ISN Symposium “Phosphatases in Neurobiology”
By Joaquín Ariño, Dept. Bioquímica I Biologia Molecular, Univ. Autonòma de Barcelona

Barcelona, SPAIN

The Symposium “Phosphatases in Neurobiology” was organized with the generous support of ISN within the EMBO Conference/FEBS Advanced Course on Protein Phosphatases (Barcelona, Spain, June 29-July 3rd, 2003). The Symposium was held on July 1st and was attended by 160 scientists from 26 different countries. Eight talks were presented, covering different aspects of neurobiology in which recent discoveries involving phospho-dephosphorylation mechanisms have been made. 

The session was initiated by Josef Krieglstein (Univ. of Marburg, Germany), who addressed the study of the mechanisms by which the growth factor TGF-1 protects cultured hippocampal neurons from neonatal rats against apoptotic damage. Dr. Krieglstein showed that the expression level of Bad, a member of the Bcl-2 protein family, was greatly increased in mouse brain after middle cerebral artery occlusion, and in cultured neurons after staurosporine treatment. TGF-ß1 inhibited the increased expression of Bad expression, activated Erk-1, 2 and Rsk 1 and increased Bad phosphorylation. It was also proposed that Bad could be dephosphorylated by protein phosphatase type 2C (PP2C) at Ser155. Further evidence that protein phosphorylation is a key event for cell survival or death was provided by the description of a number of lipophilic compounds which were able to activate PP2C and, simultaneously, caused apoptosis in cultured neurons. 

The role of protein phosphatase 1 and calcineurin (PP2B) was addressed by several speakers. Isabelle Mansuy (Int. Cell Biology, Zurich, Switzerland) presented a genetic approach, based in the expression of specific inhibitor peptides in the brain using the doxycycline-dependent rtTA system, that showed how PP1 and calcineurin play a role in different forms and phases of acquisition and memory formation. A reduction in calcineurin or PP1 activity in the hippocampus and cortex was found to enhance learning efficacy and prolong memory in both young adult and aged mice. The cognitive enhancement appeared to be associated with the activation of multiple downstream effectors including the Ca2+/calmodulin-dependent protein kinase II (CaMKII), the GluR1 subunit of the AMPA receptor and the cAMP-responsive element binding protein (CREB) transcription factor. 

Several speakers stressed the relevance of specific localization of PP1 activity to the actin cytoskeleton in neuronal cells. Angus Nairn (Yale University, USA) presented evidence in that phosphorylation of DARPP-32 (a regulatory subunit of PP1) and the inhibition of PP1 are essential components in mediating the actions of dopamine in the basal ganglia. This is highly relevant because the disruption of normal dopaminergic neurotransmission is known to underlie certain neurological diseases. The characterization of the interactions between DARPP-32 and spinophilin (a modular protein that associate with actin cytoskeleton and recruit various signaling proteins) with PP1 has suggested a model for the regulation of AMPA type glutamate channels in neostriatal neurons. Spinophilin binds to F-actin and this interaction is regulated by phosphorylation by protein kinase A.  In addition, the cyclin-dependent kinase family member, cdk5, phosphorylates DARPP-32. Phosphorylation by cdk5 converts the protein into an inhibitor of cAMP-dependent protein kinase, and influences dopamine signaling by attenuating the ability of DARPP-32 to inhibit PP1. John Scott (Vollum Inst., Portland, USA) presented proteomic approaches that lead to the identification of additional components that couple the activation of the small molecular weight G protein Rac with the PDGF-promoted translocation of SCAR/WAVE from focal adhesions to sites of actin reorganization. In addition, it was shown that genetic studies with WAVE-1 knockout mice suggest that this signaling complex participates in the maintenance of neuronal cytoskeleton and signaling events that underlie normal cognitive functions. Finally, Shirish Shenolikar, (Duke University, USA) addressed the importance of neurabins in targetting PP1 to the actin cytoskeleton in neuronal and non-neuronal cells. Dr. Shenolikar showed that neurabins promote the disassembly of stress fibers and induction of filopodia that gave rise to new spines or synapses in cultured neonatal hippocampal neurons and adult rat brain hippocampal slices. These changes were influenced by dynamic competition between PP1 and the growth factor-activated p70 ribosomal S6 protein kinase (p70S6K), which dock at adjacent sites in neurabin I. Additional phosphatase regulators, such as inhibitor-2, also play a key role in the preferential recruitment of PP1 by neurabins at the actin cytoskeleton.

Calcineurin and PP1 are not the only Ser/Thr protein phosphatases important in neurobiology. Jürgen Götz, from the University of Zurich (Switzerland), discussed on how the hyperphosphorylation of Tau protein (a component of neurofibrillary tangles abundant in many neurodegenerative diseases such as Alzheimer’s disease) affects the dissociation of tau from microtubules and its relocalization from axons to cell bodies and dendrites. Different experimental approaches presented support the notion that PP2A is an important Tau-dephosphorylating activity and thus, low levels of PP2A activity might increase formation of neurofibrillary tangles. Therefore, PP2A may be a potential therapeutic target to treat Alzheimer’s disease and related disorders. 

Phospho-dephosphorylation at Tyr residues also plays an important role in neurobiology. Santiago Rodríguez de Córdoba (CIB, CSIC, Spain) described the identification of the major gene responsible for the Lafora disease (LD, a progressive myoclonus epilepsy) as EPM2A. This gene encodes the protein laforin, a dual-specificity phosphatase catalytic domain with a carbohydrate-binding domain in the N-terminus. By functional characterization of LD-associated EPM2A missense mutations it was demonstrated that laforin could be inactivated at multiple levels by single residue substitutions. Additionally, it was presented data on the initial characterization of the interaction of laforin with a regulatory subunit that targets the phosphatase to the intracellular glycogen complexes. It is remarkable that this was not the only talk during the entire Conference in which Lafora disease was approached. This neurological disease also attracted the attention of Dr. Peter Roach (Indiana Univ., USA), an expert in glycogen metabolism, due to the polyglucosan nature of the intracellular inclusion bodies (Lafora bodies), characteristic of this disease. The important role of P-Tyr dephosphorylation was also presented, in a different scenario, by Sheila Harroch (Pasteur Inst., France). Dr. Harroch introduced the audience into the relevance of the receptor protein tyrosine phosphatase RPTPwhich is expressed primarily in the nervous system (Schwann cells, oligodendrocytes and neurons). Through the use of RPTP KO mice, it was presented data proving that oligodendrocytes lacking RPTPbeta have reduced expression of specific markers known to be involved in myelination. Further experiments supported the notion that RPTPplays a major role in oligodendrocyte survival and a critical role in the mechanism of regeneration after injury. 

Each of the talks was followed by a lively discussion, which served to clarify specific points or to add additional information to the issue in discussion. Several posters dealing with the topics presented were in display for three days, and received a great deal of attention. In the overall, it can be concluded that the ISN Symposium on “Phosphatases in Neurobiology” was one of the highlights of the entire Conference, which is the most important international event in the field of protein phosphatases.
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		Travel Expenses Speakers

		Surname		Firstname		Travel		Cost		Notes

		KRIEGLSTEIN		Josef		FRA-BCN / BCN-FRA		179.72 €

		MANSUY		Isabelle		Zurich-BCN-Zurich		500.00 €		(*)

		NAIRN		Angus C.		NYC-BCN / BCN-NYC		919.74 €

		R. DE CORDOBA		Santiago		MAD-BCN / BCN-MAD		284.90 €

		SCOTT		John		USA-BCN-USA		1,200.00 €		(*)

		SHIRISH		Shenolikar		USA-BCN-USA		1,260.00 €

						Total Travel Aprox.		4,344.36 €

		(*) Estimated cost, as we have not received the tickets yet

		Hotel Expenses Speakers

		Surname		Firstname		Hotel		Cost		IN		OUT

		KRIEGLSTEIN		Josef		SANT PAU		364.00 €		6/29/03		7/3/03

		MANSUY		Isabelle		SANT PAU		273.00 €		6/29/03		7/2/03

		NAIRN		Angus C.		SANT PAU		273.00 €		6/30/03		7/3/03

		R. DE CORDOBA		Santiago		SANT PAU		364.00 €		6/29/03		7/3/03

		SCOTT		John D.		SANT PAU		182.00 €		6/30/03		7/2/03

		SHIRISH		Shenolikar		SANT PAU		364.00 €		6/29/03		7/3/03

						Total Hotel		1,820.00 €

		Other expenses

		Short-Talks fee refund (2x)						480.00 €

		$ to € exchange and check handling costs:						66.67 €

						Total ISN Symposium		6,711.03 €

						Approximately equivalent to $ 7,717
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