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ABSTRACT. The role of prenylation in the interaction of Rho-family small GTPases with their GTPase
activating proteins (GAPs) was investigated. Prenylated and nonprenylated small GTPases were expressed
in Sf9insect cells andEscherichia colirespectively. Nucleotide binding to and hydrolysis by prenylated

and nonprenylated proteins were identical, but three major differences were observed in their reactions
with GAPs. (1) Membrane-associated GAPs accelerate GTP hydrolysis only on prenylated Racl and RhoA,
but they are inactive on the nonprenylated form of these proteins. The difference is independent of the
presence of detergents. In contrast to Racl and RhoA, nonprenylated Cdc42 is able to interact with
membrane-localized GAPs. (2) Full-length p50RhoGAP and p1l90RhoGAP react less intensely with
nonprenylated Racl than with the prenylated protein, whereas no difference was observed in the reaction
of isolated GAP domains of either p50RhoGAP or Bcr with the different types of Racl. (3) Fluoride
exerts a significant inhibitory effect only on the interaction of prenylated Racl with the isolated GAP
domains of p50RhoGAP or Bcr. The effect of fluoride is not influenced by addition or chelatiorfaf Al

This is the first detailed study demonstrating that prenylation of the small GTPase is an important factor
in determining its reaction with GAPSs. It is suggested that both intramolecular interactions and membrane
targeting of GAP proteins represent potential mechanisms regulating Rac signaling.

Small GTPases participate in the regulation of a wide of the transition state of the GTPase. The situation seems to
variety of cellular processeq,(2). They function as timed  be analogous to the-subunits of heterotrimeric G proteins,
molecular switches shuttling between the GTP-bound active where an arginine from the helical domain participates in
and the GDP-bound inactive state. Timing is achieved by the formation of the catalytic site and stabilization of the
the endogenous GTP hydrolytic activity, on one hand, and active conformation in the presence of aluminum fluoride,
by several regulatory proteins (GTPase activating proteins, beryllium fluoride, or magnesium fluoridd ¢—13). Indeed,
guanine nucleotide exchange factors, guanine nucleotidestructural and mutagenesis studies specified critical arginines
dissociation inhibitors) and some target molecules, on thein the different GAP proteins5( 6, 14, 15), and complex
other handg). GTPase activating proteins (GAPapcelerate  formation between GAP and small GTPase could be detected
the hydrolysis of GTP by small GTPases, thereby promoting in the presence of both aluminum fluorid®, (9) and
the downregulation or cessation of the regulated process. magnesium fluoride 16, 17). However, mutation of the

The molecular mechanism of interaction of GAPs with critical arginine in pSORhoGAP results in a dramatic decrease
different small GTPases of the Ras and Rho subfamily hasof the catalytic activity without a significant change in the
been subject of intensive investigatioms-Q). Both X-ray  high-affinity binding to Cdc42 and RhoALg, 15), suggesting
diffraction analysis of crystallized proteiné<6) and forma-  that, in addition to the arginine critical for the formation of
tion of stable complexes between small GTPases and theilihe transition state (and hence for enhancement of the
relevant GAPs in the presence of aluminum fluoride®) catalytic activity), other parts of the molecules may be
suggest that GAPs provide essential residues to the formationnrtant in determining the interaction of small GTPases

. . with their regulatory protein GAP.
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The aim of the present study was to elucidate the role of GTPase reaction was initiated by addition afl3of loaded
prenylation in the interaction of the small GTPases of the G protein to 27uL of reaction mixture (20°C) containing
Rho family with different GAPs. We show that (1) both the 16 mM Tris-HCI, pH 7.5, 0.1 mM DTT, 1 mg/mL BSA, 1
membrane environment and protein sequences outside of thenM unlabeled GTP, and the investigated protein with GAP
GAP domain of p5S0RhoGAP and pl90RhoGAP exert a activity. Aliquots of 5uL were taken at regular intervals
restricting effect on the RaeGAP interaction that can be  and filtered through nitrocellulose filters. The filters were
disrupted by prenylated Rac and (2) only the interaction of washed three times with 2 mL of ice-cold buffer consisting
prenylated Rac with GAPs is significantly influenced by of 50 mM Tris-HCI (pH 7.7) and 5 mM MgGIl The

fluoride. radioactivity was measured in distilled water on the basis of
the Cerenkov effect in the Beckman LS 5000TD liquid
EXPERIMENTAL PROCEDURES scintillation spectrometer. Data are presented as the decrease

in time of protein-bound radioactivity retained on the filters
(Figures 1 and 2). In further calculations the endogenous
hydrolysis rate of Rac is taken into account; therefore, the
amount of {-3?P]GTP remaining protein-bound after 5 min

Materials. Glutathione, glutathioneagarose, ampicillin,
components of LB medium, BSA, aprotinin, pepstatin,
Chaps, DTT, PMSF, EGTA, EDTA, glycine, Trizma base,

GTP, SDS, and DFP were purchased from Sigma, IPTG WaSin the presence of GAP is expressed as the percent of total

from Promega, SF-900 medium was from Gibco BRL . ; . ;
o : ' available protein-boundyf*?P]GTP at the same time point
desferoxamine (Desferal) was from CIBA, and Ficoll and (Figures 3 and 4, Tables 2 and 3).

nitrocellulose were from Pharmacia. Radioactive compounds
([y-*?P]GTP and °S]GTF/S) were obtained from the
Institute of Isotopes, Budapest, Hungary. All of the other
reagents were of the highest available quality.

Preparation of Recombinant Proteindonprenylated
recombinant Racl, RhoA, Cdc42, the GAP domain of Bcer
(amino acids 8741271), and full-length p50RhoGAP and , ) .
its GAP domain (amino acids 19839) were produced in Protein ConcgntratlonsThe protein content was deter-
the form of GST fusion proteins ifE. coli bacteria and mined as described by Bradfor@d) using bovine serum
purified as described by Self and Ha1j. The GST domain ~ @lbumin as the standard.
was cleaved by thrombin. The protein-expressing clones were
a gift of Professor Alan Hall. Prenylated Racl was isolated RESULTS

from the membrane fraction &f9cells by extraction with Effect of Membrane-Localized GAPs on Different Rho-
1% Chaps and purified as described in2&f The complex  g5mjly Small GTPasedn our earlier studies we demon-

of prenylated RhoA and RhoGDI was expresse8iéicells strated the presence of intense R&AP activity localized
and purified as described in ré3. Prenylated Rho was  j, the membrane fraction of human polymorphonuclear
liberated from the complex by treatment with 1% Ch&#®.(  granulocytes29, 30). In these investigations we observed a
Whole-length p190RhoGAP protein was prepared as de- gyiking difference in the reaction of prenylated and nonpre-
scribed in ref24. The purity of the produced proteins as yjated Rac. Rac protein prepared3f@insect cells (which
determined by SDSPAGE and Coomassie staining was 4re aple to carry out the prenylation) andEn coli cells
over 95%. (which lack the prenylating enzyme) exhibited an identical
Preparation of Human Neutrophils and Subcellular Frac- rate of endogenous GTPase activity. However, addition of
tions. Human neutrophils were prepared from buffy coats the membrane fraction increased GTP hydrolysis only in the
of healthy volunteers as described in Hjorth et 2) ( After prenylated Rac protein and had hardly any effect on the
suspension in PBS they were treated with 1 mM diisopropyl nonprenylated protein (Figure 1A,B, Table 1). The Rac
flluorophosphate (DFP) for 10 min at room temperature, protein prepared from the membranes of t5€ cells
washed with PBS, and resuspended in PBS containing 1 mMcontained 1% Chaps as detergent that was diluted under our
EGTA, 10 ug/mL aprotinin, 2 uM pepstatin, 10uM experimental conditions to less than 0.1%. We tested the
leupeptin, and 0.1 mM PMSF. The cells were sonified effect of various detergents on the reaction of nonprenylated
(Branson 250), and membrane and cytosolic fractions wereRac with the PMN membranes. Neither Triton nor Tween
separated by ultracentrifugation as described in 26f  or Chaps, up to the concentration of 1%, had any effect. In
Membrane fractions were solubilized in PBS supplemented fact, the same difference in the reaction of prenylated and
with 1% Triton X-100 nonionic detergent. nonprenylated Rac could be observed when the PMN
Measurement of GTP Hydrolysis of Small G Proteiftse membrane was solubilized in Triton (Figure 1A,B, Table 1)
nitrocellulose filter binding assay was applied as described or in octyl glucoside (data not shown). Thus, the observed
by Self and Hall 7). Loading of the GTPase {14 ug of difference is not the consequence of the presence of the
E. coli or Sf9 protein) was performed with high specific detergent added with the prenylated Rac protein. No differ-
activity (3000 Ci/mmol) -*2P]JGTP in low magnesium  ence in the reactivity was observed whether the GST domain
buffer [16 mM Tris-HCI, pH 7.5, 20 mM NaCl, 0.1 mM  was cleaved or not from the Rac protein preparef.inoli.
DTT, 5 mM EDTA, and 100 nM §-32P]GTP (5uCi)] for 5 In most experiments loading of the small GTPase was carried
min at room temperature and stopped by addition of 20 mM out with high specific activity of §-3?P]GTP. Similar data
MgCl,. In some experiments loading was carried out in the were however obtained when the specific activityof{P]-
presence of £10uM unlabeled GTP. The loaded G proteins GTP was decreased 10-fold. No difference was observed in
were kept on ice to decrease nucleotide hydrolysis. The the loading efficiency of prenylated and nonprenylated Rac1.

Measurement of Nucleotide Exchangehe nucleotide
exchange was measured similarly as described above for the
GTP hydrolysis assay. The G proteins-dug) were loaded
with [3®S]GTP/S (specific activity>1000 Ci/mmol; final
concentration 210uM), and the radioactivity was measured
in a Triton—toluene-based scintillation cocktail.
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Ficure 1: Effect of membrane-localized GAPs on prenylated (panels A and C) and nonprenylated (panels B, D, and E) small GTPases.
Hydrolysis of [y-32P]GTP was followed either in the presence of the indicated small GTPase #)rw (n the presence of the small
GTPase and 1@g of the membrane fraction of human PMM)(or in the presence of the small GTPase andgSof PMN membrane
solubilized in 1% Triton 4). One representative out ofA.2 similar experiments.

Finally, using f5S]GTPyS, we checked the rate of nucleotide Rho was significantly lower than that of Rac. The endog-
exchange on the investigated small GTPases. The exchangenous rate of hydrolysis did not differ significantly in the
rate was similar on prenylated and nonprenylated Rac, andcase of the prenylated and nonprenylated protein. The
it was not influenced by the addition of isolated GAP proteins reaction of prenylated and nonprenylated RhoA with PMN
or fluoride. PMN membrane contained weak exchange membranes showed similar behavior as described for Rac
activity that amounted to less than 10% of the GAP activity, (Figure 1C,D, Table 1). In contrast to this, nonprenylated
but it was not detectable after solubilization of the membrane Cdc42 interacted with membrane-associated GAPs signifi-
either in Triton or in octyl glucoside. Thus, the difference cantly better than Rho or Rac did (Figure 1E, Table 1).
in Rac-boundy-3?P]GTP retained on the nitrocellulose filters Effect of Purified GAPs on Prenylated and Nonprenylated
represents mainly the differences in the rate of hydrolysis Rac and RhoThe membrane fraction of PMN is abundant
of protein-bound §-32P]GTP. in pP50RhoGAP and contains low levels of p190RhoGAP,
Other members of the Rho-family small GTPases, RhoA too (30). Therefore, in the next experiments we compared
and Cdc42, have also been investigated. In agreement withthe effect of these proteins on prenylated and nonprenylated
previous findings, the endogenous GTP hydrolysis rate of small GTPases. The GAP domain of p50RhoGAP was
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Table 1: Effect of Membrane-Associated GAPs, Recombinant
Full-Length p5S0RhoGAP, p190RhoGAP, and the Isolated GAP
Domain of p50RhoGAP on Prenylated and Nonprenylated Small
GTPases

% [y-3?P]GTP remaining bound to

prenylated nonprenylated
GTPase GTPase
proteins present after 5 min after 5 min
Racl 75+ 2 74+ 2
+PMN membrane 1% 4 64+ 2
+solubilized membrane 2t 3 61
~+full-length p50RhoGAP 126 53+ 14
+GAP domain of p50 146 20+ 7
p190RhoGAP 232 52+ 3
RhoA 91+ 2 87+ 3
+PMN membrane 3&2 67+8
Cdc42 74+ 5
+PMN membrane 262

aHydrolysis of [y-32P]JGTP was followed in the presence of the
indicated proteins, and the amount gfP]GTP remaining protein-
bound after the first 5 min is expressed in a percentage of the initial (O
min) amount of protein-bound/{*?P]GTP. Data are expressed as the
mean+ SEM of 3—15 measurements.
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Ficure 2: Effect of recombinant GAPs on prenylated (panel A)
and nonprenylated (panel B) Racl. HydrolysisoffP]GTP was
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Ficure 3: Effect of fluoride on the action of the GAP domain of
Ber (panel A) or p50RhoGAP (panel B) upon prenylated Rac.
Dependence on the concentration of the applied GAP. Where
present, fluoride was added at a concentration of 30 mM. The
amount of p-3?P]JGTP remaining protein-bound after 5 min is
indicated on the-axis. The value obtained in the absence of GAPs
(70—75%) is due to the endogenous hydrolytic activity of Rac. One
representative out of four similar experiments.

the prenylated and nonprenylated form of the small GTPase.
Using identical amounts of Rac and p50RhoGAP proteins,
the amount of $-3P]GTP bound to prenylated and nonpre-
nylated Rac was reduced in the first 5 min to£%% and

53 + 14%, respectively (Table 1). A similar difference was
observed with full-length p190RhoGAP (Figure 2). Both the
GAP domain and the full-length p50RhoGAP protein have
been expressed . coliin the form of GST fusion proteins
whereas p190RhoGAP was expressed in the insect cells.
Thus, the mode of expression of the full-length GAPs does
not seem to be decisive in their reactions with the different

followed either in the presence of the indicated small GTPase aloneforms of the small GTPases

(®) or in the presence of the small GTPase and full-length
p50RhoGAP M) or in the presence of the small GTPase and the
GAP domain of pP50RhoGARA) or full-length p190RhoGAP).
One representative out of five similar experiments.

equally effective on prenylated and nonprenylated Rac
(Figure 2, Table 1). Similar results were obtained with the
GAP domain of the Ber protein (data not shown). However,
the full-length p5SO0RhoGAP clearly distinguished between

Effect of Fluoride on the Interaction of GAPs with
Different Forms of RacSeveral members of the small
GTPase superfamily (e.g., Ras, Rap2, Rho, Cdc42) have been
shown to form stable complexes with their relevant GAP
proteins in the presence of fluoride ions and either aluminum
or magnesiumg, 9, 16). For Ras, Rap2, and Cdc42, complex
formation was shown to occur in the GDP-bound st&e (

9) whereas in the interaction of RhoA with p190RhoGAP
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Ficure 4: Effect of fluoride on the GTP hydrolysis by prenylated (panels A and C) and nonprenylated Rac (panels B and D) enhanced by
the GAP domain of Bcr (panels A and B) or the GAP domain of p5S0RhoGAP (panels C and D). The amoudtRIITP remaining
protein-bound after 5 min in the presence of the indicated GAP is expressed as the percent of total available protejr3fRlGitH at

the same time point (detected in the absence of any GAP). The values obtained in the absence or presence of 30 mM fluoride are represented
on thex- andy-axis, respectively. All the data obtained in-242 measurements are represented.

the species of the nucleotide did not seem to be critig)l ( GTP hydrolysis was not influenced by fluoride (either in the
In all of these cases the investigated small GTPase exhibitedpresence or absence of34). This finding is in agreement
high affinity toward its GAP, th&y being 60 nM or around  with earlier reports showing that there was no interaction
2 uM (7, 31). In contrast, the&y of the interaction of Rac  between the small GTPase and fluoride- 9, 17). In contrast
with p50RhoGAP or p190RhoGAP is more than 10 times to this, fluoride did influence the accelerating effect of the
higher than theKy of the interaction of Cdc42 with  GAP domain of p50RhoGAP and Bcr on hydrolysis of Rac-
p50RhoGAP or that of RhoA with p190RhoGAP (investi- bound [-32P]JGTP. As shown in Figure 3, the effect of
gated in ref® and16, respectively) 81) and 50 to 100 times  fluoride depended on the ratio of Rac to GAP present in the
higher than thé& of the Ras-neurofibromin interactiong). reaction. Clear inhibition of the hydrolysis of Rac-bound
The low affinity of Rac for its GAPs may explain the fact [y-*2P]GTP occurred in the presence of fluoride when the
that complex formation between Rac and a GAP has only concentration of the small GTPase was-1® times higher
been shown in one single publication, and this complex than that of the GAP domain whereas the inhibitory effect
seemed to be very weak g). gradually disappeared as the concentration of GAP was
However, complex formation between Rac and GAP increased. Similar results were obtained with the GAP
should affect GAP function; hence it should be detectable domains of both Bcr and p50RhoGAP. Augmentation of the
in the GTPase assay. In the presence of an excess of themount of RacGDP present in the reaction enhanced the
small GTPase, participation of a fraction of the GAP in a inhibitory effect of fluoride (data not shown).
complex is expected to decrease the effective concentration The inhibitory action of fluoride was also compared on
of GAP, and thus, the rate of GTP hydrolysis is also expected prenylated and nonprenylated Rac proteins. The activity of
to be decreased. In fact, in the presence of the specific GAPthe different preparations of the GAP domains of pP50RhoGAP
protein, a decrease of phosphate release from GTP-loadednd Bcr showed significant variations; therefore, the effect
Ras, Rap2, and Ran has been observed upon addition of thef fluoride was not always consistent. Figure 4 summarizes
GDP-bound form of the respective small GTPas®. (  the results of 3640 experiments carried out with several
Following this rationale, we investigated the effect of fluoride Rac and GAP preparations. The proportion pfff{P]GTP
on the hydrolytic activity of Rac. The endogenous rate of remaining Rac-bound after 5 min in the presence and absence
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Table 2: Effect of Fluoride on the GTPase Accelerating Effect of the chelation of potential impurities of Alby desferoxamine

the GAP Domain of p50RhoGAP and Ber had any effect on the inhibition of the interaction of
Rac-[y-%PIGTP  Rac-[y-P]GTP  ratio prenylated Rac with . the GAP domain of p50RhoGAP
proteins  without fluoride (%)  with fluoride (%) +F/—F brought abou? by flluorlde. .In the case of nonprenylated Rac,
p50+ pRac 35+ 4 (n = 36) 6415 18 fluorlde3£ema|ned ineffective even in the presence oft Al
p50+ cRac 35+ 4 (n = 26) 43+ 5 1.2 Both AI** and desferoxamine were without any effect when
Bcr + pRac 35+ 3 (n=42) 57+ 3 1.6 fluoride inhibition of the Rae-Bcr interaction was investi-
Bcr + cRac 56+ 4 (n = 35) 58+ 4 1.0 gated (data not shown). These results suggest that similarly

aThe amount of -2P]GTP remaining protein-bound after 5 min 10 the Rhe-p190RhoGAP 16) and Rhe-p50RhoGAP 17)
in the presence of the indicated GAP is expressed as the percent ofinteractions, also Rac is able to form a Mg®mplex with
total available protein-bound/{*?P]GTP (detected in the absence of the GAP domain of p5ORhoGAP or Bcr; however, this ability
any GAP). When present, fluoride was applied at a concentration of ; ;
30 mM. pRac and cRac indicate prenylated Rac obtained 8f@ells is restricted to prenylated Rac.
and nonprenylated Rac obtained frden coli, respectively. Data are
expressed as the meah SEM of the indicated numbern) of DISCUSSION
measurements.

Our experiments revealed clear differences in the interac-
tion of prenylated and nonprenylated Rac with various GAP
proteins. These differences were evident at three different
levels.

Table 3: Effect of Aluminum and the Chelator Desferoxamine on
the Inhibitory Action of Fluoride

small percent Action of Fluoride on Isolated GAP Domainghe
GTPase GAPalone GARF GAP+F+Al GAP+F+Des endogenous rate of GTP hydrolysis by prenylated or non-
pRac 21+ 4 65+ 9 65+7 prenylated Rac was identical, and isolated GAP domains of
cRac Sssei 22 igig 4443 90+8 p50RhoGAP and Bcr were equally effective in acceleration
of GTP hydrolysis by both forms of Rac (Figure 2).
2The amount of §-3?P]GTP remaining protein-bound after 5 min However, only the effect of the GAP domains upon pren-

in the presence of the GAP domain of pP50RhoGAP is expressed as the . I N .
percent of total available protein-boung-f?P]GTP (detected in the ylated Rac protein was inhibited significantly by fluoride.

absence of GAP). When present, fluoride was applied at a concentrationOn the basis of previous report8)(and our experiments
of 30 mM, AICl; at 2 mM, and desferoxamine (Des) at 0.1 mM. pRac shown in Figure 3, we interpret fluoride inhibition as an

and cRac indicate prenylated Rac obtained fr&f® cells and indication of complex formation between the small GTPase
nonprenylated Rac obtained frof. coli, respectively. Data are 504 GAP in the presence of magnesium fluoride. Thus, the
expressed as the meanSEM of 6-10 measurements. data summarized in Figure 4 and Table 2 suggest that
prenylation affects the ability of Rac to form Mgéomplex
of fluoride is shown on thg- andx-axis, respectively. The  with the GAP domain of various GAPs. Previous investiga-
straight line represents the case when fluoride has no effections have revealed that the amino acids involved in the
at all. The data points of Figure 4A and Figure 4C fall mostly pinding of the Rho-family small GTPases to their respective
in the upper segment, indicating an increase in the proportion GAPs and those responsible for the catalytic activity of GAP
of Rac-bound y-*P]GTP in the presence of fluoride. Thus, are not identical 14, 15, 32). It is thus conceivable that
in most experiments fluoride inhibited the action of the GAP prenylation alters the position of a (few) amino acid(s) of
domain of both Ber and p50RhoGAP on prenylated Rac. In Rac which is not reflected either in the endogenous or in
contrast to this, in Figure 4B, where the interaction of the the GAP-accelerated rate of GTP hydrolysis but has an
GAP domain of Ber with nonprenylated Rac is demonstrated, influence on the complex formation in the presence of
the data points are scattered around the straight line,magnesium fluoride.

inc!icating no inhipition by fluoride. In Figurg 4D the data Action of Full-Length GAPsThe second indication for
points show a slight upward tendency, indicating a weak iterences in the behavior of prenylated and nonprenylated
inhibition by fluoride of the effect of the GAP domain of Rac was revealed when the catalytic effects of the GAP
PSORNOGAP on nonprocessed Rac. domain and the full-length p5SO0RhoGAP were compared. In
Table 2 provides the statistical analysis of the data the same experiment, under identical conditions, the full-
presented in Figure 4. On the average of approximately 40|ength protein proved to be about half as effective on the
measurements, using the catalytic domains of pSORh0GAPnonprenylated than on the prenylated form of Rac (Figure
or Ber, 1.8 and 1.6 times more radioactivity remains bound 2). Full-length p190RhoGAP also behaved differently on
to prenylated Rac in the presence of fluoride than in its prenylated and nonprenylated Rac. Thus, we have to suggest
absence. In the experiments where nonprenylated Rac washat amino acid sequences outside of the GAP domain
used, the corresponding values are 1.2 and 1.0. Thus, thenfluence the accessibility and/or reactivity of the catalytic
difference in the inhibitory action of fluoride on the interac- domain in both proteins_ This steric hindrance could be
tions of prenylated and nonprenylated Rac with the GAP released by interaction of the prenyl moiety of Rac with the
domain of both prOtEinS is Cleal’ly detectable. A similar GAP protein, exp|aining the limited effectivity on the
difference was observed when full-length pS0RhoGAP was nonprenylated form. A similar observation has been recently
used instead of the catalytic domain (data not shown).  described for the interaction of the yeast small GTPase Ras2p
The GTPase assay contained 2 mM#dn agreement  with the exchange protein Cdc233). In this case the
with our previous findings49), under our conditions the isolated GEF domain reacted with both the farnesylated and
inhibitory effect of fluoride was independent of aluminum. nonfarnesylated form of the small GTPase, whereas the full-
As summarized in Table 3, neither the addition of Al@br length protein induced nucleotide exchange only on farne-
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sylated Ras2p. A regulatory function of the N-terminal It has been reported recently for the Rho-family members
domain was proposed upon the C-terminal catalytic domain Cdc42 and Rac that dimerization of the protein resulted in a
limiting the interaction with the nonprocessed form of the significant increase of the catalytic activity. This GAP-like

small GTPase. Intramolecular regulation was also suggesteceffect was dependent on a critical arginine present in the
in the case of p120RasGAP, when it was demonstrated thatC-terminal polybasic region of Cdc42 and Rac but absent

the N-terminal pleckstrin homology domain of p120 is able
to bind to the catalytic domain and thereby influence the
Ras signaling pathway in transfected NIH3T3 ceBd)(
Prenylation was shown to be critical for the interaction of
Rho-family small GTPases with the regulatory protein
RhoGDI @35). The crystal structure of the Cdc4RhoGDI
complex clearly indicates the hydrophobic pocket on the
RhoGDI, which accepts the geranylgeranyl moiety of the
prenylated Cdc42 proteinl8, 36). Immunoglobulin-like
domains have a major role in the formation of the hydro-
phobic pocket 18). More recently, the interaction of RhoA
with one of its target proteins, Trio, was shown to depend

in RhoA (44—46). Theoretically, the acceleration of GTP
hydrolysis detected in our experiments could also be the
consequence of induction of the dimerization of the small
GTPase. However, under our conditions the concentration
of the small GTPase was significantly lower than the range
where dimerization has been observed, and dimerization was
shown to be independent of the prenylation state of the small
GTPase 44). Thus, we consider that our data showing
variations of the GTPase activity of prenylated and nonpre-
nylated Rac reflect variations of the interaction of the GTP-
binding protein with its GAP.

Taken together, our results suggest that prenylation is an

also on the prenylated state of the small GTPase, and anmportant factor determining the interaction of Rac (and
immunoglobulin-like domain was proposed to be responsible possibly other small GTPases) with GAP proteins, as
for recognition of the prenyl moiety3{¢). The amino acid prenylated Rac has better access both to isolated full-length
sequence does not indicate any Ig-like domain in either the and to membrane-localized GAPs. It is however conceivable
case of p50RhoGAP or the case of p190RhoGAP. However,that the prenyl moiety is not the only factor modifying the
the Ig-like folds detected in the crystal structure of RhoGDI accessibility of GAPs of different intracellular localizations.
do not show up in the amino acid sequence. Thus, the Thus, both the suggested intramolecular interactions and the
potential contribution of Ig-like domains in these two GAPs consequences of membrane targeting of GAP proteins
can be finally decided only when the structure of the represent potential sites and mechanisms for modulation of

crystallized proteins will be resolved. On the other hand, the
N-terminal part of pSORhoGAP contains a Secl4p-like
domain indicating the possibility of lipid regulatioB8), and

Rac-GAP activity and Rac signaling in the cell.
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