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A Point Mutation of the o.,-Adrenoceptor
That Blocks Coupling to Potassium
But Not Calcium Currents

Annmarie Surprenant,* Debra A. Horstman, Hamid Akbarali,
Lee E. Limbird

The a,,-adrenergic receptor (adrenoceptor) was stably expressed in AtT20 mouse pitu-
itary tumor cells; adrenoceptor agonists inhibited adenylyl cyclase, inhibited voltage-de-
pendent calcium currents, and increased inwardly rectifying potassium currents. An as-
partic acid residue (Asp”®) highly conserved among guanine nucleotide—binding protein (G
protein)—coupled receptors was mutated to asparagine; in cells transfected with the mutant
a,-feceptor, agonists inhibited adenylyl cyclase and calcium currents but did not increase
potassium currents. Because distinct G proteins appear to couple adrenoceptors to po-
tassium and calcium currents, the present findings suggest that the mutant o,-adreno-
ceptor cannot achieve the conformation necessary to activate G proteins that mediate

potassium channel activation.

The a,-adrenergic receptors (o, ARs) be-
long to the superfamily of G protein—cou-
pled receptors, specifically to the branch of
this family consisting of receptors coupled
to the inhibition of adenylyl cyclase, the
inhibition of Ca?* currents, and the acti-
vation of K* currents by pertussis toxin
(PTX)—sensitive G proteins (1). One or
both of these latter two effects is responsible
for the immediate inhibition of neurotrans-
mitter release and neuronal firing produced
by activation of presynaptic and postsynap-
tic o,ARs on mammalian neurons (I).
Multiple o, AR subtypes have been identi-
fied by both pharmacological and molecular
biological approaches, and site-directed
mutagenesis of o, ARs has identified several
amino acids in transmembrane regions II
through V as sites of interaction for agonist
binding and for receptor coupling to the
inhibition of adenylyl cyclase (1, 2). How-
ever, it is not known whether cloned
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o,ARs, when expressed in a heterologous
system, can couple to diverse ion channels
or whether specific domains can be identi-
fied that participate in coupling to specific
diverse effector systems. We investigated
the coupling of a stably transfected o, ,AR
(3) to K* currents, Ca’* currents, and
adenylyl cyclase and the consequences of a
single amino acid mutation [converting as-
partic acid to asparagine at position 79
(Asn” o,AR)] on the coupling to these
three effector systems.

The AtT20 cell does not express endog-
enous o,ARs (Table 1) but contains so-
matostatin receptors that couple to inhibi-
tion of adenylyl cyclase (4), inhibition of
Ca?* currents (5), and activation of an
inwardly rectifying K* current (6). Thus,
we used AtT20 cells to evaluate the func-
tional properties of wild-type (WT) a,ARs
or Asn” a,ARs. We compared somatosta-
tin-induced alterations in K* and Ca?*
currents (7) with responses to the a,AR
agonists clonidine and UK 14304 in perma-
nent transformants of AtT20 cells express-
ing recombinant WT or Asn” o, ARs (8).

The a,AR agonist UK 14304 increased
the K* current in cells expressing the WT
o,AR (Fig. 1); 95% of the current induced
by UK 14304 was blocked by 1 mM Ba?*
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(Fig. 1A), as would be expected if the
agonist were opening inwardly rectifying
K* channels (9). Somatostatin (100 nM)
increased this current by two- to tenfold in
all mock-transfected cells and in cells trans-
fected with the WT o, AR or Asn™ o, AR
(Fig. 1, B through E). Maximally effective
concentrations of UK 14304 or clonidine
produced a 1.5- to 8-fold increase in K*
current in cells expressing the WT a,AR
(Fig. 1, B through D). Concentrations of
clonidine and UK 14304 that produced
half-maximal activation (ECs,) of the K*
current were 14 and 30 nM, respectively, in
cells expressing the WT o,AR (Fig. 2A);
these are similar to the EC,, values for the
inwardly rectifying K* conductance acti-
vated by pharmacologically characterized
a,,ARs in autonomic enteric and central
locus coeruleus neurons (10). The actions
of maximally effective concentrations of
somatostatin and AR agonists were not
additive (n = 22), which is evidence that
the transfected WT a,AR couples to the
same set of K* channels as does the endog-
enous somatostatin receptor. In contrast to
the WT a,AR, the mutant Asn” a,AR did
not activate K* currents (Fig. 1, B, C, and
E), even in the presence of 10,000-fold
higher concentrations of clonidine or UK
14304 (Fig- 2A).

In contrast to their effects on K* cur-
rents, o, AR agonists were effective in in-
hibiting Ca?* currents in AtT20 cells ex-
pressing WT a,ARs or Asn” o, ARs (Fig.
3). In either case, the inhibition of Ca®*
currents by AR agonists was not quantita-
tively different from the inhibition of Ca?*
currents by somatostatin acting at endoge-
nous receptors (Fig. 3, A and B). Somato-
statin inhibits two high-voltage-activated
(HVA) Ca?* currents in AtT20 cells, a
dihydropyridine-sensitive =~ (HVA/L-type)
current and a dihydropyridine-insensitive
(HVA/N-type) current (5); o, AR agonists
similarly inhibited HVA/L- and HVA/N-
type Ca®* currents in cells expressing either
WT or Asn” a,ARs (Fig. 3, C and D).
Somatostatin inhibited the Ca?* current in
92% of mock-transfected cells examined
but inhibited Ca?* currents in only 50% of
cells expressing WT o, ARs or Asn” a,,ARs
(Fig. 3B). The percentage of cells in which
somatostatin inhibited the Ca?* current
was not correlated with the cell cycle nor
the time after cell passage. The explanation
for this observation is unclear because the
percentage of cells responding to somato-
statin with an increase in K* current was
similar in all cells (Fig. 1C).

There were no apparent differences in
the concentration-response curves for clo-
nidine-induced inhibition of the Ca?* cur-
rent in cells expressing WT or Asn™ o, ARs
(Fig. 2B) or the norepinephrine-mediated
responses (measured in the presence of pro-
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pranolol to block endogenous B-ARs).
Cells expressing WT or Asn” a,ARs
showed no obvious differences in their re-
sponses to the o, AR antagonist idazoxan;
idazoxan (100 nM) inhibited the maximum
response to UK 14304 by 49 + 8% (n = 8)
in WT a,AR cells and by 54 + 6% (n =
10) in Asn” o,AR cells, and 1 pM ida-
zoxan inhibited responses to agonists by 95
to 100% in both cell types. However, cells
expressing the Asn’ a, AR were one-sixth
as sensitive to inhibition of the Ca?* cur-
rent by UK 14304 as cells expressing the
WT o,AR (Fig. 2C). These data suggest
that the clonidine analog UK 14304 may
behave as a partial agonist for Ca?* current
inhibition in comparison to clonidine or
norepinephrine in these cells.

Modulation of K* or Ca?* currents by
o,AR agonists or by somatostatin was me-
diated by means of PTX-sensitive G pro-
teins. Incubation of AtT20 cells with PTX
(100 ng/ml for 12 to 24 hours before record-
ing) blocked agonist actions on both K*
and Ca?* currents. In PTX-treated cells,
somatostatin (300 nM) increased K* cur-

Fig. 1. Activation of K+
currents by transfected

A smmk:

rents in only 1 of 10 mock-transfected cells,
1 of 18 WT o, AR cells, and 2 of 36 Asn™
o, AR cells. Neither clonidine nor UK
14304 (1 to 10 uM) altered K* currents in
any of these cells. Clonidine inhibited the
Ca’* current in only 1 of 35 WT «,AR
cells and 2 of 29 Asn” o, AR cells that had
been treated with PTX.

Cells bearing either the WT or mutant
Asn™ o, AR coupled to inhibition of aden-
osine 3’,5’-monophosphate (cAMP) accu-
mulation (I11) through a PTX-sensitive
pathway in AtT20 cells. Unlike the inhibi-
tion of Ca?* currents, the potency of UK
14304 inhibition of cAMP accumulation
was not reduced in cells with mutant o, ARs
(Table 1). Our observation that WT and
Asn™ o, ARs couple to inhibition of cAMP
accumulation and suppression of Ca** cur-
rents through a PTX-sensitive pathway im-
plies that these receptors can productively
interact with G proteins mediating these two
effector responses. However, when receptor
coupling to G proteins was evaluated by gua-
nine nucleotide modulation of agonist bind-
ing (12), this coupling was less for Asn™

150 mM K,

a,ARs and endoge-

nous somatostatin re-

ceptors in AtT20 cells.

(A) Depiction of super-

imposed traces of K*

currents elicited by four

sequentially increasing

depolarizing pulses, six B
similar hyperpolarizing
pulses applied in 5 mM
external K* (K}) and
after switching from 5
mM K¥ to 150 mM KZ
(control) after addition
of UK 14304 (1 pM)
and after Ba2* (1 mM) D
was added to the UK
14304—containing solu-
tion. Holding potential
in 5 mM K} was —70
mV, and in 150 mM K2}
it was 0 mV (the K+
equilibrium  potential);
large downward tran-
sient seen in 5 mM K¥
is the fast Na* current.
(B) K* currents evoked
by a 40-mV hyperpolar-
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izing pulse from 0 mV in 150 mM K¢ solution in cells expressing WT a,ARs and Asn”® a,,ARs; each
set of traces consists of superimposed currents recorded in control (C) solution in the presence of
agonist and after washout (W). Somatostatin (Som, 100 nM) and clonidine (Clon, 100 nM) were
added to WT a,AR cells; these agonists were added at a final concentration of 100 nM and 10 uM
in Asn’® a,AR cells. Calibrations are as in (A). (C) Percent of cells that exhibited an increased K*
conductance in response to application of somatostatin (Som), clonidine (Clon), or UK 14304 (UK)
in mock-transfected, WT a,AR-expressing, and Asn’® a,AR-expressing cells; numbers above
each bar are numbers of cells examined. (D and E) Summary of agonist-induced K* current
recorded in AtT20 cells transfected with the WT o,AR (D) and the Asn”® a,AR (E) mutant. Currents
recorded in high-concentration KX solution (control) were subtracted from currents recorded in 100
nM somatostatin (closed circles) and 1 wM clonidine or UK 14304 (open circles). Each point in (D)
is mean = SEM from 14 experiments; points in (E) are from nine experiments.
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o,ARs than for WT a,ARs (Table 1).
These data are consistent with observa-
tions for the a,AR (2, 3) that suggest that
mutation of Asp’” perturbs G protein—de-
pendent agonist interactions but not G pro-
tein-independent antagonist interactions
with the a,AR. Perturbation of G protein—
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Fig. 2. Actions of AR agonists on K+ currents
() and Ca2* currents (l,) in AtT20 cells
transfected with WT a,ARs (filled symbols) or
Asn’® a,ARs (open symbols). (A) UK 14304
(circles)— and clonidine (squares)—induced in-
crease in K* current in response to a 60-mV
hyperpolarizing command (Fig. 1B); we nor-
malized results by expressing them as a per-
centage of response produced by somatostatin
(100 nM). Each point is mean = SEM from six to
eight cells for those expressing WT a,ARs and
four to five cells for those expressing Asn”®
a,ARs. Somatostatin EC,, values were 15 nM
and 22 nM in cells expressing WT and Asn’®
a,ARS, respectively, and these values were not
significantly different (student's ¢ test). (B and
C) Concentration-response curves for inhibition
of I, by clonidine (B) and UK 14304 (C);
inhibition was measured as percent inhibition of
the current elicited by depolarizing the cell from
—70mV to +20 mV. Each point is mean = SEM
[n = 15 for each point in (B); in (C), n = 12 for
each point from WT a,AR cells, and n = 810 10
for each point from Asn”® a,AR cells]. ECg,
values for somatostatin inhibition of /., were 30
and 52 nM in WT a,AR and Asn”® a,AR cells,
respectively, and these values were not signif-
icantly different (student's ¢ test).




inhibit Ca?* currents and adenylyl cyclase
but not to activate K* currents.

Inhibition of adenylyl cyclase, inhibi-
tion of Ca?* currents, and increase of K*
currents are three consequences of activat-
ing a,ARs and other related receptors (I,
16). All three effects were produced in the
same cell by a single molecular species of
the a,AR. Although each effect involves a
PTX-sensitive G protein, each appears to
represent an independent signal transduc-
tion pathway (17). Distinct G protein sub-

dependent agonist binding has also been
reported for the B-AR (I3, 14) and the
muscarinic M, receptor (15) after mutation
of the topologically shared aspartate residue.
Our results suggest either that receptor cou-
pling to Ca?* channel- and adenylyl cy-
clase-associated G proteins, but not to K*
channel-associated G proteins, is preferen-
tially retained by the Asn” o, AR mutant or
that the apparently reduced receptor-G pro-
tein coupling manifest in binding studies of
the Asn’ a,AR mutant is still sufficient to
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Fig. 3. Inhibition of Ca2* currents by transfected a,ARs and endogenous somatostatin receptors in
ALT20 cells. Abbreviations are as in Fig. 1. (A) Whole-cell recordings of Ca2* currents evoked by
depolarizations from a holding potential of —70 mV to +20 mV; each set of superimposed traces is
as in Fig. 1B [before, during, and after application of agonist, somatostatin (100 nM), and clonidine
(1 pM)]. These agonist concentrations elicited maximum inhibitions in each cell shown. (B) Percent
of cells in which agonists inhibited Ca?* current; numbers above each bar are numbers of cells
examined. (C) Ca2* currents evoked from a holding potential of =70 mV or —30 mV in one cell
transfected with the Asn”® a,,AR mutant. In this cell, the dihydropyridine antagonist nifedipine (1 pM)
inhibited the current evoked from —70 mV and —30 mV by 41% and 85%, respectively, and
w-conotoxin (3 wM) inhibited these currents by 58% and 22%, respectively. This indicates that the
current recorded from holding potential of —30 mV is predominantly HVA/L-type, whereas that
evoked from —70 mV is both HVA/L- and HVA/N-type. (D) Summary of current-voltage relation of
Ca2+ curient evoked from —70 mV in control (open circles) and in 1 pM clonidine or UK 14304
(closed circles) in AtT20 cells transfected with the WT a,AR; each point is mean = SEM of six
experiments. Similar inhibition was observed when the holding potential was —30 mV (n = 4).

Table 1. Biochemical properties of WT and Asn” a,ARs in permanent transformants of AtT20 cells.
Modulation of [*H]cAMP production by UK 14304 was measured in the WT a,,AR-expressing clone 66N
or the mutant Asn”® a,AR clone 32-8. The ability of maximally effective concentrations of UK 14304 to
decrease [*H]cAMP production in response to 40 nM isoprenaline was measured as described (25). The
EC, values for UK 14304 inhibition of adenylyl cyclase cannot be compared directly with those for
activating K* currents or inhibiting Ca?* currents because the position of the a,,AR agonist curve for
inhibition of isoprenaline-stimulated [*H]cAMP accumulation is dependent on the concentration of
isoprenaline added to activate adenylyl cyclase. The effect of UK 14304 was eliminated when cells were
treated first with PTX (100 ng/ml for 18 hours, n = 2). We evaluated the interactions of a,ARs with G
proteins by testing the ability of Gpp(NH)p to suppress binding of the partial agonist ['231]PIC (26). ND,
not detected.

Agonist binding
modulated by
Gpp(NH)p (%)

Untransfected 0 ND ND
WT a,AR 28+ 3.7 (n=4) 65+15 (n=4) 80+ 3(n=4)
Asn™ a,AR 30+22(n=14) 14+ 58(n=23) 4 +10 (n=4)

Inhibition of stimulated
cAMP production (%)

EC, for UK 14304

Cell line inhibition (NM)
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units appear to specify the coupling of
receptor to different effectors (18); a,ARs,
dopamine D,, muscarine M,, and somato-
statin receptors couple to inhibition of
Ca?* currents through G, proteins and can
activate K* currents through one or more
of the G, subunits (19). AtT20 cells con-
tain three G,, and at least one G, subunits
(20). The endogenous somatostatin recep-
tor appears to be linked to G,,;, G,3, and
G,,» and inhibition of adenylyl cyclase is
mediated by G,; (20); the relative abun-
dance of these G proteins in AtT20 cells is
not known. In other cells, inhibition of
adenylyl cyclase by endogenous a,-adrener-
gic and opiate receptors is transduced by the
G, protein (21). It is not known which G
protein subunits are coupled to the trans-
fected WT or mutant o,ARs in AtT20
cells. However, if K* currents couple to a
G protein with low concentrations in
AtT20 cells, one interpretation of our re-
sults may be that the Asn” o, AR mutation
reduces coupling efficiency to all G proteins
to the same extent, with the result that the
blockade of K* current transduction would
be most apparent.

An aspartate in the topological position
of Asp” is conserved among almost all G
protein—coupled receptors cloned to date;
mutation of this aspartate to asparagine
reduces agonist affinity (2, 13-15) and pre-
vents the modulation of agonist binding by
cations (22) and nonhydrolyzable guano-
sine triphosphate analogs (Table 1) (14).
This implies that the carboxylic acid side
chain can bind cations and contribute to a
conformational state of the receptor that
functions in receptor-G protein interac-
tions, either by influencing efficacy of inter-
action with a given G protein or by allow-
ing preferential interaction with particular
G protein subunits. If distinct G protein o
subunits couple the a,AR to these three
effectors (23), our results suggest that these
o subunits may bind in different ways to the
receptor and that the requirements for con-
ferring G protein specificity may be subtle.

REFERENCES AND NOTES

1. R. J. Lefkowitz and M. G. Caron, Rec. Prog.
Hormone Res. 43, 469 (1987); A. Surprenant,
Semin. Neurosci. 1, 126 (1989); K. Starke, Rev.
Physiol. Biochem. Pharmacol. 107, 73 (1987).

2. C. D. Wang, M. A. Buck, C. M. Fraser, Mol.
Pharmacol. 40, 168 (1991).

3. D. A. Horstman et al., J. Biol. Chem. 265, 21590
(1990).

4. T. Reisine, Endocrinology 116, 2259 (1985).

5. A. Luini et al, J. Neurosci. 6, 3128 (1986); J.
Stack, thesis, Oregon Health Sciences University,
Portland (1990).

6. P. S. Pennefather, S. Heisler, J. F. MacDonald,
Brain Res. 444, 346 (1988).

7. Whole-cell patch-clamp recordings were ob-
tained with an Axopatch 1B amplifier and patch
pipettes with a resistance of 4 to 6 megohms; cell
input resistance and capacitance measured in 5
mM external K* with potassium gluconate as the
internal solution were 5 to 25 gigaohms and 8 to

979



19 pF, respectively, and were not significantly
different among subclones (Student's ¢ test). K+
currents were recorded with an internal solution of
150 mM potassium gluconate, 10 mM EGTA, 10
mM Hepes, 25 mM Mg2+-adenosine triphos-
phate (MgATP), and 0.1 mM GTP and an external
solution of 150 mM KCI, 10 mM Hepes, 10 mM
glucose, and 2.5 mM MgCl,. Whole-cell record-
ings were established in an external solution of
120 mM NaCl, 5 mM KClI, 2.5 mM CaCl,, 2.5 mM
MgCl,, 10 mM glucose, and 10 mM Hepes, and
then cells were switched to the high-concentra-
tion K* solution after the adequacy of the record-
ing was verified by the presence of a large Na*
current, high input resistance, and minimal leak
current (Fig. 1A). Ca2* currents were recorded
with an internal solution of 120 mM cesium glu-
conate, 10 mM EGTA, 10 mM Hepes, 2.5 mM
MgATP, and 0.1 mM GTP and an external solution
of 120 mM NaCl, 3mM CaCl,, 1 mM MgCl,, 10 mM
Hepes, 10 mM glucose, and 0.5 to 5 pM tetrodo-
toxin. The pH of all solutions was maintained at
7.35. We obtained the traces of Ca?* currents by
subtracting currents recorded in the presence of
Cd2+ (300 uM) from currents recorded in control
and agonist solutions; no subtraction protocols
were carried out on traces of K* currents.

. AT20 cells were cotransfected by the lipofectin
method (24) with the pCMV4 a,AR plasmid (22),
which encodes either the WT or Asn” AR of the
a,, subtype, and with pRSVneo, which codes for
neomycin resistance. Neomycin-resistant colo-
nies were screened for receptor expression by
125||abeled p-iodo-clonidine (PIC) binding. Re-
ceptor density, calculated from Scatchard trans-
formations of [3H]yohimbine binding data (3, 22),
was 3.1 pmol of a,AR per milligram of protein for
WT and 10 pmol of a,AR per milligram of protein
for Asn®. Mock-transfected cells were isolated

12.

13.

after cotransfection of AtT20 cells with the pCMV4
expression plasmid and an expression plasmid
encoding a neomycin resistance gene.

. N. B. Standen and P. R. Stanfield, J. Physiol.

(London) 280, 169 (1978); S. Hagiwara et al., ibid.
279, 167 (1978).

. A. Surprenant and R. A. North, Proc. R. Soc.

London, Ser. B. 234, 85 (1988); K.-Z. Shen, C.
Barajas-Lopez, A. Surprenant, Br. J. Pharmacol.
101, 925 (1990); G. C. Harris and J. T. Williams, J.
Pharmacol. Exp. Ther. 261, 476 (1992).

. For cAMP assays, AtT20 clones were incubated

12 to 15 hours with 1.5 pCi of [3H]adenine in
Dulbecco’s minimum essential medium plus fetal
calf serum (10%) in 12-well dishes (Costar). For
the assay, attached cells were incubated in phos-
phate-buffered saline with isobutyl methylxanthine
(500 wM) for 10 min with or without drugs, and
reactions were stopped by addition of trichloro-
acetic acid (6%). Samples were neutralized, and
[BH]JcAMP was isolated by sequential Dowex
(50W-X4, Bio-Rad AG., Richmond, CA) and alu-
mina chromatography (25).

For agonist binding experiments, washed AtT20
membranes were prepared by hypotonic lysis of
cells and collection by centrifugation at 39,000g
for 30 min at 4°C. ['2%I]PIC binding was measured
after incubation with 0.7 nM ['25[]PIC (180,000
cpm per 100 wl) in buffer containing 50 mM tris
HCI (pH 7.6), 10 mM MgCl,, and 5 mM EGTA at
25°C for 30 min in the presence or absence of 10
M 5’-guanylyl imidodi phosphate [Gpp(NH)p], a
nonhydrolyzable analog of GTP. Bound ligand
was separated from free ligand by filtration over
Whatman GF-C glass fiber filters. Specific binding
was defined as binding that was displaced by 10
M yohimbine.

C. D. Strader et al., Proc. Natl. Acad. Sci. U.S.A.
84, 4384 (1987).

14.
15.
16.
17.

18.

19.

20.

21.

22.

23.

24.

25,
26.

27.

Z. Chung et al., J. Biol. Chem. 263, 4052 (1988).
M. Fraser et al., Mol. Pharmacol. 36, 840 (1989).
A. North, Br. J. Pharmacol. 98, 13 (1989).

L. Benovic et al., Annu. Rev. Cell Biol. 4, 405
988); A. Luini and M. A. DeMatteis, J. Neuro-
chem. 54, 30 (1990).

A. M. Brown and L. Birnbaumer, Annu. Rev.
Physiol. 52, 197 (1990); D. A. Brown, ibid., p. 215;
G. Milligan et al., J. Biol. Chem. 266, 6447 (1991).
A. Yatani et al., Nature 336, 680 (1988); C. Kleuss
et al., ibid. 353, 43 (1991); D. A. Ewald, P. C.
Sternweis, R. J. Miller, Proc. Natl. Acad. Sci.
U.S.A. 85, 3633 (1988); P. M. Liedo et al., Neuron
8, 455 (1992); R. Taussig et al., ibid., p. 799.

S. F. Law, D. Manning, T. Reisine, J. Biol. Chem.
266, 17885 (1991); M. Tallent and T. Reisine, Mol.
Pharmacol. 41, 452 (1992).

W. F. Simonds et al., Proc. Natl. Acad. Sci. U.S.A.
86, 7809 (1989); F. R. McKenzie and G. Milligan,
Biochem. J. 267, 391 (1990).

C. A. Guyer et al, J. Biol. Chem. 265, 17307
(1990).

J. Hescheler, W. Rosenthal, W. Trautwein, G.
Schultz, Nature 325, 445 (1987); D. A. Brown, R.
J. Docherty, |. McFadzean, Ann. N.Y. Acad. Sci.
560, 358 (1989).

P. L. Felgner et al., Proc. Natl. Acad. Sci. U.S.A.
84, 7413 (1987).

Y. H. Wong et al., Nature 351, 63 (1991).

M. A. Gerhardt, S. M. Wade, R. R. Neubig, Mol.
Pharmacol. 38, 214 (1989).

Supported by NIH (A.S. and L.E.L.), the American
Heart Association (D.A.H.), and the Heart and
Stroke Foundation of Canada (H.A.). HA. ac-
knowledges the support of W. Giles, University of
Calgary, Alberta, Canada.

F.
C.
R.
J.
(1

19 February 1992; accepted 24 June 1992

AAAS—Newcomb Cleveland Prize

To Be Awarded for an Article or a Report 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 also receives a bronze medal. The
current competition period began with the 7 June 1991 issue and
ends with the issue of 29 May 1992.

Reports and Articles that include original research data, theo-
ries, or syntheses and are fundamental contributions to basic
knowledge or technical achievements of far-reaching conse-
quence are eligible for consideration for the prize. The paper must
be a first-time publication of the author’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 Reports or Articles sections.
Nominations must be typed, and the following information
provided: the title of the paper, issue in which it was published,
author’s name, and a brief statement of justification for nomina-
tion. Nominations should be submitted to the AAAS-Newcomb
Cleveland Prize, AAAS, Room 924, 1333 H Street, NW,
Washington, D.C. 20005, and must be received on or before 30
June 1992. Final selection will rest with a panel of distinguished
scientists appointed by the editor of Science.

The award will be presented at the 1993 AAAS annual
meeting. In cases of multiple authorship, the prize will be divided
equally between or among the authors.
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