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G, associates with another 40 kDa brain protein
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Gudnine nueleotide binding preteins (G prateins) medinle u varialy of cellular responses o externad stimuli. Pure € protein, receptor, and offcerer

ure fuflicient o revonstitute hormonu! activation of un clfector in phespholipid vesicles, but ether components may be impoartant Tor speciticity

or localization in vivo, If another protein asyociutes with G, the meleeular weight of G, selubilized from membrines would be larger than the

molécukar weight of G, ufter purification. We find that G, solubilized from bovine brain membeines by Triton X-100 beluves s u single population

of molecules on sucrose density gradients and gel filtration columns. [1s molecular mass i+ ubout 40 kDu targer than pure G.. Association of G,

with the other protein s lrugile as the prateins dissociate on further purification. There was e difference in ADP-ribosylation of tryptie cleuvage
of G in larger and smaller form. These studies provide a busis for future experiments to stabilize the interaction und identify the protein.

QO protein; Signal trunsduction; Sucrose gradient: Stokes radii; Moleeular weight

1. INTRODUCTION

A variety of cellular responses to external stimuli are
mediated by a group of guanine nucleotide binding pro-
teins (G proteins) made up of &, 8, and ¥ subunits, The
basic compaonents of this signal transduction system are
a receptor, an effector, and the G protein that couples
the two. Incorporation of pure receptor, G protein and
effector into lipid vesicles is sufficient for agonist
stimulation of the effector. For example, isoproterenol
can stimulate adenylyl cyclase when pure g-adrenergic
receptor, G,, and adenylyl c¢yclase are incorporated into
phospholipid vesicles [1]. While such reconstitution
studies reveal the minimum number of components,
they cannot reveal whether other proteins interact with
the signalling system. Such interactions may modulate
the strength or specificity of responses, or localize the
signal transducing molecule to membrane domains, For
example, in some neural cells, a, is localized 1o growth
cones where it interacts with GAP 43, an intracellular
protein that can modulate GTP+S binding to G, [2].
Similarly, calmodulin interacts with G proteins and the
catalytic unit of adenylyl cyclase [3,4]. Cytoskeletal
proteins can also interact with G proteins and other
parts of the transduction system [5-11).

Although purification of the componenis is essential
for precise analysis of their structure and function,
there is a danger that during purification loosely bound
regulatory or localizing proteins may be lost. As an in-

itial step in determining whether other proteins
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associate with G proteins, we asked whether the
molecular weight of the G, as first solubilized from the
membrane is larger than the molecular weight of the
pure protein. A larger molecular weight would suggest
that G, is -assoclating with another protein, We
measured the molecular weight of G, in unfractionated
solubilized membranes by the hydrodynamic techniques
of sucrose density centrifugation and gel filtration. As
long as a particular protein complex in a mixture of pro-
teins behaves as a single hydrodynamic particle, its
molecular weight can be explicitly determined. To iden-
tify Go, we analyzed fractions from sucrose density gra-
dients and gel filtration by Western blots probed with
antibody to oo and &. These studies show that the whole
population of G, molecules is initially solubilized from
brain membranes as a complex with another protein.

2. MATERIALS AND METHODS

2.1, Triton X-100 solabilized bovine brain membrane preparation

Calf brains (obtained from a local slaughter house) were dissected
on ice, and the cortices (80 g) were homogenized i 400 ml 50 mM Tris
(pH 8.0), 75 mM sucrose, 1 mM EDTA, 6 mM MgCl;, 1 xg/m! soy-
bean and lima bean trypsin iruibitors, 3 mM benzamidine, 1 mM
dithiothreitol (buffer A). All reagents in buffer A were from Sigma.
The homogenate was centrifuged at 10000 g for 20 min at 4°C, the
pellet resuspended in 350 m! buffer A and recentrifuged at 10000 x g
for 20 min at 4°C, The pellet was resuspended in 100 m! of buffer A
and frozen at —70°C. Crude membranes (1 mi) were mixed with 1 m!
buffer A containing 2 xM GDPS3S and 2% Triton X-100 (Fisher) and
gently shaken at 4°C for 90 min, then centrifuged at 22 000 x g for 70
nun at 4°C. The supernatant (5.6 mg/ml) was coliected for subse-
quent analysis.

2.2, Physical propertie: of Triton-solubilized G, an-d purified G,
The sedimeniation coefficien: and ¢ were determined as previously
described [i2]. The 5-20% sucrose gradients were made up in buffer
A with 0.3% Triton X-100 and were internally calibrated with BSA
S20,w, 4.31 S. 9, 0.732 cm*/g, carbonic anhydrase, Siwow 2.85 S, ¥,
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0,738 o', and cmtalase veo 1139, 2, 0,230 an'/g. The Stoke
radiuy wis determingd by geb Tilation on Ulregel ACA-X4 (LK)
votuinny cquilibedied with buller A, 0.)%% Tritan X100 and irnvenal:
Iy calibrated with f-galactonidase 169 &), BYA (17 A, evalbuimin (37
A, amd alakine {52 A,

2.4, Misceltaneony methods

Purified Gu, way prepared av previewly deseribed [13), Protein wan
determined by the method of Lowry (14] snd modified by Bailey [13],
SDSPAGE was sarried oul as deveribed by Lacwmli (16), sndl
Westeriy bloty perferimed by the method of Towbin (17) us described
previgusly (V2] The dntia, and antig apibodics have been previous:
Vy described from this labaratory (13). ADP-ribosylation by pertussh
toxin (Li Biologicald was carried aut as provieusly deseribed 112) Yor
10=30 min i the prevence of 010 4M GTPS. Tryptic digestion way
curred out wx previously deseribed {18) Yor 10=30 min in the presenee
of 0=10 pN GTPy8,

3. RESULTS

3.1, G, is monodisperse in Triton X-100-solubilized
brain membranes

Fig. 1 shows that all of the Tritan-soluble G, applied -

10 a sucrose density gradient sediments as a single peak.
On sucrose gradients the peak width at half-heighit for
Triton-soluble G, is the same as for the marker pro-
teins. The ratio of peak width for Triton-soluble Gy to
the peak width for marker proteins was 1.05 1 0.24
(n=11). By gel filtration, Triton-soluble G, also elutes
“as-a single peak. The rutio of peak width for Triton-
soluble Ciy to peak width for marker proteins was
0.85:0.19 (n=6). The observation that there is only
one peak of G, that is no wider than a peak of pure pro-
tein suggests that G, makes up a single population of
molecules and is not randomly aggregating with other
proteins.

3.2. The moiecular weight of Triton X-100-solubilized
G, Is larger than purified G,

To compare the molecular weight of unfractionated
solubilized G, to purified Ga, we measured the sedimen-
tation coefficient (sio.w), Stokes radius, and partial
specific volume (¥) of both preparations in parallel, The
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Fig. 1, Elution profilé of Triton-solubilized G, on 5-20% sucrose

gradient. Bovine brain membranes were prepared and anaiyzed as

described in Materials and Methods. Coomassic-stained gels and

Western blots were scanned with an LKRB Laser Densitometer and ar~

bitrary units plotted versus fraction number, (O) catalase; (A) BSA;
(@) carbonic anhydrase; and (@) Go.
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Table |

Phyvical praperies of Trivow X000 solubilized and purified G in e
prasence of 1 oM GRVIS
Triten X-100 vol.
Partial epecific volume, 080 2 0,02 (1Y)
¢, tmlrgy®
Sedimentation voelfi: 8.6 = 03 (1D
IeAlL Xy w (8)
Stokey radius, e (A) 67 2 3 (&) Moo (4)

e

Parameier? Purified G

0.77 & 0.02 (1))

4.3 203 Q)

Molecular weight 212000 124 5060
My {191 0002230001 (103 000-) 39 000y
Triten X-100 boundt,  0.32 0.1? .
{mig/myg protein)
Maoleeubar weight of 144000 101 W00

profein C(L30000=-138000) ¢ BT 000=113000)

“The values nre caloulated from all possible paired combinaions of
data from H:Q and D10 gradients, and the results given are the
averages = SE. Ther amber in parenthests is the sum of experimeats
in ™ and D:0
The valuex of P were caleulated from H30 and 10 gradients by the
method of Sadler (24) )

* Malecular welght was calenluted aceording 1o the Tollawing egua-

von:
6 x Nyrow
I=- (¢ 9!0.#)
where N is Avogadro's number, 7:q.w i3 the viscosity of water at
20%C, gzo.w ix the density of water at 20°C

¥ Range values were ealeulated using 1 SE abave and below each
parameter '

! Caleulated using Ppocin = 0.735 and Pren= 0,94 [25)

M, a Sxom

partial specific volume was determined by the position
of G, relative to markers in H;O and D20 sucrose den-
sity graclients. Table I shows the measured parameters
and calculared molecular weight of Triton-solubilized
G, and purified Ga. There was no significant difference
in the partial specific volume for Triton X-100 solubiliz-
ed Go and purified Go. Both s20.w and Stokes radius
were larger for Triton-solubilized G, than for purified
Go. The values obtained for pure Go are in agreement
with those previously reported [12]. The molecular
weight of Triton-solubilized G (detergent plus protein)
is 212000. However, 3200 of this mass is detergent so
that the molecular weight of the protein is 144000. The:
molecular weight of pure G, detergent protein complex
is 124000 with 17% Triton bound giving a molecular
weight of 101000 for the protein  portion. The
molecular weight predicted from the sum of the com-
ponents for «,8, and 4 is 85000. The difference in
molecular weight between Triton-soluble G, and pure
Go is 43000 and represents the total mass of material
associating with Go in Triton-solubilized membranes.
The additional mass most likely represents a protein
component*. If it were carbohydrate only, the ¥ would
be smaller than that of purc G, while this mass of lipid

would greaily increase the 9. The larger form of Gs is

*GAP-43, a growth cone protein, is not the associating protein based
on Western blots of sucrose density gradients of G, and GAP-43
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unlikely to be a8y or a(@y) because the ratio of im-
munoreactivity of o to F wias the same for Triton-
soluble Lk, with & larger moleaular weight and pardally
purificd smaller Ge.

Wenext wanted to determine whether the larger form
of Ga could be maintained through further steps of
purification. One passage over an ion exchange column
or repeat sucrose density centrifugation caused disson
ciation of the compléx. The larger Stokes radius was
preserved on repeat gel filtration bur there wits no fur-
ther purification. These observations show that the
complex of G, and is associated protein is a fragile one
which survives few steps of purification.

3.3, Funcrional comparison of larger and smaller
Jorms of G, ,

To determine whether. there are differences in the
function of the larger and smaller forms of G, we ex-
amined two functions unique to G proteins: the per-
tussis toxin-catalyzed inhibition by GTPyS of ADP-
ribosylation [19) and GTP»S-deperident changes in the
pattern of cleavage by trypsin [20). There was no dif-
ference between the larger and smaller forms of G, in
the GTP9S dose/response curve for either of these pro-
cesses. G protein functions such as GTP binding or
GTPase activity cannot be compared because of other
enzymes in the crude mixture,

4. DISCUSSION

The protein which associates with G, must be present
in brain in an amount at least equal to that of G, itself.
We base this conclusion on the observation that G,
behaves as a single population of molecules with a
molecular weight approximately 40 kDa larger than the
sum of afy. Since Go makes up about 1% of brain
membrane protein [12] the protein that associates with
it must also be extremely abundant. Its association with
G, is fragile and the two proteins are separated early in
the purification of G,. Nevertheless, the presumed
abundance of the protein makes brain a reasonable
source for its eventual purification.

Early studies of the structure of unpurified G** also
gave values for the molecular weight which were 30-100
kDa larger than the value we can now calculate for a8y
[21-23}. G, is a quantitatively minor membrane protein
$0 any proteins associated with it might also be rare and
consequently hard to identify. Our studies now show
that even when the G protein is extremely abundant, its
initial molecular weight is larger than that of the pure
protein. We predict that other G proteins are also
solubilized as specific complexes with another protein.

There is a growing body of evidence that signal
transduction systems are more complicated than

**G, 15 the stimulatory G protein of adenylyl cyclase and some
calcium channels
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originally proposed. The rexults reported here indicare
that there is an anociation between Gy and another
brain protein with a total molecular weight of approx-
imately 43 kDa, This protein may, of course, itself be
made up of several subunits, The role this protein may
be plaving in modulating the signal transduction system
or localizing it to membrane domaing has yet (o be
elucidated. The present studies provide & busis for
future experiments to stabilize the interaction and icden-
tify the protein,
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