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SUMMARY

The conformation of highly pur’ified acetylchohirmesterase was measunr’ed with a spectro-

polarimeter. It was demonstrated that heat, strong base, a substrate, and anticholinester-
ase agents induce alterations in the conformation of timis enmzyme.

Acetylcholinesterase is arm immmportant emm-
zyme in human physiology by vin’tume of its

essential action in ganglionic and choliniem’-
gic neural-effector or’gan tramismission. Re-
cent developments in time study of pr’oteimm

structure indicate timat specific enmzyme in-
hihitors and substrates may pn’oduce them’
effects by hinmding to time active site anmd mm-

ducing appropr’iate confon’mational cimanges
essential to furrthcr i’eactionm (1 , 2) . Indirect

evidence md icates timat eonmfor’immatiormal
alterations in struncture may provide an

explanation for some of time n’eaetionms of
acetylcholinesterase (3, 4). Similarly, by

binding a molecurle at a site other’ timan the

active surface, time enmzyme’s ten’tiar’y struc-
ture may be aiter’ed with a resultant cimange
in catalytic activity (5, 6). Timis type of

allosteric nmeclmanmism has n’eceritlv beenm pro-
posed for acetylcimohinesterase (7). In timis

preliminary study we r’epor’t direct spectr’o-

pola rograpimie measurement. of commformmma-

tional chammges indurced in highly purn’ified
acetylcholinesterase I)y imeat, strong base, a

substrate, and anmticlmolinesterase agents.

Aeetylcholinesterase was pur’i fled from

the Electn’opimorus electricuns (8). The spe-
cific activity was between 660 and 700

mmoles acetylcimoli nme imydrolyzed/mg pro-
tein/hr at 25#{176},pH 7, and substrate con-
centration of 3 X 10 � M, measured as

pn’evioursly (lescr’il)ed (8) ; time pn’oteimm con-

centration was 0.10 nmg/rmml.

Optical r’otatory dispersion (ORD)
measur’ements wen’e made with a Cary

model 60 recording spectropolarimeter. The
data were recorded at least twice on 0.1-mi
samples mm a lO-nim pathlength silica cell

ther’mostated at 25#{176}aimd other temperatures
as indicated. The reproducibility was cx-

cellent . Some observatiorms were repeated

two nimouths after’ time original study. A new
prepan’ation of l)umrified enzyme was used;

the original traces could be superimposed
onm the later’ observations.

Time ORD cunrve for higimly purified
acetylcimolinmesten’ase is recorded in Fig. 1

and imas time followinmg cimaracteristics: Neg-
ative rotationms over time m’aimges 500-230 m�;
a negative Cottoim effect with maximum

negative m’otation at al)out 235 m� ([a] =

-.0050#{176}); zero r’otation (A0) at 222.5 m1�;
positive r’otations fr’onm 222 m�i to a sharp

but forked l)eak maximum at 205 mp�

([a] = +020#{176}) anmcl 197 m� ([a] =

+0198#{176}). \Vimenm data fn’om similar’ curves
are plotted mm accordance with time Moffitt

equation, time imelical pan’ameter, b0, may be

evaluated. A vaiune of approximately -600
was obtaimmed fon’ b0. If this type of data

analysis is relatable to helix conteimt, then
purified acetylcholinmesterase derived from
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Fro. 1. Optical rotatory dispersion of acetvlclnolinesterase. The sample had a specific activity of 660

mmoles acetyh’holine hydrolyzed/mg plot in/hr. Measurements were made at an enzyme concentration
of 0.10 mg protein/mI inn 0.25 �n NaCI, 0.03 M phosphate buffer, pH 7, with a Cary model 60 recording

spectropolarimeter. The smooth curves are drawn from the experimental trace. (-) Active acetyl-

cholinesterase, 25#{176},pH 7; (- - - -) acetvlcholinesterase inactivated by heating to 60#{176}for 30 mm, pH 7;

(� acetylcholinesterase inactivated by 0.1 N KOH. 25#{176}.
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the electric eel is apparently in a gr’eater

tharm 90% right-handed helical coimforma-

tion.
The effect of temperat.un’e variationm and

strong alkali orm time enzyme as in(licated

by time ORD cur’ve is illustrated in Fig. 1.
Whemm time enzynmme is totally immactivated by

raising the temperature to 60#{176},the tr’ourglm

of the negative Cotton effect is deepen’ and
wider, the wavelenmgth of zer’o m’otatiorm (A0)

is 210 m�, and time positive rotation com-
ponent is slmarply peaked witim nmaxima at

205 m�t ([a] = +0135#{176}) and 197 rn/L ([a]

= .0160#{176}). Tlmis curve contrasts simar’ply
witim that nmeasured for another sample of

ermzyme inactivated with 0.1 N KOH. Only
negative rotatiomm is recorded with a wide

shallow trough.
Figure 2 shows the influence of the re-

action between enzyme and substrate on

the shape of the ORD curve. The acetate

of y-trimethylammonium--n-propanol chlo-
ride (acetylhomocholine chloride) was used
as the substrate rather than acetylcholine

1)ecause the latter’ compound wounld be very

rapidly hydrolyzed by time relatively high

concent ratiorm of enmzynme requi red for ORD
measurr’emenmt. Inm tine presence of timis sub-

strate, acetylhonmmocimolinme at I X 10_2 M, the
enmzyme had anm activity of 30 nmmoles hy-

(irolyzed/Imr anmd a measured Km value of
2.7 X 10� mole/liter’. Time ORD trace ap-

pear’s uimaltered (Fig. 2) except for slightly
higher values for the twin peaks of positive

r’otatiorm ([a] = + .0250#{176}armd +.0240#{176}).

3-Hydroxyplmenyl dinmetlmyietimylammo-
nmiurmmmclmlor’ide (Temmsilon) is a potenmt rever-
sible anmticimolimmestemase agenmt unsed in the

diagmmosis and treatment of some diseases.
Time value of time K1 for its reaction with

this enzvnme was nieasunred at 9.7 X 108 M.

Because of time imigim concermtr’ation of en-
zyme unsed in timese studies a concentration

of 3 X 10� �i reversible inhibitor was me-

quir’ed for’ 100% inhihit�on. The ORD curve

of acetylcholinesterase in the presence of
this concentration of immhibitor is similar to
that recorded for the enzyme denatured at
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Fio. 2. Optical rotatory dispersion of acetyicholinesterase in the presence of inhibitors and a sub-

strate. (-) Active acetyicholinesterase in the presence of 0.01 M acetyihomocholine, pH 7, 250;
- - -) acetyicholinesterase completely inhibited by 3 X 10� M 3-hydroxyphenyl dimethylethylam-

moniurm chloride (Tensilon), pH 7; 25#{176};(� acetylcholinesterase completely inhibited by incubation
with 5 X 10� ss tetraethylpyrophosphate for 30 mm, pH 7, 25#{176}.The control curve obtained with native

enzyme alone is the trace listed as “(-)“ in Fig. 1.
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600 and very much different from the curve
measured when the enzyme is incubated

with 0.1 N KOH (Fig. 2).
Tetraethylpyrophosphate (TEPP) is a

potent, irreversible organophosphate anti-

cholinesterase agent frequently used in the

treatment of glauconma. The second-order
rate constant value for its reaction with
this enzyme is 2.1 X 10#{176}liter’moie�1 min1.
After reaction with 5 X 10� M TEPP for

30 mm at pH 7, 25#{176},tIme enzyme was com-
pletely inhibited. The ORD curve for this

form of inhibited enzyme is recorded in Fig.
2. The negative Cotton effect is shifted to
lower wavelength values, the point of zero
rotation (A0) is at 218 m�, and a prominent

shoulder appears at about 210 m� ([a]

+.0040#{176}) on the positive rotation portion
of the curve. The area of maximum positive

rotation is forked with peaks at 200 m�

([a] = +.0225#{176}) and at 195 ([a] =

+.0270).
This specimen of TEPP-inhibited en-

zyme was later reactivated to 80% of its

original activity by dilution in a solution
of 1 )< 10� M pyridine-2-aidoxime meth-

iodide.

These spectropolarographic data indicate

that highly purified acetyicholinesterase

derived from the electric eel is principally
in a right-handed helical form and that the

conformation of this enzyme is altered by
heat, strong base, a substrate, an irrever-
sible inhibitor, and a potent, reversible,
quaternary ammonium anticholinesterase
agent. Further studies designed to correlate

structure, ORD, and reaction rates are

planned.
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