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Calcium-dependent proteolysis of several polypeptides from rat brain and synapiosomal cytosol was ob-
served including proteolysis of polypeptides of M 340 000 and 300 000. These latter polypeptides comi-
grated with high-M| microtubule-associated proteins of microtubule preparations from brain or synapto-
somal cytosol. Calcium influx into intact synaptosomes due to depolarisation with high potassium or
veratridine or treatment with the ionophore A23187 did not result in Ca2*-dependent proteolysis of any
polypeptides. This may be due to the low calcium sensitivity of the protease since no proteolysis of the M
340 000 and 300 000 polypeptides was seen in synaptosomal cytosol at < 10 pM free CaZ™.

Calcium Microtubule

I. INTRODUCTION

The presynaptic terminal of synaptosomes
(pinched-off axon terminals) possesses the ability
to assemble an equatorial coil of microtubules on
incubation at 37°C [1-3] and using ultrastructural
analysis we have recently found that these micro-
tubules are sensitive to calcium influx into the syn-
aptosome and are disassembled as a result of treat-
ment with the depolarising agent veratridine or the
calcium ionophore A23187 [4]. A number of pro-
teins known as microtubule-associated proteins
(MAPs) copurify with tubulin in assembled micro-
tubules. MAPs promote microtubule assembly and
are believed to stabilise microtubules against dis-
assembly [5—8]. High-M, MAPs are particularly
sensitive 10 a Ca?+ -dependent protease present in
brain cytosol [9,10] and Ca2+-dependent pro-
teolysis of these MAPs in brain cytosol fractions
leads to an irreversible inhibition of micretubule
assembly [9].

An immunocytochemical study has indicated
that axonal microtubules do not possess high-M;
MAPs and that these MAPs appeared to be absent
from presynaptic (axon) terminals [11]. Differences
in the amounts of high-M; MAPs on microtubules
from white and gray matter have also been re-
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ported [12]. For this reason we examined the ques-
tion of whether microtubules prepared from syn-
aptosomes possess MAPs.

The results presented here indicate that synap-
tosomal microtubules have high-M; MAPs and
that MAPs in synaptosomal cytosol are susceplible
to an endogenous CaZ+-dependent protease.
However, Ca2+ -dependent proteolysis was not ob-
served in synaptosomal cytosol following treat-
ment of intact synaptosomes with veratridine, high
K+ or A23187 and is therefore probably not in-
volved in the regulation of the assembly/disassem-
bly of synaptosomal microtubules under phys-
iological conditions.

2. MATERIALS AND METHODS

Brain cytosol was prepared by homogenisation
of the forebrain of adult Wistar rats in 5 mM Tris—
HC], 2 mM EGTA (pH 8.0) and centrifugation at
40 000 x g for 30 min at 4°C. Synaptosomes were
prepared from the forebrain of rats [13] and incu-
bated for 1 h at 37°C in a Krebs—Ringer solution
(145 mM NaCl, 5 mM KCl, 1.3 mM MgClh, 1.2
mM NaH;PQy, 10 mM glucose, 2 mM CaCly, 20
mM Hepes (pH 7.5)). Samples of synaptosomes
were incubated for a further 5 min in Krebs—
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Ringer with 55 mM KCI, 75 uM veratridine, 100
pM A23187 or with no additions (control} as in [4].
Synaptosomes were pelleted in an Eppendorf mi-
crofuge and lysed by resuspension in 5 mM Tris—
HCI, 2 mM EGTA (pH 8.0) and incubation on ice
for 15 min. Synaptosomal cytosol and membrane
fractions were prepared by centrifugation in an
Eppendorf microfuge for 2 min. In experiments in
which Ca2+-dependent proteolysis was examined
following incubation of lysed synaptosomes, con-
trol synaplosomes were lysed as above or in cal-
cium buffers (containing 5 mM EDTA, 5 'mM
MgCl, and varying CaCl to give free Ca2+ of
I uM—3 mM [l4]). Where indicated CaCly was
added to 4 mM final conc. and samples were incu-
bated at 37°C for either 5 or 30 min. Cytosol and
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membrane fractions were then prepared as above.
Microlubules were prepared from brain and syn-
aptosomal cytosol using cycles ol temperature-
dependent assembly/disassembly as in [15] except
that the concentration of glycerol was reduced to
1%. For SDS—polyacrylamide gel electrophoresis
samples were solubilised in 125 mM Tris—HCI
(pH 6.8}, 1.25% SDS, 1% 2-mercaptoethanol, 10%
sucrose, 2 mM EDTA and separated on 8% slab
gels [16].

3. RESULTS

Incubation of brain cytosel at 37°C for 5 min in
the presence of 2 mM Ca2+ (excess over EGTA)
resulted in the almost complete proteolysis of M;

340, I
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Fig.1, Coomassie blue-stained polyacrylamide gel showing whole brain cytosol (A,B}, synaptosomal cytosol (C,D) and

synaptosomal membranes (F,G) following incubation for 5 min at 37°C either with 2 mM EGTA (A,C,F) or with 2 mM

EGTA + 4 mM CaCl, (B,D,G). A microtubule preparation purified from brain cytosol through 2 cycles of assembly/

disassembly is shown in (E). Thosc polypeptides showing Ca2*-dependent proteolysis are indicated by M, X 10-3,
aT,a-tubulin; BT, 8-tubulin; MAPs, high-M, microtubule-associated proteins.
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300000 and 340 000 polypeptides (fig.1). A reduc-
tion in the amount of a 140000 M, polypeptide
was also seen. When a synaptosomal lysate was in-
cubated under similar conditions prior to separa-
tion of cytosol and membrane fractions Ca?+-de-
pendent proteolysis was observed in the cytosol
but not in the membrane fraction (fig.1). Ca?+ -de-
pendent proteolysis of M, 340000, 300 000,
200 000, 140 000, 99 000, 79 000 and 76 000 poly-
peptides occurred in the cytosol fraction. Pro-
teolysis was essentially complete within 5 min at
37°C.

The 340 000 and 300 000 M, polypeptides comi-
graled with high-M; MAPs of a 2 cycle brain mi-
crotubule preparation (fig.1, track E). In order to
confirm the presence of high-M; MAPs in synap-

340 3 =MAPs
300~ —
205+

97—-— L

——
-
——
68— Ba
43~ ¥
29—
e

anseC D
Fig2. Polyacrylamide gel electrophoresis of: (A) M,
slandards (X 10-3), myosin (205), B-galactoside (116),
phosphorylase B (97), albumin (68), ovalbumin (43),
carbonic anbydrase (29); (B) a microtubule preparation

from whole brain cytosol; (C) synaptosomal cytosol, (D)
a microtubule preparation from synaptosomal cytosol.
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Fig.3. Polyacrylamide gel electrophoresis of synaptoso-

mal cytosol from (A) control, (B) synaptosomes treated

with 75 yM veratridine, (C) synaptosomes treated with

100 uM A23187, (D) synaptosomes treated with 55 mM

K+. Cytosol from controls was further incubated for 5

min at 37°C with 2 mM EGTA (E) or 2 mM EGTA +
4 mM CaCl, (F).

tosomal cytosol we prepared a microtubule prepa-
ration by assembly/disassembly cycles from syn-
aptosomal cytosol. It was evident that a set of
high-M; MAPs similar to those found in micro-
tubule preparations from whole brain cytosol were
present in microtubules polymerised from synap-
tosomal cytosol (fig.2). Components of these
MAPs in the synaptosomal microtubule prepara-
tion comigrated with the 340 000 and 300000 Af,
polypeptides from the synaptosomal cytosol which
were susceplible to the Ca+-dependent protease
(fig.2).

Further support for the identification of the
340000 and 300000 M polypeptides in synapto-
somal cytosol as MAPs came from the observation
that after pelleting of microtubules from synapto-
somal cytosol, during the first cycle of assembly,
the 340 000 and 300 000 Af; polypeptides co-sedi-
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mented with the microtubules and the supernatant
was almost completely devoid of these polypep-
tides (not shown). Furthermore, using conditions
in which MAP 2 has been shown to be heat stable
[17] we found that boiling of synaptosomal cytosol
for 5 min led to the precipitation of the majority of
the polypeptides while the 300 000 M, polypeptide
was heat stable (not shown}. Therefore this poly-
peptide is probably MAP 2.

To determine whether the Ca? +-dependent pro-
tease can be activated under physiological condi-
tions we treated synaptosomes by depolarisation
with high K* or veratridine or with the ionophore
A23187. None of these treatments resulted in the
proteolysis of any polypeptide in either the synap-
tosomal cytosol (fig.3) or membrane fractions.
However, cytosol prepared from these synapto-
somes in the presence of 2 mM EGTA showed
marked proteolysis of a number of proteins follow-
ing addition of 4 mM Ca?* and incubation for 5
min at 37°C.

‘The absence of Ca2+-dependent proteolysis in
intact synaptosomes treated with veratridine, high
K* or A23187 could be due to the low calcium
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Fig4. Ca2+.dependency of proleolysis of the 340000
(s—+) and 300000 (a—) M, polypeptides in synap-
tosomal cytosol. Synaptosomes were lysed in calcium
bufTers containing various levels of free Ca2+ and incu-
bated at 37°C for 5 min. Cytosol fractions were pre-
pared, analysed by SDS—polyacrylamide gel elec-
trophoresis and the level of proteolysis of polypeptides
determined using quantitative densitometry.
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sensitivity of the protease [9]. In experiments in
which synaptosomal cytosol was prepared from
synaptosomes lysed in calcium buffers with a
range of free Ca?+ from 1 ptM—3 mM we were un-
able to detect any Ca?+-dependent proteolysis at
or < 10 gM free CaZ* (fig.4).

4, DISCUSSION

We have identified substrates for endogenous
Ca2+-dependent protease activity in brain cytosol
similar to those in [10] and also in synaptosomal
cytosol. On the basis of comigration, heat-stability
and co-sedimentation with microtubules two of
these polypeptides in synaptosomal cytosol (M,
340 000 and 300 000) appear to be MAPs probably
corresponding to MAP 1 and MAP 2, respectively
(5]. High-M, MAPs have been shown to be par-
ticularly susceptible to a Ca2+-dependent protease
in whole brain cytosol [9]. The physiological sig-
nificance of the Ca2+-dependent proteolysis of
MAPs and other polypeptides in synaptosomes is
unclear since we could not demonstrate proteolysis
in intact synaptosomes with conditions known to
stimulate Ca2t influx [18]. The absence of pro-
teolysis can be explained on the basis of the low
calcium sensitivity of the grolease. No activity
could be detected at free Cat =10 pM. Stimula-
tion of synaptosomes by depolarisation or with
A23187 would be unlikely to raise the concentra-
tion of free Ca’* in synaptosomes by more than
1-10 xM [19,20]. By contrast, A23187 has been
shown to stimulate proteolysis of high-Af, MAPs in
nucleated erythrocytes [21].

Previously, it was uncertain whether or not
high-M; MAPs are present in presynaptic nerve
terminals [11]. Proteins reach the nerve terminal by
axonal transport and conflicting reports exist con-
cerning the axonal transport of high-M; MAPs in
peripheral axons [22,23]). Our demonstration that
microtubules prepared from synaptosomal cytosol
do possess high-M; MAPs would appear to resolve
the question of the existence of high-M; MAPs in
central nerve terminals. However, the amount of
MAPs in the nerve terminal may be below the
level detectable using immunocytochemistry. Al-
ternatively, the susceptibility of the MAPs o the
Calt -dependent prolease could explain the ap-
parent absence of high-M; MAPs from nerve ter-
minals using immunocytochemical technigues {11].
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Thus, the fixation conditions used for immuno-
cytochemistry could permeabilise the membrane
allowing influx of high concentrations of Ca?+
and rapid proteolysis of nerve terminal MAPs
prior to immunocytochemistry. Such an explana-
tion would require there to be a differential dis-
tribution of the protease as MAPs were detected
on dendritic microtubules [11]. As yet the distribu-
tion and physiological role of the Ca?+-dependent
protease are unknown.
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