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found  t h a t  b r a i n  P E a s e  differs  f rom P E a s e  of o the r  
o rgans  in t h a t  a cons iderab le  f r ac t ion  is insoluble .  Th i s  
f r ac t ion  can  be  r ende red  soluble  b y  t r e a t m e n t  w i t h  
T r i t o n  X-100. One poss ible  e x p l a n a t i o n  of our  f ind ings  
is t h a t  P E a s e - i n h i b i t i o n  has  a n  effect  on  t h i s  inso luble  
e n z y m e  or i n t e r a c t s  w i t h  t he  p ro te in I ike  i n h i b i t o r  
r epo r t ed  b y  CHEUNG2~. 

A more  accu ra t e  i n s i gh t  in to  t he  causa l  r e l a t i onsh ips  
discussed in  th i s  p a p e r  wil t  emerge  f rom f u r t h e r  work  on  
i so la ted  i soenzymes  a n d  t o t a l  P E a s e  p r e p a r a t i o n s  f rom 
var ious  organs.  

H y d e r g i n  u n d  ] ) H E  wurde  in  v i t ro  b e s t i m m t .  I n  Kon-  
z e n t r a t i o n e n  y o n  10-~M bis  10-6M wurde  ein H e m m -  
effekt  n u r  i m  G e h i r n  b e o b a c h t e t .  Diese W i r k u n g  wi rd  
besonders  deut l ich ,  w e n n  m a n  das  infolge der  E n z y m -  
h e m m u n g  n i c h t  u m g e s e t z t e  c A M P  berechne t .  
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Zusammen/assung. ]Die H e m m u n g  der  c A M P - P h o s p h o -  
d ies te rase  in  v e r s c h i e d e n e n  O r g a n e n  der  K a t z e  d u t c h  2~ W. Y. CHEIJNG, Biochem. Biophys. Res. Commun. 46, 99 (1972). 

Ontogenetic Differences between Acetyl and Butyrylcholinesterase Isozymes in the Chick 
Embryo Cerebellum 

Mult ip le  fo rms  of ace ty lcho l ines te rase  (AchE:  E.C.3.1. 
1.7) a n d  b u t y r y l c h o l i n e s t e r a s e  ( B u c h E :  E.C.3.1.1.8) h a v e  
been  de tec ted  in neu ra l  t i ssue  a n d  t he  se rum of m a n y  
v e r t e b r a t e  species ~-s. To ta l  A c h E  syn thes i s  increases  
d u r i n g  per iods  of acce le ra ted  b r a i n  d e v e l o p m e n t  a, w i t h  
t he  a p p e a r a n c e  of s y n a p t i c  vesicles, a n d  w i t h  b ioelec t r ic  
a c t i v i t y  in  t i le  sp ina l  c o r d s  R a p i d  increases  of t o t a l  
A c h e  a n d  B u c h E  c o n t e n t  are  k n o w n  to occur  in  t h e  ch ick  
ce rebe l lum b e t w e e n  t h e  10 th  and  14 th  d a y  of i n c u b a t i o n  s. 
Th i s  i n t e r v a l  cor responds  to  t he  f i r s t  occur rence  of 
ex t ens ive  b o d y  m o v e m e n t s  b y  t he  ch ick  e m b r y o  9. I n  
Ambystoma punctatum s ign i f i can t  increases  ill A c h e  also 
f i rs t  occur  w i t h  mot i l e  b e h a v i o r  I0, n .  Thus ,  A c h e  a n d  
B u c h E  isozymes  h a v e  been  cons idered  as indices  of 
v e r t e b r a t e  neu ra l  and  n e u r a l m u s c u l a r  deve l opm en t .  Th i s  
r epo r t  descr ibes  changes  in A c h e  a n d  B u c h E  isozymes  
d u r i n g  th i s  pe r iod  of r a p i d  neu ra l  d e v e l o p m e n t  in  t h e  
ch ick  e m b r y o  ce rebe l lum b y  t h e  t e c h n i q u e s  of isoelectr ic  
focusing. 

E m b r y o s  were o b t a i n e d  f rom a gene t i ca l ly  h o m o g e n o u s  
s t r a i n  of W h i t e  L e g h o r n  ch ickens  a n d  i n c u b a t e d  u n d e r  
s t a n d a r d  condi t ions .  Tissues  were col lected f rom 10- a n d  
14-day-old e m b r y o s  a n d  p r e p a r e d  for e n z y m e  ana lys i s  ~2, ~3. 
A 110 m l  isoelectr ic  focus ing  c o l u m n  was p r e p a r e d  accord-  
ing to  m a n u f a c t u r e r ' s  i n s t r uc t i ons  14. Twice t h e  recom-  
m e n d e d  a m o u n t  of A m p h o l y t e s  (pH 3-10) were used  to  
increase  p ro t e in  so lub i l i ty  w i t h  0.1 ml  of t he  s u p e r n a t a n t  
be ing  a d d e d  a f t e r  t he  c o l u m n  was  p a r t i a l l y  filled. Condi-  
t ions  of 4~ 600 V, a n d  10 m A  were m a i n t a i n e d  w i t h  t he  
c a t h o d e  a t  t he  t op  of t he  co lumn.  W h e n  t h e  c u r r e n t  
s t ab i l i zed  a t  1-2  m A  t he  co lumn  was e m p t i e d  in 40 d rop  
f ract ions .  The  p H  of each  f r ac t ion  was recorded  a n d  t h e n  
a d j u s t e d  to  p H  8.0 to  e l im ina t e  a n y  p H  effect  on  t h e  
e n z y m e  reac t ions .  S e p a r a t e  e x p e r i m e n t s  d e m o n s t r a t e d  
t h a t  A m p h o l y t e s  h a d  no  effect  on  t h e  bas ic  e n z y m e  reac-  
t i on  a n d  t h a t  d i f fe ren t  h o m o g e n i z i n g  m e d i a  1~ d id  n o t  
s ign i f i can t ly  a l t e r  t he  p H  grad ien t .  6 rep l ica tes  were 
ana lyzed  for  each  age. Compar i sons  were m a d e  b e t w e e n  
t he  isoelectr ic  p o i n t  of each  i sozyme w i t h i n  an  i sozyme 
complex  (e i ther  A c h e  a n d  B u c h E )  b y  F - r a t i6  ana lys i s  
a n d  ]DUNCAN'S mul t ip l e  r ange  t e s t  a n d  b e t w e e n  i sozyme 
complexes  ( A c h e  a n d  B u c h E )  w i t h  t h e  s t u d e n t  t- test .  

Three  i sozymes  were reso lved  for b o t h  A c h e  a n d  B u c h E  
in t i le 10-day-old ce rebe l lum (Figure  1). T he  ac t iv i t i e s  
b e t w e e n  each  i sozyme complex  were s ign i f i can t ly  d i f fe ren t  
( P  ~< 0.05). A c h e  isozymes h a d  isoelectr ic  po in t s  s imi la r  
to  those  of t he  ] auchE isozymes.  Ana lys i s  w i t h i n  i sozyme 
complexes  d e m o n s t r a t e d  t h a t  t he  isoelectr ic  p o i n t s  of t he  

d i f fe ren t  i sozymes  of each  e n z y m e  were s ign i f i can t ly  
d i f fe ren t  ( P  __< 0.001). 

F ive  i sozymes  of A c h e  a n d  B u c h E  were de t ec t ed  in t he  
l r  ce rebe l lum (Figure  2). E n z y m e s  ac t iv i t i e s  
were s ign i f i can t ly  d i f fe ren t  ( P  =< 0.05) b e t w e e n  A c h e  a n d  
B u c h E .  The  isoelectr ic  p o i n t s  b e t w e e n  A c h e  arid B u c h E  
isozymes I, II, a n d  I I I  were s ign i f i can t ly  d i f fe ren t  
( P  =< 0.01); A c h e  a n d  B u c h E  isozymes  I V  a n d  V h a d  
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Fig. 1.10-day-old cerebellum isoelectrie focusing of Ache and BucbE 
isozymes. Key: Q, PH; A, AchE; and O, BuehE. 
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Fig. 2.14-day-old cerebellum isoelectric focusing of Ache and BuchE 
isozymes. Key: Q, pH; A, AchE; and O, BuehE. 

similar  isoelectric points.  Analysis  wi th in  each isozyme 
complex  indicated tha t  the  isoelectric points  of different  
isozymes of each enzyme were s ignif icant ly  different  
(P  =< 0.01). The isoelectric po in t  occurred in the  same 
fract ion • 1 in each of the  6 replicates.  Because  the  curves  
were superimposable,  i t  was possible to fur ther  ver i fy  t h a t  
isozymes I, I I I  and V of B u c h E  and I I  of A c h e  were 
always present  and were not  artefacts.  

Studies  using acry lamide  gel electrophoresis had  pre- 
viously indicated the  presence of only 3 A c h E  isozymes in 
the  chick embryo  be tween  3 and 18 days of incubat ion  2. 
The detect ion of 2 addi t ional  A c h e  isozymes and 5 B u c h E  
isozymes in the  present  s tudy  could be due to several  
factors : reduct ion  in th  e ac t iv i ty  of A c h e  isozymes due to 
cross l inking in the  acry lamide  gels ~5, and the  greater  
sensi t iv i ty  of the  isoelectric focusing technique.  

In  the  10-day-old chick embryo  cerebel lum the  iso- 
electric points  of the  3 A c h e  isozymes were similar  to 
those of 3 B u c h E  isozymes. I t  is no t  possible f rom the  
present  da t a  to de termine  whether  a single enzyme 
exists wi th  several  substrate  specificities or if different  
proteins  exist  w i th  ident ical  isoelectric points.  These 
results suggest a dimeric  s t ruc ture  for both,  A c h E  and 
B u c h E  under  the  control  of 2 genes. However ,  a t e t r amer  
s t ructure  is still  possible. 

I t  has  been repor ted  t h a t  A c h E  is a t e t r amer  which can 
be dissociated into dimers and monomers  3. I n  the  14- 
day-old chick embryo  cerebel lum 5 isozymes of bo th  

A c h e  and B u c h E  were found which is consistent  w i th  
A c h e  16 and B u c h E : L  Isozymes  had isoelectric points  
different  f rom the  3 B u c h E  isozymes suggesting t h a t  
different  proteins  are present.  The  resutts described here  
for 14 days are consistent  wi th  the  L D H  m o d e P  s in which 
2 different  polypept ides  m a y  combine into as m a n y  as 
5 different  t e t r amer  complexes.  Since 2 enzymes are 
present,  bo th  t e t ramers  would require 2 s t ructura l  genes 
each. The switch f rom the  10 day isozyme complex to the  
14-day-old isozyme complex  of A c h e  and B u c h E  m a y  be 
in terpre ted  as a dif ferent ia t ing step requir ing gene 
control.  These biochemical  changes in isozymes of A c h e  
and B u c h E  neuroenzymes  occur dur ing a per iod of intense 
cerebellar different ia t ion t h a t  is associated wi th  the  onto-  
geny of movement .  

Rdsumd. Les isozymes d 'ac6tylcholinest6rase et de 
butyrylchol ines%rase  du cervelet  des embryons  de 
poule t  de 10 & 14 jours furent  s6par~s par  Ia m6thode de 
raise au poin t  iso61ectrique. 3 isozymes de Fun et de l ' au t re  
enzyme 6talent  pr6sents dans les embryons  de 10 jours. 
Darts les embryons  de 14 jours i l y  ava i t  5 isozymes 
diff6rents le uns des autres  et  de ceux qui  6talent  presents  
darts les embryons  de 10 jours.  On es t ime donc que  les 
changements  apparus  dans la quant i%,  dans les points  
iso61ectriques, et dans les n iveaux  d 'ac t iv i t6  m a x i m a  des 
isozymes neuro t ransmet teurs  sont  li6s & la ma tu ra t i on  du 
cervelet  e t g  l ' acquis i t ion  du m o u v e m e n t  pendan t  la 
morphog6n~se de l ' embryon.  Les r6sultats  sont  exprim6s en 
accord avec le module L D H  pour  la diff6rent iat ion de 
l ' isozyme,  
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Sterols and Sterol Biosynthesis in the Slug Aplysia depilans 
J 

Opis thobranchia  have  been l i t t le  successful in a t t r ac t ing  
the  a t t en t ion  of biochemists .  As a result  ha rd ly  any th ing  
is known about  the  origin and the  composi t ion of the  
sterols present  in this  group. In  fact  our knowledge of 
this  subject  in the  subclass Pleurocoela  is confined to the  
single d a t u m  tha t  the  sterols of Aplysia kurodai seem to 
consist main ly  of cholesterol.  1 For  this  reason we decided 
to s tudy  the  sterol composi t ion and sterol biosynthesis  of 
A plysia depilans. 

Three  specimens of A plysia depitans, wi th  a fresh weight  
of 400 g, were collected in the  ne ighbourhood of Stazione 
Zoologica a t  Naples,  I t a ly .  The  animals  were each in- 
jec ted  wi th  an aqueous solut ion of sodium aeetate-l-14C 
(NEN chemicals ,  specific ac t iv i ty  1.0 mCi/41.0 mg). The  
to ta l  dosage adminis tered  amounted  to 400 ~Ci. The  
a n i m a l s  were main ta ined  in well-aerated seawater  for 
82 h and then  f ixed in ethanol.  

Lipids  were ex t rac ted  f rom t h e  animals  =, purif ied a 
and separa ted  into phosphol ipids  and neutra l  l ipids 4,~. 

�9 The  neutra l  l ipids were separated into var ious  l ipid 
classes by  means  of column ch roma tog raphy  on Florisi l  s. 
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