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Microinjection of the constititively active recombinant Val-14 p2irho A into Nenops ooeytes induved drnatic morpliological changes with re-

distribution of pigments from the animal pole resulting in spotted voeytes, The effects induced by Vil- T4 p2 %S were repulated by progesterang

in a dose-dependent manner whereas prior ADP-ribosylation of the rho protein blocked its activity, About 30 min ufter microinjection, P2 rho

wits ussociited with the plasma membrane. The membrane associution of p2 1% and its biological activity were inhibited by lovastatin, i inhibitor

of the 3-hydroxy-3-methylgluturyl coenzyme A reductase, The findings suggest that membrane attachment and biological activity of PRIt dependd
on isoprenylation of the GTP-binding protein.

Clostriditom hotudinum C3 ADP-ribosyltrans{erise; Yenopuy oocyte; GTP-binding protein: Rhe; Cytoskeloton: Lovistatin

1. INTRODUCTION

A still inereasing number of low miolecular mass
GTP-binding proteins with M, values of about 20 000
have been recognized in recent years, The best-studied
is the ras protein family, which has been the focus of in-
tense research for several years because mutant alleles
are frequently observed in some human tumors [1].
Other members of this family that are related to ras are
the ral [2], rap [3], rab [4] rho [5], and rac [6] gene
families, The encoded proteins all share the ability to
bind GTP and GDP with high affinity. They are ap-
parently active in the GTP-bound form and inactive
after hydrolysis of GTP to GDP caused by an intrinsic
GTPase activity of the proteins [1].

Many GTP-binding proteins are known to be
substrates for bacterial ADP-ribosyltransferases and
the enzymes have been useful tools in analysing the
functions of these proteins. Whereas G-proteins (Gs,
Gi, Go, Gi) are ADP-ribosylated by cholera and per-
tussis toxins [7], low molecular weight GTP-binding
proteins are not substrates for these toxins. Recently,
however, the rho A, B, C [8-11], and rac 1, 2 [6] pro-
teins have been shown to be substrates for the ADP-
ribosyltransferase C3 from Clostridium botulinum
[12-15]. So far, the cellular functions of the rho and rac
proteins and the physiological consequences of their
ADP-ribosylation are, however, largely obscure.
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We have attempted to analyse the function of the rho
protein using a Xenopus oocyte system, TFFully grown
Xenopus aocytes are physiologically arrested in the pro-
phase of the first meiotic division. Progesterone and in-
sulin induce the so-called maturation of oocytes with
progression through the meiotic divisions and arrest at
metaphase 11. Low molecular weight GTP-binding pro-
teins apparently participate in the regulation of oocyte
maturation. Microinjection of ras proteins into oocytes
for example can induce maturation [16] whereas
monoclonal anti-ras antibocy was shown to inhibit
insulin-induced oocyte maturation [17]. Furthermore,
microinjection of C. botulinum ADP-ribosylirans-
ferase C3 into oocytes reportedly accelerates the pro-
gesterone-induced maturation [11]. Consequently, we
now studied the effects of microinjection of recombi-
nant rho proteins into Xenopus cocytes.

2. MATERIALS AND METHODS

2.1, Muarerials

Botulinum ADP-ribosyltransferase C3 was purified as described
{14]. Normal and Val-14 rho A ¢DNAs containing a Fpal site
engineered at codon 25 [18] were expressed in £. colf by using an ex-
pressing system as described earlier [19]. Partial purification of the
rho proteins (30-50% pure) were achieved by using DEAE-Sephacel
anion-exchange chromatography and G75 Sephadex gel permeation
chromatography as described for ras proteins [19]. Lovastatin was a
generous gift from Merck, Sharp and Dohme (Munich, FRG)
[?PINAD was purchased from NEN (Dreleich, FRG). All other
chemicals were analytical grade and purchased from commercial
sources.

2.2. Microinjection into Xenopus oocytes
Stage VI oocytes from Xenopus laevis were sclected after col-
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lageraie invubation of the ovarban tissue as deseribed O] and kept i
Harth' s mediany (33500 NaCh L adM RCEH 208 mM NaHOO,, 0,082
WM MESOL O3 CatNO DL 00 CaCt, and 10 mM tepes,
p 7.8t e 17 Coveriight, Oe hour after miveoinjection ol S0 al
ol the vartous ageds toatad, progeaterone was iddsd for | hat the e
dicated cottventration . and, thereatier, the incubation was conticued
Attty 190 Atthe indieated imervini, oovytes were svored forthe
murphological alterdtions showing the appearanve ol lamellar white
septients i the animal pole, Ustially 20 oovytes were mivioinjected.
Allesperiments were vepeated at least 3 titnes,

A A L ovastaring treatrient af poevies

Ooevtes wete anvubated without and with 80 gAML lovntatin
(prepared s deseribed {2 Tor 1 bt room temperature, followed by
microinjection of rho protein (@bout 10 1y vovyte). Thereatter,
vuktes were phived i Barth's medium containing 10 gM pro.
pesterone (for 1y without or with S0 0 lovastatin, At the indicated
intervils the voeytes were seored far morphological changes and
proups of 20 aoeytes were frozen in 200 gl o0 buffer containing 0,32
Mosucrose and T mM PMSED After thawing, the ooeytes wete
homogenized and centrifuged for 10 min at 1000« g The superna.
tant was again centrifuped for 20 min o 1O 000 w0 g The pellet was
restspended in 200 a4l of suerose buffer. Pellet and supernatant (60 ul)
were tsed in the ADPaibosylition assay.

2ob ADP-ribosvlation assay

ADP-ribosylation was perfarnied essentially as deseribed (10). The
separatesd fractions of vocytes were incubated in o bufter containing
SO0 mM ricthanolamine-HCL pil 7.5, 1 M dithiothreitol, | mM
BOTA, 2 mM MeCla, 0.1 oM [FPINAD (@bout 0,3-0.6 1Ciy and 0,15
pp C3 for 1 hoat 37°C, The total volume wis 100 gl The incubation
wits stopped by adding 900 i trichloroncetiv avid (202%, w/v), The
peltet was washed with ether, dissolved in 30 gl sample buffer and sub-
jected to 150% gel electrophoresis aecording to Laenmmli {22), Gels
were stained  with Coomassie blue, destained and subjected to
autoradiography for 72 h.

Protein concentration was desermined according to Bradford [23)
with avalbumin ax standard,

3. RESULTS

It has beer reported that microinjection of C.
botulinun ADP-ribosyltransferase C3 accelerates the
progesterone-induced maturation of Xenopus cocytes
[15]. We have confirmed this finding and obscrved that
under control conditions where 50% of the cocytes
underwent maturation after 16.5 h, microinjection of
C3 shortened this period to about 10 h (not shown). As
C3 ADP-ribosylates the GTP-binding protein rho, we
were prompted to study the effect of persistently active
Val-14 rho protein on the progesterone-induced
maturation. Surprisingly, microinjection of Val-14 rho
protein completely changed the morphology of the
oocytes (Fig. 1C), While normal maturation (germinal
vesicle breakdown) was indicated by the occurrence of
a white spot in the animal pole (Fig. 1B), the Val-14 rho
protein preparation caused a dramatic redistribution of
pigments of the animal pole. At first, lamellar white
segments oc:curred at the animal pole, which then in-
creased in size, became confluent and finally resulted in
a spotted animal pole. This phenotype was not observed
after microiizjection of normal rho protein. As shown
in Fig. 2, the appearance of the morphological changes
by Val-14 rho protein clearly depended on the presence
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Fig. 1. Morphological alterations induced by microinjection of Val-14
P21 A Xepopmes oocyles were microinjected with 10 ng Val-14
p21™ A and incubated for 1 h. Thereafier, the oocytes were
stimulated for 1 in a medium containing progesterone (10 uM) and
then further incubated without the hormone. (A) Control oocytes in-
cubated without progesterone. (B) Maturated oocytes after stimula-
tion with progesterone for 1 h and incubation for 16 h. (C) Oocytes
microinjected with valine-14 p21™° * and treated with progesterone
for 1 h and incubated for further 4 h.

of progesterone. Progesterone decreased the time lag
and increased the rate of appearance of the rho-induced
oocyte alterations. However, even at the highest con-
centration of progesterone, the morphological changes
occurred not earlier than about 1 h after microinjection
of Val-14 rho.

Fig. 3 shows that prior ADP-ribosylation of Val-14
rho by C3 inhibited its potential to cause morphological
changes. Under the conditions used, only about 40% of
the rho protein was modified, which might explain why
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Vig. 2. Influence of progesterane on Val-14 p21™nduced mor
phological changes of vouyles, Oocytes were microinjected with
Val- 14 p21™ and then incubated for Uh, Thereafter, the ooeytes were
stimulated without ( 8) and with progesterone (2, 10 M 201 pM A,
O 0 My 4, Q.01 1M for | huand fuecher ineubated, The appearinee
of the typical morphological alterations (see Fig, 2C) were scored it

the indicited intervals,

ADP-ribosylation declayed the onset of the mor-
phological changes but did not completely inhibit the
Val-14 p2irho-induced effects.

It has been shown that the biological activity of the
ras proteins depends on their association with the
plasma membrane, We studied whether the injected rho
protein was associated with the oocyte membrane.
Therefore, Val-14 p2lrho-microinjected oocytes were
incubated for various periods of time and, thereafter,
separated into soluble and membrane fractions. The
presence of the rho protein was determined by
[**P]ADP-ribosylation with C3. Under control condi-
tion, e.g. without microinjection, C3 slightly labeled a
20 kDa protein in the membrane fraction. Ii conirast,
after microinjection an increase in labeling of more
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Fig. 3. Impairment of the effect of Val-14 p21™ A by ADP-

ribosylation with C3. Val-14 p21™° *» was ADP-ribosylated in the

absence (9) and presence (&) of NAD by C3 as described in section

2; thereafter, the pretreated proteins were microinjected and the

oocytes stimulated by progesterone (10 uM) for the indicated inter-
vals,
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FFig. - Loealisation of the microinjected rho protein, After micrain-

jection of Vil 14 tho A protein, oouytes were incibated withont (A)

and with () lovastatin (see seetion 2) for the indicated periods of

tite, Then the soluble (8) and membrane fractions (P) of oocytes

were separated and ADP-ribosylated by C3with 0.0 1M [BPINAD,

The labeled proteins were amalysed by SDS-PAGE and awtoradio-
graphy (shawn). (con; controls, not micrainjected),

than 10-fold occurred. As shown in Fig. 4A, § and 15
min after microinjection the labeled protein was obsery-
ed in the soluble fraction, while at time point 30 min
and later the major labeling was determined in the
membrane fraction. The ADP-ribosylated protein of
the supernatant migrated a little slower than that in the
pellet fraction. In contrast, when the cells were treated
with lovastatin, an inhibitor of the mevalonic acid
pathway, no translocation of the rho protein into the
membrane was detected (Fig. 4B). Fig. § shows that
treatment of oocytes with lovastatin also inhibited the
morphological changes induced by Val-14 p21rho. Fur-
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Fig. 5. Influence of lovastatin on the effects of Val-14 p21™° * protein
in Xenopus oocytes. Xenopus oocytes were preincubated without (o)
and with lovastatin (200 uM; a) and Jovastatin plus mevalonic acid
(0.8 mM; o) for 1 h,then 10 ng Val-14 p21™ * was microinjected and
the incubation was continued for 1 h, Thereafter, the oocytes were
stimulated for 1 h by progesterone (10 M) and further incubated
without the hormone. At the indicated periods of time the mor-
phologically altered oocytes were scored.
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thernmore, when the lovastatin-induced inhibition of the
mevalonic acid pathway was bypassed by addition of
exogenous mevalonic acid, the effect ot Val-14 p2irho
wits completely restored,

4. DISCUSSION

Wereport here that microinjection of persistently ae-
tive Val-14 rho recombinant protein causes dramatic
changes i the morphology  of Nenopus  oocytes
characterized by vedistribution of the pigmented half of
the oocytes. Apparently, the effect of the mutant vho
protein depended on the posttranslational isoprenyla-
tion of the rho protein, since lovastatin impaired the ac-
tion of Val-14 rho protein on pigment redistribution of
oocvies, an effect which was restored by addition of
mevalonic acid. Lovastatin is a 3-hydroxy-3-methyl-
glutaryl coenzyme A reductase inhibitor, which blocks
the formation of mevalonic acid, o precursor of
isoprene residues [2110 Recently it has been demon-
strated that all rvas proteins are isoprenyiated at
cysteine-186 after proteolytic cleavage of three amino
acids of the Cqterminal CAAX motif [24]. This
modification is apparently essential for the biological
activity of the ras proteins. The rho proteins possess the
same C-terminal motitf [25,26]. Cur findings are in
agrecment with the view that the rho proteins are also
subject to soprenylation. Isoprenylation increases the
hydrophobicity of the protein, which most likely is a
prerequisite for the association of the protein with the
plasma membrane and for its full biological activity.

Prior ADP-ribosylation of Val-i4 rho by C3 im-
paired the activity of the GTP-binding protein in
Xenopusoocytes, A similar result was recently obtained
with ADP-ribosylated rho protein microinjected into
3T3 NIH cells. C3 modifies the rho protein at
asparagine-41 {27]. Decduced from the 3-dimensional
model of ras [28] and provided a high structural
homology between ras and rho, the ADP-ribose-
acceptor in rho is located in the so-called effector region
of the GTP-binding protein which might explain why
ADP-ribosylation renders the protein inactive.

The effects of the Val-14 rho protein on oocytés
depends on the presence of progesterone. Progesterone
inhibits adenylyl cyclase, decreases the cyclic AMP
levels of oocytes and causes by a sequelae of further
events, which are not fully understood, the induction of
oocyte maturation [29]. Since the induction of matura-
tion by progesterone has been shown to be accelerated
by botulinum ADP-ribosyltransferase C3 [15}, it may
be that rho proteins play a tonic regulatory role in
maturation.

The precise mechanism by which the activated rho
protein causes the alterations described here is unclear.
However, there is evidence that rho is somehow involv-
ed in the regulation of cytoskeletal elements. For exam-
ple, treatment of Vero cells or rat hepatome FAO cells
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with C3causes the destruetion of the microfiliament net-
work [11.30). Purthermore, microinjection of €3 in
NI 3T cells nduces rounding up ot cells and
redisteibution ot nicrofilanient proteins {18]. In-
terestingly, injection of Val-14 vho protein into NIH
ITA cells, canses rapid changes in cell morphology
characterized by contraction of the cell body and for-
mation of finger<like processes, a phenotype different
from that induced by microinjection of C3 [18). [t is
known that the internal structure of XNenopus oocytes is
rearganized during the progesteronc-induced matura-
tion [31]. We can speculate that the role of rho in
oogcytss s to regulate the eytoskeletal organization, The
effects we observe after microinjection of Vul-14 rho
miy be a consequence of severe reorganization ot the
eytoskeletal network.
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