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Membrane Skeletal Proteins: Characterization. Association and Wtrastructure 

0411 SYNTHESIS OF SPECTRIN AND ITS ASSEMBLY INTO THE RED BLOOD CELL CYTOSKELETON OF 
NORMAL AND MUTANT MICE. Jane E. Barker, David M. Bodine, and Connie S.  

Birkenmeier, The Jackson Laboratory. Bar Harbor, ME 04609. The def in i t ion  of defects  i n  
mice with heredi tary spec t r in  def ic iencies  has led t o  speculations on cytoskeletal  protein 
assembly. FOUK mutations (nb, j a ,  sph, and sphha) cause severe hemolytic anemias i n  
homozygotes. Spectrin synthesis  and binding have-been s tudied i n  the ret iculocytes  of 
mice heterozygous and homozygous f o r  the various mutations (1) .  and the r e s u l t s  compared 
with data  from phenylhydrazine t reated normal mice. Reticulocytes of normal mice, l i k e  
erythroid c e l l s  of chicken embryos ( 2 ) .  synthesize more alpha than beta  spec t r in  but bind 
equivalent amounts t o  the membrane. Similar analyses combined with analyses of the 
electrophoret ic  prof i les  of the mutant mice have allowed us t o  ascr ibe  the spec t r in  
d e f i c i t s  t o  spec i f ic  protein anomalies. In */*mite, there  is an ankyrin deficiency and 
only 1/2 the  normal leve ls  of alpha and beta spec t r in  are  found i n  the membrane. In &/* 
mice, beta spec t r in  is lacking and alpha spec t r in ,  while synthesized at near normal leve ls  
and bound i n i t i a l l y  t o  the wmbrane, is  not present i n  e lectrophoret ic  prof i les  of ghost 
proteins .  In -- sph/sph mice, no alpha spec t r in  is synthesized and membrane bound beta 
spec t r in  is decreased. In sphha/sphha mice, alpha spec t r in  synthesis  is 6 x normal and 2 
x l o r e  alpha spec t r in  is - t o e  membrane. On the basis  of binding s tudies  i n  
sph a/sphha mice, it is d i f f i c u l t  t o  explain the paucity of alpha spec t r in  seen a f t e r  
e lectrophoresis  of the ghost proteins .  Double labe l  experiments have been performed and 
suggest a rapid turnover of membrane bound alpha spectr in .  

From the study of mutant mice, we can deduce some s a l i e n t  features  of membrane 
assembly. Beta spec t r in  must be present t o  s t a b i l i z e  the bound alpha spectr in .  The 
converse a l so  appears t o  be t rue ,  although more beta spec t r in  can bind s tab ly  i n  the 
absence of alpha spectr in .  Spectrin a l so  appears t o  be incorporated s tab ly  but a t  reduced 
leve ls  i n  the absence of ankyrin. 

Assignment of the mutations to  sites on s p e c i f i c  chromosomes has been accomplished 
using biochemical and morpho~ogical markers. The sph and sphha l o c i ,  but not the & 
locus,  map t o  Chromosome 1. I f ,  as we suspect. sphand s p h h ~ a s e t a t i o n s  i n  the alpha 
spec t r in  gene and & is a mutation on the beta spectrin,n the spec t r in  determinants 
a r e  not linked. Mapping stud$es and analyses of the various mutants a t  both the c e l l u l a r  
and molecular leve l  continues. 

1. Bodine, D. M., I V ,  Birkenmeier, C. S., and Barker, J. E. 1984. Cell 37:721. 
2. Bilkstad. I., Nelson, W. J.. Moon, R. T. and Lazarides, E. 1983. C e l l  32:1089. 

-- 

0412 STRUCTURE AND PUNCnON OF PROTEIN 4.1, Thomas L. Leto, Department of Pathology, 
Yale University School of Medicine, New Haven, CT 06510. 

Protein 4.1 is an essential component of the membrane cytoskeleton which participates both in the 
association of spectrin with actin filaments and in the attachment of the cytoskeleton to transmembrane 
glycoproteins. In erythrocytes this protein is composed chiefly of two chemically very similar polypeptide 
chaiw (MW N 80,000 dal) which appear to differ only by 2,000 daltons. Recently, we have combined 
detailed chemical analyses with various functional assays in an effort to describe the functional topology 
of protein 4.1. Several methods for specific cleavage of purified 4.1 have been developed and 
characterization of these cleavage products has revealed several striking features (1). Protein 4.1 appears 
to be a highly polarized molecule. Mild treatments of 4.1 with d-chymotrypsin cleave the molecule a t  
central locatiolls and generate very basic, protease resistant, and acidic, protease sensitive, domains. 
Amino acid sequence analysis indicates that the basic domain is amino terminal and that the region of 
variability between 4.1 a and b components lies near the carboxyl terminus. Sulfhydryl reagents have 
revealed a cluster of cysteine residues within the basic amino terminal domain. Methionine residues 
appear to  be clustered as well, based on the mapping of cyanogen bromide cleavage sites and amino acid 
compositional analysis of d-chymotryptic fragments. Tyrosine residues are also highly localized. 

Studies exploring functional sites suggest that two separate functions are spatially segregated into 
distinct regions of protein 4.1. Proteolytic fragments of protein 4.1 which exhibit glycophorin binding are 
unable to promote the association of spectrin and F-actin, while those peptides which complex with 
spectrin and actin do not bind to glycophorin. A chymotryptic fragment as small as  5 kilodaltons is 
capable of promoting spectrin-F-actin associations (2). 

Several phosphorylation sites within protein 4.1 have been observed. The occurrence of 32P within 
the substructure of protein 4.1 apparently depends on solution conditions and may involve several kinases. 
Phosphorylation occurs a t  sites near the carboxyl terminus when protein 4.1 is associated with spectrin 
depleted membranes, while other unique sites closer to the amino terminus are labeled on soluble protein 
4.1 by a kinase isolated from erythrocyte membranes. The effect of these various phosphorylation states 
on protein 4.1 cytoskeletal associations is currently under investigation. 

References 
1. 

2. 

Leto, T.L. and Marchesi, V.T. (1984) J. Biol. Chem. 259,4603. 

Correas, I., Leto, T.L., Speicher, D.W. and Marchesi, V.T. (1984) 3. Cell Biol. 99, 300a. 
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The ant igenic ,  morphologic, and funct ional  s i m i l a r i t y  o f  the non-erythroid and e ry th ro id  
spect r ins has fostered the b e l i e f  t h a t  t h e i r  ro les  may be s i m i l a r  t o  tha t  i n  the erythrocyte, 
i . e .  support o f  the plasma membrane. Deta i led analysis o f  the spec i f i c  functions and s t ruc-  
t u r a l  domains preserved i n  human b ra in  spec t r i n  suggest q u i t e  a d i f f e r e n t  r o l e  f o r  t h i s  
prote in .  Bra in  spec t r i n  (Fodr in)  d i f f e r s  from i t s  ery throcyte counterpart a t  spec i f i c  
s t r u c t u r a l  and funct ional  domains w i t h i n  each subunit.  By peptide mapping, l i m i t e d  t r y p t i c  
d igest ion,  sequence, and ant igenic  c r i t e r i a  there i s  a s i g n i f i c a n t  preservation o f  the 
i n t e r i o r  domains o f  both subunits (analogous t o  ery throcyte spec t r i n  domains alpha 11-V and 
beta I 1  and 111). Conversely, regions o f  each molecule spec i f i c  f o r  se l f -assoc iat ion,  
covalent phosphorylation, ankyr in  and calmodulin binding appear func t i ona l l y ,  s t r u c t u r a l l y ,  
and an t i qen ica l l y  d i s t i n c t .  
s p e c i f i c  l i n k e r  o f  surface receptor molecules t o  cytoplasmic ac t i n ,  ra the r  than as a p a r t i -  
c ipant  i n  the formation o f  an elaborate membrane skeleton. 
spec t r i n  a l so  appear t o  be present i n  ske leta l  muscle, w i th  proper t ies intermediate between 
the ery throcyte and b r a i n  forms. A l l  o f  the spect r ins appear subject t o  regulat ion.  Cova- 
l e n t  phosphorylat ion o r  ankyr in  b ind ing a1 te rs  the se l f -assoc ia t i ve  proper t ies o f  ery thro-  
cyte spec t r i n .  
I n  c e l l  c u l t u r e  s tud ies SV40 transformed f i b rob las ts  e x h i b i t  spec t r i n  patching and 
r e d i s t r i b u t i o n  away from the membrane as one o f  the e a r l i e s t  manifestat ions o f  transforma- 
t i o n .  Together these data support the concept t h a t  as a fami ly  o f  re la ted  prote ins the 
spect r ins have been adapted t o  two fundamental r o l e s :  i )  membrane support, by the formation 
o f  an e laborate "membrane skeleton"; and i i )  s ignal  transduction, by p a r t i c i p a t i o n  as a 
modulatable and spec i f i c  l i n k  between organizat ional  events i nvo l v ing  membrane receptors and 
the c o r t i c a l  and cytoplasmic matr ix .  

STRUCTURE AND FUNCTION OF B R A I N  AND ERYTHROCYTE SPECTRIN:  I'1PLICATIONS FOR 
CYTOSKELETAL REGULATION, Jon S .  Morrow, Department o f  Pathology, Yale Medical School 
New Haven, CT 06510 

These changes render b ra in  spec t r i n  most su i ted  f o r  a r o l e  as a 

Addi t ional  isotypes o f  human 

A l l  o f  the spect r ins bind calmodulin, and a l l  are covalent ly  phosphorylated. 

0414 STRUCTURAL FEATURES OF HUMAN ERYTHROCYTE SPECTRIN: FUNCTIONAL AND EVOLUTIONARY 
IMPLICATIONS, David W. Speicher. Pathology Department, Yale Un ive rs i t y  School o f  
Medicine, New Haven, CT 06510. 

Erythrocyte spec t r i n  i s  a heterodimeric p r o t e i n  (M. W. = 460.000) which i s  a major 
component o f  the membrane skeleton. Recently, c lose ly  re la ted  prote ins have been i d e n t i f i e d  
i n  most c e l l  types by many research groups. The number o f  d i s t i n c t  prote ins which belong i n  
t h i s  c lass has no t  been determined. Erythro id  spec t r i n  i s  the most extens ive ly  
characterized member o f  t h i s  group, and i t  serves as a model f o r  many s t r u c t u r a l  proper t ies 
o f  these proteins. Amino ac id sequences o f  more than 1500 residues have been determined f o r  
human erythrocyte spectr in. The two subunits are about 35% iden t i ca l ,  and both subunits are 
comprised o f  homologous non-identical segments w i t h  a p e r i o d i c i t y  o f  106 amino acids. 
Approximately 35 o f  these r e p e t i t i v e  segments e x i s t  i n  the heterodimer. comprising more than 
90% o f  t he  t o t a l  p r o t e i n  structure. 
f a c i l i t a t e d  const ruct ion o f  a de ta i l ed  conformational model representat ive o f  e s s e n t i a l l y  
the e n t i r e  molecule. 
approximately 5nm i n  length. 
regions which impart f l e x i b i l i t y  t o  the molecule. 
m i l d  p ro teo l ys i s  and might be shielded by the ends o f  the hel ices. 
between t r i p l e  h e l i c a l  segments i s  a po ten t i a l  s i t e  f o r  modulating ove ra l l  f l e x i b i l i t y  o f  
the molecule. 
l e a s t  we l l  conserved. 
invo lved i n  subunit associat ion. S t a b i l i z a t i o n  o f  subunit assoc iat ion p o t e n t i a l l y  invo lves 
the fo l l ow ing  in teract ions:  d ipo le  moment, hydrophobic, hydrogen bonding and e lec t ros ta t i c .  

Several i n t e r e s t i n g  evolut ionary features are ind icated by ava i l ab le  sequence 
information. The p r o t e i n  evolved t o  i t s  current  s i z e  long ago and has undergone extensive 
mutation (average homology between segments i s  about 20%). Enigmatical ly, the many repeats 
i n  spec t r i n  have reta ined p rec i se l y  106 amino acids per  segment. 
strong se lec t i ve  pressure t o  maintain sequence length, although the reasons f o r  t h i s  
conservation have no t  y e t  been elucidated. 
12,000 dal ton pept ide through a se r ies  o f  intermediate stages. 
development the smaller-sized intermediates may have been a n t i p a r a l l e l  homodimers. 
o f  important evolut ionary events probably occurred when the p ro te in  was h a l f  i t s  current  
size. Ac t i n  and Pro te in  4.1 b ind ing capaci ty  might have been acquired a t  t h i s  stage. This 
was probably a l so  the stage where two independently mutating genes developed g i v ing  r i s e  t o  
a heterodimer. F ina l l y ,  t h i s  stage i s  a l i k e l y  s i t e  f o r  divergence t o  m u l t i p l e  t i ssue  type 
spectr ins. 

This existence o f  many homologous segments has 

Each 106 amino ac id  segment forms a r i g i d  t r i p l e  h e l i c a l  segment 
These r i g i d  segments are connected by shor t  non-helical 

Connecting regions are no t  susceptible t o  
The f l e x i b l e  i n te r face  

The second h e l i x  i n  the t r i p l e  h e l i c a l  segment i s  the longest and i s  also the 
The two shor ter  he l ices are b e t t e r  conserved and are probably 

Apparently there i s  a 

This p ro te in  probably evolved from an ancestral 
During ea r l y  stages o f  

A number 
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0415 SPIN-LABEL STUDIES OF MEMBRANE-SKELETAL PROTEIN INTERACTIONS IN HUMAN ERYTHROCYTES, 
D. Al lan  B u t t e r f i e l d ,  Troy M. Elarmon, and Bennett  T. Farmer, 11, Unive r s i ty  of Ken- 
tucky, Lexington, KY 40506-0055 

S p e c t r i n ,  t he  predominant p r o t e i n  of the  e ry th rocy te  membrane s k e l e t o n ,  normally e x i s t s  i n  
t h e  t e t r amer i c  s t a t e  of aggrega t ion .  Increased  amounts of d imer ic  s p e c t r i n  and increased  
membrane ske le ton  i n s t a b i l i t y .  The polyamine, spermine, and the  polyphosphate,  2,3-diphos- 
phoglycera te  2,3-DPG, r e t a r d s  or a c c e l e r a t e s  r e s p e c t i v e l y ,  t he  l a t e r a l  d i f f u s i o n  of t r ans -  
membrane p ro te ins .  The e f f e c t s  of i nc reas ing  the  amount of d imer ic  s p e c t r i n  i n  membranes 
and s e p a r a t e  i n v e s t i g a t i o n s  of t he  e f f e c t s  of spermine and 2,3-DPG on the  phys ica l  s t a t e  of 
e ry th rocy te  membrane s k e l e t a l  p r o t e i n s  were s tud ied  by p r o t e i n ,  l i p i d ,  and carbohydrate- 
s p e c i f i c  spin l a b e l i n g  methods. Inc reas ing  the  propor t ion  of d imer ic  s p e c t r i n  and d is rup-  
t i o n  of t he  s k e l e t a l  p r o t e i n  i n t e r a c t i o n s  by 2,3-DPG g r e a t l y  a l t e r s  t he  phys ica l  s t a t e  of 
s k e l e t a l  p r o t e i n s  (P<O.O02 and P<O.Ol, r e s p e c t i v e l y ) ,  but does not  a l ter  the  phys ica l  s t a t e  
of membrane phosphol ip ids  or c e l l  s u r f a c e  carbohydra tes .  I n  c o n t r a s t ,  spermine, which is 
thought t o  i n t e r a c t  with the  ske le ton ,  s i g n i f i c a n t l y  dec reases  the  mean ESR parameter 
r e f l e c t i v e  of p r o t e i n  segmental  motion by nea r ly  40% (P<O.OOOl), s l i g h t l y  inc reases  the  
o rde r  of membrane phosphol ip ids  (P<0.02), and inc reases  the  r o t a t i o n a l  r a t e  of c e l l  su r f ace  
s i a l i c  a c i d ,  most of what is on g lycophor in  A (P<O.OOOS). These f i n d i n g s  demonst ra te  t h a t  
agents  which d i f f e r e n t i a l l y  a f f e c t  l a t e r a l  d i f f u s i o n  of transmembrane p r o t e i n s  by i n t e r a c -  
t i o n  wi th  the  ske le ton  r e s u l t  i n  d i f f e r e n t i a l  a l t e r a t i o n s  of membrane components. Sup- 
por ted  by N I H  (AG-00084) and the  Alzheimer's Disease and Rela ted  Disorders  Assoc ia t ion .  

0416 ASSOCIATION OF 5I-NUCLEOTIDASE WITH MICROFILAMENTS: DEMONSTRATION BY PHALLOlDlN 
SHIFT ON VELOCITY SEDIMENTATION SUCROSE GRADIENTS. C. Carraway, C. Sindier and M. Weiss, 
Univ. o f  Miami School of Medicine, Miami, FL 33101 

An emerging paradigm i n  c e l l  blology I s  t h a t  organization o f  c e l l  surface molecules 
I s  con t ro l l ed  by i n te rac t i on  o f  t he  cytoskeleton, p a r t i c u l a r l y  m i c r o f l  laments (MF). w i th  
plasma membrane components. Evidence f o r  t he  associat ion of the surface enzyme 5t-nuclecr 
t idase (5") w i th  the cytoskeleton has been presented f o r  lymphoid c e l l s  and f o r  i so la ted  
mlcrov i I1  I from asc i tes tumor ce l ls .  The enzyme remains w i t h  the "cytoskeietal residue" 
prepared by nonionic det6rgent ex t rac t i on  and centr i fugat ion,  a technique used t o  suggest 
t he  associat ion o f  a growing number o f  c e l l  surface glycoprotelns w i t h  the cytoskeleton. 
A r t i f a c t s  a r i s i n g  from t rapping and cosedlmentatlon cannot be ru led  out  i n  such studies. 
We have recent ly  extended t h i s  methodology t o  demonstrate the associat ion o f  a surface 
g lycoprote in  (CAG, cytoskeleton-associated glycoproteln) w i th  MF. The method u t i l i z e s  the  
d iscr iminatory  capab i l i t y  o f  v e l o c i t y  sed imen ta t i on  sucrose d e n s i t y  g r a d i e n t s  and t h e  
s p e c i f i c i t y  o f  p h a l l o l d i n  as a M F - s t a b i l i z i n g  agent  f o r  a n a l y s i s  o f  MF-associated 
proteins. I n  a va r ie t y  o f  T r i t o n  X-100-containing bu f fe rs  most of t he  m l c r o v i l l a r  a c t i n  
I s  found as f i laments i n  the  denser sucrose fract ions, coincident w i t h  a large f r a c t i o n  o f  
the 5" a c t i v i t y .  When pha l l o ld in  i s  added t o  the ex t rac t i on  buf fer  t o  s t a b i l i z e  MF. both 
f I I aments and 5" a c t  I v i t y  a r e  sh i f  t e d  concom I t a n t  I y f u r t h e r  i n t o  t h e  grad1 ent. These 
r e s u l t s  provide evidence f o r  a s p e c i f i c  associat ion o f  5t-nucleotldase w i t h  m l c r o v i l l a r  
microfilaments. 

FIBRONECTIN POTENTIATES ACTIN POLYMERIZATION I N  THROMBIN-ACTIVATED PLATELETS, 
C.S. Ciern iewski ,  J.Karczewski and M.A. Kcwalska, Medical School of Lodz, POLAND OQ 17 

Thrombin-activation of p l a t e l e t s  causes the c e l l s  t o  acqu i r e  the  a b i l i t y  t o  bind 
f i b r o n e c t i n  t o  c e l l - s u r f a c e  r ecep to r s .  S tud ie s  i n  f i b r o b l a s t s  i n d i c a t e  t h a t  f i b r o n e c t i n  
molecules a s soc ia t ed  with membranes communicate e i t h e r  d i r e c t l y ,  o r  through some 
transmembrane l i nkages ,  wi th  a c t i n  microf i laments .  Therefore ,  we decided t o  s tudy  the e f f e c t  
of f i b r o n e c t i n  on the  course  of a c t i n  polymer iza t ion  i n  p l a t e l e t s .  

T r i ton  X-100 inso lub le  cy toske le ton  was prepared from thrombin-ac t iva ted  p l a t e l e t s .  Tota l  
a c t i n  was determined by scanning SDS-PAGE g e l s .  The conversion of G-actin i n t o  F-actin was 
monitored by an assay  involv ing  DNAse I i n h i b i t i o n  by G-actin.  I t  was found tha t  f i b ronec t in  
decreased  the  l e v e l  of G-actin i n  Tr i ton  X-100 e x t r a c t s  of thrombin-activated p l a t e l e t s ,  
which sugges ts  t h a t  a l a r g e  amount of F-ac t in  was p re sen t  i n  the  Tr i ton  X-100 inso lub le  
cy toske le ton .  A t  the same concen t r a t ion ,  f ib r inogen  only s l i g h t l y  increased  a c t i n  
mob i l i za t ion  whi le  bovine serum albumin a t  a much h igher  concen t r a t ion ,  caused a small  
i n h i b i t i o n  of t h i s  r eac t ion .  Our d a t a  sugges ts  t h a t  f i b r o n e c t i n ,  through i n t e r a c t i o n  with 
the  p l a t e l e t  actomyosin f i b r i l l a r  system, f a c i l i t a t e s  a c t i n  polymer iza t ion  i n t o  cy toske le ton .  
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A central problem in neurosciences concerns the mechanism of neuronal plasticity. Since 
plasticity allows for adaptive changes in the brain in response to experience, its mechanism 
is likely to be an integral part of normal neuronal functions. 
brain is determined by the capacity of its synaptic contacts because they subserve communi- 
cation between neurons. 
pendage-like outgrowths of dendrites. 
a1 activity can be translated into morphometric changes that involve enlargement of the 
spine head and widening and shortening of the spine stalk. 
longitudinal resistance of the stalk and thus may enhance neuronal activity. 
sumed that such a change could involve contractile proteins, we used the s-1 fragment to 
demonstrate the presence of actin filaments in spines. 
filaments form a dense network in the spine head and longitudinally oriented strands in the 
spine stalk. The filaments are associated end-on and laterally with the spine membrane and 
the pcstsynaptic density. 
tures and with the SER. Since myosin and actin-associated proteins are also present inden- 
dritic spines and since free cytosolic calcium increases with synaptic activity, a sequence 
of reactions is likely to be triggered which might induce solation of the actin network in 
the spine head and contraction of the filaments in the spine stalk. Both these activities 
would result in the morphometric changes observed in stimulated dendritic spines. 

ACTIN MAY BE INVOLVED IN SYNAPTIC PLASTICITY, Eva Fifkova, Jeffrey A .  Markham, and 
Karen Cullen-Dockstader, University of Colorado, Boulder, Colorado 80309. 

Functional capacity of the 

A number of neurons form synapses on dendritic spines which are ap- 
Various experiments have shown that increased neuron- 

The latter change would decrease 
Since we as- 

Indeed we have observed that actin 

Both modes of association were also observed with vesicularstruc- 

0419 EYI~ENCE OF EXTENSIVE MOVEMENT OF GC, A VITAMIN D- AND ACTIN-BINDING PROTEIN IN THE 
CELL MEMBKANE, Robert  M.  Ga lb ra i th ,  David L .  Emerson and Andre E. Nel, Medical  Un i -  
v e r s i t y  o f  South Caro l ina ,  Char leston, S .C .  29425 

Gc i s  t he  major  v i t a m i n  D-binding p r o t e i n  i n  serum, and i s  a l s o  known t o  i n t e r a c t  a t  h igh  
a f f i n i t y  w i t h  G-act in,  f a c i l i t a t i n g  depo lymer iza t ion  o f  F -ac t i n  and s t a b i l i z i n g  G-ac t in  i n  
the  monomeric f o n .  
c e l l s  together  w i t h  a l a r g e  excess o f  unoccupied s p e c i f i c  b ind ing  s i t e s .  I n  add i t i on ,  we 
have r e c e n t l y  documented an i n d i s t i n g u i s h a b l e  p r o t e i n  on the  plasma membrane o f  c e r t a i n  c e l l s ,  
par t i cu1ar ;y  pe r iphe ra l  b lood mononuclear c e l l s ;  by immunofluorescence and physiochemical 
methods. 
Gc, b u t  c l e a r  co -mob i l i t y  (co-patching and co-capping) was ev iden t  i f  c e l l s  were f i r s t  r e -  
ac ted  w i t h  s p e c i f i c  a n t i s e r a  known t o  induce m o b i l i t y  o f  o the r  membrane p ro te ins .  
assoc ia ted  i n  the  case o f  B c e l l  membrane immunoglobulin (MIg) w i t h  physicochemical evidence 
of  i n t e r a c t i o n  contemporaneously between Gc, MIg and membrane a c t i n .  By con t ras t ,  s i m i l a r  
exper iments i n  T-enr iched c e l l s  showed l i t t l e  o r  no endogenous membrane Gc de tec tab le  by f l u o -  
rescence. However, p r imary  r e a c t i o n  w i t h  monoclonal Pan T ant iserum (Leu 1 )  l e d  t o  a c l e a r  
inc rease i n  Gc f luorescence i n t e n s i t y  and a v a i l a b i l i t y  f o r  sur face  r a d i o i o d i n a t i o n ,  i nd i ca -  
t i n g  the  p o s s i b i l i t y  o f  v e r t i c a l  d isplacement i n  the  l i p i d  b i l a y e r .  S i m i l a r  enhancement o f  
Gc f luorescence was seen f o l l o w i n g  o the r  p r imary  a n t i s e r a  o f  d i f f e r e n t  s p e c i f i c i t y .  These 
r e s u l t s  suggest t h a t  i n  a d d i t i o n  t o  any poss ib le  r o l e s  i n  v i t a m i n  D3 metabolism, Gc may be- 
come s p a c i a l l y  assoc ia ted  w i t h  c e r t a i n  membrane p ro te ins ,  i n c l u d i n g  a c t i n ,  w i t h  r e s u l t i n g  
movement bo th  l a t e r a l l y ,  and i n  a v e r t i c a l  dimension. 

Small amounts o f  Gc have been found i n  the  cytoplasm o f  most nuc lea ted  

blaming o f  monocytes and B c e l l s  t o  3 7 O  showed l i t t l e  i n t r i n s i c  l a t e r a l  m o b i l i t y  o f  

Th is  was 

Crosslinking of Fibronectin To Human Platelet Cell Surfaces: Evidence That The 04*0 Glycoprotein IIb-llla Complex I s  A Receptor For Fibronectin. John M. Gardner and 
Richard 0. Hynes. The Center For Cancer Research, M.I.T. Cambridge, MA 02139 

Fibronectin binds to the surface of activated platelets in a manner which is time 
and dose dependent, but it does not interact with resting platelets. To identify the 
surface membrane component which mediates the interaction of FN with platelets, we have 
utilized a bifunctional, cleavable crosslinking agent (DTSSP), to covalently link 
candidate receptor molecules to FN or the 12kd pepsin resistant fragment of FN. Binding 
of the 12kd fragment was specific and competed by a synthetic peptide contaifjgg the cell 
attachment site of FN. Binding of the 12kd fragment or native FN to I-labeled, 
activated platelets followed by crosslinking, lysis and immunoprecipitation with anti-Fn 
antibodies resulted in the specific co-precipitation of several labeled platelet surface 
799ponents with MW=90,000-140,000 Daltons upon SDS-PAGE analysis. Direct binding of 

I-labeled 12kd fragment to thrombin activated platelets followed by crosslinking 
resulted in transfer of label into bands of MW=l10,000 and 130,000 Daltons. In addition, 
when these crosslinked complexes were subjected to immunoprecipitation with monoclonal 
antibodies directed against the glycoprotein Ilb-llla complex present on platelet 
surfaces, they were specifically precipitated. These lines of evidence implicate the 
glycoprotein lib-llla complex as a fibronectin receptor on stimulated platelets. There 
already exists a strong body of evidence that glycoprotein IIb-llla also functions as a 
fibrinogen receptor on platelets and given our results it appears that this novel inembrane 
protein complex has evolved to interact with m r e  than one extracellular Iigand. 
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0421 
The exac t  phys io log ica l  func t ion  of  a - a c t i n i n  i s  s t i l l  unc lea r .  I n  v i t r o ,  a - a c t i n i n  b inds  
t o  and c r o s s - l i n k s  a c t i n  f i l amen t s .  But,  o t h e r  p r o t e i n s  such  a s  f i l amin  and s p e c t r i n  a l s o  
c ros s - l ink  a c t i n  f i l amen t s ,  and spec t r i l l  preseiLtly seeins more l i k e l y  t o  have a r o l e  i n  l i n -  
king a c t i n  f i l amen t s  t o  t h e  plasma membrane than  a - a c t i n i n .  a -Act in in  a l s o  i n c r e a s e s  t h e  
kgz+-modified ATPase a c t i v i t y  o f  r e c o n s t i t u t e d  actomyosin suspens ions ,  b u t  t h e  phys io log ica l  
s i g n i f i c a n c e  o f  t h i s  e f f e c t  i s  unknown. Mixtures o f  a - a c t i n i n  and a c t i n  a r e  d i f f i c u l t  t o  
s tudy  because  they  are he terogeneous  and t h i x o t r o p i c .  Therefore ,  we have a t tempted  t o  l e a r n  
whether "ac t ive"  fragments o f  a - a c t i n i n  could  be  produced by p r o t e o l y t i c  d i g e s t i o n .  As de- 
termined by SDS-PAGE, r i g o r o u s  t r y p t i c  d i g e s t i o n  o f  t u rkey  g i zza rd  a - a c t i n i n  produces 72-kDa 
and 32-kDa fragments from t h e  100-kDa a - a c t i n i n  polypept ide .  The 72-kDa fragment b reaks  
down qu ick ly  t o  a 65-kDa fragment and then  t o  fragments o f  54- and 50-kDa. ?he 32-kDa f r ag -  
ment breaks  down more s lowly  t o  a 15-kDa fragment.  I n  nondenaturing s o l v e n t s ,  t h e  72-, 64-,  
54-, and 50-kDa polypept ides  a r e  assembled i n t o  dimers l i k e  t h e  n a t i v e  a - a c t i n i n  molecule,  
whereas t h e  TT-kna f v g m e n t  i s  monomeric. The N-terminii o f  t h e  32-kDa and 15-kDa fragments 
a r e  b locked .  l h e  32-kDa fragment b inds  weakly t o  a c t i n  f i l amen t s  bu t  does not  i n c r e a s e  t h e  
v i s c o s i t y  o f  F-ac t in  s o l u t i o n s .  The 65, 54, and 50-kDa f ragments  do not h ind  t o  a c t i n  f i l a -  
ments. The r e s u l t s  a r e  c o n s i s t e n t  w i th  bu t  do no t  prove an  an t i -pa ra l l e1 , two-cha in  s t r u c t u r e  
f o r  a - a c t i n i n  wi th  a 32-kDa polypept ide  ex tending  from e i t h e r  end o f  a h igh ly  a - h e l i c a l ,  
two-chain core .  (Supported by N I H  Grant No. AM-19864). 

SUBSTRUCTURE OF THE a-ACTININ MOLECULE. N .  Arakawa, Darrel E. G o l l ,  R . M .  Robson, 
and W i l l i a m  C.  Kleese,  Un ive r s i ty  o f  Arizona, Tucson, Arizona 85721. 

_- 

0422 ELECTKO-ACOUSTIC EFFECTS I N  iiICllOTUBULE-ACTIN IiJTE.&ACTIUNS CAi4 EXPLAIN LW..4BRANE 
SURFACE ALTERATIONS, Djuro L. Koruga, Ph.D. and S t u a r t  R.  Hameroff, M . D . ,  Dept of 
Anes thes io logy ,  Univ of Arizona HSC, Tucson, AZ 85724 

Micro tubules  (MT) posses s  c r y s t a l  c h a r a c t e r i s t i c s  s i n c e  t h e  
a and 6 s u b u n i t s  are ar ranged  on a c y l i n d r i c a l  s u r f a c e  by 
sphe re  packing of t h e  Oh ( g I 4 )  symmetry group l a w .  MT tubu- 
l i n  subun i t s  con ta in  more a c i d i c  amino a c i d s  than  b a s i c ,  
t hus  s u r p l u s  e l e c t r o n s  can l e a d  t o  capac i t ance  behavior.  
With a v a i l a b l e  thermal energy a and t u b u l i n  subun i t s  
should  o s c i l l a t e .  S ince  t h e  masses of a and 6 t u b u l i n  are 
approximate ly  eqya l ,  the photon-opt ica l  and phonon-acousti- 
c a l  frequency (w and w ) c h a r a c t e r i s t i c s  w i l l  be equal  when 
t h e  frequency wave vec to r  (q/G) i s  %a (where 5 is  t h e  d i s -  
t ance  between a and 6 t u b u l i n  c e n t e r s  f i g . b ) .  I n t e r a c t i o n s  
among i o n s  (Mg*, Caw..  .)  and MT subun i t s  may r e s u l t  i n  
f u n c t i o n a l  e l e c t r i c  f i e l d s  i n  MT which may be induced i n  
o t h e r  p r o t e i n s  l i k e  a c t i n .  I n  f i g u r e  c ) ,  t h e s e  are viewed 
a s  an  LC c i r c u i t .  S ince  a and 6 t u b u l i n  masses are equiva- 

l e n t  and f o r  q / 2 b 1 / 2 a  e l ec t ro -acous t i ca l  ana log ie s  may be used. Thus t h e  e l e c t r i c a l  
c i r c u i t  [Z =jwL] has  an  analogous a c o u s t i c  form [Za =jwMa] wi th  a phys ica l  component a s  
i n  f i g . d ) .  'Thus e l e c t r o - a c o u s t i c a l  p r o p e r t i e s  of cygoske le t a l  p r o t e i n s  can induce per- 
pend icu la r  bu lges  and o t h e r  shape a l t e r a t i o n s  i n  c e l l  membranes. 

0423 REGULIN, A SPECTRIN-ASSOCIATED PROTEIN I N  RABBIT RETICULOCYTES. Gi se l a  Kramer, 

d a t i o n  Biochemical I n s t i t u t e ,  Dept. Chemistry,  Univers i ty  of Texas,  Aus t in ,  TX 78712 

Pre l iminary  c h a r a c t e r i z a t i o n  of  r e g u l i n  is  g iven  i n  F u l l i l o v e  g g . ,  J.Biol.Chem. 259, 
(1984) 24934500.  
of l y sed  r a b b i t  r e t i c u l o c y t e s  by the  low i o n i c  s t r e n g t h ,  h igh  pH procedure developed f o r  t he  
e x t r a c t i o n  of s p e c t r i n  from e ry th rocy te s .  Sepa ra t ion  of r egu l in  from s p e c t r i n  can be 
achieved by chromatography on DEAE-cellulose a t  pH 8.5. Regulin is i d e n t i f i e d  by the  use  of 
monoclonal a n t i b o d i e s  as a 230,000 d a l t o n  p r o t e i n .  Upon l y s i s  of r e t i c u l o c y t e s ,  p r o t e o l y t i c  
degrada t ion  products  of r e g u l i n  are found i n  the  pos t r ibosomal  supe rna tan t .  They cochroma- 
tograph wi th  phosphoprotein phosphatase a c t i v i t y  and wi th  a p r o t e i n  k inase  t h a t  phosphoryl- 
a t e s  s p e c i f i c a l l y  pep t ide  i n i t i a t i o n  f a c t o r  two (eIF-2) i n  i t s  a lpha  subun i t  and thereby 
c o n t r o l s  p r o t e i n  s y n t h e s i s .  
reduced l e v e l .  

J e n n i f e r  Tipper ,  W i e s l a w  Kudl ick i ,  Susan F u l l i l o v e  and Boyd Hardesty,  Clayton Foun- 

Regulin can be e x t r a c t e d  toge the r  w i th  s p e c t r i n  from t h e  membrane f r a c t i o n  

Regulin appears  t o  be p re sen t  i n  e r y t h r o c y t e s  a t  a g r e a t i y  
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0424 SPECTRIN AS AN INTEGRATOR OF INTRACELLULAR FILAMENT NETWORKS. Robert C. Langley, J r .  
and Car l  M. Cohen, Dept. o f  Biomedical  Research, S t .  E l i zabe th ’ s  Hosp i ta l ,  Boston, 

MA and Depts. o f  Medicine and o f  Mo lecu la r  B io logy  and Mic rob io logy ,  T u f t s  Univ.  Med. School. 
We s tud ied  the  assoc ia t i on  o f  s p e c t r i n  w i t h  i n te rmed ia te  f i l amen ts  (IF) by measuring IF i n -  
duced sed imenta t ion  o f  s p e c t r i n  a t  phys io log i ca l  pH and s a l t  cond i t i ons .  Spec t r i n  b ind ing  t o  
bo th  desmin and v imen t in  f i l amen ts  inc reased i n  a concen t ra t i on  dependent manner and appeared 
t o  sa tu ra te  a t  approx imate ly  20 ug o f  s p e c t r i n  pe r  500 ug desmin. 
v iment in  was more va r iab le ,  p la teau ing  i n  the  range o f  20 t o  70 ug s p e c t r i n  bound pe r  500 ug 
v iment in .  
s p e c t r i n - I F  b ind ing .  
e s  showed in f requen t  assoc ia t i ons  o f  s p e c t r i n  randomly d i s t r i b u t e d  along the  f i l amen t .  
and v iment in  f i l amen ts  bound t o  s p e c t r i n  r e c o n s t i t u t e d  i n s i d e  o u t  red  c e l l  ves i c les  ( I O V s )  
fo rming  m u l t i p l e  assoc ia t ions  which r e s u l t e d  i n  aggregates o f  IOVs and f i l amen ts .  
were n o t  r e c o n s t i t u t e d  w i t h  s p e c t r i n  d i d  n o t  form complexes w i t h  the  I F  i n d i c a t i n g  the  
s p e c i f i c  dependence on the  presence o f  s p e c t r i n  f o r  filament-membrane i n t e r a c t i o n .  
a t e  f i l amen ts  have been shown t o  span the  cytoplasm connect ing the  nuc lear  and cy top lasmic  
membranes, bu t  t he  molecu la r  mechanism o f  t he  i n t e r a c t i o n  o f  I F  w i t h  membranes i s  unknown. 
The bindin! o f  s p e c t r i n  t o  IF demonstrates a poss ib le  mechanism by which I F  can assoc ia te  
w i t h  membranes. 
S p e c t r i n ’ s  a b i l i t y  t o  b i n d  a c t i n ,  IF and a membrane assoc ia ted  p ro te in ,  ankyr in ,  suggests a 
r o l e  f o r  s p e c t r i n  as a med ia to r  o f  t he  i n t e r a c t i o n  o f  t he  d i f f e r e n t  cy toske le ta l  systems and 
t h e i r  assoc ia t i on  w i t h  plasma membranes. 

Spec t r i n  b ind ing  t o  

Band 4.1 which enhances t h e  b ind ing  o f  s p e c t r i n  t o  a c t i n ,  had l i t t l e  e f f e c t  on 
Low ang le  r o t a r y  shadow e l e c t r o n  microscopy o f  t he  s p e c t r i n - I F  complex- 

Desmin 

IOVs t h a t  

In te rmed i -  

Since s p e c t r i n  a l s o  b inds  a c t i n  i t  may mediate assoc ia t ions  o f  I F  and a c t i n .  

Supported by NIH 24382. 

MOLECULAR SHAPE AND SELF ASSOCIATION OF V I N C U L I N  AND METAVINCULIN 
Milam and Kei th  Burridge, Dept. of Anatomy, UNC, Chapel I i i l l ,  NC ’27514 

L e s l i e  Molony 0425 
Vincul in  is a 130,000 da l ton  p r o t e i n  loca l i zed  t o  adhesion plaques,  and thought t o  be 
involved  in microfilament-membrane attachments.  Metavinculin,  a 150,000 da l ton  p ro te in  
c l o s e l y  r e l a t e d  t o  v incu l in ,  and v incu l in  can be p u r i f i e d  by low i o n i c  s t r eng th  e x t r a c t i o n  
and ion exchange chromatography from chicken g izzard  smooth muscle. E lec t ron  microscopy of 
p u r i f i e d  v incu l in  and metavincul in  which had been ro t a ry  shadowed has revea led  two p ro te ins  
wi th  i d e n t i c a l  molecular shapes. Vinculin and metavinculin both have g lobular  head reg ions  
a t t ached  t o  rod-shaped t a i l  domains. 
Both p ro te ins  have a tendency t o  form complexes. 
and metavincul in  complexes obta ined  by d i a l y s i s  i n t o  a high i o n i c  s t r e n g t h  buf fer  showed 
multimers resembling umbrellas or  “bunches of ba l loons” .  The multimers cons is ted  of two t o  
s i x  ind iv idua l  v incu l in  o r  metavinculin molecules a l igned  head t o  head and t a i l  t o  t a i l .  
E lec t ron  microscopy of t a l i n ,  another  p ro te in  thought t o  be involved in a c t i n  membrane 
a t tachment  and known t o  i n t e r a c t  w i th  v incu l in ,  shows a g lobular  p ro te in  in low i o n i c  
s t r e n g t h  bu f fe r ,  and an e longated  f l e x i b l e  rod i n  bu f fe r s  c lose  t o  phys io log ica l  i o n i c  
s t r eng th .  P ro teo lys i s  of t a l i n  r e s u l t s  in a 190 Kd v incu l in  binding fragment which is 
e longated  a t  both low and h igh  i o n i c  s t r eng th ,  as seen by e l e c t r o n  microscopy and shown 
us ing  b iophys ica l  techniques.  
c u l i n  and t a l i n  us ing  e l e c t r o n  microscopy and b iophys ica l  methods. 
Supported by a Muscular Dystrophy Pos tdoc to ra l  Fellowship and Grants from N I H  (GM 29860) 
and MDA. 

Examination of r o t a r y  shadowed v incu l in  

We a r e  cu r ren t ly  i n v e s t i g a t i n g  the  i n t e r a c t i o n  between vin- 

0426 
From low i o n i c  s t r e n g t h  e x t r a c t s  of chicken g izzard  we have pu r i f i ed  a major p ro te in  wi th  
an  apparent  molecular weight of 190 kd i n  SDS ge ls .  When t r a n s f e r r e d  t o  n i t r o c e l l u l o s e  the  
p u r i f i e d  p r o t e i n  binds iod ina ted  v incul in .  I n  add i t ion  i ts  l o c a l i z a t i o n  in chick  embryo 
f i b r o b l a s t s  is s i m i l a r  t o  t h a t  of both v incu l in  and t a l i n ,  s t a i n i n g  adhesion plaques as 
w e l l  as f i b r i l l a r  s t r e a k s  which unde r l i e  t he  e x t r a c e l l u l a r  p ro te in  f ib ronec t in .  Western 
b l o t s  of chick embryo t i s s u e s  ( ca rd iac  muscle, smooth muscle and s k e l e t a l  muscle) probed 
wi th  anti-190 r e v e a l  a 215 kd band corresponding t o  t a l i n  as w e l l  a s  the  190 kd band. To 
determine the  r e l a t i o n s h i p  between the  190 kd p r o t e i n  and t a l i n ,  we compared p a r t i a l  pep- 
t i d e  maps. Ta l in ,  a 190 kd fragment of t a l i n ,  and p u r i f i e d  190 kd p ro te in  were d iges t ed  
wi th  V-8 p ro tease  or t ryps in .  Comparison of the  pept ides  generated shows t h a t  t he  190 kd 
polypept ide  is i d e n t i c a l  t o  the  190 kd fragment of t a l i n .  These d i g e s t s  a r e  i d e n t i c a l  t o  
t h e  p a r t i a l  d i g e s t  of t a l i n  except f o r  a 40 kd fragment genera ted  by V-8 p ro tease  which 
w e  i n f e r  t o  be the  d i f f e rence  between the  2 p ro t e ins .  Although t a l i n  changes from a globu- 
l a r  p r o t e i n  in low i o n i c  s t r e n g t h  bu f fe r s  t o  an elongated rod in high i o n i c  s t r e n g t h ,  t he  
190 kd polypept ide  is an e longated  rod in both bu f fe r s .  We i n f e r  t h a t  t he  40 kd polypep- 
t i d e  mst be a necessary  component f o r  changes in shape of the  t a l i n  molecule. 
Supported by a grant  from N I H  (GM 29860), Muscular Dystrophy Assoc ia t ion ,  and American Cancer 
Socie ty .  

CHARACTERIZATION OF A 190 K DALTON VINCULIN-BINDING PROTEIN FROM SMOOTH MUSCLE. 
T. O’Halloran and K. Burridge,  Dept. of Anatomy, UNC-CH, Chapel H i l l ,  NC 27514 
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04-27 KTIN POLWlERIWION $.ND DEFQL?MEKIZ?4l’ION IN HUMAN N!&WFOPHILS, R.G. Painter*, G.M. 
QnaM’ and L.A. Sklar , Univ. of Texas Hlt. Ctr., Tyler, and Scripp Clinic & Res. 
Fdn., La Jolla, CA. 

When expsed to the N-formylated chemattractant peptides, neutrophils undergo a 
transient ruffling f o l l 4  by a plarization that involves the redistribution of F-actin. 
The cells also undergo a biphasic right angle light scattering respnse whose first phase 
is maximal 10-15 seconds after expsure to the stimulus and a second phase which is longer 
in duration and maximal only after a minute or rmre. 
is acccmpanied by a transient plywrization of actin ard the s m n d  phase is aCmnpanied 
by a rmre sustained plymeri~$tion of actin. Based on correlative measurments of ligard 
bieng and intracellular Ca elevation, under my$tiom where we use tne fluorescent 
Ca chelator, Quin-2, to mxlii3ate intracellular Ca- , we mnclule that the first phase 
requires less than 100 recprs/cell (out of 50,000) ard does not require release of 
intracellular stores of Ca . In contrast, the second phase requires b t h  the m p a n c y  
of tbusards of receptors (an estimated 10% og+the total surface receptors occupied per 
minute) and the elevation of intracellular Ca . When ligd birding is interruptd, 
F-actin rapidly deplymerizes with a half-time of 15 smM3s. The right angle light 
scatter respnse also returns Ward its initial value with kinetics that parallel the 
deplmrization of actin. 

Based on these obsemations a d  their Ca 
unify diverse observations concerning the relationship ktween cellmrpblogy, actin 
plymerization a d  cell aggregation. 

We rn reprt that the first phase 

Partial disaggreq2iion of the cells follcm these respffies. 
dependence, we describe a s-le &el to 

0428 THE BINDING OF PHOSPHOFRUCTOKINASE TO FILAMENTOUS ACTIN, Susan Roberts and George 
Somero, Sc r ipps  I n s t i t u t i o n  o f  Oceanography, UCSD, La J o l l a ,  CA 92093 

The i n v e n t o r y  o f  p r o t e i n s  w i t h  which a c t i n  i n t e r a c t s  has inc reased d r a m a t i c a l l y  w i t h  the  
A c t i n ’ s  i n t e r a c t i o n  w i t h  p r o t e i n s  may f u n c t i o n  n o t  c u r r e n t  surge i n  c y t o s k e l e t a l  research. 

o n l y  i n  c y t o s k e l e t a l  s t r u c t u r e  and m o t i l i t y  b u t  a l s o  i n  the  o r g a n i z a t i o n  o f  c y t o s o l i c  en- 
zymes. 
c o l y s i s ,  a l s o  b inds  t o  f i lamentous  a c t i n  i n  v i t r o  and t h a t  t h i s  assoc ia t i on  may s i g n i f i c a n t -  
l y  a f f e c t  t h e  a l l o s t e r i c  p r o p e r t i e s  and s t a b i l i t y  o f  PFK fi v ivo .  

upon t h e  sed imenta t ion  o f  p a r a c r y s t a l l i n e  a c t i n  d u r i n g  low speed c e n t r i f u g a t i o n .  
i n g  o f  PFK i s  concen t ra t i on  dependent, r e v e r s i b l e ,  and n o t  sa tu ra ted  a t  a PFK/act in r a t i o  
50 t imes h i g h w  t h a r  t h e  est i :cateJ p i i ys io log i ca l  r a t i o  i n  muscle. 
doe< :ha; i n t e r f e r e  w i t h  t h e  b i n d i n g  o f  PFK. 
PFK shows t h a t  PFK b inds  t o  s p e c i f i c  s i t e s  on a c t i n  f i l amen ts  fo rming  a r e g u l a r  banding pa t -  
t e p .  
30 ang le  r e l a t i v e  t o  the  a c t i n  f i l a m e n t  a x i s .  The repeat  d i s tance  o f  t he  PFK bands averag- 
ed over  62 measurements i s  37.2 ? 1.0 nm. Th is  i s  c lose  t o  the  repea t  d i s tance  o f  t h e  a c t i n  
h e l i x ;  36.2 ? 1.0 nm (n=16) as measured on micrographs c a l i b r a t e d  w i t h  ca ta lase  c r y s t a l s .  
Cond i t ions  wh ich  d e s t a b i l i z e  PFK, p robab ly  i n v o l v i n g  d i s s o c i a t i o n  o f  te t ramers  t o  dimers, 
can be p a r t i a l l y  o f f s e t  by the  i n c l u s i o n  o f  f i lamentous  a c t i n  i n  the  medium. Thus a c t i n  may 
be impor tan t  i n  de termin ing  bo th  the  l o c a l i z a t i o n  and s t a b i l i t y  o f  phosphofructokinase. 

Here we present  evidence t h a t  phosphofructokinase, a key r e g u l a t o r y  enzyme i n  g l y -  

PFK and a c t i n  were p u r i f i e d  f rom r a b b i t  s k e l e t a l  muscle a n d s e d  i n  b i n d i n g  assays based 
The b ind-  

A d d i t i o n  o f  t ropomyosin 
E l e c t r o n  microscopy o f  a c t i n  pa rac rys ta l s  and 

These bands a re  the  w i d t h  o f  a PFK te t ramer  and may be e i t h e r  pe rpend icu la r  o r  a t  a 

0429 Association of Thrombospondin with the Triton-insoluble Cytoskeleton of Thrombin 
Activated Plate1ets.G.P Tuszynski, H.I.Switalska, S.Strivastava, C.Cierniewski, and 
S,Niewiarowski. Thrombosis Research Center and Lankenau Medical Research Center, 
Philadelphia, PA. 

We have previously shown that fibrin associates specifically with the Triton-insoluble 
cytoskeleton (CK) of thrombin activated platelets (Tuszynski et al. J. Biol. Chem. 259, 
5247-5254, 1984) and that thrombospondin (TSP) associates specifically with fibrinogen and 
fibrin imbilized on sepharose (Tuszynski, et al., submitted for publication). Based on our 
previous findings, we wondered whether TSP could associate with the platelet CK through 
bound fibrin. To answer this question, the TSP and fibrinogen levels determined by 
radioinununoassay were measured in the CK and total platelet lysates of control platelets(C) 
and platelets known to be deficient in fibrinogen ie platelets from patients suffering 
Thrombasthenia(T1 and Afibrinogenemia(fj). The total fzrinogen antigen levels of C ,T and A 
platelets were 4.0, 2.3, 0.23 ug/ 10 platelets, respectively and the CK prepared from 
these platelets contained 2.2, 1.7, 0.036 ug fibrinogers, respectively. The total TSP levels 
of C,T, and A platelets were 1.7, 3.4, and 1.18 ug/lO platelets, respectively and the CK 
from these platelets contained 0.20, 0.23, and 0.007 ug TSP, respectively. Since A platelet 
CK contained 64 fold less fibrinogen antigen and 29 fold less TSP than C and T CK despite 
the fact total TSP in A platelets was nearly equal to that of C and T platelets, we conclude 
that the CK receptor for TSP is fibrin and not GPIIb-GpIII since T CK contained the same 
levels of TSP as controls. 
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0430 MOLECULAR COMPOSITION OF STRESS FIBRE-MEMBRANE ASSOCIATIONS AND THEIR RELATION TO 
COMPONENTS OF THE EXTRACELLULAR MATRIX IN SITU, J. Wagner, D. Drenckhahn, 
University of Marburg, FRG. 

Human vascular endothelial cells in situ contain actin filament stress fibres which extend 
underneath the abluminal (basal) fla5membrane. The stress fibres have a specific 
affinity for antibodies to actin, myosin,&-actinin and tropomyosin. Innnunoblotting studies 
revealed actin, myosin andd-actinin t o  be major proteins of isolated endothelial cells 
( 20-30% of total cellular protein). Ultrastructurally stress fibres were found to be 
composed of thick myosin-like filaments(l0-15 x 300 nm) and thin actin-like filaments 
(5-8 nm in diameter) in parallel alignment. Actin-like filaments could be decorated with 
myosin cross-bridges (S-1 subfragment) and displayed changes in polarity which may allow 
a sliding filament mechanism. At their plasmalemmal attachment sites actin-like filaments 
exhibited uniform polarities with the S-1 arrowhead complexes pointing away from the plasma 
membrane. Antibody staining demonstrated vinculin at the cytoplasmic aspect of the 
attachment sites while fibronectin, laminin and different types of collagen were concen- 
trated at the extracellular side of these plaques. As endothelial stress fibres can 
contract in response to MgATP and cause significant changes in cellular shape it is 
concluded that the plasmalemmal anchorage of stress fibres is tight enough to effect 
cellular morphology and to resist the fluid shear forces permanently acting on the cell 
membrane. 
Supported by DFG Or 91/4-1. 

O431 G/F ACTIN EQUILIBRIUM: EFFECT OF INDUCERS AND INHIBITORS OF CELL MOVEMENT. P.J. 

Changes in the dynamic equilibrium of G- and F-actin accompany the onset of cell motility. We 
examined the specificity of these changes in human neutrophils (PMN) stimulated by a) initia- 
tors of ameboid movement: f-met-leu-phe (FMLP) and zymosan-activated serum (ZAS), b) initia- 
tors of localized membrane movement, the oxidative burst and degranulation: PMA and Con A ,  
and c) inhibitors of cell movement: cytochalasin B or D, and N-ethyl maleimide (NEM). PMN F- 
actin content was measured by the uptake and binding to F-actin of NBD-phallacidin using flow 
cytometry. ZAS or FMLP induced a reversible increment in F-actin to a peak level of 220% of 
baseline at 30 sec, accompanied by a reversible increase in cytoskeletal actin measured by 
SDS gel electrophoresis. Cytochalasin B or D blocked the FMLP-induced increment in F-actin, 
but did not decrease the F-actin content of unstimulated cells. PMA or Con A induced a grad- 
ual increase in F-actin to 150% of baseline level at 10 min. 1 mM NEM induced a rapid non- 
reversible increase in F-actin of similar magnitude to that seen with maximal FMLP OK ZAS 
stimulation; however, there was no increase in actin in cytoskeletons. NEM did not affect 
the conformational state of purified G-actin or F-actin in solution, suggesting it interfered 
with cytoplasmic stabilizers of monomeric G-actin and polymeric F-actin. Thus, inhibitors of 
cell motility may operate by at least two mechanisms: inhibition of F-actin formation (cyto- 
chalasins) and non-reversible formation of unpolymerized F-actin (NEM). Stimulators of local- 
ized membrane movement cause a slow increase in the proportion of F-actin, which does not 
parallel the kinetics of degranulation or oxidative burst. In contrast, inducers of ameboid 
motility produce rapid, large and reversible increases in F-actin. 

Wallace, R.P. Wersto, C.H. Packman, M.A. Lichtman. U. of Rochester, Rochester, NY. 

0432 ALUMINUM-DISRUPTED BINDING OF MELITTIN TO CALMODULIN. Christopher Weis 
and Alfred Haug, Departments of Physiology, Microblology ond Pesticide Research Center, 
Michigan State University, East Lansing, MI 40824. 

Upon binding stoichiometric amounts of aluminum ions, pronounced conformational changes are 
produced in calmodulin (CaM) (M = 17000), o key regulatory protein, Physico-chemical changes have 
been reported to invalve the alpha helical content, the hydrophobic surface exposure, and the 
electrophoretic migration and are reflected in calmadulin dependent enzymatic processes. To get 
further insight into the nature of the changes which occur in the aluminum-induced calmodulin, we used 
the moll protein melittin (M = 2800) as a strwtural probe. Melittin is known to bind tightly and 
specifically to Ca-calmodulin and has been suggested as a model for investigating the interaction 
between calmodulin and its target enzymes (Biochem. J. (1983) 209,269). 

Our investigations have shown that the specificity of melittin binding to aluminum-induced 
colmodulin is altered. Circular dichroism studies indicate that the induction of alpha helix in the 
melittin molecule produced by native calmodulin is considerably reduced upon omciation of melittin 
with the aluminum induced CaM. Tryptophan fluorescence emission spectro of the melittin molecule 
show an increased intensity and blue shift upon complex formation with native calrnodulin. However, 
melittin titrated with the aluminum-induced calmodulin shows neither a blue shift nar an increase in 
fluorescence intensity. Polarization misotropy of tryptophan fluorescence is found to be reduced in the 
Al-CaMlmelittin complex and the relative strength of melittin binding as calculated for these 
experiments is considerably reduced. (This work supported by NSF grant IPCM-8314662 and a gift from 
Pioneer Hibred Inc.). 

10 



Membrane Skeletons and Cytoskeletal-Membrane Associations 

Membrane Skeletal Proteins: Characterization, Association and Ultrastructure 

ANKYRIN AND SYNAPSIPl: SPECTRIN-BINDING PROTEINS OF BRAIN 
MEMBRANES, Vann Bennett ,  Anthony J. Baines,  and Jonathan  Q .  Davis,  Departnent of 0433 

C e l l  Biology and Anatomy, Johns Hopkins School of Medicine, Bal t imore ,  HD 21235 

func t ion  t o  e r y t h r o c y t e  s p e c t r i n .  
no t  e s t a b l i s h e d ,  b u t ,  by analogy wi th  t h e  e r y t h r o c y t e  membrane, may inc lude  ankyr in  and 
p r o t e i n  4 . 1 .  
p u r i f i e d  from b r a i n  and demonstrated t o  a s s o c i a t e  w i th  b r a i n  s p e c t r i n .  
w i th  h igh  a f f i n i t y  t o  the  s p e c t r i n  b e t a  subun i t  a t  t h e  mid r eg ion  of s p e c t r i n  t e t r amers .  
Brain ankyr in  a l s o  has  b inding  s i tes  f o r  t he  cytoplasmic domain of t h e  e ry th rocy te  an ion  
channel (band 3 ) ,  as w e l l  as f o r  t u b u l i n .  Ankyrins from b r a i n  and e ry th rocy te s  have a 
s imi la r  domain s t r u c t u r e  wi th  p r o t e a s e - r e s i s t a n t  domains of Mr = 72,000 t h a t  con ta in  s p e c t r i p  
b inding  a c t i v i t y ,  and domains of Mr = 95,000 (b ra in  ankyr in)  o r  90,000 ( e ry th rocy te  ankyr in)  
t h a t  con ta in  b inding  s i tes  f o r  bo th  t u b u l i n  and t h e  an ion  channel .  Bra in  ankyr in  is  p r e s e n t  
a t  about 100 pmollmg membrane p r o t e i n ,  o r  about  twice  t h e  number of cop ie s  of  s p e c t r i n  b e t a  
cha ins .  Bra in  ankyr in  thus  i s  p resen t  i n  s u f f i c i e n t  amounts t o  a t t a c h  s p e c t r i n  t o  membranes, 
and has t h e  p o t e n t i a l  t o  a t t a c h  micro tubules  t o  membranes as w e l l  as t o  in t e rconnec t  
micro tubules  wi th  spec t r in -a s soc ia t ed  a c t i n  f i l amen t s .  

p r o t e i n  c ros s - r eac t s  w i th  e ry th rocy te  4 .1 .  
synaps in ,  which i s  one of  t h e  b r a i n ' s  major s u b s t r a t e s  f o r  CAMP-dependent and Calcalmodulin- 
dependent p r o t e i n  k inases  wi th  equ iva len t  phys i ca l  p r o p e r t i e s ,  immunological c ros s - r eac t ion  
and pep t ide  maps. Synapsin ( 4 . 1 )  is  p resen t  a t  about 60 plloleslmg membrane p r o t e i n ,  and 
thus  i s  a l o g i c a l  cand ida te  t o  r e g u l a t e  c e r t a i n  p r o t e i n  l i nkages  invo lv ing  s p e c t r i n .  

Brain membranes con ta in  an  ac t in -b ind ing  p r o t e i n  c l o s e l y  r e l a t e d  i n  s t r u c t u r e  and 
The p r o t e i n s  t h a t  a t t a c h  b r a i n  s p e c t r i n  t o  membranes are 

In suppor t  of t h i s  i d e a ,  p r o t e i n s  c l o s e l y  r e l a t e d  t o  ankyr in  and 4 . 1  have been 
Brain ankyr in  b inds  

Another spec t r in -b ind ing  p r o t e i n  has  been p u r i f i e d  from b r a i n  membranes, and t h i s  
Bra in  4 . 1  i s  i d e n t i c a l  t o  the membrane p r o t e i n  

0434 ASSEMBLY OF SPECTRIN-ACTIN-BAND 4.1 NETWORKS: REGULATION BY BAND 4.1 PHOSPHORYLATION. 
Car l  M. Cohen, Dept. o f  Biomedical  Research, St.  E l i z a b e t h ' s  Hosp i ta l ,  Boston, MA and 

Depts. o f  Med ic ine  and o f  Mo lecu la r  B io logy  and Mic rob io logy ,  T u f t s  Univ.  School o f  Med. 
Red c e l l  band 4.1 promotes and s t a b i l i z e s  t h e  c r o s s - l i n k i n g  o f  r e d  c e l l  F - a c t i n  by s p e c t r i n  
te t ramers .  
r e g u l a t i o n  of  t h e i r  assembly may p l a y  an impor tan t  r o l e  i n  numerous c e l l u l a r  o r  membrane 
phenomena. 
p r o t e i n s  i n c l u d e  t h e  l e v e l  o f  f r e e  Ca++, t h e  s to i ch iomet ry  o f  t h e  p r o t e i n s  w i t h i n  t h e  complex 
and phosphory la t ion  o f  band 4.1 and s p e c t r i n .  
band 4.1 molecule i s  needed t o  promote s p e c t r i n  b i n d i n g  t o  F -ac t i n ,  and t h a t  each monomer o f  
an a c t i n  f i l a m e n t  can b i n d  a s p e c t r i n  mo lecu le  i n  t h e  presence o f  band 4.1. 
repo r ted  t o  modulate these assoc ia t i ons  and o u r  s tud ies  suggest t h a t  t h i s  may take  p lace  v i a  
Ca s e n s i t i v e  band 4.1-F-act in assoc ia t i on .  
f o rma t ion  i s  a l s o  s e n s i t i v e  t o  t h e  degree o f  phosphory la t i on  o f  band 4.1. P u r i f i e d  band 4.1 
conta ins  an average o f  one mole phosphate pe r  mole p ro te in .  
enzymat i ca l l y  r e s u l t i n g  i n  a 25-50% average dephosphory la t ion  t h e  a b i l i t y  o f  band 4.1 t o  p ro-  
mote t h e  b i n d i n g  o f  s p e c t r i n  t o  F - a c t i n  i s  enhanced by as much as two f o l d .  
of 32P-band 4.1 e lec t rophoresed on s l a b  g e l s  suggests t h a t  a l l  o f  t he  i d e n t i f i a b l e  band 4.1 
species a re  dephosphorylated i n  p a r a l l e l .  
i t y  o f  t he  r e d  c e l l  membrane ske le ton  may r e f l e c t  t he  l e v e l  o f  band 4.1 phosphory la t ion .  De- 
phosphory la t ion  o f  band 4.1 d u r i n g  c e l l u l a r  energy d e p l e t i o n  may r e s u l t  i n  a r i g i d ,  indeform- 
ab le  c e l l  membrane. Supported by N I H  HL 24382. 

Analogues o f  a l l  o f  these p r o t e i n s  a re  p resent  i n  non-e ry th ro id  c e l l s  and the  

Fac tors  which may be i nvo l ved  i n  the  r e g u l a t i o n  o f  network fo rma t ion  by these 

We have p r e v i o u s l y  shown t h a t  o n l y  a s i n g l e  

Ca++ has been 

I n  recen t  s tud ies  we have found t h a t  complex 

When p u r i f i e d  band 4.1 i s  t r e a t e d  

Autoradiography 

Th is  f i n d i n g  suggests t h a t  t he  i n t e g r i t y  o r  s t a b i l -  

0435 ENZYMATIC RECYCLING OF CLATHRIN FROM COATED VESICLES Sandra L. Schmid and 
James E. Rothman Department of Biochemistry,  S tanford  Un ive r s i ty  School of 
Medicine, S tanford ,  CA. 94305 

Coated v e s i c l e s  mediate s e l e c t i v e  i n t r a c e l l u l a r  membrane t r anspor t .  Del ivery  of  
t h e  membrane and lumenal con ten t s  of t h e  c l a th r in -coa ted  v e s i c l e  i s  accomplished by fus-  
i o n  wi th  a t a r g e t  membrane. 
t he  bulky c l a t h r i n  coa t  must he  shed. Released c l a t h r i n  t r i s k e l i o n s ,  t h e  assembly u n i t s  
of t he  c o a t ,  are f r eed  t o  r e c y c l e  f o r  r epea ted  rounds of v e s i c l e  budding. W e  have rec- 
e n t l y  r epor t ed  t h e  p u r i f i c a t i o n  of an  enzyme from bovine b r a i n  which c a t a l y z e s  t h e  rel- 
ease of c l a t h r i n  t r i s k e l i o n s  from coated  v e s i c l e s  and empty cages.  
i s  a c l a t h r i n  cage-dependent ATF'ase. T r i s k e l i o n s  are re l eased  i n  a nea r  s to i ch iomet r i c  
complex wi th  uncoat ing  p ro te in .  Here we d e s c r i b e  t h e  d i s s e c t i o n  of  t h i s  complex o v e r a l l  
p rocess  i n t o  two d i s t i n c t ,  s e p a r a t e l y  measurable p a r t i a l  r eac t ions .  These staces involve  
d i s t i n c t  a c t i v i t i e s  of t h e  uncoat ing  enzyme which have d i f f e r i n g  requi rements  bo th  f o r  
r ecogn i t ion  of t h e i r  c l a t h r i n  s u b s t r a t e  and f o r  u t i l i z a t i o n  and s p e c i f i c i t y  of t h e i r  nuc- 
l e o t i d e  s u b s t r a t e .  
o v e r a l l  r e a c t i o n  has  allowed us t o  develop a model f o r  t h e  mechanism of uncoat ing  ATPase 
ca t a lyzed  cage d i s s o c i a t i o n .  

I n  o rde r  t o  f a c i l i t a t e  c l o s e  membrane appos i t i on  and fus ion ,  

The uncoat ing  enzyme 

A comparison of t h e  requi rements  for  t h e s e  two s t a g e s  and f o r  t h e  

I 1  
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Proteins that Modify or Connect Actin Filaments 

0436 
The intestinal epithelial cell and specificallv the cvtoskeleton of the brush border are 
thought to be controlled bv micromolar levels of free calcium. Calcium-bindinq uroteins of 
this system include intestinal calcium bindinq Drotein (CaBP), calmodulin (CaM), villin and 
a 36 Kd protein substrate of tyrosine kinases. In order to assess the sequence of events as 
the intracellular Ca++ level rises, we have determined the amount of CaN and CaBP in the 
intestinal epithelium by western blotting, and tested the Ca++ binding of CaM and CaBP by 
equilibrium dialysis. 
the presence of physiological CaM levels and increasinq calcium concentrations. In addition 
we analyzed the Ca++ levels required for interaction between CaM and the microvillus 110 K 
protein as well as fodrin and the interaction between P-36 K and actin. The results suqgest 
that CaBP serves as the Dredominant Ca++ buffer in the cell, but CaM can effectivelv buffer 
ionic calcium in the microvillus and thus Drotect actin from the severinq activity of villin. 
CaM binds to its cytoskeletal receDtors, 110 K and fodrin differently, governed bv the free 
Ca++ and p H .  
unohysiologically high calcium concentration to M) to be meaninqful. The results 
provide a coherent picture of the different Ca++ requlated events occurring when the free 
calcium rises into the micromolar level in this unique system. This study would suagest 
that as the Ca++ rises in the intestinal epithelial cell on ordered sequence of Ca" 
saturation of intracellular receptors occurs with the order from the lowest to hiqhest Ca" 
requirements being CaBP<CaM<villin<P-35. 

Journal of Cell Biology (in Dress) 

Ca" REGULATED PROTEINS OF THE INTESTINAL BRUSH BORDER,John R .  Glennev, Jr. and 
Phyllis Glenney, The Salk Institute, Post Office Box 85800, San Dieno, California. 

The Ca++-dependent actin severing activity of villin was analyzed in 

The interaction between P-36 K and actin, however, apoears to require an 

0437 3-D OPGANIZATION OF ACI'IN 

The 3-D organization of actin in the cortex of rabbit lung macrophages and hraoan poly- 
morphmuclear leukocytes (PMNS) has been studied in detergentdracted cytoskeletons 
which have been cr i t ical  point dried and metal coated with platinum. Reaction of macrc- 
phage cytoskeletons with anti-actin, anti-actinihding protein (ABP), and antimyosin 
I@ and with anti-I$ bound to colloidal gold allowed the identification of the location 
where these conponents reside in the cytoskeleton. 

A dense network carposed of actin filaments branching with striking perpendicularly is 
the dominate structure found in the macrophage cytoskeleton. The periphery of cytoskele- 
tons prepared from PMNS protruding anterior lmrmellae prior to  extraction with detergent 
is also organized into a dense network of branched filaments, but filaments conposing the 
network branch mre acutely than those cnaposing macrophage cytoskeletons. In both cells, 
the filament nebark f i l l s  cortical lamnellae then bifurates to form 200-500 nm thick 
layers on the top and bottom of the cel l  bodies. The average length of actin fil-ts 
between points of intersection is 11&72 nm i n  macrophages and 90k50 nm in PMNS. "be 
average actin filament concentration is 6.0 rg/ml. 45% of the total actin in the cells 
but a l l  of the filamentous actin, 90% of the actin-binding protein, and 50% of the myosin, 
remains in the detergent prepared cytoskeletons. 

The architecture of actin i n  the cell cortex resenbles the structure of actin in gels 
made w i t h  ABP. When actin is assenbled i n  the presence of ABP, a mtigmus! perpedicu- 
lar network is formed, the spacing of which is dependent on the molar ratio of ABP to  
actin. Reaction of the gel with anti- IgG and gold-ccated with anti-IgG deposits 
clusters of gold exclusively a t  points where the filamnts branch indicating that ABP 
resides a t  filamnt intersections and interacts w i t h  actin to  generate filament branching. 
The density of gold label in the gels equals the rumber of ABP molecules added demonstrat- 
ing that gold labelling was an efficient process. In macrophage cytoskeletons, anti-ABP 
IgG and gold-coated with anti-IgG also label only filament branch points or intersections. 
However, only about half of the total nlmber of filament intersections decorate with gold 
particles. Since the network spacing determined by 3-0 mrphom?try was half of that 
predicted from the mlar ratio of ABP to  actin, it is likely that many of the filament 
intersections result from filammt entaglements not crosslinks. 

bcrophage myosin, on the other hand, localizes to  the cell margins and throughout 
the cytoskeleton. Gold labelling of myosin with anti-myosin IgG and anti-IgG coated gold 
is m s t  consistent with the assembly state of -in in cytoskeletons of d h r s  or tetram- 
ers. 

AM) OF LEuKo(NTE aOKl'ICAL CYlUPXASl, John H. 
Hartwig and Richard Niederman, Massachusetts General Hospital, -ton, MA 02114. 
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h a v i n g  bound ATP and Catt,there i< a modera te ly  f a s t  ( k +  = 0.05 s -  ) f i r s t  o r d e r  a c t i v a t i o n  
r e a c t i o n  t h a t  i s  thouqht  t o  be t h e  exchange o f  Ygtt f o r  bound Cat+. A c t i v a t e d  monomers fo rm 
n u c l e i  and e l o n g a t e  f i l a m e n t s  more r a p i d l y  t h a n  u n a c t i v a t e d  monomers. ( 2 )  The o v e r a l l  polymer- 
i z a t i o n  r e a c t i o n  i s  l i m i t e d  by t h e  s low,  u n f a v o r a b l e  f o r m a t i o n  o f  n u c l e i  c o n s i s t i n g  o f  3 a c t i n  
mo lecu les .  ( 3 )  The f i l a m e n t s  t h e n  grow r a p i d l y  i n  b o t h  d i r e c t i o n s .  A t e arbed (B) end t h e  
a s s o c i a t i o n  r a t e  i s  v e r y  f a s t  w i t h  a l a r g e  f o r w a r d  r a t e  c o n s t a n t  (102Pl-'s-v) and a low a c t i -  
v a t i o n  energy (8-9 k c a l / m o l )  t h a t  b o t h  suggest  t h a t  t h e  r a t e  i s  l i m i t e d  by d i f f u s i o n .  The 
a s s o c i a t i o n  r a t e  c o n s t a n t  a t  t h e  p o i n t e d  (P)  end i s  5-10 t imes l o w e r .  ( 4 )  I f  t h e  o v e r a l l  
process i s  s u f f i c i e n t l y  s low,  f i l a m e n t s  can break s l o w l y  i n t o  s h o r t e r  f raqments .  The ATP bourd 
t o  t h e  monomers i s  h y d r o l y z e d  subsequent t o  t h e  i n c o r p o r a t i o n  o f  t h e  a c t i n  i n t o  f i l a m e n t s  i n  
a f i r s t  o r d e r  r e a c t i o n  ( k  = 0.07 s - ' ) .  Even a t  s teady  s t a t e ,  ATP-ac t in  occup ies  t h e  end 
o f  most f i l a n e n t s  and dur!Jga%pid e l o n g a t i o n  t h e r e  may be hundreds o f  ATP-act ins a t  t h e  ends 
o f  a oolymer.  

Acanthamoeba has a v a r i e t y  o f  a c t i n - b i n d i n g  p r o t e i n s  t h a t  may r e q u l a t e  p o l y m e r i z a t i o n  and 
c r o s s - l i n k  a c t i n  f i l a m e n t s  i n  t h e  c e l l .  The t o t a l  a c t i n  i s  a b o u t  200 umoles/kg c e l l s .  P r o f i l i n  
i s  a smal l  (11,700 MW) p r o t e i n  p r e s e n t  i n  h i q h  c o n c e n t r a t i o n  (100 umoles/kq) t h a t  i s  d i s t r i b -  
u t e d  th rouqhout  t h e  c y t o p l a s m i c  m a t r i x .  P r o f i l i n  i n h i b i t s  p o l y m e r i z a t i o n  i n  2 ways: F i r s t ,  i t  
b inds  t o  a c t i n  monomers w i t h  Kd o f  a b o u t  5 uH. The complex cannot  f o r m  n u c l e i  o r  b i n d  t o  t h e  
P-end o f  f i l a m e n t s .  Second, b o t h  p r o f i l i n  and t h e  a c t i n - p r o f i l i n  complex can b i n d  t o  and cap 
t h e  B-end o f  a c t i n  f i l a m e n t s  b u t  t h e  a f f i n i t y  i s  so low (K = l o 0  u W )  t h a t  p r o f i l i n  o n l y  weakly 
i n h i b i t s  e l o n g a t i o n  a t  t h e  B-end. Ca r o t e i n  i s  a het&odimer o f  28,000 & 31 ,000 HW sub- 
u n i t s  t h a t  i s  p r e s e n t  i n  low conce&+les/kq) and i s c o n c e n t r a t e d  i n  t h e  c e l l  
c o r t e x  w i t h  the  b u l k  o f  t h e  a c t i n  f i l a m e n t s .  I t  b i n d s  t o  a c t i n  f i l a m e n t s  and b l o c k s  monomer 
a d d i t i o n  a t  t h e  B-end, b u t  a l s o  s t a b i l i z e s  a c t i n  o l igomers  and thereby  promotes n u c l e a t i o n .  
G e l a t i o n  p r o t e i n  i s  a 50 nm l o n g  r o d  w i t h  g l o b u l a r  r e g i o n s  a t  b o t h  ends and i n  t h e  c e n t e r .  I t  
i s  composed o f  2 90,000 MW p o l y p e p t i d e s  and i s  p r e s e n t  a t  a c o n c e n t r a t i o n  o f  4 umoles/kq.  I t  
i s  found th roughout  t h e  c y t o p l a s n i c  m a t r i x ,  b u t  i s  c o n c e n t r a t e d  i n  p a r t s  o f  t h e  c o r t e x ,  
A l though i t  b i n d s  on1 
i n t o  3-D ne tworks .  A $60,000 MI4 s u b u n i t  o f  s p e c t r i n  has been p u r i f i e d  f rom s o l u b l e  e x t r a c t s  
o f  t h e  amoeba. The i s o l a t e d  molecu le  i s  a s l e n d e r  r o d  70 t o  100 nm l o n g  t h a t  can c r o s s - l i n k  
a c t i n  f i l ,ame?ts .  A n t i b o d i e s  t o  t h e  p u r i f i e d  o r o t e i n  a l s o  r e a c t  w i t h  an i n s o l u b l e  240,000 MW 

e o t i d e  i n  t h e  whole c e l l  t h a t  may be a second s p e c t r i n  c h a i n  a s s o c i a t e d  w i t h  membranes. 
Fy #Tubrescent a q t i b o d  s t a i n i n g ,  t h e  s p e c t r i n  i s  c o n c e n t r a t e d  v e r  near  t h e  plasma membrane 
i n  t h e  c e l l .  ( T h i s  w o r l  was suppor ted  by  g r a n t s  f rom t h e  l l IH  and t i e  Muscu lar  Dys t rophy  
A s s o c i a t i o n  o f  Amer ica) .  

ACTIV ASSERIBLY AN3 ACTIN BINDIIIG PROTEINS FROM ACANTHWIOEBA, Thomas D. Pol  l a r d ,  
Dept.  o f  C e l l  B i o l o g y  & Anatomy, Johns Hopkins Med ica l  Schoo l ,  B a l t i m o r e ,  IID 21205. 

and KC1 i n v o l v e s  s e v e r a l  s t e p s : l ( l )  S t a r t i n g  w i t h  monomers A c t i n  p o l y m e r i z a t i o n  i n  FlqCl 

weakly t o  a c t i ?  f i l a m e n t s ,  i t  e f f e c t i v e l y . c r o s s - l i n k s  t h e  f i l a m e n t s  
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BIOCHEMICAL CHARACTERIZATION OF THE TRITON INSOLUBLE PLASMA MEMBRANE MATRIX O F  0439 MURINE LYMPHOID CELLS, John R. Apgar and Matthew F. Mescher, Medical Biology 

I n s t i t u t e ,  La J o l l a ,  CA 92037 
Tr i ton  e x t r a c t i o n  of murine tumor c e l l  plasma membranes l eaves  behind a de te rgen t  

i n so lub le  p r o t e i n  matr ix  which is  be l i eved  t o  form a s t r u c t u r a l  meshwork loca ted  on the  
cytoplasmic f ace  of t h e  membrane. The p r o t e i n s  which form t h i s  matr ix  can be sepe ra t ed  
i n t o  a minor, EGTA so lub le  (36K. 38K. 69K. 70K) and a major,  EGTA in so lub le  f r a c t i o n  
(20K, 40K, a c t i n ) .  The EGTA inso lub le  f r a c t i o n ,  which accounts f o r  almost 15% of t h e  t o t a l  
plasma membrane p r o t e i n ,  i s  only so lub le  i n  SDS or i o n i c  de t e rgen t s  a t  high pH. These 
p r o t e i n s  have been sepe ra t ed  and p u r i f i e d  by Sepharose CL-4B g e l  f i l t r a t i o n  and high 
p res su re  l i q u i d  chromatography i n  SDS. Amino ac id  composition and pep t ide  mapping 
i n d i c a t e s  t h a t  t h e  40K da l ton  p r o t e i n  i s  a dimer o f  t h e  20K da l ton  p r o t e i n  and t h a t  t h i s  
aggregat ion can t ake  p l ace  even i n  t h e  presence of SDS and reducing agents .  The a b i l i t y  
of t hese  p r o t e i n s  to form h ighe r  molecular weight aggregates  may exp la in  why these  p r o t e i n s  
f a i l  t o  e n t e r  SDS polyacrylamide g e l s .  The 20K and 40K p r o t e i n s  a r e  probably i n t e g r a l  
membrane p r o t e i n s  which do no t  appear t o  have any regions exposed on t h e  o u t e r  c e l l  
su r f ace .  However, t hese  p r o t e i n s  do i n t e r a c t  with o t h e r  c e l l  su r f ace  p ro te ins .  The 
a s soc ia t ion  o f  t h e  EGTA s o l u b l e  p r o t e i n s  and a c t i n ,  which a r e  loca t ed  on t h e  inne r  su r face  
of t h e  plasma membrane, sugges t s  t h a t  t h e  20K and 40K p r o t e i n s  have a cytoplasmic domain. 
(Supported by t h e  Leukemia Society of America and N I H  CA-30381) 
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0440 ACTIN-ASSOCIATE0 MEMBRANE GLYCOPROTEIN OF TUMOR CELL MICROVILLI, K. Carraway, G. 

M I c r o v l I I i  i so la ted  from asc i tes tumor subl lnes are being used as a model system t o  study 
the molecular d e t a i l s  o f  mlcrofilament-membrane interactions. Microv l  I I  I of  the MAT-CI 
asc i tes  subl ine conta in  a s tab le  transmembrane complex composed o f  act in, a c e l l  surface 
g I ycoprote I n (CAG, cytoskel eton-assoc I ated g I ycoprotei n) and a 58,000 dal ton po I ypept I de. 
The complex, I s o l a t e d  f rom m l c r o v l l l a r  membranes i n  T r i t o n  X-100, I s  l a r g e  and 
heterogeneous w i t h  respect t o  size. Veloc i ty  sedimentation s tud ies i n  the presence and 
absence o f  p h a l l o l d l n  have demonstrated t h a t  a f r a c t i o n  o f  t he  complex I s  associated w i t h  
m i c r o f i l a m e n t s .  When m l c r o v l l l i  a r e  e x t r a c t e d  w i t h  T r i t o n  i n  n e u t r a l  b u f f e r  and 
f ract lonated by v e l o c i t y  sedimentation, t he  f r a c t i o n  o f  t he  complex no t  associated w i t h  
f i l a m e n t s  i s  found as a l a r g e  ( sed imen ta t l on  c o e f f i c i e n t  >25S), heterogeneous species. 
When m i c r o v i l l i  are s i m i l a r l y  f ract ionated under denaturing condl t lons i n  Triton-carbonate 
(pH 1 1 )  or  dodecyl s u l f a t e  (SOS), CAG Is released from the complex and sediments as a 20s 
species. I f  50 mM mercaptoethanol i s  included I n  SDS extracts, CAG sediments a t  approxi- 
mately 5S, the s i ze  expected from i t s  monomeric molecular weight on SDS elect rophores ls  
under reducing condlt lons. These r e s u l t s  ind icate t h a t  CAG i s  a d i su l f i de - l i nked  0 1  igomer 
I n  the m l c r o v l l l u s  membrane. We suggest t h a t  the s tab le  o l igomer ic  s t ruc tu re  of  the CAG 
perml ts  It t o  a c t  as the  membrane assoclat ion s l t e  for several microf i laments and plays an 
ImDortant r o l e  I n  the format ion and s t a b l l  l za t l on  o f  the m l c r o v i l l u s  structure. 

Jung and C Carraway, Univ. o f  Miami School o f  Medicine, Miami, FL. 33101 

0441 INTEKACTIONS OF SPECTKIN and BAND 4.1 WITH PHOSPH0TIL)YLSEKINE VESICLES. 
A.M. Cohen, S.C. Liu, J. Lawler and J. Palek. Dept. Biomedical Research, St. Elizabeth's 
Hospital o f  Boston, Tufts University School o f  Medicine, Boston, MA 02135 

Spectrin and band 4.1, two o f  the major red cel l  membrane skeletal proteins, are thought to  bind to 
membrane proper via protein-protein linkages, i.e. spectrin-band 2.1-band 3 and band 4.1-glycophorin, 
respectively. Less known are their interactions with inner membrane phospholipids, such as 
phosphotidylserine (PS). 'To gain further insight into these interactions, we have characterized the 
binding of  spectrin, band 4.1 and the major proteolytic fragments of  band 4.1 t o  PS vesicles. Spectrin 
(0.8-2.0 mg/ml) or band 4.1 (0.1-2.0 mg/ml) was incubated w i t h  PS vesicles isotonically and the vesicles 
were pelleted by centrifugation through dextran cushion to  separate bound and unbound protein. The 
amount o f  spectrin and band 4.1 bound per nmole PS were 0.5 ug and 2.68 ug, respectively. Electron 
microscopy of  rotary shadowed platinum replicas of  spectrin-PS complexes revealed that individual 
liposomes were decorated by spectrin which was attached to one of  the ends of  spectrin dimers, while 
band 4.1-PS complexes showed globule-decorated liposomes. Among peripheral membrane proteins 
tested for binding with PS, band 4.1 showed the highest level o f  binding, wheras band 2.1 and actin 
showed very l i t t l e  binding. To identi fy the domain of  band 4.1 which binds to  PS, we have incubated PS 
w i t h  chymotryptic digests o f  band 4.1. A 30,000 dalton fragment o f  band 4.1 was selectively bound. 
Based on i ts molecular weight and isoelectric point (pI=7.8), this fragment was identified as the 
terminal fragment which has been reported to contain the spectrin binding site. 'The data indicate that 
both spectrin and band 4.1 are capable of  interacting with PS which may be important to the 
membrane structure and function. 

0442 DOES A BAND 3-LIKE MOLECULE P A R T I C I P A T E  I N  TRANSMEMBRANE LINKAGE OF SURFACE RECEPTORS 
TO THE CYTOSKELETON, D. Drenckhahn', K. Engel', P.S. Low? U. Schauer', K. Zinke-Schluter', 

'Univers i ty  o f  Marburg, FRG a,nd2Purdue Univers i ty ,  West Lafayette, USA. 
Polyclonal ant ibodies spec i f i c  f o r  e i t h e r  the cytoplasmic o r  the external domain o f  human ery-  
throcyte band 3, the main anchoring s i t e  o f  the ac t i n -spec t r i n  cytoskeleton i n  the red c e l l  
membrane, decorated the plasma membrane o f  human lymphocytes. Immunoblots revealed a polypep- 
t i d e  o f  60-65,000 daltons which comigrated w i th  a major fragment o f  band 3 i n  the red c e l l  
membrane. I n  v iab le  lymphocytes, antibodies t o  the external  domain red i s t r i bu ted  i n t o  patches 
and caps. This ind icates t h a t  the band 3 - l i k e  molecule i s  mobile i n  the plane o f  the plasma 
membrane. I n  order t o  examine i f  the band 3 - l i k e  molecule might p a r t i c i p a t e  i n  l a t e r a l  m o b i l i t y  
o f  c e l l  surface receptors, lymphocyte immunoglobulin (19) receptors were induced t o  aggregate 
by FITC-label led antibodies t o  19's. The c e l l  were then stained f o r  band 3 by rhodamine- 
- l abe l l ed  antibodies. Sta in ing spec i f i c  f o r  band 3 (cytoplasmic a s  we l l  a s  external domain) 
corre la ted w i th  caps and patches o f  Ig surface receptors. Moreover, there was a c lea r  corre- 
l a t i o n  between I g  caps, band 3 - l i k e  s ta in ing,  and immunostaining f o r  the cytoskeleta l  prote ins 
a c t i n ,  spect r in ,  v i n c u l i n  and myosin. I n  view o f  our previous observation tha t  v incu l i n  
( a  p r o t e i n  found a t  microfilament-membrane associat ions) can b ind the cytoplasmic domain o f  
band 3 a t  a KD o f  
l inkage o f  surface receptors t o  the cytoskeleton. Supported byDFG D r  9 1 / 5 1 ,  N I H  GM24417, 
GM 07211. 

i t  i s  suggested tha t  a band 3 - l i k e  molecule i s  involved i n  transmembrane 
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0443 RECONSTITUTION OF THE MEMBRANE-CYTOSKELETON IN A UNICELLULAR ORGANISH. Ron R. 
Dubreuil and G .  Benjamin Bouck, University of Illinois at Chicago, Chicago IL 60530 

The unicellular flagellate Euglena gracilis undergoes rapid and extreme shape changes. We 
have shown that cell shape is preserved in cell ghosts and isolated fragments of the cell 
surface which consist of only the plasma membrane and a thin submembrane cytoskeleton. When 
the plasma membrane is removed from surface isolates, the membrane skeleton retains both the 
gross shape of the cell and the microscopic ridge and groove organization characteristic of 
euglenoids. The membrane skeleton consists of narrow strips individually bridged along their 
lateral margins. Two polypeptides account for about 50% of the total protein in the skeleton 
but they do not appear to be related to spectrins. The plasma membrane can be separately 
isolated and retains neither the original surface form nor the paracrystalline array of 
intramembrane particles (IMPS) usually found in the region of each surface ridge in untreat- 
ed surface isolates. When a solublized fraction of the membrane skeleton is incubated with 
the membrane, reassociation is found on only one side of the bilayer. Coincident with cyto- 
skeletal protein rebinding, the IMPS become partially reordered. This binding is not inhib- 
ited or mimiced by incubation of membranes with an excess of non-specific protein, such as 
BSA. However, binding is eliminated by proteolysis of presumably exposed domains of the put- 
ative cytoskeleton binding sites on the membrane. These and other findings suggest that the 
euglenoid cell may provide an excellent model not only for examining membrane-cytoskeleton 
interactions, but also fo r  resolving other facets o f  surface behavior such as cell motility 
and surface replication. Supported by NSF Grant #PCM8203442 to G.B.B. 

0444 THE PLASMA MEMBRANE-BOUND CYTOSKELETAL NETWORK AND ITS RELATION TO CELL-SURFACE 
LECTIN RECEPTORS, Constance A. Feltkamp, Ed ROOS, Dick A.M. Mesland and Hermina 
Spiele, The Netherlands Cancer Institute, Amsterdam, The Netherlands 

With the dry-cleaving method, preparations can be obtained of large sheets of plasma membrane 
together with the adjacent part of the cytoskeleton. These preprations, thin enough to be 
studied with the electron microscope at normal voltages, can be obtained from both the sub- 
strate-attached and the medium-facing surfaces of cells grown in monolayer and from suspended 
cells. The plasma membrane-bound part of the cytoskeleton consists of a network of filaments 
of different size and diameter. We found differences in its morphology between different cell 
types, between normal cells and their transformed counterparts, and between suspended and 
attached cells of the same type. 
Using immunogold labeling before dry-cleaving we studied the topographical relation between 
concanavalin A receptors and the filamentous network. In stereomicrographs the receptors were 
seen to be exclusively localized at relatively electron dense domains of the membrane, usu- 
ally associated with denser parts of the filamentous network. The domains are interconnected 
and thus form a second network at the plane of the membrane. Stereomicrographs also show that 
short filaments, connecting the filamentous network with the plasma membrane always point 
towards these dense membrane domains. 
The observations suggest that cell surface proteins are localized in specific membrane do- 
mains that are associated with the submembranous part of the cytoskeleton. 

0445 SPECIFIC TX-100 RESISTANT SURFACE GLYCOPROTEINS OF MURINE T-LYMPHOMA CELLS, 
Daniel Hoessli and Elisabeth Rungger-Brdndle, University of Geneva, Switzerland. 

We have isolated a Triton X-100 resistant complex of membrane proteins and surface glycopro- 
teins from murine T-lymphoma cells in the absence of lectin or antibody-induced remodeling 
of the cell surface (cf. Abstract Rungger-Brandle and Hoesslil . Two plasma membrane fractions 
are obtained by upward flotation. The lighter fraction contains a select set of surface-labe- 
led giycoproteins of 20-30 and 55 kd. The heavier fraction contains the complete spectrum 
of surface glycoproteins that can be vectorially labeled on intact cells. Upon extraction of 
fnth plasma membrane fractions and gel filtration of the extracts in the presence of deter- 
gent. we obtain a high M peak containing the two surface glycoproteins characteristic of the 
unextracted light densit; membrane fraction. The 20-30 kd glycoprotein is the Thy-1 antigen, 
a specific marker for murine T-lymphocytes. The 55 kd glycoprotein occurs in a fixed molar 
ratio with respect to Thy-1 and is different from H-2 glycoproteins of similar electrophore- 
tic mobility expressed on this lymphoma cell. The association of the Thy-1 and 55 kd glyco- 
proteins in a detergent-resistant membrane complex may reflect a functional association bet- 
ween two surface glycoproteins involved in specific ligand binding. 
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0446 ElODULAI'ION OF THE CELL SURFACE ASSOCIATION OF SV40 LARGE TUMOR ANTIGEN. U l r i c h  Klock- 
mann and Wolfgang D e p p e r t ,  Dept.  o f  Bioc l i rmis t ry ,  U n i v e r s i t y  of U l m ,  F.R.G. 

A s m a l l  p e r c e n t a g e  of SV40 l a r g e  T a n t i g e n  ( l a r g e  T)  i n  SV40 t r a n s f o r m e d  c e l l s  i s  spe- 
c i f  i c a l l y  a s s o c i a t e d  w i t h  plasma membranes. T h i s  s u b c l a s s  o f  l a r g e  T can  be d i s t i n g u i s h e d  
from t h e  bulk  o f  n u c l e a r  l a r g e  T by a s p e c i f i c  p o s t t r a n s l a t i o n a l  m o d i f i c a t i o n ,  t h e  f a t t y  a c i d  
a c y l a t i o n .  Large T e x h i b i t s  p r o p e r t i e s  o f  d transmembrane p r o t e i n ,  s i n c e  i t  i s  exposed on t h e  
c e l l  s u i i a c e  and t i g h t l y  a s s o c i a t e d  w i t h  a d e t e r g e n t  r e s i s t a n t  plasma membrane lamina .  

a s  w e l l  a s  i n  monolayer a t t a c h e d  t o  a s u b s t r a t u m .  A n a l y s i s  of t h e  plasma membrane a s s o c i a t i o n  
o f  l a r g e  T i n  mKSA c e l l s  k e p t  under  t h e s e  d i f f e r e n t  growth c o n d i t i o n s  showed t h a t  about  90% 
o t  t h e  c e l l  s u r f a c e  a s s o c i a t e d  l a r g e  T was anchored  i n  t h e  plasma membrane lamina  i n  c e l l s  
from s u s p e n s i o n  c u l t u r e .  Only about  10X could  be r e c o v e r e d  i n  t h e  NP40 s o l u b l e  f r a c t i o n  of 
r l i e  plasnls membrane. Hobever,  i n  c e l l s  a t t a c h e d  t o  a s u b s t r a t u m  t h e  amount of lamina asso-  
c i a t e d  l a r g e  T wds reduced t o  o n l y  about  30% whereas  a b o u t  70% of t h e  c e l l  s u r f a c e  a s s o c i a -  
ted  l d r g e  T w d s  NP40 s o l u b l e .  T h i s  may i n d i c a t e  t h a t  t h e  lamina  a s s o c i a t i o n  of l a r g e  T is  
iiwdula t e d  depending  o n  d i  f t e r r n t  growth c o n d i t i o n s .  

The SV40 t ransforu ied  B a l b l c  moube tumor c e l l  l i n e  mKSA c a n  be grown i n  s u s p e n s i o n  c u l t u r e  

Suspens ion  c e l l s  and c e l l s  a t t a c h e d  t o  a s u b s t r a t u m  d i f f e r  i n  t h e i r  c y t o s k e l e t a l  a r c h i t e -  

d s s o c i . i t i o n  of l a r g e  T, n&SA s u a p r n s i o n  and monolayer c e l l s  were t r e a t e d  w i t h  d r u g s  known t o  
1 1  l e c t  tlic c y l o s k e l e t o n .  Whereas ac t i i i -depoly i i ie r iz ing  a g e n t s  l i k e  c y t o c h a l a s i n  B had no 
c i l c c t  i ) i l  t h e  lamind a s s o c i a t i o n  of l a r g e  T ,  t r e a t m e n t  w i t h  t h e  microtuble-depolymfrizing 
d r ~ ~ g  v i i i b l a s t i n r  induced a s i g n i f i c a n t  s h i f t  I rum lamina a s s o c i a t e d  t o  NP40 s o l u b l e  s u r l a c e  T. 
l i i i >  s u o ; e s l s t h ~ t  t h e  c y t o s h e l e t o n  p . i r t i c i p a t c s  i n  t h c  modula t ion  u f  t h e  lamina a s s o c i a t i o n  

\ > I  l ~ i r c c  i. 

c t u r e .  To a n a l y z e  whether  c y t o s k e l e t a l  e l e m e n t s  may be involved  i n  modula t ing  t h e  lamina  

0447 BAND 3 IS FOUND AT CYTOSKELETON-MEMBRANE JUNCTIONS OF NUCLEATED CELLS AND BINDS 
VINCULIN, P.S. Low', D. A l l e n ' ,  J. Ot to ' ,  K. Z inke2 and D. Drenckhahn2, 'Purdue 
U n i v e r s i t y ,  West L a f a y e t t e ,  I N  47907 and 2 U n i v e r s i t y  Marburg, FRG. 

A n t i b o d i e s  t o  t h e  cy top lasmic  domain o f  e r y t h r o c y t e  band 3 were found t o  c r o s s - r e a c t  w i t h  
membrane p r o t e i n s  o f  v a r i o u s  n u c l e a t e d  c e l l s .  A m a j o r  s i t e  o f  immunostaining i n  c u l t u r e d  
f i b r o b l a s t s  and t i s s u e  s e c t i o n s  o f  e x o c r i n e  glands, h e a r t  muscle and i n t e s t i n a l  e p i t h e l i u m  
corresponded t o  adhesion plaques and r e l a t e d  adhaerens-type i n t e r c e l l u l a r  j u n c t i o n s  
( t e r m i n a l  bar ,  i n t e r c a l a t e d  d i s c ,  e t c . ) .  
an t i -band 3 IgG when c e l l s  were r e a c t e d  w i t h  bo th  a n t i b o d i e s .  
t o  t h e  cy top lasmic  domain o f  band 3 r e v e a l e d  c r o s s - r e a c t i v e  po lypept ides  i n  f i b r o b l a s t s  
and i s o l a t e d  i n t e s t i n a l  b rush  borders  o f  d50,OOD and/or 95,000 da l tons .  The s m a l l e r  
p o l y p e p t i d e  corresponds t o  t h e  molecu la r  w e i g h t  o f  t h e  m a j o r  f ragment o f  whole band 3 
(Mr ~ 9 5 , 0 0 0 )  seen i n  r e d  c e l l  membranes. Because o f  t h e  observed c o - l o c a l i z a t i o n  o f  
band 3 and v i n c u l i n ,  the  a f f i n i t y  o f  t h e  two p o l y p e p t i d e s  f o r  each o t h e r  was examined. 
Chicken g i z z a r d  v i n c u l i n  was found t o  b i n d  t h e  cy top lasmic  domain o f  human e r y t h r o c y t e  
band 3 w i t h  a KD a t  p h y s i o l o g i c a l  pH and i o n i c  s t r e n g t h .  These f i n d i n g s  suggest 
t h a t  band 3 may p a r t i c i p a t e  i n  anchor ing  c y t o s k e l e t a l  elements o f  n o n e r y t h r o i d  c e l l s  t o  
t h e  plasma membrane, ana logous ly  t o  i t s  r o l e  i n  e r y t h r o c y t e s .  
GM 07211, Amer. Cancer SOC. CD108A and Deutsche Forschungsgemeinschaft 91-5-1. 

A n t i - v i n c u l i n  IgG s t a i n e d  t h e  same s i t e s  as 
Immunoblots w i t h  an t iserum 

Supported by N I H  GM24417, 

0448 CELL-SUBSTRATUM ADHESION S I T E S  OF RSV T7ANSFORMED FIBROBLASTS ARE FORMED BY 
SHORT PROTRUSIONS OF THE "ENTAL MEMBPANE CALLED PODOSOMES, P.C. March is io ,  D. 

C i r i l l o ,  F.G. G i a n c o t t i ,  P.M. Comoglio and G .  Tarone, I n s t .  o f  H i s t o l o g y ,  Univ.  o f  Tor ino  
Med. School, 10126 Tor ino ,  I t a l y .  
RSV t ransformed BHK c e l l s  (RSV/B4-BHK) and RSV t ransformed c h i c k  embryo f i b r o b l a s t s  
(SRD-CEF) adhere on f i b r o n e c t i n - c o a t e d  d ishes  w i t h  p r o t r u s i o n s  o f  t h e  v e n t r a l  membrane 
f o r m i n g  d i s c r e t e  c l o s e  c o n t a c t s .  These p r o t r u s i o n s  c o n t a i n  a c t i n ,  v i n c u l i n ,  f i m b r i n  and 
a - a c t i n i n  s p a t i a l l y  o rgan ized w i t h  a p a t t e r n  d i f f e r e n t  f rom t h a t  o f  adhesion plaques. EM 
a n a l y s i s  suggests an analogy w i t h  c e l l u l a r  f e e t  j u s t i f y i n g  t h e  denominat ion o f  podosomes. 
Screening of a l a r g e  number of av ian  and mamnalian t ransformed c e l l  l i n e s  has shown t h a t  
podosomes appear o n l y  i n  R S V  and Fu j inami  sarcoma v i r u s  (FSVI i n f e c t e d  c e l l s  whose 
oncogenes encode t y r o s i n e  phosphokinases w i t h  a s p e c i f i c  t r o p i s m  f o r  t h e  i n n e r  f a c e  o f  
t h e  membrane. Podosomes i n  f a c t  concent ra te  phosphotyrosine c o n t a i n i n g  molecules.  
Podosomes and adhesion plaques, a l though s i m i l a r  i n  c y t o s k e l e t a l  p r o t e i n  composi t ion,  
have d i f f e r e n t  f o r m a t i o n  mechanisms s i n c e  1 )  they  do n o t  r e q u i r e  serum i n  t h e  medium, 2 )  
p r o t e i n  syn thes is  and 3 )  p r o t e i n  s e c r e t i o n  f o r  t h e i r  f o r m a t i o n  as adhesion plaques do. 
Moreover they  fo rm w i t h i n  l h  on f i b r o n e c t i n .  Podosomes represent  a v a r i a n t  adhesion 
s t r u c t u r e  which does n o t  a1 low t h e  o r g a n i z a t i o n  o f  m i c r o f i l a m n t  bundles.  Supported by 
CNR-Progetto F i n a l  i z z a t o  "Onco log ia" .  
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0449 THE PLASMA MEMBRANE SKELETON OF MUFZNE TUMOR CELLS. PREPARATION, MORPHOLOGY AND 
COMPOSITION OF TRITON SHELLS, Matthew F. Mescher, John M. Robinson and John R. Apgar 

Medical Biology I n s t i t u t e ,  La J o l l a ,  CA 92037 and Harvard Medical School ,  Boston, MA 02115 

from t h e  plasma membranes o f  P815 tumor cel ls  and murine lymphoid cells  ( Mescher e t . a l .  
(1981) Nature 289:139). The p r o p e r t i e s  of  t h i s  ma t r ix  sugges ted  t h a t  it might form a 
membrane s k e l e t o n ,  similar i n  some r e s p e c t s  t o  t h e  spec t r in -con ta in ing  ske le ton  o f  e ry th ro -  
c y t e s .  we have now demonstrated t h a t  d e t e r g e n t  e x t r a c t i o n  o f  i n t a c t  P815 cel ls ,  us ing  t h e  
same e x t r a c t i o n  cond i t ions ,  r e s u l t s  i n  recovery  of  T r i t o n  s h e l l s  which c o n s i s t  o f  a l a y e r  
of  p r o t e i n  a t  t h e  pe r iphe ry ,  a l a r g e l y  empty cy toplasmic  space  and a nuc lea r  remnant. 5 ' -  
Nucleot idase ,  a cel l  s u r f a c e  enzyme t h a t  remains a s s o c i a t e d  wi th  t h e  m a t r i x  upon i t s  
i s o l a t i n n  from plasma membranes, w a s  q u a n t i t a t i v e l y  recovered  wi th  t h e  s h e l l s .  Despi te  
removal of t h e  l i p i d  b i l a y e r  and most of  t h e  membrane p r o t e i n s  t h e  p e r i p h e r a l  l a y e r  
p e r s i s t s  as a cont inuous  macros t ruc ture  sur rounding  t h e  nuc lea r  remnant. Morphological and 
biochemical ev idence  s t r o n g l y  sugges t s  t h a t  t h i s  p e r i p h e r a l  l a y e r  c o n s i s t s  of t h e  pre-  
v ious ly  desc r ibed  set  o f  ma t r ix  p r o t e i n s  which i n t e r a c t  t o  form a membrane ske le ton .  The 
composition, l o c a t i o n  and appearance of t h i s  membrane ske le ton  c l e a r l y  d i s t i n g u i s h  it from 
p rev ious ly  desc r ibed  c y t o s k e l e t a l  s t r u c t u r e s .  Fu r the r  biochemical c h a r a c t e r i z a t i o n  of t h e  
components of  t h e  membrane ma t r ix  are desc r ibed  i n  a s e p a r a t e  abstract ( Apgar,J. and 
M.F.Mescher ) .  

It w a s  p rev ious ly  shown t h a t  a Tr i ton  X-100 i n s o l u b l e  p r o t e i n  ma t r ix  could  be i s o l a t e d  

0450 THE RED CELL SKELETAL PROTEIN BAND 4 .1  BINDS TO PAS 2 I N  THE MEMBRANE, Thomas J. 
Muel le r ,  Dept. Biochemistry,  S t .  Jude Hosp i t a l ,  Memphis, TN 38101 

Following e x t r a c t i o n  of  human e ry th rocy te  membranes wi th  T r i t o n  X-100, t he  transmembrane 
s i a log lycopro te in  PAS 2 (g lycoconnect in ;  g lycophor in  C ;  SGP-6) i s  p r e f e r e n t i a l l y  r e t a ined  
i n  the  Tr i ton - inso lub le  r e s i d u e ,  whereas n e a r l y  a l l  o f  PAS 1 and PAS 3 a r e  T r i t o n  so lub le .  
This  sugges t s  t h a t  PAS 2 a s s o c i a t e s  wi th  t h e  membrane ske le ton .  The fo l lowing  d a t a  ind i -  
c a t e  t h a t  PAS 2 i n t e r a c t s  wi th  the  s k e l e t a l  p r o t e i n  band 4.1. Ex t r ac t ion  o f  stroma wi th  
cold NaOH, pH 11.5,  r e l e a s e s  a l l  o f  t he  p e r i p h e r a l  p r o t e i n s  from the  membrane except band 
4.1,  implying t h a t  band 4 .1  i n t e r a c t s  d i r e c t l y  with the  b i l a y e r  domain. Ex t r ac t ion  of  
t hese  NaOH-stripped membranes wi th  Tr i ton  s o l u b i l i z e s  PAS 2 and band 4.1,  bo th  of which can 
be immunoprecipitated wi th  a n t i b o d i e s  d i r e c t e d  a g a i n s t  PAS 2. I n  a d d i t i o n ,  ana lyses  of  
t hese  Tr i ton  e x t r a c t s  on suc rose  g r a d i e n t s  r e v e a l s  t h a t  PAS 2 and band 4.1 cosediment.  
Furthermore,  t h e  sed imenta t ion  r a t e  o f  PAS 2 i s  decreased  i f  band 4.1 i s  r e l eased  from the  
membrane p r i o r  t o  Tr i ton  e x t r a c t i o n  of  PAS 2 .  Fur the r  suppor t  f o r  t he  no t ion  t h a t  band 4.1 
b inds  t o  PAS 2 comes from a n a l y s i s  of membranes devoid of  PAS 2 (Gerbich-negative,  Ge-, 
donors;  Anetee st. (1984) Biochem. J .  218: 615-619). Ex t r ac t ion  wi th  co ld  NaOH (pH 11 
or 11.5) r e l e a s e s  all of  band 4 .1  from Ge- membranes, whereas no 4 .1  i s  r e l eased  from Ge+ 
membranes which con ta in  PAS 2. Band 4 .1  i s  a l s o  more r e a d i l y  r e l eased  from Ge- membranes 
by 0.1 mM EDTA. These d a t a  provide  convincing evidence t h a t  PAS 2 i s  an attachment s i t e  i n  
the  b i l a y e r  domain €or the  s k e l e t a l  p r o t e i n  band 4.1, thus  provid ing  a d d i t i o n a l  s i tes  for 
anchor ing  the  membrane ske le ton  t o  the  b i l a y e r  domain. ( suppor ted  by g ran t  HL 30489). 

0451 CHARACTERIZATION OF A MEMBRANE-MICROTUBULE COMPLEX, John M. Murray, Department of 
Anatomy, Un ive r s i ty  of Pennsylvania,  Ph i l ade lph ia ,  PA 19104 

A membrane-microtubule complex i s o l a t e d  from t h e  u n i c e l l u l a r  a lgae  Distigma 
p ro teus  is being 
micro tubule  i n t e r a c t i o n s  i n  o t h e r  c e l l s .  The complex i s o l a t e d  from Distigma p ro teus  i s  
s u f f i c i e n t l y  o rde red  t o  pe rmi t  3D r econs t ruc t ion  by Four i e r  techniques  from e l e c t r o n  
micrographs of nega t ive ly  s t a i n e d  specimens. 
a 2 D  c r y s t a l l i n e  a r r a y  is inc luded  i n  t h e  complex. A correspondence between t h e  micro- 
t ubu le  su r face  l a t t i c e  and t h e  membrane p r o t e i n  l a t t i c e  p r e d i c t s  a l i k e l y  arrangement of 
b inding  s i g e s .  Micro tubules  can be removed from t h e  complex, then  rep laced  by us ing  
p u r i f i e d  b r a i n  t u b u l i n .  The readded micro tubules  occupy t h e  same p o s i t i o n s  and have the  
same o r i e n t a t i o n  as t h e  o r i g i n a l  endogenous micro tubules .  

cha rac t e r i zed  in orde r  t o  provide  a convenient model system f o r  membrane- 

An i n t e g r a l  membrane p r o t e i n  organized  i n t o  

P a r t i a l  p u r i f i c a t i o n  of  t he  p r o t e i n  which l i n k s  t h e  micro tubules  t o  the  membrane 
has been achieved. E f f o r t s  a r e  underway t o  r e inco rpora t e  t h e  s o l u b i l i z e d  micro tubule  
b inding  s i t e s  i n t o  a r t i f i c a l  membranes i n  o r d e r  t o  have a complete membrane-cytoskeleton 
complex which can be r econs t ruc t ed  from i n d i v i d u a l l y  w e l l  cha rac t e r i zed  components. 
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0452 HERPES SIMPLEX V I R U S  b !ORPHOGENESIS / IN iERACTION BETWEEN HSV GLYCOPROTEINS AND CYTO- 
SKELETAL ELEMENTS STUDIES I N  HUMAN FIBROBLASTS. B .  Perssons, L . - I .  Larsson*, B .  Nor- 

r i l d s .  *Histochemical  Labora tory ,  R i g s h o s p i t a l e t ,  F r e d e r i k  V ' s  Vej ,  DK-2100 Copenhagen, $In- 
s t i t u t e  o f  Medical  M i c r o b i o l o g y ,  J u l i a n e  Flar iesvej ,  DK-2100 Copenhagen, Denmark. 
Herpes Simplex V i r u s  (HSV) i n f e c t i o n  o f  c u l t u r e d  human f i b r o b l a s t s  leads  t o  p r o d u c t i o n  o f  
more than 50 p r o t e i n s .  A t  l e a s t  f i v e  g l y c o p r o t e i n s  named gB, gC, go, gE and gG have been 
i d e n t i f i e d .  The m a t u r a t i o n  and process ing  o f  gB, gC and gD was f o l l o w e d  i n  H S V - 1  i n f e c t e d  
c e l l s  by use o f  i n d i r e c t  immunofluorescence and prev ious  s t u d i e s  showed t h a t  t h e  g lycopro-  
t e i n s  were processed th rough t h e  Go lg i  apparatus.  T u b u l i n  was shown t o  aggregate i n  i n f e c t e d  
c e l l s  i n  a j u x t a n u c l e a r  p o s i t i o n  and double immunofluorescence s t a i n i n g  o f  t h e  c e l l s  w i t h  
a n t i b o d i e s  t o  t u b u l i n  and g l y c o p r o t e i n  D r e s p e c t i v e l y  demonstrated c o d i s t r i b u t i o n  o f  these 
p r o t e i n s .  The t r a n s p o r t  o f  t h e  H S V  g l y c o p r o t e i n s  t o  t h e  plasmamembrane was dependent on t h e  
presence o f  i n t a c t  m i c r o t u b u l e s .  D i s r u p t i o n  o f  these w i t h  demecolcine l e d  t o  a s c a t t e r e d  d i s -  
t r i b u t i o n  o f  t h e  v i r a l  g l y c o p r o t e i n s  and a l s o  prevented t h e i r  i n s e r t i o n  i n t o  t h e  plasmamem- 
brane. P u r i f i c a t i o n  o f  c y t o s k e l e t a l  f i b r i l l a r  s t r u c t u r e s  and a n a l y s i s  o f  p o s s i b l e  assoc ia -  
t i o n  of HSV p r o t e i n s  t o  mic ro tubu les ,  a c t i n  f i l a m e n t s  and v iment ine  type  of  i n t e r m e d i a t e  f i l -  
aments a r e  under c u r r e n t  i n v e s t i g a t i o n  and p r e l i m i n a r y  da ta  w i l l  be presented. Cur ren t  stud- 
i e s  u s i n g  immuneelectronmicroscopy have been designed t o  f u r t h e r  demonstrate t h e  p o s s i b l e  
a s s o c i a t i o n  o f  v i r a l  g l y c o p r o t e i n  c a r r y i n g  v e s i c l e s  w i t h  c y t o s k e l e t a l  s t r u c t u r e s  and p r e l i m -  
i n a r y  data w i l l  be discussed. 

0453 
The non-ionic detergent-resistant proteins have been isolated from purified plasma membra- 
nes of murine T-lymphoma cells. Plasma membranes were separated from other subcellular com- 
ponents by upward flotation to their equilibrium density. Two fractions were obtained at 
1.06 and 1.11 p/cc and extracted with Triton X-100. The detergent-resistant components 
were recovered by sedimentation at 280.000 xg or separated from detergent-solubilized com- 
ponents by gel filtration in the presence of detergent. Both plasma mepane fractions 
yielded an identical detergent-resistant complex of high M ( 15 x 10 dalton) consisting 
of mostly acidic (PI 4.5-6.0) polypeptides in the 30 to 80rkd range. The column eluted com- 
plex banded at a density of 1.02-1.04 gm/cc after isopycnic sedimentation in sucrose sugge- 
sting a higher lipid to protein ratio than that of unextracted membranes. Actin is a major 
polypeptide of the sedimentable residue after membrane extraction, but is no longer present 
in the detergent-resistant, high M complex obtained by gel filtration. This is in keeping 
with the insensitivity of the coluh-eluted complex to extraction with low ionic strength, 
actin-depolymerizing buffers. The complex is otherwise sensitive to high salt buffers. It 
may represent the skeletal backbone of a plasma membrane domain endowed with specific ligand 
binding properties (cf. Abstract Hoessli and Rungger-BrZndle). 

SKELETAL PROTEINS OF T-LYMPHOMA CELL PLASMA MEMBRANES, Elisabeth Rungger-BrSndle 
and Daniel Hoessli, University of Geneva, Switzerland. 

0454 Human E r y t h r o c y t e  Band 4.1 i s  a PhosDhatidylserine-Binding P r o t e i n .  Anne 

Department, Oakland, CA. Band 4.1 (4.1) i n t e r a c t s  w i t h  s p e c t r i n  and a c t i n  and 
presumably b i n d s  t o  a subpopu la t ion  o f  membrane g lycophor ins .  We examined t h e  
i n t e r a c t i o n  o f  4.1 w i t h  membrane p h o s p h o l i p i d s  (PL) and t h e  e x t e n t  t o  which t h i s  
i n t e r a c t i o n  c o n t r i b u t e s  t o  m a i n t a i n i n g  PL asymnetry. P u r i f i e d  4.1 o r  v e s i c l e s  f rom 
4 . 1 - d e f i c i e n t  ( 4 . l d )  r e d  c e l l s  i n  combina t ion  w i t h  PL v e s i c l e s  ( l iposomes)  were used. 
Ox id ized 4.1 and 4.1 f r o m  s i c k l e  c e l l s  (S-4.1) were a l s o  s tud ied .  I n s i d e - o u t  (IDV) and 
r i g h t  s ide-ou t  (ROY) v e s i c l e s  were mixed w i t h  r a d i o l a b e l e d  l iposomes and t h e  unreac ted  
species separated. Normal I O V  bound s i g n i f i c a n t l y  more p h o s p h a t i d y l s e r i n e  (PS) t h a n  
d i d  normal ROY (IOV/ROV=1.3) whereas 4.ld-IOV and ROV had no p r e f e r e n c e  f o r  PS 
l iposomes (IOV/ROV=0.92). Pure 1251-4.1 was mixed w i t h  l iposomes and t h e  1251 
4.1-liposome complex separated. 1251-4.1 bound t o  l iposomes i n  d i r e c t  p r o p o r t i o n  t o  
t h e i r  PS conten t .  A t  s a t u r a t i o n  -2 nmol PS bound/rg 4.1. a v a l u e  s t r i k i n g l y  s i m i l a r  t o  
t h e  2.4 nmol PS/vg 4.1 r a t i o  i n  normal r e d  c e l l s .  O x i d a t i o n  o f  4.1 r e s u l t e d  i n  a 
4 - f o l d  decrease i n  PS l iposome b i n d i n g .  B i n d i n g  o f  5-4.1 t o  4.ld-IOV was decreased 
3 - f o l d  f rom normals suggest ing  a d e f e c t  i n  t h e  S-4.1 molecule.  We specu la te  t h a t  S-4.1 
may be o x i d i z e d  i n  v i v o  r e s u l t i n g  i n  decreased PS b i n d i n g  and l o s s  o f  PL asymnetry i n  
s i c k l e  c e l l s .  We conclude t h a t  4.1 i s  a PS-binding p r o t e i n  and t h a t  s t r u c t u r a l  
a l t e r a t i o n s  i n  4.1 ( i .e . .  o x i d a t i o n )  a f f e c t s  t h e  i n t e r a c t i o n  between PS and 4.1. 

R y b i c k i  and Robert  S .  Schwartz. C h i l d r e n ' s  H o s p i t a l  Medical  Center-Research 
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0455 CYTOSKELETAL REORGANIZATION RESULTING FROM LIGAND BINDING AND RECEPTOR CROSS- 
LINKING IN RAT BASOPHILIC LEUKEMIA (RBL-2H3) CELLS. 
Davis, Janet R. Pfeiffer, Grace G .  Deanin, and Janet M. Oliver. University of 
New Mexico School of Medicine, Albuquerque, New Mexico and SUNY, Upstate Medical 
Center, Syracuse, New York. 

JeanClare Seagrave, Bruce H. 

Crosslinking of the IgE-receptor complexes on RBL-2H3 cells results in a series of morpho- 
logical and biochemical changes culminating in the fusion of the basophilic granules with 
the cell membrane and the release of their contents of serotonin, histamine, and other 
inflammatory mediators. Very rapidly (within 30 sec) after ligand binding, dramatic 
changes in the cell surface morphology from microvillous to lamellar can be observed by 
scanning electron microscopy. 
actin, as indicated by the increased binding of rhodamine-phalloidin and NBD-phallacidin 
measured by flow cytometry and by SDS-PAGE of Triton-X-100-insoluble cytoskeletons. 

These changes are associated with the polymerization of 

0456 I N  VITRO REFORMATION OF THE MARGINAL BAND OF AVIAN ERYTHROCYTES: PERIPHERAL DETER- 
MINANTS OF MICROTUBULE PATTERN, J u d i t h  A. Swan and Frank Solomon, MIT, Cambridge, 
MA 02139 

The m ic ro tubu les  o f  nuc lea ted  e ry th rocy tes  a re  con f ined  t o  a marg ina l  band which i s  l o -  
ca ted  a t  t he  edge o f  t he  c e l l ,  j u s t  under the  p e r i p h e r a l  cy toske le ton .  The band i s  i n  one 
p lane and curves w i t h  the  e l l i p t i c a l  shape o f  t he  c e l l .  We have shown p r e v i o u s l y  t h a t  t h e  
re fo rma t ion  o f  t h c  band i n  J i vo  a f t e r  m ic ro tubu le  depo lyne r i za t i on  appears t o  depend upon 
de terminants  a t  t h e  c e l l  per iphery .  We now have been ab le  t o  re fo rm the  marg ina l  band i n  
v i  t r o  by a r e c o n s t i t u t i o n  exper iment:  t h e  canponents a re  de tergent  ex t rac ted  cy toske le tons  
of  e ry th rocy tes  which hace been dep le ted  o f  m ic ro tubu les  i n  v ivo ,  and phosphoce l lu lose  
p u r i f i e d  c a l f  b r a i n  t u b u l i n .  The p a t t e r n  o f  mic ro tubu les  formed i n  v i t r o  r e c a p i t u l a t e s  
severa l  f ea tu res  o f  t h e  i n t a c t  marg ina l  band mic ro tubu les ,  i n c l u d i n g  p o s i t i o n  under t h e  
peripheralcytoskeleton,curvil i n e a r  m ic ro tubu les  and p o s s i b l y  t h e  number o f  m ic ro tubu le  p ro-  
f i l e s .  T h i s  i n  v i t r o  r e c a p i t u l a t i o n  o f  an i n  v i v o  arrangement o f  m ic ro tubu les  a l l ows  us t o  
assess the  c o n t r i b u t i o n  o f  t h e  va r ious  components o f  microtubules--organizing centers  
(MTOCs), assoc ia ted  p r o t e i n s  (MAPs), and t u b u l i n  -- t o  p a t t e r n  fo rmat ion .  
marg ina l  band fo rma t ion  i s  n o t  dependent on MTOCs, on s p e c i f i c  e r y t h r o c y t e  t u b u l i n s ,  nor ,  
s u r p r i s i n g l y ,  on some p r e v i o u s l y  i d e n t i f i e d  MAPs. 
whose p r o p e r t i e s  suggest t h a t  t h e t  may s p e c i f y  the  unique geometry o f  t he  marg ina l  band. 

We show t h a t  

However, we have i d e n t i f i e d  p r o t e i n s  

C y toskele tal- Membrane Contacts 

0457 MEMBRANE - ASSOCIATED PROTEINS 1JHHICA INTERACT F’ITII ACTIN. Susan S.  Brown, 
Department of Anatomy and Cell Biology, University of Vichipan, Ann Arbor, 
MI 48109 
Evidence is accumulating that there are other proteins in addition to spectrin 

which may mediate attachment of actin filaments to membranes. We are studying several 
such proteins. 

Connectin is a high affinity receptor for laminin which has been isolated by 
affinity chromatography from several cell types (1-3). Since Sugrue and Hay (4) have 
documented that laminin can induce a rearrangement of actin filaments in cells, we 
asked whether connectin might provide the link between the extracellular matrix component 
laminin and the intracellular actin filaments. He found several indications that 
connectin interacts with actin (5): Connectin reduces actin viscosity, causes the 
formation of actin filament bundles, cosediments with actin and binds to actin on nitro- 
cellulose disks. Scatchard analysis of the cosedimentation data indicates a submicromolar 
affinity of actin for connectin. If connectin interacts with both laminin and actin, 
a third piece of evidence needed is to show that connectin is an integral membrane 
protein which can connect the two. Initial evidence which supports this is that connectin 
can be incorporated into lipid vesicles. 

Dictyostelium which are membrane - associated, using the gel overlay technique (6). A 
number of proteins labeled with this procedure, including a 24 kd protein which was very 
resistant to detergent extraction. We have purified this 24 kd protein, and shown that 
the purified protein binds actin using a “two-phase” binding assay (7). The affinity of 
this protein for actin is again in the sub/micromolar range, 

interact with actin in intact membranes by antibody blocking of actin low shear viscosity 
effects of these membranes. 
1. Lesot H, Kuhl U, von der Mark K: EMDO 6:361, 1983. 
2 .  Malinoff HL, Wicha MbJ: J Cell Biol 96:1475, 1983. 
3. Rao NC, Barsky SH, Terranova VP, Liotta LA: Biochem Biophys Res Commun 111:804, 1983. 
4 .  Sugrue SP, Hay ED: J Cell Biol 91:45, 1931. 
5. Brown S S ,  Malinoff HL, Wicha MS: Proc Natl Acad Sci USA 80:5027, 1983. 
6 .  Snabes MF, Boyd AE, Bryan J: J Cell Biol ?0:80?, 1981. 
7. Stratford CA, Brown SS: J Cell Biol, in press. 

A second approach we have taken is to identify actin - binding proteins in 

Finally, we are working to identify other putative membrane proteins which 
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0458 CYTOSKELETAL-MEMBRANE ORGANIZATION AT FIBROBLAST FOCAL CONTACTS. K. Burridge, 
T. O'Halloran, B. Paschal, L. Milam, and M. Beckerle. 
Chapel Hill, NC 27514 

Dept. of Anatomy, UNC-CH, 

Nonerythrocyte spectrin, vinculin, talin and a 190k dalton protein are all candidates for a 
role in the attachment of microfilaments to the plasma membrane. 
n o t  concentrated where microfilament bundles terminate at focal contacts, but it m y  be 
involved in attachment of the cortical actin network to the plasma membrane at other sites. 
Binding studies to membrane vesicles stripped of actin support this possibility. 
intracellular precipitation of fibroblast spectrin following antibody microinjection does 
n o t  affect most of the motile properties of the cell, leading us to question the importance 
of nonerythrocyte spectrin in the attachment of microfilaments to the plasma membrane. By 
contrast, vinculin and talin are concentrated at specialized plasma membrane sites where 
there is cytoskeletal interaction with cell surface receptors or extracellular components: 
at focal contacts, underlying cell surface fibronectin and at the neuromuscular junctions 
of skeletal rmsck. These two proteins interact with a Kd of M and are both found at 
many of the same locations in the cell. However, at certain cell-cell junctions such as 
the zonula adherens of epithelial cells, vinculin is present with little or no talin. A 
190 K vinculin-binding protein has been purified from chicken gizzards. 
this protein show reciprocal cross-reactivity with talin and give identical staining pat- 
terns on cultured fibroblasts. 
very similar and suggest that 190 K is a proteolytic fragment of talin. 
talin generates two fragments of approximately 190 K and 40 K. 
the vinculin-binding site and has a rod-like appearance in the EM. 
bular or rod-like appearance depending on the ionic strength and it would seem that this 
shape change is regulated by the 40 K fragment. Supported by NIH GM 29860, the Muscular 
Dystrophy Association and the American Cancer Society. 

Nonerythrocyte spectrin is 

However, 

Antibodies against 

Partial proteolytic peptide maps of talin and 190 K are 
Proteolysis of 

The 190 K fragment contains 
Talin has either a glo- 

EXPRESSION OF HEWERS OF THE HSP7O GENE FAnILY OF YEAST, Elizabeth A. Craig, Michael R .  Slater and 
Kurt Jaccbsen, Department of Physiological Chemistry, University of Wisconsin-Radison, Madison. 
Wisconsin 53706. 

0459 

The genane of S .  cerevisiae contains a family of genes related to the heat inducible 7OK gene of higher 
wcaryotes and to the &K gene of 6 .  &. Eight genes have been isolated and designated YG106YG107. There are 
two pairs of highly hamlogous genes. YGlOO and YG102 are 97% identical in the protein coding region, while YGlOl 
and YG103 are -44% identical. Hcmologies outside the protein coding regions are negligible. The hamlogy 
anungst the less similar manbers is -60-801. 

The expression of YGlOO-YG103 has been analyzed mst extensively. Although the four genes are expressed at 
the optimal grouth tenperature of 3OoC, their regulation differs. The abundance of both YGlOl and YG103 
transcripts decreases upon an increase ir: tenperature f m n  23OC to 37OC. 
transcripts increases after a terrperature shift, while that of YO102 changes only slightly. Using the mthod of 
gene replacement, strains containing mtations in the four genes have been constructed. Although no phenotype of 
any of the single mtants as detected, haploid strains containing both the YGlOO and YG102 mutations were not able 
to form colonies at 37%. As the tenperature is lowered, the effect on gmwth rate diminishes. These results 
indicate that YGlOO or YG102 protein product is needed to obtain normal grwth rates at all tenperatures, but is 
essential at higher tenperatures. Strains containing both the YGlOl and YG103 rutations display altered grouth 
properties at all tenperatures. The cells grou fastest at 37OC; the severity of the effect increases with 
decreasing tenperature, although colony forming ability is retained even at lw tenperatures. At 37OC the 
YGlOl YG103 double mtant g m  22% slower than wild-type; at 23OC it grous 116% slower. These results 
suggest that the Hsp7O nwltigene faily of yeast contains genes which have specialized but similar functions. 
Sane of the gene products (YGlOO and YG102) are required for sustained grwth at high tenperature and others 
(YG101 and YG103) at lw tenperatures. 

fusion to k. a P-galactoridase was constructed through the tenth amino acid of YGlOO. This construction 
shows heat inducible 8-galactosidase activity in yeast whether present as single-copy integrants or present I n  
mlticopy plamid vectors. Sequences upstream of -340, where 
+1 is the first base of the initiation codon, are necessary for Constitutive expression of YGlW. A deletion at 
-246 is heat inducible whereas a deletion at -212 is not. 
Therefore, sequences between -246 and -212 are necessary for heat shock induction. A YGlW fragwnt f m n  -320 to 
-190 was used to replace the upstream activating sequence of the yeast C y c l  pramter. 
demonstrated that sequences frm -320 to -190 contain a heat shock specific upstream activating sequence and those 
sequences are sufficient to elicit the heat shock response. 

Houever, the abundance of YGlOO 

Within the Hsp70 fmily, we have analyzed the heat inducible pmnoter of YGlOO in mt detail. A protein 

A 5' deletion series was constructed using Bal31. 

A deletion at -236 has an intemdiate behavior. 

This construction 
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BIOCHEMICAL AYALYSIS OF ACTIN-NEMBRANC I?ITERACTInNS, 
E l i z a b e t h  J .  Luna, Cather ine  Goodloe-Holland, H i l a r y  !I. I n o a l l s ,  L inda J .  

0460 
Ihtestehube, and Derek Barkalov,  Denartment o f  Bioloq.v, P r ince ton  Un ive rs i t v ,  Pr ince ton ,  
NJ 08544. 

A h igh  capac i t y  F - a c t i n  a f f i n i t y  m a t r i x  i s  cons t ruc ted  by b ind ing  f l u o r e s c y l - a c t i n  t o  
a n t i - f l u o r e s c e i n  IgG t h a t  i s  c o v a l e n t l y  bound t o  Sephacryl S-1000. 
p h a l l o i d i n ,  t h e  a c t i n  remains assoc ia ted  w i t h  the  Sephacryl beads du r ing  r peated washes, 
a c t i v a t e s  t h e  ATPase o f  myosin S-1, and s p e c i f i c a l l y  b inds  125I-HMM and 1251-tropomyosin (1 ) .  
These F -ac t i n  beads a l s o  b i n d  h i g h l y  p u r i f i e d ,  son ica ted  D i c t  o s t e l  ium discoideum plasma 
membranes. I n  low-speed sed imenta t ion  assays, 125I-membrane { i nd ing  t o  F -ac t i n  beads i s  
s p e c i f i c ,  sa turab le ,  rap id ,  and apparen t l y  o f  reasonable a f f i n i t y .  Sonicated plasma 
membranes, a f t e r  e x t r a c t i o n  w i t h  chaotropes, s t i l l  b i n d  F -ac t i n  beads. Heat-denatured 
membranes, p ro teo l yzed  membranes, and 0. discoideum l i p i d  v e s i c l e s  do n o t  b i n d  F - a c t i n  
beads (2). These r e s u l t s  i n d i c a t e  t h a t  i n t e g r a l  membrane p r o t e i n s  a re  respons ib le  f o r  much 
o f  t he  b ind ing  between F -ac t i n  and 0. discoideum plasma membranes and agree w i t h  
observa t ions  made us ing  low-shear v iscomet ry  (3). Most o f  t he  b ind ing  between 12gI-membranes 
and F -ac t i n  beads i s  c o m p e t i t i v e l y  i n h i b i t e d  by myosin S-1. 
sens i t i ve ,  e x h i b i t s  a K i  o f  g. 5 x 10-8M, and i s  r e c i p r o c a l  ( 4 ) .  
t h a t  membrane b ind ing  and S-1 b ind ing  t o  F -ac t i n  beads a re  mu tua l l y  exc lus i ve  and, there fore ,  
t h a t  t he  membranes b i n d  predominant ly  t o  the  s ides, r a t h e r  than t o  the  ends, o f  t he  a c t i n  
f i l amen ts .  
l ook ing  f o r  i n t e g r a l  membrane po lypep t ides  t h a t  b i n d  F - a c t i n  d i r e c t l y  o r  i n d i r e c t l y  as p a r t  
o f  a p r o t e i n  complex. 
and membrane s t r u c t u r e s  respons ib le  f o r  endocytosis,  chemotaxis, and c e l l - c e l l  and 
c e l l - s u b s t r a t e  adhesion. 

When s t a b i l i z e d  w i t h  

rev ious  

Th is  i n h i b i t i o n  i s  MgATP- 
These r e s u l t s  denonst ra te  

Using F -ac t i n  beads as an a f f i n i t y  column f o r  ac t i n -b ind ing  p ro te ins ,  we a re  

Fu r the r  work w i l l  focus  on the  c o r r e l a t i o n  between these po lypep t ides  

References: ( 1 )  Luna fi aJ., 1982, J .  B i o l .  Chem. 257:13095-13100; 
(2) Luna e t  a l . ,  1984, 5. C e l l  B i o l .  99:58-70; 
(3 )  Luna 8 x., 1981, 3. 
(4 )  G o o d l s - E l l a n d  and L u T 1 9 8 4 ,  2. Ce l l  B i o l .  99:71-78. 

m. 88:396-409; 
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0461 
Hopkins Univ., Baltimore, MD 21205 and Univ. of North Carolina, Chapel Hill, NC 27514 
Hereditary spherocytosis (HS) is a common, clinically heterogeneous hemolytic anemia. While 
the primary erythrocyte defect in mast cases of HS has not been identified, it is thought to 
be some abnormality in the spectrin-actin membrane-skeleton which leads to loss of surface 
membrane. Recessively inherited spectrin deficiency with extreme erythrocyte fragility and 
spherocytosis has been identified in certain mutant mice and two severely anemic humans. 
While suspected, deficiency of spectrin has not been demonstrated in less severe forms of 
human HS by analysis of Coomassie blue stained SDS-PAGE gels. A better method for 
quantitation of erythrocyte spectrin is the spectrin radioimmunoassay. Normal erythrocytes 
were found to contain 240,000 copies of spectrin, whereas erythrocytes from 14 patients with 
a variety of HS types were all found to be partially deficient in spectrin (range 74,000 to 
200,000 copies), and the magnitude of the deficiency correlated closely with disease severity 
and median osmotic fragility. Spectrin deficiency was not found in patients with several 
other types of anemias and was not affected by splenectomy. Spectrin deficiency of varying 
degrees is common to HS and probably represents the principal structural defect leading to 
loss of surface membrane. 

ERYTHROCYTE SPECTRIN IS PARTIALLY DEFICIENT IN HEREDITARY SPHEROCYTOSIS, Peter Agre, 
James F. Casella, William H. Zinkham, Campbell McMillan, and Vann Bennett, Johns 
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0462 PHOSPHORYLATION OF A TROPOMYOSIN-LIKE (30KD) PROTEIN DURING PLATELET 
ACTIVATION, Lilly Y . W .  Bourguignon, S.  Field and G.J. Bourguignon, 
University of Miami Medical School, Miami, F1. 33101 
In this study we have used a tumor promoter, phorbol ester-TPA (12-0- 
tetradecanoylphorbol-13-acetate),as well as its biologically inactive 
analogue, 4rl-PDD (4d-phorbol 12,13-didecanoate), to investigate platelet 
protein phosphorylation and its possible correlation with platelet 
activation. Our data show that TPA, but not 4d-PDD, induces a preferential 
phosphorylation of a 30,000 dalton (30KD) protein. This phosphoprotein is 
physically associated with an actomyosin-containing platelet membrane- 
cytoskeleton complex. Further analyses using both two-dimensional 
(isoelectric focusing and SDS) gel electrophoresis and an one-dimensional 
urea-SDS gel electrophoresis show that this 30KD protein displays 
tropomyosin-like properties. Most importantly, the degree of TPA-induced 
30KD protein phosphorylation is directly proportional to the extent of 
granule release and shape change of the platelet as well as platelet 
aggregation. This phosphorylated tropomyosin may play a pivotal role in the 
regulation of actomyosin-mediated contractility which has been implicated 
in many platelet functions. 

0463 IS PKOTEOLYTIC DEGRADArION RFSPONSIi3LE FOR THE PARTIAL DEFICIENCY OF 
SPEC rRIN IN HEREDITARY PYROPOIKILOCYTOSIS?T.L. Coetzer* and J. Palek. 
Oepartinent of Biomedical iiesearch, Division of Hematology/Oncology, St. Elizabeth's 
Hospital of Boston, Tufts University School of Medicine, Boston, MA. 

In hereditary pyropoikilocytosis (ilPP) the erythrocyte membrane skeletons are  markedly unstable 
when subjected to shear stress. This instability correlates with alterations in the spectrin (Sp) 
molecule, which exhibits defective Sp heterodimer (SpiJ) self-association and an altered limited tryptic 
digestion pattern indicating a molecular defect of the (Y I domain, which represents the SpSSpD 
contact site. We have reported that HPP red cell membranes contain less Sp than normal as evidenced 
by a decreased Sp/band 3 ratio. h e  of the underlying causes of this Sp deficiency in HPP may be that  
the Sp molecule is unstable which renders i t  more susceptible to denaturation or proteolysis in the 
cell. Immunoblotting experiments using an affinity purified antispectrin antibody indicated that  there 
is no loss of Sp during membrane preparation and also that whole HPP red cells as well as the ghosts 
and cytosol do not contain abnormal Sp degradation products. The Sp deficiency is already manifested 
a t  the reticulocyte level and does not change during red cell maturation since the Sp/band 3 ratio is 
decreased by the same amount in age fractionated HPP red cell preparations. Sp denaturation also 
does not appear to occur in HPP red cells since an overnight in vitro incubation of such cells at 37OC in 
a buffer that  allowed the cells to maintain adequate GSH and A r P  levels had no effect  on the Sp 
content of the membrane. These findings indicate that the partial HPP Sp deficiency is not due to 
degradation of Sp in circulating red cells but that  i t  might either be the result of degradation in red 
cell precursors in the bone marrow or to a synthetic defect. 

0464 CHARACTERIZATION OF A MOUSE d-SPECTRIN CDNA CLONE bv L i v i a  C i o e  
and P e t e r  C u r t i s .  The W i s t e r  I n s t i t u t e .  P h i l a d e l p h i a ,  PA 19104 

A c l o n e d  segment  of mouse o ( - s p e c t r i n  mRNA h a s  b e e n  i d e n t i f i e d  bv immuno- 
l o g i c a l  t e c h n i o u e s ,  Double-s t randed  complementPrv DNA d e r i v e d  from mouse 
anemic  s p l e e n  was i n t r o d u c e d  i n t o  r b a c t e r i r l  e x p r e s s i o n  v e c t o r ,  PUC, 
and t r a n s f o r m e d  c o l o n i e s  w e r e  s c r e e n e d  u s i n g  ?n  a n t i  mouse e r y t h r c y t e  
membrane g h o s t  p r o t e i n s  serum. Of s e v e n t e e n  p o s i t i v e  c o l o n i e s  t w o  bound 
a n t i - m o u s e  s p e c t r i n  a n t i b o d y ,  and t h e s e  t w o  c o l o n i e s  contRined  750  b p  
i n s e r t s  which  cross h y b r i d i p e d .  T r e n s f e r  o f  t h e  75b bp i n s e r t  t o  ? n  
e x p r e s s i o n  v e c t o r  c o n t a i n i n g  the P promoter of lambdr Droduced l ? r g e r  
amounts  o f  p e p t i d e s  which bound PnEi-mouse s p e c t r i n  a n t i b o d y .  The 
s p e c t r i n - l i k e  p e p t i d e s  wade i n  E.coSi  r a i s e d  P n t i b o d y  which r e ? c t e d  o n l y  
w i t h  the 4 - s p e c t r i n  s u b u n i t  of r e d  c e l l  membranes. T h i s  c l o n e  v i l l  b e  
useful for the  s t u d y  of the  s t r u c t u r e  and e x p r e s s i o n  of  t h e  s p e c t r i n  
g e n e ,  p a r t i c u l a r l y  i n  u n d e r s t a n d i n g  the r o l e  of s p e c t r i n  i n  human 
i n h e r i t e d  h e m o l y t i c  a n e m i a s .  
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0465 
The long range mob i l i t y  of probes i n  membranes, u sua l ly  measured by f luo rescen t  photo- 
bleaching recovery (FPR), r ep resen t s  a va lue  averaged over  a d i s t ance  on t h e  membrane 
(-1 urn) i n  which many p r o t e i n s  a r e  disbursed.  In t h e  "mil l ing crowd" (MC) model, t h e  mo- 
b i l i t y  of probe molecules i s  s imulated by a r egu la r  t r i g o n a l  a r r a y  of phosphol ipids  i n  
which a f r a c t i o n ,  x, of t h e  l a t t i c e  po in t s ,  i s  occupied by probes.  The probes migrate  by 
changing p o s i t i o n s  a t  random wi th  one of s i x  nea res t  neighbors  a t  a frequency f .  It i s  
shown i n  computer s imula t ions  t h a t  i f ,  as i n  e ry th rocy te s ,  50% of t h e  membrane a r e a  is 
occupied by a random d i s t r i b u t i o n  of p r o t e i n s  (with d i ame te r sN2  nm) t h e  probe 's  d i f fus -  
a b i l i t y  i s  g r e a t l y  reduced, and t h e  FPR r a t e  i s  a func t ion  of t h e  disbursed p r o t e i n s  a s  
much as of t h e  l o c a l  phosphol ipids '  f l u i d i t y .  The l a t t e r  can be measured by t h e  use of 
excimeric  membrane probes.  The experimental ly  determined r a t i o  of excimeric  and monomeric 
emission y i e l d s  i s  combined wi th  o t h e r  measurable parameters and n, t h e  average number of 
s p a t i a l  exchanges r equ i r ed  t o  form t h e  excimer; n i s  obtained wi th  t h e  a i d  of t h e  MD model. 
The l o c a l  l a t e r a l  mob i l i t y  of t h e  excimeric probe 1-pyrenehexadecanoic a c i d  has  been 
measured f o r  l e c i t h i n  v e s i c l e s ,  R B C ' s  and ghosts .  The l o c a l  f l u i d i t y  of b i o l o g i c a l  
membranes obtained i n  t h i s  manner was found t o  be s e v e r a l  t imes l a r g e r  than t h e  long range 
f l u i d i t y ,  as determined by FPR. 

A "MILLING CROWD" MODEL FOR THE LATERAL MOBILITY OF MEMBRANE PROBES. 
J. Flo res  and W. P. Petersen,  AT&T B e l l  Laboratqr ies ,  Murray H i l l ,  N J  07974. 

J. Eis inge r ,  

0466 DIFFERENTIAL ACTION OF THE ANTIMICROTUBULAR DRUG NOCODAZOLE ON THE SECRETION OF 
PRUCULLAGEN BY CELLS IN CULTUKE AND I N  WHOLE TISSUES, John H. Fess le r  and Jane P. 
Petschek, and L i s e l o t t e  I .  Fessler,  U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Angeles, C A  
90024 

Co lch i c ine  b locks  proco l lagen secre t ion .  To i n v e s t i g a t e  the  r o l e  o f  mic ro tubu les  i n  
p roco l l agen  sec re t i on  more s p e c i f i c a l l y ,  c u l t u r e d  ch i ck  embryo f i b r o b l a s t s  were t r e a t e d  
w i t h  nocodazole and the  sec re t i on  o f  b i o s y n t h e t i c a l l y  l abe led  proco l lagen I i n t o  the  c e l l  
c u l t u r e  medium was monitored. Th is  was slowed, bu t  no t  abolished. Separate exper iments 
showed t h a t  nocodazole does no t  i n h i  b i t  t he  enzymes which process, e x t r a c e l l u l a r l y ,  
p roco l lagen t o  p -co l lagen and col lagen. Therefore,  t he  a c t i o n  o f  nocodazole on the  
t r a n s p o r t  o f  p roco l lagen made by c e l l s  i n  whole c a l v a r i a l  bones cou ld  be monitored by 
f o l l o w i n g  the  appearance o f  p -co l lagen and co l l agen  i n  these embryonic t i ssues .  
Nocodazole slowed proco l lagen t ranspor t  w i t h i n  c e l l s  o f  whole t i ssues  much more than i n  
c u l t u r e d  c e l l s .  This suggests a model i n  which mic ro tubu les  he lp  t o  ma in ta in  a 
d i r e c t i o n a l l y  organized expor t  o f  p roco l lagen i n  whole c e l l s  t h a t  may be l a r g e l y  l o s t  i n  
c e l l  cu l tu re .  The d e s t r u c t i o n  o f  mic ro tubu les  would then have a smal le r  e f f e c t  on 
proco l lagen expor t  by c u l t u r e d  c e l l s .  

0467 THE ROLE OF ACTI!( MICROFIWU4ENTS-WICROTUBULES-TLIBULIN IJYTERACTION IN CYTOTOXIC LYYPI{O- 
CUES (CTL) TARGET CELL LYSIS .Anwar A. Hakim and Charles  M .  S i r a k i .  Loyola Universi-  
t y  Medical Center.  Maywood. I l l i n o i s  60153. 

r;le CTL b io func t ions  a r e  r egu la t ed  by numerous f a c t o r s  includinz environmental f a c t o r s ,  i . e .  
hormones, i n t e r f e r o n s ,  g lycopro te ins  and metabol ic  agents .  E a r l i e r  s t u d i e s  (Ilakim and Joseph, 
Exp. Ce l l  Biol.  51, 96-108, 1983) showed t h a t  adenosine S'-tr iphospIiate (ATP) changed tl ie 
morphology o f  human f i b r o b l a s t s  from long-stretched a t t ached  e l l i p t i c a l  t o  round f l o a t i n g  c e l l  
cu l tu re s .  The p resen t  i n v e s t i g a t i o n s  examined t h e  a c t i o n  of  ATP and plasma cold in so lub le  
g lobu l in  (CIg) on t h e  cy to tox ic  a c t i v i t i e s  of Natural  K i l l e r  (NK) c e l l s  and CTL aga ins t  a 
s e r i e s  o f  t a r g e t  c e l l s  human mammary carcinoma (IIYCC), human malignant melanoma (IMC) and hu- 
man hepa toce l lu l a r  carcinoma (HIICC) . When incubated with neuraminidase (VCN) N K  and CTL cyto-  
t ox ic  a c t i v i t i e s  was increased by t en  fo lds .  VCH.NK atid VCN.CTL were used as t l ie e f f e c t o r  c e l l s .  
ATP inh ib i t ed  t l ie cy to tox ic  a c t i v i t i e s  of t l ise  e f f e c t o r  c e l l s .  The i n h i b i t i o n  was ATP-concen- 
t r a t i o n  dependent, mediated by an intramembrane glycoprotein,  causing depo la r i za t ion  o f  i n t r  - 
c e l l u l a r  a c t i n  f i l amen t s  inducing inicrotuhular depolymerization i n t o  tubu l in  and r e l e a s e  o f  
an i n h i b i t o r  of t r y p s i n - l i k e  enzyme. CIg binds the intermembrane glycoprotein p ro tec t ing  t!ie 
a c t i n  microfilament from ATP a c t i o n .  Destruct ion o f  t h e  microtubules  by ATP was monitored by 
Colcemid uptake and l o s s  o f  cy to tox ic  a c t i v i t i e s  o f  CTL , and N K  . 
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EVIDENCE FOR REGULATION OF FORMYL PEPTICE INOJCED ACTIVATION OF GRANULOCYTES BY 0468 ASSOCIATION OF PEPTICE RECEPTOR COMPLEX WITH CYTOSKELETON, A.J. J e s a i t i s ,  J.O. 
T o l l e y ,  R.A. A l l e n ,  and C.G. Cochrane, S c r i p p s  C l i n i c  and Res. Fdn., L a  J o l l a ,  CA 92037 
N- fo rmy la ted  p e p t i d e s  induce a t r a n s i e n t  b u r s t  o f  superox ide  p r o d u c t i o n  i n  i s o l a t e d  
suspensions o f  human granu locy tes .  The r a t e  o f  p r o d u c t i o n  i s  maximal between 0.5-1 min 
a f t e r  exposure of c e l l s  t o  a s a t u r a t i n g  dose 
b y  3-5 minutes.  
a f t e r  s t i m u l a t i o n ,  then t h e  r a t e  o f  superox ide  p r o d u c t i o n  inc reases  t o  a l e v e l  wh ich  
depends on t h e  t ime between s t i m u l a t i o n  and a d d i t i o n  o f  dhCB. T h i s  e f f e c t  i s  maximum when 
dhCB i s  added b e f o r e  s t i m u l a t i o n ,  i n c r e a s i n g  t h e  r a t e  o f  p r o d u c t i o n  b y  1.7*0.5. 
o f  t h e  dhCB a f t e r  4 min. o f  s t i m u l a t i o n  r e j u v e n a t e s  t h e  te rmina ted  superox ide  p r o d u c t i o n  
b a c k  t o  i t s  maximal un e r t u r b e d  r a t e .  By 8 min. no r e j u v e n a t i o n  i s  observed. Analogous 
exper iments  u t i l i z i n g  %I-FMLP i n d i c a t e  t h a t  dhCB i n h i b i t s  f o r m a t i o n  o f  t h e  t e r t i a r y  
complex c o n t a i n i n g  c y t o s k e l e t o n  and t h e  " h i g h  a f f i n i t y "  f o r m  o f  t h e  occup ied  r e c e p t o r .  
These dhCB-effects a r e  e v i d e n t  d u r i n g  t h e  f i r s t  m inu te  a f t e r  s t i m u l a t i o n  w i t h  FMLP. 
quent ly ,  r e c e p t o r  mediated endocy tos is  cannot c o n t r o l  these processes. These r e s u l t s  a r e  
c o n s i s t e n t  w i t h  t h e  m b i l e  r e c e p t o r  h y p o t h e s i s  as i n t e r p r e t e d  b y  Va le  and Shooter  (J .  C e l l  
B i o l .  94:710, 1982). T h i s  i n t e r p r e t a t i o n  suggests t h a t  c o n v e r s i o n  o f  occup ied  r e c e p t o r s  
t o  the? h i g h  a f f i n i t y  f o r m  i s  induced i n  a r e c i p r o c a l  f a s h i o n  by  enhanced b i n d i n g  o f  
occup ied  r e c e p t o r s  t o  t h e  c y t o s k e l e t o n .  T h i s  i m m o b i l i z a t i o n  m i  h t  then sequester  r e c e p t o r s  
t o  c y t o s k e l e t a l  domains i n  t h e  plasma m & r a n e  t h u s  p r e v e n t i n g  ?hem f r o m  p e r f o r m i n g  
r e q u i r e d  i n t e r a c t i o n s  w i t h  c e l l u l a r  conponents i n v o l v e d  i n  t h e  s i g n a l  t r a n s d u c t i o n .  

o f  F-Met-Leu-Phe. The response i s  t e r m i n a t e d  
I f  d i h y d r o c y l o c h a l a s i n  B (dhCB) i s  added t o  t h e  c e l l s  a t  d i f f e r e n t  t i m s  

A d d i t i o n  

Conse- 

0469 
We have isolated and sequenced a full-length Band I11 cDNA clone from a hgtll cDNA 
library of RNA from anemic mouse spleen using a polyclonal antibody against murine 
erythrocyte Band I11 protein. This clone contains a 2700 bp open reading frame 
constituting the Band I11 coding region, a 1600 bp 3 '  untranslated region contain- 
ing the poly A tail and polyadenylation consensus sequence, and a 250 bp 5' un- 
translated region. Hybridization of this clone to Northern blots containing total 
anemic mouse spleen RNA or murine erythroleukemia cells (MEL) at various stages of 
differentiation reveals a single 4.5 kb band, transcription of which appears to be 
co-regulated with other erythroid markers in MEL cells. Analysis of the predicted 
amino acid sequence reveals substantial homology with regions of published sequence 
of human Band I11 peptides. 
existence of 10 potential membrane-spanning helices. The transmembrane orientation 
of Band I11 in the RBC plasma membrane is being probed with antibodies against 
peptides predicted from the cDNA sequence. 

MOLECULAR CLONING OF MURINE ERYTHROCYTE BAND 111, Ron R. Kopito and Harvey F. 
Lodish, Whitehead Institute, Cambridge, MA 02142 

Hydrophobic analysis of this sequence suggests the 

0470 Polarization of the cytoskeleton and the Golgi apparatus inside Cl'L h d  to their 
targets. Abraham Kupfer, and S. J. Singer, University of California a t  San Diego, 
La Jol la ,  CA 92093. 

We are concerned with the nehanisos responsible for the unidirectional k i l l i rq  of 
target cells by cytotoxic-T lymphocytes (CI'L) . 
B anti<, results i n  a specific and unidiredional destruction of the B anti< CI'L, and the 
A anti-B remins intact. By innunofluorescent microsapy in  cell couples between such CI'L, 
w? &served that, shortly a f t e r  cell binding, the Golgi apparatus (GA) and the microtubule 
organizing center (MItX)  in the A anti-B CFL (but not in the B anti< CI'L) became oriented 
toward the contact area with the target. Using aff ini ty  plrif ied rabbit antibodies specific 
for talin,  a 215 Kd cytoskeletal protein, the hmunolabeling i n  the A a n t i - B  CI'L (but not 
i n  the B anti< CPL) seefls to be largely concentrated in the contact area. 
specific for  a-actinin and f i l e  did not display a similar concentration. 
that the plasm d r a n e s  and underlying cytoskeletal structures i n  the effector and target 
cells m y  be differentially specialized in  the contact area. 
function served by the coordinate reorientatim of the G?i and the MID2 is to  direct  the 
flcm of Golgi derived vesicles, containing cytotmxic canponents, f r a n  the effector cell to 
its bmnd target. A S F i a l i z e d  reorganization of the mepnbrane i n  the contact area my 
provide a means of protecting the effector cell fran being lysed by its own secreted 
cytotoxic m t e r i a l .  

Mixing of two CTL l ines,  an A a n t i - B  and a 

Antibodies 
This  suggests 

It is propsed that the 
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0471 

Spectrin tetramers and oligomers in normal red cells are crosslinked by actin oligomers and band 4.1 to 
form a two dimensional membrane skeletal network. Ne have recently shown that hemoglobin 
enhanced the self-association of spectrin dimers to tetramers, whereas hemin, a breakdown product of 
hemoglobin, disrupted the self-association of spectrin. We now report that hemin diminishes the 
stability of membrane skeletons upon mechanical shearing and alters the conformation of band 4.1. 
Membrane skeletons prepared by Triton X-100 extraction of red cell ghosts were sheared in a cylinder- 
rod shearing apparatus (2-4OC, shear stress 36 dynes/cm2) and visualized without staining by phase 
contrast light microscopy with an attached contrast enhancement video camera. Control samples of 
Triton shells without hemin showed a slow rate of disintegration upon shearing (T time for 50% 
disintegration, 30-40 min). In contrast,the addition of 10 and 50 UIM hemin to Triton s%ls reduced T5 
to 20 and 10 min, respectively. Hemin not only diminished the ability of spectrin to self-associate bu? 
also altered the conformation of band 4.1 as revealed by the change of band 4.1 mobility on non- 
denaturing gel electrophoresis. Since hemin may be liberated from oxidized or unstable mutant 
hemoglobin under pathological conditions, these hemin-induced effects on spectrin, band 4.1 and 
membrane skeletal stability may play a role in the membrane lesion of these red cells. 

HEMIN INDUCES INSTABILITY OF RED CELL ,MEMBRANE SKELETONS. ShihChun Liu and 
Jiri Palek. Dept. Biomedical Research, St. Elizabeth's Hospital, Tufts University School of 
Medicine, Boston, MA 02135 

0472 CELL SUHFA5E-CYTOSKELETAL ASSOCIATIONS DUaIJvG MYOG.ZNESI3, Alex A .  
Lowrey anrl Steohen J. Kaufman, U n l v e r s i t y  o f  Illlnois,UrbAna,Il.61801 

Ponocl3nsl  s n t i b n i l e s  hxve been use4 t o  s tu9y  s u r f a c e  a n t l g e n l c  de t e rmlnsn t s  
( D e t )  on myogenlc L3E63 rst c e l l s  (Lee and Kaufman 1991 Dev. Blol. 811811 
Kaufman and P o s t e r  1954 Exp. 9101. Xed. 2157). Two of  t h e s e  Det ,  A-nd H36, 
were s t u d i e d  usl?g l n d l r e c t  lmmunofluorescence ( I I F )  and photometry. T rea t -  
ment of  myogenlc c e l l s  st d i f - e r e n t  s t a g e s  of development rrl th 1% T r i t o n  X- 
100 ex t rnc te t l  H36 from myohlasts  (Mb) and from snall or unbranched myotubes 
( M t ) ,  b u t  n o t  from l p r j e ,  h ranche i  M t .  H3h r e s l s t e d  e x t r d c t l o n  a l s o  when lo 
an4 c r o s s l l n k l w  2°ani?lborlles were usen. A5 p e r s i s t e d  a f t e r  T r l t o n  t r e a t -  
ment throuqhout  development.  Using s c t i n  f i l a m e n t s  (AF) l a b e l l e d  rrl th rho- 
.laml?e conJuq3te4 p h n l l o l d l n  an3 I I F .  w e  founcl a l l rn l t ed  coincidence between 
A5 and AF, snd  a more a p p a r e n t  co lnc ldence  between Hj6  and AF, e s p e c i a l l y  
on t h e  a t t a c h e d  c e l l  s u r f a c e , t h a t  i nc reased  g r e a t l y  wl th  development. T rea t -  
Dent of M t  w i th  c y t o c h a l a s l n  B r e s u l t e d  n o t  on ly  i n  t h e  disru t l o n  o f  AF and 
H36, b u t  n l s o  i n  t h e  fo rma t ion  of l a r q e  a g q r e g s t e s ,  which c o d a l n e d  a c t i n ,  
4 5 ,  an4 t o  a auch l e s s e r  deg ree  H36. T r i t o n  f a l l e d  t o  e x t r x t  A5 from t h e s e  
a q q r e ~ s t e s ,  b u t  3 l d  ex t rac t  H j 6 .  These experlments  l n d l c s t e  t h a t  d i f f e r e n t  
a s s o c i q t i o n s  e x i s t  between myogenlc c e l l  s u r f a c e  Det and AF d u r l r y  develop- 
ment. The s l g n l f l c a n c e  of  s p e c l f l c  l n t e r a c t l o n s  between such D e t  and t h e  
c y t o s k e l e t o n  d u r l w  myoqenesis w i l l  be d i scussed .  T h i s  work was supported 
by q r s n t  DHHS GM 25842 t o  SJK. 

0473 The Role of the Cytoskeleton during the Development of Polarity in Mouse 
Early Blastomeres. 

against one another and become polarized, both at the surface and in the 
cytoplasm. 
jrocess was investigated using specific drugs (Taxol, Nocodazole and 
Cytochalasin D) and specific antibodies to tubulin and actin to follow the 
distribution of these structures during compaction. Microtubules were shown 
to be necessary for cytoplasmic polarity and to exercise a constraining role 
on cell flattening and on surface polarity. Microfilaments were mainly 
involved in flattening and to a lesser extent in the setting up of polarity. 
Antibodies directed against cell adhesion molecules did inhibit flattening 
but were unable to inhibit polarization. Intercellular adhesion seems to be 
required to provide a reference for the normal positioning of the cytoplasmic 
and surfhce poles. 
is the on1.y feature of compaction which is stable during division, is necessary 
for reformation of the cytoplasmic poles leads us to propose that the cell 
cortex is able to provide an organising focus for the cytoplasmic reorganisation 
of the cytoskeleton at the 8- and 16-cell stage. 

Bernard Maro and Martin H Johnson. 

During compaction, the blastomeres of the &cell mouse embryo flatten 

The role of microtubuleand of microfilaments during this 

These results plus the fact that surface polarity,which 
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0474 CHARACTERISTICS OF TARGET CELL RECEPTORS FOR MALARIA SPOROZOITE SURFACE 
PROTEIN (PLASMODIUM BERGHEI Pb44 PROTEIN), Samuel J. Pancake. Michael R. Hollingdale 
and Alan L. Schwartz, Biomedical Research Institute, Rockville, MD 20862 

Malaria is initiated in the mamrmliM host by the bite of an infected Anopheles mosquito releaning malaria 
sporozoites into the circulation. These rapidly and specifically invade liver parenchymal cells to initiate the 
exoerythrocytic phnse of the infection. Monoclonal antibodies to the major surface protein of Plasmodium 
berghei sporozoites block target cell invasion and indicate that this protein likely med iak  invasion. Sporo- 
mite surface proteins derived from human malaria species are currently being tested for use in the development 
of anti-makrial vaccines. The present work waa initiated to isolate and characterize the putative cellular recep 
tors for the Pb44 protein. Uaing an in uitro assay, sporozoites ware observed to bind as trequently to the suz- 
faces of fixed as to those of live target cells. Fixed target celL oxidized with periodate, heated with 0.1N 
H+04, or expored to neuraminidare and gnlactose oxidase showed little change in sporozoite binding activity. 
Exposlue to proteam could be shown to largely remove target cell reactivity. Live cells extracted with organic 
solvents and cytoskeletons prepared by high salt and detergent extraction remained reactive with sporozites. 
Antisera are being prepared to the major protein components isolated by SDSPAGE and are being tested for 
inhibitory effects on the binding of iporozoites to target cells. 

Supported by the Agency for International Development Contract No. DPE-0453-C-00-3051-00 

0475 HEREDITARY HlMXkTIC ANMIA WITH CEFECTIVE SPECIRIN SELF-ASSOCIATICN AND N . 3 W  
THERMAL PROPERTIES. Y. Ravindranath ad Fabert M. Johnson, Detroit Children 's  
Hospi ta l  and Wayne S t a t e  Medical School, Detrois M I  48201 

Spec t r in  ex t r ac t ed  € ran  normal e ry th rocy te  m-ranes a t  0 
in  he red i t a ry  pyropoiki lccytceis  (HPP) a-d type 1 he red i t a ry  e l l i p t c c y t o s i s  ( H E ) ,  a s u b  
s t a n t i a l  m n t  of the ex t r ac t ed  s p e c t r i n  is dimeric. W e  h e r e  r-rt t h e  case of a f a n i l y  i n  
which t h e  c h i l d  has  m d e r a t e l y  severe h m l g s i s ,  with ex t r ene  micrccytcsis (MCV=44) ad 
p i k i l c c y t o s i s .  The s p e c t r i n  extrsted at 0 
dimer intermediate  b e t w e e n  p a t i e n t  and controls: 

controls p a t i e n t  f a t h e r  m t h e r  
% dimeric  s p e c t r i n  11 2 6 (7) 77 ( 2 )  27 ( 2 )  49 (2) 
h e  case is not HPP, since i n  all three ind iv idua l s  the t w e r a t u r e  dependence is normal f o r  
( a )  e ry th rocy te  f r ignen ta t ion ;  (b)  s p e c t r i n  e x t r s t a b i l i t y ;  and (c)  c i r c u l a r  d i ch ro i sn  of 
p u r i f i e d  spec t r in .  I t  is not HE, s i n c e  ne i the r  parent  had e l l i p t c c y t i c  red cells as ~udged 
from sneat-s and scanning e l ec t ron  m i c r o s c q y .  The s p e c t r i n  v a r i a t  t h e r e f o r e  *pears to be a 
new type. h e  presence of s u b s t a n t i a l  emxnts of dimeric  s p e c t r i n  i n  t h e  pa ren t s  is consis- 
t e n t  with a mdel i n  which e sh  parent  is heterozygcxls f o r  a d i f f e r e n t  nutant  m-associat- 
irq spec t r in ,  while  t h e  c h i l d  has  inhe r i t ed  a m a s s o c i a t i n g  m l e c u l e  € ran  each parent .  In  
e s h  h e r  of this f a n i l y ,  t h e  mechanical s t a b i l i t y  of the erythrocyte  menbrane, determined 
by e k t s y t c m e t r y ,  is correlated with t h e  m n t  of tetraner found i n  the manbrane. 

is nearly all t e t r a n e r i c ,  while  

is predaninately dimer. Parents  had l e v e l s  of 

0476 It.WNOGLOBULI1i HEAVY C M I N S  ASSOCIATED WITH THE LYMPHOCYTE CYTOSKELETON ARE PHOSPHOR- 
YLATED, A l len  J .  Rosenspire and Yong Sung Choi. Sloan-Kettering Ins t i tu te ,  Rye, NY 

On B lymphocyte surfaces, membrane imunoglobul i n  (mIg) functions as antigen-receptor. The 
cross l i nk ing  o f  n Ig  receptors by e i ther  l igand or  anti-receptor antibodies has been shown 
t o  generate transmembrane signals that  lead to mitogenesis, and under proper circumtances, 
eventually to d i f fe ren t ia t ion .  Although most mIg can normally be solubi l ized from c e l l  mm- 
branes by nonionic detergents, when n Ig  i s  cross l inked by an t i - I g  antibodies, much o f  i t  
becomes insoluble so that the a Ig  co-isolates wi th the lymphocyte cytoskeleton. men the 
(cytoskeletally-associated) insoluble detergent pe l le ts  are extracted w i th  l o w  s a l t  buffers, 
several membrane proteins are solubil ized, including mlg. i n  c e l l s  which have been biosyn- 
t h e t i c a l l y  labeled w i th  orthophosphate p r i o r  to lys is.  we f i n d  tha t  some o f  the I g  which 
i s  extracted from the cytoskeletdl pe l l e t  w i th  l o w  s a l t  has phosphorylated heavy chain. On 
the other hand, we can f i n d  no evidence that any I g  not associated w i th  the cytoskeleton i s  
phosphorylated. The impl icat ion i s  tha t  the phosphorylation o f  m I g  may be essential f o r  the 
association o f  mIg w l th  the cytoskeleton and i n  the generation o f  transmembrane mitogenic 
signals. 
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0477TRANSPORT OF HERPES SIMPLEX V I R U S  GLYCOPROTEINS IN NEURONS AND 
ASTROCYTES.INTERACTION WITH CYTOSKELETAL ELEMENT5,Christence Stubbe- 
Teglbjarg and Bodil Norrild, 1nstitute.of Medical Microbiology, 
University of Copenhagen,Denmark. 

Herpes Simplex Virus ( H S V )  is a neurotropic virus which establish life-long 
infections of the nervous system. Reactivation occurs at intervals with 
synthesis of viral proteins of which the glycoproteins become inserted into 
the plasma membrane of the infected cell. Five glycoproteins designated gB.  
gC,gD,gE and gG have so far b e e n  identified. We have studied the synthesis 
of g6,gC and g0 in immature and mature mouse neurons and astrocytes. As these 
cells mature specilization of the plasmamembrane occurs with formation of 
branching cell processes of the astrocyte and formation of dendrites, axons 
and synapses of the neurons. The difference in ability to express the viral 
glycoproteins gB.gC and g0 in immature and mature membranes of neurons and 
astrocytes will b e  discussed. H S V  infection of human fibroblasts which is a 
non-polarized cell results in alteration of the cytoskeletal elemets which 
leads to co-distribution o f  HSV glycoproteins with both actin and tubulin. 
Intermediate filaments remains unaltered. Whether similar interactions o f  
viral proteins with cytoskeletal elements take place in neurons which is a 
highly specialized and polarized cell harbouring the latent HSW in vivo 
is beeing investigated and will b e  discussed. 

0478 MOLECULAR CLONING OF CYTOSKELETAL GENES FROM THE HUMAN ERYTHROCYTE, Jonathan ryler 
Department of Genetics, University of Alberta, Edmonton, Alberta T6G 2E9 Canada 

Genes coding for cytoskeletal proteins of the human erythrocyte were cloned to permit their 
detailed molecular analyses. Polyadenylated messenger RNA (mRNA) was isolated from rabbit 
reticulocytes by phenol extraction and oligo-(dT) chromatography. When translated in an 
mRNA-dependent reticulocyte lysate system, all major cytoskeletal proteins were visible in 
35S-methionine fluorographs. 
daltons, respectively) ankyrin (band 2.1, 210,000 daltons), band 4.1 (82,000 daltons) band 
4.2 (76,000 daltons) and erythrocyte actin (band 5, 43,000 daltons). The extracted mRNA 
was fractionated on methyl mercury agarose gels, yielding 8 subfractions specific for mRNAs 
ranging in size from 2 to 8 kilobases. cDNA clones produced to relevant subfractions were 
identified by hybrid selected translation of complementary mRNA. Appropriate clones were 
analyzed by restriction digests and genomic Southern blotting. 
to selected cDNA clones were visualized by Northern blotting techniques. 
Nick translated dCT3'PcDNA has been used to probe rabbit and human genomic libraries to 
obtain structural genes with associated regulatory domains. Probes typically yield strongly 
positive genomic clones in a clean background even across species boundaries. 

These included spectrin (SDS bands 1 and 2, 240,000 and 220,000 

Messenger RNAs complementary 

0479 RUBELLA VIRUS ASSOCIATED WITH CYTOSKELETON (RUBELLA VACS) PARTICLES - A NEW 
INFECTIOUS AGENT? D. Van Alstyne, P. Sunga, E.M. Smyrnis and M. DeCamillis, 
The University of British Columbia, Vancouver, B.C., Canada. 

This laboratory has been studying persistent rubella virus (RV) infection in the central 
nervous system (CNS). To further these investigations, we have produced hybridomas which 
secrete monospecific anti-rubella antibodies. In the course of their characterization, it 
was observed that an immunosorbent column composed of monoclonal IgG (Fl-6E) linked to 
Sepharose 4B beads could be employed to selectively remove all RV polypeptides simultaneously 
from infected L cell lysates. On electron microscopic examination it was determined that the 
viral polypeptides were eluted as filamentous structures averaging 50 nm in length. In 
addition, RNA'ase sensitive RNA was detected in association with these structures. In view 
of their filamentous nature and the identification of one polypeptide component (~44) as 
actin, the structures have been identified as a combination of rubella virus (RNA and protein) 
associated with cytoskeleton (Rubella VACS) fragments. De novo RNA and protein synthesis 
were measured following VACS infection and results indicate that these particles are infec- 
tious and demonstrate some unique biological properties unlike those of the virus stocks 
from which they were derived. These data suggest that the rod-like rubella VACS particles 
mzy share some features characteristic of the slow viruses, or prions, associated with some 
disorders in the CNS. 
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0480 Paul D. Wagner, 

While the actin-activated ATPases of both vertebrate smooth and nonmuscle myosins are 
regulated by phosphorylation of their 20,000 Da light chains, both the order of light chain 
phosphorylation and the mechanism of activation are quite different from these two types of 
myosin. 
with two phosphorylated light chains from unphosphorylated myosin and myosin with one phos- 
phorylated light chain. 
meric and filamentous thymus myosin are phosphorylated randomly. 
cooperativity contrasts with the ordered phosphorylation of smooth muscle (gizzard) myosin 
light chains. Also unlike with smooth muscle myosin, we have found a linear correlation 
between the extent of light chain phosphorylation and stimulation of the actin-activated 
ATPase of thymus myosin. Since thymus myosin is phosphorylated randomly, this linear 
relationship shows that phosphorylation of one head of thymus myosin stimulates the actin- 
activated ATPase of that head independently of the phosphorylation of the other 
head. In contrast both heads of smooth muscle myosin m s t  be phosphorylated for actin to 
activate the ATPase of either head. 

Regulation of the actin-activated ATPase of smooth and nonmuscle myosins by light chain 
phosphorylation does not preclude other regulatiory systems. Indeed, it will be shown that 
it is possible to stimulate the actin-activated ATPase unphosphorylated thymus myosin. 

RCCULATION OF THE ACTIN-ACTIVATED ATPase OF THYMUS MYOSIN, 
Laboratory of Biochemistry, National Cancer Institute, NIH, Bethesda, MD 20205 

We have found that native gel electrophoresis can be used to separate thymus myosin 

This technique was used to show that the light chains of both mono- 
This apparent lack of 

Synthesis in Regulation of Membrane Skeletal Components in 
Normal and Disease States 

0481 Glycophorin-Protein 4.1 Associations: The Role of Polyphosphoinositides, Richard A. Anderson, 
Department of Pathology, Yale University School of Medicine, New Haven, CT 06510. 

The polyphosphoinositides, phosphatidylinositol-4-phosphate (DPI) and phosphatidylinositol-4,5-di- 
phosphate (TPI) a re  asymmetrically located only on the cytoplasmic half of the bilayer. Recent evidence 
has demonstrated that  these t race phosphorylated phospholipids a r e  important in trans-membrane message 
transduction. In the erythrocyte, and perhaps in other cells, the polyphosptninositides may also play a 
role in regulating the association of membrane proteins with membrane skeletal proteins. These 
associations may in turn modulate the assembly of the membrane skeleton. 

Protein 4.1 is a red cell membrane skeletal  protein which binds to  spectrin and plays a pivotal role in 
the assembly of t he  spectrin-actin complex. The association of protein 4.1 with the membrane involves 
two binding sites; a high affinity si te which has been identified as glycophorin (1) and a lower affinity si te 
which is band 3 (2). Recent evidence has demonstrated that  glycophorin has a requirement for bound 
polyphosphoinmitides before it will act as a binding site for protein 4.1. Glycophorin in a soluble micellar 
form or reconstituted into phosphatidylcholine liposomes shows an absolute requirement for either DPI or 
TPI for i ts  association within protein 4.1. Micellar glycophorin, reconstituted with DPI will bind protein 
4.1 and inhibits protein 4.1 binding to  inside-out membrane vesicles (IOVs), however, micellar glycophorin 
reconstituted with TPI shows a higher affinity for protein 4.1 binding and is a better inhibitor of protein 
4.1 binding to IOVs. In comparison, glycophorin which is reconstituted into phosphatidylcholine liposomes 
shows a specific TPI requirement for the glycophorin-protein 4.1 association, whereas DPI does not appear 
t o  promote protein 4.1 binding to  glycophorin. 

In t he  erythrocyte membrane, and in other cell membranes, the monoester p h o s . a t e s  on the myc- 
inositol ring a re  rapidly turned over. Metabolic depletion or increased cytoplasmic Ca  (3) causes a drop 
in the polyphosphoinositol content of the membrane (largely TPI) and a concurrent cell shape change. The 
molecular basis for such a change may lie in the polyphosphoinositide modulated glycophorin-protein 4.1 
association. 

References 

1. Anderson, R.A. and Lovrien, R.E. Nature 307: 655-658 (1984). 

2. Pasternack, G.R., Anderson, R.A., Leto, T.L. and Marchesi, V.T. J. Biol. Chem. In press. 

3. Ferrell, J.E. and Huestis, W.H. J. Cell Biol. 98: 1992-1998 (1984). 

213 



Membrane Skeletons and Cytoskeletal-Membrane Associations 

0482 PROTEIN KINASE C AND CALCIUM ION IN TRANSMEMBRANE SIGNALING 
Yoshimi Takai, Department of Biochemistry Kobe University School of 
Medicine, Kobe 650, Japan 

Many extracellular signals elicit Ca2+-mobilization and phosphoinositide 
turnover in their target cells. Ca2+ induces diverse effects and many of 
these are mediated through the activation of calmodulin and other Gal+ re- 
ceptor proteins. The function of phosphoinositide turnover has been unclear, 
but we have found that diacylglycerol, one of the initial products of the 
receptor-induced phosphoinositide turnover, serves as a second messenger for 
the activation of protein kinase C in the presence of Ca2+ and membrane 
phospholipids. We have synthesized unique diacylglycerols such as l-oleoyl- 
2-acetyl-glycerol and 1-acetyl-2-oleoyl-glycerol which induce the activation 
of intracellular protein kinase C when added exogenously to intact cells. 
These diacylglycerols activate selectively protein kinase C without Cai+- 
mobilization, whereas a low concentration of Cai+ ionophore A23187 induces 
CaJ+-mobilization without activation of protein kinase C. Using these syn- 
thetic diacylgl cerols and Ca2+ ionophore, it has been shown that both protein 
kinase C and Ca%+ are involved in and play a synergistic role in exocytosis 
from various secretory cells and superoxide generation in macrophages. 
Another series of experiments have revealed that protein kinase C is activated 
by tumor-promoting phorbol esters in a manner identical with that of diacyl- 
glycerol, and that the enzyme complexed with Ca2+ and phospholipids may serve 
as a receptor for phorbol esters. Since phorbol esters have been shown to act 
as a potent mitogen or comitogen in various cells, the result suggests that 
protein kinase C may play a role in the regulation of cell proliferation. In 
fact, evidence has been obtained that protein kinase C is activated by the 
action of platelet-derived growth factor and fibroblast growth factor and may 
be involved in the activation of c-E gene in Swiss 3T3 fibroblasts. 
Moreover, synthetic diacylglycerols and phorbol esters are capable of stimu- 
lating DNA synthesis in the presence of insulin in this cell line. Available 
evidence thus far obtained from our and other laboratories strongly suggests 
that protein kinase C as well as Ca2+ may play a role of crucial importance in 
the actions of a wide variety of extracellular signals including hormones, 
neurotransmitters, growth factors, tumor promoters and other biologically 
active substances. 

Molecular Defects of the Membrane Skeleton 

0483 EVOLUTION OF THE a SPECTRIN GENE FAMILY: SEQUENCE CONSERVATION I N  PROTEIN 
STRUCTURAL WMAINS. Connie S .  Birkenmeier, Jane E. Barker,  and David M. Bodine, 

The Jackson Laboratory,  Bar Harbor. ME 04609. Biochemical and immunological s t u d i e s  have 
i d e n t i f i e d  t h r e e  d i s t i n c t  types of spec t r in .  These s p e c t r i n s  have a t i s s u e  s p e c i f i c  d i s -  
t r i b u t i o n  and can be r e fe r r ed  t o  a s  e r y t h r o i d ,  non-erythroid and i n t e s t i n a l  brush border 
types.  It is l i k e l y  t h a t  t hese  p ro te ins  a r e  coded f o r  by a family of r e l a t e d  genes. We 
a r e  i n v e s t i g a t i n g  t h i s  p o s s i b i l i t y  a t  the molecular gene t i c  l eve l .  

A 1.4Kb cDNA clone,  designated 8-13a. was i s o l a t e d  by d i r e c t  immunological screen- 
ing of an expression cDNA l i b r a r y  prepared from embryonic chicken gizzard and stomach 
poly(A)+RNA (1) .  

Southern b l o t s  of chicken genomic DNA probed with 8-13a show a simple p a t t e r n  of 
bands which appear with s i n g l e  copy i n t e n s i t y .  Northern b lo t  a n a l y s i s  supports  the con- 
c lus ion  t h a t  our clone is from smooth muscle and is moat c lose ly  r e l a t e d  t o  the  non- 
e ry th ro id  type s p e c t r i n s ,  ye t  t he  amino ac id  t r a n s l a t i o n  of t h e  DNA sequence of 8-13a 
shows s i g n i f i c a n t  homology t o  the  amino ac id  sequence of human e ry th ro id  type s p e c t r i n .  
The 8-13a sequence is  organized i n t o  homologous r epea t ing  domains s imilar  t o  those  
reported by Speicher and Marchesi (2 )  f o r  human e ry th ro id  a and 6 apec t r in .  Our da t a  
lends support  t o  t he  p o s s i b i l i t y  t h a t  t he  s p e c t r i n  gene family a rose  by gene dup l i ca t ion  
of an a n c e s t r a l  s p e c t r i n  gene which i t s e l f  a rose  by dup l i ca t ions  of a gene f o r  t he  
r epea t ing  domain. 

(1) .  Birkenmeier, C. S . ,  Bodine, D. M., Repasky, E. A., Helfman, D. M.. Hughes, S. H., 
and Barker,  J. E. 1984. J.  C e l l  Biol .  99:(4) p a r t  2:301a. 
( 2 ) .  Speicher ,  D. W. and Marchesi, V. T. 1984. Nat. 311:177. 

The ant iserum was r a i sed  aga ins t  a d u l t  chicken e r y t h r o i d  a s p e c t r i n .  
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0484 MOLECULAR DEFECTS OF c1! I DOMAIN OF SPECTRIN IN HEREDITARY ELLIPTO- 
CYTOSIS, Jiri Palek, Jack Lawler, and ShinChun Liu, Department of Biomedical Research 

and Division of Hematology, St. Elizabeth's Hospital/Tufts Medical School, Boston, MA 02135 
Hereditary abnormalities of the  a I domain of spectrin, which contains the spectrin heterodimer (SpD) 
self-association site,  a r e  found in-about 30% of patients with hereditary elliptocytosis (HE) and all 
patients with hereditary pyropoikilocytosis (HPP). Thus, these variants represent the most common 
hereditary defects of spectrin in man. They are  detected by quantitative analysis of spectrin dimers 
(SpD), tetramers (SpT) and oligomers (SpO) in ghosts, extracted by a low ionic strength buffer at O°C. 
Under these conditions the SpT-SpD + SpO equilibrium is kinetically immobilized so that  the percentage 
of these species in the extract  represents their relative proprotion in the membrane. These abnormal 
spectrins a re  characterized by defective SpD self-association in solution, ghosts and inside out vesicles 
and by mechanical instability of membrane skeletons, exposed to  sheer stress. At  a structural  level, 
four distinct abnormal cy spectrins have been identified by limited tryptic digestion followed by two- 
dimensional isolectric focusing sodium dodecylsulfate polyacrylamide gel electrophoresis (IEF-SDS 
PAGE) of the tryptic peptides. In all of them, the normal, 80,000 dalton (y I domain is markedly 
decreased in amount and a new group of peptides is present suggesting an altered conformation of 
the a I domain, allowing exposure of previously masked trypsin resistant sites. Based on the size of t he  
most prominent abnormal peptides, these abnormal spectrins a r e  designated Sp a 1/74, Sp cr 1/46, 
Sp a I/65a and Sp (y I/65b. In the la t ter  two variants, the abnormal peptides have the same size, but 
they differ in isoelectric points. Although the amounts of abnormal spectrin can not be accurately 
measured, the % of SpD (out of the SpD+SpT pool) appears to approximate the fraction of abnormal 
spectrin in the cells. Heterozygote carriers who have approximately 21-34% of SpD a re  either 
asymptomatic or have elliptical red cells with minimal or absent hemolysis, except at conditions of 
increased micro-circulatory stress, when their red cells exhibit frank fragmentation and hemolysis. HPP 
patients, who presumably a re  compound heterozygotes, contain 48-62% of SpD and exhibit severe 
hemolytic anemia with &* red cell fragmentation (micro-poikilocytosis). In addition, their red cells 
have a decreased spectrin content to 60-70% of normal. In 6 out of 12 unrelated families, one of the 
parents of an HPP offspring carries the abnormal spectrin but is either asymptomatic or has mild HE. 
The other parent, who is both clinically and biochemically normal, must carry a silent genetic defect 
which, when transmitted to  the offspring, leads to  enhanced expression of the abnormal spectrin and a 
concomitant partial spectrin deficiency. Of particular interest are three unrelated HPP/HE patients 
whose red cells contain, in addition to normal spectrin, two non-linked spectrin variants (including those 
of N I, a I1 and/or a III domains respectively). These data demonstrate that  alterations of the 
spectrin a I domain a re  associated with defective SpD-SpD interaction, skeletal and whole cell 
instability leading to hemolysis and red cell fragmentation in vivo. The apparent coexistence of more 
than two 01 spectrins in some of the patients suggests that  c o r e h a n  two genes may code for mpec t r in  
synthesis. 

Synthesis and Assembly of Membrane Skeletal Proteins 

0485 BIOGENESIS OF THE ERYTHROCYTE MEMBRANE, Harvey F. Lodish, Vikram Date1 and Ron 
Kopito, Whitehead Institute for Biomedical Research, Nine Cambridge Center, 
Cambridge, MA 02142, and Department of Biology, Massachusetts Institute of 

Technology, 77 Massachusetts Ave., Cambridge, MA 02139 

The erythrocyte membrane contains several proteins not present, or present in low 
amounts, in precursor cells, such as spectrin, "Band III", and ankyrin. During erythro- 
poiesis, plasma membrane proteins of the precursor cells are gradually replaced by mature 
membrane proteins. Recently we showed that one or more plasma membrane molecules that mediate 
cellular adhesion to fibronectin is specifically lost during erythropoiesis. Undifferentiated 
PlEL cells, reticulocytes from splenectomized mice, and stress reticulocytes from anemic rab- 
bits all bind tightly and specifically to immobilized fibronectin, not to laminin, collagen o r  
other extracellular matrix proteins. 
domain of fibronectin, but not those that bind to other parts of the molecule, block adhesion 
of MEL cells, reticulocytes, and fibroblasts. Adhesion to fibronectin is lost upon differen- 
tiation of these cells. Our studies indicate that some of the fibronectin-adhesive mole- 
cule(s) is lost in the bone marrow, the rest largely in the spleen as the reticulocyte mem- 
brane is remodeled to the erythrocyte membrane. 
binding molecules. 

Monoclonal antibodies specific for the cell-binding 

We are now purifying these fibronectin- 

IJe have also cloned a full-length cDNA encoding mouse erythrocyte "Band III", the prin- 
cipal integral membrane protein. The level of mRNA f o r  this protein increases about 10 fold 
during differentiation of MEL cells. The sequence of this protein has illuminated its orien- 
tation within the phospholipid bilayer, and has provided insights into the mechanism of anion 
transport, a principal function of Band 111. 
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EXPRESSION AND BIOSYNTHESIS OF BAND 4.1 PROTEIN I N  NEURAL TISSUE 
Ling, E., Cohen, C. and S a p i r s t e i n ,  V.S. 
E.K. S h r i v e r  Center and T u f t s  Universi ty  

0486 

We have examined t h e  d i s t r i b u t i o n  of Band 4.1 p r o t e i n  in t h e  c e n t r a l  and pe r iphe ra l  
nervous system of t h e  ra t  and have inves t iga t ed  its expression,  d i s t r i b u t i o n  and 
b iosyn thes i s  in t i s s u e  cu l tu re .  Band 4.1 was demonstrated i n  i s o l a t e d  membrane and 
c y t o s k e l e t a l  f r a c t i o n s  from brain.  I n  f rozen  s e c t i o n s  of cerebellum band 4.1 was 
found in s i g n i f i c a n t  q u a n t i t i e s  in seve ra l  neuronal c e l l  types such as t h e  granule  
c e l l s  absent  in o t h e r s  such as t h e  purKinje c e l l .  The p r o t e i n  appears  t o  be wide 
spread i n  neuronal processes  such as t h e  para1161 f i b e r s  and basket  cell axons of t h e  
cerebellum and t h e  axons of t h e  do r sa l  roo t s .  Oblique s e c t i o n s  of t h e  d o r s a l  r o o t s  
i n d i c a t e  t h a t  t he  p r o t e i n  i s  r e s t r i c t e d  t o  t h e  per iphery of t h e  axons sub jacen t  t o  t h e  
axolemom, but absen t  from t h e  c e n t r a l  r eg ions  of t h e  axoplasm. Tissue c u l t u r e  s t u d i e s  
r evea l  t he  presence of band 4.1 in both neuroblastoma and glioma c e l l s .  An i n  depth 
a n a l y s i s  of its s u b c e l l u l a r  d i s t r i b u t i o n  l e v e l s  and rate of syn thes i s  du r ing  differen-  
t i a t i o n  of neuroblastoma c e l l s  i n d i c a t e  t h a t  the expression of t h i s  p r o t e i n  is regu- 
l a t e d  during the  c e l l  d i f f e r e n t i a t i o n  process.  Induc t ion  of d i f f e r e n t i a t i o n  o f  NB2A 
c e l l s  by db CAMP produces axon l i k e  processes  and synap t i c  p r o f i l e s  and results in a 
s i g n i f i c a n t  i nc rease  in t he  l e v e l  of bands 4.1 i n  membrane f r a c t i o n  and i s o l a t e d  
cy toske le t a l .  Of t he  two major molecular weight forms of t h i s  p r o t e i n  in NB2A c e l l s ,  
eg. 145 K and 95 K da l tons ,  on ly  t h e  s teady s t a t e  l e v e l  of t h e  95 K was found t o  
inc rease .  The inc rease  in s t eady  s t a t e  l e v e l  was found t o  be correlated wi th  an  
inc rease  in t h e  r a t e  of syn thes i s  of both t h e  145 K and 95 K spec ie s .  The f a c t  t h a t  
t h e  s y n t h e s i s  of both molecular weight forms increased while  t h e  l e v e l  of only t h e  95 
K was e l eva ted  sugges t s  t h a t  t h e  145 K p r o t e i n  may be processed t o  t h e  lower molecular 
weight form. Immunocytochemical l o c a l i z a t i o n  of 4.1 i n  und i f f e ren t i a t ed  and d i f f e ren -  
t i a t e d  c e l l s  i n d i c a t e  t h a t  t h e  d i f f e r e n t i a t i o n  process  b r ings  about a r e l a t i v e  l o c a l i -  
z a t i o n  of t h e  p ro te in  t o  s p e c i f i c  areas of t h e  c e l l .  S p e c i f i c a l l y ,  band 4.1 was found 
t o  be present  i n  t h e  axons l i k e  processes  of d i f f e r e n t i a t e d  c e l l s  w i th  p a r t i c u l a r  con- 
c e n t r a t i o n  in nerve endings e s p e c i a l l y  where c o n t a c t s  had been made with o t h e r  cells 
or  processes.  The da ta  suggest  t h a t  t h e  expression of band 4.1 may be i n t e g r a l  t o  
even t s  c o n t r o l l i n g  axon e longa t ion  and synapse formation. (Supported by NS16186, 
HD05515 and HL24382). 

Function of Membrane Skeletal Proteins 

0487 CORTICAL A C T I N  BINDING PROTEINS: THEId ROLE IIY CAPPING AN0 QONTil OF PROTRUSIONS 
FROM THE CELL SURFACE, J Condee l i s l  and J. Wolosewick2, l A l b e r t  E i n s t e i n  Co l lege 

o f  Medicine, Bronx, NY 10461 and 2 U n i v e r s i t y  o f  I l l i n o i s  Medical Center,  Chicago, I L  60612 
The co r tex  o f  D ic t yos te l i um amoebae i s  packed w i t h  a dense meshwork o f  branched a c t i n  
f i l amen ts .  We have hypothesized t h a t  growth and rearrangement o f  f i l a m e n t s  i n  t h e  meshwork 
a r e  respons ib le  f o r  m o t i l i t y  a t  t h e  c e l l  su r face  such as pseudopod ex tens ion ,  and capping. 
Myosin, a - a c t i n i n  and 120K a r e  a c t i n  b i n d i n g  p r o t e i n s  t h a t  a re  p resent  i n  l a r y e  amounts i n  
D i c t y o s t e l i u m  amoebae. The i r  presence i n  t h e  co r tex  du r ing  c e l l  su r face  m o t i l i t y  suggests 
t h a t  they  cou ld  regu la te  growth and d i s t r i b u t i o n  o f  c o r t i c a l  f i lmnen ts .  I n  v i t r o ,  a - a c t i n i n  
c r o s s - l i n k s  a c t i n  f i l m e n t s  t o  f o n  l a t e r a l  a r rays  and s t imu la tes  t h e  MgATPase o f  ac tmyos in .  
I n  v i t r o ,  120K p r m o t e s  t h e  po lymer i za t i on  o f  F a c t i n  t o  form branched f i l amen ts  s i m i l a r  t o  
those  seen i n  t h e  c e l l  co r tex  i n  s i t u  and i n h i b i t s  t h e  a c t i n  s t imu la ted  MyATPase o f  
actomyosin. Imunocy tochemica l  s tud ies  danonst ra te  t h a t  120K u s u a l l y  f o l l o w s  t h e  p o s i t i o n  o f  
a c t i n  i n  t h e  c e l l .  It i s  assoc ia ted  w i t h  a c t i n  con ta in ing  p ro t rus ions  t h a t  a re  extended from 
t h e  c e l l  su r face  du r ing  amoeboid movement and capping b u t  i s  excluded from rey ions  con ta in ing  
actomyosin such as t h e  cap. 
branched a c t i n  f i l amen ts .  Un l i ke  120K, a - a c t i n i n  i s  assoc ia ted  w i t h  reg ions  o f  t h e  cytoplasm 
con ta in ing  a c t m y o s i n  such as t h e  cap. I n  t h e  e l e c t r o n  microscope, a - a c t i n i n  i s  found i n  
l a t e r a l  a r rays  o f  f i l amen ts  w h i l e  myosin i s  assoc ia ted  w i t h  l a t e r a l  a r rays  o f  f i l amen ts  b u t  
i s  a l s o  found on t h e  cy top lasmic  sur faces  o f  ves ic les .  These r e s u l t s  a r e  cons is ten t  d i t h  the  
proposal  t h a t  120K assembles meshworks o f  branched a c t i n  f i l amen ts  t h a t  exc lude myosin m i l e  
a - a c t i n i n  i s  i nvo l ved  i n  t h e  assembly o f  l a t e r a l  a r rays  o f  ac tmyos in .  (Supported by NIH 
25813 and H i r s c h l  T rus t ) .  

I n  the  e l e c t r o n  microscope 120K i s  assoc ia ted  w i t h  meshworks o f  
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0488 HUMAN ERYTHROCYTE MYOSIN: SOME NEW POSSIBILITIES FOR CYTOSKELETAL CONTROL OF CELL 
SHAPE. V e l i a  M. Fowler* and Vann Bennet t+ .  Department of  Anatomy, Harvard Medica l  
School ,  Boston, MA, and +Department of C e l l  B io logy  and Anatomy, J o h n s  Hopkins Uni- 

v e r s i t y  School  o f  Medicine,  B a l t i m o r e ,  MD. 
The human e r y t h r o c y t e  c y t o s k e l e t o n  i s  c u r r e n t l y  d e p i c t e d  a s  a ne twork  of s h o r t  a c t i n  f i l a -  

ments c r o s s - l i n k e d  by l o n g ,  f l e x i b l e  s p e c t r i n  m o l e c u l e s  t h a t  u n d e r l i e s  and i s  c l o s e l y  apposed 
t o  t h e  c y t o p l a s m i c  s u r f a c e  of t h e  membrane. T h i s  model does  n o t  account  f o r  t h e  ATP-dependent 
b iconcave  shape  of t h e  normal e r y t h r o c y t e ,  nor  f o r  t h e  dynamic, c a l c i u m - s e n s i t i v e  d i s c o c y t e -  
e c h i n o c y t e  s h a p e  t r a n s f o r m a t i o n s  of t h e  c e l l s .  R e c e n t l y ,  we have i d e n t i f i e d  on  t h e  e r y t h r o -  
c y t e  membrane a non-muscle form of tropomyosin t h a t  is  p r e s e n t  i n  s u f f i c i e n t  q u a n t i t i e s  t o  a l -  

o n l y  known f u n c t i o n  of tropomyosin is, t o g e t h e r  w i t h  t r o p o n i n ,  t o  c o n f e r  c a l c i u m - s e n s i t i v i t  on 
most comple te ly  c o a t  a l l  of t h e  s h o r t  a c t i n  f i l a m e n t s  i n  t h e  membrane c y t o s k e l e t o n  ( I ) .  

t h e  ATP-dependent i n t e r a c t i o n  of myosin w i t h  a c t i n ,  b u t  e r y t h r o c y t e s  have  n o t  been thought  t o  
c o n t a i n  myosin. However, we have  r e i n v e s t i g a t e d  t h i s  q u e s t i o n  ( 2 )  and have found t h a t  human 
e r y t h r o c y t e s  c o n t a i n  a M 200,000 p o l y p e p t i d e  t h a t  c r o s s - r G a c t s  s p e c i f i c a l l y  w i t h  a f f i n i t y  
p u r i f i e d  a n t i b o d i e s  t o  ' the  heavy c h a i n  of human p l a t e l e t  myosin.  
i n g  of formaldehyde-f ixed  e r y t h r o c y t e s  demonst ra ted  t h a t  t h e  i m u n o r e a c t i v e  myosin p o l y p e p t i d e  
was p r e s e n t  i n  a l l  c e l l s  and was t h u s  n o t  d e r i v e d  from r e t i c u l o c y t e s  o r  c o n t a m i n a t i n g  p l a t e -  
l e t s  o r  n e u t r o p h i l s  . Between 20-40% of t h e  immunoreactive myosin p o l y p e p t i d e  remained a s s o -  
c i a t e d  w i t h  t h e  membrane a f t e r  hyopotonic  hemolys is  and p r e p a r a t i o n  of g h o s t s ,  s u g g e s t i n g  t h a t  
i t  may be  bound t o  t h e  membrane a s  w e l l  as b e i n g  p r e s e n t  i n  t h e  c y t o s o l .  We have  p u r i f i e d  t h e  
e r y t h r o c y t e  myosin t o  homogeneity from t h e  hemolysa te  and have found t h a t  i t  is a t y p i c a l  ver -  
t e b r a t e  myosin w i t h  two g l o b u l a r  heads  a t  t h e  end of a r o d - l i k e  t a i l  150  nm l o n g ,  and w i t h  two 
l i g h t  c h a i n s  (M 25,000 and 19 ,500)  i n  a s s o c i a t i o n  w i t h  t h e  M 200 ,000  heavy c h a i n .  The e ry-  
t h r o c y t e  myosinrforms b i p o l a r  f i l a m e n t s  0.3-0.4 um l o n g  a t  p h $ s i o l o g i c a l  s a l t  c o n c e n t r a t i o n s ,  
and e x h i b i t s  a c h a r a c t e r i s t i c  p a t t e r n  of myosin ATPase a c t i v i t i e s  w i t h  EDTA, Ca*, and MgM- 
ATPase a c t i v i t i e s  i n  0 . 5  M K C 1  of 0 . 3 8 ,  0 . 4 8 ,  and (0.01 umol/min/mg. The e r y t h r o c y t e  myosin 
is  p r e s e n t  i n  a b o u t  6,000 c o p i e s  per  c e l l ,  i n  a r a t i o  of 80 a c t i n  monomers f o r  every  myosin 
m o l e c u l e ,  which is  a n  amount comparable t o  a c t i n f m y o s i n  r a t i o s  i n  o t h e r  non-muscle c e l l s .  W e  
p ropose  t h a t  t h e  e r y t h r o c y t e  myosin could  f u n c t i o n  t o g e t h e r  w i t h  tropomyosin i n  a membrane- 
a s s o c i a t e d  ac tomyosin  c o n t r a c t i l e  a p p a r a t u s  r e s p o n s i b l e  f o r  t h e  ATP-dependent b iconcave  shape  
of t h e  c e l l  a s  w e l l  a s  f o r  t h e i r  c a l c i u m - s e n s i t i v e  d i s c o c y t e - e c h i n o c y t e  shape  t r a n s f o r m a t i o n s .  

1. Fowler ,  V.M. and V. B e n n e t t .  1984. E r y t h r o c y t e  membrane tropomyosin.  P u r i f i c a t i o n  and 

2 .  Fowler,  V . M . ,  J . Q .  Davis ,  and V .  B e n n e t t .  1985. Human e r y t h r o c y t e  myosin.  I d e n t i f i c a t i o n  
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I m u n o f l u o r e s c e n c e  s t a i n -  
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and p u r i f i c a t i o n .  J .  C e l l  B i o l .  ~ ( 1 ) : O O O .  
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liie brush  b o r d e r  (!XI c y t o s k f l e t o n  h a s  two s t r u c t u r a l .  do?a ins ,  t h e  m i c r o v i l l u s  (15') c o r e  %r,' 
t h e  t e r i i n a l  web (TL?). I n  a d d i t i o n  t o  p r o v i d i n p  membrane s u p o r t ,  t>is  c y t o s k e l e t o n  n u s t  l!eve 
o t h e r  r o l e s  g i v e n  t h e  f u n c t i o n a l  d i v e r s i t y  o f  i t s  c o n s t i t u e n t  ? r o t e i n s .  Tor example, t S e  :'v 
c n r e  c o n t a i n s  v i l l i n ,  a Ca.*- a r d  a c t i n - b i n d i n -  p r o t e i n  wI!ich a t  v a r i o u s  [Ca*] can  b u d l e  
( 10-7:A Ca*),  ca;, ( 10-61), o r  s e v e r  ( I-?!) a c t i n  f i l a m e n t s .  The c o r e  a l s o  c c n t a i r s  
i !  OI-cal?odu'in (Ci.) which compr ises  t h e  l a t e r a l  ? i n k e r s  between t h e  c o r e  and nembrane. 
L e  Cl! w i t h i n  t h e  complex b i n d s  t h e  ! 1 0 R  t CaX, y e t  t h i s  C:' is " a v a i l a b l e "  t c  a c t i v a t e  C:'- 
4ependent  enzynes .  The IIOl<-CI!  b i n d s  a c t i n  only  i n  t h e  absence  of ATP end l i k e  Tyos in  !->as 
CDT.i-4TPase a c t i v i t y  ( C o l l i n s  e t  31. 1934) suzpestin::  t h a t  i t  nay be  myos in- l ike .  The 35 
does  c o r t a i n  "orthodox" myosin,  l o c a l i z e d  i n  two rel:ions w i t h i n  t h e  TI--in t h e  c i r c u n f e r e n -  
t i a l  - , c t i n  oundle  a t  t h e  z o n u l a  adherens  (2A)  j u n c t i o n  and w i t h i n  t h e  i n t e r - r o o t l e t  zone 
where i t  i s  p r e s e n t  a s  f i l a m e n t o u s  s t r a n d s  whicl. c r o s s l i n k  a d j a c e n t  :!V c o r e  r o o t l e t s .  :!yosir 
media tes  t h e  Ca* and KIP-dependent c o , l t r a c t i o n  of  t h e  ZA bundle  observed  i n  i s o l a t e d  93s. 
:!ucii o f  t i l e  i n t e r - r o o t l e t  myosin c a n  be  e x t r a c t e d  from t h e  TI: by ATI' t r e a t m e n t  a t  O", r:ith- 
o u t  i n h i b i t i n -  c o n t r a c t i o n ,  s u g z e s t i n e  t h e  p r e s e n c e  of twn f u n c t i o n a l  donains  o f  m v c s i r  i n  
t i if  n!. The i n t e r - r o o t l e t  zone a l s o  c o n t a i n s  TI 2 t .O f243 ,  a E S - s p e c i f i c  e a r n  of s p e c t r i n  
whicl-. 1i;:e myosin forms c r o s s l i n k s  between a d j a c e n t  r o o t l e t s .  S t u d i e s  on T.; 260/24O i n d i c a t e  
t k a t  t h i s  p r o t e i n  c a r  c r o s s l i v k  a c t i n ,  p o t e n t i a t e  ac to?yos in  i n t e r a c t i o n  and b ind  t o  i w i d e -  
ou t  v e s i c l e s  from r e d  c e l l  mevbrnnes,  bu t  w i t h  muc!, lower a ' f i n i t v  than  e r y t h r o c y t e  (human 
O K  c h i c k )  s ; i e c t r i n .  

I'.EGU!ATION OF C'ITOSKELETAL STXUCTUKE AND CO!ITK4CTIT,ITY I N  THE INTESTIN.2T. 3RUUs:l 
GOPDEX, l i a rk  S .  i [ooseker ,  Yale  U n i v e r s i t y ,  N e w  Maven, CT 06511 
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