
[n the enzymology of choline esters the surprising f~ 
.es the so-called "specific" or " t rue"  cholinesterase, 
active process of nerves and muscles 1, a second enzyl 
nesterase, exists with different characteristics and an 
Although the lat ter  enzyme splits choline esters faste: 
~IS AND WHITTAKI~R 2 concluded from a study of the 
" there  exists in erythrocyte enzyme a negatively ct 
the active centres of the plasma enzyme".  

A most natural  explanation for the high affinity of ser 
s would certainly consist in the presehce of a negal 
.ce. We tried to reach a decision about this point by s 
.in criteria, which were found previously so fruitful ii 
ps inside the active centre of true cholinesterase 3-5. 
.~ach a bet ter  understanding of the characteristic 

The enzyme used th roughou t  these exper iments  was  fraction 
z was  obtained th rough  the courtesy of Dr. RUTH M. FLYN~ 
dstrv of H a r v a r d  Medical School. This powder,  when dilute¢ 

applying to the serum enzy~ 
in the definition of the vario 

At the same t ime we hop 
differences between the t~ 

MATERIALS AND METHODS 

fraction IV, 6 of h u m a n  p lasma  proteil 
FLYNN of the Depar tmen t  of Biologic 

F diluted wi th  buffer of p H  7.3 in a ral 
aoles acetylcholine (ACh)]ml/hour, when the subs t ra te  concentrat i  

tcetates used in this invest igation were synthesized by  Dr. J. BLAl 
the Israeli Ministry of Defence e. Their  relevant  physical  p roper t  

aNN AND SHIMONI 7. In  the present  exper iments  we avoided the  t 
*ility of the neutra l  subs t ra tes  and extended the pS-act ivi ty  curt 
the  m a x i m u m  concentrat ion obtainable in the buffer (see Table 

:omo-acetates were commercial  samples, which were purified 
,bove 5" IO-2 M, for the chloro- and bromo-acetates  and for the io9 
[ ester control vessels were run  for each concentrat ion,  s imul taneou 
t order to correct for the appreciable spontaneous  hydrolysis.  T] 

l rements  the buffer used had the following composit ion:  N a H C  
~4 M;  gelatine o.i  %. The p H  was  adjusted to 7.3 before each expe 
of air, mixed wi th  5 % COy The vessel wi th  the highest  substr~ 
:ed for p H  constancy at  the end of the experiment .  

Prof. E. WERTHEIM~R, Head  of the Depa r tmen t  of Biochemis t  
¢Iedical School, in honor  of his 6oth bir thday.  

grout 
to reach 
enzymes. 

The 
which was  
Chemis t ry  
1:4ooo (w/v), hydrolyzed 6. 5/zmoles 
w a s  5" 1° -2  M .  

S u b s t r a t e s .  All alkyl fluoroacet 
of the  Research D e p a r t m e n t  of 
have been described by  BERGMANN 
of e thanol  to  increase the solubilit, 
of the  halogenoacetates  only to 

The alkyl chloro- and brc 
fractional distillation. For  ACh above 
f luoroacetates up  to the  n-propyl  ester 
wi th  the enzymat ic  reaction, in 
was  unnecessary  for the  higher esters. 

For  the m a n o m e t r i c  measurements  
o.o25 M;  NaC1 o.i  M;  MgCla o.o 4 
ment .  The gas phase  consisted 
concentra t ion  was  a lways  checked 

* This  paper  is dedicated to 
Hebrew Universi ty,  Hadassah  Me 
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isopropyl  2.2. ~o 2 
i sobuty l  5.0" lO 2 
tert.  butyl  3. i • lO .2 

b. Chloroacetates 
methyl  3. i • 10 -1 1.5 
ethyl  9-4" IO-2 8.8 

c. Bromoacetates 
methyl  2. i 
ethyl 7.8. lO -2 

)'or the determination of the pH dependence of substrate  h 3 
netric method of HESTRIN s was applied. ACh was used in a sta 
lffer was o.I M phosphate  for pFI < 8. 5 and o.i M borate : 
vi thdrawn from the reaction mixture after o, 4, 8, 12 and 16 r 
addit ion of the hydroxylamine reagent. The rates were plottec 

o time. 
"nhibitors. The mono-quaternary ammonium salts were comrr 
ntane-I ,5-bis-[ t r imethylammonium] bromide) and decamett  
)ury Ltd., Manchester, England. Both  hexa- and nona-met  

~S-ac t i v i t y  curves  o / h a l o g e n o a c e t a t e s .  I n  Fig .  1 - 3  we co: 

ac t ion  of  t h e  s u b s t r a t e  c o n c e n t r a t i o n  for  A C h  a n d  a 

plotted on graph paper and extrapolate 

commercial samples. Pentamethoniu  
ethonium were a gift of Allen ar 

thonium were synthesized in 01 

we c o m p a r e  t h e  r a t e s  of h y d r o l y s  

n u m b e r  of u n c h a r g e d  e s t e r  

t i o n  is t h e  b e l l - s h a p e d  c u r v e  for  e t h y l  f l u o r o a c e t a t e ,  s in(  

e a n d  w i t h  l i v e r  e s t e r a s e  pS o p t i m a  were  f o u n d  for  mo,  

o t h e r  c u r v e s  a p p e a r  to  b e  S - s h a p e d  s i m i l a r  to  ACh ,  b u t  i 

Lions a c c e p t e d  for  t h e s e  e x p e r i m e n t s  f ina l  j u d g m e n t  mu ,  

t e n d e d  d a t a  b e c o m e  a v a i l a b l e .  I t  c a n  b e  c o n c l u d e d  fro1 

f l u o r o a c e t a t e  se r i e s  a f f in i ty  i n c r e a s e s  w i t h  i n c r e a s i n g  l e n g t  

.~ p o s i t i o n  of  t h e  c u r v e s  does  n o t  p e r m i t  a c o m p a r i s o n  ( 

~t t h e  s a m e  s u b s t r a t e  c o n c e n t r a t i o n ,  we h a v e  p l o t t e d  i 

'es a n  a c t i v i t y  of 2 / ~ m o l e s / m l - h o u r  w i t h  a n  e n z y m e  d i l u t i o  

n u m b e r  of C - a t o m s  in  t h e  a l k y l  c h a i n  of t h e  f l u o r o a c e t a t e  

y l  a n d  n - a m y l  e s t e r  in  Fig .  I i n t e r s e c t ,  a n d  t h e r e f o r e  a 

g. 4 for  n = 4 a n d  n ---= 5. F o r  t h e  t w o  l o w e s t  m e m b e r s  ( 

u n s  p a r a l l e l  t o  t h e  r a t e  of  s p o n t a n e o u s  h y d r o l y s i s ,  b u t  fc 

e r e l a t i o n s h i p  ho lds .  E v i d e n t l y ,  w i t h  t h e  h i g h - m o l e c u k  

Inhibitors.  
{= pentane-I,5-bis- 
Hansbur ,  
laboratory by Dr. J. KLEIN. 

p S - a c t i v i t y  

as  fun(  

T h e  m o s t  i m p o r t a n t  o b s e r v a t i o n  

b o t h  w i t h  t r u e  c h o l i n e s t e r a s e  

of  t h e  h a l o g e n o a c e t a t e s  7. Al l  

v i e w  of  t h e  s o l u b i l i t y  l i m i t a t i o n s  

b e  p o s t p o n e d ,  u n t i l  m o r e  e x t e n d e d  

t h e  d a t a  in  Fig .  I t h a t  in  t h e  f luoroac  

of  t h e  a l k y l  c h a i n .  S ince  t h e  

r a t e s  a m o n g s t  t h e s e  e s t e r s  a t  

F ig .  4 t h e  p S  v a l u e ,  w h i c h  g ives  

o f  I : 2ooo,  as  f u n c t i o n  of t h e  n u m b ,  

T h e  p S - c u r v e s  for  t h e  n -bu t~  
i r r e g u l a r i t y  is o b s e r v e d  in  F i  

t h e  se r ies  t h e  e n z y m i c  r a t e  r u n s  

t h e  h i g h e r  e s t e r s  t h e  i n v e r s e  
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i .  p S - A c t i v i t y  curves  of ace ty lcho l ine  a nd  a l k y l  f luoroaceta te  
;, used  in  these  e x p e r i m e n t s :  

For  compar i son  the  exper! 
an  enzyme  d i lu t ion  I : 2o0 

t he  above  range.  R i g h t - h a  

for ACh i : 4000 
for m e t h y l  to  b u t y l  f luoroace ta te  I : 2000 
for a m y l  and  hexy l  f luoroace ta te  i : iooo  
for isopropyl and ter t .  b u t y l  es ter  i : 500 

~erimental r a t e s  were r eca lcu la t ed  
2000, since the  l inear  re la t ionsh ip  

and  a c t i v i t y  was  p roved  
h t -hand  o rd ina te  for ACh only, left-hl 

o rd ina t e  for al l  o ther  subs t ra tes .  

reaction Van der Wa~ 
forces play an outstanding role. The curve in Fi t 
is different from the results of STVRGE AND WH 
TAKER 9, who compared the rates of alkyl acetates a 
related esters. However these authors did not det 
mine the complete pS-activity curves, but used a c~ 
stant "effective" substrate concentration for compa 
son, assuming that the esters dissolved entirely in t 

isopropyl fluoroacet 
shows a small activity, whereas the tert. butyl der 
ative is practically inactive. This regularity corr 
ponds to our observations with the other estera 
mentioned above 7 and establishes the character 
the enzymic ester hydrolysis as a SN2-reactionl°. 

1s 

t~ 

o 

70 

I Be 

, 

Fig.  2. p S - A e t i v i t y  curves  for m e t h y l  ha-  
logenoace ta tes .  E n z y m e  d i lu t i on  i :2ooo. 
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Fig. 4. • 
I to serun ! 

; 2 the num OS-- -~  
chain. £ 

Fig. 3. pS-Activity curves for ethyl halogeno- enzyme 
acetates. Enzyme dilution I : 2ooo. 

I L I I t I 
0 1 2 3 4 5 6 

Affinity of n-alkyl fluoroacetat 
serum cholinesterase as function of 
number of carbon atoms in the alk 

Ordinate: pS value, at which tt 
in a dilution of I : 2oo0 hydrolys 

2 /~moles]ml-hour. 

~alts as inhibitors. This t ype  of inhib i tors  has  been sho~ 
rue chol inesterase ,  b u t  to  have  no effect on l iver  esterase 1 
alues  for 50 % inh ib i t ion  ( =  I50 ) under  s t anda rd i zed  co1 
. ternary salts .  F o r  the  m o n o - q u a t e r n a r y  sal ts  i t  is a t  om 
of the  ion produces  increas ing inhibi t ion,  b u t  in contrm 
~se n the  effect of the  t e t r a b u t y l  compound  is g rea te r  tha 
• These  d a t a  show c lear ly  t h a t  the  ac t ive  surface of serul 
ionic si te and  thus  expla in  in a s imple way  the  high affinit 
ervat ions ,  which  could  have  led  to  the  same conclusiol 
dy  (see e.g. KENS~I.ER AND ELSNERlS), and  pros t igmine  
f the  most  powerfu l  inh ib i to rs  of the  p l a sma  enzyme ~ 
Lhese e x p e r i m e n t s  has  not  been  real ized.  
hibit ion b y  q u a t e r n a r y  a m m o n i u m  ions is much  smalle  
serves  as subs t r a t e  (Table IX, i), in con t ras t  to  our  obse 

Quaternary ammomum salts 
previous ly  to  be specific for t rue  
In  Table  I I  we r epor t  the  va lues  
d i t ions  of two groups  of q u a t e r n a r  
ev iden t  t h a t  increas ing size 
to  our  resul ts  w i th  eel es terase  n 
of the  t e t r a p r o p y l  der ivat ive•  
chol inesterase  includes  an anionic  sit  
to  choline esters.  Single observat io l  
have  been r epo r t ed  prev ious ly  
known since long as one of  
However  the  significance of these  

I t  is i m p o r t a n t  t h a t  inh ib i  
when n -p ropy l  f luoroaceta te  
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r a - n - b u t y l  3" lO-8 

-qua te rnary  a m m o n i u m  sal ts* 

l t a m e t h o n i u m  2.9-  lO-8 I N(  
x a m e t h o n i u m  1.6.  lO -8 ~ up  
n a m e t h o n i u m  I • lO -4 
c a m e t h o n i u m  4.2-  IO -5 

scel laneous inh ib i tors  

~line 5.5 • IO -z  
) s t i g m i n e  i .6.  lO -8 
~rine 2 • I o - s  
m i n e  (I2~ ~ I.O 
ayl  g l y c i n a t e  3" lO-8 
• B u t y l  Ise  ~ 2 .6 .  lO -2 
f l u o r o a c e t a t e  

O u r  r e s u l t s  on  t h e  i n h i b i t i o n  of  p s e u d o  c h o l i n e s t e r a s e  b y  me 
t h o s e  of  PATON AND ZAIMIS 21, w h o  u s e d  b e n z o y l c h o l i n e  a s  ~, 

ms with eel esterase, where the lower members  of this,  
)itors for the hydrolysis of diacetine than of ACh. 
In the series of bis-quaternary ammonium salts ap[ 
uced by the members  with a chain length of 5 or 6 ca 
und against eel esterase. On the other hand, the inc 
1 passing from hexa- to deca-methonium, is less pron 

m e t h o n i u m  c o m p o u n d s  a r e  differ¢ 
s u b s t r a t e .  T h e s e  d i s c r e p a n c i e s  v 

rs of this series were even more effecti 

)reciable inhibition is alrea 
carbon atoms, whereas no effe 

Increase in the inhibitory effe 
3ronounced for serum than for 

scheme, which we proposed in an earlier paper ~ for t 
.~rase-amino acid esters, the assumption of an anionic s 
res that  this enzyme too should be unable to hydrolyse su 
ted by them. This is borne out by the data  in Table II ,  
e free acid glycine is a much weaker inhibitor than its ett  
should be recalled that  ethyl glycinate is a good substre 

trate and inhibitor activities. The pH-act iv i ty  curve for t 
:erase has been measured previously by  various authors TM 

mrement by application of the colorimetric method (Fig. 
num between pH 7.5 and 8.4. The problem of the pecul 
is also characteristic for true cholinesterase, will be de 

be  d i s c u s s e d  in a s u b s e q u e n t  p a p e r .  

vations 
inhibi 

produced b 
is found 
when 
esterase. 

In accordance with the 
combination true cholinesterase-an 
in the pseudo esterase requires 
esters, but  should be inhibi 
where it is also seen that  the 
ester. In  this connection it 
of liver esterase 14. 

pH dependence o/substrate 
system ACh-serum cholinesterase 
We have repeated this measur  
and observed a broad opt imum 
shape of this curve, which 
with in a separate paper. 
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T A B L E  I I  

kTERNARY AMMONIUM SALTS AND OTH1~ 

ad i n h i b i t o r  w e r e  i n c u b a t e d  for  45 m i n  
es r e p r e s e n t  t h e  150 v a l u e s ,  un l e s s  s ta tec  
p e r  o f  B E R G M A N N  AND S H I M O N I  u .  

~linesterase, kydrolyzing Eel est 

n-Propyl fluoroacaate ACk 4" IO-* iI 
M z.5• zo -~ M 

M 1.5- l ° - 2 / ~  
M I28 = I • l O  - 1  M 3" I ° - S / ~  
M 1. 5 • lO -4 3 
M 3" 1° -3  M 3" IO-4 ] 

M N o  inh ib i t i o I  
m ~ t o  I • lO -2 
M 5" IO-8 _A 
M 2.  IO -8 21 

M 4 - 1 o  -8 21 
M 4 . 1 o  -7 11 
M 6 . i o  -s  21 
M )  3" 1°-1  ~ 
M 3 " 1 o  -2 
M 1"1o  -2 ,~ 
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s 
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I I [ I 
6 7 8 9 

• 5- pH-Activity curve of ACh. Enzyme di- Fig. 6. pH D 
on I : 700, ACh i .  io-~ M. Bath temp. 36.5 °. pro~ 

Eserine 
perature 23 ¢ 
i : 700, temp 
1 0  - 2  M ,  e n 2  

and inhibito 
addition 

p resen t  in the  inh ib i to r  molecule,  which p roduce  so1 
~ratic si te,  the  changes  of the  la t te r ,  which are provo: 
Ltribute to  the  overal l  va r i a t ion  of the  inh ib i to ry  effe 
Fig. 6, the  effect of bo th  p ros t igmine  and  t e t r ae thy le  
l e t  non-compe t i t i ve  condi t ions  (i.e. a t  zero t ime),  
teases t owards  5. However ,  the  slope of the  two cur~ 
ve descending  a t  lower p H  values.  On the  o the r  

of the substrate, I.  IO -2 M ACh 

some k ind  of in te rac t ion  wi th  
~rovoked b y  changes  in pH,  will 

effect as funct ion  of pH.  As sh 
d a m m o n i u m  ion, when meas l  

approaches  zero, when the  
ryes  is different ,  the  prost ign 

hand,  the  t e r t i a r y  base  ese 
e of ac t iv i ty ,  when the  p H  increases f rom 6 to  9, in accorde 
base  is a much  weaker  inh ib i to r  t han  the  ionized form. 

ons t ra t e  t h a t  the  ac t ive  surface of se rum chol inesterase ,  
, is composed  of an es te ra t ic  si te and,  in i ts  immed ia t e  ne 
xged group,  the  "an ion ic  s i te" ,  which ionizes comple te ly  w 

7. The  evidence res ts  on the  following facts :  
fium sal ts  inh ib i t  the  hydro lys i s  of bo th  ca t ionic  and  neu 
r t iona l  to  the  size of the  q u a t e r n a r y  ion. 
aich the  pos i t ive ly  charged  a m m o n i u m  group is l inked  to 
med ia t ion  of an e the r  br idge,  combines  wi th  the  ac t ive  ce 
tt canno t  be hydro lyzed .  

are  
ester~ 
con t r ibu te  
in  F i  
under  
decre~ 

curve  
(pK = 8.1) 5 shows a decline of 
wi th  the  fact  t h a t  the  free 

Our  exper imen t s  demonsl 
t h a t  of t rue  cholinesterase,  
bourhood,  a nega t ive ly  charged  
the  p H  increases  f rom 5 to  

I ,  Q u a t e r n a r y  axnmonlum 
esters ,  This  effect is p r o p o r t k  

2, Glycine ester ,  in which  
es te r  ca rbony l  wi thou t  the  
a n d  serves  as inhib i tor ,  b u t  
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L the anionic site as an impor tan t  feature of the ac 
tse. They  found the ratio of affinities of choline for tr 

1.2-1o -2 M ACh as substrate.  I f  we compare first t 
~ thylammonium (Table II), we obtain a ratio of 1.3 t 
aesterase, which are practically identical. Further~ 
en constant  for the sys tem ACh-serum cholinesterase 
being the acid and base dissociation constants  of the 
Ly times greater than  the corresponding value for e( 
~d affinity of choline towards  serum cholinesterase i, 
ased affinity of ACh. 
['here are practically no spatial restrictions for the c 
tse with substrates and  inhibitors. This is well demc 
ase in the inhibi tory effect of qua te rnary  ammoniu 
as substrates (Table II, i). Apparent ly ,  when elect 

he substrate  not  forced into a definite direction, the ~, 
to the active center in various positions and thus 

itor to a certain degree. Similar observations have 1 
~ELLER for the inhibition of chloroacetate hydrolysis  
['he lack of spatial l imitations on the surface of s e r u m  
e behaviour  of the methonium compounds  : The differe 
tsed entirely on the increasing Van der Waals '  forces. 'I 

between chain length and  I50 values. For  eel esterase 

ammonium salts, wnen neutrat  este 
electrostatic a t t rac t ion  is missii 

substrate molecule can atta~ 
avoid interference with tl 

been made by  McNAUGHTC 
by  eserine 2°. 

cholinesterase is also reflect~ 
~rences in this homologous seri 

:es. Therefore a simple relationsh 
, on the other  hand, the low 

ractically ineffective and an enormous increase in affini~ 
imal" chain length is approached. If  we assume tha t  tl 
ases is represented by the same chemical group (e.g. a CO0 
: force between the anionic site and a given quaternm 
he same, if the min imum distance between enzyme ar 
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nhibi tory  ac t iv i ty  of methonium compounds  towards tl 
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le thonium neuro-muscular  block is the 'mos t  pronounc~ 
lock is an accessory phenomenon 21. The presence of pseu( 
tissues (e.g. in sympathe t ic  ganglia) has been demonstrat~ 
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A C h  + H 2 0  ~ c h o l i n e  + a c e t a  

t h  d i r e c t i o n s ,  t h e  s y s t e m  p s e u d o  c h o l i n e s t e r a s e - A C h  

r a t e  m a y  be)  c a n  f u n c t i o n  a s  e n z y m i c  b u f f e r  t o  r e g u  

r e d  i n  t h e  c o n d u c t i v e  p r o c e s s  a n d  t h u s  t h e i r  i o n - e x c t  

• Purif ied h u m a n  s e r u m  chol ines te rase  combines  in i ts  ac t ive  s 
[milar to  t rue  ehol ines terase .  T h e  differences be tween  t he  tw 
ed to  a) t he  presence  of a t  leas t  two nega t ive  si tes in t he  t r  
t ions  a r o u n d  t h e  ac t ive  cen te r  of t he  s e r u m  enzyme .  
• M e t h o n i u m  c o m p o u n d s  show q u a n t i t a t i v e  differences in th 
l zymes .  T h e  lower member s ,  C 5 and  Ce, are  ac t ive  on ly  agaii  
,.g. C m, also aga in s t  t rue  chol ines terase .  These  differences sug~ 
iza t ion"  of t he  pha rmaco log ica l  effects of lower and  h igher  rr 
• T h e  resu l t s  indica te  t h a t  s e r u m  chol ines te rase  b e h a v e s  pr im 
aus  can  p l ay  a s imi lar  role in ne rve  conduct ion ,  a l t h o u g h  

• L a  chol ines t6rase  du  s6 rum h u m a i n  purifi6e, de m 6 m e  que 
urface  ac t ive  une  r6gion an ion ique  et  une  r6gion e s t6 ras iqu  
de chol ines t6rases  v i e n n e n t  a) de la pr6sence d a n s  l ' enzyn  
yes, b) du  m a n q u e  de res t r ic t ions  spa t ia les  a u t o u r  du cen t re  
• Les  compos6s  m 6 t h o n i u m  n ' o n t  pas  le m ~ m e  pouvo i r  inh ib  

m e t h o n i u m  c o m p o u n d s .  
pr inc ipa l ly  s imi lar  to  t he  t rue  enzyn  

it  pa r t i c ipa tes  p r o b a b l y  on ly  

ue  la chol ines t6rase  vraie,  pr6sen 
ue. Les  differences en t re  les de~ 
"me vra i  d ' au  moins  d e u x  r6giol 

ac t i f  dans  l ' enzyme  du s~rum.  
inh ib i t eur  vis  5~ vis  des deux  enzyme  

,~, en C 5 ou C s, ne  son t  act i fs  que  sur  l ' e n z y m e  du  s~rum,  les m e m b r  
thibent  6ga l emen t  la chol ines t6rase  vraie.  Ces diff6rences permette~ 
:ion" cur ieuse  des  effets p h a r m a c o l o g i q u e s  des compos~s  m~thon iun  

am se compor t e  en  gros  c o m m e  l ' e n z y m e  vrai  e t  p e u t  donc  jou  
c t ion  nerveuse ,  quoiqu 'e l le  ne  p renne  p r o b a b l e m e n t  pa r t  q u ' ~  d 
v e m e n t  lents .  

3terase des  M enschen  vere in ig t  wie ech te  Chol ines terase  in sein 
n- u n d  Es te rasens te l le .  Die Un te r sch i ede  zwischen diesen beid( 
ter  A n w e s e n h e i t  von  m i n d e s t e n s  2 n e g a t i v e n  Stel len in d e m  echt( 
ml icher  Besch r / i nkung  u m  das  ak t ive  Z e n t r u m  des  S e r u m e n z y n  

zeigen in ihrer  I l e m m w i r k u n g  gegeni iber  den  be iden  Enzym(  
dedrigeren Glieder C s u n d  C s s ind  n u r  gegeni iber  d e m  S e r u m e n z y  
benfalls gegeni iber  ech te r  Chol ines terase .  Diese Un te r sch iede  leg( 

3 -  
a n d  t h u s  
re la t ive ly  slow conduc t ive  processes .  

I .  

sa  sur face  
t y p e s  
n~gat ives ,  

2 .  

Les m e m b r e s  inf6rieurs  de la s6rie 
sup6rieurs ,  pa r  exemple  en C10, i nh i ben t  
peu t -~ t re  d ' exp l ique r  la " loca l i sa t ion"  
inf6rieurs  e t  sup6r ieurs .  

3. L a  chol ines t6rase  du  s6 rum 
un  r61e semblab le  dans  la conduc t i on  
p h 6 n o m ~ n e s  de conduc t ion  relat ive 

I. Gere inigte  Se rumeho l ines t e rase  
a k t i v e n  Oberfl~iche eine Anionen-  
Cho l ines t e ra sena r t en  k 6 n n e n  a) der  Anwe 
E n z y m  u n d  b) d e m  Feh len  r / iuml icher  
zugeschr ieben  werden.  

2. M e t h o n i u m v e r b i n d u n g e n  
q u a n t i t a t i v e  Unte rsch iede .  Die niedri  
w i rksam,  die h6he ren  z.B. C10 ebenfal ls  
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