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SUMMARY

We have investigated the possible role of guanine nucleotide-
binding proteins in the process of antigen-induced exocytosis in
a cultured rat mast cell line, RBL-2H3 cells. The mRNAs for the
a subunits of the guanine nucleotide-binding proteins G.. (short
and long forms), G..2, G..s, and G, were detected by hybridi-
zation with G,-specific oligonucleotide probes. The

ing proteins were identified in membranes of RBL-2H3 cells on
the basis of size, immunoreactivity with specific antibodies, and
their ability to serve as substrates for ADP-ribosylation by cholera
toxin or pertussis toxin. Treatment of cells with as little as 10~°
to 1077 m dexamethasone markedly decreased the amount of

G.: MRNA and membrane G,., as well as the responsiveness of
the cells to antigen stimulation. In the same cells, the exposure
to dexamethasone caused an increase in the amounts of certain
other G, subunits, particularly G..s, and in the responsiveness
of the cells to an adenosine analog, N(ethylcarboxamido)-aden-
osine. Because of the apparent decrease in G,, mRNA and
protein in dexamethasone-treated cells and the fact that neither
cholera toxin nor pertussis toxin inhibits the stimulatory signals
to antigen [J. Biol. Chem. 265:745-753 (1990)], we suggest that
G.. is a potential candidate for regulating the early signals in
antigen-stimulated RBL-2H3 cells.

The cultured rat RBL-2H3 cell is widely used as an experi-
mental model for the study of antigen-induced signals for
exocytosis in mast cells. The physiological trigger for the stim-
ulation of these cells is the aggregation of membrane receptors
for IgE by multivalent binding of antigen to receptor-bound
IgE (1). Although the mechanism of the communication be-
tween the receptor and effector systems is still unclear, much
is known about the kinetics of receptor aggregation and the
intervening signals that are thought to promote exocytosis in
these cells (2). The same array of intervening events, namely
the hydrolysis of inositol phospholipids (3) and phosphatidyl-
choline,? the mobilization of intracellular and extracellular Ca?*
(3), and the activation of protein kinase C,> are induced by
analogs of adenosine through an unusual type of receptor (3).
The stimulatory effects of the adenosine analogs, however, are
too transient to promote exocytosis, but they can markedly
synergize the antigen-induced signals for exocytosis.

Although the responses to antigen and the adenosine analog

! Recipient of a Fellowship from Rotary International, The Rotary Foundation.
2H. M. S. Gonzaga, H. Ali, and M. A. Beaven, unpublished observations.

NECA are qualitatively similar and are suppressed to the same
extent by GDPSS (4),® the coupling mechanisms are quite
distinct. All responses to antigen, for example, are suppressed
and all those to NECA are enhanced when RBL-2H3 cells are
exposed for several hours to nanomolar concentrations of dex-
amethasone. These effects are probably exerted at the level of
the receptor and coupling proteins rather than the effector
systems (5). In addition, RBL-2H3 cells that have been treated
with either cholera toxin or pertussis toxin no longer respond
to NECA but do so to antigen (3). Indeed, the mobilization of
Ca?, and as a consequence exocytosis, is enhanced in response
to antigen in cholera toxin-treated cells by a mechanism that
is independent of the activation of adenylyl cyclase (3, 6, 7). If
the responses to NECA and antigen are mediated by G proteins,
then clearly different G proteins must be recruited by these
two stimulants in RBL-2H3 cells.

As reported here, by use of 1) specific oligonucleotide probes
to detect mRNA of the o subunits (G,) of known G proteins

3 H. Ali, unpublished observations.

ABBREVIATIONS: NECA, 5’{N-ethylcarboxamido)-adenosine; G protein, guanine nucleotide-binding protein; G, and G,, stimulatory and inhibitory
G proteins that can couple to adenylyl cyclase; G, a G protein that is abundant in brain; G, the predominant G protein in retina; G., a recently
described G protein of unknown function; G..., an example to indicate the designation and subtype of the a subunits of these G proteins; DNP,
dinitrophenol; DNP-BSA, one molecule of bovine serum albumin conjugated with 25 molecules of dinitrophenol; SDS, sodium dodecyl sulfate;

acid

GDPgS, guanosine 5’-2-O-thio)diphosphate; [Ca2*], concentration of free cytosolic Ca®*; kb, kilobases; MOPS, 3[N-morpholino]propanesulfonic
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by Northern analysis, 2) antibodies to detect G, subunits in
cell extracts by Western immunoblotting techniques, and 3)
cholera and pertussis toxins as catalysts of ADP-ribosylation
of G, subunits, we have screened the RBL-2H3 cell for known
G proteins. In addition, analysis of the expression of these
proteins, before and after exposure to dexamethasone, has
revealed that the recently described toxin-insensitive G protein
G.. (8-10) is a potential candidate for coupling of the IgE
receptor to the effector systems that mediate exocytosis.

Experimental Procedures

Materials. DNP-specific IgE and the antigen DNP-BSA were gifts
from Dr. Henry Metzger (National institute of Arthritis and Muscu-
loskeletal and Skin Diseases, National Institutes of Health). The cDNA
probe for hybridization with y-actin was kindly supplied by Dr. Peter
Gunning. The random-primed DNA labeling kit and oligo(dT)-cellulose
were purchased from Boehringer Mannheim; [a-*?P]dCTP (3000 Ci/
mmol) and [«-**P]JdATP (6000 Ci/mmol) from Dupont/New England
Nuclear; terminal deoxynucleotidyltransferase and RNA standards
from Gibco BRL, Gaithersburg, MD; bacterial toxins from List Bio-
chemicals; Ficoll (type 400) and dextran sulfate from Pharmacia;
salmon sperm DNA from Lofstrand Laboratories; MOPS, formamide,
guanidinium isothiocyanate, and sodium lauroyl isothiocyanate from
Fluka Chemie AG; and cesium chloride from Schwartz/Mannheim
Biotechnologies. Other materials were of the best available quality from
major suppliers.

The oligonucleotide probe for mRNA of G, was synthesized by
Pharmacia. All other oligonucleotide probes were synthesized on an
Applied Biosystems model 380B DNA synthesizer. Preparations of
antibodies against the G, subunits were obtained from Dupont/New
England Nuclear (designated AS/7, EC/2, GC/2, and RM/1); antibod-
ies 2921 and 8645 were kindly supplied by Dr. David Manning (Uni-
versity of Pennsylvania, Philadelphia, PA). A G, common antibody, which
was prepared by Dr. Jane L. Halpern (LCM, National Hearth, Lung,
and Blood Institute) (11), was used as an additional reagent to confirm
location and apparent molecular size of the G, subunits. The specific-
ities of these antibodies are described in the text.

Experiments with cultured cells. Techniques for cell culture, the
sensitization of cells with DNP-specific IgE to give 100% occupancy of
receptors, and the labeling of cells with [*H]inositol and [*C]5-hy-
droxytryptamine were based on published descriptions (3-5). For the
experiments with dexamethasone, RBL-2H3 cells were incubated with
the indicated concentration of dexamethasone for 14 hr, in minimal
essential medium with Earle’s salts and 15% fetal calf serum, either in
suspension (25 X 10° cells/200 ml) for the assay of proteins or in
monolayer culture (150-cm? flasks) for the isolation of poly(A)* RNA.
Cells were then harvested from these cultures by centrifugation (250 X
&, 5 min) or by treatment with trypsin (0.05% trypsin in 0.02% EGTA;
GIBCO) for 5 min for the isolation of protein or poly(A)* RNA (see
below). The responsiveness of the cells to antigen or NECA was
assessed by plating cells in 24-well cluster plates (2 X 10° cells/0.4 ml
of medium/well) and incubating them for an additional 2 hr with 4
uCi/ml [*HJinositol, 1 xCi/ml [**C]5-hydroxytryptamine, and 0.5 ug/
ml DNP-specific IgE (in addition to the indicated concentration of
dexamethasone). Release of radiolabeled inositol phosphates and 5-
hydroxytryptamine was then determined in triplicate cultures exactly
as described (3-5). Values cited were the mean + standard error of the
average values from individual experiments, as noted in the text.

Isolation and hybridization of poly(A)* RNA. Total RNA was
isolated from RBL-2H3 cells by the guanidinium/cesium chloride
method (12); from this, the poly(A)* RNA was purified by oligo(dT)-
cellulose chromatography, as described by Davis et al. (13). The average
yield of poly(A)* RNA was 0.31 + 0.03 ug/10° cells.

Poly(A)* RNA (10 ug) was fractionated by electrophoresis in 1%
agarose/2.2 M formaldehyde gels, in a buffered solution (pH 7.0) of 40
mM MOPS, 10 mM sodium acetate, and 1 mM EDTA, transferred to

nitrocellulose membranes, and cross-linked to the membranes by UV
irradiation. The poly(A)* RNA was hybridized with synthetic oligo-
nucleotide probes of 18 to 48 bases. The oligonucleotide probe for G.,
was complementary to the 3’ untranslated region of the mRNA. Other
probes were complementary to a hypervariable region of the G, pro-
teins. Specific probes for the long and short species of G. were
constructed around a sequence that is unique to Gu.1 (Fig. 1). Probes
were labeled with [a-*?P]dATP by use of terminal deoxynucleotidyl-
transferase (18). Hybridizations and washes were performed as de-
scribed (19), except that formamide was included in the hybridization
buffer when the 48-base oligomers were used.

Immunoblotting techniques. Cells (25 X 10°) were collected by
centrifugation (250 X g, 5 min), washed twice in phosphate-buffered
saline, and then resuspended in 0.6 ml of sucrose-Tris buffer of the
following composition: 250 uM sucrose, 20 mM Tris-HCl, 0.2 mMm
phenylmethanesulfonyl fluoride, 1 mM NaNj, 2 mM dithiothreitol, 1 M
benzamidine, with lima and soy bean trypsin inhibitors (each 2 ug/ml).
In two initial experiments, pepstatin and leupeptin were used instead
of the trypsin inhibitors; this did not alter the quality of the final
immunoblots. Suspended cells were disrupted by two 20-sec periods of
sonication (maximum setting; Kontes microultrasonic cell disrupter)
and then fractionated into cytosolic and membrane fractions by cen-
trifugation (105,000 X g, 60 min). The membrane fraction was washed
once with 1 ml of the sucrose-Tris buffer and then suspended in 0.1-
0.5 ml of the same medium. Protein in membrane and cytosol fractions
were assayed with a protein assay kit (Bio-Rad).

Samples of cytosolic and membrane fractions (100 ug of protein), in
addition to extracts of rat brain cortex membranes (50 ug of protein),
were fractionated by electrophoresis in 10% SDS-polyacrylamide gels,
as described by Goldsmith et al. (20). The proteins were transferred to
nitrocellulose filters. Immunoactive proteins were detected exactly as
described (21), using antibodies diluted as follows: 8645 and 2921, 1/
100; AS/7, 1/250; G.common 1/2000; all others, 1/1000. The second
antibody, biotinylated goat anti-rabbit IgG (BRL), was used at a 1/
5000 dilution. The bands were quantified by scanning densitometry
(LKS) Ultrascan XL laser densitometer), and the data were calculated
in arbitrary units.

ADP-ribosylation of cell membranes and cytosolic proteins.
Cells were collected by centrifugation (250 X g, 8 min), washed twice
in phosphate-buffered saline, and suspended (25 X 108 cells/ml) in the
sucrose-Tris buffer before disruption by sonication and separation into
cytosol and membrane fractions by centrifugation (100,000 X g, 40 min,
4°). The membrane fraction was washed twice with 100 volumes of the
sucrose-Tris buffer. ADP-ribosylation of cell proteins was performed
essentially as described by Burns et al. (22). Membrane or cytosol
fractions (100 ug of protein) were incubated in 100 ul of 20 mM
potassium phosphate, pH 7.5, 3.75 mM glycine, 0.05 mM ATP, 20 mM
thymidine, 2 mmM MgCl,, 15 mMm dithiothreitol, 20 xCi/ml [**P]NAD,
with 0.5 ug/ml pertussis toxin, or 5 ug/ml cholera toxin, as indicated.
After incubation for 60 min at 30°, the reaction was stopped by addition
of 750 ul of 10% trichloroacetic acid. Precipitated proteins were col-
lected by centrifugation (2500 X g, 30 min, 4°), dissolved in 1% SDS,
and separated by SDS-polyacrylamide gel electrophoresis (in 12%
polyacrylamide gels). Radiolabeled proteins were detected by autora-
diography.

Results

Expression of mRNA for G, subunits in RBL-2H3
cells. Hybridization of poly(A)* RNA from three batches of
unstimulated RBL-2H3 cells with specific oligonucleotide
probes (Fig. 1), under conditions of high stringency, indicated
the presence of mRNA for the short and long species of G,
(1.85 kb), G.;.2 (2.35 kb), G,i.3 (3.5 kb), and G., (3.0-3.2 kb).
The sizes of the mRNAs for G., Gui2 Gais, and G., were
consistent with previous reports (8, 9, 14-17), except that one
additional mRNA for G, at 2.3 kb was detected with the probe
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START

REGION A

Gs, F NG E G G E
GAA GAG GAC CCG CAG GCT GCA AGG

EDPQAAR S ND

STOP

G E K AT Fig. 1. Sequence of G.-specific oligonucleotide
probes. Upper, a schematic representation (not
- - E K AT to scale) of a consensus G. cDNA. Open box,

Gss F N G D - - - - - - - - -
TTT AAC GGA GAT

REGION B

G, K G E I T P E L L
AAG GGT GAG ATC ACG CCC GAG CTG

Gai -G FM T AE L A

CCG AAA TAC TGG CGC CTC GAG CGG

G, Q GM L P E D L S
CAA GGC ATG CTT CCG GAA GAC CTG

Go3 -G VMT S E L A

GGA GTC ATG ACT TCA GAA CTA GCA
Gt -G T M P K E M S
(Bovine) GGC ACG ATG CCC AAG GAG ATG TCA
Guz - G T M P P E L V
(Bovine) GGC ACC ATG CCT CCT GAG CTA GTG

Gs N F D F P P E F Y
(Common) AAC TTT GAC TTC CCA CCT GAA TTC

REGION C

> GAG AAG GCC ACC  the coding regions; line, the 3’ untranslated re-
gion. Bars above the scheme, three regions (A,
B, and C) selected for the preparation of the
complementary oligonucleotide probes. Lower,
probes selected from each of these regions. The
deduced amino acid (indicated by the single-
letter abbreviations) sequences, along with the
actual nucleotide sequence of the cDNA probe,
are shown. For optimal alignment of sequences,
gaps (—) were introduced. Alignment was based
on published sequences for the rat G, subunits
(8, 9, 14, 15), except for G.., which was based
on the sequence for bovine G.: (16, 17).

G,0 AGGCTGTGT GTCTTAACA AAGGCCAA AGGTCATGC TACCAGGAG ATC

for G... No mRNAs for G.i.1;, Gat.1, Gao, and G..., were detected
(Fig. 2).4

Effect of dexamethasone on the amounts of mRNA for
G, subunits. The same mRNAs were observed in dexametha-
sone-treated cells (0.1 uM dexamethasone) as in untreated cells,
but the amount of mRNA for G,, was markedly decreased in
relation to the amounts of mRNAs for G,, (long and short
forms), G.i.2, and G.,;.s, which appeared to be unaffected by the
treatment with dexamethasone (Fig. 3). Identical results were
obtained in two additional experiments. The decrease in mRNA
for G.,, as measured by densitometric analysis, was 62 + 3% in
all three experiments. This decrease was associated with a
decreased release of inositol phosphates (by 67 + 3%) and
secretion (by 63 + 7%) in response to antigen.

* Hybridization with the G.. probe yieided a faint band (4.3 kb) after 14 days of
exposure to the photographic film in one earty experiment. The presence of trace
amounts of MRNA for G, was possibie but of doubtful significance.

(kb)

EY:

b

Qa2 Qi3 Qg Agg A, Qg

Effects of dexamethasone treatment on levels of mem-
brane G, subunits. To investigate the effects of dexametha-
sone on the amounts of the various G, subunits, cells were
incubated with increasing concentrations of dexamethasone,
and the membrane G, subunits were identified by their immu-
noreactivity with G,-specific antibodies (Table 1; Fig. 44). A
40-kDa membrane protein that reacted with antibody EC/2,
consistent with the presence of G,;.,, increased in amount, by
up to 80%, with increasing concentrations of dexamethasone.
A 39.5-kDa membrane protein or proteins that reacted with
antibody AS/7 (G.i.1, G.i.2, or G..) did not significantly change
in amount in response to dexamethasone. Two membrane
proteins, 43 and 45 kDa in size, reacted with antibody RM/1
(Guss and G,,.,); the levels of the 43-kDa protein increased
slightly in cells incubated with high concentrations of dexa-
methasone. A 40.8-kDa protein reacted with antibody 2921
(G..), and the amount of this protein decreased with increasing

A

& Fig. 2. Hybridization of poly(A)* RNA from unstimulated
Tl o monolayer cultures of RBL-2H3 cells with G,-specific
§ oligonucieotide probes. Poly(A)* RNA (10 ng) was hybrid-
& ized with the indicated G.-specific oligonucieotide probes
BE (Fig. 1), as described in Experimental Procedures. Similar
results were obtained in two additional experiments. The
Io mweﬂneﬁp%'%i.meumewm

24-48 hr and blots for Ga1, Goo, G, and G,a for >10
days. The positions of the RNA standards are shown on
the left.
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+ dexamethasone
(kb) + - + -+ -
75—

4.4 —

24 —

1.4 —

ai-2

ai-3 as-L

TABLE 1

Identification of membrane G, subunits in RBL-2H3 cells

+ or —, presence or absence of mRNA or protein for the indicated a subunit.
Where identification is uncertain, all possible candidates are indicated in parenthe-
ses. Arrows, significant increase or decrease in amounts of these substances in
dexamethasone-treated cells.

Protenrecogrized by antbody' e

. Presence of Size of
G, subunit )
AS/T EC/2 2921 RM/1 GC/2 8645 CTx PTx
kDa
(c 3% - (+) (+) (+)
Gz + (+) (+) (+) 39
G.ia + +1 (+) (+) 39.5-40
G.: +] +] (+) 40.8
Goss + + + 43
G.24 + + + 45
G.o - -
Gm-zand - (+) (+)
G2

* The a subunits recognized by the antibodies are as follows: AS/7, Gat.1, Gar2s
Gy, and Guz; EC/2, Goryy Garz, and Gus; 2921, G..; RM/1, G.es and Goi; GC/2,
G.o; 8645, G, (all forms) and G...

® Proteins ADP-ribosylated by treatment of cells with cholera toxin (CTx) or
pertussis toxin (PTx).

° As determined by electrophoretic migration of protein (detected by immuno-
blotting) or of the ADP-ribosylated protein.

concentrations of the glucocorticoid. Although some of these
antibodies cross-reacted with additional membrane proteins in
both RBL-2HS3 cells and rat brain cortex, the correspondence
of the 40-50-kDa bands in both preparations provided reason-
able certainty of the identity of G.i.3, Ga.L, and G.. (Fig. 4A).
Moreover, the detection of two bands of ADP-ribosylated pro-
teins in cholera toxin-treated membranes and a smaller ADP-
ribosylated protein in pertussis toxin-treated membranes was
consistent with the existence of at least two forms of G., and
one or more forms of G,; (Fig. 4B). The studies revealed another
40-kDa protein that was ADP-ribosylated by treatment of
cytosolic extracts with either pertussis toxin or cholera toxin
(data not shown). The significance of this protein was unclear,
because we failed to detect it in membrane fractions (Fig. 4B).
There have been reports of a 39- to 41-kDa membrane protein
that served as a substrate for both toxins in other types of cells
(23-29), and the protein is being investigated as a potential
candidate for mediating the effects of NECA, which were
blocked by both toxins (3).

Fig. 3. Hybridization of poly(A)* RNA from
monolayer cultures of control and dexa-
methasone-treated RBL-2H3 cells with
G.-specific oligonucleotide probes. Cul-
tures were incubated for 14 hr without
(=) or with (+) 0.1 um dexamethasone.
Blots were prepared from poly(A)* RNA
(10 1g) and hybridized with the indicated
oligonucleotide probes. Positions of the
RNA standards are shown on the left.
The effect of dexamethasone treatment
on the responses to antigen in this exper-
iment is indicated in the text.

as-S az

The apparent decrease in the amount of G,, (Fig. 4A) was
observed consistently, with as little as 10~° M dexamethasone.
In three series of experiments, the release of [*H]}inositol phos-
phates in response to an optimal concentration of antigen (20
ng/ml DNP-BSA) was reduced by 17%, 42%, and 60% in cells
exposed to, respectively, 107°, 1078, and 107 M dexamethasone.
A correlation was observed between the decreases in the
amounts of G, and in release of the [*H]inositol phosphates
(Fig. 5). In contrast, there was no decrease in amounts of other
G, subunits. If anything, there was an increase in the amount
of G,.3 (range of values 20-80%) and possibly G.... (0-50%)
after treatment of cells with 10~7 M dexamethasone. As in
previous studies (5), the same cells showed enhanced responses
to 100 uM NECA, with increased hydrolysis of inositol phos-
pholipids (Table 2) and an increase in secretion from <5% to
22 + 4%. Therefore, both G.i.; and the aforementioned soluble
40-kDa protein were candidates for mediating responses via the
adenosine receptor(s) in RBL-2H3 cells.

Discussion

The series of events in antigen-stimulated RBL-2H3 cells is
similar to those observed in many other types of cells whose
functional responses are dependent on Ca?*, namely, mobili-
zation of Ca®* ions and the activation of various phospholipases,
including phospholipases A, (30, 31), C (2), and D (32). Sec-
ondary reactions include translocation of protein kinase C to
the membrane (33) and a substantial protein kinase C-catalyzed
phosphorylation of the light and heavy chains of myosin (34).
These reactions are thought to promote functional responses
such as the exocytosis of secretory granules (1), the release of
arachidonic acid (31), and, in mast cells, induction of synthesis
of various cytokines (35, 36). All of these effects are dependent
on influx of Ca?* and a rise in [Ca®*];, although molecular
details of the communication between the aggregated IgE re-
ceptor and the various effector systems are undefined.

The G proteins, by analogy with the known role of these
proteins in coupling receptors with adenylyl cyclase (37), are
thought to serve a similar role in the activation of phospholipase
C (38) and possibly other phospholipases (39). The only evi-
dence, however, for the involvement of G protein(s) in antigen-
mediated responses is the ability of GDPSS to suppress antigen-
induced hydrolysis of the inositol phospholipids, exocytosis (4,
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A. . : .
c_98%E,_o8f,.28 c-28E,.288%
97 — - B.
66 — ‘ o . — -
— 66
a8 — D v - - Be-—a
e o g
— 3
21 — —
GC/2 (Ggo) EC/2 (Gqi-3) AS/7 RM/1 2921 (Ggz) CTx PTx

(Gei1, Gai-2, Gat)

Fig. 4. Effects of dexamethasone on the levels of the G, subunits in the

(Ges-L and S)
membrane fraction. A, RBL-2H3 cells were incubated with dexamethasone

for 14 hr. Numbers above each lane, concentration of dexamethasone (nm). Solubilized membrane preparations were subjected to
and immunoblotting with the indicated antibody. The assumed specificity of the antibodies is noted in parentheses. Lanes BR, extracts of rat braln

cortical membranes. Sizes (kDa) of standard proteins are indicated on

the left. Representative immunoblots from separate experiments in which

each antibody was tested at least twice are shown. The actual changes in the amounts of the protein and cellular responses to antigen for these

and other experiments are summarized in the text and Fig. 5. B, RBL-

2H3 cell membrane proteins [2PJADP-ribosylated by incubation with [2P]

NAD and cholera toxin (CTx) or pertussis toxin (PTx). Sizes (kDa) of standard proteins are indicated on the right.

3

107°M

&
-

3
l

1078M

1077M

8
I

20+ /

RELEASE OF [3H]INOSITOL PHOSPHATES
(% of Control)
T

0 20 40 60 80 100
[Ggzl (% of Control)

Fig. 5. Correlation between membrane G, protein and antigen-induced
hydrolysis of inositol phospholipids in dexamethasone-treated cells. The
decrease in the amount of membrane G..; is plotted as a function of the
decrease in phosphoinositide response to antigen (DNP-BSA, 20 ng/mi).

cultures of RBI-2H3 cells were exposed to 0 (control), 10~°,
1078, or 107 m dexamethasone for 14 hr before determination of the
content of G,; and the response to antigen. The values (mean + standard
error) from three such experiments with the indicated concentrations of
dexamethasone are shown. The calculations of the amounts of G, were
based on arbitrary densitometric units. The release of inositol phosphates
in the control antigen-stimulated cultures was 36-44% (range of values
for all experiments). The correlation coefficient (r ) between decrease in
G, and responsiveness to antigen was 0.49 for individual data points
and 0.997 for the mean values, with a slope of 2.1 + 0.2 and an intersect
with the x-axis of about 25%.

TABLE 2

Alteration in expression of G, and G, and the responses to
antigen and NECA in RBL-2H3 celis treated with dexamethasone
Values (mean + standard error of three separate experiments) indicate percentage
of decrease () or increase (1) in the amount of « subunit, as determined by
immunoblot, after overnight (14-hr exposure of cells to dexamethasone and the
generation (percentage of total [*H]inositol phospholipids) of [*H]inositol phosphates
in response to stimulation wtih antigen (20 ng/mi DNP-BSA) or 100 um NECA in
both control (no treatment) and dexamethasone-treated cells.

Treatment Change in expression of my:mmmgm
Ga: Gus DNP-BSA NECA
% %
None 40+2 2+05
Dexamethasone (1077 M) 52+6| 4777 16+4 71

40), and release of arachidonic acid® in permeabilized cells and
the enhancement of antigen-induced influx of Ca?* in cholera
toxin-treated cells (3, 6). Even so, relatively high (millimolar)
concentrations of GDPSS are needed to suppress these re-
sponses (6). Also, we and others®® have been unable to dem-
onstrate that GTP augments antigen-induced hydrolysis of the
inositol phospholipids. These caveats do not apply to the stim-
ulation of mast cells with compound 48/80 (30, 41) or of RBL-
2H3 cells with NECA (3), because the responses to these two
agents are effectively abolished by incubation of cells with
pertussis toxin and, in the case of NECA stimulation, by
incubation with cholera toxin as well. It is probable, therefore,
that pertussis toxin-sensitive G proteins are required for the
signal transduction processes of these two stimulants.

The present studies strengthen the arguments for the possi-
ble involvement of a G protein, specifically G,, in the mediation
of responses to antigen. Firstly, the responses to antigen in
toxin-treated cells (3) are consistent with the fact that G,, is
not a substrate for cholera toxin- or pertussis toxin-catalyzed

% S. Dreskin and H. Metzger, personal communication.
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ADP-ribosylation (8-10). Secondly, the decrease in the
amounts of mRNA for G.., and of the G.., subunit in dexameth-
asone-treated cells correlates with the attenuation of the phos-
phoinositide and secretory responses of these cells to antigen.
This is in contrast to the increase in the amounts of G.i.3, and
possibly G...., and the increased sensitivity of the cells to NECA
(5). Finally, the activation of phospholipase C and increase in
[Ca?*]; in antigen-stimulated cells are exquisitely sensitive to
the inhibitory effects of activators of protein kinase C, such as
phorbol myristate (42), and it is known that a G,,-like protein
is selectively phosphorylated in platelets stimulated with phor-
bol myristate acetate or thrombin (43).

The cDNA that encodes G.. (alternatively referred to as G..)
was recently characterized (8, 9). Although the deduced se-
quence of amino acids indicates a high degree of homology
between G,, and the G,; subunits, the molecules differ in two
critical regions. G.. lacks the cysteine, located four residues
from the carboxyl terminus, that is the site of ADP-ribosylation
by pertussis toxin in G.., G., and the G,; species. In addition,
G... contains three amino acids that differ from the other G,
subunits in the region believed to be responsible for GTPase
activity (GXXXXGK) (44). This latter difference is thought to
account for the extraordinarily low rates of guanine nucleotide
exchange and intrinsic GTPase activity of recombinant G..
from Escherichia coli (10). Consequently, activation of G,
would be expected to cause a long lasting signal unless, as
speculated, GTPase-activating proteins, such as those recently
described for ras and ras-related proteins, enhance the GTPase
activity of G, (10).

If G.. is indeed the transducer for signals from the IgE
receptor, then additional enhancement of this signaling path-
way is necessary to account for several earlier observations.
For example, the observed ¢, for hydrolysis of the recombinant
G..-bound GTP is 10-12 min, compared with seconds for other
G,, subunits (10). This rate of hydrolysis, and presumably of
deactivation of G.,, is too slow to account for the immediate
abrogation of all stimulatory responses to antigen when antigen
is displaced from the receptor-bound IgE with excess monova-
lent hapten (1, 33). There is also evidence that a Ca®*-inde-
pendent tyrosine phosphorylation of several proteins (45),
which include the phospholipase C v isozyme,® is an early event
in antigen-stimulated RBL-2H3 cells. These phosphorylations,
however, are not attenuated in cells treated with dexametha-
sone.” Moreover, the tyrosine kinase inhibitor genistein (46,
47) blocks all responses to low concentrations of antigen, but
the blockade is largely reversed by increasing the concentration
of antigen.® This result could indicate that a tyrosine kinase-
catalyzed phosphorylation synergizes the transduction of the
primary signal across the membrane at low levels of stimula-
tion. More definitive information on the roles of G.. and
tyrosine phosphorylation must await further studies of the
phosphorylation of the phospholipase C v isozyme (48) in RBL-
2H3 cells and of the effects of overexpression of the G.. gene
in transfected RBL-2H3 cells.

The identification of G.i.2, Gas-sy Gas-.L, and G.. in RBL-2H3
cells was based on their immunoreactivity to antibodies, the
presence of mRNA, and their ability to serve as substrates for
toxin-catalyzed ADP-ribosylation (Table 1). The studies with

°D. J. Park, H. K. Min and S. G. Rhee, submitted for publication.
7R. A. Baumgartner, C. L. Jeisema, and M. A. Beaven, unpublished data.

toxins revealed additional soluble proteins, which remain un-
characterized but which resemble those previously described in
cytosol of rat mast cells (30) and membranes of various cells
(23-29).

In conclusion, incubation of RBL-2H3 cells with physiologic
concentrations of dexamethasone results in the alteration of
expression of the various G, subunits, primarily a decrease in
G.. and an increase in G,.s Therefore, one mechanism by
which glucocorticoids, such as dexamethasone, might induce
selective changes in signal transduction systems is by up-
regulating or down-regulating the expression of G proteins or
receptors. Our data are consistent with previous proposals that
increased expression of G., (49, 50) and B-adrenergic receptors
(51, 52) in different types of dexamethasone-treated cells ac-
counts for the enhanced activation of adenylyl cyclase by 8
agonists in these cells. Although treatment with dexamethasone
results in decreases in the expression of several proteins (e.g.,
Fig. 4), the decrease in G,, was unique with respect to the G,
subunits and, therefore, its characteristics fit the criteria for a
G protein subunit that can couple to the IgE receptor. The
identity of the G protein that couples to the adenosine receptor
is presently unclear, but G, ; and a soluble protein that serves
as a substrate for ADP-ribosylation by either pertussis toxin or
cholera toxin are potential candidates.
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