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Cell polari zation and the establishment of functionally speciali zed domains plays a 

pivota! role in many cellular proceses such as vectorial transport of molecules, cell division 

and differentiation, migration and direct ional movement ofthe cells in a chemotactic gradient 

and activation of the immune response. Polarization may be constitutive, such as in neurons 

or epithelium, or inducible, such as in mating or budding yeast or during cell migration. This 

is a complex phenomenon in which the interplay among ce ll cytoskeletal components, extra

and intracellular signals and organe ll e and membrane reorganization is crucial w achieve a 

correct cell shape change. 

The aim ofthis meeting has been to compare recent advances in different fi elds related 

to cell polarization. Research in yeast provide a bas ic too! in which to dissect genetics of 

molecules involved in the generation of specific compartments within the cell and other 

cycle-related phenomena, such as budding or pheromone mating as well as fi ssion. On the 

other hand, sorne of the di scussion has inYo lved the polarized secretion of molecu les and its 

impact in the development and maintenance of cell polarity, with new data implicating the 

role of the actin cytoskeleton and the machinery involved in vesicle formation and trafficking. 

The role of membrane composition and dynamics has also been described , with special 

attention to the role of lipid rafts in the generation of cell compartments and the spatial 

regulatory role of rafts in activation of signaling components depending on the presence of 

different molecules in this lipid domains. Cell migration is an active field of study in which 

the development of polarity is a requisite for cell movement. Recent advances in genes 

controlling cell adhesion and migration in different cell models, such as Dictyostelium, 

fibroblasts , neutrophils or lymphocytes have been reviewed. Finally, the establishment of 

cognate immune cell-cell interactions and the regulatory molecules has been discussed. 

A. R. Horwitz and F. Sánchez-Madrid 
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Roles of budding yeast Cbklp kinase in cell morphogenesis 

Eric L Weiss 1
, Cornelia Kurischko2

, Kevan Shokae, Franci s C Luca2 and David G. Drubin 1 

1 Division of Genetics, Department of Molecular and Cell Biology, University of California, 
Berkeley, California 94 720 

2University ofPennsylvania School ofYeterinary Medicine 
3Department of Cellular and Molecular Pharmacology, University of California, 

San Francisco 

Accurate spatial and temporal control of processes that determine cell morphology is 
important for productive cell growth and division. Budding yeast cells lacking the 
Ndr/LA TS-related protein kinase Cbk 1 p fail to sustain polarized growth during early bud 
morphogenesi s and mating projection formation . Cbk l p is al so required for Ace2p-dependent 
transcription of genes involved in mother/daughter separation following cytokinesis We 
showed that the conserved protein Mob2p is required for Cbk 1 p function . Mob2p and Cbk 1 p 
physically associate and interdependently localize to incipient bud sites and the daughter cell 
cortex during bud emergen ce and growth . Mob2p is required for both full Cbk 1 p kinase 
activity and Cbklp hyperphosphorylation in vivo . At the end of mitosis, Mob2p and Cbk1p 
localize to the bud neck and daughter cell nucleus; we found that Ace2p similarly localizes to 
daughter cell nuclei. Restriction of Ace2p to daughter cell nuclei requires Mob2p, Cbk 1 p, 
and a functional nuclear export pathway. Nuclear localization of Mob2p and Ace2p do not 
occur in mob 1-77 mutants, which are defective in Mitotic Ex.it Network (MEN) signaling, 
even when mob 1-77 cell cycle arrest is bypassed. Collectively, these data indicate that 
Mob2p-Cbk 1 p has three functions: 1) to maintain polarized cell growth; 2) to prevent the 
nuclear export of Ace2p from the daughter cell nucleus following mitotic exit and 3) to 
coordinate Ace2p-dependent cell separation with MEN activation. 

Instituto Juan March (Madrid)
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How yeast assembles and utilizes a polarized actin cytoskeleton for cell 
growth and organelle segregation 

Anthony Bretscher1
, David Pruyne 1

, Daniel Schote , Mari e Evangelista2
, Charles Boone2

, 

Changsong Yang3
, Erfei Bi3 & Sally Zigmond3 

1Cornell University, 2University ofToronto, 3University ofPennsylvania 

In yeast the actin cytoskeleton is known to play a critica! role in directing polarized 
growth and the polarized segregation of organelles during the cell cycle. Y east contains at 
least three actin-based structures : cortical patches, actin cables and the contractile ring. 
Previously it has been shown that actin cables play a key role in many, if not al! , aspects of 
cell polarity (1). We have shown by in vivo visualization that polarized delivery ofpost-Golgi 
secretory vesicles along actin cables is mediated by the myosin-V encoded by the MYO 2 gene 
(2, 3). This same myosin is responsible for vacuo le ( 4, 5) and late Golgi element segregation 
(6), as well as initial orientation of the nucleus in preparation for mitosis (7). We have now 
investigated the mechanism of assembly of actin cables and found that it depends on yeast 
formin function. Yeast contains two formins, Bni 1 p and Bnrl p, either of which can provide 
an essential function . We ha ve generated and characterized conditional bnil alleles in a bnr 1 /':,. 
strain. Loss of Bni 1 p function is accompanied by rapid loss of actin cables, which leads to 
loss of polarized growth as well as rnisorientation of the rnitotic spindle. Restoration of Bni 1 p 
activity was able to restore actin cables in an Arp2/3-independent manner. Analysis of 
fragments derived from the C-terminal half of Bni 1 p indicate that this region has the ability to 
direct the assembly of actin filaments in vivo, and that this activity is normally negatively 
regulated by the N-terminal domain (8, 9) . Analysis offragments ofBni1p show that the FH2 
domain can induce the assembly of actin structures in vivo, and drive the assembly of actin 
filaments in vitro. Moreover, the FH2 domain binds to the barbed end of assembling 
filaments, suggesting that it functions in vivo to assemble polarized actin filaments that can 
then serve as substrates for the vectorial delivery of components by myosin-V. 

References: 
l. Pruyne, D. W., Schott, D. H. & Bretscher, A. (1998)1 Ce// Bio/143, 1931-45. 
2. Schon, D. H., Collins, R. N. & Bretscher, A. (2002) J Ce// Bio/156, 35-9. 
3. Schon, D. , Ho, J. , Pruyne, D. & Bretscher, A. (1999) J Ce// Bio/147, 791-808. 
4. Catlett, N. L., Duex, J. E., Tang, F. & Weisman. L. S. (2000) J Ce// Bio/150, 513-26. 
5. Callen, N. L. & Weisman. L. S. (1998) Proc Natl Acad Sci U S A 95, 14799-804. 
6. Rossanese, O. W. , Reinke, C. A. , Bevis, B. J., Hammond, A. T., Sears, l. B., O'Connor, J. & Glick, B. 

S. (2001) J Ce// Bio/153, 47-62. 
7. Yin. H. , Pruyne. D., Huffaker, T. C. & Bretscher. A. (2000) Nature 406, 1013-5. 
8. Evangelista, M., Blundell, K. , Longtine, M. S., Chow, C. J., Adames, N., Pringle. J. R .. Peter, M. & 

Boone, C. (1997) Science 276, 118-22 . 
9. Evangelista, M ., Pruyne, D. , Amberg, D. C. , Boone, C. & Bretscher, A. (2002) Nat Ce// Bio/4, 32-41. 
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Mechanisms of polarized membrane traffic in epithelial cells 

Ira Mellman 

Department of Cell 8iology 
Ludwig lnstitute for Cancer Research 
Y ale University School of Medicine 
New Ha ven, CT 06520-8002 (US) 

The ability of membrane proteins to reach the apical or basolateral domains of 
polarized epithelial ce lis often depends on the presence of distinctive sorting signals. Signals 
for basolateral transportare the best characterized .both structurally and mechanistically. They 
reside in the cytoplasmic domains of many types of membrane proteins and involve sequence 
motifs that are at least superficially related to motifs responsible for endocytosis via clathrin
coated pi ts. Indeed, a major class of these signals interacts selectively with an epithelial cell
specific clathrin adapter complex termed AP-IB. This complex is distinguished from the 
ubiquitously distributed AP-IA complex in structure (it contains the epithelial cell specific 50 
kD ll subunit ¡.ti B), in specificity (AP-1 A and AP-IB cargo are entirely distinct), and in 
function (AP-18 cannot substitute for AP-18 in mediating proper transport between the TGN 
and endosomes). AP-IA and AP-18 also comprise Jargely non-overlapping populations of 
clathrin-coated vesicles. 

Genetically, we have been able to show that recognition of AP-IB-dependent signals 
is absolutely required for targeting of membrane proteins to the basolateral surface. In 
addition, it now also appears that regulation of this interaction can explain why sorne 
basolateral proteins, such as the adhesion rnolecule Ll/Ng-CAM, engage in efficient 
transcytosis to the apical surface. Interestingly, however, not all basolateral proteins depend 
on AP-IB for basolateral transport. Proteins bearing dileucine-containing targeting motifs, 
for exarnple, reach the baso lateral surface e ven in the absence of ¡.ti B expression. 

The identification of AP-IB as an essential componen! in basolateral transport has 
allowed us to begin Jocating and characterizing other components that are required for this 
pathway. Thus far, we have found that expression of mutant alleles of Cdc42 or Rab8 
selectively inactiYates the transport of AP-18-dependent cargo, both transport to the apical 
surface and e ven baso lateral transport of AP-1 B-independent ( dileucine signal-containing) 
cargo continued unabated. Interestingly, Cdc42 and Rab8 expression seemed to cause a 
selective disorganization of the TGN, altering those regions containing AP-18-dependent 
cargo but not AP-IA-dependent cargo, or the cisterna! Golgi. 

The AP-1 B pathway was shown to be mechanistically distinctíve in other respects as 
well. Expression of ¡.ti B was found to selectively recruit at least sorne exocyst components to 
the TGN region of epitheÍial cells including Sec6, Sec8, and Exo70. The si tes to which these 
elements were recruited moreover appeared physically distinct from areas of the TGN-region 
containing AP-IA or related cargo proteins such as TGN38 or furin. These results suggest 
that there is a spatial segregation of sorting events in the TGN which allows for the accurate 
assembly of basolateral vesicles. This mechanism may help ensure that basolateral 
transporters contain both the proper cargo and the cytosolic components required for proper 
targeting to and fusion with the basolateral plasma membrane. Conceivably, segregation is 
triggered by the initial binding of AP-18 to the TGN. 

Instituto Juan March (Madrid)
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Regulation of protein transport from the Golgi complex to the endoplasmic 
reticulum by Cdc42 and N-W ASP 

Ana Luna, *t Oiga B. Matas,* José Angel Martínez-Menárguez,:t Eugenia Mato,* Juan M. 
Durán, *José Ballesta,¡ Michael Way, and Gustavo Egea* 

*Departament de Biología Cel.lular i Anatomía Patológica, Facultat de Medicina, lnstitut 
d'lnvestigacions Biomediques August Pi i Sunyer (lDIBAPS), Universitat de Barcelona, E-

08036 Barcelona (Spain), ¡Departamento de Biología Celular, Facultad de Medicina, 
Universidad de Murcia, E-30071 Murcia (Spain), Imperial Cancer Reserach Fund, London 

Wc2A 3PX (England) 

Actin is involved in the organization of the Golgi complex and Golgi-to-ER protein 
transport in mammalian cells. Little, however, is known about the regulation of the Golgi
associated actin cytoskeleton. We provide evidence that Cdc42, a small GTPase that regulates 
actin dynarnics, controls Golgi-to-ER protein transport. We located GFP-Cdc42 in the lateral 
portions of Golgi cistemae and in COPI-coated and non-coated Golgi-associated transport 
intermediates. Overexpression of Cdc42 and its activated form Cdc42Vl2 inhibited the 
retrograde transport of Shiga toxin from the Golgi complex to the ER, the redistribution ofthe 
KDEL receptor, and the ER accumulation of Golgi-resident proteins induced by the active 
GTP-bound mutant of Sarl (Sarl[H79G]) . Co-expression ofwild type or activated Cdc42 and 
N-WASP also inhibited Golgi-to-ER transport but this was not the case in cells expressing 
Cdc42Vl2 and N-WASP(?WA), a mutant form of N-WASP that lacks Arp2/3 binding. 
Furthermore, Cdc42Vl2 recruited GFP-N-WASP to the Golgi complex. We therefore 
conclude that Cdc42 regulates Golgi-to-ER protein transport in an N-WASP-dependent 
manner. 

Instituto Juan March (Madrid)
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Microtubule architecture and spatial regulation in the fission yeast cell 

Phong Tran, Sab ina Kaplan, & Fred Chang 

Columbia University, Microbiology Depa11ment , 701 W !68th Street, Room 1404, New 
York , NY 10032 

A fundamental question in ce!! bi ology asks how positional information is generated 
within the cell How are specific sub-cellular domains established and maintained, and how 
are cellular organelles and structures positi oncd? 

By developing and applying adva nccd flu oresccnce imaging and analysis techniques 
to living yeast cells expressing GFP fusion proteins, wc established that the interphase 
nucleus is dynamically positioned at the center of the cell by a balance of pushing forces 
produced by cytoplasmic microtubule (MT) bundles emanating from multiple novel MT
organizing-centers, the iMTOCs, attached to the nuclear cnvelope. We also characterized 
rsp l, whose gene product is an iMTOC component required for proper iMTOC organization 
and function. rsp 1 mutant cells ha ve striking defects in interphase MT organization and 
nuclear and septum positioning. Instead of multiple iMTOCs and multiple MT bundles, rsp 1 
cells maintain a single, large MT "aster" with only one iMTOC, the spindle poi e body rsp 1? 
cells ha ve fewer MT bundles than do wildtype cells, whereas over-expression of rsp 1 + results 
in cells with a single large MT bundle. 

Our studies established the architectural and dynamic parameters of the MT 
cytoskeleton in fission yeast. Our findings lead to a model in which the MTs, arranged in 
novel bilaterally-symmetric, dynamic and rigid bundles with their plus ends facing the cell 
tips and their overlapping rninus ends attached to the nuclear envelope at the iMTOCs, help 
define discrete spatial domains within the ce!! In this model, nuclear position dynarnically 
marks the cell middle, while dynamic interactions between MT plus ends and the distal cell 
cortex mark the cell tips, the si tes of polarized cell growth . 
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Lipid rafts and cell polarity 

Kai Simons and Michel Bagnat 

Max Plank Institute ofMolecular Cell Biology and Genetics, Dresden, Germany. 

We are studying the mechanism of raft clustering and sorting in MDCK cells and 
yeast. Lipid rafts are assemblies of sphingolipids and cholesterol in the exoplasmic leaflet of 
the fluid bilayer probably interacting with the underlying cytosolic leatlet. These assemblies 
function as platforms in membrane trafficking and signaling. A number of proteins 
specifically interact with rafts and these can be identified by biochemistry and mass 
spectrometry. One important property is the size of lipid rafts. Lipid rafts are small around 50 
nanometers in diameter. The key characteristic of these small units is that they can be 
clustered by different means and this property is essential for their function. Our lab has been 
analyzing the clustering of rafts in severa! different cellular processes. W e ha ve investigated 
the polarization process during yeast mating. This process involves a reorganization of the 
membrane which results in the clustering ofrafts at the tip ofthe mating projection. We have 
demonstrated a role for lipid rafts in polarized localization ofproteins required for mating. 
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The MAL protein family as machinery for polarized transport 

Miguel A. Alonso, María C. de Marco, Jaime Millán, Rosa Puerto llano, and Fernando Martín
Belmonte 

Centro de Biología Molecular "Severo Ochoa", Consejo Superior de Lnvestigaciones 
Científtcas and Universidad Autónoma de Madrid, Cantoblanco, 28049-Madrid, Spain 

Apical target ing of newly synthesized protein places in polarized epithelial ce li s 
by direct transport from the Golgi and/or by an indirect pathway known as transcytosis, which 
involves the deli very of the protein to the basolateral membrane and its subsequent transport 
to the apica l surface. Recruitment of specific proteins into specialized glycolipid and 
cholesterol-enriched membrane microdornains or rafts was proposed to explain the 
segregation and subsequent transport of newly synthesized apical proteins by the direct ro u te 
(1 ). Although the lipid cornposition of the rafts provides the basis for the specificity of protein 
recruitrnent, it was postulated that rafts require specialized protein machinery to function as a 
transpon route. The following requirernents are predicted for the integral rnernbrane elements 
of this machinery: 1) expression in polarized cell types, 2) presence in lipid rafts, 3) post
Golgi distribution, and 4) participation in the sorting process. 

MAL is an integral mernbrane protein of 17 kDa that is expressed in polarized 
epithelial cells in many tissues (e.g., kidney, thyroid, intestine, stomach), and also in myelin
forming cells and T 1ymphocytes (reguirernent 1). MAL expression has been found in 
representative cell lines of sorne of these tissues, including the epithelial renal MDCK and 
thyroid FRT cell lines and Jurkat T cells. MAL selectively resides in lipid rafts in all these 
cell lines (reguirement 2). Endogenous MAL is localized at steady state predominantly in a 
compartment located to the apical zone of polarized epithelial cells (reguirernent 3). The 
elirnination of the endogenous MAL protein in MDCK cells blocks transport of integral 
rnernbrane proteins, GPI-anchored proteins and secretory proteins to the apical surface 
(reguirement 4) (2-4). The fulfillment of the four requirernents demonstrates an essential role 
forMAL as an element of the machinery for apical transport in MDCK cells. 

MAL is the founder rnernber of a farnily of proteins, the MAL protein family, with 
structural and biochernical sirnilarities (5). As we considered plausible the hypothesis that, 
similar to MAL, members of the MAL family play a role acting as machinery for other raft
rnediated membrane trafficking pathways, we ha ve undertaken the biochernical and functional 
characterization of novel mernbers of the MAL farnily. BENE, the second rnernber of the 
MAL family to have been characterized to date, also resides exclusively in raft membranes 
(6). Our studies point out for a role of the MAL family of proteins as rnachinery for 
specialized membrane trafficking pathways. 

References: 
l. Sirnons, K., and Wandinger-Ness, A. (1990). Polarized sorting in epithelia. Cell62, 207-210. 
2. PuertoUano, R., Martin-Belmonte, F., Millán, J., de Marco, M.C., Albar, J.P., Kremer, L. , and Alonso, M.A. 
( 1999). The MAL proteolipid is necessary for normal apical transport and accurate sorting of tl1e influenza virus 
hemagglutinin in Madin-Darby canine k.idney cells. J. Cell Biol. 145, 141-145. 
3. Cheong, K.H., Zacchetti, D. Schneeberger, E.E., and Sirnons, K. (1999). VIP 171MAL, a lipid raft-associated 
protein, is involved in apical transport in MDCK cells. Proc. Natl. Acad. Sci. USA 96,6241-6248. 
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4. Martín-Belmonte, F., Arvan, P., and Alonso M.A. (2001). MAL mediates apical transport of secretory 
protcins in polarized cpithelial Madin-Darby canine kidncy ce lis. J . Biol. Chem. 276, 49337-49342. 
5. Martín-Belmonte, F. , Puertollano, R., Millán, J., and Alonso, M.A. (2000) . The MAL proteolipid is 
neccssary for the overall apical delivery of membrane proteins in the polarized epithelial Madin-Darby canine 
kidney and Fischer Rat Thyroid celllines. ;\1ol. Biol. Cell 11, 2033-2045. 
6. Pérez, P. , Pucrtollano, R., and Alonso, M.A. ( 1997). Structural and biochemical similarities reveal a family 
of proteins related to the MAL proteolipid, a componen! of detergent-insoluble membrane microdomains. 
Biochem. Biophys. Res. Commun. 232, 61 8-621. 
7. de Marco, M.C. , Kremer, L. , Albar, J.P .. Martínez-Menárguez, J.A. , Ballesta, J., Gareía-López, M.A., 
Marazuela, M., Pucrtollano, R., and Alonso, M.A. (2001). BENE, a novel raft-associated protein of the MAL 
proteolipid family, interacts with caveolin· l in human cndothelial-like ECV304 cells. J. Biol. Chem. 276, 23009-
230 17. 

Instituto Juan March (Madrid)



24 

Lessons from the dialogue between cell polarization and motility 

S Mañes, C. Gómez-Mouton, R Lacalle and C. Martínez-A 

Department oflmmunology and Oncology, Centro Nacional de Biotecnologia/CSIC, Campus 
de Cantoblanco, E-28049 Madrid Spain 

During cell migration, cells become polarized, meaning that they acquire and maintain 
spatial as well as functional asymmetry. At the front of the cell, the plasma membrane must 
extend forward and adhere to the substrate, whereas the rear of the cel l must contract and 
detach from the substrate in a coordinated manner. This segregation of functions is possible 
since signaling pathway components that control actin polymerization and cell polarization are 
asymmetrically targeted to and activated in the plasma membrane after chemoattractant 
stimulation. These signaling events are initiated locally in the region of the chemotactic cell 
that faces the higher concentration of attractant (leading edge); negative signals may be elicited 
simultaneously to prevent their activation in inappropriate parts of the cell . Although the 
asymmetrical targeting of signaling molecules observed in migrating cells may account for the 
establishment and maintenance of cell polarity, the mechanisms controlling the spatial 
localization of these molecules during polarization and locomotion have not been described . 
Here, new evidence will be discussed on how moving cells regulate . the activation of specific 
signaling pathways in time and in space. On the one hand, the regulation of monomeric vs. 
dimeric states of chemoattractant receptors may be a fundamental mechanism by which the cell 
controls the activation of specific signaling pathways during the migration process. On the 
other, evidence will be presented indicating that cholesterol- and glycolipid-enriched raft 
membrane domains may serve as platforms on which these interactions are regulated . A model 
will be presented in which the asymmetric distribution of raft domains in moving cells may be a 
basic mechanism to spatially regulate the activation of specific signaling pathways involved in 
cell polarization and locomotion. 
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Mechanism of sorting of GPI-anchored proteins in polarized epithelial cells 

Simona Paladino and Chi ara Zurzolo 

The raft model postulates that the selecti ve apical delivery of GPI-proteins in epithelial 
cells depends on their incorporation in detergent-inso luble microdomains (DRM or rafts) . To 
study the mechanism of sorting and traspon of GP I- proteins we stably transfected a chimeric 
GFP-GPl protein in FRT and MDCK ce ll s. GFP-GP I is present on the basolateral domain in 
FRT cells and prevalently on the a pi cal surface in MDCK cell s. We analyzed the transport to 
surface in living cells using a digital system of image analysis after block at 20°( in the Golgi 
and release at 37°( Upon exit from the TG N, GFP-GPT protein di splayed similar kinetics of 
Golgi emptying and surface arri val in both cell lines To determine the role of rafts in the 
delivery to surface we perturbed rafts fonnati on by cholesterol depletion In these conditions 
the transport to the surface slows down in FRT and it is completely blocked in MDCK cells 
lnterestingly we found that after block at 20°( the amount of GFP-GPI associated with DRM 
is greatly increased both in FRT and in MDCK cell s. These data indicate that rafts are likely 
to be present in the TGN but do not represent a selective mechanism for apical soning of GPI
proteins. 

We hypothesized that apical sorting is mediated by stabilzation of proteins into rafts 
ancl/or by rafts coalescence Preliminary data indicate that this could be achieved by 
oligomerizatior. of apically sorted GPI-proteins . lndeed while in FRT cells GFP-GPI is 
present almost esclusively as rnonomer or dimer, in MDCK cells GFP-GPI forms high 
molecular weight complexes. We are currently anal yzing the composition of these complexes 
and their possible involvment in apical sorting. 
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Regulation of cell polarity by Geflp, a new guanine nucleotide exchange 
factor specific for Cdc42p in fission yeast 

Pedro M. Col!, Yadira Trillo, Amagoia Ametzazurra and Pilar Pérez 

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

Schizosaccharomyces pombe cells are rod-shaped and undergo three mam 
morphological transitions in a dynamic process coupled to cell cycle progression. After 
cytokinesis by medial fission, the newly divided cells grows by apical extension of the "old 
end" that existed prior to septation. This monopolar growth continues until early G2 phase. At 
this time, a transition to bipolar growth occurs by using the new end originated during cell 
division . Finally, when the cell reaches its maximal size, elongation ceases and mitosis 
occurs followed by the formation of the septum and cell separation. 

Cdc42 GTPase plays a critica! role in the establishment of polarity in most eukaryotic 
cells. In S. pombe, cdc42+ is an essential gene required for growth and maintenance of cell 
morphology. The only described guanine nucleotide exchange factor (GEF) for Cdc42p is 
Scd1p/Rallp, an homologue toS. cerevisiae Cdc24p. scd1 de1etion causes rounded cells but is 
not lethal suggesting that Sed 1 p is not the sol e physiological GEF for Cdc42p. 

We have identified a new specific Cdc42-GEF, named Geflp. Inactive Cdc42p binds 
to the C-terminal region ofGeflp where the consensus DH domain is located. Overexpression 
of gefl + increases the active form of Cdc42p, and causes changes in cell morphology and cell 
size similar to those caused by overexpression of the constitutively active Cdc42G 12V allele. 
gefl + deletion is viable in wild type ce lis but the double mutant gefl D sed 1 D is lethal, 
suggesting that they share an essential function as GEFs for Cdc42p. However, they do not 
have overlapping functions in the control of cell polarity. Geflp localizes to the septum and 
gefl D causes defects in septum formation . Genetic evidence indicates that Gefl p interacts 
with Shk!p/Paklp, one of the two Cdc42p effector kinases which is involved in the switch 
from monopolar to bipolar growth. 
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Rho family proteins in cell adhesion, cell migration and tumor formation 

John G. Collard 

The Netherlands Cancer Institute, Division ofCell Biology, Plesmanlaan 121 , 1066 CX 
Amsterdarn, The Netherlands 

Rho-like GTPases, including Cdc42, Rae and RhoA, control signalling pathways that 
regula te the actin cytoskeleton as well as gene transcription ( 1 ,2). 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. Similar to Ras proteins, Rho-like 
proteins cycle between an active GTP-bound state and the inactive GDP-bound state. The 
dynarnic cytoskeletal changes regulated by Rho-like GTPases determine the morphology, 
adhesion and motility of cells, processes required in embryonic development and in invasion and 
metastasis oftumor cells. 

In previous studies, we have identified the invasion-inducing Tiaml gene, which 
encodes an activator (GEF) of the Rho-like GTPase Rae (3 ,4). Similar to constitutively active 
Vl2Rac, Tiaml induces an invasive phenotype in T-lymphoma cells. Also activated V12Cdc42 
induces invasion ofT-lymphoma cells which is not caused by Cdc42-mediated activation ofRac 
but presumably by the stimulation of common downstream pathways of Cdc42 and Rae. 
Activated V14RhoA potentiates invasion but fails by itselfto mimic Rae and Cdc42. The Rho
like GTPases thus cooperate in the acquisition of an invasive phenotype of lymphoid tumor cells 
(5). 

In epithelial carcinoma cells, invasion and metastasis is often associated with reduced E
cadherin-mediated cell-cell adhesion. Ectopic expression of Tiaml in epithelial cells inhibits 
HGF-induced cell scattering and cell migration by increasing E-cadherin-mediated cell-cell 
adhesion. Increased Tiaml-Rac signaling also inhibits invasion and migration of fibroblastoid 
Ras-transformed MDCK cells by restoring E-cadherin-mediated adhesions and an epithelial 
phenotype (6). Interestingly, Tiaml/Rac-induced cellular responses with respect to cel!-cell 
adhesion and cell rnigration are dependent on integrin-mediated cell substrate interactions and 
the cell type studied (6,7). Migration of epithelial cells is thus determined by a balance between 
invasion-inhibitory cell-cell interactions and invasion-promoting cell-substrate interactions, both 
mediated by PB-kinase-regulated Tiam 1-Rac signaling. 

The proto-oncogene Ras is frequently mutated in epithelial tumors, resulting in 
uncontrolled growth and transition towards an invasive, mesenchymal phenotype due to loss 
of E-cadherin-mediated adhesions. We found that sustained oncogenic Ras signaling in 
epithelial cells permanently downregulates Rae and upregulates Rho activity, which is 
accompanied by epithelial-mesenchymal transition (8). Oncogenic Ras provokes changes in 
Rae and Rho activity through sustained activation of the Raf!MAP-kinase pathway, which 
causes transcriptional downregulation of Tiam 1, an activator of Rae. Reconstitution of Rae 
activity by exogenous expression of Tiam 1 decreases Rho activity and restares the epithelial 
phenotype in mesenchymal V12Ras or RafCAAX-transformed cells. Our findings identify the 
inactivation of Rae by transcriptional downregulation of an exchange factor as an important 
mechanism for Ras-induced transformation of epithelial cells. 
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Al! these in vitro data suggest that Rae may play a role in the formation and 
progression of epithelial tumors in vivo. To study this directly, we have generated mice 
lacking the Rac-specific activator Tiam 1 using gene targeting. Geno~ping revealed the 
successful generation of heterozygous (Tiaml +/-) and homozygous Tiaml-- mi ce and Westem 
blot analysis confirmed the absence of Tiam l protein in di ffe rent organs of Tiam1"1

- mice. 
Consisten! with the role of Tiam 1, reduced Rae activity was detected in Tiam 1-deficient 
embry onic stem cells and in primary keratinocytes derived from Tiam1"1

- mice. Although 
Tiaml is expressed during embryonic development, Tiamr1

· mice surprisingly develop, grow 
and reproduce normal! y. Compensation by other GEFs capable of activating Rae, such as Sos, 
Vav, Pix, Trio, SWAP-70, and Tiam2, may play a role in suppressing a developmental 
phenotype. 

In m o use skin, Tiam 1 is present in basal and supra basal keratinocytes of the 
interfollicular epidermis and in hair follicles where it is predominantly expressed in the 
infundibular portion. Tiam 1 was not detected in skin derived from Tiam 1-t- mi ce, consisten! 
with a reduced basal Rae activity found in primary keratinocytes isolated from Tiam 1-/- m ice. 
Therefore, skin tumors were initiated in wild-type (Tiam 1 +/+) and Tiam 1"1

- littermates by 
application of a two-stage chemical carcinogenesis protocol (9,10). This protocol entails 
tumor initiation in epidermal keratinocytes by a single treatment with the carcinogen DMBA, 
which invariably induces oncogenic activation of the e-Ha-Ras gene. Subsequent repeated 
treatments with the tumor promoter TP A result in the outgrowth and progression of initiated 
cel!s. Results on the role of Tiam 1-mediated Rae signaling in the initiation, the promotion and 
the progression of skin Ras-induced skin tumors will be discussed. 
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Dissection of pathways mediated by Rho effectors; lmplications in cell 

polarization and migration 

Shuh Nam miya 

Department ofPharmacology, Kyoto University, Faculty of Medicine, Kyoto 606-8501, Japan 

Cells undergoing directional migration exhibit a polarized morphology with a broad 
lamella at the leading edge and a trailing tail at the rear. While this morphology depends on 
spatiotemporal organization of ditferent types of the actin cytoskeleton, microtubules (MTs) 
also work critically in establishing this polarity, suggesti ng that MTs and actin cytoskeleton 
are coordinately regulated in migrating cells. While accumulating evidence suggests that the 
Rho family small GTPases participare in these shape changes of migrating cells, how these 
GTPases regulate spatiotemporally change of the cytoskeletons in rnigrating cells remains 
largely unknown . Involvement of Rho GTPases has been studied in one way in the in vitre 
wound-healing assay, which revealed the bimodal Rho actions in cell rnigration (!). Namely, 
when two do ses of C3 exoenzyme, a Rho inactivator, was microinjected into rnigrating REF 
cells in this assay, the low dose that was sufficient to abolish stress fibers and focal adhesions 
did not atfect cell rnigration, while the high dose completely inhibited cell rnigration. 
Furthermore, Y-27632, an inhibitor ofa Rho etfector, ROCK, accelerated the rnigration ofthe 
cells. We wondered that such bimodal Rho action may be derived from ditferent actions the 
two Rho effectors mDial and ROCK exert in the cell. We previously found that ROCK 
induces cell contraction through enhancement of actomyosin contractility, while expression of 
a dorninant active mDial aligns MTs in parallel to induce bipolar cell elongation and to orient 
actin bundles (2,3). In order to examine the interaction between these ROCK and mDia 
actions, we compared the effects of C3 exoenzyme with those of Y -27632 on responses of 
serum-starved Swiss 3T3 fibroblasts upon LPA stimulation (4). We have found that Y-27632 
treatment specifically induced membrane m files and focal complexes in these cells. This Y-
27632-induced membrane ruffie formation was suppressed by expression of Nl7Rac. 
Consistently, the amount of GTP-Rac increased significantly by Y-27632 in LPA-stimulated 
cells. Biochernically, Y-27632 suppressed tyrosine-phosphorylation of paxillin and F AK and 
not that of Cas. Inhibition of Cas phosphorylation with a S re inhibitor, PP 1, or expression of 
a dorninant negative Cas mutant inhibited Y -27632-induced membrane mffie formation . 
Moreover, Crk-II mutants lacking in binding to either phosphorylated Cas or DOCK180 
suppressed the Y -27632-induced membrane ruffie formation . Finally, expression of a 
dorninant negative mDial mutant or dismption of MTs by nocodazole inhibited also the 
membrane mffie formation by Y-27632. These results have thus revealed the dichotomy of 
Rho signaling. One is mediated by mDia, leading potentially to Rho-dependent Rae 
activation through Cas phosphorylation . The other is mediated by ROCK, which, when 
active, works to suppress the above mDia-mediated Rae activation. This dichotomy of Rho 
signaling may have severa! implications in cell migration and polarization . lt may correspond 
to the bimodal function of Rho in cell migration . Facilitation of cell rnigration by Y -27632 
may thus be due to activation of Rae through the 1nDia pathway. This dichotomy may also be 
involved in recycling of Rho GTPase cascade. Previously, the hierarchical activation of 
Cdc42 to Rae and then Rae to Rho was shown, but not a pathway from Rho to Rae or Cdc42 
activation. It may also provide one mechanism for MT-dependent polarized growth. We 
ha ve already noted that bipolar cell elongation of HeLa cells by active mDia 1 is inhibited by 
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expression of dominant negative Rae mutant. This mechanism may also be involved m 
neurite outgowth in neuronal cells, that is now under analysis in our laboratory. 
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PI 3-kinases and Rho GTPases in cell adhesion and migration 

Anne J. Rid ley 

Ludwig lnstitute for Cancer Research, Royal Free and University College Hospital Branch , 91 
Riding House Street, London , England Wl W 7BS 

We are studying how signa! transduction through PI 3-kinases and Rho family 
GTPases contributes to motile responses involving leukocytes, epithelial cells and endothelial 
cells. In response to tyrosine kinase receptor activition, we and others have previously shown 
that class 1 a PJ 3-kinases act upstream of Rae to induce lame!lipodium extension and 
subsequent migration (1-4). Rho is also required for cell migration, and this reflects at least in 
part its effects on cell contractility and cell detachment (3). In contrast, the related protein 
Cdc42 is not required for migration of macrophages but for determining the direction of 
migration (chemotaxis) (3). Cdc42 induces extension of filopodia, and WASp is a 
downstream target of Cdc42 involved in stimulating actin polymerization via the Arp2/3 
complex. We have found that WASp is tyrosine phosphorylated by the leukocy1e-specific 
tyrosine kinase Hck, and ha ve mapped the si te of tyrosine phosphorylation. A W ASp mutant 
where this tyrosine is mutated to glutamate (to mimic phosphorylation) can induce filopodium 
extension independently of Cdc42. This indica tes that W ASp is subject to multiple levels of 
regulation and that the involvement of Cdc42 depends on the stimulus. 

In endothelial cells, cytokines such as TNFa induce a programme of transcriptional 
changes in, leading to enhanced transmigration of leukocytes in inflammatory responses. 
Transmigration is dependent initially on the binding of leukocytes to the endothelial cells, and 
this involves a number of receptors expressed on the endothelium, including ICAM-1 , 
VCAM-1 and E-selectin. Inhibition of Rho proteins reduces monocyte adhesion and 
transmigration (6). We have found that adhesion of monocytes to endothelial cells or cross
linking of ICAM-1 activates RhoA in endothelial cells to induce stress fibre assembly, and 
also rapidly induces transcriptional changes. In contrast, the related ICAM-2 protein does not 
activa te RhoA. The role of signalling between ICAMs and RhoA in leukocyte transmigration 
will be discussed. 
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Finding their way- role of PI3K in directional sensing 

R. A. Firtel, S. Funamoto, R. Meili 

Section ofCell and Developmental Biology, Center for Molecular Genetics, University of 
California, San Diego, La Jolla CA 92093-0634 USA 

Phosphatidyl inositol-3 kinase (Pl3K) is a key regulator of chemotaxis in leukocytes 
and Dictyostelium cells. We have demonstrated that the downstream Pl3K effectors Akt/PKB 
and PhdA are required for proper cell polarity by regulating 1) PAKa and myosin assembly 
and 2) actin polymerization, respectively, during chemotaxis. PKB activity is stimulated by 
chemoattractant signaling via a PI3K-dependent pathway and activates, through direct 
phosphorylation, PAKa, a PAKl homologue, which, in turn, regulates myosin assembly, 
cortical tension, and retraction of the posterior rear body, all of which are essential for proper 
cell movement. PhdA, in tum, controls the spatio-temporal control of actin assembly. PKB 
and PhdA transiently and rapidly bind to PI3K products on the plasma membrane via their PH 
domains, which is dependent upon chemoattractant-mediated PI3K activation. These findings 
suggest that translocation of PH-domain-containing proteins to the leading edge may occur by 
localized activation ofPI3K at this site on the membrane. 

Using PI3K-GFP and PBK-GFP deletion mutants, we have demonstrated that PI3K
GFP translocates to the membrane upon chemoattractant stimulation and localizes to the 
leading edge during chemotaxis. Expression of PI3K-CFP and PhdA-YFP enabled us to 
demonstrate simultaneous co-translocation of both proteins to the membrane. However, the 
kinetics of release from the plasma membrane do not coincide, suggesting that the adaptation 
pathways controlling these two processes may be distinct. Deletion analysis revealed that 
only the N-terminal region of Pl3K, lacking the Ras binding domain, C2, and kinase domains, 
is required for the translocation. Translocation of N-terminal region, but not PhdA-YFP, was 
observed in pi3k null cells or wild-type cells treated with LY294001 , a PI3K inhibitor, 
suggesting translocation of Pl3K does not require PI3K activity. Furthermore, we show that 
the phosphoinositide 3' phosphatase PTEN attenuates downstream PI3K signaling (e.g. 
PKB/Akt activation). We show that PTEN is on the membrane of unstimulated cells and is 
transiently released from the membrane coincident with PH domain membrane localization. 
PTEN is reduced in concentration at the leading edge of migrating cells but not at other 
regions of the membrane. PTEN's subcellular localization during chemotaxis and 
redistribution in response to chemoattractants are consistent with a role in establishing and 
maintaining a phosphoinositide-enriched domain at the leading edge. PTEN is thus a 
component ofthe pathway that helps restrict P13K-dependent pathways to the leading edge of 
cells. 
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Rho signalling via ROK to myosin-11 mediates the recruitment of Arp2/3 

complex and actin filaments during CR- phagocytosis, but not FcyR

phagocytosis 

Isabel M. Olazabal , Emmanuelle Caron, Robin C May, David A Knecht, Kerstin Schilling 
and Laura M. Machesky 

Phagocytosis through Fcy receptor (FcyR)- or complement receptor-3 (CR3) requires 
Arp2/3 complex mediated-actin filaments polymerisation, however the signalling mechanisms 
of each receptor are quite distinct. During FcyR-mediated phagocytosis Rae and Cdc42 are 
required for actin and Arp2/3 complex recruitment contrasting with the requirement of Rho 
for these proteins to be recruited to CR3-phagosomes. Since membrane protrusions do not 
occurr around the CR3-phagosome, unlike Fc-phagosome, our goal was to analyse whether 
the driving force for internalisation during CR3 -uptake was provided by a contractile activity 
through the Rho > ROK > myosin-II pathway. 

Inhibition of either ROK, MLCK or myosin-II caused a reduction of Arp2/3 complex 
and actin accumulation around bound particles leading to a reduction in phagocytic 
engu lfment during CR3-phagocytosis. However inhibition of myosin-11 during FcyR
mediated phagocytosis only reduced the uptake of particles, but did not affect the ability to 
recruit Arp2/3 e 1 mplex or actin . 

We conclude that myosin-IIA activation by ROK is required for internalisation of 
particles by CR3, downstream of RhoA Furthermore, ROK-myosin-II or MLCK-myosin-II 
activity is needed for the recruitment of Arp2/3 complex and F-actin during this process. On 
the contrary, FcyR-mediated phagocytosis requires MLCK-myosin-II for the uptake of 
particles, but independently of the association of Arp2/3 complex or F-actin to the 
phagosome. 
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Lymphocyte polarization and motility: RhoA effectors involved in 

lymphocyte migration and cytosketal rearrangements 

Miguel Vicente-Manzanares 

Lymphocyte migration involves cell polarization in response to extracellular cues, 
such as chemoattractant gradients. Polarization requires cytoskeletal reorganization, in which 
Rho GTPases are likely candidates to coordinate such changes. We have addressed the role of 
RhoA and its downstream effectors pl 60ROCK and p140mDial in chemokine- dependent
and independent- cytoskeletal changes. The chemokine SDF-1 induces robust RhoA and 
ROCK activation as well as RhoA- and ROCK-dependent MLC phosphorylation in peripheral 
blood lymphocytes (PBL), although it seems not to play an essential role in SDF-1-induced 
short-term actin polymerisation On the other hand, inhibition of RhoA and ROCK blocked 
SDF-1-induced lymphocyte migration and polarization and caused the appearance of 
abnormal, needle-like spikes, which were found to relate to tubulin stability. In addition, we 
have investigated the involvement of p140mDia1 in such processes in PBL Strikingly, 
p !40mDia1 was up-regulated during T cell activation and differentiation to T lymphoblasts 
Confocal studies revealed that p 140mDia 1 localizes to the rear part of the leading edge of 
polarized lymphocytes, thus suggesting its involvement in actin-related processes behind the 
leading lamella. Finally, overexpression studies demonstrated an essential role for p 140mDia 1 
in lymphocyte motility through regulation of the basallevels of F-actin. We propase a model 
of coordinated and spatial regulation of the lymphocyte cytoskeleton, migration and 
chemokine responses by RhoA effectors. 
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New insights in "in situ" cell migration 

Alan Rick Horwitz 

University ofVirginia 

Cell migration is a complex, multi-step process that plays a central role a variety of 
normal and pathological processes including embryonic development, cancer, and tissue 
repair and regeneration. Functional and molecular polarity is an intrinsic feature of a 
migrating ce!! as it moves directionally toward its target. Adhesions form at the cell front and 
turnover at the cell rear while adhesive components are trafficking from the rear where they 
leave adhesions and toward the front where new adhesions form. By co-expressing pairs of 
adhes ion molecules fused to GFP analogues, we have studied the mechanisms by which 
adhesions form and tumover and traffic into and out of adhesions. The data point to a 
sequential model for the assembly of adhesions and recently key regulators of adhesive 
turnover have been identified. GFP fusion proteins have also revealed two different modes 
for the trafficking of adhesive components. One is vesicle based and moves integrins from 
the leading edge and cell rear to the perinuclear region and from the perinuclear region to the 
base of the leading edge. We have also seen multi-molecular signaling complexes trafficking 
among the leading edge, adhesions, and a cytoplasmic compartment. The function of these 
GITI, paxillin, and PAK containing complexes is location dependent; for example, they 
regulate the formation of protrusions at the leading edge and tumo ver when in adhesions. 

These studies rely on dissociated cells growing on homogeneous, planar substrates in 
medium containing serum or purified growth factors . This geometry and environment differs 
from that of cells migrating in vivo. Therefore, we have developed methodology for 
visualizing GFP fusion proteins in migrating cells in vivo using 200-400¡..t slices from embryo 
or adult tissues from three systems: the migration of muscle precursors from somites to the 
limb, the migration of neuronal precursors along the rostral migratory stream, and the 
migration of granule cells in the cerebellum. These migrations are characterized by bursts of 
rapid migration and a single, highly directed protrusion. These protrusions are mediated by 
the local activation of Rae, and the polarity arises by signaling through chemoattractive 
receptors like DCC. 
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Microtubules determine the polarity of migrating cells vía a cross-talk with 

substrate adhesions 

J. Víctor Small, Oiga Krylyshkina and Irina Kaverina 

Dept of Cell Biology, lnstitute of Molecular Biology, Austrian Academy of Sciences, 
Billrothstrasse 11 , Salzburg 5020, Austria 

e-mail : jvsmall@imb.oeaw.ac.at; ikaverina@imb.oeaw.ac.at 

To invade new territory, a cell must protrude a front and, subsequently retrae! its rear. 
It must accordingly set up an asymmetric, or polarised form, whereby the protruding and 
retracting zones are more or less diametrically opposed. The procesess of protrusion and 
retraction are mediated by the actin cytoske1eton. But polarisation requires the cooperation of 
microtubules, since it is lost or impaired when microtubu1es are disassembled (Vasiliev, 
1985). So how do microtubu1es influence cell polarity in migrating cells? Answers to this 
long standing question are coming from findings implicating microtubules in the spatial 
control ofthe adhesion pattems that cells develop with their substrate. 

Initial indications that microtubules interface with the actin cytoskeleton at adhesion 
sites carne from the observation in living fibroblasts showing that microtubules specifically 
target substrate adhesions (Kaverina et al 1998). It was further found that these targeting 
events could be followed by the tumover of adhesion sites, or their dislocation from the 
substrate (Kaverina et al, 1999). Given the dependence of adhesion site maintenance on 
contractility (Chrzanowska-Wodnicka and Burridge, 1996) it was speculated that 
microtubules destabilise adhesions by delivering signals that antagonise the contractility 
pathway. This contention was supported by the demonstration that dissociation of adhesion 
si tes at the cell edge could be mimicked by the local application of inhibitors of actomyosin 
contractility (Kaverina et al., 2000). 

The putative signa! delivered to (or sequestered by microtubules) at adhesion sites has 
yet to be identified. However, results from experiments in which the activities ofmicrotubule 
motors were inhibited, suggest that kinesin is involved in signa! transmission. Thus, inhibition 
of kinesin-1 activity by injection into cells of a function blocking antibody produced the same 
changes as observed after microtubule disruption with nocodazole (Krylyshkina et al., 2001): 
namely, the depolarisation of cell shape as well as an increase in size of focal adhesions. The 
same effect was induced by the injection of a kinesin-1 heavy chain bearing a mutation in the 
motor domain that results in irreversible binding of the kinesin construct to microtubules. 
Inhibition of dynein activity had no effect on cell polarisation or adhesion site tumover. 

By what mechanism are microtubules guided into adhesion sites? Microtubule motors 
are not required, since adhesion site targeting by microtubules persisted in cells in which 
microtubule motor activity was inhibited (Krylyshkina et al., 2002). The results of more 
recent work suggest that the guidance of microtubule polymerisation into adhesion sites 
occurs through a mechano-sensing mechanism, involving changes in stress in the actin 
cytoskeleton. Using altemative strategies to modulate contractile stress locally in living cells, 
we have found that microtubules specifically invade regions of increased stress, centred on 
focal adhesions (Kaverina et al., 2002). These findings highlight a stress-dependen! feedback 
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mechanism for guidance that presumably plays an importan! role in the selection of adhesion 
si tes for targeted modulation vi a microtubules. 

We conclude that microtubules determine cell polarity by intluencing, in a spatial 
way, the tumover of substrate adhesion sites. At the cell front, microtubules can del iver 
signals to limit the growth of foc al adhesions, whereas at the cell rear they pro mote adhesion 
sliding and detachment. The age, as well as the local signaling environment of adhesion si tes 
likely plays a synergetic role in this process. 
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Cytoskeletal and lipid domain asymmetry during neutrophil polarization 

and migration 

Frederiek R. Maxfield, Lynda M. Pierini, Robert l Eddy, and Stephanie Seveau 

Weill Medieal College ofCornell University 
New York, NY 10021 

The development of eell polarity in response to ehemoattraetant stimulation in human 
polymorphonuclear neutrophils (PMNs) is eharaeterized by the rapid eonversion from round 
to polarized morphology with a leading lamellipod at the front and a uropod at the rear. 
During PMN polarization, the rnierotubule (MT) array undergoes a dramatie reorientation 
toward the uropod that is maintained during motility. Mis were excluded from the leading 
lamella during polarization and motility, but treatment with a myosin light ehain kinase 
inhibitor (ML-7) or the aetin-disrupting drug, eytoehalasin D, caused an expansion ofthe MT 
array and penetration ofMTs into the larnellipod. Depolymerization ofthe MT array prior to 
stimulation eaused sorne of the eells to lose their polarity by extending two opposing lateral 
lamellipodia. These multi-polar cells showed altered loealization of a leading lamella-specifie 
marker, talín, and a uropod-speeifie marker, CD44, and dispersal of the endoeytie reeycling 
eompartment. These results indieate that F-aetin and myosin 11-dependent forces lead to the 
development and maintenanee of MT asymrnetry whieh may aet to reinforce cell polarity 
through the directed recycling of integrin-containing vesicles to the ERC during PMN 
rnigration. 

We have also exarnined the effeets of perturbing lipid organization by depleting 
plasma membrane eholesterol levels. Several reeeptor-mediated responses, sueh as integrin 
upregulation and ealcium mobilization, were largely unaffeeted by eholesterol depletion, 
indieating that this treatment did not inhibit many aspects of reeeptor-mediated signa! 
transduetion. lnterestingly, eholesterol depletion did not prevent initial activation of the 
GTPase Rae nor an initial burst of aetin polymerization, but rather it inhibited prolonged 
aetivation of Rae and sustained aetin polymerization. These findings support a model in 
whieh the plasma membrane is organized into domains that aid in amplif)ring the 
ehemoattraetant gradient and maintaining eell polarization. 
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Dynamic assessment of adhesion molecule functions during lymphocyte 

migration and initial immune cell-cell interactions 

Francisco Sánchez- Madrid 

Hospital Universitario de la Princesa. Universidad Autónoma de Madrid 

Leukocyte migration is crucial during the development of the immune system and in 
the responses to infection, inflan1mation and tumor rejection. The migratory behavior of 
leukocytes under physiological and pathological conditions and the extracellular cues and 
intracellular machinery that control and guide migration have been studied thoroughly during 
the last years. The cytoskeleton of leukocytes is extremely versatile, bearing characteristic 
features that enable these cells migrate in conditions of flow through narrow spaces and onto 
the target tissues. A precise coordination between extracellular stimuli, chemosensory 
receptors, adhesion and signaling molecules, and the cytoskeleton is fundamental for the 
migration and/or extravasation ofleukocytes (1). 

We have investigated the interaction ofthe adhesion molecules ICAM-3 and PSGL-1 
with ERM (ezrin/radixin/moesin) proteins and its role in their membrane positioning in 
polarized migrating lymphocytes. Protein-protein binding assays demonstrated a PIP2-induced 
association between ICAM-3 and PSGL-1 and the amino-terminal domain of ERM proteins. 
This interaction was assessed by dynamic fluorescence videomicroscopy studies of living 
cells, demonstrating that moesin and ICAM-3 coordinately redistribute on the plasma 
membrane during lymphocyte migration. Furthermore, overexpression of N-moesin-GFP, 
which lacks the consensus moesin actin-binding si te, caused the subcellular mislocalization of 
ICAM-3. Point mutation of serine residues in the juxta-membrane region of ICAM-3 and 
PSGL-1 significantly impaired both ERM binding and polarization of the adhesion molecules. 
Our results underscore the key role of specific serine residues within the cytoplasmic region 
of ICAM-3 and PSGL-1 for their ERM-directed positioning at the trailing edge of motile 
lymphocytes (2). 

The interaction of moesin and ezrin with the endothelial cell adhesion molecules 
VCAM-1 and ICAM-1 has been assessed during leukocyte adhesion and transendothelial 
migration (TEM). VCAM-1 interacted directly with moesin and ezrin in vitro, and al! these 
molecules colocalized at the apical surface of endothelium. Dynamic assessment of this 
interaction in living cells showed that both, VCAM-1 and moesin, were involved in 
lymphoblast adhesion and spreading on the endothelium, whereas only moesin participated in 
TEM, following the same distribution pattern than ICAM-1. During leukocyte adhesion in 
static or under flow conditions, VCAM-1, ICAM-1, and activated moesin and ezrin clustered 
in an endothelial actin-rich docking structure, that anchored and partially embraced the 
leukocyte, containing other cytoskeletal components such as alpha-actinin, vinculin, and 
V ASP. Phosphoinositides and the Rho/p 160 ROCK pathway, which participate in the 
activation of ERM proteins, were involved in the generation and maintenance of the 
anchoring structure. These results provide the first characterization of an endothelial docking 
structure that plays a key role in the firm adhesion of leukocytes to the endothelium during 
inflan1rnation (3). 
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Immune cellular interactions occur in sequential stages that involve dramatic changes 
in ce!! polarity and dynamic redistribution of cell membrane receptors (4). Antigen
independent adhesive interactions between T lymphocytes and antigen presenting cells 
(APCs) are critica! for the scanning of specific antigen on the APC surface, and the initiation 
of the immune response. We clemonstrate through dynamic studies, that the intercellular 
adhesion molecule (ICAM)-3 was specifically clustered at the surface area of T lymphocytes 
that initiates the contact with APCs. ICAM-3 plays a role in T cell-APC conjugate formation 
prior to antigen recognition, and in early intracellular signaling and cytoskeletal 
rearrangement of the T ce!!. Our data indicate that ICAM-3 has a central role in the initial 
scanning of APC surface by T cells, and therefore, in the generation of the immune response 
(5). 
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TCR triggering on the move: Diversity ofT cell interactions with antigen

presenting cells 

Peter Friedl 

Department of Dermatology, University of Würzburg, 97080 Würzburg, Germany 

Polarized T cells are mobile cells optimized for migration, receptor scanning, and 
signaling. In contact with antigen presenting cells (APC), polarized T cells can develop a 
spectrum of biophysical interaction modes ranging from adhesive sticking to dynamic 
crawling. Both, static and dynamic contacts support sustained triggering of the T cell receptor 
(TCR) leading to signa! induction, T blast formation , and proliferation. In dynamic 
interactions, T cells crawl across the surface of antigen-presenting dendritic cells (DC) at 
speeds of 2-6 ¡.unlmin and simultaneously establish an asymrnetric tight yet mobile junction 
plane, representing a dynamic immunological synapse. In dynamic synapses three functional 
compartments of the polarized T cell are in close contact with the DC surface, i.e. leading 
edge, cell body and uropod. Through its mobility, the asymrnetric junction is topographically 
suited for receptor scanning and engagement at the leading edge, retrograde receptor 
movement along the junction, and exit from the uropod. These findings suggest novel 
concepts on scanning encounters between T cells and APC that include the simultaneous 
engagement of T cellleading edge and uropod and implicate a serial receptor triggering mode 
in cell-cell recognition. 
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A role for the small GTP-binding protein ARF6 in focal membrane delivery 
during phagocytosis 

Philippe Chavrier 

Phagocytosis is a universal cell function, which exploits a mostly conserved cell 
machinery to couple the binding (in a receptor-dependen! way) of particulate material over 
0.5 J.lm in diameter to its internalization 1 A trademark of phagocytosis is the exquisitely 
localized actin polymerization that takes place underneath the phagocytic target. During the 
past years, it has become clear that Rho GTPases control the cytoskeletal rearrangements 
during particle uptake in mammalian professional phagocytes. In the case of phagocytosis of 
antibody-coated particles by Fe receptors (FcRs), Cdc42 and Racl seem to control different 
steps in the phagocytic process, namely pseudopod emission for Cdc42 and phagosome 
closu re for Rae 1 (for review see 2

) . 

Recent results have also shown that V AMP3-GFP (Vesicle Associated Membrane 
Protein 3) accumulates at sites of forming phagosomes during FcR-mediated phagocytosis. 
This suggests that focal exocytosis of endomembranes plays an important role in pseudopodia 
extension during phagocytosis by compensating for loss of membrane taken up into 
phagosomes 3 lnterestingly, a role for ARF6 (ADP-ribosylation factor 6) during phagocytosis 
has been suggested by studies showing that ARF6 mutant forms could block FcR-mediated 
phagocytosis 4

'
5 ARF6 is a small GTP-binding protein involved in the regulation of 

endocytosis and membrane recycling toward the plasma membrane, as well as the formation 
of actin-based plasma membrane extensions 6

. Here, we have started to address the function 
of ARF6 during phagocytosis. Our findings support a role for ARF6 in linking phagocytic 
receptor ligation to focal delivery of endomembrane at the si te of uptake. 

We have developed a new assay to measure the accumulation of GTP-bound ARF6 
during phagocytosis. We show that the VHS/GAT amino-terminal domains of GGA3 (Golgi
localized, u -ear-containing, ADP-ribosylation factor-binding protein 3) fused with GST, 
interacts with a constitutively activated form of ARF6, but not with GDP-bound ARF6. We 
have used the GST pull-down assay to assess the activation of ARF6 during FcR-mediated 
phagocytosis in mouse macrophages (RAW cell line). Levels of GTP-bound ARF6 were 
found to peak after 10 min (xS .fold increase) and retumed to basal leve! after 30 min. 
Interestingly, treatment of macrophages with pervanadate also resulted in a strong activation 
of ARF6. AJtogether, these results show for the first time that ARF6 is rapidly activated at the 
onset of phagocytosis, and suggest that tyrosine kinases may be required in the signaling 
cascade connecting FcR engagement to ARF6 activation. 

In addition, we observed that a dominant negative mutant of ARF6 (T27N mutation) 
dramatically affected both FcR- and CR3-mediated phagocytosis (i .e. phagocytosis of 
complement-coated particles by the integrin-type Complement Receptor CR3) . These 
observations indicate that ARF6 has a general role in phagocytosis, in contrast to Racl/Cdc42 
or RhoA that are specifically required for FcR- or CR-mediated uptake, respectively. The 
inhibition of phagocytosis in ARF6T27N-expressing RAW cells was correlated with an 
inhibition of GFP-V AMP3 accumulation undemeath the bound particles. AJtogether, these 
results suggest that ARF6 activation is required for polarized delivery of membrane 
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originating from recyc!ing (V AMP3-positive) compartment, and that ARF6 is a major link 
between actin and membrane reorganization during phagocytosis. 
We are currently investigating the signa) transduction cascarles that are involved in coupling 
ARF6 activation to receptor ligation during phagocytosis in macrophages. 
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Early events in T cell activation and immunological synapse formation in 
the thymus and the periphery 

Mark M. Davis, Laureo Richie, Darrell Irvine, Lawren Wu, Cenk Sumen, Marco Purbhoo, 
Peter J. Ebert, J.J .T. Owen, and K. Christopher Garcia 

Howard Hughes Medicallnstitute, and Department ofMicrobiology & Immunology, 
Stanford University School ofMedicine 

We have been interested in the role of key cell surface molecules and their proximal 
signaling components in the early stages of T cell recognition and activation . In order to 
visualize molecular movements in real time we have developed a 3D video Microscopy 
syst.em that allows us to follow the movements of severa! labeled molecules simultaneously 
along with morphological changes (DIC) and calcium flux (using ratio imaging) . We have 
used this system to show that the characteristic synapse which f01ms when T cells recognize 
antigen on another cell is largely driven by the active transport of membrane molecules, 
including the T cell receptor, from all over the T cell and into the center of the cell:cell 
interface. This movement is dependent on an intact actin cystoskeleton and myosin motors 
and requires both TCR and costimulatory molecule signaling (1-3). In another project we 
have tried to more precisely define the ligand requirements for T cell recognition and synapse 
formation by labeling each peptide on an antigen presenting cell such that we detect the exact 
number of ligands at a T:B interface. We find that CD4+ T cells are extremely sensitive to 
agonist peptide-MHC complexes and are able to stop and flux calcium in response to even a 
single peptide on another cell. It requires 10-20 peptides at the interface to reach maximal 
calcium elevation within the T cell and to form a synapse. This remarkable sensitivity to 
small numbers of peptides is very much dependant on CD4 being present on the T cell, which 
suggests a novel model ofCD4 function (The "psuedodimer" hypothesis). 

We have also shown that immature thymocytes form a distinctly different type of 
'synapse' with thymic stromal cells during negative selection. In these synapses CDJI:-GFP 
congregates in a peripheral ring at the stromal cell interface, never acquiring the stable central 
accumulation hat is characteristic of peripheral T cells ( 4) . These data indica te that the 
characteristics of T cell interactions with other cells can be quite different depending on their 
maturation status. 

With respect to T cell receptor - ligand interactions, we have used alanine mutagenesis 
to show that TCR binding is a two stage process, where the TCR first comes in contact with 
the MHC helices and then with the peptide. This initial orientation of the TCR by MHC 
contact will presumably increase the efficiency with which T cells can 'sean' the peptides 
displayed another cell . It could also be the molecular explanation for the remarkable cross
reactivity that is characteristic of TCR's as the CDR3 loops that primarily contact the bond 
peptides could fold over the binding groove in a variety ofways (5). 
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The immunological synapse coordinates antigen recognition, signaling and 
T cells migration 

Michael L. Dustin 

Skirballlnstitute ofBiomolecular Medicine, New York University School ofMedicine, 540 
¡st Ave, New York, NY 10021 

My long term goal is to understand cell-cell communication in the immune system. A 
physical interaction between T lymphocytes and antigen presenting cell is required to initiate 
and sustain an immune response. This specialized cell-cell junction is described as an 
"immunological synapse" . We have focused our effort on understanding the molecular basis 
of the immunological synapse formation and function . This problem must be addressed at 
many levels, from exarnination of the behavior of single molecules in the synapse to the study 
of cell-ceU interactions in the living animal. In the past year we have made progress in 
understanding the basic mechanisms that regulate T lymphocyte activation at the leve! of 
understanding the molecular interactions in the immunological synapse. We have also been 
establishing the tools to enable us to address key aspects of the immunological synapse from 
tracking single T cell receptor molecules to studying the movements and interaction of T cell 
in intact lymph nodes of living animals. These studies will increase our understanding of the 
immune response and aid in the development of vaccines and a new generation of 
immunologicaUy targeted therapeutics. 

The immunological synapse has been defined as a specific pattern of receptors in the 
interface between a T cell and an antigen presenting cell that is correlated with full T cell 
activation. We have employed novel imaging techniques to visualize the nascent 
immunological synapse as a ring of T cell antigen receptor interactions surrounding a core 
region of adhesion molecule interactions. Over a period of minutes this pattern inverts to 
generate a mature immunological synapse with a central region of T ceU receptor interactions 
surrounded by a ring of adhesion molecules. We have continued to work on this process. 
First, we discovered that an important second signa! for T cells is also received through a 
regulated manner in the immunological synapse. Specifically, we found that CD28 
interactions with its ligand CD80 is focused in the center of the mature immunological 
synapse. Second, we found that the mature immunological synapse incorporates not only the 
foreign MHC-peptide complexes, but also is capable of utilizing self-MHC peptide complexes 
for its stabilization. This is important because it suggests that self-MHC-peptide complexes 
are having a large role not only in selection of immature T cells, but also in the activation of 
mature T ceUs. This result has important implications for autoimmune disease where self
MHC-peptide complexes contribute to full T cell activation. Third, we found that tyrosine 
phosphorylation of substrates in the immunological synapse is taking place very rapidly. In 
fact the activation of src farnily tyrosine kinases is focused in the nascent synapse and the 
activation of the next kinase in the cascarle, ZAP-70, is corning to an end just as the mature 
synapse if formed. These studies point to new modes of T cell receptor signaling since it is 
known that antigen receptor signaling must be sustained for severa! hours before T cells are 
fully comrnitted to proliferation and activation of the immune response. Finally, we have 
found that sorne cell types, notably human cytotoxic T cells, are capable of forrning antigen 
independent synapses in our model system. This is very exciting because we have previously 
come to the conclusion that the TCR-MHC-peptide interaction was a key ingredient in Instituto Juan March (Madrid)
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synapse formation. The new result suggests that what we previously saw as subtle variations 
on a single structure actually represents a farnily of distinct structures with very distinct 
regulation. We are completing the final experiments on this system and will submit this for 
publication in the near future . 

We are also very excited by a recent collaboration that we have initiated with Arup 
Chakraborty at the University of California at Berkeley. Dr. Chakraborty has found that the 
synapse formation process is very arnenable to modeling and that what would appear to be a 
very complex process, may arise only one step from very simple physical processes. It tums 
out that the predictions of the synapse formation model are well correlated with IL-2 
production by T cells, but not with CTL mediated killing, suggesting that these processes 
differ in dependence on TCR stimulated immunological synapse formation. 

We are motivated by our in vitro results to test the key hypotheses in vivo. We are 
collaborating with Wenbiao Gan in the Skirball Institute to build a two photon confocal 
microscope. This technology allows 10-fold in crease in depth of high resolution imaging in 
biological tissues. Wenbiao focuses on the brain and we focus on the lymph nodes and spleen 
where immunological reactions are focused. In the last few weeks we have obtained beautiful 
images in the mouse brain and will soon embark on an exploration of immunological 
synapses in the cervicallymph nodes. The goal of these experiments it to specifically identify 
differences between cell-cell interactions that lead to immune tolerance or immune responses. 
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Supramolecular clusters and alliances of membrane receptors and signaling 
proteins during T cell antigen recognition 

Abraham Kupfer 

Oivision of Cell Biology, National Jewish Medica! and Research Center and the University of 
Colorado Health Sciences Center, Oenver, Colorado 80206, USA 

The molecular and cellular mechanisms of intercellular cellular communication in the 
immune system are the main research interests of our laboratory. Activation of T cells by 
antigen-presenting cells (APCs) depends on the complex integration of signals that are 
delivered by multiple receptors and by their associated protein k.inases. 

Most receptor proximal activation events in T cells were identified using multivalent 
anti-receptor antibodies (Abs), eliminating the need to use the more complex APCs. Since the 
physiologicalligands on the membrane ofthe APC and the activating Abs presumably trigger 
the same biochemical pathways, it is unclear why the Abs, even at saturating concentrations, 
fail to trigger sorne of the physiological T cell responses. To address this issue, we studied at 
the single cell leve! the responses of T cells to native ligands. We utilized a digital imaging 
system and analyzed the three-dimensional (30) distribution of receptors and intracellular 
proteins that cluster at the T-APC cell contacts during antigen (Ag) specific interactions. 
Surprisingly, instead of a uniform oligomerization, these proteins clustered into segregated 
30 domains within the cell contacts. The Ag-specific formation of these novel spatially 
segregated supra-molecular activation clusters (SMACs) as well as their functional 
significance would be discussed. 
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Lipid rafts in yeast polarity 

Michel Bagnat & Kai Simons 

Max Plank Institute for Molecular Cell Biology and Genetics, 01307 Dresden, Gerrnany 

Exposure to mating pheromone in haploid Saccharomyces cerevisiae cells results in 
the arrest of the cell cycle, expression of mating-specifi c genes, and polarized growth towards 
the mating partner. Proteins involved in signaling, polarization, cell adhesion, and fusion are 
localized to the tip of the mating cell (shrnoo) where fusion will eventually occur. The 
mechanisms ensuring the correct targeting and retention of these proteins are poorly 
understood . Our results show that in pheromone-treated cells a reorganization of the plasma 
membrane involving lipid rafts , results in the segregation of different domains within the 
plane of the membrane. Thus, proteins locali zed to tip of shrnoo can achieve a polarized 
distribution, separated from other cell surface proteins. Our results suggest that protein 
clustering into membrane micro domains is involved in the generation and maintenance of 
polarity during mating_ 
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EBl and APC act downstream ofRbo/mDia in a conserved pathway · 
between yeast and mammals 

Noemí Cabrera-Poch, Ying Wen, and Gregg G. Gundersen 

Microtubules (MT) play an essential role in generating cell polarity. In polarized cells, 
a subset of MT are stabilized in the lamella. These stable MT may provide cells with cues for 
polarized vesicle trafficking or migration. Stable MT are capped and contain post
translationally modified tubulin subunits . The best characterized modification is 
detyrosination, in which the C-terminal Tyr residue from a-tubulin is removed exposing a Glu 
residue (Glu MT). Lysophosphatidic acid (LPA) has been found to induce the formation of 
Glu MT in serum starved Nlli-3T3 cells in the wounded monolayer system. Rho GTPase and 
its effector mDia mediate LP A-induced MT stabilization in this system by capping MTs 
(Cook et al., JCB 1998; Palazzo et al., NCB 2001). In yeast, an analogous process, MT 
capture, is regulated by Rho GTPases, Bnil (an mDia homolog) and the downstream 
components Kar9 and BimlNebl (Heil-Chapdelaine et al. , JCB 1999; Bloom, NCB 2: E96) . 
We exarnined whether the mammalian homolog of yeast BimiNebi ,EBI,and APC 
(Adenomatous polyposis coli protein, a putative functional homolog of Kar9) were also 
involved in this pathway of MT stabilization. Expression of full length EB 1 and APC were 
sufficient to generate rnicrotubule stabilization. EB 1 acted downstream of Rho/mDia since it 
induced stable MTs in cells coinjected with the Rho inhibitor, C3 toxin, without stimulating 
the formation of actin stress fibers. A fragment of EB 1, corresponding to the APC binding 
domain, blocked LP A-stimulated formation of stable MTs, whereas another fragment lacking 
this domain did not. These results show that EB 1 and APC function in the Rho/mDia MT 
stabilization pathway, and suggest that pathways for MT capture in yeast and MT capping in 
mammalian cells are conserved. 
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Myosin motors but not actin comets mediate Golgi-to-ER protein transport 

Juan M. Durán 1
, Ferran Valderrama 1

·~, Susana Castel2
, Juana Magdalena3

, Mónica Tomás4
, 

Jaime Renau-Piqueras4
, Vivek Malhotra5

, and Gustavo Egea1 

1Departament de Biología Cel.lular, Facultat de Medicina, IDIBAPS, Universitat de 
Barcelona, E-08036 Barcelona (Spain); 2Serveis CientíficoTecnics, Universitat de Barcelona, 
E-08028 Barcelona (Spain); 3School ofBiosciences, Molecular Cell Division, University of 
Birmingham, Birmingham B 15-2TT (United Kingdom) ; 4Centro de Investigación, Hospital 
La Fe, E-46009 Valencia (Spain); 5Dept ofBiology, University ofCalifornia San Diego, La 

Jolla, California 92093 (USA) 

We have demonstrated that actin filaments are involved in protein transport from the 
Golgi complex to the endoplasmic reticulum. Here we examined whether myosin motors or 
actin comets mediate this transport . We used two pharmacological inhibitors of myosin 
motors with differing specificity: BDM (2,3-butanedione monoxime) and ML 7 (1-[5-
isoquinoline sulfonyl]-2-methyl piperazine), which inhibit myosin and the phosphorylation of 
myosin ll by the myosin light chain kinase, respectively. Treatment of NRK cells with these 
reagents delayed the brefeldin A (BF A)-induced retrograde flow of Golgi enzymes to the ER. 
This was not caused by an alteration in the formation of the BF A-induced tu bu les emerging 
from the Golgi complex, although they remained in the cytoplasm longer before fusing with 
the ER membranes. In addition, the Shiga toxin fragment B transport from the Golgi complex 
to the ER was also altered by BDM and ML7. This alteration was not attributable to the 
depletion of intracellular calcium stores or the activation of Rho kinase. Neither the 
reassembly of the Golgi complex after the withdrawal of BF A nor VSV -G transport from the 
ER to the Golgi was altered in cells treated with BDM or ML7. Finally, transport carriers 
containing Shiga toxin did not associate with actin comets in response to PIPSK 
overexpression. These results indica te that: ( 1) Golgi-to-ER but not ER-to-Golgi protein 
transport requires myosin function, implicating at least myosin II and (2) actin comets do not 
appear to be involved in retrograde transport 
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a4bl integrin engagement inhibits a5bl-induced stress fiber· and focal 

contact formation via downregulation of RhoA and induces melanoma cell 

migration 

José V. Moyano, Benito Casanova, Alfredo Maqueda and Angeles García-Pardo 

Dept. oflmmunology, Centro de Investigaciones Biológicas, CSIC, 28006 Madrid, Spain 

Cellular interactions with the extracellular matrix (ECM) are essential for cytoskeleton 
reorganization, cell migration, survival and differentiation. We have studied the cytoskeletal 
response upon melanoma cell interaction with two different domains of fibronectin (Fn), a 
major component of the ECM. Using recombinant fragments encompassing the RGD
containining cell binding domain (FNIII7-1 O) or the Hep III domain (FNIII4-5), which are 
ligands for a5bl and a4bl integrins respectively, we have found that melanoma cells formed 
stress fibers and focal contacts upon adhesion to FNIII7-1 O. Co-inmobilization of FNIII4-5 
with FNIII7-10 resulted in inhibition of stress fibers and focal adhesions as cells became 
smaller and extended multidirectional cytoplasmic protrusions. This effect was mediated by 
a4 integrin since point mutations affecting the a4-binding site in FNIII4-5 completely reverted 
the inhibition. Treatment with l mM LPA, an activator of the small GTPase RhoA or 
transient transfection with constitutively active RhoA resulted in spreading and formation of 
stress fibers upon adhesion to FNIII7-10+FNIII4-5 fragments. Affinity binding assays 
revealed that a4 ligation led to RhoA inactivation. Since lack of stress fibers is associated with 
cell migration, we monitored cell movement using video microscopy and found that cells on 
FNIII7-10+FNIII4-5 displayed significant random migration while cells on FNIII7-10 did not 
move. This was further confirmed in wound-healing assays, where addition of FNIII4-5 
resulted in almost complete closure of the wound, while addition of FNIII7-1 O did not affect 
cell motility and the wound remained open. These data indicate that a4 integrin engagement 
interferes with the Rho signalling pathway activated by a5/ligand interaction and this leads to 
stimulation of melanoma cell migration. 
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Segregation of leading-edge and uropod components into specific lipid rafts 
during T cell polarization 

Concepción Gómez-Moutón, Rosa Ana Lacalle, Emilia Mira, Sonia Jiménez-Baranda, Santos 
Mañes and Carlos Martinez-A. 

Dept ofimmunology and Oncology. Centro Nacional de Biotecnología CSICIUAM 
Madrid Spain 

Cell migration is an important process for leukocyte function . In arder to migrate, 
cells must adquire spatial and functional polarity . T lymphocytes develop two opposite poles 
during polarization process, the leading edge located at the advance front , and the uropod 
located at the rear. Evidence has emphasised the importance of glycosphingolipids and 
cholesterol-enriched membrane domains - termed rafts- in mediating T cell activation. More 
recently, membrane rafts have been also implicated in the assymetric redistribution of 
proteins observed in chemoattractant stimulated T cells. 

We reported here that raft-associated membrane proteins and lipids are asymmetrically 
distributed in T cells with a migrating phenotype. We found that polarized T lymphocytes 
segregate leading edge and uropod markers into two different raft types, the L-rafts and the U
rafts, which differ in lipid and protein composition; L-rafts are enriched in GMJ and 
chemoattractant receptors such as CXCR4, whereas U-rafts are enriched in GMI and cell 
adhesion receptors such as CD44 and ICAM-1 and -3 . The redistribution ofboth L- and U
rafts is susceptible to actin depolymerizing drugs, thus suggesting that it requires an intact 
actin cytoskeleton. Conversely, disruption of the microtuble cytoskeleton does not affect 
asymmetric raft distribution in polarized T cells. 

Our data suggest that raft partitioning is a major determinant for asymmetric protein 
distribution in polarized T cells, as ectopically expressed raft-associated proteins are 
redistributed during cell polarization. Conversely, modification of these proteins in such a 
way that they do not associate with rafts inhibits their asymmetric distribution. On the other 
hand, disruption of L- and U-rafts by chemical depletion of membrane cholesterol impedes 
cell polarization, chemotaxis and recruitment of bystander cells; replenishment of membrane 
cholesterol restares all these functions . 

In summary, we propose that membrane protein segregation not only between raft and 
nonraft membrane domains but also between di stinct rafts subdomains may be an 
organizational principie that mediates redistribution of specialized molecules needed for T 
cell migration. 
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Lipid rafts mediate biosynthetic transport to the T lymphocyte uropod 

subdomain and are necessary for uropod integrity and function 

Millán, J., Montoya, M.C., Sancho, D., Sanchez-Madrid, F.and Alonso, M.A. 

Polarized migrating T cells possess 2 poles, the uropod protrusion at the rear and the 
leading edge at the front, with specific protein composition and function. The influenza virus 
hemagglutinin (HA) is a prototypical molecule that uses lipid rafts for biosynthetic transport 
to the apical surface in polarized epithelial Madin-Darby canine kidney (MDCK) cells. In this 
study, HA was used as a too! to investigate the role of lipid rafts in vectorial protein traffic in 
polarized T lyrnphocytes. Results show that newly synthesized HA becomes selectively 
targeted to the uropod subdomain in polarized T lyrnphoblasts. HA incorporates into raft soon 
after biosynthesis, suggesting the delivery of HA to the uropod occurs through a pathway of 
transport reminiscent of that used for its specific targeting to the apical surface. Polarized 
adhesion molecules, intracellular adhesion molecule 3 (ICAM-3), CD44, CD43, 3 
endogenous uropod markers were also detected in surface rafts. Cholesterol, the major 
component of lipid rafts, was predominantly located in the uropod. Disruption of lipid raft 
integrity by cholesterol sequestration produced unclustering of ICAM-3 and the loss of 
uropodia, and severely impaired processes that require a polarized phenotype such 
intracellular aggregation lilld cell migration. Collectively, these results indicate that lipid rafts 
constitute a route for specific targeting of proteins to the uropod and that rafts are essential for 
the generation, maintenance and functionality ofT-cell anteroposterior polarity. 
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Essential contribution of CD3y to T-cell receptor-mediated 

phosphorylation, adhesion and apoptosis in human mature T lymphocytes 

Pilar S Torres* , David A Zapata*, Alberto Pacheco-Castro*, José L. Rodríguez-Fernándezt, 
Carlos Cabañast and José R. Regueiro* 

*Inmunología, and tBioquímica y Biología Celular, Facultad de Medicina, Universidad 
Complutense, Madrid, Spain 

CD3 proteins may have redundant as well as specific contributions to the intracellular 
propagation and final effector responses of TCR-mediated signals at different checkpoints 
during T -cell differentiation. We report here on the participation of CD3y in the activation and 
effector function of human mature T lymphocytes at the antigen recognition checkpoint. 
Following TCRICD3 engagement of human CD3y-deficient T cell lines, and despite their 
lower TCRICD3 surface levels compared to normal controls, mature T -cell responses su eh as 
the regulation of expression of severa! cell surface molecules, were either normal or only 
slightly delayed In contrast, an early extinction of protein tyrosine phosphorylation was 
observed. Other physiological responses like the specific adhesion and concomitan! cell 
polarization on ICAM-1-coated dishes were selectively defective, and activation-induced cell 
death was increased Our data indicate that CD3y contributes essential specialized signaling 
functions to certain mature T cell responses. Failure to generate appropriate interactions may 
abort cytoskeleton reorganization and initiate an apoptotic response. 

Instituto Juan March (Madrid)



66 

Pyk2 regulatory function on MTOC translocation aod T cell response 
through an adapter role for Fyn during superantigen stimulation 

David Sancho 

The relocation of kinases during binding of a T cell to an appropriate antigen
presenting cell (APC) is essential for lymphocyte activation. lmmunofluorescence and live 
fluorescence microscopy showed that the proline-rich tyrosine kinase-2 (PYK-2) is rapidly 
translocated to the cell-cell contact area upon T cell specific recognition of superantigen 
pulsed APCs. The activation with anti-CD3-coated latex microspheres was sufficient for Pyk2 
reorientation, and CD28 co-engagement gave an additive effect. The absence of functional 
Lck, but not of ZAP-70, prevented TCR-mediated Pyk2 rearrangement but not its activation. 
Moreover, analysis of chimeric molecules of CD8 containing in its cytoplasmic region one 
immunoreceptor tyrosine-based activation motif (IT AM) from TCR-zb or CD3e, or a non
functional IT AMe demonstrated that lck-mediated Pyk2 translocation and activation required 
the presence of at least one intact ITAM . ln addition, Pyk2 colocalized with Fyn at the MTOC 
of T cells. Overexpression of a kinase-dead mutant of Pyk2H did not affect TCR-induced 
Pyk2/MTOC translocation, suggesting that Pyk2 reorientation was independent of its 
activation. In contras!, a mutant Pyk2H-Y 402F, unable to bind Fyn, significantly inhibited 
MfOC complex translocation and IL-2 production, but not the induction of CD69 expression 
in response to superantigen stimulation. Therefore. Pyk2 plays a critica! role for coupling Fyn 
to the MTOC complex, which is essential for the early relocation of the MfOC and its 
associated signaling complex, necessary for the amplification and maintenance of the T cell 
response. 
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Rho4p, a new GTPase involved in cell polarity processes in S. pombe 

B. Santos, J. Gutierrez and P. Pérez 

Departamento de Microbiología y Genética. Facultad de Biología. 
Universidad de Salamanca. 37007 Salamanca. (Spain) 

The Rho family of GTPases are present in all eukaryotic ce li s, from yeast to mammals 
and their role as key regulators in the signalling pathways that control actin organization and 
morphogenetic processes is well known. 

In yeast, Rho GTPases are implicated in cell polarity processes and cell wall 
biosynthesis. The yeast Schizosaccharomyces pombe have six rho GTPases, Rhol -5 and 
Cdc42. It is known that Rho 1 and Rho2 are key proteins in the construction of the cell wall, 
an essential structure that in S. pombe is composed of glucans (beta and alfa) and 
mannoproteins . Here we will describe the characterization of Rho4, another important Rho 
GTPase for fission yeast morphogenesis. Overexpression of rho4+ produces drastic lisis that 
can be rescued by adding sorbitol, suggesting a possible role of Rho4p in cell wall dynamics. 
Deletion of rho4+ produce viable cells with defects in cytokinesis at high temperature. In 
addition, Rho4p is a protein with steady-state levels throughout the cell cycle and Rho4-GFP 
localizes to the septum but not to other growth sites in the ce!!. All these data suggest a role of 
Rho4p in polarity processes in S. pombe that will be discussed. 
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A juxta-membrane amino acid sequence of P-selectin glycoprotein ligand-1 

is involved in moesin binding and ERM-directed targeting at the trailing 

edge of migrating lymphocytes 

Juan M. Serrador, Ana Urzainqui, Jose L. Alonso-Lebrero, Roman Cabrero, Maria C. 
Montoya, Miguel Vicente-Manzanares, Maria Yanhez-Mo and Francisco Sanchez-Madrid 

P-selectin glycoprotein ligand 1 (PSGL-1) is an adhesion receptor localized on the tips 
ofmicrovilli that is involved in the rolling ofneutrophils on activated endothelium. We found 
that PSGL-1 was concentrated at the uropod of chemokine-stimulated lymphoid cells. 
Dynamic tluorescence videomicroscopy analyses of mi grating lymphocytes demonstrated that 
PSGL-1 and moesin redistributed towards the cellular uropod at the trailing edge of these 
cells, where activated ezrin/radixin/moesin (ERM) proteins were located. An eighteen amino 
acid sequence in the juxta-membrane region of the PSGL-1 cytoplasmic tail was found to be 
critica! for uropod targeting and moesin binding. Substitution of Ser336, Ser348, and the basic 
cluster R337K338 by alanines within this region significantly impaired both moesin binding 
and PSGL-1 polarization. These results underline the role of moesin in the subcellular 
redistribution ofPSGL-1 in lymphoid cells. 
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Temporal and spatial regulation of Cdc24p, a GEF for the small GTPase 

Cdc42p in yeast 

Yukiko Shimada. Marie-Pierre Gulli and Matthias Peter 

The actin cytoskeleton is a highly dynamic structure that is required for many 
biological processes including establishment of cell polarity. lt is thought that local activation 
of Rho family GTPases regulates cell polarity. but little is known about the spatial and 
temporal regulation ofthis process. 

ln the budding yeast Saccharomyces cerevisiae, activation of the GTPase Cdc42p by 
its guanine nucleotide exchange factor (GEF) Cdc24p is a prerequisite for orientation of the 
actin cytoskeleton (1) . Since Cdc24p is recruited to the incipient bud site (2), we investigated 
the mechanism that regulates Cdc24p during budding We revealed an import role for the 
GTPase Bud 1 p in the recruitment of Cdc24p to the plasma membrane. Indeed, a Cdc24p 
mutant that is unable to interact with Bud 1 p fails to localize to the plasma membrane. 
Expression of artificially membrane-targeted Cdc24p (myr-Cdc24p) does not interfere with 
cell growth, suggesting that membrane recruitment is not sufficient for its activation. 
However, co-expression of Bud 1 p-GTP renders myr-Cdc24p highly toxic, implying that 
Bud 1 p may not only recruit Cdc24p to the plasma membrane but al so activate it in vivo. 
Finally, we uncovered an auto-inhibitory effect of the Cdc24p C-terrninus on its in vivo 
activity. This domain is also the binding si te for Bem 1 p, an effector of Cdc42p. These results 
suggest a role for Bemlp in stabilizing the active Cdc24p at the site ofpolarized growth. 

Rcferences: 
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(2) Shimada Yet aL N. C B. 2, 117-124. (2000) 
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Regulation of cell spreadiog and motility by a novel Trp channel-related 

kinase 

Frank N. van Leeuwen*, Michiel Langeslag#, Bart van leeuwen*, Kees Jalink# and Wouter 
H. Moolenaar* 

*Division of Cellular Biochemistry (H3 ), the Netherlands Cancer lnstitute, Plesmanlaan 121, 
1 066 CX Amsterdam 

#Division of Cell Biology (Hl), the Netherl ands Cancer lnstitute, Plesmanlaan 121 , 1066 CX 
Amsterdam 

Actomyosin contractili ty is regulated by Rho family GTPases in combination with 
changes in cytosolic free Cah and fund amental to di verse phenomena as neurite retraction, 
the formation of focal adhesions, cell spreading and - migration. In previous studies, we 
identified a myosin II heavy chain (MHC) kinase activity that is activated by Ca2

+ -mobilizing 
receptor agonists and implicated in actomyosin disassembly and cell spreading. Activation of 
this MHC kinase apears to be dependent on Ca2

- -influx and regulated by the Racl GTPase 
(van Leeuwen, 1999). To date, the role of MHC phosphorylation in vertebrate cells is not well 
understood, and the responsible kinases have not been identified. In contrast, in the lower 
eukaryote Dictyostelium, MHC kinases are key regulators of actomyosin disassembly and cell 
motility. 

We have identified a novel vertebrate kinase related to Dictyostelium MHC kinases. 
Surprisingly, upstream of the kinase domain, the protein is highly similar to a farnily of 
receptor-stimulated Ca2

+ channels, known as 'Transient receptor potential' (Trp) channels. 
Mouse and human homologs of thi s chimeri c protein have recently been identified as TRP
PLIK (Runnels, 2001) and L TRPC7 (Nadler, 200 1 ), but its function remains elusive. Here we 
show that TRP-PLIK functions as a receptor-operated calcium channel that associates with 
myosin li and regulates the actomyosin cytoskeleton. Evidence is provided to show that TRP
PLIK may function as a vertebrate myosin heavy chain kinase. 

Refereoces: 
Van Leeuwen, F.N., van Delft, S., Ka in, H. E .. van der Kammen. R.A. and Collard, J.G. (1999). Rae regulates 
phosphorylation of the myosin JI heavy chain. actinomyosin disassembly and cell spreading. Nat. Cell. Biol. , 1, 
242-248. 

Runnels, L.W., Yue. L. and Clapham. D.E. (20lll ). TRP-PLIK. a bifunctional protein '" ~ th kinase and ion 
charmel activities. Science 291 , 1043- 1047. 

Nadler et al.. (2001 ). LTRPC7 is a MgATP-rcgulated diva lent cation channel required for cell viability. Nature 
411 , 590-595. 
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Peritoneal dialysis induces an epithelial-mesenchymal transition of 

mesothelial cells 

Maria Yáñez-Mó, Enrique Lara-Pezzi, Mana Ramírez. Carmen Oomínguez-Jiménez, 
Francisco Sánchez-Madrid. and Manuel López-Cabrera 

Ouring continuous ambulatory peritonea l dialysis. the peritoneum is directly exposed 
to bioincompatible dialysis fluid s, which cause progressive denudation of mesothelial cells, 
tissue fibrosis and ultrafiltration failure However. the patho-physiology of the process has not 
been elucidated so far. We demonstrate that peritoneal mesothelial cells undergo an epithelial 
to mesenchymal transition during CAPO and acquire a migratory phenotype. Most of these 
changes are already evident at the early stages of the transdifferentiation, soon after CAPO is 
initiated In vitro analysis point to wound repair, protibrotic and proinflammatory cytokines as 
crucial initiating factors of mesothelial cell transdifferentiation. lmmunohystochemical studies 
of peritoneal biopsies demonstrated the presence of cytokeratin-expressing fibroblast-like 
cells entrapped in the stroma, suggesting that these cells raised from local conversion of 
mesothelial cells. Our results indicate an active role of mesothelial cells in the structural and 
functional alteration of the peritoneum during CAPO and suppose a new concept in the 
pathology of ultrafiltration failure Our data also unveil a series of potential markers and 
targets in the design of new dialysis solutions and follow up of the patients. 
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(USA). Fax 1 510 643 6791. E-mail : drubin@uclink4. 
berkeley.edu 

Skirball Institute ofBiomolecular Medicine, New York 
University School ofMedicine. 540 1st Ave, New York, 
NY 10021 (USA). Te! 1 212 263 32 07. Fax: 1 212 263 
57 11. E-mail : dustin@satum.med .nyu .edu 

Section of Cell and Developmental Biology, Center for 
Molecular Genetics, University of California. 9500 Gilman 
Orive, San Diego, La Jolla, CA 92093-0634 (USA) . Te! · 1 
858 53 4 2788. Fax: 1 858 534 7073 . E-mail : rafirtel@ 
ucsd .edu 

Department ofDermatology, University ofWürzburg. Josef
Schneider-Str. 2, 97080 Würzburg (Gennany). Te! : 49 931 
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uni-wuerzburg.de 
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University ofVirginia. P.O. Box 800732. 1300 Jefferson 
Park Ave, Charlottesville, V A. 22908-0732 (USA). Tel.: 1 
434 243 6813. Fax: 1 434 982 39 12. E-mail: horwitz@ 
virginia.edu 

Div. ofCell Biology, Dept. of Pediatrics. National Jewish 
Medica! and Research Center. 1400 Jackson St. , Denver, 
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1225 . E-mail : kupfera@njc.org 
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Research. Y ale University School ofMedicine. 333 Cedar 
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(USA). Tel. : 1 203 785 4303. Fax: 1 203 785 4301. E-mail: 
ira.mellman@yale.edu 

Dept. ofPharmacology, Kyoto University, Faculty of 
Medicine. Yoshida, Sakyo-ku, Kyoto 606-8501 (Japan). 
Tel.: 81 75 753 4392. Fax: 81 75 753 4693 . E-mail: 
snaru@mfour.med.kyoto-u.ac.jp 

Ludwig Institute for Cancer Research, Royal Free and 
University College Hospital Branch. 91 Riding House 
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Hospital Universitario de la Princesa. Universidad 
Autónoma de Madrid. Diego de León, 62, 28006 Madrid 
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mail : fsanchez@hlpr.insalud.es 

Max Plank Institute ofMolecular Cell Biology and 
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Texts published in the 
SERIE UNIVERSITARIA 
by the 
FUNDACIÓN JUAN MARCH 
concerning workshops and courses organized within the 
Plan for International Meetings on Biology (1989-1991) 

*: Out of stock. 

*246 Workshop on Tolerance: Mechanisms 
and lmplications. 
Organizers: P. Marrack a01d C. Martínez-A. 

*247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organizers: V. Conejero and L. C. Van 
Loon. 

*248 Course on DNA - Protein lnteraction. 
M. Beato. 

·249 Workshop on Molecular Diagnosis of 
Cancer. 
Organizers: M. Perucho and P. García 
Barreno. 

*251 Lecture Course on Approaches to 
Plant Development. 
Organizers: P. Puigdomenech and T. 
N el son. 

•252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizar: Juan F. Santarén. 

253 Workshop on Genome Expression 
and Pathogenesis of Plant RNA 
Viruses. 
Organizers: F. García-Arenal and P. 
Palukaitis. 

254 Advanced Course on Biochemistry 
and Genetics of Yeast. 
Organizers: C. Gancedo, J. M. Gancedo, 
M. A. Delgado and l. L. Calderón. 

*255 Workshop on the Reference Points in 
Evolution. 
Organizers: P. Alberch and G. A. Dover. 

•255 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato and A. 
A. Travers. 

257 Lecture Course on Polyamines as 
Modulators of Plant Development. 
Organizers: A. W. Galston and A. F. 
Tiburcio. 

*258 Workshop on Flower Development. 
Organizers: H. Saedler, J. P. Beltrán and 
J. Paz-Ares. 

*259 Workshop on Transcription and 
Replication of Negative Strand RNA 
Viruses. 
Organizers: D. Kolakofsky and J. Ortín . 

*260 Lecture Course on Molecular Biology 
of the Rhizobium-Legume Symbiosis. 
Organizar: T. Ruiz-Argüeso. 

261 Workshop on Regulation of 
Translation in Animal Virus-lnfected 
Cells. 
Organizers : N. Sonenberg and L. 
Carrasco. 

*263 Lecture Course on the Polymerase 
Chain Reaction. 
Organizers : M. Perucho and E. 
Martínez-Salas. 

•254 Workshop on Yeast Transport and 
Energetics. 
Organizers: A. Rodríguez-Navarro and 
R. Lagunas. 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organizers: T. A. Springer and F. 
Sánchez-Madrid. 

*266 Workshop on lnnovations in Pro
teases and Their lnhibitors: Funda
mental and Applied Aspects. 
Organizar: F. X. Avilés. 
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267 Workshop on Role of Glycosyi
Phosphatidylinositol in Cell Signalling. 
Organizers: J. M. Mato and J. Larner. 

268 Workshop on Salt Tolerance in 
Microorganisms and Plants: Physio
logical and Molecular Aspects. 

Texts published by the 

Organizers: R. Serrano and J. A. Pintor
Toro. 

269 Workshop on Neural Control of 
Movement in Vertebrales. 
Organizers: R. Baker and J. M. Delgado
García. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors *10 Workshop on Engineering Plants 

Tell the Brain? Against Pests and Pathogens. 

Organizers: C. Belmonte and F. Cerveró. Organizers: G. Bruening, F. García-
Olmedo and F. Ponz. 

*2 Workshop on DNA Structure and 
Protein Recognition. 11 Lecture Course on Conservation and 
Organizers: A. Klug and J. A. Subirana. Use of Genetic Resources. 

*3 Lecture Course on Palaeobiology: Pre- Organizers: N. Jouve and M. Pérez de la 

paring for the Twenty-First Century. 
Vega. 

Organizers: F. Álvarez and S. Conway 
12 Workshop on Reverse Genetics of 

Morris. Negative Stranded ANA Viruses. 

*4 Workshop on the Past and the Future Organizers: G. W. Wertz and J . A. 

of Zea Mays. Melero. 

Organizers: B. Burr, L. Herrera-Estrella 
and P. Puigdomenech. *13 Workshop on Approaches to Plant 

Hormone Action 
*5 Workshop on Structure of the Major 

Histocompatibility Complex. 
Organizers: J. Carbonell and R. L. Jones. 

Organizers : A. Arnaiz-Villena and P. *14 Workshop on Frontiers of Alzheimer 
Parham. Disease. 

*6 Workshop on Behavioural Mech-
Organizers: B. Frangione and J. Ávila. 

anisms in Evolutionary Perspective. 
*15 Workshop on Signa! Transduction by 

Organizers: P. Bateson and M. Gomendio. 
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-
Den es. 16 Workshop on lntra- and Extra-Cellular 

*8 Workshop on the Diversity of the 
Signalling in Hematopoiesis. 

lmmunoglobulin Superfamily. 
Organizers: E. Donnall Thomas and A. 

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

9 Workshop on Control of Gene Ex- *17 Workshop on Cell Recognition During 

pression in Veast. 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 and A. 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. Fax and J. Portugal. 

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

*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. Diaz 
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 
ANA 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. Martinez-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. Azorin, M. Beato and A. 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. Caen , 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: mANA Processing, Transport 
and Translation. 
Organizers: l. W. Mattaj, J. Ortín and J. 
Valcárcel. 

51 Workshop on Mechanisms of Ex
pression and Function of MHC Class JI 
Molecules. 
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-KB/IKB 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 Tela
meres and Centromeres. 
Organizers: B. J. Trask, C. Tyler-Smith, F. 
Azorín and A. Villasante. 

59 Workshop on ANA 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. 
Pagas. 

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

62 1996 Annual Report 

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. 
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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 and A. 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. Sillito. 

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 

Macromolecules. 
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. 

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. 
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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 Cell 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. 
Organizer: M. A. Blasco. 

99 Workshop on Specificity in Ras and 
Rho-Mediated Signalling Events. 
Organizers: J . L. Bos, J. C. Laca! and A. 
Hall . 

100 Workshop on the Interface Between 
Transcription and DNA Repair, Recom
bination and Chromatin Remodelling. 
Organizers: A. Aguilera and J. H. J. Hoeij
makers. 

101 Workshop on Dynamics of the Plant 
Extracellular Matrix. 
Organizers: K. Roberts and P. Vera. 

102 Workshop on Helicases as Molecular 
Motors in Nucleic Acid Strand Separa
tion. 
Organizers: E. Lanka and J. M. Carazo. 

103 Workshop on the Neural Mechanisms 
of Addiction. 
Organizers: R. C. Malenka, E. J. Nestler 
and F. Rodríguez de Fonseca. 

104 1999 Annual Report. 

105 Workshop on the Molecules of Pain : 
Molecular Approaches to Pain Research. 
Organizers: F. Cervero and S. P. Hunt. 

106 Workshop on Control of Signalling by 
Protein Phosphorylation. 
Organizers: J . Schlessinger, G. Thomas, 
F. de Pablo and J . Mosca!. 

107 Workshop on Biochemistry and Mole
cular Biology of Gibberellins. 
Organizers: P. Hedden and J. L. García
Martínez. 

108 Workshop on lntegration of Transcrip
tional Regulation and Chromatin 
Structure. 
Organizers: J . T. Kadonaga, J. Ausió and 
E. Palacián. 

109 Workshop on Tumor Suppressor Net
works. 
Organizers: J. Massagué and M. Serrano. 

11 O Workshop on Regulated Exocytosis 
and the Vesicle Cycle. 
Organizers: R. D. Burgoyne and G. Álva
rez de Toledo. 

111 Workshop on Dendrites. 
Organizers: R. Yuste and S. A. Siegel
baum. 

112 Workshop on the Myc Network: Regu
lation of Cell Proliferation, Differen
tiation and Death. 
Organizers: R. N. Eisenman and J. León. 

113 Workshop on Regulation of Messenger 
ANA Processing. 
Organizers: W. Keller, J. Ortín and J. 
Valcárcel. 

114 Workshop on Genetic Factors that 
Control Cell Birth, Cell Allocation and 
Migration in the Developing Forebrain. 
Organizers: P. Rakic, E. Soriano and A. 
Álvarez-Buylla. 
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115 Workshop on Chaperonins: Structure 
and Function. 
Organizers: W. Baumeister, J. L. Garras
cosa and J . M. Valpuesta. 

116 Workshop on Mechanisms of Cellular 
Vesicle and Viral Membrane Fusion. 
Organizers: J. J. Skehel and J. A. Melero. 

117 Workshop on Molecular Approaches 
to Tuberculosis. 
Organizers: B. Gicquel and C. Martín. 

118 2000 Annual Report. 

119 Workshop on Pumps, Channels and 
Transporters: Structure and Function. 
Organizers: D. R. Madden, W. Kühlbrandt 
and R. Serrano. 

120 Workshop on Common Molecules in 
Development and Carcinogenesis. 
Organizers: M. Takeichi and M. A. Nieto. 

121 Workshop on Structural Genomics 
and Bioinformatics. 
Organizers : B. Honig, B. Rost and A. 
Valencia. 

122 Workshop on Mechanisms of DNA
Bound Proteins in Prokaryotes. 
Organizers: R. Schleif, M. Coll and G. del 
Solar. 

123 Workshop on Regulation of Protein 
Function by Nitric Oxide. 
Organizers: J. S. Stamler, J. M. Mato and 
S. Lamas. 

124 Workshop on the Regulation of 
Chromatin Function. 
Organizers: F. Azorín , V. G. Corees , T. 
Kouzarides and C. L. Peterson. 

125 Workshop on Left-Right Asymmetry. 
Organizers: C. J. Tabin and J. C. lzpisúa 
Belmonte. 

126 Workshop on Neural Prepatterning 
and Specification. 
Organizers: K. G. Storey and J . Modolell. 

127 Workshop on Signalling at the Growth 
Cone. 
Organizers: E. R. Macagno, P. Bovolenta 
and A. Ferrús. 

Out of Stock. 

128 Workshop on Molecular Basis of lonic 
Homeostasis and Salt Tolerance in 
Plants. 
Organizers: E. Blumwald and A. Rodríguez
Navarro. 

129 Workshop on Cross Talk Between Cell 
Division Cycle and Development in 
Plants. 
Organizers: V. Sundaresan and C. Gutié
rrez . 

130 Workshop on Molecular Basis of Hu
man Congenital Lymphocyte Disorders. 
Organizers: H. D. Ochs and J. R. Re
gueiro. 

131 Workshop on Genomic vs Non-Genomic 
Steroid Actions: Encountered or Unified 
Views. 
Organizers: M. G. Parker and M. A. Val
verde. 

132 2001 Annual Report. 

133 Workshop on Stress in Yeast Cell Bio
logy ... and Beyond. 
Organizer: J . Ariño. 

134 Workshop on Leaf Development. 
Organizers: S. Hake and J . L. Micol. 

135 Workshop on Molecular Mechanisms 
of lmmune Modulation: Lessons from 
Viruses. 
Organizers: A. Alcami , U. H. Koszinowski 
and M. Del Val. 

136 Workshop on Channelopathies. 
Organizers : T. J . Jentsch , A. Ferrer
Montiel and J . Lerma. 

137 Workshop on Limb Development. 
Organizers: D. Duboule and M. A. Ros. 

138 Workshop on Regulation of Eukaryotic 
Genes in their Natural Chromatin 
Context. 
Organizers: K. S. Zaret and M. Beato. 

139 Workshop on Lipid Signalling: Cellular 
Events and their Biophysical Mecha
nisms. 
Organizers: E. A. Dennis, A. Alonso and l. 
Varela-Nieto. 
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The Centre for Intemational Meetings on Biology 
was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a prívate 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 

Courses, Serninars and Symposia. 

From 1989 through 2001 , 
a total of 162 meetings, 

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 al a workshop 
held on lhe J rd through lhe 51h of }une, 2002, 
al the Instituto Juan March. 

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

There is a limited edition of 450 copies 
of this volume, available f ree of charge. 


