v e  a t  l i m i t i n g  hormone doses, 

The hormone 

0337 A C T I V A T I O N  OF I IEXOSI :  TRANSPORT BY ANTIBODY, Theodore C.Y. L o  rind Vln- 
cent Duronio. Univ. of Western O n t a r i o ,  London, Ontario N 5 G  5C1 

W e  have recently demonstrated that exposure o f  rat myoblast to anti-myoblast 
antiserum results in two to three fold activation of hexose transport. The 
present communication reports our finding o n  the possible mechanism(s) by 
which s p e c i f i c  antibody c a n  activate hexose transport in r a t  myoblast. Stud- 
ies carried out with transglutaminase and microfilament inhibitors suggest 
that clustering of membrane components is essential for the activation proc- 
ess and microfilaments may function by bringing the membrane components to- 
gether t o  be cross-linked by transglutaminase. The antibody-mediated activa- 
tion of hexose transport is also affected by pretreatment of cells with vari- 
ous protease inhibitors. This suggests that protease(s) may be involved in 
the activation o f  hexose transport. In fact activation of hexose transport 
can be simulated by treatment of cells with low concentration-s of trypsin 
(0.2 Uglml). Proteolytic cleavage of cell surface components are found to 
occur upon incubation of cells with antibody. I n  v i e w  o f  the fact that the 
IgG preparation did not contain a n y  proteolytic a c t i v i t y ,  it may be surmised 
that some endogenous membrane-associated proteases are activated upon binding 
of IgG to the cell surface. Virally-transformed myoblast w a s  found to have 
elevated hexose transport activity, and anti-myoblast anriserum had n o  effect 
on this hexose transport system. This suggests that the hexosr transport com- 
poncnts in the transformed myoblasts may be present in the "active" form. 

0338 MONOCLONAL ANTIBODIES AS PROBES OF THE STRUCTURE AND FUNCTION OF THE ACETYLCHOLINE 
RECEPTOR MOLECULE, Jon L inds t rom,  W i l l i a m  G u l l i c k  and Susan Hochschwender, Sa lk  
I n s t i t u t e ,  San Diego, CA 92138 

A l i b r a r y  o f  monoclonal a n t i b o d i e s  t o  a c e t y l c h o l i n e  r e c e p t o r s  f rom t h e  e l e c t r i c  organs o f  Tor- 
pedo c a l i f o r n i c a  and E l e c t r o  horus e l e c t r i c u s  and t h e  muscle o f  f e t a l  c a t t l e  and a d u l t  humans 
i s  b e i n g  compi led.  T & l F m  a n t i b o d i e s  have been a t  l e a s t  p a r t i a l l y  charac- 
t e r i z e d .  
a n t i b o d i e s  which c r o s s r e a c t  w i t h  denatured r e c e p t o r  s u b u n i t s  (about  h a l f  o f  t h e  l i b r a r y )  and 
f o r  mapping t h e  s p e c i f i c i t i e s  o f  these a n t i b o d i e s  t o  c h a r a c t e r i s t i c  p e p t i d e  f ragments o f  these 
subun i ts .  The b i n d i n g  s p e c i f i c i t i e s  o f  a n t i b o d i e s  t o  n a t i v e  r e c e p t o r  have been s t u d i e d  by 
c o m p e t i t i v e  b i n d i n g  assays, fo rmat ion  o f  c h a r a c t e r i s t i c  complexes on sucrose g r a d i e n t  c e n t r i -  
f u g a t i o n ,  b i n d i n g  t o  membrane bound vs d e t e r g e n t  s o l u b i l i z e d  r e c e p t o r s ,  and by t e s t i n g  f o r  
i n t e r s p e c i e s  c r o s s r e a c t i o n .  The a b i l i t y  o f  a n t i b o d i e s  t o  i n h i b i t  r e c e p t o r  f u n c t i o n  has been 
eva lua ted  u s i n g  carbamylcho l ine- induced 22Na+ f l u x  th rough r e c o n s t i t u t e d  r e c e p t o r s .  These 
s t u d i e s  have d e t e c t e d  s t r u c t u r a l  homologies between r e c e p t o r  s u b u n i t s ,  d e f i n e d  a main immuno- 
gen ic  r e g i o n  on a s u b u n i t s  a t  which most a n t i b o d i e s  a r e  d i r e c t e d ,  i d e n t i f i e d  a number o f  
a n t i g e n i c  de terminants  o f  t h e  a ,  6 ,  y and 6 s u b u n i t s  o f  r e c e p t o r ,  i d e n t i f i e d  cor respond ing  
de terminants  i n  severa l  species,  and p a r t i a l l y  o r i e n t e d  some o f  these de terminants  on t h e  
amino a c i d  sequence o f  t h e  s u b u n i t s  and t h e  o v e r a l l  s t r u c t u r e  o f  t h e  molecu le .  A n t i b o d i e s  t o  
t h e  main immunogenic r e g i o n  do n o t  i m p a i r  f u n c t i o n ,  b u t  a few monoclonal a n t i b o d i e s  have been 
i d e n t i f i e d  which n o n c o m p e t i t i v e l y  i n h i b i t  r e c e p t o r  f u n c t i o n ,  and t h e r e f o r e  b i n d  e i t h e r  t o  t h e  
c a t i o n  channel o r  some l i n k a g e  between i t  and t h e  a c e t y l c h o l i n e  b i n d i n g  s i t e s .  
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Techniques have been developed f o r  d e t e r m i n i n g  t h e  s u b u n i t  s p e c i f i c i t i e s  o f  those 
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0339 
Lncubat ion o f  i s o l a t e d  sheep r e t i c u l o c y t e s  w i t h  r a b b i t  an t iserum prepared aga ins t  sheep 
r e t i c u l o c y t e s  and preabsorbed k i t h  sheep mature r e d  b lood c e l l s  causes shedding o r  exo- 
c y t o s i s  o f  ves i c les  con ta in ing  the  t r a n s f e r r i n  receptor .  1251- labe l led ,  a n t i - r e t i c u l o c y t e  
a n t i b o i y  i s  r a p i d l y  bound t o  sheep r e t i c u l o c y t e s  b u t  n o t  t o  mature sheep red  c e l l s ,  reach ing  
a stead s t a t e  w i t h i n  60 minutes a t  0°C. Prolonged incuba t ion  o f  t he  r e t i c u l o c y t e s ,  l a b e l l e d  
w i t h  12gI -an t ibody  a t  37°C causes a shedding o r  exocy tos is  of membrane ves i c les  assoc ia ted  
w i t h  1 2 5 I - l a b e l l e d  an t i bod ies  which a l s o  con ta in  pept ides  i d e n t i f i a b l e  as the  t r a n s f e r r i n  
recep to r .  Th i s  exocy tos is  i s  b locked by metabo l ic  i n h i b i t o r s ,  low temperatures and cy to -  
cha ias in  B b u t  n o t  by co l ch i c ine .  A t  t he  p r o t e i n  l e v e l s  de tec ted  w i t h  Coomassie B lue  
s t a i n i n g ,  t he  popu la t i on  nx . :esic les i s o l a t e d  appears t o  conta ia5 few p r o t e i n s  o t h e r  than the  
t r a n s f e r r i n  recep to r ,  t r a n s f c r r i n  and an t ibody .  The re leased I - l a b e l l e d  an t ibody  
assoc ia ted  w i t h  the  ves i c ies  no lonaer  b inds  t o  f r e s h  r e t i c u l o c y t e s .  
10s:; o f  g l y c i n e  t r a n s p o r t  a c t i v i t y  p a r a l l e l s  the  l oss  o f  r e t i c u l u m  du r ing  j z y i t r o  
ma tu ra t i on  o f  r e t i c u l o c y t e s  (Benderoff  e t  a l . ,  Can. J. Biochem. 56, 545-551, 1978). To 
assess whether the  ant ibody- induced l o s s u n c t i o n  i s  s p e c i f i c T o r  the  t r a n s f e r r i n  
recep to r  o r  induces the  l o s s  of  o the r  c e l l u l a r  a c t i v i t i e s  which disappear on matura t ion ,  
t he  l o s s  o f  ce l l -bound an t ibody  was compared t o  the  l o s s  o f  g l y c i n e  t r a n s p o r t  a c t i v i t y .  
There was no enhancement o f  t he  l o s s  o f  g l y c i n e  t r a n s p o r t  by the  a n t i - r e t i c u l o c y t e  an t ibody  
sugyest ina t h a t  o n l y  s p e c i f i c  membrane p r o t e i n s  a re  shed. Supported by the  MRC (Canada) 
B T . P .  i s  t he  ho lde r  of a i f n i v r . r s i t y  Scho larsh ip .  

ANTIBODY INDUCED LOSS I!? THE SHEEP RETICULOCYTE TRANSFERRIN RECEPTOR, B.T. Pan and 
R.H. Johnstone, Department o f  B iochemis t ry ,  McGi l l  U n i v e r s i t y .  

It i s  known t h a t  t he  

Adenylate Cyclase 

0340 EXPRESSION OF BETA-ADRENERGIC RECEPTORS AElD ADEilYLATE CYCLASE (AC) OURI i lG  THE CELL 
C Y C L E  OF 549 LYMPHO14A CELLS,Lawrence C. Mahan S Paul A. I n s e l ,  UCSD, La Jolla,CA.92093 

;Je have used c e n t r i f u g a l  e l u t r i a t i o n  t o  prepare S49 lymphoma c e l l s  l oca ted  a t  d i f f e r e n t  por -  
t io - .s  o f  t he  c e l l  cyc le  and have s tud ied  cAMP accumulat ion and 8-adrenergic receptors  i n  these 
cel Is. Receptors were assayed :)n i n t a c t  549 c e l l s  us ing  a new radioligand,[125I]iodocyanopin- 
dolol(1CYP);ICYP bound t o  i n t a c t  S49 c e l l s  w i t h  p r o p e r t i e s  expected f o r  6-adrenergic receotors  
uri t h  low(< lO: )  nonspec i f i c  b ind ing .  Receptor number/cel l  inc reased i n  d i r e c t  p ropor t i on  t o  the  
cd i cu la ted  inc rease i n  c e l l  sur face  area du r ing  t h e  c e l l  cyc le .  Thus, t he  sur face  dens i t y  o f  
r e c e p t o r s / c e l l  remains cons tan t  du r ing  the  S49 c e l l  cyc1e;receptor a f f i n i t y  f o r  I C Y P  was e l so  
cor lstant du r ing  t h e  cyc le .  By con t ras t ,  +adrenergic(isoproterenol , iso)-mediated CAMP accumu- 
l a t i o n  showed c y c l e - s p e c i f i c  f l u c t u a t i o n ,  be ing  maximal i n  G1 and Gz/M b u t  lowest  du r ing  S. 
! $ ;  o rder  t o  determine i f  these f l u c t u a t i o n s  r e s u l t  f rom changes i n  the  c a t a l y t i c  u n i t  of  AC,  
tie d s e d  the  d i te rpene  f o r s k o l i n .  F o r s k o l i n  appears t o  i n t e r a c t  w i t h  t h i s  u n i t  i n  549 c e l l s  
''+?cause i t  a c t i v a t e s  AC i n  membranes f rom w i ld - t ype  549 c e l l s  and from an 549 v a r i a n t  t h a t  
l a c k s  the  ni ic ' ieot ide c o w l i n g  u n i t .  I n  i n t a c t  w i l d - t ype  549 c e l l s ,  f o r s k o l i n  produces a r a p i d  
and marked increase i n  CAMP accumulat ion t h a t  i s  s e v e r a l - f o l d  more than t h a t  produced by i s o .  
!4oreover, t he  fo rsko l in -med ia ted  inc rease i n  cAMP accumulat ion has a s t r i k i n g l y  d i f f e r e n t  pa t -  
;ern than t h a r  o f  iso-mediated CAMP accumula t ion( tes ted  concur ren t l y )  i n  synchronized 549 c e l l s  
s tud ied  in ~ r i  r!xperimctnt a t  15 t ime  p o i n t s  du r ing  t h e  c e l l  cyc le .  The r e s u l t s  imp ly  t h a t  t he  
c c l e  s p e c i f i c - d i f f e r e n c e  i n  ex ress ion  o f  3 -adrenerg ic  recep to rs  and 5-adrenergic mediated 
r h  accumulat icn cannot be expyained by t h e  express ion  o f  c a t a l y t i c  AC. Crqponents o f  t he  AC 
cofli;>lelc appear t o  oe independei i t ly  regu la ted  du r ing  the  S49 c e l l  cyc le .  

0341 REGULATION OF THE AFFINITIES OF THE MUSCARINIC ACETYLCHOLINE RECEPTOR I N  DEVELOPING 
qEART FOR ANTAGONISTS AND AGONISTS @ Y  GUANINE NUCLEOTIDES AND IONS. F". Marlene Hosey 
Department o f  B iochemis t ry ,  The ChicaSo l l ed i ca l  School, Nor th  Chicago, I L  60064. 

Ue have p rev ious l y  descr ibed q u a n t i t a t i v e  and q u a l i t a t i v e  d i f f e rences  i n  muscar in ic  cho l -  
i n e r g i c  receptors  (mAChR) i n  t h e  deve lop ing  c h i c k  h e a r t .  Th is  r e p o r t  descr ibes  the  regu la -  
t i o n  o f  t h e  a f f i n i t i e s  o f  these recep to rs  f o r  agon is ts  and an tagon is ts .  
l i g a n d  [3H ]qu inuc l i d iny l  b e n z i l a t e  (QN6) was used t o  s p e c i f i c a l l y  l a b e l  mAChR i n  homogenates 
o f  10-day embryonic and newborn c h i c k  hea r t s .  
a f f i n i t y  s ta tes  o f  t h e  receptors  f o r  [3H]QNB were observed: 
f i n i t y ,  10-30 pM; and super-high a f f i n i t y  5 1 pF1. A l l  assays were performed i n  50 mt! T r i s -  
Kl, pH 7 .4  a t  37'C. 
h igh  and low a f f i n i t y  s ta tes  f o r  C3H]QNB were observed. 
EOTA ( 1  m V )  converted the  mAChR from t h e  h igh  t o  the  low a f f i n i t y  an tagon is t  s ta te .  Simul-  
taneously,  t he  a f f i n i t y  f o r  t h e  agon is t  a c e t y l c h o l i n e  was increased. Guanylimidodiphosphate 
[GppNHpj reversed t h e  e f f e c t s  o f  t1g2+/EDTA and c rea ted  mAChR w i t h  h i g h  a f f i n i t  f o r  [3H!QNB 
and low a f f i n i t y  f o r  acey t l cho l i ne .  Sodium p a r t l y  reversed t h e  e f f e c t s  o f  Mg2'/E0TA and i n  
a d d i t i o n  c rea te  the  super-high a f f i n i t y  s t a t e  f o r  an tagon is ts .  The data i s  i n t e r p r e t e d  t o  

f i n i t y  f o r  an tagon is ts  and low a f f i n i t y  f o r  agon is ts .  
t o  promote coup l i ng  of  m K h R  t o  cyc lase  and c rea te  mAChR w i t h  h igh  a f f i n i t y  f o r  an tagon is ts  
snd low a f f i n i t y  f o r  agon is t s .  

The an tagon is t  r a d i o -  

Depending on t h e  cond i t i ons  o f  t h e  assay, t h r e e  
low a f f i n i t y  >6D pF:; h igh  a f -  

I n  the  presence o f  no o t h e r  a d d i t i o n s  e i t h e r  o n l y  the  h igh  o r  bo th  the  
The a d d i t i o n  o f  Mgzt (10 mV) and 

i n d i c a t e  the  Mg 9 +/EDTA uncouples mAChR from adeny la te  cyc lase  c r e a t i n g  mAChR w i t h  h igh  a f -  
Guanine nuc leo t ides  and/or Na appear 
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0342 a- AND 6-ADRENERGIC RECEPTORS IN THE MDCK RENAL EPITHELIAL CELL LINE, Kathryn  E. 
Meier,  Marsha l l  D. Snavely, and Paul A. I n s e l ,  UC San Diego, La J o l l a  CA 92093 

Madin-Oarby can ine  k idney  (MDCK) i s  a d i f f e r e n t i a t e d  cont inuous  c e l l  l i n e  w i t h  many proper -  
t i e s  of rena l  tubu les .  We have c h a r a c t e r i z e d  adrenerg ic  r e c e p t o r s  i n  membranes prepared f rom 
hypoton ica l  l y - l y s e j  MDCK c e l l s .  The a-adrenergic r e c e p t o r s  were s t u d i e d  u s i n g  t h e  a -se lec-  
t i v e  r a d i o 1  igand [ Hlprazos in .  a-Adrenergic a g o n i s t s  and a n t a g o n i s t s  competed f o r  theke b i n d -  
i n g  s i t e s  w i t h  r e l a t i v e  po tenc ies  consJs ten t  w i t h  t h e  a r e c e p t o r  subtype. No s p e c i f i c  b i n d -  
i n g  o f  t h e  a -selef&ve r a d i o l i g a n d  [ Hlyohimbine was de tec ted .  8-Adrenergic r e c e p t o r s  were 
i d e n t i f i e d  u&ng 1: I ] iodocyanop indo lo l  . 6-Adrenergic a g o n i s t s  and a n t a g o n i s t s  competed f o r  
these b i n d i n g  s i t e s  w i t h  r e l a t i v e  po tenc ies  t y p i c a l  f o r  t h e  8 r e c e p t o r  subtype. For b o t h  a- 
and @-receptors ,  t h e  r a d i o l i g a n d s  bound w i t h  h i g h  a f f i n i t i e s  i)KD 100 pM) t o  a s i n g l e  c l a s s  
o f  s a t u r a b l e  s i t e s .  The t o t a l  s p e c i f i c  b i n d i n g  c a p a c i t i e s  represented  approx imate ly  GO00 
a- receptors  and 4000 6- receptors  per  c e l l .  S i m i l a r  r e c e p t o r  numbers were measured i n  c e l l s  
grown e i t h e r  i n  t h e  presence o f  serum o r  i n  a serum-free d e f i n e d  medium. Agon is ts  competed 
s t e r e o s p e c i f i c a l l y  f o r  r a d i o l i g a n d  b i n d i n g  t o  b o t h  r e c e p t o r s .  However, a g o n i s t  a f f i n i t i e s  
f o r  t h e  8- receptor  ( K  of ( - ) - e p i n e p h r i n e  = 70 nM) were c o n s i d e r a b l y  h i g h e r  t h a n  a g o n i s t  
a f f i n i t i e s  f o r  t h e  a-rt?ceptor ( K  o f  ( - ) - e p i n e p h r i n e  = 5000 nM). The a f f i n i t y  o f  ( - ) - i s o p r o -  
t e r e n o l  f o r  t h e  p r e c e p t o r  was reduced 2 0 - f o l d  i n  t h e  presence o f  100 pll Gpp(NH)p. The pre-  
sence o f  f u n c t i o n a l l y  coupled adrenerg ic  r e c e p t o r s  was demonstrated i n  i n t a c t  MDCK c e l l s  by 
8-receptor-mediated CAMP accumulat ion and a- receptor -med ia ted  a c t i v a t i o n  o f  p h o s p h a t i d y l i n o -  
s i t o l  t u r n o v e r .  These s t u d i e s  i n d i c a t e  t h a t  t h i s  d i f f e r e n t i a t e d  rena l  c e l l  l i n e  should be a 
use fu l  model system i n  which t o  s tudy  t h e  i n t e r p l a y  o f  a- and p a d r e n e r g i c  r e c e p t o r  systems. 

0343 PROPERTIES OF SOLUBILIZED UTERINE ADENYLATE CYCLASE SUGGEST A COUPLING FACTOR- 
CATALYTIC SUBUNIT COMPLEX I N  THE ACTIVATED STATE. Marianne F r o l i c h ,  J .  F r e d e r i c k  
K r a l l ,  and S t a n l e y  G .  Korenman. IJCIA-SFVP, VA M e d k a l  C e n t e r ,  S e p u l v e d a ,  CA 91343. 
As w i t h  o t h e r  forms of t h  enzyme, a d e n y l a t e  c y c l a s e  (AC) of a r a t  u t e r i n e  p a r t i c -  

u l a t e  f r a c t i o n  w a s  s e n s i t i v e  t o  Mg+f when a c t i v a t e d  by GTP or g u a n y l y l  i m i d o d i p h o s p h a t e  b u t  
t o  MI?’ i n  t h e  b a s a l  s t a t e .  AC i r re  e r s i b l y  bound [3H]-CMP.P[NHlP a t  a r a t e  c o n c u r r e n t  w i t h  
i r r e v e r s i b l e  c o n v e r s i o n  from t h e  Mn+’- t o  t h e  Mg+’-sensitive form. R a d i o l i g a n d  b i n d i n g  as 
w e l l  a s  a c t i v a t i o n  was s t i m u l a t e d  by i s o p r o t e r e n o l ,  a f u r t h e r  i n d i c a t i o n  of b i n d i n g  s p e c i f i c -  
i t y .  More t h a n  80% of Mn+’-sensitive AC c o u l d  b e  e x t r a c t e d  from u t e r i n e  homogenates i n  t h e  
post-100,OOOg s u p e r n a t a n t  (ACSo1)  w i t h  1 X  L u b r o l  PX. L i k e  p a r t i c u l a t e  AC, ACSol) was a c t i -  
v a t e d  by GMf’.P[NH]P. 
e i t h e r  of t w o  p e a k s  of r a d i o l i g a n d - b i n d i n g  a c t i v i t y .  ACs,l b i n d i n g  by GTP-Sepharose a f f i n i t y  
r e s i n  and a c t i v a t i o n  of p a r t i c u l a t e  AC hy GMP.P[NHlP-binding had t h e  f o l l o w i n g  p r o p e r t i e s  i n  
common: b o t h  proceeded a t  24’ h u t  n o t  2%; b o t h  were i r r e v e r s i b l e  a t  n e u t r a l  h u t  r e v e r s i b l e  
a t  s l i g h t l y  a c i d i c  pH; i r r e v e r s i b l e  a c t i v a t i o n  by p r e t r e a t m e n t  w i t h  GMP.P[NH]P e l i m i n a t e d  
[’HJ-GMP.P[NH]P b i n d i n g  s i t e s  and p r e v e n t e d  b i n d i n g  t h e  a f f i n i t y  r e s i n .  
Mg+ .GMP.P[NH]P s e n s i t i v e  enzyme a c t i v i t y  were bound c o n c u r r e n t l y  by  t h e  a f f i n i t y  r e s i n ,  and 
b o t h  could  be  e l u t e d  w i t h  a c i d i c  b u f f e r .  W e  c o n c l u d e :  1) Both t h e  guanyl  n u c l e o t i d e - b i n d i n g  
c o u p l i n g  f a c t o r  (N) and t h e  c a t a l y t i c  s u b u n i t  (C) a r e  e x t r a c t e d  from u t e r i n e  AC w i t h  t h e  de- 
t e r g e n t ;  2) t h e  N- and C-subuni t s  may he  in  a d i s s o c i a t e d  s t a t e  i n  t h e  d e t e r g e n t  e x t r a c t  b u t ;  
3) form a complex t o  b ind  t o  t h e  a f f i n i t y  r e s i n  t h r o u g h  t h e  N-subuni t ;  4 )  t h i s  s t r u c t u r e  might 
r e f l e c t  a s i m i l a r  a s s o c i a t i o n  i n  t h e  u t e r i n e  membrane. 

Mn+’-sensitive A C s o l  sed imented  as  a s i n g l e  peak which was d i s t i n c t  from 

Both Mn+’- and  

0 3 4  IDENTIFICATION AND MARACTERIZATION OF al- AND 82-ADRENERGIC RECEPTORS ON DDTiMF-2 
SMOOTH MUSCLE CELLS. J.S. Norris, L.E. COrnett and J . D .  Gamer, Depts. of Medicine & 

Physio1.-Biophy., Univ. of Ark. for  Medical Sciences, L i t t l e  Rock, Arkansas 72205. 
DDTIMF-2 c e l l s  were derived from an androgen-estrogen induced leiomyosarcoma ar i s ing  within 

the ductus deferens of a Syrian hamster. The c e l l s  have previously been shown t o  contain both 
androgen and glucocorticoid receptors. More recently al-adrenergic receptors have been ident i -  
f ied k ine t ica l ly  (Cornett and Norris, JBC, i n  press)  and by SDS gel  e lectrophoresis  of recep- 
t o r  labeled with 3H phenoxybenzamine. This l a t t e r  technique i d e n t i f i e s  a receptor with a MW of 
33,000. A second spec i f ica l ly  labeled band migrating a t  16,500 i s  suspected t o  be a protein 
involved i n  Ca++ f lux  and has been ten ta t ive ly  ident i f ied  a s  calmodulin. The 8-adrenergic re- 
ceptor from the DDTiMF-2 c e l l  l i n e  has also been examined k ine t ica l ly  and the data ,  analysed 
by a computer modeling technique (V.Licko, UCSF), indicate  >95% pure population of 82-adrener- 
g ic  receptors. We have ident i f ied  adenylate cyclase a c t i v i t y  associated with stimulation by 6- 
agonists and Gpp(NH)p causes a s h i f t  i n  the K i  of isoproterenol from 0.18+_0.04pM t o  0.67+0.001 
pM. Prupranolol, but  not  phentolamine, blocks epinephrine induced CAMP accmbulation. These 
data, i n  conjunction with no change i n  the a f f i n i t y  of epinephrine for  the  ui-adrenergic re- 
ceptor i n  the presence of Gpp(NH)p, indicate  t h a t  a functional G protein i s  coupled t o  the  82 
receptor but  not  to the  a1 receptor. In  s m a r y ,  we believe t h a t  the  physiologically re levant  
components of a typ ica l  smooth muscle c e l l ‘ s  adrenergic regulatory system a r e  present  i n  the 
DDTlMF-2 c e l l  l ine .  Further work on these c e l l s  w i l l  help define the  mechanism whereby cate- 
cholamines regulate smooth muscle c e l l  function. 

Supported by AM 27450 and AM 21458. 
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F o r s k o l i n  is a potent and reversible activator of adenylate cyclase in membranes and intact 
cells. Activation does not require a guanine nucleotide regulatory subunit, but forskolin 
can potentiate hormonal responses mediated by the stimulatory (N ) guanine nucleotide sub- 
unit. Forskolin activation can be inhibited by hormones whose effects are mediated by the 
inhibitory (N.) guanine nucleotide subunit. In rat cerebral cortical membranes, GppNHp has a 
biphasic effeft on forskolin activation of adenylate cyclase. 
(0.01-1 UM) inhibit the activated enzyme by 25%, while at higher concentrations of GppNHp the 
inhibition partially reverses. The activation by forskolin and GppNHp is never greater than 
that by forskolin alone. 
biphasic effect of GppNHp on forskolin activation also occurs with adenylate cyclase in mem- 
branes from rat striatum, rat liver and cultured thyroid cells. All of these cyclases are 
subject to bimodal (stimulatory and inhibitory) regulation by hormones mediated respectively 
through the stimulatory N subunit and through the inhibitory N. subunit. Activation of 
adenylate cyclase by forstolin in membranes from wild type S49 ;urine lymphoma cells is 
almost additive with GppNHp-activation. Cyclase in these membranes is not subject to bimodal 
regulation by hormones and thus the membranes may not contain a functional Ni subunit. It 
appears that GppNHp inhibition of forskolin activation of adenylate cyclase 1 s  mediated by 
the N. subunit and will OCCUK only in systems containing this subunit. 

GppNHp ANTAGONISM OF THE ACTIVATION OF ADENYLATE CYCLASE BY THE DITERPENE FORSKOLIN, 
Kenneth B. Seamon and John W. Daly, NIADDK, NIH, Bethesda, MD 20205. 

Low concentrations of GppNHp 

Inhibition by GppNHp is antagonized by GTP and by 10 mM MnC12. A 

0346 CALCIUM-MEDIATED EFFECTS ON THE L IPID BILAYER OF LIVER PLASMA MEMBRANES ARE DETECTED 
BY HORMONE-STIMULATED ADENYLATE CYCLASE ACTIVITY AN0 A S P I N  PROBE, L. M. Gordon, A. D. 

Whetton, S .  Rawal, J. A. Esgate and M. D. Houslay, Rees-Stealy Research Foundation, San Diego. 
CA 92101. 
s t r a t e d  t h a t  mM Ca decreased t h e  f l u i d i t y ,  as i n d i c a t e d  by  inc reases  i n  t h e  o r d e r  parameter 
( S ) .  
f l u o r i d e - s t i m u l a t e d  (uncoupled) a c t i v i t y  o f  membrane-bound adeny la te  cyc lase  (AC) was i n h i b i t e d  
by  Ca w i t h  an ID50 (concen t ra t i on  y i e l d i n g  50% i n h i b i t i o n )  o f  1 mM. The f a c t  t h a t  t h e  f l u o r i d e  
s t imu la ted  a c t i v i t y  o f  t h e  membrane-bound enzyme and a L u b r o l - s o l u b i l i z e d  w e p a r a t i o n  were 
s i m i l a r l y  i n h i b i t e d  f o r  Ca concent ra t ions  l e s s  than 2 mM suggests t h a t  Ca p r i m a r i l y  achieves 
t h i s  e f f e c t  n o t  by reduc ing  t h e  f l u i d i t y  b u t  i ns tead  by  i n t e r a c t i n g  d i r e c t l y  w i t h  e i t h e r  t h e  
p r o t e i n  o r  i t s  annu lar  l i p i d .  The g lucagon-s t imu la ted  (coup led)  a c t i v i t y  i s  more s e n s i t i v e  t o  
Ca i n h i b i t i o n  w i t h  an ID50 o f  0.2 mM, and t h i s  i s  a t t r i b u t e d  t o  a d i r e c t  i n t e r a c t i o n  o f  Ca 
w i t h  t h e  p r o t e i n  components o r  t o  s t r u c t u r a l  a l t e r a t i o n s  i n  t h e  assoc ia ted  l i p i d ,  s ince  Ca, a t  
these low concent ra t ions ,  n e i t h e r  i n h i b i t s  t h e  b i n d i n g  o f  glucagon t o  i t s  recep to r  no r  de- 
creases t h e  f l u i d i t y .  Ar rhen ius  p l o t s  o f  S and AC a c t i v i t y  suggest t h a t  Ca, a t  mM concen- 
t r a t i o n s ,  b inds  t o  bo th  ha lves  o f  t he  b i l a y e r  such t h a t  t h e  h igh  temperature onset  o f  t h e  
l i p i d  phase separa t ion  ( I p s )  i n  the  ou te r  l e a f l e t  i s  e leva ted  from 28O t o  33OC and a second lps  
a t  16-17OC i s  induced by Ca b i n d i n g  t o  a c i d i c  l i p i d s  r e s i d i n g  i n  t h e  i n n e r  l e a f l e t .  
A C  complex de tec ts  these events i n d i c a t e s  t h a t  t h e  ac t i ons  o f  Ca on t h e  l i p i d s  i n  t h e  o u t e r  
and i n n e r  l e a f l e t s  e x e r t  s i g n i f i c a n t  'second-order '  pe r tu rba t i ons  on t h e  temperature-de- 
pendence o f  t h e  coupled and uncoupled a c t i v i t i e s .  

ESR s tud ies  on r a t  l i v e r  plasma membranes probed w i t h  5 - n i t r o x i d e  s t e a r a t e  demon- 

Over a range o f  concent ra t ions  s i m i l a r  t o  t h a t  which lowered t h e  b i l a y e r  f l u i d i t y ,  t h e  

That t h e  

0347 LIVER CYTOSOLIC ACTIVATOR OF ADENYLATE CYCLASE. H. LeVine, 1 1 1 ,  N. Sahyoun, 
P . J .  Stenbuck and P. Cuatrecasas. The Wellcome Research Laboratories, Research 
Triangle Park, NC 27709. 

Liver cytosol and rat or human erythr0cyt.e ghosts were used in a reconstitution sbstem to 
study soluble factors which stimulate adenylate cyclase. The resulting ten- to fifty-fold 
stimulation was attributed to a heat-sensitive protein which was characterized by gel- 
permeation chromatography and sucrose-density velocity sedimentation. This activator could 
interact persistently with erythrocyte plasma membranes and with cytoskeletons derived 
therefrom. This interaction was reversed by treatment with low-ionic strength buffer. 
Activation of adenylate cyclase was due to a decrease in the K for ATP and an increase in 

A decrease i n  the apparent K for isoproterenol was a g o  observed. Moreover, the 
yq&ice of additions of the proteizactivator and of NaF, GppNHp or isoproterenol deter- 
mined the extent. of  the resulting activation. 
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G I C  EllCEI'TO,: OF LYPP'ilOf4A S 4 9 ,  
U n i v .  o f  ' I l i sCOnsin ,  I :a.dison, '71 

'3. C l a r k ,  U n i v .  o f  Texas,  J o u s t o n ,  TX 77050. 

( TI') and t h e  ~ l d e n y l a t e  c y c l P s e - d e f i c i e n t  
i t e  i n  p u r i f i e d  membranes  o b t a i n e d  f rom 

i f i c  p h o t o a f f i n i t y  g r o b e  
i, $ . a n d  A.E. i iuoho, P Y d  78 
c y c  in i rGOs(l9X). I' o t i i l y s i s  o f  icer2brnnes f 

Li  mi^ PlgC12 w i t : ?  1-ii 2: .  1251AUP P o l l o v e d  b y  SDS ge l  e l e c t r o p h e s i n  2nd. z u t o r n d i o g r a p h y  
F e v e a l e d  t h e  presence o f  tvio s p c c i f i c a l l y  d e r i v a t i z e d  p o l y p e g t i d e s  wi th  a p p a r e n t  
u o l e c u l a r  w e i g h t s  o f  55,000 nnd 6 5 , 0 0 0 1 c b e l l e d  i n  a r a t i o  o f  - ? p r o x i n a t e l y  1:l. 
T h e  l a b e l l i n p -  o f  b o t h  p o l y p e p t i d e s  was c o m p l e t e l y  q q e v e n t e d  b y  e i t h e r  t he  a d d i t i o n  
o f  1 uIi ( - ) - a l p r e n o l o 1  o r  4 uli ( - ) - i s o p r o t e r e n o l .  
p o l y p e p t i d e s  Y.L& c o c i p l e t e l y  e l i m i n a t e d  i n  YJT a f t e r  n n  1 3 - h r  p r e t r e a t m e n t  w i t h  t h e  

e n t o f  c y c - r e s u l t e d  i n  it 50% d e c r e a s e  i n  
l a b e l l i n e ;  c f  b o t h  p o l y p e p t i c i e s .  1,oss of  IABP l a b e l l i n p  ::as c o n s i s t e n t  vc i th  t h e  
e x t e n t  o f  r e c e p t o r  !.on.. i n  WT a n d  c y c - n e n s u r e d  by e i t h e r  e p i n e p h r i n e - s t i i x l r  t e d  
a d e n y l a t e  c y c l n s e  a c t i v i t y  o r  l25IHYF b i n d i n g .  T h e o e  d a t a  e s t a b l i s h  t h e  i n v o l v e m e n t  
o f  a t  l e a s t  two p o y p e p t i d e s  i n  t h e @ - a d r e n e r g i c  r e c e p t o r  o f  S 4 9  c n d  cyc- .  

1. T r i s - i i c l ,  p:i 7 6 ,  

"5IABP l a b e l l i n r ;  o f  b o t h  

& - a g o n i s t ,  t e r b u t a l i n e .  A similar p r e t r e  E3 

( S u p p o r t e d  i n  par t  b y  ;'IT$ Grants iiS 12392 a n d  AI:26943). 

0349 THE EFFECT OF FORSKOLIN O N  ADENYLATE CYCLASE OF HUMAN ADIPOCYTES AND B O V I N E  SPERM. 
D.B. Bylund, L.R. F o r t e ,  T.W. Burns and P.E. Langley, Depts.  of Pharmacology and 
Medic ine ,  Univ. o f  M i s s o u r i  and V . A .  H o s p i t a l ,  Columbia, MO 65212. 

F o r s k o l i n  (FSK) a c t i v a t e s  a d e n y l a t e  c y c l a s e  (AC) i n  a v a r i e t y  of  i n t a c t  c e l l s  and membrane 
p r e p a r a t i o n s .  W e  have s t u d i e d  t h e  e f f e c t  of FSK on AC i n  human a d i p o c y t e s  and p o r c i n e  sperm. 
FSK ( 1 0  pM) i n c r e a s e d  t h e  CAMP c o n t e n t  of  human a d i p o c y t e s  100-fold and gave a g r e a t e r  t h a n  
a d d i t i v e  r e s p o n s e  when used i n  combina t ion  w i t h  i s o p r o t e r e n o l ,  a b e t a  a d r e n e r g i c  a g o n i s t .  An 
alpha-2 a d r e n e r g i c  r e c e p t o r  a g o n i s t  d e c r e a s e d  b o t h  b a s a l  (30% d e c r e a s e )  and FSK-stimulated (90% 
d e c r e a s e )  CAMP l e v e l s .  S i m i l a r l y ,  i n  a d i p o c y t e  membranes, FSK i n c r e a s e d  AC a c t i v i t y  and was 
s y n e r g i s t i c  w i t h  r e s p e c t  t o  i s o p r o t e r e n o l ,  w h i l e  t h e  FSK-stimulated a c t i v i t y  was markedly 
i n h i b i t e d  by an  alpha-2 a g o n i s t .  The FSK-stimulated g l y c e r o l  r e l e a s e  was a l s o  i n h i b i t e d  by 
a lpha-2  a g o n i s t s .  I t  h a s  been r e p o r t e d  t h a t  FSK a c t i v a t i o n  does  n o t  r e q u i r e  t h e  GTP-regulatory 
p r o t e i n  b u t  may d i r e c t l y  i n t e r a c t  w i t h  t h e  AC c a t a l y t i c  u n i t  (Seamon and Daly ,  J B C  256, 9799, 
1981).  FSK (100 pM) had no e f f e c t  on sperm m o t i l i t y  o r  cAMP c o n t e n t  whereas c a f f e i n e x c r e a s e d  
b o t h  m o t i l i t y  and cAMP c o n t e n t  o f  sperm. FSK (100 pl), GppNHp and F d i d  n o t  s i g n i f i c a n t l y  
a c t i v a t e  t h e  s o l u b l e  o r  membrane AC of sperm, whereas Mn i n c r e a s e d  AC a c t i v i t y .  Thus,  i t  a p p e a r s  
u n l i k e l y  t h a t  FSK d i r e c t l y  i n t e r a c t s  w i t h  t h e  AC c a t a l y t i c  u n i t .  The a d i p o c y t e  and sperm w i l l  be 
u s e f u l  sys tems f o r  t h e  s tudy  of  t h e  mechanism of  a c t i o n  of FSK. 

0350 AGONIST-INDUCED MODIFICATION OF 5 -ADRENERGIC KECEPTOK FUNCTION. J.P. 
Perkins, K. Harden, M. Toews, R. Doss and G. Waldo, IJ. North Carolina,  Chapel Hill, NC 27514. 

Stimulation by catecholamines of t h e  B -adrenergic receptor (BAR)-linked adenylate cyclase (AC) in 
in tac t  1321NI  as t rocytoma cells also results in agonist-specific uncoupling of t h e  BAR/AC (t  1 /2=3  min) 
and loss of de tec tab le  BAR (ti12 = 6 hr). This down regulation of cellular responsiveness appears t o  
involve a sequence of events,  RN$RU*RLP$RL, where R N  is t h e  native BAR, RU is an  uncoupled form of 
BAR t h a t  binds antagonists normally but exhibits reduced affinity for agonists, RLP is a n  uncoupled form 
of BAR t h a t  can  be isolated on sucrose density gradients,  and RL is a form of BAR t h a t  does not  bind 
radiolabelled antagonist  ligands. When whole cell  binding exper iments  were carried o u t  for  short  periods 
of t i m e  ( I min) high affinity binding of isoproterenol (ISO) was observed (KD = lO-7M, ISO). Prior 
exposure of t h e  cells t o  ISO, followed by washing and I rnin assays of agonist competit ion for I25I- 
iodopindolol binding, demonstrated t h a t  agonists rapidly and reversibly conver t  in tac t  cell  BAR from a 
high affinity form t o  one of low affinity (KD = IO->M, ISO). Recently we have shown t h a t  concanavalin A 
(250  gg/ml) blocks agonist-induced formation of RLP but not Ru. Methylamine on t h e  o ther  hand blocks 
(70% inhibition at I00 mM) formation of R L  but not RU or  RLP. Thus, catecholamines appear t o  cause 
rapid conversion of R N  t o  Ru,  a form of BAR t h a t  exhibits low affinity for agonists and t h a t  cannot  
in te rac t  with AC. RU is rapidly converted t o  RLP which can  be isolated in low density vesicles on sucrose 
density gradients and has low affinity for agonists; t h e  formation of RLP is blocked by Con A. RLP 
appears t o  be converted t o  R by a process t h a t  is blocked by methylamine. The RLP t o  RL conversion is 
reversible and recovery of 1i51-iodohydroxybenzylpindolol binding is not dependent on dolicholphosphate 
mediated glycosylation or  on protein synthesis. 
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0351 BlNDlNG OF [3H>N-ETHK LCARBOXAMIDE ADENOSINE TO R. ADENOSINE RECEPTORS IN 
RAT HIPPOCAMPUS. Richard D. Green and Helena Yeung. Uniiersity of Illinois School of 

Medicine, Chic 0, IL 60680. 
The binding of 'H-N ethylcarboxamide adenosine ( tH)NECA) to a crude membrane preparation of r a t  
hippocampus has been studied. Homogenates (10 mM Imidazole Buffer, pH 7.5; 1 mM EDTA) were 
incubated with adenosine deaminase ( 5  U/ml) for 10 min a t  37OC and a low speed pellet was obtained, 
washed 1 t ime in I mM NaHC03-l mM EDTA (pH 7.5) and resuspended in the imidazole-EDTA buffer. 
Binding incubations were conducted at 37OC in the presence of additional adenosine deaminase; L- 
phenylisopropyladenosine (L-PIA) was used to correct for nonspecific binding. e addition of 2-8 mM 
MgCI2 to  incubation mixtures containing 1 mM EDTA increased the binding of [ @NECA (20 nM) 5-6 
fold. Q mM MgCl was used in subsequent experiments. Binding was antagonized by N6- 
cyclohexyladenosine, 3-chloroadenosine 5'deoxy-5'-methylthioadenosine and theophylline at concentra- 
tlons indicative of binding to R. type adenosine receptors which mediate the inhibition of adenylate 
cyclase by adenosine analogs. h e  basal adenylate cyclase activity in these preparations was inhibited 
20-25% by NECA or L-PIA. This inhibition was ependent on the addition of CTP and was antagonized 
by theophylline. Scatchard plots of specific [ Hl-NECA binding using concentrations ranging from 
approx. 3-150 nM were curvilinear and reso ved into two components: K = 40-200 nM. 
Specific binding in the presence of 20 nM [ HI-NECA was reduced 95% 8: I=OOpM Gpp(Rk)p suggesting 
that  both of these si tes are  sensitive to  the presence of guanine nucleotides and thus represent high and 
very high affinity s ta tes  of the Ri adenosine receptor. (Supported by a grant from the Campus Research 
Board, Univ. of Ill.) 

T9 
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0352 HOMOLOGOUS AND HETEROLOGOUS MECHANISMS O F  ADENYLATE CYCLASE DESENSITIZATION IN HUiSAN 
FIBROBLASTS, Pe te r  H .  Fishman and Shouki Kassis,  NINCDS, NIH, Bethesda, MD 20205 

Cultured human f i b r o b l a s t s  accumulate c y c l i c  AMP in response t o  isoproterenol  (ISO) , prosta-  
glandin E l  (PGE1)  and cholera  tox in  ( C T ) .  Following prolonged exposure t o  ISO, c e l l s  became 
desens i t i zed  t o  IS0 b u t  not t o  PGEl  o r  CT. In c o n t r a s t ,  PGEl-treated c e l l s  were less respon- 
s i v e  t o  a l l  3 agents .  The r o l e  of r ecep to r s  ( R ) ,  r egu la to ry  ( N )  and c a t a l y t i c  ( C )  components 
i n  homologous and heterologous d e s e n s i t i z a t i o n  was examined. C e l l s  desens i t i zed  t o  IS0 o r  
PGEl  did not l o s e  t h e i r  8-adrenergic o r  t ox in  r ecep to r s .  When membranes prepared from con t ro l  
and desens i t i zed  c e l l s  were assayed f o r  adenylate  cyclase a c t i v i t i e s ,  r e s u l t s  were comparable 
t o  those obtained with i n t a c t  c e l l s .  I n  add i t ion ,  d e s e n s i t i z a t i o n  was observed in  a c e l l - f r e e  
system and depended on GTP; k i n e t i c  parameters were s i m i l a r  t o  those  observed w i t h  i n t a c t  c e l l s .  
When membranes were incubated with t h e  A l  s u b u n i t  of CT and L3'P]NAD, 2 t o x i n - s p e c i f i c  p ro te ins  
of 42 and 47 kdal tons were l abe led ;  p r i o r  d e s e n s i t i z a t i o n  by IS0 o r  PGEl  d id  not reduce 3 2 P  
incorporat ion.  Cholate e x t r a c t s  of f i b r o b l a s t s  were used t o  r e c o n s t i t u t e  cyc la se  a c t i v i t y  i n  
membranes from S49 cyc- c e l l s  which lack N but have C. E x t r a c t s  from con t ro l  and ISO-treated 
c e l l s  were equa l ly  e f f e c t i v e  whereas e x t r a c t s  from PGEl-treated c e l l s  were less e f f e c t i v e  i n  
r e s t o r i n g  cyc la se  a c t i v i t y .  F ina l ly ,  T r i ton  N-101 e x t r a c t s  of f i b r o b l a s t  membranes were sed i -  
mented on sucrose dens i ty  g rad ien t s  and assayed f o r  cyc la se  a c t i v i t y .  Cyclase a c t i v i t y  from 
PGE,-treated c e l l s  sedimented a t  a slower r a t e  than t h e  enzyme from con t ro l  o r  ISO-treated 
c e l l s .  We propose t h a t  IS0 mediates a homologous d e s e n s i t i z a t i o n  which involves  "uncoupling" 
of R and N and t h a t  P G E l  mediates a heterologous d e s e n s i t i z a t i o n  which involves "uncoupling" 
of N and C which leads t o  a less e f f i c i e n t  adenylate  cyc la se .  

0353 UTILIZATION OF NUCLEOTIDE PHOTOAFFINITY PROBES TO STUDY ADENYLYL CYCLASE I N  BIOLOGI-  
CAL MEMBRANES, Boyd E .  Haley and Walid Al-Jumaily, Dept. o f  Biochemistry,  Un ive r s i ty  
of Wyoming, Laramie WY 82071 

Use o f  t h e  p h o t o a f f i n i t y  ana log  [y3'P]8-azidoguanosine t r i phospha te  ( [y3'P]8-N3GTP) i n d i c a t e s  
t h a t  i t  i s  a r e l i a b l e  probe f o r  i n v e s t i g a t i n g  t h e  mechanism of a c t i o n  of  t h e  GTP b inding  pro- 
t e i n ( s )  involved  i n  t h e  r e g u l a t i o n  of  adenyly l  cyc la se  (A.C.). 8-N3GTP s u b s t i t u t e s  f o r  GTP 
i n  t h e  a c t i v a t i o n  of A.C .  
t i o n  only  i n t o  a 43,000?5% MW p r o t e i n  of human and av ian  r ed  c e l l  membranes. Addi t ion  of GTP 
prevented  photo incorpora t ion .  
se rved  i n  s i t u  hydro lys i s  of  [y3'P]8-N3GTP on t h i s  p r o t e i n .  
membranes wi th  var ious  s o l u t i o n s  allowed i s o l a t i o n  of t h e  l a b e l e d  p r o t e i n  from t h e  membrane. 
A comparison of  [y3'P]8-N3GTP and [y3'P] 8-NsATP photo incorpora t ion  w i l l  be  presented  s i n c e  
both  l a b e l e d  an  143,000 MW p r o t e i n  b u t  on ly  [y3'P]8-N3GTP shows t h e  i n  s i t u  hydro lys i s .  Also, 
[y3'P]X-N3ATP , , l ,otolabels such a spec ie s  i n  ram sperm whereas [ y 3 * P ] G N m  doesn ' t ,  and t h i s  
c e l l  type  i s  known not  t o  r e q u i r e  GTP f o r  A.C. a c t i v i t y .  8-N3ATP has  been observed t o  prevent  
A.C .  convers ion  of ATP t o  CAMP. We t h e r e f o r e  cau t ious ly  propose t h a t  t hese  ana logs  should  
prove u s e f u l  f o r  i d e n t i f y i n g  t h e  GTP and ATP b inding  s i tes  of A.C. as w e l l  a s  s tudy ing  t h e  
mechanisms of hormone e f f e c t s  on nuc leo t ide  s i t e  occupancy. I n  a d d i t i o n ,  a s imi la r  43,000 
apparent  MW p r o t e i n  was observed on i s o l a t e d  developing  ch ick  h e a r t  c e l l s .  Also ,  a p r o t e i n  
wi th  i d e n t i c a l  p r o p e r t i e s  w a s  found a s s o c i a t e d  wi th  Avian Myeloblas tos i s  Vi rus  (AMV). 
known t o  con ta in  a very  a c t i v e  nuc leo t ide  triphosphatasehhichappears t o  be  inco rpora t ed  from 
the  hos t  c e l l .  

Using 5 LIM [y3'P]8-N GTP and SDS-PAGE we observed photoincorpora- 

Using " t i m e  v a r i a t i o n  b e f o r e  pho to lys i s "  exper iments  w e  ob- 
Washing t h e  photo labe led  

AMV i s  
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Murine S 4 9  lymphoma c e l l s  have p r e v i o i i s l y  been  shown to p o s s e s s  a 8 - a d r e n e r g i c  r e c e p t o r - r e g u -  
l a t e d  magnesium (Mg) t r a n s p o r t  sys tem.  B-Agonists i n h i b i t  Mg i n f l u x  s p e c i f i c a l l y :  Mg e f f l u x  
is  u n a l t e r e d  a s  a r e  S49 c e l l  t r a n s p o r t  sys tems f o r  c a l c i u m ,  manganese,  sodium and potass ium.  
More i m p o r t a n t l y .  t h e  6- receptor -media ted  i n h i b i t i o n  of Mg i n f l u x  is  not media ted  by c y c l i c  
AMP (Maguire and Erdos (1980) J. B i o l .  Chem. 255:1030).  S i n c e  we have  p r e v i o u s l y  shown t h a t  
Mg s p e c i f i c a l l y  a c t i v a t e s  a d e n y l a t e  c y c l a s e  and t h a t  t h e  e f f e c t s  o f  6 - a g o n i s t s  o n  Mg t r a n s -  
p o r t  and a d e n y l a t e  c y c l a s e  d e s e n s i t i z e  i n d e p e n d e n t l y ,  t h i s  s u g g e s t s  a r o l e  f o r  Mg t r a n s p o r t  
i n  t h e  r e g u l a t i o n  of  a d e n y l a t e  c y c l a s e .  T h i s  h a s  been  i n v e s t i g a t e d  f u r t h e r  by c h a r a c t e r i z -  
ing  Mg metabol i sm i n  S49 and o t h e r  c e l l s .  We have  now shown t h a t  a)  Mg is h i g h l y  compart-  
mented, s i n c e  l e s s  than  5% of t o t a l  c e l l  Mg is  r e a d i l y  exchangeable  w i t h  e x t r a c e l l u l a r  i o n  
and s i n c e  t h i s  s m a l l  f r a c t i o n  forms o n l y  a s m a l l  p a r t  of c y t o p l a s m i c  Mg, b) f r e e  i o n i z e d  
i n t r a c e l l u l a r  Mg measured by 31-P NMR i s  v e r y  low, about  150 micromolar  ( t o t a l  c e l l u l a r  Mg 
i s  1 2  mM), c )  si tes  f o r  Mg i n t e r a c t i o n  wiLh t h e  r e c e p t o r - c y c l a s e  complex a r e  l o c a l i z e d  on 
t h e  c y t o p l a s m i c  membrane f a c e ,  and f i n a l l y  d) hormonal r e g u l a t i o n  of  Mg t r a n s p o r t  a p p e a r s  t o  
be  wide-spread s i n c e  we have  shown hormone-sens i t ive  Mg t r a n s p o r t  i n  4 c e l l  l i n e s  and i n  
r e s p o n s e  t o  B-agonis t s ,  PGE1, and a d e n o s i n e  s t i m u l a t i o n .  Taken t o g e t h e r ,  t h e s e  d a t a  i n d i c a t e  
an i m p o r t a n t  and probably  u b i q u i t o u s  r o l e  f o r  Mg and Plg t r a n s p o r t  i n  r e g u l a t i o n  of  t h e  re- 
c e p t o r - a d e n y l a t e  c y c l a s e  complex. 

MAGNESIUM TRANSPORT AND REGULATION OF ADENYLATE CYCLASE, Michae l  E .  Maguire,  Dept.  of 
Pharmacology, Sch. Medic ine ,  Case  I Jes te rn  Reserve  Univ . ,  C l e v e l a n d ,  OH 44106 

0355 ISOPROTERENOL INDUCTION OF B-ADRENERGIC RECEPTORS IN THE DEVELOPING RAT SUBMANDIBULAR 
GLAND, L e s l i e  S. C u t l e r ,  U n i v e r s i t y  o f  C o n n e c t l c u t  H e a l t h  C e n t e r ,  Farminyton ,  CT 06032 

A t  b i r t h  a d e n y l a t e  c y c l a s e  a c t i v i t y  i n  t h e  r a t  submandibular  g l a n d  (SMG) i s  n o t  s t i m u l a t e d  by 
b-adrener r j lc  a y o n i s t s .  T h i s  l a c k  o f  r e s p o n s e  is due  t o  t h e  r e l a t i v e  1 ,auc l ty  o f  a - a d r e n e r q l c  
r e c e p t o r s  a t  tile s e c r e t o r y  c e l l  s u r f a c e .  Caterholaminc  c o n t a i n i n g  neurons  a r e  a b s e n t  from t h e  
g l a n d  a t  b i r t h .  Adrenery ic  n e r v e s  i n f i l t r a t e  t h e  g l a n d  a t  6 days  a f t e r  b i r t h ;  t h e  number o f  
R-adruncrq ic  r e c e p t o r s  c o n c o m i t a n t l y  r i s c  and a d e n y l a t c  c y c l a s e  a c t i v i t y  becomes ca techolamine-  
res i ,ons ive  a t  t h i s  t i m e .  
a c a u s a l  r e l a t i o n s h i p  between t h e  j.nqrowth of c a t e c h o l a m i n e  c o n t a i n i n g  neurons  and t h e  appear -  
ance  o f  B-ddrenery ic  rece1 , tors  i n  t h e  SMG. The approach  taken  was t o  d e t r r m l n e  i f  a 6 -  
a d r e n e r y i c  a g o n i s t  c o u l d  induce  t h e  appearance  of i t s  s p e c i f i c  r e c e p t o r  i n  t h i s  sys tem.  New- 
born  Spraque Dawlcy r a t s  ,were d i v i d e d  i n t o  c o n t r o l  ( s a l i n e  i n j e c t e d )  and e x p e r i m e n t a l  g roups .  
Exper imenta l  a n i m a l s  rece1vt.d i n j e c t i o n s  of L - i s o p r o t e r e n o l  (0 .8ug/g  B.W.1 - twice  per day f o r  
4 d a y s .  The a n i m a l s  were t h e n  k i l l e d  by e x s a n g u i n a t i o n ,  t h e  submandibular  q l a n d s  removed and 
a c r u d e  )-plasma membrane f r a c t i o n  prc i ’a red .  The number. of 6 - a d r e n e r q i c  r e c e p t o r s  a t  t h e  c e l l  
s u r f a c e  was a s s e s s e d  by measuring [ 3Hl-d ihydroa lyrenolo1  ( D H A I  b i n d i n g .  R e s u l t s  showed t h a t  
g l a n d s  from i s o p r o t e r e n o l - t r e a t e d  a n i m a l s  had a p p r o x i m a t e l y  3 t i m e s  more 
mcmbrane p r o t e i n  t h a n  g l a n d s  from c o n t r o l  a n i m a l s .  The Kd f o r  b o t h  c o n t r o l  and exFer imenta1  
membranes were s i m j  l a r ,  i n d i c a t i n g  no change i n  r e c e p t o r  a f f i n i t y .  The r e s u l t s  s u g g e s t  t h a t  
t h e  p r e s e n c e  of t h e  E-adrenery ic  a y o n i s t  car1 i n d u c e  o r  a c c e l e r a t e  t h e  appeara;;ce of s p e c i f i c  
3 - a d r e n e r y i c  r e c e p t o r s  a t  t h e  c e l l  s u r f a c e  i n  t h i s  d e v e l o p i n g  sys tem.  

The purpose  o f  the I ’ r e s r n t  s t u d y  was t o  d e t e r m i n e  I f  t h e r e  might be  

[ 3 H l  -DHA hound/ug o f  

0356 EVIDENE KIR DISTINCT GlliWINE NlJCLEOTIDE REGIJLATORY CC1lPLEYF.S ‘ET)I!\TIN(; TIE STI$BIL:I- 
TION AVD I N l 1 I B I ’ ~ I O N  OF ALIEWLATE CYCL4SF. k rmot  R1.F. Cooper 6 mnald L. G i l l ,  
Yational I n s t i t u t e s  of Ilealth, Bethesda, ’Fl 20205 

‘!any adenylate cyclases a r e  subject t o  both s t imulat ion and i idi ibi t ion I iy hormone and neuro- 
t ransmi t te rs ,  which is governed by d i f fe ren t  ranges of GTP concentrat ions.  
d i s t inc tness  of the guanine niicleotide mo1ctic.s mediating stiiiiulation and inh ib i t ion  has heen 
gathered from s tudies  of t h e  f a t  c e l l  cyclase (e .g .  Ymiamura e t  a l . ,  1977, . J .R .C .  252, 7‘164; 
Cooper e t  a l . ,  1979, .J.3.C. 254 ,  e 9 2 7 )  3nd by cholera toxin labe l l ing  s tudies  (Coopcr et a l . ,  
l%l,  3BRC 101, 1 1 7 Q ) .  Current study of t h e  regulat ion of the  binding t o  hoth a s t imulatory 
( 6 - a d r e n e r g x  and inhibi tory (adenosine) receptor i n  f a t  c e l l  membranes supports t h i s  not ion;  
GTP decreases the a f f i n i t y  of  the p-receptor in  a ca t ion  independent manner; hy cont ras t ,  
binding t o  the adenosine receptor is increased by GTP in  a t o t a l l y  Pig-dependent manner, which 
i n  turn i s  enhanced by sodium ion. 

exploi ted 3s a probe f o r  the  in tegr i ty  of N un i t - receptor  cormtimication. 
a c t i v i t y  is  l o s t  with inild NEI treatment, Ri-Ni in te rac t ions  require  more severe treatment 
lor the loss  of the regulat ion by CTP of R i  -1iinding. 
are av;tilable for  coniplen~ntation by membrane-cell fusion of systems lacking i )  e i t h e r  Pi 
o r  i i )  hoth X i  and N i  functions. 
mentat ion a r e  feas ib le .  

Siipport f o r  the  

The e f f e c t s  of buanine nucleotides on binding t o  inhibi tory receptors  a re  current ly  being 
I\lthough c a t a l y t i c  

Consequently model experimental systems 

Preliminarv experiineiits indicate  tha t  hoth types of comple- 

These r r s u l t s  a r e  discussed i n  teims of d i s t i n c t  ?Is and N i  u n i t s .  

130 



Evolution of Hormone-Receptor Systems 

0357 
Depts. Pediatrics and Biochemistry,Univ.of Chicago and  Physiology,Univ.of Cambridge,U.K. 

!?nd NCB-20 with nanornolar affinity.  Radiation inactivation analysis suggest a receptor  molecular weight 
of 750,000 f o r  agonist  binding but only 250,000 f o r  antagonist  (naloxone) binding. Agonist 4 p d i n g  i s  inhi- 
bited by Na' and guanyl nucleotides but s t imula ted  slightly by divalent ca t ions  such  as Mn 
of opia te  agonists t o  t h e  receptor  a c t i v a t e s  GTPase,  inac t iva tes  adenyla te  cyclase,  protein kinase and  
a number of glycolipid (and possibly glycoprotein glycosyltransferases). If ca rbohydra te  has a n  impor tan t  
role in binding enkephalin then  such  a process could explain receptor  desensit ization. Tunicamycin (0.15 
to 0.3 g lml  9 24h) inhibits t h e  addition of N-linked oligosacchari  e units to  glycoproteins. Under condi- 
t ions where  [ Hlglucosamine incorporation was inhibited 89% and P C  lleucine incorporation less than  
5%, t h e  number of op ia te  binding s i tes  decreased  by m o r e  than  5 0 8 .  The loss was not  reversed  by adding 
pro tease  inhibitors and  i t  was not  possible $2 re lease  Golgi- seques te red  receptors.  Tunicamycin treat-  
m e n t  also induced a supersensit ivity to Mn 
Neurarninidase t r e a t m e n t  did not  significantly inhibit binding but prior incubation with various lec t ins  
did. These d a t a  suggest t h a t  t h e  enkephalin receptor  is a la rge  glycoprotein complex whose conformation 
i s  regula ted  by a number of f a c t o r s  including oligosaccharide units, nucleotides and  m e t a l  ions. (Supported 
by USPHS, HD 06426, 09402 and  DA02575. 

ROLE OF CARBOHYDRATE IN COUPLING OF OPIATES TO THE RECEPTOR-ADENYLATE 
CYCLASE COMPLEX. Glyn Dawson, Ronald W. McLawhon and  Cl ive  J. Ellory. 

AlaZDLeu5 Enkephalin binds to  membrane  preparations f rom neuroturnor ce l l  lines N4TG1, NG-10815 

. Coupling 

and t h e  residual binding could not  be  inhibited by GTP. 

Receptors for Toxins and Toxin Hybrids 

0358 MECHANISM OF ACTION OF THE EDEMA FACTOR OF ANTHRAX TOXIN, Stephen H. Lepola, US 
Army Med. Res. Inst. Iiifec. Dis., Frederick, MII 21701 

Anthrax toxin consists of three proteins which individually cause no toxic effects. The 
combination of protective antigen (PA) with lethal factor (LF) kills rats in 60 min, and PA 
combined with edema factor (EF)  causes edema in the skin of rabbits and guinea pigs. 'These 
three proteins were purified to near homogeneity from culture supernatants of the avirulent 
Sterne vaccine strain of 5 .  anthracis. The mechanism of EF was studied. EF combined with 
PA caused elongation of Chinese hamster ovary (CHO) cells, which was shown to result from 
dramatic elevations in CAMP concentrations. Intracellular CAMP in treated-cells rose with- 
out a lag to concentrations 500-fold above normal values, remained high in the continued 
presence of toxin, and fell rapidly after toxin removal. Other cultured cell lines also 
showed elevated CAMP when treated with PA and EF. This response was prevented by excess 
LF. These results suggest that PA binds to cells and forms an uptake system that can be 
used by either EF or LF. 

Edema factor was found to be an adenylate cfclase which requires both calcium and a heat 
stable eukaryotic cell material, probably calmodulin. Excess calcium ( lm? l )  inhibits in the 
presence of 10 mM ME*, but not in 10 mM Mn*, as has been shown for the calmodulin-dependent 
brain adenylate cyclase. EF is the first adenylate cyclase isolated from the genus Bacillus. 
Its specific activity, 20 iimol CAMP min-l mg-1, exceeds that of any other known cyclase. The 
similarity to brain adenylate cyclase suggests a common evolutionary origin. 

- _ _ _  

0359 MONENSIN BLOCKS THE TRANSPORT OF DIPHTHERIA TOXIN TO THE CELL CYTOPLASM, Rockford K. 
Draper and Mary H. Marnell, The University of Texas at Dallas, Richardson, TX 75080 

Lysosomotropic amines are believed to inhibit the transport of diphtheria toxin to the cell 
cytoplasm by raising the pH within intracellular vesicles. If s o ,  then other drugs that 
dissipate intracellular proton gradients should have a similar effect on toxin transport. 
We found that monensin, a proton ionophore unrelated to lysosomotropic amines, is a potent 
inhibitor of the cytotoxic effect of diphtheria toxin. Monensin appears to block the escape 
of endocytosed toxin from a vesicle to the cytoplasm. Monensin fails to protect cells from 
the effects of diphtheria toxin that is bound to the cell surface and exposed to acidic 
medium, suggesting that the step normally blocked by the drug is circumvented under these 
conditions. The inhibition of toxin transport caused by monensin could not be relieved when 
monensin was replaced by ammonium chloride, nor when ammonium chloride was again replaced by 
monensin. This suggests that both drugs block the same step of toxin transport. The effect 
of monensin on the transport of diphtheria toxin to the cytoplasm is consistent with the 
proposal (Draper and Simon, 1980, J. Cell Biol. 87, 849-854; Sandvig and Olsnes, 1980, J. 
Cell Biol. 87, 828-832)  that the toxin is endocytosed and then, i n  response to an acidic 
environment, penetrates through the membrane of an intracellular vesicle to reach the 
cytoplasm. 
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0360 INHIBITION OF MEMBRANE ASSXATEO ~ A F D L I C  PRCCESSES BY w~cmmz PNEXIIWPHIIA 
TOXIN, Janis E. Lmhner, Richard L. Friedam, Barbara H. Iglewski, Robert H. Bigley, 
and Libuse Stankova, Oregon H e a l t h  Sciences University, Portland, O r e .  97201 

The potent antimicrobial activity of polyrmrphonuclear leukocytes (PMN) derives primarily 
frcm the abi l i ty  of these cells to generate toxic oxygen mtal>3lites. upon interaction w i t h  
appropriate s W i ,  a d r a n e  associated sLp2roxide anion (0-) generating mmplex i S  
activated. 
c o n s q t i o n ,  05 and H202 prfuction, and NADF'H production via the hexose mnophosphate shnt 
(€lbI€'S). Legionella pneunwphila, the causative agent of Legionnaires' disease, manages to 
evade the antimicrabial system of PMN and to survive intracellularly.  
toxin p r d u d  by L ,pnemphi l a ,  which is toxic t o  a variety of t issue culture cell lines, 
has been identified. 
,d L. pnemphila  to survive intracellularly.  
i n c & c m  w i t h  L, pneunwphila toxin d r m t i c a l l y  inhibited phagocytosing 0 
mnsmption and HMPS act ivi ty  in a dose dependent m a ,  while exerting no in f lueke  on the 
p h c p y t i c  abi l i ty  of the cells. 
stimulated by Ethylene blue, which indicated that the integrity of the HMF'S had not been 
pzx-~urked and suggested that the toxin was interacting w i t h  either the PMN rmhrane or a 
ccerrponent of the superoxide anion generating complex. In later studies, we dmns t r a t ed  
that the abi l i ty  of  toxin treated PMN b o t h  to i d i i m t e  and t o  k i l l  bacteria was also 
significantly inpared. 

Acccmpanying the activation of this enzyme -lex2are abrupt increases in 0 

A low rmlecular weight 

W e  have attempted t o  discem i f  this toxin is involved in the ab i l i t y  
Ini t ia l ly ,  w e  observed that a one b u r  

The HMPS activity of toxin treated PMN could, hayever, be 

0361 CELL SURFACE RECEPTORS FOR CYTOLYTIC TOXINS, W .  T. S h i e r ,  D. J .  DuBourdieu and 
H.  Kawaguchi, U n i v e r s i t y  o f  Minnesota,  M i n n e a p o l i s ,  MN 55455 .  

We have i d e n t i f i e d  a c l a s s  o f  c y t o l y t i c  t o x i n s  wh ich  appear t o  a c t  by t h e  f o l l o w i n g  
mechanism: (1) b i n d i n g  t o  c e l l  s u r f a c e  r e c e p t o r  s i t e s ;  ( 2 )  a c t i v a t i o n  o f  c e l l u l a r  phospho- 
l i p a s e  A 
per i i ieab i? i ty  t o  Na' i o n s  w i t h  Nat i n f l u x ;  and ( 4 )  osmot ic  l y s i s .  
t o x i n s  ( e . g . ,  t h e  t o a d s t o o l  t o x i n ,  p h a l l o l y s i n )  has been i d e n t i f i e d  wh ich  b i n d s  t o  s i t e s  
on Swiss 3T3 mouse f i b r o b l a s t s  s i m i l a r  t o  o r  i d e n t i c a l  w i t h  wheat germ a g g l u t i n i n  (WGA) 
b i n d i n g  s i t e s .  A new member o f  t h i s  subc lass  has been i d e n t i f i e d  i n  t h e  venom o f  a sea 
anenoine ( C o n d y l a c t i s  g i g a n t e a ) ,  wh ich  a c t i v a t e s  h i g h  l e v e l s  o f  c e l l u l a r  phospho l ipase 
( h y d r o l y s i s  o f  up t o  55% o f  l a b e l e d  l i p i d s  i n  30 m i n )  and p r o s t a g l a n d i n  E2 s y n t h e s i s  
( c o n v e r s i o n  o f  up t o  5.3% o f  3H-arachidonate r e l e a s e d )  i n  3T3 c e l l s  b i o s y n t h e t i c a l l y  
l a b e l e d  w i t h  3H-arachidonate.  
bromophenacylbromide (0 .1 mM) i n h i b i t e d  t h e  phospho l ipase.  
by c o n d y l a c t i s  t o x i n ,  b u t  n o t  by a c o n t r o l  (Por tuguese Man-'0-War t o x i n ) ,  i s  i n h i b i t e d  
by p r e t r e a t m e n t  w i t h  WGA (100 pg/ml,  20 min . ,  37O) b u t  n o t  w i t h  soybean a g g l u t i n i n .  A 
v a r i a n t  3T3 c e l l  l i n e  s e l e c t e d  f o r  r e s i s t a n c e  t o  p h a l l o l y s i n  e x h i b i t e d  c r o s s - r e s i s t a n c e  
t o  t o x i c i t y  by WGA and by  c o n d y l a c t i s  t o x i n  b u t  n o t  by Portuguese Man-'0-War t o x i n .  
S t u d i e s  on i n h i b i t i o n  o f  p h a l l o l y s i n -  and c o n d y l a c t i s  t o x i n - i n d u c e d  hemolys is  and WGA- 
induced h e m a g g l u t i n a t i o n  by a s e r i e s  o f  sacchar ides  demonstrated s i m i l a r  b u t  d i s t i n c t l y  
d i f f e r e n t  carbohydra te  s p e c i f i c i t i e s  f o r  t h e  3 agents .  

w i t h  p r o d u c t i o n  o f  l y s o l e c i t h i n  and f r e e  f a t t y  a c i d s ;  ( 3 )  a l t e r e d  membrane 
A s u b c l a s s  o f  these 

O f  a s e r i e s  o f  p o t e n t i a l  phospho l ipase i n h i b i t o r s  o n l y  p -  
A c t i v a t i o n  o f  phospho l ipase 

Supported by NSF g r a n t  PCM 80-11784. 

0362 [lz5I I IODOESTRADIOL I S  SPECIFICALLY CYTOTOXIC FOR ESTROGEN RESPONSIVE BREAST CANCER 
CELLS, Marc E. Lippman, D.A. Bronzer t ,  R.A. Hochberg, Medicine Branch, N C I ,  Bethesda MD 
and Dept of O b s t e t r i c s  and Gynecology, Yale Un ive r s i ty  School of Medicine, New Haven CT 

I t  has  prev ious ly  been shown t h a t  3H-labeled thymidine i s  cy to tox ic  t o  r e p l i c a t i n g  c e l l s  when 
inco rpora t ed  i n t o  t h e i r  DNA. We asked whether t h i s  technique  could  he used t o  s p e c i f i c a l l y  
k i l l  c e l l s  con ta in ing  e s t rogen  receptors .  
I o d o e s t r a d i o l  (>1600Ci/mmole) (IE2) with  and wi thout  100-fold excess  co ld  e s t r a d i o l  (E2) f o r  1 
hour a t  37OC. The c e l l s  a r e  then  washed i n  the  above media t o  remove excess  nonspec i f i ca l ly  
bound s t e r o i d  and v iab ly  f rozen  i n  t h e  above medium p lus  5 %  DMSO. The f i n a l  concen t r a t ion  of 
r a d i o a c t i v i t y  i n  the  MCF-7 c e l l s  was 0.173 DPM/cell f o r  t hose  exposed t o  IE2 a lone  and 0.026 
DPMjcell f o r  those  exposed t o  I E 2  p lus  E2.  The d i f f e r e n c e  r ep resen t s  s p e c i f i c a l l y  bound r ecep to r  
a s soc ia t ed  e s t r a d i o l .  The c e l l s  a r e  de f ros t ed  a t  va r ious  t imes  and allowed t o  grow f o r  4 t o  5 
d iv i s ions .  The MCF-7 c e l l s  incubated  wi th  I E 2  a r e  54% 
of c o n t r o l s  ( c e l l s  incubated  wi th  t h e  e thano l  v e h i c l e  and f rozen) .  Those c e l l s  incubated  w i t h  
I E 2  p lus  E 2  a r e  110% of cont ro l .  A f t e r  8 weeks, t h e  I E 2  c e l l s  and I E 2  p lus  E 2  c e l l s  a r e  
10% and 77% respec t ive ly .  A b r e a s t  cancer  c e l l  l i n e  whish does not con ta in  e s t rogen  r ecep to r  
(MDA-231) was a l s o  used a s  a cont ro l .  When de f ros t ed  a f t e r  f r eez ing ,  t h e i r  r a t e  of c e l l  dea th  
a s  a func t ion  of f r eez ing  t i m e  was s i m i l a r  t o  t h e  MCF-7 c e l l s  t r e a t e d  wi th  r a d i o a c t i v e  e s t r a d i o l  
p lus  competitor.  Using an a l t e r n a t i v e  c lon ing  a s say ,  I E 2  induces  a 5 l o g  r educ t ion  i n  r ecep to r  
con ta in ing  c e l l s .  This  technique  shows g r e a t  promise i n  s e l e c t i n g  a popula t ion  of c e l l s  w i th  
d e f e c t s  i n  t h e i r  e s t rogen  r ecep to r  and i n  s tudying  s u b c e l l u l a r  hormone i n t e r a c t i o n s .  

MCF-7 c e l l s  a r e  incubated  i n  8 ~ 1 0 - ~ &  16 ['2511 

These c e l l s  a r e  ha rves t ed  and counted. 
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0363 THE BIOLOGICAL ACTIVITY OF INSULIN-CHOLERA TOXIN B CHAIN CONJUGATE, R.A.  Roth, B.A. 
Maddux, and I . D .  Goldf ine ,  Cel l  Biology Laboratory and Department of Medicine,  Mount 
Zion Hosp i t a l  and Medical Center ,  San Franc isco ,  CA 94120 

I n s u l i n  b inds  t o  s p e c i f i c  r ecep to r s  on t h e  plasma membrane of t a r g e t  cel ls  and then  e l i c i t s  
i t s  b i o l o g i c a l  e f f e c t s .  To probe t h e  r o l e  of t h e  r ecep to r  i n  t h i s  process ,  w e  synthes ized  a 
hybrid molecule composed of i n s u l i n  l i nked  t o  t h e  b inding  subuni t  of cholera  tox in  v i a  a 
d i s u l f i d e  bond. This  conjugate  has  t h e  p o t e n t i a l  t o  bind t o  c e l l s  e i t h e r  v i a  i n s u l i n  recep- 
t o r s  o r  v i a  t h e  cho le ra  tox in  r e c e p t o r s ,  t h e  GM gang l ios ides .  That t h e  insu l in-cholera  tox in  
B cha in  conjugate  i n t e r a c t s  w i th  gang l ios ides  WAS shown by t h e  a b i l i t y  of t h e  conjugate  t o  bind 
t o  a gangl ios ide-sepharose  column. The i n t e r a c t i o n  of  t h e l y y j u g a t e  wi th  i n s u l i n  r ecep to r swas  
examined by t e s t i n g  i t s  a b i l i t y  t o  i n h i b i t  t h e  b inding  of I - i n s u l i n  t o  i t s  recep to r  on  IM-9 
human lymphocytes. 
b inding  t o  the  i n s u l i n  r ecep to r .  The conjugate  was then  examined f o r  i n s u l i n - l i k e  b i o l o g i c a l  
a c t i v i t y  by t e s t i n g  i t s  e f f e c t  on A I B  uptake i n t o  rat  thymocytes. The conjugate  had 112 t he  
b i o l o g i c a l  a c t i v i t y  of n a t i v e  i n s u l i n ,  a va lue  10-fold g r e a t e r  than i t s  a b i l i t y  t o  bind t o  the  
i n s u l i n  r ecep to r .  I n  c o n t r a s t ,  uncoupled cho le ra  tox in  B cha in  had no e f f e c t  on A I B  uptake 
and d id  not  i n f luence  s t imu la t ion  by n a t i v e  i n s u l i n .  To a s s e s s  the  con t r ibu t ion  of t h e c h o l e r a  
tox in  B cha in  t o  the  b i o l o g i c a l  a c t i v i t y  of t h e  conjugate ,  gang l ios ides  were added wi th  the  
conjugate .  A t  3 pg/ml, GM gang l ios ide  i n h i b i t e d  t h e  a c t i v i t y  of t he  conjugate  by 50% without 
e f f e c t i n g  t h e  a c t i v i t y  of Aat ive  i n s u l i n .  
i n s u l i n  t o  t h e  cho le ra  t o x i n  B cha in  produces a b i o l o g i c a l l y  a c t i v e  i n s u l i n  molecule wi th  
new recep to r  s p e c i f i c i t y .  

The conjugate  was found t o  have 1 / 2 0  t h e  a b i l i t y  of n a t i v e  i n s u l i n  i n  

These r e s u l t s  sugges t ,  t h e r e f o r e ,  t h a t  coupl ing  

0364 TOXIN-HORMONE CONJUGATES AND RESISTANT VARIANTS, N .  Shimizu, W . K .  Miskimins, S .  Gamou 
and Y .  S:iimlzu, Dept. C e l l .  & Dev. B io l . ,  Univ. of Arizona, Tucson, AZ 85721 

F’e previous ly  i s o l a t e d  s e v e r a l  v a r i a n t s  of mouse Swiss/3T3 f i b r o b l a s t s  which are r e s i s t a n t  t o  
a cy to tox ic  in su l in -d iph the r i a  t ox in  A fragment conjugate  (BBRC 91:143, 1979; PNAS 78:445, 
1981). I n s u l i n  b ind ing  a b i l i t y  of t h e s e  v a r i a n t s  were e i t h e r  d e f i c i e n t  OK s u b s t a n t i a l l y  re- 
duced and one v a r i a n t  accumulated lysosome-like v e s i c l e s  (JSSCB 16:105, 1981).  Recently w e  
have s t u d i e d  t h e  i n s u l i n  b inding  s u r f a c e  components of t h e  variant.; which d i sp lay  reduced i p -  

s u l i n  b inding  a c t i v i t y  us ing  an a f f i n i t y  c ros s l ink ing  method followed by polyacrylamide g e l  
eleCtKOphOKeSis. The a n a l y s i s  revea led  t h a t  i n  p a r e n t a l  3T3 c e l l s  t h r e e  major membrane compo- 
nen t s  (Mr=135K, l O O K  and 70K) are r e a d i l y  a f f i n i t y  c ros s l inked  t o  1251-insulin wh i l e  i n  t h e  
v a r i a n t s  CI-3 and CI-7a only two major components (Mr=135K and 70K) are a f f i n i t y  c ros s l inked .  
There w e r e  m u l t i p l e  forms of l a r g e  molecular weight 1251-insulin b inding  components i n  these  
c e l l  l i n e s .  Considering the  r ecen t  proposa l  f o r  i n s u l i n  r ecep to r  s t r u c t u r e  by Czech et a l .  
(PNAS 77:7137, 1980),  t he  Mr=135K component may be a l a r g e  (a) subun i t  of t h e  i n s u l i n  recept -  
o r  and t h e  Mr=100K component a s m a l l  (6) subun i t .  The v a r i a n t s ,  CI-3 and CI-7a.  may possess  a 
muta t ion  i n  the  gene f o r  t h e  s m a l l  subun i t .  A l t e r n a t i v e l y ,  t h e  B subun i t s  are produced i n  
these  v a r i a n t s  b u t  are somewhat i n a c c e s s i b l e  t o  a f f i n i t y  c ros s l ink ing .  A s  an  ex tens ion  of our 
gene t i c  approach, w e  have produced an  i n s u l i n - r i c i n  A conjugate  and appl ied  i t  f o r  i s o l a t i n g  
gene t i c  v a r i a n t s  of 3T3-Ll preadipocytes  (CSHC 9:74, 1981).  S i m i l a r  conjugates  were made us ing  
epidermal growth f a c t o r  and t o x i c  DTa o r  r i c i n  A (FEBS L e t t .  118:274, 1980). Because of d i f f -  
e rences  i n  t h e  na tu re  of c ros s l ink ing ,  comparative s t u d i e s  a r e  be ing  conducted i n  terms of 
c e l l  k i l l i n g  p r o f i l e ,  i n h i b i t i o n  of p r o t e i n  syn thes i s  and r eceo to r  soe r i f i r i t v .NTHr .M?L~7~  ACSTFPAQ 

0365 

There is  abundant evidence t h a t  Auger e f f e c t s  from lZ5I a r e  s i n g u l a r l y  damaging i f  l oca l i zed  
wi th in  DNA as t h e  thymidine analogue 1251-iododeoxyuridine (1251UdR). 

We eva lua ted  t h e  c e l l u l a r  uptake of iodine-125 l abe led  tamoxifen (1251TAM) and i t s  i n  
v i t r o  c y t o t o x i c i t y  by a c lona l  s u r v i v a l  assay  i n  MCF-7 (ERP=60 fmol/mg) and V-79 (ERP=4 fmoll  
mg) c e l l s .  
1 . 5  p C i / c e l l  f o r  MCF-7 and V-79 cells ,  r e s p e c t i v e l y .  Non-rad i~ac~:~eD~~~ITAM, TAM and Na125I 
were a l l  non-toxic a t  l e v e l s  of t o x i c i t y  observed wi th  I2%TAM. 

i n d i c a t o r  of t h e  body w a t e r  space ,  i n  MCF-7 c e l l s ,  
l u l a r  l o c a l i z a t i o n .  When s u r v i v a l  was expressed a s  a func t ion  of t he  concent ra t ion  of 
1251UdR, lz5ITAM and 1251AP i n  the  c u l t u r e  media, t h e  037 va lues  were 8 x 
U C i I m l ,  r e spec t ive ly .  However, when s u r v i v a l  i s  expressed as a func t ion  of t h e  nuc le i c  ac id  
and p r o t e i n  s u b c e l l u l a r  f r a c t i o n ,  125ITAM is j u s t  about as tox ic  a s  125IUdR loca l i zed  wi th in  
the  DNA backbone. The f a c t  t h a t  t h e  two s u r v i v a l  curves  cannot be superimposed probably 
r e f l e c t s  con t r ibu t ions  of ex t r anuc lea r  1251TAM bound non- spec i f i ca l ly  t o  cytoplasmic p r o t e i n  
a s  we l l  a s  d i f f e r e n r e s  i n  genome a s s o c i a t i o n s  and nuc lea r  r e t e n t i o n  t i m e .  The d i f f e r e n t i a l  
c y t o t o x i c i t y  of 1251TAM i n  c e l l s  conta in ing  e s t rogen  r ecep to r  a f f o r d s  a new approach t o  the  
s tudy  of s u b c e l l u l a r  hormone i n t e r a c t i o n s  and sugges ts  a methodology f o r  us ing  iod ina ted  
hormones and t h e i r  analogues a s  d i agnos t i c  agents  and c a r r i e r s  of r ad ionuc l ides  f o r  therapy .  

ESTROGEN RECEPTOR-MEDIATED CYTOTOXICITY U S I N G  IODINE-125, W.D.  Bloomer, W.H.  
McLaughlin, R . R .  Weichselbaum, and S.J. Adel s t e in ,  Harvard Medical School, Boston, 
MA 02115 

I25ITAM was d i f f e r e n t i a l l y  cy to tox ic  t o  MCF-7 c e l l s ;  va lues  were 0 .5  and 

We compared t h e  r e l a t i v e  c y t o t o x i c i t i e s  of 1251UdR, and 1251-iodoantipyrine,  a b i o l o g i c a l  
Cy to tox ic i ty  was dependent upon subce l -  
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The es t rogen recep to r  o f  t a r g e t  t i ssues  and tumors prov ides  a mechanism f o r  t he  c e l l u l a r  
concen t ra t i on  o f  estrogens o r  an t ies t rogens .  
s e l e c t i v e ,  receptor-mediated k i l l i n g  o f  estrogen r e c e p t o r - r i c h  tumor c e l l s  w i t h  a s u i t a b l e  
c y t o t o x i c  es t rogen d e r i v a t i v e .  We have prepared and s tud ied  a se r ies  o f  d e r i v a t i v e s  o f  t he  
an t i es t rogen  tamoxi fen embodying r e a c t i v e  and p o t e n t i a l l y  c y t o t o x i c  func t i ons  ( a z i r i d i n e ,  
n i t r o g e n  mustard, n i t rosocarbamate and n i t rosourea  groups),  and we have assessed these com- 
pounds i n  terms o f  t h e i r  i n t e r a c t i o n s  w i t h  recep to r  and t h e i r  t o x i c i t y  towards recep to r  p o s i -  
t i v e  and nega t i ve  c e l l s .  The tamox i fen  a z i r i d i n e s  have a good a f f i n i t y  f o r  t he  es t rogen 
receptor ,  r e a c t  c o v a l e n t l y  w i t h  the  es t rogen recep to r ,  and they  a re  e f f e c t i v e  i n h i b i t o r s  o f  
t he  growth o f  MCF-7 human b reas t  cancer c e l l s  and DMBA-induced r a t  mammary tumors. 
n i  t rosourea compound a l s o  i n h i b i t s  c e l l  growth by an estrogen receptor-mediated process. 
These compounds should be use fu l  f o r  s tudy ing  estrogen recep to r  dynamics i n  c e l l s  and may 
have enhanced an t i t umor  a c t i v i t y .  

SELECTIVE CYTOTOXICITY MEDIATED BY THE ESTROGEN RECEPTOR, Ben i ta  S .  Katzenel  lenbogen, 
L i s a  L. Wei, David W. Robertson, and John A .  Katzenellenbogen, Departments o f  
Physiology and Chemistry, U n i v e r s i t y  o f  I l l i n o i s ,  Urbana, I L  61801 

Hence, i t  should be poss ib le  t o  e f f e c t  a 

The 
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0367 EVOLUTION OF CARBOHYDRATE-BINDING PROTEINS: POTENTIAL RELATIONSHIP OF DISCOIDIN I 
AND CHICKEN HEPATIC LECTIN. William A .  F r a z i e r ,  Washington Univ., S t .  Louis,  MO 63110. 

The slime mold l e c t i n  d i s c o i d i n  1 has  a subun i t  Mr of 28,000, b inds  N-acetyl-galactosamine 
The chicken hepa t i c  l e c t i n  has  a Mr of 26.000, and p e r i p h e r a l l y  a s s o c i a t e s  with membranes. 

b inds  N-acetyl-glucosamine and is an i n t e g r a l  membrane p ro te in .  Both a r e  r i c h  in Cys and 
Trp .  Nucleotide sequence a n a l y s i s  of d i s c o i d i n  I genes has  ind ica t ed  t h a t  fou r  c l o s e l y  
r e l a t e d  genes comprise a mul t igene  family and the  amino ac id  sequences of  4 d i s c o i d i n s  I have 
been deduced (Poole e t  a l . ,  J. Mol. B io l . ,  in p r e s s ) .  I n t e r n a l  homology wi th in  the  d i s c o i d i n  
I sequences i n d i c a t e s  t h a t  the  present  d i s c o i d i n  I genes have a r i s e n  by contiguous duplica- 
t i o n  of a gene coding f o r  a 155 r e s idue  p r o t e i n  followed by d e l e t i o n  oE a segment correspon- 
ding t o  60 amino a c i d s  in t h e  C-terminal d u p l i c a t e .  This  i n t e r n a l  alignment shows conserva- 
t i o n  of 6 of t he  8 ha l f - cys t ines  and 2 of the  5 t ryp tophans .  The gene coding f o r  t he  253 
r e s i d u e  d i s c o i d i n  sequence was then dupl ica ted  four times g iv ing  rise t o  the  present  mul t i -  
gene family.  Comparison of the  d i s c o i d i n  I sequences with t h a t  of t he  chicken hepa t i c  l e c t i n  
(Drickamer. J. Biol. Chem. e, 5827, 1981) sugges ts  a d i s t a n t  bu t  s i g n i f i c a n t  r e l a t i o n s h i p .  
The alignment of d i s c o i d i n  I wi th  hepa t i c  l e c t i n  y i e l d s  25% i d e n t i t i e s ,  many of which are 
found c lus t e red  near  conserved c y s t e i n e s  and t ryptophans .  This  p o t e n t i a l  evolu t ionary  r e l a -  
t i onsh ip  of slime mold and chicken l e c t i n s  has i n t e r e s t i n g  impl i ca t ions  hoth f o r  the  func t ion  
of each l e c t i n  and f o r  the  evo lu t ion  of membrane r ecep to r s  f o r  g lycoconjugates .  (Supported by 
N I H  and NSF. WAF is a n  Es tab l i shed  I n v e s t i g a t o r  of the  American Hear t  Assoc ia t ion . )  

0368 CHARACTERIZATION OF ERYTHROPOIETIN BINDING TO PIARRUd CELLS. Tania  L. Weiss and 
Eugene Goldwasser, Un ive r s i ty  of Chicago, Chicago, IL  60637. 

S ince  1251-erythropoietin,  t h e  prima:y inducer of red  blood c e l l  development, is b i o l o g i c a l l y  
i n a c t i v e ,  we have used a monoclonal antibody t o  e r y t h r o p o i e t i n  (epo) and an  a c t i v e  f luo rescen t  
epo adduct ,  N-(7-dimethylamino 4-methylcourmarinyl-)maleimide-epo (DACM-epo) , t o  s tudy  its 
binding  t o  marrow c e l l s .  Recently w e  have produced a monoclonal antibody whicA is s p e c i f i c a l l y  
d i r e c t e d  aga ins t  epo and does no t  i n a c t i v a t e  i t .  I t  is an immunoglobulin of t h e  IgG c l a s s  
which b inds  t h e  a a i d B  forms as w e l l  as t h e  a s i a l o  CY form ti: t h e  same e x t e n t .  Using f l u o r -  
escence  and phase o p t i c s  microscopy w e  have determined t h e  t o t a l  number of l i v e  rat and mouse 
bone marrow c e l l s  which b ind  epo i n  20 t o  60 f i e l d s  con ta in ing  1,000 t o  6,000 cells. With in -  
d i r e c t  immunofluorescence microscopy we d e t e c t  1.3% p o s i t i v e  c e l l s  over c o n t r o l s  (P .001) when 
mouse marrow cells are incubated  one hour wi th  epo at  37OC. The number of CFU-e found was 
0.55%. With d i r e c t  f l uo rescence  microscopy when DACM-epo i s  incubated  wi th  rat marrow c e l l s  
f o r  one hour a t  37OC., 1 . 4 %  p o s i t i v e  cells  over t h e  c o n t r o l s  (P .001) was obta ined ,  a c l o s e  
c o r r e l a t i o n  wi th  t h e  i n d i r e c t  immunofluorescence d a t a  obta ined  in mouse marrow cel l  c u l t u r e s .  
DACM-epo b inding  was s u c c e s s f u l l y  competed wi th  by a 100 f o l d  excess  of n a t i v e  epo and no 
binding  was observed i n  one hour of incubat ion  a t  4OC. Thymus cells ,  e ry th rocy te s  and Fr iend  
ery thro leukemia  cells  showed no binding  i n  one hour at  37OC. DACM-epo b inding  is respons ive  
t o  t h e  ex ten t  of e ry th ropo ies i s  w i th in  t h e  marrow in t h a t  h y p e r p l a s t i c  marrow showed 5% 
p o s i t i v e  c e l l s  (P .001), p l e t h o r i c  marrow showed 0.8% (P .05) .  Hypoxic marrow was no t  
d i f f e r e n t  from c o n t r o l s .  (Supported i n  p a r t  by Grants HL 21676 and HL 1600 from t h e  NIH) 
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0369 THE HEPATIC ASIALCGLYCOPRUTEIN RECEPTOR IS NOT INVOLVED IN CLEARING THE RAT'S BLOOD- 
STREAM OF INTACT GLYCOPROTEINS, Rudolf Clarenburg, Kansas State University, Man- 
hattan, KS 66506. 

The hypothesis that the hepatic receptor for asialoglycoproteins would mediate turnover of 
glycoproteins in blood (via prior desialylation by neuraminidase activity located on cell 
surfaces) was tested in rats by measuring the clearance of intact 1251-labeled glycoproteins 
in the presence, or not, of enough unlabeled asialcqlycoproteins to saturate the asialo- 
receptor. Via an indwelling venous catheter, a buffered solution containing 1251-orosomucoid 
(obtained from rat serum) and bolus of unlabeled asialofetuin (bovine) was injected, followed 
immediately by an infusion of an asialofetuin solution. 
acetic acid-precipitable radioactivity, were measured in blood samples taken at frequent 
intervals from an arterial catheter. 
analyzed on the basis of a logarithmic model with two components defined by their halflives 
and ordinate intercepts. To demonstrate the nondestructiveness of radiolabeling and de- 
sialylation methods used, and the interchangeability of rat and bovine (asia1o)glycoproteins. 
ten groups of control experiments were needed in which labeled (asia1o)fetuin or (asialo) 
orosomucoid were injected in the presence, or not, of bolus and infusate of unlabeled (asialo) 
glycoproteins. The results of those clearance trials showed that intact- and asialo-glyco- 
proteins are removed from blood by independent processes. Measuring the distribution of 
1251-fetuin or 1251-asialofetuin in different tissues of the rat at various times after in- 
jection corroborated the conclusion that intact- and asialo- glycoproteins have different 
routes of metabolism. 

Total radioactivity, and trichloro- 

Removal of radioactivity from blood was computer- 

0370 Hak-Joong Kim, and I n d i r a  V.  

Recent repo r t s  demonstrated t h a t  t he  plasma and t i s s u e  p r o t e i n s  cou ld  be nonenzymat ica l l y  
g l ycosy la ted  on i t s  E-amino group o f  l y s y l  res idues  by  p e r s i s t e n t  hyperglycemia i n  d i a b e t i c  
sub jec ts ,  and i t  cou ld  c o n t r i b u t e  t o  d i a b e t i c  compl ica t ions .  However, t h e  c a t a b o l i c  path- 
ways o f  these p r o t e i n s  a re  poor l y  understood. 
(ASGR) i n  mamnalian l i v e r  do n o t  d i f f e r e n t i a t e  between ga lac tose  and glucose te rmina ted  g l y -  
copro te in ,  t he  ca tabo l ism o f  g l ycosy la ted  human albumin (gA lb)  and low d e n s i t y  l i p o p r o t e i n  
(gLDL) were s tud ied  i n  n o r m 1  human f ib rob las ts ,and i n  v i v o  i n  r a t s ,  and compared w i t h  t h a t  
o f  t he  normal albumin (nA lb)  and normal LDL (nLDL). Albumin o r  LDL was p u r i f i e d  by  i o n  ex- 
change chromatography o r  by u l t r a c e n t r i f u g a t i o n ,  and was labe led  w i t h  1'" by i o d i n e  mono- 
c h l o r i d e  technique. A l i q u o t s  were g l ycosy la ted  by reduc t i ve  aminat ion us ing  glucose o r  
by i m i d i n a t i o n  us ing  th iog lucos ide  (Lee e t  a l .  1974).  
dues were mod i f i ed  gLDL d i d  n o t  b i n d  t o  and was n o t  ca tabo l i zed  by nLDL recep to rs  
human f i b r o b l a s t s .  When 50-150 ug was i n j e c t e d  i . v .  t he  gLDL was metabo l ized  w i t h  a plasma 
h a l f  l i f e  l ess  than 10 min compared t o  6-7 h r s  f o r  nAlb o r  nLDL. The acce le ra ted  removal of 
these p r o t e i n s  was p a r t i a l l y  b locked by  s imultaneous i n j e c t i o n  o f  a s i a l o f e t u i n .  Whi le the  
c a t a b o l i c  r a t e  o f  gAlb o r  gLDL was s i g n i f i c a n t l y  reduced i n  severe ly  d i a b e t i c  r a t s  
2 h r ) ,  t he  tu rnove r  r a t e  o f  nLDL o r  nA lb  was n o t  a l t e red .  
p l a y  an impor tan t  r o l e  i n  the  ca tabo l ism o f  g l ycosy la ted  plasma p ro te ins ,  and i t s  a c t i v i t y  
i s  reduced i n  d i a b e t i c  animals, c o n t r i b u t i n g  f u r t h e r  accumulat ion o f  these p r o t e i n s  i n  plasma. 

REDUCE0 GLYCOPROTEIN RECEPTOR ACTIVITY I N  DIABETES. 
Kurup, Medical Col lege o f  Wisconsin, Milwaukee, W I  53226 

Since as ia log l ycop ro te in  recogn iz ing  recep to rs  

When more than 50% o f  t he  l y s y l  r e s i -  
i n  normal 

These data suggest t h a t  ASGR may 

0371 SPECIFIC DEFICIENCY OF A PLATELET MEMBRANE GLYCOPROTEIN ASSOCIATED WITH DEFECTIVE VON 
WILLEBRAND FACTOR BINDING. Dolores M. Peterson, U.of TX Med School, Houston, TX 77030. 

Platelets from patients with Bernard-Soulier (B-S) disease, an inherited bleeding abnormality, 
fail to bind von Willebrand factor (Thromb. Res.19:21,1980) and exhibit defective adhesion to 
subendothelium. In an attempt to identify the defective receptor in B-S platelets, platelets 
from normal individuals and from four patients with Bernard-Soulier disease were radiolabeled 
on the surface by lactoperoxidase-catalyzed (1251)iodination or by the periodate-(3H)boro- 
hydride reaction. The platelet protein and glycoprotein compositions were then analyzed by 
specific staining and autoradiography after separation by the O'Farrell two-dimensional gel 
electrophoresis technique. In normal platelets, five periodic acid-Schiff (PAS) stained glyco- 
proteins were resolved in the glycoprotein I (GP I) molecular weight region of the two-dimen- 
sional gels. These glycoproteins were designated Ia (Mr=158,000 and PI of 5.33), Ic (Mr' 
131,000 and PI of 5.36), IIa (Mr=146,000 and PI of 4.65), IslIb (Mr=139,000 and PI of 6.36). 
and Id (Mr=134,000 and PI of 5.91). Bernard-Soulier platelets contained four of the glycopro- 
teins of the GP I complex but were deficient in the glycoprotein Is/Ib which, in normal plate- 
lets, was not stained by Coomassie blue but had a high affinity for both PAS-stain and alcian 
blue stain and was heavily labeled o n  the surface of platelets by the periodate-borohydride 
reaction but only faintly with radioiodine. IslIb was not detected in membranes isolated in 
presence of 1mM EDTA suggesting that IslIb is a loosely-attached outer-coat protein, and the 
absence of this protein in B-S platelets suggests that IslIb is the platelet receptor for von 
Willebrand factor. 
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0372 AMMONIUM CHLORIDE, MONENSIN AND METABOLIC INHIBITORS, Philip Stahl, Teri Takehiro, 
Rita Lbshans, Olris Tietze and Paul Schlesinger, Dept. of physiology, Washington University 
Medical School, St. Louis, Mo 63110 
Mannose-terminated glycoproteins and various lysosomal enzymes are recognized by pinocytosis 
receptors on macrophages. Alveolar macrophages have about 75,000 high affinity binding sites 
on their surfaces yet the cells can take up 2 x lo6 molecules/hour (Stahl et al., C e l l  19: 
207, 1980). Receptor recycling or reutilization is the likely explanation for these data. 
Mines inhibit ligand uptake but not ligand binding (Tietze et al., B B R C E :  1, 1980). m e  
amine-induced block appears to be beyond the internalization step and is dependent upon pH. 
m e s a  results suggest that acidification of an intracellular vesicle containing the receptor- 
ligand complex is requir d for receptor reutilization. Monensin appears to act similarly to 
amines. Inhibition of 1%-8-glucuronidase uptake into macrophages by monensin is 
concentration-dependent with 50% inhibition produced by 10-41 monensin. Fluoride and sodium 
vanadate are effective inhibitors of uptake whereas azide and CCCP were found to be poor 
inhibitors. 

UPTAKE OF MANNOSE TERMINATED GLYCOCONJUGATES BY MACROPHAGES IN INHIBITED BY 

Role of lntracellular Peptide Hormone Receptors 

0373 COATED VESICLES FUNCTION IN THE RECEPTOR-MEDIATED ENDOCYTOSIS OF INSULIN, Paul F. 
Pilch, Michael A. Shia and Richard E. Fine, Boston University School of Medicine, 

Boston, KA 02118. 
Insulin bound t o  cell surface receptors can undergo several possible fates including 

internalization and degradation in cellular lysosomes. Receptor mediated endocytosis via 
coated pits and coated vesicles (CV's) have been implicated in this process. Rat liver 
poaesses the capacity to internalize and degrade insulin. We have purified CV's from rat 
liver by differential ultracentrifugation to greater than 95% homogeneity as determined by 
electron microscopy and agarose and polyacrylsmide gel electrophoresis. We have demon- 
strated that these rat liver CV's exhibit a ent insulin binding capability. In the 
absence of detergent, no specific binding of 5'51-insulin can be demonstrated. However, 
CV's treated with the detergent octyl glucoside exhibit substantial specific insulin 
binding. e insulin binding protein present in CV's has been specifically labelled by 
linking "'1-insulin to detergent treated vesicles using the bifunctional crosslinking 
reagent disuccinimidyl suberate. Electrophoretic analysis revealed that the labeled 
protein migrated in an identical fashion to the rat liver plasma membrane protein 
previously identified as the high affinity insulin receptor. Hepatic portal vein 
injection of insulin followed by liver excision and coated vesicle isolation revealed that 
insulin was taken up into coated vesicles. The time course and specificity of insulin 
uptake into coated vesicles after hepatic portal vein injection of hormone is consistent 
with a role for coated vesicles in the receptor-mediated endocytosis of insulin. 

0374 
Inserm U145, Med. School, Nice, France; Dept. of Morphology, Med. School, Geneva, Swi tzer land,  
and Deutsches Wo l l f o rschungs ins t i t u t ,  Aachen, FRG. 

Th is  s tudy  was undertaken t o  i n v e s t i g a t e  the  f a t e  of i n s u l i n  recep to rs  f o l l o w i n g  the  i n i t i a l  
b ind ing  o f  i n s u l i n .  C e l l  su r  ce i n s u l i n  recep to rs  o f  i s o l a t e d  r a t  hepatocytes were s p e c i f i c -  
a l l y  l abe led  a t  15OC w i t h  a l l g1 -pho to reac t i ve  i n s u l i n  analogue c o v a l e n t l y  coupled t o  the  130K 
recep to r  subun i t  by UV- i r rad ia t i on .  Hepatocytes were then incubated a t  37OC and the  c e l l u l a r  
l o c a l i z a t i o n  o f  t he  r a d i o a c t i v i t y  was fo l l owed  by ana lyz ing  the  d i s t r i b u t i o n  o f  au torad io -  
g raph ic  g r a i n s  a f t e r  e l e c t r o n  microscopy. W i th in  60 min 80% o f  the  g ra ins  were found i n s i d e  
the  c e l l s ,  p redominant ly  assoc ia ted  w i t h  lysosomes. Under these cond i t i ons  SDS-PAGE ana lys i s  
showed t h a t  most r a d i o a c t i v i t y  was s t i l l  assoc ia ted  w i t h  an i n t a c t  130K p r o t e i n  species.  
Moreover l i m i t e d  exposure o f  hepatocytes t o  t r y p s i n  a t  t he  end of t he  i ncuba t ion  o f  37OC d i d  
n o t  a f f e c t  t he  l a b e l i n g  p a t t e r n  o f  t he  i n s u l i n - r e c e p t o r  complexes on SDS ge ls ,  f u r t h e r  
i n d i c a t i n g  t h a t  t he  i n s u l i n  recep to r  was i n t e r n a l i z e d  w i t h  i n s u l i n .  However, i nc reas ing  
per iods  o f  i ncuba t ion  a t  37OC r e s u l t e d  i n  a p rogress ive  r e t u r n  of  au torad iograph ic  g ra ins  t o  
the  hepatocyte plasma membrane (60% o f  t he  g ra ins  d i s t r i b u t e d  around the  plasma membrane a f t e r  
300 min)  and concomi tan t ly  SDS-PAGE showed t h a t  t he  130K i n s u l  i n - recep to r  complexes became 
p rog ress i ve l y  more s e n s i t i v e  t o  t r y p s i n .  
i n s u l i n  recep to rs  a re  i n t e r n a l i z e d  w i t h  i n s u l i n  and a re  p rog ress i ve l y  recyc led  t o  the  c e l l  
sur face .  

INTERNALIZATION AND RECYCLING OF INSULIN RECEPTORS I N  ISOLATED RAT HEPATOCYTES; M. 
Fehlmann, J.L. Carpent ie r ,  E. Van Obberghen, 0. Brandenburg, L. Orc i  and P. Freychet;  

These r e s u l t s  thus demonstrate t h a t  i n  hepatocytes 
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0375 ENDOCYTOSIS OF NERVE GROWTH FACTOR BY PC12 CELLS: QUANTITATIVE ULTRASTRUCTURAL 
AUTORADIOGRAPHY, Ruth Hogue-Angeletti, Anna Stieber and Nicholas Gonatas, University 
of PennsyJyania, Philadelphia, PA 19104 

Endocytosis of [ Ilnerve growth factor(NGF) by PC12 cells was studied by ultrastructural 
quantitative au&oradiogf?Yhy. NGF-naive cells, which grow in clusters and lack neurites, were 
incubated at 3 7  with [ 
was observed at all times. er 2 hours, endocytosis of [ IINGF was detected, with low 
levels of breakdown of the [pgfI)NGF. Grain density distributions showed significant labeling 
o f  lysosomes, while nuclei and rough endoplasmic reticulum showed the lowest levels of 
labeling. Significant labeling of vesicles of the smooth endoplasmic reticulum and of various 
cytoplasmic components was also observed. 
Cur findings indicate that [12sI]NGF undergoes endocytosis quite slowly. During the initial 
phase of the interaction between NGF and PC12 cells, plasma membrafS5moieties are constantly 
labeled, while ly3gsomes show progressively increasing uptake of [ 
endocytosis of [ 
Golgi apparatus was not unequivocally labeled. These results will be compared to results in 
PC12 cells which have grown neurites under the influence of NGF. 

IINGF for periods of up to 26 houfis Labeling of plasma membrane 

IINGF. The pathway of 
IINGF included vesicles of the smooth endoplasmic reticulum, but the 

0376 
CA 92625 and University of California, Irvine, CA 92717 
Vitellogenin (VTG), the estrogen-induced yolk precursor protein of oviparous vertebrates, is 
specifically sequestered by oocytes by receptor mediated endocytosis. The rate of VTG uptake 
can be modulated by hormones such as steroids and gonadotropins as well as long term exposure 
to VTG j$self. We investigated several aspects of the binding and internalization of VTG 
using L PIVTG labeled in vitro by the action of a Xenopus protein kinase (Ce11,22,47-57, 
1981). At Oo VTG binding was saturable, reached equilibrium by 4 hr and was8%-specif&c at 
a concentration of 1 mg/mL (2.2 nM). Scatchard plot analysis of oocytes maintaine 
revealff an apparent single class of binding sites whose number varied from 2.1~10 
1.4~10 loocyte depending on the donor animal. Preincubating oocytes with 3 mg/mL of VTG for 
12 hr at 20' did,,not alter the number of cell surface receptors indicatigg that the VTG 
receptor is not down regulated". Based on the rate of VTG uptake at 20 , oocytes internalize 
their total complement of receptors in a minimum of 7 - 24 min. 
number of VTG surface receptors was found to be inversely proportional to the turnover rate 
o f  the oocyte surface. 
ligand uptake not only by the rate of receptor insertion into the cell membrane, but also by 
altering the number of receptor internalization sites at the cell surface. 

RECEPTOR-MEDIATED BINDING AND INTERNALIZATION OF VITELLOGENIN BY XENOPUS OOCYTES, 
Lee K. Opresko and H. Steven Wiley, Calif. Institute of Technology, Corona del Mar, 

?oat O 

Additionally, the total 

Our data is consistent with a model in which oocytes can modulate 

0377 
Wiley, Daniel J. Knauer and Dennis D. Cunningham, University of California, Irvine. 
CA 92717 
We have described a steady state model for analyzing the cellular binding, internali- 
zation and degradation of polypeptide ligandsl. 
interaction of epidermal growth factor (EGF) with human and mouse fibroblasts as a set of 
rate constants. The rate constants were then utilized together with a computer simulation 
of the steady state model to find the relationships between the various cellular processes 
involved in hormone processing and the mitogenic response. We found that while human and 
mouse fibroblasts differed quantitatively with respect to their rate constants, their 
qualitative interaction with EGF was identical. 
of the EGF-receptor complex significantly increases the cellular affinity for the 
hormone (>lo-fold). 
cellular compartments. Additionally, we found that there is a linear relationship 
between steady state receptor occupancy and the mitogenic response and that the mitogenic 
response is maximum when all cellular receptors are occupied at steady state. 
indicates that the EGF-receptor complex is directly involved in the generation of the 
mitogenic signal and that there is only one functional class of EGF receptors on 
fibroblasts. 
1. Cell %:433-440 (1981). 

A STEADY STATE ANALYSIS OF EGF BINDING, INTERNALIZATION AND DEGRPDATION: THE 
RELATIONSHIP BETWEEN RECEPTOR OCCUPANCY AND THE MITOGENIC RESPONSE, H. Steven 

This model enabled us to describe the 

In both cell types, "down regulation" 

At steady state, ~90% of the EGF is associated with several intra- 

This 
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0378 HUMAN GRANULOCYTES INTERNALIZE RADIOLABELED CHEMOTACTIC P E P T I O E  I N T O  A GALACTOSYL 
TRANSFERASE R I C H  FRACTION CONTAINING THE LABEL I N  AN APPARENT H I G H  AFFINITY H I G H  

MOLECULAR WEIGHT FORM, A lg i rdas  J. J e s a i t i s ,  Richard G. Pa in te r ,  L a r r y  A. Sk la r ,  Manfred 
Schmit t ,  and Charles G. Cochrane, Scr ipps  C l i n i c  and Research Foundation, La J o l l a ,  CA 92037 

Neut roph i l s  were exposed t o  50 nM 31-1 N-f-met-leu-phe (3H-FMLP) f o r  1,5,10, and 75 min 
a t  37 , washed, l ysed by N2 c a v i t a t i o n ,  and f r a c t i o n a t e d  by isopycn ic  sucrose dens i t y  
g rad ien t  c e n t r i f u g a t i o n .  A t  one minute r a d i o a c t i v i t y  was found i n  the  plasma membrane and 
c y t o s o l  f r a c t i o n .  A f te r  5,10, and 25 minutes r a d i o a c t i v i t y  accumulated in t he  cytosol a t  a 
l i n e a r  r a t e  of 4000 m o l e c u l e s l c e l l m i n  bu t  sa tura ted  i n  a low d e n s i t y  ( ~ = l . l l )  ga lac tosy l  
t rans ferase f r a c t i o n  a t  approx imate ly  10,000 m o l / c e l l .  
3H-FMLP a t  4'C o r  i n  the  presence of 10 f o l d  excess nonrad ioac t i ve  FMLP, i nco rpo ra t i on  o f  
r a d i o a c t i v i t y  i n  bo th  f r a c t i o n s  was absent o r  80 percent reduced respec t i ve l y .  Add i t i on  o f  
excess nonrad ioac t ive  FMLP a f t e r  i ncuba t ion  of c e l l s  f o r  S min w i t h  3H-FMLP caused a 
decrease i n  the  amount of  r a d i o a c t i v i t y  i n  the  ga lac tosy l  t rans ferase f r a c t i o n  a t  10 and 15 
min. The r a d i o l a b e l  i n  the  ga lac tosy l  t rans fe rase  f r a c t i o n  remained 90 percent  sedimentable 
i n s p i t e  o f  d i l u t i o n  and m u l t i p l e  cyc les  of  f reeze thawing o r  son ica t i on .  S o l u b i l i z a t i o n  i n  
T r i t o n  X-100 and passage over a Sepharose 4B column revea led  t h a t  t he  r a d i o l a b e l  e lu ted  i n  
the  vo id  volume of t he  column w e l l  be fore  e l u t i o n  of r a d i o l a b e l l e d  receptor  f rom r e s t i n g  
membranes. We conclude t h a t  neu t roph i l s  i n t e r n a l i z e  chemotact ic pep t ide  r a p i d l y  and 
process i t  through a subce l l u la r  f r a c t i o n  which has a Golgi  enzyme a c t i v i t y  associated w i t h  
i t  and t h a t  t he  pep t ide  o r  a d e r i v a t i v e  i s  incorpora ted  i n t o  a h igh  molecu la r  weight 
complex which d i ssoc ia tes  very s lowly .  

When c e l l s  were iqcubated w i t h  

0379 
Manfred Schmit t ,  A lg i rdas  Jesa i t i s ,  L a r r y  Sk la r ,  Klaus Pre issner ,  and Charles Cochrane, 
Scr ipps  C l i n i c  and Research Foundation, La J o l l a ,  CA 92037 

cy toske le ton  and w i t h  i n t r a c e l l u l a r  compartments requ i res  a s e n s i t i v e  and simple method o f  
i d e n t i f y i n g  the  recep to r - l i gand  complex i n  l i v i n g  c e l l s .  Toward t h i s  goal, we have 
prepared a pho toac t i va tab le  a ry laz ide  d e r i v a t i v e  of t he  chemotact ic pept ide ,  
N-form 1-Nleu-Leu-Phe-Nleu-Tyr-Lys which can be r a d i o l a b e l l e d  t o  h igh  s p e c i f i c  a c t i v i t y  
w i t h  1351. Th is  d e r i v a t i v e  was b i o l o g i c a l l y  a c t i v e  as judged by i t s  a b i l i t y  t o  e l i c i t  
superoxide anion p roduc t i on  by human PMNL a t  nanomolar concent ra t ions  (EO50 - 0.8 nM). 
When incubated a t  0 "  w i t h  whole PMNL, r a d i o a c t i v e  l i g a n d  became s p e c i f i c a l l y  and sa tu rab ly  
assoc ia ted  w i t h  a 50-60K d a l t o n  species (as assessed by  SDS-PAGE) i n  a l ight-dependent 
fash ion .  
d e r i v a t i v e  comple te ly  blocked uptake i n t o  t h i s  species.  Approximately 15-20 percent of t he  
a v a i l a b l e  sur face  receptor  b ind ing  s i t e s  were c o v a l e n t l y  l a b e l l e d  under these cond i t i ons .  
A f t e r  l a b e l i n g  and i r r a d i a t i o n  t h e  PMNL were f u l l y  capable o f  producing superoxide when 
cha l lenged w i t h  var ious  s t i m u l i .  
sucrose grad ien ts  a f t e r  homogenization showed t h a t  t he  l a b e l l e d  species was p r i m a r i l y  
associated w i t h  plasma membrane-rich f r a c t i o n s .  
chased the  l abe l  i n t o  f r a c t i o n s  associated w i t h  low dens i t y  ga lac tosy l  t rans ferase-  
con ta in ing  and g ranu le -zon ta in ing  f rac t i ons .  

PHOTOAFFINITY LABELING OF THE FORMYLATED CHEMOTACTIC PEPTIDE RECEPTOR OF INTACT, 
FUNCTIONALLY COMPETENT HUMAN POLYMDRPHONUCLEAR LEUKOCYTES (PMNL), Richard G. Pa in te r  

Q u a n t i t a t i v e  ana lys i s  of l igand-occupied recep to r  i n t e r a c t i o n s  w i t h  elements of t he  

Add i t i on  o f  50-100 f o l d  excess of un labe l l ed  parent  o r  un labe l l ed  az idopept ide  

Subce l l u la r  f r a c t i o n a t i o n  of t he  l a b e l l e d  c e l l s  on 

S t imu la t i on  w i t h  un labe l l ed  pep t ide  a t  37" 

030 
OEPOLARIZATION, L a r r y  A. Sk la r ,  A lg i rdas ,  J. J e s a i t i s ,  Richard G. Pa in te r ,  and Charles G. 
Cochrane, Scr ipps  C l i n i c  and Research Foundation, La J o l l a ,  CA 92037 

We have compared the  k i n e t i c s  o f  t he  responses of neu t roph i l s  t o  the  k i n e t i c s  o f  l i gand-  
recep to r  i n t e r a c t i o n  and i n t e r n a l i z a t i o n ,  us ing  as a model l i gand  the  f l uo resce ina ted  hexa- 
pept ide ,  N-CHO-nle-leu-phe-nle-tyr-lys-Fluorescein (n le ,  no r leuc ine ) .  The responses are  
a l l  i n i t i a t e d  w i t h i n  10 seconds of t he  exposure o f  c e l l s  t o  s t imu lus .  I n  the  cases of 
membrane d e p o l a r i z a t i o n  and sec re t i on  ( i n  cy tocha las in  B t r e a t e d  c e l l s ) ,  responses are e l i -  
c i t e d  by b ind ing  which occurs w i t h i n  15 seconds of pep t ide  add i t i on .  Ligand b ind ing  and 
i n t e r n a l i z a t i o n  have been analyzed over t h e  same t ime frame w i t h  spectroscopic techniques. 
The assoc ia t i on  o f  l i g a n d  and receptor  i s  monitored us ing  an an t ibody  t o  f l uo resce in .  The 
an t ibody  t o  f l u o r e s c e i n  s p e c i f i c a l l y  quenches the  l i g a n d  which i s  i n  so lu t i on ,  bu t  recep to r -  
bound l i gand  i s  i naccess ib le  t o  the  ant ibody. For an op t ima l  dose o f  s t imu lus  ( i . e .  - 1 
nM), -10-20 percent  of t he  recep to rs  ( i . e .  10,000 of 50,000) a re  occupied i n  15 seconds and 
c o n t r i b u t e  t o  the  c e l l  responses. The i n t e r n a l i z a t i o n  o f  t he  receptor-bound l i gand  i s  
monitored by the  a c c e s s i b i l i t y  of t he  f l uo resce ina ted  pept ide  t o  quenching by an ex te rna l  
pH change (7 .4Q.5) .  L igand which i s  e i t h e r  ou ts ide  o r  on the  c e l l  sur face  i s  i ns tan tan -  
eously quenched w h i l e  i n t r a c e l l u l a r  pep t ide  (o r  i n t r a c e l l u l a r  f l u o r e s c e i n  de r i ved  from 
f l u o r e s c e i n  d iace ta te )  i s  o n l y  s low ly  quenched. No i n t e r n a l i z a t i o n  i s  observed u n t i l  1 
minu te  a f t e r  b ind ing  begins and i n t e r n a l i z a t i o n  proceeds a t  a r a t e  of up t o  5,0001min w h i l e  
the  occupied recep to rs  a re  be ing  c lea red  from the  surface. 

THE INTERNALIZATION OF N-FORMYL PEPTIOES B Y  NEUTROPHILS IS TOO SLOW TO BE INVOLVED 
IN R A P I D  RESPONSES INCLUDING FREE RADICAL PRODUCTION, SECRETION, AND MEMBRANE 
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A s i n g l e  in j ec t ion  of 1251-Angiotensin I I  (I08 CPH; 40 ng) t o  nembutal-anesthetized r a t s  ( f e -  
male, Sprague-Dawley; body weight:  409) through an i n t r a a o r t i c  c a t h e t e r  placed in  t h e  l e f t  ca- 
r o t i d  a r t e r y  was followed 2 m i n .  l a t e r  by in t r aca rd iac  perfusion of Ringer-Locke f l u i d  f o r  30 
sec .  followed by 2% glutaraldehyde buffered w i t h  cacodylate-HCl (0.1 H pH 7.2) f o r  10 min. 
Fragments of co r t ex  and medulla were l e f t  f o r  2 h r s  i n  t he  same f i x a t i v e ,  washed i n  cacodylate  
bu f fe r  containing 2% sucrose and post f ixed in  2% osmium te t rox ide  buffered with Verona1 ace- 
t a t e .  The  fragments were then processed f o r  u l t r a s t r u c t u r a l  radioautography using I l fo rd  L4 
emulsion and the f l a t  s u b s t r a t e  technique. Af t e r  2 months of exposure,  most of t h e  s i l v e r  
g ra ins  were found a s soc ia t ed  w i t h  t he  c e l l s  of t h e  zona glomerulosa and of t h e  adrenal medulla 
while  a neg l ig ib l e  pa r t  of t he  g ra ins  was found a s soc ia t ed  w i t h  t he  c e l l s  of t h e  zona fascicu-  
l a t a  and r e t i c u l a r i s  which thus served a s  an in t e rna l  con t ro l .  I n  the  zona glomerulosa and i n  
t he  adrenal medulla,  most of the s i l v e r  g ra ins  were found i n  c lo se  a s soc ia t ion  w i t h  t he  plas-  
m a l e m  of hornwne-secreting c e l l s .  Pa ra l l e l  experiments indicated t h a t  a t  t h i s  time interval  
31% of t h e  r ad ioac t iv i ty  found a f t e r  perfusion f o r  10 min. w i t h  g lutaraldehyde (11,472 CPH) 
was l o s t  during tissue processing,  most of t he  loss occurr ing during t h e  i m r s i o n  s t a g e  of 
glutaraldehyde f i x a t i o n .  T h i s  is the  f i r s t  u l t r a s t r u c t u r a l  v i s u a l i z a t i o n  of A l l  binding in  
vivo to the plasmalema of zona glomerulosa c e l l s .  
receptors  f o r  A l l  on t h e  chromaffin c e l l s  of t h e  medulla. 

U l N D l N G  OF I251-ANGIOTENSIN I I TO THE CELLS OF THE A D R E N A L .  AN ULTRASTRUCTURAL RADIO- 
AUTOGRAPHIC STUDY. H. Cantin,  S .  Benchimol and J .  Genest, C l in i ca l  Research I n s t i t u t e  
of Montreal, Montreal, Quebec, Canada. H2W I R 7 .  

This study a l s o  confirms the  presence of 
(Supported by a HRC Group Grant) .  

0382 X C L E A R  ACTIONS OF INTERNALJZED EPIDERMAL GROWTH FACTOR I N  FAT PITUITARY CELLS, Lorin 
K. Johnson and Norman L. Eberhardt,  Stanford Universi ty ,  Stanford,  Ca. 94305 

Epidermal growth f a c t o r  (EGF) is  not  mitogenic f o r  GH,cells bu t  does induce c e l l  e longat ion,  
i n h i b i t s  thyroid hormone (T,) s t imulated c e l l  growth, T, induct ion of growth hormone (GH) syn- 
t h e s i s  and s t imu la t e s  p r o l a c t i n  ( P r l )  syn thes i s .  EGF does not  al ter t h e  response of GH and P r l  
t o  glucocort icoid t reatment  (Johnson etg, PNAS, 77, 1980). EGF produces a maximal i n h i b i t i o n  
of T,  s t imulated growth a t  0.25nglml but  i s  r e q u i r z  a t  25ng/ml t o  produce a maximal inh ib i -  
t i o n  of T,  s t imu la t e  GH syn thes i s ,  i nd ica t ing  t h a t  t h e  mechanistic pathways f o r  EGF regu la t ion  
of c e l l  growth and GH product ion may be d i s soc iab le .  Because T I  r e g u l a t e s  t h e  GH gene v i a  an 
a c t i v a t i o n  of GH t r a n s c r i p t i o n  we have examined poss ib l e  nuclear  a c t i o n s  of EGF. Previous s tu-  
d i e s  showed t h a t  immunologically i n t a c t  EGF accumulates i n  GH n u c l e i  and t h a t  t h i s  can be in-  
creased by i n h i b i t i n g  EGF degradat ion with chloroquine (Johnson % &, Nature, =. 1980). The 
nuclear  sites of EGF binding are high a f f i n i t y  (Kd=l nM) and are no t  re leased by micrococcal 
nuclease d iges t ion ,  imp l i ca t ing  t h e  innernuclear  membrane o r  nuclear  matr ix  f r a c t i o n .  SDS g e l s  
of t h e  lZSI-EGF loaded n u c l e i  revealed bands a t  6K and 185K da l tons  t h e  reported m L w t  f o r  
t h e  EGF-receptor complex i n  o t h e r  cel l - types.  Examination of nuclear  p r o t e i n s  on 2-D g e l s  
showed bas i c  p ro te ins  ( ~ 1 % )  a t  30K and a c i d i c  p r o t e i n s  (PI  5.5) a t  2OK whose phosphorylation 
was  regulated by EGF. Phosphorylation of t h e  20K p r o t e i n s  was induced by T, and glucocort i -  
co lds  but w a s  i n h i b i t e d  by EGF and t o  a g r e a t e r  ex ten t  by EGF i n  t h e  presence of chloroquine.  
These phosphoproteins were not  r e l eased  from n u c l e i  by DNAse I d iges t ion  or 0.4M KCL extrac-  
t i o n .  I n t a c t ,  i n t e r n a l i z e d  EGF, may the re fo re  d i r e c t l y  inf luence nuclear  phosphorylation re- 
a c t i o n s ,  which subsequently p a r t i c i p a t e  i n  a l t e r i n g  gene a c t i v i t y .  

0383 DIRECT STIMULATION BY INSULIN OF NUCLEOSIDE TRIPHOSPHATASE ACTIVITY IN PURIFIED 
NUCLEAR ENVELOPES, F. P u r r e l l o ,  R. Vigneri ,  G.A.  Clawson, and I . D .  Goldf ine,  Ce l l  
Biology Laboratory,  M t .  Zion Hospi ta l  and Medical Center,  and Departments of Medicine, 
Physiology and Pathology, Universi ty  of Ca l i fo rn ia ,  San Francisco CA 94120 

The nuclear  envelope con ta ins  a unique enzyme, t he  nuclear  envelope nucleoside t r iphosphatase 
(NTPase), t h a t  provides  t h e  energy t o  t r anspor t  mRNA out of t h e  nucleus.  I n  l i g h t  of t h e  ob- 
s e rva t ion  t h a t  i n s u l i n  r a i s e s  mRNA l e v e l s  i n  va r ious  t i s s u e s  and i n  view of t he  r ecen t  r epor t  
t h a t  t he  d i r e c t  a d d i t i o n  of i n s u l i n  t o  i so l a t ed  n u c l e i  markedly inc reases  mRNA e f f l u x ,  we 
inves t iga t ed  whether t h e r e  is  an  e f f e c t  of i n s u l i n  on t h e  NTPase a c t i v i t y  of t h e  nuclear  enve- 
lope.  I so l a t ed  n u c l e i  were f i r s t  prepared from t h e  l i v e r  of d i a b e t i c  r a t s ,  and then highly 
pu r i f i ed  nuclear  envelopes were i s o l a t e d  by the  method of Monneron. The d i r e c t  add i t ion  of 
i n s u l i n  to  t h e  envelopes s t imulated NTPase a c t i v i t y ;  a t  10 pM, the  concentrat ion a t  which the  
i n s u l i n  e f f e c t  was maximal, enzyme a c t i v i t y  was increased by 27.1 2 1.1% (mean i SE; n=10). 
The i n s u l i n  analogs,  desdipept ide p ro insu l in  and desoctapept ide i n s u l i n ,  a l s o  s t imulated en- 
zyme a c t i v i t y  i n  proport ion t o  G e i r  reduced b io log ica l  potencies .  
i n s u l i n  nor i n s u l i n  B cha in ,  Zn , growth hormone and CCK had any e f f e c t  on enzyme a c t i v i t y .  
The major e f f e c t  of i n s u l i n  was t o  inc rease  t h e  Vmax of t h e  NTPase; no s i g n i f i c a n t  e f f e c t s  
we$$ seen p p. In  c o n t r a s t ,  under i d e n t i c a l  cond i t ions ,  i n s u l i n  had no e f f e c t  on e i t h e r  
Mg o r  N a  -K ATPase a c t i v i t i e s  i n  pu r i f i ed  plasma membranes. The present  study demonstrates 
t he re fo re  that  i n s u l i n  d i r e c t l y  s t imu la t e s  nuclear  envelope NTPase. Furthermore these  s t u d i e s  
r a i s e  t h e  p o s s i b i l i t y  t h a t  one mechanism whereby i n s u l i n  r egu la t e s  mRNA l e v e l s  is by 
increasing the  t r anspor t  of  mRNA from t h e  nucleus.  
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The a d d i t i o n  of  3x10-7 M i n s u l i n  t o  a c e l l - f r e e  RNA t r a n s p o r t  system causes a 50% increase 
i n  t h e  amount o f  mes enger - l i ke  RNA re leased from r a t  l i v e r  n u c l e i .  

t he  ou te r  nuc lear  membrane abo l ishes  tbe  i n s u l i n  e f f e c t .  
p r o t e i n  causes an inc rease i n  the  amount o f  i n s u l i n  necessary f o r  maximal s t i m u l a t i o n .  The 
same percent  inc rease i n  RNA re lease occurs w i t h  incubat ions  c a r r i e d  o u t  a t  18,25 and 30oC. 
Th is  i n d i c a t e s  t h a t  t he  i n s u l i n  e f f e c t  i s  p r i m a r i l y  on mRNA t ranspor t ,  t he  l i m i t i n g  f a c t o r  
a t  these temperatures, r a t h e r  than on processing. Nuc le i  prepared from the  i n s u l i n - r e s i s t a n t  
Zucker r a t  ( f a / f a )  g i ve  no response t o  i n s u l i n  wh i l e  those from the  lean heterozygous Zucker 
r a t  show an in te rmed ia te  amount o f  response w i t h  the  same opt ima l  i n s u l i n  concent ra t ion .  
Thus the  de fec t  i n  these animals may be t he  number o f  receptors  r a t h e r  than t h e i r  a f f i n i t y  
f o r  i n s u l i n .  

POSSIBLE BIOLOGICAL ROLE OF THE NUCLEAR TNSULIN RECEPTORS, Dorothy E. Schumn, 
The Ohio S ta te  Un ive rs i t y ,  Columbus, Ohio, 43210. 

I n s u l i n  concent ra t ions  
i n  excess o f  1 .2~10-  8 M are  i n h i b i t o r y .  Treatment o f  n u c l e i  w i t h  T r i t o n  X-100 t o  remove 

Inc reas ing  amounts of cy toso l  

0385 
Previous  s t u d i e s  have  sugges ted  t h a t  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) e n t e r s  c e l l s  by endo- 
c y t o s i s  and u n c o a t s  i n  an  i n t r a c e l l u l a r  a c i d i c  m i l i e u .  I n f e c t i o n  of BHK c e l l s  by VSV observed  
by i n  v ivo  RNA t r a n s c r i p t i o n  can be r e v e r s i b l y  i n h i b i t e d  by a v a r i e t y  of amines (such as 
methylamine) known t o  accumulate i n  and raise t h e  pG of  lysosomes and o t h e r  a c i d i c  compart- 
ments ( s e e  Miller and Lenard,  PNAS, 78, 2605, 1981) .  We have  developed a s u b c e l l u l a r  f r a c -  
t i o n a t i o n  scheme u s i n g  one P e r c o l l  d e n s i t y  g r a d i e n t  t h a t  s u c c e s s f u l l y  s e p a r a t e s  from each  
o t h e r  lysosomes, mi tochondr ia ,  f r e e  v i r u s ,  l i g h t  c e l l u l P r  membranes, and c y t o s o l .  This  pro- 
cedure  h a s  been used t o  f o l l o w  t h e  i n t e r n a l i z a t i o n  of v i r u s  i n t o  c e l l s  a f t e r  a synchronized  
i n f e c t i o n  (p .  i . ) .  
s i n  i n s e n s i t i v e )  and a p p e a r s  i n  r e g i o n s  of  t h e  g r a d i e n t  cor responding  t o  l i g h t  membrane v e s i -  
c l e s  and lysosomes. The amount of  v i r u s  i n  t h e  lysosomal pool peaks Sv 60 min p . i .  Simulta- 
neous ly  w i t h  t h e  appearance  of v i r u s  i n  t h e s e  i n t r a c e l l u l a r  o r g a n e l l e s ,  a s u b s t a n t i a l  p o r t i o n  
of v i r a l  components a p p e a r s  a s  f r e e  TCA-insoluble m a t e r i a l  i n  t h e  cytoplasm. SDS g e l s  of t h i s  
s o l u b l e  m a t e r i a l  r e v e a l s  t h e  p r e s e n c e  of much N ( n u c l e o c a p s i d )  p r o t e i n ,  l i t t l e  M (membrane 
m a t r i x )  p r o t e i n ,  and no G ( s p i k e )  g l y c o p r o t e i n .  I n  s i m i l a r  i n c u b a t i o n s  of c e l l s  w i t h  VSV i n  
t h e  p r e s e n c e  o f  methylamine, t h i s  s o l u b l e  v i r a l  m a t e r i a l  i s  n o t  formed. When methylamine i s  
washed o u t ,  t h e  s o l u b l e  v i r a l  m a t e r i a l  is a g a i n  formed. These r e s u l t s  s u g g e s t  t h a t  uncoated 
v i r u s  is  r e l e a s e d  i n t o  t h e  c y t o s o l .  P a r a l l e l  exper iments  w i t h  h o r s e r a d i s h  p e r o x i d a s e  show a 
s imi la r  rate of  e n d o c y t o s i s  w i t h  maximum i n c o r p o r a t i o n  i n t o  t h e  lysosornal pool  by 90 min 
a f t e r  e n d o c y t o s i s .  (Supported by N I H  A 1  13002 and CMTINJ MSRP 27-9618.) 

ENDOCYTOSIS AND UNCOATING OF VESICULAR STOMATITIS VIRUS, Robert  W .  Van Hol ten ,  
Douglas K. Miller, and John Lenard,  CMDNJ-Rutgers Medical School ,  P isca taway,  N . J .  

Wi th in  15 min 35S-met l a b e l e d  v i r u s  is  p a r t i a l l y  endocytosed (becomes t ryp-  

0386 A NOVEL ENDOCYTIC PATHWAY INVOLVING "GOLGI" FOR EPIDERMAL GROWTH FACTOR PROCESSING, 
W. K e i t h  Miskimins and Nobuyoshi Shimizu, Dept. C e l l .  and Dev. B i o l . ,  Vniv. of A r i z . ,  
Tucson, AZ 85721 

The e n d o c y t i c  pathway i n v o l v e d  i n  t h e  i n t r a c e l l u l a r  p r o c e s s i n g  of EGF was s t u d i e d  u s i n g  Per- 
r o l l  g r a d i e n t s .  I n  t h e  p r e s e n c e  o f  serum EGF was i n i t i a l l y  t a k e n  up i n t o  a c e l l u l a r  component 
which had a d e n s i t y  i d e n t i c a l  t o  t h a t  of Golg i  markers .  I t  w a s  t h e n  t r a n s l o c a t e d  i n t o  a f r a c -  
t i o n  which comigra ted  w i t h  lysosomal markers .  A p o r t i o n  of t h e  EGF remained, undegraded, i n  
t h i s  f r a c t i o n  f o r  up t o  7 h. F u r t h e r  f r a c t i o n a t i o n  of t h i s  peak demonst ra ted  t h a t  =. m a j o r i t y  
of t h e  s u b c e l l u l a r  s t r u c t u r e s  c o n t a i n i n g  EGF a r e  s e p a r a b l e  from lysosomes. A much d i f f e r e n t  
pathway was observed  i n  t h e  absence  of serum. The m a j o r i t y  of i n t e r n a l i z e d  EGF became a s s o c i -  
a t e d  w i t h  a s u b c e l l u l a r  f r a c t i o n  which does n o t  cor respond t o  any of t h e  markers  f o r  which w e  
have t e s t e d .  I t  is t h e n  t r a n s l o c a t e d  t o  t h e  f r a c t i o n  which cor responds  t o  lysosomes. I n  t h e  
absence  of serum n e a r l y  a l l  of t h e  EGF i n  t h i s  f r a c t i o n  is  degraded and r e l e a s e d  from t h e  
cells. I n  a d d i t i o n ,  w e  have  observed  d i f f e r e n c e s  i n  t h e  b i n d i n g  and d e g r a d a t i o n  i n  t h e  pres -  
ence  o r  absence  of serum. I n  t h e  p r e s e n c e  of serum, a f t e r  1-2 h a t  37OC, b i n d i n g  r e a c h e s  a 
maximum l e v e l  which is t h e n  main ta ined  f o r  a t  l e a s t  6 more h.  I n  serum f r e e  medium, however, 
b i n d i n g  r e a c h e s  a maximum n e a r  1 h and t h e n  d e c l i n e s  over  t h e  n e x t  6 h.  The p r o p o r t i o n  of  
c e l l  bound EGF which becomes degraded is  decreased  i n  t h e  p r e s e n c e  of  serum. Thus, EGF ap- 
p e a r s  t o  b e  processed  through 2 s e p a r a t e  pathways which may s e r v e  d i f f e r e n t  f u n c t i o n s  and a r e  
r e g u l a t e d  by serum f a c t o r s  o r  t h e  p h y s i o l o g i c a l  s ta te  i n  which they  m a i n t a i n  c e l l s .  (Sup- 
p o r t e d  by g r a n t s  from N I H ,  GM24375 and ACS, JFRA-9) 
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0387 SUBCELLULAR LOCALIZATION OF NERVE GROWTH FACTOR IN CULTURED SYMPATHETIC NEURONS. 
Ph i l ippa  Claude, Edward Hawrot*, Robert*B.  Campenot+ and I s a b e l  Parada. Reg. Primate 
Res. C t r . ,  Univ. Of Wisconsin-Madison, Dept. of Pharmacology, Yale Sch. of Med., New 
Haven, CN. and +Sect.  Neurobiology and Behavior,  Cornel l  Univ., I t haca ,  NY. 

Bio log ica l ly  a c t i v e  iod ina ted  Nerve Growth Factor  (lZ5I-NGF) was prepared using t h e  2.5s spec ie s  
from male mowe s a l i v a r y  glands.  After  exposing t h e  d i s t a l  n e u r i t e s  of rat sympathetic neurons 
t o  50 ng/ml lz5I-NGF i n  the  s i d e  chambers of compartmentalized c u l t u r e  d i shes ,  w e  l o c a l i z e d t h e  
NGF using EM autoradiography. Most of t h e  l a b e l  i n  t h e  c e l l  bodieswas,concentratedhlysosoms 
and mul t ives i cu la r  bodies  (MVB). Lysosomes accounted f o r  t h e  l a r g e s t  f r a c t i o n  ( 4 5 4 0 % )  of t h e  
g r a i n s  i n  t h e  c e l l  bodies ,  with a l a b e l i n g  dens i ty  (LD = %grains/%area)  of 3-5. MVB accounted 
f o r  5-10% of t h e  g r a i n s ,  with a LD of 5-20. 
no s i g n i f i c a n t  nuc lea r  l abe l ing  (LD<0.2). I n t e r e s t i n g l y ,  thelysosomes i n  t h e  proximal n e u r i t e s  
were about twice as r ad ioac t ive  as those i n  t h e  c e l l  bodies ,  while  t h e  MVB were less than h a l f  
a s  r ad ioac t ive  as those i n  t h e  c e l l  bodies .  

In  t h e  presence of t h e  lysosomal blocking agents  methylamine (MA, 10 mM) and chloroquine 
(CQ, 0.05 mM) lysosomes appeared swollen with membranous ma te r i a l .  However, t h e  neurons s t i l l  
i n t e r n a l i z e d  125I-NGF. I n  MA t h e  f r a c t i o n a l  a r e a  of MVB w a s  markedly increased,  b u t  they were 
n o t  heav i ly  labeled.  In  CQ MVB were v i r t u a l l y  absent  and the lysosomes were highly l abe led  
( L P 6 ) .  We observed no evidence f o r  nuc lea r  accumulation of NGF even i n  t h e  presence of t hese  
lysosomtropic agents .  (Supported by t h e  MDA, t he  Helen Hay Whitney Foundation, t h e  NSF, the 
N I H  and t h e  Base Operating Grant of t h e  WRPRC). 

Even a f t e r  2 4  hours exposure t o  NGF, we observed 

RECEPTOR-MEDIATED ENDOCYTOSIS OF HUMAN TRANSFERRIN AND ITS CELL SURFACE RECEPTOR. 
J . W .  Larrick*, C.A. Enns*, H.A. Suomalainen+, J. Schroder+, H.H. Sussman* 
*Stanford Med. CTR., Palo Alto,  CA; +Folkhalsan I n s t .  Genet ics ,  He l s ink i ,  Finland. 

The incorporat ion of i r o n  i n t o  human c e l l s  involves  t h e  binding of d i f e r r i c  t r a n s f e r r i n  t o  a 
s p e c i f i c  c e l l  su r f ace  receptor .  We have s tud ied  the  process of endocytosis  i n  K562 (myeloid) 
and CEM (T c e l l )  c e l l s  using rhodamine (RD) o r  f l uo resce in  (FL) l a b e l l e d  i r o n  t r a n s f e r r i n  (Fe- 
TF) and FL-labelled F(ab) fragments of s p e c i f i c  goat o r  mouse monoclonal an t i r ecep to r  antibody. 
Because an t i r ecep to r  antibody (TFR-AB) and Fe-TF bind t o  d i f f e r e n t  s i t e s  on t h e  TF recep to r  
molecule, i t  i s  poss ib l e  t o  simultaneously and independently fol low recep to r  and l igand.  

Binding of 
RD-FeTF causes  r ap id  formation of su r face  aggregates  a t  2OOC. 
and FeTF appears  i n  t h e  cytoplasm wi th in  s e v e r a l  minutes of e l eva t ing  c e l l u l a r  temp. t o  37OC. 
ALthough t h e  d i f f u s e  s u r f a c e  s t a i n i n g  and aggregates  are removed by p r o t e o l y s i s ,  t h e  l a r g e  
i n t r a c e l l u l a r  aggregate is  no t  suscep t ib l e  t o  enzyme. 
depot '  is  s t i l l  under inves t iga t ion .  

Biochemical s t u d i e s  suggest  t h a t  t h e  94K Mr TFR may form dimers i n  t h e  membrane (JBC 256: 
9820). Because t r a n s f e r r i n  c o n s i s t s  of two highly homologous domains i t  i s  poss ib l e  t h a t  endo- 
c y t o s i s  is  t r igge red  by ' c ros s l ink ing '  of two d i su l f ide - l inked  r ecep to r  molecules.  The f a c t  
t h a t  RD-FeTF i s  rap id ly  endocytosed whereas Fl-F(ab) fragments of anti-TFR bind d i f f u s e l y  and 
a r e  only slowly endocytosed i s  cons i s t en t  with t h i s  model. 

A t  40C binding of RD-FeTF o r  FL-anti-TFR-AB e x h i b i t  d i f f u s e  membrane s t a in ing .  
A l a r g e  aggregate  of r ecep to r  

The p rec i se  na tu re  of t h i s  'FeTF 

0389 ENZYME MODIFICATION OF EPIDERMAL GROWTH FACTOR RECEPTOR I N  A431 PLASMA MEMBRANE 
PREPARATIONS, Robin W. Yeaton, Michael T. L i p a r i  and C. Fred Fox, Un ive rs i t y  o f  
Ca l i f o rn ia ,  Los Angeles, CA 90024 

Membrane preparations from A431 human epidermoid carcinoma c e l l s  contain a 160/145Kd, EGF- 
b ind ing set  o f  prote 
d i r e c t  labeled w i t h  IBSI-EGF (L ins ley and Fox, Nature 278:745, 1979). I n  membrane 
preparations conta in ing predominantly the 160Kd component, d igest ion w i t h  endogenous A431 
protease converts the 160Kd d i r e c t  labeled p ro te in  t o  145Kd w i t h  no change i n  the t o t a l  
amount o f  d i r e c t  labeled 1251-EGF:EGF receptor complex. 
vesicles, (1)  s o l u b i l i z e d  i n  nonionic detergent o r  (2)  t rea ted  by hypotonic shock t o  a l l ow  
inwards t ranspor t  o f  macromolecules, have g r e a t l y  increased s e n s i t i v i t y  t o  d igest ion by t h i s  
endogenous enzyme o r  t ryps in.  
subjected t o  these condi t ions are r e l a t i v e l y  r e f r a c t o r y  t o  protease d igest ion.  
evidence f o r  sidedness i n  membrane ves ic les o f  a protease-sensit ive domain on EGF receptors. 
This research was supported by grants from USPHS, ACS and MDAA. 

as v i sua l i zed  by gel electrophoresislautoradiography o f  p r o t e i n  bands 

D i r e c t  labeled receptors i n  membrane 

I n  contrast ,  d i r e c t  labeled receptors i n  ves ic les n o t  
This provides 
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0390 EPIDERMAL GROWTH FACTOR I S  NOT DEGRADED I N  LYSOSOMES, B. Magun and J .  
S o r r e n t i n o ,  Anatomy D e p t ,  C o l .  Med.. U n i v .  A r i z o n a ,  Tucson,  A Z  8 5 7 2 4  

The intracellular fate of endocytosed 1251-epidermal growth factor (EGF) was examined in rat 
fibroblasts, 3T3, NRK and A431 cells. Cells were incubated at '37' in serum-free medium con- 
taining 1 mghl BSA and lZ5I-EGF for 30 min at which time the dishes were rinsed thoroughly 
and incubated at 37' for up to 5h in the same medium minus EGF. 
the lZ5I-EGF, cells were harvested and the postnuclear supernatant was analyzed by isopycnic 
centrifugation on Percoll gradients. 
the lz5I activity appeared in an organellarpeakwhich included all the activity for acid 
phosphatase and other lysosomal enzyme markers. 
appeared from the acid phosphatase peak and instead appeared in a peak which remained on top 
of the gradient. 
appear in the culture medium. 
in both gradient peaks the lZ5I activity was present in a high MW form whichco-chromatographed 
with intact EGF, reacted immunologically with anti-EGF antibody, and rebound to fresh cells 
at least as well as intact 1251-EGF. 
The "'I material which appeared in the medium at later times consisted of degraded l 2  I 
material. 
stead enters another compartment perhaps a non-organellar one, in an undegraded form. Transit 
from this second compartment to the cell exterior is coupled with degradation. Inhibition of 
mitogenic stimulation by lysosomotropic amines suggests that the EGF may act at cellular sites 
distal to incorporation into lysosomes. 

At times after removal of 

At early times after 12'I-EGF removal from the cells, 

Shortly thereafter the lZ5I activity dis- 

Two h after removal of the 12'I-EGF from the cells lZ5I activity began to 
Analysis of the lZ5I material in these fractions revealed that 

teak. No degradation products were detected in either 

From these data we conclude that lZ5I-EGF is not degraded in lysosomes, but in- 

0391 ENERGY INDEPENDENT DEGRADATION (INTERNALIZATION) OF 1251-5 NERVE GROWTH FACTOR, Robert 
W. Stach, S.U.N.Y. Upstate Medical Center, Syracuse, NY 13210 

Nerve growth factor (NGF) is a polypeptide hormone that is necessary for the growth and devel- 
opment of the sympathetic and sensory nervous systems. It has been shown that NGF binds to 
its responsive cells through cell surface membrane receptors. Recently it has been shown that 
after NGF binds to the higher affinity, type I, receptor, a time and energy dependent process 
OCCUKS that makes the NGF inaccessible to the external milieu (Olender & Stach, J. Biol. Chem. 
- 255, 9338:1980; Olender, et al., J. Neurochem. 37, 436:1981). This inaccessible NGF has been 
termed sequestered NGF. It has also been shown that NGF could be degraded after binding to 
sensory nerve cells (Sutter, et al., J. Biol. Chem. 254, 5 9 7 2 : 1 9 7 9 ) .  We were interested in 
determining if sequestration was a necessary prerequisite for degradation of NGF by sensory 
nerve cells. Dorsal root sensory ganglia from 9 day embryos (E9) were dissociated and used 
in this study. The dissociated cells were incubated with 7.5 x 10-l' g lz51-5NGF at 2 2 O  or 4' 
C for 30 to 45 minutes. After this time samples were brought to 37O C and incubated for an 
additional hour. Under these conditions, %17% of the NGF that was bound was degraded. Degra- 
dation does not occur at 4' C; 
of the experiment; or  when excess ENGF is added from the beginning of the experiment. Degra- 
dation does occur if cells are incubated at 4' C, then the temperature raised to 37' with con- 
comitant addition of excess BNGF; 
raised to 37' with the concomitant addition of NaF and DNP. This suggests that the sequestra- 
tion of NGF is necessary for degradation to occur, but degradation (internalization) is energy 
independent. 

o r  in the presence of NaF and DNP when added at the beginning 

or if cells are incubated at 4O, then the temperature 

Kinetics of binding at 4' was also studied. Supported by NIH grant NS 12325. 

0392 INSULIN INTERNALIZATION BY TRANSFORMED AND UNTRANSFORMED CELLS STUDIED 
BY FLOW CYTOMETRY, Robert F. Murphy, R. Scott Powers, Charles R. 
Cantor and Robert Pollack, Departments of Chemistry and Biology, 
Columbia University, New York, NY 10027 

We have developed flow cytometric methods for measuring the kinetics of 
binding. internalization, and lysosomal entry of fluorescent derivatives of 
insulin in mouse cultured cell lines. Using these methods, Swiss 3T3 cells, 
which require insulin when grown in serum-free medium, were found to 
internalize labeled insulin with a saturable, first order dependence on 
insulin concentration. In contrast, SVlOl cells, which do not require 
insulin under the same conditions, internalize less labeled insulin than 3T3 
cells. and the internalization is linearly related to insulin concentration. 
AY4 cells, which are derived from SVlOl but require insulin to grow, have 
insulin internalization properties similar to those of 3T3. 3T6 cells, which 
are not transformed but do not require insulin, internalize insulin in a 
manner similar to SVlO1. For these four cell lines, the amount of labeled 
insulin internalized shows a very high degree of correlation with the growth 
rate without insulin relative to that with insulin. This correlation 
suggests that insulin internalization is important in growth regulation. 
This work was supported in part by post-doctoral fellowship D R G - 3 5 2 - F  from 
the Damon Runyon-Walter Winchell Cancer Foundation (R.F.M.), by NIH Grants 
GM-14825 and GM-27576 (C.R.C.), and by N C I  Grant CA-25066 (R.P.). 
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0393 BIOLOGICAL MODIFICATION OF LDL INDUCES RECOGNITION BY MACROPHAGE RECEPTORS AND 
ENHANCES CHOLESTEROL ESTER ACCUMULATION, Eileen H.  Mahoney, Tore Henrlksen and 
Daniel Steinberg, University of California, San Diego, La Jolla, CA 9209)  

In vivo, macrophages accumulate large stores of cholesterol esters in their cytoplasm 
under certain pathological conditions. Yet, in vitro, macrophages do not avidly metabolize 
LOL, the major plasma carrier of cholesterol. We report that Incubation of LDL with 
endothelial cells converts LDL from a form that is slowly internalized and degraded by 
macrophages to one that macrophages recognize specifically and internalize 3-4 times m r e  
rapidly. Degradation of the endothelial cell-modified LDL displays saturation kinetics 
and competes for degradation of chemically acetylated LDL. for which receptor sites have 
previously been demonstrated uniquely on macrophage surfaces. Metabolism of endothellal 
cell-modified LDL leads to increased acyl coA :cholesterol acyltransferase activity with 
the result that the cholesterol liberated from the endothelial cell modified LDL during 
degradation is esterified in the cytoplasm and accumulates throughout the incubation 
period. However, unlike native LDL matabolism In fibroblasts, the rate of macrophage 
degradation of endothelial cell-modified LDL remains constant for several days in culture 
and evidently does not lead to regulation of  the surface receptor. Therefore, interaction 
between LDL and endothellal cells generates a modification of the lipoprotein that permits 
recognition of it by macrophage surface receptors with subsequent intracellular degradation 
of the LDL and cholesterol ester accumulation. 

03% NUCLEAR RECEPTORS FOR GONADOTROPINS AND PROSTAGLANDINS. 
Depts. of Ob/Gyn & Biochem., Univ. of Louisville, Louisville, KY 40292  

Ch. V. Rao and S.B. Mitra, 

Nuclei (N) isolated from bovine corpora lutea (bCL) were enriched with NAD pyrophosphory- 
lase but contained very little or none of other marker enzymes. 
added l2 'I-human chorionic gonadotropin (12'I-hCG) and 'H-prostaglandin (PG) El and Fza. How- 
ever, these N bindings were only 8-15% of bindings observed for plasma membranes (PM) isolat- 
ed from the same bCLs. Nuclear membranes (NM) that were free from chromatin as assessed by 
the lack of NAD pyrophosphorylase, bound all three labeled ligands to at least the same level 
as the N. Chromatin that was free of NM as assessed by the lack of NADH cytochrome c reduc- 
tase, also bound these labeled ligands. However, these bindings were lower than for N or NM. 
The l 2  'I-hCG specific binding to NM was heterogeneous (Kds-ll&23x10-1'M) as compared to homo- 
geneous (Kd-8.6~1O-~'M) binding to PM. 
found between NM L PM gonadotropin receptor properties. Luteal N and PM gonadotropin recep- 
tors increase from early to mid and then decrease i n  late luteal phase, paralleling the cor- 
pus luteum secretory activity. The lZ5I-hCG internalized in bCL slices and was found to be 
associated with N and the other intracellular organelles which contain intrinsic gonadotropin 
receptors. Eluted N 
radioactivity was able to rebind to fresh PM but to a lesser extent than fresh "'I-hCG. It 
came off Sepharose 6B columns with the same Kay as native "'I-hCG. Detergent solubilized N 
radioactivity eluted as a macromolecular bound complex from the same columns (Support-NIH HD 
1 4 6 9 7 ) .  

These N specifically bound 

Numerous differences as well as similarities were 

The N had less "'I-hCG uptake than any other intracellular organelle. 

0395 RECEPTOR AND NON-RECEPTOR MEDIATED UPTAKE AND DEGRADATION OF INSULIN BY HEPATOCYTES, 
David B. Donner, Memorial Sloan-Kettering Cancer Center, New York, NY 10021. 

Physiologic and supraphysiologic amounts of insulin are degraded intracellularly by rat 
hepatocytes. 
Half-maximal inhibition of degradation occurs in the presence of 10 nM insulin, a hormone 
concentration at which the physiologically-functional insulin receptor is saturated. 
or 37OC the proportion of degraded hormone increases as insulin interacts with low affinity 
sites. Thus, all bound insulin, whether receptor associated or not, is a potential substrate 
for degradation. 
associated hormone is receptor bound, chloroquine increases the amount of 125I-insul in 
retained by hepatocytes. However, chloroquine increases the retention of degradation products 
of insulin in incubates containing sufficient hormone to saturate the receptor and permit 
occupancy of low affinity sites. Glucagon (50 JJM) does not compete f o r  the interaction of 
125I-insulin (1 nM) with the insulin receptor, but does inhibit the uptake o f  insulin (100 
nM) by low affinity sites. 
affinity sites, while inhibiting low affinity uptake, precludes the possibility that receptor 
binding is an obligatory step preceeding degradation at high hormone concentrations. 
proposed that insulin degradation is mediated by receptor and non-receptor pathways. 
latter may be related to the actions of glutathione insulin transhydrogenase since both 
insulin and glucagon interact with this enzyme. 
from NIH. 

Native insulin inhibits the binding and degradation of 125I-insulin in parallel. 

At 4oC 

In the presence of 0.6 nM insulin, a concentration at which most cell- 

The inability of glucagon to compete for insulin binding to high 

It is 
The 

Supported by grants AM 22121 and CA 08748 
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Growth Factors and Cell Division: Receptor-Linked Systems 

COLONY STIMULATING FACTOR (CSF-1) UPTAKE AN0 DESTRUCTION BY MACROPHAGES 
L.J. G u i l b e r t ,  R.J. Tush:nski and E.R.  S tan ley ,  Departments o f  Mic rob io logy  and Immuno 
l o g y  and C e l l  B io logy ,  A l b e r t  E i n s t e i n  Co l lege o f  Medicine, Bronx, New York 10461. 

0396 

Mononuclear phagocy t ic  c e l l s  and some macrophage c e l l  l i n e s  have a h i g h l y  s p e c i f i c  b ind ing  
s i t e  f o r  t he  co lony  s t i m u l a t i n g  f a c t o r  subclass CSF-1. CSF-1 i s  a a l ycop ro te in  t h a t  s p e c i f i -  
c a l l y  s t imu la tes  mononuclear phagocyte s u r v i v a l ,  p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  i n  c u l t u r e  
(1 ) .  However, t he  carbohydrate i s  n o t  requ i red  f o r  h igh  a f f i n i t y  c e l l  sur face  b ind ing  o r  
b i o l o g i c a l  a c t i v i t y .  

Qu iescent  CSF-1 responding c e l l s  may be ob ta ined by c u l t u r i n  bone marrc de r i ved  macro- 
phages (BMM) i n  the  absence o f  CSF-1. Fo l low ing  a d d i t i o n  o f  1291-CSF-1 t o  these c e l l s ,  i t  i s  
b nd t o  a h igh  a f f i n i t y  s i t e  and i s  r a p i d l y  i n t e r n a l i z e d  ( t k42s ) .  A l l  o f  t he  i n t e r n a l i z e d  
1981-CSF-1 i s  destroyed, and the  e n t i r e  d e s t r u c t i o n  can be descr ibed by s imple f i r s t  o rde r  
k i n e t i c s  (t’l16m). 
l y  van ish  and on removal o f  1251-CSF-1 
cont inuous ly  i n  the  presence o f  CSF-1 ( p r o l i f e r a t i n g  BMMY ma in ta in  a much h ighe r  steady s t a t e  
l e v e l  o f  recep to r  mediated CSF-1 uptake and d e s t r u c t i o n  than would be p red ic ted  from the  r e -  
cep to r  numbers and recep to r  t u rnove r  r a t e s  o f  qu iescent  c e l l s .  [The number o f  CSF-1 molecules 
pe r  c e l l  des t royed i n  one hour by p r o l i f e r a t i n g  BMM i s  g rea te r  than the  number o f  s i t e s  on a 
qu iescent  c e l l . ]  The CSF-1 s t imu la ted  CSF-1 recep to r  t u rnove r  may be an impor tan t  aspect o f  
t he  p r o l i f e r a t i v e  response o f  BMM t o  CSF-1. 

1. E.R. S tan ley  gal. Th is  meeting. 

Dur ing  t h i s  i n i t i a l  uptake o f  1251-CSF-1, c e l l  sur face  b ind ing  s i t e s  r a p i d -  
However, c e l l s  c u l t u r e d  very  s low ly  reap ea r  ( t 4>4h) .  

REGULATION OF MACROPHAGE PROLIFERATION BY A COLONY STIMULATING FACTOR (CSF-1) 
R.J. Tush insk i ,  I . T .  O l i v e r  and E.R.  Stanley,  Departments o f  M ic rob io logy  & Immunology 
and C e l l  B io logy ,  A l b e r t  E i n s t e i n  Co l lege o f  Medicine, Bronx, New York 10461, 

A colony s t i m u l a t i n g  f a c t o r  (CSF-1) i s  requ i red  f o r  t he  s u r v i v a l ,  p r o l i f e r a t i o n  and d i f f e r -  
e n t i a t i o n  o f  macrophages (1 ) .  
were c a r r i e d  out i n  homogeneous popu la t ions  o f  bone marrow de r i ved  macrophages ( 2 ) .  

Removal o f  CSF-1 from exponen t ia l l y  growing c e l l s  r e s u l t e d  i n :  ( i )  a decrease i n  the  i n c o r -  
p o r a t i o n  o f  [3H] TdR i n t o  n u c l e i  [ f rom 33% t o  ~ 5 %  a t  12 h and t o  <1% a t  24 h]; ( i i )  a 2 . 5 - f o l d  
g rea te r  r a t e  o f  l o s s  o f  [3H] Leucine l abe led  p r o t e i n  than i n  c e l l s  remaining i n  the  presence 
o f  CSF-1, and ( i i i )  t he  reduc t i on  o f  p r o t e i n  syn thes is  t o  one h a l f  t h a t  o f  exponen t ia l l y  grow- 
i n g  c e l l s .  
i n  the  p r o t e i n  s y n t h e t i c  r a t e  ( i i i )  accounts f o r  t he  absence o f  p r o t e i n  accumulat ion i n  non- 
p r o l i f e r a t i n g  macrophages. The a d d i t i o n  o f  CSF-1 t o  n o n - p r o l i f e r a t i n g  c e l l s  r e s u l t e d  i n  a 
r e l a t i v e l y  synchronous s t i m u l a t i o n  o f  DNA synthes is  w i t h i n  12 h and an inc rease i n  the  n e t  
accumulat ion o f  p r o t e i n  w i t h i n  2-4 h. Exposure o f  n o n - p r o l i f e r a t i n g  macrophages t o  CSF-1 f o r  
va ry ing  per iods  i n d i c a t e s  t h a t  CSF-1 i s  requ i red  du r ing  the  G1 phase f o r  c e l l s  t o  en te r  S 
phase, b u t  n o t  f o r  t he  passage o f  t he  c e l l s  through S phase. These data i n d i c a t e  t h a t  i n  
serum-containing macrophage cu l tu res ,  CSF-1 regu la tes  p r o t e i n  tu rnover  and i s  requ i red  f o r  
events occu r r i ng  i n  G1 which a re  c r i t i c a l  f o r  t he  e n t r y  o f  c e l l s  i n t o  S phase. 

0397 

Stud ies  on the  r e g u l a t i o n  of macrophage p r o l i f e r a t f o n  by CSF-1 

The increase i n  the  r a t e  o f  apparent degradat ion  o f  p r o t e i n  ( i i )  and the  decrease 

1. E.R. S tan ley  Gal. Th is  meeting. 
2. R.J. Tush insk i  SaJ. (1982) C e l l  ( i n  p ress) .  

0398 IN VITRO RADIATION SENSITIVITY OF CSF-DEPENDENT MURINE HEMATOPOIETIC STEM CELLS AND 
STROMAL SU?PORTIVE CELLS DIFFERS SIGNIFICANTLY. R.R. Weichselbaum, M.A. Sakakeeny, 
A. Schmidt, J.B. Little, and 3.5. Greenberger. Joint Center for Radiation Therapy, 

Dept of Radiation Therapy, and Harvard School of Public Health, Boston, MA. 02115. 

Purified murine hematopoietic stem cells were separated by removal of nonadherent cells 
for continuous mouse bone marrow cultures at day 40. The cells were tested for gamma irradia- 
tion sensitivity (140 KVP, GE Maximar) by colony formation (greater than 50 cells per colony) 
following transfer to 0.8% methylcellulose-containing medium in the presence of L-cell colony 
stimulating factor for hemopoietic cells (CSF). The Do was 90-100 rad for NZB or NIH Swiss 
marrow culture CSF-dependent colony-forming cells. In contrast, when fresh bone marrow was 
tested in the same assay, a curve was observed that had an initial Do of 90-100 and resistant 
tail of 100-250. Separation of adherent from nonadherent cells was achieved by transfer of  
fresh bone marrow to empty petri dishes in the absence of CSF. These conditions allowed at- 
tachment of adherent stromal cells that did not require CSF for growth and allowed analysis 
of the adherent cell population alone. Under these conditions, a Do of 120-140 was obtained. 
These data provide strong evidence that the hernatopoietic stem cell compartment (Do 90-120) 
and bone marrow stromal cell compartment (Do 120-250) have inherently different radiobiologic 
properties. Studies of radiation effects on whole bone marrow must consider these differen- 
ces. 
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0399 
Binding o f  1251-label led human i n t e r f e r o n  (1251-H~-IFN-aA) t o  spec i f i c  receptors on Daudi 
c e l l s  was demonstrated by the a b i l i t y  of un label led Type I human in te r fe rons  (Hu-IFN-a,Hu-IFN- 
6) t o  compete f o r  the b ind ing o f  125I-Hu-IFN-aA. The associat ion o f  the l abe l  w i t h  the c e l l s  
was characterized by equ i l i b r i um and saturat ion b ind ing k ine t i cs .  Competition b ind ing exper i -  
ments w i t h  a v a r i e t y  o f  Type I human in te r fe ron  prparations ind icated t h a t  these in te r fe rons  
b ind t o  the same receptor  w i t h  r e l a t i v e l y  equal a f f i n i t i e s .  Unlabelled Type I 1  human i n t e r -  
f e r  n (Hu-IFN-y) o r  mouse i n t e r f e r o n  (MU-IFN-6) d i d  no t  compete s i g n i f i c a n t l y  f o r  the b ind ing 
of 9251-H~-IFN-aA ind i ca t i ng  t h a t  Types I and I 1  human in ter ferons do no t  share the same 
receptor and r e f l e c t i n  the known species s p e c i f i c i t y  o f  MU-IFN-6. 

The associat ion o f  1951-IFN-aA w i t h  the c e l l s  exhib i ted a marked temperature dependence. 
Evidence from competit ion displacement experiments and character izat ion o f  the label  released 
from the c e l l s  ind icated the poss ib le  i n t e r n a l i z a t i o n  o f  i n te r fe ron  and demonstrated d i r e c t l y  
i t s  degradation by the c e l l s .  Corre la t ions o f  l abe l  associated w i t h  preparations o f  cyto- 
ske le ta l  s t ructures impl icated a poss ib le  r o l e  f o r  t he  cytoskeleton i n  the processing o f  
i n te r fe ron  a f t e r  i n i t i a l  b ind ing t o  c e l l  surface receptors. 

HUMAN INTERFERON: BINDING TO AND DEGRADATION BY A HUMAN CELL LINE, Andrew A. Branca 
and Corrado Bagl ion i ,  State Un ive rs i t y  o f  New York a t  Albany, Albany, New York 12222 

0400 
Ki rs ten  murine sarcoma v i rus  (KiMSV) induces the production f o  Transforming Growth Factors 
(TGFs), some o f  which compete w i t h  epidermal growth f a c t o r  (EGF) f o r  c e l l  surface binding. 
K iMSV transformed f i b r o b l a s t s  grow i n  serum f r e e  medium devoid o f  exogenous mitogenic 
growth factors .  
requirements before and a f t e r  transformation by KiMSV. 
the add i t i on  o f  a t  l e a s t  EGF t o  the serum f r e e  medium f o r  growth, wh i l e  the transformed 
ce l l sa re  EGF independent. 
the EGF requirement o f  the nontransformed c e l l s  suggesting tha t  K iMSV transformed c e l l s  are 
autocrine systems producing ana u t i l i z i n g  EGF-like growth factors .  
We a lso f i n d  t h a t  both EGF and TGF(s) induce normal r a t  and mouse c e l l  l i n e s  t o  grow i n  
s o f t  agar, however the e f f i c i e n c y  o f  growth induct ion var ies w i t h  both the t e s t  c e l l  and the 
growth fac to r .  The i n t e r a c t i o n  o f  d i f f e r e n t  growth fac to rs  w i t h  the same receptor  can lead  
t o  q u a n t i t a t i v e l y  d i f f e r e n t  responses by the c e l l .  This v a r i a t i o n  i n  s e n s i t i v i t y  o f  
d i f f e r e n t  c e l l s  t o  both EGF and TGF(s) co r re la tes  w i t h  the focus forming a b i l i t y  o f  both 
K i M S V  and Abelson murine leukemia v i rus  and suggests t h a t  the EGF receptor i s  i n t ima te l y  
invo lved w i t h  c e l l  transformation. 

ECTOPIC PRODUCTION AND UTILIZATION OF GROWTH FACTORS BY CULTURED CELLS, 
Paul L. Kaplan and Brad Ozanne, Univ. o f  Texas Health Sci.  C t r . ,  Dal las, TX 75235 

We have examined c e l l s  o f  several species f o r  t h e i r  serum f r e e  growth 
The nontransformed c e l l s  a1 1 requ i re  

Fu'rther, condit ioned medium from the transformed c e l l s  obviates 

0401 METHODS FOR RAPID MICROANALYSIS OF TRANSFORMING GROWTH FACTORS (TGFs) AND TUMOR 
CELL INHIBITORY FACTORS, Kenneth K. Iwata, Charlotte M. Fryling and George J. 

Todaro, Laboratory of Viral Carcinogenesis, N C I ,  Frederick, MD 21701 
Transforming growth fac tors  (TGFs) as  well as  inh ib i tors  of tumor c e l l  growth have been 
isolated i n  t h i s  laboratory from the supernatant f l u i d s  of human tumor c e l l  cul tures .  A n  
important element in any pur i f ica t ion  scheme for  fac tors  produced by tumor c e l l s  a re  assays 
which u t i l i z e  a minimum amount of mater ia l  and allow rapid,  quant i ta t ive  analysis of f rac-  
t ions f ran gel  f i l t r a t i o n ,  ion exchange chromatography, or high pressure l iqu id  chrcmato- 
graphy (HPLC) . Modifications of assays using iodonitrotetrazolium and iodinated nucleo- 
t ides  for  the rapid analysis  of fractionated supernatant fluids from human tumor c e l l  
cul tures  have been developed. Assays a re  conducted i n  96-well t i s sue  cul ture  c lus te rs  
using 100 p1 samples in t r i p l i c a t e  incubated f o r  4 days. We have obtained good reproduc- 
i b i l i t y  i n  our rep l ica te  samples as  well as  between experiments. The r e s u l t s  from the 
microassays a r e  canparable with assays previously reported from t h i s  laboratory for  tes t ing  
stimulatory and inh ib i tory  a c t i v i t i e s  from c e l l  supernatant f lu ids .  Using the microassays, 
we observed d i f fe ren t  degrees of s e n s i t i v i t y  to  the TGFs and inh ib i tors  of tumor c e l l  
growth by d i f fe ren t  tumor c e l l  l ines .  Each tumor c e l l  l i n e  may possess a charac te r i s t ic  
responsiveness to  TGFs and inh ib i tors  of tumor c e l l  growth. 
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0402 I N  SITU MOLECULAR WEIGHT OF EPIDERMAL GROWTH FACTOR RECEPTOR, Harry T. Haigler ,  David 
End, and E l l i s  S. Kempner, Univ. of Ca l i f . ,  I rv ine ,  CA 92717 and Nat l .  I n s t .  of 
Health. Bethesda, MD 20205. 

We have used h igh  energy r a d i a t i o n  i n a c t i v a t i o n  t o  determine t h e  func t iona l  s i z e  of t he  epi-  
dermal growth f a c t o r  (EGF) r ecep to r  i n  s i t u .  The method is  based on the  random na tu re  of t h e  
i n t e r a c t i o n  between ion iz ing  r a d i a t i o n  and t h e  t a r g e t  molecules and the  complete loss of func- 
t i o n  of any polymer t h a t  is struck.  Membranes i s o l a t e d  from t h e  human e p i t h e l i o i d  carcinoma 
c e l l  l i n e  A-431 were e x y s e d  t o  inc reas ing  doses (0.5-72 Mrads) of high energy e l e c t r o n s  and 
then assayed both f o r  51-EGF binding a c t i v i t y  and f o r  t h e  a c t i v i t y  of t he  added i n t e r n a l  
's tandard malic  dehydrogenase. The log of t h e  f r a c t i o n  of remaining a c t i v i t y  was p l o t t e d  as a 
func t ion  of t he  dose of r a d i a t i o n  and from t h e  r e s u l t i n g  monoexponential decay, t h e  t a r g e t  
s i z e  w a s  determined. The func t iona l  u n i t  of mal ic  dehydrogenase w a s  found to be 70 kd and is 
i n  agreement wi th  t h e  known s t r u c t u r e  and r a d i a t i o n  s e n s i t i v i t y  of t h e  enzyme. In s e v e r a l  
i r r a d i a t i o n  experiments,  we obtained values  f o r  t he  lZ5I-EGF binding component ranging from 
130 kd t o  170 kd, with t h e  average being 154 5 19 kd. 
decay i n d i c a t e s  t h a t  only a s i n g l e  s i z e  of func t iona l  r ecep to r  e x i s t s .  Target  s i z e  a n a l y s i s  
of t he  t o t a l  number of binding s i t e s  determined from Scatchard p l o t s  gave a s i m i l a r  funct ional  
s i z e  (148 kd). Thus, t h e  i n  s l t u  molecular s i z e  of t h e  EGF binding a c t i v i t y  is  i n  good a g r e e  
ment with the  molecular weight of t h e  EGF recep to r  obtained by SDS- PAGE of both t h e  a f f i n i t y -  
p u r i f i e d  and the  photoaff ini ty- labeled r ecep to r .  

Prel iminary experiments suggest  t h a t  t he  t a r g e t  s i z e  of t h e  EGF-stimulated klnase a c t i v i t y  
i n  A-431 membranes i s  s i g n i f i c a n t l y  smaller  than the  150 kd EGF recep to r .  

The monoexponential na tu re  of t h e  

0403 INTERACTION BETWEEN PLATELET-DERIVE0 GROWTH FACTOR AND ITS FIBROBLAST RECEPTOR, 
C.-H. Heldin, B. Ek, A. Wasteson and B .  Westermark, Un ive rs i t y  o f  Uppsala, Sweden. 

A spec i f i c ,  h i g h - a f f i n i t y  receptor f o r  p la te le t -de r i ved  growth f a c t o r  (POGF) was recen t l y  
demonstrated on connective t i ssue  derived c e l l s  and g l i a l  c e l l s  (C.-H. Heldin, B. Westermark 
and A. Wasteson (1981) Proc. Nat l .  Acad. Sci. USA 78, 3664). We show here tha t  the c e l l  bound 
125I-PDGF i s  i n te rna l i zed  and degraded; a f t e r  one E u r  o f  incubation a t  370C, 90% o f  the c e l l  
bound r a d i o a c t i v i t y  i s  recovered i n  a TCA-non-precipitable form i n  the c e l l  c u l t u r e  medium. 
The degradation i s  impaired by i n h i b i t o r s  o f  lysosomal degradation such as chloroquine (50  pM), 
methylamine (10 M) and ammonium ch lo r i de  (10 mM), suggesting t h a t  the degradation occurs i n  
the lysosomes. Binding o f  POGF t o  i t s  f i b r o b l a s t  receptor r e s u l t s  i n  a concentrat ion dependent 
decrease o f  c e l l u l a r  PDGF-binding capacity, i. e. down-regulation o f  the receptor. Reappearence 
o f  the receptor  i s  dependent on p ro te in  synthesis; i t  was t o t a l l y  blocked by cycloheximide 
(20 ug/ml). This suggests t h a t  the receptor- is degraded together w i t h  PDGF a f t e r  internalizatun,or 
a l t e r n a t i v e l y ,  t h a t  any step i n  the recyc l i ng  o f  "used" receptors i s  dependent on p ro te in  
synthesis. Homobifunctional (d isucc in imidy l  suberate and d i th iob is(succ in imidy1 propionate)) 
o r  heterobi funct ional  (N-hydr y succinimidyl 4-acido benzoate) cross-1 inkers have been used 
t o  s t a b i l i z e  the b ind ing o f  l?$I-PDGF t o  i t s  receptor. The 1251-POGF-receptor complex migrates 
as a 200 000 da l ton  component i n  SDS-gel e lect rophores is  performed under reducing as wel l  as 
non-reducing condi t ions.  This suggests t h a t  the receptor molecule i s  a s ing le  chain prote in .  
Subtract ion o f  the molecular weight o f  POGF i t s e l f  (30 000) y i e l d s  a molecular wieght o f  about 
170 000 f o r  the POGF-receptor on human f i b rob las ts .  

0404 IOENTIFICATION OF A CELL SURFACE RECEPTOR FOR PLATELET-DERIVED GROWTH FACTOR (POGF) 
BY AFFINITY LABELING, Kevin C. Glenn,BRL, P.0.Box 6009, Gaithersburg, MO 20877,Dan F. 

Bowen-Pope and Russell Ross, Un ive rs i t y  o f  Washington, Seat t le  WA 98195. 
Ethylene gy lco l  b i s  (succ in imidy l  succinate) and disucciniTJfy1 succinate, two homobifunc- 
t i o n a l  c ross l l nk ing  reagents, have been used t o  c ross l i nk  
approximate M =164,000. Increasing the concentrat ion o f  unlabeled POGF resu l ted  i n  a p a r a l l e l  
decrease i n  t f ie amount o f  l a b e l i n g  o f  t h i s  component. 
epidermal growth factor ,  f l b r o b l a s t  growth fac to r .  i n s u l i n ,  low densi ty  IJFoprotein (LD&). o r  
acety la ted LDL had no e f f e c t .  
induced a reduct ion (downregulation) o f  s p e c i f i c  
i n  the amount o f  t h e  164.000 dal ton p ro te in  ava i l ab le  f o r  l abe l i ng ,  
many cha rac te r i s t i cs  expected o f  a spec i f i c  receptor f o r  POGF. 
t h a t  i s  accessible t o  cleavage by t r y p s i n  i n  the e x t r a c e l l u l a r  medium. 
receptor f o r  PDGF i s  s i m i l a r  i n  s i ze  on fou r  d i f f e r e n t  c e l l  types which are mi togenica l ly  
responsive t o  PDGF (Swiss 3T3, MI-38. human and monkey a r t e r i a l  smooth muscle c e l l s ) ,  but 
appears t o  be absent on c e l l s  th?%5are not  mi togenica l ly  responsive t o  PDGF ( a r t e r i a l  
endotehelial and A-431 c e l l s ) .  
component i n  the absence o f  a c ross l i nk ing  reagent o r  under condi t ions where a reve rs ib le  
reagent has been hydrolyzed sthsequent t o  cross1 inkage. 

I-PIIGF t o  a p ro te in  w i t h  an 

However, h igh concentrat ions o f  

I n  addi t ion,  pre in fygat ion o f  c e l l s  w i t h  I-PDGF a t  37 C 
I-PDGF binding and a p a r a l l e l  decrease 

This receptor i s  a p ro te in  
Thus, t h i s  p ro te in  has 

It appears t h a t  the 

I-PDGF does not  become covalent ly  cross l inked t o  t h i s  
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0405 
63110; Kenneth A. Thomas, Merck Research Labora to r i e s ,  Rahway N J  07065; G a i l  A.  Hoover and 
Thomas Maciag, Harvard Med. School ,  Beth I s r a e l  Hosp i t a l ,  Boston MA 02215. 
Bovine p i t u i t a r y  and b ra in  f i b r o b l a s t  growth f a c t o r s  (FGFs) (1) were o r i g i n a l l y  descr ibed  a s  
b a s i c  mitogens wi th  a similar spectrum of a c t i v i t i e s .  Subsequent ly ,  b r a i n  FGF was i d e n t i f i e d  
as fragments of myelin bas i c  p ro te in  (MBP)(2), bu t  t h i s  was d isproven  by Thomas ef 3 (3) who 
showed t h a t  b r a i n  FGF a c t i v i t y  is as soc ia t ed  with an a c i d i c  molecule.  
(IEF) has  confirmed t h a t  p i t u i t a r y  FGF is  bas i c  (P I  8-9). as repor ted  (1 ) .  Brain FGF, but 
no t  p i t u i t a r y ,  is mitogenic f o r  human umbi l ica l  ve in  endo the l i a l  (HWE) c e l l s ,  an a d d i t i o n a l  
d i s t i n g u i s h i n g  proper ty .  However, comparison by ac id  g e l  e l ec t rophores i s  of f r e s h l y  prepared 
p i t u i t a r y  FGF with b r a i n  FGF s to red  f o r  t h r e e  yea r s  showed each contained a s i n g l e  a c t i v i t y  
t h a t  migrated t o  the  same pos i t i on .  I n  c o n t r a s t ,  more r ecen t ly  prepared samples of b ra in  FGF 
showed, by IEF, t h e  presence of t he  a c i d i c  component ( P I  5-6) seen  previous ly  ( 3 ) .  and an ac- 
t i v i t y  ind i s t ingu i shab le  i n  mobi l i ty  from p i t u i t a r y  FGF. None of the  a c t i v i t i e s  comigrated 
with fragments of MBP. The aged b r a i n  FGF p repa ra t ions  were not  a c t i v e  on HUVE c e l l s  and d id  
no t  con ta in  t h e  a c i d i c  component. Thus, b ra in  FGF con ta ins  two d i f f e r e n t  mitogens which may 
occur i n  v a r i a b l e  amounts. The a c i d i c  molecule apparent ly  con ta ins  the  HWE ce l l  a c t i v i t y  
and the  bas i c  component is  s i m i l a r  t o  and may be i d e n t i c a l  with p i t u i t a r y  FGF. 
1. 
2. Westa l l ,  F.C. (1978) Proc. Nat l .  Acad. S c i .  U S A E ,  4675-4678. 
3 .  

A COMPARISON OF BOVINE BRAIN AND PITUITARY FIBROBLAST G R O W  FACTORS. Sandra K .  
Lemon,  Marian C.  Ri ley  and Ralph A. Rradshaw. Wash. U. School of Ned. S t .  Louis MO 

A similar a n a l y s i s  

Gospodarowicz, D.  and Moran, J . S .  (1976) Ann. Rev. Biochem. 5, 531-558. 
Thomas, K.A.  st (1980) J. Bio l .  Chem. 255, 5517-5520. 

0406 
CA 92093 and the  Nat iona l  Cancer I n s t i t u t e ,  Bethesda, MD 20205 
I n t e r l e u k i n - 2  ( I L - 2 )  i s  a l o w  molecu la r  w e i g h t  g rowth  f a c t o r  p r e s e n t  i n  t h e  c u l t u r e  super- 
n a t a n t  f rom PHA-stimulated, human o r  murine lymphocytes (Cond i t ioned Medium, CM). Th is  f a c t o r  
enables t h e  long- te rm " i n  v i t r o "  p r o l i f e r a t i o n  o f  normal T c e l l s ,  w i t h  f u l l  r e t e n t i o n  o f  
t h e i r  immunological  f u n c t i o n s .  CM was produced by 24-hr, PHA-st imulated lymphocytes c u l t u r e d  
i n  t h e  absence o f  serum. A n e a r l y  complete one-step p u r i f i c a t i o n  o f  IL -2  was achieved by 
a f f i n i t y  chromatography on Amicon B lue  A g e l .  A f t e r  adsorp t ion ,  growth f a c t o r  a c t i v i t y  c o u l d  
be e l u t e d  w i t h  a l i n e a r  s a l t  g r a d i e n t .  
g e l :  u n s t i m u l a t e d  lymphocytes, known t o  respond t o  PHA b u t  n o t  t o  IL-2,  p r o l i f e r a t e d  o n l y  
when exposed t o  t h e  r u n  o f f  f rom t h e  column. 

SDS-PAGE a n a l y s i s  o f  t h e  p u r i f i e d  I L - 2  showed a contaminant i n  t h e  68,000 MJ r e g i o n ,  which 
was removed by f i l t r a t i o n  on a Sephadex 675 column. I L - 2  molecules immobi l i zed  on  B lue  A gel  
beads r e t a i n e d  growth-suppor t ing  c a p a c i t y  f o r  human c u l t u r e d  T c e l l s  comparable t o  t h a t  
induced by CM. T h i s  may i n d i c a t e  t h a t  i n t e r n a l i z a t i o n  o f  I L - 2  molecules i s  n o t  a necessary 
event  f o r  t h e  express ion  o f  t h e  b i o l o g i c a l  a c t i v i t y .  The a v a i l a b i l i t y  o f  r a d i o l a b e l l e d  IL -2  
molecules w i l l  p e r m i t  t h e  c h a r a c t e r i z a t i o n  o f  t h e  I L - 2  r e c e p t o r  on a c t i v a t e d  T c e l l s  and on 
mal ignant  lymphocytes, as w e l l  as a k i n e t i c  a n a l y s i s  o f  r e c e p t o r  express ion  f o l l o w i n g  a c t i v a -  - 
t i o n ,  Moreover, s t u d i e s  w i t h  pure I L - 2  w i l l  de te rmine  the  k i n e t i c s  o f  r e c e p t o r  i n t e r n a l i z a -  
t i o n  and/or "down-regulat ion."  Eventua l l y ,  immobi l i zed  I L - 2  molecu les  a l s o  w i l l  enable 
i n i t i a l  a f f i n i t y  p u r i f i c a t i o n  o f  t h e  r e c e p t o r .  

PURIFICATION OF INTERLEUKIN-2 BY AFFINITY CHROMATOGRAPHY, Roberto Fagnani, John 
Mendelsohn, and H e r b e r t  L. Cooper, U n i v e r s i t y  o f  C a l i f o r n i a ,  San Diego, La J o l l a ,  

PHA used t o  genera te  CM d i d  n o t  b i n d  t o  t h e  a f f i n i t y  

0407 IHE EFFECT OF INTERLEUKIN-3 ON SELF-RENEWAL IN SUSPENSION OF MlLTIPOTENTIAL HEMATOPOI- 
XTIC PROGENITOR CELLS. J . S .  Greenberger,  J. I h l e ,  G .  Nabel, A. Hapel,  and M.A. Saka- 

keeny. J o i n t  Center f o r  Radia t ion  Therapy, Dept of Radia t ion  Therapy, and Dept of Innnunology, 
Sidney Farber  Cancer I n s t i t u t e ,  Boston, MA. 02115, and Freder ick  Cancer Research I n s t i t u t e ,  
Freder ick ,  MD. 21701. 

The methods f o r  p u r i f i c a t i o n  of In t e r l euk in -3  (IL-3). a 41,000 MW g lycopro te in  found i n  
Lec t in- t rea ted  sp leen-condi t ioned  medium, o r  i n  medium condi t ioned  by the  WEHI-3 c e l l  l i n e  
o r  o the r  c e l l  l i n e s  have been r epor t ed  ( I h l e ,  J. ,  e t . a l . ,  2. I m u n o l . ,  126:2184-2189, 1981). 
Pu r i f i ed  p repa ra t ions  of IL-3 w e r e  t e s t e d  f o r  growth s t imu la t ion  of cloned popula t ions  of a 
m u l t i p o t e n t i a l  c e l l  l i n e  c a l l e d  B6SUTA c l  5 c e l l s .  The B6SUTA ce l l  l i n e  and i ts  subclones 
have been passaged i n  WEHI-3 condi t ioned  medium f o r  over  2 yea r s  and produce hemoglobinized 
e ry th ro id  co lon ie s  (BFUe), as w e l l  as metachromasia-posit ive m a s t  c e l l l b a s o p h i l  and neut ro-  
p h i l i c  granulocyte  and macrophage co lon ie s  i n  v i t r o .  Concent ra t ions  of 0 .1  nglml of IL-3 
s t imu la t ed  growth of  B6SUTA and subc lona l  c e l l  l i n e s .  The c e l l  l i n e s  a b s o l u t e l y  requi red  
IL-3 f o r  growth and d i ed  a t  a rate of one 10-fold d i l u t i o n  each  12 hours  fo l lowing  removal 
from IL-3. These d a t a  provide  evidence t h a t  a popula t ion  of m u l t i p o t e n t i a l  hematopoie t ic  
stem c e l l s  responds t o  a lymphokine growth f a c t o r  t h a t  has  been shown t o  s t imu la t e  20-alpha- 
SDH s y n t h e s i s  by o t h e r  lymphocyte popula t ions .  
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0408 
Growth f a c t o r  a c t i v i t y ,  as measured by the  s t i m u l a t i o n  o f  DNA synthes is  and c e l l  d i v i s i o n  i n  
c u l t u r e d  c e l l s ,  can be de tec ted  i n  chondrocytes and e x t r a c e l l u l a r  m a t r i x  (ECM) ob ta ined from 
bov ine  a r t i c u l a r  and scapu lar  c a r t i l a g e ,  and from human cos ta l  c a r t i l a g e .  The qrowth f a c t o r  
a c t i v i t y  found w i t h i n  the  chondrocyte i s  assoc ia ted  w i t h  the  chromat in  f r a c t i o n - o f  t he  c e l l .  
NaCl, a t  concent ra t ions  between 0.25M and 0.75M, w i l l  e l u t e  a l l  o f  t he  mi togen ic  a c t i v i t y f r o m  
chromat in.  
we igh t  (M.W.) between 20,000 and 22,000 as measured by ge l  f i l t r a t i o n  on HPLC TSK 3000 columns 
e q u i l i b r a t e d  w i t h  6M guanidine HCL and 5mM d i t h i o t h r e i t o l ,  pH 6.5. 
ECM, r e f e r r e d  t o  as c a r t i l a g e - m a t r i x  growth f a c t o r  (CMGF), has a M.W. o f  16,000-17,000. CAGF 
and CMGF adhere t o  the  c a t i o n  exchanger B io rex  70 and a re  e l u t e d  w i t h  0.3-0.5M NaCl. 
m a j o r i t y  o f  non-histone chromosomal p r o t e i n s  a r e  e l u t e d  from B iorex  70 w i t h  3.1M NaC1, and the  
5 h i s tones  r e q u i r e  g rea te r  thanlKNaC1 f o r  e l u t i o n .  
found i n  the  ECM have s i m i l a r  p r o p e r t i e s  such as be ing  c a t i o n i c  and be ing  r e s i s t a n t  t o  i n a c t i -  
v a t i o n  by OTT and guanidine. 
p recursor  o f  t he  16-17,000 M.W. growth f a c t o r  found predominant ly i n  the  ECM. 
an t ibody  t o  CMGF has been produced and i s  be ing  used t o  l o c a l i z e  the  growth f a c t o r s  i n  
c a r t i l a g e  and i n  c u l t u r e d  c e l l s ,  and t o  s tudy  t h e i r  s t r u c t u r a l  r e l a t i o n s h i p .  

IDENTIFICATION OF GROWTH FACTORS IN HUMAN AN0 BOVINE CARTILAGE, M a r j o r i e  C. Bekof f  and 
Michael Klagsbrun, Ch i l d ren ' s  Hosp. bled. Center,  Harvard Med. School, Boston, MA 02115. 

Chromat in-associated growth f a c t o r  (CAGF) i s  n o t  a h i s tone  and has a molecu la r  

The f a c t o r  found i n  the  

The 

Both the  c e l l u l a r  f a c t o r  and the  f a c t o r  

I t  i s  poss ib le  t h a t  t he  CAGF w i t h  a M.W. o f  20-22,000 i s  a 
A monoclonal 

0409 ISOLATION AND PARTIAL CHARACTERIZATION OF TWO PORCINE PLATELET PROTEINS ASSOCIATED 
WITH MIMGENIC ACTIVITY FOR 3T3 CELLS, Andreina Poggi, Boguslaw Rucinski,  Franee 
James, John C. Holt and S te fan  Niewiarowski, Thrombosis Ctr., Temple Univ. Health 

Sciences Ctr., Phi la . ,  Fa. 19140, USA, and I s t i t u t o  Mario Negri, Milano 20157 Italy. 
Human p l a t e l e t s  a r e  t h e  source of potent  mitogens f o r  f ib rob la s t - l i ke  c e l l s :  t h e  P l a t e l e t  
Derived Growth Factors  (PDGFs). Very l i t t l e  is known about t h e  mitogenic a c t i v i t y  of pro- 
t e i n s  sec re t ed  from p l a t e l e t s  of mammrlian non-primte species .  We have i s o l a t e d  from por- 
c i n e  p l a t e l e t s  two p ro te ins  a s soc ia t ed  with c e l l  s t imu la t ing  a c t i v i t y .  Mater ia l  re leased 
upon aggregation from washed porcine p l a t e l e t s  was separated by a f f i n i t y  chromatography on 
heparin-agarose. Twu f r ac t ions :  crude PMIF, e lu t ed  a t  .6-.9 M N a C l  and P l a t e l e t  Basic 
P ro te in  (PBP) e lu t ed  at .9 M N a C l  were a c t i v e  as t e s t e d  by 3H-methyl-thymidine incor- 
po ra t ion  assay on 3T3 c e l l s .  TCA-precipitated r a d i o a c t i v i t y  was measured and da ta  expressed 
i n  u n i t s ,  one u n i t  being t h e  concentrat ion of c a l f  serum giving half  maximal s t imulat ion.  
The s p e c i f i c  a c t i v i t y  of t h e  two p ro te ins  were .5 U/ug and .1 U/ug, r e spec t ive ly .  Both 
p r o t e i n s  were f u r t h e r  p u r i f i e d  by g e l  f i l t r a t i o n  i n  1 M a c e t i c  ac id  through a Sephacryl 
5200 column. Active PDGF appeared t o  be a p ro te in  of approximate molecular weight 25-30 K. 
Its s p e c i f i c  a c t i v i t y  was of 1.09 U/ug. PBP was e lu t ed  as a p ro te in  of 15-17 K ;  i ts speci-  
f i c  a c t i v i t y  was l e s s  than .1 U/pg. I n  conclusion,  t h e s e  da t a  show t h a t  porcine p l a t e l e t s  
r e l eased  t w o  p ro te ins  a s soc ia t ed  with mitogenic a c t i v i t y  f o r  3T3 c e l l s .  The one with higher  
a c t i v i t y  showed mny c h a r a c t e r i s t i c s  (molecular weight, a f f i n i t y  f o r  heparin)  i n  common with 
human PDGF. 

0410 
Bioregulatory system components including i n t e r f e r o n s  and growth f a c t o r  r ecep to r s  have been 
reported i n  p l a c e n t a l  t i s s u e s .  
t i o n  of growth f a c t o r ( s )  from murine p l acen ta l  t i s s u e ,  and a prel iminary cha rac t e r i za t ion  of 
t h e  f a c t o r ( s ) .  
h i b i t e d  mitogenic a c t i v i t y  i n  quiescent  confluent  c u l t u r e s  of a v a r i e t y  of c e l l  l i n e s  de- 
r ived  from mouse and rat t i s s u e s .  Anchorage independent growth of  r a t  c e l l s  was a l s o  in- 
duced by the  p l acen ta l  substances.  I n  r a t e  zonal sedimentation a n a l y s i s  a t  pH 7.4 the pr in-  
c i p a l  mitogenic a c t i v i t y  co-sedimented with a 30,000 molecular weight (mol. w t  .) reference 
marker. However, i n  g e l  exclusion chromatography a t  pH 3.5 the apparent mol. w t .  of the pla-  
c e n t a l  f a c t o r  was approximately 14,000 suggest ing a subuni t  composition. The a c t i v i t y  of 
t he  f a c t o r  w a s  moderately s t a b l e  when exposed t o  t h i o l  reagent.  low 
rap id ly  destroyed a t  80°, o r  by t ryps in .  
w a s  d i s t i ngu i shab le  from epidermal,  f i b r o b l a s t ,  p l a t e l e t -de r ived ,  and nerve growth f a c t o r s  
based on s p e c i f i c  c e l l  l i n e  response and/or  heat  and t h i o l  reagent  s t a b i l i t y .  
response of murine c e l l s  t o  p l acen ta l  growth f a c t o r  was blocked by 500 reference un i t s lml  
of murine i n t e r f e r o n  whether added 24 h r s .  before  t h e  f a c t o r  o r  simultaneously with t h e  
f ac to r .  For maximum i n h i b i t o r y  response t h e  continued presence of i n t e r f e r o n  was required.  
We conclude t h a t  t he  placenta  con ta ins  a so lub le  p ro te in  growth f a c t o r ,  d i s t i n c t  from the  
o t h e r  f a c t o r s  chosen f o r  comparison. A d e t a i l e d  cha rac t e r i za t ion  r equ i r e s  add i t iona l  
p u r i f i c a t i o n ,  and f u r t h e r  comparative ana lys i s .  

AN INTERFERON-SUSCEPTIBLE GROWTH FACTOR OF PLACENTAL O R I G I N ,  Pat ton T .  Allen,  Owen 
S .  Weislow, Frank A. Snyder, and Arnold K .  Fowler, N C I ,  FCRF, Frederick,  MD 21701 

We present  here  i n i t i a l  observat ions demonstrating the  i so l a -  

Aqueous t i s s u e  e x t r a c t s  of term p lacen ta  from t h e  N I H  Swiss mouse ex- 

pH, and 56O, but  was 
By comparative a n a l y s i s  the p l a c e n t a l  growth f a c t o r  

Mitogenic 
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0411 PROTEASE-NEXIN NEGATIVELY REGULATES THE INITIATION OF CELL DIVISION BY THROMBIN, 
David A. Low, J o f f r e  8. Baker, Randy W. Scott and Dennis D. Cunningham, Un ive rs i t y  

o f  Ca l i f o rn ia ,  I r v ine ,  CA 92717 
Thrombin i s  a potent mitogen f o r  a va r ie t y  o f  cu l tu red  f i b rob las ts .  We prev ious ly  
showed t h a t  c e l l s  release a p ro te in  t h a t  we named protease nexin, which l i n k s  t o  
thrombin and c e r t a i n  other  s e r i  ne proteases added t o  c e l l  -condit ioned medi um. The 
resu l tan t  thrombin-protease nexin complexes b ind t o  and are r a p i d l y  i n te rna l i zed  and 
degraded by ce l l s .  To explore the  phys io log ica l  funct ions o f  protease nexin we have 
examined the e f f e c t  t h a t  ce l l - re leased protease nexin has on the mitogenic s t imu la t i on  
o f  c e l l s  by thrombin. 
sens i t i ve  t o  s t imu la t i on  by thrombin. Importantly, quan t i t a t i on  o f  the amount o f  
thrombin and thrombin-protease nexin complexes present both i n  the  media and associated 
w i t h  c e l l s  shows t h a t  t he  reduct ion o f  f r e e  thrombin i n  the medium r e s u l t i n g  from 
l inkage t o  PN can q u a n t i t a t i v e l y  account f o r  t he  observed decrease i n  c e l l u l a r  sensi- 
t i v i t y  t o  thrombin. F ina l l y ,  we f i n d  t h a t  a h igh l y  p u r i f i e d  f r a c t i o n  o f  protease 
nexin (about 1000-fold) s i g n i f i c a n t l y  s h i f t s  the thrombin dose response curve t o  less 
sens i t i ve  l e v e l s  but  does not s i g n i f i c a n t l y  a f f e c t  the response o f  c e l l s  t o  epidermal 
growth factor .  Taken together, these r e s u l t s  show t h a t  c e l l s  can s p e c i f i c a l l y  regulate 
t h e i r  mitogenic response t o  thrombin by release o f  protease nexin. 

We f i n d  t h a t  condi t ion ing o f  t he  medium by c e l l s  renders them less  

0412 REGULATION OF THE EXTRACELLULAR EXPRESSION OF SECRETED PROTEINS I N  3T3 CELLS BY 
PEPTIDE GROWTH FACTORS AND LYSOSOMOTROPIC AGENTS, Richard T. Hamilton, Marit Nilsen- 

Hanilton and W .  Ross Allen, Ce l l  Biology Laboratory,  The Salk I n s t i t u t e ,  San Diego. CA 92138 

l y  i nc rease  t h e  e x t r a c e l l u l a r  appearance of fou r  p ro te ins  sec re t ed  by 3T3 c e l l s .  
p ro t e ins  a r e ,  "mitogen regulated protein"  (MRP)  ( M r  34,000), "major s ec re t ed  protein"  (MEP) 
( M r  37,000), and superinducible  p ro te ins  I and I1 (SIPI and SIPII)  (Mr 25,000 and 12,000). 
Our evidence suggests  t h a t  t h e  growth f a c t o r s  r egu la t e  t he  e x t r a c e l l u l a r  concentrat ions of 
these p ro te ins  a t  t h e  l e v e l  of t r ansc r ip t ion .  Also, t he  e x t r a c e l l u l a r  concentrat ions of MRP 
and MEP, bu t  not  SIPI and S IPI I ,  appear t o  be regulated by a mechanism involving degradation 
i n  t h e  lysosomes. 
motropic agents  such as ammonium ch lo r ide ,  methylamine and chloroquine,  and by n ige r i c in .  and 
high e x t r a c e l l u l a r  pH. 
probably by inc reas ing  the  intralysosomal  pH. 
glycosylat ion is not necessary f o r  t h e i r  s ec re t ion .  
motropic agents  i nc rease  t h e  e x t r a c e l l u l a r  concentrat ions of t he  glycosylated and not  t h e  
nonglycosylated forms of both of t hese  p ro te ins .  
and nonglycosylated forms of MRP and MEP e n t e r  d i f f e r e n t  compartments i n  t h e  c e l l ,  and t h e  
compartment entered by the  glycosylated forms is  e i t h e r  t he  lysosomal compartment o r  a 
v e s i c l e  which has  a p robab i l i t y  of fus ing  with the  lysosomes which then r e s u l t s  i n  the  
degradat ion of MRP and MEP. 
Supported i n  p a r t  by ACS No. CS-9. 

Pept ide mitogens such as epidermal growth f a c t o r  and f i b r o b l a s t  growth f a c t o r  s e l ec t ive -  
These 

The amount of MRP and MEP is  increased a t  l e a s t  2- t o  3-fold by lysoso- 

A l l  of t hese  agents  decrease p ro te in  degradation i n  the  lysosomes, 
Both MEP and MRF' a r e  glycoproteins  although 

Monensin, n i g e r i c i n  and t h e  lysoso- 

These r e s u l t s  suggest t h a t  t h e  glycosylated 

0413 ASSOCIATION OF THE D-GLUCOSE TRANSPORTER W I T H  THE CYMSKELETON OF HUMAN PLACENTAL 
MICROVILLI. John M. Bissonnet te ,  R o l f  L. Ingennann, Kent L. Thornburg, P a t r i c i a  A. 
Koch and Karen M. Acott, Oregon Health Sciences un ive r s i ty ,  Port land,  Oregon 97201. 

when viet7ed by t h i n  sec t ion  electronmicroscopy t h e  m i c r o v i l l i  of human p l a c e n t a l  synct io-  
t rophoblast  contain a core of fi lamentous s t r u c t u r e s  c o n s i s t e n t  with a c t i n  d c r o f i l a n m t s .  
Incubat ion of i s o l a t e d  m i c r o v i l l i  wi th  0.7% Tr i ton  X-100, ( 8  mg detergent :  mg p ro te in )  re- 
moved 80-85% of t h e  membrane p ro te in .  
c r e t e  f r a c t i o n  on dens i ty  g rad ien t  cen t r i fuga t ion  and when examined microscopical ly  showed 
dimensions and forms s i m i l a r  t o  t h e  i n t a c t  m i c r o v i l l i  wi thout  plasma membranes. Four major 
p ro te in  bands were resolved when t h e  Tr i ton  in so lub le  f r a c t i o n  or cytoskeleton was  examined 
by urea-sodium dodecyl s u l f a t e  polyacrylamide g e l  e l ec t rophrces i s ,  one of which co-mlgrated 
with rabbit muscle a c t i n .  In  add i t ion ,  6-8 minor bands were p re sen t .  The Tr i ton  in so lub le  
f r a c t i o n  w a s  r e c o n s t i t u t e d  with exogenous phospholipids and uptake of 1 

1 'HI -L-glucose measured by mi l l i po re  f i l t r a t i o n .  D-glucose uptake exceeded t h a t  of L-glu- 
cose by 3-4 fo ld .  Uptake by t h e  Tr i ton  in so lub le  f r a c t i o n  without  added phosphol ipids  
showed l i t t l e  d i s t i n c t i o n  between D and L-glucose i n d i c a t i n g  t h a t  t h e  observed t r a n s p o r t  by 
r econs t i t u t ed  cytoskeletons w a s  no t  a funct ion of i n t a c t  membrane v e s i c l e s  which had re- 
s i s t e d  t h e  Tr i ton  ex t r ac t ion .  These observat ions suggest  t h a t  some of t h e  D-glucose t r ans -  
p o r t e r  i s  a s soc ia t ed  with t h e  cytoskeleton of t h e  p l a c e n t a l  microvi l lus .  

The Tr i ton  in so lub le  ma te r i a l  w a s  recovered as a dis- 

-D-glucoSe and 

supported by HD 
12033 and HD 07084 from USPHS and MFCF of Oregon. 
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0414 TEMPORAL AND SPATIAL MICROTUBULE REARRANGEMENTS M A Y  BE REQUIRED TO INITIATE CELL D I V I -  
S ION,  K.L.Crossin and D.H.Carney, Univ.  o f  Texas Medical  Branch, Galveston, TX 77550 

We have r e c e n t l y  shown t h a t  i n i t i a t i o n  o f  DNA synthes is  by thrombin and epidernial growth fac-  
t o r  i n  serum-free c u l t u r e s  o f  embryonic f i b r o b l a s t s  i s  i n h i b i t e d  by a one hour p re t rea tment  o f  
c u l t u r e s  w i t h  t a x o l ,  a drug which s t a b i l i z e s  mic ro tubu les  (MTs) and prevents  t h e i r  d i s r u p t i o n  
by c o l d  o r  co lch ic in .  ( C e l l  27. 341-350, 1981). Add i t i on  o f  t a x o l  a t  any t ime  w i t h i n  6 hours 
o f  growth fac to r  a d d i t i o n  i n h i b i t s  as w e l l  as t a x o l  added one hour p r i o r  t o  the  growth f a c t o r ;  
a f t e r  10 hours t a x o l  no l onger  has an i n h i b i t o r y  e f f e c t  on growth f a c t o r  i n i t i a t e d  DNA synthe- 
s i s .  To examine the  na tu re  o f  t h i s  temporal e f f e c t ,  we have s tud ied  the  e f f e c t s  o f  r e v e r s i b l e  
MT depo lymer iza t ion  by  colcemid. 
MTs and r e s u l t s  i n  a two f o l d  inc rease i : i  DNA synthes is  by 26 hours and a 1 .5  f o l d  inc rease i n  
c e l l  number by 48 hours. 
t r a n s i e n t  depo lymer iza t ion  i s  s u f f i c i e n t  t o  i n i t i a t e  DNA synthes is  and c e l l  d i v i s i o n .  
e a r l y  s igna l  can be b locked by MT s t a b i l i z a t i o n  a t  any t ime  up t o  8 hours a f t e r  colcemid 
t rea tment  suggest ing t h a t  a second MT rearrangement a t  about 8 hours i s  c r i t i c a l  f o r  genera- 
t i o n  o f  a p r o l i f e r a t i v e  s igna l .  To v i s u a l i z e  the  s p a t i a l  arrangement o f  MTs i n  drug t r e a t e d  
c e l l s ,  we looked a t  a n t i t u b u l i n  imunof luorescence f o l l o w i n g  t rea tment  w i t h  var ious  concentra- 
t i o n s  of  c o l c h i c i n e  and t a x o l .  
c o r r e l a t i o n  between MT depo lymer iza t ion  and i n i t i a t i o n .  I n  add i t i on ,  concent ra t ions  o f  t axo l  
which caused maximal i n h i b i t i o n  o f  DNA synthes is  s t a b i l i z e d  MTs near the  c e l l  pe r iphe ry  sug- 

e s t i n g  t h a t  MT d i s r u p t i o n  near he c e l l  surface may be s u f f i c i e n t  t o  i n i t i a t e  DNA synthes is .  
?Supported by NIH Grant AM-25807j. 

A two hour exposure t o  colcemid t r a n s i e n t l y  depolymerizes 

Th is  
Four hr a f t e r  colcemid removal MTs appear normal, thus an e a r l y  

The opposing e f fec ts  of these drugs show a dose dependent 

0415 SERUM FALTORS AND CHLORPROIiAZINE ALTER ACTIN CYTOSKELETAL ORGArATIDN OF CULTUELI 
MOUSE CELLS, David A lco r ta ,  Sco t t  Powers and Robert  Po l lack ,  Columbia 1Jniversit.y 
New York. New York 10027 

Several mouse cell lines were examined for the responsiveness of their ac!in ca5le orginizzt:on to a 
48 hour exposure to the phenathiazine, ch!orpromazine (CPZ), a calmodulin inactivator, sx' t3 ths 
depletion of serum and hormone factors from the culture media. Cells were scored on 2n individual 
basis for their actin cable organization by the four class method of Verderame et a:,?K'AS 77:5624 
('80) using fluorescently labeled phalloidin .Fifty percent of early passage n o s e  er,!yyo 
ClbroblastsWEF) cells had large cable classes I and I1 when grown in 10% Fetal Calf Serum 
(FC9Addition of chlorpromazine to this medium exerted a time and concentration depenien: e5ect 
upon the cell cable population coupled to cell rounding and detachment. At concentrations which did 
not effect adhesion no cable changes were seen.Stepwise serum concentration decrezses down to 
1.0 and 0.0% FCS increased the cable population to 65% and 85% respectively. Three to five nicro- 
molar chlorpromazine in 1% or no serum medium reversed these percentages to levels found in 
cells in 10% FCS with little cell detachment. The CPZ effect appears to specifically decrease !be Ierge 
cable as no effect is seen on cell lines such as 3T3-S1, a subclone of 3T3, and SV101, a SV40 
transformant, which initially contain primarily fine class 111 cables. Treatment with chlor?:omazine 
culfoxide, an inactive analog showed no effects a t  similar concentrations. For 3T3, use of seium free 
media plus a hormone mixture revealed that the hormones were equivalent to high serun in keeping 
the cable percentages lower than cells incubated in low serum whereas deletion of ins-lin or epi- 
dermal growth factor were as effective as a total serum deletion in increasing the ca5le population. 
Additionally, 3T3 had similar concentration responsiveness to the cable disrupting effects of C?Z. 

0416 
When depr ived  o f  n u t r i e n t s  o r  serum f a c t o r s  normal c e l l s  a r r e s t  a t  a r e s t r i c t i o n  p o i n t  (R) i n  
G , a few hours be fo re  S. Moderate i n h i b i t i o n  o f  p r o t e i n  syn thes is  inc reases  the  t ime  normal 
d l l s  spend between m i t o s i s  and R ( o t h e r  p a r t s  o f  t h e  c y c l e  a re  una f fec ted ) ;  thus  the  hypotk- 
e s i s  t h a t  serum-dependent accumulat ion o f  l a b i l e  p r o t e i n ( s )  i s  necessary f o r  normal arowth 
regu la t i on .  P a r t i a l  i n h i b i t i o n  o f  p r o t e i n  syn thes is  (50-80%) by cycloheximide (CHM) o r  h i s t i d -  
i n o l  t empora r i l y  prevented exponen t ia l l y  growing Balb/c 3T3 (A31) c e l l s  f rom en te r ing  S. Two 
tumor igen ic  d e r i v a t i v e s ,  SV-40 transformed and benzo(a)pyrene transformed (BPA31), were much 
l e s s  a f fec ted .  Complete i n h i b i t i o n  o f  p r o t e i n  syn thes is  i n  A31 c e l l s  synchronized j u s t  p r i o r  
t o  R delayed t h e i r  e n t r y  i n t o  S f o r  a pe r iod  i n  excess o f  t he  t h e  CHI1 pu lse .  Th is  suggested a 
decay o f  l a b i l e  p ro te in ,  and we ca lcu la ted  a 2.5 h r  h a l f  l i f e .  BPA31 c e l l s  showed no excess 
de lay  even w i t h  longer  exposures (8  h r s )  to.CHM, suggest ing t h a t  p r o t e i n ( s )  requ i red  f o r  p ro-  
g ress ion  a re  s t a b l e  i n  these c e l l s .  

We have i d e n t i f i e d  severa l  po lypept ides  by 2D ge l  e lec t rophores i s ,  us ing  pulse-chase 
methods, which e x h i b i t  t he  temporal and k i n e t i c  pa t te rns  o f  t he  p u t a t i v e  R p r o t e i n ( s ) .  Three 
new p r o t e i n s  a re  syn thes ized s h o r t l y  a f t e r  serum a d d i t i o n  t o  qu iescent  A31 c e l l s .  The major 
p r o t e i n  i s  l a b i l e  w i t h  t <3 hrs;  i t s  r a t e  o f  syn thes is  decreases be fore  commencement o f  S. 
F i v e  o the r  new p r o t e i n s  ? re  syn thes ized a t  va r ious  t imes a f t e r  serum a d d i t i o n .  The s t a b i l i t y  
o f  these p r o t e i n s  i n  t ransformed c e l l s  i s  c u r r e n t l y  under i n v e s t i g a t i o n .  

SERUM-DEPENDENT LABILE PROTEIN I N  NORMAL AND TRANSFORMED CELLS, J u d i t h  Campisi, Robert  
G. Croy and Ar thu r  B .  Pardee, Sidney Farber Cancer I n s t i t u t e ,  Boston, MA 02115. 
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0417 
Although the measurements on the binding o f  ( labeled)  na t i ve  hormones, growth factors, and 

analogues t o  c e l l  surface has increased our understanding o f  the l igand-receptor b ind ing and 
i t s  coupling w i t h  c e l l u l a r  event(s). the i n t e r p r e t a t i o n  o f  the b ind ing data may only be v a l i d  
i f  some o f  the technical and theoret ica l  p r o b l e T z y e  understood. 

I-Con A b ind ing t o  erythrocytes; a param- 
e te r  general ly avoided due t o  l i m i t a t i o n s  imposed by methodology or materials. We found t h a t  
increas ing the ery throcyte concentrat ion (1%-5%-10%) leads t o  a s i g n i f i c a n t  reduction i n  the 
Scatchard p l o t  maximum (diminished pos i t i ve  cooperat iv i ty ,  decrease i n  the apparent Ka, and 
some apparent reduct ion i n  t o t a l  number o f  acceptors). Care was taken t o  avoid the usual 
methodological p rob lem by measuring f ree  and bound l igand. vary ing the a l i quo t  taken. and 
a l t e r i n g  the amount and type o f  cushion i n  the Microfuge technique; labeled Con A was f u l l y  
competit ive w i th  na t i ve  Con A. Free Con A remaining a f t e r  incubation w i th  10% nat ive o r  f i x e d  
ery throcytes showed a marked reduction i n  b ind ing a b i l i t y  w i t h  l i t t l e  o r  no loss o f  agglut i -  
nat ing a b i l i t y ,  y e t  we found no obvious Con A degradation, loss o f  rad io label ,  o r  se lec t i on  
when examined by gel electrophoresis; binding a b i l i t y  could not  be restored fo l lowing exten- 
sive dialyses. 

invo lve an undetected processing o f  the l i gand  by the c e l l  suspension, i n h i b i t i o n  by shedding 
o f  c e l l  acceptors or  i nh ib i t o rs ,  a c e l l  density dependent c e l l  t o  c e l l  association, o r  any 
combination. (Supported by an N I H  grant and a g i f t  from the R.J. Reynolds Indust r ies,  Inc.).  

CON A BINDING TO ERYTHROCYTES IS DEPENDENT ON CELL DENSITY. J u l i u s  A. Gordon, 
Un ive rs i t y  o f  Colorado Health Sciences Center, Denver, CO 80262 

We have examined the r o l e  o f  c e l l  density on 

The explanation f o r  the b ind ing dependence on c e l l  concentrat ion i s  not  clear. It may 

0418 
P h a r m a c o l o g y ,  i l a r v a r d  N e d .  Sch .  / C h e m i s t r y  D e p t . , A m h e r s t  C o l l e g e ,  A m h e r s t ,  
Mass. 01002.  
O p t i c a l  probes of membrane p o t e n t i a l  h a v e  proved u s e f u l  f o r  n o n i t o r i n q e l e c t r -  
i c a l  a c t i v i t y  i n  excitable t i s s u e s  a n d  fo r  e s t i r n a t i n q  membrane p o t e n t i a l s  o f  
cel ls ,  o r g a n e l l e s ,  a n d  vesicles from numerous  o r g a n i s m s .  R e c e n t l y ,  R. L. Cohen  
e t .a l . ,  N a t u r e , U ,  593  (1901) a n d  L .  V. J o h n s o n ,  J: C e l l  B i o l .  @, 5 2 6  (1981) 
h a v e  reported t h a t  s t i m u l a t i o n  of g r o w t h - a r r e s t e d  cells i n  t h e  D r e c e n c e  o f  
p o t e n t i a l - s e n s i t i v e  f l u o r e s c e n t  d y e s  p r o d u c e s  a s t r i l r i n q  i n c r e a s e  i n  the  
f l u o r e s c e n c e  of the  m i t o c h o n d r i a .  T h e s e  o r g a n e l l e s  a c c u m u l a t e  t h e  c a t i o n i c ,  
membrane p e r m e a n t  d y e  m o l e c u l e s  p r o b a b l y  b e c a u s e  of a n  increase i n  the  m i t o -  
c h o n d r i a l  membrane p o t e n t i a l  a f t e r  c e l l  s t i m u l a t i o n .  

N i th  D r .  J. C a m p i s i  a n d  o t h e r s  i n  D r .  A .  F a r d e e ' s  l a b o r a t o r y  a n d  D r .  1'. 
Horan a t  Rochester U n i v e r s i t y  bled Sch.  I have b e e n  i n v e s t i q a t i : i q  t h e  k i n e t i c s  
of m i t o c h o n d r i a 1  e n e r g i z a t i o n  of c u l t u r e d  c e l l s  f o l l o w i n q  a d d i t i o n  of growth 
f a c t o r s  and v a r i o u s  d r u g s  t o  q u i e s c e n t  cel ls .  U s i n g  membrane p o t e n t i a l  probes 
w e  are a l s o  t r y i n g  t o  q u a n t i f y  t h e  n a g n i t u d e  o f  the m i t o c h o n d r i a l  and  plasna 
membrane p o t e n t i a l s  of cells a t  d i f f e r e n t  stages of  t h e  c e l l  c y c l e .  

t h e  c e l l  c u l t u r e  d i s h e s  i n  a r a s t e r - s c a n  pa t te rn  w h i l e  u s i n g  a he l ium-neon  
l a se r  microspot as a n  i l l u m i n a t i o n  s o u r c e  f o r  e x c i t i n g  p o t e n t i a l - s e n s i t i v e  d y e s .  

CHANGES I N  MITOCHONDRIAL PlEKBRAME POTENTIAL D U R I N G  CELL GRO:qTH STIPIULR- 
T I O X  BY GROWTH FACTORS AND DRUGS, A l a n  S. Wagqoner ,  V i s i t i n g  P r o f .  

T h e  f l u o r e s c e n c e  m e a s u r e m e n t s  a re  L.eing made on s i n g l e  c e l l s  b y  mov ing  

0419 INDUCTION OF DIFFERENTIATION OF PROMYELOCYTIC LEUKEMIA CELLS BY AGENTS 
PRODUCING ALTERATIONS IN MEMBRANE PHOSPHOLIPIDS. Steven A. Fischkoff and Robert 
E. Gallagher, Baltimore Cancer Research Center, Baltimore, MD 21201 

Alterations in the phospholipid composition of the cell membrane have been noted during the process of 
chemically induced differentiation in myeloid leukemia cell lines. Furthermore, inhibition of the 
incorporation of methyl groups into the polar head groups of cellular phospholipids appears to be an early 
biochemical event in the differentiative process. In order to  better define the mechanistic significance of 
these observations, we incubated cultures of the human promyelocytic leukemia cell line, HL-60, with a 
variety of analogs of choline in serum-free medium consisting of RPMI 1640, insulin ( 5  ug/ml), transferrin 
(5 vglml), Hepes,, penicillin and streptomycin. Dimethylsulfoxide and ethionine (both of which promote 
myeloid differentiation of HL-60 and the latter of which is an inhibitor of methylation) were also used a s  
positive controls. W e  found that DMSO, N-methylethanolamine, N-ethylethanolamine, N-isopropyl- 
ethanolamine, 2-aminopropano1, 2-methyl-2-aminopropanol and 2-aminobutanol induced myeloid 
differentiation. Ethionine and ethanolarnine did so weakly, but choline, NN-dimethylethanolamine, and 
NN-diethylethanolamine possessed little, if any, inducing ability. Most of these agents produced changes 
(either positive or negative) in the incorporation of methyl groups, choline, ethanolamine, and glycerol 
into cellular phospholipids. Similarly, marked changes were seen in the distribution of arachidonic acid 
between various classes of phospholipids. However, none of these parameters correlated in a consistent 
way with a compounds' efficacy a s  an inducer. We conclude that compounds which produce alterations in 
cellular phospholipids may be effective a t  inducing myeloid differentiation, but the mechanism by which 
they do 50 remains unknown. 
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Phorbol diester tumor promoters affect a variety of cells including normal and leukemic blood 
cells. The purpose of this study was to determine the binding characteristics of the phorbol 
diesters to blood cells using [20-3H]phorbol 12,13-dibutyrate (3HPDBu) and to correlate these 
findings with the different cellular responses. The dissociation constants (Kd) and the num- 
ber of binding sites per cell were calculated using Scatchard analysis. 
cells except rbc had specific, high affinity receptors for 3HPDBu. The binding was rapid, 
reversible, and specific. The dose effective in producing 50% of the maximal cellular re- 
sponse (ED50) (H202 generation by monos and PH?J and TdR incorporation into lymphs) roughly 
correlated with the Kd for binding. The Kd for phorbol myristate acetate (PMA), determined 
by competition binding with 3HPDBu Lymphs Monos PMNs Plts ANLL CLL ALL 
was 40nM in PMN, 18nM in monos, Kd: 50nM 37nM 24nM 31nM 76nM 112nM 96nM 
and 18nM in lymphs. This corre- #sites: 689K 663K 223K 17K 448K 320K 618K 
lated with PMA's lower ED50 ED50: 45nM lOOnM 24nM - 
(16nM in PMN, 3nM in monos, and 18nM in lymphs). Cells freshly isolated from patients with 
acute nonlymphocytic leukemia (ANLL,n-13) differentiated into macrophage-like cells after 
culture with PDBu or PMA, while those from patients with chronic lymphocytic leukemia (CLL, 
n-4) and acute lymphocytic leukemia (ALL,n-5) did not. The differing responses were not 
caused by differences in the ligand binding, since their Kd's and numbers of receptors for 
3HPDBu were comparable. Thus, normal and leukemic blood cell responses to the phorbol dies- 
ters, although qualitatively different, are mediated by comparable specific receptors. 

RECEPTOR-MEDIATED MODULATION OF NORMAL AND LElJKENIC HUMAN BLOOD CELL FUNCTION BY 
PHORBOL DIESTERS. J.B. Weinberg and B. J. Goodwin, VA Med. Ctr., Durham, NC 27705 

A l l  normal blood 

- -  - 

&?IDES OF PHLORIZIN AND PHLORETIN ARE POTENT INHIBITORS OF THE SUGAR TRANSPORTER IN 
THE HUMAN K-562 CKL-DERIVED CELL. D.F. Diedrich, J.C. Dozier and S.J. Turco, Univer- 
sity of Kentucky, Department of Pharmacology and Biochemistry, Lexington, KY 40536. 

0421 

We have previously shown that human K-562 cells, known to possess erythropoietic char- 
acteristics, also possess a glucose transporter similar to the one present in adult human 
erythrocytes (J. Cell. Physiol. 108(1981)77); the zero-= influx of 3-0-methylglucose (3-MG) 
was competitively blocked by phloretin and phlorizin (Ki = 4.1 and 225 #tM, respectively). We 
now find that two derivatives of these inhibitors (phloretin-3'-benzylazide, PBAz, and 
phlorizin-5'-benzylazide. PhzBAz) are potent non-competitive inhibitors of b14C]-3-MG zero- 
trans efflux from the K-562 cell (app. Kt = 7.8 mM; V,, = 23 nmoles/min/lO 
and PhzBAz = 0.3 and 2.0)4M, respectively, not corrected for non-specific binding). Essen- 
tially the same inhibition constants were found for 3-MG equilibrium exchange in normal human 
erythrocytes, but under these transport conditions they act as strictly competitive inhibitors. 
Our interpretation of these findings is that both azide derivatives, particularly the 
glycoside, have high affinity for the transporter facing the outside of the cell. 
results suggest that the azides are potentially useful photolabeling agents for the sugar 
transporter which is present at a much greater density in the K-562 cell membrane than in 
the normal RBC. 

(Supported by grants from USPH, AM 06878, the Commonwealth Life Insurance Company and 
Ephraim McDowell Cancer Network). 

cells; Ki for PBAz 

Our 

0422 EVOLUTION OF SPECIFIC HIGH AFFINITY RECEPTORS FOR BIOLOGICALLY ACTIVE PHORBOL AND 
INGENOL ESTERS, Mohamed Shoyab, Lsboratory of Viral Carcinogenesis, National 

Oancer Institute. Frederick, MD 21701 
A variety of normal and transformed avian and mammalian cells and tissues contain high 
affinity specific receptors which interact with biologically active phorbol and ingenol 
esters in a reversible and saturable manner. The binding of labelled phorbol-12,1?- 
dibutyrate (PDBu) to live or glutaraldehyde-fired cells is dose-, time- and temperature- 
dependent. Those phorbol o r  ingenol esters which stimulate cell growth in culture and have 
tumour-promoting activitp in vivo inhibit the binding of labelled PDBu, while the bio- 
logically inactive derivatives fail to do so. Other non-diterpene tumour-promoting agents. 
epidermal growth factor (ECF). retinoids and prostaglandins do not compete for the binding 
of labelled PDBu to ita specific membrane receptors. PDBu binding sites are widely 
distributed in mouse tiaeues. Brain and spleen contain exceptionally high concentrations 
of these receptors. PDBu receptors are present in all regions of the brain. The Choroid 
plexus and pituitary bind markedly lower amounts of PDWl than other brain regions. Brains 
or spleens from different murine strains bind almost the same amounts of PDBu while those 
organs frcm embryonic mice bind very little PDBu. Binding increases with age and reaches a 
maximum at about 4 weeks of age. Young and mature brains from various species contnin 
these specific binding Bites. Them date suggest a structural or enzpatic role for PDBu 
receptors. 
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0423 THE PHOSPHATIDYLINOSITOL CYCLE: EVIDENCE FOR A SEPARATE, HORMONE-SENSITIVE PHOSPHA- 
TIDYLINOSITOL POOL, Marie E. Monaco, New York Un ive r s i ty  School of Medicine dnd the  
'J.A. Hosp i t a l ,  New York, NY 10016 

Phospholipid metabolism has been sugges ted  as a poss ib l e  candida te  i n  mediation of  t he  a c t i o n  
of c e r t a i n  pep t ide  hormones. In  p a r t i c u l a r ,  phosphol ip id  methyla t ion  and phosphat idyl inos i -  
t o 1  (PI )  tu rnover  have been impl ica ted .  WRK-1 r a t  mauunary tumor c e l l s  respond t o  vasopress in  
(VP) by a v a r i e t y  of biochemical and morphological a l t e r a t i o n s .  I n i t i a l l y ,  t h e r e  is  a r ap id  
inc rease  i n  t h e  inco rpora t ion  of 32Pi i n t o  P I ,  accompanied by a r ap id  loss of r a d i o a c t i v i t y  
from p re l abe led  PI.  Observation of t he  e f f e c t  of VP on loss of r a d i o a c t i v i t y  ( turnover  of 
P I )  is  dependent upon t h e  pre incubat ion  condi t ions .  I f  cells  are p re l abe led  acu te ly  (30')  
w i th  32Pi i n  t h e  absence of  hormone, then  the  r e s u l t a n t  32P-PI is r e s i s t a n t  t o  h o m n e - s t i n -  
u l a t ed  turnover .  
which i s  inco rpora t ed  i n t o  P I  i n  response t o  VP (hormone-stimulated va lue  minus c o n t r o l  va lue)  
is  f u l l y  s e n s i t i v e  t o  VP wi th  r e spec t  t o  tu rnover .  
P I  cyc le  i n  WRK-1 cells i s  c losed ,  s i n c e  the  P I  which is  made dur ing  the  s y n t h e t i c  phase i n  
response t o  VP is  subsequent ly  turned  over  dur ing  t h e  degrada t ive  phase; and 2 )  hormone- 
s e n s i t i v e  P I  is  somehow s e p a r a t e  from t h a t  P I  synthes ized  by the  cell  i n  the  absence of hor- 
mone. I n  o rde r  t o  determine what percentage  of t he  t o t a l  c e l l u l a r  P I  t he  hormone-sensit ive 
moiety c o n s t i t u t e s ,  cells were ch ron ica l ly  p re l abe led  (5doublings) w i th  32Pi and turnover  
subsequent ly  monitored i n  the  presence  and absence of hormone. The r e s u l t s  i n d i c a t e  the  hor- 
moue-sensit ive P I  accounts  f o r  17.1 % 0.8% of the  t o t a l  c e l l u l a r  PI.  

However, i f  VP is  p resen t  dur ing  t h e  l e b e l i n g  per iod .  then  the  32Pi 

These d a t a  sugges t  t he  fo l lowing:  1 )  t he  

0424 
Research i s  focussed p r imar i ly  on membrane o p i a t e  and endorphin r ecep to r s .  
t h e s e  r ecep to r s ,  we are s tudying  them i n  t h e  membrane as w e l l  as i n  t h e  i s o l a t e d  form. S ince  
it is known that o p i a t e  r ecep to r  is p r o t e o l i p i d  i n  na tu re ,  we are t r y i n g  t o  de te rmine  t h e  
exac t  r o l e  of membrane 1ipiE.s on o p i a t e  r ecep to r  mechanism. (Our r e c e n t  f i nd ings  have been 
publ i shed  i n  Ann. Rev. Pharmac. 20:201, 1980). 

STUDIES ON OPIATE RECEPTORS. Horace H. Loh, Depts.  o f  Psych ia t ry  and Pharmacology, 
Un ive r s i ty  of  C a l i f o r n i a ,  San Franc isco ,  CA. 94143. 

To c h a r a c t e r i z e  

0425 
Pros tag landins  (PGs), p roducts  of a rachidonic  a c i d  metabolism v i a  t h e  PG syn the ta se  complex, 
are po ten t  modulators of adeny la t e  cyc la se ,  c e l l  d i f f e r e n t i a t i o n ,  and p r o l i f e r a t i o n .  Both 
f r e s h l y  i s o l a t e d  rat  S e r t o l i  cells (SC) and c e l l s  c a r r i e d  i n  shor t - te rm c u l t u r e  syn thes i ze  PGs. 
The age and d i e t a r y  v i tamin  E-s ta tus  of t h e  rat from which these  c e l l s  a r e  i s o l a t e d  a f f e c t  t h e  
types and l e v e l s  of PGs produced. 
days i n  modified Ham's F-12. 
R I A .  
and PG12 product ion  is  s t imu la t ed  2-3 fo ld .  Indomethacin b locks  .the FSH response.  Using 
f r e s h l y  i s o l a t e d  SC and t i s s u e  from SC-enriched (SCE) testes from f e t a l l y  i r r a d i a t e d  r a t s ,  t h i s  
s t i m u l a t i o n  can b e  de t ec t ed  a f t e r  1 h r  of incubat ion .  PGFza, a product  of testis microsomes, 
is not de t ec t ed  i n  these  p repa ra t ions .  SC c u l t u r e s  from a d u l t  rats syn thes i ze  PGI2 and PGE2. 
The t o t a l  amount of PG (50 ng/mg/24 h r )  i s  3-5 f o l d  h ighe r  than  from 2 1  day o ld  rats. SC from 
c o n t r o l  d i e t  r a t s  syn thes i ze  2-fold more PGE2 than  PG12. I n  c u l t u r e s  from v'itamin E-def ic ien t  
rats,  less PGE2 i s  synthes ized  (PGE2/PG12=-0.7). PGF2u c ross - r eac t ive  m a t e r i a l  i s  a l s o  pre- 
s e n t .  Unlike PGE2 and PG12, which a r e  enhanced by FSH and i n h i b i t e d  by indomethacin,  t h i s  
m a t e r i a l  is  not  a f f e c t e d  by e i t h e r  agent .  Spermatogenesis is  dependent upon d i e t a r y  v i tamin  E. 
Vitamin E status and FSH a f f e c t  SC PG s y n t h e s i s  i n  mature rats. FSH s t i m u l a t e s  PG product ion  
i n  immature rats. Changes i n  PG12 and PGE2 l e v e l s  w i th  FSH and d i e t a r y  v i tamin  E have the  po- 
t e n t i a l  t o  modulate SC func t ions  and germ ce l l  development a s  w e l l  as mediating e f f e c t s  of an  
adeny la t e  cyc lase  a c t i v i t y .  (Supported by N I H  g r a n t  HD05641.) 

EFFECTS OF FSH AND DIETARY VITAMIN E ON SERTOLI CELL PROSTAGLANDIN SYNTHESIS, D. R .  
Cooper & M .  P. Carpenter ,  OK Med. R e s .  Fdn. 6: Dept. Bioc . ,  OUHSC, OK C i ty ,  OK 73104 

SC from 21 day o ld  and 4 mo o ld  rats w e r e  cu l tu red  f o r  3 

I n  the  presence  of FSH, PGE2 is  produced 
Media w a s  rep laced  and co l l ec t ed  a f t e r  24 h r  f o r  PG a n a l y s i s  by 

Cells from 21 day o ld  rats syn thes i ze  PGI2. 
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0426 PLATELET MEMBRANE PROTEINS INVOLVED I N  REGULATION OF FIBRINOGEN RECEPTORS, Elizabeth 
Kornecki and Stefan Niewiarowski, Temple Univ. Hlth. Sci. Ctr., Phila., Fa. 19140 
Fibrinogen ( fg)  receptors remain l a t e n t  on non-stimulated p la te le t s .  Treatment of 

p l a t e l e t s  with ADP or chymotrypsin resu l t s  in  an exposure of two classes  ( l o w  and high 
a f f i n i t y )  fg receptors and in  p l a t e l e t  aggregation i n  t h e  presence of fg. The rate of 
p l a t e l e t  aggregation depends on fg receptor occupancy. Experimental evidence suggests t h a t  
th ree  c lasses  of p l a t e l e t  membrane components are involved i n  the  exposure of fg 
receptors. (1) a 100,000 Mr component covalently labeled with 5 ' p  fluorosulfonylben- 
zoyladenosine (FSBA), an ADP analogue; t h i s  component m y  protect  fg  receptor by a s t e r i c  
hindrance effect .  Removal of the  labe l  from p l a t e l e t s  by chymotrypsin res tores  t h e i r  abi- 
l i t y  t o  aggregate. (2)  Glycoprotein I Ib  (GPIIb) and glycoprotein IIIa (GPIIIa) are absent 
i n  Glanzmann's thrombasthenia, a condition i n  which ADP stimulated p l a t e l e t s  do not bind fg 
and do not aggregate, however, anti-GPIIb and anti-GPIIIa antibodies do not block fg recep- 
t o r  mediated p l a t e l e t  aggregation. We postulate  t h a t  GPIIb and GPIIIa a r e  associated with 
low a f f i n i t y  fg receptor and a r e  involved in  t h e  exposure of high a f f i n i t y  receptor. (3)  a 
70,000 Mr component is present i n  thrombasthenic p l a t e l e t s  which also possess high a f f i n i t y  
f g  receptor exposed by chymotrypsin. This component is precipi ta ted by polyclonal and 
monoclonal antibodies which block fg receptor mediated p l a t e l e t  aggregation. We hypothe- 
s i z e  t h a t  high a f f i n i t y  fg receptors a re  associated with 70,000 M r  component of p l a t e l e t  
membranes. ( N I H  HL-14217, 06356, 15226.) 

0427 FEEDBACK I N H I B I T I O N  OF ISLET CELL FUNCTION I N  CHAMBERS. Prancesco M. Marincola and 
Ronald C. Merrell. Stanford University School of Medicine, Stanford, CA. 94305 

The role of  physiologic cell re la t ionships  including ce l l -ce l l  contacts  and polar i ty  
with reference t o  a basal  lamina has not been defined f o r  islet  c e l l s .  These relat ionships  
are dras t ica l ly  a l t e r e d  in cul tur ing  islet t i s s u e  f o r  placement in chambers which sequester  
islet t i s s u e  from imnune recognition. 
from t h e i r  mutual secre t ions  is l o s t .  
was examined by studying the i n s u l i n  output  of equal a l iquots  of cul tured is le t  t i s s u e  i n  a 
non-recirculating per i fusion c i r c u i t  where the endocrine products of one islet c e l l  -8s 
bathed the second. 
of the  pancreat ic  duct. 
cells had formed neois le t s  which were d is t r ibu ted  equal ly  i n t o  two mil l ipore chambers f o r  
c i rcu i ted  per i fusion.  Insul in  secre t ion  was measured a t  a por t  d i s t a l  t o  each chamber a t  
37OC. with a flow r a t e  of t i s sue  cu l ture  medium a t  0.7ml/min. containing e i t h e r  5.5mM glucose 
(minimal s t imulat ion)  o r  22 mM glucose ( m a x i m a l  s t imulat ion) .  A t  minimal s t imulat ion insu l in  
output i n  both chambers w a s  s imi la r  bu t  when the insu l in  output of  the  f i r s t  chamber exceeded 
about 3WJ/ml during maximal s t imulat ion the  second chamber stopped secre t ing  i n s u l i n  in 
response to  stimulation. These feedback e f f e c t s  must be considered in analyses of in v i t r o  
islet function and are important features  i n  designing chambers f o r  islet c e l l  implantation. 

The basa l  lamina which separate  individual  islets 
The e f f e c t  of reorganization on feedback inh ib i t ion  

Pancreat ic  s ing le  c e l l s  were prepared from dogs by collagenase perfusion 
After  three days i n  cu l ture  a t  24OC. i n  a spinner f lask  the  is le t  

04% DIADENOSINE TETRAPHOSPHATE (ApqA) - A PUTATIVE SECOND MESSENGER OF PROLIFERATION 
CONTROL, Friedrich Grurmnt, Christa Weinmann, and Waltraud Albert, Institut fur 
Biochemie, Universitat Wurzburg, Rontgenring 11, D-8700 Wurzburg, GFR. 

Diadenosine tetraphosphate (Ap4A) is ubiquitously distributed in eukaryotic cells. The intra- 
cellular concentration of Ap4A fluctuates drastically in response to the proliferation rate, 
cell cycle phase and malignant transformation state. There is accumulating evidence that 
A p d  could play a role as a "second messenger" of cell cycle and proliferation control: 
1) After mitogenic stimulation of GI-arrested EHK and mouse 3T3 fibroblasts the ApqA pool 
gradually increased 1000 fold during progression through the GI-phase reaching maximum Ap4A 
concentrations (about 10 pM) in the S-phase. Cells lacking a defined GI-phase ( V 7 9  lung 
fibroblasts, Physarum) possess a constitutively high basis level of Ap4A. Ap4A levels are 
high (1 pM) in mamnalian embryos, in regenerating livers and developing sea urchin embryos. 
2) The intracellular target of Ap4A is DNA polymerase a. Ap4A binds with high specificity 
and affinity (KD = 3 x 
3) Ap4A triggers replicative DNA synthesis in vitro in GI-arrested permeabilized BHK cells 
which is characterized by a high frequency 2 m c a t i o n  bubbles and synthesis of transient 
Okazaki fragment and their ligation. 

M )  to one of the subunits of the DNA polymerase holoenzyme. 
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0429 NORMAL MOUSE SERUM CONTAINS PEPTIDES WHICH INDUCE FIBROBLASTS TO GROWTH IN SOFT AGAR, 
Ulf R. Rapp and Mohammed Shoyab, National Cancer I n s t i t u t e ,  Frederick, MD 21701 

The untransformed mouse f ibroblas t  c e l l s  NIH/3T3, C3H/lOT1/2 and the f ibroblas t ic  r a t  NRK 
c e l l s  do not grow i n  s o f t  agar i n  medium supplemented with 10% f e t a l  calf  serum. 
calf  serum i n  the growth medium was supplemented with sera  from mice or  other  ver tebrates ,  
however, these c e l l s  were reversibly induced t o  form large colonies. In te res t ing ly ,  the 
morphology of s o f t  agar colonies was a function of the t rea ted  c e l l  type, thus the f ibro-  
b l a s t i c  NRK c e l l s  grew t o  smooth-surfaced spherical  colonies, while C3H/lOT1/2 c e l l s  grew 
as  extended c e l l s  forming columns of end t o  end connected f ibroblas t s .  We have purif ied to  
apparent homogeneity the growth promoting a c t i v i t y  from mouse serum by gel f i l t r a t i o n  and 
high performance l iquid chromatography (HPLC). The t rypsin sens i t ive  agar growth stimulat- 
ing a c t i v i t y  has an apparent molecular weight of 15-20 ki lodal tons and e lu tes  a s  a s ing le  
peak from a Cl&Bondapak/porasil column a t  37% ace toni t r i le .  
experiments showed tha t  the endogenous growth fac tor  i n  the peak f rac t ion  did not compete 
for binding t o  PDBU receptors  whereas i t  competed f o r  EGF receptor binding. 
peptide is  d i f fe ren t  from EGF i n  i ts  biological  and biochemical propert ies .  The novel serum 
growth fac tor  r e t a i n s  biological  a c t i v i t y  i n  the nanogram range throughout the pur i f ica t ion  
procedure. Thus, w e  have shown tha t  normal sera  from mice and a l s o  from other rodents and 
primates contain peptides with propert ies  generally a t t r i b u t e d  to  tumor promoting +gents 
such as  TPA. We conclude from t h i s  tha t  such fac tors  a r e  necessary for  normal t i s sue  
functions i n  the animal and may a l so  play a r o l e  as  cofactors  i n  carcinogenesis. 

When f e t a l  

Radioreceptor-competition 

However, t h i s  

Steroid Hormone Receptors: Genetic and Comparative Aspects 

0430 THYROID HORMONE RECEPTORS I N  A PRIMITIVE VERTEBRATE, aouglas S. aar l ing ,  and 
Aubrey Gorbman, University of Washington, Sea t t le ,  WA 90255 

The d ivers i ty  of i n t r a c e l l u l a r  thyroid hormone binding s i t e s  i n  mammals r a i s e s  the  question 
of which, i f  any, of these binding sites represent the general ver tebra te  pattern. A modified 
t r i iodothyronine (T3) binding assay was used with coho salmon (Oncorh nchus kisutch) l i v e r  
nuclei. 
of radio- iner t  thyroid normone, o r  analogues. Bound hormone was seperated from f r e e  by use 
of polyethylene lycol .  Salmon nuclei  spec i f ica l ly  bind T3 with a high a f f i n i t y  (Ka=1.031 
- + 0.174 x 109 Kf; SE 
with the same assay. 
DNA (n=7). Rat l i v e r  nuclear capacity for  T3 binding is  3.4 fo ld  greater .  Analysis of 
Scatchard p lo ts  indicates  tha t  the a f f i n i t y  of salmon hepat ic  nuclei  f o r  T3 is  10-fold 
greater  than f o r  thyroxine (T4). Based on plasma hormone concentrations, and nuclear binding 
a f f i n i t i e s ,  T3 is  calculated to  be the major form of the  hormone bound to  salmon nuclei. 
The r e l a t i v e  nuclear binding a f f i n i t i e s  for  thyroid hormone analogues, a s  well a s  the  
a f f i n i t y  for  T3, of salmon hepatic nuclei  a r e  very s imilar  to  human, r a t ,  chick embryo, and 
l a r v a l  amphibian hepatic nuclei. This suggests tha t  the binding charac te r i s t ics  of the 
thyroid hormone receptor  molecule have been higfily conserved during ver tebrate  evolution. 

Purif ied nuclei  were incubated with 1251-T3 (or 1251-thyroxi:e) wit- amounts 

S.E.; n=12) which is 50% of the  a f f i n i t y  measured with rat l i v e r  nuclei  
Salmon nuclear T3-binding capacity i s  0.127 2 0.035 pmoles T3 per mg 

0431 HORMONAL REGULATION OF HEPATIC ESTROGEN BINDING PROTEINS IN RATS, G.W. Lucier, T.C. 
Sloop, C.L. Thompson and R.C. Rumbaugh, NIEHS, Research Triangle, NC 27709 

Recent studies have demonstrated that liver contains cytosolic estrogen receptor. More- 
over, a second class of estrogen binding proteins have been identified which are termed 
higher-capacity lower-affinity (HCLA) binding sites. 
ing proteins do not translocate estrogen to the nucleus but they do play a role in modula- 
ting nuclear translocation rates of cytosolic 1 igand receptor complex by a1 tering availa- 
bility of ligand for recepter. 
gradients, have a K of 10- M, bind both steroidal androgens and estrogens but not non- 
steroidal estrogensdor other steroids. 
differentiation such that adult male levels are 10-fold higher than observed in adult fe- 
males or imnature rats o f  either sex. 
of HCLA binding sites but neonatal castration of males prevents sex differentiation. Sex 
differentiation of HCLA binding sites can be imprinted by exposure to neonatal androgens 
during a critical period of postnatal development; administration of testosterone to cas- 
trate male rats between days 6 and 16 of life imprinted for male levels of HCLA sites. 
The imprinted effect is manifested postpubertally, is permanent and is pituitary dependent 
Male levels of HCLA sites can be imprinted in ovariectomized females by androgen treatment 
during the critical period. Estrogen treatment of male rats represses synthesis o f  HCLA 
sites. These studies demonstrate that the hypothalamic-pituitary-gonadal axis plays a key 
role in regulating synthesis of an important class of hepatic estrogen binding proteins. 

We have demonstrated that these bind- 

HCLA binding sites sediment in the 45 region of sucrose 

The levels of these sites undergo postpubertal sex 

Gonadectomy of adult rats has no effect on the levels 
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0432 
The insec t  s te ro id  h o m n e ,  20-hydroxyecdysone, is responsible f o r  a complex s e r i e s  of 
morphological and biochemical changes throughout insect  development. 
whether s p e c i f i c i t y  of response a t  a par t icu lar  developmental s tage  or i n  a p a r t i c u l a r  
t i s s u e  is due t o  differences i n  t h e  hormone receptor o r  differences i n  other  c e l l  or 
t i s s u e  components. For severa l  years  we have s tudied ecdysteroid receptors i n  imaginal 
discs  i so la ted  from mid-third i n s t a r  larvae of Drosophila melanogaster. Imaginal discs  
receptors  a re  associated with nuclei  and appear t o  res ide on the  chromatin before the 
increase i n  hormone t i t e r  i n  the l a t e  t h i r d  i n s t a r  t h a t  induces imaginal d i s c  
morphogenesis. 
t o  t h e  development of a scheme for purifying these receptors. The t i s s u e  s p e c i f i c i t y  
of ecdysteroid receptors is being invest igated by a comparison of  molecular and 
biochemical charac te r i s t ics  of receptors  i n  t h i r d  i n s t a r  imaginal discs  and in other  
t i s sues  and developmental s tages .  

ECDYSTEROID RECEPTORS I N  DROSOPHILA, Mary Alice Yund and David L. Osterbur, 
University of Cal i fornia ,  Berkeley, CA 94720 

It i s  not known 

W e  are examining t h e  propert ies  of imaginal d i sc  receptors preliminary 

JUVENILE HORMONE BINDING PROTEINS I N  LEULOPHAEA MADERAE, John K. Koeppe and Gae E. 
Kovalick, University of North Carolina, Chapel H i l l ,  NC 27514 0433 

In the ovoviviparous cockroach, Leucophaea maderae, juveni le  hormone (JH) regulates  s p e c i f i c  
processes and events i n  a t  l e a s t  two d i f fe ren t  t i s sues  during the reproductive cycle .  
f a t  body, JH appears t o  a c t  l i k e  a s te ro id  hormone t o  s t imulate  the synthesis  and secre t ion  
of the  major yolk protein,  vi te l logenin.  I n  the  f o l l i c l e  c e l l s  which surround the  develop- 
ing terminal oocyte, rates of DNA synthesis  and the apparent synthesis  of the enzyme thymi- 
dine kinase (TK) are both stimulated by J H .  

Recent data  from our laboratory demonstrates tha t  JH-specific bonding proteins  occur i n  both 
of these t i s sues  a s  w e l l  a s  i n  the  hemolymph. 
heat  sens i t ive  and have a f i n i t e  binding capacity f o r  J H  111. 
binding a f f i n i t y  (KD) of t h i s  macromolecule for  J H  I11 is approximately [9 X 10-9M], whereas 
the  ovarian and hemolymph binding proteins  have a KD of around [ 2 X 10-8MI. 
s tudies ,  photoaff ini ty  label ing of the macromolecules, and the  propert ies  of the  de-lipidated 
macromolecules suggest these macromolecules a r e  t i s s u e  spec i f ic .  

In the  

These binding macromolecules are prenase and 
In the fatbody, the r e l a t i v e  

Competition 

0434 
Laboratory, San Diego, C a l i f o r n i a  92138. 

A number o f  laborator ies have shown t h a t  g lucoco r t i co id  receptor defects are the basis 
f o r  g lucoco r t i co id  res is tance induced by mutagenic treatments of glucocorticoid-sensitive 
lymphoid c e l l  l i n e s .  
c o r t i c o i d  res is tance o f  a c e l l  l i n e ,  SAKE, establ ished i n  c u l t u r e  from a spontaneous AKR 
thymic lymphoma which e x h i b i t s  resistance wi thout  mutagenesis. 

per c e l l .  
hybrids and mediate a glucocort icoid-induced increase i n  the production o f  endogenous 
leukemia v i r u s  prote in .  
l y s i s  because o f  a defect  i n  one o r  several funct ions other  than the receptor, designated 
"1" f o r  l y s i s .  
some segregation analysis i n  c e l l  hybrids. 

a drug known t o  i n h i b i t  DNA methylat ion. This pre l iminary r e s u l t  suggests t h a t  i t  i s  possi- 
b l e  t o  ac t i va te  the "1" a l l e l e s  which are not  expressed i n  the SAKE c e l l s ,  and i s  cons is tent  
w i t h  t h e  idea t h a t  res is tance i n  S A K I  has an epigenet ic  o r i g in ,  i.e., r e s u l t s  from dif fe- 
r e n t i a t i o n .  (Supported b N I H  fel lowship #AM06179 and grant #GM20868 and by a grant from 
the Whitehal l  Foundation.7 

GENETIC AND EPIGENETIC BASES FOR GLUCDCORTICOID-RESISTANCE, Jud i th  C. Gasson and 
Suzanne Bourgeois, The Salk I n s t i t u t e  f o r  B io log i ca l  Studies, Regulatory Biology 

We have used somatic c e l l  genetics t o  analyze the  basis f o r  the qluco- 

B ind ing assays show t h a t  SAKB c e l l s  conta in  approximately 30,000 g lucoco r t i co id  receptors 
These receptors appear funct ional  since they complement receptor defects i n  

Therefore, the SAKE l i n e  i s  r e s i s t a n t  t o  glucocort icoid-induced 

Fur ther  genetic evidence f o r  the "1" funct ion(s)  was obtained by chrom- 

kle have generated g lucoco r t i co id  sens i t i ve  clones o f  SAKE by treatment w i t h  5-azacytidine, 
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0435 A CORTICOSTEROID B I N D I N G  PROTEIN AND LIGAND I N  C. ALBICANS:  A POSSIBLE STEROID-RECEP- 
TOR SYSTEM, David Feldman and David Loose, S tanford  Un ive r s i ty ,  S tanford ,  CA 94305 

The evo lu t ion  of hormone-receptor systems is  p resen t ly  undergoing i n t e n s e  i n v e s t i g a t i o n .  I t  
is not  y e t  c l e a r  how e a r l y  i n  evo lu t ion  recognizable  hormone-receptor systems developed. We 
have r e c e n t l y  r epor t ed  on t h e  ex i s t ence  of a r ecep to r - l i ke  b inder  i n  C a n d i d a  atbicans a uni- 
c e l l u l a r ,  eukayot ic  fungus.  Fur ther  c h a r a c t e r i z a t i o n  of t h i s  macromolecule now i n d i c a t e s  i t  
t o  be a c o r t i c o s t e r o i d  cytoplasmic b inder  w i th  h igh  a f f i n i t y ,  s t e r o i d  s e l e c t i v i t y  and s t e reo -  
s p e c i f i c i t y .  Using [3H]cor t icos te rone  as t h e  rad ioprobe ,  compet i t ive  b inding  a s says  r e v e a l  
t h e  fo l lowing  binding sequence: c o r t i c o s t e r o n e  proges te rone  > c o r t i s o l  > predniso lone  >> 
dexamethasone; minimal a f f i n i t y  f o r  e s t r a d i o l ,  t e s t o s t e r o n e ,  a ldos t e rone ,  or 1,25(OH)~D3 is  
exh ib i t ed .  The apparent  equ i l ib r ium d i s s o c i a t i o n  cons t an t  (Kd) f o r  c o r t i c o s t e r o n e  is  6 nM 
and the  b inding  capac i ty  i s  % 700 fmol/rng cy toso l  p r o t e i n .  
t h e  [3H]cor t icos te rone  appears  unmetabolized. 
c u l a r  weight of % 43,000. Binding is des t royed  by hea t ing  t o  56OC f o r  30 min or exposure t o  
t r y p s i n  or N-ethylmaleimide. I n  add i t ion ,  a l i p i d  e x t r a c t a b l e  material p resen t  i n  t h e  fung- 
a l  cells  and r e l eased  i n t o  t h e  growth medium, r e v e r s i b l y  competes f o r  [3H]cor t icos te rone  
binding s i tes  i n  fungal  cy toso l  and appears  t o  be t h e  endogenous l i gand  f o r  t h i s  b inding  
p ro te in .  Of i n t e r e s t  is  t h e  f ind ing  t h a t  t h e  funga l  e x t r a c t  a l s o  competes f o r  mammalian 
g lucocor t i co id  r ecep to r s .  We hypothes ize  t h a t  t h e  fungal  b inder  and l igand  may r ep resen t  a 
p r imi t ive  hormonal system. Furthermore, t he  demonst ra t ion  of i n t e r a c t i o n s  between mammalian 
s t e r o i d s  and the  funga l  b inder  and between t h e  fungal  l i gand  and mammalian r ecep to r s  sug- 
g e s t s  t h e  p o s s i b i l i t y  of important c l i n i c a l  consequences between hos t  and p o t e n t i a l  pathogen. 

The b inding  is r e v e r s i b l e  and 
The b inder  sediments a t  % 4s and has  a mole- 

0436 
Lepidopteran ep idermis  produces f i r s t  a l a r v a l ,  then a pupal ,  then  an a d u l t  c u t i c l e .  The 
l a r v a l  c u t i c l e  is  made i n  response t o  20-hydroxyecdysone (20HE) i n  the  presence  of  j u v e n i l e  
hormone (JY); t h e  swi t ch  t o  ?u?al c u t i c l e  oroduct ion  occurs  when 20HE a c t s  i n  the  absence of 
JH. We have been s tudying  the  biochemical p r o p e r t i e s  of t h e  c e l l u l a r  r ecep to r s  f o r  bo th  
hormones i n  l a r v a l  epidermis.  
cytoplasm, and s m a l l  amounts are t r ans loca ted  t o  the  nuc leus .  Nuclear receptor -assays  
revea led  kd = 1.8 x lO-'M f o r  JHI i n  l a r v a l  ep idermis  and t h e  absence of s p e c i f i c  b inding  of 
JHI i n  pupally-committed ep idermis .  S i s i l a r  s t u d i e s  a r e  underway f o r  20HE. EM-autoradio- 
graphy of l y sed  n u c l e i  shows 20HE i s  bound t o  mul t ip l e  si tes on t h e  ma t i ix  as w e l l  a s  t o  
i n d i v i d u a l  sites on ChrGmatin f i b e r s .  Radioac t ive  hormone is  found only  over  nuc lea r  
material and remains l o c a l i z e d  whether t he  chromatin i s  condensed, moderately d i spe r sed ,  or 
d i spe r sed  completely i n t o  10 nm s t r ands .  Not a l l  n u c l e i  i n  t h i s  t a r g e t  t i s s u e  appear  t o  
bind t h e  hormone equal ly .  Supported by g r a n t s  from N I H  and the  Whi teha l l  Foundation. 

CELLULAR RECEPTORS FOR 20-HYDROXYECDYSONE AND JUVENILE HORMONE I N  INSECT EPIDERMIS, 
Lynn M. R iddi ford  and Karen A. Dyer, Un ive r s i ty  of Washington, S e a t t l e ,  WA 98195 

Both are r a p i d l y  taken  up by t h e  cells  < t i 1 2  5 min) i n t o  t h e  

Hormone Receptor: Gene Interactions 

0437 
ments o f  Pathology and Biochemistry,CMONJ,New Jersey Medical School, Newark, N.J. 

It i s  w e l l  es tab l i shed  t h a t  hormones modulate t h e  growth o f  some human b reas t  cancers 
and hormone respons ive  b reas t  cancer c e l l s  i n  v i t r o  ( i . e .  MCF 7 ) .  An at tempt was undertaken 
i n  t h i s  l abo ra to ry  t o  i d e n t i f y ,  through cell-c-manipulation, t h e  i n d u c t i o n  o f  an e s t r o -  
gen s p e c i f i c  mRNA species i n  es t rogen respons ive  MCF 7 c e l l s ;  a mRNA species which may modu- 
l a t e  hormone ac t i on .  For exper iments,  c e l l s  were grown i n  medium supplemented w i t h  hormone 
s t r i p p e d  serum supplemented w i t h  p h y s i o l o g i c a l  concent ra t ions  o f  hormone. One day p r i o r  t o  
exper iments,  t h e  hormones were removed i n  o rder  t o  f r e e  receptor  p r o t e i n s  and a l l o w  f o r  
maximal s t imu la t i on .  One h a l f  t h e  c u l t u r e s  were s t imu la ted  by the  a d d i t i o n  o f  e s t r a d i o l  and 
bo th  groups were simulateneously l abe led  w i t h  (3H) adenosine f o r  one hour.  Cytoplasmic RNA 
was e x t r a c t e d  from magnesium p r e c i p i t a t e d  polysomes by SDSI phenol/  ch lo ro fo rm e x t r a c t i o n  
procedures, and po ly (A )  con ta in ing  species were separated by po ly (U)  sepharose column chro-  
matography, e l u t i n g  w i t h  i nc reas ing  concent ra t ions  o f  formamide. The mRNA species were f rac -  
t i o n a t e d  by agarose g e l  e lec t rophores i s  and assayed f o r  r a d i o a c t i v i t y  through l i q u i d  sc in -  
t i l l a t i o n  count ing .  Our r e s u l t s  show t h a t  i f  proper c o n d i t i o n s  a re  provided, es t rogen 
indeed i s  ab le  t o  s t i m u l a t e  t h e  i n d u c t i o n  o f  a s p e c i f i c  mRNA which predominates i n  t h e  
f i r s t  hour f o l l o w i n g  hormone add i t i on .  Th is  p o i n t s  s t r o n g l y  t o  t h e  r e g u l a t o r y  f u n c t i o n  o f  
t h i s  s p e c i f i c  mRNA i n  t h e  hormonal r e g u l a t i o n  o f  t h e  growth o f  hormone dependent human 
b reas t  cancer c e l l s .  Supported by a g ran t  f rom t h e  Foundat ion o f  CMDNJ. 

ESTROGEN INDUCTION OF AN EARLY mRNA SPECIES I N  ESTROGEN RESPONSIVE HUMAN BREAST 
CANCER CELLS I N  V I T R O .  Lee F. A l len ,  Robert G. Wilson, and Jo lan ta  3. Cholon,Depart- 

07103. 
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04% PARAMETERS AFFECTING THE SPECIFIC BINDING OF 3-METHYLCHDLANTHRENE TO tIEPATIC 
CYTDSDLIC PROTEINS AND THEIR SUBSEQUENT INTERACTION WITH DNA. B r ian  Tierney, 

Glenn Ba i l ey  and Edward Bresnick, Un ive rs i t y  o f  Vermont College o f  Medicine, Bur l inqton,  
Vermont 05405 
Recent s tud ies have ind i ca ted  t h a t  the cytochrome P-45Dc enzyme d e t o x i f i c a t i o n  system 
may be mediated v ia  a cy toso l i c  receptor p ro te in .  We have found s p e c i f i c  b ind inq t o  r a t  
l i v e r  cytosol  i c  prote ins when the cytochrome P-45Dc inducer, 3-methylcholanthrene (3-MC) 
was employed as l igand. Such b ind ing was of h igh a f f i n i t y  (K 2.54 nM) and saturable. 
The s p e c i f i c  b ind ing i s  pH and temperature dependent. The 3 - k  b ind ing prote ins were 
examined on DNA-cellulose and only  l i v e r  ex t rac ts  from cytochrome P-45Dc-inducible 
ani ma1 s contained the b ind ing p ro te ins  . Apparent temperature-dependant a c t i v a t i o n  
o f  the c y t o s o l i c  protein/3-MC complex on b ind ing t o  DNA-cellulose was observed. 
This b ind ing was a l so  enhanced by the add i t i on  o f  ATP and magnesium. 
(Supported by CA-20711) . 

Oligodeoxynucleotide Base Recognition by S t e r o i d  Hormone Receptors,  Herbert  W .  
Dickerman and S. Anand Kumar, New York S t a t e  Dept. of Heal th ,  Albany, N.Y.  12201 

0439 
Oligodeoxynucleotides covalent ly  l inked t o  c e l l u l o s e  were used as probes o f  t h e  DNA binding 
domains of mouse s t e r o i d  holoreceptors :  u t e r i n e  and kidney e s t r a d i o l  ( E z R ) ,  l i v e r  dexametha- 
sone (dexR) and kidney t e s t o s t e r o n e  r ecep to r s .  With u t e r i n e  EzR,  t h e  r e l a t i v e  binding o rde r  
w a s  oligo(dG) > oligo(dT) 5 oligo(dC) 2, oligo(dA) > o l i g o ( d 1 ) .  The binding r e a c t i o n s  were 
s a l t - s e n s i t i v e  with t h e  opt imal  KC1 concentrat ion of 0 . 1  - 0.2M. There w a s  no enhancement of 
binding by a c t i v a t i o n ,  e i t h e r  temperature or sal t  induced. Quan t i t a t ive  d i f f e rences  i n  o l igo -  
nucleot ide binding were e l i c i t e d  with pyridoxal  5-phosphate, Cibacron blue F3GA and d ie thy l -  
propocarbonate.  These, and q u a l i t a t i v e  d i f f e rences  fol lowing hea t  and p u r i f i c a t i o n ,  l e d  t o  a 
designat ion of 7. types  o f  subsites within t h e  DNA binding domain of u t e r i n e  E2R. 
stable G sites which i n t e r a c t  with o l i g o  (dG) and l a b i l e  N s i t e s  which bind t o  o l i g o  (dT) , 
oligo(dC) and ol igo(dA).  St imulat ion of E2R binding t o  N s i t e s  and s t a b i l i z a t i o n  of t h e  
holoreceptor  w a s  e f f e c t e d  by h i s tones  H2A and H2B as we l l  as t h e  N terminal  h a l f  molecule of 
H2B. The l i v e r  dexR requ i r ed  a c t i v a t i o n  f o r  opt imal  binding t o  t h e  o l igonuc leo t ides ,  showed 
a marked responsiveness t o  sal t  concentrat ion i n  t h e  binding r e a c t i o n  and c l e a r l y  had b e t t e r  
binding t o  ol igo(dT) > o l igo (dC) .  The kidney t e s t o s t e r o n e  r ecep to r  binding d id  not  r equ i r e  
s a l t  a c t i v a t i o n ,  w a s  i n s e n s i t i v e  t o  sa l t  s t imu la t ion ,  and while  t h e  poores t  binding r ecep to r ,  
showed a r e l a t i v e l y  higher  binding t o  ol igo(dA).  The above d a t a  i n d i c a t e s  t h a t  s t e r o i d  holo- 
r ecep to r s  can d i sc r imina te  s t r u c t u r a l  f ea tu re s  of deoxynucleotide bases  and t h i s  recogni t ion 
process  can be modulated by accessory p r o t e i n s .  (Supported by HHS/PHS g ran t  AM23075) 

These a r e  

0440 
M u l v i h i l l ,  Jean-Paul LePennec and P ie r re  Chambon, Laborato i re  de Genetique Molecula i re  des 
Eucaryotes du CNRS, Facul te  de Medecine, 11 Rue Humann 67085 STRASBDURG Cedex FRANCE. 

We have used a DNA-cellulose competit ive b ind ing assay s i m i l a r  t o  t h a t  described by Kallos 
and Hollander (1978) t o  measure the extent  of displacement o f  ch ick ov iduct  progesterone re -  
ceptor complex from c a l f  thymus DNA-cellulose by pu r i f i ed ,  cloned fragments o f  genomic DNA. 
Several DNA fragments from hormonally responsive genes coding f o r  egg-white prote ins,  were 
found t o  be e f f i c i e n t  competitors f o r  e i t h e r  crude o r  p a r t i a l l y  p u r i f i e d  receptor  complexes 
when compared w i t h  c a l f  thymus DNA. Data obtained using de le t i on  mutations constructed i n  
v i t r o  allowed d e l i n i a t i o n  o f  a s p e c i f i c  reg ion necessary f o r  strong competit ion, l oca teh250-  
m p  upstream from the mRNA s t a r t s i t e  o f  the ovalbumin gene. Sequence homologies w i t h  t h i s  
5’ upstream region were observed i n  other  fragments o f  the ovalbumin, conalbumin, ovomucoid, 
X and Y genes which were a l so  e f f i c i e n t  competitors. Based on a comparison o f  such sequences 
o f  homology a consensus sequence which may cons t i t u te  a progesterone receptor complex b ind ing 
reg ion has been constructed : 
A T C C/T C/T A T T A/T T C T G G/T T T G T A. The r e s u l t s  suggest t h a t  s p e c i f i c  double-stran- 
ded DNA sequences are recognized by the ov iduct  progesterone receptor  complex i n  v i t r o  and 
are re levant  t o  the question of whether o r  no t  s p e c i f i c  DNA sequences are d i r e x l y o l v e d  
as genomic b ind ing s i t e s  f o r  s te ro id  receptors. 

CHICKEN OVIDUCT PROGESTERONE RECEPTOR : LOCATION OF SPECIFIC REGIONS OF HIGH AFFINITY 
BINDING I N  CLONED DNA FRAGMENTS OF HORMONE RESPONSIVE CHICKEN GENES, E i leen R. 
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0441 
Monomeric nucleosomes have independent binding sites for H1 histones and for HHG proteins. 
The two types of monomers have been selectively fractionated from nuclease-digested chromatin, 
and show distinct electrophoretic mobilities. When H1 or HMG proteins are removed by dis- 
sociation in NaC1, they can be faithfully reconstituted onto the stripped nucleosomes. 
possibility that H1-nucleosomes preferentially reassociate with H1, and that HHG-nucleosomes 
preferentially reassociate with HMG proteins was tested by reconstitution of each type of 
stripped particle with varying mixtures of H1 and HMG'proteins. 
particles, although possessing both binding sites, preferentially reassociated with the type 
protein which was originally bound. 

HMG AN0 H1 BINDING SITES ON NUCLEOSOMES, Ronald L. Seale. Department of Cellular 
Biology, Scripps Clinic and Research Foundation, La Jolla, California 92037 

The 

The individual stripped 

0442 ESTROGEN INDUCTION OF AN EARLY mRNA SPECIES IN ESTROGEN RESPONSIVE HUMAN BREAST CANCER 
CELLS IN VITRO. Lee F. Allen, Robert G. Wilson, and Jolanta J. Cholon, Departments of 
Pathology and Biochemistry, CMDNJ,New Jersey Medical School, Newark, N.J. 07103. 

It is well established that hormones modulate the growth of some human breast cancers and 
hormone responsive breast cancer cells in vitro (i.e. MCF 7 ) .  An attempt was undertaken in this 
laboratory to identify, through cell cyTe-pulation, the induction of an estrogen specific 
mRNA species in estrogen responsive MCF 7 cells; a mRNA species which may modulate hormone 
action. For experiments, cells were grown in medium supplemented with hormone stripped serum 
supplemented with physiological concentrations of hormone. One day prior to experiments, the 
hormones were removed in order to free receptor proteins and allow for maximal stimulation. One 
half the cultures were stimulated by the addition of estradiol and both groups were 
simultaneously labeled with (3H) adenosine for one hour. Cytoplasmic RNA was extracted from 
magnesium precipitated polysomes by SDS/ phenol/ chloroform extraction procedures, and poly(A) 
containing species were separated by poly(U) sepharose column chromatography, eluting with 
increasing concentrations of formamide. The mRNA species were fractionated by agarose gel 
electrophoresis and assayed for radioactivity through liquid scintillation counting. Our 
results show that if proper conditions are provided, estrogen indeed is able to stimulate the 
induction of a specfic mRNA which predominates in the first hour following hormone addition. 
This points strongly to the regulatory function of this specific mRNA in the hormonal regulation 
of the growth of hormone dependent human breast cancer cells. Supported by a grant from the 
Foundation of CMDNJ. 

0443 CHROMOSOME MAP ASSIGNMENT OF HUMAN SURFACE RECEPTORS: THE 4 ~ 2  DETERMINANT 

M.E. Kamarck, P. Messer-Peters and F.H. Ruddle, Yale University, New Haven, Conn. 06511 

The monoclonal antibody 4F2 identifies a human cell surface antigen expressed on 
activated B and T cells (Haynes etd., 1981) as well as on log phase fibroblasts. As a 
blast specific marker, the 4F2 determinant is the first to appear in mixed-lymphocyte 
culture and has the longest temporal expression. It thus seems likely that the 4F2 antigen 
defines a hormone receptor. 

We have mapped the locus which specifies this determinant using a novel combination 
of somatic cell genetics and fluorescence-activated cell sorting (FACS 11). Two human x 
muse hybrid lines which accounted for all human chromosomes were used in this study. 
These hybrids, heterogeneous for 4F2 antigen expression, were sorted to yield populations 
bmogeneous with respect t o  the presence or absence of this determinant. Isozyme analysis 
of these lines, intended to identify the subset of human chromosomes remaining in each 
population, indicated that only chromosome 11 segregated concordantly with 4F2 antigen 
expression. This map assignment was confirmed using a hybrid line which contained only 
human chromosome 11 on a mouse genetic background. This methodology will allow the rapid 
and efficient chromosome assignment of loci coding for any human surface receptor for 
hich a specific antibody is available. 
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0444 INTERACTION OF THYROID HORMONE RECEFTOR WITH CHROMATIN COMPONENTS. Andrew J. Perha*, 
Frederick Stanley, and Herbert H. Smuels. NYU Med. Center, N . Y . ,  N.Y. 10016. 

In previous studies we have shown that digestion of GH cell nuclei with micrococcal nucl- 
ease releases the receptor as a major 6.5 S form which d e l y  reflects an interaction of re- 
ceptor with linker DNA. 
attain a limit size of 3.8 S identical to the 3.8 S receptor extracted from nuclei by 0.4 M 
KC1. The 6.5 S form does not 
bind duplex DNA while the smaller forms are DNA binding species, indicating that DNA may be a 
component of the 6.5 S species. 
Sepharose CL-6B column chromatography we have determined the density' ( p ) ,  Stokes radius (R,), 
and frictional ratio due to shape (flf) For the 3.8 S 
form: % = 54,000, Hs = 3.3 nm, P = 1.96skf;8%3, (f/f ) s  ape = 1.212 indicating a relatively 
globular structure. 

= 1.36, indicating a more asymmetric form. 
!$% of protein, and assuming that the density increment of the 6.5 S form reflects an 
associated DNA fragment the 6.5 S species was calculated to be composed of 85% protein and 15% 
DNA, equivalent to 36 base pairs. This was further verified by specific regeneration of the 
6.5 S form from a salt extract of nuclei and specific size (40 2 10 BP) duplex DNA fragments 
produced by micrococcal nuclease digestion. The results suggest that the receptor may exist 
as an oligomer in chromatin or in association with other discrete proteins complexed with 
DNA. 

DNase I converts the 6.5 S form to slower sedimenting forms which 

We have further characterized the structure of the 6.5 S form. 

Using ultracentrifugation in D20 containing gradients and 

for the 6.5 S and 3.8 S forms. 

For the 6.5 S form: % = 149,008, hs = 6.0 nm. p = 1.42 g/cm3, (f/fo) 
The density of the 3.8 S form i s  character- 

0445 HORMONAL REGULATION OF HUMAN TESTOSTERONE-ESTRADIOL-BINDING GLOBULIN SYNTHESIS, 
David P. Aden, Barbara B. Kxowles and William Rosne+,The Wistar Institute, Phila- 
delphia, PA 19104 and *Columbia University, New York, NY 10019 

The human liver-derived cell lines Hep 3B and Hep G 2  synthesize and secrete numerous plasma 
proteins and exhibit many other normal liver parenchymal cell functions. The synthesis of 
certain plasma proteins by these cell lines has been demonstrated to be controlled. For 
example, alpha-fetoprotein is under growth cycle control (D.P. Aden, et&., Nature 282:615) 
and the synthesis of apolipoprotein B can be inhibited by the addition of albumin to the 
culture medium and then restored to normal with the addition of oleic acid (J.M. Rash etd., 
Biochem. Biophys. e., in press). We have recently established that the Hep G2 cell line 
additionally secretes testosterone-estradiol-binding globulin (TeBG). TeBG exists as a 
trace protein in human plasma where it binds certain estrogens and androgens with high 
affinity and thus regulates the free concentration of these hormones. We have now demon- 
strated that the synthesis of TeBG by these cells can be regulated by the addition of estra- 
diol, thyroxine or tamoxifen citrate. The regulation of TeBG synthesis also appears to be 
specific, for the same cultures do not produce increased amounts of other plasma proteins. 

0446 METHYLATION AND DNASE 1 SENSITIVITY OF SPECIFIC GENES, Don J. Diamond and Howard M .  
Goodman, Massachusetts General Hospital, Boston, Mass 02114 

We have examined the state of methylation of both the rat growth hormone(gh) and insulin 
genes in a variety of tissue culture cells and organs. Together these results suggest that in 
some cases methylation or DNASE 1 sensitivity is not rigidly associated with the "ON" state 
of a gene. The methylation pattern of the gh gene shows little correlation with its state 
of expression. However, in GH-3 cells the protein secretion into the medium and the level of 
gh-specific RNA can be induced approximately 50x from the basal level(serum substitute) with 
the addition of dexamethasone(1 uM) and thyroxine(l0 nm). DNASE 1 studies of nuclear 
preparations from two rat cell lines (GH-3 and HTC) show small differences in the sensitivity 
of the gh gene in an expressed or non-expressed state. We have also examined the state of 
methylation of the rat 1 and 2 insulin genes in a B-cell Insulinoma. Both Insulin genes are 
almost completely hypomethylated within the tumor DNA, although the gh gene is fully 
methylated as in other tissues. Recently we have examined purified Islet DNA (B-cell enriched) 
and we have found only limited differences in the methylation pattern from non-Islet 
pancreatic tissue. 
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0447 VARIANT H U W N  BREAST CANCER CELLS THAT SYNTHESIZE LARGE AMOUNTS OF PROGESTERONE RECEP- 
TORS DESPITE ESTROGEN AND ANTIESTROGEN RESISTANCE. K.B. Horwitz, University of Color- 

ado Hea!th Sciences Center, Denver, Colorado 80262. 
In all estrogen targets studied to date, progesterone receptors (PgR) are synthesized under 

control of estradiol, acting through estrogen receptors (ER). We have developed and studied a 
variant of T47D human breast cancer cells which synthesize extraordinary amounts (300,000 
sites per cell) of PgR in the absence of estradiol, and in the presence of high concentrations 
( I  vt4) of the antiestrogen nafoxidine. 
shown by growth studies and PgR synthesis. The ER are anomalous: there are no unfilled ER in 
cytoplasm or nuclei; only filled nuclear receptors are present which appear to be in a persis- 
tently activated, or "processed" state. We have studied the binding, translocation, nuclear 
turnover and replenishment of PgR in detail following progesterone treatment: cytoplasmic de- 
pletion is progestin specific; nuclear translocation is rapid (1-2 min) and stoichiometric; 
nuclear turnover is extensive (% 80% total cell PgR are lost in 30-60 min) but chloroquine 
(I00 mM) inhibitable; replenishment is protein synthesis dependent but estrogen independent. 
We have purified and characterized the human breast tumor PgR by standard techniques and by 
photoaffinity labeling: receptors consist of two dissimilar subunits whose MU is 108K and EK: 
only one subunit binds DNA-cellulose. Despite their resistance to estradiol and antiestrogen, 
PgR are not constitutively synthesized; BudR (20 pg/ml) and butyrate (10 mH) can selectively 
inhibit PgR production. In sum, these variant cells have anomalous ER, their PgR are estrogen 
independent yet they retain some characteristics of inducible proteins. 

The cells are estrogen and antiestrogen resistant as 

0448 DISSOCIATION OF STEROID BINDING TO RECEPTORS AND STEROID INDUCTION OF BIOLOGICAL 
ACTNITY IN A GLUCOCORTICOID RESPONSIVE CELL, S. Stoney Simons, JK. (NIADDK), Louis 

Mercier (NIADDK), and E. Brad Thompson (NCI), National Institutes of Health, Bethesda, MD 
20205 
Glucocorticoid responses in two independently derived lines of rat hepatoma tissue culture 
cells (HTC and FU5-5) were examined. FU5-5 cells exhibited induction of the enzyme tyrosine 
aminotransferase (TAT) at concentrations of dexamethasone that were - 7-fold lower than that 
required for HTC cells. This increased sensitivity of FU5-5 cells was not, however, due to 
an increased affinity of FU5-5 cell receptors for dexamethasone, as determined from cell-free 
and whole cell binding experiments. The inter-cell line difference in steroid sensitivity 
for TAT induction was observed with three other structurally different glucocorticoids, thus 
apparently ruling out steroid metabolism in one of the cell lines as a cause. Induction of 
TAT in FU5-5 cells was also observed to OCCUK at - 8-fold lower steroid concentrations than 
was required for the expression of another glucocorticoid-inducible function (i.e.. glutamine 
synthetase [ G S ] )  in the same cells. Thus the dose-response curves for TAT induction in HTC 
cells and for GS induction in FU5-5 cells are closely correlated with whole cell steroid 
binding while the dose-response curve for TAT induction in FU5-5 cells is shifted to lower 
steroid concentrations. This represents the first report of dissociation of two supposedly 
primary, glucocorticoid-induced functions and indicates that identical receptor-mediated 
mechanistic processes cannot be utilized by FU5-5 cells for the induction of TAT and GS. The 
involvement of second messengers OK different nuclear processes are possible explanations 
for the unusual behavior of FU5-5 cells during glucocorticoid induction of TAT. 

Steroid Hormone Receptor Activation and Alteration 

0449 
icine Branch, National Cancer Institute, National Institutes of Health, Bethesda,MD 20205 
The mechanism of the apparent disappearance of nuclear estrogen receptors ("receptor pro- 
cessing") in MCF-7 human breast cancer cells which is COKKehted with estrogen induction of 
progesterone receptors and cell growth is unknown. To address this issue, we have performed 
kinetic and equilibrium binding studies of competible [3H]estradiol binding in MCF-7 cells 
after 1 and 6 h of exposure t o  [3H]estradiol. We find, in contrast to previous investiga- 
tions, that high affinity, slowly dissociating nuclear estradiol receptors do not disappear 
following exposure to estradiol. Instead, these receptors are converted within the nucleus 
to a modified form which less readily exchanges bound estradiol and are KCl-extractable 
only in combination with sonication. Thus, some estrogenic effects in MCF-7 cells are 
dependent upon the further intranuclear conversion of the activated, translocated nuclear 
receptor to the "processed" receptor form. We also find that 50% of a lower affinity, 
more rapidly dissociating class of estradiol binding sites do disappear following estradiol 
exposure. Lass of these binding sites and processing of estrogen receptors proceed with a 
similar time course and both are inhibited by actinomycin D but not ethidium bromide. We 
suggest that receptor processing and this additional post-nuclear translocation event are 
related and reflect nuclear events which are crucial for elicitation of estrogenic respon- 
ses in MCF-7 cells. 

NUCLEAR "PROCESSING OF ESTROGEN RECePTOR REPRESENTS CONVERSION TO A NEW RECEPTOR 
FORM, J .  Strobl*, A. Kassidt, and M. Lippmant, *Laboratory of Biochemistry, tMed- 
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04% ACTIVATION OF GLUCOCORTICOID-RECEPTOR COMPLEX, G .  Litwack, T . J .  Schmidt and C.A. Barn- 
e t t ,  F e l s  Research I n s t i t u t e ,  Temple Univers i ty  School of Medicine, Philadelphia,PA. 

We r e f e r  t o  a c t i v a t i o n ( a c t ' n )  as the  process  by which the  g lucocor t ico id- receptor  complex is 
converted from a form which cannot b ind  t o  n u c l e i  o r  t o  DNA t o  a form which has  these  capabi l -  
i t ies .  Unactivated (GRu) and a c t i v a t e d  (GRa) complexes have been sepa ra t ed  on D U E  r e s i n s  and 
can be q u a n t i f i e d  by t h i s  procedure as w e l l  a s  by DNA-cellulose o r  nuc lea r  b inding .  Following 
i .p .  i n j e c t i o n  of [ % I  t r iamcinolone  i n t o  adrenalectomized rats, a progress ion  i n  the  appear- 
ance of GRu and then  GRa i s  observed sugges t ing  a precursor-product r e l a t i o n s h i p  and t h a t  t he  
a c t ' n  process  has phys io log ica l  s i g n i f i c a n c e .  The p r o p e r t i e s  of GRu and GRa are s imilar  wheth- 
er formed i n  v ivo  o r  i n  v i t r o .  Some i n s i g h t s  i n t o  the  a c t ' n  s t e p  come from the  a b i l i t i e s  of 
c e r t a i n  subs t ances  t o  s t i m u l a t e  or i n h i b i t  t he  r a t e  of a c t ' n .  Various phosphorylated compounds 
such a s  t r i phospha te s ,  l i k e  ATP, glycer-P o r  t he  add i t ion  of  bovine a l k a l i n e  phosphatase (AP) 
or o t h e r  s u b s t r a t e s  of AE' a c t i o n  s t i m u l a t e  act 'n.Molybdate,  t ungs t a t e  and vanadate ,  known pho- 
spha ta se  i n h i b i t o r s ,  i n h i b i t  a c t ' n  wh i l e  o-phenanthro l ine ,  a c h e l a t o r  of heavy metal ions ,  
b locks  the  b inding  of GRa t o  DNA-cellulose. Endogenous i n h i b i t o r s  of a c t ' n  and DNA-binding ex- 
ist  i n  l i v e r  cy toso l .  "Modulator" r e f e r s  t o  an apparent  s m a l l  molecule which i n h i b i t s  the  a c t n  
s t e p .  Another small molecule i n h i b i t s  DNA-binding and t h i s  appears  t o  be pyridoxal-P which 
forms a Sch i f f  base  wi th  a l y s  r e s i d u e  exposed on t he  GRa.  Other chemical probes i n d i c a t e  t h a t  
GRa b u t  no t  GRu con ta ins  a group of p o s i t i v e  charges ,  c o n s i s t i n g  minimally of a r g ,  l y s  and h i s  
r e s idues  r equ i r ed  f o r  b inding  t o  DNA o r  n u c l e i .  P ro tease  i n h i b i t o r s  do n o t  i n f luence  the  a c t ' n  
s t e p .  Co l l ec t ive ly ,  t he  a c t ' n  s t e p  may involve  dephosphoryla t ion ,  d i s s o c i a t i o n  of modulator 
and appearance of a group of p o s i t i v e  charges e s s e n t i a l  f o r  a c t i v i t y  of GRa.  

0451 INDUCTION OF ESTROGEN RECEPTOR IN THE HAMSTER ~ E R U S  BY CHOLERA TOXIN 
James G. Kenimer. John J. Alleva, and Alexander W. Jordan. Division of Drug Biology, 
Food and Drug Administration. Washington, D.C. 20204 

Cholera toxin (CT) induces stromal edema and mucosal mitosis in the uterus of long-term ovar- 
iectomized hamsters. These are established effects of estrogen in rodents. Thus, CI has 
estrogen-like effects on the hamster uterus (Alleva and Lamnna. Annual Meeting of the Endo- 
crine Society, 1979. Abstract.544). Since estrogen exerts its effects via interaction with 
its cytoplasmic receptor followed by translocation of the estrogen-receptor complex into the 
nucleus, we have examined the effect of CT on hamster uterine receptor for estrogen in cyto- 
plasm (cRe) and nucleus (nRe). CT was injected into the right uterine horn and its solvent 
into the left horn on Day 1 (day of ovulation) of the 4-day estrous cycle and the hamsters 
were killed 2, 24, and 48 h later. Levels of cRe (fmolhg DNA) in the right horn at these 
times were increased 0. 47, and 150 2 above left horn levels; nRe levels were increased 0. 
128, and 72 2. After intraperitoneal injection of CT into long-term ovariectomized hamsters 
cRe levels at 1, 3 .  5, 7, 18, 24, and 48 h after injection were 1, 5, -9, 32, 124, 152, and 
478 2 of control levels; values for nRe were -58. 10, -3, -18, -10, 35, and 606 2. Estrogen 
administered to ovariectomized hamsters pretreated with CI resulted in translocation of cRe 
t o  the nucleus. The increase in cRe m y  explain the es t rogen  effects of CT and suggests the 
involvement of cyclic AMF' in the induction of estrogen receptor. 

0452 
The g lucoco r t i co id  receptor i n  GH1 c e l l s  cu l tured wi thout  g lucocor t ico ids and harvested i n  
hypotonic b u f f e r  i s  p r i m a r i l y  a 10 S c t o s o l i c  prote in .  When c e l l s  are cu l tu red  f o r  1 h a t  
37' w i t h  varying concentrat ions o f  [3H~tr iamcinolone acetonide (TA), a 4 S receptor form i s  
a l so  found i n  the cytosol. Total cytosol i c  receptor decreases w i t h  increas ing concentrat ions 
o f  [3H]TA and a corresponding increase i n  nuclear receptor occurs. The d i s t r i b u t i o n  o f  cyto- 
s o l i c  receptor i n  10 S and 4 S forms s h i f t s  toward the 4 S form w i t h  increas ing hormone con- 
centrat ions.  
w i t h  hormone a t  25" o r  by r a i s i n g  the i o n i c  s t rength a t  4'. Molybdate ( z m n h i b i t s  these 
-- i n  v i t r o  conversions and a l so  i n h i b i t s  10 S t o  4 S conversion and nuclear t rans loca t i on  i n  
whole c e l l s  incubated a t  25' w i t h  15 nM [3H]TA. Dense amino ac id  l abe l i ng  s tud ies suggest 
t h a t  the 10 S receptor  form i s  an oligomer which a t  37" i s  in a rapidly-exchanging e q u i l i b r i -  
um w i t h  i t s  4 S subunit. When c e l l s  are cu l tured f o r  1 h a t  37' w i t h  15 nM [3H]TA, about 70% 
o f  the t o t a l  receptor  i s  found i n  the nucleus. 
mone f o r  2 h a t  37O, almost a l l  o f  the receptor reappears i n  the cytosol  i n  the 10 S form. 
Density l abe l i ng  i nd i ca tes  t h a t  t h i s  reappearance i s  no t  due t o  new receptor  synthesis. Thus, 
both 10 S t o  4 S conversion and nuclear t rans loca t i on  of receptor are revers ib le .  A model 
f o r  hormone-mediated receptor t rans loca t i on  i s  proposed i n  which b ind ing o f  hormone s h i f t s  
the equ i l i b r i um between the 10 S and 4 S forms toward the 4 S form. 
i s  a DNA b ind ing p ro te in  and i s  i n  equ i l i b r i um w i t h  4 S receptor bound t o  chromatin. 

AN EQUILIBRIUM MODEL FOR GLUCOCORTICOID RECEPTOR ACTIVATION AND TRANSLOCATION, Bruce 
M. Raaka and Herbert H. Samuels, New York Univ. Med. C t r . ,  New York, NY 10016 

The 10 S form can be converted t o  the 4 S form i n  cytosol i n  v i t r o  by heating 

I f  the c e l l s  are then incubated wi thout  hor- 

The 4 S cy toso l i c  form 
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0453 THE ROLE OF ESTROGEN RECEPTOR PROTEINS IN THE INHIBITION OF HORMONE RESPONSIVE 
BREAST CANCER CELLS BY AMINONUCLEOSIDE OF PUROMYCIN. Jolanta J .  Cholon, Robert W. 

Lockwood and John Mallams, Departments of Pathology and Radiology, College of Medicine and 
Dentistry of New Jersey, New Jersey Medical School, Newark, N.J. 

Recent results in this laboratory indicate that aminonucleoside of puromycin differen- 
tial ly affects hormone responsive as opposed to hormone unresponsive human breast cancer 
cells. It selectively inhibits DNA synthesis and proliferation of hormone responsive but 
not hormone unresponsive cells. We, therefore, sought to establish whether this effect is 
exerted through the estrogen receptor mechanism present in hormone responsive cells. For 
experiments, cells were grown on medium containing hormone stripped serum supplemented with 
physiological concentrations of hormones with the exception of estrogen. The cells were 
then stimulated by the addition of estrogen and half the cultures were treated with amino- 
nucleoside of puromycin. The cells were harvested at periodic intervals following amino- 
nucleoside treatment, homogenized and assayed for estrogen receptor proteins by sucrose 
gradient centrifugation. The results show that aminonucleoside has no effect on estrogen 
receptor protein interaction indicating that the inhibition of hormone responsive cells by 
aminonucleoside is not mediated through estrogen receptor proteins. In conclusion, these 
results suggest that aminonucleoside of puromycin inhibits hormone responsive human breast 
cancer cells through a mechanism independent of estrogen receptor proteins, which is parti- 
cular to these cells and which represents another characteristic distinguishing hormone 
responsive from hormone unresponsive breast cancer cells. Supported by a grant from the 
Foundation of CMONJ. 

07103. 

04% A HORMONE-RESPONSIVE COLLAGENASE OF HUMAN BREAST CARCINOMA ,CF.LLS, 
Mitchell Wong, and Robert Stern, University of California, San Francisco, CA 94143 

Collagenase is secreted ioto the media of the cultured human breast tumor cell line ZR 75-31A. 
This activity, assayed by the Johnson-Wint procedure (Anal. Biochem. 1n4:175, 1980) measures 
the hydrolysis of 3H-labeled collagen gels in the wells of microtiter plates. Cells were 
grown in the absence of serum for 48 hours after the addition of hormone. A 100-fold increase 
in activity was observed following the addition of either androstanolone (10 -9M)  or hydro- 
cortisone (10-41) compared to cells grown without hormone. No increase in activity was found 
after the addition of estradiol, dexamethasone, progesterone, insulin, or testosterone. No 
activity was found in the media of human fibroblasts or Hela cells grown in either the absence 
or presence of hormones. The scirrhous reaction to human breast cancer is composed primarily 
of collagen. Much of the actual tumor mass is due to this fibrotic response. The present find- 
ings indicate that the breast tumor cells themselves may modulate collagen tunrover. This may 
in part be the mechanism for the observed reduction in tumor mass following endocrine therapy 
for breast cancer. (Supported by USPHS N I H  Grant CA 75179) 

Richard Kao, 

0455 
Monoclonal antibodies that react with estrogen receptor have been prepared by hybridiza- 
tion of mouse myeloma cell and spleen cells of a mouse iolmunized with native receptor 
purified from calf uterus. The receptor specific immunoglobulins secreted by the hybrids 
were of IgG class and were able to bind to staphylococcal protein A. The dissociation 
constant (Kd) of the receptor-antibody complex was determined either in solution ( 0 . 5 6  nm) 
or in solid phase ( 0 . 0 5  M). The ability of the antibodies to interact with the receptor 
was also studied by sucrose density gradient analysis. Depending on the concentration of 
the antibody present, antibody-antigen complexes of different sizes are formed. At lower 
antibody concentration the receptor-antibody complex sediments as 12.5 and as 7.5.5 at 
higher antibody concentration. This indicates that depending on the antibody concentra- 
tion one or two sites of the IgG molecules are occupied and that only one accessible 
antigenic determinant is present in each 4s receptor molecule. 

MONOCLONAL ANTIBODIES TO ESTROGEN RECEPTORS, Bruno Moncharmont and Indu Parikh, 
Wellcome Research Laboratories, Research Triangle Park, NC 27709 
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04% ANTI-ESTROGEN RESISTANT VARIANTS OF HORMONE RESPONSIVE MCF-7 HUMAN BREAST CANCER CELLS, 
M.E. Lippman, H. Nawata, 0. Bronzert .  F. Vignon and H. Rochefort ,  Medical Breast Cancer 
Sec, N.C.1, Bethesda, Md; Endocrinology Unit ,  INSERM U148, Montpel l ier ,  France 

To f u r t h e r  c l a r i f y  our understanding of t h e  mechanism of a c t i o n  of es t rogens (El and a n t i -  
es t rogens (AE) we have developed and p a r t i a l l y  cha rac t e r i zed  hormone independent v a r i a n t s  of 
MCF-7 human b reas t  cancer  c e l l s  der ived from t h e  hormone responsive pa ren ta l  l i ne .  
MCF-7 cells were cloned i n  s o f t  aga r  i n  t h e  presence of 10-%4 Tamoxlfen. 
have been s tudied.  Both a r e  i d e n t i c a l  t o  MCF-7 by chromosomal a n a l y s i s  and alloryme phenotype. 
Both Contain ER with normal a f f i n i t y ,  s p e c i f i c i t y ,  s u b c e l l u l a r  l o c a l i z a t i o n  and sucrose densi ty  
g rad ien t  behavior. One clone, R 3  shows minimal r e s i d u a l  i n h i b i t i o n  of growth and macromolecular 
syn thes i s  by AE. R3 has  no progesterone r ecep to r  (PgR) which normally i s  present  and induc ib le  
i n  wild type ce l l s .  ER from R 3  e l u t e s  from DNA c e l l u l o s e  columns a t  a h ighe r  K C 1  concen'tration, 
and f a i l s  t o  show 'processing '  al though t r ans loca t ion  occurs  normally. The o the r  v a r i a n t  clone, 
R27 i s  completely r e s i s t a n t  t o  AE i n h i b i t i o n  but i n t e r e s t i n g l y  r e t a i n s  E s t imu la t ion  of both 
growth and PgR. ER from R27 i s  a c t i v a t e d  l e s s  e f f e c t i v e l y  than i n  wi ld  type c e l l s  and AE-ER 
complexes process abnormally. 
i n  R27 whereas E s t imu la t e s  and AE i n h i b i t s  syn thes i s  of t h i s  p ro te in  i n  wild type ce l l s .  
be l i eve  t h a t  both of t hese  clones may r ep resen t  r ecep to r  v a r i a n t s  i n  which func t ions  d i s t a l  t o  
t he  i n i t i a l  binding of hormone t o  r ecep to r  a r e  a l t e r ed .  

Wild type 
Two AE r e s i s t a n t  c lones 

AE and E can induce syn thes i s  of a sec re t ed  46,000 MW glycoprotein 
We 

0457 ANDROGEN RESISTANCE WiTH DEFECTIVE NUCLEAR ANDROGEN BINDING, C. Ei  I*, D. Blank, 8 T.O. 
Fox, *Nat. Naval Med. Cen., Bethesda, MD 20814 and Harvard Med. Sch., b s t o n  MA 02115 

The androgen res i s tance  (AR)  syndromes a re  genera l l y  f e l t  t o  be due t o  q u a n t i t a t i v e  o r  q u a l i -  
t a t i v e  abnorma l i t i es  o f  t h e  androgen receptor .  Some p a t i e n t s  w i t h  t e s t i c u l a r  f em in i za t i on  (TF) 
have no demonstrable cy toso l  androgen b ind ing ,  wh i l e  o the rs  have androgen b i n d i n g  which i s  
thermo-sens i t i ve  o r  f a i l s  t o  be s t a b i l i z e d  by Na molybdate. We descr ibe  here f a m i l i a l  incom- 
p l e t e  TF assoc ia ted  w i t h  reduced nuc lear  androgen r e t e n t i o n .  F ib rob las ts ,  c u l t u r e d  from pub ic  
s k i n  b iops jes  o f  two phenotypic female XY s i b l i n g s  (age 20 and 18 y r s ) ,  were assayed f o r  
uptake o f  H-d ihydro tes tos terone (DHT*). B ind ing  was examined i n  dispersed, whole c e l l s  a t  
22OC and i n  nuc le i  ex t rac ted  from i n t a c t  c e l l s  incubated w i t h  DHT* a t  37OC. DHT* b i n d i n g  i n  
t h e  p a t i e n t s '  f i b r o b l a s t s  was normal by t h e  whole c e l l  method, wh i l e  no h i  h a f f i n i t y ,  sa tur -  

from t h e  p a t i e n t s '  f i b r o b l a s t s  revea led  a q u a n t i t a t i v e l y  d imig ished 85 peak f o r  DHT* on Na 
molybdate-containing sucrose grad ien ts ,  t h e r e  was no peak o f  
e x t r a c t s  of  t h e  p a t i e n t s '  c e l l s  which had been incubated w i t h  DHT* a t  37OC. F i n a l l y ,  h i g h  s a l t  
e x t r a c t s  o f  t h e  p a t i e n t s '  c e l  I s  incubated w i t h  DHT* a t  37OC d i d  n o t  b ind  normal ly  t o  DNA-cel I- 
ulose. We conclude: I )  These data descr ibe  two cases o f  AR i n  which cy toso l  androgen recep to rs  
a r e  p resent  i n  f i b r o b l a s t s  b u t  i n  which de tec tab le  nuc lea r  DHT* uptake i s  impaired. 2 )  Assess- 
ment o f  nuc lear  DHT" uptake prov ides  an e f f e c t i v e  i n d i c a t o r  o f  t h e  func t i ona l  i n t e g r i t y  o f  
t h e  androgen recep to r  system. 3 )  A l t e r e d  androgen b i n d i n g  t o  DNA-cellulose o f  e x t r a c t s  from 
these p a t i e n t s '  c e l l s  suggests t h a t  t h e  molecu la r  de fec t  causing AR i n  these p a t i e n t s  i s  i n  
t h e  s o l u b l e  f r a c t i o n .  

ab le  nuc lear  b ind ing  o f  DHT* was demonstrable i n  t h e  p a t i e n t s '  c e l l s  a t  37 8 C. Al though cy toso l  

H i n  t h e  4s reg ion  from nuc lear  

0458 GLUCOCORTICOID AGONIST ACTIVITY OF DEXAMETHASONE-21-MESYLPTE ON RPMI 
3460-CLONE 6 MELANZMA CELLS, Aleasandm Weisz', Robert  L Buzard , Diane Horn', 

Ming P. Lio, Lois V. Dunkerton , and Francis S. Markland, Jr.**, Department of *Biochemistry and 
'USC Comprehensive Cancer Center, University of Southern Califorma, Los Angeles, CA 90033 and 
Department of 'Chemistry and 'Division of Molecular Bidogy, University of Southern California, Lce 
Angeles, CA 90007 

Dexamethasone-21-mesylate (DXM-M) is  a glucocorticoid derivative able to interact co- 
valently with the steroid binding site of t he  glucocorticoid receptor. Previous tests of the biological 
activity of this compound have shown a l m g a c t i n g  antighcocorticoid effect  a t  low concentratims as 
well as partial agonist activity a t  higher concentratiom of the steroid derivative (Simom, S.S., and 
Thompson, E.B. Proc. Natl. Acad. S a .  USA 3541-3545, 1981). These experiments were done with 
rat  hepatoma (HTC) cells, a cell line in which glucocorticoids st imulate the expression of a spea f i c  
enzyme, tyrosine amimtransf erase. 

We have studied the effect  of DXM-M inRPMI 3460-dme 6 Syrian hamster melanomacells, a 
cell line which is sensitive to growth inhibition by dexamethasone (DXM). Our results show that  (1) 
DXM-M, like DXM, inhibits the growth of RPMI 3460-dole 6 cells, ( 2 )  a l t h u g h  the doseresponse 
curves are different, t he  magnitude of t he  biological response t o  DXM-M is at least as great as to 
DXM, (3) compared with DXM, the e f f ec t  of DXM-M on these cells is less readily reversed upon 
removal of the steroid from the medium. Thus, DXM-M is a longact ing glucocorticoid agonist i n  
these Syrian hamster melanoma cells. This result is i n  contrast with the observed l m g a c t i n g  
antagonist (and partial agonist) activity of DXM-M in  HTC cells. 
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0459 
Medicine, Burl ington, VT 05405. 

Glucocor t ico ids induce a l k a l i n e  phosphatase a c t i v i t y  (AP) du r in  l a t e  G and S phases o f  
the HeLa S c e l l  c c le ,  but n o t  during G , M, o r  e a r l y  G phases YGrif fenland Ber, (1969) J. 
Cel l  Bi01.~46, 2973. I n  an at tenpt  t o  ugderstand w h y  these c e l l s  appear re f rac to ry  t o  
g lucocor t ico id  ac t i on  during G , M, and e a r l y  G phases we have undertaken physicochmical 
analys is  o f  the g lucocor t ico id2receptor  (GR). bR i so la ted  fran l a t e  G and S phases e lu ted 
as a s ing le predominant peak (Form I )  fran DEAE c e l l u l o s e  (DEAE) a t  0.15 M KC1, and fran 
hydroxy lapat i te  (HAP) a t  0.125 M K HPO . 
phase c e l l s  e lu ted fran both DEAE %nd WAP as a bi-phasic peak; a more h i g h y  ac id ic  GR1 
species (Form 11) e lu ted fran DEAE a t  0.25 M KC1. A time course analys is  o f  the apparent GR 
mod i f i ca t i on  showed t h a t  i n i t i a l  receptor  a l t e r a t i o n  began i n  l a t e  S phase, and reached a 
maximum i n  G and Ear l y  G phase. Corre la t ion o f  a l tered receptor  s t ruc tu re  w i t h  impaired 
receptor fun2t ion was demdnstrated by the a b i l i t y  o f  GR t o  becane "heat act ivated", and bind 
t o  DNA ce l lu lose.  During l a t e  G and S the phases o f  the c e l l  cyc le  GR binding to  DNA ce l l u -  
lose were canparable. However, & r ing  G and ea r l y  G GR binding t o  DNA ce l l u lose  decreased 
by 41 and 54% respectively. Analysis o f 2 t o t a l  nucleah g lucocor t ico id  binding i n  whole c e l l s  
showed t h a t  nuclear receptor binding co r ro la ted  wel l  to the a b i l i t y  t o  ac t i va te  receptor & *. - vivo whose "ac t i va t i on "  t o  the nuclear binding form i s  c e l l  cyc le  dependent. 
N I H  Grant AM 20892. 

REGULATION OF GLUCOCORTICOID RECEPTOR ACTIVATION DURING THE CELL CYCLE. R. Alexander 
Currie and John A. Cidlowski, Dept. o f  Biochemistry, Univ. o f  Vermont College o f  

I n  contrast, GR i so la ted  from G and e a r l y  G 

These data suggest t h a t  the g lucocor t ico id  receptor  may be a modi f iab le  prote in  & 
Supported by 

0460 GLUCCCORTICOID-CONTROL OF KEFATINIZATION OF CHICK EMBRYONIC SKIN. INVOLVEMJ3NT OF 
GLUCCCORTICOID RECEPTOR IN HYDROCORTISONE-INDUCED OR DMSO-INHIBITED EPIDERMAL CELL 
DIFFERENTIATION 

Akiko Obinata, Momoko Kawada and Hiroyoshi Endo, Teikyo university, Kanagawa 199-01, Japan 
Our morphological and biochemical studies have shown that hydrocortisone (lO-'M) induces kera- 
tinization of chick embryonic skin grown in a chemically defined medium. As dimethylsulfoxide 
(DMSO) affects differentiation of various cells in culture, we examined whether it affects 
chick embryonic epidermal cell differentiation. The presence of 2-4% DMSO with hydrocortisone 
reversibly prevented this keratinization. DMSO suppressed the synthesis and accumulation of 
epidermal structural protein and the increase of epidermal transglutaminase activity, which 
was presumably responsible for polymerization and decrease in solubility of epidermal protein 
in keratinization. Addition of a high concentration of hydrocortisone to the medium did not 
overcome the inhibition by DMSO, suggesting that DMSO does not compete with hydrocortisone at 
its action site. When added directly to the cytosol (105.000 g supernatant) of the skin homo- 
genate, 2-4% DMSO did not inhibit the binding of 3H-hydrocortisone to the cytosol. Higher 
receptor activity was found in the cytoplasm of the skin cultured with DMSO plus hydrocorti- 
sone when compaired with the &T$with the hormone alone. DMSO inhibited binding of the hor- 
mone to the epidermal nuclei. These findings suggest that in DMSO treated skin hydrocortisone 
-receptor complex can not translocate or bind to nuclei in epidermal cells, while the hormone 
can enter the cell and bind to its receptor. 

Receptor Characterization 

0461 MTLTIPLE STATES OF NERVE GROWTH FACTOR RECEPTORS ON PC12 AND A875 CELLS: A CO?IPARISON 
OF STRUCTURE AND BINDING KINETICS, Stephen E. Buxser and Carv L. Johnson, Dept. of 
Biochemigsfy, University of Massachusetts Myjpa1 Center, Norcester, MA 

The kinetics of I-labelled nerve growth factor ( I-NGF) hinding to specific receptors 
(NGFR) on PC12 rat pheochromocytoma and A875 human melanoma cells was evaluated. 
ible increase in % for NGF from 0.38 nM to 3.5 nM with PC12 and 0.67 nM to 3.7 nM with A875 
was observed when membranes were prepared from intact cells and isolated using sucrose density 
centrifugation. 
{2ylation of low affinity receptors. 

I-NGF using hydroxysuccinimydyl-p-azidobenzoate gives a M 120,000 crosslinked peptide in 
both PC12 and A875 cells and membranes suggesting significad homology between receptors. 
slow dissociating form of NGFR designated "SLOW-receptor'' was found to be a property of the 
receptor which is independent of receptor affinity, and is present in both the high and low 
affinity forms of the NGFR. SLOW-receptor is present in PC12 cells and membranes but absent 
in A875 cells or membranes. The absence of SLOW-NGFR in A875 cells indicates a functional 
difference in this NGFK system compared to that in PC12 cells. PC12 membranes contain less 
SLOW-receptor as percent of total NGFR than intact PC12 cells, and NGFR solubilized from mem- 
branes fail to express the SLOW-form of receptor. These findings suggest that a single NGFR 
is present in multiple affinity states, and the NGFR may associate with other cellular com- 
ponents that induce either or both high affinity and slow dissociation of NGF. During mem- 
brane purification and solubilization of the NGFR these putative NGFR regulatory companents 
appear to be lost or uncoupled. 

01605 

A reproduc- 

The change in 5 is a quantitative shift in affinity rather than a selective 
Specific photoaffinity crosslinking of the NCFR with 

The 
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0462 MODULATION O F  THE NEURONAL B I N D I N G  O F  T H E  6 SUBUNIT OF N E R V E  GROWTH 
FACTOR(NGF) B Y  THE aNGF SUBUNIT N a t h a n i e l  R. W o o d r u f f  and Kenne th  E. 
Nee t  Case Wes te rn  Reserve  U n i v e r s i t y ,  C l e v e l a n d  OH 44106 

The e f f e c t  o f  t h e  a s u b u n i t  o f  t h e  7 s  NGF on t h e  b i n d i n g  o f  BNGF t o  i t s  t w o  
c l a s s e s  o f  s i t e s  on t a r g e t  c e l l s  has  b e e n  s t u  The p r e s e n c e  o f  uM 
c o n c e n t r a t i o n s  o f  aNGF causes t h e  d i s p l a c e m e n t  of "';16NGF f r o m  one c l a s s  o f  
s i t e s  on d i s s o c i a t e d  d o r s a l  r o o t  g a n g l i a  n e u r o n s  f r o m  s t a g e  E9 c h i c k e n  
e m b r y o s .  A t  O.lnM 1251-i3NGF, i n c r e a s i n g  aNGF c o n c e n t r a t i o n s  p r o d u c e  a 
m o n o t o n i c  d i s p l a c e m e n t  c u r v e  w i t h  h a l f  max ima l  s p l a c e m e n t  o c c u r r i n g  a t  lOuM 
aNGF. The a f f i n i t y  and number o f  s i t e s  of t h e  ' " I - B N G F  d i s p l a c e d  by aNGF a r e  
s i m i l a r  t o  t h o s e  o f  B N G F  t h a t  b i n d s  t o  t h e  h i g h e r  a f f i n i t y  ( S i t e  I )  r e c e p t o r s .  
The b i n d i n g  t o  t h e  l o w e r  a f f i n i t y  c l a s s  o f  s i t e s  ( S i t e  i s  n o t  a f f e c t e d  by 
c o n c e n t r a t i o n s  o f  aNFF up t o  30uM. T h i s  m o d u l a t i o n  o f  "'1;6NGF b i n d i n g  does 
n o t  o c c u r  w i t h  e q u i  e n t  c o n c e n t r a t i o n s  o f  s e r u m  a l b u m i n .  No d e t e c t a b l e  
n e u r o n a l  b i n d i n g  o f  '"I-aNGF was f o u n d ,  s u g g e s t i n g  t h a t  t h e  mechanism does 
n o t  i n v o l v e  d i r e c t  c o m p e t i t i o n  f o r  r e c e p t o r  s i t e s .  The d i s s o c i a t i o n  c o n s t a n t  
f o r  t h e  a - 6  c o m p l e x  i s  i n  t h e  U M  r a n g e ,  t h  f o r e  f o r m a t i o n  o f  t h i s  c o m p l e x  i n  
s o l u t i o n  can compe te  w i t h  t h e  p r o c e s s  of '$'1-6NGF b i n d i n g  t o  neurons.  A model  
a c c o u n t i n g  f o r  t h e s e  o b s e r v a t i o n s  i n c l u d e s  b i n d i n g  o f  t h e  a-6 comp lex  t o  t h e  
l o w e r  a f f i n i t y  b u t  n o t  t o  t h e  h i g h e r  a f f i n i t y  s i t e s .  We c o n c l u d e  t h a t  t h e r e  
a r e  d i f f e r e n c e s  i n  t h e  s p e c i f i c i t y  o f  t h e  t w o  c l a s s e s  o f  r e c e p t o r s .  ( S u p p o r t e d  
b y  A m .  Canc. S O C .  G r a n t  BC249)  

0463 ALTERATIONS IN THE BINDING PROPERTIES OF NERVE GROWTH FACTOR RECEPTORS IN PC12 CELLS 
BY WHEAT GERM AGGLUTININ, Ronald D. Vale and Eric M. Shooter, Stanford University, 
Stanford, CA 94305 

Nerve growth factor (NGF), a polypeptide hormone important in the development of the sympath- 
etic nervous system, binds to a heterogeneous population of receptor sites on the rat pheo- 
chromocytoma cell line, PC12. To better understand the interactions of NGF with its receptor, 
we have studied how plant lectins affect NGF binding. Of eight lectins tested, only wheat 
germ agglutinin (WGA) caused a significant (50%) inhibition of binding when added 30 min 
prior to 125I-NGF. 

presence of excess unlabeled ligand. However, cells pretreated with WGA only demonstrate NGF 
binding to slowly dissociating receptors. If WGA is added after 125I-NGF has reached equil- 
ibrium with cells, total binding remains unaltered, but the lectin converts all NGF bound to 
rapidly dissociating receptors into a slowly dissociating form. This conversion approachs a 
maximal response within 2 min at 31° or 4O C and occurs in the presence of metabolic energy 
inhibitors suggesting that the WGA-induced slowly dissociating receptors are not the product 
of internalization. 
gent which solubilizes membranes but leaves cytoskeletal structures intact. However, in the 
presence of WGA, NGF becomes associated with Triton inextractable cell material, indicating 
that the lectin may anchor the NGF-receptor complex to the cytoskeleton. The association of 
the NGF receptor with the cytoskeleton may be involved in the alteration of NGF binding'pro- 
perties induced by WGA. 

Cells not treated with WGA have two ty es of NGF receptors which exhibit 
rapid (kl = 2 x 10-2 sec-l) and slow (k-1 = 4 x 10-4 sec- P ) dissociation kinetics in the 

Normally, most NGF binding is solubilized by 0.5% Triton X-100, a deter- 

0464 TUNICAMYCIN BLOCKS THE EMERGENCE OF INSULIN RECEPTORS ON HUMAN T LYMPHOCYTES, 
Thomas J .  Brown, Louis Ercolani,  and Barry H. Ginsberg. VAMC and DERC, Dept. o f  
I n te rna l  Medicine, Un ive rs i t y  o f  Iowa, Iowa Ci ty ,  Iowa, 52242. 

Thymic der ived per iphera l  human T lymphocytes do not  bear i n s u l i n  receptors. However, upon 
a c t i v a t i o n  
c e l l s  w i t h i n  24 hours. Since several lymphocyte c e l l  surface receptors are known t o  be g ly-  
coproteins we tes ted  whether tunicamycin (TM), an a n t i b i o t i c  known t o  i n h i b i t  i n t racy to -  
plasmic g l ycosy la t i on  o f  p ro te ins  could i n f l uence  the  appearance o f  i n s u l i n  receptors on 
phytohemagglutinin (PHA) ac t i va ted  T lymphocytes. TM > 0.1 ug/ml comple e l y  i n h i b i t e d  insu- 

uptake i n  these cu l tu res  was t o t a l l y  i n h i b i t e d  as well .  
explained by loss o f  c e l l  v i a b i l i t y  or number dur ing cu ture. Cel l  cu l tu res  i n  which TM was 
removed displayed s i m i l a r  i n s u l i n  b ind ing capaci ty  and lH-thymidine uptake as non-treated 
controls. However N-acetyl-glucosamine. an i n h i b i t o r  o f  TM, d i d  not reverse TM's effects. 
TM d i d  not e f f e c t  125I-PHA binding t o  these c e l l s  or 3H-a-aminoisobutyric ac id  uptake. 
However, TM d i d  i n h i b i t  3H-leucine uptake i n t o  t r i c h l o r o a c e t i c  ac id  p r e c i p i t a b l e  p ro te in  by 
50%. Although these data suggest g l ycosy la t i on  o f  prote ins may be c r i t i c a l  t o  the  acquis i -  
t i o n  o f  i n s u l i n  receptors by human T lymphocytes, o ther  i n h i b i t o r y  e f f e c t s  o f  TM on b io-  
chemical events c r i t i c a l  t o  l e c t i n  a c t i v a t i o n  cannot be excluded t o  account fo r  these 
f ind ings.  

by a l loant igens o r  mitogenic l e c t i n s  i n s u l i n  receptors are detectable on these 

l i n  receptor appearance on PHA t rea ted  T c e l l s  a f t e r  48 hours cu l ture.  s H - thymidine 
These e f f e c t s  could not  be 
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0465 
Investigation of the response of mammalian cells to heat stress constitutes both an intriguing 
research discipline and a new department of cancer therapeutics. The present study focusses on 
the effect of hyperthermia (42-45OC) on the insulin receptor in HA-1 Chinese hamster ovary 
cells in monolayer in vitro. 
Heat caused a d e ~ r e ~ e ~ ~ I - i n s u l i n  binding to cells which was both time and temperature de- 
pendent above 42OC. 
of receptors rather than decreased affinity for the hormone. Heating had no major effect on 
internalization of the hormone. Pretreatment of cells with mild hyperthermia produced a popula- 
tion of receptors which were highly resistant to subsequent heating. Whether this effect is 
due to elimination of a sensitive population of receptors by the pretreatment or due to induced 
resistance (thermotolerance) has not yet been uniquely determined. 
The results indicate that thermal sensitivity of the insulin receptor parallels that of the 
cell as a whole. This may suggest a role as target site for hyperthermia either for the re- 
ceptor per % or the plasma membrane in general. 

T H E W  BEHAVIOR OF THE INSULIN RECEPTOR, Stuart K. Caldewood, and George M. Hahn, 
Dept. of Radiology, Stanford University Medical School, Stanford, CA 94305 

Scatchard analysis indicated that the decrease was due to numerical loss 

0466 CHARACTERIZATION OF THE INSULIN RECEPTOR PURIFIED FROM RAT LIVER MEMBRANES, Gonu] 
V e l i c e l e b i ,  Ramani A i ye r  and Guido G u i d o t t i ,  Department o f  B iochemis t ry  and Molecu la r  
B io logy ,  Harvard U n i v e r s i t y ,  Cambridge, MA. 02138 

We have p u r i f i e d  the  i n s u l i n  recep to r  from r a t  l i v e r  membranes us ing  an a f f i n i t y  column i n  
which i n s u l i n  was l i n k e d  t o  agarose through a chemica l l y  c leavab le  bond. Th is  was achieved by 
f i r s t  r e a c t i n g  i n s u l i n  w i t h  a b i f u n c t i o n a l  im idoes ter  t h a t  has a s u l f h y d r y l  a t  t he  unreacted 
end and subsequent ly a t t a c h i n g  the  mod i f i ed  i n s u l i n  t o  s u l f h y d r y l  agarose through a d i s u l f i d e  
bond. Next, i t  was ascer ta ined t h a t  t h i s  i n s u l i n  d e r i v a t i v e  i s  capable o f  b i n d i n g  t o  i n s u l i n  
receptors  and e l i c i t i n g  b i o l o g i c a l  response i n  f a t  c e l l s .  The e l u t i o n  o f  i n s u l i n  receotors  
bound t o  the  a f f i n i t y  column was accomplished by reduc t i on  o f  t h e  d i s u l f i d e  between i n s u l i n  
and agarose by 10 mM DTT, thus o b v i a t i n g  t h e  use o f  denatur ing  e l u t i o n  cond i t i ons  t h a t  a re  
o therw ise  needed t o  d i s s o c i a t e  the  recep to r  f rom i n s u l i n  on the  column. We have ob ta ined the  
i n s u l i n  recep to r  w i t h  s i g n i f i c a n t  p u r i t y  (10-40%) and s u b s t a n t i a l  y i e l d  (20%) v i a  t h i s  
approach. I n s u l i n  b i n d i n g  p r o p e r t i e s  o f  t he  p u r i f i e d  recep to r  resemble those observed w i t h  
the  s o l u b i l i z e d  recep to r  i n  crude e x t r a c t ,  i .e. ,  t he  b ind ing  data y i e l d  c u r v i l i n e a r  Scatchard 
p l o t s  w i t h  comparable values o f  Kd f o r  t he  two reg ions  o f  t h e  curves. SDS po lyary lamide ge l  
e lec t rophores i s  o f  t he  p u r i f i e d  p r o t e i n  i n d i c a t e d  the  presence 
apparent mo lecu la r  weights o f  200, 150 and 50 K da l tons .  When I - i n s u l i n  was c ros  nked t o  
i n s u l i n  recep to rs  and analyzed by SDS-PAGE, i t  became apparent t h a t  t he  b ind ing  o f  ' * ' I - insu l in  
t o  the  50K pep t ide  i s  nonspec i f i c ,  i .e . ,  i t  cannot be competed o f f  by n a t i v e  i n s u l i n  w h i l e  
t h e  b ind ing  t o  the  150 K pep t ide  appears t o  be spec i f i c .  

t h ree  major bands w i t h  195 

0467 CHARACTERIZATION OF MUMAN PLACENTA RECEPTORS FOR INSULIN AND BASIC SOMATOMEDIN, G .  D. 
Armstrong, M.D. Hol lenberg,  R. Bhaumick and R.M. Bala, Dept. o f  Pharmacolo y and 

Therapeut ics,  Facu l t y  o f  Medicine, U n i v e r s i t y  o f  Calgary, Calgary, A lbe r ta  and Oepf. o f  Medi- 
c i n e ,  U n i v e r s i t y  o f  Saskatchewan, Saskatoon, Saskatchewan. 
I t  has been found t h a t  t he  b ind ing  o f  i n s u l i n  t o  basic somatomedin (SM) recep to rs  and t h e  b in -  
d i n g  o f  SM t o  i n s u l i n  recep to rs  p a r a l l e l s  t h e  SM-like e f f e c t s  o f  i n s u l i n  and t h e  i n s u l i n - l i k e  
e f f e c t s  o f  SM on c e r t a i n  c u l t u r e d  c e l l  l i n e s .  
from human p lacenta  membranes they  r e t a i n  t h e i r  a b i l i t y  t o  b ind  l i gand .  P re l im ina ry  charac t -  
e r i z a t i o n  has shown t h a t  t hey  a r e  h i g h l y  homologous s t ruc tu res .  
chromatography and a f f i n i t y  chromatography on wheat germ lec t i n -agarose  suggests t h a t  t he  two 
recep to rs  a r e  g l ycop ro te ins  w i t h  apparent mo lecu la r  weights o f  300,000. Foreover, p h o t o a f f i -  
n i t y  l a b e l i n g  procedures fo l lowed by SDS po lyacry lamide gel e lec t rophores i s  o f  8-mercaptoetha- 
nol-reduced samples demonstrated t h a t  bo th  i n s u l i n  and SM a f f i n i t y - l a b e l e d  a t  l e a s t  one pro-  
t e i n  w i t h  a molecu la r  we igh t  o f  about 135,000. Upon e lec t rophores is ,  t he  non-reduced, photo- 
a f f i n i t y - l a b e l e d  recep to rs  migra ted  as aggregates w i t h  mo lecu la r  weights i n  excess o f  300,000. 
I n  a separate se t  o f  experiments i n s u l i n  and SM recep to rs  i n  p lacenta  membranes were a f f i n i t y  
l abe led  us ing  d i succ in im idy l  suberate (DSS) t o  c r o s s l i n k  1251- labeled l i g a n d  t o  receptors .  
This procedure and pep t ide  mapping o f  the  DSS-labeled recep to rs  has demonstrated s i m i l a r i t i e s  
and d i f fe rences  between t h e  two. methods a r e  now a v a i l a b l e  f o r  t he  p u r i f i c a t i o n  o f  bo th  rec -  
ep tors  by a f f i n i t y  chromatography on insu l in -agarose o r  by immunoaf f in i t y  chromatography us ing  
sepharose-protein A. 
e l u c i d a t e  f u r t h e r  t h e  elements t h a t  r e l a t e  e i t h e r  t o  l i g a n d  b ind ing  o r  t o  c e l l  a c t i v a t i o n .  

When i n s u l i n  and SM recep to rs  a re  s o l u b i l i z e d  

For example, gel f i l t r a t i o n  

It i s  f e l t  t h a t  pep t ide  mapping o f  t he  p u r f f i e d  recep to rs  wi1.l he lp  t o  
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0468 PARALLEL INDUCTION OF RECEPTORS FOR INSULIN AND INSULIN-LIKE GROWTH FACTOR-I IN 
DIFFERENTIATING 3T3-Ll MOUSE FIBROBLASTS, Joan Massagu6 and Michael P. Czech, 
University of Massachusetts Medical Center, Worcester, MA 01605 

Covalent crosslinking of 1251-labeled insulin, insulin-like growth factor I (IGF-I) and insu- 
lin-like growth factor I1 (IGF-11) to membranes from several human and rodent cell types has 
allowed us to identify receptor structures for these three ligands. The high affinity insulin 
receptor is a disulfide-linked heterotetrameric complex (Mr=350,000) that minimally consists 
of two a subunits and two 8 subunits. This insulin receptor exhibits a high affinity for in- 
sulin and a lower affinity for IGF-I and IGF-11. The IGF-I receptor is a Mr=350,000 disul- 
fide-linked complex with a subunit structure similar to the insulin receptor. The IGF-I 
receptor exhibits high affinity for IGF-I and a lower affinity for IGF-I1 and insulin. 
Affinity labeled IGF-I1 receptor consists of a Mr=250,000 polypeptide not disulfide-linked 
to other subunits, and exhibits high affinity for IGF-11, lower affinity for IGF-I and no 
affinity for insulin. These three classes of receptors are present on the cell surface of 
3T3-Ll muse fibroblasts. 3T3-Ll cells can be induced to differentiate into an "adipocyte" 
phenotype by treatment with insulin, dexamethasone and methyl-isobutylxanthine. When 3T3-Ll 
cells are induced to differentiate into adipocytes the number of IGF-I1 receptors in these 
cells remains unchanged but insulin receptors and IGF-I receptors undergo a marked and 
simultaneous increase in number under these conditions. The data indicate that the coordinate 
expression of the insulin receptor and the IGF-I receptor in differentiating 3T3-Ll cells 
is regulated by a common set of events. 

0 4 9  CONCANAVALIN A RECEPMR-LINKED SIGNALLING SYSTEM IN LYMPHOCYTE PLASMA MEMBRANES: COM- 
PARISON WITH THE INSULIN RECEPTOR-LINKED SIGNALLING SYSTEM IN ADIPOCYTE MEMBRANES, 

J. Seals, J. Beachy, T. Reardon, and M. Czech, U. Mass. Med. Ctr. Worcester, MA 01605 
Binding of concanavalin A (Con A) to T lymphocytes elicits. a mitogenic response and a range 
of metabolic effects. One of these effects is the stimulation of pyruvate oxidation and this 
effect is blocked by a protease inhibitor, tosyl arginine methyl ester. This response is 
similar to the response of adipocytes to insulin: 1) insulin elicits a similar range of meta- 
bolic effects, including increased pyruvate oxidation; 2 )  a proteolytic step has been sugges- 
ted in the insulin signalling system; and 3) Con A binding to adipocytes elicits many insu- 
lin-like responses, probably via the same effector mechanism. We have used methods developed 
in studying the insulin effector system in adipocytes to study the Con A effector system in 
lymphocytes to further compare these responses. Incubation of lymphocyte plasma membranes 
(PM) with Con A, or adipocyte PM with insulin increased the release of an enzyme regulator 
which stimulates pyruvate dehydrogenase (PDH) when added to mitochondria from the same cell. 
In addition, the lymphocyte regulator stimulated PDH in adipocyte mitochondria. The release 
of stimulatory activity in both systems followed a similar time course, with activity reach- 
ing a peak in 2-5 min then decreasing with further incubation. The effect of insulin on 
adipocyte PM was mimicked by Con A or trypsin, and was inhibited by protease inhibitors. 
The effect of Con A on lymphocyte PM was mimicked by phytohemagglutinin but not by wheat 
germ agglutinin, a non-mitogenic lectin. These results suggest that the soluble regulators 
produced in these systems in response to their respective ligands may reflect a similar mode 
of transmembrane signalling. 

0470 -ZATI~ OF INSULIN-LME GFWIU FACTOR 11-BINDING TO DETERGXP SOLUBILIZED 
REXXPIDRS FROM PAT PIPCENTA. Jam% F. perdue, Lady Davis Inst., bBntrea1, Canada 

and W.H. Daughaday, schml of Medicine, Washington Univ., St. Louis, MD. 
Studies by n m u s  investigators have established that IGF-I and -11 interact with specific 
receptors on the surface of respnsive cells and ini t ia te  metatolic events, i.e. DNA and cel l  
replication which  culminate i n  fetal and skeletal developoent. since l i t t l e  is known of the 
cellular changes which OCCUT subsquent to the interaction of IGFs with receptors, we have 
undertaken to isolate and characterize those fran the ra t  placenta which bind IGF-11, exclu- 
sively. Placenta fran 19-21 day old pregnant rats were ren>ved, hmqenized and an enriched 
plasm d r a m  fraction, R, , isolated by differential centrifugation. R, was treated with 
0.5 to 1% (w/v) n-cctylglucoside i n  50 rM MES buffer, pH 8.5 for 60 min a t  2 4 O  or overnight 
a t  0-4' and a soluble extract obtained follming centrifugation a t  100,000 x CJ for 60 min. 
This extract cuntained 40-60% of the protein present in the starting mter ia l  and receptors 
which bound '2sI-IGF-II specifically, e.g. radioactive labelled and unlabelled IGF-I1 but not 
I@-I or  insulin bound to the solubilized receptors. w t i t a t i o n  of IGF-I1 binding to the 
soluble receptor as a function of concentration established it t o  be similar t o  that of bin- 
h g  to the d r a m  asxrciatd receptor. 
will be presented. Research supprted by Grants t o  JFP fran the Medical Research Council of 

Further mlecular characterization of this  receptor 

and the National Institutes of Health. 
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0471 ADIPOCYTE INSULIN BINDING SPECIES: THE SIZE AND SUB-UNIT COMPOSITION OF THE LARGER 
B I N D I N G  PROTEIN, H.  Joseph Goren, C. E l l i o t t ,  R.A. Dudley, Univers i ty  of Calgary ,  

Calgary,  Alber ta ,  Canada, T2N 4N1.  
Severa l  i n v e s t i g a t o r s  have repor ted  t h a t  t h e r e  are both  l a r g e  and sma l l  s i z e d  i n s u l i n  b inding  
p r o t e i n s  i n  plasma membranes; tl;e l a r g e r  p r o t e i n  demonstrates non-linear Sca tchard  b inding  
wh i l e  t h e  smaller p r o t e i n  has  l i n e a r  b inding .  W e  now p resen t  evidence t h a t  t h e  l a r g e r  insu- 
l i n  b inding  spec ie s  c o n s i s t s  of 4 p r o t e i n s  of d i f f e r e n t  s i z e s  b u t  each p r o t e i n  is  composed of 
t he  same sub-units.  Rat epididymal ad ipocyte  plasma membranes were prebound wi th  1251-insu- 
l i n  and then exposed t o  1 mM disucc in imidyl  s u b e r a t e  f o r  15 min a t  2'C. The membranes were 
s o l u b i l i z e d  i n  0.1% T r i t o n  X-100 and appl ied  t o  a Sepharose 6B column. Peaks of r ad ioac t iv -  
i t y  from t h e  column were lyoph i l i zed ,  d i a lyzed ,  r e lyoph i l i zed ,  and analyzed by dodecyl sul- 
phate  g e l  e l ec t rophores i s  (5%,  lOO/l;mono/bisacrylamide). Autoradiograms of t h e  g e l s  were 
scanned wi th  a dens i tometer .  The Sepharose chromatogram revea led  4 r a d i o a c t i v e  peaks: peak 
1 a t  column void volume; peak 2,  Ka,=0.27; peak 3, Kav=0.77; and peak 4,  Kav=1.09. Dodecyl 
su lpha te  e l e c t r o p h o r e s i s  of f r a c t i o n s  i n  peak 2 demonstrated 4 bands on autoradiography;  peak 
1 d id  not  e n t e r  t h e  g e l  and peaks 3 and 4 r an  wi th  t h e  dye f r o n t .  Molecular weight e s t ima tes  
of t h e  4 i n s u l i n  b inding  s p e c i e s  in peak 2 were: 600K, 450K, 350K and 300K. Each of  t hese  
spec ie s  on d i t h i o t h r e i t o l  r educ t ion  y ie lded  sub-uni t s  of Mr=135K, 45K and 1 8 K .  These r e s u l t s  
sugges t  t h a t  t h e  l a r g e  i n s u l i n  b inding  p r o t e i n  i n  rat epididymal ad ipocytes  con ta ins  s e v e r a l  
i n s u l i n  b inding  s p e c i e s ,  and t h a t  t hese  i n s u l i n  b inding  spec ie s  d i f f e r  on ly  i n  t h e  number of 
sub-uni t s  and not  t h e  type  of sub-uni t s  they conta in .  (Supported by CDA and MRCC gran t s . )  

0472 COMPARISON OF INSULIN BINDING PROTEINS IN PLASMA AND NUCLEAR MEMBRANES OF OBESE AND 
LEAN MOUSE LIVER, Jo Alene Goidl, Medical Research Div is ion ,  American Cyanamid 

Company, Leder le  Labora tor ies ,  P e a r l  River ,  NY 10965 
I n s u l i n  b inding  p r o t e i n s  a s soc ia t ed  wi th  plasma membranes and nuc lea r  membranes from obese 
(ob/ob) and l ean  (ob/+ and +/+) mouse l i v e r  were examined by e l ec t rophores i s  and au toradio-  
graphy a f t e r  chemical c ros s l ink ing  t o  [1251]-insulin. 
120,000 and two less predominant p r o t e i n s  of Mr 90,000 and Mr 50.000 were observed i n  
membrane p repa ra t ions  of each type.  For a l l  p r o t e i n s  t h e  i n s u l i n  b inding  was s p e c i f i c  a s  
determined by compet i t ion  wi th  unlabe led  hormone. 
p r o t e i n s  i n  the  d i f f e r e n t  p repa ra t ions  decreased  as fo l lows:  l ean  plasma membranes > obese 
plasma membranes > l ean  nuc lea r  membranes > obese nuc lea r  membranes. Contamination of t h e  
nuc lea r  membrane f r a c t i o n  by plasma membranes w a s  r u l e d  out .  
i n s u l i n  c ros s l inked  t o  plasma and nuc lea r  membranes ind ica t ed  t h a t  t he  decrease  i n  hormone 
b inding  i n  the  obese mouse is a r e s u l t  of a r educ t ion  i n  t h e  abso lu te  number of r ecep to r s .  
The f ind ings  presented  i n  t h i s  s tudy  provide a d d i t i o n a l  suppor t  f o r  t h i s  conclus ion  by 
demonst ra t ing  t h a t  membranes from obese mice a r e  comprised of t he  same set of appa ren t ly  
una l t e red  i n s u l i n  b inding  p r o t e i n s  as membranes from l ean  mice. Fur the r ,  t h e  presence  of 
s i m i l a r  i n s u l i n  b inding  p r o t e i n s  i n  both nuc lea r  and plasma membranes sugges t s  a physio- 
l o g i c a l  r e l a t i o n s h i p  between these  s t r u c t u r e s  wi th  r e s p e c t  t o  hormone b inding  and/or in t he  
mechanism of a c t i o n  of i n su l in .  

A major i n s u l i n  b inding  p r o t e i n  of Mr 

The r e l a t i v e  o rde r  of i n s u l i n  b inding  

Scatchard ana lyses  of [125I]- 

0473 RESOLUTION OF HIGH AND LOW AFFINITY EPIDERMAL GROWTH FACTOR RECEPTORS, C. King and 
Receptors for the mitogen epidermal growth factor (EGF) have been implicated as mediators 
of cellular transfowation and tumor promotion. 12-0-tetradecanoyl-phorbol-13-myristate 
(PMA) causes transient reductions in the internalization of EGF into human KB cells by 
decreasing the affinity of EGF receptors 7- to 12-fold. After 90 min., there is complete 
recovery of the high affinity apparatus. This transient decrease in binding capacity is 
caused by delaying the appearance at the plasma membrane of cryptic receptors of high 
affinity. Exposure of these high affinity binding sites is temperature dependent and is 
blocked by inhibitors of de novo protein synthesis. After short incubation periods ( 0  to 
60 min.) with '*'I-EGF, up to 90% of the internalized '2SI-EGF can be rapidly dissociated 
from cells by the addition of P M .  This kinetically reveals a trypsin-insensitive. non- 
dissociating component of I2'I-EGF. With P M ,  both the rate (maximal at 4 hr with PMA as 
compared to 24 hr) and extent (8-fold greater with P M )  of transfer of lzSI-EGF into this 
stable compartment is enhanced and accounts for a several-fold stimulation in '251-EGF 
accumulation at later times. Thus the internalization of IZ5I-EGF can be resolved into 
two components, one into which EGF immediately partitions and is freely exchangeable with 
the extracellular medium and that is disrupted by PMA. A second and previously unknown 
stable compartment retains lZSI-EGF in the presence of P M  to a considerably greater 
extent than that of untreated cells. These results suggest that the accumulation of 
stable mitogen-receptor complexes may be an element involved in the control of cellular 
growth and tumor promotion. 

P. Cuatrecasas, Wellcome Research Laboratories, Research Triangle Park, NC 27709 
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0474 CHARACTERIZATION OF 165K AND 145K EGF RECEPTOR PROTEINS OF A431 CELLS, Cathleen R. 
Ca r l in  and Barbara B. Knowles, The Wistar I n s t i t u t e ,  Phi ladelphia  PA 19104 

Ant i se ra  prepared by i n j e c t i n g  syngeneic mice with human chromosome 7-containing man-mouse 
hybrids  recognize t h e  human recep to r  f o r  EGF. 
ponent, are imunoprec ip i t a t ed  from A431 c e l l s  labeled with 1251 o r  iqorganic  32P. Both 
p r o t e i n s  are phosphorylated a f t e r  i m u n o p r e c i p i t a t i o n  of unlabeled ma te r i a l  and incubat ion 
with (32P-y)ATP. Analysis of phosphoamino a c i d s  r evea l s  t h a t  t h e  r ecep to r  p ro te ins  a r e  
phosphorylated a t  t y ros ine ,  s e r i n e ,  and threonine residues.  The r ecep to r  p ro te ins  have 
been analyzed by two-dimensional e l ec t rophores i s  and have apparent PI'S of 7, although both 
d i sp lay  charge he t e rogene i ty  and have unique charge isomers.  The pept ide fragments of t h e  
two r ecep to r  p ro te ins  have been compared a f t e r  immunoprecipitation and p a r t i a l  p r o t e o l y s i s  
with 2. 
gard to t h e i r  a b i l i t y  t o  bind I25I-EGF and t o  become phosphorylated a f t e r  incubat ion with 
(32P-y)ATP. 

Two recep to r  p ro te ins ,  a 165K and a 145K com- 

V8 protease.  The pep t ide  fragments thus generated have been t e s t e d  wi th  re- 

This  work has  been supported by N I H  CA 8470 and T32 CA09171. 

0475 THE INHIBITION BY EGF OF LH-RECEPTOR INDUCTION IN OVARIAN CELLS IS EXERTED AT A STEP 
DISTAL TO CYCLIC AMP, A. Nimrod and L. Rodgers, Department o f  Honone Research, The 

Weizmann I n s t i t u t e  o f  Science,  Rehovot 76100, I s r a e l .  
In the  maturing ovarian f o l l i c l e ,  the granulosa c e l l s  (GC) become responsive t o  l u t e i n i z i n g  
hormone (LH) through acqu i s i t i on  o f  new LH-receptor s i t e s .  ?he process  i s  induced by 
f o l l i c l e  s t imu la t ing  hormone (FSH) and can be i n h i b i t e d  i n  v i t r o  by EGF. We have s tud ied  the  
mechanism o f  t h i s  EGF e f f e c t  i n  cu l tu re s  of GC from immature hypophysectomized e s t rogen- t r ea t -  
ed  rats. Exposure o f  GC f o r  48  h t o  EGF (5 pg/ml) d i d  no t  i n h i b i t  a subsequent s t imu la t ion  by 
FSH o f  CAMP production i n  t h e  c e l l  monolayers (0.20+0.02 vs .  0.28+0.02 nmole cAMP/dish/ZO min; 
con t ro l  vs. EGF t r e a t e d ) ,  while  t h e  induct ion o f  LH-receptors by FSH was completely abol ished.  
EGF w a s  a l s o  e f f e c t i v e  i n  i n h i b i t i n g  LH-receptor induct ion by substances o t h e r  than FSH, such 
as 8-brom c y c l i c  AMP ( 1  and 2 mM) and cholera  toxin (20 pg/ml). Addition of i sobu ty l  methyl 
xanthine,  a phosphodiesterase i n h i b i t o r  d i d  not  reverse  t h e  EGF e f f e c t  on the  induct ion by 
FSH. A lack o f  e f f e c t  o f  EGF on phosphodiesterase was a l s o  found by d i r e c t  measurement o f  t he  
enzyme a c t i v i t y  i n  homogenates o f  monolayers a f t e r  48 h o f  cu l tu re  with the  growth f a c t o r .  I t  
is  concluded t h a t  t he  i n h i b i t o r y  e f f e c t  o f  EGF i s  not  exe r t ed  through reduct ion o f  CAMP l e v e l s  
i n  t h e  c e l l  s ince :  ( i )  FSH-stimulable cAMP production i s  not impaired by EGF, ( i i )  add i t ion  
o f  exogenous CAMP does not  abol ish the EGF e f f e c t ,  and ( i i i )  EGF does not acce la ra t e  cAMP de- 
gradat ion.  

0476 DO DIFFERENCES I N  LH RECEPTOR CHARACTERISTICS MEDIATE GENETIC DIFFERENCES IN OVARIAN 
RESPONSE CHARACTERISTICS? Jimmy L. Spearow, R.E.P., C.H.G.D., Univ. o f  Michigan, 
Ann Arbor, Michigan , 48109 
Previous s tud ies  i n  our l a b  have shown t h a t  genet ic  v a r i a t i o n  has a l a r g e  e f f e c t  

upon ova r ian  gonadotrop in response c h a r a c t e r i s t i c s .  The number o f  eggs ovu la ted  by 
immature female mice i n  response t o  l a r g e  doses o f  exogenous gonadotropins was 8+1, 
52+3, and 56+4 f o r  s t r a i n s  A, SJL, and C57BL/6, r e s p e c t i v e l y .  An a n a l y s i s  o f  i n b r e d  
s t ra ins.  F l ' s ,  and F2's o f  these s t r a i n s  revealed t h a t  the l o w  s t r a i n  d i f f e r e d  from the  
h igh  s t r a i n s  by  one t o  t w o  genet ic  l o c i ,  respec t i ve l y .  We nex t  asked whether genet ic  
d i f f e rences  i n  LH receptor  c h a r a c t e r i s t i c s  mediated the above d i f ferences.  The ovar ies 
o f  immature females were removed 2 days a f t e r  p regnan t  mares serum gonado t rop in  
t reatment ,  t h e  t ime  a t  which human c o r i o n i c  gonado t rop in  hCG) would n o n n a l l y  be 

380+58 f o r  l i n e s  A, SJL, and C5781/6. respect ive ly .  This imp l i es  t h a t  1) the increased 
ovu la t i on  r a t e  o f  SJL over A invo lves a genetic d i f f e rence  which i s  expressed subsequent 
t o  hormone b i n d i n g  and 2 )  t h e  increased o v u l a t i o n  r a t e  o f  C5781/6 over  A i n v o l v e s  a 
genetic d i f f e r e n c e  i n  LH receptor  number. The basal r a t e  o f  CAMP product ion per  ovary 
by ova r ian  p ieces d u r i n g  a 3 hour c u l t u r e  pe r iod  was s i m i l a r  among s t ra ins .  However, 
the hCG st imulated r a t e  o f  cAMP product ion was a b o u t  2.5 t imes h igher  both i n  l i n e s  SJL 
and C5781/6 than i n  A. These data suggest t h a t  the increased ovarian responsiveness i n  
SJL i s  due t o  a gene t i c  d i f f e r e n c e  subsequent t o  honnone b i n d i n g  which i n v o l v e s  t h e  
production of CAMP. 

administered. The spec i f i c  b ind ing o f  r251'-hCG per  ovary X 10- 4 was 223+14, 209+11, and 
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0477 
Salk I n s t i t u t e ,  La J o l l a ,  Cal i fornia  92037 
The potent GnRH antagonist Ac-AProl,pF-D-Phe2,D-Trp3,D-Lys6(N -TMR)-GnRH has been used i n  the 
flow cytometric analysis  and pur i f ica t ion  by cell sor t ing  of gonadotrophs from dispersed pi tu-  
i t a r y  c e l l s  of female Sprague Dawley r a t s ,  aged 14-17 days. 
ligand had a peak of f luorescent  in tens i ty  3.4 fo ld  higher (a rb i t ra ry  uni t s )  than the general 
p i t u i t a r y  population. 
an autofluorescent background of 5.1%). Ligand binding could be inhibi ted with an excess of 
the non-fluorescent compound. 
population as deduced by low angle l i g h t  s c a t t e r  and more granular as deduced by r i g h t  angle 
l i g h t  sca t te r .  Sorting the cells on the  b a s i s  of f luorescent  in tens i ty  resul ted i n  a f ive-  
fold pur i f ica t ion  of gonadotrophs r e l a t i v e  t o  unsorted c e l l s ,  and a 15-26-fold pur i f ica t ion  
of gonadotrophs r e l a t i v e  t o  negatively sor ted c e l l s ,  based on FSH and LH radioimmunoassay of 
c e l l  content. The present study i l l u s t r a t e s  the u t i l i t y  of f luorescent  GnRH antagonis ts  i n  
the study of gonadotrophs. The general method could presumably be extended t o  the study of 
other  c e l l s  containing GnRH binding sites i n  ovary, testes, and brain.  

USE OF A FLUORESCENT GnRH ANTAGONIST IN THE ANALYSIS AND PURIFICATION OF CELLS W I T H  
CnPJ BINDING SITES, Steven A. Edwards, Joseph Tro t te r ,  Jean Rivier and Wylie Vale, The 

Cel ls  binding the f luorescent  

Cells binding the ligand comprised 13.8% of the population (subtract ing 

The fluorescence labeled c e l l s  were la rger  than the general 

0478 INTERACTION OF CYCLIC NUCLEOTIDES WITH THE GONADOTROPIN-RELEASING HORMONE RECEPTOR ON 
PITUITARY AND OVARY, Mark A. Smith, Marilyn H. Perr in  and Wylie Vale, Peptide Biology 

Laboratory, The Salk I n s t i t u t e ,  La J o l l a ,  CA 92037 
Studies described here  suggest t h a t  exogenous cyc l ic  nucleot ides  may i n t e r a c t  d i r e c t l y  and 
spec i f ica l ly  with GnRH membrane receptors. Millimolar concentrations of 8-Br CAMP, dibutyryl  
CAMP and cyc l ic  AMP produced s igni f icant  LH and FSH release from cul tured rat a n t e r i o r  p i tu i -  
tary c e l l s  while 5'-AMP and 2-chloroadenosine were without e f f e c t .  However, the addi t ion of a 
potent GnRH antagonist (10 nM [ A C A ~ P ~ O ~ , ~ F D - P ~ ~ ~ , D - T ~ ~ ~ . ~ ] - G ~ R H )  completely blocked the stimu- 
la tory  e f f e c t s  of these cyc l ic  AMP derivat ives  but  had no e f f e c t  on LH secret ion induced by 
the calcium ionophore A23187. i t u i t a r y  o r  ovary membrane homogenates a t  O'vith 
t racer  concentrations of the GnRH agonis t  [8251-Tyr5,D-Ala6,NaMeLeu7,Pro9-NEt]-GnRH and in- 
creasing concentrations of peptide o r  cyc l ic  nucleotides. we found that var ious CAMP analogs 
(EDsO's 1-6 mM) were ab le  t o  i n h i b i t  binding of radioligand t o  the s a m e  extent  a s  the GnRH 
agonis t .  Computer ana lys i s  of GnRH agonis t  binding in the  presence of 2 mM 8-Br  CAMP revealed 
tha t  the apparent a f f i n i t y  was reduced while the  number of high a f f i n i t y  sites was not  changed 
suggesting that the  cyc l ic  nucleotides a c t  i n  a competitive manner t o  i n h i b i t  GnRH binding. 
Cyclic GMP analogs a l s o  inhibi ted GnRH binding,but i n  cont ras t  t o  the stimulatory e f f e c t s  of 
CAMP analogs,they inhibi ted GnRH-stimulated LH release.  Based upon slime mold s tudies ,  cycl ic  
nucleot ides  have been proposed as prototype ex t race l lu la r  regulatory messengers. The interac-  
t ion of cyc l ic  nucleotides with the  GnRH receptor  may r e f l e c t  the  retent ion of ancient  proper- 
t i e s  by some, but  not  a l l ,  peptide receptors. 

By incubatin 

0479 REGULATION OF Ca* ACTION POTENTIALS BY THE TRH RECEPTOR. R. L. Vandlen, G. 
Kaczorowski, J. Reuben', G. Katz', A. Eastwood', Merck Institute for Therapeutic Research, 
Rahway, N J  and +Dept. of Neurology, Columbia University, College of Physicians and Surgeons, 
New York, NY. 

Secretion of hormones from pituitary cells requires the presence of extracellular Ca++, the entry of 
which is controlled by voltage sensitive Ca++ channels in the plasma membrane. The duration of Ca++ 
action potentials is regulated by the opening of K+ channels to  repolarize the cell and thereby inhibit 
Ca++ channels. Thyrotropin releasing hormone (TRH) stimulates the secretion of prolactin from a 
pituitary tumor cell line (GH3) after interaction with i ts  receptor by apparently increasing the frequency 
and duration of these action potentials, thereby allowing increased intracellular levels of Ca". We 
have further investigated these responses by electrophysiological studies in both the parent GH3 line 
and a new, morphologically distinct, clonal line (XG-10) whose cells are  not responsive to  TRH and 
are completely devoid of these receptors. Additionally, these cells have substantially increased basal 
and stimulated secretion rates compared to  the parent cells. Intracellular recordings with the XG-10 
cells have shown that their Caw action potentials were of substantially longer duration than those of 
the parent cells (500 t o  2000 msec as compared to  10 t o  50 msecs). The addition of the potassium 
channel blocker tetraethylammonium elongated the action potentials in the GH3 cells but had no effect 
in XG-10 cells. These and other results suggest that one difference in the XG-10 cells is the loss of 
some or all of the voltage dependent K+ channels. Since other experimental results have suggested 
that TRH modulates K+ fluxes directly in pituitary cells, it is proposed that the TRH receptor may 
regulate or be part of the K+ channel in pituitary cells. 
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0480 CHARACTERIZATION OF THE HOST CELL RECEPTOR FOR MURINE LEUKEMIA VIRUS, Marsha R.  Rosner, 
Pegram A. Johnson and C h r i s t i n e  A. Kozak*, Massachusetts I n s t i t u t e  o f  Technology, 
Cambridge, MA 02139 and the  Nat iona l  I n s t i t u t e s  of Heal th*,  Bethesda, MO 20014 

The e n t r y  o f  r e t r o v i r u s e s  i n t o  hos t  c e l l s  i s  mediated by a s p e c i f i c  i n t e r a c t i o n  between 
I n  o rde r  t o  determine how s p e c i f i c  l eu -  the  envelope g l ycop ro te in  and a hos t  c e l l  receptor .  

kemia v i ruses  a re  recognized by t h e i r  respec t i ve  hos t  c e l l s ,  t he  c e l l  sur face  recep to r  f o r  
murine leukemia v i r u s  i s  be ing  charac ter ized .  
somatic c e l l  hyb r ids  as the  hos t  c e l l  system, do ing  p a r a l l e l  s tud ies  on c e l l s  which con ta in  
o r  l a c k  mouse chromosome 5 which codes f o r  t he  murine leukemia v i r u s  receptor .  
envelope g l ycop ro te in ,  gp70, f rom Moloney leukemia v i rus ,  i s  used as the  l i g a n d  f o r  b i n d i n g  
s tud ies .  

l acks  a t  l e a s t  11 o f  the  remaining 19  mouse chromosomes. 
t r o p i c  Moloney v i r u s ,  b u t  n o t  t he  Moloney recombinant (HIX) o r  amphotropic v i ruses .  Incuba- 
t i o n  o f  t he  h y b r i d  c e l l  l i n e  BM3C w i t h  va ry ing  concent ra t ions  o f  1251- labe l led  gp70 i n d i c a t e d  
t h a t  b i n d i n g  t o  recep to r -con ta in ing  c e l l s  i s  s p e c i f i c ,  sa turab le ,  and comparable t o  t h a t  ob- 
served w i t h  the  mouse f i b r o b l a s t  l i n e  SC-1. No spec i f i c  b i n d i n g  was observed w i t h  the  Chi-  
nese hamster f i b r o b l a s t  l i n e  E36. 
t r a c t i o n  have suggested t h a t  t he  v i r a l  recep to r  i s  assoc ia ted  w i t h  the  de te rgen t - i nso luab le  
c y t o s k e l e t a l  m a t r i x  o f  t he  hos t  c e l l .  These r e s u l t s  i n d i c a t e  t h a t  t he  somatic c e l l  hyb r ids  

lackground. 

The s t ra tegy  i s  t o  t o  use Chinese hamster-mouse 

The i s o l a t e d  

I n i t i a l l y  a somatic c e l l  h y b r i d  (BM3C) was i s o l a t e d  which conta ins  mouse chromosome 5 b u t  
BM3C can be i n f e c t e d  by  the  eco- 

S tud ies  o f  t he  bound gp70 f o l l o w i n g  m i l d  de tergent  ex- 

r o v i d e  an e x c e l l e n t  system f o r  p rob ing  v i r a l  recep to r  i n t e r a c t i o n s  aga ins t  a common genet ic  

0481 PRECLUSTERING OF THROMBIN RECEPTORS ON MOUSE EMBRYO FIBROBLASTS, ANALYZE0 BY IMMUNO- 
FLUORESCENCE, IMMUNOHISTOCHEMISTRY AND EM AUTORAOIOGRAPHY, John S. Bergmann and 
D a r r e l l  H. Carney, Un iv .  o f  Texas Medical  Branch, Galveston, TX 77550 

Thrombin i n t e r a c t i o n  w i t h  recep to rs  on the  sur face  o f  f i b r o b l a s t s  appears necessary f o r  
thrombin t o  i n i t i a t e  c e l l  p r o l i f e r a t i o n .  
d i r e c t  immunofluorescence techniques w i t h  a f f i n i t y  p u r i f i e d  thrombin an t ibody .  These s tud ies  
have shown t h a t  thrombin appears t o  b i n d  p rec lus te red  recep to rs  on t h e  su r face  o f  mouse embryo 
and CHO c e l l s  incubated  a t  4' o r  p r e f i x e d  w i t h  3% formaldehyde (J .  C e l l  B i o l .  91, 230a). 
Add i t i ona l  s tud ies  w i t h  thrombin an t ibody  now show t h a t  c e l l s  p r e f i x e d  i n  up t o  1% g l u t a r a l -  
dehyde show the  same p rec lus te r ing ,  and t h a t  thrombin b i n d i n g  t o  these c l u s t e r s  c o r r e l a t e s  
w i t h  h i g h  a f f i n i t y  recep to r  b ind ing  and i s  n o t  an assoc ia t i on  w i t h  protease nex in .  EM auto- 
rad iography  s tud ies  con f i rm  p rec lus te red  th rombin  receptors .  A f t e r  b i n d i n g  125I- thrombin a t  
4", 37" o r  t o  p r e f i x e d  c e l l s ,  t he  au torad iograph ic  g r a i n s  on c e l l  sur faces  were u n i f o r m l y  
d i s t r i b u t e d  w i t h  even spacing between gra ins .  The d i s tance  between these g ra ins  corresponds 
t o  t he  d i s tance  between c l u s t e r s  o f  thrombin observed on these c e l l s  w i t h  imnunofluorescence. 
Quan t i t a t i on  o f  g r a i n  number per  l o c a t i o n  and number o f  thrombin molecules represented  by 
each au torad iograph ic  g r a i n  i n d i c a t e  t h a t  a t  125ng/ml about 360 thrombin molecules a re  bound 
t o  each c l u s t e r .  I n  these s tud ies  we found no ves i c les  o r  coated p i t  reg ions  o f  t he  membrane 
w i t h  l a r g e  numbers o f  au torad iograph ic  g ra ins .  
recep to r  c l u s t e r s  do n o t  r e d i s t r i b u t e  i n t o  l a r g e r  aggregates p r i o r  t o  processing o r  endocy- 
t o s i s .  

To v i s u a l i z e  t h i s  i n t e r a c t i o n ,  we have used i n -  

These r e s u l t s  suggest t h a t  the  occupied 

(Supported by NIH Grant AM-25807). 

0482 GROIJTH-INHIBITORY ANALOGS OF THE GLY-HIS-LYS-CU(I1) COMPLEX. Loren Pickart*,William H. 
Goodwin*, Terrance B. Murphy+ and David K. Johnson+. 
Seattle, WA 98101 and University of Washingtorif Seattle, WA 

Virginia Mason Research Center*, 

The growth factor, Gly-His-Lys (GHL) is an avid binder of copper and is postulated to function 
as a chelate of copper I1 (GHL-CU) to alter the growth rate or state of differentiation of a 
wide variety of cultured cells and organisms. Structural studies (x-ray, e.p.r.. spin echo, 
computer modeling) of GHL-Cu have delineated the 3-dimensional structure of the complex in so- 
lution (In Vitro 17: 459 (1981)). Copper is bound by GHL to form a three-ringed planar triaza 
tridentate complex. 
bitors of DNA synthesis and cell growth. When added to human fibroblast cultures at 10 and 
1 ng/ml, pyridine-2-carboxaldehyde-Z-pyridyl-hydrazone-Cu(II) (PCPH-Cu) inhibits DNA synthesis 
84% and 72%, respectively, while these values for salicyaldehyde benzoic acid hydrazone-Cu(I1) 
(SBH-Cu) are 58% and 29%. 
site on the cell and the inhibitory analogs block this site. (Supported by NCI grant CA-28858 
and the Graduate School of the University of Washington.) I 

98195. 

Certain synthetic analogs of the copper-binding region are potent inhi- 

It is postulated that the GHL-Cu complex reacts with a receptor 

GHL-Cu binding region PCPH-Cu SBH-Cu 
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0483 HETEROGENEITY OF HUMAN T LYMPHOCYTES SHOWN BY LABELING OF WHEAT GERM AGGLUTININ 
BINDING OF TRANSEEMBRANE GLYPROTEINS, Pedro Pinto da Silva and Maria Rosaria Torrisi, 

Section of Membrane Biology, Laboratory of Pathophysiology, National Cancer Institute, N I H ,  
Bethesda. MD 20205.  

We have recently described "fracture-label" techniques that permit direct cytochemical 
labelling of freeze-fractured cells. 
gate the distribution and partition of wheat germ agglutinin (WGA) receptor sites over the 
protoplasmic and exoplasmic plasma membrane faces of freeze-fractured human T lymphocytes. 
All exoplasmic faces are strongly labelled by WGA. 
label exhibits remarkable variation, ranging from virtual absence of label in some faces t o  
very high densities in other faces. 
the protoplasmic faces to reflect the presence of transmembrane WGA binding sialo- 
glycoproteins that, during freeze fracture, partition with the inner half of the plasma 
membrane. Therefore, our results indicate heterogeneous expression of integral membrane 
proteins within populations of human T cells. 
additional tool in the definition of lymphocyte subpopulations. 

We report here the use of "fracture-label" to investi- 

In contrast, over the protoplasmic faces 

We interpret the presence of WGA receptor sites over 

Fracture-label techniques may represent an 

0484 
Acetylcholine (ACH) induces release of catecholamines (CAT) from cells of the adrenal medulla. 
The kinetics of secretion were found to be temperature dependent with maximal secretion at 
3OoC. Temperature de endency of the initial rate had no maximum and increased with rising 
temperatures up to 44 C. 
showing an increase up to a maximum at 3OoC and 
On the other hand, secretion initiated by 65mM K 
monotonic increase with temperature rise having three distinct regions of secretion rate. 
first was in the range of 4-15OC, the second was between 16-3OoC and the third was at 
tepjperatures over 30 C. 
30 C points to a possible desensitization mechanism for the receptor. 
translocation or ysking of the receptor within the medulla cell membrane, a process not 
invoked by high K 
membrane, a transition at 16-19OC was seen. The transitions seen in the three regions of 
release rate in whole cells and in that found in the isolated granules, indicate possible 
involvement of phase transitions in the two membranes and support the hypothesis that the 
regulatory control of CAT secretion from the adrenal medulla is dependent on membrane fluidity 
facilitating fusion and secretion while at the sabe time allowing only a short exposure of 
the ACH receptor to take place. 
secretion of CAT for every stimulated release event. 

REGULATION OF ACETYLCHOLINE RECEPTOR ACTIVITY IN THE ADRENAL MEDULLA, 
and Avital Greenberg, Rambam Medical Center, Haifa, ISRAEL 

Oren Zinder 

8 The total amount of CAT released to the medium had biphasic kintics 
hen a decrease with further temperature rise. 

The 

The decrease in secretion in the presence of ACH at temperatures over 

4 or the calcium ionophore A23187, showed a 

This could be due to 

or A23187. In studies on the tensile strength of the secretory granule 

The result of this fine-control mechanism is a measured 

0485 
H. Sussman, Stanford University School of Medicine, Stanford, CA 94305 and Folkhalsan Insti- 
tute of Genetics, Helsinki, Finland 
Human chromosome 3 has been identified as being responsible for the expression of the 
transferrin receptor in mouselhuman lymphocyte hybrids. receptor waa detected by 
immunoprecipitation with anti-human receptor antibody of "I-cell surface labeled cells. 
This method also detected a similar 94,000 dalton protein in mouse cells. A radioimmuno- 
assay developed for  the human transferrin receptor measured 10% crossreactivity with the 
mouse protein. The two proteins were distinguished by sodium dodecyl sulfate-polyacryla- 
mide gel patterns of partial proteolytic digests of the immunoprecipitated proteins. 

Mouse/human hybrids were senerated by fusing a mouse thymoma (BW5147) cell line to either 
Concanavalin A or pokeweed nitogen-activated human peripheral blood lymphocytes. 
hybrid was karyotyped with respect to both mouse and human chromosomes. In every case the 
expression of the human transferrin receptor correlated only with human chromosome 3. 

HUMAN TRANSFERRIN RECEPTOR: 
Caroline A. Ems, Hell A. Suomalainen, Janice E. Gebhardt, Jim Schrb'der and Howard 

EXPRESSION OF THE RECEPTOR IS ASSIGNED TO CHROMOSOME 3, 

Each 
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0486 "NEXINS:" A FAMILY OF CELL-SECRETED PROTEINS THAT SELECTIVELY M E 0  I A T E  THE SPECIFIC 
CELLULAR BINDING OF REGULATORY SERINE PROTEASES, Daniel J.  Knauer and Dennis D. 

Cunningham, Un ive rs i t y  o f  Cal i forn ia ,  I r v ine ,  CA 92717 
Epidermal growth fac to r  c a r r i e r  p r o t e i n  (EGF-CP) and t h e  subunit o f  7s nerve growth 
f a c t o r  (NGF) are ser ine proteases t h a t  p ro teo l y t i ca l  l y  process PRO-EGF and PRO-NGF. respec- 
t i v e l y ,  t o  the comnonly i so la ted  forms o f  EGF and NGF-8. I n  addi t ion,  both EGF-CP and 
NGFy d i r e c t l y  enhance the  b io log i ca l  a c t i v i t y  o f  EGF and NGF8, respect ive ly .  
biochemical basis o f  t h i s  enhancement, we invest igated the  i n te rac t i ons  o f  EGF-CP and NGF-Y 
w i t h  cu l tu red  human f i b r o b l a s t s  (HF c e l l s ) .  We i d e n t i f i e d  two unique ce l l -secreted 
prote ins t h a t  mediate the  s p e c i f i c  b ind ing o f  EGF-CP and NGF-Y t o  HF ce l l s .  
these prote ins EGF-CP nexin ( M r  2 95K) and NGF-Y nexin (M x 28K) because o f  t h e i r  close 
funct ional  s i m i l a r i t i e s  t o  protease nexin t h a t  mediates t / ; e c e l l u l a r  binding o f  thrombin 

n urokinase (1,2). Using lZ5I-EGF-CP and lZ5I-NGF-Y we demonstrated t h e  formation o f  
f2gI-EGF-CP:nexin and NGF-Y:nexin complexes i n  serum-free HF-cell condit ioned medium by 
u)S gel electrophoresis, and subsequently v e r i f i e d  t h a t  these complexes account f o r  the 
c e l l u l a r  b ind ing and i n t e r n a l i z a t i o n  o f  EGF-CP and NGF-y. 
w i t h  data from competit ive b ind ing experiments enabled us t o  conclude t h a t  EGF-CP nexin 
and NGF-Y nexin are unique prote ins t h a t  are f i s t i n c t  from protease nexin. 
these data suggest t h a t  c e l l  secreted "nexins represent a fam i l y  o f  prote ins tha t  provide 

To probe the 

We named 

These studies, i n  conjunct ion 

Taken together, 

a novel and h i g h l y  s p e c i f i c  mechanism f o r  the i n t e r a c t i o n  o f  c e l l s  w i th  regulatory  proteases. 
1. Cel l  21:37-45 (1980). 2. Proc. Nat l .  Acad. Sci. USA z:2334-2340 (1981). 

0487 

The gene f o r  the aspartate receptor  involved i n  b a c t e r i a l  chemotaxis i s  shown t o  be tandemly 
duplicated. The two genes, designated %A and s, have been separated on recombinant plas- 
mids and analyzed. The genes funct ion ident ica l ly  i n  complementation tests  but  differences 
i n  DNA sequence homology have been detected by Southern blot t ing.  Both genes encode 6OK dal-  
ton integral  membrane proteins  t h a t  are multiply methyiated and mediate taxis t o  the at- 
tractants aspartate and maltose and the repellents Ni2 and C&+. I t  has previously been 
shown t h a t  the tar gene product is the primary receptor  f o r  aspartate and appears t o  i n t e r a c t  
w i t h  the p e r i p l a x c  maltose binding protein to transduce maltose responses. The methylation 
react ion has been shown to be responsible f o r  sensory adaptation i n  t h i s  system. 

Salmonella typhimurium. The selective advantage-as maintained the duplicated receptor 
gene is unknown, but  the second copy may have diverged t o  allow t a x i s  towards addi t ional  
effectors .  A number of other  cross-hybridizing sequences a r e  found i n  the genomes of both 
species and their homologies have been quantified. The receptor  genes appear to have dupli- 
cated and diverged t o  expand the range of environmental stimuli while maintaining enough 
homology f o r  the proteins  to be methylated by the same modifying enzymes. 

EVOLUTION OF RECEPTORS I N  BACTERIAL CHEMOTAXIS, Dennis 0. Clegg, Elizabeth A. Wang, 
Andrew F. Russo and Daniel E. Koshland, Jr., University of Cal i fornia ,  Berkeley, CA 
94723 

Interestingly, this dupl icat ion occurs i n  E. c o l i  but not i n  the closely re la ted  species 

0488 CHARACTERIZATION AND COMPARISON OF THE CHEMOTACTIC RECEPTORS OF D.  DISCOIDEUM, Beth 
L. Meyers and William A.  Frazier ,  Washington University School 07 Medicine, S t .  
Louis, MO 63110 

As 2. discoideum cells d i f f e r e n t i a t e  the i r  chemotactic system changes i t s  spec i f ic i ty  from 
f o l i c  acid i n  the vegetative s t a t e  to  CAMP during the aggregation phase. Folate and CAMP 
receptors a re  present during development and e i t h e r  can be coupled t o  the chemotactic machinery 
indicat ing they may share a common transducer mechanism. These receptors a re  in tegra l  membrane 
proteins with extremely r a p i d  dissociat ion ra tes .  
study of these proteins  in the solubi l ized s t a t e .  
assay has enabled us t o  p a r t i a l l y  purify and character ize  the CAMP receptor which has been 
solubi l ized with Emulphogene BC-720. In i t s  crude s t a t e ,  the solubi l ized CAMP receptor has 
the same binding charac te r i s t ics  a s  those of the receptor i n  plasma membranes, including i ts  
a f f i n i t y  for  CAMP - other nucleotides and inact ivat ion by sulfonyl  f luorides ,  features  
which dis t inguish i t  from the solubi l ized membrane phosphodiesterase. Par t ia l  purif icat ion 
of the CAMP receptor has been achieved using chromatography on DEAE-Sephadex and decyl agarose. 
Photoaffinity labe l l ing  s tudies  with 8-N3-y-'*P-cAMP indicate  that  a protein of Mr 70,000 is 
responsible for  the CAAMP binding ac t iv i ty .  This p a r t i a l l y  purif ied CAMP receptor shows the 
same binding charac te r i s t ics  a s  that  i n  membranes or in tac t  c e l l s .  Using [3H]methotrexate as  
a ligand, s tudies  of the fo la te  receptor in plasma membranes and the detergent-solubillzed 
s t a t e  a re  being carr ied out .  Comparative s tudies  of the fo la te  and CAMP receptors may provide 
clues  regarding the mechanism of s ignal  transduction. [Supported by NS 13269 and PCM-78 
04304. WAF is  an Established Invest igator  of the American Heart Assn.] 

Until recently t h i s  charac te r i s t ic  hindered 
Development of a hydrophobic immobilization 
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0489 IDENTIFICATION OF THE CHEMOTACTIC RECEPTOR OF D .DISCOIDELPI AND ITS MODIFICATION UPON 
DOWN-REGULATION. Claudet te  Klein and Jenn i f e r  Lubs-Haukeness. S t .  Louis Universi ty  
Medical School, S t .  Louis,  MO. 63104 

il. discoideum amoebae respond chemotact ical ly  t o  ex te rna l  pu l se s  of CAMP. 
t e r n a l  CAMP a r e  mediated by s p e c i f i c  c e l l  su r f ace  receptors .  
t r a n s l a t i o n  of t he  ex te rna l  s i g n a l  i n t o  a locomotory response i s  a t r a n s i e n t  a c t i v a t i o n  of ad- 
eny la t e  cyc la se  and the  r ap id  exc re t ion  of t h e  newly synthesized cAMP i n t o  t h e  medium. 
quent t o  s t imu la t ion  with CAMP, amoebae become temporar i ly  desens i t i zed  t o  f u r t h e r  s t imu la t ion .  

t o  t h e  c e l l  su r f ace .  External  CAMP can e l i c i t  a down-regulation of its recep to r s .  This phen- 
omenon appears t o  be co r re l a t ed  with t h e  formation of a cAMP binding component from which CAMP 
slowly d i s soc ia t e s .  Using t h e p b Z o a f f i n i t y  analogue, N3cAMP, we have i d e n t i f i e d ,  by a l l  a v a i l  
ab l e  c r i t e r i a ,  a 45,000 molecular weight p r o t e i n  (p45) as t h e  c e l l  s u r f a c e  CAMP r ecep to r .  %en 
c d s a r e  t r ea t ed  with CAMP t o  down-regulate t h e i r  r ecep to r  sites by 70%. t h i s  component i s  no 

This  CAMP-induced 
form of t h e  CAMP recep to r  may r ep resen t  a new binding p r o t e i n  o r  a modif icat ion of p45. Our 
recent  experiments suggest  t h a t ,  i f  t h e  lat ter is t r u e ,  phosphorylation my be involved. Con- 
d i t i o n s  which cause r ecep to r  down-regulation and t h e  appearance of p47 a l s o  r e s u l t  i n  t h e  spe- 
c i f i c  phosphorylation of  a 47,000 molecular weight p r o t e i n  (pP47). Both t h e  concentrat ion de- 
pendence and t i m e  course of p47 and pP47 induct ion by CAMP appear co inc iden ta l .  
progress  t o  d i sce rn  i f  CAMP does e f f e c t  t h e  phosphorylation of its receptor  and t h e  r o l e  of 
such an event i n  r egu la t ing  r ecep to r  a c t i v i t y  o r  i t s  coupling t o  adenylate  cyclase.  

The e f f e c t s  of ex- 
One of t h e  f i r s t  events  i n  t h e  

Subse 

E t i s  not  c l e a r  i f  t r a n s i t o r y  changes i n  c e l l  s e n s i t i v i t y  t o  CAMP r e l f e c t  a l t e r e d  CAMP binding 

longer labeled:  i n s t ead  a p r o t e i n  of 47,000 m o l e c u l a r e i g h t  is  now present .  

Work i s  i n  

IPENTXICATION ANI) LOCALIZATION OF SPECIFIC SURFACE SITES ON THE REGULATORY SUBUNIT OF 
CAMP-DEPENDENT PROTEIN KINASE USING MONOCLONAL ANTIBODIES AND PHOTOAFFINITY LABELING. 0490 

S.L.  Weldon, A.R. Kerlavage and S.S. Taylor;  U. C a l i f .  San Diego, La J o l l a ,  CA 92093. 

s i t e s  including those  f o r  CAMP binding, autophosphorylation, and recogni t ion of t h e  c a t a l y t i c  
subuni t .  The pho toa f f in i ty  analog E-N~cAMP has  been used t o  d i r e c t l y  d i s t i n g u i s h  t h e  2 CAMP- 
binding s i t e s  on each R monomer. 
due a t  one of t h e  CAMP-binding s i t e s .  This s i t e  has  been sequenced and loca l i zed  a t  t h e  C- 
terminal  end of t h e  polypept ide chain.  Mil l ipore f i l t r a t i o n  assays under varying condi t ions 
e s t ab l i shed  t h a t  holoenzyme (RzC2) b inds 4 mol/ml CAMP whereas only 2 ml 8-N3cAMP bind pe r  
mol R ~ C ~ .  
enzyme, it is  c l e a r  t h a t  occupation of a s i n g l e  CAMP-binding s i t e ,  s p e c i f i c a l l y  t h a t  s i t e  r e -  
cognized by 8-N3cAMP, is  s u f f i c i e n t  t o  a c t i v a t e  t h e  CAMP-dependent holoenzyme. 

Monoclonal antibody has  been used t o  f u r t h e r  probe su r face  s i t e s  on t h e  r egu la to ry  subunit .  
Using l imi t ed  p r o t e o l y s i s  and CNBr cleavage, a s p e c i f i c  region of t h e  l i n e a r  polypept ide chain 
has  been cha rac t e r i zed  t h a t  r e t a i n s  t h e  an t igen ic  site. Subsequent cleavage o f  t h e  imnuno- 
r e a c t i v e  CNBr  pept ide with chymotrypsin has  f u r t h e r  l oca l i zed  t h e  an t igen ic  s i t e  t o  a 20- 
r e s idue  sequence t h a t  is i n  c lose  proximity t o  t h e  s i t e  of autophosphorylation. Since t h i s  
reg& is  a l s o  important f o r  recogni t ion of t h e  c a t a l y t i c  subun i t ,  f o r  CAMP binding, and may 
contain a histone-binding s i t e ,  t h i s  antibody may be use fu l  f o r  understanding func t iona l  
r e l a t i o n s h i p s  a s soc ia t ed  with t h i s  30-residue region of t h e  molecule. 
(Supported by USPHS Grant GM 19301 and NSF Grant PCM 78-10155). 

The r egu la to ry  subuni t  (R)  of type I1 CAMP-dependent p ro te in  kinase has  seve ra l  func t iona l  

8-N3cAMF s to i ch iomet r i ca l ly  m d i f i e s  a s i n g l e  ty ros ine  resi- 

Since CAMP and E-N~cAMP a r e  equa l ly  capable of a c t i v a t i n g  and d i s s o c i a t i n g  holo- 

Comparison of Steroid and Polypeptide Hormone Mechanisms of Gene Regulation 

0491 EVIDENCE FOR THE EXISTENCE OF A PROLACTIN SECOND MESSANGER, P.A. Kel ly ,  J. Djiane,  
L.M. Houbedine and B. Teyssot,  CHUL, Quebec G1V 462, and INRA. 78350, Jouy-en-Josas. 

An i n t r a c e l l u l a r  r e l ay  fo r  p r o l a c t i n  w a s  s tud ied  using i s o l a t e d  r abb i t  marnary nuclei  incu- 
bated in t he  presence of Hg CTP. The neoaynthetized mecurated RNAs were i s o l a t e d  wi th  SH- 
Sepharose columns and t h e i r  content i n  6 ca se in  mRNA sequences was est imated using a l a b e l l e d  
(3-casein cDNA probe. A so luab le  f a c t o r  w a s  re leased fol lowing the  incubat ion of p r o l a c t i n  o r  
o the r  l ac togen ic  hormones with r abb i t  mammary gland microsomes. The membrane supernatant  
s p e c i f i c a l l y  s t imulated the t r a n s c r i p t i o n  of 8-casein genes 5 t o  10 fo ld .  The amount of 
s t imu la t ion  was  dependent on t h e  amount of supernatant  p ro te in  added t o  the  nuclei  (optimum 
200 pg) and on the  concentrat ion of p r o l a c t i n  added t o  the  membranes (optimum 1000 ng/ml). 
The a c t i v e  f a c t o r  was not generated by incubation of membranes at 4'C and appeared f a s t e r  at 
37OC than 20°C. The mediator r e t a ined  i ts  a c t i v i t y  a f t e r  heat ing at  100°C f o r  10 min but w a s  
i nac t iva t ed  by high concentrat ions of t rypsin.  As judged by chromatography on Sephadex 6-25, 
the mediator had a molecular weight of 1000-1500 dal tons.  An an t i -p ro lac t in  receptor  an t i -  
body, which mimics the  ac t ion  of p r o l a c t i n  i n  t h e  mammary gland,  a l s o  released t h i s  mediator. 
Colchicine,  which blocks the a c t i o n  of p ro lac t in  i n  the mammary gland, prevents the product- 
ion of the mediator.  This so lub le  f ac to r  can be produced by o the r  t i s s u e s  containing prolac- 
t i n  r ecep to r s ,  such a s  r a t  l i v e r .  I n t e r e s t i n g l y ,  plasma membrane f r a c t i o n s  were very a c t i v e ,  
whereas Golgi membranes, which contain approximately 10-fold m r e  r ecep to r s ,  produced very 
l i t t l e  mediator.  These da t a  suggest t h a t  the binding of p ro lac t in  t o  its receptors  on t he  
plasma membrane induces the  formation of an i n t r a c e l l u l a r  r e l ay  with some c h a r a c t e r i s t i c s  of 
a polypeptide,  which s p e c i f i c a l l y  s t imu la t e s  the t r a n s c r i p t i o n  of p ro lac t in - sens i t i ve  genes. 
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0492 
I n s t i t u t e  of Child Heal th  and Human Development, N I H ,  Bethesda, M) 20205 
The & l ocus  is  as soc ia t ed  wi th  t h e  induc t ion  of c e r t a i n  drug-metabolizing enzymes by poly- 
c y c l i c  a romat ic  compounds such as 3-methylcholanthrene and 2,3,7,8-tetrachlorodibenzo-p= 
d iox in  (TCDD)] . 
molecular weight -250 kd and binds av id ly  t o  TCDD (apparent  Kd - 0 . 5  nM) . One of t h e  induc- 
i b l e  s t r u c t u r a l  gene products  is  cytochrome. PI-450, t h e  monooxygenase t h a t  bes t  metabol izes  
chemical carc inogens  such as benzo[a]pyrene. 
t h e  [%i]TCDL)-K recep to r  (T-R) complex accumulates i n  t h e  nuc leus .  
d e t e c t a b l e  i n  both cy toso l  and nucleus of "*-responsive" mice but is found i n  smal l  
a m u n t s  only  in t h e  nucleus of "Ah-nonresponsive" mice. With t h e  use  of a cloned p o r t i o n  
of  t h e  PL-450 s t r u c t u r a l  gene, P1-450 mRNA induc t ion  is  measurable wi th  as few as 200 T-R 
molecules i n  t h e  nuc leus .  The c y t o s o l i c  r ecep to r  ( l igand-f ree)  and T-R complex do not bind 
t o  DNA-cellulose, whereas t h e  nuc lear  T-R complex binds t o  DNA-cellulose (but  not c e l l u l o s e  
a lone)  and i s  e lu t ed  as a s i n g l e  peak (0.38 M) dur ing  a N a C l  g r a d i e n t .  The e l u t i o n  p r o f i l e  
i s  i d e n t i c a l  f o r  double- and s ingle-s t randed  DNA-celluloses. Heat treatment (25' C, 1 h) ,  
d i l u t i o n ,  or exposure t o  increased  i o n i c  s t r e n g t h  (1 M NaC1) does not "ac t iva t e"  t h e  cyto- 
s o l i c  T-R complex, ye t  any of t h e s e  t r ea tmen t s  a c t i v a t e s  t h e  c y t o s o l i c  g lucocor t ico id-  
r ecep to r  complex i n  mouse l i v e r .  Hence, t h e  c y t o s o l i c  and nuc lear  forms of t h e  T-R complex 
d i f f e r  i n  t h e i r  a f f i n i t y  f o r  DNA, and t h e  T-R complex d i f f e r s  i n  some ways from the  
g lucocor t ico id- receptor  complex. 

NUCLEAR UPTAKE OF THE INDUCER 2 RECEPTOR COMPLFX I N  KIUSE LIVER, Howard J .  Eisen, 
R i t a  R .  Hannah, Robert H. Tukey, Msahiko  Negishi and Daniel  W.  Nebert, Nat iona l  

The major r egu la to ry  gene product is  t h e  c y t o s o l i c  & r ecep to r ,  which has  

When mice are t r e a t e d  wi th  [3H]TCDD in vivo ,  
The T-R complex i s  

0493 THE EGF RECEPTOR OF THE BeWo CHORIOCARCINOMA CELL LINE. K.A. Va len t i ne  and M.D. 
Hol lenberg,  Department o f  Pharmacology and Therapeut ics,  Facu l t y  o f  Medicine, Univer-  

s i t y  o f  Calgary, Calgary, A lber ta ,  Canada. 
The BeWo chor iocarc inona c e l l  l i n e  e x h i b i t s  two d i s t i n c t  phenotypes under normal c u l t u r e  con- 
d i t i o n s .  The m a j o r i t y  o f  t he  c e l l s  (99%) a r e  smal l ,  mononucleated and p r o l i f e r a t i v e  bear ing  a 
morphological  resemblance t o  t h e  i n  u te ro  cy to t rophob las t  ( c y t o t r o p h o b l a s t - l i k e  o r  CTL c e l l s ) .  
The remaining 1% o f  the  c u l t u r e  i r c e e d  o f  la rge ,  mu l t inuc lea ted ,  n o n p r o l i f e r a t i v e  c e l l s  
which a r e  syncitiotrophoblast-like i n  morphology (STL c e l l s ) .  Treatment o f  BeWo c u l t u r e s  w i t h  
1 pM methot rexa te  (MTX) r e s u l t s  i n  a t rans fo rma t ion  o f  t he  c u l t u r e  phenotype t o  one t h a t  i s  
p redominant ly  STL i n  morphology. The MTX-STL c e l l s  a re  morpho log ica l l y  i n d i s t i n g u i s h a b l e  from 
the  n a t u r a l l y  occu r r i ng  STL c e l l s .  Both CTL and MTX-STL c e l l s  have been found t o  possess mem- 
brane recep to rs  f o r  epidermal growth f a c t o r  (EGF). 
Scatchard ana lys i s  o f  t he  b ind ing  da ta  f o r  t he  CTL-EGF receptor  shows t h a t  these c e l l s  possess 
approx imate ly  1 .8~105 b ind ing  s i t e s / c e l l  w i t h  an a f f i n i t y  cons tan t  (u)  o f  2 .5~10-9  M. 
c e l l s  a r e  a l s o  capable o f  down-regulat ing t h e i r  EGF recep to rs  upon exposure t o  the  hormone a t  
37OC. 
morphology i s  accompanied by an inc rease bo th  i n  t h e  a f f i n i t y  o f  t h e  EGF recep to r  and i n  the  
number o f  b ind ing  s i t e s  a v a i l a b l e  per c e l l .  A f f i n i t y  l a b e l l i n g  and e l e c t r o p h o r e t i c  ana lys i s  
o f  t he  CTL-EGF recep to r  i n d i c a t e s  t h a t  t he  recep to r  has a molecu la r  we igh t  comparable t o  t h a t  
seen f o r  t he  human p lacenta  membrane EGF receptor .  The BeWo c e l l  l i n e  there fore ,  may p rov ide  
a use fu l  model f o r  t he  s tudy  o f  recep to r  changes i n  a d i f f e r e n t i a t i n g  system. 

EGF b ind ing  i s  sa tu rab le  a t  240 and 4OC. 

CTL 

Pre l im ina ry  b ind ing  s tud ies  us ing  MTX-STL c e l l s  demonstrate t h a t  t h e  change i n  c e l l  

0494 CELL MEMBRANE RECEPTORS REGULATE CELLULAR COMPETENCE I N  STREPTOCOCCUS 
SANGUIS. J.L. Raina,  Un ive r s i ty  of Chicago, Chicago, I l l i n o i s  60637 

St rep tococcus  sanguis  ce l l  s u r f a c e  r e c e p t o r ( s ) ,  a f t e r  i n t e r a c t i o n  wi th  t h e  
l i gand ,  impart  in format ion  t h a t  t r a n s i e n t l y  mod i f i e s  c e l l u l a r  physiology. 
This  t r a n s i e n t  change, c a l l e d  competence, is  def ined  by the  s y n t h e s i s  of a 
set of new polypept ides( l4K t o  51K,F ig . l ,+ ,~ )  and cha rac t e r i zed  by t h e  uptake  
and express ion  of exogenous donor DNA by r e c i p i e n t  c e l l s .  Two induc ib le  poly- 
pep t ides ,  a 1 6 K  donor s ing le-s t randed  DNA b inding  pro te in(E16)  and a 51K 
recombina t ion-spec i f ic  pro te in(c ipA) ,  have a l r eady  been impl ica ted  i n  t h i s  
t ransformat ion  process .  Proca ine  and t e t r a c a i n e  i n h i b i t  t ransformat ion  se lec-  
t i v e l y  by prevent ing  t h e  expres s ion  of induc ib le  po lypep t ides ,  s p e c i f i c a l l y  
dur ing  e a r l y  onse t  of competence development(Fig.l,a'-c'). The r e v e r s i b l e  
e f f e c t  of proca ine  appears  t o  be  mediated by ce l l  membrane r ecep to r s  elabo- 
r a t e d  or unmasked be fo re  t h e  onsf2 of competence. Pos t  competence phase cel ls  
l o s e  t h e i r  a f f i n i t y  f o r  b inding  
unaf fec ted  by i t s  i n h i b i t o r y  e f f ec t s (F ig .2 ) .  Methyl t r iphenyl  phosphonium 
bromide, a s t rong  base  c a t i o n  known t o  a l t e r  membrane p o t e n t i a l ,  appears  t o  
i n h i b i t  t r ans fo rma t ion  s e l e c t i v e l y  by prevent ing  t h e  process ing  of i nduc ib le  
El6 polypept ide  precursor  t o  mature p r o t e i n s .  
f i r s t  evidence f o r  a r e l a t i o n s h i p  between c e l l u l a r  membrane p o t e n t i a l  (4v) 
and energy l i nked  changes i n  hydro hobic  membranes i n  r e g u l a t i n g  c e l l u l a r  
competence f o r  g e n e t i c  t r ans fonna t fon  in b a c t e r i a .  

C-labeled proca ine  and a r e  consequently 

These s t u d i e s  provide  t h e  
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Application of Recombinant DNA Techniques to Studies of Hormone Receptor Evolution 
and Action 

0495 HUMAN GROFml HORMONE: A MLnTIGENE FAMILY 
and Howard M. Goodman, Department of Molecular Biology, Massachusetts General 
Hospital, Boston, MA 02114 

David D. Moore, Mark A. Conkling, 

Human growth hormone (hGH) is a polypeptide hormone which is encoded by a member of a 
highly homologous multigene family. 
somatomamotropin (hCS) is the only other protein known to be expressed by this family 
of genes. 
of two individuals. Characterization of these sequences by quantitative hybridization 
and sequence analyses shows that hGH and hCS are the most disparate members of this 
family. Two of the other members are extremely homologous variants of the hGH and hCS 
genes. 
is hGH-like and at least the next three are identical to hCS. 

In addition to this potential diversity at the level of the genome, the hGH family also 
exhibits diversity at the level of.RNA processing. In normal pituitary cells there are 
two alternative pathways for splicing the hGH mRNA precursor. 
generate distinct W A S  that encode hGH polypeptide which differ by an internal deletion 
of 15 amino acids. 

The closely related placental hormone chorionic 

We have isolated at least six distinct members of the hGH family from the DNA 

This multigene family also includes an hGH/hCS hybrid in which the first exon 

These two splicing patterns 

0496 Abstract withdrawn 

Comparison, Contrasts, and Interactions among Different Protein Phosphorylating Systems 

0497 CCNPARATFJE SIUDIES OF PRUEIN KINASE SYSTEM I N  NoT(MAz, AM) NEOPIASTIC PRCECATIC 
TISSUES, Leland W.K. Chung and Karen Breitweiser, Univ. of Colorado, Boulder, CO 80309 

Protein kinase iscenzylres hers detennined in prostatic cytosol isolated fran normal prostates 
and prostatic tumors (Dunning tumors, home-dependent {HDT;, h o m e - i n d e p d m t  (HIT),  and 
anaplastic :AT)). ?hree major regulatory subunits of protein kin= iscenzylres, Mr. 58,000, 
51,000 and 42,000 hen? detected i n  yrostatic cytosol: they represent the requlatory submits 
Jf typ I1 (RII), typ I (R ) and proteolytic fra-ts (l$,f) of protein kinases, re-tive- 
ly. Marked quantitative digferences as dete-ed by photoaffinity labeling with 8-N3-(32P)- 
cAYP here observed i n  RI, RII and %f k t v ~ n  n o m l  prostates and Dunning tmrs. 
HIT or AT differed f m  the n o m l  prostates and can he differentiated amng them based @n 
their relative binding t o  8-N7-cpMp. 
was inhibitory in H I T  and AT but saturatirn was &send. in n o d  prostates and HDT. The 
mtogeny and andrqen respsimess of the cytosolic protein kin- system here also studied 
in Noble (Nb) ra ts .  Wsults  indicate that onlv the t p z  I1 protein kinase activity (histone 
was used as a substrate) eluted fran a DEAE-cellulose c o l m ,  was qreatlv decreased as a 
function of age. 
ccnpletely depleted both types of cytosolic protein kinases. This study suggests that cyto- 
sol ic  protein kinase system is versati le,  androgen-respmsive and undergoes developental 
changes in  n o d  prostatic tissues; the binding kinetics of RI may represent a d i f f e m t i a -  
t ive marker for the autcrmcmxls s ta tes  of the urostatic turmrs. 

HDT and 

3-1 &iticn,  the binliing kinetics to 8-N3-cA!P for RI 

long-term testosteme propiamte administration as Si las t ic  b l a n t s  

(Supported by '3-27418). 
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uB CHARACTERIZATION AND SIMULTANEOUS MEASUREMENT OF CYCLIC AMP- AND CYCLIC GMP-DEPENDENT 
PROTEIN KINASES I N  BULLFROG VENTRICULAR MYOCARDIUM, Ronald R. Fiscus, Theodore J. 
Torphy, Joseph L. Bloom and Steven E. Mayer, Div. Pharmacol., UCSD, LaJol la, CA 92093 

Cycl ic  AMP (cA) and c y c l i c  GMP (cG) have been proposed t o  mediate the myocardial responses t o  
sympathetic and parasympathetic nerve s t imulat ion,  respect ive ly .  We have developed an animal 
model ( t he  i n  s i t u  perfused b u l l f r o g  hear t )  f o r  studying biochemical responses i n  ven t r i cu la r  
myocardium 5 autonomic nerve s t imu la t i on  (The Physio log is t  23(4) :40, 1980). To study neural 
regu la t i on  of myocardial p ro te in  kinases (PK), we have character 'zed cA-PK and cG-PK i n  b u l l -  

SDS-polyacrylamide gel e le t rophores is  and autoradiography, we have i d e n t i f i e d  two cA-binding 
prote ins (M.W.=46,000 and 55,000 dal ton)  i n  so lub le and p a r t i c u l a t e  f rac t i ons  o f  myocardium. 
These prote ins correspond t o  the regulatory  subunits o f  Types I and I 1  cA-PK. Most b ind ing 
occurred i n  the so lub le f r a c t i o n .  Separation o f  cA-PK isozymes i n  so lub le f r a c t i o n s  by DEAE- 
ce l l u lose  chromatography showed t h a t  approximately 20% o f  the kinase a c t i v i t y  was i n  the 
Type I peak and 80% i n  the Type I 1  peak. However, the Type I 1  peak a l so  contained cG-PK a c t i v -  
i t y  ( con t r i bu t i ng  15% o f  t o t a l  a c t i v i t y ) .  Consistent w i t h  a mixed populat ion o f  cA-PK isozymes, 
add i t i on  o f  100 wJ4 NaCl t o  the homogenizing b u f f e r  provided the optimal condi t ion f o r  perserv- 
i ng  t i ssue  a c t i v a t i o n  s tates.  I n  our assay, Kac o f  cA f o r  cA-PK = 30 nM and f o r  cG-PK = 
200 nM. K a C t  o f  CG f o r  cA-PK>20 )JM and f o r  c G - ~ K  = 10 nM. Maximal a c t i v a t i o n  of both kinases 
occurred w l t h  5 )JM cA. Using cA-PK i n h i b i t o r  (PKI) permitted the simultaneous measurement of 
both cA-PK (ac t i va ted  by 5 JAM cA; i n h i b i t e d  by P K I )  and cG-PK (ac t i va ted  by 5 NM cA; no t  i n -  
h i b i t e d  by PKI). (Supported by HLB 22961 and an MDA Fel lowship) 

f r o g  ven t r i c l es .  Using p h o t o a f f i n i t y  l abe l i ng  w i t h  8-azido-cA (3  h P] fol lowed by separation by 

0499 DIFFERENCES IN SENSITIVITY AND DURATION OF EGF-STIMULATED S6 PHOSPHORYLATION, 
W. Ross Allen, Marit Nilsen-Hamilton and Richard T. Hamilton, Cell Biology Laboratory, 

The Salk Institute, Box 85800, San Diego, CA 92138 
Increased phosphorylation of the ribosomal protein S6 is one of the earliest biological 

effects of EGF addition to quiescent 3T3 cells. 
increases in S6 phosphorylation are observed within minutes but the two cell lines differ in 
their sensitivity to EGF. 
turnover of ATP so that the specific activity of "P-ATP increases 2- to &fold. After 
correction for changes in pool specific activity of the donor phosphate, EGF, and serum 
stimulate S 6  phosphorylation 2-fold in Swiss 3T3 cells and greater than &fold in Balb 3T3. 

EGF or serum is transient, decaying to pre-stimulated levels by 2 - 3 hours. 
Balb 3T3 cells maintain elevated levels of S6 phosphorylation for at least 6 hrs. 

differences in concentration of surface EGF receptors. 
EGF per l o 6  cells at 0-4°C. however, they "down-regulate'' at different rates. 
3T3 cells take > 4 hrs to reach a new steady-state level whereas the Balb 3T3 cells take 
< 2 hrs to reach the same steady-state level of 28 pg "'I-EGF bound/106 cells. 

or the protonophore nigericin increases the cell-associated "'1-EGF 3-f old over controls 
by 4 hrs. However, neither of these compounds effects the sensitivity or duration of the 
EGF stimulated increase in S6 phosphorylation. 

In both Swiss 3T3 and Balb 3T3 cells 

Addition of growth factor to these cells increases the rate of 

The increase in S6 phosphorylation in Swiss cells given saturating concentrations of 
In contrast, 

The differences in sensitivity and duration of the S6 response to EGF are not due to 
Both cell lines bind 70 pg of lZ5I- 

The Swiss 

The amount of internalized EGF has no effect on 56 phos horylation. Addition of NH4C1 

0500 CYCLIC AMP-PROTEIN KINASE (CAMP-PK) INDEPENDENT REGULATION OF GLYCOGEN PHOSPHORYLASE 
(PHOS) I N  S49 LYMPHOMA CELLS, Adam H. Kaufman and Laurence L. Brunton, Div is ions o f  
Pharmacology and Cardiology, Department o f  Medicine, UCSD, La J o l l a ,  CA 92093 

We have u t i l i z e d  w i l d  type (WT; clone 24.3.2) S49 lymphoma c e l l s  and a va r ian t  l ack ing  CAMP-PK 
a c t i v i t y  (PK-; clone 24.6.1) t o  i nves t i ga te  the regu la t i on  o f  PHOS by cAHP dependent and inde- 
pendent processes. Both clones have low content o f  glycogen (0.8 t 0.2 ug/mg c e l l s )  and PHOS 
(+AMP: 2.5ml /min/mg prote in) .  I n  so lub le ext racts  o f  the clones, basal PHOS a c t i v i t y  r a t i o s  
(-AMP/+AMP) are =0.6. WT c e l l s  respond t o  isoproterenol  w i t h  a small increase i n  the a c t i v i t y  
r a t i o  (from 0.6 t o  0.8); PK- c e l l s  are unresponsive. 
s t imu la t i on  o f  CAMP degradation (0.3mM imidazole), nor  removal o f  endogenous AMP w i t h  charcoal 
lowers the a c t i v i t y  r a t i o .  A decrease o f  the a c t i v i t y  r a t i o  occurs i n  d i l u t e  (1:lOO) ex t rac ts  
incubated a t  30' under dephosphorylating condit ions. This i n a c t i v i a t i o n  (-AMP/+AMP: 0.8 + 0.2 
i n  75 min) i s  i n h i b i t e d  by 8-glycerol-PO4 (40mM) and NaF (lOmM), potent ia ted by the add i t i on  
o f  p u r i f i e d  Type I phosphoprotein phosphatase and reversed by the add i t i on  o f  CAMP, PK, and 
ATP. Contr ibut ing t o  the s t a b i l i t y  o f  PHOS a i n  S49 ex t rac ts  i s  a soluble, heat s tab le (95", 
15 min) i n h i b i t o r  o f  endogenous phosphatase a c t i v i t y .  This i n h i b i t o r  a lso blocks PHOS a .-, b 
i n  r a t  hear t  ext racts .  We conclude t h a t  PHOS o f  549 c e l l s  i s  regulab le by a phosphorylation- 
dephosphorylation cycle, and t h a t  the -AMP/+AMP a c t i v i t y  r a t i o  adequately r e f l e c t s  the phos- 
phory la t ion s tate.  I n  these c e l l s ,  PHOS ex i s t s  predominantly i n  an ac t i ve  phosphorylated form 
t h a t  occurs independently o f  
may r e f l e c t  the in f luence o f  a potent heat s tab le i n h i b i t o r  o f  phosphoprotein phosphatase 
a c t i v i t y .  (NIH-GM25819, UCCRCC, NIH-GM07752 and RCOA HL00935). 

Nei ther  chelat ion o f  Cat+ (4mM EGTA), 

CAMP-PK, i s  i nsens i t i ve  t o  decreased e x t r a c e l l u l a r  Cat+, and 
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0501 IDENTIFICATION AND PARTIAL CHARACTERIZATION OF MOLECULES RELATED TO EPIDERMAL GROWTH 
FACTOR, L.M. Mat r i s i an ,  S.R. Planck and B.E.  Magun, Dept. of Anatomy, College of 
Medicine, Un ive r s i ty  of Arizona, Tucson, Arizona 85724 

To b e t t e r  understand t h e  phys io log ica l  r o l e ( s )  of t h e  epidermal growth f a c t o r  (EGF)-receptor 
system, we examined a number of b i o l o g i c a l  t i s s u e s  f o r  f a c t o r s  belonging t o  a p u t a t i v e  "EGF- 
c l a s s "  of f a c t o r s  def ined  by t h e  a b i l i t y  t o  compete wi th  mouse EGF f o r  i t s  plasma membrane 
r ecep to r .  
r e f e r r e d  t o  as Factor I and Fac tor  11. Factor  I and Fac tor  I1 were i s o l a t e d  by t h e  fo l lowing  
series of chromatographic s t e p s :  
g e l  f i l t r a t i o n  HPLC, and r eve r se  phase HPLC. I n  t h r e e  of t h e  fou r  s t e p s ,  t h e  f a c t o r s  chroma- 
tographed d i f f e r e n t l y  from p u r i f i e d  mouse EGF. Factor I and Fac tor  I1 compete wi th  EGF f o r  
t h e  b inding  s i t e  on rat  embryo f i b r o b l a s t s  and are i n t e r n a l i z e d  i n  a manner s i m i l a r  t o  t h a t  
of mouse EGF. Both f a c t o r s  s t i m u l a t e  DNA syn thes i s  i n  quiescent  r a t  embryo f i b r o b l a s t s  and 
are capable  of inducing anchorage independent growth of t h e  same c e l l  type .  The apparent  
molecular weight of bo th  Fac tor  I and Fac tor  I1 is approximately 20,000, as determined by g e l  
f i l t r a t i o n  HPLC. Pept ide  maps of chymotryptic d i g e s t s  of r ad io l abe led  EGF, Fac tor  I ,  and 
Fac tor  I1 revea led  a number of common sequences.  
a l  s p o t s  no t  seen  i n  t h e  EGF map, and d i s t i n c t  d i f f e r e n c e s  between the  maps of Fac tor  I and 
Fac tor  I1 were noted. 
have a precursor-product r e l a t i o n s h i p ,  are coded by d i f f e r e n t  a l l e l e s  of t h e  same gene, o r  
a r e  products  of d i f f e r e n t  genes wi th  t h e  same a c t i v e  s i te .  

Two such f a c t o r s  were i d e n t i f i e d  i n  mouse submaxi l la ry  gland e x t r a c t s ,  and are 

BioGel P-10 chromatography, DEAF,-cellulose chromatography, 

However, Fac to r s  I and I1 conta ined  add i t ion -  

Fur ther  work i s  c u r r e n t l y  underway t o  determine i f  t h e  t h r e e  p r o t e i n s  

0502 INSULIN STIMULATES THE PHOSPHORYLATION OF ITS OWN RECEPTOR; M. Kasuga, Y .  Zick, D. 
B l i t he ,  J .  Roth and C.R. Kahn; J o s l i n  Diabetes Center, Harvard Univ., Boston, Mass. 
02215, and Diabetes Branch and Lab of Mol. Biol. ,  N.I.H., Bethesda, Maryland 20205 

To determine i f  the i n s u l i n  receptor  might undergo phosphorylation, cu l tured human lymphocytes 
and r a t  hepatoma c e l l s  were labeled w i t h  [32P] orthophosphate and exposed t o  i n s u l i n  f o r  
d i f f e ren t  periods of time. 
i n s u l i n  receptor i so la ted  by chromatography on wheat germ agg lu t i n in  agarose and imnuno- 
p r e c i p i t a t i o n  by a serum conta in ing antibody against  i n s u l i n  receptor. The imnunoprecipitates 
were analyzed by SDS-gel electrophoresis and 
receptor s p e c i f i c a l l y  imnunoprecipitated two j jP - labe led  bands w i t h  M r  = 95,000 and 68,000 
When the c e l l s  were incubated w i t h  166M i n s u l i n ,  the 32P-labeling o f  95K band was se lec t i ve l y  
increased by about 250% a t  1 minute and 350% a t  15 minutes. This p ro te in  has been i d e n t i f i e d  
as the 6-subunit of i n s u l i n  receptor by i t s  imnunoprecipitat ion by several d i f f e r e n t  a n t i -  
receptor antibodies and by the fac t  t h a t  i t  migrates i n  the same p o s i t i o n  as the 6-subunit 
o f  the receptor i n  reduced and non-reduced SDS-gels. 
gels and the phosphoaminoacids were determined by paper electrophoresis a f t e r  hydro lys is .  
I n  the con t ro l  c e l l s ,  the only  aminoacid phosphorylated was serine; however, a f t e r  
incubation w i t h  i n s u l i n ,  both o f  phosphoserine and phosphotyrosine were i d e n t i f i e d .  These 
data suggest t h a t  an e a r l y  step i n  i n s u l i n  a c t i o n - i s  phosphorylat ion o f  the 6-subunit o f  
the i n s u l i n  receptor and t h a t  t h i s  react ion may occur on a tyros ide residue. 

The 32P-labeled c e l l s  were so lub i l i zed  i n  T r i t o n  X-100 and the 

toradiographed. Antibody against  the i n s u l i n  

The 95K phosphoprotein was e lu ted from 

0503 THE DESENSITIZATION OF TYROSINE AMINOTRANSFERASE INDUCTION IN HEPATOMA CELLS BY CI- 
CLIC AMP DERIVATIVES, Jonathan D. Smith and A l i c e  Y.-C. L iu ,  Dept. of Pharmacology, 
Harvard Medical School,  Boston, MA 02115 

The induct ion  of t y r o s i n e  aminot ransferase  (TAT) by 1mM 8Br-CAMP i n  quiescent  H-4 rat  hepa- 
toma c e l l s ,  grown i n  monolayer c u l t u r e ,  peaked a t  6 hours  and then  dropped o f f  approaching 
b a s a l  l e v e l s  by 16 t o  24 hours.  The r eadd i t ion  of f r e s h  8Rr-cAMP. 8 t o  24 hours  a f t e r  t h e  
i n i t i a l  8Br-CAMP t r ea tmen t ,  f a i l e d  t o  re induce  TAT a c t i v i t y .  The he tero logous  inducers  
dexamethasone and i n s u l i n  a l s o  f a i l e d  t o  induce TAT a f t e r  16 hours  of pre t rea tment  w i th  1mM 
8Br-cAMF'. Antiserum prepared a g a i n s t  p u r i f i e d  rat l i v e r  TAT w a s  used t o  de te rmine  t h e  rel- 
a t i v e  rates of s y n t h e s i s  and degrada t ion  of TAT i n  c o n t r o l  and 8Br-CAMP p r e t r e a t e d  H-4 c e l l s .  
The r e s u l t s  i n d i c a t e  t h a t  t h e  d e s e n s i t i z a t i o n  could be accounted f o r  by a s p e c i f i c  decrease  
i n  TAT syn thes i s .  With t h e  except ion  of a 65,000 da l ton  p r o t e i n ,  t h e  o v e r a l l  p a t t e r n  of pro- 
t e i n  s y n t h e s i s ,  as determined by SDS polyacrylamide g e l  e l e c t r o p h o r e s i s  of p u l s e  l abe led  pro- 
t e i n s ,  w a s  similar i n  t h e  c o n t r o l  and 8Br-CAMP p r e t r e a t e d  c e l l s .  The d e s e n s i t i z a t i o n  of TAT 
induc t ion  w a s  r e v e r s i b l e ;  s e n s i t i v i t y  towards dexamethasone w a s  apparent  12 hours  a f t e r  t h e  
removal of t h e  c y c l i c  nuc leo t ide .  Only a c t i v e  CAMP d e r i v a t i v e s  (8Br-cAMP and d ibu ty ry l  CAMP) 
were e f f e c t i v e  i n  producing t h e  d e s e n s i t i z a t i o n  of TAT induct ion .  The induc t ion  of o r n i t h i n e  
decarboxylase ,  an enzyme s i m i l a r  t o  TAT i n  i t s  i n d u c i b i l i t y  by both  CAMP d e r i v a t i v e s  and 
g lucocor t i co ids ,  was  a l s o  desens i t i zed  by pre t rea tment  of t h e  c e l l s  w i th  8Br-cAMP. This  
r e sea rch  w a s  suppor ted  by N I H  g ran t  AM 20274 and N I H  t r a i n i n g  g ran t  GM 07258. 
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0504 SERCP? AND EC-a STIMLTATED S s  PPOSPHORYLPTIOb! APlD AITERATION OF mRNA EX- 
PRESSION IN QUIESCENT 3T3 CELLS. George Thomas, Michel Siegmann and 
Gary Thomas. Friedrich Miescher Institute, Basel, Switzerland 

Stimulation of DNA synthesis (measured at 22 hr.) in quiescent 3T3 cells by in- 
creasing concentrations of serum o r  EGF leads to a corresponding increase in 
the extent of 40s ribosomal protein s6 phosphorylation and protein synthesis 
(measured at 2 hr.). All three processes reach saturation between 7.5 to 10% 
serum o r  between to l0-9E EGF. However the response elicited by EGF is 
only a portion of that which is stimulated by serum. In addition to the 
changes in s6 phosphorylation and protein synthesis, there are also many 
marked changes in the pattern of translation during this time. Half of these 
changes are under translational control and are due to the movement of a large 
pool of stored nonpolysomal mRNA into actively translating polysomes. These 
changes are also coupled in a dose responsive manner to increased S s  phosphor- 
ylation and protein synthesis. Furthermore, following stimulation by serum, 
polysomes are more highly phosphorylated than either 80s ribosomes o r  40s sub- 
units (a selection which we have shown is not due to higher rates of phosphor- 
ylation of ~6 when present in polysomes), suggesting that the phosphorylation 
of s6 is involved in facilitating the movement of 80s ribosomes and stored 
nonpolysomal mRNA into actively translating polysomes. Future experiments 
in vivo and in vitro are designed to test this model. -- 

0505 PLATZLET-DERIVED GROWTH FACTOR STIMULATES TYROSINE-SPECIFIC PHOSPHORYLATION OF A 
185 000 DALTON COMPONENT IN HUMAN FIBROBLAST MEMBRANES, 
B. Ek. 8. Westermark, A. Wasteson and C.-H. Heldin, University of Uppsala, Sweden. 

Recent studies have shown that tyrosine-specific protein kinases may be implicated both in 
virus-induced transformation of cells (e.g. with Rous sarcoma virus) and in cellular growth 
stimulation by epidermal growth factor (EGF). Platelet-derived growth factor (PDGF), a 30 000 
dalton protein, is the major growth promoting factor in serum for connective tissue-derived 
cells and glial cells. A high-affinity receptor for PDGF has been demonstrated on these cell 
types. We have investigated if binding of PDGF to its receptor stimulateS2kinase activity. 
Incubation of cell membranes rom human foreskin fibroblasts with PDGF and P-ATP at OOC led 
to a rapid incorporation of 3'P into a limited number of distinct proteins, the major one having 
an apparent molecular weight of 185 000. The phosphorylation was dependent of PDGF concentraticq 
it was de ectable at 125 ng/ml and optimal at 2.5 !?/ml. The reaction required the presence of 
either Mg5+ or Mn2+ ions but was independent of Ca . POGF-stimulated phosphorylation of mem- 
brane proteins was also demonstrable in other POGF-receptor positive cells such as glial cells 
and 3T3-cells, but not in PDGF-receptor negative cells (e.g. epithelial cells). Analysis of 
32P-containing amino acids indicated that PDGF stimulates phosphorylation of tyrosine residues. 
Thus, although PDGF and EGF bind to separate cell surface receptors they may transmit the mito- 
genic signal to the nucleus via similar or identical intracellular events, i . e .  tyrosine-speci- 
fic phosphorylation of certain growth control1 ing proteins. 

0% 
County(UMBC), Ca tonsv i l l e ,  MD 21228 

Vi t e l logen in  (VIT) is s p e c i f i c a l l y  seques te red  i n t o  t h e  developing oocytes  of a l l  
ov ipa r ious  animals.  I n  t h e  l ay ing  hen serum V I T  is  a dimer of two 250k subun i t s .  After 
i n t e r n a l i z a t i o n  V I T  i s  s p e c i f i c a l l y  processed t o  y i e ld  phosv i t in  (PV) and l i p o v i t e l l i n e .  
The r ecep to r  r ecogn izes  t h e  PV moiety of t h e  V I T .  

advantage of t h e  observa t ion  t h a t  t h e  so lub i l i zed  r ecep to r  a c t i v i t y  i s  not r e t a ined  on an ion  
exchange column. For r e c e p t o r  p u r i f i c a t i o n  so lub i l i zed  e x t r a c t s  are preincubated wi th  e i t h e r  
PV o r  VIT and then  appl ied  t o  a DE-52 column. 
a c t i v i t y  i s  r e t a i n e d  on t h e  column, probably i n  t h e  form of a receptor - l igand  complex. 
r e t a i n e d  material can then  be e lu t ed  wi th  a h igh  salt conta in ing  bu f fe r .  
which t h e  s o l u b i l i z e d  e x t r a c t  w a s  p re incubated  wi th  PV, t h e  high s a l t  e lu t ed  material now 
conta ined  PV and two a d d i t i o n a l  p r o t e i n s  of MW 116k and 55k. Trace amounts of seve ra l  o the r  
p r o t e i n s  were a l s o  observed. These r e s u l t s  are i n  dramat ic  c o n t r a s t  t o  experiments in  
which t h e  s o l u b i l i z e d  e x t r a c t  are app l i ed  d i r e c t l y  t o  t h e  column. I n  t h i s  ca se ,  no p r o t e i n s  
were observed in t h e  h igh  sal t  e l u a t e ,  W e  i n f e r  from t h e s e  r e s u l t s  that DE-52 b inds  t h e  
so lub le  r e c e p t o r  l igand  complex. We are c u r r e n t l y  us ing  t h e  h igh  s a l t  e lu t ed  m a t e r i a l  t o  
prepare  an t ibody a g a i n s t  t h e  r ecep to r .  

PURIFICATION OF THE SOLUBILIZED VITELLOGENIN RECEPTOR BY I O N  EXCHANGE AFFINITY 
CHROMATOGRAPHY, John W. Woods and Thomas F. Roth, Un ive r s i ty  of Maryland Baltimore 

Ion  exchange-af f i n i t y  chromatography p u r i f i c a t i o n  of t h e  s o l u b i l i z e d  V I T  r ecep to r  t a k e s  

I n  t h e s e  exper iments  t h e  so lub le  r ecep to r  
Th i s  

I n  experiments in 
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0507 GROWTH REGULATION OF Y-I ADRENAL CORTICAL TUMOR AND OVARIAN 
GRANULOSA CELLS IN COCULTURE, S.A. Murray, C.V. Byus and W.H. Fletcher, 
University of California. Riverside, California 92521. 

Y-1 adrenal cortical tumor cells in solo culture grow aggressively (doubling t ime  
approximately 30 hr.h however, when cocultured with preovulatory phase ovarian granulosa 
cells, Y-1 cell growth is dramatically reduced, if not eliminated. Coculture conditioned 
medium does not cause a similar growth reduction, thus, t he  growth inhibition appears to result 
from a direct contact between t h e  granulosa and Y-1 cells. Cyclic-AMP can depress the  growth 
rate  of Y-1 cells and is thought to communicate between cells via gap junctions. W e  
hypothesized that  a CAMP-dependent protein kinase (CAMP-PK) might be involved in t h e  
regulation of Y-1 cell growth. A fluorescinated conjugate of t he  inhibitor protein of free 
catalytic units, (C) from CAMP-PK was used to  follow cytochemically, the subcellular kinetics 
of kinase dissociation in granulosa and Y-1 cells cultured alone or together. FSH fails to cause 
kinase dissociation in solo cultured Y-1 cells. There is, however, a t ime dependent dissociation 
of C in Y-1 cells contacting FSH stimulated granulosa cells in the  coculture. These findings 
suggest a direct  intercellular transfer of an agent capable of causing the dissociation of CAMP- 
PK could explain the ability of highly differentiated granulosa cells to inhibit the rapid growth 
of Y-1 tumor cells. (Support NIH HD 13-704; CRCC 79Rl l  and AM 073 10-02.) 

0% COMPARISON OF RFEION-SPECIFIC PROTEIN PHOSPHORYLATION SYSTEMS IN BRAIN. 
Ivar Walaas, Yale University, New Haven, CT 06510 

The regional, cellular and subcellular localizations of most of the brain 
cyclic AMP- and calcium-stimulated protein phosphorylation systems are incom- 
pletely known. We have therefore compared the distribution of the cyclic AMP-, 
the calc ium/calmodul in- and the ca lc ium/phos phat idyls er ine -s t imulated protein 
kinase activities and of their respective substrates in particulate and solu- 
ble fractions from 20 microdissected rat brain regions. All particulate pre- 
parations displayed a major calcium/calmodulin-stimulated system, with stri- 
king regional differences in both kinase activities and protein substrates. 
The cyclic AMP-stimulated system displayed cerebellum-specific and basal gan- 
glia-specific particulate substrates, while the calcium/phosphatidylserine- 
stimulated system was almost undetectable in the particulate preparations. 
The latter system was highly concentrated in the soluble preparations, but it 
did not display major regional differences. Similar observations were made on 
the soluble calcium/calmodulin system, while a considerable number of pre- 
viously undefined region-specific soluble cyclic AMP-stimulated phosphopro- 
teins were found, particularly in the dopamine-innervated parts of the basal 
ganglia. Lesion studies suggest that some of the latter proteins may be re- 
stricted to specific nerve cell populations. thus indicating involvement in 
particular functions. 

0509 MEASUREMENT OF INTRACELLULAR RECEPTORS FOR CYCLIC GMP, R.L.  Hurwitz, M.C. Mumby and 
J.A. Beavo, Universi ty  of Washington, SJ-30, S e a t t l e ,  WA 98195 
A t  l e a s t  four  d i f f e r e n t  p ro te ins  have been shown t o  s p e c i f i c a l l y  bind cyc l i c  GMP w i t h  

high a f f i n i t y  and t h e r e f o r e  be implicated as  possible  i n t r a c e l l u l a r  receptors  f o r  cyc l i c  
GMP. 
nucleot ide phosphodiesterase,  3) l i g h t  ac t iva t ed  c y c l i c  GMP phosphodiesterase,  and 4 )  a 
p ro te in  copurifying with another  c y c l i c  GMP phosphodiesterase a c t i v i t y  present i n  p l a t e l e t  
and lung t i s s u e s .  We have produced a n t i s e r a  t o  bovine preparat ions of the f i r s t  two  of 
t hese  p ro te ins  and monoclonal an t ibod ie s  t o  t h e  f i r s t  t h ree  of them. Cross reac t iv i ty  
s t u d i e s  ind ica t e  t h a t  a l l  four p ro te ins  contain d i s t i n c t  an t igen ic  determinants.  The 
monoclonal ant ibodies  a r e  predominately of the IgGl subclass  and have a f f i n i t i e s  of 
lo-% o r  higher. Most of t h e  monoclonal ant ibodies  do not i n h i b i t  enzyme a c t i v i t y  o r  
c y c l i c  GMP binding and t h e r e f o r e  can be used d i r e c t l y  f o r  iimnunotitration analysis .  
Prel iminary experiments i n d i c a t e  t h a t  l e s s  than 10 fino1 of phosphodiesterase can be e a s i l y  
measured by an imnuno ssay procedure u t i l i z i n g  phosphate r e l ease  f rm t h e  cyc l i c  nucleot ide.  
Procedures u t i l i z i n g  $i cMP binding a r e  about 2 orders  of magnitude l e s s  s ens i t i ve .  
These immunoassay procedures allow d i r e c t  measurement of each c y c l i c  GMP receptor  protein t o  
be made i n  crude preparat ions containing more than one of t h e  enzymes. 
useful i n  o the r  s t u d i e s  requir ing comparison, quan t i t a t ion  and l o c a l i z a t i o n  of t h e s e  
proteins .  

These include 1 )  c y c l i c  GMP dependent protein kinase,  2 )  c y c l i c  GMP s t imulated c y c l i c  

They should a l s o  be 
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0510 EVIDENCE FOR ACTIVATION OF CHOLESTEROL ESTERASE FROM CORPUS LUTEUM BY A CAMP-DEPENDENT 
PHOSPHORYLATION PROCESS, K.M.J. Menon and P.  F i t z p a t r i c k ,  Univ.  o f  Michigan, Ann Arbor 

Incuba t ion  o f  l u t e a l  c e l l s  w i t h  LH/hCG increases  the  i n t r a c e l l u l a r  accumulat ion o f  CAMP, 
which i n  t u r n  a c t i v a t e s  CAMP-dependent p r o t e i n  k inase.  To determine an i n t r a c e l l u l a r  sub- 
s t r a t e  f o r  CAMP-dependent p r o t e i n  k inase i n  the  ovary,  we have examined the  phosphory la t ion  
of  cho les te ro l  es te rase,  an enzyme invo lved  i n  the  conversion o f  cho les te ro l  e s t e r  t o  f r e e  
cho les te ro l .  
a Sephadex 6-25 column. 
(1  mM), and 8 Br -CAMP (2.5 pM) r e s u l t e d  i n  a 70% increase i n  cho les te ro l  es te rase a c t i v i t y  
over con t ro l s .  Hal f -maximal concent ra t ions  f o r  s t i m u l a t i o n  f o r  ATP, CAMP, and 8 Br-CAMP were 
0.2 mM, 0.64 pM, and 0.26 pM, r e s p e c t i v e l y .  AMP-PNP was unable t o  s u b s t i t u t e  f o r  ATP. Pre- 
t rea tment  w i t h  E. c o l i  o r  c a l f  i n t e s t i n e  a l k a l i n e  phosphatase r e s u l t e d  i n  a 50% decrease i n  
es terase a c t i v i t y .  Pre incubat ion  w i t h  Mg2+ r e s u l t e d  i n  a time-dependent i n a c t i v a t i o n  o f  t he  
enzyme; t h i s  cou ld  be p a r t i a l l y  b locked by the  phosphoprotein phosphatase i n h i b i t o r s ,  NaF and 
sodium pyrophosphate. Add i t i on  o f  p r o t e i n  k inase i n h i b i t o r  t o  t h e  p re incuba t ion  m i x t u r e  de- 
creased the  a c t i v a t i o n  by ATP and 8 Br -CAMP 50-90%. 
approx imate ly  1 0 - f o l d  by pH 5.2 p r e c i p i t a t i o n  and e l u t i o n  i n  the  vo id  volume o f  a Sephadex 
6-100 column r e s u l t e d  i n  a p repara t i on  t h a t  was dependent on added p r o t e i n  k inase f o r  a c t i v a -  
t i o n .  The a c t i v a t i o n  o f  cho les te ro l  es te rase was due t o  an inc rease i n  Vmax, w i t h  no change 
i n  the  apparent Km. From t h i s  we concluded t h a t  ovar ian  cho les te ro l  es te rase i s  c o n t r o l l e d  
by a CAMP-dependent phosphory la t ion  process. 

The p repara t i on  used was a 100,000 xg supernatant e l u t e d  i n  the  v o i d  volume o f  
Pre incubat ion  o f  t h i s  f r a c t i o n  f o r  1 h a t  37°C w i t h  ATP ( 1  mM), MgC1, 

P u r i f i c a t i o n  o f  cho les te ro l  es te rase 

0511 

Recent ly  the  phosphory la t ion  o f  p r o t e i n s  was discussed as a s e n s i t i v e  index  o f  changes i n  the  
c e l l u l a r  environment, and the  e f f e c t s  o f  t he  p r o t e i n  k inase enzymes a re  be l i eved  t o  p l a y  a 
r o l e  i n  tumor development. - I n v e s t i g a t i o n s  have i n d i c a t e d  t h a t  a r e l a t i o n s h i p  e x i s t s  between 
i n t r a c e l l u l a r  l e v e l s  o f  CAMP and CAMP-dependent p r o t e i n  k inases type  I and t ype  I 1  d u r i n g  
normal and n e o p l a s t i c  growth. Th is  s tudy  demonstrates a s i g n i f i c a n t  a l t e r a t i o n  i n  CAMP-bind- 
i n g  p r o t e i n  (CAMP-BP) p a t t e r n  (R- I  and R-11) o f  human neop las t i c  mamnary t i s s u e  (CA) as com- 
pared t o  normal and d y s p l a s t i c  mamnary t i ssues .  F o t o a f f i n i t y  l a b e l i n g  o f  t h e  CAMP-BP w i t h  
8-N3-/32P/ c y c l i c  AMP revea led  on SDS ge ls  t h a t  R - I  i s  t he  major  CAMP-BP (49 K). I n  c o n t r a s t  
t o  CA no p r o t e o l y t i c  products (37 K and 36 K) can be de tec ted  i n  normal and d y s p l a s t i c  b reas t  
t i ssue .  Only t h e  52 K CAMP-BP (R-11) i s  autophosphorylated. A l l  CAMP-BP, except R-11, have 
apparent K ~ < 1 0 - ~  M and t h e  37 K and 39 K a re  n o t  low a f f i n i t y  CAMP-BPs. R- I1  e x h i b i t s  an 
apparent KD o f  
The r e l a t i v e  r a t i o  o f  R - I  versus R- I1  i s  s i g n i f i c a n t l y  inc reased i n  normal and d y s p l a s t i c  
t i s s u e  as compared t o  CA. It i s  suggested t h a t  i n  normal t i s s u e  CAMP i n t e r a c t s  w i t h  chromat in 
through R - I  and R - I 1  l ead ing  t o  a s p e c i f i c  s t i m u l a t i o n  o f  R- I /R- I1  gene t r a n s c r i p t i o n .  I n  CA 
such s e l e c t i v e  s t i m u l a t i o n  migh t  be a l te red .  

(Th is  research  work was supported by the  Swiss Cancer League, FOR.158.AK.80(4).) 

ALTERED CYCLIC AMP-BINDING PROTEINS I N  HUMAN BREAST CANCER, Urs Eppenberger, Klaus 
Handloser, Willy Kung and Ju rg  Handschin, Department o f  Research and Gynecology, 
U n i v e r s i t y  Medical  School, 4031 Basel, Swi tzer land.  

M. No d i f f e r e n c e  o f  cou ld  be de tec ted  between d y s p l a s t i c  t i s s u e  and CA. 

0512 
S t .  Louis ,  EB) 63110 
Previous  work h a s  e s t a b l i s h e d  t h a t  ep idermal  growth f a c t o r  (EGF) i n c r e a s e s  t h e  phosphoryla- 
t i o n  of its r e c e p t o r  and o t h e r  membrane p r o t e i n s  and t h a t  t h e s e  p r o t e i n s  can  be r a p i d l y  
dephosphoryla ted  by membrane-bound p r o t e i n  phosphatase  (G.  C a r p e n t e r ,  L. King, J r . ,  and S .  
Cohen, J .  B i o l .  Chem. 254, 4884, 1979) .  
p h a t e )  ([35S]ATPyS) i s  e q u a l l y  e f f e c t i v e  as [y32P]ATP as a s u b s t r a t e  f o r  t h e  EGF r e c e p t o r -  
a s s o c i a t e d  p r o t e i n  k i n a s e  i n  A431 membranes. Both t h e  k i n e t i c s  and e x t e n t  of t h e  EGF 
dependent  t h i o p h o s p h o r y l a t i o n  a t  0' are similar t o  t h o s e  o b t a i n e d  w i t h  [ Y ~ ~ P I A T P ,  provided  
t h a t  ATP h y d r o l y s i s  by t h e  membrane p r e p a r a t i o n  i s  i n h i b i t e d  by t h e  a d d i t i o n  of adenos ine  
5'-(B,y-imino) t r i p h o s p h a t e  (App(NH)p). A t  32" t h i o p h o s p h o r y l a t i o n  is only  f i v e  times 
f a s t e r  t h a n  a t  0". The t h i o p h o s p h o r y l a t i o n  r e a c t i o n  r e q u i r e s  Mn++, b u t  d i f f e r s  from t h e  
p h o s p h o r y l a t i o n  r e a c t i o n  i n  t h e  i n a b i l i t y  of Mg++ t o  s e r v e  as a c o f a c t o r .  
phosphoryla ted  and t h i o p h o s p h o r y l a t e d  membrane p r o t e i n s  y i e l d  t h e  same two major bands of Mr 
145-160 x 103 in autoradiograms of  SDS-polyacrylamide g e l  e lec t rophorograms.  
d e p h o s p h o r y l a t i o n  of membrane p r o t e i n s  t h a t  have been t h i o p h o s p h o r y l a t e d  i n  t h e  presence  of 
EGF is  d r a m a t i c a l l y  s lower  (20-40 t imes)  t h a n  t h a t  of t h e  phosphoryla ted  p r o t e i n s  both  a t  0" 
and 32'. 
u s e f u l  f o r  i n v e s t i g a t i o n s  of t h e  r o l e  of p h o s p h o r y l a t i o n  i n  t h e  b i o l o g i c a l  e f f e c t s  of EGF. 

RESISTANCE TO PHOSPHATASE OF THIOPHOSPHORYLATED EPIDERMAL GROWTH FACTOR RECEPTOR IN 
A431 MEMBRANES, Dan C a s s e l  and L u i s  Glaser, Washington U n i v e r s i t y  School of Medicine,  

We r e p o r t  t h a t  [35S]adenos ine  5 ' -0- (3- th io t r iphos-  

Both EGF-dependent 

The rate of  

This i n c r e a s e d  m e t a b o l i c  s t a b i l i t y  of t h e  t h i o p h o s p h o r y l a t e d  p r o t e i n s  w i l l  be 
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0513 
Center and S t .  Lou is  Un ive rs i t y ,  St. Louis, MO 63125 
We have repo r ted  p rev ious l y  (B iochemis t ry  20:3907. 1981; J. B i o l .  Chem. 256:9742, 1981) 
t h a t :  (a )  i n  normal r a t  k idney  (NRK) membranes t h e r e  a re  numerous components whose phos- 
pho ry la t i on  can be s t imu la ted  by epidermal growth f a c t o r  (EGF). Among these phosphopro- 
t e i n s .  two components o f  M r  170K and 150K were p r i m a r i l y  a f f e c t e d  by EGF; and (b )  down reg- 
u l a t i o n  of EGF recep to rs  i n  FRK c e l l s  by EGF r e s u l t s  i n  a s p e c i f i c  decrease i n  phosphoryia- 
t i o n  o f  t h e  170K- and 150K-dalton membrane components t o  subsequent s t i m u l a t i o n  w i th  EGF i n  
v i t r o .  We have r e c e n t l y  found t h a t  t r a n s f e r r i n  added t o  c u l t u r e d  NRK c e l l s  p o t e n t i a t e s  t h e  
EGF-dependent i n  v i t r o  phosphory la t ion  o f  t h e  150-170K M r  membrane p ro te ins .  Th is  enhance- 
ment o f  t h e  EGF-dependent phosphory la t ion  o f  t h e  150-170K M r  membrane p r o t e i n s  by t r a n s f e r -  
r i n .  was dependent on temperature, t r a n s f e r r i n  concent ra t ion ,  t ime,  and c e l l  dens i ty .  These 
data suggest t h a t  modu la t ion  o f  phosphory la t ion  o f  s p e c i f i c  membrane p r o t e i n s  by t r a n s f e r r i n  
may be impor tan t  i n  r e g u l a t i n g  t h e  c e l l s  subsequent s e n s i t i v i t y  t o  EGF. i n  add i t i on ,  we 
present t h e  f o l l o w i n g  observa t ions  w i t h  A431 ce l  I s :  ( a )  EGF-induced down r e g u l a t i o n  o f  EGF 
recep to rs  i n  A431 c e l l s  a l s o  r e s u l t s  i n  a s p e c i f i c  decrease in  32P-phosphorylat ion o f  t h e  
170K- and 150K-dalton components t o  subsequent s t i m u l a t i o n  w i t h  EGF i n  v i t r o ;  (b )  imnunolo- 
g i c a l  s tud ies  showed t h a t  t h e  reduc t i on  o f  EGF-dependent 32P-phosphorylat ion o f  t h e  150-170K 
da l ton  d u p i e t  i s  due t o  a decrease i n  t h e  number o f  a v a i l a b l e  150-170K da l ton  molecules i n  
t h e  c e l l  sur face  membranes. These and o ther  data suggest t h a t  t he  150-170K da l ton  
phosphoproteins disappear from t h e  c e l  I su r face  by c e l l u l a r  i n t e r n a l i z a t i o n .  

MODULATION OF EPiDERMAL GROWTH FACTOR-DEPENDENT PHOTEIN PIIOSPHORYLATION IN CELL 
MEMBRANE PREPARATIONS BY RECEPTCR DOWN REGULATION, J.A. Fernandez-Pol. VA Medical 

0514 A GROWIH FACPOR ACPIVABLE AM) AMIIDUDE SmSITIVE Na+/H+ 
coupLIEx: 'I0 P m I N  PKSPHORYLATION, Jacques p o u y S s ~ ,  Jean-Uade chambard and 
Sonia P a r i s ,  Centre de Biochimie,  r3m.5, Parc Valrose, 06034 N i c e ,  France. 

I N  FIBROBLASPS - 
Serum deprivation arrests Chinese hamster lung fibroblast cells (cc139) in the GO/G1 phase of 
the cell cycle. Weinitiation of DNA synthesis by s- or  the canbination of insulin (1- 
10 pg/lnl) w i t h  either *in, PEF, EW is preceedeed by very early stimulation of ionic 
fluxes CNa+/Rb? and protein phosphorylation (27K daltcm, 62K daltcm and the rihosaMl S6 
proteins). 
served w i t h  the early biochanical events : stimulation of Na+ influx and pbspbrylat ion of 
S6. 
tors as well as a pssible link tetween ionic fluxes and protein p b s p b q l a t i o n .  
reprt that CC139 cells possess a Na+/H+ exchanger in the plasm mmbrane. 
specific for  Na', Li+and is highly sensitive to amiloride (half inhibition of K' extrusion 
rate, D50, is obtained w i t h  3-10 pM amiloride). 
so b l i s h e d  both the growth factor-stimulated Na+ influx and S6 protein phospbrylation in  
the same range of mncentration. 
Therefore, we propose that one of the f i r s t  pst-receptor steps of growth factor action is 
the activation of an amiloride sensitive Na+/H+exchanqer. H c w e v e r ,  since the dissipation 
of H +  gradients, w i t h  DNP or CCCP, inhibited growth factor-stimulation of S6 phosphoryla- 
t ion,  we suggest that an increase in intracellular pH is one of the key signals delivered 
by growth factors. 

The synergistic effect  of thranbin and insdin seen on DNA synthesis is also ob- 

This synergy suggests that a very early convergent pathway exists for these growth fac- 
we IK~W 

This exchaqer is 

Interestingly, we found that amiloride al- 

0515 THE EFFECT OF INSULIN ON PROTEIN PHOSPHORYLATIONS I N  SARCOLEMMA 
MEMBRANES FROM SKELETAL MUSCLE, Ot to  Walaas, Robert  S .  Horn and 
Arne N .  Wick, I n s t i t u t e  of Medical Biochemistry,  Un ive r s i ty  of Oslo, 
Norway, and C a l i f o r n i a  Metabol ic  Research Foundat ion,  La J o l l a .  

The p o s s i b i l i t y  t h a t  membrane p r o t e i n  phosphory la t ions  a r e  i n i t i a l  e v e n t s  i n  
t h e  r e c e p t o r  mediated a c t i o n  o f  i n s u l i n  have been s t u d i e d .  Sarcolemma mem- 
b ranes  were incuba ted  wi th  32-P-y-ATP + Mg i n  the absence and t h e  presence 
of  i n s u l i n  and 32-P-labeled p r o t e i n s  i d e n t i f i e d  by PAGE i n  t h e  presence of 
SDS. I t  has  been shown t h a t  i n s u l i n  promotes inc reased  phosphorylat ion of a 
membrane p r o t e o l i p i d  of  M r  15000. A f t e r  d e l i p i d a t i o n  of t h e  p r o t e o l i p i d  a 
32-P-labeled s u b u n i t  of M r  3500 has  been i s o l a t e d  and c h a r a c t e r i z e d  wi th  
r e s p e c t  t o  amino a c i d  composi t ion.  Th i s  e f f e c t  by i n s u l i n  was a t t r i b u t e d  t o  
s t i m u l a t i o n  of  a membrane-bound c y c l i c  AMP-independent p r o t e i n  k inase .  Thc 
s t i m u l a t o r y  e f f e c t  o f  i n s u l i n  on t h i s  p r o t e i n  k inase  a c t i v i t y  was enhanced 
by GTP. I n s u l i n  a l s o  e x e r t s  an e f f e c t  on t h e  phosphorylat ion of a membrane 
p r o t e i n  o f  Mr 90 0 0 0 .  By incuba t ion  of  t h e  membrane i n  t h e  presence of 
i n s u l i n  phosphory la t ion  of  t h i s  p r o t e i n  w a s  decreased.  The e f f e c t  w a s  n o t  
dependent upon c y c l i c  AMP. The decreased phosphory la t ion  o f  t h i s  p r o t e i n  due 
t o  i n s u l i n  could be a t t r i b u t e d  t o  an inc reased  r a t e  of dephosphorylat ion.  
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0516 
MDCK ce l l s  transformed with Harvey sarcoma virus selectively lose glucagon receptors and re -  
sponsiveness as compared t o  the parental l ine.  
these cells with butyrate, a process which requires the de novo synthesis of protein. Glucagon 
responsiveness can also be induced i n  transformed ce l l s  with prostaglandin E l  (PGEl) , a potent 
activator of MDCK c e l l  adenylate cyclase, and RO 20-1724, an inhibitor of phosphodiesterase 
(PDE), but not by cholera toxin. In addition, exogenous cyclic PAP (1 M) prevents the PGEl 
and RO 20-1724 mediated induction. The cyclic AMP response of transformed ce l l s  to  PGEl is  
maximal a t  10 124 and half maximal a t  1 nM, while its effect  on induction is  undetectable a t  
1 n‘4, maximal a t  10 nV and declines a t  higher concentrations. 
gon responsiveness by RO 20-1724 i s  also biphasic, being maximal a t  100 nV and declining a t  
both higher and lower concentrations, while its K i  for PDE is 100 n”l, with no detectable inhib- 
i t ion  below 1 nM, where par t ia l  induction of glucagon responsiveness is still  evident. The 
data suggest that while cyclic AMP levels a re  increased during maximal induction by PGEl and 
RO 20-1724, cyclic AMP does not to ta l ly  mediate the induction of glucagon responsiveness in 
transformed ce l l s  and higher concentrations of cyclic AMP may actually inhibit  the induction 
by these agents. 

ROLE OF CYCLIC AMP IN THE IND’JCl‘ION OF GLllCAGON RESPONSIVENESS I N  CANINE KIDNFi CELLS. 
Suzanne K. Beckner and Michael C. Lin, NIH, Bethesda, MD 20205. 

Glucagon responsiveness can be restored t o  

Similarly, induction of gluca- 

0517 DIBUTYRYL CYCLIC AMP INDUCED EXPRESSION OF A CHEMOTACTIC RECEPTOR 
DURING M-ID DEVEMPMENT, James Niede l  and Thomas Chap l insk i ,  

Duke U n i v e r s i t y  Medical Cen te r ,  Durham, N.C. 27710 

Human promyelocyt ic  leukemia cel ls  (HL -60) d i f f e r e n t i a t e  i n  t i s s u e  c u l t u r e  
a f t e r  t r e a t m e n t  w i t h  analogs of c y c l i c  AMP o r  s u b s t a n c e s  which r a i s e  i n t r a -  
c e l l u l a r  l e v e l s  of CAI@. The e a r l i e s t  obse rvab le  Change is  t h e  s y n t h e s i s  and 
e x p r e s s i o n  on t h e  plasma membrane of t h e  fo rmyl  p e p t i d e  chemotac t i c  recep-  
t o r .  The increase i n  s u r f a c e  r e c e p t o r  can be d e t e c t e d  w i t h i n  2 h r s .  a f te r  
t r e a t m e n t  and con t inues  l i n e a r l y  f o r  48-72 h r s . ,  r e a c h i n g  a maximum d e n s i t y  
o f  250,000 r e c e p t o r s / c e l l (  a d e n s i t y  5-fold greater t h a n  t h a t  s e e n  on p e r i -  
p h e r a l  blood n e u t r o p h i l s .  Cycloheximide (0.3-3 pg/ml) causes  a p a r a l l e l  
i n h i b i t i o n  of p r o t e i n  s y n t h e s i s  and r e c e p t o r  expres s ion .  The c o n s t a n t  pre-  
s ence  of cAMP is n e c e s s a r y  for r e c e p t o r  e x p r e s s i o n  and no f i n i t e  commitment 
e v e n t  occurs .  The supe rox ide  r e sponse  and c e l l  adherence  develop  on day 2 
and a r e  maximal by day 4. Morphological changes a l s o  occur  a f t e r  day 2 ,  b u t  
few of t h e  c e l l s  deve lop  beyond t h e  metamyelocyte stage. A t  24 h r s . ,  t h e  
r e c e p t o r  i s  coupled t o  t h e  mechanism f o r  lysosomal enzyme s e c r e t i o n .  Recep- 
t o r s  f o r  i n s u l i n ,  phorbb l  d ibu ty ra t e , ,&adrene rg ic  l i g a n d s  and t h e  Fc p o r t i o n  
of I g G  do n o t  change d u r i n g  CAMP induced ma tu ra t ion .  

0518 

The granulosa cell of the ovarian follicle provides a valuable model for studies on honnone- 
induced cellular differentiation. During follicle maturation, FSH induces and maintains re- 
ceptors for LH, prolactin, and gonadotropin-releasing hormone (GnRH), and these actions of 
FSH are expressed in vltro during 2-day culture of undifferentiated granulosa cells from 
ovaries of h y p o p h y z c s e d  estrogen-treated immature rats. This Induction by PSH of plas- 
ma membrane receptors was reproduced by 8-Bromo-CAMP and agents which activate adenylate cy- 
clase, such as cholera toxin and prostaglandins. The concentration-response curves for both 
PSH and cholera toxin indicated that amounts of the agonist which elevated LH receptors also 
stimulated adenylate cyclase activity. Submexima1 concentrations of hormones added together 
were supra-additive for CAMP and LA receptor production, while hormone levels stimulating 
maximal bioactivity alone were not additive in combination. Conversely, peptide inhibitors 
of PSH-induced CAMP accumulation, such as GnRH or EGP, also prevented LH receptor formation 
in a concentration-dependent manner. The inhibition of both CAMP and LH receptor formation 
by GnRH and EGF occurred during the second day of culture, and was caused by increased CAMP 
catabolism and decreased CAMP biosynthesis, since these peptides enhanced phosphodieterase 
activity and reduced adenylate cyclaae activity in FSH-treated cell cultures. These results 
indicate that gonadotropic Induction of heterologous hormone receptors in the ovarian granu- 
losa cell occurs through CAMP-dependent pathways, and that inhibitory peptides such as GnRH 
and EGP prevent receptor formation by impairing CAMP accumulation. 

HORMONE RECEPTOR EVOLUTION IN THE OVARIAN GRANULOSA CELL: INDUCTION BY CYCLIC AMP 
Michael Knecht and Kevin Catt, Endocrinology and Reproduction Research Branch, 
NICHD. Bethesda, MD. 20205 

104 



Evolution of Hormone-Receptor Systems 

COMPARISON OF NEUROSPORA AND MAMMALIAN CYCLIC AMP CONTROL SYSTEMS 
Mar t i n  L. P a l l ,  Gary Rosenberg, and James M. T r e v i l l y a n  

0519 

s t r i k i n g  s i m i l a r i t i e s  t o  the mamnalian contro l  system. The m e m b r a n e - d y - y c l a s e  
of Neurospora shows a magnesium-dependent, guanine nucleotide-st imulated a c t i v i t y  which 
i s  more l a b i l e  than i s  the manganese dependent a c t i v i t y .  These r e s u l t s  show t h a t  the Neuro- 
spora enzyme has a guanine nucleotide-binding component which i s  s i m i l a r  t o  but  more l a b i l e  
than the mamnalian G/F component. The c y c l i c  AMP-dependent p ro te in  kinase o f  Neurospora 
a l so  c lose ly  resembles the mamnalian enzyme. The regulatory  subunit o f  Neurospora i s  very 
s i m i l a r  t o  the mamnalian type I regulatory  subunit i n  subunit molecular weight (47,000). 
PI (5.4), number o f  c y c l i c  AMP binding s i t e s  (2) ,  Stokes rad ius (46 A"), and other  physical 
proper t ies.  F ina l l y ,  evidence w i l l  be presented suggesting t h a t  c y c l i c  AMP s t imu la t i on  o f  
glycogenolysis occurs i n  Neurospora. 
cont ro l  system has been h igh l y  conserved i n  eukaryotic evolut ion.  

Washington State Univers i ty ,  Pullman, WA 99164 
Three proper t ies o f  the c y c l i c  AMP contro l  system o f  the fungus Neuros ora crassa show 

A l l  three o f  these studies suggest t h a t  the c y c l i c  AMP 

0520 cAMP IN THE DEVELOPMENT OF THE SIMPLE EUKARYOTE DICTYOSTELIUM DISCOIDEUM, Ben 
H. Le i ch t l i ng ,  I rene Majer fe ld ,  Donna S .  Coffman and Howard V. Rickenberg, 
National Jewish Hospi ta l  E Un ive rs i t y  o f  Colorado Health Sciences Center, 
Denver. CO 80206 

The c e l l u l a r  sl ime mold D i c t  oste l ium discoideum grows as u n i c e l l u l a r  amoebae. Deprivation 
o f  nu t r i en ts  i n i t i a t e s  a-1 program which includes the formation o f  m u l t i c e l l u l a r  
aggregates and the d i f f e r e n t i a t i o n  o f  the ameobae i n t o  two c e l l  types, spores and s t a l k  
c e l l s .  cAMP acts  both as the chemotactic agent and as i n t r a c e l l u l a r  e f f e c t o r  o f  development. 
We have i d e n t i f i e d  a membranal p ro te in  o f  42,000 daltons which can be photolabeled w i t h  
P32-8n GTP and a l so  i s  a subst rate f o r  cholera tox in-s t imulated ADP-ribosylation. This 
putat ide G-protein, u n l i k e  c e l l  surface receptors and adenylate cyclase a c t i v i t y  which 
increase g rea t l y  dur ing development, i s  present a t  the same leve l  i n  growing and developing 
amoebae. The G-protein may p lay a ro le ,  add i t i ona l  t o  t h a t  o f  comnunicating cAMP receptor 
occupancy t o  the adenylate cyclase, i n  vegetative amoebae. 
A CAMP-dependent p ro te in  kinase has been p a r t i a l l y  p u r i f i e d  from developing c e l l s  and 
changes i n  the kinase subunits dur ing development. Tfie molecular weights o f  the regula- 
t o r y  and the c a t a l y t i c  subunits, both i n  crude ex t rac ts  and i n  the p a r t i a l l y  p u r i f i e d  
preparations, are d i f f e r e n t  from t h e i r  mamnalian counterparts. A heat-s tab le proteinaceous 
i n h i b i t o r  o f  the kinase has been i so la ted  from the ameobae. 
The r o l e  o f  t he  regulat ion o f  the adenylate cyclase and o f  the CAMP-dependent p ro te in  
kinase i n  the development of Dic tyoste l ium as w e l l  as poss ib le  evolut ionary impl icat ions 
w i l l  be discussed. 

0521 STOICHIOMETRY AND PHOSPHOPEPTIDE ANALYSIS OF EGF-INDUCED EGF RECEPTOR PHOSPHORYLATION 
I N  PURIFIED A431 MEMBRANES, H i lda Chamras, Robin Yeaton, Shintaro Iwashi ta  and C. 

Fred Fox, Department o f  Microbiology and The Molecular Biology I n s t i t u t e ,  Univers i ty  o f  
Ca l i f o rn ia ,  Los Angeles, CA 90024 
Incubation o f  p u r i f i e d  A431 c e l l  surface membranes w i t h  y3'Pi-ATP and EGF leads t o  phos- 
pho ry la t i on  o f  p ro te in (s )  having the  same molecular weight as peptides t h a t  are a f f i n i t y  
labeled w i t h  EGF. 
receptor" i n  a nunber o f  studies. 
receptor band, 145/160 kdaltons, the s to ich iometry  o f  receptor phosphorylat ion i s  r e l a t i v e l y  
low (<  0.5), but  i s  increased t o  greater than 4 i n  preparations i n  which receptor migrates 
as a s i n g l e  band a t  the higher (160 kdalton) molecular weight. 
analysis o f  t r y p t i c  P-peptides produced from receptor phosphorylated i n  membranes reveals 
homology i n  the 145 and 160 kdal ton peptides, but  c e r t a i n  o f  the 11 major P-peptide fragments 
present i n  the 160 kdalton peptide are present i n  reduced amount o r  absent i n  the 145 kdalton 
peptide. 
metry and receptor P-peptide maps w i l l  be presented. 
and MDAA). 

This phosphorylated f r a c t i o n  f r a c t i o n  has been re fe r red  t o  as "EGF 
I n  membrane preparations characterized by a doublet 

Two dimensional f i n g e r p r i n t i n g  

Other in format ion,  i nc lud ing  in f luences o f  detergent on phosphorylation s to i ch io -  
(Supported by grants from USPHS, ACS 
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