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SHORT COMMUNICATION

Purification and Fractionation of Acetylcholinesterase into
Subspecies by Affinity Chromatography on a
d-Tubocurarine—Sepharose Column

M. J. June aANp B. BELLEAU!

Department of Chemistry, McGill University, Montreal 101, Quebec, Canada
(Received March 8, 1972)

SUMMARY

A method is described for the covalent attachment of d-tubocurarine to Sepharose. The
preparation was successfully used for the rapid purification of acetylcholinesterase by al-
losteric site affinity chromatography. Selective elution of the enzyme with NaCl solutions of
various concentrations was readily achieved. Selective interference with adsorption by bis-
quaternary effectors, such as decamethonium, gave even better results. Of considerable
interest was the observation that selective interference with adsorption of the enzyme on a
tubocurarine-Sepharose column by B-p-methylsuccinyldicholine iodide led to complete
separation into two subspecies in a ratio of approximately 1:1.

As part of our efforts to elucidate the
physiological role of the regulatory curare-
binding site of acetylcholinesterase (1, 2), the
need arose for a rapid and convenient method
for purification of the enzyme and especially
its resolution into molecularly distinct con-
stituents. Recently, affinity chromatography
based on esteratic site-directed anchoring
reagents was utilized successfully in purifica-
tion (3-6), whereas ion-exchange chroma-
tography was reported to achieve partial
resolution of the enzyme from human
erythrocytes into two active components,
although in low yields (7, 8). Much evidence
has accumulated that acetylcholinesterase
from various sources consists of isozymes
(8-11). The question thus arises whether
these catalytically similar but isomeric
species are allosterically distinguishable. Our
recent demonstration through anionic site
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labeling studies (1, 12) that d-tubocurarine
binds exclusively on an allosteric site of
acetylcholinesterase suggested that covalent
attachment of this drug to a suitable support
such as Sepharose might be useful as an
allosteric site-anchoring reagent for the pur-
pose of purifying and fractionating the en-
zyme into molecularly distinguishable
species. It was reasoned that quantitative
fractionation into distinct molecular species
might be readily accomplished by controlled
elution with allosterically selective bis-
quaternary effectors of the kind recently syn-
thesized in our laboratories? (12). This com-
munication reports our success in attaining
these goals.

The tubocurarine-derivatized Sepharose
gel was prepared as follows. A suspension
(100 ml) of Sepharose 4B (Pharmacia) in an
equal volume of water was activated in the
usual manner with 30 g of cyanogen bromide
(13) and then treated with 100 ml of 2 mm
aqueous ethylenediamine (Fisher, reagent

? Prepared by Dr. E. Wiilfert.
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F1G. 1. Controlled elution of erythrocyte acetylcholinesterase from a tubocurarine-Sepharose column
O- - -0, enzyme activity (units per 5.5-ml fraction), @ ——@, protein concentration (0.D. = ab-
sorbance at 280 nm). From fractions 35 through 50, the NaCl concentration was gradually increased to

0.15 M.

grade). Differential titration indicated that
about 12 umoles of basic residues per milli-
liter of Sepharose were introduced. This
“aminoethyl’’-Sepharose was allowed to re-
act at 4° with 150 mmoles of succinic
anhydride at pH 6 (14), followed by wash-
ing. The acidic gel was coupled again with
ethylenediamine (as above), using water-
soluble 7-cyclohexyl-3(2-morpholinoethyl)-
carbodiimide metho-p-toluenesulfonate (Al-
drich) (14). The resulting amino residues
were allowed to react with p-nitrobenzoyl
azide, and the bound nitro functions were
subsequently reduced at pH 9-10 with
sodium dithionite at 40° (15). The p-amino-
benzoyl residues were then diazotized in
0.5 N hydrochloric acid (15), followed by
coupling with d-tubocurarine (Nutritional
Biochemicals) (1% solution in saturated
borate buffer, pH 9.5). The resulting tubo-
curarine-derivatized Sepharose was colored
deep red and contained 7 £ 2 pmoles of
bound d-tubocurarine per milliliter of gel
[differential assay at 285 nm (16)].
Acetylcholinesterase was purified as fol-
lows from bovine erythrocytes. A commercial
preparation (Winthrop Laboratories) stabil-
ized with 300 mg of serum albumin and con-

taining 251 units of activity? in 330 mg of
total protein [as determined by the method
of Lowry et al. (17)] was applied at 5° in 3 ml
of distilled water to a Pharmacia column
containing 50 ml of tubocurarine-derivatized
Sepharose. The column was washed with
water and then with NaCl solutions not
exceeding 0.05 M. Washing was continued
until the eluate was protein-free. Each frac-
tion was simultaneously assayed for acetyl-
cholinesterase activity by the pH-stat
method (18). In this manner, 80% of the
applied inactive proteins were eluted (70 ml).
Subsequent washings with 0.08-0.15 M NaCl
(170 ml) eluted 211 units of activity (87 %
yield) in about 15 % of the applied total pro-
teins. The results of this partial purification
are summarized graphically in Fig. 1.
Elution in the presence of decamethonium
bromide was carried out as follows. The
same quantity of crude enzyme as above, in
3 ml of 0.01 M NaCl solution containing
decamethonium bromide at 0.5 mmMm, was ap-
plied to a tubocurarine-Sepharose column
(50 ml). The elution profile using 0.01 M

3 One unit of enzyme hydrolyzes 1 umole of ace-
tylcholine per minute at 25° and pH 7.4.
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F1a. 2. Elution of acetylcholinesterase in the presence of decamethonium bromide
Fractions 1-24, 0.01 mM NaCl + 0.5 M decamethonium bromide; fractions 30-60,0.15 M NaCl. O---0,
enzyme activity ; @ ——@, protein concentration (0.D. = absorbance at 280 nm).

NaCl is shown in Fig. 2, where it can be
seen that about 80% of the activity was
desorbed when decamethonium bromide was
present. The balance of 20 % could eventu-
ally be eluted with stronger NaCl (0.15 m).
The weak NaCl-decamethonium bromide
fraction was dialyzed overnight at 5° against
0.01 M NaCl (to remove excess decame-
thonium bromide), and the solution was re-
applied to 50 ml of tubocurarine-Sepharose.
Washing with 0.01 M NaCl removed inactive
proteins, but subsequent elution with 0.15 M
NaCl removed all activity from the column.
Thus 80-fold purification was readily
achieved in about 60% over-all yield. The
K. and Ve characteristics of this purified
enzyme (with acetylcholine as substrate)
were not significantly different from those of
the starting enzyme. However, whereas the
latter was inhibited largely competitively by
decamethonium bromide (with acetylcholine
as substrate), the tubocurarine-Sepharose-
purified form was inhibited noncompetitively
(Fig. 3). It is clear that the allosteric site-
anchoring reagent d-tubocurarine profoundly
alters the molecular structure of the enzyme
oligomers or removes a constituent control-
ling the binding properties and quaternary
structure of the enzyme. The molecular

parameters underlying this observtion are
under investigation.

Fractionation into subspecies was accom-
plished as follows. To 1-ml aliquots of a
solution, each containing 3.35 units of crude
acetylcholinesterase in 0.01 m NaCl, were
added gradually increasing concentrations
of B-p-methylsuccinyldicholine iodide, and
each mixture applied separately to 6 ml of
tubocurarine-Sepharose. The columns were
then washed with the same solution until all
elutable activity was removed. The results
are summarized in Fig. 4, where it can be
seen that when B-p-methylsuccinyldicholine
iodide reached concentrations ranging from
60 to 100 um in the applied solutions, the
quantity of absorbed enzyme (approxi-
mately 50 % of the total) reached a plateau.
The totality of this adsorbed portion was
recovered in the eluates only at initial 8-p-
methylsuccinyldicholine iodide concentra-
tions greater than 100 um. The sum of the
activities in the two fractions obtained from
this column accounted for 90 % of the initial
activity. Disc electrophoresis on acrylamide
gel [band visualization by the acetylthiocho-
line method (19) combined with protein
staining] showed single sharp bands of mo-
bility comparable to that produced by the
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crude enzyme. However, the regulatory (2). From the molecular point of view, it is
properties of these two species were readily clear that the presence of decamethonium
distinguishable on the basis of their kinetic bromide or 8-p-methylsuccinyldicholine io-
behavior toward methanesulfonyl fluoride dide on the enzyme alters the quaternary

1 —_ I
2 3 4 5

(103Moe”L;
F1a. 3. Reciprocal plots for decamethonium bromide inhibition of crude (upper graph) and purified
acetylcholinesterase (lower graph) as in Fig. 1
@—@, controls; l——, decamethonium bromide at 3.3 um; +——+, decamethonium bromide at
6.6 uMm; O——O, decamethonium bromide at 10 um. The assay was performed in 0.15 M NaCl at 25° and
pH 7.4 by the pH-stat method.
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Fi16. 4. Fractionation of acetylcholinesterase on tubocurarine Sepharose with increasing concentrations
of B-nD-methylsuccinyldicholine iodide

Each point represents the percentage of enzyme retained on the column at each initial concentration
of B-p-methylsuccinyldicholine iodide followed by washing with the same solution until no more activity
was elutable by that solution. Between 60 and 100 uM a constant proportion remains absorbed.
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structure in such a manner that the affin-
ity of the curare-binding site (or sites) for
the regulatory center is drastically modi-
fied. The fact that acetylcholinesterase initi-
ally adsorbed on tubocurarine-Sepharose was
hardly elutable by the same effectors sup-
ports this conclusion. Parallel experiments
with acetylcholinesterase from Electro-
phorus electricus will be reported.
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