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Comments and 

Distinction between Acetylcholine-Esterase and 
Other Choline Ester-splitting Enzymes 

During thc 1)ast fcv- ycm,s, cholinc ester splitting en-
zymes have hccn studied bg many investig:rtors. One 
of tllc problcms involvcd lrns hccn tllc question of tllc 
existence of an  este1:rse specific for  acctylcholinc-a 
qucstion of considclablc interest in view of the important 
physiologicnl function of this ester. Mach information 
has hccn ohtaillei1 a i d  thc Pacts are, ~v i th  a few excep- 
tions, in good agreement. Howcvcr, tlle picture may 
appear confusing, due nrtrinly to the lack of a consistent 
classification and terminology. I t  is tlic purpose of this 
~rotc, to prol~osc a classiiicxtion :nrd a terminology whjch 
nr:~y corrtribute to clarifying the situation. 

The question of the cxistcncc of an  esterase specific. 
for acctylcholii~c \$as first raised by Stcdnran, Stcdrnan 
and Ensson (Haoclic.??i J. 1932, 26, 2056). Thesc in-
vestigators tl~ouglrt that  tlle enzyme which they prepared 
fro111 horse sernrn \v:ts specific for  cholinc csteis, a1 
tliougli not fox acc i~ l c i~o l inc ,  siirce ~t spllt huty~ylcholine 
a t  a higher ratc tllan ncctylcholme. J ~ a t e r  cupcrirncnts, 
howcvcr, have shown tll:rt the estsrascs prescnt in some 
sera are not specific for  cl~oline estcrs, altlrougl~ they 
split them faster tllair ironcllolinc esters (VAIILQUIST,G. 
Skand. Arch. I'hys~ol., 1935, 72, 133; ancl GT~TCIC J .D. 
baol. Chevz., 1938, 125, '729; 1939, 130, 527; 1941, 137, 
357). Alles and Hawes found that  the cstcrasc in red 
hlood cells difiers markeilly from the serum csterasc (J. 
biol. Chcrn., 1940, 133, 375). Tlle former is inhibited by 
high concentrations of acctylcholinc in contrast to tlie 
lat ter;  i t  hydiolyzcs ncetyl-jl-nrctl~ylcl~olii~c,whicll 1s not 
split by serunr ester:~sc (Glick, op. cit.). Biclitcr ancl 
Croft (Bioc7iem .7., 1942, 36, 745) confirnrcd thcsc oh- 
servations and founcl the red cell esterasc highly specific 
fo r  acctylcholine. Grain estcrasc was found to he simi- 
lar  to the red cell csterase (ZCLLCIL, E. A. and BISSRCGRR, 
A. Hclv. chan~. Actcc, 1943, 26, 1619; NACHDFANSOHN, D. 
and ~ ? O T T I ~ N ~ ~ E R G ,  J .  biol. C?bcm., 1945, 158, 653). ilfi I\. 

Thcsc two ester:~ses do not split benzoylcl~olinc (MENDEL, 
B., MUXDRL,U. H . ,  :irlil I ~ U D N E Y ,  H., Baoc?~cm.J.,1943, 37, 
473). Testing a v:irictp of esters and cstcrascs of different 
tissues, N:rchmansohli 2nd Rothenberg shonrcil that  the 
esterase in all conductive tissuc, nerve and muscle, and in 
crytllrocptcs has a rrumher of well-defined properties. I n  
;ccidition to a well defined optimum acetylcl~oline concen- 
tration, dcscrihccl previously, they founcl tha t  the enzyme 
splits propionylclroline a t  tlle same or a t  a lo~vcr rate 
than acetylcliolirie, ~ ~ ~ h e r c a s  butyrylcl~oline was shown to  
hc split a t  a very low. rate or not a t  all. A t  a concentra- 
tion optimal for acctylcholinc, noncholinc esters were 
split a t  a very low rate 01. not a t  all. Tlrc observations 
included a virtually pure estcrasc preparation ohtaincd 
from tllc electric tissuc of Electrophorus electricus. I n  
striking contrast to this type of estcrase, cstcrases of 
other tissues, like tha t  of serum, split propionylcholine 

a t  a higher rate than acetylclrolinc and hntyrylcholine a t  
a higher rate than propionplcholine. 

Thc ilnportancc of studying tllc cnzymc activity as 
function of suhstratc conccntration for all esters has 
been emphasized hy IC. B. Augustinsson (Acta. p7iysaol. 
Scan~l., 1948, 15, Snppl. 52). Testing the activity as 
function of substrate concentration, hc found tha t  the 
cstciascs from conductive tissue and erythrocytes havc 
the same optinrum substratc conccntration for  propionpl- 
cllolinc and hntyrylcholinc, uhcrcas, e.g., for acetpl 0-
metl~ylcholine they llavc a diffcrent optiurunr ( J .  biol. 
Clzcm., i11 press). Nonclroline estcrs, like triacetin, show 
entirely different activity-suhstmte concentration rela-
tionships. At  very high substrate conccntrations, hydroly- 
sis rate may hc cvcn higher than wit11 acctylcholii~c. 

From all these investigations i t  is ohvious tha t  tllcre 

I . 1. A ect!/loholirce-esterclse. Source : ~lectric1 isst~r 
c:U I~'1ecfroylbonis electrimis. Activity-1)s cur\.c's for the 
r,rr~ynrt~tichptlrolysis of' various ('stcxrs. 

a - - - - - - e hci,t ylcl~olin(a (BCh) ; 
o . . . . . . c butyrylcl~oline (RuCh) ; 

f3 - - e propionylcholinc, (PrCh) ; 

C)---c> l)~-a~etyl-~-m~~th~~1~~10Ijll~~
; 

x Iriacetin ( T A ) .  

is a type of cstcrase which is highly specific for acetyl- 
cholinc, although this specificity is rclativc and not abso- 
lute. Whcreas tllc facts accnmulatcd prescnt a fairly 
clear picture, no agreerricnt exists concerning the tcrlns 
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used for  the different types of cholirle ester-splitting 
enzymes. Zeller distinguishes the enzynics according to  
the material where they were first found and described. 
Nachmnnsohn and Itathenberg leferred to the enzyme i n  
conductive tissue anil erythrocytes as  n cl~olinesterase 
specific for acetylclioline, but a term distinguishing this 
type from other eholine ester-splitting enzymes appears 
desirable. Augustinsson defiued as  choliucsterase all 
those esterases which, a t  substrate coucentration optimuln 

FIG. 2. (('lro/in('slcln.se. Source : htirrla~l SCPIIII~. -\?-

t i r i ty  -pS corvfLs I'or t l ~ cenzymatic I~gclrolysir of' rarions 
rsfers. S~~mbolsIbex strmc as  in Fis. 1. 

for  :icctylcholine, split this ester a t  :t higher rate than 
any orher ester. Since he included in this classificatio~l 
the serum esternsc, this aefinition must be reviseil. 

hlcndrl and his associates introduced the terms "true " 

and "pseudo" cholinestertcse. In contrast to thc find-
iiig of other investigators, Mendel aud Rudney founil an 
opt.irnun1 rate of' :icetplcliolixe hydrolysis by brain cs-
terasc to be belolv 0.0002 &isubstrate concentration. 
This optimum rate, a t  an  extremely low acetylcholine 
concentration, they consider to be the decisive difference 
of ' 'trsue) ' as  compared with the "pseudo ' ' cholinester-
ase, for which they founcl. an  optimum of above 0.02 &I. 

These data  were based on inadequate tecllniqucs (XACII-
MANSOIIN, 1). and ~ ~ O ' P I I E N J ~ E R G ,  Cha?l~.,hf. h. J. biol. 
1945, 158, (553) .  .The  experiments were not carried out 
under optimal conditions, especially in regard to  the salt 
eoncentrations ( A u ~ u s ~ ~ ~ x s s o ~ ,B.I<. Act<&ph,gsiol. 
Scaqzd., 1948, 15, snppl. 52). Also, the expressions "true ' ' 
and ' 'pseudo " enzyme have met gc,ncral opposition by 
enz~n ie  chemists (GLICK,D. Scic~cce,1945, 102, 100).  

Since th,?re exists a type of esterase with well-defined 
properties and highly specific for  aetitylcholine, we sug-
gest the use of the term aeetylcliolit~e-estwase (ACh-
esternsc) for  this enzynie. I t s  inost ontstauding char-
acteristics rnay be sun~mal.ized as fol1o.ivs: I t  h:is a high 
:ifiil~ity to acetylcholine, that  is, the Miclinelis constant is  
s~uall. The turnover nnmbc~r js high. S o  other ester is  
I~pdrolyzcd a t  a, higher rate. The euzynre splits propi- 
onglcholiiie a t  the same 01. a t  a l o ~ ~ e r  rate, butyrylclioliilc, 
:tt :t low rate or not : ~ t:rll. Notlclioline esters arc not 
split or a t  a low rate. The cnzyine has a low afflnity to 
1;Itese latter esters. I f  the enzyme activity is plotted 
:~gninst log hi :~.cetylcholinc concentration, a bell-shaped 
CiNT7(3 is obtained, consistent with tshc theory of Haldane 
about inhibition of enxyrnc by excess of substrate (see 
Fig. 1). The ACh-esterase occurs i n  conductive tissue 
(i~erve and muscle) a ~ ~ dill er~tlirocytes. Ksterases with 
silllilar eharacterist,ics ocfur ill a few special cases, like 
snake venom :tnd Hcli.?: blood K. 13.( A U G U ~ T I N ~ S ~ N ,  
d c t a  physiol. Scand., 1948, 15, suppl. 52), although these 
eltzyrnes have a few distinct features as compared xvitlr 
tile ACh-esterase of conductive tissue. 

The propekties of aeetylclroline-estemse malie it pos-
sible to distinguish this enzyme from other esterases. 
l'here are other esterases, e.g., in sorne sera, and in the 
pancreas, vvlricl~ split choline esters :LR a higher rate than 
noncholine esters. According to  the usual enzymo1ogic:il 
terminology, these estcrases may be called cholinesterases, 
its was originally proposed by Stedman for  t,he serum 
csterase. Their physiological substrate is  a t  present un- 
known and so the uame seems a t  least temporarily appro- 
priate. These esterascs as compared with acetylcholine-
csterase have a high Michaelis cor~st:rnt for  choline esters. 
They are not iillribited by high concent,rations of acetyl- 
cholino. Hydrolysis rate increases wil.h incrc:~sing length 
of the acyl chain (from acetyl t,o n,-lrutyryl) (Fig.  2). 

It is  hoped tha t  the classification and terminology 
proposer1 may help t,o avoid further confusion. The term 
ACli-estcrase, moreover, will assoei:itc this type of enzyme 
~ ~ i t , hits  physiological substrate, :lt lenst in nervc and 
~niisr-le tissue, where a funetiou o f  aeet~lcholine appears 
fnirly well established. 
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