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Decay of red cell cholinesterase activity with cell age 

In  a series of papers ,  HOLLAND, GRFIO and others  1,2 have  p resen ted  evidence in favour  of the  
v iew t h a t  e r y t h r o c y t e  ace ty lcho l ines te rase  (ACHE) is concerned wi th  the  m a i n t e n a n c e  of the  normal  
pe rmeab i l i t y  p roper t ies  of the  cell. Thus, t h e y  have  shown t h a t  if red cells are suspended in a bi- 
c a r b o n a t e  medium,  the  add i t ion  of ace ty lchol ine  to the  sy s t em reduces ion t ransfer  and  subsequen t  
haemolys is .  The effect of ace ty lchol ine  is reversed by" the  add i t ion  of AChE int l ib i tors  2. F rom these 
and o the r  resu l t s  the  au tho r s  conclude t h a t  the  ac t ive  me tabo l i sm  of ace tv lchol ine  by  the  ceil enzyme 
is conducive  to the  p rese rva t ion  of the no rma l  ca t ion ba lance  and t h a t  mig ra t ion  of ions ill the  
di rect ion of the concen t ra t ion  g rad ien t s  occurs when the \ C h E  is inac t ive  due to lack of subs t r a t e  
or the  presence of inhibi tors .  In  view of these f indings i t  is of in te res t  to inves t iga t e  an}' decay of 
the  AChE a c t i v i t y  wi th  increas ing  age of cells. 

The AChE a c t i v i t y  of i n t ac t  human  e ry th rocy t e s  was de t e rmined  m a n o m e t r i c a l l y ;  the  me thod  
was based on t h a t  given by  :\LDRII)GI~; 3. Two suspension media  were employed,  the  first con ta in ing  
NaC1, o.15 31:MgC12 o.o35 3I ;  and  NaHCO a o.o312 M, and the  second differing from this  in hav ing  
the MgC12 replaced bv an i so tonica l lv  e q u i v a l e n t  a m o u n t  of NaCI. These solutions,  which buffer 
a t  pH 7.7 when equ i l ib ra t ed  wi th  an a tmosphe re  con ta in ing  5,o° CO2, were s tored a t  3' C. H u m a n  
e ry th rocy t e s  were prepared  for e x p e r i m e n t  by r emov ing  the  p l a s m a  from c i t r a t ed  whole blood, and 
then  washing  the  separa ted  cells th ree  t imes  with the  a pp rop r i a t e  suspension med ium by  centr i fu-  
gat ion.  The cells were then  spun down a t  a s t a n d a r d  speed for a s t a n d a r d  t ime  (2ooo r.p.m, for 
io minutes)  to ob ta in  a reproducib le  s t a t e  of pack ing  before m a k i n g  up to the required suspension 
dens i ty  wi th  btllfer. After p lacing the cell sus- 
pensions in the  m a n o m e t e r  vessels, ace tv lchol ine  
(measured from a mic romete r  syringe) was added 
to give a final concen t ra t ion  of 5.5" io a 3I. The 
vessels were fixed in posi t ion in the  t h e r m o s t a t  
a t  3 7  C and thei r  con ten t s  gassed with an a tmos-  

9 o phere of 5'?o C()~ an.d 5 .o a i r  for ten i n i n u t e s . . \  
fu r ther  ten  nmlu te s  was ai lowed for equ i l ib ra t ion  
before seal ing off the  manomete r s .  Readings  of 
the  gas o u t p u t  were then  taken  at  to m i n u t e  
in te rva ls .  

Vor the  present  i nves t iga t ion  the condi t ions  
of s to rage  of the red ceils were chosen to be 
those usua l ly  employed  in the blood banks .  A 
sample  of h u m a n  blood was t aken  and t r ea ted  
wi th  glucose ci t ra te .  I t  was i m m e d i a t e l y  d iv ided  
in to  nine sepa ra te  samples,  aud each s tored 
under  s ter i le  condi t ions  a t  2 3 '~ C. For each ex- 
p e r i m e n t  one of these  samples  was opened aml  
d iv ided  in to  two por t ions  for the p r e pa r a t i on  of 
suspensions  with and w i t h o u t  magnes ium.  The 
AChE a c t i v i t y  of each suspension was t h e n  deter-  
inined in the  m a n n e r  described,  and  the  resul ts  
shown in the figure were obta ined.  Each poin t  
in the  figure represen ts  the  mean  of a t  least  th ree  
i ndependen t  de te rmina t ions ,  with a to ta l  s ca t t e r  
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Fig. I. Decay of e r y t h r o c y t e  ace ty lcho l ines te rase  
a c t i v i t y  wi th  s torage of cells; o. 3 % cell suspen- 
sion, 5.5" io  -a ~ l  acetylchol ine .  .~ m a g n e s i u m  

present  : ® m a g n e s i u m  absent .  

of less than  3(Io. The esterase a c t i v i t y  is seen to r ema in  effect ively c o n s t a n t  for the  first ten days  
and then to fall more or less l inear ly  to a p p r o x i m a t e l y  5 o °  o of i ts  original  va lue  in a t ime  of the 
order  of 0o days ;  and t h e n  i t  falls only  s l igh t ly  ( luring t i le  succeeding 5 ° days.  When  the  blood 
sample  for the d e t e r m i n a t i o n  at  6o days  was cent r i fuged a s l ight  p i g m e n t a t i o n  of the  p l a sma  was 
observed,  ind ica t ing  the onset  of haemolvsis .  Haemolvs i s  was fur ther  advanced  in the two samples  
opened later .  In view of the finding of HOLLAN1) al ld  (;REIG t h a t  p e r m e a b i l i t y  effects were ob t a ined  
wi th  AChE inh ib i to r s  only  m concen t ra t ions  which produce  not  less t h a n  5 ° % inh ib i t ion  ~, i t  is in- 
t e res t ing  t h a t  the onset  of- haem(flysis occurs when the AChE a c t i v i t y  has decayed  to abou t  50% 
of i ts  original  value. The sudden change in the  ra te  of enzyme  decay corresponds to the onset  of 
haemolys i s  (as nea r ly  as can be ascer ta ined  from the presen t  observat ions)  bu t  i t  is uncer t a in  if these 
two are causa l ly  re la ted .  One possible e xp l a na t i on  of th is  sudden change  in the  ra te  of decay  would 
be the  exis tence  of more t h a n  one ace ty lchol ine  hydro lys ing  mechan ism,  not  all  of which lose the i r  
a c t i v i t y  dur ing  the l eng th  of t ime  of these exper iments .  

There  are m a n y  repor t s  t h a t  some d i v a l e n t  ca t ions  are ac t i va to r s  of AChE (see e.g.~). I t  is 
seen from the  figure t h a t  the presence of m a g n e s i m n  in the  buffer has ve ry  l i t t le  effect upon the 
enzyme  a c t i v i t y  in the  p resen t  sys tem.  This m a y  be due to  the  presence of o ther  ac t i va to r s  and  
does  no t  necessar i ly  imply  t h a t  magnes ium is not  an a c t i v a t o r  of the  red cell enzyme.  The add i t ion  
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of a d i v a l e n t  ca t ion  does not,  however ,  appea r  to  be of i m p o r t a n c e  in s tud ies  of th i s  k ind  wi th  i n t a c t  
red cells. 
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The aconitase of Aspergillus niger" 
JACOBSOHN et al. 1 sugges ted  t h a t  acon i tase  m a y  cons is t  of two enzymes,  one c a t a l y z i n g  the  

reac t ion  c i t r a t e  ~-  cis-aconitate and the  o ther  cis-aconitate ~ isocitrate. BUCHANAN AND ANFINSEN ~, 
however,  ob t a ined  a 23-fold pur i f i ca t ion  of acon i tase  w i t h  a r e l a t i ve ly  c o n s t a n t  r a t i o  of c i t r ic  acid 
to  isocitric acid be ing  formed f rom cis-aconitic acid t h r o u g h o u t  the  process. I n  cont ras t ,  RACKER a 
r epor t ed  t h a t  an isocitrase-citrase r a t io  in  crude h e a r t  e x t r a c t s  of 2. i, changed  to 7.5 upon  pur i f i ca t ion  
of the  p repa ra t ions .  In  his  rev iew of the  l i t e r a tu r e  on aconi tase ,  OCHOA 4 concluded  t h a t  the  ev idence  
to da te  sugges ted  t h a t  only  one enzyme  was  respons ib le  for the  equ i l i b r ium be tween  c i t ra te ,  cis- 
acon i t a t e  and  isocitrate. 

P r e l i m i n a r y  s tud ies  w i t h  e x t r a c t s  of Aspergillus niger i nd ica te  t h a t  the  acon i tase  sy s t em in 
th i s  mic roo rgan i sm is made  up of a t  l eas t  two  enzymes.  In  the  e x p e r i m e n t s  u n d e r t a k e n  c i t r ic  acid 
was d e t e r m i n e d  by  a modi f ica t ion  of the  n le thod  of NATELSON et al. 5 and  d-isocitric acid by  the  
isocitric dehydrogenase  m e t h o d  of OCHOA °. The pro te in  c o n t en t  of the  purif ied enzyme  e x t r a c t s  was  
ca l cu la t ed  from the  opt ica l  de ns i t y  observed  a t  280 and  260 mlt in  a model  DU spec t ropho tome te r .  
All enzyme  f r ac t iona t ions  were car r ied  out  in the  cold. Crude enzyme  e x t r a c t s  were p repared  by  
sonic d i s in t eg ra t i on  of the  washed  myce l iun l  f rom 24-hour  cu l tu res  of Aspergillus niger (72--4) grown 
on a r o t a r y  shake r  in the  m e d i u m  of MARTIN 7. 20 mg of cys te ine  were added,  pr ior  to  d i s in tegra t ion ,  
for each ioo  ml  of myce l i a l  suspension.  The crude sonica te  was  cen t r i fuged  a t  14,ooo r .p.m, and 
solid a m m o n i u m  sulfa te  added  to  the  s u p e r n a t a n t  to g ive  0.25 sa tu ra t ion .  After  cen t r i fuga t ion ,  the  
s e d i m e n t  was  d i sca rded  and a m m o n i u m  sul fa te  added  to  the  s u p e r n a t a n t  to  0.75 sa tu ra t ion .  The 
prec ip i ta te ,  a f ter  cen t r i fuga t ion ,  was suspended  in 3/1/lOO p h o s p h a t e  buffer (pH 7-4), the  p H  adjustecl  
to 7-4, and  the  so lu t ion  d ia lyzed  a ga in s t  the  same buffer to  which abou t  5 nag of cys te ine  per  l i te r  
had been added.  A p r o t a m i n e  sul fa te  so lu t ion  (20 mg/ml)  was  added  to  the  d i a ly sa t e  un t i l  the  r a t io  
of abso rp t ion  a t  280 to  t h a t  a t  260 In/t reached  0.63. The m i x t u r e  was then  d ia lyzed  as prev ious ly .  
Af ter  dialysis ,  the  ra t io  a t  28o : 260 m #  was  0.82. The d i a ly sa t e  was  then  t r e a t e d  wi th  solid a m m o n i u m  
sul fa te  to g ive  th ree  successive f rac t ions  w i t h  0.42, 0.55 and  0.75 s a t u r a t i o n  respec t ive ly .  Each  
p rec ip i t a t e  was  suspended  in  buffer and  dia lyzed.  The ra t io  of c i t r ic  acid to  isocitric acid as produced  
by  the  enzyme  complex  was  d e t e r m i n e d  on each of the  f rac t ions  as follows: 0.o 5 2ll t r i s  buffer 
(pH 7.4), enzyme  solut ion,  I. 5 /~moles  cis-aconitate and  w a t e r  to r.o ml wf lnme were i n c u b a t e d  in 
a smal l  p y r e x  tes t  t ube  a t  3 ° °  C in a w a t e r  ba th .  The reac t ion  was  s t a r t ed  by  the  add i t ion  of the  
cis-aconitate af ter  the  n l i x tu re  had  reached 3 ° °  C. 0. 5 ml  a l iquo t s  were r emoved  a t  the  desired t imes,  
usua l ly  1o and 20 or 20 and  4 ° m inu t e s  and  each was  added  to  o.15 vo lumes  of 0. 4 31 ace t a t e  buffer 
(pH 3.8). The m i x t u r e  was hea ted  in boi l ing w a t e r  to  p rec ip i t a t e  the  prote in ,  cooled and  then  cen- 
t r i fuged.  The s u p e r n a t a n t  was  ad jus t ed  to  p H  7.4 w i t h  KOH.  The c i t r ic  acid and  isocitric acid 
con t en t  of the s u p e r n a t a n t  was de te rmined .  The resul t s  for the  20 m i n u t e  i n c u b a t i o n  per iod are 
g iven  in Table  I. A reac t ion  m i x t u r e  minus  cis-aconitate served as an endogenous  cont ro l  and  all 
resu l t s  are correc ted  in th i s  respect .  

Since the  ra t io  of c i t r ic  acid to isocitric acid formed by  the  enzyme  solut ion,  decreased m a r k e d l y  
as the  degree of s a t u r a t i o n  wi th  a m m o n i u n l  sul fa te  was increased,  fu r the r  f r ac t iona t ion  was  under -  
taken .  The solu t ion  of the  o.55-o.75 f rac t ion  was  b r o u g h t  to o.6o and t h e n  o.75 s a t u r a t i o n  wi th  solid 
a n l m o n i u m  sulfate,  the  respec t ive  p r ec ip i t a t e s  were cent r i fuged,  suspended  in buffer and  d ia lyzed.  
The ab i l i t y  to form ci t r ic  and  isocitric acids  from cis-aconitate was then  d e t e r m i n e d  on each fract ion.  
.,ks m a y  be seen in Table  I, the  ra t io  of c i t r ic  to  isocitric acids  formed by  the  new f rac t ions  was lower  
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