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Demonstration of Two ATPases in Human Erythrocyte Membranes 

I n  1960 P o s t  e t  al. ~ descr ibed  a n  A T P a s e  a c t i v i t y  in 
p r e p a r a t i o n s  of e r y t h r o c y t e  m e m b r a n e s  which  is i nvo lved  
in t he  ac t ive  t r a n s p o r t  of m o n o v a l e n t  cat ions .  V a r y i n g  
repor t s  h a v e  b e e n  pub l i shed  since on t he  sens i t iv i ty  of 
red cell m e m b r a n e  A T P a s e  to -SH reagents .  Whi l e  organic  
mercur ia l s  (e.g. Sa lyrgan)  were found  to i n h i b i t  t he  
e n z y m a t i c  a c t i v i t y  a t  50% w i t h  a c o n c e n t r a t i o n  of 
0.15 mM*,  a p p a r e n t l y  no  i n h i b i t i o n  could be  obse rved  
of N - e t h y l m a l e i m i d  (NEM) on the  A T P a s e  of h u m a n  
e r y t h r o c y t e s  a. I n  con t ras t ,  TOSTESON ~ found  t h a t  N E M  
readi ly  b locks  t he  Na+, K+-sens i t ive  A T P a s e  of sheep 
red  cell m e m b r a n e s ,  b u t  no t  the  Na+, K+- insens i t ive  
enzyme,  t h u s  r e sembl ing  t he  ac t ion  of cardiac  glycosides. 
The  d a t a  p r e sen t ed  here  ind ica te  a s imi la r  d i f f e ren t i a t ion  
of ATPases  in  h u m a n  e r y t h r o c y t e  m e m b r a n e s ,  w i t h  
respec t  to  i m p a i r m e n t  b y  NEM.  

Hemoglob in - f r ee  r e d  cell m e m b r a n e  f r a g m e n t s  were 
p r e p a r e d  accord ing  to  POST ~. T h e y  conta ined ,  as shown 
b y  a m p e r o m e t r i c  t i t r a t i o n  ~, a n  average  of 0.046 ~M-SH/ 
m g  p ro t e in  (range 0.035-0.061 n = 12) and  l i be r a t ed  in 
the  assay  s y s t e m  of NAKAO 6 1 . 0 7 a M  P O 4 - - / m g  
p r o t e in  (range 0.57-1.67, n = 12). The  m e m b r a n e  frag- 
m e n t s  were i n c u b a t e d  w i th  severa l  c o n c e n t r a t i o n s  of 
N E M  (purif ied b y  sub l ima t ion)  in 0 . 0 4 M  Tris-HC1 buffer  
p H  7.4 a t  4~ an d  the  ac t ion  of N E M  was cont ro l led  
over  a per iod of 2 h b y  -SH t i t r a t i o n  a n d  A T P a s e  assay  
of samples  t a k e n  s imul taneous ly .  SH t i t r a t i o n s  were  car- 
r ied ou t  w i t h i n  5 ra in  a f te r  sampl ing .  An  excess of cys te ine  
was  added  to  t h e  A T P a s e  assay  s y s t e m  to  b lock  f u r t h e r  
ac t ion  of NEM.  

The  i n a c t i v a t i o n  of m e m b r a n e  A T P a s e  b y  N E M  is 
swif t  a n d  does n o t  r u n  para l le l  to  t he  r a t e  of -SH  b lockade  
(Figure 1, a a n d  b). A t  a c o n c e n t r a t i o n  of 0.5 v M  N E M /  
~ M  t i t r a t a b l e  -SH,  t he  e n z y m a t i c  a c t i v i t y  decreases  
w i t h i n  10 m i n  of i n c u b a t i o n  to  t he  50% level, r each ing  
a loss of 72% a f t e r  120 min.  T h e  co r respond ing  b lockade  
of -SH  groups  a m o u n t s  to  15% and  22% respect ively .  
A l t h o u g h  two-  a n d  fourfold  excess of N E M  f inal ly  leave  
on ly  a b o u t  20% of t he  t i t r a t a b l e  -SH  groups  of t he  m e m -  
b r a n e  f r a g m e n t s  unreac ted ,  no  s u b s t a n t i a l  f u r t h e r  effect  
on  t he  A T P a s e  is e l ic ted b y  the  h igher  N E M  concen-  
t r a t ions .  

Two possible  i n t e r p r e t a t i o n s  of these  d a t a  are:  (1) The  
e n z y m a t i c  a c t i v i t y  is conf ined  to  one molecule.  20% of 
th i s  e n z y m e  is no t  accessible for NEM.  (2) The  m e m b r a n e  
A T P a s e  a c t i v i t y  is r ep re sen t ed  b y  2 i n d i v i d u a l  enzymes ,  
on ly  one of wh ich  is b locked  b y  NEM.  In  a f i rs t  a t t e m p t  
to  rule  ou t  one of t he  two possibil i t ies,  m e m b r a n e  t rag-  
m e n t s  were sub jec ted  to  t r y p t i c  d iges t ion  in a n  au to-  
t i t r a to r .  No m e a s u r a b l e  hydro lys i s  could be  de tec ted ,  
b u t  all A T P a s e  ac t i v i t y  was lost  w i t h i n  a few m i n u t e s  
a l t e r  t he  add i t i on  of t r y p s i n  (Figure 2). Since i t  is dif- 
f icul t  to  assess how the  b u l k y  t r y p s i n  molecule  could 
h a v e  b e t t e r  access to  t he  m e m b r a n e  A T P a s e  t h a n  t he  
low molecu la r  NEM,  t he  second poss ib i l i ty  appea r s  to  
be t he  more  feasible  one. The  t r y p s i n  effect, fu r the rmore ,  
p o i n t s  to  a sur face- loca l iza t ion  of t he  2 enzymes ,  wh ich  
can  be e i the r  a t  t he  ou te r  or the  inne r  surface  of t he  
m e m b r a n e  or a t  b o t h  (see also 7). I so l a t ion  of t he  e n z y m e s  
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Fig. 1. Membrane  ATPase  incuba ted  wi th  0.5 ( - - - ) ,  2 (--) ,  4 ( - - - )  
~xM NEM/IzM t i t r a t ab le  - S H  groups for 120 rain;  (a) decrease of 
t i t r a t ab l e  SH groups, (b) decrease of ATPase  ac t iv i ty ,  in per  cent 
of in i t i a l  values.  
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Fig. 2. Membrane ATPase  (6 mg/ml) ,  i ncuba ted  wi th  2% t ryps in ;  
a t  indica ted  in te rva l s  0.5 ml  samples  p ipe t t ed  into 0.1 mg of t ryps in  
inhib i tor  a t  4~ ATPase  measured  at  t e rmina t ion  of exper iment .  

1 R. L. POST, C. R. MERRIT, C. R. KINSOLING and C. 1). ALBRIGIIT, 
J. biol. Chem, 235, 1796 (1960). 

2 p. WINS and E. SCItOFFI~;NIELS, Biochem. biophys.  Aeta  120, 341 
(]966). 

3 A. ROTIISTEIN, ci ted in R. M. SUTHERLAND, A. ROTtlSTEIN and 
•. I. WEED, J. Cell. Physiol .  69, ]85 (1967). 

4 D. C. TOSTESON, Trans.  N.Y. Aead. Sci., Ser. I I ,  27, 970 (1965). 
a H. FASOLI~, G. GUNDLACII and  F. TUR~A, Biocheln.  Z. 334, 255 

(1961). 
G T. NAKAO, K. NAOANO, K. ADAJI and M. NAKAO, Biochem. bio- 

phys.  Res. Commun.  13, 444 (1963). 
7 V. T. MARCHES1 and G. E. PALADE, Proc. Nat.  Acad. Sci. 58, 

991 (1967}. 



602 Specialia 15.6. 1969 

and iocalization exper iments ,  e.g. wi th  immunologica l  
methods ,  could subs tan t ia l ly  aid the  knowledge of mem-  
b rane  s t ructure .  

I t  has  been  suggested t h a t  the  ATPase  sys t em in red 
cell m e m b r a n e s  m a y  be represen ted  by  an ac tomyos in-  
t ype  p ro te in  s,2. In  our  hands ,  ex t rac t s  of red  cell m e m -  
branes  p repa red  by  various procedures  used for the  isola- 
t ion  of cont rac t i le  pro te ins  f rom smoo th  and s t r ia ted  
muscleg, l~ and  f rom t h r o m b o c y t e s  ~1 con ta ined  no acto-  
myosin- l ike  p ro te in  ne i ther  on b iochemical  or on 
immunologica l  analysis  ( including imnmnef luorescen t  
studies).  

Zusammenfassung. Menschliche E r y t h r o z y t e n m e m b r a -  
nen  en tha l t en  eine NEM-sens i t ive  und  eine NEM-insensi -  

t ive  ATPase ,  die wahrschein l ich  beide an Membranober -  
fl/ichen lokalisiert  sind, 
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Level  of A s c o r b i c  Acid  and i ts  Ox ida t ion  in the Liver  of the Scorp ion ,  Palamnaeus bengalensis 

I t  is well known t h a t  in all ve r t eb ra t e s  ascorbic acid 
is widely  required in me tabo l i sm in addi t ion  to  its role 
in the  synthes is  of collagen. Several  workers  have  also 
r e p o r t e d  the  nu t r i t iona l  and  metabol ic  s ta tus  of ascorbic 
acid in inve r t eb ra t e s  1, 2. However ,  no in fo rmat ion  is 
avai lable  on the  me tabo l i sm of ascorbic acid in arachnids .  
The concen t ra t ion  of to ta l  ascorbic  acid in the  l iver  of 
the  scorpion, Palamnaeus bengalensis, and  the  ra te  of 
its ox ida t ion  in th is  organ is r epor ted  here. 

Scorpions weighing app rox ima te ly  5.0 g were collected 
locally and  were used wi th in  24 h of the i r  collection. The 
l iver was r emoved  and  immed ia t e ly  used for the  es t ima-  
t ion  of ascorbic acid ~ using a K l e t t - S u m m e r s o n  colori- 
meter .  The concen t ra t ion  of ascorbic acid in each sample  
was de t e rmined  f rom a s t anda rd  curve which  was l inear 
and  was d rawn  each t ime.  The average ascorbic acid 
concen t ra t ion  f rom the  liver of 8 scorpions was found to  
be 5.567 -4- 0.426 rag/100 g d r y  weight.  

The ra te  of oxygen  consumpt ion  of the  l iver homogena t e  
w i th  ascorbic acid and  o the r  subs t ra tes  was s tudied  
manomet r ica l ly .  The t e m p e r a t u r e  of m e a s u r e m e n t  was 
32 ~ and  the  gas phase  was air. The to ta l  volume of the  
reac t ion  m ix tu r e  af ter  add i t ion  of the  homogena t e  was  
3.0 ml. The p H  of t he  incuba t ion  mix tu re  was ma in t a ined  
at  6.5 w i th  phospha t e  buffer  4. The centre  well con ta ined  
0.2 ml  of 20% KOH.  Dupl ica te  f lasks were used for each 
exper iment .  The  final  concen t ra t ions  of the  var ious  
reagents  of the  reac t ion  mix tu r e  were:  sucrose 83.3; 
p h o s p h a t e  buffer  8.8; MgC12 3.3; ascorbic acid 16.6; 
glucose, succinate  and  c i t ra te  33.3 ~moles. Readings  were 
t aken  at  10 rain in terva ls  for 60 rain. The oxygen  con- 
sum p t ion  was expressed  as Qo, (ml O J g  dry  wt. /h)  af ter  
de te rmin ing  the  d ry  weight  of the  tissue. 

The level of ascorbic acid in the  l iver of scorpion is 
compara t ive ly  less t h a n  t h a t  of the  ra t  (24.0 mg/100 ml) 
and  frog (22.0 mg/100 ml) 5. However ,  i ts  concen t ra t ion  
is as h igh  as t h a t  of the  fish (3 .2 -23 .0mg/100ml)  5. 
Similarly, the  Qo, value wi th  ascorbic acid is much  h igher  
t h a n  those  ob ta ined  for o the r  subs t ra tes  (Table). The 
ra tes  of ox ida t ion  of d i f fe rent  subs t ra tes  are:  ascorbic 
acid > c i t ra te  > glucose > succinate.  

The high concen t ra t ion  of ascorbic acid and  its rap id  
ox ida t ion  in the  l iver of the  adul t  scorpion is of par t icu lar  
in te res t  since the  collagen con t en t  of the  an imal  is negli-  
gible. Therefore,  it  m a y  be required for the  3 following 
funct ions :  (1) the  an imal  m a y  require  ascorbic acid for 

its metabol ic  act ivi t ies  as do rats6;  (2) it  may  be an 
in t e rmed ia t e  of t he  uronic acid p a t h w a y  which is inter-  
l inked wi th  the  h e x o s e m o n o p h o s p h a t e  pa thwayS;  (3) it  
m a y  be necessary  for the  me tabo l i sm of tyros ine  as is 
r epor ted  for Blatta con]uncta s. The la t t e r  m a y  be the  
major  r equ i r emen t  for ascorbic acid since oxida t ion  of 
ty ros ine  is needed for melanin  syn thes i s  of the  cuticle 
as in t he  insects% 

Qo2 (ml 02/g dry wt./h) of the liver homogenate of scorpion with 
various substrates 

Substrates Qo, 

Ascorbic acid 0.42 q- 0.025 (4) 
Glucose 0.27 q- 0.034 (5) 
Succinate 0.15 :]= 0.010 (5) 
Citrate 0.40 -4- 0.028 (5) 

The figures in parentheses indicate the number of animals used. 

Zusammenfassung. Kolor imet r i sche  und  manomet r i sche  
Un te r suchungen  zur K o n z e n t r a t i o n s b e s t i m m u n g  der  
Ascorbins~ure und  ihrer  O x y d a t i o n s r a t e  in der Skor- 
p ionsleber  bei  Palamaeus bengalensis. 
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