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Pertusis toxin, islet-activating protein (1AP) nnd cholera toxin ADP-ribosylsted 40 kDa and 45 kDa proteins in membrane proparations from
Cuerorhabditls elegeny. Troteins with the same moleculir welghts were recognized in the same membranes by an antibody that had been raised
agiinst & pepiic - common to asubunits of mammulinn afy-heterotrimeelc G proteins. The antibody produced immunepricipitation with the 40
kDa protein “Pelubeled by TAP. A 35 kDa proteln immunochemically indistinguishable from the -component of mammalian G protcins was abio
found In C, elegins membranes, The membranes displnyed adenylute cyclase activity which was highly seasitive to fonkolin and GYP analogues.
whose uetion was untngonized by GDPAS, Receptorcoupled regulation ol adenylate cyclase thus appears 1 be mediated by mammakiantype G

proteins i C. elegany us well,

GTbinding proweln: Pertusais toxing Ietactivating protein: Cholern toxing Adenylate cyclane; Craonorfudditiv clegans

L. INTRODUCTION

GTP-binding proteins (G proteins) form u fhmily of’
proteins that serve as medintors of hormonal and
sensory transduction processes in eucaryotes |1} G
proteins ncting as membrane signal transducers consist
of a guanine nucleotide-binding a subunit, a 8 subunit.
and a ¥ subunit. These G proteins can be ADP-ribo-
sylated by bacteriul toxins such as pertussis toxin Gslet.
activating protein; IAP) [2] and/or cholera toxin (CTX)
[31. Recently, G proteins in Drosophila melanogaster
[4-9). Dictrostelium  discordenm [10,11), and ycast
[12.13] have been reported.

The nematode Cucnorhabditis elegans (C. elegans)
could be a very useful organism for the study of the
molecular events underlyit.g difforentiation and devel-
opment. Genetic analysis of C. elegany is well developed
and a variety of mutants have been obrained [14.15).
Many genes encoding proteins that could play roles in
signal transduction pathways, such as protein kinase A
{16] or C [17] homologues. ler-23 {18, fin-12 [19)]. and
let-60 [20]. have been cloned.

Genes encoding the G protein a [21} or 8 [22) subunit
homologue of C. elegans have also been cloned. How-
ever, the & subunit homologue gene thus cloned does
not code for any cysteine residue that should be a can-
didate for an amino acid ADP-ribosylated by IAP. In
this report. we will describe the occurrence of a 40 kDa
G protein and a 45 kDa G protein that serve as the
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substrate for ADP-ribosylation catalyzed by AP and
CTX. respectively. These G proteins could be coupled
o membrane adenylate cycluse in C. efegans men
brancs,

2. MATERIALS AND METHODS

1. Prepanation of the oride memduiane fuiction from C. Sogams

Wild-type € elegans as culiured and hanested as detibed in {15}
Wonns were suspeindod in TEDANN (20 mM TrisHCU pH X0, T mM
DTT, | mM EDTA, $0 &1U/ml of aprotinin, 20 mM NaCl) crushed
in liquid nitrogen and homogenized wing 3 Polytron homogenizer
(max pewer, 10 min x 2). The ivsaie was contriluged at 300 x ¢ for §
min and the supernatant was further centrifaged at 100000 x ¢ for 30
win, and the final peliet was stockaed in liguid sitrogen (he C cleguns
crwde membrane traction),

2.2 1% Lubwol-PX exerqct of the C. clogans crudke ascncheany fraction

An equal volume of TEDANG coaainin, 2% Lahrel-™ o
addad 1o the crude membrane fraction, Yo ev oo 2 v choken viges
rously for 60 min on ice and was centrituged at 100000 x ¢ for 60 min.
The supernatant was stored w ~80°C.

23 148 or CTX<cutalvsod ADPribasvlation
TAP- [23} or CTX- [24] catatyzod ADPribosylation was conducted
as described before. Bricfly, samples vwere incubated for 60 min at -~
30°C with preactivated 1AP (10 mg'ml) or CTX (50 mg/mi} in the
proseice of [a-SPINAD. The waction was stopped by adding
Lacmumli's sample buffer [25). The mixture was applied to sodium -
dodecyt sultate (SDS)k-polvacrylumide gel clectrophoresis, stained with
Coomassic brilliant blue. and subjected to autoradiography.

24 Measurement of adenviate cvelase activity

The reaction mixture tor the adenylate eyclase assay contained 10
mM HEPES-NaOH (pH 7.3), 0.5 mM EGTA. 0.1% BSA, 2.5 mM
MgCly, T mM 3-isobutyl-l-methylxantine (IBMX). 0.5 mM ATP, §
mM phosphocrcatine. and 50 U/m!t of creatine kinase. A crude
membrane preparation (25 g protein) wis incubated in the reaction
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mixture further supplemented with stimulants for 10 minat 22°C. The
renction was stopped by auding ! N HClto make 4 fina) concentration
of 0.1 N and boiling Tor 1 min, cAMP was measured by the use of
radiolmmunoassay as deseribed betore [26),

2.8, Ukl antibody
Alfinity-pucitied rabbit antibody UL-1 direeted against the common
ho-a-subunits:ol G- protelne was obtained using a synthetic
| - njugate an hn natigen ne-
o:wits synthesized by the
o KIRIN Brewery Co., Ltd,

1171 . _

Samples were subjected to SDS-polyacrylumide gel electrophoresis
and: transferred. electrophoretically 10 a nitrocellutose flter. Uning
UL, antitabbit [gG, rabbit peroxidascaantiperoxiduse complex as
1st, 2nd, und 3nd untibody, respectively, positive bands were detected
by dlaminobenzidine/H,0,.

26, Imonoblo

2.5 Immunoprecipitation

tAR-catalyzed by ADP-ribosylation was stopped by diluting on fee
with concenteated stocks of 'R1PA* buller to muke a final concentra-
tion of 50 mM Tris-HC (pH 7.4), 78 mM NaCl, 1% deoxycholute, 1%
Nonidet P30, 30 kK1U/nl of aprotinin, | mM DTT, and 0.5% SDS.
Antibody ULR1, normad tabbit serum, or antibody UL-1 preincubated
with the antigen (the ULl peptide) was then adided 1o the mixture,
which wis kept at 4°C overnight betore i 2-h incubation on fce with
the- urther-addition - with protein. A-Sephavose Cledth, The prect
pitates ware bolled in Laemmli's sample buller wwl were subjected to
SDS-polyacrylamide gel clectrophoresis and autoradiography.

3. RESULTS AND DISCUSSION

Two proteins with molecular weights of 40 kDa and
45 kDa were ADPeribosylated by 1AP and CTX, re-
spectively, when the erude membrane fraction from C
clegans was incubated with these toxins in the presence
of [a-“P]NAD (lane 3 in Fig. 1A and B). No radioac-
tivity was incorporated into the protein bands unless the
incubation medium was supplemented with toxins (lane
4). Proteins with the same molecular weights occurring
in the cholate extract of bovine brain membranes were
also ADP-ribosylated by these toxins under the same
conditions (lane | in Fig. 1A and B), suggesting that the
rematede 40 kD2 and 45 kDa prowins are G- (or
G,a-) and Go-like proteins, respectively. An additional
CTX- substrate protein (52 kDa) in brain membranes
scems to be another a-subunit of G,. a product of
alternative splicing of G,& gene exons.

An antibody, termed antibody Ul-l, was raised
against a highly conservative amino acid sequence that
forms a region rvesponsible for GTPase activity and is
common to mammalian G protein a-subunits [28]. The
Ul-1 antibody, which is capable of interacting with
Ga's (45 kDa and 52 kDa), G2's (3941 kDa) in the
bovine brain membrane preparation (lane 1 in Fig. 2A).
recognized 40 kDa and 45 kDa proteins when an immu-
noblot analysis was applied to the crude membrane
fraction from C. elegans (lanc 2). Neither protein was
detected in the soluble fraction of the nematode (lane 3).
The 35 kDa protein was recognized t, an antibody for
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rins ADPribosylated

by LAP or CTX. Membrane preparations were incubated in the pres-

ence of fa=YPINAD with (lanes 1 and Y) or without (lanes 2 and HIAP

{Panel A) or CTX (Panel B) at 30°C for 60 min before SDS-polyacryl

amide gl electrophoresis and awtoradiography. Lanes | and 2, 1®

cholate extract of bovine braln membrane fraction; lanes Sand 4, C
elecons crude membrane fraction, in cach pancl,

Fig. |, Blectrophoretogram of membrane

the Sy-component of mammalian G proteins in mem-
brane preparations tom €. elegans as well as from
bovine brain (Fig. 2B). Probably, nematode 40 kDa and
45 kDa proteins and 35 kDa protein, like those in brain
membranes, are the GTP-hydrolyzing a-subunits and
the B-subunit, vespectively, of heterotrimeric G pro-
teins. In accordance with this notion, the clution profile
for proteins susceptible to [AP from an anion- exchange
column or a gel-filtration column was essentially the
same as the profite for the fractions exhibiting GTPYS-
binding activity (data not shown). The activity peak

(A) Bi (C)

12 32 1

™
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Fig. 2. C. elegans proteins recognized by antibodies directed against
mammalian G proteins. Panels A and B: immunoblot: bovine brain
membrane fraction (lane 1), C. elegants crude membrane fraction (lane
2 and €. elegans supernatant fraction (lane 3) were subjected to
immunoblot analysis using Ul-1 antibody (A) or anti-§¥ antibody (B).
Panel C: Immunoprecipitation of protcin ADP-ribosylated by 1AP:
195 Lubroi-PX axtract of the C. elegans crude membrane fraction were
incubated with [a-“PINAD and IAP, and submitted to immuiic sis-
cipitation with the use of normat rabbit serum (lanc 1), 4 mg/ml -t
antibody (lane 2) or Ul-1 antibody preincubated with the UL-1 peptide
(lane 3).
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contnined 40 .kDa and 35 kDa proteins immunologi-
cally indistinguishable {rom mnmmulmn Ga and G8,
respectively: (not shown),

In order (o nscertain that the lAP-subslmte 40 kDa
protein is really the a-subunit of G- or G,-like protein,
we tried 1o immunoprecipitate the 40 kDa protein once
ADP-ribosylated by the toxin with the use of the Ul-1
antibody. The membrane preparation from C. elegans
was incubated with 1AP plus [a-"PINAD before immue.
noptecipitation. The “P-labeled 40 kDa protein was

recnpnu\b:d with the Ul-1 antiserum (lane 2 in Fig. 2C).
No precipitution oceurred if' the antiserum was repluccd
by non-immune serum (lane 1) or if the Ul-1 antiserum
had been deprived of the antibody by prior to treatment
with the antigen peptide (lane 3). Thus, the 40 kDa
1AP-substrate protein in nematode membranes must be
the a-subunit of G- or G-like protein,

The nematode membrance preparation possessing the
40 and 45 kDa toxin-substrate proteins displayed an
adenylate cyclase activity highly sensitive to the con-
centration~-dependent activation by forskolin (Fig. 3A)
that is known to be a direct activator of G-protein-
coupled membrane cyelase in a variety of mammalian
cells [29). The addition of NaF, wogether with AICl,. to
membranes also increased the cyclase activity (not
shown), The adenylate cycluse .u.lmty tncreased pro-
gressively upon the addition of increasing concentra-
tions of GTPyS (Fig. 3B) or. GppNHp (not shown)
instead of forskolin. The GTPyS—mduced stimulation of
'\denylutc cyclase was antagonized by GDPﬁS in a com-
petitive and concentration-dependent manner (Fig, 3B).
"‘hus, adenylate cyclase must be coupled to G protein
in C. elegans membranes, although no cvidence has
been provided so far for an involvement of the CTX-
substrate 45 kDa protcin in GTP-induced activation of
the cyclase activity.

In summary, the membrane fraction, but not the
soluble fraction, from C. elegans are provided with at
least two proteins indistinguishable from mammalian G
proteins in their susceptibility to pertussis and cholera
toxins as well as in their capability of interaction with
the antibody directed against the peptide region i~3pon-
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sible for GTPasc activity of G proteins. The y-compo-
nent of the G proteins is likely to occur in nematode
membranes, though no direct evidence is available, be-
cause the rcal substrate of 1AP-catalyzed ADP-ribo-
sylation should be G protcins with an afy-heterotri-
meric structure [23]. Conceivably, the nematode G pro-
communicating. .

nematode neuronal tissucs, We are now inves &
the possible modification of the receptor-cvoked cel- -
lular responscs by prior ADP-nbosylnuon of lhcsc pro- .
teins by IAP or C’I'x ' '
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