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ROLE OF GLYCOSYL-PHOSPHATIDYLINOSITOL IN CELL SIGNALLING 
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Joe Larner 
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ROLE OF GLYCOSYL-PHOSPHATIDYLINOSITOL IN CELL SIGNALLING: 
INTRODUCTION 

José M. Mato. Instituto de Investigaciones Biomédicas, CSIC, 
Arturo Duperier 4, 28029-Madrid 

Glycosyl phosphatidylinositols are found in a diversity of 
organisms from bacteria and yeast to mammalian cells. In 1986, 
Saltiel and Cuatrecasas first reportea that the addition of 
insulin to BC3Hl myocytes produced a fast and transient 
hydrolysis of a glycosyl phosphatidylinositol (GPI) with 
generation of diacylglycerol and the polar headgroup of the 
lipid, an inositol phosphoglycan named IPG. Since then, several 
laboratories have réported a similar effect of insulin on GPI 
hydrolysis using hepatoma cells, hepatocytes, adipocytes, 
lymphocytes and CHO cells. The detailed structure of IPG is not 
known but i t has been reportea to contain myo- and chiro­
inosi tol, glucosamine, galactosamine, galactosa and mannose. A 
variety of results indicate a strong structural similarity 
between IPG and the glycan moiety of glycosyl 
phosphatidylinositol molecules that serve as protein anchors. 
Thus, an antibody risen against the glycan moiety of T. brucei 
variant surface glycoprotein (VSG) has been found to cross react 
with IPG obtained from both rat liver and chick embryo GPI. This 
antibody is specific and did not react with inositol, inositol 
phosphate, glucosamine, galactosa or mannose. 

In addition to insulin, other growth factors and hormones have 
been found to stimulate GPI hydrolysis in target cells. The 
receptors for these ligands fall into two categories: the 
receptor protein-tyrosine kinase family, formed by the insulin, 
IGF-I, EGF, NGF and IL-2 receptors, and the group of receptors 
wi th seven transmembrane domains, formed by the ACTH and TSH 
receptors. These results suggest the existence of two mechanisms 
leading to GPI hydrolysis, one dependent and the other one 
independent of protein-tyrosine kinase activity. 

Hydrolysis of GPI in response to insulin is reduced in CHO 
cells bearing protein-tyrosine kinase-def icient insulin 
receptors. Cells carrying normal human receptors hydrolysed up 
to 70% of their GPI within 2 min of the addition of O .1 nM 
insulin, whereas parental cells and cells expressing the mutant 
receptor hydrolysed only 20-30% in response to 100 nM insulin. 
These resulta indicate that the receptor protein-tyrosine kinase 
is necessary to transduce efficiently the effect of insulin on 
GPI hydrolysis. Insulin-stimulated GPI hydrolysis can be 
decreased in myocytes by treatment with cholera toxin. Thus, it 
is possible that G proteins are an intermediate in the signal 
cascada from receptor to phospholipase activation. Insulin binds 
to the a subunit of the insulin receptor which stimulates the 
protein-tyrosine kinase activity of the B subunit. The mechanism 
by which the insulin receptor protein-tyrosine kinase and GPI 
hydrolysis are linked is not known. 

NGF-induced GPI hydrolysis has been observad in PC12 and chick 
embryo chocleovestibular ganglion (CVG). The high affinity NGF 
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receptor appears to be a heterodimer composed by the protein­
tyrosine kinase trk gene product, a 140K protein, and the low­
affinity NGF receptor (NGFR), a 75K protein. A model has been 
proposed where NGF exists as a non covalent dimer that binds both 
to the 7 5K and 14 OK proteins. In PC12, NGF binding induces 
autophosphorylation by the trk-encoded protein-tyrosine kinase 
suggesting that, as in the case of insulin, the receptor protein­
tyrosine kinase is required for activation of GPI hydrolysis. 
There are two well characterized members of the trk family, trk 
and trkB, as well as several uncharacterized members, which are 
all 130-140K proteins expressed in distinct regions of the 
nervous system. NGF is also one of at least three related 
neurotrophic factors; NGF, brain-deri ved neurotrophic factor 
(BDNF) and neurotrophin-3 (NT-3). BDNF and NT-3, but not NGF, are 
ligands for the trkB protein-tyrosine kinase receptor. Binding 
to the trkB receptor by BDNF and NT-3 is of low affinity and it 
has been proposed that, by analogy to NGF, high affinity binding 
sites for BDNF and NT-3 might be obtained by the interaction of 
trkB with NGFR or NGFR-like molecules. While the components of 
the signal-transducing pathway of BDNF or NT-3 have not yet been 
identified, by similarity with NGF, these two neurotrophic 
factors may induce GPI hydrolysis in specific subpopulations of 
neurons. 

Another example of a multisubunit receptor associated with a 
protein tyrosine kinase is the IL-2 receptor. The IL-2 receptor 
appears to be composed by at least two distinct polypeptides, the 
IL-2 receptor a, a 55K protein, and the IL-2 receptor B, a 70-75K 
protein that belongs to the cytokine receptor family. Similarly 
to the situation with the NGF receptor, together the two receptor 
subunits form the high affinity IL-2 receptor. The IL-2 receptor 
subunit interacts directly with the lymphocyte specific protein­
tyrosine kinase p56 1ºk, a member of the srk-family kinases. As a 
result of this interaction, in the presence of IL-2 p56 10k protein 
tyrosine kinase activity is stimulated and the IL-2 receptor B 
subunit becomes phosphorylated. Studies of IL-2- and IL-4-induced 
responses in B lymphocytes indicate that exposure to IL-2 is 
rapidly followed by GPI hydrolysis and proliferation of the 
lymphoma cells, and that both responses are blocked when cells 
are exposed to IL-4 for 5 min, which by itself has no effect on 
GPI hydrolysis. This rapid antagonism does not seem to be 
mediated by down-regulation of IL-2 receptors, and a model has 
been proposed where IL-4 exerts its antagonistic action by 
preventing the association of the IL-2 receptor wi th the protein­
tyrosine kinase. In this model the phosphotyrosine containing 
receptor, may interact with a GPI specific phospholipase or with 
other physiologic regulators leading to phospholipase activation. 
In addition, these results suggest that other members of the 
cytokine receptor family may behave similarly to the IL-2 
receptor and stimulate GPI hydrolysis. 

The discovery that the insulin receptor activates GPI 
hydrolysis prompted work on the cellular responses to IPG. This 
molecule, added to intact cells, inhibits lipolysis and 
stimulates lipogenesis and glucose consumption in adipocytes, 
reduces glycogen phosphorylase and cAMP levels, and stimulates 
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pyruvate kinase and glycogen synthesis in hepatocytes. In 
fibroblasts IPG stimulates lactate and fructose 2,6-bisphosphate 
production. Furthermore, this molecule has been found to elicit 
the phosphorylation and dephosphorylation of sorne of the same 
cellular proteins as insulin (i.e. ATP citrate lyase, glycogen 
phosphorylase, hormone sensitive lipase). This suggests that 
cAMP-dependent and independent protein kinases and phosphoprotein 
phosphatases might be the intracellular targets of IPG. At this 
respect, in broken cell preparations or with purified enzymes IPG 
stimulates cAMP phosphodiesterase, pyruvate dehydrogenase and 
casein kinase II and inhibits adenylate cyclase and cAMP 
dependent protein kinase. 

IPG has no effect on glucose transport, but diacylglycerol has 
been shown to act as an activator of this process in adipocytes 
when applied outside the cell, and addition of phospholipase e 
to intact adipocytes also stimulated glucose transport. Thus it 
is possible that insulin generates two types of biochemical 
signals: IPG and diacylglycerol. GPI hydrolysis is not the only 
source of diacylglycerol in response to insulin and in myocytes 
this hormone has been shown to stimulate the de novo synthesis 
of diacylglycerol. Sphingosine, a reversible inhibitor of protein 
kinase e which acts competitively with respect to activators such 
as phorbol esters and diacylglycerol, has been shown to inhibit 
insulin-stimulated glucose transport in 3T3-Ll fibroblasts and 
adipocytes, which is consistent with a role for diacylglycerol 
and protein kinase e in the activation of glucose transport by 
this hormone. 

The ability of IPG to regulate the expression of specific 
genes has also been investigated. Incubation of hepatocytes with 
IPG produced a 5-fold decrease in phosphoenolpyruvate 
carboxykinase (PEPCK) mRNA levels, which had been previously 
increased about 10-fold by incubation with 0.1 mM 8-Br-cAMP. IPG 
reduction of PEPCK mRNA is primarily due to a decrease in the 
rate of transcription of the gene as judged by nuclear run-on 
transcription experiments performed in rat hepatoma H4IIE cells. 
In hepatocytes isolated from diabetic rats, treatment with IPG 
caused a 4-fold induction in the expression of a2-microglobulin 
mRNA, concomitantly with a 2. 5-fold decrease in the level of 
PEPCK mRNA. Similarly, IPG has also been found to stimulate p33 
mRNA accumulation. These data indicate that IPG has both positive 
and negative effects on the regulation of gene expression. 

Both insulin and NGF have been found to behave as growth 
factors in otic vesicles cultured in vitro. The otic vesicle is 
a transient embryonic structure occurring during the early 
development of the inner ear. Insulin potentiates the 
proliferative effects of other growth factors on the epithelium 
of quiescent otic vesicles and NGF behaves as a potent mitogen 
of the CVG. IPG, like insulin, potentiates the mitogenic effect 
of bombesin on the otic vesicle epithelium and, like NGF, is a 
potent mitogen of the ganglionic cell population. Moreover, the 
IPG- and NGF-induced proliferative effect on CVG are blocked by 
anti-IPG antibodies . Similarly, IPG has also been found to 
potentiate the mitogenic effect of IL-2 in T-lymphocytes and to 
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stimulate proliferation of NIH 3T3 fibroblasts. These findings 
point to IPG as an important modulator of cell proliferation. 

Anti-IPG antibodies, generated against the glycan moiety of 
T. brucei, block both the NGF-induced proliferative effect on CVG 
and the insulin-induced stimulation of pyruvate dehydrogenase 
(PDH) in intact BC3Hl myocytes. Moreover these antibodies block 
the in vitro effects of IPG on mitochondrial PDH and cAMP­
dependent protein kinase as well as the proliferative effect of 
IPG on CVG. When added to intact cells in the presence of 
insulin, these antibodies induce the accumulation of IPG in the 
extracellular medium and had no effect on insulin-stimulated 
glucose uptake and diacylglycerol production. These results 
indicate that IPG is generated outside the cell in response to 
insulin or NGF. This hypothesis is further supported by the 
finding that the majority of the GPI is present on the cell 
surface of insulin-sensitive cells and by the observation that 
in TSH treated pig thyroid cella IPG accumulates in the 
incubation medium. Moreover, the specific uptake of IPG by intact 
rat hepatocytes has also been recently demonstrated. These and 
other related observations support a model where IPG originates 
from GPI molecules present on the cell surface. As a result of 
this, IPG is released to the incubation medium to be then taken 
up by a specif ic uptake system. 

Impaired insulin-dependent GPI hydrolysis has been observed 
in hepatocytes from glucocorticoid-treated rats (a mod"el of type 
II diabetes) and in adipocytes from streptozotocin-induced 
diabetic rats (a model of type I diabetes). Moreover, IPG was 
undetectable in muscle biopsies from patients with non-insulin­
dependent diabetes mellitus (NIDDM) and the urinary excretion of 
chiro-inositol (a component of IPG) in NIDDM was lower than in 
control subjects. These results seem to indicate a deficient 
metabolism of GPI in diabetes and open the possibility that IPG 
and/or IPG-analogs may be of potential interest in the treatment 
of this disease. 

References: 

l. Mato J .M. and Varela I. Role of glycosyl-phosphatidylinositols 
in insulin signalling. In, Phospholipid Metabolism in Cellular 
Signalling, Ed. Mato J.M., CRC Press, 1990. Chapter 8. 

2. Saltiel A.R. The role of glycosyl-phosphoinositides in hormone 
action. J Bioenerg Biomembr 1991; 23:29-41 

3. Lamer J, Romer G, Kennington AS, Lilley K, Kilgour E, Zhang 
C, Heimark-Gamez G, Houston DB, Huang LC. Duality in the 
mechanism of action of insulin. Adv Second Messenger 
Phosphoprotein Res 1990; 24:290-294 
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CHIRO-INOSITOL: A NEW PLAYER IN DIABETIC INSULIN RESISTANCE 

J. Lamer, G. Romero, l. Asplin, G. Galasko, L.C. Huang, C. Zhang 
L. Zhang, H.K. Ortmeyer", B.C. Hansen•, C. Bogardusb, 

l. Razb, J.C. Craig and L. Luttrell 

Department of Pharmacology, University of Virginia 
School of Medicine, Charlottesville, Virginia 22908 

ºDepartment of Physiology, University of Maryland, 
Baltlmore, Maryland 21201 

bNational lnstitutes of Diabetes and Digestive Disorders 
Phoenix, Arizona 85016 

Two phospho inositol glycan insulin mediators have been separated from liver 
and muscle in our laboratory by anion exchange chromatography. The pH 2.0 eluted 
mediator which contains D-chiro-inositol and galactosamine stimulates pyruvate 
dehydrogenase (PDH) phosphatase in a manner kinetically like insulin . lt also 
stimulates glycogen synthase phosphatase. The pH 1.3 eluted mediator which 
contains myo-inositol and glucosamine inhibits CAMP-dependent protein kinase and 
adenylate cyclase. Since insulin resistance in type 2 diabetes is principally post­
receptor and mainly in non-oxidative glucose metabolism (glycogen synthesis) we 
examinad the role of the two mediators by measuring ( 1 l myo- and chiro-inositol in 
24 hour urine samples, (2) bioactivity and myo- and chiro-inositol in mediator samples 
from urine, hemodialysate and muscle of control and diabetic subjects. Urine inositol 
analysis indicates that about 80% of type 2 diabetic subjects have a marked decrease 
or absence of chiro-inositol with 70% of type 1 diabetic subjects similarly affected. 
Analysis of mediator activity and inositol content in muscle, hemodialysate and urine 
samples confirm the selective decrease in pH 2.0 mediator and chiro-inositol content 
in type 2 diabetic sub]ects. This defect appears related to insulin resistance and may 
have a familia! or genetic component. A similar defect is observed in the Pima lndians 
and in a collection of prediabetic and diabetic monkeys. 
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REGULATORY PROPERTIES OF INOSITOL GLYCANS, A.& 
SALTIEL, Parke-Davis Pharmaceutical Research Division, 
Ann Arbor, MI 48105, USA 

It has recently been discovered that over forty proteins of 
diverse origin and function are anchored to the plasma 
membrane by covalent attachment to glycosyl­
phosphoinositides. In these novel structures, proteins are 
linked vía an amide bond to ethanolamine, which is coupled 
to an oligosaccharide glycosidically linked to 
phosphatidylinositol (PI). We have found a structurally 
homologous form of this glycolipid that apparently is not 
attached to protein. This molecule is hydrolyzed by a 
specific phospholipase e, giving rise to diacylglycerol and an 
inositol phosphate glycan. In liver, muscle and fat cells, this 
hydrolysis reaction is acutely stimulated by insulin. The 
resulting inositol glycan modulates the activities of severa! 
insulin-sensitive enzymes involved in metabolic regulation, 
and mimics certain of the actions of insulin in intact cells. 
The activities of many, ü not ali of these enzymes are 
modulated by changes in the state of phosphorylation. 
Interestingly, the actions of this compound in fat and liver 
cells can be attenuated by okadaic acid, a protein serine 
phosphatase inhibitor. Preliminary structure/function 
studies on the inositol glycan have begun, using a 
combination of chemically synthesized compounds, as well 
as fragments obtained from the structurally defined 
glycosyl-PI anchor of the trypanosoma brucei Variant 
Surface Glycoprotein. Kinetic and mechanistic studies on the 
generation and action of the inositol glycan suggest a 
possible role as a second messen¡er for sorne of the acute 
actions of insulin. Elucidation of the functional role of 
glycosyl-PI in the generation of second messengers may 
provide further insights into the pleiotropic nature of the 
action of insulin and other hormones. 
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GPI-specific phosphollpase D: a plasma enzyme that degrades the membrane anchor or cell suñace 

protelns. 

Martin G. Low, Rover Physiology Research Laboratories, Departrnent of Physiology and Cellular 

Biophysics, Columbia University, New York NY 10032 

Glycosylphosphatidylinositol-specific phospholipase D (GPI-PLD) is a metal-ion dependent enzyme 

(molecular mass 100-110 kDa) found in marnmalian plasma which is capable of cleaving the GPI 

anchor of severa! cell surface proteins. It has been proposed that the physiological role of this 

enzyme is to release GPI-anchored proteins from membranes thereby regulating their expression at 

the cell surface. Evaluation of this hypothesis requires detailed information on the identity of the 

physiologically relevant substrates, as well as the regulatory mechanisms and the cellular sites of 

synthesis and action of GPI-PLD. Recent work in this laboratory has been directed toward obtaining 

this information. Previous attempts to determine the tissue/cell localization of GPI-PLD by 

biochemical techniques have been compromised by the abundance of GPI-PLD in the plasma as well 

as the presence of competing enzyme activities. Monoclonal antibodies raised against GPI-PLD were 

therefore used to localize the enzyme in frozen sections of perfused rat tissue. Positive staining was 

obtained in stratified squamous epithelium in severa! locations ( e.g. upper gastrointestinal tract, 

epidermis etc.) the cell bodies of motor neurons (spinal cord and brain) and sensory neurons of the 

dorsal root ganglion. A similar analysis of GPI-PLD distribution in embryonic rat tissues is currently 

being performed. 

Potential mechanisms of GPI-PLD regulation are also under investigation. It was previously 

shown that GPI-PLD in plasma or serum is unable to release GPI-anchored proteins from cell 

membranes but the mechanism for this resistance is unknown. Studies with purified bovine serum 

GPI-PLD and reconstituted membranes suggest that protein factors in the serum or on the 

membranes are not responsible for the inability of GPI-PLD to act on membranes. The results 

predict the existence of sorne mechanism for activating the GPI-PLD and the potential role of 

proteolytic cleavage of the GPI-PLD polypeptide is currently being studied. 
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lnsulin and IGF·1 Induce the generatlon of lnoaitolglycana 
In the extracellular medlum 

Studies on the mechanism of generation of inosltolglycan mediators have 
suggested that insulin may physiologically induce the generation of these compounds in 
the extracellular medium. This hypothesls has been testad using anti-lnositolgycan 
antibodies specifically developed with this purpose. These antibodies were raised against 
the soluble form of Trypanosoma bruceí variant surface glycoprotein (VSG). In vitro tests 
demonstrate that the purified antibodles recognize specifícally the oligosaccharide moiety 
of the glycosyl-phosphatidyllnosltol anchor of VSG. Biochernical tests demonstrate 
that these antlbodies inhibit the in vítro functions of preparations of inositolglycan 
mediators of various degrees of purity. When used in intact cell assays, these antibodies 
were shown to block the activation of pyruvate dehydrogenase in BC3H1 cells by insulin. 
Additional studles using swine ovary granulosa cells and human cytotrophoblasts have 
shown that the antibodies interfere with the effects of insulin and IGF-1 in the regulation 
of steroid hormona synthesis in lntact cells. Both IGF-1 and insulln stimulate the rapid 
extracellular release ,ef inositolglycan mediators from granulosa cells. These findings 
suggest a paracríne/autocrine mechanism of action of insulin and IGF-1 in which 
inositolglycan mediators play the role of autocrine factors. In agreement with this 
mechanism, the regulation of progesterone synthesis by insulin and IGF-1 was found to 
be strongly dependent on the cell density of the system. Quantitative analysis of the cell 
density dependence of the response suggests that the simplest model consistent with the 
data is a simple autocrine mechan!sm in which the soluble factor equilibrates with the 
extracellular medium. The implications of this mechanism are discussed. 

GUILLERMO ROMERO 
Pittsburgh University. School of Medicine. 
Department of Pharmacology. 
13th Floor. Biomedical Science Towers. 
PITTSBURGH, PA 15261 (U.S.A.). 
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PHOSPHOLIPID METABOLJSM AND PROTEIN KlNASE C ACTIVATION IN INSULIN ACTION 

Robert V. Fareseª, M.L. Standaertb, Tatsuo IshlZukaC, B. Yud, Thomas Amolde. Denise R Cooperf 
a.b.e.f Research Servtce (VAR 151), J.A. Haley Veterana' Hosplt:..1! and Department of Interna! 
Medicine. Unlverslty of South Flotrda. 13000 Bruce Downs Boulevard, Tampa. Florida 33612 
c Thlrd Department of Interna! Med!clne, School of Medicine, Glfu lJnlverslty, Tsukasa-Machl , 
Glfu 500, Japan 
d Department of Biochemlstry, China Med!cal Un!verslty, Sheyang, Ltaorung Provtnce. Peoples ' 
Republlc of China 

Insulln r f\~1 !dly perturba phosphoilpld metabollsm .n many target tlssues . Le .. lncreases In: 
lnosltol·l !pid synthesis: de nouo phosphat!dtc acid (PAJ synthesls; hydrolysls of 
phosphatldyllnosltol (Pl)-glycan: and phosphat!dylchollne (PC) hydrolysls. lnsulln-Induced 
hydrolysls of the Pl·glycan and t.ncreases In de nouo PA synthesls are lnh!blted by pertussls 
tox!n, wht>reas PC hydrolysls is not. lncreased de novo PA synthesls Is due to an actlvation of 
glycerol-3-phosphate acyltransferase, by headgroup med!ators (IPG) released from the Pl ·glycan . 
Thus, !nsulln actlvates two major phosphol!pld systems, vtz., Pl-glycan and PC hydrolys1s. 
presumably via G·protelns coupl1ng the lnsulln receptor to phosphollpases . Pl-glycan hydrolysls 
In tum actlvates de nouo PA synthesls. which malntalns PC levels. Both the de novo pathway 
anct PC hydrolys!s prm1de PA to syn!; ¡eslze PI. PIP. PIP2 and the Pl ·glycan. These lntegrated 
pathways provide for rapld hydrolysl ~ <ind re-synthcsls of PC and the Pt -glycan. and for 
generallon of medlators, IPG and di ~ ._.·1glycerol (DAG). lncreases In DAG derive from multlple 
sources durtng !nsultn act!on. !.e .. PC .ydrolysls, de novo PA synthes!s and Pl ·glycan hydrolysls. 
DAG from each of these source!actlvates proteln k•nase C (PKC). proi.>ably In dlfferent subcellttl<ir 
locatlons . lnvolvlng spec!flc PKC !sofonns, and at d!ITerent effic!enc!es. PKC actlvatlon Is 
characterlzed by its translocation fron the cytosol to DAG-enrlched membranes . Uslng 
lmmunoblotttng to detect changes In PKC content, or ustng Mono Q column chromatography to 
remove PKC modulators prior to enzyme assay. typ!cal PKC translocauon pa tterns are seen in rat 
adlpocytes, rat soleus muscle. BC3H -l 1; : ocytes . and H411E cella and rat gastrocnemlus. 
F'urther evldence far PJ\C arUva t!on Ln lntact tlssues !!'! suggested by the findlng that lnsulln ancl 
PKC-a c tl.,. ~ Ung phorbol esters provoke comparable phosphorylaUon of PKC substrates. e.g .. 40. 
aclci!r. 80 (MARCKS), l 5 kDa and other protelns. 

A potentlally tmportant role for DAG/PKC s1gnal11ng In !nsulln-st!mulated glucose transport ls 
suggestcd by severa! llncs of ev1dence. Flrst, actlvatton of PKC by vanous means unifomlly 
provokes Increases in glucose transport In many cell types. Second. ali PKC !nhlbltors lnhlblt 
!nsulln-stlmulated glucose transport. Thlrd, prolonged treatment of rat adlpocytes wtth phorbol 
ester, lnsulln and / or 20 mM gtucose leads to PKC depletlon, tnlubttlon of !nsultn-stlmulated 
glucose transport. but no comprom!se In earller steps of lnsul!n action. Contrastlng flndlngs 
ha ve been noted In BC3H · l myocytes, In whlch prolonged phorbol ester treatment results In 
lnhlbltlon of TPA. but not tnsul!n, effects on glucose transport. In BC3H· l myocytes, however, 
phorbol esters deplete PKC·cx. but fall to dlmln!sh lmrnunoreactlve PKC-~. PKC-e, PKC-C and PKC­
dependent phosphorylatton of non·h!stone substrates. Thus, considerable fW1ctlonal PKC Is 
reta!ned tn these "downregulated" cells. In keeplng wtth the latter, DAG- and phosphollpase C­
stlmulated gtucose transport remaln lntact tn downregulated myocytes, and effects of lnsulln a re 
sensitlve to PKC lnhlbltors. In companng the downregulaUon parad!gm In rat adlpocytes and 
BC3H- l myocytes, lt Is tntrlgulng that PKC-~ Is more errect!vely depleted by phorbol esters In 
adlpocytes. Perhaps phorbol ester errects on glucose transport are pr1mar1ly medlated by PKC·a, 
and lnsultn. prlmarlly by PKC-~. F'ourth, antisense-DNA targeted agalnst mRNA's for PKC·B and 
PKC·o. speclflcally downregulate these. but not other, PKC lsofonns In rat adipocytes, and Impalr 
!nsulln and phorbol ester efTects on glucose transport. Flfth, we have fully restored lnsulln 
efTects on gtucose transport In TPA·downregulated, PKC-depleted rat adlpocytes by 
electroporatlon In the presence of pure PKC. The restoration of lnsulln effects by PKC 
replentshment !ndtcates that PKC Is rcqutred for, and may medlate, Insulln efTects on glucose 
transport. 

Fundación Juan March (Madrid)



25 

Diologicnl effects of glycosyl inositol-phosphat.e on 

adlpocytes and thyrocytes : 

Role of pertussls toxin sensltivc G protdn1> 

by C. JACQUEMIN. * 

We previously dcscribed the synthesis and rclcasc of glycosyl 

inositol-phosphate (JnJ>-gly) from thyrotropin-(TSH-) 8limulated polarized 

thyrocytcs . This subs11111cc was ch11n1ctcrizcd by its Jabclling with putative 

prccursors and isolatecl 11ccording to its chrom111ogrnphic properties. 

Wc have studicd the biological activity of lnJ>-gly on fat·cells :rnd 

compared its inhibitory charncter on cAMJ> 11ccumul11tion with that of 

prostaglandln E2 ancl 11denosinc. 

The lAP component of pcrtussis toxín blocked thc action of thc three 

negntive agonists 011 cAMJ> nccumulation promotcd by lsoprote.renol, 

suggesting the participation of Oi protein in the trnnsducing proccss. 

We h11vc also examined the 11utocri11e 11ctivity of InP·gly on thyroicl 

metabofüm. Thr. cAMI' accumuh1tio11 promotcd by TSH or forskolin was 

modulated by lnJ>·gly, stimulated by the lowcst testcd conccntrntion 

( 1 o-8M) 11nd progre:;sivcl~· inhihitcd by higher conccntrntions. lodidc 

uptakc t111d iodinc organíflcation wcre dccreased in a 

conccntrntion-dcpcndent manner by lnP-gly alone or in the prcsencc of 

TSH. 

In thyrocytes, JAJ> blockcd the inhibítory action of lnP-gly 011 c/\MP 

nccumulatlon increased by TSH. But .fhc snme-. trcntmcnt with Jt\P was 

without effcct on iodine mctabolism, suggesting 1h111 there is a sccond 

t1ugct for JnP-gly, more dist11l than Gi protcin, or coupled 10 nnothcr G 

proteln which is insensitive to the toxln . 

Tentative modcls will be prcscuted. 

Jnstitut National de la Santé et de la Recherche Médicale . Hopit a l 
de Bicfitre. 78 Rue du Général L~clerc . 94275-Le Kremlin-Bicªtre (Fra~ 

e e). 
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Structure and function of NGF receptors. Mases V. Chao, 
Department of Cell Biology & Anatomy, Cornell University Medical 
College, 1300 York Avenue, New York, New York USA 10021 

The many differentiative and survival effects of nerve growth 
factor (NGF} on responsive cells are directly mediated by binding to 
high affinity cell surface receptors. NGF interacts with two 
different receptor

1
25oteins that can be distinguished by affinity 

crosslinking with I-NGF. Reconstitution experiments by membrane 
fusion and transfection into heterologous cells indicate that high 
affinity NGF binding requires ~8FRxpression and binding to both the 
low affinity NGF rece~t~r (p75 ) and the product of the proto-
oncogene trk (p140pro 0 rk), a receptor tyrosint tiQase. NGF is 
capable of binding with low affinity to p140pro 0 r alone, and 
can trigger autophosphorylation activity. Mutations made in the 
highly conserved cytoplasm1c doma1n of the p75 NGF receptor 
abolished high affinity site formation, and also eliminated the 
ability of NGF to elicit tyrosine phosphorylation. These studies 
reveal a novel growth factor receptor-mediated mechanism of 
cellular differentiation, involving the tyrosine kinase trk and 
the low affinity NGF receptor. A direct prediction from the two 
NGF receptors is that specificity of neurotrophic action must be 
directly mediated by the expressionN8fRªn appropriate trk 
tyrosine kinase in concert with p75 . Additionally, the 
identification of the proto-oncogene trk as an NGF receptor 
provides evidence for the primary signaling mechanism of the 
neurotrophic family of growth factors. 
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ROLE OF THE GLYCOSYL-PHOSPHATIDYLINOSITOL/ INOSITOL PHOSPHOGLYCAN 
SIGNALLING SYSTEM IN THE REGULATION OF GENE EXPRESSION AND CELL 
PROLIFERATION 
Isabel Varela-Nieto. Instituto de Investigaciones Biomédicas­
Departamento de Bioquímica. CSIC-UAM. Arturo Duperier 4. 28029 
Madrid. 

The activation of insulin-, NGF-, EGF-, TSH- and IL-2 receptors 
leads to the hydrolysis of a membrane glycosyl-Ptdins. The 
products of this reaction are inositol phosphoglycan (IPG) and 
diacylglycerol. IPG has been shown to mimic a variety of the 
short-term effects of insulin. We have studied the possible 
effect of the glycosyl-Ptdins/ IPG system on cell proliferation 
in insulin-dependent and independent rnodels and the role of IPG 
in the insulin-like regulation of the expression of specific 
mRNAs. The biological significance of IPG on cell proliferation 
was investigated by studying its effects in the early developing 
inner ear. IPG has insul in mirnetic effects on the growth and 
rnorphogenesis of the otic vesicle potentiating the mitogenic 
effect of bombesin. In the cochleovestibular ganglion the role 
of the glycosyl-Ptdins/ IPG pathway in transducing the rnitogenic 
effects of NGF has been investigated by showing: i) The presence 
of endogenous glycosyl-Ptdins and IPG, the later with strong 
rnitogenic activity, ii) The ability of NGF to stirnulate glycosyl­
Ptdins hydrolysis in parallel with its biological activity, and 
iii) The ability of anti-IPG antibodies to block the biological 
effects of NGF. The ability of IPG to mirnic insulin effects on 
the regulation of the expression of specific rnRNAS was studied 
in isolated hepatocytes frorn normal and diabetic rats. Incubation 
of normal liver cells with IPG produced a decrease in 
phosphoenolpyruvate carboxykinase (PEPCK) rnRNA levels, which had 
been previously increased by incubation with 8-Br-cAMP. IPG 
reduction of PEPCK rnRNA is primarily due to a decrease in the 
rate of transcription of the gene as judged by nuclear run-on 
transcription experirnents performed in rat hepatorna H4IIE cells. 
In hepatocytes isolated from diabetic rats, treatment with IPG 
caused an induction in the expression of a2-rnicroglobulin rnRNA, 
concornitantly with a decrease in the level of PEPCK rnRNA. These 
data indicate that both, positive and negative, effects of 
insulin on the regulation of gene expression are rnirnicked by IPG. 
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REGULATION OF T LYMPHOCYTE GROWTH AND FUNCTION 
BY GPI 

GLEN N. GAULTON 
Department ot Patholoey and Lab Medldne, Universlty ot 

Pennsylvanla, Philadelphia, PA 19104 USA 

Glycosylated-phosphatldylinositol (GPI) molecules have bcen 
implicated as precursors for both hormone-sensitivc second 

messengers and lipid anchored membrane proteins. Tbe relationship 

between the divcrse functions of these lipids and predicted 

structural beterogeneity within GPI subtypes was examined in 

human and murine T lymphocytes. Eight subtypes of GPI molecules 

were identifíed in T cells following separation over 2-dimensional 

high performance thín layer chromatoi!aphy (HPTLC), by sensitivity 
to phosphatidylinositol-speoific phospholipase C (PI-PLC) ttnd nitrous 

acid. Lirnited structural analysis of mixed GPI populations indicatcd 
that this heterogeneity is associated with variation in glycan size and 

content, and fatty ~cid composition and linkage. Hydrolysis of 
Jymphocyte GPI wa.s obsorvcd in respons~ to botb insulin and 

interlcukin-2 binding. Antibody probes of the glycan domains of OPI 
were dev.eloped and used to assess the panial sensitivity of GPI to 

hormone action. This analysis showed that the effects of insulin and 

interleukin-2 are linked to differential utilization of a subset of GPI 
molecules. The polar fragments of tbi.s reaction were identified in 
extraccllular supetnatantis from hormone treated cells. The biological 
si¡nificance of in&ulin and interlcukin-2 dependcnt GPI hydrolysis 

was demonstrated by insulin, interleuldn-2 and IPG regulation of 

glucose metabolism in intact lympbacytes. These results support the 

hypothesis that the multifunctional roles of GPI are served by 

discrete OPI populations and that the m~tabolites of GPI subsets 
pa.rticipatc as 6ignallng elements in honnone action and the 
regulation of T cell growth. 
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Regulation of glucose transport in fat cells: possible role of inositolphosphooligosaccharides. 

H. U. Haring, F. Machicao and M. Kellerer 

Insulin activates the glucose uptake of \solated fat cells through translocation of the glucose 

transporter isoforms GLU'T4 and GLU'Tl from intracellular membranes to the plasma membrane. 

The effect of insulin on GLU'T4, but not GLUTl can be mimicked by phorbolesters and other 

pharmacological tools. Wbile phorbolesters are able to mimic the full insulin effect on GLUT4 

translocation only a partía! activation of the glucose transport system is observed suggesting that 

insulin acts through a second mechanism activating glucose carri.ers in the plasma membrane. 

This activating effect of insulin, independent of carrier translocation can be mimicked by 

ex.ogenously added phospholipase C, aluminiumchloride and insulin-like acting compounds 

isolated from haemodialysate of calf blood (Actovegin) . There is sorne evidence that the active 

compounds of these fractions are inositolphosphooligosaccharides. These putative IPO-fractions 

ex.ert in isolated fat cells the following effects: activation of 3-0-methylglucose uptake, decrease 

of catecholamine stimulated cyclic AMP-levels and activation of lipogenesis. The effect of these 

IPOs on lipogenesis in fat cells is blocked by the addition of mannose and glucosamine suggesting 

a mannose- and glucosamine-specific uptake mechanism. To test whether analogous compounds 

are released by fat celJ.s after insulin stimulati.on we appli.ed the same purification procedure 

which was developed for calf blood haemodialysate to isolate insulin-like acting compounds from 

the medium of insulin stimulated fat cells. By this approach we found indeed insulin-like activity 

in the supematant of insulin stimulated fat cells. Subsequently the same technique was applied to 

test whethe.r rat-1 fibroblasts overexpressing either the insulin receptor isoform A (HIR-A) or the 

receptor isoform B (HIR-B) release IPOs as well. In analogy to the fat cell experiments insulin 

sti.mulated release of putative IPO fractions was observed after stimulation of both cell types. 

This putative IPOs release<l by rat-1 fibroblasts were active in the bioassay on 3-0-methylglucose 

uptake and lipogenesis of isolated fat cells. The data suggest that fibroblasts are able to release 

IPOs which play a role in a cell/cell signalling system. This effect can be triggered by both 

insulin receptor isoforms. 
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lnositol·glycan and Diacylglycerol: Dual Second Messengers of 
Insulin? 

Peter Str!lfors 
Dept of Cell Biology. Faculty of Health Sciences, University of Linkl:lping, 

S-58185 Linkl:lping, Sweden. 

The possibility that the short-term actions of insulin are mediated by the dual second 
messengers inositol-glycan (IPG or POS for phosphooligosaccharide) and 
diacylglycerol (DAG) is considered. lt has been shown that, upon insulin stimulation 
of cells, soluble IPG is generated in concert with long-chain diacylglycerol. 

1 will demonstrate that in intact adipocytes IPG elicits a phosphorylation response 
pattern that is indistinguishable from that of insulin: insulin effects by itself or the 
ability of insulin to counteract effects of cAMP-elevation (Nature 330, 77-79). lt 
seems that IPG can mediate the metabolic control of insulin through control of the 
state of phosphorylation of target proteins. The highly polar IPG molecule will have 
to reach the interior of the adipocytes through sorne kind of transport over the plasma 
membrane. 1 will demonstrate that compounds structurally related to IPG from the 
out-side block the insulin-like effects of IPG in adipocytes, and, most importantly, the 
same compounds also block the effects of insulin itself on · protein phosphorylation 
(FEBS Lett. 268, 169-172). These findings are taken to indicate that IPG is generated 
on the cell surface and transported over the plasma membrane as part of the 
hormone 's physiological signal transducing pathway. 

I will present evidence suggesting that the function of insulin to promote glucose 
transport in eg adipose tissue can, at least partly, be provided for by DAG and 
apparently so without involving protein kinase C. In isolated adipocytes certain 
exogenously added long-chain DAG, but nor short-chain DAG, enhance glucose 
transport (Nature 335, 554-556). Dimyristoylglycerol was found to have an optimum 
chain length and saturation for stimulation of glucose uptake. This diacylglycerol 
does, however, not affect protein kinase C activity in the cells. Dioctanoylglycerol on 
the other hand potently activates protein kinase C. but is u'nable to stimulate glucose 
transport. The ability of DAG to stimulate glucose transport in different cells 
correlates with the expression of the insulin-sensitive glucose transporter GLUT-4. In 
hepatoma cells (H4), that are responsive to insulin, but does not express GLUT-4, 
glucose transport is neither affected by insulin nor by dimyristoylglycerol. The DAG 
seems to affect the activity of the glucose transporter rather than its translocation to 
the plasma membrane. The translocation process are affected by agents known to 
control protein phosphorylation (eg: phorbol esters, okadaic acid) which suggests that 
insulin may control this process through the IPG. 
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INFLUENCE OF STREPTOZOTOCIN-OIABETES ANO OEXAMETHASONE­

INOUCEO INSULIN RESISTANCE ON GLYCOSYL-PHOSPHATIOYLINOSITOL 

LEVELS ANO INOSITOL-PHOSPHOGLYCAN UPTAKE IN ISOLATEO RAT 

HEPATOCYTES. 

Juan E. Felfu. 

Hospital Puerta de Hierro, Universidad Autónoma de Madrid. Madrid. Spain. 

lt is now generally accepted that after the interaction with its receptor, 

insulin promotes the hydrolytic cleavage of a glycosyl-phosphatidylinositol 

(GPI) by a specific phospholipase C, generating an inositol-phosphoglycan 

(IPG). This compound, of partially known chemical structure, has been 

demonstrated to modulate the activity of certain insulin-sensitive enzymes. 

In agreement with severa! reports which suggest a cellular uptake of IPG, 

we have recently reported the existence of an IPG transport system in 

isolated rat hepatocytes which is specific, and energy-, time- and dose­

dependent ( 1 l. 

Nevertheless, little is known about the modulation of the cellular levels of 

glycosyl-PI and the rate of hepatocyte IPG uptake in metabolic states 

associated with insulln resistance. In recent studies ( 1,2). we have 

demonstrated that the administration to rats of dexamethasone, which 

causes insulin resistance, provokes a marked reduction in hepatocyte 

glycosyl-PI levels, a suppression of the hydrolytic cleavage of this molecule 

in response to insulin, a decrease in the rate of IPG uptake and a blockade of 

ttie stimulatory effect of this compound on glycogen synthesis. Similar 

changes were also demonstrated In hepatocytes isolated from either 

streptozotocin-diabetic rats or 24-mo-old rats (3). 

The fact that different states of insulin resistance cause a comparable 

impairment of the glycosyl-Pl-dependent signalling system suggests that this 

could be the common consequence of an altered insulin action at the cellular 

level and possibly not the primary defect. 

References. 
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GPI acts as an apical targeti.ng signa! in polarizad epithelial cells, Enrique 
Rcdriguez-Boulan, Departrnent of Cell Biology, COrnell University Medical 
COlle:_:¡e, New York 

we have recently propose::l. a role . for the glycosyl phosphatidylinositol 
(GPI) anchor in protein traffickinJ (5,14). Specifically, we have presented 
evidence indicating that GPI is responsible for the apical localization of 
proteins anchored via this mechanism in epithelial cells ( 4) . 'Ihe evidence is 
the following: (1) Using a biotin polarity assay, all GPI-anchored proteins 
detected are apical in epithelial cell lines of kidney (MIX::K, LI.CPK) and 
intestinal (cac:o-2, SK-0:)15) origin (6,10); (2) Transfection of GPI-proteins 
nonnally not found in epithelial cells rsults in apical localization (13); 
(3) Transfer of GPI by :recombinant rnA procedures results in apical 
localization of lU1SOrte:l secreted or basolateral rnernbrane proteins ( 4) , the 
apical targeting role of GPI does not depend on rernaining aminoacids fran the 
GPI-attachment signal (8); (4) Transfection into kidney MIX::K cells of three 
isoforms of the neural adhesion m:>lecule N-cAM, one GPI-anchored and two 
anchored by conventional hydrq;ilobic transrrernbrane segroonts results in the 
apical localization of GPI-N-CTIM and in the basolateral localization of the 
transrrernbrane forms (12); (5) treatment of MIX::K cells expressi.ng a transfectro 
apical GPI-anchored protein, gDl-DAF, with a novel inhibitor of GPI-anchori.ng, 
mannosamine, results in the non polarize:i secretion of gDl-DAF fran both 
epithelial surfaces (9). We have also shown that the delivecy of GPI anchored 
proteins to the apical surface oo::::urs directly fran the Golgi carplex by a 
vectorial process (3, 7) and is inhibited by agents that disrupt the 
rnicrotubules (1). Vecy recently we have observe:i that a concanavalin A 
resistant (conAr) rnutant of MIX::K cells (11) fails to sort properly gDl-DAF, 
which appears W1p0larized on both apical and basal surfaces (Lisanti and 
Rodriguez-Boulan, unpublished observations). We hypothesized that MIX::K-ConAr 
express a mutant phenotype for apical targeti.ng of GPI-proteins. We tested the 
hypothesis that GPI patchi.ng may be invol ved in apical targeti.ng ( 6) using 
fluorescence recovecy after photobleachi.ng (FRAP) and fluorescence energy 
transfer. GDl-DAF recently arrived to the cell surface from the Golgi a¡:paratus 
was found to be aggregated in wild type cells OOt fully diffusible in MIX::K­
conAr, suggesti.ng that aggregation in the Golgi a¡:paratus may be responsible 
for preferential delivecy to the apical surface (2). We are currently searchi.ng 
for Golgi "sorti.ng receptors" that may be involved in this process. ~rtro 
by grants from NIH 
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Expression and release of glycosyl-phosphatidylinositol anchored molecules during neuronal 

differentiation. 

Genevieve Rougon. 

Biologie de la Différenciation Cellulaire; CNRS 179. Case 901. Université de Marseille­

Luminy. 13288 Marseille. France. 

The study of the molecular bases of the cell interaction mechanisms has recently led to the 

identification of a number of cell surface glycoproteins mediating recognition events in the nervous 

tissue. A shared feature of severa! of these molecules is their anchorage to plasma membrane by a 

glycosyl-phosphatidylinositol (GPI) group. 

The first part of my talk will deal with the cloning, biochimical characterization, cell and tissue 

expression of two such molecules we recently identified and termed HSA/P31 and F3 respectively. 

HSA/P3 l is a cell surface glycoconjugate which is transiently expressed on neurons during 

development and on subsets of cells of the hematolymphoid lineage (1). The differences of 

molecular weights of the antigens expressed by these two lineages reflect a specialization for each 

cell-type resulting from differential glycosylation of a common protein backbone (2). The protein 

core has been cloned (3) and the cDNA encodes a surprisingly small peptide predicted to contain 

only 30 amino-acid residues for the mature protein. In developing mouse brain, this glycoconjugate 

is cxpressed by post-mitotic neurons during a period that corresponds to cell migration and 

formation of neuronal networks ( 4 ). 

F3 is a new member of the immunoglobulin super-familly of 135 kD molecular weight (5). F3 

antigen expression undergoes developmental regulation since the concentration in brain extracts is 

maximun during the two first postnatal weeks (6). In cell culture as well as on brain tissue sections 

F3 was found to be confined to subsets of neurons and appeared to be, on sorne of them, polarized 

to the axons (7). In vitro assays using F3 transfected CHO cells indicated that F3 promotes neurite 

outgrowth and could be involved in heterophilic adhesion mechanisms (8). 

In the second part of my talk I will describe studies on expression and release of GPI­

anchored molecules by a cell line derived from sensory neurons whose differentiation state could be 

controlled by manipulating the composition of the culture medium (9). This cell line expresses 

NCAM120 isoform, F3, Thyl, F3, cellular isoform of scrapie prion and P31, ali GPI-anchored 

molecules, whose expression is developmentally regulated. We found that NCAM120 and 

expression decreased upon differentiation whereas the leve! of expression of the other GPI­

anchored molecules increased suggesting they play a role in neurite outgrowth processes. 

The measurement of the quantities of GPI-molecules spontaneous released in the culture 

medium indicated that they reflect the overall level of expression of these molecules by the cells. 

Finally we identified two GPI-phospholipase activities associated with particulate membrane 

fractions and differing by their pH activity maxima and sensitivity to activators and ion chelators 

(10). Such enzymes are likely to be involved in the release of GPI-anchored molecules from the 

plasma membrane. 
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INOSITOL GLYCANS AS INSULIN MIMETICS: STRUCTURAL STUDIES 
AND NEW SYNTHETIC APPROACHES 

Manuel Martín-Lomas 

Grupo de Carbohidratos, Instituto de Química Orgánica General, 
C.S.l.C., Juan de la Cierva 3, 28006 - Madrid, Spain. 

The structures of the low molecular weight mediators which seem to act as 
intermediates in the intracellular insulin signaling process have not yet been completely 
elucidated. Mato et al1 and Lamer et al2 have reported similar but different chemical 
compositions of species of partially purified inositol glycans from rat liver which mimick 
insulin action. A type of inositol glycan seems to contain chiro and myo-inositol, non N­
acetylated glucosamine, galactose and phosphate whereas a second class seems to be 
composed of D-chiro inositol, non N-acetylated galactosamine, mannose and phosphate. 
The determination of the complete structure of these mediators has been hampered by 
the minute amounts which can be obtained from biological material which prevents the 
application of conventional chemical and spectroscopic methods with an aceptable degree 
of reliability. 

The important amount of relevant literature on the glycosyl phosphatidyl 
inositols3 which have been proposed to anchor protein, polysacharide, or small 
oligosaccharides to cellular membranes, and the elucidation of the complete structure 
of two of these anchors4

•5 have provided a body of useful information which may be 
applicable to the structural determination of these putative insulin mediators. 

Starting from bovine liver a workable amount of active material has been 
obtained and investigations on the structure(s) of the active product(s) are in progress. 
On the other hand, two different synthetic approaches to myo- and D-chiro inositol­
containing glycans have been developed which may lead to taylor-made 
glycosylphosphatidyl inositols in reasonable yields and in sufficient amount as to permit 
a series of biological assays. 

The structural and synthetic work will be presented and a survey of the results 
reported by other groups working in the same area will also be given. 

1 J.M. Mato, K.L. Kelly, A. Abler, L. Jarett, R. Corkey, J.A. Cashe and D. Zopf, 
(1987) Biochem. Biophys. Res. Commun. 146, 764-770. 

2 J. Lamer, L.C. Huang, C.F.W. Schwartz, A. S. Oswald, T.Y. Shen, M. Kinter, G. 
Tang and Z. Keller, (1988) Biochem. Biophys. Res. Commun. 151, 1416-1426. 

3 J.R. Thomas, R.A. Dwek, and T.W. Rademacher, (1990) Biochem. 29, 5413-5422 
and references therein. 

4 S.W. Homans, M.A.J. Ferguson, R.A. Dwek, T.W. Rademacher, R. Anand and A.F. 
Williams, (1988) Nature 333 269-272. 

5 M.A.J. Ferguson, S.W. Homans, R.A. Dwek, T.W. Rademacher, (1988) Science 239, 
753-759. 
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R. ALEMANY BONASTRE 
I.M.I.M. 

Paseo Marítimo, 25-29 
08003 BARCELONA (Spain) 

p97 (MELANOTRANSFERRIN} IS GPI-ANCHORED AND APICALLY LOCALIZED 
IN INTESTINAL EPITHELIAL CELLS. 

Melanotransferrin is a monomeric membrane bound glycoproteln with 
aminoacid sequence homology to human transferrin and lactoferrin which 
also has the capacity to bind iron. Although it was first identified as a cell 
surface 97 KD glycoprotein in culturad human melanoma cells, it has been 
later found on a wide ranga of culturad cell types lncludirtg"'kidney and 
intestinal epithefial cell fines. In normal tissues., melanotransferrin (p97) on 
normal tissues can be detected in fetal intestine, umbilical cord, sweaJ gland 
ducts and in sinusoidal lining cells of the fiver. Studies on iron uptake in 
melanoma cells suggest that p97 plays a role in iron metabolism. To further 
clarify its function, we have examinad the distribution of p97 on intestinal 
epithefial cell fines Caco 2 (enterocytic), SK-Cq 15 .(u_ndifferentiated but 
polarizad) and HT29 MTX (mucus-secreting by growth adaptation to 
methotrexate). lt has been detectad in. all of them by metabolic labelling and 
immunoprecipitation. Furthermore, when its subcellular distribütion was 
.examinad by immunocytochemistry and selective biotinylation, it was found 

·to be apically polarized. As GPl-anchor has been described for targetting 
proteins to the apical cell surface and no clear cytoplasmatic tail has been 
identified in p97, cells were treated with Pl-PLC and p97 was found ex­
clusively In the supernatant. indicating that p97 is GPl-linked. 

The polarized distribution of p97 in intestinal cells and its GPl-anchor 
suggest that melanotransferrin is involved in iron transport in this tissue. 
Functional studies are currently underway to answer this question. 
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INSULIN-LIKE EFFECTS OF INOSITOL PHOSPHATE-GLYCAN ON mRNA 
EXPRESSION IN RAT HEPATOCYTES 
Matias A. Avila. Luis Alvarez. José M. Mato & Isabel Varela-N1eto 
Instituto de Investigaciones Biornedicas . CSlC. Madrid 28029. 
Spain. 

The ability of an inositol phosphate-glycan (IPG) to mimic 
insulin effects on the regulation of the expression of specitic 
mRNAs was studied in isolated hepatocytes from normal and 
diabetic rats . Incubation of normal liver cell s with IPG ( 10 µM) 
during 90 min produced a 5-fold decreaso in phosphoenolpyruvatc 
carboxykinase (PEPCK) mRNA levels. which had been previously 
increased about 10-fold by incubation with 8-Br-cAMP (0.1 mM). 
IPG effect was dose dependent, and could not be reproduced by 
galactosa, glucosamine or m.vo-inosit.ol. IPG reduction of PEPCK 
mRNA is primarily due to a decrease in the rate of transcription 
of the gene as judged by nuclear run-on transcription experiments 
perforrned · in rat hepatoma H4IIE cells. In hepatocytes isolated 
fro~ diabetic rats, treatment with 5 ~1 IPG for 15 rnin caused a 
4-fold indlJct_ion in the expression of a2-microglobulin mRNA. 
concomitantly witll a 2.5-fold decrea.so in the level of PEPCK 
mRNA. Cleavage of IPG with nitrou~- acid abolisl1ed both the 
increase 'and decrease in specific mRNAs levels. Glycosvl ·· 
phosphatidylinositol, the lipid precur$or of IPG, did not modit y 
either PEPCK or a2-microglobulin mRNA lnvels. These data ind1cato 
that. both, positiva and negativa, <:)ffect::.; of insuli.n on the 
regulation of gene expression are mimicked by IPG. 
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ENZYMATIC PROPERTIES OF PHOSPHATIDYLINOSITOL-SPECIFIC 
PHOSPHOLIPASE C FROM BACILLUS CEREUS ANO MAMMALIAN 
PHOSPHATIDYLINOSITOL·GLYCAN-SPECIFIC PHOSPHOLIPASE D 

U. Brodbeck, lnstitute for Biochemistry and Molecular Biology, 
University Bern, Switzerland 

In the last few years, a large number Of phosphatidylinositol-glycan (Ptdlns-gly­
can)-anchored proteins and glycolipids have been identified. The bacteria! 
Ptdlns-specific phospholipase C (Pl-PLC) cleaves phosphatidylinositol (PI) as 
well as Ptdlns-glycan-anchored proteins while in eucaryotic cells, two distinct 
enzymes which specifically convert the membrana forms of Ptdlns-glycan-an­
chored molecules to the soluble form, have been described: Ptdlns-glycan­
specific phospholipase C (PIG-PLC) which occurs in Trypanosoma brucei and 
Ptdlns-glycan-specific phospholipase D (PIG-PLD) which is found in relatively 
high amounts in mammalian sera (bovina >> human ~ swine). Although the en­
zyme appears to be soluble in serum, it displays amphipathic properties as re­
vealed by suerosa densitiy gradient centrifugation in absence and presence of 
detergent. In order to compare the bacteria! Pl-PLC to mammalian PIG-PLD in 
identical assay conditions, we investigated the enzymatic properties of Pl-PLC 
from Bacil/us cereus and PIG-PLD from mammalian sera towards pure Ptdlns­
glycan-anchored acetylcholinesterase (AChE) from bovina erythrocytes as 
substrate. The kinetic parameters showed marked differences between the 
bacteria! and the mammalian enzyme. Pl-PLC converted AChE with a Km of 17 
µM while the Km far PI was determined at 2 mM. PIG-PLD from mammalian sera 
had a Km around 0.1 µM for AChE and did not recognize PI as substrate. The 
differences in substrate specificity and in Km·values indicated that the glycan 
moiety of AChE is an essential part for substrate binding. Pl-PLC was not Ca2+­
dependent and not inhibited by chelating agents while PIG-PLD gave a larga 
increase in activity between 0.1 µM and 10 µM Ca2+ indicating that PIG-PLD is 
only marginally active at physiological intracellular Ca2+·concentrations. PIG­
PLD was inhibited by heavy metal chelating agents such as 1, 10-phenantroline 
and 2,2'-bipyridyl but not by the corresponding Fe2+-complexes or non-chela­
ting analogues indicating that it requires a heavy metal ion for the expression of 
catalytic activity in addition to Ca2+. Another interesting property of PIG-PLD is 
its inactivation by bicarbonate and cyanate. The inactivation was time and pH­
dependent and could be reversed by dialysis. These observations are in 
agreement with a covalent modification of the enzymes by carbamoylation. 
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GLVCOSVLPHOSPHA TVDVLINOSITOL/INOSITOL PHOSPHOGL VCAN: A 
TRANSDUCING SVSTEM IN HUMAN FIBROBLAST PROLIFERATION. 

Vasta V.,Brunl P.,Vannlnl F.,Clemente R.*,Farnararo M. and Varela-Nletol.*. 

Dlpartlmento di Sclenze Blochlmlche, Unlverslta di Flrenze, ltaly 
*Instituto de Investigaciones Blomedlcas del CSIC, Madrid, Spaln. 

Several hormones and growth factors Induce hydrolysls of a 

glycosylphosphatldyllnosltol (GPI) and subsequent release of lts polar 

headgroup, an lnosltolphosphoglycan (IPG), In a large variety of cells (1). 

IPG, has been shown to reproduce in hepatocytes and adlpocytes, sorne of 

the early blologlcal effects of lnsulln, such as lnhibition of llpolysls and 
gluconeogenesls and stlmulatlon of llpogenesls (2,3). We have recently 

shown that IPG, slmilarly to lnsulln, Is able to stlmulate glycolysls In human 
flbroblasts (4). 

In the present study human flbroblasts were lnvestlgated for the presence 
of an lnsulln sensltlve GPI. A glycollpld fractlon which could be labelled 

wlth [3H]glucosamlne was slgniflcantly reduced upon lnsulin stimulatlon of 
the cells lndlcatlng the hormonal sensttlvlty of the compound. The partlal 
composltlon of the llpld was also examlned by labelllng cells wlth dlfferent 
precursors. The abillty of the polar head group of the GPI to carry on 
fibroblast prollferatlon was also lnvestlgated and the effects of IPG were 
compared to those lnduced by insulin. The incubatlon of fibroblasts In the 

presence of insulin or IPG resulted in a significant stimulatlon of [3H] 
leucine lncorporation into cenular protein. The stimulatory effect of IPG on 

protein synthesls was similar to that exerted by the hormone also 
comparing the electrophoretic pattern of proteins from fibroblasts 

challenged wlth either IPG or insulin in the presence of [35s] methionlne. 

The compound was also able to increase [3H] urldine and [3H] thymldlne 
lncorporatlon lnto RNA and DNA. IPG lncreased these parameters In a 

dose dependent manner In the range 0.03-10 uM for both leuclne and 
urldlne lncorporatlon, reachlng a stlmulation as hlgh as 100% above 

controls, and in the range 0.1·10 pM for thymldine lncorporation, that was 
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stlmulated up to 10-fold over the controls. The speclflclty of these effects 
was controlled evaluatlng the actlon of dlfferent sugars and of IPG 

deamlnated wlth nltrous acld. The effects of IPG on macromolecular 
syntheses are not mlmlcked or reduced by the single sugars and the 
structural lntegrlty of IPG Is requlred, slnce deamlnated IPG Is lnactlve. 

The present results lndlcate that the hydrolysls of GPI could represent a 

major slgnalllng pathway for the prollferatlve processes In human 
flbroblasts slnce the IPG molecule can stlmulate slgnlflcantly 
macromolecular syntheses In these cells. 
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SYNTHESES k"'D INSULIN-LIKE ACl'ff!TY OF PHOSPHORYI.ATEI> 
GALACTOSE DERI\'ATIVES 

Hugo N. Caro1, Manuel Bem.abé1
. Aua Guadano1

, 

José M. Mat02 and Manuel .Martín-Lomas1 

l. Instituto de Química Orgánica General, CS.l.C, 28006 - Jfodrid. 

2. Instituto de Investigaciones Biomédicas, C.S.LC., 28034 - Madrid. 

It has been reported tbat insulin stim:uhues the generation of at least two 
structurally different types of inositol-glycans with insulio-like activityl, 2• One of tbese 
inositol glycans seelllS to be composed of myo and/or dziro-inositol, glucosa.mine, 
galactose and phosphate1. As a part of a project on the syntl1esis of inositol-glycans v.ith 
insulin-like activity, we have syothesized several pbosphorylated ga!actose-containing 
mono, dí- and tri-saccharide derivatives. 

The syntbeses of thesc compounds wiil be preseD.ted and tbeir biological activity 
as insu.lin-mim.etics will be reportcd. 

1 J.M. Mato, K.L. Kelly, A Abler. L Jarett, B.E. Corkey, JA C.a:;bi::L a.nd D. 7.<1pL 
(1988) Biochem. Biophys. &s. Commwz. 146(2), 764-770. 

;¿J. lamer, 1-C. Huang, C.F.W. Schwartz, A.S. 0:-wnld, T.-Y . .Sh•:.n. ivL Kiat·~1 . G. 
Taog, and K.. Zeller, (1988) Biochem .. Biophys. Res. Con1111:.·u;.. 15 l. I-' ló- l421J. 
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SIGNALLING AT THE EPIDERMAL GROWTH FACTOR RECEPTOR: ROLE OF 
GLYCOSYL-PHOSPHATIDYLINOSITOL 
QJ.fl!m~DJ;~ . .J3_,_, Ochoa P., Mato J.M. & Varela-Nieto I. Instituto 
de Investigaciones Biomédicas. CSIC. Artur.o Duperier 4, 28029 
Madrid. Spain. 

Activation of epidermal growth factor (EGF) receptors 
induce a number of early intracellular events. This include 
activation of the intrinsic tyrosine kinase activity with 
pho~phorylation of the receptor itself. It has been shown that 
this activity is an indispensable element in the chain of 
intracellular events whi~h will lead to the stimulation of 
cell proliferation. However, it is incompletely understood how 
the mitogenic signals are transmitted from the receptor 
tyrosine kinase . The glycosyl-phosphatidylinositol/ inositol 
phosphoglycan (glycosyl-Ptdins/IPG) system has been proposed 
as a candidata for signal transducer of a variety of factors 
with either intrinsic (insulin & IGF-I) or associated (NGF & 
IL-2) tyrosine kinase activity. · 

NIH 3T3 cells which express a small number of EGF 
receptors, are poorly responsiva to EGF. However, when the 
same cells overexpress the ·cloned human EGF receptor (EGFR T17 
cells), they display EGF-dependent proliferation. We have 
characteri~ed the endogenous glycosyl-Ptdins in both cell 
lines. In EGF T17 cells (but not in the parental NIH 3T3 
cells), we haye found that EGF stimulatr,s glycosyl-Ptdins . 
turnover. Hydrolysis was maximal when [ H)glucosamine-labelled 
cells were treated with 50 .nM EGF for 1 min. Inhibitors of the 
receptor tyrosine kinase activity (tyrphostins and genistein) 
affect the· EGF-dependent hydrolysis of glycosyl-Ptdins. Th.e 
possibl~ role of IPG as signal transducer for EGF on EGFR T17 
cells has been evaluated by showing the following results: i) 
the ability of IPG to mimic the proliferative effect of EGF; 
and ii) the ability of anti-IPG antibodies to partially block 
(60%) the biological effects of EGF. 
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FUNCTIONAL STUDIES AND LOCALIZATION OF F3 NEURONAL CELL SURFACE 

PROTEIN 

P. Durbec, C. Faivre-Sarrailh, G. Gennarinl*, C. Gorldis* and G. Rougon. 

CNRS URA 179, case 901 and *CIML. case 906; Pare Sclentlfique et Technologique de Luminy. 

13288 Marsellle cedex 9. 

We prevlously ldentlfled, clonad and sequenced a GPl-anchored molecule F3 belonging to a 

subclass of protelns of the lmmunoglobulln superfamily wilh preferentlal locallzalion on 

neuritas In neuronal cell cultures (Gennarlnl et al. 1989 a, b). 

We lnvestlgated lhe distrlbutlon of F3 In the adull and developing cerebellum by 

lmmunocytochemlstry at the light and electro'n microscopic levels. F3 is confined to subsets of 

neuronal types. In developing. cerebellum, the granular cell axons strongly express F3 as soon· 

as they begln to grow, consisten! wlth a functlonal role In promoting direclional outgrowth of 

neuronal processes. In adult cerebellum, F3 expression is polarizad ón granule cells axons. Fi . · . ~ 

is tound at only one slde of 1he synaptic siles, as an lndicalion·"that, if F3. were to be a:n adhesion 

molecule In vivo, lt would mediata heterophillc lnteractions. 

In vltro· studles uslng F3-_transfected cells as a culture substrale for sensory neurons 

confirmad \he F3 abllity lo promote neurite outgrowth (Gennarini et al. 1991 ). Further 

investigations demonstrated that the soluble form of the molecule released from lhe membranes 

after Pl-PLC cleavage, Is responsible for the promoting effect. Moreover, in this model 

system, F3 .acts vla an heterophilic mechanism. 

Our observations favored the hypothesis thal GPl-anchored molecules may mediate activation 

signals by lnteractlng with other signal transducing molecules. 

Gennarini et al. 1989 a. J. Neurosc. Res. 22, 1-22. 

Gennarini et al. 1989 b. J. Cell Biol. 109, 775-788. 

Gennarini ·et al . 1991. Neuron. 6, 595-606. 
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GLYCOSYLPHOSPHATIDYLINOSITOL: A CANDIDATE SYSTEM FOR PROLACTIN 
SIGNAL TRANSDUCTION IN OV ARIAN GRANULOSA CELLS. 

Luisa F. Fanjul and C.M. Ruiz de Galarreta. 
Departamento de Endocrinología Celular y Molecular. Facultad de Ciencias Médicas. 
Universidad de Las Palmas de Gran Canaria. Apdo. 550. 35080 Las Palmas. SPAIN 

Ovarían granulosa cells (GC) were cultured under serum free conditions and labeled with 3H­
glucosamine (Gin), 3H-galactose (Gal), 3H-myoinositol (lns), 3H-palmitate (Pal) or 3H­
myristate (Myr) for different time periods (6-72 hours). The lipids were extracted and a 
glycosylphosphatidylinositol (GPI) was separated by TLC from other phospholipids and 
characterized by: i)nitrous acid deamination ii)acid hydrolysis iii)PLA2 (from bee venom) and 
iv)PLC (from S. aureus) treatment. These experiments revealed that the GPI in granulosa 
cells is not substantially different from those reported in the literature (1,2), and specifically 
incorporates labeled Gin, Gal and Ins into the polar head phosphooligosacharide (POS) and 
Pal and Myr in the positions l and 2 of the diacylglycerol (DAG) backbone respectively. 
Treatment of the cells with 30 ng/ml FSH (NIADDK-oFSH-Sl6), (buthcAMP (0.5 mg/ml) 
or CTX (0.5 µg/ml), induced GC differentiation, the development of functional receptors to 
PRL, and increased (6-10 fold) the GPI labeling with both 3H-Gal and 3H-Gln. 
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Fig. l: Effects of PRL (1 µg/ml) on GPI 
tumover in (---) undifferentiated and (-) 
differentiated (pretreated with 30 ng/ml FSH) 
ovarían granulosa cells. 

Addition of l µg/ml PRL (NIADDK-rPRL­
B-5) to the cultures (Fig. 1), resulted in 
rapid (30 sec) and transient (5 min) changes 
in GPI tumover in differentiated granulosa 
cells. There was not effect on the GPI 
levels in undifferentiated cells, that do not 
express PRL receptors (Fig. l inset) . 
Parallel experiments performed with 3H-Ins 
labeled cells showed no effect of PRL on 
the tumover of phosphoinositides . 

Differentiated cells labeled with 3H-Myr 
accumulated 3H-Myr DAG whitin 60 
seconds in response to PRL. In another 
series of experiments (Fig. 2), GC were 
cultured in the presence or absence of FSH, 
(buthcAMP or CTX with and without PRL 
or POS, the latter obtained by treatment of 
the GPI extracted from rat liver with 
phosphatidylinositol specific PLC. 

The GC steroidogenic activity, as assesed by the induction of 3.6 hydroxysteroid 
dehydrogenase, and progesterone production, was inhibited by both PRL and POS in 
differentiated cells. The absence of PRL receptors in undifferentiated cells, prevents its 
biological effects, but POS was equally efective in these cells than in those previously 
exposed to FSH to obtain differentiation. 
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These results suggest that after 
binding to its receptor in GC 
membrane, PRL activates a GPI E 
specific PLC, and that the subsequent :. -
release of the POS moiety mimics at ~ 
least one of the PRL effects on i 
steroidogenesis, this being the first a '" 
report of an intracellular messenger 
for PRL in GC. 

l. Low MG, Saltiel AR. Science 232_, 

58 

¡zj-n• 
B+n11 

_, ... , 

268-275, 1987. 
2. Mato JM, Kelly KL, Abler A, 
Jarett L. J. Biol. Chem. 262., 2131-
2137, 1987. 

Fig. 2: Comparative effects of PRL (l µg/ml) and 
POS (5 nM) on 3.6 hydroxysteroid dehydrogenase 
activity (A), and dose response of POS (B). 

Suppo..rted by CICYT PM 88/0213 & GAC-DGUI 57188. 
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MECHANISM OF SIGNAI. TRANSDUCTION ELICITED BY 
INTERLEUKIN 2 . 
Eva Cano l. Mª Angeles Muñoz-Fernándezl, Mª Jesus Serramial, 
Isabel Varcla2, Jose M. Mato2 and Manuel Fresno..l 
l) Centro de Biología Molecular, UAM - CSIC. and 2) Instituto de 

Investigaciones Biomédicas, Universidad Autónoma de Madrid. 

Interleukin 2 (IL-2) plays a central role in the immune system 
regulating the proliferation and differentiation of T lymphocytes. 
However, the molecular mechanisms of the signal transduction 
through the IL-2 receptor are poorly understooo. Recently it has 
been snown that IL-2 induces ttie release of inositolphosphoglycans 
(IPG) from a pool of glycophosphatidylinositol (GPI) liEids. The 
activation of a PI-specífic phospholipase C (PLC) or D (P C) could 
be the cause of this release. We have studied the role of 
phospholipid metabolism on IL-2 signal transduction using cloned T 
lymphocytes. The.:.oaddition of exogenous PLD but not PLC mimicked 
IL-2 activity. Thus, PLD was able to induce DNA synthesis in cloned T 
cells, although this effect was not as potent as the one observed 
with IL-2. In addition, PLD was able to induce c-myc RNA synthesis in 
T cells as well as IL-2R receptor (CD25) expression on T cell 
membrane with equal potency as saturating doses of IL-2. 
Furtherrnore, IL-2 stimulated a transient increase in phosphatidic add 
(PA) content in resting CTLL-2 cells prelabelled w1th (3H) _palmitic 
acid. This effect was detected as early as 1 minute after IL-2 
addition and peaked at 5 minutes. Furthermore, exogenous addition 
of several natural or synthetic PAs mimicked IL-2 activity to the 
same extent as PLD. Thus, PAs were able to induce c-myc RNA 
synthesis as well as IL-2R receptor (CD25) expression and partially 
restare T cell . growth. Similar results on IL-2R expression were 
obtained with purified IPG obtained from PLD hydrol;:sis of GPI­
lipids. However, IPG was unable to induce CTLL2 prohferation by 
itself unlike PA although it was synergistic in T lymphocyte 
proliferation with IL-2 as PA. In summary, our results suggest a role 
of PLD activation and hydrolysis of GPI-molecules rendermg IPG and 
PA as second messengers of IL-2 activity. 
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LOSS OF EXTRACTIBILITY OF GPI-ANCHORED PROTEINS DURING THEIR 

TRANSPORT TO THE PLASMA HEHBRANE IN CACO¡ CELLS • 

M. García, H. Reggio and A. Le Bivic. URA 179 CNRS Harseille, 

France 

We have shown that in intestinal epithelial cells in 
vitro proteins expressed on the apical membrane are sorted 
eitber at the Golgi or at the basolateral membrane level. 
Aniong these proteins GPI-anchored proteins (CEA, Alkaline 
phosphatase PLAP) are directly transported from the Golgi to 
the apical membrane and are transcytosed poorly [Le Bivic et 
al. 1989,1990). Taken together with the fact that GPI-anchored . 
proteins are preferentially localized on the apical membrane 
in intestinal cells [Lisanti et al. 1990] there·might be a 
role for the GPI anchor in the specific sorting and transport 
of these proteins. We have investigated the ·possibility of 
interaction of GPI-anchored proteins with lipid microdomains 

.in the Golgi apparatus. After a short metabolic pulse Caco-2 
cells grown on filters were extracted under different 
conditions and with different detergents. We found tttat CEA 
and PLAP become resistant to Triton X 100 extraction when they 
are processed by the Golgi while a transmembrane apical 
protein such as sucrase-isomaltase (SI) or a basolateral 
protein (Ag525) remain extractable in the same conditions. The 
Triton X 100 insoluble pool of CEA and PLAP can be solubilized 
by octylglucoside suggesting that this pool may be formed by 
GPI-anchored protein enriched domains of specific lipid 
composition. We are currently purifiyng these membrane domains 
to study their composition and their role in the sorting of 
GPI-anchored proteins in epithelial cells. 
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SYNTllF.SIS OF CRCJCJM, OPTTCAf,f,Y PCJRF. TNTF.RHF.DTATF.S FOR TllR 

SYN'l'/IESl-S 01' CONGENERS OF 'l'HE NATURALLY OCCURRING POLY­

PHOSPHOINOSITIDES 

S.D. Géro1, J. Cléophax1
, D. Dubreui/1, M. Vieira de .A.lmeida1 and B. V.L. Potter2 

1Institut de Chimle des Substances Naturelles, C.N.R.S., 91198 Gif-sur-Yvette, France 

2school of Pharmacy and Pharmacology, Unlvecsity of Bath, Claverton Down, Bath BA2 7 A Y, U .K. 

In animal cells there are several myoinositol containing phospholipids: phosphatidylinositol (PI), 

phosphatidylinositol-4-phosphate (PIP) and phosphatidylinositol-4,5-bisphosphate (PIP:l) etc... They 

are very active metabolically. They usually account for less than 10% of the total phospholipids in 

mammalian cell membranes. 

"AGONIST STIMULATED PHOS~OLIPASE C CLEAVES PIP2 INTO TWO SECOND 

MESSENGER PRODUCTS; IP3 AND DIACYLGLYCEROL (DG)". 

The former mobilizes calcium from intracellular and extracellular pools, whereas DG activates protein 

kinase C. Further hydrolysis of DG generates arachidonic acid (AA), which is also an intracellular 

messenger. These messenger systems control a vast amy of physiological processes. 

In any event, it is clear that the PI cascade is the main source (obviously not exclusively) of the 

"INTRACELLULAR AND EXTRACELLULAlt CALCIUM, DIACYLGLYCEROL A.ND 

ARACHIDONIC ACID." 

TIIBREFORE IT IS CONCEIVABLE TIIAT CELLULA1'. EVENTS, WHICH ARE INTIMATELY 

ASSOCIATED WITH PHOSPHOINOSITIDE, PROSTAGLANDIN and LEUKOTRIENE 

CASCADES AND ALSO WITH PAF INDUCED SIGNAL TRANSDUCTION, CAN BE ALTERED 

BY .A.GONISTS AND .A.NI'.A.GONISTS .A.T B0111 BIFURCATING SIGNAL P.A.111W.A.YS OF 111E 

PHOSPHOINOS117DE CYCLE. 

A major challenge is now the elucidation of molecular aspects of the interaction of lns(l ,4,5)P3 with its 

receptor and with tite enzymes involved in its metabolism; i.e. Ins(l ,4,5)Prkinase and 5-phosphatase, 

and the chemical design of novel Ins(l,4,5)P3 agonists, antagonists and enzyme inhibitors. 

Efforts towards the preparation of crucial optically pure intermediates for the synthesis of congcners of 

the naturally occurring polyphosphoinositides will be presented. 

Interaction of synthetic D-6-deoxy-myo-inosltol 1,4,S-trisphosphate with the Ca2+ -releasing D-myo­

inositol 1,4,5-trisprusphate receptor, and its cffect on S-phosphatasc and 3-kinase mctabolic cnzymcs 

will be discussed. 
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A. GUADA~O LARRAURI 

Instituto de Investigaciones B.iomédicas 

C.S.I.C. 

Arturo Duperier, 4 

28029 Madrid (Spain) 

STREPTOZOTOCIN DIABETES REDUCES THE CONTENT OF 
AN INSULIN-SENSITIVE GLYCOSYL-PHOSPHATIDYLINOSITOL 

IN ISOLATED RAT HEPATOCYTES 

The addition to intact cella of an inositol phospho­
olígosaccharíde. whích is . the polar head group of an insulin­
sensitive glycosyl-phosphatidylinositol, mim1cs and may 
mediata some of the biological effects of this hormone. 

Recently. a specific, time- and dose-dependent transport 
system for this phospho-oligosaccharide has been identified in 
isolated rat hepatocytes. Here we show that streptozotocin­
induced diabetes mellitus reduced (by about 60%) the content 
of the insulin-sensitive glycosil-phosphatidylinositol in 
isolated rat hepatocytes. Moreover, streptozotocin-diabetes 
blocked the hidrolisis of the glycosyl-phosphatidylinositol in 
response to insulin. diminished hepatocyté uptaKe of the 
phospho-oligosaccharide añd abolished the stimulatory effect 
of this compound on glycogen synthesis. Insulin treatment of 
the animals antagonized · the metabolic changes causad by 
streptozotocin administration. Our , results support the 
hypothesis that insulin resistance in streptozotocin-diabetic 
•rata is related to the impainnent of glycosyl-
phosphatidylinositol metabolism. 
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Characterization of a glycosyl-phosphatidylinositol-anchored membrane 
protein from Trypanosoma crazi which has crossreactive epitopes with a 
surface activation antigen of T and B lymphocytes and supresses their 
activation. 

Cristina Hernández-Munain. Antonio Alcina and Manuel Fresno. 

Chagas' disease results from the infection of the protozoan parasite 
T. cruzi and affects several million people in South América. Four 
monoclonal antibodies (MAbs) specific for T. cruzi were obtained. Flow 
cytometry analysis showed that these MAbs stained the membrane of the 
three main morphological forms of T. cruzi: amastigotes, epimastigotes 
and trypomastigotes. The four MAbs seemed to recognize the same 50- to 
55- KDa antigen that was revealed by immunoblotting. Several 
experiments indicated that this antigen was a glycosyl­
phosphatidylinositol-anchored membrane protein. (i) The antigen could 
be removed from the ·cell surface by tfeatment with proteases, NaOH, 
HN02, and phosphatidylinositol-specific phosphoslipase C (Pl-PLC). (ii) 
The phase distribution of the antigen in Triton X-114 solutions changed 
drastically upon treatment with Pl-PLC. The antigen was found mainly 
in the det~rgent phase in nontreated samples and in the aqueous phase in 
PI-PLC-digested samples. (iii) A cross-reacting determinant ~~t was 
found in other glycosyl-phosphatidylinositol-anchored membrane proteins 
appeared after Pl-PLC treatment. 

Several alterations of the immune response have been described 
during this disease such as severe immunodepression of both cellular 
and humoral responses, and massive polyclonal stimulation with the 
generation of autoantibodies crossreacting with host cell and tissues. One 
of these -50 to -55 KDa antigen-specific MAbs, ClO, crossreacts with a 28 
KDa antigen expressed on the membrane of >90% of T and B lymphocytes, 
lypopolysacharide, phorbol dibutyrate ester ar antigen and on T and B 
mouse cell lines. Furthermore, this monoclonal antibody is able to 
suppress T and B cell proliferation to any of those stimuli. In addition, 
sera from chagasic patients and T. cruzi-infected mice but not from 
normal counterparts contain antibodies which recognize a similar 
antigenic site from in T and B lymphocytes since they specifically inhibit 
MAb ClO binding to those cells. These results suggest a pathological role 
of autoantibodies as an alternative mechanism far T. cruzi-associated 
immunosuppression. 
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GLYCOSYL PHOSPHATIDYLINOSITOL-SPECIFI~ PHOSPHOLIPASE ~ ANO ITS ROLE 
IN MAST CELL SIGNALLING. K.-s. Huanq , w.-J. c. Funq , P. 
Lin+, and A. M. Gilfillan+, De~artments of Protein · 
Biochemistry* and Pharmacoloqy , Hoffmann-La Roche Inc., Nutley, 
NJ 07110 

Glycosyl phosphatidylinositol-specific phospholipase D (GPI-PLD) 
hydrolyzes the inositol phosphate linkage of GPI-anchored proteins 
and GPI lipids. We have recently purified GPI-PLD from bovine serum, 
deduced its primary structure, and demonstrated its in vivo activity 
by co-transfecting the isolated cDNA with a qene encoding a 
GPI-anchored protein. To further understand the physioloqical role 
of this enzyme, we report here its involvement in signa! transduction 
in rat mast (RBL 2H3) cells. Using the Trypanosome variant surface 
qlycoprotein (VSG) as a substrate, GPI-PLD activity was detected in 
RBL 2H3 cells. When the cells were sensitized with anti-TNP IgE then 
stimulated with TNP-ovalbumin (TNP-OVA), GPI-PLD activity 
significantly increased within 15 sec. after stimulation and returned 
to basal level Jithin 2 min. When th! cells were metabolically 
labelled with [ H)-myristic acid or [ H]-glucosamine and the 
lipids analyzed by TLC, GPI containing molecules were rapidly lost at 
15 sec. after stimulation, but restored to the original levels after 
2 min. The time event for the loss of GPI containing molecules was 
also mirrored by the accumulation of phosphatidic acid, one of the 
hydrolysis products generated by the action of GPI-PLD. When the 
cells were preincubated with neutralizing anti-GPI-PLD antibodies far 
5 min. followed by stimulation with TNP-OVA, the release of histamine 
from the cells was completely blocked. These results suggest that 
GPI-PLD was activated upon stimulation of .RBL cells, generating two 
possible second messengers, a phosphatidic acid and an inositol 
glycan. Both of these messengers may play a role in siqnalling 
histamine release. 
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REGULATION OF INTERLEUKIN 2 DEPENDENT GROWTH RESPONSES 
BY GLYCOSYL-PHOSPHATIDYLINOSITOL MOLECULES 

Isabel Mérida. Department of Pathology and Laboratory Medicine. 
The School of Medicine. University of Peril'l.sylvania. 
Philadelphia, PA. 19104-6082 (USA) 

The molecular mechanism of signal transduction through the IL2 receptor remains 
an enigma. Glycophusphati<lyl-inu&itol (GPI) lipids,have bccn investigated as one 
component of this process. IL-2 stimulated the rapid loss of > 50% of GPI in the IL2 
dependent T-cell line CTI...L-2. Half-maximal GPI loss was detected at 40 pM IL-2, 
coincident with the ECso (20 pM) for IL-2-induced proliferation of this cell line. This 
effect was specifically inhibited by antibodies that bind either IL-2 or the IL-2 receptor. The 
biological relevan ce of GPI bid.rol ysis was demonstrated by the sinergism of purified IPG 
with IL-2 in T cell proliferation responses. The inclusion of IPG (0.1 uM) in 
determinations ofIL-2 dependent CILLr.2 growth shifted the EC50 from 20 to 7 pM IL-2. 
IPG had no effect on either the number.or affinity of IL-2 receptors; therefore, half­
maximal CILlr2 prolife~tion was obtained at <10% IL-2 receptor occupancy. These 
results demonstrate that GPI lipids are an important component of the biological response 
to IL-2. 
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AN INOSITOL PHOSPHATE GLYCAN DERIVED FROM A TRYPANOSOMA BRUCEI 
GLYCOSYL-PHOSPHATIDILINOSITOL INHIBITS HEPATIC . . 
GLUCONEOGENESIS .¡ DAVID E. MISEK¡¡;i•" 
AND .ALAN. R. SALTIEL~."'. <11>Dept. of Physiology, University of Michigan, 
Ann Arbor, Michigan and i*Dept. of Signa! Transduction, Parke-Davis 
Pharmaceutical Research Division, Ann Arbor, Michigan. 

We ha ve proposed .that an inositol phosphoglycan (IPG) is generated 
in target cells exposed to insulin, due to the hydrolysis of a glycosyl­
phosphatidylinosito1 (GPI) precursor. The IPG reproduces the actions of 
insulin in both cellular and subcellular assays. l'he insulin-sensitive GPI is 
.;tructuraHy similar to a GPI protein anchor found in numerous cell types 
and species. Since it is dlfficult to purify sufficient qúantities of IPG, we 
have prepared a pronase fragment (PF) from a Trypanosoma brucei 
variant surface glycoprotein GPI anchor. The resulting PF contains 1,2 
cycins-P-Gln-(Man)3-P-EtN-ASP. PF produced a dose-dependent increase 
in !ipogenesis in rat adippcytes. The maximal response was approximately 
50% of that observed· with insulin, and was maximal at approximately 200 
µM. Additionally, PF produced a greater than 90 % inhibition of 
isopreterenol-stimulated lipolysis, with maximal effects observed at 70 
µM. Among intracellular enzymes examined, hepatic glucose-6-
phosphatase was most sensitive. PF caused almost complete inhibition of 
glucose-6-phosphatase at 80 µM. The glycan reduced the V max with no 
effect on km. Inositol, inositol-2- monophosphate, inositol 1,2 cyclic 
monophos pha te, glucosa mine, m. annose, m annose-6-p hosphate. 
phosphorylethanolamine, ethanolamine and aspartic acid had no effect on 
this enzyme. Chemical and enzymatic modifications of PF have revealed 
details about structure/ activity, leading to a more precise definition of the 
structural com9onents necessary for the insulin-mimetic actions of inositol 
glycans . 
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Insulin- and Glucose-Dependent Release of Lipid-Modif ied cAMP­
Binding Proteins from Plasma Membranes and Mitochondria of the 
Yeast Saccharmnyces Cerevisiae 

Günter Müller* and Wolfhard Bandlow& 

* HOECHST AG Frankfurt a.M. 
Pharmaceutical Research Divison, SBU Metabolism, H 825 
P.O.Box 80 03 20 
p-6230 Frankfurt am Main 80 
Federal Republic of Germany 

& Institut für Genetik und Mikrobiologie 
der UniversitAt München 
Maria-Ward-StraBe la 
p-8000 München 19 
Federal Republic of Germany 

The yeast saccharomyces cereyisiae harbors two cAMP-binding 
proteins (M,..=54,000 and 46,000) which are anchored to the outer 
faces of tne plasma membrane and the inner membrane of mito­
chondria, respectively, by covalently attached phosphatidyl­
inositol (PI) moieties (1). The anchor structure of the plasma 
membrane glycoprotein is characterized by the presence and 
specific arrangement of the constituents of typical glycosyl­
phosphatidylinositol (GPI)-modified ectoproteins of higher 
eucaryotes (Müller and Bandlow, in the press). In contrast, the 
PI moiety of the mitochondrial counterpart lacks additional 
carbohydrate residues. This was revealed by metabolic labeling 
and .· chemical 'or enzymic digestion of the cAMP-binding proteins 
and subsequent thin layer chromatography (TLC) analysis of the 
cleavage products of the anchor structures. The two lipid­
modified cAMP-binding proteins are genetically unrelated to the 
regulatory subunit of the cytoplasmic protein kinase A (Müller 
and Bandlow, submitted). 

In higher eucaryotic cells (e.g. rat adipocytes) hormone (e.g. 
insulin)-stimlated lipolytic release of GPI-anchored plasma 
membrane proteins has been observed (2) indicating the existence 
of a hormone-stimulated GPI-specific phospholipase. It has been 
speculated that lipolytic and/or proteolytic cleavage products of 
GPI membrana anchors may act as chemical mediators for the 
insulin and several other signal transduction cascades. The 
recently described surprising metabolic and growth effects of 
insulin on lower eucaryotes (3) suggest the existence of a 
signal transduction pathway in these organisms which is 
stimulated by insulin-like molecules. Therefore we studied 
whether insulin causes cleavage of the lipid membrane anchors of 
the plasma men\brane and mitochondrial cAMP-binding proteins in 
Saccharomyces cereyisiae. 

Yeast 1 ~pheroplasts grown !2 lactate medium in t~e presence of 
either [ C]stearic acid, [ C)lllYQ.-inositol or [ C]ethanolamine 
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were photoaffinity-labeled with B-N3-[ 3H]cAMP to specifically 
label the lipid-modified cAMP-binding protein of the plasma 
membrane (pulse period). Subsequently the cells were incubated in 
glucose medium (with an excess of the corresponding unlabeled 
constituent of the lipid anchor) in the presence or absence of 
human insulin for various times (chase period). The removal of 
the GPI moiety was monitored3by TX-114 partitioning and binding 
to phenylsepharose of the [ H]labeled protein moiety of cAMP 
receptor. Insulin caused the concentration-dependent (Eo50=50 nM) 
conversion of the amphiphilic forro of the cAMP receptor into the 
hydrophilic version which partitioned into the aqueous phase 
during TX-114 phase separation and was unable to bind to phenyl­
sepharose. This reaction proceeded rapidly within 15 min with an 
eff iciency of approximately 50 to 60% and strictly required the 
presence of 0.5 mM D-glucose. Incubation of the c~lls with 
glucose alone (in the abs~nce of insulin) also led to the 
generation of - even a greater portion of hydrophilic cAMP 
receptor protein (up to so %) but with a significantly delayed 
kinetics (2 to 3 h). The possible lip9lytic or proteolytic 
removal of the GPI membrane anchor was assessed by f ollowing the 
retention or loss of the diverse radio-labeled constituents of 
the GPI moiety used in the pulse/chase experiments. Early after 
the insulin stimulus a hydrophilic version of the cAMP-binding 
protein could be identif ied which had lost the fatty acid label 
but still harbored the radioactive mYQ-inositol and ethanolamine 
residues. With prolonged chase periods this intermediate was 
converted into a version lacking the inositol and ethanolamine 
residues. Its apparent molecular weight of 54,000 on SDS-PAGE was 
identical with the original membrane-bound form (in the absence 
of insulin) . 

The data suggest an insulin-dependent two-step processing ot 
the GPI-anchor of the plasma membrane cAMP-binding protein. A 
lipolytic cleavage (via a GPI-specific phospholipase e or D) is 
followed . by . a proteolytic cleavage between the ethanolamine 
residue of the G~I moiety and an amino acid located close to the 
carboxyl terniinus of the protein moiety. As previously observed, 
ralease of the cAMP receptor from the plasma membrane in vitro 
does not only require the cleavage of the GPI anchor by· 
phospholipase C from Bacillus thuringiensis but, in addition, the 
removal of the protein-bound carbohydrate side chain(s) by N­
glycanase or the inclusion of high salt. In agreement, insulin 
did not cause solubilization of the cAMP-binding protein, e.g. it 
remained attached to the plasma membrane after centrifugation of 
the spheroplasts, pos~ibly fulfilling its physiological function 
a~ the level of the membrane and not in the periplasmic space. 

The release of the mitochondrial cAMP-binding protein from the 
inner membrane into the intermembrane space after addition of 
insulin and glucose to lactate-grown yeast spheroplasts was 
studied by photoaffinity-labeling

14
with B-N3-[ 3H]cAMP of isolated 

mitochondria, pre-labeled with [ C]stearic acid (the binding of 
cAMP is not affected by the lipid modification). We observed 
time- and concentration-dependent conversion of the PI-modified 
amphiphilic cAMP-binding protein into its hydrophilic soluble 
derivative. This was accompanied by loss of the fatty acid label 
which suggests the existence of an insulin-dependent phospho­
lipase inside the mitochondria and of a signa! transduction 
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cascade between the plasma membrane and mitochondria. 

The role of the cAMP-binding proteins of the plasma membrane 
and mitocbondria from the yeast Saccharomyces cerevisiae as well 
as of the regulated removal of their (G)PI membrane anchor and 
the possible function of the cleavage products generated thereby 
remains to be elucidated. 

1) Müller, G., & Bandlow, w. (1989a) 
Biochemistry 28, 9957-9967. 

Müller; G.~ & Bandlow, w. (1989b) 
Biochemistry 28, 9968-9973. 

Müller, G., & Band1ow, w. (1989c) 
Biochemistry 28, 9974-9981. 

2) Chan, B. L., Lisanti, M. P., Rodriguez-Boulan, E., and 
Saltiel, A. R. (1988) Sci~nce 241, 1670-1672. 

Lisanti, M. P., Darnell, J. c., Chan, B. L., 
Rodriguez~Boulan, E., and S~ltiel, A. R. (1989) 
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Urinary Excretion of Chiro-Inositol is Linked to Insulin Resistance 
In Obese Rhesus Monkeys. 

Heidi K. Ort01eyer, Noni L. Bodkin, Joseph Lamert a.nd Barbara C. Hansen 

Department of Physiology, School of Medicine, 
University of Maryland at Baltimore, Baltirnore, Maryland 21201 

toepartment of Pham1acology, School of Medicine, 
University of Virginia, Charlottesville, Virginia 22908 

One putative mediator of insulin action has been found to contain D-chiro­

inositol. An alteration.in the metabolism of this mediator may contribute to the in­
suli.n resistance associated with type 2 diabetes. We have observed reduced uri­
nary chiro-inositol excretion in type 2 diabetic rhesus monkeys and cype 2 diabetic 
humans (NEJM 323:373, 1990). 111e purpose of this study was to detennine if low 
chiro-inositol levels in the urine were associated with insulin resistance in obese 
prediabetic rhesus monkeys. 
· A hyperinsulinemic e.uglycemic clamp and an intravenous glucose tolerancc 
test were performed on 12 middle-aged spontaneously obese (>20% body fat) 
monkeys distributed across the following groups: obese insulin-sensitive (n=3) 
(IS), obese insulin-resistant (n=5) (IR), and obese type 2 diabecic (n:;;;4) (DM). 24 
hour urinary chiro-inositol levels were also detenninP t The mean ± SD glucose 
disposal rates (M). glucose disappearance rates (KGhico) and 24 hour urinary chi­

ro-inositol excretion (CI) (mean± SE) for the three groups were as follows : 

IS. IR DM 

M (mg/kg• FFM/min) 7.254 ± 2.12 4.690±0.89 2.490 ± 1.14 

KG!ucose 3.10±1.4 3.16 ± 0.7 1.37 ± 0.2 

CI (µM/day) 2.1±1.2 l.2 ± 0.5 0.4 ± O.l 

Significant correlations were · observed between insuli..n-medi ated glucose dis­
posal rates and 24 hour urinary excretion of chiro-inositol (r:;;; 0.57; p < 0.05) and 
between glucose disappearance rate and 24 hour urinary excretion of chiro-inositol 
(r = 0.56; p < 0.05). 

From these preliminary data we condude that the early insulin resistance 
present in rhesus monkeys prior to the spontaneous development of obesity-associ­
ated type 2 diabetes is associated with a decrease in chiro-inositol excretion. Fur­
ther longitudinal studies will be perfonned to deterinine if the absence or decreased 
excretion of this putative mediator of insulin action in the urine is a marker for the 
development of insulin resistance and type 2 diabetes in rhesus mon.keys. 

Fundación Juan March (Madrid)



71 

PHOSPHATIDYLINOSITOL GLYCANS AND PHOSPHATIDYLINOSITOL 
GLYCAN-ANCHORED PROTEINS IN TETRAHYMENA MIMBRES . , 

Y. Pak., P.E. Ryals, and G.A. Thompson, Jr., Department 
of Botany, University of Texas, Austin, TX 78713, *Present Address: 
Department of Pharmacology, University of Virginia School of 
Medicine, Charlottesville, VA 22908 

Phosphatidylinositol (PI) glycans of Tetrahymena have been 
characterized by biosynthetic labeling with (3H]myristate, 
[3H]inositol, (14C]glucosamine, (3H]mannose, and [3H]ethanolamine. 
The PI glycans were extractable with chloroform:methanol:water 
(10:10:3), and sensitiva to bacteria! Pl-specific phospholipase C 
(PLC) and nitrous acid deamination. Chemical analyses of the PI 
glycans indicated the presence of fatty acids, alkylglyceryl ethers, · 
phosphate, inositol, glucosamine, mannose, and ethanolainine. The 
main lipid component appears to be sn-1-alkyl, 2-lyso-PI with sorne 
sn-1-acyl, 2-lyso-PI. After further purification by TLC followed by 
chemical analyses and gas chromatography, the PI glycans indicated 
a pool of glycans composed of PI glycans without ethanolamine (TLC 
Rf: 0.3-0.6) and with ethanolamine {TLC Rf: 0.1-0.2). The PI glycans 
migrated on SDS-PAGE with an apparent MW of 10-14 kDa during the 
initial 12 h following the various radioisotope additions. 
Subcellular localization over the first 2-12 h indicated the labeled 
PI glycans were distributed throughout the cell, with the largest 
proportion at 12 h being associated with a fraction containing 
mitochondria, · lysosomes, and peroxisomes. However, by 24 h the 
free PI glycan radioctivity had incorporated mainly into a protein 
with a broad band of 24-29 kDa in a process almost totally inhibited 
by cycloheximide or tunicamycin. The exact mobility of the protein 
band within this molecular weight range was dependent on the 
growth temperatura of the cells. Treatmerit of 24 h-labeled intact 
cells with the Pl-PLC in vivo released the labeled protein from the 
cell. Sorne labeled proteins were present even in the medium of non­
PLC-treated cells. Tetrahymena PI glycans appear to accumulate in a 
metabolic pool from which they are gradually removed for 
attachment to externally-oriented Pl-anchored proteins. 
Tetrahymena is a well suited system far studying the regulation of 
Pl-anchored protein biochemistry. 
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INSULIN DOES NOT INDUCES THE HYDROL YSIS OF A GL YCOSYL­

PHOSPHATIDYLINOSITOL (GPI) IN RAT FETAL HEPATOCYTES. 

EVIDENCE IN THESE CELLS OF INSULIN RESISTANCE AT POST­

RECEPTOR LEVEL. 

Juan M. Ruiz-Albusac*, Jase A. zueco, Esther Velázquez 

and Enrique Blázquez. 

Departamento de Bioqui¡nica y Biología Molecular, 

Facultad de Medicina, Universidad Complutense, 

28040 - Madrid, Spain. 

An inositol phospho-glycan (IPG) which is the polar head 

group of a glycosyl-phosphatidylinositol (GPI) has been 

considered as a possible mediator of insulin action. In an 

attempt to gain insight into the functions of this hormone 

during development, the relationships between insulin, insulin 

receptors, .. GPI and IPG were studied. GPI was isolated and 

characterized in fetal liver as soon as day 15 of intrauterine 

life. In isolated hepatocytes from fetal and adult rats 

labelled with [3H)-glucosamine, [3H)-galactose or [3H]­

myoinositol, these molecules were incorporated into GPI. In 

hepatocytes labelled with [3H]-glucosamine and then allowed to 

react with ( 1-14C]-IAI, the [ 3H]-labelled GPI was purified as 

the [ 14C]-labelled amidinate lipid. GPI molecules from fetal and 

adult cells were sensitive to hydrolysis by a PI-specific 

phospholipase e from B. cereus. The product of this hydrolysis, 
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inhibits the activity of a cAMP-dependent protein kinase, while 

this effect was abolished by nitrous acid dearnination. In 

isolated hepatocytes frorn adult anirnals an inverse correlation 

between extracellular insulin and the nurnber of insulin 

receptors and the cellular content of GPI was observed. By 

contrast, in fetal hepatocytes insulin failed to reduce the GPI 

content when labelled either with [ 14C]-IAI or [3H]-glucosarnine. 

Fetal and adult hepatocytes were incubated with insulin or IPG 

after which glycogen phosphorylase activities were deterrnined. 

IPG rnirnicked the action of insulin on both f orrns of the enzyme 

frorn adult hepatocytes, while in fetal cells insulin did not 

change and IPG reduced the acti vi ti es of glycogen 

phosphorylase. These findings suggest a dissociation between 

insulin receptor occupancy and the expected hormonal eff ects 

in fetal hepatocytes. This could represent a state of insulin 

resistance at a post-receptor level. 
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Agonlst-speciftc ca2+ oscillations In single rat hepatocytes 

Antonio Sancbcz-Bueno•, Isabel Marrero and Peter H. Cobbold 

Dept. Human Anatomy & Col! Biology, P.O. Box 147, Livorpool L69 3BX, U.K. 

ca2+.mobilising agonists, which are mediated by inositol 1,4,5·trisphosphate (IP3), induce free 

Ca2+ oscilletions (spikes) in single rat hepatocytes microinjected with aequorin, a Ca2+"sensitive 

photoprotein. While the frequency of oscillations depends on agonisl dose, the time-course of an 

individual spike does not change with egonist concentration. The time-course of individuals spikes 

does, however, depend on the egonist species. While the rise time and amplitude do not change 

with the egonist, the felling tim<!, 1_1nd hence the spike duration, is markedly dependen! upon the 

type of the agonlst, in the same individual hepatocyte (1). Elevated cAMP increases the frequency 

and peak free ea2+ of spikes induced by phenylephrine (Phe) (2). In contrast, ;hen the agonist is 

vasopressin (Vp) elevated cA!V1P prolong.~ the falling phase of the transien\;;, Moreover, ryancdine, 

which blocks the ea2+ -induced Ca2+ release (CICR) channel in the open conformation, has almost 

no effect on Phe-induced oscillations (l); in contrast ryanodine does inhibit Vp-induced spikes. In 

certain circunstancies ryanodine can truncat.e the tait of Vp-induced spikes. So, we pmpose that Vp 

spikes consist of an IP3-mediated symmetrical spike, similar in time-course to those induced by 

Phe, followed by a "tail" that represents CICR. We explain the ability of ryanodine to completely 

abolish Vp-induced spikes by envisaging that the CICR-releasable pool of eaz+ is supplied 

solelyfrom the IP3-releasable pool; translocation of Ca2+ from the one to the other is prometed by 

Vp but not by Phe. It is conceivable that Vp receptor activity can modulate Ca2+ pooling within a 

cell. The agonist-specifity of the effect of cAMP could be explained by an enhancent of Ca2+ 

accumulation .by the. IP3-sensitive pool. Thus, in the presence of Phe a faster efflux :from the IP3· 

sensitive pool woukl be predícted (raising peak free Ca2+), whereas Vp spikes would assume a 

prolonged tail because the additional luminal Ca2+ had translocated from the IP3-sensitive pool to 

the CICR-releasable companment. 

1- Cobbold, P.H.; Sanchez-Bueno, A. & Dixon, C.J. (1991) Cell Calcium 12, 87-95. 

2· ScMfl, C.; Sanchez-Bucno, A.¡ Brabant, G.; Cobbold, P.H. & Cuthbertson, K.S.R. (1991) 

Biochem. J. 273, 799-802. 

• From Nov. 1991: lnst. Invest. Biomédicas, CSIC, 28029 Madrid, Spnin. 

We a¡e grnteful for fi.mding to the Gobierno Vasco (A. S-íl .), thc Gobierno de Canarias (l.M.) and 

The Wcllcomc Trust. 
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Phospholipid "Second Messengers" in lnsulin Action in BC3H-1 Myocytes : Roles of 

Diacylglycerol, G-Proteins and a Pl-Specific Phospholipase C. ML STANDAERT, M del C 

VILA, G MILLIOAN, DR COOPER, RV FARESE. Tampa, FL and Glasgow, Scotland. 

Physlological concentrations of insulin (INS) regulate phospholipid metabolism in BC3H-

1 myocytes in a time and dose-dependent fashlon by multiple mechanisms including the de novo 

syathesis of dlacylglycerol (DAG) as well as through the hydrolysis of phosphatidylcholine and 

phosphatidylinositolglycan. Thcsc pathways gcnerate multiple ~second messengcrs" which 

media te the effects of INS in differentiated myocytes. Rapid INS-induced increascs in DAG are 

nssociated with 2-3 fold increases in glucose transpon while the generation of a phospholipid­

derived low-molecular weight (< 5 kDa) cytosolic factor is associated with a 2-fold increase in 

glycerol-3-phosphate acyltransfcrase (03PA1) activity. 

INS stimulation of hexose transport was mimicked in a non-addltive fashion by treatrnent 

with biologically active phorbol esters and was blocked by inhibitors of protcin kinase C (PKC). 
.. ' 

Treatment with a PI-speciflc phospholipase C (Pl-PLC) did not stimulate glucose uptake. In 

contrast, (~S activadon of03PAT Wllli nul 111iuu1;kcd b:y pho~l esters, WQS not blooked by VKC 
·1 

inhlbitors, but was stimulated in a non-additive fashiori with insulin by treatment with a PI-PLC. 

INS stimulated a 2-fold increase in microsomal G3PAT through a decrease in Km with no change 

the Vmax. JNS activation of03PAT was pertussis toxln-sensitive and in cell-free preparations 

INS activation of G3PAT was blocked by treatment with NaF, a phosphatase inhibitor, as well as 

by treatment with either an antiserum raised against a PI-specific PLC (gift of Dr. 1. Fox) or an 
antiserum that recognizes the C-terminal decapeptide of Oía. Antisera rccognizing G<><x and Osa 

were ineffectivc. 

In conclusion, these results suggest that dual phospholipld-derived "second messengcrs" : 

diacylglycerol anda low-molecular weight cytosolic factor, respectively, mediare INS effects on 

glucose transport and GP3PAT activity in BC3H-1 myocytes via bifurcating pathways. However, 

these pathways appear to be closely integrated since activaúon of G3PAT may account for INS· 

induced lncreases in tite synthesis of DAG. This, in tum, may amplify both DAG-PKC slgnalling 

of hexose transport and serve as a mechanism to replenish inositolglycan containing phospholipid 

reservoirs which are hydrolyzed during insulin action. 
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Fundación Juan March 
SERIE UNIVERSITARIA 

PUBLISHED TEXTS Green Series 

(Mathematics, Physics, Chemistry, Biology, Medicine) 

2 Mulet, A: 
Estudio del control y regulación, me­
diante un calculador numérico, de una 
operación de rectificación discontinua. 

4 Santiuste, J. M.: 
Combustión de compuestos oxigena­
dos. 

5 Vicent López, J . L.: 
Películas ferromagnéticas a baja tem­
peratura. 

7 Salvá Lacombe, J . A.: 
Mantenimiento del hígado dador in vi­
tro en cirugía experimental. 

8 Plá Carrera, J .: 
Estructuras algebraicas de los siste­
mas lógicos deductivos. 

11 Drake Moyana, J. M.: 
Simulación electrónica del aparato 
vestibular. 

19 Purroy Unanua, A. : 
Estudios sobre la hormona Natriuréti­
ca. 

20 Serrano Malina, J . S. : 
Análisis de acciones miocárdicas de 
bloqueantes Beta-adrenérgicos. 

22 Pascual Acosta, A. : 
Algunos tópicos sobre teoría de la in­
formación. 

25 1 Semana de Biología: 
Neurobiología. 

26 1 Semana de Biología: 
Genética. 

27 1 Semana de Biología: 
Genética. 

28 Zugasti Arbizu, V. : 
Analizador diferencial digital para con­
trol en tiempo real. 

29 Alonso, J . A.: 
Transferencias de carga en aleaciones 
binarias. 

30 Sebastián Franco, J. L. : 
Estabilidad de osciladores no sinusoi­
dales en el rango de microondas. 

39 Blasco Olcina, J. L. : 
Compacidad numerable y pseudocom­
pacidad del producto de dos espacios 
topológicos. 

44 Sánchez Rodríguez, L.: 
Estudio de mutantes de saccharomy­
ces cerevisiae. 

45 Acha Catalina, J . l.: 
Sistema automático para la explora­
ción del campo visual. 

47 García-Sancho Martín, F. J.: 
Uso del ácido salicílico para la medida 
del pH intracelular. 

48 García García, A. : 
Relación entre iones calcio, fánnacos 
ionóforos y liberación de noradrena­
lina. 

49 Trillas, E. y Alsina, C.: 
Introducción a los espacios métricos 
generalizados. 

50 Pando Ramos, E. : 
Síntesis de antibióticos aminoglicosí­
dicos modificados. 

51 Orozco, F. y López-Fanjul, C.: 
Utilización óptima de las diferencias 
genéticas entre razas en la mejora. 
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52 Gallego Fernández, A. : 
Adaptación visual. 

55 Castellet Solanas, M.: 
Una contribución al estudio de las teo­
rías de cohomología generalizadas. 

56 Sánchez Lazo, P.: 
Fructosa 1,6 bisfosfatasa de hígado de 
conejo: modificación por proteasas li­
sosomales. 

57 Carrasco Llamas, L.: 
Estudio sobre la expresión genética de 
virus animales. 

59 Alfonso Rodríguez, C. N.: 
Efectos magneto-ópticos de simetría 
par en metales ferromagnéticos. 

63 Vida! Costa, F.: 
A la escucha de los sonidos cerca de 
n en el 4He IÍqUÍdO. 

65 Andréu Morales, J. M.: 
Una proteína asociada a membrana y 
sus subunidades. 

66 Blázquez Fernández, E.: 
Desarrollo ontogénico de los recepto­
res de membrana para insulina y glu­
cagón. 

69 Vallejo Vicente, M.: 
Razas vacunas autóctonas en vías de 
extinción. 

76 Martín Pérez, R. C.: 
Estudio de la susceptibilidad magne­
toeléctrica en el Cr20 3 policristalino. 

80 Guerra Suárez, M.ª D. : 
Reacción de amidas con compuestos 
organoalumínicos. 

82 Lamas de León, L.: 
Mecanismo de las reacciones de ioda­
ción y acoplamiento en el tiroides. 

84 Repollés Moliner, J.: 
Nitrosación de aminas secundarias 
como factor de carcinogénesis am­
biental. 

86 11 Semana de Biología: 
Flora y fauna acuáticas. 

87 11 Semana de Biología: 
Botánica. 

88 11 Semana de Biología: 
Zoología. 

89 11 Semana de Biología: 
Zoología. 

91 Viétez Martín, J. M.: 
Ecología comparada de dos playas de 
las Rías de Pontevedra y Vigo. 

92 Cortijo Mérida, M. y Garcia Blanco, F.: 
Estudios estructurales de la glucógeno 
fosforilasa b. 

93 Aguilar Benitez de Lugo, E.: 
Regulación de la secreción de LH y 
prolactina en cuadros anovulatorios 
experimentales. 

95 Bueno de las Heras, J. L.: 
Empleo de polielectrolitos para la flo­
culación de suspensiones de partícu­
las de carbón. 

96 Núñez Álvarez, C. y Ballester Pérez, A.: 
Lixiviación del cinabrio mediante el 
empleo de agentes complejantes. 

101 Fernández de Heredia, C. : 
Regulación de la expresión genética a 
nivel de transcripción durante la dife­
renciación de artemia salina. 

103 Guix Pericas, M.: 
Estudio morfométrico, óptico y ul­
traestructural de los inmunocitos en la 
enfermedad celíaca. 

·105 Llobera i Sande, M.: 
. Gluconeogénesis «in vivo» en ratas so­
metidas a distintos estados tiroideos. 

106 Usón Finkenzeller, J. M.: 
Estudio clásico de las correcciones ra­
diactivas en el átomo de hidrógeno. 

107 Galián Jiménez, R.: 
Teoría de la dimensión. 

111 Obregón Perea, J. M.": 
Detección precoz del hiporitoidismo 
congénito. 

115 Cacicedo Egües, L.: 
Mecanismos moleculares de acción de 
hormonas tiroideas sobre la regula­
ción de la hormona tirótropa. 

121 Rodríguez García, R. : 
Caracterización de lisozimas de dife­
rentes especies. 

122 Carravedo Fantova, M.: 
Introducción a las orquídeas espa­
ñolas. 
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125 Martinez-Almoyna Rullán, C.: 
Contribución al estudio de la Manome­
tría ano-rectal en niños normales y con 
aletraciones de la continencia anal. 

127 Marro, J .: 
Dinámica de transiciones de fase: Teo­
ría y simulación numérica de la evolu­
ción temporal de aleaciones metálicas 
enfriadas rápidamente. 

129 Gracia García, M.: 
Estudio de cerámicas de interés ar­
queológico por espectroscopia Moss­
bauer. 

131 Garcia Sevilla, J. A. : 
Receptores opiáceos, endorfinas y re­
gulación de la síntesis de monoaminas 
en el sistema nervioso central. 

132 Rodríguez de Bodas, A.: 
Aplicación de la espectroscopia de 
RPE al estudio conformacional del ri­
bosoma y el tRNA. 

136 Aragón Reyes, J. L.: 
Interacción del ciclo de los purín nu­
cleóticos con el ciclo del ácido cítrico 
en músculo esquelético de rata duran­
te el ejercicio. 

139 Genis Gálvez, J. M.: 
Estudio citológico de la retina del ca­
maleón. 

140 Segura Cámara, P.M.: 
Las sales de tiazolio ancladas a sopor­
te polimérico insoluble como cataliza­
dores en química orgánica. 

141 Vicent López, J . L.: 
Eféctos anómalos de transporte eléc­
trico en conductores a baja tempera­
tura. 

143 Nieto Vesperinas, M.: 
Técnicas de prolongación analítica en 
el problema de reconstrucción del ob­
jeto en óptica. 

145 Arias Pérez, J .: 
Encefalopatía portosistémica experi­
mental. 

147 Palanca Soler, A. : 
Aspectos faunísticos y ecológicos de 
carábidos altoaragoneses. 

150 Vioque Cubero, B.: 
Estudio de procesos bioquímicos im­
plicados en la abscisión de la aceituna. 

151 González López, J.: 
La verdadera morfología y fisiología de 
Azoyobacter: células germinales. 

152 Calle García, C.: 
Papel modulador de los glucocorticoi­
des en la población de receptores para 
insulina y glucagón. 

154 Alberdi Alonso, M.ª T.: 
Paleoecología del yacimiento del Neó­
geno continental de Los Valles de 
Fuentidueña (Segovia). 

156 Gella Tomás, F. J .: 
Estudio de la fosforíllasa kinasa de hí­
gado y leucocitos: purificación, carac­
terísticas y regulación de su actividad. 

157 Margalef Mir, R.: 
Distribución de los macrofitos de las 
aguas dulces y salobres del E. y NE. 
de España y dependencia de la com­
posición química del medio. 

158 Alvarez Fernández-Represa, J.: 
Reimplantación experimental de la ex­
tremidad posterior en perros. 

161 Tomás Ferré, J. M.ª: 
Secreción y reutilización de trífosfato 
de adenosina (ATP) por sinaptosomas 
colinérgicos. 

163 Ferrándiz Leal, J. M.: 
Estudio analítico del movimiento de 
rotación lunar. 

164 Rubió Lois, M.; Uriz Lespe, M.ª J. y Bibi­
loni Rotger, M.ª A.: 
Contribución a la fauna de esponjas 
del litoral catalán. Esponjas córneas. 

165 Velasco Rodríguez, V. R. : 
Propiedades dinámicas y termodiná­
micas de superficies de sólidos. 

166 Moreno Castillo, l. : 
Ciclo anual de zooplancton costero de 
Gijón. 

168 Durán García, S.: 
Receptores insulínicos en hipotálamo 
de rata: localización subcelular y me­
canismo(s) de regulación. 

169 Martínez Pardo, R. : 
Estudio del mecanismo secretor de 
hormona juvenil en oncopeltus fascia­
tus. 
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171 García Jiménez, J.: 
Fusariosis del gladiolo: un estudio pre­
liminar. 

173 Fernández Aláez, C.: 
Análisis estructural en sabinares de la 
provincia de León. 

17 4 Furia Egea, J.: 
Citokinas en agrios. Actividades endó­
genas, efectos fisiológicos y aplicacio­
nes. 

180 Moreno Rodríguez, J. M.: 
Estudios ecológicos en jarales (cistion 
laurofilii): Variación anual de algunos 
factores del entorno y manifestaciones 
fenológicas. 

182 Pons Vallés, M.: 
Estudios espectroscópicos de fosfolí­
pidos polimerizables. 

183 Herrero Ruiz de Loizaga, V. J.: 
Estudio de reacciones químicas por 
haces moleculares. Aplicación a la 
reacción C2 H5 Br + K Brk + C2 H5• 

193 Martín García, V. S.: 
Utilización sintética en química orgáni­
ca de metales pesados como cataliza­
dores. Oxidación asimétrica. 

195 Badía Sancho, A.: 
Receptores presinápticos en el con­
ducto deferente de rata. 

196 Estévez Toranzo, A.: 
Supervivencia de patógenos bacteria­
nos y virales de peces en sistemas de 
cultivo. 

197 Lizarbe lracheta, M.ª A.: 
Caracterización molecular de las es­
tructuras de colágeno. 

203 López Calderón, l.: 
Clonación de genes de «Saccharomy­
ces cerevisiae» implicados en la repa­
ración y la recombinación. 

211 Ayala Serrano, J. A. : 
Mecanismo de expresión de la PBP-3 
de «E. coli»: Obtención de una cepa hi­
perproductora de la proteína. 

240 Genetic Strategies in Development. 
Symposium in honour of Antonio García 
Bellido. Lectures by S. Ochoa, S. Bren­
ner, G. S. Stent, E. B. Lewis, D. S. Hog­
ness, E. H. Davidson, J. B. Gurdon and 
F. Jacob. 

244 Course on Genoma Evolution. 
Organized by E. Viñuelas. Lectures by R. 
F. Doolittle, A. M. Weiner/N. Maizels, G. 
A. Dover, J. A. Lake, J. E.' Walker, J. J. 
Beintema, A. J. Gibbs, W. M. Fitch, P. Pa­
lese, G: Bernardi and J. M. Lowenstein. 

246 Workshop on Tolerance: Mechanisms 
and implications. 
Organized by P. Marrack and C. Martí­
nez-A. Lectures by H. von Boehmer, J. 
W. Kappler, C. Martínez-A., H. Wald­
mann, N. Le Douarin, J. Sprent, P. Mat­
zinger, R. H. Schwartz, M. Weigert, A. 
Coutinho, C. C. Goodnow, A. L. DeFran­
co and P. Marrack. 

247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organized by V. Conejero and L. C. Van 
Loon. Lectures by L. C. Van Loon, R. Fra­
ser, J. F. Antoniw, M. Legrand, Y. Ohashi, 
F. Meins, T. Boller, V. Conejero, C. A. 
Ryan, D. F. Klessig, J. F. Bol, A. Leyva 
and F. García-Olmedo. 

248 Beato, M.: 
Course on DNA - Proteín lnteractíon. 

249 Workshop on Molecular Diagnosis of 
Cancer. 
Organized by M. Perucho and P. García 
Barreno. Lectures by F. McCormick, A. 
Pellicer, J. L. Bos, M. Perucho, R. A. 
Weinberg, E. Harlow, E. R. Fearon, M. 
Schwab, F. W. Al!, R. Dalla Favera, P. E. 
Reddy, E. M. de Villiers, D. Slamon, l. B. 
Roninson, J. Groffen and M. Barbacid. 

251 Lecture Course on Approaches to Plant 
Development. 
Organized by P. Puigdoménech and 
T. Nelson. Lectures by l. Sussex, R. S. 
Poethig, M. Delseny, M. Freeling, S. C. de 
Vries, J. H. Rothman, J. Modolell, F. Sala­
mini, M. A. Estelle, J. M. Martínez Zapater, 
A. Spena, P. J. J. Hooykaas, T. Nelson, 
P. Puigdoménech and M. Pagés. 

252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizado por Juan F. Santarén. Semi­
narios por Julio E. Celis, James l. Garrels, 
Joel Vandekerckhove, Juan F. Santarén 
y Rosa Assiego. 

253 Workshop on Genome Expression and 
Pathogenesis of Plant RNA Viruses. 
Organized by F. García-Arenal and P. Pa­
lukaitis. Lectures by D. Baulcome, R. N. 
Beachy, G. Boccardo, J. Bol, G. Bruening, 
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J. Burgyan, J. R. Díaz Ruiz, W. G. Dou­
gherty, F. García-Arenal, W. L. Gerlach, 
A. L. Haenni , E. M. J. Jaspars, D. L. Nuss, 
P. Palukaitis, Y. Watanabe and M. Zaitlin . 

254 Advanced Course on Biochemistry and 
Genetics of Yeast. 
Organized by C. Gancedo, J. M. Gance­
do, M. A. Delgado and l. L Calderón. 

255 Workshop on The Reference Points in 
Evolution. 
Organized by P. Alberch and G. A. Dover. 
Lectures by P. Alberch, P. Bateson, R. J. 
Britten, B. C. Clarke, S. Conway Morris, 
G. A. Dover, G. M. Edelman, R. Flavell, 
A. Fontdevila, A. García-Bellido, G. L. G. 
Miklos, C. Milstein, A. Moya, G. B. Müller, 
G. Oster, M. De Renzi, A. Seilacher, 
S. Stearns, E. S. Vrba, G. P. Wagner, 
D. B. Wake and A. Wilson . 

256 Workshop on Chromatin Structure and 
Gene Expression. 
Organized by F. Azorín, M. Beato and 
A. A. Travers. Lectures by F. Azorín, M. 
Beato, H. Cedar, R. Chalkley, M. E. A. 
Churchill , D. Clark, C. Crane-Robinson, 
J. A. Dabán, S. C. R. Elgin, M. Grunstein, 
G. L. Hager, W. Horz, T. Koller, U. K. 
Laemmli , E. Di Mauro, D. Rhodes, T. J. 
Richmond, A. Ruiz-Carrillo, R. T. Simpson, 
A. E. Sippel, J. M. Sogo, F. Thoma, A. A. 
Travers, J. Workman, O. Wrange and 
C. Wu. 

257 Lecture Course on Polyamines as mo­
dulators of Plant Development. 
Organized by A. W. Galston and A. F. Ti­
burcio. Lectures by N. Bagni, J. A. Creus, 
E. B. Dumbroff, H. E. Flores, A. W. Galston, 
J. Martin-Tanguy, D. Serafini-Fracassini, 
R. D. Slocum, T. A. Smith and A. F. Tibur­
cio. 

258 Workshop on Flower Development. 
Organized by H. Saedler, J. P. Beltrán and 
J. Paz Ares. Lectures by P. Albersheim, 
J. P. Beltrán, E. Coen, G. W. Haughn, J. 
Leemans, E. Lifschitz, C. Martin, J. M, 
Martínez-Zapater, E. M. Meyerowitz, J. 
Paz-Ares, H. Saedler, C. P. Scutt, H. 
Sommer, R. D. Thompson and K. Tran 
Thahn Van. 

259 Workshop on Transcription and Repli­
cation of Negative Strand ANA Viruses. 
Organized by D. Kolakofsky and J. Ortín. 
Lectures by A. K. Banerjee, M. A. Billeter, 
P. Collins, M. T. Franze-Fernández, A. J. 
Hay, A. lshihama, D. Kolakofsky, R. M. 
Krug, J. A. Melero, S. A. Moyer, J. Ortín, 
P. Palese, R. G. Paterson, A. Portela, M. 
Schubert, D. F. Summers, N. Tordo and 
G. W. Wertz. 

260 Lecture Course Molecular Biology of 
the Rhizobium-Legume Symbiosis. 
Organized by T. Ruiz-Argüeso. Lectures 
by T. Bisseling, P. Boistard, J. A. Downie, 
D. W. Emerich, J. Kijne, J. Olivares, 
T. Ruiz-Argüeso, F. Sánchez and H. P. 
Spaink. 

261 Workshop The Regulation of Transla­
tion in Animal Virus-lnfected Cells. 
Organized by N. Sonenberg and L. Ca­
rrasco. Lectures by V. Agol , R. Bablanian, 
L. Carrasco , M. J. Clemens, E. Ehrenfeld, 
D. Etchison, R. F. Garry, J. W. B. Hershey, 
A. G. Hovanessian, R. J. Jackson, M. G. 
Katze, M. B. Mathews, W. C. Merrick, D. 
J. Rowlands, P. Sarnow, R. J. Schneider, 
A. J. Shatkin , N. Sonenberg, H. O. Voor­
ma and E. Wimmer. 

263 Lecture Course on the Polymerase 
Chain Reaction. · 
Organized by M. Perucho and E. Martinez­
Salas. Lectures by D. Gelfand, K. Hayashi, 
H. H. Kazazian, E. Martínez-Salas, M. Me 
Clelland, K. B. Mullis, C. Oste, M. Perucho 
and J. Sninsky. 

264 Workshop on Yeast Transport and 
Energetics. 
Organized by A. Rodríguez-Navarro and 
R. Lagunas. Lectures by M. R. Chevallier, 
A. A. Eddy, Y. Eilam, G. F. Fuhrmann, A. 
Goffeau, M. Hofer, A. Kotyk, D. Kuschmitz, 
R. Lagunas, C. Leao, L. A. Okorokov, A. 
Peña, J. Ramos, A. Rodríguez-Navarro, 
W. A. Scheffers and J. M. Thevelein 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organized by T. A. Springer and F. Sán­
chez-Madrid. Lectures by S. J. Burakoff, 
A. L. Corbi-López, C. Figdor, B. Furie, J. 
C. Gutiérrez-Ramos, A. Hamann, N. Hogg, 
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L. Lasky, R. R. Lobb, J. A. López de Cas­
tro, B. Malissen, P. Moingeon, K. Okumu­
ra, J. C. Paulson, F. Sánchez-Madrid, S. 
Shaw, T. A. Springer, T. F. Tedder and A. 
F. Williams. 

266 Workshop on lnnovations on Protea­

ses and their lnhibitors: Fundamental 
and Applied Aspects. 

Organized by F. X. Avilés. Lectures by T. 
L. Blundell, W. Bode, P. Carbonero, R. 
W.Carrell, C. S. Craik, T. E. Creighton, E. 
W. Davie, L. D. Fricker, H. Fritz, R. Huber, 
J. Kenny, H. Neurath, A. Puigserver, C. 
A. Ryan, J . J . Sánchez-Serrano, S. Shal­
tiel , R. L. Stevens, K. Suzuki, V. Turk, J . 
Vendrell and K. Wüthrich. 
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Established in 1955, 
the Juan March Foundation is a non-profit organization 

dedicated to cultural, 
scientific and charitable objectives. 

It is one of the most important in Europe, 
considering its endowment and activities. 

The Juan March Foundation has collaborated 
significantly in the area of science and research by 

funding awards, grants and schorlarships 
for scientific training, 

supporting research studies 
and publishing research results . 

Since 1970, the Foundation 
has dedicated special attention to the field of Biology 

by means of various programmes, 
such as the Plan on Molecular Biology 

and its Applications (1981-88) 
and at present the Programine of 

lnternational Meetings on Biology, 
designed to actively promote the relationship 

between Spanish biologists and their international colleagues. 
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