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Down Modulation of Receptvrs 
246 REGULATION OF ADENYLATE CYCLASE COUPLED BETA-ADRENERGIC RECEPTORS BY BETA-AUENERGIC 

CATECHOLAMINES. Robert J. Lefkowitz, Lewis T. Uilliams and Lee E. Limbird. 
Departments of Rdicine and BiochemiStry, Duke University, Durham, N.C. 27710 
Direct radioligand binding studies have been used to probe the molecular mechanisms whereby 
agonist catecholamines regulate the function of beta-adrenergic receptors in a model system, 
the frog erythrocyte. The unique characteristics of agonist as opposed to antagonist action 
are 1) the ability to stimulate the adenylate cyclase through the receptor and 2) the ability 
to desensitize the system by alterations induced in the beta-adrenergic receptors. 
properties of agonists are not shared by antagonists, despite the high affinity and speci- 
ficity of antagonists for the beta-adrenergic receptors. 
agonist and antagonist binding is that agonist binding results in the formation of a slowly 

These 

An important difference between 

been studied using the radiolabeled 

high affinity agonist-receptor complex can be dissociated by guanine nucleotides, and the 
order of potency of these nucleotides (Gpp)NHp> GTP> GDP> ATP = GtlP) in promoting dissociation 
is identical to their order of potency in affecting adenylate cyclase. The agonist-receptor 
complex can also be distinugished from the antagonist-receptor complex by gel chromatography 
on AcA 34 Ultragel. 
in rease in apparent beta-adrenergic receptor size. Binding of antagoniSt ( t3H1DHA or 
[~~~I]iodohydroxybenzylpindolol) cannot mimic this change. Binding of [ HIHBI agonist in 
the presence of the guanine nucleotide analog, Gpp(NH)p results in the elution of the radio- 
ligand in the region characteristic of the agonist-receptor complex as well as the region 
characteristic of the antagonist-receptor complex. 
the increase in apparent beta-adrenergic receptor size have not yet been elucidated but 
it has been demonstrated that this increase in receptor size does not represent a physical 
coupling pf the receptor with adenylate cyclase activity. 

Formation of a high affinity receptor complex does not appear to be the sole mechanism 
by which agonists desensitize the catecholamine-sensitive a enylate cyclase system. 

1 HIDHA binding sites cannot be accounted for by rejidually bound [3H]HBI. Also membranes 
from desensitized cells show a comparable loss in 1 HIHBI agonist binding and cate holamine- 

antagonist binding sites (~35-40% decrease). This suggests that in addition to alterations 
in the ligand binding site of the receptor during desensitization alterations in the 
effector or coupling portion of the receptor may occur as well. 

Pretreatment of frog erythrocyte membranes with 13H]HBI results in an 

The molecular events responsible for 

T P ,  when intact frog erythrocytes are desensitized with [ 9 HIHBI the subsequent loss in 
sensitive adenylate cyclase activity (~70% decrease) but a less dramatic loss in s HIDHA 

247 MITOGEN RECEPTOR DEGRADATION AND MITOGENESIS: THE INTERNALIZATION HYPOTHESIS, 
Manjusri Das and C. Fred Fox, Department of Bacteriology, The Molecular Biology 
Institute. University of California. Los Angeles, California 90024 

A maximal biological response to hormones including mitogens is often achieved at a 
concentration which is far below the optimal concentration required for binding to cell 
surface receptors. . Epidermal growth factor (EGF), an extremely potent polypeptide mitogenic 
hormone, exerts its maximal growth. stimulatory effects at a concentration which is less than 
one-fifth the concentration required for half maximal saturation for binding to receptor 
sites (1). In order to explain this deviation and to gain insight into the transduction 
mechanism relating hormone binding to bioactivity, we examined the physiological fate of 
receptor following binding of EGF. 

An affinity labeling technique used previously for identification and specific 
radiolabeling of a membrane receptor for EGF (2) was exploited further to obtain murine 3T3 
cells carrying an 'in situ' radiolabeled EGF receptor. Incubation of these radiolabeled 
mouse 3T3 cells at 37" resulted in a time dependent loss of radioactivity from the 
EGF-receptor covalent complex (M 190,000). The radioactivity lost could be 
quantitatively accounted for in fhree lower molecular weight bands (M 62.000. 47,000 and 
37.000) which appeared during the degradative process. 
(M 190,000) on intact cells was accessible to the action of trypsin at 4". 
de8radation products were. however, inaccessible to trypsin and banded with the lysosomes 
upon subcell ul ar fractionation. The kinetics of degradatf on, of radi olabeled receptor were 
the same as those describing the rate of 'down regulation , 1.e.. the reduction of binding 
activity induced by EGF. An endocytic pathway for receptor renoval implies that there will 
be a shift i n  the equilibrium of the binding reaction towards formation of additional 
hormone-receptor complex. so that even at a very low steady-state receptor occupancy. there 
will ultimately be a large reduction in the level o f  receptor on the cell surface. A study 
o f  the relationship between EGF induced 'down regulation' (or receptor degradation) and 
stimulation of DNA synthetic activity showed that both of these processes were 
half-maximally stimulated at the same low concentration of EGF (about 0.1 nM) which was 
insufficient to occupy even 10% of the total receptor sites. 
concentrations of EGF. suboptimal for binding, but optimal for biological activity, there is 
a slow and continuous process of receptor internalization and degradation. and that this 
process may be responsible for the intracellular accumulation of an active substance 
essential for the proliferative response. 

The cross1 inkgd EGF-receptor complex 
The 

These data indicate that at 

1 )  Carpenter, 6. and Cohen, S. (1976) J. Cell. Biol. 71. 159. 
2) Das. H., Miyakawa. T., Fox, C.F. Pruss. R.M., Aharzov. A. and Herschman. H.R. (1977) 
Proc. Natl. Acad. Sci. USA 3, 2790. 

99 



2 4  
Dal las ,  Da l l a s ,  Texas 75235. 
\ h e n  cu l tu red  mamnalian c e l l s  a re  i n  need of '  cho le s t e ro l  t o  support  plasma membrane 
syn thes i s ,  they synthes ize  a c e l l  su r f ace  receptor  t ha t  binds low d e n s i t y  l i p o p r o t e i n  
(LDL) the  major c h o l e s t e r o l  t r anspor t  p ro t e in  i n  plasma. Binding of LDL t o  t h i s  receptor  
i s  the i n i t i a l  event  i n  a proLess by which the c e l l  i n t e r n a l i z e s  the l i popro te in  through 
adsorp t ive  endocytos is ,  the  l i popro te in  i s  hydrolyzed wi th in  c e l l u l a r  lysosomes, and t h e  
cho le s t e ro l  of the l i popro te in  i s  made ava i l ab le  fo r  membrane syn thes i s  w i th in  the c e l l .  
The LDL r ecep to r s  a re  loca l i zed  i n  d i s c r e t e  reg ions  of the plasma membrane c a l l e d  "coated 
p i t s . "  Each coated p i t  i n t e r n a l i z e s  t o  form an endocyt ic  v e s i c l e  every  7 t o  10 minutes.  
The number of LDL r ecep to r s  i s  t i g h t l y  regula ted .  Thus, when c e l l s  a re  i n  need of 
cho le s t e ro l  a s  a r e s u l t  of p r i o r  growth i n  c h o l e s t e r o l  - dep le t ed  medium, the  c e l l s  
syn thes i ze  la rge  numbers of r ecep to r s  (about 15,000 per  c e l l ) .  In  c o n t r a s t ,  when the  
cho le s t e ro l  requirements of the  ce l l  a r e  s a t i s f i e d ,  t he  syn thes i s  of the LDL r ecep to r  is 
suppressed. Under t h e s e  cond i t ions ,  t he  c e l l s  express  fewer than 1500 r ecep to r s  per  
c e l l .  Although each r ecep to r  on the c e l l  su r f ace  i s  i n t e r n a l i z e d  every 10 minutes,  the 
half-t ime fo r  decay of  r ecep to r  a c t i v i t y  in  the  presence of cycloheximide is  on the  o rde r  
of 15 hours. T h i s  observa t ion  sugges ts  t ha t  LDL r ecep to r s  a re  r e u t i l i z e d .  Recent s t u d i e s  
on the  mechanism of r egu la t ion  of the  syn thes i s  of the LDL r ecep to r  w i l l  be d iscussed .  

MODULATION OF LDL RECEPTOR ACTIVITY, Michael S. Brown, and Joseph L. Colds te in ,  
Department of Molecular Genet ics ,  Univers i ty  of Texas Health Science Center a t  

Mitogem 

249 EFFECTOR-RECEPTOR RELATIONSHIPS I N  MITOGENESIS. Harvey R .  Herschman, Rebecca M. 

Dept. of Bio logica l  Chemistry, Univ. of C a l i f o r n i a ,  Los Angeles, Los Angeles, C a l i f .  90024 

i n s u l i n ,  epidermal and f i b r o b l a s t  f a c t o r s ,  p ros tag landin  F ~ L Y  and phorbol myr i s t a t e  a c e t a t e .  
In orde r  t o  determine whether ( i )  a l l  c e l l  l i n e s  respond s i m i l a r l y  t O  a phalanx of p o t e n t i a l  
mitogens, and ( i i )  any of t hese  agen t s  a r e  "un ive r sa l  mitogens", we have cha rac t e r i zed  the  re- 
sponse of Swiss 3T3 and the  two C3H der ived  c e l l  lines, M 2  and 10T1/2, t o  t h i s  group of mito- 
gens. Each c e l l  l i n e  demonstrated a unique response  spectrum. EGF and FGF were a c t i v e ,  a l -  
b e i t  i n  vary ing  degrees ,  on a l l  four  c e l l  l i n e s .  

t e m  f o r  t he  molecular a n a l y s i s  of mitogen-induced p r o l i f e r a t i o n  of r e s t i n g  c e l l s .  The mito- 
gen is  e a s i l y  p u r i f i e d  i n  l a r g e  q u a n t i t i e s ,  and has  been we l l  cha rac t e r i zed ,  i nc lud ing  se- 
quence de te rmina t ion .  A s e n s i t i v e  r ad io recep to r  assay  has  been developed i n  s e v e r a l  labora- 
t o r i e s ,  inc luding  our own, f o r  t he  measurement and c h a r a c t e r i z a t i o n  of EGF recep to r s .  

developed a procedure f o r  s e l e c t i n g  mitogen s p e c i f i c  non-p ro l i f e ra t ive  v a r i a n t s  of 3T3 c e l l s  
[Pruss and Herschman, Proc.  Nat. Acad. Sc i .  US 76 3918 (1977) l .  
t o  EGF bu t  s t i l l  r e t a i n  a p r o l i f e r a t i v e  response t o  o the r  mitogens have been i s o l a t e d .  A l l  
v a r i a n t s  i s o l a t e d  a r e  missing the  EGF r ecep to r .  A l t e rna t ive  models f o r  mitogen induced pro- 
l i f e r a t i o n  w i l l  be presented  and d iscussed  i n  the  l i g h t  of t hese  da t a .  The use  of t hese  var- 
i a n t s  i n  a v a r i e t y  of s t u d i e s ,  inc luding  r ecep to r  s p e c i f i c i t y ,  s u r f a c e  a l t e r a t i o n s  i n  mito- 
genes i s  and v i r a l  t ransformat ion  w i l l  be descr ibed .  

s u r f a c e  EGF recep to r s .  The t i m e  course  and concen t r a t ion  dependence of  t h i s  "down regu la t ion"  
response w i l l  be d i scussed ,  a long  wi th  an  eva lua t ion  of t h e  na tu re  of t he  remaining r ecep to r s .  
What i s  the  r o l e  of t h i s  r ap id  loss of EGF r ecep to r s  when na ive  c e l l s  a r e  exposed t o  EGF? 
Severa l  experimental  approaches t o  t h i s  problem w i l l  be d i scussed ,  sugges t ing  t h a t  massive 
receptor  loss  is n e i t h e r  necessary  nor s u f f i c i e n t  f o r  EGF induced mi togenes is .  

Pruss ,  Dennis S .  Passovoy, and Aharon Aharonov. Laboratory of Nuclear Medicine, and 

Mitogenic a c t i v i t y  f o r  i nd iv idua l  murine embryo c e l l  l i n e s  has  been repor ted  f o r  c o r t i s o l ,  

EGF-stimulated d i v i s i o n  of conf luent  S w i s s  3T3 c e l l s  appears  t o  be the  most promising sys- 

We have taken a gene t i c  approach t o  the  ques t ions  of growth f a c t o r  induced mi togenes is ,  and 

Var ian ts  which do no t  respond 

EGF admin i s t r a t ion  t o  quiescent  3T3 c e l l s  l eads  t o  a r ap id  r educ t ion  of 60-80% of the  c e l l  

Supported by Grant CA-15276 (NCI) and Cont rac t  EY-76-03-0012 from the  Energy Research and 
Development Adminis t ra t ion .  A.A. is  a Chaim Weizmann Fellow; R.M.P. w a s  suppor ted  by t r a i n -  
ing g r a n t s  GM-0034 and T32-CA-09056. 
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2% 

l i c  Health, Boston, '!A 02115 
Serum can be fract ionated in to  2 s e t s  of comoonents. 
rived orowth fac tor  (PDGF); and 2 )  platelet -poor  plasma. 
s t imulate  the repl icat ion of quiescent Balb/c-?T3 c e l l s  f o r  the Duraose of analyzino the 
events of the ce l l  cycle. PDGF i s  a polvpeptide w i t h  a molecular weioht of 13,000 and an i s *  
e l e c t r i c  point of 9.7 (1). 
PDGF, while platelet -poor  plasma has 10 ncr/ml o r  l e s s  (2) .  
nrowth of Balb/c-3T3 c e l l s ,  but does support the nrowth o f  c e l l s  transformed by either RNA o r  
DNA tumor viruses .  
c e l l s  t o  synthesize DIW, plasma i s  r e w i r e d  f o r  oatimal stimulation of DNA synthesis .  
t r a c t s  of heat-treated human p l a t e l e t s  function synerq is t ica l ly  w i t h  plasma t o  induce DNA 
synthesis i n  quiescent c e l l s .  
the  ce l l  cvcle ,  but the r a t e  o f  ent ry  in to  the S phase is  a function of  the concentration of 
plasma. The time required t o  induce competence i s  a function of the p l a t e l e t  ex t rac t  concen- 
t r a t i o n .  The e n t i r e  populatign becomes compehent t o  en ter  the S phase a f t e r  a 2 hr exposure 
to  the p l a t e l e t  ex t rac t  a t  37 ; whereas, a t  A o r  25O, the c e l l s  do not become competent t o  
svnthesize DNA. The p l a t e l e t  ex t rac t  induced comnetent s t a t e  is  s t a b l e  f o r  a t  l e a s t  13 hrs 
a f t e r  removal of the  p l a t e l e t  ex t rac t ;  however, i n  the absence of  plasma, these  competent 
c e l l s  do not prowess throuah the ce l l  cycle. The addition of an optimal concentration of 
plasma (5%) t o  competent c e l l s  i n i t i a t e s  ce l l  cycle t raverse  w i t h  the  rapid,  f i r s t -order  
entry of  c e l l s  in to  the S phase, beninninn 12 hr a f t e r  the addi t ion of plasma. Addition of  a 
suboptimal concentration o f  plasma (0.25%) does not increase the r a t e  of entry i n t o  the S 
phase. Treatment of c e l l s  w i t h  plasma (5%),  before the addition of  the p l a t e l e t  e x t r a c t ,  
does not shorten the l a t e n t  period for  e n t r y  in to  the S phase (3) .  
s is  i n  quiescent Balb/c-3T3 c e l l s  can be resolved in to  a t  l e a s t  2 phases, control led by 
d i f fe ren t  serum components: 
c e l l s  in to  the ce l l  cycle ,  mediated by factors  i n  platma (3) .  
the a b i l i t y  to  nrow i n  plasma lackinn PDGF. 

1. Antoniades, H . N . ,  Stathakos, D., and Scher, C . D .  (1975) Proc. Natl. Acad. Sci .  U.S.A. 

2.  Gtoniades ,  H . N . ,  and Scher, C.D. (1977) Proc. Platl. Acad. Sci .  U.S.A. 74, 1973-1977. 
3. Pledoer, 'I .J.,  S t i l e s ,  D . C . ,  Antoniades, and Scher, C . D .  (1077) Proc. Mag. Acad. Sci .  

REGULATIOFI OF THE ~IAWALIAN CELL CYCLE R Y  A PLATELET DERIVED GROllTH FACTOS, C.O.  
Scher, C . D .  S t i l e s ,  H.N.. Antoniades, and 1 J . J .  Pledoer', Sidney Farber Cancer I n s t i -  
t u t e ,  Harvard Medical School, and Center f o r  Blood Research, Harvard School of  Pub- 

1) a heat (100') s t a b l e  p l a t e l e t  de- 
Ite have used these components t o  

A radioimunoassav demonstrates t h a t  serum contains 50 no/ml of 
Plasma does not s t imulate  the  

Althouall hinhly purif ied preparations of PDGF alone s t imulate  Balb/c-3T3 
Ex- 

Cells exposed t o  p l a t e l e t  ex t rac ts  become competent t o  en ter  

Induction of DNA synthe- 

1) competence, induced by PDGF; and 2 )  prooression of competent 
Viral-transformed c e l l s  have 

72, 2635-2639. 

U.S.A. 74, 4481-Wi5. 
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Steady state and kinetic binding studies of lz5I-NGF to cell dissociates from sensory ginglia 
of 8-day-old chick embr 
constants K (1)=2.3~10-~*M and K (11)=1.7xlO- M. Dissociation of 
even i n  thedpresence of saturatiig amounts of cold NGF, is  biphasic. 
ratio of fast to slow dissociating components varies with the relative occupancy of the two 
sites as predicted from the equilibrium data supports the concept of independent-receptor 
populations. Several lines of evidence suggest that binding of NGF to site I receptors is  
required for neuronal differentiation. Half maximal stimulation of neurite outgrowth from 
single cells by NGF occurs at 10% occupancy of site I and only 0.1% occupancy of site 11. 
B i s  desarginine NGF shows unaltered affinity for site I but a 10-fold reduced affinity for 
site I1 yet retains full biological activity. Developmentally site I appears only at the 
embryonic age where the sensory neurons become susceptible t o  the action of NGF. In addition 
site I does not occur on non-neuronal cells from sensory ganglia but is  enriched proportion- 
ately on neurons when the latter are separated from non-necronal cells by means of their 
decreased ability to absorb to plastic culture dishes. Little is known about the physiolog- 
ical function of the lower affinity binding sites 11. They are present on non-neuronal 
cells as well as neurons in sensory ganglia and are found at earlier developmental stages 
than site I. It i s  possible that site I1 is a receptor for another, unidentified, avian 
hormone, with which NGF cross-reacts or alternatively it may be involved in NGF uptake. 

N E R V E  GROWTH FACTOR RECEPTORS A N D  NEURONAL DIFFERENTIATION. Eric M. Shooter, Arne 
Sutter, R .  J. Riopelle, aad Ronald M. Harris-Warwick. Dept. Neusobiol. Stanford Univ. 
Sch. Med.; Stanford, CA 94305. 

show t w o  distinct, gaturable binding sift7 with dissociation 
I-NGF from the cells, 
The finding that the 
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252 REGULATION OF HEMATOPOIETIC CELL DIFFERENTIATION AND PROLIFERATION 
BY COLONY STIMULATING FACTORS, Antony W. Burgess, Donald Metcalf and Suzanne M. 
Watt, Cancer Research Unit, Walter and Eliza Hall Institute, Parkville, Australia, 3050. 

Cloning techniques in semisolid medium have been developed in the last ten years that permit the clonal 
growth of a l l  major hemopoietic cell types. Individual precursor cells. when specifically stimulated, 
can generate colonies of up to 104 differentiating progeny(1). Proliferation and differentiation of each 
blood cell type is controlled by a specific glycoprotein and recently two of these have been purified: 
Granulocyte-Macrophage colony stimulating factor (GM-CSF) and erythropoietin. GM-CSF stimulates 
the prdiferation of the precursor cells for granulocytes and macrophages, but does not stimulate other 
blood cell types (e.g. lymphocytes) or cells from other tissues. GM-CSF initiates and determines the 
rate of proliferation of the precursor cells and the pattern of differentiation depends on the 
concentration of the hormone, At low concentrations (10-l1M), fewer precursor cells are stimulated, 
their rate of division is slower and macrophages develop instead of granulocytes(2). 

Analysis of the rate of RNA synthesis by bone marrow cells has shown that GM-CSF affects the mature, 
non-dividing end cells (i.e. polymorphs) as well as the precursor cells. RNA synthesis was stimulated 
within ten minutes of adding GM-CSF to suspension cultures of mouse bone marrow cells. Under 
identical conditions protein synthesis in bone marrow cells was also stimulated after six hours but DNA 
synthesis was only stimulated after 16 hours. As yet there is no evidence to indicate the mechanlsm of 
action of GM-CSF. 

Small amounts of biologically-active,radio-iodinated,purified GM-CSF (M.W. a%, 000) have been 
prepared and studies to measure its binding to its target cells have been initiated. However, 
quantitation has been hampered by the heterogeneity of the target cell populations in the marrow. 
Highly purified populations of polymorphs (98%) have been prepared recently by light-scattering 
activated cell sorting of mouse peritoneal exudate cells. Iodination of the external proteins on the 
granulocyte membrane indicates that there are fewer than ten major proteins. The effect of GM-CSF 
on the accessibility and spatial distribution of these proteins w i l l  be discussed. 

1. Metcalf, D. , "Hemopoietic Colonies", Recent results in cancer research, 61, Springer-Verlag, 
Berlin, 1977 

2. Burgess, A. W. and Metcalf, D., chapter 15, in  "Experimental Hematology Today", edited by 
S.J. Baumand G.D. Ledney, Springer-Verlag, New York, 1977 

Metabolic Modifiers 
253 BINDING AND INTRINSIC DEGRADATION OF INSULIN BY HEPATOCYTES. D. F. Steiner, 

C. Hofmann and S. Terris, Department of Biochemistry, University of Chicago, Chicago, IL60637 
Earlier studies from this laboratory have shown that the degradation of insulin i n  isolated hepatocytes ond per- 
fused livers i s  dependent upon prior associotion of the hormone with cell surface recognition sites which are 
indistinguishable from the receptors believed to mediate biological activity CJBC, 250, 8389 (1975), JCI, - 57, 885 (1976)l. Degradation proceeds after a brief lag of approximately 10 minutes which may represent 
the time required for transmembrane penetration of the hormone to  site(s) of degradation. Degradotion, but 
not binding, i s  markedly suppressed at temperatures below 200 and by several lectins. The latter findings 
suggest that lateral movement of recognition sites within the plane of the plasma membrane may be necessary 
either for internalization or degradation of the hormone. Incubation of isolated hepatocytes with monofluor- 
escein insulin (B-1 substituted) leads to diffuse surface labeling of viable hepatocytes, but prolonged incuba- 
tion at 370 leads only to some clustering of the fluorescent material at the cell surface without definite cap- 
ping or lysosunal uptake. (Non-viable cells rapidly accumulate the derivative in the nucleus and to a lesser 
extent, cytorol.) These results are consistent with the failure of cytocholasin 6, an inhibitor of pinocytasis, 
to influence insulin binding or degradotion. On the other hand, colchicine as well as colcemid and vinblas- 
tine significantly inhibited insulin degradation, suggesting the possible participation of microtubules. The 
mast reasonable model far degradation to account for these observations i s  one in  which the hormone pene- 
trates the cell membrane by a nonendocytotic mechanism to enter the cytasol where degradative activities 
are localized, rather than undergoing uptake into pinocytotic vesicles which later associate with lysosomes 
as has k e n  proposed in the case of several other proteins or polypeptide hormones that interact with cell sur- 
face receptors. In this respect, the behavior of insulin more closely resembles that of several toxic proteins, 
such as diphtheria toxin, which are able to penetrate into cells in an active form. Uptake and degradation 
of insulin may in turn lead to the generation of octive fragments of the hormone. Almost no definitive infor- 
mation i s  available on the cleovoge products of insulin that are generated by i t s  association with various t i s -  
sues; the B chain especially merits consideration as a possible locus of biologically active fragments, i.e., 
sequences that may modify the activity of protein kinase and phosphatases within the cell, thus regulating 
the phorpharylation-dephosphorylation'state of membrane components and enzymes. These mechanisms w i l  I 
be discuased in further detail [Diabetes, 2, 322 (1977)l. The recognition of the role of receptor binding in 
the degradation of insulin explains many previous observations that had suggested that derivatives of the hor- 
mone with lower biological activity have prolonged metabolic half-lives. Recent studies in  several lobora- 
torier have shown that the participation of the liver in degradation i s  the important determinant of biological 
half-life of insulin and various analogs such as proinsulin. Thus intrinsic degradation may explain the exist- 
ence of the so-called "spare" receptors. (Supported by NIH grants AM 13914 and AM 17W6.) 
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Binding of '"1-labelled insulin was measured in rat adipocytes at 37O, p H  7 . 4  using the follo- 
wing technique: 0.5 ml cell suspension (Krebs-HEPES buffer, albumin 50 mg/ml, 50-70  LI1 packed 
cells/ml) was incubated in 1 4  ml roundbottom tubes. The incubation was stopped by the additi- 
on of 12 ml 8O NaCl (0.15 m o l / l )  and 1.2 ml silicone oil (D 0.99) followed by centrifugation. 
The cells Concentrated above the oil and were recovered on adsorbent material. The high concen- 
tration of albumin did not change insulin binding, whereas that part of insulin degradation, 
which is unrelated to insulin binding, was markedly reduced. The wash removed m o s t  of the "non- 
specific" binding resulting in a ratio "specific" (trace) /"non-specific" binding of about 15. 
The amount of trapped mf94um was negligible. 
The binding of tracer [ I]monoiodoinsulin (labelled in the A-chain) in the presence of unla- 
belled insulin 1 umol/l ("non-specific;2Qinding) was constant from time zero to 180 min. A con- 
stant level of binding of 100 pinol/l [ I]iodoinsulin was obtained from 4 0  min to 180 min, and 
the ratio cell-bound/free radioactivify5was about 0.01. Addition of unlabelled insulin 1 pmol/l 
at any timelsgused a dissociation of I-activity to the level of "non-specific" binding. Cell- 
associated I-activity was extracted comp~~tely by acetic acid 3 mol/l, urea 6 mol/l and about 
80% of the activity coeluted with tracer [ Iliodoinsulin on Sephadex G50F. This fraction ti- 
trated with anti-insulin as the tracer. A small fraction eluted in the void volume and a small 
fraction was retarded on the fqpnn .  
Phe fate of cell-associated [ Iliodoinsulin (100 pmol/l in the incubation step) was studied by 
resuspension in fresh buffer (37O. pH 7 . 4 )  of cells recovered from the oil phase. Essentially 
all activity was eluted from the cells after 60 min. 40-50% was insulio as judged by gelfiltra- 
tion and titration with anti-insulin. About 50% was soluble in 12% trichloroacetic acid, coeluted 
with iodotyrosine and migrated as iodotyrosine on paper chromatography in two solvent system. A 
small fraction appeared in the void volume. 
The half-time of elution of insulin and non-insulin from the cells was nearl, the same at 37O 
(about 8 min) . At insulin concentrations higher than 0.5 umol/l the eluted '1-activity, was 
precipitable in trichloroacetic acid and presumeably represents loosely adsorbed insulin. The 
receptor-bound insulin (total mipus "non-specific") was eluted with the same ratio: insulin/non- 
insulin over a wide range of occupancies. 
The following is concluded: A steady-state of insulin binding to adipocytes can Lie maintained 
for several hours at 31'. Receptor bound insulin is the substrate for insulin degradation as 
shown in hepatocytes by Terris and Steiner (1). A hypothetical initial degradation product can- 
not be detected in the cells. The final labelled degradation product is presumeably iodotyrosi- 
ne; this is released into the medium and is only to a very small extent accumulated in the cells. 

CHARACTERIZATION OF INSULIN RECEPTORS IN ADIPOCYTES, J0rgen Gliemann and Ole Sonne, 
I .Med.Physiol.C, Univ. of Copenhagen, Blegdamsvej 3C. DK 2200 Copenhagen N. 

255 -zATIoN OF W PWIXLY F'tPnm, @X%S'j?Im l ? i L ~ - S ~ I ~  D - m  
SE TRWSFQKl' SYSTEX OF E-B RAT ADIFWYTJ3 PIASPA k?JMRRANF.. Michael P. Czech, Michael 
F. Shanahan and Dennis J. Pillion, Div. of Biology and Wdicine, Bram University 
Provideme, W e  Island 02912. 

One approach to the investigation of insulin action on membrane transuort in- 
volves the direct chemical identification of the covalent or conformational 
modification of the complex. This auproach entails the Durification and iso- 
lation of the membrane component(s) directlv involved in membrane transDort and 
its modulation by insulin. We have initiated such studies using our recentlv 
developed methodolocry which allows reconstitution of D-glucose transport acti- 
vity from a cholate-solubilized plasma membrane fraction highly enriched in a 
94,000 glycoprotein species (1). The extrinsic plasma membrane Droteins were 
first released from adipocyte plasma membranes using dimethylmaleic anhydride 
(DMMA) (2). The particulate fraction was extracted with 2% sodium cholate at 
4OC, and the soluble fraction combined with cholate-disoersed DhospholiDids 
and chromatographed on a column of Sephadex G-50. I n  the Dresent studies, the 
reconstituted liposomes collected in the void volume were su9jected to electmn 
microscopy and found to consist of vesicles (0.02 microns dia.) bounded bv a 
single lipid bilayer structure. The vesicles were too small to be assaved for 
transport activity on Millipore filters. A raoid freeze-thaw cvcle resulted in 
extensive fusion of the vesicles into very large bilayer structures which did 
not take up D-glucose by a cytochalasin B-sensitive process. Sonication of 
these large structures for 10 or 20 sec resulted in suherical vesicles (about 
0.2 microns dia.) which exhibited stereospecific, cytochalasin B-sensitive,D- 
glucose transport activity. Omission of MgC12 in the buffer used to elute the 
Sephadex column and in the incubation buffer during the transuort assay re- 
sulted in the abolition of hexose transport activity. 9ddition of excess EDTA 
to reconstituted vesicles prepared and incubated in the Dresence of MgCl par- 
tially inhjbited D-glucose uptake. Reconstituted vesicles exhibited incrgased 
specific ( H)cytochalasin B binding capacitv when comnared to Protein-free 
phospholipid vesicles. We also observed that insulin-activated hexose transDort 
activity is retained in Dlasma membranes stripped of extrinsic Droteins byDMM8. 
Attempts to reconstitute this insulin-activated transport system activity 
following solubilization and purification are currentlv in orogress. 
1) Shanahan,M.F.,ana Czech,M.P. J.Biol.Chem.252: 9341-4343, 1977. 
2) Shanahan,M.F.,and Czech,M.P. J.Biol.Chem.252: 6554-6561, 1977. 



256 ROLE OF PROTEIN PtOSPHORYLATION IN INSULIN ACTION, .Joseph Avruch, Lee A. Witters, 
blaria Alexander, Michael A. Bush and Lawrence M. Crapo, Diabetes Unit ,  Massachusetts 
General Hospi ta l ,  Boston, FIA 02114. 

Insul in ,  l i k e  glucagon and beta  adrenergic catecholamines, rapidly a l t e r s  ta rge t  cell.  function 
hv e f fec t ing  a s e r i e s  of coordinate and r e l a t i v e l y  s t a b l e  a l t e r a t i o n s  in the a c t i v i t y  of  key 
r a t e  l imit ing enzymes and t ransport  systems. 
h ib i t ion  of epinephrine stimulated l i p o l y s i s ,  may be explained by insu l in ' s  a b i l i t y  t o  inh ib i t  
epinephrine stimulated CAMP accumulation, many other  ac t ions  of  insu l in  appear t o  be unrelated 
t o  insul in  induced a l t e r a t i o n s  in  cyc l ic  nucleot ide accumulation or act ion.  Several of theen-  
zymes whose a c t i v i t y  is a l te red  by insul in  a r e  known t o  be regulated by phosphorylation and 
dephosphorylation. In order  t o  evaluate  the  r o l e  of  these interconversions in  the  expression 
of insul in  act ion we examined t h e  e f f e c t s  of  insu l in  on the  phosphorylation of c e l l u l a r  pro- 
t e i n s  in  adipose t i s s u e  and l i v e r ,  a s  compared t o  the  e f f e c t s  of glucagon and beta adrenergic 
catecholamines. 

In adipocytes, incubated with ex t race l lu la r  32Pi t o  steady s t a t e ,  epinephrine s t imulates  the  
incorporation of 32P in to  a large number of  c e l l u l a r  pept ides ,  through a mechanism t h a t  a p p a m  
t o  involve CAMP and the  CAMP dependent protein kinase. Insul in  has two types of e f f e c t s  on 
protein phosphorylation in these c e l l s .  First, insu l in  antagonizes c e r t a i n  epinephrine stimu- 
la ted  protein phosphorylations, consis tent  with insu l in ' s  known e f f e c t s  on CAMP metabolism. 
Second, insu l in  s t imulates  thc  phosphorylation of a major adipocyte pept ide (m.w. 123,000, 
located in  the  endoplasmic reticulum and cytoplasm) through a pathway t h a t  appears not t o  in-  
volve CAMP (1-3). 
independent protein kinase spec i f ic  f o r  t h i s  peptide. 
dalton peptide have been thwarted by t h e  scant  amounts present in  adipose t i s sue .  

i n  isolated hepatocytes. 
major cytoplasmic pept ides ,  in  associat ion with an increase in  CAMP and an ac t iva t ion  of  the  
CAMP dependent protein kinase. 
analogous t o  tha t  observed i n  adipose t i s s u e .  
stimulated phosphorylations, insu l in  se lec t ive ly  s t imulates  the  phosphorylation of a 46,000 
dalton peptide through a chip independent mechanism. 

Insul in  stimulated protein phosphorylation may r e f l e c t  an intermediate s t e p  in  c e r t a i n  
act ions of insu l in  perhaps mediated by an unident i f ied second messenger, other  than c.". 

1. Benjamin, W.B. and Singer, I .  (1975) Biochemistry 14:3301-3309. 
2 .  Avruch, . J . ,  Leone, G.R. and blartin, D.B. (1976) J r B i o l .  Chem. 251:1511-1515. 
3. 

\\liile c e r t a i n  ac t ions  of  insu l in ,  such a s  in- 

Studies i n  adipocyte cytoplasmic ex t rac ts  suggest t h e  presence OE CAMP 
However, attempts t o  i s o l a t e  the123,OOO 

Consequently, we have examined the  hormonal control  of  cyto lasmic protein phosphorylation 
In these c e l l s ,  glucagon s t imulates  g2P incorporation in to  four 

Insul in  modifies protein phosphorylation i n  a manner e n t i r e l y  
In addi t ion t o  inh ib i t ing  cer ta in  glucagon 

Fom, J. and Greengard, P. (1976) Arch. Biochem. Biophys. 1 2 : 7 2 m 3 3 .  
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F l u  through pyruvate dehydrogenase i s  apparently the major determinant of r a t e s  of pyruvate 
oxidation i n  animals. In  adipose t i s sue ,  insu l in  increases  and l i p o l y t i c  hormones decrease 
t h e  r a t e  of oxidation of pyruvate and t h e  synthesis  of f a t t y  acids  from glucose. 
t i s sues ,  i n  v i t r o  e f f e c t s  of insu l in  on f lux  through pyruvate dehydrogenase have not  been 
shown. In vivo, insu l in  deficiency ( i n  diabetes o r  s tarvat ion)  reduces the  rate of f lux  
through pyruvate dehydrogenase i n  many t i ssues .  
a t ion of l i p i d  fue ls  which has been shown to  i n h i b i t  oxidation of pyruvate i n  heart ,  Some 
ske le ta l  muscles, l i v e r ,  kidney and brain.  The pyruvate dehydrogenase react ion i s  inhibi ted 
by its end products, acetyl  COA (competitive CoA) and NADH (competitive NAD'). 
dehydrogenase complex i s  also regulated by a phosphorylation-dephosphorylation cycle. 
i n t r i n s i c  kinase catalyses  phosphorylation and inact ivat ion w i t h  Mg-ATP'-, an associated phos- 
phatase catalyses  dephosphorylation and react ivat ion.  The kinase incorporates phosphate i n t o  
a chains of the decarboxylase component of pyruvate dehydrogenase which i s  a tetramer of  sub- 
u n i t  composition 0 2 6 2 .  

per a282; thereaf te r  t w o  more phosphates may be incorporated without fur ther  change i n  ac t iv-  
i t y .  These addi t ional  phosphorylations i n h i b i t  react ivat ion of the complex by the  phosphat- 
ase reaction. Thus the ex ten t  of the kinase react ions can regulate  reac t iva t ion  of the  canp- 
lex by the phosphatase react ion.  Current evidence ind ica tes  t h a t  the  kinase and phosphatase 
react ions operate simultaneously i n  vivo and t h a t  the r e l a t i v e  a c t i v i t i e s  of kinase and phos- 
phatase determine t h e  proportion of active complex. The kinase react ion is enhanced by high 
concentration ratios of ace ty l  CoA/CoA, NADH/NAD+ and ATP/ADP, and inhibi ted by pyruvate. The 
phosphatase react ion is act ivated by Mg'+ and Ca'+.  
lex i s  reduced i n  t i s sues  by insul in  deficiency (s ta rva t ion ,  d iabe tes ) .  I n  perfused hear t ,  
oxidation of l i p i d  fue ls  decreases the proportion of ac t ive  complex and there is  evidence 
t h a t  e f f e c t s  Of s ta rva t ion  and diabetes  are based on enhanced oxidation of  l i p i d  fue ls .  In  
adipose t i s sue  insu l in  increases and l i p o l y t i c  hormones decrease the proportion of ac t ive  can- 
P l C X .  Current evidence suggests t h a t  insu l in  deficiency and oxidation of l i p i d  fue ls  may 
ac t iva te  the kinase through altered metabolite concentrations (e  .g. ratio of ace ty l  COA/COA) . 
This may lead t o  mult i -s i te  phosphorylations i n  the complex and i n h i b i t  reac t iva t ion  by the 
phosphatase. The same mechanism could be involved i n  e f f e c t s  of l i p o l y t i c  hormones and of 
insu l in  i n  adipose t i s sue .  

REGULATION OF PYRWATE DEHYDROGENASE BY INSULIN 
P. J. Randle, N. J. Hutson, A.  L .  Kerbey, P. H .  Sugden, Oxford University, U.K.  

I n  o ther  

This change may be re la ted  to enhanced oxid- 

The pyruvate 
An 

P ig  hear t  complex is inact ivated by incorporation of one phosphate 

In vivo, the  proportion of ac t ive  comp- 
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Toxins A fhcting h t e j n  Synthesis 

258 
lhiv. Sch. of e d . ,  St. Iouis, lb. 63llO. 
It is TYW appreciated that there exists a family of peptide grcwth factors regulating cell 
gravth and activity. The distinguishing feature of th is  group is their ability to exert lmg, 
as w e l l  as short, tern effects m their target t issus.  Hornanes of this class include 
insulin, insulin-like grcwth factor (IGF), the smtcnedins, M L ~ R  gmwth factor Nm), 
e p i d e d  gmwth factor, mfitiplicaticm st indat ing activity and relaxin. h%ile the prlsio- 
logical rule of mxy  of thzse is currently micertain, structural stulies have defined a s*- 
set related t o  insulin. 
to insulin with regard to s e q m n ~  identities and disulfide bond dispositim, two cfiain 

sequenoes of IGF and NGF also remal a hamloqx~ relationship to b u l m .  
Im, NCT and reliudn have emlved fran a czmrm a n ~ s t r a l  gene. In addition, it is suggested 
that this cUmm o n e  m y  also reflect similarities in node of action. Studies on NCF have 
&win that binding to cell surface re- of respcnsim muruns leads to i n t r a e l l d a r  up 
take and intrsaxnal transport of the peptick to the cell body. Nuclear binding sites 
p d d e  a locus for the transported hozsrone to act. 
insulin suggests a nuns general applicatim of intemdizat im as a major feature of the 
neci~mism of actim of this stiwset of honnxles, incluaing IGF and relaxin. 
( S w d  in part by UspHs resear& grant NS10229). 

-7 AS AN INSULIWFEL?UED QXWl'H EWIDR, Hu@ D. Niall and Ralph A. BradSW, 
w a r d  Florey Institute, Wlkxrme, Australia, 3052 and Lkpt. Biol. Chem. W a s h i n g b n  

Felaxin, an warian peptide honune, is particularly c h e l y  related 

structure and, ucst prcbably, rmde of biosynthesis and . *smct ln+ n?e 
?bus m s h ,  

zhe presenoe of similar reoeptols for 
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The 60,000 d a l t o n  d i p h t h e r i a  t o x i n  molecule  i s  s y n t h e s i z e d  and r e l e a s e d  from t h e  b a c t e r i a  
as a s i n g l e  p o l y p e p t i d e  c h a i n  which may be subdiv ided  i n t o  t h r e e  f u n c t i o n a l  r e g i o n s  of 
approximate ly  e q u a l  len@h.  There i s  an enzymica l ly  a c t i v e  21,150 d a l t o n  A fragment 
e x t e n d i n g  from t h e  N-terminal g l y c i n e  r e s i d u e  t o  t h e  f i r s t  of t h e  two d i s u l f i d e  b r i i i g e s .  
T h i s  h y d r o p h i l i c ,  n e g a t i v e l y  charged  p o l y p e p t i d e  must c r o s s  t h e  plasma membrane of t h e  
t a r g e t  c e l l  and r e a c h  t h e  cytoplasm i n  o r d e r  t o  i n a c t i v a t e  EF2 by ADP-ribosylation and 
t h e r e b y  b l o c k  p r o t e i n  s y n t h e s i s .  There i s  a C-terminal p o s i t i v e i y  charged p o l y p e p t i d e  
sequence of 10-20,000 d a l t o n s  which i n t e r a c t s  w i t h  s p e c i f i c  r e c e p t o r s  p r e s e n t  on t h e  
membranes of s e n s i t i v e  c e l l s  and which i n c l u d e s  t h e  second c y s t i n e  d i s u l f i d e .  Between 
t h e s e  two h y d r o p h i l i c  r e e i o n s  t h e r e  i s  an  hydrophobic zone which, when "unmasked" i s  
c a p a b l e  of b i n d i n g  c a  44 molecules  of t h e  non-ionic d e t e r g e n t  T r i t o n  X l O O  and r e a d i l y  
becomes i n s e r t e d  i n t o  membrane v e s i c l e s .  T t  i s  sugges ted  t h a t  t h e  e n t r y  p r o c e s s  i n v o l v e s  
an  i n i t i a l  r e v e r s i b l e  i n t e r a c t i o n  w i t h  membrane r e c e p t o r s ,  fo l lowed by an i r r e v e r s i b l e  
p r o c e s s  i n  which t h e  C-terminal r e g j o n  is r e l e a s e d  by a p r o t e o l y t i c  c l e a v a g e ,  t h u s  
p e r m i t t i n g  t h e  hydrophobic p o r t i o n  o f  t h e  molecule  t o  e n t e r  t h e  l i p i d  b i l a y e r  and form a 
channel  th rough which t h e  A fragment i s  drawn i n  an  ex tended  form t o  r e a c h  t h e  cy topiasm.  

TRANSPORT OF IJIPHTAER~A TOXIN A-FRAGMENT AiHOSS THE PLASXA MEMBRANE, A .  f.1. 
Pappenheimer J r . ,  B i o l o g i c a l  Labs . ,  Harvard U n i v e r s i t y ,  Cambridge, MA '22138 
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260 SURFACE CHANGES 
Garth L. Nicolson, Department of Developmental and Cell Biology, University of 
California, Irvine, California 92717 

I N  A RTCINUS COMMUNIIS TOXIN-RESISTANT tlURINE LYMPHOMA CELL LINE. 

A variant of the murine lymphoma cell line B\15147 that was 250 times more resistant than the 
parent to Ricinus communis IT agglutinin (RCAII, ricin) toxicity was selected by repeated ex- 
posure to increasing toxin concentrations. Quantitative binding, however, was decreased by 
only 30-40% in the variant. Most surface glycoproteins on the parental and variant cell sur- 
faces were similar, as judged by SDS-PAGE after l a c t o p e r o x i d a s e - c a t a l y z e d  iodination and RCAl- 
affinity chromatography. Studies showed that and RCAI- and RCAlI-binding protein of ' d 0 , O O O  MW 
on the surfaces of parental cells i s  altered on the variant cells to a form with apparent 
lower MW. This protein is probably important for RCAll entry in parental cells, but It? altered 
form on the variant cells no longer mediates efficient uptake imparting toxin resistance. In 
addition, a protein of %35,000 M\J, which does not bind toxin, is weakly iodinated on parental 
but not variant cells. Low concentrations of RCAII inhibit protein synthesis in cell-free 
extracts but not in intact cells o f  the RCAII-resistant line. The concentration dependence of 
inhibition by RCAII 
lines, while intact parental cells are 25OX more sensitive to RCAII toxicity. The onset of 
R C A I I  Inhibition of cell-free protein synthesis was extremely rapid in both cases, being com- 
plete in a fev. minutes. RCAII inhibits protein synthesis in intact toxin-sensitive parental 
cells, but the maximum inhibition requires several hours. These results support EM observa- 
tions using ferritin-1*51-RCAlI. Fer-1251-RCAl~ is indistinguishable from native RCAl I in 
quantitative binding and rytotoxicity experiments. When RCAII-sensitive and resistant cell5 
were labeled with Fer-'251-RCAl 1 at various toxin concentrations (1-10 pg/ml), no differences 
in quantitative toxin binding were observed. At low Fer-'251-RCAl~ concentrations ( 1 - 3  pg/ml 
RCAII), where only the parental cells are sensitive to RCA,!, toxin receptors on the sensitive 
cel Is were endocytosed. In parallel experiments Fer-'251-RCAl I concentrations (>7 p g / m l  RCAl I ) ,  
where both parental and resistant cells are sensitive to the cytotoxic effects of RCAII, fer- 
ritin-toxin was bound, and subsequent endocytosis occurred to a similar degree in both cell 
types. Endocytosis of Fer-Con a was indistinguishable on parental and resistant variant cells 
at all concentrations tested. The results suggest that a specific defect on the selected cells 
prevents RCAl I entry at low toxin concentrations rendering them more resistant. 

is the same in cell-free extracts of both resistant variant and parental 

Supported by NCI contract CS-33879 and ACS grant BC-ZIIA. 

261 ENTRY AND ACTION OF ABRIN, R I C I N  AND MODECCIN, Sjur 01SneS, Nursk Hydro's Institute 
for Cancer Research, Montebello, O s l o ,  Norway 

Abrin, ricin and modeccin are plant lectins which are highly toxic to animal cells due to 
their ability to inactivate ribosomes and thus inhibit protein synthesis (1,2), The toxins 
have molecular weights between 62,000 and 65,000 and consist of two dissimilar peptide chains. 
A prerequisite for'the toxic action is binding to cell surface receptors containing terminal 
galactose residues. Abrin and r i c h  appear to bind to the same'r ce tor, whereas the receptor 
for modeccin is di ferent. On a HeLa cell there are about 3 x 10 receptors for abrin and 
ricin and about 10 receptors for modeccin. Neuraminidase treatment of the cells increased 
the number of receptors for abrin and ricin abaut 3 fold and the number of modeccin receptors 
10 fold. The sensitivity of the cells to the toxins increased correspondingly ( 3 ) .  

At least in the case of abrin and ricin the binding properties are confined to the one poly- 
peptide chain, the 8-chain, whereas the ability to inactivate ribosomes is confined to the 
A-chain. Since abrin and ricin A-chain inactivate ribosomes enzymatically and since no co- 
factor is involved, it is clear that the A-chain must somehow penetrate through the cell 
membrane to gain excess to the ribosomes (1). Studies with toxin resistant mutants have 
indicated that if endocytosis is involved in the uptake mechanism it cannot be the rate 
limiting step ( 2 ) .  

The target for abrin and ricin A-chain is the 605 ribosomal subunit which is somehow modified, 
apparently at a site close to the binding site for the elongation factor EF 2 .  The ribosomes 
appear to be sensitive only in a particular phase of protein synthesis. All three toxins in- 
hibit peptide chain elongation as well as initiation of new chains. 

Different cell lines show different sensitivity to the toxins. The anti-cancer properties of 
the toxins will be discussed (4). 

Y P  I 

1. S. Olsnes, A. Pihl (1976) Receptors and Recognition Series B: "The specificity and action 
of animal, bacterial and plant toxins". (Ed. P. Cuatrecasas) Chapman and Hall, London, 
pp. 130-173. 

2. K .  Refsnes, T. Haylett, K .  Sandvig, S. Olsnes. Biochem.Biophys.Res.Comun. In press. 

3. K. Sandvig, S. Olsnes, A .  Pihl (1978) Eur.J.Biochem. In press. 

4 .  0. Fodstad, S. Olsnes, A .  Pihl (1977) Cancer Res. In press. 
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Diph the r ia  t o x i n  (Hr  60,000) and exo tox in  A f rom Pseudomonas aeruginosa (Mr 66,000) show 
s i m i l a r i t i e s  i n  s t r u c t u r e  and i n t r a c e l l u l a r  mode of  ac t ion .  Both t o x i n s  ca ta l yze  at tachment 
o f  the  ADP-ribose moie ty  o f  NAO t o  the  same s i t e  on e longa t ion  f a c t o r  2 (EF-2), thereby  i n -  
a c t i v a t i n g  EF-2 and b lock ing  p r o t e i n  syn thes is .  Both tox ins  a re  secre ted  as s i n g l e  cha in  
proenzymes which must undergo mod i f i ca t i ons  o f  cova len t  s t r u c t u r e  p r i o r  t o  expression o f  t h i s  
enzymic a c t i v i t y .  D iph the r ia  t o x i n  must be exposed t o  bo th  l i m i t e d  p r o t e o l y s i s  and reduc t i on  
be fore  re lease o f  t he  enzymica l l y  ac t i ve ,  amino te rm ina l  fragment A (H r  21,145). The enzymic 
a c t i v i t y  o f  exo tox in  A, i n  con t ras t ,  i s  expressed by the  i n t a c t ,  66,000 d a l t o n  cha in  a f t e r  
p a r t i a l  reduc t i on  o r  by a 26,000 d a l t o n  pept ide ,  devo id  of  h a l f - c y s t i n e  residues, which i s  
re leased upon l i m i t e d  p ro teo lys i s .  
of  t he  two tox ins  and t h e i r  modes o f  pene t ra t i on  i n t o  s e n s i t i v e  animal c e l l s  w i l l  be presented. 

#ODES OF ACTION OF DIPHTHERIA TOXIN AN0 EXOTOXIN A FROM PSEUDOHONAS AERUGINOSA, 
C o l l i e r ,  R.J., Dept. Bac ter io logy ,  UCLA, Los Angeles, CA 90024 

Resu l ts  o f  recen t  s tud ies  on the  s t r u c t u r e s  and a c t i v i t i e s  

Adnybte C y c b  

263 THE REGULATORY COMPONENTS OF ADENYLATE CYCLASE SYSTEMS, M a r t i n  Rodbel l ,  Michael C .  
Lin.  C o n s t a n t i n e  Londos, Werner S c h l e g e l ,  Pramod M. Lad, Labora tory  of  N u t r i t i o n  and 
Endocrinology, Nat iona l  I n s t i t u t e s  of  H e a l t h ,  Bethesda, MU 20014 

The c u r r e n t  p e r c e p t i o n  of a d e n y l a t e  c y c l a s e  systems i n  an imal  c e l l s  is t h a t  t h e s e  membrane- 
bound systems a r e  composed of s e v e r a l  f u n c t i o n a l l y  d i s t i n c t  “ u n i t s ”  which c o n t r o l  t h e  a c t i v i t y  
of t h e  c a t a l y t i c  u n i t .  I n  a d d i t i o n  t o  r e c e p t o r s  f o r  hormones, n e u r o t r a n s m i t t e r s ,  and 
p r o s t a g l a n d i n s ,  t h e s e  i n c l u d e  GTP b i n d i n g  u n i t s  t h a t  c o n t r o l  independent ly  t h e  b i n d i n g  and 
a c t i v i t y  s ta te  of hormone r e c e p t o r s  (1 ,Z) ;meta l  i o n  b i n d i n g  s i t e s  (Mn, Ca, Mg i n  descending  
o r d e r  of a f f i n i t y )  t h a t  c o n t r o l  enzyme a c t i v i t y  independent ly  of t h e  a c t i o n s  of GTP and 
hormones ( 3 ) ;  and i n h i b i t o r y  and s t i m u l a t o r y  a d e n o s i n e  b i n d i n g  u n i t s  t h a t  a r e  l i n k e d  
d i f f e r e n t i a l l y  t o  c y c l a s e  sys tems (4 .5) .  The s t r u c t u r e s  and p h y s i c a l  r e l a t i o n s h i p  of t h e s e  
u n i t s  i n  t h e  membrane remain unknown. Also unknown is t h e  n a t u r e  of t h e  molecular  
t r a n s i t i o n s  r e s p o n s i b l e  f o r  c o n v e r s i o n  of t h e  c a t a l y t i c  u n i t  t o  its v a r i o u s  d c t i v i t y  s t a t e s .  
Var ious  methods used t o  e x p l o r e  t h e s e  q u e s t i o n s  and r e c e n t  promising r e s u l t s  w i l l  be 
d i s c u s s e d .  

1) Lad, P.M., Welton, A.F., and Rodbel l ,  M . ,  (1977) J. B i o l .  Chem. 252, 5942-5946. 
2) Welton, A.F., Lad, P.M., Newby, A . C . ,  Yamamura, H . ,  N i c o s i a ,  S . ,  and Rodbel l ,  M . ,  

(1977) J .  Bio l .  Chem. 252, 5947-5950. 
3) Londos, C .  and P r e s t o n ,  M.S. (1977) J .  B i o l .  Chem. 252, 5957-5961. 
4 )  Londos. C.  and P r e s t o n ,  M.S. (1977) J. B i o l .  Chem. 252, 5951-5956. 
5) Londos. C .  and Wolff,  J .  (1977) Proe .  Nat l .  Acad. S c i .  (USA). I n  Press. 
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2J HYBRIDIZATION OF HORMONE RECEPTORS WITH ADENYLATE CYCLASE FROM DIFFERENT CELLS, 
Michae l  Schramm, Department of B i o l o g i c a l  Chemis t ry ,  Hebrew U n i v e r s i t y ,  J e r u s a l e m ,  
I s r a e l  

A hormone r e c e p t o r  i n  one  t y p e  of  c e l l  can  be  coupled  t o  a d e n y l a t e  c y c l a s e  i n  a n o t h e r  t y p e  o f  
c e l l  by f u s i n g  t h e  two c e l l s  w i t h  t h e  a i d  of Sendai  v i r u s  ( 1 ) .  P r i o r  t o  f u s i o n  t h e  a d e n y l a t e  
c y c l a s e  i s  s e l e c t i v e l y  i n a c t i v a t e d  i n  t h e  c e l l  c o n t r i b u t i n g  t h e  hormone r e c e p t o r .  A func- 
t i o n a l  h y b r i d  sys tem i s  t h u s  formed i n  t h e  f u s e d  c e l l  membrane between t h e  r e c e p t o r  and t h e  
enzyme o r i g i n a t i n g  from two d i f f e r e n t  c e l l s .  The e x p e r i m e n t a l  approach  could  be  used t o  
a n a l y z e  t h e  f u n c t i o n a l  s t a t e  of t h e  r e c e p t o r  and t h e  enzyme i n  m u t a n t s  and i n  m a l f u n c t i o n i n g  
s i t u a t i o n s .  For example, hormone r e c e p t o r s  d i s c o v e r e d  by l i g a n d  b i n d i n g  c o u l d  be  t e s t e d  f o r  
f u n c t i o n  by h y b r i d i z a t i o n  w i t h  a r e s p o n s e  sys tem i n  t h e  c e l l  membrane o f  a n o t h e r  t y p e  o f  c e l l .  
T h i s  n o v e l  exper imenta l  approach  could  be  ex tended  t o  s t u d y  o t h e r  d i s s o c i a b l e  multicomponent 
sys tems r e s i d i n g  i n  b i o l o g i c a l  membranes. 

( 1 )  M. Schramm, J. O r l y ,  S .  E i m e r l ,  and M .  Kanner, N a t n r e ,  268, 310-313 1977 

265 SIVILARITIES BETMEEN HORHONE SENSITIVE ADENYLATE CYCLASE & LIGHT ACTIVATED PHOTO- 
RECEPTOR PHOSPHODIESTERASE, t1.U. B i tensky  and G.L. Wheeler, Dept. o f  Pathology, 

Yale Univ. Sch. o f  Med., New Haven, Connect icut  06520 
The f i n d i n g  by Rodbell o f  a GTP requirement f o r  hormone a c t i v a t i o n  has prov ided an a d d i t i o n a l  
dimension t o  the  adenylate cyc lase  paradigm. I n  ou r  s tud ies  o f  rod  phosphodiesterase we a l s o  
found t h a t  GTP was requ i red  f o r  l i g h t  a c t i v a t i o n .  We have found a remarkable number o f  s im i -  
l a r i t i e s  between the  two systems, i n  r e l a t i o n  t o  the  involvement o f  GTP as an a c t i v a t o r :  1 )  
GTP i s  indespens ib le  f o r  a c t i v a t i o n  and cannot f u n c t i o n  w i thou t  a system s p e c i f i c  s igna l ( i . e . ,  
l i g h t  o r  a hormone); 2 )  I n  bo th  systems a s i q n a l - s p e c i f i c  GTPase has been found; f o r  hormone 
s e n s i t i v e  cyc lase  Zeh l inger  has i d e n t i f i e d  ep inephr ine  a c t i v a t e d  GTPase; f o r  l i g h t  a c t i v a t e d  
phosphodiesterase we have de tec ted  1 i g h t  a c t i v a t e d  GTPase; 3 )  I n  bo th  ins tances  non-hydrolyz- 
ab le  analogues such as GMP-PNP p rov ide  more p e r s i s t e n t  a c t i v a t i o n  than GTP i t s e l f ;  4 )  I n  bo th  
cases the  concent ra t ions  o f  GHP-PNP which s u b s t i t u t e  i n  the  a c t i v a t i o n  s tep  a l s o  f u n c t i o n  as 
i n h i b i t o r s  o f  t he  assoc ia ted  GTPase; 5 )  
h a l f  micromolar range; 6 )  I n a c t i v a t i o n  o f  t he  s i g n a l - s p e c i f i c  GTPases r e s u l t s  i n  a pe rs i s -  
t a n t  a c t i v a t e d  s t a t e  w i t h  GTP; 7 )  I n  bo th  cases the  c a t a l y t i c  mo ie ty  appears a c t i v a b l e  by F 
alone. Quest ions s t i l l  e x i s t  concerning the  number o f  components i nvo l ved  i n  the  modulat ion 
o f  enzyme a c t i v i t y  and whether the  GTPase i s  t h e  same as, o r  d i f f e r e n t  from, the  GTP modulator 
locus. We a n t i c i p a t e  t h a t  each o f  t he  systems w i l l  con t inue t o  p rov ide  i n fo rma t ion  use fu l  f o r  
ana lyz ing  the  o the r .  P u r i f i e d  photoreceptor  components may a l l o w  r e c o n s t i t u t i o n  o f  a func t -  
i ona l  system. 

Both s i g n a l - s p e c i f i c  GTPases e x h i b i t  a km f o r  GTP I n  
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266 RECONSTITUTION OF HORMONE-SENSITIVE AOENYLATE CYCLASE USING RESOLVED SUBCOMPONENTS 
OF THE ENZYME, Elliott M. Rbss and Alfred G. Gilman, Dept. Pharndco~ogy. Univ. 

Virginia, Charlottesville, VA 22903. 
teins needed for basal or F-- or Gpp (NH) p-stimulated activity with Mg/ATP as substrate. 
component retained in a phenotypically AC-deficient S49 lymphoma cell 
be the catalytic moiety because of its apparent ability to catalyze Mnb-dependent AC activity. 
One or two regulatory components which confer Mg*-dependent activity and control by F- or Gpp 
(NH)p on the catalyst may be resolved from plasma membranes of tissues or cultured cells by 
genetic, chemical, or physical techniques (JBC 252:6966). Addition of detergent extracts o f  
normal plasma membranes to membranes of AC-defiznt 549 cells reconstitutes hormone-stimulat- 
ed AC actlvity (PNAS 74: 3715) .  Inactivation of the catalyst in such extracts does not des- 
troy the reconstitution of hormone-sensitive activity, suggesting that the process reflects 
the interaction of added regulatory protein with catalyst and hormone receptor already in the 
AC-deficient menbranc. Stable binding of regulatory protein is time- and temperature-depend- 
ent and minimally requires a nucleotide, divalent cation, and regulatory ligand (hormone, F-, 
GPP(NH)P). 

Adenylate cyclase (AC) consists of at least two pro- 
A 

ariant is proposed to 

Cholera Toxin Action and Transport 

267 TECHANISM OF ADENYLATE CYCLASE ACTIVATION BY CHOLERAGEN, Tiartha Vaughan and Joel 
Yoss, Laboratory of Cellular Metabolism, National Heart, Lung, and Blood Institute, 
Bethesda, ?ID 20014. 

Choleragen initially interacts with cells by binding to specific receptor molecules on the 
external surface membrane. Work in several laboratories is consistent with the view that the 
toxin receptor is the monosialoganglioside G Using cultured cells that lack G and are 
resistant to the toxin, we have shown that e!&enous G 
membrane and can serve as a functional choleragen rece!kor. 
of Gtll as the choleragen receptor and the quantitative relationship between GMl content and 
cell responses to choleragen were demonstrated directly. The interaction between choleragen 
and Gtfl was investigated further using liposomal model membranes. 
and increased the release of trapped glucose from liposomes containing G but did not inter- 
act significantly with liposomes lacking gangliosides or those containinglG 

receptor was as effective as the holotoxin, whereas the A protomer was inactive. Presumably 
interaction of the ganglioside binding site on the B protomer with GM1 in the liposomes was 
responsible for perturbations of the model membranes that led to glucose release. Using 
anticholeragen antibodies and complement to increase the sensitivity of the assay, it was 
shown that the A protomer but not the B protomer or the holotoxin was bound to ganglioside- 
free liposomes. It appears that the A protomer must be freed of constraints present in the 
intact choleragen in order to interact with the lipid model membranes. Others have shown 
that the A subunit after release from the intact toxin activates adenylate cyclase in cell 
homogenatee in an NAD-dependent reaction (1). We have demonstrated that choleragen and the A 
protomer catalyze the hydrolysis of NAD to nicotinamide and ADP-ribose. Arginine and related 
compounds containing a guanidino group, but not other basic amifio acids, markedly increased 
nicotinamide formation from NAD in the presence of choleragen. After incubation of the toxin 
with NAD and arginine. a compound tentatively identified as ADP-ribosyl-arginine was iso- 
lated. Based on the assumption that the ADP-ribose transferase reaction is a model for the 
NAD-dependent activation of adenylate cyclase by choleragen, we have proposed that the active 
A subunit of choleragen catalyzes the ADP-ribosylation of an arginine or related amino acid 
risidue in a protein which is the cyclase itself or is critical for its regulation. 

1) Gill, D. TI. (1975) Proc. Natl. Acad. Sci. USA 72,  2064-2068. 

can be introduced into t% cell 
In these studies the specificity 

Choleragen was bound to 

The 
B protomer of choleragen which is the portion of the molecule that binds to 
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268 STRUCTURE, FUNCTION, AND EVOLUTION OF CHOLERA ENTEROTOXIN, Alex Kurosky, Daiel E. 
Markel, Kelly E. Hejtmancik, and Johnny 1. Peterson, Department of  Human 
Biological Chemistry and Genetics and Department of Microbiology, 
University of Texas Medical Branch, Galveston, TX 77550. 

Completion of the primary structure of the B chain of cholera toxin has provided some 
interesting insights concerning its possible function. 
amino-terminal portion of the 8 chain of the toxin to a segment of the f? chain of  the 
glycoprotein hormones has led to new research directions. To further examine the func- 
tion of the toxin we have undertaken chemical modification studies to probe the toxin’s 
mechanism of action in specific detail. Initially we have examined the ability of 
modified B subunit and B chain fragments to bind to CHO cells. Chemically modified 
proteins were assessed for CHO cell-binding by their ability to inhibit adenylate 
cyclase stimulation by intact cholera toxin. Modification experiments included re- 
actions with iodoacetamide, tetranitromethane, succinic anhydride, and cyanogen bromide. 
Immunological studies employing a radioimmunoassay revealed some cross-reactivity be- 
tween the A and B subunits suggesting possible chemical similarities in these proteins. 
Cross-reactivity experiments were also conducted with glycoprotein hormone subunits. 
Inactivation of  Escherichia & and Salmonella typhimurium toxins by cholera anti- 
toxin suggests that a family of homologous enterotoxins occurs within certain members of 
the Enterobacteriaceae. 

Sequence, compositional, and carboxyl-terminal analysis have also been initiated on iso- 
lated n and y chains of the A subunit. 
tidase A indicated serine to be the carboxyl-terminal residue for both chains. 

This work was supported by grants HD 03321 from NICHD, A1 08518 from NIAID and by the 
. J . W .  McLaughlin Fellowship fund. 

The chemical similarity of the 

Hydrolysis of a and y chains with carboxypep- 

269 
Cholera toxin necessarily interacts first with the outside of a target cell but the kinetics 
of adenylate cyclase activation in intact and broken cells indicate that the crucial event 
is intracellular. 
catalyze a cytosolic reaction that changes the adenylate cyclase system permanently. This 
reaction requires a nucleoside triphosphate, NAD, and a small cytosolic protein. The 
requirement for NAD is highly specific. 
substrate in a toxin-catalyzed ADP-ribosyl transfer reaction while the nucleoside 
triphosphate plays an allosteric, not a substrate, role. 
To detect any toxin-specific incorporation of ADP-ribose from exogenous 32P-NAD into membrane 
proteins of lysed cells it was necessary to reduce by about one hundred fold the background 
incorporation of ADP-ribose and yet maintain the ability to activate adenylate cyclase. This 
has been achieved, by reducing the endogenous NAD level 
and by adding suitable inhibitors-of the background incorporations. It is now possible to 
demonstrate toxin-specific labeling of several membrane proteins and of some soluble proteins. 
In each case the ADP-ribose transfer is catalysed by fragment A1 which may be isolated in 
advance or generated in situ by treating the holotoxin with SDS and DTT. Transfer of ADP- 
ribose to the membrane proteins occurs only under conditions that lead to adenylate cyclase 
activation and in many respects the two activities orcur in parallel. Both require ATP 
and the cytosolic macromolecule. However, many more copies of the membrane prcteins can be 
modified than could be relevant to the cyclase activation. We may suppose, therefore, that 
cyclase activation results from the modification of a certain protein, but not necessarily 
every copy of  that protein. In addition the modification of other proteins may have 
physiological consequences unrelated t o  the adenylate cyclase system. 

D.M. Gill. Multiple roles of erythrocyte supernatant in the activation of adenylate cyclase 
by Vibrio cholerae toxin in vitro. J. Infect. Dis. 133, S55-S63 (1976). 
(edited by P .  Greengard and G.A. Robison) Raven Press, New York, g ,  85-118 (1977). 

INTRACELLULAR MODE OF ACTION OF CHOLERA TOXIN, D. Michael Gill, 
Department of Biology, Harvard university, Cambridge, Mass. 02138. 

A piece of the toxin, fragment A x ,  must cross the plasma membrane and 

One possible interpretation is that NAD is one 

using lysed pigeon erythrocytes, 

- Mechanism of action of cholera toxin, in Advances in cyclic nucleotide research, 
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2m CHOLERA-TOXIN ACTIVATION OF NEUROBLASTOMA ADENYLATE CYCLASE, Arthur J. Blume and 
Susan L. Levinson. Department of Physiological Chemistry and Pharmacology, Roche 
Institute of Molecular Biology, Nutley, NJ 07110. 

The adenylate cyclase of mouse neuroblastoma cells, clone NS20, is activated in situ by 
cholera toxin addition to intact cells or in vitro by addition of toxin to preparations of 
cell membranes. The in vitro activation process requires NAD and nucleotide triphosphates 
in addition to toxin. The activity of the NS20 adenylate cyclase before treatment with toxin 
(normal enzyme) is low when assayed at MgC12 concentrations of 10 mM in assay systems contain- 
ing ATP and a nucleotide-triphosphate regenerating system. 
increased when 2-chloroadenosine, PGE1, NaF or GMP-P(NH)P is present. After incubation of the 
normal enzyme with GMP-P(NH)P and subsequent washing, the enzyme still exhibits maximum activ- 
ity when assayed in the absence of GMP-P(NH)P and is no longer effected by addition of 2- 
chloroadenosine, PGE1, NaF or GMP-P(NH)P. 
enzyme exhibit identical properties. 
regenerating system, toxin-activated enzyme has a very high activity, which is similar to that 
found with the normal enzyme when PGE1, NaF or GMP-P(NH)P are present and this activity is not 
significantly elevated by addition of 2-chloroadenosine. PGE1, NaF or GMP-P(NH)P. 
the toxin-activated and GMP-P(NH)P-activated enzymes appear similar at 10 mM MgC12, they are 
differently affected by concentrations of NgCl2 in excess of 20 mM. At these elevated MgC12 
concentrations, the toxin-activated enzyme, but not the GMP-P(NH)P-activated enzyme, again 
requires added PGEl, NaF or GMF'-P(NH)P for maximum activity. A guanine nucleotide require- 
ment for expression of maximal activity by the cholera-toxin-activated enzyme could also be 
demonstrated at 2 10 mM MgC12. when AMP-P(NH)P was used as substrate in assay systems devoid 
of a nucleotide-triphosphate regenerating system; GTP as well as GMP-P(NH)P fulfills this 
requirement. 
adenosine, PGEl or GTP, but is activated by GMF'-P(NH)P or NaF. 
system to these assays returns the ability of 2-chloroadenosine and PGEl to activate the 
normal enzyme. 
inhibit activation by GMP-P(NH)P of the normal and cholera-toxin-activated enzyme. 
hypothesized that at physiological concentrations of MgC12, the toxin-activated enzyme is 
"fixed" in its highly active state (E-GTP); in contrast, the normal enzyme decays rapidly from 
such a state. 
activity, and activation of the enzyme by cholera toxin to be due to a reduction or prevention 
of GTP to GDP hydrolysis. 

The Vmax of the normal enzyme is 

The in situ and in vitro cholera toxin-activated 
When assayed with 10 mM MgC12, ATP and a nucleotide- 

Although 

Under these assay conditions, the normal enzyme is not activated by Z-chloro- 
Addition of a regenerating 

PGEl and 2-chloroadenosine are found to increase the amount of GDP required to 
We have 

The normal decay process is proposed to be related to a Mg"-dependent GTPase 

h c e s f n g ,  Storage and Release of Humones 
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Prev ious l y  (1  ,2) we have used c e l l - f r e e  p r o t e i n  syn thes i z ing  systems supplemented w i t h  mic ro-  
soma1 membranes t o  recons t ruc t  i n  v i t r o  the  e a r l y  events i n  the  i n t r a c e l l u l a r  pathway o f  sec- 
r e t o r y  p ro te ins .  T rans la t i on  ofmRNA's f o r  var ious  secre tory  p r o t e i n s  (3,4) y i e l d e d  cleavage 
o f  t he  s igna l  pep t ide  p o r t i o n  o f  nascent p resecre tory  p r o t e i n s  a t  t he  c o r r e c t  s i t e  and segre- 
ga t i on  o f  t he  processed nascent sec re to ry  p ro te ins  w i t h i n  the  lumen o f  t he  microsomal ves i -  
c les .  T r a n s l a t i o n  o f  mRNA's f o r  cy toso l  p ro te ins ,  such as t h e  A and A c h a i n s  o f  r a b b i t  g l o -  
b in ,  d i d  n o t  r e s u l t  i n  segregat ion  (1 ) .  Furthermore cleavage and segregat ion  o f  nascent p re -  
secre tory  p r o t e i n s  occurred on ly  when microsomal membranes were present  during t r a n s l a t i o n ,  
and n o t  when added a f t e r  complet ion o f  t r a n s l a t i o n  (1,  3, 4 ) .  These r e s u l t s  p rov ided s t rong  
evidence f o r  t he  s i x h y p o t h e s i s  (5 ) .  Recent ly we found t h a t  t he  c e l l - f r e e  systems supple- 
mented w i th  microsomal membranes have a d d i t i o n a l  capac i t i es .  
i n t e g r a l  membrane g l ycop ro te in  (G) o f  v e s i c u l a r  s t o m a t i t i s  v i r u s  (VSV) y i e l d e d  c o r r e c t  i n s e r -  
t i o n  o f  t he  newly syn thes ized G p r o t e i n  i n t o  the  microsomal membrane (6 ) .  
newly syn thes ized G p r o t e i n  was found t o  be core-g lycosy la ted  (6 ) .  
g l y c o s y l a t i o n  occurred on ly  when microsomal membranes were present  du r ing  t r a n s l a t i o n  and n o t  
when added a f t e r  t r a n s l a t i o n  (6 ) .  The observa t ion  t h a t  removal o f  t he  s igna l  pep t ide  reg ion ,  
g l ycosy la t i on ,  and segregat ion  occur du r ing  t r a n s l a t i o n  suggests t h a t  these reac t i ons  proceed 
i n  an i n t e r l o c k i n g  cascade wherein the  produc t  o f  one co - t rans la t i ona l  event i s  t he  subs t ra te  
f o r  another.  

RECONSTITUTION OF FUNCTIONAL ROUGH MICROSOPIES FROII HETEROLOGOUS COMPONENTS, 
GUnter B lobe l ,  Department o f  Ce l l  B io logy ,  The Rocke fe l l e r  U n i v e r s i t y ,  New York, 
N.Y. 10021 

T r a n s l a t i o n  o f  a mRNA f o r  an 

Furthermore the  
Both i n s e r t i o n  and core- 

(1) Blobel ,  G., and Dobberstein, B. (1975) J .  Ce l l  B i o l .  z :852-862.  (2)  Dobberstein,  B., 
and Blobel ,  G. (1977) Biochem. Biophys. Res. Comnun. 74:1675-1682. ( 3 )  5 i i ie lds ,  D., and 
Blobel ,  G. (1977) Proc. Na t l .  Acad. Sc i .  U.S.A. E : 2 0 g - 2 0 6 3 .  
Dev i l l e rs -Th ie ry ,  A., and B lobe l ,  G. (1977) Proc. Na t l .  Acad. Sc i .  U.S.A. 74:2432-2436. 
( 5 )  Blobe l ,  G., and Dobberstein, B. (1975) J. Ce l l  B i o l .  67:837-851. 
Rothman, J.E., Lingappa, V.R., B lobe l ,  G., and Lodish,  H.C, (1977)  Proc. N a t l .  Acad. Sc i .  

( 4 )  Lingappa, V.R., 

( 6 )  E t z ,  F.X., 

U. S. A. 74: 3278-3282. 
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SECRETION MECHANISMS AND INSULIN RELEASE P. J. Randle, Dept. Clinical Biochemistry, 
Radcliffe Infirmary, Oxford OX2 6HE, U.K. 272 

Current evidence implicates Ca” and cyclic AMP as potential intracellular messengers for 
secretion by exocytosis, 
exocytosis in general. 
action? 
of Ca“? what is the site of action of cyclic AMP and does it involve protein phosphorylat- 
ion? What is the basis of motility and membrane associated events in exocytosis? In the 
specific case of insulin release from adult B-cells, cyclic AMP appears to act permissively 
and not as an initiating messenger. A controversial question specific for insulin release 
is whether glucose and other substrate initiators of insulin release act via a direct recep- 
tor or through a metabolite intermediate. In attemptinq to answer some of these questions 
studies have been carried out with parotid acinar cells (Dr. P. Kanagasuntheram) and With 
hepatocytes (Sue Foden) as model systems. In parotid acinar cells stimulation of amylase 
release by a-adrenergic agonists, or A23187 depended on external calcium. These agents 
stimulated calcium uptake. Agents which elevated perotid cell cyclic, AMP (6-ndrenergic 
agonists, dibutyryl cyclic AMP, methyl xanthines) stimulated amylase release in the absence 
of external calcium. These agents did not stimulate calcium uptake but they decreased the 
45Ca exchangeable pool in mitochondria1 and microsomal fractions (1.2). In hepatocytes a- 
adrenergic agonists stimulate cell uptake of calciun and activate phosphorylase (depends on 
extracellular calcium). Agents which elevate hepatocyte cyclic AMP (glucaqon, dibutyryl 
c clic AMP, methylxanthines) did not stimulate cell uptake of calcium but they decreased the 
“Ca exchangeable pool in mitochondria. The effects of rJlucagon were blocked by insulin ( 3 ,  
4). These data support the concept that agents which elevate ceil cyclic AMP can release 
calcium from intracellular organelles. Attempts have been made to identify troponin in 
secretory cells. Affinity columns of troponin-C linked to Sepharose 48 gave evidence for tte 
presence of troponin I in parotid and pancreatic acinar cells. Exocrine pancreas on fract- 
ionation can yield peptide fractions which inhibit actomyosin ATPase and restore Ca’ + sensit- 
ivity (Kanagasuntheram, P., Randle, P. J. unpublished work). The presence of troponin-like 
complex in brain ( 5 )  and of troponin-C like peptide in adrenal medulla (6) has been described. 

1. Dormer,R.L., Ashcroft,S.J.H.,1974, Biochem. J. 144, 543; 2. Kanagasuntheram, P., Randle, 
P.J.,1976, Biochem. J. 160, 547; 3. Foden,S.,Randle,P.J.,1978, Biochem. J. In press; 
4 .  Assimocopoulos-Jeannet,P.D. g., 1977, J. Biol. Chem. 252, 2662; 5. Mahendran,C., 
Berl,S.,1977, Biochemistry, 74, 2273;6Xuo,I.C.Y.,Coffe,C.J., 1976, J. Biol. Chem. 251, 6315. 

There .are a number oE unanswered q;estions about the mechanism of 
Is Ca’+ the primary initiator of exocytosis and what is its site Of 

or does it facilitate the action Is cyclic AMP a primary initiator of exocytosis; 

ACTH/endorphin precursor(29-31K) 
/\ 

ACTH intermediate(20-23K) 11 .7K endorphin(i3LPH-like) 
/ \. 

s t r a t e  t h e  s i m i l a r i t y  o f  
3.5K endorphin t o  known 
6-endorphin molecules,of  
11.7K endorohin t o  known 

3K ACTH rr 4.5K ACTHrACTH(1-39)-likel 3.5K e n g r p h i n ( @ - e n d o - l i k e  BLPH molecules, and o f  
!.5K ACTH t o  known ACTH(1-39) molecules.  13K ACTH i s  s imo lv  a q l v c o i l a t e d  ACTH(1-39)- l ike 

the  precursor  mo lecu le ( r i gh t ) .  Ana lys i s  o f  
CNBr c leavage produc ts  o f  t he  coirmon pre-  
cu rso r  conf i rms t h i s  model. The NH2-termi- 

molecu1e;the s i n g l e  01 igosacchar ide  cha in  i s  a t tached t h r o i g h  an N-g iycos id i c  bond between 
asparagine and glucosamine t o  a res idue  i n  the  COOH-terminal h a l f  o f  t h e  ACTH(1-39)- l ike pep- 
t i d e .  The ex is tence o f  g l ycosy la ted  and non-g lycosy la ted  ACTH(1-39)-l ike pept ides  imp l i es  
t h a t  he terogene i ty  due t o  a d d i t i o n  o r  l a c k  o f  a d d i t i o n  o f  t he  o l i gosacchar ide  cha in  shou ld  be 
de tec ted  i n  the  ACTH in te rmed ia te  and i n  the  common precursor .  Prepara t ions  o f  t h e  ACTH in te r -  
mediate and the  common precursor  can be shown t o  con ta in  molecules w i t h  and w i t h o u t  an o l i g o -  
sacchar ide cha in  a t tached i n  t h e i r  ACTH(1-39)-l ike reg ion .  The ACTH(1-39)-l ike sequence i s  
l oca ted  a t  t he  COOH-terminal end o f  t h e  ACTH i n te rmed ia te ; i so la t i on  o f  a minor  c leavage prod- 

16K fraglnent 
+ --- 
I \ \ \ \ \ \ \ \ \ 

nal  f ragment(a g lycopept ide  of unknown e C H O  +&HO 

20 o r  23K ACTH a endorphi 
f u n c t i o n )  can be i d e n t i f i e d  i n  c u l t u r e  me- 
dium i n  l a r g e  amounts (16K f ragment ) .  
Based on the  molecu la r  weights o f  t he  f ragments (as determined by ge l  f i l t r a t i o n  i n  6 
the re  i s  l i t t l e  a d d i t i o n a l  pep t ide  a t  e i t h e r  end o f  t he  molecule o r  separa t ing  the  fragments. 
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274 ENDORPHIN SYNTHESIS BY A CLONAL CELL LINE 
Steven L. Sabol, Laboratory of Biochemical Genetics, NHLBI, National Institutes of 
Health, Bethesda, Maryland, 20014 
Endorphins, a class of peptides found in nervous tissue and the pituitary gland, 

are thought to be endogenous ligands for the opiate receptor. 
pituitary tumor cells, which are known to produce corticotropin. have recently been shown also 
to produce endorphins (1). 
opiate-receptor mediated, t.g. naloxone-reversed, inhibition of adenylate cyclase activity of 
homogenates of NG108-15 neuroblastoma x glioma hybrid cells. 
AtT-20 cells contained opiate activity equivalent to that of 0.85-1.2 nmol synthetic 
E-endorphin [6-lipotropin-(61-91)1 per mg of original cell protein. 
separated by Bio-Gel P4 column chromatography into two fractions, the major one (70% of the 
activity) having a mobility very similar to that of 6-endorphin, and the minor one (302 of 
the activity) having the mobility of a- o r  y-endorphin [E-lipotropin-(61-76) or -(61-77), 
respectively]. 
to yield material which was comparable to synthetic 8-endorphin with respect to specific 
activity and chromatographic properties. 

longer, a treatment known to reduce the amount of intracellular and secreted corticotropin, 
resulted in a reduction of intracellular opiate activity. 
for 2 or 4 days resulted in decreases of 532 and 652, respectively, of opiate activity; the 
half-maximally effective dexamethasone concentration was 0.6  nb1. 
opiate activity was obtained with 0.01-1 pM cortisol or corticosterone, while 1 pP1 
deoxycorticosterone and aldosterone were less effective, and 1 pP1 testosterone, estradiol, 
and progesterone were ineffective. 
of glucocorticoids. presumably interacting with intracellular glucocorticoid receptors, 
regulate the synthesis and/or secretion of endorphin from htT-20 cells, possibly by altering 
the synthesis or processing of the recently reported ( 2 )  conanon precursor peptide for 
corticotropin and 6-endorphin. Studies on clonal AtT-20 cells may help to illuminate the 
mechanisms regulating the biosynthesis and secretion of endorphins of the pituitary gland .~nd 
perhaps of the nervous system. 

1) 

2) 

Cultured clonal mouse AtT-20 

Opiate activity of AtT-20 extracts was routinely assayed by the 

Acetic acid ( 2  Pi) extracts of 

The activity was 

Tine major fraction was further purified by CM-Sephadex column chromatography 

Cultivation of AtT-20 cells in the presence of  glucocorticoids f o r  2 days or 

Treatment with 0.1 ,,>I dexamethasone 

Similar suppression of 

These results suggest that physiological concentrations 

Giagnoni, C . ,  Sabol, S.L., and Nirenberg, M. (1977) l’roc. Natl. Acad. Sci. U . S . A .  3, 
Mains, R.E.. Kipper, B.A., and Ling, N. (1977) &id. 3. 3014-3018. 
2259-2263. 

275 SYNTHESIS AND PROCESSING OF A COMMON PRECURSOR TO ACTH AND P-ENCORPHIN 
I N  MOUSE PITUITARY CELLS, Edward Herbe r t ,  Marjor ie  P h i l l i p s ,  P a t r i c i a  
A. Rosa, Marcia L. Budarf ,  and Richard G.  A l l en ,  Department O f  
Chemistry,  Un ive r s i ty  of Oregon, Eugene, O R  97403, and James L. 
Roberts ,  Un ive r s i ty  of  C a l i f o r n i a  Medical Cen te r ,  San F ranc i sco ,  CA 
94143. 

Radioact ive p r o t e i n s  syn thes i zed  i n  a c e l l - f r e e  system under t h e  d i r e c t i o n  Of 

mRNA from mouse p i t u i t a r y  tumor cel ls  (AtT-20/D16, cel ls)  were i s o l a t e d  by i m -  
munoprecipi ta t ion wi th  ant iserum t o  ACTH o r  ?-endorphin.  Each immUnOpreCipit- 
a t e  w a s  f r a c t i o n a t e d  by SDS g e l - e l e c t r o p h o r e s i s  and shown t o  c o n t a i n  on ly  one 
l a b e l e d  p r o t e i n  wi th  an appa ren t  molecu3ar weight  o f  28,500 (28.5 K). 
and $-endorphin p r o t e i n s  had t h e  s a m e  t r y p t i c  pcp t ide  maps and con ta ined  a 
s i n g l e  copy of  ACTH and G-l ipotropin ([I-LPH). 3-LPH was shown t o  be l o c a t e d  
carboxy t e rmina l  t o  ACTH. ACTH-LPH messenger RNA w a s  p u r i f i e d  from AtT-20/D16, 
cells  and used to  makc complementary DNA ( c D N A ) .  The cDNA was d i g e s t e d  w i t h  
s p e c i f i c  r e s t r i c t i o n  endonucleases  and t h e  r e s t r i c t i o n  fragments w e r e  p u r i f i e d  
by g e l - e l e c t r o p h o r e s i s  f o r  n u c l e o t i d e  sequence a n a l y s i s  and f o r  c l o n i n g  exper-  
iments and r e s u l t s  w i l l  be r epor t ed .  SDS g e l - e l e c t r o p h o r e s i s  of  tumor C e l l  
e x t r a c t s  immunoprecipitated wi th  ant iserum t o  ACTH o r  B-endorphin r evea led  t h e  
presence o f  3 high molecular  weight  p r o t e i n s  (29 K ,  32 K and 34 K) which react- 
ed  wi th  bo th  a n t i b o d i e s  and l o w e r  molecular  weight  forms which r e a c t e d  wi th  
only one ant ibody.  The 29-34 K ACTH-LPH forms w e r e  a l l  g lycosy la t ed .  Other  
l a b e l i n g  experiments  showed t h a t  t h e  32 K and 34 K forms con ta ined  more carbo- 
hydra t e  than t h e  29 K form, sugges t ing  t h a t  they are d e r i v e d  from t h e  29 K 
form by f u r t h e r  g l y c o s y l a t i o n .  Glycopept ide a n a l y s i s  showed t h a t  t h e  a (22-39) 
sequence o f  ACTH is  g lycosy la t ed  i n  32 K b u t  n o t  i n  29 K ACTH-LPH, Suggest ing 
t h a t  t h e  32 K form may be t h e  p recu r so r  of t h e  13  K ACTH and t h e  29 K form may 
be t h e  p recu r so r  o f  4.5 K ACTH. The d i s t r i b u t i o n  of ACTH and B-endorphin i n  
a n t e r i o r  and in t e rmed ia t e -pos t e r io r  l obes  of mouse p i t u i t a r y  w a s  determined by 
SDS g e l - e l e c t r o p h o r e s i s .  A l l  of t he  forms of ACTH and B-endorphin d e t e c t e d  i n  
t h e  tumor cel l  c u l t u r e  were observed i n  t h e  p i t u i t a r y  i n c l u d i n g  29, 32 and 34 
K ACTH-LPH. Tumor cel l  c u l t u r e s  w e r e  p r e t r e a t e d  w i t h  dexamethasone (dex) f o r  
48 h r s  and then l a b e l e d  wi th  r a d i o a c t i v e  amino a c i d s .  Inco rpora t ion  o f  l a b e l  
i n t o  ACTH-LPH p r o t e i n s  a f t e r  a 10 min p u l s e  w a s  reduced by t h e  dex t r ea tmen t  
b u t  t h e  d i s t r i b u t i o n  of  label i n  d i f f e r e n t  forms of  ACTH and O-LPH a f t e r  l onge r  
l a b e l i n g  p e r i o d s  w a s  n o t  a f f e c t e d  by dex. The e f f e c t  o f  dex on mRNA l e v e l s  i n  
t h e  tumor c e l . 1 ~  w i l l  be r epor t ed .  

The ACTH 
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In contrast to peptide hormones, which interact wi th  receptors in the plasma membrane, steroid hormones 
enter the target cell and bind to  extranuclear receptor proteins, inducing their conversion to an activated 
form. The activated steroid-receptor complex serves as the carrier of regulatory information, entering 
the nucleus to bind in the chromatin and modulate t h e  synthesis of RNA. In t h e  stimulation of uterine 
growth by estrogens, physiologic amounts of hormone cause t h e  translocation of several thousand steroid- 
receptor complexes in each target cell: full hormonal action requires the continued presence of estrogen- 
receptor complex in t h e  nucleus for a prolonged period of time. In the case of estrogenic and androgenic 
hormones, t h e  effect of the hormone given in vivo on t h e  RNA synthesizing capacity of isolated target 
cell nuclei can be mimicked by exposure of the nuclei to  activated but not to  native hormone-receptor 
complex in vitro. 

Although t h e  overall pattern of the interaction of steroid hormones with target cells in now estab- 
lished, detailed understanding of the molecular basis of receptor activation, translocation and nuclear 
interaction is still far from complete. In the hope that t h e  techniques of immunochemistry might provide 
new insight into these phenomena, we have prepared specific antibodies to a highly purified preparation of 
t h e  nuclear form of the estrogen receptor protein (estrophilin) of calf uterus. Immunoglobulin obtained 
from the serum of rabbits immunized with this protein has been shown to  contain specific antibodies to  
estrophilin by four criteria: (a) precipitation of the radioactive steroid marker lipon addition of goat anti- 
rabbit-y-globulin to  a mixture of t h e  tritiated estradiol-receptor complex and t h e  immunoglobulin, (b) 
adsorption of the estradiol-receptor complex by the immunoglobulin linked to  Sepharose, (c) adsorption of 
the estradiol-receptor complex in t h e  presence of the immunoglobulin by Staphylococcus aureus protein-A 
linked to Sepharose, and (d) t h e  ability of t h e  immunoglobulin to  increase t h e  sedimentation rate of t h e  
estradiol-receptor complex. Antibodies to  calf nuclear estrophilin cross-react wi th  that of rat uterine 
nuclei, as well as with the extranuclear receptor of calf, rat, mouse and guinea pig uterus and of human 
breast cancer. The antibodies do not react wi th  either the nuclear or extranuclear dihydrotestosterone- 
receptor complexes of rat prostate or with the extranuclear progesterone-receptor complex of chick 
oviduct. These findings indicate immunochemical similarity among estrophilins from several mammalian 
species, as well as between extranuclear and nuclear forms of t h e  receptor, but not among receptor 
proteins for different steroid hormones. They provide additional support for the two-step interaction 
mechanism in which t h e  nuclear receptor is derived from t h e  hormone-induced translocation of t h e  extra- 
nuclear receptor protein and open t h e  way for precise localization of intranuclear receptor-binding sites 
through'electron microscopy. 

277 
The chick oviduct progesterone receptor system has been studied extensively as  a general model 
f o r  s teroid hormone act ion.  We have succeeded in demonstrating a d i r e c t  stimulatory e f f e c t  of 
homogeneous progesterone-receptor complexes upon RNA t ranscr ip t ion  i n  v i t r o .  
- vivo form of the cytoplasmic receptor protein i s  an asymmetric 65 molecule (MW = 225,000). I t  
i s  a dimer of two non-identical subunits ( M W  = 80,DOO and 117,000), each w i t h  one progesterone 
binding s i t e .  The dimer and both.subunits have been purif ied t o  homogeneity. 
with reversible  crossl inking reagents have confirmed the exis tence of an aporeceptor dimer, 
containing one A and one B subunit. 
i n g  a f f i n i t y  in v i t r o  to  ta rge t  ce l l  nuclear cqnst i tuents .  
only i f  complexed w i t h  hormone. 
a f f i n i t i e s :  
only t o  ta rge t  ce l l  chromatin. 
DNA binding a c t i v i t y .  
the A subuni t ' s  DNA s i t e  appears t o  be blocked. 
measured using a rifampicin challenge assay. 
to  oviduct chromatin i n  v i t r o  stimulate production of new RNA chain i n i t i a t i o n  s i t e s .  
maximal stimulation ( T x v b l  receptor)  about 40% more s i t e s  a re  measured by the rifampicin 
challenge assay than are  seen in untreated chromatin. 
complexed w i t h  progesterone a r e  ac t ive .  S u b u n i t  B alone binds t o  the chromatin but does not 
stimulate in the assay. S u b u n i t  A alone s t imulates  b u t  only a t  10 t o  50-fold higher concen- 
t ra t ion  than the in tac t  65 dimer. 
receptor complex (6s) t o  interphase chromosomes in v i t r o  and "turn-on" t ranscr ip t ion  of the 
ovalbumin gene. These observations suggest a novel model of s te ro id  hormone ac t ion .  I t  
requires two receptor-bound hormone molecules per functional gene s i t e ,  one on the 6 
"specif ier"  subunit and one on the A "regulatory" subunit of an A - B  dimer. 
confers binding spec i f ic i ty  a t  nuclear "acceptor s i t e s "  and thereby c a r r i e s  the A subunit to  
the neighborhood o f  responsive genes. 
the A subunit which, a f t e r  binding to  s i t e s  on D N A ,  may promote the i n i t i a t i o n  o f  synthesis  
of spec i f ic  new species of R N A .  
f u l l  ovalbumin s t ructural  gene. From whole chick DNA we have succeeded recent ly  i n  i so la t ing  
the "natural" ovalbumin gene presumably w i t h  attached regulatory sequences. Following 
amplification of these sequences i n  bacter ia l  plasmids and confirmation of i t s  "novel" s t ruc-  
tu re ,  this DNA should prove qui te  valuable f o r  understanding the in te rac t ions  of RNA poly- 
merase, nonhistone chromt in  proteins  and hormone receptors during regulation of eucaryotic 
gene expression. 

INTERACTION OF STEROID HORMONES WITH TARGET CELLS. Elwood V. Jensen, Geoffrey 
L. Greene and Eugene R. DeSombre, Ben May Laboratory for Cancer Research, University of 
Chicago, Chicago, 1 1  60637. 

REGULATION OF G E N E  EXPRESSION BY STEROID HORMONE RECEPTORS, Bert W .  O'blalley and 
William T. Schrader, Dept. of Cell Biology, Baylor Coll. Med., Houston, TX 77030 

The native 

Recent s tudies  

All three preparations have been tes ted f o r  t h e i r  bind- 

The isolated subunits have d i s t i n c t l y  separate  nuclear 
Dimers a r e  taken up by nuclei 

the smaller subunit ( A )  b i n d s  p referen t ia l ly  to  f r e e  DNA; the  other  (B)  binds 

T h u s  in the dimer the chromatin s i t e  on the B subunit functions b u t  
Chromatin RNA chain i n i t i a t i o n  s i t e s  were 

Intact  6s progesterone receptor  complexes added 

The i n t a c t  A - B  dimers bind t o  chromatin but have no detectable  

A t  half 

Only the  i n t a c t  6s receptor dimers 

We have recent ly  been able  to  add the purif ied hormone- 

The B subunit 

The metastable dimer may then d issoc ia te  l ibera t ing  

Recently we have completed the in v i t r o  synthesis  of the 
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278 INTEFdCTION OF THYROID HORMONES WITH TARGET CELLS, Jack H. Oppenheimer, Harold L. 
Schwartz, Wolfgang H. Dillmann and Howard C. Towle, Section of Endocrinology and 
Metabolism, Department of Medicine, University of Minnesota, Minneapolis, MN 55455. 

Although the basis for the protean manifestation of thyroid hormone effects on mammalian tis- 
sues remains obscure, a growing body of evidence has suggested that triiodothyronine (T ) ac- 
tion is initiated at a set of specific nuclear receptor sites. These appear to be nonhiztone 
proteins of approximate M.W. 50,000. Unlike the situation for steroid hormones, cytoplasmic 
binding is not required for translocation to the nucleus. Receptors have been identified in 
all T3-responsive tissues examined to date. Although the sites obtained from various tissues 
appear similar by physico-chemical criteria, their concentration varies greatly from one tis- 
sue type to another. A rapid exchange of T between nuclear, cytoplasmic and plasma T pools 
has also been demonstrated. The percent of total available sites occupied in each tissue un- 
der physiological conditions appears the same, approximately 40-50%. Occupancy by T is ass& 
ciated both with a highly generalized increase in transcriptional activity as deterhned by 
total c'ontent and sequence complexity analysis of liver poly(A)-mRNA as well as with increases 
of certain specific prcducts such as a globulin, malic enzyme (ME), mitochondria1 a-glycero- 
phosphate dehydrogenase (a-GPD) in the'hver and growth h o m n e  (GH) in the pituitary. The re- 
lationship between nuclear occupancy and the rate of induction of new protein appears linear 
in the case of pituitary growth hormone, but for a-GPD and ME in liver the relationship is 
highly nonlinear with increasing amplification of the signal for new protein formation as the 
sites are progressively occupied. At full saturation, the rate of induction of these enzymes 
is approximately 10-19 fold that which characterizes the euthyroid state when only half of 
the sites are occupied. hnplified responses may have special significance in understanding 
the toxic manifestation of thyroid hormone excess. The response to T 
the level of other hormones as well as by tissue-specific and metabohc factors. Thus, neither 
adult nor neonatal brain responds to T with increased oxygen consumption even though the con- 
centration of T 
adult liver. Of3interest is the recent finding that the receptor concentration in liver is 
reduced by partial hepatectomy and starvation, a reduction which results in the anticipated 
decrease in ME response to T 
compatible with the hypothes!s that metabolic factors may bring about a selective reduction 
in receptor sites associated with specific genes such as the gene for ME. Recent studies have 
also indicated that glucagon, which is known to be elevated during starvation and after par- 
tial hepJtectOInY. results in a decrease in hepatic receptor sites. An understanding of the 
factors controlling receptor concentration and post-receptor mechanisms appears essential in 
understanding the diversity of thyroid hormone effects at the tissue level. 

3 3 

is also determined by 

receptors per 9 tissu! in neonatal brain approximates that of responsive 

but leaves unimpaired the a-GPD response. This dissociation is 

279 EFFECT OF TNYROID HORMONES ON BIOCHEMICN, PROCESSES, Isidore S .  Edelman. 
Cardiovascular Research Institute, University of California. San Francisco, Ca. 
94143. 

Thyroid thennogenesis appears t o  result from a complex series of events, including an 
expanded mitochondria1 capacity for oxidative phosphorylation. an increase in energy 
expenditure in active Na+ transport and probably a simultaneous increase in Na+ (perhaps K+ 
as well) permeability. To elucidate the nature of thyroidal stimulation of the Na+ pump. 
kinetic and Na+ pump labeling studies were carried out in collaboration with Chu-Shek Lo. 
Administration of T3 to  hypothyroid rats elicited 50-70% increases i n  Vmax for ATP. Na+ and 
K+. respectively in rat renal cortex. 
Na+ and K+. 
cortex confirmed that the increase in the number of pump sites accounted quantitatively for 
the thyroid-de endent increase in NaK-ATPase activity. Double isotope incorporation 
studies (% & 95S-tcethionine) revealed that thyroid honnone induced the synthesis of the 
large sub-unit of the Na+ pump with no change in the rate of degradation of this sub-unit. 
Since T3 receptors have been identified in nuclei of target cells, and the hormone is an 
inducer of RNA and protein synthesis, it is probable that the thermogenic and Na+ pump 
effects are also a consequence of the direct action of the hormone on the genome. 
t o  test for this possibility, an isolated cell system thermogenically responsive to T3 was 
developed, in collaboration with F. Ismail-Beigi and D. M. Bissell. Primary heparocvte 
cultures prepared from hypothyroid rat liver by collaRenase perfusion were maintained in a 
Medium with 21: hypothyroid rat serum. Addition of T3 to the cultures at six hours after 
cell plating increased 002.  NaK-ATPase and a-glycerophosphste dehydrogenase (GPD). 
increases were detectable at 24 hours and maximal at 72-96 hours. 
addition of Tj to the medium, 902 increased from 25 to 38 pL O2/m~ protein per hour. 
Concomitantly, NaK-ATPase and GPD activities increased 40% and 61%. respectively. while Mg- 
ATPase remained unchanged. T3 at concentrations of 6 x 10-11 H. 4 x lo-'' H and 6 x M 
elicited approximately Ox, 25% and 75% (respectively) of the maximal change in 002.  
Stimulation of NaK-ATPase and GPD by T3 occurred over the same dose range. 
remained invariant at about 10 nmolefmg protein after 72 hours of exposure to T3 at 
concentrations up to 2 x M. We conclude that primary hepatocyte cultures provide, for 
the first time, a valid model for the study of the biochemical basis of thyroid thennogenesis -- in vitro. The data indicate that T3 exerts a direct and co-ordinate stimulatory effect on 
902 and on NaK-ATF'ase in this experimental system. 

There were no changes in the apparent Km's for ATP, 
Moreover. P32 incorporation from ATPJ2(y) and %-ouabain binding in rat renal 

To be able 

These 
Seventy-two hours after 

ATP content 
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280 
I r rad ia t ion  inact ivat ion analysis  (12 MeV e lectrons)  of the funct ional  target  s i z e  of 
adenylate cyclase i n  hepatic plasma membranes has been carr ied out under a var ie ty  of condi- 
t ions with several  e f fec tor  ligands (glucagon, Gpp(NH)p, GTP, f luor ide  ion). 
cyclase conditions (non-treated membranes). the enzyme displays two charac te r i s r ic  s izes ,  a 
large s i z e  (about 1.4 x lo6) and a smaller s i z e  (3  x lo5). 
e f fec tors  d i f f e r e n t i a l l y  a f f e c t  the d is t r ibu t ion  of these s izes .  Pretreatment of the enzyme 
under assay conditions with Gpp(NH)p (or GTP) leads t o  "dispersion" of the large s i z e  t o  the 
-11 s i z e  of the enzyme system. Pretreatnent  with glucagon (tGTP) a l s o  leads t o  dispersion; 
however, the s i z e  of the dispersed s t a t e  is  about 5 x lo5 i n  cont ras t  t o  3 x lo5 given with 
the nucleotides (or f luor ide  ion). Gpp(NH)p (+ glucagon) gives a pers i s ten t ly  a c t i v e  s t a t e  
with molecular weights i n  the  range of 3 x 105. 
s t a t e ,  has a molecular weight of 6 x 105, which is higher than tha t  of the enzyme system 
act ivated by the  nucleotides andlor hormone. 
t ion  and disperaion mechanisms i n  the regulat ion of adenylate cyclase a c t i v i t y  by hormones and 
guanine nucleotides. 

TARGET SIZE ANALYSIS OF ADENYLATE CYCLASE. Werner Schlegel, National I n s t i t u t e s  of 
Health, Bethesda, Maryland 20014 

Under non- 

The act ions of the various 

The glucagon receptor, i n  its unoccupied 

The data  suggest an important r o l e  for  aggrega- 

INTERACTION OF IODINATED ENKEPHALIN WITM OPIATE RECEPTORS I N  CELLS, Kwen-Jen Chang, 
Richard J. Miller and Pedro Cuatrecasas, Wellcome Research Laboratories. Research 
Triangle Park, y25. 27709 

High specif iq  ac t iv i sy  
logs. [D-ala , &Leu ] and [D-ala , l e u  l-enkephalin, have been prepared. 
show stereospecif ic  binding t o  morphine receptors  i n  brain par t icu la tes  and in  many cell 
l ines .  
than dextrorphan. 
leu- and met-enkephalins. and 6-endorphin but not 8 - l i p p o p i n .  
soc_iftion r a t e  constants of binding to cel195are 3 x 19 liters mol 
min , respectively, a t  24'C. In6cells. [ I]  [E-ala -&leu 1-enkephalin binding is satu- 
ra ted with 30 f w l e s  bound per 10 c e l l s .  The Kd i s  1 t o  2 nM. 
reveal the presence of one binding site without cooperative interact ion.  The receptors  i n  
i n t a c t  c e l l s  are very r e s i s t a n t  t o  proteases and phospholipase A digest ion,  i n  contrast  to  
those i n  membrane preparations which a r e  very sensi t ive.  This res is tance apparently i n  not 
due t o  i n t r a c e l l u l a r  loca l iza t ion  s ince  the c e l l  howgenate has  the sane number of receptor  
sites as i n t a c t  cells. In  c a l l a  the a f f i n i t y  of the receptor f o r  enkephalin i s  very2qensi- 
t iyq t o  the ca t ion ic  composition of the medium. Rcmoval of the  divalent  cationa, Mg 
Ca , reduces the a f f i n i t y  by about 3.5 fold.  
and enkephalin anologs a r e  compared t o  the potency i n  displacing [3H] Naloxone and [ 
enkephalin binding i n  both cells and bra in  membrane preparation. 

I-labelZd derfvat ives  of the metabolically s t a b l e  enkephalin ana- 

Levorphanol is considerably more potent i n  displacing spec i f ica l ly  bound enkephalin 

These der ivat ives  

The binding is spec i f ica l ly  inhibi ted by low concentrations of the natural  3 a s s q i a t i o n  and dig- 

Scatchard and H i l l  p l o t s  

min and 3.5 x 10- 

and 
The biological  potencies of s e r i e s  of&ugs 

11- 

282 A CROSSLINKINb APPROACH To THE ORGANIZATION OF H-2 Ih' THE EL-4 CELL, John h'. Huggins 
and C. Fred Fox, The University of Cal i fornia ,  Los Angeles, LOs Angeles, CA 

The murine his toconpatabi l i ty  ant igen H-2 is an intrinsic c e l l  surface glycoprotein. 
Evidence derived from extract ion and co-purif icat ion has l e d  t o  models f o r  its organization on 
the  cell surface. 
by the  extract ion and pur i f ica t ion  procedures. 
nearest  neighbor in te rac t ions  s ince cells can be crossl inked and any unreacted crossl inker  
destroyed before c e l l s  axe disrupted. Current crossl inking approaches are not ,  however, 
applicable t o  proteins  present as minor components s ince  they are not easi ly 'detectable .  
therefore ,  chose t o  purify t h e  crosslinked H-2 complex and look at those proteins  
associated with H-2. Hurine lynphosarcoma EL-4 c e l l s  were surface labe led  with 2'1 by 
lactgperoxidase, crosslinked with DTBP, a cleavable h i d a t e  c ross l inker  at temperatures from 
4-37 C. the  react ion quenched, extracted with 0.5% NP-40 and H-2 pur i f ied  by immuno- 
precipi ta t ion and analyzed by two-dimensional off-diagional e lectrophoresis .  
associat ion seen w a s  between proteins  of 46,000 and 12,000 dal tons i d e n t i f i e d  as H-2 and 
Beta microglobulin, which accounted f o r  up t o  4 4  of t h e  t o t a l  extracted H-2. 
tion2vas not due t o  na t ive  o r  induced d isu l f ide  s ince  iodoacetamide t r e a t e d  cells d i d  not 
show the  complex in noncrosslinked c e l l s .  
H-2 dimer accounted f o r  I-% of t h e  t o t a l  extracted H-2. A minor associat ion of H-2 with 
cer ta in  other  proteins  could be seen. 

90024 

The question is clouded, however, by t h e  problems of associat ion induced 
Chemical crossl inking o f f e r s  an approach t o  

We 
hich a r e  

The major 

The associa- 

A second crossl inked complex corresponding t o  a 

118 



Trammembnn S@aling 

283 
Iowa City, Iowa 52242. 

cholera toxin to their medium by rounding and producing steroid hormone. 
cells also round and produce steroids after addition of ACTH but the kinetics of both 
responses are different from those of cholera toxin stimulated responses. 
both rounding and steroid production, the lag before response and the duration of the 
response are significantly longer in cholera toxin treated cells over a wide range of toxin 
concentration. In addition, scanning electron microscopy reveals that dense areas of ACTH 
sensitive cultures round in response to cholera toxin but not in response to ACTH. 

Freeze fracture electron microscopy reveals numerous gap junctional particle aggregates 
within ACTH sensitive Y-1 membrane after treatment with ACTH while none are observed in the 
membrane of untreated or cholera toxin treated ACTH-insensitive Y-1  t u m r  cells. 

Since it seems likely that the behavior of gap junctions in a variety of tissues, 
including adrenal cortical cells, is related to peptide hormone action (Larsen, W.J. 
Tiss. Cell, 9:373), we are investigating further, effects of ACTH,'ACTH analogs, cholera 
toxin and other steroidogenic agents on gap junctions in Y-1 tumor cells. 

GAP JUNCTIONS AND ADRENOCORTICOTROPIC HORMONE (ACTH) SENSITIVITY IN V-1 TUMOR 
CELLS, Sandra A. Hurray, William J. Larsen and Sam T. Donta, University of Iowa, 

ACTH-insensitlve and ACTH-sensltive Y-1 tumor cells each respond to the addition of 
The ACTH sensitive 

In the case of 

284 SPECIFlC.BINDING OF ENKEPHALIN TO NEURONAL CELLS AND HEHBRANES, Edward J. HcHurchie and 
C. Fred Fox. Molecular Biology Institute. University of  Calif., Los Angeles, CA 90024 

Hethionine enkephal in, Tyr-Gly-Gly-Phe-Met (met5-enkephal in) is one of class o f  mammalian brain 
peptides which may function as endogenous neurotransmitters which interact with the opiate 
receptor. Hybrid neuronal cells (rat gl ioma x m u s e  neuroblastoma), which possess opiate 
receptors, have been shown to respond to opiates or enkephalins by a lowering of 3',5'-cAHP 
levels and by inhibition of adenylate cyclase. However, only limited specific binding of 
(dihydro)morphine has been demonstrated in such cells. 
We are using a photoa'ctivable cross-linking reagent (an azido mets-enkephalin) as a probe for the 
opiate receptor in brain and hybrid neuronal cells. Inhybrid neuronal celIs,wefind that 
underivatized 3H-mets-enkephalin binds most specifically at 2', where 70%orgreatercompetition 
is observed with excess enkephalin or morphine. At higher temperatures and with increased time 
of incubation, nonspecific binding is increased. At373 almost a l l  binding is non-competible 
with excess unlabeled enkephalin or morphine. Themajorityof radioactivity boundat 37" is non- 
displaceable and remains cell-associated. inclusion of bacitracin or excess tyrosine in the 
medium does not affect the level of cell-associated radioactivity, while the opiate antagonist 
naloxone significantly elevates this level. The plasma membrane fraction from hybrid neuronal 
cells specifically binds 3H-mets-enkephalin at 2'. 22', and 37" (70% or greater at 22 ' ) .  
These data suggest that in hybrid neuronal cells at least, the specific binding of enkephalin 
to the opiate receptor may be coupled to processes which internalize part or a l l  of the 
enkephalin molecule at 37". These processes may or may not relate to the molecular action 
of enkephal ins. 

285 MECHANISM OF Mg-ATP REGULATION OF MEMBRANE BOUND TYPE 1 CAMP ACTIVATED PROTEIN KINASE, 
James R. Owens and Boyd E. Haley, Dept Biochem, Univ of Wyoming. Laramie, WY 82071 
The transmembrane signaling elicited by some hormones binding to outer cell surfaces 

may result in the intracellular production of CAMP and subsequent activation of specific pro- 
tein kinases which catalyze the phosphorylation of specific cellular proteins. The phosphory- 
lation of these proteins may cause a change in cellular properties such as increased membrane 
permeability or activation of specific enzymes or metabolic pathways. Using isotopically la- 
beled, photoaffinity analogs of CAMP and ATP, [3ZP]8-N3cANP 
we have investigated nucleotide involvement in the regulation of the membrane bound, CAMP ac- 
tivated, protein kinase of human erythrocytes. 8-N3cAMP is an excellent biological mimic of 
CAMP and a proven photoprobe for CAMP binding proteins (1,Z). .Both Mg.ATP and Mg.8-NeATP pre- 
vent photoincorporation of [ 3zP]8~N3cAMP into the regulatory subunit (R) of this kinase. [B,y 
32P]8-NjATP is also photoincorporated into R at concentrations consistent with those that de- 
crease both ['HlcAMP b ["P]~-NJcAMP reversible binding to R. The presence of catalytic sub- 
unit (C )  is not required for MgATP or Mg8-NlATP reversal of cyclic nucleotide binding. 
ever, presence of C does decrease the concentration of MgATP required for inhibition of photo- 
incorporation of [32P]8-NscAMF'. Mg8-N3ATP is not a substrate for the kinase eliminating auto- 
phosphorylation from the regulatory mechanism. 
has a regulatory site on R that is different from the CAMP site. Binding of MgATP decreases 
affinity for CAMP 6 increases it for C. 
HgATP is proposed to be the "turn off" mechanism for some CAMP activated protein kinases. 
l)Haley,B., (1975) Biochemistry 14 3852. 2)Owens. J. & Ha1ey.B. ,11976)J.Supra Mole Structure391 

and [6,y3'P]8-N3ATP respectively, 

How- 

The data support a mechanism in which MgATP 

The increased affinity of R Lor C in the presence of 
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CHARACTERIZATION OF GLUCACON RECEPTORS ON HEPATOCYTE AND HEPATOMA PLASMA MEMBRANES, Marvin 
Bregman and Oanlel Levy. Unlv. of  Southern California, School of Medicine, Oe t of 
Biochmlstry, Los Angeles, CaI if. A photosensltive derivative of glucagon, lapI:NE-4- 
arldo-2-nltrophenyl-glucagon (NAP-glucagon) has been synthesized and used to specif ice1 l y  
Iabel glucagon binding proteins in hepatocyte plasma membranes. 
derivative In the presence of intact hepatocytes o r  hepatocyte plasm munbranes results 
in the incorporation of radioactivity prlmrlly Into membrane components wlth a 
molecular weight range of 23,000-25,000. 
Increased by Mg"+ and PPI . The binding 
and covalent labeling was inhibited by greater than 90% In the presence of excess glucagon. 
Binding and labeling studies suggest that the labeled manbrane proteins m y  be components 
of the glucagon receptor. 
2% of glucagon as well as NAP-glucagon when compared to normal Isolated hepatocytes. 
Similar results were obtained from the corresponding purlfled plasma membranes. 
of NAP-glucagon in the presence of the hepatom membrane system did not result In the 
Iabeling of any mcmbrane c-onents. further supporting the specificity of the receptor 
labeling reaction wlth normal hepatocytes. 

Photolysls of this 

The degree of labeling was significantly 
The binding properties were also effected by Mg"'. 

Hepatom tissue culture cells were shown to bind less than 

Photolysis 

287 

The understanding of the molecular basis of amino acid transport will require the isolation 
and characterization of transport components from the membranes of cells. Therefore, plasma 
membrane vesicles f r o m  Ehrlich ascites tumor cells were solubilized with 2% cholate. 0.5 mM 
FDTA, 1 mM dithiothreitol, in 0.1 M potassium phosphate buffer, pH 7.4. The extract was 
centrifuged at 100,000 X g for 1 hr and the supernatant usually contained 40-60% of the pro- 
tein found in the membrane vesicles. The solubilized activity was partially purified by a 
combination of ammonium sulfate precipitation and column chromatography. 
fied protein fraction could be reconstituted into artificial lipid vesicles prepared from soy- 
bean phospholipids. The soybean phospholipid vesicles were prepared by the cholate dialysis 
method of Racker (J. Biol. e. =:8198, 1972). The solubilized protein was then added to 
the liposnnes in a ratio of 20:l (phospholipid to protein). Liposomes could also be reconsti- 
tuted by sonication and a freeze-thaw step as shown by Kasahara and Hinkle (J. Biol. Chem. 
- 252:7384, 1977). Active transport of alanine or leucine could be demonstrated into the re- 
constitued soybean phospholipid vesicles. The active accumulation of these amino acids was 
sodium ion dependent. 
by utilizing small Sephadex 6 5 0  columns for separation of free and bound ligand as described 
by Penefsky (2. w. Chem. 252:2891, 1977). The transport properties of the partially puri- 
fied extract are similar to those found for Ehrlich ascites plasma membrane vesicles. 
(Supported by NIH Grant GM 20737.) 

RECONSTITUTION OF NEUTRAL AMINO ACID TRANSPORT ACTIVITY FROM CHOLATE EXTRACTS OF 
EHRLICH ASCITES TUMOR CELLS, Gary Cecchini and Dale L. Oxender, Department of Biologi- 
cal Chemistry, The University of Michigan, Ann Arbor 48109 

The partially puri- 

Transport was assayed by filtration through 0.45 p millipore filters or 

288 HYDRODYNAMIC PROPERTIES OF THE INSULIN RECEPTOR FROM'TURKeY ERYTHRO- 
CYTES, Ramani A .  Aiyer ,  The B i o l o q i c a l  Laboratories.  Harvard Univers i ty  
16 Div in i ty  Avenue, Cambridge. Mass. 02138 

The i n s u l i n  receptor from turkey erythrocyte  plasma membranes has been so luh i -  
l i s e 4  with Tri ton X-100 and its hydrodynamic proper t i e s  i n v e s t i g a t e ?  us ing  t h e  
techniques o f  dens i ty  gradient  u l t racentr i fugat ion  and g e l  f i l t r a t i o n .  Sedi -  
mentation was carr ied  out  i n  l inear  5 2 0 %  sucrose  grad ient s  i n  t h e  presence of 
0.1% Tri ton X-100. A major peak of i n s u l i n  bindinq a c t i v i t y  moves between 
ca ta lase  ( 8 11.3s)  and fumarase ( s 8 . 9 s ) .  The p o s i t i o n  o f  t h i s  peak 
i n  D 0 is sh@ttd nearer to  fumarase re la? iye  to  its  p o s i t i o n  i n  HZO. This  
r e s u f t  a l lows  one to  c a l c u l a t e  the  p a r t i a l  s p e c i f i c  volume o f  t h e  prote in-  
detergent complex and t o  estimate t h e  amount of 4etergent  bound. G e l  f i l t r a t -  
ion w a s  performed on Sepharose CL-6B. The insul in-receptor  complex e l u t e s  
ahead o f&galac tos idase  ( s 
cates t h a t  the  i n s u l i n  recepgof is a large,asymmetric molecule.  

15 .9  S ,  Stokes '  radius ,  6 9 . 1 A ) .  This  ind i -  
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The i n i t i a l  event i n  receptor act ivat ion is recognitioo of the  effector  resu l t ing  i n  binding 
and subsequent activation. 
same receptor which recognizes opiates. 
receptor has been postulated based on s t r u c t u r e a c t i v i t y  ra ls t ioxu in  malges ics  i n  i n  v i t r o  
systeas. A systfmmtic search of conforu t iona l  space led  t o  one conformer of a n k a $ h x i F  
which p r u m t e d  the correct s p a t i a l  or ientat ion of groups required f o r  recognition. 
t h i s  cbnforrar (Gorin m d  Harshall. Proc. N s t l .  Aced. Sci. US., Nw. 1977). t h e  a c t i v i t y  of 
twenty d e g a  of unkephalin with modification which ef fec t  the pmaible  backbone conform- 
t i o l u  were predicted. Thirteen of these malogs have subsequently been reportsd d UL in  
agreement with the prediction#. Further synthet ic  e f f o r t s  to  eliminate c o n f o r v t i o l u l  
variables have resulted in M mulog. Tyr-D-AlrCly-Ind (Ind - l-aminoindaue), i n  which hm 
degrees of freedom have been removed m d  high ac t iv i ty  is retained. 
resu l t s  with physical studiea by other8 conclusively demonstraten t h a t  the nnslgesic receptor 
e i ther  induces the conformation required f o r  recognition m d  act ivat ion o r  s e l e c t s  a minor 
conforear f rap  the enmcllble available i n  solution. 

(This work suppaxted i n  part  by Grmt RR-00396 from the National I n s t i t u t e s  of Health. 
P.G. is a Graduate Fellow, Medical Sc ien t i s t  Training Pt0gr.n (GM-02016). 

BeCEpmR-BOUND CONHIRUTION ON JiNUXPtIALXN, Garland R. b r s h r l l ,  T.N. Balrsubr-inn 
and Frederic A. Gorin, Washington Uaiveni ty  School of Medicine, St. Louis, Mo 63110 

Erkephalin, mly-Gly-Phe- (ku ,  Hat), is recognized by the  
A model f o r  the recolplition nquir-ts for  t h i s  

Bued on 

Comparison of these 

290 ISOLATION OF CLLL SURFACE PROTEINS THAT B I N D  TO CHROMAFFIN GPANULES, 
David I. Meyer and Max M. Burger ,  B i o c e n t e r ,  4056 B a s e l ,  Swi t ze r l and .  

We have p r e v i o u s l y  p o s t u l a t e d  t h a t  r e c o g n i t i o n  and b ind ing  p recedes  f u s i o n  
o f  s e c r e t o r y  g r a n u l e s  w i t h  t h e  cell membrane i n  e x o c y t o s i s .  C e n t r a l  t o  t h i s  
n y p o t h e s i s  i s  t h e  no t ion  t h a t  a r e c e p t o r  molecule  e x i s t s  on t h e  i n n e r  s u r f a c e  
o f  t h e  ce l l  membrane whose f u n c t i o n  i s  t o  recogn ize  and b i n d  complementary 
sites on t h e  s e c r e t o r y  g ranu le .  In  an e f f o r t  t o  a s c e r t a i n  t h e  p r e s e n c e  o f  
such  a subs t ance ,  w e  have developed  an  a f f i n i t y  chromatography sys tem based  
on immobilized., f i x e d  s e c r e t o r y  g r a n u l e s .  

To date, u s i n g  t h i s  method, w e  have been able t o  i s o l a t e  t w o  major p e p t i d e s  
from s o l u b i l i z e d  f r a c t i o n s  e n r i c h e d  i n  plasma membranes. The amount o f  t h i s  
m a t e r i a l  d e r i v e d  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  amount o f  plasma membrane 
(based  on enzyme a c t i v i t y )  p r e s e n t  i n  s o l u b i l i z e d  f r a c t i o n s .  Low pH (1.5) 
has  been used m o s t  s u c c e s s f u l l y  as t h e  e l u t i o n  medium. The molecu la r  we igh t s  
of t h e s e  p e p t i d e s  i n  SDS are ca. 15,000 and 50 ,000 .  

291 Kathryn E. 

We have synthesized a b i o t i n y l  de r i va t i ve  o f  the beta-adrenergic antagonist propranolol f o r  
use i n  the  l o c a l i z a t i o n  and p u r i f i c a t i o n  o f  the beta-receptor. Biotinyl-N-hydroxy-succini- 
mide was reacted w i t h  the amino group o f  hexaglycine t o  g i ve  biot inyl-hexaglycine. The car-  
boxyl group o f  b io t iny l -hexa l y c i n e  was then reacted w i t h  the  amino group o f  1-(1-naphthoxy)- 
3-N-(ethylamino)propan-Z-o1 ?abbreviation: NEDA) t o  g i ve  biotinyl-hexaglycyl-NEDA (abbrevia- 
t i o n :  BGN). This b i f unc t i ona l  molecule binds w i t h  high a f f i n i t y  t o  the b io t i n -b ind ing  pro- 
t e i n  av id in .  The hal f - t ime f o r  d i ssoc ia t i on  o f  BGN from av id in  i s  7 hours a t  370 and 16 
hours a t  25O.  We have used the duck erythrocyte, which possesses a catecholamine-activated 
adenylate cyclase. as a model beta-receptor system. The avidin-BGN complex i n h i b i t s  i so -  
proterenol ac t i va t i on  of adenylate cyclase i n  duck ery throcyte (K  1400 nM) and i n  duck 
ery throcyte ghosts (K~=3000 ntl). The complex a l so  displaces [%i1-%hydroalprenolol from the 
d ig i t on in -so lub i l i zed  beta-receptor (K 110 nM). The d i ssoc ia t i on  constants o f  BGN afone i n  
these assays were 900 nH, 800 nM. and 9; nM, respect ive ly .  These data i nd i ca te  t h a t  BGN i s  
capable o f  b ind ing simultaneously t o  the beta-receptor and t o  av id in .  By u t i l i z i n g  f l u o -  
rescein- o r  f e r r i t i n - l a b e l l e d  avidin. we may be able t o  v i sua l i ze  catecholamine b ind ing s i t e s  
on c e l l  surfaces. 
chromatography o f  the so lub i l i zed  beta-receptor. 

SYNTHESIS AND CHARACTERIZATION OF A BIOTINYL DERIVATIVE OF PROPRANOLOL. 
Meier and Arnold E. Ruoho, Oept. Phanacology, Univ. o f  Wisconsin, Madison, W I  53706 

I n  addit ion, BGN may be bound t o  avidin-Sepharose and used f o r  a f f i n i t y  
(Supported by N IH  Grant # NS 12392). 
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292 A POSSIBLE MECHANISM FOR IMMUNE COMPLEX/ FC RECEPTOR TRANSDUCTION 
IN ALVEOLAR MACROPHAGES. Sore11 L. Schwartz, Mark W. Cowden and Po-Shun 
Wu, Georgetown University, Washington, D. C. 20007 

Previous studies from this laboratory indicated that immune complexes cause an increase 
in fluidity of lipid-protein monolayers prepared from plasma membrane of rabbit alveolar 
macrophagee. These studies were extended to compare the thermodynamics of monolayer 
expansion with the thermodynamics of endocytosis by intact cells. Lyophilized membrane 
from normal (N-M) and BCG-induced (BCG-M) RAM were placed on an automated Langmuir 
trough and the monolayer allowed to form. 
pressure was conetant and the area allowed to change. An immune complex prepared from 
egg albumin and rabbit ansd-egg albumin expanded the mambrane a low concentrations 
(5 x 10- for N-M; 5 x 10 This expansion was  apparently specific based on 
less or no response with other substances and with non-RES ceU membranes (i. e. NRK 
cell line). Arrhenius plots revealed a Tc of 22 OC for N-M monolayers and 2 8 O  C for 
BCG-M monolayers. Pinocytic activity of BCG-induced RAM was  enhanced by the immune 
complex to a greater degree than the enhancement of the pinocytic activity of normal RAM 
by the immune complex. Arrhenius plot of pinocytic activity showed a Tc of 23.5' C for 
normal RAM and 28 C for BCG-induced RAM. This comparison of the thermodynamic 
properties of the monolayer and pinocytic responses suggests that the immune complex 
may initiate macrophage endocytic response via a viscotropic activation of effector 
substances (ATPase?) within the membrane. 

Experiments were done in which the surface 

for BCG-M). 

293 AUTOANTIBODIES INHIBIT INSULIN BINDING AND IMMUNOPRECIPITATE THE SOLUBLE lNSULlN 
RECEPTOR, L.C. Harrison, J.S. F l i e r ,  C.R. Kahn, and J. Roth, NIH.  Bethesda, MD 20014. 

We have previously shown t h a t  serum from pa t ien ts  with an unusual form of diabetes  contains 
cell membrane autoantibodies which i n h i b i t  the  binding of insu l in  t o  i n t a c t  membrane receptors  
and e l i c i t  insul in- l ike biological  responses. We have now studied the e f fec t  of these ant i -  
receptor sera on the binding of '2sI-insulin t o  the Triton-solubilized human placental  insu l in  
receptor. The anti-receptor se ra  inh ib i t  insu l in  binding t o  the soluble  receptor  a t  titers 
comparable t o  those for  receptors  on i n t a c t  ce l l s .  Inhibi t ion of binding to  soluble  receptors  
appears t o  be due t o  a reduction i n  the number of avai lable  binding s i t e s ,  whereas with i n t a c t  
membrane receptors  the predominant e f fec t  of the anti-receptor se ra  is t o  decrease receptor 
a f f in i ty .  
the 12sI-insulin-labeled soluble  receptor  a f t e r  addi t ion of anti-human IgG, antiserum against  
e i ther  K or h l i g h t  chains, o r  Staphyloccal protein A covalently bound t o  agarose. Imuno- 
precipi ta t ion titers ranged from 1/50 t o  1/6400, and i n  most cases were higher than the corres- 
ponding binding inh ib i t ion  titers. 
prec ip i ta t ing  capacity of 24 m o l e  insu l in  binding sites per mole of IgG. Other ligands (EGF, 
hGH, O P E )  which were spec i f ica l ly  bound t o  the soluble  placental  membrane were not precip- 
i t a t e d  by these sera .  Together, these f indings fur ther  demonstrate the d i r e c t  in te rac t ion  
of these anti-receptor antibodies with the insu l in  receptor. 
precipi ta t ion is  a sens i t ive  assay f o r  insu l in  receptor  ant ibodies  and tha t  receptor  purif i -  
cat ion is  f e a s i b l e  with t h i s  approach. 

A l l  the  anti-receptor se ra  tes ted were able  t o  quant i ta t ive ly  inmunoprecipitate 

IgG prepared from the serum with the highest t i ter  had a 

They a l s o  ind ica te  tha t  imuno- 

EUFUWER PURIFlCATICN AND RECONSTITVTICN OF THF INS[ILIN-SFXSITIVE E-GLUXSE TRANspoT(p 
PCPMTY FRaM RAT ADIFWXIE PLASM4 MDBIWES. 
B m  university, Providence, Rkde Island 02912. 
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We have re- partial purification of the rat adir'iocyte hex~se transport svstem wing di: 
m t h y h l e i c  anhydride extraction (J. Biol .  UI~. 252: 6554-6555, 1977). 
have reported additional purification and reconstitution of this transprt system into uho- 
l ipid vesicles (J. Biol .  C k m .  252: 8341, 1977). Although this cholatesolubilized, reanrsti- 
t u t d  nmbrane fraction amtained preda?man ' t e ly  94,000 dalton glymproteins, trace arrpunts of 
b t h  78,000 and 56,000 dalton protein fractions wre detected on SOS-mlyacrylamide gel elec- 
trophoresis (SDS-P-). We therefore init iated procedures to isolate these various fractions 
i n  order to determine h i c h  was associated with transport activity. A t t e n p t s  to reconstitute 
hexose transprt from nmbranes solubilized with other detergents, i.e. hiton-X-100 and SDS, 
resulted i n  aaplete loss of activity.  cholatesolubilized nmbranes were therefore subjected 
to m l m  gel chnm;ltography i n  the presence of 1% d m  cholate using either Smhak~ C-200 
or  Sepharose 6B. fie majority of protein applied to both c o l m  eluted in the same volune as 
L&&ran Blue (M.W. 5 2,000,000) indicating the presence of 1- protein aggregates. qhen 
t h s  fraction w a s  -lid to SDS-PAe, all three protein bands were present. a v e r ,  when 
reductant (5 nM dithiothreitol) was incluaed in the eluant, i n  addition to the large n u l t i -  
mric anplexes, -11 m u n t s  of 78,000 and 56,000 dalton proteins eluted as separate and 
distinct peaks *which appeared as single bands On SDS-PAGE. F k p e r h t s  are currently in pro- 
gress to test reconstitution of these colm fractions in  order to furtlwr resolve the npm 

Michael F. Shanahan and Michael P.Czfch, 

mre recentlv We 

brane protein carponenk3 of this transprt system. 
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PREPAPATION OF RNPIEODIES M A PARTIALCY PURIFIED PFOEIN FTACTION FFOM FAT ADIPWYI'E 
PXASm MEMBRANES CCWI'AINING HEXOSE TRANSPORT ACTI'irITY. Dennis J. P i l l i o n  and Michael 
P. Czech, DiV. o f  Bioloqy and Micine,  B r m  Universi ty ,  Providence, RI 02912. 
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Rat adipxytes were isolated and p l a s m  mr&rane vesicles were prepare? accordinq to estab- 
l i s h e d  procedures and ex t r ins ic  proteins  were r m v e d  f r a n  t h e  vesicles bv t r ea tmen t  w i t h  di- 
m t h y h l e i c  anhydride (DWR) (Shanahan, M.F. and Czech, M.P. ,J.Biol.Chem. 252 (1977) 6554-61). 
The residual rrpnJ3rane mterial, which cons i s t ed  min ly  o f  2 g lycopro te in  bands on 59S-PAGE. 
was achinistered to rabbits in a 1:lmixture w i t h  Freund's  complete adjuvant. Serum was col- 
lected and the Ig fraction w a s  p a r t i a l l y  p u r i f i e d  by t reatment  of t h e  whole sennn w i t h  (NH4)2 
S04.,DbW-treated mnbranes were incubated wi th  the Ia f r a c t i o n  or w h o l e  sem from untreated 
rabbits or frm rabbits which had been in j ec t ed  wi th  m - t r e a t d  d r a n e s ;  the h r a n e s  
were then centrifqed, washed, and solubilized in one o f  the follcwring solut ions:  0.1% T r i t o n  
X-100, 1% Tri ton X-100 or 0.1% h i t o n  X-100 p l u s  2% cholate. An aliquot o f  each solut ion was  
then place3 on an imuno& ' f f u s i o n  plate which contained the samt! munt of deterqent as the 
sample, and qat  anti-rakbit Ig conjugated with fluoroscein w a s  then added to  each p l a t e .  
lX+P.-treated mstbranes formed a precipitin l i n e  i n  a l l  of the d i f f e r e n t  detergent con-binations 
when the Ig fraction from treated rabbits was used; no precipitin l i n e  formed when the I g  
fraction fran untreated rabbits w a s  used. Stuclies are currently in progress to determine ths 
e f f e c t s  of t k  Ig fraction fmm treated rabbits on insulin-r-tor i n t e r a c t i o n  and hexose 
and anion t ransprt .  

296 SPECIFIC INTERACTION OF THE THIRD COMPONENT OF HUMAN COMPLEMENT (C3) WITH LEUKOCYTES 
AND ERYTHROCYTES, Brian F. Tack.David M. Segal and Alan N .  Schechter,  Lab. Chem. Biol ,  
NIAMDD and I m u n o l .  Branch, NCI ,  N I H ,  Bethesda, Md. 20014 

The a b i l i t y  of phagocytic and lymphoid c e l l s ,  including the  macrophape, polvmorphonuclear leu- 
kocyte, and B-lymphocvte, t o  recognize and bind t o  immune complexes (IC) is dependent i n  p a r t  
on t h e  i n t e r a c t i o n  between an I C  bound form of C3 and c e l l  s u r f a c e  r ecep to r s  s p e c i f i c  f o r  t h i s  
Protein.We a r e  a t tempting to measure d i r e c t l y  t h e  equi l ibr ium and k i n e t i c  parameters of binding 
between a c t i v a t i o n  products  of human C3 and t h e i r  r ecep to r s  on human blood c e l l s .  The ac t iva -  
t i o n  fragments C3b, C ~ C ,  and C3d have been generated by d iges t ion  with porcine elas 
subsequently purif ied.Each f r  gment has  been radiolabeled using chloramine-T and Na"'; :zda 
s p e c i f i c  a c t i v i t y  of 1-2 x 10 cpm/ug. The i n t e r a c t i o n  with e ry th rocy te s  and lvmphocytes has  
been measured using a d i r e c t  binding assay where equi l ibr ium s a t u r a t i o n ,  t ime course,  and comp- 
e t i t i o n  experiments have served t o  cha rac t e r i ze  t h e  s p e c i f i c  na tu re  of t h e s e  i n t e r a c t i o n s .  The 
sepa ra t ion  of bound and f r e e  l igand w a s  obtained by l aye r ing  t h e  c e l l  suspension on a column of 
s y n t h e t i c  oil (densi ty  = 1.033 gmlcc) and p e l l e t i n g  t h e  c e l l s  by spinning i n  a r ap id ly  accel-  
e r a t i n g  centr i fuge.  The nonspecif ic  c e l l  a s soc ia t ed  component w a s  determined bv measuring t h e  
c e l l  a s soc ia t ed  counts  i n  the  presence of a 40-fold molar excess  of nonlabeled p ro te in .  I n i t i a l  
s t u d i e s  have indicated t h a t  t he  binding of C3 and 3b t o  human red c e l l s  is a s a t u r a b l e  reac- 
t i o n  with an  a s soc ia t ion  constant  (Ka) of 1-4 x 10 
1 x lo3. S imi l i a r  s t u d i e s  wi th  an  e s t ab l i shed  lymphoblastoid c e l l  l i n e  have again ind ica t ed  a 
a a t u r a b l e  r e a c t  on with a K, Of 0.7-1.0 x lo7 M-'. The number of r e c e p t o r s / c e l l  is est imated t o  
be 1.5-2.0 x loi. 

8 

5 K1. The number of r e c e p t o r s l c e l l  i s  about 

297 A SERIOLOGICAL ASSAY FOR THE DETECTION OF CELL SURFACE RECEPTORS FOR NERVE GROWTH 
FACTOR, Arne S u t t e r ,  John Samuelson, Astr id  Zimmermann, and Er i c  M. Shooter ,  Dept. 
Neurobiol. ,  Stanford Univ. Sch. Med., Stanford,  CA 94305 

We have developed a hormone. anti-hormone-antiserum and complement dependent cy to tox ic i ty  assay 
which can be used as an a l t e r n a t i v e  t o  hormone r ecep to r  binding assays f o r  t h e  s tud  f Nerve 
Growth Factor (NGF) receptors .  In receptor  binding assays using radiolabeleP NGF ('2'I-NGF) 
two s p e c i f i c  c e l l  su r f ace  r ecep to r s  with d i f f e r e n t  a f f i n i t i e s  (Kd(I) :2.3x10 'M; K (11) :l. 7x 
lo-',) can be detected on sensory gangl ia  c e l l s  of chick embryos. 
concentrat ion dependence of cy to tox ic i ty  and the  d i s s o c i a t i o n  behaviour of  NGF as determined 
i n  binding a s says  ind ica t e s  t h a t  cy to tox ic i ty  is mediated by NGF binding t o  i t s  high a f f i n i t y  
receptor  (I)  alone.  When s i n g l e  c e l l  suspensions prepared from 8 day o ld  chick embryos (EB) 
a r e  incubated with NGF, anti-NGF-antiserum and complement Z O ( f 3 ) Z  oF t he  c e l l s  can be k i l l e d .  
After  s epa ra t ion  of t h e  non neuronal c e l l s  (comprising 50% of the c e l l s  i n  t h e  d i s s o c i a t e )  
t h e  percentage of c e l b  k i l l e d  i n  t h e  assay inc reases  from 20 t o  40%. i l l e d  c e l l s  a r e  
neurons. These r e s u l t s  a r e  i n  concordance with binding assay da ta  usin;fhfZ5I-NGF which show 
a doubling i n  the  amount of high a f f i n i t y  receptor  s i t e s  on the  neuronal enr iched c e l l  pop- 
u l a t ion .  Using t h i s  cy to tox ic i ty  assay no high a f f i n i t y  NGF recep to r s  could be detected on 
sensory gangl ia  c e l l s  of e a r l y  developmental s t a g e s  (E4) o r  on non neural  t i s s u e s  l i k e  l i ve r  
and hea r t  (E8) which again is  i n  accordance with binding assay r e s u l t s .  We propose t h a t  t h i s  
NGF dependent cy to tox ic i ty  assay can be used a s  a f a s t  and easy t e s t  f o r  t he  mapping of high 
a f f i n i t y  NGF recep to r s  in t he  pe r iphe ra l  a s  wel l  a s  c e n t r a l  nervous system during ontogeny 
of t he  chick.  

The a n a l y s i s  o fd the  NGF 
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Receptor Mutants: Cell Lines Altered in Lband lnteractbns 

298 LIPOPOLYSACCHARIOE (LPS) EFFECTS ON CHINESE HAMSTER OVARY CELLS AN0 DERIVATION OF 
A N  LPS-RESISTANT VARIANT LINE, Kenneth W. Brunson and Garth L. Nicolson, Department 
of Developmental and Cell Biology, University of California, lrvine. Calif. 92717 

The in uitro growth of 1 ine CHO.KI.PR0 was inhlbited by gram-endotoxln (lipopolysaccharide 
[LPS] from SaZmoneZZa typhosa ST090l). Bizarre cell shapes, vacuol itation and apparent PM 
defects at the EM level occurred concomitantly with growth inhibition. Growth was not inhi- 
bited until 3-4 days in LPS-OMEM+IO% FCS. Inhibition was dose-dependent up to maximal at 500 
ug LPS/ml (%lox fewer cel Is at day 7). Vacuol izat ion and cell shape changes were observed by 
light and EM, began at 3-4 days incubation, and were most pronounced at day 7. Evidence indi- 
cated that the vacuoles contained lipid. The parental CHO line, upon repeated culturing with 
high LPS-DMEM+IO% FCS yielded a stable LPS-resistant variant not inhibltable at high LPS. The 
variant cells or their clones displayed altered, properties compared to the parental line in- 
cluding changes in morphology, adhesion and endocytosls. Variant cells showed an elongated 
morphology and grew mostly in swirls. The parental cells were markedly density-inhibited, 
whereas variant cells exhibited considerable vertical growth (into "mounds") at confluency. 
When sparse cultures were removed from TC dishes by 2 d4 EDTA. no significant differences were 
seen betwean rates of detachment in parental or variant cells. However, at confluency, %loo% 
of the varlant cells vs 35% parental celis were removed in I hr by EDTA. Measurements of l Z 5 l -  
ferritin uptake by variant cells showed a 2X increase in uptake in LPS, while the parental 
cell Ilne showed as much as a 20X increase of lZ51-ferritin uptake In LPS. These studies indi- 
cate that LPS can have profound cellular effects on CHO cells in u i t r o .  Supported by NCI 
contract CB-74153 and ACS grant BC-21IA (to GLN). 

2 9  COLCHICIXE FUTENTIATES ISOF'ROl'~ENOL-STIMUL4TED CYCLIC AMP ACCVMUIATION IN S49 C W .  
Michael S. Kennedy, Paul A. Insel, Depts. of Med. and Pharm.. U. of Cal.. S.F. 94143 

Cell surface receptors for several agents including immunoglobulins, lectins, and insulin can 
be regulated by the cellular cytoskeleton(microtubules and microfilments). Recent evidence in- 
dicates that the micmhubular inhibitor colchicine(Co1)a~ents hormone-stimulated increases 
in CAMP in leukocytes and macrophages. In order to examine the mechanism of this aumentation, 
we have studied Col's effect on S49 lymphoma cells, a cultured cell line in which variant 
clones have been isolated with lesions at individual steps in the pathww of CAMP generation 
and hmction. In wild-trpe(W)S49 cells incubated with 5 x 10"M Col the beta-adrenergic .goo- 
1st isoInoterenol(1so)stimulates cellular accumulation 2-5 fold more than i n  control cells. 
Col does not affect the K,, for Is0 but instead increases maximal response. Ro 20-1724,s potent 
phosphodiesterase(P)inhibitor, potentiates the response to Col suggesting that Col's effect 
is not simply inhibition of FDE. In parallel studies using an S49 &ant clone with absentcAMP 
dependent protein kinase activity. Col potentiates the Is0 response as in wild-type cells. In 
COntrMt Col does not stimulate response to Is0 in a mutant clone that lacks 'coupling'between 
beta-adrenergic receptors and adenylate cyclase(AC). In purified plasma membranes fram Wcells 
Col has no effect on basal, Is0 or NaF-stimulated activity. Direct receptor binding studies 
w i w  3H-dihydroalpremlol(DHA)and intact cells indicate that Col'a potentiation of Is0 cannot 
be explained by change. i n  the number or affinity of DHA binding sites. We conclude: 1) Col 
potentiates Iso-stfmrilated CAMP accaulation in S49 cells; 2) this potentiation results f r o m  
altered receptor-AC interaction or an action on AC not detectable in plasma membranes; and 
3) thia effect does not require cAMP-dcpendent protein kinase. 

300 
Membranes of 549 cells have an absolute requirement for G T P  or guanylyl InidodiphosDhate 
(Cpp(NH)p for activation of adenylate cyclase (AC) hy hormones or cholera toxin (CT). 
absence of hormone, Cpp(NH)p but not GTP increases AC activity, probably due to its resistance 
to hydrolysis. 
membranes from wild type (WT) cells are solubilized with Lubrol 12A9 after CT treatment, AC 
activity is low in response to GTP or Gpp(NH)p. 
of an S@ variant not regulated by eanine nucleotides (cyc-) remlation is reconstituted. 
The GTP/Cpp(NH)p ratio of the reconstituted AC is similar to that observed with intact WT 
membranes (GTP/Gpp(NH)p = 1.0 with CT and 0.1 without). 
both the mount of donor extract and recipient membranes. 
membranes abolishes the reconstitution indicating that functional cyc- nembranes are rcquired. 
CT treatment of cyc- mmbranes before reconstitution with control 1.m Luhrol extracts has no 
effect on the CTP/Gpp(riH)p ratio. Likewise, addition of Luhrol extracts of CT-treated cyc- 
membranes does not alter the GTP/Gpp(NH)p ratio of control I?T menhranes. cyc- memhranes have 
a llnL+-stinulated AC which is not rcculated by GTP or Gpp(Nli)p and is unaffected by CT. These 
findiws suggest that an AC regulatory component of W? nemhranes and not the catalytic compo- 
nent of AC is required for reconstitution with cyc- nembranes. 
1) WT extracts donate the guanine nucleotide reKulatory component of AC; ?)  this component is 
the substrate for CT; and 3 )  is altered in cyc-, leading to loss of reculation hy guanine 
nucleotides and a response to CT. 

RECONSTITOTION OF CHOLERA TOXIN-ACTIVATD ADENYLATE CYCLASE. Gary L. Johnson. Harvey 
R. Kaslow and Henry R. Bcume, University of Cnlifornia, San Francisco. CA 94143 

In the 

After CT treatment of membranes, CTP activates AC as well as Gpp(NH)p. If 

When this extract is incubated with membranes 

The reconstitution is dependent on 
N-ethylmeleinide treatment of cyc- 

From these results we predict: 

122 



301 CONVERSION BY DETERGENTS OF RAT LIVER ADENYLATE CYCLASE TO A FORM REQUIRING MnATP AS 
SUBSTRATE, C.  Londos, P.M. Lad, T.B. Nielsen, and M. Rodbell, N I H ,  Bethesda. MD 20014 

A general fea ture  of membrane-bound adenylate cyclase systems is the  " lab i l i ty"  of the  basal  
enzyme to  dispers ion by detergents. A s t a b l e  form of the detergent-solubilized enzyme is  
obtained only i f  the membrane-bound enzyme i s  f irst  pretreated with f luor ide  or Gpp(NH)p. 
However, w e  have found with the basal  hepatic enzyme t h a t  the l a b i l i t y  i s  evident only when 
HgATP i s  used a s  substrate;  subs t i tu t ion  of MnATP for  MgATP reveals  tha t  s u b s t a n t i a l  basal  
a c t i v i t y  survives detergent treatment. This e f f e c t  is  independent of the detergent ;  i t  is 
seen with e i t h e r  Lubrol PX or with deoxycholate. In  addi t ion t o  the a l te red  subs t ra te  re- 
quirement, the  membrane-bound and solubi l ized forms of the basal  enzyme exhib i t  other  d i f fe r -  
ences. In  cont ras t  t o  the membrane-bound form, the solubi l ized enzyme shows 1)  weak stimula- 
t i o n  by Gpp(NH)p; 2)  l i t t l e  iq9 ib i t ion  by adenosine; 3)  strong inhib i t ion  by P 
4) an apparent loss of the  M e  
Chem. 252, 5957, 1977). Such d i s s i m i l a r i t i e s  between membrane-bound and so lubi l ized  cyclase 
a r e  not  seen i f  the membranes are pretreated with Gpp(NH)p pr ior  t o  exposure t o  detergents .  
The c h a r a c t e r i s t i c s  of the solubi l ized basal  hepatic enzyme a r e  remarkably s imi la r  t o  those 
of the na tura l ly  occurring soluble  adenylate cyclase found i n  mature r a t  testes. 
appear t h a t  separat ion of adenylate cyclase from components t h a t  confer regulat ion by di- 
valent  cat ions and guanine nucleotides produces a form of the enzyme that w i l l  turnover only 
MnATP; t h i s  may represent the f r e e  c a t a l y t i c  moiety. Such preparations could be useful  i n  
reconstructing some of the regulatory functions of adenylate cyclase seen i n  its membrane- 
bound form. 

or  PP ; and 
-react ive regulatory s i te  (C. Londos and M.S. P$eston;iJ. Biol .  

It would 

STUDIES OF THE DIPHTHERIA TOXIN RECEPTOR, Rockford K. Draper, Daniel 
Chin and Melvin I. Simon, Department of Biology, University of Califor- 
nia, San Diego, La Jolla, California 92093. 

The interaction of diphtheria toxin (DT) with a receptor is required for spe- 
cific translocation of the toxin to the cell interior where cytotoxic activity 
is expressed. Very little is known about this receptor. We have found that 
concanavalin A (ConA) inhibits the cytotoxic effect of DT on cultured hamster 
cells by competing with the toxin for a surface receptor. The apparent disso- 
ciation constant of ConA for this site is about 10'8M. We have also found 
that the mannose and N-acetylglucosamine containing glycopeptide from ovalabu- 
min inhibits the cytotoxic effect of DT. It is likely that this oligosaccha- 
ride competes with the toxin receptor for DT. Our results auggest that the DT 
receptor is either an oligosaccharide containing molecule which binds ConA or 
that it is so Close to such a site that the binding,of ConA prevents the 
approach of DT. 

We have isolated mutants with diffetentphenotypesof DT resistance to study 
the relationship between the DT and ConA binding sites. 
analysis indicates the presence of several complementation groups. 
group, a 20-fold resistance to DT is accompanied by a decrease in the ability 
of ConA to inhibit DT. This further suggests the possibility of a structural 
relationship between the DT and the ConA binding sites. 

Preliminary genetic 
In one 

300 
Catecholamine (6-adrenergic) hormonal responsiveness was determined I n  avian cells infected 
by RSV. RAV and several  temperature sens i t ive  var ian ts  of the  RSV. 
which mediates the  physiological e f f e c t  of 6-edrenergiC hormones, w a s  assayed as a measure 
of t h e  cell's response. 
ness t o  the  catecholamine isoproterenol  than t h e  RSV infected c e l l .  Likewise. t h e  non-per- 
missive grown (41OC) ts-RSV infected cells have a grea t ly  increased hormonal responsiveness 
in comparison t o  t h e  cells grown at  35OC. a condition which is permissive f o r  transformation. 
Normal, RAV infected or d l d  type RSV infected cells do not change t h e i r  hormonal respon- 
siveness as a function of growth temperature. We a l s o  tes ted  the  hormonal responsiveness 
of ts v i r u s  mutants cal1ed"partially transformation-defective" (PTD) because they behave 
l i ke  ts mutants f o r  s a ~  transformaeion charac te r i s t ics  but act l i k e  t h e  d l d  type v i r u s  
for others. 
a c t i v i t y  was found t o  be super sens i t ive  (even more than t h e  uninfected cell) t o  6-adrenergic 
hormones a t  the  non-permissive temperature but was e s s e n t i a l l y  unresponsive ( l i k e  the  wild 
type RSV infected cell) a t  35'. These da ta  ind ica te  t h a t  6-adrenergic hormone responsive- 
ness is associated with the  expression of growth regulated phenotype i n  t h i s  avian cell cul- 
tu re  system. The PTD mutant study suggests t h a t  a membrane associated proeease may par t ic i -  
pate  i n  t h e  ac t iva t ion  of the  edenylate cyclase enzyme. 
IUCC grant ,  the  Leukemia Task Force and the  Deutsche Forschurgsgemeinschaft) 

HORMONE SWSITIVITY OF AVIAN CELLS IS ALTERED BY RSV TRANSPOWTION, J.R. Sheppard 
and R.R. Yriis, University of Minnesota and I n s t i t u t e  f o r  Virologie. Geissen, Germany. 

Cel lular  c y c l i c  AMP, 

Normal, uninfected or RAV infected cells have a grea te r  responsive- 

One PlTl mutant (1251) which is cons t i tu t ive  f o r  high plasminogen ac t iva tor  

(This u s e a r c h  was supported by an 
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UNRESPONSIVENESS OF C57BL/lOScN MICE TO MITOGENESIS INDUCED BY LIWPOLYSACCHARIOE, 
Kenneth B. Von Eschen, NIAID, Rocky Mountain Laboratory, Hamilton. M 59840 

Lipopolysaccharides (LPS) extracted from gram-negative bacteria are potent mtt'oogcns f o r  
bursa4 uivalent lymphocytes obtained from many strains o f  mlce. To date, only one muse 
s t ra in  qCJH/HeJ) has bean reported t o  be unresponslve t o  mito nosis Induced by LPS. T k  
present report describes some charactertstlcs o f  C57BL/lOScN $L-10) nice which -re also 
found to be unresponsive t o  LPS. The BL-10 mice used i n  these exper lnnts wcre from a 
colony mintalned a t  the Rocky Mountain Laboratory and derived fm breeding pairs ob- 
tained from the Veterinary lbsources Branch o f  the National Ins t i tu tes  o f  Health. Di f ferent 
LPS preparations were unable t o  t r lgger  mltogenlc responses I n  s p l r n  ce l l s  fron EL-10 mice. 
These same preparations mre highly mitogenic for spleen ce l l s  from C57EL/6, BDFl, and r#L 
Swlss mice. EL-10 spleen ce l l s  made typical  responses t o  other lymphocyte mitogens including 
conanavalin A, phytoheagglutlnin, pur i f ied  protein derivative and endotoxin protein. 
Unresponsiveness o f  the BL-10 spleen ce l l s  t o  LPS MS not overcome by using d i f fe ren t  doses 
o f  LPS or by chmglng the day o f  assay. Also, unresponsiveness was not the resu l t  o f  a 
n o n s p d f i c  toxic e f fec t  o f  LPS on cultured BL-10 lymphocytes. Further studtes showad tha t  
lvaphocytes from EL-10 and LPS responder mice bound simi lar  amounts o f  radiolabelad LPS. 
Apparently, BL-10 lyaphocytns can bind LPS but t h i s  binding does not resu l t  In mitogenlc 
activatlon o f  the cells. Therefore, comparative studies o f  the events following binding 
o f  LPS by responsive and unresponsive lynphocytes may help t o  elucidate the mechanisms 
by which LPS induces mltogenesis. 

Sialagangliosides as Cell Surface Receptors 

305 EVIDENCE FOR A ROLE OF MEMBRANE CARBOHYDRATE IN THE FUNCTION OF THE INSULIN RECEPTOR: 

AVALIN A. Howard M. Katzen. Merck Institute for Therapeutic Res., Rahway, N.J. 07065 
It is well known that concanavalin A (Con A) possesses s variety of insulin-like properties. 
In the present study, various carbohydrates that reflect the carbohydrate binding specificity 
of Con A also inhibit the binding of insulin-Sepharose to insulin receptors on fat cells in 
the affinity-binding buoyant density assay. Moreover, the carbohydrate inhibitory specifici- 
ties for insulin-Sepharose and Con A bindings appear strikingly similar to each other. The 
glycosides also either antagonize or antagonize and mimic insulin's ability to stimulate glu- 
cose utilization by these cells. In equilibrium dialysis experiments. radio-labeled saccha- 
rides readily bind to Con A but have no affinity for insulin, indicating that the carbohy- 
drates act by binding to the cell rather than to the insulin molecule. This is consistent 
with the abilities of the "insulin-like" glycosides to act in the absence of insulin. 
previously observed an important contribution f o r  the carbohydrate moiety in the insulin-like 
activities attributed t o  a degradation product of some aminoalkylglycosides (Cascieri et a1 
and Durette et al, 1977). 
insulin-like effects of various carbohydrates indicate a role for membrane carbohydrate in 
the action of insulin. 
added saccharides act by mimicking or competitively inhibiting the interaction of a native, 
Con A-sensitive, carbohydrate on the membrane with a lectin-like saccharide binding site 
functionally linked to the insulin receptor. 

INSULIN ANTAGONISTIC AND INSLTLIN-LIKE PROPERTIES OF SACCHARIDE INHIBITORS OF CONCAN- 

We 

The present studies of  a pattern of insulin antagonistic and 

A working hypothesis is presented which proposes that the exogenously- 

306 LATERAL MOBILITY OF A-FLUORESCENT GANGLIOSIDE G M 1  ANALOG I N  CELL MEMBRANES. J. 
Reidler', C.  Eldridge":', Y .  Schlessinger": ,  E. Elson", H.  Wiegandt", Depts.  Chem." and 
Appl. & Engr. Phys.?, Corne l l  U.,Ithaca,i!.Y. 14853 and Physio1.-Chem. I n s t . ,  
Philipps-Uni. ,  D-355 Marburg/L., BRD"". 

Recent recogni t ion  of the  r o l e  of gang l ios ides  a s  membrane r ecep to r s  has  inc reased  i n t e r e s t  i n  
t he  i n t e r a c t i o n s  of membrane-bound gang l ios ides  wi th  l i gands  and wi th  o t h e r  c e l l  membrane 
cons t i t uen t s .  
t ox ins  i n t o  c e l l s ,  a F luorescence  Photobleaching Recovery technique  w a s  used t o  s tudy  the  
l a t e r a l  mobi l i ty  of a f luo resce in - l abe l l ed  "lyso" gang l ios ide  G M 1  ana log  (fl-GM1) and i ts  
i n t e r a c t i o n s  wi th  Cholera Toxin on 3T3 c e l l  membranes. The behavior  of t he  fl-GN1 w a s  similar 
t o  t h a t  of an a r t i f i c i a l  l i p i d  probe, 3,3'-dfoctadecylindocarbocyanine ( d i I ) .  The fl-GM1 
r a  Red i n  the  membiane over  a r e a s  g r e a t e r  than  5!.1m2 wi th  d i f f u s i o n  c o e f f i c i e n t ,  D=(5 .5+1 .1 )~10-~  
cm /set? 23C. This  d i f f u s i o n  c o e f f i c i e n t  i s  two-fold sma l l e r  than  t h a t  of d i I  b u t  i s  
approximately twenty-five-fold g r e a t e r  than  t h a t  of t y p i c a l  membrane p r o t e i n s .  
the  mobi l i ty  of the  fl-GM1 was independent of  c e l l  type  and w a s  no t  a f f e c t e d  by drugs  which 
i n t e r f e r e  wi th  metabolism or c y t o s k e l e t a l  s t r u o t u r e .  
t r e a t e d  wi th  Cholera Toxin, approximately one ha l f  of t he  fl-GM1 was immobilized wh i l e  t he  
d i f f u s i o n  c o e f f i c i e n t  of t he  s t i l l  mobile molecules w a s  reduced two-fold. These r e s u l t s  
i n d i c a t e  t h a t  f r e e  fl-GM1 does not e x h i b i t  s t rong ,  long-lived i n t e r a c t i o n s  wi th  slowly moving 
o r  s t a t i o n a r y  membrane s t r u c t u r e s  and t h a t  Cholera Toxin a t  h igh  dose can impair the  mob i l i t y  
of  fl-GM1. 
t h e  two gangl ios ides  hydrocarbon cha ins  o r  by presence  of the  f l u o r e s c e i n  is now being t e s t e d  
us ing  o the r  types of gang l ios ide  ana logs .  

To ga in  f u r t h e r  i n s i g h t  i n t o  mechanisms of b inding  and e n t r y  o f  hormones and 

9 
A s  w i th  d i I ,  

When cel ls  or l i p i d  b i l a y e r s  were 

The ex ten t  t o  which these  r e s u l t s  a r e  inf luenced  by t h e  l a c k  i n  fl-GMl of one of 
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307 GLYCOLIPIDS AS INDICATORS OF THE TUHORIGENIC TRANSFORMATION, D. James MOKK;. T. M. 
Kloppel, W. D. Merritt and T. W. Keenan, Purdue University, West Lafayette, IN 47907 

Glycolipids, and especially gangliosides (sialoglycolipids), emerge as useful models for the 
study of cell surface heteroglycans. They are enriched at the surface of the cell and function 
as specific membrane receptors where their biolosical role is just beginning to be identified. 
Yet, there has appeared no simple correlation between ganglioside composition and the oncogenic 
transformation. 
we have studied ganglioside composition and biosynthesis during normal liver development and in 
experimental liver tumors induced by the carcinogen N-2-fluorenylacetamide in the rat. Total 
ganglioside sialic acid as well as individual gangliosides are elevated in fetal liver, drop 
precipitously at birth, and remain low during adult development. Following administration of 
carcinogen, both gangliosides and total sialic acid increase dramatically in small hyperplastic 
nodules and reach a maximum with small hepatomas. 
decreases, falling below normal liver levels in certain hepatoma lines. 
show a progressive simplification from well differentiated through poorly differentiated 
invasive hepatomas. 
event in the tumorigenic transformation the onset of which may correlate with the onset of 
malignancy. 
rats bearing transplantable hepatomas, serum levels of sialic acid are elevated 2.5-fold. 
Similar results were obtcined with sera of mice bearing transplantable mammary carcinomas and 
of carcinoma patients (PNAS 74:3011, 1977). These findinps provide new emphasis for gangliosides 
in both cancer detection and as regulatory signals for growth and multiplication of cells. 
Supported by NIH CA 21958. 

As part of an investigation into the early biochemical events of tumorigenesis, 

Thereafter, total ganglioside sialic acid 
Ganglioside patterns 

These and other findings indicate that ganglioside deletions are a late 

In Elevated glycolipid levels are also reflected in the sera of tumor bearers. 

308 
Swiss 3T3 cells can be stimulated to divide by low concentrations (10- M) of epidermal growth 
factor (EGF), a 6,045 dalton polypeptide purified from the SUbmaXilhKy glands of adult male 
mice. Cholera toxin, an 84,000 dalton protein isolated from Vibrio cholerae, was tested f o r  
its ability to block EGF induced mitogenesis in this cell line. 
studies we discovered that Cholera toxin at low concentration (lO’poM) could 1) elevate cyclic 
AMP levels more than 40 fold, 2)stimulate I Hlthymidine incorporation and cell division, and 
3) enhance the mitogenic action of EGF. 
only after an hour of exposure to cholera toxin. Addition of EGF has no effect on cyclic AMP 
levels produced by cholera toxin. Choleragenoid. the binding but inactive subunit of cholera 
toxin, is unable to mimic the mitogenic action of cholera toxin. Likewise, elevation of 
cyclic AMP by other agents does not stimulate cell division. indicating that the A subunit of 
Cholera toxin produces its mitogenic. effect through some other mechanism than simple elevation 
of cyclic AMP levels. These data provide additional evidence that cyclic AMP levels alone do 
not determine a cell’s ability to traverse the cell cycle and become committed to divide. 
(Supported by NIH Grants T32-CA-09056 (W) and CA 15276 (HRH) and ERDA Contract EY-76-C-03- 
0012 (HRH).) 

CHOLERA TOXIN IS A MITOGEN FOR SWISS 3T3 CELLS. Rebecca W. Pruss and Harvey R. 
Herschman, UCLA. Los Angeles, CA 90024 9 

the course of these 
3 

Elevation of cyclic AMP i n  3T3 cells is measurable 

309 
Washington University Medical School, St. Louis, MO 
Alveolar macrophages have been shown to possess a cell surface recop;nition svstem which medi- 
ates binding of glycoproteins (viz., 8-glucuronidase, ribonuclease B, agalacto-orosomucoid) 
and synthetic glycoconjugates (neoglycoproteins) which have mannose. N-acetylglucosnmine OK 
gluCOSe in the exposed, non-reducing position. 
jugates are not bound. 
paired by the presence of an excess of yeast mMnan. 
proceeds optimally at pH 7.0. 
their capacity to bind ligands. 
An inhibition assay has been developed using radioiodinated glucose-albumin conjufiate 
glucuronidase and ribonuclease I5 as ligands. 
effective inhibitors of ligand binding including ovalbumin. agalacto-fetllin and rihonuclense 
B. 
were ranked for their ability to produce 50% inhibition of binding, the order was indepen- 
dent of the ligand employed. 
receptor on alveolar macrophages which binds glycoproteins having terminal sugars vith the 
mannose and glucose configuration. 

SPECIFIC RECOGNITION OF GLYCOPROTEZNS BY RAT ALVEOLAR MACKOPIIACES, P. Stnhl, 
R. Townsend. J.S. Kodman. J. Miller and P. Schlesinger, Department of Physiology. 

63110 

C%hctose-teKminal g1ycoprotcins OK glyCOCOn- 
Binding of radiolabelled ligands t o  cells is nearly completely im- 

Binding is temperatore sensitive and 
PrfOK treatment of the cells with trypsin severelv reduces 

R- 
Various glycoproteins have been shown to  be 

w n  the inhibitors 

These and other data suggest the presence of a cell surface 

Ribonuclease A and aslalo-fetuin were ineffective as inhibitors. 
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310 INHIBITION OF EGF-INDUCED DNA SYNTHESIS I N  CULTURES OF 3T3 CELLS BY ISOLATED SURFACE 
MEMBRANES. S.W. Peterson. R. Vale. M. Das and C.F. Fox, Molecular Biology Institute, 
University of California, Los Angeles, CA 90024. 

Whittenberger and Glaser (Proc. Natl. Acad. Sci. USA 74: 2 2 5 1 ,  1977) have recently reported 
that serum-stimulated DNA synthesis in cultures of subconfluent murine 3T3 cells can be inhi- 
bited by isolated surface membranes from confluent 3T3 cells. Membranes derived from SV-40 
transformed 313 cells did not inhibit DNA synthesis even when added at 10-fold higher concen- 
trations than that of  3T3 surface membranes which produced maximal inhibition. Wc have de- 
veloped a more defined system in which the mitogen epidermal growth factor (EGF) has been 
used as the primr)) agent to stimulate mitogenesis of a 3T3 cell line. We have examined the 
action of this mitogenic hormone on cell lines in the presence .of membranes from transformed 
cells and membranes from a 3T3 variant, NR6, which demonstrates densi ty-dependent inhibition 
of mitogenesis but does not bind EGF. These experiments show that EGF-stimulated thymidine 
incorporation is inhibited in the 313 system when NR6 plasma membranes are present, but is 
not inhibited by SV3T3 plasma membranes. This inhibition in the presence of NR6 membranes is 
not reversed even in the presence of a large excess o f  EGF. We are now examining I )  the 
binding of EGF to receptors and down regulation of receptors in the EGF-3T3 system in the 
presence and absence of NR6 and W3T3 membranes, and 2 )  the stage of  cell cycle in which the 
inhibiting membranes exert their influence on cell proliferation. 

Recegmrs in Dewloping Systems 

311 ALKALINE PHOSPHATASE INDUCTION IN CULTURED HUMAN FIBROBLASTS, John R. Riordan, 
Lynda Wijcik and Manuel Buchwald, Research Institute, The Hospital for Sick Children, 
Toronto, Canada M5G 1x8 

Alkaline phosphatase of cultured human fibroblasts was induced by dibutyryl cyclic AMP, 
sodium butyrate or the serum glycoprotein, fetuin. Both the first step of the induction 
mechanism and the final insertion into plasma membrane of increased amounts of this glyco- 
protein ecto-enzyme are transmembrane events. 
later stages of growth and sensitivity to induction by fetuin concomitantly decreased. 
Effective doses of dlbutyryl CAMP or Sodium butyrate totally inhibited cell growth, consis- 
tent with the correlation, in a nmber of other cell types, between inhibition of DNA synthe- 
sis and enhanced expression of cell surface components. Fetuin was without influence on cell 
growth and hence acts by a different mechanism, possibly causing a concerted induction of 
lysosomal hydrolases and other catabolic enzymes. Experiments in which the combined effects 
of these three agents were tested, in fact showed additivity in all cases, indicating diff- 
erent modes of action. The results suggest that the differences in response to these agents 
reflect the different signals which they generate rather than altered insertion of the 
enzyme into the plasma membrane. 
considerably among different cell strains. No consistent differences were detected in 
responses between four carefully matched pairs of cell stains from normal individuals and 
patients with cystic fibrosis. (Supported by the Canadian Cystic Fibrosis Foundation.) 

The basal activity of the enzyme increased at 

The generation of or response to these signals varies 

312 REGULATION OF STEROID HORMONE-RECEPTOR BINDING BY PROTEASE INHIBITORS AND SUBSTRATES, 
M.E. Baker, D.A. Vaughn, N.S. Anderson and D.D. Fanest i l ,  Dept. Med. Univ. CA. San 

Diego. La Jo l l a .  CA 92093 
S t e m i d  h o m n e s  induce developmental changes by a process t h a t  f i r s t  involves b ind ing o f  the 
hormone t o  s p e c i f i c  receptors i ns ide  t a r g e t  c e l l s .  We f i n d  t h a t  protease i n h i b i t o r s  (PMSD, 
TPCK, TLCK) and substrates (TAME, TME) can i n h i b i t  the b ind ing  o f  s t e r o i d  hormones t o  t h e i r  
s p e c i f i c  cytoplasmic receptors i n  the fo l l ow ing  systems: 

Dexomethasone HTC ce t l s .  r a t  thymus; Aldostemne r a t  kidney; Pm estemne ch i ck  
oviduct; Es t rad io l  r a t  a1 pha-fetoprotei n, r a t  kidney ; Testos t e h c e l  1 s 

These f ind ings may be re levant  t o  work on regu la t i on  o f  growth and development i n  a t  l e a s t  two 
ways. F i r s t ,  i t  may be erroneous t o  ascr ibe the act ions o f  protease i n h i b i t o r s  on c e l l  growth 
and development so le l y  t o  the i n h i b i t i o n  o f  p r o t e o l y t i c  a c t i v i t y ,  f o r  e f f e c t s  could be due 
t o  reac t i on  w i t h  s t e r o i d  receptors. Second, understanding t h e  mechanism o f  pmtease / inh ib i t o r  
substrate i n te rac t l on  w i t h  s t e r o l d  receptors may suggest e x c i t i n g  techniques f o r  regu la t i on  o f  
ac t i on  o f  s t e r o i d  h o m n e s  on development. 



313 
Jackilynn D. Rogers, Dept Biochem. The University of Western Ontario, London, Ontario, Canada, 
N6A 5C1 
Several methods have been devised for employing gangliosides and a transmembrane glycoprotein 
(glycophorin) to modify or perturb the surface carbohydrate layer of rat myohlasts in culture. 
Lines studied were the 'normal' L6 and a non-differentiating mutant, 83 (it has been suggested 
that lack of the ganglioside, GD~A, may be involved in the mutant's failure to fuse to form 
inyotubes (1)). Glycolipids and glycoprotein have been physically associated *,ith the surface 
of cultured cells either by adding them directly to the culture medium, or by fusion of cells 
with lipid bilayer structures whose walls contain them. The potential for affecting cells in 
this way has been followed initially by freeze-fracture EM of cells in situ and by scanning E N  
In order to be able to visually identify morphological featurcs assozatedwith cxternal olige 
saccharide contacts, the sialoglycoprotein, glycophorin, has been covalently coupled to solid 
glass supports of various types which can be added to cell cultures. These external, oligo- 
saccharide-based modifications or perturbations of the glycocalyx seem capable of affecting 
cell morphology, intramembranous particle distribution and cell division. 
(I) What ley ,  R, Ng, S.K.-C., Rogers ,  J . ,  McMurray, W.C. and Samml, B . D .  (1976) Fiochem. 

(Supported by the Medical Research Council of Cnnadn and the National Canccr Institlltc of 
Canada. ) 

GLYCOCALYX PERTURBATION AND ITS POTENTIAL FOR TRANSCIEWBRANE SIGNALING, Chris 1 Y . N .  
Grant, Dwight G.  Barratt, John NacLeod, Frances J .  Sharom, Janice L. Hazlett and 

BiOphyS. Res. C o m n .  3 180-185. 

314 CELLULAR INTERACTIONS CAUSE @-ADREflERGIC RECEPTOR 1IVCOUPLIFlG FROM ADEWWTE CYCLASE 
Gary Ciment' and Jean S .  de Vellis? Departments of Neurosciencenand Anatomy', UCLA, 
Los Angeles, CA 90024 

C6 gliom cells show marked differences in the expression of differentiated functions when 
grown on either plastic or a bed of R104 neuroblastoma cells (Roth of these cloned cell lines 
were derived from chemically-induced rat CNS tumors). When grown by themselves. Cf, cells ac- 
cumulate larne amounts of CAMP u m n  stimulation with @-ap,onists. Aowever, when grown on a 
bed of B104 cells, the 8-stimulation of CAMP is 
greatly attenuated, while the numbers and 
aff inities of L-)If-Alprenolol specific binding 
sites are relatively unaffected. This trophic 
interaction is not due to a non-specific 
toxicity because Cf, growth continues and basal 
levels of Glycerol Phosphate Dehydrogenase (a 
differentiated function of Cg) are unaffected 
by the presence of the neuroblastomn cells. 
Alternative causes of this loss in 6-responsive- 
ness, including changes in the activities of 
Phosphodiesterase and Adenylate Cyclase, as well 
as changes in the rate of CAMP release by the 
glial cells, have been explored. 
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315 A GLIOMA CELL PRODUCED GROWTHFACTOR STIMULATES DNA SYNTHESIS IN RESTING 
NEURONAL CELL CULTURES, Wilfried Seifert and Jim Morgan, Max-Planck-Institute, 
F.Miescher-Laboratory, Tubingen. W-Germany 
Clonal cell lines derived from chemically induced rat brain tumors are 

used in our laboratory to study the interaction between glial and neuronal 
cells. Neuronal cell lines were found to be more serum-dependent in growth 
than glial cell lines. One of these lines (812) grows even in the absence 
of serum, while a typical neuronal cell line ,(B104) can be arrested in the 
G1 -phase of the cell cycle by serum starvation, as shown by FMF analysis 
and by the kinetics of DNA synthesis after serum induction. 
Such resting neuronal cell cultures are induced for DNA synthesis by addition 
of B12 conditioned medium. (W.Seifert, Meeting Ges.Biol.Chemie, Regensburg,l976) 
We have further characterized this growthfactor activity and the properties 
of this glioma-produced growthfactor (GGF).will be discussed. Experiments 
are in progress to further purify this factor, to check for its occurrence 
in brain extracts and to test its effect on growth or survival of primary 
nerve cells in culture. 



Tramembran Sinding 

316 " R 3 I D  HXWXES: MEWAKFS OF THE "COUPLING' FAT CELT., " Y I A T E  C Y W E  (Ac) 

(a), Craig C. Mlbon and ~ohn N. Fain, Div. Biol. 6 W., &am Universitv, h w . , R I  
AND B3E-I THE E5Zt-AD-C R B 2 P l D R  (BAR) AM) RIE GCPININE m E  FUZGJIATXf SITE 

02912 
Fat cells obtained fnm hypothymid (HT) rats display a m e l v  blunted liplytic sensitivitv 
to epinephrine (EPI), a l t b q h  0.1 nM EPI sthdates l iwlys is  in these cells to the sam level 
derrrnstrated by fa t  cells frcm - > m i d  (FT) rats. f ie liplytic lw-dose resrxxlse curve to 
=I is shifted to the right by a factor of 10 by hymthvroidism. EPI produ;.ecl no detectable 
increase in cyclic W accmdation in fat  cells fnm KP rats. Fat cell ghosts prepdrd ffim 
w rats display reduced ca&blaminesthdatd X activitv, al- the catalytic activity 
of the ghosts masured in the presence of 10 IN NaF is the &dm as that of the y .  Fat cell 
ghDsts frau Kp ra ts  were incubated with the guanine nucleotide analog, q~a1Wl-5 -vl imi&di- 
phosphate (Wm), in an at- to restore the r e d e  catecholaminest-ted AC activity. 
cXF"F activated the AC and mxeased catecholaminestirdate3 AC activity of stpsts Ixepared 
fran fat  cells of both GP @ KP rats, but did so to a rmch greater extent in the qhosts fran 
the €T rats. Fat cell gh08ts frau €?T rats incubated with 0.1 nEI (TFF" rlislaved 37% less ZY: 
activity the glnsts fmm the El' rats. BARS were measured i n  &ams DKI?TXU~ frau fat 
cells obtamed fmn ET ad HT rats with the use of the potent B-adrenerqic antacpnist, (-1 f3Hl 

prenolol. The n-, affinity and character of BAW are ieticdl i n  both ET and HT 
x k l  cane preparations. 
affinity of binding sites were identical in hoth q p m s .  ' I h v r o i d . h o m ,  thus, m v  influence 
fat cel cyclic AM0 mtdmliw via regulation of slgrul transduct~on fran BAR ard GR to the PC. 

f 3 H l ~  binding was also examrid and the n m h r  and 

317 
LCW, La 50111, CA 92093 

binding an tagon i s t  i s o l a  t ed  from snake venom, a-bungarotoxin (*-BT). 
of 4cBT was found t o  bind s p e c i f i c a l l y  to  embryonic chick s k e l e t r l  muscle c e l l s  growing i n  
primary c e l l  cu l tu re .  I t  does not  bind to primary f i b r o b l a s t s  obtained fern s k i n  or muscle 
t i s s u e ,  or t o  chick red blood c e l l s .  as expected. When a time course of C B T  binding to 
r ecep to r s  is followed, i t  appears  t h a t  binding inc reases  for t h i r t y  minutes bu t  then the 
a m u n t  bound drops.  so t h a t  only about two-thirds of t h e  toxin bound a t  t h i r t y  minutes 
remains a t  s i x t y  minutes. This  decl ine i n  bound toxin molecules occur s  only when the bind- 
ing  is performed a t  37-12. If toxin is bound a t  room temperature.  the binding s a t u r a t e s  and 
does no t  decl ine.  The decl ine i s  a l s o  seen only when binding is done i n  f u l l  growth medium 
and not  when the c e l l s  a r e  maintained i n  phosphate-buffered sa l ine .  

a t  37%. possibly by protease a c t i o n  on d-BT o r  the .c-BT-receptor complex. 
was t e s t e d  by t r a n s f e r r i n g  the toxin-containing medium,after binding to one cul ture ,  onto a 
f r e sh  cu l tu re .  
second cu l tu re ,  the same medium was then t r ans fe r r ed  to y e t  a t h i r d  cu l tu re .  There wms s t i l l  
as much binding i n  the t h i r d  c u l t u r e  a s  was found i n  the second c u l t u r e .  Thus i t  i s  not  l i ke -  
l y  t h a t  a component o f  the medium i s  i m c t i v a t i n g d - B T  molecules. 

A POSSIBLB MODULATION OF WE ACETYLCHOLINE R E C E ~ R  ON EMBRYONIC MUSCLE CELLS BY 
'IlE ANTAGONIST ALPHA-BUNGAROTDXIN, Hannah Priedman Elson,  Department o f  Biology, 

The ace ty l cho l ine  receptors  of s k e l e t a l  muscle C e l l s  can be t i t r a t e d  with a t i g h t l y  
A t r i t i a  ted prepara t i on  

I t  is poss ib l e  t h a t  a component of the growth medium is i n i c t i v i t i n g  tox in  molecules 
Th i s  p o s s i b i l i t y  

The second cu l tu re  boundq-m a s  wel l  a 8  t he  f i rs t .  A f t e r  binding t o  the 

DISTRIBUTION OF GM1 GANGLIOSIDE I N  DEVELOPING CEREBELLIM, Marian Wil l inger  and 
Mel i t t a  Schachner, Dept. Neuropath. ,Harvard Medical School,  Boston, Mass. 0211s 318 

I t  is gene ra l ly  accepted t h a t  GM1 gangl ioside i s  t h e  r ecep to r  on t h e  ex te rna l  c e l l  su r f ace  
f o r  t h e  B subuni t  of cholera  tox in .  We have r a i s e d  an antiserum aga ins t  cho le ra  tox in  and 
have employed immunofluorescence and immunoperoxidase techniques t o  s tudy t h e  d i s t r i b u t i o n  
of G M 1  gangl ioside i n  t h e  developing cerebellum. 
o f  a l imi t ed  number o f  c e l l  types.  Most o f  these a r e  generated,  migrate  and make synapt ic  
con tac t s  during t h e  f i r s t  f i f t e e n  pos tna ta l  days.  From pos tna ta l  day 4 ,  granu le  c e l l  neurons 
a r e  t h e  predominant c e l l  type which binds cholera  tox in  or choleragenoid.  
determined by t e s t i n g  frozen b r a i n  sec t ions ,  d i s s o c i a t e d  c e l l s ,  and c e r e b e l l a r  c e l l s  cu l tu red  
i n  v i t r o ,  using mice of va r ious  pos tna ta l  ages .  The number and i n t e n s i t y  of p o s i t i v e  granule  
c e l l s  i nc reases  with maturat ion.  In vivo,  t h e  c e l l  bodies bind cholera  tox in  and t h e  molec- 
u l a r  l aye r  made o f  f i b e r s  der ived from t h e  granule  c e l l s  do no t .  In monolayer c u l t u r e ,  gran- 
u l e  c e l l  bodies as well a s  processes  con ta in  GMI. 
on f i b r o b l a s t s  and a s t r o g l i a l  c e l l s .  Preliminary evidence ind ica t e s  t h a t  a small percentage 
of embryonic c e r e b e l l a r  c e l l s  con ta in  GM1. A t  b i r t h  almost 70% of t h e  c e l l s  bind toxin.  The 
percentage of p o s i t i v e  c e l l s  s t e a d i l y  dec l ines  u n t i l  granule  c e l l  generat ion and maturation 
peaks a f t e r  day 4 .  
and what types of c e l l s  contain i t .  
negative c e l l s  by immunoselection i n  o rde r  t o  s tudy t h e i r  i n t e r a c t i o n s  i n  v i t r o .  
o id  was a generous g i f t  of D r .  R . A .  F inke l s t e in .  

The developing c e r e b e l l a r  co r t ex  c o n s i s t s  

This  has  been 

Cholera tox in  binding s i t e s  a r e  not present  

I t  i s  not known why an  inc rease  i n  plasma membrane GM1 occurs  a t  b i r t h  
Experiments a r e  i n  progress  t o  sepa ra t e  GMl p o s i t i v e  and 

Choleragen- 
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319 ENHANCEMENT OF AUTOAGGRESSIVE IMMUNE REACTIONS AGAINST ENDOCRINE HORMONES, RECEPTORS, 
AND TISSUES BY THYMECTOMY. H.L. Lipscomb. S.A. Bohbrink, and J.G. Sharp, Dept. of 
Anat., Univ. of Nebr. Med. Ctr., Omaha, Nebr. 

Allison (NEJM, =:821, 1976) has hypothesized that some B-lymphocytes possess the ability to 
manufacture antibodies directed against various components of the thyroid gland, but such 
autoaggressive cells are normally controlled by thymic-derived suppressor T cells. There are, 
however, conflicting reports of the effects of thymectomy on the development of autoaggressive 
diseases. 
Flscher 344 rats thymectomized at 5 days, but not at 1 day, of age demonstrated reduced thy- 
roid, ovary, adrenal. kidney, spleen, and lymph node weights,.as well as decreased serum thy- 
roxine levels and histological signs of thyroid follicular destruction. OUC results also show 
that these effects are best observed in inbred as compared to outbred rats. and further, even 
minor variations in genetic background of the inbred rats can alter the severity and/or target 
organs of the disease process. The affected animals may be reconstituted by cells from thymus, 
spleen, and lymph nodes, indicating that cells having a protective function exist in these 
tissues. This data is compatible with the hypothesis that there exists a "window" in effective 
suppressor cell function shortly after birth during which nonspecific suppressor cell function 
(TI in the mouse) is declining, and specific suppressor cell function (T2 in the mouse) is not 
yet fully effective. During this period. establishment of antigen recognition function pre- 
ceeds development of specific suppressor cell function by several days. and thus, thymectomy 
at this time may lead to enhanced autoaggressive disease. 
NSF RIAS #SER 77-06922. and the Morsman Foundation). 

This may be related to the timing of thymectomy, since we have shown that inbred 

(Supported by NIH Grant #AM 21137. 

320 RELATIONSHIP BETWEEN M I T O G E N I C  RESPONSE TO EPIDERMAL GROWTH FACTOR, RECEPTOR 8INOING 
AN0 RECEPTOR DOWN REGULATION I N  THREE MURINE EMBRYO CELL LINES, Aharon Aharonov and 

Harvey R. tlerschman, Oepr. o f  B i o l .  Chem. and Lab. Nuc. Med. and Rad. B i o l . ,  Un iv .  o f  C a l i -  
f o r n i a  d t  Lob Angeles, Los Angeles, Ca. 90024 
Epidermal g rowth  f a c t o r  (EGF) i s  a 6,045 d a l t o n  p o l y p e p t i d e  which s t i n i u l a t e s  g r o w t h  o f  a v a r -  
i e t y  o f  c e l l s .  We have p r e v i o u s l y  shown t h a t  EGF b inds  t o  a s p e c i f i c  c e l l  s u r f a c e  r e c e p t o r  
on 3T3 c e l l s .  l o s s  
o f  EGF-receptors due t o  "down r e g u l a t i o n " ,  w i t h  maximal e f f e c t  irt 4 h r  i n c u b a t i o n .  I n  t h i s  
s tudy  we used t h r e e  d i f f e r e n t  mur ine  embryo c e l l  l i n e s :  Swiss/3T3, C3H/M2 and C3H/lOT1/2 i n  
o r d e r  t o  compare t h e i r  m i t o g e n i c  response t o  EGF, EGF-recepror b i n d i n g  p r o p e r t i e s  and EGF- 
r e c e p t o r  down r e g u l a t i o n .  The t h r e e  c e l l  l i n e s  respond d i f f e r e n t l y  t o  EGF. I n  terms o f  i n -  
c rease i n  c e l l  number, 3T3 c e l l s  response i s  3 f o l d  g r e a t e r  than t h a t  o f  10T1/2 u s i n g  10 ng/ 
m l  o f  EGF. The growth  response o f  M 2  c e l l s  i s  i n t e r m e d i a t e .  
t h e  b e s t  g rowth  response) have 60,000 
M2 c e l l s  have 84,000 + 2,000 and 120,000 + 4,000 b i n d i n g  s i t e s  r e s p e c t i v e l y .  
a n a l y s i s  we found t h a t  t h e  a f f i n i t y  o f  the r e c e p t o r  f o r  EGF is  t h e  same i n  a l l  t h r e e  c e l l  
l i n e s  w i t h  a Kd o f  3.4 X 1O-gM. 
75% o f  t h e  r e c e p t o r s  i n  a l l  t h r e e  c e l l  l i n e s ,  r e g a r d l e s s  o f  t h e  i n i t i a l  number o f  r e c e p t o r s  
p e r  c e l l .  
p e r  c e l l ,  t h e  number o f  r e c e p t o r s  remain ing  on t h e  c e l l  s u r f a c e  a f t e r  down r e g u l a t i o n  and t h e  
m i t o g e n i c  response t o  EGF. 

Exposure o f  c o n f l u e n t  3T3 c e l l s  t o  10-8M EGF a t  37OC leads  t o  a 70-85 

I n  c o n t r a s t ,  3T3 ( t h e  l i n e  w i t h  

Us ing  Scatchard  
1,300 EGF b i n d i n g  s i t e s  p e r  c e l l  w h i l e  10T1/2 and 

EGF i n  c o n c e n t r a t i o n  o f  1 0 - 8 ~  caused down r e g u l a t i o n  o f  60- 

We suggest t h a t  t h e r e  i s  no d i r e c t  c o r r e l a t i o n  between t h e  number o f  r e c e p t o r s  

321 STEROID HORMONE RECEPTOR CHARACTERIZATION OF SEVERAL HISTOLOGICAL VARIANTS OF A RAT 
PROSTATIC AOENOCARCINOMA, Francis S .  Markland, Richard T. Chopp, Malcolm D .  Cosyrove, 
and Edwin 8 .  Howard, USC School of Medicine, Los Angeles, CA 90033 

We have characterized several histological variants of the transplantable R - 3 3 2 7  prostatic 
adenocarcinoma, and correlated these histological types with steroid hormone receptor content. 
One type is clearly an adenocarcinoma; this tumor is hormonally responsive and contains s u b -  
stantial amounts of both androgen and estroqen receptors. In contrast another histological 
type, a fibrosarcoma, is hormonally non-responsive and does !lot contain either receptor. 
There is also a third histologic variant which i s  classified a s  a carcinosarcnma. These tu- 
mors contain histological elements of both adenocarcinoma and fibrosarcoma and are also hor- 
monally responsive; they contain lower receptor levels than the adenocarcinomas but more than 
the fibrosarcomas. The androgen receptor found  in the different histological forms of the 
tumor has a sedimentation coefficient of 7.8s and the dissociation constant for methyltrienol- 
one is 4 ( + 3 )  x lo%. The estrogen receptor has a sedimentation coefficient of 8.3s and the 
dissociation constant for estradiol is 9 (9) x 10-lOM. Rat plasma was sh0.m to be devoid of 
androgen or estrogen receptors and the prostate from normal rats was shown to contain low 
levels of an androgen receptor but essentially no estrogen receptor. It is possible that 
during growth and/or passage of R-3327 tumor, the hormonally responsive adenocarcinoma cells 
do not survive and there is a gradual emergence o f  the non-responsive fibrosarcoma. Clearly, 
if as we suspect the receptors are found in the epithelial cell5 and not the strotnal cells, 
there would be considerable variation of receptor content in the different intermediary histo- 
logical forms of the tumor. Research supported in part by N I H  Grant No. CA 14089. 
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322 ACCUMULATION OF A SLOWLY DISSOCIABLE PEPTIDE HORMONE BINDING COMPONENT BY ISOLATED 
TARGET CELLS? David B. Donner, Dwight W .  M a r t i n  and Mar t i n  Sonenberg. Memorial 
S loan-Ket te r ing  Cancer Center, New York, NY 10021. 

Mechanist ic desc r ip t i ons  of  the  r e g u l a t i o n  of  pep t ide  hormone-receptor s i t e  i n t e r a c t i o n s  
have assumed the  presence o f  a r a p i d l y  r e v e r s i b l e  assoc ia t i on  between c e l l  sur face  b ind ing  
s i t e s  and hormone. 
l a b e l l e d  human growth hormone and hepatocytes i s o l a t e d  from hypophysectomized r a t s .  The 
o v e r a l l  r a t e  and f r a c t i o n  o f  bound rad io iod ina ted  human growth hormone which d i ssoc ia ted  
from hepatocytes va r ied  wi th  t ime o f  assoc ia t ion .  A smal le r  f r a c t i o n  o f  bound hormone was 
d issoc iab le  from i s o l a t e d  t a r g e t  c e l l s  w i t h  increased receptor  occupancy and increased 
incubat ion  t ime p r i o r  t o  the  onset o f  d i ssoc ia t i on .  The i n a b i l i t y  o f  bound l a b e l  t o  com- 
p l e t e l y  r e - e q u i l i b r a t e  w i t h  the  mediurll was demns t ra ted  f u r t h e r  by p re - incuba t ing  c e l l  
popu la t ions  w i t h  l a b e l l e d  hormone p r i o r  t o  the  i n i t i a t i o n  o f  s a t u r a t i o n  exper iments where 
t ime dependent changes i n  the  b ind ing  p roper t i es  of bound l a b e l  were observed i n  Scatchard 
p lo t s .  
k i n e t i c  compartments. This phenomenon cou ld  be i n t e r p r e t e d  i n  terms o f  he terogene i ty  o f  
s i t es ,  a s low conformat ional  change i n  the  receptor ,  o r  by a model i nco rpo ra t i ng  s p a t i a l  
compartmental izat ion of s i t e s .  
ponent must be considered i n  any mechan is t i c  d e s c r i p t i o n  o f  hormone-cell i n t e r a c t i o n .  
Th is  work was supported by gran ts  CA-08748 and CA-15773 from the  N . I . H .  and by a g ran t  
f rom the  N.Y. Diabetes Assoc ia t ion .  

Th is  assumption has been tes ted  i n  a s tudy  o f  t h e  i n t e r a c t i o n  o f  

These data suggest t h a t  bound hormone may be d i s t r i b u t e d  between a t  l e a s t  two 

The presence o f  a s low ly  d i s s o c i a t i n g  hormone b ind ing  com- 

323 ELECTROKINETIC EVIDENCE FOR CELL RECOGNITION A S  A MEMBRANE CHARGE PHENOMENON. 
N .  Sawyer, Walenty Wrezlewicz, Boguslaw Stanczewski, George P. Hoskin, Electrochemical 
and Biophysical Labs. ,  Downstate Medical Center,  Brooklyn, New York. 

Work i n  our laboratory has revealed t h a t  c e l l u l a r  non-self  recogni t ion is r e f l e c t e d  i n  a l t e r e d  
e l ec t rok ine t i c  c h a r a c t e r i s t i c s  of the c e l l s .  S p e c i f i c a l l y ,  the average e l ec t rophore t i c  mo- 
b i l i t y  of lymphocytes is  reduced when lymphocytes from known incompatible s t r a i n s  o f  rats and 
mice a r e  mixed, although v i r t u a l l y  no change i n  e l ec t rophore t i c  mob i l i t y  is observed when 
lymphocytes from compatible s t r a i n s  a r e  mixed. This  phenomenon of a l t e r a b l e  c e l l  su r f ace  
charge i a  r e l a t e d  t o  t h e  occurance of known h i s tocompa t ib i l i t y  gene loci and is independent 
of c e l l  su r f ace  neuraminic a c i d .  .In human s t u d i e s  t h e r e  is a s t r o n g  c o r r e l a t i o n  between 
a l t e r e d  e l ec t rophore t i c  mobil i ty  of recipient-donor  mixed lymph’ocytes i n  cases  of kidney 
t r ansp lan t  r e j e c t i o n  bu t  l i t t l e  or  no change i n  case8 of success fu l  t r anp lan t s .  The r o l e  
of calcium ion i n  c e l l  i n t e r a c t i o n  of incornpatiable lymphocytes leading t o  a l t e r e d  su r face  
charge is discussed.  Comparative data  between lymphocytes and macrophages a r e  presented.  
The technique provides a new approach t o  understanding c e l l - c e l l  recogni t ion.  

P h i l i p  

IDENTIFICATION AND ISOLATION OF CELL SUP3ACE ANTIGENS SHED FROM TOMOR CELLS I N  VIVO, 324 

The spontaneous release o f  c e l l  surface an t igens  from tumor c e l l s  i s  thought  to be an  i m p o r t -  
ant mechanism whereby tumors avoid h n u n e  r ecogn i t ion  and d e s t r u c t i o n  by t h e  host .  Recently,  
w e  have shown that Ehr l i ch  carcinoma c e l l s  r ap id ly  shed t h e i r  c e l l  ma t  dur ing  growth i n  v i m  
(Rittenhouse,  e t  a l . ,  Biochemistry,  i n  p r e s s ) .  I n  t h e  p re sen t  i n v e s t i g a t i o n ,  immunochemical 
s t u d i e s  were employed to d e w n s t r a t e  t h e  a s soc ia t ion  of innnunoglobulin G (IgG) with m r l i c h  
tumor cells grown i n  vivo. Subce l lu l a r  f r a c t i o n a t i o n  s t u d i e s  revealed t h a t  t h i s  t m r  as- 
soc ia t ed  immunoglobulin (TaIg) was l o c a l i z e d  i n  the c e l l  coat f r ac t ion .  I n d i r e c t  membrane 
h u n o f l u o r e s c e n c e  of cells grown i n  v i m  showed a h igh ly  i r r e g u l a r  f l u o r e s c e n t  p a t t e r n  
( f luo rescen t  aggregates  i n  patches and polar caps)  a t  t h e  c e l l  su r f ace  using either a n t i s e r a  
d i r ec t ed  toward t h e  c e l l  coat f r a c t i o n  or t o  muse IgG. I n  bo th  cases f luo rescen t  d e b r i s  was  
p re sen t  i n  the nredia c o n s i s t e n t  with t h e  shedding o f  this wterial fram t h e  c e l l  su r f ace .  
Transfer  of Ehr l i ch  tumor cells from i n  v i m  to i n  v i t r o  cond i t ions  resulted i n  the loss of 
IgG from t h e  C e l l  surface i n t o  the media. 
i d e n t i f i e d  by an immune p rec ip i t a t ion -de te rgen t  gel electrophoresis-autoradiography method 
and i s o l a t e d  by imnnuroaffinity chromatography. 
tumor-bearing hos t  ( m u s e )  recognized mul t ip l e  an t igens  ranging from 45,000 to over  200,000 
MW l oca t ed  i n  the  cell coat. Analysis o f  serm and ascites f l u i d  f r o m  turnor-bearing h o s t s  
i n d i c a t e s  that these  an t igens  a r e  shed from tunur c e l l s  i n  the form o f  immune complexes. 

Harry G. Rittenhouse,  Diane AT, Matthew D. Lynn, and David K. Denholm, The 
Universi ty  of Michigan, Ann Arbor, M I  48109 

Tumar cell an t igens  recognized by TAIG were 

These methods revealed t h a t  the Ehr l i ch  
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A highly purified preparation of insulin receptor, which was obtained by subjecting Triton 
X-100 solubilized liver membranes to sequential chromatography on DEAE cellulose. insulin 
sepharose, and Conconavalin A sepharose, was used to Immunize a rabbit. The resulting anti- 
receptor serum does not inhibit insulin binding to liver membranes or solubilized liver mem- 
branes. However. when this anti-rffgptor serum is incubated with solubilized insulin recep- 
tor, which has been labeled with [ I] insulin, the labeled receptor-antibody complex is 
precipitated with anti-rabbit serum. indicating that it directly interacts with the insulin 
receptor at sites not involved in insulin binding. 
like activity which is capable of stimulating glucose conversion to CO in isolated rat fat 
cells. 
insulin-like activity is precipitated with anti-rabbit serum, clearly indicating it is an 
Immunoglobulin. 
action of insulin. 

ANTIBODIES TO PURIFIED INSULIN RECEPTOR HAVING INSULIN-LIKE ACTIVITY, Steven Jacobs. 
men-Jen Chang, and Pedro Cuatrecasas, Wellcome Research Laboratories, Research 
Triangle Park, NC 27709 

The anti-receptor serum also has insulin- 

A 1:20,000-fold dilution of the antiserum results in half-maxi&l stimulation. This 

These findings have important Implications with regard to the mechanism of 

326 
AND COMPLEMENT, Edward P. Cohen and Weitze Liang. La Rabida-University of Chicago Inst, 
Chicago, IL 60649 
Membrane-associated proteins of the TL system found with murine leukemia cells reversibly dis- 
appear from the surfaces of cells.exposed to TL antisera; the cells acquire resistance to 
fresh TL antiserum and complement (antigenic modulation). The cellular density of TL protein- 
antigens fails to correlate with resistance to specific antiserum. Based upon the results of 
three independent methods of detecting "exposed" TL antigens, cells converted to antibody and 
complement (C) resistance express TL antigens, in some instances in greater density than 
sensitive cells. Cells converted to antibody and C resistance reduce known titers of TL 
antiserum by absorption; they stain positively in imnunofluorescence studies, and TL proteins, 
labeled previously with 1251, may be recovered by inmunoprecipitation fran nonidet P-40 ex- 
tracts of resistant cells. Continued exposure of the cells to TL antibodies leads to a com- 
plete disappearance of TL antigens from the cell membranes. Thymus cells of F1 hybrids of 
TL(t) and TL(-) cell lines form TL antigens and are susceptible to TL antibodies and C. The 
relative density of TL antigens of such cells is less than leukemia cells converted to TL 
antibody and C resistance. Somatic hybrids of TL(+) and TL(-) cell lines form TL antigens 
but fail to undergo modulation, even under more "stringent" conditions. 
of TL antigens of such cells i s  significantly less than that of resistant parental cells. 

THE EFFECT OF THYMUS-LEUKEMIA (TL) ANTIBODIES ON THE DENSITY OF TL ANTIGENS FORMED BY 
SOMATIC HYBRID AND PARENTAL MOUSE CELLS AND THEIR SUSCEPTIBILITY TO SPECIFIC ANTISERUM 

The relative density 

327 MODULATION OF T R A N S P O R T  BY S E R U M ,  Ross Allen, R. T. Hamilton, 
Marit Nilsen-Hamilton and Debra Braun. The Salk Institute, San Diego. CA 92112 

The removal of serum from ovarian granulosa cells in exponential or confluent stages 
of the growth results in a rapid and pronounced decrease in the rate of transport of the 
non-metabolizable analogues '7-aminoisobutyric acid (AIB) and 3-0-methylglucose 
(30MG). Initial rates of transport decrease by 50% within 60 m i n  and remain at that 
level for at least one hour. The decrease of AIB transport is independent of R N A  or 
protein synthesis and is not affected by protease action. 
completely reversed, without detectable lag, by the addition of 10% serum or G-50 
serum. 
Fibroblast growth factor (FGF) and epidermal growth factor (EGF) can, after a lag 
period, reverse the decrease in 3 0 M G  uptake. 
that removal of serum increases both K, and Vmax . Analogous kinetics are seen 
with AIB. 

The decrease is rapidly and 

The reversal is insensitive to inhibitors of R N A  or protein synthesis. 

The kinetics of uptake of 3 0 M G  indicate 

1 J1 
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The findings below suggest t h a t  glucocorticoids cause some of their  many effects on cell pro- 
l iferation by altering cell  surface growth factor receptors. 
cell cultures without serum or growth factors, the synthetic glucocorticoid, dexamethasone 
(dex) did not affect  cell  division. However, dex enhanced the mitogenic response o f  these 
ce l l s  t o  epidermal growth factor ( E G F )  by 50% a t  a l l  EGF concentrations. Dex coordinately 
increased the capacity of HF ce l l s  to  bind '"I-EGF. 
glucocorticoids and required protein synthesis. Dex appeared t o  cause a quali tative change 
in the EGF receptors, since the increased I2 ' I -EGF binding capacity of dex-treated ce l l s ,  
which was twofold a t  physiological "'I-EGF concentrations, diminished a t  higher concentra- 
tions of Iz51-EGF. of other peptide factors to  HF ce l l s ,  

cell types mitogenically sensitive t o  insulin or thrombin, binding of these proteins 
could be examined only a t  submitogenic concentrations, because a t  higher concentrations a 
large fraction o f  their  binding was nonspecific. Although dex increased insulin and thrombin 
init iation of growth in chick embryo ce l l s ,  and inhibited thrombin rowth stimulation in 

thrombin  did not detect dex-mediated binding changes in these ce l l s .  
sensitized to insulin stimulation of thymidine incorporation, exhibited enhanced binding 
o f  'Z'I-insulin when treated with dex. (Supported by g r a n t  CA-12306 from the USPHS) 

DEXAMETHASDNE MODULATES THE B I N D I N G  AND ACTION OF GROWTH FACTORS. 
Barsh, D.H. Carney, and D . D .  Cunningham, University of California, Irvine 92717 

J.B. Baker, G.S. 

In human diploid foreskin (HF)  

The effect  on binding was specific for  

Dex also modulated the bindin increasing "'I insulin binding, and decreasing ? 'I-thrombin binding. In studies with 

mouse embryo ce l l s ,  binding analyses with submitogenic levels of " 9 I-insulin and l Z 5 I -  

3T3 ce l l s ,  which dex 

329 THE DISTRIBUTION OF LECTIN-BINDING GLYCOPROTEINS ON NEUROBLASTOMA CELLS AS VISUALIZED 
BY FLUORESCENT LIGHT AND SCANNING ELECTRON MICROSCO:'Y, Pamela Maher and Robert  S. 
Holday, Univers i ty  of B r i t i s h  Columbia, Vancouver, B.C. .  Canada V6T 1W5 

Concanavalin A (Con A), Ric inus  communis a g g l u t i n i n  I (RCA I ) ,  and wheat germ a g g l u t i n i n  (WGA) 
conjugated t o  e i t h e r  f luo rescen t  dyes o r  f l u o r e s c e n t  microspheres were used t o  s tudy  t h e  d i s -  
t r i b u t i o n  of g lycopro te ins  on murine neuroblastoma c e l l s  by f luo rescen t  l i g h t  and scanning 
e l ec t ron  microscopy (SEM). 
f ixed  wi th  g lu ta ra ldehyde  d isp layed  a dense ,  uniform d i s t r i b u t i o n  of Con A ,  RCA I and WGA 
markers on t h e i r  cel l  s u r f a c e s  and n e u r i t e  p r o j e c t i o n s .  When unfixed c e l l s  w e r e  l abe led  a t  
37"C, a r e d i s t r i b u t i o n  and energy-dependent endocytos is  of t he  l e c t i n  markers w a s  observed. 
Colchic ine  and cy tocha la s in  B i n h i b i t e d  t h i s  labe l ing- induced  movement of cell s u r f a c e  l e c t i n  
r ecep to r s .  The mode of r e d i s t r i b u t i o n  of Con A r e c e p t o r s  was d i f f e r e n t  than  t h a t  of WGA or 
RCA I r ecep to r s  a s  revea led  i n  double l a b e l i n g  experiments.  Whereas, un labe led  Con A recep- 
t o r s  were coord ina te ly  removed from the  c e l l  s u r f a c e  along wi th  the  l abe led  Con A r ecep to r s ,  
l abe led  WGA and RCA I r ecep to r s  r e d i s t r i b u t e d  independently of t h e i r  un labe led  coun te rpa r t .  
This  d i f f e r e n c e  is  common t o  a number of c e l l  types .  
membrane s igna l ing  and r e s u l t  i n  d i f f e r e n t i a l  e f f e c t s  on t he  morphological and func t iona l  
p r o p e r t i e s  of cells. The s p a t i a l  d i s t r i b u t i o n  of s p e c i f i c  l e c t i n  r e c e p t o r s  was s tud ied  us ing  
microspheres of var ious  s i z e s  i n  conjunct ion  wi th  double l a b e l i n g  experiments.  These s t u d i e s  
i n d i c a t e  t h a t  most, i f  no t  a l l ,  WGA r ecep to r s  are loca ted  on d i f f e r e n t  membrane g lycopro te ins  
than Con A r ecep to r s ,  b u t  a r e  a s soc ia t ed  wi th  a c l a s s  of RCA I r ecep to r s .  

Und i f f e ren t i a t ed  and d i f f e r e n t i a t e d  c e l l s  l abe led  a t  4°C o r  pre- 

I t  may r e f l e c t  d i f f e r e n c e s  i n  t rans-  

330 INTERACTIONS BETWEEN CELLULAR MBRANE RECEPTO AND ONCOVIRUS ENVfiLOPE 
GLYCOPROTEIN, Subal  C .  Bishaye?, Mette StrandFG J. Thomas August 
11ndian I n s t i t u t e  o f  Exper imenta l  Medicine,Calcutta-700032,India 
ZDepartment o f  Pharmacology and Exper imenta l  T h e r a p e u t i c s  ,The Johns 
Hopkins U n i v e r s i t y  School o f  Medicine,Baltimore,Md 21205,U.S.A. 

Binding o f  p u r i f i e d  envelope  g l y c ~ p r o t e i n ( g p ~ ~ / ~ ~ )  of Rauscher murine type-C 
oncovi rus  t o  c e l l u l a r  membrane r e c e p t o r s  has  been ana lyzed  w i t h  r e a c t i o n  s y s -  
tems u s i n g  i n t a c t  c e l l s  o r  membranes o f  d i s r u p t e d  c e l l s .  The r e a c t i o n  was h igh -  

s p e c i f i c ;  on ly  ce l l s  pe rmis s ive  t o  i n f e c t i o n  by Rauscher vi .rus bound t h e  
iX5I . - labe led  v i r a l  g lycopro te in .  The s p e c i f i c i t y  o f  b i n d i n g  was a l s o  demonstra- 
t e d  i n  r e s p e c t  t o  v i r u s  i n t e r f e r e n c e ;  c e l l s  p r o d u c t i v e l y  i n f e c t e d  wi th  murine 
e c o t r o p i c  type-C v i r u s  f a i l e d  t o  b ind  t h e  v i r u s  envelope  g l y c o p r o t e i n  wh'ereas 
pe rmis s ive  c e l l s  i n f e c t e d  wi th  murine xeno t rop ic  v i r u s  con t inued  t o  b i n d  t h e  
Rauscher e c o t r o p i c  v i r u s  g l y c o p r o t e i n .  S t u d i e s  of t h e  chemical b a s i s  o f  t h e  
r e c e p t o r  b ind ing  p r o p e r t y  o f  t h e  g lycopro te in  showed t h a t  t r e a t m e n t  w i t h  u r e a  
or guanidine-HC1 a b o l i s h e d  t h e  a c t i v i t y ;  m o d i f i c a t i o n  o f  t y r o s y l ,  h i s t i d y l  o r  
t ryp tophany l  r e s i d u e s  and t h e  r educ t ion  o f  d i s u l f i d e  bonds a l s o  b locked  t h e  
r e a c t i o n . S i a l i c  a c i d  o f  t h e  g lyco  r o t e i n  appeared  n o t  t o  be r e q u i r e d .  The spe -  
c i f i c  b ind ing  o f  1251 -labeled-gp6!/71 t o  membrane r e c e p t o r s  was a b o l i s h e d  by 
t r ea tmen t  o f  t h e  membranes wi th  t ryps in , chymot ryps in  and phospho l ipase -C .  



331 CHARACTERIZATION OF A RECEPTOR FOR INSULIN-LIKE GROWTH FACTORS ON CHICK EMBRYO FIBRO- 
BLASTS, James F. Perdue, Lady Davis I n s t i t u t e - J e w i s h  General H o s p i t a l ,  Kon t rea l ,  Que. 

I n s u l i n - l i k e  a c t i v i t y  ( ILAs)  w i t h  a PI of 6.4-6.7 and molecu la r  we iqh t  o f  9-10,000 da l tons  was 
prepared f rom an ac id -e thano l  e x t r a c t  o f  human plasma by sephadex and carboxymethyl c e l l u l o s e  
(CMC) chromatography (Guyda, H.J., Posner, 5.1. and Rappaport, R. (1975) C l i n .  Res. 23, 635A). 
A t  a concent ra t ion  o f  100 W m l ,  ILAs s t imu la ted  TdR inco rpo ra t i on  2.0 and 1.5 f o l d  K t o  con- 
f l u e n t  c u l t u r e s  o f  ch ick  embryo f i b r o b l a s t s  (CEF) and 3T3 c e l l s ,  respec t i ve l y ;  10% f e t a l  c a l f  
serum increased TdR inco rpo ra t i on  4 and 2.5 fo ld .  
cose uptake and a 56 and 25% s t i m u l a t i o n  o f  a -amino isobuty r ic  a c i d  uptake was observed 16 min 
a f t e r  adding 10 uU/ml of  ILAs t o  CEF and 3T3 c e l l s .  respec t i ve l y .  
was i od ina ted  w i t h  chloramine-T and p u r i f i e d  by  b i n d i n q  an3 e l u t i o n  f rom p lacen ta  membrane. 
A t  24°C. ILAs b i n d i n g  t o  CEF was p ropor t i ona l  t o  p r o t e i n  concen t ra t i on  and was maximum by 120 
min. Bound ILAs d i ssoc ia ted  completely from CEF du r inq  120 min o f  i ncuba t ion  a t  24°C; d isso-  
c i a t i o n  was n o t  acce le ra ted  f o l l o w i n g  the  a d d i t i o n  o f  un labe led  ILAs. 
t o  CEF. F i f t y  uU/ml o f  un labe led  ILA i n h i b i t e d  the  b i n d i n g  o f  200 pg o f  l Z 5 I - I L A  by 50%. The 
apparent Kd was ca l cu la ted  t o  be 0.4 x lom9 M. I n s u l i n ' s  i n h i b i t i o n  o f  ' ' ' I-ILAs b i n d i n q  was 
1-2,QDO f o l d  l ess  po ten t .  
251, 6445, 1976) was i n h i b i t e d  by ILAs and a t  a concen t ra t i on  t h a t  was l / l f I O O  t h e . q u a n t i t y  o f  
i n s u l i n  requ i red  t o  achieve a s i m i l a r  l e v e l  o f  i n h i b i t i o n .  These r e s u l t s  a re  cons is ten t  w i t h  
the  hypothes is  t h a t  a sur face  recep to r  r e v e r s i b l y  b inds  I L A s - l i k e  pept ides  w i t h  h i q h  a f f i n i t y  
and tha t . t he  occupancy o f  t h i s  recep to r  i n i t i a t e s  t h e  p l e o t y p i c  responses assoc ia ted  w i t h  
r e o l i c a t i o n .  

A 44% and 112% s t i m u l a t i o n  of  L-deoxyqlu- 

The CMC-purified m a t e r i a l  

ILAs b inds  s p e c i f i c a l l y  

' Z 5 1 - I n s u l ~ n  b i n d i n g  t o  CEF (Raizada and Perdue, J. B i o l .  Chem. 
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University of Oregon Health Sciences Center, Portland, Oregon 97201. 
Using 6-hydroxydopamine (6-OHDA) for an ultrastructural marker, we studied the uptake mecha- 
nism of catecholamines in the sympathetic nerve terminals of Macaca arctoides. An intradermal 
injection of 6-OHDA (1 mg per 1 cm2 skin surface) causes ultrastructural degeneration of the 
terminal axons in the piloarrector muscles, changes that result in depletion of endogenous 
catecholamines in the nerve terminals. These changes are inhibited by the simultaneous injec- 
tion of other catecholamines or their metabolites with 6-OHDA; the degree of inhibition 
depends upon the dose. We utilized this in vivo approach to examine the competitive uptake 
between 6-OHDA and these substances by the terminals and to study axonal membrane transport 
of catecholamines. The results indicated that catechol acid (3,4-dihydroxymandelic acid and 
2,4,5-trihydroxyphenylacetate) did not inhibit 6-OHDA uptake. Catecholamines (norepinephrine, 
epinephrine, and dopamine), 5-hydroxydopamine, and catechol-0-methylated derivatives 
(normetanephrine and metanephrine) did inhibit 6-OHDA disruption of nerve terminal uptake. 
However, only the catecholamines intensified the electron-dense granules in the vesicles 
(electron microscopy studies) or fluorescence in the terminals (histofluorescence studies). 
Fluorescence in the nerve terminals when metanephrine or normetanephrine wit% 6-OHDA was 
employed indicated the presence of endogenous catecholamine in the terminals. From these 
results we conclude that catechol-0-methylated compounds inhibit 6-OHDA uptake in the 
membrane site but they are not transported into the axons. 
~R00163, RR05694, and NS01572 and Grant 7624 from the Medical Research Foundation of Oregon.) 

NEURAL UPTAKE OF CATECHOLAMINES AND THEIR MOLECULAR STRUCTURES, Hideo Uno, Oregon 
Regional Primate Research Center, Beaverton, Oregon 97005, and Jack H. Fellman, 

(Supported in part by NIH Grants 

333 NERVE GROWTH FACTOR MEDIATED INDUCTION OF TYROSINE HYDROXILASE IN A CLONAL CELL LINE. 
Rosaane Goodman and Harvey Herschman, UCLA. Los Angeles, Ca. 90024. 

Nerve growth factor (NGF)causas hypertrophy and hyperplasia of sympathetic ganglia neurons 
when injected into neonatal rats. 
specific activities of tyrosine hydroxylase and dopamine B-hydroxylase (H. Thoenen, 
P.U. Angeletti, R. Levi-Montalcini, and R. Kettler, PNAS %:1598-1602, 1971). 
Hendry (Neuroscience 1:489-496, 1976)and Otten and Thoenen (J. Neurochem. 29:69-75, 1977) have 
shown that under various experimental conditions, the superior cervical ganglia of older rats 
also exhibit NGF-mediated induction of tyrosine hydroxylase. 
shown that the time of exposure to NGF necessary to elicite this effect is markedly shortened 
by preincubation with the glucocorticoid dexamethasone. 

hydroxylase OCCUKS. 
cytoma. 
containing the inducer, NGF. 
days elicits a 4-6 fold induction in the tyrosine hydroxylase specific activity. Addition 
of the glucocorticoid, Dexamethasone (lo-%), causes a further two fold increase in the 
tyrosine hydroxylase specific activity. The time course dose dependence and specificity 
of this response will be shovn. 

This response is accompanied by a 5-fold increase in the 

Hill and 

Otten and Thoenen have also 

We have developed a clonal cell line in which NGF-mediated induction of tyrosine 
The clonal line G-100-NGF. was originally derived from a rat pheochromo- 

It was isolated by culturing the cells in a selective tyrosine-free medium 
Incubation of the G-100-NGF clone with 0.5 uglml NGF for four 



PURIFICATION AND STRUCTURAL RELATIONS OF MURINE THY-1, Robert K. Zwerner, Larry D. 
McClain, Paui A. Barstad and Ronald T. Acton, University of Alabama 
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in Birmingham, Birmingham, Alabama 35294. 

The Thy-1 molecule has been purified from lymphoblastoid cells, Thy-1.1 from 8135147 and 
Thy-1.2 from EL-4. The 
purification procedures are essentially the same for Thy-1 from all three sources. In brief, 
a membrane preparation of brain or lymphoblastoid cells are acetone treated and the resulting 
pellet solubilized by deoxycholate. The 100,OOOxg supernatant is passed through a 
culinaris lectin affinity column and the bound glycoprotein fraction eluted with alpha- 
methyl-glucopyranoside. The Thy-1 activity was detected in the glycoprotein fraction and 
concentrated by alcohol precipitation. Thy Thy-1 was then purified by AcA gel filtration 
chromatography. The Thy-1 active fractions are pooled and concentrated. This final pre- 
paration gives only a single band when assayed by SDS-polyacrylamide gel electrophoresis 
with an apparent molecular weight of 24,000. 
of the three Thy-1 molecules did not demonstrate any significant variations. The N-terminal 
amino acids of all three molecules are 'blocked' leading to problems in determining the amino 
acid sequence of Thy-1. (Supported by grants from the NIH, ACS, AHA and NSF.) 

In addition, Thy-1.2 has been purified from C57BL/6J mouse brain. 

The amino acid and carbohydrate compositions 

335 INITIATION OF CELL DIVISION BY THROMBIN ACTION AT THE CELL SURFACE, D.H. Carney and 
D.D. Cunnin ham Universit of California, Irvine. California 92717 

The site of action of moit peptide gormones and growth factors is currently unclear. 
vious studies utilizing Sepharose-immobilized peptides to show cell surface action have been 
compromised by demonstrations that large amounts of soluble material can be released from 
these beads and that some of this material can be "superactive". To determine if thrombin 
initiates cell division by action at the cell surface we linked '251-thrombin to carboxyl- 
ate-modified polystyrene beads by carbodiimide condensation. 
these beads to quiescent chick embryo cells resulted in 30 to 40% increases in cell number 
over controls by 24 hours. 
beads into the medium during this period was from 15 to 60-fold less than the amount of solu- 
ble rhrambin necessary to initiate the same amount of cell division. 
were endocytosed by the cells. they were completely surrounded by an intact membrane. 
could not detect any release of material from these beads directly into the cytoplasm. 
gether these studies show that thrombin action at the cell surface is sufficient to initiate 
cell division. 
receptors on the surface of mouse embryo cells. 
ited this specific binding. 
thrwbin to initiate cell division. but had no effect on non-specific binding or on the pro- 
teolytic activity of thrombin. 
cell surface went in the initiation of cell division by thrombin. 
CA 12306 from U.S.P.H.S. 

Pre- 

Addition of optimal smounts of 

The total amount of acid-precipitable material released from these 

Although a few beads 
We 
To- 

In addition, we have demonstrated specific saturable binding of thrombin to 
Small amounts of calf serum completely inhib- 

These concentrations of serum also inhibited the ability of 

Thus, binding to specific receptors appears to be a necessary 
(Supported by Grant 

336 METABOLIC STABILITY OF THE NUCLEOSIDE TRANSPORT SYSTEM OF NOVIKOFF RAT HEPATOMA CELLS, 
Richard Mare, Robert M. Wohlhueter and Peter G. W. Plagemann, University of Minnesota, 
Dept. of Microbiology, Minneapolis, Minnesota 55455. 

Generally, rates of thymidine (dThd) incorporation into mammalian cells have been construed as 
rates of dThd transport. 
rapid sampling technique (Wohlhueter et al., J. Cell. Physiol. 89.605, 1976). With this 
technique we have reexamined the metabolic stability of the nucleoside carrier. 
ous culture of Novikoff rat hepatoma cells was monitored from early log to stationary phase 
for dThd transpcrt, dThd incorporation into the acid soluble pool, DNA synthesis, and dThd 
kinase activity. While dThd incorporation, DNA synthesis, and dThd kinase showed the familiar 
peak in early log phase, and then declined sharply, dThd transport remained constanL regardless 
of the age of culture. 
dThd incorporation dropped to 40% of control after 1 hr, and decreased to 20% after 6 hrs. 
Actinomycin D treatment (1.25 Pg/ml) also caused a strong, but more gradual decrease in dThd 
incorporation, but had little effect on dThd kinase. dThd transport was unaffected by either 
treatment. Experiments with uridine gave similar results: transport rates were unaffected by 
the age of culture and did not decay during 6 hrs of exposure to inhibitors of RNA or protein 
synthesis. We conclude that the nucleoside transport system shows great metaholic stability 
and is thus not suited to regulation by mechanisms involving carrier turnover. 

This conclusion is wrong. as we have shown using a recently developed, 

An asynchron- 

Upon treatment with cycloheximide (25 )Ig/ml) dThd kinase activity and 

134 



337 EFFECTS OF CYTOSKELETAL PERTURBANTS ON THE COOPERATIVITY IN THE INHIBITION OF INTACT 
ASCITES CELL 5'-NUCLEOTIDASE BY CONCANAVALIN A.  Carraway, C. A. C., Doss. R. C. and 
Carraway, K. L.,Dept. of Biochemistry, Oklahoma StateUniversity, Stillwater, OK 74074. 

Cell surface receptor mobility in many cell types is thought to be regulated via cyto- 
skeletal elements attached to the cytoplasmic surface of the plasma membrane. 
membrane ectoenzyme 5'-nucleotidase of a number of cell types is reversibly and specifically 
inhibited by Concanavalin A (Con A), indicating that this enzyme isaCon A receptor. Studies 
on the 13762 rat mammary ascites catcinoma have shown that the Con A-enzyme interaction is not 
cooperative in intact cells and Zn*-stabilized cell surface envelopes, which retain attached 
cytoskeletal elements. On the other hand pronounced cooperativity was exhibited by solubilized 
membranes and EDTA-extracted envelopes, which have fragmented and lost substantial amounts of 
their cytoskeletal components (Carraway c&. (1976) J. Biol. Chem. 251, 6173-6178). It was 
suggested that the altered cooperativity of the Con A-enzyme interaction in the intact cell 
may be due t o  cytoskeletal restrictions of the mobility of the enzyme in the membrane. There- 
fore we have investigated the effects in intact cells of agents which are known to perturb 
cytoskeletal structure. Colchicine, a microtubule effector, and cytochalasins B and D. 
microfilament perturbants. cause the Hill coefficient fortheConA-nucleotidaseinteractionto 
go from 1 in the untreated intact cells to about 2 in the treated cells. These results 
support the previdus suggestion that the induction of cooperativity results from increased 
mobility of the enzyme when free& from cytoskeletal constraint's. However, the possibility 
that these agents interact with the plasma membrane to promote cooperativity of the Con A- 
enzyme interaction must also be considered in interpreting such effects. 

The plasma 

338 
Sherblan, J.W. Huggins, C.L. Ownby, and T.P. Trenbeath, Dept. o f  Biochem., Physiology & Micro- 
biology, .Oklahoma State Univ., S t i l lwa te r .  OK 74074 
Two sublines (MAT-B and MAT-C) of the 13762 asc i tes marnary adenocarcinoma e x h i b i t  gross ly  d i f -  
ferent  responses t o  l ec t i ns .  MAT-B c e l l s  are s t rong ly  agglut inated by Concanavalin A(Con A), 
whereas MAT-C c e l l s  are not  agglut inated. Subline B c e l l s  r e a d i l y  patch and cap w i t h  f l uo re -  
scent Con A, bu t  C c e l l s  show no evidence o f  receptor mob i l i t y .  Treatment o f  the C c e l l s  w i t h  
trypsin. neuraminidase. co lch ic lne o r  cytochalasin B does not enhance agglut inat ion.  patching 
o r  capping by Con A. A g g l u t i n a b i l i t y  d i f ferences are not due t o  d i f ferences i n  l e c t i n  b ind ing 
since MAT-C c e l l s  b ind about 40% more Con A than MAT-B c e l l s .  Scanning e lect ron microscopy 
shows t h a t  the surfaces o f  MAT-C c e l l s  e x h i b i t  a h igh l y  i r r e g u l a r  s t ructure,  covered w i t h  mic- 
r o v i l l i  extending as branched st ructures from the c e l l  body. MAT-B c e l l s  have a more normal 
appearance, w i t h  fewer m i c r o v i l l i  which are long and unbranched. These membrane d i f ferences 
co r re la te  wi th an enhanced carbohydrate expression a t  the c e l l  surface o f  the C c e l l s .  A l -  
though MAT-C c e l l s  have only  40% nure t o t a l  s l a l i c  ac id  than M A T 4  c e l l s ,  neuraminidase o r  
t r y p s i n  releases 5-6 f o l d  more s i a l i c  ac id  f r o m  C ce l l s .  Cel l  surface l abe l i ng  wi th lactoper- 
oxtdase o r  periodate-borohydride ind icates one major surface g lycoprote in  f o r  both c e l l  types. 
It migrates s lowly  on dodecyl s u l f a t e  acrylamide gels and i s  present t o  a greater  extent  on 
MT-C c e l l s  and on t h e i r  i so la ted  membranes. The r e s u l t s  suggest t h a t  the expression o f  
s;a~~al##,ro,fe]~.may be coordinated w i t h  organization of the i n t e r n a l  cytoskeleton exhib i ted 

LECTIN RECEPTOR MOBILITY, MORPHOLOGY AND THE EXPRESSION OF CELL SURFACE CARBOHYDRATE 
I N  TWO MAMARV ADENOCARCINOMA SUBLINES. K.L. Carraway, R.W. Chesnut, R.L. Buck, A.P. 
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State Univ.. Stillwater, OK 74074. 

ITTOSKELETON-MEHEWE INTERACTIONS IN ASCITES TUMOR CELLS. Pamela B. Moore, Charlotte 
L. Ownby 6 Kermit L. Carraway, Departments of Biochemistry and Physiology, Oklahoma 

Control of cell surface receptor topography is widely believed to be exerted by a sub- 
membrane cytoskeletal assembly. 
quantities of associated cytoakeletal proteins, most notably actin, myosin, a-actinin and 
actin-binding protein (ABP). Their association with the membrane and organization have been 
investigated by a series of extraction, proteolysis and crosslinking techniques. Actin, a- 
actinin and ABP are released concomitantly with envelope fragmentation under alkaline condi- 
tions at l ow ionic strength. Actin-binding protein is preferentially released by distilled 
water. Triton X-100 removes 60% of membrane lipid, 70-802 of labeled cell surface proteins 
and eliminates the trilaminar membrane appearance, but does not destroy the envelope shape or 
remove significant amounts of the cytoskeletal proteins. 
cleaves proteins in the order ABP > myosin. 
cleavage. 
Crosslinking studies over a range of reagent concentrations showed the formation of very high 
molecular weight complexes containing all of the cytoskeletal components but no significant 
munts of intermediates, suggesting close and extensive associations between the components. 
A model is presented in which short actin microfilaments are attached to the membrane interior 
surface through a-actinin linkages and further associated by crosslinks involving ABP or 
myosin t o  form a coherent network under the cell membrane, stabilizing the envelopes. 

Membrane envelopes from ascites tumor cells have significant 

Proteolysis of envelopes with papain 

a-Actinin and actin are not cleaved substantially when associated withthe-ranes. 
Envelope fragmentation does not require myosin 



340 STIMULATION OF QUIESCENT 3T3 
WITH AN INCREASEDAFFINTY OF THE URIDINE PHOSPHORYLATING SYSTEM FOR ATP. 
W.D. Stein and G.J .  Go ldenbe rg ,  H e b r e w  U n i v e r s i t y ,  J e r u s a l e m ,  Israel. 

FIBROBLASTS BY SERUM OR INSULIN IS ASSOCIATED 

Serum or i n s u l i n  added t o  q u i e s c e n t  3T3 ce l l s  a c t i v a t e s  w i t h i n  m i n u t e s  t h e  u p t a k e  of 
l a b e l l e d  u r i d i n e .  T h i s  a c t i v a t i o n  of u p t a k e  is due  t o  an i n c r e a s e d  trapping of the 
u r i d i n e  in p!osphory la t ed  d e r i v a t i v e s  (Rozengur t ,  Stein and Wigglesworth.  Nature, 
267, 442, 1977). W e  have s t u d i e d  how t h e  rate of u p t a k e  i n  b o t h  a c t i v a t e d  and 
quiescent cells varies as a function of the concentration of t h e  two sutstrates of 
t h e  t r a p p i n g  reaction, ATP and u r i d i n e .  
The a c t i v a t i o n  of t r a p p i n g  is a s s o c i a t e d  w i t h  a t h i r t y - f o l d  decrease i n  t h e  a p p a r e n t  
Km for ATP (kn is s o m e  o.lmM i n  serum-stimulated c e l l s ,  s o m e  2.9m?4 i n  q u i e s c e n t  c e l l s ) ,  
w i t h  l i t t le  change i n  t h e  V m a x ,  measured a t  s a t u r a t i n g  l e v e l s  of u r i d i n e .  The 
a p M r e n t  i n c r e a s e  i n  t h e  V m a x  for  u p t a k e ,  when u r i d i n e  is t h e  v x i a b l e  substrate, 
is who l ly  accounted for by  this decrease i n  Km for t h e  second substrate, ATP. 
Th i s  d i f f e r e n c e  i n  b e h a v i o u r  of t h e  u r i d i n e  p h o s p h o r y l a t i n g  s y s t e m  i n  intact  cells  
d i s a p p e a r s  when extracts are made of a c t i v a t e d  or quiescent cells, t h e  e x t r a c t s  i n  
both cases d i s p l a y i n g  t h e  k i n e t i c s  of the m t a c t  quiescent cells. 

Transmembrane Protein Transport 

341 EFFECTS OF GTP AND A SOLUBLE MACROMOLECULE ON THE ACTIVATION OF ADENYLATE CYCLASE 
BY CHOLERA ENTEROTOXIN, Kei-ichi Enomoto, Dale E .  Yelton and D. Michael G i l l  
Dept. of Biology, Harvard Universi ty ,  Cambridge, Mass. 02138 

The a c t i v a t i o n  of adenylate  cyc la se  i n  broken c e l l s  by cholera  tox in  is g r e a t l y  s t imulated 
by NAD, a p a r t i c u l a r  un iden t i f i ed  cy toso l i c  macromolecule, and a nucleoside t r iphosphate .  
A f t e r  dep le t ion  of endogenous ATP, the  l a s t  requirement i s  usua l ly  met by many nuc leo t ides ,  
including AMPP(NH)P, but bes t  by ATP. 
maintaining the GTP l e v e l .  
The macromolecular f r a c t i o n  of pigeon e ry th rocy te  cy toso l  prepared by 625 g e l  f i l t r a t i o n  is 
hardly a b l e  t o  support  i n tox ica t ion ,  even with ATP and NAD,  but  is r e s to red  t o  i ts  o r i g i n a l  
a c t i v i t y  (allowing f o r  d i l u t i o n )  by 1 mM GTP. Under these  condi t ions ATP is not  needed. GTP 
is required during t h e  a c t i v a t i o n  s t e p  (with toxin)  and not  only du r ing  t h e  subsequent assay 
of adenylate  cyc la se  a c t i v i t y  (conducted without  t ox in ) .  
present  but not with AMPP(NH)P. CTP, TTP, UTP, and c y c l i c  GMP a r e  much l e s s  e f f e c t i v e .  The 
enhanced cyc la se  a c t i v i t y  is s t a b i l i z e d  by GTP. 
an assay t h a t  includes GTP. It e l u t e s  from a G75 column a f t e r  hemoglobin corresponding t o  
about 20,000 da l tons .  
Cholera tox in  a l s o  ca t a lyzes  t h e  t r a n s f e r  of ADP-ribose from NAD t o  c e r t a i n  membrane and 
so lub le  p ro te ins .  I n  t h e  absence of membaranes t r a n s f e r  t o  so lub le  p r o t e i n s  is st imulated 
several-fold by GTP. Thus t h e  e f f e c t s  of GTP a r e  not  confined t o  i t s  i n t e r a c t i o n  with 
adenylate  cyclase.  

However, i t  now seems t h a t  ATP may a c t  merely by 

GDP o r  GMP r ep lace  GTP i f  ATP is 

The c y t o s o l i c  f a c t o r  i s  being p u r i f i e d  using 

342 PROCESSING OF A PRECURSOR TO ACTH AND LPH I N  MOUSE PITUITARY CELLS, 
Marjorie P h i l l i p s ,  Richard Al l en ,  James L. Roberts ,  and Edward Herbe r t ,  
Depts of B i o l  and Chem, U n i v e r s i t y  o f  Oregon, Eugene, Or 97403 

When mRNA e x t r a c t e d  from mouse p i t u i t a r y  tumor cells  i s  t r a n s l a t e d  i n  a retic- 
u locy te  c e l l - f r e e  s y n t h e s i z i n g  system, inmunoprec ip i t a t ed  wi th  an t i s e rum t o  
e i t h e r  ACTH or LPH, and analyzed by SDS-PAGE, a s i n g l e  p r o t e i n  o f  28.5 K mole- 
c u l a r  weight is  observed. SDS g e l s  of cel l  e x t r a c t s  immunoprecipi ta ted wi th  
ant iserum t o  ACTH o r  LPH r e v e a l  3 h igh  molecular  weight  forms (34 K ,  32 K ,  and 
29 K ACTH/LPH) which r e a c t  w i t h  b o t h  a n t i b o d i e s  and lower molecular weight  
forms which react w i t h  only one ant ibody.  A l l  t h r e e  h igh  molecular  weight  
forms a r e  g lycosy la t ed ;  t h e  28.5 K c e l l - f r e e  product  is n o t .  P u l s e  chase and 
cont inuous l a b e l i n g  experiments  s u g g e s t  t h a t  29 K ACTH-LPH is a p r e c u r s o r  t o  
32 K and 34 K .  Double l a b e l  experiments  w i th  35S-methionine and 3H-glucosarn- 
i n e  or 3H-mannose show t h a t  32 K and 34 K c o n t a i n  more ca rbohydra t e  than  29 K ,  
sug e s t i n g  t h a t  t hey  are d e r i v e d  from 29 K by f u r t h e r  g l y c o s y l a t i o n .  Analysis  
of  3H-glucosamine l a b e l e d  t r y p t i c  p e p t i d e s  show t h a t  t h e  t r y p t i c  p e p t i d e  con- 
t a i n i n g  t h e  a(22-39) sequence o f  ACTH i s  g l y c o s y l a t e d  i n  32 K b u t  n o t  i n  29 K ,  
s u g g e s t i n g  t h a t  32 K may be  a p r e c u r s o r  t o  13 K ACTH and 29 K may be a precur-  
sor t o  4.5 K.  P rocess ing  of  t h e  29-34 K class of  molecules  proceeds by c l eav -  
age t o  y i e l d  t h e  20-26 K c l a s s  o f  ACTH and 1 1 K  LPH. The c l eavage  o f  t h e  20-26 
K molecules proceeds r a p i d l y  t o  y i e l d  13-15 K ACTH and 4 . 5  K ACTH and c l eavage  
of LPH proceeds w i t h  a longe r  t i m e  cour se  t o  q i v e  endorphin.  
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343 RELATIONSHIP OF R I C I N  AND RICINUS conununis AGGLUTININ AND THEIR ACTION ON PLANT AND 
ANIMAL RIBOSOMES. L. L. Houston, Mary L. Hedblom and Daniel 8. Cawley. Universi ty  
of Kansas, Lawrence, Kansas 66045 

ribosomes, but  not  by wheat germ ribosomes. 
p r o t e c t s  ra t  l i v e r  ribosomes and rat  l i v e r  S-100 does not s e n s i t i z e  wheat germ ribosomes t o  
r i c i n .  Only t h e  605 rat l i v e r  subuni t  was s e n s i t i v e  when the 16 pclssible hybrids  of r i c i n -  
t r ea t ed  and c o n t r o l  40s and 60s subuni ts  were t e s t ed  f o r  i n h i b i t i o n  of poly(U) t r a n s l a t i o n .  
These d a t a  i n d i c a t e  t h a t  r i c i n  s e n s i t i v i t y  does not  s eg rega te  s t r i c t l y  along eucaryot ic-  
p roca ryo t i c  l i n e s  a s  previously bel ieved.  
me t r i c  binding o f  r i c i n ,  t he  A chain and t h e  B chain could be demonstrated.  Both r i c i n  and 
the  B chain bind t o  a s i n g l e  s i t e  on t h e  ribosome with a d i s s o c i a t i o n  cons t an t  of 2 PM. 
Lactose prevents  t h i s  binding. 
l i v e r  and is unaffected by l ac tose .  
observed. 

-~ Ricinus conununis a g g l u t i n i n  (RCA). and the  subun i t s  have been pu r i f i ed .  I n  co l l abora t ion  
with D r .  Kenneth A. Walsh, t h e  sequence was determined f o r  19 residues f o r  both t h e  A and 
B chain of RCA and for 7 and 17 r e s idues  of t h e  A and B chain,  r e spec t ive ly ,  uf r i c i n .  
a t  least 7 r e s idues  on t h e  A chain and 17 r e s idues  on t he  B chain,  r i c i n  and RCA have ident-  
i c a l  sequences. 
supports  t he  hypothesis  t h a t  a precursor-product r e l a t i o n s h i p  e x i s t s  between RCA and r i c i n .  

Ricin,  a t ox ic  glycoprotein from c a s t o r  beans,  i n h i b i t s  p r o t e i n  syn thes i s  by r a t  l i v e r  
Wheat germ S-.100 con ta ins  no f a c t o r  which 

Even though r i c i n  a c t s  as an  enzyme, s to i ch io -  

The A chain binds s p e c i f i c a l l y  t o  the  605 subuni t  of r a t  
No binding t o  E. ribosomes o r  t o  40s subun i t s  w a s  

We have demonstrated th ree  d i f f e r e n t  forms of r i c i n  and two forms of a r e l a t e d  p ro te in .  

For 

L i t t l e  o r  no homology was apparent  between t h e  A and B chains .  This  work 

344 COORDINATE CONTROL OF CORTICOTROPIN AND ENDORPHIN RELEASE BY HYPOTHALA- 
M I C  EXTRACT AND DEXAMETHASONE I N  A MOUSE PITUITARY TUMOR CELL LINE,  
Richard G. A l l en ,  Michael Hinman, Edward H e r b e r t ,  and Candace P e r t ,  
Depts of Chem and B i o l ,  Un ive r s i ty  of  Oregon, Eugene, OR 97403 .  

High molecular  weight  forms of ACTH e x i s t  i n  normal p i t u i t a r y  t i s s u e  and i n  an 
ACTH s e c r e t i n g  tumor des igna ted  AtT-20/D16v. The l a r g e s t  form o f  ACTH i s  gly-  
c o s y l a t e d  and h a s  an appa ren t  molecular  weight  of 30 K. Recent work has  shown 
t h a t  t h e  3 0  K f o r m  of ACTH c o n t a i n s  t h e  sequence o f  6 - l i p o t r o p i n  (6-LPH). 
is  known t h a t  t h e  C-terminal region of 6-LPH (61-91) is t h e  o p i a t e  p e p t i d e  O-en- 
dorphin.  Exposure o f  t h e  tumor cells  t o  a c i d  e x t r a c t s  of hypothalami (HE)  re- 
s u l t s  i n  s t i m u l a t e d  releas of  ACTH, 6-LPH, and 6-endorphin. 48  h r  t r e a t m e n t  
of  t h e  tumor cel ls  w i t h  lo-' M dexamethasone causes  a dec rease  i n  i n t r a c e l l u l a r  
c o n t e n t ,  b a s a l  s e c r e t i o n ,  a n d s t i m u l a t e d  release o f  t h e s e  p i t u i t a r y  hormones. 
Radioimmunoassay and/or immunoprecipi ta t ion wi th  an t i se ra  s p e c i f i c  for ACTH and 
6-endorphin w e r e  used t o  measure t h e  amounts of hormone releases. 
polyacrylamide g e l  e l e c t r o p h o r e s i s  w a s  performed on 3 0  m i n ,  1.5 h r ,  and 3 h r  
s t i m u l a t e d  c u l t u r e  medium. I t  w a s  found t h a t  a t  30 min and 3 h r s  (measured by 
radioimmunoassay and immunoprecipi ta t ion)  t w o  forms of ACTH (13  K ,  4 . 5  K) are 
r e l e a s e d .  A t  1.5 h r  (measured by R I A )  on ly  t h e  30 K p r e c u r s o r  and 6-LPH appear  
i n  t h e  c u l t u r e  medium. A t  3 . 0  h r s  6-endorphin appea r s  i n  t h e  c u l t u r e  medium i n  
a 1:5 r a t i o  t o  13-LPH. F u r t h e r  i ncuba t ion  o f  t h e  s t i m u l a t e d  c u l t u r e  medium ( i n  
t h e  absence o f  cells) a t  37O for 1.5 h r  shows no chanqe i n  t h i s  ra t io .  

I t  

NaDodSOq 

345 STUDIES ON THE ACTION OF TRINITROBENZENE-SULFONATE MODIFIED RICIN. W. Kapmeyer, J .  
Beglau, W.  MacConnell and N. 0. Kaplan, Chem. Dept., UCSD, La J o l l a ,  CA 92093 

R ic in  is a p l a n t  t ox in  which c o n s i s t s  of two p r o t e i n  chains ,  l inked toge the r  by a d i s u l f i d e  
bond. The A chain acts c a t a l y t -  
i c a l l y  a t  t h e  60 S subuni t  of t h e  ribosome and i n h i b i t s  p r o t e i n  syn thes i s  i n  v i t r o .  
t i g a t e  t h e  mechanism of i n t e r n a l i s a t i o n  of t h e  A chain.  we performed a chemical modif icat ion 
of t h e  l y s i n e s  of r i c i n  wi th  trinitrobenzene-sulfonate (TNBS). Af t e r  t h e  modif icat ion of 3 
l y s i n e s  i n  t h e  B chain and 1.5 l y s i n e s  i n  t h e  A chain,  an  almost complete loss of t o x i c i t y  is  
observed i n  Hela c e l l s  as we l l  as i n  mice. We assayed t h e  A chain of t h e  TNBS-ricin f o r  its 
i n h i b i t i o n  of p r o t e i n  syn thes i s  i n  v i t r o  and found no s i g n i f i c a n t  l o s s  of a c t i v i t y .  
To i n v e s t i g a t e  t h e  reason f o r  t h e  l o s s  of t o x i c i t y  of TNBS-modified r i c i n  we determined t h e  
a s soc ia t ion  constant  f o r  t h e  r e v e r s i b l e  binding t o  Hela c e l l s  a t  O°C and f o r  t h e  i r r e v e r s i b l e  
uptake of t h e  tox in  by H e l a  cells a t  37OC. 
and t h e  same rate of i r r e v e r s i b l e  binding f o r  t h e  modified r i c i n .  
t h a t  t h e  modif icat ion of r i c i n  with TNBS i n t e r f e r e s  wi th  i t s  i n t e r n a l i s a t i o n .  This s t i l l  
unknown s t e p  between t h e  i r r e v e r s i b l e  binding of t h e  tox in  t o  t h e  c e l l  membrane and t h e  
c a t a l y t i c  a c t i o n  of t h e  A chain on t he  ribosome is  p a r t i a l l y  a l t e r e d  a f t e r  t h e  modif icat ion 
of one o r  more l y s i n e s  of t h e  whole tox in .  
SOC. Grant BC-60). 

The B chain recognizes  t h e  r ecep to r  s i te  a t  t h e  membrane. 
To inves- 

W e  found a mainly unchanged a s s o c i a t i o n  cons t an t  
We conclude t h e r e f o r e  

(Supported by USPHS Grant CA 11683 and Amer. Can. 
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346 ANALYSIS OF TRANSMEMBRANE DYNAMICS OF CHOLERA TOXIN USING PHOTOREACTIVE 
PROBES, M. Shiflett, J. Mekalanos, G. Gilliland, J. Bramhall, J. Collier 
and B. Wisnieski, Department of Bacteriology and the Molecular Biology 
Institute, University of California, Los Angeles, alifornia 90024 

Using SDS-PAGE and autoradiography, we have shown that lS5I-labeled cholera 
toxin binds to Newcastle disease virus (NDV Pretreatment of NDV with "cold" 
toxin (37OC, 30') inhibits the binding of li3I-labeled toxin in a subsequent 
incubation (37OC, 30'). These results suggest that cholera toxin binds to NDV 
in a specific manner. The precise receptor for toxin is unknown in NDV but is 
presumed to be the ganglioside GM1. We have previously shown th the photo- 
reactive probe 12- (4-azido-2-nitrophenoxy) stearoylglucosamine-l-efC labels 
only the membrane proteins of NDV. Since the reactive group of the probe 
resides within the membrane bilayer, studies are underway to determine which, 
if any, of the subunits of cholera toxin cross the membrane of NDV and become 
radioactively labeled upon photoactivation of the probe at 360nm. Photoactiva- 
tion will be effected at various times after the addition of toxin or specific 
subunits so that the dynamics of the process can be elucidated. The results of 
these studies will be presented. [Supported by USPHS Grants GM22240 (BW), 
A107877 and A108024 (JC), GM07104 (JM), GM07185 (GG), the Calif. Institute for 
Cancer Research, and the UCLA Academic Senate. JB is a Fulbright-Hayes Scholar; 
BW is the recipient of USPHS Career Development Award GM00228. Funds from NSF 
RIAS Grant SER76-18070 stimulated this collaborative research effort.l 

347 REAGENTS FOR THE INVESTIGATION OF TRANSMEMBRANE SIGNALING EVENTS, 
Rebecca Kerr, Brian Ishida, John Bramhall and Bernadine Wisnieski, 
Department of Bacteriology and the Molecular Biology Institute, 
University of California, Los Angeles, California 90024 

Mitogens, toxins, antigens and ionophores are all groups of cell effectors 
whose common mode of action is thought to involve transmembrane signaling 
events. Work currently in progress in this laboratory is directed at the elu- 
cidation of the temporal sequences of some of these signaling events. Our 
approach has been to insert photoreactive derivatives of fatty acids into a 
defined monolayer of model membrane systems125A tyrosyl derivative of stearic 
acid has been synthesized and labeled with I to very high specific radio- 
activity. 
an ESR spin label are restricted to one monolayer of the envelope of Newcastle 
disease virus. The photoreactive counterparts of the ESR probes are thought 
to assume similar dispositions within the membrane. Use of monolayer restrict- 
ed photoreactive probes permits the ready detection of proteins which reside 
within or cross a specific monolayer of sealed membrane systems; sensitivity 
of detection is directly proportional to the specific radioactivity of the 
probe used. [Supported by USPHS Grant GM22240, the Calif. Inst. for Cancer 
Research, and the UCLA Academic Senate. JB is a Fulbright-Hayes Scholar. 
BW is the recipient of the USPHS Career Development Award 

We have shown that dipeptide derivatives of stearic acid bearing 

GM00228.1 
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Simple methodology has been developed for crosslinking Fragment A of 
diphtheria toxin through a disulfide bridge to protein moieties which bind to 
cell surfaces. The cell surface binding protein is modified by crosslinking 
cystamine to intrinsic carboxyl groups in the presence of the water-soluble 
carbodiimide EDAC. The hybrid molecule is subsequently formed by a disulfide 
exchange reaction between reduced Fragment A and the cystamine-modified 
protein. This general technique has been applied in the construction of 
hybrid molecules containing Concanavalin A and ovalbumin. Fragment A-SS- 
Concanavalin A has been purified by affinity chromatography on NAD-Sepharose 
and Sephadex G-100 chromatography. The hybrid molecule is active in ADP- 
ribosylation of EF-2 under reducing conditions; Concanavalin A in hybrid 
form retains its ability ty 
conjugates prepared with I "-labeled Fragment A. 
has been prepared using ovalbumin which has been extensively derivatized 
with cystamine. Ovalbumin thus modified binds strongly to phosphocellulose 
and presumabl.y will adhere to cell surfaces by virtue of its cationic nature. 
Toxicity and in vivo binding properties of these hybrids has been 
investigated. 

SYNTHESIS OF HYBRID MOLECULES CONTAINING FRAGMENT A OF DIPHTHERIA 
TOXIN AND PROTEIN MOIETIES WHICH BIND CELL SURFACES. Gary Gilliland, 
R. J. Collier, Dept. of Bacteriology, UCLA, Los Angeles, CA 90024 

ind sugar residues as determined using 
Fragment A-SS-ovalbumin 

130 



349 CHOLERA TOXIN CRYSTALS SUITABLE FOR X-RAY DIFFRACT1 
Druyan.+ John Zelano.' Ma Yonath., Helen C. KieferPNhd Richard A. Finkelstein.5 
*The University of Chicago, Chicago, Ik 60637, b e p t .  of Biochem., Loyola Univer- 

s i t y  School Of Dentistry, Maywood, 11. 60153, p t .  of Biochem., Northwestern University 
Medical and Dental Schools, Chicago, 11. 60611, IDept. of Microbioloqy, University of Texas 
Southwestern Medical School. Dallas, Texas 75235. 

Large c rys ta l s  of the  cholera toxin were gram.  Their dimensions, symmetry (P21), order 
(be t te r  than 2.5 di resolut ion) ,  and unusual res is tance t o  radiat ion make them idea l ly  sui ted 
f o r  a high-resolution X-ray s t ruc ture  determination. There is one molecule (approximately 
84,000 daltons) per aspmetr ic  un i t ,  and therefore the l a t t i c e  reveals no molecular symmetry. 
l*ro d i s t i n c t  bioassays indicate  t h a t  the  protein from dissolved crys ta l s  re ta ins  its f u l l  
capacity t o  act ivate  adenylate cyclase i n  the  rabbi t  i l e a l  epithelium and induce morpholcgic 
changes i n  mouse adrenal c e l l s .  
l a t t i c e  reac t  with the  oligosaccharide canponentl of the  spec i f ic  receptor ganglioside, +I, 
(but not with the  control  oligosaccharide) and i n  doing so s t r e s s  the l a t t i c e .  Current 
e f f o r t s  are  focused on: (1) establ ishing t h e  general fea tures  of the  molecular aggregate a t  
lar resolut ion - i n  par t icu lar  the degree of synmetry exhibited by the f i v e  B subunits, (2 )  
the s t ruc tura l  changes Induced by ligand binding, (3) preparation of heavy-atcm derivat ives  
su i tab le  for  a cmple te  high resolution s t ructure  determination. Prcenising c rys ta l s  of the 
B subunits (choleragenoid) have been gram and are  now being characterized. 

b i f t  f r m  Prof. H. Wiegandt, Marburg. 

, Paul B. Sigler', Mary Ellen 

Preliminary experiments indicate  t h a t  the molecules i n  the  

350 ENZYMICALLY ACTIVE FRAGMENT OF PSEUDOMONAS AERUGINOSA EXOTOXIN A. 
Stephen Lory, R. J. Collier, Department of Bacteriology, University 
of California, Los Angeles, Ca. 90024 

Exotoxin A from Pseudomonas aeru inosa is secreted as a single enzymically 
inactive polypeptide chain o&r weight 66,000 daltons. 
reduction of the toxin yields an active enzyme, capable of hydrolyzing NAD 
and ADP-ribosylating elongation factor 2. 
limited protelysis. 
by incubation with chymotrypsin, the presence of NAD completely protects 
against chymotryptic inactivation. Structural analogs of NAD (adenine, nico- 
tinamide, JUIPR) offer limited protection. SDS polyacrylamide gel electro- 
phoresis of toxin treated with chymotrypsin in the presence of NAD revealed 
a single major band of molecular weight around 26,000 daltons. This peptide 
has been purified by DEAE-cellulose chromatography and shown to contain both 
NAD-glycohydrolase and ADP ribosylation activities. However, it lacks 
toxicity in cell culture. These properties are identical to those of a 
naturally occurring, enzymically active peptide found in culture fluids from 
Pseudomonas aeruginosa PA 103, and are similar to those of fragment A from 
diphtheria toxin. 

Partial 

The toxin may also be activated by 
Although the enzymic activity of the toxin is destroyed 

351 AFFINITY FILTERS, A NEW APPROACH TO THE ISOLATION OF TOX MUTANTS OF VIBRIO CHOLERAE. 
John J. Mekalanos. R. John Co l l i e r .  and Wi l l iam R .  Rofi, U n i v e r s i t y m l l f o r n i a ,  
Los Angeles, Ca. 90024 

We have devised a novel p l a t e  assay method f o r  detect ing mutants o f  V ib r i o  cholerae 
a l te red  i n  the production p f  cholera t o x i n  ( tox mutants). Colonies rep l i ca ted  from a master 
p la te  are grown on the surface o f  a c e l l u l o s e f i l t e r  d isc t o  which ganglioside-albumin con- 
jugates have been attached. The tox in  which the colonies excrete i s  t i g h t l y  bound t o  the 
ganglioside f i l t e r s .  A f te r  removal o f  t he  c e l l s  by washing the bound t o r i n  may be detected by 
t r e a t i n g  the f i l t e r s  with rad ioac t i ve l y  labeled antibodies against e i t h e r  whole t o x i n  o r  one 
o f  i t s  const i tuent  polypeptide chains, fol lowed by autoradiography. Colonies producing s ig-  
n i f i c a n t l y  greater o r  lesser  amounts o f  t o x i n  than the parental type are e a s i l y  recognized 
and can be shown i n  l i q u i d  cu l tu re  t o  have the corresponding hyper-, hypo-, o r  non-toxino- 
genic phenotypes. This method, termed the ganglioside f i l t e r  assay, i s  appl icable t o  screen- 
i n g  l a rge  numbers o f  colonies and should f a c i l i t a t e  i s o l a t i o n  o f  various s p e c i f i c  classes o f  
m t a n t s  i n  cholera t o x i n  production. I n  modif ied form the  method w i l l  be appl icable t o  a 
va r ie t y  o f  systems i n  which mutants i n  excreted prote ins are sought. 

1Jo 
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352 ENDOGENOUS PHOSPHORYLATION OF RAT SYNAPTIC MEMBRANE PROTEINS: INHIB IT ION BY MORPHINE -- I N  V I V O ,  J.P. O'Callaghan and O.H. Clouet. Ofc. of Drug Abuse Services, Brooklyn, N.Y.  
A synaptic plasma membrane (SPM) fraction was prepared from rat striata by differential cen- 
trifugation under hypotonic conditions and subfractionated on a discontinous sucrose gradien 
The endogenous phosphorylation of SPM proteins was assayed in vitro for 30 seconds using AT3 P 
as a phosphate donor. Following the separation of membrane proteins by SDS-polyacrylamide gel 
electrophoresis, the incorporation of phosphate into specific membrane proteins was analyzed 
by gel slicing and autoradiographic techniques. The electrophoretograms revealed at least six 
peaks of radioactivity associated with specific SPM proteins. As a consequence of the chronic 
administration of morphine, the phosphorylation of several proteins was reduced including pro- 
tein I 1  ( M W  48-5210 and protein I11 (MW 11-18K), which were reduced by about 15% and 50%, re- 
spectively; the phosphorylation of protein I 1  was regulated by cyclic AMP and the phosphoryla- 
tion of protein I11 was not. The incorporation of phosphate from ATP into proteins I 1  and 111 
derived from rats undergoing naloxone-precipi tated withdrawal was similar to the incorporation 
of phosphate into these same proteins derived from control subjects. The incorporation of 
phosphate into SPM proteins of in act synaptosomes incubated under physiological conditions 
was also assayed in vitro using 3rPi as a source of phosphate. Under these conditions the 
phosphorylation of several proteins, including protein 111, derived fran morphine-tolerant 
rats was reduced compared to the phosphorylation of these proteins derived from non-tolerant 
rats. Changes in the phosphorylation of specific SPM proteins may be involved in the devel- 
opment of tolerance to and dependence on opiates. 

t .  

(supported by USPHS grant DA-00087). 

353 THE EFFECTS OF GLUCAGON, a AGONISTS AND CALCIml IONOPHORES ON THE PHOSPHORYLATION OF 
HEPATOCYTE CYTOSOLIC PROTEINS. J. C. Garr i son ,  Dept of Pharmacology, Univ. o f  V i rg in i a  
C h a r l o t t e s v i l l e ,  Va. 22903. 

Recent experiments show t h a t  s t imu la t ion  of rat  hepatoy-yte a - receptors  a l ters  t h e  a c t i v i t y  of 
enzymes known t o  be r egu la t ed  by cyc le s  of phosphoryla t ion  and dephosphoryla t ion  wi thout  
i nc reas ing  t h e  a c t i v i t y  of c y c l i c  AMP dependent p r o t e i n  k inase .  
t h e  e f f e c t s  of glucagon and ca techolamines  on t h e  inco rpora t ion  of phosphate i n t o  c y t o s o l i c  
p r o t e i n s  obta ined  from i n t a c t  rat hepatocytes .  SDS-polyacrylamide s l a b  g e l  e l e c t r o p h o r e s i s  
reso lved  27 phosphorylated bands i n  the  molecular weight range 200,000 t o  29,000. 
of t h e  i n t a c t  hepa tocytes  wi th  glucagon o r  c y c l i c  nuc leo t ides  increased  t h e  phosphate conten t  
of 12  of t hese  phosphoproteins.  S t imula t ion  of t h e  a - receptor  w i th  a a g o n i s t s  i n  t h e  presence  
of propranolo l  increased  the  phosphoryla t ion  of a t  least 10 of t h e  same 12 phosphorylated 
bands s t imula ted  by glucagon. The inc rease  i n  phosphoryla t ion  mediated by a r e c e p t o r s  w a s  
on ly  50 t o  60% of t h a t  observed wi th  glucagon and occurred  i n  t h e  absence of any change i n  
t h e  l e v e l  of c y c l i c  AMP. 
lamine. 
of only 4 of t h e  phoephoproteins a l t e r e d  by glucagon o r  catecholamines.  
ionophore depended on the  presence  of e x t r a c e l l u l a r  Ca* ion. It is concluded t h e  a - receptor  
occupat ion  a l t e r s  t h e  a c t i v i t y  of a c y c l i c  AMP independent p r o t e i n  k inase  dr phosphatase wi th  
a s p e c i f i c i t y  similar t o  those  a f f e c t e d  by c y c l i c  nuc leo t ides .  

The p r e s e n t  s tudy  compared 

Treatment 

The a- receptor  s t imu la t ion  was  antagonized by ergotamine o r  phento- 
Treatment of t h e  c e l l s  w i th  the  Ca* ionophore A23187 increased  t h e  phosphoryla t ion  

The e f f e c t s  of t he  

.(Supported by AM-19952) 

354 
PROTEIN PHOSPHORYLATION I N  RESPONSE TO ADENOSINE I N  C-1300 MURINE NEURO- 
BLASTOM. Richord D. Green and Thomas A. blond. 
School of Basic Medico1 Sciences, University of Illinois, Chicago, Illinois 
DEAE-cellulore chromatography of the 20,oOO g supernotant fmction of  homogenates of C-1300 murine 
neuroblasbma (clone N2o) yields 1 mojor and 2 minor peaks of cyclic AMP-dependent protein kinose 
activity. Assessment of the endogenous activation state of the enzyme(s) (proportion of the holoenzyme 
dissociated into free regulatory and catolytic subunik) reveals that the enzyme i s  fully dssaciated 
(i.e., activated) by treatment with odenosine (10 pM) in  the pr-nce of the phosphodiesterase inhibitor 
b 20 1724 (0.7 mM). 
cells. 
mal elevations in cyclic AMP but nevertheless cause rignificmt activotions of the enzyme. 
pbsphorylation of whole homogenotes of treated and urtreated cells was studied using [ y -3pl ATP, 
SDS-polyacrylamide gel electrophoresis and oubrodiography. Trwtmenk which activate cyclic AMP 
dependent protein kinase selectively stimulate the incorporation of B P  into proteins with molecular 
weights of approximately 15,000 and 1 1  ,000. Similar resulk con be seen after the addition of cyclic 
AMP to phosphorylation reactions containing homogenate fmm ur tmted  cells or in whole cell preporo- 
tions permeabilized b cyclic AMP and ATP by sonication. 

ACTIVATION OF CYCLIC-AMP-DEPENDENT PROTEIN KINASE AND STIMULATION OF 

Deportment of  Phamacology, 
60614. 

This treatment producesa large elevation in  the cyclic AMP content of the 
Treotments with adenosine olone (1-100 pM) or RO 20 1724 alone (0.1-0.7 mM) produce mini- 

The outo- 
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355 
IR i s o l a t e d  beat ing r a b b i t  hearts, s t imu la t i on  o f  cardiac surface membranes by adrenergic 
agonists has been shown t o  enhance the amount o f  covalent phosphate attached t o  t roponin I ,  
a t h i n  f i lament  regulatory  p ro te in  (Solaro. Moir and Perry, Nature 262:615-617,1976). I n  v i t r o  
s tud ies suggest t h a t  the s ignal  flow between membrane and m y o f i b r i l x c u r s  v ia  the c a s E d e  
o f  reactions i nvo l v ing  ac t i va t i on  o f  adenyl cyclase, e leva t i on  o f  cAMP and a c t i v a t i o n  o f  a 
" t roponin kinase" probably i d e n t i c a l  t o  c y c l i c  AMP dependent p ro te in  kinase. Although the 
phosphorylat ion s ignal  i s  associated w i t h  enhanced c o n t r a c t i l i t y  i n  v i t r o  phosphorylat ion 
o f  card iac m y o f i b r i l l a r  t roponin I depressed m y o f i b r i l l a r  ATPase'bZ'CwZEiiT.01 and 10.0 uM 
calcium i o n  concentrat ion. Moreover, our data shows t h a t  m y o f i b r i l l a r  calcium b ind ing i s  
a l so  depressed over t h i s  range of f ree  calcium. 
s ignal  may ac t i va te  a feedback c i r c u i t  con t ro l i ng  t r a n s i t i o n s  between states of c o n t r a c t i l i t y  
and/or a c t  as p a r t  o f  the mechanism underlying the enhanced r a t e  o f  cardiac re laxa t i on  dur ing 
beta adrenergic s t imulat ion.  Since the change i n  calcium b ind ing may r e f l e c t  a change i n  
myosin i n t e r a c t i o n  w i t h  the t h i n  f i lament (Solaro, Bruni and Gleason, Biochim. Eiophys. Acta 
- 449:304-309,1976), we are i nves t i ga t i ng  whether the l eve l  of phosphorylat ion o f  myosin 
l i g h t  chains (Frearson, Solaro and Perry, Nature 264:801-802,1976) i s  a l t e r e d  dur ing our  
i n  vitro phosphorylat ion experiments o r  whether G h  changes i n  phosphate content o f  the 
n g h t  chains a f f e c t s  m y o f i b r i l l a r  calcium binding. 
and American Heart Associat ion Grant No. 74-865. 

MEMBRANE SIGNALS CONTROLLING CARDIAC CONTRACTILITY, R. John Solaro, David A. P. 
Small and El izabeth Howe, Un ive rs i t y  o f  Cinc innat i ,  Ohio 45267. 

These data thus suggest t h a t  t h i s  membrane 

Supported by PHS Grant No. HL 00464 

356 PHOSPHORYLATION OF MEMBRANE PROTEINS BY A CAMP-DEPENDENT 
KMASE INHIBITS TRANSPORT OF a-AMINOISOBUTYRIC ACID, 

M a r i t  Nilsen-Hamil ton and  Richard  T. Hamilton, Cel l  Biology Lab ,  The  Salk Inst i tute ,  
S a n  Diego, CA 92 11 2 
T r e a t m e n t  of m e m b r a n e  ves ic les  i so la ted  f r o m  3T3 ce l l s  with a CAMP-dependent pro te in  
k inase  plus  c A M P  and A T P  r e s u l t s  i n  approximately 60% inhibition of the ini t ia l  rate of 
r*-aminoisobutyric acid (AIB) uptake. 
inhibi ts  t ranspor t ,  and inhibition depends upon the p r e s e n c e  of ATP.  A T P  alone h a s  no  
effect  on AIB t ranspor t .  
affected by k inase  t rea tment .  
proteins .  
qu iescent  is due to  phosphorylation by a CAMP-dependent protein kinase.  

T h e  purif ied catalyt ic  subunit of th i s  enzyme a l s o  

T r a n s p o r t  by membranes i so la ted  f r o m  SV3T3 ce l l s  is not 
T h e  catalyt ic  subunit phosphorylates  s e v e r a l  m e m b r a n e  

We propose  that  the d e c r e a s e  in  t r a n s p o r t  which o c c u r s  when 3T3 ce l l s  become 

357 
Molecular mechanisms of hormone ac t ion  can be studied by determining t h e i r  e f f e c t s  on ta rge t  
c e l l  protein phosphorylations. Insu l in  ac t ion  increased t h e  phosphorylation of two f a t  c e l l  
phosphoproteins designated-.? and -6b (monomer M r  were 130.000 and 62,000 respect ively) .  
nephrine and isoproterenol ac t ion  decreased phosphoprofein-6b phosphorylation and markedly 
increased phosphoprotein-5 phosphorylation (monomer Mr ranges from 65.000 t o  70,000). Since 
insu l in  and epinephrine ac t ion  a f f e c t  the  phosphorylations of f a t  c e l l  phosphoproteins-5 and 
-6b rac iprcca l ly  w e  determined the  loca l iza t ion  of radiolabeled phosphoproteins within f a t  
c e l l s .  Subcellular f rac t iona t ion  of 32P-labeled f a t  c e l l s  demonstrated t h a t  phosphoprotein- 
2 was found with the  cytosol  f rac t ion  while phosphoproteins-4 and -6a (monomer Mr w a s  
87.000 and 65,000 respect ively)  w e r e  present i n  the  "crude membrane" f rac t ion .  
protein-6b was not extracted from f a t  c e l l s  by standard buffers  but w a s  found with the  " fa t  
cake". 
w a s  now found with a new p e l l e t .  Electron microscopy of t h i s  p e l l e t  denonstrated i t  t o  be 
composed almost exclusively of filaments and short  membrane segments consis tent  with its 
being par t  of f a t  c e l l  cytoskeletal  elements. N-ethylmaleimide and cytochalasin B,  agents 
which inh ib i t  insul in  act ion,  were found t o  a f f e c t  phosphoprotein-6b phosphorylation. 
Since phosphoprotein-6b is both associated with membrane f i lsments  and its phosphorylation 
is hormonally regulated, phosphoprotein-6b may be par t  of t h e  mechansim for t h e  transduction 
of t h e  " iasuf in  message". 

INSULIN EFFECTS ON FAT CELL MEMBRANE PROTEIN PHOSPHORYLATION, William B. Benjamin, 
Nancy-Lee Clayton and Dominick Pucci, SUNY-Stony Brook, Stony Brook, N.Y. ,  11794 

Epi- 

Phoapho- 

Non ionic  detergent extract ion of the " f a t  cake" released phosphoprotein-6b which 
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358 CHARACTERIZATION OF PLATELET MEMBRANE PROTEINS WHOSE PHOSPHORYLATION IS CAMP-DEPENDENT 
BY A TWO-DIMENSIONAL ELECTROPHORESIS METHOD. D.M. Peterson, J.L. Moake, W.G. Hicks and 

S.H. Yu. Hematology Div, Dept Internal Me&, U of Texas Med School, Houston, Texas. 
Isolated platelet plasma membranes were incubated with Mg2+ and [y-32P]ATP in the presence or 
absence of CAMP. Membranes were then solubilized in NP-40 and 8 M urea, and separated by two- 
dimensional electrophoresis with isoelectric focusing in the first dimension and sodium dode- 
cyl sulfate polyacrylamide gel electrophoresis in the second dimension. Proteins of 43,000 mw 
and isoelectric pH's of 6.2, 6.7 and 6.8 were phosphorylated only in the presence of CAMP. 
These phosphorylated proteins were distinctly separated from actin (isoelectric pH of 6.4)and 
are quantitatively minor membrane components since the radiolabeled gel positions in two-di- 
mensional separations were not associated with detectable amounts of protein. When two-dimen- 
sional gels were stained for protein with Coomassie blue, four major membrane proteins with 
mw's of 45,000, 95,000, 115.000 and 150,000 and many minor proteins were observed. Iodination 
of washed, intact platelets resulted in intense labeling of 4 membrane proteins which are ex- 
posed on the external platelet surface. The most heavily iodinated surface protein has mw 
(95,000) and isoelectric pH (6.0) identical to one of the major membrane proteins. This pro- 
tein was also phosphorylated in isolated membrane preparations, although CAMP-stimulation was 
not demonstrated. Iodination of isolated membranes and of membrane proteins which had been 
solubilized in 2% NP-40 was carried out by the lactoperoxidase method. There was one addition- 
al heavily iodinated protein (mw of 70,000 and isoelectric pH more basic than artin) in mem- 
brane samples solubilized before iodination as compared to samples iodinated before solubili- 
zntion. This Drotein mav be essentiallv unexposed on either membrane surface. 

Ion Transport and Protein Phowhoryhtion 

359 
The pig heart pyruvate dehydrogenase multienzyme complex (PDH, Mr about 7 million) consists Of 
three enzymes which catalyse the conversion of pyruvate to acetyl-CoA: pyruvate decarboxylase 
(Mr 151000), dihydrolipoyl acetyltransferase (Mr 76000) and dihydrolipoyl dehydrogenase 
(Mr 58000) .  The decarboxylase is a tetramer of two G (Mr 41000) and two 6 (Mr 35000) Sub- 

units. 
with methyl [l-'*C] acetimidate, the mclar ratio of subunits (a :B :  acetyltransferase : de- 
hydrogenase) in the complex as isolated was 4:4:2:1. PDH is regulated at least in part by 
an integral ATP-Mg',- dependent PDH kinase which phosphorylates only the a subunit and hence 
inactivates the decarboxylase thus inhibiting the overall reaction. PDH is reactivated by 
PDHP phosphatase. Inactivation of PDH involves incorporation of 1 mol phosphate/mol a z b .  
This was shown by a dual-labelling technique in which PDH was titrated to inactivation Using 
limiting amounts of [Y- "P] ATP acd was then radioamidinated. 
units by SDS-polyacrylamide disc gel electrophoresis and excision of the a subunit band, the 
molar ratio of " P : a  chain was calculated. Further incorporation of phosphate into the CI 

subunit can occur to the extent of 3 mol/mol aZBz without further change in enzyme activity. 
However, PDH containing c ~ P . 6 ~  is reactivated about three times more rapidly by PDHP phosphat- 
ase than that containing a2P~.Bz. Hence regulation of PDH kinase (it is inhibited by pyruv- 
ate and activated by high concentration ratios of acetyl-CoA/Cod, NADH/NAD+ and ATP/ADP) may 
indirectly regulate PDHP phosphatase activity and hence PDH reactivation. 

PJGULATION OF PYRUVATE DEHYDROGENASE BY PHOSPHORYLATION/DEPHOSPHORYLATION, P.H.Sugden 
8 P.J.Randle, Dept.Clinica1 Biochem.,Radcliffe Infirmary, Oxford OX2 6HE, U.K. 

Using the radioamidination technique of Bates % s., 1975, (FEES Lett., 60,427-430) 

Following separation of Sub- 

360 THE STRUCTURE OF MAMMALIAN (Na-K)-ATPASE, Bobert A.  Farley and Jose 
Castro, B i o l .  Labs, Harvard Unlvers l ty .  Cambridge, Mass. 02138 

Controlled enzymatlc and chemical p r o t e o l y s i s  has been used t o  fragment 
the c a t a l y t i c  subunit o f  the  (Na-K)-ATPase i s o l a t e d  from canine renal  rnedulla 
by tne method o f  Jorgensen. The d i f f e r e n t  fragments obtained by d i g e s t i o n  
under var ious  condi t ions  have been a l igned  from amino-termlnus to carboxy- 
terminus t o  provide a frame of re ference  fo r  d i s t a n c e  a l o n g  the  polypept ide  
chain. Binding sites f o r  analogs  or d e r i v a t i v e s  of some subs tra tes  or  
l i gands .  and the  s i tes  o f  mcdi f l ca t ion  by some chemicai modl f l ca t ion  reagents  
have been mapped. The s i t e  of phosphorylation by ATP during the  c a t a l y t i c  
c y c l e  has been l o c a l i z e d  t o  a small region about 15,000 d a l t o n s  i n  l ength .  
approximately 75% of  the d i s t a n c e  from the  N-terminus t o  the  C-terminus. 
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Calcium as A Cellular Effector 

361 CALZTUIV! INHIBI'TION OF NER?,L COhTICAL ADENYLAPE CYCLAS?. ( A C )  A C T I V I ' P Y ,  
S u s a n  T.  N i e l s e n  and  W .  F. Neuman. U. of R o c h e s t e r .  R o c h e s t e r ,  NY 146ir2 

E f f e c t s  o f  c a l c i u m  (Ca*+), parztbyroid hormone (P'!'H), and P u s n y l y l i m i d o d i p h o s -  
p h a t e  (GDD(NH)P) on  AC a c t i v i t y  were  c h a r n - + o - i z e d  t o  s e e  h ~ w  i n t p r a c t i o n s  o f  
s t i r n u l a t o r y  2 ~ 4  i n h i h i t o r y  a u e n t s  a l t e r  t h e  a c t i v i t y  i n  v i t r o .  R a t  r e n a l  c o r -  
t i c a l  b a s a l  l a t e r a l  plasma membranc.s were i s o l n t e d  f rom a c o r t i c a l  t i s s u e  hom- 
o g e n a t e  by c e r i t r i f i r r c l t ) P  t h e  :;anyle t o  o b t a i n  a membrane p e l l e t  t h e t  was sub- 
j e c t e d  t o  f r e e  f l n w  e ? - c t . r o r h o r s c ' s  t@ s ? ~ ~ ? - ~ + ~  r l n s m n  r e m h r s n e s  o f  btisal l z t -  
era1 ( s e r o s a l )  s u r f a c e s  o f  p r o x i m '  t u t r i t e  c e ? l s  from S r u s h  b o r d p r  ( l ~ i ~ ~ ~ r ~ ? 7 )  
s u r f a c e s .  P.C a c t i v i t y  o f  b a s a l  l a t e ra l  u l a s r r ~  rrevb-zr.P? W a c :  s ' : r ~ l a t e 4  hy P ' V  
and Gpp(NV)p. 5 0 %  I? ? P P  maximal s t imu1Et ior . r ;  were  e l i c i t e d  by . @ l u M  FTY and 
by 0.0uM Gpp(NHjp. Ca+" i n h i b i t e d  basal, Gc:.(N:i)p-~t imulat .ed o r  F T H - s t i a u l a M  
AC a c t i v i t y .  P.Adinlr Ca++ d e p r e s s e d  t h e  PTH d o s p - r e s p o n s e  c u r v e  s o  t h e  maximal 
AC a c t i v i t y  o b s e r v e d  was l e s s  t h a n  t h a t  s e e n  wi:.h R c c : n t r o l  Y H  d o s e - r e s p o n s e  
c u r v e ;  the  PTH c o n c e n t r a t i o n  c i v i n g  504b o f  ;.he maximal a c t i v i t i e s .  r e s p e c t i v p -  
l y .  was t h e  same f o r  b o t h  c u r v e s .  The maximal AC a c t i v i t y  e l i c i t e d  by luN PTH 
o r  10uK Gpp(MH)p was p r o r r e s s i v e l y  i n h i b i t e d  by i n c r e a s i n g  Ca++ c o n c e n t r a t i o n s  
5@ i n h i b i t i o n  o c c u r r e d  a t  50uN Cat+. ?he  H i l l  c o e f f i c i e n t s  w e r e  .?5+.18 i n  
t h e  f o r m e r  case and 1.@1+.@6 i n  t h e  l a t t e r  c a s e .  '!'he Ca++ i r h i b i t i o n  i s  1 ) i n -  
d e p e n d e n t  o f  t h e  n a t u r e  o f  t h e  a g o n i s t ,  2 ) r n e d i a t e d  by a s i r p l e  Ca+* i o n  at, 
e a c h  AC enzyme comulex ( i n d i c a t e d  by t h e  H i l l  c o e f f i c i e n t s  c l o s e  t o  u n i t y ) .  
a n d  3 ) d o e s  n o t  a l t e r  t h e  a p p a r e n t  a f f i n i t y  of PTl' f o r  i t s  r e c e p t o r .  

362 STUDIES ON PANCREATIC ISLET CELL MEMBRANES: CATION-ACTIVATED PHOSPHATASE 
ACTIVITIES IN RELATION T O  INSULIN SECRETION, Ake Lernmark, Department of Biochemistry, 
The University of Chicago, Chicago, Ill inois 60637 

Studies on the pancreatic p-cells have suggested that secretion of insulin may be regulated by transmembrane 
fluxes of cations. Enzymes catalyzing cation-dependent cleavage of ATP ar certain organophosphate indi- 
cators have been implicated in cation transport i n  many cells. However, such enzyme activities are poorly 
understood in the pancreatic islets. A plasma membrane enriched fraction was prepared from isolated rat ar 
mouse islets by sucrose-gradient centrifugations. Using 251-wheat germ agglutinin as a plasma membrane 
probe, a fraction was obtained at  a sucrose density of about 1.10 that wos enriched in  5'-nucleotidase, 
MgP-ATPase and alkaline phwphatase. The fraction contained l i t t le, i f  any, monaamine axidase activity, 
insulin ar DNA. Hydrolysis of fluorescein phosphate or p-nitrophenyl phosphate was stimulated by K+ ar Rb+ 
at pH 8 in the presence of M g a .  The K+-induced activi t  was inhibited by wabain at concentrations that 

markedly inhibited by ATP, Na+, C a a  ar p-chlarmercuribenzene sulfonic acid. Hydrolysis of ATP was op- 
timum at pH 7.0 and 8.2. A t  the latter pH, a small fraction of the total Mga ATPase activi ty was inhibited 
by auabain in the presence of Na' and K+. Similarities of the properties of these enzyme activities to the 
charocteristics of Rb' uptake in pancreatic p-cells suggest that univalent cation transpat may be cwp led  to 
an ATP-dependent phosphoryl-transfer reaction. 
[Supparted by N I H  grants AM 17046, AM 13914 and the Swedish Medical Research Council. 1 

stimulate insulin secretion and inhibit Rb' uptake. The K 4 -stimulated p-nitraphenyl phosphotase was 

Inhibitors of Adenyibte Cyclase 

363 
We probed the re la t i onsh ip  between r e p l i c a t i o n  and the 24h synthesis o f  s ] f a ted  proteoglycans 
o f  chondrocytes grown i n  monolayer cu l tu re  w i t h  vasopressin (LVP) and N60y d i b u t y r y l  adenosine 
3 '5 '  monophosphate (dbcAMP). LVP (0.5-10 ng/ml i n  2% c a l f  serum (C.S.) s t imulated r e p l i c a t i o n  
and enhanced both medium solub le and c e l l  l a y e r  355 proteo laycans. However, the l abe l  i nco r -  

no r e p l i c a t i o n  occurred and synthesis o f  medium and c e l l  l a y e r  55S proteoglycans was enhanced. 
I f  LVP and dbcAMP were added together, h o m n e  st imulated r e p l i c a t i o n  was suppressed and no 
enhancement o f  3% proteogly ns was noted above t h a t  caused by dbcAMP. Therefore, LVP i s  m i t -  
ogenic b u t  f a i l s  t o  enhance SeS proteoglycan synthesis except f o r  t h a t  which appears ob l i ga to ry  
t o  c e l l  d i v i s i  . St imulat fon wlth 16% C.S. and dbcAMP i n h i b i t e d  rep l i ca t i on ,  s l i g h t l y  supp- 
ressed medium '% proteoglycans and dramat ica l ly  enhanced c e l l  l a y e r  3% proteoglycans. When 
dbcAMP and graded amounts o f  C.S. were added, the lower concentrat ions o f  serum f a i l e d  t o  i n -  
crease 3% incorporat ion t o  t h a t  o f  16% C.S., suggesting dbcAMP was enhancing C.S. components, 
presumably serum hormones. The dose response noted w i t h  graded amounts o f  C.S. when cu l tu res  
were s a c r i f i c e d  a t  24h was n o t  present when cu l tu res  were s a c r i f i c e d  a t  6h, i n d i c a t i o n  a delay- 
ed c e l l u l a r  event. Pulse add i t i on  o f  l abe l  f o r  30m l o c a l i z e d  the onset o f  dbcAMP e f f e c t  t o  8- 
12h a f t e r  C.S. s t imulat ion,  a t ime p r i o r  t o  thymidine incorporation. conf i rming a l o c a l i z e d  
event l a t e  i n  the G1 compartment o f  the c e l l  cycle. We conclude t h a t  chondrocytes synthesize 2 
groups o f  proteoglycans, one which i s  ob l i ga to ry  t o  c e l l  d i v i s i o n  and a second type, which i s  
l a t e  i n  the GI compartment and under con t ro l  o f  adenytate cyclase. 

CONTROL OF 35s PROTEOGLYCAN SYNTHESIS OF CHONDROCYTES. R.P. M i l l e r  and S.Lohin. S t .  
-Mary's Hosp. and U. o f  Rochester Sch. Med. Dent., Rochester N.Y. 14611 

porat ion was d i r e c t l y  re la ted  t o  c e l l  number. When 5 x 10- 1 M db AMP i n  2% C.S. was u t i l i z e d ,  



tnnsmombrana Siruling 

364 
Human platelets offer a useful rmdel system to examine effects of changiw membranecholesterol 
content on adrenereic response and adenylyl cyclase(AC). Platelets incubated in vitm with 
cholesterol-rich( CR )?hospholiaid dispersions acquire menbrane cholesterol, their membrane l i p  
ids become less fluid(as neasured by fluorescent probes), and they amregate in response to 
lower concentrations of epinrphrine(epi)than do normal alatelets. In addition, these platelets 
have increased basal AC activity but decreased AC responsiveness to several stimulants. Since 
epi-stimulated aggregation is an a-adrenerKic event, we examined a-adrenoreceptors on intact 
and homogenized platelets to determine whether the increased sensitivity of CR platelets toepi 
is attributable to a change in affinity or number of membrane bindiw sites for epi. Tocharac- 
terize a-adrenoreceptors we used SH-dihydroergocryptine(DIiE), a radiolabeled antwonist. DHE 
bindiw to normal platelets at 37' reaches equilibrium by 50 nin. is reversible and saturable 
(Kdtl-4 nF! by both kinetic and equilibrium studiesko one class of binding sites(330f53 Sites/ 
platelet). CR platelets(Ct 447)aggregate in response to a 35x lower concentration of epi than 
do normal platelets. liowever, the tine course of DHE bindim, the Kd and the number of binding 
sites/platelet are sinilar to those of normal platelets. Since CR platelets have increasectsm- 
sitivity to epi at a time when effector-stimulated AC is inhibited, we conclude: 1)the increme 
in epi-stimulated platelet aggregation is not due to an increased number or affinity of a-dre- 
noreceptors; 2)cholesterol or its effects on membrane fluidity may modify transmission of sig- 
nals  for amreKation(or for AC st1mulation)distal to sites of receotor bindin(: on the membrane. 

EPFTCTS OF CHOLESTEROJ, INCORPnRATED INTO PLATELETS ON ACC.RKATION,a -ADREI?ORECEPMRS, 
AND ADENYLYL CYCLASE. P.A.Insel,P.?firenberg,S.J.Shattil. U.of Pa. II 1J.of Cal., G.F. 

365 
E. coli AC is controlled by a transmembrane signalling mechanism involving a sugar transport 
system (the PEP:sukar phosphotransferase system or PTS). When external sugar is transported, 
AC activity is inhibited. We previously reported (PNAS 72, 2920(1975)) that E. coli carrying 
a leaky mutation in Enzyme I (EI) of the PTS had abnormally low CAMP levels. Toluene-treated 
cells (TTC) of this strain had low AC activity which was markedly stimulated by added PEP. 
Those data led to the suaaestion of the followinn model: 

MECHANISM OF REGULATION OF E. COLI ADENYLATE CYCLASE (AC) BY PHOSPHOENOLPYRWATE (PEP). 
Alan Feterkofsky and Celia Gazdar. NIIf. Bethesda, Md. 20014. 

-- - 
PE PTS ENZYMES 

AC - 
INACTIVE ACTIVE VACTIVE - 

The model was supported by the following data: 1) PEP does not activate AC in TTC of the leaky 
EI mutant by regenerating ATP, since the rates of ATP utilization in mutant and wild-type TTC 
are comparable. 2) Exogenous PEP increaaes intracellular CAMP levels in both wild-type and 
leaky EI mutant. 3) AC in TTC is inhibited by glucose or pyruvate presumably by decreasing the 
concentration of EI-P; the inhibition is partially relieved by PEP, which should increase the 
concentration of EI-P. 4) AC in TTC is inhibited by the addition of ATP and pyruvate kinase. 
suggesting that TTC contain a pool of PEP essential for AC activity. 5) The leaky EI mutant has 
a higher than wild-type Km for PEP in the PTS pathway, suggesting that the requirement for PEP 
for AC activation in this strain reflects the low affinity for PEP for phosphorylation of EI. 
Taken together. these studies further fortify the scheme for regulation of AC activity based 
on the above described phosphorylation-dephosphorvlation mechantnm. 

366 
Vasopressin (antidiuretic hormone) activates multiple, cyclic nucleotidemediated transport 
systems in receptor cells such ss those of the toad urinary bladder. Ihe permeability of the 
luminal cell membrane to water, amides (notably urea), lipophilic molecules and sodium is 
greatly increased when vasopressin binds to receptors in the opposite (basolateral) membrane. 
These permesbility changes can all be duplicated by exogenous cyclic AMP. "bey appesr to 
tske place in the same cell, but do not occur simultaneously, and do not appear to be acti- 
vated f r m  a single adenylate cyclase-cyclic AMP system. Instead, they occur in sequence as 
hormone binding increases, and exhibit significantly different control and effector mechan- 
isms. Zhe water permeability system involves the action of microtubules or microfilaments, 
and induces the aggregation of membrane-associated particles at the luminal membrane. It is 
highly sensitive to prostaglandins, and is in a state of relative suppression within the cell. 
The amide transport system, on the other hand, is far more sensitive to vasopressin and 
relatively insensitive to prostaglandins; it does not appear to involve microtubules or 
mfcrofilaments, or induce membrane particle aggregation. 
including phloretin, rotenone, dinitrophenol and methylene blue, selectively inhibit the 
transport system for water, urea, or other classes of solutes, at early or late points in the 
hormone-adenylate cyclase-membrane sequence, again indicating that these transport systems 
are functionally distinct. 

%us, in this syatern 
whose relationship to cill meta%olism and microtubules differ significantly. 

MULTIPLE, CYCLIC AMP-MEDIATED RESPONSES TO A SINGLE HORMONE, Richard M. Hays, 
Albert Einstein College of Medicine, New York, NY 10461 

A variety of inhibitory agents, 

a sin le hormone activates multi le cyclic AMP-mediated pathways 
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367 
Cuatrecasas, Department of Molecular Biology, Wellcome Research Laboratories, Research Triangle 
Perk. N.C. 27709 
A par t icu la te  adenylate cyclaee v i r t u a l l y  non-responsive t o  Gpp(NH)p (guanylyl-5'-iminodiphos- 
phate) or NaF has been prepared from r a t  brain by a detergent  extract ion regimen. Addition of 
exogenously derived detergent  solubi l ized membranes or water soluble  supernatants of homogen- 
a t e s  from various t i s sues  res tores  s t imulat ion of the enzyme by both Gpp(NH)p and NaF while 
contr ibut ing only a few percent of the  t o t a l  cyclase a c t i v i t y .  The reconst i tuted membranes may 
be washed vi thout  loss of act ivat ion.  These f indings ind ica te  that the  s t imulat ion caused by 
these agent(s)  is mediated by one o r  more regulatory component(s) physical ly  d i s t i n c t  from the 
enzyme i t s e l f .  The regulatory component(s) appear t o  be sens i t ive  t o  t ryps in  and t o  SH-reactive 
reagents. The propert ies  of the  reoeimtituted system resemble those of the  or ig ina l  par t icu-  
late brain adenylate cyclase. This system may serve a s  a convenient too l  t o  probe the molecu- 
l a r  propert ies  of adenylate cyclase and the basis  of i t s  regulatory control .  

MOLECULAR RESOLUTION AND RECONSTITUTION OF THE GPP(NH)P AND NAP SENSITIVE ADENYLATE 
CYCLASE SYSTEM, Harry Le Vine 111, Claus J. Schmitges, N a j i  Sahyoun , and Pedro 

368 POSSIBLE ROLE OF CALCIUM PS A MEDIATOR OF GLUCOCORTICOID ACTIONS I N  LYMPHOID CELLS 
Donald A. Young and M a r y  L. Nicholson, Univ. of Rochester School of  Medicine, Roches- 
t e r .  N e w  York 14642 

Calcium inf lux  has been shown t o  be e s s e n t i a l  for  t h e  evolution (over t h e  course of 1 2  h r s )  of 
the  l e t h a l  act ions of glucocort icoid hormones on thymus c e l l s  I N .  Kaiser and I.S. Edelman: 
Proc. Nat ' l .  Acsd. Sci ;  a, 638, 19771. 
mone-induced increases  i n  calcium inf lux  might i n i t i a t e  c e l i u l a r  de te r iora t ion  i n  PI798 lymph- 
oid tumor c e l l s .  Increases i n  "nuclear fragility"(the i n a b i l i t y  of nuclei  t o  survive l y s i s  
of the  c e l l s  by hypotonic shock) were used as the  f i r s t  s ign of c e l l  de te r iora t ion ,  s ince i n  
thymus c e l l s  [ c f ,  S.J. Giddings and D.A. Young: J. Steroid Biochem. 2, 587, 19741 and i n  
lymphosarcoma c e l l s  changes i n  t h i s  parameter general ly  preceed other  indices  of  c e l l  deter ior-  
a t ion (spontaneous re lease  of DNA, the  i n a b i l i t y  t o  exclude trypan blue dye, o r  decreases i n  
c e l l  numbers) by several hours. 
r e s i s t a n t  c e l l s  t o  withstand incubation i n  v i t ro .  The differences i n  c e l l  survival  were 
predicted by e a r l i e r  changes i n  nuclear f r a g i l i t y ,  end a l s o  by ear ly  differences (a t  1 h r )  
i n  calcium uptake. 
on calcium uptake t h a t  preceed or coincide with the  hormone-induced increases  i n  nuclear 
f r a g i l i t y  present a t  2 hrs .  It thus seems unl ikely t h a t  hormone-induced changes i n  calcium 
uptake i n i t i a t e  the l e t h a l  e f f e c t s  of glucocorticoids in these  c e l l s .  [Supported by grants  
from th- Cancer Council (of Rochester) and N . I . H .  - AM 16177.1 

We have therefore  examined the  p o s s i b i l i t y  t h a t  hor- 

Glucocorticoid-sensitive tumor l i n e s  a r e  less able  than 

However, so f a r  we have been unable t o  detect  ear ly  glucocorticoid e f f e c t s  

369 REGULATION OF THE RECEPTOR-MEDIATED CYCLIC AMP RESPONSE OF KIDNEY TO PARATHYROID 
HORMONE,Leonard R.Forte and Constantine S. Anast, Oepts. o f  Pharmacology and Ch i l d  

Health, Un ive rs i t y  o f  Missouri and Harry S .  Truman Memorial Veterans Hospi ta l ,  Columbia, Mo. 
The renal  c y c l i c  AMP response t o  parathyro id  hormone (PTH) i s  markedly reduced i n  r a t s  fed 
d i e t s  d e f i c i e n t  i n  e i t h e r  v i tamin D ( -D)  o r  calcium (-Ca). Both the -0 and -Ca animal models 
e x h i b i t  hypocalcemia w i t h  a secondary increase i n  c i r c u l a t i n g  immunoreactive (i)PTH. This 
r e f r a c t o r y  response o f  the kidney t o  PTH i s  associated w i t h  a substant ia l  decrease i n  the 
PTH-dependent adenylate cyclase a c t i v i t y  of c o r t i c a l  plasma membranes i s o l a t e d  from -0 o r  -Ca 
animals. The impaired renal  c y c l i c  AMP response was s p e c i f i c  f o r  PTH s ince the basal, F-, 
ca l c i t on in -  and vasopressin-stimulated enzyme a c t i v i t i e s  were unchanged i n  membranes from -D 
o r  -Ca ra ts .  The mechanism o f  t h i s  r e f r a c t o r y  response t o  PTH i n  a;imals w i t h  elevated 
c i r c u l a t i n g  PTH could conceivably be mediated by a "down-regulation o f  PTH receptors o r  a l -  
t e r n a t i v e l y  through a mod i f i ca t i on  i n  t r a n s l a t i o n  o f  the hormone-receptor b ind ing s ignal  t o  
the c a t a l y t i c  cofiponent o f  the adenylate cyclase. E i t h e r  mechanism i s  a v i a b l e  p o s s i b i l i t y  
s ince we have shown t h a t  both PTH in fus ion  i n t o  r a t s  and exposure o f  renal  s l i c e s  t o  PTH 
v i t r o  r e s u l t s  i n  s i g n i f i c a n t  depression o f  the PTH-dependent adenylate cyclase. Therefore, 
G t e d  PTH per se does induce a s ta te  o f  renal  re f rac to r iness  ( tachyphylax is)  t o  subsequent 
PTH a c t i v a t i o n  o f t h e  c y c l i c  AMP system. On the other  hand, o ther  s tud ies i n  our laboratory  
suggest t h a t  both Ca and v i tamin D are invo lved i n  the regu la t i on  o f  the kidney's response t o  
PTH. A t  t h i s  po int ,  we are n o t  ab le t o  resolve the r e l a t i v e  importance o f  the elevated c i r c u -  
l a t i n g  PTH, Ca def ic iency and reduced v i tamin D metaboli tes as they con t r i bu te  t o  the decrease 
i n  receptor-mediated c y c l i c  AMP responsiveness t o  PTH i n  the renal  t i ssue  o f  -D o r  -Ca r a t s .  

146 



370 EXCITATION-SECRETION COUPLIK IN ISOLATED ADRENAL CHROMAFFIN CELLS: DIFFERENCES 
BETWEEN ACETYLCHOLINEAND EXCESS POTASSIUM STIMULATION, Allan S .  Schneider and Hollis 
Cline, Sloan-Kettering Institute for Cancer Research & Cornell University, Graduate 
School of Medical Sciences 

Acetylcholine (ACh) and excess K+ both increase adrenal chromaffin cell membrane permeability 
to extracellular calcium which in turn induces secretion of catecholamines by exocytosis. 
We have compared the secretory response of isolated bovine adrenal chromaffin cells to 
ACh VS. Kf stimulation in terms of: a) kinetics of release, b) calcium dependence, c) local 
anesthetic blocking, d) dose-response curves, and e) cytoskeletal elements. Comparison of 
our kinetic results kith published data on the electlophysiological response of chromaffin 
cells (Brandt, B.L. et.al., J.Physiol., London 263, 417 (1976) ) suggests that differences 
between ACh and I?-stimulated secretion may be related to their different effects on 
membrane action potential spike frequency. This could also explain their different calcium 
dependence and have implications for calcium entry occurring in a pulsed manner with each 
action potential. Vinblastine was found to block ACh- but not K+-stimulated catecholamine 
secretion from the isolated chromaffin cells,thus indicating a lack of involvement of 
microtubules in a common mechanism of exocytosis. Cytochalasin B had no significant effect 
on secretion. 

371 THE USE OF BIOPHYSICAL AND BIOCHEMICAL MEASUREMENTS TO DETERMINE SYNAPTIC VESICLE 
STRUCTURE. John A. Wagner, Steven S. Carlson & Regis B. Kelly. Department of Biochem- 
istry & Biophysics, University of California, San Francisco 94143 

We have purified synaptic vesicles from the electric organ of Narcine brasiliensis. 
These vesicles have been shown to be homogeneous by three independent criteria: mobility in 
an electric field, density in a glycerol density gradient and sedimentation velocity. 
resulting measurements were used to define the structure of the synaptic vesicle and the 
synaptic vesicle membrane. From the S and the density of synaptic vesicles, we can 
calculate a particle weight of 176 mil?dn daltons and a radius of 410 2. 
densi y in glycerol density gradients (1.119 g and in sucrose density gradients (1.050 
g cm ) ,  we estimate that 74% of the vesicle is water. 
to protein ratio (6:l by weight) which is consistent with their density in both g,lycerol and 
sucro e gradients. Further, the density of the isolated synaptic vesicle membrane (1.09 
g suggests that most of the protein is membrane bound. They contain twenty proteins of 
which three are selectively associated with vesicles. Synaptic vesicles contain high con- 
centrations of acetylcholine (500mM) and ATP (160mM) and GTP (ZOmM). 

The 

From the vesicle 

Synaptic vesicles have a high lipid 
-5 

372 MUSCARINIC CHOLINERGIC AGONISTS INCREASE 6-AORENERGIC RECEPTOR AFFINITY FOR CATE- 
CHOLAMINES AN0 INHIBIT CATECHOLAMINE STIMULATION OF AOENYLATE CYCLASE. August M. 

Watanabe, Mona M. McConnaughey, Robert A. Strawbridge, John W. Fleming, La r ry  R. Jones and 
H.R. Besch. Jr. Indlana Un ive rs i t y  School o f  Medicine, Ind ianapol is .  Indiana 46202. 
Guanine nucleotides (Gpp(NH)p > GTP) s t imulated adenylate cyclase a c t i v l t y  and potent ia ted 
isoproterenol ac t i va t i on  o f  adenylate cyclase a c t i v i t y  i n  membrane ves i c le  preparations from 
dog hearts. Methacholine had no e f f e c t  on basal, NaF st imulated, Gpp(NH)p s t imulated o r  
Gpp(NH)p p lus isoproterenol  s t imulated a c t i v i t y .  
t i a l l y  abol ished GTP (0.3 t o  100 pM) s t imulated a c t i v i t y  [increment i n  a c t i v i t y  due t o  GTP 
(pmol cAMP/mg/min): GTP (30 pM) 240 f 20; GTP + methacholine 22 f 81. Methacholine a l so  
marked1 
o f  GTP fadenylate cyclase a c t i v i t y  (pmol cAMP/mg/min) w i t h  GTP p lus isoproterenol ,  545 f 26; 
GTP p lus isoproterenol  p lus methacholine 405 f 101. 
versed by atropine. I n  p a r a l l e l  experiments, the e f f e c t s  o f  methacholine on 6-adrenergic 
receptor b ind ing was examined. using 3H-dihydroalprenolol t o  l abe l  6-adrenergic receptors. 
As observed i n  other  t issues, Gpp(NH)p and GTP (10-4 M) both decreased the a f f i n i t y  o f  8-  
adrenergic receptors f o r  receptor agonists, wi thout  a l t e r i n g  the a f f i n i t y  o f  the receptors 
for  receptor antagonists. Methacholine (10-6 M) abol ished the agonis' t-specif ic e f f e c t s  o f  
both GppfNH)p and GTP on 6-adrenergic receptor  binding. These r e s u l t s  suggest t h a t  mscar in -  
i c  cho l i ne rg i c  receptor agonists can modulate both 6-adrenergic receptor  a f f i n i t y  f o r  agon- 
i s t s  and adenylate cyclase a c t i v i t y ,  by an e f f e c t  mediated through guanine nucleotides. 

I n  contrast .  methacholine (10-6 M) essen- 

attenuated isoproterenol  s t imu la t i on  o f  adenylate cyclase a c t i v i t y  i n  the presence 

These e f f e c t s  o f  methacholine were re -  
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373 RELEASE OF AZUROPHILIC AND SPECIFIC GRANULE CONSTITUENTS FROM HUMAN GRANULOCYTES BY 
THE CALCIUM IONOPHORE A23187. James D. Simon, William E. Houck and Maurice M. Albala. 

Rhode Island Hospital and Brown University, Providence. Rhode Island 02902. 
Although it is well known that the secretion of a number of granule-associated substances from 
human granulocytes (PMN's) is Ca*-dependent. there is no definitive evidence for the differm- 
tial effect of Ca* on azurophilic (Az) and specific (3) granules. 
vestigated the role of Ca* in the release of 8-glucuronidase. a marker for & granules. un- 
saturated vitamin B12 binding capacity (UBBC) , a a granule marker, and lysozyme, a constiwent 
of both granules. 
trifugation. 
with varying concentrations of ionophore. 
lysozyme, and 6-glucuronidase. 
A23187. At 
10.0 UM ionophore, 59% of UBBC , 73% of lysozyme and 31% of.8-glucuronidase were secreted. 
Further Increases in the concentration of A23187 elicited minor increases in the release of 
lysozyme and 8-glucuronidase. Ca* (up to 50 mM) without ionophore did not evoke the release 
of any granule constituent. 
release of cytoplasmic lactate dehydrogenase and trypan b l s  exclusion. 
that 2 granules are more sensitive than & granules to Ca 
constituents. 

Utilizing A23187, we in- 

PM"s were isolated from buffy coats of ACD blood by density gradient cen- 
Ten million cells were incubated at 37 C in 3.0 m l  of phosphate buffered saline 

The cell-free supernatants were assayed for UBBC, 
Maximal release of UBBC (92% of total) was seen at 1.0 VM 

The % of release of lysozyme and 6-glucuronidase was 32% and 5%. respectively. 

Cell viability was not altered, as indicated by the lack of 
These results suggest 

ionophore-induced release of their 

374 SPIN-LABEL STIR)IFS ON PAT LIVER AND WART PLASMA MEMBRANES: EFFECTS OF WMPERATURE, 
CALCIUM AND LANTHANUM ON MEMBRANE FLUIDITY,Richard D. Sauerheber,Larry M. Gordon and 
Judy A. Esqate,Scripps Clinic and Research Foundation,La Jolla,CA 92037 

The structures of rat liver and heart plasma membranes were studied with the 5-nitroxide 
stearic acid spin probe, 1(12,3). The polarity-corrected order parmeters (S) of liver and 
heart plasma membranes were independent of probe concentration onlv if experimentally-deter- 
mined low 1(12,3)/1ipid ratios were emploved. At hioher probe/lipid ratios, the order para- 
meters of both membrane systems decreased with increasina probe concentration an8 these 
effects were attributed to enhanced nitroxide radical interactions. Fxamination of the tem- 
perature dependence of both S plots and probe-probe interactions indicated that lipid phase 
separations occur 'in liver (between 19 and ZS0c) and heart (between 21 and 32OC) plasma mem- 
branes. The possibility that a wide variety of membrane-associated functions may be influenc- 
ed by these thennotropic phase separations is considered. 

Addition of 2.0 mM CaC12 to 1(12,3)-labelled liver plasma membrane decreased the fluidity 
as indicated by a 62 increase in S at 37OC. Similarly, titratins 1(12,3)-labelled heart 
plasma membranes with either CaC12 or LaC13 decreased the lipid fluidity at 37OC, althoush the 
magnitude of the La3+ effect w s larger and occurred at lower concentrations that that induced 
by CaZ+; addition of 0.2 mM La9+ or 3.2 mM CaZ+ increased S by A or 4%.  The above cation ef- 
fects reflected on1.y alterations in the membrane fluidity and were not due to chances in prohe 
probe interactions. 
plasma membrane enzymes as Na+.K+-ATPase and adenylyl cvclase, and it is suqgested that the 
inhibition of these enzymes is the result of cation-mediated decreases in the lipid fluiditv. 

CaZ+ or La3+ .at these concentrations decrease the activities of such 

375 CONCANAVALIN A INDUCES RELEASE OF MITOCHONDRIAL BOUND CAL+IN THYMOCYTES. 
kelsen. Dept. of Therapeutic Radiology, Tufts-New England Med. Ctr.,Boston, MA. 02111 

The role of extracellular Ca2+ in Con A stimulation of lymphocytes has been extensively stud- 
ied. Chlorotetracycline (CTCIhas 
been successfully used to monitor Ca2+-mitochondrial membrane interactions since CTC fluores- 
cence in nonpolar environments, e.g. biomembranes, is enhanced by low [Ca2+] or [Mg2+]. I have 
used CTC fluorescence to study Con A-induced changes in mitochondrial Ca2+binding in rabbit 
thymocytes. If 2 x lo8 cells/ml are equilibrated for 90 min at 37' in Dulbecco's phosphate 
buffered saline plus 5mM glucose and 0.2d CTC and then diluted 10-fold into buffer minus CTC, 
the enhanced CTC fluorescence decreases 2.30% to a new equilibrium level in 10 min. If Con A 
(5-20 pglml) is then added, a fluorescence decrement (2.20%) occurs within 10 secs that is in- 
dependent of extracellular Ca2+ and inhibited by .01M a-methylglucoside. A new equilibrium 
value is achieved within 2.3 min. The excitation and emission wavelengths are characteristic 
CTC-Ca2+ complexes (396nm and 529nm) with minimal response at wavelengths dia nostic for Mg2' 
(379nm and 524nm). 
port, blocks the C0n.A effect. Ruthenium Red (10-2Q1M). an inhibitor of mitochondrial Ca2+ 
transport but not binding to mitochondrial "low affinity" Ca2+ sites, does not inhibit the Con 
A induced CTC fluorescence decrement. No effect of Con A on CTC emission is observed with 
isolated microsoms or plasma membranes. These results suggest that one immediate consequence 
of Con A- lasma membrane interactions is a transmembrane signal for release of mitochondrial 
bound Ca2' into the cytosol. This Ca2+ may trigger later events in the lectin stimulation of 
lymphocytes. Research supported by NIH Grant 1-R-01 CA22269-01. 

Ross B. Mik- 

Another major source of cellular Ca2+ is the mitochondrion. 

f 

Antimycin A (%M), an inhibitor of mitochondrial Ca2+ hinting and trans- 



fransmrmbrarw Sinding 

376 PROTEINS DESTINED FOR FAST AXONAL TRANSPORT ARE TRANSFERRED FROM GOLGI APPARATUS TO 
THE TRANSPORT SYSTEM BY A CALCIUM-DEPENDENT PROCESS. Richard Hamnerschlag and Pierre-  
Andre' Lavoie, Div. o f  Neurosciences. City o f  Hope Nat. Med. C t r . ,  Duarte. CA 91010. 

The neuronal axon, which has v i r t u a l l y  no capaci ty  f o r  p ro te in  synthesis, con t i nua l l y  receives 
prote ins from i t s  soma by an a c t i v e  i n t r a c e l l u l a r  t ranspor t  process. The i n i t i a t i o n  o f  t h i s  
process i n  the soma shows a marked calcium dependence i n  t h a t  the amount o f  axonal t ranspor t  
o f  [3H]protein i s  depressed when per iphera l  nerve ganglia, b u t  no twhennerve  trunks, are 
exposed i n  v i t r o  t o  e i t h e r  a calcium-free medium o r  t o  a cobalt-supplemented normal medium. 
These condi t ions have no e f f e c t  on the r a t e  o f  t ranspor t ,  o r  on p r o t e i n  synthesis o r  ATP 
leve ls  w i t h i n  the gangl ia  (Hamnersch lagTav id  & Chiu, Science 188:273,1975; Hamnerschlag 
e t  a l ,  J , Neurobiol. 8:439,1977). These r e s u l t s  imply thatthe calcium-dependent, cobal t -  
sens i t i ve  s tep occurs a f t e r  p r o t e i n  synthesis and p r i o r  t o  the onset o f  anterograde t ranspor t .  
Since most newly-synthesized prote ins appear t o  migrate through the Golgi apparatus where 
g lycosy lat ion o f  se lected prote ins i s  completed, the e f f e c t s  o f  coba l t  ions on g l ycosy la t i on  
and on f a s t  axonal t ranspor t  o f  glycoproteins were examined t o  circumscribe b e t t e r  the i n t r a -  
c e l l u l a r  sequence o f  events dur ing which the  calcium-dependent s tep must occur. Transport o f  
[3H]glycoproteins was depressed by 87 + 2% (mean + SEM; n.6) when 0.18 mM CoC12 was added t o  
the incubat ion medium a f t e r  exposure o f  gangl ia  to [3H]fucose and [3H]glucosamine. As judged 
by t o t a l  TCA-insoluble r a d i o a c t i v i t y  i n  ganglia and nerve trunks, p r o t e i n  g l ycosy la t i on  was 
unaffected by t h i s  l eve l  o f  Co++. These f i nd ings  suggest t h a t  calcium ions are requi red a t  a 
s tep dur ing the t rans fe r  o f  prote ins from the Golgi apparatus t o  the fas t - t ranspor t  system. 
(Supported by NSF Grant BNS75-17640, and by MRC o f  Canada Fellowship t o  P.-A.L.) 

377 IONOPHORE A23187 AS A PROBE IN STUDYING THE ROLE OF Ca2+ IONS IN PANCREATIC ACINAR 
CELL METABOLISM, Manjit Singh, V.A. Hospital (FHD), Augusta, Georgia 30904 

There are no reports available on the effect of Ca2+ on metabolic functions in pancreas ex- 
cept secretion and the "phospholipid effect". 
metabolism 
EGTA in Cai+-free Krebs-Henseleit buffer. 
utes with 10 uM, 100 uM, 1 mM and 2.5 mM Ca2+ buffers containing 5x10-6M A23187. 
incubation was with the same Ca2+ and ionophore concentration with or without CCK-PZ and with 
the addition of tracer required. In the absence of CCK-PZ, fragments incorporated 2880 k 95, 
3183 t 71, 3103 k 74 and 3449 2 67 cpm/mg protein of 14C-phenylalanine; oxidized 3.40 2 0.3, 
3.89 + 0.3, 3.86 + 0.2 and 4.93 + 0.3 cpm/ug DNA of 14C-glucose; secreted 19.4 + 0.6, 21.8 
+ 0.9; 30.9 2 l.land 36.6 2 0.9% of total counts incorporated following a 5-mi&e pulse of 
T4C-phenylalanine at 10 uM, 100 pM, 1 mM and 2.5 mM concentrations of Ca2+ respectively. 
Incorporation of 32P into phospholipids and 14C-thymidine into DNA was not influenced. 
the presence of CCK-PZ, incorporation of 14C-phenylalanine was depressed and that of 32P was 
increased. The data suggest that metabolic events like protein synthesis, transport, 
secretion and glucose oxidation are dependent on Ca2+ and are mimicked by the lonophore. 
Ionophore A23187 is thus a useful probe in studying the role of Ca2+ in pancreatic acinar 
cell metabolism. 

To study the role of Ca2+ in aclnar cell 

The fragments were then equilibrated for 30 min- 
pancreatic fragments were preincubated for 1 hour with 5x10-6M A23187 and 2 mM 

Final 

In 

378 PURIFICATION OF SYNAPTIC VESICLES. Steven C. Carlson, John A. Wagner 6 Regis B. 
Kelly. Biochemistry L BiophysicS, University of California, San Francisco 94143 

We have purified an important nerve terminal organelle, the synaptic vesicle, by gentle 
procedures which allow the integrity of the membrane to be maintained. The retention of the 
internal contents (acetylcholine and ATF') is used as an assay for the vesicles and a measure 
of the intactness of the membrane. Several fractionation methods are used to isolate the 
synaptic vesicles and to evaluate the purity of the preparation. These methods should be of 
general use in organelle purification. 

The purification scheme involves differential centrifugation, sucrose density flotation 
centrifugation, and exclusion chromatography on glass beads containing 3000 8 pores. 
synaptic vesicles elute from the glass bead column as a single peak in the included volume 
with a constant specific activity 3f 8000f800 nmoles acetylcholine/mg protein which is 300 
fold higher than the original starting material. 
weeks. 

tion. These methods (electrophoresis, sedimentation velocity centrifugation and glycerol 
density gradient centrifugation) rely on different properties to separate particles than the 
original purification procedures, and thus are independent criteria of purity. Vesicular 
acetylcholine, phospholipid phosphorus, and protein all behave as a single component when 
subjected to these procedures. 
and, based on the sensitivity of our assay methods are >90% pure. 

The 

These vesicles are stable for Several 

Additional separation techniques are used to assess the purity of the vesicle,prepara- 

We conclude that our organelle preparation is homogeneous; 
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In the l a s t  decade since the discovery of proinsulin. many studies have shown tha t  limited 
intracellular proteolysis plays an important role in the biosynthesis of many secreted pro- 
teins. I t  i s  now evident that  proteolytic processing occurs not only a t  the stage o f  pack- 
aging of the products during the i r  t rans i t  through or near the Golgi region o f  the ce l l .  b u t  
also occurs during the translational stage in association w i t h  the vectorial discharge and 
segregation of the protein product within the rough endoplasmic reticulum. Studies on insulin 
precursors which i l lus t ra te  many aspects o f  these systems will be presented. Proteolysis of 
precursors i s  also increasingly being recognized as an important mechanism i n  the generation 
of supramolecular structures such as collagen, viruses, organelles and enzyme complexes. 
varieties and roles of intracellular protealytic processing mechanisms will be briefly sutmnar- 
ized. (Work in this laboratory has been supported by grants from the NIH (AM 13914, AM 17046, 
CA 19265), the Lolly Coustan Memorial Fund and The Kroc Foundation.) 

PROTEOLYTIC PROCESSING AS A BIOSYNTHETIC MECHANISM. C. Patzelt ,  S.J. Chan, J.R. 
Duguid. 8. Schaffer and D.F. Steiner, Dept. of Biochemistry, Univ .  o f  Chicago, Chicago 

The 




