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Estimation of cholibte acetyltransferase in small 
samples of nervous tissue 
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For accurate analysis of their content  of choline acetyi transferase(Acetyl-CoA : choline-- 
0-acet.yltransferase, EC 2.3.I.6), tissue samples can be pulverised in acetone and  
extracted in saline, or they  can he homogenized and  t reated with e ther  I which is 
necessary since un t rea ted  homogenates  yield much  lower values. Analysis  o f  rabbit  
brain bs' the two methods  gives the  .~xrne values but  t hey  have the  d isadvantage  
tha t  they  cannot  be u ~ d  on samples smaller t h a n  about  5o rag. Otherwise small  
losses occurring during preparat ion become more significant ,as do errors of  measure- 
ment :,iltz,'/¢.uccd by the number  of operat ions involved and  the necessity of  trans- 
ferring the material  from one receptacle to another .  

The present communicat ion describes three techniqu~-~ of analysing small  
samples of tissue which avoid these diflicultie~s and make  it possible to  es t imate  
their  choline acetyl transferase ac t iv i ty  with considerably greater  accuracy tha~ was 
previot~sly possible. All three methods  with some applications are described in the text .  

Wi th  each method  the samples prepared for test ing were incubated  in small 
pyrex tubes (internal diameter  o. 7 cm) to which o. 4 ml of  the subst ra te  solution 
pleviou.My incubated for zo rain was then  added,  x ml of this  conta incd about  4 ° u n i t s  
of CoA said 0.32 mg of  phosphate acetyltransfera. ,~ (EC z.3.x.8 ) in o.zx M KCI, 
o.x 7 M chc~tine, o.o~25 M acctyl  phosphate,  0.o06 M MgCl t, o.o3 l#J[ cysteine, o.16 M 
sodium phospha'.e (pH 6.9) and o.z mM eserine sulphate.  The m o u n t  of  acetyl- 
choline expressed as the chloride formed after  x h of incubation at  38 ° was es t imated  
by bioa.ssay. 

In the first method to prepare sample ,  for incubat ion small volumes {o.ox--o.o 5 nil) 
of brain homogenates  or of  par t iculate  fractions obta ined by  differential centrifuga- 
tion arc pipet ted onto ~,Vhatman No. 5o paper and  then  dried in a s t ream of  cold air. 
The psaX of the paper impregnated  ~ t h  the enzyme prepmat ion  is cut  into small 
pieces which when dropped into the  bo t tom of an incubat ion tube  occupy a relat ively 
smal! vohtme tha t  is completely covered by o.4 ml incubat ion fluid. 

Th~ resu]ts wi th  this methc~a_ in tests of choline acetyltransfera_~e ac t iv i ty  of  
mitochondria]  fraction of  brain (rabbit) and of homogenized cerebrum (hen) were in 
good a/s~reement with values obtained from ether- t rea ted  samples (see Table I), and 
were bet ter  than  values from un t rea ted  samples tested in the  usual  way.  Fil ter  
paper  had  no ac t iva t ing  or potent ia t ing effect on the enzyme ext rac ted  from acetone 
po, :ders  and incubation or" an un t r ea t ed  par t iculate  fraction or homogenate  in a 
tube  with filter paper did not increase its ac t iv i ty  above the  control  level. The  
ac t iva t ing  effect therefore appears to  depend on some change in the s ta te  of the 
enzyme -which occurs as the result of its application to  the  paper. 

This technique has been valuable as a means  of tes t ing samples of homo~enates  
too small in volume to t reat  with ether  and in "esting homogenates  of  oertai~t tissues 
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( e . g .  dogfish or hen brain) which. <>wing to  difference~ in the s ta te  of  the enzyme,  axe 
not  a lways effectively ac t iva ted  by  ether .  

In  the  second  me thod  a piece of tissue, es t imated  by  volume to be be tween 
0.5 and 2 rag, is placed on one leaf  of a small piece of ridded cellophane (pieces of 
Visking tub ing  are suitable),  weighed, then squeezed between the  opposing l e a v ~  
o f  cel lophane unti l  spread out  on an area o f  abou t  x cm ~. The  cel lophane is made  
into a roll, wi th  the  layer  of  ti.q.que on the inside und in t roduced into the  incubat ion 

"FABLE. i 

C O M P A R I S O N  O F  C H O L I N H  P t C ~ T Y L ' I H A N S F E R A S E  A C T I ' v I ' r Y  (~t~H~ A C E T Y L  CHOLI.'N'E FORMHI3/GjrH} 

I N  " r I s B U E  SA2~iPLEg P R R P A R E O  BY D I F F E R E N T  M / 6 T I I O D g  F O R  I N C U B A T I O N  

7*s*~r  
ILcc~a, a s  o[  

~ a t n ~ r . d r t ~ d  
u~lvea ted  

Rabbit caudate nucleus (head) 2700 
Rabbit brain, large-granule 

"'m|tochondrial'" fraction .... I9o 
['lea 4;erebrum t3oo 
Goat ventr:d roots 2 0 o o - 2 5 o o  fa~o- i 2cm 

H o ~ e g e n a t e a  F t e ~ h  l i s ~ . ¢  

. . . . . . . . .  dnmd  - -  

¢¢,ta.gtd p a p t r  .tm~atF~ ~etl,ro,ns 

/tu~, 

04~)o ~ 63oo - -  

6 ~  5 620 ~ - 
2 2 0 o  ~ 7 5 o  - -  

I ~t'lvl~ 2 5  ~ . . . .  22¢3~L)--2~0~) 

tube.  The  vo lume o f sub~t ra te  solution, then  added  by pipet te ,  is, with a li t t le pract ice in 
the  operat ions,  e.qoogh to  ensure t ha t  all of  the tissue is comple te ly  covered but  if neces- 
.cat T the  volume can be incre~.'~-~tl by  adding o.z ml ofo.  9 0/0 NaCL The  Strsear, i f  prepaxed 
f rom mamxn_~llan tissues, c4n be left for several  hours wi thout  loss of  ac t iv i ty .  

B y  this method ,  the  choline ace ty l t ransferase  of the rabb i t ' s  cauda te  nucleus,  
the pigeon and  hen 's  opt ic  t e c t u m  (per gram of  fresh thsue)  wa.~ as act ive as tha t  of  
e t he r - t r e a t e d  homogena tes  of  the  same tissue~ [Table [). The  method ,  sui table only 
for  re la t ively  soft tissues, has been used to  do a regional analysis of  choline acetyl-  
t ransferase  ac t iv i ty  within the  cauda te  nucleus of  the rabbi t  and  the  optic lobe o f  
the  chicken. In both ,  the  ra t io  be tween regions o f  m a x i m u m  and min imum ac t iv i ty  
was abou t  4. In the  cauda te  nucleus of  the rabbi t  i ts most  rostral par t  had  the highest  
a c t i v i t y  and  the  :aft pa r t  the lowent which agree~ wi th  findings on the  cauda te  nu- 
cleus o f  larger animals  in which,  because the  nucleus is big epough,  it has been pos- 
sible to  do a regional analysi~ wi thout  recourse to  the  special me thods  now de_~a-ibed. 

In the  th i rd  m~th~xl fresh-frozen ~ c t i o n s  from [o to b o p  thick arc placed on a 
small piece of  cel lophane within an area o f  abou t  i × 2 cm, the  cel lophane is then pu t  
in to  the  incubat,.'on tube  as before and  the  subs t ra te  solut ion added.  I t  is not  essen- 
t im for the  sections to  remain a t t a c h e d  to  the  cel lophane durinl~ the incubat ion;  the 
cel lophane is s imply  a conven ien t  vehicle for their  t ransfer  to  the  incubat ion tube.  
I f  desired several  can  be placed one on top  of  the  o ther  ; th in  nar row pieces of  g l a ~  
(broken eoverslips) can be used ins tead o f  cellophane. 

The  technique  has been need for sampling per ipheral  nerves  for which, becau.~ 
o f  the  connec t ive  tissue present  the  t issue-smear m e t h o d  is unsuitable,  but  it pro- 
duces equa l ly  good results on cen t ra l  nerve  s t ructures .  In tests  on (a) the  hen's  optic  
lobe (b) the  rabb i t ' s  cauda te  nucleus and (c) the  vent ra l  and dorsal roots  of  the goa t  
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t h e  chol ine  a c e t y l t r a n s f e r a s e  a c t i v i t y  o b s e r v e d  was  t h e  s am e  as in ~amples  of  these  
t issues p r e p a r e d  by  c o n v e n t i o n a l  methotL~ (Ta'.fle I). 

Vee or ig ina l ly  h a d  the  idea  o f  us ing  ce l lophane  s i m p l y  as a c o n v e n i e n t  vehic le  
for in~ . r t ing  fresh t issue in to  a smal l  t e s t  t l tbe.  I t  was  an  u n e x p e c t e d  piece  o f  gcxJd 
for-tune to  find t h a t  t i ~ u e  smea r s  a n d  sec t ions  were  ac t ive  w i t h o u t  f iar ther  t r e a t m e n t ,  
W e  had  a s s u m e d  t h a t  t h e y  would  be  on ly  as ac t i ve  as u n t r e a t e d  h o m o g e n a t e s  o f  
Hervou.~ t issue a nd  were  p ropos ing  to  act ivz . te  t h e m  e i t h e r  b y  ad d in g  a s u r f a c e - a c t i v e  
reagent  to  t tw incuba te ,  wi th  d u b i o u s  c h a n c e s  o f  success,  or  b y  a p p l y i n g  ultr ;c,  on ic  
: ibrat i~ms (which e f fec t ive ly  a c t i v a t e  some p r e p a r a t i o n s )  to  the  i n c u b a t i o n  m e d i u m  
a f t e r  t he  t issue ha d  been  i m m e r s e d  in it. As i t  t u r n e d  o u t  no  f u r t h e r  t r e a t m e n t  was  
nece.~sary. H o w e v e r ,  we do  no t  as y e t  k n o w  b y  w h a t  m e a n s  t h e  a c t i v a t i o n  o f  t h e  
iis.~tte, on g:a_ss or  ce l lophane ,  or o f  t he  h o m o g e n a t e s  on f i l ter  p a p e r  is eff'~cted. 

I t  ,~ents p r obab l e  t l ta t  t he  i m p o r t a n t  f a c t o r  in  all t h r e e  m e t h o d s  is t h a t  t i le 
e n z y m e  is ¢,xailahle to  i ts  s u b s t r a t e s  o v e r  a l a rger  su r face  t h a n  is p r o v i d e d  when  
hom oge n i z e d  t issue is a d d e d  to  t he  m e d i u m  in the  usua l  w ay .  I f  so, t h e  a c t i v a t i n g  
effect  of  e t he r  m a y  no t  be. due  to  t he  re lease  o f  occu l t  e n z y m e ,  as is s o m e t i m e s  
a~sumed,  bu t  to  an  effect  on  t he  e n z y m e - c a r r y i n g  par t i c les  wh ich  lead to  t he i r  m o r e  
even  tlistmrsal t h r o u g h  the  i n c u b a t i o n  fluid.  

To  s u m m a r i z e ,  t h r ee  m e t h o d s  o f  p r e p a r i n g  smMl samples  o f  n e r v o u s  t i ssue for  
e s t i m a t i n g  the i r  chol ine  a c e t y l t r a n s f e r a s e  are  descr ibed .  "/'he first  m e t h o d ,  su i t ab le  for  
all t y p e s  o f  t issue, is to  a p p l y  an h o m o g e n a t e  in smal l  v o l u m e  to  f i l ter  pape r ,  d r y  i t  
and  i n c u b a t e  the  i m p r e g n a t e d  pape r  in a so lu t ion  c o n t a i n i n g  the  s u b s t r a t ~  r e q u i r e d  
for ace ty l eho l in2  ~ynthesis .  T h e  second,  su i t ab le  for  samples  o f  u p  to  ~- m g  o f  sof t  
t;.~sues, is to  m a k e  a smea r  o f  t he  t issue on  ce l l ophane  a n d  i n c u b a t e  it  in t h e  u su a l  
way .  In the  th i rd  m e t h o d ,  su i t ab le  for  "all t y p es  o f  tig,~ue, f r e sh - f rozen  ~ c t i o n s  re-  
p lace  th4, ti,~gtte .~mear. W:.th all t h r ee  m e t h o d s  t h e  chol ine  aeetyl transfera~ge a c t i v i t y  
o f  the  ti.~gue t e s t e d  was f o u n d  to  be equa l  to  or  in exee~,~ o f  t h e  a c t i v i t y  o f  the  s am e  
t issues  p r e p a r e d  by  es tab l i shed  p rocedures .  
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Purification and properties of phosphoglycerate kina~e 
f rom chicken breast muscle 
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P h e s p h o g l y c c r a t c  k inase  ( A T P :  D-3 -phosphug lyce ra t e  z - p h o s p h o t r a n s f e r a s e ,  E.C. 
2 .7 .2 .3 . ) ac t iv i ty  has  been  d e m o n s t r a t e d  in a g r ea t  v a r i e t y  o f  a n i m a l  a n d  v eg e t a l  
tiss, ue~ t. T h e  e n z y m e  has  been  c rys ta l l i zed  f ro m  yeas t  b y  B0CHI~R a a n d  p a r t i a l l y  
pur i f ied  f r om pe a  seeds  ~. The  purificatlo.-, ~ . d  .some p r o p e r t i e s  o f  t h e  r ,xbbi t -muscle  
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