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The recent observation that ammonium sulfate sta-
bilizes cell-surface [*H]cyclic AMP binding in Dictyo-
stelium discoideum (Van Haastert, P., and Kien, E.
(1983) oJ. Biol. Chem. 258, 9636-9642) led us to at-
tempt to identify the surface cAMP receptor by pho-
toaffinity labeling with 8-azido-[3?P]JcAMP using this
stabilization technique. 8-azido-[3?P]lcAMP specifi-
cally labeled a polypeptide which migrates as a closely
spaced doublet (M, = 40,000 to 43,000) on sodium
dodecyl sulfate-polyacrylamide gel electrophoresis.
Greater than 60% of the labeled polypeptide was found
associated with membranes. This protein was distin-
guished from the cytosolic regulatory subunit of the
cAMP-dependent protein kinase (M, = 41,000) by dif-
ferences in developmental regulation, specificity, and
subcellular localization. No kinase regulatory subunit
was detected in membranes by western blot analysis.
Our preliminary observations show that labeling of
this doublet correlates closely with cAMP-binding ac-
tivity, suggesting that it is the surface receptor which
mediates chemotaxis and cAMP signaling.

Acting as an extracellular transmitter, cAMP plays a piv-
otal role in directing the aggregation of developing Dictyoste-
lium discoideum amoebae. The nucleotide is released in a
pulsatile manner from aggregation centers and is detected by
surface receptors of proximal cells (2). These cells respond by
moving toward the source of the cAMP and also relay the
chemical signal by releasing additional cAMP (reviewed in
Ref. 3). Recent studies indicate that these and other responses
are probably mediated by the same cAMP receptor which has
stringent pharmacological specificity requirements (4, 5).!
Receptor binding activity and physiological responsiveness
increase dramatically in early development and then decline
as aggregation progresses (6, 7). While others have reported
photolabeling of the cAMP receptor (8-11), clear identifica-
tion of the receptor has been hindered by the rapid dissocia-
tion rate of cAMP-receptor complexes (12), low affinity of
available photoactive cAMP analogs, degradation of analogs
by cell-surface phosphodiesterase, and the presence of cyto-
plasmic cAMP-binding proteins.
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Recent reports indicate that binding of cAMP to intact
cells, which normally has a dissociation rate of a few seconds,
can be greatly stabilized by ammonium sulfate (1). We rea-
soned that this stabilization procedure would facilitate the
removal of unbound ligand and also increase the chances of
coupling a photoactive cAMP analog so that specific labeling
would be observed. In the presence of ammonium sulfate, 8-
N;-[*P]cAMP very specifically photoaffinity labels a major
membrane polypeptide that migrates as a doublet (M, =
40,000 to 43,000) on SDS-PAGE.? Labeling of this band is
inhibited by excess unlabeled cAMP. It is distinguished from
the regulatory subunit of the cAMP-dependent protein kinase
(M, = 41,000) (13) by numerous criteria. Qur preliminary
observations indicate that labeling of this band correlates
quantitatively with receptor binding activity.?

MATERIALS AND METHODS
Ax-3 Growth and Development

Ax-3 cells were grown in HL-5 medium (14) and harvested at a
density of less than 5 X 10%/ml. Cells were washed in DB (5 mM
Na.HPO,, 5 mm KH,PO,, 2 mM MgSO,, 0.2 mMm CaCl,, pH 6.2),
resuspended at 2 X 107 cells/ml and shaken at 100 rpm at 22 °C (15).

8-Nj-[32P]cAMP Photoaffinity Labeling of Surface Receptor

Developed cells were centrifuged 700 X g for 4 min, resuspended in
an equal volume of development buffer (DB), recentrifuged, resus-
pended in an equal volume of DB (minus Mg?* and Ca®*) plus 10 mm
DTT, recentrifuged, resuspended in the latter buffer at 2 X 108 cells/
ml, and used for binding or labeling. All steps were carried out at
0°C.

Standard 8-N;-[*’PJcAMP Photolabeling Assay—300 ul of cells
plus 300 ul of 8-N3-[*P]cAMP (usually 300 nM, ICN Cat. No. 37003)
in the same buffer were mixed in 15-ml cortex tubes. After 30 s, 12
ml of 98% saturated AS was added, samples were mixed and, after 10
min, samples were centrifuged at 7000 rpm for 6 min (Sorval SS-34).
Pellets were resuspended in 1 ml of AS, vortexed, 12 ml AS added,
and samples were recentrifuged. Pellets were resuspended in 600 ul
of AS and 550 ul were spotted on a 100-mm plastic Petri dish. After
irradiation (Minerallight UVG-54) from 4.5 ¢m for 15 min (3 and 81
min gave the same result), 500 ul were transferred to 5 ml of receptor
buffer (20 mm Tris, pH 7.5, 5 mM EDTA, 5 mM DTT containing per
10 ml: 10 mg of benzamidine, 10 mg of phenanthroline, 2.5 mg of
benzyloxycarbonyl-phenylalanine, 1 mg of phenylmethylsulfonyl flu-
oride, 20 ug of chymostatin, 20 ug of pepstatin, 10 ug of leupeptin, 50
ug of antipain, 100 ug of aprotin, 1 mg of 1-chloro-3-tosylamido-7-
amino-2-heptanone, 1 mg of p-tosyl-L-arginine methyl ester, 1 mg of
L-1-tosylamido-2-phenylethyl chloromethyl ketone). After centrif-
ugation at 16,000 rpm for 30 min (Sorvall SS-34) samples were
resuspended in 600 gl of sample buffer (1.5% SDS, 2.5% DTT, 10%
glycerol, 31.25 mM Tris, pH 6.8). After 30 to 60 min at 22 °C, 20 to
100 ul were analyzed by SDS-PAGE (16). Gels were stained with
Coomassie Blue, destained, dried on Whatman 3MM paper, and
autoradiographed on Kodak AR x-ray film at —80 °C with intensifying
screens for 15 to 48 h.

Miniassay—100 ul of cells were mixed with 100 gl of 8-N;-[*P]
cAMP (300 nM) in the same buffer in a glass tube (12 X 75 mm).
After 30 s, 3 ml of AS was added and the tube was vortexed. After 5
min tubes were centrifuged 4000 rpm for 12 min (Sorvall HS4).
Pellets were resuspended in 1 ml of AS and vortexed, and 3 ml of AS
was added. Tubes were recentrifuged and pellets were resuspended in
200 ul of AS. 180 ul were irradiated for 10 min and 160 ul were

2 The abbreviations used are: SDS-PAGE, sodium dodecy!l sulfate-
polyacrylamide gel electrophoresis; AS, ammonium sulfate; DTT,
dithiothreitol.
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