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I. Introduction

Acetylcholinesterase (EC 3.1.1.7) (AChE) is belteved
io be a membrane-bound enzyme [1-31 although its

relationsiip to the membrane has not been fully ciarified
{4. 5]. Massoulié et al. [6] showed that tryptic treatment

of clectric organ tissue from the electric eel led to
release of the enzyme from the innervated surface of
the electroplax membrane, and that this release

appeared to be correiated with a change in the moiecular

properties of the enzyme. In extracts of fresh electric
organ tissue, the major molecular species of AChE have
sedimentation caefficients of 14 S and 18 5, and
aggrepate at low ionic strength [7]. A mincr 8 S com-
ponent is also observed which does not aggregate.

After tryptic digestion or autalysis of electric organ
tissue, all the AChE is converted to an 11 S form which
docs not aggregate at low ionic strength [7, 8). Burger
el al. [9] have shown that the release of AChE from
bovine erythrocyte membranes is almost completely
prevented in the presence of divalent cations such as
Ca?* and Mg?*. In the following we will show that the
ageregating forms of AChE derived from fresh electric
organ tissue (14 S and 18 S forms) differ from the non-
aggregating forms ({8 S and 11 8) with respect to their
behaviar in the presence of Ca?¥ ions. It will be sug:
gested that this difference may be related to the mode
of attachment of AChE to th: eleciroplax membrane.

* This paper is dedicated to the memory of Professar Arieh
Berger.

North-Hollend Publishing Company — Amsterdam

2. Materials and methods

Fresh clectric organ tissue {rom the ¢lectric eel,
Electrophorus electricus, was used 1o all the experi-
ments to be described. Homogenization of the tissue
in the various media employgd was performed using =
Sorvall Omnimixer at speed 6, for 2 win at 4°. Crude
membrane fractions (MF) of electiric organ tissue were
prepared as foltows: Fresh tissue was humogenized in
the Ommimixer ir: 4 vol of 0.3 M sucrose. The pellet
abiained by centrifugmg the homogenate at 30,000 g
for 20 1nin was resuspended in 5 vob of 0.3 M sucrase
using a glass—Teflon humogenizer. This suspension
was centrifuged at 2,000 g for 20 min, and the super-
natant obtained was taken as the crude membrame
traction (MF), A high-speed supernatant fraction (SF}
was prepared by centrifuging the 0.3 M sucrose homo-
senate of tresh tissue at 200,000 g for 180 min.
Puritied 14 + {8 § AChE wus prepared as described -
previously [10}. Pure LF S ACRE was prepared as
described previously [8].

AChE activity was routinely measured by the
pHestat method [11}, and units oF activity were as
defined previously (8], Sucrose gradient centrifugation
in 5--20% sucrose was performed as previously
described [8] and the fractions were assayed by the
method of Ellman et al. {12}

3. Results
The presence of Ca* jons in the medium employed
{or homogenrzation of eleciric vrgan HSSUC Causes 3

large decrease i the AChE activity found in the
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Fig. . AChE antivity in supernatants from electrnc organ
tissue komogenates as a functinn of Ca®™ concentration.
Homogenization was perfonmed as described under Materials
znd methods, in S vol of 8.1 M NaCl-0.03 M Tris, ptHl 7.4, or
1.0 M NaCl-0.05 M Tris, pfl 7.4. After homogenization, 5 mi
aliquots were adjustad to the approprate molarity of Ca¥ ar
Me ™. an equivalent molarity of NaCl being added to a control
sample. The samples were stired overnight at 4°. and centri-
fuged at 10,000 g for 10 min pror to determination of AChE
activity in the supernatants. A} Effects of Ca® and Mg ™ at
lov. [onic strength (0.1 M NaCl}. (- -2}, Ca®; (a—ar—0),
Ma2*, (= -»—=), Na*. B) Effec of Ca®* at high ard low ionic
strength. (—>—2). 8.1 M NaCl; (>—0—5), 1 M NaCi. The
abscissa gives the molarity of the ion udded.

Tabic 1
Recovery of AChE activity I3om eleltric organ homogenates
subsequent to addition of Ca?".

ACHEE activity (units)

Supernatant Pellet I Pellet {l  Total
Cantrol 600 120 186 906
Ca? 163 345 303 813

Aliquets of 5 mi obtained as in fig. { at low jonic strength (G.1 M
NaCD, by incubation of homog:nates overnight with or with-
out 50 mM Ca?, were centrituged at 10,000 g for [0 min. Tz
supernatant was assaytd for AChE octivity and the peliez
fpeliei 1) suspended m 3 mi of 0.1 M NaCl- 001 M EDTA-1%
Tiiton X-100--6.05 M Tris, pH 7.4 After 16 ir at 4° the
suspension was centrilfuged at 10,000 g tor 10 min, and the
SChlT activity determined in the supernatant (defined as
activity of pellet . The residual peller (pellet [} was suspend-
ed in 2 m} G.1 M NaCl-1.05 M Tris, pH 7 4 containing

0.6 mg trypsin. After 4 hr at room temp. the samples were
centriluged at [0.000 g for 10 min, and AChE activity waz
determined in the supernatant {(detined as activity of pellet II).
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Fig. 2. Sucrose gradient centrifugation of supcrpatants from
electric organ homogenates. Homogenization was performed
as under Materials and methods in S vol of 2.3 mM EDTA,
pH 7.5 (control} or 18 mM CaCly, pH 7.5 (Ca2*). The homo-
genates were centrifuged at 27,000 g for 20 min. Aliguots
from the supernatants were cerifuged on sucrose gradients
prepared as deseribed previously [B], containing either 0.05 M
NaCl-0.05 M Tris, pl 7.4 (A and B) or 1.0 M NaCl-0.065 M
Tris, pHt 7.4 (C and D). A) Control supernatant. B) Ca® supu-
natant. C) Control supernatant. D) Ca?r supernatant. The
arrows indicates the position of the catalase markex tuken a5
11.45 [B].

supernatant after centrifugation at 10,000 g for 10
min. The effect is most pronounced if the Ca?* con-
centration is varied prior to homosgenization, but
similar results are obtained ii the Ca®* is added to the
medium aftcr homogenization, as shown in fig. 1A, or
even if the homogenates are dialyzed against solutions
containing the appropriate concentration of CaZ*.
Mg2* jons have a much smaller effect {fig. 1A). If the
homogenization medium contains | M NaCl (fig. 13),
the effect of Cal* is largely abolished. Treatment of the
hm;nogena!e with trypsin also abolishes the effect »f
Ca”t.

The ACLE activity in the pellet obtained in the
presence of Ca2t can be recovered in soluble form by
treatment of the pellet with EDTA or by tryptic
digestion (table [).
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Table 2
Eficcts of Ca®* on intcraction of purificd AChE with zubcellulas
fepctions of electric argun lissus.

ACRE activity (units)

Supcmaiant  Peller Tozal
ME 6.0 8.3 14.3
MF ¢ 10 mM Ca?* 48 8.7 13.5
uE + 14 and 18 S ACKE i02.5 26.7 129.2
ur - 14 and 18 S AChE + _
. 4.4 52 109.
10mM Cat 3 2 f
MF + 115 AChE 27.6 8.0 35.6
ur+ 115 AChE +
: +9 99 34.8
10 mM Ca2* 2
143nd 18 S AChE o0.0 1.5 91.5
14 and 18 S AChE + "’ 1
10 mM Ca? 80.0 20 8.0
i1 8§ AChE 2940 0.0 29.0
115 AChE + 10 mM Ca?* 26.5 0.8 27.3
S$F + 14 and 18 § AChE 1620 14 1034
SF + 14 and [8 AChE +
. . i{
10 mM CaZ* 14.0 57.0 710
SY+ 115 AChE 25.0 0.4 25.4
SF+11 5 AChE + 5-
25, .0 7.5
[0 mM Ca2* ‘-3 3 2

The incubation mixtuzes in a final volume of 0.4 -3.8 mli
0025 M NaCIl-0.025 M Tris, pH 7.4, were stirred overnight at
4° and then centrifuged for 10 min in an Eppenderf 3200
microcentsifuge at 4°. AChE activities of the suprrnatans
were then determined. The pellets were suspended in 0.2--
03miof0.05 M NaCIl-001 M FDTA -5 Triton X-100--
0.05 M Tris, pH 7 4. stirred overnight at 47, and centrifuged
a5 abonve. AChE activity in the supernatant thius obtained was
taken as the activity in the pelicts. The pure mioléculaz forms
of ACHE, the coude membrane fraction (MF) and the high-
speedt supernatant (8F°) wese prepared as described under
Marerials and methods. Where ME was employed the aliquot
added comtaiaed 680 ug protein, and where SI¥ was added,
380 ug prowcin.

Sucrose gradient centrifugation reveals that tite
mokzular forms of AChE in the homogenate which
are wifected by the Ca?* concentration are the aggregat-
ing 148 and 18 S forms, whereas the non-aggregating
forms are not influenced (fig. 2). Thus it can be seen
that when homogenization is performed in the presence
of 1 mM Ca*, only the non-aggregating forms of
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AChE, of low sedimentation coctlicient, appear in the
supernatant (fig. 2B and 2D). If homogenization is
periormed in the presence of 2.3 inM EDTA, much
more AChE appears in the supernatant, most of it as
the heavier molecislar forms of the enzyme (fig. 20)
which agaregate at low ionic strength (fig. 2A).

When purified 14 + 18 S AChE is incubated with
the crude membrane fraction (MF), part of the
encyme appears In ihe peller on centrifugation at
10,000 g for 10 min. When Ca2* is added to the
incubation medium, the amount of enrzyme in the
pellet is much larger. This offec: s not seen with 11 S
ACHE (table 2). When the sume experiments are por-
formed in the presence of 1 M NaCl, Ca2* has no
effect.

In control experiments it was tound that 14 + 188§
ACUL alone did not sediment at 10,000 ¢ for 10 riin
in the presence of Ca2* (table 2}, aor did Ca?* directty
affect enzymatic activity. However, sedimentaition
could be achieved by adding ‘o 1 solution of the
cuzyme an xliquot of the high-speed supernatant {5F)
of electric organ tissue (table 2. In this case, tow, the
presence of Ca?* is essentixl, and again the effect on
the I[ S enzyme is small.

4. Discussion

Chur results show clearly that the addition of Ca®t
ions to an elactric organ homogenate causes 2 marked
redistribution of the AChE in the subcellelar fractions.
The results also reveal a great differcnce between the
behavior of the major molecular torms of AChE
prcsent in fresh clecrric organ tissue (14 8§ and 18 S),
and the Gehavior of the non-aggregating forms present
in small anmounts in fresh tissue (8 S) and obtained by
proteclysis or autolysis (11 8§}, The 14 and 18 § forms
are sensitive to th? presence of CaZ¥, whereas the
Band 11 8 fornis are not.

Since the concentration of inorganic phosphate
in electric organ tissue is rather hgh [13]. the addition
of Ca2* niay lead ro formation of caleium phosphate
precipitares which zre knowa 1o adsorb proteins ]i4].
Indeed, in control experiinents it was found that at
fow ionic strength calcium phosphate precipitates
14 S and 18 S AChE, whereas the 1L 5 torm is
adsorbed to a lesser degree. In 1 M NaCl none of the
molecular torms are adsorbed 1o cateiwnn phosphate.

th
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However, it does not seem that these observations
can explain our results, for the following reasons:

i) The pattern ohtaized on incubation cf AChE with
crude washed membrane fractions {MF) containing
low concentrations of inorganic phosphate (table 2),
was similar 1o that observed in the homogenates

(fiz_ 1 and table 1). ii} When the supernatant (SF),
containing a high concertration of inorganic phosphate,
is treated with trypsin prior to the addition of AChE,
its zbility to cause sedimentation of 14 + 1B S AChE
in the presence of Ca2* is greatly reduced. It is, there-
fore, reasonable to assume that one or more proteins
in the sunernatant are involved in the Ca?tinduced
sedimentation.

Qur observation that high-speed supernatants from
electric organ homogenates also form sediments in the
presence of CaZ*, which adsorb 14 + 18 S enzyme but
not 11 § enzyme, leads us to ireat our data on
enzyme—membrane interactions with caution. Rapidly
aggrezating sediments formed by various subcellular
fractions in the presence of Ca2* have been observed
in other cases (see, for example, [13, 16]). The ability
of the 14 8§ and {8 8 forms of AChE to adsorb to such
sediments, while distinguishing them from the 8 § and
11 § forms, may not be directly related to their mode
of assuciation with the membrane. However, as in the
studies ot Burger et zl. [9] on the ACKhE of bovine
ervihrocyte stroma, our data may indecd indicatc a
requirement of Ca®* for attachment of ACKE to the
clectroplax membrane. This attachment would then
involve a site on the AChE molecule which is destroyed
during proteolytic treatment of the electroplax mem-
brane or of the purified enzyme.
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