Yolume 308, number 1, 75-78 FEBS 11423

August 1992
© 1992 Federation of European Biochemical Socicties 00145793/92/85.00

Subunit interactions of the Go protein
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The moneclonul antibody, MONO, recognizes an epitope on the G protein ao-subunit [van der Voorn et al., submitted] and readily immunopre-
cipitates heterotrimeric Go proteins from solubilized, crude bovine brain membranes, as well as from a purified bovine brain G protein preparation.
Upon incubation of the immunapreeipitutes with GTPS, all Sy-subunits are released from the ao-subunit. Thus, binding of MONQ to the Go
protein does not appear to interfere with relcase of bound GDP, binding of GTPyS or GTPyS-induced subunit dissociation. Mowever, we have
been unable to induce u similar disseciution of Go using its physiological activator, GTP. Surprisingly. we did not abserve any dissociation of Go
(bound to MONG) upon dilution in a range from 500 to 5 nM. Since an apparent &, of 20-GDP for binding By of 340-390 nM has been reported
(¢1989) J. Biol. Chem. 264, 20688-20696] our results would suggest that binding of MONO to the go-subunit induces an increased affinity of 4o-GDP
for By. Alternatively, these results could be explained if, under the conditlons used, the &, of ao-GDP for By were ut least two orders of magnitude
lawer than estimated previously,

1. INTRODUCTION

Heterotrimeric guanine uucleotide binding regula-
tory proteins (G proteins) serve to transduce signals
from a variety of transmembrane receptors to a hetero-
geneous group of intracellular effectors. All known G
proteins have a common design: they consist of a 39-52
kDa a-subunit that can bind guanine nucleotides and
possesses intrinsic GTPase activity, a 35-36 kDa §8-sub-
unit and a y-subunit of about 10 kDa (for recent reviews
see {1-4)].

G proteins cycle between an inactive, GDP-bound-
and an active, GTP-bound form (reviewed in [5,6).
Upon association with GTP, G proteins regulate the
activity of appropriate effectors until hydrolysis of GTP
to GDP restores the system to its resting state. The
dissociation of GDP, the rate limiting step in the basal
GTPase cycle, is markedly enhan ed by interaction with
ligand-occupied receptors. Studies with non-hydrolyaa-
ble GTP analogues have indicated that a cycle of sub-
unit dissociation is superimposed on the GTPase cycle:
binding of GTPyS to the G protein a-subunit is accom-
panied by dissociation of the fy-subunits from the com-
plex [7-9].

Recent experiments in mammalian systems suggest
that not only GTP-liganded a-subunits but also free
By-subunits may directly inhibit or stimulate the activ-
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ity of specific effectors [10,11]. Dissociation of an acti-
vated G protein into its @- and Sy-subunits may thus
result in an early bifurcation of the signal transduction
pathway. This finding implies that the amounts of free
Pr-subunits in the membrane must be tightly regulated.
It is presumed that. upon hydrolysis of bound GTP, the
GDP-liganded a-subunit again displays high affinity for
Br-subunits. Consequently, hydrolysis of GTP to GDF
may lead not only to inactivation of a-subunits, but also
to sequestration and concomitant ‘inactivation’ of free
Br-subunits. In contrast to the free - and Sr-subunits,
the resulting heterotrimeric G protein can be activated
efficiently by ligand-occupied receptors [12).

In spite of the postulated, impartant role of subunit
dissociation and re-association. the interactions be-
twesn G protein @- and fSy-subunits have been difficult
to investigate directly. We have described the develop-
ment and characterization of a monoclenal antibody
(MONO) that recognizes an epitope on the Gog-sub-
unit (van der Voorn et al., submitted). Here we show
that, using MONO, heterotrimeric Go can be im-
munoprecipitated from solubilized crude bovine brain
membranes, as well as from a purified bovine brain G
protein preparation. Making use of this unique prop-
erty of MONO, we examined the interaction between ao
and its §y-subunits under various conditions,

2. MATERIALS AND METHODS

2.1, Materials and miscellancous methods

Crude bovine brain membranes were prepared and bovine brain G
proteins were purified according [13]. Purified protcins and mem-
branes were aliquoted, quick-frozen in liquid Ny and stored at -80°C
until use, Pratein concentrations were determined by the methed of
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Brudford [14) using bovine serum albumin fraction V (BSA) (Sigmu)
as u stundurd. Nucleotides were obiined ‘rom Signma, The purity of
severnl billches of GTP wus anulyzed by HPLC, showing thut >93%
of the nueleotide present in these siumples wax indeed GTP (dutn not
shown).

Mouse monoclonal untibody MONO {1gGl) wus generated and
charaeterized us deseribed (van der Yoorr. et ul., submitted): MONO
revognizes an epitops located betwean amine acid 80 und 145 on the
bovine ao-subunit. The presence of u pra‘ine at position 122 of 2o is
essential for recognition by MONO., MONO immunuoglabulins were
crosslinked (o prot A-Sephurase teuds (Pharmagin) according to (1 5).
All Jazubations with MONO-beads wera done under constunt agita-
tion.

3.2, harmunoprecipitation

Immunoprecipitations were carrisd out in buller A: 30 mM Na-
HEPES, pH 7.6, | mM EDTA, 0.1 (viv) lubrol PX (Sigma) and 2
mM MpSO,. unless staied otherwise, GDP, GTP, GTPyS, purified
bovine briin G proteins or crude bovine brain membranes were udded
as specified in the fegends. Crude bavine brain membrunex were lyzed
in | mi buffer A for 30 min at 4°C. Insoluble debris were spun down
(12,000 % g for 18 min at 4°C) und the supernstunt was used in
immuneprecipitation experiments, G proteins were immunoprecipi-
tated either with 100 gt (packed volume) MONO-beuds (1 h incubi-
tion) or with ascites of the monoclonal nitibody in a 1:333 dilution.
After an incubation for 45 min at 4*C with wicites, 100 ul ol a 10%
(w/v) suspension of formalin-fined Staphyloeaccus aurens (Staph A) in
bulfer A was added and incubuted for u further 15 min. Immune
complexes were anulyzed by SDS-PAGE on a 12% (w/v) gel [16] and
stained with Coamassic blue.

3. RESULTS

Previously. we have demonstrated that virtually all
Go cun be removed {rom the bovine brain G protsin
preparation by immunoprecipitation with the monoclo-
nal antibody, MONGQO (van der Yeoorn et al.. submitted),
In addition. MCNO cun be used to efficiently im-
munoprecipitate heterotrimeric Go from solubilized.
crude bovine brain membranes (Fig. 1. lunes 1). The
amount of Go that is recovered from the membranes is
consistent with Go protein making up 0.5-1% of total
brain membrane pratein {13).

Using MONO to meonitor Go subunit interactions,
we examined the effects of guanine nucleotides on the
stability of the complexes belween ao and £y. Upon
pre-incubation of either purified bovine brain G pro-
teins or crude bovine brain membranes with GTPyS,
ao-subunits devoid of By-subunits were immunoprecip-
itated by MONMNO (Fig. 1. lanes 3). Similar results were
obtained when Go was first immunoprecipitated using
MONO-beads and subsequently incubated in the pres-
ence of GTPyS: all Sy-subunits were released (Fig. 2.
lane 4). From bovine brain membranes, as well as {rom
the purified bovine brain G protein preparation. com-
parable amounts of zo-subunits were recovered in the
absence or in the presence of GTPyS. Apparently. bind-
ing of MONO to the ao-subunit does not interfere with
release of bound GDP, with binding of GTP¥S or with
GTPyS.induced subunit dissociation.

However, we have been consistently unable to induce
dissociation of Go when using its natural activator GTP
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Fig. 1. Effeets of guanine nucleotides on Go subunit interactions:
incubation of G proteins with guanine nucleotides, followed by im-
munoprecipitation of Ge, 400 ug ol solubilized, bovine brain mem-
branes (A) or 2 up ¢25 pmol) purified bovine brain G prateins (B) were
incubated for 30 min at 20 *C in 2 mi buffer A, supplemented with
0.5 mM ATP und containing either 100 4M GDP (lanes 1), 100 uM
GTP (lunes 2) or 100 #M GTPpS (lanes 3). Subsequently, Go wax
immunoprecipitated uwing MONO-beads as described in sestion 2,
Immune compleses were anulyzed by SDS-PAGE. fallowed by
Coomussie xtaining. In lune G, | pg of puriticd bovine brain G pro-
teinx was loaded. On the left, positions of G protein - and S-subunits
und the position of the immunoglabulin light (L) chain are indicated,

(as opposed to GTPyS) in the presence of physiological
Mg~ concentrations (Fig. 1, lunes 2; Fig. 2, lane §).
Compurable results were obtained when using 0.1-10
mM Mg*™ or GTP concentrations of 0.5 mM, a value
that approximates to intracellular GTP levels [17] {(data
not shown).

Upon dilution of Go (bound to MONO) in a range
from 500 to § nM, the amount of ao recovered was
constant (Fig. 3). demonstrating that the total Go pop-
ulution originally bound to MONO remained bound
during the experinients. At higher dilutions of Go (<$§
nM), the affinity of the monoclonal antibody for Go is
insufficient, and heterotrimeric Go is lost from the im-
mune somplexes (data not shown).

Suyprisingly. upen dilution of Go (bound to MONQ)
in the presence of GDP, and subsequent incubation for
1 hin buffer A, no loss of By from the ac-subunit was
observed even at the lowest Go concentrations exam-
ined (5 nM) (Fig. 3). Similar results were obtained when
buffer A was supplemented with 150 mM NaCl (results
not shown). As a K, of @o-GDP for binding 8y of
340-390 nM has been reported [18], one would expect
to lose a very substantial proportion of 8y from the
aoc-subunit upon dilution to 5 nM. As this is apparently
not the case, this experiment suggests that, under the
conditions used, the affinity of @c-GDP for By is much
higher than estimated previously.

4. DISCUSSION

In this paper we describe a method 1o assess Go
subunit interactions. The moneoclonal antiboedy,
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Fig. 2. Effects of guanine nucleotides on Go subunit interactions:
immunoprecipitation of Go, followed by incubition with guanine
nucleatides, Purified bovine bruin G proteins (25 pmal) were im-
munoprecipitated with asgites of MONO us deseribed in section 2,
Subsequenily, immunaprecipitites were incubated for | h at 20 *C
under constant agiation in 2 mi butfer A, contuining either 100 uM
GDP (une 1), 100 M GTPyS Clane 3) er 100 2M GTP (lune 3), Alter
recavery by centrifugution, the Immunoprecipitutes were unalyzed by
SDS-PAGE and Coonuissie staining. 1n lane G, 2 pg of the purified
bovine brain G protein preparation were Joaded. The positions of the
- and A-subunits of Go and the positions of the immunoglobulin
hewvy (M) and light (L) ehains are indiited on the right,

MONO., which has been shown to bind exclusively to
an epitope on the ao-subunit (van der Yoorn et al.,
submitted). recognizes heterotrimeric Go and free o
equally well, In addition. we show here that MONO can
be used to immunoprecipitiate Go with high efficiency
from crude bovine brain membranes. Under the condi-
tions used, no polypeptides other than fy-subunits were
found to co-immunoprecipitate with the ao-subunits.

Using this monoclonal antibody in immunoprecipiti-
tion experiments, the stability of the complexes between
¢o and Sy (derived cither from crude bovine brain
membranes or from a purified G protein prepuration)
can be cusily followed. Upon incubation of Go with the
non-hydrolyzuble GTP analogue. GTPyS. at various
Mg** concentrations. complete dissociution of Go was
observed, and ao-subunits devoid of fy-subunits were
immunoprecipitated with MONO, However, we were
unable to detect uny dissociation of Go when using
GTP instcad of GTPyS.

Previous studies, in which the interactions between
purified ao- and By-subunits were investigated, have
similarly failed to demonstrate that GTP, the physiolog-
ical regulator of G protein activation, affects Go-sub-
unit interactions {18-20]. A characteristic shift in the
sedimentation coetlicient of the @o-subunit accurs upon
incubation of Go with GTPyS. as meusured by sucrose
gradient centrifugaiion in the continuous presence of
excess nucleotide. This shift is due to the dissociation of
By-subunits. No shifl in the sed!mentation coctficient of
ao was found upon incubation of Go with GTP instead
of GTPyS [18,20].

It can be argued that, under the conditions used, Go
dissociates into ao-GTP and Sy when GTP is bound,
but daes so for a very liraited timespan only: the rela-

Fig. 3. Dilution doss not affect subunit interactions of Go bound to
MONO-beads, Using MONO-bends, Go was immunoprecipitated
from 100 a4l buffer A, containing 50 pmol purified bovine brain G
proteins ax deseribed in section 2, Next, immune pellets were diluted
in the following umounts of buffer A, containing 100 uM GDP, 0.1
ml (lune 1), 0.2 mi (lune 2), 0.5 mi (lune 3), { mi (lune 4), 1.66 ml (lune
§) 3.5 mi (lune 6) S ml tlune 7). 10 m] (lune 8), und incubuted for 1
ut 4 *C. Thas the maximal G protein concentations in these sumples
runge from 500 to § nM, Follawing the incubation. MONO-beids
were recovered by ceatrifugation und the bound material was anulyzed
by SDS-PAGE und stuining with Coomassie dblue. In lune G, 2 ug of
the purified bovine brain G proteins were loaded, Positions of the G
protein &- and S-subunits und the position of the immunoglobulin
light (L) chain are indicated,

tively fast hydrolysis of GTP by the intrinsic GTPase
activity of @o would lead to the formation of ao-GDP,
which again has high affinity for 8y. such that they
would rapidly re-associate. As the time required to hy-
drolyze bound GTP is much shorter than the time re-
quired to complete the remainder of the basal GTPase
cycle [21.22]. at steady state. only 4 minor fraction of
Go would be dissociated. Thus, it is possible that the
methods employed. including the method presented in
this paper. have not been sensitive encugh to detect this
small proportion of dissociated subunits.

Upon dilution of Go (bound to MONQO) in a range
from 500 to 5 nM. no loss of Sy from the @o-subunit
was observed. a finding which is nol consisient with the
reported K, of ao for binding Sy of 340-390 nM ({18].
Two explanations for our results could apply: firstly.
the high affinity of ¢o-GDP for §y we observe in our
experiments might result from the binding of MONO to
the @o-subunil and thus not necessarily reflect the ac-
tual K, of @o-GDP for binding Sy. Il true. this finding
would be interesting in itself, We have shown (van der
VYoorn et al., submitted) that the binding site of MONO
on the ao-subunit is located in a large, supposedly cyto-
plasmic loop (@o amino acids 57-152) [23.24] of un-
known function. One could speculate that. anatogous to
MONQ, in vivo, an as yet unidentified cellular factor
might interact with this loop and thus increase the affin-
ity of @o-GDP for fy. Alternatively. the actual affinity
of @o-GDP for 8y may be much higher than estimated
previously.

Based on our experiments. we can not discriminate
between these tweo possible explanations for our results.
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Nevertheless, data reported by other uuthors [20,22,25]
support the latter explanation. Most convineingly, Hi-
gashijima et al. [22] report major differences in steady-
state GTPase activitics between purified heterotrimeric
Go and free @o-subunits when measured at various
Mg™ concentrations. These experiments were per-
formed at low concentrations (13 nM) of either Go or
ac. The observed differences in steady-state GTPase
activities are most casily explained by assuming that
By-subunits can affect the GTPase activity of @o-sub-
units. However, this assumption implies extensive, di-
rect interactions between ao and By during several
rounds of the GTPase cycle. which, at the subunit con-
centrations used (13 nM), would seem inconsistent with
the reported K, of @o-GDP for binding 8y of 340-390
nM [18]. In vivo, a relatively high affinity of a-GDP for
By-subunits may be required to effectively dampen sig-
nal transmission by free @- and Sy-subunits under non-
stimulated conditions.
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