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ABSTRACT The j-adrenergic receptor kinase (PARK)
phosphorylates its membrane-associated receptor substrates,
such as the P-adrenergic receptor, triggering events leading to
receptor desensitization. PARK activity is markedly stimulated
by the isoprenylated IAt subunit complex of heterotrimeric
guanine nucleotide-binding proteins (Gpy), which translocates
the kinase to the plasma membrane and thereby targets it to its
receptor substrate. The amino-terminal two-thirds of PARK1
composes the receptor recognition and catalytic domains, while
the carboxyl third contains the Gpy binding sequences, the
targeting domain. We prepared this domain as a recombinant
Hiss fusion protein from Escherichia coUl and found that it had
both independent secondary stucture and functional activity.
We demonstrated the inhibitory properties of this domain
against Gpy activation of type II adenylyl cyclase both in a
reconstituted system utilizing Sf9 insect cell membranes and in
a permeabilized 293 human embryonic kidney cell system.
GIn-mediated inhibition of adenylyl cyclase was not affected.
These data suggest that this His6 fusion protein derived from
the carboxyl terminus of PARK! provides a specific probe foF
defining Gp1mediated processes and for studying the strut-
tural features of a Gp-binding domain.

The fAy subunit complex of heterotrimeric signal-transducing
G proteins (Goy) regulates many effectors within the cell,
simultaneously participating in the propagation and termina-
tion of cellular signaling (1). Gea has been shown to activate
specific subtypes of phospholipase C (2) and the atrial K+
channel (3, 4) and can either stimulate or inhibit various
isoforms ofadenylyl cyclase (5). In addition, two members of
the G protein-coupled receptor kinase (GRK) family (6),
(3-adrenergic receptor kinases 1 and 2 (PARK1 and (3ARK2),
are targeted by Gay to their membrane-associated receptor
substrates to facilitate the phosphorylation of activated re-
ceptors and initiate the process of receptor desensitization.
Molecular cloning has revealed four (3 and five 'y subunit
genes (7) which result in defined Gay combinations (8).
Many protein kinases have a modular architecture con-

taining a catalytic domain accompanied by regulatory do-
mains. Regulatory sequences, for example, may contain
zinc-finger-like motifs (9), leucine zippers (10), Src homology
SH2/SH3 domains (11), or Ca2+/calmodulin-binding do-
mains (12) which allow these kinases to interact with other
cellular components to further activate signaling pathways.
The regulatory element in specific GRKs (e.g., PARK1,
f3ARK2 and DrosGPRK1) that interacts with Gpy is located
in the carboxyl terminus of the kinase (13, 14) (see Fig. 1A).
Members of the GRK family which do not interact with Gay
lack homologous Gpy-binding domains (6). Interestingly,
rhodopsin kinase (RK) is isoprenylated in a manner similar to

the 'y subunit of Gpy (15), allowing the kinase to be translo-
cated to the rhodopsin-rich membranes of the retina in a
light-dependent fashion (16).

In an effqrt to develop a functionally active Gpy-binding
domain, we expressed the carboxyl-terminal domain of
P3ARK1 in Escherichia coli as a His6-tagged fusion protein.
Here we describe the properties of this stable 27-kDa domain
which retains the ability to form a complex with Gay and
inhibits the Gpy stimulation of type II adenylyl cyclase both
in a reconstituted membrane system and in intact cells.

MATERIALS AND METHODS
Materials. The full-length cDNA encoding the human do-

pamine 1A receptor (DlAR) was provided by Marc Caron
(Howard Hughes Medical Institute, Duke University) and
that for the rat type II adenylyl cyclase (17) by Randall Reed
(Johns Hopkins University). Human embryonic kidney 293
(HEK-293) cells (ATCC CRL-1573) were from the American
Type Culture Collection. Eagle's minimum essential me-
dium, fetal bovine serum, and gentamicin were from GIBCO.
Reduced streptolysin 0 was from Wellcome. Radioligands,
including [3H]cAMP, [3H]SCH23390, [3H]yohimbine, and
[a-32P]ATP were from New England Nuclear. Phentolamine
was from CIBA-Geigy, cis-flupentixol from Research Bio-
chemicals (Natick, MA), UK14304 from Pfizer Diagnostics,
and fenoldopam (SKF82526) from SmithKline Beecham.

Hiss Fusion Proteins. His6-RK carboxyl terminus (His6-
RKct) and His6-,3ARK1 carboxyl terminus (His6-1ARKlct),
containing the terminal 91 amino acids ofRK and the terminal
222 amino acids of (3ARK1, were prepared as follows. PCR
primers corresponding to bases encoding amino acids 467-
473 (Pro-Pro-Phe-Val-Pro-Asp-Ser) ofRK and 468-474 (Pro-
Pro-Leu-Ile-Pro-Pro-Arg) off3ARK1 (5' primers containing a
BamHI restriction site) and the inverse complement of bases
encoding Pro-Ser-Ser-Lys-Ser-Gly-Met(stop) inRK and Arg-
Gly-Ser-Ala-Asn-Gly-Leu(stop) in (3ARK1 (3' primers con-
taining a HindIII site) were used to amplify the carboxyl
terminus of the respective kinases. The amplified fragment
was ligated in frame into the BamHI and HindIII sites of the
pQE30 vector (Qiagen) and the resultant constructs were
used to transform E. coli strain NM522. The fusion proteins
were induced with isopropyl f3D-thiogalactopyranoside and
purified on a nickel-chelate adsorbent resin (ProBond resin;
Invitrogen) (18). Fusion proteins were eluted from the Pro-
Bond resin with 500 mM imidazole/S0 mM sodium phos-
phate/300 mM NaCl/1 mM 2-mercaptoethanol, pH 6.0, and
dialyzed against phosphate-buffered saline (20 mM sodium
phosphate, pH 7.4/150 mM NaCl) containing 1 mM 2-mer-

Abbreviations: a2AAR, a2A-adrenergic receptor; BARK, (3-adrener-
gic receptor kinase; DjAR, dopamilne 1A receptor; GRK, G protein-
coupled receptor kinase; GTP['yS], guanosine 5'-[y-thio]triphos-
phate; HEK, human embryonic kidney; r (prefix), recombinant; RK,
rhodopsin kinase.
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FIG. 1. Properties of the isolated carboxyl-terminal targeting
domain of PARK1. (A) Domain structure of PARK1 and RK indi-
cating the regions from which His6-,8ARK1ct (construct 1) and
His6-RKct (construct 2) are derived. (B) SDS/PAGE of purified
His6-8ARK1ct (lane 1) and His6-RKct (lane 2) fusion proteins.
Molecular size standards (lane M) are to the right. (C) Gpy binding
to His6-(.ARKlct (lane 1) or His6-RKct (lane 2) on nickel-agarose.
Gay bound to the resin was eluted, subjected to SDS/PAGE,
transferred to nitrocellulose, and detected with an antibody to Gp.
(D) CD spectra of His6-PARKlct and His6-RKct (1.4 OM) in 20mM
phosphate, pH 6.0/100 mM NaCl without (N, native) or with (D,
denatured) 6 M guanidine. The mean residue ellipticity, [0] has units
of degree cm2.dmol-1.

captoethanol and 1 mM EDTA at 40C. Further purification of
the fusion proteins was achieved by anion-exchange chro-
matography [Mono Q FPLC (Pharmacia), 10-500 mM NaCl
linear gradient]. Protein concentrations were determined by
Bradford assay (Bio-Rad) with bovine serum albumin as a
standard.

Detection of Gp., Binding to Fusion Proteins. The binding of
Gab to fusion proteins and the detection of bound Gpy were
accomplished essentially as described (13, 14). In brief,
purified bovine brain Gp,, (183 nM) with or without the fusion
protein (1 iM) in 60 p1 of phosphate-buffered saline were
incubated for 20 min on ice. Then, 20 of a 50%0 slurry of
ProBond resin (Invitrogen) in phosphate-buffered saline was
added and incubation was continued on ice for 15 min with
gentle mixing. The beads were then washed three times with
500-pI aliquots of phosphate-buffered saline containing
0.01% Lubrol. The protein separation and the detection of
Gab were carried out as described (13, 14) except that 1%
gelatin in Tris-buffered saline (10 mM Tris, pH 8.0/150 mM
NaCI) was utilized for blocking.

Circular Dichroism (CD) Spectra of Fusion Proteins. The
CD spectra ofpurified His6-3ARK1ct and His6-RKct (1.4 pM
each) were measured in 20 mM sodium phosphate, pH
6.0/100 mM NaCl from 260 to 200 nm at 0.25-nm resolution
on an Aviv model 62DS CD spectrophotometer using a
1.0-cm-path-length cell. The spectra of denatured fusion
proteins were also determined in 6 M guanidine hydrochlo-
ride. The solvent background was subtracted from each
spectrum.

Reversal of the Gas, Potentiation of Recombinant G., (rG,,)-
Stimulated Type II Adenylyl Cyclase Activity by His6-
IJARK1ct. Assays for type II adenylyl cyclase were carried
out essentially as described (19) with some modifications.
Various amounts of the fusion proteins were preincubated in
a volume of 15 p1 in the presence or absence of Sf9-cell

derived rGpi. for 5 min at 300C and transferred to 40C. The
mixtures were then combined with 5-jd aliquots of Sf9 cell
membranes containing type II adenylyl cyclase (20) that had
been preincubated for 10 min at 300C with guanosine 5'-[y-
thio]triphosphate (GTP)-[yS]-activated rGa. The reactions
were initiated by addition of 30 1. of an assay mixture
containing the remaining cyclase assay components (5),
which yielded final concentrations as follows: membrane
proteins, 0.1 mg/ml; GTP-[yS]-activated rGsa 30 nM; rGpjy2,
0.3 nM; MgCl2, 10 mM.

Cell Culture and Transfection. The cDNAs encoding the
human a2A adrenergic receptor (a2AAR) (21) and human
DiAR (22) were subcloned into pRK5 (23) for transient
expression in HEK-293 cells (24). Transfections were carried
out by coprecipitation of DNA with calcium phosphate (24),
using the indicated amounts ofDNA. Assays were performed
48 hr after the cultures were split. Where indicated, cells were
treated with pertussis toxin (200 ng/ml) in growth medium for
18 hr prior to assay. To quantitate a2AAR expression, satu-
ration binding of 1 nM [3H]yohimbine to plasma membranes
was assayed as described (25), with 100 pM phentolamine to
determine nonspecific binding. DiAR expression was deter-
mined by saturation binding of 1 nM [3H]SCH23390 with 1
pM cis-flupentixol to determine nonspecific binding.
Permeabilzation of Cells with Streptolysin 0 and ay of

Adenylyl Cyclase Activity. Adherent monolayers of trans-
fected HEK-293 cells in 24-well tissue culture plates were
permeabilized by a modification of the procedure of Cuhna-
Melo et al. (26). In brief, monolayers were washed once with
0.4 ml of KG buffer (139 mM potassium glutamate/5 mM
glucose/20 mM potassium salt ofPipes/2.5mM MgC12/1 mM
EDTA, pH 7.4) and permeabilized by incubation for 5 min at
370C in 0.2 ml of KG buffer containing reduced streptolysin
O (0.25 unit equivalents/ml). This procedure resulted in the
permeabilization of >95% of the cells as assessed by trypan
blue staining. After permeabilization, monolayers were pre-
incubated for 10 min at 37°C in 0.18 ml of peptide buffer (20
mM Hepes/2.5 mM MgCl2/1 mM EDTA, 0.01% bovine
serum albumin/0.1mM 3-isobutyl-1-methylxanthine, pH 7.4)
containing the indicated concentrations of fusion protein.
The assay was initiated by the addition of 0.02 ml of con-
centrated adenylyl cyclase assay mix, containing adrenergic
or dopaminergic agonists as indicated, directly to the peptide
buffer to yield final concentrations as follows: phosphoe-
nolpyruvate, 2.7 mM; GTP, 53 IAM; cAMP, 0.1 mM; ATP,
0.12 mM; pyruvate kinase, 4.0 units/ml; myokinase, 20
units/ml; [a-32P]ATP, 20 Ai/ml (1 uCi = 37 kBq). Incuba-
tions were continued for 20 min at 370C and terminated by the
addition of 0.8 nil of stop solution (0.25% perchloric acid/0.1
mM cAMP with 20 nCi of [3H]cAMP to serve as a tracer for
the assessment of product recovery). [a-32P]cAMP was de-
termined as described (27). Accumulation of product under
these assay conditions was linear for at least 30 min (data not
shown).

RESULTS AND DISCUSSION
Properties of the Isolated (3ARK1 Carboxyl-Terminal Do-

main. Mammalian GRKs have related primary structures,
with the catalytic domain flanked by an amino-terminal
domain of conserved length and a carboxyl-terminal region of
variable length (Fig. 1A). A GST fusion protein with the last
222 amino acids of ,BARK1 was previously used to demon-
strate the presence of a Gs.binding domain in this region of
the kinase (13). This fusion protein functioned as an inhibitor
of G~y,-stimulated (3ARK1 phosphorylation of rhodopsin (14)
and as an inhibitor of odorant-induced, jBARK2-mediated
desensitization in permeabilized rat olfactory cilia (28).
A new fusion protein derived from the carboxyl-terminal

Gpy-binding domain of BARK1 was prepared in which the
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FIG. 2. Dose-dependent reversal of rGp1,2 potentiation of rGw,-
stimulated type H adenylyl cyclase activity by His6-PARKlct. Sf9
membranes containing type H adenylyl cyclase were first incubated
with GTPlyS]-bound rGsa (final concentration, 30 nM) and then
assayed for adenylyl cyclase activity in the presence (circles) or
absence (squares) of rGp,2 (final concentration, 0.3 nM) and the
indicated concentrations of His6-RKct (open symbols) or His6-
PARK1ct (filled symbols). Assays were carnied out for 10 min at 30TC.
Data represent mean + SEM values for duplicate determinations of
three separate experiments. The average type H adenylyl cyclase
activity in the presence of rGs alone was 9.2 nmol min-1 mg-1.

26-kDa GST moiety of the previously constructed GST-
(3ARK1ct was replaced by 10 amino acids containing a
hexahistidine (His6) sequence (18). The resultant protein was
expressed in E. coli and was rapidly purified by employing a
nickel-chelate column and Mono Q FPLC. As a control, the
carboxyl terminus ofRK was also prepared as a His6-tagged
protein (Fig. 1B). His6-,BARKlct but not His6-RKct was

shown to interact with Gab., in a binding assay where His6-
PARKlct immobilized on a nickel-agarose column selec-
tively bound bovine brain Gpy (Fig. 1C).
CD spectra of His6-(3ARK1ct suggest that the fusion pro-

tein contains secondary structural features that can be de-
natured by 6 M guanidine (Fig. iD) and that may reflect
elements of a GUnbinding domain. His6-RKct, in contrast,
has a significantly different structure under similar condi-
tions. The denatured His6-/3ARKlct was successfully re-
folded to give essentially the same spectrum as before
denaturation (data not shown). This further supports the
possibility that this region ofBARK1 exists as an independent
domain.

Effect ofHis6-fARK1ct on rG-Stimulated type II Adenylyl
Cyclase Activity in Sf9 Membranes. Characterized adenylyl
cyclases differ in their regulation by free Gsy (5). Different
types may be conditionally stimulated, inhibited, or insensi-
tive to Ga,,. To ascertain whether His6-PARKlct could func-
tion as a general inhibitor of Gp-dependent processes other
than translocation of the parent IARK1, this material was
tested for its ability to inhibit Gpy-dependent activation of
type II adenylyl cyclase by a defined Gay, Gpiy2. Type II
adenylyl cyclase expressed in Sf9 membranes and preincu-
bated with 30 nM GTP[yS]-activated rG,, was treated with
0.3 nM rGmY2 plus either His6-,BARKlct or His6-RKct at
various concentrations. His6-.BARKlct specifically inhibited
the effect of rGpiy2 on rGsa-stimulated cyclase activity with
an IC50 15 gM, whereas the control material, His6-RKct,
had no effect over the range of concentrations tested (Fig. 2).

Effect ofHi6-PARKlct on Receptor-Mediated Activation of
Type H Adenylyl Cyclase in Permeabilized HEK-293 Cells.
HEK-293 cells have been used to simultaneously coexpress
multiple recombinant receptors, G-protein subunits, effector
molecules, or peptides, allowing the interactions between
recombinant and endogenous components of signal transduc-
tion pathways to be studied (24, 29). HEK-293 cells do not
contain type II adenylyl cyclase (30) and show negligible
conditional stimulation of endogenous adenylyl cyclases by
exogenous Gsy (31). To determine whether His6-f3ARKlct
would antagonize the conditional stimulation of type II
adenylyl cyclase by Gab released from endogenous G pro-
teins, we developed an assay for adenylyl cyclase activity in
streptolysin O-permeabilized HEK-293 cells simultaneously
cotransfected with the cDNAs encoding Gi-coupled a2AAR
(21), the G,-coupled DlAR (22), and type II adenylyl cyclase
(17). In HEK-293 cells coexpressing G,-coupled receptors
and the type II cyclase, conditional stimulation ofthe cyclase
can be observed only in the presence of active G., (29).
a2AAR, unlike many other Ga-coupled receptors, exhibits a
small degree of productive interaction with G. (29, 32) and is
capable ofactivating type II adenylyl cyclase without another
source of active Gsa, probably by releasing Gabfrom G1 while
simultaneously interacting with G, to provide active Gas
subunits (29).
HEK-293 cells expressing a2AAR and DlAR exhibited a

pertussis toxin-insensitive activation of the endogenous ad-
enylyl cyclase in response to the dopamine agonist fenold-
opam (Fig. 3A). The a2-adrenergic agonist UK14304 did not
activate the endogenous cyclase. Simultaneous coexpression
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FIG. 3. Effect of His6-(3ARK1ct and His6-RKct on the activation of endogenous and transiently overexpressed type II adenylyl cyclase (AC
II) in permeabilized HEK-293 cells. HEK-293 cells were transiently cotransfected with pRK5-a2AAR (0.25 ,ug per 100-mm dish), pRK5-D1AR
(0.75 ug per 100-mm dish), and pcDNA-1-AC H (10.0 ,ug per 100-mm dish) as indicated in each panel. Levels of 02AAR and DlAR expression
were approximately 0.80 and 2.80 pmol/mg of membrane protein, respectively. Final concentrations of fenoldopam (FD) and UK14304 (UK)
were 1 MM and 10 pM, respectively. (A) Effect of pertussis toxin (PT) on activation of endogenously expressed adenylyl cyclase and transiently
coexpressed AC II. (B) Effect of His6-PARK1ct (10 pM) on activation of endogenous and coexpressed AC II. Data shown in A and B represent
the mean + SEM values for three to five separate experiments, each performed in triplicate. t, Less than control, P < 0.01. (C) Concentration
dependence of His6-pARK1ct (e) and His6-RKct (o) effects on the a,2AR-mediated activation of coexpressed AC II. The broken line indicates
the level of adenylyl cyclase activity measured in control wells in the absence of added agonist or peptide. Data shown represent mean ± SEM
values for triplicate determinations in one experiment which was replicated three additional times with similar results.
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of a2AAR, DIAR, and type II adenylyl cyclase resulted in a
marked enhancement of fenoldopam-stimulated adenylyl cy-
clase and the appearance of UK14304-stimulated adenylyl
cyclase activity. Both effects were partially inhibited by
preincubation with pertussis toxin. The pertussis toxin sen-
sitivity offenoldopam-stimulated adenylyl cyclase activity in
cells coexpressing a2AAR, DlAR, and type II adenylyl cy-
clase is consistent with a contribution of free Gpy derived
from Gi due to some constitutive activity of the markedly
overexpressed a2AAR, even in the absence of agonist (33).
Cells coexpressing only DIAR and type II cyclase exhibited
a less marked enhancement of fenoldopam-stimulated cy-
clase activity which was insensitive to pertussis toxin (data
not shown).
The ability of His6-RKct and His6-PARKlct to inhibit

receptor-mediated activation of either endogenous adenylyl
cyclase or coexpressed type II adenylyl cyclase was deter-
mined in HEK-293 cells expressing both a2AAR and DjAR.
Neither fusion protein produced a significant effect on D1AR-
mediated stimulation of the endogenous cyclase. In contrast,
preincubation with 10 ,AM His6-PARKlct resulted in a sig-
nificant inhibition ofboth the DlAR-mediated and the a,2AAR-
mediated conditional activation of coexpressed type II cy-
clase which resembled the effects of pertussis toxin (Fig. 3B).
The dependence of inhibition of a2AAR-mediated stimulation
of type II adenylyl cyclase on the concentration of His6-
PARKlct and the control, His6-RKct, was assessed (Fig.
3C). At the highest concentration assayed, 30 ,uM, His6-
f3ARKlct inhibited 70.8 ± 7.7% (n = 3) of a2AAR-stimulated
type II cyclase activity, compared with 16.3 ± 2.8% (n = 3)
inhibition by His6-RKct. The approximate IC50 for His6-
f3ARKlct was 10.8 ± 2.3 AM (n = 5), which is in good
agreement with the data from the membrane reconstitution
experiment (Fig. 2). These data suggest that the conditional
stimulation of type II adenylyl cyclase by Gsy released from
endogenous Gi is specifically antagonized by His6-f3ARK1ct
with an IC50 similar to the one obtained with exogenously
supplied Gpy subunits.

Effects of Pertussis Toxin and His6-ARKlct on Receptor-
Mediated Inhibition of the Endogenous Adenylyl Cyclase in
Permeabilized HEK-293 Cells. In contrast to the stimulatory
role of Gy subunits released from Gi in the conditional
activation of type II adenylyl cyclase, Gi-coupled-receptor-
dependent inhibition of adenylyl cyclase appears to be me-
diated, at least in some cases, by GiQ (34). Treatment with
pertussis toxin, which catalyzes the ADP-ribosylation of Gi
and prevents its functional interaction with receptors and
therefore its dissociation, would not be expected to differ-
entiate between the effects of Gi-coupled receptors mediated
by Qi and those mediated by Gy. Thus, treatment with
pertussis toxin would be expected to inhibit both a2AAR-
mediated conditional stimulation of type II adenylyl cyclase
and inhibition of the endogenously expressed adenylyl cy-
clase in HEK-293 cells. His6-(3ARK1ct, however, which
apparently inhibits conditional activation of the type II cy-
clase through its ability to bind G, would not be expected
to impair effects of Ga-coupled receptors mediated by GQ.
HEK-293 cells coexpressing a2AAR and DlAR exhibited a
significant inhibition of fenoldopam-stimulated adenylyl cy-
clase activity in the presence of the a2AR agonist UK14304;
the inhibition was completely reversed by pertussis toxin
(Fig. 4A). The His6-f3ARK1ct had no effect on a2AAR-
mediated inhibition of the endogenous cyclase (Fig. 4B).
These data suggest that His6-PARKlct can discriminate
between a2AAR effects mediated by the G subunits of Gi
(e.g., the conditional stimulation of type II adenylyl cyclase)
and those mediated by Gi, (e.g., inhibition of D1AR-
stimulated endogenous adenylyl cyclase).

In summary, His6-fARKlct is an independent GUnbinding
regulatory domain ofPARK1 which, when expressed sepa-
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FIG. 4. Effect of pertussis toxin (PT) and His6-,BARK1ct on
a2AAR-mediated inhibition of endogenous adenylyl cyclase in per-
meabilized HEK-293 cells. (A) Reversal of a-AR-mediated inhibi-
tion of DiAR-induced stimulation of endogenous adenylyl cyclase
activity by PT treatment. (B) Effect of His6-(3ARK1ct (10 pM) on
a2AAR-mediated inhibition of DiAR-induced stimulation of endoge-
nous adenylyl cyclase activity. AC assay mixture contained either no
agonist (basal), 1 pM fenoldopam (FD), 10 .&pM UK14304 (UK), or
both agonists (FD+UK). Data shown represent the mean ± SEM
values for three separate experiments, each performed in triplicate.

rately from holo-BARK1, retains a putative subdomain struc-
ture (Fig. 1C) and Gp-binding ability (Fig. 1B). Moreover,
His6-BARKlct may be a general inhibitor of Gpy-mediated
processes, as it can block Gpy-dependent activation of type
II adenylyl cyclase in Sf9 membranes. His6-PARKlct intro-
duced into permeabilized whole cells blocks receptor-
mediated activation of cotransfected type II adenylyl cy-
clase, confirming that in cells, the activation of the type II
cyclase is dependent upon release of Gab from endogenous G
proteins. Furthermore, His6-f3ARK1ct discriminates be-
tween Gia-mediated (pertussis toxin-sensitive inhibition of
endogenous adenylyl cyclase) and Gipy-mediated (pertussis
toxin-sensitive activation of type II adenylyl cyclase). These
findings, together with our recent demonstration of whole-
cell inhibition of Gip-mediated phospholipase C activity in
COS-7 cells following the cellular expression of the (ARK1
carboxyl terminus (35), suggest that these reagents may
provide a research tool to define the potential G,3y depen-
dence of a wide variety of cell regulatory processes. In
addition, the CD spectra reported here suggest that His6-
,BARKlct may be amenable to more detailed structural
analysis (such as NMR spectrometry and x-ray crystallogra-
phy) which would provide insights into Gsy-binding-domain
structure and facilitate the search for functional Gp-binding
domains in other proteins.

Note Added in Proof. A domain referred to as the pleckstrin homology
domain (36, 37) has been identified within the (ARK1 carboxyl
terminus as well as in various other proteins (38, 39). GST fusion
proteins containing a region of these pleckstrin homology domains
are capable of binding Gay in vitro (40), suggesting that pleckstrin
homology domains may interact with Gpy in vivo, thereby bringing
previously unappreciated proteins under G-protein control.
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