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t h e  degree of hydrolys is .  This  suppor t s  t he  suppos i t i on  of 
GEORGE et  el. to t h a t  changes  in  t he  so lva t ion  e n t h a l p y  
are  p r i m a r i l y  of s ignif icance as regards  t he  change  in t h e  
free e n t h a l p y  on  A T P  hydrolys is .  These  changes  in t he  
h y d r a t e  s t r u c t u r e  m u s t  be  c o n n e c t e d  w i t h  a cor respond-  
ingly  large  change  in t he  die lect r ic  p roper t i e s  of t he  
sys tems.  The  hydro lys i s  of t h e  A T P  hence  cont ro l s  t he  
i n t e rmo lecu l a r  i n t e r ac t i ons  in  t h e  s y s t e m  inves t iga ted .  
Since h y d r o l y s i n g  A T P  is p r e s en t  in  m o s t  biological  

sys tems,  i t  is c lear  t h a t  t h e  effect  obse rved  is of b iological  
s ignif icance.  

Zusammen/assung. Es  wurde  die H y d r o l y s e  yon A T P  
in  w/~ssrigen L 6 s u n g e n  I R - s p e k t r o s k o p i s c h  u n t e r s u c h t .  
I n n e r h a l b  k le iner  H y d r o l y s e g r a d - B e r e i c h e  t r e t e n  enorme  
Ver~Lnderungen a n  den  B a n d e n  der  Wassermoleki i le ,  
i n sbesondere  an  der  To r s ions schwingung  auf. Die Be- 
d e u t u n g  dieses Ef fek t s  wi rd  d i sku t ie r t .  
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Comparison of Preparations of Erythrocyte Membranes and Membrane Proteins 
by SDS-Gel Electrophoresis 

I n  t h e  p a s t  decade  a large n u m b e r  of p rocedures  for 
p r e p a r a t i o n  of red cell m e m b r a n e s  a n d  red cell m e m b r a n e  
p ro t e in  f r ac t ions  h a v e  appeared .  T he  re su l t ing  a r r a y  of 
p r o t e i n  f r ac t ions  a n d  p roper t i e s  ha s  r ecen t ly  been  
descr ibed  as ' bewi lder ing '  1. I f  a t t e n t i o n  is conf ined  on ly  
to  p ro t e in  p r e p a r a t i o n s  m a d e  b y  p e r t u r b a t i o n  of ionic 
s t r eng th ,  t he re  are ra re ly  two  p r e p a r a t i o n s  of wa te r - so lub le  
p ro t e in  t h a t  are m a d e  in  exac t ly  t he  same  w ay  w h e t h e r  
t h e  s t a r t i n g  ghos ts  are t he  same or not .  These  v a r i a t i o n s  
m a k e  i t  e x t r e m e l y  d i f f icul t  to  c o m p a r e  t h e  resu l t s  of 
d i f fe ren t  l abora tor ies ,  or even  of t he  same l a b o r a t o r y  a t  
d i f fe ren t  t imes.  Ye t  i t  seems p r o b a b l e  t h a t  m a n y  m e t h o d s  
should  yield p r e p a r a t i o n s  w i t h  s imi la r  proper t ies ,  s ince 
t he  p r e p a r a t i o n  m e t h o d s  are s imi la r  in  pr inc ip le  if no t  
iden t i ca l  in  detai l .  

I n  t h e  course of s tud ies  of t h e  p r inc ipa l  wa te r -ex-  
t r a c t a b l e  p ro t e in s  we h a v e  c o m p a r e d  t he  p r o t e i n  compo-  
s i t ion  of a n u m b e r  of p r e p a r a t i o n s  of ghosts  and  of 
wa te r - so lub le  ghos t  p ro t e in s  b y  gel e lec t rophores is ,  to  
fac i l i ta te  compar i son  of our  resul t s  w i t h  t he  l i t e ra tu re .  

Materials and methods. Blood  was o b t a i n e d  as f resh 
un i t s  u n s u i t a b l e  for t r an s f u s i on  a n d  used w i t h i n  a week. 
Cells w a s h e d  3 t imes  w i t h  0.16 M NaC1 were used for 
m o s t  ghos t  p r e p a r a t i o n s ;  for  p r e p a r a t i o n s  r equ i r ing  low 
ionic s t r e n g t h  media ,  NaCl -washed  ceils were washed  
twice  in large vo lumes  of 0.32 M glucose, wh ich  p roduced  
d u m p i n g .  

All  chemica ls  were o b t a i n e d  f rom commerc ia l  sources 
a n d  used w i t h o u t  f u r t h e r  pur i f ica t ion .  Dis t i l led  w a t e r  
was  deionized and  redis t i l led  f rom glass. 

A l iquo t s  of ghos t  p r e p a r a t i o n s  a n d  of p r e p a r a t i o n s  of 
wa te r - so lub le  p ro t e i n  were ana lyzed  b y  sod ium dodecy l  
su l fa te  gel e lec t rophores is  accord ing  to  t h e  m e t h o d  of 
FAIRBANKS et  el. 2. T he  m o n o m e r  c o n c e n t r a t i o n  was 
r educed  to 4%,  a t  c o n s t a n t  a c r y l am i de :  bisacrylamide 
rat io.  Af te r  s t a in ing  for p ro t e in  w i t h  Coomassie  b lue  2, 
gels were p h o t o g r a p h e d .  P r o t e i n  b a n d s  are  n u m b e r e d  
accord ing  to CARRAWAY a n d  SHIN ~. 

Results. Ten  p r e p a r a t i o n s  of ghos ts  were made,  accord-  
ing to  each  a u t h o r ' s  d i rect ions .  SDS-gel  e lec t rophore t i c  
p a t t e r n s  of these  p r e p a r a t i o n s  are shown  in F igure  1. The  
p r e p a r a t i o n s  m a d e  b y  low ionic s t r e n g t h  hemolys i s  a t  
n e u t r a l  to  a lkMine p H  (A~;-) are  qu i t e  s imi la r  in  compo-  

si t ion,  w i t h  t he  p r inc ipa l  v a r i a t i o n s  be ing  in t he  low 
molecu la r  we igh t  b a n d s  8-10 a n d  hemoglob in .  B a n d  10 
is no t  r e t a ined  b y  ghosts  be low 20 i m o s M  (note t h a t  t he  
p r e p a r a t i o n s  in  F a n d  G are m a d e  a t  a b o u t  10 imosM)  
whi le  b a n d  8 appea r s  to  be m i n i m a l l y  r e t a i n e d  a t  20 
imosM.  The  presence  of E D T A  in t he  lysis m i x t u r e  does 
no t  affect  these  results ,  s ince A a n d  F (p repared  w i t h  
E D T A )  are respec t ive ly  e q u i v a l e n t  to  C a n d  G (p repared  
wi thou t ) .  The  deple t ion  of b a n d  10 be low 20 i m o s M  
corre la tes  w i t h  loss of t he  p e r m e a b i l i t y  ba r r i e r  to  A T P  s 
a n d  w i t h  des t ab i l i za t ion  of m e m b r a n e  p ro t e in  confor-  
m a t i o n  19. Ghos t s  p r e p a r e d  a t  p H  4.6 (H) gave  b lu r r ed  
pa t t e rns ,  a n d  show dep le t ion  in b a n d  8 a n d  a p p a r e n t  
e n r i c h m e n t  in  b a n d s  1, 9, a n d  10. The  p r e p a r a t i o n s  m a d e  
w i t h  T r i t o n  X-100  a t  zero ionic s t r e n g t h  (I) are also 
c o m p a r a b l e  to  t h e  o the r  ghos t  p repa ra t ions ,  w i t h  loss of 
b a n d  10 a n d  poss ible  loss of b a n d s  5 a n d  6. P r e p a r a t i o n s  
in T r i t o n  X-100  a t  non-zero  ionic s t r e n g t h  are dep le ted  
in b a n d s  4, 5, 6, 8, a n d  10. I t  shou ld  be  n o t e d  t h a t  t he  
a p p a r e n t  v a r i a t i o n s  in  b a n d s  1-4  in t he  gels shown  in 
F igure  1 are p r i m a r i l y  due  to over loading,  as can  be  seen 
b y  compar i son  of gels w i t h  less p r o t e i n  (not  shown).  
Over load ing  was del ibera te ,  to  increase  t he  i n t e n s i t y  of 
t h e  m i n o r  bands .  

Nine  p r e p a r a t i o n s  of w a t e r  soluble  p ro te ins  f rom 
ghos ts  m a d e  b y  e x t r a c t i o n  a t  low ionic s t r e n g t h  are 
shown  in F igure  2. These  were also m a d e  accord ing  to t h e  
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respec t ive  a u t h o r ' s  d i rect ions ,  excep t  tha~  t h e  gel 
c h r o m a t o g r a p h y  s tep  in t h e  p r e p a r a t i o n  of ' spec t r i n '  was  
no t  per formed.  The  p r inc ipa l  p ro t e in  of these  p repa ra -  
t ions  is t he  h igh  molecu la r  we igh t  double t ,  b a n d  1. The  
o t h e r  i r e q u e n t l y  occur r ing  p r o t e i n  is b a n d  7, which ,  
l ike hemoglob in ,  is p r e s e n t  in  t h e  low ionic s t r e n g t h  
e x t r a c t  if i t  was  o r ig ina l ly  p r e sen t  in  t h e  ghost .  P r e p a r a -  
t ions  m a d e  a t  s l igh t ly  h igher  ionic s t r e n g t h  (P l ,  F igure  2B) 
t e n d  also to con t a in  b a n d s  5 and  10. The  ' t e k t i n '  p r epa ra -  
t ion  (I) con ta ins  a'n u n u s u a l l y  h igh  c o n c e n t r a t i o n  of b a n d  1, 
plus  a no t i ceab le  q u a n t i t y  of b a n d  3. ' S p e c t r i n '  (G) a n d  
FAIRBANKS et  al 's  E D T A  p r e p a r a t i o n  (H) c o n t a i n  on ly  
b a n d  1, plus  Hb ,  re f lec t ing  in p a r t  t h e  dep le t ion  of low 
molecu la r  we igh t  b a n d s  in t he  ghos ts  f rom wh ich  these  
p r e p a r a t i o n s  were made.  'P2'  (C), ' f ib r i l la r  p ro t e in '  (D), 
a n d  ' t o rus  p ro t e in '  (E) also c o n t a i n  smal l  q u a n t i t i e s  of 
o the r  bands ,  p r o b a b l y  due  to n o n s e d i m e n t e d  m e m b r a n e  
f r a g m e n t s  or to  s l igh t  proteolysis .  B a n d  7 m a y  be 
pur i f ied  f rom these  p r e p a r a t i o n s  b y  p r ec ip i t a t i on  of m o s t  
of t he  b a n d  i a n d  o the r  p ro t e in  a t  p H  5.3, fol lowed b y  
c o n c e n t r a t i o n  (F). The  b a n d s  deple ted  f rom the  ghos t  
p r e p a r a t i o n  s h o w n  in F igure  1 (J) are  n o t  found  in t h e  
f inal  s u p e r n a t a n t  (Figure  2, J) of t h a t  ghos t  p r e p a r a t i o n .  

Severa l  e x t r a c t i o n s  a t  h i g h  ionic s t r e n g t h  were made,  
a t  1 M NaC1, I M KSCN,  an d  accord ing  to IRefer- 
ences2, 7,x6,~,~s. E x t r a c t i o n  was var iab le ,  b u t  t h e  pre-  
d o m i n a n t  e x t r a c t e d  p ro t e ins  were b a n d  1, and,  for  p repa -  
r a t i o n s  m a d e  below 1 M in salt,  b a n d  8 an d  t r aces  of 
o t h e r  p ro te in .  The FaIRBANIZS et  al. 2 sa l t  p r e p a r a t i o n  
was especial ly  cIean, y ie ld ing  m o s t l y  b a n d  8 p lus  a t r ace  
of b a n d  1, as obse rved  b y  othersa .  
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Fig: i. Comparison of ghost preparations. SDS-gel electrophoretic pattern of ghosts prepared according to the following references with 
Iysis medium indicated: A) HOGEVEEN, JULIANO, COLEMAN and I~OTHSTEIN 4, final step 20 mosM% NaC1-NaPO4, PH 7.2. B) BRAmLEY, 
COLE~IAN and F]NEAN 5, 40 imosM NaHCO3, PH 7.2. C) DODGE, MITCHlSLL and HANAHAN 6, 20 ilnosM NaPO a. D) BRAMLEY et alJ, 10 
imosM NaHCO~. E) DODGF. et al.% 5 imosM. F) FAIRBANKS, STECK and WALLACH ~, 5ram (approx. 13 imosM) NaPOa, pH8.0.G)MARcHEsI, 
STEERS, IA/~ARCHESI and TILLACK ~, 5 In~ r (10 imosM) Tris HC1 + traM EDTA, pH 7.5. H) BALLANTINE 8 0.] mM acetic acid, pH approx. 3. 
I) MAZda and RuBY 9, lysed in 'zero' ionic strength 0.1% Triton X-100, washed in 20 m M  (40 imosM) ammonium acetate, pH 6.5. J) FURTH" 
MAYR and TIMPL 1~ as I) but nonzero ionic strength at lysis. Gels prepared and run as in text; 'channelling' and overloading of major bands 
result from applications of protein sufficient to produce photographable minor bands. Bands numbered according to CARRAWAY and SHIN 
H = hemoglobin; F = dye front, a Abbreviation: (i)mosM, (ideal) miliiosmolar. 



142 Speeialia EXPERIENTIA 30[2 

A B 0 D E F 0 H I d 

Fig. 2. Comparison of low ionic strength protein extracts. A) Ghosts (same as Figure 1A). B-F) Extracts were made from ghosts of Figure 1A: 
B) 'PI ' ,  JULIA~O, ROTRSTEIN and LAVoY n, overnight extract at 25~ in 20 mosM NaC1-NaPOd, pH 7.2, centrifuged at 35,000 • g for 
1 h. C) 'P2', JULtANO et al. n, pellet from P f  dialysed overnight vs. 1 mM EDTA, pH 8.5, centrifuged 140,000 x g 1 h. D) 'fibrillar protein', 
ROSENTHAL, KaEOENOW and MOSES I~, dialysis of ghosts vs. 0.5 mM EDTA, pH 7.4, centrifuged at 140,000 • g, 1 h. E) 'torus protein' 
HARRIS 13, atSO HAGGIS 14, dialysis vs. distilled water, adjusted to pH 7.5, frozen and thawed, centrifuged 140,000 • g, 1 h. F) Supernatant 
of E) after precipitation of protein at pH 5.5, centrifugation, and concentration. G) 'spectrin', MARCHXSI et al. v, dialysis of their ghosts 
(Figure 1G) vs. 5 mM EDTA, 2 mM mercaptoethanol, pH 7.5; 35,000 • g pellet re-extracted with distilled water, 15 rain at 22~ pooled 
supernatant centrifuged 140,000 • g, 1 h. H) 'EDTA extract' ,  FAIRBANKS et al. 2, extracted from their ghosts (Figure 1F) by stirring ghosts 
15 mill at 37~ with 0.1 mM EDTA, pH 8, and centrifuged 140,000 • g, 1 h. I) ' tektin',  MAZlA and RuBY ~ or CLARKE 15 from MAZlA and 
RuBY ghosts (Figure 1I) dialysed overnight vs pH 9.5 distilled water, centrifuged 140,000 x g. J) Last supernatant of preparation of FURTH- 
MAYR and TI~PL ghosts, Figure 1J, showing absence of 'missing' protein bands. 

T h e  h i g h - m o l e c u l a r  w e i g h t  d o u b l e t ,  b a n d  1, h a s  b e e n  
t h e  s u b j e c t  of  c o n s i d e r a b l e  i n t e r e s t  a n d  s p e c u l a t i o n  12, v, 9, 
11, 3,15. B e c a u s e  of  v a r i a t i o n  in  r e p o r t e d  m o l e c u l a r  w e i g h t  
for  t h e  h i g h  m o l e c u l a r  w e i g h t  d o u b l e t  ~, a, ,, v, 9,11, 45 i t  h a s  
n o t  p r e v i o u s l y  b e e n  k n o w n  if t h e  v a r i o u s  w a t e r - s o l u b l e  
p r o t e i n  p r e p a r a t i o n s  c o n t a i n e d  t h e  s a m e  c o m p o n e n t s ,  i t  
is c l ea r  f r o m  our  r e su l t s  t h a t  t h e  w a t e r - s o l u b l e  r e d  cel l  
p r o t e i n  e x t r a c t i o n s  in  t h e  l i t e r a t u r e  y i e ld  a s m a l l  n u m b e r  
of c o m p o n e n t s ,  a n d  t h a t  t h e  e x a c t  e x t r a c t i o n  p r o c e d u r e  
is n o t  e spec i a l ly  cr i t ica l .  T h e  m o s t  h o m o g e n o u s  p r e p a r a -  
t i o n s  of  b a n d  i a re  o b t a i n e d  f r o m  g h o s t s  d e p l e t e d  in 
low m o l e c u l a r  w e i g h t  p r o t e i n s .  A l t h o u g h  s u c h  g h o s t s  a re  
p e r m e a b l e  t o  A T P ,  a n d  t h u s  n o t  ' n a t i v e  's,  t h e y  a re  
c l ea r ly  t h e  p r e f e r r e d  m a t e r i a l  for  e x t r a c t i o n  of t h e  h i g h  
m o l e c u l a r  w e i g h t  d o u b l e t .  

Rdsumd. Qu e lques  p r 6 p a r a t i o n s  de  m e m b r a n e s  6 r y t h r o -  
c y t a i r e s  e t  de  l eu r s  p r o t 6 i n e s  e x t r a i t e s  en  p h a s e  a q u e u s e  
o n t  6t6 c o m p a r d e s  p a r  61ect rophor6se  sur  gel  de  S D S -  
p o l y a c r y l a m i d e .  De  fa ib les  d i f f6 rences  s e u l e m e n t  o n t  4t6 
no t6e s  d ' u n e  p r 6 p a r a t i o n  ~ l ' a u t r e .  Les  e x t r a i t s  o b t e n u s  

5  ̀fo rce  i o n i q u e  b a s s e  ou 41ev6e c o n t i e n n e n t  t o u s  la  m 6 m e  
p r o t 6 i n e  de  p o i d s  mo l6cu la i r e  61ev6 ( ' spec t r i ne ' )  m a i s  
d i f f e r e n t  q u a n t  5, leur  co r t t enu  en  p e p t i d e s  de  fa ib le  p o i d s  
mol6cu la i re .  Les  p r d p a r a t i o n s  o b t e n u e s  5  ̀ l ' i n t 6 r i e u r  de  
c h a q u e  g r o u p e  s ' a v ~ r e n t  f o n d a m e n t a l e m e n t  s e m b l a b l e s .  
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