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ABSTRACT

It has been found that neuroblastoma contains a relatively high im-
munoreactivity for the a subunit of guanine nucleotide-binding protein G0
(Gâ€ža)(Kato et fl/., Cancer Res. 47, 5800-5805,1987), which is predom

inantly localized in the nervous tissues and neuroendocrine cells. To make
clear whether neuroblastoma indeed produces (Â¡â€žÂ«,we purified a guanine
nucleotide-binding protein from human neuroblastoma and compared it
with ( Â¿..Â«tfrom human brain. A guanine nucleotide-binding protein serving
as the specific substrate of islet-activating protein, pertussis toxin, was

purified from a human neuroblastoma tissue obtained at surgical resec
tion. The protein had a molecular mass of 39 kDa and reacted with rabbit
antibodies to bovine (;â€žÂ«.Heat stability and kinetics of guanosine 5'-(.V

(T-thio)triphosphate binding of this protein were very similar to those of

( ;,.Â«purified from human brain. The results of peptide mapping analysis
with a limited proteolysis and amino acid analysis indicated that there
was no difference between these proteins. Therefore, it was concluded
that this guanine nucleotide-binding protein isolated from neuroblastoma

was very similar, if not identical, to brain Gâ€ža.

INTRODUCTION
A family of G-proteins3 functions as an intermediary in the

transmembrane signaling pathway. Ci, and GÂ¡couple hormonal
and neurotransmitter receptors to the stimulation and inhibi
tion, respectively, of adenylate cyclase, while transducin of
vertebrate retina communicates between light activation of rho-
dopsin and stimulation of cyclic GMP phosphodiesterase (1).
Go, which was initially isolated from bovine brain (2), interacts
with muscarinic cholinergic (3), ->-aminobutyric acid B (4), and
D2-dopamine receptors (5), but its function is unknown. In
addition, new ( ;-proteins have been recently purified from brain
(6), neutrophils (7), and differentiated leukemic cells (8).

These G-proteins are heterotrimers composed of three dis
tinct subunits (a, ÃŸ,and 7). Each of the a subunits of G-proteins
(45-39 kDa) contains a single guanine nucleotide-binding site
and a site for ADP ribosylation catalyzed by cholera toxin or
IAP, pertussis toxin (1), but they are immunologically distinct
from each other. The ÃŸsubunits (36 or 35 kDa) of these proteins
seem to be indistinguishable (9, 10). The smallest 7 (~8 kDa)
is immunologically distinct between GÂ¡(Gs) and transducin (11)
or between GÂ¡sfrom human platelet and placenta (12).

There are cellular functions that appear to be mediated by G-
proteins, but it has not yet been identified which G-protein is
the specific transducer. IAP substrate proteins have been found
to couple certain types of receptors to phospholipase C, the
enzyme that triggers the phosphoinositide cascade which results
in increase in intracellular Ca2* and activation of protein kinase

C in mast cells (13), neutrophils (14), differentiated human
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leukemic cells (15), fibroblasts (16), and neuroblastoma-glioma
hybrid cells (17). Some other reports indicate that the cardiac
K ' channel is regulated by ligands via an IAP-sensitive G-

protein(18, 19).
Recently, we have prepared rabbit antibodies specific to the

a subunit of Go (G0a), established a highly sensitive enzyme
immunoassay system for G0Â«(20), and showed that G0a is
predominant in the central nervous system, and its levels in all
peripheral tissues are below 2% of that in cerebrum (21).
Immunohistochemical studies demonstrated that G0a was as
sociated with the neural element rather than with cells peculiar
to each peripheral organ (21). (.;â€ž<>â€¢was also present in some

endocrine cells in pancreas, pituitary, thyroid, and adrenal (21),
which belong to a family designated as the diffuse neuroendo-
crine system (22) or paraneurons (23). Furthermore, we dem
onstrated the presence of relatively high immunoreactivity for
G0Â«in tumor tissues derived from the above mentioned neu-
roendocrine cells and detectable amount of immunoreactivity
in sera of patients with neuroblastoma, and the possibility that
G0a could be a useful marker for such tumors (24).

As mentioned above, novel and homologous G-proteins have
recently been discovered one after another and more G-proteins
may be present. Therefore, it is important to clarify whether
immunoreactive (;â€ž<>â€¢produced in neuroendocrine tumors is
indeed G0a. In this study, we purified a G-protein from human
neuroblastoma and compared it with G0<*from human brain.
This is the first purification of G0a from the tissue other than
brain.

MATERIALS AND METHODS

Purification of G-proteins. A neuroblastoma tissue, histologically
classified as ganglioneuroblastoma, was obtained from the surgical
specimen of a male patient, 1 year old, who had not received any
chemotherapy and radiotherapy, and whose serum G0a level was en
hanced (0.53 ng/ml) prior to receiving the operation. Human brain was
obtained at autopsy within 3 h postmortem. Both tissues were stored
at -80Â°C.Gâ€žasubunits were purified from bovine and human cerebral
cortices, respectively, according to the method of Sternweis and Rob-
ishaw (2) with modifications. The heptylamine-Sepharose column cliro-
matography was done with buffer containing 20 /<MAldi. 6 HIMMgCl2,
and 10 HIMNaF (AMD. G0a enriched fractions from heptylamine-
Sepharose column were applied to a hydroxyapatite column (3 ml),
which was then washed with 20 HIMTris-HCl (pH 8.0), 0.1 HIMEDTA,
5 IHM /3-mercaptoethanol (TES) and AMF to remove the detergent.
The Gâ€žaenriched fraction was eluted from the column with 0.1 M
potassium phosphate in TES/AMF, diluted with 5 volumes of TES/
AMF, and then passed through a blue Sepharose column as previously
described (20). A G-protein was purified from the neuroblastoma tissue
(180 g) by the above method and the fractions with the same molecular
mass as G0a were pooled from the eluates of heptylamine-Sepharose
column and were passed through a blue Sepharose column as described
above. This purified protein is referred to as NBGa. ÃŸysubunits of
various origins were purified from the eluates of the heptylamine-
Sepharose column through DEAE-Sephacel column chromatography
as described by Northrup et al. (25).

Antibodies and Enzyme Immunoassay. Antibodies were raised in
rabbits with bovine G,,Â«as immunogen and purified to be monospecific
to G0a as described previously (20). The antibodies did not cross-react
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with the a subunits of GÂ¡(20) or 40-k Da IAP substrate (21) of bovine
brain, and the antibodies also showed a single band at a position
corresponding to G0a on an immunoblotting test with a membrane
fraction of human brain, neuroblastoma, and carcinoid tissues (24).
Enzyme immunoassay was performed by the method recently estab
lished (20).

SDS-PAGE. SDS-PAGE was done by the method of Laemmli (26).
Samples were pretreated with iV-ethylmaleimide for electrophoresis as
described by Sternweis and Robishaw (2).

Limited Proteolysis of (Â¿-proteins.Limited proteolysis of G-protein
was carried out as follows: l Â¿igeach of purified bovine G0a, human
G,,<i,and NBGa was digested with 0.09 or 0.18 Â¿igof Staphylococcus
aureus V8 protease in 15^1 of reaction mixture at 37Â°Cfor l h and

subjected to SDS-PAGE with 15% acrylamide (27).
Amino Acid Analysis. For amino acid analysis, samples (50 Â¿ig)were

hydrolyzed with 0.4 ml of 6 N HC1 in a vacuum hydrolysis tube (Pierce
Chemical Co., Rockford, IL) at 110'C for 24 h. The hydrolysate was

analyzed with an automatic amino acid analyzer (Model 835; Hitachi).
Other Methods. Protein content was determined by the method of

Schaffner and Weissman (28). Binding of (1:S]GTP>S was measured

essentially as described by Northup et al. (29). ADP ribosylation by
IAP was carried out according to the method of Bokoch et al. (30) with
2 UM[3H]NAD.

RESULTS

Purification of G-protein from Human Neuroblastoma. About
350 fig of NBGa were obtained from 180 g of neuroblastoma
tissue which contained the immunoreactivity equivalent to 4.4
mg of G0a when whole homogenate as assayed by the described
method (20). Fig. 1 shows the analysis of the purified G0a from
bovine and human brain, and NBGa by SDS-PAGE. All the
proteins had a molecular mass of 39 kDa. Neuroblastoma
contained multiple IAP substrates with molecular masses of
39-41 kDa which were partially separated on heplvlamine
Sepharose column chromatography, and about one-half of IAP
substrates was NBGa. Two more bands other than NBGa were
seen on SDS-PAGE, but only NBGa reacted with anti-G0a
antibodies. The ÃŸysubunits were also purified and the ÃŸfrom
neuroblastoma was doublet enriched on the 36 kDa protein as
bovine brain (2) (not shown).

The binding activity of GT?7S to NBGa was 19 nmol/mg
protein and that to human G0<*was 23 nmol/mg protein. NBGa
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Fig. 1. SDS-PAGE of the purified a subunits of G-proteins. Each protein (0.5
/ig) was subjected to electrophoresis and the gel was stained with Coomassie
brilliant blue. Lane 1, standards (Pharmacia calibration kit for low molecular
weight proteins); lane 2, bovine brain G0a; lane 3, human brain G0a; lane 4,
NBGa. A, thousands.

was ADP ribosy lateci by IAP in the presence of ÃŸysubunits and
the value of ADP ribosylation was 12 nmol/mg protein, whereas
that of human brain (â€¢â€ž<Â»â€¢was 14 nmol/mg protein. The ADP

ribosylation of NBGa by IAP required the ÃŸylike that of the a
subunit of other G-protein (10).

Immunochemical Properties. Immunoreactivity of human
brain G0a and NBGa with anti-bovine G0a antibody was tested
by enzyme immunoassay (20) (Fig. 2). Both proteins cross-
reacted identically with the antibody and their cross-reactivity
in the immunoassay was 70-80% of bovine G0a.

Structural Properties. Amino acid composition of bovine and
human brain G0a and NBGa is shown in Table 1. The prepa
rations of human G0a and NBGa showed almost identical
composition, which was also very similar to the composition of
bovine G0a. The identities in the peptides of 39 kDa from
human brain and neuroblastoma were further analyzed by pep-

rooo
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Fig. 2. Enzyme immunoassay for G0a and NBGa. Various amounts of human
brain G0a (O), NBGa (â€¢),and bovine brain (..,,> (A) were subjected in duplicate
to the immunoassay as done in Ref. 10. 0-D-Galactosidase activity bound on the
polystyrene ball is expressed as the fluorescence intensity of 4-methylumbellifer-
one produced in a 20 min reaction with 0.1 mivi4-methylumbelliferyl-/3-D-galac-
toside. In the fluorescence intensity scale, 1000 equals l /IM4-methylumbellifer-
one.

Table 1 Amino acid composition ofGâ€žafromhuman and bovine brain
and NBGa

AminoacidAspart
ii-acidThreonineSerineGlutamic

acidProlineGlycineAlanineValineMethionineIsoleucineI

.cucini1TyrosinePhenylalanineLysineHistidineArginineNBGa12.565.997.2712.271.936.868.873.963.144.198.463.695.517.572.365.39mol

%Human

brain
G0a13.036.126.9712.151.416.418.564.603.184.438.583.865.457.362.205.69Bovine

brain
G0a13.295.797.1812.041.296.638.384.123.353.798.534.035.937.572.285.79
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tide mapping. The proteins from the two sources revealed the
identical bands and their patterns were very similar to that from
bovine brain G0Â«(Fig. 3).

Biological Properties. Sternweis and Robishaw (2) and Katada
et al. (10) reported that the binding of GTP7S to G0 is rapid
even in the presence of low concentration of Mg2+. A time

course study of GT?7S binding to human brain G0a and NBGa
was carried out in the presence of 0.2 HIM MgCl2-0.1 HIM
EDTA and ÃŸysubunits purified from each original source (not
shown). Both proteins displayed very similar and rapid binding
curves and apparent first-order rate constants were 0.41 min '
for human brain Ci,,and 0.53 min ' for neuroblastoma protein.
The rate constants were a little greater than that (~0.25 min"1)

obtained with rat G0 by Katada et al. (IO).
Since a rapid thermal denatura t ion is a feature of G0Â«(10),

the heat stability of human brain G0a and NBGa was tested
under various conditions. The time courses are shown in Fig. 4
for decreases in the GTP7S binding activity as a result of
thermal denaturation during incubation at 30Â°C.Denaturation
of both proteins was rapid and promoted by Mg2+. The addition
of ti-}similarly protected the denaturation both in the presence
or absence of Mg2+ (Fig. 4). The small difference between two

a subunits in the protection of the denaturation by ÃŸyin the
absence of Mg2+ did not appear to be significant, because a
subsequent 30-niin preincubation caused a similar decrease (10-
12%) of GTP-yS binding to both a subunits.

DISCUSSION

G-proteins are distributed variously in tissues or organs. Gs
and GÃŒseem to be present ubiquitously while transducin is
localized selectively in retina. G0 is predominantly localized in
the nervous tissues and neuroendocrine cells (21 ). Our previous
study demonstrated that relatively high levels of immunoreac-
tive GoÂ«were present in tumor tissues derived from the neu-
roendocrine cells, and detectable amounts of immunoreactivity
in sera of patients with neuroblastoma (24). These previous
results suggested the possibility of G0a as a useful marker for
tumors like neuron-specific enolase (31). Indeed, serum Ci,,Â»in
the present patient dropped to an undetectable level (<0.08 ng/
ml) after resection of the tumor tissues.

The a subunits of G-proteins are clearly distinct from one

KX)

1 234567

ufi-
-Â«43K

-Â«30K

-Â«20K

67K

Fig. 3. Limited proteolytic digestion of G0a and NBGa. One *tgeach of bovine
brain t;â€ž<>(lanes 1 and 4). human brain (;â€ž<>(lanes 2 and 5), and NBGa (lanes 3
and 6) were digested with 0.09 (lanes 1-3) or 0.18 (lanes 4-6) of S. aureus V8
protease at 37*C for 1 h. The samples were subjected to SDS-PAGE and stained

with silver. Lane 7, standards. K, thousands.

10 0

Time (min)

Fig. 4. Heat stability of human brain G0a and NBGa in the various conditions.
Ten Â»ig/mlof NBGa (Â¡eft)and human brain G0a (right) were incubated at 30'C
in 120 pi of 20 mM sodium 4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid
(pH 8), 1 mM ilithidi hrc Â¡tol.0.1% Lubrol PX, plus either 2 min EDTA (O), or
10 mM MgClz (â€¢),or 20 MI?ml of ÃŸysubunit purified from each original tissue
(A) or 10 HIMMgCl2 plus ffy (A). At the indicated times, aliquots (20 >il)were
withdrawn and assayed for GTPyS binding by further incubation with 0.5 Â¿iM
["SJGTP-rS, 10 mM MgCI2, and 4 jig/ml of bovine brain ÃŸyfor 30 min at 30'C.

The binding activities were plotted as a percentage of the initial values (zero
time), which were 19.3 and 22.2 nmol/mg of protein for a subunits of neuro
blastoma and human brain, respectively.

another but exhibit high homology (1). In addition, it has
recently been reported that novel G-proteins with a molecular
mass of -40 kDa, which are substrates of IAP and different

from GÂ¡or G0, exist in the brain (6), neutrophils (7), and
differentiated leukemic cells (8), suggesting that more G-pro
teins may be present. In order to elucidate the biological signif
icance of G-protein in neuroendocrine tumor and to use it as a
marker for the tumor, the physicochemical and biological char
acteristics of immunoreactive G0a produced in the tumor must
be clarified.

In this study, we have purified an a subunit of G-protein,
which was an IAP substrate in the human neuroblastoma tissue.
This protein seems to be very similar, if not identical, to human
brain G0a, based on the following observations: (a) the electro-
phoretic mobility on SDS-PAGE was identical; (b) immuno
reactivity with anti-bovine G0a was identical when estimated by
the enzyme immunoassay system; (c) limited proteolysis with
S. aureus V8 protease yielded the identical product formation;
(d) amino acid analysis showed almost identical compositions;
(e) both proteins displayed similar heat stability and kinetics of
GTP7S binding.

Neuroblastoma contained other IAP substrate protein(s),
with a molecular mass of 40-41 kDa, which was separated from
G0a-like protein on heptylamine-Sepharose column chroma-
tography. This protein did not cross-react with anti-G0a anti
body on the immunoblot. Although there is no evidence which
suggests the presence of multiple forms of G0Â«in normal or
neuroblastoma tissues, we cannot exclude a slight difference(s),
which we could not detect in the present study, between brain
and neuroblastoma G0a-like protein because it has been re
ported that several distinct complementary DNA clones for GÂ¡a
have been obtained from a human complementary DNA library
(32, 33), and that alternate splicing of the RNA for Gsa leads

2758

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/48/10/2756/2431224/cr0480102756.pdf by guest on 19 M

ay 2023



GTP-BINDING PROTEIN Gâ€žIN NEUROBLASTOMA

to at least four mRNAs encoding different amino acid sequences
(34).

The biological significance of G0a-like protein in neuro-
blastoma remains to be clarified like the function of ( ;â€ž<>in
nervous tissue. Since it was suggested that bradykinin-activated
phospholipase C was mediated by IAP-sensitive G-proteins in
neuroblasic mia-glioma hybrid cells (17), G0a-like protein may
be involved in a signal transduction initiated by some receptors
that result in activation of phospholipase C. The bombesin-like
peptides are potent mitogens for Swiss 3T3 fibroblasts (35) and
cells isolated from small cell carcinoma of the lung (36). It has
recently been reported that bombesin-enhanced c-myc expres
sion and bombesin-stimulated DNA synthesis were blocked by
treatment of Swiss 3T3 cells with pertussis toxin (37). Since
the immunoreactivity of G0a was also found in the tissue of
small cell lung carcinoma (24), this pertussis toxin-sensitive
pathway may be mediated by G0-like protein.
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