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Annexin 1 is present in different molecular forms in rat cerebral cortex
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Previously we have purified annexin | [J. Neurochem. 56 (1991) 1985-1986] from pig cerebral cortex as a monomeric protein of 37 kDa. Here,
the localization of annexin 1 was investigated in subcellular fractionations of rat cerebral cortex using immunodetection by a specific antibody.
In contrast to synaptophysin. a specific synaptic vesicle integral membrane protein, annexin 1 is located in the synaptic plasma membrane fraction
where it appears on SDS-PAGE as a polypeptide of 74 kDa Annexin 1 1s extracted also as a 74 kDa polypeptide from the purified synaptic plasma
membranes. These results suggest for the 74 kDa molecular form an enzymatic dimerization of annexin 1 when associated to the membrane

Annexm 1; Lipocortin 1; Calpactin 2; Calctum-binding protemn: Phospholipid-binding protein; Synaptic plasma membrane, Transglutamination

1. INTRODUCTION

Annexins are a family of proteins that have in com-
mon the property to bind to anionic phospholipids in
the presence of calcium. This property resides in a par-
ticular primary structure consisting of two domains: a
small N-terminal domain specific for each protein and
a common C-terminal core. The core, formed of 4 or 8
repetitive units of approximately 70 amino acids each,
is the domain responsible for calcium and phospholipid
binding [1-3].

Whereas annexin 1 is always found as a monomeric
protein of 35-37 kDa {4,5], annexin 2 is present in most
tissues and cells in two forms, a monomer of 36 kDa and
a heterotetramer of 89 kDa composed of two subunits
of 36 kDa and two polypeptide chains of 11 kDa [6].
Annexin 6 as a monomer of 67 kDa appears to be
derived from a duplication of the four repeats [7].

Annexins 1 and 2 were shown to be present in pig
cerebral cortex and were purified from this tissue as
monomers of respectively 37 and 36 kDa together with
annexin 4 (32 kDa) and annexin 6 (67 kDa) [8]. Specific
polyclonal antibodies directed against the different an-
nexins were obtained [8].

In the present study, we provide evidence for the
localization in the rat brain synaptic plasma membrane
of annexin 1, exclusively as a 74 kDa molecular form.

2. MATERIALS AND METHODS

Subcellular fractions of rat brain cortex were isolated in 0.32 M
sucrose by successive centrifugations without adding either calcium or
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EGTA as described [9,10]. Purified synaptic plasma membranes were
obtained according to [11]. Partially purified annexins from rat brain
as well as annexin 1 from synaptic plasma membranes were extracted
according to the protocol described in [12]. Briefly, membranes were
extracted with 25 mM Tris buffer pH 7 4 containmng 5 mM Mg(Cl,,0 5
mM DTT, 10 mM EGTA, | mM PMSF, 1 mM benzamidine, | mM
DIFP, 20 ug/ml trypsin inhibitor, 5 ¢g/ml leupeptin and pepstatin, for
30 min at 4°C and centrifuged for 30 min at 100,000 x g. The superna-
tant adjusted to a final concentration of 2 mM CaCl, pH 7.4 was
centrifuged for 30 min at 100,000 x g. The pellet was resuspended and
homogenized m 10 mM mmidazole buffer pH 7, 10 mM EGTA, 0.5 M
NaCl with the protease mhibitors mentioned above (Protocol 1).

A second protocol of extraction of annexin 1 has been tested. The
membranes were treated by 10 mM 1midazole buffer pH 7 containing
75 mM KCl, 2 mM MgCl’, 0.5 mM CaCP?, 0.5% Triton X-114, the
proteases inhibitors, centrifuged for 30 min at 100,000 x g. The pellet
subsequently extracted by 2 mM EDTA. 0.5% SDS. centrifuged. rep-
resents the Triton X-114-insoluble cytoskeletal protems. The Triton
X-114 supernatant laid on a 6% w/v sucrose cushion containing 10
mM mmidazole buffer pH 7, 75 mM K1, 2 mM MgCl,, 0.5 mM CacCl,,
1 mM sodium azide, 0.06% Triton X-114 was incubated for 5 min at
30°C. the opalescent solution obtained was centrifuged for 3 min at
12,000 x g in a microfuge. The oil drop (detergent phase) at the bottom
of the tube and the supernatant {agueous phase) were kept (Protocol
2).

Rabbit annexin | antiserum was obtamed as described [8]. Mono-
clonal antisynaptophysin (clone SV-38) was from Sigma Immuno
Chemicals.

To 1dentify annexin 1, samples were preparared and separated on
SDS-PAGE using essentially a 12% acrylamide gel. The gel was sub-
jected to transblotting by electrophoretic transfer to nitrocellulose
membranes using the transfer buffer Tris-glycine pH 9 containing 25%
methanol The analysis on immunoblot was performed with rabbit
anti-annexin | antiserum (dilution 1/1000) and alkaline phosphatase
conjugated sheep anti rabbit IgG secondary antibodies.

3. RESULTS

Two steps of the purification of annexins from rat
brain according to the Protocole 1 are shown on Fig.
1. The pattern on SDS-PAGE shows that in the first

41



Volume 327, number 1

ko ’ kp
E
100, “ »
. 474
67 ' 1 Tpe7
43. ue ’
. “.‘37
35.- 49  a— .gpse
P32
30. -
149 . -
P s, i
1 2 3 4 2f 3’ 4’

Fig. 1. Identification of the two molecular forms of annexin 1 1 rat

cerebral cortex Lane 1. molecular weight markers; lane 2, 10 mM

EGTA extract from rat brain tissue. supernatant; lane 3. 10 mM

EGTA + 1% Triton X-100 extract: supernatant; lane 4, partially pun-

fied annexins following several CaCl, precipitations. 12% SDS-PAGE.

Coomassie blue staining' lanes 1,2.3.4. Immunoblot antiannexin 1,
lanes 2°,3".4").

extraction of the brain tissues by the EGTA buffer, two
bands of 74 and 37 kDa are well visible on the im-
munoblot with antiannexin 1. If this extraction is fol-
lowed by a second one with the same buffer but contain-
ing 0.5% Triton X-100, the 74 kDa band is reinforced
(Fig. 1 lanes 2.2” and 3,3"). The annexins partially puri-
fied following calcium precipitation, centrifugation and
extraction of the pellet by the EGTA buffer were clearly
resolved on the gel, annexin 1 (P37), annexin 2 (P36),
annexin 4 (P32), annexin 6 (P67). The corresponding
immunoblot with antiannexin 1 shows the presence of
one concentrated band of 37 kDa (Fig. 1, lanes 4.4%).
To determine the subcellular distribution in rat cere-
bral cortex of annexin 1 and synaptophysin, an integral
membrane protein specific of synaptic vesicles, the ex-
tracts of each subcellular fraction obtained by differen-
tial centrifugations were loaded in an equal protein
basis and analyzed by SDS PAGE followed by protein
staining and immunodetection using antibodies against
annexin | and synaptophysin (Fig. 2). We have found
that annexin 1 is present in all the particulate fractions
but in very low amounts (Fig. 2B), except in the crude
synaptic fraction (lane 3). In the particulate fraction
recovered at low speed centrifugation (lane 1), in the
microsomal (lane 2) and in the crude synaptic vesicle
fraction (lane 4), one doublet of 38-39 kDa and one 74
kDa band are visible. In the cytosol (lane 5), as well as
in the supernatant fraction (lane 7) obtained upon frac-
tionation of the crude synaptic vesicle fraction (lane 4)
by sucrose density gradient centrifugation, one 38 kDa
band is only present. Analysis of the other fractions of
the gradient reveals that the 74 kDa form is the only one
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Fig. 2. Analysis of annexin | distribution in rat brain particulate and
soluble fractions. (A) Coomassie blue staining. (B) Immunoblot. anti-
annexin 1. (C) Immunoblot: anti-synaptophysin. Rat brain homoge-
nate was centrifuged at low speed (3,000 x g/10 min). The resulting
pellet (lane 1) was electrophoresed. The low speed supernatant frac-
tion was centrifuged at medium speed (9.200 x g/15 min) and the
supernatant was removed. The pellet was washed by resuspending in
isolation bufter and recentrifuging (10,500 x g/10 min) From this, the
supernatant 8”2 and S2 were pooled and centrifuged at 120,000 x g/1
h. The resulting pellet (lane 2, or microsomal fraction) and superna-
tant (lane 5, or cytosolic fraction) were electrophoresed. Meanwhile,
the resulting 10,500 x g centrifuged pellet was lysed and centrifuged
(25,000 x g/20 min) to yield a pellet (lane 3 or crude synaptic plasma
membranes) that was electrophoresed. and a supernatant that was
centrifuged (165,000 x g/2 h). The supernatant (lane 6) was electro-
phoresed and the pellet (lane 4. or crude synaptic vesicle fraction) was
resuspended and layered on top of a linear sucrose gradient. After
centrifugation (65,000 x g/2 h) fractions were collected (lanes 7 to 11)
and electrophoresed. Samples of each fraction (15 ug) were separated
on 12% SDS-PAGE and transferred to nitrocellulose membranes. The
nitrocellulose membranes were mcubated with antisera (antiannexin
1 dilution 1/1000 and antisynaptophysin 1/200) and visualized by the
alkaline phosphatase procedure.
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present (lane 8 to 11). Thus, these results suggest that
the 74 kDa annexin | is associated with the brain partic-
ulate fractions and mainly concentrated in the crude
synaptic plasma membranes. In the cytosol fractions,
the 38 kDa monomeric form is only present. Further-
more, analysis of the fractions demonstrate that the 74
kDa form is concentrated in the crude synaptic plasma
membrane in contrast to synaptophysin which 1s found
highly concentrated in the synaptic vesicles fractions
(Fig. 2C).

To further explore the association of the 74 kDa an-
nexin 1 with the synaptic plasma membranes we ana-
lyzed the molecular properties of this protein in a highly
purified fraction obtained by a Percol gradient proce-
dure [11]. Fig. 3A shows that annexin 1 is present exclu-
sively in a 74 kDa molecular from in the EGTA extract
as well as in the calcium precipitate. When synaptic
plasma membranes are extracted with a buffer contain-
ing 0.5% Triton X-114 (Fig. 3B). annexin 1 is also pres-
ent in a 74 kDa molecular form in the detergent and in
the aqueous phases but is absent from the cytoskeletal
fraction. In the detergent phase the 74 kDa form is
concentrated since the amount of proteins is very low
and not well visible in the gel stained by Coomassie
blue.

The serum antibody we used in this study has been
prepared from the highly purified 37 kDa protein elec-
trophoresed on SDS-PAGE. the corresponding bands
of which have been cut and extracted to inject into the
rabbits. This antibody reacts specifically with the 37
kDa protein which corresponds to annexin 1 as seen in
Fig. 1 lanes 4 and 4’. In the preparations or extracts of
tissues it reacts also with a band of 34 kDa which has
been shown to be the proteolysis degradation product
of annexin | by calpain a calcium dependent protease
highly active in brain tissues.

In order to demonstrate that the 74 kDa form origi-
nated from the 37 kDa annexin 1 and that the 74 kDa
form was not a different protein which cross-reacts with
anti annexin 1, the serum was depleted from 37 kDa
immunoreactivity by absorption on a purified monom-
eric 37 kDa bound-affinity column. The effluent of the
column was tested and did not react at all with the
purified 37 kDa monomer, in contrast the antibody
bound to the column and eluted. reacted strongly at 1
ug/ml with the 37 kDa protein. The serum depleted
from the 37 kDa protein does not cross react at all with
the 74 kDa present in the crude synaptic plasma mem-
brane fraction nor in the EGTA or the Triton X-100
extracts from this fraction (Fig. 4).

4. DISCUSSION

The results reported here represent the first experi-
mental evidence of the presence of a protein with a
synaptic plasma membrane localization cross-reacting
with an anti annexin 1. This protein is a 74 kDa peptide
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and not the 37 kDa annexin, already extracted and
purified from rat brain [8].

One can suggest that under the conditions used for
the purification of annexins from brain tissue, annexin
1 is recovered under its monomeric form in the EGTA
supernatant whereas the major part of the 74 kDa form
remains bound to the particulate fraction, especially
when the extraction buffer does not contain Triton X-
100 [13]. In contrast, under the conditions of the subcel-
lular fractionations of rat brain (sucrose solution with-
out no Ca™*, Mg** or EGTA) according to the proce-
dure of Jahn et al. [10], it is remarkable that the dimeric
form of annexin 1 is concentrated in the synaptic plasma
membrane fraction.

It is shown that the 74 kDa form originates from the
37 kDa form since the antibody which is depleted from
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Fig. 3 (A). Identification of annexin ! in purified synaptic plasma
membranes. 12% SDS-PAGE. A. Coomassie blue staining. B. Im-
munoblot. antiannexinl. EGTA S: EGTA supernatant. CaCl, S:
CaCl, supernatant. CaCl, P: CaCl, pellet. {(see section 2, protocol 2).
Fig. 3 (B). Purified synaptic plasma membranes extracted by
Triton X-114, 1 mM calcium. 12% SDS-PAGE. A. Coomassie blue
staining. B. Immunoblot: anti annexin 1. 1. Protein markers. 2. Triton
X-114-insoluble fraction. 3. Triton X-114-soluble fraction, aqueous
phase. 4. Triton X-114-soluble fraction, detergent phase (see section
2, protocol 1).
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Fig. 4. Blocking the immunostaining of the 74 kDa protein by absorption of the antiserum by the annexin 1 monomer. 12% SDS-PAGE. A.
Coomassie blue staining. B. Immunoblot: anti annexin 1, native serum. C. anti annexin I serum effluent after immunoabsorption on an annexin
1 affinity column. Lane 1, protein markers; lane 2, partially purified annexins from rat brain; lane 3, crude synaptic plasma membranes LP1; lane
4. EGTA extract from LPI, lane 5. Triton X-100-msoluble in 1 mM EGTA buffer; lane 6, Triton X-100-soluble fraction in | mM EGTA buffer.

its immunoreactivity towards the 37 kDa protein does
not react at all towards the 74 kDa form. These data
suggest that the 74 kDa form is likely to be a covalently
linked homodimer of the 37 kDa monomer since it is
not dissociated by SDS and could be obtained in a
soluble form by a 10 mM EGTA extraction.

Experimental evidence for the existence of a dimer-
ized form of annexin 1 has already been reported in
human placenta [14] and in A431 cells [15]. These stud-
ies demonstrated that dimerization is the result of a
calcium-dependent transglutaminase activity, that cata-
lyzes an acyl-transfer reaction between peptide-bound
glutamine residues and the & amino groups of lysine
residues. It has been suggested that the cross-linking site
may be located in the 3 kDa N-terminal tail region of
the protein and that the cross-linked annexin 1 has
higher sensitivity to phospholipid binding and probably
sticks more tightly to the membranes [16]. These obser-
vations are consistent with the results reported here that
show that the 74 kDa form is only present in the partic-
ulate fraction and is partitioned in the aqueous and in
the detergent phase of Triton X-114. Its presence in the
detergent phase suggests that dimeric annexin 1 might
contain a large hydrophobic domain tightly associated
to the membrane in the presence of calcium. This hydro-
phobicity may be related to the physiological properties
of the protein. Several observations support the dimer
being a physiological form in synaptic plasma mem-
brane. The protein is prominent in crude synaptic frac-
tions and thus is not created artifically during purifica-
tion, on an other hand, Pollard et al. found that annexin
1 has fusion potency [17]. In this perspective, it might
be involved in the exocytosis of the neurotransmitters.
A study of annexin 1 in stimulated synaptosomes would
be of a great interest.
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