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The metabolic potential of erythrocyte ghosts* 

Al though  the  s t ruc tu re  of t he  h u m a n  e ry t h rocy t e  ghos t  ha s  been ex tens ive ly  s tudied,  no 
metabol ic  inves t iga t ions  wi th  morphological ly  in tac t  pos t -hemoly t i c  cells have  as ye t  been 
reported.  A t echn ique  sui table  for measu r i ng  metabol ic  t u r n o v e r  in cellular ghos t s  as con t r a s t ed  
wi th  non-cel lular  pos t -hemoly t i c  debris  or s t r o m a  is repor ted  here. Ghos t s  der ived f rom hemo-  
lysa tes  p roduced  wi th  water ,  m a d e  s u b s e q u e n t l y  isotonic wi th  ei ther  NaCl or KC1, centr i fuged,  
washed  wi th  Krebs -R inge r  b ica rbona te  buffer, su spended  in p lasma,  and  equi l ibra ted kinet ical ly  
unde r  5 % CO2-95 % O2 at  3 7 ° C  have  been found useful  in s t u d y i n g  glycolytic react ions  as 
affected par t icu la r ly  by  nucleosides.  The  p repara t ion  ha s  been found to be cellular wi th  assor ted  
sizes of ghos t s  and  he te rogeneous  in p igmen ta t ion ,  bu t  re la t ively  free of noncel lu lar  f r a g m e n t s  
and  u n h e m o l y z e d  e ry throcytes .  Cell coun t s  have  been made,  and  the  metabol ic  behav ior  of such  
t issue compared  s imu l t aneous l y  wi th  in tac t  e ry throcytes .  Ghos ts  so prepared  are orange  red in 
color con ta in ing  app rox ima te ly  20°..o of hemoglobin ,  pools of ester, inorganic  and  lipid phos-  
phorus ,  and  small  a m o u n t s  of p o t a s s i u m  and  sod ium ions, the  la t t e r  d e p e n d e n t  upon  the  electro- 
lytes used  to render  t he  hemolysa t e  isotonic. 
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Fig. 3. Effect  of adenos ine  on p l a sma  inorganic  
phospho rus  of ghos t  p l a sma  suspens ions  at  
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Fig. 2. Convers ion of p l a sma  inorganic  phos-  
phorus  to cellular ester  phospho rus  by  adenos ine  
in ghos t  p l a sma  suspensions .  ©, • E x p e r i m e n t s  
i and  2. Adenos ine  0.388 m M / 5 o  ml suspension.  

37 c' C. Cells f rom one day  old, heparinized,  white  cell free, whole blood in homologous  hepar inized 
p l a sma .  5 ° ml cell suspens ions  (i : i packed  cells to p lasma)  were equi l ibra ted  wi th  o.388 m M  
adenosine  and  0.88 ml of o . I i  M p h o s p h a t e  buffer  unde r  5 %  CO2-95% Oz- Average p H  = 
7.42 ± o.o5. O I so ton ic i ty  of hemo l ysa t e  res tored wi th  o.62 % NaC1; • Same. No adenosine;  X,  

I so tonic i ty  of hemo l ysa t e  res tored wi th  o.79 % KC1. 

Addi t ion  to the  ghos t  p repara t ion  of r ibosides such  as adenosine,  guanosine ,  and  inosine 
causes  an  appreciable  convers ion of p l a s m a  inorganic  p h o s p h o r u s  to organic acid soluble phos-  
phorus  (Figs. i and  2). The  a m o u n t  of p h o s p h a t e  exchange  is of a m a g n i t u d e  s imilar  to t h a t  
caused in in tac t  e ry th rocy te s  by  adenosine  a l though  the  p re l iminary  kinet ics  indicate  t he  m a n n e r  
of t r an spo r t  no t  to be the  same  in each. Unfort i f ied ghos t  suspens ions  are unab le  to p romo te  
p h o s p h a t e  esterification, in fact,  af ter  several  hours  the  p l a sma  inorganic  phosphorus  increases  
a t  the  expense  of the  cellular ester  pool. These  observa t ions  agree qua l i t a t ive ly  wi th  publ ished 
da t a  where  r ibosides have  been shown  to cause  esterif icat ion in whole cells and  in f rozen- thawed 
hemolysa tes l ,  2. Significant  differences be tween  s t romal  and  int racel lular  phospho ry l a t ed  inter-  
med ia te s  have  also been d e m o n s t r a t e d  3 and  an influence of adenos ine  upon  the  s t roma l  f ract ion 
s t a ted  4. The  p ronounced  and  readi ly  measu red  influence of nucleosides on tile metabol ic  behav ior  

* This  research was suppor t ed  by  a g r a n t  in aid f rom the  Massachuse t t s  Division of t he  
Amer ican  Cancer  Society and  by  a Con t rac t  wi th  the  Surgeon General  of the  Uni ted  Sta tes  Army.  
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Galacto-waldenase and the enzymic incorporation of 9alactose 
1-phosphate in mammalian tissues 

I t  has  been  found  p r e v i o u s l y L 2  t h a t  e x t r a c t s  of g a l a c t o s e - a d a p t e d  Naccharomyce.~ ./ragi/i., 
c a t a l y z e  t he  i n c o r p o r a t i o n  of ga l -1 - I  )*, ** in to  u r i d v l i c - b o u n d  g a l a c t o s e  a c c o r d i n g  to  t h e  f()llowin~ 
e q u a t i o n  : 

g a l - I - P  U 1 ) I ) ( ; ~  ITI)l)gal  I ( ; - i - l '  !I i  

[n t he  c o n v e r s i o n  of g a l - [ - l )  to  G - l - I  ), UDI>(;  ac t s  c a t a l y t i c a l l y  s ince  i t  c an  I)e r e g e n e r a t e d  by  
LELOIR'S g a l a c t o - w a l d e n a s e  4 : 

I ' I ) I ) g a l  ~_ lTl) l ) ( ;  (-) 

R e a c t i o n  (]) is a n o n - p y r o p h o s p h o r o l y t i c  t y p e  of u r i d y l  t r a n s f e r  c a t a l y z e d  by  an  e n z y m e  whiuh  
we cal l  G P  u r i d y l  t r a n s f e r a s e  in c o n t r a s t  to  P l  ) u r i d y l  t r a n s f e r a s e  a which  c a t a l y z e s  the  r e v e r s i b l e  
p y r o p h o s p h o r o l y s i s  of U D | ) ( ;  : 

I I ) I ) G  ; l ) I ) ,  -~- l - I l '  : ( ; - l - l )  (3! 

\Ve h a v e  n o w  d e m o n s t r a t e d  t he  p r e s e n c e  of l a rge  a m o u n t s  of bo th  ( ;1 '  u r i d y l  t r a n s f e r a s e  
a n d  g a l a c t o - w a l d e n a s e  in r a t  a n d  ca l f  l iver .  Moreover ,  s ince  t he  t r a n s f e r a s e  is ab le  to  r e s i s t  h e a t i n g  
to  5 ° c e n t i g r a d e  a t  p H  5.9, i t  c an  be s e p a r a t e d  f rom the  h e a t  lab i le  g a l a c t o - w a l d e n a s e .  The  
s e p a r a t i o n  of t h e  t w o  e n z y m e s  m a k e s  
i t  p o s s i b l e  t o  p r e p a r e  U D P g a /  of 
su f f i c ien t  p u r i t y  for use  in a s i m p l e  
s p e c t r o p h o t o m e t r i c  a s s a y  for g a l a c t o -  
w a l d e n a s e .  U D P g a l  was  f o r m e d  f rom 
U D P G  in t h e  f o l l o w i n g  s y s t e m  : l ive r  
G P  u r i d y l  t r a n s f e r a s e  (I o m g  p ro te in ) ,  
g a l - x - P  28 /*moles ,  U D P G  [o t, moles ,  
T P N  20 # m o l e s ,  g lucose  [ , 6 -d iphos -  
p h a t e  o .oI  /nno les ,  c y s t e i n e  3oo 
# m o l e s ,  MgC12 5 0 o / , m o l e s ,  phos -  
p h o g l u c o m u t a s e  a n d  g lucose- ( ) -phos-  
p h a t e  d e h y d r o g e n a s e  in 2o ml  of o. i 
3 I  t r i s  buf fer  p H  8. G-z - l )  f o rmed  
in  t h i s  s y s t e m  ( E q u a t i o n  [) w a s  
r e m o v e d  b y  t he  s u c c e s s i v e  a c t i o n  of 
p h o s p h o g l u c o m u t a s e  a n d  g lucose-0-  
p h o s p h a t e  d e h y d r o g e n a s e .  The  over -  
al l  cou r se  of t h e  r e a c t i o n  was  fo l lowed 
b y  m e a s u r i n g  T P N  reduced .  F o u r  
Hmoles  of U D P g a l  c o n t a i n i n g  801) 
i m p u r i t y  of U D P G  was  i s o l a t e d  from 
the  r e a c t i o n  m i x t u r e  b y  a d s o r p t i o n  
a n d  e l u t i o n  ' f rom D a r c o  s fo l lowed  
b y  p a p e r  c h r o m a t o g r a p h y  in n e u t r a l  
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Fig. I. Assay  m i x t u r e  c o n t a i l ] e d :  [ Dl)ga l ,  DI )N o. 5 
/~moles, a n d  c y s t e i n e  5 / , ,moles  in 0. 5 ml  o . i  31 g l y c i n c  
buffer  a t  p H  8.6. U D P G  d e h y d r o g e n a s e  a d d e d  a t  o t i m e  

G a l a c t o - w a l d e n a s e  a d d e d  a t  i n d i c a t e d  t ime .  

e t h a n o l  a m m o n i u m  a c e t a t e  s o l v e n t  6. U D l ) g a l  was  a s s a y e d  1)y c o n v e r s i o n  t(, I 'D1)G which  is abh.  
to  r e d u c e  D P N  in t he  p resence~) f  I ! D P G  d e h y d r o g e n a s e  7 (see Fig. [). 


