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width the first term predominates, greatly simpli-
fying the analysis.

C. M. Armstrong and F. Bezanilla, J. Gen. Physiol.
63, 533 (1974); F. Bezanilla and R. E. Taylor, in
Abnormal Nerves and Muscles as Impulse Gen-
erators, W. J. Culp and J. Ochoa, Eds. (Oxford
Univ. Press, New York, 1982), pp. 62—79.

The steady-state variance is expected to differ as
the channel approaches equilibrium at different
potentials, since its value depends on the rate
and amount of charge movement of the transitions
between states populated at each potential. The
maximum value occurs when forward and back-
ward rates are equal. Unfortunately, absolute
values of steady-state gating variance are not
readily obtained because of the difficulty of
determining background noise at different po-
tentials. The background noise is dependent on
the patch characteristics, and frequently it in-
creases with -membrane polarization and the
lifetime of the patch, the most probable cause
being seal instability.

Obtaining the clean traces required for successful
noise analysis occurred less frequently at very
negative potentials such as —110 mV, where seal
instability often produced flickering '"chatter”
noise, particularly at the beginning of the return
pulse. Thus, we cannot with certainty discount the
presence of a rising phase of the OFF variance
lasting less than 0.4 ms.

The transition from the open state to the last
closed state has been found to be relatively
voltage-independent [W. N. Zagotta and R. W.
Aldrich, J. Gen. Physiol. 95, 29 (1990); (26)].

. The classic application of nonstationary noise

analysis has been to estimate the single-channel
current from macroscopic ionic currents [F. J.
Sigworth, J. Physiol. 307, 97 (1980)]. Applied to
ionic currents, it is sufficient that a single level of
conductance exists in order to produce a para-
bolic mean-variance curve. A parabolic variance-
mean curve arises if the single-channel variance
has the form var = ¢/ — /2, where ¢ is the
elementary event and is constant with time. As-
suming noninteraction between channels, the re-
lation for N channels (Var versus /) becomes Var
= ¢/ — [?/N, which has a peak at (Nd/2, N$p2/2).
For ionic currents, the elementary event ¢ is the
single-channel current, and the peak of the pa-
rabola corresponds to an open probability of 0.5.
In the case of gating currents, the requirements to
apply the formula Var = ¢/ — /2/N are more
stringent (6). Activation must consist of uncorre-
lated transitions, implying that the channel is
made up of independent two-state gating sub-
units that undergo irreversible transitions. Another
requirement is favorable bandwidth [(B >> a),
where a is the unimolecular rate constant govern-
ing a single subunit]. With these conditions, the
elementary event has the value ¢ = 2Bg, thus
providing an estimate of the single-transition gat-
ing charge g. Gating current fluctuations cannot
reach the peak of the parabola without violating
the conditions of the two-state model, as it corre-
sponds to a = B.
The following linear eight-state model was devel-
oped by F. Bezanilla, E. Perozo, and E. Stefani
(26) to account for the kinetics and voltage de-
pendence of macroscopic gating currents in the
range of —150 to 40 mV

% % 1 - S ]

Co=C1=C11=2C4,=2Co=2C3=2C4=20

By By By By By By By
The equivalent of stage | in this work may include
transitions between states C, through C,, which
has equivalent charges of 1.81 e, for a,, B, and
1.24 e, for oy, B,. The large charge of stage Il may
comprise the cluster of transitions from C,
through O with equivalent charges of 0.89 e, for
ap, By 3.5 €y (=g for ag, Bs, and 0.35 e, for
ay,, By
R. MacKinnon, Nature 350, 232 (1991).
N. E. Schoppa, K. McCormack, M. A. Tanouye, F.
J. Sigworth, Science 255, 1712 (1992).
It is not possible to distinguish a single event from
a series of rapidly succeeding events if they take

place over a much shorter time than the filter
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smaller events provided that they occur almost
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Enhanced Myocardial Function in Transgenic Mice
Overexpressing the B,-Adrenergic Receptor

C. A. Milano, L. F. Allen, H. A. Rockman, P. C. Dolber,
T. R. McMinn, K. R. Chien, T. D. Johnson, R. A. Bond,
R. J. Lefkowitz*

Transgenic mice were created with cardiac-specific overexpression of the p,-adrenergic
receptor. This resulted in increased basal myocardial adenylyl cyclase activity, enhanced
atrial contractility, and increased left ventricular function in vivo; these parameters at
baseline in the transgenic animals were equal to those observed in control animals
maximally stimulated with isoproterenol. These results illustrate a useful approach for
studying the effect of gene expression on cardiac contractility. Because chronic heart failure
in humans is accompanied by a reduction in the number of myocardial B-adrenergic
receptors and in inotropic responsiveness, these results suggest a potential gene therapy

approach to this disease state.

Receptors coupled to heterotrimeric gua-
nine nucleotide-binding proteins (G pro-
teins), such as the adrenergic receptors,
increase cellular concentrations of second
messengers like adenosine 3’,5’-monophos-
phate (cAMP) and diacylglycerol, thereby
regulating cellular function. The binding of
the sympathetic neurotransmitter norepi-
nephrine or the adrenal medullary hormone
epinephrine to B-adrenergic receptors (B-
ARs) in the heart stimulates adenylyl cy-
clase, raises the concentration of cAMP,
and increases cardiac contractility. Increased
secretion of catecholamines and stimulation
of myocardial B-ARs are critical for aug-
menting cardiac function during stress.
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In chronic congestive heart failure, an
illness affecting more than 4 million Amer-
icans, there is impairment of the myocardi-
al B-AR system. Failing human ventricular
myocardium contains 50% fewer B-ARs
and shows parallel decreases in agonist-
stimulated adenylyl cyclase activity and
even greater decreases in agonist-mediated
inotropy (1). Nonreceptor-mediated stimu-
lation of adenylyl cyclase with NaF, how-
ever, appears to be intact in the failing
myocardium, and contractile responses to
other agents, such as calcium or histamine,
are also not impaired in the diseased myo-
cardium (I). This supports the concept that
impaired inotropic responsiveness in heart
failure results from focal receptor defects.
Therapeutic interventions involving the
administration of agonists to stimulate
B-ARs have an inherently limited efficacy,
given the reduction in receptor targets in
the diseased myocardium.

The development of transgenic technol-
ogy, and emerging techniques for in vivo
gene transfer (2), suggest a strategy for
improving cardiac function by overexpress-
ing the B-AR in the myocardium. Al-
though transgenic mice have been reported
that express, for example, the c-myc proto-
oncogene or SV-40 T antigen affecting
cardiac growth (3), to date few experiments
have documented the ability of a transgene
to significantly improve myocardial func-

tion (4).



The transgene construct used in these
experiments contained the murine alpha
myosin heavy chain (a-MHC) promoter
ligated to the coding sequence for the hu-
man B,-AR (5). This promoter effects a
pattern of transgene expression similar to
that of the endogenous a-MHC, which is
the predominant heavy chain isoform in
adult murine atria and ventricles. This iso-
form is normally not expressed in smooth or

Fig. 1. Northern anal-

ysis. Total RNA was
extracted from five
tissues [heart (HE),
quadriceps skeletal
muscle (SK), lung 1.55-
(LY), liver (1), and
kidney (KI)] from
transgenic mice by the RNAzol method (17),
fractionated on a 1.2% agarose—formaldehyde
gel (30 pg per lane), and transferred to nitrocel-
lulose. After 6 hours of prehybridization, hybrid-
ization was carried out ovemnight with a random
primer, [a-32P]deoxycytidine  triphosphate—la-
beled SV-40 intron DNA probe (1 x 108to 2 x 108
cpm per milliliter of a 50% formamide solution).
The membrane was then washed twice in 0.1x
saline sodium citrate at 65°C for 30 min and
exposed to film at —70°C for 36 hours.
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Flg. 2. Transgene expression by radioligand
binding. (A) Ligand binding assays were per-
formed on membranes (18) prepared from the
hearts of 18 animals approximately 2 months of
age [control (nontransgenic), n = 5; TG35, n =
3; TG33, n = 6; and TG4, n = 4]. The control
value was 0.18 + 0.04 pmol/mg. (B) Estimated
B...x of whole heart membrane preparations
from each of 14 TG4 animals plotted against
the animal’'s age. Ages ranged from 2 to 61
days, and B,-AR density ranged from 9.2 to
52.8 pmol/mg.

skeletal muscle, nor is it expressed in the
ventricular chamber during development.
Thus, potentially lethal developmental ef-
fects of B-AR activation are avoided. Un-
der normal conditions, B;-ARs compose
the majority of total myocardial B-ARs,
which can undergo down-regulation as de-
scribed above. Therefore, we used the B,-
AR for this study, which does not appear to
undergo down-regulation in clinical heart
failure (1, 6). In addition, the B,-AR cou-
ples to adenylyl cyclase with greater efficacy
than the B,-AR (7). Furthermore, expres-
sion of myocardial B,-ARs in transgenic
mice has resulted in only moderate expres-
sion without changes in contractility (8).
The transgene construct was terminated
with a portion of the SV-40 intron, which
was included as 3’ untranslated sequence to
improve transcription and increase stability
of the mRNA transcript.

This transgene construct was microin-
jected into the pronuclei of one-cell mouse
embryos, which were then surgically reim-
planted into pseudopregnant female mice
(9). Offspring were screened by Southern
(DNA) blot analysis with a probe to the
SV-40 sequences, and three founders con-
taining the transgene were identified.
Grossly, these founders demonstrated no
phenotypic changes, and three lines with
demonstrated transmission of the transgene
were established (TG4, TG33, and TG35).
Neonatal mortality in the transgenics did
not differ from that in the nontransgenic
animals, and there were no adult deaths.
Second generation adult animals, approxi-
mately 2 to 4 months of age, were used for
biochemical and physiologic studies. These
animals had similar heart to body weight
ratios relative to their littermate controls,
and there was no evidence of developmen-
tal defects, myocyte necrosis, or fibrosis.

Transgene expression assessed by North-
ern analysis on total RNA from various
tissues revealed intense cardiac expression,
with no detectable expression elsewhere

Flg. 3. In situ demonstra-
tion of transgene ex-
pression. Immunohisto-
chemical labeling (79)
of the human B,-AR in
TG4 (transgenic) and
control myocardial fro-
zen sections was done
with rabbit antiserum

Atrium
(cross)

to the COOH-terminus Ventricle
of the human B,-AR (cross)
(711). Atrium (cross),
cross-sectioned  atria;

ventricle (cross), cross-
sectioned ventricle; ven-

tricle (long), longitudinal Ventricle

sectioned ventricle; size (long)
bar, 50 pm.
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(Fig. 1). Transgene expression was quanti-
tated by ligand binding assays (Fig. 2A),
which demonstrated overexpression in the
three transgenic lines of approximately 55
times (TG35) to 195 times (TG4) the
amount of B-AR in control tissue. This
high expression was present in all three
lines and therefore cannot be attributed to
the site of genomic integration.

In the transgenic myocardium, the
amount of total myocardial B-AR increased
in a linear manner in the transgenics during
the first 2 months of life (Fig. 2B); this
paralleled a-MHC expression, which at
birth is confined to the atria and then
progressively increases in the ventricles dur-
ing the first several weeks of life. The high
amounts of receptor expression and linear
increase during the first 2 months may also
result from activation of the a-MHC pro-
moter by the increased intracellular con-
centrations of cAMP (a consequence of
B-AR activation); B-AR blockade in vivo
reduces expression of a-MHC (10).

Polyclonal antibodies to the human B,-
AR (11) allowed for in situ demonstration of
receptor expression in the adult mouse heart
(Fig. 3). Consistent with the pattern of
a-MHC expression, strong labeling was pres-
ent throughout the atria and ventricles, with
all myocytes being labeled. Coronary vascula-
ture was not labeled. Myocyte labeling was
confined predominantly to the sarcolemma,
including the intercalated disks, with some
fainter intracellular labeling, which may rep-
resent transverse tubules. This pattern of ex-
pression confirmed that the receptor protein
undergoes the appropriate posttranslational
modifications and processing necessary for
membrane insertion.

To assess whether the myocardium of
the transgenic animals overexpressing B,-
ARs had enhanced adenylyl cyclase activi-
ty, we incubated myocardial membranes
with [a-*?Pladenosine triphosphate (ATP)
and measured the rate of cAMP formation.
Basal and isoproterenol-stimulated rates

Control




were measured in two transgenic lines
(TG4 and TG33) and compared to that of
controls. Both basal and isoproterenol-
stimulated cyclase activity were increased
in the transgenic animals relative to con-
trols. These increases were most pro-
nounced in TG4 (Fig. 4), consistent with
the high amount of receptor expression in
this line. Increases in basal cyclase activity
were statistically significant in both TG4
(Fig. 4) and TG33 (12) relative to control
values. In TG4 animals, the basal adenylyl
cyclase activity was as high as the maximal
isoproterenol-stimulated activity in the
controls (Fig. 4). This large increase in
basal cyclase is consistent with emerging
concepts of receptor action: A small frac-
tion of the total receptor pool is thought to
exist in the activated conformation even in
the absence of agonist (13). With the very
high amount of receptor present in the
transgenics, this small fraction of receptors
in the activated conformation is sufficient
to activate adenylyl cyclase. Isoproterenol
sensitivity was also enhanced in TG4 ani-
mals, with the median effective concentra-
tion (ECs,) for isoproterenol (2.2 x 1078
M) being an order of magnitude lower than
that for control animals (1.6 X 1077 M)
(Fig. 4).

To directly assess the effect of B,-AR
overexpression on myocardial inotropy, we
determined isometric tension development
in isolated atria. Basal isometric tension
development was increased for both the
right and left atria in TG4 animals relative
to controls (Fig. 5, A and B). In the left
atria, basal tension was approximately three
times that of control atria. Baseline isomet-
ric tension in the transgenics was not dif-
ferent from the maximal isoproterenol-
stimulated tension in control atria. Initial
studies were conducted at the intrinsic
beating rates, which were significantly
greater in atria from TG4 animals (Fig.
5C). Because increased rate might contrib-
ute to the increased tension measured in
the transgenic myocardium, the relation of
rate to developed tension was assessed.
From a rate of 240 to 360 beats per minute,
a negative force-rate relation was demon-

Fig. 4. Adenylyl cyclase activity of membranes (18) prepared
from TG4 and control hearts was determined (73) under basal
conditions and in the presence of isoproterenol (1 x 107°to 1 x
10=* M) or NaF (10 mM). Membranes (5 to 20 wg of protein per
50 pl) were incubated for 10 min at 37°C, and [a-32P]ATP was
isolated and quantitated (20). Basal and isoproterenol-stimulat-
ed cyclase activities were normalized to the percent of the
activity achieved with NaF. Each point represents the mean +
SEM of seven independent experiments performed in duplicate.
Both basal and maximal isoproterenol-stimulated values for TG4
were significantly greater than control values (Student's t test, P
< 0.01). Mean NaF-stimulated cyclase activity (+SD) for the 0 r
transgenic membranes (445.5 + 165.5 pmol of CAMP per minute
per milligram of protein) was not significantly different from that

strated (I12). Thus, measurements of iso-
metric tension at the intrinsic atrial rate
may actually underestimate the degree of
increased inotropy present in the transgenic
atria. Isometric tension was also increased
in TG33 transgenic atria at a rate which did
not differ from that of controls (12). All
atria studied were weighed, and no signifi-
cant differences were noted between trans-
genic and control tissue weights.

TG4 atria showed no further inotropic
response to doses of isoproterenol that max-
imally stimulated isometric tension in con-
trols (Fig. 5, A and B). Thus, it appears
that even in the absence of agonist, suffi-
cient receptors were present in the activat-
ed state to stimulate adenylyl cyclase and
effect a maximal inotropic response. Isopro-
terenol did increase adenylyl cyclase activ-
ity in the transgenic animals, but increases
in inotropy were not generated, presumably
because downstream effectors beyond the
cyclase became limiting (such as calcium
channel opening and contractile protein
adenosine triphosphatase activity). Al-
though baseline inotropy was equally en-
hanced in TG4 and TG33, basal cyclase
activation was considerably greater in the
line that expressed more receptor (TG4).
This suggests that small increases in basal
cyclase activity may be sufficient to induce a
maximal inotropic response. In addition,
there may be B-AR-mediated pathways for
increasing myocardial inotropy indepen-
dent of cAMP formation. Indeed, myocar-
dial calcium channels that are coupled di-
rectly to stimulatory G proteins may con-
tribute to the B-AR-mediated inotropic
response (14).

Recent technological advances have en-
abled cardiac catheterization and hemody-
namic measurements in anesthetized mice
(15). Using such techniques, we assessed
functional changes in the left ventricle in
vivo in TG4 mice; heart rate (HR), con-
tinuous left ventricular (LV) pressures, and
aortic pressures were recorded at baseline
and after progressive doses of isoproterenol.
At baseline, LV end diastolic pressures and
mean aortic pressures (Fig. 6C) were similar
between TG4 animals and controls. The

of the controls (606.4 + 207.8) (Student's t test, P > 0.05).

584

1004
2
§§ 754 T &
58 +
S
=2 504
Ss .
cc
£ g
< g s
o Controls
o TG4
o 8 -6 -4
[1so]
SCIENCE ¢ VOL. 264 * 22 APRIL 1994

maximum first derivative of the LV pressure
(LV dP/dt, ) (Fig. 6A) and HR (Fig. 6B)
was, however, significantly increased in the
TG4 animals; baseline LV dP/dt_, was
70% greater than the control value. LV
relaxation at baseline was also significantly
enhanced in the TG4 animals as compared
with controls; peak negative dP/dt was
—5328 = 1371 in TG4 animals and —3313
+ 546 mm Hg per second in controls. With
the administration of isoproterenol, there
was no significant change (relative to base-
line) in LV dP/dt_,, or HR for the trans-
genics (Fig. 6, A and B), confirming a
maximally activated B-AR system. Control
animals demonstrated progressive increases
in LV dP/dt_,  after isoproterenol infusion
and at the highest doses generated a LV
dP/dt__ that was not statistically different
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Fig. 5. Baseline and maximally stimulated re-
sponses in isolated atria. Atria were suspended
under optimal resting tension in modified
Kreb's bicarbonate solution at 30°C (27). Left
atria were paced at the rate exhibited by the
spontaneously beating right atria of the same
animal. Three responses are shown: (A) left
atrial developed tension; (B) right atrial devel-
oped tension; and (C) right atrial heart rate.
Baseline responses were obtained before max-
imally stimulating the response with isoprotere-
nol (1 x 1078 M). Data shown are the mean
values = SEM for control animals (n = 7 or 8)
and TG4 animals (n = 5 or 6). In all three
responses, the baseline values for the TG4
animals were greater than the baseline in the
control animals (*, P < 0.05, Student’s ¢t test),
but not different from either control isoprotere-
nol-stimulated values or from TG4 isoprotere-
nol-stimulated values.



from that in TG4 animals (Fig. 6A). Base-
line HR was also significantly increased in
the TG4 animals and remained greater than
that of controls throughout the isoprotere-
nol infusion (Fig. 6B). At the highest dose
of isoproterenol, a significant decrease in
the mean aortic pressure was seen in the
TG4 animals relative to controls (Fig. 6C),
which probably resulted from peripheral
B-AR-stimulated vasodilation uncompen-
sated by further increases in the cardiac
output (since the inotropic state of the TG4
LV was already maximal). These experi-
ments confirmed in vivo that the transgenic
left ventricle, which serves the critical
function of supporting the systemic circula-
tion, had been converted to a maximal
inotropic state in TG4 animals.

These data demonstrate that overexpres-
sion of the B,-AR results in a significant
population of spontaneously isomerized re-
ceptors, present in the active conformation
in the absence of agonist, which can there-
fore activate adenylyl cyclase and maintain
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Fig. 6. In vivo assessment of left ventricular
function. Seven TG4 (transgenic) animals and
seven controls were anesthetized and aortic
and left ventricular catheters placed (75).
Three measured parameters are shown at
baseline and after doses of isoproterenol: (A)
LV dP/dt ... (B) heart rate; and (C) mean aortic
pressure. Data are reported as means + SD
and were analyzed with a two-way repeated
measures analysis of variance with post hoc
tests based on t test with Bonferroni correction
for five comparisons (*, P < 0.005; 1, P < 0.05).

a physiologic response. Thus, the biochem-
ical and physiologic phenotype observed
with overexpression of the wild-type recep-
tor parallels the properties of mutant - and
a-ARs, which have been shown: to be
constitutively active (13, 16).

Several lines of evidence support the
concept that the phenotype observed in the
TG4 animals is not due to the action of
endogenous catecholamines on the large
pool of transgenic myocardial B,-ARs.
First, neutral antagonists, such as alpre-
nolol, which completely displace endoge-
nous catecholamines from the receptors,
did not significantly reduce the increased
basal adenylyl cyclase activity, atrial con-
tractility, or baseline LV dP/dt_ ., (12).
However, an antagonist with negative effi-
cacy (which shifts the receptor from the
active to inactive conformation), such as
ICI-118551, was able to markedly reduce
these increased basal responses in trans-
genic animals (I12). In addition, the rela-
tive elevation of basal isometric tension
development measured in these animals
persisted after depletion of greater than
99% of endogenous catecholamines by re-
serpine treatment (12). Finally, the pre-
dominant endogenous myocardial catechol-
amine, norepinephrine, has markedly re-
duced efficacy for the transgenic B,-AR
relative to the endogenous B,-AR (12).

This study demonstrates the potential
of genetic engineering as a modality for
enhancing myocardial and ventricular
function and highlights the use of trans-
genic mice for studying the functional
consequences of altered myocardial gene
expression in vivo. Given the well-char-
acterized deficiencies in the myocardial
B-AR system in chronic heart failure,
these findings have clinical relevance. As
methods for in vivo gene transfer develop,
such an approach may prove to be useful
in this or other disease states where the
consequences of augmenting receptor
function in a single or limited number of
tissues would be beneficial.
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nulated with a flame-stretched PE 50 catheter
connected to a modified P50 Statham transducer.
The chest and pericardium were then opened and
a 2F high-fidelity micromanometer catheter (Millar
Instruments, Houston, TX) was inserted into the
left atrium, advanced across the mitral valve, and
secured in the LV. Hemodynamic measurements
were recorded at baseline and 45 to 60 s after
injection of bolus doses of isoproterenol. Contin-
uous aortic pressures, LV systolic and diastolic
pressures, and the derivative of LV pressure (LV
dP/dt) were recorded on an eight-channel chart
recorder and in digitized form on computer disk
for beat averaging (codas, Dataq Instruments,
Akron, OH). Ten sequential beats were averaged
for each measurement (CORDAT, Essen, Germa-
ny). The dose range of isoproterenol was chosen
to have an inotropic effect with minimal effect on
HR in the control animals. Doses greater than 1 ng
of isoproterenol significantly lowered blood pres-
sure and were associated with unreliable mea-
surements of LV dP/dt_ ..
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witz, Proc. Natl. Acad. Sci. U.S.A. 87, 2896
(1990); Q. Ren, H. Kurose, R. J. Lefkowitz, S.
Cotecchia, J. Biol. Chem. 268, 16483 (1993).
RNAZol is a Tel-Test, Inc., trademark for a single-
step method of RNA isolation [P. Chomczynski
and N. Sacchi, Anal. Biochem. 162, 156 (1987)].
We prepared crude myocardial membranes by
homogenizing whole hearts in ice-cold lysis buffer
[5 mM tris-HCI (pH 7.4), 5 mM EDTA, leupeptin
(10 wg/ml), and aprotinin (20 pg/ml)]. Nuclei were
sedimented at 500g for 15 min. The supernatant
was filtered through cheese cloth, and mem-
branes were sedimented at 40,000g for 15 min.
Membranes were washed once in binding buffer
[75 mM tris-HCI (pH 7.4), 12.5 mM MgCl,, and 2
mM EDTA] before resuspension. Ligand binding
assays were done in duplicate on membranes in
500 wl of binding buffer with saturating concen-
trations of the B-AR ligand, ['2%I]cyanopindolol
(approximately 500 pM; specific activity, 2200
Ci/mmol), and nonspecific binding was deter-
mined in the presence of alprenolol (20 pM).
Assays were done at 37°C for 60 min and then
filtered over glass fiber filters, which were washed
and counted in a gamma counter. Specific bind-
ing (estimated B,,,) was normalized to mem-
brane protein [M. M. Bradford, Anal. Biochem. 72,
248 (1976)] and reported as the mean picomoles
of receptor per milligram of membrane protein +
SEM.
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For direct immunofluorescence micrographs,
7-pm frozen sections were rinsed three times for
3 min in phosphate-buffered saline (PBS) and 3
min in PBS with 0.05% Triton X-100 (Triton-PBS).
Sections were then blocked with serum diluent
(10% goat serum in PBS with 0.1% bovine serum
albumin and 0.1% sodium azide) and rinsed for
15 min in Triton-PBS before overnight incubation
at 4°C in primary antibody (77) (1:500 dilution in
serum diluent). The sections were then washed
four times for 10 min in Triton-PBS at room
temperature and incubated for 1 hour in fluores-
cein isothiocyanate—conjugated goat antibody
to rabbit immunoglobulin G (1:50 dilution in
serum diluent). After five 3-min rinses in PBS, the

20.
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sections were mounted with the use of Nal (25 g
liter=") in 1:1 PBS:glycerol and photographed.

Y. Salomon, C. Londos, M. Rodbell, Anal. Bio-
chem. 58, 541 (1974).

Mice were anesthetized with pentobarbital (50
mg/kg) and the hearts rapidly excised. Atria
were dissected and placed in carbogenated
modified Kreb's bicarbonate solution [25 mM
NaHCO, (pH 7.4), 118 mM NaCl, 4.8 mM KClI,
1.2mM MgSO,-7H,0, 1.2 mM KH,PO,, 1.75 mM
CaCl,-2H,0, 10 mM glucose, 0.1 mM NaS,Oy,
0.03 mM EDTA], supplemented with ascorbic
acid (1.1 x 10~=* M), cocaine (1 x 1075 M),
corticosterone (4 x 10-5 M), and phentolamine
(8 x 1078 M). Left atria were paced at 3to 7 Hz,

22.

with a pulse duration of 3 ms and voltage set at
threshold plus 20%.
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AAAS-Newcomb Cleveland Prize

To Be Awarded for a Report, Research Article, or
an Article Published in Science

The AAAS-Newcomb Cleveland Prize is awarded
to the author of an outstanding paper published in
Science. The value of the prize is $5000; the winner
alsoreceives abronze medal. The current competition
period began with the 4 June 1993 issue and ends
with the issue of 27 May 1994.

Reports, Research Articles, and Articles that in-
clude original research data, theories, or syntheses
and are fundamental contributions to basic knowl-
edge or technical achievements of far-reaching con-
sequence are eligible for consideration for the prize.
The paper must be a first-time publication of the au-
thor’s own work. Reference to pertinent earlier work
by the author may be included to give perspective.

Throughout the competition period, readers are

invited to nominate papers appearing in the Re-
ports, Research Atrticles, or Articles sections. Nomi-
nations must be typed, and the following infor-
mation provided: the title of the paper, issue in
which it was published, author’s name, and a
brief statement of justification for nomination.
Nominations should be submitted to the AAAS-
Newcomb Cleveland Prize, AAAS, Room 924,
1333 H Street, NW, Washington, DC 20005, and
must be received on or before 30 June 1994. Final
selection will rest with a panel of distinguished
scientists appointed by the editor of Science.

The award will be presented at the 1995 AAAS
annual meeting. In cases of multiple authorship, the
prize will be divided equally between or among the
authors.
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