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Summary 

Significant alterations in the spectrin: band 3 and band 4.1a : band 4.1b 
ratios and an occasional decrease in the peak height of  band 4.2 with respect to 
band 4.1 were found in electrophoretic patterns of red cell membranes from 
patients with hereditary xerocytosis.  Electrophoretic comparison of  whole cell, 
cytoplasm and membrane polypeptides implied that  atypical partitioning at 
hemolysis could account  for some, but  not  all, of  the alterations seen in mem- 
brane patterns of  xerocytes.  A decrease in band 4.2 peak height as well as a 
variation in the profile of  band 3 were produced in controls by specific 
manipulations of the electrophoresis protocol.  Metabolic depletion of normal 
cells produced the type  of  alterations in bands 3 and 4.1 found in xerocyte  
membranes, whereas Heinz body  production,  addition of  calcium to the 
hemolysis buffer and incubation of  membranes in detergent under conditions 
designed to promote  proteolysis did not. The presence of a higher peak height 
of  band 4.1b with respect to that  of  band 4.1a in membranes of patients with 
various other red cell disorders correlated with an increase in the percentage of 
ret iculocytes in peripheral circulation. The appearance of both band 3 and 4.1 
abnormalities in the patterns of control cells which had been enriched in young 
cells by  density gradient centrifugation suggested that  these alterations in 
hemolytic  disease are related to the predominance of young cells in the popula- 
tion. 

* To whom correspndence should be addressed. 
Abbreviation: Hepes, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid. 
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Introduct ion 

Hereditary xerocytosis  is a congential hemolytic  anemia associated with the 
appearance of large, fiat, dehydrated red cells in peripheral circulation [1,2].  
At least one lesion of this disease exists in the membrane of  these cells since 
they possess an enhanced permeability to potassium cations. Even though the 
sodium-potassium pump functions at a rate several times that of  the normal, it 
is still not  able to compensate for the cation leakage of  these cells, hence their 
dehydration. 

High resolution electrophoretic techniques have been very successful in 
detecting protein changes in membranes of  bacteria [3,4] and virus-trans- 
formed mammalian cells [5]. In the case of known congenital functional dis- 
orders of  the red cell, however, no electrophoretic anomalies in membrane 
proteins have been found consistently, even where chemical analysis has 
demonstrated variations in lipid, protein or carbohydrate content.  The poten- 
tial use of  this technique for resolving minor variations in proteins has been 
demonstrated by de Jong et al. [6] who report  that single amino acid substitu- 
tions can significantly alter electrophoretic mobili ty by affecting SDS-binding 
properties of  the protein. 

In the present s tudy we used two different gel systems to verify the presence 
of  several alterations in the electrophoretic pattern of  xerocyte  membranes. 
We investigated some possible sources of artifacts which have been used to 
account  for discrepancies between membrane patterns obtained in different 
laboratories. The age and metabolic stability of  erythrocytes  in addition to 
retention of  cytoplasmic polypeptides were evaluated as possible contributors 
to the electrophoretic alterations consistently seen in xerocyte  membranes. 

Methods 

Preparation of membranes. Blood was collected in heparinized tubes and 
kept  on ice no more than 1 h before being processed further. Cells were washed 
in Tris/saline (10 mM Tris/base, 150 mM NaC1 adjusted to pH 7.35 with HC1 at 
25°C or pH 8 at 4°C) and hemolyzed in 10 mM Tris buffer  (pH 8) according to 
the procedure of Fairbanks et al. [7]. Other buffers used in place of Tris in 
specified portions of this s tudy include borate (1.83 mM Na2B4OT, 28.66 mM 
H3BO3, pH 8, sodium phosphate (5 mM, pH 8), sodium Hepes (20 mM, NaOH 
to pH 7.5) and ammonium bicarbonate {125 mM NH4C1, 25 mM NaHCO3, 
pH 7.7). The ratio of washed, packed cells to the volume of  buffer at hemo- 
lysis was 1 : 30 unless otherwise indicated. In one experiment to determine the 
effect of  hemolysis ratio on the xerocyte  electrophoresis pattern, 1 : 10, 1 : 70 
and 1 : 100 ratios were also used. 

Xerocyte  and control membranes were prepared using several alternative 
washing and hemolyzing solutions to determine whether the xerocyte  altera- 
tions suggested by their electrophoresis pattern were artifacts of  the prepara- 
tion procedure.  Washing solutions include: autologous plasma and Krebs-Ringer 
bicarbonate [8] -+10 mM glucose. In a separate experiment,  10 mM glucose 
-+0.25 mM dithiothreitol  was added to the regular Tris hemolysis buffer. 

Production of  Heinz bodies in control cells was accomplished by a modifica- 
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tion of Jacob and Jandl's procedure [9], in which cells were washed, resus- 
pended to a hematocrit  of 10% using glucose (15 mM) in phosphate-buffered 
saline with 1000 units/ml of glucose oxidase, and incubated at 37°C for 2 h. 
Heinz bodies were stained and counted according to a modification of Beutler's 
procedure [10]. After incubation the cells were washed twice with Tris/saline 
and hemolyzed as described above. 

Figure legends describe other manipulations referred to in the text. 
Electrophoresis. Unless otherwise specified, electrophoresis of membrane 

samples was carried out on 6-mm cylindrical gels as described by Laemmli 
[11]. Some specific details of the electrophoresis protocol used in this labora- 
tory are described here. Fresh samples * were combined (four parts sample to 
one part solution) with a detergent solution of the following composition: 
1.25 M sucrose (Ultra Pure, Schwarz Mann), 0.1 M dithiothreitol (Sigma), 
0.25 M Tris-HC1 (Sigma), 5% SDS (Ultra Pure, Bio-Rad) and 0.01% bromo- 
phenol blue (Bio-Rad). Dissolved samples were then divided and frozen in 
duplicate (use of a single sample for repeated electrophoretic analyses results 
in severe background staining and the appearance of high molecular weight 
aggregates at the top of the gel). Hemolysate and supernatant samples were 
placed in a boiling water bath for 3 min immediately after addition of the 
detergent solution to inactivate any proteases present. To these hemoglobin- 
rich samples, additional dithiothreitol (to 40 mM) was added after cooling but 
before freezing them. 

The lower gel was poured to a height of 8 cm and overlaid with 50 pl of iso- 
butanol  at least 12 h prior to use. The isobutanol was thoroughly rinsed off  
the gel surface with distilled water immediately after polymerization was com- 
plete (45 min) leaving only enough water to keep the gel surface moist over- 
night. (Failure to remove isobutanol resulted in the stained gel having a faint, 
elliptical band around the outside below spectrin.) Before pouring the 1.5 cm 
upper gel, the residual water layer was carefully removed with cotton.  This gel 
was overlaid with distilled water and used within 4 h of polymerization. When 
the effect of gel SDS concentration on the electrophoresis pattern was studied, 
the lower gel SDS concentration was varied between 0.05 and 1.0% SDS. 

Samples to be electrophoresed were removed from the freezer and placed 
directly in a boiling water bath for 2 min. They were then cooled on ice and 
made 40 mM in dithiothreitol,  assuming all residual dithiothreitol had evap- 
orated or become inactive during boiling. Approximately 25 pg of protein was 
then applied to each gel. High protein loading (50 pg) was necessary to detect 
periodic acid-Schiff-positive bands. To avoid the precipitation of SDS and 
dithiothreitol  which occurred when samples were allowed to sit on ice after 
boiling, samples were warmed for a few seconds and mixed on a Vortex mixer 
immediately after loading them onto gels. 

The tray buffer was a modification of Maizel's Tris/glycine, pH 8.3, system 
[12]. In addition to 0.05 M Tris and 0.38 M glycine, SDS and ethylenediamine- 
tetraacetic acid (EDTA) were added to a concentration of 0.1% and 2 mM, 
respectively. The total  dissolution of EDTA in this buffer was found to be 
essential in achieving a pH of 8.3 directly without  titration. Both migration 

* G h o s t s  w e r e  f i r s t  d i l u t e d  1 : 1 0  w i t h  T r i s  h e m o l y s i s  b u f f e r .  
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speed and resolution of components  were found to be sensitive to this factor. 
The gels were run at 2.24 W/gel (2.8 mA/gel starting current) until the tracking 
dye had migrated exactly 7.5 cm into the lower gel. 

The Coomassie blue and periodic acid-Schiff staining procedures of  
Fairbanks et al. [7] were used in this s tudy except  that  Coomassie blue was not 
included in destaining solutions. When a series of comparative gels were 
scanned at 525 nm on a Helena Quickscan, Jr., the gain was held constant while 
the zero knob was adjusted for each gel at the position of  lowest background 
staining. The location of the bromophenol  blue tracking dye, indicated by an 
arrow on each scan, corresponds to a relative migration of 1.0. Relative 
mobil i ty of polypeptides with respect to the tracking dye is designated on the 
horizontal axis below each scan. For the quantitative studies shown in Table I, 
densitometric tracings were divided into the major bands as indicated by arrows 
at the baseline in Fig. 2 and integrated stain intensities between the divisions 
were recorded. 

R e s u l t s  

Electrophoretic analysis of xerocyte membranes 
Membrane samples from xerocyte  and control red cells were analyzed by 

two independent  sodium dodecyl  sulfate-polyacrylamidel gel electrophoresis 
techniques: the continuous Tris/acetate/EDTA system of Fairbanks et al. [7] 
(Fig. 1) and the discontinuous Tris/glycine/EDTA system of  Maizel [12] and 
Laemmli [11] (Fig. 2). The alterations in the region extending from band 3 to 
4.2 are most clearly viewed on the latter gel system. It is these that were the 
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Fig. 1. DensJtomet~ic tracings f rom electrophoretie separation of membrane polypeptides in a continuous 
SDS gel sys tem.  Equa l  v o l u m e s  of  m e m b r a n e  samples  were  run  on  Tris/acetate/EDTA gels accord ing  to  
the  p r o c e d u r e  o f  Fa i rba nks  et  al. [7]  w i th  0.2% ins tead  of  1.0% SDS in the  gel [ 3 0 ] .  (a) X e r o c y t e ,  and 
(b)  c o n t r o l .  
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Fig.  2. D e n s i t o m e t r i c  t r a c i n g s  f r o m  e l e c t r o p h o r e t i c  s e p a r a t i o n  o f  m e m b r a n e  p o l y p e p t i d e s  in a d i scon-  
t i n u o u s  SDS gel s y s t e m .  E q u a l  v o l u m e s  o f  m e m b r a n e  s a m p l e s  we re  e l e c t r o p h o r e s e d  a c c o r d i n g  to  a m o d i f i -  
c a t i o n  o f  t h e  M a i z e l - L a e m m l i  m e t h o d  (see M e t h o d s ) .  A r r o w s  a t  ba se l ine  d e p i c t  d iv i s ions  u sed  in i n t e g r a t i n g  
s t a in  i n t ens i t i e s  o f  i n d i v i d u a l  b a n d s  f o r  T a b l e  I. (a) X e r o c y t e ,  a n d  (b)  c o n t r o l .  

main subject of  investigation in this study. The elevated amount  of glycer- 
aldehyde-3-phosphate dehydrogenase,  band 6, in xerocyte  membranes has been 
the subject of a past s tudy [13].  The apparent increase in retention of  hemo- 
globin by xerocyte  membranes in Fig. 1 is not  typical of ghosts which have 
been washed three times with hemolyzing buffer. 

In the Maizel-Laemmli gel system, band 3 extends over the 90 000--130 000 
region [14].  It exhibits significantly different contours in the two different gel 
systems, having a distinct front and trailing portion in Fig. 1 in contrast to its 
more symmetrical,  diffuse migration in Fig. 2. This profile variation is probably 
related to differences in sample preparations as is discussed below under Varia- 
tions in electrophoresis protocol.  In both  figures, however, the xerocyte  band 3 
contour  may be described as having more distinct shoulders at the higher 
molecular weight edge than that  of the control.  

In Fig. la ,  band 4.1 is a single band with a slightly lower peak height than 
band 4.2, as opposed to the relative heights of  the corresponding control bands 
(Fig. lb ) .  On the other gel system, the 4.1 band is resolved into two bands 
previously designated 4.1a and 4.1b by King and Morrison [15].  Xerocyte  
patterns contrast with controls here in having an elevated 4.1b with respect to 
4.1a. However, the 4.2 alteration is not  seen on these gels. 

In order to quantify the alterations in the 3--4.1 region of xerocyte  gels, the 
relative stain intensities of  bands 1--3, 4.1a and 4.1b in discontinuous gels were 
determined. Table I shows that  both spectrin : band 3 and 4.1a : 4.1b ratios in 
the xerocyte  pattern were lower than normal (minor variation between gel runs 
made a statistical analysis of  actual band values impossible). 

Periodic acid-Schiff staining of  xerocyte  hemolysate,  supernatant and ghosts 
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T A B L E  I 

X E R O C Y T E  S T A I N  I N T E N S I T Y  R A T I O S  FROM G E L S  OF I S O L A T E D  M E M B R A N E S  

Discon t inuous  e l ec t rophores i s  (see Methods )  was  used.  The  ra t ios  of  s tain u n i t s / b a n d  an d  the i r  s t anda rd  
devia t ions  are  fo l lowed  b y  the  n u m b e r  of  separa te  ghos t  i sola t ion and  the  to ta l  n u m b e r  of  gels used  in the  
ca lcu la t ion .  P, the  p robab i l i t y  o f  hav ing  a stat ist ical  d i f f e rence  b e t w e e n  x e r o c y t e  and  co n t ro l  values  by  
chance .  

Band  ra t io  Ra t io  o f s tain u n i t s ] b a n d  P 

Con t ro l  X e r o x y t e  

(1 + 2) /3  0 . 725  ± 0 . 0 9 9 9  (7 ,66)  0 .693  ± 0 .1 0 8  (5 ,62)  0 .09  
4 . 1 a / 4 . 1 b  2.53 ± 0 .657  (7 ,75)  1 .06 ± 0 .3 8 8  (5 ,69)  < 0 . 0 1  

I / 

3: 
4.1o , 8 8 0 0 0  
4.1b 78 0 0 0  
4.2 72 0 0 0  

5 4:5 000 

6 35 000 

Hb 

Fig. 3. D i scon t i nuous  SDS gel e lectxophoresis .  A r r o w s  ind ica te  the  loca t ion  of  per iod ic  acid-Schiff-  
posi t ive bands  which  were  m a r k e d  wi th  Ind ia  i nk  pr io r  to  supers ta in ing  wi th  Coomass ie  blue.  (a) Xe ro cy t e ,  
and  (b)  con t ro l .  
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did not  reveal any gross quantitative abnormalities in the three major bands. By 
marking these bands with ink and superstaining with Coomassie blue, PASo1 
was found to migrate at or slightly below the position of  band 4.1b (Fig. 3). 
However, two independent  lines of evidence rule out  any PAS contribution to 
the 4.1b alteration in xerocyte  gels: (i) boiling a membrane sample prior to 
electrophoresis shifts PAS-1 to PAS-2 with no effect on the 4.1b profile and (ii) 
electrophoretic patterns of  low ionic strength membrane extracts and Triton 
X-100 extraction residues show a 4.1b profile which differs from that of  the 
control even though no PAS-staining components  are present (see Solubility of 
altered polypeptides below). 

Distribution of  alterations at hemolysis 
Electrophoresis of hemolysates and supernatants from xerocyte  and control 

membrane isolations were carried out  to determine whether the majority of the 
polypeptides responsible for the abnormalities seen in bands 3 and 4.1 of  the 
ghosts originated in the cytosol or the membrane. Even prior to fractionation, 
xerocytes  have both quantitative and qualitative differences from the control 
pattern throughout  the band 3--4.2 zone. From inspection of  the slab gel in 
Fig. 4, it appears that  the cytosolic proteins make a significant contr ibution to 
the xerocyte  hemolysate pattern alterations in the band 3 region. In fact, it 
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F i g .  4 .  E l e c t r o p h o r e t i c  c o m p a r i s o n  o f  h e m o l y s a t e  (H) ,  supernatant  ( S )  a n d  g h o s t s  ( g ) .  S l a b  g e l  e l e c t r o -  

p h o r e s i s  w a s  c a r r i e d  o u t  a c c o r d i n g  to  the  p r o c e d u r e  d e s c r i b e d  b y  L a e m m l i  [ 1 1 ]  o n  a 6 - - 8 - - 1 0 %  step 
g ~ a d i e n t  s l a b .  S a m p l e  preparat ion  was  that  o f  F a i x b a n k s  ( F a i r b a n k ,  G . ,  u n p u b l i s h e d  r e s u l t s ) .  
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seems that  the partitioning of certain of these band 3 polypeptides to the 
supernatant at hemolysis results in the isolated membrane looking much more 
like the control than the hemolysate does. 

In the 4.1 region this is not  the case. The degree of 4.1b elevation is 
preserved during ghost preparation with very little if any of  this polypeptide 
being lost to the supernatant as was also the case for the control. 

Solubility of altered polypeptides 
In an at tempt  to detect any gross abnormalities in the mode of binding of 

altered xerocyte polypeptides to the membrane, the protein contents of super- 
natants and residues from Triton X-100 and EDTA extractions of xerocyte and 
control membranes were analyzed by electrophoresis (Figs. 5 and 6). It was 
anticipated that  in control membranes there would be a clear division between 
two types of proteins: (i) the tightly bound, lipid-soluble proteins preferring 
the Triton supernatant or the EDTA pellet and (ii) the less tightly bound, 
'peripheral' proteins released by low ionic strength t reatment  but not by Triton. 
This was indeed the case for most of the polypeptides in the band 3--4.2 region. 
The majori ty of band 3 was Triton soluble and EDTA insoluble, as was 
band 4.2. The small portion of band 3 released from the membrane by EDTA 
treatment  appeared to be that  same portion which was detergent insoluble. The 
resolution of these 4--5 band 3 'satellites' in the high gain scan of the EDTA 
extract (Fig. 6 inserts) revealed quantitative differences in xerocyte and control 
patterns. 

The solubility of band 4.1 was the least well-defined of any described so far. 
It was not completely released by low ionic strength extraction and yet  it was 
clearly insoluble in Triton. The differences in 4.1a : 4.1b profile characteristic 
of xerocyte and control ghost patterns were seen in the EDTA supernatant and 
pellet as well as the Triton pellet (Figs. 5c, d and 6). 

Variations in hemolysis protocol 
The protein content  of isolated membranes has been shown to depend on 

the type and pH of hemolysis buffer, and on the ratio of buffer to the volume 
of packed cells at hemolysis [16--18]. In our hands these variables (see Meth- 
ods) had no effect on the band 3--4 region of either xerocyte or control mem- 
brane gel patterns (data not  shown). Washing cells in plasma from normal 
donors or supplementing the wash buffer with various combinations of glucose, 
phosphate and dithiothreitol likewise had not effect. 

The presence of calcium (3 mM) at hemolysis has been reported to cause a 
number of  changes in the electrophoretic pattern of ghost proteins which have 
been attr ibuted to proteolysis, retention of cytoplasmic components and the 
aggregation of certain membrane proteins, including 4.1 [15,19,20]. This treat- 
ment  affected xerocyte and control membranes equally according to electro- 
phoretic analysis (Fig. 5), producing aggregates at the top of the gel (not visible 
in scan) and at 180 000 daltons, more pronounced shoulders in band 3, a 
decrease in both bands 4.1a and 4.1b, an increase in band 4.5, and a non- 
specific elevation in background staining over the entire gel. Band 4.2 was not  
affected by calcium. All of  these pattern changes were observed at a lower 
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F i g .  5.  T r i t o n  e x t r a c t i o n  o f  x e r o e y t e  g h o s t s .  X e r o c y t e  a n d  c o n t r o l  g h o s t s  w e r e  c o u n t e d  in  a M o d e l  S 
C o u l t e r  C o u n t e r  a f t e r  t h e  a d d i t i o n  o f  1 0  m l  o f  I s o t o n  ( S c i e n t i f i c  P r o d u c t ' s )  t o  4 4 . 7  pl  o f  p a c k e d  g h o s t s .  
T h e  p a c k e d  g h o s t s  w e r e  t h e n  d i l u t e d  t o  a c o n c e n t r a t i o n  o f  2 . 5 8  • 1 0 9  g h o s t s / m l  w i t h  h e m o l y z i n g  b u f f e r  
a n d  m a d e  2% in  T r i t o n  X - 1 0 0  b y  a d d i n g  1 m l  o f  h e m o l y z i n g  b u f f e r  a n d  0 . 5  m l  o f  a 2 0 %  T r i t o n  s o l u t i o n .  
F o l l o w i n g  c e n t r i f u g a t i o n  a t  1 .2  • 105  X g • h ,  s u p e r n a t a n t s  a n d  p e l l e t s  w e r e  d i s s o l v e d  i n  t h e  u s u a l  S D S  
s o l u t i o n  ( see  M e t h o d s ) .  T h e  p e l l e t  w a s  r i n s e d  t w i c e  w i t h  d i s t i l l e d  w a t e r ,  a d j u s t e d  t o  2 m l  w i t h  h e m o l y z i n g  
b u f f e r  a n d  d i s s o l v e d  w i t h  0 . 5  m l  o f  t h e  S D S  s o l u t i o n .  T h e  e x t r a c t  ( 8 0  p l )  a n d  p e l l e t  ( 1 0  #1) s o l u t i o n s  w e r e  
t h e n  a p p l i e d  t o  t h e  gel .  I t  w a s  n e c e s s a r y  t o  a d d  t w i c e  t h e  n o r m a l  a m o u n t  o f  d i t h i o t h r e i t o l  t o  t h e  e x t r a c t  
s o l u t i o n s  a f t e r  b o i l i n g  t o  p r e v e n t  a g g r e g a t i o n .  (a )  X e r o c y t e s  e x t r a c t ;  (b )  c o n t r o l  e x t r a c t ;  (c)  x e r o e y t e  
p e l l e t ,  a n d  ( d )  c o n t r o l  p e l l e t .  
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Fig. 6. L o w  ionic  s t r eng th  e x t r a c t i o n  of  x e r o c y t e  ghosts .  The  low ionic s t r eng th  ex t r ac t i on  p r o c e d u r e  of  
Fa i rbanks  et  al. [7 ]  was P e r f o r m e d  (Tris h e m o l y z i n g  bu f f e r  was su b s t i t u t ed  for  p h o s p h a t e )  an d  the  
suspens ion  was  passed  twice  t h r o u g h  a 25  gauge needle  p r io r  to  c e n t r i f u g a t i o n  at  1.2 • 105 X g • h.  Gels 
were  l o a d e d  wi th  100  #l o f  x e r o c y t e  (a) or  c on t ro l  (b)  ex t rac t s  and  10 #l of  x e r o c y t e  (c) or  co n t ro l  (d)  
pel lets .  High-gain scans of  e x t r a c t  p a t t e r n s  are s h o w n  in inserts.  

calcium concentration (1 mM), although to a proportionally smaller degree 
(data not shown). 

Variations in electrophoresis protocol 
Sample preparation. Variations in the procedure for preparing electrophoresis 
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samples had significant effects on the profiles of bands 3, 4.1 and 4.2 in the 
membrane pattern. When control samples which had been frozen in the usual 
detergent solution (see Methods) were thawed and applied directly to a gel, the 
front  edge of band 3 had a sharp, vertical contour,  4.1a was equal to 4.1b in 
peak height and 4.2 was only slightly higher than 4.1 (Fig. 8a). Addition of 
dithiothreitol to the thawed sample prior to electrophoresis exaggerated the 
band 3 ' front ' ,  lowered 4.1b with respect to 4.1a and elevated 4.2 (Fig. 8b). 

The unboiled xerocyte sample (Fig. 8a insert) exhibited an even more 
extreme variation from the normal in bands 3 and 4.1. Addition of dithio- 
threitol to the unboiled xerocyte  sample (Fig. 8b insert) increased 4.2 relative 
to 4.1 so that  these bands more closely resembled the bands in Fig. 2a. As in 
the control, dithiothreitol addition sharpened the leading edge of band 3. 

In Fig. 8c and d, the effect  of  boiling control samples without  and with the 
subsequent addition of dithiothreitol is shown. After  boiling band 3 is 
approximately symmetrical with a diffuse leading edge extending into 4.1. The 
hypersharp leading edge is absent from both xerocyte  and control patterns 
(Fig. 8c and d) (xerocyte pattern not  shown). Addition of dithiothreitol to 
samples after boiling, as is the usual protocol in this laboratory, increased or 
sharpened band 4.2 and 5 and removed the ' fuzzy'  background staining in the 
entire region of the gel above band 3 (Fig. 8d). 

Concentration o f  SDS in gel. Alterations in proteins migrating in the 4.1-- 
4.2 zone have been noted in the electrophoretic analysis of abnormal patients 
with various hemolytic disorders [21,22]. Bouvin and Galand have pointed out 
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Fig. 7. E f fec t  of  hem o l y s i s  in t h e  p r e s e n c e  of  3 m M  ca lc ium.  Washed  x e r o c y t e  and  c o n t r o l  cells were  
h e m o l y z e d  in Tris h e m o l y s i s  b u f f e r  w h i c h  had  b e e n  m a d e  3 m M  in ca lc ium.  T h e  ghos t s  w e r e  t h e n  
co l lec ted  and  w a s h e d  t w i c e  in ca lc ium-f ree  buf fe r .  De ns i t ome t r i c  t racings  of  gels of  x e r o e y t e  (a) and  
c o n t r o l  (b )  m e m b r a n e s  are shown .  
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Fig.  8. E f f e c t  o f  a l t e r ing  m e m b r a n e  s o l u b i l i z a t i o n  p r o t o c o l .  M e m b r a n e  s a m p l e s  were  f r o z e n  in t he  u s u a l  
d e t e r g e n t  s o l u t i o n  a n d  t h e n  e i t he r  a p p l i e d  t o  the  gel d i r e c t l y  a f t e r  t h a w i n g  (a a n d  b)  o r  a f t e r  bo i l i ng  (c 
a n d  d) .  A d d i t i o n a l  d i t h i o t h r e i t o l  ( to  a p p r o x i m a t e l y  4 0  m M )  w a s  a d d e d  a f t e r  bo i l i ng  t o  s a m p l e s  b a n d  d,  
X e r o c y t e  t r ac ings  a re  p r e s e n t e d  as inse r t s  a b o v e  c o n t r o l  p a t t e r n s  in a a n d  b,  

that the precise contour of this region in some gel systems is a function of SDS 
concentration [23]. We found that band 4.2 gradually broadens as the SDS 
concentration in the gel is increased from 0.1 to 1% SDS, until the 4.1 profile is 
completely obscured at 1%, the highest SDS concentration (not shown). 
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Metabolic depletion 
Xerocytes were found to lose ATP at least 20% faster than control cells 

while being washed three times in Tris/saline in preparation for ghost isolation 
[2 ,13] .  In order to assess the contribution of  this phenomenon to the electro- 
phoretic anomalies in the band 3--4 electrophoretic zone, normal and xerocyte 
cells were stored under sterile condit ions for 24 h at 37°C, prior to membrane 
isolation and electrophoresis. Metabolic depletion appeared to alter the electro- 
phoretic pattern of  band 3 in both normal and xerocyte membranes (Fig. 9). 
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Fig. 9. E f fec t  of  m e t a b o h c  d e p l e t i o n .  Cells w e r e  w a s h e d  wi th  m o d i f i e d  Krebs-Ringer  b i carbonate  buf fe r  
[ 8 ]  con ta in ing  0 .5  mM CaCl 2, 20 m M  s o d i u m  Hepes  (pH 7.4) and  2 rag% g e n t a m i c i n  suspended  at 10% 
h e m a t o e r i t  in the  s a m e  buf fer ,  and i n c u b a t e d  at 3 7 ° C  for 24 h w i t h  gent le  shaking.  M e m b r a n e s  f r o m  nor-  
real (a) and d e p l e t e d  (b)  c o n t r o l  cel ls  and f r o m  normal  (c)  and d e p l e t e d  (d)  x e r o c y t e s .  



3 0 5  

Patterns from depleted samples had more pronounced shoulders than those 
from unincubated samples, with the xerocyte  leading control in degree of  
alteration. An elevation in band 4.1b of  the depleted control (Fig. 9a and b) 
was also apparent. However,  metabolic depletion, just as cellular ageing, had 
little if any effect  on the peak height of  xerocyte  4.1b (Fig. 9c and d). 

Oxidation 
The peroxide-stimulated production of  Heinz bodies, which in intact cells is 

associated with an increase in permeabili ty to K* [24] was also examined for 
possible effects on the electrophoretic pattern of  control membranes. Normal 
cells were incubated in a glucose oxidase-glucose medium until 30% of the cells 
had five or more Heinz bodies. Since the isolated membranes prepared from 
treated cells were identical electrophoretically to those of control cells, except  
for a two-fold increase in hemoglobin (not shown), we conclude that oxidative 
stress on normal red cells, sufficient to precipitate hemoglobin onto  the mem- 
brane surface, had no electrophoretically detectable effect on the migration of  
bands 3, 4.1, or 4.2. 

Pro teolysis 
When normal and xerocyte  ghosts were incubated in 0.1% SDS and 150 mM 

NaC1 for 4 h in an a t tempt  to stimulate endogenous protease activity [7],  the 
band 3 region was noticeably altered and some faint bands appeared below 
spectrin on the gels (not shown). Incubation of control membranes in 1% SDS 
for 24 h at 37°C affected the same proteins. More drastic changes in the 
pattern of  control ghosts were made by inclusion of  the buffy  coat in the 1% 
SDS incubation medium (Fig. 10a and b). Band 4.2 was significantly reduced 
by this t reatment  but  4.1 remained intact. 

Other red cell disorders 
When membranes of  red cells from several known hematological disorders 

were isolated and electrophoresed, many were found to have an altered band 3 
and a higher 4.1b peak height relative to 4.1a. The results shown in Table II 
suggest that  an elevated 4.1b peak height corresponds to an increase in reticulo- 
cyte  count  rather than being specific to any one type  of  functional disorders * 
The level of  reticulocytes in circulation may be elevated in hematological dis- 
orders involving abnormalities of  red cell product ion and/or destruction. Elec- 
trophoresis of  ghosts from a hereditary spherocytosis patient before and after 
splenectomy (Fig. l l a  and b) and from a patient with pernicious anemia before 
and after vitamin B-12 therapy (Fig. l l c  and d) enabled us to observe the 
independent  response(s) of  the band 4.1 profile to production and destruction. 

Prior to splenectomy the hereditary spherocytosis patient was overproducing 
red cells (18% reticulocytes) as a result of  excessive destruction by the spleen 

* B a n d  3 al terat ions  are n o t  g iven s ince  it  has  b e e n  d i f f i cu l t  to  d e t e r m i n e  the  n o r m a l  c o n t o u r  for e l ec tro -  
p h o r e t i c  tracings  o f  ghos t  sam p le s  in this  reg ion.  Muel ler  and M o r r i s o n  a l so  m e n t i o n e d  this  d i f f i cu l ty  i n  
a p a p e r  s p e c i f i c a l l y  on  the  subjec t  o f  band 3 v a r i a n t s  [ 1 4 ] .  
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Fig.  10.  E f f e c t  o f  i n c u b a t i n g  ghos t s  w i t h  b u l l y  coat .  R e d  cells were  w a s h e d  w i t h o u t  a sp i r a t i ng  the  b u f f y  
coa t  and  ghos t s  w e r e  p r e p a r e d  w i t h o u t  a sp i r a t i on  of  the  b u t t o n  ly ing  b e n e a t h  the  ghos t s  a f t e r  c en t r i fuga -  

t iou  of  t he  h e m o l y s a t e .  T h e s e  and  ghos t s  p r e p a r e d  in  the  usua l  m a n n e r  were  t h e n  i n c u b a t e d  at  3 7 ° C  for  
1 h in t he  e l e c t r o p h o r e s i s  d e t e r g e n t  so lu t ion  (see M e t h o d s ) .  Con t ro l  ghos t s  w i t h o u t  (a) and  w i t h  (b) b u l l y  
coa t .  

T A B L E  II 

C O M P A R I S O N  O F  4 .1b  TO 4.1a  L E V E L S  IN M E M B R A N E S  F R O M  A V A R I E T Y  O F  R E D  C E L L  DIS- 
O R D E R S  

The  d i so rde r s  axe p r e s e n t e d  in the  o r d e r  o f  i nc reas ing  r e t i c u l o c y t e  c oun t s .  To ta l  b i l i rub in  is g iven as an 
a p p r o x i m a t i o n  of  to ta l  red  cell d e s t r u c t i o n  o c c u r r i n g  in  the  p a t i e n t  a t  the  t i m e  o f  m e m b r a n e  p r e p a r a t i o n .  

All p a t i e n t s  bad  d i rec t  b l l i rub in  levels w i t h i n  n o r m a l  l imi t s  i nd i c a t i ve  of  no  b i l ia ry  o b s t r u c t i o n .  The  com-  
pa ra t ive  p e a k  h e i g h t s  o f  4 .1a  and  4 .1b  are i n d i c a t e d  as fo l lows :  +, w h e n  4 .1b  > 3.1a;  -+, w h e n  4 .1b  = 4 .1a ,  
and  --,  w h e n  4 .1b  < 4 .1a .  G 6 P D ,  g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e .  

D i so rde r s  H e m a -  Re t i c u -  To ta l  4 .1b  ~ 4 .1a  
t o c r i t  l o c y t e  b i l i rubin  

(%) c o u n t  ( m g /  
(%) 100  ml )  

C o n t r o l  3 7 - - 5 2  0 .5 - -1 .5  ( 1 . 3  --  

H e r e d i t a r y  s p h e r o c y t o s i s  * 36 0 .8  1.0 

(1 m o n t h  p o s t - s p l e n e c t o m y )  
C o n g e n i t a l  m i c r o e y t i c  h y p o c h r o m i c  a n e m i a  32  1.8 1.1 - -  
Pe rn i c i o u s  a n e m i a  ** 15 3.8 4.1 ± 

X e r o c y t o s i s  33 3.8 3 .0  + 
P a r o x y s m a l  n o c t u r n a l  h e m o g l o b i n u r i a  22 4 .0  4.1 + 
H e r e d i t a r y  s p h e r o c y t o s i s  * 33 6 .0  1.6 + 

(1 w e e k  p o s t - s p l e n e c t o m y )  
Cold agg lu t in in  h e m o l y t i c  a n e m i a  28 6 .5  3 .2  + 
G 6 P D  d e f i c i e n c y  38 9.0 5.6 + 
A u t o i m m u n e  h e m o l y t i c  a n e m i a  25 12 .5  3.3 + 
I d i o p a t h i c  h e m o l y t i c  a n e m i a  32 12.5  2.1 + 
Pe rn i c i o u s  a n e m i a  * * 16 15 .0  --  + 

(4 d a y s  p o s t  v i t a m i n  B-12)  
H e r e d i t a r y  s p h e r o c y t o s i s  * 26 18.0  3.4 + 

* H e r e d i t a r y  s p h e r o c y t o s i s  b e f o r e  and  a f t e r  (1 w e e k  a n d  1 m o n t h )  s p l e n e c t o m y  ( s ame  p a t i e n t ) .  
** Pe r n i c i o u s  a n e m i a  b e f o r e  and  a f t e r  4 d a y s  v i t a m i n  B-12 t h e r a p y  ( s ame  pa t i en t ) .  
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Fig. 11. Effects of splenectomy and B-12 therapy. Membranes isolated from blood drawn from a patient 
with hereditary spherocytosis before (a) and after (b) splenectomy; and from a patient with pernicious 
anemia before (c) and after (d) vitamin B-12 therapy. 

(total bilirubin = 3.4 mg/100 ml). Although surgical removal of  spleen brought 
the level of  destruction to  within normal limits within only one week (1.6 mg/ 
100 ml bilirubin), both  product ion (6% reticulocytes) and 4.1b remained 
elevated. Analysis one month post-splenectomy revealed a normal 4.1 profile 
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and reticulocyte count (0.8%) (Fig. 11a and b). 
In the particular case of pernicious anemia (vitamin B-12 deficiency) studied, 

excessive production (3.8%) and destruction (4.1 mg bilirubin/100 ml) of red 
cells was occurring. The elevated 4.1b in the patient's pattern prior to treat- 
ment (Fig. l l c )  may have stemmed from either abnormality. However, the 
simultaneous increase in reticulocyte count (to 15%) and 4.1b (Fig. l l d )  after 
four days of vitamin B-12 therapy suggests a positive correlation between 4.1b 
elevation and red cell production, as was also implied by the data from the 
hereditary spherocytosis patient described previously. 

Age-related alterations 
The elevated reticulocyte count of patients with xerocytosis (Table II) is an 

indication that the mean age of their circulating erythrocytes is younger than 
that of controls. Since others had noted differences in both the quantity and 
electrophoretic patterns of reticulocyte and erythrocyte membrane proteins 
[26--28], it was conceivable that the minor electrophoretic pattern alterations 
seen in xerocyte membranes resulted from reticulocyte protein contamination. 
To explore this possibility, intact red cells of xerocyte and control patients 
were separated by density gradient centrifugation into more buoyant, younger 
cells and less buoyant, older cells. Reticulocyte enrichment did not appear to 
affect the membrane pattern of xerocytes (Fig. 12a and b). However, mem- 
branes isolated from the top fraction of control erythrocytes (3.9% reticulo- 
cytes) had more band 3 and a slightly reduced 4.1a : 4.1b ratio when compared 
to either the unfractionated (1%) or the bottom fraction (0.2%) (Fig. 12c and 
d). These alterations in the pattern of membranes from the control top frac- 
tions were qualitatively identical to, although not extreme as, those seen in the 
pattern of either xerocyte fraction. 

Table III shows that the correlation between 4.1 peak height and reticulo- 
cyte count is imperfect. Membranes prepared from the oldest xerocytes with a 
reticulocyte count of 3% have the abnormal 4.1 profile, whereas those from 
umbilical cord blood and from the youngest control cells, which have counts of 
3.8% and 3.9%, respectively, still have 4.1b lower than 4.1a. Even though the 
height of band 4.1b does decrease with age, the reticulocyte-enriched sample 
from the control population still does not show 4.1b in excess over 4.1a. 

T A B L E  I I I  

X E R O C Y T E  M E M B R A N E S  AS C O N T R A D I C T I O N S  TO R E T I C U L O C Y T E  B A N D  4.1 P R O F I L E  COR- 
R E L A T I O N  

Membrane sample Ret icu locyte  count  4.1b ~> 4 .1a  

Control,  oldest (bo t tom fraction) 0.2 
Control,  unfract ionate  d 0.8 
Xerocyte ,  oldest  (bo t tom fraction) 3.0 
Xerocyte ,  unfract ionated 3.8 
Umbi l i ca l  cord blood 3.8 
Cont ro l ,  youngest  ( top fraction) 3.9 
Xerocyte ,  younges t  (top fraction)  12 .4  

m 

+ 

+ 

+ 
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Fig. 12. Analysis  of  m e m b r a n e s  f r o m  y o u n g  and  old cell f ract ions .  F r o m  5 to  15 m l  of  red  cells p a c k e d  
to a 60% h e m a t o c r i t  were  cen t r i fuged  at  15 0 0 0  r e v . / m i n  for  1 h in the  f ixed-angle r o t o r  of  a Sorvall  
RC2B cen t r i fuge  in a m o d i f i c a t i o n  o f  M u r p h y ' s  m e t h o d  [ 3 1 ] .  An  a l iquot  of  r ed  cells (usual ly  1 ml )  was 
t h e n  carefu l ly  r e m o v e d  f r o m  the  t op  and  b o t t o m  of  the  t ube  w i th  a plastic p ipe t .  R e t i c u l o c y t e  coun t s  
were  m a d e  on the  sample  acco rd ing  to Win t robe  [ 3 2 ] .  Ghos ts  were  isola ted f r o m  these cells by  the  usual  
m e t h o d .  X e r o e y t e  t op  (a) a nd  b o t t o m  (b)  f rac t ions  and  con t ro l  top  (c) and  b o t t o m  (d)  f rac t ions .  

Erythrocyte  creatine has recently been shown by  Fehr and Knob [25] to be a 
bet ter  estimate of  red cell age than ret iculocyte count,  particularly in milder 
hemolyt ic  diseases. In the present study,  creatine levels were found to correlate 
bet ter  with the 4.1 band profile that  the ret iculocyte count  did (Table IV). 
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T A B L E  I V  

C B E A T I N E  L E V E L S  OF TOP A N D  B O T T O M  C E L L  F R A C T I O N S  

R e t i c u l o c y t e  c o u n t  C r e a t i n e  4 . 1 b  > 4.1 a 

(%)  ( p r n o l / g  H b )  

C o nl, r o l  

T o p  f r a c t i o n  2 . 8  2 . 0  - -  

B o t t o m  f r a c t i o n  0 .1  5 1.1 - -  

X e r o c y t c  

T o p  t r a c t i o n  1 4 . 0  3 . 9  + 

B o t t o m  f r a c t i o n  2 . 5  3 . 2  + 

Discussion 

Table V is a summary of  alterations in the electrophoresis pattern of bands 3, 
4.1 and 4.2 which occurred as a result of the 15 separate manipulations of 
intact cells or their isolated membranes described herein. Generalizations about 
the effects of each manipulation are listed under 'comments '  in the table. The 
presence of several consistencies within each column make it possible to draw 
some tentative conclusions about the nature of the polypeptide(s) com- 
prising each band. These are described below. 

Band 3 
The elevated polypeptides in the band 3 zone of the xerocyte pattern seem 

to be cytoplasmic components  which are released from the membrane at low 
ionic strength. Retention of these band 3 'satellites' at hemolysis may be 
induced in control cells by hemolysis in the presence of calcium, reticulocyte 
enrichment and metabolic depletion. 

The portion of this zone, the lower two-thirds, which is affected by boiling 
and addition of reducing agent to the dissolved membrane immediately prior to 
electrophoresis may be the major integral membrane protein described by Yu 
et al. [29] as being extractable with non-ionic detergents. The band 3 found in 
our Triton extracts and that  left behind after low ionic strength extraction has 
a smoother, more symmetrical electrophoretic contour compared to that  of the 
membranes before extraction. Since xerocyte band 3 contours are normal in 
both of these extract and residue patterns, we suspect that  this major integral 
protein is not responsible for abnormal band 3 contours in patterns from 
younger and depleted controls and from patients with other hemolytic anemias 
described here. 

Band  4.1 
Bands 4.1a and 4.1b are polypeptides which are only partially extractable 

after incubation at low ionic strength. They both appear to participate in the 
calcium-induced formation of high molecular weight aggregates such that  the 
band intensity ratio of the residual 4.1 polypeptides resembles that  of corre- 
sponding ghosts hemolyzed under normal conditions. Band 4.1b is slightly 
elevated in ghosts from both younger and metabolically depleted control cells. 
Patients with any disorder resulting in an increased percentage of reticulocytes 
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T A B L E  V 

S U M M A R Y  O F  A L T E R A T I O N S  I N  E L E C T R O P H O R E T I C  P R O F I L E S  O F  B A N D S  3, 4 .1  A N D  4 . 2  

I n c r e a s e ,  1'; d e c r e a s e ,  ~;  c h a n g e ,  +;  n o  c h a n g e ,  - - .  D T T ,  d i t h i o t h r e i t o l .  

3 4 . 1 b / 4 . 1 a  4 . 2  * C o m m e n t s  

1. X e r o c y t o s i s  ( F i g s .  1 a n d  2)  ~ 1" (~)  3 s h o u l d e r s  m o r e  p r o n o u n c e d ;  4 . 2  
l o w e r  t h a n  4 .1  o n  c o n t i n u o u s  ge ls  

o n l y  

2. P r e s e n c e  o f  c y t o p l a s m i c  t - -  - -  3 a l t e r a t i o n s  c o n c e n t r a t e d  in  
p r o t e i n s  ( F i g .  4 )  s u p e r n a t a n t ;  4 .1  in  s u p e r n a t a n t  is  

m i n o r  

3. T r i t o n  e x t r a c t i o n  ( F i g .  5 )  ~ - -  - -  3 a l t e r a t i o n s  c o n c e n t r a t e d  in 
r e s i d u e  ; e x t r a c t  n o r m a l  

4. L o w  i o n i c  s t r e n g t h  ~ - -  - -  3 a l t e r a t i o n s  c o n c e n t r a t e d  in  

e x t r a c t i o n  ( F i g .  6 )  e x t r a c t ;  r e s i d u e  n o r m a l  

5. V a r i a t i o n s  in  h e m o l y s i s  - -  - -  - -  N o  c h a n g e  

c o n d i t i o n s  
6.  C a  2+ p r e s e n t  a t  h e m o l y s i s  1' - -  - -  3 s h o u l d e r s  m o r e  p r o n o u n c e d ;  4 .1  

( F i g .  7)  l o w e r ,  n o  p r o f i l e  c h a n g e  

7. N o t  b o i l i n g  s a m p l e  b e f o r e  + - -  - -  L e a d i n g  e d g e  o f  3 s h a r p ,  l i ke  in  

c l e c t r o p h o r e s i s  ( F i g .  8b  F ig .  1 

a n d  d )  
8. N o  D T T  a d d e d  p r i o r  t o  + ~ ~ D e c r e a s e d  r e s o l u t i o n  o f  3 ; 4 .1  

e l e c t r o p h o r e s i s  ( F i g .  8c  i n c r e a s e d ;  4 . 2  d e c r e a s e d  

a n d  d )  
9. E l e v a t i o n  o f  S D S  in  ge l  + - -  ~ D e c r e a s e d  r e s o l u t i o n  o f  3 ; 4 . 2  

d e c r e a s e d  

10 .  M e t a b o l i c  d e p l e t i o n  t '  1" - -  3 s h o u l d e r s  m o r e  p r o n o u n e d ;  
( F i g .  9 )  4 . 1 b  h i g h e r  

1 1 .  H 2 0 2  t r e a t m e n t  o f  i n t a c t  - -  - -  - -  N o  c h a n g e  
cel ls  

12 .  G h o s t  i n c u b a t i o n  w i t h  ~ - -  ~ 3 a n d  4 . 2  d e c r e a s e d ;  4 .1  

b u f f y  c o a t  + S D S  u n a f f e c t e d  
( F i g .  1 0 )  

13 .  S p l e n e c t o m y  f o r  p a t i e n t  ? J( - -  E f f e c t  o n  3 u n c l e a r ;  4 . 1 b  l o w e r  

w i t h  h e r e d i t a r y  s p h e r o -  

c y t o s i s  ( F i g .  l l a  a n d  b )  
14 .  V i t a m i n  B - 1 2  f o r  p a t i e n t  ~ ~ - -  3 s h o u l d e r s  i n c r e a s e d  4 . 1 b  

w i t h  p e r n i c i o u s  a n e m i a  i n c r e a s e d  
( F i g .  l l c  a n d  d )  

15 .  E n r i c h m e n t  o f  y o u n g e r  1' ~ - -  3 s h o u l d e r s  m o r e  p r o n o u n c e d ;  
ce l ls  ( F i g .  1 2 )  4 . 1 b  h i g h e r  

* N o  c h a n g e  s h o u l d  n o t  b e  c o n s i d e r e d  d e f i n i t i v e  s i n c e  e x c e s s  D T T  w a s  a d d e d  t o  al l  s a m p l e s  p r i o r  t o  e lec-  
t r o p h o r e s i s .  

in peripheral circulation will probably have 4.1b elevated with respect to 4.1a 
in their membrane pattern. An apparent elevation in 4.1b occurs when dithio- 
threitol is not  added to a sample after boiling and immediately prior to electro- 
phoresis. However,  this may be an artifact of  increased background staining in 
this region (see description of  band 4.2 below) and completely independent of  
the ageing-metabolic effect just described. 

Band 4.2 
The absence of  this polypeptide in the hemolysate supernatant indicates that 

it is a protein which is firmly bound to the membrane. Consistent with this is 
its Triton extractability also noted by Yu et al. [29] .  The electrophoretic 
migration of  band 4.2 appears to be sensitive to the presence of dithiothreitol 
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in the sample and the concentration of SDS in the gel. Its diffuse migration in 
the absence of  dithiothreitol  contrasts with the sharp peak resulting from 
dithiothreitol.  There may be a minimum amount  of reducing agent necessary 
for sharp migration, a migration which does not  contr ibute to background 
staining in the region of 4.1b described above. This minimum concentrat ion 
may be higher for xerocyte  membranes since they occasionally appear to have 
less than the normal amount  of  4.2. Even though the quanti ty of  reducing 
agent also affects the control  pattern, the more extreme response in the case of 
the xerocytes may indicate an increased amount  of  dithiothreitol-reversible 
aggregation occurring during membrane preparation. Correlation of this 
increased lability to altered age or metabolic state of xerocyte  cells is not  
possible with the present data since excess dithiothreitol was added to both 
metabolically depleted and younger cell membrane preparations. However, 
reports in the literature concerning a decreased band 4.2 peak height in elec- 
t rophoret ic  profiles of  membranes from patients having either hereditary 
spherocytosis or biliary obstruct ion [21,22] ,  both  in association with reticulo- 
cytosis, imply that this 4.2 alteration is also an age-~lependent phenomenon.  

Conclusion 

The studies described herein demonstrate  that high resolution electro- 
phoretic analysis performed under well-controlled conditions can detect  subtle 
differences in red cell membrane polypept ide composit ion associated with 
hemolyt ic  disease. However,  our experience indicates most  strongly that the 
valid interpretation of  such results in relation to the primary functional abnor- 
mality of  the membrane requires a very extensive and refined study of many 
physiological variations that  also result in pattern alterations. We suggest, in 
particular, that  electrophoretic comparisons in future studies of hemolytic  
disease be accompanied by  appropriate consideration of the contribution of  
chronologically young cells in the population,  the frequently observed metabolic 
lability of  the abnormal cells and the altered pattern of partitioning between 
cytoplasm and membrane that may be encountered.  
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