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Norm1 and Abnormal Rod Cell M d r a n r  

Contributions of Lipid to Red Cell Membrane Form and Stability. 
1. Molecular Arrangements and Dynamics 

472 
This paper reviews the p o s s i b i l i t i e s  and l i m i t a t i o n s  o f  the use o f  phospholipases i n  the deter- 
mfnation of the topographical d i s t r i b u t i o n  o f  phospholipids and t h e i r  metabolizing systems 
i n  biomembranes. I n  mammalian ery throcyte membranes the chol ine-containing phospholipids, 
sphingomyelin and l e c i t h l n  are predominantly concentrated a t  the e x t e r i o r  reg ion whereas 
phosphatidylserine and phosphatidylethanolamine are located p r e f e r e n t i a l l y  a t  the inner 
l i p i d  monolayer o f  the membrane. A s i m i l a r  non-random d i s t r i b u t i o n  o f  phospholipids was 
detected i n  the plasma-membrane o f  p l a t e l e t s .  
phospholipid a s y m t r y  o f  blood c e l l s  and blood coagulation. 

Current studies on the i n te rac t i on  o f  various i n t r i n s i c  and e x t r i n s i c  membrane prote ins 
w i t h  monolayers and b i l aye rs  o f  phospholipids may con t r i bu te  t o  the understanding o f  the 
asymmetric arch i tecture o f  the red c e l l  membrane. 

The major pathways for  the renewal o f  red c e l l  phospholipids are ( i )  the exchange o f  these 
molecules between plasma l i pop ro te ins  and the erythrocyte, ( i i )  the acy la t i on  o f  mno-acyl 
phosphoglycerides. 
l i p i d  b i layer ,  whereas the incorporat ion o f  f a t t y  acids i n t o  phosphoqlycerides, appeared t o  be 
located a t  the i n t e r i o r '  s ide of the erythrocyte membrane. 
dependent t rans locat ion of l e c i t h i n  species between the two pools o r  sides o f  the ery throcyte 
membrane has been reported. 

membrane movement o f  phospholipids. 

STRUCTURAL ORGANIZATION AN0 DYNAMICS OF PHOSPHOLIPIDS I N  RED CELL MEMBRANES, L.L.M. 
van Deenen. Laboratory o f  Biochemistry, Un ive rs i t y  o f  Utrecht, The Netherlands. 

A re la t i onsh ip  i s  suggested t o  e x i s t  between 

The exchange process occurs p r imar i l y  a t  the e x t e r i o r  reg ion o f  the 

I n  add i t j on  a temperature- 

Studies on model systems revealed a number o f  factors which may induce o r  f a c i l i t a t e  trans- 

473 TOPOLOGY OF AMINO-PtiOSPHOLIPIOS I N  THE RED CELL WEWJRAFIE. G. V. t l a r i n e t t i  and R. C. 
Crain, Department o f  Biochemistry, Univers i ty  o f  Rochester, Rochester, N.Y. 14642 
The topology o f  phosphatidylethanolamine (PE) and phosphatidylserine (PS) i n  the 
ery throcyte membrane, inner mitochondrial membrane and r e t i n a l  rod d i sc  membrane was 

determined by use o f  the fo l lowing covalent chemical orobes: trinitrobenzenesulfonate (TNBS), 
f l uo rod in i  trobenzene (FDIIB), methylacetimidate ( i l A ) ,  i seth iony lacet imidate (IIlA) and 
d i f luorodin i t robenzene (DFDNB). The e f f e c t  o f  time o f  reaction, temperature, probe concentra- 
t i on ,  bu f fe r  composition and pH were invest ioated (1-4). I l i t h  mitochondria bu t  no t  w i th  red 
c e l l s ,  b u f f e r  composition inf luences the a c t i v i t y  o f  membrane-bound phospholipases which can 
degrade the d in i t rophenyl  and t r i n i t ropheny l  der ivat ives o f  PE. 
probes under appropriate condit ions whereas r lA,  FDNB and OFDNB are permeable probes. Both 
DFDNB and i l A  c ross- l ink phospholipids to  nhospholipids, phospholipids t o  nrote ins and pro- 
t e ins  t o  prote ins.  
red c e l l  membrane but  on the outer surfdce o f  the r e t i n a l  rod d isc membrane. Anproximately 
702 o f  the PE i s  l oca l i zed  on the inner surface o f  the inner  mitochondrial membrane. Cross- 
l i n k i n g  probes i nd i ca te  tha t  PE and PS occur as c lus te rs  i n  the red c e l l  membrane. PE and PS 
are cross-l inked t o  sgect r in  i n  the red c e l l  membrane and possibly t o  rhodopsin i n  the r e t i n a l  
rod d isc membrane. 
penetrat ing t o  a penetrat inn probe. The penetrat ion o f  TNBS induced by K+-valinomycin was 
determined by the increased labe l i ng  o f  PE and hemoglobin. can subs t i t u te  f o r  
K'. This permits the use o f  the same probe t o  sense both surfaces o f  the red c e l l  membrane. 
The e f f e c t  o f  i n t e r a c t i n q  red c e l l s  f i r s t  w i th  f1A and then w i t h  THRS o r  FOHB ind i ca te  t h a t  
these probes sense d i f f e r e n t  populations o f  PE and PS molecules. Some PE and PS molecules 
.do not react  w i th  f lA but do react  w i t h  TNBS o r  FDNB. Some PE and PS molecules are not  
accessible t o  any o f  these probes and are oresumed t o  be t i q h t l y  associated w i t h  membrane 
prote in .  Therefore the red c e l l  membrane has heterooenous domains o f  PE and PS. Some o f  
these domains appear t o  be involved i n  the t ranspor t  o f  anions and cations. 
inf luence K' on inorganic phosphate ( P i )  leak i n  red c e l l s .  FDNB markedly i n h i b i t s  P I  leak 
bu t  enhances Kt leak. 
o f  c e l l $  f i r s t  wi th  IIA t o  saturate avai lab le amino groups does not  in f luence the e f fec ts  o f  
FONB on K+ o r  P i  leak and gives only s l i g h t  protect ion against the e f f e c t s  o f  TNBS. 
r e s u l t s  suggest an asymnetric arranqement f o r  anion and ca t i on  t ranspor t  i n  the red c e l l .  
This work was supported by N I H  grant HLC 02063. 

(1) S. E. Gordesky and G. V. l t a r i n e t t i ,  Biochem. Biophys. Res. Corn. 50. 1027, 1973. ( 2 )  G. 
V.  l l a r i n e t t i  and R. Love, Chem. Phys. L ip ids,  76, 239, 1976. ( 3 )  S. E. Gordesky, G. V.  
l l a r i n e t t i  and R. Love, J .  Hemb. B i o l .  20, 111, 1975. (4)  G. V .  l l a r i n e t t i ,  A. E. Senior, R .  
Love and C. I .  Broadhurst, Chem. Phys. L ip ids  17, 353, 1976. 

TNBS and IIlA are impermeable 

The resu l t s  show t h a t  PE and PS are l oca l i zed  on the inner  surface o f  the 

K -valinomycin forms a complex w i th  TNBS and converts i t  from a non- 

Rb' and Cs 

1% does not  

TNBS i n h i b i t s  P i  leaks and has l i t t l e  e f f e c t  on K leak. Pretreatment 

These 
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475 "BILAYER BALANCE" AND THE REGULATION OF RED CELL SHAPE CHANGES, N .  Mohandas, A. 
G r e e n q u i s t ,  and S.  B. S h o h e t ,  Cancer Research  I n s t i t u t e ,  Hematology D i v i s i o n ,  
U n i v e r s i t y  of C a l i f o r n i a ,  San F r a n c i s c o ,  CA 9 4 1 4 3 .  

The b i l a y e r  couple  h y p o t h e s i s  o f  S h e e t z  and S i n g e r  s u g g e s t s  t h a t  t h e  asymmetr ica l  d i s t r i b u t i o n  
of p h o s p h o l i p i d s  between i n n e r  and o u t e r  l e a f l e t s  o f  t h e  membrane may e x p l a i n  d r u g  induced 
c e l l  shape  changes.  To e x p l o r e  t h e  r o l e  o f  t h e  s p a t i a l  d i s t r i b u t i o n  o f  a n a t u r a l  membranc 
phosphol ip id  i n  t h e  m o d i f i c a t i o n  o f  c e l l  shape ,  human RBC were i n c u b a t e d  in b u f f e r e d  s a l i n e  
w i t h  g l u c o s e  and 70 umol / l  of t h e  e c h i n o c y t i c  a g e n t  14C l y s o l e c i t h i n  (LPC). T o t a l  membrane 
LPC was de te rmined  a f t e r  s a l i n e  washes,  w h i l c  i n n e r  l e a f l e t  LPC was de te rmined  a f t e r  4 gX 
a lbumin  washes which removed LPC from t h e  outer l c a f l e t .  Wi th in  5 min t h e  i n i t i a l  d i s c o c y t e s  
were t ransformed i n t o  e c h i n o c y t c s  ( u n i l o r m l y  s p i c u l a t e d  s p h e r o c y t e s )  c o n t a i n i n g  160 nmol 
LPC/ml RBC i n  t h e  o u t e r  h a l f  of t h e  b i l a y e r ,  and no LPC i n  t h e  i n u e r  h a l f .  A f t e r  7 . 5  h r  of 
i n c u b a t i o n  t h e s e  e c h i n o c y t e s  were t ransformed back i n t o  d i s c o c y t e s ;  o u t e r  l a y e r  LPC remained 
unchanged a t  160nmol/ml RBC b u t ,  s u r p r i s i n g l y ,  t h e  i n n e r  l a y e r  LPC i n c r e a s e d  t o  o n l y  20 nmol 
and only  30 nmol p h o s p h a t i d y l  c h o l i n e  was formed by a c y l a t i o n .  Albumin washing of t h e s e  
d i s c o c y t e s  produced s t o m a t o c y t e s  (cup  shaped i n v a g i n a t e d  c e l l s ) ,  w i t h  t h e  20 nmol LPC/ml RBC 
remain ing  i n  t h e  i n n e r  l e a f l e t  and none i n  t h e  o u t e r  l e a f l e t .  S u c h l c e l l s  c o u l d  then  be 
re -conver ted  . i n t o  e i t h e r  d i s c o c y t e s  o r  e c h i n o c y t e s  w i t h  graded  second a d d i t i o n s  of  LPC t o  t h e  
o u t e r  l a y e r .  Hence d i f f e r e n t  e c h i n o c y t o g e n i c  (LPC o u t s i d e ) ,  and s t o m a t o c y t o g e n i c  (LPC i n s i d e )  
e f f e c t s  occur red  w i t h  d i f f e r i n g  l o c a l i z a t i o n s  of t h i s  a g e n t .  F u r t h e r ,  t h e s e  r e s u l t s  i n d i c a t e  
a d i f f e r e n t i a l  c o n c e n t r a t i o n  dependence f o r  c e l l  shape  w i t h  LPC i n  t h e  i n n e r  and o u t e r  h a l v e s  
of t h e  b i l a y e r ,  and s u g g e s t  t h a t  a simple*membrane expanding  e f f e c t  on each  l a y e r  is 
i n s u f f i c i e n t  t o  e x p l a i n  t h e  p r o d u c t i o n  of t h e s e  morphologic changes .  



INCREASED MEMBRANE CHOLESTEROL AND DECREASED MEMBRANE FLUIDITY I N  HUMAN RED BLOOD 
CELLS, Richard A. Cooper, Hematology-Oncology Section, Department of Medicine, 476 

University of Pennsylvania, Philadelphia, Pa. 191OL. 
Cholesterol and phospholipid are the two major lipids of the red cell membrane. Phospholipid 
serves to solubilize cholesterol. Increases in the cholesterollphospholipid (C/P) of both 
red cell membranes and lipoproteins have been studied under three conditions: first, spon- 
taneous increases in vivo have bcen observed in patients with severe liver disease ( 1 ) ;  
second, similar increases in vivo have been induced by the administration of cholesterol 
enriched diets to rodents, and we have recently observed similar changes in dogs (2); third, 
increases in membrane cholesterol in vitro can be induced by enriching the C/P of the lipo- 
protein environment by the addition of cholesterol-phospholipid dispersions (liposomes) with 
a C/P of >1.0 (3). In each case, thrre is a close relationship between the C/P of the 
plasma environment and the C/P of the red cell membrane. In vivo, the C/P mole ratio of red 
cell membranes ranges from a normal value of 0.9-1.0 to values which approach but do not 
reach 2 . 0 .  In vitro, cholesterol enrichment of red cells may proceed to values which 
approach 3.0 (4). The C/P of red cell membranes directly influences membrane lipid fluidity, 
as assessed by the rotational diffusion of hydrophobic fluorescent probes such as diphenyl 
hexatriene (DPH) (4). A close correlation exists between increases in red cell membrane C/P 
and decreases in membrane fluidity over the range of membrane C/P from 1.0 to 2.0; however, 
little further change in fluidity occurs when membrane C/P is further increased to 2.0-3.0. 
Cholesterol enrichment of red cell membranes is associated with the transformation of cell 
contour to one which is redundant and folded, and this is associated with a decrease in red 
cell filterability in vitro (3). Circulation in vivo in the presence of the spleen further 
modifies cell shape to a spiny, irregular (spur) form (5). and the survival of cholesterol- 
rich red cells is decreased in the presence of the spleen. Although active Na-K transport 
is not influenced by cholesterol enrichment of human red cells, several carrier-mediated 
transport pathways are inhibited. We have demonstrated this effect for the co-transport of 
Na + K (6) and similar results have been obtained by others in studies of organic acid 
transport and the transport of small neutral molecules such as erythritol and glycerol. 
Thus red cell membrane C/P is sensitive to the C/P of the plasma environment. 
membrane C/P causes a decrease in membrane fluidity, and these changes are associated with a 
reduction in membrane permeability, a distortion of cell contour and filterability and a 
shortening of the survival of red cells in vivo. 1 .  Cooper; R.A. et al. .I. Clin. Invest. 
- 51:3182, 1972. 2 .  Cooper, R.A. et al. Clin. Res. 2: 4541\, 1977. 3. Cooper, R.A. et al. J .  
Clin. Invest. z:115, 1975. 4 .  Cooper, R.A. et al. Biochemistry, in press. 5. Cooper, R.A. 
et al. New Eng J Hed 2!:127, 1974. 6. Wiley, J . S .  and Cooper, R . A .  Biochim. Biophys. Act3 
- 413:425, 1975. 

Increasing 

CZCCIWPEDWEC B3LYPK6PHO~ITIIX PHCfiPHODIPS'PEF$%.E FPIVITY AND ~ C ~ I C U -  
IATICN OF H W  E m  , David Al.lan,  l k o a m n t  of E-riroental Patholoov, 
University College b p i t a l  W c a l  Schcol, Universitv Street, hn&n WClE 655. and 
Robert €3. !%&ell, Ckpartrrent of Biodlenistry, University of Biminphm, PO Box 363, 
Bimingham, 815, United Kinc$m. 
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An ionqhoreinduced increase of the intrscellular Ca2+ mncentration within h- erythrc- 
cytes activates a phosphodiesterase specific for polyphosphoinositides and leads to the ac- 
ulation of 1,l-diacylglyoeml and phosphatidate in the cell nmnbrane (1-4). Associated with 
the rise in diacylolycerol content, the ce1l.s bemm echinocytic and microvesiculate with the 
loss of up to 20% of the e l l  lipid as small (1-1 drane-bouncled spheres containing 
haemglobin ( 5 , 6 ) .  lhese micmvesicles are enriched in diacylalycerol but depleted of 
several mjor W r a n e  proteins, pirticularly spectrin and actin. 
Very similar chanqes to those produced by Ca2+ -ionophore have been observcd in cells storcd 
in ACD under n o m l  blood bank conditions (7), and this swqests the mssibility that saina 
in normal erythrocytes leads to a prwressive loss of the capacitv to maintain the usual low 
intracellular Ca2+ level, resulting in activation of plyDhosphoinositidc c'lcsphodiesterssc 
and a qradual loss of &rime material as microvesicles. 
Same evidence indicates that heredj.tary spherocytosis also involves a failurc of C$+ h o m e  
stasis, givinq rise to lipid and shape changes analoclous to those s w n  jn nr rd  or ionwhore- 
treated n o m l  cells 
mese observaticns suggest the possibility that Ca2+ -activated bre;lkck*m of wlfllosuhoino- 
sitides and the mnsequent production of 1,2-diacylcrlycerol m y  mntrol the mnhrane fusion 
event which leads to microvesiculation. 

1. Allan, D. E Michell, R. H. (1975) Nature (Lxx3on) 258, 34&349 
2 .  A l h ,  D. & Michell, P. H. (1976) Biochim. Bioohys. Acta 455, 825-830 
3. Allan, D . ,  Watts, R. & Michell, P. H. (1976) Biochem. J. 156, 225232 
4. Allan, D. E Michell, R. H. (1978) in 'Qclitols and Pbsphoinositides', eds F. Eisenberq 

5. Allan, D. Billah, M. P., Finean, J. B. & Pichell, R. H. (1976) Nature (bndon)261, 58-60 
6. Allan, D. & Mi&ell, R. H. (1977) Bibem. J. 166, 495-499 
7. Ihnsby, En. G . ,  !Trotter, J., Allan, D. & Viichell, R. H. (1977) Biochem. SOC. Trans.5,126-128 

Jr and W. W. Wells, Academic Press, New York (in press). 
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478 RELEASE OF SPECTRIN: FREE VESICLES FROM HUMAN ERYTHROCYTES DURING 
ATP-DEPLETION IS ONLY ONE MODE OF ERYTHROCYTE AGING, Hans U. LUtZ, 
Department of Biochemistry, ETH, Federal.Inst1tute of Technology, 
Zurich, Switzerland. 

Human erythrocytes incubated without glucose at 37OC release vesicles that 
contain the integral membrane proteins but lack spectrin (1). Vesicle release 
is dependent upon ATP-depletion. Vehicles with a similar protein composition 
have been found in plasma from outdated whole blood stored under blood bank 
conditions (2). - A method has been developed to purify vesicles originating 
from erythrocytes starting from platelet-rich plasma using filtration and 
adsorption of vesicles to antibodies (against M/N bloodgroup determinants) 
reversibly coupled to glas beads. Plasma from blood stored over 10 days con- 
tains vesicles that are depleted of spectrin but retain the integral membrane 
proteins and an additional protein band (app. mol W. 140000) not present 
in vesicles isolated from washed erythrocytes depleted of ATP. On the other 
hand Elasma of freshly drawn blood does not reveal detectable amounts of 
spectrin-free vesicles containing all integral membrane proteins. However, 
a minute mass of vesicles (30-50 ug protein per unit of blood) can be re- 
covered with a different protein composition. The major protein component 
of these vesicles is a sialoglycoprotein that has a slightly lower app. mol. 
weight than glycophorin. This protein component does not represent a conta- 
mination by platelet membranes. Acetylcholinesterase is one of the minor 
proteins present in these vesicles (70 moles/ h.mg protein in vesicles). 
Whether the prominent protein band is partially identical with glycophorin 
is not yet established. Although these vesicles can be purified using erythro- 
cyte specific antibodies and their composition is reminiscent o€ those com- 
ponents known to be decreased in old erythrocytes (sialic acid, acetylcholin- 
esterase, lipids) , contaminants from other blood cells could not yet be 
excluded entirely. 
1) Hans U.Lutz, S-C. Liu, and J. Palek, J. Cell Biol. 73(1977)548-560 
2) Martin G. Rumsby, J. Trotter, D. Allan, and R.H. Lichell, Transact. of 

Biochem. SOC. 5(1977)126-128 

Peripheral Membane Proteins: Role in Red Cell Membrane Shape and Stability. 
1. Chemistry 

479 PHYSICAL-CHEMICAL STUDIES OF SPECTRIN, 

The high molecular weight protein, spectrin, has been implicated in the 
maintenance of the stability and shape of the erythrocyte membrane (1). A 
clear knowledge of the structure, shape and size, and interaction behaviour 
of this protein is essential for an understanding of its functional role. 
Although spectrin is believed to associate with erythrocyte actin in the 
presence of salt (2), purified spectrin does not appear to undergo salt- 
dependent self association (3). The two major association states, dimer and 
tetramer, are stable in moderate salt concentrations, and do not dissociate 
or associate further (3). These two association states have been characterized 
by means of physical-chemical techniques. Both states appear to be highly 
expanded, but relatively symmetrical structures, quite distinct from the rod- 
like structure of myosin ( 4 ) .  In both the tetramer and dimer, spectrin appears 
to contain about 60% a-helical conformation. The dimer, however, may contain 
several percent less helical content than the tetramer. In low ionic strength 
solutions, the tetramer undergoes a temperature-dependent dissociation to the 
dimer (5), accompanied by changes in the circular dichroism spectrum. Spectrin 
has not been observed in the electron microscope under negative contrast in 
our laboratory, but others have observed a three-lobed structure in purified 
spectrin with the aid of high resolution shadowing techniques. Such a 
structure is consistent with the hydrodynamic properties. The apparent Stokes' 
radius of 200 1, determined from the hydrodynamic studies, indicates that a 
monolayer of spectrin, perhaps cross-linked with erythrocyte actin, is able 
to cover the entire cytoplasmic surface of the erythrocyte membrane, and 
leads to a plausible model for the functional role of spectrin. 

1. Marchesi,S.L., Steers,E., Marchesi,V.T. and Tillack,J.W. Biochemistry 2, 
2. Tilney,L.G. and Detmers,P. J.Cel1 Biol. 66, 508, (1975). 
3. Ralston,G.B. Biochim.Biophys.Acta 443, 3 8 T  (1976). 
4. Ralston,G.B. Biochim.Biophys.Acta 455, 163, (1976). 
5. Ralston,G.,Dunbar,J.,and White,M. mchim.Biophys.Acta 491, 345. (1977). 

Gregory B.Ralston, Department of Biochemistry,University of Sydney, 
Sydney;N.S.W., 2006, Australia. 

50, (1970). 

190 
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EVIDENCE FOR A REPEATING STRUCTURE IN SPECTRIN, James M. Anderson, 480 The Bio log ica l  Laboratories,  Harvard Univers i ty ,  Cambridge. MA 02138 
Native spec tr in  has t ryps in  s u s c e p t i b l e  s i tes  spaced a t  a constant  molecular 
weight i n t e r v a l .  
Coomasie b lue  s ta in ing  bands spaced a t  8,000-9,000 dalton in terva l s  from the 
i n t a c t  polypeptides,  band 1 (240,000 da l tons )  and bag9 2 (27O,OOO daltons)  
down t o  about 100,000 dal tons .  Fragments containing P-phosphate, incorporated 
e x c l u s i v e l y  into.band 2 by an endogenous kinase,  were found a t  17 ,000  da l ton  
i n t e r v a l s  below i n t a c t  band 2 .  W e  in terpre t  t h e s e  r e s u l t s  as i n d i c a t i v e  of a 
repeated quaternary s t ruc ture .  

SDS-PAGE g e l s  of t ryps in ized  spec tr in  show a ladder of 

481 PHOSPHORYLATION AND OEPHOSPHORYLATION OF SPECTRIN, Grant Fairbanks, Joseph Avruch*, 
J u d i t h  E .  Dino, Carol  Graham* and Kathleen Bober, Worcester Foundation f o r  Exper i -  
mental B io logy ,  Shrewsbury, MA 01545 and *Diabetes Un i t ,  Massachusetts General 
Hosp i ta l ,  Boston, MA 02114. 

Spec t r i n  po lypept ide  2 ( M W  215.000) i s  a major subs t ra te  f o r  p r o t e i n  k inase-mediated phos- 
p h o r y l a t i o n  i n  i n t a c t  human e ry th rocy tes  and i s o l a t e d  membranes. Spec t r i n  phosphory la t ion  
requ i res  Mg++, i s  unresponsive t o  CAMP and, i n  i s o l a t e d  membranes, e x h i b i t s  i t s  maximum r a t e  
i n  i s o t o n i c  media (1-4).  
c i r c u l a t i n g  r e d  c e l l  a r e  unknown, we a re  s tudy ing  the  p r o p e r t i e s  o f  t h e  k inase(s )  and phos- 
phatase(s) involved, w i t h  emphasis on ( i )  s u b c e l l u l a r  l o c a l i z a t i o n ,  ( i i )  modes o f  b i n d i n g  t o  
s p e c t r i n  and t o  o the r  s i t e s  on the  membrane and ( i i i )  e f f e c t s  o f  p o t e n t i a l  regu la to ry  f a c t o r s  
on enzyme a c t i v i t y  and l o c a l i z a t i o n .  
The enzyme phosphory la t ing  s p e c t r i n  2 i n  i s o l a t e d  iiienibranes i s  observable as a CAMP-indepen- 
dent, sa l t - s t imu la ted  casein k inase. This enzyme i s  s e l e c t i v e l y  ex t rac ted  w i t h  0 .5  M NaCl 
( 4 ) .  
i n  the  CAMP-stimulated endogenous reac t i on  ( 2 )  b u t  a re  dep le ted  i n  t h e i r  capdc i t y  t o  phos- 
pho ry la te  s p e c t r i n  2. The l a t t e r  f unc t i on  i s  p a r t i a l l y  res to red  when the  system i s  recon- 
s t i t u t e d  by a d d i t i o n  o f  e x t r a c t .  Casein k inase i n  the  cy toso l  normal ly  accounts f o r  about 
two- th i rds  o f  t he  t o t a l  c e l l u l a r  a c t i v i t y .  The cy toso l  enzyme resembles the  membrane- 
assoc ia ted  enzyme i n  i t s  sedimentat ion p roper t i es  i n  h igh  s a l t  ( M w  ca. 50,000). b u t  has no t  
been charac ter ized  o therw ise  i n  our  l abo ra to r ies .  
casein k inase i s  e l u t e d  w i t h  s p e c t r i n  a t  low i o n i c  s t rength .  The epzyme i s  recovered bound 
t o  spectrin;but i s  who l ly  d i ssoc ia ted  from the  complex by 0.15 M NaC1, which i s  t he  op t ima l  
concent ra t ion  f o r  s p e c t r i n  2 phosphory la t ion  i n  the  i n t a e t  membrane ( 1 ) .  These r e s u l t s  
suggest t h a t  t he  casein k inzse  i s  heterogeneous i n  i n t r i n s i c  p r o p e r t i e s  o r  has m u l t i p l e  
b ind ing  s i t e s  on the  membrane. 
I n  our hands, dephosphorylat ion o f  [32Plspec t r in  i n  wh i te  ghosts i s  extremely s low (1,5).  
Add i t i on  o f  d i l u t e d  cy toso l  augments tu rnover  s i g n i f i c a n t l y ,  and over 984 o f  t he  t o t a l  
c e l l u l a r  [32P]spec t r in  phosphatase i s  recovered i n  the  hemolysate supernatant and washings. 
The phosphatase i s  i n h i b i t e d  by ATP and 2,3-0PG a t  phys io log i c  concent ra t ions ,  as w e l l  as by 
var ious  o the r  anions; l i k e  the  kinase, i t  i s  unaf fec ted  by c y c l i c  nuc leo t i des  ( 5 ) .  

1. Avruch, J .  and Fairbanks, G. (1974) B iochemis t ry  13, 5507-5514. 
2. Fairbanks, G.  and Avruch, J .  (1974) B iochemis t ry  13, 5514-5521. 
3. Wolfe, L.C. and Lux, S . E .  J .  B i o l .  Chew., i n  
4. Avruch, J . ,  Fairbanks, G. and Crapo, L.M. n 9 m :  Ce l l  Phys i c l .  89, 815-826. 
5. Graham, C . ,  Avruch, J .  and Fairbanks, G. (1976) Biochem. Biophys. Gs. Comm. 72, 701-708. 

Because the  fac to rs  c o n t r o l l i n g  s p e c t r i n  phosphory la t ion  i n  the  

Sa l t -ex t rac ted  membranes e x h i b i t  unimpaired phosphory la t ion  o f  components 2.1 and 4,5 

Only 15-25L o f  t he  membrane-associated 
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Peripheral Memiwane Proteins: Role in Red Cell Membrane Shape and Stability. 
41. In Situ Relationships 

MACROMOLECULE MOBILITY AND PROTEIN INTERACTIONS IN THE ERYTHROCYTE 
IIEMBRANE, Daniel Branton, Cell and Developmental Biology, The Biolo- 

gical Laboratories, Harvard University, Cambridge, Ma 02138. 
The lateral mobility of the major transmembrane proteins of the erythrocyte 
is restricted by protein-protein Interactions. These interactions involve 
both spectrin, actin and other cytoplasmic surface proteins and are being 
investigated using both electron microscopical and biochemical methods. 

ROTATIONAL DIFFUSION OF BAND 3 IN THE RED CELL MEMBRANE. 
R. J. Cherry, Eidgenassische Technische Hochschule, Laboratorium 
fur Biochemie, ETH-Zentrum, CH8092 Zurich, Switzerland. 

483 

Slow rotational motion of macromolecules may be investigated using triplet 
state probes, Following flash excitation with linearly polarized light, 
rotational diffusion is measured by observing the decay of dichroism of 
transient absorbance changes (1,2). The method has been applied to the 
human erythrocyte membrane labelled with the probe eosin isothiocyanate (3). 
Most of the probe is attached to band 3. The decay of the absorption anisot- 
ropy exhibits two components, one decaiing with time constant ~ 0 . 5  ms and 
one time-independent. This result is consistent with rotation of band 3 
which is confined to an axis normal to the plane of  the membrane. Self 
aggregation of band 3 may contribute to the time-independent component. 
Removal of spectrin does not change the rotational motion of band 3 at pH 
7.6, although immobilisation of the protein occurs with spectrin depleted 
samples at pH 5.4. This latter effect correlates with the aggregation of 
membrane particles seen in freeze-fracture electron micrographs. The above 
results have been confirmed using a different probe, iodoacetamidoeosin. 
Investigations of the inhibitory effects of the two probes on anion trans- 
port indicate that they in part occupy different binding sites. 

1. Cherry,R.J., Cogoli,A.,Oppliger,M., Schneider,G. and Semenza,C. 

2. Cherry,R.J. and Schneider, G. Biochemistry 15, 3657-3661 (1976): 
3. Cherry,R.J., Burkli, A,. Busslinger, M., Schneider, C. and Parish,G.R. 

Biochemistry 15, 3653-3656 (1976). 

Nature 263, 389-393 (1976). 
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484 COIICAIIAVALIII A I:IIIIBITI[NI OF RED CELL IlEflBRAIIE SHAPE CHANGE AIID ATPase ACTIVITIES, 
i l ichael  P. Sheetz, Suzanne Jackowski, and David Sawyer, Physiology Department, 
Un ive rs i t y  o f  Connecticut l lea l th  Center, Farmington, Connecticut 06032. 

Ile have observed tha t  the b ind ing o f  Concanavalin A t o  the external surface o f  human erythro-  
cyte membranes i n h i b i t s  both the ATP dependent shape change and ATPase a c t i v i t i e s  o f  the 
nenbranes. I n h i b i t i o n  i s  detectable w i t h  less than 5,000 Con A i:iolecules bound per c e l l  and 
i s  maximal a t  concentrat ions which do no t  saturate membrane binding. The add i t i on  o f  Con A 
t o  i n t a c t  c e l l s  before membrane i s o l a t i o n  a lso i n h i b i t s  both membrane functions. The shape 
change a c t i v i t y  i n  ghosts f r o n  c e l l s  depleted o f  ATP by incubation w i t h  20 sill IKF was a lso 
i n h i b i t e d  by Con A. This suggests t h a t  the c e l l u l a r  energy s ta te  does no t  a f f e c t  Con A's 
a b i l i t y  t o  a l t e r  nenbrane a c t i v i t i e s .  
does no t  a l t e r  Con A b ind ing bu t  does abrogate the l e c t i n ' s  effects on both the shape change 
and ATPase a c t i v i t i e s .  
A b ind ing i n h i b i t s  the ilgtt ATPase and the lIa+, Kt ATPase bu t  no t  the Ca++-stimulated Mgtt 
ATPase. These e f fec ts  are not due t o  a r i s e  i n  c-AflP, 
changes i n  membrane kinase o r  phosphatase a c t i v i t i e s  were detected w i t h  Cbn A binding. 
oenbrane phosphorylation and dephosphorylation were measured as we l l  as the phosphorylat ion 
and dephosphorylation o f  the spec i f i c  proteins. 
causes an undetermined s t ruc tu ra l  change which resu l t s  i n  the i n h i b i t i o n  o f  the meiabrane 
shape change and ATPase a c t i v i t i e s .  

Treatment o f  i n t a c t  c e l l s  w i t h  t r y p s i n  before ghosting 

Analysis o f  the various membrane ATPase a c t i v i t i e s  has shown tha t  Con 

c-GHP o r  Cat' leve ls .  Also, no 
Total 

This leads us t o  suggest t ha t  Con A b ind ing 

kijhml Membrane Proteins: Role in Red Cell Membrane Shape and Stability. 
Ill. Memkane Abmrnwlitiea 

485 FORMATION OF pGLUTAMYL-E-LYSINE BRIDGES BETWEEN MEMBRANE 
PROTEXNS BY A Ca++-REGULATED ENZYME IN INTACT ERYTHROCYTES, 
L. Lorand, Department of Biochemistry and Molecular Biology, Northwestern 
University, Evanston, IL 60201. 

A rise in the intracellular concentration of CaZt-ions (to about 0.3 mM or  higher, using 
10-20 uM ionophore A23187, Eli Lilly, at 370 for periods of about 30 min to 18 hr) in human 
erythrocytes causes the formation of high molecular weight membrane protein polymers 
(Mw > 1 OS),  cross-linked by y-glutamyl-e-lysine side chain bridges. Cross-linking involves 
proteins at the cytoplasmic side of the membrane (band 4.1,  spectrin and band 3 materials) 
and the reaction is catalyzed by the intrinsic transglutaminase. This enzyme is regulated 
by CaZt-ions and it exists in a latent form in normal cells (Lorand et al., Proc. Natl. Acad. 
Sci. 73, 4479, 1976). The protein polymer, isolated from the membranes of Ca2+-loaded 
intacrhuman red cells, is heterogeneous in size and contains as many as 6 moles of 
y-glutamyl-c-lysine cross-links per 100,000 g of protein. 

Primary amines (exemplified by cystamine, aminoacetonitrile, glycine methylester o r  
histamine), which compete against the c-lysine cross-linking fUnCtiOMlitieS, inhibit 
polymerization of membrane proteins in intact human erythrocytes. Amines (tested for 
aminoacetonitrile using scanning electronmicroscopy) also prevent the Caz+-induced shape 
change, from discocyte to echinocyte, from becoming irreversible, and they inhibit (as 
tested for histhmine, using the "micropipette" method) loss of membrane deformability. 
Thus, the irreversible loss of membrane deformability and the irreversible fixing of shape 
changes in human erythrocytes caused by the intracellular accumulation of Ca*+-ions, seem 
to be related to the transamidase-catalyze0 de novo production of y-glutamyl-s-lysine 
cross-links which are responsible for the formation of large molecular weight membrane 
protein polymers. 

Supported by NIH grant HL-02212. 
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486 HEMOLYTIC AllEMIAS ASSOCIATED WITH DEFICIENT OR DYSFUNCTIONAL SPECTRIN, Samuel E. 
Lux, Barbara Pease, Mary Beth Tomasel l i ,  Kathryn M .  John, and Seldon Berns te in ,  Div.  

o f  Hematology-Oncology, Ch i l d ren ' s  Hosp i ta l  Medical Center, Boston, MA and Jackson Laborato- 
r i e s ,  Bar Harbour, ME. 
Current evidence suggests t h a t  spec t r i n ,  a c t i n  and Band 4.1 form a p r o t e i n  meshwork which l a m  
ina tes  the  i nne r  sur face  o f  t he  red c e l l  (RBC) membrane. Th is  "membrane ske le ton"  can be iso-  
l a t e d  by t reatment o f  RBCs o r  ghosts w i t h  T r i t o n  X-100 and i s  l i k e l y  a major determinant Of 
RBC membrane shape, s t reng th  and f l e x i b i l i t y .  To t e s t  t h i s  pos tu la te  we a re  comparing membrane 
skeletons and s k e l e t a l  p ro te ins  o f  congen i ta l l y  f r a g i l e ,  r i g i d  o r  misshapen RBCs w i t h  normal. 
Hered i ta ry  e l l i p t o c y t o s i s  (HE)  i s  a dominant t r a i t  charac ter ized  by >20% e l l i p t i c a l  RBCs. We 
observed t h a t  a l l  he red i ta ry  e l l i p t o c y t e s  form e l l i p t o c y t i c  ghosts and membrane skeletons, 
which imp l i es  the  HE shape i s  due t o  a de fec t i ve  s k e l e t a l  component(s). 
were q u a n t i t a t i v e l y  normal on SDS ge ls ,  we sought a q u a l i t a t i v e  d e f e c t  i n  spec t r i n ,  the  major 
ske le ta l  cons t i t uen t .  We f i r s t  t es ted  thermal denatura t ion  ( p r e c i p i t a t i o n  a t  lo5 g fo r  60 
min) o f  s p e c t r i n  us ing  a s e n s i t i v e  the rmoe lec t r i c  heater .  
dimers from 6 normals conta ined 2 subcomponents: 65% ? 3%(SE) were heat  l a b i l e ,  denatur ing  a t  
49.0 i 0.3OC and 35 t 3% were heat  s t a b l e  t o  a t  l e a s t  54OC. The exp lana t ion  f o r  t h i s  he tero-  
gene i ty  remains t o  be determined. Oenaturat ion o f  t he  f i r s t  heat  l a b i l e  subcomponent coincid- 
ed w i t h  membrane f ragmenta t ion  and spherocy tos is .  
t i e n t s  (3  k indreds)  was e n t i r e l y  heat l a b i l e  and abnormal ly heat  s e n s i t i v e  (denatured a t  48.0 
? 0.loC, p<0.0005). Spec t r i n  and 
RBCs frm 2/2 HE pa t ien ts  i n  a f o u r t h  k ind red  denatured normal ly .  These observa t ions  re-em- 
phasize the  i n t i m a t e  c o r r e l a t i o n  between s p e c t r i n  and RBC shape, suggest t h a t  de fec ts  i n  the  
membrane ske le ton  may be a comnon fea tu re  o f  HE and i n d i c a t e  t h a t  a t  l e a s t  2 g e n e t i c a l l y  d i s -  
t i n c t  forms o f  HE e x i s t .  HE p a t i e n t s  w i t h  heat  s e n s i t i v e  s p e c t r i n  must have a molecu la r  ab- 
normal i t y  o f  s p e c t r i n  which a l t e r s  i t s  conformat ional  s t a b i l i t y .  
Me are  a l so  s tudy ing  RBC membranes o f  normoblast ic (nb/nb),  hemoly t i c  (ha/ha),  spherocy t ic  
(sph/sph) and jaund ice  ( j a / j a )  mouse mutants. These mutants a l l  have a severe, recessive,  he- 
mo ly t i c  anemia. RBCs show marked membrane budding, f ragmenta t ion  and spherocytosis,  suggest- 
i n g  membrane i n s t a b i l i t y .  Ghosts spontaneously ves i cu la te  and a re  v a r i a b l y  s p e c t r i n  d e f i c i e n t  
j a / j a  ghosts have no de tec tab le  spec t r i n ,  sph/sph ghosts have no Band 1 b u t  t races  o f  Band 2 ,  
ha/ha ghosts have 25-30% and nb/nb ghosts 45-505 o f  bo th  Bands 1 and 2. The c l i n i c a l  sever i ty  
of  t he  4 mutants co r re la tes  w i t h  the  degree of s p e c t r i n  de f i c iency .  The cause o f  t h i s  d e f i -  
c iency remains t o  be determined. P re l im ina ry  s tud ies  exclude d e f e c t i v e  membrane b ind ing  and 
suggest t h a t  increased s p e c t r i n  p r o t e o l y s i s  i s  occur r ing .  These mutants prove t h a t  s p e c t r i n  
i s  a c r i t i c a l  determinant o f  membrane s t r u c t u r a l  i n t e g r i t y  and p rov ide  a unique oppor tun i t y  
t o  tes t ,  i n  i n t a c t  RBCs, p u t a t i v e  func t i ons  o f  spec t r i n .  

Since HE skeletons 

Chromatographical ly pure s p e c t r i n  

Un l i ke  normal, s p e c t r i n  f r o m  7/7 HE pa- 

I n  these pa t i en ts  RBC f ragmenta t ion  a l s o  occurred a t  48OC. 

487 
The speccr in  a c t i n  submembrane network may p a r t i c i p a t e  i n  con t ro l  of red c e l l  ( r b c )  shape and 
deformabil i ty  which depends on rbc  ATP and C a  l e v e l s .  Employing membrane p ro te in  c ros s l inh -  
ing (XL) and a two dimensional polyacrylamide g e l  e l ec t rophores i s ,  w e  i nves t iga t ed  t h e  near- 
e s t  membrane p ro te in  neighbors i n  (1) rbcs  undergoing ATP deplet ion and/or  ?a accumulation 
and ( 2 )  i r r e v e r s i b l y  s i ck led  c e l l s  (ISCs) which exh ib i t  a permanent membrane deformation and 
have an increased Ca and decreased ATP content .  

ionophore A23187 was associated with membrane attachment of 4.5 ( c a t a l a s e )  and globin.  
XL of intermolecular  p ro te in  -SE groups i n  ATP depleted rbc ghos t s  by c a t a l y t i c  oxidat ion 
with CuS04 t 0-phenanthroline.  a )1 x lo6 da l tons  polymer ( P )  was produced which was absent 
i n  f r e sh  rLcs. After  P cleavage by d i t h i o t h r e i t o l  (IITT) reduct ion.  t h e  P cons t i t uen t s  were 
separated in  the  2nd dimension and subjected t o  densi tometr ic  scanning. 
l y  enriched i n  spec t r in  while bands 3 and a c t i n  were l e s s  prominent than i n  iiormal rbc 
membranes. 
spontaneous intermolecular  d i s u l f  ide coupl ings.  P formation under both condi t ions was pre- 
vented by maintenance of ATP and was decreased a f t e r  a subsequent A'l'l' r ep l e t ion .  A s i m i l a r  
P w a s  produced i n  an- or ae rob ica l ly  ATP depleted rhcs  (but  not f r e s h  r b c s )  by non-rellucible 
X L  of o the r  protein groups,  such as amino groups by glutarzddeliyde. 
enriched P i n  ATP depleted,  C a  enriched rbcs  a f t e r  XL of t h e i r  p ro t e in  - 3 1  or -NII? groups 
suggests  a rearrangement of s p e c t r i n  t o  c l o s e r  con tac t s  which may con t r ibu te  to I :  formation. 
In add i t ion ,  Ca2+ i n t roduc t ion  a t  conc. > 0 . 5  mM i n t o  f r e sh  rllc by A23187 produced a n  i r r eve r s -  
i b l e  P containing both s p e c t r i n  and Land 3 ,  which o the r s  a t t r i b u t e d  t o  t h e i r  endogenous X L  
catalyzed Ly Ca2+ st imulated rbc t ransglutaminase.  
spontaneously a reducible  P and Ca ( >0.5 mM) enriched rbc  containing a nonreducible P f a i l -  
ed t o  r e s t o r e  biconcave shape a f t e r  a subsequent ATP r e p l e t i o n  and (2 ex t rus ion  suRgesting 
t h a t  membrane p ro te in  polymerization contr ibuted t o  a f i x a t i o n  of c e l l s  i n  1: shape. 

ed rbc i n  attachment of 4 . 5  and globin.  
ously or a f t e r  XL w i t h  c a t a l y t i c  oxidat ion or glutaraldehyde.  
ed i n  ATP or enriched i n  Ca2+ by A23187, they transformed i n t o  1: and t h i s  was accompanitd Ly 
P formation. Thus, ISC formation is not r e l a t e d  t o  C a 2 + ,  AT!' dependent spec t r in  rearrange-  
ment or formation of permanent c ros s l inks  between the  adjacent  membrane p ro te ins .  liowever, 
f u r t h e r  progressive Ca accumulation and ATP deplet ion i n  ISCs leads t o  t h e i r  t ransformation 
i n t o  E which resemble in  vivo sp icu la t ed  ISCs occasional ly  found i n  t h e  densest  ISC f r a c t i o n .  
The l a t t e r  c e l l s  may represent  an end s t age  ISC l e s i o n  r e s u l t i n g  i n  Isc removal. 

.\BNORMAL MEMBRANE PROTEIN O R G A N I Z A T I O N  I N  ATP DEPLETED ANl) IRWVEKSIBLY SICKLEI) RED 
CELLS, J. Palek, St .  Vincent llosp., U. Mass. Med. School, Worcester, MA 0160Q. 

(1) Echinocyte ( C )  formation pmduced by anaerobic  rbc ATP deplet ion or by Ca2+ ( 0 . 1  mM) t 
After  

'The P was s e l e c t i v e -  

Similar  P was found i n  untreated ghosts  of ae rob ica l ly  ATP depleted rhc due t o  

I'ormation of s p e c t r i n  

Both ae rob ica l ly  /\'TI' depleted I :  forming 

( 2 )  ISCs separated on a discontinuous s t r a c t a n  g rad ien t  resemble~l ATP depleted,  C a  enrich-  
Itowever, they f a i l e d  t o  exh ib i t  t he  P both spontane- 

When ISCs were f u r t h e r  dep le t -  

im 
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Integral Membrane Glycoproteins: Mediators of Transmembrane Actions 
I. Tranqoort 
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Band 3, the predominant 
the human erythrocyte iiiembrane, was cleaved i n t o  large fragments representing i t s  outer-sur- 
face (38K). iiieiiibrane-spanning (17K). and cytoplasmic-surface (40K). regions. The former two 
peices are glycosylated and are hydrophobic i n  both composition and behavior. 
cytoplasmic polypeptide i s  r ead i l y  released i n t o  so lu t i on  by proteolys is .  I t i s  d i s t i n c t l y  
po lar  i n  composition and i s  f a r  iiiore iiiuiiunogenic than the two in teg ra l  segments. I t  contains 
binding s i t e s  f o r  both glyceraldehyde 3-P dehydrogenase (G3PD) and aldolase; c e r t a i n  segments 
o f  t h i s  f r a g w n t  are potent i n h i b i t o r s  o f  aldolase c a t a l y t i c  a c t i v i t y .  The cytoplasmic pole 
o f  band 3 can be i d e n t i f i e d  i n  freeze-etch e lect ron iiiicrographs, p a r t i c u l a r l y  when decorated 
w i th  G3PO. 
the 40K polypeptide s i g n i f i c a n t l y  a l t e r s  anion ( i . e . ,  pyruvate) t ranspor t  i n  inside-out mem- 
brane vesicles. A 22K t r y p t i c  fragiiient from the inner-surface donain has an unreactive amino- 
terminus, suggesting tha t  the blocked N-terminus of band 3 i s  or iented toward the cytoplasm. 
A s im i l a r ,  N-terminal 23K S-cyanylation fragment was prepared, f u r the r  cleaved w i th  t r yps in  
and cyanogen bromide, and the composition o f  i t s  sub-fragments estabilished. A p a r t i a l  amino 
ac id  sequence analysis o f  t h j s  23K fragment w i l l  be presented. 

Supported by American Cancer Society Grants BC-95E and BC-95F 

STRUCTURAL STUDIES ON RE0 CELL BAN0 3 PROTEIN, Steck, T. Dept. o f  Biochem. & Med. 
Univ. o f  Chicago, Chicago, I L  60637 

95,000-dalton polypeptide and purported anion t ranspor t  p ro te in  o f  

The 40K 

Neither the binding o f  the two g l y c o l y t i c  enzymes nor the p r o t e o l y t i c  exc is ion o f  
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The k i n e t i c s  o f  anion. t ranspor t  are consis tent  w i t h  an e q u i l i b r a t i n g  mobile c a r r i e r  model i n  
which the anion- t ranspor t -s i te  complex can move across the membrane i n  e i t h e r  d i r e c t i o n ,  bu t  
i n  which the movement o f  the "unloaded" c a r r i e r  i s  very slow. Binding o f  anions t o  a second 
s i t e ,  the modi f ier ,  r e s u l t s  i n  non-competitive i n h i b i t i o n  o f  t ranspor t .  Studies using i n h i b i -  
t o r y  chemical probes capable o f  covalent react ion have l e d  t o  the i d e n t i f i c a t i o n  o f  band 3 
(95,000 dal tons)  as the anion t ranspor t  p ro te in  and have a l so  helped t o  determine t h a t  a 
17,000 dal ton transmembrane segment i s  essent ia l .  The d i s u l f o n i c  s t i lbene,  D I D S  (4,4'-diiso- 
thiocyano-2,2'- s t i l bene  d isu l fonate)  and i t s  reduced form (H2DIDS) are potent  non-penetrat ing 
compounds t h a t  i n t e r a c t  w i t h  1 t o  1 stoichiometry w i t h  band 3 t o  produce v i r t u a l l y  complete 
i n h i b i t i o n .  D I O S  reduces the capacity o f  band 3 t o  bind C1 
experiments i n  the cold, wh i l e  the react ions o f  H2DIDS are s t i l l  r eve rs ib le ,  the i n h i b i t i o n  
involves competit ion w i t h  C1 , apparently for  the t ranspor t  ( c a r r i e r )  s i t e .  DIDS does not, 
however, have any e f f e c t  a t  the cytoplasmic face o f  the membrane i n  ins ide-out  ves ic les,  so 
the t ranspor t  s i t e  must be accessible t o  D I D S  on ly  from the outside. The photoreact ive probe, 
NAP-taurine (N-(4-azido-2-nitrophenyl)-2-amino e thy l  su l fonate) ,  acts  i n  the dark as a sub- 
s t ra te .  It a lso  i n h i b i t s  C1- t ranspor t  from e i t h e r  side o f  the membrane, bu t  w i t h  q u i t e  d i f f e -  
r e n t  proper t ies.  On the outs ide i t  i s  a high a f f i n i t y  i n h i b i t o r  w i t h  behaviourconsis tent  w i t h  
i n t e r a c t i o n  a t  the mod i f i e r  s i t e .  On the inside. on the other  hand, i t  i s  a low a f f i n i t y  
i n h i b i t o r  which appears t o  a c t  on the t ranspor t  site.These and other  r e s u l t s  suggest t h a t  the 
mod i f i e r  s i t e  i s  accessible on l y  from the outside, bu t  t h a t  the t ranspor t  s i t e  i s  accessible 
from e i t h e r  s ide because i t  i s  mobile r e l a t i v e  t o  an anion d i f f u s i o n  ba r r i e r .  This assumption 
was f u r t h e r  tested by demonstrating t h a t  the t ranspor t  s i t e s  could be " rec ru i ted "  t o  one s ide  
o r  the other. For example, i n t e r a c t i o n  of D I D S  w i t h  the t ranspor t  s i t e  on the outs ide reduces 
the i r r e v e r s i b l e  b ind ing o f  NAP-taurine t o  band 3 s i t e s  on the ins ide.  The k i n e t i c  data, the 
s tud ies w i t h  probes, and the s tud ies o f  the s t ruc tu re  o f  band 3 and i t s  arrangement i n  the 
membrane a re  consis tent  w i t h  a model i n  which a 17,000 da l ton  segment o f  band 3 forms a 
channel through the l i p i d ,  prov id ing a pathway f o r  anion t ransfer .  Since the f l u x  i s  a non- 
conductive ob l i ga to ry  exchange,the channel must be blocked by a d i f f u s i o n  b a r r i e r .  It i s  pro- 
posed t h a t  anion-loaded t ranspor t  s i t e s  can o s c i l l a t e  r a p i d l y  across t h i s  b a r r i e r  i n  the 
p ro te in  channel by a l oca l  conformational change so t h a t  they a l t e r n a t e l y  become accessible 
t o  the i ns ide  and outside. 
act ions of anions w i t h  the mod i f i e r  s i t e .  
Council (Canada) Grants #MT4665 and #MA5149). 

A MODEL FOR THE ACTION OF THE ANION EXCHANGE PROTEIN OF THE RED BLOOD CELL 
A. Rothstein, P.A. Knauf, S .  Grinste in ,  Y. Shami and S. Ship, Research I n s t i t u t e ,  
The Hospital f o r  Sick Children, Toronto, Ontario, Canada. 

(measured by NMR). I n  shor t  

The r a t e  o f  the conformational s h i f t  would be in f luenced by i n t e r -  
(The study was supported by Medical Research 
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491 HEREDITARY STOMATOCYTOSIS. W.C. Mentzer, G. Lam, B.H.  Lubin. A.  Green u i s t  and 
Departments of P e d i a t r i c s  and Medicine, Universi ty  o f  C a l i f o r n i a ,  

San Francisco, CA 94143; Department of Medicine, Stanford Universi ty ,  S t an fo rd ,  CA 94305. 
Heredi tary s tomatocytosis  is a r a r e  form of congeni ta l  hemolytic anemia i n  which t h e  red 
c e l l s  a r e  swollen and cup shaped in s t ead  of normal biconcave d i s c s .  
normal but ca t ion  permeabi l i ty ,  measured with 24Na and 4 2 K ,  i s  enormously increased i n  s to -  
matocytes (Na+ i n f l u x  = 96-128 meq/L. ce l l s /Hr . ,  normal = 2.8 ? 0.3; K+ e f f l u x  = 8.3-40.3 
meq/L. cel ls /Hr. ,  normal = 1.7). Active t r anspor t  of both Na* and K+ i s  increased 5-12 f o l d ,  
but is nonetheless i n s u f f i c i e n t  t o  prevent accumulation of Na+ and los s  of K + .  
monovalent ca t ion  content  (Na+ t K+) is increased a s  is c e l l  water  (704-777 m l / L .  c e l l s ) ,  
s i z e  (MCV = 108-122 f l ) ,  and osmotic f r a g i l i t y .  C e l l  deformabil i ty ,  assessed by f i l t r a t i o n  
through 5 JA Nuclepore f i l t e r s ,  is reduced. Possibly because of t h e i r  r i g i d i t y  ( a s  i s  t h e  
case with he red i t a ry  spherocytes) stomatocytes a r e  sequestered by t h e  spleen where they a r e  
thought t o  undergo metabolic dep le t ion  with subsequent hemolysis.  
splenectomy reduces but  does not  abo l i sh  hemolytic anemia i n  s tomatocytosis .  
microscopy, ana lys i s  o f  t o t a l  membrane l i p i d s  or phospholipid r a t i o s ,  and PAGE of SDS solu-  
b i l i z e d  membrane p ro te ins  have revealed no abnormali t ies  of membrane e t r u c t u r e  or composi- 
t i on .  The amount of s p e c t r i n  phosphorylation ( a t  1 hour) i.s only 20% of normal. Red ghost 
endocytosis is s t r i k i n g l y  impaired. 
e l iminated i n  v i t r o  by incubat ion of stomatocytes with b i func t iona l  imidoesters  such as 
dimethyl adipimidate (DMA). Within 6 hours,  ac t ive  t r anspor t  of ca t ions  r e s t o r e s  t h e  Na 
and K content  of t r e a t e d  c e l l s  t o  normal. Ce l l  water  content ,  s i ze .  morphology, osmotic 
f r a g i l i t y ,  and membrane deformabil i ty  a l s o  become normal. 
to normal bu t  spec t r in  phosphorylation i s  not  improved. The su rv iva l  (T 1/2) i n  v ivo  of 
DMA t r e a t e d ,  5 k r  labeled stomatocytes infused i n t o  r a t s  rendered t o l e r a n t  t o  human erythro-  
cy te s  by pretreatment with e t h y l  
stornatocytes. After  r eac t ion  of y4C-DMA with stomatocytes,  r ad io l abe l  is found a s soc ia t ed  
with seve ra l  membrane amino phospholipids (TLC) and is  widely d i s t r i b u t e d  among membrane 
p ro te ins  (SDS-PAGE). Thus, t h e  s i t e  of ac t ion  of imidoesters  is not  ye t  def ined.  

8 .  S.L. Schr i e r .  

Anion permeabi l i ty  i s  

To ta l  c e l l  

Unlike spherocytosis ,  
Electron 

The ca t ion  permeabi l i ty  de fec t  can be completely 

Red ghost endocytosis  i nc reases  

a lmi t a t e  and cobra venom f a c t o r  i s  double t h a t  of untreated 

1. Zarkowsky, H.S., e t .a l .  NEJM 278:593-600, 652-657, 1968. 
2 .  Mentzer, W.C., e t . a l .  Blood 46(5):659-669, 1975. 
3. Schroter ,  W. and Ungefehr, K. Membranes and Disease,  ed.  L.  Bol is ,  e t . a l .  Raven 
P res s ,  New York, 1976. 
4. Mentzer, W.C., e t . a l .  NEJM 294:1200-1204. 1976. 
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492 ERYTHROCYTE RECEPTORS FOR MALARIA IIEROZOITES, Louis  H. M i l l e r ,  F l o r e n c e  M. 
McAuliffe,  and James Johnson, Labora tory  o f  P a r a s i t i c  D i s e a s e s ,  N a t i o n a l  I n s t i t u t e  
o f  A l l e r g y  and I n f e c t i o u s  D i s e a s e s ,  Bethesda ,  MD 20014 

The i n  v ivo  h o s t  s p e c i f i c i t y  o f  m a l a r i a l  p a r a s i t e s  i s  de termined  i n  l a r g e  measure by t h e  
a b i l i t y  of t h e  merozoi te  to  invade  e r y t h r o c y t e s  of t h e  s p e c i e s  i n  v i t r o .  The b l o c k  i n  
i n v a s i o n  may be  caused by absence  o f  r e c e p t o r s  f o r  a t t a c h m e n t  or fo r  subsequent  s t e p s  i n  
i n v a s i o n .  It is known t h a t  Duffy n e g a t i v e  e r y t h r o c y t e s  a r e  n o t  invaded in v i t r o  by  
Plasmodium knowles i  (1)  and t h a t  i n d i v i d u a l s  w i t h  Duffy n e g a t i v e  e r y t h r o c y t e s  a r e  r e s i s t a n t  
t o  i n f e c t i o n  by P. v i v a x  ( 2 ) .  The m a j o r i t y  of b l a c k s  have t h i s  phenotype and a r e . r e s i s t a n t  
t o  P. v i v a x .  
Four q u e s t i o n s  w i l l  be d i s c u s s e d :  
1 )  Is r e s i s t a n c e  t h e  r e s u l t  o f  t h e  genotype or a c l o s e l y  l i n k e d  gene ( 3 ) ?  
2 )  I f  t h e  Duffy blood group sys tem i s  involved  i n  i n v a s i o n ,  what is t h e  n a t u r e  of t h e  
d e t e r m i n a n t ?  
3) Where does  t h e  Duffy blood group sys tem f u n c t i o n  i n  t h e  i n v a s i o n  sequence?  
I )  What a r e  t h e  e r y t h r o c y t e  d e t e r m i n a n t s  for  p. f a l c i p a r u m  ( 4 ) ?  
I n  a d d i t i o n ,  t h e  mechanism by which m e r o z o i t e s  e n t e r  w i t h i n  a n  i n v a g i n a t i o n  of t h e  e r y t h r o -  
c y t e  membrane w i l l  be  d i s c u s s e d .  I t  is  known t h a t  m a l a r i a  m e r o z o i t e s  have l i m i t e d  m o t i l i t y  
and invade  a nonphagocytic c e l l ,  t h e  mature  e r y t h r o c y t e .  I n v a s i o n ,  t h e r e f o r e ,  must be 
e x p l a i n e d  o t h e r  than  by a p a r a s i t e  pushing  its way i n t o  a c e l l  or by t h e  c e l l  i n g e s t i n g  
t h e  p a r a s i t e .  

1. Miller ,  L.H.,  Mason, S.J . ,  Dvorak, J . A . ,  McCinniss, M. t I . ,  Rothmn,  I.K. (1975). 

2 .  M i l l e r ,  L.H., Mason, S . J . ,  Clyde, D.F., t IcGinniss,  M.H. (1976).  N e w  Engl .  J.  Med. 295, 

3. t lason,  S.J., S h i r o i s h i ,  T . ,  Dvorak, J.A., McCinniss,  M.H. (1977).  Bri t .  J .  Haematol. 36,  

4. M i l l e r ,  L.H., Haynes, J.D., McAul i f fe ,  F.M., S h i r o i s h i ,  T . ,  Durocher,  J.R., MrCinniss,  

S c i e n c e  189, 561-563. 
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M.H. (1977).  J .  Exp. Med. 146, 277-281. 
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The s ia log lycoprote ins o f  the human red c e l l  membrane, glycophorin A and B, carry  the antigens 
coded f o r  by the MNSs locus. 
amino a c i d  sequence o f  glycophorin A i so la ted  from red blood c e l l s  o f  i nd i v idua ls  tha t  are 
homozygous f o r  these antigens. 
ser-ser- thr - t f i r -g ly  and t h a t  o f  AN leu -s i r - t h r - t f f r -g lu .  The sequence o f  glycophorin B i s  
i den t i ca l  t o  glycophorin AN i n  the f i r s t  23-25 residues regardless o f  the MN type o f  the 
ce l l s .  from which i t  has been iso la ted,  and possesses sero log ica l  N -ac t i v i t y .  Antibodies t o  
a C-terminal determinant o f  glycophorin A have been used t o  study genetic variants, which 
lack MN antigens. 
glycophorin A i n  c e r t a i n  variants. the red c e l l  membrane o f  others contains normal amounts 
o f  t h i s  prote in .  

STRUCTURE AND ANTIGENIC RELATIONSHIPS OF VARIOUS GLYCOPHORINS I N  RED CELL MEMBRANES, 
Heinz Furthmayr, Department o f  Pathology, Yale Univers i ty ,  New Haven, Conn. 06510 

I4 or N ant igenic  a c t i v i t y  i s  corre la ted w i t h  d i f ferences i n  the 

The amin termin 1 amino ac id  sequence o f  AM i s  

Although t h i s  ant igenic  def ic iency i s  associated w i t h  the absence o f  

* 
ind icates g lycosy lat ion a t  these amino ac id  residues. 
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494 ABSENCE OF GLYCOPHORIN AND INCREASED BAND 3 GLYCOSYLATION IN HUNAN 
EN(a-) RED CELLS, Carl G. Gahmberq, Jorma Wartiovaara and Ism0 Vir- 

anen, Department of Bacteriology and Imunoloqy, and Department of Electron 
Nicroscopy, University of Helsinki, Helsinki, Finland. 
The human En(a-) red cell is a rare recessive trait ( 1,2 ) .  It lacks the PIN 
antigens and shows abnormal agglutination with lectins. Recently we and others 
have shown that the membrane of these cells lacks the major sialoglycoprotein, 
glycophorin ( 3 - 5 I .  Interestinqly there is instead more carbohydrate on 
the band 3 polypeptide but no or very little N-acetyl neuraminic acid in this 
protein. This indicates that during the biosynthesis of the membrane qlyCOpr0- 
teins the cell can compensate for the loss of a major qlycosyl transferase 
acceptor by adding more sugars to other available acceptors. 
Because it is unclear whether the intramembrane particles seen on freeze- 
fracturing contain glycophorin, we have studied these particles of the En(a-) 
cells. Such particles are present in En(a-) cells in about the normal amount 
but we have now got evidence that their distribution is different as compared 
to normal cells. Under certain conditions they are more easily clustered than 
those of normal cells. The data indicate but do not prove that this is due 
to the absence of glycophorin from the En(a-) particles, and that qlycophorin 
normally is a constituent of these particles. 

References: 
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495 THE TRANSFERRIN RECEPTOR OF ERYTHROID CELLS, P h i l i p  Aisen ,  Hsiang-Yun Yang Hu, 
Adela Leibman and A . I .  S k o u l t c h i ,  Departments of B i o p h y s i c s  and C e l l  Biology, 
A l b e r t  E i n s t e i n  C o l l e g e  o f  Medicine,  Bronx, New York 10461. 

T r a n s f e r r i n  is a major ,  and p o s s i b l y  t h e  o n l y ,  s o u r c e  of i r o n  f o r  t h e  h i o s y n t h e s i s  of  hemo- 
g l o b i n  by t h e  immature e r y t h r o i d  c e l l .  The i n i t i a l  e v e n t  i n  t h e  d e l i v e r y  of  i r o n  from 
p r o t e i n  t o  c e l l  is t h e  b i n d i n g  of t r a n s f e r r i n  t o  s p e c i f i c  r e c e p t o r s  on  t h e  c e l l  s u r f a c e .  
These r e c e p t o r s  are d e s t r o y e d  by p r o t e o l y t i c  enzymes, and a r e  lost as t h e  r e d  c e l l  matures  
i n t o  a c i r c u l a t i n g  e r y t h r o c y t e  no l o n g e r  c a p a b l e  of hemoglobin s y n t h e s i s .  

of t h e  transferrin-dependent,l$)moglobin-synthesizing p r i m i t i v e  r e d  c e l l .  
r e t i c u l o c y t e s  incubated  wi th  I - l a b e l e d  t r a n s f e r r i n  a r e  s o l u h i l i z e d  i n  d e t e r g e n t s ,  complexes 
of t r a n s f e r r i n  a n d - o n e  or more membrane components may be  demonst ra ted  by g e l  chromatography. 
These membrane-derived macromolecules b ind  t r a n s f e r r i n  i n  r e v e r s i b l e ,  s a t u r a b l e  and s p e c i f i c  
f a s h i o n ,  and probably  r e p r e s e n t  :he t r a n s f e r r i n  r e c e p t o r  of. t h e  plasma membrane. 

can be  i s o l a t e d  by g e l  chromatography 
w i t h  t r a n s f e r r i n  doubly l a b e l e d  w i t h  1551 and Fe. The hydrodynamic r a d i u s  of t h i s  complex 
( i n  d e t e r g e n t )  is c l o s e  t o  t h a t  o f  f e r r i t i n ,  a s p h e r i c a l  molecule  w i t h  a molecular  weight  of 
445,000. Also  e v i  t h e  chromatogram is a peak c o r r e s p o n d i n g  t o  f r e e  t r a n s f e r r i n  
(MU 80,000). The ‘ g ~ ~ : f q 5 1  r a t i o  i n  t h i s  peak is a p p r e c i a b l y  less t h a n  i n  t h e  t r a n s f e r r i n -  
r e c e p t o r  complex, c o n f i r m i n g  t h a t  i r o n - d e p l e t e d  t r a n s f e r r i n  b i n d s  t o  t h e  r e c e p t o r  l e s s  
s t r o n g l y  t h a n  i r o n - t r a n s f e r r i n .  On SDS e l e r t r o p h o r e s i s  t h e  complix d i s p l a y s  two g l y c o p r o t e i n  
s u b u n i t s ,  o f  molecular  w e i g h t s  176,000 and 95,000. i n  a d d i t i o n  t o  t r a n s f e r r i n .  Both s u b u n i t s  
appear  to  c r o s s - l i n k  t o  t r a n s f e r r i n .  They a r e  a l s o  p r e s e n t  i n  a t r a n s f e r r i n - b i n d i n g  compo- 
n e n t  o f  a p p a r e n t  molecular  weight  350.000-400.000, i s o l a t e d  irom membranes of  non-incubated 
r e t i c u l o c y t e s .  The c o r r e s p o n d i n g  membrane f r a c t i o n  from mature  e r y t h r o c y t e s  shows s i m i l a r  
s u b u n i t s ,  b u t  t h e  176 ,000  MW component r a i l s  t o  g i v e  a PAS s t a i n  f o r  c a r b o h y d r a t e .  1Je 
b e l i e v e ,  t h e r e f o r e ,  t h a t  t h e  primary t r a n s f e r r i n  r e c e p t o r  of  t h e  r a b b i t  r e t i c u l o c y t e  is com- 
p r i s e d  of t w o  g l y c o p r o t e i n  s u b u n i t s ,  and t h a t  t r a n s f e r r i n  b i n d i n g  n r t i v i t y  depends on  t h e  
i n t e g r i t y  o f  t h e  c a r b o h y d r a t e .  

The Fr iend  e r y t h r o l e u k e m i c  c e l l  hehaves 1 i k e  a t ransformcd c r v t h r n i d  p r e c u r s o r  c e l l  a r -  
r e s t e d  a t  an i n t e r m e d i a t e  s t a g e  o f  development.  When grown i n  media supplemented w i t h  d i -  
methyl s u l f o x i d e ,  t h e  Fr iend  c e l L  d i f f e r e n t i a t e s  i n t o  forms resembl ing  o r t h o r h r o m a t i c  e r v t h r o -  
b l a s t s ,  and develops  t h e  c a p a b i l i t y  o f  hemoglobin s y n t h e s i s .  As d i f f e r e n t i a t i o n  p r o c e e d s ,  t h e  
t r a n s f e r r i n - b i n d i n g  a c t i v i t y  o f  t h e  c e l l s  i n c r e a s e s  3-5 f o l d ,  Gel f i l t r a t i o n  s t u d i e s  c o r r o -  
b o r a t e  t h a t  t h i s  b i n d i n g  is due t o  s p e c i f  i r  t r n n s f e r r i n - r e t l , p t o r  complex fo,rm.ition. i n d i c a t i n g  
t h a t  t r a n s f e r r i n  r e c e p t o r s  a r e  inducih lc .  hy DMSO. 

Because of i t s  a c c e s s i b i l i t y  i n  p e r i p h e r a l  blood t h e  r e t i c u l o c y t e  is o f t e n  used a s  a model 
When membranes o f  

A T r i t o n  X-100 s o l u b i l i z e d  macromolecular complex of t r a n s f e r r i n  and a membrane c o n s t i t u e n t  
om ghoTSs of r a b b i t  r e t i c u l o c y t e s  p r e v i o u s l y  incubated  
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The r e c o g n i t i o n  p r o c e s s  of s e n e s c e n t  or a1 t c r c d  r r y t h r o r y t r s  by t h e  r e t  i c i i l o c n d o t l i r l i a l  sys tem 
has  n o t  been c l a r i f i e d .  
abnormal c e l l s  i n  t h e  m i c r o v a s c u l a t u r e ,  h u t  does  n o t  e x p l a i n  r rcogni  t i o n  n F  ahnormnl r r y t h r o -  
c y t e s  by macrophages. 
Ashwell ft & have shown t h a t  c e r t a i n  d c s i n l y l a t e d  r a d i o l n h r l l c d  g l y r o p r o t r i n s  iirr r a p i d l y  
c l e a r e d  from t h e  c i r c u l a t i o n  in  an imals .  ThIs  a r r e l c r n t r d  r l c n r a n r c  r v t u r n s  tow;ird rtmtrcil  
l e v e l s  a f t e r  o x i d a t i o n  of  thc, newly rxposcd g:i l i lr tnsyl m n i r t  i c s  w i t h  g t i l a r t o s r  o x i d a s c  or 
removal of g a l a c t o s e  w i t h p  -ga lac tos ld ; i s r .  
hunan e r y t h r o c y t e s  incubated  w i t h  a i i to lngous  s('rum in  v i t r o  and o l d r r  ( l rns i ty-s r 'p ; i r ; i t l ,~  iiumiin 
e r y t h r o c y t e s ,  w i t h  reduced s i a l i c  nc id  c n n t m t ,  h;ivv i n r r w s r d  h i n d i n g  n T  autnlogous igc .  l lcr  
f i n d i n g s  i n d i c a t e  t h a t  IgC. a t t a c h e s  t o  o l d e r  human v r y t h r o c y t r s  i n  v i v n ,  :ind may mcd ia tC t l i t t  
r e c o g n i t i o n  and phagocytos i s  of o l d e r  r r y t h r o r  y t  c's by m;icrnph:igrs. 
and human e r y t h r o c y t e s  by s i .  i d x s r  r c d u r r s  s i a l  i r  a r i d  r o n t v n t  wi thnut  : i r icr t  ing cc1 lul:ir 
d e f o r m a b i l i t y .  ~ c s i a l y l a t c d ~ i C r - l n b ~ ~ l l c d  c r y t l i r o r y t r s  iirr r a p i d l y  c l c x i r r d  rr'rrn tliv r i r c w l a -  
t i o n  of r a t s  and t h i s  d r s t r u c t i o n  f o l l v w s  ii 1OZ rnzymiit ir  r r d u r t i o n  in mcmhr;inc s i a l  i < -  arid, ;I 

r e d u c t i o n  s l m i l a r  t o  t h a t  rcportcsd in  o1dt.r dri isi ty-srp;ir; i t l .d Iltmin t s ry t l i rory tcs .  ilowrvcr, in  
sp lcncc tomizcd  r a t s ,  g r c a t c r  than  50X o f  mrmhr;inr s i a l  i c  ;ic.id c m  hc rmwrcl w i t h  o n l y  minor 
d c c r e a s e s  i n  5 1 ~ r - r r y t h r o c y t r  s u r v i v a l .  Tn r o n t r a s t  to  s tud  i w  of  dcs i< i ly l : i tvd  g l y w l ~ r o t r i n s ,  
g a l a c t o s e  o x i d a s e  t r e a t m r n t  of d c s i a l y l n t c d  r a t  c r y t l i r o r y t l - s  d n r s  not imprtrvv 51Cr-c~ry t l l rorv tc  
s u r v i v a l .  Fur thermore ,  g a l a c t o s e  o x i d a s r  trc, ; tmrnt of  i n t a r t  r a t  r s r y t l i r o r y t r s  dw*s n n t  a r f c r t  
c e l l u l a r  d e f o n n a b i l i t y ,  h u t  markedly r r d u r c s  C r - r r y t h r o r y t v  s l l r v i v a l  ;ind prnmntrs  iiLi:icliment 
of a u t o l o g o u s  immunoglohul ins .  Subscqurn t  srid ium b o r n h y d r i d r  r c d u r t  inn nf t h .  a l d r l i y d r  
r e t u r n s  e r y t h r o c y t c  s u r v i v a l  tnward r o n t r v l  I r v t ~ l s  and rrduc.1.s lg(: hindin&;.  t l i ld  pc*ric)cI:itt. 
o x i d a t i o n  forms  an nldrhydt.  on ',rythroc.ytc. mrmhrml. s i i i l  i e  ;ic.id mnic t  it's. 
human and rat c r y t h r o r y t r s  m a i n t a i n  normal c ~ - l l u l a r  d r f o r m a h i l  i t y ,  Iiintl ; iu to lng<ms irimiln<i- 
g l o b u l i n s ,  and d e c r e a s e d  51Cr u r y t h r o r y t e  s u r v i v a l  n r r u r s  in riiLs. 
i n g  and d e c r c a s c d  s u r v i v a l  arcs p a r t  i i i l l y  r r v r r s r d  by h v r o h y d r i d r  r r d u r [  ion. l:in;il l y ,  tI1'- 
immunoglobulins which b ind  t o  s i a l  i d a s r -  or g a l n r t o s t ~  o x i d a s c - t r w t r d  c ~ r y t l i r o r y t c s  rim I>'. 
absorbed from a u t o l o g o u s  serum by r r p c a t r d  L-xpnsurc t o  a l  t c . r t 4  v r y t l i r w y t r ~ s .  
from absorbed serum, however, w i l l  them hind  t o  r r l l s  trc, ;r trd w i t h  t h .  ; i I i < ~ r n ; i t i v c ~  motliriva-  
t i o n .  These f i n d i n g s  s u g g e s t  t h a t  c r y t h r o c y t r s  riin hr. d r s t r o y L d  hy tlic. rc*t irulnc,ndnelic,l i:il 
system wi thout  changes  i n  c e l l u l a r  d r f o r m a h i l  i t y ,  and t h a t  n a t u r a l l y  r i r r u l a t  ing Ig(: may 
media te  i n  t h e  r e c o g n i t  ion  prorcss h e t w w n  a1 t e r c d  c r y t h r o r y t c s  and marrophagcs. 

MEMBRANE GLYCOPROTEINS I N  ERYTIIROCYTE SURVIVAI., John R. Durochrr. Department of  
of Medicine,  Pennsylvania  H o s p i t a l ,  P h i l a . ,  Pa .  19107. 

Decreased e r y t h r o c y t c  d r f o r m a h i l  i t y  r x p l a i n s  s q u c s t r a t  inn o f  

T h i s  r c c o g n i t  ion process prohably  i n v o l v e s  soperf i r i n l  mcmhranr. rliangcs. 

Kay liiis prrs rn tc*d  IV i d r n r c  t h a t  dc,s i a l y l  ; i t l d  

i ) r s  i ;i1 y 1 ;it i < > n  c > F  a n  imnl 

l'c~rindni'~-[ rc~i i tcd 

I38lIi imiionglnhiil  i n  hind- 

Immunnglnhul i n s  
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Endocytosis can he induccd ii: in tact  cr!Throcytcs, i n  rcscalcd red ghosts, and i n  hhi te  "hcmo- 
glohin frce" ghosts und tlic phcnomcna can serve :is niodcls lor the study or pinocytosis and 
phagocytosis. 
t ion for study, hut i n  ordcr t o  iindcrstand the imoIrcular events th:~t oc~'ur  in cndoc!.tosis, 
and the rolc of ~mhl-anc  ociatcd proteins ,  tlic i h i t c  ghost is a prcrcrrcd prcparat ion. 

ENIX)C\TOSIS I N  EKYI1IKCCl"iliS MI) 'l'lllill~ (;IIOSI'S, Stanley I,. Schricr  and I k i t t a  Ilardy, 
t~epartmncnt o i  bkdicinc, Stanl'ord 1Itiivcrsity School or  blcdicinc, Stanrord, Ca. W5OS 

Intact  crythrocytcs wouId prc~sutnah I y represent the most pli!,s i olog i  c prcpara- 

there  is ;I ~ ~ I N I I O I I  hasic ~~iccIi;inisiit Tor a 1  I ronns of cr!Throcytc 
c t .  I n  in tact  1iuin;in ncon:it;i I crythroL.ytcs, cndocytosis occurs 

u l t  Iiunan crythrocytcs, it rcquircs the d d i t  ion of pliarm:icologic 
concentrations of agents 1 ikc I'rimiquinc, I:yclrocort isone, \ i n b l a s t  inc, (:IiIor~~roma~inc and 
Vitamin .A. E\rn i n  this group of drug-induced cndocytosis, dif1'crcnt me 
Chlorpromazinc and \.inhlast inc cndocytos i  s c;in p r o ~ ~ c d  cw11 ~ t l i c t i  . U P  Icvc 
reduced. Primaquine cndocytos is, IIOVC\.CI-, is uniq~ic 
There arc other  di ffcrcnccs i n  drug- induced c~ndoc!~to~ 
by the  ionophore ( X 3 1 8 7 )  mediated entry ol' GI into c 
cytosis  is inhihi tcd in such circumstances. In cont resc:1lcd red ghosts 
seems t o  he an cncrgi zed phenomenon rcqti i  I' i  ng blg-,YI'l' ;ind (::I. 
Ng-ATTPasc is  involved, although i t  may not Iw the  (:a c f l ' l u  p ~ u t i p  rclatcil .\I ' l t isc. I n  hh i tc  
ghosts, cndocytosis was i n i t i a l l y  induced hy the  :iddit ion 01' hls-;\l'l'. IIC cmi 1101, producc 
endocytosis hy cxposurc of ivhitc ghosts t o  0 .  1 IIN 11111'.\, o r  h y  controlled t n l w i i i  digest ion.  
TIie rcsul t ing cndocyt ic  v;icuoIcs, ~ ~ h c t l i c r  produccd lhy Ilg-N'P, l:lYl'.\, or  tr!l>s i n ,  ithen scpar- 
ated and liarvcstcd and suhjcctcd t o  poIy;~cryl;m~itlc gel elcctropliorct ic  :in:i\ysis ;ire i n  c:tch 
case spcctr in-  f rcc ,  \ h i  Ic the remaining ghosts II:IVC I IOIIII ;~ I P\(X p:i t tc~ 'n .~.  
t ions indicatc tha t  thcrc  is a comnon path Tor i\liitc ghost cnJo~'!.tosis in1011 ins tlic di.;pI:icc- 
m n t  of spcctr in ,  or its extract ion,  or  digest ion,  tlic\i.cl)y :iI 1 0 1 \ i n ~  spc<.ti.in-Trcc port inns of  
the mcmhranc t o  appcar. Sincr esocyt i c  vcs iclcs pro~luc~cd I)!, ,\I'll dcpIc>t ion oT ci.\.tlii.cic!-tc- 
are  a l so  spcc t r in- r rcc ,  it seems tliat :I prior cvcnt l'or ci t l icr  cncIoc!~tosis or  cwc!.tosis i .  
the cs tahl  ishmcnt of spcc t r in- r rcc  arc:is i n  the  t ~ t c m h r ~ ~ n c ~ .  
rcseal ing rahhit ant ispcctr in  ant ihody into tlic iihitc pliosts ;id t l i c n  :ittempt ins t o  inilucc 
cndocytosis hy adding Mg-AH', (1. I d l  l3V\, o r  t r> i>s in .  'l'lic ant ispc~. t r i i i  :intiho~I!~ compIc~tcly 
inhihitcd a l l  Corms of  cndocytosis irrlicrc:is the I3S.l ;ind r:iI+it Ig(; ront ro ls  d ~ d  ~ t .  1 0 1  i o a -  
ing thc proposcd creat ion o r  spcctrin-Trcc a rc~15 ,  thr t ~ ~ ~ ~ ~ ~ i l ~ r ~ i i i c ~  d c ~ ~ i s i o i i  ;I: t o  i ~ h ~ t l i c r  tI1et.c 
will thcn hc invaginat ion or  cvaginat ion pi~ol);tl~ly iv I ' l cc t .~  t l i ~  hi io~\ i i  :is!im-tr!. 01' IIICW~~I.:IIIC 

protcins and phospholipids. Sinci. Kl'l' usu;i I I y  ~I.OI~IICC.; c ~ n ~ l o ~ ~ y t o s i s ,  m i ~ l  .Yi"> drpIct  ion 
produccs cxocytosis, invnginat ion proh:ihly i n v o l w s  pltosphoryl:it ion 01 '  ;I L.vtoso1 1.xi11g 
mcmhranc polypcpt idc(s) .  

'l'hc suppo.; i t  ion i  s tha t  ;I Cn, 

'I'licsc OIN-I'K- 

' h i s  h ~ ~ ~ o t h ~ ~ s i s  1,as t c ~ t c d  Ir! 
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Ozone is an ubiquitous component of photochemical air pollution. In vitro exposures of human 
erythrocytes to ozone resulted in a decrease 0.f osmotic fragility after low dosages followed 
by an increase after higher dosages. High concentrations of ozone caused no change in eryth- 
rocyte phospholipid, fatty acid or cholesterol composition, even though these lipids are oxi- 
dizable by ozone when not in a biological membrane. Ozone is capable of crossing cell mem- 
branes. 
the outside of the membrane and glyceraldehyde-3-phosphate dehydrogenase, marking the inner 
face of the membrane, were both inactivated by ozone. 
glucose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, glutathione reductase 
and glutathione peroxidase in erythrocytes exposed to ozone. 
through the pentose phosphate shunt was stimulated in a dose-dependent manner in ozone treat- 
ed erythrocytes. 
necessary to re-reduce oxidized glutathione and glutathione-protein mixed disulfides caused 
by ozone exposure. 

THE EFFECT OF OZONE ON THE MEMBRANE AND METABOLISM OF HUMAN ERYTHROCYTES, B. A.  
Freeman and J. B. Mudd. Dept. of Biochem., Univ. of Calif., Riverside, CA 92521. 

In intact e'rythrocytes and right side out vesicles, acetylcholinesterase, marking 

Ozone had no effect on the activity of 

The metabolism of glucose 

The increased pentose phosphate metabolism provided the reductive power 

500 ENHANCED AGGLUTINATION OF ALL THE ERYTHROCYTES WHEN ONLY HALF THE CELLS ARE TRYPSIN- 
IZED. J. A. Gordon and c. A. Kuettner, Univ. Colo. Med. Ctr., Denver, CO 80262. 

Enhanced lectin-mediated agglutination following alteration of cells by transformation or 
protease treatment is well documented. 
ability of erythrocytes treated with proteolytic enzymes, neuraminidase or both may be the 
result of reduced surface charge, loss of sterically hindering peptides, and/or increased 
lectin-cell affinity constant. We wondered whether the alteration in only part of the cell 
population is sufficient to increase the agglutinability of the entire cell population. 
mixed cell agglutination of erythrocytes mixed with either equal numbers of trypsinized 
cells or neuraminidased cells proceeds to an extent and at a rate similar to cell populations 
fully treated with either enzyme. 
and con A which gave little or no agglutination of untreated cells. Residual tryptic activ- 
ity (by assay) or the presence of soybean trypsin inhibitor ruled out carry-over proteolytic 
activity of the treated cell population to the untreated. Preliminary studies indicate an 
increase in total cell deformability of trypsinized cells. Increased flexibility of the 
trypsinized cell surface allowing an increased area of cell to cell contact, even with un- 
treated cells, is our working hypothesis explaining the enhanced agglutination. 
case, our observations suggest that explanations of enhanced agglutination based primarily 
on the removal of surface polypeptides, surface charge, or changes in lectin-cell affinity 
of the total cell population must be revised. 
from the National Institutes of Health.) 

Recent evidence suggests that the enhanced agglutin- 

The 

This occurred at lectin concentrations of soybean lectin 

In any 

(Supported by grants cA-14313 and CA-15823 
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To investigate the role of membrane ( V )  fluidity in the profuction of corrple- 
ment (C) lesions, sheep red cells were lysec! typotonically an2 31T-F,extran 2" 
was introduced into the M ghosts during resealing. Ni ghosts were treate? with 
antibody and rabbit or human C. This resulted in a significant. increase in I 4  
rigidity as measured by changes in motility of tFe M-incorporatee spin label 
5-Coxylstearate. Thus, rabbit C causer! 4 . 9 %  increase in T h  an? 19.0% de- 
crease inA1. The change was founA to be produced by C9. Pretreatnent of the 
M ghosts with increasing concentrations of glutaraldehyde (GA) causes incre- 
ments in M rigidity. M pretreated with low GA concentrations ( 0 . 0 2 5 % )  still 
underwent further increment in rigiaity upon reaction with C. In contrast, at 
a GA concentration of 0 . 2 5 %  there was no C-ineuceS modification in the mobil- 
it of the spin label. The number of C lesions as evaluate3 by uptake of 
lzSI-C8 either did not ch nqe or decreesed slightly in GA treateB M. 
the C-induced release of jA-Dextran 20 increased 2-3 times hy pretreatment 
with GA, indicating that the C transmembrane channel attairs a larger size in 
GA treated M. ?he results demonstrate that the initiaI f1uidit.y of the PI 
plays no major role.in its susceptibility to damage by C arP th8t C-induce? 
changes in M flui3ity are not essential in the resulting cytotoxic reaction. 

TI:E EFFECT OF COIIPL,FF'EYT 01: F!EP:lT>.?!F T,IPIn OYS1'IZPTIO':. AgLTstir P .  
Dalmasso, rlda 0 .  Cizveclori nn.2 Ronal? P. F'ason, Vriv. of Yirnesot?, 
V.A.  Hospital, Minneapolis, MN E5117 

However, 
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lj@ M E  EXCHANGEABILITY OF HUMAN ERYTHROCYTE CHOLESTEROL, Yvonne Lange and Josephine 
D'Alessandro, Biophysics section, Boston University School of Medicine, Boston, MA 

02118. The removal from human erythrocytes of cholesterol (mass) and of 3H-cholesterol which 
had been introduced into the erythrocytes by exchange was studied. It was found that the ex- 
change of cholesterol between erythrocytes and plasma and the net movement of cholesterol out 
of the cells into plasma of lowered free cholesterol content are characterized by the same 
rate constant. From this it was shown that cholesterol molecules which participate in exchange 
and cholesterol imlecules which can be removed from the membrane are in the same pool. 
led to a novel method of determining what fraction of red cell cholesterol is available for 
exchange. 
with sonicated phospholipid vesicles giving rise to a net movement of cholesterol out of the 
cells. The cholesterol molecules removed from the membrane came from the pool which was 
labelled by exchange. The specific activity of the cholesterol taken up by the vesicles was 
greater than the specific activity of the cholesterol in the erythrocytes, indicating the 
presence of erythrocyte cholesterol molecules which were not labelled by the exchange process. 
From these studies it was concluded that approximately 90% of the cholesterol in human 
erythrocytes is exchangeable. Since it is extremely unlikely that 90% of erythrocyte membrane 
cholesterol is located at the outer half of the membrane bilayer, this confirms that trans- 
membrane movement of cholesterol occurs in the human erythrocyte as has been shown previously 
(Lanqe, Y ,  Cohen. C.M. and Poznansky, M, 1977, Proc. Nat'l. Acad. U . S .  74, 1538). The reason 
for the nonexchangeability of 10% of human erythrocyte cholesterol is uzer investigation. 

This 

Erythrocytes which had been labelled with 3H-cholesterol by exchange were incubated 

X-RAY SCATTERING FROM RED CELL MEMBRANES, J .  Stamatoff,  T .  B i lash ,  
and Y .  Ching, B e l l  Laboratories,  Murray H i l l ,  N e w  Jersey 07974 5m 

X-ray sca t ter ing  s t u d i e s  of suspensions of red ce l l  membranes have been 
performed using a new h igh  f l u x ,  high brightness  X-ray system with a s t a b l e  
pos i t ion  s e n s i t i v e  de tec tor .  The apparatus makes p o s s i b l e  accurate recording 
of patterns from hemoglobin-free membranes i n  concentrated d i spers ions  a t  
higher reso lu t ion  than previously obtained. More importantly,  these  patterns 
may be recorded from samples i n  suspension (avoiding t h e  u s e  of high g 
centr i fugat ion) .  

We have used heavy atom s t a i n s  ( including one which i s  s p e c i f i c  f o r  membrane 
protein)  to determine the  th ickness  of the l i p i d  b i l a y e r  region of t h e  
membrane. Analysis  of the  heavy atom d i s t r i b u t i o n  a l s o  provides information 
about protein d i s t r i b u t i o n  and the  consequences o f  spec tr in  removal. 

w)4 

The act ion o f  h igh ly  p u r i f i e d  bee venom phospholipase AZ on the hydro lys is  o f  phosphoglycer- 
ides and hemolysis o f  red blood c e l l s  has been studied. 
those o f  Mar t in  e t  a l .  
Agkistrodon halys b lunho f i i .  A t  H 7.4, 10 mM Cat+, 60% o f  phosphatidylchol ine (PC) and 8 
percent o f  phosphatidylserine (PSp were hydrolyzed by the bee enzyme w i t h  no evident 
hemolysis. 
!PE) were completely hydrolyzed. This was associated w i t h  extensive hemolysis. However, the 
i n i t i a l  stages o f  hydro lys is  o f  PS and PE occurred p r i o r  t o  onset o f  hemolysis. 
prevents the ef fects  associated with elevated pH and/or [Ca++], r e s t r i c t i n g  PC hydro lys is  t o  
60 percent, and a lso prevents the lowering o f  i n t r a c e l l u l a r  ATP occurr ing under these condi- 
t ions.  Enzyme concentrat ion d i d  not  in f luence the time o f  onset o f  hemolysis. However the 
t ime o f  addi t ion o f  enzyme, Cat+ o r  glucose d i d  inf luence the onset time. 
occurred when i n t r a c e l l u l a r  ATP was lowered. 

FACTORS INFLUENCING THE HYDROLYSIS OF RE0 BLOOD CELL MEMBRANE PHOSPHOGLYCERIDES BY BEE 
VENOM PHOSPHDLIPASE A2. S.A. Singal and L. Huey, Medical College o f  Georgia, Augusta, 
GA 30901 

Results are i n  general agreement w i t h  
(Biochemistry 14, 5400 (1975) ) who used the basic phospholipase from 

A t  pH 7.4, 40 m\l Ca*+ and pH 8.0, 40 mV Ca++. PC, PS and phosphatidylethanolarnine 

5 mM glucose 

I n f l u x  o f  Ca4+ 

202 
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505 ROLE OF BOUND WATER IN MEMBRANE STRUCTURE: FLUORESCENCE AND INFRARED STUDIES 
Allan S. Schneider and C. Russell Middaugh, Sloan-Kettering Institute for Cancer Res. 
and Cornell University Graduate School of Medical Sciences 

Bound water is a major component of biological membranes and is required for the structural 
stability of the bilayer and the mixing of cholesterol and phospholipids. It has also been 
postulated t o  be involved in aqueous transport, membrane fusion.and mobility of membrane 
proteins and lipids. We have measured the fluorescence emission of membrane bound ANS and 
the infrared spectra of membranes, both as a function of hydration. ANS fluorecsence is 
sensitive to polarity and fluidity of the membrane aqueous interface, while infrared 
absorption is sensitive to the hydrogen bonding and vibrational motion of water and membrane 
proteins and lipids. The results provide: a) evidence of increasing rigidity of the membrane 
aqueous interface with removal of loosely bound water, b) an identification of several 
classes of membrane bound water in terms of their infrared OH stretching frequencies, 
c) an estimate of protein exposure to the aqueous environment via H20-D20 exchange, and 
5 )  an indication of hydration dependent conformational changes in specific membrane 
components. Further zharacterization of bound water should allow its incorporation into 
current models of membrane structure and give insight into the relevance of membrane 
hydration to cell surface function. 

ACTION OF COBRA VENOM PHOSPHOLIPASE 
Adamich and Erhard A. Dennis, D e p a r t k n t  o f  Chemistry, Un ive rs i t y  o f  C a l i f o r n i a  a t  San 
Diego, La Jo l l a ,  C a l l f o r n i a  92093 

Studies on the d i spos i t i on  o f  l i p i d s  i n  surfaces o f  ery throcyte membranes u t i l i z i n g  phospholi- 
pases have been in te rp re ted  t o  suggest t h a t  phospholipids i n  these menbranes are asymnetri- 
c a l l y  arranged. For such studies, i t  i s  important t h a t  pure enzyme be used and t h a t  the spec- 
i f i c i t y  o f  the enzyme be kncwn. 

90121. 
various phospholipids i n  mixed mice l les w i t h  the nonionic  sur factant  :riton X-100 h o b e r t s ,  M. 
F., Otnaess, A-B., Kensi l ,  C.A., and Dennis, E.A. (1978) J. B i o l .  Chem. 253, i n  press]. 
was found t h a t  the enzyme prefers  phosphatidylchol ine and t h a t  phosphat imethanolamine i s  a 
poor subst rate f o r  the enzyme. I t  i s  i npo r tan t  t o  k n w  whether t h i s  enzyme i s  ac t i ve  t w a r d  
ery throcyte membranes and whether the observed s p e c i f i c i t y  i s  s i m i l a r  t o  t h a t  d e t e n i n e d  w i t h  
mixed micel les. We have now examined the ac t i on  o f  the hunogeneous phospholipase A t w a r d  
i n t a c t  human erythrocytes and ghost membranes, toward these membranes s o l u b i l i z e d  w?th T r i t o n  
X-100, and toward ex t rac ted  ery throcyte membrane l i p i d s  i n  mixed mice l les wi th .Tr i t rm.  
w i l l  repor t  on these f ind ings,  and on t h e i r  relevance t o  membrane phosphol ip id  asymwtry. 

TOWARD LIPIDS OF ERYTHROCYTE MEMBRANES, Marina 

I n  w r  laboratory, a s ing le  form o f  phospholipase from 
and was found t o  have a mmkw mole- 

(1975) J. B i o l .  Chem. 250, 900% 
This enzyme has been used t o  i nves t i ga te  the s p e c i f i c i t y  o f  p ospholipase- t w a r d  

I t  

We 
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507 CONTROL OF.THE INTERACTION OF SPECTRIN AND ACTIN BY PHOSPHORYLATIQN. Jennifer C. 
Pinder, MRC Cell Biophysics Unit, 26-29 Drury Lane, London WC2B 5RL. 
Spectrin isolated from fresh normal red blood cells by conventional methods causes 

polymerisation of muscle G-actin in solvents which normally depolymerise F-actin. Exogenous 
nucleotide is not essential. Electron microscopy of the polymer shows bundles of actin 
filaments which decorate with S1 and SDS-PAGE df the pellet obtained after centrifugation 
shows actin and smaller amounts of spectrin. Control of this polymerisation is shown to 
depend on phosphorylation of the smaller spectrin subunit. This specific phosphorylation may 
be achieved on spectrin in solution using a preparation of an endogenous CAMP-independent 
phosphoprotein kinase from erythrocyte ghosts. Phosphorylated spectrin causes rapid actin 
polymerisation whereas the activity is lost after dephosphorylation with bacterial alkaline 
phosphate. Extraction of erythrocyte ghosts with Triton X100, leaves a fibrous protein net- 
work, comprising about 60% spectrin and actin. The addition of ATP and kinase to a 20 mg/ml 
suspension of cytoskeletal extract leads to the rapid formation of a stiff gel; if DNAaSe I 
is added at actin equivalence to the in vitro system, no gelation ensues. Muscle actin and 
erythrocyte actin are not identical, they may be distinguished by ZD-PAGE migrating as 
a-actin and 6-actin respectively. There is no evidence that gelation involves actin poly- 
merisation rather than an association between spectrin and actin monomers. We suggest that 
actin and spectrin form a complex which undergoes morphological changes mediated by spectrin 
phosphorylation. 



Normal and Abnormal R e d  Cell Membranes 

QUANTITATION OF TOTAL AND 32P LABELED SPECTRIN PHOSPHATES, H. Wil l iam Har r i s  Jr., 
L. C. Wolfe and S.E. Lux, Chi ldren 's  Hos. Med. Cent. Boston, MA 02115 

The number and d i s t r i b u t i o n  o f  phosphorylated residues i n  spec t r i n  may help t o  con t ro l  red 
c e l l  shape and d e f o m b i l i t y .  
graphy p u r i f i e d  (greater  than 98%) spec t r i n  from f resh red  c e l l s  by a microphosphomolybdate 
assay y i e l d  6.99.8(n=9) moles o f  phosphate per 460,000 spec t r i n  dimer(8ands 1+2). This numb- 
e r  i s  reduced t o  4.0m0.3(n=8) per spec t r i n  dimer a f t e r  denaturation o f  p u r i f i e d  spec t r i n  i n  6M 
guanidine H C l  o r  8M urea. Incubation o f  i n t a c t  ery throcytes w i t h  32P orthophosphate and quan- 
i t a t i o n  o f  spec t r i n  32P labe l  a t  equi l ibr ium(30-32 hrs . )  by simultaneous determination o f  SDS 
gel p ro te in  and ATP s p e c i f i c  a c t i v i t y  r e s u l t s  i n  2.5:0.1(n=9) moles o f  32P per  spec t r i n  d i m r .  
The 32P label  o f  spec t r i n  i s  phosphoserine o r  phosphothreonine as determined by pH s t a b i l i t y  
studies. 
Concomitant w i t h  the loss o f  phosphate, urea o r  guanidine denaturation o f  p u r i f i e d  spec t r i n  
releases 1 4 %  o f  i t s  32P labe l .  The nature o f  t h i s  mater ia l  i s  c u r r e n t l y  under i nves t i ga t i on .  
We conclude tha t  i so la ted  spec t r i n  f r o m  f resh red c e l l s  contains 4 phosphorylated'sites, 2 o r  
3 o f  which possess s i g n i f i c a n t  turnover ra tes i n  the  mature red c e l l  under i n  v i t r o  incubation 
condit ions. 
w i t h  each spect r in  dimer but  represent on l y  a small f r a c t i o n  o f  the t o t a l  32P labe l  present. 
The m u l t i p l i c i t y  of spec t r i n  phosphorylat ion s i t e s  suggests t h a t  spec t r i n ' s  i n t e r a c t i o n  w i t h  
other  red c e l l  components may be con t ro l l ed  by a complex i n te rp lay  between these s i t e s  and no t  
simply phospho and dephospho forms. 
and quani ta t ive changes i n  spec t r i n  phosphate d i s t r i b u t i o n .  

Prote in  bound phosphate measurements o f  A-15 column chromato- 

Tryps in izat ion converts a l l  o f  the 32p labe l  i n t o  low molecular weight peptides. 

I n  addi t ion,  approximately 3 moles o f  phosphorus are noncovalently associated 

Phosphorylation defects may represent both qua1 i t a t i v e  

509 E!RYIHREYE TRDPCNIN INHIBITOR-IJKE PRYIEIN: ISOIATICN AND PARTlAL -zA'I?oN, 
Jonathan Ma- and Saul Puszkin* -- Department of P a t h o l q ,  Mcunt Sinai Schcolof 

10029 
erythrccytes mntain a m3dulatory protein which binds calciwn and has phaphcdiesterase 

Fran a h m  red cell lysate, we have isolated a protein w i t h  an appar 

CXI SDS-aaylanide disc electro- 

The e r y t h r q t e . ' I N - ~ - L i k e  protein was faund to inhibit actin-activated magnesiun A'lFase 

When i n t r c d u d  into a mixture of nuscle myosin-act in- t rp  

Medicine of The City University of New York, 100th Stree t  & Fif th  Avenue, New Yak, NY 

activating activity.  
en tmlecu la r  weight d 24,000 daltcns. This protein w a s  purified by DEAE-cellulose dhraM- 
t c g r q y  9 mncentrated by mnmim sulfate precipitatim. 
phoresis ihs  protein -grated w i t h  trqpcnin inhibitar ('IN-I) isolated fran striated ~ U S -  
cle. 
activity of muscle q c s i n .  
potassim-nrrr\ AlPase activity. 
nin-C (?N-c), the ery thrq te  IN-I blacked 'IN< rrpdulatchy effects. 
shewed again inhibiticn of myasin actin interacti.cn. 
nycsin oxti- the surfaces of polystyrene latex particles s h d  the erythrayte inhibit= 
sedimenting with nycsin as determined by elution af mated proteins on SDs aCrylami.de gel 
electrqharesis. 
the modulation of cmtractile protein activity.  Its presence i n  the cytoplasm of red cells 
prc&bly represents a mtro l l ing  trredzanism for the modulatar proteins recently described i n  
erythrccytes . 
SuFportea by N.I.H. grants tlNS12467 and #HL20718, and the American Heart Associaticn. 
* S.P. is an Established Investigator of the A.H.A. 

Furtherrrpre, it part ia l ly  inhibited muscle niyffiin calciun and 

Excess eqthrccyte-"-1 
Binding e x p r h t s  performed with 

"he presence of an inhibitory protein i n  erythrccyte m y  be significant for 

510 FILTERABILITY AND MORPHOLOGY OF RED BLOOD CELLS (RBC) FROM VITAMIN E-DEFICIENT LEAD- 
POISONED VS. IRON-DEFICIENT RATS. O.A. Levander, V.C. Morris and S.O. Welsh, Nu t r i t i on  
I n s t i t u t e ,  U.S. Dept. Agricul ture ,  B e l t s v i l l e ,  MD 20705 

Vitamin E def ic iency and lead poisoning i n t e r a c t  t o  produce an increased hemolytic anemia and 
splencaegaly i n  rats. F i l t e r a b i l i t y  through polyoarbonate membranes of RBC from E-deficient 
(-El rats decreased during incubat ion i n  t r i s -bu f fe red  s a l i n e  and l ead  poisoning (+Pb) 
acce le ra t ed  t h i s  dec l ine .  The decreased f i l t e r a b i l i t y  of RBC from -E+Pb rats was r e l a t e d  t o  
the e x t e n t  of RBC l i p i d  peroxidat ion and was prevented by feeding t h e  s y n t h e t i c  an t iox idan t ,  
N,N'-diphenyl-p-phenylenediamine (DPPD). F i l t e r a b i l i t y  of RBC from -E+Pb rats was decreased 
by l a r e r i n g  the  pH o f  t h e  incubat ion medium from 7.4 t o  6.6, an a c i d i t y  t y p i c a l  of t h e  
spleen.  decreased t h e  f i l t e r a b i i t y  of RBC from -E non-poisoned rats 
and concurrent  l ead  p o i s o n 3 d  i n t e n s i f i e d  t h i s  e f f e c t .  
lost t h e i r  f i l t e r a b i l i t y  much f a s t e r  during incubat ion i n  v i t r o  than younger RBC. 
-E+Pb rats were sphero-stomatocytes after l o s i n g  t h e i r  f i l t e r a b i l i t y ,  whereas RBC from +E-Pb 
rats re t a ined  f i l t e r a b i l i t y  and d i s c m y t i c  shape. I ron-deficient  non-poisoned (-Pel rats are 
also cha rac t e r i zed  by anemia, splenomegaly and decreased f i l t e r a b i l i t y  of RBC incubated in 
v i t r o .  
decreased f u r t h e r  by lowering t h e  pH of t h e  incubat ion medium t o  6.6. 
RBC from -Fe rats was not  a f f ec t ed  by incubat ion with H202, was no t  r e l a t e d  to l i p i d  
peroxidat ion,  and wan not  accompanied by formation of sphero-stomatocytes. 
damcastrate two d i f f e ren t  mechanisms by which n u t r i t i o n a l  s t a t u s  in f luences  R B C  f i l t e r a b i l i t y  
and suggest new approaches to t h e  problem of RBC deformabil i ty .  

Incubat ion with H 0 
Older (denser)  RBC from -E+Pb ra ts  

RBC from 

As with RBC from -E+Pb rats, t h e  impaired f i l t e r a b i l i t y  o f  RBC from -Fe rats was 
But f i l t e r a b i l i t y  of 

These s t u d i e s  
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511 MEMBRANE ALTERATIONS IN IRREVERSIBLY SICKLEO CELLS (ISC'S . ULTRASTRUCTURAL MEMBRANE 
PROTEIN AND RHEOLOGIC CORRELATIONS, L.S.  Lessin, J. Kurankin-Mills H 6. Wiems. 
The Georoe Washinoton Universitv Medical Center. Washinaton. D.C. jOOj7 

The ISC function; as an iktiator of microvascular occlkion ani a determinant of hemolytic 
rate in sickle cell disease. ISC's are sickle erythrocytes which retain bipolar elongated 
shapes despite reoxygenation and owe their biophysical abnormalities to acquired membrane al- 
terations. Our studies of ISC membranes are sumnarired as follows: Structural: (1) Freeze- 
etched membranes of both in vitro produced and in vivo isolated ISC's show microbodies'fixed 
to the internal (PS) surfGeobscuring spectrinTiEnts. (2) Membrane particles on the PF 
surface aggregate over regions of subsurface microbodies. ( 3 )  TEM sections of O.A.B. treated 
ISC ghosts show microbodies to contain hemglobin. (4) SEM and freeze-etching show that mem- 
brane-hemoglobin interaction in ISC's enhances membrane loss by microspherulation. Biochemical 
(1) MemBrane-bound hemoglobin i s  5X greater in vivo ISC's than non-ISC's and increases during 
ISC production, paralleling depletion of A T P F i E a s e  in cellular Ca++ and reversal of Na+ 6 
K+ gradients. (2) SDS-PAGE gel analysis of ISC membranes show increases in macroaggregated 
proteins in the pre-Band-1 regions, Band 8 and globin. Rheologic: (1) Micropipette elastimetry 
o f  ISC's shows 4X increase in membrane rigidity ("P") vs. controls 6 7X decrease in cell de- 
formability ("PT"). (2) Pressure-flow filtration at a m a n t  p02 and temperature across Nucle- 
pore filters shows a 3-5 fold increase in relative resistance (Rr) of sickle cell blood. (3) 
Both Rr and dP/dt (rate of pressure rise) correlate (~0.89 6 0.94) with ISC content o f  sickle 
blood. (4) SEM study filtration shows pore plugging to correlate with dP/dt and to be princi- 
pally due to ISC's. 

512 
Southern California, School of Medicine, LOs Angeles, California 90033. 

INTERACTION OF LOCAL ANESTHETICS WITH NORMAL AND SICKLE CELL MEMBRANES, Vijay K. Kalra 
and Richard F. Baker, Department of Biochemistry and Microbiology, University of 

Studies were carried out to determine the effect of metabolic depletion and EGTA on 
the formation of irreversibly sickled cells in vitro. 
24 hrs at 370 with and without glucose and EEAexhibited no significant differences in 
the rate of filtration through a Sum Nucleopore filter. 
wer9 similar under the above conditions. 
Ca+ levels in SS cells are not the prime determinants of ISC formation. 
Baker et al. (BBRC 75, 381, 1977) have shown that procaine and p-aminobenzoic acid 
influence the deformxility and Ca++ uptake in metabolically depleted AA cells and the 
time rate of formation of ISC in vitro. 
benzoic acid have been used to characterize the site of interaction of these drugs in the 
membranes of AA and SS cells. 
the red cell shape without invoking Ca++ displacement. 
mediating cell shape changes is not necessarily related to Ca++ displacement from the mem- 
brane (Supported by grant from NIH-HL-15162). 

Deoxygenated SS cells incubated for 

The percentage of ISC formation 
These results suggest that metabolic state and 

Studies by 

Photoaffinity derivatives of procaine and p-amino- 

Data will be presented which show that chloropromazine affects 
The role of local anesthetics in 

513 PHYSICAL CONTACTS BETWEEN SPECTRIN AND BAND 3 IN HUMAN ERYTHROCYTE 
MEMBRANE, S.C. Liu and J. Palek, St. Vincent Hospital and University of 

Massachusetts School of Medicine, Worcester, Ma. 01604. 
Spectrin and actin are thought to interact with other erythrocyte membrane 
components and to affect cell shape and viscoelastic properties. We have 
examined the nearest neighbor arrangement of these proteins in the membrane by 
coupling the adjacent Intermolecular sulfhydryl groups and analyzed the com- 
plexes with two-dimensional gel electrophoresis. At physiological pH (7.4) 
and isotonic conditions, cross-linkings between spectrin-actin and band 3 (i.e. 
1+3, 2+3, 1+5, and 3+5) were observed after mild oxidation of ghosts with 
oxygen-saturated Tris buffer o r  with CuSOq/O-phenanthroline in phosphate 
buffer. Similar cross-linkings have previously been demonstrated in ghosts 
incubated in hypotonic Tris-acetate buffer at pH 4.0-5.5 (S.C. Liu, G. 
Fairbanks, and J. Palek, Biochemistry 16:4066, 1977). The amount of 1+3 
complex produced by oxidation at pH 7.4 depended on ionic strength and divalent 
cations. The yield o f  this complex gradually diminished as the NaCl conc. 
decreased from 9 0  mM to 30 mM. 
1+3 formation in ghosts incubated in the presence of low salt (0.5 mM 
phosphate buffer, pH 7.4). The data suggest (1) structural linkage between the 
spectrin-actin network and band 3 in the erythrocyte membrane and ( 2 )  the 
degree of their contacts is in part governed by divalent cations and 
electrostatic interactions. 

In addition, Mg2+ or Ca2+ at 1 mM stimulated 
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ERYTHROCYTE SHAPE AND DEFORMABILITY. J.E. Smith, N. Mohandas, M.R. Clark, S.B. Shohet. 
Div. Hematology, Univ. of Calif., San Francisco; Dept. Path., Kansas State Univ. 514 

have been associated with decreased deformability and a shortened. erythrocyte life span. We 
have investigated the relationship between shape and deformability by studying three similarly 
shaped elongated cells: non-hemolytic human elliptocytes, irreversibly sickled cells (ISCs), 
and normal llama erythrocytes. Properties studied included cell deformability (measured with 
an ektacytometer), morphologic and osmotic alterations induced by anionic and cationic pheno- 
thiazines, spectrin extractability, and membrane protein kinase activity. The human ellipto- 
cytes were normally deformable and reacted similarly to discocytes: membrane-active drugs pro- 
duced uniformly spiculated echinocytes and sphero-stomatocytes with unipolar endovesicles. 
They also had normal casein kinase activity and normal spectrin extractability. ISCs were un- 
deformable and produced an uneven and random distribution of spicules and endovesicles, sug- 
gesting localized membrane lesions. In contrast to the elliptocytes, they had normal casein 
kinase activity and, as shown previously by Lux et al, the extractability of their spectrin 
was reduced. Llama cells were virtually undeformable and demonstrated very limited morphologic 
response to drugs in spite A€ normal drug uptake. These cells had no casgin kinase activity, 
and had significantly reduced spectrin extractability. 

similar mechanical properties of their membranes. 
ability and morphologic changes induced by membrane-active drugs may be modulated by the 
state of spectrin aggregation and casein kinas activity. 

Abnormally shaped erythrocytes such as spherocytes, sickle cells, and acanthocytes 

These observations indicated that similarly shaped red cells need not be associated with 
They also suggest that erythrocyte deform- 

515 MYOSIN-LIKE ATPASE ACTIVITY IN SPECTRIN PREPARATIONS. Francis H. Kirkpatrick, 

Biophysics, U. of Rochester School of Med. 6 Dent., Rochester, N.Y. 14642. 
reported stimulation of a spectrin-associated ATPase by CaC12. 
activated by 1 M KC1 or NH4Cl. 
is inhibited by micromolar levels of ionized Mg2+, and calcium above 10 mM reduces ATPase 
activity to the level seen with calcium alone. 
and Mg is approximately 2:1:1:0.3. 
myosin. 
(from rabbit muscle) under a variety of conditions including those which cause stimulations 
of muscle myosin ATPase. 
of Mg. 
to a non-specific phosphatase, or to an AMP or CAMP producing enzyme plus a pyrophosphatase. 
Hence, we conclude that the activity is due to a myosin-like enzyme. 
activities of skeletal myosins Is wide enough that the activity could be due to 100% or 0.1% 
of the protein present. We can remove up to 314 of the spectrin and retain 90% of the acti- 
vity, but are unable to determine whether the activity is due to spectrin polypeptides or to 
erythrocytic myosin. 
perties. Supported by NIH and DOE (Report No. UR-3490-1268). 

Thomas E. Milligan, Mary L. Sweeney 6 Paul L. La Celle, Dept. Radiation Biology 6 
We have previously 

The K+-ATPase 
This ATPase is preferentially 

NaCl and other monovalent cations are inactive. 

The ratio of activities at optimal EK4, K, Ca 
This pattern of activity is similar to that shown by 

However, we are unable to obtain sthulation of the Mg-ATPase activity with actin 

Actin also inhibits the NH4 or K ATPase activity even in the absence 
We have established that the Ca or K-ATF'ase is not due to a phosphatase-kinase couple, 

The range of specific 

In either event the myosin-like activity has a number of unusual pro- 

516 
koski, and R.Palazzo. Dept. of Biology, Wayne State University, Detroit, Michigan 48202 
Methods currently 
globin to remain. 

Enr 010 31:172. 1975). Washed red cells are lysed in 30 vols. of 5 mM PO buffer (pH 8) and 
sed2ent:dY at 40,000 g. This is repeated 3-4 times to obtain white ghosts. bhosts are resealed 
in 150 mM NsCl at 37OC for 1 hour. Assay by glyceraldehyde-3-phosphate dehydrogenase indicat'es 
complete resealing. However, the ghosts are not resealed to small ions. The spin label T m -  
MINE (2.2.6,6-tetramethyl-piperidine-N-oxyl-4-amine) freely crosses red cell membranes (Morse, 
P.D.11, 
of resealed ghosts, only a broadened TEMPAMINE signal 4s seen. 
tween TEMPAMINE and 5$(CN);-and demonstrates that Fe(CN)3-ig inside the ghosts. Addition of 
TEMPAMINE and Fe(CN) to t e resealed ghosts after incubgting overnight at O°C yields an yn- 
broadened TEMPAMINE 8igvl. This indicates that TEMPAMINE is inside thg-cell, but Fe(CN)6-is 
not. Thus. exposure to 0 C is required to reseal white ghosts to Fe(CN) 
If hemogfobin (30 mg/ml) is resealed into the ghosts. 0 dissociation6curves with and with- 

out Pe(CN)6 are3+milhr t o  those of hemoglobin in solutio%. This also confirms sealing of the 
cells to Fe(CN)6 . 
Supported by ONR Contract N00014-76-C-1167 to PDM and NIH Grant HL 16008 to HM. 

RESEALING WHITE RBC GHOSTS WITH AND WITHOUT ADDED HEMOGLOBIN: 
DISSOCIATION CURVES TO ASSAY RESEALING, P.D.Morse 11, D.Simpson, H.Mizukami, D.Luscza- 

USE OF ESR AND OXYGEN 

available for resealing red cell ghosts allow a substantial amount of hemo- 
We report here a method to remove hemoglobin and still reseal the cells. 

Red cells and ghosts are prepared essentially by the method of Steck and Kant (yethods in 

77:1486,1977). When TEMPAMINE and 80 mM K Fe(CN)6 are added to a fresh suspension 
This indicates interaction be- 

. 
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9 7  PARTITIONING OF HEMOGLOBIN IN MEMBRANES FROM CA+~-LOADED HUMAN ERYTHROCYTES, J.K. 
Haynes, F.-Z. Shiao, M. Deveau and H. Patthey, Meharry Med. Col., Nashville, TN. 37208 

Cat2-loaded human erythrocytes a r e  abnormally shaped and r i g i d  c e l l s  which may serve as mo- 
de ls  f o r  pathologic erythrocytes such a s  i r revers ib ly  s ickled c e l l s .  Membrane preparat ions 
from Cat2-loaded cells r e t a i n  hemoglobin which may be involved in  t h e  a l te red  c e l l  p roper t ies  
This invest igat ion fur ther  c l a r i f i e s  the  nature of  the  associat ion between hemoglobin and 
membranes. Ul t ras t ruc tura l  examination revea ls  t h a t  membrane preparat ions contain,  i n  addi- 
t i o n  t o  ghosts, e lectron dense vesicles .  Centrifugation i n  sucrose densi ty  gradients  re-  
solved t h e  preparation i n t o  a pure ves ic le  f rac t ion  and a second f rac t ion  composed predomi- 
nant ly  of whole ghosts. 
hemoglobin w a s  contained i n  t h e  ves ic le  f rac t ion  while t h e  remainder was associated with t h e  
fract ion composed ch ief ly  of whole ghosts. 
a f e w  ves ic les ,  unfractionated membrane preparations were s ta ined with diaminobenzidine 
(DAB)  i n  order  t o  determine if  hemoglobin w a s  associated with whole ghosts. 
were observed t o  contain DAB react ion product along t h e i r  cytoplasmic surfaces .  
ac t ion  is  not due t o  ca ta lase  s ince  it was not inhibi ted by 5OmM aminotriazole which 
abolished t h e  peroxidat ic  a c t i v i t y  of catalase.  
c e l l u l a r  leve ls  of  Cat> cause erythrocytes t o  extrude ves ic les  containing hemoglobin which 
is not bound t o  t h e  ves ic le  membrane. Coupled with the  analyses reported here ,  these  data  
indicate  a need f o r  caution before concluding t h a t  hemoglobin present i n  membrane prepara- 
t ions  is bound t o  membranes. 
def in i t ive  evidence t h a t  hemoglobin is  bound t o  membranes frQm Ca+2-loaded c e l l s .  

When the  two f rac t ions  were assayed f o r  hemoglobin, 50% o f  the  

Since the  l a t t e r  f rac t ion  was contaminated with 

Some ghosts 
This re -  

Published da ta  ind ica te  t h a t  high i n t r a -  

The cytochemical observations reported here  provide the  f i r s t  

518 PEPTIDE MAPPING OF THE SPECTRIN POLYPEPTIDES. Alun H. Faddy, Richard B. Kemp and 
Michael J. Dunn. Department o f  Zoology, Un ive rs i t y  of Edinburgh, Edinburgh, EH9 3JT. 

SCOTLAND. The spect r in  polypeptides P1 and P2 from the EDTA e x t r a c t  o f  ox ery throcyte mem- 
branes have been i so la ted  i n  pure s ta te  by preparat ive polyacrylamide gel  e lect rophores is  i n  
the presence o f  SDS. Amino ac id analys is  o f  the two polypeptides show t h a t  both contain the 
c h a r a c t e r i s t i c a l l y  h igh leucine and glutpFEte contents o f  the parent unfra ionated ex t rac t .  
The two polypeptides were l abe l l ed  w i t h  I b y  Chloramine T ca ta l ys i s  and ctC by rad ioac t i ve  
iodoacetate and hydrolysed w i t h  p i g  t ryps in.  Peptide maps o f  the d igests  were prepared on 
TLC s i l i c a  gel plat thsby chro tography and electrophoresis. 
prepared from both 
c o m n  peptides whi le  a lso having peptides unique t o  themselves. 
major polypeptides o f  spec t r i n  are s i m i l a r  t o  each other  but  not  i den t i ca l .  

Autoradiographs o f  maps 
I and f iC  l abe l l ed  polypeptides showed t h a t  P1 and P2 share many 

I t  i s  concluded t h a t  the two 

519 SPECTRIN CONTROLS THE LATERAL MOBILITY OF INTEGRAL MEMBRANE PROTEINS I N  HIJWAN ERYTHRO- 
CYTES. V. Fowler, The B io l .  Labs., Harvard Univ. and V.Bennett. Dept. Molec. B io l . ,  

Wellcome Research Lab. 
In teract ions between spect r fn  and the inner  surface o f  the human erythrocyte membrane have been 
impl icated i n  the contro l  o f  l a t e r a l  m o b i l i t y  o f  the i n teg ra l  membrane prote ins.  Me repor t  here 
t h a t  incubation o f  "leaky" erythrocytes w i t h  a water so lub le p r o t e o l y t i c  fragment conta in ing 
the membrane attachment s i t e  f o r  spec t r l n  achieves a se lec t i ve  and con t ro l l ed  d i ssoc ia t i on  of 
spect r in  f r o m  the membrane, and increases the r a t e  o f  l a t e r a l  m o b i l i t y  o f  FITC-label led i n teg -  
r a l  membrane prote ins a 7 0 %  o f  l abe l  i n  band 3 and PAS-1). M o b i l i t y  o f  membrane prote ins i s  
measured as an increase i n  the percentage o f  un i formly f luorescent c e l l s  w i t h  t i m e  a f t e r  fusion 
o f  f luorescent  w i t h  non-fluorescent erythrocytes by Sendai v i rus .  The c e l l s  are permeable t o  
macromolecules since virus-fused erythrocytes lose most o f  t h e i r  hemoglobin. The membrane a t -  
tachment s i t e  f o r  spec t r i n  has been so lub i l i zed  by l i m i t e d  p ro teo lys i s  o f  ins ide-out  ery thro-  
cyte vesicles and has been p u r i f i e d  (V.Bennett, J. B i o l .  Chem., i n  press). This 72,000 dal ton 
fragment binds t o  spec t r i n  i n  so lut ion,  c o m p e t i t T v e v n h m s  associat ion o f  32P-spectrin 
w i th  inside-out vesicles w i t h  a K i  o f  lO-7M, and causes rap id  d i ssoc ia t i on  o f  32P-spectrin 
from vesicles. Both acid-treated 72,000 dal ton f r a g m n t  and the  45,000 dal ton cytoplasmic 
por t ion o f  band 3 which a lso was i so la ted  f r o m  the  p r o t e o l y t i c  d igest  hhve no e f f e c t  on spec- 
t r i n  binding, release o r  on membrane p ro te in  mob i l i t y .  The enhancement o f  membrane p r o t e i n  
l a t e r a l  m o b i l i t y  spec t r i n  f rom these vesicles provides d i r e c t  evidence t h a t  the i n te rac t i on  o f  
spect r in  w i t h  p ro te in  components i n  the membrane r e s t r i c t s  the l a t e r a l  m o b i l i t y  o f  i n t e g r a l  
membrane proteins i n  the erythrocyte. 
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520 SPECIFIC ASSOCIAT;OY OF ACTIN mw ,m CYTOPLASMIC S C J A C E  OF THE RED CELL MEX%ANE, 
Carl M. Cohen Panela L. Jackson and Lhniel Branton, C e l l  and Developmental Biology, 
?he Biolopicai Laboratories, Harvard University, Cambridge, MA. 02138 

We have used purif ied rabbi t  ske le ta l  muscle actin,chemlcally t r i t l a t e d  t o  high spec i f ic  act- 
i v i t y , t o  invest igate  the  associat ion of a c t l n  with the  human red c e l l  membrane. 
ac t in  i s  ident ica l  t o  m d i f i e d  a c t i n  i n  its a b i l i t y  t o  polymerise and t o  ac t iva te  M - A T -  
ase. 
icant  ouant i t ies  t o  the cytoplasmic but not the  external  membrane surface.  Almst no ac t in  
binding is  detected t o  inside out vesicles  which have been s t r ipped of spec t r in  and endogenous 
ac t in  by low ionic  s t rength incubation. 
spectr in  and smali amounts of  red c e l l  a c t i n  a r e  added back t o  s t r ipped ves ic les  under con- 
d i t ions  which promote reassociation of spec t r ln  with the  cytoplasmic membrane surface, sub- 
sequent binding of labeled a c t i n  i s  enhanced almost 40 fold. Further, spectr in  i n  solut ion 
can compete for and completely abol ish a c t i n  binding t o  spectrin-contalnlnp, unsealed membranes, 
suggesting that a c t i n  binding m y  be the  r e s u l t  o f  the  f o m t i o n  of an actin-spectrin complex. 
?his interact ion appears t o  be spec i f ic  s ince it is abolished by  mlld heat denaturation of 
acceptor mmbranes and of the  added spec t r in  ex t rac t  and is  highly dependent upon the l o n l c  
composition and nucleotide content of the  medium. 

?he labeled 

Using sealed and unsealed red c e l l  vesicles  we have shown t h a t  a c t i n  binds i n  signif- 

However, when meribrane ext rac ts  containing primarily 

521 PARTICIPATION OF SPECTRIN I N  VIRUS-INDUCED FUSION AND MOBILITY OF INTRAMEMBRANE PARTI- 
CLES OF HUMAN ERYTHROCYTES: K. Sekiguchi and A. Asano, Ins t .  f o r  P ro te in  Res..Osaka 

Univ., Suita, Osaka 565 JAPAN 
Conditions were establ ished f o r  extensive fus ion o f  humn erythrocyte ghosts by HVJ(Sendai 
v i rus ) .  
i t r o y  f o r  the virus-induced fus ion a t  1 4 mg/ml. 
s i m i l a r  concentrat ions were wi thout  e f f e c t  on the react ion.  
Since spec t r i n  was reproted t o  regulate movement o f  surface glycoproteins. d i s t r i b u t i o n  o f  
intramembrane p a r t i c l e s (  IMP) i n  ery throcyte membrane was studied. 
Bachi and Howe, the v i rus  was found t o  induce c l u s t e r i n g  o f  IMP o f  t he  fused c e l l s .  Therefore, 
IMP d i s t r i b u t i o n  o f  t he  fused ghosts was compared w i t h  t h a t  o f  an t i body - inh ib i t ed  samples by 
f reeze- f racture e lec t ron  microscopy. Although c lus te red  d i s t r i b u t i o n  o f  IMP was observed w i t h  
fused ghosts, the ant ibody- t reated samples showed random d i s t r i b u t i o n .  Thus, imnob i l i za t i on  of 
spec t r i n  by the antibody may be responsible f o r  the i m b i l i z a t i o n  o f  IMP and a l so  i n h i b i t i o n  
o f  the c e l l  fusion. 
Since c lus te r ing  o f  surface g lycoprote in  was reported t o  occur by the add i t i on  of ant ispect -  
r i n  antibody alone t o  the ghosts a t  hypotonic condi t ions,  we have s tud ied the  e f f e c t  o f  a n t f -  
body on IMP d i s t r i b u t i o n  a t  hypotonic condi t ions and o f  the resealed ghosts used f o r  fus ion 
reac t i on ( in  i so ton i c  sa l i ne  conta in ing BSA). Almost no c l u s t e r i n g  o f  IMP was observed by the 
antibody(1 4 mg/ml)in the resealed ghosts, whereas some c l u s t e r i n  o f  IMP was occured under 
hypotonic condi t ions a t  lower antibody concentrat ions( l .2  1 mg/mlq. Thus, apparent movab i l i t y  
o f  spec t r i n  on the membrane seems t o  be h igher  a t  low i o n i c  s t rength t h a t  i n  i s o t o n i c  s a l t s .  

A f i n i t y - p u r i f i e d  a n t i s p e c t r i n  antibody incorporated i n t o  the ghosts was h i g h l y  i n h i b -  
Monovalent Fab fragments o f  the antibody a t  

As already reproted by 

522 LW DENSITY LIPOPROTEIN-INDUCED ALTERATIONS OF THE ERYTHROCYTE MEMBRANE. David Y .  H U i  

and Judi th  A.K. Harmony. Chemistry Dept. Indiana University, Bloomington, In. 47401. 
In tac t  erythrocytes incubated i n  the presence of l o w  densi ty  l ipoprotein (LDL) undergo a t ime-  
dependent mOrphologic transformation from biconcave d i s c s  t o  spherocytes within 4 hrs .  The 
leve l  of ATP i n  the c e l l s  incubated with LDL is s imi la r  t o  tha t  of t h e  control  cells. No 
shape chanp is observed when erythrocytes  are incubated with high densi ty  l ipoproteins  (HDL). 
Furthermore. the LDL-induced morphologic a l t e r a t i o n  is  inhibi ted by HDL. The d isc  t o  sphere 
t rans i t ion  appears t o  be correlated with phosphorylatim of mmbrane proteins .  
erythrocytes are  incubated with 32p. the labe l  is  l i n e a r l y  incorporated I n t o  membrane proteins ,  
primarily component 2 of spec t r in .  However, i n  the presence of LDL, 32p uptake is l i n e a r  for  
only 2 hrs ,  then leve ls  off t o  a value 60% of t h a t  obtained f o r  the cont ro l  cells. This time 
period coincides with the f i r s t  observation of morphologic a l te ra t ion .  When erythrocyte  
ghosts are  incubated with LDL, the ac t iv i ty  of protein kinases  is not a l te red ;  however, phce- 
phatase a c t i v i t y  is  enhanced 2-fold. The addi t ion of 10 VH ATP. which i n h i b i t s  phosphatasc 
ac t iv i ty  i n  control  experiments. has no e f f e c t  on LDL-stinulated phosphatase ac t iv i ty .  LDL 
also induces changes i n  the  osmotic s e n s i t i v i t y  of i n t a c t  erythrocytes. 42% of erythrocytes  
incubated with LDL hemolyze i n  0.525 M NaCl compared t o  55% of control  c e l l s .  These s tudies  
suggest t h a t  the morphology of erythrocytes  is  int imately re la ted  t o  the phosphorylatlon and 
dephosphorylation of spec t r in .  Furthermore, normal c e l l u l a r  function may depend on the  con- 
centrat ion and composition of the c i rcu la t ing  l ipoproteins .  

When control  
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523 AGE DEPENDENT MEMBRANE PHOSPHORYLATION IN NORMAL AND SICKLE CELL ERYTHROCYTES, 
James Dzandu and Robert M. Johnson, Wayne S t a t e  Universi ty ,  D e t r o i t ,  K I  48201. 

Human e ry th rocy te  mmbrane p ro te ins  and l i p i d ( s )  a r e  phosphorylated when washed i n t a c t  c e l l s  
are incubated with ["PI phosphate ( inorganic) .  When e ry th rocy te s  are f r a c t i o n a t e d  accord- 
ing t o  t h e i r  dens i ty ,  younger c e l l s  incorporated more radio- label  i n t o  t h e i r  membranes than 
o lde r  cells. During 18-24 h r  incubat ions a t  21' C ,  s i c k l e  c e l l s  incorporated s i g n i f i c a n t l y  
more radio- label  i n t o  t h e i r  membranes than normal human e ry th rocy te s .  
constant  during t h e  incubat ion and t h e  s p e c i f i c  a c t i v i t y  of ATP increased t o  t h e  same l e v e l  
i n  both normal and s i c k l e  c e l l s .  37 + 5 percent  of l a b e l  was found i n  a TCA inso lub le  
f r a c t i o n  while  l i p i d s  account f o r  63 2 5 percent  of ''P incorporated.  I r r e v e r s i b l y  s i c k l e d  
c e l l  r i c h  f r a c t i o n s  incorporate  more l a b e l  i n t o  t h e i r  membranes than e i t h e r  r e v e r s i b l y  
s i ck led  o r  normal c e l l s .  Coomassie blue s t a ined  p r o f i l e s  of normal, SS,  ISC-rich and RSC 
membrane p ro te ins  so lub i l i zed  i n  SDS and separated on polyacrylamide g rad ien t  s lab-gels  
a r e  similar. 
s t u d i e s  i n d i c a t e  t h a t  i n t a c t  s i c k l e  c e l l s  autophosphorylate t h e i r  membranes more than 
normal erythrocyte., and t h a t  i r r e v e r s i b l y  s i ck led  c e l l s  are more r e a d i l y  l a b e l l e d  than  
e i t h e r  n v e r s i b l y  s i c k l e d  c e l l s  from t h e  same p a t i e n t ,  or than young normal e ry th rocy te s .  
Supported by N I H  grant  HL-15793 and the  De t ro i t  S i ck le  C e l l  Center.  

ATP l e v e l s  remained 

Autoradiography of d r i ed  g e l s  show l a b e l l i n g  in Bands 2. 2, and 4.5. These 

524 SPECTRIN BINDS TO THE INNER SURFACE OF THE HUMAN RE0 CELL MEMBRANE V I A  ASSOCIATIONS 
WITH BAND 4.1-4.2 AND 3, 0. Litman. J.H. Chen and V.T. Marches:. Department o f  
Pathology, Yale University, New Haven, CT 06510 

P u r i f i e d  spect r in  binds t o  inside-out red blood c e l l  ghost vesicles w i th  a K o f  greater  than 
107 and a H i l l  c o e f f i c i e n t  o f  approximately 1.0. This b ind ing i s  s a l t  depenient and saturable 
and i s  reve rs ib le  under condit ions which promote the ex t rac t i on  o f  natura l  spec t r i n  from 
erythrocyte membranes. 
and competes w i th  nat ive spect r in  f o r  the same high a f f i n i t y  b ind ing s i t es .  
o f  spect r in  i s  inact ive.  

p u r i f i e d  bands 4.1-4.2 bind t o  inside-out vesicles and i n h i b i t  the b ind ing o f  spec t r i n  t o  
these membranes. 
t o  inside-out vesicles but  do not  in f luence spect r in  binding. 
4.1-4.2 form spec i f i c  complexes w i t h  p u r i f i e d  spectr in. 
o f  t h i s  b ind ing suggest t h a t  the associat ion between spect r in  and the 4.1-4.2 complex has 
features i n  comnon w i t h  the associat ion between spect r in  and the inner  surface o f  the red 
c e l l  membrane. 

surface o f  the red c e l l  membrane i n  close prox imi ty  t o  the cytoplasmic po r t i on  o f  band 3. 

The i so la ted  form o f  band 2 o f  spect r in  binds t o  inside-out vesicles 
I so la ted  band 1 

Antibodies d i rected against the cytoplasmic segment o f  band 3 and ant isera ra i sed  against 

Antibodies d i rected t o  the cytoplasmic segment o f  glycophorin A a lso b ind 
Detergent p u r i f i e d  bands 

The stoichiometry and cha rac te r i s t i cs  

These resu l t s  suggest t h a t  spect r in  binds t o  the 4.1-4.2 polypeptides on the cytoplasmic 

Membrane Transport in Normal and Abnormal Red Cells 

PLASMA MEMBRANE CaLT TRANSPORT: STIMULATION BY A PROTEIN ACTIVATOR FROM RED BLOOD 525 CELLS OR BOVINE BRAIN. F.L. Larsen, T.R.  llinds and F.F.  Vincenzi,  Universi ty  of 
Washington, S e a t t l e ,  WA 98195. 

The red blood c e l l  (RBC) contains  a membrane bound (Ca2++Mg2+)-ATPase which is associated with 
Ca2+ t r anspor t .  
(Bond and Clough, BBA =:592, 1973) and t o  increase Ca2+ uptake (Macintyre dnd Green, Fed. 
Proc. 2 : 2 7 1 ,  1977) i n t o  inside-out ves i c l e s .  
a c t i v a t o r  p ro te in  which is present  in the  RRC and which resembles the phosphodiesterase 
(PDE) a c t i v a t o r  found in other  c e l l s .  The present  study examined the e f f e c t s  of pur i f i ed  
RBC (Ca2+fflg2+)-ATPase a c t i v a t o r ,  i so l a t ed  from human R R C s ,  and pu r i f i ed  PDE a c t i v a t o r ,  
i s o l a t e d  from bovine b ra in ,  on Cap+ transport  i n t o  inside-out v e s i c l e s .  In the  presence 
of Mg2+ (1  d), ATP (1 mM) and CaZ+ (.1 d), *5Ca (3.671 x l o 5  cpm/wolc) is t ransported 
in to  ves i c l e s  a t  a rate of 7.77 nmolcs Ca2+'mp, prot.-"hr-' a t  room tcmperaturc.  
of pu r i f i ed  ATPase a c t i v a t o r  p ro te in  (0.9 !.!g/ml) increased uptake to  34.8 nni011.s L a 2 + .  
mg 
hr-'fOtNo Ca2+ uptake occurred, e i t h e r  i n  the presence o r  absence of a c t i v a t o r ,  un le s s  
ATP w a s  present .  Addition of t he  Ca*+ ionophorc, A23187 (4 pM) a f t e r  90 mln r e su l t ed  i n  the 
r a  id  lo s s  of 90% of the  accumulated Ca2+ for ves i c l e s  incubated with ATP and a ga in  in 
CaP+ f o r  ves i c l e s  incubated without ATF. La'+ (0.1 mH) Lnhibitcd uptake r ap id lv  and com- 
p l e t e ly .  Results provide fu r the r  evidence t h a t  t he  two p ro te ins  arc c lose ly  r e l a t ed  and 
show tha t  these p ro te ins  may be involved in r egu la t ion  of plasma membrane Ca2+ t r anspor t .  
Supported by USPHS gran t s  AM-16436. GM-00109 and a Muscular Dystrophy Assoclation g ran t .  

Crude RBC hemolysate has been shown t o  a c t i v a t e  (Ca2++Mg2+)-ATPase a c t i v i t y  

These e f f e c t s  a r e  presumahlv due t o  an a c i d i c  

Addition 

- '*hr- ' .  PDC a c t i v a t o r  (0.6 Uglml) increased uptake t o  17.4 nmoles C.lZ+.mg prot  .-'. 
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526 MODULATOR BINDING PROTEIN INHIBITS ACTIVATION OF RBC MMIIRANE (Ca2++Plg2+)-ATPase, 
Frank F. Vincenzi and Beat U. Raess, University of Washinv,ton, Seattle, WA 98195. 

A cytoplasmic protein in the human red blood cell (RBC) which has been shown to selectively 
activate RBC membrane (Ca2++Plg2+)-ATPase may be involved in regulation of the plasma mem- 
brane Ca2+ pump. Activation occurs in a concentration dependent fashion. Half maximal 
ictivation was obtained with 0.46 pg .  and maximal with 10.8 i ~ g  cytoplasmic activator mg-' 
nembrane protein. 'RBC cytoplasmic protein is similar to a Ca2+-dependent modulator protein 
(activator) of cyclic AMP phosphodiesterase (PDE). 
produces activation of (Ca2+t!1g2+)-ATPase (Gopinith and Vincenzi, RRRC 7J:1203, 1977) and 
RBC cytoplasmic activator activates PDC (Jarrett and Penniston, BRRC ~ : l Z l O ,  1977). 
and Desai (JBC 252:4175, 1977) described a modulator binding protein (MBP) from bovine 
brain. MBP prevents activation of PDE by protein modulator by binding to the calcium- 
protein modulator complex. D r .  Idan kindly provided a sample of MBP. MBP inhibited 
activation of RBC membrane (CaZ++Xg'+)-ATPase by RBC cytoplasmic activator but did not 
decrease basal activity. 
of the activator w& obtained with 28.7 ug MBP mg-' membrane prptein. 
both the protein modulator of PDE and the RRC cytoplasmic activator protein are sensitive 
to MBP. 
Possible role(s) of MBP in RBC function, if any, remain to be determined. 
Grants GM07270, AM16436 and by a grant from the'cystic Fibrosis Foundation. 

Protein modulator from bovine brain 

Wang 

An approximately 10-fold shift of the Concentration-effect curve 
Results show that 

Results are compatible with the suggestion that the proteins are closely related. 
Supported by NIH 

527 

Controversy exists as to the properties, number and function of (Elg2++Ca2+)-ATPase(s)of red cell 
membranes. Erythrocyte ghosts prepared by three different procedures showed (Mg2++ Ca2+)-hTPase 
activities differing in specific activity and in affinity for Ca2+. Ghosts prepared by extens- 
ive EDTA wash (Katz and Blostein,l975) had lower maximum activities and Ca2+ affinity than 
ghosts prepared by a step-wise hemolysis procedure (Quist and Roufogalis 1975) or by hemolysis 
in 20 mM imidazole (Farrance and Vincenzi 1977). 
abolished at 2 mEI ATP, whereas the Vmax differences were not. Ghosts prepared by step-wise 
hemolysis showed both high and low Ca2+ affinity (Elg2++ Ca2+)-ATPase activities at 2 mll ATP, 
but only a high Ca2+ affinity activity at ATP concentrations from 2-200 pM (6.4 mEl MgC12). The 
expression of the low Ca2+ affinity (Elg2+ + CaZ+)-ATPase also required Mg/hTP ratios greater 
than 1:1. 
0.1 uJ4 EDTA) at pH 6.5 or pH 8.0 resulted in a lowering of both the Ca2+ affinity and the 
maximum activity. 
protein activator. 
by the addition of protein activator. 
the 
enzyme as determined by the degree of association of a protein activator and the &2+ and ATP 
concentrations utilized. (Supported by the MRC of Canada, the B.C. Heart Foundation, and the 
Cystic Fibrosis Foundation of Canada) 

INFLUENCE OF AN ENDOGENOUS PROTEIN ACTIVATOR ON THE PROPERTIES OF(ElgZ++ CaZC)-ATPase IN 
RED CELL MEMBRANES PREPARED BY DIFFERENT PROCEDURES,Sidney Katz,Basil D.Roufogalis, 
Amiram D. Landman and Larry Ho,University of British Columbia,Vancouver,B.C.,V6T 1W5. 

The differences in Ca2+ affinity were 

Removal of soluble proteins from ghosts by low ionic strength extraction (1 mM Tris- 

This effect was associated with removal of a low moleclnar weight endogenous 
The (Mg2+ + CaZ+)-ATPase activity of all three preparations was stimulated 

It is suggested that the differences in properties of 
+ Ca2+)-ATPaseprepared by these different procedures are due to the state of the 

528 O~ THE QUESTION OF THE IDENTITY OF HIGH-AFFINITY CAB -ATPASE AND CAB 
DEPENDENT PHOSPHATASE OF HUMAN ERYTHIlOCYTE IEMBRANES, H. Uwe Wolf, Abt. 

Pharmakol. loxikol .  Univ. U l m ,  U-7900 Ulm/Donau, and Reinhardt Zecher, I n s t .  
Biochem. Univ. Nainz, D-6500 Mainz, GFR. 
Inves t iga t ions  on membr ane- b ound high- aff i n i  t y  Ca2+-ATPase and C a'+- de pendent 
p-nitrophenyl-phosphatase o f  human erythrocyte  membranes led t o  t h e  conclusion 
t h a t  these two enzymes might be i d e n t i c a l  i n  p a r t  o r  t o t a l l y  (Aa F. Rega e t  al. 
Biochem. J. 136 (1973) 185). I n  c o n t r a s t  t o  these r e s u l t s ,  we could not  d e t e c t  
any phosphatase a c t i v i t y  i n  membrane-bound and p u r i f i e d  ATPase preparat ions.  In  
order t o  confirm our hypothesis  o f  non-ident i ty  of these t w o  enzymes, we t r i e d  
t o  i s o l a t e  the  phosphatase a c t i v i t y *  S o l u b i l i z a t i o n  from the  membrane w a s  ach- 
ieved by l o  $ Tween 20 and 200 ml.1 K at pfi 7.0 and Oo C. The phosphatase a c t i -  
v i t y  could be p a r t i a l l y  p u r i f i e d  (610 f o l d )  t o  3.8 U/mg p r o t e i n  by chromato- 
graphy on DEAE-Sepharose 6B-CL using a KCI-gradient of  20 - 200 &i. SUS g e l  
e lec t rophores i s  of the  a c t i v e  f r a c t i o n s  yielded three  bands with MW i n  t h e  
range o f  20 - 70 000 Daltons. During chromatography of the  s o l u b i l i z e d  crude 
m a t e r i a l  on Sephadex G-200 the a c t i v e  f r a c t i o n s  showed a biW of  ca. 70 ooo D a l -  
ton.  No bands were found i n  the  1W range, i n  which the  bands of A'PPase ap e a r ,  
i. e. 115 - 145 ooo Dalton (H. U .  Wolf e t  al . ,  Acta biol. med. ger. ( 1 9 7 7 ,  i n  
press ) .  These r e s u l t s  ccpfirm OUT hypothesis  of the  non-ident i ty  of high-aff i -  
n i t y  Ca2+-ATYase and Ca +-dependent p-nitrophenyl-phosphatase of human erythro-  
cyte  membranes. 
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529 
Rush Medical College. and Department of Biochemistry, University of Chicago. Chicago. Ill. 

Previous biochemical studies have demanstrated the presence of several peripheral pro- 
teins, and hydrophilic domains of the integral membrane proteins, at the cytoplasmic surface 
of human red cell membranes. In this study, we have selectively removed portions of these 
constituents and have examined the consequences by freeze-fracture. electron microscopy. The 
cytoplasmic surface (PS surface) of unextracted ghosts bears a loose granulofibrillar array 
(PS array). The subjacent membrane, as viewed through the interstices of the netvork is 
smooth. The PS network appears intact when ghosts are converted t o  right-side-out (RO) and 
inside-out (10) vesicles. 
ponent of the PS network: G3PD. which 
has been shown to bind exclusively t o  Band 3 protein molecules; and (b) both trypsin and 
chymotrypsin digestion of I0 vesicles, known to excise the cytoplasmic pole of the Band 3 
protein, remove the granulofibrillar elements of the PS array vithout further reducing the 
amount of residual spectrin. Following proteolysis, a novel class of particles, retaining 
the distribution of the PS array. is revealed. These PS particles are present, although 
relatively inconspicuous, in the PS array of undigested membranes. 
graphical distribution as EF-face IMP although they are less numerous. 
that Band 3 molecules and previously undescribed PS particles are constituents of a spectrin- 
free array which can be visualized at the cytoplasmic surface of isolated membranes. 

ULTRASTRUCTURAL STUDIES OF THE CYTOPLASMIC SURFACE OF THE HUMAN RED CELL HXMBRANE 
Ronald S. Weinstein, Jena K. Kh0dad.d dTheodore L. Steck, Eei.artmect of Pathology, 

Two lines of evidence suggest that Band 3 protein is a major com- 
(a) the array can be decorated with rabbit muscle 

They have the same topo- 
The data suggests 

530 CALCIUM-ANESTHETIC INTERACTIONS IN THE ERYTHROCYTE MEMBRANE, Philip S. Low and 
John A. Rogers 111, Purdue University, West Lafayette, IN 47907. 

Local anesthetics are found to displace bound Cat+ from the cytoplasmic side of the 
erythrocyte membrane at anesthetic concentrations which correlate both with their anesthetic 
potencies in nerves and also with their abilities to inhibit anion exchange across the 
erythrocyte membrane. Moreover, there exists a linear relationship (negative slope) 
between pg-atoms of Ca++ displaced by the anesthetic and the rate constant for anion 
exchange in the presence of different concentrations of local anesthetic. 
not only holds for cationic anesthetics (e.g., procaine, tetracaine, dibucaine) and for 
neutral anesthetics (e.g., benzyl alcohol), but also for quaternary amine analogues of the 
local anesthetics which reportedly are incapable of traversing the membrane of an intact 
erythrocyte. 
charge repulsion mechanism. 

The possibility that the displaced internal free Cat+ might be involved in the inhibitory 
effect of local anesthetics on anion exchange across the erythrocyte membrane was investi- 
gated. Using Cat+ EGTA buffers it was found that free internal Cat+ is a potent inhibitor 
of anion exchange with a K 
(AZ3187). tetracaine retaihs the ability to inhibit anion exchange. Thus, tetracaine does 
not appear to require Cat+ to block anion exchange and must therefore function by some 
other mechanism. 

The relationship 

These observations suggest that Ca++ displacement is not due to a simple 

= 7 pM. However, in the presence of EGTA and Cat+ ionophore 

531 
Chicago, Chicago, Illinois 60649 
The 23,000 dalton amino-terminal fiagment from the cytoplasmic domain of the major human red 
cell membrane protein, Band 3, was generated by S-cyanylation and purified in high yield. 
23K fragments from several donors were compared with respect to their amino acid composition, 
composition and partial sequence of their tryptic peptides and antigenic differences in a 
radio-immuno assay. We found that the amino acid compositions of 23K fragment and of its 
tryptic peptides derived from different individuals were not identical. For example, the 
sequence of a pentapeptide isolated from tryptic digests of two different 23K fragments i s  
as follows: Glu-Glu-Leu-Leu-Arg and Met-Glu-Ala-Ala-Arg respectively. The amino acid 
differences among the 23K fragments and their tryptic peptides were found to be restrlcted 
to a few specific residues, notably Glx and Leu. Finally, the 23K fragments from different 
don?rS generated different inhibition profiles in a solid-phase RIA which tested the binding 
of I-labeled 23K fragment to rabbit anti-23K antisera. The demonstration of structural 
differences in the 23K polypeptide backbone and of antigenic variation present in the same 
fragment prepared from different donors indicates genetic polymorphism. Further proteln- 
chemical and Immunological studies on Band 3 from selected donors should clarify the genetic 
basis for this polymurphism. 

GENETIC POLYMORPHISM IN THE CYTOPLASHIC DOMAIN OF BAND 3, H .  Mhler, H. Singh, 
T.L. Steck and J. Hurashige, La Rabida Institute 6 Depts of Path 6 Biochem, U of 

(Supported by GM 22722 and ACS BC-95E.F). 
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532 BAND 3 ANTIBODIES AND ANION TRANSPORT 1.N THE RED BLOOD CELL MEMBRANE, B.J. England 
and T.L. Steck. Dept. of Biochemistry. University o f  Chicago, Chicago, I L  60637. 

Band 3, the predominant membrane-spanning polypeptide in human red cells, was purified by a 
new procedure involving selective solubilization and anion-exchange chromatography in the 
presence of 0.5% Triton X-100-0.038 SDS. 
Triton X-100; Anti- 
band 3 antibodies were not absorbed by intact red cells, but were readily removed by ghosts, 
as judged by Ouchterlony analysis. 
membrane vesicles and precipitated two major fragments derived from the cytoplasmic surface 
domain of band 3. 
pole of this molecule. (Related studies have shown that a dominant specificity in antisera 
to whole ghosts is also directed against the cytoplasmic-surface domain of band 3. The anti- 
serum against ghosts also was a potent hemagglutinin, whereas antisera to band 3 were not. 
Since the agglutinin but not band 3-precipitating antibody could be absorbed by intact cells, 
the agglutinin was not directed against band 3.) Resealed ghosts were prepared so that both 
surfaces were exposed to control or imnune sera at high concentration. 
-both into and out of the resealed ghosts as well as  chloride efflux were not altered by anti- 
body treatment. 
pyruvate flux over the serum-free control. 
band 3,  the purported anion-transport protein of the red cells, do not alter anion transport 
significantly. [Supported by her. Cancer Society Grant BC-95E and USPHS Grant A1 452 .1  

Rabbit antisera were prepared against band 3 in 
attempts to generate antibodies to band 3 in SDS were unsuccessful. 

These antisera also strongly agglutinated inside-out 

Band 3 antisera thus appear directed primarily against the cytoplaslnic 

Phosphate transport 

Pyruvate influx was also not inhibited, although nonimnune sera increased 
It is concluded that these antisera against 

533 
Steady state kinetics are measured for dithionite (S204=) flux into resealed human erythro- 
cyte ghosts containing methemoglobin. 
permeation being rate determining. 
non-linear double reciprocal patterns characteristic of substrate activation followed by 
substrate inhibition. 
co-anion. 
eliminates substrate inhibition. The co-anion stimulates dithionite flux; does not 
change the substrate inhibition at high dithionlte, but prevents substrate activation at 
low dithionite. These effects occur with both permeable (sulfate) and non-permeable 
(citrate) co-anions, and therefore, may suggest that anion transport through the 
erythrocyte membrane is under some type of "allosteric" control. 

XIXETICS OF PASSIVE ANION TRANSPORT ACROSS THE HUMAN ERYTHROCYTE MEMBRANE, J.M. 
jalhany and Jhan C. Swanson, The Univ. Nebr. Med. Ctr., Omaha, NE, 68105. 

Methemoglobin reduction Is observed with dithionite 
At low (6 mM) 9 and tran~ sulfate, the kinetics show 

or The kinetic patterns change with the concentration of 
Increasing the cis co-anion produces competitive-like inhibition and also 

534 
Catecholamines activate a specific pathway fo r  sodium and potassium across the avian red cell 
membrane in which these ions participate as co-passengers on a carrier type of facilitated 
diffusion mechanism. Sodium enters the cell taking external potassium with it, and potassium 
leaves the cell taking internal sodium with it. This pathway is insensitive to ouabain, but 
blocked by furosemide. 
readily be demonstrated. Thus, systematic variation of external and internal ion concentra- 
tions in the presence of ouabain reveals that the cell can accumulate potassium against its 
gradient if external sodium is optimally elevated, and can extrude sodium against its gradient 
if internal potassium is optimally high. Potassium appears to ride in against its gradient by 
utilizing the force driving sodium into the cell. Similarly, sodium can be "pumped" out of 
the cell by coupling with the downhill movement of potassium. 
potassium and lithium can substitute for sodium in these net movements. If cells are prepared 
(nystatin technique) which contain more sodium than potassium, and then incubated in a high 
potassium medium, the addition of catecholamine actually promotes a net extrusion of potassium 
from the cells against its electrochemical gradient. Variation of external chloride and pH 
reveals that the system is very sensitive to the chloride ratio, and therefore by inference 
t o  the membrane potential. 
transport. 
in response to the net driving force urging sodium and potassium across the membrane. 
tions from this theory fit the data for a wide variety of experimental conditions. 

CATECHOLAMINE ACTIVATED SODIUM-POTASSIUM CO-TRANSPORT IN DUCK RED CELLS. 
Thomas J. McManus and William F .  Schmidt, 111, Duke University, Durham, N.C. 27710. 

Coupling between the electrochemical gradients of the co-ions can 

Rubidium can substitute for 

This suggests that the carrier is charged at some point in its 
A thermodynamic approach has been developed which predicts that the carrier moves 

Predic- 
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535 ANION EXCHANGE: EVIDENCE FOR A SEQUENTIAL REACTION MECHANISM AND A SINGLE TRANSPORT 
SITE, R .  6 .  Gunn and 0. Froehlich, Dept of Pharm. and Physiol.Sci., Univ. Chicago, 

Chicago, I L  60637. 
We have measured the stimulation of chloride efflux from human red cells through the anion 
exchange mechanism into acetate solutions by external bromide. The initial chloride efflux 
was nearly all in exchange for external bromide since efflux into acetate alone was very much 
slower (Gunn, et al. J.G.P. 65: 731, 1975) and the stimulation by bromide was inhibited by 
furosemide and phloretin. The plot of the reciprocal of the bromide stimulated chloride 
efflux vs. the reciprocal o f  external bromide was a straight line when 8r = 1.5 to 15mM. 
The maximum flux (Vma ) was 330 mM/(kg cell solids.min) and the bromide c8HEentration at 
which the flux was haff maximum ( K  Above 30mM Brout the flux 
decreased as does the self-exchangk’8f halides but at hll]her concentrations. 
chloride was reduced by substitution with acetate (a non-competitive inhibitor), the bromide 
stimulated initial chloride efflux was reduced arid the extrapolated VmX and K1/2 were both 
reduced as expected if the molecular mechanism is a sequential reaction of a single site 
with alternating access to the inner and outer solutions as proposed in the titratable 
carrier model. 
bromide and chloride. 

) was lOmM when C1. = 118mM. 
When cell 

These findings are inconsistent with a simple slmultaneous heteroexchange of 

Supported in part by US PHS grants HL-20365 and 5K04-HL-00208. 
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A fluorescent derivative of 6-mercaptoguanosine. N-dansyl(dncbethy1-6-mercaptoguanosine 
(DAM;), has been synthesized, and found to be a strong inhibitor of the uridine transport 
system of the red blood cell, (KihCO.3p). The emission spectrum of this compomd has peaks 
at 400 and 500 MI and only the 1 tter 1s sensititve to the environment. 
blood cell membrane fragments with low light scattering was used in a detailed study of the 
flwrescmce Of the probe when bound to membranes. Direct binding measurements of the probe 
to the membrane shoved the existence of a tight binding site, with a dissociation constant of 
the s a w  order of magnitude as the inhibition constant. 
not mutually exclusive, but the fluorescence and affinity of the bound probe are sensitive to 
the presence of uridine. The nature of the emission spectrum of the bound probe suggests that 
it penetrates into the bilayer region of the membrane. A comparison between the kinetic and 
direct binding results indicate that the inhibitor acts by reducing the “mobility” of the 
carrier, not loaded with substrate, i.e. increasing the Roo = l/kl + 1&, in the one complex 
model of a simle carrier. described be10.1. 

A FLUJRESCENT PROBE FOR THE URlDINE TRAWSPORT SYSTEM IN HUMAN RED BLOOD CELL, 
Ruth Koren, Esther S h o h d ,  The Institute of Life Sciences, Biophysics Section, 
The Hebrev Ihiversity, Jerusalem, Israel. 

A suspension of red 

Binding of probe and substrate are 

SIDE-DEPENDENT EFFECTS OF NAP-TAURINE ON CHMRIDE EXCHANGE,P.Knauf,S.Ship,W.Breuer, 
L.McCulloch and A.Rothstein, Res Inst, Hoep for Sick Children, Toronto, Ont. Canada. 537 

The photo-affinity reagent, NAP-taurine, acts in the dark as a substrate and a reversible 
inhibitor of the human red cell anion exchange system (Cabantchik et al, 1976, BBA 455: 526). 
At WC permeation is minimal, so that the reversible effects of internal and external NAF- 
taurine on chloride-36 exchange at O°C can be compared. 
inhibitor of chloride exchange, with a K of about 20 LIM. The effects of chloride concentra- 
tion on K 
substrateisite of the anion exchange system, but were consistent with the interaction of ex- 
ternal NAP-taurine with the modifier site, a second lower-affinity chloride binding site of 
the transport system (Dalmrk, 1976, J.Gen.Physio1. 67, 223). When NAP-taurine was present 
insi+ cells or resealed ghosts it was a far less potent inhibitor with a K. of about 840 !JM. 
Rased on the variation in K with chloride concentration, internal NAP-taurlne appears to act 
at the substrate site. It iun be concluded that the high affinity site is only accessible to 
NAP-taurine from the outside. Since NAP-taurine is converted by light to a highly reactive 
nitrene, internal or external NAP-taurine can be used to label functionally distinct sites of 
the transport system. In particular, when red cells are exposed to external NAP-taurine in the 
light, the chloride sensitive labelling is found primarily in a 65.000 dalton fragment of the 
band 3 protein. This fragment therefore appears to contain the modifier site of the transport 
system as Well as the substrate site. (Supported by Medical Research Council (Canada) Grants 
XMAS149 and MT4665). 

External NAF-taurine is a potent 

were much smaller than would i, expected if external NAP-taurine were acting at the 
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538 PATHOLOGICAL CONDITIONS EFFECTING DECREASED ERYTHROCYTE MEMBRANE PERMEABILITY TO 
WATER, William R. Galey and Mary J. Gillon, Dept. of Physiol., Univ. of New Mexico, 
School of Medicine, Albuquerque, New Mexico 87131. 

Studies of erythrocyte membrane osmotic water permeability (Lp) have been conducted on cells 
from patients with McLeod Syndrome and cystic fibrosis. It has been determined that the 
water permeability is decreased in both conditions. 
membrane in both conditions have been shown to be normal. 

deviation from normal rbc membranes. 
and the bizarre shapes of these cells suggest a possible membrane protein abnormality. 

Experiments on erythrocytes from cystic fibrotic patients have shown decreased membrane 
linolenic acid content. Membrane osmotic water permeabilities of red cells from a single 
cystic fibrotic patient on a dietary supplement of linolenic acid are normal. This suggests 
thit the low Lp associated with the condition may be due to the decreased membrane fatty 
acid. 

be the controllers of Lp, our studies suggest that either membrane component may be respon- 
sible f o r  causing decreased water permeability. (Supported in part by the Office of  Naval 
Research Grant No. NOO014-76-C-0815) 

However, Na+ and k+ transport across rbc 

Studies of membrane lipid composition in McLeod cells show no qualitative or quantitative 
On the other hand, the abnormal antigentic reactivities 

Although recent studies by Sha'afi g.&. and Macey g.g.  suggest membrane proteins to 

539 IS THERE A MOBILE ANION TRANSPORT SITE IN BAND 3 PROTEIN OF THE RED BLOOD CELL 
MEMBRANE? S.Grinstein, L.McCulloch, A. Rothstein, Research I n s t i t u t e ,  The Hospital 
f o r  Sick Children, Toronto, Ontario, Canada. 

The d i su l  fonic s t i lbene,  DIDS (4,4'-di isothiocyano-2,2'-sti 1 bene d i s u l  fonate) i n h i b i t s  anion 
transport by binding t o  the t ranspor t  s i t e  located i n  band 3 (Shami e t  a l ,  t h i s  meeting). It 
was found t o  be impermeant and t o  a c t  on ly  from the outside. NAP-taurine, a p h o t o a f f i n i t y  
probe (Cabantchik e t  a l ,  Biochim.Biophys.Acta (1976) 455,526-537) has been shown t o  reac t  
w i t h  the t ranspor t  s i t e  when i t  i s  present a t  the i ns ide  o f  the membrane (Knauf e t  a l ,  t h i s  
meeting). DIDS was used t o  sequester the t ranspor t  s i t e s  a t  the outer  surface and NAP- 
taur ine t o  t i t r a t e  the number o f  s i t e s  ava i l ab le  a t  the inner surface. I n  ins ide-out  ves ic les 
( I O V )  prepared from DIDS t rea ted  ce l l s ,  the binding o f  NAP-taurine a t  the cytoplasmic face 
(outside i n  I O V ' s )  was subs tan t i a l l y  reduced compared t o  contro ls  (no DIDS). most o f  the 
reduction occurring i n  band 3. 
penetrated i n t o  the i n t raves i cu la r  space, so tha t  the two probes were reac t i ng  on opposite 
sides o f  the membrane. This trans-membrane e f fec t  can be explained on the basis t h a t  the 
t ranspor t  s i t e  i n  band 3 moves across the d i f f u s i o n  b a r r i e r  by a conformational change i n  
the protein. so tha t  the t ranspor t  s i t e  a l t e rna te l y  faces outward and inward.(This study 
was supported by Medical Research Council (Canada) Grant #MT4665) 

Appropriate contro ls  ind icated tha t  NAP-taurine had not  

540 IDENTIFICATION OF THE C1- TRANSPOXT SITE OF HUMAN RED BLOOD CELLS BY KINETIC ANALYSIS 
OF THE INHIBITORY EFFECTS OF A CHEMICAL PROBE. Y.Shami, P.A. Knauf, A. Rothstein. 
Research I n s t i t u t e ,  The Hospital f o r  Sick Children,Toronto,Ontario,Canada. 

HzDIDS, the dihydro analog o f  DIDS (4,4'- d i isoth iocyano s t i l bene  2,Z'-disulfonic ac id )  can 
i n t e r a c t  covalent ly  with membrane s i t e s  r e s u l t i n g  i n  an i r r e v e r s i b l e  i n h i b i t i o n  o f  anion 
exchange. The i r r e v e r s i b l e  react ion i s ,  however, preceded by reve rs ib le  b ind ing which pro- 
duces an equivalent i n h i b i t o r y  e f f e c t .  
condit ions where the i r r e v e r s i b l e  i n te rac t i on  was minimal (O°C and shor t  exposure t o  H2DIDS). 
Under these condit ions the add i t i on  o f  albumin t o  the medium reversed the i n h i b i t i o n  t o  
the l eve l  o f  the contro l  f l u x .  Increasing the C1- concentrat ion o f  the c e l l s  and the medium 
equally (by the n y s t a t i n  technique) increased the Ki f o r  H201DS from 0.24pM a t  150mM C1 
1.09uM a t  600mM C1-, w i t h  double rec iprocal  p l o t s  i nd i ca t i ng  competit ion between C1 and HzDIDS. 
A Hunter and-Downs p l o t  o f  I ( 1 - i ) / i  vs C1- concentrat ion revealed tha t  the d i ssoc ia t i on  con- 
s tan t  f o r  C1 
67mM) reported f o r  C1- i n t e r a c t i o n  a t  the t ranspor t  s i t e .  If, as seems probable, the covalent 
l a b e l l i n g  o f  H2DIDS occurs a t  the same s i t e  as the reve rs ib le  binding, H2DIDS can'be used as 
a covalent label  f o r  the t ranspor t  s i t e .  
p ro te in  thus ind icates t h a t  t h i s  p ro te in  pa r t i c i pa tes  d i r e c t l y  i n  anion gxchange. 
(Supported by Medical Research Council (Canada) Grants #MA5149 and #MT4665) 

The k i n e t i c  analysis was, therefore, done under 

t o  

a t  the i n h i b i t o r y  s i t e  i s  68mM. i n  good agreement w i t h  the value o f  KS (65mM t o  

The speci f ic  l o c a l i z a t i o n  of  H DIDS i n  the band 3 
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541 THE SODIUM-POTASSIUM ATPASE AND FRIEND CELL DIFFERENTATION. D. Mager and A.Bernstein. 
Ontario Cancer I n s t i t u t e ,  Toronto, Ontario M4X 1K9. 

Fr iend erythroleukemic c e l l s  can be induced t o  d i f f e r e n t i a t e  i n  cu l tu re  along the e r y t h r o i d  
pathway by treatment w i t h  c e r t a i n  chemical agents. While the expression o f  several markers, 
c h a r a c t e r i s t i c  o f  e ry th ro id  d i f f e r e n t i a t i o n ,  has been extens ive ly  s tud ied i n  these c e l l s ,  re -  
l a t i v e l y  l i t t l e  i s  known about the e a r l y  events which precede the ove r t  expression o f  d i f f e ren -  
t i a t i o n  i n  t h i s  system. We have made several experimental observations re levant  t o  the study 
o f  the e a r l y  stages o f  Friend c e l l  d i f f e r e n t i a t i o n .  F i r s t ,  ouabain. a s p e c i f i c  i n h i b i t o r  o f  
the NAt/K+ATPas , induces Fr iend c e l l s  t o  d i f f e r e n t i a t e .  Secondly, the i n i t i a l  ra tes  o f  oua- 
ba in-sensi t ive 8tRb+ uptake and o f  amino ac id  uptake are decreased e a r l y  a f t e r  the add i t i on  
o f  several d i f f e r e n t  inducing agents. This decreased tr nspor t  o f  86Rb (used as a K4-analog) 

there i s  a decrease i n  t o t a l  K+ion content e a r l y  a f t e r  induction. there i s  a p a r a l l e l  decrease 
i n  c e l l  volume. Studies w i t h  va r ian t  Friend c e l l  clones which do no t  synthesize hemoglobin i n -  
d i ca te  t h a t  these non-inducible clones can be d iv ided i n t o  two classes - those t h a t  demonstrate 
the e a r l y  t ranspor t  changes and those which e x h i b i t  on l y  very small changes i n  t ranspor t .  Thus, 
measurements o f  membrane t ranspor t  e a r l y  a f t e r  induct ion may be useful i n  the phenotypic char- 
ac te r i za t i on  o f  non-inducible Friend c e l l s .  F i n a l l y ,  we have observed t h a t  incubat ion o f  Friend 
c e l l s  i n  medium conta in ing high (80-100 mM) K and low (50-7OmM) Na+ induces these c e l l s  t o  d i f -  
f e ren t i a te .  These observations suggest t h a t  e a r l y  changes i n  transport,  o r  i n h i b i t i o n  o f  the Na 
K ATPase, may be an important e a r l y  event i n  the induct ion of Fr iend c e l l  d i f f e r e n t i a t i o n .  
(Suppcrted by orants from the MRC and N C I  of Canada) 

does no t  r e s u l t  i n  any s i g n i f i c a n t  change i n  i n t e r n a l  K $- ion concentrat ion since, although 

542 

ability defect produced cell water loss. Reduced cell deformability was also reported. Using 
blood from two patients with apparent desiccytosis, we have attempted to learn 
duced deformability was the result of increased hemoglobin concentrations (MCHC) or intrinsic 
membrane rigidity. 

continuous stractan gradients. Size distributions of the fractions were heterogeneous and did 
not correlate with MCHC. With increasing MCHC, a progressive decrease in deformability as 
measured by an ektacytometer was evident. Fractions with MCHC 38 g/dl were totally undeform- 
able in isotonic medium. Reduction of suspending medium osmolality to 180 mosmlkg allowed the 
red cells of these patlents. with the exception of the most dense fraction, to deform normally. 
40% of the cells in the most dense fraction ( 4 %  of total cells) were undeformable even in hyp- 
otonic medium. 

patient subpopulations. using nystatin in buffers of appropriate ion compositions and osmolal- 
ities. These artificiaL desiccytes showed the same dependence of deformability upon MCHC as 
did the patient cells, including a residue of undeformable cells in the most dehydrated sample, 
even in 150 mosm/kg medium. The reason for this small residual undeformability is not yet 
clear. These observations suggest that the reduced deformability of desiccytes is regulated 
primarily by cell water content rather than by intrinsic membrane rigidity. 

EFFECTS OF ABNORMAL CATION TRANSPORT ON DEFORMABILITY OF DESICCYTES. M.R, Clark, N. 
Mohandas, S.B. Shohet. Cancer Res. Inst. and Div. Hemat., Unlv. Calif., San Francisco. 

Glader et a1 described a disorder called desiccytosis, in which a specific K perme- 

whether re- 

To obtain cell populations of progressively increasing MCHC, cells were separated on dis- 

Normal cells were artificially adjusted to the same cation concentrations and MCHCs as the 

543 
Band 3, the purported mediator o f  anion t ranspor t  and the predominant polypeptide of the human 
erythrocyte membrane, was cleaved by chymotrypsin a t  both membrane surfaces t o  generate a 
17.000 dal ton (17K) fragment. 
p a r t i c u l a r  relevance t o  an understanding o f  anion t rans locat ion.  The aqueous i n s o l u b i l i t y  
o f  t h i s  segment and i t s  subfragments necessitated the exp lo ra t i on  o f  novel ana ly t i ca l  and 
preparat ive approaches, which w i l l  be described. 
dodecyl s u l f a t e  (SDS) by preparative polyacrylamide gel electrophoresis i n  an apparatus o f  
our own design. While the fragment was r i c h  i n  nonpolar residues, notably PHE (8.3 mole %),  
LEU (9.5%), and ILE (6.9%). a s i g n i f i c a n t  f r a c t i o n  o f  the residues were found t o  be po la r :  
LYS (3.7%), ARG (5.3%), ASX (6.7%)). and GLX (10.2%). 
as demonstrated by carboxypeptidase A d igest ion i n  SDS. 
demonstrated both by galactose oxidase-catalyzed labe l i ng  w i t h  3H-NaBH, and by gas ch rmato -  
graphy. T ryp t i c  and cyanogen bromide d igest ion i n  the presence o f  detergent y ie lded  peptide 
maps w i t h  the appropriate number o f  spots. 
n o t  subs tan t i a l l y  d i f f e r  among the various cyanogen bromide peptides. 
not  observed among the 17K preparations derived from d i f f e r e n t  donors nor was there evidence 
f o r  heterogeneity w i t h i n  a s ing le  source. 
Supported by h e r .  Cancer SOC. Grant BC-95E and USPHS Grants GM 22722 and GM 242. 

CHEMICAL CHARACTERIZATION OF A MEMBRANE-SPANNING SEGMENT OF BAND 3, 
H. Kohler, and T.L. Steck, 

J.J. Koziarz, 
Dept. Biochem.. Univ. o f  Chicago, Chicago, I L  60637 

The primary s t ruc tu re  o f  t h i s  membrane-spanning segment i s  o f  

The 17K segment was p u r i f i e d  i n  sodium 

The C-terminal amino ac id  was tyrosine, 
The presence o f  carbohydrate was 

The f r a c t i o n  o f  po la r  and nonpolar residues d i d  
Chemical v a r i a t i o n  was 
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544 SOLUBILIZATION AND RECONSTITUTION OF THE GLUCOSE-SENSITIVE CYTOCHALASIN B RECEPTOR 
FROM HUMAN ERYTHROCYTE MEMBRANES, Michael A. Zoccoli, Stephen A. Baldwin, and Gustav 

E. Lienhard, Dept. Biochem., Dartmouth Med. Sch., Hanover, N.H. 03755. 
Erythrocyte membranes were largely depleted of protein bands 1,2,5 and 6 and of glucose- 
insensitive cytochalasin B receptors by washing first with 0.1 mM EDTA, pH 8, at 37" and 
then with 0.5 M NaC1-5 mM Tris.HC1, pH 7.4, at 3". 
B (CB) showed that the depleted membranes (DM) possess a single set of high affinity sites, 
characterized by a dissociation constant of 1.3~10-7 M. D-Glucose, but not L-glucose, com- 
petitively inhJbited the binding of CB to DM; the dissociation constant for D-glucose was 
19 mM. 
mM dithiothreitol-10 mM Tris.HC1, pH 7.4, and centrifuging twice at 100,000 g for 1 hr. Upon 
removal of the detergent from the supernatant with BioBeads SM2. CB binding was recovered 
with a dissociation constant and sensitivity to D-glucose almost identical to those for the 
binding to DM. It was necessary to remove the Triton to obtain binding, since Triton is 
itself a competitive inhibitor of CB binding, with a Ki of 8x10-5 M. 
ditions about 50% of the CB receptor was solubilized and reconstituted. Gel filtration of the 
Triton supernatant on Sepharose 4B equilibrated with 0.05 or 0.1Z Triton yielded a single peak 
of binding activity in a complex with a Stokes radius of 6 . 8  nm. 
estimating the molecular weight and protein content of this complex, by sedimentation in H20 
and D20 sucrose gradients, according to the method of Clarke (J. Biol. Chem. 250, 5459 
(1975)). 

Equilib~m dialysis with [3H]cytochalasin 

The CB receptor was solubilized by suspending DM in 0.5% Triton X-100 in 1 mM EDTA-1 

Under the above con- 

We are in the process of 

Supported by grant GM 22996 from the National Institutes of Health. 

545 ERYTHROCYTE MEMBRANE ALTERATIONS IN HUNTINGTON'S DISEASE, D. A. Butterfield and W. R. 
Markesbery, Depts. of Chemistry and Neurology, University of Kentucky, Lexington, Ky. 
40506 

Biophysical and biochemical studies have been performed on erythrocyte membranes from 
patients with the neurological disorder Huntington's disease (HD). HD, inherited as an 
autosomal dominant trait, is characterized clinically by progressive choreiform movements 
and dementia, pathologically by a marked loss of small neurons in the neostriatum. and bio- 
chemically by decreased levels of the inhibitory neurotransmitter y-aminobutyric acid 
(GABA) and decreased activities of several enzymes in the basal ganglia of the brain. Using 
the spin labeling technique we have observed alterations in the physical state of membrane 
proteins in erythrocytes in HD, while that of the lipids is unaffected. Scanning electron 
microscopic studies showed an increased number of stomatocytes in unmanipulated erythro- 
cytes. Biochemical studies have revealed an increased amount of sialic acid with no alter- 
ation in several other membrane constituents and an increased activity of the Na,K-stimu- 
lated ATPase in HD red cell membranes, 
on erythrocyte membranes suggest a differential response in control and HD ghosts. 
alterations in the physical state of erythrocyte membranes which are outside the central 
nervous system suggest that HD may be associated with a generalized cell membrane abnor- 
mality. Supported in part by grants from the Muscular Dystrophy Association of America, 
the Research Corporation, and the Graduate School of the University of Kentucky. 

Spin label investigations of the effect of CABA 
The 

546 ACTIVATION OF THE ADENYLATE CYCLASE SYSTEM OF INTACT TURKEY ERYTHROCYTES AFTER LIMITED 
PROTEOLYSIS. M.L. Lacombe & J. Hanoune, INSERM U-99, H8p. H. Mondor, F 94010 Crlteil. 

We have previously shown that mild proteolysis activates the adenylate cyclase (A.C.) system 
of rat liver plasma membranes (J. Biol. Chem., 252, 2039-2045, 1977); this activation was 
paralleled by the proteolysis of a high molecular weight protein (FEBS Lett., 11, 159-163, 
1977). The present experiments were aimed at further elucidating the mechanism of this effect 
in a less complex system, possessing a highly sensitive A.C., namely turkey erythrocytes. 

concentrations as low as 1 ugh1 of hip,hly purified proteinases (papain, a chymotrypsin, 
thermolysin, subtilisin. and. to a lesser extent, elastase). Trypsin exerted only an inhibitory 
effect. Papain (20 ug/ml) promoted a 2- to 3-fold increase in NaF, isoproterenol (IPR) and 
IPR +' Gpp(NH)p stimulated A.C. activities. The time course of the proteolytic action in the 
particulate fraction was biphasic: a rapid pctivation (less than 1 min) was immediately 
followed by a decrease in A.C. activity, probably due to a proteolytic degradation of the 
enzyme itself. In contrast, pretreatment of intact erythrocytes by papain for up to 60 min, 
followed by extensive washing, evoked a 2- to 3-fold increase in all A.C. activities, without 
any subsequent inhibition. Control experiments showed that papain did not permeate the membrane. 

resulted in activation of an enzyme (A.C.) located at the cytoplasmic side of the erythrocyte 
membrane, suggesting that a transmembrane regulatory process may exist in addition to the 
normal hormonal activation. 

A.C. activity in a particulate fraction from turkey erythrocytes was markedly increased by 

In conclusion, mild proteolysis of a component of the outer surface of the erythrocyte 
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547 IDENTIFICATION OF THE TRANSFERRIN RECEPTOR OF THE RABBIT RETICULOCYTE, 
D a n i e l  P .  W i t t  a n d  Robert C. Woodworth, D e p t .  o f  Biochem. ,  Univ .  Vermont  
College of M e d i c i n e ,  B u r l i n g t o n ,  Vermont 05401 

Rabbit r e t i c u l o c y t e s  were s e p a r a t e d  on t h e  bas i s  o f  d e n s i t y  by  i s o p y c n i c  
c e n t r i f u g a t i o n  i n  d e x t r a n  g r a d i e n t s .  T h i s  p a r a m e t e r  w a s  shown t o  cor re la te  
w i t h  t h e  d e g r e e  o f  m a t u r a t i o n  o f  t h e  cells .  L a c t o p e r o x i d a s e  c a t a l y z e d  
i o d i n a t i o n  o f  c e l l s  f rom d i f f e r e n t  f r a c t i o n s  r e v e a l e d  an  e x t e r n a l  membrane 
p r o t e i n  of MW 1 9 0 , 0 0 0  t h a t  w a s  p r e s e n t  o n l y  i n  r e t i c u l o c y t e s .  S u b s e q u e n t  
s t u d i e s  w i t h  r e l a t i v e l y  homogeneous p o p u l a t i o n s  o f  e a r l y  r e t i c u l o c y t e s  
d e m o n s t r a t e d  t h a t  t h i s  s p e c i e s  w a s  n o t  w e l l  labeled when r a b b i t  t r a n s f e r r i n  
w a s  i n c l u d e d  i n  t h e  r e a c t i o n  m i x t u r e .  I n  a d d i t i o n ,  when s t e p s  were t a k e n  
t o  clear endogenous  t r a n s f e r r i n  f rom t h e  membranes,  t h e  i o d i n a t i o n  w a s  e n h a n c e d ,  
These  o b s e r v a t i o n s  are c o n s i s t e n t  w i t h  t h e  c o n c e p t  t h a t  t r a n s f e r r i n  c a n  
s t e r i c a l l y  b l o c k  t h e  l a c t o p e r o x i d a s e  c a t a l y z e d  i o d i n a t i o n  o f  t h i s  membrane 
p o l y p e p t i d e  by  s p e c i f i c a l l y  i n t e r a c t i n g  w i t h  i t .  I t  is c o n c l u d e d  f rom t h i s  
t h a t  t h e  1 9 0 , 0 0 0  d p o l y p e p t i d e  is t h e  p r i m a r y  r e c e p t o r  f o r  t r a n s f e r r i n  i n  t h e  
r e t i c u l o c y t e  membrane. A d d i t i o n a l  s t u d i e s  i n v o l v i n g  c o v a l e n t  m o d i f i c a t i o n  
o f  t h e  membrane by p h o t o  a f f i n i t y  l a b e l i n g  h a v e  s u p p o r t e d  t h i s  c o n c l u s i o n .  

( S u p p o r t e d  by g r a n t  PHS 05429-29 a n d  AM-16732 f rom t h e  N a t i o n a l  I n s t i t u t e s  
o f  H e a l t h )  

548 
8129, 4200 East Ninth Avenue, Denver, CO 80262. 
The human red blood c e l l  (HRBC) has antigens on i t s  surface which a re  coded f o r  by genes on 
chromosome 11 as shown by the presence of these antigens on Chinese hamster ovary-human f ibro-  
b las t  hybrid c e l l s  which contain a f u l l  complement of Chinese hamster chromosomes and only 
human chromosome 11. These antigens have been designated a and "3' a th i rd  antigen, a , i s  
a l s o  coded by a gene on chromosome 11 but i s  no t  present OO'HRBCS. 
o r  sheep against HRBCs, will k i l l  the hybrid c e l l  in the presence of complement from normal 
rabbi t  serum. 
antigen t o  bind specif ic  antibody and thereby protect  our standard hybrid ce l l  from k i l l i n g  by 
antibody and complement. 

Two approaches t o  the purif icat ion of these antigens a re  being pursued. 1 )  HRBC membranes 
a re  solubi l ized with lithium diiodpsalicylate and fract ionated by solvent extract ions and 
phosphocellulose chromatography. 
HRBCs. 
the antigen. 
zation indicates the presence of a carbohydrate moiety s ince reaction with periodate destroys 
the inhibi tory a c t i v i t y  of the antigen preparation. 

(CA-18734). 

PURIFICATION OF A HUMAN ERYTHROCYTE SURFACE ANTIGEN. David W. Lehman and Carol Jones. 
Eleanor Roosevelt I n s t i t u t e  for  Cancer Research, University of Colorado Medical Center, 

Antisera. ra ised in'rabbits 

Our assay system for  the antigen during i t s  purif icat ion is  the a b i l i t y  of the 

2) The antigen i s  released by the action of trypsin on i n t a c t  
Fractionation of the supernatant on a gel f i l t r a t i o n  column gives a peak which contains 

Further purif icat ion of these mater ia ls  i s  in  progress. Preliminary character i -  

This research i s  supported by grants from NSF (PCM 76-80299) and the NCI, DHEW 
OWL is a postdoctoral fellow of the Damon Runyon-Walter Winchell Cancer Fund. 

549 The In t e rac t ion  Between Clycophorin and Phospholipids i n  Reconst i tuted 
Systems: An E S R  and NIB Study, P h i l i p  L .  Yeagle, Alice Y .  Romans and 
Charles M. G r i s h a m .  Department of Chemistry, Universi ty  of Virginia ,  

C h a r l o t t e s v i l l e ,  Va. 22901, and Department of Fathology, Medical Center  of the 
University of Alabama i n  B i r m i n g h a m ,  Birmingham, Al. 35294. 

Both the MN-glycoproAein from human erythrocytes  and the hydrophobic fragment 
from the p ro te in  i s o l a t e d  with t ryps in  t reatment ,  T( i s ) ,  have been r econs t i t u t ed  
i n  ee(g phosphatidylcholine b i l aye r s  a t  various phospholipid to pro te in  r a t i o s .  
Methyl e s t e r s  of f a t t y  ac ids  sp in  l a b e l l e d  a t  pos i t i on  12 were used to 
i nves t iga t e  the boundary l a y e r  of phospholipid around the po r t ion  of the 
p ro te in  buried i n  the membrane, 
p ro t e in  as detected by ESB spec t r a  of the sp in  label. 
i nves t iga t e  the e f f e c t  of the p ro te in  on the phospholipid headgroups, 31P NhR 
s p e c t r a  were obtained with the  MN-glycoprotein, which revealed two c l a s s e s  of  
phospholipid environments, analogous to the e f f e c t s  deep i n  the b i l a y e r  
de t ec t ed  with the  ESR measurements. 

Some of the l i p i d  was immobilized by the 
In  o rde r  to 
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550 AFFINITY PURIFICATION OF ACETYLCHOLINESTERASE FROM HUMAN ERYTHROCYTES AN0 ELECTRIC 
EEL, CHARLES K .  CARTWRIGHT, GEORGE E. TILLER, A. SCOTT BROOKS, AND WILLIAM G. STRUVE, 

Dept. of Biochemistry, The University of Tennessee Center for the Health Sciences, Memphis, 
Tennessee 38163. 

We have developed an easy and reliable method for the synthesis of an acridinium- 
sephrose affinity resin for the purification o f  acetylcholinesterase. This enzyme has been 
purified from human erythrocytes and electric eel electroplax. 

Eel acetylcholinesterase floats up a sucrose density gradient when sphingomyelin is 
added to the enzyme prior t o  centrifugation. Results are similar in the presence of low (.05M) 
and high ( 1 M )  NaCl. 

Acetylcholinesterase purified from human erythrocytes differentially floats in the 
presence of a number of lipids. In the presence of high salt the preference of binding is 
Cardiolipin > Sphingomyelin > Dimyristoyl phosphatidyl choline. In the presence of low salt 
the order of preference is reversed. 

Preliminary results from gel electrophoresis and amino acid analysis of the enzyme 
purified from electroplax indicate that a disulfide-linked collagen fragment may be co- 
purified with the eel enzyme thus altering its lipid binding properties. 

Other lipids tested do not float this enzyme. 

PURIFICATION AND CHARACTERIZATION OF ACETYLCHOLINESTERASE FROM HUMAN ERYTHROCYTE MEM- 
BRANES, Evelyn Niday ,Chi-Sun Wan9 and Petar Alaupovic,Laboratory of Lipid and Lipopro- 
tein Studies, Oklahoma Medical Research Foundation, Oklahoma City, Oklahoma 73104 

551 

Human erythrocyte membranes were solubilized in 5% Triton X-100 and the acetylcholinesterase 
(ACHE) was isolated by affinity chromatography. Homogeneity was shown bykthe presence of a 
single band on SDSIPAGE and single precipitin lines between thg enzyme and its antiserum onim- 
munodiffusion and rocket, crossed'and immunoelectrophoresis. A p1 of 4 . 8  was demonstrated by 
isoelectric focusing. Results of amino acid, carbohydrate, lipid, phosphorus and fatty acid 
analyses indicated that ACHE is a lipoglycoprotein. The N-terminal amino acid was blocked. 
Phosphatidyl serine and cholesterol were demonstrated as the major lipid constituents and the 
sugar canponents were glucose, galactose, mannose, glucosamine, galactosamine and sialic acid. 
The subunit has an apparent molecular weight of 160,000 and is composed of two covalently 
linked polypeptides each with a molecular weight of 80,000. Canparativekinetic analyses using 
acetylthiocholine (ATCh) or acetylcholine (ACH) as substrate revealed qualitativelysimilar en- 
zymic properties. ACHE activity has an in vitro pH optimum of 8 . 0  and is a linear function of 
enzyme concentration. 
spectively; corresponding values using ACH were 200520 ubl and 425~60 U/mq. Resultsofthe Hill 
plot showed the existence of either a single or multiple independent catalytic sites. Kinetic 
analyses indicated allostery as the mechanism of substrate inhibition. 
zyme inhibited its activity competitively indicating that the antigenic determinant(s) is at or 
very close to the active site. Agglutination of red cells by antibodies to acetylcholincster- 

The I$, and Vmax values using ATCh were 150530 VM and 610+100 U/mg, re- 

Antibodies to the en- 

ase indicated that the enzyl,e is localized on the outer surface Of the membrane. 

552 EXTERNAL PROTEINS ON HEMOSPORIDIAL INFECTED MOUSE ERYTHROCYTES 
R. J. Howard and G . F .  Mitchell, Hall Institute, Melbourne, Australia. 

Demonstration of "agglutinogens" specific for  Plasmodium or Babesia infected erythrocytes 
indicates that parasite dependent changes occur on the external membrane. This study 
examined whether changes in external proteins on mouse (BALB/C) erythrocytes follow 
infection wi th  Plasmodium berghei berghei, P . berghei &, or Babesia rodhaini, using 
several  techniques of radiolabelling external membrane proteins. 
were observed. 
(1) P. berghei: small  decreases in Mol. wt. of some proteins; a la rge  decrease  in I 0  - 
sensitive protein sialic acid, but neuraminidase still required to  expose galactose oxldase 
sensitive Gal/GamAc; no unique tyrosyl labelled proteins on purified schizont infected cells.  
(2) P. yoelii: as for  P. berghei plus new external membrane proteins. 
(3) B. rodhaini: several  new external membrane proteins (tyrosine and sialic acid labelled). 
A new 60,000 Dalton protein appears on erythrocytes ear ly  after infection and rapidly 
becomes a major tyrosine labelled external protein. 

In no case was surface Ig detected and there  was no difference between tyrosyl labelled 
surface proteins on cells from immunologically deficient (nude) or intact hosts. 

The following changes 

4 
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553 A NEW TECHNIQUE FOR THE ISOLATION OF MEMBRANE SURFACE PROTEINS, Lawrence P. 
Wennogle and Howard C. Berg, Department o f  Molecular, Ce l l u la r  and Developmental 

Biology, Un ive rs i t y  o f  Colorado, Boulder, Colorado, 80309 
DNA i s  being used as a handle f o r  the i s o l a t i o n  o f  prote ins accessible a t  t he  ou te r  
surface o f  the human erythrocyte. 
no t  r e a d i l y  soluble i n  aqueous buf fers .  Polydeoxythymidylic acid i s  covalent ly  
l i nked  t o  the surface o f  i n t a c t  c e l l s .  Membranes are iso la ted,  dissolved i n  SDS 
and passed through a column o f  po lyr iboadenyl ic  acid - agarose. 
Prote in  - polydeoxythymidylic ac id  complexes are se lec t i ve l y  retained. 
are e lu ted by a nuclease and characterized. This technology i s  being used i n  a 
study o f  the or ientat ion,  molecular associat ions and s t ruc tu re  o f  ery throcyte 
membrane proteins. 
polyriboadenyl ic acid - agarose v i a  polydeoxythymidylic acid. 
has been supported by NSF Grant PCM75 08392. 

Such prote ins o f ten  are present as minor components, 

The prote ins 

I n  addi t ion,  i t  i s  possible t o  hybr id ize i n t a c t  c e l l s  t o  
This research 

554 HUNAN RED CELL MEMBRANE SIALOGLYCOPEPTIOES: ELECTROPHORETIC RESOLUTION AND IMMUNOCHE- 
MICAL COMPARISON C. Bron D. Berthoud and M. Girardet. I n s t i t u t  de biochimie, Uni- 
vers i  tC. de Lausahe, Switterland. 

Glycophorin preparations can be resolved i n t o  a t  l eas t  ten d i f f e r e n t  bands as revealed by pe- 
r i o d i c a c i d  S c h i f f  s ta in ing  o r  by autoradiography o f  125I-labeled prote ins on 10 Z polyacryla- 
mide gels i n  0.1 S SDS, using a discontinuous bu f fe r  system. I n  order t o  f u r t h e r  invest igate 
the s t ruc tu ra l  re la t i onsh ip  between these proteins. each band was e lu ted from gels and analy- 
sed by-PAGE-SOS, peptide mapping and inmunochemical methods us ing antibodies t o  whole glyco- 
phor in  o r  separated glycopeptides. The resu l t s  i nd i ca te  t h a t  three glycopeptides PAS-2, (Rf 
0.52; app. MW 46.000), (Rf 0.54; app. MW 42,000) and PAS-3 (Rf 0.75; app. MW 24,000) 
d i f f e r i n g  i n  t h e i r  molecular s i ze  and an t i gen ic i t y  can form various aggregates y i e l d i n g  the 
complex e lect rophoret ic  pat tern observed. The main band PAS-1 (Rf 0.22; app. MU 110,000) pre- 
v ious ly  shown t o  be a dimer o f  PAS-2 a lso contains PAS-3 probably i n  i t s  monomeric form. A mo- 
l ecu la r  species w i t h  a m o b i l i t y  corresponding t o  PAS-4 (Rf 0.31; app. MW 35,000) i s  composed 
of a dimer of PAS-3 aggregated w i t h  the mnomer o f  PAS-2a. Ua te r ia l  o f  the same composition 
as PAS-1 o r  PAS-4 i s  found i n  bands o f  higher molecular weight R f  0.08 (app. Mw 168,000) and 
R f  0.09 (app. MW 150,000) respectively, thus suggesting a d i f f e r e n t  Stokes rad ius o f  i den t i ca l  
aggregates. I n  addit ion, PAS-3 a lso forms a dimer ( R f  0.48; app. MW 55.000). F ina l l y ,  these 
data are consistent w i t h  the existence o f  two types o f  c lose ly  re la ted  sialoglycopeptides: 
glycophorin A o r  PAS-2, which can be converted i n  PAS-1 and glycophorin B o r  PAS-Zb, which i s  
detectable as a monomer only  and does not  form aggregates. 

555 

Others have reported that removal of sialic acid (NANA) from red blood cells (RBC) by VCN 
drastically reduces their life span and predisposes them to erythrophagocytosis in vitro by 
autologoua macrophages. 
removal of NANA from the cell surface. 
mobility (u) of VCN treated RBC i s  a function of both the armunt of NANA released and the 
concentration of VCN used. 
to 360 Behringwerke Units/l0l0 RBC) lose 80 to 100% of the susceptible NANA at VCN concentra- 
tions > 14 UnitsllDlo RBC with concomitant decreases in U. 
RBC with formaldehyde (HCHO) increases their u from < 0.1 um sec-1 Volt-l cm to ?r 0.45 um 
sec-l Volte1 cm. The pH versus u profiles for the VCN-HCHO treated RBC didplay shifts to 
higher pH for the isopotential point and the appearance of an upward inflection in the 
pH 10-11 region suggestive of positice surface groups. 
treatment the RBC are no longer simply polyanionic as would be expected for simple removal 
of NANA. These observations along with the reported increase in the susceptibility of VCN 
treated RBC to acid treated serum lysis and aggluiinability by Con-A indicates that VCN 
treatment may appreciably alter the surface structure of RBC in addition to removal of "A. 
Thus NANA loss per se may not be the crucial determinant of RBC life span in the above 
mentioned studies. Supported by the National Institutes of Xealth, Research Grant HL 18284. 

INTERACTION OF VIBRIO CHOLERAE NEURAMINIDASE (VCN) WITH THE SURFACE OF THE HUMAN 
ERYTHROCYTE. Frank J. Nordt. Robert J. Knox and Geoffrey V.F. Seaman, University of 
Oregon Health Sciences Center, Portland. OR 97201. 

It has been assumed that the action of VCN results only in the 
Our data shows that the reduction in electrophoretic 

RBC incubated for 1 hr at 37*C with VCN (Concentration range 1.5 

Modification of the VCN treated 

The data indicate that after VCN 
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PURIFICATION AND CHARACTERIZATION OF NADH: (ACCEPTOR) OXIWREDUCTASE FROM HUMAN ERY- 
mRwYTE M m m E s ,  Chi-Sun wang and Pe tar  Alaupovic,Laboratory of Lipid and Lipopro- 
t e i n  studies,Oklahoma Medical Research Foundation,Oklahoma City,Oklahoma 73104 

556 

The NADH:(acceptor) oxidoreductase was i so la ted  from human erythrocyte ghosts  by a procedure 
including Triton X-100 so lubi l iza t ion ,  a f f i n i t y  chromatography on a NAD+-Sepharose 4B column, 
(NH~)zSO~ prec ip i ta t ion  and i s o e l e c t r i c  focusing. This preparat ion gave a s ing le  band on SDS- 
PAGE with an apparent molecular weight of 40,000 and a s ing le  p r e c i p i t i n  l i n e  on double d i f fu-  
sion with i t s  corresponding antiserum. 
a glycolipoprotein. 
sphingcmyelin as  the  only phospholipid. 
mannose, galactose and glucosamine. 
and tryptophan. The optimal pH w a s  6 . 8 .  
mM and 0.049 mM, respect ively.  
E i E i  mechanism with the  sequent ia l  binding of NADH and ferr icyanide t o  form a ternary ccmplex 
with the enzyme. 
a c t i v i t y  w a s  inh ib i ted  by increased concentrations of ferr icyanide which competed with NADH 
f o r  the binding sites and resu l ted  i n  the  formation of an inac t ive  binary canplex. W e  suggest 
t h a t  the subs t ra te  inh ib i t ion  of the  enzyme by ferr icyanide plays an important r o l e  i n  the 
preservation of the NADH concentration i n  the c e l l .  
the  antiserum t o  oxidoreductase indicated t h a t  i t s  ant igenic  determinant is local ized on the  
outer  surface of the  c e l l .  

The chemical composition indicated t h a t  the  enzyme is  
Lipid moiety consis ted of cholesterol  as  the  main neut ra l  l i p i d  and 

The sugar analysis  revealed the  presence of fucose, 

The &, values f o r  NADH and ferr icyanide were 0.014 
All cannon amino ac ids  were present  inchding half-cystine 

A k i n e t i c  study showed t h a t  the react ion follows an ordered 

Ferrocyanide was released as  a react ion product p r i o r  to  NAD+. The enzyme 

The agglut inat ion of i n t a c t  red c e l l s  by 

557 

The conformation of the  outer surface of human red c e l l  membrane has been s tudied under 
various conditions using t h e  impermeant probe [lZ5I] diazodi iodosulfani l ic  acid (DDISA). 
At l e i s t  seven polypeptides were labeled by the  reagent including each of the three 
extractable  glycoproteins. 
species ,  one a glycoprotein. 
chanees in  pH and temperature. 
a t  4 and 37' 
glycoprotein were r e l a t i v e l y  increased with increasing pH and temperature while opposite 
e f f e c t s  were observed f o r  the  43,000 molecular weight peptidecs). 
external  membrane label ing were rapidly reversible .  The label ing of e i t h e r  bovine serum 
albumin o r  membrane f r e e  hemolysate was reduced due t o  increase i n  pH. Similar  r e s u l t s  
were obtained when leaky ghosts from human red c e l l s  were labeled a t  various pH without any 
se lec t ive  e f f e c t  on an individual  protein.  These data  suggest tha t  conformation of ex terna l  
red c e l l  membrane proteins  a r e  e f fec ted  by pH and temperature and can be probed by DDISA. 

EFFECTS OF W AND TEMPERATURE ON CONFORMATION OF SURFACE PROTEINS OF HUMAN RED CELLS. 
M. G. Luthra and D. A. Sears, Div. of Hematology, Dept. of Medicine, University of 
Texas Health Science Center, San Antonio, Texas 78284. 

The 43,000 molecular weight protein band contained two labeled 
The extent  and pa t te rn  of label ing were very sens i t ive  t o  

Binding of the probe t o  t h e  90,000 molecular weight polypeptide and major 
Total l abe l ing  increased with increasing pH and was grea te r  

The pH e f f e c t s  on 

558 SEGREGATION OF GLYCOPHORIN-ENRICHED VESICLES FROM HUMAN ERYTHROCYTE MEMBRANES UPON 
TREATMENT AT LOW pH, Hans U. Lutz, Albert von Daniken, and Thomas &hi', Department 

of Biochemistry, ETH, Federal I n s t i t u t e  of Technology, Ziirich; I n s t i t u t e  of  Medical Microbiol- 
ogy, University of Ziirich, Switzerland. 
Intramembranous p a r t i c l e s  a r e  known t o  aggregate when ghosts a r e  incubated a t  pH 4 . 5  f o r  30 
min a t  37%. When ghosts pretreated a t  pH 4 . 5  are  washed with 0.1 mM EDTA (pH 7.4)  and with 
0.5 M NaCl i n  phosphate buffer  5 mM (pH 7.4)  and then t ransfer red  t o  5 mM phosphate buffer  
(pH 7.4) ,  they segregate ves ic les  t h a t  contain almost exclusively glycophorin, l i p i d s  and gly- 
cot ipids .  The amount of  glycophorin found i n  glycophorin-enriched ves ic les  recovered from 
dextran densi ty  gradients  does not exceed 3% of  the  t o t a l  glycophorin. However, the  bulk of 
glycophorin seems t o  be segregated as  well from other  in tegra l  membrane pro te ins  but not de- 
tached from t h e  membranes because Tri ton X-100 (0.15%) preferen t ia l ly  e x t r a c t s  glycophorin 
from these membranes. 
ugation of the  suspension f o r  1 hr  a t  100.000 g f o r m  glycophorin-enriched ves ic les  during 
treatment with Bio Beads SM 2 .  
90% of the  t o t a l  glycophorin i n  a pur i ty  approaching t h a t  of i so la ted  glycophorin by other  
techniques with up t o  380 ug s i a l i c  acid per  mg protein.  
phorin-enriched ves ic les  without using ionic  detergents  o r  strong organic solvents  and w i l l  
be useful t o  study the  functions of t h i s  protein.  The observed segregation of glycophorin- 
enriched vesicles  and t h e  preferen t ia l  e x t r a c t a b i l i t y  of the  bulk of glycophorin imply tha t  
glycophorin i s  no longer associated with intramembranous p a r t i c l e s  when erythrocyte  membranes 
have been t rea ted  a t  low pH. 

The Tri ton X-100 ex t rac t  obtained as  the  supernatant following cent r i f -  

The glycophorin-enriched vesicles  thus prepared contain up t o  

The method allows t o  i s o l a t e  glyco- 




