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Abstract G, and G,, respectively, activate and inhibit the enzyme adenylyl cyclase. Regulation of adenylyl cycldse 
by the heterotrimeric G, and G, proteins requires the dissociation of GDP and binding of GTP to the a, or a, subunit. The 
0-y subunit complex of G, and G, functions, in part, to inhibit GDP dissociation and a subunit activation by GTP. Multiple 
p and y polypeptides are expressed in different cell types, but the functional significance for this heterogeneity is 
unclear. The P-y complex from retinal rod outer segments (Py,) has been shown to discriminate between a, and a, 
subunits (Helman et al: Eur J Biochem 169:431-439, 1987). Py, efficiently interacts with a,-like G protein subunits, but 
poorly recognizes the a, subunit. P-y, was, therefore, used to define regions of the a, subunit polypeptide that conferred 
selective regulation compared to the a, polypeptide. A series of a subunit chimeras having NH,-terminal a, and 
COOH-terminal a, sequences were characterized for their regulation by Py,, measured by the kinetics of GTf’yS 
activation of adenylyl cyclase. A 122 amino acid NH,-terminal region of the a, polypeptide encoded within an aia, 
chimera was sufficient for Py, to discriminate the chimera from as. A shorter 54 amino acid a, sequence substituted for 
the corresponding NH,-terminal region of a, was insufficient to support the a,-like interaction with Py,. The findings are 
consistent with our previous observation (Osawa et al: Cell 63:697-706,1990) that a region in the NH,-terminal moiety 
functions as an attenuator domain controlling GDP dissociation and GTP activation of the a subunit polypeptide m d  
that the attenuator domain is involved in functional recognition and regulation by Py complexes. 
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INTRODUCTION 

The receptor-coupled G proteins are heterotri- 
mers composed of a, p, and y subunits [1,21. The 
a subunit binds GDP and GTP, a.GDp being inac- 
tive and active in their ability to regulate 
effector enzymes and ion channels. The p and y 
subunits are tightly associated and regulate the 
01 subunit activation state. One regulatory func- 
tion of the py complex is its absolute require- 
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ment for efficient receptor-catalyzed GDP disso- 
ciation from the 01 subunit [3,41. A second 
function of py is its attenuation of GDP dissoci- 
ation and subsequent GTP activation of the 01 

subunit in the absence of activated receptor [51. 
Multiple p and y subunits have now been 

identified by cDNA cloning and isolation of poly- 
peptides [6-161. Based on rather limited experi- 
mental evidence, different py complexes are in- 
terchangeable in their ability to reconstitute 
rhodopsin-catalyzed GDPi GTP exchange with 
a, or at [171. Also, py complexes purified from G, 
and G, appear to be interchangeable in reconsti- 
tuting receptor coupling of 01 subunits and regu- 
lation of guanine nucleotide exchange [18-20 I .  
However, Py, discriminates between a, and a,, 
where py, efficiently recognizes a, compared with 
its relatively poor recognition of 01, [18-201. Cu- 
mulatively, the findings indicate that mixtures 
of brain py complexes equally recognize a,-like 
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(ai, ao, and q> and a, polypeptides, whereas py, 
discriminates for a,-like polypeptides relative to 
as 

The discrimination of as and ai by py, must be 
related to differences in the primary amino acid 
sequences between the two a subunit polypep- 
tides. The functional recognition domains for py 
complexes within the a subunit primary se- 
quence remains poorly defined. Proteolysis ex- 
periments with GTPyS or Gpp(NH)p activated 
G proteins have shown that removal of approxi- 
mately 20 amino acids from the a subunit NH,- 
terminus inhibits subsequent py interaction with 
the truncated a chain polypeptide 121,221. This 
finding has been interpreted to indicate that the 
first 20 or so residues of the a subunit NH,- 
terminus are either part of the binding domain 
for Py complexes [21,221 or regulate py interac- 
tions with the a chain polypeptide [23]. Little 
direct functional analysis beyond the proteolysis 
studies has been reported defining the a subunit 
sequences controlling py complex interactions. 

Previously, we characterized several ailas chi- 
meras where different regions of the a, primary 
sequence had been substituted with the corre- 
sponding region of ai2 [24,251. Among these chi- 
meras were several that had different lengths of 
the a, NH,-terminus substituted with the corre- 
sponding regions of the ai2 primary sequence. All 
of the NH,-terminal q/a ,  chimeras were capable 
of activating adenylyl cyclase. In this report, we 
have reconstituted NH,-terminal ailas chimeras 
with Py, isolated from bovine retina rod outer 
segments and assayed the effect of Py, on the 
rate of GTPy S-stimulation of adenylyl cyclase 
activity. The use of G protein ai/a, chimeras 
uniquely utilizes the ability of py, to discrimi- 
nate a,-like polypeptides from a, to map the 
functional Py recognition domain within the a 
subunit NH,-terminus. 

METHODS 

The construction, DNA sequencing, and char- 
acterization of the q(54),s, a,(122)/9, and qis(Bam) chime- 
ras has been previously described [24,251. The 
phenotypic properties of mutation of Gln227+Leu 
in the a, polypeptide, referred to as a,Q227L, 
has also been previously defined [24,26,271. The 
wild-type rat G protein a, subunit, each of the 
chimeric qiS and a,Q227L cDNAs inserted in the 
pCW 1 expression plasmid were transiently ex- 
pressed in COS-1 cells using the DEB-dextran 
transfection procedure 124,281. Cells were used 

for measurement of intracellular CAMP levels or 
the preparation of crude plasma membranes 65 
h after transfection. For CAMP measurements 
transfected COS-1 cells in 60 mm petri dishes 
were incubated for 10 min at room temperature 
in the presence of 500 pM methyl isobutylxan- 
thine. Cellular CAMP was then extracted with 2 
ml ice-cold 65% ethanol and lyophilized. Cyclic 
AMP was measured using the radioimmunoas- 
say kit from Amersham Corp. according to the 
manufacturer’s directions [29]. We have previ- 
ously characterized this assay in transfected 
COS-1 cells to be an accurate measurement of 
CAMP synthesis and a valid assay of adenylyl 
cyclase activity in intact cells [24,25,29]. 

For preparation of membranes, cells were 
washed three times in ice-cold phosphate buff- 
ered saline, pH 7.4. Cells were then resuspended 
in ice-cold 20 mM Tris-HC1, pH 8.0, 2 mM 
MgCl,, 1 mM EDTA and broken by 30-50 strokes 
of a Dounce homogenizer. Cell breakage was 
greater than 99% as determined by trypan blue 
exclusion and nuclei were removed by centrifu- 
gation at 2,000 x g for 10 min. The supernatant 
from the low speed spin was then centrifuged at 
50,000 x g for 30 min and the pellet resuspended 
and used as a crude membrane preparation for 
assay of adenylyl cyclase and immunoblotting 
analysis. 

Rod outer segments were isolated and transdu- 
cin (G,) was purified as described previously 
1301. The py, complex was then purified and 
resolved from q on a blue-Sepharose column 
141. The concentration of Py, was estimated by 
Bradford protein assay [311, relative to bovine 
serum albumin standard, which yielded values 
similar to that derived from Coomassie staining 
of electrophoresed bands of g and p, 141. For 
denaturation of By,, samples were boiled for 10 
min and then cooled on ice prior to reconstitu- 
tion with COS cell membranes. For reconstitu- 
tion, 0.1, 1.0, or 10 kg native or denatured Py, 
was mixed with 60 IJ-g COS cell membrane pro- 
tein in 20 mM Tris-HC1, pH 8.0, 2 mM MgCl,, 1 
mM EDTA for 20 min on ice. The adenylyl 
cyclase reaction was initiated by addition of the 
reconstituted membranes to a reaction mixture 
pre-equilibrated at 30°C and 50 pg COS cell 
membrane protein aliquots removed at appropri- 
ate times and placed in 1 ml 1% sodium dodecyl 
sulfate to stop the reaction. Adenylyl cyclase 
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activity was measured by the conversion of 
[(Y-~~PIATP to [3zPlcAhJP [291. 

Membranes from transfected COS cells were 
also used for a, polypeptide immunoblotting. 
Seventy micrograms of membrane protein was 
resolved by sodium dodecyl sulfate-polyacryla- 
mide gel electrophoresis (10% acrylamide), trans- 
ferred to nitrocellulose, and probed with antibod- 
ies specific for the carboxy-terminus of a, [251. 
The mutant and wild-type a, polypeptides were 
all expressed at levels 4-5 times greater than the 
endogenous a, polypeptide in the COS cell mem- 
branes 1241. 

RESULTS AND DISCUSSION 

We have used three chimeras in which dif- 
ferent lengths of the a, NH,-terminus were sub- 
stituted with the corresponding region of a,, 
(Fig, 1A) in an attempt to define domains within 
the 01 subunit primary sequence responsible for 
selective interaction with Pyt complexes. The 
chimera with the shortest a,, sequence at the 
NH,-terminus is which has the first 61 
amino acids of a, replaced by the first 54 amino 
acids of a,,. There are seven more amino acids in 
a, than in a,, within this region of the NH,- 
terminus, and 16 alZ residues are nonconserved 
compared with the a, sequence. The second chi- 
mera is a,l1221is, which substitutes the first 144 
residues of a, with the corresponding 122 resi- 
dues of a,,. There are 38 nonconserved residues 
between a,, and a, within the junctions of the 
a,154)is and OL, (~ , , )~~  chimeras. The third chimera is 
a,/,(Baml which encodes the first 212 residues ofg ,  
and the COOH-terminal 160 residues of a, 
[25,32]. Within the NH,-terminal moiety encod- 
ing a,, of the chimera, approximately 35% 
of the amino acids are nonconserved relative to 
the corresponding region of the a, polypeptide. 

ously were shown to function as a, polypeptides 
capable of activating adenylyl cyclase [24,251. 
When transiently expressed in COS cells, each 
of the a,is chimeras stimulate CAMP synthesis 
(Fig. 1B). The a,(122)l, and a,is(Bm) chimeras stimu- 
late CAMP synthesis to levels similar to those 
observed with expression of the wild-type a, 
polypeptide. In contrast, the a,154)1s chimera stim- 
ulates markedly higher CAMP synthesis when 
expressed in COS cells relative to the wild-type 
a, polypeptide. We have demonstrated that the 
activated state of the a,154,1s chimera results from 
the altered regulation of GDP dissociation and 

The a&54)/s9 *I( 122]/s7 and a ~ / s ( B a m )  chimeras previ- 

N Hn as coon A )  

1 394 
asazz7L -L 

I 
I 

ai/s(Bam) 

a i ( i - 2 i 2 )  aS(235-394) 

a i ( r22) /  s 

I 
a i ( i  -122) as(145-394) 

a i (54)/s 

ai( 1-54) a~ (62 -394)  

ai 

1 355 

B, I 

Fig. 1. Effect of mutant a, polypeptides on CAMP levels in 
transfected COS cells. A Map of the 394 and 355 amino acid a, 
and a, polypeptides, the a,Q227L mutant and q/u5  chimeras. B: 
lntracellular CAMP accumulations in COS cells expressing the 
different chimeras and CTPase inhibited u,Q227L mutant. 
Cyclic AMP levels were measured 65 h after transfection in the 
presence of the phosphodiesterase inhibitor, methyl isobutyl- 
xanthine (500 kM), as described in Methods. The wild-type u,, 
uSQ227L, a,,rlBaml, a,l,221,s, and polypeptides were similarly 
over-expressed 4-5 times greater than the level of the endoge- 
nous a, subunit [24]. Values represent the mean of triplicate 
determinations that varied by less than 10% and are representa- 
tive of two independent experiments. Cyclic AMP values (pico- 
moledmg cellular protein) are shown above the bar for each 
construct. 

an enhanced rate of GTP activation 1251. Muta- 
tion of the a, NH,-terminus by substitution of 
the corresponding region of a,, was shown to 
alter the properties of the GDPiGTP binding 
domain independent of the GTPase activity in- 
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trinsic to the a chain polypeptide [251. The acti- 
vated character of the a,(54),s chimera is, however, 
similar to that observed with the (wSQ227L mu- 
tant (Fig. lB), whose GTPase activity is strongly 
inhibited [24,26,271. In fact, the a1,54)1s mutant 
is additive with the 01,Q227L mutation when 
both are placed within the same polypeptide 
(ct,(54)/s.Q227L). Because enhances the rate of 
activation and asQ227L inhibits GTPase activ- 
ity, the two mutations independently inhibit the 
two rate-limiting steps in a chain activation 
P41. 

The difference in activation state of the a,(54),s 
and a,(122,is polypeptides has been used to define 
the NH,-terminal region within the first 122 
amino acids as an attenuator control domain 
regulating GDP dissociation and subsequent 
GTP activation 124,251. The regulatory proper- 
ties assigned to the a subunit attenuator control 
domain were shown to be disrupted in the a,,54)is 
chimera, but normal in the O L , ( ~ ~ , ~ , ,  and a,,s(Baml 
polypeptides. The properties of the 01 subunit 
attenuator control domain overlap with those 
that have been described for the py complex, 
suggesting that amino acids within the NH,- 
terminal 122 residues within the a, domain of 
the (Y,~,,~,,~ polypeptide are required for normal 
py interaction with the a subunit. Disruption of 
the attenuator control domain sequence in the 
a,i54,,5 chimera causes a loss in the control of GDP 
dissociation and a, activation by GTP, a func- 
tion assigned to the By complex. We have used 
the differential discrimination of py, for a,-like 
polypeptides relative to as to directly test the 
disruption of py control of a, activation by muta- 
tion of the attenuator control domain. Since 

122, and 212 amino acids encoding the 0 1 , ~  NH,- 
terminal primary sequence, it was possible to 
test which chimera encoded sufficient a, se- 
quence for selective discrimination relative to a, 
polypeptides. 

In order to assay the ability of the different 
chimeras to be differentially regulated by Py,, as 
measured by GTPyS stimulation of adenylyl 
cyclase, we took advantage of the fact that recon- 
stitution of py complexes with membrane prepa- 
rations will diminish the rate of activation of 
adenylyl cyclase by guanine nucleotides [51. The 
time required to reach maximal GTPyS acti- 
vated adenylyl cyclase activity will be increased 
when a, polypeptides are associated with py 
complexes, because Py inhibits GDP dissocia- 
tion which must occur before GTPyS can bind 

a,(541 sl a~(1221/s, and ai/s(Bam)? have 54, 

11-41. Adding Py complexes to the membrane 
assay system thus prolongs the time required to 
reach maximal a, activation [1,2,51. The inhiibi- 
tion of a, activation by Py complexes can be 
easily measured by the time or lag required for 
obtaining maximal adenylyl cyclase activity. The 
ability of Py, to discriminate between a, and a, 
polypeptides was used to determine which chime- 
ras were more sensitive to inhibition by reconsti- 
tution of py, complexes with the COS cell mem- 
branes. 

The effect of increasing concentrations of py, 
on the rate of GTPyS-stimulated adenylyl cy- 
clase activity in COS cell membranes expressing 
the wild-type, chimeric, and mutant a, polypep- 
tides is shown in Figure 2. For each as construct 
the time course for GTPyS stimulation of adeny- 
lyl cyclase activity was determined in the pres- 
ence of 0.1, 1.0, and 10 pg of purified native or 
denatured Py,. The control lag time to reach the 
maximal rate of GTPyS-stimulated cyclic AMP 
synthesis ranged from 4.6-5.8 min in different 
preparations of membranes from COS cells ex- 
pressing the wild-type as, a,,122),s, and 
a,Q227L polypeptides. The lag time for GTPyS 
stimulation in membranes expressing a,,54lis was 
reduced to 2.6 min, indicative of the activated 
nature of the a,(54),s chimera, which is related to 
its enhanced rate of GTP activation relative to 
the wild-type a, polypeptide. With 10 pg native 
py, added to the adenylyl cyclase assay reaction 
mixture relative to controls with denatured p yt, 
the time required to reach the maximal GTPyS- 
stimulated rate of CAMP synthesis was similarly 
increased by approximately 1.4-1.6 min for 
membranes prepared from COS cells overex- 

aSQ227L. Thus, at high Py, levels in the reconsti- 
tuted membranes, the lag time required for max- 
imal GTPyS stimulation was similar for all of 
the chimeras, suggesting that this was a suffi- 
ciently high concentration of Py, for interaction 
of Py, with the a, polypeptide, as well as the a,/a, 
chimeras as previously demonstrated [ 18-201. 

However, at  a 10-fold lower concentration of 
py, selective differences in the ability of Py, to 
influence the lag time for GTPyS activation of 
adenylyl cyclase was detected. Thus, 1 pg By, 
appears to be capable of selectively discriminat- 
ing between a, and a, sequences within the a,/a, 
chimeras. Addition of 1 pg Py, increased the lag 
time for GTPyS activation of adenylyl cyclase 
for the membranes expressing the a,,122)is and 

pressing wild-type a , ( 5 4 ) / s >  a,(1221/s? a,/s(BamI, and 
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Fig. 2. Time course of GTPyS-stimulated adenylyl cyclase 
activity in COS membranes expressing a,/a, chimeras in the 
presence of py,. Purified pyt was reconstituted with COS cell 
membranes overexpressing a,, a,Q227L, ~f,,,~~),~, or a,,r,Baml 
polypeptides as described in Methods. For each membrane 
preparation 0.1, 1, or 10 kg native (dark circles) or denatured 
(open circles) py, was used for reconstitution. The time course 
of CTPyS-stimulated adenylyl cyclase activity was determined 
for COS cell membranes expressing each construct, and the 
time required to reach V,, was estimated by extrapolation of 
the maximal rate to the time line (---). The estimated lag times to 

achieve GTPyS-stimulated V,, is summarized in Table 1. The 
time course was repeated with each py, concentration with 
COS membranes from three independent transfections for each 
construct. The results shown are from one complete set of 
transfections and are representative of the findings for the three 
independent experiments. Only the a,i,22),r and a,,rlBam, con- 
structs showed a shift in the lag time required to reach V,,, in 
the presence of 1 .O pg native By, which was reproducible in all 
three experiments. The shift in the time to reach V,, at 10 pg 
native py, was similar in all three experiments for COS cell 
membranes expressing the designated a, constructs. 
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chimeras. The lag time to achieve maxi- 
mal adenylyl cyclase activation for the as, a,(54j1,, 
and aSQ227L expressing membranes was un- 
changed in the presence of 1 kg by, relative to 
controls with denatured Py, complex. This is in 
contrast to the addition of 10 kg py, in the 
reaction mixture, which influenced the lag time 
for GTPyS activation for all of the COS cell 
membranes tested expressing the wild-type and 
mutant a, polypeptides. The estimated times 
required to reach maximal GTPyS-stimulated 
adenylyl cyclase activity in membranes express- 
ing the wild-type and mutant a, polypeptides is 
summarized in Table I. The results demonstrate 
that only the a 1(122jis and a,ls(Bamj chimeras en- 
coded sufficient a,, primary sequence to shift the 
potency to lower concentrations of py, to delay 
the rate of GTPyS activation; a,(54l1s lacked suffi- 
cient a,, NH,-terminal sequence to allow selec- 
tive regulation by Py, relative to the a, polypep- 
tide. Thus, residues within the first 122 amino 
acids within the attenuator control domain of a,, 
are required for the selective discrimination by 
Py, of a,-like polypeptides relative to a, subunits. 
The findings indicate that the attenuator con- 
trol domain is directly involved in Py interac- 
tions and the regulation of the GDPiGTP bind- 
ing domain. 

Several points must be addressed relating to 
the interpretation of the findings in Figure 2 
and Table I. First, we have previously shown 
that neither the expression of a, nor of Py com- 
plexes is changed in COS cells with expression of 
any other chimeras or a,Q227L [24,25,29,331. 
Second, prior treatment of the cells with pertus- 
sis toxin does not change the time course of 
GTPyS-stimulated adenylyl cyclase or CAMP ac- 
cumulation resulting from expression of the chi- 
meras 124,251. Third, the expression of wild- 
type a,, in COS cells does not influence the time 
course of GTPyS activation of adenylyl cyclase 
activity (not shown). These results indicate that 
the phenotypic effects of the chimeras are a 
function of their a,-like properties and activa- 
tion of adenylyl cyclase. 

chimera 
and the au,Q227L mutant are constitutively acti- 
vated. The a,(54lis chimera has been shown to 
have a markedly diminished lag time for GTPyS 
activation, but normal GTPase activity [24,25, 
331. In contrast, the major phenotypic property 
of the aSQ227L mutant is an inhibited GTPase 
activity, but relatively normal lag time for 
GTPyS activation of adenylyl cyclase [24,26,271. 

It should also be noted that the 

TABLE I. Lag Time Required to 
Reach Maximal GTPy S-Stimulated Adenylyl 

Cvclase Activitv* 

Lag time (minutes) 
native1 denatured (A) 

P-v,, )*.g 0.1 1.0 10 

5.415.4 (0)  515 ( 0 )  7.215.8 (1.4) a, 
a,Q227L 4.614.6 (0)  4.614.6 (0)  6.214.8 (1.4) 

2.612.6 (0)  2.612.6 ( 0 )  3.812.4 (1.4) % 5 4 ) / S  

5.215.2 (0)  715.6 (1.4) 7.415.8 (1.6) 
~~~ . 

a,/,(Bam) 5.415.4 (0)  715.8 (1.2) 6.815.4 (1.4) 

*Extrapolation of the GTPyS-stimulated adenylyl cyclase 
V,, measured in Figure 2 was used to estimate the time 
when maximal adenylyl cyclase activity was achieved. The 
data is presented as the lag time to reach maximal GTPyS- 
stimulated adenylyl cyclase activity in the presence of the 
indicated amount of native or denatured Py, reconstituted 
with COS cell membranes as described in Methods. The 
values in parentheses are the difference (A) in time required 
to reach GTPyS-stimulated V,, in the presence of native 
versus denatured Py,. The data represent the findings from 
three independent experiments for each a, construct, where 
the extrapolated values varied by less than 5% between each 
experiment. 

Both show a shift in the lag time for GTPyS 
activation in the presence of 10 pg py,, indicat- 
ing that they are capable of interacting with Py 
complexes. This is consistent with their ability 
to efficiently couple to p-adrenergic receptors 
[24,26,27,331, a function that requires the asso- 
ciation with Py complexes 11-51. However, the 
a,(54j sequence was shown to disrupt the ability of 
Py to mediate pertussis toxin-catalyzed ADP- 
ribosylation of chimeras also having the a,, se- 
quence at the COOH-terminus of a, polypep- 
tides [241. This previous result combined with 
the data in Figure 2 demonstrates that the first 
54 residues of a,, are not sufficient to allow 
discrimination by py, relative to the a, polypep- 
tide. In contrast, both a,(i22)1s and a,is(Bam) showed 
similar shifts at 1 Fg py, that were not observed 
with a,, a,Q227L, or Cumulatively, these 
results indicate that the discrimination of a,, 
relative to as by py, requires more than the first 
54 residues of a,,, and that the first 122 resi- 
dues are as effective as the NH,-terminal 212 
amino acids of a,,. We do not intend to suggest 
that the 122 amino acid sequence at the a,, NH,- 
terminus is the only “domain” independent of 
other amino acids within the tertiary struc- 
ture of the a subunit polypeptide that inter- 
acts with the Py complex. Rather, we propose 
that the NH,-terminal122 amino acid domain of 
a subunits has a major regulatory role in Py 
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interactions and that mutation in this region 
has the potential to dramatically disrupt the 
regulation of a-chain activation (e.g., chi- 
mera). 

Previously, studies that proteolytically re- 
moved the NH,-terminal20 amino acids of g or 
a,, demonstrated that j3y no longer interacted 
with the truncated a chain polypeptide 121,221, 
indicating that this region in the NH,-terminus 
must indeed be an important domain for control- 
ling py interactions. Previously, we reported the 
characterization of an additional a,1s chimera 
that substituted the first 14 amino acids of a, 
with the first 7 amino acids of a,,, referred to as 
the chimera [241. The chimera be- 
haved similar to wild-type a, and not a,(54),s in its 
activation of adenylyl cyclase, indicating that 
mutation of the immediate NH,-terminal a, res- 
idues was not sufficient to cause the activated 
phenotype characteristic of the chimera. 
The simplest interpretation of the proteolysis 
experiments and the phenotypes of the a,(7)is, 
a,(54)1s, a,(122lis, and a,,s(Bm) chimeras is that resi- 
dues near the extreme NH,-terminus are re- 
quired for binding of @? complexes, but that 
discrimination by py complexes of a,, and a, 
requires additional amino acids within the first 
122 amino acids of the a,, polypeptide. For the 
different a subunit polypeptides whose sequence 
has been defined, this NH,-terminal domain has 
regions that are quite variable in amino acid 
composition, suggesting these sequence differ- 
ences may be involved in the discrimination of 
different Py subunit complexes. Additional ex- 
pression, mutation and reconstitution analysis 
will determine what sequence differences in this 
domain of different G protein a subunits are 
capable of encoding j3y subtype selectivity, pro- 
viding an additional tier of regulation in recep- 
tor activation of G protein regulated effector 
systems. 
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