
99 

Wor 

99 
CENTRO DE REUNIONES 

INTERNACIONALES SOBRE BIOLOGÍA 

Workshop on 

Specificity in Ras and Rho-Mediated 
Signalling Events 

Organized by 

J. L. Bos, J. C. Lacal and A. Hall 

D. Bar-Sagi 
J. L. Bos 
L. C. Cantley 
J. G. Collard 
P. Crespo 
J. Downward 
L. A. Feig 
A. Hall 
M. N. Hall 
I. K. Hariharan 

K. Kaibuchi 
J. C. Lacal 
C. J. Marshall 
M. Molina 
A. Pellicer 
M. Peter 
E. Ruoslahti 
M. Serrano 
M. Symons 
A. Wittinghofer 



} d 1\- q 9 · Wor 

99 

Instituto Juan March 
de Estudios e Investigaciones 

CENTRO DE REUNIONES 
INTERNACIONALES SOBRE BIOLOGÍA 

Workshop on 

Specificity in Ras and Rho-Mediated 
Signalling Events 

Organized by 

J. L. Bos, J. C. Lacal andA. Hall 

D. Bar-Sagi 
J. L. Bos 
L. C. Cantley 
J. G. Collard 
P. Crespo 
J. Downward 
L. A. Feig 
A. Hall 
M. N. Hall 
l. K. Hariharan 

K. Kaibuchi 
J. C. Lacal 
C. J. Marshall 
M. Molina 
A. Pellicer 
M. Peter 
E. Ruoslahti 
M. Serrano 
M. Symons 
A. Wittinghofer 

Instituto Juan March (Madrid)



The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 4th through the 6th of October, /999, 
at the Instituto Juan March. 

Depósito legal: M-42.337/1999 
Impresión: Ediciones Peninsular. Tomelloso, 27.28026 Madrid. 

·' t·.· 

Instituto Juan March (Madrid)



INDEX 

PAGE 

Introduction: J. C. Laca!................................................................................................................ 7 

Session 1: Concepts and specificity in signalling of Ras-like GTPases 
Chair: Chris J . Marshall .......••............................•....................•..•.................................................. 11 

AJfred Wittinghofer: Dynamic properties ofRas-like proteins and their 
importance for biological function ... .... .. ........... .............. .. ... ..... ... ..... ... ..... .. ................ ... .. ...... 13 

Johannes L. Bos: Interconnectivity berween the small GTPases Ras, Ral and Rapl...... .... 14 

Dafna Bar-Sagi: Ras signaling and growth control...................... ...................... ....... ..... .... . 15 

Juan Carlos Laca!: Understanding signaling from Ras and Rho proteins in 
proliferation and apoptosis: identification of novel targets for anticancer drug design.. ...... 16 

Session 2: Ras and Rho signalling. What are the lessons from lower eukaryotes? 

Chair: AJan HaU ···········---··--· .... ·······--········-···········································-························ 19 

lswar K Hariharan: GTPase signalling pathways in Drosophila-Rapl and NFl... ......... .. 21 

Short talk: 
Enrique Martín-Blanco: Genetic analysis of dorsal closure in Drosophila............ 2 3 

Maria Molina: Regulation of cell integrity via Rho 1 signaling...... .. ............... ..... ... .. ..... ...... 2 4 

Michael N. Hall: CeU wall stress depolarizes cell growth via hyperactivation ofRHOl.... 26 

Matthias Peter: The role ofCdc42p in polarity establishment during bud emergence 
and mating in yeast. ............ :........................................................................................ ..... .. ... 27 

Session 3: Concepts and specificity in signalling of Rho-like GTPases 

Chair: Lewis C. Cantley -----·····--·····-··········---··-·······--·························--··························· 29 

AJan Hall: Ras and Rho family GTPases promote co-ordinated cellular responses...... ....... 31 

Julian Downward: PI 3-kinase, Akt!PKB and Ras signalling pathways involved in 
the control of cell proliferation and survival...... . ........... .... ............... ................... ........ . ...... ... 3 2 

Instituto Juan March (Madrid)



PAGE 

Short talk: 
Giorgio Scita: EPS8 and E3Bl transduce signals from Ras to Rae ..... ............... ...... 33 

Larry A. Feig: Downstream signaling from Ras through the R.al-GTPases.................... .... 34 

Chris J. MarshaU: Small G'fPases and cell proliferation............ ..... .............................. .. ... 3 5 

Session 4: Biological end points of Ras-like GTPases 
Chair: AJfred Wittingbofer ............................................................................................................ 3 7 

Angel Pellicer: RGR, an oncogene linking Rho, R.al and Ras mediated signa! 
transduction patbways.................................. .. ...... ......... ..... ........ ... ...... .. ........... ..... .... ... . ... . .. . ... 3 9 

Lewis C. Cantle~ · : PI 3-kinase signaling.................. .. .... .. ................................. .. .......... .. ...... 41 

Erkki Ruoslahti: Regulation of integrin activity by R-R.as..... .............. .. ............................. 4 2 

Short talks: 
Paul E. Hughes: The small GTP-binding protein R-Ras can influence 
integrin 'activation' by antagonising a R.as!Raf-initiated integrin 
suppression pathway...... ... .................. ..... ..... ........ ... .... ..... .... .............. ......... ...... ..... ... 43 

Mark MArshaU: Regulation of R.af-1 by the p21 activated protein 
kinases (Pak).............................................................................................................. 44 

Manuel Serrano: Ras in the control of cell senescence.... ...... .... .... .. .......... ...... .............. ..... 45 

Session 5: Specificity and biological end point ofRho-like GTPases 
Chair: Angel Pellicer _................................................................................................................ 4 7 

Marc Symons: Role ofRho GTPases in cell transformation and invasion.......................... 49 

John G. CoUard: Ras- and Rho-signaling networks in cell-adhesion and 
cell migration............................. ......................... ............. ....... .......... .... ................................. 5O 

Short talk: 
Philippe Chavrier: Rho-mediated actin reorganization via local protein , .-. ¡. 
recruitment......................... ................ ... ....... ... .. ............. ... ... .... ......... .... ..................... 52 

Kozo Kaibuchi: Regulation of neuronal morphology by Rho-kinase and its 
substrates .......... -............... ..... ............... .... .. .... ...... ... ......................... .. .......... ........... ............. 53 

Instituto Juan March (Madrid)



PAGE 

Piero Crespo: Ras-GRF an exchange factor in the midst of Ras and cdc42 
GTPases........... .. ........... ... .. ........ ....... ......... ... ..... ... .. ....... ........ ......... .. ... .. ................... .. ....... ... . 54 

POSTERS .•.•.••.......•.•.••••••.•••.••.•.•...........••................................................••.••....••.............•.... ........... 57 

Ami Aronbeim: A novel protein recruitment system for the analysis of protein-
protein interactions .. ...... ........... .... ...... ... .... .. ..... ... .............. ,. .......... ...... . ..... .. ... . .. .. . ... .. .. .. ... . 59 

Antonio Cbiloecbes: The role ofthe p21 activated kinases (Paks} in the 
phosphorylation and activation of Raf-1.. .. . .. ... .. .. . . . ....... .. .. .. . . . . . . . . . . . .. .... ... .. ........ ... . ... .. .. .. .. 6 O 

Javier León: H-, K- and N-Ras inhibit myeloid leukemia cell proliferation by a 
p21 w AFI -dependent mechanism.. ... .. ... ... . .. ... .. ... ... . .. .. .... ...... ... .. ... ... ... ..... ....... ...... ... .. . .. .. .... 61 

Narcisa Martínez-Quiles: WIP, the WASP-interacting protein rnediates Cdc42/N-
W ASP filopodia formation.. .... ............ ... ..... .. ... ....... .......... .. .. ..... ... ..... .. .. ... ......... .. .. ... ... ..... 6 2 

Michael F. Olson: Ras and Rho influence on p21 WAFI ICIP I protein stability.. .. ...... .. ...... 63 

Pilar Pérez: Schizosaccharomyces pombe rholp and rho2p GTPases regulate the 
cell wall biosynthesis through the PKC homologs, pcklp and pck2p.. ....... .. ....... ..... ....... 64 

Dolores Pérez-Sala: Transcriptional inhibition ofpre-pro-endothelin-1 expression 
by HMG-CoA reductase inhibitors in vascular endothelial cells. Role of 
geranylgeranylated proteins...... ... ..... ... ........ .. ...... .......... ... ... . .... .. ... .. .. ....... ........ ...... ...... ... . 6 5 

Erik Sahai: Regulation ofRho activity by Ras... .. ..... .... .. ............ .. .. ... .. ............ ............... 66 

Sol Sotillos: Drosophila RhoGAP, a new cornponent of the RhoGTPase mediated 
signalling pathways....... ... ........... .. ......... ... .. ..... . ..... ... ........ ..... ........ ..... .. ...... ........ ... .... . .. .... 6 7 

Bertbe Marie Willumsen: Focus formation by induced oncogenic Ras in NIH3T3 
cells.......... ............ ............... ... .... ..... ... ... ............... ... ...... ... ....... ........ ............ .. .. ............. .. .... . 68 

Juan Zalvide: Dissecting ras inhibition from growth arrest: ras activity is not 
necessary for regulation of cyclin Dl or p27kipi in Rb-negative cells....... ............... .. .... .. 69 

LIST OF INVITED SPEAKERS _ ...................................................................... -..................... 71 
,. ' 

LIST OF PARTICIPANTS __ .......................... --................. - ....... - ................ -......................... 73 

. c. 

Instituto Juan March (Madrid)



Introduction 

J. C. Lacal 

Instituto Juan March (Madrid)



9 

Ras and Rho are the founder-members of two families of small GTPases, each with more 

than ten members, which function in signa! transduction from plasma membrane bound

receptors to cellular responses. The original "dogma" was that Ras and the Ras-like 

members control signalling cascarles involved in cell growth and cell differentiation, 

whereas Rho-like GTPases control signalling towards cell architecture and motility. A 

substantial arnount of research has focussed on these lines for the last 15 years. However, 

recently we have leamed that signalling in which these small GTPases are involved, is 

much more broad and complicated than originally anticipated. Thus, there is now a large 

body of evidence demonstrating that Ras-like and Rho family members play a role in the 

control of transcription and the regulation of the cell cycle. Indeed, Ras and Rho proteins 

may impinge in a variety of cell responses such as cell growth and differentiation, 

senescence, cell death, development, motility, invasion and many others. Frequently, Ras 

and Rho GTPases co-operate in these processes by a complex network of cross-talking 

pathways. However, we have leamed that each GTPase have its own peculiarities, with 

respect to structure, biochemical properties, localisation, etc. For instance, severa! Ras-like 

proteins have virtually similar effector domains as Ras, but their function appears to be 

completely different. A similar situation can be found with the Rho-like GTPases, with a 

large number of partners/effectors identified thus far. This is even further complicated by 

the still-growing number of potential effectors for each member of the Ras and Rho 

branches. Thus, it seems that besides a high degree of cross-talking among members of 

these two families of GTPases, there are still differences in the final biological end-points 

for specific members of the two families. Most effects measured thus far have been 

generated using vastly overexpressed systems. This is a valid approach to get an idea who 

is talking to who, and the relative hierarchy for each process, but the next step has to be 

more precise. This meeting has been called in an attempt to foster our understanding of the 

specific involvement of each family in biological end points, gathering a group of people 

who can specifically address the above issues from different sides. 

Juan Carlos Laca! 

Instituto Juan March (Madrid)
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Dynamic properties of Ras-like proteins and their importance for biological 
function 

Alfred Wittinghofer 

Max-Planck-lnstitut fur Molekulare Physiologie, 44227 
Dortmund, Germany 

GTP-binding protein functions as molecular switches which cycle between the GTP-bound 
ON-state and the GDP-bound OFF-state. They become activated by the action of guanine 
nucleotide exchange factors, GEF's, which increase the dissociation rate of nucleotide bound to 
the protein. The inactivation is achieved as a result of the intrinsically GTPase which is very 
slow and is catalyzed by GTPase-Activating Proteins, GAPs. In the GTP-bound state they 
interact with effectors or downstream targets which are defined as proteins interacting only, or 
rather much more strongly, with the GTP-bound active state. 

Ras is the founding father of the superfamily of Ras-related proteins which contains a number 
of subfamilies the most important of which are the Ras, Rab, Rho, Ran and Arf subfamilies. 
They are proteins with a set of conserved sequence elements and a similar three-dimensional 
structure called the G domain. Another common feature of these proteins is that the principal 
structural difference between the GDP-bound and GTP-bound state is confined to small 
localized areas called the switch I and switch II, whose structural change is triggered by the 
presence or absence of the y-phosphate group. These regions are usually conformationally 
flexible. In addition these regions are involved in almost all the interactions of the GTP-binding 
protein with regulators and effectors. 

Focussing on Ras, investigations on the flexibility of the switch regions and their interactions 
with other proteins will be presented. NMR and X-ray structural studies show that the switch 
regions can be found in different, usually fast exchanging conformations. In combination with 
biochemical and mechanistic studies on the interaction of such regions with GAP, GEF and 
effectors these studies show that the conformational equilibrium of Ras is a central important 
feature of the biological function of the protein. Comparison with the nuclear GTP-binding 
protein Ran indicates that tlüs maybe a general feature ofRas-like proteins. 

Instituto Juan March (Madrid)
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lnterconnectivity between the small GTPases Ras, Ral and Rapl 

Johannes L. Bos 

Lnborntory fvr Physivlogicnl Che111istry nnd Centre for Biollledicnl Ge11etics, Utrechl 
University, Universiteitsweg 100, 3584CG Utrecl!t, Tl!e Netl!erlnnds. 

Ras is the paradigm of a family of 13 small GTPases that share similarities 
in the effector domain, sugg~sting a relationship in function. For Ras, this 
function has been studied extensively, revealing a role for Ras in many 
biological processes. Ral is another member of the Ras family, of which 
the function is still largely elusive. Recently, it was found that Ral-specific 
guanine nucleotide exchange factors (RalGEFs) are direct effectors of Ras. 
lndeed, Ral mediates signals from Ras towards the induction of gene 
expression and cell cycle progression. For full oncogenic transformation 
the Ra!GEF pathway co-operates with other Ras effector proteins, i.e. Rafl 
and phosphatidylinositol-3 kinase (PI-3K) [1]. We recently identified an 
interesting connection between the Ral and the PI-3K pathway in the 
transcription factor AFX. This factor is directly phosphorylated by PKB, a 
downstream target of PI-3K and by a putative kinase induced by the Ras
RalGEF-Ral pathway [2]. 
Another member of the family, Rapl (or K-revl) was identified as a 
revertant of Ras-induced cell transformation. This resulted in the 
hypothesis that Rapl may be an antagonist of Ras signalling, but more 
recent evidence indicates that Rapl is involved in a pathway distinct 
from Ras. Rapl is very rapidly activated by a large variety of growth 
factors, suggesting sorne common function in signa! transduction. 
Severa! Rapl-specific GEFs have been identified, one of which, Epac, was 
found to be directly regulated by cAMP, providing a novel cAMP-target 
protein [3]. 

[1) R.M.F. Wolthuis and J.L. Bos. Ras caught in another affair: the exchange factors 
for Ral. Curr.Opin.Dev.Biol. 
[2) G.J.P.L. Kops, N.O. de Ruiter, A.M.M. de Vries-Smits, D.R Powel, J.L. Bos and 
B.M.Th. Brgering. Nature, 398, 630-634 
[3) J. de Rooij, F. Zwartkruis, M. Verheijen, R.H. Cool, S. Nijman, A. Wittinghofer 
and J.L. Bos. Epac, a Rapl guanyl nudeotide exchange factor directly activated by 
cAMP. Nature 396(1998)474-477. 
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Ras signaling and growth control 

Dafna Bar-Sagi, Shao-Song Yang, Brian Hall, Laura Taylor and Tom Joneson 

State University ofNew York at Stony Brook, Stony Brook, New York 11794 

Ras proteins are key intermediates in the signaling pathways initiated by receptor tyrosine 
kinases. The activation of Ras following growth factor stimulation relies on a highly conserved 
mechanism involving the ligand-dependent assembly of protein complexes containing the Ras 
exchanger Sos. Sos consists of severa( defined domains each mediating a distinct function. The 
catalytic domain of Sos, located at the center of the molecule, specifically mediates guanine 
nucleotide exchange on Ras. The crystal structure ofthe catalytic domain ofhuman Sos in complex 
with H-Ras has been solved recently. We have explored the mechanism ofSos-catalyzed nucleotide 
exchange by site-directed mutagenesis. This approach has led to the identification of a hydrophobic 
pocket on Sos as a primary binding site for Ras. In addition, specific mutations within switch l region 
of Ras and interacting residues of Sos impair the exchange activity of Sos thus revealing sorne key 
mechanistic features ofthe exchange reaction. 

Once activated, Ras proteins trigger the activation of diverse signaling cascade through 
interactions with multiple effector molecules. We have examined the relationship between the 
intensity of Ras signaling and the cellular response. Normal levels of Ras signaling produce a 
mitogenic response which depends on the synergistic contribution ofthe ERK MAP kinase cascade 
and the Rae cascade. In contrast, expression ofincreasing amounts ofthe oncogenic form ofhuman 
HRas, HRasVl2, results in a dose-dependent induction of apoptosis in both primary and 
immortalized cells. The induction of apoptosis by HRasVI2 is blocked by activated Rae and 
potentiated by dominant interfering Rae. The ability of Rae to suppress Ras-induced apoptosis is 
dependent on effector pathway(s) controlled by the insert region and is linked to the aetivation of 
NFkB and Rho. The apoptotic effect ofHRasVl2 requires the activation ofboth the ERK and JNK 
MAP kinase cascade and is independent of p53. These results demonstrate a role for Rae in 
controlling signals that are necessary for cell surviva~ and suggest a mechanism by which Rae activity 
can confer growth advantage to cells transformed by the ras oncogene . 

.. , .. 
, , ' \ 
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Understanding signaling from Ras and Rho proteins in ·proliferation and 
apoptosis: identification of novel targets for anticancer drug design 

Juan Carlos Laca! 

Instituto de Investigaciones Biomédicas. CSIC. Arturo Duperier 4, 28029 Madrid. Spain 

Malignan! cells are characterized by a number of alterations in signa! transduction 
pathways controlling proliferation, differentiation and apoptosis. The identification of these 
aberran! processes may allow the development of chemotherapeutic interventions to restare 
them or selectively destroy the transformed cells. However, and besides the great progress 
made in our understanding ofthe mo,lecular mechanisms involved in cell transformation. only a 
few of the molecules identified as critica! events in the carcinogenic process can be used as 
novel targets for intelligent drug design. Such molecules are usually found as key elements in 
signa! transduction pathways regulating cell growth and apoptosis. We have focussed our 
efforts in understanding the mechanisms underlying cell growth and apoptosis where members 
of the Ras superfamily of oncogenes are involved. This will allow the identification of novel 
potential targets for anticancer drug design. 

Ras proteins regulate different parallel signaling pathways, including at least 
Raf7MEKIERK, PBKIPKB and Ral-GDS/Rai/PC-PLD pathways. We have investigated the 
relationship of Ras proteins with the PC-PLD pathway. Severa! molecules derived as a 
consequence of membrane phospholipid breakdown are well established as second messengers 
in mitogenic signa! transduction. Among them, phosphatidylcholine (PC) hydrolysis has been 
suggested to play an importan! role in mitogenesis and metastasis. PC is the most abundant 
membrane phospholipid in eukaryotic cells. Therefore, it can sustain a prolonged liberation of 
second messengers, without drastic changes in mernbrane phospholipid content. These long
lasting signals may be importan! in the acquisition of the transformed phenotype. Upon 
mitogenic stimulation by growth factors or oncogenic transformation, phospholipase D (PLD)
driven PC hydrolysis is activated, and both phosphatidic acid (PA) and choline (Cho) are 
generated. PA can be further hydrolyzed or deacylated to form DAG or lysoPA (LPA) 
respectively, both of them having mitogenic activity. Cho is converted into .PCho by choline 
kinase (ChoK). 

We ha ve demonstrated that ChoK is an essential event for the mitogenicity of growth 
factors such as platelet-derived growth factor (PDGF) or fibroblast growth factor (FGF) since 
they are unable to stimulate DNA synthesis if ChoK is inhibited. This observation is supported 
by the f.lct that the exogenous addition of .PCho to mouse fibroblasts induces the GI/S 
transition. Furthermore, we have demonstrated that ras oncogenes constitutively activates PC
PLD and ChoK. As a consequence, the basal leve! of phosphorylcholine (.PCho) is 
constitutively increased in ras-transformed cells. All these results justified the consideration of 
ChoK as a novel target for the development of anticancer drugs. 

Generation oflüghly specific ChoK inhibitors allowed us to establish a good correlation 
between improvernent in the inhibitory activity against the enzyme and the acquisition of 
antimitogenic potency in vitro. These new compounds had antiproliferative properties in the 
low micromolar range against oncogene-transformed eell lines and tumor-derived cell lines of 
human origin. Furthermore, these molecules were tolerated in mice at doses that showed in 
viro antitumor activity against human tumor xenografts derived from Hf-29 and A431 cell 
lines implanted subcutaneously in nude mi ce. Tlüs first generation of inlübitors provide in viro 
evidence that blockade of PCho production by inhibiting ChoK is a valid strategy for the 
development of new anticancer agents, opening a new avenue for the development of antitumor 
drugs with a novel mechanism of action. 

Instituto Juan March (Madrid)
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The family of Rho proteins are involved also in a complex network of intracellular 
signals. We ha ve reported that the human genes rho A, rho e and rae 1 are capable of indueing 
apoptosis in different cell systems like NIH JT3 fibroblasts and the human erythroleukemia 
K562 cell line after serum deprivation. Moreover, vav and ost, two guanine exehange factors 
for Rho proteins with oncogenie properties, were also able to induce apoptosis under similar 
conditions. We have investigated further the mechanism involved in this process and have 
demostrated that apoptosis induced by Rho proteins is independent of p53 but sensitive to 
expression of Bcl 2 protein under in vivo and in vitro conditions. Overexpression of rhu 
induces the activation of an endogenous sphingomyelinase since apoptosis by human Rho A 
and Rho e proteins correlated with a decrease in sphingomyeline and an increase in ceramide 
levels. a putative second messenger for apoptosis. Furthermore, it was then verified that Rho
induced apoptosis is indeed mediated by generation of ceramides. We ha ve seen also that Rho 
proteins play an importan! role in the physiological regulation of the apoptotic response to 
stress-inducing agents since a dominant negative mutant of Rae 1 interferes with the induction 
of apoptosis by TNFa. 

Numerous groups have reported that both the JNK and p38 pathways can be activated 
by Rae and edc42. We have also demonstrated that the human Rho A, Rac-1 and edc42 
proteins effieiently induce the transcriptional activity of nuclear factor KB (NF-KB) and that 
aetivation of Serum Response Factor (SRF) by Rho A is mediated by NF-KB and 
c/EBPI3 transcription factors . These results strongly implicate Rho proteins in the regulation of 
signaling pathways leading to the nucleus. Both JNK and NF-KB have been proposed as dual 
signaling pathways that can be involved in either survival/transforming or apoptotic events. 

In an effort to elucidate the intracellular mechanism underlying the induction of 
apoptosis by Rho GTPases, we have investigated further the apoptotic process induced by 
serum deprivation in NIH JT3 cells stably overexpressing an aetivated version of the Rae! 
protein. A mechanism that involves ceramides production, protein synthesis, as well as 
caspase-3 but not caspase-1 activation, and independent of cytochrome e release has been 
found. Racl-induced apoptosis was related to the simultaneous inerease in ceramide production 
and the synthesis of Fas-L. Generation of FasL is mediated by transcriptional regulation 
involving both JNK as well as NF-KB-dependent signals. None of these signals, ceramides or 
FasL, was suffieient to induce apoptosis in the parental cell line, Nlli JTJ cells. However, any 
ofthem was sufficient to induce apotosis in the Racl expressing cells. Thus, we conclude that 
Racl induces apoptosis by a complex mechanism involving the generation of ceramides and 
the di novo synthesis ofFasL. These results suggest that apoptosis mediated by Rho proteins 
results from converging complementary signals including promotion and progression signals. 

Apoptosis, or prograrnmed cell death, is a genetically controlled, tightly regulated 
process in development and morphogenesis. Unregulated excessive apoptosis may be the. 
cause of various degenerative diseases like Alzheimer or Parkinson, whereas an 
inappropiately low rate of apoptosis may promote survival and accumulation of abnormal 
cells that can give rise to autoinmune diseases and cancer. The involvement ofRho proteins 
in the regulation ofboth proliferation and apoptosis and the identification ofthe molecules 
involved will provide new targets for anticancer drug discovery such as those described 
above for ras-dependent signaling . 

. ·. ) 
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dependentpathway. Oncogene. 17: 1855-1869. 
- Montaner S., Perona R., Saniger L., and Lacal J.C. (1998) Multiple signalling pathways lead to the activation of 
the nuclear factor KB by the Rho family of GTPases. J. Biol. Chem 273, 12779-12785. 
- Montaner S., Perona R., Saniger L. and Lacal, J.C. (1999) Activation of the serum Response Factor (SRF) by 
Rho A is mediated by the activity ofNF-KB and ciEBP families of transcription factors. J. Biol. Cbem. 274:8506-
8515. 
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GTPase signalling pathways in Drosophila- Rapl and NFI 

l. K. Hariharan, H. Asha, N. D. de Ruiter, M.-G. Wang, G. Cowley, S. Brill. 
A. Tchoudakova, l. The, J. Gusella* andA. Bernards 

Massachusetts General Hospital Cancer Center and Neurogenetics Unit*, 

Harvard Medica! School Building 149, 13 111 Street, Charlestown MA 02129, USA 

The normal biological function ofthe Rap family ofGTPases is poorly understood. 
To understand the function of Rapl in vivo, we have studied the phenotype of loss-of
function mutations in Rapl in Drosophila. 

Our experiments do not support a role for Rapl asan antagonist of Ras! in vivo . 
Rasl-mediated signaling pathways in Drosophila are not influenced by changing Rapl 
levels and a reduction in Rapl levels does not phenocopy an increase in Rasl activity. 
Thus that Ras! and Rapl appear to have distinct functions in vivo. 

Rapl function is required during embryogenesis, imagina! disc development and 
oogenesis but seems unnecessary or is minimally required in the mitotically quiescent cells 
of adult Drosophila. Cell proliferation and cell fate specification appear to occur relatively 
normally in the absence of Rapl function. However, morphological aspects of 
differentiation are seriously impaired in the absence of Rapl . During embryogenesis, 
closure of the ventral furrow and head involution fail to occur when Rapl function is 
removed. Cell morphology is grossly abnormal in gastrulating embryos with cells 
displaying aberrant shapes and nuclear positions. Cell migrations are also significantly 
perturbed. At later developmental stages, the developing photoreceptor cells of the eye 
and the follicle cells of the ovary degenerate at a time when they normally undergo 
significan! morphological change. All these findings point towards a role for Rapl m 
either directing or facilitating morphological aspects of differentiation. 

NFI (neurofibromatosis type 1) 

Heterozygous Ioss of function mutations in the human NF 1 gene result in a wide 
variety of manifestations including a predisposition to benign and malignant tumours, 
pigmentation abnormalities, short stature and leanúng disabilities. The precise mechanism 
by which mutations in the NFI gene cause these various abnormalities is not well 
understood. The only known property of the NFI protein is that includes a centrally 
Iocated GAP-related domain (GRD). It is generally believed that loss of NFI function 
results in increased Ras activity, which in tum promotes tumourigenesis. 

We have generated null mutations in Drosophila NFL Surprisingly these mutant 
animals are viable and fertile and show no overt abnormalities in Ras-mediated signalling. 
Thus NFI 's function as a rasGAP may be redundant in vivo. However, the mutants have 
a significant growth defect; the larvae are 20-300/o smaller than wild-type. Our studies 
indicate that the regulation of growth in the epidermis and the imagina! discs by NF 1 may Instituto Juan March (Madrid)
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reflect a requirement of the NF 1 gene in the nervous system. Thus NF 1 may act via a 
neuroendocrine pathways to regu1ate growth in vivo. 

Rcfcrcnccs: 

1) H. Asha. N. D. de Ruiter. M.-G. Wang and l. K. Hariharan (1999) Tite Rapl GTPasc functions as a 
regulator of morphogenesis in vivo. EMBO J. 18. 605.{) 15. 

2) l. The, G. E. Hannigan, G. S. Cowley, S. Reginald. Y. Zhong. J. F. Gusclla. l. K. Hariharan and A. 
Bemards (1997) Rescue of a Drosophila NFI mutant phenotype by protein kinasc A. Scicncc 276. 
791-794. 
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ENRIQUE MARTÍN-BLANCO 

GENETIC ANAL YSlS OF DORSAL CLOSURE IN DROSOPHlLA 

Morphogenesis depends on the coordination of different cellular activities during 

development; cell division, growth, cell migration, changes of cell shape and biochemical 

differentiation. One of the best-studied morphogenetic processes is Drosophila embryonic 

dorsal closure. During dorsal closure the contralateral epidermal sheets meet at the dorsal 

midline. This process is driven by cell shape changes in the absence of cell proliferation. 

Embryonic dorsal closure is driven by the activity of the Drosophi/a Jun kinase 

signaling cascade. This pathway becomes implemented by the Drosophila homologues of 

Racl, Rhol, JNKK, JNK ande-Jun. Mutants for members of this signaling pathway show a 

dorsal hole in their cuticle and a lack of elongation of lateral epidermal cells. As a 

consequence of JNK activity, the expression of dpp, the Drosophila homologue of TGFb, is 

maintained at the most-dorsal epidermal cells. Remarkably, mutants for dpp receptors also 

present a dorsal hole phenotype. JNK and dpp signaling appear to be in volved in the control 

of cytoskeleton dynamics, as this phenotype is shared by mutants for sorne cytoskeletal 

components. 

By time lapse confocal núcroscopy we have found strilcing d.ifferences between JNK 

and dpp loss of function. JNKK mutations do not result in a lack of elongation of epidermal 

cells but in their detachment from the adjacent arnnioserosa promoting the apoptosis of 

arnnioserosa cells. In contrast. we found that in dpp receptor mutants the epidermallead.ing 

edge collapses, freezing the extension of the epidermal sheet. Furthermore, by interfering 

with dpp signaling in the arnnioserosa, we háve found a role for dpp maintaining the 

flexibility of the arnnioserosa cells, which appears to be essential for completion of germ 

band retraction and dorsal closure. 

Late in the Drosophila life, during metamorphosis, adult structures fuse in a process 

that parallels embryonic dorsal closure. However, it presents sorne clear morphological 

d.ifferences. This pupal closure implements the eontralateral encounter of imagina! cells. 

Prelirninary data conúng from the analysis of wing imagina! d.iscs suggest that epidermal 

cells substitute (not exclude) the larval tissue crawling over its surface. An analysis of the 

role of JNK signaling in this process is underway. 
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Regulation of cell integrity via Rhol signaling 

C. Nombela and M. Molina 

Departamento de Microbiología Il . Facultad de Farmacia. Universidad Complutense. 
28040-Madrid. Spain. 

Small GTPases play a crucial role in different aspects of Saccharomyces cerevisiae biology. 
One of the mechanisms by which these proteins control specific biological processes in this 
budding yeast is through the regulation of signaling through. MAP kinase cascarles. For 
example. both the Ras homologue Ras2 and the Rho-like GTPase Cdc42 are known to mediate 
the activation of the MAP kiQase pathway controlling the pseudohyphal-invasive growth 
undergone by yeast cells under specific nutritional conditions. Cdc42 is also involved in the 
pheromone response pathway responsible for the mating process. Another Rho-like protein, 
Rho 1, is essential for the activation of Pkcl , which controls a MAP kinase module consisting 
ofthe MAP kinase Slt2, which is activated by the redundant MAPK kinases Mkkl and Mkk2, 
that are in tum activated by the MAPKK kinase Bckl (1). This Pkcl-mediated pathway is 
responsible for the maintenance of cell integrity through the regulation of cell wall architecture 
during periods of polarized growth and in response to different environmental signals that lead 
to cell wall or plasma membrane stress. Transcription of a numbey of genes involved in cell 
wall biosynthesis has been shown to be dependent on this pathway, Furthermore, the 
inactivation of this pathway leads to a osmoticaly remediable lysis defect, indicating the 
importance ofa functional pathway to ensure cell wall integrity (2}. 

In an attemp to gain insight into the function of Rhol in signaling to the cell integrity 
pathway, we have exploited an anti-phospho MAP kinase antibody that specifically detect the 
active fonn ofthe MAP kinase Slt2 to examine the role ofsome elements operating in the Rhol 
switch on the activation ofthe pathway. Our studies revealed that not only heat shock but also 
calcofluor white, caffeine and vanadate-induced Slt2 phosphorylation was blocked in a rhol-
104 strain, indicating that Rho 1 plays a key role in activation of the cell integrity pathway in 
response to a variety of stimul i. 

Rhol activity is known to be upregulated by the GDP/GTP exchange factors (GEFs) Roml 
and Rom2, and downregulated by the GTPase activating proteins (GAPs} Sac7 and Bem2 (3}. 
In addition, Bag7 shows a high identity to Sac7 and also contains a Rho-GAP domain. Whereas 
the involvement ofRom2, a GEF for Rhol, in controlling Rhol activity in response to cell wall 
alterations has been shown recently, very little is known about how negative regulators of this 
small GTPase modulate signaling to the Slt2 MAPK cascarle. Therefore, we analyzed the leve! 
of Slt2 phosphorylation in mutants affected in these proteins. The lack of Sac7 led to a strong 
increase in the level of phosphorylated Slt2 when cells were grown at 24°C. Consistent with the 
model in which the osmotic stabilization of the medium prevents Slt2 phosphorylation by 
physical stabilization of the cell surface, the presence of IM sorbitol in the medium did not 
reduce the level of Slt2 phosphorylation in sac 7 mutants, in which activation of the pathway is 
not triggered from the cell surface but as a consequence of the constitutive activation of Rho l . 
Overexpression of the dual specificity phosphatase MSG5 in a SAC7 deleted strain abolished 
the Slt2 activation and partially suppressed the cold sensitivity of this mutant strain, indicative 
of this phenotype resulting from a constitutive activation of the Slt2 pathway. Disruption of 
Bem2 also gave ñse to an increase in Slt2 phosphorylation but, in this case, the difference . 
between the wild type strain and the bem2 mutant was only seen when cells were grown at 
30°C but not at 24"C. In contrast, the absence of Bag7 did not increase the level of active Slt2 Instituto Juan March (Madrid)
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at any tested temperature. Therefore, both Sac7 and Bem2 downregulate signaling to Slt2, 
although Bem2 presumably does not play a relevant role at 24°C. Additionally, the connection 
of other GTPase switches with the cell integrity pathway will be discussed. 

l. Gustin. M. C.. Albcrtyn, J. , Alexandcr. M. And Davenport, K. (1998) . MAP kinase palhways in thc ycast 
Sacd10ron~vces cerevisiae. Microbio/. Mol. Bio/. Rev. 62, 1264-1300. 

2. Molina. M .. Martín. H .. Sándtcz. M. and Nombcla. C. (1998). MAP kinase-medialcd signaltr&nsduction 
palhways. In: Methods in Microbiologv: l'easl gene analysis. 26, 375-394. Brown: A. P. and Tuitc. M. F. 
(Eds). Acadcnúc Prcss. 

3. Schnúdt, A. and Hall M. N. (1998). Signaling lo the actin cytoskeleton. Annu. Rev. Ce// /Jcv. liiol. U, 
305-338. 
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Cell wall stress depolarizes cell growth via hyperactivation of RHOI 

Michael N. Hall and Pierre-Aiain Delley 

Department ofBiochemistry, Biozentrum, University of Basel, CH-4056 Basel, Switzerland 

Saccharomyces cerevisiae cells respond to cell wall stress by transiently depolarizing the 
actin cytoskeleton ( 1 ). We report that cell wall stress al so induces a transient depolarized 
distribution of the cell wall biosynthetic enzyme glucan synthase FKS 1 and its regulatory 
subunit RHO 1 (2). This redistribution of FKS 1 and RHO 1 from the growth si te (bud) to the 
overall cell periphery is possibly a mechanism to repair general cell wall damage. The de- and 
repolarization of FKS 1 is dependent on the actin cytoskeleton. Depolarization of the actin 
cytoskeleton and FKS 1 is mediated by the plasma membrane protein WSC 1, the RHO 1 
GTPase switch, the RHO 1-effector PKC 1, and a yet-to-be defined PKC 1-effector branch 
(2,3) . The stress-induced activation of RHO 1 is independent of the PI kinase-related kinase 
TOR2, a previously characterized activator of the RHO 1 switch ( 4,5). WSC 1 behaves like a 
signa! transducer or a stress-specific actin landmark that both controls and responds to the 
actin cytoskeleton, similar to the bidirectional signaling between integrin receptors and the 
actin cytoskeleton in mammalian cells. The PKCI-activated MAP kinase cascade is not 
required for depolarization, but rather for repolarization of the actin cytoskeleton and FKS l . 
Thus, activated RHO 1 can mediate both polarized and depolarized cell growth via the same 
effector, PKCI, suggesting that RHOI may have more than one 'on ' position and my 
therefore function as a rheostat rather than as a simple on-off switch (2). 

(1) Beck, T., P.-A. Delley and M. N. Hall . 1999. Control ofthe acún cytoskeleton by extracellular signals. 
Molecular lnteractions of Actin, eds. C. dos Remedios and D. Thomas. Heidelberg: Springer-Verlag 
Co. in press. 

(2) Delley, P.-A. and M. N. Hall. 1999. Cell wall stress depolarizes cell growth vía hyperactivation of 
RHOl. J. Cell Biol. in press. 

(3) Bickle, M, P.-A. Delley, A. Schmidt and M. N. Hall. 1998. Cell wall integrity modulates RHOI acúvity 
via the exchange factor ROM2. EMBO J. 17, 2235-2245. 

(4) Schmidt, A., M. Bickle, T . Beck and M N. Hall. 1997. The yeast phosphaúdylinositol kinase homolog 
TOR2 activa tes RHO 1 and RH02 via the exchange factor ROM2. Cell 88, 531-542. 

(5) Helliwell, S. B., A. Schmidt, Y. Ohya and M. N. Hall. 1998. The RH01 effector PKC1, but not BNII , 
mediates signalling from TOR2 to the acún cytoskeleton. Curr. Biol. 8, 1211-1214. 
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The role of Cdc42p in polarity establishment during bud emergence and 

mating in yeast. 

Marie-Pierre Gulli, Yukiko Shimada, Marc Blondel, Anne-Christine Butty, 
Malika Jaquenoud and Matthias Peter 

ISREC, 1066 Epalinges!VD. Switzerland 

In yeast, Cdc42p is required to induce cellular polarization at bud emergence and in 
response to pheromones. We are interested in the spatial and temporal regulation of Cdc42p. 
Activation of Cdc42p requires the G 1 cyclin-dependent kinase (CDK) or the mating 
pheromone MAP kinase pathway which are thought to regulate the exchange factor Cdc24p . 
lnterestingly, Cdc24p was found in the nucleus and activation of Cdc28p-Clnp triggered its 
relocalisation to the presumptive bud site. Nuclear localisation of Cdc24p requires Farlp: 
shortly befare bud emergence, ubiquitin-dependent degradation offarlp initiated by Cdc28p
Cin kinase triggers nuclear export ofCdc24p and bud emergence. Cdc24p was phosphorylated 
shortly after bud emergence and phosphorylation required Cla4p complexed with Cdc42p-GTP 
and the adaptar Bemlp. Available results suggest that phosphorylation of Cdc24p by Cla4p 
antagonized its function in vivo, suggesting that Cla4p is part of a negative feedback loop 
which tums off Cdc24p once polarisation has occured. During mating, cells orient polarized 
growth towards the mating partner using a pheromone gradient by a mechanism which requires 
Farlp and Cdc24p. Farlp binds Gf3y and also interacts with the polarity establishment proteins 
Cdc24p, Bemlp and Cdc42p, which in tum organize the actin cytoskeleton. In response to 
pheromones, the exportin Msn5p relocalizes Farlp together with Cdc24p from the nucleus to 
the cytoplasm, where it will interact with activated G¡3y. Thus, Farlp functions asan adaptar 
which recruits the polarity establishment proteins to the site of the incoming pheromone signa! 
marked by Gl3y thereby polarizing assembly of the cytoskeleton in a morphogenetic gradient. 
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Ras and Rho family GTPases promote co-ordinated cellular 

responses 

AJan Hall 

MRC Laboratory for Molecular Cell Biology, CRC Oncogene and Signa! 
Transduction Group, University College London, Gower Street, 

Lon,don WC lE 6BT, UK. 

Rho, Rae and Cdc42 regulate membrane receptor-linked signa! transduction 
pathways to the organization of the actin cytoskeleton. Once activated, Rho 
promotes the formation of focal adhesions (integrin complexes) and the assembly 
of actin stress fibres, Rae promotes both actin polymerization and integrin complex 
assembly at the plasma membrane leading to the formation of lamellipodia and 
Cdc42 triggers the formation of actin-rich filopodial extensions. In addition, these 
three GTPases have been reported to actívate other cellular pathways including the 
JNK/p38 MAP kinases, the transcription factors NFkB and SRF, and the NADPH 
oxidase enzyme complex found in phagcoytic cells. It appears that Rho GTPases 
have the capacity to co-ordinately regulate changes in the actin cytoskeleton with 
changes in gene transcription. Ras farnily GTPases have been shown to regulate the 
ERK MAP kinase pathway, PI 3kinase activation and the activity of integrins. We 
are exploring the contributions made by Rho, Rae and Cdc42 and by members of 
the Ras family to cell movement, using a fibroblast wound healing assay and to 
phagocytosis using complement and immunoglobulin mediated receptor uptake in 
macrophages. 
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PI 3-kinase, Akt!PKB and Ras signalling pathways involved in the 
control of cell proliferation and survival 

Julian Downward, Sandra Watton, Marjatta Rytomaa, Kerstin Lehmann , Patricia 
Warne, Almut Schulze, Miguel Martins, lngram laccarino and Stefan Wennstróm. 

Imperial Cancer Research Fund, 44 Lincoln's lnn Fields, London WC2A 3PX, U .K. 
downward(O)íC!f icnei.uk 

Ras proteins act through direct interaction with a number of target effector 
enzymes, including Raf serinelthreonine kinases, the type 1 phosphoinositide 3-0H 
kinases and Ral-GDS exchange.factors. Oncogenic Ras has the ability to protect sorne 
cells, particularly those of epithelial lineages, from apoptosis. We have concentrated 
on understanding the mechanism involved in the induction of apoptosis by detachment 
of cells from extracellular matrix, and how this is prevented by Ras transformation. In 
normal cells, matrix adhesion stimulates PI 3-kinase and hence Akt/PKB to provide a 
suppression of death signa( function . The protective effect of activated Ras is 
transduced through PI 3-kinase and Akt/PKB, without a major involvement ofNF-KB. 
A number of substrates have been proposed to explain the protective effect of 
AJ.:t/PKB, including the pro-apoptotic Bcl-2 family protein, BAD, caspase-9 and 
forkhead transcription factors. Evidence wiU be presented that these cannot account 
for all the protective effects of Akt/PKB, so other substrates must exist: a systematic 
search for uncharacterised physiological targets for Akt/PKB is being undertaken. 
Detachment induced apoptosis, also known as anoikis, involves the autocrine 
activation of Fas or related death receptors leading to stimulation of caspase 8 via a 
mechanism that is subject to feedback amplification from the rnitochondria. Akt/PKB 
has differing impact on death receptor induced apoptosis depending on whether or not 
mitochondrial dysfunction is involved (Type 1 or Type II pathways). 

In order to understand the mechanism by which adhesion to extracellular 
rnatrix induces activation of PI 3-kinase and Akt, we have made green fluorescent 
protein fusions with Akt/PKB. In living NIH 3T3 cells these fusion proteins 
translocate to membrane ruffies in response to stimuli that activate PI 3-kinase: this is 
blocked by PI 3-kinase inhibitors and by point mutations in the pleckstrin homology 
domain. In confluent epithelial cells such as MDCK cells, a high level of constitutive 
localisation of the GFP fusion proteins at the plasma membrane is seen, suggesting that 
these cells have high basal levels of PI 3-kinase activity. The GFP-Akt PH dornain is 
found at the baso lateral, but not apical, membranes of the cells in polarised culture. On 
attaclurient of suspended cells to matrix coated dishes, GFP-Akt PH domain localises 
to discrete sites at the basal surface that are rich in p-catenin, are quite distinct from 
focal adhesions, and appear to represent podosomes. In addition, strong localisation to 
sites of cell-cell interaction is seen, whereas membranes where ceUs are not in contact , • • : ,,.. 
with their neighbours show no GFP-Akt PH localisation. These results suggest that 
ceU-cell interaction results in local activation ofP~ 3-kinase in epithelial cells, and that .. . , _ , 
a major part of the survival signa) provided by _ cell attachment to matrix may be '' '' 

1 
· · ' l 

derived from ceU-cell interactions in addition to cell-matrix interactions. Investigation . . , 
ofthe mechanisms involved in cell adhesion induction ofPI 3-kinase activation will be 1 ,: . ,; "

discussed. 
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EPS8 and E3Bl TRANSDUCE SIGNALS FROM RAS TO RAC 

Giorgio Scna•ll. Johan Nordstromtll, Pierluigi Tenca• 

Chóster Betsholtzt and Pier Paolo Di Fiare.*§ 

• Dcpartment of Experimental Oncology, European Institute of Oncology. Via 
Ripamonti, 435, 20141 Milal\, Italy. § Istituto di Microbiologia, University ofBari, llaly. 

t Department of Medica] Biochemistry, University of Goteborg, Medicinaregatan 13 
Box. 440 SE 405 30 Goteborg, Sweden. 

The small gu.anine nucleotide (GTP)·binding protein, Rae, regu.lates mitogen-

induced eytoskeletal changes, c-jun aminoternúnal kinase (JNK) and its activity is 

required for R.as-mediated cell transformation. Epistatic analysis, using actin 

reorganization as a readout, plaeed Rae as a key downstceam target in Ras 

signaling. However the biochemical mechanism regulating the cross-talk among 

these smaJI GTP-binding proteins remains one of the major outstanding issues in 

signa! tnmsduetion. In this study, we report that Eps8, a tyrosine kinase substrate, 

and E3bl/Abi-l, a protein associated to the SID domain ofEpsS, are indispensable 

for the transduction of signals from Ras to Rae We show that: i) genetieally-

engineered removal of eps8 from cells results in the impairment of signa[ 

transduetion Crom Ras to Rae; ü) Eps8, E3bl and Sos·l forma tri-complex in vivo 

whicb is requlred for the regulation of Rac-spectic GeC actlvlties; ill) interference 

with E3bl results in a pbenotype indistinguishable from that of Eps8-nul cells. We 

propase a model in which Eps8 med.iates the tcansfer of signals between Ras and 

Rae, by forming a complex with E3bl and Sos-l. 
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Downstream signaling from Ras through the Rai-GTPases 

Larry A. Feig 

Department of Biochemistry, Tufts University School of Medicine, 
Boston MA 021 1 1 

Ral proteins representa distinct family ofGTPases that show clase similarity toRas. A family of 
Ral-specific exchange factors have been shown to bind to and be activated by Ras. In addition, 
Rai-GEF activation has been shown to complement Ras induced cell proliferation in fibroblast s. 
These and other data support the idea that Rai-GEF and then Ral activation initiates a distinct 
downstream signaling pathway from Ras. 
We ha ve been investigating the contribution of Ral activation to growth factor and Ras signaling 
in PCI2 cells. We have found that unlike in fibroblasts, where Ral complements other Ras 
effectors such as Rafand Pl3 kinase, in PCI2 cells Rai-GEF mediated signaling opposes Rafand 
Pl3 kinase signaling ( 1 ). In particular, in PC 12 cells Raf and Pl3 kinase pro mote cell cycle arrest 
and neurite outgrowth, while Rai-GRF signaling prometes cell proliferation. As such, it inhibits 
neurite outgrowth induced by NGF or by other Ras effectors. Thus, the ratio of Ras effector 
activation may determine whether sorne cells divide or differentiate. 
In PCI2 cells we found that NGF induced only transient activation of Ral whereas it produces 
more chronic activation of Ras and Raf. These findings show that the ratio of Ras effector 
activation can change over time upon cell stimulation, and that the role ofRal activation is likely 
to delay the onset ofNGF induced neurite outgrowth. 
1 plan to discuss the results of recent experiments aimed at understanding why Ral displays this 
anti-differentiation activity in PCI2 cells. 

1) Goi, T., Urano, T. and Feig, L.A., 1999 Ral-specific guanine nucleotide exchange factor 
activity opposes other Ras effectors in PC12 cells by inhibiting neurite outgrowth. Mol. CeiL 
Biol.l9, 1731-1741. 
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Small GTPases and cell proliferation 

C.J. Marshall, M.F. Olson, H.F. Paterson, O. Rausch, M. Rosario, E. Sahai 

CRC Centre for Cell and Molecular Biology, lnstitute ofCancer Research, Chester Beatty 
Laboratories, 237 Fulham Road, London SW3 6JB, England . 

Small GTPases of the Ras and Rho families are involved in transmitting signals to 
intracellular signalling pathways Activation of Ras has been shown to be essential for normal 
growth factor signalling and in a sizable fraction of sorne human tumours: particularly colon 
cancer and pancreatic cancer, Ras proteins are mutated to constitutively active forms. In 
many tumour cell lines which lack mutated oncogenic Ras, activation of normal Ras is 
required for proliferation. It is now clear that active Ras is capable of activating multiple 
signalling pathways These path"{ays include the ERK MAPkinase cascade via Ras dependent 
activation of the Raf protein, P 13 kinase and guanine nucleotide exchange factors for the Ral 
GTPases' . In sorne contexts we have also shown that Ras activation plays a key role in 
activation of the p38 and 1NK SAPK pathways. lnhibition of each of these Ras dependen! 
signalling pathways, either by chemical inhibitors or through expression of interfering 
mutants, suppresses cell proliferation. 

Cell proliferation is controlled through the· regulation of cyclin dependent kinase 
activity. The activity of these kinases is regulated via multiple routes which include the 
control of phosphorylation of the kinases and the expression levels of cyclins and cyclin 
dependen! kinase inhibitors. Signal transduction events must interface with the cell cycle 
machinery but much still needs to be leamt of how this takes place. We know that Ras 
signalling is required for growth factors to stimulate cell cycle entry but we still need to leam 
which cell cycle control points are regulated by Ras dependen! signals? In normal cells a key 
target of the G 1 Cyclin-Cdks (Cyclin D-Cdk4/6, Cyclin E-Cdk2) is the phosphorylation of 
the pRb 105 tumour suppressor protein. Phosphorylation of pRb regulates cell cycle entry and 
occurs following growth factor stimulation. Ras dependen! signalling is required for G 1 
Cyclin-Cdk activity and pRb phosphorylation because in cells in which pRb is deleted have 
reduced requirement for Ras dependen! signalling'. Using inducible activated versions of 
Mek-1 and inhibitors ofRas dependen! signal1ing it can be shown that the ERK-MAP kinase 
pathway and the P 1-3 kinase pathway are required for CyclinD/Cdk4 activity'. 

As well as Ras, activation ofRho fanúly GTPases has been shown to be required for growth 
factor induced cell proliferation. A key issue is to discover how Ras dependen! signalling 
pathways and Rho family GTPases interact to control proliferation. Sorne growth factors 
require both a Ras and a Rho signa] to actívate ERKs. Furthermore in the case of the Ras 
dependen! ERK cascade it is now clear that activation of this signalling pathway can either 
promote cell proliferation or suppress it through induction of the cyclin dependen! kinase 
inhibitor p21Waf-l. We have shown that when Rho signalling is blocked, micro-injection of 
oncogenic Ras protein induces p21Waf-I and cells do not go into DNA synthesis'. Rho 
signalling is therefore required to permit Ras to induce DNA synthesis. For non-transformed 
cells growing in culture serum growth factors provide the signa] to actívate Rho, however 
Ras transformed cells will grow in serum free medium. Furthermore the proliferation of Ras 
transformed cells in serum free medium is blocked by inhibiting Rho and this leads to elevated 
levels ofp21Wafi. Tiús suggests that in Ras transformed cells Rho becomes activated. 

1) Marshall, CJ. (1996) Curr.Opin.CeU Biol. 8, 197. 
2) Mittnacht, S., Patmon, H.F., Olson, M.F. and MaJshall, C.J. (1997) Curr.Biol. 7, 219. 
3) Treinies, l., Paterson, H. F~ Hooper, S., Wilson, R, and Marshall, C. J. (1999 

· Mol Cell Biol/9, 321-9. 
-4) Olson, M. F., Paterson, H. F., and Marshall, C. J. (1998) NatureJ9.f', 295-9. 
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RGA. AN ONCOGENE UNKING RHO, RAL ANO RAS MEDIATED SIGNAL 
TRANSOUCTION PATHWAYS. l. Hernandez-Muñoz. M. Malumbres, R. Oiaz, P. 
Leooardi andA. Pelllcar. Dept. of Pathology and Kaplan Canear Cantar, New 
Yoric Univarsity School of Medicine, New York. 

Rgr is an oncogene that has been recantly isolatad tn our laboratory by its 
ability to produce tumors in nude mice(1) . 1t belongs lo the GEF family, also 
callad GOP-dissociatlon stlmulator (GDS) family, and 11 has significan! 
homology lo RaiGOS (Aal Guanina Dlssopiatlon Stimulator) . a molecule that 
has been shown to be an effector of Ras and that it may functlooally link Ras 
with other Ras-relatad proteins (2) . Ras actions are mediated through 
interactions wlth multiple effectors (3). Through a kinase cascada Ras 
eventualfy activates Erk that then transtocates to the nuclaus whare it 
phosphorylates and activates severa( transcrlptlon factors. lncludíng Elk-1 . Elk-1 
binds, togather with the serum response factor (SRF), to the serum response 
elamant (SRE) within immedlale early gene promoters (4, S). Anolher pathway 
possibly activated by Ras lncludes MEKK1. a serinelthreonine kinase, which is 
an upstream activator of SEK. Which In tum activates JNK/SAPK (6) . An 
accepted Ras effactor is RaiGDS, which activatas, at least Ral proteins. that may 
in tum regulate the actlvity of two signafíng molecufas. One is RaiBPl , a GAP 
protein for Cdc42 and Rac1, that binds to Rai·GTP (7). Another route where Ral 
might invofved is In the actlvatlon of phaspholipase O (3). Previous results of 
our lab suggest a connection of Agr to the Ral pathway (1). Our analysis of the 
Rgr oncogene has focused on the slgnal transductlon pathways lnduceq by Rgr 
including proliferation, celltransformation and gene expression to understand 
its role in physiology and tumorigenesis. This protein that wás, at least in part, 
activated by an N-terminal truncatlon, tacks tha e-terminal domain found in 
other members of the famlly where these protelns are known to interact with the 
Ras gene products. The signal transductlon pathways activated by thís 
oncogene involve the Aaf-MEK·EAK branch as well as Ral and Rho mediated 
pathways. In addltion to the need for these three pathways to be intact te be 
able to exart transcriptional activatlon, the rgr oncogene produces in tha host 
cells a rearranging of the cytoskeleton raminiscent of that produced by Aho (8}, 
with fncrease of the actin stress flbers, and unllke that produced by Ras. which 
results in a disorganized actln cytoskeleton. 
Mutational analysis of the oncogene Indicares lhat additlonal N-terminal 
truncations that do not reach the catalytic region are still transfanning, while 
point mutations at severa! pos~lons In the catalytic region are sufficlent to 
abolish the transformlng phenotype. The results obtained open tha way to 
analyza the crucial interactions between the Rho, Ral and Ras signal 
transduction pathways in the physiological context. as weU as In malignant 
transformatioo. · 
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PI 3-Kioase sigoaliog 

L. C. Cantley, D. Fruman, C. Yballe, and L. Rameh 

Department ofCell Biology, Harvard Medica! School and Division ofSignal 
Transduction, Beth Israel Deaconess Medica! Center, Boston, MA. 

Phosphoinositide 3-kinase (PBK) plays a role in regulation of cell growth, cell 
survival and cell migration by producing a set of phosphoinositides that regulate 
various signaling pathways. Research over the past ten years indicates that PBK can 
act both upstream and do~nstream of ras family and rho/rac family G proteins. A role 
for PBK in human cancers has been inferred from the observation that the tumor 
suppresser gene, PTEN, is a phosphatase that dephosphorylates the 3 position of the 
inositol ring, thereby limiting the effects of PBK in normal cells. In order to better 
understand the function ofPBK in vivo, we have deleted genes for subunits ofPBK in 
the mouse. Deletion of aii three isoforrns of the p85 alpha subunit of PBK results in 
mice that mostly die at birth, although a few p85 alpha -/- animals survive for severa! 
weeks and have been studied. In contrast, mice deleted for p85 beta do not have 
significant defects in growth or development. Severa! downstream targets of PBK 
have been identified including two protein-Ser/Thr kinases, PDKI and AKT (also 
called PK.B) anda protein-Tyr kinase, BTK. These proteins have pleckstrin homology 
domains that mediate binding to Ptdlns-3,4-bisphosphate or Ptdlns-3,4,5-trisphosphate 
in vitro. This presentation will focus on signaling proteins that are activated by lipid 
products of PBK and the effect of knocking out genes for PBK subunits on 
development and signaling in the mouse. 

Fruman, D.A., Rameh, L.E. and Cantley, L.C (1999) Phosphoinositide Binding Domains: Embracing 3-
Phosphate. Cell97, 81'7-820. 

Rameh, L.E. and Cantley, L.C. (1999) The Role of Phosphoinositide 3-Kinase Lipid Products in Cell 
Funcúon. J.Biol. Chem. 274, 8347-8350. 

Fruman, D. A, Snapper, S.B., Yballe, C.M, Davidson, L., Yu, J.Y., Alt, F. W. and Cantley, L.C. 
(1999) lmpaired B Cell Development and Proliferation in Absence ofPhosphoinositide 3-Kinase p85a. 
Science 283,393-397. 
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Regulation of integrin activity by R-Ras 

Erkki Ruoslahti 

Cancer Research Center, The Bumham lnstitute, 
La Jolla, CA 92037, USA 

The ability of integrins to mediate cell attachment to extracellular matrices and to blood proteins 
is regulated from inside the ce!!. The leve! of ligand-binding activity of integrins is of critica! 
importance in cell motility, cancer cell invasion, platelet aggregation and leukocyte extravasation 
to inflamed tissues. Our recent studies have shown that R-ras, a small intracellular GTP-binding 
protein, regulates the binding of integrins to their ligands outside the cell (Zhang et"al., Cell 85 : 
61-69,1996). Transfecting non-adherent mouse (32D.3) or human (U937) myeloid cells with 
activated R-Ras (R-Ras38V) converted them into highly adherent cells. Conversely, a dominant 
negative R-Ras(R-Ras43N) transfected into adherent cells caused detachment of the transfected 
cells from the substrate. We have now found that the cell attachment-supporting activity of R
Ras is controlled by an Eph receptor tyrosine kinase, EphB2. Cells in which EphB2 is activated 
become poorly adherent to substrates coated with integrin ligands, and R-Ras is phosphorylated 
on tyrosine (J. Zou, B. Wang, A.H. Zisch, E.B. Pasquale and E. Ruoslahti, submitted). 
Transfections with R-Ras variants in which the critica! phosphorylation site is mutated show that 
the R-Ras phosphorylation and loss of cell adhesion are causal! y related. We ha ve also identified 
a candidate adapter molecule to connect R-Ras to EphB2. This R-Ras pathway is a unique 
regulatory pathway among ·the small GTPases. lt may explain sorne of the physiological effects 
ofthe Eph receptors; the repulsive effect ofthese receptors in axonal pathfinding, and perhaps in 
cell migrations, may be caused by R-Ras-mediated reduction of substrate adherence. 
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The small GTP-binding protein R-Ras can infiuence integrin 'activation' by antagonising a 

Ras/Raf-initiated integrin suppression pathway. T. Sethi*, M.H. Ginsbergt , J. Downward'l, 

and P. E. Hughest. *Department of Respiratory Medicine, University of Edinburgh Medica! 

School, Teviot Place, Edinburgh, UK. '1 Signa! Transduction Laboratory, Imperial Cancer 

Research Fund, P.O. Box 123, 44 Lincolns lnn Fields, London WC2A 3PX, U.K. toepartment 

of Vascular Biology, The Scripps Research lnstitute, !0550 North Torrey Pines Road, La Jolla, 

California 92037, USA. 

The rapid modulation of ligand binding affinity ('activation') is a central property of the integrin 

family of cell adhesion receptors. The small GTP-binding protein Ras and its downstream 

effector kinase Raf-1 suppress integrin activation in a MAP kinase dependent manner. In this 

study we explored the relationship between Ras and the closely related small GTP-binding 

protein R-Ras in modulating integrin affinity state. We found that R-Ras does not appear to be a 

direct 'activator' of integrins in CHO cells . However, we observed that GTP-bound R-Ras 

strongly antagonises the Ras/Raf initiated integrin suppression pathway in these cells . 

Furthermore, this reversa! of the Ras/Raf suppressor pathway does not appear lo be vía a 

competition between Ras and R-Ras for common downstream effectors, or vía an inhibition of 

Ras/Raf induced MAP kinase activation. Thus, R-Ras and Ras may act in concert to regulate 

integrin affinity vía the activation of distinct downstream effectors. 
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Rc~ulation of Raf-1 by thc p21 acti,·:ttcd protcin kinascs (Pak). l\1_ar·k Marshall*t. 
Huaiyu Sun*, Alastair King*, Bruce Diaz*t and Darlene Bamardt. Indiana University 
School of Medicine*, lndianapolis, IN, USA 46202 . Lilly Research Laboratories, 
lndianapolis, IN, USA 46285t. Ras-dependen! activation of the Raf-1 serinelthreonine 
·kinase can occur in response lo growth factors, phorbol estcrs and cxprcssion of 
oncogcnes. Wc ha ve recently, sho\\'n that the phosphorylation of scrinc 338 in thc 
catalytic domain of Raf-1 by the p21 activatcd protein kinases is an essential stcp in thc 
niechanism of Raf activation. Our initial findings suggested that the Cdc42/Rac pathway 
might feedback into the Ras/Raf pathway through Pak, presenting the possibility that one 
Ras effector pathway (Raf) might be regulated by a second Ras effector pathway (Pl3 
kinase). To further explore this hypothesis, wc ha ve examined the ability of Cdc42, Rae 1, 
RhoA, Ras and mPak3 to stimulate the catalytic activity of a variety of Raf-1 mutants in 
COS-7 cells. Expression of activated fonns of Cdc42 and Racl but not RhoA increased 
the basal activity of Raf-1 four to five-fold . When coexpressed with mPak3, Cdc42(V 12] 
and Rae 1 (V 12] further stimulated the basal activity of Raf-1 approximately 20 and 7-fold 
respective! y. Cdc42(V12) and mPak3 were also observed to be potent stimulators of Raf-
1 mutants defective for Ras binding (RaqA84-87) and Raf-CR3). Identical results were 
obtained with an assortment of Raf-CaaX mutants. The membrane associated Raf-CaaX 
protein has a high constitutive activity, which is dependen! upon the integrity of the Ras 
binding domain. The basal activity of Raf-CX is further increased severa) fold by the co
expression ofCdc42[V12) and mPak3. Interestingly, the low basal activities ofthe Raf
CaaX[A84-87] and Raf-CaaX[A84-87, Sl65,168] mutant proteins which lack the Ras 
binding sites were also fully activated by the combination of Cdc42[V 12) and mPak3. As 
with normal Raf-1, expression of Cdc42[Vl2] alone also significantly stimulated the 
catalytic activity of all these mutant Raf-CaaX proteins. We next desired to determine if 
Ras itself played a role in promoting the Pak!Raf interaction independent of the physical 
association between Ras and Raf-1 . When coexpressed with the membrane associated 
Raf-CaaX protein, Ras[V12] stimulated the constitutive activity of Raf-CaaX two to 
four-fold. Similarly, Ras[V12] stimulated the catalytic activity of the Ras binding 
mutants of Raf-CaaX to levels comparable with wild type Raf-CaaX. In addition, 
expression of a dominant-negative allele of mPak3 suppressed the Ras-dependen! 
stimulation of the Raf-CaaX proteins. These results confirmed our hypothesis that an 
importan! consequence of colocalizing Ras and Raf-1 at the plasma membrane is the 
phosphorylation of Raf-1 serine 338 by Pak. Furthermore, the observation that Ras can 
stimulate Raf-1 activity through mPak3 without a physical association between Ras and 
Raf, suggests that Pak is being activated by a Ras-dependen! pathway distinct from Raf; ·~ 
possibly PI3 kinase. Raf kinase activation experiments using effector-specific Ras 
mutants, such as Ras[C40) and Ras[S35) support a role for the regulation of Raf-1 by a 
Ras/PI3K/Pak pathway. . . ;,.: :0 ~, : ~ 1 
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Ras in the control of cell senescence 

M. Serrano, M. Barradas, F. Bringold, C. Pantoja, l. García-Cao. l. Palmero. 

Department of lmmunology and OncoiO!,')', National Center of Biotechnology, 
Madrid, Spain 

Normal. healthy, cells possess mechanisms that protect them from becoming neoplasically 
transformed by the simple action of oncogenes. Also, normal cells are unable to grow 
indefinitely in culture and, u pon accumulation of a certain number of doublings. en ter into a 
permanent growth arrest known as senescence. 

The INK4a-ARF locus encodes two tumor suppressors, p 161N"4
' and p 19'\RF, each 

regulating a different tumor suppressor pathway. Namely, p 161NK4
' activates Rb by 

inhibiting the CDK4 and CDK6 kinases; and p 19ARF activates p53 by inhibiting the 
destabilizing effects ofMDM2. 

Expression of oncogenic Ras in primary cells is initially mitogenic but, after a 
period of a few days, triggers an anti-proliferative response mediated by both p 161

)\'"
4

' and 
p 19.-\R.I' [ 1 ,2]. Cells arrested by introduction of oncogenic Ras are vey similar to senescent 
cells and, consequently, this phenomenon has been designated "premature senescence" [ 1]. 
We regard this response as an anti-tumoral mechanism that prevents the propagation of 
oncogenically-driven cells. Importanly, rodent cells genetically deficient in either p 16r.-....:4

', 

p 19.-\RF or p53 do not en ter "premature senescence" u pon introduction of oncogenic Ras 
but, on the contrary, they are efficiently transformed. This permissivity to Ras 
transformation was not observed with cells deficient in the cell-cycle regulators p21 (3] or 
p27 (unpublished observations). 

In collaboration with Scott Lowe (Cold Spring Harbor, USA), we have found that 
the integrity of the Raf!MEK pathway is essential for Ras to elicit "premature senescence" 
(4]. 

We have begun a large-scale screening aimed at identifying other tumor
suppressor pathways that could be activated in response to the aberrant activity of 
oncogenic Ras. For this, we have used filters of high-density cDNA arrays (containing 
18.000 ESTs) and we have compared the expression profile of cells arrested by serum 
deprivation with the expression profile of cells arrested by Ras-induced premature 
senescence. We will present the prelirninary results obtained in tlús screening. 

[1) Serrano et al., Ce/J 88, 593 (1997). 
[2) Palmero et al., Nature 395, 125 (1998). 
[3) Pantoja et al., Oncogene, 18, 4974 (1999). 
[4) Lin et al., Genes Dev. 12, 3008 (1998). 
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Role of Rho GTPases in cell transformation and invasion 

J. Banjard 1, S Coniglio, M. Ruggieri, T.-S . Jou>~<>, J Nelson>~" . B. Zetter ' l and M. Symons 

Picower lnstitute for Medical Research, NY 11030, ·1Children ' s Hospital. Boston. MA 
02115. *> Stanford University Medical School, CA 94305 . 

The Rho Family GTP-binding proteins Rae, Rho and Cdc42 have been shown to control 
distinct features of the actin cytoskeleton. Over the past several years, we and others ha ve 
shown that each of these GTPases plays an essential role in malignan! transformation of 
Rat 1 tibroblasts by oncogenic Ras ( 1 ,2) . Analysis of the growth properties of Rat 1 
fíbroblasts that express constituti~ely active mutants of Rae, Rho and Cdc42 and that of 
Ras transformed Rat 1 tibroblasts that express dominant negative mutants of these 
GTPases, has indicated that these GTPases deliver distinct contributions to the 
transformation process. Thus, Rae appears to be predominantly involved in serum
independent growth, and al so contributes to cell survival in the absence of serum, whereas 
Cdc42 plays a key role in anchorage-independent growth and integrin signaling (2,3 ). In 
addition, the functions of the Rho GTPases in the control of cell proliferation are likely to 
be independent ofthe roles that they play in the organization ofthe actin cytoskeleton. 

We ha ve al so investigated the role of Rae, Cdc42 and Rho in motile behavior, using Rat 1 
fibroblasts that express dominant negative mutants of these GTPases. Interestingly, Rat 1 
cells that e.xpress either of these mutants are strongly inhibited in growth factor stimulated 
invasion in three-dimensional collagen gels, whereas growth factor stimulated locomotion 
on collagen surfaces is only inhibited in dominant negative Rac-expressing fibroblasts (4) . 

We are currently studying the role of Rho GTPases in the regulation of cell proliferation in 
MDCK cells, a dog epithelial cell line and are focussing on the control of cell survival in 
conditions of anchorage deprivation. Our results show that expression of constitutively 
activated mutants of either Rae or Cdc42 can rescue from suspension-induced apoptosis 
(anoikis). Interestingly, in the case of Cdc42, we observe a bi-phasic dependence of cell 
survival on the expression levels of constitutively active Cdc42-V 12. At expression levels 
that are about five-fold lower than that of endogenous Cdc42, Cdc42-V 12 protects against 
anoikis, whereas at expression levels ofCdc42-V12 that are similar or higher than that of 
endogenous Cdc42,. this survival effect is abolished. In contrast to the effects of Rae and 
Cdc42, expression of constitutively active Rho stimulates anoikis. It is likely that the 
survival functions ofRac and Cdc42 contribute to cell transformation. 

References: 

1) M. Symons. Rho family GTPases: The cytoskeleton and beyond. 1996, TIBS 11. 178-181. 
2) R.-G. Qiu, A Abo, F. McCorrnick and M. Symons. Cdc42 regulates anchorage-independent growth 

and is necessary forRas transformation. 1997, Mol. Cell. Biol. !1. 3449-3458. 
3) E. Clark, W. King, J. Brugge, M Symons and R. Hynes. lntegrin-mediated signals regulated by 
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Ras- and Rho-signaling networks in cell-adhesion and cell migration 

John G. Collard 

The Netherlands Cancer Institute, Division ofCell Biolo.sry. Plesmanlaan 121. 
1 066 CX Amsterdam. The Netherlands 

Rho-like GTPases. including Cdc42, Rae and RhoA, have been implicated in the control of a wide 
range of biological processes ( 1 ). In .particular, Rho-like proteins act as key control molecules in 
signaling pathways that determine the reorganization of the actin cytoskeleton in response to receptor 
stimulation (2). Similar to Ras proteins. Rho-like proteins cycle between the active GTP-bound state 
and the inactive GDP-bound state. The dynamic cytoskeleton changes regulated by Rho-like GTPases 
determine the morphology, adhesion and motility of cells, processes required for the metastatic spread 
of tumor cells. 

We ha ve identified the invasion-inducing Tiam 1 gene which encodes an activator (GEF) of the Rho
like GTPase Rae (3 ,4). Similar to constitutively active VI2Rac, Tiaml induces an invasive phenotype 
in T -Iymphoma cells. Also activated V 12Cdc42 induces invasion of T -Iymphoma cells which is not 
caused by Cdc42-mediated activation of Rae but presumably by the stimulation of common 
downstream pathways ofCdc42 and Rae. Activated VI4RhoA potentiates invasion but fails by itselfto 
mimic Rae and Cdc42. The Rho-like GTPases thus cooperate in the acquisition of an invasive 
phenotype oflymphoid tumor cells (5). 

In epithelial carcinoma cells, invasion and metastasis is often associated with reduced E-cadherin
mediated cell-cell adhesion (6.7). Ectopic expression ofTiaml in epithelial cells inhibits HGF-induced 
cell scattering and cell migration by increasing E-cadherin-mediated adhesion. In addition, Tiam 1-Rac 
signaling inhibits invasion and migration of fibroblastoid Ras-transformed MDCK cells by restoring E
cadherin-mediated adhesions and the epithetial phenotype (8). Interestingly, Tiami/Rac-induced 
cellular responses with respect to cell-cell adhesion and cell migration are dependent on integrin
mediated ceiJ substrate interactions. On fibronectin and Iamirúni, Tiaml/Rac signaling inhibits 
migration of MDCKB cells by restoring E-cadherin-mediated cell-cell adhesion, whereas on collagen 
Rae activation promotes motile behavior (9). lnvasion and migration of epithetial cells is thus 
detennined by a balance between invasion-inhibitory cell-cell interactions and invasion-promoting cell
substrate interactions, both mediated by PD-kinase-regulated Tiaml-Rac signaling. 

Using novel biochemical assays to determine the actual activation state ofRho-like GTPases (9, 10), 
we found that Rae and Rho play antagonistic roles in the establislunent of the cellular and migratory 
phenotype of cells. Activation of Rae promotes ceiJ spreading and cell-cell adhesions whereas 
activation of Rho leads to cell contraction and decreased cell-substrate interactions. In neuronal cells, 
the antagonistic role ofRac and Rho on the dynamic chariges ofthe actinomyosin cytoskeleton may be 
regulated by Rac-mediated phosphorylation of the rriyosin ll heavy chain and Rho-mediated 
phosphorylation ofthe myosin ll tight chain in neuronal cells (11). We found that Rae is also able to 
downregulate Rho activity directly at the leve! ofthe GTPase in different cell types. Transient PDGF
induced as well as sustained Rae activation by Tiaml or Vl2Rac downregulate Rho activity in 
fibroblasts and. epithelial cells. Neither LPA-induced nor constitutively active V14Rho affects Rae 
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activity, suggesting unidirectional signaling from Rae towards Rho . We conclude that Rae signaling is 
able to antagonize Rho directly at the GTPase leve!. The reciproca! balance between Rae and Rho 
activity detem1ines cellular morphology and migratory behavior in epithelial and fibroblast cells. 

The proto-oncogene Ras is frequently mutated in epithelial tumors ( 12), resulting in uncontrolled 
growth and transition towards an invasive, mesenchymal phenotype (6,7). Employing the novel 
biochemical assays (9, 1 0), we have analyzed the activation state of Rae and Rho in response to 
oncogenic Ras signaling. Sustained oncogenic Ras signaling in epithelial cells permanently 
downre_srulates Rae and upregulates Rho activity whieh is accompanied by epithelial-mesenchymal 
transition. Oncogenic Ras provokes d¡anges in Rae and Rho aetivity through sustained activation of 
the Rati'MAP-kinase pathway, whieh causes transcriptional downregulation ofTiaml, an activator of 
Rae. Reconstitution of Rae aetivity by exogenous expression of Tiam 1 decreases Rho activity and 
restares the epithelial phenotype in mesenehymal VI2Ras or RafCAAX-transformed cells. Our findings 
identify the inactivation of Rae by transcriptional downregulation of an exehange factor as an importan! 
mechanism for Ras-induced transformation of epithelial cells. 

1) Van Aclst L and D'Souza-Schorey C. Genes Dcv. 11 : 2295-2322. 1997. 
2) Hall A. Sciencc 279: 509-514, 1998. 
3) Habcts GGM, Scholtes WHM, Zuydgeest D, van der Kanuncn RA, Stam JC, Bems A. Collard JG. 

Ccll, 77,537-549. 1994. 
4) Michicls F. Habets GGM, Stam JC, van der Kanunen RA Collard JG. Naturc. 375, 338-340. 1995. 
5) Stam JC. Michiels F, van der Kanuncn RA, Moolcnaar WH. Collard JG. EMBO J. 17. 4066-4074. 

1998. 
6) Vlcminckx K, Vakaet L, Maree! M, Fiers W. Van Roy F. Cell, 66: 107-119, 1991 
7) Bircluneier W, and Behrens J. BioclÚIIl Biophys Acta, 1198: 11-26. 1994 
8) Hordijk PL, ten KJooster J-P. van der Kanuncn RA, Midúels F, Oomcn LCJM, Collard JG. Sciencc. 

278: 1464-1466, 1997 
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Biol. 143: 1385-1398, 1998 
10) Ren XD, Kiosses WB, and Sdm'31tZ MA. EMBO J. 18: 578-585, 1999. 
11) van Lceuwen FN, van Delft S, Kain HE, van der Kanunen RA, Collard JG. Naturc Cell Biology 1: 

242-248, 1999. 
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RHO-MEDIA TED ACTIN REORGANIZA TION VIA LOCAL PROTEIN RECRUITMENT 

F. Castellano*, P. Montcourricrt, E.Gouin°, L. Machcsky§, P. Cossart 0 and P. Chavrier* 
*CIML Marscillc, France; tCNRS UMR 5539 Montpcllier, Francc; 0 lnstitut Pasteur París; 
§MRC-LMCB London. 

Many cellular processes are depcndent upon actin cytoskcleton reorganization in response to 
various extra cellular stimuli . Rho GTP-binding proteins play an important role in signaling 
pathways that controls actin C,Ytoskeletal organization, hclping to generate actin-based 
structures such as filopodia, Iamcllipodia, and stress fibres . 
In order to obtain experimental conditions reproducing a physiological situation after receptor 
engagement, we have dcveloped a system that allows for the controlled and local recruitment 
of activated Rho proteins at discrete sites underneath the plasma membrane in living cells. 
This method is based on the ability of rapamycin to induce specific protein heterodimerization 
between the FK506 Binding Proteinl2 (FKBP) and the FKBP12-Rapamycin Binding (FRB) 
domain of the FKBP12-Rapamycin Associated Protein (FRAP). We have stably co-expressed 
in RBL cells (l) a plasma membrane protein which presents two FKBP domains as a 
cytoplasmic region together with (2) an activated, nonprenylated hence physiologically 
inactive form of Cdc42 to the FRB domain. By adding rapamycin to the medium, and by 
clustering thc receptor using a bead-based system that allows for aggregation of the complex, 
we obtained the specific recruitment and local concentration of activated Rho proteins at the 
plasma membrane, bypassing any additional signaling proteins. 
Local recruitment of activated Cdc42 and of its downstream effector W ASP with the 
rapamycin system induced the formation of actin based membrane protrusions 1 to severa! 
~m long. These structures contain the cytoskeletal proteins V ASP along the entire length and 
zyxin at the bead./membrane interface. We propose a model in which Cdc42, by means of its 
downstream effector W ASP. recruits at soecific membrane sites of receotor activation. zvxin 
that in turns binds V ASP.· V ASP theñ brings profilactin to the siie to promote. actin 
polymerization. A differential distribution of ezrin, an actin-membrane linker, in the 
protrusions induced by CDC42 or by its effector WASP, indicates that filopodium and 
protrusion formation are the results of a multi-branched network of interactions that intersect 
at the leve! of Cdc42. 
Recruitment of activated Rae 1 to the plasma membrane with the rapamycin system triggered 
the internalization of up to 40% of the receptor clustering beads over a period of 2 hours. The 
internalization process was inhibited by cytocalasin D indicating that actin polymerization 
was required for uptake. Only very localized and limited ruffles were observable under the 
beads. Once inside, the beads to proceed a short distance into the cytoplasm. Bead uptake was 
inhibited by mutation of Leu37 in the effector region of Racl that prevents interaction with 
the downstream target POR!. This is the first demonstration that Rac-1 recruitment to the 
receptor site is sufficient to allow particle internalization in a process that resembles 
phagocytosis. 
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Regulation of neuronal morphology by Rho-kinase and its 
substrates 
Kozo Kaibuchi 
Nara Institute of Scie nce and Technology, Ikoma, Japan , 630-
0101 

Molecules such as extracellular matrix components, 
growth factors, and bioactive lipids can exert dramatic 
effects on neural architectures, ranging from stimulation of 
neurite outgrowth to induction of growth cone collapse and 
neurite retraction. Several investigators have reported 
that Rho regulates neurite retraction in N1E-115 cells or 
PC12 cells. In these cells, treatment with lysophosphatidic 
acid (LPA) leads to neurite retraction and growth cone 
collapse which is mediated by Rho. We previously identified 
Rho-kinas e/ROK/ROCK as a downstream effector of Rho, and 
found that Rho-kinas e elevates the level of phosphorylation 
of myosin light chain (MLC) leading to myosin II activation, 
and the activated myosin II is involved in the LPA-induced 
neurite retraction in NlE-115 cells downstream of Rho and 
Rho-kinase. These observations prompted us to explore 
neuron-specific substrates of Rho-kinase other than MLC. 
Here , we identified a novel substrate of Rho - kinase, 
collapsin response mediator protein-2 (CRMP-2), which was 
identified as a protein required for collapsin-induced 
growth cone collapse . CRMP-2 is also homologous to a C . 
elegans neuronal protein UNC-33 that is required for 
appropriately directed axon guidance. We identified the 
majar phosphorylation site of CRMP-2 by Rho-kinase as Thr-
555, and found that Rho-kinase phosphorylated CRMP-2 at Thr-
555 in dorsal root ganglion neurons during the action of 
LPA . These results suggest that CRMP-2 is involved in axon 
guidance and in the regulation of growth cone morphology 
downstream of Rho and Rho-kinase. 

Kaibuchi, K., Kuroda, S., and Amano, M. (1999) Regulation of 
cytoskeletons and cell adhesions by the Rho family GTPases 
üi, mammalian cells . Annu. Rev . Biochem. 68, 459-486 

Amano, M., Chihara, K, Nakamura, N, Fukata, Y, Yana, T, 
Shibata, M, Ikebe, M, and Kaibuchi, K. (1998) Myosin II 
activation promotes neurite retraction during the action of 
Rho and Rho-kinase. Genes Cell 3, 177-188 
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Ras-GRF an exchange factor in the midst of Ras and cdc42 GTPases 

Piero Crespo 

Instituto de Investigaciones Biomédicas. Madrid, Spain 

Small GTP-binding proteins function as key molecular switches in the signal transduction 
routes that convey stimuli receiveo by cell surface receptors to the nucleus. Among these. the Ras 
family of small GTP-binding proteins plays an essential role in the regulation of cell growth and 
ditferentiation, distributing signals to ditferent downstream effector pathways including those 
mediated by mitogen-activated protein kinase (MAPK), PI-3 kinase and Rai-GDS. Ras GTPases 
cycle between an inactive GDP-bound and an active GTP-bound state and it is now known that this 
mechanism is controlled by at least two classes of regulatory proteins directly acting on Ras: GAPs 
(QTPase Activating _froteins), which potentiate ofthe capacity ofthe G-proteins to hydrolyze GTP. 
and GEFs (Quanine nucleotide f;xchange Eactors), that catalyze the exchange of GDP for GTP 

bound to Ras proteins, thus promoting their activation. cdc25mn !Ras-GRF is a GEF specific for the 
Ras family of small GTP-binding proteins cloned by virtue of its homology with the Sacclwromyces 
cerevisiae CDC25 gene product, that stimulates nucleotide exchange on S. cerevisiae RAS. In 
mammals, Ras-GRF is expressed at high levels in brain but it has also been found to be expressed 
in other tissues and celllines . 

Analysis of the primary structure of Ras-GRF reveals the presence of a number of defined 
functional motifs presumably involved in different signaling control mechanisms and protein-protein 
interactions. As such, the carboxyl-terminal domain has strong homology with S. cerevisiae 
CDC25, thus its name, and it has been shown to catalyze nucleotide exchange on Ras. This domain 
is also present in other GEFs for the Ras family; SOSI and SOS2, C3G, and GRF2. Ras-GRF also 
contains a Dbl-homology (DH) domain that bears a strong resemblance to the product of the dbl 
oncogene, a GEF for the GTPase cdc42. DH domains are generally present in GEFs for the R.ho 
family of small G-proteins and other proteins such as ect2 of yet unidentified function but also 
believed to be involved in the regulation of the Rho family GTPases. In the case of Ras-GRF, the - -
DH domain is flanked by two Pleckstrin homology (PH) domains, also found in most Ras and Rho 
family GEFs and other signaling proteins. PH domains are believed to bind phospholipids thereby 
playing an active role in membrane targeting . 

Whereas Ras-GRF, it has been shown to be capable of inducing cellular transformation in 
fibroblast. Recent reports also suggest that its normal function may be to signal from G protein
coupled receptors to Ras, and that calcium may be implicated in its regulation by a mechanism 
involving a calmodulin-binding motif (IQ domain) near its N-terminus. Likewise, it has also been 
demonstrated that calcium can enhance Ras-GRF-mediated activation ofthe MAPK pathway. 

Since the structural domains that constitute Ras-GRF are likely to play a distinct yet to be 
identified regulatory roles, we have constructed a series of deletion mutants for the different motifs 
to study their effects on Ras nucleotide exchange, MAPK activation and transformation. Our 
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results indicate that the OH domain is an essential feature for Ras-GRF-induced GOP/GTP 
exchange on Ras. MAPK stimulation and cellular transformation. In accordance. we have found 
that an inhibitory mutant of cdc42 can block Ras-GRF-induced nucleotide exchange on Ras. 
activation of MAPK and cellular transformation. Our data also indicates that while Ras-GRF is 
panially located in the paniculate fraction. the OH domain mutant and Ras-GRF in the presence of 
cdc42 N 17. are completely absent from this fraction. lnterestingly, targeting Ras-GRF to the 
membrane could overcome the blockade exened by cdc42 N 17. In the same fashion . Ras-GRF OH 
domain mutan! ability to actívate MAPK is restored when sent to the membrane by a myristoilation 
signa! Thus. our data strongly suggest that Ras-GRF OH domain is an essential feature for 
targeting this exchange factor to the membrane by a yet unknown mechanism in which cdc42 plays 
a central role . 

Rcfcr·cnccs 

Bo::uski. M. S., <~nd F. l\1cCormick. 1993. Proteins regulating Ras and its rclatives. Naturc 366:<.43- (,:;.¡ _ 

Ccrionc, R A., ¡¡nd Y. Zhcng. 1996. The Dbl family of oncogencs. Curr. Biol. 8:216 - 222.Fcig, L. A. 199-1. 
Guaninc-nuclcotide exchange factors: a family of positive rcgulators of Ras and related GTPascs. Curr. Op. Cell Biol. 
6:20-1- 201. 
Slwu. C. C. L f¡¡rnsworth, B. G. Nccl, and L A. Feig. 1992. Molecular cloning of cDNAs encodiug a guaniuc
nucleotidc-rcleasing factor forRas p21. Nature J58:J.'i 1 - 354. 
Shou, C., A. Wurmscr, K. Ling, M. Barbacid, and LA. Fcig. 1995. Dilferential response of the Ras cxchange 
factor. Ras-GRF to tyrosine kinasc and G protcín mcdiated signals. Oncogene 10:1887- 1893. 
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A NOVEL PROTElN RECRUITMENT SYSTEM FOR TRE ANAL YSIS OF 
PROTEIN-PROTEIN INTERACTIONS 

Y. C. Broder, S. Katz, M. Maroun and A. Aronheim 

Dcpartrnent of Molecular Genetics an~ thc Rappapo':l Farrúly lnstitutc for Research in thc Medica! Sciences. Faculty of Medicine. Techmon-lsrad lnst1tute ofTechnology, P.O.Box 9649. Bat-Galim 
Haifa 31096 
Te!: 972 4 8295226 Fax.: -972 4 8295225 

The ycast two hybrid system rcprcsents one of thc most efficient approachcs curren ti y 
available for idcntifying and charactcrizing protein-protein interacúon. Although very 
powerful. this procedure exhibíts scveral problems and inherentlimitations. Rccently. the 
SRS (Sos recruitment sy.stem) was described. The SRS system is based on a different 
rcadout comparc:d to the two hybrid system and overcomes severa! of its limitations . Tbus. 
the SRS system serves as an attractivc altemative for studying protein-protein interactions 
betwecn known and novel proteins. Nevcrtbele..~~. using tbe SRS systcm, we encountered 
a number of problems, and therefore developed an improved prO(ein rccruitment systcm. 

The novel system, designated RRS (Ras recruitment system). is based on tbc absolute 
requirement of Ras plasma membrane localization for its funetion. Ras membrane 
Jocalization and activation can be achieved through interaction between two hybríd proteíns. 
We demonstrate the effectiveness of the novel RRS system using five different known 
protein interactions and identification of two novel protein intecactions through a library 
screening protocoL The first is betwecn JDP2, a m.ember of the basic leucine zípper farnily 

(bZIP), and CIEBPy, a mcmber of tbe CIEBP family. The second is between the serine 

threonine kinase, Pak65 and a Cdc42 Homologue Protein, designated: Oip. 
Recently, we have extended the use of thc RRS system to a mammalian host =lis as wcll 

· using Ras responsive rcporter assays. This improve.ment allows !he verification and 
quantification of protein-protein intetaction originally identified in yeast to be tested directly 
in mammalian cdls. In addition, has the potential to serve as an approach for drug 
screening d.iscovery to inhibit specific protein-protein interaction. 
The RRS system significantly extends tbe u~efulness ofthe previously dcscribed SRS 
system and overcomes severa! of its limitations thus can be used tor idcntification of 
protein-protein interaction between known proteins and screening for novel interactions as 
well. 
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Thc role of thc p11 acti\"atcd kinascs (Paks) in thc phosplwrylation and 
activation of Raf-1 

Antonio Chiloeches and Richard Marais, Signa! Transduction Tcam. CRC Centre for Cell 
& Molecular Biology,lnstitutc ofCanccr Research, 237 Fulham Road. London SW3 6JB, 
UK. email : a.chilocches@icr.ac.uk 

The Raf-1 protein is a scrinclthrconinc spccific protcin kinasc which couplcs Ras 
activation to the activation of thc Erk mitogen activated protcin (MAP) kinascs. Raf-1 is 
normally cytosolic and inactive. Activation occurs through a complcx process which is 
initiated by the Ras-dependenttranslocation of Raf-1 to the plasma membrane. However, 
this inleraction between Ras and Raf-1 is not sufficient for activalion and additional evems, 
including Raf-1 phosphorylation and association with 14-3-3 are required for full 
activation. 

We have recently shown that phosphorylation of S338 and Y341 of Raf-1 is 
required for full activation under a number of conditions [Mason et al ( 1999) EMBO J; ~ : 
2137]. We have developed phospho-specific anlibodies lo lhese residues and have shown 
lhal lhese phosphorylalion events occur al the plasma membrane. Pak 3 (p21 activated 
kinase) is a serinellhreonine specific prolein kinase which is acti\'ated by lhe small GTP 
binding proleins Cdc42 and Rae. It has been shown thal Pak3 can phosphorylate Raf-1 on 
S338 in vitro and il has been suggested lhal Raf-1 is a Pak3 substrate in vivo [King el al 
( 1998) Nalure 396:6.707]. We ha ve therefore examined whether Pak3 phosphorylates Raf-
1 under physiological condilions. 

We find that dominant negative versions of Pak3, Rae and Cdc42 do nol block 
activation of Raf-1 by oncogenic Ras or activated Src. We find that aclivaled versions of 
Pak3, Cdc42 and Rae do not stimulate Raf- l activity when expressed alone and neilher do 
they significantly enhance the activity of Raf-1 when co-expressed with oncogenic Ras or 
aclivated Src. Co-expression of wild type Pak3 with V12Cdc42 or V12Rac also does not 
lead to Raf-1 activation. Finally, wt Pak3 together with V 12Cdc42 (or V 12Rac) only co
operate very weakly with oncogenic Ras to actívate Raf-1 (less than 2 fold). 

Using our phospho-specific antibody, we have also examined the effects of Pak3 , 
Cdc42 and Rae on Raf-1 phosphorylation at S338. Dominant negative Cdc42, Rae and 
Pak3 do not prevent oncogenic Ras and activated Src mediated phosphorylation of S338. 
V12Cdc42 and Vl2Rac do not stimulate the phosphorylation of Raf-l on S338 and neither 
do they co-operate with oncogenic Ras to give enhanced S338 phosphorylation. Although 
activated Pak3 or wt Pak3 when co-expressed with V 12Cdc42 or Vl2Rac do give a slight 
(less than is seen with Ras alone) stimulation of S338 phosphorylation, there is no 
associated Raf-l activation as described aoove. Furthennore, this phosphorylation does 
not require Raf-1 to be membrane associated, because mutant Raf-1 which cannot interact 
with Ras and so cannot localise to the plasma membrane is still phosphorylated on S338 
under these conditions. Also, dominan! negative Ras does not block the activated Pak3 
mediated phosphorylation of S338. 

Taken together, these data suggest that Raf-1 is not a physiological substrate of 
Pak3. The data show that under extreme conditions, Pak3 is able to weakly phosphorylate 
Raf-1, but this is not associated with any increase in Raf-1 activity, probably because it 
occurs in the cytosol, and not at the plasma membr.ane, where Raf-l activation occurs. We 
are currently examining the role of Pak3 in Raf-1 activation and S338 phosphorylation in 
cells stimulated with growth factors. We are also attempting to identify th~ kinases which 
phosphorylate Raf-l on S338 under physiological conditions. 

Instituto Juan March (Madrid)



61 

H-, K- and N-Ras inhibit myeloid leukemia cell tH·olifcration by a 
p2 1 WAFt_dependcnt mechanism 

1\1. Dolores Delgado, J. Pedro Vaqué, Imano! A•·ozarena, Ma•·co A. Lópcz-llasaca, 
Carlos Martíncz, Piero Crespo, and Javier León. 
Grupo de Biología Molecular del Cáncer, Departamento de Biología Molecular y Unidad 
Asociada al Centro de Investigaciones Biológicas-CSIC, Universidad de Cantabria, 3 90 1 1 
Santander, Spain. 

Mutated ras genes are frequently found in human cancer. However, it has been shown that 
oncogenic ras causes an antiproliferative effect in primary cells, through pathways 
involving p53 and the cell cycle inhibitors p 161}.;""4

• and p 19ARF_ In this work we ha ve 
analyzed the effect of the ectopic expression of the three mammalian ras genes on the 
proliferation of K562 leukemia cells, which derive from a chronic myeloid leukemia and 
are deficient for p53, p 16n-.'K4

• and p 19ARF genes. We ha ve tirst subcloned oncogenic and 
wild-type ras genes in the same expression vector (pCEFL) to get more reliable 
comparison oftheir biological activities. We have found that oncogenic H-, K- and N-ras 

inhibit the clonogenic growth of K562 cells, being H-ras the most potent inhibitor. The 
overexpression of the wild type ras genes also inhibited proliferation, but to a lesser extent 
than their oncogenic versions. This effect is not related to apoptosis and co-expression of 
Bcl-2 did not abrogate the Ras-mediated growth inhibition. We generated K562 sublines 
with inducible expression of H-RasVI2. Induction of H-rasVI2 retards growth and this 
effect was accompanied with an increase of p21 WAFI mRNA and protein levels. Using a 
luciferase-reporter gene we found that p21 WAFI promoter is potently activated by 
oncogenic ras and less pronounced by wild type ras. This transactivation was independent 
from p53 . Moreover, inhibition of p2l WAFI expression by an antisense construct partially 
rescued the inhibition of clonogenic growth mediated by oncogenic H-ras. Altogether, 
these results indicate that the antiproliferative effect of ras in myeloid leukernia cells is 
associated to the induction of p2l WAFI expression and suggest the existence of p 19ARF and 
p 161NK4

• -independent pathways that may account for ras-mediated growth inhibition. 
Finally, it is of note that K562 derive from a human chronic myeloid leukemia, and thus 
our results are consistent with the absence of ras mutations in these leukemias. 
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WlP, the WASP-interacting protein mediates Cdc42/N-WASP rtlopodia formation. 
Narcisa Martinez-Ouiles*, lnes M. Anton"', Stephen P. Saville*, John Hartv.ig§, Hiroaki 
Mikit. Tadaomi Takenawa t , Hideki YamaguchiÍ, Narayanaswamy R:unesh"' and Raif S. 
Gcba"'. 

"Division of Immunology, Children's Hospital and Division of Experimental Medicine, 
Brigham and Women's Hospital , Department of "'Pediatrics and fMedicine. Harvard 
Medica! Scbool, Boston, MA 02115, USA and IDeparunent of Biochemistry.Institute of 
Mcdical Science, Universicy, ofTokyo, 4--61 Shirok.anedai, Minato-ku, Tokyo 108, Japan . 

Wistkott-Aldrich Syndrome (W AS) is an X-linked imrnunodeficiency caused by 
mutations tbar affect the W AS protein (W ASP). Although the physiological function of 
WAS remains unknown, W ASP has been implicated in signa! transduction and in 
cytoskcletal control on hematopoietic cclls. 

We cloned a novel W ASP lnteracting frotein, WIP (Ramesh et aL 1997, PNAS 
94: 14671-6). WIP is a proline rich protein thatshows homology to the yeast protein 
verprolin, which is implicated in the organization of the yeast actin cytoskeleton. We 
bavc reccntly demonsrrated that WIP and verprolin are functional homologues (V aduva 
et al 1999, JBC 274(24): 17103-8). WIP to ruppreses the defects in cytoskeletal 
organization and endocytosis observed in verprolin deficient yeast cells. 

N-WASP is a WASP homologue that is ubiquitously expressed (Miki et al. 1996, 
EMBO J. 15: 5326-35). Induction of filopodia by bradykinin is dependent on activation 
of the small GTPase Cdc42 and its binding to N-WASP (Miki et al1998, Nature 391 : 
93-96). Moreover, N-WASP linlcs Cdc42 to the Arp2/3 complex mediated actin 
polymerization (Rohatgi et all999, Cell 97: 221-231). 

Given the homology between W ASP and N-W ASP we investigated whether N
W ASP is also a binding partner of WIP. We show that the W ASP binding protein, WIP. 
interacts with N-WASP, binds actin and increases cellular-actin comenL Over
expression of WIP in NIH 3T3 fibroblasts causes filopodia formation. This was 
dependent on WIP binding to actin and on N-WASP. Microinjection of anti-WIP 
antibody inbibited filopodia induction by bnidyk.inin, an actívate Cdc42 mutant 
(Cdc42vl2) and N-WASP. Cdc42, N-WASP and WIP were shown to form a temazy 
complex. BradyJcinin stimulation caused transloca.tion of WIP to the cortical cytoskelecon 
at areas of filopodia formation. These results. suggest that WIP is critical for bradykinin 
m.ediated Cdc42/N-W ASP dependent filopodia formation. 

' ~ 
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Ras and Rho lnfluence on p21 WAF1/CIP1 Protein Stability 
M. Coleman, C.J. Marshall and M.F. Olson. lnstitute of Cancer 
Research, London SW3 6JB, U.K. 

Ras activates signaling pathways that lead to cell cycle 
progression, however, high intensity Ras signaling may lead to cell 
cycle arrest via the induction of the cyclin dependent kinase 
inhibitor p21 WAFltCIP1 (p21 ). Ras activa tes, while Rho suppresses, 
transcription from the p21 promoter, however, little is known about 
the effect of Ras and Rho on p21 protein stability. When NIH 3T3 
cells were transiently transfected with a plasmid encoding p21 
driven by a CMV prometer, treatment with the proteasome 
inhibitors lactacystin (LC) or acetyl-leu-leu-nor1eucinal (ALLN) 
increased steady-state p21 protein levels relative to untreated 
cells. Co-transfection with oncogenic V12 H-Ras increased p21 
levels in untreated cells but LC did not elevate p21 further. In 
addition, p21 protein levels did not differ between untreated and 
LC or ALLN treated V12 H-Ras transformed Swiss 3T3 cells. 
These results indicate that proteasome function normally 
significantly influences steady-state p21 protein levels but Ras 
transformation reduces the effect of this degradative pathway. 
Pulse-chase metabolic labeling experiments in NIH 3T3 cells 
showed that Ras increased the half-life of p21 by-50% and that 
this effect was blocked by the MEK inhibitor U0126 and the PI-
3K inhibitor LY-294002. The Ras stabilization of p21 was 
mimicked by co-transfection of p21 with cyclin 01, a protein 
previously shown to be up-regulated following Ras activation. 

Co-transfection of p21 with the Rho inhibitor C3 ADP
ribosyl-transferase doubled its half-life while this effect was 
reversed by a C3-insensitive mutant form of Rho. SignifJCant 
stabilization of p21 was also observed following treatment of cells 
with the actin-disrupting drugs Cytochalasin O or L..atrunculin B. 
These results suggest that maintenance of the actin cytoskeleton 
by Rho is essential for normal tumover of p21 protein. 

Further characterization of p21 degradation will help us 
understand how Ras and Rho function contribute to cell cycle 
progression and may lead to the development of novel anti
cancer therapeutic agents. 

(Research funded by The Royal Society and The Cancer 
Research Campaign) 
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Scllizosaccllaromyces pombe rho1p and rho2p GTPases regulate the cell wall 

biosynthesis through the PKC homologs, pck1 p and pck2p. 

TERESA M. CALONGE. MANUEL ARELLANO, M. HENAR VALDIVIESO, PEDRO M. COLL ANO 

PILAR PEREZ. 

Instituto de Microbiología Bioquímica, CSIC 1 Departamento de Microbiología y Genética. 
Universidad de Salamanca. Edificio Departamental. 37007 Salamanca, Spain. 

Schizosaccharomyces pombe rhot' is required for maintenance of cell integrity and 

polarization of the actin cytoskeleton (Arellano et al., 1996; Arellano et al., 1997). However, no other 

effector besides the (1,3)p-D..glucan synthase enzyme has been identified in S. pombe. We have 

further investigated if rhot' or rho2' signalling could be mediated by the two protein kinase e 
homologues, pck1 p and pck2p. We show in this study that both kinases interact with rho1 p and rho2p 

only when bound lo GTP, as most GTPase effectors do. lnterestingly, the interaction was mapped in 

a different part of the proteins than in Saccharomyces cerevisiae Pkc1p (Nonaka et al., 1995). Thus, 

active rho proteins bind to the amino terminal region of the-pcks where two HR1 motifs are located, 

and binding to the GTPase dramatically stabilizes the kinases. We also show that .1pek1 and 4Jck2 

strains present a number of defects related lo the cell wall, indicating that this structure might be co

ordinately regulated by both kinases. Detailed biochemical analysis suggests that pck2p is more 

importan! in the regulation of the (1-3)Jl-O..glucan and (1-3)«-D..glucan synthesis. Thus, 

overexpression of pck2', but not pck1', caused a general increase in cell wall biosynthesis and rho1-

regulated (1-3)jl-D..glucan synthase activity was considerably augmented. On the other hand, 

genetic evidence indica! es that both pck1' and pck2' interact with cps1' and gls2', two genes 

similar to S. cerevisiae FKS1 and FKS2 that encocle membrane subunits of the (1-3)jl-D..glucan 

synthase. 11 seems therefore that rho1' directly activates the (1-3)Jl-O..glucan synthase and also 

regulates (1-3)¡3-0..glucan biosynthesis mainly through pck2' but also through pck1'. On the contrary, 

rho2' does not affect (1-3)f3-0..glucan biosynthesis (Hirata et al., 1998) but rho2p overproduction 

results in an increase of the cell wall (1-3)«-0-glucan and is lethal in wild type or .1pek1 cells but not 

in .1pCk2 suggesting that pck2p is the rho2p main effector. 

REFERENCES: 

Arellano, M., Duran, A. and Perez. P. (1996). EMBO J. 15,4584-4591. 
Arellano, M., Duran, A. and Perez, P. (1997). J. CeDSci. 110,2547-2555. 
Nonaka, H., Tanaka, K, Hirano, H., Fujiwara, T., Kohno, H., Umikawa, M., Mino, A. and Takai, Y. 
(1995) .. EMBO J.14, 5931-5938. 
Hirata, D., Nakano, K., Fukui, M., Takenaka, H., Miyakawa, T. and Mabuchi, l. (1998) . J. Ce// Sci. 
111, 149-159. 
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TRANSCRIPfiONAL lNHIDJTrON OF PRE-PRO-ENDOTHELIN-1 

EXPRESS ION BY HMG-CoA REDUCf ASE INHIBITORS IN 

VASCULAR ENDOTHELIAL CELLS. ROLE OF 

GERANYLGERANYLATED PROTEINS 

Dolores Pérez-Sala, Octavio Hcrnández-Perera, Estrella Soria, 

Eva Cernuda and Santiago Lamas 

Centro de Investigaciones Biológicas and Instituto Reina Sofía de 

Investigaciones Nefrológicas. C.S.LC. Velázquez. 144, 28006 Madrid, 

Spain. 

Endothelial dysfunction, one of the earliest alterations of 

atherosclerosis, is characterized by an irnbalancc between endothelial

derivcd vasoconstrictors and vasodilators. The HMG-CoA reductase 

inhibitors (statins), widely used as hypocholesterolemic agents, 

ameliorate endothelial dysfunction with independence of significant 

reductions in cholesterollevels. Until recently, the physiological basis for 

this observation remained unclear. \Ve have previously shown that statins 

are able to inhibit the exprcssion of endothelin-1 (ET -1), which is a 

powerful vasoconstrictor and rnitogenic peptide, in vascular endothelial 

cells (Hernández-Percra et al. , 1998). Hcre we show that simvastatin 

inhibits the transcription of the pre-proendothelin-1 gene (ppET-1). This 

inhibition can be reverted by mcvalonate but not by native LDL. Of the 

intermediates of the isoprenoid pathway, famesyl pyrophospbate, at 

concentrations cffective to support ras prenylation. did not prcvent the 

c::ffcct of simvastatin on ppEf-1 expression. In contrast, geranylgeranyl 

pyrophospbate, did not support ras processing but significantly reverted 

the inhibition of ppEf-1 expression by simvastatin. The inhibitory e:ffect 

of simvastatin on ppEf -1 expression was mimicked by the 

geranylgeranyltransferase 1 inhibit:or GGTI-286 but not by the 

famesyJtransferase inhíbitor FTI-277. Flnally, treatment of endothelial 

cells with C3 exoenzyme from Clostridium botulinum recapitulated the 

effect of simvastatin. These results suggest that inhibitíon of RhoA could 

be involved in the regulation of endothelin-1 expression by simvastatin 

and provide new information abotit the role of small GTP-binding 

ptotcins in endothelial function. 

Hernández-Perera O, Pérez-Sala D, Navarro-Antolín J, Sáncbez-Pascuala R. 
Hémandcz: G, Díaz C, and Lamas S. J Clin iffVest 101 :Z7ll-Z719, 1998. 
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REGULATION OF RHO ACTIVlTY BY RAS 

Erik Sahai, Chris Marshall 
Institut.e ofCanccr Resc:urch ,,237 Fulham Road, London SW3 6JB. UK 

Srnall GTPases control a wide range of cellular processes by switching between inactive 
GDP-bound and active GTP-bound states. Ra~ family GTPases regulare growth factor 
induced signalling events and frequently rnurared in human tumours (r.eviewed l) . Rho 
family GTPases co-ordinatc rcgulation of the cytoskeleton and rnotilily (reviewed 2) . 
RhoA regulares thc forrnation of stress fibres and focal adhesions. Both Ras and Rho 
GTPases are able to regulare ccll cycle progression: furtherrnore Ras requires RhoA to 
promote cell cycle progression (reviewed 3). Transformation by Ras in fibroblast modc!s 
can be blockcd by inhibition of Rho family GTPases or inhibition of ROCK, a RhoA 
effcctor kinase (4,5). However, che majority of studies conceming the role of Rho in Ra.<>
transformation have used fibrobla<>t models; whereas human tumours bearing oncogcnic 
Ras mutations are predominantly from epithelial cells. We have examined whether Rbo 
or ROCK are required for cell cyde progression in untransformed and Ras-transfonnc:d 
human epithelial cells and human tumour celllines. Additionally wc havc analyscd thc 
cffects of Rho or ROCK inhibition on the leveh of the cell cyde inhibitory molecules 
p21 .and p27. 

Previou.-¡ studies give conflicting indications as to the effect of Ras-transforrnarion on 
Rho activity; the Rho-dependence ofRas-transformation may indicate that Rho activity is 
increased by Ras signalling. Whcreas, the loss of actin stress fibres and focal adhesions 
in transforrned fibroblasts could indicate that Rho activity is down regulated (4). To 
address lhese seemingly contradictory results, we bave uscd a Rho-GTP pulldown assay 
to directly analyse cndogenous Rho-GTP levels in both Swiss 3T3 fibroblast and HB4A 
epithelial cell models of Ras-transformation. We have used specific inhibitors of the 
MAP lcinase and Pl-3-kinasc Ras effector pathways to determine how Ras affects Rho
GTP levels. Additionally, we have investigated how activation of the MAP kinase 
pathway affects Rho activity. 

1 Rodenhuis S. Seminars in CancerBiology 1992(3): 241-247 
2 Van Aelst L, et al. Genes Dev. 1997 Sep 15;11(18):2295-3223 
3 Mcumnick F. Nature. 1998 Jull6;394(6690):220-l 
4 Qiu RG, et al. Proc Natl Acad Sci U S A 1995 Dec 5;92(25):ll781-5. 
5 Sahai E, Ishizaki T. Narumiya S, Treismán R. Curr Bioll999 Feb 11;9(3):136-45 

Instituto Juan March (Madrid)



67 

Drosoplzila RlzoGAP, a new component of the RhoGTPase mediatcd signalling 
pathways. 

Sol Sotillos & Sonsoles Campuzano 

Centro de Biología Molecular Severo Ochoa, CSIC, Cantoblanco, 28049 Madrid, Spain 

The RhoGTPases, RhoA, Rael, Rae2 and Cde42, mediate a wide spectrum of eellular 
funetions<l). In Drosophila, they are involved in the establishment of epithelial planar 
polarity (EPP), whieh is reflecled in the orientation of the wing hairs and ommalidia, in 
embryonie nervous system development and in the localised aetivation of the JNK 
pathway required for embryonie dorsal closure. Like other GTPases, aetivity of Rho
GTPases is deterrnined by the ratio of the GTP/GDP-bound forrns present in the cell. 
This ratio is regulated by the opposing effects of guanine nucleotide exehange faetors 
(GEF), whieh enhance the exehange of GDP for GTP, and of GTPase-activating proteins 
(GAP), whieh increase the intrinsie rate of hydrolysis of bound GTP. We have cloned a 
new Drosophila gene that eneodes a putalive GAP for Rho-GTPases, the DRhoGAP gene. 
The predicled aminoaeid sequence of DRhoGAP shows the highest homology with 
Drosophi/a Rotund, a putative Rae-GAP, and presents high similarity in the GAP domain 
with Rho, Rae and Cde42 GAPs from human, yeast and C. elegans. The Rho-GAP gene is 
expressed ubiquitously during the initial stages of embryogenesis and restricted after gerrn 
band retraetion to the nervous system. During larval and pupa! stages its expression in the 
imagina! dise is generalized. 
We generated transgenic flies whieh allow controlled expression of antisense DRhoGAP 
RNA or dominant negative (DN) versions of the DRhoGAP. Overexpression of any of 
these transgenes causes an embryonie dorsal open phenotype and in the wing, disruption 
of the polarity of the wing hairs, a multiple wing hair phenotype, loss of wing tissue and 
development of large cells, excess vein material and appearance of supemumerary sensory 
organs. These phenotypes resemble those caused by overexpression of DN forrns of the 
RhoGTPases or by activation of the Ras pathway. These results, and additional genetic 
interactions, suggest the involvement of DRhoGAP in the signalling pathways controlled 
by Rho and RasGTPases. 
l. Van Aelst, L. and D'Souza-Schorey, C. (1997) Genes Dev., 11:2295. 
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Kivin Jacobsen. Anja Groth and Benh~ Maric Willwnsen 

Dcpt. Molecular Ccll Biology, University of Copenhagen 
0ster Farimagsgade 2A 
DK 1353 Copcnhagen Denmark 

FOCUS FORMATION BY INDUCED ONCOGENIC RAS IN Nrrf3T3 CELLS 

Ras transfonnation of imrnoctalized murinc fi.broblasts lcads to focus forrnation, 
anchorage independent growth and tumorigenesis. This can be effected by 
<Wcrcxpression of the wiJd type. guanine nucleotide-binding Rasp21 protein. or by 
low levels of constitutively active forros. A rangc of oncogcnic mutanL~ that are 
defective in either GTPase activity or in nucleotide binding, express increased 
concentration of the active, GTP-bound form of Ras, which in tum results in íncreased 
signalling through the Ras signal transduclion pathway. Such mutants are found in a 
significan! fraction of human tumors. and Ras transformation of cu1tured cclls 
constitutes a model for analysis of thc molecular events responsible for the phenotypes 
of cancer cells. 

To have a system in which the leve! of Ras activity can be conditionally 
regulated, wc ha ve developed several inducible Ras celllines in NIH3T3 cells, using 
both the Lac Repressor as well as the Tet Repressor, in which the expression of 
oncogenic Ras can be controlled. 

We ha ve analyz.ed growth in these celllines under induced and uninduced 
conditions, as well as in constitutively trdnsformed cell lines and non-transformed. 
vector transfected control cells. The Ras celllines fonned foci wben plated together 
with parental NIH3T3 cells: for the inducible celllines, focus formation was Iow or 
non-existen! undec repressed conditions. 

The kinetics of the Ras protein induction reveal elcvated levels of Ras 10- !4 
hes after induction, and analysis of expression of cyclin Dl and the Cdk inhibitor p27 
showed the expected high D 1 expression in Ras cells at high densities. p27Kip 
protei.u, however, accumulated to the same leve! in Ras and normal cells a~ the cells 
grew dense. 

We found that the growth rates of Ras transformed cells were identical with thc 
non-tr.msformed con(I'Ol until the cell densities that lcd to contact inhlbition in the non
transfonned cells were reached. The Ras cells escapcd contact inhibition, although 
thcir growth was significantly affccted a1 higb cell densities as well. In response to 

· scrum deprivation, both Ras transfonned and normal cells continued exponential 
growth at equal rates until a cc:ll dcnsicy which was dependent on the scrum concen
tration. lnduction of oocogenic Ras expression in contact inhlbited cells led to a 
resumptioo of cell growth; conversely, repression ofRas expression in cells growing 
at densities wberc normal eells do not, led to a rcduction in growth rdl:e and a final cell 
density ata level inter:med.iate between that of fully transformed and non-transformed 
cells. Thus, Ra-; trcii1Sformation was reversible. 

OUr resuJts suggest that the Ras phenotype is not attained primarily through a 
modulation of the components of the cell cycle, since cell doubling times were 
unaffccted by Ras transfocmation under both high and low serum conditions. In 
addition, we flnd that both non-transformed cc:lls as well as thc tcansfonned Ras cells 
wece dependent on se.rum for growth. 
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Dissccting ras inhibition from growth arrcst: ras activity is not 
neccssary for regulation of cyclin DI or p271.:irl in Rb-negativc cells 
María Pardo, Teresa González, Celia Pombo, Fernando Domínguez, and ~uan Zalvide. 
Department ofPhysiology, University ofSantiago de Compostela. Spain. 

The identification of cell cycle targets of the protooncogene product p21 '"', has been the 
subject of intense research in the past years. The most common strategy to identify these 
targets is to inhibit Ras activity with the dominant negative mutant rasN17. Using this 
kind of approach, severa! possible cell cycle targets of ras have been identified, 
including the important cell cycle proteins cyclin D 1 and p27"irl . A caveat to this kind 
of experiments however, is that cells arrest their proliferation when the activity of Ras is 
inhibited, and it is difficult to know whether the effects seen are due to the inhibition of 
Ras, orare secondary to the growth arrest cells undergo under these circumstances. To 
avoid this, we have used immortalized Rb-negative fibroblasts as a model system to 
study cell cycle events dependent on Ras. These cells do not growth arrest when their 
ras activity is inhibited, even though the regulation of their cycle is well conserved: 
Thus, inhibition of Ras activity in these cells can help identify cell cycle events that 
depend directly from Ras. 
We have generated stable cell lines ·expressing rasN17 from Rb-negative fibroblasts . 
These lines show increased Ras immunoreactivity as assayed by westem blot. They also 
show a greatly impaired MAP Kinase activity in proliferating cells, what indicates Ras 
activity is inhibited in these cells. Despite this, rasN17 lines proliferate nonnally. DNA 
analysis by flow cytometry shows these cells distribute in all phases of the cell cycle, 
and there are not consistent differences in DNA content profile between control cells 
and cells expressing rasN17. rasNl7 cells can enter S phase on restimulation after 
serum deprivation, and the length of their G 1 phase is similar to control Rb-negative 
cells. Surprisingly, rasN17 cells do not show inhibition of cyclin D l expression, both at 
the level of protein and mRNA Cyclin D2 and D3 are also expressed at levels similar to 
control cells. Furthermore, p2'fUP1

, a protein whose downregulation at the end of G 1 has 
been proposed to be under the control of ras, behaves in rasNI7 cells indistinguishably 
to control cells. We are at present studying other cell cycle-regulated events in rasN17 
cells. A detailed evaluation of cell cycle regulation in these cells should help identify 
cell cycle targets of ras. 
This work was supported by a grant from Xunta de Galicia XuGa20003A98. 
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Growth Factor Receptors with Tyro-
*7 Workshop on Transcription lnitiation sine Kinase Activity. 

in Prokaryotes Organizers: J. M. Mato andA. Ullrich. 
Organizers: M. Salas and L. B. Rothman-
Denes. 16 Workshop on lntra- and Extra-Cellular 

·a Workshop on the Diversity of the 
Signalling in Hematopoiesis. 
Organizers: E. Donnall Thomas and A. 

lmmunoglobulin Superfamily. Grañena. 
Organizers: A. N. Barclay and J. Vives. 

9 Workshop on Control of Gene Ex- *17 Workshop on Cell Recognition During 
pression in Yeast. Neuronal Development. 
Organizers: C. Gancedo and J. M. Organizers : C. S. Goodman and F. 
Gancedo. Jiménez. 
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18 Workshop on Molecular Mechanisms 
of Macrophage Activation. 
Organizers: C. Nathan andA. Celada. 

19 Workshop on Viral Evasion of Host 
Defense Mechanisms. 
Organizers : M. B. Mathews and M. 
Esteban. 

•20 Workshop on Genomic Fingerprinting. 
Organizers: M. McCielland and X. Estivill. 

21 Workshop on DNA-Drug lnteractions. 
Organizers: K. R. Fox and J. Portugal. 

•22 Workshop on Molecular Bases of Ion 
Channel Function. 
Organizers: R. W. Aldrich and J . López
Bameo. 

•23 Workshop on Molecular Biology and 
Ecology of Gene Transfer and Propa
gation Promoted by Plasmids. 
Organizers: C. M. Thomas, E. M. H. 
Willington , M. Espinosa and R. Díaz 
Orejas. 

•24 Workshop on Deterioration, Stability 
and Regeneration of the Brain During 
Normal Aging. 
Organizers: P. D. Coleman, F. Mora and 
M. Nieto-Sampedro. 

25 Workshop on Genetic Recombination 
and Detective lnterfering Particles in 
RNA Viruses. 
Organizers: J. J . Bujarski, S. Schlesinger 
and J. Romero. 

26 Workshop on Cellular lnteractions in 
the Early Development of the Nervous 
System of Drosophila. 
Organizers: J . Modolell and P. Simpson. 

• 27 Workshop on Ras, Differentiation and 
Development. 
Organizers: J. Downward, E. Santos and 
D. Martín-Zanca. 

28 Workshop on Human and Experi
mental Skin Carcinogenesis. 
Organizers: A. J . P. Klein-Szanto and M. 
Quintanilla. 

• 29 Workshop on the Biochemistry and 
Regulation of Programmed Cell Death. 
Organizers: J . A. Cidlowski, R. H. Horvitz, 
A. López-Rivas and C. Martínez-A. 

•.30 Workshop on Resistance to Viral 
lnfection. 
Organizers: L. Enjuanes and M. M. C. 
Lai. 

31 Workshop on Roles of Growth and 
Cell Survival Factors in Vertebrate 
Development. 
Organizers: M. C. Raff and F. de Pablo. 

32 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato andA. P. 
Wolffe. 

33 Workshop on Molecular Mechanisms 
of Synaptic Function. 
Organizers: J . Lerma and P. H. Seeburg. 

34 Workshop on Computational Approa
ches in the Analysis and Engineering 
of Proteins. 
Organizers: F. S. Avilés, M. Billeter and 
E. Querol. 

35 Workshop on Signal Transduction 
Pathways Essential for Yeast Morpho
genesis and Celllntegrity. 
Organizers: M. Snyder and C. Nombela. 

36 Workshop on Flower Development. 
Organizers : E. Coen , Zs . Schwarz
Sommer and J . P. Beltrán. 

37 Workshop on Cellular and Molecular 
Mechanism in Behaviour. 
Organizers : M. Heisenberg and A. 
Ferrús. 

38 Workshop on lmmunodeficiencies of 
Genetic Origin. 
Organizers: A. Fischer and A. Arnaiz
Villena. 

39 Workshop on Molecular Basis for 
Biodegradation of Pollutants. 
Organizers : K. N. Timmis and J . L . 
Ramos. 

40 Workshop on Nuclear Oncogenes and 
Transcription Factors in Hemato
poietic Cells. 
Organizers: J. León and R. Eisenman. 
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41 Workshop on Three-Dimensional 
Structure of Biological Macromole
cules. 
Organizers: T. L Blundell, M. Martínez
Ripoll, M. Rico and J. M. Mato. 

42 Workshop on Structure, Function and 
Controls in Microbial Division. 
Organizers: M. Vicente, L. Rothfield and J. 
A. Ayala. 

43 Workshop on Molecular Biology and 
Pathophysiology of Nitric Oxide., 
Organizers: S. Lamas and T. Michel. 

44 Workshop on Selective Gene Activa
tion by Cell Type Specific Transcription 
Factors. 
Organizers: M. Karin, R. Di Lauro, P. 
Santisteban and J. L. Castrillo. 

45 Workshop on NK Cell Receptors and 
Recognition of the Major Histo
compatibility Complex Antigens. 
Organizers: J. Strominger, L. Moretta and , 
M. López-Botet. 

46 Workshop on Molecular Mechanisms 
lnvolved in Epithelial Cell Differentiation. 
Organizers: H. Beug, A. Zweibaum and F. 
X. Real. 

47 Workshop on Switching Transcription 
in Development. 
Organizers: B. Lewin, M. Beato and J. 
Modolell. 

48 Workshop on G-Proteins: Structural 
Features and Their lnvolvement in the 
Regulation of Cell Growth. 
Organizers: B. F. C. Clark and J. C. Lacal. 

49 Workshop on Transcriptional Regula
tion at a Distance. 
Organizers: W. Schaffner, V. de Lorenzo 
and J. Pérez-Martín. 

50 Workshop on From Transcript to 
Protein: mRNA Processing, Transport 
and Translation. 
Organizers: l. W. Mattaj , J. Ortín and J. 
Valcárcel. 

• · Out of Stock. 

51 Workshop on Mechanisms of Ex
pression and Function of MHC Class 11 
M olee u les. 
Organizers: B. Mach and A. Celada. 

52 Workshop on Enzymology of DNA
Strand Transfer Mechanisms. 
Organizers: E. Lanka and F. de la Cruz. 

53 Workshop on Vascular Endothelium 
and Regulation of Leukocyte Traffic. 
Organizers: T. A. Springer and M. O. de 
Landázuri. 

54 Workshop on Cytokines in lnfectious 
Diseases. 
Organizers: A. Sher, M. Fresno and L. 
Rivas. 

55 Workshop on Molecular Biology of 
Skin and Skin Diseases. 
Organizers: D. R. Roop and J. L. Jorcano. 

56 Workshop on Programmed Cell Death 
in the Developing Nervous System. 
Organizers: R. W. Oppenheim, E. M. 
Johnson and J. X. Comella. 

57 Workshop on NF-KBIIKB Proteins. Their 
Role in Cell Growth, Differentiation and 
Development. 
Organizers: R. Bravo and P. S. Lazo. 

58 Workshop on Chromosome Behaviour: 
The Structure and Function of lelo
meres and Centromeres. 
Organizers: B. J. Trask, C. Tyler-Smith, F. 
Azorín and A. Villasante. 

59 Workshop on RNA Viral Quasispecies. 
Organizers: S. Wain-Hobson, E. Domingo 
and C. López Galíndez. 

60 Workshop on Abscisic Acid Signal 
Transduction in Plants. 
Organizers: R. S. Quatrano and M. 
Pages. 

61 Workshop on Oxygen Regulation of 
Ion Channels and Gene Expression. 
Organizers: E. K. Weir and J. López
Bameo. 

62 1996 Annual Report 
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63 Workshop on TGF-~ Signalling in 
Development and Cell Cycle Control. 
Organizers: J. Massagué and C. Bemabéu. 

64 Workshop on Novel Biocatalysts. 
Organizers: S. J. Benkovic and A. Ba
llesteros. 

65 Workshop on Signal Transduction in 
Neuronal Development and Recogni
tion. 
Organizers: M. Barbacid and D. Pulido. 

66 Workshop on 100th Meeting: Biology at 
the Edge of the Next Century. 
Organizar : Centre for lnternational 
Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 
Organizers: V. Malhotra andA. Velasco. 

68 Workshop on DNA Repair and Genome 
lnstability. 
Organizers: T. Lindahl and C. Pueyo. 

69 Advanced course on Biochemistry and 
Molecular Biology of Non-Conventional 
Yeasts. 
Organizers: C. Gancedo, J . M. Siverio and 
J. M. Cregg. 

70 Workshop on Principies of Neural 
lntegration. 
Organizers: C. D. Gilbert, G. Gasic and C. 
Acuña. 

71 Workshop on Programmed Gene 
Rearrangement: Site-Specific Recom
bination. 
Organizers : J . C. Alonso and N. D. F. 
Grindley. 

72 Workshop on Plant Morphogenesis. 
Organizers: M. Van Montagu and J. L. 
Mico l. 

73 Workshop on Development and Evo
lution. 
Organizers: G. Morata and W. J . Gehring. 

74 Workshop on Plant Viroids and Viroid
Like Satellite RNAs from Plants, 
Animals and Fungi. 
Organizers: R. Flores and H. L. Sanger. 

75 1997 Annual Report. 

76 Workshop on lnitiation of Replication 
in Prokaryotic Extrachromosomal 
Elements. 
Organizers: M. Espinosa, R. Díaz-Orejas, 
D. K. Chattoraj and E. G. H. Wagner. 

77 Workshop on Mechanisms lnvolved in 
Visual Perception. 
Organizers: J . Cudeiro and A. M. Sillita. 

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martínez Arias, J . Modolell 
and S. Campuzano. 

79 Workshop on Membrane Protein 
lnsertion, Folding and Dynamics. 
Organizers: J. L. R. Arrondo, F. M. Goñi, 
B. De Kruijff and B. A. Wallace. 

80 Workshop on Plasmodesmata and 
Transport of Plant Viruses and Plant 
Macromolecu les. 
Organizers : F. García-Arenal , K. J. 
Oparka and P.Palukaitis. 

81 Workshop on Cellular Regulatory 
Mechanisms: Choices, Time and Space. 
Organizers: P. Nurse and S. Moreno. 

82 Workshop on Wiring the Brain: Mecha
nisms that Control the Generation of 
Neural Specificity. 
Organizers: C. S. Goodman and R. 
Gallego. 

83 Workshop on Bacteria! Transcription 
Factors lnvolved in Global Regulation. 
Organizers: A. lshihama, R. Kolter and M. 
Vicente. 

84 Workshop on Nitric Oxide: From Disco
very to the Clinic. 
Organizers: S. Moneada and S. Lamas. 

85 Workshop on Chromatin and DNA 
Modification: Plant Gene Expression 
and Silencing. 
Organizers: T. C. Hall, A. P. Wolffe, R. J. 
Ferl and M. A. Vega-Palas. 

86 Workshop on Transcription Factors in 
Lymphocyte Development and Function. 
Organizers: J . M. Redondo, P. Matthias 
and S. Pettersson. 
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87 Workshop on Novel Approaches to 
Study Plant Growth Factors. 
Organizers : J . Schell and A. F. Tiburcio. 

88 Workshop on Structure and Mecha
nisms of Ion Channels. 
Organizers : J. Lerma, N. Unwin and R. 
MacKinnon. 

89 Workshop on Protein Folding. 
Organizers : A. R. Fersht, M. Rico and L. 
Serrano. 

90 1998 Annual Report. 

91 Workshop on Eukaryotic Antibiotic 
Peptides. 
Organizers: J . A. Hoffmann, F. García
Oimedo and L. Rivas. 

92 Workshop on Regulation of Protein 
Synthesis in Eukaryotes. 
Organizers: M. W. Hentze, N. Sonenberg 
and C. de Haro. 

93 Workshop on Cycle Regulation and 
Cytoskeleton in Plants. 
Organizers: N.-H. Chua and C. Gutiérrez. 

94 Workshop on Mechanisms of Homo
logous Recombination and Genetic 
Rearrangements. 
Organizers: J . C. Alonso, J . Casadesús, 
S. Kowalczykowski and S. C. West. 

95 Workshop on Neutrophil Development 
and Function. 
Organizers: F. Mollinedo and L. A. Boxer. 

96 Workshop on Molecular Clocks. 
Organizers: P. Sassone-Corsi and J. R. 
Naranjo. 

97 Workshop on Molecular Nature of the 
Gastrula Organizing Center: 75 years 
after Spemann and Mangold. 
Organizers : E. M. De Robertis and J . 
Aréchaga. 

98 Workshop on Telomeres and Telome
rase : Cancer, Aging and Genetic 
lnstability. 
Organizar: M. A. Blasco. 

Out of Stock. 

Instituto Juan March (Madrid)



The Centre for International Meetings on Biology 

was created within the 

Instituto Juan March de Estudios e Investigaciones, 

a private foundation specialized in scientific activities 

which complements the cultural · work 

of the Fundación Juan March. 

The Centre endeavours to actively and 

sistematically promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 

through the organization of Workshops, Lecture 

and Experimental Courses, Seminars, 

Symposia and the Juan March Lectures on Biology. 

From 1989 through 1998, a 

total of 123 meetings and 10 

Juan March Lecture Cycles, all 

dealing with a wide range of 

subjects of biological interest, 

were organized within the 

scope of the Centre. 
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The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 4111 through the 6111 of October, /999, 
at the Instituto Juan March. 

All published articles are e.xact 
reproduction of author's text. 

There is a limited edition of 400 copies 
of this volume, available free of charge. 


