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Two major G-proteins, G,27 and G,26, were detected in the 100,000 x g, particulate fraction of rabbit and bovine brain. The G,26 protein was
also present in significunt amounts (~50% of total) in the brain supernatunt fraction. An antiserum raised against recombinant simian ra/A
recognized # 27-kDa brain protein with the same apparent molecular mass as the G,27 protein. In further analysis by two-dimensional polyacryl-
amide gel electrophoresis, the brain particulate G -proieins were resolved into 6 major forms, four of 27 kDa (G,27¢-4) and two of 26 kDa (G264«
and G,266). Minor GTP-binding components were also observed at 25 kDa and 24 kDa. The ra/A antibody reicted strongly with the brain G,27b
form and weakly with the G, 27« und G,27¢ but not with G274 or any of the other G,-proteins. In addition, comparison of human platelet and
bovine brain particulate G,-proteins by two-dimensional polyacrylamide gel electrophoresis demonstrated a tissue/cell-type specific expression of
the various forms of G, -proteins.

G, -protein; GTP-binding protein; G,27; Brain; Platelet; real

1. INTRODUCTION

In the past five years more than thirty ras p21 related
GTP-binding proteins with molecular mass between 17—
27 kDa have been identified in mammalian cells [2].
Included in this group is a unique family ol 23-27 kDa
GTP-binding proteins termed, the G,-proteins [1].
These proteins are specifically labelled by [a-**P]GTP
upon incubation of nitrocellulose blots containing cel-
lular proteins separated by SDS-polyacrylamide gel
electrophoresis [1]. The G,-proteins are most abundant
in the platelet and brain with platelet containing a major
27 kDa (G,27) membrane-bound form and the brain
containing two membrane-bound (G,27 and G,26) and
a soluble (G,26) form [1]. Now, G,-like proteins have
been detected in a wide variety of cells [3-5] and have
been shown to be present on the secretory granules of
adrenal chromaffin cells [6,7], rapid transport vesicles
of neurons [3], on rough endoplasmic reticulum in
pancreas [9] and more recently, a 24 kDa GTP-binding
protein (G,24) has been shown to be preferentially asso-
ciated with the platelet a-granule membrane [10].

Previously, it has been demonstrated that the platelet
G,27 protein can be resolved by two-dimensional polya-
crylamide gel electrophoresis into seven distinct forms

Abbreviations: G,-proteins, 23-27 kDa proteins detected by binding
of [a-*P]GTP to nitrocellulose blots [1].
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(G,27a¢—g) and that the five most basic G,27 species
(a—e¢) are coded for by a ral-related gene [11]. However,
the degree of heterogeneity and the identity of the gene
coding for brain G,27 has not been established. The
present study was undertaken to answer these ques-
tions, The results presented in this paper demonstrate
that the brain particulate G,27 was resolved by iwo-
dimensional polyacrylamide gel electrophoresis into
four distinct forms (G,27a-d) and that the three most
basic species (¢-c) were recognized by an antibody
prepared against the recombinant rafA protein.

2. EXPERIMENTAL
2,

l, Matcrials

[@-*P]GTP (~3000 Ci/mmol) was from ICN Radiochemicals
(Irvine, CA, USA). '*l-labelled protein A (2-10 uCi/ug) was oblained
from New Engiand Nueclear (Lachine, Quebec, Canada). Phenylme-
thylsulfonyt fluoride (PMSF) and bovine haemoglobin was from
Sigma Chemical Co. (St. Louis, MO, U.SA,). Nitrocellulose
membrane (0.20 gm pore), ampholytes for isoclectric focusing (Bio-
Lytes 3/10) and prestained protein markers for use on SDS-polyacry-
lamide gels were oblained (rom Bio-Rad Laboratories (Canada) (Mis-
sissauga, Ontario, Canada).

2.2, Preparation of brain particulate and supernatant fractions

Fresh rabbit and bovine brain were used in these studies. Afier
removal of white matter, the cerebral tissu¢ oblained was homo-
genized using a Polytron homogenizer with 4 volumes of a buffer
containing 10 mM Tris-HCI, pH 7.5, 0.2 mM PMSF and 10% sucrose
[12). The homogenate was fillered through four layers of cheesecloth
and the particulale and supernatant fraction prepared by centrifuga-
lion at 100,000xg,, for 60 min at 4°C, The particulate fraction was
resuspended in buffer containing 100 mM Tris-HCl, pH 7.5, 5 mM
EDTA and 0.2 mM PMSF and stored along with the supernatant
fraction a1 ~50°C until used.
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2.3, Preparation of platelet particulate fraction

Human platelets were washed three times in 4 medium containing
13 mM trisodium citrate, 5 mM dextrose and 135 mM NuaCl (pH 6.5)
[17and were finally resuspended at 3 x 10*m! in buffer at 0°C contain-
ing 100 mM Tris-HCL, pH 7.5, § mM EDTA und 0.2 mM PMSF,
These suspensions were (rozen and thuwed twice (with solid COy/
methanol). The platelet cytosolic and purticulale fractions were then
prepared by centrifugation at. 100,000xg,, for 60 min at 4°C.
Membranes were resuspended in the above bulfer and frozen at =50°C
until used.

2.4, Polvacrylamiide gel electrophoresis

Analysis of proleins in various fraciions by one-dimensional SDS-
polyaerylumide gel electrophoresis wus carried out as described else-
where [13). For analysis of proteins by two-dimensional polyacry-
lamide gel clecirophoresis, the method of O'Farrell {14] was used with
modifications described in [11]. After isoelectric focusing was com-
plete, gels were extruded from the tubes and subjected to SDS-polya-
crylamide gel elecirophoresis in the second dimension.

2.5, Nirracellulose blosting and detection of proteins binding
fa-"P}GTP vr rald antibody

For transfer of proteins on to nitrocellulose afler SDS.polyacry-
lamide gel electrophoresis, gels were incubated for 30 min in a transfer
buffer containing 0.05% (w/v) SDS before electroblotting [1,15]. The
detestion of G,-proteins on nitrocellulose blots using [a-**P)GTP has
been described in detail elsewhere [1], Bound **P was quantitated by
counting Cerenkov radiation. To probe blots with the ra/A antibody,
the nitrocellulose sheets were shaken for 1 h at room temperature in
a solution containing 10 mM Tris-HCI, pH 7.5, and 0.154 mM NaCl
(buffer A) to which 1% (w/v) bovine haemoglobin had been added.
The nitrocellulose blots were then incubated for 3 h in buffer A
conlaining 1% bovine haemoglobin and rafA antibody (at a 1:250
dilution). After washing three times (10 min each) with buffer A, the
blots were incubated lor a further 1 hin buffer A containing 1% bovine
haemoglobin and '*l-lubelled protein A (0.2 uCi/ml). After further
washing of the blots in buffer A (five times for 5 min each), bound
*Jabelled protein A was detected by autoradiography for 12-18 h
at -50°C, using a Cronex intensilying screen (Picker International,
Brampton, Ontario, Canada),

2.6, Protein assay

Sumples containing protein were precipitated with 109% (w/v) tri-
chloroacelic acid and the prolein determined by the method of Lowry
et al. [16], using a solution that contained 5% (w/v) human albumin
and 3% (w/v) human globulin.

3. RESULTS

The presence of G,-proteins in the platelet particu-
late, and the rabbit and bovine brain homogenate and
the 100,000xg,, supernatant and particulate fractions
was assessed by incubation with [a-**P]JGTP of nitrocel-
lulose blots containing polypeptides separated by SDS-
polyacrylamide gel electrophoresis. The platelet
particulate fraction contained a major 27 kDa G, -pro-
tein and minor amounts of 23, 24 and 25 kDa species
(Fig. 1, lane a). In the brain, two major GTP-binding
proteins of molecular mass 27 kDa (G,27) and 26 kDa
(G,20) were detected in the homogenate (Fig. 1, lanes
b and e) and particulate (Fig. |, lanes d and g) fractions.
However, the G,26 protein detected in the particulate
fraction was also present in significant amounts (~50%
of total) in the brain supernatant fraction (Fig. 1, lanes
c and f).
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Fig. 1. Detection of G,-proteins in platelet and brain, Samples of
protein (100 ug) from platelet particulate (lane @), rabbit (lune 5) and
bovine (lune ¢) brain homogenate, rabbit (lane ¢) and bovine (lane J)
brain 100,000 x g, supernatant fraction and rabbit (lane o) and bovine
(lane g) brain 100,000 x g,, particulate fraclion were elecirophoresed
and blotted on to nitrocellulose, To detect G,-proteins the blot was
incubated with [¢-**]GTP and the above autoradiograph developed.

Previously, it has been demonstrated that the platelet
G,27 can be resolved into seven distinct forms (G,27q—
g) by two-dimensional polyacrylamide gel electrophore-
sis and that only the five most basic G,27 species (a—¢)
are coded for by a ral-related gene [11]. As demon-
strated in Fig. 1, the brian also contains a major 27 kDa
(G,27) GTP-binding protein. To determine if the brain
G,27 is coded for by a ral-related gene, two identical
blots containing platelet and bovine brain particulate
proteins separated using SDS-polyacrylamide gel elec-
trophoresis were prepared. One of the blots was treated
with [¢-*P]JGTP and the second identical blot was
probed with the rafA antibody. Results demonstrate
that the 27 kDa GTP-binding protein (G,,27) present in
the platelet and brain particulate fraction (Fig. 2A,
lanes a and b) was also recognized by the ra/A antibody
(Fig. 2B, lanes a and b). Recombinant r«fA protein also

A B
a b ¢ d a b c d
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[ «<18.5 »

Fig. 2. Analysis of G =proteins and recombinant ra/A by one-dimen-
sional SDS-polyacrylamide gel electrophoresis. Proteins (100 ug) rom
human platelet {(lane 4) and bovine brain (Jane b) pariiculate Taction
and varying amounts of purified recombinant ra/A protein (lune ¢, 0.1
ug: lane d, 0,2 ug) were electrophoresed and blolted on to nitro-
cellulose, The above autoradiograph shows: A, [2-**P]GTP-binding
proleins and B, proteins that bound ra/A antibody, as detected by
L.labelled protein A. The posilion of prestained molecular mass
marker proteins used to align the autoradiographs are shown in the
centre of the figure.
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Fig. 3. Compurison of brain and human platelet G,-proteins by iwo-
dimensional polyacrylamide gel electrophoresis. Samples of proteins
(200 ug) from bovine brain (A) and human platelet (B) particulate
fraclions were subjected lo isoeleciric focusing with protein applied Lo
the high pH (cathode) end of the gel. SDS-polyacrylamide gel electro-
phoresis in the second dimension was carried out using 13% (w/v)
acrylamide and the gels vere blotied on to nitrocellulose, To detgct
G,~proteins, lhe blots were treated with [e-**P]GTP and an autora-
diograph developed as shown above. The major G,-proteins detected
are labelled. The orientation of the cathode (~) and anode (+) during
isoelectric focusing is indicated, along with the mobility of' a prestained
27.5 kDa protein during electrophoresis in the second dimension.

bound [a-*PIGTP (Fig. 2A, lanes ¢ and d) and was
recognized by the ralA antibody (Fig. 2B, lanes ¢ and
d).

The brain and platelet particulate G,-proteins were
compared by two-dimensional polyacrylamide gel elec-
trophoresis. Results demonstrate that the G, -proteins
detected in the brain particulate fraction were resolved
into six major species, four of 27 kDa (G,27¢-d) and
two of 26 kDa (G,26e and G,26b) (Fig. 3A). Minor
GTP-binding components were also observed at 25 and
24 kDa (Fig. 3A). In contrast, the platelet particulate
G ,-proteins were separated into 11 major forms, seven
of 27 kDa (G,27a-g) and four of 24 kDa (G, 24a—)
(Fig. 3B). To determine if all species of brain G,27 are
coded for by a ral-related gene, two identical blots con-
taining brain particulate proteins separated by two-di-
mensional polyacrylamide gel electrophoresis were
prepared. One of the blot was treated with [e-**P]GTP
(Fig. 4A) and the second identical blot was treated with
the rafA antibody (Fig. 4B). The results demonstrate
that of the four G,27 a-d forms detected using [o-
3P)GTP binding (Fig. 4A), the ra/A antibedy reacted
strongly with G,27b, weakly with G ,27@ and G,27¢c
(Fig. 4B). None of the other G,-proteins were re-
cognized by the ra/A antibody.

4. DISCUSSION

G, -proteins represent a unique family of 23-27 kDa
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Fig. 4. Identification using two-dimensional polyucrylamide gel elec-
trophoresis of brain G,-proteins recognized by anli-ru/A antibody.
Bovine brain purticulate proteins (100 pg) were subjected to isoelectric
focusing wiih the protein applied to the high pH (cathode) end of the
gel. SDS-polyacrylamide gel electrophoresis in the second dimension
was carried out using 13% (w/v) acrylamide. Two identical gels were
then blotied on to nitrocellulose. To detect G -proleins and proteins
recognized by the rafA antibody, one blol (A) was treated with [x-
2PIGTP and another (B) with ra/A antibody followed by '**l-labelled
protein A. Auioradiographs are shown. The major proteins detected
with [@-**P]GTP are labelled G,27¢-d and G,26. The orientation of
the cathode (—) and anode (+) during isoelectric focusing is indicated,
along with the mobility of a prestained 27.5 kDa protein during elec-
trophoresis in the second dimension.

GTP-binding proteins that are highly abundant in the
platelet and brain and are specifically labelled by [a-
*2PIGTP on nitrocellulose blots of cellular proteins that
have been separated by SDS-polyacrylamide gel electro-
phoresis [1]. The platelet membrane contains a major 27
kDa (G,27) species and lesser amounts of 23, 24 and 25
kDa G, -proteins [1]. The platelet soluble fraction con-
tained much smaller amounts of G,-proteins {1]. Using
two-dimensional polyacrylamide gel electrophoresis,
the platelet membrane G -proteins were demonstrated
to be highly heterogenous, consisting of at least 12
major polypeptides, seven of 27 kDa (G,27a-g), one of
26 kDa (G, 26) and four of 24 kDa (G, 24a-d) [11]. The
five most basic forms of G,27 (G,27a-¢) and G,26 were
shown to be coded for by genes closely related to rafA
[11], a gene which was originally identified in a simian
B-cell cDNA library [17] and more recently two related
ral genes, ralA and ralB, have been cloned from a
human pheochromocytoma library [18].

As demonstrated in the present study (Fig. 1) and
reported previously [1}, the brain contains two major
membrane-bound G,-proteins (G,27 and G,26) and a
major soluble G,-protein (G,26). Using one-dimen-
sional SDS-polyacrylamide gel electrophoresis, the
brain G,27 was shown to be coded for by a raf-related
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gene (Fig. 2). The brain G,;26 was not recognized by the
anti-ra/A antibody confirming the hypothesis that G,26
is not generated by proteolysis of the G,27 protein but
is a unique protein coded for by a gene not related to
ral. Since using two-dimensional polyacrylamide gel
electrophoresis it was demonstrated that only part of
the platelet G,27 is coded for by a ral-related gene [11],
the possibility existed that not all of the brain G,;27 is
coded for by a ral-related gene. The brain G,27 was
resolved by two-dimensional polyacrylamide gel elec-
trophoresis into at least four polypeptides with widely
different charges of which the anti-ra/A antibody re-
cognized only three (Fig. 4). However, the brain G,27
was much less heterogenous than the platelet G,27
which can be resolved into at least seven polypeptides
of which the anti- ralA antibody recognized the five
most basic forms [11]. It is not clear if the G,27 forms
recognized by the anti- r«/A antibody in platelet and
brain are identical or different. Clearly there are certain
forms of the G,27 (G,27« and G,27¢) protein coded for
by a ral-related gene that are present only in the platelet.
G,-proteins in the brain demonstrate a lower degree of
hetrogeneity compared to those present in the platelet.
The observed heterogeneity in the G,27 and other G-
proteins could be accounted for by post-iranslational
modifications [19] and by differential splicing from the
transcripts of a small number of distinct genes, includ-
ing raf and other yet to be identified genes. In addition,
results presented in this paper demonstrate that there is
tissue specific expression of certain G,-proteins. G,26,
a major brain G,-protein is only detected in the brain
and is absent from the platelet. The G,26 protein de-
tected in brain is likely to be coded for by a gene related
to rab3, a gene which was initially cloned from a rat
brain ¢cDNA library [20]. This conclusion is supported
by the following observations: (i) the rab3A protein is
found in the highest concentration in neural tissue [21]
as is G,26; (ii) large amounts of the rab3A protein are
present in the cytosol [22] as is the case for G,26 (Fig.
1); (iii) rabA, also termed smg p25A, is able to bind GTP
on nitrocellulose blots after SDS-polyacrylamide gel
electrophoresis [23-25], a procedure used for the initial
detection of brain G,26 and other G -proteins [1]. Thus,
taking into consideration these facts it is likely that the
brain G;26 is coded for by a gene related to rab3.
The results presented in this paper provide the first
evidence that brain contains protein products of a ra/-
related gene and that even though a large number of
GTP-binding proteins are present in the cell, the
method developed for the detection of G -proteins [1]
selectively identifies only the protein products of genes
closely related to ral and rab. It remains to be deter-
mined whether the remarkable ability of the G -proteins
to bind [**PIGTP on nitrocellulose blots implies simi-
larities in the functions or regulation of these proteins.
The function of G,-proteins in the cell is not known, but
the detection of G,-proteins and the products of rab
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genes on the secretory granules and the Golgi of a wide
variety of cells [6-10,25-31] has given support to the
idea that these proteins may function in the regulation
of the exocytic/secretory and other membrane traffick-
ing processes of the cell.
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