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ACETYLCHOLINESTERASE DURING AGING OF 

HUMAN ERYTHROCYTES 

M. V. Kamyshentsev and M. N. Blinov UDC 612.671.11.015.1:577.152.311 

Ace ty lcho l ines te rase  act ivi ty differs  in the m e m b r a n e s  of young, ma tu re ,  and old human e r y t h r o -  
"cytes: It  is highest  in the ma tu re  and lowest  in the old cel ls .  The enzymes  in young and m a t u r e  
e ry th rocy t e s  is in the fo rm of th ree ,  but in the old cel ls  in the fo rm of two molecu la r  compo-  
nents.  The r e s u l t s  suggest  that  changes in the s t ruc tu ra l  organizat ion of ace ty l cho l ines t e ra se  
in the e ry th rocy te  m e m b r a n e  have a d i rec t  bear ing  on the aging of r e d  blood cel ls .  
KEY WORDS: ace ty lcho l ines te rase ;  aging of e ry th rocy te s .  

Cons iderable  p r o g r e s s  has  r ecen t ly  been made in the study of the s t ruc tu ra l  chemica l  organizat ion of the 
ace ty l cho l ines t e ra se  (ACE) of e ry th rocy t e s ,  but the functional ro le  of this enzyme,  local ized on the outer  s u r -  
face of the cell  m e m b r a n e ,  st i l l  r e m a i n s  uncer ta in  [5, 6, 9, 12]. At the s ame  t ime ,  it is known that  during aging 
of the e ry th rocy te  population the act ivi ty of this enzyme changes  apprec iab ly  and becomes  min imal  in the o smo-  
t ical ly  mos t  f ragi le  old cel ls  [8, 10]. 

The object  of this investigation was to study whether  a connection exis ts  between the weakening of the 
osmot ic  r e s i s t a n c e  of the cel l  m e m b r a n e  (leading to aging and to subsequent  death of the e ry th rocy tes )  and a 
d is turbance of the molecular  organizat ion of ACE. 

E X P E R I M E N T A L  M E T H O D  

To sepa ra t e  e ry th rocy te s  on the bas i s  of their  matur i ty ,  s tepwise  hemolys i s  [10] with NaC1 solutions of 
different  concentra t ions  (0.40, 0.38, and 0.36~) was used. Membranes  of hemolyzed  e ry th rocy te s  were  washed 
with solutions of low ionic s t rength to r e m o v e  hemoglobin [7]. Ace ty lcho l ines t e rase  was solubil ized by incuba- 
t ion of the cel l  "ghos ts"  in 0.5~c (final concentration) solution of Tr i ton X-100 for 3 h at 37~ af te r  which it 
was f rac t ionated by e l ec t rophores i s  in a disk of polyacry lamide  gel (PAG) [2, 12]. The PAG was p r e p a r e d  with 
the po lymer  and copolymer  in a ra t io  of 41 : 1 and po lymer ized  at 60~ for 40 min. After  complet ion of e l e c t r o -  
phores i s  in gel, the act ivi ty of the enzyme was r evea led  [3]. The approximate  molecu la r  weight of the enzyme 
component  was de te rmined  by e l ec t rophores i s  of m a r k e r  proteins  of known molecular  weight: yeas t  ca ta lase  
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TABLE 1. Membrane  ACE Activi ty of E ry th rocy te s  Separa ted by Stepwise Hemolys i s  
into Age Groups (M ~: m) 

ACE activity, Number of cells in 
Erythroeytes Hemolysis in NaC1 solution units/ml population, % 

Hemolyzedin NaC1 solution: 

Old 
Mature 

Immature 

0,40?; 
0,38% 
0 36o0 

Not hem~ in 0~ NaCI 
solution 

2,71~0,24 
5,65~0,45 
5,43~0,20 

2,96~0,60 

5,2*'0,8 
45,0-----8,5 
33,2~5,7 

16.3-+2,1 

Legend. E ry th rocy te s  f rom 12 pe r sons  were  studied. 

TABLE 2. Approximate  Molecular  Weight of Components of ACE (mean 
sults of four exper iments )  

Molecular forms 
of enzyme 

Age groups of erythrocytes O f healthy persons 

young I mature t old 
I 

540 000--480 000 540 000--480 000 t 540 000--480 000 
420 000--380 000 , 285 000--270 000 1 420 000--380 000 
88 000--66 000 88 000--66 000 -- 

r e -  

Fig. 1 Fig .  2 

Fig. 1~ E l ec t ropho re s i s  {with scheme) of ACE f r o m  human e ry th ro -  
cytes  in PAG: a, a ' )  young, b, b') ma ture ,  c, c ' )  old cel ls .  

Fig. 2. E l ec t ropho re s i s  of ACE f rom e ry th rocy te s  hemolyzed  in 
0.40% NaC1 solution in PAG: a, c) healthy person,  b) patient with 
March i a f ava -  Micheli  d i sease .  

and hexokinase ,  human t r a n s f e r r i n  and albumin.  Activi ty of the enzyme in the m e m b r a n e s  was de te rmined  by 
poten t iomet r ic  t i t ra t ion  [1]. 

E X P E R I M E N T A L  R E S U L T S  

The invest igat ions conf i rmed the fact  descr ibed  in the l i t e ra tu re  that  min imal  ACE act ivi ty is p resen t  in 
old e ry th rocy te s  [8]. At the s ame  t ime,  they showed that  ma tu re  e ry th rocy te s  pos ses s  maximal  enzyme ac t iv i -  
ty (hemolysis  in 0.38-0.36% NaC1 solution), which accounts for more  than two- th i rds  of the total  e ry th rocy te  
population of human pe r iphera l  blood (Table 1). In imma tu re  e ry th rocy tes ,  maximal ly  r e s i s t an t  to hypotonic 
shock, much lower ACE act ivi ty  was d i scovered  than in ma tu re  e ry th rocy te s ,  a r e su l t  which does not agree  on 
the whole with data in the l i t e ra tu re  obtained by the u s e  of a bas ica l ly  different  method of f ract ionat ion of the 
cel l  population into age groups [4]. 
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The study of ACE f rom the e ry th rocy te s  in FAG showed that  this enzyme in the i m m a t u r e  and matu re  
human e ry th rocy te s  cons is t s  of th ree  molecu la r  f o r m s  with different  molecu la r  weights (Table 2). In old red  
blood cel ls ,  the l i fespan of which in healthy persons  is 100-120 days [10], the s t ruc tu re  of the ACE was abnor-  
mal ,  for it cons is ted  of only two f rac t ions  (Fig. 1)o 

To d iscover  whether  the inc rease  in osmot ic  f ragi l i ty  of the e ry th rocy te s  (aging of the cel l  and its sub-  
sequent death) is connected with d i sappearance  of one of the components  of ACE f rom the cel l  m e m b r a n e ,  
e ry th rocy te s  f rom patients with M a r c h i a f a v a - M i c h e l i  d i sease ,  in whom the l i fespan of the osmot ica l ly  mos t  
f ragi le  e ry th rocy te s  does not exceed 8-12 days,  were  invest igated [11]. 

The r e su l t s  showed that the osmot ica l ly  mos t  f ragi le  e ry th rocy te s  of both heal thy subjects  and pat ients  
had an identical  spec t rum  of molecu la r  components  of ACE (Fig. 2). This  sugges ts  that the aging of r ed  blood 
ce l l s ,  manifes ted  p r i m a r i l y  as weakening of the osmot ic  r e s i s t a n c e  of thei r  m e m b r a n e ,  has a d i rec t  bear ing  on 
the appearance  of the s t ruc tu ra l ly  abnormal  ACE. 
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