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Interaction of mastoparan with the low molecular mass GTP-binding
proteins rho/rac
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Mastoparan, which has been shown to active G proteins [1], inhubits the ADP-ribosylation of 20 kDa human platelet membrane protems catalyzed

by Clostridum botulinum exoenzyme C3 halfemaximally and maximally (30%) at 20 and 100 4M concentrations, respectively Inhibition of

ADP-ribosylation was enhanced by GTP-yS Mastoparan increascd GTP hydrolysis by porcine brain rho protemn and stimulated GTP binding

in a concentration dependent manner The data suggest that mastoparan not only interacts with heterottimernic G protemns but also with low
molecular mass GTP-binding protemns of the rho/rac family

Mastoparan, Small GTP-lunding proteins, rho, rac, Clostridium botulimun exoenzyme C3, ADP-ribosylation

1. INTRODUCTION

A famuly of heterotrimeric GTP-binding protems, the
G proteins G,, G,, G, and G,, are involved in the regula-
tion of transmembrane signal transduction The G pro-
teins operate by utihizing a guanine nucleotide-binding
and -hydrolyzing cycle Whereas ligand receptor 1nter-
action causes a GDP/GTP exchange at the a-subunit of
the G protemn and subsequent activation, the active state
1s terminated by hydrolysis of the bound GTP by an
mnherent GTPase activity [2-5] These G proteins are
substrates of cholera and pertussis toxins which ADP-
ribosylate the a-subunits of the regulatory proteins, the-
reby mhibiting or facilitating signal transduction pro-
cesses [6,7]

A second family of smaller proteins (M, 20 000-
25 000) with GTP-binding and GTPase activities has
been 1dentified with the ras proteins as 1ts best-studied
membeis [8,9]. Recently, it has been shown that the
GTP-binding proteins rhoA, B, C and rac I, 2 are sub-
strates of Clostridium botulinum ADP-ribosyltransfe-
rase C3 [10-16] So far the precise functions of rho and
rac protemns are unclear It has been suggested that the
rho proteins are directly or indirectly involved 1n the
regulation of the structurc of the cytoskeleton [15,17]

Mastoparan 1s an amphiphilic tetradecapeptide toxin
from wasp venom which causes mast cell degranulation
(18] Various biological activities like interaction with
calmodulin [19,20} and activation of phospholipase A,
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[21] have been ascribed to the peptide Recently, 1t has
been reported that mastoparan activates G proteins di-
rectly without receptor mteraction [1,22] It appears
that this compound promotes the GDP/GTP exchange
at G protemns 1n a way which 1s comparable with that
of hgand occupied receptors Here we report that ma-
stoparan also nteracts with the low molecular mass
GTP-binding ptotemns rho/rac, thereby inhibiting the
ADP-ribosylation of the protemns by Clostridium botuli-
num exoenzyme C3

2 MATERIALS AND METHODS

21 Muatenals

Clostridium botulinum exoenzyme C3 [23). Clostridium perfi ingens
1ota toxin {24] and rho proten from porcine brain cytosol [13] (80%
purity by SDS-PAGE, with contamunants in the lngh molecular weight
range) were putificd as described Human plateiet membranes were
1solated as described previously [25] Pertussis toxin was donated by
Dr P Gierschik (Heidelberg, Germany) Mastoparan was obtained
from Sigma (Deisenhofen, Germany) or Bachem (Hadelberg, Ger-
many) Identical results were obtained with both prepdrations {o-
YPINAD. [*HIGTP. and [y-*P]GTP were purchased from NEN (Drei-
eich, Germany) and all nucleotides from Bochringer (Mannheim, Ger-
many) All other chermicals were from commercidal sources

22 ADP-ribosyvlation assay

ADP-ribosylation assdys were carried out essentially das described
{23.26] The reaction medium contained mastopdran in the concentra-
tious given, platelet membranes (protein concentration 05 2 mg/ml),
buffer A (I mM EDTA, 2 mM MgCl,, | mM dithiothreitol, 1 mM
PMSF, 50 mM triethanolamine-HCI (pH 7 4)), 20 nM [a-“PINAD (5
UCi/ml) 1 a total volume of 50 1 The reaction wds imtiated by the
addition of C3 ADP-tibosyltransferase (25 ng) After incubation ot
10 min at 30°C the teaction was stopped by addition of 1 ml trichlo-
roucetie dacid (03 g/ml) Protems were collected onto mtrocellulose
filters The filters were washed ten tmes with 1 5 ml of 6% ttichloro-
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acetic acid and placed 1n scintillation flurd for counting of retained
radioactivity The filter blank in the absence of botulinum ADP-
nbosyltransferase C3 was 0 1-0 2% of added [¢-*P]NAD and was
subtracted from retained radioactivity

[**P]JADP-ribosylation of large and small GTP-binding proteins and
of actin by pertussis toxin, C3 ADP-ribosyltransferase and 1ota toxin,
respectively, was performed under modified conditions Platelet mem-
branes (proten concentration | mg/ml) were preincubated without
and with 50 #M mastoparan m incubation medium contaimng buffer
A, 0002% Lubrol PX, 0 5 mM ATP and ¢ | mM GTP for 5 min at
37°C ADP-nibosylation (1 h, 37°C) was imtiated by addition of 20
Jg/ml pertussis toxin (previously activated for 10 mun at 37°C with 20
mM dithiothreitol and 0 2 mM ATP), 2 ug/ml 1ota toxinor 1 5 ug/ml
botulinum ADP-ribosyltransferase C3, respectively, and of 20 nM
[-**PJNAD (5 #Cvml) 1n a total volume of 100 gl

For SDS-polyacrylamide gel electrophoresis (SDS-PAGE) incuba-
tion was termmated by addition of sample buffer for SDS-PAGE
according to Laemmli {27] Gels (12 5%) were stamned and destained
and subjected to autoraciography for 12 h

23 GTP-hydrolysis assay

The time course of GTP hydrolysis was determined as described
[28,29] The reaction medium consisted of 50 mM triethanolamine-
HCl (pH 7 4), 1 mM dithiothreitol, | mM EDTA, 0 | mg/ml bovine
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serum albumin, 2 mM free MgCl,, 15 nM [y-**P]GTP (0 5 #Cv/ml), 30
A#M mastoparan and 4 ¢#g/ml rho protein Incubations were performed
at 30°C and 50 gl aliquots were removed at the indicated times The
reaction was terminated by addition of 0 5 ml ice-cold sodium phos-
phate buffer (20 mM, pH 7 0) contaiming 50 mg/ml charcoal After
centrifugation for 10 min (12 000xg) at 4°C, 0 4 ml of the supernatant
was transferred to scintillation vials for subsequent counting of
radioactivity

24 GTP-binding assay

GTP-binding to the rho protemn preparation was determuned as
described [30] The binding buffer contained 50 mM triethanolamine-
HCI (pH 7 4), | mM dithiothreitol 2 mM MgCl,, 1 mM EDTA, 50
mM NaCl, 0 1 mg/ml bovine serum albumin, I mM PMSF, 12 nM
['H]GTP (0 5 uCvm}), 8 ug/m! rho protein and mastoparan i the
given concentrations n a total volume of 100 1 For termination of
the reaction | m! of washmg-buffer (50 mM Tris-HCI, pH 7 4, 50 mM
NaCl, 5§ mM MgCl,) was added and samples were filtered immedza-
tely Filters were washed 4 times with 4 ml of washing-buffer and
placed 1n scntillation flmd for counting of retained radioactivity
Because ['H]JGTP 1s partly hydrolyzed to [*"H]JGDP m this assay, the
amount of radioactive guanine nucleottde bound will be referred to as
‘bound *H]JGDP/GTP’

(A} PT
Mastoparan - -+
40 kDQ == <O gt
20kDa e
o~ ]
[ 17
SE | .
§§320-
>
)
8L 10}
T e
X
S £ o
( 3 1 ” L L 1 A ! " )
0 01 1 10 100
(B) [Mastoparan] (uM)

=
c 5 |
'gw w
8 g20r
> S [
g
2" 10t
.:'
] ©
o i
2 E
<a0-
© [ P R T |
S

0 10 20 30
Time (min)

a

Fig 1 (A) Comparison of the cffect of mastoparan on [ZP]JADP-ribosylation of various human platelet membrane proteins Small and large
GTP-binding proteins as well as actin were [VPJADP-ribosylated with pertussis toxin (20 gg/m!), 10ta toxin (2 ug/ml) and C3 ADP-ribosyltransferase
(1 5 ug/ml) 1 the absence and presence of 50 M mastoparan as described 1n section 2 The autoradiogram, by which the labeled protems were
visualized after SDS-PAGE, 15 shown with the molecular mdss markers on the left (B) Concentration dependence of the inhibition of C3-induced
[*PJADP-ribosylation of human platelet membranc protems by mastopatan Platelet membrane proteins were [*PJADP-ribosylated by C3 without
and with increasing concentrations of mastoparan (0 1-100 uM) The radioactivity of labeled protems was measured by the filter method as
described Data are mean values of triplhicates and dre representative for 3 experiments (C) Influcnce of mastoparan on the tme course of
C3-induced [“PJADP-ribosylation of human platelet membrane proteins Human platelet membrane proteins were [P2PJADP-nibosylated by C3
without (*) and with («) 3 4M mastoparan  Ahquots (50 ul) were removed at the times indicated and radioactivaty of labeled proteins was determined
ds deseribed 1n section 2 Data are mean values of duplicates and are representative for 3 experiments
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25 Proten concentration
Protein concentrations were determined according to Bradford [31]
with bovine serum albumin as standard

3 RESULTS

It has been shown by Higashinma and coworXers
[1,22] that mastoparan activates the G, and G, proteins
by increasing the binding of GTP to the a-subunit of the
GTP-binding proteins On the other hand, activated G
proteins (G, G,) are reportedly poor substrates of
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Fig 2 (A) Influence of GTPyS on the effect of mastoparan on C3-
induced [P]JADP-ribosylation of platelet membrane protemns Platelet
protemns were [PJADP-ribosylated by C3 without and with 30 uM
mastoparan 1n the absence or presence of | uM GTP¥S The autora-
diogram of the SDS-PAGE analysis of the labeled protetns 1s shown

(B) Intubitory effects of GTPyS and madstoparan on C3-induced
[*PJADP-ribosylation of human platelet membrane proteins Platelet
membranes were ADP-ribosylated without (*) or with (e) 10 uM
mastoparan tn the presence of increasing concentrations of GTPyS

The radioactivity incorporated was determined by the filter method

Inhibitton of GTPyS 1s given in percent of control (absence of
GTPyS) Control v.)~s of incorporation of ADP-ribosc 1n the ab-
sence and presence of mastoparan were 109 000 and 81 (00 Jpm/I0
min, respectively. Data are mean values of duplicates and are repre-

sentative for 2 experiments.
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pertussis toxin [32]. Fig. 1 shows thai in agreement with
those reports mastoparan inhibited the pertussis toxin-
induced ADP-ribosylation of a 40 kDa G protein in
human platelet membranes. While the ADP-ribosyla-
tion of actin by Clostridium perfringens 10ta toxin was
not affected, mastoparan blocked the ADP-ribosylation
of 20 kDa protems catalyzed by C botulinum ex-
oenzyme C3 1n platelet membranes (Fig 1A) with half-
masximal and maximal inhibition (90%) at 20 and 100
4M mastoparan, respectively (Fig. 1B). The time course
of ADP-ribosylation of human platelet membrane rho/
rac proteins was apparently not changed n the presence
of 3 uM mastoparan, iowever, maximal ADP-ribosyla-
tion was reduced by about 30% (Fig 1C)

It has been reported previously that GTPyS inhibits
the C3-induced ADP-ribosylation of platelet membrane
protems, Fig. 2A shows that mastoparan (10 uM) n-
creased the inhibitory effect by GTPyS. In the absence
of mastoparan, GTPyS decreased ADP-nbosylation
maximally by about 60% (Fig. 2B) When mastoparan
(10 M) was added in the absence of GTPyS, the in-
corporation of [*PJADP-ribose was decreased from
109 000 to 81 060 dpm/10 min Under this condition,
the maximal inhibitory effect of GTPyS increased to
about 85%, while the half-maximal effect of GTPyS
(0 05 uM and 0.03 M without and with mastoparan,
respectively) was almost not changed GDP or GDPSS
did nerther increase the inhibitory effect of mastoparan
nor were these nucleotides able to prevent the masto-
paran-induced mhibition even at high concentrations
(not shown).

Sincc mastoparan was shown to stimulate the
GTPase cycle of G proteins, we were prompted to study
whether this holds true also for the small GTP-binding
protein rho which serves as substrate of C3. At first we
confirmed that masoparan also inhibited the C3-in-
duced ADP-ribosylation of rho protein purified from
porcine brain (not shown), The influence of mastoparan
on the GTP hydrolysis catalyzed by the rho protein 1s
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Fig 3 Time-dependent effect of mastoparan on GTP hydiolysis
Release of orthophosphate from [y-"PJGTP by porcine brain rho was
determined tn the absence (*) and presence of 30 uM mastopdaran (»)

Aliquots (50 ul) were removed at the indicated times and further
processed gs desenbed
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Fig 4 Concentration dependent effect of mastoparan on ['HJGDP/

GTP-binding to bovine bran rho protemn ['HJGDP/GTP was allowed

to bind for 60 min at 30°C to the rho preparation The radioactivity

bound to the rho proten was determmned by the filter method as

described Data are mean values of triplicates and are representative
of 3 experiments

depicted 1in Fig 3 Mastoparan (30 gM) increased the
release of orthophosphate about 2 3-fold after 90 min
The time course of GTP hydrolysis was linear for at
lcast 90 min in the presence and absence of mastoparan
Furthermore, Fig 4 shows that mastoparan stimulated
the binding of [PH]JGDP/GTP to the rho piotemn n a
concentration dependent manner. A similar mastopa-
ran effect on binding of [*"HJGDP/GTP was observed in
the presence of 0 5 mM dimyristoyl L-a-phosphatidyl-
choline (data not shown) Stimulation of GTP/GDP-
binding was observed at rather low concentrations of
mastoparan with half-maxmal and maximal effects at
about 0 7 uM and 10 uM, respectively.

4. DISCUSSION

Mastoparan has been shown to activate G proteins
[1,22] This 15 most likely the reason why mastoparan
inhibited the ADP-ribosylation of about 40 kDa prote-
ins by pertussts toxin, because 1t 1s known that the acti-
vated G protein 1s a poor substrate of the toxin [32]
Mastoparan also inhibited the C borulinum exoenzyme
C3-induced ADP-ribosylation of proteins of appio-
xmately 20 kDa. Several findings reported 1n this com-
munication indicate that this effect of the histamune
liberator mastoparan 1s caused by its interaction with
the low molecular mass GTP-binding protemns of the
rho/rac family which are substrates of C3 First, 1t has
been reported that the ADP-ribosylation by C3 1s regu-
lated by guanine nucleotides [33]. Simulaily as observed
for the pertussis toxin-induced ADP-ribosylation,
GTPyS inhibits the C3-induced ADP-11bosylation of 20
kDa proteins 1n human platelet membranes [33] Accor-
dingly, the inhibitory effect of mastoparan on ADP-
1ibosylation increased with GTPyS. Mastoparan did
not unspecifically block ADP-ribosylation reaction be-
cause the modification of platelet membrane actin by C.
perfringens 10ta toxin was not impaned Importantly,
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mastoparan stimulated GTP-binding and GTP hydro-
iysis catalyzed by rho protein Most likely, these masto-
paran effects on rho/rac proteins are not simply caused
by stabihsation of the GTP-binding proteins against
mactivation or denaturation because even without the
tetradecapeptide the purified rho protein clicited a h-
near GTP-hydrolyzing activity for at least 90 min Con-
centrations of mastoparan necessary for inhibition of
ADP-ribosylation were higher than for stimulation of
nucleotide binding Thus, 1t appears that the nucleotide
binding activity of the rho protein 15 more sensitive
towards mastoparan than 1ts ability to serve as sub-
stiate for C3

Recently, 1t has been reported that the C3-induced
ADP-ribosylation of about 20-25 kDa protems 1n rod
outer segment membianes 1s regulated via the activated
light receptor rhodopsin in a manner similar to that of
pertussis toxin-catalyzed ADP-ribosylation of transdu-
cin [34] Therefore, 1t has been suggested that also the
small GTP-binding protemns which are substrates of C3
somehow interact with G protein-coupled receptors
Some effects of mastoparan on ntact cells have been
ascribed to the ability of the peptide to activate G pro-
temns, particularly G, and G, [35,36] Because some of
these effects are pertussis toxin-insensitive, we speculate
that low molecular mass GTP-binding proteins might
be mvolved 1 some of these processes
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