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Membrane Transport and Transduction Systems 

109 MEMBRANE PROTEINS INVOLVED I N  SIGNAL TRANSDUCTION FROM MEHBRANE RECEPTORS TO 
FLAGELLA I N  BACTERIAL CHEMOTAXIS. J u l i u s  Adler, Department of Biochemistry, 

Universi ty  of Wisconsin, Madison, WI 53706. 
The mechanism of b a c t e r i a l  chemotaxis is beginning to  be understood. A t  t h e  receptor  

end, we have considerable  knowledge about t h e  molecular p rope r t i e s  of chemoreceptors. A t  t h e  
e f f e c t o r  end, we know t h a t  b a c t e r i a l  f l a g e l l a  r o t a t e  and that t h e  d i r e c t i o n  of r o t a t i o n  is 
determined by a t t r a c t a n t s  and r epe l l en t s ,  al though w e  do not  ye t  know the  m l e c u l a r  f ea tu re s  
of the motor and the  gear  s h i f t .  Between the  receptors  and the  e f f e c t o r s  is a system f o r  
i n t eg ra t ing  the  sensory information and t ransmit t ing a s igna l  t o  the  f l a g e l l a .  This system, 
sensory t ransduct ion,  involves methylatable membrane p ro te ins  t h a t  generate  the s igna l  
("excitation") and t h a t ,  upon a change i n  methylation, terminate  the s igna l  ("adaptation").  
Further aspects  of t he  mechanism of sensory t ransduct ion w i l l  be discussed,  i n so fa r  as they 
a r e  known. 

M.F. Goy, S.H. Larsen, and J. Adler. Proc. N a t l .  Acad. Sci.  USA 72. 3939-3943 (1975). 

M.S. Springer,  M.F. Goy, and J .  Adler. Nature 280, 279-284 (1979). 

1. Methylation of membrane p ro te ins  involved in b a c t e r i a l  chemotaxis. E.N. Kort, 

2 .  P ro t e in  methylation in behavioral  con t ro l  mechanisms and In s igna l  t ransduct ion.  

3. A t t r ac t an t s  and r epe l l en t s  con t ro l  demethylation of methylated chemotaxis p ro te ins  
i n  Escherichia &. Proc. N a t l .  Acad. Sci .  USA. November, 1979. 

110 CHEMICAL SIGNALS TO AND THROUGH THE ACETYLCHOLINE RECEPTOR, Micheal A. Raftery; 
California Institute of Technology, Pasadena. California 91125. 

vesicles containlng only the acetylcholine receptor (AcChR) can be prepared from Torpedo 
californica electroplax. 
exclusively on the outside. Such preparations can be used to demonstrate that the AcChR 
is a transmembrane protein and that all four receptor subunits are present on the exterior 
membrane surface. 
monovalent cation translocation into or out of the sealed compartments in response to 
acetylcholine or other agonists associating with the receptor. The AcChR protein is 
composed of four types of subunits and has a molecular weight of 255,000. 
that this protein alone is responsible for both agonist binding and cation translocation 
using the purified membrane preparation or by reconstitution of detergent solubilized 
AcChR protein with lipids to form sealed vesicles. 
are being used to delineate a molecular mechanism for the nicotinic cholinergic synapse 
using the in vitro system described here. 

Intact membrane 

They are orientated such that neurotoxin binding sites are 

These closed vesicles can be used to study cholinergic ligand binding and 

It can be shown 

A variety of spectroscopic approaches 

111 EVOLUTION OF MEM3FN-E BIOENERGETICS T. Hastings Wilson and Edmund C. C. Lin 
Harvard Medical School 

One of the f i r s t  problems encountered by primitive ce l l s  w a s  that of osmoregulation; the 

We pmpose that to meet this environmental 
continuous entry of ions (e.g., NaC1) and water i n  response to  the internal colloid osmotic 
pressure threatened t o  destroy the ce l l  by lysis. 
challenge ce l l s  evolved an ATP-driven proton extrusion system plus a membrane carrier that 
would exchange external protons w i t h  internal Na'. With the appearance of the ab i l i ty  to  
generate proton gradients additional mechanism to  harness this source of energy emerged. 
lhese would include proton-nutrient cotransport, nucleic acid entry, and motility. A more 
efficient system for the uptake of certain carbohydrates by vectorial phosphorylation via the 
PEP-phosphotransferase system probably appeared rather early in the evolution of these anaer- 
obic bacteria. 

The reversal of the proton-ATPase reaction to  give net ATP synthesis became possible with 
the development of other types of efficient proton transporting machinery. 
driven bacterial rhodopsin or a redox system coupled to proton translocation would have served 
this function. 
and nitrate,  resulted in  the progressive elaboration of an electron transport chain. 
stepwise growth of th i s  chain required the accretion of one o r  mre flavoprotein, quinone, or 
cytochrome. 
dependent photosynthetic reductive system could be readily evolved. 
generated by this photosynthetic system fran water would eventually accurmlate in the atmos- 
phere of the earth. 
complete the respiratory chain. 

organisms, mitochondria, chloroplasts,and cells of higher plants. A secondary use of the 
energy stored as an electrochemical difference of Na 
also f i r s t  evolved in microorganisms. The exclusive use of the Na+-econonry is  distinctive of 
the plasma m d r a n e  of animal cells;  the Na+-K+-ATPase sets up an electrochemical Na+-gradient 
which provides the energy for  osmoregulation, Na+-nutrient cotransport, and the action poten- 
t i a l  of excitable cells 

Either l ight 

lhe availability of exogenous electron acceptors, such as fumarate, sulfate,  
The 

W i t h  only s l igh t  modifications of these three basic c q o n e n t s  a chlorophyll- 
?he oxygen which was 

With molecular oxygen present. the emergence of cytochrome oxidase would 

lhe proton econany of membrane energetics has been retained by most present day micro- 

for powering membrane events probably 
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113 PHYSICAL AND BIOCHEMICAL PROPERTIES OF EGF RECEPTORS: RELATIONSHIPS TO RECEPTOR 
TURNOVER, C. Fred Fox, Peter, S., L ins ley  and Ken Iwata, Molecular B io logy  

I n s t i t u t e  and Department o f  Microbiology, U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Angeles, CA 90024 

Incubat ion  o f  c u l t u r e d  c e l l s  w i t h  EGF "down regu la tes"  EGF receptors  through t h e i r  i n t e r -  
n a l i z a t i o n  and degredat ion.  
based on a f f i n i t y  l abe l i ng .  
forming a " d i r e c t  l i nkage"  complex w i thou t  a f f i n i t y  l a b e l i n g  (1 ) .  D i r e c t  l i nkage  occurs w i t h  
c e l l s ,  i s o l a t e d  membranes and de tergent  ex t rac ts .  The complex formed on i n t a c t  c e l l s  has an 
M r  o f  160,!300 - 170,000, b u t  t he  major products w i t h  membranes a re  M r  = 145,000 and 115,000. 
This s e n s i t i v i t y  t o  p r o t e o l y s i s  has been used t o  probe EGF receptor  s t r u c t u r e  as descr ibed by 
L ins ley  and Fox elsewhere i n  t h i s  abs t rac t  volume. 

Treatment o f  c e l l  membranes w i t h  nonl,onic de tergent  renders approximately h a l f  t he  EGF 
b ind ing  a c t i v i t y  ope ra t i ona l l y  "so lub le  . 
fuga l  force.  
age" complex. 
b inding, bu t  d i f f e r e d  d ramat i ca l l y  i n  t h e i r  response t o  EGF i n  the  membrane p r o t e i n  phos- 
pho ry la t i on  assay descr ibed by Carpenter g a. (2) .  The e a s i l y  sedimentable form o f  t he  
receptor  i s  t o t a l l y  r e f r a c t o r y  t o  EGF-induced phosphory la t ion  when measured a f t e r  t reatment 
w i t h  non ion ic  detergent and separa t ion  o f  t he  sedimentable and so lub le  f r a c t i o n s .  
so lub le  f rac t i on ,  on the  o the r  hand, had a l l  t he  EGF-induced p r o t e i n  k inase a c t i v i t y ,  and the  
on ly  major p ro te ins  phosphorylated were a l so  acceptors f o r  EGF i n  the  " d i r e c t  l inkage"  r e -  
ac t i on .  This i nd i ca tes  t h a t  EGF receptor  p ro te ins  a re  the  major phosphate acceptors.  When 
membranes were t rea ted  w i t h  EGF and gamma-Pi 32-ATP before  detergent add i t i on ,  a s i g n i f i c a n t  
f r a c t i o n  o f  t he  l abe led  receptor  p r o t e i n  appeared i n  the  p e l l e t  f r a c t i o n .  
t h a t  t he  k inase a c t i v i t y  and receptor  p r o t e i n  a re  separable, o r  t h a t  EGF-induced phosohoryla- 
t i o n  promotes receptor  aggregat ion.  Gel f i l t r a t i o n  and sedimentat ion analyses o f  t he  de ter -  
gent so lub le  EGF b ind ing  components revea l  a heterogeneous a r ray  o f  supramolecular aggregates 
which b ind  EGF, wh i l e  l i t t l e  EGF b ind ing  a c t i v i t y  appears as a monodisperse e n t i t y .  
data show t h a t  EGF receptors  e x i s t  l a r g e l y  as  aggregates on the  membrane p r i o r  t o  EGF b ind ing  
and may exp la in  the  a b i l i t y  o f  o the r  po lypept ide  hormones (FGF, PDGF) t o  "down regu la te "  EGF 
receptors  ( 3 ) .  
1. L ins ley ,  P., B l i f e l d ,  C., Wrann. M. and Fox, C.F., Nature (1979) 278:745-748. 
2. Carpenter, G., King, L., J r .  and Cohen, S., Nature (1978) 2 7 6 : 4 0 9 7 0 .  
3 .  Fox, C.F., Vale, R., Peterson, S.W. and Das, M., (1979) i n x r m o n e s  and Ce l l  Cu l tu re ,  Cold 

Spr ing Harbor Conferences on Ce l l  P r o l i f e r a t i o n ,  Vol .  6. 

Our i n i t i a l  demonstrat ion o f  EGF receptor  i n t e r n a l i z a t i o n  was 
More r e c e n t l y  we repor ted  t h a t  EGF combines w i t h  i t s  receptors  

The o the r  h a l f  r e a d i l y  sediments a t  low c e n t r i -  
Both the  s o l u b i l i z e d  and sedimentable forms o f  receptor  form the  " d i r e c t  l i n k -  
The so lub le  and sedimentable forms o f  receptor  a l s o  had s i m i l a r  KO's f o r  EGF 

The 

This i nd i ca tes  

These 

H ypercholesterolemia 

112 FAMILIAL HYPERCHOLESTEROLEMIA: A GENETIC RECEPTOR DISEASE, 
Michael S .  Brown, M.D.,  Departnent of  Molecular Genetics,  University of Texas 
Health Science Center a t  Dal las ,  Dal las ,  Texas 75235 

The autosonal dominant d i s e a s e  fami l ia l  hypercholesterolemia is an important cause 
of  atherosc leros is  and nyocardial i n f a r c t i o n  i n  man. The d i s e a s e  is produced by a 
mutation i n  the gene encoding the s tructure  of a c e l l  surface receptor for plasma 
low dens i ty  l ipoprote in  (LDL). 

Recent s tudies  r e l a t i n g  the c e l l  surface receptor mutation t o  the pathogenesis 
of the d isease  w i l l  be d iscussed.  

References : Michael S .  Brown and Joseph L .  Goldste in ,  Familial  
Hypercholesterolenia: Model for Genetic Receptor Disease,  The Harvey Lectures,  
S e r i e s  73, New Yo&, Academic Press, 1979. 

Joseph L .  Coldste in ,  Y . K .  Ho, Sandip K .  Basu and Michael S .  Brown, 
Bindinp, S i t e  On Macrophages that Mediates Uptake and Dewadation of Acetylated . -  
Low Density Lipoprotein, Producing Massive Cholesterol Depos i t ion ,  w. -w. 
Acad. S c i .  USA, 76 ,  333-337, 1979. - 
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RECEPTOR-MEDIATED I N H I B I T I O N  OF ADENYLATE CYCLASE. Arthur J. Blumc , Department of 
Phys io logica l  Chemistry and Pharmacology, Roche I n s t i t u t e  of Molecular Biologjj, 
Nutley,  New J e r sey  07110. 

'14 

It is now w e l l  e s t ab l i shed  t h a t  e x t r a c e l l u l a r  information may be t r ans fe r r ed  across  the  plasma 
membrane v i a  the  regula t ion  by s p e c i f i c  membrane receptors  of adenyla te  cyc lase  a c t i v i t y  and 
thereby  the  i n t r a c e l l u l a r  concent ra t ion  o f  CAMP. This coupling of membrane receptors  with 
adenylate cyc lase  can r e s u l t  i n  e i t h e r  i n h i b i t i o n  o r  a c t i v a t i o n  of the enzyme. The vas t  ma-  
j o r i t y  of work wi th  i s o l a t e d  membranes and so lub i l i zed  cons t i t uen t s  of t hese  coupled systems 
has d e a l t  with the  mechanism of receptor-mediated a c t i v a t i o n  as  t he  i n h i b i t i o n s  observed & 

~ s i t u  were no t  o f t en  de t ec t ab le  i n  v i t r o  o r  only of l imi t ed  magnitude. 
toma x glioma hybrid t i s s u e  cu l tu re  w a s  shown by Nirenberg and coworkers (1.2) t o  have o p i a t e ,  
alpha adrenerg ic ,  a s  w e l l  a s  muscarinic r ecep to r s ,  a l l  of which cause a s u b s t a n t i a l  i n h i b i t i o n  
of adenyla te  cyc lase  a c t i v i t y  both i n  s i t u  and i n  v i t r o .  Using these  c e l l s  a s  a model, w e  
have inves t iga t ed  the  mechanisms by which var ious  receptors  i n h i b i t  cyc lase  a c t i v i t y .  Our 
s t u d i e s  with i s o l a t e d  membranes showed t h a t  both nuc leo t ides  and monovalent ca t ions  a r e  re- 
qui red  f o r  t he  op ia t e  (3) as  w e l l  as the  muscarinic (4) receptor-mediated inh ib i t i ons .  A de- 
f i n i t e  s p e c i f i c i t y  with regard t o  both e f f e c t o r s  i s  seen;  GTP and ITP but  not GMP, ATP, LITP o r  
CTP w i l l  s u f f i c e  as ac t ive  nuc leo t ide  e f f e c t o r s ,  whi le  Na+ and Lif  but not chol ine+ O K  K+ a re  
ac t ive  as the monovalent ca t ion  e f f e c t o r s .  W e  have a l s o  found a s i m i l a r  requirement f o r  ex- 
t r a c e l l u l a r  monovalent ca t ions  f o r  both op ia t e  and muscarinic r egu la t ion  of i n t r a c e l l u l a r  CAM€' 
concent ra t ions  (5) .  The nuc leo t ides  and monovalent ca t ions  which a re  requi red  f o r  e f f i c i e n t  
coupling of o p i a t e  receptors  t o  adenyla te  cyc lase  have a l s o  been found t o  produce decreases  i n  
l igand  a f f i n i t y  t o  these  op ia t e  receptors  (6 ,7) .  The e f f e c t s  of monovalent ca t ions  a r e  agonist  
s p e c i f i c ,  whereas nuc leo t ides  appear t o  a l t e r  both agonis t  and an tagonis t  i n t e r a c t i o n  wi th  
these  receptors .  S tudies  with r ad ioac t ive  l igands  have a l s o  shown he terogenei ty  o f  t he  op ia t e  
receptor  popula t ion  i n  these  c e l l s  as  approximately ha l f  the  s i t e s  a r e  Naf s e n s i t i v e  and the  
o the r  ha l f  nuc leo t ide  s e n s i t i v e .  These s t u d i e s  w i l l  be d iscussed  i n  t e r m  of var ious  mem- 
brane cons t i t uen t s  which may p lay  a ro l e  i n  r egu la t ing  receptor-mediated i n h i b i t i o n s  of adeny- 
l a t e  cyc lase .  

1. S.K. Sharma, W.A. Klee and M. Nirenberg (1977) Proc. Natl .  Acad. Sc i .  USA 3:3365-3369. 
2 .  S.L. Sabol and M. Nirenberg (1979) J. Biol.  Chem. =:1913-1920. 
3 .  A . J .  Blume, D. L i ch t sh te in  and G. Boone (1979) PKOC. Natl .  Acad. Sc i .  USA 5 ( i n  p re s s ) .  
4. D. L i ch t sh te in ,  G. Boone and A.J .  Blume (1979) J. Cyclic Nucleo. Res. ( i n  p re s s ) .  
5 .  D.  L i ch t sh te in ,  G. Boone and A.J .  Blume (1979) L i f e  Sc i .  E:985-992. 
6. A . J .  Blume (1978) L i f e  Sc i .  22:1843-1852. 

Recently,  a neuroblas- 

7 .  A . J .  Blume (1979) In Modulators, Mediators and S e c i f i e r s  i n  Brain Function (Y.H. Ehr l ich  
&. , eds . )  Adv. Exptl .  Med. and Bio l . ,  Plenum'Press, New York, pp. 163-174. 

AMINO ACID TRANSPORT REGULATION, Dale L. Oxender, James J. Anderson, Robert  Landick 
and Char les  J. Danie ls ,  Department of B io log ica l  Chemistry, The Univers i ty  of 
Michigan, Ann Arbor, M I  48109 

'15 

The branched-chain amino a c i d s  are t r anspor t ed  i n t o  E. c o l i  by t w o  osmotic shock-sens i t ive  
high a f f i n i t y  systems. One of these ,  des igna ted  LIV I ,  is a gene ra l  t r a n s p o r t  system whereas 
t h e  second, LS, is  leuc ine-spec i f ic .  I n  add i t ion  t h e r e  is an osmotic shock- insens i t ive  l o w  
a f f i n i t y  gene ra l  system, LIV 11, t h a t  t r a n s p o r t s  t h e  branched-chain amino ac ids .  Genetic 
s t u d i e s  i n d i c a t e  t h a t  t h e r e  are a t  least 4 gene products  s p e c i f i e d  by livJ, 5, 5, and 5 f o r  
t h e  t w o  h igh  a f f i n i t y  t r anspor t  systems, LIV I and LS. These fou r  genes form a c l u s t e r  which 
is  loca ted  a t  min 74 of t h e  E. coli  l inkage  map. Two of t h e s e  genes,  livJ, and w, encode 
t h e  per ip lasmic  LIV-binding p r o t e i n  and l euc ine - spec i f i c  b inding  p r o t e i n ,  r e spec t ive ly .  These 
p r o t e i n s  se rve  as amino a c i d  r ecep to r s  and have been i s o l a t e d  and ex tens ive ly  cha rac t e r i zed .  
Genes = a n d  l i V G  are both  requi red  f o r  h igh  a f f i n i t y  t r a n s p o r t  and have only  been i d e n t i -  
f i ed  g e n e t i c a l l 7 T h e  b inding  p r o t e i n  syn thes i s  and t r a n s p o r t  a c t i v i t y  a r e  h ighly  regula ted  
and repressed  when cells are grown on leuc ine .  Regulatory mutations = a n d  lstR l ead  to 
t h e  depress ion  of b inding  p r o t e i n  syn thes i s  sugges t ing  t h e  presence  of a r ep res so r  type  of 
r egu la t ion  of i n i t i a t i o n  of  t r ansc r ip t ion .  Other s t u d i e s  have shown t h a t  t h e  r egu la t ion  also 
responds t o  t h e  l e v e l  of charged leucyl-tFUiA1eU and t h a t  t h e  products  of t he  hisT and relA 
genes are requi red  f o r  normal r egu la t ion .  These r e s u l t s  sugges t  t h a t ,  i n  add i t ion ,  an  a t t en -  
Uator model of  t r a n s c r i p t i o n  r egu la t ion  s i m i l a r  to t h e  r egu la t ion  of t h e  b iosyn the t i c  operons 
f o r  va r ious  amino a c i d s  may be ope ra t ive .  
and t h e i r  r egu la to ry  reg ions  have been cloned i n t o  a multicopy plasmid vec to r .  S t r a i n s  wi th  
t h i s  plasmid show 5 - to  10-fold increased  express ion  of  h igh  a f f i n i t y  l euc ine  t r a n s p o r t  which 
i s  a l s o  repressed  when t h e  cells  are grown on leuc ine .  This  plasmid permi ts  t h e  s tudy  of t h e  
r egu la t ion  of  l euc ine  transport gene express ion  i n  v i t r o  and i n  v ivo ,  i n  a min ice l l  producing 
s t r a i n .  Research supported by USPHS Grant GM 11024 (DM) and Am. H e a r t  Assoc ia t ion  (JJA). 

Oxender, D.L. and Quay, S.C. (1976) J. C e l l u l a r .  Phvs io l . ,  3, 517 
Quay S.C. and Oxender, D.L. Regulation o f  Membrane Transpor t  i n  B io log ica l  Regulation and 

Development (Goldberger, R.F., ed.)  Vol I1 Plenum N . Y .  (1979) 

Oxender, D.L. & a l ,  PNAS 77 i n  press. 

The fou r  genes requi red  f o r  high a f f i n i t y  t r a n s p o r t  
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The phosphotransferase system (PTS) i n  E. c o l i  i s  a mu l t i - f unc t i ona l ,  multi-component enzyme 
system (1 ) .  
func t ions  are  concerned w i t h  the  r e g u l a t i o n  o f  b a c t e r i a l  physiology (2 ) .  
the  system inc lude a)  e x t r a c e l l u l a r  de tec t ion ,  b )  transmembrane t ranspor t ,  and c )  phosphory- 
l a t i o n  o f  t he  sugar subs t ra tes  o f  t he  system. The 2' f unc t i ons  i nc lude  a )  regu la t i on  o f  t he  
a c t i v i t i e s  o f  adenylate cyc lase  and var ious  non-PTS permeases, b )  regu la t i on  o f  c e l l u l a r  
m o t i l i t y ,  and c )  r e g u l a t i o n  o f  t he  induced syn thes is  o f  several  PTS enzymes. Both the  1' and 
2' funct ions appear t o  be e l i c i t e d . b y  the  b ind ing  o f  a sugar subs t ra te  t o  an En M I 1  com- 

s o l u b i l i z e d  w i t h  de tergent  p u r i f i e d  t o  homogeneity (3),  and recons t i t u ted  i n  an a r t i f i c i a l  
membrane system (4 ) .  IImtl i s  a p r o t e i n  o f  60,000 molecu la r  weight.  It possesses an ex t ra -  
c e l l u l a r  sugar b ind ing  s i t e  and d i s t i n c t  i n t r a c e l l u l a r  combininq s i t e s  f o r  sugar phosphate 
and phospho-HPr. An essen t ia l  s u l f h y d r y l  group and an an t ibody  combi i n g  s i t e  a re  l o c a l i z e d  
t o  the  cytoplasmic sur face  o f  t he  enzyme. 
recept ion,  t ranspor t ,  and phosphory la t ion  func t i ons  a re  d i s t i n c t  (4 ) .  Thus, mutants a re  
ava i l ab le  i n  which the  t ranspor t  and phosphory la t ion  func t i ons  o f  I I m t l  a re  reduced, bu t  
chemoreception a c t i v i t y  i s  enhanced. 
recep t ion  bu t  r e t a i n  phosphory la t ion  a c t i v i t y .  
p l e x i t y  o f  the  PTS and i t s  i n t e g r a l  membrane p r o t e i n  cons t i t uen ts .  

RECEPTOR FUNCTIONS OF THE ENZYMES I 1  OF THE BACTERIAL PHOSPHOEN0LPYRUVATE:SUGAR 
PHOSPHOTRANSFERASE SYSTEM. M.H. Saier,  Jr., Department o f  Biology, Univ. o f  C a l i f .  
a t  San Oiego, La Jo l l a ,  CA 92093. 

I t s  pr imary func t ions  deal  w i t h a r b o n  source a c q u i s i t i o n  wh i l e  i t s  secondary 
The 1' f unc t i ons  o f  

p lex.  One o f  these i n t e g r a l  transmembrane enzymes, the  mann i to l  Enzyme I 1  ( I I m  $7 ), has been 

Genetic d i ssec t i on  o f  IImtP revea ls  t h a t  t he  chemo- 

Other mutants a re  de fec t i ve  f o r  t ranspor t  and chemo- 
These s tud ies  emphasize the  func t i ona l  com- 

Postma, P.W., and S. Roseman. 1976. The b a c t e r i a l  phosphoeno1pyruvate:sugar phosphotrans- 
fe rase  system. Biochim. Biophys. Acta 457:213-257. 
Saier,  M.H., J r .  1977. Bac te r ia l  phospEno1pyruvate :sugar  phosphotransferase systems: 
s t r u c t u r a l ,  f unc t i ona l ,  and evo lu t i ona ry  i n t e r r e l a t i o n s h i p s .  Bac te r io l .  Reviews fi:856- 
871. 
Jacobson, G.R., C.A. Lee, and M.H. Saier,  Jr. 1979. P u r i f i c a t i o n  of t he  Mann i to l - spec i f i c  
Enzyme I1 o f  the  Escher ich ia  
J. B i o l .  Chem. =:249-252. 
Leonard, J.E., and M.H. Saier,  Jr. Unpublished resu l t s .  

Phosphoeno1pyruvate:Sugar Phosphotransferase System. 

Myasthenia Gravis 

117 MOLECULAR ASPECTS OF EXPERIMENTAL A U T O I W E  MYASTHENIA-GRAVIS. Sara Fuchs, 
Department of Chemical Immunology. The Weizmann Institute of Science, Rehovot, 
Israel 

Experimental autoimmune myasthenia gravis (EAMG) is induced in several animal species by 
the injection of purified electric fish acetylcholine receptor (AChR) and is an appropriate 
model for studying the molecular origin, immunological mechanism and therapy of myasthenia 
gravis. Molecular dissection of AChR is attempted by various chemical modifications and 
derivatizations in order to identify the molecular entity responsible for the pathological 
myasthenic activity of AChR. 

thylation of AChR in 6M guanidine, does not induce myasthenia in rabbits although it elicits 
antibodies which cross react with the intact receptor (1). 
and therapeutic effects on EAMG (2). 

conformational structure in the molecule which is sensitive to denaturation and resistant to 
mild enzymic digestion. 
specificity and myasthenic activity of the molecule. 
gel electrophoresis one major band with a molecular weight of 27.000 (3 ) .  which appears to 
result from the original 40,000 subunit in the receptor. 

Antibodies to AChR can be fractionated according to their antigenic specificity by using 
appropriate imunoadsorbents (4). Another approach for obtaining anti-AChR antibodies with 
restricted specificity is by the production of monoclonal antibodies. 
secreting monoclonal anti-AChR antibodies directed against defined determinants were obtained 
by hybridization of mouse antibody .producing cells with a mouse myeloma line (5). 

Specific immunotherapy of AChR-induced myasthenia is being attempted based on the struc- 
tural analysis of AChR and on the immunological analysis of EAMG. 

Pharmacologically inactive denatured AChR preparation, obtained by reduction and carboxyme- 

Denatured AChR has both preventive 

The myasthenic as well as the pharmacological activity of AChR appear to reside within a 

Thus, tryptic digestion of AChR does not abolish the pharmacological 
Trypsinated AChR shows on SDS acrylamide 

Hybridoma lines 

1. Bartfeld, D. and Fuchs. S. FEBS Letters 77: 214-218 (1977). 
2. 
3. Bartfeld, D. and Fuchs, S. Biochem. Biophys. Res. Connnun. 89: 512-519 (1979) 
4. 
5. Moshly-Rosen, D., Fuchs. S. and Eshhar, Z. FEBS Letters, in press. 

Bartfeld, D. and Fuchs, S. 

Bartfeld, 0. and Fuchs, S. 

Proc. Nat. Acad. Sci. USA 7s: 4006-4010 (1978). 
FEBS Letters 105: 303-306 (1979r 
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118 ANTIBODIES TO ACETYLCHOLINE RECEPTORS AS PROBES OF RECEPTOR STRUCTURE AND PATHOLOGI- 
CAL AGENTS IN MYASTHENIA GRAVIS. Jon Lindstrom, Salk Institute for Biological 
Studies, P.O. Box 85800, San Diego, CA 92138 

Acetylcholine receptor (AChR) from the organ of marine ray T?rp;do californica has the 
subunit structure a~By6. The a subunits are known to be involved in igand binding. 
tion-specific channel whose opening is regulated by ligand binding is an integral component 
of the AChR molecule, but it is not known which subunits compose it. Monoclonal antibodies 
have been used to show that although AChR subunits can be distinguished by molecular weight, 
peptide maps, affinity labeling, and reaction with subunit sera. a and 8 subunits share a 
similar structural feature as do y and 6 subunits. 

AChR from the electric organs of the fresh water teleost Electrophorus electricus and 
from mamnalian muscle have structures similar to torpedo AChR. 
ponding to a, 8, y and 6 have been identified in AChR from human and bovine muscle. Using 
antisera and monoclonal antibodies, subunits corresponding to each of the torpedo subunits 
have been identified in AChR from electrophorus. 

Imnunization with purified AChR results in antibodies which cross react with muscle AChR 
in vivo producing Experimental Autoimnune Myasthenia Gravis (EAMG). Monoclonal antibodies 
have been used to demonstrate that a small portion of the a subunit dominates the imnunogeni- 
city o f  native torpedo AChR in rats. However, EAMG can be caused by imnunization with any of 
the 4 denatured AChR subunits. This indicates that there is no single myasthenogenic antigen. 
This is reasonable given the pathological mechanisms identified in EAMG and human MG. 
muscular weakness characteristic of these diseases is caused by defective neuromuscular trans- 
mission due primarily to loss of AChR. 
crease in the rate o f  AChR destruction triggered by antibody crosslinking o f  AChR (antigenic 
modulation). Complement-mediated focal lysis of the postsynaptic membrane is important both 
in causing AChR loss and in modifying the structure of the postsynaptic membrane. 

The ca- 

Antigenic determinants corres- 

The 

The primary cause of AChR loss appears to be an in- 

1. 

2. 

3. 

4. 

5. 

Lindstrom, J. (1979): Autoimnune response to acetylcholine receptors in myasthenia gravis 
and its animal .modei. Advances in Ikunology Vo1.-27, 1-51. . 
Lindstrom, J. et a1 (1978): Imnunization o f  rats with polypeptide chains from Torpedo 
acetylcholine receptor causes an autoimnune response to receptors in rat muscle. 
Natl. Acad. Sci., 75:769-773. 
Lindstrom. J. et a1 (1979): Biochemical orooerties of acetvlcholine receotor subunits 

Proc. 

from-Torpedo californica ’ Biochemistr 18:4465-4470. 
Lindstrom, J. et a1 [ 1 9 7 9 ) : d i a l  similarities between subunits of acetylcholine 
receptors -f ran Torpedo, El ectrophorus and Mamnal i an Muscle. BioihFi s t y  18: 4470-4489. 
Tzartos, J. and Lindstrom J.M. (19791: Monoclonal antibodies use o pro e acetylcholine 
receptor structure. d WJ- ~ r a d  sci- in press. 

Energy Coupling to Signal Transduction and Transport 

119 THE ROLE OF ION CURRENTS IN CELL ORGANIZATION AN0 GROWTH. Franklin M. Harold, 
Division of Molecular and Cellular Biology, National Jewish Hospital and Research 
Center, Denver, Colorado 80206. 

During the past decade a generalized version of the chemiosmotic theory ( 1 )  has received 
widespread acceptance as a framework for the bioenergetics of prokaryotic and eukaryotic 
cells (2,3). Ion currents circulating across the plasma membrane have been seen to provide 
driving force and molecular mechanisms for a wide range o f  cellular functions including 
oxidative phosphorylation, flagellar motility, regulation of cell volume and pH, and 
stimulus - response coupling. Best understood is the role of ion currents in the transport 
of metabolites across the cell membrane. 
be transport processes in that they require precursors of many kinds to be brought to a 
particular place, there to be assembled in a vectorial and highly ordered manner in accord- 
ance with the genetic instructions. 
Jaffe and his associates (3,4) has implicated transcellular ion currents in the localization 
of growth in space. 
We have begun to study the role of ion currents i n  g r o w t m  development of the water mold 
Blastocladiella emersonii. 
through themselves such that, positive charges (protons?) enter the rhizoids and leave from 
the thallus. During sporulation the pattern reverses, such that charge current enters the 
thallus (calcium?) and leaves from the rhizoid region. Separate experiments revealed that 
growth of the rhizoids can be polarized by proton-conducting ionophores. We shall discuss 
the proposition that a transcellular proton current is part of the mechanism by which growth 
is localized in space. 

1. Mitchell, P. Biol. Rev. Cambridge Philos. SOC. 41:445-502 (1966). 
2. Mitchell, P. Biochem. SOC. Trans. 4:399-430 (19%). 
3. Harold, F. M. Annu. Rev. Microbiol; 31:181-203 (1977). 
4. 

Growth and morphogenesis can also be considered to 

Recent evidence, particularly from the work of L. F. 

The operative ion, at least in the Fucus egg, is apparently calcium. 

The results indicate that the growing cells drive a current 

Jaffe, L. F. and Nuccitelli, R. AnnuTRev. Biophys. Bioen. 6:445-476 (1977). 
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BIOCHEMICAL AND WOSTERIC PROPERTIES OF NEUROTOXIN RECEPTOR SITES ASSOCIATED WITH 
VOLTAGE-SENSITIVE SODIUM CHANNELS. William A. Catterall and Daniel A. Beneski, 
Department of Pharmacology, University of Washington, Seattle. Washington 98195 

Na+ channels responsible for action potential generation in electrically excitable neuro- 
blastoma cells contain three distinct neurotoxin receptor sites. These receptor sites are 
all missing in variant neuroblastoma clones which are electrically inexcitable. The first 
receptor site binds tetrodotoxin and saxitoxin which inhibit Na+ channels noncompetitively 
with respect to the other neurotoxins. The second receptor site binds the lipid soluble 
neurotoxins batrachotoxin, veratridine, aconitine, and grayanotoxin. Occupation of this site 
causes persistent activation of Na+ channels in the absence of an electrical stimulus. The 
third receptor site binds the polypeptide neurotoxins, scorpion toxin and sea anemone toxin. 
Occupancy of this receptor site enhances the activation of sodium channels by the lipid aolu- 
ble toxins by a heterotropic allosteric mechanism. Binding to this site is highly dependent 
on membrane potential. Comparison of the voltage dependence of toxin binding with voltage 
clamp data reveals a close quantitative correlation between the voltage dependence of binding 
and of activation of the sodium channel. These results suggest that the scorpion toxin re- 
ceptor site is located on a voltage-sensitive component of the sodium channel whose conforma- 
tion changes during activation of the ion channel. This component may be an important volt- 
age sensor of the sodium channel. 

A photoactivable derivative of scorpion toxin. azido nitrobenzoyl mono[ 125]iodo 
scorpion toxin, has been prepared which retains biological activity and the ability to bind 
specifically to receptor sites associated vith sodium channels. This derivative can be co- 
valently attached to its receptor site in electrically excitable neuroblastoma cells or syn- 
aptosomes by photolysis. A polypeptide of & %250,000 is specifically labelled in neuro- 
blastoma cells. Labelling is blocked by unlabelled scorpion toxin and by depolarization. 
This polypeptide is mt labelled in a variant neuroblastoma clone lacking voltage-sensitive 
sodium channels. Polypeptides of & %250,000 and \ %32,000 are specifically labelled in 
synaptosomea. This labelling is also blocked by unlabelled toxin and by depolarization. 
These results identify specific polypeptides of \ %250,000 and 32,000 that are components 
of the sodium channel. 

THE LIGHT-DRIVEN S O D I U M  P U M P  OF HALOBACTERIUM HALOBIUM, Jan0s .K .  
L a n y i ,  M a x - P l a n c k - I n s t i t u t e  f o r  g i o c h e m l s t r y ,  r-8033 a a r t i n s r i e d  b e i  

121 
Mun ich .  F e d e r a l  R e p u b l i c  o f  Germany 

L i g h t - i n d u c e d  s o d i u m  e x t r u s i o n  f r o m  h a l o b i u m  c e l l  e n v e l o p e  v e s i c l e s  
p r o c e e d s  l a r g e l y  t h r o u g h  an u n c o u p l e r  s e n s i t i v e  p a t h w a y  i n v o l v i n g  b a c t e r i o -  
r h o d o p s i n  and a p r o t o n / s o d i u m  a n t i p o r t e r .  V e s i c l e s  f r o m  b a c t e r i o r h o d o p s i n -  
n e g a t i v e  s t r a i n s  a l s o  e x t r u d e  s o d i u m  i o n s  d u r i n g  i l l u m i n a t i o n ,  b u t  t h i s  
t r a n s p o r t  i s  n o t  s e n s i t i v e  t o  u n c o u p l e r s ,  and h a s  b e e n  p r o p o s e d  t o  i n v o l v e  
a l i g h t - e n e r g i z e d  p r i m a r y  s o d i u m  pump ( 1 ) .  P r o t o n  u p t a k e  i n  s u c h  v e s i c l e s  i s  
p a s s i v e ,  and u n d e r  s t e a d y  s t a t e  i l l u m i n a t i o n  t h e  l a r g e  e l e c t r i c a l  p o t e n t i a l  
( n e g a t i v e  i n s i d e )  i s  j u s t  b a l a n c e d  b y  a pH d i f f e r e n c e  ( a c i d  i n s i d e ) ,  s o  t h a t  
t h e  p r o t o n m o t i v e  f o r c e  i s  n e a r  z e r o  ( 2 ) .  A c t i o n  s p e c t r a  i n d i c a t e  t h a t  t h i s  
e f f e c t  o f  i l l u m i n a t i o n  i s  a t t r i b u t a b l e  t o  a p i g m e n t  a b s o r b i n g  n e a r  585 nm 
( c f .  568 nm f o r  b a c t e r i o r h o d o p s i n ) .  B l e a c h i n g  o f  t h e  v e s i c l e s  b y  p r o l o n g e d  
i l l u m i n a t i o n  w i t h  h y d r o x y l a m i n e  r e s u l t s  i n  i n a c t i v a t i o n  o f  t h e  t r a n s p o r t ;  
r e t i n a l  a d d i t i o n  c a u s e s  p a r t i a l  r e t u r n  o f  t h e  a c t i v i t y  ( 3 ) .  R e t i n a l  a d d i t i o n  
c a u s e s  a l s o  t h e  a p p e a r a n c e  o f  an a b s o r p t i o n  peak  a t  588 nm, w h i l e  t h e  ab- 
s o r p t i o n  o f  f r e e  r e t i n a l  d e c r e a s e s .  The 588  nm p i g m e n t  i s  p r e s e n t  i n  v e r y  
s m a l l  q u a n t i t i e s  (0.13 nmol /mg p r o t e i n ) ,  and b e h a v e s  d i f f e r e n t l y  f r o m  b a c t e -  
r i o r h o d o p s i n  i n  a number  o f  r e s p e c t s .  These  o b s e r v a t i o n s  i n d i c a t e  t h e  e x i s -  
t e n c e  of a s e c o n d  r e t i n a l - p r o t e i n ,  i n  a d d i t i o n  t o  b a c t e r i o r h o d o p s i n ,  i n  HI 
h a l o b i u m ,  a s s o c i a t e d  w i t h  p r i m a r y  s o d i u m  t r a n s l o c a t i o n .  The i n i t i a l  p r o t o n  
u p t a k e  n o r m a l l y  o b s e r v e d  d u r i n g  i l l u m i n a t i o n  o f  w h o l e  H. h a l o b i u m  c e l l s  may 
b e  a p a s s i v e  f l u x ,  i n  r e s p o n s e  t o  t h e  p r i m a r y  s o d i u m  e x r u s i o n  b y  t h e  second  
p i g m e n t .  

1. L i n d l e y ,  E . V .  and  MacDona ld ,  R .E .  ( 1 9 7 9 )  Biochem.Biophys.Res.Comm. 8 8 : 4 9 1  
2. Greene ,  R . V .  and  L a n y i ,  J.K. ( 1 9 7 9 )  J .B io l .Chem.  ( i n  p r e s s )  
3. L a n y i ,  J.K. and Weber, H.J. ( 1 9 8 0 )  J .B io l .Chem.  ( i n  p r e s s )  
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Endorphins and Opiate Receptors 

1z BIOCHEMICAL AND AUTORADIOGRAPHICAL EVIDENCE FOR TYPE 1 AND TYPE 2 OPIATE RECEPTORS, 
Candace B. Pert,  B io log ica l  Psychiatry Branch, National I n s t i t u t e  o f  Mental' Health, 
Bethesda, MD 20205 

Receptors which are coupled t o  adenylate cyclase i n  the "c lass ica l "  manner i n  which receptor 
occupancy produces c y c l i c  AMP production, show spec i f i c  e f fec ts  o f  GTP on receptor binding. 
Opiate receptors appear t o  f a l l  i n t o  two very d i s t i n c t  groups. The Type I opiate receptor ( in  
analogy w i t h  the c l a s s i f i c a t i o n  o f  dopamine receptors recent ly  propored by John Kababian) are 
probably coupled t o  adenylate cyclase i n  the c lass i ca l  manner since low concentrat ions o f  GTP 
completely reverse the i n h i b i t i o n  o f  t r i t i a t e d  diprenorphine b ind ing by met-enkephalin. 
Type I opiate receptors are located i n  the guinea p i g  ileum, areas i n  the b r a i n  which mediate 
analgesia, and most other b ra in  areas. Type I1 receptors show no e f f e c t  o f  GTP, presumably 
because they are not  coupled t o  cyclase o r  coupled i n  an unusual way so t h a t  occupancy by 
opiates causes an i n h i b i t i o n  of  c y c l i c  AMP production. Type I 1  opiate receptors are found i n  
the vas deferens, the neuroblastoma-glioma c e l l s ,  and many l imb ic  b r a i n  regions inc lud ing the 
amygdala, hypothalamus, substantia nigra, nucleus accumbens, and f ron ta l  cortex. Type I and 
Type 11 opiate receptors show markedly d i f f e r e n t  drug s p e c i f i c i t i e s .  Type I receptors have a 
much higher a f f i n i t y  f o r  morphine than leu-enkephalin, whi le  Type I1 receptors have a much 
higher a f f i n i t y  for  leu-enkephalin and peptide opiates i n  general than morphine. The benzo- 
morphans appear t o  owe t h e i r  b i za r re  pharmacological proper t ies t o  the fact  t h a t  they are able 
t o  i n t e r a c t  w i t h  both types o f  receptors. They d i f f e r  i n  t h e i r  r e l a t i v e  a f f i n i t y  f o r  the 
agonist and antagonist conformations o f  Type I receptors which can be experimental ly deter- 
mined by t h e i r  s e n s i t i v i t y  t o  sodium chloride. 

Regulation of Membrane Bound Receptors I I  

13 BIOCHBZICAL STEPS I N  VISUAL TRANSDUCTION. H. Deric Bownds, Laboratbry o f  Molecular 
Biology and Department o f  Zoology, Un ive rs i t y  o f  Wisconsin. Madison, MI 

Recent studies on the biochemistry and electrophysiology o f  the outer segments o f  amphib- 
53706. 

i an  r e t i n a l  rod photoreceptors show promise o f  spec i fy ing pathways which underl ine exc i ta t i on  
and adaptation. The p reva i l i ng  hypothesis i s  t h a t  photoactivation o f  rhodopsin molecules i n  
the i n te rna l  disc membranes regulates the l eve l  ( s )  o f  d i f f usab le  i n te rna l  t ransmi t te r ( s )  which 
contro l  the permeabil i ty o f  the phys ica l ly  separate plasma membrane. Complete suppression o f  
permeabil i ty i s  caused by a flash o f  l i g h t  which act ivates only  100-200 o f  the 3 x l o 9  rho- 
dopsin molecules present. Continuous i l l um ina t ion  desensit izes the transduction mechanism so 
t ha t  permeabi l i ty  suppression occurs over 3-4 l o g  un i t s  o f  l i g h t  i n t e n s i t y .  Recent experi- 
ments from t h i s  laboratory  have studied several chemical changes which are re levant  t o  these 
processes: (a) L ight  ac t i va t i on  o f  a c y c l i c  GMP phosphodiesterase which i s  sens i t ive t o  ca l -  
cium concentrat ion; (b)  A r e s u l t i n g  rap id  drop i n  c y c l i c  GMP l eve l s  which has stoichiometry 
and time course appropriate f o r  the i n te rna l  t ransmi t ter  presumed t o  mediate between photon 
absorption i n  the d isc membrane and the permeabil i ty decrease i n  the plasma membrane'; ( c )  A 
dephosphorylation o f  two small prote ins whose phosphorylation i s  con t ro l l ed  by c y c l i c  GMP 
leve ls ' ;  and (d)  A slower hydrolysis o f  GTP which may d r i ve  e f f l u x  o f  calcium from the outer 
segment3. On the basis o f  t h i s  work, i t  i s  suggested tha t  the rap id  decrease i n  sodium con- 
ductance which fol lows i l l um ina t ion  i s  caused by the dephosphorylation o f  the two small pro- 
t e ins ,  w i th  t h e i r  dephosphorylation being contro l led by the c y c l i c  GMP decrease. I n  a slower 
react ion l i g h t  act ivates a GTP-dependent ext rus ion o f  calcium from the cytoplasmic space. 
This lowering of i n te rna l  calcium causes desensi t izat ion o f  the l i g h t - s e n s i t i v e  phosphodi- 
esterase enzyme responsible f o r  the c y c l i c  GMP decrease, s o  t h a t  i t s  intensity-response func- 
t i o n  now resembles tha t  o f  the l ight-adapted rod photoreceptor. Thus, changes i n  plasma mem- 
brane conductance are regulated by c y c l i c  GMP, and the s e n s i t i v i t y  o f  the system i s  con t ro l l ed  
by slower calcium movements which set the l i g h t - s e n s i t i v i t y  o f  the phosphodiesterase enzyme. 
F ina l l y ,  the l i g h t - i n i t i a t e d  phosphorylation o f  rhodopsin may play a r o l e  i n  t h i s  process, 
wi th  phosphorylated rhodopsin in f luenc ing i nac t i va t i on  o f  the phosphodieserase enzyme. 

bloodruff, t1.L. and I1.D. Bownds (1979). Amplitude, k ine t i cs ,  and r e v e r s i b i l i t y  o f  a l i g h t -  
induced decrease i n  guanosine 3 ' .5 ' -cyc l ic  monophosphate i n  f rog  photoreceptor membranes. 
J. p?~. Physiol.  n:629-653. 

'Folans, A.S., J .  Hermolin, and H . D .  Bownds (1979). Light-induced dephosphorylation o f  two 
oroteins i n  f roa  rod outer seqments-influence o f  c y c l i c  nucleotides and calcium. J. Gen. 

1 

_ _  
Physiol. ( i n  press, Nov. 1979-issue). 

tr iphosphate i n  i so la ted  f rog  rod outer segments. J. m. Physiol.  ( i n  press,Dec. 1979 issuf  
3Biernbaun, t1.S. and I1.D. Bownds (1979). Inf luence o f  l i g h t  and calcium on guanosine 5'- 
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Ivan Diamond, Kkpt. of Neurology, University of California, San Francisco, CA. 94143 

ducer for metabolic signals, growth factors, hormones or neurotransmitters is of major 
interest in cellular biology today. We have found that the acetylcholine receptor (AChR) 
from the electric organ of To edo californica is phosphorylated in situ by an endogenous 
membrane protein kinase (l)-%ZSover, AChR-enriched membranes have-$Esphoprotein phos- 
phatase activity which dephosphorylates the membrane-bound AChR ( 2 ) .  
possible that a reversible phosphorylation-dephosphorylation mechanism may play an important 
role in the regulation of receptor function at the synapse. 
be a general mechanism by which a signal is transduced at the cell membrane. We have there- 
fore studied the properties of AChR phosphorylation and dephosphorylation in T. californica 
in order to better understand how receptor function is regulated in a model system where 
sufficient amounts of receptor and associated proteins are available for biochemical studies. 

muscle cell tissue culture line, L8. L8 myoblasts differentiate in culture to form myotubes 
with concomitant appearance of AChR and contractile proteins. When plasma membranes prepared 
from L8 myotubes are incubated with Mg" and [Y-'~P]ATP, the major phosphorylated polypeptide 
has a molecular wei ht of 41,000. Moreover,.phosphorylation of this polypeptide is stimulated 

with development since membranes from myoblasts show comparatively little K+-stimulated 
phosphorylation. 
possible that pp41K' could be a component of the AChR. 
antibody, we have shown that pp41K+ is not a component of AChR. 
myoblasts in culture indicate that pp41K' is on the external surface of the plasma membrane. 
pp41P may be associated with the AChR on the surface of myotubes since both molecules appear 
upon differentiation of L8 myoblasts to myotubes. 
pp41K' suggests that K+-sthlated phosphorylation of muscle cell membranes may be involved 
in muscle cell function. 

(1) 

(2)  

PHOSPHORYLATION OF 7HE ACETYLCHOLINE RECEPTOR, Adrienne GDrdon, Gil bgilen and 

The mechanism by which a receptor located in the plasma membrane acts as a trans- 

Therefore, it is 

Receptor phosphorylation may also 

We have also investigated endogenous membrane protein phosphorylation in a mamnalian 

by K+ but not by Na f . Phosphorylation of this polypeptide (pp41K') appears to be correlated 

Since the mammalian AchR has a polypeptide component of M.W. 41,000, it was 
However, using anti-mannnalian AChR 

Experiments with intact 

The simultaneous appearance of AChR and 

Gordon, A.S., Davis, C.G., Milfay, D. and Diamond, I. (1977) Nature 267, 539- 
Gordon, A.S., Milfay, D., Davis, C.G. and Diamond, I. (1979) Biochem. Biophys. 

540. 

R~s. Comn. z, 876-883. 
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Julius Axelrod, National Insti tute of Mental Health and tNationa1 Insti tute of 
Neurologic and Cannunicative D i s o r d e r s  and Stroke, Bethesda, md. 20205 

Ihe cormersion of phosphatidylethanolaine to phosphatidyldmline is catalyzed by +XI methyl- 
transfer- with S-adenosylmethionine as the methyl donor. 
transnethylation is further metabolized by phospholipase A2. 
of methylated Fhospholipids are involved in regulating the nunber of the 6-adrenergic recep 
tors and their coupling to adenylate cyclase in rat reticulocytes, Heh cells and astrccytana 
cells. Methylatim of the phospholipids in these cells is stimulated by binding of agonists 
to the 6-adrenergic receptors. kcmula t ion  of phosphatidyl-Wtnonanethylethanolauine causes  
an increase in membrane fluidity and enhances the mupling of the receptors to adenylate 
cyclase. Agents that inhibit phospholipid methylation decrease the nunber of receptors in  
intact H e h  cells. In r a t  reticulccyte ghosts, phospholipid methylation masks cryptic 
receptors with the anaonitant formation of phosphatidylcholine. 
of methylated phaspholipids appears to be closely associated with desensitization of the 
B -adrenergic receptors following prolcqed stimulation with isoproterenol. 
stimulatim of #tcs&olipaSe A2 cause inhibition and stimulation of th i s  desensitization 
process, respectively. 

FCm OF PHOGPHOLIPID MERMATICN I N  SI- TFANSDKTICN, Fusao Hirata, John F. 
 allm man, C. ~ennetx!rryt, Pierre Mallorga, Warren J. Strittmatter, and 

Phosphatidylcholine formed by 
?he synthesis and degradation 

Conversely, the degradation 

Inhibition and 
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126 RECEPTORS AND SIGNAL TRANSDUCTION I N  THE BACTERIAL MEMBRANE. 
Department of Biochemistry. Univers i ty  o f  Cal i forn ia ,  Berkeley. 94720 

The bacterium senses i t s  environment u t i l i z i n g  approximately 30 receptors located i n  i t s  
periplasmic space and inner membrane (1,2). Evidence for the periplasmic receptors has been 
obtained from behavioral studies, mutants, and i s o l a t i o n  of the p u r i f i e d  proteins. 
manner the galactose, r ibose and maltose receptors have been i d e n t i f i e d  and p u r i f i e d  (3.4,s).  
U n t i l  recent ly  the evidence for the inner membrane receptors has been e n t i r e l y  from behavioral 
studies. A technique has been developed for the measurement of binding t o  the inner membrane 
receptors (6). Wlth t h i s  method the aspartate and serine receptor binding propert ies i n  
iso la ted membranes have been correlated w i t h  t h e i r  behavioral propert ies i n  vivo. The re- 
ceptors are known t o  transmit t h e i r  signals t o  proteins which are m e t h y l a G d x  demethylated 
i n  the sensory process (7.8). Mutations i n  these proteins and p u r i f i c a t i o n  procedures have 
made i t  possible t o  i den t i f y  a transferase and an esterase which are involved i n  the methyla- 
t i o n  and are ac t i ve  i n  v i t r o  (9.10). Methylation occurs sequential ly over time and involves 
mu l t i p le  methylation of the sensory transduction prote ins (11). The e n t i r e  process can be 
explained i n  terms o f  a response regulator whfch i s  a l t e red  i n  leve l  i n  a t rans ient  manner. 
The level  of the signal i s  dependent on both induced conformt ional  changes and covalent 
modi f icat ion of the sensory processing proteins. 

1. Adler. J . .  Ann. Rev. Biochem. 44, 341 (1975). 
2. Koshland, Jr., D.E., Physiol. Rev. 59, 811 (1979). 
3. Hazelbauer. G.L., and Adler. J., Nature New B io l .  230, 101 (1971). 
4. Aksamit, R.. and Koshland, Jr. D.E., Biochemistry u. 4473 (1974). 
5. Hazelbauer. G.L., J. Bacteriol.  122, 206 (1975). 
6. Clarke, S., and Koshland, Jr., D.E., J. B io l .  Chem. 254. 9695 (1979). 
7. Springer, M.S., Goy, M.F., and Adler. J., Proc. Nat. Acad. Sci. USA 74. 3312 (1977). 
8. Si lvermn.  M., and Simon. M., Proc. Nat. Acad. Sci. USA 74, 3317 (1977). 
9. Springer, W.R., and Koshland, Jr.,  D.E., Proc. Nat. Acad. Sci. USA 74. 533 
10. Stock, J.B., and Koshland, Jr., D.E..Proc. Nat. Acad. Sci. USA 75, 3659 (1978). 
11. DeFranco, A.L., and Koshiand, Jr.,  D.E., Proc. Nat. Acad. Sci. USA ( I n  press). 

D.E. Koshland , Jr., 

In  t h i s  
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poly topic  (1) .  The polypept ide  cha in  of monotopic IMPS e x h i b i t s  a u n i l a t e r a l  topology, i . e . ,  
i t  possesses  hydroph i l i c  domain(s) exposed t o  the  hydroph i l i c  environment on only one s i d e  of 
t h e  membrane and a hydrophobic domain(s) which anchors the  polypept ide  t o  t h e  hydrophobic core  
of t h e  l i p i d  b i l a y e r .  
na tu re ,  conta in ing  two o r  mul t ip l e  hydroph i l i c  domains, r e spec t ive ly ,  exposed on oppos i te  s i d e s  
of t h e  membrane. 

ments of t he  polypept ide  chain.  
t i o n a l  t r ans loca t ion  of  hydroph i l i c  domains ac ross  membranes t h a t  f ace  t h e  protein-biosyn- 
t h e t i c  compartments (pro and euka ryo t i c  cytoplasm, ch lo rop la s t  stroma, mitochondria1 mat r ix) .  
This s i g n a l  sequence can be decoded only by a s p e c i f i c  t r ans loca to r .  The t r a n s l o c a t o r  may 
cons i s t  of o l igomer ic  IMPS. There are s e v e r a l  types of s i g n a l  sequences. Their corresponding 
t r a n s l o c a t o r s  are r e s t r i c t e d  i n  t h e i r  l o c a l i z a t i o n  t o  d i s t i n c t  c e l l u l a r  membranes. 
t r a n s f e r  sequence i n t e r r u p t s  t h e  process  of  cha in  t r ans loca t ion  t h a t  w a s  p rev ious ly  i n i t i a t e d  
by a s i g n a l  sequence, and, by excluding a d i s t i n c t  po r t ion  of t h e  polypept ide  cha in  from 
t r ans loca t ion ,  y i e l d s  asymmetric i n t e g r a t i o n  of p r o t e i n s  i n t o  a translocation-competent mem- 
brane.  An i n s e r t i o n  sequence causes se l f -d i r ec t ed  u n i l a t e r a l  i n t e g r a t i o n  of t h e  polypept ide  
cha in  i n t o  b u t  not across  the  l i p i d  b i l a y e r .  
mediation by a s p e c i f i c  i n s e r t i o n  appara tus  i n  the  membrane. 
Using these  d i s c r e t e  "topogenic" sequences one can formula te  a s e t  of r u l e s  f o r  problem in t e -  
g ra t ion  i n t o  membranes. 
p ro te in-b iosynthe t ic  compartment (o r  a topo log ica l  equiva len t  such as the  e x t e r i o r  f ace  of t h e  
ou te r  membrane of gram-negative b a c t e r i a )  only need an i n s e r t i o n  sequence. Monotopic IMPs of 
a l l  o the r  l oca t ions  need a s i g n a l  sequence t o  e f f e c t  t h e i r  complete t r ans loca t ion  and an in- 
s e r t i o n  sequence t o  e f f e c t  t h e i r  subsequent i n t e g r a t i o n .  Bi topic  IMPs need a s i g n a l  sequence 
and a s top - t r ans fe r  sequence. 
s i g n a l  sequences i n  combination wi th  one or more s top - t r ans fe r  sequence(s ) .  Those IMPS which 
need a s i g n a l  sequence for i n t e g r a t i o n  (which is most IMPs except f o r  t rans loca t ion- independent  
monotopic IMPS, see above) can be in t eg ra t ed  the re fo re  only - in to  translocation-competent mem- 
branes.  Translocation-incompetent membranes such as t h e  Golgi,  lysosomal and eukaryot ic  plasma 
membrane o r  t h e  prokaryot ic  ou te r  membrane have t o  r ece ive  t h e i r  translocation-dependent IMPs 
from translocation-competent donor membranes, such as the  rough endoplasmic re t icu lum OK t h e  
prokaryot ic  plasma membrane, r e spec t ive ly .  The ex i s t ence  of s p e c i f i c  "sor t ing"  sequences and 

MECHANISMS FOR TEE INTEGRATION OF PROTEINS INTO NEFBRANES. d n t e r  Blobel,  Department 
of C e l l  Biology, Rockefe l le r  Univers i ty ,  New York, NY 10021 

I n t e g r a l  membrane p ro te ins  (IMPS) can be  c l a s s i f i e d  i n t o  monotopic, b i t o p i c  and 

The polypept ide  cha in  of b i t o p i c  and poly topic  IMPs is b i l a t e r a l  i n  

The informat ion  f o r  t h e  asymmetric i n t e g r a t i o n  of IMPs is  proposed t o  r e s i d e  i n  d i s c r e t e  seg- 
Thus, a "signal" sequence i s  requi red  t o  i n i t i a t e  un id i rec-  

A StOp- 

U n i l a t e r a l  i n t e g r a t i o n  proceeds wi thout  t he  

Monotopic IMPS exposed on t h a t  s i d e  of  t h e  membrane t h a t  f a c e s  t h e  

Poly topic  IMPs need an i n t e r n a l  s i g n a l  sequence (2)  or mul t ip l e  

of pos s p  tuTate5. c i f  c p T ¶ ~ W % ~ ! L ~ ~ . ~ ~ K E  iYd,rKesq 25h~zs&y5 . y q ~ X  Fp,&$~c5~I?IIYW 
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protein A receptor (la&) i s  fused t o  the gene coding for 6-galactosidase ( l a d ) .  
strains produce a h y m  protein comprised of an NH2-terminal fragment of x x e p t o r  and a 
functional COOH-terminal portion of 6-galactosidase. 
identified based on the amount of x DNA present in the hybrid gene. 
that, provided a sufficient amount of x DNA present i n  the hybrid gene, the hybrid protein 
i s  exported t o  the outer membrane (1). 

A number of mutations have been isolated t h a t  prevent export of one of the larger hybrid 
proteins. 
accumulation of a x receptor precursor in the cy toplasmm.  DNA sequencing analysis of these 
nutations (in collaboration with J .  Hedgpeth, J.M. Clement and M. Hofnung) has revealed t h a t  
a l l  cause changes in the signal sequence o f  the a receptor. The location of these mutations 
within this sequence defines regions that are c r i t i ca l  for the correct cellular localization 
of A receptor. 
MET ILE THR LEU ARG LYS LEU PRO LEU ALA VAL ALA V f 

GENETIC STUDIES OF OUTER MEMBRANE BIOGENESIS IN ESHCERICHIA E, Thomas J. Silhavy 
and Scott 0. Emr, Frederick Cancer Research Center, P.O.  Box B,  Frederick, MD 21701. 

A series of strains have been isolated in which the gene coding for the outer membrane 
These 

Four classes of fusions have been 
O u r  results indicate 

When recombined into an otherwise wild-type l a d  gene, these nutations cause the 

"4" GLY VAL MET SER ALA GLN ALA MET ALA 
4 

ASP GLU GLU ARG 
A number of suppressor mutations have been isolated that allow export of the A receptor 

protein containing a mutant signal sequence. 
components that are involved in the export process. 
mutations maps in a gene coding for a ribosomal protein. 

class of smaller la&-lac2 fusions demonstrates that this signal i s  not .  by i t s e l f ,  sufficient. 
The amino acid s e F c 3  a small hybrid protein (in collaboration with M .  Hall, F.  Moreno, 
A.  Fowler, I .  Zabin and M. Schwartz) reveals that the entire signal sequence i s  present. 
Nevertheless, this hybrid protein remains in the cytoplasm. 
1. 

2 .  

Analysis of these mutants has revealed other 
For example, one class of suppressor 

While the above results demonstrate t h a t  importance of the signal sequence for export, a 

Silhavy. T.J., H.A. Shuman, J.R. Beckwith. and M. Schwartz. 1977. Proc. Nat. Acad. Sci. 

E m c  S.D. ,  M. Schwartz. and T.J. Silhavy. 
74 : 54 11- 5415 

1978. Proc. Nat. Acad. Sci. E:5802-5806. 
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Ml3 mat  protein is synthesized as a 5s soluble, precursor protein, t e m d  p-at. 
binds t o  the inner face of the cytoplasrdc mar33rane. 
poten t ia l ,  an acidic central region of the p-at cmses the bilayer and is cleaved 
by leader peptidase to yield mat protein and leader peptide. 
elucidated by in v i m  pulechase experiments, BIploying unmuplers t o  mntrol the mrane 
potential and proteolysis to nap the location of the procoat and m a t  proteins. 
are obtained i n  an in vitro reconstruction of these reactions. 

M13 FW3XAT ANLI TIE MWEPULNE lRIGw -IS, W i l l i a m  T. Wickner, Koreaki It0 
and Takayasu Date, Molecular Biology Insti tute,  University of California, Los Angeles, 
California 90024 

I t  then 
In the presence of an electrical 

'his pathway has been 

S M l a r  data 
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DEFICIENCY OF RECEPTOR-CYCLASE COUPLING PROTEIN I N  ALBRIGHT'S HEREDITARY OSTEODYSTRO- lU1 PHY, Henry R .  Bourne, Zvi Fa r fe l ,  Arnold Brickman', Harvey Kaslow and Virginia  
Brothers,  Departments of Medicine and Pharmacology & Cardiovascular Research I n s t i t u t e ,  Univ. 
of Ca l i fo rn ia ,  San Francisco, CA 94143 and ( * )  Department of Medicine, Univ. of Ca l i fo rn ia  
Los Angeles School of Medicine and Veterans Administration Hospi ta l ,  Sepulveda, Ca l i fo rn ia .  

i s m ,  Type I ]  exh ib i t  s k e l e t a l  abnormali t ies  and r e s i s t a n c e  t o  parathormone-induced s t imulat ion 
of phosphaturia and u r ina ry  cyc l i c  AMF (CAMP) excret ion.  
tial res i s t ance  t o  e f f e c t s  of o the r  hormones t h a t  work 3 CAMP, we inves t iga t ed  t h e  poss ib i l -  
i t y  t h a t  t h e  biochemical l e s ion  of AHOD a f f e c t s  t h e  guanine nucleot ide regulatory c mponent of 
adenylate  cyclase,  which funct ions as a Receptor-Cyclase Coupling Protein (RCCP) .1'9 RCCP i n  
human erythrocyte  membranes was assayed by: 1. Abi l i t y  of detergent  (Lubro1)-soluble membrane 
e x t r a c t s  t o  r e c o n s t i t u t e  isoproterenol-  and guanine nucleotide-stimulable adenylate  c y p a s e  
when mixed with gene t i ca l ly  RCCP-deficient membranes of cyc- S49 mouse lymphoma c e l l s .  
assay of RCCP a c t i v i t y  w a s  l i jqear with added e ry  
toxin-catalyzed t r a n s f e r  0 P-ADP-ribose f r o m  "P-RAD t o  a 42,000-dalton erythrocyte  membrane 
pept ide subuni t  of RCCP.2'' W e  assayed RCCP i n  erythrocyte  membranes of e igh t  normal sub jec t s .  
f i v e  p a t i e n t s  with s u r g i c a l  or i d iopa th i c  hypoparathyroidism, and twelve p a t i e n t s  with chemical 
evidence of AHOD (hypocalcemia, hyperphosphatemia, e levated serum parathormone and de f i c i en t  
phosphaturic and u r ina ry  CAMP responses t o  parathormone) Most AHOD p a t i e n t s  showed abnormal 
responses t o  o the r  hormones as wel l .  RCCP a c t i v i t y  and 32P-transfer i n  erythrocytes  of e igh t  
AHOD p a t i e n t s  ( f i v e  from one family,  two from another ,  one i s o l a t e d  case)  were indis t inguish-  
ab le  i n  amount from those of normal and hypoparathyroid sub jec t s .  I n  con t r a s t ,  erythrocytes  of 
four AHOD p a t i e n t s  (a  mother and daughter from one family,  plus  two i s o l a t e d  cases)showed a 40- 
55% decrease@ RCCP ( p < O . O O l ) ,  measured by both t h e  cyclase r econs t i t u t ion  assay and by incor-  
porat ion of Relat ive RCCP l e v e l s  were reproducible  
i n  ind iv idua l  AHOD and normal sub jec t s  on repeated blood drawing, and d id  not c o r r e l a t e  with 
degree of hypocalcemia or adminis t ra t ion of vitamin D. 
t a l  abnormali t ies  (brachydactyly,  sho r t  metacarpals) ,  while  those with normal RCCP did not.  
Families with AHOD exhibi ted RCCP a c t i v i t i e s  t h a t  were uniformly e i t h e r  high or low. 
t o  da t e  have not e s t ab l i shed  a q u a l i t a t i v e  d i f f e rence  between RCCP i n  AHOD and normal sub jec t s .  
We conclude t h a t  p a r t i a l  def ic iency of erythrocyte  RCCP is  a biochemical marker of AlIOD i n  a 
subset of individuals  and f ami l i e s  with t h e  disease,  and t h a t  RCCP def ic iency may explain t h e i r  
r e s i s t ance  t o  parathormone and o the r  hormones. 

Pa t i en t s  with Alb r igh t ' s  Heredi tary Osteodystrophy (AHOD) [also c a l l e d  Pseudohypoparathyroid- 

Because t h e s e  p a t i e n t s  o f t en  show par- 

The 
2. Measurement of cholera  rocyte  e x t r a c t .  

P from NAD i n t o  t h e  42,000-dalton pept ide.  

AHOD p a t i e n t s  with low RCCP had skele- 

Studies  

References: 1. G.L. Johnson etg., J. Biol .  Chem. =:7120, 1978; 2.  H.R .  Kaslow & &., 
Mol. Pharmacol. 15:472, 1979; 3. H . R .  K&ow etg. ,  J .  Biol .  Chem. 1980, i n  press .  

131 CHOLERA TOXIN ENTRY AND MECHANISM OF ACTION, D. Michael G i l l ,  Department of 
Molecular Biology and Microbiology, Tufts  University,  Boston, MA 02111. 

Cholera toxin,  and the  r e l a t ed  hea t - l ab i l e  enterotoxin of E. &, a c t i v a t e  adenylate  cyclase 
by a complex sequence of events.  
GM1 exposed on the c e l l  surface.  
by a process tha t  is  almost t o t a l l y  mysterious but may involve the  c rea t ion  of a channel. 
The A subuni t  must reach a t  l e a s t  as f a r  a s  t he  inner  su r face  of t he  plasma membrane f o r  It 
next  i n t e r a c t s  with i n t r a c e l l u l a r  molecules. 3) The A subuni t  is t h i o l  reduced and, i f  not 
a l ready,  p ro teo ly t l ca l ly  nicked, r e l eas ing  fragment A1 t h a t  is  an enzyme. 4) A 1  catalyzes  
t h e  ADP-ribosylation of a number of so lub le  and membrane-bound proteins .  The most readi ly-  
modified p ro te in  is the  42,000 MW GTP-binding regulatory subuni t  whose modification causes 
adenylate  cyclase a c t i v i t y  t o  increase.' 
and f o r  t he  elevated cyclase a c t i v i t y  t o  be apparent.  

1. G i l l ,  D.M. and R. Meren. Proc. N a t .  Acad. Sci. 75: 3050-3054 (1978). 
2.  Enomoto, K. and D.M. G i l l .  J. Biol. Chem. ( i n  p re s s ) .  

1 )  The toxin binds v i a  its f i v e  B subuni ts  t o  gangl ioside 
2) The a c t i v e  A subuni t  slowly t r ave r ses  the  plasma membrane 

Bound GTP is  required f o r  t he  modif icat ion t o  occur' 
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132 NERVE GROWTH FACTOR RECEPTORS ON Pciz CELLS: LIGAND INDUCED CONVERSION FROM LOW 
TO HIGH AFFINITY STATES, Er i c  M. Shooter and Gary E. Landreth, Dept. of Neuro- 
biology, Stanford Universi ty  Medical School, Stanford,  CA 94305 

A c lona l  l i n e  of pheochromocytoma c e l l s  (PC12) respond t o  nerve growth f a c t o r  (NGF) by under- 
going morphological and biochemical d i f f e r e n t i a t i o n  analogous t o  t h a t  of sympathetic neurons. 
The PC12 c e l l s  possess s p e c i f i c  c e l l  su r f ace  r ecep to r s  which bind NGF with two d i s t i n c t  
a f f i n i t i e s ,  measured both a t  s teady-state  and k i n e t i c a l l y .  
s teady-state  revealed a low capaci ty ,  high a f f i n i t y  component (Q- 10-11 M, 25,000 s i t e s / c e l l ) .  
as well  as a high capaci ty ,  low a f f i n i t y  component (Q = M, 500,000 s i t e s / c e l l ) .  
Kinetic measurements of both a s soc ia t ion  and d i s soc ia t ion  rates a l s o  demonstrated two d i s -  
t i n c t  binding a f f i n i t i e s .  The a s soc ia t ion  k i n e t i c s  a t  37" demonstrated t h a t  lZ5I-NGF 
i n i t i a l l y  bound t o  low a f f i n i t y  r ecep to r s ,  while  high a f f i n i t y  binding appeared only a f t e r  
a 30 sec delay.  The removal of lZ5I-NGF from the  incubation medium hal ted binding t o  the  
low a f f i n i t y  receptors ,  ye t  high a f f i n i t y  binding increased,  i nd ica t ing  conversion of t he  
NGF-receptor complex t o  a high a f f i n i t y  s t a t e .  The change i n  receptor  a f f i n i t y  was accomp- 
anied by the  t r a n s f e r  of t h e  NGF-receptor complex from a t ryps in - sens i t i ve  t o  a t rypsin-  
r e s i s t a n t  s t a t e .  We conclude t h a t  t he  binding of NGF t o  s p e c i f i c  c e l l  su r f ace  receptors  on 
PC12 c e l l s  causes t h e  conversion of a proportion of t he  low a f f i n i t y  r ecep to r s  t o  a high 
a f f i n i t y  s t a t e  accompanied by a concomitant pos i t i ona l  and/or conformational change i n  t h e  
NGF-receptor complex. 

Analysis of NGF binding a t  

133 BINDING A N D  SEQUESTRATION OF ( l25)I-@ NERVE GRWTH FACTDR TO EMBWYONIC SYMPATHETIC 
NERVE CELLS, Robert  W .  Stach  and Edward J. Olender, SUNY-Upstate M e d i c a l  Center,  
Syracuse,  New York 13210 

C e l l  d i s soc ia t e s  of embryonic day 11 

t o  bind t o  sympathetic nerve c e l l s  i n  
ious concentrat ions of (125)I-a nerve 

binding is character izad by two binding s i t e s .  
l ibr lum d i s soc ia t ion  constant  (KdI) of 1.1. x 10- $la The lower a f f i n i t y  ( type  11) slte has an 
equi l ibr ium d i s soc ia t ion  constant  (KdII) of 5 x 10- M. These binding cons t rn t a  a r e  essen- 
t i a l l y  the  same as those found on sensory nerve c e l l s 7 S u t t e r ,  e t  al., 1979, J. Biol.  Chem. 
*, 5972 and Olender, e t  a l . ,  submitted t o  J. Neurochem.). 
a r e  incubated with (125)I-tNGF (10 ng/ml) f o r  var ious times, then i n c u b t e d  wlth e i t h e r  an 
excess of PNCF o r  a t ryps in  so lu t ion ,  a c e r t a i n  amount of t h e  s p e c i f i c a l l y  bound (l25)I-PCF 
can not  be removed. 
milieu.  
experiment, app rox imte ly  50% of the s p e c i f i c a l l y  bound (l25)I-WGF can be sequestered i n  one 
hour. The type I Sites appear to be t he  ones that a r e  involved i n  t h i s  sequestrat ion.  Since 
a t  low concentrat ions of (125)I-eNGF. a hlgher  percentage of ligand is sequestered than a t  
higher  concentrat ions.  Seques tmt ion  is a n  energy dependent process.  
bol ic  i n h i b i t o m  el iminate  t h e  sequestrat ion.  
(125)I-eNGF t o  sympathetic nerve c e l l s  under these  COnditiOnS. 
This  work was supported by N I H  p a n t  number NS12325. 

T B  higher  a f f i n i t y ,  type I ,  site has an qUi- 

When E l l  sympathetic nerve c e l l s  

The (125)I-@NGF is sequestered - i t  is i naccess ib l e  t o  t h e  external 
The amount of (125)I-FGF sequestered is time dependent. Under t he  condi t ions of t he  

I n c u b t i o n  wlth meta- 
However, there ls no e f f e c t  on t he  binding of 

1% INTERACTION OF lZ5I-NGF WITH CULTURED RAT SYMPATHETIC NEURONS, Edward Hawrot, Robert 
B. Campenotf, Phi l ippa Claude':?, and Paul H. Pat terson,  Harvard Medical School, Boston 
I4A 02115, k o r n e l l  Universi ty ,  I thaca N Y  14850, t t u n i v e r s i t y  o f  Wisconsin, Madison WI 
53706 

Nerve Growth Factor (NGF) is  important f o r  t h e  su rv iva l  and maintenance of sympathetic neurons 
i n  vivo and i n  cu l tu re .  
neurons, t h e  binding and uptake o f  IZ51-NGF was s tud ied  i n  low-density cu l tu re s  of d i s soc ia t ed  
neurons obtained from neonatal  rat supe r io r  ce rv ica l  gangl ia .  
neurons are t h e  only c e l l  type present ,  t h e  major port ion o f  t he  c e l l ' s  plasma membrane is i n  
axonal processes .  Binding s tud ie s  performed at  25' on l iv ing  neurons a f t e r  3-4 weeks i n  cu l -  
t u r e  indicated a high a f f i n i t y  binding s i t e  with an apparent b o f  ~ 6 x l O - ~ M  with %lo7 binding 
s i t e s  per  neuron. Autoradiographic s tud ie s  show t h a t  t he  membrane binding s i t e s  a r e  d i s t r i - '  
buted both over t h e  axons and the  c e l l  body. 
a t  25" (t$ 
axons a r e  located in separate  compartments, i t  i s  poss ib l e  t o  show t h a t  a t  36', IZ5I-NGF i s  
in t e rna l i zed  and retrogradely t ransported from t h e  axons t o  t h e  c e l l  bodies.  The retrograde 
t r anspor t  process appears t o  be sa tu ra t ed  a t  Q4xlO-gM, a concentrat ion t h a t  is a l s o  t h e  satur- 
a t i n g  dose f o r  neuronal su rv iva l .  Autoradiographic ana lys i s  of t h e  subce l lu l a r  d i s t r i b u t i o n  of 
1251-NGF a f t e r  re t rograde t r anspor t  f a i l s  t o  show any l o c a l i z a t i o n  t o  the  nucleus a t  a time 
maximal f o r  c e l l u l a r  accumulation. 

In order  to cha rac t e r i ze  t h e  in t e rac t ion  of NGF with sympathetic 

I n  such cu l tu re s  where t h e  

Upon d i l u t i o n ,  bound "'1-NGF d i s s o c i a t e s  slowly 
5 h r s . ) .  Using a 3-chamber cu l tu re  system where t h e  neuronal c e l l  bodies and t h e i r  

Supported by the Helen Hay Whitney Foundation, MDA, NSF, and the  NINCDS. 
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135 MODULATION OF EPIDERMAL GROWTH FACTOR (EGF) AN0 NERVE GROWTH FACTOR (NGF) INDUCED 

PROMOTER TETRAOECANOYL PHORBOL ACETATE (TPA), Charles E. Chandler and Harvey R. Herschman, 
U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Angeles, CA 90024 

NGF has p rev ious l y  been shown t o  inc rease the  adhesion o f  PC-12 c e l l s  t o  c e l l  c u l t u r e  
dishes. 
dose response curve  f o r  EGF i s  b e l l  shaped i n  con t ras t  t o  the  more c l a s s i c a l  dose response 
curve  ob ta ined w i t h  NGF. 
hesion i s  o f  t he  same magnitude as t h a t  induced by NGF. 
i s  n o t  s u f f i c i e n t  t o  cause n e u r i t e  format ion.  

a l t e r  t he  NGF-induced adhesion o f  these c e l l s .  
bu t  does no t  a l t e r  maximal EGF b ind ing  a t  sa tu ra t i ng  concent ra t ions  o f  growth f a c t o r .  
b ind ing  i s  no t  a f f e c t e d  by TPA. 

c u l t u r e  systems. 
c h i c k  embryonfc gang l fa  c e l l s  In c u l t u r e  have been repo r ted  t o  be delayed by TPA. 
Induced n e u r i t e  fo rmat ion  by PC-12 c e l l s ,  however, i s  unaf fec ted  by  TPA. 

caused by NGF as seen by scanning e lec t ron  microscopy. 
response t o  bo th  EGF and NGF a re  blocked i n  bo th  cases by TPA. 

ADHESION AND GROWTH FACTOR BINOING OF PC-12 PHEOCHROMOCYTOMA CELLS BY THE TUMOR 

We now r e p o r t  t h a t  EGF i s  a l s o  ab le  t o  e l i c i t  increased adhesion o f  PC-12 c e l l s .  The 

EGF does no t  cause n e u r i t e  outgrowth a l though the  inc rease i n  ad- 
Thus, an inc rease i n  c e l l  adhesion 

TPA i s  ab le  t o  b lock  the  EGF induced adhesion o f  PC-12 c e l l s .  TPA does no t ,  however, 

NGF 

TPA i s  ab le  t o  a l t e r  t he  expresston o f  phenotypic c h a r a c t e r i s t i c s  i n  a number o f  c e l l  

TPA s h i f t s  t he  EGF b ind ing  curve  t o  the  r i g h t  

Process outgrowth of serum-deprived neurobfastoma c e l l s  and NGF exposed 
NGF 

TPA i s  ab le  t o  b lock  the  decrease i n  sho r t  m i c r o v i l l i  caused by EGF bu t  n o t  t he  decrease 
Long m i c r o v i l l i  which a re  formed i n  

1% 
Washington University School of Medicine, St. Louis, MO 63110. 

from the male mouse submaxillary gland. 
found in another androgen-sensitive tissue, the guinea pig prostate (1,Z). 
analysis indicates that the molecules from these two sources are structurally related 
and, like the protein isolated from the mouse submaxillary gland, guinea pig NGF migrates 
as a high molecular weight entity (~100,000) on gel filtration chromatography at neutral 
pH. The possible exocrine function of these NGF molecules is unknown but presumably 
differs from their action on responsive neurons which is initially mediated by complex 
formation with a specific cell surface receptor that has been determined to be a mini- 
mally hydrophobic, asymmetric, intrinsic membrane protein with a calculated molecular 
weight of 135,000. While the two forms of NGF may be useful in further studies involving 
interaction with these receptors and those that occur within the cell. they have been of 
particular value in elucidating features of the biosynthesis of NGF, as it relates to the 
physiological production and transport of the hormone to target neurons, an aspect of NGF 
that has remained especially obscure. 

1. 
2. C.A. Chapman, et&., FEBS Letters 105, 341-344 (1979). 

STRUCTURE AND FUNCTION OF NERVE GROWTH FACTOR FROM GUINEA PIG PROSTATE AND MOUSE 
SUBMAXILLARY GLAND, Jeffrey S. Rubin, Nicholas V. Costrini and Ralph A. Bradshaw. 

Most studies performed with nerve growth factor (NGF) have utilized material obtained 
Recently a high concentration of NGF has been 

Preliminary 

Supported by NIH research grant NS10224. 

G.P. Harper, et&., Nature 279, 160-162 (1979). 

137' SHORT-LRTENCY EFFECTS OF NGF DEPRIVATION AND ADMINISTRATION ON GANGLIONIC CELLS, 
Silvio Varon and Stephen D. Skaper, University of California, San Diego, La Jolla, CA 
92093 

Nerve Growth Factor (NGF) is  likely to exert its trophic action on dorsal root ganglion (DRG) 
and on sympathetic ganglion neurons by controlling a crucial function of these cells. Such a 
function would in turn regulate other cellular machineries and ultimately lead to traditional 
NGF consequences such as survival and neuritic growth. Thus, the key to NGF action must lie 
in short-latency events occurring within minutes of NGF administration. 
sociates have proved to be an effective experimental system to invekigate short-latency re- 
sponses to NGF, in that: i) measurable functional deficits develop with 6 hr of NGF depriva- 
tion and ii) delayed presentation of NGF promptly and fully restores the defective function. 
From the first deficit observed in this system, a decline in RNA labeling capability, we were 
led to the recognition that NGF controls the transports of selected exogenous substrates, all 
of which @re Na gradient-dependent, and that NGF does so by regulating the neuronal ability to 
control its intracellular Na+. Under NGF deprivation, the cells accumulate Nil+ to levels that 
reflect, and presumably equate, the extracellular Na' concentrations. On delayed NGF adminis- 
tration, the accumulated Na+ is actively extruded to an extent and at a speed that depend on 
the NGF concentration. 
other proteins tested. 
when they also display a requirement for exogenous NGF in culture. 
lation by NGF of Ha+ extrusion mechanisms is likely to occupy an early and fundamental place 
in the sequence of events underlying the mode of action of this factor. 

Chick embryo DRG dis- 

The "Na+ response" is elicited by both Beta and 7s NGF, but not by 
All ganglionic systems tested thus far have displayed the Na+ response 

We believe that the regu- 
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Measurement of Membrane Potential and Energy Coupling 

138 
The mecl~aiiisin of serotOllin t ra l lsport  by p l a t e l e t s  has been s tudied i n  i so l a t ed  plasma 
mcinbrane ves i c l e s .  
membrane and probably involves t h e  coupled movement of one Na+, one I;+, one C 1 -  and one 
molccule of serotonin f o r  each c a t a l y t i c  cycle.  
has been s tudied as a measure of t he  binding s t e p  during t r anspor t .  
a r e  responsible  for dr iv ing  serotonin accumulation a r e  not  rcquired f o r  imipramine binding, 
i nd ica t ing  t h a t  t h e  binding step i s  independent of t h e  energy-dependent s t e p s  i n  t ransport .  
The presence of ]la+ i n  the  ex te rna l  medium, however, i s  required f o r  imipramine binding, 
although C l -  i s  not e s s e n t i a l .  Serotonin,  t h e  normal subs t r a t e ,  compet i t ively d i sp laces  bound 
irniprnmine i n  a maiiner r~h ich  suggests  t h a t  both a r e  bound a t  t h e  same s i t e ,  but only serotonin 
i s  t rnns l~or t ed .  
membranes. Some detergents  i n a c t i v a t e  imipramine binding a c t i v i t y  r eve r s ib ly ,  o the r s  
i nac t iva t e  i r r e v e r s i b l y ,  and some do not i nac t iva t e .  
i n a c t i v a t e  t h e  t r anspor t e r .  on ly  digi toi i in  s o l u b i l i z e s  binding a c t i v i t y .  
t r anspor t e r  so lub i l i zud  i n  d ig i ton in  r e t a i n s  imipramine binding c h a r a c t e r i s t i c s  of i n t a c t  
p l a t e l e t  plasma leernbranes. 
The KD f o r  imipramine binding, however, increases  from about 10 nPl i n  i n t a c t  plasma membranes 
t o  approximately 150 ntl i n  d ig i ton in  so lu t ion .  

CNARACTERIZATIOII OF THE SEROTOWII4 TRNISPORTER OF PLATELET PLASMA MEMBRANE. 
Gary Rudliick a i d  Jane Talvenlieiim, Yale Universi ty ,  New Haven, CT 06510 

Serotonin t r anspor t  i s  coupled t o  gradients  of Na', K+ and C1-  across  the  

Binding of the  s p e c i f i c  i n h i b i t o r  imipramine 
The ion g rad ien t s  which 

Iiilipramine binding has a l s o  been s tudied i n  detergent-disrupted plasma 

Of t h e  detergents  s tudied which do not 
Serotonin 

Binding r equ i r e s  Na+ and is  completely displaced by serotonin.  

139 
When a ca t ion : so lu t e  coupling stoichiometry is measured fo r  gradient-coupled t r anspor t  sys- 
tems i t  is necessary to  take the  d i f f e rence  between un id i r ec t iona l  ca t ion  f luxes  measured in 
t he  presence and absence (basal)  of t he  s o l u t e  of i n t e r e s t .  
high percentage of t h e  t o t a l  f l u x  so t h a t  small  changes i n  e i t h e r  value can markedly change 
the calculated coupling r a t i o .  Furthermore. it has not been recognized t h a t  an  ion-coupled 
s o l u t e  f lux  may i t s e l f  d i s t u r b  the  membrane p o t e n t i a l  with consequent adjustmefits i n  the  flow 
of ion by other  rou te s  ( i .e . ,  basa l  ca t ion  f lux ) .  
these instances only when appropriate  co r rec t ions  f o r  t h e  change i n  basa l  ca t ion  en t ry  a r e  
made. Alternat ively,  accurate  values  can be determined under condi t ions i n  which the  mem- 
brane po ten t i a l  is experimentally clamped a t  a f ixed  value r ega rd le s s  of t h e  presence o r  
absence of t ransported so lu t e .  We have found t h a t  conventional procedures appl ied t o  i so l a -  
ted i n t e s t i n a l  e p i t h e l i a l  c e l l s  provide a Na:sugar coupling r a t i o  of 1:l. I f  c e l l s  i n  which 
t h e  membrane po ten t i a l  is held near zero a r e  employed, the measured coupling r a t i o  is 2:l .  
This is cons i s t en t  with t h e  f a c t  t h a t  basa l  Na+ en t ry  i n  these  c e l l s  is a potential-dependent 
event which can change up t o  30% when valinomycin-induced K+ d i f f u s i o n  po ten t i a l s  are imposed. 
A 2 : l  coupling stoichiometry means t h a t  t h e o r e t i c a l  sugar g rad ien t s  as high a s  400 fold canbe 
achieved by these c e l l s  using only energy derived from t h e  trans-membrane electrochemical 
po ten t i a l  fo r  Na+. In  con t r a s t  t he  commonly accepted 1:l coupling r a t i o  would support  theor- 
e t i c a l  sugar g rad ien t s  somewhat l e s s  than the  70 fo ld  g rad ien t s  a c t u a l l y  observed f o r  t hese  
c e l l s .  Supported by N I H  Grant #AM-15365 and Dept. of Energy, assigned Rept. VUR-3490- 1775. 

INTESTINAL Na:SUGAR TRANSPORT COUPLING STOICHIOHETRY, George A. Kimmich and Joan 
Randles, Universi ty  of Rochester, Rochester, NY 14642 

Typical ly  basa l  ca t ion  f l u x  is a 

An accura t e  r a t i o  can be determined i n  

140 TRANSMEMBRANE ELECTRICAL GRADIENTS AND %b+ UPTAKE BY GUINEA PIG ALVEOLAR W R O -  
PUGES. Andri j  Holian and Ronald P. Daniele.  Universi ty  of Pennsylvania, Phi la-  
delphia ,  PA 15104 

The transmembrane e l  c t r i c a l  p o t e n t i a l  (E) of t h e  a lveo la r  macrophage (AM@) w a s  determined 
from t h e  uptake of (k)- t r iphenylmethyl  phosphonium (lX"+). A t  25°C i n  liauks' balanced 
s a l t  so lu t ion  (HBSS), t h e  E. which rep resen t s  an upper l i m i t .  is -27 mV and is i n  agreement 
with r epor t s  of o the r  phagocytic cells. The d i s t r i b u t i o n  of TPk& was a l s o  measured for 
nn8 SuoDended i n  EBSS i n  which t h e  e x t r a c e l l u l a r  [K+] was 75 mM (equimolar Kt for Na+). The 
rate of'TPMP+ uptake was slower and gave a lower va lue  of E, -6.5 mV. 
vslinomycin 622.5 N) d i d  no t  a f f e c t  t h e  rate of TPKP+ uptake or t h e  f i n a l  value of E. Equi- 
l ibr ium of 8 Rb+ ac ross  AH0 membranes was reached in one hour. It was  completely inh ib i t ed  
(> 90%) by ouabain. 
that (a) i t  is f e a s i b l e  to measure E i n  AM6 wi th  l i p o p h i l i c  ions (TPMP'); (b) E and @ per- 
meab i l i t i e s  are unaffected by valinomycin; (c) t h e  K? d i s t r i b u t i o n  is mediated mostly by t h e  
sodium-potassium ATPase. 

The add i t ion  of 

Val lnmycin a l s o  d id  no t  a f f e c t  %b+ uptake. These studies i n d i c a t e  

(Supported by NIH g r a n t s  07083-14, 1KO4-m-00210 and m-15061.) 
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141 
The major obstacle to be overcome in obtaining direct electrical measurements on intact 
energy-conserving cells or organelles is the finite leak at the point of insertion (damage) of 
the microelectrode. 
trode both tend to mitigate this leak. By combining a technique for growing giant Escherichia - coli (spheres, 2-6 pm diameter). in mecillinam, with a technique for lipophilically coating 
electrode shanks, with paraffin 
tials up to (-)170 mV (cell interior negative) in E. coli under standard conditions. And from 
the systematic relationship between apparent surface resistance and cell diameter, we have 
been able to calculate both the membrane resistivity and the leakage resistance around the 
microelectrode. 

bathing solution, leakage resistances yaried from 3 to 60 Gobs. 
tivities, ranging from 2 to 3 Kohms-cm , were insensitive to the electrode properties. 
rected membrane potentials were also insensitive to the electrode properties, but varied with 
cell size, averaging -170 mV in cells under 3 pm diam. and -120 mV in cells 4-5 pm diam. KCN 
or NaN 
Cyanid2, however, caused a 50% increase of membrane resistivity, while aeide caused a 50% 
decrease of resistivity. 
transport, while the azide effect also reflects increased membrane conductance associated with 
uncoup ler act ion. 

ELECTRICAL PROPERTIES OF GIANT ESCHERICHIA COLI, C.L. S l a m  and H. Felle, Yale Medi- 
cal School, New Haven, CT 06510 and University of Tiibingen, D7400 TUbingen. G.F.R. 

Increase of cell size (membrane area) and of lipophilicity of the elec- 

phospholipid, we have been able to measure membrane poten- 

Depending on the exact method of electrode coating. and upon the ionic strength of the 
Calculated membrane resis- 

Cor- 

(1 mM) depolarized the cells rapidly, taking the membrane potential to about -40 mV. 

Presumably, the cyanide effect reflects shut-down of respiratory 

142 MEASURING MEMBRANE POTENTIAL OF WHITE ADIPOCYTES AND HUMAN ERYTHROCYTES BY TRIPHENYL- 
METHYLPHOSPHONIUM+ ACCUMULATION. 
Babatunde Osotimehin and Mart in  Sonenberg, Memorial Sloan-Kettering Cancer Center, 
New York, NY 10021 

Kang Cheng. Howard C. Haspel, Mary Lou Vallano, 

mV and -58.3 - 5.0 mV respectively. 
po r t  i nh ib i t o rs .  and respi ra tory  i n h i b i t o r s  were determined from TPMP+-uptake. For RBC. 
TPMP+-uptake responded rap id l y  (<1 min) t o  perturbations of v.  Gramicidin-D (1 lg /ml) ,  as 
expected, hyperpolarized the RWA (20 mV). 
t heo re t i ca l l y  v a l i d  method for  measuring changing and steady s ta te  q ' s  of RBC. Furthermore, 
for RWA, i t  was concluded tha t  TPMP+-uptake monitors a composite $ which r e f l e c t s  the t o t a l  
electrochemical potent ia l  o f  the c e l l .  

The $-response of RBC and RWA t o  ionophores. ion-trans- 

It was concluded t h a t  TPMP+-uptake i s  a 

143 THE PROTON GRADIENT IN GROWING STREPTOCOCCUS LACTIS CELLS, Eva R. 
Kashket, William C. Metzger and Alaina Blanchard, Boston University 
School of Medicine, Boston, MA 02118 

The aerotolerant anaerobe Streptococcus lactis offers the Opportunity of 
determining in dividing cells the electrochemical gradient of hydrogen ions, 
which gives rise to the protonmotive force, Ap. The two components of Ap (A$. 
the membrane potential and dpH, the chemical gradient of H+) were determined 
by the accumulation of tetra henylphosphonium (TPP') and benzoate ions. The 
~q was calibrated with the Kp diffusion potential in starved, valinomycin- 
treated cells. With resting, glycolyzing cells the ~p was also checke by the 
accumulation of the non-metabolizable sugar thiomethyl-6-galactoside. 'E-TPP+ 
and 14C-benzoate were added at mid-exponential phase to 2. lactis growing at 
2 8 O  in two different media with glucose or galactose as energy source. As with 
resting cells, the ApH decreased as the medium pH increased. The A* was 
relatively constant at 8 5  mV at pH 5 and 90 mV at pH 7 .  The Ap thus decreased 
from 145 mV at pH 5 (ApH accounting for 60 mV) to 115 mV at pH 6.8 (APH equi- 
valent to 20 mv). The growth rate had no effect on ~ p .  These dp values are 
acceptable in the light of the current ideas on the stoichiometry of the H+- 
translocating ATFase. They are also similar to those of resting, glycolyzing 
cells incubated at similar pH's and K+ concentrations, suggesting that these 
are the two principal determinants of the Ap in growing streptococci. 
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144 ELECTRICAL MEASUREMENTS OF MEMBRANE TRANSPORT I N  A NEW METHOD OF 
RECONSTITUTION: A STUDY OF BACTERIORHODOPSIN. Juan I. Korenbrot and 

San-Bao Hwang. Dept. of Physiology, Univ. of C a l i f o r n i a  San Francisco.  
W e  have assembled p l a n a r  membranes s e p a r a t i n g  two large aqueous compartments 

c o n s i s t i n g  of a s i n l e  l a y e r  of pu rp le  membrane fragments and l i p i d .  Membranes 
were assembled by t r a n s f e r r i n g  a l i p i d  monolayer con ta in ing  non-overlapped, 
o r i e n t e d  s i n g l e  s h e e t  fragments of purp le  membrane from t h e  air-water  i n t e r f a c e  
onto a t h i n ,  hydroph i l i c ,  e l e c t r i c a l l y  conduct ive support  c a s t e d  from n i t r o -  
c e l l u l o s e .  The pu rp le  membrane-lipid f i l m  on t h e  suppor t  was then  t r a n s f e r r e d  
through a second i n t e r f a c e  f i l m  c o n s i s t i n g  on ly  9f ph spho l ip ids .  The r e s u l t i n q  
membrane e x h i b i t s  an e l e c t r i c a l  r e s i s t a n c e  of 10 - log ncm2 and is s t a b l e  f o r  
s e v e r a l  hours.  I l l u m i n a t i o n  of t h e  membrane produces pho tocur ren t s  and photo- 
vo l t ages  whose a c t i o n  s p e c t r a  match t h e  abso rp t ion  spectrum of  bacteriorhodop. 
Simultaneous measurements of PH r e v e a l  t h a t  t h e  pho tocur ren t  is c a r r i e d  only 
by protons.  The peak amplitude of t h e  photocurrent  is p ropor t iona l  t o  membrane 
area.  I t  is a l s o  l i n e a r l y  p r o p o r t i o n a l  t o  t h e  log of t h e  s t imu lus  l i q h t  energy 
The r a t e  of  rise of t h e  pho tocur ren t  is a l s o  p r o p o r t i o n a l  t o  l i g h t  energy. The 
photovoltage fo l lows  t h e  photocurrent  i n  amplitude and k i n e t i c s  a s  expected of 
a simple RC network. Preceeding t h e  p ro ton  pho tocur ren t ,  t r a n s i e n t  photovolhr- 

ges  a r e  d e t e c t e d  which e x h i b i t  no d e t e c t a b l e  l a t e n c y  and reach peak i n  1 O O r s .  
These peobably a r i s e  from in t r amolecu la r  charge displacements .  

Outer Membrane Components 

145 CO-REGULATION OF A NOVEL TRANSPORT SYSTEM WR SJ!I-GLYCEROL-PHOSPTE AND 
THE OUTER PIEMBRAKE PROTEIN Ic (e) OF ESCHERICHIA E, Winfried Boos and 

Manfred Argast, Fakultat fiir Biologie, Universitat Konstanz, D-7750 Konstanz 
Rutants derepressed for the novel outer membrane proteins Ic or protein e con- 
tain a recently discovered binding protein f o r  an-glycerol-3-phosphate. In 
addition, strains that were previously isolated as mutants derepreased for the 
en-glycerol-3-phosphate transport system and carrying novel periplasmic pro- 
teins G P I - 4  synthesize also a new outer membrane protein with the same electro- 
phoretic mobility on SDS-polyacrylamide gels as protein Ic. A screen of dif- 
ferent derepressed G3P' strains reveal the existence of three types in respect 
to the four novel periplasmic proteins GPI, 2, 3 and 4: i) containing all four; 
ii) containing only G P I ,  2 and 3; iii) containing only GPI, 2 and 4. In con- 
firmation of the observations by Lugtenberg we found that purified GPI is iden- 
tical to alkaline phosphatase, while purified GP3 has binding activity for in- 
organic phosphate and is identical to the phosphate-binding protein. noreover, 
growth conditions that lead in a wild-type strain to the derepression of alka- 
line phosphate synthesis, also derepress the synthesis of the sn-glycerol-3- 
phosphate binding protein as well as the corresponding transport system. Thus, 
the new an-glycerol-3-phosphate transport system is part of the alkaline phos- 
phatase regulatory System. 

1 4  
and Immunology, University of California, Berkeley, Calif. 94720 
Some outer membrane proteins form transmembrane channels for the diffusion of nutrients and 
waste products. 
through these channels are measured by the rates of swelling of liposomes containing the 
purified channel-forming protein (Luckey and Nikaido, Proc.Nat.Acad.Sci.U.S.A., i n  press). 
Using this method, we measured diffusion rates of various solutes through channels formed by 
porin la (synonym: Ia), as well as by the protein (synonym: lambda receptor protein). 
The following results were obtained. (a) The 
specificity so that some disaccharides diffused at less than 3% of the rate of maltose, and 
some trisaccharides at less than 1% of the rate of maltotriose. In contrast, the porin 
channel4 showed little configurational specificity, and allowed the diffusion of the sugars 
of the same size class at more or less uniform rates. (b) The diffusion through porin 
channels was strongly influenced by solute size, so that disaccharides on average diffused 
at a rate 30-40 fold slower than hexoses. In contrast, the rates of diffusion (on weight 
basis) of maltose and maltotriose through channel was similar to the diffusion rate of 
glucose. These results clearly show that the channel is configurationally specific 
for sugars of maltose series, whereas such specificity is not found in porin channels. 

SPECIFIC AND NON-SPECIFIC DIFFUSION CHANNELS IN THE OUTER MEMBRANE OF ESCHERICHIA 
B, Hiroshi Nikaido, Mary Luckey. and Emiko Y. Rosenberg, Dept. of Microbiology 

Recently we devised a method whereby the rates of diffusion of solutes 

channels showed significant configurational 
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147 INCREASED BINDING OF 1-AZIDOPYRENE TO ESCHERICHIA a CELLS WITH LOW MEMBRANE 
POTENTIAL, Marcia K. Wolf and Jordan Konisky, Un ive r s i ty  of I l l i n o i s ,  Urbana, IL61801 

Upon pho to lys i s  of cel ls  i n  t h e  presence of [ HI -I-azidopyrene, 
1-Azidopyrene has been used t o  probe t h e  i n t e r a c t i o n  of  small  hydropho9ic molecules wi th  
Escher ich ia  a cells. 
some of t h e  probe molecules become i r r e v e r s i b l y  assoc ia ted  wi th  t h e  c e l l s .  
c e l l s  under energy stress from s t a r v a t i o n ,  CCCP,KCN, or c o l i c i n  I a  bind up t o  f i v e  t i m e s  more 
1-azidopyrene than  energized cells. I f  s ta rved  c e l l s  are exposed t o  1-azidopyrene but re- 
energized p r i o r  t o  pho to lys i s ,  t h e  cells  r e t a i n  low l e v e l s  of I-azidopyrene c h a r a c t e r i s t i c  
of energized cells .  Using an  UncA mutant energized by e i t h e r  D-lactate o r  glucose,  it is 
apparent t h a t  low probe binding r e s u l t s  from t h e  energy der ived  from t h e  genera t ion  of a 
membrane p o t e n t i a l  and not  from ATP per E. 
t o  hydrophobic molecules these  r e s u l t s  suggest t h a t  changes in t h e  inner  membrane A’+ in- 
f luence  ou te r  membrane func t ion .  The observa t ion  of r e v e r s i b l e  binding shows t h a t  t he  phe- 
nomenon is not simply a change in ou te r  membrane permeabi l i ty  because such an  explana t ion  
cannot account f o r  how t h e  probe i s  expel led .  

It is  shown that 

Since the  outer  membrane is l a r g e l y  impermeable 

14  PURIFICATION AND PROPERTIES OF THE F FACTOR OUTER MEMBRANE SURFACE EXCLUSION PROTEIN, 
Edwin G. Minkley, Jr., Carnegie-Mellon Univers i ty ,  P i t t sbu rgh ,  PA 15213 

Conjugative plasmids can encode p ro te ins  which render  c e l l s  conta in ing  them poor 
This  phenomenon is c a l l e d  su r face  exc lus ion  and i n  the  c l a s s i c  r e c i p i e n t s  i n  conjugation. 

- -  E. c o l i  sex  f a c t o r  F is sepa ra t e ly  mediated by the  products  of two genes,  traS and s. 
ou te r  qembrane of a n  F’ donor cell .  
wi th  the  under ly ing  peptidoglycan l a y e r  of t he  c e l l .  
t i o n  by the  de te rgent  sodium dodecy l su l f a t e  a t  70° (but no t  a t  looo) and is r e s i s t a n t  t o  many 
p r o t e o l y t i c  enzynes. Using a mutant s t r a i n  of 3. 
matr ix  (por in)  p ro te in ,  we have obtained e l e c t r o n  micrographs of nega t ive ly  s t a ined  prepara- 
t i o n s  of t h e  p ro te in ,  i n  a s soc ia t ion  wi th  the  peptidoglycan. 

Using these  unusual p r o p e r t i e s  of t he  traT su r face  exc lus ion  p r o t e i n  and a A p m  
t ransducing  phage ( i so l a t ed  i n  the  l abora to ry  of N e i l  Willetts of t he  Univ. of Edinburgh), we 
have developed a r ap id  and e f f i c i e n t  p u r i f i c a t i o n  procedure f o r  t he  p ro te in ,  and have de te r -  
mined i t s  amino ac id  composition. 
mutants.  

t o  g ive  tremendous over-production of t he  traT p r o t e i n  from the  A PL promoter. 
published r epor t s ,  w e  have found t h a t  t h e  traT p r o t e i n  is f i r s t  synthes ized  i n  a h igher  
molecular weight precursor  form. 
q u a n t i t i e s  of t h i s  precursor .  

The product of traT is  a 25 kd p r o t e i n  normally p re sen t  i n  10,000 copies  in t he  
The p r o t e i n  is in t i g h t  (but non-covalent) a s soc ia t ion  

I n  such a s t a t e  i t  resists so lub i l i za -  

which l acks  the  major ou te r  membrane 

We have a l s o  pu r i f i ed  the p r o t e i n  from F s missense 
Severa l  models f o r  t h e  mechanism of su r face  exc lus ion  by s are now being t e s t ed .  
We have a l s o  cons t ruc ted  a chimeric plasmid, pHUBZ-. which can  be heat-induced 

Contrary t o  

Cel ls  conta in ing  p H U B Z a  can  be induced t o  provide  l a r g e  

149 REGULATION OF BIOSYNTHESIS OF MAJOR OUTER MEMBRANE PROTEINS l a  and l b  IN  ESCHERICHIA 
COLI K-12, Michael N. H a l l  and Thomas Si lhavy,  Dept. o f  M ic rob io loav  and Molecu la r  

Genetics, Harvard Medical School, Boston, Mass. 02115, Freder ick  Cancer Research Center, P.O. 
Box B, Freder ick,  MD 21701. 

ou ter  membrane p ro te ins  l a  and I b  have been i so la ted .  
th ree  l o c i  known t o  con t ro l  p r o t e i n  1 expression: %F ( l a ) ,  omnC ( l b ) ,  and @ ( l a  and Ib ) .  
Bacteriophaqe Mu i n s e r t i o n s  a t  om C and omoF were used t o  cons t ruc t  fus ions  o f  t h e  l a c  oneron 
t o  these genes such t h a t  t he  le&of 6 - g c t o s i d a s e  i s  a measure o f  t he  t r a n s c r i n G n a 1  
a c t i v i t y  o f  t h e  gene t o  which l a c  i s  fused. 
s t r a i n s  r e f l e c t s  known r e g u l a t o r y  p roper t i es  o f  p ro te ins  l a  and I b .  The amount o f  6-nalaCtO- 
s idase a c t i v i t y  i n  the  m - l a c  and --lac fus ion  s t r a i n s  f l u c t u a t e s  denendinq on the  orowth 
medium. The i n t r o d u c t i o n  o f -w m u t a t i o z a f f e c t s  bo th  the  abso lu te  and r e l a t i v e  amounts o f  
6-galactosidase. 
t r a n s c r i p t i o n a l  a c t i v i t y  a t  
p ro te ins  l a  and Ib ,  and 3)  t he  
ana lys i s  and d e t a i l e d  mapping s tud ies  have f u r t h e r  e luc ida ted  the  r o l e  o f  +. 

Several i n s e r t i o n  and spontaneous mutat ions i n  the  qenes c o n t r o l l i n a  expression o f  major 
These mutat ions have been maDped t o  

Expression o f  6-aalactosidase i n  these fusion 

The r e s u l t s  suggest t h a t  1) om B i s  a reau la to ry  l ocus  c o n t r o l l i n q  the  
and &, 2) & and omnC a re  the  s t r u c t u r a l  qenes f o r  

locus  codes f o r  m o r e a n  one func t i on .  Complementation 
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1% GTUOIES ON THE EXPORT OF THE A E C E P r O R ,  AN OUTER MEMBRANE PWTEIN OF E.coli KI2, 
*mice Hofnung, Catherine Breton, Jean Marie Cl6ment. Joe Hedgpeth, Christian 

Jbrchal, David Perrin, Unite de Genie Genetique, Institut PaSteUr, 75015 Paris, France 
The la- gene encoding the X receptor, an outer membrane protein in E.coLi K12 is used to 
mtudErotein export. 1) In vitro synthesis of the precursor to the A receptor - the pre h 
receptor - has been obtained using DNA of a recombinant phage where 
under lac promotor control. Processing of the pre A receptor occurs in vitro. The effects 
of a signal sequence mutation affecting export in vivo as well as the activity of the pre 
.A receptor towards the phage were examined in vitro. 2) Sequencing of gene E B  has already 
rllowd to determine the sequence of the wild type signal sequence as well as that of signal 
sequence mutants (in collaboration with S. Emr and T. Silhavy). 3) Mutation located outside 
the signal sequence and affecting A receptor presence in the outer membrane have been 
studied. 

has been cloned 

Anion Transport 

151 COUPLING OF ANION GRADIENTS TO THE ACTIVE TRANSPORT OF METHOTREXATE IN ~ 1 2 1 0  CELLS, 
Gary B. Henderson and Edward M. Zevely, Scr ipps C l i n i c  & Res. Fndn., La J o l l a ,  CA 92037 

Transport  o f  methotrexate, t he  4-amino, 10-methyl analog o f  f o l i c  ac id ,  by L1210 c e l l s  i s  
h i g h l y  dependent upon the  i o n i c  composi t ion o f  t he  ex te rna l  medium. 
methotrexate t ranspor t  (Kt values) vary f rom 0.9 pM i n  c e l l s  suspended i n  potassium Hepes 
b u f f e r  con ta in ing  Mgtt (Hepes-Mg), t o  10 pM i n  phosphate-buffered s a l i n e  (PBS). 
leve ls .  o f  subs t ra te ,  however, t ranspor t  r a t e s  approach the  same maximum v e l o c i t y  (Vmax) re -  
gardless o f  t he  b u f f e r i n g  medium. The increased K value f o r  methotrexate i n  PBS i s  due t o  the  
presence o f  t he  compet i t i ve  i n h i b i t o r s ,  phosphate I K i  = 0.87 mM) and C1- (K i  = 46 mM). Concen- 
t r a t i o n  grad ien ts  f o r  methotrexate a t  the s teady-s ta te  a re  a l so  much lower i n  PBS (2 - fo ld )  
than i n  Hepes-Mq (60- fo ld ) ;  t he  components o f  PBS t h a t  reduce t h i s  uptake parameter a re  phos- 
phate, C1-. Cat and Na'. Ions t h a t  decrease the  i n f l u x  r a t e  o r  t he  s teady-s ta te  l e v e l  produce 
a corresponding inc rease i n  methotrexate e f f l u x .  The unusua l ly  h igh  s e n s i t i v i t y  o f  methotrex- 
a t e  t ranspor t  t o  compet i t i ve  i n h i b i t i o n  by phosphate, C1-, and var ious  o the r  anions i s  consis-  
t e n t  with the  hypothesis t h a t  t h i s  system ca ta lyzes  the  exchange o f  ex te rna l  methotrexate f o r  
an i n t r a c e l l u l a r  anion, and t h a t  t he  e f f l u x  o f  t he  l a t t e r  down a concent ra t ion  g rad ien t  i s  t he  
d r i v i n g  f o r c e  f o r  a c t i v e  t ranspor t  o f  methotrexate.  
i o n  has n o t  been determined, a l though s tud ies  on t he  t ranspor t  o f  phosphate show t h a t  t h i s  
anion i s  concentrated by L1210 c e l l s  t o  an ex ten t  t h a t  would be s u f f i c i e n t  t o  p rov ide  the  
needed energy f o r  methotrexate uptake. 

Half-maximal ra tes  o f  

A t  sa tu ra t i ng  

The i d e n t i t y  o f  t h i s  p u t a t i v e  coup l ing  

1% AII'EMPTS TO PHOTOLABEL THE RED CELL GLUCOSE TRANSPORT SYSTEM, Donald F. Diedrich and 
Franklin F. Fannin, University o f  Kentucky College of Medicine, Lexington, KY 40536 

The type of inhibition exerted by a new phloretin derivative (phloretin-3'-benzyl azide; PBAz) 
and Its potency in the sugar transport system in human erythrocytes has been established. 
Transport measurements were made to test the asymmetry of the membrane transporter using the 
lrskov technique under three conditions: ( I )  e.fflux of glucose into media containing varia- 
ble concentrations of glucose (the Sen-Widdas method), ( I  I )  efflux of galactose into media 
containing no sugar, and ( I l l )  influx of galactose into cells containing no sugar. Inhibi- 
tion of the initial rate of  sugar transport by phloretin and PBAz was assessed in subdued 
light. Results indlcated that the azide was consistently more potent than phloretin in all 
systems: (I )  partially reversible but with complex kinetics, ( 1 1 )  reversible but non- 
competitive, Ki < 1 IIM and (1Il)competitive. Ki = 0.2 pM. Whereas exposure of the cells to 
UV for  4 min had no apparent effect on the transport system, when irradiation was performed 
in the presence of variable amounts o f  PBAz, an irreversible inhibition of glucose efflux was 
found. Unreacted free azide in the incubation medium and that bound non-covalently to the 
cells could be easily and quantitatively removed by passing the irradiated incubation mixture 
through a Sephadex G-10 column. The irreversible inhibition caused by the azide was depend- 
ent on azide level and hematocrit. Both 3H- and "'C-labeled PBAz are currently being used in 
photolysis experiments, with and without phloretin, cytochalasin B and D-glucose as 
protecting agents, to determine the specific membrane components to which the Iigand is 
covalently bound. 
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153 
The uptake and storage of Ca2+ by rabbi t  sarcoplasmic reticulum ( S . R . )  is enhanced by 
the addition of Ca2+ prec ip i ta t ing  anions such as  Pi o r  oxalate. 
[32Pi] P i  is taken up for  each p m l e  of Ca2+ transported in to  S.R. 
is dependent on Ca2+, Mg2+; and ATP with 
MgATP and 11 mM f o r  Pi .  In contrast  t o  C% uptake which is abolished by A-23187 
the uptake of P i  is not impaired 
subs t i tu tes  for  both Mg2+ and Ca2$ i n  Pi transport. Co2+ uptake i n t o  S.R. showed 
a r a t e  tha t  was less than 5% of the r a t e  of Ca2+ uptake. These observations show 
tha t  Pi uptake i n t o  S.R. is dependent on ATP but not dependent on an ac t ive  trans- 
port of a divalent cation. 
achieved with S.R. membrane fragments a s  well as  with a soluble preparation obtained 
by cholate extraction. 

ATP DEPENDENT PHOSPHATE TRANSPORT I N  SARCOPLASMIC RETICULUM, William W. Carley and 
Efraim Racker, Section of Biochemistry, Cornell Oniversity, Ithaca. NY 14853 

About 1 umole of 
The uptake of Pi 

values of about 60 pM for  Ca2+, 2 mM f o r  

rovided suf f ic ien t  Ca2+ (-1mM) is present. Co2; 

Reconstitution of t h i s  ATP dependent P i  uptake was 

154 
Water i s  thought t o  be an e f f e c t o r  i n  membrane transport,  fusion and enzyme a c t i v i t y .  Since 
the c e l l  membrane i s  a se lect ive b a r r i e r  between two aqueous phases, water i n te rac t i on  w i t h  
components may be a determining force i n  membrane st ructure.  
1-anilinonaphthalene-8-sulfonate (ANS), which i s  sens i t i ve  t o  p o l a r i t y  and v iscos i ty ,  hydra- 
t i o n  e f fec ts  on red c e l l  membranes compared t o  l e c i t h i n  (w i th  o r  wi thout  cholestero l )  f i lms  
have been measured. The ANS emission maximum i n  ghost f i lms  s h i f t s  from 460nm a t  95% re la -  
t i v e  humidity (RH) t o  450nm a t  0% RH. accompanied by a large i n t e n s i t y  increase, when the 
probe concentrat ion i s  40pM/mg prote in .  When a lower probe concentrat ion (4uM/mg prote in)  
i s  used, the emission maximum appeared a t  450nm a t  e i t h e r  hydrat ion l eve l .  This maximum i s  
never observed i n  the l i p i d  f i lms,  and energy t rans fe r  and exc i ta t i on  spectra studies show 
tha t  the ANS environment i n  red c e l l  membranes i s  i n  o r  near proteins. 
shown t h a t  ANS binds t o  the erythrocyte anion t ranspor t  protein. I n  membrane suspensions, 
there i s  a D20 isotope e f f e c t  on ANS emission a t  a l l  concentrations used, i nd i ca t i ng  exposure 
o f  the probe binding s i t e s  t o  the aqueous surroundings. 
high a f f i n i t y  ANS s i t e s  i n  the erythrocyte membrane have water present i n  them i n  the hydra- 
ted state, but  t h i s  water may be arranged i n  a r i g i d  l a t t i c e  so t h a t  it cannot s t a b i l i z e  the 
ANS exc i ted state. 
provides evidence f o r  a viscous water component i n  the hydrated membrane, associated w i t h  
prote ins o r  t h e i r  annular l i p i d s .  

A R I G I D  WATER COMPONENT OF BIOLOGICAL MEMBRANES, Mary D. Oldewurtel, 
Sloan-Kettering I n s t i t u t e ,  New York, New York 10021 

Using the f luorescent probe 

I n  fact ,  others have 

These resu l t s  demonstrate t h a t  the 

The secondary s i t e s  must contain more l i q u i d - l i k e  water. This study 

155 KINETICS AND MECHANISM O F  ANION EXCHANGE ACROSS THE HUMAN E R Y T H R O C Y T E  
MEMBRANE, J . M .  Sa lhany,  ~ l i z a b e t h  D.  G a i n e s ,  VA M e d i c a l  C e n t e r  and 
Depts .  o f  I n t e r n a l  Medic ine  & B i o m e d i c i n a l  Chemis t ry  Univ. of  N e b r a s k a  
M e d i c a l  C e n t e r  Omaha, N E .  68105 

D e s p i t e  t h e  a b s e n c e  o f  i n f o r m a t i o n  on t h e  s t o i c h i o m e t r y  o f  a n i o n  b i n d i n g  t o  
t h e  e x c h a n g e  s y s t e m  of  t h e  e r y t h r o c y t e ,  c e r t a i n  g e n e r a l  m e c h a n i s t i c  deduc-  
t i o n s  c a n  b e  made. P r e v i o u s  s t e a d y  s t a t e  measurements  of  d i v a l e n t  a n i o n  
exchange  have  d e m o n s t r a t e d  a p p a r e n t  n e g a t i v e  c o o p e r a t i v i t y  w i t h  s u b s t r a t e  
i n h i b i t i o n .  However, t h i s  r e s u l t  would seem a t  v a r i a n c e  w i t h  e q u i l i b r i u m  
exchange  measurements  where o b s e r v a t i o n s  i n d i c a t e d  i n i t i a l  M i c h a e l i a n  
k i n e t i c s  f o l l o w e d  by s u b s t r a t e  i n h i b i t i o n .  We s u g g e s t  t h a t  t h e s e  two r e s u l t s  
may n o t  be c o n t r a d i c t o r y  i f  a h a l f - o f - t h e - s i t e s  r e a c t i v i t y  mechanism i s  
proposed .  N e w ,  p r e s t e a d y  s t a t e  measurements  f o r  d i v a l e n t  exch.ange a r e  
p r e s e n t e d .  The r e s u l t s  s u p p o r t  a two s u b s t r a t e  h a l f - o f - t h e - s i t e s  e x c h a n g e  
mechanism. I n  t h i s  scheme,  t h e  two s i t e s  are  t h o u g h t  t o  e x c h a n g e  a n i o n s  i n  a 
r e c i p r o c a t i n g  f a s h i o n  v i a  a s l o w  ( r e l a t i v e  t o  a n i o n  b i n d i n g  and r e l e a s e )  
c o n f o r m a t i o n a l  i s o m e r i z a t i o n .  T h i s  s low c o n f o r m a t i o n a l  c h a n g e  c a n  s e r v e  t o  
a c c e l e r a t e  exchange  t o  a s t e a d y  s t a t e  l e v e l  ( l a g s )  o r  p r o d u c e  b u r s t  k i n e t i c s  
when a v e r y  s l o w l y  permeable  a n i o n  is i n c o r p o r a t e d  i n t o  t h e  c e l l .  F u r t h e r m o r e ,  
a h a l f - o f - t h e - s i t e s  mechanism c a n  a l s o  e x p l a i n  t h e  M i c h a e l i a n  - l i k e  b e h a v i o r  
o b s e r v e d  i n  e q u i l b r i u m  exchange  measurements .  
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156 HEXOSE TRANSPORT IN VESICLES DERIVE0 FROM SKELETAL MUSCLE PLASMA MEMBRANES, 
Michael F. Shanahan, Department o f  Physiology, Univers i ty  o f  Wisconsin, Madison, 
W I . ,  53706. 

Plasma membranes were iso la ted from r a t  hind l imb skeleta l  muscle using a modif ied proceedure 
o f  Schapira e t  a1 (1 ) .  Muscle homogenates were subjected t o  high s a l t  ext ract ion t o  remove 
con t rac t i l e  proteins, fol lowed by a ser ies o f  d i f f e r e n t i a l  and r a t e  zonal cent r i fugat ions.  
This proceedure y ie lded a subcel lu lar  f r a c t i o n  containing vesicles enriched i n  plasma membrane. 
This f r a c t i o n  exhib i ted the highest spec i f i c  a c t i v i t y  o f  the plasma membrane marker enzyme, 
(NafK’)-stimulated, Mgtt-dependent ouabain-sensitive ATPase. compared t o  a l l  o ther  subcel l u l a r  
f ract ions.  I n  addi t ion,  these vesicles exhib i ted s tereospeci f ic  uptake o f  0-glucose over L- 
glucose. O-glucose uptake exhib i ted saturat ion k ine t i cs  and was i n h i b i t e d  by cytochalasin B. 
Thus these vesicles exhib i ted uptake k ine t i cs  s im i la r  t o  muscle membrane vesicles described 
by Cheng e t  a1 ( 2 ) .  Prel iminary experiments i n  t h i s  laboratory  ind icate tha t  t h i s  0-glucose 
t ranspor t  a c t i v i t y  can be reconst i tu ted i n t o  a r t i f i c i a l  liposomes fo l l ow ing  ex t rac t i on  o f  
membrane prote ins w i t h  sodium cholate and subsequent removalof detergent from the p ro te in  
f r a c t i o n  i n  the presence o f  exogenous l i p i d s .  These reconst i tu ted liposomes e x h i b i t  stereo- 
spec i f i c  uptake o f  0-glucose which i s  i n h i b i t e d  by cytochalasin B. Experiments are i n  progress 
t o  fu r the r  characterize and p u r i f y  t h i s  t ranspor t  system. 

1 )  Schapira,G. ,Oobocz,I. ,Piau,J.P., and Delain,E. (1974) Biochim. Biophys. Acta 345, 348-358. 
2 )  Cheng, L.C., Rogus, E.M., and Zierler,K., Biochim. Biophys. Acta (1978) 513,141-155. 

INSULIN RECEPTOR STRUCTURE: MULTIPLE OISULFIDE-LINKED FORMS I N  AOIPOCYTE PLASMA MEM- 
BRANE. J. Massague, P.F. P i l c h  and M.P. Czech. Brown University, Providence, RI 
02912 
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I n s u l i n  receptors i n  r a t  adipocyte and r a t  l i v e r  olasma membranes can be s p e c i f i c a l l y  l a -  
beled by cross l ink ing receptor-bound 1251-insul in w i t h  disuccinimidyl suberate (OSS) ( P i l c h  & 
Czech, J. B io l .  Chem. 254, 3375). When such cross- l inked membranes are subjected t o  e lec t ro -  
phoresis i n  polyacrylamide gels i n  the presence o f  sodium dodecyl su l fa te  (SOS-PAGE) a major 
band o f  125,000 daltons and a minor band o f  225,000 daltons appear upon autoradiography if 
electrophoresis i s  ca r r i ed  ou t  i n  the presence o f  d i t h i o t h r e i t o l  (OTT). 
300,000 daltons i s  observed a f t e r  electrophoresis i n  5% polyacrylamide gels i n  the absence o f  
reductant, i nd i ca t i ng  the nat ive receptor(s) resides i n  the membrane as a d i su l f i de - l i nked  
complex. However, when the acrylamide t o  bis-acrylamide r a t i o  i s  increased from 37.5:l t o  
1 O O : l  i n  5% gels, enhanced reso lu t i on  showed the existence o f  a t  l e a s t  three d i f f e r e n t  bands 
upon autoradiography, w i th  apparent molecular weights ranqing from 250,000 t o  350,000 dal tons. 
These bands were obtained a f t e r  125I- insu l in  treatment and 
adipocyte plasma membrane preparations, but  mu l t i p le  high m.w. bands (250,000-350,000) were 
also observed when t h i s  protocol was performed w i th  i n t a c t  adipocytes. The three bands der iv-  
i n g  from electrophoresis of the 1251-insul in receptor complexes i n  the absence o f  DTT were 
subjected t o  second dimension SOS-PAGE i n  the presence o f  OTT.  A l l  three bands migrated as 
125,000 dalton subunits i n  the second dimension gels. 
heterogeneous d i su l f i de - l i nked  i n s u l i n  receptors and/or i n s u l i n  receptors w i t h  d i f f e r e n t  
stoichiometry i n  subunit composi t i on .  

A s ing le band of 

DSS c ross l i nk ing  o f  c e l l - f r e e  

These f ind inqs suqgest the existence o f  

158 MONOCLONAL ANTIBODIES AGAINST RAT AOIPOCYTE INTRINSIC MEMBRANE PROTEINS M I M I C  INSULIN 
ACTION ON HEXOSE TRANSPORT. Joanna Beachy and Michael P. Czech.Brown U., Prov., RI 

Antibodies produced i n  rabb i t s  against r a t  i n t r i n s i c  membrane prote ins and i n  humans 
against the i n s u l i n  receptor mimic the ac t i on  o f  i n s u l i n  on glucose ox idat ion i n  r a t  adipo- 
cytes. SJL mice were i n jec ted  i n t rape r i t onea l l y  w i t h  i n t r i n s i c  membrane prote ins i so la ted  
from the r a t  adipocyte. Three days a f t e r  the boost i n jec t i on ,  the spleens were removed and 
fused w i t h  the 8-azaguanine-resistant, non-secreting mouse myeloma c e l l  l i n e  NS-1. 
c e l l s  were d i s t r i bu ted  i n t o  275 wel ls  w i th  approximately 106 c e l l s  per O . l m l .  
se lect ion f o r  hybrids 95% (261/275) o f  the we l l s  contained clones. 
hybrids was tested f o r  i t s  a b i l i t y  t o  mimic i n s u l i n  act ion,  s p e c i f i c a l l y  t o  s t imulate the 
ox idat ion o f  glucose t o  CO S ix ty-e ight  wel ls  (25%) st imulated glucose ox idat ion and t h i s  
e f f e c t  was abolished w i t h  Fkeincubation o f  the c e l l  mediumMith Sta h. aureus and r a b b i t  
anti-mouse imnunoglobulin IgG t o  remove the muse imnunoglobulinZ”-%reZFEhan 50% o f  the 
wel ls  produced imnunoglobulins t h a t  bound i so la ted  plasma membranes o f  r a t  adipocytes 
although only  h a l f  o f  these were b i o l o g i c a l l y  ac t i ve  on glucose metabolism. The hybrids 
produce both IgG and IgM which bind spec i f i ca l l y  t o  the adipocyte membrane. Thus, monoclonal 
antibodies spec i f i c  for i n t r i n s i c  membrane prote ins o f  the r a t  adipocyte have been generated, 
some of which rap id l y  ac t i va te  the 0-glucose t ranspor ter  i n  i n t a c t  f a t  c e l l s .  The nature o f  
the ant igenic  membrane prote ins are under invest igat ion.  

The fused 
Following HAT 

The c e l l  medium o f  the 
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159 STIMULATION AND INHIBITION OF PYRUVATE DEHYDROGENASE BY INSULIN-DEPENDENT, PLASMA 
MEMBRANE-GENERATED FACTORS, J. R. Seals and M. P. Czech. 
02912 

Brown Univers i ty ,  Prov., R I  

Recent studies have demonstrated tha t  addi t ion of i n s u l i n  t o  a mixture o f  p l a s m  membranes 

These 
and mitochondria from r a t  adipocytes st imulates the a c t i v i t y  of the mitochondria1 enzyme, 
pyruvate dehydrogenase (Seals, J.R. and Ja re t t ,  L., Proc. Vat l .  Acad. Sci., i n  press). 
resu l t s  suggested tha t  i n te rac t i on  of i n s u l i n  w i t h  i t s  receptor r a p i d l y  generates a soluble 
fac to r  which mediates i n t r a c e l l u l a r  transmission o f  the hormonal stimulus. Fgrther studies 
have been ca r r i ed  out  by incubating p u r i f i e d  adipocyte plasma membranes a t  37 w i t h  i n s u l i n  
(0-500)tU/ml) f o r  various lengths o f  time (0-60 min). A t  the conclusion o f  t h i s  incubation, a 
sample o f  the plasma membrane mixture was e i t h e r  transferred d i r e c t l y  t o  pu r i f i ed  mitochondria 
o r  was centr i fuged 1 min i n  an Eppendorf microfuge and the r e s u l t i n g  supernatant added t o  
mitochondria and pyruvate dehydrogenase a c t i v i t y  assayed. I n  the absence o f  i nsu l i n ,  incuba- 
t i o n  o f  plasma membranes resul ted i n  the slow production o f  a s t imu la t i ng  factor .  the r a t e  o f  
production o f  which was progressively increased by increasing concentrations o f  i nsu l i n .  The 
maximum st imulat ion observed was the same a t  a l l  concentrations of hormone (22.7 4.3%); 
i n s u l i n  a f fected only the ra te  a t  which the maximum Stimulat ion was reached. Further incuba- 
t i o n  o f  plasma membranes beyond the po in t  of maximum st imulat ion resul ted i n  i n h i b i t i o n  o f  
pyruvate dehydrogenase a c t i v i t y .  I n h i b i t i o n  occurred a t  a l l  concentrations o f  i n s u l i n  b u t  
appeared e a r l i e r  a t  higher l eve l s  o f  hormone. Iden t i ca l  resu l t s  were obtained when only  the 
12,OOOg p l a s m  membrane supernatant was t ransferred t o  the mitochondria, i nd i ca t i ng  tha t  the 
i n s u l i n  stimulus was transmitted by a soluble membrane-generated fac to r .  

160 

l i n k  1251-insul in t o  i t s  receptor i n  the plasma membrane o f  f a t  and l i v e r  c e l l s  ( P i l c h  and 
Czech, J. Bio l .  Chem. 254, 3375). Analysis o f  t h i s  cross-l inked complex on dodecyl su l fa te -  
poiyacrylamide gels (SDS-PAGE) i n  the absence o f  d i t h i o t h r e i t o l  fol lowed by autoradiography 
reveals a d i su l f i de - l i nked  i n s u l i n  receptor subunit s t ructure (250,000-300,000 dal tons) which 
i n  the presence o f  reductant migrates a t  125,000 daltons. Exposure o f  i n t a c t  f a t  c e l l s  t o  10 
4g/ml t r yps in  p r i o r  t o  binding and cross- l ink ing o f  125I- insu l in  v i r t u a l l y  abolishes the ap- 
pearance o f  both the 300,000 and 125,000 dal ton receptor bands. A major receptor fragment o f  
molecular weight 150,000 (minus reductant) and several minor fragments are generated hy t ryp-  
s i n  and these r e t a i n  the a b i l i t y  t o  s p e c i f i c a l l y  bind and cross- l ink t o  125I- insu l in  a f t e r  
proteo lys is .  Despite the apparent absence o f  l abe l l ed  receptor, the t r y p s i n  t reated adipocytes 
are able t o  elevate glucose ox idat ion i n  response to  i n s u l i n  suggesting t h a t  "nicked" receptor 
o r  receptor fragments can mediate i n s u l i n  act ion. 
i s  bound and cross-l inked t o  i t s  receptor, a s i m i l a r  pat tern o f  fragments i s  observed but  
w i th  g rea t l y  d i f f e r e n t  r e l a t i v e  i n tens i t i es .  This change i n  r e l a t i v e  i n t e n s i t i e s  may be due 
t o  an insul in-induced conformational change i n  the receptor o r  m y  be a consequence o f  recep- 
t o r  modi f icat ion by the cross- l ink ing reagent. L i t t l e  i f  any change i s  observed i n  the SDS- 
PAGE p ro te in  p r o f i l e  o f  the p l a s m  membrane when considerable p ro teo ly t i c  d igest ion o f  the 
receptor has occurred, i nd i ca t i ng  tha t  the i n s u l i n  receptor o f  the adipocyte i s  p a r t i c u l a r l y  
sens i t ive t o  t r yps in  action. 

PEPTIDE MAPPING OF THE ADIPOCVTE INSULIN RECEPTOR, Paul F. P i lch,  and Michael P. 
Czech. Brown University, Providence, R I  02912 

The b i funct ional ,  amino-specific reagent disuccinimidyl suberate can be used t o  covalent ly  

When t r y p s i n  i s  added a f t e r  125I- insu l in  

161 ASYMMETRY OF RED CELL INORGANIC ANION EXCHANGE, Michael L. Jennings, The Univers i ty  
o f  Iowa, Iowa City, I A  52242 

The funct ional  s y n e t r y  o f  the inorganic anion exchange p ro te in  o f  the human red blood c e l l  
membrane has been examined by measuring the r a t e  o f  net  exchange o f  C1 f o r  504. This net ex- 
change takes place as an e l e c t r i c a l l y  s i l e n t  exchange o f  one C1 ion f o r  one SO4 plus onehydro- 
gen ion.  The Cl-SO4 exchange process i s  ra te - l im i ted  almost e n t i r e l y  by the t ranspor t  events 
which invo lve SO4. The p a r t i a l  reactions (binding, translocation, release) which r e s u l t  i n  
anion i n f l u x  may then be studied by measuring the ne t  SO4 i n f l u x  from a C1-free medium i n t o  
C1-containing ce l l s ;  the p a r t i a l  reactions which r e s u l t  i n  anion e f f l u x  are studied bymeasur- 
i ng  the i n i t i a l  SO4 e f f l u x  from C1-free c e l l s  i n t o  a C1 medium. Experiments o f  t h i s  type have 
revealed the fo l lowing asymnetries i n  the anion t ranspor t .  The apparent d issoc iat ion constant 
f o r  SO4 binding t o  outward-facing transport s i t e s  i s  a t  l eas t  three- fo ld  smaller than f o r b i n d -  
i ng  t o  inward-facing transport s i t es .  
e f f e c t  on SO4 e f f l u x  than on i n f l u x .  Low pH i n h i b i t s  ne t  SO4 e f f l u x  i n t o  a C1 medium and SO4 
equi l ibr ium exchange i n  an all-SO4 medium, but  does not  i n h i b i t  SO4 i n f l u x  i n t o  C1-containing 
c e l l  s. 
but has much less e f f e c t  on e f f l u x .  
methylbenzene-thiazole-3' ,7-disulfonic ac id)  a f fec ts  e f f l u x  much more than i n f l u x .  These re-  
s u l t s  suggest t ha t  ex t race l l u la r  DNOS i n h i b i t s  the t ranspor t  by binding t o  only the conforma- 
t i o n  o f  the p ro te in  which has a t ranspor t  s i t e  accessible t o  e x t r a c e l l u l a r  anions, whereas i n -  
t r a c e l l u l a r  APMB i n h i b j t s  by binding t o  a form o f  the p ro te in  which has a t ranspor t  s i t e  t o  
which i n t r a c e l l u l a r  anions can bind. Supported by NIH Grant 1 R01 GM26861. 

High anion concentrations have a l a rge r  i n h i b i t o r y  

Ext racel l  u l a r  ONDS (4,4'-dini tro-2,2' - s t i  1 benedisul fonate) s t rongly  i n h i b i t s  i n f l u x ,  
Conversely, i n t r a c e l l u l a r  APMB (2-(4'-aminophenyl)-6- 
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162 CHLORIDE-BICARBONATE EXCHANGE IN HUMAN RE0 CELLS: PREDICTIONS AND CALCULATIONS OF 
A SIMPLE PING-PONG MODEL, Robert'B. Gunn, Otto Frohlich and Mark Milanick, University 

of Chicago, Chicago, IL 60637 
erythocytes are consistent with a ping-pong mechanism. The obligatory exchange of 
anions has asymnetrical kinetics when ion concentrations are varied separately on the 
two sides of the membrane. 
e.g. half of all the transport mechanisms are empty on the side of the membrane at 
which the anion concentration is equal to K$, the concentration giving the half maximal flux 
for a fixed trans-membrane anion concentration. 
logical heteroexchange of chloride and bicarbonate as occurs in the erythrocytes of the lung 
and tissue capillaries permits calculation of the percent occupancy of the mechanism by each 
ion on each side and the rates of transport. This calculation shows that the initial (max- 
imal) heteroexchange is less then 4% of the maximum tracer exchange of chloride or bicar- 
bonate. Extrapolation of these calculations from 0% and pH 7.8 to physiological conditions 
indicates that this rate should be sufficient to complete the transport rate are not great. 
This rate is well within the 0.6 - 1.0 sec transit time in the lung. If this extrapolation 
is correct then C1-HC03 exchange by the red cell would not be rate limiting for co2 excretion. 

Measurements of chloride and bromide exchange in human 

The ping-pong model makes several explicit predictions; 

The application of this model to the physio- 

163 ENERGY TRANSFER DETERMINATION OF THE TRYPTOPHAN DISTRIBUTION OF BAND 3: A NEW AP- 
PROACH TO THE STUDY OF MEMBRANE PROTEIN FUNCTION. Alan M. Kleinfeld, Edmund 0. 

Matayoshi, and A.K. Solomon, Biophysical Laboratory, Harvard Medical School, Boston, MA 
02115. The tryptophan distribution of band 3 enriched in a preparation of human red cell 
vesicles (modified from Wolosin et al., J .  Biol. Chem., 1977, 252, 2419), has been deter- 
mined by measuring non radiative energy transfer between the distribution of tryptophan 
donors and a uniform distribution of anthroyloxy fatty acid acceptors. 
absorption profiles and tryptophan fluorescence from SOS gels indicate that the vesicles are 
about 80% band 3, 15% band 4.5 and 5% band 7. 
sity and lifetime and the sensitized emission of anthroyloxy fluorescence were performed. 
The results were analyzed by calculating transfer efficiencies for each tryptophan using the 
two dimensional theory of Fbrster. Several experiments have been carried out to determine 
changes in tryptophan distribution corresponding to changes in anion transport function. In 
the presence of 50 mM NaCl (pH 7.4) the tryptophdn distribution changes from one which is 
slightly skewed towards the cytoplasmic side at O D  to one in which the tryptophan center of 
mass is probably 15 A from the center towards the cytoplasmic side at 25' C. 
presence of 20 mM Na citrate, the anion exchange inhibitor H2OIDS was found to skew the 
distribution even further towards the cytoplasmic side. 
absence of HzDIDS with the distribution in the presence of 35 mM SO4 indicates that only 
the outermost tryptophan are affected and may imply that the SO4- binding site is at the 
outer surface. This work is supported by NIH grants GM26350 and HL14820 and JRFA-15 from 
the Am. Cancer SOC. 

Both Coomassie blue 

Measurements of quenching of tryptophan inten- 

At 25' C in the 

Comparing the citrate case in the 

Adenyl Cyclase Regulation 

164 QUATERNARY PROTEIN STRUCWFE OF ADENYLATE CYCLASE, Thor Nielsen, Pramod Lad,  D e m t  
f l I M Q D ,  NIH. Bethesda, !Q 20205 

The size of membrane enzymes and their components may be evaluated by target analysis following 
radiation inactivation, without disruption of the membrane structure. 
has demonstrated that various hormone receptors form oligomeric complexes (of over 10 daltons) 
with GTP-regulatory proteins. 
complexes restrict the ability of the GTP-regulatory proteins from interacting functionally 
with adenylate cyclase. 
the oligomeric structure. 
GTP-regulatory protein oligomer results in depolymerization of the oligomeric structure and 
"coupling" of these (receptor-GTP regulatory canponent) units with adenylate cyclase. By con- 
trast, turkey erythrocyte adenylate cyclase appears to contain a simple complex: receptor-nu- 
cleotide regulatory unit-catalytic unit in a non-polymerized state. 
ary structure may reflect the different functional response to GI" shown by turkey erythrocyte 
compared to rat liver or fat cell adenylate cyclase. 
associated with the hormone-mediated inhibition of adenylate cyclase are also multimeric 
complexes of receptor with regulatory proteins. 
complexes may interact with a variety of membrane-bound systems, of which adenylate cyclase may 
only be an example. 
nal transduction process will be discussed. 

Use of target palysis 

In the rat liver and fat cell plasma membranes these oligomeric 

Hormones bind to the receptors and relieve the restraints imposed by 
Resultant interaction between GTP and the activated homne receptor 

This difference in quatern- 

In adipocytes, the protein components 

Multimeric receptor-regulatory component 

The implications of quaternary structrue transitions for the overall sig- 
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165 SELECTIVE EFFECTS OF CHARGED LOCAL ANESTHETICS ON THE GLUCAGON- AND FLUORIDE-STIMULAT- 
ED ADENYLATE CYCLASE ACTIVITY OF RAT LIVER PLASMA MEMBRANES, Larry Gordon, Irene Dip- 

Richard Sauerheber, Judy Esgate and Miles Houslay, Scripps Clinic and Res. Foundation, La 
a, CA 92037 and the Univ. of Manchester Inst. of Science and Technology, Manchester, UK 

The effects of charged anesthetics on the lipid fluidity of liver plasma membranes and the ac- 
tivities of glucagon- and fluoride-stimulated adenylate cyclase were examined. The cationic 
local anesthetics prilocaine, carbocaine and nupercaine can all increase the fluoride-stimu- 
lated adenylate cyclase up to a makimum level above which further increases in drug concentra- 
tion inhibited the enzyme. At concentrations where this activity was stimulated, a fatty acid 
spin label detected an increase in bilayer fluidity, which may be responsible for the activa- 
tion of the enzyme. 
tent with this. These cationic drugs began to inhibit the glucagon-stimulated activity at 
concentrations where they activated the fluoride-stimulated activity. It is suggested that 
this is due to their effect on the coupling interaction between the receptor and the catalyt- 

A solubilized enzyme was unaffected by the drugs which would be consis- 

ic unit. 

ide-stimulated enzyme. This may be due in part to a direct effect on the protein and in part 
mediated by interaction of the drugs with the bilayer. 
on the lubrol-solubilized enzyme. The glucagon-stimulated enzyme was initially inhibited by 
the anionic drugs at low concentrations, then activated and finally inhibited with increasing 
concentration. The reasons for such changes are complex, but there was no evidence from ESR 
studies to suggest that increases in activity were due to increases in bilayer fluidity. 

The anionic drugs, phenobarbital, pentobarbital and salicylic acid, all inhibited the fluor- 

The drugs had small inhibitory effects 

166 CYLIC AMP LEVELS IN TOAD EPITHELIAL CELLS FOLLOWING TREATMENT WITH VASOPRESSIN, 
Stanley D. Hillyard and Mario B. Marrero, University of Nevada, Las Vegas, Nv. 89154 

When skin obtained from the ventral pelvic region of the toad, Bufo woodhouseii, was treated 
with arginine vasopressin (AVP. 36mu/ml), the rates Of osmotic water flux ( J H ~ o )  and active 
sodium transport ( 1 ~ ~ )  were both elevated significantly. In ventral pectoral skin, however, 
AVP stimulated only INa. 
did not affect this regional difference in AVP response and allowed the removal of epithelial 
cells from these skin regions for cyclic AMP analysis by radioinnnunoassay. After adding AVP 
to the pelvic skin it was found that cyclic AMP levels id the epithelial cells from this 
region increased significantly from 1.4 to 6.6 pM/mg protein within one minute, reached a 
maximum of 11.4 pM/mg protein within five minutes and declined to control levels within 
twenty minutes. 
protein after 5 minutes of AVP treatment and declined to control levels within 10 minutes. 
Unlike cyclic AMP levels. INa and 4320 remained significantly elevated for at least 180 
minutes following AVP treatment. These data suggest the existence of separate cyclic AMP 
pools for regulating J H ~ O  and INa with the larger pool regulating J H ~ o .  They also demon- 
strate that the prolonged elevation of 3820 and INa following AVP treatment does not require 
continued elevation of cyclic AMP levels in the tissue. 

Treatment of pelvic and pectoral skin with collagenase (66mu/ml) 

In the pectoral skin, cyclic AMP levels increased from 1.0 to 3.4 pM/mg 

167 A WUKWTINITY IABEL FQR ' M 3  BETA m I C  REC- EFFECPS ON 1-L 
STIMULATED ADENnYL CYQASE, Simeon M. Wrenn, J. and Charles Hancy, Baylor College 

of Medicine, Hwston, 'Exas 77030 and Wvard Medical School, Boston, Mass. 02114. 
~n azide derivative of the beta adrenergic antagonist acebutalol has been synthesized and 
examined on i q o t q e n o l  stimulated denylyl cyclase activity of rat reticul-s. It 
was &om to be a fairly potent canpetitive antagonist (KD = 0.2 UM) of the iqoterenol 
stinulated cyclase under noc-photolysis conditions. iiowever, when the reticulocyte p e p  
aration was photolyzed with the acebutalol azide, a nm-canpetitive inhibition of isqr- 
terenol stimulated cyclase was cbtained. It was shwn  that photolysis of the azide did 
not convert it to a mcduct of higher affinity OT a slowly reversible ligand. zhe label- 
ing of the beta receptcr appeared to be irreversible since rmltiple washings a u l d  not 
reverse the inhibition pod& during photolysis with the label, whereas washing w l d  
ccnpletely reverse the antagonisn p-cduced by the same concentration of label wder now 
photolysis conditions. 

he effect appears specific far the beta receptor since the inhibition can be 
blocked stereoselectively by popranolol, and no effect is seen on flucride ar @W-P(NH)P 

stimulated adenylyl cyclase. Furtheme,  no effect is is observed in the glucagon stimu- 
lation of liver &ares, bile the catecholamine response in the sane &anes is inhi- 
bited upon upon photolysis with label. 
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L. Bi rnbauner ,  mpt. of Ce l l  Biology, Baylor College of Medicine, Houston Tx 77030. 

stirmlation of ATP to CAMP cyclizing act ivi ty .  
enzyne by glucagon, of the S49 cell enzyme by isoproterenol and of the NS-20 neuroblastana en- 
zyme by p-ostaglandin. "? l a s t  of these systems does not respond to postaglandin in the &- 
sem of nucleotide, is inhibited by GDP alone (50%1, stimulated by GIT (100%) and stimulated 
by p-ostaglandin only i n  the p-esence of either GI'P 1600%) or CJfp (400%). These findings sug- 
gest that: ( a )  nucleotides are required for  receptor act ivat ion,  and (b) activated receptcrs 
s t i rmlate  cyclizing ac t iv i ty  regardless of whether the enzyme is occupied by s t h u l a t o r y  cpp 
OT inhibitory GDP. In a l l  systems studied dose-response curves f a  bcannxres or neuroh-ansnit- 
ters in the p-esence of a m e  act ive nucleotide wre to the l e f t  of those obtained with a 
less act ive nucleotide. 
were right-shifted by addition of hormone. Because of sqmanetry considerations and other ex- 
perimental results the above data  are inconsistent with involvement of a s ingle  nucleotide 
site. The data are best explained (1) i f  tw nucleotide sites are involved: one responsible 
for act ivat ion of receptor and the other r e s p s i b l e  for  independent regulation of cyclizing 
ac t iv i ty ,  and ( 2 )  i f  the role of the act ive,  hormone and nucleotide occupied receptor is to 
prcmte a general "activation" of the basic nucleotide regulated adenylyl cyclase sytem. W 
role of subunit association and manittmt isanerization react ions leading to "acf ivat iw" 
is discussed in  l i g h t  of submit dis tc ihut ions of solubilized ccmpnents upon cenh-lfugatlon. 

DISTINCT ROLES OF W O  W I N E  NUCIEOTIDE SITES IN SICSAL l"SJXKTICN BE.IWEEN 
RECEproRs AND ADENYLYL CYCIASE. R Ipngar, J. A h - m t Z ,  T.L S w X t Z ,  M.K. Bhat and 

Not only Gl'P and its analogs ktt a l s o  GDP pranote receptor-cyclase coupling leading to 
This was slxnw~ for  s t i m l a t i o n  of the l iver  

However, dose-response curves for  nucleotides either did not vary OT 
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170 DEVELOPMENT OF BETA-ADRENERGIC RECEPTORS AND CATECHOLAMINE-RESPONSIVE ADENYLATE 
CYCLASE DURING MYOGENESIS, Peter H. Fishman and J. Br ian Parent. National I n s t i t u t e  
o f  Neurological and Comnunicative Disorders and Stroke, NIH, Bethesda, MD 20205 

Secondary cu l tures o f  embryonic quai l  muscle c e l l s  i n i t i a l l y  p r o l i f e r a t e  and then rap id l y  
fusel$! form myotubes. The myotubes contain 400 spec i f i c  binding s i t e s  per d i p l o i d  nucleus 
f o r  
o f  lO-'OM) and i s  s tereoselect ive ly  i n h i b i t e d  by B-aqOniStS and 6-antagonists. 
agonists, the order o f  potency i s  ( - ) isoproterenol> (-)epinephrine> (-)norepinephrine, which 
i s  consistent w i th  a beta 2 adreneraic receptor. I n  contrast, p r o l i f e r a t i n q  myoblasts contain 
<10 6-receptors per c e l l .  As the myoblasts fuse, 6-reCeptOrS appear i n  concert w i t h  fusion. 
I n t a c t  myotubes, but  not  myoblasts. accumulate c y c l i c  AMP i n  response t o  isoproterenol whi le  
both c e l l  types respond t o  'cholera toxin. 
l a t e  cyclase a c t i v i t y  which i s  st imulated by NaF, GTP and cholera toxin. 
brane adenylate cyclase responds t o  isoproterenol. 
they develop spec i f i c  6-adrenergic receptors tha t  become func t i ona l l y  coupled t o  pre-ex is t inq 
adenylate cyclase. 
components f o r  8-receptors and adenylate cyclase. 
o f  the 8-adrenergic responsive adenylate cyclase are present ea r l y  dur ing muscle development 
whereas the spec i f i c  receptors and thus hormone s e n s i t i v i t y  are present i n  the mature myotube. 
This d i f f e r e n t i a l  qene expression during myoqenesis may have important impl icat ions f o r  the 
abnormal catecholamine response observed i n  human muscular dystrophy. (JBP was a rec ip ien t  o f  
a Muscular Dystrophy Associat ion Fellowship) 

I-hydroxybenzylpindolol, a 8-adreneraic antaqonist. Binding i s  o f  high a f f i n i t y  (Q 
For the 

Membranes from both c e l l  types contain an adeny- 
Only myotube mem- 

Thus, as the embryonic muscle c e l l s  fuse, 

Our resu l t s  are consis tent  w i t h  current  concepts o f  separate membrane 
The c a t a l y t i c  and regulatory  components 
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171 LITHIUM TRANSPORT IN HUMAN RED CELLS AND ITS ABNORMALITIES IN AFFECTIVE ILLNESS. 
Ghanshyam N. Pandey, El izabeth Dorus, John M. Davis, and Daniel C. Tosteson 

A large i n te r i nd i v idua l  va r ia t i on  nas been observed i n  the d i s t r i b u t i o n  o f  l i t h i u m  levels  
between red c e l l s  and plasma ( L i  r a t i o )  i n  pat ients  t reated w i t h  l i th ium. L i  r a t i o  has been 
re la ted t o  c l i n i c a l  response t o  l i t h i u m  therapy, c l i n i c a l  diagnosis and side e f fec ts  o f  l i t h -  
ium therapy. 
L i  ra t i o ,  we studied the mechanism of l i t h i u m  transport,  and a t  l eas t  four  d i s t i n c t  pathways 
o f  l i t h i u m  transport i n  human red c e l l s  were characterized (Pandey e t  al. ,  J. Gen. Ph siology 
- 72, 233-247, 1978). O f  these pathways, L i  transport mediated by a Li-Na coun te r t ransL r t  
mechanism (Li-Na exchange pathway) appeared t o  be lower i n  pat ients  having a high L i  r a t i o  
and a s i g n i f i c a n t  correlation was observed between them (Pandey e t  al.. Proc. Nat ' l .  Acad. Sci. 
- 36, 902-908, 1978; Arch. Gcn. Psychiat. 36, 902-908, 1978). We also reported t h a t  the L i  
r a t i o  i n  v i t r o  was s i g n i f i c a n t l y  higher i n  b ipo la r  pat ients  when compared t o  n o m l  controls. 
F u r t h e m r e ,  we observed t h a t  the mean L i  r a t i o  i n  re la t i ves  o f  b ipo la r  pat ients  w i th  a h i s -  
t o r y  o f  a f f e c t i v e  disorders was s i g n i f i c a n t l y  higher than re la t i ves  w i th  no such h i s to ry  
(Dorus e t  al., Science 205. 932-934, 1979). These resu l t s  suggested tha t  a genet ica l ly  con- 
t r o l l e d  abnormality i n  the L i  transport may play a r o l e  i n  the et io logy o f  some forms o f  
a f f e c t i v e  disorders. 
genetic and c l i n i c a l  aspects w i l l  be presented and discussed. 

I n  order t o  study the factors which cause such in te r i nd i v idua l  var ia t ions i n  the 

The data on the mechanism o f  L i  transport i n  human red c e l l s  and i t s  

172 GENE(S) AT THE K END OF THL H-2 COMPLEX INFLUENCE SUSCEPTIBILITY TO EXPERIMENTAL AUTO- 
IMMUNE MYASTHENIA GRAVIS  (EAMG) IN M I C E ,  P. Chr istadoss, V.A. Lennon, E.H. Lambert & 
C.S. David, Depts. o f  Immunology & Neurology, Mayo C l i n i c ,  Rochester, MN 55901 

We have shown p rev ious l y  t h a t  s u s c e p t i b i l i t y  t o  EAMG i n  mice i s  in f luenced by H-2- l inked genes. 
To f u r t h e r  map and d e f i n e  the(se) gene(s), congenic and recombinant mice were chal lenged w i t h  
torpedo ace ty l cho l i ne  receptor  (AChR) and tes ted  f o r  T c e l l  responses t o  AChR, serum au toan t i -  
bodies,  muscle AChR complexed w i t h  an t ibody  and e lec t rophys io log i ca l  evidence o f  EAMG. 

T C e l l  Serum Auto- Muscle AChR-1q 
H-2 Com lex  S t i m .  Index antibody+S.E. Complexes Mepp 

S t r a i n  K A B J E S G D lmmunoqen w i t h  AChR (xlO-l%) (%+S.E.M.) Ampl i tude 
BIO/SN b b b b b b b b b AChR 15.5 39.128.41 
B1O.ER k k k k k k k k k AChR 4.4 0.2+0.10 

BlO.A(4R) k k b b b b b b b AChR 1.1 0. OZO .03 < I  l.39C0.050 
BlO.A(4R) k k b b b b b b b n i l  < I  0. o+o. 01 < I  1.43z0.070 

< I  0. 020. 02 < I  1 .58EO. 043 BIO.A(SR) bbb k k d d d d n i l  
ElO.A(SR) b b b k k d d d d AChR 15.4 8.1653.12 1 524 1.21+0.117 

Only mice o f  EIO/SN and BlO.A(5R) s t r a i n s  developed weakness a f t e r  i nocu la t i on  w i t h  AChR and 
adjuvants.  S u s c e p t i b i l i t y  o f  these s t r a i n s  t o  i nduc t i on  of autoimmunity t o  AChR, and r e s l s -  
tance of E1D.BR and BIO.A(bR) maps s u s c e p t i b i l i t y  t o  the  K end of  the  H-2 complex. Fur ther  
s tud ies  on the  mode o f  seg iegat ion  o f  s u s c e p t i b i l i t y  i n  FI and backcrosses, r o l e  o f  complement- 
ing  genes and in f luence of non-H-2-linked genes in t he  i nduc t i on  o f  EAMG w i l l  be discussed. 

173 THE MURINE MACROPHAGE Fc RECEPTOR FOR AGGREGATED IgG I S  A LIPOPROTEIN.Clark L. 
Anderson, Department of Medicine, Univers i ty  o f  Rochester, Rochester. N e w  York 14642. 

Two d i s t i n c t  Fc receptors (FcR) f o r  IgG are found on the plasma membrane o f  niurine 
macrophages. One i s  spec i f i c  f o r  monomeric o r  aggregated IgG2a (FcRI). The other binds 
aggregates o r  i m n e  complexes o f  two o r  three o f  the four  IgG subclasses (FcRII). These 
two FcR have been so lub i l ized by detergent l y s i s  o f  a macrophage-like c e l l  l i n e  (P388D1) 
and have been phys ica l ly  separated from one another by sucrose density gradient centr i fuga- 
t i o n  and by a f f i n i t y  chromotography (Anderson and Grey, J Imnunol 121:648, 1978). I n  
soluble form the two receptors are t ryps in-sensi t ive and are found i n  a f rac t i on  o f  the 
lysate w i th  density 1.15 g/ml. but  on ly  FcRII i s  sens i t ive t o  phospholipase C digestion. 
The phospholipase C e f fect  i s  abolished with 0.01M phenanthroline which chelates the 
enzyme co-factor Zn++. A f te r  i nac t i va t i on  by phospholipase C. soluble FcRII a c t i v i t y  can 
be restored by the addi t ion o f  liposomes prepared w i th  p u r i f i e d  phospholipids o f  spec i f i c  
type. 
The l i pop ro te in  nature o f  the receptor therefore implies t h a t  p u r i f i c a t i o n  o f  the receptor 
prote in  from detergent lysates by means o f  a f f i n i t y  chromatography w i l l  requi re  incomplete 
so lub l izat ion which may r e s u l t  i n  co-pur i f icat ion o f  other molecules. 

Supported by grants from the USPHS (CA-24067 and AI-00363). the ACS (IN-185), and the 
A r t h r i t i s  Foundation. 

Thus reconstituted, the soluble FcRII a c t i v i t y  remains sensi t ive t o  t r yps in  digestion. 
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sensitive Na+ channels that are 500-fold less sensitive t o  inhibition by tetrodotoxin (TTX). 
We have studied these Na+ channels using *2Na+ flux methods. 
is a full agonist in activating these Na' channels while veratridine and aconitine are par- 
tial agonists at the same receptor site. 
toxin I1 do not themselves activate Na+ channels but markedly enhance activation by the lipid- 
soluble toxins. The effects of both the alkaloid toxins and the 01 eptide toxins are vol- 

change in K0.5. 
to 50-fold. 
separate receptor sites for neurotoxins as previously described for neuroblastoma cells, but 
differ in toxin affinity and in the voltage-dependence of alkaloid toxin action. 

choline receptors (nAchR) which is reduced by electrical activity. Inhibition of spontaneous 
electrical activity of the cultured rat muscle cells caused a 2.5-fold increase in nAchR but 
had no effect on TTX sensitivity. 
but had no effect on TTX sensitivity. Therefore, muscle electrical activity that is sufffc- 
ient to regulate nAchR levels is not sufficient to alter TTX sensitivity. Different mechan- 
isms may be involved in regulation of these two innervation-dependent muscle properties. 

REGULATION AND PHARMACOLOGIC PROPERTIES OF Na+ CHANNELS IN CULTURED RAT MUSCLE CELLS, 
John C. Lawrence and William A. Catterall, Dept. of Pharmacology, Univ. of Wash., 

Cultured rat skeletal muscle cells, like denervated skeletal muscle, have voltage- 

The alkaloid batrachotoxin (BTX) 

The polypeptide8 scorpion toxin and sea anemone 

tage-dependent. Depolarization increases Vmex for BTX-dependent s q  2Na influx 3-fold with no 
In contrast, depolarization increases K0.5 f o r  polypeptide toxin action 5- 

Our results show that TTX-insensitive Na+ channels in rat muscle cells have 3 

Cultured muscle cells, like denervated muscle, have a high density of nicotinic acetyb 

Electrical stimulation caused a 30% reduction in AchRlevels 

175 INDUCTION OF EXPERIMENTAL AUTOIF MYASTHENIA GRAVIS (EAMG) SOLELY BY ACETYLCHO- 
LINE RECEPTORS (AcChR)  AND INHIBITION OF a-BUNGAROTOXIN (a-Bunt) BINDING TO RE- 
CEPTORS SOLELY BY ANTISERA FROM ANIMALS AFFLICTED WITH THIS DISEASE, Toni R. Claudio 

and Michael A. Raftery, California Institute of Technology, Pasadena, CA 91125 
EAMG has been induced in a wide variety of animals.using AcChR purified from many sources. 
SDS polyacrylamide gels heavily loaded with purified AcmR often reveals the presence of 
minor contaminants. To test whether these contaminants or any other components present in 
Torpedo californica AcChR preparations could induce EAMG, solubilized 2. californica membrane 
fragments were depleted of AcChR by passage over an a-Bunt conjugated resin and then injected 
into Lewis rats in an attempt to induce EAMG. The results demonstrated that some of theminor 
contaminants present in purified AcChR preparations were antigenic but EAMG could not be in- 
duced with preparations enriched in these contaminants or containing other non-AcChR compo- 
nents and lacking AcChR. Anti-T. californica AcChR antisera, pre ared in New Zealand white 
rabbits and Lewis rats, were tested for the ability to inhibit [13511a-BuTx binding to mem- 
brane bound and detergent solubilized T. californica AcChRs. 
performed using rabbit antisera and Fa& prepared against each of the four isolated AcChR 
subunits. 
the a-BuTx binding to solubilized ACChR. 
SDS all produced antisera which could bind to nondenatured AcChR but none of these animals 
developed EAMG. A strong correlation was observed between the presence of EAMG in animals 
and the ability of the antisera from these animals to inhibit 50% of the a-Bunt binding to 
solubilized AcChR. 

Similar inhibition studies were 

Antisera and Fabs prepared against intact AcChR could inhibit a maximum of 50% of 
Rabbits and rats imnunized with AcChR denatured by 

176 
Virginia, Virginia Comonwealth University, Richmond, Virginia 23298 

Acetylcholine receptor (AcChR) and toral lipids were extracted from Torpedo California 
elecbroplax and were utilized to form fully functional, reconstituted vesicles. The AcChR, 
purified by a-cobratoxin affinity chromatography, could bind a-neurotoxins and specific 
ligands, and exist in a low carbarnylcholine affinity state ("desensitized"). 
has four different polypeptide chains only (40,50,60 and 65.000 daltons) in NaDodSOq-poly- 
acrylamide gels. AcChR was reintegrated into the lipid environment by a detergent dialysis 
method and the formation of these vesicle-like structures was detectable through: 1) electron 
microscopy, 2) osmotic responses, and 3) loading with 22Na+. 
be fractionated by sucrose density gradient centrifugation. In addition, the membrane-like 
vesicles exhibited the following functional properties: 1) a "right-side-out" distribution of 
AcChR a-Bungarotoxin binding sites, 2 )  a lower Kd for cholinergic ligand binding compared 
to purified AcChR, 3 )  an agonist influenced "sensitized"-like state, and 4) an increase in Na+ 
permeability due to the presence of agonists, which could be blocked by preincubation of the 
vesicles with either antagonists or a-neurotoxins. 
duced by detergent solubilization of the vesicles or preincubation with gramacidin A. The 
role(s) of purified AcChR protein, pertaining to both neurotransmitter recognition and Na' 
translocation, will be discussed. 

RECONSTITUTION OF FUNCTIONAL ACETYLCHOLINE RECEPTOR INTO A MEMBRANE ENVIRONMENT. 
Jose M. Gonzalez-Ros, Alex Paraschos and M. Martinez-Carrion, Medical College of 

Isolated AcChR 

The reconstituted vesicles could 

Non-specific "Na+ unloading could be in- 

(Supported by NSF grant BNS 77-24715) 
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177 MULTIPLE BINDING OF HISTAMINE I N  RAT BRAIN, James W. Wells, Glenn H. Steinberg, 
Stephen I. Kandel, Marianne Kandel and Allan G. Gornall. Faculty of Pharmacy and 
Department of Cl in ica l  Biochemistry, University of Toronto, Toronto, Canada M5S lAl. 

To probe the relat ionship among histaminic binding sites i n  m a m m a l i a n  brain,  three radiolabel- 
led drugs hare been studied i n  a synaptosomal preparation from rat cerebral  cortex: 
antagonist [ $]mepyramine (MEP) , the H2 antagonist [ 3H]cimetidine (CIM) , and [ %i]histamine it- 
s e l f  (HIS). I n  Krebs-Henseleit buffer  a t  30'. the d i r e c t  binding prof i le  f o r  each probe con- 
ta ins  a spec i f ic  component inh ib i tab le  by varioua other histaminic drugs and describable by a 
rectangular hyperbola. 
autoinhibi t ion (pIC50) i n  the case of MEP (pK -8.50t.08. pIC50-8.20f.13) and H I S  (pKd-7.84t 
.Oh. pIC50-7.94+.07). 
t rapolat ion involved. the value of pICg (6.72t.09) is  essent ia l ly  independent of the concen- 
t r a t i o n  of [ 3HlCIM. 
s e t  equal t o  pIC50 only i n  the case of [ %]CIM. While absolute values varied among groups of 
30-40 animals, maximal spec i f ic  binding expressed as pmollg protein was  found to  yield a con- 
stant r a t i o  of approximately 1:2:10 for  [3H]HIS, [3H]MEP, and [3H]CIM, respectively. 
over, values of pIC50 obtained f o r  MEP, CIM, and HIS depend upon the choice of radiolabelled 
probe. with a l l  nine combinations yielding d i f fe ren t  apparent a f f i n i t i e s .  
tha t  the three probes labe l  d i f fe ren t  sites. 
relevant, aa suggested by previous authors, antagonis t ic  relationahips between histamine and 
antihistamines may not r e f l e c t  simple competition f o r  a commn pool of sites. (Supported by 
the Banting Research Foundation, the  Canadian Heart Foundation, and the MRC) 

the HI 

Aff in i t ies  measured d i rec t ly  (pKd) agree w e l l  with those measured by 

Although d i rec t  estimafes of CIM a f f i n i t y  a re  precluded by the long ex- 

Capacities were  estimated assuming a s ingle  component of binding; pKd vas 

More- 

It thus appears 
I f  the binding of each probe is  physiologically 

178 
The central  observation described here i s  tha t  v o l a t i l e  anesthet ics  f a c i l i t a t e  a s t ruc tura l  
t rans i t ion  of the membrane-bound acetylcholine receptor prepared from the  e l e c t r i c  organs of 
the marine ray Torpedo cal i fornica v ia  an a l l o s t e r i c  mechanism. 
volves a t rans i t ion  from a s t a t e  of low a f f i n i t y  f o r  cholinergic agonists to  one with a 100- 
1000 fold greater  a f f i n i t y  f o r  agonists. 
anesthet ics  halothane, chloroform, or diethylether  o r  the  primary alcohols ethanol, butanol, 
or  octanol converts the receptor t o  the high a f f i n i t y  s ta te .  
a t i l e  anesthet ics  can be reversed by passage of a i r  over anesthetic-treated membranes. Be- 
cause of the strong correlat ion between the high a f f i n i t y  conformation of the acetylcholine 
receptor and a desensitized (inactivated) postsynaptic membrane, t h i s  heterotropic  e f fec t  pro- 
vides the f i r s t  neurochemical model f o r  v o l a t i l e  anesthet ic  action a t  synapses, the postulated 
ta rge t  for these agents, 

ALLOSTERIC EFFECTS OF VOLATILE ANES'IHETICS ON VIE WMBR4NE-BOUND ACETYLCHOLINE RECEPTOR 
Anthony P. Young, University of California, Los Angeles. CA 90024. 

The confromational change in- 

Pretreatment of membrane fragments with the volat i le  

This heterotropic  e f fec t  by vol- 

179 ELECTROPWSIOLOGICAL ABNORMALITIES OF MYOTONIC DYSTROPHY I N  CULTURE, Michael Merickel, 
Rick Gray, P r i s c i l l a  Chauvin and Stan Appel, Baylor College of Medicine, Houston, 
Texas 77030 

Myotonic Muscular Dystrophy (MyD) is an inheri ted disease (autosomal dominant) which involves 
progressive muscular weakness and muscle degeneration. 
pected to underly MyD but the spec i f ic  defect  has not been ident i f ied.  We have approached 
the study of MyD by u t i l i z i n g  electrophysiological techniques t o  invest igate  the membrane 
properties of muscle f ibers  from normal and MyD pat ient  biopsies which a r e  grown in a primary 
t i s sue  cul ture  system. Other invest igators  and ourselves have attempted unsuccessfully t o  
find morphological abnormalities i n  cultured MyD muscle a t  the EM or l i g h t  microscope level  
which makes the invest igat ion of possible e l e c t r i c a l  abnormalities par t icular ly  important. 
Cultures were prepared from muscle biopsy specimens by trypsin dissociat ion.  
demonstrate tha t  MyD myotubea have abnormalities i n  some of the i r  fundamental membrane 
e l e c t r i c a l  propert ies  when compared to control myotubes which include: 1) s igni f icant ly  
decreased average rest ing potent ia l  of approximately 10 mV; 2) increased tendency t o  repet i -  
t ive ly  f i r e  action potent ia ls ;  3) s ign i f icant ly  decreased outward-going rec t i f ica t ion :  and 
4) two-fold increase i n  spec i f ic  membrane resis tance.  All of the observed NyD abnormalities 
can be accounted for  by a decreased conductance to  K+. This demonstration indicates  that  an 
abnormality of MyD muscle membranes is  propagated i n  cul ture .  The cul ture  model w i l l  permit 
detai led electrophysiological s tudies  t o  fur ther  character ize  the abnormality and provide an 
excellent system f o r  future  biochemical s tudies  of the spec i f ic  inborn error  of metabolism. 

A n  inborn e r ror  of metabolism is ex- 

Our r e s u l t s  
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180 REGULATIYN OF ACETYLgHOLINE RECEgTOR IN EMBRYYNIC SKELETAL MUSCbE. Joav Prives''*, 
K. Olden , A. Fulton , S .  Penman , M. Daniels and C. Christian , SUNY at Stony 
Brook, NIH, Bethesda, Md. and MIT, Cambridge, Mass. 

Profound changes in the amount and distribution of acetylcholine receptor (AChR) on the 
cell surface mark the differentiation and innervation of embryonic skeletal muscle. We are 
investigating the roles of, a) muscle cytoskeleton and b) protein glycosylation, in regula- 
tion of the distribution and stability of the AChR glycoprotein in cultured muscle cells. 
The association of AChR with underlying cytoskeleton was monitored using a detergent 
extraction that quantitatively removes membrane lipids and soluble proteins from cultured 
cells, leaving the intact cytoskeleton attached to the substratum. Using this procedure, we 
have identified two subpopulations of AChR. Our findings suggest that most of the diffusely 
distributed AChR is rapidly extracted from surface membranes of muscle cells by detergent 
treatment while aggregated AChR is predominantly retained by the cytoskeleton. Treatment of 
cultured muscle with medium previously conditioned by neuronal cells induces rapid forma- 
tion of AChR aggregates and a subsequent increase in AChR retention on cytoskeleton. These 
results suggest that the aggregation of AChR precedes attachment of these receptors to 
underlying cytoskeleton. 

Using tunicamycin, an inhibitor of protein glycosylation, we have investigated the 
role of glycosylation in the biosynthesis and turnover of AChR. We have found that 
inhibition of protein glycosylation markedly increases the degradation rate of AChR without 
blocking its biosynthesis or incorporation into the cell membrane. 

181 ISOLATION AND CHARACTERIZATION OF SARCOLEMMA FROM NEWBORN AND EMBRYONIC CHICK HEARTS. 
M. Marlene Hosey, Department o f  Biochemistry, Univers i ty  o f  Health Sciences/The 

Chicago Medical School, Chicago, I l l i n o i s  60612 . 
Cer ta in  membrane receptors and t ranspor t  functions e x h i b i t  var ia t ions i n  proper t ies during the 
development o f  the ch ick myocardium. Large a l te ra t i ons  i n  the i n t r a c e l l u l a r  concentrations o f  
c y c l i c  nucleotides and the a c t i v i t y  o f  CAMP-dependent p ro te in  kinase p a r a l l e l  some o f  these 
developmentally re la ted  changes i n  membrane funct ion.  Thus the developing ch ick myocardium 
may be a useful system t o  determine i f  a l te ra t i ons  i n  CAMP-mediated phosphorylation o f  mem- 
brane proteins can be corre la ted w i t h  spec i f i c  a l t e ra t i ons  i n  membrane funct ion.  
studies i t  i s  c r i t i c a l  t o  obta in  a well-defined sarcolemna f rac t i on .  Membrane f rac t i ons  f r a n  
hearts o f  newborn chicks and 9-10 day embryos have been p u r i f i e d  using discontinuous sucrose 
gradients containing low i o n i c  strength buf fers .  Sarcolemna from newborn ch ick hearts sedi- 
mented as " l i g h t  membranes" a t  a 12:28% sucrose interphase (MI). This f r a c t i o n  was enriched 
i n  ouabain-sensitive Na,K-ATPase and the acety lchol ine rece t o r  as determined by r3H]- 
qu inuc l i d iny l  benzi la te  binding. This f r a c t i o n  accumulated f45Ca]2+ and contained CAMP- 
dependent prote in  kinase and several substrates o f  exogenous CAMP-dependent p ro te in  kinase 
c a t a l y t i c  subunit. Membranes fso lated from hearts o f  9-10 day embryos d i f f e r e d  from the new- 
borns i n  t h a t  Na,K-ATPase and the QNB bind ing f r a c t i o n  sedimented w i t h  heavier membranes wh i l e  
the p ro te in  kinase and i t s  substrates remained loca l i zed  i n  the M1 f r ac t i on .  The data suggest 
t ha t  s t ruc tu ra l  as wel l  as funct ional  d i f ferences i n  the sarcolemna may occur during develop- 
ment. (Supported by the PMA Foundation, Chicago Heart Associat ion and NIH).  

For such 

PURIFICATION OF SODIUM CHANNELS FRCN MUSCLE SARCOLEW. Robert L. Barchi, 
University of Pennsylvania, Philadelphia, PA 19104. 

182 

The component of the excitable membrane sodium channel which binds saxitoxin (STX) and 
tetrodotoxin ("X) has been purified from rat sarcolemma. The channel could be solubilized 
with medium chain nonionic detergents (e.g. NP-40) and the toxin binding component (TBC) iden- 
tified by specific equilibrium bi ding of 'H-STX. 
lipid for stability and specific %-STX binding was quite temperature sensitive. The SOlu- 
bilited channel bound toxin with an apparent Kd comparable to that in intact membranes, and 
binding was competitively blocked by monovalent cations and noncompetitively blocked by 
trimethyl oxoniwn tetrafluoroborate. 

The solubilized TBC was purified from isolated sarcolema by sequential chromatography 
on a weak ion exchange resin with guanidinium functional groups and a lectin column containing 
immobilized Wheat Germ Agglutinen. 
1500 pmles toxin/mg protein representing a 6000 fold purification over crude homgenate. 
The purified TBC had an apparent Sw 2o of 
behaved on sepharose 6-8 as if it whre a larger protein. 
in the purified material. 

The solubilized channel required phospho- 

Specific 3H-STX binding in the purified material averaged 

9.5 suggesting a size of 300,000 My, although it 
SDS-PAGE indicated 3 major bands 
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High-affinity histidine transport in SatmaneZZa involves three proteins, a periplasmic 
binding protein J, a membrane-bound protein P, and a third unidentified protein Q. 
for these proteins, together with a promoter/regulatory region, are arranged as a sinqle 
operon. A 12.4 kb ECORI fragment of the SahoneZZa chromosome containing this operon has 
been cloned in a phage vector, Xgt4. The presence of the histidine transport genes on this 
fragment has been confirmed by complementation and by the electrophoretic identification o f  
the J and P proteins produced upon infection of UV-irradiated cells with the X clone. 
restriction map o f  the cloned fragment has been qenerated. 
have been positioned on this mp by Southern transfer and hybridization to the DNA of dele- 
tion mutants of the transport region. The histidine transport operon has also been cloned in 
the single-stranded DNA phage vector, M13 mp2, as  a prelude to sequencinq by the chain termi- 
nation method. We are presently introducing into the clone specific mutations permitting the 
identification of the Q protein, and also mutations causing overproduction o f  all three 
histidine transport proteins. 
the study of the regulation of the operon. 

CLONING OF THE H I S T I D I N E  TRANSPORT GENES OF SALMNELLA TYPHIMURIUM, Giovanna Ferro- 
Luzzi k s ,  Feroza Ardeshir and Christopher F. Higgins, University of California, 
Berkeley, CA 94720. 

The genes 

A 
The histidine transport genes 

The latter will allow the purification of these proteins and 

184 A PRELIMINARY THEORETICAL COMPARISON OF THE SULFATE AND 
ARABINOSE BINDING PROTEINS, Robert  W. Hogg and Hikaru Isihara. C a s e  
Western Reserve  University, Cleveland, Ohio 44106 

The  p r i m a r y  amino  acid sequence analysis  of the sulfate binding protein and the a rab inose  
binding protein have now been completed. 
binding protein is available i n  the l i t e ra ture  and a pre l iminary  sequence analysis  of the 
histidine binding protein is available in th i s  laboratory.  
used t o  t e s t  the ability t o  predict  sequence s imi la r i t i es  f r o m  compositional re la tedness .  
Ten  alignments of the two sequences A.B. P. and S. B.P.  (chosen because of the s imi la r i ty  
of res idue  numbers--306 and 310) were  analyzed. 
reflects the degree  to which the Sequences may be re la ted  was calculated f o r  each  alignment. 
The  method of Chou and  Fasman was  applied t o  both sequences (arabinose and sulfate) and 
a qualitative assignment  of secondary s t ruc ture  was made to regions of each sequence. 

Analysis of the Isoleucine- Leucine-Valine 

The four  known sequences w e r e  

A n  average  p.robability value which 

185 'H NMR INVESTIGATION OF SUBSTRATE-INDUCED CONFORMATIONAL CHANGES OF HISTIDINE-BINDING 
PROTEIN J OF SALMONELLA TYPRTNURILIM, Chien Ho, Yueh-hua Giza, Seizo Takahashi. and 
Kenneth E. Ugen, Carnegie-Hellon University, Pittsburgh, PA 15213 

The histidine-binding protein J (J protein) of Salmonella typhimurium binds L-histidine as  a 
f i r s t  s tep  i n  the high-affinity act ive transport of t h i s  amino acid across the cytoplasmic 
membrane. High-resolution proton nuclear magnetic resonance (NMR) spectroscopy a t  600 MHz 
has been used t o  invest igate  the conformations of J protein i n  the presence and absence of 
substrate .  This protein contains 1 his t idine.  2 tryptophans, 8 tyrosines. and 12 phenyl- 
alanines per mole. Thus, there a re  a large number of aromatic proton resonances together 
with numeroua resonances due t o  protons on the a-carbon atoms, unexchangeable NH and backbone 
H-bonded protons over the spectral  region from 1 t o  6 ppm downfield from the proton resonance 
of residual WO. 
extensive spectral  changes over t h i s  region upon the addition of L-histidine. when resonances 
from individual amino acid residues can be resolved i n  the 'H NMR spectrum of a protein. a 
great deal  of detai led inforsvltion on substrate-induced s t ruc tura l  changes can be obtained. 
In  order t o  gain a deeper insight  into the nature of t h i s  type of s t ruc tura l  changes, 
deuterated phenylalanines or  tyrosines have been incorporated biosynthetically into bacter ia .  
'H NMR spectra  of select ively deuterated J proteins were obtained and compared t o  normal 
J protein. 
L-histidine w i l l  be discussed. 

Previous resu l t s  reported by t h i s  laboratory have shown tha t  there  are 

The relat ionship between the observed spectral  changes and the transport of 
(Supported by research grants from NIH and NSF.) 
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186 EFFECTS OF LQCAL ANEsllETICS AND PROTEASE INHIBITORS ON INDUCTION OF LACK6E TRANS- 
PORT ACTIVITY, krna R. Villarejo, Sandra Granett and Sui-Lam Wong, University of 

California, Davis, California 95616 

A local anesthetic has previously been shown to inhibit E. coli exported protein processing 
without interfering with protein synthesis. 
alkaline phosphatase, a periplasmic enzyme, and an outer membrane protein M2, was strongly 
inhibited by 2 0  mM procaine. Procaine also interfered with translocation of alkaline phos- 
phatase through the E. g inner membrane. 
unknown, both lipid Kilayer effects and direct protease inhibition have been suggested. To 
investigate the mechanism of membrane insertion of an integral inner membrane protein we 
have examined the effects of local anesthetics and protease inhibitors on the induction of 
lactose transport activity. 
inhibited by 2 0  lrlil procaine or  the protease inhibitors antipain and leupeptin. However, 
the more potent anesthetics, lidocaine and tetracaine, can abolish lactose transport at 
10 &I and 5 mt4 respectively. 
lactose permease protein (W I- 30,000) is absent from the membrane in lidocaine treated 
cells. 

Proteolytic cleavage of the precursors of 

Although the mechanism of procaine action is 

We have found that  lactose permease expression is not 

hino acid double labeling experiments show that the normal 

187 CITRATE B I N D I N G  PROTEIN (C PROTEIN) OF SALMONELLA TYPHIMURIUM, Gaye D. Sweet, 
J ack ie  M. Soners,  and William W. Kay, Univers i ty  of Vic to r i a ,  V ic to r i a ,  B r i t i s h  

Columbia, V8W 2Y2, Canada and Walter C. Mahoney, Purdue Univers i ty ,  West LaFayet te ,  Indiana,  
47907, U.S.A. 
C i t r a t e  grown c e l l s  o f  S. typhimuriwn produce a per ip lasmic  c i t r a t e  binding p ro te in  which is 
r ead i ly  pu r i f i ed  by conventional means. This p ro te in ,  the  C p ro t e in ,  appears t o  be dimeric 
and has a high a f f i n i t y  (VM) f o r  the  t r i ca rboxy la t e s  ci trate and i s o c i t r a t e  and f o r  t he  
analogue f l u o r o c i t r a t e .  The b inding  of s u b s t r a t e  r equ i r e s  monovalent ca t ions ,  p a r t i c u l a r l y  
Na+. 
r e s i s t a n t  t o  f l u o r o c i t r a t e  were i so l a t ed .  Shock f l u i d s  from these  s t r a i n s  conta in  no 
de tec t ab le  c i t r a t e  b inding  a c t i v i t y  and no c ross  r e a c t i n g  ma te r i a l .  The de fec t ive  gene 
(tct C) w a s  l oca l i zed  a t  59 u n i t s  i n  a " s i l e n t "  a rea  between, but not co t ransducib le  wi th ,  
srl  and pheA, and was accura te ly  pos i t ioned  r e l a t i v e  t o  seve ra l  nearby Tnl0 i n s e r t i o n s .  
N t e rmina l  amino ac id  sequence has been determined and is compared with a rab inose ,  r i bose ,  
and ga lac tose  binding p ro te ins .  

Mutants unable t o  e i t h e r  metabolize or t r anspor t  c i t r a t e  or i s o c i t r a t e ,  and which were 

The 

188 PERIPLASMIC BINDING PROTEINS FOR ACTIVE TRANSPORT AND CHEMOTAXIS: STRUCTURE AND 
FUNCTION, F.A. Quiocho, D.M. Miller, M.E. Newcomer, G.L. G i l l i l a n d ,  J.W. Pf lugra th ,  
and D.A. Char l e t t a ,  Dept. of Biochemistry, Rice Univers i ty ,  Houston, Texas 77001 

The three-dimensional (X-ray) s t r u c t u r e  01 rive binding p ro te ins  s p e c i f i c  f o r  L-arabinose, 
- D-galactose, maltose,  Leu/Ile/Val and s u l f a t e  is c u r r e n t l y  being determined i n  ou; l abora tory .  
The s t r u c t u r e  of arabinose-binding p r o t e i n  and s te reochemis t ry  of sugar-binding have been de- 
termined a t  2 . 4  A reso lu t ion .  
4 8 reso lu t ion .  

and h is t id ine-b inding  p ro te ins  by stopped-f low rap id  mixing techniques.  
phan 
order  process (kl = 1-4x10' M-'s-' and k2 - 1-100 s- ); no add i t iona l  phases were observed. 

the r ad ius  of gyra t ion  (Rg) decreases  by 0 . 9 4  ( t 0 . 3 3 )  upon binding of arabinose.  This change 
could be accounted f o r  in terms of a sugar-induced c l e f t  c l o s u r e ,  r e s u l t i n g  from one lobe  ro- 
t a t i n g  18" r e l a t i v e  t o  the  o the r  lobe about a "hinge" deep i n  the  base of  t he  c l e f t  s epa ra t ing  
the  two lobes.  The c l e f t  conta ins  the sugar-binding s i t e .  

o the r  s tud ie s .  

2-galactose-binding p ro te in  s t r u c t u r e  has been solved a t  

We have a l s o  measured the  k i n e t i c  of l igand-binding of ga lac tose- ,  arabinose-,  maltose- 
The changes i n  t ryp to-  

b inding  t o  these  p ro te ins  a r e  descr ibed  by a r ap id ,  second- f luorescence  t h a t  o c  ur  i t  

Using low angle X-ray s c a t t e r i n g  from so lu t ion  of arabinose-binding p ro te in ,  we f i n d  t h a t  

The s t r u c t u r e  and func t ion  of binding p r o t e i n s  w i l l  be d iscussed  in l i g h t  of t hese  and 

(Supported by N I H  Grants  GM21371 6 GM26485 and the  Robert A. Welch Foundation Grant C-581) 
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Previous r e s u l t s  from t h i s  laboratory have suggested t h a t  acetyl-phosphate 
is required for osmotic-shock-sensitive a c t i v e  t ranspor t  i n  E. &. I n  
order  t o  f u r t h e r  inves t iga te  t h e  involvement of acetyl-phosphate i n  shock- 
s e n s i t i v e  t ranspor t ,  a micro-method f o r  the  measurement o f  acetyl-phosphate 
has  been developed. This method, which involves the enzymatic react ion of 
acetyl-phosphate with t r i t i a t e d  ADP and subsequent separat ion and quanti- 
t a t i o n  of labe l led  ATP, has a s e n s i t i v i t y  of  approximately 20 pmoles of  
acetyl-phosphate per  m l .  of c e l l - f r e e  ex t rac t .  
system described i n  Proc. Natl. Acad. m. w. 3, 1213 (1979). w e  have 
v e r i f i e d  the conclusion that g .  &must  be able t o  synthesize acetyl-  
phosphate i n  order  t o  t ranspor t  shock-sensitive subs t ra tes .  Further ex- 
periments regarding t h e  k i n e t i c s  of araenate  i n h i b i t i o n  of  t ranspor t  have 
revealed t h a t ,  over a period of t i m e  where t ranspor t  a b i l i t y  decreases by a 
f a c t o r  of ten  t o  twenty. acetyl-phosphate l e v e l s  do not  change a t  a l l .  
Furthermore, ATP leve ls  show, a t  most, a three-fold decrease over the  same 
period of time. These r e s u l t s  suggest t h a t  some o ther  fac tor ,  i n  addi t ion  
t o  acetyl-phosphate, is  involved i n  shock-sensitive t ranspor t  i n  g .  u. 

THE ROLE O F  ACETYL-PHOSPHATE I N  AC'i'IVE TRANSPORT, Jen-shiang Hong and 
A r t h u r  G. Hunt, Brandeis University, Waltham, MA 02254 

Applying t h i s  method t o  t h e  

1% IIENTIPICATION OF A CYTOPLASMIC MWBRANH CtY4POlW~ OF THE e. 
MALTOSE TRANSPORT SYSTEM, Howard A. Shummn, Thomas J. Silhavy, and 
Jonathan R. Beckwith, Harvard m d i c a l  School, Boston, ER 02115 

W e  have developed a general  method for  t h e  i d e n t i f i c a t i o n  of b a c t e r i a l  
p ro te ins  which have been d i f f i c u l t  t o  d e t e c t  by conventional means. Specif i -  
ca l ly ,  t h e  product of t h e  gene has been ident i f ied .  Fusions of the 
gene t o  t h e  -gene (which codes for B ~ a l a c t o s i d a s e )  have been conatructad 
i n  vivo. 
t h a t  r e t a i n s  B-qalactosidase a c t i v i t y  and an NH2-torminal region t h a t  is coded 
for  by t h e  
of t h e  NH2-terminal reqion of t h e  malp prote in  was p u r i f i e d  and.ant ibodies  t o  
it were r a i s e d  i n  rabbi t s .  Some of t h e  ant ibodies  recognize de tuminants  
coded f o r  by t h e  malp gene. 
ments t o  demonstrate t h a t  t h e  product of t h e  malp gene is a 40,000 m o l .  w t .  
prote in  t h a t  is located i n  t h e  cytoplasmic membrane and present  i n  approx. 

500 copies per cell during growth on mltose. This prote in  has an e s s e n t i a l  

These fusions code f o r  hybrid pro te ins  with a COOA-terminal region 

gene. A hybrid pro te in  t h a t  contains  a s i g n i f i c a n t  por t ion  

These were used i n  immune p r e c i p i t a t i o n  experi- 

but  as y e t  undefined r o l e  i n  maltose and maltodextrin a c t i v e  transport. 
Studies  afe *yress t o  determine t h e  or ien ta t ion  of the malp prote in  i n  
cytoplasm c ra e. 

191 

The presence of a riboflavin-binding component in the cell membrane of Bacillus subtilis has 
been shown in studies of strain H52, a riboflavin requiring mutant. Evidence for its function 
in transport of riboflavin by the organism was adduced from the similarity of the KD for ribo- 
flavin-binding and the 
which inhibits effectivby both uptake and binding of riboflavin in the same concentration 
range. 
treating isolated membranes with 1% (w/v) sodium cholate in 10 mM Tris-50 mM NaC1. pH 8.0, 
centrifuging at 100.000 x g for 1 hr, and then reextracting the membranes with 2% Triton X-100 
(w/v) in 10 mM potassium phosphate, pH 6.8. 
100,000 x g for 1 hr, the supernatant is adsorbed and eluted from hydroxjlapatite. The eluted 
material is purified about 16-fold in comparison with the membranes. 
- B. subtilis H52 have been shown t o  carry out exchange and counterflow of riboflavin under 
a p p m t - 6  conditions. 
in g. subtilis is carrier-mediated. although, thus far, it has not been possible to observe 
net accumulation of riboflavin by the vesicles under conditions adequate to support Proline 
uptake. 
predictably but valinomycin plus Kt can be used to obtain transient uptake more COnSlStentlY. 
Both binding and uptake vary with the level of riboflavin present during growth. 

THE RIBOFLAVIN-BINDING COMPONENT OF MEMBRANE VESICLES OF BACILLUS SUBTILIS, Gary 
Cecchini and Edna B. Kearney. University of California, S-i-3 and 
Veterans Administration Hospital, San Francisco, California 94121. 

for uptake, and from studies with the analog 5-deazariboflavin, 

The riboflavin-binding component has been solubilized and partially purified by first 

After again centrifuging the suspension at 

Membrane vesicles from 

These findings further support the conclusion that riboflavin uptake 

Transient uptake of riboflavin by the vesicles i s  observed occasionally but.not 
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BIOSYNTHESIS OF CALCIUM-BINDING PROTEIN OF CHICK CHORIOALLANTOIC MEMBRANEs 
Rocky S. Tuan, Developmental Biology Laboratory, Massachusetts General Hospital. 
Boston. MA 02114 

The chick chorioallantoic membrane (CAM), which transports egg shell calcium into the 
embryonic circulation, contains a calcium-binding protein (CaBP) (J. Biol. Chem. 253. 1011, 
1978) associated with the ectodermal cell surface (J. Cell Biol. 71, 743, 1978). 
biosynthesis has been studied in CAM organ cultures and by cell-free translation. The CaBP 
is a relatively stable protein (tk - 50-60 h) and is expressed in the CAM concomitantly 
with calcium transport as a function of embryonic development. 
in the CAM involves microsomes and at least two post-translational modifications, glycosyla- 
tion and vitamin K-dependent y-glutamyl carboxylation. Cell-free translation of CAM &A 
in a rabbit reticulocyte lysate system revealed that CaBP is synthesized as a pre-protein 
containing a signal sequence which is cleaved during subsequent segregation of the poly- 
peptide into microsomal vesicles. It appeared that the segregated lower-molecular-weight 
CaBP precursor is then post-translationally modified to form the mature CaBP. (Supported 
by NIH Grant AM03564 and Jane Coffin Childs Memorial Fund). 

CaBP 

Biosynthesis of the CaBP 

1 9  RECONSTITUTION OF BINDING PROTEIN DEPENDENT TRANSPORT IN BACTERIA, Frank Robb, 
Clement E. Furlong and Barnett B. Rosenblum, Departments of Medicine (Division 
of Medical Genetics, Center for Inherited Diseases) and Genetics, University of 
Washington, Seattle, Washington 98195. 

In an earlier report (Galloway and Furlong, 1979) the reconstitution of binding protein 
dependent ribose uptake in spheroplasts of wild type E.coli K12 was described. This report 
noted that reconstitution did not take place in spheroplasts derived from a number of 
mutant strains deficient in ribose binding protein, or from cells which were not induced 
for ribose utilization. Recently we have been able to demonstrate reconstitution in one 
of the strains (DG1-9) with defective ribose binding protein. Residual uptake in the absence 
of  added ribose binding protein was negligible. Antiserum directed against ribose binding 
protein prevented reconstitution completely. Ribose binding protein used in these studies 
was purified by a rapid method including a novel step, high pressure liquid chromatography. 
Highly purified binding protein thus obtained has proved effective, in preliminary studies, 
in the reconstitution of ribose uptake in spheroplasts of Salmonella typhimurium strain 
LT2. This finding that E.coli ribose binding protein is capable of interspecies 
reconstitution is important in establishing homology between the two systems. The 
reconstitution of ribose uptake in spheroplasts derived from Salmonella cells was 
eliminated in control experiments in which antiserum directed against E.coli ribose protein 
was added to the mixtures. We acknowledge support by a CSIR grant to F. Robb. 
Reference: Galloway, D.R. and Furlong, C.E. (1979) Arch. Biochem. Biophys. =:158-162 

CLONING AND EXPRESSION OF LEUCINE TRANSPORT GENES IN ESCHERICHIA COLI, lW Charles J. Daniels, James J. Anderson, Robert C. Landick and Dale L. Oxender, 
Department of Biological Chemistry, The University of Michigan, Ann Arbor, MI. 48103 

We have cloned a 13 kB DNA fragment carrying the l&G, H, J, K genes specifing high-af- 
Appropriate subcloning has yielded a hybrid plasmid finity leucine transport in E. coli K-12. 

with a 2 kB piece encoding the complete structural gene ( 9 K )  for the leucine-specific bind- 
ing protein, and the gene has been partially sequenced. 
(*J) for the liv binding protein on a 4 kB fragment. We have ordered the Hinc I1 sites in 
the latter, and have identified an internal (0.4 kB) piece with base homology to the amino 
terminus of the gene. We are determining the base sequence around this region. The 
closely linked genes lie, H whose products are presently unknown are being ordered relative 
to livJ, K by classicrgenetic techniques. we have employed hybrid plasmid DNA to generate 
precursor forms of the binding proteins in an in vitro transcription/translation system. Pro- 
tein microsequencing of the precursor has verified a predicted 23 amino acid N-terminal exten- 
sion of the leucine-specific binding protein, which can be removed by a crude 530 extract fol- 
lowing translation. 
However, only the precursor is sensitive to trypsin. 
sensitive to phenylmethylsulfonyl fluoride inhibition; other protolysis inhibitors are king 
tested. 
has yielded strains which accumulate fragments of binding protein. The relevance to protein 
secretion is under study. 

Another plasmid carries the gene 

The mature and precursor forms are soluble and susceptible to papain. 
Processing activity in the 530 extract is 

Preliminary characterization of mutants defective in producing mature binding proteins 

Supported by GM 11024 and the American Heart Association. 
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1% 
Western Ontario, London, Ontario, Canada N6A 5C1. 
The dicarboxylate t ranspor t  system i n  E.coli K12 i s  responsible f o r  the uptake o f  succinate, 
fumarate. and malate across the cell-e-e. 
t ha t  there i s  only one dicarboxylate t ranspor t  system present i n  w. and t h a t  a t  l e a s t  
one binding prote in ,  and two cytoplasmic membrane transport components are involved i n  t h i s  
process. The two cytoplasmic membrane t ranspor t  components, SBP 1 and SBP 2, are coded by 
the dc t  B and dc t  A genes respectively. 
are essent ia l  f o r h e  t ranspor t  process. 
out vesicles i nd i ca te  tha t  the substrate recogni t ion s i t e s  o f  SBP 1 and SBP 2 are exposed on 
the inner  and outer membrane surfaces respectively. The present i nves t i ga t i on  repor ts  our 
recent f ind ings on the d i spos i t i on  o f  these two components i n  the cytoplasmic membrane. 
penetrat ing i n h i b i t o r s ,  such as t ryps in,  chymotrypsin. pronase. and d iazo -su l fan i l i c  acid, 
were found t o  i n h i b i t  succinate t ranspor t  by the cytoplasmic membrane vesicles. The e f f e c t  
o f  these reagents on the substrate recogni t ion s i t e s  of the t ranspor t  components, and on 
the i n t e g r i t y  o f  the membrane vesicles w i l l  be reported. 
ca r r i ed  out  w i t h  various membrane preparations t o  determine the d i spos i t i on  o f  the 
dicarboxylate t ranspor t  components. 

DISPOSITION OF THE CYTOPLASMIC MEMBRANE TRANSPORT COMPONENTS OF THE DICARBOXLYATE 
TRANSPORT SYSTEM OF ESCHERICHIA COLI K12, K.M. Tippett.  T.C.Y. Lo, Univers i ty  o f  

Both biochemical and genetic studies ind icate 

Reconsti tut ion studies i nd i ca te  tha t  both components 
Binding studies w i t h  both r ight -s ide-out  and ins ide-  

Non- 

Surface l abe l i ng  studies were also 

(Supported by MRC) 

Cation Transport Systems 

1% 
The g a s t r i c  ATPase catalyses an e lect roneutra l  exchange of K i n t  f o r  H generating a pH grad- 
.ient o f  4 u n i t s  due t o  turnover o f  an EP in tmnediate.0ur ing turnoverext there i s  t rans loca t i -  
on o f  K frmi a h igh a f f i n i t y  i n te rna l  COOH t o  a low a f f i n i t y  external  COOH.The K 5 f o r  T1 i s  
RW!,Por K i t  i s  7001J.1.Tl i s  transported by the ATPase i n  the range 0.6 t o  6mM.At the l a t t e r  
T1 f i r s t  e f f l uxes  frm the ves ic les w i t h  ATP add i t i on  and then reenters.Provided external  T1 
i s  less than ZnM,high T1 in te rna l  a lso supports H t ranspor t .At  exter i ia l  T1 concentrat ions Zmbl 
arid above T1 progress ive ly  i n h i b i t s  H t ranspor t  even i n  the presence o f  15CknPl KNO3 i n t e r n a l l y .  
Noreever these concentrat ions o f  T1 d i ss ipa te  preex is t ing t l  gradients i n  gas t r i c  ves ic les and 
synthet ic  1iposomes.Thus although T1 in te rac t i on  w i t h  the gas t r i c  ATPase f u l l y  mimics the 
phys io log ica l  K ion,the l i p i d  permeation o f  T1 a t  concentrat ions necessary f o r  dcsonstrable t i  
t ranspor t  r e s u l t s  i n  the induct ion o f  a T1:H a n t i p o r t  w i t h  resu l tan t  uncoupling o f  ATPase 
a c t i v i t y  froin ca t i on  and I1 transport.(llIti,NSF support) 

THF. INTERACTION OF T1+ WITH GASTRIC ATPASE VESICLES,G.Sachs,E Rabon,UAB, Birmingham. 
Alabama,35294 

197 CHARACTERISTICS OF CANINE CARDIAC SARCOPLASMIC RETICULUM, H.M.Rhee. Department o f  
Pharmacology. Medical College o f  Ohio, Toledo, Ohio 43699. 

Harigaya and Schwartz(Circ. Res. 25:781,1969) produced a h igh ly  ac t i ve  sarcoplasmic re t icu lum 
(SR) from the dog hearts. 
cardiac l e f t  ven t r i c l p+ in  seven dogs. 
SR a t  37OC and the Ca uptake assayed i n  thf presence o f  3 mM Tr is-oxalate was 1462 f 104 
nmol/mg SR a f t e r  10 minutes incubation. 
f 5.8 pmol Pi/mg/hr. 
f 0.75 pm Pi/mg/hr), which may ind i ca te  t h i s  canine microsomal preparation has very l i t t l e  
Contamination o f  s a r c o l e m .  
0.1 t o  0.5 mglml) increased s i g n i f i c a n t l y  the Nat K+-ATPase a c t i v i t y .  The treatment o f  SR 
w i th  SDS also caused simultaneous loss o f  Cat'-ATPase a c t i v i t y  as well  as Cat+ uptake a b i l i t y .  
This ind icates ATP-dependent Cat+ t ranspor t  i n  the SR vesicles my couple t i g h t l y  w i t h  Ca 
dependent ATP hydro lys is  a c t i v i t y  of the SR. A treatment o f  the SR w i th  su l fhydry l  agent such 
as d i th io-b is-n i t robenzoic  ac id  (DTNB) decreased the Cat+ uptake capacity (1462 vs. 277 nmol/ 
mg f o r  10 min w i t h  1 n+l DTNB). This ind icates the importance o f  SH group i n  SR f o r  the trans- 
po r t  o f  Ca-. 
(UM-272) a lso decreased the ATP-dependent Cat' uptake capacity o f  the SR preparation. 

A modif ied method o f  

The y i e l d  o f  the SR was 1.27 f 0.1 (means f S.E.) mg per g o f  f resh 
ATP (5mM)-dependent Ca++ b ind ing was 38.8 f 2.8 nmol/mg 

Cat -ATPase a c t i v i t y  assayed i n  50 UM CaC12 was 59.6 
This act ive canine SR preparation has a low Na+,K'-ATPase a c t i v i t y  (5.25 

However, a treatment o f  the SR w i t h  sodium dodecylsulfate (SDS, 

Several antiarrhythmic agents such as quin id ine and dimethyl propanolol 
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Sch. of Medicine, Balt., MO 21205 and Univ. of Alabama, Birmingham, Ala. 35294 

to a large extent by Ca2+ transport systems present at the mitochondrial and endoplasmic 
reticulum membranes. In order to gain a better understanding of the roles that these systems 
play in regulating cellular Ca2+, electrode measurements have been made of the steady-state 
free Ca2+ concentrations present in suspensions of energized isolated organelles or cel Is that 
have been made permeable to ions by treatment with digitonin. The concentrations of K+, Mg2+, 
phosphate and ATP in the suspending medium approximated those thought to be present in 
cytoplasm. Under these conditions mitochondria isolated from rat liver can buffer medium free 
Ca2+ to approximately 0.5 pM whereas in the additional presence of microsomes this value is 
near 0.2 PM. Results obtained with digitonin-permeabilized cells are similar t o  those 
obtained in the reconstituted systems. It is significant that the measured values vary with 
the type of tissue that is 
by the concentrations of Mg", ATP, and phoshpate present in the medium; being higher with 
increasing phosphate and lower with increasin 
physiological modes o f  regulating cellular Cay+ which involve the regulation of  Ca2+ influx 
and efflux at the mitochondrial and endoplasmic reticulum membranes. G.F., USPHS National 
Research Service Awardee (IF32 GM97172-01). 

CONTROL OF STEADY-STATE FREE CA2+ BY MITOCHONDRIA. ENDOPLASMIC RETICULUM, AN0 
DIGITONIN-TREATED CELLS, Fiskum, G., Becker, G., and Lehninger, A.L., Johns Hoekins 

The cytosolic free Ca2+ concentration of most non-muscle cells is thought to be controlled 

sed. The steady-state Ca2+ concentrations are also influenced 

Mg2+ and ATP. These variations may reflect 

Supported by USPHS grant to A.L.L (CA25360). 

1s MONENSIN AND A23187-INDUCED RELEASE OF AZUROPHILIC AND SPECIFIC GRANULES FROM HUMAN 
GRANULOCYTES, James D. Simon, Charles F. von Gunten, William E. Houck, and Maurice M. 

Albala, Rhode Island Hospital and Brown University, Providence, R . I .  02902. 
Although it is  well known that the secretion of a number of granule-associated substances 
from human granulocytes (PMN's) Is Ca*-dependent, the role of monovalent cations Is unclear. 
In this study we have compared the release of unsaturated vitamin B12 binding capacity OJBBC), 
a specific (Sp) granule marker, to that of 5-glucuronidase, a marker for azurophillc (Az) 
granules utilizing monensin, a Na' ionophore, nigericin, a K+ ionophore, and A23187, a Ca* 
ionophore. PM"s were isolated from buffy coats of ACD blood by density gradient centrifuga- 
tion. 
buffered saline with varying concentrations of ionophores. 
assayed for UBBC and 6-glucuronidase. Ca*-dependent release of UBBC was maximal ( 9 2 %  of 
total) at 1.0 pM A23187; only 5% of 5-glucuronidase was secreted. At 10.0 pM monensin no 
UBBC and 7% of 0-glucuronidase was released. 
(10.0 uM) did not stimulate the release of either granulemarker. At O.luM A23187, a suboptimal 
dose for UBBC release (25% of total), addition of 10.0 uM monensin resulted in synergistic 
release of UBBC (52% of total). No synergism was evident for 6-glucuronldase release. I n  
all experiments cell viability was not altered, as indicated b the lack of release of cyto- 
plasmic lactate dehydrogenase. These results suggest that Cad and Na+ exert differential 
effects on PMN Az and Sp granules and that both ions may act synergistically in stimulating 
Sp granule release. 

Ten million cells were incubated for 30 minutes at 37OC in 3.0 ml. of phosphate- 
The cell-free supernatants were 

Neither Ca* nor Mg* was required. Nlgericin 

200 
Several genetically distinct K+ transport systems have been described in Escherichia & 
K-12, which all catalyze the electrogenic transport of K+ ions into the cell. System TrkA, 
which is constitutive, is responsible for K+ accumulation by the cells under most conditions 
of growth. It has peculiar energetics in that it requires for activity both a high transmem- 
brane proton motive force (pmf) and a high intracellular ATP level. The aim of this work was 
to determine which of these two parameters is the driving force for K+ transport. To this end 
EDTA-treated cells were prepared from mutant TK 1001, which only contains the TrkA K+ trans- 
port system. With glucose as a substrate,the following parameters were measured in the steady 
state: the pmf and its components A# and ApH, the phosphate potential (AGATP) and the K+ gra- 
dient across the cytoplasmic membrane LApK+). Under all conditions, but particularly at low 
external pH, ApK+ was much higher than A$. This indicates that A$ alone is not driving K' 
transport. At increasing concentrations of protonophores (FCCP, SF 6847 or dinitrophenol) 
both ApK+ and the pmf decreased dramatically. By contrast, AGAW hardly changed upon addition 
of protonophores, and n, the stoichiometry between the number of K+ ions transported and moles 
of ATP broken down (n  = AGATp/ApK+) even increased. The data from quantitative studies are 
compatible with a K+-H+ symprt mechanism. Probably, ATP has only a regulatory function. 

THE ESCHERICHIA COLI TRKA K+ TRANSPORT SYSTEM IS A SECONDARY K+-H+ SYMPORTER. 
Evert P. Bakker, Biochemie der Pflanzen, Ruhr-Universitat, D-4630 Bochum, W.-Germany. 
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201 TRANSPORT OF K' AND NA' I N  STREPTOCOCCUS FAECALIS, D. L. Heefner and F. M. Harold. 
National Jewish Hospital and Research Cen-ver. Colorado 80206 

A basic cha rac te r i s i i c  o f  a l l  1 i v i n i . c e l l s  i s  t h a t  they accumulate Kt and expel Na'. I n  
animal ce l l s ,  Na /K exchange i s  me i a t e d  by the Na+ K -ATPase. 
also i n  the lower eukaryotes. movements o f  K+ and Na4 are mediated by separate por ters  tha t  
are l i nked  t o  the proton c i rcu la t ion.  
t o  cat ion transport i n  the fermentative bacterium Streptococcus faecal i s .  

uptake i s  electrogenic. 
protonmotive force i s  the energy donor f o r  Kt uptake, but the K concentration gradient (up 
t o  50,000) i s  f a r  too steep t o  be i n  equ i l i b r i um with the membrane potent ia l .  One so lut ion 
t o  the d i l e m  i s  t o  invoke symport o f  K w i th  another cation, probably H'. Adenosine tri- 
phosphate would, according t o  t h i s  scheme, serve as ac t i va to r  o f  the K ,H+ synportqr. 

Sodium transport apparently involves two pathways. As i s  the case w i th  K inf lux. 
Na' extrusion requires the c e l l s  t o  generate both ATP and a proton c i r cu la t i on .  Most o f  the 
daia from i n t a c t  c e l l s  and mrnbrane vesicles can be ra t i ona l i zed  by Invoking an electrogenic 
Na / H  ant ipor ter .  energized by the protonmotive force and activated by ATP. However, as i s  
the case w i th  K , under ce r ta in  condit ions the  capacity f o r  Na extrusion i s  too great t o  be 
accounted f o r  by measured values of dpH and AY. I n  addi t ion t o  the an t i po r te r  there appears 
t o  be a pathway f o r  Na' i n f l u x .  These 
three independent pathways o f  t a t i o n  transport al low one t o  account, q u a l i t a t i v e l y  a t  least ,  
f o r  the movements o f  K+ and Na over a wide range o f  condit ions. 

In  bacteria, and probably 

We have been studying the mechanism o f  energy coupling 

Potassium uptake requires the c e l l  t o  generate both ATP and a protonmotive force; 
The e f fec ts  o f  i nh ib i t o rs ,  and other  ffatures, suggest t h a t  the 

I n f l u x  occurs i n  response t o  the membrane po ten t i a l .  

202 
In the presence of Mg-ATP, funct ional ly  inverted plasma membrane ves ic les  isolated from the  
eukaryotic microorganism. Neurospora, generate an in te r ior  posi t ive membrane potent ia l  (A'Y) , 
and/or an in te r ior  acid pH gradient (ApH 
AY can be measured a s  Mg-ATP dependent [i4C]-SCN- uptake or anilinonaphthalene sulfonate  
fluorescence enhancement, and ApH can be measured a s  Mg-ATP dependent [14C1-imidazole uptake 
or Mg-ATP dependent quenching of intravesicular  fluorescein-labeled dextran fluorescence. 
Quant i ta t ive comparisons of t h e  kinet ic  propert ies  and inhibi tor  s e n s i t i v i t i e s  of Mg-ATP hydro- 
l y s i s  and Mg-ATP dependent A'Y and ApH generation show that a l l  three processes a r e  catalyzed 
by the  same enzyme, indicating tha t  the  Neurospora plamna membrane contains only one pr incipal  
ATPase and that t h i s  enzyme is an electrogenic proton pump. 
ATPase can be ident i f ied a s  a 108.000 dal ton protein i n  SDS-polyacrylamide g e l s  on t h e  basis  
of i t s  d i f fe ren t ia l  sens i t iv i ty  t o  tr tie cleavage in the  presence or absence of MgATP. and 
incubation of t h e  membranes with, y-[%l-ATP, followed by acidic  SDS-polyacrylamide gel  elec- 
trophoresis and autoradiography, shows t h a t  the ATPase is phosphorylated. Importantly, quantl- 
t a t i v e  isotope exchange experiments Indicate tha t  v i r t u a l l y  a l l  of the  ATP hydrolysis cata- 
lyzed by the membranes occurs v ia  plwsphorylatlon and dephosphorylation of t h e  108.000 dalton 
protein. These s tudies  demonstrate that electrogenic proton t ranslocat ion catalyzed by t h e  
Neurosuora plasma membrane ATPase takes place v i a  a mechanism t h a t  involves a phosphoryl- 
enzyme intermediate. Possible implications of these f indings w i l l  be discussed. 

AN ELECTROGENIC PROTON TRANSLOCATING ATPase WITH A PEDSPHORYL-ENZYME INTERMEDIATE, 
G e n e  A. Scarborough and John B. Dame, Univ. of North Carolina, Chapel H i l l ,  NC 27514 

depending upon the  experimental c o n d i t b n s  employed. 

The hydrolytic moiety of t h e  

203 ELECTROGENIC PROTON PUMP OF NEUROSPORA: BIOCHEMICAL AND PHYSIOLOGICAL CHARACTERIZA- 
TION,  Carolyn W. Slayman and Barry J. Bowman, Yale University School of Medicine. 
New Haven, CT 06510, and University of Cal i fornia ,  Santa Cruz, CA 95064. 

The plasma membrane of the  fungus Neurospora crassa contains an ATP-driven electrogenic 
proton pump which i s  capable of generating large membrane potent ia ls  (on the order of -200 
mV) and thereby of supplying energy t o  a var ie ty  of &-dependent cotransport systems. 
Isolated plasma membranes possess an ATPase ac t iv i ty  which is the enzymatic expression of 
the pump. 
minag  membrane protein. and i t  shows a sigmoid dependence on ATP concentration, with a % 
of 1.8 mM. It is sens i t ive  t o  vanadate (which produces half-maximal inhibi t ion a t  0.45 t o  1 
pM, depending upon the ionic  composition of the react ion medium) and to  DCCD, but insens i t ive  
t o  oligomycin or ouabain. 
with deoxycholate i n  the presence of glycerol, and purif ied by glycerol gradient centr i fu-  
gation. 
has a spec i f ic  a c t i v i t y  of 48 pmol/min.mg protein. 
i t  exhibi ts  two polypeptide bands: 
minor band of approximately 30,000 daltons. 
e lectrophoret ic  mobility t o  the 100,000-dalton subunits of the [Na+,Kt]- and [Ca*+I-ATPases 
from animal cell membranes. 

The ATPase has a pH optimum of 6.7 and a maximal spec i f ic  ac t iv i ty  of 3 to  5 mol/ 

The ATPase has been solubi l ized by treatment of the membranes 

The purif ied enzyme, which displays an absolute requirement for  added phospholipids, 
Upon SDS-acrylamide ge l  e lectrophoresis ,  

a major band of approximately 100,000 daltons and a 
The major band is s t r ik ingly  similar i n  its 
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The Kdp system of Escherichia c o l i  K-12 i s  a high a f f i n i t y  K+ t ranspor t  system consis t ing o f  
three inner membrane prote ins encoded i n  the kdpABC operon. I t s  expression i s  con t ro l l ed  by 
c e l l u l a r  need f o r  K+ and i s  mediated by a pos i t i ve  regulator  coded by the kd D gene. To ex- 
amine how c e l l s  t rans la te  a need f o r  K+ i n t o  a genetic s ignal ,  we have u s e d t i e  method o f  
Casadaban (Proc. Natl .  Acad. Sci.. USA 3:4530, 1979) t o  put  the lac2 gene which codes f o r  

MECHANICAL REGULATION OF GENE EXPRESSION: OSl?OTIC CONTROL OF THE KDP SYSTEM OF r. COLI 
L.A. Laimins, D.B. Rhoads and W. Epstein, Univers i ty  o f  Chicago, Chicago, IL 6 0 6 3 r  

i n teg ra t i ng  i t  i n t o  kd A, t h e f i r s t  gene o f  the kdpABC 

occurs depends on the osmolari ty o f  the medium and on 
derepressed by grow&n low K+ media, bu t  the concen- 

the presence o f  other K+ t ranspor t  systems. An increase i n  osmolari ty alone without change i n  
K+ concentration derepressei the kdp operon. To expla in  these f ind ings we suggest t ha t  the 
c e l l s '  quan t i t a t i ve  requirement f o r K +  r e f l e c t s  the r o l e  o f  K+ i n  regulat ing i n te rna l  osmo- 
l a r i t y .  and t h a t  c e l l s  sense t h e i r  need f o r  K+ by sensing the turgor  pressure, the osmotic 
pressure difference across the cytoplasmic membrane. A reduction i n  turgor  pressure which 
should occur when K+ uptake i s  inadequate i s  t rans lated i n t o  a genetic s ignal  by a membrane 
prote in  whose conformation i s  a l t e red  by the mechanical e f fec ts  o f  a change i n  turgor  pres- 
sure. 
gene as a membrane prote in .  

This model i s  supported by our ten ta t i ve  i d e n t i f i c a t i o n  o f  the product o f  the 

205 TWO Ca2+ TRANSPORT SYSTEm IN AZOTOBACTER VINELANDII VESICLES, 
Eugene M. Barnes,  Jr., Baylor College of Medicine, Houston, Texas 77030 

Inver ted  and right-side-out membrane v e s i c l e s  were prepared from & v i n e l a n d i i  OP as descr ibed  
(E.M.Barnes,Jr., Arch.Biochem.Biophys .~ ,795 ,1972;  P.Bhattacharyya and E.M.Barnes,Jr., 
J.Biol.Chem.251,5614,1976). 
s t r a t e s  or ATP) w a s  s tud ied .  
1978). a ApH-dependent component w a s  observed a t  i n t r a v e s i c u l a r  pH 7.0 and e x t e r n a l  pH 8.5. 
Its behavior i s  cons i s t en t  with a CaZ+/ZkI+ exchange model. 
a f f ec t ed  by low concent ra t ions  of LaM, i n h i b i t e d  by ruthenium red ,  and has  an  apparent Km of 
240 IIM. 
a second Ca2+ t r anspor t  system is ope ra t ive  a t  low ex t r aves i cu la r  pH (6.0-6.5). I t  is inhi -  
b i t ed  by L a 9  and ruthenium red  a t  concent ra t ions  lower than needed f o r  t he  f i r s t  system, is 
heat -s tab le  (3 min a t  100°C), is e l imina ted  by 2% T r i t o p  X-100 and a t  high e x t e r n a l  pH, is 
s t imula ted  by ex te rna l  tetraphenylboron, and has an  apparent  K, of 68 uM. Its mode of ac t ion  
can be very t e n t a t i v e l y  descr ibed  as e l ec t rogen ic .  
c e r t a i n  anions ( ace t a t e ,  e thanesul fona te ,  M E S )  which might, however, a c t  on a sepa ra t e  anion 
t r anspor t  s i t e  needed f o r  charge compensation. 
Although most experiments were c a r r i e d  ou t  w i th  r igh t -s ide-out  v e s i c l e s ,  inver ted  v e s i c l e s  
behave genera l ly  i n  a similar way. 
Both Ca2+ t r anspor t  systems can be r econs t i t u t ed  i n t o  egg l e c i t h i n  v e s i c l e s  by the  o c t y l  
g lucos ide  d i l u t i o n  technique of E.Racker g &. (Arch.Biochem.Biophys., i n  p re s s ) .  

P i o t r  Zimniak and 

F a c i l i t a t e d  d i f f u s i o n  of Ca2+ ( i n  absence of r e s p i r a t o r y  sub- 
A s  found before  (E.M.Barnes, Jr. 2 &., Membr.Biochem.l.73, 

The system is  hea t - l ab i l e ,  no t  

The uptake of Ca2+ is abol i shed  by A-23187 o r  by 2% Tr i ton  X-100. I n  add i t ion ,  

A t  pH 6.5, Ca2+ uptake is diminished by 

206 EFFECTS OF Na+ AND L i +  ON THE K+ TRANSPORT SYSTEMS OF ESCHERICHIA COLI, 
E r i k  N. Sorensen and Barry P. Rosen, Univers i ty  o f  Maryland SchoolofMedic ine,  
Baltimore, Maryland 21 201 

K+ i s  a c t i v e l y  accumulated i n  E. c o l i  mainly v ia  two Kt t ranspor t  systems: a repressible, 
h i g h - a f f i n i t y  Kdp system and a l o w T f l n i t y ,  cons t i t u t i ve  TrkA system 
f o r  each o f  these systems. We have studied th$ ef fecfs  o f  Na+ and Li' on each o f  these 
systems by observing the accymulation o* 2osTl and K . 
Whp compared t o  choline, Na st imulated the uptake o f  both T1+ and K+ v i a  the TrkA system. 
L i  'was s l i g h t l y  i n h i b i t o r y  when compared t o  chol ine. 
T1' uptake v ia  the Kdp system, on the other hand, was st imulated more by L i +  than by Na+ 
when compared tq  chol ine. 
i n h i b i t o r  o f  T1 yptake v i a  the Kdp system. Na , however, was more e f f e c t i v e  than L i +  as 
a s t imulator  of K uptake v ia  the Kdp system. 
We suggest t ha t  Na+ may be involved i n  the mechanisms o f  K+ t ranspor t  v i a  the TrkA and $dp 
systems i n  g. c o l t .  Two models, an ATP-driven Na', K+ a n t i p o r t  and an ATP-activated Na , 
K symport, a r e d e r  consideration t o  expla in  the Na' s t imu la t i on  o f  K+ t ranspor t  v ia  the 
TrkA and Kdp systems i n  E. c o l i  . 
(Supported by grants GM-TlCVBfrom the National I n s t i t u t e  o f  General Medical Sciences and 
PCM 77-17652 from the National Science Foundation.) 

T1' I s  a substrate 

I n  addit ion, 11' fncreased the effectiveness of Rb+ as an 
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A Ca2+/H+ antiport has been isolated from bovine heart submitochondrial particles by deter- 

Vesicles were reconstituted by 

Ca2+/€? ANTIPORTER OF MITOCHONDRIA, W. Dubinsky, A. Kandrach and E. Racker, Univ. of 
Texas Health Science Center at Houston, Houston, TX 77025 and Cornell Univ., Ithaca, 

gent extraction and differential centrifugation. Extracts were assayed for H+-gradient depen- 
dent Ca2+ flux by reconstitution into phospholipid vesicles. 
sonication or by incorporation in the presence of 0.1% lysolecithin. Routinely, Na+ transport 
was assayed as an indication of the degree of resolution of the Ca2+ transporter. 
chondrial particles and 1% Triton X-100 extracts possessed both Ca2+ and Na' transport activi- 
ties. 
cipitation of the protein with ammonium sulfate. 
tracted from the ammonium sulfate precipitate with the nonionic detergent octa-ethylene glycol 
dodecyl ether (C12Eg). The Ca2+ transporter was then extracted from the C12Eg insoluble frac- 
tion with 2.5% lysolecithin. 
resolved from all Na+ transport activity on a sucrose density gradient run in the presence of 
lysolecithin and deoxycholate. 
and inhibited by trypsinization. 
wr K+ gradient. 
erated in pH jump experiments or artificially with a K+ plus nigericin or a NHt gradient. 
Results are consistent with a Ca2+/H+ antiport mechanism. 
vice Award (1F32-CA 05487). Supported by USPHS grant to E.R. (CA 08964). 

Submito- 

Triton was removed by dilution of the extracts with phospholipids and cholate and pre- 
A Na+ transporter was preferentially ex- 

The Caz+/H+ antiporter in the lysolecithin extract was fully 

Both the Na' and Ca2+ transport components were heat labile 
CaZ+ transport was completely independent of either a Na+ 

On the other hand, Ca2+ transport was dependent upon a proton gradient gen- 

W.D., USPHS National Research Ser- 

208 SARCOPLASMIC RE??CULUH MMBRANE STRUCTURE AND CA++ATP-ASE ACTIVITY, philip L. Yeagle 
and Arlene D. Albert, Biochemistry Department, SUNY/Buffalo School of Medicine, 
Buffalo, N.Y. 14214. 

Ca* transport by the Caw ATPase of the sarcoplasmic reticulum and ATPase activity 
of the same protein have been presumed to be affected by the lipid environment of the 
sarcoplasmic reticulum membrane. 
the protein whose content controls activity, based on experiments in recombined systems. 
Recently we have discovered an analogous annulus of immobilized lipid around glycophorin 
from the erythrocyte membrane, but no such annulus around rhodopsin of the rod outer 
segment membrane. using a new independent approach to such studies employing 31P NMR. 
this same approach has been applied to intact sarcoplasmic reticulum membranes isolated 
from rabbit hind leg muscle. 
an immobilized annulus of 30 lipids around the Ca* ATPase. 
structure of the surrounding lipid membrane may be important to activity. 
mitochondria1 FIFO ATPase appears to respond to the tendancy of the membrane lipids 
to form,discontinuities i n  the membrane apparently consisting of inverted micelles ot 
lipid produced by high phosphatldylethanolamine contents. 
the Ca*ATPase may be similarly sensitive. 

An annulus of lipid has been suggested to surround 

Preliminary experiments do not support the concept of 
However, the phase 

m e  

?he possibility exists that 

209 BLOCKADE OF A CALCIUM-DEPENDENT POTASSIUM CONDUCTANCE IN NEUROBLASTOMA CELLS BY 
QUININE, M. C. F i s h a n ,  I. Spector, Labora tory  o f  Developnental Neurobiology, AND 
Biochemical Genetics, NIH, Bethesda, Md. 

In mouse neuroblastoma c e l l s  t hey  may be 
Slow o s c i l l a t i o n s  i n  the  membrane p o t e n t i a l  under ly  r e p e t i t i v e  a c t i v i t y  i n  several  c e l l  types. 
The o r i g i n  o f  such o s c i l l a t i o n s  remain unclear!  
enhanced by inc reas ing  e x t r a c e l l  u l  a r  c a l c i  um concent ra t  i o n  or  b lock ing  t h e  vo l  tage-sensi  t i  ve 
potassium channels w i t h  tetraethylanmonium (TEA) o r  both. I n  r e d  b lood c e l l s  and pancreat ic  
c e l l s  qu in ine  b locks  a calcium-dependent potassium conductance. 
neu rob las tma  NIE-115 l i n e  t h a t  (5 X 10-5M) qu in ine  reduces slow r e p e t i t i v e  a c t i v i t y  induced 
by ca lc ium o r  TEA. 
a f te r -hyperpo la r iza t ion .  
membrane p o t e n t i a l ,  delayed r e c t i f i c a t i o n .  o r  t he  component o f  t he  a c t i o n  p o t e n t i a l  due t o  
calc ium i n f l u x .  The qu in ine  e f f e c t  does no t  r e q u i r e  t h e  presence o f  sodium i n  t h e  medium. 
Dur ing washout o f  t he  qu in ine  the  a f te r -hyperpo la r i za t i on  re tu rns ,  as does r e p e t i t i v e  a c t i v i t y .  
The slow a f te r -hyperpo la r i za t i on  i n  NIE-115 has been shown t o  be due t o  a calcium-dependent 
potassium conductance. 
mechanism. Further,  they  suggest t h a t  i n  these c e l l s  t h i s  conductance i s  a c r i t i c a l  component 
o f  membrance o s c i l l a t i o n s  t h a t  under ly  r e p e t i t i v e  a c t i v i t y .  

We have found i n  t h e  mouse 

The a c t i o n  p o t e n t i a l  t h a t  remains no l onger  has t h e  usual  pronounced slow 
Unless h igh  dosages a re  used qu in ine  does no t  a l t e r  t he  r e s t i n g  

Our r e s u l t s  suggest t h a t  qu in ine  s p e c i f i c a l l y  b locks  t h i s  conductance 
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210 THE Na+/H+ ANTIPORTER OF BACILLUS ALCALOPHILUS, Kenneth G .  Mandel and Terry A. 
Krulwich, Mount Sinai School of Medicine of CUNY, New York, N.Y. 10029 

- E .  alca lophi lus grcwsoptimally a t  pH 10.5 on L-malate. The organism generates a "reversed" 
ApH, i n t e r i o r  acid, and a large A$, i n t e r i o r  negative (Guffanti ,  e t  a l . ,  1978, J. B io l .  
Chem. 253,  708-715). Studies u t i l i z i n g  r ight -s ide-out  vesicles demonstrated that  only 
Na+-loaded vesicles are capable o f  generating a "reversed" ApH upon energization. Ener- 
gized everted vesicles e x h i b i t  concentrat ive uptake o f  22Na'; such vesicles a150 show an 
NADH-induced quenching o f  quinacrine fluorescence that  i s  nwre than reversed by Na'. Thus 
a Na+/H+ an t ipo r te r  was indicated. 
o f  i t s  a b i l i t y  t o  grow a t  neutra l  pH. indeed, the non-a lka lophi l ic  mutant grows a t  pHs 
from 5 t o  9, but no higher. This s t r a i n  does not exh ib i t  Na+/H+ an t ipo r te r  a c t i v i t y  and 
does not generate a "reversed" ApH. I t  maintains a ApH o f  1 .4  un i t s ,  i n t e r i o r  a l ka l i ne ,  
a t  pH 5.5, decreasing t o  0.5 un i t s  a t  pH 7.0. 
dependent a-aminoisobutyric ac id  (AIB) transport a t  pH 9.0, an a c t i v i t y  that  i s  present i n  
the w i l d  type s t ra in .  
comnon subunit w i t h  the Na+/H+ an t ipo r te r .  
isolated. Some appear t o  be t rue revertants, but others s t i l l  f a i l  t o  e x h i b i t  Na+/AIB 
symport. Perhaps another an t i po r te r ,  subsequent t o  mutation, a c i d i f i e s  the cytoplasm 
i n  these s t ra ins.  

A mutant s t r a i n ,  KM23, has been iso la ted on the basis 

Non-alkalophi l ic KM23 f a i l s  t o  show Na+- 

I t  i s  possible that  t h i s  Na+-translocating symporter shares a 
Several revertant s t ra ins  o f  KM23 have been 

211 K+ REGULATION OF INTRACELLULAR pH I N  ESCHERICHIA COLI. Barry P. Rosen, 
Robert N. Brey, Raymond H. Plack. and Erik N. Sorensen. U n i v e m  of Maryland School of 

Medicine, Baltimore, MD 21201. 
The electron transport chain and H+-translocating ATPase of bacteria and mitochondria are 

primary active transport systeqs which catalyze the formation of electrochemical proton gradients. 
The vectorial separation of H results in a continual alkalinization of the cytosol of 
bacteria. In order to  maintain a constant intracellular pH, protons must be returned to  the cytosol. 
Although both solute uptake and ATP synthesis result i n  proton uptake, neither would be expected to  
regulate cytosolic pH. An electroneutral proton/cation exchange could serve this purpose, returning 
protons to  the cytosol at the expense of the ApH portion of the protonmotive force without 
dissipation of the A$ component. + + 

We have recently reported a K /H antiport (KHA) system in E. coli, the function of  which we 
postulate to be regulation of intracellular'pH. In support of this h3poxesis a mutant selected for 
inability t o  grow at alkaline pH was found to  lack the KHA system. The KHA system was found to  
be extremely sensitive t o  trypsin, losing activi ty with a t+ < 20 seconds. A number of other inner 
membrane functions were not sensitive to  trypsin under the same conditiorp. Prior formation of a 
protonmotive force protected the KHA system from trypsin inactivation. K , on the other hand, did 
not protect. Efforts are currently in progress t o  identify with two-dimensional gel electrophoresis a 
trypsin-sensitive membrane component related to  the KHA system. (Supported by grants GM-21648 
from the National Institute of General Medical Sciences and PCM 77-17652 from the National 
Science Foundation). 

and OH 

212 PHYSIOLOGICAL FUNCTION OF THE Mg++ ATPase ACTIVITY OF THE YEAST PLASMA 
MEMBRANE, Gail R. Willsky, Harvard University, Cambridge, MA 02138 

Vanadate does not inhibit the mitochondria1 Mg++ ATPase, whi)$ it does 
inhibit both the hydrolytic activity of the plasma membrane Mg ATPase and 
the formation of two phosphoprotein intermediates ( Mr = 210,000 and 115,000) 
associated with that hydrolytic activity. The addition of vanadate to growing 
cells stopped growth and inhibited the transport of the following amino acids 
and bases: methionine, arginine, valine, glycine, uracil and adenine. The Ki 
for vanadate inhibition of cell growth and the transport of both adenine and 
arginine were similar. 
yeast plasma membrane Mg ATPase, inhibits the transport of amino acids and 
bases through the plasma membrane supports the hypothesis that this enzyme is 
involved in the transport of small metabolites across that membrane. It has 
been shown in yeast @at the transport of small metabolites involves changes 
in media pH. The Mg ATPase activity of the yeast plasma membrane may 
maintain a proton gradient needed for transport to occur. 

l&e finding that vanadate, a specific inhibitor of the 
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USDA/SEA, Fargo, ND 58105. 
6-ecdysone s t imu la t e s  t h e  (Na+,@) ATPase of i n s e c t  c e l l s  (MRRL-CH) i n  c u l t u r e  and in su r face  
membranes i s o l a t e d  from these cells. Within 30-45 seconds a f t e r  treatment with 10-8 M 
8-ecdysone, up t o  25% of t h e  i n t e r n a l  Na+ concentrat ion was pumped out  of t he  c e l l s .  
wi thin f i v e  minutes, t he  i n t e r n a l  Na+ concentrat ion returned t o  equilibrium. In response to  
10-6 M 6-ecdysone, an immedidate sevenfold s t imulat ion of t he  enzyme i n  the  su r face  membranes 
was observed, using t h e  pseudosubstrate 6-2-Puryl ac ry loy l  phosphate (FAP). Both Na+ e f f l u x  
and FAP hydrolysis  were inh ib i t ed  by ouabain when the  a c t i v e  t i s s u e s  were preincubated with 
10-3 ouabain i n  the  absence of K+. Rapid c e l l  volume changes accompanied these  phenomena. 
Ten percent of t h e  c e l l  population deckeased in volume within 30 seconds a f t e r  8-ecdysone 

treatment.  
r e l a t i o n  t o  c e l l u l a r  morphology and t h e  molting process of i n sec t s .  

6-ECDYSONE SENSITIVE (Na+,K+) ATPASE and CELL VOLUME ALTERATIONS I N  MRRL-CH CELLS, 
Leigh H. English and Edwin P.  Marks, Metabolism 8 Radiation Research Laboratory. 

Then, 

The ene rge t i c s  of t he  8-ecdysone-stimulated (Na+, K+) ATPase a r e  discussed i n  

214 
Secretory v e s i c l e s  i so l a t ed  from a v a r i e t y  of maomalian t i s s u e s  a r e  known t o  ly se  and thereby 
r e l e a s e  t h e i r  s ec re to ry  products when exposed t o  ATP. We repor t  here  t h a t  ATP causes the  
l y s i s  of a highly pu r i f i ed  preparat ion of rat pa ro t id  sec re to ry  granules  (Anal. Biochem. 52, 
589). ATP-induced l y s i s  w a s  character ized with r e spec t  t o  pH, temperature,  osmolar i ty  and t h e  
ion ic  composition of t h e  media. The r a t e  of v e s i c l e  l y s i s  was measured spectrophotometrically.  
ATP-induced l y s i s  is expressed as t h e  increase i n  t h e  rate of l y s i s  (K = Z lysis lmin)  when ATP 
is  added. Assays w e r e  performed a t  37°C i n  media containing llW KC1, 5mM MgC12 and 25mM 
maleic acid.  ATP-induced l y s i s  of pa ro t id  granules  w a s  found to have t h e  following p rope r t i e s  
i n  common with the extensively character ized chromaffin granule  process (Arch. Biochem. 
Biophys. 176, 375): (1) i t  is a sa tu rab le  funct ion of ATP e.g. K ' / z  - 0.5fO.lmM (2) i t  is in- 
h i b i t e d  i n  hyperosmotic media e.g. r - 5.2 a t  .3 OsM v s  0.8 a t  .4 OsM and ( 3 )  has an apparent 
ch lo r ide  requirement. These f indings,  combined with r e p o r t s  of ATP-induced l y s i s  of cholin- 
e rg i c ,  i n s u l i n  and pos t e r io r  p i t u i t a r y  sec re to ry  v e s i c l e s  imply t h a t  ATP-induced l y s i s  may 
r e f l e c t  an ATP-dependent property of a l l  s ec re to ry  v e s i c l e s  and as such could play a s i m i l a r  
r o l e  in a l l  mammalian exocytot ic  r e l ease  processes.  Using a model system, Mi l l e r  and Racker 
( J .  Mem. Biol .  30, 283) made a su rp r i s ing  f inding t h a t  t h e  extent  t o  which liposomes fuse  with 
a planar  black l i p i d  membrane depends on t h e  osmotic gradient  across  t h e  v e s i c l e  membrane. I n  
view of t he  osmotic dependence of ATP-induced l y s i s  of pa ro t id  and o the r  s ec re to ry  v e s i c l e  pre- 
parat ions,  we pos tu l a t e  t h a t  ATP may se rve  t o  prime sec re to ry  v e s i c l e s  for fusion with the  
plasma membrane by inducing and/or maintaining an osmotic gradient  ac ross  the  v e s i c l e  membrane. 

ATP-INDUCED VESICLE LYSIS: POSSIBLE ROLE OF ATP I N  EXOCYTOTIC RELEASE, Stephen G. 
Oberg, Universi ty  of Washington, S e a t t l e ,  Washington 98195 

215 DICYCMHEXYLCARBODIIMIDE-REACTIVE PROTEINS FROM MUTANT STRAINS OF E. COLI - MOLECULAR 
IMPLICATIONS OF AMINO ACID REPLACEMENTS AND MODIFICATIONS. Karlheinz Altendorf,  

Gabriele Deckers, Hans H. K i l t z  and Roland Schmid, I n s t i t u t  fu r  Biochemie d e r  Pflanzen, Ruhr- 
UniversitFst Bochum, D-4630 Bochum, Germany 

The hydrolysis  o f  ATP by the bacterial ATPase complex is coupled to t h e  t r ans loca t ion  of 
protons.  I t  w a s  t he re fo re  reasonable t o  a s s ign  t h e  BFo component, e spec ia l ly  t h e  dicyclohexyl- 
carbodiimide (DCCD) r eac t ive  p ro te in ,  a role i n  t h e  t r ans loca t ion  of protons.  We have p u r i f i e d  
and character ized the  DCCD-reactive p ro te in  i n  DCCD-labelled and unlabel led form. The amino 
ac id  sequence (Wachter, Sebald) of t h e  p ro te in  shows d i s t i n c t  s t r e t c h e s  o f  hydrophi l ic  and hy- 
drophobic r e s idues  within t h e  polypeptide chain.  The i n h i b i t o r  DCCD r e a c t s  with a s i n g l e  as- 
partic ac id  residue,  located within a sequence of about 25 residues which is  l a r g e l y  hydropho- 
bic .  We have found t h a t  i n  t h e  WCD-reactive p ro te in  der ived from a DCCD-resistant s t r a i n  only 
one i so l euc ine  residue is replaced by one va l ine  and, i n  t h e  case  of t h e  p ro te in  obtained from 
an uncB mutant, only one a s p a r t i c  acid residue is replaced by glycine.  The loca t ions  of a m i n o  
ac id  replacements were determined by amino ac id  sequence ana lys i s .  Furthermore, t reatment  o f  
r ight-s ide o u t  and everted v e s i c l e s  with water-soluble carbcdiimides revealed t h a t  t h e  Fo-part 
could be closed f o r  H+-translocation on ly  i f  the carbodiimides were appl ied from t h e  medium 
s i t e  i n  r igh t - s ide  o u t  ves i c l e s .  These experiments lend support  to the not ion that t h e  N - t e r m i -  
nus of  t h e  DCCD-reactive p ro te in  is facing t h e  medium s i t e  of t h e  membrane and t h a t  m r e  than 
one carboxylgroup might be involved i n  t h e  H+-translocating mechanism. Further  support  fo r  t h i s  
view stems from the  modification of t h e  ty ros ine  r e s idues  by te t rani t romethane.  

85 
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216 NAt-Kt CO-TRANSPORT I N  DOG KIDNEY EPITHELIAL CELLS (MDCK), Michael J. Rindler, 
James A. McRoberts and M i l t on  H. Saier, Jr . ,  Univ. o f  Ca l i f . ,  San Diego, La Jo l l a ,  

CA GOGG8. 
Confluent monolayer cu l tures o f  the d i f f e r e n t i a t e d  kidney e p i t h e l i a l  c e l l  l i n e ,  MDCK, have beer 
used t o  study ion t ranspor t  mechanisms involved i n  t rans -ep i the l i a l  transport.  
t i aa ted  the previously reported Kt-st imulat ion o f  22Nat uptake i n t o  confluent monolayers o f  Na' 
depleted c e l l s  (M.J. Rindler, e t  a l . ,  J.  Bio l .  Chem. 254:11431-11439, 1979). 
o f  Nac aptake i s  i nsens i t i ve  t o  ouabain and amiloride-ut i s  s t rongly  i n h i b i t e d  by furosemide. 
Duabain-insensitive 86Rbt uptake i s  a l so  i n h i b i t a b l e  by furosemide and st imulated by ex t race l l -  
u l a r  Nat. 
by an increase i n  the apparent Vmax and a decrease i n  the apparent Km as the concentrat ion o f  
the other cat ion i s  increased. 
absence o f  the other ca t i on  i s  30 d whi le  the 
o f  the other cat ion i s  10 d. 
co-transport system w i t h  a stoichiometry of 2Na :3Kt, however, because o f  the experimental 
design, the actual r a t i o  may be c loser  t o  1:l. The co-transport system exhib i ted an absolute 
reouirement f o r  e x t r a c e l l u l a r  C1-. The effect of C1- was nonsaturating and could be replaced 
by O r -  but not  F-. I - ,  acetate, thiocyanate, n i t ra te .  su l fa te  o r  gluconate. Preincubation 
w i th  agents which reducpd i n t r a c e l l u l a r  ATP leve ls  t o  2% o f  normal abolished both Kt-stimula- 
ted 22Nat uotake and Na -st imulated 86Rbt uptake. 
transport system remains t o  be determined. 

We have inves- 

This comoonent 

The synerg is t ic  e f f e c t  o f  Nat on 86Rbt uptake and Kt on 22Nat uptake i s  re f l ec ted  

The extrapolated for  e i t h e r  06Rbt o r  22Nat uptake i n  the 
i n  the presence o f  saturpt ing concentrations 

The absolute Vmaf values f o r  22Nat and 86Rb uptake suggest a 

The physiological s iqn i f icance o f  the 
[ t h i s  work was suooorted by NIH grant X1 R01 

AN21994-01Al . I  

217 5'-FLUOROSULFONYLBENZOYLAOENOSINE As AN ATP SITE AFFINITY PROBE FOR Nat,Kt-ATP-ASE. 
Charles G. Winter, Univers i ty  o f  Arkansas College o f  Medicine, L i t t l e  Rock, AR 72201. 

5'-Fluorosulfonylbenzoyladenosine (FSBA) reacts slowly w i t h  p u r i f i e d  canine kidney Nat,Kt- 
ATPase t o  i nac t i va te  it. A t  pH 8. i n  0.1 M Nat, about 50% o f  the enzyme a c t i v i t y  i s  l o s t  i n  
2 hours. ATP protects  against t h i s  i nac t i va t i on ,  w i t h  a half-maximal e f f e c t  occurr ing a t  
5 JIM ATP. Reaction w i t h  FSBA i s  i r reve rs ib le ,  since ATP add i t i on  a f t e r  p a r t i a l  i nac t i va t i on  
by FSBA protects  on ly  against f u r t h e r  i n h i b i t i o n .  100 UM ADP a lso protects  the enzyme com- 
p le te l y ,  but  100 JIM AMP i s  i ne f fec t i ve ,  consistent w i t h  the known nucleotide s p e c i f i c i t y  o f  
the ATPase. Treatment w i t h  FSBA i n  0.1 M Kt causes a somewhat more rap id  i nac t i va t i on .  This 
loss o f  a c t i v i t y  i s  a lso prevented by ATP, bu t  half-maximal protect ion requires 200 JIM ATP. 
A l l  o f  these resu l t s  suggest t ha t  FSBA reacts a t  the high a f f i n i t y  ATP s i t e  o f  the enzyme, 
and are consistent w i t h  the prev ious ly  described e f fec ts  o f  Kt and Nat on ATP a f f i n i t y  f o r  
t h i s  s i t e .  Attempts t o  measure an apparent K i  f o r  FSBA in te rac t i on  w i t h  the c a t a l y t i c  s i t e  
ind icate a value above 1 mM, the p rac t i ca l  s o l u b i l i t y  l i m i t  of the compound. Measurements of 
the r a t e  o f  enzyme i n h i b i t i o n  a t  several FSBA concentrations confirm t h i s  conclusion. 
Control experiments r u l e  out  f l uo r ide  i on  released as the cause o f  enzyme i n h i b i t i o n .  
Covalently-stabi l ized occupation o f  the c a t a l y t i c  s i t e  by sulfonylbenzoyladenosine i s  suggest- 
ed by experiments showing a noncompetitive reduct ion of (3H)ADP b ind ing in propor t ion t o  loss 
o f  enzyme a c t i v i t y .  Experiments are present ly  under way t o  determine the stoichiometry Of 
react ion o f  FSBA w i t h  the Nat.Kt-ATPase. 

218 SECTOR OF TH13 H+-ATPase OF E. COLI. Robert H. Fillingame. 

The F F was  purif ied and shown t o  contain e igh t  polypeptide components 
(Fostir'and Fill ingame, J. Biol.  Chem. 254: 8230 [1979]). Five of these polypeptides a r e  
subuni ts  of the F -ATPase, and the  o the r  t h ree  were thought t o  be subuni ts  of t he  proton- 
t r ans loca t ing  F - i ec to r .  The F Fo complex has  now been pu r i f i ed  from a s t r a i n  of E. c o l i  
carrying a lambga lysogen with ihe  uric (ATPase) genes. 
a s i x  fo ld  increase i n  ATPase a c t i v i t y .  A l l  e igh t  of the previously iden t i f i ed  components 
of t he  ATPase complex were overproduced i n  constant  s toichiometr ic  proportion. This r e s u l t  
provides s t rong genet ic  evidence t h a t  a l l  e igh t  components a r e  t r u e  subuni ts  of t he  complex. 
The F s e c t o r  of t he  canplex w a s  prepared by t r e a t i n g  a pu r i f i ed .  p a r t i c u l a t e  F F preparat ion 
with EDTA t o  so lub i l i ze  the F -ATPase. f r a c t i o n ,  h k h  contained 
the  expected th ree  subuni ts ,  Aas incorporated i n t o  liposomes by son&ation. 
from tQese liposomes w a s  measured with a pH e l ec t rode  a f t e r  imposit ion of a membrane po ten t i a l  
with K and valinanycin.  The rate of proton-efflux from these liposomes w a s  increased 
maximally ca.  l 0 G f o l d  on incorporat ion of t he  F sec to r .  
d i r e c t l y  with the amoynt of F added during r e c o k t i t u t i o n .  Dicyclohexylcarbodi i ide (DCCD) 
blocked F -mediated H -effluxowith the  F from wild-type, but not with the  Fo from a DCCD- 
res is tantomutant .  The Po s e c t o r  of seve8al uric mutants w a s  shown t o  have neg l ig ib l e  proton- 
t ranslocat ing a c t i v i t y  using the  liposome recons t i t uc ion  assay. 

PROTON-CONDUCTING F 
David L. Foster ,  Rofert  S. &grin and Mary E. Mosher, U. Wisconsin. Madison WI 53706 
ATPase of g. 

Induction of t he  lysogen r e su l t ed  in 

The r e su l t i ng  p a r t i c u l a t e  F 
Roton-eff lux 

The r a t e  of H+-efflux var ied 
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C r y s t a l l i z a t i o n  of F1 (space group C2221) and CF 
P4132) yielded s i n g l e  c r y s t a l s  i n  t h e  presence 04 5 mM ATP, ind ica t ing  p e r f e c t  
two-fold molecular symmetry. However, s i n g l e  c r y s t a l s  of CF (C2221) i n  t h e  
absence of ATP revealed a maximum largenes? i n  so lu t ion  of 150 8, whereas i n  
the presence of ATP hollow spheres of 100 - 10 8 diameter w e r e  observed f o r  
a l l  three coupling f a c t o r s ,  obtained from small  angle  X-ray s c a t t e r i n g  meas- 
urements i n  so lu t ion .  The state of t h e  coupling f a c t o r s  is not  modulated by 
ATP, only, bu t  a l s o  by sal t .  Conformational changes were observed a t  high salt 
concentrat ions (0.1 M N a C l  o r  0.1 M K C l ) ,  as estimated by NMR measurements and 
polar iza t ion  f luorescence measurements. The molecular correlation values  in- 
creased by a f a c t o r  o f  1.8  a t  l o w  sa l t  concentrat ion i n  t h e  absence of ATP, 
whereas i n  t h e  presence of ATP a t igh ten ing  of t h e  complex w a s  detected.  I n  
ECFl t h e  change i n  the physical  parameters upon binding of ATP to  t h e  a-sub- 
u n i t  chan ed t h e  rad ius  of g r a t i o n  from 28.1 fi t o  26.7 8 and t h e  volume from 

t h e  coupling f a c t o r  CF w a s  inves t iga ted  by small angle  X-ray methods and re- 
vealed an  uneven cyl in8er  of molecular weight 75,000 with a length of  7 0  g, 
an upper rad ius  of 83.8 8 and a lower r a d i u s  of 58.5 8. 

CONFORMATION OF COUPLING FACTORS FROM E. coii ,  BEEF HEART AND CHLORO- 
PLASTS, H a s h  H. Paradies ,  Biochemie d z  m n z e n ,  Freie U n i v e r s i a t  
Berl in ,  K6nigin-Luise-Str. 12-1 6a, D-1000 Ber l in  33, Germany 

(space groups C2221 and 

12.9 x 10 1 g3 to  9.56 x 1Q4 h. The conformation of t h e  membrane por t ion  of 

FUNCTIONS OF NUCLEOTIDE BINDING SITES ON MITOCHONDRIAL F1 ATP-ASE 
Diether Recktenwald and Benno Hess. MPI Ern.Physiol., 4600 Dortmund, FRG 

Three classes of nucleotide binding sites different with respect to binding-affinity, 
ligand-exchange-rate, and nucleotide specificity have been found on mitochondria1 
F1 ATPase from yeast: (I) sites for ATP which do not exchange with the medium, 
(11) tight exchangeable sites for ATP and ADP, and (111) loosg sites for ATP, ITP, 
GTP. CTP. and other nucleotide-tri- and -diphosphates. Class I1 and 111 sites mani- 
fest themselves in an apparent negative cooperativity of the steady-state kinetics 
of ATP hydrolysis; the hydrolysis of ITP, GTP, and CTP by F1 ATPase shows Michaelis 
Menten type behavior, reflecting binding to type 111 sites only. 
The existence of multiple binding sites is also apparent from the presteady-state 
kinetics of nucleotidetriphosphate binding and hydrolysis: The fluorescence change 
upon binding of the ATP-analog lin-benzo-ATP is multiexponential under pseudo- 
first-order conditions. The hydrolysis of ATP and -ATP is preceded by a lag-phase 
of 100 msec suggesting a nucleotidetriphosphate triggered inactivefactive state 
transition. 
These results are compatible with a dual site mechanism for ATP synthesis. 
A reaction scheme for ATP hydrolysis by mitochondrial F1 ATPase will be presented. 

221 

Calmodulin i s  a low molecular weight ac id i c  C$+-binding p ro te in  which y d l a t e s  many c e l l u l a r  
responses t o  Ca2+. Ye repor t  here on the e f fec ts  o f  calmodulin and Ca ' on the k i n e t i c s  o f  
act ive Ca2' t ranspor t  across the  plasma awnbrane o f  t he  red blood c e l l .  Ins de-out ves ic les 
were prepared according t o  Larsen and Vimenzi [Science 204: 306, 19791. Cai+ t ranspor t  
showed one a f f i n i t y  f o r  Ca2+ (apparent Kd = 2.0 p ~ )  i n  thepresence o f  saturat ing concentra- 
t i ons  o f  calmodulin and t w  a f f i n i t f e s  f o r  Ca2+ (apparent Kd's = 2 fl and 7 uM) I n  the absence 
o f  added calmodulin. To t e s t  whether endogenous calmodulin was contr ibut ing t o  these 
k inet ics ,  the vesicles were incubated a t  3D°C f o r  30 n i n  i n  a so lu t  on o f  1 IM EDTA p lus 20 nt4 
Trb-glycylglyci ne (pH 6.8) t o  rmove any endogenous calmodulin. Cab+ uptake i n  EDTA-treated 
vef ic les incubated i n  t h  absence o f  added calmodulin showed t w o  d i s t i n c t  a f f i n i t i e s  (apparent 
Kd = 2 pM and 50 fl C&). Calmodulin binding p ro te in  5 rg/ml) almost carp le te ly  i nh ib i t ed  
Ca 2'+ transport i n  untreated vesicles, depending on the Ca6+ concentration. These data suggest 
t h a t  EDTA treatment unmasks a low a f f i n i t y  nature o f  the Ca2+ pump by removing a t  l eas t  some 
o f  the endogenous calmodulin. 
suggested by the  a b i l i t y  o f  added calmodulin t o  resto f u l l  transport a c t i v i t y  and high 
a f f i n i t y  f o r  Ca2+. Therefore. calmodulin act ivates C2+ t r a  sport across plasma membranes by 
increasing both the V ~ X  and the  a f f i n i t y  o f  the punp f o r  Caq+. 

Supported by the Canadian Heart and Cytic F ibros is  Foundation and the CRC o f  Canada. 

RtGULATION BY CALMODULIN Ue THE PLASTICITY UF THE Ca2* PUMP I N  HUMAN ERYTHROCYTE 
YESICLES. Fred Larsen. Sioney Katz and Basi l  D. Roufogalis, University o f  B r i t i s h  
Columbia. Vancouver, B.C., V6T 1V5 (Canada) 

That t he  i n t e g r i t y  o f  t he  pump was not a f fected by EDTA I s  
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A newly synthesized compound, 3-t-Butyl-3',5-dinitro-4'-fluorosal i c y l a n i l  i de  (S-151, has 
demonstrated novel resp i ra to ry  i n h i b i t i o n  i n  r a t  l i v e r  mitochondria. 
merely 50% greater than those requi red f o r  maximal s t imu la t i on  Of resp i ra t ion,  5-15 COm- 
p l e t e l y  i n h i b i t s  the st imulated respi ra t ion.  
ox idat ive phosphorylation a lso i n h i b i t  resp i ra t i on ,  but  none e x h i b i t  both s t imu la t i on  and 
i n h i b i t i o n  over such a narrow concentrat ion ran  e. Our studies i nd i ca te  t h a t  resp i ra to ry  
i n h i b i t i o n  takes place a t  the l eve l  o f  the f l av jn - l i nked  dehydrogenases and occurs i n  t? 
ra the r  slow phases. The f i r s t  phase i s  reve rs ib le  by the add i t i on  o f  bovine serum albumin. 
whi le  the second i s  not. 
s i b i l i t y  might be the r e s u l t  of formation o f  a covalent adduct between a f l a v i n  moiety i n  
succinate o r  NADH dehydrogenase and a reduct ion product o f  S-15. I n h i b i t i o n  o f  r e s p i r a t l o n  
due t o  the ox idat ion of e i t h e r  malate/glutamate o r  succinate has been demonstrated. An 
a r t i f i c i a l  e lect ron donor such as ascorbate/TMPD w i l l  release the i n h i b i t i o n .  Furthermore. 
whichever cubstrate i s  no t  present when i n h i b i t i o n  i s  induced w i l l  serve t o  rest imulate 
resp i ra t i on  whi le  add i t i on  o f  more o f  the s a w  substrate w i l l  not. 

IRREVERSIBLE INHIBITION OF MITOCHONDRIAL RESPIRATION BY SALICYLANILIDE UNCOUPLERS, 
Gary A. Rogers and Marta S. Hoffman, Un ive rs i t y  o f  Texas a t  Dallas, Richardson, Tx 
75080 

A t  concentrat ions 

I t  i s  well-known t h a t  most uncouplers of 

From studies using 3-methyl lumif lavin as a model, the i r r e v e r -  

223 ATPase ACTIVITY ON SECRETORY MELOBLAST MEMBRANES AS SHOWN BY E. M. HISTOCHEMISTRY, 
A l f red  Weinstock and Toshihiko Inage, UCLA School o f  Dent is t ry ,  Dental Research 
I n s t i t u t e ,  and Department o f  Anatomy, Los Angeles, Ca l i f o rn ia  90024 

The ameloblast secretes the enamel matr ix  and i s  involved i n  calcium deposit ion during 
mineral izat ion. Since adenosine triphosphatase (ATPase) i s  known t o  be involved i n  ca t i on  
transport,  the l o c a l i z a t i o n  o f  t h i s  enzyme i n  the ameloblast was invest igated i n  r a t  t ee th  
f i x e d  by p e r f u s i o n  u s i n g  2.5% g lu ta ra ldehyde .  A f t e r  d e m i n e r a l l z a t i o n ,  i n c i s o r s  were 
chopped i n t o  50 Y sections, preincubated i n  MG(CL)z o r  CA(CL)2 and processed f o r  the 
demonstration o f  ATPase (modified Wachstein and Meisel,  1957) using ATP as a substrate a t  PH 
7.4 o r  8.7. Secretory ameloblasts showed lead deposits on the outer l e a f l e t  o f  t he  plasma 
membrane around the e n t i r e  c e l l .  The basal membrane react ion was more intense than the 
l a t e r a l  when MG(CL)2 preincubation was used; the  apical (Tomes') process react ion was 
most intense, especia l ly  during outer enamel secretion. I n  the  apical process invaginat ing 
membranes on the d i s t a l ,  l a t e r a l ,  and proximal aspects showed lead deposits, as d i d  coated 
vesicles located per iphera l ly  as we l l  as near the secretory granules. The granules were 
unreactive. but mu l t i ves i cu la r  bodies showed react ion product. Most noticeable was the 
intense react ion over new enamel matr ix  ca l l ed  growth regions (Weinstock and Leblond. 1971) 
located near the  proximal and d i s t a l  por t ions o f  the apical processes. These r e s u l t s  were 
not  obtained when MP o r  ADP were used as substrates. Heating t i ssue  t o  100°C. o r  adding 
10 nt4 F- t o  the substrate abolished the enzyme reaction. The observations suggest t ha t  a 
matr ix  ATPase may be involved i n  matr ix  minera l izat ion.  Membrane ATPase may regulate calcium 
t ranspor t  f o r  both minera l izat ion and secretion. (Supported by USPHS Grant DE-3386) 
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224 CHOLINEFiGIC SYNAPTIC VESICLES.  Regis B. Kelly, Steven S. Carlson, James Deutsch, 
Randall J. von Wedel & John Wagner. Department of Biochemistry & Biophysics, Univer- 
sity of Cdifornia, San Francisco, Ca 94143 

The synaptic vesicle is a membrane enclosed sphere of 40 to 80 nm diameter which contains 
neurotransmitter at very high concentration. The membrane of the vesicle is made in the 
cell body of the neuron, transported often many centimeters down the axon of the neuron 
and inserted into the presynaptic plasma membrane during the exocytotic release of trans- 
mitter. To study this process we have isolated synaptic vesicles from the nerve terminals 
of the Narcine brasiliensis electric organ. 
the vesicles are free of measurable contaminants. 
protein and lipid composition. To follow the membranes during biosynthesis, transport and 
fusion a marker is needed. We have succeeded in preparing antibodies to synaptic vesicle 
specific antigenic determinants. These antibodies bind not only to the electric organ but 
also to nerve terminals in the neuromuscular junctions of the rat and frog. By immuno- 
fluorescent techniques we have shown that stimulating transmitter release causes transfer 
of vesicle antigens to the presynaptic plasma membrane. 

After a greater than 250 fold purification, 
The pure vesicles have a very simple 
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I11 OF YEAST MITOCHONDRIA, Diana S. Beattie, Cynthia Battie and Robert 

A. Yeiss, Mt. Sinai School of Medicine, New York, N.Y. 10029 
Complex I11 purified from yeast mitochondria catalyzed antimycin-sensitive 
coUH2-cytochrome c reductase and separated after SDS-gel electrophoresis into 
10 bands with mol&ular weights ranging from 6,000 to 50,000. Complex I11 was 
isolated by imyynoprecipitation from mitochondria obtained from yeast cells 
labeled with ( S)methionine using antiserum raised against the purified com- 
plex. Analysis of the immunoprecipitates on SDS gels revealed that cytochrome 

(30,000 daltons) and a 16,000 dalton protein were labeled in the presence of 
cycloheximide indicating that they are products of mitochondria1 protein syn- 
tnesis. Immunoprecipitates from mitochondria of cells labeled in the presence 
of chloramphenicol contained a new labeled band of 100,000 daltons coupled 
with significant decreases in the labeling of proteins of 50,000, 40,000, 
30,000 and 16,000 daltons. 
tation from intact spheroplasts after a 5 min pulse, the 100,000 dalton 
protein was labeled whether chloramphenicol was present or not; however, after 
a 2 nr chase, decreased labeling of the 100,000 dalton protein was observed 
concomitant with increases in the labeling of the 50,000 and 40,000 dalton 
proteins. These results suggest that a protein with a molecular weight of 
100,000 may be a precursor of other proteins of Complex 111, probably the core 
proteins with molecular weights of 50,000 and 40,000. NIH-HD-04007 

A LARGE PRECURSOR OF CYTOPLASMICALLY SYNTHESIZED PROTEINS OF COMPLEX 

When Complex I11 was isolated by immunoprecipi- 

IMMUNOELECTRON MICROSCOPIC LOCALIZATION OF VESICULAR STOMATITIS VIRUS GLYCOPROTEIN 
IN INFECTED CELLS, John E. Bergmann and S.J.Singer. Univ. of California at San Diego, 
La Jolla, Ca. 92093 

Cell surface proteins are important in cell-cell recognition and communication and thus in 
such processes as embryonic development and growth control. 
the ultrastructural and biochemical pathway these proteins follow during maturation and 
transport to the cell surface have yet to be worked out. For example, biochemical experiments 
indicate that plasma membrane proteins pass through a smooth membrane-bound structure 
presumed to be the Golgi apparatus on their way to the plasma membrane. However, a definitive 
Golgi localization has never been directly demonstrated by electron microscopy and there has 
been no information whether proteins destined for the plasma membrane are found throughout 
the Golgi apparatus or are somehow sequestered in a specialized region of that organelle. 
We are presently utilizing immunocytochemical staining techniques in conjunction with 
ultra-cryatopy and electron microscopy to localize the VSV glycoprotein (G) within infected 
cells. 
localized G within the Golgi apparatus where it appears to be uniformly distributed. After 
further characterizing the regions of accumulation of G protein in cells infected with wild 
type VSV and other mutants of VSV unable'to complete transport of the G or M proteins at 
39.5'C, we plan to use temperature shift experiments to define their pathways of maturation. 

Unfortunately, many details of 

So far, using a mutant of VSV blocked in a late step in G protein maturation, we have 

LYMPHOCYTE DEVELOPMENT-mD PROCESSING OF MU HEAVY CHAINS, 
Charles Sidman, Basel Institute for Immunology, Basel, Switzerland. 

Imunoglobulin-M (IgM) serves distinct and different roles in two stages 
of B lymphocyte development - a cell surface receptor in resting cells, and a 
secreted product in activated cells. The mu polypeptide chains from these two 
IgM populations have different apparent molecular weights in SDS-polyacrylami- 
de gel electrophoresis, which raises the question of whether they are products 
of the same or separate genes. Biosynthetic studies on purified populations 
Of lymphocytes at each of these developmental stages have shown one form of 
intracellular mu in common, as well as a second form unique to IgM-secretinq 
cells. 
other (common) internal form, and to be the immediate precursor for secreted 
mu chains. Originally, a single, common non-glycosylated form is the ultimate 
mu precursor in both cell types. These results suggest that surface and 
secretory mu chains are not products of separate genes, but are forms of 
the same gene product which are processed differently for various final 
functions. 

227 

This second form unique to secreting cells appears to derive from the 
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228 SECRETION AND PROCESSING OF -LACTAMASE: A GENETIC APPROACH, Douglas Koshland and 
David Botstein, Massachusetts Institute of Technology, Cambridge, MA 02139 

The TEM-8-lactamase made by many kinds of penicillin-resistant gram-negative bacteria is 
normally found between the inner and outer cell membranes. 
found on plasmids, often within a transposon such as Tnl. Using a P22::Tnlinsertion phage 
derivative as well as the fully sequenced plasmid pBR322, we have begun fine-structure 
genetic analysis of the 8-lactamase. 

polypeptide fragments specified by nonsense and frameshift mutants was studied taking 
advantage of specific labeling of P22::Tnl-specified proteins after infection of UV- 
irradiated hosts. From such studies we find 1) The removal of the N-terminal 23/amino 
acid residues (the "signal sequence") from the precursor to form mature enzyme occurs after 
synthesis of the precursor is completed; 2) all nonsense-mutant fragments examined also 
show maturation of a precursor by removal of about 23 amino acids; 3) the mutant fragments 
do not appear to be fully tranported to the periplasm (as judged by the Heppel osmotic 
shock technique) although wild-type enzyme is. These results suggest that the carboxyl 
terminus of the 8-lactamase is somehow involved in transport to the periplasm and that 
removal of the 'signal peptide' may occur prior to transport of the protein across a 
membrane. 

The 6-lactamase gene is usually 

Synthesis and transport of the intact wild-type enzyme and several shorter N-terminal 

229 
Secretory granules have been purified >70-fold from a mouse pituitary tumor derived clonal 
cell line, At-T2Os. These cells synthesize adrenocorticotropic hormone (ACTH) and 6-endo- 
phin as a common polypeptide precursor, and secrete the final hormone products after exten- 
sive glycosylation w d  Droteolytic processing. Radioimmunoassayable ACTH sediments ac n 
particulate fraction of %lo005 and bands on Ficoll density gradients at 1.10 gmlml. These 
values are appropriate for the 200 nm diameter secretory granules that have been observed 
by electron microscopy. Purification is achieved by differential centrifugation and subse- 
quent equilibrium centrimgation on a D 0 density gradient. The predominant proteins of the 
secretory granules comigrate with ACTH, 8-liuotropin, and 6-endorphin on SDS-PAGE. A 
major band also migrates at the molecular weight range of the precursor protein. We conclude 
that the fraction is enriched in secretory granules because of the high specific activity 
of ACTHjprotein and the content of processed secretory proteins. It is not yet known whether 
processing of the precursor occurs within secretory granules or prior to packaging into the 
secretory granule. 

PURIFICATION OF SECRETORY GRANULES FROM A PITVITARY CELL LINE, Bal;ry Gumbiner & 
Regis Kelly, University of California, San Francisco, Ca 94143 

2 

230 ANTIGENS SHARED BY SECRETORY CELLS. Steven S. Carlson, Joan E. liooper k Regis B. 
Kelly. Department of Biochemistry & Biophysics, University of California, San 
Francisco, Ca 94143 

We have raised antibodies in rabbits to cholinergic synaptic vesicles isolated from the 
electric organ of Narcine brasiliensis. After suitable adsorption these antibodies recog- 
nize antigenic determinants unique to synaptic vesicles in the electric organ. These deter- 
minants are found on both the internal and external faces of the vesicle membrane. The 
antisera can be used to detect and quantify vesicle antigens even when synaptic vesicles 
make up <O.5% of the total material present. Although the antibodies were raised against 
organelles from elasmobranchs they cross-react with antigens which are found in certain 
secretory tissues of mammals. Cross-reacting antigens are found by immunofluorescence in 
secretory cells such as the the chromaffin cell and the cells of the intermediate lobe of 
the pituitary. They are not found in all secretory cells, however, being absent from 
cells in the anterior lobe of the pituitary and from classes of nerve terminals found in 
the hippocampus, cerebellum and other areas. The nature of these elements shared by the 
cross-reacting tissues is not yet known. 
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97201, and Ehdn  Ching and Riusepoe At tard i ,  Ca l i f o rn ia  l n z t i t u t e  o f  Technoloqv, 
Pasadena, C a l .  01125. 

ce l l s .  has been p u r i f i e d  f r o m  human placental mitochondria. 
been repmducihly resolved by electrophoresis o f  the e n z m  thraunh EOS-urea poly- 
a c r y l q i d e  gels. When HeLa ce l l s .  g r w n  I n  suspension culture. were pulse l ahe l l ed  
w i th  ' S-methfonine I n  the presence o f  cycloheximide t o  i n h i h i t  cvtoplasmic p ro te in  
svnthesis. and chased w i t h  an .excess o f  unlahel led mth ion lne  i n  the absence o f  the 
drug, the mitochondrlal ly synthesized polypeptides Hew resolved i n t o  a t  l eas t  15 
components by SDS-urea polyacrylamide gel electrophoresis. Ff ter  mixina l ahe l l ed  
Me1.a mitochondria w i t h  h r m n  olacental nftochondria and l s o l a t i n n  the cytochrme c 
oxldase, three of the l ahe l l ed  comonents were found t o  co-purffy wf th  the three 
l a rges t  subunits o f  the cowlex. We conclude t h a t  hunan cvtochrnme c oxidase contains 
seven subunits, the three l a raes t  of which an! synthesized on mitochondria1 r l h o s m s .  
whi le  the other four a r e  synthesized i n  the cytoplasm. 

l3IOSVUTr(OlS OF NAM'ALltfY CYTOCHROMFI r OXIDAqC: SITE OF SHtUJYlT SYNTHFSIS, 
Jaws F. Hare. I h i v e r s i t y  of Oregon Health Sciences Center. Portland. Prp., 

Cytochrome c oxidase. the tennlnal oxidasc! o f  the resni ra tory  chain i n  eutaryot ic  
Seven polypeptides have 

INTRACELLULAR TRANSPORT OF ACETYLCHOLINESTERASE AND ACETYLCHOLINE RECEPTOR, Henry M. 
Smilowitz, Univers i ty  o f  Connecticut Health Center, Fannington, CT 06032 

Most o f  the acetylchol inesterase (ACHE) t ha t  i s  synthesized by cu l tured chick embryo pectoral 
muscle c e l l s  i s  secreted i n t o  the cu l ture lnedium by a process t h a t  i s  rap id l y  and revers ib ly  
i nh ib i t ed  by the monovalent ionophores (Smilowitz. H., Molecular Phannacol., Ju ly  1979). The 
secretion o f  other continuously released glycoprotefns such as collagen and f i  bronectin are 
s i m i l a r l y  i n h i b i t e d  by the monovalent ionophores (Uchida, N., H. Smilowitz & M. Tanzer, 
P.N.A.S. 76: 1868, 1979). I n  contrast, we have shown t h a t  the r a t e  o f  appearance o f  new ace- 
t y l cho l i ne  receptors (ACHR) a t  a-bungarotoxin (a-BGT) accessible s i tes,  the turnover o f  ACHR, 
the t o t a l  number o f  ACHR ( t o t a l  a-BGT accessible s i t e s )  and the s ize o f  the i n t r a c e l l u l a r  pool 
are nearly the same i n  both contro l  and monovalent ionophore t reated ce l l s .  
valent ionophores reportedly block the f low o f  membranes out o f  the Golgi (Tartakoff,  A. & 
P. Vassall i ,  J .  Cel l  B io l .  79: 694, 1978) our data suggests t h a t  there are a t  l eas t  two types 
o f  membrane vesicles o r  c a r x e r s  derived from the Golgi - one whose formation i s  i n h i b i t e d  by 
the monovalent ionophores ( n m a l l y  transport ing secretory proteins such as ACHE) and one 
whose formation i s  unaffected by the ionophores (normally transport ing i n teg ra l  membrane pro- 
te ins such as the ACHR) (Smilowitz, H., Cel l ,  i n  press). Recent data suggests t h a t  ACHR are 
transported t o  the plasma membrane by coated vesicles whi le  the ACHE i s  transported f r o m  the 
Golgi by a non-coated ves ic le  mechanism. We propose t h a t  the ACHE i s  transported t o  cyto- 
plasmic channels o r  the t-system o f  muscle. 
t i o n  w i t h  the external bathing medium. 

Since the mono- 

Once i n  the t-system. the enzyme i s  i n  comnunica- 
(Supported by NS13860.) 

a3 COATE? VESICLES, CALMODULIN AND RECEPTOR MEDIATED TRANSPORT, Carol 0 .  
L ind  n James G. Chafouleas, John R. Dedman, Anthony A. Means and Thomas F. 
Roth', 'Dept. of Biological Sciences University of Maryland Baltimore County, 
(UMEC) Catonsville, MD. 21228 and"Dept. of Cell Biology, Eaylor College of 
Medicine, Houston, TX 77030. 

Coated vesicles (CV's) mediate the intracel lu lar  transport of a variety of receptor bound 
macromolecules (e.g. lg$+ LDL, EGF, -macroglobulin). The binding of these molecules 
to their receptors i s  Ca -dependent an3  many of these receptors have been identif ied i n  
coated p i ts  on the plasma membrane. modulin, a ubiquitous calcium binding protein, 
has been shown to regulate several C:"-dependent enymatic act iv i t ies and cytoskeletal 
structures. We therefore examined the interactions of calmodulip with CV's pur i f ied from 
bra in  tissue. Coated vesicles pur i f ied i n  the p+cesence of Ca contain almos+f 10 times 
more calmodulin than those pur i f ied using Ca -free buffers. Moreover, Ca -purif ied 
CV's contain additional polypeptides as detected by SDS-polyacrylamide gel 
elefJrophoresis. Radio iodinated calmodulin binding to CV's purifie-$ in  the absence of 
Ca is  specific and saturable and has an a p p a i p t  Kd of 1 x 10 M. The binding is 
CA++ dependent; manganese w i l l  substityi5 for Ca but magnesium w i l l  not. Unlabelled 
calmodulin and troponin-C compete for I-calmodulin binding with apparent K i  values 
of 3 x lO-'M and 1 x 10-6M respectively. The results of chromatography of solubilized 
CV's on a calmodulin-sepharose resin show that calmodulin binds to c lathr in.  A model for 
the role of calmodulin i n  coated vesicle uptake w i l l  be presented. 
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234 THE ORGANIZATION OF PROTEINS WITHIN THE SYNAPTIC VESICLE MEMBRANE, John A. Wagner and 
Regis B. Kel ly, Un ive rs i t y  o f  Cal i forn ia ,  San Francisco, San Francisco, CA 94143. 

Synaptic vesicles have been p u r i f i e d  t o  homogeneity from the e l e c t r i c  ray Narcine b ras i l i en -  
s i s  (Carlson, S.S., Wagner, J.A. and Kelly, R.B., Biochemistry fl. 1 1 8 8 - 1 1 ~ 8 ~  
r t h e  e igh t  major prolypeptides found i n  these preparations copur i fy  w i t h  synaptic vesicles 
during chromatography on CPG-10-3000 and are therefore thought t o  be vesic le  spec i f i c .  One 
o f  the proteins tha t  do& not  copur i fy  w i t h  the ves ic les comigrates w i t h  a c t i n  on sodium 
dodecyl su l fa te gels. Three complementary techniques were used t o  determine which o f  the 
e igh t  proteins were exposed on the external (cytoplasmic) surface o f  the ves i c le  membrane: 
s u s c e p t i b i l i t y  t o  proteases, l a b e l l i n g  by the membrane impermeable reagent d iazot ized 
[125I]iodosulfani 1 i c  acid, and lactoperoxidase catalyzed iod inat ion.  The three techniques 
gave an i n t e r n a l l y  consistant model o f  ves i c le  s t ructure.  
on the surface o f  the i n t a c t  ves i c le  whi le  the other  two are avai lab le on ly  a f t e r  the 
vesicles are lysed by detergents o r  by f reez ing and thawing. 
i n te rna l .  
during the exocytot ic  process. 

Six o f  e igh t  prote ins are exposed 

The a c t i n - l i k e  p ro te in  i s  
The external prote ins are candidates f o r  i n te rac t i on  w i t h  the plasma membrane 

235 A MODEL FOR STIMULATION OF MEMBRANE MORPHOGENESIS, Gregory J .  Brewer, Univers i ty  o f  
Southern Ca l i f o rn ia  School o f  Medicine, Los Angeles, CA 90033. 

genetic and morphological information on the formation o f  the membrane o f  bacteriophage PM2, 
a model f o r  s t imulat ion and con t ro l  o f  membrane morphogenesis has been formulated. Discrete 
steps o f  the process include the fo l lowing.  (A)A to ro ida l  am h ipa th i c  p ro te in  approaches the 
b i l aye r  membrane from the cytoplasmic s ide o f  a membrane. (By I n i t i a t i o n  o f  membrane morpho- 
genesis begins w i t h  the i n te rac t i on  o f  the hydrophobic face o f  the p ro te in  w i t h  the acyl chain: 
o f  the l i p i d s .  (C) The d i s t o r t i o n  i n  the b i l a y e r  and l a t e r a l  pressure i n  the membrane con t r i -  
bute t o  propagation o f  morphogenesis. 
o f  proteins i n t o  the newly forming membrane. 
defined radius imposed by each inser ted prote in .  
the host membrane. 

Based on biochemical, 

(0) Further propagation i s  st imulated by the i nse r t i on  
(E) L im i ta t i on  o f  s ize i s  achieved by the 

(F) The new membrane pinches o f f  from 
The physical-chemical j u s t i f i c a t i o n  f o r  these events w i l l  be discussed. 

236 DIPHTHERIA TOXIN FRAGMENT A DISULFIDE-LINKED TO ANTI-CON A IS TOXIC FOR 
3T3 CELLS COATED WITH CON A, G. Gilliland and R . J .  Collier, UCLA, 90024 

A disulfide-linked conjugate between Fragment A from diDhtheria and anti-Con A 
was toxic fQr 3T3 cells coated with Con A. The conjugate was made by 
derivatizing anti-Con A with cystamine in the presence of a water-soluble 
carbodiimide reagent and then reacting the modified anti-Con A with reduced 
Fragment A under conditions promoting disulfide interchange. The Fragment A- 
SS-bnti-Con 4 conjugate was purified on Sephacryl S-200 and contained about 
1.8 mol Fragment A per mole antibody. In control experiments, it was shown 
that the conjugate w a s  not toxic for cells which had not been treated with 
Con A or for Con A treated cells which had been washed with buffer containing 
a-methyl-D-mannoside. Conjugates containing Fragment A disulfide-linked to 
anti-WGA or to nonimmune rabbit IgG were also non-toxic for cells pretreated 
with Con A. Fragment A-SS-[anti-Con A] was inactive on a toxin-resistant 
strain of CHO (Chinese hamster ovary) cells containing altered Elongation 
Factor-2, the target protein of Fragment A. 
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237 BIOCHEMICAL CHARACTERIZATION OF THE B-ADRENERGIC RECEPTOR FROM TURKEY ERYTHROCYTE 
PLASMA M E M B Y E S  - A.D. Sfrosberg+, 0. !urieu-Trautmann+, C. Delavier-Klutchko+, 
G. Vauquelin , S. Bottari and C. Andre . + Groupe d'Imunologie MolEculaire - Ins- 

titut de Recherche en Biologie MolCculaire - Tour-43 - 
05 (France) ; Biochemical Pathology, Institute of Molecular Biology, Free University - 
V.U.B., 65 Paardenstraat - 8-1640 Saint-Genesius-Rode (Belgium). 

The 8-sdrenergic receptor from turkey erythrocyte plasma membranes was extensively charac- 
terized in our laboratory by the use of general chemical reagents such as dithiothreitol (DTT), 
N-ethylmaleimide. The binding properties of the membrane bound, the solubilized and the affi- 
nity purified receptor were compared in the presence and absence of these reagents and of gua- 
nyl nucleotides. Binding of either agonist or antagonists protects the receptor against inac- 
tivation by DTT. Alkylation by NEM is only observed after binding of agonists and is hampered 
by addition of GTP. The receptor was purified 12 000 fold by the use of an affinity adsorbent 
containing the antagonist alprenolol. SDS polyacrylamide electrophoresis of the iodinated re- 
receptor revealed a single major components with an apparent molecular weight of 32 000 dal- 
tons. Further characterization of the receptor is in progress. 

2, Place Jussieu - 75221 Paris CEdex 

COVALENT LABELING OF THE Na+CM"EL WITH A PHOTOACTIVABLE DERIVATIVE OF SCORPION TOXIN 
Daniel A. Beneski and William A. Catterall. Univ. of Washington, Seattle, WA 98195. 238 

Scorpion toxin (Sctx) is a polypeptide neurotoxin which binds to voltage-sensitive Na' chan- 
nels. 
nel. 
covalent1 
benzoyl[~~5I]Sctx (ANB-[125I]Sctx) were irradiated, 50% of the specificall bound toxin was 
irreversibly attached to the cells. In a double label experiment, ANB-[13lI]Sctx was cova- 
lently att8ched to neuroblastoma cells. Subsequent [125I]Sctx binding was inhibited to 82% 
of control values. indicating that at least 18% of the covalently attached toxin blocks its 
receptor site. 
brain synaptosomes followed by autoradiography revealed a specifically labeled polypeptide of 
Mra250,000. 
both systems all specific labeling was blocked by excess unlabeled Sctx and by depolarization. 
A variant neuroblastomp clone lacking the voltage-sensitive Na+ channels had no specifically 
labeled bands. 
channel. 

The voltage dependence of binding is closely correlated with activation of the Na+chanr 

When neuroblastoma cells with bound azido-nitro- 
This report describes the use of a photoactivable derivative of 125I-labeled Sctx to 

label components of its receptor. 

Electrophoresis of covalently labeled neuroblastoma cell membranes or rat 

A 32.000 dalton polypeptide was also specifically labeled in synaptosomes. In 

These results identify specific polypeptides that are components of the Na+ 

239 EVIDZiICE FOR CATECHOLAMXE-INDUCED INTERNALIZATION OF THE 6-ADRENERGIC RECEPTOR. 
John P. Perkins. T. Kendall Harden, Calvin U. Cotton, Gary L. Waldo, John K. Lutton, 
University of North Carolina, Chapel Hill, North Carolina 27514 

Isoproterenol (ISO) induces densitization of the 62 adrenergic receptor (BAR)-linked adenyl- 
ate cyclase (AC) of human astrocytoma cells by first uncoupling the receptor from the enzyme; 
only subsequently are receptors lost from the cell. 
action IS0 also selectively alters the sedimentation properties of the BAR. Cells were incu- 
bated with or without 1 uM IS0 for a period of time (5-30 min) that resulted in a 50-60% loss 
of ISO-stimulated AC activity but no decrease in the number of BAR as measured by the radio- 
ligand, 1 2 5 1 ~ .  
mg/ml concanavalin A. 
centrifuged at 113.000 g for 60 mfn. 
single peak at 45-502: sucrose in both control and desensitized samples. 
cells were predominately recovered in fractions corresponding to 4540% sucrose. In contrast, 
BAR from desensitized cells migrated as two distinct peaks (30-35% sucroae and 4550% 
sucrose). 
gradient profiles for the BAR that were indistinguishable from that of control, and also re- 
sulted in recovery of ISO-stimulated AC activity to Control levels. 
alterations in the p8TtiCUhte form of the BAR occur during desensitization and that a 
c8techolamine-induced internalization of receptors nay occur prior to detection of a 
measurable loss of BAR from the cell. 

Concomitantly with the uncoupling re- 

Following incub8tion. the cells were rapidly washed and exposed to 0.25 
Cell lysates were placed on sucrose (30-60%) density gradients and 

BAR from control 
ISO-and NaF-stimulated AC activities migrated as a 

Incubation of desensitized cells for 30-45 min in the absence of IS0 resulted in 

The results suggest that 
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We have approached the problem of purification of the insulin receptor by preparing an insulin 
affinity column in which insulin is linked to agarose through a chemically cleavable bond, 
thus enabling the elution of the insulin receptor complex by means of a specific chemical 
reaction rather than the harsh methods used by other workers ( Jacobs et. a1.,(1977) Biochem. 
Biop. Res. Commun. 77, 981-88.). To this end, we have modified insulin by reacting it with 
methyl-4-mercapto butyrimidate (EIMB). MMB is a bifunctional reagent that forms an amidine bond 
with an amino group of insulin while providing a free sulfhydryl for disulfide or mercaptide 
bond formation. The conditions of MMB-insulin reaction have been worked out and the resulting 
modified insulin has been demonstrated to successfully bind to liver membranes with the same 
specificity as unmodified insulin. Then MMB-insulin is reacted with organomercurial agarose 
to form agarose-Hg-S-MMB-insulin. Triton X-100 solubilized extract of rat liver membranes 
is passed through this affinity column to facilitate the binding of the solubilized receptor 
t o  immobilized MMB-insulin. The MMB-insulin-receptor complex is subsequently eluted by 
treatment with a reducing agent and is further characterized. 

PURIFICATION AND CHARACTERIZATION OF THE INSULIN RECEPTOR, &niil Veliqelebi, 
The Biological Laboratories, Harvard University, Cambridge, MA. 02138. 

241 OXYTOCIN ACTION: LACK OF CORREUTXON BETWEEN RECEPTOR NUMBER AND TISSUE RESPONSIVE- 
NESS, H.J. Goren. R.M. Geonzon, M.D. Hollenberg, K. Lederis, D. Morgan, University of 

Calgary, Calgary, Canada. T2N 1N4 
Brattleboro rats exhibit diabetes insipidus (DI) because of a genetic autosoma1 recessive de- 
f@ct in the synthesis of vasopressin; oxytocin is synthesized normally. and preliminary work 
auggests that elevated circulating oxytocin levels may compensate for the absence of vasopres- 
sin (Endocrinology 77, 701 (1965)). In order to evaluate the consequence of presumed eleva- 
tions of oxytocin levels, oxytocin binding and tissue responsiveness have been measured in the 
uterus and epididymal fat  cells of homozygous-DI (HoDI) , heterozygous-DI (HeDI) anlmals and 
Spraye-Dawley (SD) controls. Surprisingly, whereas membranes from HoDI uteri exhibit an 85% 
reduction in oxytocin binding, the biological response (contraction) t o  oxytocin is indistin- 
guishable from HeDI or SD animals. The uterine response t o  vasopressin. angiotensin and 
carbachol i s  also normal in HoDI rats. In contrast, in adipocytes from RoDI animals the bio- 
logical response to oxytocin (glucose oxidation) is abolished. whereas the binding of oxytocin 
is normal; insulin stimulated glucose oxidation is, however, normal. These results indicate 
that receptor binding, while critical t o  hormone action, is not the sole determining factor. 
With oxytocin action, post-receptor mechanisms are most important in determining oxytocin 
responsiveness. 

242 
A prevlously undescrlbed neurological mouse mutant, MI 282, i s  characterized by a general 
unsteadiness o f  g a i t  canbined w i t h  hyperact iv i ty ,  and a marked tendency t o  rea r  on t o  the 
hind legs and move the upper trunk i n  a c i r c u l a r  motion. 

synaptosomes were prepared ( f r a c t i o n  3 ) ,  and assayed f o r  t ranspor t  o f  3H-GABA and h - G A B A  
i nh ib i t ed  by pa lan ine .  
0.63 f 0.11 (n  = 6 ) .  suggesting a higher density o f  synaptosomes which transport GABA I n  
IWII 282 than i n  contro l  mice. 
there was no s i g n i f i c a n t  d i f ference between mutant and control ( r a t i o  = 1.17 f 0.15). 
Synaptosomes prepared from cerebellum showed no such dif ferences f o r  e i t h e r  case. 

This suggests t h a t  mutant s t r i a t a  contain e i t h e r  an increase i n  the proport ion o f  g l i a l  
c e l l s  (actua l ly  gliosomes contaminating synaptosanes) o r  an increase i n  a populat ion o f  "8- 
alanine neurons" (proposed as a d i s t i n c t  e n t i t y  by Hitzemann 8 Loh, J .  Neurochm. 30, 471- 
477, 1978). 

CHANGES I N  STRIATAL GABA TRANSPORT I N  A NEUROLOGICAL MOUSE MUTANT, Anne Messer, 
Div is ion o f  Labs and Research, New York State Dept. o f  Health, Albany, NY 12201. 

To examine whether any o f  these e f fec ts  might be due t o  changes i n  the s t r ia tum pu r i f i ed  

The r a t i o  o f  t o t a l  GABA uptake/mg p ro te in  i n  control vs. mutant was 

However, when GABA uptake was done i n  the presence o f  8-alanine, 

Further GABA analogs are being used t o  characterize the mutant changes. 

94 



Membrane Transport and Neuroreceptors 

243 N ~ ~ 7 ~ N I T R O B E N Z - 2 ~ O X A - 1 . 3 ~ D I A ~ ~ ~ - 2 3 , 2 4 - ~ - 5 - C H O L E N - 2 2 - ~ 1 ~ - 3 6 - Y L  LINOLEATE, A NEW 
FLUORESCENT CHOLESTERYL ESTER ANALOG, Louis C .  Smith, I . F .  Craig, D . P .  Via, W.W. Man- 
tulin, A.M. Gotto. Jr., and H.J. Pounall, Baylor College of Medicine, Houston, TX77030 

To exploit microscopy systems designed for fluorescein and tomon- 
Little information is available about the intracellular fate of the lipid components of low 
density lipoproteins (LDL). 
itor simultaneously the intracellular fate of lipoproteins with different fluorescent lipids, 
(7-ni trobenz-2-oxa- l ,2 -diazole) -23 ,24-~-5-cholen-22-amine-3P-ol  (NBD-C) was sycthesized. 
NBD-C was 50% as effective as cholesterol as a substrate for LCAT, but 60% more effective in 
inhibiting HMG-CoA reductase. 
Kxeiger et al. was only 72% as efficient as native LDL. Intracellular fluorescence from 
r-(NBD-CE)LDL had perinuclear distribution similar to that of lysosomes and was similar tothat 
of normal LDL by anti-apo LDL imnunofluorescence. 
late NBD-CE fluorescence. In addition, r-(NBD-CE)LDL uptake in normal fibroblasts was prevent 
ed by a 25-fold excess Of LDL. After 18 hr, 97% of the extracted fluorescent material was 
NBD-C; the remainder NBD-CE. Experiments with '*'I-,- (NBD-CE) LDL gave fluorescence and isoto- 
pic data that were consistent. These analogs can be used to study lipoprotein-cell interac- 
tion, to select cell mutants of lipoprotein metabolism, to monitor phospholipid vesicle-cell 
interactions and to assess the imediate environwnt of the sterol in membranes. Videointen- 
sification microscopy (VIM) provides time resolution of about 250 msec. Simultaneous informa- 
tion about location, movement and the kinetics of changes in sterol concentration and lipopro- 
tein structure inside the cell is now accessible. (HL-15648, HL-17269, HL-19459, Welch Q-343, 
AHA, TX Affiliate). 

r- (NBD-CE) LDL prepared by the reconstitution procedure of 

LDL receptor-negative cells did not accumu- 

2 4  CHOLERA TOXIN AND COUPLING OF RECEPTOR5 TO ADENYLATE CYCLASE IN 549 LYMPHOMA CELLS, 
Frederick J .  Darfler, Michael Kennedy, and Paul A. Inse l ,  UCSD, La Jo l l a ,  CA 92093 

Wild-type and va r ian t  S49 lymphoma c e l l s  have been usefu l  f o r  de f i n ing  mechanisms by which 
membrane-active hormones, such as beta-catecholamines (8-CA) and prostaglandins (PGEI) a c t i -  
vate adenylate cyclase. Cholera tox in  (CT) i s  another ac t i va to r  o f  adenylate cyclase i n  these 
and other mamnalian ce l l s .  I n  order t o  explore the i n te rac t i on  between these two types o f  
ac t i va tq rs  o f  cyclase, we have tested the e f f e c t  o f  cholera tox in  on CAMP generation o f  i n t a c t  
549 c e l l s  subsequently t reated w i t h  PGE] and 8-CA. 
CT enhances subsequent PGEl  w i t h  8-CA-stimulated CAMP accumulation. Although the magnitude o f  
the response varied, we f i n d  up t o  6 - fo ld  increased maximal CAMP generation and a 2-4 f o l d  
increased potency o f  8-CA a f t e r  CT treatment. This enhanced response occurs by an ac t i on  d i s -  
t 1 t o  the 6-CA receptor because the a f f i n i t y  (agonist and antagonist) and number o f  receptors 
($i-dihydroalprenolol binding) are unaltered by CT. I n  add i t i on  t o  enhancing response o f  w i l d  
type S49 ce l l s ,  CT f a c i l i t a t e s  PGEl  and 6-CA st imulated cAMP accumulation i n  an 549 var iant  
(UNC) tha t  possesses receptors but t h a t  lacks hormone-stimulated cAMP i n  the absence of CT. 
These r e s u l t s  are compatible w i t h  the idea tha t  CT acts by i n h i b i t i n g  a hormone-sensitive GTP- 
ase tha t  i s  d i s t a l  t o  receptors. Moreover, the f ind ings ind icate tha t  the uncoupled hormone 
receptors in UNC are a t  l eas t  p a r t i a l l y  recoupled t o  adenylate cyclase by CT treatment. 
l a t t e r  action-conferrring hormonal responsiveness on c e l l s  w i th  otherwise nonactive hormone 
receptors--may be useful i n  other hormonal systems and conceivably may be re la ted  t o  the 
pathogenicity o f  CT. 

Pretreatment o f  wi ld-type S49 c e l l s  w i t h  

This 

245 ISOLATION OF PLEIOTROPIC DIPHTHERIA TOXIN-RESISTANT MUTANTS: ELONGATION FACTOR 2 
MUTANTS WITH REDUCED RECEPTOR LEVELS, Rebecca B. Dorland, John L. Middlebrook, and 
Stephen H. Leppla. U.S.  Army Medical Research Institute of Infectious Diseases, 
Frederick, MD 21701 

Vero monkey kidney cells were mutagenized with ethyl methanesulfonate and 230 diphtheria toxin- 
resistant mutants were.isolated following selection in toxin concentrations ranging from 0.02 
to 100 ng/ml (2- to 10,000-fold the parental tissue culture mean lethal dose ). Mutants 
were characterized by a variety of techniques, including (1) cytotoxicity anaOinhibition of 
protein synthesis assays, (2) binding, internalization, and degradation assays using radio- 
labeled diphtheria toxin, (3) growth rate and plating efficiency analyses, and (4) in vitro 
ADP-ribosylation assay. ,The predominant class of mutants is highly resistant (> 10,000 fold) 
and has an altered elongation factor 2 that can not be ADP-ribosylated by toxin; the 
mutation appears to reside in a post-translational modification step. These mutants show a 
concomitant 75% reduction in toxin-specific cell surface receptors. A second rare mutant 
type was identified that displayed an altered toxin uptake pattern. 
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Administrat ion o f  b i l e  acids t o  man and animals i s  associated w i t h  increased b i l i a r y  secretory 
capacity, 
t o  r a t s  f o r  1 t o  4 days. 
maximum capacity t o  excrete taurocholate (Tm) was 2.3 f o l d  increased compared t o  contro ls  
(p<O.Ol). 
for :  
i n  l i v e r  plasma membrane f rac t i ons  (LPM), (2) increased b i l e  ac id  transport i s  time 
dependent -- 4 hours a f t e r  CA administrat ion Tm was unchanged, bu t  i t  was increased t o  135% 
a t  16 hours and t o  250% a t  2 days, (3) the number o f  spec i f i c  14C-cholic ac id  binding s i t es  
i s  increased 2 f o l d  (p<O.OD5) a t  4 days, and t h i s  increase i s  a lso time dependent -- 4 hours 
a f t e r  CA administrat ion the number o f  binding s i t e s  i n  LPM f ract ions i s  unchanged, whi le  i t  
i s  increased t o  165% a t  16 hours, 209% a t  24 and 181% a t  48 hours. Since 5'-nucleotidase 
a c t i v i t y  i s  unaltered these studies suggest t h a t  b i l e  acids may se lec t i ve l y  regulate t h e i r  
own hepatic transport through induct ion o f  plasma membrane carr iers .  

APPARENT IHDUCTION OF HEPATIC BILE ACID CARRIERS, Francis R. Simon, Univ Colorado 
School o f  Medicine. Denver, CO 80262. 

To examine the mechanism f o r  t h i s  increase, cho l i c  ac id  (CA) (1  mg/g BW) was given 

This increase i n  Tm i s  apparently due t o  induction o f  putat ive b i l e  ac id  ca r r i e rs  

A f te r  4 days the b i l e  ac id  pool s ize was increased 8 f o l d  and the 

(1) the composition o f  phospholipid, cholesterol and t h e i r  molar r a t i o  was unchanged 

247 
We have employed the techniques o f  f low d i a l y s i s  and a f f i n i t y  chromatography t o  show high 
a f f i n i t y  binding o f  nucleotides and several other phosphate-containing compounds t o  
diphtheria tox in .  These resu l t s  ind icate the presence o f  a new s i t e  on d iphther ia  toxin, 
t ha t  MY be involved i n  receptor binding. 
pounds depends on the degree o f  phosphorylation and t o  the lesser extent on the presence of 
a purine or  pyrimidine r ing.  When chromatographed on a colurm o f  ATP-Sepharose, a f ract ion 
o f  the tox in  i n  any given preparation i s  retained. The f rac t i on  o f  the tox in  tha t  i s  not 
retained does not  bind nucleotides, whi le  the retained f rac t i on  binds one mole of nucleo- 
t i des  per mole o f  toxin. 
leve ls  o f  NAO-glycohydrolase a c t i v i t y .  
gnd hydrolysis are markedly d i f f e r e n t  from those observed for  fragment A moiety of the tox in .  

INTERACTION OF NUCLEOTIDES W I T H  DIPHTHERIA TOXIN. S. Lory, R. J. Col l ier ,  Dept. o f  
Microbiology, Univers i ty  o f  Cal i forn ia .  Los Angeles, CA 90024 

The a f f i n i t y  o f  the phosphate-containing com- 

I n  addit ion, d iphther ia  tox in  binds NAD and exhib i ts  s ign i f icant  
However. the k i n e t i c  parameters o f  both NAO binding 

248 
J.F. Tallman, and P A  Fishnum. NINCDS and MMH, NIH, Bethesda, MD 20205 
We have previously shown that short-chain fa t ty  acids. especially butyrate, are effective 
inducers of both beta-adrenergic and cholera toxin receptors in &La cells.  Both classes of 
receptor are fully functional with respect to the ab i l i t y  of the appropriate ligand to  
activate adenylate cyclase (AC). but the cellular content of AC is not increased. This symtem 
now proves to be of value for comparative studies on the regulation of ce l l  surface receptor 
expression. Whereas both beta-adrenergic receptors and cholera toxin receptors a re  inducible 
in &La, the dose response curves for the two receptors differ;  0.8 mM butyrate suffices for 
fu l l  induction of beta-adrenergic receptors, but 5 IPM is needed to fully induce the toxin 
receptors. Similarly, the time courses 
beta-adrenergic receptors a re  fully induced within 10 hrs of butyrate addition while fu l l  
induction of toxin receptors requires 48 hr. Comparison of receptor turnover rates also 
indicates major diflerences between the two receptor classes. We have previously described 
induction of beta-adrenergic receptors in 2 forms, aither coupled to o r  uncoupled from AC, 
as va l l  as the stinnrlation of phospholipid methylation in response to occupancy of the recep- 
tor  by agonists. We now take advantage of this f u t u r e  of the eyatem to  examine the effect  of 
several phospholipase inhibitors on receptor mintmunce and function and relate the results 
t o  the phenomenon of desensitization. 

DI- INDUCTION OF BETA-ADBENEBGIC AND CBDLEUA TOXIN RECEPTORS: A MODEL FOR 
REGULATION OF CELL SURFACE Rl3-R EXPRESSION AND FUNCTION. R.C. Henneberry, 

for induction of the two receptor8 are very different; 
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249 STUDIES ON WE BIOSYNTHESIS OF ACETYLCHOLINE RECEPTORS: EFFECTS OF INHIBITION OF 
GLYCUSYLATIOK%-?D THE MEMBRANE T 0 p D U x ; Y  OF NEWLY SYNTHESIZED RECEPTORS, John M. Gard- 
ner Carnegie Institution of Washington, Baltimore, Md. 21210 

Tunicamycin'was used to investlgate the possible involvement of lipid-saccharide intermediates 
in the biosynthesis of acetylcholine receptors by chick embryonic muscle cells in culture. 
Muscle cultures were labeled with zH, 13C, LsN-amino acids both in the presence and absence of 
tunicamycin and the numbers of newly synthesized receptors were determined by application of 
1251-u-bungarotoxin to detergent extracts and subsequent velocity sedimentation of the solu- 
bilized toxin-receptor complexes. 
ACh receptors into the plasma membrane were tested at levels which did not inhibit protein 
synthesis significantly, but almost totally abolished the incorporation of 1% qlucosamine 
into macromolecules. The data indicate that tunicamycin completely blocks the incorporation 
of ACh receptors into the plasmq.membrane and this effect is substantiated by an 80% reduction 
in the number of detectable, newly-synthesized ACh receptors in the precursor receptor pool. 
These results implicate the participation of lipid intermediates in the biosynthesis of ACh 
receptors. We have also used u-bungarotoxin as an impermeable affinity probe to explore the 
polarity of organization of newly synthesized receptors present in the intracellular membrane 
system. 
antly toward the lumen of intracellular membrane vesicles, support current models of membrane 
biogenesis and increase our understanding of the mechanisms by which the acetylcholine recep- 
tor acquires its asyrnnetry in the plasma membrane of excitable cells. 

Also, the effects of tunicamycin on the incorporation of 

The results, which indicate the newly synthesized receptors are oriented predomin- 

250 
Neuro-endocrine cells dispersed as single cells or as innervated organoid structures referred 
to  as neuro-epithelial bodies ( N E B )  have been identified by histochemical and ultrastructural 
studies of the bronchial mucosa in lungs of human and other mamnalian species. 
specialized lung ce l l s  may be involved in the production of amine and polypeptide hormones 
and the innervated NEB may act as hypoxia-sensitive intrapulmonary chemoreceptors. Lit t le i s  
known regarding the development of lung neuro-endocrine cel Is, their secretory products, 
physiologic function, and the relationship of the two types. Lung neuru-endocrine cells 
may be a specific target for environmental carcinogens. We have developed an i n  vitro 
organ culture system for the isolation of neuro-endocrine cells free from complexing neuro- 
humoral mechanisms b u t  maintained in organotypic form. T h i s  presents a new approach to  
mrphologic, metabolic and physiologic studies of lung neuro-endocrine cells.  
explants prepared fran fetal  rabbits, 20 days gestation and near term, were maintained up 
to  22 days. NEB retained their  ultrastructural integrity; amine and polypeptide components 
were demonstrable. Neuro-secretory 
granules were larger, pleomorphic, electron-dense and distributed throughout the cytoplasm. 
These changes together with the hypertrophy of golgi zones suggeSt increased synthesis and 
storage of secretory products during culture. Reserpine and Cat -ionophore depleted amine 
content of  cultured NEB. 
axons and may be necessary for membrane potential. 

NEURO-ENDOCRINE CELLS IN ORGAN CULTURES OF FETAL RABBIT LUNGS. 
E. Cutz, NIEHS, Res. Triangle Park,  N C ,  and Hospital for Sick Children, Toronto, Ontario 

K. Sonstegard and 

These 

Lung 

Nerve t en ina l  axons within NEB degenerated in vitru. 

Nerve growth factor contributed t o  the maintenance of nerve terminal 

Neuroreceptor Regulation 

251 
College of Medicine, Urbana, Illinois 61801, University of Iowa College of Medicine, Iowa 
City, Iowa 52242 
Studies from several laboratories have demonstrated the presence of opiate-like peptides 
in mammalian brain. To investigate the role of specific receptors in the CNS action of 
enkephalin, imunohistochemical and biochemical studies were performed to characterize 
intrinsic leu-enkephalin and leu-enkephalin receptors in substratum attached brain cells 
from fetal rat. Using a specific antiserum for immunohistochemical localization of leu- 
enkephalin, approximately 2% of the neurons demonstrated positive staining in nonnuclear 
portions of the soma and neuronal processes. Staining was completely eliminated by pre- 
absorption of the primary antiserum with 2 mM leu-enkephalin. Receptor binding studies, 
using 3H leu-enkephalin, were performed in either isotonic sucrose buffer or isotonic 
choline buffer in the absence of Na'. Binding of 3H leu-enkephalin is 75% specific, rapid, 
reversible, and inhibited in the presence of Na+. 
order kjnetics. Nonlinear Scatchard analysis suggests he presence of 10,000 binding sites 
per cell with a high affinity constant of 1.2 x 1010 M-' and a low affinity constant of 
0.8 x lo9 M-I. 
neurons cultured from fetal rat brain and provide a unique system for studying the role of 
leu-enkephalin and its receptor in the CNS. 
was a PMA Foundation Fellow.) 

ENKEPHALIN AND ENKEPHALIN RECEPTORS IN PRIMARY CULTURES FROM FETAL RAT BRAIN, 
James A. Weyhenmeyer, Robert E. Fellows, and Mohan K. Raizada, University of Illinois 

It is time dependent and follows first- 

These data demonstrate the presence of leu-enkephalin and its receptor in 

J.A.W. (Supported by NIH grant HD 11184-01. 
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University of California, Los Anqeles, California 90024 
The discovery of endorphins and enkenhalins, endooenous polVpeDtides with oniate properties, 
has not only greatly stimulated the study of the physioloqical roles of opiates in the brain 
and possibly other parts of the body, but also has facilitated the study of the opiate recept- 
or. Attempts have been made in the past to identify the receptor. These include qel filtration 
o f  detergent-solubilized receptor-etor hine complex (1,Z) and photoaffinity labelinq with an 
arylazide derivative of levorphanol (3y. It is now possible to desisn photolabile derivatives 
of enkephalin and endorphins, that are probably less hydrophobic (i.e. membrane-soluble) and 
more specific than the fat-soluble opiates, and which are more likely to label the receptor 
specifically. With this objective in mind, we have synthesized an arylazide enkephalin deriv- 
ati ve. [D- Ala2,Met5]enkephgl in-Tyr-N- (2-nitro-4-azidophenyl )ethylenediamine. In the dark, it 
inhibited the binding of [ HI-enkephadin to enkephalin-receptor-rich NG-108 cell membranes 
with an I -2.2 x 10 8M, or KI= 7x10- M assuminq competitive inhibition. Photolysis of mem- 
branes in5fhe presence o f  ETN caused irreversible inactivation of the enkephalin receptor, but 
inactivatiq was prevented by the addition of enkeyhaliy, the half effective concentration 
being 3x10 M. Thus our enkephalin analogue [D-Ala ,Met lenkephal in-Tyr-N-(2-nitro-4-azido- 
pheny1)ethylenediamine appears to be an excellent photoaffinity label for the enkephalin 
receptor. References: (1) Simon, E.J., Hiller, J.M. and Edelman, I .  (1975) Science. 190,389. 
f 2 )  Zukin, R.S. and Kream, R.M. (1979) PNAS 76, 1593-1597. (3) Winter, B.A. and Goldstein, A. 
(1972) Mol. Pharmacol. 8, 601 

PHOTOAFFINITY INACTIVATION OF THE ENKEPHALIN RECEPTOR, Theodore T. Lee, Robert E. 
Williams and C. Fred Fox, Department of Microbioloqy, Molecular Biolosy Institute, 

253 
The acetylcholine receptor from Torpedo c d i f o r n ~ c u  was purified by affinity chromatography 
with a gel containing carboxymethyl choline (Reynolds and Karlin, Biochemistry, 17, 2035, 
1978). The preparation showed 4 major polypeptide bands in SDS electrophoresis (39,000, 
41,000, 52,000 and 65,000 daltons) and was reconstitutively fully active. The carbamyl- 
choline-stimulated ion flux was sensitive to a-bungarotoxin and exhibited the phenomenon 
of desensitization. Specific antibodies against the receptor inhibited reconstitution 
of active vesicles. Reconstltution was performed with a crude mixture of soybean phospho- 
lipids which contain a light-sensitive component that is required for the reconstitution 
of active vesicles. Experiments with proteolytic enzymes indicate that the preparation 
can be exposed to considerable cleavage without loss of reconstitutive activity. 

RECONSTITUTION OF PURIFIED ACETYLCHOLINE RECEPTOR, R.L. Huganir, E.S. Levitan and 
E. Racker, Section of Biochemistry, Cornell University, Ithaca, NY 14853 

254 
kiences, University of Illinois, Chicago, Illinois 60612. 
Adenosine, in the presence of nonxanthine phosphcdiesterare inhibitors such as Ro 20 1724, prcduces 
large elevations in the cyclic AMP content of neuroblostama cells. 
the N2a clone of neuroblastma led us to postulate that these cells releoae adenosine in the growth 
medium where it acts at the level of the extracellular adenosine receptors to moduiote the sensitivity d 
the cells to the cyclic AMP-elevating effect of odenosine (J. Phormacol. Exp. Ther. 203:6l0-620,1977). 
We now report that erythro-9-(2-hydroxyI-3-nonyl)odenine (EHNA), a patent adenosine%aminare 
inhibitar, elevates the cyclic AMP content of N2a cells i f  Ro 20 1724 i s  present. This effect of EHNA 
i s  inhibited by dipyridamole, an inhibitor of nucleoside traspcrt. 
adenosine has been developed and used to measure the adenosine content of growth medium. U n u d  
growth medium i s  devoid of detectable adenosine while media frm mcderately dense cultures contain 

The levels of adenosine in growth medium 30 min after the addition of Ro 20 1724 
+ EHNA are elevated opproximotely 10 fold. This elevation i s  prevented by the dmultanews prerence 
of dipyridamole. These results show that adenosine i s  released by N2a cells into the growth mpdium via 
the nucleoside t r a n s p a l  system and give support to the hypothesis that adenosine in the growth mdium 
modulates the sensitivity of the cells to the cyclic AMP-elevating effect of adenosine. 

RELEASE OF ADENOSINE BY NEUROBLASTOMA CELLS AND ITS EFFECT ON CYCLIC AMP 
METABOLISM, Richard D. Green, Department .of Phurmacology, School of Basic Medical 

Previous work in our laboratory on 

A HPLC procedure far quantitating 

> lOnM adenosine. 
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255 DIFFERENTIAL EFFECTS OF GUANINE NUUEGTIDES ON a s  NEU~PEPTIDE ~ ( I E P M R S ,  Terry w. 
Moody, Duncan B. Taylor and Candace B. P e r t ,  N I M H ,  Bethesda, MD 20205 

Bombesin and Vasoactive i n t e s t i n a l  polypeptide (VIP) represent  two classes of neuropeptides 
active i n  the c e n t r a l  nervous system (CNS) and g a s t r o i n t e s t i n a l  ( G I )  tract. The ac t ion  of 
each pept ide a f t e r  i n t e r a c t i o n  w i t h  its receptor  may be mediated by a second mssenger .  
In ac ina r  c e l l s  der ived from t h e  guinea p i g  panrreas  bonbesin increases  t h e  i n t r a c e l l u l a r  
l eve l s  of c-GMP (Jensen g &. , 1978, PNAS 75, 6139) whereas VIP inc reases  c-AMP leVelS 
(Christophe g., 1976, JBC 251, 4629).  s imi l a r ly ,  nunerous inves t iga to r s  have detennined 
t h a t  VIP inc reases  c-AMP l e v e l s  i n  b ra in  s l i c e s  and adenylate cyclase a c t i v i t y  i n  b ra in  
howgenates.  Therefore VIP receptors  i n  t h e  CNS may be coupled t o  adenylate  cyclase.  
Other i nves t iga to r s  have determined t h a t  guanine nucleot ides  a f f e c t  receptor-l igand 
in t e rac t ions  of CNS neurotransmit ter  receptors  coupled t o  adenylate cyclase.  Therefore 
the  e f f e c t s  of guanine nucleot ides  of CNS neuropeptide receptor  binding w a s  invest igated.  
Micromolar concentrat ions on GTF' i n h i b i t e d  binding o f  r ad io l abe l l ed  VIP b u t  n o t  tyrosine-4- 
bombesin to crude rat b ra in  homgenates.  VIP binding w a s  i nh ib i t ed  i n  a dose dependent 
manner b u t  only 602 of the  total  s p e c i f i c  binding w a s  i nh ib i t ed .  GMP-PNP w a s  a more po ten t  
i n h i b i t o r  than w a s  GTP whereas GMP, ATP, ITP and VTP were less e f fec t ive .  These d a t a  
ind ica t e  t h a t  guanine nucleot ides  may i n t e r a c t  w i t h  a membrane bound component and a f f e c t  
t he  confornation of t he  VIP receptor  such t h a t  t h e  receptor  binds VIP with lower a f f i n i t y .  
Current ly ,  w e  a r e  inves t iga t ing  t h e  regional  d i s t r i b u t i o n  of VIP receptors  to determine 
i f  t he re  are d i f f e r e n t  receptor  subtypes with d i f f e r e n t  l inkages to cyclase.  

256 
[3H]Spiroperidol has been widely used t o  study doparnine r ecep to r s  i n  b ra in  using l igand- 
binding assays.  
receptors .  
(a major component of t h e  striatum which is  usua l ly  assumed t o  contain mainly the  
dopaninergic c l a s s  o f  [3H]spiroperidol binding s i t e )  i n  o rde r  t o  q u a n t i t a t e  t h e  var ious 
binding in t e rac t ions  using displacement s tud ie s  with l igands s e l e c t i v e  f o r  dopanine o r  
serotonin receptors .  
serotoninergic  binding s i t e s  f o r  [3H]spiroperidol i n  t h e  caudate nucleus and t h i s  may 
complicate t h e  i n t e r p r e t a t i o n  o f  binding experiments using t h i s  l igand.  
[3H]spiroperidol t o  dopaninergic sites may be defined a s  the  binding d i sp laceab le  by 0.1 n M  
dopanine and t o  se ro ton ine rg ic  s i t e s  as t h e  binding d i sp laceab le  by 0.3 UM mianserin.  
cu r ren t ly  inves t iga t ing  t h e  p rope r t i e s  o f  t hese  s i t e s  a f t e r  s o l u b i l i z a t i o n .  

USE OF [3H]SPIROPERIWL I N  BRAIN RECEPTOR ASSAYS, Phi l ip  G. Strange, Raymond M. Withy 
and R. John Mayer, Nottingham Universi ty  Medical School, Nottinghan NG7 2UH, England 

I t  has  r ecen t ly  been r e a l i s e d  t h a t  t h i s  l igand w i l l  a l s o  bind t o  serotonin 
have inves t iga t ed  t h e  binding of [3H] sp i rope r ido l  t o  bovine caudate nucleus We 

There seem t o  be roughly equal numbers o f  dopaninergic and 

However, binding of 

We a r e  

257 GUANINE NUCLEOTIDE AND SODIUM ION REGULATION OF AGONIST MUSCARINIC CHOLINERGIC 
RECEPTOR BINDING, W i l l i a m  R. Roeske, Frederick J. Ehle r t ,  Yvon Dunont, Lois B.  
Rosenberger, David J. Triggle ,  and Henry I. Yamsmura, Universi ty  of Arizona, 
Tucson. Az 05124. 

We have shown t h a t  t h e  guanine nucleot ides  s h i f t  the agonis t  oxotremorin sesquifumarate 
t o  lower a f f i n i t y  i n  competit ion curves with the muscarinic antagonis t  [&]quinucl idinyl  
b e n t i l a t e .  I n  the  hea r t ,  ileum, and c e r t a i n  b ra in  regions t h i s  s h i f t  of a f f i n i t y  of about 
one log u n i t  is observed f o r  superhigh and high a f f i n i t y  sites and is syne rg i s t i c  with a 
similar s h i f t  produced by Na+. 
[3H] cismethyldioxolane (CD) i n  b ra in  and ileum. 
fashion was analyzed f o r  two binding s i t e s  i n  the  nanomolar range. A t  a concentrat ion of 
10 nM [3H]-CD, the  binding w a s  s t e r e o s p e c i f i c a l l y  displaced by the muscarinic antagonis t  
dexetimide (IC5o-0.lnM) and i t s  stereoisomer levet imide (Ic50=l uM) and by the  muscarinic 
agonis t  1-acetyl-8-methylcholine (IC50-0.11 pM) and i ts  stereoisomer (IC50-57 MM). 
absence of Gpp(NH)p, t he  binding was 106t6 fmol/mg p ro te in  i n  the fo reb ra in  and 44.7i3.2 
fmol/mg p ro te in  i n  t h e  ileum, while i n  t h e  presence of 109 !JM Gpp(NH)p, t he  binding w a s  
reduced t o  10% of t h e  con t ro l  value (pCO.001). 140 mM Na a l s o  reduced agonis t  binding 
t o  <lo% of con t ro l  value (p<O.OOl) i n  both b ra in  and ileum. These da t a  d i r e c t l y  ind ica t e  
t h a t  t he  muscarinic agonis t  s t a t e  is regulated by guanine nucleot ides  and sodium ion. 

We now repor t  t he  use of t he  muscarinic agonis t  l igand 
[3H]-CD bound t o  homogenates i n  a complex 

I n  the  
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258 EVIDENCE FOR A CA-CHANNEL MUTATION IN THE K+-RESISTANT MEMBRANE-EXCITATION MUTANTS OF 
PARAMECIUM, Helen G. Hansma, Department of Biological Sciences, University of 
California, Santa Barbara, CA 93106 

The K+-resistant mutants of Paramecium tetraurelia were isolated for their ability to 
survive high concentrations of K+ that kill wild type (Shusterman et al. (1978) Proc. Natl. 
Acad. Sci. U.S.A. 75: 5645). These mutants have a normal turnover of the K - a n a l G 6 R G d  
do not appear to be defective in their K-regulation. 
suggests that these mutants have a defective Ca channel that carries a lower-than-normal 
current: 
Paramecium through the Ca channel during an action potential. 
swims backward longer in Ba than wild type and has a much slower uptake of 133Ba per second 
backward swimming. 
Ba* is normal. 
of "adaptation" to high K+, can be explained by the postulated Ca-channel defect. 

Instead, the following evidence 

(1) Two K-resistant mutants survive longer than wild type in Ba*, which enters 
(2) The most resistant mutant 

(3) Only the influx of Ba* is altered in this mutant; the efflux of 
All of the phenotypic differences of these mutants, including their lack 

259 DIFFERENCES IN OUABAIN-BINDING BETWEEN THE TWO LARGE SUBUNITS OF BRINE SHRIMP NA+.K+- 
ADENOSINE TRIPHOSPHATASE, Lynn Churchill, Clifford C. Hall, Gary L. Peterson, Lowell 
E. Hokin, and Arnold E. Ruoho, Dept. Pharmacology, Univ. of WI Med. Sch.. Madison, WI 
53706 

In brine shrimp Na,K-ATPase, there are two large subunits, which function as catalytic sites, 
since they are both specifically phosphorylated from ATP in the presence of Na and Mg and 
dephosphorylated in the presence of K (Peterson 
Both subunits are cross-linked by copper phenanthroline, other proteins are not 
affected (Peterson, unpublished obs.). Ouabain-binding in the two large subunits of brine 
shrimp Na,K-ATPase has been studied using photoactivatable derivatives of digitoxin and 
digitoxigenin. Some of these derivatives have been demonstrated to specifically label the 
ouabain-binding site in the large subunit of eel Na,K-ATPase (Hall and Ruoho (1978) Fed. Proc. 
- 37: 1511a). Photolysis of brine shrimp Na,K-ATPase with 3H-4'-ethyl-diazomalonyl digitox-- 
igenin monodigitoxiside in the Mg, Pi complex resulted in specific labeling of the larger of 
the two large subunits. 
subunit was present in the lower large subunit. The djfferences in ouabain-binding between 
large subunits of brine shrimp Na,K-ATPase have also been observed in mammalian brain Na,K- 
ATPase (Sweadner (1979) J. Biol. Chem. 254: 6060). In brine shrimp Na,K-ATPase the smaller 
of the two large subunits i s r e K m i G t  during initial development of Na,K-ATPase and then 
nearly disappears in the older nauplii. 
Na,K-ATPase. The differences in ouabain-binding between these subunits suggests that ouabain- 
binding is not fully developed in the precursor or the isozyme lacks a ouabain-binding site. 

(1978) J. w. w. 253: 4762). 
bat 

Less than 7% of the specific radioactivity observed for the large 

This subunit may be a precursor or an isozyme of 

260 GENDER DIFFERENCES IN BENDING OF GONADAL STEROIDS BY THE In Vitro HIPPOCAMPAL SLICE 
PREPARATION, Richard H. Vardaris and Timothy J. Teyler, Northeastern Ohio Univer- 
sities College of Medicine, Rootstown, Ohio 44272 

Studies conducted with the in vitro hippocampal slice system have shown that there are gender 
differences in the electrophysiology of CA1 pyramdal cells when gonadal steroids are added to 
the superfusate. 
Schaffer collateral/CAl pyramid synapse. 
females only when treated with testosterone (T). 
response which was similar to that of male slices. 
was assessed by administering 100 pM concentrations of the steroids in the sequences E -T-E 
or T-E -T to slices obtained from males or proestrous and non-proestrous females. 
indicated that the response to the first steroid in a sequence could be reversed by admin- 
istration of the next (different) steroid. 
hormone did not restore the initial pattern of response. The time course of these effects 
was such that significant changes were evident at 10 minutes after administration of the 
hormone and the effects were asymptotic at 20 minutes. Washout experiments revealed that the 
effects persisted in of steroid-free bathing medium. These results suggest that the two 
,steroids interacted with different receptors. 
affinity saturable receptor binding of gonadal steroids in the hippocampus. 
'of the effects, however, is not consistent with classical receptor binding models. 
results could be explained by gender-specific receptors on the cell surface, whose affinities 
for gonadal steroids change in the presence of endogenous hormones. 

In male hippocampus 17-beta-estradiol (E ) increased throughput of the 
This effect was ieen in slices from non-proestrous 

Proestrous slices exhibited a pattern of 
Specificity of binding by steroid receptors 

Tbe'results 

A second administration of the original gonadal 

The evidence favors the existence of high- 
The rapid onset 

Such 
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ION EFFLUX DURING T5 BACTERIOPHAGE INFECTION, Donna Duckvorth, Jerry Glenn and D.J .  
McCorquodale*. University of Florida, Gainesville. FL. 32610 and *Medical College of 
Ohio, Toledo, OH, 43614. 

During T5 bacteriophage infection of E. coli. intracellular K+ and Mg* are rapidly released 
from the cells. 
while if the E. coli contains a colicin Ib plasmid so that the infefiion is abortive, the ion 
release continues for at least twenty minutes. 
any time during the productive infection but do become inhibited at about 8 min post infec- 
tion during an abortive Infection. The rate of loss of d during the initial stages of in- 
fection la dependent on multiplicity and does not represent a true decrease in intracellular 
ion concentration. The rate of loss during the abortive infection is not multiplicity depen- 
dent and does represent a decrease in the concentration of lntracellular ions. These results 
are not consistent with a damage-repair hypothesis, but do support the idea that the abortive 
Infection is caused by ion pore formation and may be caused by the colicin Ib protein itself. 

In a productive infection the ion release lasts only six-eight minutes. 

Uptake of K+ and Mg are not inhibited at 

262 ATP-DEPENDENT CALCIUM TRANSPORT BY A GOLGI MEMBRANE-ENRICHED FRACTION FROM MOUSE MAM- 
MARY GLAND. M.C. Nevi l le ,  F. Selker, K.S. Semple. Un ive rs i t y  o f  Colorado Health Sci- 

ences Center, Denver, Colorado 80262 and C.D. Watters. Middlebury College, Vermont 05753 
Membrane f ract ions obtained by homogenization and d i f f e r e n t i a l  cen t r i f uga t ion  o f  mamnary 

glands from l a c t a t i n g  mice accumulated calcium i n  the presence o f  ATP. Rapid accumulation was 
observed a t  micromolar calcium concentrat ions i n  the presence o f  mitochondria1 i n h i b i t o r s .  
Steady s ta te  concentrations were achieved w i th in  15 minutes when membrane f rac t i ons  were incu- 
bated a t  37°C i n  the presence o f  ATP. The accumulated calcium was released by the lonophore 
A23187 ind i ca t i ng  t ranspor t  against an electrochemical gradient. The highest spec i f i c  a c t i v i t y  
f o r  calcium t ranspor t  was found i n  a p a r t i a l l y  p u r i f i e d  Golgi membrane f r a c t i o n  as i d e n t i f i e d  
by the a c t i v i t y  o f  the marker enzyme, galactosyl transferase. This f r a c t i o n  contained minimal 
numbers o f  mitochondria as estfnlllted by the succinate dehydrogenase a c t i v i t y .  When the Golgi 
f rac t i on  was incubated f o r  20 seconds a t  0°C w i th  y-[32P]-ATP and then f ract ionated on SDS- 
polyacrylamide gels, calcium-dependent, hydroxylamlne-sensitive phosphorylation o f  a 100,000 
Dalton p ro te in  was observed. These data provide evidence t h a t  act ive, ATP-dependent t ranspor t  
o f  calcium i s  the mechanism by which calcium i s  t ransferred from the cytoplasm o f  the m a m r y  
a lveolar  c e l l  t o  the Golgi-derived secretory vesicles. 
ATPase s im i la r  t o  tha t  present i n  sarcoplasmic re t icu lum i s  found i n  Golgi membranes from mam- 
mary glands. 
(Supported by N I H  grant 115807 t o  Margaret C. Nev i l l e ) .  

They fu r the r  suggest t h a t  a calcium 

263 EpITHELI&4 Na’-”NJX: IRRBYERSIBLE BLOCKADE BY TPROSINE-SPECIFIC REAGENTS. 
Chun SIk Park* and Darrell D. Panestil. 

San Die 0 La Jolla California 92093. 
Division of Nephrology, Univ of Calif., 

Thfs’study soukht to elucidate the mlecular wechanispp involved in the entry of Na+ 
across the apical membrane of the toaf’s urinary bladder 
ware used to react cmalently with Na -channel prote n 0; the apical membrane. 

Tyrosine-specific rea ents were 
h e  

reactivitv of reagents was evaluated by measuring Na 5 transport using the short-circuit 
current (8CC) medod. 
7-chloro-4-nitrobeuzo-2-oxa-1, 3-diazole (NBD-C1) at 4.6 x 10-2, 1.8 x 10-4, and 
3.4 x 
increase in the transepithelial electrical resistance. 
reagents to block Na+ entry via the Na+-channel was confirmed by the following findings: 
1) amphotericin B produced complete recovery of the inhibited SCC to the control level; 
2) vasopressin only increased SCC in proportion to the SCC of the control of reagent- 
inhibited tissues; 3) comparable fractional inhibition of SCC was produced by NBD-C1 
under both aerobic and anaerobic conditions; 4) the apparent lK& for Na+ was not altered 
by the reagents; 5) the half time for the inhibition of SCC by NBD-C1 varied as a function 
of amiloride concentration, being 19 min. in the absence and 46 min. in the presence of 
2uM amiloride (p-.005). 
reagents and on the protection against modification by smiloride, these reagents are 
believed to be useful chemical probes for  the identification and characterization of 
Na+-channel protein. 

SCC was inhibited 50% by N-acetyliddazole, tetranitromethane and 

M, respectively. The irreversible inhibition of SCC was accompanied by an 
The functional specificity of the 

Based on the reactivity and specificity of these tyrosine-specific 

101 
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264 AMINO A C I D  TRANSPORT RATE NORMALIZATION BY FATTY A C I D  SUPPLEMENTATION I N  PANTOTHENATE- 
DEFICIENT LACTOBACILLUS PLANTARUM, Joseph T. Holden. Joyce Easton, James Bolen and 
John DeGruot, City o f  Hope National Medical Center, Duarte, CA 91010. 

The steady s ta te  accumulation 

I n  contrast  t o  the e f f e c t  o f  a pantothenate 

A pantothenic ac id  def ic iency subs tan t i a l l y  reduces the l i p i d  content o f  Lactobaci l lus  plantar- 
- um. 
capacity f o r  a l l  amino ac id i s  reduced. This e f f e c t  can be reversed osmotical ly o r  by al low- 
i ng  such c e l l s  t o  synthesize addi t ional  l i p i d .  L i p i d  deplet ion appears t o  reduce accumulation 
capacity by increasing membrane permeabil i ty. 
deficiency on accumulation capacity, i n i t i a l  t ranspor t  ra tes were no t  uniformly affected. 
Several systems (alanine, lysine, asparagine) were no t  a l tered,  whereas others (glutamic acid, 
aspart ic acid, leucine) functioned a t  a g rea t l y  increased rate.  
accounted f o r  by increased membrane permeabi l i ty  since the amino acids were transported against 
substantial concentration gradients. To determine whether t h i s  change was a t t r i b u t a b l e  so le l y  
t o  the reduced l i p i d  content, t ranspor t  ra tes were studied using c e l l s  which had been grown i n  
pantothenate-deficient media supplemented w i th  various unsaturated f a t t y  acids. Several f a t t y  
acids (cis-vaccenic acid, o l e i c  acid) restored glutamate t ranspor t  ra tes  t o  normal i n  c e l l s  
which remained markedly pantothenate de f i c ien t .  The e f fec ts  o f  exogenous f a t t y  acids on trans- 
po r t  ra te  and capacity and on l i p i d  content normalization were general ly concordant. Therefore, 
the a l te ra t i on  o f  t ranspor t  ra tes by a pantothenate def ic iency r e f l e c t s  the changes i n  l i p i d  
content and 'is no t  s i g n i f i c a n t l y  a f fected by other  metabolic disturbances associated w i th  t h i s  
deficiency. The mechanism by which reduced l i p i d  l eve l s  produce se lect ive amino acid transport 
ra te  increases has n o t  y e t  been establ ished. 

There are concomitant changes i n  amino ac id  transport.  

This e f f e c t  cannot be 

255 
University. W. Lafayette. Indiana 47907. 

REVERSAL BY TRYPSIN OF THE I N H I B I T I O N  OF ACTIVE TWSPORT BY COLICIN E l .  W. A. 
Crauer, J. Dankert, and S. M. HaPlmond, Dept. of Biological Sciences, Purdue 

The t i m e  required f o r  inh ib i t ion  of prol ine t ransport  by co l ic in  El and the decay of c e l l  
v i a b i l i t y  a f t e r  incubation i n  t rypsin was measured as  a function of temperature using a thermo- 
s t a t e d  flow d i a l y s i s  system. Complete inh ib i t ion  of prol ine t ransport  a t  33O and 13O occurs i n  
0.5 min and 3-5 min.. respect ively,  a f t e r  addition of co l ic in  El at  an e f fec t ive  mult ipl ic i ty  
of about 4. A t  these t i m e s  the  f rac t iona l  c e l l  v i a b i l i t y ,  assayed by d i lu t ion  d i rec t ly  from 
the flow d ia lys i s  vessel  i n t o  t rypsin,  ranges from 35% t o  80%. with v i a b i l i t y  always greater  
than 50% a t  the lower Incubation temperatures. 

E l  tha t  causes complete inh ib i t ion  of prol ine or  glutamine t ransport ,  r e s u l t s  i n  res torat ion 
of the t ransport  rate. 
very s imilar  t o  the f rac t iona l  c e l l  v i a b i l i t y  measured a f t e r  incubation i n  t rypsin i n  the same 
vessel .  

rapidly,  is not the physiological event t h a t ,  by i t s e l f ,  determines the  i r revers ib le  l e t h a l  
e f f e c t  of co l ic in  E l .  
binds t o  the receptor,it passes through an intermediate state i n  which i t  can span the c e l l  
envelope. 
t rypsin.  

The d i rec t  addition of t rypsin t o  the flow d i a l y s i s  vessel ,  a f t e r  an addi t ion of co l ic in  

The restored leve l  is typical ly  about 40% of the control  r a t e ,  which i s  

It is concluded tha t  inh ib i t ion  of ac t ive  t ransport  by co l ic in  E l ,  although it occurs very 

A s t r u c t u r a l  in te rpre ta t ion  of these data  would be tha t  a f t e r  co l ic in  E 

The e f f e c t s  of col ic in  would become i r revers ib le  when i t  is no longer accessible t@ 

266 x + ~ m ~ I N A s c I T F s c E L z s :  E F F E c p s o F ~ ~ v m T f I E  
(Na +K T i l l y  Bakker-Gmald ,  J. Scot t  Andrew & Wrgaret C. N e v i l l e ,  

University of Colorado %ca& Center, Denver, Co 80262. 
%e steady-state f l u x  of ~b 
was L f f e r e n t i a t e d  into a &ah-inhibitable 'pmp' corponent, Cl--de-t and furoscmide- 
S-igve exchange diffusion, and a residual 'leak' flux. Agents luxam to i n t e r a c t  w i t h  the 
(Na +K-)-punp ( e n ;  quercetin; oliganycin; phosFhate) all affected both the 'pup'- and 
the C1 -linked f lux  i n  OUT strain of pcites cells. 'Ihe results s u g e s t  -, 
probably indirect, linkage between the (Na +K )-pmp, and a FC1 syqorter; they also i l lus t r -  
ate the anplicatias that may arise i n  the evaluat ion of K pump rates fm unidirectional 
tracer f lux  maswenents. 

(as a tracer for K+) across the ascites cell pl- nmixane 
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Departments of Hurmn Genetics and Physiolony, Yale University School of 
Medicine, New Haven, CT 06510 
A mutant of Chinese hamater ovary cells was isolated usinp tritium suicide 
by allowinR cells to incorporate 3H-proline into protein. 
screened by replica platinR and autoradiography. The mutant (isolated 
from a proline auxotroph CHO PEOT/l) showed a reduced ability to prow on 
RrWth limiting concentrations of proline when compared to the parent, but 
showed the parental ability to Rrow on growth limiting concentrations of 
potassium. 
solution. 
accumulation of a-methylaminoisobutyric acid, a model compound for the A 
system. The initial uptake rate of a-aminoisobutyric acid, but not of other 
typically A system substrates (alanine, serine, Rlycine, and proline), was 
reduced by 50 percent. 
medium appeared to be enhanced. 

A MUTANT OF CHINESE HAMSTER OVARY CELLS ALTERED 1N AMINO ACID TRANS- 
PORT. Anne H. DantZiR. Carolyn W. Slayman. and Edward Ar AdelberR. 

Survivors were 

Uptake meaaurements were determined mine, Earle's balanced salt 
The mutant showed a 50 percent reduction in the steady-state 

The initial uptake rate of leucine in sodium-free 
A model will be presented. 

268 ROLE OF Ca2' TRANSPORT I N  ERYTHROID DIFFERENTIATION, Linda Chapman, Univers i ty  o f  
Missouri , Columbia, MO 6521 1 

Friend erythroleukemia c e l l s  (FV c e l l s )  are permanent c e l l  l i n e s  which, upon treatment w i t h  
appropriate chemicals, can be induced t o  mature along the ery thro id  pathway. Induction o f  
hemoglobin synthesis by butyrate i s  i nh ib i t ed  by changing the r a t i o  between in te rna l  and ex- 
ternal  CaZ+ concentrations. The concentration r a t i o  can be successful ly manipulated b addi- 

concentration o f  the medium formulation (3x 0 M). Addit ion o f  0600 a t  concentrations i n h i b i -  
t o r y  t o  erythropoesis decreased c e l l u l a r  Cai+ leve ls  two fo ld .  I n t r a c e l l u l a r  Ca2' increased 
only 20% upon addi t ion of A23187 i n  the absence o f  inducer. Simultaneous addi t ion o f  inducer 
and ionophore produced a f i ve  f o l d  increase (compared w i th  the i n t r a c e l l u l a r  concentration 
i n  the presence o f  inducer alone). Since induction can be i n h i b i t e d  e i t h e r  by a compound 
which raises the i n t r a c e l l u l a r  C 2' concentration o r  by a compound which decreases it, the 
i nd i ca t i on  i s  t ha t  a spec i f i c  Ca8' gradient i s  required f o r  ery thro id  d i f f e ren t i a t i on  t o  
proceed. I n  many c e l l  types, maintenance o f  low i n t r a c e l l u l a r  l eve l  o f  Ca2' r e l a t i v e  t o  
the medium enables the t rans ient  ent ry  o f  Cajt i n t o  the c e l l  t o  e used as a "second mes- 
senger." Membrane preparations capable o f  ac t i ve  transport o f  Cab+ have been developed t o  
study the mechanism f o r  generating the qradient i n  FV ce l l s .  

t i o n  t o  the growth medium o f  ) Ca2' channel blocker D60O (9x10-8t.1 - 4x10-7M), 2) Ca2 J iono- 
phore A23187 (lxlO-7M - 2x10- 1 M), 3) EGTA a t  3 l a r  concentrations comparable t o  the Ca? 

EFFECT OF FUROSEMIDE ON Na' and Kt FLUXES I N  MOUSE L CELLS, David Y. Jayme, John J. 269 Garqus, Carolyn W. Slayman and Edward A. Adelbero. Deoartments o f  Human Genetics and 
Physioloqy, Yale Univers i ty  School o f  Medicine, New Haven, Connecticut 06510. 
Potassium transport mutants have been selected f o r  t h e i r  a b i l i t y  t o  qrow a t  0.2 mM K+, a con- 
centrat ion too low t o  sustain qrowth o f  the parent s t ra in .  
c e l l u l a r  Dotasslum when qrown i n  potassium-deficient medium and are unaltered i n  ouabain- 
i nsens i t i ve  Ya/K pump a c t i v i t y .  One class (LTK-5) exhib i ted an enhanced ouabain-insensitive 
furosemide-sensitive @ i n f l u x  made. 
i n  medium containinq potassium concentrations a t  o r  below the threshhold required f o r  qrowth 
and i n  the presence o r  absence o f  furosemide. Rather than i n h i b i t i n q  qrowth o f  LTK-5 a t  0.2 
mM K+, furosemide enhanced the qrowth r a t e  o f  the mutant and allowed the parent s t r a i n  t o  
p r o l i f e r a t e  i n  potassium-deficient medium. Furosemide a lso s rea t l y  increased the e f f i c i ency  
of p l a t i n q  o f  the parent s t r a i n  a t  reduced potassium concentrations. Steady s tate leve ls  a f  
Na' and K o f  the two s t ra ins  qrown a t  reduced potassium concentrations i n  the presence o r  
absence o f  furosemide, and t h e i r  associated ouabain-insensitive. d iu re t i c -  sens i t ive potassium 
f luxes w i l l  be discussed. 

These mutants maintain h i o h  i n t r a -  

Ye examined the orowth o f  the parent s t r a i n  and LTC-5 
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The k ine t i cs  o f  adenine transport have been examined i n  normal and adenine phosphoribosyltrans- 
ferase (APRT)-deficient L1210 ce l l s .  
90 s, and reaches a steady-state l eve l  w i t h i n  120 s .  K and V,, values f o r  adenine transport 
are 17 fl and 200-400 pmles/min/mg protein, respectlvefy; these c e l l s  also ap a r  to have a 
higher a f f i n i t y  transport system for adenine (70 nM and 30 pmol/min/mg p r o t e i n r  APRT. the 
en- t h a t  converts adenine t o  AMP, was p u r i f i e d  t o  homgeniety by a procedure t h a t  includes 
chromatography on AMP-Sepharose; the pu r i f i ed  enzyme had a 
Pre-incubation of the L1210 c e l l s  w i th  10 mM inosine o r  glucose substant ia l ly  increased the 
l eve l s  o f  1-pyrophosphorylribose-5-phosphate and st imulated adenine transport.  An L1210 sub- 
l i ne ,  capable o f  growing i n  the presence of 20 fl 2,&diaminopurine, contained less than 10% 
of the APRT found i n  normal c e l l s  ($ 300 pmles/min/mg prote in)  and transported adenine 
poorly ( K t  = 2.8 a). These resu l t s  suggest t h a t  adenine transport i n  L1210 c e l l s  i s  great ly  
f ac i l i t a ted ,  bu t  no t  o b l i g a t o r i l y  l i nked  to, APRT. 
Supported by grants CA65222 and CA16600 o f  the National Cancer I n s t i t u t e ,  NIH. M.R.S. i s  the 
rec ip ien t  o f  a Junior Fellowship from the Ca l i f o rn ia  Division, American Cancer Society. 

ADENINE TRANSPORT I N  NORFlRL AND APRT-DEFICIENT L1210 CELLS. H. R. Suresh and N. G. 
Srinivasan, Scripps C l i n i c  and Research Foundation, La Jo l la ,  Ca l i f o rn ia  92037. 

I n  the former. uptake o f  [8-JH]adenine i s  l i n e a r  f o r  

value o f  167 vM f o r  adenine. 

nl "Mechanism of Cyclic AMP Action on Nutrient Transport in CHO CELLS: a Genetic 
Approach," Alphonse Le Cam, Michael Gottesmen, and Ira Pastan, National Cancer 
Institute, National Institutes of Health, Bethesda, Maryland 20205 

The wild type strain of Chinese Hamster Ovary (CHO) cells responds to a sustained increase 
in intracellular CAMP levels by a change in cell shape and a decrease in growth rate. 
We have isolated several mutant cell lines resistant to theae effect8 of CAMP; most of 
these mutants have altered CAMP-dependent protein kinase activity. 
analyzed the effect of CAMP on nutrient transport in both wild type and mutant cell lines. 
In the wild type cells, exposure to 8 Br-CAMP for 10 to 24 hours resulted in a decrease 
of 3-0-Me-glucose and AIB transport. Kinetic analysis demonstrated that C A W  reduced 
the maximel velocity of transport by 1.5 to 2 fold without significantly changing the 
Km. 
control and 8 Br-CAMP-treated cells. Using conditions that allowed the discrimination 
of the three major transport systems (A, ASC and L), we observed that 8 Br-CAMP decreased 
their activity to the same extent. In the CAMP resistant mutants, no effect of 8 Br-CAMP 
on sugar or amino acid transport was observed. 
CAMP effects on transport processes, as well as on cell shape and growth rate, are mediated 
by CAMP-dependent protein kinase. 

In this study we 

The same proportion of sugar transport could be inhibited by cytochalasin B in both 

This atudy proves that in CHO cells the 

779 PAMAMYCIN, A SPECIFIC INHIBITOR OF NUCLEOSIDE, PURINE AND PYRIMIDINE UPTAKE IN 
STAPHYLOCOCCUS AUREUS, Wen-Gang Chou and Burton M. Pogell , DEPARTMENT OF MICROBIOLOGY, 
ST. LOUIS UNIVERSITY. ST. LOUIS, MO 63104 

L I  L 

Pamamycinisa new alicyclic antibiotic isolated from Streptomyces alboniger (J .  Antibiotics. 
1979. 2: 673-678). It is active against Gram-positive bacteria, Mycobacteria and e- 
apora craasa. 
In v i v o i e s  in S. aureus show that pamamycin inhibits nucleoside and nucleic acid base 
uptake but, under the same conditions, has no effect on amino acid or 2-deoxyglucose uptake, 
protein synthesis, cell wall synthesis or glucose utilization. 
uridine into the TCA-soluble pool is inhibited more than RNA synthesis suggests that a spe- 
cific transport process is affected. Isolated membrane vesicles from S. aureus grom in 
brain heart infusion broth accumulate nucleosides when L-lactate, a-glycerol-P or PMS + 
ascorbate are used as the electron donor. 
Pamamycin inhibits these transport systems at similar concentrations which inhibit in vivo 
uptake. 
accumulated in the presence of L-lactate or PMS + ascorbate; however, pamamycin inhibits & 
vitro amino acid tranaport, though to a lesser extent than that seen with nucleosides. Since 
pamamycin binds to membranes and does not inhibit membrane-bound a-glycerol-P dehydrogenase 
or NADH oxidase, its site of action is probably on a specific component of the energy 
coupling system. 

It also stimulates aerial mycelium formation in the producing organism. 
-- 

The fact that accumulationof 

Accumulated uridine remains unchanged chemically. 

Adenine and uracil are not accumulated in the above three systems. Amino acids are 

- 
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Primary cultures of beating heart muscle cells (obtained from 2-5 day old rats) were used to 
study iron transport, cellular Iron distribution, iron overload, and effects of chelators on 
Iron transport. Rates of iron uptake from various concentrations of 100% radioiron- 
saturated ansferrin dicated a saturable transport/assimilation system. Conversely, up- 
take from 15FeCl or ["Fe] ferric ammonium citrate appeared non-saturable and yielded high 
cellular iron leaels. 
ferritin was visualized after 48 hour Fractionation 
of cells labelled for 24 hours with [ Feltransferrin showed Fe distributed in the 34,000 
x g pellet (32%), in the 100,000 x g pellet ( 9 % ) ,  In ferritin (46%)  and in a non-ferritin 
cytosol component(s) (17%). Pulsefchase experiments revealed rapid movement of iron from 
the non-ferritin cytosol component to both ferritin and to the 34,000 x g pellet; this 
cytosol component may be a "poo4" of iron. The iron-chslating drug, Desf al. did not 
significantly lower uptake of [ 5Fe]transferrin; Desferal did shift 
to the non-ferritin cytosol fraction. Desferal blocked uptakg of 5izR . Onq cgglator 
(a phenolate of microbial origin) inhibited uptake of both 1 
drugs based on this structure may be useful in treating iron-storage diseases in which 
heart damage can be serious and sometimes fatal. Uptake of high levels of iron from ferric 
ammonium citrate may have caused some cell damage as evidenced by loss of activity for both 
the marker enzymes lactate dehydrogenase and creatine-phosphokinase. 

IRON TRANSPORT IN CULTURED HEART MUSCLE CELLS, B. R. Byers, C. V. Sciortino and P. G. 
Cox, University of Mississippi Medical Center, Jackson, Mississippi 39216.  

From any of the 3 iron sources farrltin synthesis was rapid, and 
in lysosomes by electrgy microscopy. 95 

ff,e from ferritin 

Feltransfe?rin and Feel3; 

274 MODULATION OF D-GLUCOSE TRANSPORT ACTIVITY I N  ADIPOCYTE PLASMA MEMBRANES BY AGENTS 
AFFECTING BILAYER FLUIDITY. Peter A. Thompson, Paul F. Pi lch, and Michael P. Czech. 
Brown University, Providence, R I  02912 

Plasma membranes were prepared from untreated and insul in- t reated r a t  adipocytes ("untreat- 
ed" an$ "insul in-treated' '  membranes), incubated wi th  a saturated o r  a monoenoic f a t t y  acid, 
and D- H glucose uptake was measured i n  the resu l tan t  vesicles. Incorporation o f  f a t t y  acids 
was accomplished by incubating plasma membranes (prote in  ca 3 mg/ml) i n  1 O f l  Tr is ,  lfl EDTA, 
pH 7.4, w i t h  a so lut ion o f  1 0 M  f a t t y  ac id  i n  ethanol, o r  ethangl alone, t o  f i n a l  Soncentra- 
t i o n  o f  2 .4M f a t t y  ac id  and 2.4% ethanol f o r  30 min a t  e i t h e r  0 (satur- 
ated). Incubation o f  
untreated membranes w i th  e i t he r  o f  the cis-monoenoic f a t t y  acids, oleate o r  cis-vaccenate, 
resul ted i n  markedly increased rates o f  P 3 H  glucose i n t o  membrane vesicles over control (eth- 
anol incubation) vesicles. Hexose uptake i n  cis-vaccenic acid-treated vesicles was st imulated 
t o  l eve l s  observed i n  insu l in- t reated membranes; mreover, incubation o f  insu l in- t reated m m -  
branes w i th  cis-vaccenate d i d  no t  r e s u l t  i n  f u r the r  s t imulat ion o f  glucose uptake. 
t ras t ,  incubation o f  membranes w i th  a saturated f a t t y  ac id  (pa lmi t ic  o r  s tear ic)  great ly  dim- 
inished the st imulated l eve l s  o f  D-glucose uptake i n  insu l in- t reated membranes without inh ib-  
i t i n g  transport i n  untreated membranes. 
branes, i n  which hexose transport i s  not insu l in-sensi t ive,  d i d  not  a f f e c t  D-glucose uptake. 
Since the incorporation o f  unsaturated f a t t y  acids i s  known t o  increase and saturated f a t t y  
acids t o  decrease membrane f l u i d i t y ,  these resu l t s  suggest a possible r o l e  f o r  b i l aye r  f l u -  
i d i t y  i n  the modulation o f  hexose transport b.y insu l in .  

(mnoenoic) o r  25 
This resul ted i n  incorporation o f  ca 70-90% o f  the f a t t y  ac id  added. 

I n  con- 

Increasing the f l u i d i t y  o f  i so la ted  l i v e r  plasma mem- 

275 LHKuMHIU~.WYHIL KtbULUTION OF THE ADIPOCYTE HIGH AFFINITY INSULIN RECEPTOR FROM THE 
INSULIN SENSITIVE D-GLUCOSE TRANSPORTER, Chr i s t i n  Carter-Su. Paul F. Pi lch, and 
Michael P. Czech, Brown University, Providence, R I  02912 

125I- Insul in  was covalently l i nked  t o  high a f f i n i t y  receptors i n  dimethylmaleiC anhydride- 
extracted r a t  adipocyte plasma membranes using the cross-l inking reagent disuccinimidyl suber- 
ate as previously described. Hydroxylapati te chromatography resolved the cholate-solubi l  ized 
proteins i n t o  three main peaks. 
o f  the bound 1251-insulin and no transport a c t i v i t y  as assessed by the a b i l i t y  of the proteins 
t o  e x h i b i t  cytochalasin B-sensit ive D-glucose transport a c t i v i t y  subsequent t o  t h e i r  recon- 
s t i t u t i o n  i n t o  phospholip The second major peak contained 35-40% of the protein, 
only 15-25% o f  the bound ig51- insul in  and a l l  o f  the D-glucose transport a c t i v i t y .  Autoradio- 
grams o f  these column f rac t i ons  electrophoresed on sodium dodecyl sulfate polyacrylamide gels 
(SDS-PAGE) confirm the presence o f  only a small f r a c t i o n  o f  the i n s u l i n  receptor i n  the sec- 
ond peak as well  as a s i g n i f i c a n t  amount o f  125I- insu l in  l i nked  t o  low a f f i n i t y  binding pro- 
te ins.  Using DEAE anion exchange chromatography, less than 5% o f  the bound 1251-insulln was 
recovered i n  the t i g h t l y  bound prote in  f rac t i on  (e lu t i on  between 1M and 4M NaC1) which con- 
tained a l l  the recoverable transport a c t i v i t y .  Autoradiography o f  SM-PAGE gels Of the pro- 
t e i n  revealed no high a f f i n i t y  receptors i n  t h i s  f ract ion.  
i n s u l i n  receptor and D-g1 ucose transporter represent d i s t i n c t  polypeptides i n  the fa t  Gel! 
membrane. and t h a t  some membrane transduction mechanism must mediate hexose transport aCtlVa- 
t i o n  due t o  insul in-receptor in teract ion.  

The largest  peak contained about 50% o f  the protein, 7545% 

vesicles. 

These data ind icate tha t  the 
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276 FREEZE-FRACTURE PATTERNS OF RETINAL PHOTORECPTOR m R A N E S  FROM ULTRA-RAPIDLY FROZEN 
ISOLATED ROD OUTER SEGMENTS. M.J. Costello, Dept. of Anatomy, Duke University 
Medical Center, Durham. NC 27710. 

Freeze-fracture electron microscopy can provide a partial description of the organization of 
membrane components in retinal xod outer Begment (ROS) disks, once the locations of the 
fracture planes have been established. Suspensions of isolated ROS were sandwiched between 
thin copper strips and quenched (passing from O°C to -100°C at rates in excess of 10.00O0C/s) 
by rapidly plunging streamlined sample holders into liquid propane (-190OC). 
preservation of the regular arrsngement of disk membranes without ice crystal damage was 
obtained in the absence of fixatives or cryoprotectants. 
fracturing of ROS disks normally occurs within membranes (as opposed to occuring along 
membrane/aqueous interfaces). based on the synnnetry of the fractures through atacked disks 
and on the presence of small. distinct steps from aqueous compartments onto membrane 
fracture faces. 
pattern of interconnecting ridges, and the relatively smooth face, labeled EF, contains a 
similar distribution of crevices. In rare cases, extensive longitudinal fractures of ROS 
reveal that some disks are entirely pulled out during fracturing, leaving deeply scalloped 
impressions of the cytoplasmic membrane PS-face in the adjacent aqueous compartment. Such 
observations suggest that the bulk of the principal structural unit, probably a rhodopsinl 
lipid complex, is located at the cytoplasmic interface and that a significant portion of 
the complex which spans the disk membrane is exposed during fracturing. 

Excellent 

It was concluded that the 

The rough fracture face, therefore labeled PF, displays an irregular 

277 
(1. Departments o f  Biochemistry* and Physiology". Univers i ty  o f  I l l i n o i s  a t  the Medical Center, 
Chicago, IL. 60612 and Department o f  Biochemistry and Molecular Biologyn, Northwestern 
Univers i ty ,  Evanston, IL .  60201. 
Fibronectin was i so la ted  from human plasma by a f f i n i t y  chromatography on a gelatin-Sepharose- 
48 column by using a rg in in  f o r  spec i f i c  e lu t ion.  
phoresis on polyacrylamide i n  presence o f  SDS and had high a c t i v i t y  i n  the phagocytosis assay 
systems. The phagocytosis promoting a c t  ty was tested by a l i v e r  s l i c e  assay as wel l  as 
v ia  r a t  peri toneal macrophages by using l Y b I - g e l a t i n  coated l a tex  p a r t i c l e s  (g-Ltx*). Phago- 
cytos is  by macrophages was i n h i b i t e d  by agents known t o  d l s rup t  the cytoskeleton system 
(Colchicin, v i n c r i s t i n  and cytochalasin B). 
l eve l s  (dibutyril-CAMP, aminophyllin, isoproterenol and prostaglandin E l )  also reduced s ign i f i -  
can t l y  the amount o f  gLtx* uptake. F ibronect in  was shown t o  b ind s p e c i f i c a l l y  t o  g-Ltx*, 
heparin enhanced whi le  f ree  g e l a t i n  i n h i b i t e d  t h i s  binding. 
cent r i fugat ion and washing could be used i n  phagocytic experiments without f u r the r  requirement 
f o r  f ibronect in ,  however, addi t ion o f  heparin was needed f o r  optimal phagocytosis. Gelat in  o r  
ge la t i n - f i b ronec t i n  complex d i d  not  cause i n h i b i t i o n  o f  phagocytosis o f  preopsonized g-Ltx*. 
The data showed tha t  f i b ronec t i n  mediated phagocytosis requires an i n t a c t  cytoskeleton system 
and modulated by i n t r a c e l l u l a r  c y c l i c  AMP. 
f ibronect in-gelat in  heparin complexes only when these are attached t o  l a rge r  pa r t i c l es .  

MECHANISM OF ACTION OF PLASMA FIBRONECTIN AS A RECOGNITION FACTOR FOR PHAGOCYTOSIS OF 
NEUTRAL COLLOIDS, J. Molnar*, M.Z. Lai*, L. Gabelman*, P. Gudewicz", G.E. Siefr ing.Jr. 

The product showed high p u r i t y  by e lect ro-  

Drugs, causing increased i n t r a c e l l u l a r  c y c l l c  AMP 

The opsonized p a r t i c l e s  a f t e r  

The surface receptors o f  macrophages recognize 

278 Transepithelial Transport of Organic Cations, Peter D. Halohan and Charles R. ROSS, 
SmY/Upstate Medical Center, Syracuse, N.Y. 13210 
The mammalian kidney actively secretes drugs by two separate and distinct systems. 

One for organic cations and the other for organic anions. The mechanism of organic cation 
transport was studied (using N1-methylnicotinamide (NMN) as the prototype drug) in separated 
luminal (or brush border) and antiluminal (or basal-lateral) membrane vesicles prepared from 
dog kidney cortex. Specific transport processes were found in both membranes. The two 
systems differed however, on the basis of: 
two membranes were different): and countertransport studies (counterflow of NMN was observed 
only in the luminal membrane). These features were incorporated into a model to explain 
renal secretion (JPET, 209, 443, 1979). Additionally, it was hypothesized that transport 
across the luminal membrane was the "active" step in the movement of cationic drugs from 
blood to urine. Further studies on the luminal membrane suggest: 1)tranaport is "second- 
arily-active". with the energy supplied by a proton gradient which in turn is created by a 
Na+:H+ antiport system (i.e., two functionally-linked antiport systems drive secretion) ; 2 )  
translocation is "carrier" mediated: 3)a series of drugs known to be secreted by the kidney 
are all transported by the same carrier but are translocated at different rates; 4)the carrier 
is kinetically asymmetrical in that the Vmax for influx and efflux differ; and 5)the unloaded 
carrier is negatively charged and therefore in the cell is probably orientated to the 
exterior. Transport across the antiluminal membrane does not appcar to be via a "carrier" 
but rather di'aplays properties more consistent with a "gated channel" as described by Deves 

kinetic parameters (the K, and V,, values in the 

and Krupka (BBA, 513, 156, 1978). 
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279 STUDIES 01.1 THt fiECHAHISt1 OF THE GlUCAGON ELICITED CHANGES Iil MITO- 
CHONORIAL Ca2+ UPTAKE. 
of Medicine, Houston, Texas 77025. 

I t has been demonstrated previously t h a t  glucagon administrat ion t o  the perfused 
l i v e r  resu l t s  i n  an imnediate e f f l u x  o f  Ca'+ and ac t i va t i on  o f  p ro te in  kinase(s) 
(Friedmann. N., Biochem. Biophys. Acta 423:495, 1976). This i s  fol lcwed by a 
hyperpolarization o f  the c e l l  membrane increase i n  mitochondrial calcium uptake, 
which i s  probably the r e s u l t  o f  the increased respi ra t ion also observed (Yamaza- 
k i ,  R.K.. J .  Biol.  Chem. 250:7924, 1974). I n  order t o  gain some ins igh t  i n t o  
the mechanism by which the m i  tochondri a1 changes are e l i c i t e d ,  1 i vers were 
perfused i n  a var ie ty  of conditions known t o  have d i f f e r e n t i a l  e f fec ts  on i o n  
fluxes and ac t i va t i on  of prote in  kinase(s). AQministrat ion o f  i n s u l i n  p r i o r  t o  
glucagon blocked the e f f e c t  o f  glucagon on Ca2 ,e f f lux.  hyperpolarization and 
mitochondrial Ca' uptake. Perfusion o f  the l i v e r  w i t h  Nat-free perfusate 
( s o d i m  being replaced w i t h  e i t h e r  L i+  o r  choline) reduced the e f f l u x  o f  CaZt, 
blocked hyperpolarization and the changes i n  mitochondrial $a" uptake. 106mM 
K , had s im i la r  effects. Because nei ther  tetracaine nor Na - f reeper fusa te -  
blocks the ac t i va t i on  o f  adenylate cyclase, o r  the ac t i va t i on  o f  prote in  
kinase(s). i t  i s  concluded tha t  the changes i n  mitochondrial behavior are prob- 
ably the consequence of the p r i o r  changes i n  i o n  f l uxes  and membrane potent ia l .  

Naomi Friedmann. Univers i ty  o f  Texas School 

280 Transport of amino acid mediated by y-glutamyl transpeptidase i n  reconst i tuted 
liposomes. 
Southern Cal i fornia ,  School of Medicine, Los Angeles, CA 90033. 

Vijay K. Kalra and Suresh C. Sikka. Dept. of Biochemistry, Univ. of 

y-glutamyl transpeptidase, an enzyme, t h a t  catalyzes the  t ransfer  of y-glutamyl 
moiety of glutathione and other  y-glutamyl compounds t o  a var ie ty  of amino acids  and 
peptide acceptors has been postulated by Meister and h i s  coworkers t o  play a r o l e  i n  
t h e  amino acid t ransport  v ia  y-glutamyl cycle. 
from hog kidney was incorporated in to  phospholipid liposomes of  d i f fe ren t  charge and 
f lu id i ty .  
and ac id ic  liposomes but not i n  basic  liposomes. Moreover, y-glutamyl transpeptidase 
reconst i tuted liposomes exhibited the  uptake of glutamic acid only when the  liposomes 
contained intravesicular  glutathione. The uptake was inhibi ted (80-90'1) by ser ine-  
borate (20 mM) which inh ib i t  y-GTase ac t iv i ty .  Data w i l l  be presented showing t h a t  
the  uptake of glutamic acid represents t ransport  in to  the  liposomes ra ther  than the  
binding. 
be mediated by y-glutamyl transpeptidase. 

y-glutamyl transpeptidase purif ied 

Studies show tha t  detergent pur i f ied  enzyme can be incorporated in to  neutral  

Our studies  support the  hypothesis tha t  the  t ranslocat ion of amino acid can 
Supported by N I H  grant GM 26013. 

PEPTIDE TRANSPORT AND LITILIZATION I N  EUKARYOTIC CELLS, 
Lloyd Wolfinbarger, Jr. Old Dominion University. Norfolk, VA 23508 281 

Studies in the  t ransport  and hydrolysis of radiolabeled peptides suggest tha t  eukaryotic 
microorganisms possess the a b i l i t y  to  t ransport  peptides la rger  than dipeptidea but 
smaller than hexapeptidea. 
designated as an oligopeptide transport system and t h i s  system requires the  presence of 
a f r e e  alph-amino group on the  small peptide, but does not appear to  discriminate 
between the  residue amino acids  in the  peptide. Peptide transport is sens i t ive  t o  
metabolic poisons and the  peptide is hydrolyzed t o  i ts  residue amino acids  during or  
immediately a f t e r  the membrane t ranslocat ion step. 
a c t i v i t y  possesses a broad range of s p e c i f i c i t i e s  and essent ia l ly  a l l  peptides trans- 
ported a r e  hydrolyzed. It is suggested t h a t  t h e  d i f f e r a r t i d  mechanisms by which 
eukaryotic microorganisms respond tolarge and small peptides may serve as  a model 
system t o  explain how eukaryotic mammalian c e l l s  respond t o  la rge  and small peptides 
as hormones. 

The system(s) responsible f o r  peptide transport has been 

In t race l lu la r  peptidohydrolytic 
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2s PHORBOL ESTER ABD PROSTAGLANDIN F~ SIGNAL TRANSDUCTION MEDIATED BY THE (Na++K+)-pvMp 
IN MOUSE FIBROBLASTS, C. E. Wenner, J. Cheney and L.D. Tomei, Department of Experi- 

mental Biology, Roswell Park Memorial Institute, Buffalo, NY 14263 
In postconfluent 3T3 mouse fibroblasts, Tetradecanoyl phorbol acetate (TPA) or PGF2< as 

well as serum stimulate %-TdR incorporation into DNA and an early owbain-sensitive %b+ 
influx. Ouabain also prevents the initiation of DNA synthesis after serum addition to post- 
confluent 3T3 cells. This early increase in (Na++K+) pump-mediated acti ity by these agents 
which are also mitogenic raises the question as to the relationship of K movements to other 
metabolic events and the subsequent initiation of DNA synthesis. 

The hypothesis that an increase in (Na++K+)-ATPase is responsible for the altered meta- 
bolic events which leads to rapid proliferation was examined with the use of the C3H lark 
fibroblasts, where cell cycle is also activated by serum in quiescent cultures. The intro- 
duction of either 
mins. in postconfluent C3H lOTk cultures by 33-50% a8 did serum. However, serum or TPA but 
not PCF2 at these concentrations enhanced by over 50-fold the incorporation of %-TdR into 
DNA (specific activity as determined by fluormetric measurement of DNA with a modified 
method of Kissane and Robbing). Thus it is concluded that while modulation of membrane 
events such as the (Na++K+) pump activity in fibroblasts may be necessary for initiation of 
DNA synthesis. this membrane change is not sufficient in itself to set in motion the pro- 
liferative response. 

Y 

TPA or 10-7M PGFz, stimulated ouabain-sensitive %b+ influx at 30 

(Supported by USPHS - c1L-13784) 

283 Tm HEXITOL TRANSYORTSYSTm AS C€BMORECEP~RS I N  E. COLI K12, 
Joseph W. Lengeler, Universi ty  of Regensburg, Regensburg,Geme.ny 

I n  E. c o l i  K12, t h e r e  e x i s t  t h r e e  enz meII-complexes ( E I I )  of t h e  PEP-dep- 
end-sphotrancferasr? system (P'%y, s p e c i f i c  f o r  D-mannitol, D-glucitol, 
and g a l a c t i t o l  respect ively.mey apparent ly  Consist of a s i n g l e  p r o t e i n  each, 
coded f o r  by t h e  genes m t l - 4 ,  &A and @.h., whose synthes is  end e s t i ~ r i t ; ~  i s  
regula ted  by a s e r i e s  o f o n t r o l  mechanisms.The EII's a r e  t h e  molecules res-  
ponsible f o r  s c b s t r a t e  s p e c i f i c i t y  and a f f j n i t y  a t  t h e  same time i n  uptpke/ 
phosphorylation 3nd i n  t h e  chemotaxis towand-s these  subs t ra tes .  J-E f o r  o ther  
carbohydrates, it i s  not  e s s e n t i a l  t h a t  t h e  a t t r a c t a n t s  a r e  metaholixed, but  
it i s  s u f f i c i e n t  t h a t  they a r e  transported/phosphorylated. The propert 'es  
o f  the  E I I ' s  tps ted thus  f a r  ( s u b s t r a t e  s p e c i f i c i t y  o r  a f f i n i t y  ?.nd binding 
capac i ty ;  r e p l a t i o n  of synthes is  and a c t i v i t y )  a l l  a r e  i d e n t i c a l ,  wether 
t e s t e d  i n  t r a n s p o r t  or i n  chemotaxis assays. During uptake and phospi~or:.- 
l e t i o n  of  s u b s t r a t e s ,  t h e  E I I ' s  a . l ternate  between a phosphor : i l~ ted-h i~~i -  
a f f i n i t y ,  and a dephosphorylated- lo i+af f in i tg  s t a t e .  This conformational 
switch coiild be t h e  s i g n a l  which t r i g g e r s  a trans&u.ctional s i g n a l  and even- 
t u a l l y  t h e  chemotactical response, s ince  mutants ab le  t o  bind t h e  s u b s t r a t e ,  
but  unable t o  phosphorglate t h e  E I I ' s  no longer  respond chemotect icel ly  
t o  h e x i t o l s .  

2% STRUCTURAL STUDIES OF THE METHYL ACCEPTING CHE4OTAXIS PROTEINS OF ESCHERICHIA m: 
EVIDENCE FOR MULTIPLE METHYLATION SITES, Frederick W. Dahlquist and Daniel Chelsky, 
Institute of Molecular Biology, University of Oregon, Eugene, Oregon 97403 

Two methyl-accepting chemotaxis proteins, MCP I and MCP I1 in Escherichia &, are necessary 
f o r  the behavioral response to two complementary sets of sensory stimuli. Two-dimensional 
analysis of tryptic peptides from [35S]-methionine labeled MCP I and MCP I1 demonstrates a 
high degree of homology between the two proteins. After labeling the methylation sites with 
S-adenosyl-L-[ (Nethyl-3H) 1-methionfne, three peptides in each protein were found to carry a 
methyl group. These multiple methylations appear to be responsible in part for the observed 
multiple banding patterns on SDS-polyacrylamide slab gels. 
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285 AaApTIvE ALTERATICN IN ROSFWLIPID COMPOSITION OF PIASMA MEMBRANES FRCM A SOMATIC 
CELL EYTANT JELTCTIVE IN 'IHE REGULATION OF CHoLEsTEROL BIOSYNIHESIS, Michael S. 
Sinensky, Eleanor Roosevelt Institute for Cancer Research, Denver, CO 80262 

A scmatic cell nutant (CRl) of a Chinese hamster ovary cell (CW-Kl) which has previously 
been shown to be defective in the regulation of cholesterol biosynthesis accunulates mre cho- 
lesterol than the parental cell line in plasm membranes. Although such an increase in man- 
brane cholesterol should lead to an increase in the order parameter of these membranes, as 
measured with an ESR spin probe, the order parameter of nutant a d  wild-type plasma mmbranes 
are identical - apparently due to an adaptive alteration in membrane phospholipid ccqmsition. 
The phospholipid canpositions of nutant and wild-type cell plasm membranes are canpared and 
the nutant is shawn to have a 3-fold higher level of oleic acid and a 2-fold laer level of 
phosphatidyl ethanolamine than the wild-type. These results are consistent with model studies 
which show that these ccnpositional changes lead to lower order parameters for phospholipid 
dispersions. 
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