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The phosphorylation and dephosphorylation of proteins and lipids are critica! 

processes for the execution of the cellular programs leading to proliferation, differentiation 

and survival. The recent completion of the D. melanogaster genome and its comparison with 

that of other organisms such as C. elegans and S. cerevisiae, has revealed that protein kinases 

are among the top 10 protein families that are common to all three organisms and constitute 

aproximately 2% of each proteome. In Drosophila, the kinase group is constituted by 

aproximately 75% serine/threonine kinases and 25% tyrosine or dual specificity kinases.The 

irnpressive recent progress in identifying kinases and phosphatases implicated in signa! 

transduction in eukaryots has been paralleled by progress in defining their phosphorylation 

si tes, the effect of phosphorylation on protein-protein interactions and consequences of their 

mutation or functional inactivation at the leve! ofthe cell an the whole organism. 

This meeting has served as a lively forum for discussion of recent advances in the 

field of signa! transduction and its regulation by protein phosphorylation in systems ranging 

from marnmals to yeast. The first part of the workshop focused on the role of receptor 

tyrosine kinases, PI3K and the MAPKIERK. signaling pathways in cell growth, proliferation 

and survival. Another series of presentations discussed cytokine signaling with special 

emphasis in the mechanism of NF-KB activation, as a paradigm of cytoplasmic signaling 

transmitted from membrane to nucleus. The crystal structure of severa! li gand-receptor 

complexes, serine-threonine kinases and the tumor suppressor PTEN were presented. The last 

part of the workshop was devoted to developmental and differentiation models addressing 

issues such as cell size control, apoptosis in vivo and cell cycle regulation. 

Jorge Moscat and Flora de Pablo 
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From the fly to the m o use: the role of S6 kinase in cell growth 

George Thomas 

Friedrich Miescher Institute, Base!, Switzerland 

We have been interested in the distinction between growth, or increase in cell 
mass, and proliferation increase in cell number. lt is evident that a cell must first grow 
before it proliferates, otherwise it will divide into infmitely smaller cells, a process 
which could not go on indefmitely. Although we have leamed a great deal concerning 
the mechanisms which control cell cycle progression, we know little concerning the 
molecular mechanisms which control cell growth. What is clear, is that they include all 
the anabolic processors required for a cell to duplicate itself. Chief amongst these is the 
activation protein synthesis. However what is Iargely overlooked is that the major 
products being synthesized are components ofthe translational machinery, most notably 
ribosomal proteins. The m.RNAs encoding these proteins are characterized by a 
polypyrimidine at track of their 5' transcriptional start site. Earlier studies from our 
group have shown that the upregulation of these m.RNAs is controlled at the 
translational leve! through S6 kinase, presumably mediated by increased 40S ribosomal 
protein S6 phosphorylation. Our present efforts have largely focussed on validating this 
model in an in vivo setting and establishing genetic screens to search for additional 
components in this signaling pathway. This presentation will review our recent studies 
in both Drosophila and the mouse in addressing this issue. 

Instituto Juan March (Madrid)
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Physiological roles of PDKI deduced from the embryonic stem cells lacking 
this protein kinase 

Philip Cohen, Michayla Williams and Dario R. Alessi 

MRC Protein Phosphorylation Unit, MSUWTB Complex, University ofDundee, 
Dundee DDl SEH, Scotland, U.K. 

Protein kinase B (PKB, also called Akt) is activated within a minute or two when cells 
are stimulated with insulin or insulin-like growth factor-1 (IGF-1) and mediates many of the 
intracellular actions ofthese signals by phosphorylating key regulatory proteins at serine and 
threonine residues that lie in Arg-Xaa-Arg-Xaa-Xaa-Ser/Thr sequences. Physiological 
substrates for PKB include glycogen synthase kinase-3 (GSK3), the PDE3B isoform of cyclic 
AMP phosphodiesterase, and the cardiac isoform of 6-phosphofructo-2-kinase (PFK2) . The 
inhibition of GSK3 by PKB leads to the dephosphorylation and activation of g lycogen 
synthase and protein synthesis initiation factor eiF2B and contributes to the insulin-induced 
stimulation of g lycogen synthesis and protein synthesis. The activation of PDE3B underlies 
the insulin-induced decrease in the level of cyclic AMP, which inhibits lipolysis in adipose 
tissue. The activation of PFK2 underlies the insulin-induced stimulation of glycolysis in the 
heart. 

The in sulin or IGFl-induced activation of PKB results from the phosphorylation of 
PKB at two residues, namely Thr308 in the activation loop of the catalytic domain and Ser 
473 near the C-terminus. The phosphorylation of both residues is prevented by inhibitors of 
phosphatidylinositol (PI) 3-kinase, indicating that Pl(3,4,5)trisphosphate (PIP3), the product 
of the PI 3-kinase reaction, mediates the phosphorylation and activation of PKB . Nearly three 
years ago we identified and characterised a protein kinase that phosphorylates PKB at Thr308 
provided that PIP3 is present in the reaction . We therefore termed this enzyme 3-
phosphoinositide-dependent protein kinase-1 (PDK 1 ). PIP3 binds to the pleckstrin homology 
(PH) domain of PKB altering its confonnation so that Thr308 becomes access ibl e for 
phosphorylation . S ince PTP3 is located al the plasma membrane of cells, the interaction of 
PKB wit h this molcculc also recruits PKB to the plasma membrane, where it can be 
phosphorylated by PDKI, a significan! proportion of which is present at this location. In 
addition, PIP3 binds to the PH domain of PDK 1 which is critica! for the activat ion of PKB in 
vit ro and presumably a lso at the plasma membrane in vivo. 

We and others ha ve found that PDK 1 phosphorylates and activa tes severa! other 
protein kinases in vitre which, like PKB, are members of the AGC subfamil y of protein 
kinases. These include p70 S6 kinase, serum and glucocortico id-induced protein kinase 
(SGK), MAP ki nase-activated protein kinase-1 (MAPKAP-K 1) al so ca ll ed p90rsk nea rly all 
isoforms of protein ki nase C (PKC) and cyclic AMP-dependent protein kina se (PKA) 

In order to investigate whether PDK 1 is really the enzyme that activates PKB in vivo 
and whether it is a l so req uired for the activation of ot her protein ki nases in vivo. we produced 
embryoni c ste ms (ES) cell s in which both copies of the gene encoding PDK 1 ha ve been 
di srupt ed . T hcse ES ce li s do not express PDK 1, but are viable and proliferate at normal rates . 
The results of studi es w ith the ES cells lacking PDK 1 will be presented in the ta l k. 

Instituto Juan March (Madrid)
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Regulation and role of the atypical PKCs in cell survival 

Jorge Moscat 

Centro de Biología Molecular Severo Ochoa, Universidad Autónoma, 

28049 Madrid, Spain. 

The two members ofthe atypical PKC subfamily of isozymes (aPKC), l:PKC and A.hPKC, 

have been implicated in the control of important cellular functions like cell proliferation and 

survival, most likely through the regulation of critica! signaling pathways such as those that 

actívate the AP-1 and NF-KB transcription factors . In this regard, the inhibition of the aPKCs 

severely impairs the activation of the MEK-ERK cascade by mitogens and the IKK system by 

TNFa. The understanding of the mechanisms whereby one given kinase can be involved in 

different cascarles is not completely understood but could be related to the existence of specific 

anchors/scaffolds that confer selectivity to the kinase's effects. In this regard both aPKCs, but not 

the classical or the novel isoforms, bind selectively to p62 which is neither a regulator nor a 

substrate of these kinases but that has a number of motifs consisten! with its role as an adapter 

linking the aPKCs to receptor signaling complexes such as the RIPffRADDffNFa receptor 

[Sanz, 1999 #470). Both aPKCs also bind the protein Par-4 that has been implicated in the 

induction of apoptosis. Thus, severa! stress pathways including the withdrawal of neurotrophic 

factors promote an induction ofPar-4 levels and its subsequent interaction with the aPKCs which 

serves to inhibit their enzymatic activity. This leads to the down-regulation of the IKK/NF-KB 

system which may explain why the overexpression ofPar-4 sensitizes cells to TNFa-induced cell 

death . Interestingly, Par-4 levels are down-regulated in Ras transform cells. We demonstrate that 

the expression of oncogenic Ras reduces Par-4 protein and mRNA levels through a MEK­

dependent pathway. In addition, the expression of permanently active mutants of MEK, Raf-1. or 

i;PKC but not of PI 3-kinase, is sufficient to decrease Par-4 levels. These effects are independent 

of p53 . p 16 and p 19, and were detected not only in fibroblast primary cultures but al so in NIH-

3T3 and HeLa cells. indicating that they are not secondary toRas actions on cell cycle regulation . 

lmponantly, the restoration ofPar-4 levels to normal values in Ras-transformants not only makes 

these ce lis sensitive to the pro-apoptotic actions of TNFa under conditions in which PI 3-kinase 

is inhibited but also severely impairs colony formation in soft agar and tumor developinent in 

nude m ice. as well as the sensitivity of these tumors to chemotherapeutic agents. This indi cates 

that the down-regulation ofPar-4 by oncogenic Ras is a critica! event in tumor progression . More 

recently the promoter of Par-4 has been cloned in our laboratory and the potential elements 

invol ved in it s down-regulation are being characterized. 

Instituto Juan March (Madrid)
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Structure, function, and regulation of MAP kinase pathways 

Melanie H. Cobb 

University ofTexas Southwestem Medica! Center Dalias, TX 75390-9041 

MAP kinase cascades are among the signa! transduction pathways most commonly used 
to mediate intracellular responses to extracellular signals and environmental cues (English et al. , 
1999). Each MAP kinase cascade includes a mínimum ofthree protein kinases activated in series. 
MAP kinases are activated by their specific upstream activating enzymes, MEKs, by 

phosphorylation on two closely spaced residues, a threonine and a tyrosine. The crystal structures 
ofthe MAP kinase ERK2 in the unphosphorylated and phosphorylated states explain how the two 
phosphorylation events increase the activity of the enzyme and reveal other interesting fea tu res 
of this enzyme family (Zhang et al., 1994; Canagarajah et al., 1997). We have used severa! 
strategies to understand the relationship of subcellular localization to function of ERK2 and the 
mechanism of its nuclear translocation (Khokhlatchev et al. , 1998). We conclude that MAP 
kinases homodimerize following phosphorylation Homodimerization contributes to the nuclear 
accumulation of active forms of these proteins. ERK2-MEKI fusion proteins have elevated 
protein kinase activity, do not actívate endogenous MAP kinases, and can be localized to 
individual subcellular compartments by the deletion or addition of targeting sequences. Their 
localization in the nucleus appears to be required to induce severa! transcriptional and phenotypic 
effects including cell proliferation (Robinson et al., 1998). The orphan MAP kinase ERKS. like 
ERK 1 and ERK2. may al so be importan! for cell proliferation. Dominan! negative mutants of 
ERKS and its upstream activator MEK5 block transformation induced by Raf-1 , consistent with 
additional signaling pathways downstream of Raf (English et al. , 1999). 

Referenccs : 
Canag:u·a¡ah. IU .. Khokhl atchc1·. A .. Cobb. M.H., and (ioldsmith . E ( 1 997) . Actl\ ·a tlonmc-ch:ll ll'" ' o~fth c M/\ 1' kmasc 

FRI<:? h1· dual ph o~s ph n n · i:J¡j ,, n Cdl 90. X~ll - ~( ,< ) 

Eng.li :<h . .1.. 1'.:.1r:«m. l i .. Wil :;bach.:r, .l. . S 11·antek, .1. , Kar:mdikar, M., X u, S .. and Cobb. M. H. ( 19<)9). Nc11· insig.hts into 
thc <:<llllrol o f M/\P kinas.: patlm·ays. E:-:p.C.:II Res. ]53. 255-270. 

Eng.lish. J .M .. Pears,,n, G .. HockenbenY, T .. Shivakumar, L., White, M.A. , and Cobb, MH. ( 1 99<J) . Cont1ibution ofthe 
ERK5/MEK5 pathwav to Ras!Raf s ignaling and growth control. J.Bioi. Chem. ] 74, 315g8-31592. 

Khokhlatchev, A., Canagarajah, B., Wil sbacher, J.L , Robinson, M., Atkinson, M., Go ld ~ mith , E.. and Cobb. M.H. 
( 1998). Phosphon-!ation ofthe MAP kinasc ERK2 promotes its homodimeriz.a tion mtd nuclear trans locati on. 
Cdl 93, 605-6 15. 

Robinson. M . .l. , Stippec, S.A., Goldsmith E, White. M .A. . and Cobb, M.H. ( 1998) . Constiluti vd 1· acti ve ERK2 MAJ> 
kinas.: is :;uilicient for n.:uri te outgrowth and ce!! transfo nnation 11·hen targdcd to the nudcus. CtuT.Biol. H, 
11 4 1-11 50 . 

Zhanf!. F .. Stra nd, A .. Robbins. D., Cobb. M.H .. and Goldsmith. E. J. ( 1994) Atomic Stn1cturc of~1c MAl' Kinas.: ERK2 
at2 ~A Rc>oluti un . Naturc 367.704-7 10 . 
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NIK recruitment to phosphotyrosine-containing proteins by Nck is an 

important event in the downstream cascade of EphB receptors that leads to 

JNK and integrin activation. 
Becker,E., Huynh·Do,U., Holland,S., Pawson,T., Daniei,T.O., Skolnik,E 

Skirballlnstitute for Biomolecular Medicine. NYU Medica! Center. 10016 New York. 

The ste20 kinase NIK specifically activates the JNK module in mammals. NIK also binds 

the SH3 domains of the SH2/SH3 adaptor protein Nck. In search for upstream regulators 

of NIK, we found that NIK kinase activity is specifically increased in cells stimulated by 

Eph81 and Eph82. Eph receptors constitute the largest family of receptor tyrosine 

kinases and member of this family play importan! roles in patteming of the nervous and 

vascular systems. 
Stimulation of Eph81 and Eph82 led predominantly lo a complex between NIK and Nck, 

p62 dok, RasGAP and unidentified 145 kDa tyrosine phosphorylated protein. In searching 

for the identity of this protein, we found that the phosphatase SHIP2 is tyrosine 

phosphorylated in EphB stimulated cells . However, SHIP2 is not present in the complex 

with Nck and NIK. 
Nik activation is critica! for coupling EphB lo biological responses as (1) it functions lo 

increase Eph81 mediated attachmerrt lo fibrinogen , via integrin activation and (ii)it 

couples EphB lo JNK activation. 

Instituto Juan March (Madrid)
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Mitogenic signalling and small GTPases 

C.J. Marshall 

CRC Centre for Cell and Molecular Biology, Institute of Cancer Research, 
Chester Beatty Laboratories, 237 Fulharn Road, London SW3 6JB, England. 

Abnormal control of cell proliferation is a characteristic of tumours and so an 
understanding of the mechanisms controlling cell proliferation may pro vide new targets 
for cancer therapy. Small GTPases of the Ras and Rho families are involved in 
transmitting signals from growth factor receptors to intracellular signalling pathways 
controlling cell proliferation. Furtherrnore, mutated constitutively activated versions of 
these GTPases or their exchange factors can function as oncogenes. Severa! lines of 
evidence suggest that signals from Ras and Rho GTPases interact, but the molecular 
basis for this is not fully understood. One point of interaction is that sorne 
transmembrane receptors have to actívate both Ras and Rho in order to get ERK MAP 
kinase activation. A second point of interaction is expression of the cyclin dependent 

kinase inhibitor p2l Wafl . When Rho signalling is blocked, activated Ras induces high 

levels of p2l Wafl and fails to induce DNA synthesis. Consistent with these 
observations we have found that Swiss 3T3 cells transformed by oncogenic Ras have 

elevated levels ofRho GTP. When Rho is blocked in these cells p21 Wafl is induced and 
the cells arrest. Thus Rho activity suppresses a signalling pathway of Ras that is 
required for transformation. Wlúle Rho GTP is elevated, these cells fail to respond to 
the Rho signa( that leads to stress fibres, arguing that, in turn, Ras suppresses a signal 
from Rho. 

While it is clear that activation ofRas is required for transmitting many rnitogenic 
signals, it is not clear which Ras dependen! signalling pathways are required. We have 
addressed this problem by using cells in which components of cell cycle control have 
been inactivated by homologous recombination. Using this approach we can show that 
loss ofthe tumour supressor pRbl05 reduces the requirement for thc ERK MAP kinasc 
pathway for cell cycle re-entry. This suggests that the ERK MAP kinase pathway plays a 
major role in the activation of the CyclinD dependent kinases that phosphorylate and 
inactivate pRbl05 . 

Refcrenccs: 
Olson MF, Paterson HF and Marshall CJ ( 1998) Signals from Ras and Rl10 GTI'ases interact to regulate 

expression ofp21 Wafi/Cipl. Nature 394: 295-299. 

Trcinics 1, Patcrson HF, Hoopcr S, Wilson R and Marshall CJ (1998) Activated MEK stimulates 
exprcssion of AP-1 components indepcndently of P13-kinasc bu! rcquircs a PIJ-kinasc signa( lo 
stimulatc DNA synthesis . . Molecular and Cellular Biology 19: 321-329. 

Marshall CJ (1999) Small GTPascs and ccll cyclc rcgulation. Novanis Medal Lccturc of Thc 
Biochcmical Socicty. Biochcmical Society Transaclion 27(4): 363-370. 
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Signaling by the insulin receptor 

Emmanuel Van Obberghen 

Inserm Unit 145, School ofMedicine, Avenue de Valombrose, 06107 Nice, France 

Insulin is a key hormone implicated in a wide range of biological effects on 
metabolism, cellular growth, and differentiation. After insulin binds to the extracellular a.­
subunit of its receptor (IR), the tyrosine kinase activity of the P-subunit becomes active, 
leading to IR autophosphorylation and subsequently tyrosine phosphorylation of substrates. 
These tyrosine-phosphorylated molecules then act as docking proteins, recruiting SH2 domain­
containing effectors such as phosphatidylinositol 3-kinase (PI 3-kinase), the adaptor growth 
factor receptor-bound protein-2 (Grb-2), and the phosphotyrosine phosphatase Shp-2. 

In addition to IRS-1, the first identified bona fide substrate, severa! other direct 
substrates ofthe insu1in receptor have been isolated including the different Shc isoforms, IRS-
2,3,4 and Gab-1. To the growing list of insulin receptor substrates we have added recently 
using yeast two-hybrid and mammalian transfection studies Stat 58, which belong to the 
family of SH2-domain containing transcription faEtors. We showed that Stat 58 interacts 
directly with its SH2-domain to the juxtamembrane tyrosine 960 ofthe insu1in receptor, which 
has to be phosphorylated to allow this interaction to occur. Importantly, we found that the 
insulin receptor phosphorylates Stat 58 on tyrosine 699, which allows Stat 5 dimerization and 
hence its activation. More recently, we have approached the biological relevance of the 
interaction between the insulin receptor and the transcription factor Stat 58. Firstly, we show 
that both insulin and IGF-1 Iead to tyrosine phosphorylation of Stat 58 and this promotes 
binding of the transcription factor to the p-casein promoter containing a Stat 5 binding site. 
Further, we demonstrate that insulin stimulates the transcriptional activity of Stat 58. 
Activation of Stat 58 by insulin appears to be Jak2-independent, whereas Jak2 is required for 
growth hormone-induced Stat 58 activation. Hence the pathway by which Stat 58 is activated 
by insulin is different from that used by growth hormone. In addition using Jakl- and Tyk2-
deficient cells we exclude the involvement of both Jakl and Tyk2 in Stat 58 activation by 
insulin. Taken together, our results strengthen the notion that insulin receptor can directly 
actívate Stat 58. More importantly, we have identified a Stat 5 binding site in the human 
hepatic glucokinase promoter and we show that insulin leads to a Stat 58-dependent increase in 
transcription of a reporter gene carrying this promoter. These observations favor the idea that 
Stat 58 plays a role in mediating the expression ofthe glucokinase gene induced by insulin. As 
a who1e these results provide evidence for the occurrence of a newly identified circuit in 
insulin signaling in which the cell surface receptor is directly 1inked to nuclear events through a 
transcription factor. Further, we have revealed an insu1in target gene whose expression is, at 
1east in part, dependent on Stat 58 activation and/or binding. 

The cytokine Stat signaling pathway is negative1y modulated by Socs proteins (Socs = 
suppressors of cytokine signaling). The best described of these proteins are Cis and SOC-1 
(also named SSl-1 and JAB-1) to SOCS-7. They share an homologous structure, and N­
terminal region of variable length, a central SH2 domain and a C-terminal SOCS box. The 
SOCS are rapidly induced by various cytokines, in a tissue-specific manner. Once expressed 
they participate in a negative feedback loop by inhibiting cytokine mediated Jak-Stat activation 
by various mechanisms. 
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Based on our demonstration that insulin leads to Stat5-mediated gene expression, we 

investigated whether the Socs pathway might be involved in controling insulin signaling. We 

found that in 3T3-Ll adipocytes, insulin induces SOCS-3 expression but not expression of Cis 

or SOCS-2. Using transfection of Cos-7 cells, we show that insulin-induction of SOCS-3 is 

dependent upon Stat5B expression. Moreover, Stat5B from insulin-stimulated cells binds 

directly to a Stat element present in the SOCS-3 promoter. Once induced, SOCS-3 blunts 

insulin activation of Stat5B, without modifying the insulin receptor tyrosine kinase activity. 

This negative regulation likely results from competition between SOCS-3 and Stat5B binding 

to the same insulin receptor motif. Indeed, using a yeast two hybrid system we show hat 

SOCS-3 binds to the insulin receptor at phosphotyrosine 960, which is precisely where Stat5B 

binds. This association was confirmed in intact cells using confocal microscopy. Indeed, in 

unstimulated cells SOCS-3 is found throughout the cytoplasm. Importantly, insulin induces 

colocalization ofinsulin receptor and SOCS-3 at the cell membrane. This translocation requires 

tyrosine 960 of the insulin receptor since with cells expressing receptors mutated on Y960 

(Y960F) no insulin-induced SOCS-3 translocation is seen. 

To conclude, we have thus revealed a second insulin-target gene of which the 

expression is dependent upon Stat5B activation. Importantly, SOCS-3 for by inhibiting insulin­

stimulated Stat5B, SOCS-3 appears to function as a negative regulator ofinsulin signaling. 
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Osmo-stress signa( transduction in S. cerevisiae 

F rancesc Posas 

Cell Signaling Unit, Faculta! de Ciencies de la Salut i de la Vida. 
Universitat Pompeu Fabra. Barcelona (Spain) 

The adaptive response to high osmolarity is crucial for yeast cells as their natural habitats pose the potential for extreme osmotic conditions. When yeast cells detect changes in extracellular osmolarity they respond to it through activation of a MAP kinase pathway. Of severa! osmo-adaptive mechanisms, accumulation of compatible osmolytes such as glycerol appears rnost importan! [!), that is why this pathway is frequently referred to as the HOG (high osrnolarity glycerol response) pathway. Induction ofstress adaptive genes such as GPDI (glycerol-3-phosphate dehydrogenase) is regulated by the HOG pathway and occurs following the detection ofhyperosmolarity by either oftwo independent osmo-sensors, Sin! and Shol. 

The first osmosensor, Slnl, is similar to the prokaryotic two-component signa! transducers [2]. The Slnl osmosensor requires two other molecules, Ypdl and Sskl, for its function, and this Slnl-Ypdl-Sskl system constitutes a multi-step phospho-relay rnechanism [3]. When unphosphorylated Sskl acts as an activator of a MAPK cascade. This kinase cascade is composed of a pair of redundant MAPKK.Ks (Ssk2 and Ssk22), MAPKK (Pbs2), and MAPK (Hogl). Binding of Sskl to the amino-terminal regulatory domain of Ssk2/Ssk22 induces activation of these kinases and this consequently results in activation of Pbs2 and Hogl (4]. 

The second putative osmosensor Shol has four predicted transmembrane segrnents and a carboxyl-terminal cytoplasmic region containing an SH3 domain (5]. Shol interacts with, and activates, the Pbs2 MAPKK through Ste50 and the Stell MAPKK.K [6). Stell is a MAPKK.K involved in other signaling pathways such as mating or invasive growth. However, these different pathways are normally well insulated from each other, probably due to the formation of multi-protein complexes. The two transmembrane osmosensors, Sin! and Shol, function independent of each other. Nonetheless, signals emanating from the two osmosensors converge at the Pbs2 M.A.PKK, which then phosphorylates the Hogl MAPK. Phosphorylated Hogl MAPK is translocated into the nucleus by a transpon mechanism that requires the importin J3 homologs Nmd5 and Xpo 1 (7) . Once insidc thc nuclcus, llogl phosphorylates and activates transcription factors that induce gl ycerol synthesis and other adaptive responses. 

Refereoces: 
1- Albertyn J, Hotunann S, Thevele in JM & Prior B.-'1. . Mo l. Cell Biol. 1994. 14:4135-4144. 
2- Maeda T, Wurgler-Murphy SM & Saito H. Natur< 1994. 369:242-245 . 
3- Posas F, Wurgler-Murphy SM. Maeda T. Witten EA. Thai TC & Saito H. 

Cell 1996, 86:865-875. 
4- Posas F & Saito H. EMBO J. 1998, 17: 1385-1 3 9 ~ . 
5- Maeda T, Takekawa M & Saito H. Science 1995. 269 :554-5 58. 
6- Posas F & Saito H. Science 1997, 276:1702-1705. 
7- Ferrigno P, Posas F, Koepp D. Sa ito H & Sil ver PA. EM BO J. 1998. 17:5606-56 14. 
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Pathways involved in the regulation of ccll survival by oncogenes 

Julian Downward, Sandra Watton, Mrujatta Rytomaa, Kerstin Lehmann, Patricia Warne, 

Miguel Martins, Ingram Iaccarino and Almut Schulze 

Imperial Cancer Research Fund, 44 Lincoln's Inn Fields, London WC2A 3PX, U.K. 

Detachment of untransformed adherent cells from extracellular matrix commonly 

triggers programmed cell death, a phenomenon termed anoikis. Tlús is prevented by 

transformation of cells by a number of oncogenes, including Ras. In normal cells, matrix 

adhesion stimulates PI 3-kinase and hence the downstream kinase Akt/PKB to provide a 

suppression of death signa! function . The protective effect of oncogerúc Ras is transduced 

principally through its ability to actívate PI 3-kinase and Akt. 

The mechanism by which matrix adhesion activates PI 3-kinase act1v1ty has been 

explored by the use of fusion proteins of the pleckstrin homology domain of Ak't with green 

fluorescent protein (GFP). GFP-PH Akt can be used to determine the sites of PI 3-kinase 

activation in the cell. On new adhesion of epithelial cells to matrix, PI 3-kinase activation 

occurs at actin and 13-caterún rich structures known as podosomes. Focal contacts are not 

major si tes of PI 3-kinase activation, suggesting that p 125 F AK may not be in volved in the 

activation of PI 3-kinase in tlús system. In addition, PI 3-kinase is strikingly activated at si tes 

of cell-cell interaction, suggesting that these contacts also pro vide an anti-apoptotic signa!. 

Death is induced following detachment as a result of loss of survival signals to the cell. 

Tlús allows a constitutive death inducing signa! to predominate in the detached cells: this signa! 

appears to emanate from death receptors such as Fas and DR4/5, and can be blocked by 

dominant negative FADO or over-expression of SODD, both inhibitors of death domain 

signalling. The detachment-induced death signa! is manifested by rapid disturbance of pro­

apoptotic Bcl-2 family protein function, followed by loss of cytochrome e from the 

mitochondria. Oncogene induced survival pathways impact at the earliest stage of tlús process. 

There is a sigrúficant transcriptional component to the ability of Akt, and also other Ras 

effectors such as Raf, to influence cell death. In order to understand more about the 

mechanism whereby Akt and Raf can protect cells from apoptosis under different 

circumstances, we ha ve used conditionally active forms of these kinases expressed in normal 

epithelial cells. Gene Crup technology has been used to study the ability of these kinases to 

regulate transcription of severa! thousand . This has revealed novel mechanisms for the 

regulation of apoptosis downstream of Ras. In particular, the ability of the Raf/MAP kinase 

pathway to induce autocrine expression of growth factors may account for the Akt-mediated 

protection of cells from apoptosis following strong activation of this pathway. 
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Phosphoinositide 3-kinase signaling 

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

Department ofCell Biology, Harvard Medica! School and Division ofSignal Transduction, 
Beth Israel Deaconess Medica! Center, Bastan, MA. (USA) 

Phosphoinositide 3-kinase (PI3K) is activated by a wide variety of growth factors, 
hormones, lymphokines and other cellular activators. It has been shown to contribute to cell 
survival, cell growth and cell migration. 

A role for PI3K in human cancers has been inferred from the observation that the 
tumor suppresser gene, PTEN, is a phosphatase that dephosphorylates the 3 position of the 
inositol ring, thereby limiting the effects ofPOK in normal cells. The lipid products ofPBK 
can mediate recruitment of a variety of signaling proteins to the cell membrane and thereby 
initiate and coordinate complex cellular responses. Severa! downstream targets of PBK have 
been identified, including two protein-Serm1r kinases, PDKI and AKT (also called PKB) and 
protein-Tyr kinases ofthe Tec family (e.g. BTK). These proteins have pleckstrin homology 
domains that mediate binding to Ptdlns-3.4-bisphosphate or Ptdlns-3,4,5-trisphosphate in 
vitro. In order to Wlderstand the function of POK in vivo, we ha ve deleted genes for subWlits 
ofPBK in the mouse. 

Deletion of all three isoforms of the p85 alpha subWlit of PI3K results in mice that 
mostly die at birth, although a few p85 alpha -/- animals survive for several weeks and have 
been studied. 

In contras!, mice deleted for p85 beta do not have significan! defects in growth or 
development. The p85 alpha mice have a number of defects, including chylous ascites, 
abnormal glucose homeostasis and defects in B cell development and in B cell signaling. 

The B cell defects are similar to those observed in mice with mutations in the BTK 
protein-Tyr kinase, consisten! with BTK acting d0\\1lStream of PBK in mediating B cell 
activation. 

This presentation will focus on regulation of phosphoinositide signaling and new 
information gained from disruption of lipid kinases in the mouse. 

References: 
Fruman, D. A., Snapper, S. B, Yballe, C., Davidson, L.. Yu, J. Y .. Alt, F. W. and Cantley, L. C. (1999) lmpaired B cell development and proliferation in absencc ofphosphoinositide 3-kinase p85_. Science 283,393-397. 
Fruman DA, Rameh LE. Cantley LC (1999) Phosphoinositide binding domains: embracing 3-phosphate. Cell97, 
817-20 
Cantley LC, Neel BG ( 1999) New insights into tumor suppression: PTEN suppresses tumor formation by 
restraining the phosphoinositide 3-kinase/AKT pathway. Proc Natl Acad Sci U S A 96,4240-5 
Rameh LE, Cantley LC (1999) The role ofphosphoinositide 3-kinase lipid products in cell function. J Biol Chem 
274, 8347-50 
Scharenberg, A. M., El-Hillal. 0 ., Fruman. D .• Li. Z .. Beitz, L. 0 .. Lin, S., Gout, 1., Waterfield, M. D., Witte, O. 
N., Cantley, L. C., Rawlings, D. J. and Kinet, J-P. (1998) Phosphatidylinositol-3,4,5-trisphosphate (Ptdln-3,4,5-P3) controls calcium signaling by initiating TEC-depcndent activation of PLC_. EMBO J. 17, 1961-1972. 
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Cellular signaling by tyrosine phosphorylation 

J. Schlessinger 

Dept. ofPhannacology and the Skirball Institute and NYU Medica! School, New York, 
NY 10016 USA 

Tyrosine phosphorylation of cellular proteins plays an important role in the control 

of cell proliferation, differentiation, cell metabolism as well as other important cellular 

processes. All receptor protein tyrosine kinases (PTK) are composed of a large 

extracellular ligand binding domain, a single transmembrane domain and a cytoplasmic 

domain containing a conserved protein tyrosine kinase core flanked by regulatory 

sequences. Ligand binding to the extracellular ligand binding domain induces receptor 

dimerization. Dimerization of receptor tyrosine kinases is crucial for activation of the 

catalytic domain and for tyrosine autophosphorylation; both processes are mediated by an 

intermolecular process. Different ligands utilize different strategies for mediating receptor 
dimerization and activation. Growth hormone for example, binds simultaneously to two 

growth hormone receptors in a stoichiometry of 1:2. N ame! y, a single growth hormone 

molecule is able to bridge two growth hormone receptors. A large family of growth factors 

such as platelet derived growth factor (PDGF), stem cell factor (SCF), colony stimulating 

factor (CSF), and nerve growth factor (NGF) among many others are dimeric proteins. 
These growth factors induce receptor dimerization by virtue of their dimeric nature. 

Fibroblast growth factors on the other hand bind to their receptor monovalently, and when 

added alone are unable to induce dimerization and activation ofFGF-receptors. lt has been 

shown that FGF-induced dimerization of FGF-receptors is mediated by heparin sulfate 
proteoglycans. Biochemical, genetic and recent structural studies provide detailed pictures 

about the mechanism of action and activation of FGF-receptors in response to stimulation 

with FGF and heparin sulfate proteoglycans. In addition, recent kinetic and structural 

studies provided new insights as to how receptor dimerization activates the protein tyrosine 

kinase domain. For insulin or FGF-receptors it was shown that autophosphorylation of 

tyrosine residues in the activation loop releases an autoinhibition leading to stirillllation of 
PTK activity. While key residues in the activation loop of insulin receptor interfere with 

A TP and substrate peptide binding, residues in the activation loop of FGF-receptor interfere 
with substrate, but not with A TP binding. 
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Modes of autoinhibition and activation in protein kinases 

Ming Leí, Maria-Carla Parrini, Wange Lu, Bruce Mayer, Wenqing Xu, Michael Eck, 
Stephen C. Harrison 

Laboratory ofMolecular Medicine and Howard Hughes Medica! Institute, Children's 
Hospital, and Depts. ofBiological Chemistry and Molecular Pharmacology and of 

Microbiology, Harvard Medica! School. Boston MA 02115 

The structures of autoinhibited forros of Pakl and c-Src will be described and 
compared. In both cases, parts of the polypeptide chain outside of the kinase domain serve to 
induce or stabilize a conformational shift in the small lobe of the kinase, disrupting the 
catalytic sites in rather similar ways. The structures of the non-kinase segments are very 
different in the two cases, as are their likely interactions with activators - Cdc42 or other 
molecules that bind with the so-called "CRIB domain" in the case of Pakl, SH3 or SH2 
ligands in the case of c-Src. The conformation of the Cdc42-interacting part of Pak 1 can be 
compared with that of the corresponding segment from Wiscott-Aidrich Syndrome protein 
(WASp), as seen in a published NMR. structure of its complex with Cdc42 (Abdul-Manan et 
al, Nature 1999). We propose a network ofregulatory interactions involving WASp (or N­
WASp), Pak-like kinases, Cdc42 and (ultimately) the Arp2/3 complex. 
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Cloning of P220: A novel protein that interacts with 

Protein Kinase D/Protein Kinase C J!. 

Teresa Iglesiast*, Noemi Cabrera-Poch§, Thomas Naven<¡, Michael Mitchel:f:. Enrique 
Rozengurt#, lÚtd Giampietro Schiavo*, tinstituto de Investigaciones Biomédicas 
"Alberto Sois", CSIC, 28029-Madrid, Spain, *Molecular Neuropathobiology 
Laboratory, § Cell Biology Laboratory, 1Protein Sequencing Laboratory and 
tComputational Genome Analysis Laboratory, Imperial Cancer Research Fund, London 
WC2A 3PX, UK and # Department of Medicine, UCLA School of Medicine and 
Molecular Biology Institute, Los Angeles, CA 90095-1786, USA 

The Protein kinase C (PKC) family of proteins plays a major role in signa! 

transduction pathways and has been involved in diverse processes including growth, 

differentiation, changes in cell morphology, neural development, synaptic transmission, 

axonal regeneration, endocrine and exocrine secretion and tumour promotion. PKCs are 

activated by lipid second messengers, mainly diacylglicerol (DAG), in response to a 

variety of extracellular stimuli such as hormones, neurotransmitters, growth factors and 

cytokines. Protein Kinase D (PKD, also known as PKCJ!) is a serine/threonine kinase 

distan ti y related to the PKC family, that contains a conserved DAG/phorbol ester-binding 

cysteine-rich domain but differs in enzymological and structural features from the PKC 

family members. PKD catalytic domain shares very little similarity to the highly 

conserved regions of the kinase subdomains of the other PKC members, suggesting that 

PKD is likely to have specific substrates and a different cellular function. In fact, we 

reported that PKD failed to phosphorylate severa! substrates which are actively 

phosphorylated by other members of the PKC family, showing an atypical substrate 

specificity in vitro. As yet, no substrate proteins of PKD ha ve been found neither in vivo 

nor in vitro. In an effort to identify putative PKD/PKCJ! specific substrates, we have 

used anti-PKDIPKCJ! antibodies. We have immunoprecipitated, purified, sequenced and 

cloned a novel PKD interacting protein substrate, P220. We have generated the 

recombinant protein and specific antibodies against the C-terminal end of P220 that ha ve 

enabled us to characterise the biochemical properties and localisation of this new 

PKDIPKCJ! interacting protein. The further identification of P220 individual functions 

will enhance more our understanding of the sophisticated roles of PKD in cellular 

signaling. 
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Cytokine signaling; role of receptor associated proteins 

1-C Marine, D Wang, DJ Topham, C McKay, E Parganas, R Moriggl, JN llile 

Howard Hughes Medica! Institute, St Jude Children's Research Hospital, 332 N. Lauderdale, 
Memphis, 1N 38105 

Hematopoiesis is regulated by cytokffies such as erythropoietin (Epo) that interact 
with receptors of the cytokine receptor superfamily. These receptors associate with Jak 
kinases and mediate their activation. Once activated, Jaks phosphorylate the receptors as well 
as a variety of substrates including Stat factors. Epo receptor signaling induces the tyrosine 
phosphorylation and activation of the two highly related transcription factors Stat5a and b. 
However, mice containing a genetically alter, truncated receptor that no longer activates 
Stat5a!b have normal erythropoiesis. Moreover, detailed analysis of erythropoiesis in embryos 
and mice lacking Stat5a!b sirnilarly fail to identify a critica! role for Stat5a!b activation. The 
distal region of the Epo receptor also recruits PLC-(1 and PLC-(2 to the complex. Mice 
deficient in PLC-(2 show no defects in erythropoiesis but reveal an essential, non-redundant 
role for this enzyme in B cell receptor signaling downstream of Btk and Blnk as well as role 
in signaling through Fe receptor complexes including the collagen receptor on platelets. Many 
cytokines including Epo induce the expression of CIS/SOCS farnily members. Through SH2 
domains CIS binds the Epo receptor while SOCSl and SOCS3 bind Jak kinases through the 
tyrosine in the activation loop that is required for kinase activity. The significance of CIS 
induction is unclear since rnice deficient in the gene have no phenotype. Conversely mice 
deficient in SOCS 1 are born but die within 3-4 weeks. The perinatallethality is elirninated by 
breeding the deficiency on the Rag2 deficient background demonstrating the essential role of 
TIB cell receptors. Studies support the concept that SOCSI is critica! in the regulation ofthe 
responses to severa! cytokines. Deficiency of SOCS3 is associated with embryonic lethality 
that is associated with an erythrocytosis and defects in erythroid lineage differentiation. 
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Receptor protein-tyrosine kinase and phosphatase signaling 

TonyHunter 

The Salk lnstitute, 10010 North Torrey Pines Road, La Jolla, CA 92037 

The stem cell factor (SCF) receptor protein-tyrosine kinase (PTK), e-Kit, is required for the 

proliferation, survival and differentiation of severa! types of stem cells, including hematopoietic 

stem cells, melanocyte stem cells, and genn cells. To investigate the function of individual 

tyrosine phosphorylation sites in the SCF receptor, we have used homologous recombination in 
ES cells to introduce mutations into individual phosphorylation sites in the e-Kit gene in the 

mouse genn line. We have generated mice carrying a Tyr719Phe mutation ofTyr719, which acts 

as a PI-3' kinase binding site. The mutation completely disrupts PI-3' kinase binding to the SCF 

receptor and reduces SCF-induced PI-3' kinase-dependent activation of Akt by >90%. These mice 

have apparently normal pigmentation and hematopoiesis, and females are fertile. However, 

F7191F719 males are sterile dueto a defect in spenn development, which results from decreased 

spennatogonial stem cell proliferation and increased apoptosis (1). This indicates that SCF 
receptor signals through PI-3' kinase are critica! formaJe genn cell proliferation and survival. 

Receptor PTK signaling is transient, and a concerted series of processes turn off receptor 

signaling. One such process is the degradation of activated receptor PTKs. c-Cbl, an adaptor 

protein, which binds to a number of activated receptor PTKs, is a homologue of the C. elegans 

SLI-1 protein, which is implicated genetically in negative regulation ofthe LET-23 EGF receptor 

homologue in vulva! development. c-Cbl has been shown to trigger polyubiquitination of 

activated receptor PTKs, a prerequisite for proteasome-mediated degradation. However, it was 

not known whether c-Cbl acted directly in the ubiquitination process, which involves a cascade of 

three enzymes, El, E2 and E3. We have now shown that the RING finger domain of c-Cbl is able 

to actívate the Ubc4 E2, and when linked to the c-Cbl "SH2" domain the RING domain 

stimulates ubiquitination ofthe activated PDGF receptor in the presence ofEl and the Ubc4 E2 

(2). Thus, it appears that c-Cbl plays a direct role in mediating receptor PTK degradation by 

binding to the activated receptor via its "SH2" domain, and then through recruitment and 

activation ofan E2 causing ubiquitination ofthe receptor. In this sense c-Cbl acts asan E3 . 

The activity of receptor-like protein-tyrosine phosphatases (PTPs) could in principie be 

regulated by ligands and play a role in transmembrane signaling. The membrane proximal 

catalytic domain of RPTPo: can fonn a syrnmetrical dimer, in which a wedge from one monomer 

is inserted into the active site ofthe other monomer, suggesting that RPTPo: activity be negatively 

regulated by dimerization. By enforcing dimerization through mutations that create disulfide 

bonded dimers (3), by crosslinking and FRET studies we have shown that RPTPo: can dimerize 
constitutively in intact cells and that dimerization negatively regulates its catalytic activity in the 

cell. 

Rdereoees: 
J. Blwne-Jensen, P., Jiang, G., Hyman, R., Lee. K.·f., O'Gonnan, S., and Hunter, T. 2000. Kitlstem cell factor 

reoeptor-induced phosphatidylinositol 3' kinase signaling is essential formal e fenility. Nature Genetics, in press. 

2. Joazeiro, C. A. P., Wing, S. S., Huang, H.-K .. Leverson, J. D., Hunter, T. , and Liu, Y.·C 1999. The tyrosine 

kinase negative regulator, c-Cbl, as a RING-type, E2-dependent ubiquitin-protein ligase. Science 286:309-312. 

3. Jiang, G., den Her1og, J., Su, J ., Noel, J., Sap, J., and HWJter, T. 1999. Dimerization inhibits the activity of 

reoeptor-like protein-tyrosine phosphatase-<L Narure 401 :606-61 O. 
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PTEN: a tumor suppressor that functions as a phosphatidyl inositol phosphatasc 

T. Maehama and J. E. Dixon, 

Dept. ofBiological Chemistry, University ofMichigan Medica! School, Ann Arbor, Michigan, USA 

The tumor suppressor PTEN has been implicated in a large number ofhuman tumors, and is 

conserved from humans to worrns. Characterization ofPTEN protein showed that it is a phosphatase that 

acts on 3-phosphorylated phosphoinosi tides, including Ptdlns(3,4,5)PJ, and can therefore modulate signa! 

transduction pathways that involve lipid second messengers . Recen! results indicate that at least part ofits 

role is to regulate the activity ofthe serine-threonine kinase AKT/PKB, and thus influence cell sürviva l 

signaling. 
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Signa( transduction mechanisms in the developing nervous system 

M. E. Greenberg, A. Brunet, C. Cowan, S.R. Datta, A. Katzov, H. Tran, J. Wasserman, 
A. West and J. Zieg 

Division ofNeuroscience, Children's Hospital, and Department ofNeurobiology Harvard 
Medica! School, Boston, MA 02115. USA 

Extracellular stimuli elicit a variety of cellular responses that are critica! for cell 
proliferation, ditferentiation, and survival during the development of the nervous system. The 
goal of our research is to identifY the signa! transduction pathways that mediate the responses 
of cells in the developing nervous system to neurotrophic factors and neurotransmitters. 
Recent studies that will be discussed have defined specific signaling pathways that promete 
neuronal survival and suppress apoptosis. We have characterized the mechanisms by which 
brain derived neurotrophic factor (BDNF) and its receptor tyrosine kinase TrkB promete 
neuronal survival. Activation of TrkB leads to the induction of an intricate signa! transduction 
program. Of the many signaling pathways activated the phosphatidylisositol-3-kinase 
(Pl3K)/Akt and the Ras/Erk signaling pathways play a critica! role in promoting neuronal 
survival by both transcription independent and dependent mechanisms. Severa! targets of these 
signaling pathways have been identified that are critica! regulators of cell survival and death 
including the Bcl2 family member BAD and the forkhead transcription factor FKHRLI. We 
will discuss our current findings regarding the mechanisms by which TrkB signaling leads to 
the inactivation of the pro-apoptotic functions of BAD and FKHRLI and thereby prometes 
neuronal survival. 
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Identification of components of the cell death pathway 

Vishva M. Dixit 

Genentech, Inc. - Molecular Oncology 

Members of the tumor necrosis factor receptor (TNFR) family are related to each other in 

possessing extracellular cysteine-rich domains. A subset of these receptors share a cytoplasmic 

"death domain", a protein-protein interaction motif critica! for engaging downstream 

components of the signa! transduction machinery. The best studied death domain containing 

receptors are CD95 (Fas/Apol) and TNFRI. Activation ofeither receptor by cognate ligand or 

agonist antibody can lead to cell death. New death domain containing family members include 

CARI, a chicken cell surface receptor for cytopathic avían Ieukosis sarcoma viruses. The 

physiologicalligand for CARI has yet to be identified. Another orphan receptor is mammalian 

death receptor 3 (DR3) also called WSL-1, Apo3, LARD and TRAMP. This receptor is highly 

expressed on thymocytes and lymphocytes and is likely to play a significan! role in immune 

function . The other two death domain containing receptors DR4 and DR5 (Trick2/KILLER) 

are receptors for a novel member of the TNF-Iigand family termed TRAIL or Apo2L. TRAIL 

is cytotoxic for a number oftumor celllines and yet is relatively non-toxic for normal cell lines. 

Consisten! with its non-toxicity, it is found to be constitutively expressed in many human tissues 

including spleen, thymus, prostate and lung. 

Since DR4 and DR5 are expressed in both normal and transformed cells this raises the 

conundrum of why tumor cells are sensitive to TRAllJ Apo2L mediated apoptosis and normal 

tissues resistant? The answer líes in the existance of a third receptor 

(TRID/DcRIILITffRAIL-R3) that functions as a non-signaling decoy receptor and is 

preferentially expressed in normal human tissues but not in most cancer celllines. 

The ramifications of these findings for cancer therapy are manifold and presentlybeing 

explored . 
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From inflammation to skin biology: 
protein kinase cascades that control NF-KB activity 

Michael Karin 

University of California San Diego, La Jolla, California USA 

Exposure to proinflamrnatory cytokines (1NF, IL-1), or byproducts of bacteria! and 
viral infections, such as endotoxin or dsRNA results in activation of signaling cascades that 
eventually lead to stirnulation ofNF-KB activity and induction ofNF-K.B target genes. Such 
genes code for cytokines, chernokines, adhesion rnolecules and enzymes, such as COX2, that 
produce secondary inflamrnatory rnediators. Although chernically unrelated, the 1NF and IL­
l receptors use rnernbers of the TRAF farnily (TRAF2 and TRAF6) as signa! transducers that 
actívate protein kinase cascades that regulate NF-KB activity by inducing the phosphorylation 
of IK.Bs is rnediated by lKK, which is a cornplex protein kinase cornposed of two catalytic 
subunits (IKKa, IKKP) and a regulatory subunit (IKKy). IKKP is the recipient of 
prointlamrnatory signals that are recruited to the cornplex via IK.Ky and is directly responsible 
for IKB phosphorylation and NF-KB activation. By contrast, IKKa responds to 
developrnental signals and it controls key steps in the differentiation of ectodennal 
derivatives, including the epidermis, cornea and conjunctiva. Although the physiological 
activators of IKK in response to different proinflammatory stimuli rernain to be identified, not 
all of thern ha ve to function as IKK kinases. For instan ce, PKR which rnediates the response 
to dsRNA activates IKK via protein-protein interaction rather than direct phosphorylation. In 
addition to positive control, IKK activity is subject to negative control. Sorne ofthe negative 
regulation of IKK activity is rnediated via C-terminal autophosphorylation and sorne is due to 
a novel rnechanisrn based on the synthesis of cyclopentenone prostaglandins (cyPGs). These 
cornpounds, whose synthesis is catalyzed by cox2, react with a particular cysteine residue in 
the activation loop of the IKK catalytic subunits to form a Michael adduct. The sarne cysteine 
is also high reactive with thiol reagents and rnay form a unique site for control ofiKK activity 
by changes in the intracell u lar levels of glutathione. 
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Antiapoptotic signaling of the insulin/insulin receptor system in 

early neural development 

Flora de Pablo, Eva Rubio, Begoña Díaz, Belén Pimentel and Enrique J. de la Rosa. 

Centro de Investigaciones Biológicas. CSIC. Madrid . Spain 

Programmed cell death is a well established developmental process in the nervous 

system. In contras! with the neuronal death induced by target-derived neurotrophins 

deprivation, the relevance of apoptosis in early neurogenesis and the identity of regulatory 

growth factors of local origin is poorly characterized. We have used the chick embryo 

during neurulation and the neuroretina during proliferative stages as models to study the 

relevance of early neural cell death and the in vivo survival role of (pro )insulin signaling. 

We have shown that proinsulin mRNA is present, prior to the expression of IGF-l, 

in the neurulating embryo and the neuroretina, at stages when apoptosis is occurring with 
defined patterns. Insulin receptors are expressed in early neurogenesis, largely as part of 

insulin/IGF-I hybrid receptors with high affinity for insulin and proinsulin, as well as for 

IGF-1. In vivo treatment with antisense oligonucleotides or antibodies against proinsulin or 

the insulin receptor increases the frequency of dead cells in the locations where apoptosis 

preferentially occurs. 

Treatment in culture with insulin also reduces the number of dead cells. In thi s 

system, insulin increases markedly the phosphorylation of Akt in both the neuroretina and 

the neu rulating embryo, whereas ERK phosphorylation is only slightly affected by insulin in 

the neuroretina. In addition. c-Raf signaling is essential to maintain survival of young 

ganglion cells neuroblasts. as shown by in vivo infection with RCAS/~Raf. a c-Raf mutant 

form which blocks Ras-dependent Raf activation and induces an in crease in apoptosis. Thus. 
embryonic (pro )insulin protects in vivo neuroepithelial cells and young neuroblasts from 

apoptosis in a process that involves most likely Akt. C-Raf appears implicated as well in the 

survival ofyoung neuroblasts in neuroretina. 

One unexpected molecule that may be also involved in the control of early neural 

survival is the chaperone Hsc-70, expressed in a developmentally regulated manner in the 

neurulating embryo and the neuroretina . The decrease in endogenous proinsulin induced by 
antisense oligonucleotides coincides with a decrease in Hsc 70 embryonic levels and with a 

parallel increase in apoptosis. Furthermore, treatment with anti sense oligonucleotides to 

Hsc70 directly increases apoptosis. Hsc70 may be an endogenous stress-protective molecule 

during early developmental decisions that invo lve high risk of signal-dependent cell death . 
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Genetic analysis of cell and body size in Drosopltila 

Stocker, H., Oldham, S., Breuer, S., Brogiolo, W., Bóhni, R. and Hafen, E. 

Zoologisches Institut, Universitiit Zürich, Winterthurerstrasse 190, 
8057 Zürich, Switzerland 

The control of cell and organ size is critically importan! to the developing organism. 

The discovery of the Drosophila homolog of the vertebrate lRS 1--4 (CHICO) has shown that 
manipulating the Drosophila insulin signaling pathway can lead to alterations in cell size, 

proliferation, and cellular metabolism. In vertebrales, the insulin signaling pathway activates 
two majar branches: the Ras/MAPK pathway and the PBK!PKB pathway. To determine the 

relative contribution ofthese two signaling pathways to the control cell size, mutations were 

created in a genomic rescue construct of chico in the PH and PTB domains as well as the Drk 

binding site and the two PBK binding sites. Results obtained from this analysis and the 
characterization of mutations in genes coding for signaling components of the two pathways 

indicate that PBK, PKB and PTEN play a critica! role in the control of cell size and overall 
growth. To discover new genes in volved in the control of cell size and growth. a screen for 

recessive cell size mutations in the eye was performed by making use of a tissue specific 
recombination system. lf a chico mutant is made homozygous in the eye, then the entire head 

is small relative to the body. Thus this pinhead phenotype allows for the identification of 

genes in volved in size control. 
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PTEN"'· Mice: Molecular and Genetic Models of Carcinogenesis 
Vuk Stambolic, Ming-Sound Tsao', David Macpherson, Oean Sas and Tak W. 
Mak· 
Amgen Research lnstitute and Ontario Cancer lnstitute, 620 University Avenue, 
suite 706, Toronto, Ontario, M5G 2C1, Ganada 

PTEN was identified as a tumor suppressor gene frequently deleted at 
chromosome 1 Oq23 in a number of advanced tumors such as glioblastoma, 
prostate, breast, endometrial, kidney and thyroid carcinoma. Germline mutations 
of PTEN are believed to cause two related autosomal-dominant hamartoma 
syndromes: Cowden syndrome and Bannayan-Zonana syndrome. The affected 
patients share high susceptibility for development of benign hamartomas 
throughout the body in early lite and predisposition to cancer. The human PTEN 
gene encodes a 403 amino acid polypeptide with a high degree of homology to 
protein phosphatases and tensin. Despite its homology to protein phosphatases, 
PTEN is able to dephosphorylate phosphatidylinositol {3,4,5) trisphosphate 
(Pl(3,4,5)P3) , the primary product of phosphatidylinositol3' kinase (PI3'K) activity 
and negatively regulate PI3'K-mediated cell survival. 

Mice heterozygous for PTEN are highly susceptible to tumors. The predominant 
type of malignancies in PTEw'· mice at a young age is of lymphoid origin. We present 
evidence that, past six months of age, PTEN heterozygous mice develop a range of 
tumors, sorne of which represent hallmari< features of PTEN-associated hamartoma 
syndromes. The majority of PTEW'· female m ice develop breast and endometrial 
neoplasia, whereas males have increased incidence of neoplastic transfonnation of 
prostate epithelia. Significantly, the majority of tumors that develop in PTEN 
heterozygous mice are associated with LOH at the PTEN locus. Using a novel in situ 
approach we show that these tumors manifest hyperphosphorylation of PKB, providing 
a molecular mechanism for tumor formation in PTEN'"'· m ice. Thus, these m ice 
representa model system for the investigation of PTEN/PKB/Akt-related tumorigenesis 
in the laboratory. To investigate the potential interaction between PTEN and other tumor 
suppressor _genes, PTEN"'· mice were bred into different genetic backgrounds and 
monitored for tumor formation. M ice heterozygous for both PTEN and p53, develop 
tumors at a significantly higher rate than the animals heterozygous for either of the 
genes, revealing a synergistic relationship between these two tumor suppressors in 
tumorigenesis. Preliminary evidence suggests a surprising functional relationship 
between PTEN and p53 and their respective roles in regulation of cell death and 
survival. A potential interaction between the p53 tumor suppressor gene and the PI3'K­
dependent cellular survival signalling machinery is currently being investigated in hope 
of gaining mechanistic insight into the PTEN-p53 cooperation in tumor fonnation. 
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Role of cyclio D-dependent kioases in vivo 

Mariano Barbacid 

Centro Nacional de Investigaciones Oncológicas Carlos III. 28220 Majadahonda, Madrid, Spain 

Normal cell growth and differentiation requires precise control of the mechanisms that 

regulate the entry, progression and exit from the cell cycle. Entry of quiescent cells into the cell 

cycle is driven by the cyclin D-dependent kinases Cdk4 and Cdk6. Proper regulation ofthe activity 

of these kinases appears to be critica! for normal cell proliferation since the majority of human 

tumors carry mutations that result in deregulation ofthese kinases. 

The activity ofCdk4 and Cdk6 can be regulated at various levels: 

(i) These kinases require a member of the cyclin family of proteins as a regulatory subunit. To 

date, only the three known D cyclins (DI, D2 and D3) are known to interact with and actívate 

Cdk4 and Cdk6. 
(ii) Cdk4 and Cdk6 are inhibited by the INK4 family of cell cycle regulators, PI6INK4a, 

Pl5INK4b, Pl8INK4c and PI9INK4d, which preven! cyclin D binding. 

(iii) The catalytic activity of Cdk4/6-cyclin D complexes can also be inhibited by the Cip!Kip 

family of cell cycle inhibitors, P21Cip, P27Kipl and P57Kip2. However, recent studies 

indicate that these inhibitors do not affect Cdk4/6 activity when bound at stochiometric ratios. 

(iv) Cdk4 and Cdk6 are activated by phosphorylation in Thrl61 by another cyclin-dependent 

kinase known as CAK (Cdk-activating kinase). 
(v) On the other hand, Cdk4 and Cdk6 can be inhibited by phosphorylation by dual activity 

tyrosine kinases Weel and Mytl. 
(vi) This phosphorylation process can be reversed by the Cdc25 family of tyrosine phosphatases. 

In spite of this wealth of biochemical information, little is known regarding the role that these 

Cdks and theii regulators play in vivo. During the last few years, various laboratories, including 

ours, ha ve begun a systematic effort to generate mice carrying targeted mutations in these genes. 

For instance, mice defective for cyclin DI (ref. 1,2) are viable and fertile but small in size. 

These mice display severe retinopathy and their marnmary epithelial cells fail to proliferate during 

pregnancy in spite of normal levels of ovarían hormones. In contrast, cyclin D2 is required for 

proliferation of ovarían granulosa cells in response to FSH whereas Cyclin D2 mutant male mice 

display hypoplastic testes (re f. 3 ). These studies illustrate the specific roles that these cell cycle 

regulatory molecules play in vivo. Further studies using double cyclin Dl/D2 mutan! mice will 

provide critica! information regarding the role that these regulatory subunits play in those tissues in 

which they may have compensatory roles. 

Genes encoding the four members of the INK4 family of cell cycle inhibitors ha ve also been 

ablated in mice. INK4a mutant mice develop tumors with high frequency (ref. 4). However, the 

mutation present in these mice also eliminated expression ofthe tumor suppressor PI9ARF. Thus, 

making it difficult to evaluate the contribution of PI6INK4a to this phenotype. Mice lacking 

Pl81NK4c develop gigantism and widespread organomegaly. Their lymphocytes develop normally, 

but exhibit increased cellularity and a higher proliferative rate upon mitogenic stimulation (ref. 5). 

More importantly, loss ofPI81NK4c leads to the development ofpituitary adenomas (ref. 5) as well 

as of other tumors (ref. 6, see below). More recently, mice lacking Pl9INK4d have also been 

described. These mice show limited testicular atrophy and do not have increased tumor 

development suggesting that Pl9INK4d in nota tumor suppressor (ref. 7). 

In our laboratory, we have generated mice lacking either Pl51NK4b or Pl8INK4c proteins 

alone and in combination (ref. 6). Ablation of Pl51NK4b and PJ8INK4c results in similar 
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lymphoproliferative disorders and tumor formation, albeit Pl51NK4b mutant mice display a 
significantly lower incidence of neoplasias. In addition, mice lack.ing Pl8INK4c have deregulated 
epithelial cell growth that leads to the formation of cysts, mostly in the cortical region of the 
kidneys and the mammary epithelium. Concomitan! loss ofboth Pl5INK4b and Pl8INKc does not 
result in significantly distinct phenotypic manifestations except for the appearance of cysts in 
additional tissues. These results indicate that PI5INK4b and Pl8IKN4c are tumor suppressor 
proteins that act in different cellular lineages with lirnited compensatory roles (ref. 6). 

We have also rnanipulated the Cdk4 locus to generate two additional strains of mice that 
either do not express Cdk4 (Cdk4 (neo/neo) rnice] or express a mutant Cdk4 protein (Cdk4 R24C) 
that cannot bind the INK4 regulatory proteins (ref. 8). This mutation had been previously found to 
be associated with human hereditary melanorna (ref. 9). Mice devoid ofCdk4 expression are viable, 
but small in size and mostly infertile. The partial male sterility in cdk4 (neo/neo) mice is dueto a 
block in late spermatogenesis. Fernale sterility is due to a defect in the formation of the corpus 
luteum. Cdk4 (neo/neo) mice also develop insulin-dependent diabetes dueto a dramatic reduction 
in beta islet pancreatic cells. Mice expressing the mutant Cdk4 R24C protein are viable and fertile . 
These mice display hyperproliferative abnormalities, including the widespread formation oftumors. 
These results illustrate the distinct roles that cell cycle regulators play in vivo and how their 
rnutation results in abnormal proliferation that leads, in most cases, to tumor development. 
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The roles of Armadillo and APC proteins during Drosophila development 

Yashi Aluned, Nickolas Tolwinski, Brian Hafler, and Eric Wieschaus. 

Department of Molecular Biology, Princeton University 

Throughout Drosophila development, growth and patteming of epithelial cells depends 
on the stability and accumulation of the l3-catenin homologue, Armadillo. In the embryonic 
epidermis, ARM levels are controlled by Wnt signaling; a striped expression of wingless protein 
causes a striped accumulation of ARM. Uniform expression of mutant, stabilized forms of Arm 
cause embryonic phenotypes similar to those produced by ectopic Wnt. We show that sorne 
stabilized Arm mutant proteins produce their phenotype by driving endogenous wildtype Arm 
protein into the nucleus. This feature can be used to characterize the latent signaling capacity of 
mutant forms of Armadillo that are normally trapped in the cytoplasm. 

In vertebrales l3-catenin leve! are also controlled by its association with the adenomatous 
polyposis coli protein (=APC). Mutations in the human APC tumor suppressor gene result in the 
development of colonic polyps and retina! lesions. There are two known APC homologues in 
flies. Mutations in one of these homologues (D-APC 1) causes a loss of retina! photoreceptor 
neurons remarkably similar to the human retina! phenotype. This phenotype is thought to reflect 
a direct role for D-APCI in regulating Arm activity. In cells, D-APCI localizes to the minus end 
of microtubules, a intracellular Iocalization thought to depend on a charged domain in the C­
terminus of the protein. The human APC homologue associated with colon cancer has a similar 
domain in its C-terminus and shows a similar intracellular localization in tissue culture cells. 

The second APC homologue in Drosophila (D-APC2) encodes a shorter protein that 
lacks the C-terminus. It does not localize to microtubules and shows a general cytoplasmic and 
cell surface localization in embryos. Based on their sequence, both D-APCI and D-APC2 should 
still be capable of binding and downregulating Armadillo protein. We find that D-APC2 cannot 
substitute for APC-1 during retina! development. lnstead, we show that deletions of D-APC2 
modify the retina! phenotype of APC l . These experiments suggest that the two genes may ha ve 
distinct roles in the regulation of Arm protein levels. 
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TEMPORALLY REGUIATED ASSEMBLY OF A DYNAMIC SIGNALING COMPLEX 

ASSOCIATED WITH THE ACfiVATED TCR 

Sonia PACINI, Silvia VALENSIN, John L TELFORD·, John LADBURY" and Cosima T. 

BALDARI 

Department of Evolutionary Biology, University of Siena. Via Mattioli 4, 53100 Siena, Ita! y; 

Chiron SpA, Vía Fiorentina 1, 53100 Siens, Ita!y; Department of Biochemistry and 

Molecular Biology, University College London, Gower Street, London. UK 

T-cell antigen receptor (fCR) triggering prometes multiple tyrosine kinase-dependent 

interactions involving proteins with one or more protein binding modules. Reported 

interactions mostly exceed the binding potential of these proteins. A solution to this 

parado.x is the temporally regulated recruitment of alterna ti ve ligands. We ha ve tested this 

hypothesis by analyzing the dynamics of protein/protein interaction over a time course 

spanning the earliest evcnts in the TCR signaling cascade. We show that a multimolecular, 

dynamic and short-lived complex is assembled on tyrosine phosphorylated 

CD3~ following TCR engagement. The composition of this comple.x appears in a state of 

flux with regard to its individual components, which are recruited and shedded in a 

specific temporal sequence. We also show that protein/protein interactions "'"'ithin a 

subset of signaling protcins which play important roles in TCR signa! transduction (ZAP-

70, PLCy, Vav. Cbl, Shc, SLP-76, LAT, Grb2), and are directly or indirectly recruited to 

activated TCR, are orchestrated in a temporal sequence specific and distinct for each of the 

proteins analyzed. The data provide a c!ue to the question of incompatibility of multiple 

interactions by placing these interactions in a temporal context. Furthermore, the 

formation of a complc.x higher arder structure could explain how individual low 

specificity interactions can be coordinated into highly specific signaling pathways. 
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SELK-1, A TRUNCATEO ISOFORM OF ELK-1 ORIGINATING FROM INTERNAL 
INITIATION, POTENTIA TES NEURO.NAL OIFFERENTIATION. 1P. Vanhoutte, 2Nissen, J., 1Brugg, B, 1Besson, M.J., 2Hipskind. R.A.. and 1Caboche, ~ . . . 

fJON-UMR 7624, 9 quai Saint-Bemard, Paris, 2 1GM, UMR 5535, Route de Mende, 
Montpellier, France. 
In cutured cells, multiple signals induce the MAP kinase ERK. The activated kinase 
translocates to the nucleus where it drives gene regulation through phosphorylation 
of the nuclear transcription factor Bk-1 . Although Elk-1 is usually associated with cell 
proliferation and differentiation, this protein is also highly expressed in post-mitotic 
neuronal cells, vmere it is found in both nuclear and cytoplasmic compartments 
(Sgambato et al., 1998; 18: 214-226). We now demonstrate the existence of a novel 
isoform of Elk-1 (45 kDa instead of 52 kDa), vmose expression is restricted to 
neuronal tissues, including NGF-differentiated PC12 cefls. This isoform, called sEik-
1, aríses from translatíonal initiation at Met55, thus this protein lacks a portian of the 
amino-terminal, Ets binding domain. Oespite this deletion, sEik-1 appears to bind 
weakly in vftro to the Serum Response Element (SRE) of the c-fos promoter together 
with SRF, but not with SRF deletion mutants that can form temary complexas with wt 
Elk-1 . Accordingly sEik-1 is a weak mediator of Ras-driven SRE activation in 
transient transfection assays. In PC12 cells overexpression of sEik-1 modifies the 
subcellular localization of Elk-1, causing it to relocalize predominantfy in the 
cytoplasm instead of the nucleus. More importantty, sEik-1 overexpression 
significantly augments NGF-induced neuronal differentiation, an effect that is 
abolished by mutating the majar MAPK phosphorylation sites at Ser383 and Ser389 
in alanine. These data suggest that sEik-1 plays a crucial role in intracelfular 
signaling leading to the r~gulation of genes implicated in neuronal differentiation .. 
This work was supported by CNRS, I'Association pour la Recherche contre le Canear 
and minietére de l'éducation nationale et de la recherche. 
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Insulin-like growth factor-11, phosphatidylinositol 3-kinase, nuclear factor­
K.B and inducible nitric oxide synthase define a common myogenic signaling 

pathway 

Judith Canicio#, Perla Kaliman#, Xavier Testar, Manuel Palacín, Antonio Zorzano* 

Departament de Bioquímica i Biología Molecular, Faculta! de Biología, Universitat de 
Barcelona, Avda. Diagonal645, 08028 Barcelona, Spain. Phone: 34-3-4021547; Fax: 34-3-

4021559; E.mail: perlak@porthos.bio.ub.es 

Insulin-Iike growth factors (IGFs) are poten! inducers of skeletal muscle differentiation 
and phosphatidylinositol 3-kinase (PI 3-kinase) is an essential element for this process. 
However, the intracellular myogenic pathways activated by IGFs and PI 3-kinase remain to be 
defined. Here we show that IGF-II induces nuclear factor-kB (NF-kB) and nitric oxide 
synthase (NOS) activities downstream from PI 3-kinase and that these events are critica! for 
myogenesis. 

Differentiation of rat L6E9 myoblasts with IGF-II transiently induced both inducible 
rutnc oxide synthase (iNOS) expression and NF-kB DNA-binding activity; these events 
corre1ated in time with the stimu1ation by IGF-II ofnitric oxide (NO) production. Both IGF-II­
induced iNOS expression and NO production were blocked by NF-kB inhibition. NF-kB or 
NOS inhibition totally abolished IGF-II ability to induce terminal differentiation in both rat 
and human myoblasts (myotube formation, expression of skeletal muscle proteins such as 
myosin heavy chain, GLUT4 and caveolin 3). Moreover, the NOS substrate L-Arg was able to 
mimic IGF-II-induced myogenesis and this effect was blocked by NOS inhibition. 

Regarding the mechanisms involved in IGF-II activation of NF-kB, PI 3-kinase 
inhibition totally prevented NF-kB activation, iNOS expression and NO production. 
Moreover, IGF-II induced through a PI 3-kinase-dependent pathway, a decrease in IkB-a 
protein content that corre1ated with a decrease in the amount of IkB-a associated with p65 NF­
kB. 

In conclusion, we describe a myogenic signaling cascade initiated by IGF-II that leads 
to biochemica1 and morphological skeletal muscle cell differentiation and which involves (i) 
PI 3-kinase activation, (ii) IkB-a degradation and dissociation from p65 NF-kB, (iii) NF-kB 
activation and (iV) iNOS expression and activation. We also show the ability of the NOS 
substrate L-Arg to induce myogenesis in the absence of IGFs in both rat and human skeletal 
muscle cells which may be relevan! in the treatment of myopathies. 

Taking into account these data our next purpose will be focused on studying the role of 
the IKK (IkB kinase) complex in myogenesis. 

# The first two authors equally contributed to this work 
* To whom correspondence should be addressed 
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NGF activation of the extracellular-regulated kinase pathway is 
modulated by Ca2+/calmodulin . 

Joaquim Egea, Carme Espinet, Rosa M. Soler and Joan X. Camella. 

Grup de Neurobiologia Molecular, Departament de Ciimcies Mediques Basiques, 
Facultat de Medicina, Universitat de Ueida, 25198 Ueida, Catalonia, Spain. 

Nerve growth factor is a member of the neurotrophin family of trophic factors 
that has been reported to be essential for the survival and development of sympathetic 
neurons and a subset of sensory neurons. Nerve growth factor exerts its effects mainly 
by the interaction with the specific receptor TrkA, which leads to the activation of 
severa! intracellular-signaling pathways. Once activated, TrkA also allows for a rapid 
and moderate increase of intracellular calcium, which would contribute to the effects 
triggered by nerve growth factor in neurons. In this report we wanted to analyze the 
relation of calcium and the activation of the Ras/extracellular-regulated kinase pathway 
in PC12 cells. We observed that calcium/calmodulin are both necessaries for the acute 
activation of extracellular-regulated kinases after TrkA stimulation. We analyzed the 
elements of the pathway that leads to this activation and we observed that calmodulin 
antagonists completely block the initial Raf-1 activation without affecting the function of 
upstream elements such as Ras, Grb2, Shc and Trk. We have broadened our study to 
other stimuli that actívate extracellular-regulated kinases through tyrosine kinase 
receptors and we have observed that calmodulin also modulates the activation of this 
kind of kinases after epidermal growth factor receptor stimulation in PC12 cells and 
after TrkB stimulation in cultured chicken embryo motoneurons. Calmodulin seems to 
regulate the full activation of Raf-1 after Ras activation since a functional Ras is 
necessary for Raf-1 activation after NGF stimulation and CaM-Sepharose is able to 
precipitate Raf-1 in a calcium dependent manner. 
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PROTEIN KINASE SIGNALLING PATHW A YS INVOLVED IN THE 

SURVIV AL EFFECf OF EGF ON THE TGF-f3-INDUCED APOPTOSIS IN 

FETAL HEPA TOCYTES 

Isabel Fabregat*, Blanca Herrera*, Margarita Fernández*, Alberto M. Álvarez11
, 

Aránzazu Sánchez*, César Roncero•, Juan-José Ventura*, Ángela M. Valverde*, 

Manuel Benito•. *Departamento de Bioquímica y Biología Molecular. Facultad de 

Farmacia and # Centro de Citometria de Flujo y Microscopía Confocal. Universidad 

Complutense de Madrid. 28040 Madrid. Spain 

TGF-13-mediated apoptosis is one of the majar death processes of hepatocytes. 

We have previously shown that TGF-13-induced apoptosis in fetal hepatocytes is 

preceded by the production of reactive oxygen species (ROS) (Sánchez et al, J. Biol. 

Chem. 271 , 7416-742, 1996). This process is dependent on protein synthesis (Sánchez et 

a~ Hepatology 26, 935-943, 1997). In this work, we have found that ~his factor disrupts 

the mitochondrial transmembrane potencial (flljlm.) and activates the release of 

cytochrome e, with activation of caspase 3. We show here that TGF-f3 induces a 

decrease in the mRNA and protein levels of Bcl-xL, an anti-apoptotic member of the 

Bcl-2 family capable of preventing eytochrome e release. The presence of radical 

scavengers block the decrease in Bcl-xL levels, llljlm collapse and activation of caspase 

3. Thus, the oxidative stress induced by TGF-f3 could mediate the decrease in Bcl-xL 

levels and the induction ofthe mitochondrial permeability transition. 

EGF, which is an important survival signa! for TGF-13-induced apoptosis 

(Fabregat et al, FEBS Lea. 384, 14-18, 1996), maintains Bcl-xL levels, preventing the 

Óljlm collapse, the release of cytochrome e and activation of caspase 3. The survival 

effect of EGF is not prevented by protein kinase C inhibitors. EGF activates p42- and 

p44- MAPKs, however, ERK inhibitors do not block the survival effect of EGF. 

Furthermore, phorbol esters, which actívate both protein kinase C and MAPKs activities 

in fetal hepatocytes (Roncero et ~ Biochim. Biophys. Acta 1012, 320-324, 1998) have 

not survival effects on TGF-13-induced death. EGF also activates PI3K and PKB (AKT) 

in these cells. The presence of PI3K inhibitors block the protective effect of EGF on ccll 

viability, caspase 3 aetivity, mitochondrial transmembrane potential disruption and Bcl­

xL levels. We conclude that PI3K mediates the survival effect of EGF on TGF-13-

induced death by acting upstream the mitochondrial changes, i.e., preventing the 

transcriptional repression ofbcl-xL by TGF-13. 
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Protein kinase pathways involved in the survival of B-chronic 
lymphocytic leukemia cells. 

Montserrat Barragan, Beatriz Bellosillo, Dolors Colomer, Emili Montserrat, Gabriel 
Pons and Joan GiL 
Dept. Cieñcies Fisológiques 11, Faculty ofMedicine, University ofBarcelona 
Unitat d'Hematopatologia and Servei d'Hematologia, Hospital Clinic, Barcelona 

B-cell chronic lymphocytic leukemia (8-CLL) is characterized by the accumulation of 
Iong-lived CD5+ B lymphocytes. Treatment with phorbol esters (TPA) inhibits 
spontaneous and chemotherapy-induced apoptosis in 8-CLL cells. We have studied the 
signa! transduction pathways involved in the inhibition of apoptosis by phorbol esters. 
The inhibition of apoptosis by TP A is mediated by the serinelthreonine kinase PKC 
because two PKC selective inhibitors (GF109203X and Calphostin e) block this effect. 
Then, we used severa! selective inhibitors of different protein kinases in order to study 
the implication of each pathway in the survival effect induced by TPA. TPA induces 
ERK.l/2 phosphorylation and PD98059, a selective inhibitor of MEK, blocks both 
ERKI/2 phosphorylation and the protective effect of TPA. L Y294002, a selective 
inhibitor of PBK, decreases the viability of B-CLL ce lis and partially blocks the effect 
ofTPA. Furthermore, we have analyzed two PI3K-dependent pathways: TOR-p70S6K 
and Akt/PKB. Rapamycin, a selective inhibitor of TOR, has a slight effect on the 
viability of 8-CLL cells. TPA induces PKC-dependent phosphorylation of Akt at serine 
473 but not at threonine 308. Surprisingly, L Y294002 does not affect TPA-induced 
phosphorylation of Akt. TPA also induces CRE8 phosphorylation and this 
phosphorylation is inhibited by GFI09203X but is not affected by L Y294002. Finally, 
TPA induces a decrease in the expression of hcB-a . This effect ofTPA is not inhibited 
by LY294002 or PD98059, however is completely blocked by GFI09203X. 
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PTPIB regulatcs insulin sensitivity and energy ::xpenditurc 

Lori K laman, fawaz Haj, Jason Kim, Odile· Peruni, Young-Bum Kim, Janice Zabolotny, Alian Strickc. 

Krongrad, Barbara Kahn and Benjamín NeeL 

Beth fscael Deaconess Medica! Ccnter, Bost.on, Mil. Yalc Medica( SchooL New Haven CT. Milleniw 

Phamulcueticals, Bastan, MA. USA 

Th.e cytoplasmic protcin tyrosine phosphatasc I'TP 1-B has been implicatcd in the negative regulation of" insuli 

signaling. To explore the physiological role ofPTPI-E , we targeted cxon 1 by homologous rccombination an 

generated PTPI-13 null mice. PTPl-8 -/- mice wcre b)m with the expectcd Mendelian rdtio and wcrc lertil• 

When fed a regular chow die(. male, but not fcnalc PTPI-B knockout (KO) núce gained less weight thcn wil 

type (WT) littermates. When fcd a high tal di"t, hoth maJe and female KO m ice gained lcss weight than W 

m ice. lbe difference in body weight was due {o decRa~ed (at cell mass but not fat cell numbcr in KO mi e< 

foood intake, on bod1 diets, was not ~ignilicantl/ ditferc:nt bctwcen WT and KO mice, nor did KO mice lose f< 

through their GI tracts. Instead, KO micc exhibited si¡~lificantly incrcascd (-20%) energy expcnditure and a 

increased respiratory quotient. Heterozygotcs displayed an intermediate leve! of cnergy expenditure. Consistcr 

with these fiildings, Ieptin levds were low in KO mic ;:, renective ofthe decrcascd fat ce.ll mass. As reporte 

previously for PTPID KO micc deleted for exon 6 (Eichcbly, M. et al), our KO mice also showcd increasc 

glucose tolerance, wlúch was dueto increased 'nsulin ~cnsitivity. Quantitication by means ofhyperinsulinemi 

cuglycemic clamp showcd that a two-fold higher glucose infusion rate wa. ~ required in KO animals, with lh 

bulk of this excess glucose bcing disposed of inlo n:uscle in KO núce. lnterestingly, however, dcspitc th 

dccrcascd fat ccll mass and enhanced insulin selsitivity, FFA levels were comparable in WT and KO mice. ÚL 

resuJL, C<lnfmn that PTP 1-B disruption confer.; insulin sensitivity and resistan ce lo diet-ind.uced obcsity, an 

demosntrate for !he fir~t time that thc lattcr i> due (u an increa<ed in metabolic ratc. Further work will b 

required to determine whether these effects rcp:-cscnt a• :tions of PTP-1 Fl on a single or multiplc phosphotyr<"lS) 

proleins. 
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The activation loop of phosphatidylinositol phosphate kinases determines 
signaling specificity 
Jeannette Kunz1

, Monita P Wilson2
, Marina Kisseleva2

, James H. Hurley3
, 

Philip W. Majerus2 and Richard A. Anderson1
, 

1University of Wisconsin 
Medica! School, Madison, Wisconsin 53706; 2Waslúngton University School of 
Medicine, St. Louis, Missouri 63100; 3National Institutes of Health, Bethesda, 
Maryland 20892-0580 

Phosphatidylinositol-4,5-bisphosphate plays a pivota! role in the regulation of 

cell proliferation and survival, cytoskeletal reorganization, and membrane 

trafficking. However, little is known about the temporal and spatial 

regulation of its synthesis. Higher eucaryotic cells have the potential to use 

two distinct pathways for the generation of PI4,5P2• These pathways require 

two classes of PIP kinases, termed type 1 and type 11. While related by 

sequence these kinases localize to different subcellular compartments, 

phosphorylate distinct substrates, and are functionally nonredundant. Here 

we show that a 20-25 amino acid loop spanning the catalytic site, termed the 

activation loop, determines both, enzymatic specificity and subcellular 

targeting of PIP kinases. Therefore, the activation loop controls signaling 

specificity and PIP kinase function and may be a target for signaling pathways 

that regula te PI4,5P2 synthesis. 

Instituto Juan March (Madrid)



63 

Role of the src-family of tyrosine kinases 

on Prolactin signal transduction 

Juan Ángel Fresno Vara, Raúl Martinez Muñoz, María Aurora Dorrúnguez Cá.ceres, 
Soledad Blanco Chapinal and Jorge Martín-Pérez. 

Instituto de Investigaciones Biomédicas, C.S.I.C. 
Arturo Duperier 4, 28029 Madrid, Spain. 

Interaction of prolactin (PRL) with its receptor (PRLR) leads to activation of Jak 

and src family tyrosine k.inases. The PRUgrowth hormone (GH)/cytokine receptor family 

conserves a proline rich sequence in the cytoplasmic juxtamembrane region (Box 1) 

required for association and subsequent activation of Jaks. PRL addition to fibroblasts 

expressing the rat PRLR long form resulted in activation of c-Src and Jak2 and in 

tyrosine phosphorylation of the receptor. Receptor phosphorylation was dueto associated 

Jak2, since in cells expressing either a Box 1 mutated PRLR (PRLR4P-A), unable to 

interact with Jak2, or a Jak2 with the kinase domain deleted (Jak2ó.k), PRL did not 

stimulate receptor phosphorylation. Interestingly, addition of PRL to cells expressing 

PRLR4P-A resulted in an activation of c-src equivalent to that observed with the wild type 

receptor. These results demonstrate that PRL-mediated stimulation of c-src occurs 

independently of Jak2 activation and of receptor phosphorylation. In the human T47D 

breast cancer cells, PRL increases the phosphotyrosine content of FAK and paxillin. PRL 

stimulates c-src, fyn, FAK and JAK2 tyrosine kinase activities. The specific inhibitor of 

the src-fami ly PPI, decreases both basal and PRL-induced FAK and paxillin tyrosine 

phosphorylation, but it does not inhibit JAK2 phosphorylation in response to PRL. In 

vitro , at the same concentrations , PP 1 does not affect FAK or JAK2 kinase activities, 

indicating that the decrease of FAK tyrosine phosphorylation is secondary toa src-family 

inhibition , while the JAK2 kinase activity is independent of PPl treatment. PRL also 

stimulates MAPK activity and the proliferation of the T47D cells. Both events are 

abolished by PP 1 addition. These findings point toa central role for the src-family of 

tyrosine kinases in the proliferative and cell morphology changes induced by prolactin in 

T47D breast cancer cells. 
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THE TRKA IMMUNOGLUBULIN-LIKE LIGAND BINDING DOMAINS 

INHIBIT THE SPONTANEOUS ACTIVA TI ON OF THE RECEPTOR 

Arévalo JC., Conde B2
, Hcmpstead BL\ Chao MV\ Martín-Zanca 0, 1 Pcrcz P. 1 

Instituto de Microbiología Bioquímica CSIC/Univ. de Salamanca. Salamanca. Spain 1 

Using domain deletion mutants of the TrkA extracellular domain, we ha ve investigated 

the role of the two Ig-like domains in preventing receptor dimerisation and activation in 

the absence of ligand. We also generated chimeric receptors by replacing the first or the 

second Ig-like domains of TrkA with the third or fourth lg-like domains of the e-Kit 

extracellular region, which are involved in ligand binding and dimerisation, 

respectively. Finally, amino acid substitutions were introduced in conserved residues 

within the two lg-like domains ofTrkA. These point mutations affected NGF binding in 

a way consisting with an important role for the the lg-like structure in ligand binding. 

The biological activity of these mutant TrkA receptors was assayed by their ability to 

promete ligand-independent neurite outgrowth when transfected into PC12nnr5 cells, 

which Jack endogenous TrkA. Rat-1 cells stably express ing these TrkA variants 

underwent malignant transformation as assessed by measuring proli feration in the 

absence of serum, anchorage-independent growth, and nude mice tumorigenesis. 

Biologically active mutant receptors exhibited spontaneous dimerization and 

constitutive tyrosine phosphorylation. These data indica te that the intact lg- like domains 

inhibit TrkA activation in the absence of NGF. 

2. Facultad de Medicina. Universidad de Zaragoza. Spain. 
3. Comell University Medica! College. New York. USA 
4. Skirball Insitutute for Biomedical Research. New York . USA 
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Interdependent promoter recruitment of a p38 like MAP kinase 
and its transcription factor targets in the context of stress induced 

genes in yeast 

Paula Martínez A. and Gustav Ammerer 

Vienna Biocenter, Institute ofBiochemistry and Molecular Cell Biology, 
University ofVienna, A-1030 Vienna, Austria 

In response to a hyperosmotic environment most cells actívate a specific 
MAP kinase signa! pathway. In S.cerevisiae this kinase, Hogl induces a 

variety of genes related to osmo adaptation and general stress protection. It 
has been suggested that the kinase activates a variety oftranscription factors 
by either controling their activation or DNA binding domain. By chromatin 
precipitation methods we show that the activated Hogl kinase itselfbecomes 
intimately associated with the relevant promoter regions. Depending on the 
individual promoter MAP kinase activity can be necessary for the 
recruitement ofboth the target factor and the kinase. In other context even 
the catalytically inactive kinase is recruited to the promoter while remaining 
impotent for activation. In such a case however, the putative activator seems 
to be prebound at the promoter. Our fmdings highlight the possibility that a 
kinase can beco me an inherent part of the upstream activation factor perhaps 
not only targeting this activator but also general components ofthe 
transcripion initiation complex. 
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Protein phosphorylation in the modulation ofG protein-coupled receptor signaling 

F. Mayor, jr., P. Penela, S. Samago andA. Elorza 

Departamento de Biología Molecular and Centro de Biología Molecular "Severo Ochoa" 
(CSIC-UAM). Universidad Autónoma, 28049 Madrid, Spain. email: 
fmayor@cbm.uam.es 

Activation of G protein-coupled receptors (GPCR) triggers the rapid phosphorylation of 
agonist-occupied receptors by a family of specific G protein-coupled receptor kinases 
(GRKs) and the subsequent binding to the phosph01ylated receptors of regulatory 
proteins termed arrestins. This process results in GPCR uncoupling from G proteins (i.e., 
desensitization), and are also triggers receptor sequestration, dephosphorylation and 
recycling. Emerging evidence indicates that GRKs and arrestins are also directly involved 
in the pathway of activation of the MAPK cascade by GPCR. 

Our Jaboratory is interested in investigating the mechanisrns that regulate the localization, 
activity and cellular levels of GRKs and arrestins. In this context, we have recently 
identified new mechanisrns that govem the activity and cellular expression levels of 
GRK2, an ubiquitous member of the GRK family, which phosphorylates a variety of 
GPCR. Our results indicate that the stability of GRK2 is tightly regulated through rapid 
degradation by the proteasome pathway. Activation of GPCR markedly increases GRK2 
ubiquitination and degradation, suggesting that agonist-dependent modulation of GRK2 
cellular complement is an important physiological step. In addition, activation of other 
signaling cascades can also induce rapid GRK2 degradation by additional proteolytic 
pathways. 

On the other hand, recent evidence indicate that GPCR stimulation of the MAPK 
cascade involves recruitment and activation of cytosolic tyrosine kinases of the src 
family, probably using B-arrestin as a src adapter protein. We ha ve found that GRK2 can 
be modulated by src tyrosine kinase-mediated phosphorylation. GRK2 is a high affmity 
substrate for src "in vitro", and agonist stirnulation of transfected B2-adrenergic receptors 
in Cos-7 cells Jeads to rapid "in situ" phosphorylation of GRK2 on tyrosine residues and 
results in enhanced GRK2 activity. Interestingly, activation of GPCR can also induce the 
rapid co-irnmunoprecipitation of MAPK and GRK2 and the negative modulation of 
GRK2 activity. These results indicate that GRK2 phosphorylation by c-src and MAPK is 
inherent to GPCR activation, and put forward new mechanisrns for the feedback 
regulation ofGPCR signaling to both G proteins and the MAPK cascade. 
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Heat Shock Protein 90 (Hsp90), a Scaffold for Creatine Kinase-B (CKB) in 
Thrombin Signaling? 
K Sadashiva Pai, Vinit B. Mahajan, Alice Lau and Dennis D. Cunningham 
Department of Microbiology and Molecular Genetics, College of Medicine,University of 
California, Irvine, CA 92697-4025 

Protease Activated receptor-! (PAR-1) is a seven-transmembrane G protein-coupled 

receptor that mediates cellular responses to thrombin during blood coagulation, cell 

proliferation, vascular injury changes, and tumor metastasis. Once activated by thrombin, 

PAR-1 induces rapid and dramatic changes in cell morphology. The signa! is conveyed 

by a series of localized A TP-dependent reactions directed to the actin cytoskeleton. The 

mechanism and regulation of signaling events at PAR-! however, is not clearly 

understood. Here we report that heat shock protein 90 (Hsp90), a molecular chaperone, 

and creatine kinase-B (CKB), a key ATP generating enzyme that regulates ATP within 

subcellular compartments, interact with the cytoplasmic-tail (C-tail) of PAR-! both in 

vitro and in vivo. Disruption of the Hsp90/PAR-l complex by the Hsp90-specific drug 

geldanamycin or reducing creatine kinase Ievels attenuated thrombin-mediated cell 

morphology/cytoskeletal changes. Geldanamycin and cyclocreatine (CKB inhibitor) also 

abrogated thrombin-induced RhoA activation without affecting calcium signaling. We 

also demonstrate that Hsp90 facilitates CKB binding to PAR-! C-tail by interacting with 

the A TP generating enzyme. These results suggest that Hsp90 may function as a scaffold 

for CKB, which provides an ATP source for thrombin-mediated morphological changes. 

Present findings identify a novel mechanism for signa! transduction in which Hsp90 may 

recruit molecule/s to the thrombin receptor complex. 
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Stimulation of nucleotide exchange by tyrosine 
kinasés and inhibition of GAPs by PI3Ks cooperate 
to mediate Ras activation 

Ignacio Rubio & Reinhard Wetzker 

Research Unit "Molecular Cell Biology•. Medical Faculty, Friedrich-Schiller­

University, Drackendorfer StraBe 1, D-07747 Jena, Germany 

The intracellular guanosine triphosphate (GTP)-binding protein Ras has been 
established as a major regulator of cellular proliferation, differentiation and other 
cell functions. Ras activity is controlled by opposing effects of guanine nucleotide 
exchange factors (GEFs) and GTP-hydrolase (GTPase) activating proteins (GAPs). 
lt is generally accepted that GEFs like Sos mediate agonist-dependent activation of 
Ras in a phosphotyrosine-dependent process. The activation of Ras by the 
epidermal growth factor (EGF) is probably the best understood system. Stimulation 
of the epidermal growth factor receptor prometes the recruitment of Sos together 
with adapter proteins to the activated receptor complex which facilitates Sos action 
on Ras. An EGF dependen! increase in the guanine nucleotide exchange rate on 
Ras has been observed in permeabilized fibroblasts indicating that EGF does 
indeed actívate Ras by stimulating GDP-for-GTP exchange on Ras through the 
membrane recruitment of Sos or a related GEF. Despite the existence of a large 
body of experimental data, however, the exact mechanism underlying Ras 
activation in most other systems remains obscure. We have investigated the role of 
tyrosine kinases in Ras activation in the myelomonocytic cell line U937. We found 
constitutive Ras activation in resting U937 cells which was sensitive lo the tyrosine 
kinase inhibitors genistein and staurosporine. Detailed analysis revealed that both 
inhibitors abrogate Ras-GTP accumulation vía inhibition of nucleotide exchange on 
Ras. Constitutive Ras-GTP formation in U937 cells was also sensitive to PI3K 
inhibitors. However, P13K inhibitors did not alter nucleotide exchange on Ras but 
rather induced an increase in GAP action on Ras. Thus we find that both the 
activatory as well as the inactivatory branch of the Ras-GDP/GTP cycle are 
regulated in resting U937 cells: Tyrosine kinase(s) sustain nucleotide exchange 
and PI3K(s) allow Ras-GTP accumulation by inhibiting GAP protein(s). 

We will also present initial data on the mechanism of agonist-induced Ras­
activation in U937 cells and the involvement of protein kinases and P13Ks in this 
process. 
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Regulation of the Peutz-Jeghers tumor suppressor kinase, LKBl, and 
identification of its potential substrates 
Shaw, Reuben J. and Cantley, Lewis C. Department of Cell Biology, Ha.rvard 
Medica! School, and Department of Medicine, Beth Israel Deaconess Meclical 
Center, 330 Brookline Avenue, I-ITM 1022, Boston, MA 02215 

Peutz-Jeghers Syndrome (PJS) is an autosomal dominantly inherited cancer 
syndrome that has been recently shown to be dueto inactivating mutations in a 
novelserine/ threonine kinase, LKBl. Inactivation of LKBl represents the first 
example of a kinase acting as a classical tumor suppressor. Peutz-Jeghers patients 
are predisposed to intestinal hamartomatous polyps as well as a wide range of 
berugn and malignant neoplasias. Interestingly, these and other clinical symptoms 
of PJS are highly overlapping with those of Cowden's Syndrome, whlch is dueto 
inactivating mutations in the PTEN tumor suppressor. We have characterized a 
variety of upstream signals that regulate thls novel kinase, focusing on a number of 
growth regulatory kinases. We have generated a series of mutants of UCBl and 
analyzed their autophosphorylation. trans-phosphorylation, and growth 
suppressive functions . We have also initiated a number of approaches for 
identifying LKB1 substrates. 
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DIFFERENTIAL REGULATION OF SIGNALING CASCADES IN 
RESPONSE TO HELICOBACTER PYLORI INFECTION 

Silja WefHer and Michael Naumann 

Max-Planck-Institut fiir Infektionsbiologie, Abt. Molekulare Biologie, Monbijou 
Str. 2, 1 O 1 17 Berlín, Germany. 

Infection with Helicobacter pylori (Hp) induces chronic ga.stntls, peptic ulcer 
disease, md even gastric carcinoma and lymphoma. Certain target genes activated 
by Hp are represented by histidine decarboxylase (I-IDC), COX-2 and 
proinflammatory c)1okine promoters. The transcription factors NF-K.B, AP-1 and 
GAS-RE-BP 112 sign responsible for tbe activation of thesc genes. We ha ve focused 
our attention on the differential activation of the MAPK signaling pathways 
induced by Hp in gastric epithelial cells leading to physiological disorders. AGS 
cells were infected with Hp and ar:alyzed for activation of protein kinases 
belonging to thc MAPK (ER.Kl/2) and SAPK (JNK) families . Transactivation 
studies, EMSA, in vitro phosphorylation assays combined with Westem blot 
ana)ysis using phosphospecific antibodies revealed that Hp mediates activation of 
the Raf-l~MEKl/2------;ERKl/2 indeper.dent of H-Ras and MEKKL Activation of 
the MKK4~JNK~AP-l pathway by Hp infection was directcd by PAK.l and the 
Rho-GTPases Cdc42 and Racl . In contrast to the signaling pathway leading to 
activation of ERKI /2, the activation of the SAPKs was strongly dependent on 
adherence of the bacteria to the host cell and on the expression of viru!cnce factors 
encoded by pathogenicity island (P AI) of Hp. Our data suggest tbat infection of 
ho~t cel!s with Hp could induce activation of certain transcription factors by the 
inductian of se!ected upstrearn signa!.ing pathways The identífication of Hp­
specific signaling pathways to inflamrr;atory cytohne production or acid secretion 
casts a light on ways for drug interven.ti.:>n. 
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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 and C. Martinez-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. Garcia 
Barreno. 

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

*252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizer: Juan F. Santarén. 

253 Workshop on Genome Expression 
and Pathogenesis of Plant ANA 
Viruses. 
Organizers: F. Garcia-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. 

*256 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorin, M. Beato and A. 
A. Travers. 

257 Lecture Course on P.olyamines 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. 
Organizer: T. Ruiz-Argüeso. 

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

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

*264 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. 
Organizer: F. X. Avilés. 
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267 Workshop on Role of Glycosyi­
PhosphatidyUnositol in Cell Signalling. 
Organizers: J. M. Mato and J. Lamer. 

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 Vertebrates. 
Organizers: R. Baker and J. M. Delgado­
Garcia. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors 
Tell the Brain? 
Organizers: C. Belmonte and F. Cerveró. 

*2 Workshop on DNA Structure and 
Protein Recognition. 
Organizers: A. Klug and J . A. Subirana. 

*3 Lecture Course on Palaeobiology: Pre­
paring for the Twenty-First Century. 
Organizers: F. Álvarez and S. Conway 
Morris. 

*4 Workshop on the Past and the Future 
of Zea Mays. 
Organizers: B. Burr, L. Herrera-Estrella 
and P. Puigdoménech. 

*5 Workshop on Structure of the Major 
Histocompatibility Complex. 
Organizers : A. Arnaiz-Villena and P. 
Parham. 

*6 Workshop on Behavioural Mech­
anisms in Evolutionary Perspectiva. 
Organizers: P. Bateson and M. Gomendio. 

*7 Workshop on Transcription lnitiation 
in Prokaryotes 
Organizers: M. Salas and L. B. Rothman­
Denes. 

*8 Workshop on the Diversity of the 
lmmunoglobulin Superfamily. 
Organizers: A. N. Barclay and J. Vives. 

9 Workshop on Control of Gene Ex­
pression in Veast. 
Organizers : C. Gancedo and J. M. 
Gancedo. 

*10 Workshop on Engineering Plants 
Against Pests and Pathogens. 
Organizers : G. Bruening , F. Garcia­
Oimedo and F. Ponz. 

11 Lecture Course on Conservation and 
Use of Genetic Resources. 
Organizers: N. Jouve and M. Pérez de la 
Vega. 

12 Workshop on Reverse Genetics of 
Negative Stranded ANA Viruses. 
Organizers: G. W. Wertz and J. A. 
Melero. 

*13 Workshop on Approaches to Plant 
Hormone Action 
Organizers: J. Carbonell and R. L. Jones. 

*14 Workshop on Frontiers of Alzheimer 
Disease. 
Organizers: B. Frangione and J. Ávila. 

*15 Workshop on Signal Transduction by 
Growth Factor Receptors with Tyro­
sine Kinase Activity. 
Organizers: J. M. Mato andA. Ullrich. 

16 Workshop on lntra- and Extra-Cellular 
Signalling in Hematopoiesis. 
Organizers: E. Donnall Thomas and A. 
Grañena. 

*17 Workshop on Cell Recognition During 
Neuronal Development. 
Organizers : C. S. Goodman and F. 
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. Fox 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. Díaz 
Orejas. 

*24 Workshop on Deterioration, Stability 
and Regeneration of the Brain During 
Normal Aging. 
Organizers: P. D. Colernan, 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. Martínez-A. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

51 Workshop on Mechanisms of Ex­
pression and Function of MHC Class 11 
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-KBIIKB Proteins. Their 
Role in Cell Growth, Differentiation and 
Development. 
Organizers: R. Bravo and P. S. Lazo. 

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

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. 
Organizer: Centre for lnternationa l 
Meetings on Biology, Madrid. 

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

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

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

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

71 Workshop on Programmed Gene 
Rearrangement: Site-Specific Recom­

bination. 
Organizers: J . C. Alonso and N. D. F. 

Grindley. 

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

73 Workshop on Development and Evo­

lution. 
Organizers: G. Morata and W. J . Gehring. 

*74 Workshop on Plant Viroids and Viroid­
Like Satellite RNAs from Plants, 

Animals and Fungi. 
Organizers: R. Flores and H. L. Sanger. 

75 1997 Annual Report. 

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

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

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martínez Arias, J . Mo~olell 
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. Lacal 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. 

Out o! Stock. 

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. 
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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 scienti sts working in the field of Biology, 

through the organization of Workshops, Lecture 

and Experimental Courses , Seminars, 

Symposi a and the Juan March Lectures on Biology. 

From 1989 through 1999, a 

total of 136 meetings and 11 

Juan March Lecture Cycles, a ll 

dealing with a wide range of 

subjects of biological interest, 

were organized within the 

scope of the Centre. 
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The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the J31h through the 1 51h of March, 2000, 
at the Instituto Juan March. 

All published articles are exact 
reproduction of author's text. 

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


