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The effect of proteolytic enzymes on acetylcholinesterase activity, 
the sodium pump and choline transport in human erythrocytes 

In the course of a s tudy  of the choline t r anspor t  sys tem in human e ry th rocy tes  1 
an a t t e m p t  was made  to reInove the acetv lchol ines terase  ac t iv i ty  of these ceils by 
digest ion with pro teo ly t ic  enzymes.  I t  was found tha t  such a t r e a tmen t  will inac t iva te  
the  cholinesterase ac t iv i ty  a lmost  comple te ly  wi thout  reducing choline t r anspor t  or 
the ac t iv i ty  of the sodium pump.  This suggests t ha t  t r e a tmen t  with pro teoly t ic  en- 
z \ m e s  might  be a useful tool in the  stud\" of t r anspor t  mechanisms.  

Bank blood, usual ly  3 7 days  old, was washed several  t imes with at solution 
conta in ing I47 mM NaCI, 4 mM K('I,  2.2 mM CaCI~, I nl~'[ MgC12 and 5 mM Tris to 
give pH 7.4 at  37 q The cells were incuba ted  with and wi thout  pro teoly t ic  enzyme 
at  3 7 ;  the hematocr i t  was a round  Io °0. Af te r  the  incubat ion  the e rv th rocv tes  were 
t r ea ted  as follows. 

( 'ells used for the  measurement  of cholinesterase ac t iv i ty  were washed in isotonic 
saline;  o.5 ml of packed  cells was then lvsed in 45 ml of a solut ion conta ining z mM 
MgCL; 5 ml of o.I  M acetvlchoIine were added  and the pH ad jus ted  to 7.8. The ra te  
of hydrolys is  of acetvlchol ine was measured  by t i t r a t ing  with 5 mM NaOH at con- 
s t an t  pH. Af ter  de te rmin ing  the ra te  of hydrolys is  in this way over  three zo-min 
periods the  l ight absorp t ion  of a su i tabh ,  d i lu ted  al iquot  of the solution was measured 
at  54 ° n m  and the eholinesterase ac t iv i ty  re la ted  to the concentra t ion  of e ry throcytes .  

( 'ells used for the  measurement  of sodium and choline fluxes were washed in 
the buffer. Choline influx was measured  by incuba t ing  the cells in buffer conta ining 
[14C~choline and various concent ra t ions  of unlabel led choline ' .  The ac t iv i ty  of the 
sodium p u m p  was examined  by  incubat ing  the cells for 3 or 5 h in the presence and 
in the  absence of ouaba in  (Io/~g/ml) in a buffer conta ining io  mM K and (/.2 % 
glucose. The in t race l lu la r  N a  concent ra t ions  were measured  at  the  beginning and at  
the  end of the  incubat ion  per iod with a flame spec t ropho tomete r  af ter  the cells had 
been washed in isotonic MgC1,_, and lysed. 

The da t a  shown in Fig. I indicate  tha t  the acetvlchol ines terase  of e ry th rocy tes  
can be inac t iva ted  by  t r e a t m e n t  with pronase,  t ryps in  or chymot ryps in ;  prolonged 
t r e a t m e n t  removes v i r tua lh-  all the enzyme act iv i ty .  The hemolysis  was always less 
than 5 % and there was no significant difference between the t r ea ted  cells and  the 
control.  When  al iquots  from each ba tch  of enzyme t r ea t ed  cells and  from the controls  
were incuba ted  for z h in buffer conta in ing  2 ~uM 14C ]choline the up take  of radio-  
ac t i v i t y  I)y the  t r ea ted  cells was a lways  ident ical  to tha t  found with the control,  in 
three  exper iments  cells incuba ted  for i0  h with chymot ryps in  were used to de termine  
choline influx at  var ious  concent ra t ions  of choline so tha t  the m a x i m u m  flux and 
the choline concent ra t ion  giving half max imun l  flux could be calculated.  The average 
values for the control  cells were o.25/mlole/1 cells per  rain for the maximun~ flux 
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a n d  6.8 ,uM for  t h e  a p p a r e n t  Michae l i s  c o n s t a n t "  t im c o r r e s p o n d i n g  va lues  for  c h v m o -  

t r y p s i n  t r e a t e d  cells were  o.28 #mole/1  cells pe r  m i n  a n d  6.5 ffM. 
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Fig. i. Inactivation of the acetylcholinesterase of hunlan erythrocytes by proteolytic enzymes. 
The cells were incubated for the time indicated on the abscissa with pronase, ioo fig/nil (©); 
chyinotrypsin, 3o0 ffg/lnl (O); trypsin, 5 ° iig/ml (,.Z); and trypsin, 2oo/ig/ml (A). The cholin- 
esterase activity is expressed as percentage of the activity found with control cells that  were 
incubated without enzyme. The absolute values for the controls averaged 96o//moles acetylcholiue 
hydrolyzed per ioo 1111 cells per min and there was no significant difference between controls 
incubated in buffer for various times. 

T h e  o u a b a i n  s ens i t i ve  X a  + efflux f r o m  cells t r e a t e d  for  4 h w i t h  c h y m o t r y p s i n  

was  e x a m i n e d  in t w o  e x p e r i m e n t s ,  one  ca r r i ed  ou t  in dup l i ca t e s .  T h e  resu l t s  (Table  I) 

show t h a t  t h e  o u a b a i n  sens i t i ve  N a  + eft tux f r o m  these  cells is vir tually,  t h e  s a m e  as 

t h a t  f r o m  con t ro l  cells. H o w e v e r ,  t h e  c h y m o t r y p s i n  t r e a t e d  cells h a v e  a s l igh t ly  h i g h e r  

i n t e r n a l  N a  + a t  t h e  e n d  of t h e  i n c u b a t i o n  per iods ,  s u g g e s t i n g  t h a t  t h e  e n z y m e  m i g h t  

inc rease  t h e  leak p e r m e a b i l i t y  to  N a  +. 

W h e n  cells t r e a t e d  w i t h  c h y m o t r y p s i n  for  4 h were  a d d e d  to  i n c o m p l e t e  r h e s u s  

(D) a n t i b o d y ,  a g g l u t i n a t i o n  occur red .  C h y m o t r y p s i n  is t h e r e f o r e  s imi la r  to  o t h e r  

p r o t e o l y t i c  e n z y m e s  in r e n d e r i n g  e r y t h r o c y t e s  a g g l u t i n a b l e  b y  i n c o m p l e t e  a n t i b o d i e s  

a n d  to  e x p l a i n  th i s  p h e n o m e n o n  it ha s  been  s u g g e s t e d  t h a t  t h e  e n z y m e s  r e m o v e  

ce r t a i n  superf ic ia l  s t r u c t u r e s  f r o m  the  cell su r face  2. 

TAI~IAL 1 

OUABAIN SENSITIVE NET Na + FLUXES IN CONTROL AND CHYMOTRYPSIN TREATED CELLS 

A and A' are duplicates; the cells were pre-incubated with and without chyinotrypsin for 4 h 
before the net Na + fluxes during 5 h were measured. B: 4-h pre-incubation with and without 
chymotrypsin; net Na-  fluxes during 3 h. 

Cells lntracellular Na! (mmoles/l cells) Ouabain sensitive 
. . . .  Na 4 loss 

At  the beginning A t lhc end of the incubatio~z (mmoh's/l cells) 
of the incubation 

Withm~t ouabain II'ilh ouabain 

A control 15.8 I 1.3 16.5 5 .2 
A chymotrypsi11 16. I 13.7 I 8.8 5. i 
A' control 15' 8 I o. () 18. o 7" I 
A' chynlotrypsin i6.I I3.8 t9.6 5.8 
B control I 1 .o 9.(5 12.7 3,1 
B chymotrypsin i2. 3 1 1. 7 13. 3 3.0 
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The results  descr ibed indicate  t ha t  the acety lchol ines terase  of e ry th rocy tes  is 
readi ly  accessible to pro teo ly t ic  enzymes. The failure of these enzymes to affect choline 
t r anspor t  and the sodium tmmp even af ter  prolonged incubat ion  suggests tha t  the 
ou tward  facing par t s  of these t r anspor t  inechanisms are ei ther  not  accessible or resis 
t an t  to the enzymes used. MAr¢CHESi AXD IL-\LADE a found tha t  the ( N a ~ - K ) - a c t i v a t e d  
ATPase  in the ghosts  of guinea-pig  e r v t h r o c \ t e s  is r ap id ly  inac t iva ted  by  t rypsin  
but  t ha t  this inac t iva t ion  can be largely p reven ted  by pre incuba t ing  the ghosts with 
A'I 'P and Mg ') . The exper iments  repor ted  here were done with in tac t  cells conta in ing 
:VFP; the  sodium pump m a y  therefore have been p ro tec ted  arid it is possible tha t ,  
had ATP not been present ,  the  t)umt ) might  have been affected by chymotryl)s in .  
The view tha t  a protein  is par t  of the choline t ranspor t  sys tem is suppor ted  173- tl~e 
observa t ion  t ha t  the  t r anspor t  of choline can be inhibi ted  by  f l-chloromercuriphen3 l- 
sulfonic acid, p re sumab ly  because this compound  blocks su l fhydry l  groups. Since 
pronase,  a r a the r  nonspecific enzyme,  does not  interfere with choline t r anspor t  it 
appears  tha t  the ou tward  facing par t  of this t r anspor t  sys tem is res is tant  or not  
read i ly  accessible to the  prote{@tic  enzymes.  There is some s imi lar i ty  between the 
resul ts  descr ibed here and the observat ion  made  by  ALBUQUF.R(2U],; cl al. 4 tha t  a t  the 
neuromuscular  junct ion  pro teo ly t ic  enzymes will inac t iva te  cholinesterase wi thout  
reducing the acetvlchol ine sensi t ivi ty .  These au thors  conclude tha t  the  receptor  
protein  is ei ther  res is tant  to dena tu r a t i on  or tha t  its hvdrolvsis  does not interfere 
with its receptor  function.  
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Active Na + transport in isolated frog gastric mucosa during hypoxia 

The po ten t ia l  difference between tile mucosal  and serosaI sides of the gastr ic  
mucosa,  with the  mucosa  negat ive,  has been extens ive ly  s tudied,  but  the na tu re  of 
this  po ten t ia l  difference is still  a m a t t e r  for debate .  HOGBEN 1 a demons t r a t ed  tha t  in 
the  isola ted frog nmcosa  the shor t -c i rcui t  current  could account  for the net  C1- t rans-  
por t  miJut,s" the H ~ t ranspor t .  He therefore concluded tha t  the electrogenic process 
for the  mucosal  po ten t i a l  was an act ive (71 t r anspor t  from the serosal to the mucosal  
side. He did not, however,  find any evidence for act ive t r anspor t  of N a .  In mammals ,  
however,  the s i tua t ion  has been repor ted  to be different.  CuMxuxs AXl) VAUGHAN 4 B 
found in isola ted ra t  s tomach walls a definite ac t ive  Na ~ t r anspor t  from the nmcosaI 
to the serosal side. They  concluded tha t  there  was a species difference between ra t  
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