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Kinetic Character izat ion  of Acety lchol ines terase  

Although  similar  synapt ic  events  seem to occur at  
per ipheral  and central  nervous  sys tem junctions,  cer ta in  
physiological ,  u l t ras t ruc tura l  and metabol ic  differences 
(see 1 and ~, for details) are known to exist  be tween 
bra in  and muscle synapses, a t  least  in mammals .  

The quest ion may,  therefore,  be raised as to whether  
acetylchol inesterase  (ACHE), so decisive an enzyme for 
synapt ic  t ransmission in cholinergic systems, will ana- 
logously show dis t inc t ive  propert ies  in the  2 tissues. We 
repor t  here kinet ic  studies which reveal  t h a t  this  is indeed 
the  case. 

Material and methods. Brains and muscles t aken  from 
decap i ta ted  adul t  rats  were washed in chilled 0.9 % NaC1 
to r emove  the  blood. Blood vessels f rom the  brain surface 
were careful ly  dissected out  as well. 1 : 3 saline (0.9 % NaC1) 
homogenates  of bo th  tissues were prepared and centri-  
fuged a t  90,000 g for 60 mill  a t  2~ The superna tan t  
fract ions were collected and the  pellets  were washed 
wi th  0 .9% NaCI, rehomogenized  and recentr i fuged.  
Again, the  superna tan ts  of this  second cent r i fugat ion  
were collected and the  pellets  were homogenized wi th  1% 
Tr i ton  X-100 buffered to p H  7.0 in 0.1 M tris-HC1. The 
same speed, t ime  and t empera tu re  (see above) were used 
in all 3 cen t r i fuga t ions ,  and the  vo lume of the  e luent  was 
also the  same. This  procedure  is a sl ight  modif ica t ion  of the  
me thod  used by  BARRON and BERNSO~N S. 

A C h E  present  in the  saline and Tr i ton  ext rac ts  will  be 
referred to as soluble and insoluble, respect ively.  The 
enzyme  was assayed at  25 ~ by  the  technique  of ELLMAN 
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Fig. 1. Actions of cholinergic receptor effectors on AChE from brain 
(Cs) and muscle (3ff~) of rat. AChE activities, expressed as zffA/min 
(ordinates), are plotted as a function of ATC concentrations (abscissas), 
with and without the effectors (control curves). D-tubocurarine 
(D-TBC) shows a slight action on AChE from brain (a), while it 
markedly inhibits muscle AChE (b). Note that, in the latter case, 
inhibition by excess of substrate is removed by'D-TBC. 

of Musc le  and Rat Brain 

et  al.4 and the  react ions were followed for 3-5 rain. Pro- 
teins were de termined  according to the  me thod  of L o w R y  
et al. 5 wi th  bovine serum a lbumine  as s tandard.  

The enzymat ic  ac t i v i t y  was es t imated  as ~xM of 
acetyl th ioehol ine  (ATC) hydrolyzed  per  ml  of ex t rac t  
(or g wet  wt. of tissue) per  rain. Ac t iv i t y  (Ac) per  mg of 
prote in  will  be referred to as specific ac t iv i ty  (SA). 

Acetyl th iochol ine  iodine (Fluka), bu tyry l th iochol ine  
iodide (Fluka), dithio-bis-2-nitrobenzoic acid (Fluka), 
284C51 (Wellcome), D-tubocurarine chloride (Noury- 
pharma) ,  h e x a m e t h o n i u m  bromide  (Bayer) and phenyl-  
t r i m e t h y l a m m o n i u m  chloride (Eastman) were  the  rea- 
gents  used in the  kinet ic  observat ions  and were of analy-  
t ical  grade. The la t te r  2 drugs were k indly  supplied by  
Dr. KEHOE (Paris). Tr i ton  X-100 was purchased f rom 
Sigma. 

Res~tlts. The de te rgent  ext rac ts  f rom bo th  brain and 
muscle yielded larger amounts  of AChE than  the  corre- 
sponding saline preparat ions.  Since in the  second centri-  
fugation,  used to wash actual  remaining soluble enzyme,  
the  ac t iv i ty  was much  lower than  in the  first  one, i t  is 
reasonable to conclude tha t  the  higher  ( •  values 
of the  Tr i ton  ext rac ts  represent  enzyme tha t  was a t t ached  
to membranes .  Al though  an ac t iva t ing  effect of Tr i ton  
X-100 upon AChE has been repor ted  6, ~, we were able to 
establish tha t  i t  cannot  account  for the  present  values. 
In  fact, the  la t te r  indicate  t h a t  in bo th  bra in  and muscle 
the  enzyme occurs main ly  in the  bound form. T h a t  AChE 
is an enzyme chiefly f i rmly  bound to membranes  has been 
often repor ted  and i t  seems to be general ly  so in mam-  
mals  ~. Things migh t  be different  for torpedo and electric 
eel plaques,  however,  since it  has been claimed t h a t  the  
bulk of the  enzyme in these fishes can be ex t rac ted  in 
saline media  ~ (cf. also s). 

Higher  values in brain than  in muscle were found for 
both  the  soluble (brain: Ac-1,049 n M  ATC/min  per  ml :  
SA-181 n M  ATC/min  per  mg pro t ;  muscle:  Ac-126 n M  
ATC/min  per  ml ;  SA-11 n M  ATC/min  per  rag) and in- 
soluble enzyme (brain: Ac-7,749 n M  ATC/min  per  ml ;  
SA-1,045 n M  ATC/min  per  mg;  muscle:  Ac-545 n M  ATC/  
rain per  ml ;  SA-164 n M  ATC/min  per  mg). 

In  the  present  s tudy,  some kinet ic  differences (Km, t(i 
for instance) were found to exist  be tween the  soluble and 
the  insoluble enzyme from bo th  organs of rat,  which 
could not  be a t t r ibu ted  to the  different  ex t rac t ion  media  
used. Since the  bound  enzyme is supposed to be the  form 
impl ica ted  in t ransmiss ion (cf. 10), we shall deal  below 
only wi th  insoluble ACHE. I t  was tes ted for Kin, t emper -  
a ture  of inact iva t ion ,  p H  opt ima,  r eac t i v i t y  towards  
inhibi tors  and sa tura t ion  curves. The  kinet ic  propert ies  
of the  soluble enzyme will be repor ted  in a subsequent  
paper.  
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Muscle A C h E  showed a h ighe r  I4m t h a n  b r a i n  ACHE. 
I t  can  even be 2 orders  of m a g n i t u d e  h ighe r  (muscle:  
17 • 10 -a M ; b r a i n  : 0.17 X 10 -a M).  The  a p p a r e n t  iKm val-  
ues were ca lcu la ted  f rom double  rec iprocal  plots,  us ing  a 
regress ion analys is  p r o g r a m  on an  I B M  1130 digi ta l  
compute r .  

W h e n  t h e  ex t r ac t s  were i n c u b a t e d  a t  55~ a n d  ali- 
quo t s  t a k e n  each  10 m i n  d u r i n g  30 rain,  b r a i n  A C h E  was 
found  to  be  more  r e s i s t an t  to  i n a c t i v a t i o n  t h a n  was 
A C h E  f rom muscle.  B o t h  were i nac t iva t ed ,  however ,  b y  
h e a t i n g  for 30 ra in  a t  70 ~ The  p H  curves  showed  smal l  
b u t  cons i s t en t  differences:  t he  o p t i m a  for b r a i n  and  
muscle  are 7.6 and  7.8, respect ively .  

I n c u b a t i o n  of b r a i n  e n z y m e  w i t h  284C51 (10 -4 M),  t he  
classical  i n h i b i t o r  of ACHE, for 40 rain,  r esu l ted  in a n  
a lmos t  comple te  loss of a c t i v i t y  (99.2%),  whi le  for t he  
enzyme  f rom muscle,  i n c u b a t e d  in s imi la r  condi t ions ,  t he  
loss of a c t i v i t y  a m o u n t e d  on ly  to 50 %. 
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Fig. 2. (a) PTMA (phenyltrimethylammonium) and HEX (hexa- 
methonium) have no action upon brain enzyme, except for high 
concentrations of the substrate (10 1-5.10-1 M) at which a small 
inhibitory effect is found. (b) Muscle AChE is significantly inhibited 
by PTMA. The inhibition is not competitive. The weak effect 
induced by HEX is partially competitive. 

H e x a m e t h o n i u m  (HEX) ,  n - t u b o e u r a r i n e  (D-TBC) and  
t r i m e t h y l p h e n y l a m m o n i u m  (PTMA), wh ich  are consid-  
ered to ac t  on  t h e  cholJ nergic receptors ,  were t e s t ed  in v iew 
of t he  fac t  t h a t  A C h E  possess o the r  s i tes  besides  t h e  
ca ta ly t i c  ones 11,12 I n  F igures  1 and  2, i t  can  be  seen t h a t  
t he  e n z y m e  f rom the  2 sources reac t s  d i f fe ren t ly  t o w a r d s  
these  drugs.  Muscle A C h E  was s t rong ly  inh ib i t ed ,  whi le  
t he  a c t i v i t y  of t he  b r a i n  e n z y m e  was sl ight ly,  or no t  a t  
all, modif ied.  P T M A  and  D-TBC induced  a marked ,  non-  
compe t i t i ve  i n h i b i t i o n  of muscle  A C h E  (Figures l b and  
2b),  i nd i ca t i ng  t he  ex is tence  of r egu la to ry  si tes on  t he  
enzyme,  whi le  H E X  displays  a weak,  p a r t i a l l y  compet i -  
t i ve  effect  (Figure 2b),  sugges t ing  an  a f f in i ty  of th i s  d rug  
for b o t h  r egu la to ry  a n d  ca ta ly t i c  sites. 

All t he  subs t r a t e -ve loc i t y  p lo ts  y ie lded s igmoida l  
curves  (Figures 1 and  2). No hype rbo l i c  curves  were 
depic ted  in a n y  s t u d y  done  t h u s  far. I n  some ins tances ,  
i n h i b i t i o n  of A C h E  b y  excess of s u b s t r a t e  (Figures 1 and  
2), wh ich  has  o f ten  been  descr ibed,  could n o t  be obse rved  
(Figure l b ) ,  as has  been  po in t ed  ou t  b y  CHAN~EUX 11. 
Th i s  was  f r equen t ly  so w i t h  t he  muscle  enzyme.  

Discussio~.  The  o b s e r v a t i o n  t h a t  musc le  e n z y m e  has  a 
h igher  K m  t h a n  b r a i n  e n z y m e  deserves  c o m m e n t .  I n  fact ,  
t h i s  would m e a n  t h a t  t he  a f f in i ty  of t he  fo rmer  for t he  
s u b s t r a t e  is lower and,  therefore ,  ace ty lcho l ine  will  t e n d  
to a c c u m u l a t e  in  muscle.  Accordingly ,  syn thes i s  of t he  
m e d i a t o r  is l ike ly  to occur  in  lower r a t e  in  t h e  l a t t e r .  
B o t h  c i r cums tances  m a y  con t r i bu t e ,  to  some extefft ,  to  
the  n o n g r a d e d  c h a r a c t e r  of t he  e lectr ical  response  in 
muscle.  

The  fac t  t h a t  D-TBC and  P T M A  m a r k e d l y  i n h i b i t  t h e  
muscle  e n z y m e  is also in te res t ing ,  since t h e y  are genera l ly  
found  to  induce  b lockade  a n d  s t imu la t ion ,  respect ively ,  of 
t he  n ico t in ic  n e u r o m u s c u l a r  receptors ,  whereas  H E X  is 
said to  ac t  m a i n l y  on  t he  n ico t in ic  recep tors  of t he  auto-  
nomic  ganglia,  a f ind ing  wh ich  m a y  exp la in  i ts  a l m o s t  
comple te  lack of a c t i v i t y  in  our  p r epa ra t i on .  

Recent ly ,  i t  has  been  conv inc ing ly  d e m o n s t r a t e d  t h a t  
ACh recep to r  a n d  A C h E  are d i s t i nc t  p ro t e in s  (see refs. 
in  13). Yet ,  t he  p r e sen t  evidence,  as s imi la r  resu l t s  pre-  
v ious ly  repor ted ,  of t he  ex is tence  of s i tes  for ACh a n t a g -  
onis ts  and  agonis ts  on t he  e n z y m e  molecules,  appea r s  to  
inv i t e  cons ide ra t ion  of t he  i n v o l v e m e n t  of A C h E  as well  
in t he  m e c h a n i s m s  u n d e r l y i n g  t he  inf luences  of t he  
so-called ACh recep to r  effectors  upon  s y n a p t i c  responses.  
As a m a t t e r  of fact ,  t h e  effects of these  and  r e l a t ed  drugs  
on  t r a n s m i s s i o n  are sti l l  poor ly  unde r s tood .  Some are 
said to  show b iphas ic  ( inh ib i to ry  a n d  exc i t a to ry)  ac t ions  ; 
o thers  seem to ac t  oppos i te ly  in  d i f fe ren t  recep tors  14 
This  appea r s  to  be  t h e  case, for ins tance ,  for  PTMA,  
which  has  been  found  to h a v e  a s t i m u l a t i n g  ac t ion  on 
n icot in ic  n e u r o m u s c u l a r  recep tors  a n d  an  i n h i b i t o r y  effect  
on some n ico t in ic  recep tors  of A p l y s i  a neu rons  15. I t  seems 
reasonab le  to  assume t h a t  i ts  s t i m u l a t i n g  ac t ion  on  myo-  
neura l  j unc t ions  is re la ted ,  a t  leas t  in  pa r t ,  to  i ts  i n h i b i t o r y  
ac t ion  on  A C h E  shown here.  Likewise,  one should  expec t  
A C h E  i n h i b i t i o n  b y  D-TBC to p roduce  some s t i m u l a t i o n  
of t he  n e u r o m u s c u l a r  synapses ,  b u t  to  our  knowledge  
such  effect  has  no t  been  descr ibed.  P r o b a b l y ,  t he  mech-  
an i sm of ac t ion  of cura re  is more  complex  t h a n  t h a t  of 
PTMA.  

11 J. p. CHANOEUX, IV~olec. Pharmac.  2, 369 (1966). 
12 G. I~ATO, 2 .  TAN and  J.  YUNG, Nature ,  Lond. 236ATB, 185 (1972). 
la R. W. OLSEN, ]. C. MEUNIER and J. P. CHANGEUX, Febs Lett. 28, 

96 (1972). 
1~ G. KOELLE, The Pharmacological Basis o/ Therapeutics (Eds. L. S. 

GOOD~AN and A. GIL'~IAN; MacMillan, New York 1970), p. 603. 
is j .  I~Enoe, J. Physiol., Loud. 225, 115 (1972). 
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I n  conclusion,  i t  can  be  said t h a t  w h a t e v e r  m a y  be  t he  
n a t u r e  of these  a l los ter ic  s i tes  on  ACHE, i t  is c lear  f rom 
the  p r e sen t  d a t a  t h a t  b r a i n  a n d  muscle  enzym es  are 
endowed  w i t h  d i f fe ren t  sets  of t h e m  

Rdsumd. La  p r6sen te  6 tude  a r616v6 chez le r a t  des 
diff6rences en t re  I ' A C h E  du ce rveau  e t  celle du  muscle,  
en  ce qui  concerne  les p H  op t ima ,  la t e m p 6 r a t u r e  d ' i n -  
ac t iva t ion ,  le IEm, les courbes  de s a t u r a t i o n  et  la r6ponse  

a u x  inh ib i t eurs .  L ' ex i s t ence  de si tes a l los t6r iques  diff6- 
r en t s  dans  l ' e n z y m e  des deux  organes  a aussi  6t6 observ6e.  
L ' a u t e u r  suggSre que  ces propr i6 t6s  c in6t iques  d i s t inc tes  
t i ennen t ,  en p a r t i e  du  moins ,  k des diff6rences h is to-  
phys io log iques  en t re  les synapses  de ces deux  t issus.  

J. M. VARELA 
Central Inst i tute/or Brain Research, 
I~di]k 28, Amderdam-O (The Netherlands), 7 May 7973. 

Untersuchungen zur Thermodynamik des peripheren Sehprozesses 

N a c h  B e l i c h t u n g  des N e t z h a u t g e w e b e s  laufell  phys i -  
ka l i sch -chemische  Prozesse  ab,  die m i t  de r  Q u a n t e n a b -  
so rp t ion  b e g i n n e n  u n d  zu e iner  t r a n s r e t i n a l e n  P o t e n t i a l -  
/ inderung  (ERG)  ft ihren.  Bei  den  p o t e n t i a l b i l d e n d e n  
Vorg~ingen a n  den  Z e l l m e m b r a n e n  h a n d e l t  es s ich u m  
r i iuml ich  u n d  zei t l ich ine inanderg re i fende ,  u n t e r e i n a n d e r  
gekoppe l te  R e a k t i o n e n .  Se lbs t  w e n n  eine grosse Zah l  yon  
E inze l reak t4onen  i n n e r h a l b  u n d  aus se rha lb  der  Zellen 
abl~Luft, so l~isst s ich of t  d u r c h  das  E x p e r i m e n t  fiir die 
S u m m e  yon  Vorg~ngen  eine B r u t t o - R e a k t i o n s k o n s t a l l t e  
angeben ,  de ren  T e m p e r a t u r a b h / i n g i g k e i t  Aufschluss  fiber 
die Ak t iv i e rungsene rg i e  des G e s a m t v o r g a n g e s  g ib t  ~. 
U n t e r  d iesem G e s i c h t s p u n k t  h a b e n  wir  den  T e m p e r a t u r -  
e inf luss  auf  das  B e l i c h t u n g s p o t e n t i a I  de r  i so l ier ten  
F r o s c h r e t i n a  n ~ h e r  u n t e r s u c h t .  

I - b - -  

Fig. 1. Temperaturabh~ingigkeit des Belichtullgspotentials einer 
dullkeladaptierten Fresehretina. Die Temperaturen betragen (~ 
a) 29,6; b) 27,3; c) 25; d) 20,3; e) 15,7; f) 13,1; g) 10,7; h) 8,8; i) 6,9 
und k) 6. Beleuehtungsstfirke: linke Reihe 35 Lux, reehte Reihe 
0,031 Lux. Oberste Zeile: Zeitmarlderung 1 see; unterste Zeile: 
Reizmarke 1 see, EichsignaI 200[iV. 

Methode. W i t  v e r w e n d e t e n  die T e c h n i k  der  i so l ier ten  
IRetina 2-5. Die Ne tzh / iu te  von  F r 6 s c h e n  (Rana esculenta) 
w u r d e n  d u t c h  Pr~ipara t ion  bei  R o t l i c h t  v o m  a n h a f t e n d e n  
P i g m e n t e p i t h e l  gel6st  u n d  auf  denl  Ne tz  (Monodur)  
eines T r i g e r s  befest igt .  Dieser  wurde  in die M e s s k a m m e r  
e iner  doppe lwand igen  G l a s a p p a r a t u r  5 e ingef i ihr t ,  de ren  
M a n t e l r a u m  yon  e iner  t h e r m o s t a t i e r t e n  Badf l t i ss igkei t  
d u r c h s t r 6 m t  wurde.  Die M e s s k a m m e r  wurde  m i t  10 cm a 
e iner  Ty rode l6sung  gefiillt, d u r c h  die gere in ig te  L u f t  
h i n d u r c h p e r l t e .  Der  p H - W e r t  b e t r u g  7,7. Alle Versuche  
w u r d e n  bei  D u n k e l a d a p t a t i o n  durchgef i ih r t .  Das  Be-  
l i c h t u n g s p o t e n t i a l  wurde  m i t  Ag/AgC1-Etek t roden  ab-  
genommen ,  g l e i chspannungsgekoppe l t  ve r s tXrk t  u n d  auf  
e inem Schre iber  sowie Osz i l lographen  regis t r ier t .  Der  
L ieh t r e i z  h a t t e  eine D a u e r  yon  i sec u n d  wurde  im Ab-  
s t a n d  yon  3 m i n  ausgel6st .  Die B e l e u c h t u n g s s t i r k e  (J) 
k o n n t e  m i t  Hilfe  yon  Neu t r a l f i l t e rn  im Bere ich  yon  
400 bis  1,3 x 10 .5 L u x  ve r / inde r t  werden.  Zur  A u s w e r t u n g  
wurde  die A m p l i t u d e  der  b -Wel le  des /~el ichtungspo-  
t en t i a l s  (2~ ~) herangezogen ,  die v o m  t i e f s t en  P u n k t  der  
a- his  z u m  M a x i m u m  der  b-Wel le  ausgemessen  wurde .  

Ergebnisse. Der  T e m p e r a t u r e i n f l u s s  auf  das  Bet ich-  
t u n g s p o t e n t i a l  der  i so l ier ten  F r o s c h r e t i n a  is t  in  l?igur 1 
a n  H a n d  yon  O r i g i n a l e l e k t r o r e t i n o g r a m m e n  ve ran -  
schau l ich t .  Bei  20 ~ s ind die P o t e n t i a l w e r t e  a m  gr6ss ten  
u n d  n e h m e n  sowohl  m i t  fa l lender  wie a u c h  s t e igender  
T e m p e r a t u r  ab. O b e r h a l b  yon  25 ~ zeigt  s ich eine irre-  
vers ib le  Sch/ id igung der  N e t z h a u t f u n k t i o n ,  die m6g-  
l icherweise  auf  e inen  e r h 6 h t e n  A b b a u  yon  t h e r m o l a b i l e n  
Z w i s c h e n p r o d u k t e n  des p h o t o c h e m i s c h e n  P r i m i r p r o -  
zesses zur i ickzuf i ihren  ist.  B e m e r k e n s w e r t  i s t  ferner ,  dass  
bei  6~ i m  Bere ich  n iedr ige r  Be l euch tungs s t / i r ken  n u r  
n o c h  die e-Welle r eg i s t r i e rba r  ist, die e inen  s p g t e n  Aus-  
E f fek t  da r s t e l l t  3. 

Die T e m p e r a t u r a b h / i n g i g k e i t  de r  F u n k t i o n  ~ b  = [ 
(log J )  i s t  fiir e inen  c h a r a k t e r i s t i s c h e n  Ver such  in F igu r  2 
wiedergegeben.  I n  e inem Bere ich  voI1 7 bis  30~ e rg ib t  
s ich bei  der  gew~hl ten  D a r s t e l l u n g s f o r m  fiir n iedr ige  
t3eleuchtungss t~i rken ein l i nea re r  K u r v e n v e r l a u f .  Aus  
der  F i g u r  geh t  hervor ,  dass  die l i nea ren  K u r v e n a b s c h n i t t e  
ftir alle T e m p e r a t u r e n  e inen  g e m e i n s a m e n  S c h n i t t p u n k t  
m i t  der  Abszisse  aufweisen.  Der  zugeh6r ige  E x t i n k t i o n s -  
we r t  betr~igt  6,7 u n d  e n t s p r i c h t  e iner  Be l euch tungss t / i r ke  
yon  7,89 • 10 .5 Lux.  Dieser  als Schwe l l en r e i z s t i r ke  zu 
beze i chnende  W e r t  wi rd  d e m n a c h  d u r c h  die T e m p e r a t u r  
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