ally secreted calcium carbonate. Favosi-
tids can be recognized therefore as an
order of Demospongiae. They originated
in the early Phanerozoic, probably from
a lithistid stock of demosponges. This
presumably happened during the Ordovi-
cian when some lithistid invaded trophi-
cally attractive but calcium oversaturat-
ed areas of the epicontinental seas (21).
In response to high calcium stress they
developed calicoblasts within the pina-
coderm, thus neutralizing the toxic calci-
um excess by secreting it as calcium
carbonate. Such a suggestion seems to
be supported by observations (22) made
on the recent sclerosponge Merlia nor-
mani Kirkpatrick, which secretes a cal-
careous skeleton that may be absent in
specimens growing in presumably less
calcium saturated waters. In that respect
sclerosponges appear to be interesting
model organisms in studies on calcare-
ous biomineralization and on the origin
of calcareous hard parts in general (23).

The adaptive evolutionary trend to se-
crete a basal calcareous skeleton was
repeated several times in geological his-
tory by various groups of demosponges
producing highly homeomorphic calcare-
ous structures that differ strongly in spic-
ule character (for example, among mas-
sive sclerosponges: Acanthochaetetes,
Tabulospongia, Favosites s.1., Merlia,
and Chaetetopsis; among arborescent
sclerosponges: Thamnopora and Neuro-
pora). Reversed trends resulting in scle-
rosponge taxa with almost identical spic-
ule character but differing significantly in
the morphology of the calcareous skele-
ton are also known (for example, Hispi-
dopetra, Boswellia, Chaetetopsis). Both
phenomena make the taxonomic treat-
ment of fossil sclerosponges in which
spicules are only exceptionally pre-
served extremely difficult. This may ac-
count for the enormously complicated
taxonomy of favositids, consisting of
hundreds of poorly defined species and
genera. The discovery of further spicu-
lated favositids will help in establishing a
sound classification and phylogeny of
the group.

The discovery of spicules in the favo-
sitids does not imply that other, less
abundant groups of Tabulata are sclero-
sponges. Nevertheless, reexamination of
such tabulate ‘‘corals’’ as halysitids, syr-
ingoporids, and several related groups
may throw new light on their affinities,
particularly if collected from strongly
leached horizons.
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Direct Demonstration of Impaired Functionality of a Purified

Desensitized 3-Adrenergic Receptor in a Reconstituted System

Abstract. Long-term exposure of various cell types to B-adrenergic agonists such
as isoproterenol leads to an attenuated responsiveness (‘‘desensitization’’) of the
adenylate cyclase system to further challenge with these agonists. The turkey
erythrocyte model system was used earlier to show that a covalent modification of
the receptor (phosphorylation) is associated with this process. The functionality of
the “‘desensitized’ B-adrenergic receptor was assessed by implanting purified -
adrenergic receptor preparations from control and desensitized turkey erythrocytes
into phospholipid mixtures and then fusing them with receptor-deficient cells
(Xenopus laevis erythrocytes). Desensitized B-adrenergic receptors showed a 40 to
50 percent reduction in their ability to couple to the heterologous adenylate cyclase
system, comparable to the reduction in their functionality observed in their.original
membrane environment. These results demonstrate the utility of recently developed
receptor reconstitution techniques for assessing the functionality of purified recep-
tors and show a direct link between a covalent modification of a membrane-bound
receptor and its impaired functionality in a reconstituted system.

A general property of many eukaryotic
cells is an adaptive process whereby the
cell becomes progressively less respon-
sive to a hormone or drug with time.
Such processes have been variably re-
ferred to as ‘‘desensitization,’”’ ‘‘toler-
ance,”” or ‘‘tachyphylaxis’® and have
been reported to occur in systems in
which the biological responses are medi-
ated by adenosine 3',5'-monophosphate
(cyclic AMP) (1), as well as in those in
which the hormonal responses are inde-
pendent of this cyclic nucleotide (2).
Among the hormone-responsive adenyl-
ate cyclase systems, the most widely
studied example has been the adenylate
cyclase-coupled B-adrenergic receptor,

which mediates the stimulatory effects of
catecholamines on physiological func-
tions in heart, smooth muscle, and other
tissues (3). This system consists of at
least three components: the B-adrenergic
receptor-binding protein, which binds
hormones and triggers the biological re-
sponse; the nucleotide regulatory protein
(N or G/F), which binds guanine nucleo-
tides; and the catalytic moiety of the
adenylate cyclase, to which the guanine
nucleotide protein binds, thereby cou-
pling the agonist-receptor complex to the
effector molecules (4).

Although the detailed mechanisms of
hormone-promoted desensitization re-
main to be unraveled, in the B-adrenergic
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receptor—coupled adenylate cyclase sys-
tem, evidence points to the receptors
themselves as a major locus of alter-
ation. There appear to be several mecha-
nisms for altering receptor function. In
some instances—for example, frog
erythrocytes and various cultured mam-
malian cell lines (5-7)—a functionally
normal receptor may be sequestered
away from the effector adenylate cyclase
complex by translocation to an intracel-
lular membrane compartment (8). In
contrast, in certain other systems such
as avian erythrocytes (turkey and pi-
geon) (9, 10), the desensitization of the

adenylate cyclase is associated with a
structural alteration in the receptor
which is apparent as an altered mobility
on sodium dodecyl sulfate (SDS) gels of
the photoaffinity-labeled receptor (11).
This structural alteration correlates with
an increased state of phosphorylation of
the desensitized B-adrenergic receptor
(12). It has not, however, been possible
to assess whether the structural alter-
ations in the desensitized receptors are
directly related to the impaired function-
ality of these macromolecules as reflect-
ed in the desensitized state of the adenyl-
ate cyclase system of the cell. Recently,
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Fig. 1. (A) Dose-response curves for agonist stimulation of adenylate cyclase in crude
membranes of control turkey erythrocytes. Cells were washed three times with 150 mM NaCl,
10 mM dextrose, 0.2 mM sodium metabisulfite, and 17 mM tris-HCI (pH 7.4) and hypotonically
lysed with S mM MgCl, and 5 mM tris HCI (pH 7.4). The lysates were centrifuged at 1000 rev/
min for 10 minutes and the pellets containing the nuclear material, unlysed cells, and other cell
debris were discarded. The supernatant containing the plasma membranes was centrifuged at
40,000g for 10 minutes. After four additional washes with 5§ mM MgCl, and 75 mM tris-HCI (pH
7.4), the pellets were resuspended in ‘‘adenylate cyclase buffer’’ containing 75 mM tris HCI (pH
7.4), 12.5 mM MgCl,, 1.5 mM EDTA, 250 mM sucrose, and 2 mM dithiothreitol at a
concentration of 8 mg of protein per milliliter of buffer. The adenylate cyclase assay was
performed as described (17, 18) in the presence of 0.1 mM guanosine triphosphate (GTP) and 0.1
mM adenosine triphosphate (ATP). Results were reported as picomoles of cyclic AMP
generated per assay volume in 30 minutes at 30°C. (B) Dose-response curves for agonist
stimulation of adenylate cyclase in fused hybrids of reconstituted affinity chromatography—
purified control turkey B-adrenergic receptor preparations and X. laevis erythrocytes. Purified
turkey erythrocyte membranes were prepared as described (13). The B-adrenergic receptor was
solubilized from erythrocyte plasma membranes in a buffer containing 1 percent digitonin and
purified 500- to 1000-fold by affinity chromatography on a Sepharose-alprenolol gel (13, 15). The
column elution buffer contained 0.025 percent digitonin, 100 mM NaCl, and 10 mM tris-HCI (pH
7.4). Purified receptor preparations were reconstituted into vesicles containing a mixture of
soybean phosphatidylcholine and a light membrane vesicle fraction of frog erythrocyte lipids as
described earlier (16), except that the detergent was removed from the incubation mixture by
elution through an Extracti-gel (Pierce) column, rather than by treatment with SM-2 resin. The
eluates were diluted with 15 ml of 100 mM NaCl and 10 mM tris-HCI (pH 7.4) and centrifuged at
250,000g for 1.5 hours. The fusion of the reconstituted B-adrenergic receptors with X. laevis
erythrocytes was performed exactly as described (15). Pellets containing the reconstituted -
adrenergic receptor were mixed with 2 X 107 packed X. laevis erythrocytes. The mixture was
then incubated with 15 pl of phospholipids (200 pg of soybean phosphatidylcholine and 10 pg of
lysophosphatidylcholine) for 5 minutes at 5° to 10°C and then with 10 pl of 10 mM MgCl, for 5
minutes. Fusion was performed with polyethyleneglycol (50 percent, weight to volume) at 30°C
(8, 15, 16, 19). Adenylate cyclase activity in the resulting hybrid cell membranes was measured
in membranes prepared by freeze-thaw lysis. The assay was performed in the presence of 0.1
mM GTP and 0.1 mM ATP (8, 15, 16). Each set of data shown represents the means of triplicate
determinations from representative experiments repeated twice with the comparable results.
Abbreviations: Iso, isoproterenol; Epi, epinephrine; and NE, norepinephrine.
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however, new techniques have been de-
veloped for investigating the molecular
properties of the receptors.

B-Adrenergic receptor-binding pro-
teins can be solubilized in digitonin and
purified by affinity chromatography (/3).
The structure of the receptors can be
studied with the use of high-affinity, spe-
cific photoaffinity probes such as '*I-
labeled p-azidobenzylcarazolol (‘*I-
pABC) (14). The receptors, purified in
digitonin, can be implanted into phos-
pholipid vesicles and their functionality
assessed by fusing them to Xenopus lae-
vis erythrocytes that contain both the N
protein and the catalytic subunit of the
adenylate cyclase system but which lack
B-adrenergic receptors (8, 15, 16). Using
these techniques, we have demonstrated
the bifunctionality of the isolated B-ad-
renergic receptor proteins—that is, these
macromolecules both bind B-adrenergic
hormones and confer sensitivity to cate-
cholamine stimulation on the adenylate
cyclase system of a heterologous cell
(15, 16).

We used these techniques to assess
the functional capability of a B-adrener-
gic receptor derived from a desensitized
cell. For this purpose, we used affinity
chromatography—purified receptor prep-
arations from control and desensitized
turkey erythrocytes. Since the turkey
erythrocyte B-adrenergic receptors are
of the B, subtype, we first sought to
determine whether the specificity of the
catecholamine responsiveness conferred
on the acceptor X. laevis erythrocytes by
the purified receptors would be con-
served. Figure 1, A and B, shows cate-
cholamine dose-response curves for the
stimulation of adenylate cyclase in na-
tive turkey erythrocyte membranes and

. in the X. laevis erythrocyte membranes

after fusion with the receptor-containing
vesicles—before fusion there is no cate-
cholamine-responsive adenylate cyclase
in these membranes (8). The order of
potency and the affinity of the B-adrener-
gic agonists isoproterenol, epinephrine,
and norepinephrine for stimulation of
adenylate cyclase activity are essentially
the same in the reconstituted system as
in the native turkey erythrocyte mem-
branes (Fig. 1, A and B). The potency
series in both cases is isoproterenol >
epinephrine = norepinephrine, which is
typical for a B; receptor. The findings
indicate that the specificity and subtype
specificity of the purified receptor is
conserved through the reconstitution-fu-
sion procedures and indicate the high
fidelity of these procedures for assessing
receptor functionality.

Incubation of turkey erythrocytes with
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107°M isoproterenol for 2.5 hours leads
to 50 to 60 percent inhibition of isopro-
terenol-stimulated adenylate cyclase ac-
tivity in membranes prepared from these
cells (Fig. 2A). In agreement with previ-
ous findings (/1), after desensitization of
the turkey erythrocytes, the B-adrener-
gic receptor polypeptides specifically la-
beled with '>I-pABC in the membranes
were of larger apparent molecular weight
than the controls (41,000 versus 36,000
for the major band and 53,000 versus
50,000 for the minor band). This altered
mobility of the receptor peptides from
desensitized cells appears to correlate
with their increased phosphorylation
12).

We wished to assess directly the func-
tionality of these desensitized B-adrener-
gic receptors and to establish whether
their covalent modification during desen-
sitization is associated with an altered
ability to couple to the other elements of

the adenylate cyclase system. This was
accomplished by purifying the receptors
from control and desensitized turkey
erythrocytes by affinity chromatography
(500- to 1000-fold), implanting them into
phospholipid vesicles, and fusing them
with X. laevis erythrocytes. Fusion of 1
pmol of reconstituted B-adrenergic re-
ceptor prepared from control turkey
erythrocytes established a sevenfold iso-
proterenol stimulation of adenylate cy-
clase activity in the X. laevis erythro-
cyte, which was previously unrespon-
sive to catecholamines (Fig. 2B). By
contrast, the same amount of purified
reconstituted B-adrenergic receptor from
desensitized turkey erythrocytes estab-
lished a diminished responsiveness to
catecholamines in the heterologous ade-
nylate cyclase system, conferring upon it
only a fourfold stimulation by isoprotere-
nol. This represents a 45 percent reduc-
tion in the reconstituted response

(P < 0.05), which correlates quite well
with the extent of isoproterenol-induced
desensitization of the adenylate cyclase
in the crude membranes (Fig. 2A). The
altered mobility of the affinity-purified
receptor on gel electrophoresis is pre-
served and is comparable to that ob-
served in crude membranes (compare
insets in Fig. 2, A and B). The stability of
this structural modification of the recep-
tor induced during desensitization pre-
sumably underlies our ability to observe
the diminished functionality of the de-
sensitized receptor even after purifica-
tion, reconstitution, and fusion.

Our data demonstrate a direct relation
between a stable modification of a recep-
tor due to hormone-induced desensitiza-
tion and an impairment in its function
assessed in a reconstituted system.
These data do not resolve the issue of
whether all of the desensitized receptors
are partially impaired in their function,
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Fig. 2. (A) Isoproterenol-stimulated adenylate g Affinity=
cyclase activity in crude membranes of con- 2 purified
trol (C) and desensitized (D) turkey erythro-
cytes. Turkey erythrocytes were washed Oiiems X & X X&C X&D

three times with 150 mM NaCl, 10 mM dex-
trose, 0.2 mM sodium metabisulfite, and 17 mM tris-HCI (pH 7.4) and incubated with buffer only (control) or buffer containing 10 °M
isoproterenol (desensitized) for 2.5 hours. Cells were hypotonically lysed, and the membranes were prepared as described in the legend to Fig.
1A. The isoproterenol-stimulated adenylate cyclase of the control membranes was 250 = 16 pmol per milligram of protein in 30 minutes, whereas
the adenylate cyclase in the desensitized membranes was 117 = 12 pmol/mg in 30 minutes. Each set of data represents the means * standard
error of the mean triplicate determinations from five different experiments. (Inset) Autoradiogram of SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) of '*’1-pABC-labeled B-adrenergic receptors from crude membranes prepared from control and desensitized turkey erythrocytes.
Plasma membranes from control and desensitized erythrocytes were incubated with '*I-pABC in the presence and absence of 107°M (—)-
alprenolol and photolysed as described earlier (6, /4). The samples were: (lane 1) '*’I-pABC-labeled membranes from control cells, (lane 2)
membranes from control cells labeled with '**I-pABC in the presence of 10~°M (—)-alprenolol, (lane 3) '*I-pABC-labeled membranes from
desensitized cells, and (lane 4) membranes from desensitized cells labeled with '*I-pABC in the presence of 10 *M (—)-alprenolol. The SDS-
PAGE was performed by the method of Laemmli (20). Proteins labeled with '*’I-pABC were detected by autoradiography for 1 to 3 days in the
presence of intensifying screens. (B) Fusion of X. laevis erythrocytes with affinity chromatography-purified and reconstituted B-adrenergic
receptors from control and desensitized turkey erythrocytes. Affinity-purified receptor preparations were reconstituted into a mixture of soybean
phosphatidylcholine and a light membrane fraction of frog erythrocyte lipids (/5) (see also legend to Fig. 1B). The same number of control and de-
sensitized receptors were used in the reconstitution protocol, and the same efficiency of reconstitution into the lipid vesicles (20 to 25 percent)
was observed in both cases. The fusion with X. laevis erythrocytes was performed as described earlier (8, 15, 16) and in the legend to Fig. 1B.
Each set of data shown in the individual panels represents the means * standard error of the mean of triplicate determinations from four
experiments. Abbreviations: B, basal; Iso, 5 x 10 °M (—)-isoproterenol; Iso + Pro, 5 x 10 °M (—)-isoproterenol plus 5 x 107 °M (*)-
propranolol; PGE,, 3 x 107°M prostaglandin E,; and NaF, 10 mM NaF. (Inset) Autoradiogram of SDS-PAGE of '*’I-pABC photoaffinity-
labeled, purified B-adrenergic receptors from control and desensitized turkey erythrocytes used in these experiments. Purified B-adrenergic
receptor samples were incubated with 30 pM '*I-pABC for 60 minutes at 25°C, desalted on Sephadex G-50 columns, and photolysed for 90
seconds as described earlier (/3). The samples were: (lane 1) '**I-pABC-labeled, purified control B-adrenergic receptors (C), (lane 2) purified
control B-adrenergic receptors labeled in the presence of 10 °M (—)-alprenolol, (lane 3) '**I-pABC labeled purified desensitized B-adrenergic
receptors (D), and (lane 4) purified desensitized B-adrenergic receptors photoaffinity labeled in the presence of 10 °M (—)-alprenolol. The SDS-
PAGE was performed as described (20). The experiment was repeated three times with comparable results.
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or whether about half of them have com-
pletely lost their ability to stimulate ade-
nylate cyclase. They do demonstrate
that the receptors are the locus of the
alteration in this system.

The methods described here open the
way to exploring the fundamental bio-
chemical mechanisms of these process-
es. Thus, it should be possible to attempt
to mimic the functional alterations of the
receptors by directly modifying their
structure—for example, using appropri-
ate kinases to phosphorylate the purified
receptors in vitro. The use of these meth-
ods to assess the biological activating
function of receptors can help to eluci-
date the molecular mechanisms that reg-
ulate receptor activity. These methods
provide a major advance in attempts to
understand receptor function and its reg-
ulation.
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Isolation of Lymphocytopathic Retroviruses from
San Francisco Patients with AIDS

Abstract. Infectious retroviruses have been detected in 22 of 45 randomly selected
patients with acquired immune deficiency syndrome (AIDS) and in other individuals
Sfrom San Francisco. The AIDS-associated retroviruses (ARV) studied in detail had a
type D morphology, Mg**-dependent reverse transcriptase, and cytopathic effects
on lymphocytes. The viruses can be propagated in an established adult human T cell
line, HUT-78. They cross-react with antiserum to the lymphadenopathy-associated
retrovirus isolated from AIDS patients in France. Antibodies to ARV were found in
all 86 AIDS patients and in a high percentage of 88 other homosexual men in San
Francisco. This observation indicates the widespread presence of these lymphocyto-

pathic retroviruses and their close association with AIDS.

Acquired immune deficiency syn-
drome (AIDS) has affected more than
4000 individuals in the world; in San
Francisco, over 600 cases have been
reported (/). In addition, there are many
patients with unexplained chronic
lymphadenopathy which may be caused
by the agent responsible for AIDS (7).
Last year, two different retroviruses
were isolated from AIDS patients. One
of these, human T cell leukemia virus
(HTLV-I) (2), which is associated with T
cell leukemias in man (3), has a type C

morphology as determined by electron
microscopy; this virus can immortalize T
cells to produce continuous cell lines and
is primarily cell-associated (3). The oth-
er, lymphadenopathy-associated retrovi-
rus (LAV), was isolated from the lymph
node of a patient with lymphadenopathy
(4) and has subsequently been recovered
from patients with AIDS (5). LAV has a
type D morphology, causes cytopathic
changes in T cells, and is infectious in
culture fluids. A third retrovirus, HTLV-
III, was recently reported in AIDS pa-

Table 1. Peripheral mononuclear cell (PMC) cultures were established from 10 to 30 ml of
heparinized blood from individuals seen at the Kaposi’s sarcoma clinic, University of
California, San Francisco, or the AIDS clinic, San Francisco General Hospital. Patients were
selected at random intervals from the sequence of individuals appearing at the clinics for
evaluation. All patients and most of the clinically healthy individuals had lived in San Francisco
for at least 2 years. The PMC were separated on Ficoll-Hypaque gradients (9). Washed cells
were plated at approximately 2 X 10° per milliliter in RPMI 1640 containing 10 percent fetal
bovine serum and antibiotics (penicillin, 100 unit/ml; streptomycin 100 pg/ml). To this medium
was added interleukin-2 (Meloy) (0.5 wg/ml) and Polybrene (1 wg/ml). At initiation of the
cultures, phytohemagglutinin (Wellcome), approximately 2.5 pg/ml, was added. Some cultures
also received 107°M B-mercaptoethanol and sheep antisera to interferon-a (4) provided by the
National Institutes of Health (lot 61220); K. Cantell, Helsinki; or F. Barré-Sinoussi, Paris.
These antisera were used at a dilution that neutralized 700 to 1000 units of interferon-a per
milliliter of culture. The culture supernatants were routinely assayed for Mg?*-dependent
reverse transcriptase activity (see legend to Fig. 1) every 3 to 6 days. The cells were studied for
the presence of HTLV-I and LAV antigens by standard indirect immunofluorescence assays.
For these studies, cells were put on glass slides, air dried, and fixed in cold acetone for 15
minutes. A monoclonal antibody to HTLV p19 provided by Robert-Guroff and Gallo, National
Institutes of Health, and a monoclonal antibody to adult T cell leukemia virus (ATLV) p19/p28
provided by Y. Hinuma, Kyoto, Japan (/0), were used. For detection of LAV, human serum
(from patient B.R.U.) provided by Barré-Sinoussi, Paris, was used (4). Peripheral mononuclear
cells producing ARV were also tested for reactivity with sera from AIDS patients from San
Francisco. For the sera we examined, the results were the same as those obtained with the
B.R.U. serum. The fluorescein-conjugated antibodies for these immunofluorescence assays
were either goat antiserum to mouse immunoglobulin G or goat antiserum to human immuno-
globulin G. Some cultures were examined for virus by electron microscopy (see legend to Fig.
2). Any cultures that gave positive results repeatedly by any of these tests were considered
positive for virus.

Positive results

. No.
Subjects
tested No. Percent

Patients with diagnosis of

AIDS with Kaposi’s sarcoma 41 22 53.6

AIDS with opportunistic infection 4 0 0

Lymphadenopathy syndrome 10 S 50.0
Other individuals

Male sexual partners of AIDS patients* 14 3 21.4

Clinically healthy homosexual ment 9 2 222

Clinically healthy heterosexual individualst 23 1 4.0

*Clinically healthy individuals who had steady sexual contact with a patient for at least 6 months before the
patient became ill. tSome of these individuals volunteered for the study.
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