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ABSTRACT: Proteins containing G-protein regulatory (GPR) motifs represent a novel family of guanine
nucleotide dissociation inhibitors (GDIs) foroGsubunits from the Gi family. They selectively interact
with the GDP-bound conformation of Giand transducirnx (Gta), but not with Gs.. A series of chimeric
proteins between @; and Gst has been constructed to investigate GPR-contact sitescoauBunits

and the mechanism of GPR-protein GDI activity. Analysis of the interaction of two GPR-preteins
AGS3GPR and Pcp2with the chimeric Gt subunits demonstrated that the GPBia, interface involves

the Giy switch regions and @i;-144—151, a site within the helical domain. Residues withirsi
144-151 form conformation-sensitive contacts with switch Ill, and may directly interact with a GPR-
protein or form a GPR-binding surface jointly with switch 1ll. The helical domain site is critical to the
ability of GPR-proteins to act as GDIs. Our data suggest that a mechanism of the GDI activity of GPR-
proteins is different from that of GDIs for monomeric GTPases and from the GDI-like activityspf G
subunits. The GPR-proteins are likely to block a GDP-escape routecosu@units.

Heterotrimeric G-proteins (G-proteins) transduce a mul- stimulated activation of transducif)( Subsequently, other
titude of extracellular signals that activate G-protein coupled GPR-motif containing proteirsLGN, Pcp2, Rap1GAP, and
receptors (GPCR3$)The mechanisms of G-protein signaling RGS12/14-have been shown to act as the guanine nucleotide
regulation are numerous and compleix-@). Recently, a dissociation inhibitors (GDIs) toward @i(11, 13). These
novel group of G-protein modulators has been recognized findings underscored a potential physiological role of GPR-
(5—7). These G-protein modulators share conserved sequenceroteins as the first known family of GDI for heterotrimeric
repeats named the G-protein regulatory (GPRB) ¢r G-proteins. The GPR-contact sites o Gubunits and the
GoLOCO maotifs 6). Several characterized GPR-proteins, mechanism of GDI activity have not yet been elucidated. In
AGS3, LGN, Pcp2, and Rap1GAP, show selective high- this study, we constructed a number of chimeri $hibunits
affinity binding to Gio and transducinx (Gta), whereas the  between Gic and Gs.. Two GPR-proteins, Pcp2 and the
interaction with Gau is weaker 8—12). No interaction GPR-domain of AGS3 (AGS3GPR), have been analyzed for
between a GPR-protein and &bkas been detecte@(11). their ability to bind to and inhibit nucleotide exchange on
GPR-proteins preferentially recognize the GDP-bound con- Gio/Gsa chimeras. Our results suggest a mechanism of the
formations of Gar-like Ga. subunits. The binding of GPR-  GDI activity of GPR-proteins.
proteins to @GDP is competitive with @y binding,
suggesting overlapping interaction sitd®,(11). The func- EXPERIMENTAL PROCEDURES

tional significance of the GPR-proteinéGinteraction re- Materials [¥S]GTP/S (1160 Ci/mmol) was purchased
mained unclear until recently, when AGS3 was found 10 from Amersham Pharmacia Biotech. Restriction enzymes
inhibit GDP release and GDP/GTP exchange al @, 9).  were from New England Biolabs. T4 DNA ligase was from
Furthermore, AGS3 was capable of inhibiting rhodopsin- Roche Molecular Biochemicals. Cloné&fu DNA polym-
erase was from Stratagenel-Tosylamido-2-phenylethyl
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Ficure 1: Giay/Gs chimeras. (A) Schematic representation of the s chimeras. The conformational switches Si, Sll, and SllI are
shown. Restriction sites that were utilized in the cloning of chimeras are denoted. The numbers above chimeras indicate the junction points
of Gia; and Gst using the sequence of &i. (B) Trypsin-protection test for chimericdGsubunits. SDS polyacrylamide gels (12%) were

stained with Coomassie Blue. Chimeras (1 mg/mL) were treated with trypsipng/8L) for 15 min at 25°C in the presence of 16M

GDP, 10uM GDP/30uM AICI3/10 mM NaF, or 1uM GTPyS.

introduced into the Gs cDNA using a QuikChange kit  method of site-directed mutagenesi€)( To generate C7
(Stratagene): th8cll site (codons for Sé#—GIn'%), the (Figure 1A), a PCR amplification of C6 was performed with
Xhd site (codons for SéP—Ser5?), and the Agd site an Ncd-flanked primer and a reverse-phosphorylated
(codons As?f*—Lewr®9) (Figure 1A). To construct chimeras  primer coding for residues 13945 of Gst and residues
C1—-CA4 (Figure 1A), Git; cDNA fragments between tHcll 123-124 of Giy at the 5-end. The fragment was ligated
andXhd (C1), Bcll and Agd (C2), Bcll and Hindlll (C3), into the C4 construct digested wikicd andNad. Chimera
and Ncd and Agd (C4) sites were PCR-amplified and C8 (Figure 1A) was prepared by PCR amplifications of two
subcloned into the pHisGs cut with appropriate restriction  Giay cDNA fragments. The first fragment was amplified with
enzymes. Chimeras C5 and C6 (Figure 1A) were generateda forward primer containing Blcd site and a 5phospho-
using the C2 construct as a template and the “megaprimer”rylated reverse primer coding for the Af¢—~Asn substitu-
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tion. The second fragment was amplified with a forward 5
phosphorylated primer coding for the Aédk-lle and

Natochin et al.

with the environmentally sensitive florescent probe BC as
described beforeld). Using €45 = 53 000 for BC, the

Sei>—Cys substitutions and a reverse primer containing a incorporation of BC into Pcp2 was greater than 0.8 mol/

Hindlll site. The fragments were ligated and subcloned into
the pHig vector. Automated DNA sequencing at the
University of lowa DNA Core Facility confirmed the

mol. Fluorescence assays were performed on a F-2000
fluorescence spectrophotometer (Hitachi) in 1 mL of 20 mM
HEPES buffer, pH 7.6, containing 100 mM NaCl and 10

structure of all generated chimeras. The bacterial strain mM MgCl,. Fluorescence of 40 nM Pcp2BC was monitored

GM2163 was utilized to obtain nonmethylated DNA neces-
sary forBcll digestion.

Expression and Purification of ChimericoGSubunitsFor
protein expressignl L of 2xTY medium was inoculated
with a single colony of transformed BL21(DE3) cells. Protein
expression was induced At ~ 0.5 by the addition of 30
uM isopropyl{3-p-thiogalactopyranoside. After an incubation
for 16 h at 25°C, cells were pelleted and processed
immediately or stored frozen at80 °C. Purification was
performed using HiBond resin (Novagen) as described
before (4). A typical yield of >90% pure protein was 20
mg/L of culture.

Cloning and Expression of GPR-ProteirdDNA corre-
sponding to residues 46350 of the rat AGS3 and coding
for all four GPR motifs §) was PCR-amplified with primers
containing theNdd andBanH| sites and subcloned into the
pPET15b vector for expression of a Hitagged AGS3GPR
as describedl(). The Hig- and GST-tagged human Pcp2
proteins were made as describdd)(

Trypsin-Protection Assayrurified chimeras CC8 (~1
mg/mL) were incubated fol h at 25°C in 20 mM HEPES
buffer, pH 8.0, containing 130 mM NaCl and 8 mM MgCl
(buffer A) in the presence of either &M GDP, 10uM
GTPyS, or 10uM GDP, 30uM AICI3;, and 10 mM NaF.
Trypsin was added at a concentration ofi2mL followed
by 15 min incubation at 25C. The proteolysis was stopped

before and after additions of increasing concentrations of
Ga subunits with excitation at 445 nm and emission at 495
nm. The binding specificity was confirmed using a competi-

tive displacement of Pcp2BC with unlabeled Pcp2.

Miscellaneous Procedure®rotein concentrations were
determined by the Bradford method using IgG as a standard
(17). SDS-PAGE was performed by the Laemmli method
(18). The experimental data were fit using the nonlinear least-
squares criteria method and the GraphPad Prizm (v.2)
software. Data are shown as the meaBE of at least three
experiments.

RESULTS

Role of Gax Switch Regions in the Interaction with GPR-
Proteins.The design of initial Giu/Gs chimeras to probe
Gia/GPR-protein interaction regions was based on the
preferential binding of GPR-proteins to @DP. The
conformational selectivity of GPR-proteins suggests a po-
tential role of the Gi switch regions in the interaction.
Accordingly, the switch | and Il regions, or all three switch
regions of Giy, were replaced with Gsin chimeras C1
and C2, respectively (Figure 1A). Both chimeras were
correctly folded and protected from a tryptic cleavage in the
presence of GT#S or AlR,~ (Figure 1B). C1 and C2
displayed drastically different rates of G¥® binding. The

by the addition of SDS-sample buffer and instantaneous initial GTPyS binding rate to C1 was similar to that of &s

heating to 100°C for 5 min.

The GST-Pcp2 Pull-Down Assayio;, G, and chimeras
C1-C8 (1 uM) were incubated for 10 min at 25C in 100
uL of buffer A containing either 1@M GDP or 10uM GDP,

30 uM AICl 3, and 10 mM NaF followed by addition of 4
uM GST-Pcp2 and further incubation for 20 min at 25.
The proteins were then mixed with glutathieregarose
beads (1Q:L bed volume) for 20 min. The beads were spun
down and washed 4 times with 1 mL of buffer A containing
10 uM GDP or 10uM GDP, 30uM AICI3, and 10 mM
NaF. Bound proteins were eluted with SDS-sample buffer
and applied on 12% SDS-gels.

GTPyS Binding AssayGio;, G, and chimeras C1C8
(0.2 uM) alone, or mixed with the indicated concentrations
of Hissg-Pcp2 or Hig-AGS3GPR, were incubated for 3 min
at 25°C in buffer A containing 1uM GDP and 10 mM
DTT. The binding reactions were initiated with additions of
5 uM [3S]GTP/S (5 Ci/mmol). Aliquots (20uL) were
withdrawn from the binding mixtures and passed through
Whatman cellulose nitrate filters (0.48n). The filters were
washed 3 times with 1 mL of ice-cold buffer A, dissolved
in a scintillation cocktail 3a70B (RPI Corp.), and counted.
Background GTRS binding in the absence of cGwas
subtracted from the binding data. The G/Bbinding data
were fit to the equation: GTFS bound (%)= 100 x
(1—e™.

A Fluorescence Assay of Pcp2BC Binding t@ Subunits.

[0.024 mol of GTR'S/(mirrmol)] (Figure 2) ). In contrast,

the initial rate of f°S]GTPyS binding to C2 was too fast for
accurate determinatior6& min1), suggesting a very rapid
release of GDP from the chimeric protein (Figure 2). Even
when added at high concentrations (2@), AGS3GPR and
Pcp2 failed to inhibit the GT#S binding to either C1 or C2
(Figure 2). Consistent with the lack of the inhibitory effect,
GST-Pcp2 did not coprecipitate C1 and C2 in the GST pull-
down experiments (Figure 3). However, a more sensitive
fluorescence assay of the interaction showed a relatively
weak binding of Pcp2BC to C1 or C2. Using this assay, the
Kq values for C1 (1.QuM) and C2 (0.8uM) were higher
and theF/Fonax values (1.66 for C1, 2.6 for C2) were
significantly lower than th&g (0.34uM) andF/Fomax values
(6.3) for Gioy (Figure 4). From the fluorescence assay, it
appears that C1 and C2 have~8-fold lower affinity for
Pcp2 in comparison to Gi. However, the pull-down assays
indicate that the difference might be even greater (Figure
3). In control experiments, the addition of &@roduced
only a very small linear increase in the fluorescence of
Pcp2BC (Figure 4B). The lack of hyperbolic dependence in
this fluorescence increase might be indicative of the non-
specific background signal. The data on C1 and C2 show
that the switch regions of Gi modestly contribute to the
interaction with GPR-proteins, but are not sufficient for the
latter to act as GDIs.

The Helical Domain of Gi; Contains an Important

Hiss-Pcp2 was labeled at a single cysteine residue (Pcp2Cys6)Determinant(s) for GPR-Protein Recognitidrhe following
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Ficure 2: Effects of AGS3GPR and Pcp2 on the kinetics of GSminding to chimeras C1 and C2. The binding of GBRo chimeric
Gioy/Gso proteins (0.2¢M) in the absencel) or presence of 20M His6-tagged AGS3GPRw) or Pcp2 &) was initiated by the addition

of 5 uM [3S]GTP/S. Ga-bound GTR'S was counted by withdrawing aliquots at the indicated times and passing them through cellulose
nitrate filters (0.45%m). The initial rates of GTPS binding to C1 [mol of GTRS/(mirrmol)] are as follows: 0.024- 0.002 @), 0.033+

0.003 (), and 0.030+ 0.003 (@). Initial rates of GTRS binding to C2 are>5 min™2,
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Ficure 3: Binding of GST-Pcp2 to @ subunits. SDSpolyacrylamide gels (12%) stained with Coomassie Blue.oteins bound to
GST-Pcp2 were pulled-down using glutathieregarose beads as described under Experimental Procedures in the absence or presence of
AlF,~. Bound proteins were eluted with SDS-sample buffer and analyzed by electrophoresis.
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Ficure 4: Binding of Ginl, C1, C2, and Gsto Pcp2BC. The relative increase in fluorescerfe#¢) of Pcp2BC (40 nM) (excitation at
445 nm, emission at 495 nm) was determined following the addition of increasing concentrations wb®@ins. The binding curve
characteristics are as follows: (A) @i Kg = 0.34+ 0.02uM, F/FOmax = 6.3; and (B) C1Kgq = 1.004 0.12uM, F/FOnax = 1.66 (¥);
C2,Kq = 0.80+ 0.06 uM, F/FOmax = 2.6 (®), and Gst (a).

two chimeric Gt subunits, C3 and C4, were generated to higher than the respective d¢values for the GPR effects
determine whether an additional GPR interaction site(s) is on Gia, (Figure 5C and ref9, 11). A strong interaction of
(are) located N- or C-terminally to the switch regions (Figure C4 with Pcp2 was confirmed in the GST-Pcp2 pull-down
1A). The trypsin-protection assay revealed that C3 was not assay (Figure 3), and in the fluorescence binding assay using
protected from tryptic cleavage in the presence of G~ Pcp2BC (Figure 5D). The calculatedy (0.32 uM) and

or GTP/S, whereas C4 displayed a normal pattern of tryptic maximalF/Fo (4.7) values for the binding of C4 to Pcp2BC
fragments (Figure 1B). However, both chimeras were were not significantly different from those for i (Figure
functional in the GTRS binding assay. The initial rate of ~4A). These results suggest that the N-terminal half af;Gi
GTPyS binding for C3 (1.21 mint) (not shown) was~30 contains an essential GPR interaction site(s) that allow(s)
times faster than that for C4 (0.039 m# (Figure 5). The ~ GPR to inhibit the nucleotide exchange.

GPR-proteins did not notably affect the kinetics of GBP GPR-proteins compete with& subunits for binding to
binding to C3 (not shown). In contrast, AGS3GPR and Pcp2 Go.GDP (10, 11). The N-terminal helix of @ is one of the
markedly inhibited the rate of G/ binding to C4 (Figure  major G3y binding sites, and, therefore, might have been a
5A,B). The IG values for the inhibitory effects of AGS3  site of competition between GPR ang3z Chimera C5
(0.49 uM) and Pcp2 (0.63:M) on C4 were only~4-fold (Figure 1A), containing the 35 N-terminal residues and the
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Ficure 5: Interactions of AGS3GPR and Pcp2 with chimera C4. The binding ofy&T® C4 (0.2uM) in the absencel) or presence

of AGS3GPR (A) and Pcp2 (B) [0.1GM (*), 0.3 uM (#), 1 uM (@), 10 uM (¥), 20 uM (A)] was initiated by the addition of

5 uM [3°S]GTP/S. C4-bound GTPS was counted by withdrawing aliquots at the indicated times. The initial rates of &bding

[mol of GTPyS/(mirrmol)] are as follows: 0.03% 0.004 @), (A) 0.033+ 0.003 (*), 0.023+ 0.002 @), 0.009t 0.001 (v); (B) 0.027

+ 0.004 @), 0.021+ 0.003 @), 0.005+ 0.001 @). (C) The initial rates of GTPS binding to C4 are plotted as a function of AGS3GPR

(a) or Pcp2 W) concentrations. The Kgvalues M) are 0.49+ 0.04 (a) and 0.63+ 0.05 @). (D) The relative increase in fluorescence
(F/Fo) of Pcp2BC (40 nM) was determined following the addition of increasing concentrations of C4. The binding curve characteristics are
Kg = 0.32+ 0.03uM and F/FOmax = 4.7.

switch regions of Gi;, was generated to probe a possible experimental conditions and have proper overall folding. The
involvement of the Gi; N-terminus in the binding to GPR-  lack of functional coupling of the GPR-proteins to C5
proteins. Similarly to C2, the kinetics of GJB binding to together with the sequence identity between the, Gsidues
C5 were very fast with the initial rate exceeding 5 nlin  36—53 and Ge. residues 4360 indicated that the remaining
(not shown). No inhibition of GTPS binding to C5 by GPR recognition domain is localized within the helical
AGS3GPR and Pcp2 was detected (not shown). In agreementomain of Giv.
with this observation, the pull-down assay showed no Identification of a Gi/GPR Interaction Site within the
coprecipitation of C5 with GST-Pcp2 (Figure 3). Helical Domain of Gi.. To further delineate the GPR
The rates of GTPS binding, and hence the rates of GDP interaction region within the helical domain of&gij a larger
release, were extremely high for two chimeras, C2 and C5, N-terminal sequence of Gi, Gioy-1—88, was replaced in
indicating that these proteins can readily lose GDP. However, C2 to produce chimera C6 (Figure 1A). This chimera was
the high GTR'S binding rates and the lack of GPR binding functionally folded as judged from the trypsin-protection
to such chimeras were most likely not due to the loss of assay (Figure 1B). The initial rate of G¥B binding to C6
GDP or gross conformational changes. The @$®inding was relatively fast (0.44 mirt) (Figure 6). No inhibition of
and pull-down assays were carried out in the presence of 10GTPyS binding to C6 was observed in the presence of 20
uM GDP, the same nucleotide concentration as used in theuM Pcp2 or AGS3GPR (Figure 6). Furthermore, C6 did not
trypsin-protection assay. The trypsin cleavage of C2 and C5 coprecipitate with GST-Pcp2 in the pull-down assay (Figure
in the presence of GDP produced proteolytic fragments of 3). In comparison to C6, chimera C7 contained.Gesidues
~20 kDa that are characteristic of tryptic digests of GDP- 123-177 from the helical domain (Figure 1A). In contrast
bound Gx subunits (not shown}1Q). The trypsin-protection  to C6, C7 had a lower GTFS binding rate (0.066 mir)
assay in the presence of GDP and AlkFigure 1B) also (Figure 7). AGS3GPR and Pcp2 effectively inhibited GBP
suggests that C2 and C5 subunits bind GDP under ourbinding to C7 with IG, values of 0.5 and 0.6%M,
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Cé6 (Kg = 0.4uM) was comparable to that of @i (Figure 4A).
The analysis of chimeric & subunits C+C7 indicated a

7 1007 GPR binding site(s) within the switch regions and a second
site within Gin;-123-176, which is important for the GDI
754 activity. The crystal structures of Gishow that within G-
123-176, only residues 144151 are surface-exposed on
50 the same side of @i as the switch regions20, 21).
Furthermore, this face of &is a probable route for the
release of GDP20—23). These considerations were taken
into account in designing chimera C8, which was derived
0 : : from Giay by replacing residues 144151 with Gs-specific
0.0 2.5 5.0 7.5 10.0 residues. Only three residues in C8 are different from the
wild-type Gioy: Arg#4—Asn, Asi*®—lle, and Ser*’—Cys.
FiGUre 6: Effects of AGS3GPR and Pcp2 on the kinetics of @3P c8 Wa.s correctly .folded as_evidenced by Fhe. trypsin-
binding to chimera C6. The binding of GFB to C6 (0.2uM) in protection assay (Flgu_re 1B). The rate of G/'B3b|nd|ng_to
the absencel) or presence of 2@M AGS3GPR ) and Pcp2 C8 was significantly higher (0.28 mif) than that to Gi;
(a) Wan igi%l;fgdbbydt_he a[lddiltio? gf _%MSE;;?LGJQ;]S&W% izi;iill (Figure 8A and ref®, 11). AGS3GPR and Pcp2 at 20M
rates o Inding {mol o ! re U. concentration did not change the kinetics of GBrbinding
0.03 @), 0.50+ 0.05 (v), and 0.43+ 0.04 @). to C8 (Figure 8A), and the pull-down assay confirmed the
respectively (Figure 7AC). Efficient functional interaction ~ impairment of C8 binding to GST-Pcp2 (Figure 3). The
of C7 with Pcp2 was confirmed in the GST pull-down and sensitive fluorescence binding assay detected a weak residual
Pcp2BC fluorescence assays (Figures 3 and 7D). Using theinteraction between C8 and Pcp2By & 2.4 uM, F/FOmax
fluorescence binding assay, the affinity of C7 for Pcp2BC = 3.1) (Figure 8B).
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Ficure 7: Interactions of AGS3GPR and Pcp2 with chimera C7. The binding ofy&T® C7 (0.2uM) in the absencelM) or presence

of AGS3GPR (A) and Pcp2 (B) [0.3M (#), 0.5uM (@), 1 uM (x), 2.5uM (*), 10 uM (), 20 uM (a)] was initiated by the addition

of 5 uM [35S]GTPyS. The initial rates of GTS binding [mol of GTR'S/(mirrmol)] are 0.066+ 0.006 @), (A) 0.035+ 0.003 @), 0.021

=+ 0.002 (*), 0.012+ 0.001 (v); (B) 0.037+ 0.004 (#), 0.030+ 0.003 (x), 0.006+ 0.001 @). (C) The initial rates of GTPS binding

to C7 are plotted as functions of AGS3GPR)(or Pcp2 ®) concentrations. The kg values M) are 0.50+ 0.04 @) and
0.65+ 0.05 @). (D) The relative increase in fluorescen&éo) of Pcp2BC was determined following the addition of increasing concentrations
of C7. The binding curve characteristics #g= 0.40+ 0.03uM and F/FOnax = 5.2.
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by the addition of 5uM [3°S]GTPyS. The initial rates of GT#S binding [mol of GTRS/(mirrmol)] are 0.28+ 0.02 @),
0.24+ 0.01 (v), and 0.26+ 0.02 (). (B) The relative increase in fluorescenégRo) of Pcp2BC (40 nM) was determined following the
addition of increasing concentrations of C8. The binding curve characteristi¢§ a8.4 + 0.3 uM and F/Fomax = 3.1.

DISCUSSION in binding to GPR-proteins. This finding is consistent with
o . o the preferential recognition by GPR-proteins of a GDP-bound
GTP binding proteins are key cellular signaling molecules conformation of @ subunits of the Gi family. However,
that switch between two main conformations: inactive, GDP- the pinding of chimeric @ containing only the Gi switch
bound; or activated, GTP-bound. A GTP binding protein is yegions to GPR-proteins was much weaker than that of the
activated when the bound GDP is released and exchangedyji-type Gie. More importantly, the presence of&@switch
for GTP_. Intrinsic GTPase activity inactivates G-proteins by regions was not sufficient for GPR-proteins to act as GDIs.
converting the bound GTP to GDP. Three groups of protein pn additional site, Giy-144-151 @D—oE loop), critical
modulators control the activation/inactivation cycle of small ., the high-affinity functional interaction betweendand
monomeric GTPases: guanine nucleotide exchange factors, GpRr-protein, has been identified within the helical domain.
(GEFs), guanine nupleotlde _dlssouatlon inhibitors (GDIs), A replacement of a Gsspecific sequence corresponding to
and GTPase-activating proteins (GAPBJX GPCRs play & Gjy,-144-151 into Gix abolished functional coupling of
role of functional analogues of GEFs for heterotrimeric GTP GPR-proteins to the chimeric @Gsubunit. Significantly
binding proteins (G-proteins). A ligand- or signal-activated G, 144151 includes several residues making important
GPCR |_nduces GDP reIe_as_e from & Subunit Qf acognate ierdomain contacts, particularly with the switch Il region.
G-protein, followed by binding Of_GTP _a_nd dissociation of Arg'#and GIi*4’ form direct or water-mediated contacts with
Gpy. Recent reports suggest that in addition to GPCRs, otherAszgl, Va3, and Arg*2 from the switch Il loop in the

G-protein modulators, such as AGS1, exhibit a GEF-like ; ; :
- ' ' . GTPyS-bound conformation of @i (20, 21). In the GaGDP
activity toward G-proteinsap). The mechanism of AGS1 structure, the switch Ill loop is destabilized andith the

B o A, o, ©Xcpion f the AG9ASE cotac heheica domai
) p ’ switch 1l interactions are disrupte@y). Similar aD—oE

G:rzlfeIfsorbe?\/-vperg;elrgts)iﬁ;tzc)% OAfIt:]%l:‘%?né?ii g?ggzre]zl an dIoop/switch Il contacts are seen in the structure afGIPyS,
b and remain largely intact in GGDP 22, 23). However,

heterotrimeric G-proteins are evident, the molecular mech- . . ; .

. . L the conformational change in switch Il of @tinduces a
anisms of GPCRs and RGS-proteins are quite different from change in position of Gt-143-145 23). The short segment
those of their functional GEF and GAP counterparts. A genp R - S€9

. , : C HQLNMin Gto (**'QLN**%in Giay) is the only site in the
comparison of @y function to that of GDI is more intricate. elical domain of Ga that differs in G6GTP/S and
Gpy subunits reduce spontaneous nucleotide exchange o tIGDP 3' Int tinal G'mf nl149 Gt Awnl“'f’) :
Ga subunits by inhibiting the release of GDP. However, in sugstitutec(jz b)y amlelzzsr:ensgi]dylje inlfS?sTwo(otﬁerSresidLIJZs
contrast to GDIs, which antagonize the action of GERSy G within Gioy-144—151 are different between Giand Gst:

subunits are absolutely essential for the activation of G- 144 . ; .
proteins by GPCRs. Furthermore, GPCRs might directly Arg (Asn .and SefiCys. The Ia_ck of matc_hmg'hellcal
domain/switch Il contacts most likely explains high rates

utilize GBy to promote dissociation of GDP fromdX29). S ) o
A novel group of G-protein regulators containing the GPR ©f GTPYS binding observed in a number of tested chimeric
Ga subunits. A loss of the interdomain contact involving

motifs may represent “true” GDIs for G-proteins. Not only 124 42 o !
have GPR-proteins been shown to block dissociation of GDpAr9™** and Led* was shown to significantly increase the
rate of GDP dissociation from @i (30). In addition to the

from Ga subunits of the Gi family, but they are also capable , o ,
of inhibiting G-protein activation by GPCR8,©). The GPR- regulation of GDP rglease and r'ecognmon of GPR—prote[ns,
protein binding sites on @ subunits as well as the mech- theaD—aE loop/switch Il coupling appears to be essential
anism of GDI activity of GPR-proteins have been the focus for @ GPCR-mediated activation of G-proteirgi)

of this study. We took advantage of the fact that known GPR-  The Giny-144—151 region can contribute to the GPRGi
proteins do not interact with Gs and constructed a series interaction in two ways. Since the helical domain/switch 111
of Gio/Gsn chimeras. The functional analysis of these interface is conformation-sensitive, it probablpgether with
chimeras demonstrated that thexGiwitch regions participate  the switch FII regions—forms a GPR binding surface. In
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addition, Gou-144—151 may directly interact with GPR-
motifs. The Gioy-144—151 and switch 1l constitute a part
of a deep nucleotide binding cleft between the helical and
GTPase domains. Binding of a GPR-protein to theuGSi
144—151/switch Il region and switches I/l not only would
stabilize the GDP-bound conformation ofdsbut also is
likely to physically block GDP release. The latter mechanism
is consistent with the observation that GPR-proteins inhibit
AlF,~ -induced activation of GIGDP (12, 13).

The helical domain (11) and switch Il (12) are two of the
four insert regions (1414) that are unique for heterotrimeric
G-proteina subunits 2). Therefore, the mechanism of GDI
activity of GPR-proteins would most likely be different from
that of GDIs for monomeric GTPases such as RhoGDI. The
RdoGDI/Cdc42 structure revealed the critical interactions of
the amino-terminal arm of RdoGDI with the switch | and Il
regions of Cdc42 that inhibit GDP release via stabilization
of Mg?" coordination and bound GDR2). In contrast, the
binding of a GPR-protein to switches | and Il ofdGappears
to be insufficient for the GDI activity.

Overall, our data suggest the GDI activity of the GPR-
protein involves a novel mechanism that is different from
that of G3y subunits. Unlike @y subunits, GPR-proteins
appear to utilize the helical domain/switch Il interface to
inhibit the release of GDP. The inhibition probably involves
a physical blockade of the GDP escape route.
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