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I m p r o v e d  M e t h o d  of Large  Scale  Pur i f i ca t ion  of A c e t y l c h o l i n e s t e r a s e  f r o m  the  Electr ic  Eel  (Elec- 
trophorus electricus) by Affinity C h r o m a t o g r a p h y  ~ 

Although  long sought  after, t he  large scale pur i f ica t ion 
of acetylchol ines terase  (ACHE, E.C. 3.1.1.7) ~ f rom 
Electrophorus electricus, a r ich source, was no t  r epor ted  
unt i l  19673 by  convent iona l  ch roma tog raphy .  More 
recently,  BERMAN and  YOUNG 4, and others  s, 6 succeeded 
ill pur i fy ing eel AChE using aff ini ty  c h r o m a t o g r a p h y  wi th  
vary ing  degrees of effectiveness.  We  have  repor ted  the  
pur i f ica t ion of AChE f rom m a m m a l i a n  bra in  using 
aff ini ty  c h r o m a t o g r a p h y  T-t  We  now repor t  t h e  large 
scale comple te  pur i f ica t ion of the  eel enzyme by  th is  
procedure.  The p resen t  m e t h o d  provides  a simpler ,  more  
convenient ,  more  efficient  scheme for p roduc ing  large 
amoun t s  of the  enzyme.  

Materials and methods. AChE ac t iv i ty  was measured  
at  23~ by  the  t i t r ime t r i c  m e t h o d  wi th  0 .01N N a O H  in 
media  4 conta in ing  4 m2kr ACh, 100 m M  NaC1 and 40 m M  
MgCI 2 a t  p H  8. P ro t e in  was de t e rmined  by  the  LowRY ~0 
method .  

The side a rm of affinose-202 was ex t ended  to twice its 
length  according to  t he  m e t h o d  of CUATRECASAS 11-. 
m-Tr ime thy l ammon iuman i l i ne  was p repa red  as repor ted  
previously  9 while t he  para analogue was p repa red  accord- 
ing to  the  m e t h o d  of B~RMAN and  Y o u n g  * 

Dialyzed,  crude eel AChE (Type I I I ,  70 uni ts / rag 
protein,  Sigma Chemical  Co.) was used essent ial ly  as 
descr ibed e a r l i e r t  Tile l igand m - T r i m e t h y l a m m o n i u m -  
aniline was used since the  b inding  and  subsequen t  
recovery  of the  AChE was higher  t h a n  wi th  t he  para 
analogue. Fol lowing enzyme b ind ing  the  co lumn was 
washed  wi th  100 ml of 30 m M  Tris-HC1 buffer,  p H  8.0, 
followed by  460 ml of 100 m M  NaC1 conta in ing  40 m M  
MgCI~, Tris buffered to  p H  8.0. 

Gel f i l t ra t ion and  molecular  weight  de t e rmina t ion  was 
carried out  on a s t andard ized  Sephadex  G-200 column 
(1.3 • 100 cm) as descr ibed previously  12 using the  m e t h o d  
Of WHITTAK]~R 13. 

Samples  conta in ing  200 ~g o f  crude and  30 tzg of 
purif ied enzyme  were subiec ted  to  e lect rophoresis  a t  
1 mA/gel  for 2.5 h on 6% po lyacry lamide  gels (PAGE) as 
descr ibed by  HEDRICK and  SMITI~ ~. Gels were s ta ined  
wi th  0.5% Coomassie Blue in 12.5% TCA as descr ibed by  
CHROMBACFI et  al t~. P ro t e in  bands  were s ta ined for AChE 
ac t iv i ty  by an a d a p t a t i o n  of tile m e t h o d  of URIEL16. 

Results and discussion. The Table  shows t h a t  99% or 
more  of the  crude AChE was b o u n d  to  the  5-10 ml  bed 
volume of aff ini ty  gel af ter  exhaus t ive  washing.  The 

recovery  of AChE eluted wi th  ed rophon ium chloride 
var ied f rom 72% to 90~ wi th  increasing a m o u n t  of 
enzyme applied. The recovered AChE always had  a specific 
ac t iv i ty  of > 950 m M  ACh hyd ro lyzed /mg  prote in /h .  

The p a t t e r n  of AChE elut ion wi th  ed rophon ium 
chloride shown (Figure 1) is for 2,400 uni ts  of AChE 
appl ied to 7 ml  of af f in i ty  gel. F rac t ion  0 represents  the  
last  f rac t ion of the  560 ml wash.  Act ive  f ract ions  were 
combined  and  concen t r a t ed  to  a vo lume of 1 ml  before 
appl ica t ion  to a Sephadex  G-200 column. A single peak  of 
enzyme ac t iv i ty  was observed in con junc t ion  wi th  a 
single p ro te in  peak.  70% of t he  enzyme  was recovered in 
th is  step. The M. W. of the  AChE peak  was found  to  be 
265,000. 

Crude eel AChE (200 ~g) on P A G E  showed 4-5 bands  
of pro te in  w i th  only 1 exhib i t ing  AChE act ivi ty .  P A G E  
of t he  AChE p repa ra t ion  (30 ~g) af ter  af f in i ty  chromato-  
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Fig. 1. Affinity chromatographic elution pattern. Fractions 
1-8 were eluted with edrophonium chloride then dialyzed 
exhaustively. Symbols: O--�9 protein ([Lg/ml); O--Q, total 
AChE activity; A--A, specific AChE activity (raM ACh hy- 
drolyzed/mg protein]h • 10-3). After fraction 2, protein con- 
tent is too low to permit accurate determination of specific 
activity as indicated by the extended dashed line. 
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AChE (uuits applied) Protein (mg) Specific AChE AChE units Protein Recovered specific 
activity (% bound) recovered (%) recovered (rag) activity 

0,200 (4) 2.85 70 99.0 0,144 (72) 0.152 0,950 
0,400 (2) 5.72 70 99.0 0,300 (75) 0.309 0,970 

2,400 (1) 34.32 70 99.4 2,160 (90) 2.16 1,000 

4,800 (1) 68.64 70 99.2 4,320 (90) 4.42 0,980 

One unit is 1 mM ACh hydrolyzed/h. Numbers in parentheses under AChE units applied represent the No. of experiments. Specific AChE 
activity is expressed in mM ACh hydrolyzed/mg protein/h. Specific activity applied in each case was 70 mM ACh hydrolyzed/mg protein/h. 

g r a p h y  shows a single p ro t e in  b a n d - e x h i b i t i n g  A C h E  
a c t i v i t y  (Figure  2). Since t he  l imi t  of de t ec t ion  of a pro-  
t e in  in P A G E  is 1 ~g or less15, t he  A C h E  o b t a i n e d  a f te r  
a f f in i ty  c h r o m a t o g r a p h y  is more  t h a n  97~o p u r e .  

The  ef fec t iveness  of t he  a f f in i ty  gel is ev idenced  b y  the  
fac t  t h a t  t he  e n z y m e  could no t  be  Muted f rom the  gel 

w i t h  500 ml  of 600 m M  NaC1 a t  p H  8.0 b u t  comple te  
e lu t ion  (99~o) was effected w i t h  3-4  bed  vo lumes  of 10 m M  
e d r o p h o n i u m  chlor ide in 100 i n M  NaC1. 

B y  us ing  a 10 ml  b e d  v o l u m e  of a f f in i ty  gel, we h a v e  
o b t a i n e d  4.5 m g  of pur i f ied  A C h E  in a single run.  I n  
a g r e e m e n t  w i t h  p rev ious  s tudies  17, the  pur i f ied  eel 
e n z y m e  appear s  n o t  to  aggrega te  or d issocia te  as freely as 
pur i f ied  b r a i n  A C h E  9. T h e  M.W.  of the  e n z y m e  as 
d e t e r m i n e d  b y  gel f i l t r a t ion  was 265,000, a va lue  s imi la r  
to  t h a t  p rev ious ly  r epo r t ed  is. Two repor t s  h a v e  since 
appea red  S, 6 in which  a f f in i ty  c h r o m a t o g r a p h y  was used 
in a s imi la r  m a n n e r  for A C h E  pur i f ica t ion .  E n z y m e  
recovery  ave raged  63 ~o in one case 5 an d  40% in t h e  o the r  6. 
In  t h e  p re sen t  s tudy,  r ecove ry  r anged  b e t w een  70 an d  
90% which  m a y  be  due to our  m e t h o d  of coupl ing  t h e  
l igand  to t h e  agarose  a n d / o r  t h e  use of e d r o p h o n i u m  as a 
more  specific M u t a n t  19. 

Rdsumd. U n e  m 6 t h o d e  bas6e sur  d ' a f f in i t6  c h r o m a t o -  
g r a p h i q u e  nous  a pe rmis  de pur i f ier  c o m p l ~ t e m e n t  
I ' ac6 ty lchol ines t6rase  des organes  61ectriques du g y m n o t e  
(Electrophorus electricus). L ' a c t i v i t 6  sp6cifique de l ' ac6tyl -  
chol ines t6rase  a ins i  6 tabl ie  en  mi l l i g r ammes  d6passe 
950 m M  de s u b s t r a t  hydro lys6  (ac6 ty lchol ine) /mg 
p ro t6 ine /h  et  sa purer6  a 6t6 v6rifi6e p a r  61ectrophor~se 
sur  gel de po lyac ry lamide .  

S. ~L. CHAN, E .  GARDNER a n d  
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(California 94722, USA), 26 September 7972. 

Fig. 2. Page of purified EEl  ACHE. Sample contained 30 [zg of 
protein. Lower band shows the tracking dye, Bromthymol blue. 
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A T e c h n i q u e  for I m p r o v i n g  Sa l i vary  C h r o m o s o m e  

Since t h e  in i t i a l  work  of PAINTER2 w i t h  t he  po ly t ene  
ch romosomes  of Drosophila, t he  s a l i va ry -g l and  chromo-  
some s m e a r  t e c h n i q u e  ha s  been  i m p r o v e d  b y  m a n y  wor- 
kers  s-5. A new mod i f i c a t i on  of m e t h o d s  c u r r e n t l y  in  use 
for t he  ch romosomes  m a k e s  i t  poss ible  to  p r epa re  slides 
h a v i n g  b e t t e r  r e so lu t ion  and  clear  backg round .  This  
m e t h o d  has  been  successful ly  employed  in t h e  s tudies  of 
m a n y  genera  in  the  f ami ly  Drosoph i l idae  6 

The  m a j o r  mod i f i ca t ions  of t h e  ususal  p rocedures  are :  
1. O v e r s t a i n i n g  of •  ch romosomes  (30 ~ 40 ra in  in  

P r e p a r a t i o n s  1 

lac to-acet ic-orcein) ,  a n d  2. W a s h i n g  t h e  ch romosomes  
w i t h  lac to-ace t ic  acid a t  leas t  3 t imes  before s q u a s h i n g  
to r emove  excess s t a in  an d  o the r  d i r t  par t ic les .  

W h e n  t h e  p r e p a r a t i o n s  are ana lyzed  b y  phase  c o n t r a s t  
microscopy,  t h e  m a i n  a d v a n t a g e s  of th i s  new m e t h o d  are 
especial ly  ev iden t .  The  o v e r s t a i n i n g  (longer t h a n  usual) 
causes t h e  b a n d s  to d a r k e n  a n d  t h e  t h i n n e r  (faint) b a n d s  
to be  s ta ined ,  t h u s  i m p r o v i n g  the  f ine de ta i l  of t h e  b a n d s  
(Figure 1). T h e  'wash ing  t e c h n i q u e '  r emoves  excess s t a in  
especial ly  b e t w een  l igh t  b a n d s  as well  as in  t h e  ne ighbor -  


