
160 Specialia EXPERIENTIA 34/2 

Time dependent formation of acetylcholinesterase isozymes 

R. M. K o t h a r i l ,  D. B. Millar, M. A. Grafius and  J. P. Chr i s topher  

Laboratory o/ Physical Biochemistry, Department o/ Environmental Biosciences, Naval Medical Research Institute, 
National Naval Medical Center, Bethesda (Maryland 20014, USA), 23 June J977 

Summary. 4 e lec t rophore t ica l ly  and ch romatograph ica l ly  d is t inguishable  forms of l l S  ace ty lchol ines te rase  were 
genera ted  dur ing  s torage of an l l S  p r epa ra t i on  of the  enzyme.  

I t  has  been  observed*-4  t h a t  e lec t rophore t ica l ly  homo-  
geneous ace ty lchol ines terase  (ACHE) spon taneous ly  con- 
ver t s  in a m a t t e r  of weeks to m o n t h s  into 3 or more  
e lec t rophore t ica l ly  d is t inguishable  forms. The react ion 
occurs e i ther  in the  frozen or solut ion s ta te .  W i t h  in- 
creasing s torage  t ime,  the  bands  cons t i tu t e  a grea te r  
f rac t ion o f  the  to ta l  ac t iv i ty .  Li t t le  is known abou t  the  
process  which  genera tes  t h e  bands  nor  t he  proper t ies  
of the  produc ts .  This  communica t ion  describes the  f i rs t  
pa r t i a l  cha rac te r i za t ion  of 4 such AChE po lymorphs .  
Materials and methods. The AChE p repa ra t ion  employed  
here  has  been  isolated f rom frozen electric eel t issue 
(E. electricus), par t ia l ly  purif ied and s tored unde r  to luene 
as descr ibed earlier 4 for 5 years.  At  t he  t ime  of examina-  
t ion,  th is  p r epa ra t i on  had  re ta ined  70% of its init ial  
ac t iv i ty .  Fresh,  cont ro l  AChE p repa ra t ions  were ex- 
t r ac t ed  as out l ined by  Ko tha r i  e t  al. 5, the  l l S  form iso- 
la ted by  sucrose g rad ien t  cen t r i fuga t ion  and  s tored at  
4 ~ (no toluene).  
P ro te in  was d e t e r m i n e d  b y  the  me thod  of Lowry  et  al 6. 
E n z y m e  ac t iv i ty  was measured  by  the  spec t ropho to -  
met r ic  m e t h o d  of E l lman  et  al.L 1 uni t  of ac t iv i ty  is 
def ined as one amole  of ace ty l th iochol ine  iodide hydro-  

Properties of the various AChE isozymes 

Isozymes Sedimentation Km (10 4) Electrophoretic 
coefficient Mean :[: SD mobility* 

F 0 l l . IS  1.7 ! 0.2 1.0 
F~ l l . IS  0.97 • 0.09 1.3 
F 2 l l . IS  1.3 •  1.5 
F 3 l l . IS  1.9 ~ 0.05 1.6 

Average: 1.5 • 0.4 
ll.0S 1.4 • 0.2 1.5 

lyzed per  minute .  The sed imen ta t ion  coefficient  of AChE 
was e s t ima ted  by  sucrose dens i ty  g rad ien t  sed imen ta t ion  
as descr ibed before a. Po lyac ry lamide  gel e lect rophoresis  
was carr ied out  a t  0 -2~  using 7% gels a t  p H  9 in the  
Buchler  appa ra tu s  following the  ins t ruc t ions  in the  Buch-  
let  manua l  (Buchler  I n s t r u m e n t s ,  Inc.,  F o r t  Lee, N.J.) .  
Gels were e lec t rophoresed  for 1 h a t  1.25 mA/ tube .  10-15 
uni ts  of AChE (100 ~1) were applied,  and  af ter  en ter ing  
the  runn ing  gel (80 m m  long), were e lec t rophoresed  at  2.5 
m A / h  for 16 h. E n z y m e  ac t iv i ty  bands  were visualized by  
the  me t h o d  of Uriel  s. Column c h r o m a t o g r a p h y  was car- 
ried out  a t  room t e m p e r a t u r e  ( ~ 22 ~ Generally,  1 ml of 
AChE (2500 units) was loaded onto  a 2 • 16 cm h y d ro xy -  
lapa t i te  co lumn (Bio-Gel HT, B io -Rad  Labora tor ies ,  Rich- 
mond,  Ca.) p rev ious ly  equi l ibra ted  wi th  0.01 M Na-phos-  
p h a t e  buffer  (pH 7.6) in 0.1 M NaC1. The co lumn was 
washed  at  a flow ra te  of 10-15 ml /h  wi th  a t  least  3 bed vol- 
umes  of the  equi l ibra t ing  buffer  to r emove  any  loosely re- 
t a ined  ACHE. The adsorbed  AChE was then  e luted wi th  a 
l inear g rad ien t  cons is t ing  of 100 ml each of 0.01 M-0.5 M 
N a - p h o s p h a t e  buffers  (pH 7.6) in 0.1 M NaC1. Frac t ions  
of 5.0 ml were col lected and the  p ro te in  co n t en t  and  
AChE ac t iv i ty  were es t imated .  Peaks  of AChE ac t iv i ty  
were pooled individual ly ,  concen t r a t ed  agains t  Carbowax 
PEG-4000 and  dia lyzed ove rn igh t  a t  4~ agains t  10 
volumes  of the  equi l ibra t ing  buffer.  All chemicals  were 
reagen t  grade or be t te r .  Eels were ob ta ined  f rom Para-  
m o u n t  Research  Supp ly  Co., Ardsley,  N.Y. Acety l th io-  
choline iodide was a Sigma p ro d u c t  (Sigma Chemical  Co., 
St. Louis, Mo.). 
Results and discussion. The figure shows the  hydroxy l -  
l apa t i te  ch ro ma t o g rap h i c  profile of the  5-year-old AChE 
prepara t ion .  Abou t  10-15% of the  appl ied AChE is no t  
adsorbed  to the  column.  The a m o u n t  of this  nonadso rbed  
f rac t ion was no t  a l te red  by  lowering the  p h o s p h a t e  
concen t r a t ion  to  0.001 M, increasing the  a m o u n t  of 
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e n z y m e  loaded  4fold, us ing  co lumns  of inc reas ing  
c a p a c i t y  (45 • 2.4 cm, 45 • 4 cm), or a d d i n g  0 .5% T X - 1 0 0  
a n d  1 M NaC1 to  the  wash  (to d isassocia te  aggregates) .  
These  resu l t s  ind ica te  t h a t  the  a p p e a r a n c e  of th i s  f r ac t ion  
in t h e  wash  is n o t  due  to ove r load ing  or  aggrega t ion .  W e  
des igna ted  t h i s  f r ac t ion :  F 0. The  r e m a i n i n g  a c t i v i t y  was 
q u a n t i t a t i v e l y  e lu ted  in 3 f r ac t ions :  F 1, F ,  a n d  F 3 
(figure). Th i s  c h r o m a t o g r a m  was q u a n t i t a t i v e l y  and  
q u a l i t a t i v e l y  reproduc ib le ,  e.g., t he  ave rage  coeff ic ient  
of p e a k  h e i g h t  v a r i a t i o n  was 5%.  I so la t ion  a n d  rechro-  
m a t o g r a p h y  of an  i n d i v i d u a l  p e a k  f r ac t ion  r e su l t ed  in 
e lu t ion  a t  t he  same p o i n t  i t  e lu ted  f rom original ly.  This  
resu l t  shows t h a t  a n y  possible  i n t e r conve r s ion  be tween  
t he  isola ted forms  does n o t  t ake  place d e t e c t a b l y  w i t h i n  
a 36 h t ime  f rame.  F r e s h l y  isola ted 11S e n z y m e  q u a n t i -  
t a t i v e l y  e lu ted  f rom t he  co lumn as 1 p e a k  a t  a p o i n t  
iden t i ca l  w i th  F 2. 
The  t ab le  shows some of t he  p roper t i e s  of these  mul t ip le  
forms.  The  forms  all h a v e  a s e d i m e n t a t i o n  coeff icient  of 
11.1 showing  t h a t  t h e y  are no t  s izeozymes.  The  Km 
values  for ace ty l th iocho l ine  iodide are s l ight ly  dif ferent .  
F r e s h  11S has  a Km va lue  of 1 . 5 •  -4 M wh ich  is 
s imi la r  to  t he  average  Km va lue  of t he  forms.  The  
e tec t rophore t i c  mob i l i t y  of t he  c h r o m a t o g r a p h i c a l l y  
i so la ted  forms  (normal ized  w i th  respec t  to  F0) does no t  
show a s imple  l inea r i ty  of m i g r a t i o n  versus  f rac t ion  
n u m b e r .  Fresh  ly p r e p a r e d  11 S A C h E  mig ra t e s  iden t ica l ly  
to  F 2. E x a m i n a t i o n  of a gel e l e c t r o p h o r e t o g r a m  of the  
5-year-old p r e p a r a t i o n  done  w h e n  t he  p r e p a r a t i o n  was 
fresh showed on ly  1 e n z y m e  a c t i v i t y  band .  Since electro-  
phores is  cond i t ions  were s l igh t ly  d i f ferent ,  we do no t  
know w h e t h e r  i t  m ig ra t ed  iden t ica l ly  to  F~. The  or ig inal  
m a t e r i a l  was shown  to be a t rue  ace ty lcho l ines te rase  since 
i t  hyd ro lyzed  b u t y r y l  chol ine  a t  a r a t e  orders  of m a g n i t u d e  

be low the  r a t e  i t  h y d r o l y z e d  ace ty lchol ine .  S imi la r  
tests on F o, F 1, F~ a n d  F~ conf i rmed  t h a t  they ,  too, 
were t r ue  ace ty lchol ines te rases .  The  a p p a r e n t  i d e n t i t y  
of mol.  wt ,  u t i l i za t ion  of t h e  same s u b s t r a t e  a n d  dif ference 
in e lec t rophore t i c  m o b i l i t y  c lear ly  a l low F 0, F 1, F~ a n d  F 3 
to  be t e r m e d  isozymes.  The  or igin of th i s  m u l t i p l i c i t y  
a n d  cha rge  dif ference is n o t  clear.  I n  th i s  connec t ion ,  
t h e  fol lowing t r e a t m e n t s  were t r i ed  in a n  a t t e m p t  to  
p roduce  i sozymes  f rom f resh  11S e n z y m e :  30 m i n  in-  
c u b a t i o n  a t  45 ~ r epea t ed  (5-10 t imes)  freeze t h a w i n g ;  
60 m i n  i n c u b a t i o n  a t  37~ w i t h  e i t he r  50 ~g papa in ,  
25 ixg t r y p s i n  or 25 ~zg peps in  (at  a p ro tease  to  A C h E  
ra t io  of 1/50, 4 0 - 6 0 %  loss of a c t i v i t y  was obse rved) ;  
add i t i on  of s o y b e a n  t r y p s i n  i n h i b i t o r  or p h e n y l m e t h y l -  
fu l fonyl  f luor ide  (1.5 mg/100  ml  of e x t r a c t ) ;  e x t r a c t i o n  
w i t h  1% T X - 1 0 0 ;  c h r o m a t o g r a p h y  over  a 10fold r ange  
of p ro t e in  c o n c e n t r a t i o n ;  and  i n c u b a t i o n  w i t h  1 M 
Guanid ine-HC1 a t  4~ followed b y  dia lys is  aga in s t  5000 
vo lumes  of 0.01 M N a - p h o s p h a t e  (pH 7.6) in  1 M NaC1 
(96% loss of a c t i v i t y  resul ted) .  Some of these  t r e a t m e n t s  
are well  k n o w n  to  p roduce  isozymic forms  f rom t e t r a m e r i c  
enzymes  w i t h  d i f fe ren t  subun i t s .  The  o the r s  were des igned  
to i nves t i ga t e  t he  effects  of exogenous  proteases ,  d e t e r g e n t  
r e m o v a l  of lipids, and  p ro t e in  c o n c e n t r a t i o n  on  t he  for- 
m a t i o n  of the  isozymes.  I n  no case was more  t h a n  1 
e lec t rophore t i c  or c h r o m a t o g r a p h i c  b a n d  seen. These  
e x p e r i m e n t s  rule ou t  such  s imple or igins  for the  i sozyme 
b a n d s  a n d  sugges t  t h a t  f u r t h e r  research  is necessa ry  to 
e luc ida te  the  gene ra t i ve  process.  T h o u g h  we do n o t  know 
the  a c t u a l  t i m e  d e p e n d e n c e  for the  a p p e a r a n c e  of each  of 
the  forms,  i t  is c lear  t h a t  in s tudies  of genet ic  a n d / o r  t is-  
sue specific A C h E  isozymes,  a poss ible  s torage  p r o b l e m  
should  be  cons idered  a n d  t issues  e x a m i n e d  a t  as ea r ly  a 
da t e  as is possible.  

Modi f i ca t ion  of t h e o p h y l l i n e - i n d u c e d  l ipo lys i s  in h u m a n  fat ce l l s  after t r y p s i n a t i o n  
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Summary. T r y p s i n - t r e a t m e n t  of h u m a n  fa t  cells resul t s  in t he  p o t e n t i a t i o n  of t he  l ipolyt ic  response  and  t he  c A M P  
a c c u m u l a t i o n  induced  b y  theophy l l i ne  (5 - 10 4 M) b u t  no t  of those  induced  b y  t h e o p h y l l i n e  (5 �9 10 a M). The  a m o u n t  
of c A M P  formed  a f te r  exposure  to  t h e o p h y l l i n e  (5 - 10 a M) plus  n o r e p i n e p h r i n e  (5 �9 10-* M) remains ,  however ,  2.6fold 
h ighe r  in t r y p s i n - t r e a t e d  h u m a n  fa t  cells t h a n  in t he  con t ro l  ones. 

Recen t ly ,  we h a v e  shown  t h a t  t he  exposure  of h u m a n  
fa t  cells to t ryps in ,  a l t h o u g h  no t  a f fec t ing  the  l ipolyt ic  
response  of these  cells to  d i b u t y r y l  cyclic AMP,  resu l ted  
in a m a r k e d  increase  in b o t h  l ipolysis and  3'-5" cyclic A M P  
(cAMP) syn thes i s  induced  b y  ca t echo l amines  3. C on t r a s t i ng  
w i th  these  f indings,  we found  t h a t  t r y p s i n - t r e a t m e n t  of r a t  
fa t  cells m a i n t a i n e d  a n o r m a l  l ipolyt ic  response  to 
c a t echo l amines  3. 
In  t he  p re sen t  s tudies ,  we h a v e  i nves t i ga t ed  the  inf luence  
of t ryps in -d iges t ion  on  the  l ipolyt ic  response  of h u m a n  
ad ipocy tes  exposed to theophy l l ine ,  a l ipolyt ic  agen t  
i n h i b i t i n g  phosphod ie s t e r a ses  (PDE)  3 and  a c t i n g  the re -  
fore on the  l ipolyt ic  process  a t  a s tep  localized be tween  
the  si tes of ac t ion  of c a t echo l amines  a n d  cAMP.  
Materials and methods. H u m a n  o m e n t a l  adipose  t i ssue  was 
o b t a i n e d  f rom o v e r n i g h t  fas ted,  non-obese  pa t i en t s  of 
b o t h  sexes (30-50 years  old), h a v i n g  no cl inical  and  
b iochemica l  ev idence  of endocr ine  disease and  unde rgo ing  
a b d o m i n a l  surgery.  P rocedure  for t he  p remed ica t ion ,  

anes thes i a  and  adipose  t i ssue  col lect ion were as descr ibed  
p rev ious ly  ~. 
H u m a n  fa t  cells were i so la ted  fol lowing a modi f i ca t ion2  
of the  m e t h o d  of Rodbe l l  5. P rocedures  used for t he  pre-  
p a r a t i o n  of t r y p s i n - t r e a t e d  fa t  cells, t h e i r  i ncuba t i on ,  t he  
d e t e r m i n a t i o n  of l ipolysis,  t he  e x t r a c t i o n  and  t he  de te r -  
m i n a t i o n  of cAMP,  as well  as t he  or igin of the  m a t e r i a l  
used, h a v e  been  desc r ibed  p rev ious ly  in de ta i l  2. As t he  
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