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1. Introduction

The acetylcholine receptor (AChR) has been
shown to be phosphorylated in situ in receptor-
enriched membranes from the electric organ of
Torpedo californica [1] and in a crude detergent
extract from Electrophorus electricus [2]. Further,
AChR-enriched membranes from Torpedo californica
contain protein kinase [3] and phosphoprotein phos-
phatase [4] activity and evidence has been presented
that these enzymes are probably present in detergent-
solubilized crude membrane fractions from Electro-
phorus electricus [5]. However, kinase and phos-
phatase activities have not been demonstrable in
solubilized, purified preparations of AChR. This
suggests that the membrane protein kinase and phos-
phatase are not components of the AChR but are
associated with the AChR in receptor-enriched mem-
branes. The purpose of this study, therefore, is to
identify polypeptides in receptor-enriched membranes
which have ATP binding sites and which might
regulate the level of phosphorylation of the AChR.

Arylazido-alanyl ATP has been used effectively
as a photoaffinity ligand to identify catalytic sites on
enzymes for which ATP is a substrate. Here we report
the use of arylazido--alanyl ATP to identify 3 poly-
peptides in AChR-enriched membranes which are
labeled by the ATP analog and which are not com-
ponents of the purified AChR. It is possible that 2 of
these polypeptides are related to protein kinase and
phosphatase activities in AChR-enriched membranes.
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2. Materials and methods

AChR-enriched membranes were prepared from
Torpedo californica as in [6]. The ATP analog,
arylazido-8-aianyl ATP was synthesized as in 7]
using either unlabeled ATP or [a-*2P]ATP; the
a-3*P-Jabeled compound had spec. act. 10° cpm/umol.
Photoaffinity labeling was performed by irradiating a
solution containing AChR-enriched membranes and
the photoaffinity label at concentrations indicated in
the figure legends. A 10 s irradiation with a 250 W
medium pressure mercury lamp (Applied Photophysics
Ltd., London) mounted 6.5 cm away froma 0.2 X 1 cm
glass cuvette, was sufficient to produce maximum
incorporation of the photolabel. Protein kinase
activity was determined as in [3]. SDS—polyacrylamide
gel electrophoresis was carried out as in [8].

3. Results and discussion

Figure 1 shows that the AChR-enriched membranes
used in this study contain ~8 major polypeptides
including the 4 subunits of the AChR. After photo-
irradiation, the ATP photoaffinity analog, arylazido-3-
alanyl [a-3>P]ATP reacts with only 3 polypeptides in
this preparation. The AChR subunits are not labeled.
In the absence of irradiation, there is no incorporated
radioactivity (data not shown). Thus, comparison of
the Coomassie-blue stained gel (B) with the autoradio-
graph (A) of the same gel in fig.1 shows that the
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Fig.1. Photoaffinity labeling of AChR-enriched membranes
with arylazido-alanyl ATP. Autoradiogram (A) and
Coomassie blue-stained SDS--polyacrylamide gel (B). Protein
(1 mg/ml) was suspended in 15 mM Tris—HCI (pH 7.5) con-
taining 10~* M ouabain and 0.225 mM arylazido-8-alanyl
[a-**P]ATP. Irradiation was 4 X 15 s each at room temper-
ature. The samples were chilled in ice following each 15 s
irradiation. Total volume was 0.2 ml. SDS electrophoresis
was carried out as in [8] in 7.5% acrylamide gels.

affinity ligand-labeled bands migrate with mol. wt

45 000, 55 000 and 100 000 which do not correspond
to the molecular weights of the polypeptide compo-
nents of the purified AChR (e, 42 000; 8, 48 000;
v,62 000; 6, 68 000). The 100 000 mol. wt band
appears to be the Na",K'-ATPase which has a similar

molecular weight from many different sources [9—-11].

This band is not a component of the AChR but is
present in variable amounts in receptor-enriched
membrane preparations.

Although the function of the labeled polypeptides
is unknown, the 45 000 and 55 000 labeled bands
could be related to the protein kinase and protein
phosphatase activities present in the receptor-enriched
membranes. ATP is a substrate for the protein kinase
reaction and therefore the enzyme must have an ATP
binding site. The phosphatase is inhibited by ATP
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[4] and therefore may also have a specific binding
site for the nucleotide. The specificity of binding of
the photoaffinity label for ATP binding sites is shown
in fig.2. Unlabeled ATP at increasing concentrations
correspondingly inhibited the reaction of the labeled
photoaffinity compound. On the other hand, arylazido-
B-alanine, i.e., the photolabel without the ATP
moiety, did not cause a significant decrease in
reactivity of the radioactive affinity label (data not
shown). These results strongly suggest that the

analog is acting as a photoaffinity probe of adenine
nucleotide binding sites in AChR-enriched membranes.
If the ATP photoaffinity label reacts irreversibly with
a protein kinase in the membranes, then the ATP
derivative would be expected to block kinase activity.
Figure 3 demonstrates that the photoaffinity label
has a striking effect on AChR phosphorylation in
receptor-enriched membranes. The membrane-bound
AChR was phosphorylated in situ with [y->P]ATP as
described in the figure legend. Increasing concentra-
tions of unlabeled photoaffinity ligand progressively
inhibited receptor phosphorylation. Thus, the ATP
photoaffinity label appeared to be reacting with the
membrane kinase to inhibit phosphorylation of the
membrane-bound AChR. We have also determined
that ATP inhibits phosphatase activity in the same
membrane preparation. However, because of metho-
dologic limitations we have not been able to study
the interaction of the ATP photoaffinity label with

| 2 3

Fig.2. Inhibition of photolabeling with ATP. Autoradiograms
of SDS gels. Control as in fig.1 (1). Incubation mixture also
contained 50 mM (2) and 100 mM ATP (3).
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Fig.3. Inhibition of endogenous protein kinase activity in
AChR-=nriched membranes by arylazido-8-alanyl ATP.
Photoaffinity labeling of membranes carried out as in fig.I.
Endogenous kinase activity was then determined {1,3].
Membranes containing 50 ug photoaffinity labeled protein
were incubated in 0.1 ml for 30 s at 0°C with 5 uM [7-”P_]~
ATP (1-2 uCiftube), 0.25 mM EGTA, 10 mM MgAc,,
0.0625 M Tris—HCI (pH 6.8) and 100 mM KCIl. The reac-
tion was stopped by the addition of 15 ul 20% SDS. Electro-
phoresis was carried out as in [8]. (1) Autoradiogram of a
7.5% SDS —acrylamide gel showing phosphorylation of the

v (mol. wt 62 000) and 5 (mol. wt 68 000) bands of the
AChR by an endogenous protein kinase. (2) Phosphorylation
in the presence of 0.03 mM arylazido-8-alanyl ATP in the dark.
(3) Same conditions as before, but with 4 X 15 s irradiation.
(4) Phosphorylation after photoaffinity labeling with 0.3 mM
arylazido-3-alanyl ATP.

this endogenous membrane phosphoprotein phos-
phatase.

These results indicate that polypeptides which
have ATP binding sites in AChR-enriched membranes
are not components of the AChR. A 43 000 mol. wt
polypeptide associated with the AChR has been
isolated [12]. It would be of interest to learn whether
the 43 000 mol. wt polypeptide [12] is identical to
the 45 000 mol. wt polypeptide which we find has an
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ATP-binding site. We believe our results suggest that
this polypeptide could be a membrane protein kinase
or phosphatase involved in the regulation of AChR
phosphorylation at the post-synaptic membrane.
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