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Phatowdlinity abeling of eat brain membranes with {#*H A NPAA-apamin incorporitted eadioactivity into polypeplides of 86 and 59 kD and ocen-

sionadly 1 more weakly fabelad component of 48 kI, These polypeptides were immunaprecipitated with anti-apamin antibadies wnd treated with

glycosidases, Neither the 86 nor the 39 k3a polypeptide apppeared to b Yglyeosylated. Partial proteolytic mapping of aflinity fubeled polypeptides

with chymotrypsin or V8 protease generated an identical pattern. Thes  results suggest Ot the 39 and 48 kD components are not additional
subunits of an oligomeric protein but result from cleavage of the 86 kD polypeptide.

Apamin ceceptor polypeptide; Potassium chaanel; Calium activation; Rat brain membrane

1. INTRODUCTION

Apamin, a 2 kDa peptide from bee venom, bloeks the
small conductance Ca® ”"-activated K* channel that
unclerlies the lorg-lasting afterhyperpolarization in ¢er-
tain electrically excitable cells [1,2]. ['**I)Apamin has
been used to deteet high affinity receptors, in neurons
{3], glial cells [4], skeletal [5], cardiac and smooth mus-
cle membranes and hepatocytes [6-8]. Although
solubilization of the apamin receptor has been achieved
and its size estimated from sucrose gradient centrifuga-
tion [9], the density of receptors expressed in all tissues
studied is extremely low and has precluded purification.
Our present knowledge of receptor structure therefore
is mainly derived from the use of covalent labeling
techniques. Affinity labeling with a variety of crosslink-
ing reagents has identified at least three major receptor
associated polypeptides of 86, 59 and 30 kDa
(4,6,10-13]. Interestingly, whereas the 86 kDa polypep-
tide appears to be a constant receptor component, the
59 kDa polypeptide and a more variable, weakly label-
ed, 45 kDa band have only been detected in certain
tissues or cell types leading to the hypothesis that two
structurally distinct apamin receptor subtypes may exist
[4,12,13].

In the present paper the relationship between these
polypeptides is re-examined using ligand directed an-
tibodies, endoglycosidase-F treatment, and partial pro-
teolytic mapping.

2. MATERIALS AND METHODS

Rat brain synaptic membranes were prepared as previously describ-
ed in the presence of protease inhibitors: 0.1 mM phenylmethylsul-
fonyl fluoride, 1 uM pepstatin A, 1| mM jodoacetamide and | mM
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BDTA [12], Apamin was jodinated [3] and a monod " indoapiin
derivitive  separated by SP-Sephadex =25 (Pharmacia)
chromatography [14). Binding experiments with ["**lJapamin were
carried aut ina butfer containing 28 mM Tris, 10 mM RCL, and 0.1%
bovine serum albumin adjusted to pH 7.4 with HCL at 4°C for 60
min. PBound ligand  was  separated by rapid  filtration  over
polyethylencimine pretreated Whatman GFC filters, Non-specific
binding was determined in the presenee of 0.1 oM unlabeled apamin,
Photoreactive  azidonitrophenylaminoacetylmeno-{'#1}iodoapamin
({"*MTANPAA-apiiming was preparect as previously deseribed using
d-azida-2-nitrophenylaminoacety lsuccinimidyl ester (a gift of Dr K,
Angelides) and immediately used 1o photolabel apamin receptors [11].
Membrane samples were solubilized in 3% SDS, 10 mM EDTA, 10%
glycerol, 70 mM Tris adjusted to pH 9 with HCI (buffer A), heated
to 100°C for § min, then analyzed by SDS-PAGE on a §-15% yra-
dient gel and autoradiography,

2.4 Immunaprecipitation

1n certain cases denatured sumples were diluted 4-told with 25 mM
Tris, 75 mM KCl, 23 mM EDTA, 1% Triton X100, S0 mM KHaPO,,
casein 0.19%, adjusted to pH 7.5 with NaOH (buffer B) and im-
munoprecipitated with anti-gpamin antibodies, Rabbit anti-apamin
{15] or control serum was added and incubation was carried out over-
night at 4°C. Pansorbin (Calbiochem) was then added (40 pl/ul
serum) and samples were rotated for 1 h at 4°C, followed by cen-
trifugation at 10 000 x g for 1 min. The pellet was washed twice with
buffer B and then twice with 25 mM Tris, 10mM KCl, adjusted to pH
7.5 with HCi. Pellets were then resuspended in buffer A containing
1% B-mercapteoihanol and heated to 100°C for § min. After cen-
trifugation to remove Pansorbin the supernatant was loaded onto a
5-15% SDS-polyacrylamide gel.

2.2. Deglycosylation

Affinity-labeled proteins were located by autoradiography, excis-
ed, and homogenized in 10 mM Tris, $ mM EDTA, 0.1% Nonidet
NP-40, and 0.01% SDS adjusted to pH 8 with HCl and then extracted
overnight, Polyacrylamide fragments were removed by centrifugation
and the supernatants lyophilized and then dissolved in 90 ul 1% -
mercaptogthanol. 2 U of endoglycosidase-F (Boehringer) were added
and samples were incubated for 70 h at 37°C. In certain cases samples
were treated with 50 mU neuraminidase (Calbiochem) in a 50 mM Na-
acetate buffer at pH 5.5 containing 1 mM CaCl; prior to
endoglycosidase-F treatment. Enzymes were inactivated by boiling in
buffer A and samples were analyzed by SDS-PAGE and
autoradiography.
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Ay labeted prodeins were estiacted ot gl adives avabose
124 A rin, 1% ghyaerol, 0.017% SDS, adpsted to plE 2wk HO,
Al cotnentiated By tvophitioation, Samples wore treated with 10
chyimotes pais Tor 30 ain (gt or 2 e Stp i locnactes diereid V8
Protease (Sigaina) oy 60 mite an 32°C and aaady acd acabose,

3. RESULTS

[ “HaAapamin binds (o high affinity receptors in rat
brain synaptic membrines with a Ay of about 40 pAas
caleutated from the competition curve shown in Fiyg,
1AL Scatchard analysis of data from satucation ¢y
periments cartied out with this membrane preparation
(results not shown) confinmed previous observations
{12,14] of a single class of receptors with a binding
capacity in the range of 10-20 fmol/mg ol protein,
Photoaftinity labeling of synaptic membranes (Mg, 113)
revealed tvo najor labeled polypeptides of 86 and §9
kDa. Cabeling was specitic as it was inhibited when
receptor sites were protected by competing unlabeled
apamin, with partial reduction of photolabeling with
0.1 nM apamin and alinost complete inhibition at 1.nd,
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Fig. 1. Photoaffinity labeling of the apamin receptor. Brain mem-
branes were incubated with (a) ['*Ilapamin or (b) ["** I]ANPAA-
apamin in the presence of increasing concentrations of unlabeled
apamin. In (A) bound ['*!]apamin was measured by vacuum filtra-
tion and y counting, 8 = bound; B, = bound in the absence of
unlabeled apamin. In (B) membranes were exposed to a UV lamp,
recovered by centrifugation and analyzed by SDS-PAGE and
autoradiography.
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Phe displicement ot [P apamin from s high aftinity
site (g TA)Y and the competitive attentattion of afting:
1y labeling of both the 86 and 39 KD palvpeptides by
unlabeled apinin Cearly oceurs in the saame convenitas
ton range, This contivins that beth pelypeptides are
wssavinted with the high alTinity apamin reeeptor,
Polyclonal anti-apamin antibodies were tested for
their  ability 1o immunoprecipitate [MUIIANPAA.
apamin kibeled reveptor polypeptides. Phiotolabeled
membranes were solubilized and  denatured in the
presence of 32% SDS, samples were then dituted, in-
cubated with anti-npamin or control serum and then
immunoprecipitated (Fig, 2A). About 80% of the total
riacioactivity was recovered when SIS was diluted to o
final conecentration of 0.7% or less hetore the addition
of antiserum, Inmunoprecipitated material was eluted
fraom the Pansorbin pellet by boiling in SDS-PAGIE
sample  bufter  and  analyzed by PAGE  and
autoradiography (Fig, 213, 1t contained both free
[ HANPAA-apamin that migraied with the dye front
and the covalently labeied 86 and 5§59 kDa polypeptides.
This procedure reroved the majority of the synaptic
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Fig. 2. Immunoprecipitation of affinity-labeled apamin receptors,

Brain membranes were affinity labeled with ['**1)ANPAA-apamin,

solubilized and incubated with anti-apamin antiserum (o) or control

serum (). Immune complexes were then recovered by incubation

with Pansorbin followed by centrifugation and were analyzed by (A)
4 counting and by (B) SDS-PAGE and autoradiography.
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membrane prateins, i only the immntnoglobulin chains
were vevailed by Coomassie blue staining, indivating
that signifivant receptor purification was achijoved, As
fess thin 10 fmio) of recepion were toaded per Lane, the
detection of receptor palypeptides by canventional pro-
fein staining technigues wis not feasible,

In order to determine whether the 86 wud 59 K
bands  contin Nelinked  carbohwadide,  ime
nunoprecipitation, SHDS-PAGE, and band excisionand
cliion were used to enrich the photolabeled apumin
reeeptar sulficiently to allow plyeosidase freatment
without interference from the large  amounts of
glycoproteins known to be preseut in synaptic mein-
branes, Treatment of polypeptides with
endogiyeosidase-l (endo<I)y for up to 70 h had no eftect
an the mobility of cither the 86 or 59 KDa polypeptide
(Fig. 3), Pretreamment with neuraminidase to remove
siadic acid residues that might interfere with the action
of endo-I" was equatt without elfect {results not
shown), Control sarples were incubated in identical
conditions in the absence of endo-T7, The fact that endo-
I' was active in the conditions used was verified using
("**lorosonucoid which showed the expected decrease
in molecular mass from 44 to 26 kba, following
deglycosylation (Iig. 3), An additional control esperi-
ment was carried ouw on the @3, subunit of voltage-
dependent Na channel affinity labeled with ['**1)-
ANPAA «a-scorpion toxin (toxin V from Leinrus quin-
questratus quinguestratiesy [16]. In control conditions
this polypeptide migrated at 36 kDa. After 17 hendo-F°
treatment the major band, which probably corresponds
to a partially deglycosviated form migrated at 31 kDa,
whereas  a  minor band representing  the  fully
deglycosylated core polypeptide was detected at 22 kDa

59 kDa 86 kDa| oOroso
endofF| «+ - + - + _
,ﬂ e

Fig. 3. Glycosidase treatment of affinity-labeled apamin receptors.

Apamin receptors were partially purified by immunoprecipitation,

and SDS-PAGE. After elution from gel slices polypeptides were

treated with endoglycosidase F and analyzed by SDS-PAGE and

autoradiography. OROSO indicates control experiments with
{'**Ilorosomucoid.
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i apreement with proviows reports [17] (results notl
<howny, '

Partial proctolytiv digestion ol the aftinity labekl 86
aied 89 KDa polypeptides wis performed alter SDS.
PAGE, cacision and clution of the appropriate gel.
regions, Profease treatment was stopped by boiling in
SHR-PAGE saunple bulfer, and saanples were analyzed
by electrophoresis, autoradiography and densitometric
scanning, Chymotevpsin diyestion pave a very similar
pattern for both the 86 and the 39 KDa polypeptides
with, in cach case, the formation of three mujor pro-
teolytic products of 36, 20, and a doublet peaking at
about TSRDa (Fig, 4AY, [n certain experiments o minor,
specifically labeled compunent of 45 kDa was detected
s previously reported [T H] After chymoteypsin
digestion of the 48 kDa band proteolytic fragments of
36, 20, and a doablet ar abont 18 KDa were again iden-
tfied (not showny,

Partial proteolysis of the 86 and 39 KDa bands with
Va protease (Fig. JB3) also gave an identical profile with,
in both cases, two major degradation products of 46
and 37 kDa. Although Fig, 4 shows identical patterns
for the 86 and 59 kKDa bands, differences were apparent
when proteolysis was stopped at carlier stages, A
shorter incubation with V8 protease produced two pep-
tides from the 86 kDa chain that migrated between 86
and 59 kDa (not shown), Flowever neither protease
generated a §9 kDa torm from the 86 kDa chain.

4, DISCUSSION

Ca® " activated K* channels are important regulators
of the clectrical activity of excitable cells but are as yet
poorly characterized at the molecular level, Apamiin, a
peptide neurotoxin, specifically blocks one type of
Ca?*-activated K * channel and binds to a high affinity
receptor site presumably located on the channel pro-
tein. Affinity labeling with ['**1] apamin derivatives has
provided the only structural insight to date into this
class of channel allowing the identification of at least
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Fig. 4. Partial proteolysis of affinity labeled apamin raceptors.

Apamin receptors were partially purified by SD5-PAGE, the 86 kDa

(upper trace) and the 59 kDa (lower trace) polypeptides were cut out

and then treated with (A) chymotrypsin or (B) V8 protease and

analyzed by SDS-PAGE, autoradiography and densitometric scan-
ning.
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three major polypeptides of 86, 89 and 3O kD and o
possible component ar 45 KDu (46,1012 Apamin
contains  two  amidnes  amenable  w o modilication:
aNF-Cysy and «NFa-Tysg, Photoatfinity labeliog with
two ditferent, chemically charaeterized, [V H-ANPAA
apamin decivatives has showa that the 86 and 59 kida
membrane polypeptides are erosslinked by an ANPAA
group coupled at the aC'ysy position whereas the 30Kk Da
polypeptide is crosslinked by ANPAA at elysy [12],
which suggested that the apaniin binding site is located
at the 2one of interaction benween different subunits of
an oligomeric protein,

I experiments with a range ot membrane prepara-
tions and cultured colls we have shown that, while the
R6 kDa component was always detected, the 59 kDa
polypeptide was present in brain membranes [11,12],
primary cultured astroevies [4], and lver membranes
{6] but absent in primary cultured neurons {i1,12], and
intestinal smooth muscle and heart membranes {6]. This
observation lecl us to the conclusion that structural sub-
types of apamin receptors may occur that differ by the
aceessibility ¢ a 89 kDa subunit to covalent labeling by
an ANPAA-apamin derivative occupying the binding
site that is presumably located ou the 86 kDa polypep-
tide [4,6,12]. An affinity labeling strategy using several
different reagents to crosslink the toxin to its receptor
and two different receptor sources has much more
recently led Auguste and colleagues to independently
propose a similar hypothesis suggesting the existence of
receptor subtypes [13]. The experiments described in
the present paper were designed to determine whether
the 86 and 59 kDa polypeptides are in fact both
associated with the high affinity apamin binding site
and, if so, to further investigate their structure,

A protocol in which photolabeling was inhibited by
competition with increasing concentrations of unlabel-
ed apamin demonstrated that label incorporation into
the 86 and 59 kDa polypeptides was inhibited to an
equivalent degree at concentrations compatible with oc-
cupancy of the apamin binding site. Furthermore both
the 86 and 59 kDa components were specifically im-
munoprecipitated by anti-apamin antibodies, after
denaturation at 100°C in the presence of SDS. These
polypeptides are therefore associated with the high af-
finity binding site and must in fact be situated in close
proximity as we have previously shown they can only be
crosslinked to the NH3 of Cys; and not to the eNH; of
Lys4 of receptor-bound apamin [12].

Treatment with a range of enzymes strongly suggests
in fact that these two polypeptides are closely related.
Glycosidase treatment indicates that neither are N-
glycosylated, whereas proteolytic mapping with two
different proteases points to a striking homology. On
the strength of these observations the hypothesis that
the 59 kDa component is an additional subunit that is
associated with the 86 kDa polypeptide in a hetero-
oligomeric complex now appears unlikely. A more
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reasonable explanation is that the SO KD chain i seg-
ment of the 86 kDa polypeptide that includes the
apamin binding site,

fs the $9 KDa chain w short forim of the receptor
polypeptide that is only synthesized incertain cell tyoes,
or is it a proteolytic fragment? The fatter explinution i<
more likely as in the six different tissueseell types tha
we hiave tested to date we have detevted either both the
86 and the 89 kDa chains or the 86 KDa polypeptide
alone but never the 89 kDo component sdone, This sug-
goests that the 39 kKDa chain is always derived post-
transiationally trom the longes polypeptide. The same
is probably true of the minor 45 KDa polypeptide ocea-
sionally detected by ourselves ind other investigators
[11,13].

Is proteolytic cleavage of the 86 kDa polypeptide a
physiologically relevant process that oceurs in the living
cell or an artefactual event that takes place following
cell disruption? We can only speculite as to the answer,
It is difficult to Le certain that proteolysis does not oc-
cur during sample preparation. However, it is worth
pointing out that the $9 kDa fragment is detected when
apamin receptors are labeled on cultured astrocytes that
are rapidly processed for SPDS-PAGE [4], but absent in
smooth muscle or cardiac membranes [6], which recuire
lengthy preparation and are, a priori, much more liable
to proteolysis indicating that truncated receptor
polypeptides may be produced in intact cells. It is in-
teresting to note that two size forms of the ay subunit of
the dihydropyridine-sensitive calciumi c¢hannel have
teen detected in transverse tubule preparations and in
cultured muscle cells [18] suggesting that posttransla-
tional proteolytic cleavage of ion channel proteins may
occur as part of a normal regulatory process.

In summary the present paper simpiifies our view of
the structure of the apamin binding component of the
Ca?* -activated K * channel. We now propose that the
apamin binding site is situated in a region where two
channel polypeptides of 86 and 30 kDa interact and that
previously detected 59 and 45 kDa polypeptides are
fragments of the 86 kDa chain. Further investigation
will be required to determine why truncated apamin
receptor polypeptides are only produced in certain
tissues.
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