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SUMMARY

Nuclear magnetic resonance has been used to study the association of atropine and

eserine w-ith acetylcholinesterase extracted from squid head ganglia. Line width changes of
the N-methyl amid phenyl groups of atropine and the N-methyl and C-methyl groups of

eserine resulting from association with the enzyme have been utilized to study the inter-

actions. The observed line widths in the presence of enzyme were similar for atropine and
eserine. The addition of tetraethyl pyrophosphate or diisopropyl fluorophosphate diminished
the binding of eserine but not of atropine. Kinetic studies, using acetylcholine as the sub-

strate, showed that eserine was a potent cholinesterase inhibitor w-hereas atropine w-as a

poor anticholinesterase. These results indicate that there are at least tw-o binding sites on the

enzyme. One is the active center (where eserine binds), which consists of an anionic and an
esteratic site; the other is an anionic site (where atropine binds), w-hich is distinct from the
catalytic site.

INTRODUCTION

Recent studies indicate that acetylcholin-

esterase contains binding sites which are mion-

catalytic. Changeux, Leuzinger, and Huchet
(1) have show-n the reversible binding of

acetylcholine to acet\’lcholinesterase, which
is-as inhibited by eserine, and Changeux (2)
has demonstrated the binding of gallamine

triethiodide (Flaxedil) and (/-tubocurarine,

two receptor inhibitors w-hich only partially

inhibited the enzyme. Ritz et a/. (3) have
show-Il the presence of an allosteric site w-here

the binding of certain drugs is capable of

modulating the activity of the catalytic site

through conformational changes in the en-

zyme. Belleau and his co-workers (4, 5) have
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from the Canadian Medical Research Council and
the Muscular 1)ystrophy Association.

1 Scholar of the Medical Research Council of
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show-n that at least two anionic sites are

present on acetvlcholinesterase: site I, which
is part of the active center, and site II,

located elsewhere on the protein molecule.

Their results imply certain similarities be-

tweeti the anionic sites of acetvlcholinester-
ase and the acetylcholine receptors of ex-
citable membranes. The enzyme used in
these studies w-as obtained from the electric
organ of E/ectrop/uorus e/ectricus (1-3) or from

bovine ervthrocvtes (4, 5).

The present paper describes a study of the

binding of atropine and eserine to acetyl-

cholinesterase isolated from squid head gall-

glia, using proton nuclear magnetic reso-

nance QH NMR) methods (6). These two

compounds were used as probes for the two

postulated binding sites of acetylchohines-

terase. It is known that eserine, which re-

versibly inhibits acetylcholine hydrolysis,

has a high affinity for the catalytic site amid
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may be described as an ideal compound to

assay hydrolytic sites, whereas atropine ma�-

be considered a suitable compound to assay

receptor sites since it binds w-eakly to know-n

macromolecules (7) and has a high affinity
for muscarinic receptors (8).

METHODS

Acetylcholinesterase is-as extracted from

the head ganglia of squid (Lo/igo apalescens,
obtained from the U. S. Freezer Company,
Monterey, Calif.) with phosphate-buffered

NaC1 (0.1 st sodium phosphate buffer, pH
7.3, and 0.1 sr NaCl) and was purified by
ammonium sulfate fractionation. The 20-

40 % ammonium sulfate fraction was dis-

solved in phosphate-buffered XaCl, dialyzed
agamst distilled water for 24 hr, and cen-
trifuged, amid the supernatant fluid was ly-

ophilized to dryness. The specific activity of
the acetyicholinesterase was 20 mmoles of
acetylcholine hydrolyzed per milligram per
hour.

Other materials were obtained from the
following sources: atropine sulfate, Mann

Research Laboratories; eserine sulfate, Nu-

tritional Biochemicals Corporation; tetra-
ethyl pyrophosphate, Monsanto Company,
Ltd.; diisopropyl fluorophosphate, Mann Re-

search Laboratories; acetylcholine chloride,
British Drug Houses; and D20, Merck Sharp
and Dohme, Ltd.

All solutions were dissolved in 99.7 %

D20-sodium phosphate buffer (0.1 u or 0.01
iii, pH 7.4). The apparent pH of the sample
as measured with a glass microelectrode is-as
adjusted with 0.1 N NaOD or 0.1 N DCI in
D20. Solutions were made up to 0.5 ml and
placed in standard NMR tubes. Tile rate of
hydrolysis of acetylcholine by acetylcholin-
esterase with or without inhibitor was meas-
ured as described previously (9).

All NMR measurements is-crc made on a
Varian A-60D high-resolution spectrometer.
Chemical shifts are expressed in Hertz from

the external standard, tetramethylsilane.
Most line width measurements is-crc made at
a sweep width of 5 Hz/cm and a sweep rate

of 0.5 Hz/sec. Measured line widths is-crc
corrected for instrumental broadening (0.4
Hz), and relaxation rates, l/T2 , were calcu-
lated from 1/T2 = 7r�v1/2, where �v�’2 is the

line is-idth of the atropine or eserine protons

at one-half maximum peak height and T� is

the transverse relaxation time. 1’or the case

of rapid exchange of the small molecule be-

tween a site on the protein and the solution,

the observed relaxation rate, (l/T2),u). , is a
sveighted average of the relaxation rates of

the bound and free nucleii, each term being

weighted by the appropriate mole fraction
(10, 11). It is-as assumed in the present study

that the longitudinal relaxation time T, ivas

equal to T2 , and all measurements are re-

ported as 1/T2

RESULTS

The NMR spectrum at 60 MHz of atro-

pine sulfate exhibits resonances at 443 Hz
and 161 Hz (downfield from tetramethvl-

silane), which can be unambiguously as-

signed to tile phenyl and N-methyl group

protons, respectively. Eserine sulfate ex-
hibits resonances at 186 Hz amid 55 Hz,
which can be assigned to the N-methyl and
C-methyl protons, respectively (see Fig. 1).

Because these are the most intense reso-
nances in the spectra and are not split by
spin-spin coupling, they is-crc best suited for

our present study.
Association of airopine and eserine with

acety/cho/inesterase. Typical results are show-n

in Fig. 1 for the association of atropine and
eserine with acetylcholinesterase. At 39#{176}and

pH 7.4 in the presence of enzyme (4 mg/mi),
the resonance lines of the N-methyl and
phenyl groups of atropine undergo broaden-
ing as a result of association with the enzyme
(Fig. 1, left). The resonance hues of the

N-methyl and C-methyl groups of eserine are

also markedly broadened in the presence of

enzyme (Fig. 1, right). How-ever, ivithiiti ex-
perimental error (estimated to be less than
1 %), no significant changes in the positions
of these resonance lines could be detected in

the presence of acetylchohinesterase.
To confirm that the effects observed in the

NMR spectra of atropine amid eserine in the
presence of acetylcholinesterase were due to
association between inhibitor and enzyme
rather than to nonspecific viscosity effects in

the protein solution, the NMR spectra of
atropine and eserine in similarly concen-

trated solutions of bovine serum albumin

were also recorded. It isits found that the
addition of albumin to either atropine or
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eserille did not result in any line is-idth

changes from that of the free inhibitor. Nor

did cilallges ill the concentration of tile in-

imihitor affect line widths by more than 10 %

over the concentration range of atrophic or

eseritie sulfate from 10_2 u to 10-1 ii.

The effect of acetylci tolinesterase concen-

tiation on the relaxation rate of the N-
nietlivi and piien�rl protons of 20 mu atro-

lute sulfate is shown in Fig. 2A; Fig. 2B
shows the effect of acetvlchohinestera.se con-
eeuittatioii oIl the relaxation rate of tile

N-methyl and C-methyl protons of 20 mu
eserine sulfate. A change in the enzyme con-

centration from 0 to 5 mg’ml increased the

observed relaxation rates of the N-methyl

aIl(l phemivl protons of atrophic from 3.2 sec-1
to 14.1 sec’ (±0.7 see-’) and from 1.5 sec’

to 9.1 sec-1 (±0.6 sec’), respectively; the

relaxation rate of the N-methyl group of

eserine increased from 0.9 sec’ to 13.4 sec’

(±0.8 sec’), whereas that of the C-methyl

group increased from 1 .6 sec’ to 17.9 sec’

(±1.0 sec’) f�r a similar range of enzyme

coiieetit ration. Is similar relaxation rates

were observed with both inhibitors in the

ins�u1ce of the enzyme.

20mM �

40mM � -�

60mM

FREE A A
20mM l�’ �lpt. �Id#�\�ii�
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Under the present conditions of pH 7.4

and 39#{176},the enzyme-inhibitor complex w-as

short-lived and yielded a spectrum repre-
sentative of a iveighted average of the en-

zyme-bound amid free forms of inhibitor. The
effect of inhibitor concentration on line width
is shown in 1-’ig. 1. This illustrates that the
N-methyl and aromatic resonances of atro-

pine aiid the N-methyl and C-methyl reso-

nances of eserine become progressively

broader as the concentration of inhibitor is
decreased. As pointed out earlier (12), this is
the opposite to ivhat one iv�uld expect if the

broadening is-crc due to nonspecific mecha-
nisms. At a given ratio of enzyme to in-

hibitor, the spectrum of eserine appears to be
somew-hiat broader than that of atropine.

The effect of inhibitor concentration on

the relaxation rates at constant enzyme con-
centration is shown in Fig. 3. Tile observed
relaxation rates of the N-methyl and phenyl

peaks of atropine increased from 8.8 sec’
(±1.0 sec’) to 19.4 sec’ (±1.2 see-’) and
from 7.5 sec’ (±0.7 sec�) to 13.5 sec’

(±0.9 sec’), respectively, as the concentra-
tion of atropine sulfate was decreased from
40 to 5 mu. The relaxation rates of the
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The solvent was 99.7� 1)20 containing 0.01 H sodium phosphate buffer, p11 7.4, at 39#{176}.
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C-methyl and N-methyl peaks of eserine in-

creased from 8.8 sec’ (± 1.2 sec’) to 28.5
sec’ (±1.5 sec’) amid from 7.9 sec’ (±0.9

sec’) to 21.0 sec’ (± 1.0 sec’), respectively,

as the concentration of eserine sulfate ivas
decreased from 60 to 10 mu.

Calculation of the relaxation rates of the

bound form of the small molecules is possible,

as described elsewhere (10). These results are

summarized in Table 1. On binding to acetyl-

cholinesterase, the relaxation rate of the
N-methyl group of atropine increased, from



TABLE 1

Relaxation rates an(l I�.o for at rapine and eserine

(1/T2),�,, and (l/T�)� ,,.,.are the transverse relaxation rates of the bound and free nuclei, respec-

ivelv. (1/T2) bou� was obt ai,,ed from plot of (a) (1/T3)0h. with respect to the total enzyme concentration
at constant inhibitor concentration or (b) (1/T3)Ot)n with respect to the inverse of the inhibitor con-

ccItt ratioii at constant enzyme concentration. I:� is the concentration of inhibitor reqttired to produce

50� ii,hibitioti of the ettzvme.

Inhibitor Group (1 /T3)1,�� (IT3) � (T3)1,,.�: (T3) lund 130

Eserine (‘C1l3

NCI 13

Atropine Nd!3

Phienvl

3.2 21.2 X 10 6.6 X 10

6.9 X b 2.2 X 10�
1.5 16.4 X 10

4.1 X 1O�

10.9 X 10

2.7 X 10�

4
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sec’ sec’

1.6 (a) 16.2 X 10�

(h) 13.() x 10�

Oh) 12.2 X 10i
9.1 X 10.1

3.2 sec’ to 21.2 X 10� sec’, by a factor of

6600, and that of the phenyl group, from 1.3
sec’ to 16.4 X 10� see’, by a factor of

10,900; the relaxation rate of the N-methyl
group of eserine increased, fi’om 0.9 sec’ to

12.2 X 10� sec’, by a factor of 13,600, and

that of the C-methyl group, from 1.6 sec’ to

16.2 X 10� sec’, by a factor of 10,100.

1H (/epen(/ence of bindinq. A study of the
effect of pH (5.8-10.1) at constant ionic
strength (0.01 u sodium phosphate buffer)
on the I)roton relaxation rates of 20 mu
atropme sulfate in the presence of acetyl-
chohuiesterase (4 mg/mi) is shosvn in Fig.
4A. As the pH was increased from 3.8,

(1/T2)0h5 of both the N-methyl amid phenyl

groups increased, the N-methyl curve having
a maximum at pH 7.4 amid the phenyl curve

passing through a plateau in the same pH
region. Betw-een pH 8.0 ami(l pH 10.1 there
ivas a sharp increase in both curves. No

i’eadings w-ere taken above 1)H 10.1, as in
alkalimie solution atrophic is hydrolyzed itito
tropine and tropic acid. There is-as no further

change imi (l’T2)0b5 below pH 5.8.
The pH dependence of the relaxation rate

of the N-methyl and C-methyl groups of 20

mu eserine sulfate in the presence of acetyl-
cholinesterase (4 mg/mi) is shown in Fig. 4B.
As the pH ivas increased from 6.2, (1/T2)0b�

of both groups ilicreaSe(i, passnig through a

plateau at pH 7.3. Above pH 7.5 there is-as

again a sharp increase in both curves until

.1!

10.1 X 1O� 1O�

81 X 10

13.6 X 10.1
10.1 X 10�

10-’

pH 9.4. No further readings is-crc taken
above this pH because of the insolubility of

eserine sulfate. Belosv pH 6.2 there was little

or no chamige in (l/T2)0t35 of tile two groups.

Changes in (1/T2)frt.e for a solutiomi of 20 mu

eserine or atropine sulfate as a function of
pH were relatively small (less thami 3 see-’)
ivhemi compared to a solutioli of 20 mu

eserine or atropnie sulfate amid acetylcholin-
esterase. Chemical shifts of the drugs in the
presence of enzyme were not significantly

different from the shifts in a solution of the
drugs aloiie throughout the pH range stud-
ied.

Effect of ionic strength on binding. To study

the effect of ionic strength on the atropine-
acetylcholinesterase interaction, a 20 mu

atropine sulfate-4 mg/mi acetylcholinester-
ase solution is-as chosen. This and a control

solution of 20 mu atropimie sulfate alone is-crc
examined in the presence of increasing
amounts of NaCI, up to 4 u. The results of
relaxation rate measurements are shown in

Fig. 5A. An initial increase in the NaCl con-
centration resulted in a decrease in (1/T2)0b�

of both N-methyl and phenyl group protons

through a minimum at approximately 0.6 M.

A further increase in the NaCl concentration

resulted imi a marked imicrease in (1/T2)Obs

both curves passing through maxima at ap-

proximately 3 M NaCl and dropping to 7.0
sec’ and 7.4 sec’ for the N-methyl and

phenyl peaks, respectively, at 4 u NaC1.
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FIG. 4. pH dependence of relaxation rates of 20 mu atropine sulfate (A) and 20 ni.mi eserinc sulfate (B)

at a constant concentration of acetylcholinesterase (AChE)

The solvent was 99.7% 1)30 containing 0.01 it sodium phosphate bt,ffer at 39#{176}.

I i_____J - I

FIG. 5. Effect of XaCl concentration on relaxation rates of 20 mitt! atropine sulfate (A) and 20 nt.ut eserine

-sulfate (B) at a constant concentration of aeetijlcholincstera.se (A (‘hE)

The solvent was 99.7% D20 containing 0.01 H sodium phosphate htiffcr, p11 7.4, at 39#{176}.

Figure 5B shoiss the effect of NaCl con-
centration on tile relaxation i’ate of the

N-methyl and C-methyl group protomis of 20
mu escrme sulfate is-ith acetylcholinesterase
(4 mg/ml). A pattern similar to that of atro-
pine-acetylchohinesterase w-as established;

that is, an initial decrease in (1/TT)0b5 to a
minimum at approximately 0.6 u NaCI, then

a marked increase with increasing NaCi con-
centration through a maximum at 3 u NaCl,
amid fimiahly a sharp drop as tile NaCI comicen-

tratioli ivas imicreased to 4 u. Without acetvl-
cholinesterase, 1/T3 of 20 fllM eserine sulfate

or atropine sulfate changed by approxi-

mately 1 sec’ as the NaC1 comicent rat ion was
changed from 0 to 4 u.
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FIG. 6. Effect of diisopropylfluorophosphate (DFP) and tetraethyl pyrophosphate (TEPP) on relaxation

rates of 20 mn.ui atropine sulfate (A) and 20 w.v eserine sulfate (B) at a constant concentration of acetm,l-

cholinesterase (AChE)
The solvent was 99.7% 1)20 containing 0.01 il sodium phosphate buffer, 1)11 7.4, at 39#{176}.

Effect of d iisopropyl fi uorophosp/i ate and
tctraetliyi pyrophosphate on binding. In these

experiments the effects of tw-o irreversible
antichohinesterases, tetraethyl pyrophos-
phate amid diisopropyl fluorophosphate, on

the binding of atropine and eserine to acetyl-

cholinesterase were studied. The effects of
these inhibitors on (1/T2)0t3 of atropine and

eserine are show-mi in Fig. 6. The addition of
200 �t dusopropyl fluorophosphate or 200

j.iu t et,’aethyl pyropiiosphiate to acetvicho-

linesterase (4 mg/mI) plus 20 m.ii atropine
sulfate hiad little or no effect on (1/T2)Oj)S of

either tue N-methyl or phenyl group of atro-

pine sulfate. The addition of 100 /2M diiso-
propvl fluorophosphate to acetylcholimiester-

ase (4 mg /mh) plus 20 mu eserine sulfate
decreased (1 ‘T2)o15 of the N-methyl and
C-methyl groups from 9.3 sec� to 6.6 sec’

and from 11.9 sec’ to 8.2 see-’, respectively.

Similarly, the addition of 100 Mu tetraethyl

pyrophosphate to acetylcholinesterase (4

mg� ml) plus 20 mu eserimie sulfate decreased
(1/T2)0t�0 of the N-methyl and C-methyl
groups from 8.6 sec’ to 6.2 sec’ and from

11.3 see’ to 8.0 sec’, respectively. A further

increase in tile concentration of either imi-
hibitory agent had little or no effect on the
relaxation of either the atropine or eserine

peaks in the presence of the enzyme. The

selectivity in inhibiting the binding of eserine

without preventing the binding of atropine

suggests the existence of tw-o distinguishable

binding sites for inhibitors on acetylcholin-

esterase.

Effect of atropine and eserine on the catalytic

activity of acetyicholinesterase. A direct test of

the above postulate w-as made by studying

the effect of atropine and eserine on the

catalytic activity of the enzyme. Acetylcho-

linesterase is-as incubated with atrophic sul-

fate or eserinc sulfate in various concentra-
tions (10_8��10_i u) for 20 mm at pH 7.4 and

390#{149} Acetylcholine chloride (10 mu) is-as then

added, and the rate of hydrolysis is-as fol-

lowed by NMR methods as described earlier

for serum cholinesterase (9). Tile results are

summarized in Table 1. While eserine is a

potent amiticholinesterase (150 = 10� u),

atropine is a poor cholinesterase inhibitor
(I�� = 10’u).
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1)ISCC5SION

Tue broadenimig (-)f the spectra of atropine

and eserimie observed in the presence of aCe-

tvlchohinesterase is due to a restricted motion
(-)f the small molecule is-hen boumid to the

enzyme. The siniilarity of the ratio

( T2)iree (T3)h0�1�I for the phemlyl groiij�
(10.9 X 10�) and N-methyl group (6.6 X 10��)
of atropine suggests that both ends of time
molecule are immobilized to the same extent

by tiie imiteractiomi. On bindimig, the relaxa-
tiomi rates of the C-methyl group and

N-methyl group of eserine are enhanced b�
factors of 10.1 X 10� amid 13.6 X 10�, re-

spectively. These groups are also immobi-
lized to approximately the same extent by

the interactiomi. Such behavior might have

beets expected for eserine, since both methyl
groups are on the rigid ring system and
ssOuh(l experience a similar restriction of 1130-

tion svhen eserimie binds to a macromolecule.
To explain the observed variatiomi in 1/ T,

ss-ith pH amid ionic strength, ive may initially

consider the folloiving possibilities: (a) al�
teration of the state of aggregation of acetyl-
choiinestera.se, which is seiisitive to both l)H
and ionic strength, (b) change in the rate of

exchange of tue imihibitor betweeii the en-

zyme-inhibitor complex and the solution,

(c) change in the affinity of the inhibitor for
the enzyme, i.e., change in binding constant,
and (d) imicrease in the number of negative

charges on the enzyme as the pH is raised.
As plots of 1/T2 with respect to the inverse

of tile inhibitor concemitration at constant
enzyme concentration, or 1/T3 is-ith respect

to emizyme comicentration at constant in-
iubitor concentration, are linear at pH 7.4,

0.01 M sodium phosphate, ali(l 39�, ItIi(l as

one of the underlying re(1uirements for line-
arity is rapid exchange on the NM1I time
scale, we may assume such rapid exchange to
occur. Although such plots is-crc not COIl-

structed for other conditiomis of pH and ionic

strength, it is suspected that f()r most or all
of the conditions in the present experiments,

the residence lifetime of the inhibitors on the
enzyme molecule is sufficiently short and

constamit and need not be considered further.
Acetvlcholinesterase is know-n to aggregate

at losv iomiic strength (0-0.2 ii NaCl) (13).
The somewhiat larger relaxation rate at very

low ionic strength IUl(l the miiii�nun� at 0.6 ii

NaCI could be eXJ)laine(l by increased ag-

gregation of acetylcilohitlestera3-ie at lo’sv lottie
stremigth . i’iiti’ binding constant iieed riot
change to give the observed effect. The in-

crease(l relaxation rate �aii be attributed to
the higher m()leClllttr iveighit of the aggre-

gated enzyme cut its’, which confers upon the

bound inhibitor an iIIcl.(iased correlation
tinie. The (lecrease in l/7’3 through a n�ini-

mum at 0.6 ii NaCl can be explained by
disaggregation of the etizyn�e at the higher

ionic strength . Although the observations

cart be explained by the aggregation j)hle-

nomenon, the bindilig constant could con-

ceivably be influenced by aggregation, and

could contribimte to the 1/7’3 curve. Ti

increase in 1 / T3 at an NaC1 comlcemitration

above 0.6 Lit appears to be due to an imicrease

in the bimidimig constant caused by emihamiced
hydrophobic interaction betw-ecn tile in-

hibitor ring system and the enzyme, favored

by high ionic strength. A larger decrease in

1/7’2 betiveen 0 and 0.6 ii NaCl, caused by

disaggregatiomi, may be masked by the in-
crease in binding due to the increasing domi-

tiance of hydrophobic forces at higher salt
comicemitrations. At very hi igh concentrat ri )ns

of NaCl (4 ii), the decrease in 1/73 could
result from a conformational change at the

binding site of the enzynle, giving rise to a

decreased bimiding affinity for the inhibitor.

Precipitation of the enzyme was evident, and

the consequent decrease in enzyme concen-

tration could further cause a drop in the plot
of I �T2 with respect to NaC1 concentration.

The pH (lepeml(lence of tile observed relax-

ation rates of both atropine and eserimie ill

the presence of acetyhchohinesterase exhibits

a sharp imicrease at alkaline pH. An increase

in the pH results in an increase in the net

number of negative charges on the enzyme.

Formation of more negative charges with

increasing pH would cause more atropine or

eserine to bind. If the binding were electro-

static, 1/T3 ivould be expected to increase

isithi an increase in the pH, but should (IC-

crease above the pK values of the inhibitors

(9.8 for atropine, �..) for eserine) as the imi-

hibit()rs become neutral species. It is likely

that the increase in I /7’3 is due to an increase

in electrostatic interactions bet iveen the posi-
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tively charged imihiibitors audi the negatively
charged protein. A decrease iti l/T2 above

the pK values of the inhibitors did not occur,

how-ever.

It is difficult to say what the primary bind-

ing forces are in the inhibitor-acetylchohin-

estera.se complex, although it is more than

likely that both electrostatic amid hiydro-

phobic forces play a role. it ivOlIld be inter-

esting to examimie the binding of tropine and

tropic acid, the former containing only the

ahiphatic ring and charge(l N-methyl group,

and the latter comitaining the phemiyl ring. In

this way some s(ipltrtttiomi of tue tivo effects
may be achieved.

If both compounds bind at the catalytic

site, both shoimhd inhibit acetylcholine hy-

drolysis. Yet atropimie, ivhichu binds strongly

to the enzyme, is imieffective as ami inhibitor of

chiolinesterase. Consequently, it must bind to

a site other thaus the catalytic site. The tivo
binding sites can be clearly distinguished,

since diisopm’opyl fluorophosphate or tetra-
ethyl pyrophiosphate interferes isith the

bindimig of eserine but not of atropine.

According to Leuzinger, Goldberg, and

Cauvin (14), the acetylcholinesterase mole-
cule consists of two differemit polypeptide

chains of the same molecular is-eight and
comitaimis tss-o sets of each kind. Chamigcux
et al (15) have suggested that one subunit

functions as the catalytic site and that tile
subunit of the other ClasS fumictions as the

acetylchoiine receptor. Much recent evidence
indicates that acetylchoiimiesterase might

play the role of receptor its ivell as emizyme
(1--5). The physiological significance of this

property of acetylcholinesterase, how-ever, is
not yet clear. Whether or not acetylcholin-

esterase functions as the postsynaptic re-

ceptor for acetylchoiine remains to be shoisn.
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