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INTRODUCTION 

The development of multicellular organisms is mediated by a highly complex and coordinated signaling 
network. The aberrant expression and/or function of various members of signaling pathways has been 
conclusively linked to developmental abnormalities and a variety of chronic diseases including cancer. 
This proposal addresses downstream elements of Ras signal transduction pathway that may mediate 
some aspects of malignant transformation. Ras- and Ras-related families, Rab, Rac and Rho are small 
GTP binding proteins. These proteins are key components of signal transduction pathways that link 
extracellular proliferation and/or differentiation signals such as growth factors and oncogenes to nuclear 
transcription of specific genes which promote these processes (1-3). Indeed, mutations affecting Ras 
and/or Ras pathway are frequently seen in human cancers including lung, colon, endometrium, ovary, 
pancreas, thyroid and a smaller proportion of breast cancers (4). It has been demonstrated in several 
cancers where Ras is not mutated that downstream effectors of Ras signaling pathway are involved in 
tumorigenesis. Ours is the first report implicating Rho GAP, a downstream member of the Ras-Rho 
signaling cascade, in breast tumorigenesis. 

The Rho family of small GTP-binding proteins which include Rho, Rac, and cdc42 belong to the Ras 
superfamily (2), and comprises several known proteins (Rho A, Rho B, Rho C, Rho D, Rho E/Rnd3, 
Rndl/Rho6, Rnd2/Rho7, Rho G, Rac 1, Rac 2, Rac 3, Cdc42, and TCIO). These proteins bind GTP and 
hydrolyze it via low levels of intrinsic GTPase activity. They function as molecular switches in the 
transduction of signal generated by the activation of a variety of cell surface receptors including the EGF 
receptor, the erB-2 gene product, the CSF-1 receptor, and the cell adhesion receptor integrins (2,3). 
When cells receive an appropriate stimulus, these GTPases are converted to the active GTP-bound state 
by activated guanine nucleotide exchange factors (GEFs), whereas the GTP-bound form is later rendered 
inactive by the GTPase-activating proteins (GAPs) (5). The activated Rho GTPases interact with 
multiple downstream effector targets which serve to transmit the incoming signals from the small G- 
proteins leading to cellular responses such as actin-cytoskeleton changes (3), cell polarization (2), 
transcriptional activation (6-8), focal adhesion formation (9), and stimulation of DNA synthesis (10). 
Rho is required for growth factor induced formation of stress fibers and focal adhesions (11), regulation 
of cell morphology (12), cell aggregation (13), cell motility (14), and cytokinesis (15). 

The activity of Rho is negatively regulated by GTPase activating proteins (GAPs). Several Rho GAPs 
have been identified, and some of the GAPs have been shown to stimulate specific Rho family proteins 
preferentially (16). Some well characterized GAPs include Rho GAP, Bcr, and a specific modulator of 
Rho i.e. pl90 (11).   Expression of GAP domain of pl90 in Swiss 3T3 cells has been shown to cause 
changes in morphology and lysophosphatidic acid (LPA)- and serum- induced stress fiber formation 
(11). An aberrant expression, regulation and/or activity of the proteins involved in cytoskeletal 
organization may lead to transformation of a normal cell, and aker the invasiveness and metastatic 
potential of a malignant cell. 

The biochemical elements involved in regulation of Ras and Ras-related pathways are central to cancer 
biology and the normal processes of cell proliferation, differentiation and development. The activation 
of Rho by oncogenic Ras may affect cell-cell interactions and invasiveness that are characteristic of 
malignant cells (17,18). Recent studies have provided direct evidence that indicate activated forms of 
Rho and Rac as oncogene products capable of mediating cell transformation and tumor formation (19). 
While Rho, Rac and cdc42 all seem to be essential for Ras transformation, Rho and Rac act in the Ras 
proliferation pathway (20,21), and cdc42 controls the Ras-mediated anchorage dependent growth 
property (22). The oncogenes that encode GEFs for specific Rho proteins (16) have been shown to 
stimulate GDP/GTP exchange of the GTPases, resulting in various transforming phenotypes in many 



cell types, including epithelial and fibroblast cells. The Rho proteins have also been implicated in 
integrin-mediated cell response to extracellular matrix (23). The expression of constitutively active Rac 
or cdc42 in breast epithelial cells has been shown to disrupt the formation of differentiated, polarized 
epitheliimi in three dimensional collagen gels and induce integrin-mediated motility and invasion 
through collagen matrices, thus implicating Rho GTPases in mammary cell tumorigenesis (24). 

The molecular links to the diverse biological activities of Rho proteins are based on the putative 
effectors that have been identified so far. The candidate targets for these proteins were identified by 
their specific binding strengths to the active Rho GTPases. For example, the p85 regulatory subunit of 
PI3 kinase, which interacts with cdc42 and Rac both in vivo and in vitro may be involved in cell motility 
(24-26). Likewise, several novel serine/threonine kinases or p21-activated kinases (PAK) were 
discovered by using an overlay affinity assay (27). Data base searches with these proteins as query 
sequences identified a large family of proteins sharing a conserved cdc42/Rac interactive binding 
(CRIB) motif of PAK (28), many of which were shovra to be candidate effectors for cdc42 or Rac. 
Affinity chromatography led to the identification of several other novel targets such as Rhophilin, 
protein kinase N (PKN), IQGAPs, N-WASP, pHOmDia, Rho kinase (ROK), pl20 Ack, N-WASP, and 
Porl(2), which are involved in a wide spectrum of Rho-mediated cellular responses. Several lines of 
evidence have implicated specific Rho proteins as key downstream mediators of Ras transformation, and 
indicated clearly that Ras must utilize effectors other than Raf One of the important observations 
suggesting such a link was identification of a pi20 GAP-associated protein, pi 90, as a GAP for RhoA 
and to some degree cdc42 and Rac (29). The pathways downstream of Rho protein effectors that cause 
cytoskeletal changes and other nuclear events remain mostly unknown. It warrants mention that the 
proposed experiments in this application to isolate Rho GAP interacting proteins (specific aim 3) assume 
significance, as these experiments may allow identification of molecular links between signaling 
pathways. 

The best characterized function of Rho family proteins involves their regulation of specific filamentous 
F-actin organization. The three major cytoskeletal protein networks, namely, actin filaments, 
microtubules, and intermediate filaments are involved in a variety of processes. Specifically, actin 
cytoskeleton is a highly dynamic structure responsive to diverse extracellular signals. Lamellopedia, 
membrane ruffles, actin stress fibers, focal adhesions, and filopodia are representative distinct actin- 
based structures, which are regulated by specific Rho family proteins in fibroblasts and other cell types 
(30). Because an altered morphological phenotype is a key feature of transformed cells, the Rho 
mediated pathways that control cytoskeleton reorganization may contribute to the general phenomena of 
transformation and invasiveness. The ability of a eukaryotic cell to maintain or change its shape and its 
degree of attachment to substratum in response to extracellular signals is largely dependent on the 
rearrangement of the actin cytoskeleton. Cytoskeletal rearrangements play a crucial role in processes 
such as cell motility, cytokinesis, cell growth, and contact inhibition- and alteration in these processes is 
a hallmark of tumor cells. The recognition in our laboratory that a novel Rho GAP expression is altered 
in breast tumors unrelated to BRCAl and BRCA2 opens newer avenues to investigate this 
underexplored Rho GAP of the Rho signaling pathway and its potential involvement in breast 
tumorigenesis. 



Body: 
We had originally proposed to characterize a human Rho GTPase Activating Protein 
(GAP) that we had cloned from human chromosome 13q21. The specific aims proposed in the original 
application are stated below. 

Specific aim 1: a) investigate the expression profile and level of Rho GAP expression in breast cancer 
cell lines and correlate lack of its activity to gene mutation, and b) express the novel Rho GAP, and 
determine its biochemical and functional properties such as GAP activity, substrate specificity and 
phospholipase C-delta stimulation. 

Specific aim 2: Investigate the role of Rho GAP in normal breast cells using antisense constructs to 
sequester the native Rho GAP message and determine its effect on lysophosphatidic acid induced Rho- 
mediated actin reorganization and phenotypic changes in normal and cancer breast cells. 

Specific aim 3: Use the yeast two hybrid system to identify other proteins that interact with the novel 
Rho GAP and are involved in Rho-mediated signaling. 

Statement of Work: 
The specific tasks for the entire grant period are described below. 

Technical objective l:a) Investigate the expression profile and level of active Rho GAP expression in 
breast cancer cell lines and correlate lack of its activity to gene mutation, and b) Express the novel Rho 
GAP, and determine its biochemical and functional properties such as GAP activity, substrate 
specificity, and phospholipase C- delta! stimulation. 

Task 1:   Months 1-2: Verification of the gene sequence and its further characterization. 
Task 2:   Months 3-5: Rho GAP expression profiles in various breast carcinoma cell lines. 
Task 3:   Months 6-9: Correlation of GAP activity by nitrocellulose assay with SSCP gene 

Mutation. 
Task 4:   Months 10-12 :        Purification of proteins Rho GAP, Rho A and phospholipase C-d. 
Task 5: Months 13-16: Determination of enzymatic activity and substrate specificity. 

Technical objective 2: Investigate the role of Rho GAP in normal breast cells using antisense constructs 
to sequester the native Rho GAP message and determine its effect on lysophosphatidic acid (LPA) 
induced Rho-mediated actin reorganization, and phenotypic changes in normal and cancer breast cells 

Task 6: Months 17-19 
Task?: Months20-23 
Task 8: Months 24-27 

Cloning of Rho GAP and its mutants in sense and antisense orientation. 
Cytoskeleton reorganization in transfected cells. 

Phenotypic changes in normal and breast carcinoma cell lines after transfection. 

Technical objective 3: Use the yeast two hybrid system to identify other proteins that interact with the 
novel Rho GAP and are involved in Rho-mediated signaling. 

Task 9:   Months 28: Cloning of Rho GAP in pBD-GAL4 cam vector. 
Task 10: Months 29-32:        Isolation of interacting clones. 
Task 11: Months 33-36:        Characterization of interacting clones by sequencing. 



The following section describes the progress made in specific tasks assigned for the grant. 

Task 1: 
The entire coding sequence and some 5' and 3' untranslated regions were present in the 4.8 Kb sequence 
determined for the RhoGAP sequence. The sequence has been deposited in the NCBI database with 
accession number AY366448. The specific features in the sequence are as follows. 

i)        A START domain at the N-terminal region. The START domain, known to confer lipid 
binding ability, was first characterized in steroidigenic acute regulatory protein, 
homeodomain proteins of the plant Glabra2 family, and bovine phosphatidy choline-transfer 
protein (PC-T) (Ponting and Aravind, 1999; Christenson and Strauss, 2000). It can be 
speculated that START domain likely facilitates RhoGAP recruitment to the membrane 
where it can exert its biochemical and biological activity on distinct targets. 

ii)       A conserved GAP domain found in RhoGAPs. 
iii)      The protein has another motif- sterile alpha motif (SAM) that likely mediates protein 

interactions (Thanos et al., 1999). 
iv)       The cDNA has several ATTTA motifs known as instability elements. These elements have 

been implicated in destabilizing the mRNA Caput et al., 1986; Shaw and Kamen, 1986) for 
several oncogenes and other transcripts involved in cell proliferation. The presence of these 
elements indicates that the RhoGAP message is likely under a stringent regulatory control. 

Figure 1 shows alignment of GAP domain with other proteins. 

Task 2-5: 
The RhoGAP cDNA was used as a probe in a Northern blot containing total RNA from various breast 
cancer cell lines. We observed qualitative as well as quantitative changes. In general, the levels of 
transcript were relatively low in breast cancer cell lines as compared to normal breast cell line. 
Furthermore, MCF7 and MDAMB231 cells showed an altered size transcript. The results are shown in 
figure 2. 

We attempted to use nitrocellulose overlay assay to profile the various targets of RhoGAPs in a variety 
of cell lines. However, these experiments were unsuccessfiil. We observed a large background that 
made detection of specific targets difficult. The SSCP analysis of various exons in cell lines revealed 
mobility changes in some cell lines indicating the alterations in sequences. The exact nature of these 
changes was not confirmed by sequencing. 

The entire coding sequence of Rho GAP was cloned in a bactrerial expression vector and the expressed 
as a GST fUsion protein.   RhoA, Racl and cdc42 expression constructs were obtained from Dr. A. Hall. 
The purified RhoGAP and Rho proteins were used to determine biochemical activity and specificity. 
RhoGAP was capable of stimulating the GTPase activity of RhoA, Racl and cdc42. However, it 
showed specificity toward GTPase activity of RhoA. 

Determination of GAP activity of recombinant Rho GAP: The activity of purified Rho GAP was 
checked on as follows. The GTPase assay was performed according to the method of Hall and 
colleague. Fifty ng each of Rho A protein was preloaded with [gamma-32p] GTP (6000 Ci/mmol, 
lO\iCi/\il) in 20 ^il of 20 mM Tris-HCl, pH 7.6, 0.1 mM DTT, 25 mM Nal, and 4 mM EDTA for 10 min 
at 30°C. The mixture was placed on ice and MgC12 added to a final concentration of 17 mM. Three iiil 
of the preloaded protein was diluted with buffer (20 mM Tris-HCl, pH 7.6, 0.1 mM DTT, 1 mM GTP, 1 
mg/ml Bovine Serum albumin) to give a final volume of 30 |il. A 5 ^1 sample was removed (time zero) 
and diluted into 1 ml cold assay buffer (50 mM Tris HCl, pH 7.6, 50 mM NaCl and 5 mM MgC12). For 



GAP stimulated GTPase assays, an aliquot of GAP proteins was added at this stage. The remainder of 
the reaction was incubated at 20°. Samples (5 fil) were removed at 5,10,15 min. intervals and diluted 
with cold assay buffer (1 ml). The reaction mixture was filtered through pre wetted nitrocellulose filters, 
and the amoimt of radioactivity remaining bound to the protein was determined by scintillation counting. 
The result was expressed in terms of % bound GTP remaining vs time.   As shown in Table 1, the 
RhoGAP enhanced the GTPase activity of RhoA. 

Tasks 6-8: 

The full-length RhoGAP was cloned in pCDNA3.1 vector, and its ability to influence growth 
characteristics of breast cancer cells was evaluated in the following manner. 

i) MCF7 cells were transfected with either an empty vector or the RhoGAP construct. 
ii) MCF7 cells were transfected with RhoGAP followed by p21. 
iii) MDAMB231 cells were transfected with p21. 
iv) MDAMB231 cells were transfected with p21 followed by RhoGAP. 

The transfected cells when compared with mock transfectants showed growth inhibition. Whenever the 
cells were doubly transfected there was no additive effect on growth inhibition. The double 
transfections were carried out as follows. The cells were transfected with one construct and allowed to 
grow for 8-12 hours before the second transfection was carried out. These experiments indicate that 
RhoGAP effects are mediated via p21. The data are shown in Figures 3 & 4. 

Effect of Rho GAP expression on cell morphology: The best characterized effect of Rho proteins is on 
actin reorganization and cytoskeleton. We have standardized RhoGAP effects on NIH3T3 cell lines, a 
system best suited for investigating actin cytoskeleton. Briefly, NIH3T3 cells were grown in appropriate 
tissue culture medium and serum starved for a few hours. The cells were stimulated with growth factors 
and the cytoskeleton visualized by staining. 

The Rho GAP-transfected and untransfected NIH3T3 cells were grown in appropriate culture medium 
containing 0.11 g/L sodium pyruvate 4.5g/L glucose, 10% fetal calf serum at 37°C in a CO2 incubator. 
For analysis of growth factor induced actin reorganization, quiescent cells were seeded on glass 
coverslips. Serum was added to strarved cells and incubated at 37° for 10 minutes. Following 
stimulation cells were washed with PBS containing 0.5 mM CaC12 and fixed for 20 minutes in 3% 
paraformaldehyde, washed to remove excess fixative, and then permeabilized in 0.2% Triton X-100. 
The coverslips were washed twice with PBS and then incubated with 200 |_il of 0.1 |ig/ml phalloidin for 
30-40 minutes in the dark to localize actin filaments. As can be seen in figure 5 that growth factors 
induced actin reorganization was reversed in the presence of Rho GAP constructs. These studies 
demonstrate that the RhoGAP indeed influences actin reorganization and confirms the biochemical 
activity as established above with its physiological fianction. 

Tasks 9-11: 
We have used the Matchmaker two-hybrid kit (CLONTECH) to isolate cDNAs for proteins that interact 
with RhoGAP as per the manufacturer's protocol. The Rho GAP coding sequence was cloned in frame 
with the GAL4 binding domain in pGBKT7 vector. A human brain library prepared in the vector 
containing the GAL4 activation domain was used for isolating RhoGAP interacting clones. The 
interacting clones were selected by plating the transformed yeast cells onto a quadruple drop-out 
medium. The surviving colonies were transferred and grown onto a nylon membrane filter. The 
colonies were tested in a P-galactosidase assay by incubating the filter with X-GAL. The surviving 



colonies were picked up, grown, and processed for DNA preparation. The DNA was used to transform 
E.coli to isolate plasmid DNAs. The clones were analyzed by sequence determination. The interacting 
clones were also confirmed in mammalian cells as described below (Table 2). 

Several cDNAs were isolated in the preliminary screening. However, only a few passed the 
confirmatory test, and four of these clones were shown to interact in mammalian cells. The mammalian 
interaction was confirmed by cloning the inyteracting cDNAs in two mammalian expression vectors 
each containing either the activation domain or the DNA binding domain, respectively. The vectors 
additionally contained either V5 or His epitopes. HEK293 cells were transfected with the interacting 
clones and the cells were harvested after 48 hours. The cell lysate was immunoprecipitated with antiV5 
or anti-His antibody. The immunoprecipitate was electrophoresed and probed with anti-His or anti-V5 
antibody. These interacting clones included SWI/SNF, alpha-tubulin, TAXI binding protein, and HMG 
CoA reductase. The involvement of these proteins in tumorigenesis is well documented in the literature. 
The interaction of RhoGAP with HMG CoA reductase is interesting. It has been reported that statin 
class of inhibitors of HMG CoA reductase inhibit the growth of breast cancer cells. We postulate that 
RhoGAP inhibits cell growth by two mechanisms. One, by direct inactivation of Rho proteins. Two, 
RhoGAP interaction inhibits HMG CoA reductase activity and thus blocks the synthesis of femesyl' 
pyrophosphate (FPP) and geranylgeranyl pyrophosphate (GGP). FPP and GGP are required for 
modification and translocation of Rho and Ras proteins. 

We have analyzed various breast carcinoma cell lines for the expression of the transcripts coding for 
these interacting proteins. Our data reveals moderate alterations in the levels of these transcripts in 
breast carcinoma cell lines that point to their involvement in breast tumorigenesis (Figure 6). 



Key Research Accomplishments: 

A. We have bacterially expressed the chromosome 13ql2 Rho GAP. 
B. The biochemical activity of Rho GAP was characterized. 
C. Mammalian expression constructs of Rho GAP were made and transfected into normal 

breast breast carcinoma cells and its growth suppression activity demonstrated. 
D. Involvement of p21 in Rho mediated growth suppression was shown. 
E. Rho GAP transfection in NIH3T3 cells led to inhibition of stress fibers. 
F. Yeast two-hybrid system was used to isolate RhoGAP interacting proteins. 
G. Involvment of Rho pathway in statin induced growth inhibition of breast cancer cells was 

implicated 



Reportable Outcomes: 
The following manuscript was submitted for consideration of publication. 
"Chromosome 13ql2 encoded Rho GTPase activating protein suppresses growth of breast carcinoma 
cells, and yeast two-hybrid screen shows its interaction with several proteins", by Ganachari M. 
Nagaraja and Raj P. Kandpal 

10 



Conclusions: 
We had previously shown that expression of a novel transcript that had sequence similarity to rat Rho 
GAP sequence was altered in breast carcinoma cell lines. We believed that the putative Rho GAP is 
functionally active. Rho family of proteins shares homology with the Ras super family.   Our working 
hypothesis was that breast carcinoma where Ras mutations have not been detected could still arise from 
aberrant Ras signaling by virtue of loss of activity of members of Rho family or factors/proteins that 
affect the activity of Rho proteins. We have bacterially expressed the putative Rho GAP and shown it to 
have specificity toward RhoA. To further associate the biochemical activity with its well-established 
physiological role we have demonstrated that transfected Rho GAP can alter actin organization of 
fibroblast cell lines. We have transfected breast cancer cells with RhoGAP expression construct and 
shown it to suppress cell growth. This growth suppression pathway is mediated via p21. To better 
characterize the physiological significance of RhoGAP we have used the yeast two-hybrid system to 
isolate interacting proteins. The protein was shown to interact with alpha tubulin, TAXI binding 
protein, SWI/SNF and HMG CoA reductase. These interactions provide a mechanism for statin induced 
inhibition of breast carcinoma cells and indicate as yet uncharacterized involvement of RhoGAP in other 
processes. 
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Table 1: GTPase Activation byRlioGAP 

Time of Incubation % Radioactive GTP remaining bound to Rho® 

Omin 100 

5min 70±7 

lOmin 55+10 

30min 20±9 

@ Approximately 50 ngoflabeled GTP loaded Rho was used to evaluate its GTPase activity. The 
results are an average of three replicates. 

Effect of Recombinant Rho GAP on Rho GTPase activity: 

Time of Incubation % Radioactive GTP remaining bound to Rho®^ 

0 min 100 

5min 45± 12 

10 min 10±8 

__ The labeled GTP loaded Rho (-50 ng) was mixed with 200 ngofrecombinant Rho GAP. The 
GTPase stimulatory activity of GAP was determined by measuring the amount of labeled GTP 
remaining bound to Rho. 



Table 2:  The identity of various cDNAs isolated by using the 
yeast two-hybrid system. 

Gene Accession Number Chromosome 
Location 

Biological Function 

SWI/SNF, SMARCD3 NM_003078 7q35-q36 Regulation of chromatin 
remodeling. 

Taxi binding protein (TAXIBPI) NM 006024 7pl5 Anti-apoptosis. 
Tubulin alpha 1 NM_006082 12 Member of the tubulin family, 

involved in polymer formation. 
HMG CoA reductase NM_000859 5ql3.3-ql4 Rate limiting enzyme in 

cholesterol biosynthesis. 

Novel high mobility group 
protein (Band 4.1 membrane protein 
KIAA0338) 

AB002336 20 Erythrocyte membrane protein. 
Its N-terminal interacts with 
acidic phospholipids in plasma 
membrane, Glycophorin C and 
p55, and the C-terminal domain 
with actin/spectrin. 

1,4,5 Inositol Phosphate receptor 
type I (ITPRI) 

NM_002222 3p26-p25 Messenger in signal 
transduction pathways. 

HSP 90 kD protein 1 beta NM_007355 6pl2 Molecular chaperone to 
facilitate correct protein folding 
during biogenesis, and 
translocation in the cell and 
across membrane. 

Brain specific angiogenesis 
inhibitor 2 (BAI2) 

NM_001703 lp35 Angiogenesis 

Kinesin superfamily protein 
KIFIB 

AF257176 lp36.2 Microtubule-dependent 
molecular motors that play 
important roles in intraceliular 
transport of organelles and 
in cell division. 



RhoGAP FQSIQQALRYLRSKCLDQVGIFRKSCVKSRIHAUQMNENFPES  
plW riFIHRClliYIEATGLSTEGIYRVSGNKSElESLQRQFDQDHS  
ARHGAP9 f S F LR I, C IA A VDK RG LD V DG I YRV S GN L AV VQK LR F L V DR E R A VT S DG R Y 
ARHGAPIO mVDICCKLVEGRGLEYTGIYRVPGNNAAlSSMQEELNKGMADl  
pSOrho-GAP PI VLRETVA YLQAHAITTEGIFRRSANTQWREVQQKYNMOLP  
n-chirajerin mWQMCI RE IES RQLNS EGLYRVSGFSDL lEDVKMAFDRDGEKA  
bcr PYIVRQCVEEIERRGMEEVCIYRVSGVATDIQALKAAFDVNNK  
pllS rLVVESClRFINLNGLQHEGlFRVSGAQLRVSEIRDAFERGED  

RhoGAP  VNYEDQS- -AYDVADMVKQFFRDLFEriFTNKLSETF 
pl90  LDLAEKDFTVNTVAGAMKSFFSELPDflVPYNMQIDL 
ARHGAP9 VFPEQPGQEGRLDLDSTEWD-DIHVVTGALKLFLRELFQrLVPPLLLPHF 
ARHGAPIO  D IQ D DKW R • D L N V IS SILK S F FR K L F E ? IF TN DK YA DF 
pSOrho-GAP VDFDQYN • ELHLP AV I LKTFLREl^EPLLTFDLYPHV 
n<hilnaerin  DISVNMYE-DINI ITGALKLYFRDLFIFLITYDAYPKF 
bcr  DVSVMMSEMDVNAIAGTLKLYFRELFEFLFTDEFYPNF 
pllS  .PLVEOCTAHDLDSVAGVLKLYFRSLEPFIFPPDIFOEI, 

RhoGAP IHIVQVVSKEQRLQAVQAAILLLADHNREVIQTLICFINDVVNLVEENQM 
plJO VEAHKINDREQKLHALKEVLKKFFKENHEVFKYVISHLNKVSHNN 
ARHGAP9 RAAIALSESEQCLSQIQEUGSMFKPNHDTLRVLLEHLCRVIAHS 
ARHGAPIO lEANRREDPLDRLKTLKRllHDLFEHHYETLKFLSAHlKTVAENSEKNKM 
pSOrbo-GAP VGFLN IDES ■ QRVP ATLQVLQTLFEENYQVLRFIT AFLVQIS AHS 
n-chimaerin lESAK IMDPDEQLETLHEALKLLFP ABCETIRYLMAHLKRVTLHE 
bcr A E G IA L S D P V A K E S C M L NIL L S L F E A N L L T F L F L L D H L K R V A E K E 
pllS L A S S E L E D T A E R V E H V S R L L W R L F A P V L VV L R Y L F T F L N H L A Q Y S 

RhoGAP     TPMNLAVCLAPSLFH 
pl90 
ARHGAP9 
ARHGAPIO  E P RN L AIV FG P T L V RT S E DNMT HMVT HMP DQYK I VET L! QH H D 

pSOrho-GAP 
Hhimatrin 
bcr 
pil5 

Figure 1: Alignment of RhoGAP with other proteins. 



Figure 2: Northen analysis of RhoGAP message. The transcript of-5.0 Kb RhoGAP message in 
MCFIOA (lane 1), MDAMB431 (lane 2), MDAMB468 (lane 3), and SKBr-3 (lane 6); and a 2.0 Kb 
message in MCF7 (lane 4) and MDAMB231 (lane 5). 
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Figure 3: Growth analysis of MCF7 transfected with RhoGAP. Cells on 35 mm culture plate were 
cultured in medium with 10% FBS. Cell numbers were determined by counting. Results represent mean 
of 3 or more independent experiments. 
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Figure 4: Effect of sequential transfection of RhoGAP + p21 in MCF7 and p21+RhoGAP in 
MDAMB231 cells on growth. 



f        Table 1: GTPase Activation by Rho GAP 

Time of Incubation % Radioactive GTP remaining bound to Rho*^ 

Omin 100 

5 min 70± 7 

lOmin 55+10 

30 min 20+9 

@ Approximately 50 ng of labeled GTP loaded Rho was used to evaluate its GTPase activity. The 
results are an average of three replicates. 

Effect of Recombinant Rho GAP on Rho GTPase activity: 

Time of Incubation % Radioactive GTP remaining bound to Rho*^ 

Omin 100 

5 min 45+ 12 

10 min 10+8 

The labeled GTP loaded Rho (-50 ng) was mixed with 200 ng of recombinant Rho GAP. The 
GTPase stimulatory activity of GAP was determined by measuring the amount of labeled GTP 
remaining bound to Rho. 



(a) (b) 

Figure 5:    RhoGAP induces the disappearance of stress fibers in NIH3T3 cells. Cells were 
transfected with vector alone (a) and RhoGAP (b). Cells were fixed and visualized using Texas 
red Phallodin. 
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Figure 6:  Northern blot analysis of SWI/SNF, (SMARCD3) (a) and Alpha tubulin (b). 


