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1. Introduction

Numerous cell types were shown to possass -
adrenergic receptors coupled to adenylate cyclase.
Using radiclabeled high affinity S-adrenergic blockers,
it became possible to determine the exact number of
g-recepiors per cell. Most cells [1-11] were found to
possess 4 small number of receptors which varies
between a few hundred to a few thousand receptors
per cell. Recently it was demonstrated that rat skeletal
myoblasis grown in culture (L6P cclis) [12] and a
strain of Hela cells [13] possess a large number of
G-adrenergic receptors. In this communication we
report on the visuaiization of S-adrenoreceptor sites
by the use of the fluorescent g-adrenergic blocker 9-
zmincacridino-propanolol (9-AAP) [14,15] . It will be
shown that tire capability to visualize the S-receptors,
using a fiuorescent §-blocker, is limmited by receptor
density on the cell surface.

The fluorescent B-blockers 9-AAP and DAPN [14]
have been used successfully to inap G-adrenergic recep-
tors iz vive {15221 . In the.e studies the fluorescent
B-blackers were first injected in vivo into the tail vein
of rats or mice; then the organs werc frozen, cutina

"eryostat, and subszquently the sections were sub-
jected to fluorescence micruscopy . Using this techni-
que distinet cells withir the tissues examined which
posscss f-adrenergic receptois on their surfzce were
identified [15—22]. These findings indicate that zhe

Abbreviations: 9-AAP, DL-N-(2-hydroxy-3-naphthyloxy-
propyl}-A" -9-acridino-isopropylenedianmine or $-amino-
acridinopropranolel; DAPN, DL-N-(2-hydroxy-3-naphthyloxy-
propyl)-¥ -dansylethylenediamine or dansyl analogue of
propranoiol
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receptor density of these cells is hish enough to
enable their visualization. An attempt will be made
to correlate the findings in vivoe with those reported
in this study on cells grown in culture.

2. Experimentézl

2.1. Growth of cells
2.1.1. LoP Cells

Skeletal muscle cells (L&P cells) were grown in
culture, as described [1]. Cells were removed from
the growth bottles using EDTA and counted, as
described [12]. Protein was deiermined in order to
established no. cells/mg protein. Since trypsin is often
usad to remove cells from tissue culture dishes, it was
also used to remove L&F czlls from the tissue culture
bottles in another set of experiments, according to the
following procedure: The growth medium was re-
moved from the tissue culture bottle and the celis
were incubated with 50 ml 130 mM saline, containing
20 mbM Tris—HCI buffer, pH 7.4, and 500 pg/ml
trypsin for 30 min at 37°C. The cells were detached
from the botile, centrifuged at 500 X g, and washed
twice with trypsin-free saline containing buffer.

z.1.7. Hela Callg

Cells were grown for 3 days at 37°C in M-199
medium, containing 10% calf serum inactivated at
56°C for 30 min. Czlls ware removed from the growth
bottie using a soluticn of 140 mM NaCl, 10 mM
Tris—HCL, pH 74, 10 mM glucose, and 2 mM EDTA.

2.1.3. Turkey erythrocytes and S49 lymphoma cells
Turkey erythirocytes were prepared as described
{12,23].
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2.2. Binding of { **°IJHYP
[**S7]HYP binding to intact cells and to cell
membranes was conducted as described [7.12].

2 3. Proiein delcreririniion

Protein was determined using the method [24] .
According to the protein determination, it was found
that 1.0 mg total protein = 2.88 X 16° L&P cells and
7.1 X 10° Hel.a cells, respectively.

2A. Fluorescence microscopy of intact cells

Washed L6P cells or Hela cells were suspended in
130 oM NaCl, 20 muM Tris—HCi, pH 7.4 znd 16 mM

glucose. Celis were mixed with 1.3 X 107° M 9-AAP
with or without 3.3 X 107® M L-progranoloi ot
D-propranolot. Fiuorescence was viewed and photo-
craphs were taken using a2 Nikon fluorescence micro-
scope equipped with a2 Nikon M-355 camera. The film,
Kodak 400 ASA, was developed with the corre-
sponding 400 ASA developer. Exposure time was

2 min using the B filters as fluorescence excitation
filter. Pictures were taken within [0 min after mixing
the cells with the fluorescent dve and ihe propranoloi
stereoisomers. The intensity of tluorescence was found
to decay upon cell death, which may occur within 30
min subscquent to the expasure of the cells to fluo-
rescant dye under the cover slide.

3. Results

3.1. Binding of | “*SIJHYP o intact cells and the
effect of trypsin
LAP cells and Hela cells possess 80 QU0 recepiors
and 37 600 receptors, respectively (data not shown).
In both cases the cells possess z singlc class of ['*°1]-

HYP receptor-binding sites.
Bemoval of L6P cells from the tissue culture botiie

using trypsin results in a 5-fold reduction ip the
content of f-receptors as compared to celis removed
by EDTA tr.2tment {fig.1).

3.2. Stereospecific fluorescence visualization of
B-receptors
In fig.2 it can be seen that L6P and Hela cells
bind 9-A AP, presumably to the S-receptors. The

appearance of intense fluorescence dots can be inhibited

by L-propranoclol but not by D-propranoclol. The fluo-
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Fig.1. The binding of [***1]HYP to intact LGP calls. The
binding data is represenied in the fonin of a Scatchard plot.
The non-spacific binding was measured in tie presence of
1.6 ¥ 10-% M L-propranolol, as described {12]. Cells
removed by trypsin trcatment exhibiied identical extent of
non-specific [Z3H]HYP binding as cells remaved by EDTA.
(@ —®) LGP cells temoved by EDTA treatinent. {o—ao) LGP
~ellz removed bty trypsin trcatment.

rescence pattern observed when the cells are mixed
with 9-AAP in the presence of L-propranolol is rather
faint. On the other hand, when the cells are mixed
with 9-A AP in the presence of the inactive stsreo-
isomer D-propanolcl, the intense fluorescence pattern
remains essentially unchsnged. The hazy {luorescence
observed in the presence or absence of L-propranolol
is evenly distiibuted on the cell surface, and probably
represents non-specific solubilization of 9-AAP in the
cel!l membrane . Similar experimenis using S49 glioma
cells, which possess zbout 200—300 receptors/cell
[81, and turkey ervthrocyie ghosis, which possess
about 1000 receptors/cell [1,i2], did not reveal fluo-
rescent dots except for the non-specific, evenly-
distributed faint Huorescence.

4. Discussion

4 1_Numbezr of B-recsihiors per cell
In this study we have shown that tiie fluorescent

15¢
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Fig.2. Fluorescence visualization of -receptors on L6P cells and on HeLa cells. (a) LoF celis in the presence of 1.0 X 10-% &
9-AAP. (b} L6P cells in the presence of 1.0 X 10-* M 9-AAP and 3.0 X 10¢ M Lpropranoclol. (¢} HeLa cells in the presence of
1.0 X 1375 M @-AAP. The bar in a ¢ represents 40 um.

analogue of propranolol, 9-AAP_ which binds stereo- tors per pan? are treated with 2-AAP, no fluorescence
specifically to the S-a:drenoreceptors, allows the can be detecied. Thus, for example, turkey erythro-
visualization of the f-adrenergic receptors, provided cyie membranes, native turkey erythrocytes, or §49
that the density of the receptocs is high encugh. ivmphoma cells do not reveal specific fluorescence
When cells or membranes possessing only 2 few recep- staining using 9-AAP (see also table 1j. Skeletal myo-
Table L
The density of g-adrenergic receptors in a number of cell types
Cell type Receptorsfcell Average density
(receptors/um=)

Turkey erythrocyte 11004 8

849 lymphoma 2003000 <8

LOP (skeletal muscle) RO 000 150¢

HeLa 37 000d 100—2¢0¢

A From {1,12] -

bFrom [2}

€ This study and [12]
A This stisdy
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blasts grown in culture (L6P cells) and Hela celis
possess 30—80-fold more receptors/celi (fig.1) than
turkey erythrocytes (table 1). Considering the surface
area of LoP cells and of Hela cells used, it can be
calculated that the receptor density is 12—20-fold
hizher than in turkey erythracytes. All other types of
cells, which were found to possess f-adrenergic recep-
tors, were demonstrated to possess & receptor density
equal or lower to that of turkey erythiocytes. It is
clear, therefore, thai the ability to visualize specific
9-A AP fluorescence depends directly on the density
of the §-adrenergic receptors.

i is interesting that rat skeletal membranes
prepared from the thigh muscle of two-day old rats
possess only 0.38 pmol/mg ff-receptors as measured
by ['3TJHYP binding (D.A. and A.L_, unpublished).
The L&P skeletal muscle cells used in our studies are
derived from this thigh muscle tissue [23].

4 2 . Stereospecificity of 9-AAP binding

The fluorescent analogue is a competitive inhibitor
for L-epinephrine in the adenylaie cyciase reaciion,
and competitively inhibits ["**IJHYF birding to
fA-receptars {14]. In in vitro fluorescence experimenis
only T-propranoclol and Lepinephrine are capable of
displaying 9-A AP from the f-adrenergic receptor of
turkey erythrocyte membranes [14]. The stereo-
specificity of 9-4 AP binding iz 2lso revesled in the
binding of the fluorescent compound to the intact
LGP cells (fizg.2). The active isomer L-propranolol dis-
places effectively the fluorescent §-blocker from the
cell surface, i=ading to a significant reduciion in flueo-
rescence intensity, whereas D-pronranolol is ineffec-
tive. The hazy flucrescence shown in the presence of
L-propranolol probably reflects the non-specific soiu-
bility of the compound in the cell membrane. It
should be pointed out that the faint fluorescence was
a typical observation in all cells examined which

possess low receptor density, such as 549 lymphoma
cells and turkey erythrocytes.

4.3. The number and distribution of B-receptors on
cell surfaces
The fluorescent analogues of propranolol, 9-AAP
and DAPN, can be used successfuily to localize 3-
adrenergic receptors in vivo [14-22] | In these experi-
ments the fluorescent analogne was injected in vivo
into the animal. A short tisne thereafier the animal
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was sacrificed, the corgans frozen, and the crvostat
sections visualized using fluorescence microscopy. In
these studies it was demonstrated that only cell bodies
possessing J-adrenergic recepiors become stained with
the fluorescent anzalogues. Cells such as turkey
ervthrocytes or 549 lymphoma ceils, which possess
only a few receptors per um? (table 1), do not reveal
any specific fluorescence when exposed to 9-AAP.
Cells with high receptor density such as Lo cells o:
HeLa cells fluoresce sirongly when exposed to 9-AAP.
Therefore, cell bodies which fuoresce subsequent o
injection of 9-AAP in vivo possess a high density of
f-receptors. The fluorescence patfern observed in vivo

ingicates domains in which the receptors are clustered
[19].

4 4. Distribuetics af receplors
From {g.2 if is apparent that the fluorescence dots

distribution on the cell body is not hemogeneocus.

he B-adienoreceptors could he clusiered in domains
which are not evenly distributed on the cell wnem-
brane. Clustering could be induced by the fluorcscent
B-blocker but could pre-exist on the miembrane. This
question is currently under investigation.,

4.5, The turnover number of adenyiaie cyciase

Skeletal muscle myoblasts grown in culture {16
cells) exhibit a very high L-epinephrine dependendt
adenylate cyclase activity [26] . The value reported
127] was 300 pmol cAMP/mg calls/min. Assuming a
stoichiometric relationship beiween the S-adrenergic
receptor 2nd the cyvlase, 2 value of 2.88 X710° cells
{this study)/mg proiein, and a turncver number for
adenylate cyclase of 1400 min ' {2], one can cal-
culate that the L6 cells used [27] possess

500 603 X10¥x 107
X -—— - =75 000 receptors/cell.
1400 2.88 X 10°

The value found by direct {**I|HYP-binding measure-
ments to intact cells in this study, as well as [12],

was found ¢o be 80 000—84 000 receptors/cell. It
appears therefore that the assumption made ou the
stoichiometric relationship beiween adenylate cyclase
and the f-adrenergic receptor, originally made for the
turkey erythrocyte cell 12], is valid and may rgpresent
a upiversal correlation between the receptor and the
enzFyme.
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5. Conclusions

The density of J-adrenergic receptors on the surface
of rzf skeletal myoblasts grown in culture (L6P) and
on Hela cells was found (o be almost two orders of
magnitude higher than in all other cell types known
to possess fi-adrenergic receptors. The high density of
B-adrenergic receptors on these cells allows their
visualization by fluorescence miicroscopy using the
high affinity fluarescent S-adrenergic blocker, 9-AAP.
The fluozescence labeling of thase receptors is sierco-
specific. From the fluorescence pattern observed, it is
suggested that the f-receptors are clustered in domains.
The B-adrenergic receptaors of cells which possess a
rather low density of receptors cannct be visualized
by this technique. A comparison between these find-
ings and the established ability of this compound to
map f-adrenergic receptors in vivoe was made.
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