
NaCl, 10 mM EGTA 50 mM MOPS 2 5 mM 
MgCl,, 1 0 mM d~th~othre~tol, 1 0 mM sodlum 
adenosine trlphosphate 1 0 KM guanoslne trl- 
phosphate, 0 05% sodum cholate and cltrava at 
appropriate concentrations (pH 7 4) The free 
Ca" tn ths solutlon was 45 nM as measured by 
a Ca" eelctrode (Orlon, Boston, MA) The thrd 
syrnge contained 13 5% trchoroacetc acld A 
tlme course w~th Intervals rangng from 20 ms to 
500 ms was used and the quenched samples 
were collected on Ice and spun 10 mln n a 
mcrofuge at 4°C The supernatant was collected, 
and the CAMP was assayed wlth the Amersham 
1251-labeled CAMP assay system The protein 
concentration n the flrst syrnge averaged 150 k g  
per m~l l l~ ter  of c l a  buffer as determined by the 

method of Lowry [ 0  H Lowry N J Rosebrough 
A L Farr R J Randal J 5101 Cl-iein 2 265 
(1951)l 
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Role of the Acylated Amino Terminus ~f Recoverin 
in Ca2+-Dependent Membrane Interaction 

Alexander M. Dizhoor, Ching-Kang Chen, Elena Olshevskaya, 
Valeria V. Sinelnikova, Pavel Phillipov, James B. Hurley* 

Recoverin, a calcium ion (Ca2+)-binding protein of vertebrate photoreceptors, binds to 
photoreceptor membranes when the Ca2+ concentration is greater than 1 micromolar. This 
interaction requires a fatty acyl residue covalently linked to the recoverin amino (NH2)- 
terminus. Removal of the acyl residue, either by proteolytic cleavage of the NH2-terminus 
or by production of nonacylated recoverin, prevented recoverin from binding to mem- 
branes. The acylated recoverin NH2-terminus could be cleaved by trypsin only when Ca2+ 
was bound to recoverin. These results suggest that the hydrophobic NH2-terminus is 
constrained in Ca2+-free recoverin and liberated by Ca2+ binding. The hydrophobic acyl 
moiety of recoverin may interact with the membrane only when recoverin binds Ca2+. 

A varietv of oroteins with diverse biologi- , u 

cal functio~ls have their NH,-termini 
linked to short-chain fatty acids such as 
myristic acid (1-1 1). Membra~le association 
of p60"-"', which is necessary for p60"-"' 
o~lcoge~lic activity (2) and for its interaction 
with a plasma membrane receptor (3), re- 
quires that its NH,-termi~lus be myristoyl- 
ated. Intracellular membrane transport may 
be mediated through a guanosine triphos- 
phate ( G T P )  and myristic acidilependent 
interaction of aiienosine iiiphosphate (ADP) 
ribosylation factor (ARF) with membra~les 
(4). The NH,-termini of two vertebrate 
photoreceptor proteins, transducin and re- 
coverin, are heterogeneously acylated at 
their NH,-temnlini with one of four types of 
ht ty  acyl residues, including myristoyl 
(C14:0, a fatty acyl resiiiue with 14 carbons 
and no double bonds), C14:1, C14:2, and 
C12:O moieties (9-1 1). 

Recoverin is a 23-kD Ca2+-bi~liiing pro- 
tein that is soluble anii may influence the 
recovery phase that follows photoexcitat~on 
of vertebrate photoreceptors (1 2, 13). Dur- 

A M Dlzhoor C -K Chen E Olshevskaya J B 
Hurley, Department of Blochemlstry and Howard 
Hughes Medlcal lnstltute Unlverslty of Washington, 
Seattle. WA 98195 
V V Slnelnlkova and P Ph~ll~pov, A N Belozersky 
lnsttute of Phvs~co-Chemlca B~oloqv, Moscow State 

11lg photoexcitatio~~, gilanoslne 3',i1-mono- 
phosphate (cGMP) 1s hydrolyzed by means 
of a guanine nucleotide-binding proteln (G 
protein)-mediated cascaiie of reactions (1 4, 
15). Because CaL+ enters photoreceptors 
primarily through cGMP-gated channels, 
cGMP hydrolysis disrupts CaL+ influx. The 
conseiluent net loss ot lntracellular CaL+ by 
means of a vlasina rnembra~le Nai-CaL+ 
exchanger stimulates resynthesis of cGMP 
by activating a Ca2+ -sensitive guanylate cy- 
clase. Preparations of recoverin have been 
reported to activate this gua~lylate cyclase in 
vitro only when the free concentration of 
Ca2+ is below -400 IIM (12, 13). The 
mechanism by which recoverin participated 
in guanylate cyclase regulation in those ex- 
nerime~lts remai~ls u ~ l k ~ l o ~ v n .  Another ~ o s -  
sible role of recoverin may be to regulate the 
rate of inactivation of photoreceptor cGMP 
phosphodiesterase (1 6). 

We i~lvestigateii the possible role ofNHL- 
temnlinal acvlation in recoverin function. 
NH,-terminal ht ty  acyl resiiiues may en- 
hance protein-protein (1 1) or protein-mem- 
brane interactions (1 7). Alternatively, they 
may ful~ction as covalently bound allostrric 
regulators of enzyme activity. The stuiiies 
described here show that the NHL-terminal 
fatty acyl residue of recoverin participates in 
CaL+-dependent membrane interactio~~. 

Unlversty, ~ o i c o w  119899 ~ussla- '  Ca2+-dependent interaction of recov- 
*To whom correspondence should be addressed erin with roil outer segment (ROS) mem- 

branes was initially observeii in an experi- 
ment desig~led to iiientifj CaL+-depe~liie~lt 
membrane-binding proteins from bovine 
photoreceptors. We washeii photoreceptor 
membranes several times with buffer con- 
taining CaL+ (0.5 mM) to remove proteins 
that were loosely bou~lii in the presence of 
CaL+.  Subsequent washes with buffer con- 
taining EGTA (1 mM) conti~lued to elute 
loosely bound proteins. However, they also 
specifically eluted six additional proteins 
that had resisteii elution in the presence of 
Ca2+ (Fig. 1). One was a 26-kD protein 
that reacts with afinitv-~urified antiboiiv to , 
bovine recoverin (12). The remaining five 
proteins of 20, 2 1, 3 1, 70, anii 80 kD have 
not yet been identifieii. 

CaL+-dependent binding of recoverin to 
membranes was enhanceii by high concen- 
trations of protein and membra~le. Most of 
the recoverin in ROS meinbra~les could be 
eluted even without EGTA if highly diluteii 
membra~les were washeii many times (1 8). 
We used this method to .strip ROS mem- 
branes of e~liiogenous recoverin for the 
stuiiies iiescribed here. Others have also 
observed Ca2+-dependent membrane bind- 
ing of recoverin (1 9) anii of §-modulin (1 6, 
20), a frog photoreceptor protein similar to 
bovine recoveri~~.  

We characterized the interaction of re- 
coverin with the membrane by reconstitut- 
ing purified bovine retinal recoverin with 
photoreceptor membranes stripped of ell- 
iiogenous recoverln. The strlpped mem- 
branes bounii recoverin in the presence of 
Ca2+ but not in its absence (Fig. 2A). , L, 

Recoverin binding to the membranes was 
saturated in these experime~lts at -40% of 
the total recoverin as the co~lce~ltration of 
CaL+ was raised to 10 p M  (Fig. 2B). The 
~ a r t i a l  bindine of retinal recoverin to mem- 
branes appears to reflect a weak affinlty for 
membranes, rather than an effect of acyl 
group heterogeneity. Myrlstoylated recov- 
erin binds to membranes with approximate- 
ly the same efficiency as heterogeneously 
acylated retinal recoverin (Fig. 3A). 

Ca2+-depeniient bindi~lg of recoverln to 
membranes does not appear to be a general 
iiivale~lt cation effect because the Mg2+ (5 
mM) present in all of these assays diii not 
promote binding. Experiments suggest that 
recoverin may bind to the phospholipid 
component of the membranes because Ca2+ 
also promotes recoverin binding to lipo- 
soines made from a 1: 1 mixture of phospha- 
tidylserine anii phosphatidylcholine (1 8, 1 9, 
2 1). However, our experiments do not rule 
out the possibiiity that recoverin also inter- 
acts with a protein in ROS rnembra~les. 

To  detemnli~le if the NH,-terminal acyl 
residue participates in the interaction of 
recoverin with ROS membranes. we mea- 
sured membrane bindlng of acylated and 
111>1lacy1ateil recoverln proiiuceii in Esche- 
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Fig. 1. Ca2+-dependent binding of proteins to 
ROS membranes. We extracted Ca2+-depen- 
dent membrane-binding proteins (CDPs) from 
ROS by first washing the membranes seven 
times with buffers (30) containing 0.5 mM Ca2+ 
and then washing with buffer containing 2 mM 
EGTA. The eluted proteins were concentrated 
and then analyzed by SDS-PAGE and 
Coomassie blue staining. Lane 1, molecular 
size markers are indicated at left (in kilodal- 
tons); lane 2, 20 pg of protein from the final 
Ca2+ wash; lane 3, protein (20 pg) from the 
EGTA wash; lane 4, as in lane 1; and lane 5, 
purified recoverin (10 pg) (31). The apparent 
molecular sizes of the CDPs are shown on the 
right. The 21-kD protein appears to be less 
abundant than the others. 

sichia coli (22). Both recombinant myristoyl- 
ated and nonacylated recoverin were purified 
for these experiments by phenyl-Sepharose 
chromatography (23). In the presence of 10 
pM Ca2+, myristoylated recombinant re- 
coverin bound to ROS membranes as effi- 
ciently as retinal recoverin did, but nonac- 
ylated recombinant recoverin bound only 
weakly to the membranes (Fig. 3A). 

NH,-terminal acvlation influences re- 
coverin structure. Proteolysis studies in the 
presence of EGTA (Fig. 3B) revealed that 
nonacylated, Ca2+-free recoverin (lanes 7 
and 8) is rapidly degraded by trypsin. NH2- 
terminal acylation of recoverin (lanes 5 and 
6) makes Ca2+-free recoverin more resist- 
ant to trypsin, presumably by stabilizing 
recoverin structure. In the presence of 
Ca2+, acylated and nonacylated forms of 
recoverin are equally resistant to trypsin 
(lanes 1 through 4). 

The observation that the hvdro~hobic , . 
acyl residue promotes the membrane bind- 
ing of Caz+-acylated recoverin but not the 
binding of Ca2+-free acylated recoverin 
(Figs. 2 and 3) suggested that the acylated 
recoverin NH2-terminus might be accessi- 

Fig. 2. Ca2+-dependent binding of purified re- 
coverin (Rec) to ROS membranes. (A) SDS- 
PAGE analysis of binding. Purified retinal recov- 
erin (lane 1) and recoverin-depleted ROS mem- 
branes (32) (lanes 2 and 3) were mixed and 
incubated (33) (lanes 4 through 7). Proteins 
were incubated in the presence of 2 mM EGTA 
(lanes 2, 4, and 6) or 1 mM CaCI, (!anes 3, 5, 
and 7). Membranes were separated by centrif- 
ugation and portions of the supernatants were 
analyzed (lanes 2 through 5). Lanes 2 and 3 
show low amounts of proteins that elute from the 
membranes without added purified recoverin. 
Membrane-bound proteins were eluted with 
EGTA and analyzed (lanes 6 and 7). Molecular 
size standards are shown at left (in kilodaltons). 
(B) Ca2+-dependence of purified recoverin 
binding to stripped ROS membranes. The distri- 
bution of recoverin between supernatant (closed 
circles) and membranes (open circles) was de- 
termined as described (33). The values shown 
are the means 2 SD of two measurements of the 
percentage of total recoverin. 

ble for membrane interaction only when 
Ca2+ is bound. In Caz+-free acylated re- 
coverin, the NHz-terminus might be con- 
strained within the protein and inaccessible 
for membrane interactions. To estimate the 
accessibility of the acylated NHz-terminus, 
we tested the susceptibility of the NH2- 
terminus of myristoylated recoverin to di- 
gestion with trypsin in the presence and 
absence of Ca2+. This experiment was per- 
formed with recombinant recoverin labeled 
at its NH2-terminus with [jH]myristic acid. 
Incorporation of [3H]myristic acid into re- 
coverin was dependent on coexpression 
with N-myristoyl transferase (NMT) (Fig. 
4B), suggesting that the label is present 
only at the recoverin NH, terminus. Poly- 
acrylamide gel electrophoresis (PAGE) fol- 
lowed by fluorography revealed that the 
recoverin NHz-terminus is susceptible to 
tryptic cleavage only in the presence of > 1 
pM CaZ+ [Fig. 4A, concentration effect 
(18)l. The observation that all radioactivity 

14- 
1 2 3 4 5 6 7  

Ca - + - + - +  -- 
Unbound Bound 

was cleaved from Ca2+-recoverin, together 
with mass spectrometry analysis, confirmed 
that the radioactive label in the protein was 
only in the NHz-terminal [3H]myristoyl 
residue. 

Trypsin removes both the NH2- and 
COOH-termini from a large core fragment 
of Caz+-recoverin by cleaving after lysines 
5 and 194 (9). We measured the abilities of 
the [3H]myristoylated NH2-terminal pep- 
tide and of the recoverin core fragment to 
bind to membranes. Intact ['H]myristoyl 
recoverin bound to membranes in the pres- 
ence of Ca2+ (Fig. 4C, lanes 1 and 2), 
whereas the core polypeptide did not bind 
to the membranes (Fig. 4C, lanes 3 and 4). 

B 
ca2+ EGTA --  

C P 

- - 
T - +  - + - + - +  

1 2  3 4  5 6 7 8  

Fig. 3. Effect of NH2-termi- 
nal fatty acylation on Ca2+- 
dependent binding of re- 
coverin to membranes and 
on the stability of Ca2+-free 
recoverin. (A) Coomassie- 
stained gel showing the 
amounts of retinal recoverin 
(lane I), recombinant (Re- 
comb) nonmyristoylated re- 
coverin (lane 2), and recom- 
binant myristoylated recov- 
erin (lane 3) that bound to 
recoverin-depleted ROS membranes in the presence of 100 pM CaCI,. EGTA eluates of the 
membranes to which recoverin had been bound in the presence of Ca2+ are shown (33). (B) 
Myristoylated (lanes 1, 2, 5, and 6) or nonmyristoylated (lanes 3, 4, 7, and 8) recoverin was 
incubated in the absence (lanes 1, 3, 5, and 7) or presence (lanes 2, 4, 6, and 8) of trypsin (T) (29) 
in either 5 mM CaCI, (lanes 1 through 4) or 5 mM EGTA (lanes 5 through 8). Products of these 
digests separated by SDS-PAGE are shown. Molecular size standards in the middle (from top to 
bottom) are 31, 21, and 14 kD. 
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Fig. 4. Effect of Ca2+ on trypsin digestion of the 
recoverin NH2-terminus. (A) Products of limited 
tryptic digestion of recoverin acylated at its 
NH2-terminus with a [3H]myristoyl residue (34). 
Recoverin was incubated with trypsin (29) ei- 
ther in the presence of CaCI, (1 00 FM) or EGTA 
(5 mM). Samples were taken at the indicated 
times. Proteins were separated by SDS-PAGE 
and analyzed by Coomassie staining and fluo- 
rography. Electrospray mass spectrometry (9) 
was used to verify that recoverin cleaved in the 
presence of Ca2+ lacked both the NH2-terminal 
myristoyl-Gly-Asn-Ser-Lys acyl peptide and the 
COOH-terminal Lys194-Leu202 peptide. Recov- 
erin cleaved in the presence of EGTA lacked 
only the COOH-terminal peptide. (B) [3H]Myris- 
tic acid was incorporated into recoverin during 
expression in E. coli (22) and portions of the 
crude E. coli lysates (20 ~g of protein) were 
analyzed by SDS-PAGE followed by fluorogra- 
phy. No 3H was incorporated into recoverin 
when only recoverin (lane 1) or yeast NMT (lane 
2) were expressed. However, when they were 
coexpressed, [3H]myristic acid was incorporat- 
ed into recoverin. The dark band at the bottom 
of each lane is formed by unincorporated 
[3H]myristic acid label. (C) Ca2+-dependent 
binding of tryptic fragments of recoverin to 
stripped ROS membranes. Intact recombinant 
myristoylated recoverin (lanes 1 and 2) and fragments truncated either at both the NH2- and 
COOH-termini (lanes 3 and 4; Ser6-Lyslg4) or only at the COOH-terminus (lanes 5 and 6; cut after 
Lyslg4) were incubated with stripped ROS membranes in the presence of 0.5 mM CaCI, (lanes 1. 
3, and 5) or 5 mM EGTA (lanes 2.4. and 6). The membrane-bound proteins were eluted with EGTA, 
separated by SDS-PAGE, and detected by Coomassie staining. 
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We also observed that nearly all of the 
[3H]myristoyl NHz-terminal peptide re- 
leased from recoverin by proteolysis parti- 
tioned into the membranes (24). 

These results demonstrate that a fattv 
acyl residue covalently linked to the recov- 
erin NHz-terminus is essential for CaZ+- 
dependent membrane binding and that the 
acyl peptide interacts with membranes. To 
ensure that proteolytic removal of the 
COOH-terminus did not influence these 
experiments, we removed only the COOH- 
terminus by cleaving recoverin with trypsin 
in the presence of EGTA. Electrospray 
mass spectrometry analysis (9) confirmed 
that the recoverin NHz-terminus is intact 
in these preparations, whereas the COOH- 
terminus is truncated at Lys'94. The trun- 
cated recoverin with its intact myristoyl- 
ated NHz-terminus bound efficiently to 
membranes (Fig. 4C). 

The fattv acvl residue at the recoverin , , 
NHZ-terminus appears to function in a 
Caz+-dependent association of recoverin 
with ROS membranes (Fig. 5). In CaZ+- 
free recoverin, the acylated NHz-terminus 
is constrained. The attached fatty acyl res- 
idue may be accommodated within a site in 
the protein that may help protect Caz+-free 
acylated recoverin from trypsin (Fig. 5A). 
When acylated or nonacylated recoverin 
binds CaZ+, a change in conformation may 
expose a hydrophobic patch (Fig. 5, 

hatched regions). Such a hydrophobic sur- 
face exists in a related Caz+-binding pro- 
tein, calmodulin (25). and would account 
for the observed (22) interaction of both 
acylated and nonacylated recoverin with 
phenyl-Sepharose. In the absence of mem- 
branes, the hydrophobic NHZ-terminal fat- 
ty acyl residue may bind to this surface (Fig. 
5C). However, in the presence of ROS 
membranes, the fatty acyl residue could also 
partition into the more hydrophobic interi- 
or of the phospholipid bilayer or interact 
with a protein to hold recoverin to the 
membrane (Fig. 5E). Recoverin lacking the 
NHZ-terminal fatty acyl residue does not 
bind to membranes (Fig. 5D). 

These findings identify two factors, 
bound CaZ+ and an NHz-terminal fatty acyl 
residue, that promote recoverin binding to 
membranes. NHz-terminal myristic acid- 
dependent protein-membrane interactions 
are also regulated by phosphorylation of 
MARCKS protein (26) and by GTP-bind- 
ing to ARF (4). The Caz+-dependence of 
recoverin-membrane interaction occurs 
over what may be a physiological range of 
CaZ+ concentrations (27) and may there- 
fore influence the biological activity of re- 
coverin. Effects of the heterogeneity of 
NHz-terminal acylation of recoverin on 
Caz+-dependent membrane binding, CaZ+ 
binding to recoverin, or the cellular photo- 
response have not yet been investigated. 

Fig. 5. Model for the fatty acid and Ca2+- 
dependent interaction of recoverin with mem- 
branes. The striped oval area indicates the 
proposed hydrophobic patch. Arrows indicate 
areas susceptible to trypsin digestion. The thick 
zig-zag line represents a myristoyl residue. (A) 
Myristoylated recoverin without Ca2+. (B) Non- 
acylated recoverin without Ca2+. (C) Myristoyl- 
ated recoverin with Ca2+. (D) Nonacylated re- 
coverin with Ca2+. (E) Myristoylated recoverin 
with Ca2+ interacting with the lipid bilayer (at 
left) or a protein (at right). 

Purified preparations of recoverin have 
been reported to stimulate a membrane- 
associated guanylate cyclase when added to 
photoreceptor membranes in low Ca2+ 
buffers (12, 13). We find that under these 
conditions, even in the presence of guanyl- 
ate cyclase assay buffers and reagents, re- 
coverin dissociates from the membrane. 
Together, these findings suggest that recov- 
erin does not stimulate guanylate cyclase by 
direct association. 
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33 Purlfed recovern and membranes were mxed In 
a 50-pI total volume containng 30 mM trs (pH 
8 O), 100 mM KCI, 5 mM MgCI,, 2 mM Ca2+-EGTA 
buffer (28), rhodops~n (200 to 300 kg) ,  and re- 
cover~n (20 pg) Ths mxture was incubated for 5 
m n  at 37°C and centrlfuged at 200,000gfor 5 m n  
(TLA-100 centr~fuge, Beckman) The superna- 
tants were gently asp~rated, and the sedimented 
mater~al was rlnsed and resuspended In 45 p1 of 
the same buffer contalnng 2 mM EGTA Ths 
sample was centr~fuged, and the supernatants 
were saved for analys~s Amounts of recover~n 
bound to the membranes were est~mated by 

dens~tometr~c analyses of Coomass~e blue- 
sta~ned gels (Fig 2) 

34 To produce [3H]myr~stoyl recovern, we cultured 
E co/i stran BL21 (DE3) contalnng pBBl31 and 
pETlla-mr21 In the presence of 200 p C  (50 
C~/mmol) of [Wlmyr~st~c a c ~ d  (Amersham) The 
cells were harvested and ysed, and recoverin 
was purlfled as descrbed (22) 
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phase of th~s project, L Erlcsson and R Johnson 
for electrospray mass spectrometry analyses, and 
S Zozulya and L Stryer for discuss~ons and for 
shar~ng ther find~ngs and Ideas wlth us before 
pubcation Supported by N H  grant EY06641 
and by a grant from the Human Front~ers In 
Scence organlzatlon 
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Selectivity in Signal Transduction Determined by 
-y Subunits of Heterotrimeric G Proteins 

Christiane Kleuss, Hans Scherubl, Jurgen Hescheler, 
Giinter Schultz, Burghardt Wittig* 

Various heterotrimeric guanine nucleotide-binding proteins have been identified on the 
basis of the individual subtypes of their CY subunits. The py complexes, composed of P and 
y subunits, remain tightly associated under physiological conditions and have been as- 
sumed to constitute a common pool shared among various guanosine triphosphate (GTP)- 
binding (G) protein heterotrimers. Particular CY and p subunit subtypes participate in the 
signal transduction processes between somatostatin or muscarinic receptors and the 
voltage-sensitive L-type calcium channel in rat pituitary GH, cells. Among y subunits the 
y3 subtype was found to be required for coupling of the somatostatin receptor to voltage- 
sensitive calcium channels, whereas the y, subtype was found to be required for coupling 
of the muscarinic receptor to those channels. 

G proteins uildergo a cycle in which they 
switch between active and inactive states 
by guailiile nucleotide exchange and GTP 
hydrolysis (1). The inactive G protein 
aGDppy is stimulated by a ligand-activated 
receptor to exchange guanosiile diphos- 
phate (GDP) for GTP. In the active form 
auTp dissociates from the py complex. The 
a,,, and the py complex are then able to 
interact specifically with cellular effector 
molecules to evoke the cellular response. 
Until receiltly it had been thought that the 
fuilctio~l of a particular G protein was solely 
determined by the u subunit, and 110 spe- 
cific fuilctions had been assigned to the B - 
and y subunits. The coiltributio~l of P or y 
subunits to recentor-effector cou~liilg is dif- 

L u 

ficult to investigate because these subunits 
are fuilctionally inactive when separated 
from each other. Nevertheless, the py 
complex may directly interact with effector 
molecules 12-4). Inhibition of adenvl cv- > ,  , , 

clase by a stimulatory ((3,)-type G protein 
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depends on whether the G protein is recon- 
stituted with py complexes from retina or 
brain tissue (5). 

Four different p polypeptide sequences 
are known (6) and all have similar se- 
quences. Three of five identified y cDNAs 
have been cloned (7-9). The  sequence of a 
fourth y cDNA, y4 ( l o ) ,  as well as that of 
a fifth Y cDNA 11 1) has been established. > ,  

and adiitional y subtypes may exist (12): 
Because of the apparent sequence heteroge- 
neity in the y subunits, functio~lal differ- 
ences of the py compiexes have been at- 
tributed to the y subunits (12, 13). 

We have examined the role of individ- 
ual subtypes of y subunits in selective re- 
ceptor-effector coupling. We studied the 
effects of Y subtvne on the inhibition of , . 
voltage-sensitive Ca2+ channels through 
activation of muscarinic (MA)  or somato- 
statin receptors. These modulatory effects 
of receptor agonists are mediated by pertus- 
sis toxiil-sensitive Go proteins (14), and 
the subtypes of a , ,  and P subuilits have 
specific effects in t h ~ s  system (1 5, 16). We 
detected 1nRNAs for y,, y,, and y4 sub- 
types in the rat pituitary tumor cell line 
G H ,  (Fig. I ) .  The y ,  subtype has only been 
fou~ld in retina. 

We have previously established (15) 
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