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The ADP-ribosylation of GTP-binding proteins (G-proteins)
catalyzed by pertussis toxin was inhibited by endogenous
inhibitor activity in the membrane extract of bovine brain.

Most of the activity appeared in the fractions eluted from a
DEAE-Sephacel column by 0.5 M NaCl. The activity was heat-
stable and sensitive to pronase K. The results suggest the
presence of an endogenous inhibitor of pertussis toxin in bovine
brain. o 1989 academic Press, Inc.

Bacterial toxins interrupt the signal transduction cycle at
different steps by the ADP-ribosylation of G-proteins (1-5).

For example, pertussis toxin causes the functional uncoupling of
Gi from its receptor (6,7). Two lines of evidence also suggest
the involvement of such ADP-ribosylation in the modulation of
the signal transduction process in cells. One is the
identification of an endogenous ADP-ribogyltransferase,
comparable in its effects to pertussis toxin, in human
erythrocytes (8,9). The other is the finding that rat liver
contains endogenous inhibitor activity for pertussis toxin (10).
Therefore, both ADP-ribosyltransferase and the ADP-ribosylation
inhibitor can theoretically participate in the regulation of G-
proteins.

G-proteins are abundant in and can be isolated in pure form
from the brain, which makes it a suitable organ to use in
investigation of the regulatory mechanisms of G-proteins. We
have found that bovine brain contains an endogenous inhibitor of

the pertussis toxin-catalyzed ADP-ribosylation of G-proteins.

Abbreviations : G,, regulatory protein that mediates the
inhibition of adenylate cyclase; G., a similar GTP-binding protein
of unknown function; GTPYS, guanosine 5'-(3-O-thio)triphosphate;
SDS, sodium dodecyl sulfate.
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MATERIALS AND METHODS

Preparation of Membrane Extract Brains were obtained from
freshly slaughtered cattle and were processed at temperature
below 4°C. Membrane was prepared as described by Sternweis et
al.(11).

DEAE-Sephacel Column Chromatography First, 100 ml of a 1%
cholate extract was obtained from 250 g of bovine brain cerebral
tissue. The extract was put on a DEAE-Sephacel column (2.7 x 28
cm) equilibrated with buffer A (20 mM Tris-Cl, pH 8.0, with 1 mM
EDTA, 1 mM dithiothreitol, and 1% cholate). Elution was
performed with 500 ml of a linear gradient of NaCl (0-250
mM) in buffer A, followed by 500 mM NaCl in buffer A. Fractions
of 8 ml were collected.

Assays GTPYS binding activity was measured as described
before (11). To measure the pertussis toxin substrate activity,
5 ul of the sample was added to 45 ul of assay mixture A (40 mM
Tris-Cl, pH 8.0, 5 mM thymidine, 20 mM dithiothreitol, 1 mM L-a-
dimyristoyl phosphatidylcholine, 20 mM §3onicotinic acid
hydrazide, 5 uM GTP), containing 1 uM [?“PINAD (1-20 Ci/mmol)
and different amounts of pertussis toxin. The toxin had been
activated by incubation with 50 mM dithiothreitol and 1 mM ATP
for 15 min at 40°C. The sample was incubated with the reaction
mixture at 40° C for 2 h, and then the radioactivity
incorporated by protein was measured as described by Neer et
al.(12). To measure the inhibition of the ADP-ribosylation of
G—groteins by pertussis toxin, 5 ul of sample was incubated at
40°C for 2 h in 45 ul of assay mixture A, containing 1 pM NAD
and 16 pg/ml activated pertussis toxin. Usually, more than 95%
of the G-proteins in the sample became ADP-ribosylated with
unlabelled NAD. After the addition of 30 ul of assay mixture A
containing [3 PINAD (1-20 Ci/mmol) and 30 ug/ml of the G-protein
fraction from bovine brain, the reaction mixture was incubated
for 2 h more. The radiocactivity incorporated into proteins was
measured as for the first assay (12). As the G-protein
fraction, we used fraction No.40 from the chromatography, since
it showed the highest GTPYS binding activity. In the control
experiment, 5 ul of buffer A was added.

Gel Electrophoresis An 11% polyacrylamide gel electro-
phoresis in the presence of SDS was run as described by Laemmli
(13). The ratio of acrylamide to N,N'-methylenebis acrylamide
in the running gel and in the stacking gel was 33:1 (14) and
37.5:1 (13), respectively. Gels were stained with Coomassie
Blue and dyed gels were autoradiographed at -20°C with Kodak
Omat film.

RESULTS AND DISCUSSION

Membrane extract of bovine brain prepared with various
concentrations of cholate and incubated with [32P]NAD and
activated pertussis toxin caused ADP-ribosylation of both the
39-kDa and 41-kDa species (Fig. 1). The extent of ribosylation
increased as the concentration of cholate used to extract the
membrane increased from 0 to 0.5%; thus the extraction of Go and
G; was cholate-dependent over this range. However, when the
cholate concentration was higher than 0.5%, ADP-ribosylation was
actually decreased. This did not seem to be due to inadequate
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Fig. 1. (A) GTPyS binding activity and pertussis toxin
substrate activity of cholate extracts from bovine brain
membranes. Cholate was added to each 50 ml of t%g suspension up
to the final concentrations as indicated. The [°2S)GTPyS
binding activity (e@; 5 ul/assay) and pertussis toxin substrate
activity (0O ; 2.5 ul/assay) of the cholate extract were
measured. In the measurement of the pertussis toxin substrate
activity, the final concentration of pertussis toxin was 2 ug/ml
and Eae final concentration of cholate was adjusted to 0.05%.
(B)["“P]ADP-ribosylation of pertussis toxin substrate in the
cholate extract. The ADP-ribosylation products were treated as
described elsewhere (12), separated by electrophoresis, and
autoradiographed.

extraction of G4 and G;, because GTPYS binding did not decrease
as the cholate concentration increased up to 1.0%. The

results suggested that an inhibitor of the ADP-ribosylation of
G-proteins by pertussis toxin was present in the membrane and
was extracted by cholate.

We fractionated the inhibitor extracted by 1% cholate on a
DEAE-Sephacel column. The pertussis toxin substrate activity
appeared as a single peak eluted by 100 mM NaCl; the peak
overlapped the major peak of GTPYS binding activity (Fig. 2).
Such peak fractions are rich in G; and G, (11). The major peak
of the inhibitor activity that reduced incorporation of
radioactivity catalyzed by pertussis toxin was in the fractions
eluted by 0.5 M NaCl. When the reaction product was analyzed by
gel electrophoresis following ADP-ribosylation catalyzed by
pertussis toxin, incorporation of radioactivity into both 39-
and 41-kDa species was shown to be inhibited by addition of the

inhibitor fraction (inset in Fig. 2).
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Fig. 2. DEAE-Sephacel column chromatography of bovine
brain membrane extract. A 1% cholate extract of bovine brain
was fractionated and assayed as described in "Materials and
Methods". The final concentration of pertussis toxin in the
assay mixture for substrate activity was 9 ug/ml. The
radioactivitgswas plotted in reverse to show the inhibitor
activity. [°?S]GTPYS binding activity (10 ul/assay), e;
pertussis toxin substrate activity (5 ul/assay),0 ; inhibitor
activity with 5 ul/assay, A and with 1 ul/assay, A ; absorbance
at 280 nm (broken line); cogsentration of NaCl (solid line).
(Inset) Inhibition of the [°“P]ADP-ribosylation of 41-kDa and
39-kDa species. Here, 5 ul of the DEAE-Sephacel column fraction
No.80 or buffer A as the control was incubated first with
pgatussis toxin and unlabelled NAD and then with G-protein and
[

PINAD as described in "Materials and Methods". Each 20 ul of
sample was treated, separated by electrophoresis, and
autoradiographed.

Inhibitor activity was stable for at least several months
when the fractions were kept at -80°c, and repeated freezing and
thawing did not cause any loss of activity. After heat
treatment at 100 ©C for 5 min, the inhibitor activity remained
unchanged (Fig. 3), but it was sensitive to protease treatment
for at least 1 h (Fig. 3). Since the inhibitory activity was
sensitive to pronase K, this indicated that the inhibitor was
proteinic. It may possibly be a peptide, as its activity was
gquite heat-stable.

The finding of endogenous inhibitor activity in the brain
probably indicates the physiological importance of the

regulation of G-proteins by endogenous ADP-ribosylation.
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Fig. 3. Effects of heat treatment and pronase K
treatment. 100 pl of the inhibitor fraction No. 80 from the
chromatography was heated at 100 ©C for 5 min. Another 30 pl of
the fraction or buffer A was mixed with 5 pl of 1 ug/ml pronase
K and incubated at 37 ©C for 1 h and 20 ul of soybean trypsin
inhibitor (50 mg/ml) was added after incubation. The inhibition
by trypsin inhibitor of pronase K activity was confirmed using
bovine serum albumin as the substrate (data not shown). The
inhibition caused by 5 pl of the heat-treated sample or the
sample treated by pronase K was measured as described under
"Materials and Methods". Values are means of duplicates + S. D.
The lanes are 1 control; 2 inhibitor fraction without treatment;
3 heat-treated inhibitor fraction; 4 buffer A treated with
pronase K; 5 inhibitor fraction treated with pronase K.
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