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SUNLMAR=~ " 

Acetylcholine~terase (acetylcholine acetyl- i lydrolase.  EC 3. r. 1.7) of  the electric organ 
of  the  eel was purified according to the  following procedure:  precipi ta t ion of the 
en zyme  a t  pH  5.I.  adsorp t ion  by  tt~calcium phospha te  gel, eIution by 25°/o sa tu ra ted  
magnes ium sulphate ,  precipi ta t ion with  65~o satur:.~ted magnes ium sulphate  and  
c h r o m a t o g r a p h y  and  r ech roma tog raphy  on a DEAE-cellulose coinrnn. 

The  p roduc t  is a lmos t  homogeneous  in u l t racent r i fugat ion,  (sedimentat ion 
cons tan t  4 S) a n d  in paper  electrophoresis. 

INTRODUCTION 

Three m e t h o d s  have been u~,md for the ex t rac t ion  of  acetylchol lnesterase (acetylcholine 
a c e t y l - h y d r o l a ~ ,  EC 3.x.x.7) from the  electric organ of  El e x t rophoru$  elecl~'icus (L) 
{refs. x-3). T h e y  have been reviewed recently 4. The  present paper  reports  a more 
extensive s t u d y  of  the  second method ,  proposed by  HARGREAVES and  collaborators s.4. 

A l though  this m c t h o d  does not  yie ld  a p roduc t  a.~ pure a.~ t h a t  of  the  first me thod  t, 
i t  is s imple and  yields reproducible results w i thou t  long a n d  t ime-consuming manipu-  
lat ions.  

C h r o m a t o g r a p h y  on DEAE-cellulose gave  a p repara t ion  showing a single, though  
not  qui te  symmet r ica l ,  peak  in thc  u l t racentr i fuge.  

MATERIAL AND METHODS 

The  enzyme  source was the  electric organ of  the eel ob ta ined  af ter  sacrifice of the  
an ima l  a n d  careful  , ~ s ~ t i o n .  The organ was minced and  kept  in a refrigerator a t  5 °, 
under  a th in  layer  of  toluene,  unt i l  required.  Under  these condit ions the  enzyme is 
s table  for z or 3 weeks. 

The  enzyme  ac t iv i ty ,  protein concent ra t ion  and  specific ac t iv i ty  were m e a s m e d  
b y  the  m e t h o d  descr ibed by  H~a~GREAV~.S e*~a2, in previous reports  s. '. 

TricaJcittm phospha te  gel*, s : x.5 1 of  calcium chloride solution (84 g CaCIt" 2 HtO 
per  l) are d i lu ted  wi th  x.6 1 distil led wa te r  and  x.5 1 t r i sodium phospha te  solut ion 

Abbrevia~o.~ : ACbE, acetyk': -t [nes-tera.s~ 
" Fellow of the * * ~ l h o  ~ .t=_J de Pesqui~'*. 
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(I52 g NanPO ~ • x2 Hi()  per  1). The  vo lume  is made  up  to  4 1 with disti l led water .  Af t e r  
the  prec ip i ta te  has -~ettled the  s u p e r n a t a n t  is r e m o v e d  b y  d e c a n t a t i o n  a n d  the  precipi-  
t a te  washed ~dth  disti l led water .  This  process is r epea t ed  twice. The  sed imen ted  gel is 
cen t r i fuged  and washed with disti l led w a t e r  five t imes  and  then  suspended  in 3 1 o f  
distil led water .  

EXTI~,XCTION AND PURIFICATION 

Extmctio~' 

After  r emova l  of  e x u d e d  blood,  I kg of  t issue is homogenized  for 2 rain ia a 
War ing  b lendor  with z I o f  cold dist i l led wa te r ;  the  h o m o g e n a t e  i~ then  centr i f i tged at  
5" a:~d x2:~,J >: g. The  ~uFcrr,.c, t a n t  ~ sci~at-~tted and  the  residue homogen ized  again  
with I 1 of  wa te r  a n d  then  cent r i fuged .  The  to ta l  vo lume  o f  the  c~mbined  s u p e r n a t a n t  
is abou t  3.3 !. 

] 'he  pur i f ica t ion p rocedu re  is ca r r ied  ou t  a t  5 °. 

Adsorption on trical¢ium #hosphate gel at slightly acid #I t  

To  the  combined  s u p e r n a t a n t s  x 5 ml of  ~o% acet ic  acid is added ,  wi th  c o n t i n u o u s  
rnechavical  st irring, to  br ing the  pH  to  5-z. t hen  300 ml  of  the  ph~rsplaate gel is added .  
The  mix tu r e  i~ kept  overn igh t  wi th  con t inuous  s t i r r ing.  I t  is cen t r i fuged  for  30 rain 
at 3oot, × g and the s u p e r n a t a n t  d iscarded.  

El**lfon by magmesium sulphate solution 

The  col lected gel is suspended  in 300 ml of  25% s a t u r a t e d  magnes ium su lpha te  
st-lution. The  suspension is mechan ica l ly  s t i r red  unt i l  the  gel is homogertizmd; z o %  
N,~Gil, abou t  3 ml, i.~ add,;,1 to ad jus t  th,- i~ll Lu 7.G-7.8. The  suspension is s t i r red  for a 
few hollrs (overnight .  if convenien t )  then  cen t r i fuged  a t  3000 × g for 20 rain. 

Dialysis and preci.~itation of the inaclive fractio~, 

The  e luate  {about 3o0 ml) is d ia lysed ove rn igh t  in ce l lophane  bags against  4 1 r:f 
distil led w a t e r  

T h e  wa te r  is replaced b y  a n o t h e r  4 1 o f  dist i l led water .  At  this  po in t  an a b u n d a n t  
p rec ip i t a t e  of  iztactive mate r ia l  con ta in ing  some pro te in  a n d  a g rea t  deal o f  lipids is 
formed.  Af ter  8 h the  wa te r  is replacc~l once more  and the  dialysis c o n t i n u e d  fo~ an- 
o the r  n igh t  in the  coht room.  

The  residual  solut ion is cen t r i fuged  at  30oo × g and the  clear  s u p e r n a t a n t  l iquid 
is collected.  

Precipitation of the active fraction at the isoelea~,ic poi,~t 

Ac~:ic acid (x %) is added  wi th  con t inuous  s t i rr ing to p H  5. z. A f locculent  precipi-  
t a t e  is fo rmed  which  conta ins  mos t  of  the  e n z y m e  ac t iv i ty .  

Ti le  vessel is kep t  for a t  least  4 h or  ove rn igh t  and  then  cen t r i fuged  a t  38o0 × g 
for zo rnin. The  p rec ip i t a t e  is suspended  in 5o ml o . i  M NaCI. N a O H  t, zO~/o) is added  
t o  pH  7.6-7.8.  The  suspension ~ s t i r red unt i l  t h e  p ro te in  is comple t e ly  dissolved.  
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Precipitation with 65% saturated ~ g n e s i u m  solution 

The volume of the prepara t ion  ;,.g adius ted  to  60 ml with the saline .gohltion and 
40 mi sa tu ra ted  MgS() a (at room tempera ture)  is adde~l. MgSO a at 4o°/u sa tura t ion  
produces a slight precipi ta te  with little enzym~ act ivi ty.  

The  vessel is left 3 -4  h at  5" and then cv~,t:ifuged at 3~o<, × g for zo rain. 
T|~o superna tan t  is c,.~llected, its pH adjus ted  to t~.~_ 6. 4, and 7r.5 ml of sa tura ted  
MgSO 4 is added.  At this point  an abundan t  precipi ta te  is formed, containing most  of 
the enzyme  act iv i ty .  After  a few boors  or next  morning the precipi tate  is eent r i fug~l  
a t  3800 × g, brought  to pH 7.6 by  adding ~ome drops of concent ra ted  NaOI-I and 
s t i r red until  complete  dissolution is achieved. 

The  solution is dialysed for one night against "l 1 of distilled water. The w;tter is 
replaced nex t  morning and the  dialysis cont inued fi~r an,~ther 3 h. 

D E A E-cdlulose column chvomatogra pl, y 

The cellulose is first wa.shed with o.or M Tr i s -ace ta te  buffer (pH 7.z). The column 
of  x.2 cm diameter ,  x2 err, length, contains x.5 g of the c¢llulwse in the .~arne buffer. 

t÷} I * ÷l ¢* ~ * I (÷1 " 
Fig .  L DEAE-ceLIulc~e  chrona&tc~r~phy.  C) . . . .  ~ .  s o lu t ion  e l u t e d  f r o m  t h e  p h o s p h a t e  gel:  
C ) - - - - C ) ,  d i a l y s e d  m a g n e s i u m  s u l p h a t e  {65~'~ sa'td.) prec ip i ta te ;  C ~ O ,  r e c h z o m a t o g r a p h y  o f  

0 .3  M NaCI e luate .  Ordinato" prote in  c o n c e n t r a t i o n  exprese~cl in rag. T h e  re l~t ive  A C h E  a e t i ~ l ~ e s  
aro i n d i c a t e d  b y  minus  alad l~l~s sign.~ 

The  to ta l  dialysed solut ion is pa-~ed through the column and the column is 
e lu ted  with xoo ml  each o f  o.o5 M Tris  buffer (pH 7.z) and  o.o5 ,~I Tr i sbuffer  containing 
o,~5 M, o.x3 .... e.3e M, o.5o M NaCI, respectively. 

The  effluent is collected in zo-ml fractiorL~. Absorbancy is measured at  280 m/z, 
and  in the  fractions col, raining the bulk of the protein the enzyme ac t iv i ty  was 
measured.  

As indicated  in Fig. r, most  of  the  AChE is eluted at  a salt concentra t ion ofo .3  M. 

Rechro~atogvaphy on DEA E-cellulose calurnn 

The  combined fractions 34-37 of  the first D E A E  column (Fig. I), obta ined by 
processing z kg of  tissue separately,  are dialysed twice against 50 t imes their  vohtme 
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A. B. HARGRI~AVES ¢~ ~ .  

T A B L E  I 

S U M M A R Y  O F  " r i l e  P U R I I r l C A T I O N  PROCE.~S  
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o f  d i s t i l l e d  w a t e r ,  e a c h  t i m e  fo r  8 h.  T h e  d i a l y s e d  p r e p a r a t i o n  is  r e c h r o m a t o g r a p h e d  
a_~ b e f o r e .  F r a c t i o n 5  35  a n d  36  c o n t a i n i n g  e n z y m e  o f  t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  a r e  
comb~nexl  ( ' f a b l e  I.  S t a g e  b) .  

A s u m m a r y  of  t h e  t h e  p u r i f i c a t i o n  p r o c e s s  is p r e s e n t e d  in  T a b l e  I .  T h e  y i e l d  o f  
f ina l  p r o d u c t  is  l ow.  

U ltr acentri f ugatiol~ 

U l t r a c e n t r i f u g a t i o n  w a s  c a r r i e d  o u t  i n  a S p i n c o  A n a l y t i c a l  u l t r z c e n t r i f u g e  m o d e l  
E ,  a t  24 °. T h e  p r o t e i n  c o n c e n t r a t i o n  w a s  0 . 5 %  i n  o , z  M N a C L  

Fig. 2. Ultracentrifugation patterns at  =05 ooo × G of  e~etylcbotinestermus of  the  h ~ h e a t  puri- 
fication grade. 

F i g .  z s h o w s  t h e  p a t t e r n  o b t a i n e d  w i t h  t h e  p u r e s t  p r e p a r a t i o n .  I t  c o n s i s t s  v i r t u a l -  
ly  o f  o n e  p e a k ,  c o r r e s p o n d i n g  t o  a s ~ f i m e n t a t i o n  c o n s t a n t  o f  s°m,w = 4 '  t o -  t s  

Eleclrophoretic mobil i ty 

T h e  p u r i f i e d  p r e p a r a t i o n  w a s  c o m p a r e d  wi . th  h u m a n  s e r u m  i n  a S p i n c o  p a p e r -  
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e lec t rophor~ i s  appara tus ,  in o.o 7 M barbi tura te  buffer (pH 8.b) 0.3 rm~ during T 4 h 
at  2() ~. Fhe protein was s tained with bromphenol  blue. 

The results are presented  in Fig. 3. The purifie(i protein appears  to be -almost 
homogeneous ;m(! to migrate approx imate ly  ;it the rate of a ,  globulin. This is at  
variance with the da t a  of  previous reports'-'.* in which the  preparat ions were not  

Fig .  3. 1~dP e r  ekx : t rophore~ i .~  , f f  pur i fh~d A C h E  ~A, ~ an t i  o f  ;, n o r m a l  h u m a n  - ~ r u m  (1~). 

submi t t ed  to exhaus t ive  dialysis and isoelectric i)r(,('ipi.tation. Obviously,  t i)e remo~'al 
o f  lipid_,; and o the r  impuri t ies  results in a greater  mobil i ty of  tile protein. 

.gtability 

It wa:; c laimed by BJORSK ~ tha t  "l'ris buffer is harmful  to snaku.vt.nonl ACHE, 
isolated by  ce l lu lo~ ch romatography .  Experiment.s carried out  in our labora.tot~" 
showed t ha t  the purified enzyme of the electric organ is stable for x week at  5" in 
distilled water ,  in o. t  M NaCl, in o,x M sodium acetate ,  or ~ o.o5 M Tris solution (pH 
0.8). After  to  days  ]o~es of acti '¢ity can be obser,,cd. 5o'~/n of  the initial value i.~ found 
on the  Id th  day.  Thus  eel ACbE is not  ~lestroyed in "his solutions during tile purifi- 
ca t ion process. 

l ) lSC U SSIOI'~ 

The met lmd her,, proDo~ed yields an almost pure prei)aration, it  gives more repro- 
ducible results titan earlier method.,  prop(~ed from this labora tory  *,e. 

The  previous  communica t ion  4 repor ted  i'.vo main components  on ul t racentr i fu-  
gation,  a larger one with a sedimenta t ion colL~tant of 4 S ~nd a smaller one ,, ith a 
sed imenta t ion  value of x 4 S In a .~hort communica t ion  * a comparison between one of  
our  p repara t ions  at |d  the prepara t ion  obta ined by the ammonium sulphate-precipi-  
t a t ion  technique  I showed tha t  the  la t te r  also yielded more than  one component ,  in 
fact  there  were 3 I ~-aks corrc~ponding to  components  of sedimenta t ion constants  3-9, 
6.o 5 and I t .9 S. The present  meth(xl girL-,." a prepacation showing only a single peak of  
sed imenta t ion  eon~,ta,-xt 4 S. 
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S U M M A R Y  

Thermal inactivation of  acetylcholinester~ese (Acetylcholine acetyl-hydrolase, EC. 
3. I. 1.7) from mammalian erythrocyt~ is accompanied by a decreas,~ in the Michaelis 
conslant Kt, while the substrate inhibition constant Kms remains unchanged. The 
time course involves two first-order process~, suggesting (a)the presence of  two 
enzymes, or (b) the formation of  a second less active enzyme from the native enzyme 
both speci~  inactivating independently. The .~econd suggestion wo~Od explain the 
Ko and K,$ data, if  the difference in th ~_ two enzymes resides in the spacing of  the 
anionic ~md ~teratic  sites. A non-specific salt effect was found, salt stabilL~ing the 
enzyme solution. The pH range for optimum thermostability is 6.5-7. 5, and energies 
and entropie~ of  inactivation were determined from temperature coefficients of  the 
rate constants. 
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