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Invited Lecturers

Enrico Cherubini, EU
Helena H. Chowdhury, EU
Thomas E. Finger, USA
Rashid Giniatullin, EU/Russia
Philip G. Haydon , USA
Matjaž Jeras, EU
Sue C. Kinnamon, USA
Marko Kreft, EU
Nevenka Kregar Velikonja, EU
Gregor Majdič, EU
Anna Menini, EU
Andrea Nistri, EU
Igor Poberaj, EU
Noreen E. Reist, USA
Marjan Rupnik, EU
Fabio Ruzzier, EU
Borut Sotošek, EU
Matjaž Stenovec, EU
Kumiko Sugimoto, Japan
Stuart Tobet, USA
Tine Valentinčič, EU
Robert Zorec, EU

MEETING  PROGRAMME

Thursday, May 26th 2005
16:00 - 19:00
REGISTRATION AT THE HOTEL MAESTOSO, LIPICA
19:00 

GET TOGETHER & WELCOME

20:00

SOCIAL DINNER

Friday, May 27th 2005

08.15
Opening 

GLIAL CELLS AND NERVE CELLS I 
Chair: Tine Valentinčič









08.30-08.55
A. Nistri: Electrical oscillations of brainstem motoneurons: a novel system of motor synchronization

08.55-09.10
G. Taccola: Electrical oscillations induced by the potassium channel blocker 4-aminopyridine in the dorsal horn of the rat spinal cord and their relation to fictive locomotor patterns

09.10-09.35
P. Haydon: Gliotransmission coordinates synaptic networks
09.35-09.50
M. Potokar: Cytosolic Ca2+ and cytoskeleton in vesicle mobility of rat astrocytes

09.50-10.05
T. Pangršič: Surface and volume measurements in cultured astrocytes during hypotonic swelling

10.05-10.30
E. Cherubini: Silent synapses: their role in synaptic plasticity

10.30-10.45
K. Ostroumov: K-ATP channel blockers modulate synaptic and bursting activity in the rat spinal cord in vitro

10.45-11.15 Coffee break

GLIAL CELLS AND NERVE CELLS II 
Chair: Tom Finger










11.15-11.40
S. Tobet: Development of the hypothalamus

11.40-12.05
G. Majdič: SF-1 knockout mice as a model for hormone independent sexual differentiation

12.05-12.20
N. Grgurevič: Sexual and aggressive behavior in mice with disruption of the steroidogenic   factor - 1 gene

12.20-12.35
T. Budefeld: Sex differences in AgRP, VP, Calbindin and nNOS immunoreactivity in mice brain

12.35-12.50
G. Baj: Have the different BDNF mRNA isoforms a role in neuroblastoma tumour cells survival?

12.50-13.05
F. Minneci: Electrophysiological characterization of a subset of somatostatin-containing, EGFP positive GABAergic interneurones in organotypic hippocampal cultures

13.05-13.20
V. Stoka: Mechanisms of activation and regulation of the intrinsic pathway of apoptosis during brain development and aging

13.20-13.35
A. Omrani: Consequences of Pentylenetetrazole kindling on spatial learning and memory

13.35-15.00 Lunch break

ENDOCRINE, MUSCLE CELLS and ADIPOCYTES
Chair: Gregor Majdič









15.00-15.25
F. Ruzzier: Satellite stem cells, myogenesis and ageing
15.25-15.40
M. Jurdana:  Small-conductance Ca2+- activated K+ channels in cultured skeletal muscle cells: their role in spontaneous activity and possible regulation by nerve-derived factors

15.40-16.05
H. Chowdhury: Insulin responses of single adipocytes

16.05-16.30
R. Zorec: Pituitary cells: molecular mechanisms of exocytosis

16.30-16.45
N. Vardjan: Spontaneous exocytotic events in isolated lactotrophs

16.45-17.00
A. Fabbro: PC12 cells as a model to study quantal release of ATP

17.00-17.15
S.B. Yang: KATP-channels in beta-cells in tissue slices are directly modulated by millimolar ATP

17.15-17.30
T. Rose: Ca2+-secretion coupling in β-cells of healthy and diabetic rats

17.30-18.00 Coffee break

SENSORY CELLS

Chair: Marjan Rupnik









18.00-18.25 
A. Menini XE "Menini A" : Transduction and adaptation in olfactory sensory neurons

18.25-18.50
K. Sugimoto: Mechanisms for transduction and modulation of sweet taste in mouse taste cells
18.50-19.15 
S. Kinnamon: Ca signalling and neurotransmitter release in taste buds

19.15-19.40 
T. Finger: When taste is not taste and smell is not smell: solitary chemosensory cells of the airways and larynx

19.40-20.05 
T. Valentinčič & P. Miklavc: Does chemotopy predict olfactory discrimination in zebrafish (Danio rerio)?

20.05-20.20 
K. Pliberšek: Connections between regenerated olfactory epithelium and olfactory bulb in black bullhead catfish (Ameiurus melas)

20.20-20.35 
J. Dolenšek: Electrophysiological responses of silent olfactory receptor neurons to amino acids in black bullhead catfish 

21.00 Dinner
Saturday, 28th May 2005

GLIAL CELLS AND NERVE CELLS III

Chair: Sue Kinnamon









08.30-08.55 
N. Reist: Mutational analysis of synaptic protein function

08.55-09.20 
R. Giniatullin: The role of ATP in pain mechanisms

09.20-09.35 
M. Simonetti: Immunocytochemical mapping of pain transducing receptors in rodent trigeminal ganglia

09.35-09.50 
E. Fabbretti: Molecular determinants of the function of pain transducing P2X3 receptors

09.50-10.05 
F. Furlan: Interneurons transiently express the ERG K+ channels during development of mouse spinal networks in vitro

10.05-10.20 
V. Safiulina: ATP controls the generation of network-driven giant depolarizing potentials in the neonatal rat hippocampus

10.20-10.35 
E. Sola: Nicotinic modulation of glutamatergic transmission at Schaffer collateral-CA1 synapses in a mouse model of Alzheimer’s disease

10.35-10.50 
E. Sharifullina: Glutamate induces a novel bursting activity within rat brainstem slice networks

10.50-11.05 
C. Le Magueresse: Nicotine-induced enhancement of evoked glutamate release at CA3-CA1 synapses in the rat hippocampus: role of calcium-induced calcium release

11.05-11.35 Coffee break

CELL ENGINEERING (OSTEOID C., CHONDROCYTES, IMMUNE C.)

Chair: Marko Kreft










11.35-12.00 
M. Jeras: Dendritic cell-based vaccines as inducers of anti-tumor immune responses 

12.00-12.15 
M. Gabrijel: Measurements of the extent of lysosomal fusion in elelctrofused hybrid cells

12.15-12.30 
K. Trontelj: Cell electrofusion in vitro 

12.30-12.55 
N. Kregar Velikonja: Tissue engineering approaches in cartilage regeneration

12.55-13.20 
B. Sotošek: Reconstruction of bone defects with tissue engineered autologous osteoid cells
13.20-13.35 
S. Bembich: Antigen phage display libraries for the identification of autoantigens candidate in multiple sclerosis

13:35-16:50
Lunch followed by the visit of “Černigoj Gallery” and the Lipica Stud Farm

ADVANCED MICROSCOPY WORKSHOP

Chair: Robert Zorec









16.50-17.15 
M. Kreft: Confocal microscopy in Cell Physiology and Bioengineering

17.15-17.40 
M. Stenovec: Regulated exocytosis in astrocytes studied by confocal microscopy 

17.40-18.05
I. Poberaj: Laser tweezers 

18.05-18.30 
M. Rupnik: Two photon microscopy 

18.30-18.45 
N. Žnidaršič: Microscopic and biochemical survey of copper storage in hepatopancreatic S cells

18:45-19:45
Posters (with Vine & Cheese) 

20:00 

Bus departure to gostilna Kraški hram 

21.00 Gala Dinner
Sunday, 29th May 2005

09.00-10.00 
DISCUSSION FORUM




10.30-
EXCURSION TO KARST CAVES
Program simpozija

Četrtek, 26. maj 2005

16:00 - 19:00
PRIJAVA UDELEŽENCEV 
19:00 

SREČANJE IN DOBRODOŠLICA

20:00

VEČERJA

Petek, 27. maj 2005

08.15
Otvoritev

GLIJA IN ŽIVČNE CELICE I

Predsedujoči: Tine Valentinčič









08.30-08.55
A. Nistri: Električne oscilacije motonevronov v možganskem deblu: nov sistem motorične sinhronizacije

08.55-09.10
G. Taccola: Električne oscilacije, ki jih povzroči blokator kanalov 4-aminopiridin v dorzalnih rogovih podganje hrbtenjače in njihova povezava z vzorcem fiktivne lokomocije

09.10-09.35
P. Haydon: Glijotrasmisija koordinira sinaptične mreže

09.35-09.50
M. Potokar: Citosolni Ca2+ in citoskelet pri mobilnosti mešičkov v podganjih astrocitih
09.50-10.05
T. Pangršič: Meritve površine in prostornine v kultiviranih astrocitih med hipotoničnim nabrekanjem

10.05-10.30
E. Cherubini: Vloga tihih sinaps v sinaptični plastičnosti

10.30-10.45
K. Ostroumov: Blokator K-ATP kanalov modulira sinaptično aktivnost v podganji hrbtenjači in vitro

10.45-11.15 Odmor

GLIJA IN ŽIVČNE CELICE II

Predsedujoči: Tom Finger










11.15-11.40
S. Tobet: Razvoj hipotalamusa

11.40-12.05
G. Majdič: Miške brez gena SF-1 kot model za raziskave hormonsko neodvisne spolne diferenciacije možganov 

12.05-12.20
N. Grgurevič: Spolno in agresivno obnašanje pri miškah brez gena SF-1

12.20-12.35
T. Budefeld: Spolno odvisne razlike v izraženosti agutiju podobne beljakovine, vazopresina, kalbindina in nevronske sintaze dušikovih oksidov v mišjih možganih

12.35-12.50
G. Baj: Ali imajo različne izooblike prenašalke RNK BDNF vlogo pri preživetju    nevroblastomskih rakavih celic?

12.50-13.05
F. Minneci: Elektrofiziološke lastnosti deležaGABA-ergičnih inter nevronov, ki vsebujejo    somatostatin, EGFP v organotipičnih kulturah hipokampusa

13.05-13.20
V. Stoka: Mehanizmi aktivacije in uravnavanja intrinzične poti apoptoze med razvojem možganov  in med staranjem

13.20-13.35
A. Omrani: Posledice pentilentetrazolskega spodbujanja na prostorsko učenje in spomin

13.35-15.00 Odmor za kosilo

ENDOKRINE IN MIŠIČNE CELICE, ADIPOCITI

Predsedujoči: Gregor Majdič









15.00-15.25
F. Ruzzier: Satelitne zarodne celice, miogeneza in staranje

15.25-15.40
M. Jurdana: Nizkoprevodni od Ca2+- aktivirani K+ kanali v celicah skeletne mišice v kulturi: vloga spontane aktivnosti in možnost uravnavanja z živčnimi dejavniki

15.40-16.05
H. Chowdhury: Odgovori posameznih adipocitov na insulin

16.05-16.30
R. Zorec: Hipofizne celice: molekularni mehanizmi eksocitoze

16.30-16.45
N. Vardjan: Spontani eksocitozni dogodki v izoliranih laktotrofih

16.45-17.00
A. Fabbro: Celice PC12 kot model za študij kvantnega sproščanja ATP
17.00-17.15
S.B. Yang: KATP-kanali v beta-celicah tkivnih rezin so neposredno modulirani z milimolarnim ATP

17.15-17.30
T. Rose: Sklopitev Ca2+-sekrecije v β-celicah v zdravih in diabetičnih podganah

17.30-18.00 Odmor

ČUTILNE CELICE

Predsedujoči: Marjan Rupnik









18.00-18.25 
A. Menini: Transdukcija in adaptacija v olfaktornih senzoričnih nevronih

18.25-18.50
K. Sugimoto: Mehanizmi transdukcije in modulacije okusa za sladko v mišjih okušalnih celicah

18.50-19.15 
S. Kinnamon: Signalizacija s Ca2+ in sproščanje nevrotransmiterjev v okušalnih brstih

19.15-19.40 
T. Finger: Ko okus ni okus in ko vonj ni vonj: osamele kemosenzorične celice dihalnih poti in žrela
19.40-20.05 
T. Valentinčič & P. Miklavc: Ali kemotopija napoveduje vohalno razlikovanje cebric (Danio rerio)?

20.05-20.20 
K. Pliberšek: Povezave med regeneriranim vohalnim epitelom in vohalnim bulbusom pri ameriškem somiču (Ameirus melas. 

20.20-20.35 
J. Dolenšek: Elektrofiziološki odzivi tihih vohalnih celic ameriškega somiča na aminokisline.

21.00 Večerja
Sobota, 28. maj 2005

GLIJA IN ŽIVČNE CELICE III

Predsedujoči: Sue Kinnamon









08.30-08.55 
N. Reist: Mutacijska analiza funkcije sinaptičnih proteinov

08.55-09.20 
R. Giniatullin: Vloga ATP pri mehanizmu bolečine

09.20-09.35 
M. Simonetti: Imunocitokemično mapiranje receptorjev bolečinske transdukcije pri trigeminalnih živčnih vozlih glodalcev

09.35-09.50 
E. Fabbretti: Molekularne determinante funkcije P2X3 receptorjev bolečinske transdukcije 

09.50-10.05 
F. Furlan: Med razvojem mišje spinalne mreže in vitro interneuroni prehodno izražajo K+ kanale ERG 

10.05-10.20 
V. Safiulina: ATP uravnava nastanek mrežno pogojenih gigantskih depolarizirajočih potencialov v neonatalnem podganjem hipokampusu

10.20-10.35 
E. Sola: Nikotinska modulacija glutamatergične transmisije Schafferjevih kolteralnih-CA1 sinaps na modelu miši z Alzheimerjevo boleznijo

10.35-10.50 
E. Sharifullina: Glutamat inducira nov izbruh aktivnosti znotraj rezine možganskega debla podgane 

10.50-11.05 
C. Le Magueresse: Z nikotinom sproženo povečanje sproščanja glutamata na CA3-CA1 sinapsah hipokampusa podgane - vloga s kalcijem induciranega sproščanja kalcija

11.05-11.35 Odmor

CELIČNO INŽENIRSTVO: KOSTNE CELICE, HRUSTANČNE CELICE, IMUNSKE CELICE
Predsedujoči: Marko Kreft










11.35-12.00 
M. Jeras: Dendritične celice kot cepiva za vzbujanje protitumorskih imunskih odzivov

12.00-12.15 
M. Gabrijel: Določanje deleža fuzije lizosomov v hibridnih celicah

12.15-12.30 
K. Trontelj: Celična elektrofuzija in vitro
12.30-12.55 
N. Kregar Velikonja: Tkivno inženirski pristop pri zdravljenju poškodb sklepnega hrustanca

12.55-13.20 
B. Sotošek: Korekcija kostnih defektov z uporabo tkivnega inženirstva avtolognih osteoidnih celic

13.20-13.35 
S. Bembich: Antigen fag display knjižnice za identifikacijo avtoantigenskih kandidatov pri multipli sklerozi

13:35-16:50
Odmor za kosilo ter obisk Černigojeve galerije in konjskih staj
DELAVNICA ZA NAPREDNO MIKROSKOPIJO

Predsedujoči: Robert Zorec









16.50-17.15 
M. Kreft: Uporaba konfokalnega mikroskopa pri celični fiziologiji in bioinženirstvu

17.15-17.40 
M. Stenovec: Konfokalno mikroskopske raziskave uravnavane eksocitoze v astrocitih

17.40-18.05 
I. Poberaj: Laserska pinceta

18.05-18.30 
M. Rupnik: Dvofotonska mikroskopija

18.30-18.45 
N. Žnidaršič: Mikroskopski in biokemični pregled depoja bakra v hepatopankreatskih celicah S

18:45-19:45
Posterji: kozarec vina s pokušnjo sirov

20:00 

Odhod avtobusa do gostilne Kraški hram 

21.00 Svečana večerja
Nedelja, 29. maj 2005

09.00-10.00 
OKROGLA MIZA

10.30-
IZLET V KRAŠKE JAME

Meeting Venue

The meeting will take place in Lipica, which is situated behind the Slovene coast in the Karst region. Here, in 1580 the stud farm was established, where the first noble Lipizzaner horse was bread. Since then the famous Lipica horses have been bread for centuries and attracted the visitors from all over the world. Today it is a popular tourist center with a riding school, a golf course, and a casino. A guide will take the meeting participants on a tour through the stables pointing out different methods of stages of breeding and training of the Lipica horses. In the Karst region excellent wines are produced, and in the attics of the stone houses delicious “pršut” is cured in the bora wind. In the region are some beautiful caves: The Postojna Cave with more than twenty-six million visitors so far and nearby Škocjan Caves (one of UNESCO's natural and cultural world heritage site), which boasts with the 1400-meter long and 150-meter deep underground canyon of the Reka river. In both caves the visitors can admire the only cave vertebrate animal in Europe and also the largest known living cave animal in the world, the Proteus anguinus or so called "human fish". A visit to Karst caves will be organized. 
[image: image1.png]


 [image: image2.png]



A visit to Avgust Černigoj Gallery will also be organized. 

Avgust Černigoj was born on August 24th, 1898 in Trieste. He graduated at the Bologna Academy of fine Arts and was a student at the Munich Academy and the Bauhaus School in Weimar. He made an invaluable contribution to Slovene historical avant-garde.

Organizing Committee
Chair:

Dr. Robert Zorec
Lab. of Neuroendocrinology-Molecular Cell Physiology, Inst. of Pathophysiology, Medical Faculty, Univ. of Ljubljana, Zaloška 4, 1000 Ljubljana, Slovenia 
Tel.: (+386) 1 543 70 80
Fax: (+386) 1 543 70 36
e-mail: robert.zorec@mf.uni-lj.si

Co-Chair:
Dr. Marko Kreft
Lab. of Neuroendocrinology-Molecular Cell Physiology, Inst. of Pathophysiology, Medical Faculty, Univ. of Ljubljana, Zaloška 4, 1000 Ljubljana, Slovenia 
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Fax: (+386) 1 543 70 36
e-mail: marko.kreft@mf.uni-lj.si

Executive Manager: 
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Lab. of Neuroendocrinology-Molecular Cell Physiology, Inst. of Pathophysiology, Medical Faculty, Univ. of Ljubljana, Zaloška 4, 1000 Ljubljana, Slovenia 
Tel.: (+386) 1 543 70 81
Fax: (+386) 1 543 70 36
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Mateja Gabrijel
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Dr. Enrico Cherubini
Neuroscience Programme, International School for Advanced Studies, Via Beirut 2-4, 34014 Trieste, Italy
Tel: +39-040-3787223 
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Dr. Thomas E. Finger 
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Dr. Sue C. Kinnamon 
Department of Biomedical Sciences, Colorado State University, Fort Collins, CO 80523 USA
e-mail sue.kinnamon@colostate.edu

Dr. Gregor Majdič
Veterinary Faculty, University of Ljubljana,
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Dr. Andrea Nistri
International School for Advanced Studies (SISSA), Via Beirut 4, 34014 Trieste, Italy
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e-mail: nistri@sissa.it


Dr. Fabio Ruzzier
Department of Physiology and Pathology and B.R.A.I.N. Centre for Neuroscience University of Trieste, via A. Fleming 22, 34127 Trieste, Italy
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Dr. Stuart Tobet
Department of Biomedical Sciences, Colorado State University, Fort Collins, CO 80523
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Dr. Tine Valentinčič
Department of Biology, University of Ljubljana,
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Dr. Robert Zorec
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Friday, 27th May 2005:

GLIAL CELLS AND NERVE CELLS  I
Electrical oscillations of brainstem motoneurons: a novel system of motor synchronization

Andrea Nistri XE "Nistri A” 
International School for Advanvced Studies (SISSA)
Via Beirut 4, 34014 Trieste, Italy

The basic mechanisms underlying rhythmic electrical oscillations produced by hypoglossal motoneurons to perform a range of motor activities will be reviewed and discussed.

Electrical oscillations induced by the potassium channel blocker 4-aminopyridine in the dorsal horn of the rat spinal cord and their relation to fictive locomotor patterns

Giuliano Taccola XE "Taccola G"  

Neurobiology Sector, International School for Advanced Studies (SISSA), Via Beirut 4, 34014 Trieste, Italy

4-Aminopyridine (4-AP) is proposed to offer symptomatic treatment to spinal injury patients. While the mechanism underlying such an effect is probably complex and dependent on the extent of spared spinal tissue, one contributing factor appears to be the facilitated operation of intrinsic spinal locomotor networks (collectively termed central pattern generator; CPG) induced by low micromolar concentrations of 4-AP as recently demonstrated in the rat spinal cord in vitro. Nevertheless, 4-AP is reported to exert an additional action on the mammalian spinal cord namely induction of repetitive discharges from dorsal roots (DRs). Using electrophysiological recording from dorsal and ventral roots of the rat isolated spinal cord, I investigated 4-AP evoked discharges and their relation with fictive locomotor patterns. Activation of fictive locomotion by either application of NMDA and serotonin or stimulus trains to a single dorsal root reversibly suppressed dorsal root oscillations induced by 4-AP. This suppression was due to depression of dorsal network activity rather than simple block of root discharges. Since dorsal root oscillations evoked by 4-AP were turned off when the fictive locomotor program was initiated, these discharges are unlikely to interfere with proprioceptive signals during locomotor training in spinal patients. 

Gliotransmission coordinates synaptic networks

Olivier Pascual XE "Pascual O"  1, Kristi Casper XE "Casper K"  2, Kate Cubera XE "Cubera K"  1, Ken McCarthy XE "McCarthy K"  2 and Philip Haydon XE "Haydon PG"  1
1Conte Center for Integration at the Tripartite Synapse, Dept of Neuroscience, University of Pennsylvania School of Medicine, Philadelphia ,USA  2Department of Pharmacology, University of North Carolina at Chapel Hill, Chapel Hill, NC

For the past decade we have appreciated that astrocytes, the predominant glial cell type of the central nervous system, can release gliotransmitters which include glutamate, ATP and D-serine.  However, an identification of the role of this signaling pathway in integration in the CNS has been challenging because pharmacological approaches lack the cellular specificity required to elucidate the role of astrocyte-derived transmitters.  We have developed inducible transgenic animals in which a dominant negative SNARE construct is selectively expressed in astrocytes to reduce the release of gliotransmitters.  Using acutely isolated hippocampal brain slice preparations we demonstrate that astrocytes play critical roles in suppressing excitatory transmission and in mediating heterosynaptic depression.  Expression of the dominant negative SNARE domain in astrocytes augments the amplitude of the Schaffer collateral CA1 EPSP two-fold, an action that is due to the removal of a tonic level of extracellular adenosine that normally suppresses excitatory transmission through the activation of A1 receptors.  Further investigation demonstrates that this extracellular adenosine exclusively arises from the degradation of ATP that is released from the astrocyte.  Previous studies have identified an essential role for adenosine in mediating heterosynaptic depression: high frequency activation of a group of synapses leads to a depression of neighboring unstimulated synapses.  Using these astrocyte-specific transgenic animals we demonstrate that adenosine-mediated heterosynaptic depression is absent when ATP release from astrocytes is blocked.  Together these results show that astrocytes tonically suppress excitatory synaptic transmission and coordinate the strength of networks of synaptic connections through the activity-dependent regulation of extracellular adenosine.

This work was funded by grants from the NINDS and the NIMH

Cytosolic Ca2+ and cytoskeleton in vesicle mobility of rat astrocytes

1,2Maja Potokar XE "Potokar M" , 1,2Marko Kreft XE "Kreft M” , 1,2Helena H. Chowdhury XE "Chowdhury HH” , 1,2Tina Pangršič XE "Pangršič T” , 1,2Robert Zorec XE "Zorec R" 
1Celica Biomedical Sciences Center, Stegne 21c, SI-1000 Ljubljana, Slovenia

2Laboratory of Neuroendocrinology-Molecular Cell Physiology, Institute of Pathophysiology, Medical Faculty, University of Ljubljana, Zaloska 4, SI-1000 Ljubljana, Slovenia
Astrocytes are the most abundant type of glial cells in the central nervous system and they have an important role in the functioning of neurons. They release many neuroactive substances, some of which are stored in membrane bound vesicles. ANP containing secretory vesicles in astrocytes have been shown to have two modes of mobility, non-directed (Brownian motion) and directed. The latter one is coupled to the cytoskeleton, however, the mechanisms of transport of secretory vesicles in astrocytes are poorly understood. We studied here the mobility of single vesicles labeled with the fusion protein between atrial natriuretic peptide and green fluorescent protein (proANP-Emd) in cells with intact and pharmacologically disintegrated cytoskeleton. In astroctyes the cytoskeleton consists from actin filaments, microtubules and intermediate filaments. Here we show results confirming the role of microtubules in directed mobility and we found out an important role of actin filaments in vesicle mobility in astrocytes. Furthermore, our results show that intermediate filaments are also implicated in vesicle mobility. 

Surface and volume measurements in cultured astrocytes during hypotonic swelling

1,2Tina Pangršič XE "Pangršič T” , 1,2Marko Kreft XE "Kreft M” , 3Philip G. Haydon XE "Haydon PG" , 1,2Robert Zorec XE "Zorec R" 
1Institute of Pathophysiology, Faculty of Medicine, University of Ljubljana, 1000 Ljubljana, Slovenia,  2Celica Biomedical Sciences Center, Stegne 21, 1000 Ljubljana, Slovenia, 3Department of Neuroscience, School of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania, USA
The mechanisms mediating the release of a neurotransmitter glutamate from astrocytes are the subject of intense research. Recent experiments showed that in hypotonic conditions astrocytes release glutamate, but the exact mechanism of release is not entirely clear. To test whether the possible mechanism of the glutamate release involves regulated exocytosis we monitored membrane capacitance by the whole-cell patch-clamp technique while a hypotonic solution was applied to astrocytes. Simultaneously astrocytes were monitored by an imaging system. If exocytosis is triggered under hypotonic conditions a net increase in membrane surface area, monitored by membrane capacitance, is expected, since during exocytosis vesicle membrane fuses with the plasma membrane. To test whether a hypotonic shock induces a shape and volume change in astrocytes, the cross-section area of the patched astrocytes was measured. After exposure to the hypotonic solution of 210 mOsm for 200 s the astrocytes swelled up by an average of 40 %. The simultaneous capacitance measurements revealed that cell swelling is not associated with an increase in membrane area change. Moreover, we found no correlation between changes in the cross-section area and changes in membrane capacitance. However, hypotonicity-induced membrane currents were clearly associated with astrocyte volume changes. We conclude that cell swelling is not triggering exocytotic fusion of vesicles with the plasma membrane while it activates membrane conductance. 

Silent synapses: their role in synaptic plasticity

Enrico Cherubini XE "Cherubini E" 
Neurobiology Sector, International School for Advanced Studies, Trieste, Italy

Mechanisms of LTP maintenance are discussed in the light of the phenomenon of silent synapses. Evidence that LTP is associated with the insertion of new AMPARs in postsynaptically silent (deaf) synapses expressing only NMDARs before LTP induction, has led to the assumption that the debate on pre versus postsynaptic locus of LTP expression has been resolved in favor of the latter. However, recent data indicate that these synapses are mainly presynaptically silent (mute or whispering), because the probability (Pr) of glutamate release or glutamate concentration in the cleft is too low to activate AMPARs. In this case LTP could be explained by an increase in Pr or an enhanced glutamate concentration to activate low affinity AMPARs. 

K-ATP channel blockers modulate synaptic and bursting activity in the rat spinal cord in vitro

Konstantin Ostroumov XE "Ostroumov K" 
SISSA, Trieste, Italy
ATP sensitive potassium channels are a well known link between cell metabolism and electrical state of excitable cells. These channels are widely expressed in the central nervous system of mammals after birth. The goal of our study was to investigate the possible role of these channels in the modulation of synaptic and bursting activity in the spinal cord of the neonatal rat. Increase in an amplitude of dorsal-root evoked synaptic transmission and slow-down of spontaneous rhythmic bursting induced by disinhibition characterized the effect of K-ATP channels blockers such as glibenclamide and tolbutamide. The results of this study indicate that metabolic state of the cell is important element in the regulation of synaptic activity and rhythmicity in the neonatal rat spinal cord in vitro.
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Development of the hypothalamus 
Stuart Tobet XE "Tobet  S" , Kristy McClellan XE "McClellan K" , J Gabriel Knoll XE "Knoll J G" , Michelle Edelmann XE "Edelmann M"  and Cory Wolfe XE "Wolfe C" 
Department of Biomedical Sciences, Colorado State University, Fort Collins, USA 

It is widely accepted that neurons in the preoptic area and hypothalamus are derived primarily from progenitors in proliferative zones surrounding the third ventricle. Radial glial processes are potential guides for neuronal migration, and their presence and orientation during development provide further information about the origin of cells. Additionally, the regulation of adhesion of migrating neurons with radial glial processes in development may be a focal point for the determination of cell positions in the diverse cell groups of the preoptic area and hypothalamus. We have carried out a number of experiments examining radial glial fibers, and their relationships to neurons with identified birthdates, and to migrating cells viewed by live video microscopy in brain slice preparations in vitro. The caudal preoptic area is unique in containing numerous radial glial processes extending from the lateral ventricles through ventral portions of the septal region to the pial surface at the base of the forebrain. These fibers both encapsulate and course ventrally through and around the anterior commissure. Newborn cells are often aligned along dorsal-ventral oriented radial glial fibers in addition to the more predicted medial-lateral oriented population. Therefore neurons originating in telencephalic proliferative zones may migrate ventrally along radial glial guides into what is considered the diencephalon. Steroid hormones can dramatically influence the development of numerous sites in the nervous system. We found sex differences in cell migration by video microscopy in the caudal preoptic area at embryonic day (E) 15 in mice. This led us to examine sex differences in the location or size of chemically identified cell groups. At E17 we found sex differences in the positions of cells marked by immunoreactive estrogen receptor beta, GABAB R1 subunit, and GABAA gamma2 subunit. Thus cell migration may be one key target for early gene actions that impact long-term susceptibility to brain sexual differentiation. GABAergic signaling may be important for hypothalamic development and sexual differentiation and is a potential target of hormonal modulation. In the region of the ventromedial nucleus of the hypothalamus (VMH), migration along medial-lateral oriented radial glial fibers may be regulated by signaling through GABA receptors. We have shown that alterations in GABAA and GABAB signaling cause changes in the movements of cells followed in vitro, and the positions of identified cells (particularly estrogen receptor alpha) in vivo. Key developmental factors such as steroid hormones and GABA may alter neuron adhesion, cell positioning, and ultimately hypothalamic differentiation and function.

SF-1 knockout mice as a model for hormone independent sexual differentiation

Gregor Majdič XE "Majdič G" *, Neža Grgurevič XE "Grgurevič N" *, Tomaž Budefeld XE "Budefeld T" * and Stuart Tobet XE "Tobet  S" # 

*Center for Animal Genomics, Veterinary faculty, University of Ljubljana, Gerbičeva 60, Ljubljana

# Department of Biomedical Sciences, Colorado State University, Fort Collins, USA

Steroidogenic factor 1 (SF-1) is a member of nuclear hormone receptor superfamily with important roles in development and function of endocrine organs.  SF-1 knockout mice are born without gonads and adrenal glands, have nonfunctional gonadotrope cells in pituitary and lack an organized ventromedial hypothalamic nucleus (VMH) in the ventral forebrain.  Although initial studies suggested that neurons normally forming VMH are simply missing, more recent studies have demonstrated that VMH neurons are actually present in the hypothalamus, but are rearranged and do not organize into a distinct nucleus.  Gonads in SF-1 KO mice initially develop but regress very early during fetal development and therefore, these mice are never exposed to sex steroid hormones.  Consequently, all newborn mice are phenotypically female.  However, despite being phenotypically female, there are intriguing differences in body weights between genetically male and female SF-1 KO mice.  All SF-1 KO mice are obese in adult life, presumably due in part to lack of a functional VMH.  However, SF-1 KO females are approximately 20% more obese than SF-1 KO males.  Further investigations are currently underway using SF-1 KO mice as a model to study hormone independent sexual differentiation of the brain.  For behavioral analyses, hormonally naïve and hormone primed (testosterone or estradiol plus progesterone) SF-1 KO mice are tested in the presence of intact WT males and WT ovariectomized, hormone primed females to establish differences in social behavior of these mice. Brains from SF-1 KO mice are used for immunohistochemical analyses to determine sex differences in gene expression that can explain sex differences in energy balance without differences in gonadal steroid hormone exposure in development or adulthood.

Sexual and aggressive behavior in mice with disruption of the steroidogenic factor – 1 gene

Neža Grgurevič XE "Grgurevič N" *, Tomaž Budefeld XE "Budefeld T" *, Stuart Tobet XE "Tobet  S" # and Gregor Majdič XE "Majdič G" *

*Center for Animal Genomics, Veterinary faculty, University of Ljubljana, Gerbičeva 60, Ljubljana

 # Department of Biomedical Sciences, Colorado State University, Fort Collins, USA

Steroidogenic factor-1 (SF-1) is a key regulator of endocrine function within the hypothalamic-pituitary-gonadal axis and adrenal cortex and has an essential role in sexual differentiation. These important roles of SF-1 emerged from findings using SF-1 knockouts (SF-1 KO) that exhibit gonadal and adrenal agenesis and male to female sex reversal of internal and external genitalia.  SF-1 knockouts are not exposed to endogenous gonadal sex hormones through their entire life and are therefore a unique model for studying genetic differences in male and female behavior.

Newborn SF-1 KO mice were rescued by daily injections of corticosteroids until adrenal transplants were performed on postnatal day 7 or 8.  SF-1 KO mice were weaned at 21 days of age and isolated in polycarbonate cages from their littermates under standard laboratory conditions with a 13:11 light-dark photoperiod and food and water available ad libitum.
All behavioral tests were performed with adult WT intact male or ovariectomized (OVX) hormone primed female mice in clear glass aquarium (26 x 42 cm) during first 6 hours of dark period under red light. Each test lasted for 45 minutes and each mouse was tested four times on different days in each hormonal setting.  Initially, hormonally naïve SF-1 were tested in presence of WT males or WT OVX females with SF-1 KO mice being residents.  After eight tests, the same protocol was repeated with SF-1 KO mice being treated either with estradiol benzoate (1.6 mg/mouse) 48 hours before testing and progesterone (1 µg/mouse) 4 hours before testing or with testosterone (100 µg/mouse) daily for seven days before testing and throughout the testing period.   

For each mouse aggressive (bite, attack, aggressive grooming and wrestling), defensive, sexual (anogenital investigation, mounting attempts and mounts with thrusts) and social (sniffing, grooming) behavior was scored. Latency for any aggressive behavior was recorded.

Untreated SF-1 KO mice displayed aggressive behavior toward ovariectomized females and less aggressiveness toward wild type males.  WT males attempted to mount hormonally naïve SF-1 KO mice, although SF-1 KO mice were not receptive. SF-1 KO male and female mice treated with estradiol benzoate and progesterone showed equivalent levels of lordosis when paired with wild type males.  Testosterone treated SF-1 KO males and females displayed similar high numbers of mounts with thrusts in sexual behavior tests with ovariectomized hormone-primed wild type females.  In resident-intruder tests wild type male intruders were highly aggressive toward testosterone treated SF-1 KO, even though WT males are intruders. 

Sex differences in AgRP, VP, Calbindin and nNOS immunoreactivity in mice brain

Tomaž Budefeld XE "Budefeld T" *, Neža Grgurevič XE "Grgurevič N" *, Stuart Tobet XE "Tobet  S" # and Gregor Majdič XE "Majdič G" *

*Center for Animal Genomics, Veterinary faculty, University of Ljubljana, Gerbičeva 60, Ljubljana

# Department of Biomedical Sciences, Colorado State University, Fort Collins, USA

Sex differences in neural morphology have been studied in the brains of many species.  One of the most sexually dimorphic areas in the mammalian brain is the hypothalamus including the preoptic area (POA) that contain neural centres that dictate behavioural patterns and control homeostatic functions.  Many studies show that sexual dimorphisms are dependent on the actions of gonadal steroid hormones.  However, recent studies also emphasize genetic factors contributing to sexual dimorphism in brain.  

Sex steroid hormones influence POA and hypothalamus throughout life; from fetal period through puberty and adulthood.  Sex hormones may differentially affect processes of neuronal cell migration, differentiation, apoptosis and synaptogenesis, manifesting in different gross volumes of brain nuclei, positioning of cell groups and differential gene expression.  On the other hand, a hormone-independent sexually dimorphic phenotype was shown for vasopressin immunoreactive cells in the lateral septum in an identical hormonal milieu.  

We are studying sexual dimorphic gene expression of several markers in POA and hypothalamus.  Neuronal nitric oxide synthase (nNOS) is an enzyme that catalyzes the production of nitric oxide, an important neurotransmitter and neuromodulator implicated in the development of aggressive behaviour, cell proliferation, differentiation and brain plasticity.  It has been shown that estrogen receptor  and androgen receptor interacts to regulate nNOS expression in brain in a site specific manner (POA, paraventricular nucleus).  We found sex differences in the number of nNOS immunoreactive cells in the POA and also in the dorsolateral part of the ventromedial hypothalamus (VMH).  In addition, the number of cells expressing calcium binding protein (calbindin-D28K), essential for neuronal function, is sexually dimorphic in the POA in mice.  Our results show that the number of calbindin immunoreactive cells might be sexually dimorphic also in the VMH.  Whether these differences are hormone dependent or independent at the time of their appearance remain to be determined.  Our initial studies were performed in WT mice with the aim to find reliable markers of sexual dimorphism in POA and hypothalamus.  We are now extending these studies to SF-1 knockout mice, which are never exposed to endogenous sex steroids and use of this model will help us to differentiate between hormone dependent and hormone independent differences in gene expression in the brains of male and female mice.  

Have the different BDNF mRNA isoforms a role in neuroblastoma tumour cells survival?

Gabriele Baj XE "Baj G"  and Enrico Tongiorgi XE "Tongiorgi E" 
BRAIN Centre for Neuroscience - Department of Biology, University of Trieste tongi@units.it
The neurotrophin Brain Derived Neurotrophic Factor (BDNF) is a key survival factor for neural cells. In particular, in neuroblastoma tumour cells, the most frequent tumour in children, expression of the BDNF/TrkB autocrine signalling system confers higher malignant phenotype and resistance to chemotherapy. According to very recent data (Liu et al., 2005) the human BDNF gene generates, through alternative splicing, at least 10 different BDNF transcripts. The physiological role of these multiple BDNF transcripts is still unknown. Purpose of this study was to determine which of the different BDNF isoforms is involved in the cell survival of the human neuroblastoma cell lines SH-SY-5Y (1 x N-Myc copy) and SK-N-BE (amplified N-myc). Expression of all possible human BNDF mRNA isoforms was characterized in the two neuroblastoma cell lines. We then investigated if selective silencing of the different BDNF mRNA isoforms though specific small interfering RNA may reduce the cell survival in response to the anticancer drugs cysplatinum, doxorubicin and etoposide. 
Electrophysiological characterization of a subset of somatostatin-containing, EGFP positive GABAergic interneurones in organotypic hippocampal cultures

Federico Minneci XE "Minneci F”  1 and M. Janahmadi XE "Janahmadi M”  1,2
1Neurobiology Sector, SISSA, Trieste, Italy; 2Department of Physiology, Medical Faculty, Shaheed Beheshti Medical Sciences University, Tehran, Iran

The normal functioning of the brain relies on a network of GABAergic interneurones which control the excitability of principal cells and are responsible for rhythmic oscillations believed to be the functional substrate of high cognitive functions. In the present experiments, the whole cell patch clamp technique (in current clamp mode) has been used to characterize the biophysical properties of a subset of somatostatin- containing, EGFP-positive GABAergic interneurones localized in the CA1 region in hippocampal slice cultures. Interneurones were identified on the basis of their morphology, passive and active membrane properties. Although a great variability in these parameters was found, no significant correlations were detected. However, interneurones displayed two different firing patterns in response to steady depolarizing current pulses. One exhibited a regular firing, which was maintained for the entire duration of the current pulse, while the other discharged in clusters of action potentials separated by silent periods of variable duration. An increase in the amplitude of the injected current enhanced spike frequency in the first type and the number of clusters in the second one. Moreover, neurons discharging by clusters exhibited a prominent sag in response to hyperpolarizing current pulses that was absent in the others.

MECHANISMS OF ACTIVATION AND REGULATION OF THE  INTRINSIC PATHWAY OF APOPTOSIS DURING BRAIN DEVELOPMENT AND AGING

Veronika Stoka XE "Stoka V"  1, Sylvia Chen XE "Chen S"  2, Boris Turk XE "Turk B"  1 and Dale E. Bredesen XE "Bredesen DE”  2
1Dept. of Biochem. and Mol. Biology, J. Stefan Institute, Jamova 39, SI-1000 Ljubljana, Slovenia; 2Buck Institute for Age Research, 8001 Redwood Blvd., Novato, CA 94945, USA

During the development of the nervous system, a large number of neurones are eliminated through physiological cell death, with morphological and biochemical features that resembles apoptosis. This process is tightly regulated through signalling pathways that are initiated either from triggering events within the cell (intrinsic pathway) or at the cell surface (extrinsic pathway). 

In the intrinsic pathway, a triggering stimulus that targets mitochondria induces cytochrome c release and ‘apoptosome’ formation, a ternary complex that includes cytochrome c, the adapter protein Apaf-1 and the initiator procaspase-9. Then active caspase-9 cleaves effector caspases -3, -6, and -7 which amplifies the signalling cascade thus leading to apoptosis. A dysfunction in the apoptotic machinery by defect or by excess leads to disease, a condition that increases considerably mainly due to a general decline of the physiological function that accompanies the aging process. However, the role of neurones and glia during neuronal apoptosis and aging is still unclear.

In this work, we investigated the activation of the intrinsic pathway of apoptosis in cell-free extracts derived from cortical neurons and astroglial primary cultures at various time points. The pathway was induced by cytochrome c/dATP and caspase activity was fluorometrically monitored. Astroglial extracts were activated 18-fold, values that remain constant even after 60-days in culture. In contrast, extracts of 3-days neuronal culture were activated 65-fold whereas no activation was measured after 10-days. 

The relevance of these findings was further evaluated on CD-1 mouse brain extracts at various stages of maturation (fetal, neonatal, young, adult and old). The pathway was activated 90-fold and 61-fold, at fetal and neonatal stages, respectively, whereas no activation was measured after 15 days of birth. By western blotting, we confirmed that in the same extracts procaspase-3 was downregulated whereas a heat shock protein-70 was upregulated.

We conclude that the lack of activation of the intrinsic pathway of apoptosis during brain aging is due to protein regulators that interfere with apoptosome formation such as  heat shock protein-70 and dowregulation of the effector caspase-3, which prevented caspase signalling cascade amplification.

Consequences of Pentylenetetrazole kindling on spatial learning and memory

Azar Omrani XE "Omrani A" , Yaghoub Fathollahi XE "Fathollahi Y" , Mohammad-Rasoul Ghadami XE "Ghadami M-R" , Atefeh Touhidi XE "Touhidi A" , Narges Fathi and XE "Fathi N"  Masoud Tahmasian XE "Tahmasian M" 
Department of Physiology, Kermanshah University of Medical Sciences, Kermanshah, Iran and Neurobiology Sector, SISSA, Trieste, Italy
Kindling is a generally accepted model for studying of epilepsy and epilepsy-related alterations in behavior. Repeated administration of pentylenetetrazol (PTZ) as a GABA antagonist leads to the chemical kindling and the appearance of electrographic spikes and seizures. In the present study the effect of PTZ kindling on spatial learning and memory was investigated in the Morris water maze (MWM).

Rats were kindled by repeated injection of PTZ (40mg/kg, ip) 13 times, once every 48 h. Controls received the same number of saline injection. After each injection the convulsive behavior was observed for 20 min. 24 h after last injection, learning performance of rats was studied in the MWM.

The repeated application of PTZ induced seizures with increasing severity during the course of development of kindling. 

Learning performance showed that the PTZ kindled group had longer latencies to find the platform in comparison to controls over the testing days. Furthermore, when spatial memory was evaluated at the end of the learning session, the time spent in target quadrant where the platform was located was significantly lower in kindled group respect to controls. These results indicate that PTZ kindling impairs spatial learning and memory. It is suggested that the long lasting changes in neural excitability induced by PTZ kindling influence spatial information processes and leading to the impairment of spatial performance.
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Satellite stem cells, myogenesis and ageing
Fabio Ruzzier XE "Ruzzier F" 
Department of Physiology and Pathology and B.R.A.I.N. Centre for Neuroscience

University of Trieste, Trieste

The maintenance of skeletal muscle mass depends on a population of mononucleated muscle precursors known as satellite cells. After trauma or activity-induced damage, these cells start to form myoblasts, then differentiate and fuse, forming new muscle fibres. Ageing causes a reduction in the regenerative potential of muscles, leading to diminished muscle strength. We studied the process of myogenesis in a murine cell line (i28) and in human cells from differently aged donors, using patch clamp and videoimaging techniques. Mouse satellite cells differentiated in vitro often exhibit spontaneous contractions associated to electrical activity and changes in the intracellular concentration of calcium. The action potentials were induced by TTX-sensitive sub-threshold depolarizing oscillations, while different potassium and calcium conductances were involved in the modulation of the frequency of cell firing. Moreover, we observed that embryonic nicotinic acetylcholine receptor channel openings contribute to the spontaneous transients of the intracellular concentration of calcium and to the spontaneous twitches, suggesting an autocrine activation of the receptors. In human myoblasts, we followed by videoimaging technique the establishment of a functional excitation-contraction coupling mechanism, observing a delay depending of the age of the donor (from 2 to 76 years). The same effect was observed in “young” cells aged in vitro, suggesting a role for the number of satellite cells divisions, independently from the host environment. 

Taken all together, these results show the complexity of the membrane and intracellular channels interplay during the process of myogenesis. The spontaneous activity thus originated, could be a strategy of the developing skeletal muscle cell to guarantee its own cell trophism. Moreover, the impaired capability to efficiently generate functional skeletal muscle fibres could explain the sarcopenia in the human aged muscles.

Small-conductance Ca2+- activated K+ channels in cultured skeletal muscle cells: their role in spontaneous activity and possible regulation by nerve-derived factors. 

Mihaela Jurdana XE "Jurdana M"  and Marina Sciancalepore XE "Sciancalepore  M"  

Department of Physiology and Pathology and B.R.A.I.N. Centre for Neuroscience, University of Trieste, I-34127 Trieste, Italy 

Small conductance Ca2+- activated K+ (SK) channels are activated by submicromolar increases in [Ca2+]i in a voltage-independent manner and are selectively blocked by apamin (Blatz and Magleby, 1986). SK channels are also known to mediate the afterhyperpolarization following action potentials (Barrett et al., 1981). In rat skeletal muscle a down-regulation of SK channels expression has been observed, possibly mediated by nerve growth factors (Vigdor-Alboim et al., 1999) and muscle innervation. Apamin-sensitive SK channels were not found in adult rat muscle (Schmid-Antomarchi et al., 1985) whereas they were detected in muscle-derived cell lines (Barrett et al., 1981) and in denervated skeletal muscles (SchmidAntomarchi et al., 1985). In the present study, mouse and human skeletal muscle cells in culture are used to detect the role of SK potassium currents in modulating the spontaneous electrical activity and to investigate the effect of the nerve-derived factor agrin on apamin-sensitive currents. Agrin is a heparin sulphate proteoglican released by motor nerve terminals into the synaptic cleft (McMahan, 1990); it is required for the development of postsynaptic specializations at the neuromuscular junctions (Gautam M. et al., 1996). Patch clamp, whole-cell recordings were performed in i28 mouse myocytes during the in vitro myogenesis. SK currents were revealed as tail currents after a depolarizing command in the presence of blockers of Na+ channel and big conductance Ca2+-activated K+ channels (tetrodotoxin 1 µM and tetraethylammonium 1 mM, respectively). SK currents were not detected in mononucleated mouse myoblasts, but they could be elicited in myotubes after 5 days in differentiation medium (DM). In mouse myotubes it was possible to record spontaneous electrical activity leading to contracton. The frequency of such activity increased in the presence of apamin (100 nM) suggesting a modulating role for SK currents. SK tail currents were also recorded in cultured myotubes derived from human skeletal muscle biopsies. The modulation of these currents by agrin was investigated. The experiments were performed on 9-12 day old cultured cells in control and in 1 nM agrin-treated cells. In the presence of agrin, differences in passive membrane properties have been noted, including a decrease in input resistance and a more negative resting potential. Moreover, in agrin-treated cells the density of apamin sensitive tail currents slightly decreased. In conclusion, SK currents, recorded in cultured muscle cells, can regulate the frequency of spontaneous activity and can be down-regulated by agrin which mimics the effect of muscle innervation.

Insulin responses of single adipocytes

Helena H. Chowdhury XE "Chowdhury HH”  1,2, Marko Kreft XE "Kreft M”  1,2,  Sonja Grilc XE "Grilc S"  1,2 and Robert Zorec XE "Zorec R"  1,2
1Laboratory of Neuroendocrinology - Molecular Cell Physiology, Institute of Pathophysiology, Medical School, University of Ljubljana, 1000 Ljubljana, Slovenia 2Celica, Biomedical Sciences Center, Stegne 21, 1000 Ljubljana, Slovenia

Adipocytes play a key role in energy balance by serving as a major site of energy storage and as an endocrine organ, secreting different hormones and cytokines that regulate metabolism in other tissues as well. 

Adipocytes represent an important target cells for insulin action in the body. Upon a rise in glucose concentration in the plasma, -cells in pancreas start to secrete insulin, which binds to receptors on target cells, mainly adipocytes and skeletal muscle cells. Insulin increases glucose permeability of adipocytes by regulating the incorporation of glucose transporters into the plasma membrane by exocytosis. Exocytic fusion of vesicles with the plasma membrane is associated with an increase in the plasma membrane area. 

We used a confocal microscope to monitor the fluorescence intensity of the styryl dye FM1-43, a membrane area reporter, to study the effect of insulin on the plasma membrane area changes. Insulin addition caused a rapid increase in FM1-43 fluorescence intensity of 4 % due to cumulative exocytosis, which was significantly higher than in controls. To study net membrane area changes, we employed the patch-clamp method and measured membrane capacitance (Cm), a parameter related to the membrane area. After insulin stimulation the rate of Cm increase of 3 %/min was significantly smaller than FM1-43 fluorescence intensity rate increase of 4%/min. These results suggest that insulin-induced membrane area increase is mainly due to the increase in the rate of exocytosis.
Insulin action is associated with an increase in cytosolic glucose concentration. To monitor glucose dynamics in individual cells, we employed a glucose nano-sensor glucose-binding protein with two different green fluorescent protein variants. Preliminary results show a glucose concentration dependent fluorescence resonance energy transfer (FRET) changes in single 3T3-L1 fibroblasts.

Pituitary cells: molecular mechanisms of regulated exocytosis
Helena H. Chowdhury XE "Chowdhury HH” , Mateja Gabrijel XE "Gabrijel M" , Sonja Grilc XE "Grilc S" , Marko Kreft XE "Kreft M” , Tina Pangršič XE "Pangršič T” , Maja Potokar XE "Potokar M" , B. Rituper XE "Rituper B" , Matjaž Stenovec XE "Stenovec M" , Nina Vardjan XE "Vardjan N"  and Robert Zorec XE "Zorec R" 
Laboratory of Neuroendocrinology-Molecular Cell Physiology, Institute of Pathophysiology, Medical Faculty, University of Ljubljana, Zaloška 4, 1000 Ljubljana, Slovenija & Celica, Biomedical Sciences Center, Stegne 21, 1000 Ljubljana, Slovenija, robert.zorec@mf.uni-lj.si

The pituitary gland consists of cells forming the anterior and intermediate parts, and of nerve terminals forming the posterior lobe. In all these structures exocytosis plays a key role in the release of hormones, stored in vesicles, by exocytosis which consists of fusion between the vesicle and the plasma membrane. There are at least two forms of exocytosis. Constitutive exocytosis proceeds all the time, whereas regulated exocytosis requires a stimulus to be activated. Decades ago it has been proposed that in excitable cells, such as pituitary cells, the trigger for regulated exocytosis represents a rise in cytosolic calcium activity. However, only recently molecular details of this process are being understood. We have been investigating exocytosis in single endocrine pituitary cells. These cells store hormones in large dense core vesicles. At the occurrence of a stimulus these vesicles get translocated to the plasma membrane in order to enter exocytosis. Molecules that participate in these complex reactions are numerous and possibly constitute a physiological unit, which is termed the exocytotic module. It is presently not known which are all the participating elements in this functional subcellular unit, but it is likely that different cells, with different secretory properties carry distinct exocytotic functional modules. While some of the constituents of the exocytotic module may be universal (such as the SNARE proteins), others may be characteristic for only some types of cells (i.e. neurons, neuroendocrine cells). The aim of this lecture is to highlight evidence at cellular and subcellular level that in a pituitary cell there are multiple mechanisms of regulated exocytosis, consisting of multiple exocytotic modules with distinct physiological and biochemical properties.

Spontaneous exocytotic events in isolated lactotrophs

Nina Vardjan XE "Vardjan N" , Matjaž Stenovec XE "Stenovec M" , Marko Kreft XE "Kreft M"  and Robert Zorec XE "Zorec R" 
Celica Biomedical Sciences Center, Ljubljana, Slovenia

Medical Faculty, University of Ljubljana, Ljubljana, Slovenia

Recently it has been shown that the discharge of granule content is slower in resting (~3 min) compared to stimulated lactotrophs (several seconds). To further investigate spontaneous single granule fusions we used confocal imaging of lactotrophs expressing spH, a granule membrane-targeted pH sensor protein that enables optical discrimination between unfused (no fluorescence) and fused granules (green fluorescence). Simultaneously with the fluorescence changes of spH we monitored the loading of granules by FM 4-64 dye. 

Granule fusions were associated with a rapid increase in fluorescence of spH (rise time20-80% < 0.5 s), indicating a rapid efflux of protons. We distinguished two types of spontaneous exocytotic events, type-I and type-II events. In the type-I events (n = 17) granules did not load the FM 4-64 dye. The signal following the peak of spH fluorescence intensity in these granules either declined, which was best fitted by a single-exponential function with the time constant τ of 1.2 ± 0.2 s (n = 9) or the signal intensity persisted at a high level (n = 8). The first case indicates resealing of the fusion pore, while the second case indicates that the fusion pore persisted opened for the time of monitoring. On the contrary, in the type-II events (n = 15) the FM 4-64 dye loaded into the granules (rise time20-80% of 3.0 ± 0.8 s) after the granule fusion. The signal of spH fluorescence intensity of most of these granules decreased after the fusion which was best fitted by a double-exponential function with τ1 of 1.9 ± 0.5 s and τ2 of 31.1 ± 5.1 s (n = 12). This indicates the resealing of the fusion pore. In some of the type-II events (n = 3) the signal of spH fluorescence intensity stayed at a high level after fusion, implying that the fusion pore persisted opened. In 4 out of 36 analyzed granules the spH fluorescence intensity changes appeared as multiple type-I events, suggesting that these periodical events were due to transient fusion pore openings (flickers). 

Based on our study we can conclude that fusion pore diameter is smaller in the type-I events compared to the type-II events since it permits the exit of protons but not the entry of larger molecules such as FM 4-64 (Mw = 608 g/mol). The results also indicate that the two types of spontaneous exocytotic events undergo different kinetics of fusion pore resealing. 

PC12 cells as a model to study quantal release of ATP

Alessandra Fabbro XE "Fabbro A" 
SISSA, Via Beirut 4, 34014 Trieste, Italy
Although ATP is important for intercellular communication, little is known about the mechanism of endogenous ATP release. Using PC12 cells (which express P2X2 ATP receptors and store ATP with catecholamines inside dense-core vesicles), we found that clusters of cultured PC12 cells generated small transient inward currents (STICs) after an inward current elicited by exogenous ATP or KCl. The amplitude of STICs in individual cells correlated with the peak amplitude of ATP-induced currents. STICs were dependent on extracellular Ca2+, were abolished by the P2X antagonist PPADS and were potentiated by Zn2+, suggesting they were mediated by P2X2 receptor activation. In addition, KCl application induced a significant release of ATP from PC12 cells, which were shown to be in close juxtaposition. These data indicate that STICs were caused by quantal release of endogenous ATP by depolarized PC12 cells, suggesting a new experimental model to study vesicular ATP release and the kinetics and pharmacology of P2X2 receptor-mediated quantal currents.

KATP-channels in beta-cells in tissue slices are directly modulated by millimolar ATP 

Stephan Speier XE "Speier S"  1, Shi-Bing Yang XE "Yang S.-B”  1, K. Sroka XE "Sroka K" , Tobias Rose XE "Rose  T"  and Marjan Rupnik XE "Rupnik M" 
European Neuroscience Institute Göttingen, Waldweg 33, 37073 Göttingen, Germany 

1These authors contributed equally to this work.

In pancreatic beta-cells, inhibition of KATP-channels plays a pivotal role in signal transduction of glucose-induced insulin release. However, the extreme sensitivity of KATP-channels to its ligand ATP as found in inside-out patches is not directly compatible with modulation of these channels at physiological [ATP]i. We studied KATP-channel sensitivity to ATP in beta-cells in dispersed culture and in fresh pancreatic tissue slices. Physiological [ATP]i blocks more than 99% of KATP-channels in cultured beta-cells, while only 90% in beta-cells in slices, indicating reduced sensitivity to ATP in the fresh slices. Applying cytosolic factors like ADP, phosphatidylinositol-4,5-bisphosphate (PIP2) or oleoyl-CoA did not restore the KATP-channel sensitivity in cultured beta-cells. Our data suggest the modulation on the SUR1 receptor, a compulsory KATP channel accessory subunit, might explain the reduction in sensitivity. Tissue slices are the first beta-cell preparation to study direct KATP-channel modulation by physiological [ATP]i. 

Ca2+-secretion coupling in β-cells of healthy and diabetic rats 

Tobias Rose XE "Rose  T"  and Marjan Rupnik XE "Rupnik M"  

European Neuroscience Institute, Waldweg 33, 37073 Göttingen

The Goto Kakizaki (GK) rat is a well established model for type 2 diabetes (T2D). Glucose-dependent insulin release from β-cells of GK rats is significantly impaired. Former studies failed to identify a defect in late steps of stimulus-secretion coupling in this model, suggesting faulty metabolism-dependent signaling rather than impaired secretory machinery. Still, other groups showed reduced expression of exocytotic proteins in β-cells of GK rats. In this study we used acute tissue slices of rat pancreas to elucidate the role of secretory machinery dysfunction in β-cells of a T2D model. 

We studied β-cells in fresh pancreatic slices of adult male Wistar and GK rats by using the standard whole-cell patch-clamp technique. As an assay for secretion we monitored changes in membrane capacitance (Cm) in response to different depolarization protocols. Additionally, we measured cytosolic Ca2+ ([Ca2+]i) by ratiometric imaging of Fura-PE3. 

β-cells of the stable hyperglycemic GK rats of our colony displayed electrical activity and elevated [Ca2+]i even under otherwise non-stimulatory glucose concentrations thus explaining the hyperinsulinemia frequently shown in this model. Furthermore, GK rat β-cells displayed bigger high and low voltage-activated Ca2+-currents (HVA, LVA) compared to Wistar rat control. Considering the larger size of GK β-cells, peak HVA Ca2+-current density was almost doubled. In spite of enhanced Ca2+-currents, the cumulative Cm change (ΣΔCm) in response to the first 10 pulses of a train of 50 depolarizations was lower in GK β-cells than control. Additionally, if the charge entry in controls was augmented to similar levels as in GK rats by increasing the external Ca2+-concentration, Wistar β-cells showed an even higher initial release rate. Using the paired-pulse Cm depression paradigm we could demonstrate, that neither the size of immediately nor readily releasable pool of granules (IRP; RRP) is different from control. Taken together, these data suggest a decreased efficacy of Ca2+ to trigger exocytosis in GK rats. 

Surprisingly, if we applied a second train of depolarizing pulses 4 min after the first stimulus, the Cm response of GK β-cells displayed pronounced facilitation: Whereas ΣΔCm in control was reduced by more than 50%, the secretory response in GK rat β-cells was augmented by more than 30% in spite of prominent Ca2+-current rundown.

We conclude that Ca2+-secretion coupling in β-cells of diabetic GK rats is impaired in addition to ineffective glucose metabolism: A decrease in Ca2 sensitivity of late exocytotic steps is paradoxically accompanied by a facilitation of granule release after intense stimulation. Further experiments allowing more precise control of [Ca2+]i are underway to pinpoint the exact lesion site.
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Mechanisms for transduction and modulation of sweet taste in mouse taste cells.

Kumiko Sugimoto XE "Sugimoto K" 
Section of Fundamental Oral Health Care Science, Faculty of Dentistry, Tokyo Medical and Dental University, Tokyo, Japan
Sweet taste is important for animals to identify calorically rich foods. We have found modulatory effect of leptin on sweet taste sensitivity. Leptin is a hormone released from the adipose tissue, and induces inhibition of food intake and increases in energy expenditure. In the lean normal mice, the responses of the chord tympani and the glossopharyngeal nerves to sweet stimuli such as sucrose and saccharin were selectively suppressed depending on plasma leptin level after an intraperitoneal injection of recombinant leptin. Patch-clamp study using isolated taste cells of lean mice showed that extracellular leptin enhanced K+ currents of some taste cells in dose-dependent manner under the voltage-clamp mode and saccharin-induced depolarization was suppressed in the presence of leptin under the current-clamp mode. The RT-PCR and in situ hybridization analyses demonstrated specific expression of mRNA of long-form functional leptin receptor (Ob-Rb) and STAT3, which is reported to be activated by leptin, in taste tissue and cells of the lean mice. On the contrary, the genetically diabetic db/db mice, which have defects in Ob-Rb, demonstrated neither a suppression of gustatory neural responses to sweeteners nor an increment in K+ conductance of taste cells even with high dose of leptin. These results suggest that Ob-Rb may be specifically expressed in sweet-responsive taste cells and that increased plasma leptin by feeding may suppress sweetener-induced depolarization of taste cells via activation of K+ channels, which may in turn cause a decrease in impulses of sweet-best fibers. In contrast, db/db mice may demonstrate enhanced gustatory neural responses to sweeteners owing to lack of inhibitory modulation by leptin. 

With regard to the transduction mechanism for sweet taste, two pathways have been proposed, one is via cAMP and the other is via PLC-2 activation. The recent investigation with knockout mice has clearly demonstrated that PLC-2 and TRPM5 are essential molecules for signaling pathways downstream of candidate sweet receptors, heterodimers of T1R2 and T1R3. Patch-clamp study, however, showed that saccharin mostly induced decreases in K+ conductance of taste cells, which is not consistent with activation of TRPM5. This result might raise the possibility that the pathways for K+ channel closure mediated by DAG or cAMP and for TRPM5 activation coexist in taste cells and both pathways result in membrane depolarization which can be dampened by leptin via K+ channel activation. The issue what interaction occurs between them is left to be elucidated.

Calcium Signaling and Neurotransmitter Release in Taste Buds

Sue C. Kinnamon XE "Kinnamon SC”  1 and Thomas E. Finger XE "Finger T E”  2
1Dept. of Biomedical Sciences, Colorado State Univ., Fort Collins, CO 80523  2Dept. of Cell and Developmental Biology, Univ. Colorado Health Sciences Ctr. at Fitzsimons, Aurora, CO 80045
Taste buds are sensory endorgans that transduce taste stimuli into Ca signals, resulting in transmitter release and activation of gustatory afferents. Bitter, sweet, and umami stimuli bind G protein-coupled receptors that activate the PLC signaling cascade, causing release of Ca from intracellular stores and capacitative Ca influx.  In contrast, sour and salty stimuli depolarize taste cells by direct interaction with apically located ion channels, resulting in Ca influx via voltage-gated Ca channels.  We find that taste cells expressing bitter, sweet and umami receptors, the so-called Type II taste cells, lack both voltage-gated Ca channels and presynaptic specializations, although gustatory nerve fibers form close associations with these taste cells.  In contrast, Type III taste cells, presumably involved in sour and salt transduction, have large voltage-gated Ca currents and form prominent synapses with gustatory nerve fibers.  A key question that remains is the identity of the taste cell transmitter.  In order for a substance to be considered a transmitter, several criteria must be met, including presence in the presynaptic cell, release upon stimulation, presence of receptors on the postsynaptic cell, and a means for clearing the substance from the extracellular space.  We present here evidence that ATP fits all of these criteria and likely serves as the key transmitter linking taste cell responses to activation of gustatory nerves.  The ionotropic purinergic receptors, P2X2 and P2X3, are abundant on gustatory nerve fibers within taste buds.  To determine if these receptors play a role in transmission of taste information, we recorded from the gustatory (chorda tympani and glossopharyngeal) nerves of P2X2/P2X3 double knockout mice in response to taste stimulation.  These nerves showed no response to any taste stimulus, although they responded normally to tactile and thermal stimuli.  Two-bottle preference tests and brief access lickometer tests largely corroborated the electrophysiological studies, suggesting that purinergic receptors are necessary for transmission of taste information to afferent nerve fibers.  To determine if taste stimuli evoke ATP release, we used a luciferin/luciferase assay to measure ATP released from isolated lingual epithelium in response to taste stimuli applied to the apical membrane.  A large release of ATP was elicited by sweet, bitter, and sour stimuli.  These data, together with previous studies showing that taste buds are replete with Ecto ATPase activity for degrading extracellular ATP, strongly suggest that ATP is the key transmitter for transmission of signals from taste buds to gustatory nerves.  

When taste is not taste and smell is not smell: solitary chemosensory cells of the airways and larynx.

Thomas E. Finger XE "Finger T E” 
Dept. of Cell and Developmental Biology, Univ. Colorado Health Sciences Ctr. at Fitzsimons, Aurora, CO 80045
Vertebrates utilize three different chemosensory modalities to detect chemicals in the environment: taste, smell and the “common chemical sense”, which is mediated largely by the trigeminal nerve.  Taste is limited to five qualities: sweet, sour, salty, bitter and umami, all detected by taste buds.  The olfactory system can detect  hundreds of different odors by means of olfactory receptor neurons.  Yet even when both of these systems are eliminated, we can detect many chemical stimuli including mints, peppers, acids and other irritants.  Many of these substances are lipophilic and can pass through the epithelium to directly activate Trp channels (e.g. TrpV1, TrpM8) on free nerve endings in the nasal and oral epithelia.  However, other irritants are not lipophilic  and thus have access to only the surface of the epithelium.  Such compounds can be detected by so-called solitary chemoreceptor cells, which are specialized elongate epithelial cells that synapse onto afferent nerve processes.  Several populations of solitary chemoreceptor cells (SCCs) reside in both the nasal and laryngeal epithelia.  Many SCCs express the G-protegustducin, and other components of the “bitter” taste receptor (T2R) transduction cascade, including the taste receptor molecules themselves. Thus many substances that we taste as bitter, also are nasal irritants when inhaled.  Activation of the nasal SCCs would, however, not be perceived as the sensation “bitter” but rather would evoke sneezing or apnea in response to perceived irritation.

Similarly, the larynx contains both taste buds and SCCs.  The superior laryngeal nerve, which innervates both taste buds and SCCs, responds strongly to bitter tasting substances and to acids (Smith & Hanamori 1991), but weakly to other taste qualities.  The laryngeal taste buds appear structurally similar to lingual taste buds and like lingual taste buds are innervated by nerve fibers exhibiting the ionotropic purinrgic receptors, P2X2 and P2X3.  The laryngeal SCCs are innervated by nerve fibers lacking these receptors. Knockout of these receptors abolishes transmission of taste information, but apparently leaves transmission of SCC information unaffected.  P2X2/P2X3 double knockout mice do not respond to tastants that activate only lingual taste buds, i.e. sweet, umami, and many bitter compounds.  These mice do, however continue to avoid sour and bitter substances that activate the laryngeal SCCs.  Thus in the absence of taste input, SCCs still function to enable an animal to avoid potentially harmful or toxic substances.

This work was supported by grants from NIDCD of the NIH.

Does chemotopy predict olfactory discrimination in zebrafish (Danio rerio) 

Pika Miklavc and Tine Valentinčič XE "Valentinčič T"   XE "Miklavc P" 
Department of Biology, University of Ljubljana, tine.valentincic@bf.uni-lj.si

Amino acids are the most important feeding stimuli in water animals, in fishes they are detected by taste and olfactory systems. The narrowly tuned taste system potentially release reflex responses such as turning and biting/snapping behaviors whereas the broadly tuned olfactory system enables olfactory discrimination. In the taste system amino acids are coded as it was suggested in the labeled line hypothesis, excitation in the facial and vagal nerves directly drives the reflex networks. In the olfactory system the amino acid information is likely coded by the excitatory responses of olfactory receptor neurons. The number of olfactory receptor neurons responding to specific amino acid stimuli correlates highly with the amplitude of the EOGs triggered by the same amino acids. In mixture studies, we confirmed that equal EOG amplitudes to different amino acid stimuli reflect their equal behavioral effectiveness. Axons of olfactory receptor neurons converge into olfactory bulb glomeruli giving a differential chemotopic maps for each amino acid. Olfactory discrimination of amino acids depends upon the chemotopic maps in the olfactory bulb. We studied olfactory discrimination by conditioning individual zebrafish (N=10) with a food reward presented 90 seconds after the conditioning amino acid solution was injected into the aquarium. As determined by video-tracking the distance traveled or counting number of turns >90 degrees during 90 seconds the zebrafish swam more after the presentation of the conditioned (L-Ala, L-Leu, L-Val, L-Arg and L-Phe) than after the presentation of the non-conditioned amino acid stimuli. The test stimuli included 17 different L-amino acids tested at 30µM expected contact concentration. Our results indicated that fish discriminate amino acids that evoke distinct glomerular activation patterns and do not discriminate amino acids that evoke very similar glomerular activity patterns. In zebrafish, very similar glomerular activation patterns were described for responses to L-Val and L-Ile and to L-Phe and L-Tyr (Friedrich and Korsching, 1997). In addition, a persistently high correlation between mitral cell activities occurred for responses to L-Phe and L-Tyr (Friedrich and Laurent, 2001). The conditioned zebrafish were unable to discriminate L-Ile from L-Val and L-Phe from L-Tyr. 

Supported by Slovenian Ministry of Education grant P0-0542-0481 

Connections between regenerated olfactory epithelium and olfactory bulb in black bullhead catfish (Ameiurus melas)

Kaja Pliberšek XE "Pliberšek K"  and Tine Valentinčič XE "Valentinčič T" 
University of Ljubljana, Department of Biology, Ljubljana, Slovenia

kaja.plibersek@bf.uni-lj.si

In the fish olfactory receptor neurons (ORNs) and their connections to the olfactory bulb regenerate continuously. Total extirpation of the olfactory organ of black bullhead catfish (Ameiurus melas) interrupted regeneration of the olfactory epithelium, after 5 months the catfish were anosmic – they could not be conditioned to L-proline. After a partial extirpation less than 0.5 millimeter of the olfactory epithelium at the front of the raphae remained intact. After 3-6 months either small complete olfactory rosetae (N=13), fanlike olfactory rosetae (N=15) or small digitate lamellae (N=7) regenerated. The complete and fanlike olfactory rosetae consisted of approximately 10 to 20 lamellae. These organs were fully functional and enabled olfactory discrimination equal to the olfactory discrimination of the intact catfish (Stenovec and Valentinčič, 2001). As in intact olfactory organ the regenerated olfactory rosetae (N= 10) contained non-sensory and sensory epithelia that are located near the rapha. To visualize connections between the olfactory epithelium and the olfactory bulb we retrogradely labeled intact and regenerated ORNs with fluorescent tracer DiI (1, 1`-dioctadecyl-3, 3, 3`, 3`-tetramethylindo-carbocyanine). In intact olfactory organs we introduced DiI crystals into anterior, lateral, median and posterior areas of the ventral and dorsal olfactory bulb. After the crystal insertions into the anterior area of the ventral olfactory bulb (N= 18) and into the lateral area of the dorsal olfactory bulb tall ciliated olfactory receptor neurons were fluorescent (N= 2). The intermediate microvillous ORNs were labeled after crystal insertions into the lateral (N= 15) and median (N= 5) areas of the ventral olfactory bulb and into the median (N= 2) and posterior (N= 3) areas of the dorsal olfactory bulb. After crystal insertions into the posterior area (N= 2) of the ventral olfactory bulb and into the anterior (N=) area of the dorsal olfactory bulb, both, tall and intermediate ORNs were fluorescent. Like in intact olfactory organs DiI crystal insertion the anterior ventral olfactory bulb (N=9) labeled tall ORNs and lateral crystal insertion (N=8) labeled intermediate - microvillus ORNs. In intact and regenerated olfactory organs of the black bullhead catfish the tall ciliated ORNs connect to anterior ventral surface of the olfactory bulb and the intermediate microvillous ORNs connect to the lateral ventral surface of the olfactory bulb.

Stenovec, M. and Valentinčič, T. (2001): Catfish possessing a small portion of regenerated olfactory organ can discriminate amino acids. Chemical Senses 26(8), 1097.

Electrophysiological responses of silent olfactory receptor neurons to amino acids in black bullhead catfish 

Jurij Dolenšek XE "Dolenšek J"  and Tine Valentinčič XE "Valentinčič T" 
University of Ljubljana, Biotechnical Faculty, Department of Ljubljana

Večna pot 111, 1000 Ljubljana, Slovenia

Olfactory organs of freshwater fishes are directly exposed to water containing very low ion concentrations. To test the hypothesis that these olfactory organs are functional even at very low the ion concentration we stimulated the olfactory organ of the black bullhead catfish (Ameiurus melas) with amino acid stimuli dissolved in highly purified water (R>18x106 Ωcm). The amplitude of electroolfactogram (EOG) to amino acid stimuli did not change during >5 hours. With extracellular platinum black electrodes, we recorded concentration dependent responses of the olfactory receptor neurons lacking spontaneous activity (silent ORNs). Frequency of action potentials reached its maximum values with approximately 10 fold increase of amino acid concentration above the threshold of the receptor cell, at higher concentrations the duration of the excitatory responses to amino acid stimuli was concentration dependent. To confirm than action potentials originate from single ORN we tested responses to single amino acids and responses to mixtures of effective amino acids. If the physiological responses originated from more ORNs the observed action potential frequency to the amino acid mixture stimulation was larger than maximum frequencies of single ORN. Number of the silent ORN responses to amino acid stimuli highly correlated with relative EOG amplitude for the same amino acids (Pearson correlation coefficient; r=0.95, p<0.001). This indicates that silent ORNs’ receptor potentials add up to the EOG amplitude. 

We determined response spectra of 31 silent ORNs to L-alanin, L-serin, L-valine, L-leucine, L-isoleucine, L-norvaline, L-methionine, L-arginine and L-lysine at 10-4 M concentration and L-proline at 10-2 M concentration. Six ORNs responded to single amino acid stimuli (L-methionine, L-norvaline and L-alanine) indicating specialist ORNs. Majority of silent ORNs (52% of the cells) responded to two amino acid stimuli: L-methionine and L-norvaline. Since L-norvaline is non‑natural amino acid these cells can be considered as L-methionine specialist cells, however two L-norvaline specialist cells were also discovered.  Some ORNs responded to three, four or five amino acids (N=1, N=2, N=1, respectively). For the 10 tested stimuli we found 12 different amino acid response spectra in 31 cells. Although the majority of olfactory receptor neurons appear to be specialist cells, 29% of cells responded to at least two chemically dissimilar amino acids.  
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Mutational Analysis of Synaptic Protein Function

Carin A. Loewen XE "Loewen CA” , Jennifer M. Mackler XE "Mackler  J M”  and Noreen E. Reist XE "Reist N E” 
Dept. of Biomedical Sciences, Division of Neuroscience, Colorado State University, Fort Collins, CO USA

Genetic knock outs provide a powerful tool in determining the functional importance of proteins in vivo.  Transgenic replacement with specifically mutated forms of the protein of interest can then be used to dissect the specific functional roles of individual motifs within a protein.  This latter approach is especially useful in determining individual functions of a multifunctional protein.  Such approaches have been used extensively to investigate the molecular mechanisms of synaptic transmission.  During the synaptic vesicle cycle, nerve stimulation results in the influx of Ca2+ within nerve terminals that triggers the fusion of synaptic vesicles with the presynaptic membrane at active zones.  Subsequently, the synaptic vesicle membrane and associated proteins are endocytosed and recycled into new synaptic vesicles which become docked and primed at active zones in preparation for another round of release.  Genetic knock out of the  SNARE proteins (syntaxin, SNAP-25 and synaptobrevin/VAMP) have demonstrated that these proteins are required for Ca2+-triggered, synaptic vesicle fusion; the absence of any one of these proteins completely blocks evoked transmitter release.  Meanwhile synaptotagmin has been shown to be a important regulatory protein. While a small amount of evoked release persists in synaptotagmin knock outs, such studies implicated synaptotagmin function during several steps in the synaptic vesicle cycle.  In order to probe specific functions directly, individual motifs within synaptotagmin have been mutated and examined in vivo.  Synaptotagmin is a transmembrane protein located on synaptic vesicles whose cytoplasmic domain is comprised of two C2  domains, C2A and C2B.  Mutational analysis of the Ca2+-binding motifs within each C2 domain were essential for determining synaptotagmin’s role in Ca2+-triggered release.  Studies from our lab demonstrated that synaptotagmin is the primary Ca2+-sensor for evoked transmitter release at neuromuscular junctions in vivo and that this function is mediated by its C2B Ca2+-binding pocket.  Our mutational analysis of synaptotagmin’s polylysine motifs demonstrate that this motif within the C2B domain plays a functional role in synaptic vesicle docking and/or priming.  Given synaptotagmin’s multiple roles, transgenic replacement of the wild type protein with specifically mutant synaptotagmin has proven essential in determining the individual stages of synaptotagmin function within the synaptic vesicle cycle in vivo.  

THE ROLE OF EXTRACELLULAR ATP IN PAIN MECHANISMS

Rashid Giniatullin XE "Giniatullin R" 
Neurobiology sector, International School for Advanced Studies, Trieste, Italy

Recent experiments with ATP application to skin, the phenotype of knockout mice lacking distinct types of ATP receptor, and the analgesic effect of ATP antagonists strongly suggest that extracellular ATP plays a key role in pain mechanisms. Among the seven members of ionotropic ATP receptors termed P2X, the P2X3 receptor has been cloned, characterized, and shown by in situ hybridization to be located in small and medium size nociceptive sensory neurons. Such exclusive expression in sensory neurons suggests P2X3 receptors as a promising target for the development of selective medicines for pain relief. I will present recent data from our laboratory on the functional properties of native and recombinant P2X3 receptors such as high affinity desensitization developing from closed states, agonist specific recovery rate from desensitization, the structural determinants of desensitization and the role of endogenous modulators of P2X3 receptor function. I will also introduce the main principles how the function of P2X3 receptors could be enhanced or, in opposite, diminished, to reduce the nociceptive input from periphery to high pain centers.

Supported by Telethon grant.
Immunocytochemical mapping of pain transducing receptors in rodent trigeminal ganglia

Manuela Simonetti XE "Simonetti M"  
Sissa, Trieste, Italy
Migraine is a common, life-long disease in the Western word. Now a day there are many treatments to aborting attacks but in many patients these are unsuccessful. 

The discovery of a genetic form of migraine (FHM 1 familiar hemiplegic migraine 1), due to a mutation of the pore-forming subunit of P/Q calcium channel, has given an important input to study the molecular mechanisms of this disease.

We have focalized our attention on the ATP receptors P2X on trigeminal ganglion neurons, considering the role of ATP in other chronic pain state.

With immunocytochemical method, we have begun to characterize the distribution of P2x receptors (subunit 2 and 3) in control conditions and we have compared this with other pain-transducing receptor like VR1 in primary cultures of rats trigeminal ganglion neurons.

After 24 h in culture the 68% of neurons are immunoreactive for P2X3 and another 70% are immunoreactive for VR1, we see an extensive co-expression of these 2 receptors. 57% neurons are immunoreactive for IB4, a marker for nociceptive neurons, and 44% are stained for P2X2: these 2 last marker are frequently associated with P2X3.

These results may be the basis for study the possible changes of ATP receptors in trigeminal ganglion during migraine attacks. 

Molecular determinants of the function of pain transducing P2X3 receptors

Elsa Fabbretti XE "Fabbretti E"  

Neurobiology, SISSA, Trieste, Italy

P2X3 receptors are expressed by nociceptive dorsal root ganglion (DRG) neurons and are thought to mediate pain sensation especially during chronic pain states. P2X3 are membrane proteins gated by extracellular ATP. In the presence of their agonist, the P2X3 receptor efficacy is powerfully regulated by the onset of rapid desensitization followed by slow recovery and Ca2+ dependent facilitation. These properties have been dissected with molecular biology and patch clamp techniques after the expression of a series of different P2X3 site-specific mutants in HEK293 cells. We have thus identified several residues in the P2X3 receptor ectodomain that differentially contribute to the general process of receptor desensitization.

Interneurons transiently express the ERG K+ channels during development of mouse spinal networks in vitro
Francesco Furlan XE "Furlan F" #§, Leonardo Guasti XE "Guasti L" #‡, Daniela Avossa XE "Avossa D" *, Andrea Becchetti XE "Becchetti A" (, Emanuele Cilia XE "Cilia E" ‡, Laura Ballerini XE "Ballerini L" *§• and Annarosa Arcangeli XE "Arcangeli A" ‡• 
§Physiology and Pathology Dept., Center for Neuroscience B.R.A.I.N., Psychology Faculty, University of Trieste, via Sant’Anastasio 12, 34134, Trieste, Italy ‡Department of Experimental Pathology and Oncology, University of Firenze, V.le Morgagni 50, 50134 Firenze, Italy *Neurobiology Sector and Istituto Nazionale di Fisica della Materia Unit, International School for Advanced Studies (SISSA), via Beirut 2-4, 34014 Trieste, Italy (Department of Biotechnology and Biosciences, University of Milano-Bicocca, Piazza della Scienza 2, 20126 Milano, Italy 

During spinal cord maturation neuronal excitability gradually differentiates to meet different functional demands. Spontaneous activity, which appears early during spinal cord development, is regulated by the expression pattern of ion channels in individual neurons. While emerging excitability of embryonic motoneurons has been widely investigated, little is known about that of spinal interneurons. Voltage-dependent K+ channels are a heterogeneous class of ion channels that accomplish several functions, including the regulation of neuromuscular excitability. Recent work showed that the voltage-dependent K+ channels encoded by genes of the erg subfamily (ERG channels) modulate excitability in immature neurons of mouse and quail. We therefore investigated the expression of ERG channels in immature spinal interneurons, using organotypic embryonic cultures of mouse spinal cord after 1 and 2 weeks of in vitro development. We report in this paper that all the genes of the erg family known so far (erg1a, erg1b, erg2, erg3) are expressed in embryonic spinal cultures. By immunocytochemistry experiments we demonstrate for the first time that three ERG proteins (ERG1A, ERG2 and ERG3) are co-expressed in the same neuronal population, and display a peculiar spatio-temporal distribution in the spinal slices. Immuno-positive cells, representing mainly GABAergic interneurons, were present in large numbers at early stages of development, while declining at later stages, with a typical ventral to dorsal gradient. Patch clamp recordings confirmed these data, showing that ventral interneurons expressed functional ERG currents only transiently. We suggest that ERG currents contribute to regulate interneurons excitability mainly during the earliest phases of spinal circuitry development.

ATP controls the generation of network-driven giant depolarizing potentials in the neonatal rat hippocampus

Victoria Safiulina XE "Safiulina V"  

SISSA, Trieste, Italy

In the immature hippocampus the so-called ‘giant depolarizing potentials’ (GDPs) are network-driven synaptic events generated by the synergistic action of glutamate and GABA. Here we tested the hypothesis that ATP, a widely distributed neurotransmitter, directly contributes to the network activity during the first postnatal week. We found that in CA3 pyramidal cells, in the presence of the adenosine antagonist DPCPX, ATP produced a transient facilitation of GDPs followed by a depressant effect. A similar biphasic effect was produced by blockade of the ectoATPase activity with ARL-67156. The effects of exogenous and endogenous ATP on GDPs were prevented by the P2X receptor antagonist PPADS. On pyramidal cells, ATP up-regulated, spontaneous, action potential-dependent GABAA-mediated synaptic events (GABA-SPSPs), suggesting a network-driven effect. Recordings from interneurons allowed comparison of ATP effects on GABAergic and glutamatergic synaptic activity. While ATP depressed GABA-SPSPs via metabotropic P2Y1 receptors, it up and down regulated glutamatergic SPSPs via PPADS-sensistive receptors. Thus, ATP exerts an excitatory action on CA3 pyramidal cells via facilitation of GDPs and SPSPs. This excitatory drive is propagated to pyramidal cells by interneuron which represents the ‘common pathway’ for generation of GDPs and SPSPs. Our results show that ATP operating via distinct P2X and P2Y receptors directly contributes to modulate network activity at early stages of postnatal development. 
Nicotinic modulation of glutamatergic transmission at Schaffer collateral-CA1 synapses in a mouse model of Alzheimer’s disease
Elisabetta Sola XE "Sola E” 
SISSA-ISAS, Trieste, Italy
Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by a deficit in the cholinergic system and by a loss of cognitive functions, including memory. Recently, the group of A. Cattaneo has developed an AD animal model (AD11), in which the chronic deprivation of nerve-growth factor (NGF) causes an age-dependent pathology closely resembling that found in AD patients.

In this work, we have investigated the role of nicotine on glutamatergic transmission in this AD model. In previous studies from our laboratory, it was demonstrated that nicotine is able to persistently change synaptic efficacy at Schaffer collateral-CA1 synapses (Maggi et al., 2002, 2004).

Whole-cell experiments, in voltage clamp mode, were performed on pyramidal cells of CA1 hippocampal slices of adult (age 5-6 months) wild-type (WT) and AD11 mice. EPSCs were evoked by minimal stimulation of the Schaffer collaterals. Paired-pulse stimulation was used to study paired-pulse facilitation (PPF) and depression (PPD).

In WT mice, nicotine application induced a transient increase in the frequency, but not in the amplitude, of spontaneous miniature EPSCs (mEPSCs). Moreover, nicotine induced a persistent potentiation of the probability of success (P), that was associated with a reduction of the coefficient of variation and of the paired-pulse ratio. These changes were prevented by alpha-bungarotoxin, a specific blocker of alpha7 nAChRs subtypes, which is highly permeable to calcium. In striking contrast, in AD11 mice, nicotine application did not modify synaptic responses.

The same results were obtained with a 10-fold higher nicotine concentration.

High calcium solution increased P more in WT than AD11 mice; the subsequent application of nicotine was ineffective in AD11 mice.

These results indicate that in AD11 mice the release machinery and nAChRs function are severely impaired.

Glutamate induces a novel bursting activity within rat brainstem slice networks

Elina Sharifullina XE "Sharifullina E" 
Neurobiology, SISSA, Trieste, Italy
I have investigated the mechanism of oscillations and synchronization in brainstem motoneurons innervating the tongue muscles. On hypoglossal motoneurons in vitro activation of group I metabotropic glutamate receptors (mGluRs) induces a novel oscillatory theta-like rhythm propagated via electrical connections and paced by fluctuating activation of KATP channels. The random firing of motoneurons is therefore transformed into regular spike activity by the emergence of these oscillations. Hence, theta-like oscillatory activity is a very efficient mechanism to upregulate motoneuron excitability.

Alongside their physiological function, glutamate receptors can also have an important role in the metabolic pathways leading to neuronal death caused by excessive stimulation of glutamate receptors (excitotoxicity). Excitotoxicity is manifested with a large influx of calcium into neurons through NMDA receptors, AMPA receptors and/or voltage-gated calcium channels. Because hypoglossal motoneurons have a large basal level of intracellular calcium, this condition makes them rather vulnerable to excitoxicity. Persistent, rhythmic discharges of brainstem neurons with corresponding activation of motoneurons might create a synergy of firing and amplification of glutamatergic transmission with run-away excitation and subsequent excitotoxicity. This is an issue currently under investigation in our lab.

Nicotine-induced enhancement of evoked glutamate release at CA3-CA1 synapses in the rat hippocampus: role of calcium-induced calcium release 

Corentin Le Magueresse XE "Le Magueresse C"  1,2, Enrico Cherubini XE "Cherubini E"  1 and Jean Pierre Changeux XE "Changeux J-P”  2 

1Neurobiology Dept., International School for Advanced Studies (SISSA), Trieste, Italy, 2Unité Récepteurs et Cognition, CNRS URA 1284, Institut Pasteur, Paris, France

Neuronal nicotine acetylcholine receptors (nAChRs) belong to the large family of ligand-gated ion channels, and are activated by nicotine, the neuroactive component of tobacco. They are widely distributed within the brain, and are present in particular in the hippocampus, where they contribute to regulate neurotransmitter release. It is well established that this regulation is calcium-dependent, but the underpinning cellular mechanisms remain largely unknown.

We have used the patch-clamp technique to study the effect of nicotine on glutamatergic postsynaptic currents evoked in the CA1 hippocampal pyramidal cells by minimal stimulation of the Schaffer collaterals. In synapses with a low probability to elicit a postsynaptic current after stimulation (P<0.3), a brief application of nicotine (1 microM for 3 minutes) persistently decreased the number of transmission failures. The effect was blocked by methyllicaconitine (10nM), indicating that it was mediated by alpha-7 nAChRs. Preincubation of rat slices with an antagonist of ryanodine receptors (ryanodine, 100 microM) or with blockers of the endoplasmic reticulum Ca2+-ATPase (thapsigargin, 5 microM, cyclopiazonic acid, 30 microM) prevented nicotine action. Activating calcium-induced calcium release with a brief application of caffeine mimicked the potentiating effect of nicotine. In the presence of ryanodine (200 microM) and BAPTA (10mM) in the patch pipette, nicotine effect was unaffected, suggesting a presynaptic mechanism. These results indicate that the persistent enhancement of glutamate release induced by nicotine involves calcium-induced calcium release from presynaptic calcium stores.
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Dendritic cell-based vaccines as inducers of anti-tumour immune responses

Matjaž Jeras XE "Jeras M" , Martina Bergant XE "Bergant M"  and Urška Repnik XE "Repnik U" 
Tissue Typing Center, Blood Transfusion Centre of Slovenia, Šlajmerjeva 6, SI-1000 Ljubljana, Slovenia

 e-mail: matjaz.jeras@ztm.si

   Dendritic cells (DCs) are highly specialized professional antigen presenting cells with a potent capacity for stimulating naïve, memory and effector T-cells. They are located in lymphoid organs as well as in almost all non-lymphoid tissues. Immature DCs, residing in the host microenvironment, respond to danger signals with maturation, a differentiation process along which they acquire the ability to direct the extent and the type of primary immune responses according to the type of danger perceived.  

   Since the advent of techniques, designed for preparation of high numbers of DCs in vitro, either from CD34+ haematopoietic stem cells or easily accessible peripheral blood derived monocytes, numerous studies have been conducted addressing their potential clinical use as cellular vaccines, functioning either as activators or suppressors of immune responses.

   The success rate of cancer immunotherapy is still very low, also due to the fact that the complexity of tumour escape mechanisms to immune system surveillance which should be seriously considered when designing clinical studies with DC-based vaccines, has been underestimated or even ignored. Low immunogenicity and variable expression of tumour associated antigens (TAA), rapid mutations of their encoding genes, downregulation or even complete abrogation of MHC molecule expression on tumor cells (TCs), active tumour secretion of immunoinhibitory cytokines (VEGF, TGF-(, IL-10) as well as tumour protection oriented immunosuppression, mediated by patients’ own immunoregulatory cells (subsets of T cells: CD4+CD25+, CD8+CD28+, tumour associated macrophages and DCs),  are the main tumour escape mechanisms. 

   There are different methods available for preparing TAA loaded DCs: transfection with tumour cell derived genetic material (DNA, cDNA, RNA, amplified mRNA), incubation with TC lysates or tumour-specific synthetic peptides and electrofusion of TCs and DCs. The efficiency of such DCs can be furthermore increased by transfecting them with genes, encoding various anti-tumour immunity enhancing factors:  IL-18, CD40-L, etc.

   Some of our approaches and experiences regarding the isolation of human monocytes from peripheral blood and the in vitro preparation of, first, immature and then mature DCs by applying several maturation factors will be presented. The assessment of DC phenotypes and their functional capabilities as well as some of the techniques used for TAA loading, will also be discussed. Our results represent a basis for optimal in vitro preparation of DCs, that could be clinically used to modulate immune responses in cancer, autoimmune diseases and in the planned onset of  tolerance to disparate MHC antigens prior to tissue or organ transplantation.

MEASUREMENTS OF THE EXTENT OF LYSOSOMAL FUSION IN ELECTROFUSED HYBRID CELLS

Mateja Gabrijel XE "Gabrijel M"  1, Marko Kreft XE "Kreft M”  1, 2 and Robert Zorec XE "Zorec R"  1, 2

1Celica Biomedical Sciences Center, Stegne 21, 1000 Ljubljana, Slovenia
2Laboratory of Neuroendocrinology - Molecular Cell Physiology, Institute of  Pathophysiology, Medical School, University of Ljubljana, 1000 Ljubljana, Slovenia 

Hybrids between dendritic and tumor cells represent a cellular vaccine currently  considered to be used for treating cancer. An important step in the production of hybridoma cells is the quantification of the hybridoma yield. In this study we determined the average percentage of hybridoma cells by measuring the extent of the lysosomal fusion. Lysosomes are dynamic organelles that undergo self- or homotypic fusion. This event takes place in a single cell as well as in fused cells that form a heterokaryon. Interestingly, fusion of lysosomes was also detected in hybrid cells that are composed of different cell types. Therefore, we can expect fusion between lysosomes in hybridoma cells formed by the electrofusion of dendritic and tumor cells (DC-TC hybrids). The aim of the present work was to monitor the yield of hybrid cells formation by measuring the fusion of lysososmes. The level of fused (red and green) lysosomes in a hybridoma cell was determined by measuring the colocalization of red and green pixels relative to all red and green pixels in the confocal image. The results show that lysosomal fusion is an extensive event that is time and temperature dependent. These results show a novel approach for the optimization of the preparation of whole cell hybridoma vaccine, which is based on the intracellular process of antigen presentation.
Cell electrofusion in vitro
Katja Trontelj XE "Trontelj K" , Maša Kandušer XE "Kandušer M" , Matej Reberšek and XE "Reberšek M"  Damijan Miklavčič XE "Miklavčič D" 
University of Ljubljana, Faculty of electrical engineering, Tržaška 25, Ljubljana, Slovenia

e-mail: damijan@svarun.fe.uni-lj.si

Cell fusion is a useful method which can be used for generating hybridoma for monoclonal antibodies production, cancer immunotherapy, nuclear transfer, drug and gene transfer. Cell fusion can be achieved by exposing cells to electric field. This method is called electrofusion and is especially convenient because electrical parameters can be controlled and thus the cell fusion can be effectively controlled. We hypothesised that we can increase cell fusion yield by increasing area of the fusogenic state of the membrane by changing electric field orientation.

CHOK1 cells were cultured two to three days in HAM with 10% FCS. The concentration of cells in electroporation suspension was 5x106/ml. Isoosmolar buffer with low conductivity was used. Electroporation was performed with electroporator and electrodes made in Laboratory of Biocybernetics. We used a train of 6 or 10 square wave pulses with voltage to distance ratio of 800 V/cm or 1.000 V/cm with the duration of 100 μs in one direction or two directions perpendicular to each other. Immediately after electroporation cell contact was achieved by centrifugation. Cell fusion yield was evaluated 24 hours after the experiment with the inverted optical microscope by counting survived cells and their nuclei. The number of counted cells per experiment was at least 400. Fusion yield was estimated as the number of nuclei in polynucleated cells divided by the number of nuclei in all cells in one sample. The results are the average of at least three experiments.

The survival of the cells in control (with no electrical treatment) was assumed to be 100%. The survival of cells in all treated samples depended on used parameters but was never lower then 80%. The percentage of polynucleated cells in control was subtracted from the percentage of polynucleated cells in treated samples. The fusion yield increased with increasing the number of pulses and the intensity of electric field approximately from 10% (6 pulses, 800 V/cm) to 25% (10 pulses, 1.000 V/cm) for experiments with pulses in two perpendicular directions.  The fusion yield for the experiments where pulses were applied in one direction the yield was approximately two times lower. This study shows that we can control electrofusion yield by controlling electrical parameters and that changing of the electric field orientation does improve fusion yield.

Tissue engineering aproaches in cartilage regeneration 

Nevenka Kregar Velikonja XE "Kregar Velikonja N"  1, Orjeta Bonaca XE "Bonaca O"  1, Elvira Maličev XE "Maličev E"  1, Sasa Puhar XE "Puhar S"  1, Ariana Barlič XE "Barlič A"  1, Miomir Knežević XE "Knežević M"  2, Matjaž Jeras XE "Jeras M"  2, Matej Drobnič XE "Drobnič M"  3 and Damjan Radosavljevič XE "Radosavljevič D"  3 

1 – Educell d.o.o., Ljubljana; 2 – Blood Transfusion Centre of Slovenia; 3 - University Medical Centre Ljubljana, Orthopaedic Clinic 

It is well known that articular cartilage in adults has a limited ability for self-repair. Numerous methods have been devised to improve its natural healing response, but these methods generally lead to filling of the defect with fibrous tissue or fibrocartilage, which lacks the mechanical characteristics of articular cartilage and degenerates with time in most cases. Brittberg et al. (1994) introduced a new cell technology in which chondrocytes, expanded in monolayer culture, were implanted into the cartilage defect of the knee covered with a periosteal flap. The next generation of cartilage treatments is focused on tissue-engineered chondrocytes-scaffold compounds, which fill the osteochondral defects in the joints. Such compounds are also the prerequisite for mini-invasive or arthroscopic surgery that would reduce morbidity and avoid collateral damages of open surgery and periosteal harvesting. As we are not able to build the natural articular cartilage at this moment, a term a functional repair tissues has been introduced. All these tissue engineering and cell-based therapeutic approaches enable successful regeneration of functional cartilaginous tissue. The goal of the functional repair tissue is to diminish joint symptoms and prevent premature osteoarthritis Over 100 patients with localized damage of knee articular cartilage have been treated at the University Medical Centre in Ljubljana with autologous chondrocyte implantation method: 70 of them using chondrocytes seeded on collagen scaffold. Clinical results show 80-90 % success rate, depending on the concomitant knee joint pathology, which is in accordance with other published data. Methods for less invasive surgical technique are being under development, using collagen and alginate based biocomposites. Technology of in vitro cultivation of chondrocytes and preparation of cells for implantation requires strict measures of quality assurance and quality control. One of the most important issues is investigation of cell phenotype and ability of expression of specific genes: collagen II and aggrecan, as most important components of hyaline cartilage. Imunodetection of these proteins appeared to be unreliable because of cross-reactivity of antibodies against different types of collagen. The quantitative PCR represents more reliable tool for determination of specific gene expression and phenotype characterization. Besides phenotype evaluation, QC includes microbiology, pirogenicity, identity and viability testing of cell product. 

Reconstruction of bone defects with tissue engineered autologous osteoid cells

Borut Sotošek XE "Sotošek B" # , Sonja Grilc XE "Grilc S" +, Marko Kreft XE "Kreft M” + and Robert Zorec XE "Zorec R" +
#Outpatient Clinic for Maxillofacial and Oral Surgery, Tbilisijska 57B, Ljubljana, Slovenia; + Lab. Neuroendocrinology-Molecular Cell Physiology, Inst. Pathophysiology, Medical Faculty, University of Ljubljana, Zaloška 4, Ljubljana, Slovenija & Celica, Biomedical Sciences Center, Stegne 21, Ljubljana, Slovenija.

Bone loss frequently results from trauma, birth malformations, infections, tumours and surgical resection of benign and malignant tumours.

In the last decade reconstruction of bone defects advanced to a great extent and there are a number of surgical methods for reconstruction of anatomical structures. However, the greatest obstacle, the loss of bone,  remains a problem. To circumvent this problem bone grafting by using autologous cancellous bone, cortical bone, homografts or heterografts  are frequently used in  surgical procedures. Potential HIV infection and contamination by prions are disadvantages of the use of homologous and heterologous grafts. Therefore the autologous bone is the gold standard for bone grafting. Autologous bone consists of vital osteogenic cells with possibilities for osteogenesis, have properties of bone conduction and bone induction. Cancellous bone consists of relatively high content of osteogenic stem cells. In contrast cortical bone graft has a low content of osteogenic stem cells, poor vitality and mainly serves as a protection splint. To harvest an autologous bone graft, we need additional surgical procedures with high morbidity of donor site and with limitations of isolating only a small amount of bone; both  disadvantages of these procedures.

Surgeons of different speciality worked for years with different bone substitutes to improve overcome the limitations of autologous bone grafting and reduce surgical morbidity. Alternative treatment modalities involve growth factors, bone graft substitutes and tissue engineering. 

Residual bone defect after enucleations of medium sized dentogenic radicular cyst of jaw can be corrected with autologous osteoid cells, cultivated by methods of tissue engineering. 

Radicular bone cysts of upper and lower jaw are common pathologies, arising around the apical part of a-vital tooth and can be of few centimetres in diameter with displacement of adjacent teeths. Treating of small radicular cysts consist mainly of enucleating, without any additional procedures for packing of bone cavity. After enucleation of larger cyst, however, bone cavity filled with blood clot are prone to infection, leading to prolongations of healing and leading to residual defects of alveolar bone and changes in the architecture of the jaws. 

Here, we treated a medium size radicular bone cyst of the upper jaw. After biopsy of local tissue and dispersion of cells we cloned them in the first stage. During the second stage the multiplied population of cells was seeded onto a biodegradable matrix with differentiation factors, to get  »bone chips« for further manipulation.

After the surgical removal of the cyst we have packed the bone cavity with »bone chips«.  Early postoperative results are promising. 

ANTIGEN PHAGE DISPLAY LIBRARIES FOR THE IDENTIFICATION OF AUTOANTIGENS CANDIDATE IN MULTIPLE SCLEROSIS

Sara Bembich XE "Bembich S” , Elisabetta Azzoni XE "Azzoni E” , A. Cortini XE "Cortini A” , Roberto Marzari XE "Marzari R” , Paolo Edomi XE "Edomi P” 
University of Trieste - Department of Biology, Italy
The autoantigens responsible of multiple sclerosis are still unknown. Their discovery can contribute to understanding the mechanism of the disease and to develop therapies and diagnostic methods. 

We propose to identify candidate autoantigens by means of the phage display of both antibodies and antigens. Phage display is a technique which allows the mass screening of very large libraries of variant molecules by expressing the molecular repertoire fused to the coat protein of a phage. Moreover, we have designed new expression vectors to filter out open reading frames from cDNA and display them on filamentous phage in such a way that they are amenable to subsequent selection or screening. The antigen phage display library will be screened against autoimmune sera or antibody phage display libraries. 

We have constructed both mice and human brain cDNA library.
The first strand cDNA was synthesized from RNA isolated from brains by means of random primers. Before cloning, the cDNA was reduced to fragments of 200-400bp. To achieve these fragments we have set up a system of nuclease protection of cDNA by using archaeal histones. The cDNA fragments were ligated into vector before the beta-lactamase gene. So only the “in frame” clones survived in the plate with ampicillin.

We obtained libraries of 106 clones. About 1/10 clones contained the “in frame” cDNA sequences as expected from the random insertion of a cDNA fragment. All clones selected showed strict homology with a series of brain genes. The total collection of phage clones corresponds to a repertoire of potential epitopes.

Furthermore we have made a minilibrary of myelin basic protein (MBP) gene. This phage library of MBP can be used as tool for epitome mapping with sera from MS patients.

The screening of antigen library against antibody libraries will be very useful when the autoantigen is poorly expressed. Screening two phage display libraries up to 1010-1012 individual clones can be tested in a single experiment thereby increasing the chance of isolating autoantigens.
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Confocal microscopy in cell physiology and bioengineering 

Marko Kreft XE "Kreft M” , Sonja Grilc XE "Grilc S" , Tina Pangršič XE "Pangršič T” , Maja Potokar XE "Potokar M"  and Robert Zorec XE "Zorec R" 
Celica Biomedical Sciences Center, Stegne 21, 1000 Ljubljana, Slovenia, & Medical Faculty, University of Ljubljana, Zaloska 4, 1000 Ljubljana, Slovenia 

Fluorescent dyes can be used in physiological measurements. Confocal microscopy offers several advantages compared to conventional fluorescence microscopy. Information is collected from a well-defined optical section; thus out of focus fluorescence is eliminated, which results in an increase in contrast, clarity and detection. Stacks of optical sections taken at successive focal planes can be reconstructed to produce a three dimensional view of a specimen. Thus confocal microscopy provides a means to observe dynamics of structural components and physiological processes of live cells and tissues in three-dimensional space without physical sectioning. Confocal microscope generates images of multiple labeled fluorescent samples. Colocalization of fluorescent labels is frequently examined. Colocalization is usually evaluated by visual inspection of signal overlap or by using commercially available software tools, but there are limited possibilities to automate the analysis of large amounts of data. We developed a simple software tool to automate the colocalization procedure and to exclude the biased estimations resulting from visual inspections of images. The area above a certain threshold level is summed for each channel of the image and for colocalized regions. As a result, count of pixels above several threshold levels in any number of images is saved in an ASCII file. In addition Pearson’s r correlation coefficient is calculated for fluorescence intensities of both confocal channels. Using this approach quick quantitative analysis of colocalization of hundreds of images is possible. In addition, such automated procedure is not biased by the examiner subject visualization. Similar approach is used to evaluate viability of bioengineered bone implants. Stack of images are analyzed to asses the abundances of live and necrotic cells.  We also developed software tool to accurately track fluorescently labeled vesicles in live cells. To label single vesicles we used green fluorescent protein tagged preproatrial natriuretic peptide (ANP). Our approach was to direcly fit two dimenssional Gaussian curve to the intensity profile. We accurately analysed movements of exocytotic vesicles in single isolated astrocytes. 

Regulated exocytosis in astrocytes studied by confocal microcopy

Matjaž Stenovec XE "Stenovec M"  1,#, Marko Kreft XE "Kreft M”  1,#, Tina Pangršič XE "Pangršič T”  1,#, Sonja Grilc XE "Grilc S"  1, and Robert Zorec XE "Zorec R"  1,#
#Celica Biomedical Sciences Center, Stegne 21, Ljubljana, Slovenia, 1Laboratory of Neuroendocrinology - Molecular Cell Physiology, Institute of Pathophysiology, Medical School, University of Ljubljana, Ljubljana, Slovenia 

Astrocytes are non-neuronal cells in the central nervous system, which like neurons are capable of releasing neuroactive molecules, such as glutamate, possibly via regulated exocytosis. To study whether astrocytes posses the mechanism of regulated exocytosis we investigated the release of atrial natriuretic peptide (ANP) from cultured cortical astrocytes by confocal microscopy (Kržan et al., J. Neurosci. 23(5): 1580-1583, 2003). Briefly, astrocytes were transfected with a construct to express pro-atrial natriuretic peptide fused with the emerald green fluorescent protein (ANP.emd). As shown previously in other cell types, the transfection of astrocytes with ANP.emd resulted in numerous fluorescent puncta in the cytoplasm that represent secretory organelles. If atrial natriuretic peptide is released by exocytosis, in which the vesicle fuses with the plasma membrane, then the total intensity of the green fluorescing probe should decrease, while the vesicle membrane is incorporated into the plasma membrane. To monitor surface area changes we labeled the membrane with the FM 4-64 fluorescence probe. The application of ionomycin to elevate cytoplasmic [Ca2+], increased the fluorescence intensity of FM 4-64, while that of ANP.emd decreased. These effects were not observed in the absence of extracellular Ca2+, suggesting that ANP is released by regulated Ca2+-dependent exocytosis from astrocytes.

These results prompted us to study if activated exocytosis affects the density of glutamate transporters EAAT2, which are thought to play a key role in the removal of glutamate from synaptic cleft during synaptic transmission. We transfected cells with a construct to express excitatory amino acid transporter 2-tagged with enhanced green fluorescent protein (EAAT2-EGFP). This construct predominantly labeled the astrocyte surface membrane. To monitor exocytosis we labeled the cell membrane with the FM 4-64. Addition of ionomycin to increase cytosolic Ca2+ strongly increased the FM 4 64 intensity of the plasma membrane, indicating the presence of regulated exocytosis in astrocytes. However, concomitant with Ca2+-dependent FM 4-64 intensity increase, ionomycin-induced increase in EAAT2-EGFP intensity could not be detected. These results suggest that rapid translocation of EAAT2-EGFP by exocytosis to the plasma membrane is unlikely in these cells. Interestingly, the steady state fluorescence intensity of EAAT2-EGFP decreases and the surface area of the plasma membrane increases as monitored by FM 4-64 in stimulated astrocytes, the results indicate that the surface density of EAAT2-EGFP molecules in the plasma membrane is strongly affected by triggering Ca2+-dependent exocytosis of vesicles not carrying EAAT2-EGFP molecules. Therefore, the potential of astrocytes to remove extracellular glutamate may strongly depend on their physiological state.

Laser tweezers 

Igor Poberaj XE "Poberaj I" 
Department of Physics, Faculty of Mathematics and Physics, University of Ljubljana,1000 Ljubljana, Slovenia
Development of experimental methods for manipulation and characterization of microscopic systems has contributed significantly to the understanding of processes that take place on the microscopic scales. One such method is laser tweezers, discovered in 1986 by Ashkin during his study of interactions between strongly focused laser beams and dielectric particles. He has found out that dielectric particles are trapped close to the focus of the laser beam. This phenomenon is exploited in modern laser tweezers systems that enable simultaneous manipulation of hundreds of particles. Laser tweezers are also an excellent toll for precise force measurements between microscopic particles. Due to its versatility, laser tweezers are used in different experiments in physics and biology.

In this talk we will present the basic physics of laser trapping and an example of a modern laser tweezers system that can simultaneously control hundreds of traps. We will see how such a system can be used for precise measurements of forces between microscopic particles and some results of experiments performed in colloidal systems, liquid crystals and between biological molecules.

Two-photon microscopy

Marjan Rupnik XE "Rupnik M"  

European Neuroscience Institute Goettingen, Germany, mrupnik@gwdg.de

The two-photon effect was hypothesized about 70 years ago, but it found its way into microscopy and routine use in biomedical laboratories only recently. The progress in the field was limited primarily by lack of appropriate technology (computers and lasers) and the cost of the gear. In two-photon laser fluorescence microscopy (TPLFM) the excitation wavelength is in the near infrared, a region of the spectrum in which there is virtually no absorption in cell systems. Excitation of the fluorophore by this light occurs only via the simultaneous absorption of two photons. This is possible when light intensities become very high by the use of lasers. High intensities are not compatible with life and the solution came by employing a laser that can generate ultrashort pulses, so high peak intensities can be generated at low average power. The cross section of two-photon excitation is very small, preferentially at the focus of the microscope objective where the photon flux is very high. The resulting advantages of using two-photon excitation are therefore a good separation of the excitation light from the fluorescence emission and, with the molecular excitation only at the focal point, photobleaching and photodamage are localized to the focal plane. The presentation will focus on the use of two-photon excitation for vital imaging of biological samples. Major advantages, latest developments in the field and limitations will be discussed.

Microscopic and biochemical survey of copper storage 
in hepatopancreatic S cells

Nada Žnidaršič XE "Žnidaršič N” a, Magda Tušek-Žnidarič XE "Tušek-Žnidarič M” a,b, Ingrid Falnoga XE "Falnoga I” b, Janez Ščančar XE "Ščančar J" b, K. Zdešar XE "Zdešar K”  a, Aleš Kladnik XE "Kladnik A” a, Andrej Blejec XE "Blejec A” a,c, Jasna Štrus XE "Štrus J” a
aUniversity of Ljubljana, Biotechnical Faculty, Department of Biology, Večna pot 111, Ljubljana, Slovenia; bJ. Stefan Institute, Department of Environmental Sciences, Jamova 39, Ljubljana, Slovenia; cNational Institute of Biology, Večna pot 111, Ljubljana, Slovenia

Copper is an essential micronutrient required by all organisms. Cellular copper balance is maintained by several mechanisms, involving copper trafficking proteins, i.e. transporters, chaperones, metallothioneins (MT), glutathione, and copper storage in the intracellular compartments. Intense copper dynamics related to hemocyanin (Cu-containing respiratory pigment) synthesis/degradation during the molt cycle was reported in the crustacean hepatopancreas. Hepatopancreatic S cells of terrestrial isopod crustaceans store outstanding amounts of copper and are proposed to be strongly involved in achieving copper balance in the organism. Thus, we consider S cells appropriate system to study mechanisms for copper handling. Intracellular copper granules and low molecular weight (LMW) copper-binding proteins were analysed in hepatopancreas of Porcellio scaber (Crustacea: Isopoda) in our study. Semiquantitative histochemical localization of copper by rubeanic acid (dithiooxamide) revealed that the amount of copper granules in the hepatopancreas of individual organisms differed distinctly. Observed differences were not related to the molting phase, size/age, and feeding activity of the animals. In general, the granules of 0.5 - 2 (m in diameter were distributed throughout the S cells' cytoplasm. The pattern of copper-positive granules distribution strongly resembled the pattern of orange autofluorescing intracellular inclusions after UV illumination in the same organ. Quenching tests according to Nakayama et al. (1996) were performed and the results indicate that orange autofluorescence originates from Cu-thiolate complexes. Ultrastructural analysis of S cells using transmission electron microscopy was carried out. Intracellular inclusions, presumably corresponding to copper granules, were characterized as vesicles, containing membranes and electron dense flocculent material. Fine electron dense flocci were distributed either in the central part of the inclusion or in a peripheral ring-shaped zone. Biochemical separations, including cumulative sample (40 hepatopancreases) homogenisation, centrifugation, ultrafiltration and size-exclusion high performance liquid chromatography of LMW proteins were performed. Separated copper-binding species were detected by flame atomic absorption spectroscopy. Cu-metallothionein like proteins were detected in the cytosol and in the extract of cellular organelles (pellet). Besides, in both sample fractions another prominent peak of  LMW copper-binding proteins was observed. We consider copper granules in hepatopancreatic S cells of P. scaber a temporary copper storage compartment, probably rich in Cu-thiolate complexes. The pronounced variation in the amount of histochemically detectable copper can not be ascribed to molt cycle of the animals.
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How complex are the mechanisms involved in sensory adaptation of filliform sensillae in the bug Pyrrhocoris apterus?

Aleš Škorjanc XE "Skorjanc A"  and Kazimir Drašlar XE "Draslar K"  

Department of Biology, Biotechnical faculty, University of Ljubljana, Večna pot 111, SI-1000 Ljubljana, Slovenia

Despite of the advance in knowledge and experimental techniques, mechanisms underlying mechanoreception, particularly in insects, remain poorly understood. Trichobothria in the bug Pyrrhocoris apterus, a form of filliform sensilla, are sensory organs containing only one receptor cell. Twenty eight of them are singly or in clusters arranged on abdominal segments. Therefore the registration of a signal of a single receptor unit is relatively uncomplicated as well as the stimulation due to their position and low number. From this point of view trichobothria are a suitable model for a study of basic sensory mechanisms and adaptation in mechanoreceptors.

Regarding their spontaneous activity and functional properties trichobothria were classified into types T1, T2 and T3. Recent measurements with a modified experimental setup showed that the spontaneous activity is present not only in T1 but also in T2 and in 5% of T3 type. Frequency of spikes ranges from approximately 3500 spikes/min in T1 type to 200 in T2 and 40 in T3 type.  Interspike interval distribution (INTH) of T1 type can be fitted to a lognormal model, an exponential model is a better description of T2 type interval distribution. The data from our experiments indicate the existence of at least two different “generators” of spontaneous activity in T1 type. In contrast the data from the resting activity in T2 and T3 seems to conform to one “generator” model. This might reflect a larger diversity in the structure and functional properties including sensory adaptation of a single receptor type as postulated previously. To test adaptation properties of different trichobothria types a ramp shape stimulus was applied. We found out that T1 and T2 type respond in a phasic-tonic manner. An initial fast phase is followed by a slow phase of adaptation. A steady-state higher than spontaneous is reached in about ten seconds. It persists as long as the stimulus is on. A slow drift of spike frequency is observed, if ramps are repeated in a short time interval. Although mechanisms of T1 and T2 type spontaneous activity seem to be different, this does not appear to reflect in the shape of their response to stimulation. On the other hand, T3 type shows a fast adaptation since the spike frequency drops to zero in a few seconds, so its response can be characterized as a typically phasic one.

AMMODYTOXINS ARE EFFICIENT PHOSPHOLIPASE A2 ENZYMES WITH A CYTOTOXIC EFFECT ON MOTONEURONAL CELLS

Zala Jenko XE "Jenko Z" , Toni Petan XE "Petan T"  and Jože Pungerčar XE "Pungerčar J" 
Department of Biochemistry and Molecular Biology, Jožef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia; Phone: +386 1 477 3683; E-mail: zala.jenko@ijs.si

Ammodytoxins (Atxs), a presynaptically neurotoxic phospholipases A2 (PLA2s), whose major effect is a persistent blockade of acetylcholine (ACh) release at neuromuscular junctions (NMJ) causing animal death by respiratory failure, are the most toxic components of Vipera ammodytes ammodytes snake venom. The molecular mechanism of their toxicity is still under investigation, due to the complexity of this multi-step process. This toxic effect depends not only on protein-protein and protein-phospholipid interactions but also on their phospholipasic activity, suggesting that the mechanism of neurotransmission blockage involves the release of fatty acids in specific sites of the motoneuron. Recent identification of intracellular proteins that bind Atxs (calmodulin, 14-3-3 proteins, and R25) suggests that these snake venom presynaptically active PLA2s act intracellularly, although the site of action within the cell is not yet known. Although enzymatic activity is an obligatory characteristic of PLA2 neurotoxins, its role in presynaptic toxicity and the target phospholipid membranes have remained unsolved. To shed more light on this activity of PLA2 toxins, we investigated and analyzed in detail the enzymatic properties of Atxs, their mutants and homologues. The specific enzymatic activities and membrane binding affinities of Atxs determined on different phospholipid vesicles clearly show that these presynaptically neurotoxic sPLA2s are very efficient enzymes. Atxs show high activities on vesicles containing phosphatidylserine (PS), the most abundant anionic phospholipid in eukaryotic membranes. Most importantly, Atxs display relatively high enzymatic activities also on phosphatidylcholine (PC) vesicles. Indeed, Atxs were able to release fatty acids from the plasma membrane of intact NSC34, C2C12 and HEK293 cells at a rate that correlated well with their specific activity on PC vesicles. The presence of anionic phospholipids in PC vesicles resulted in higher  interfacial binding affinities and enzymatic activities of Atxs, but not of their nontoxic homologue ammodytin I2 from the same venom that displays unusually low binding affinity and enzymatic activity on PS-containing vesicles and HEK293 plasma membrane. To better understand this difference in behavior, we prepared several constructs, including genetic and chemical labeling of recombinant proteins with fluorescent tags, and performed initial cellular studies on a motoneuronal cell line NSC34. Recent experiments indicate that Atxs are cytotoxic to the neurons and are involved in programmed cell death. On the contrary ammodytin L, a myotoxic PLA2 homologue from Vipera ammodytes ammodytes venom which is enzymatically inactive, is also not cytotoxic to the neurons.

Staining Properties of Lactotroph Vesicles and the Plasma Membrane by Styryl Dyes

Matjaž Stenovec XE "Stenovec M"  1, Igor Poberaj XE "Poberaj I"  3, Marko Kreft XE "Kreft M”  2,1 and Robert Zorec XE "Zorec R"  2,1*

1Celica Biomedical Sciences Center, Stegne 21, 1000 Ljubljana, Slovenia

2Laboratory of Neuroendocrinology-Molecular Cell Physiology, Medical School, University of Ljubljana, 1000 Ljubljana, Slovenia

3Department of Physics, Faculty of Mathematics and Physics, Ljubljana, Slovenia

In neuroendocrine cells hormones are released through an open fusion pore, which forms following the fusion of the vesicle and the plasma membrane during the process of exocytosis. To study this process at the single vesicle level we used the styryl dye FM 4-64, which was shown previously to stain not only the membrane, but also the matrix of individual vesicles of rat lactotrophs. However, the mechanism by which the vesicle matrix is stained is currently not completely clear. One possibility is that molecules of the styryl dye in the bath solution dissolve in the plasma membrane first and are then transported into the vesicle by lateral diffusion in the plane of the membrane, and finally the vesicle matrix is stained from the vesicle membrane. On the other hand these molecules may enter the vesicle lumen and reach the vesicle matrix by permeation through an open aqueous fusion pore. To address these questions we exposed cultured pituitary lactotrophs to different concentrations of FM 4-64 to monitor the fluorescence increase of single vesicles by confocal microscopy following the stimulation of cells by high K+. The results show that the membrane and the vesicle matrix exhibit different concentration-dependent properties. Moreover, the kinetics of vesicle loading by FM 4-64 exhibited a concentration-dependent process, which is modeled to be due to staining of vesicle matrix by FM 4-64 entry via aqueous permeation through an open fusion pore.
Light-induced PO2 changes in blowflies’ eyes measured using a carbon fibre microelectrode

Andrej Meglič XE "Meglič A"  and Gregor Zupančič XE "Zupančič G" 
University of Ljubljana, Biotechnical Faculty, Department of Biology, Večna pot 111, 1000 Ljubljana

Light detection by photoreceptor cells is a metabolically very demanding process. Energy is spent to maintain the ionic imbalance across the plasma membrane especially during light stimulation. In flies most of the energy is provided by the oxidative metabolism. A parameter directly related to the oxidative metabolic activity is the PO2 within the tissue. One possible method for its measurement is electrochemical detection using a carbon fibre electrode. Sensitive localized measurements of concentrations of various compounds that can be either reduced or oxidized on the electrode active surface are possible with this method. It has traditionally been used to monitor secretion of different oxidizable compounds. We used this technique to locally measure PO2 in the eyes of white-eyed mutants of a blowfly (Calliphora vicina-chalky). These were amperometric measurements of the current across the exposed surface of a carbon fibre at the polarisation voltage of -600 mV. The majority of the current at this voltage is attributable to the reduction of oxygen. The measured parameters of the time courses were very similar to direct oxygen consumption measurements of isolated eyes using a magnetic diver balance (Pangršič et al. 2005, J Comp Physiol A 191: 75) but with some differences. The responses to long light stimuli were comprised of an initial fast phase followed by a plateau and a slow decay back to the resting level after the end of illumination. The plateau phase was usually also slowly declining during illumination. In our opinion this was an artefact due to interference with the eye’s summary potential since it was less prominent in cases where electroretinographic artefacts were smaller. The time course of changes from the resting level with the short light pulses overshot the time courses with the long stimuli a phenomenon also observed in previous experiments with isolated eyes (Pangršič et al. 2005). We conclude that amperometric measurements of PO2 in situ are potentially very useful especially due to their superior spatial, time and amplitude resolution compared to other ways of monitoring the metabolic activity of tissues. Their main drawback is that they are difficult to translate into quantitative estimates of O2 consumption.
Measurements of vesicle mobility in cultured rat astrocytes

Maja Potokar XE "Potokar M"  1,2, Marko Kreft XE "Kreft M”  1,2, Tina Pangršič XE "Pangršič T”  1,2 and Robert Zorec XE "Zorec R"  1,2
1Celica Biomedical Sciences Center, Stegne 21c, SI-1000 Ljubljana, Slovenia, and

2Laboratory of Neuroendocrinology - Molecular Cell Physiology, Institute of Pathophysiology, Medical Faculty, University of Ljubljana, Zaloska 4, SI-1000 Ljubljana, Slovenia.

Astrocytes are the most abundant type of glial cells of the central nervous system, which play an important role in synaptic transmission and metabolic coupling between neurons and microvessels. These cells store and release many neuroactive substances in vesicles. However, vesicle mobility in astrocytes was not studied yet. Here we used green fluorescent protein tagged preproatrial natriuretic peptide (ANP) to label single vesicles. Vesicles containing pro-ANP fused with the emerald green fluorescent protein (ANP.emd) were recently found to be released with Ca2+ – dependent regulated exocytosis. To accurately track labeled vesicles we developed a custom software tool. We examined the length and velocity of vesicle movements. The average length of the pathways in 15 seconds was in the range of a few m with an average velocity of less than 1 m/s. We observed two different types of vesicle mobility in rat astrocytes. One group of vesicles remained close to the origin of tracking while the other group of vesicles displayed apparently directed mobility from the origin of tracking. The average diffusion constant differed by one order of magnitude between rapid (6.8 x 10-10 cm2/s) and slow (1.4 x 10-11 cm2/s) vesicles. 

CADMIUM AND METALLOTHIONEIN ISOFORMS IN HUMAN ASTROCYTOMA CELL LINE U-87 MG 

Anja Pucer XE "Pucer A"  a, Ingrid Falnoga XE "Falnoga I”  a, Majda Tušek-Žnidarič XE "Tušek-Žnidarič M” a,b, Janez Ščančar XE "Ščančar J"  a, Tanja Fatur XE "Fatur T"  b, Metka Filipič XE "Filipič M"  b
a    Department of Environmental Sciences, Jožef Stefan Institute, Jamova 39, 1000, Ljubljana (E-mail: ingrid.falnoga@ijs.si)

b Department of Genetic Toxicology and Cancer Biology, National Institute of Biology, Večna pot 111, 1000, Ljubljana

Cadmium accumulates in the body throughout life. Some of the metal also enters the central nervous system, where it may act as a neurotoxic agent and present a risk factor for the development of neurodegenerative diseases. It accumulates mainly in astrocytes, which are glial cells that structurally and nutritionally support the neurons. Astrocytes are also the main site of location of brain metallothioneins, low molecular weight cystein-rich proteins with a high affinity for metals including cadmium. Mammalian metallothioneins (MT) exist in four major isoforms; MT I and MT II are two widely expressed isoforms, while MT III and MT IV have a more restricted expression, normally in the brain and in the keratinizing epithelia, respectively. Isoforms I and II are thightly connected with cadmium detoxification by its sequestration, while the interaction of MT III with cadmium is not yet well defined.  Our aim was to determine the effect of cadmium ions on the isoforms of MT (I, II and III) in a human astrocytoma cell line, U-87 MG, by exposure to toxic and nontoxic concentrations of cadmium chloride. Isolation and characterization of MT was performed by HPLC gel permeation chromatography with detection of metals (Cd, Zn) by AAS. The procedure was adapted to allow the separation of the isoform MT III from MT I+II. Two Superdex 75 HR 10/30 columns were connected in tandem and astrocytomas MTs were characterised on the basis of zinc and cadmium elution profiles compared with that of MT standards (Sigma rabitt liver MT; Alexis human recombinant MT III). Separation was further confirmed with human cerebellum sample containing high amounts of MT III. We showed that MT I+II are constitutively expressed in the human astrocytoma cell line U-87 MG and their expression was greatly increased during exposure to 1M and 10M concentrations of cadmium up to two days (3, 12, 24, 48 h). The metal bound form of MT III was present only in small amounts (in traces) and showed an early transient increase after exposure to a subtoxic Cd concentration and no increase after 48 hour exposure to10M. The presence of whole amount of MT III, together with possible metal non-bound form, should be still checked. A transient increase of MT III mRNA after exposure to Zn or Cd has been shown before in human kidney cells. Results of that and our study can represent an indication of a possible role of MT III in the early cell response to metal exposure. 

Povzetki  prispevkov
Citosolni Ca2+ in citoskelet pri mobilnosti mešičkov v podganjih astrocitih

1,2Maja Potokar XE "Potokar M" , 1,2Marko Kreft XE "Kreft M” , 1,2Helena H. Chowdhury XE "Chowdhury HH” , 1,2Tina Pangršič XE "Pangršič T” , 1,2Robert Zorec XE "Zorec R" 
1Celica, Biomedicinski znanstveni center, Stegne 21c, SI-1000 Ljubljana, Slovenija 2Laboratorij za nevroendokrinologijo-molekularno celično fiziologijo, Inštitut za patološko fiziologijo, Medicinska fakulteta, Univerza v Ljubljani, Zaloška 4, SI-1000 Ljubljana, Slovenija

Astrociti so najštevilčnejša populacija celic glije v osrednjem živčnem sistemu in imajo pomembno vlogo pri delovanju nevronov. Izločajo številne nevroaktivne snovi, med katerimi se nekatere shranjujejo v z membrano obdanih mešičkih. Sekretorni mešički v astrocitih, ki vsebujejo ANP, imajo dva načina mobilnosti, neusmerjeno (Brownovo gibanje) in usmerjeno. Usmerjena mobilnost je povezana s citoskeletom., mehanizmi transporta sekretornih mešičkov v astrocitih pa so slabo poznani. Študirali smo mobilnost posameznih mešičkov, označenih s fuzijsko beljakovino med atrijskim natriuretičnim peptidom in zeleno fluorescenčno beljakovino (proANP-Emd), v celicah z intaktnim in s farmakološko razgrajenim citoskeletom. Citoskelet v astrocitih sestavljajo aktinski filamenti, mikrotubuli in intermediarni filamenti. S poskusi smo potrdili vlogo mikrotubulov pri usmerjeni mobilnosti mešičkov in ugotovili, da imajo aktinski filamenti pomembno vlogo pri mobilnosti mešičkov v astrocitih. Pokazali smo, da imajo pri mobilnosti mešičkov pomembno vlogo tudi intermediarni filamenti.

Meritve površine in prostornine v kultiviranih astrocitih med hipotoničnim nabrekanjem

1,2Tina Pangršič XE "Pangršič T” , 1,2Marko Kreft XE "Kreft M” , 3Philip G. Haydon XE "Haydon PG" , 1,2Robert Zorec XE "Zorec R" 
1Inštitut za patofiziologijo, Medicinska fakulteta, Univerza v Ljubljani, 1000 Ljubljana, Slovenija,  2Celica, Stegne 21, 1000 Ljubljana, Slovenija, 3Department of Neuroscience, School of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania, USA

Mehanizmi izločanja sinaptičnega prenašalca glutamata iz astrocitov so predmet mnogih raziskav. Nedavni poskusi so pokazali, da astrociti izločajo glutamat v pogojih znižane osmolarnosti, vendar natančen mehanizem izločanja ni popolnoma poznan. Da bi preverili, ali mehanizem izločanja glutamata vključuje proces regulirane eksocitoze, smo spremljali membransko kapacitivnost astrocitov z metodo vpete napetosti celotne membrane ob dodatku hipotonične raztopine. Celice pod mikroskopom smo hkrati snemali s kamero in spremljali spreminjanje njihove oblike in volumna. Pri procesu eksocitoze se membranski mešiček zlije s plazmalemo. Če se v hipotoničnih pogojih aktivira proces eksocitoze, zato pričakujemo povečanje površine plazmaleme, izmerjene kot povečanje membranske kapacitivnosti. Da bi preverili, ali hipotonični šok sproži spremembo oblike in volumna astrocitov, smo izmerili ploščino prečnega preseka celic, ki smo jim hkrati merili membransko kapacitivnost. Celice, ki so bile izpostavljene hipotonični raztopini z osmolarnostjo 210 mOsm, so v 200 s v povprečju nabreknile za 40 %. Sočasne meritve membranske kapacitivnosti pa so pokazale, da to nabrekanje ni povezano s povečanjem površine plazmaleme. Prav tako med spremembami v ploščini prečnega prereza celic in spremembami v kapacitivnosti plazmaleme ni bilo korelacije. V nasprotju s kapacitivnostjo pa so bili aktivirani membranski tokovi očitno povezani s spremembami volumna celic. Iz dobljenih razultatov smo zaključili, da celično nabrekanje ne aktivira zlitja membranskih mešičkov s plazmalemo, pač pa povzroči povečanje membranske prevodnosti. 

Odgovori posameznih adipocitov na insulin
Helena H. Chowdhury XE "Chowdhury HH”  1,2, Marko Kreft XE "Kreft M”  1,2,  Sonja Grilc XE "Grilc S"  1,2 in Robert Zorec XE "Zorec R"  1,2
1Laboratorij za nevroendokrinologijo-molekularno celično fiziologijo, Inštitut za patološko fiziologijo, Medicinska fakulteta, Univerza v Ljubljani, Zaloška 4, SI-1000 Ljubljana, Slovenija 2Celica, Biomedicinski znanstveni center, Stegne 21c, SI-1000 Ljubljana, Slovenija

Adipociti igrajo ključno vlogo pri energetskem ravnotežju, saj služijo kot glavna zaloga energije in kot endokrini organ, ki izloča različne hormone and citokine, ti pa uravnavajo presnovo tudi v drugih tkivih. 

Adipociti predstavljajo pomembne tarčne celice v telesu za delovanje inzulina. Povečana koncentracija glukoze v plazmi sproži izločanje insulina iz celic trebušne slinavke. Inzulin se veže na receptorje na tarčnih celicah, v glavnem na adipocitih in skeletnih mišičnih celicah. Inzulin poveča prepustnost membrane adipocitov za glukozo z uravnavanjem vključevanja glukoznih transporterjev v plazmalemo z eksocitozo.  Eksocitotska fuzija mešičkov s plazmalemo je povezana s povečanjem površine plazmaleme. 

Za študij učinka inzulina na spremembo površine plazmaleme smo uporabili konfokalno mikroskopijo in opazovali spremembe v intenziteti fluorescence barvila FM1-43, s katerim je bila obarvana membrana. Dodatek inzulina je povzročil hiter dvig intenzitete fluorescence FM1-43 za 4 %/min zaradi kumulativne eksocitoze, kar je bilo značilno več kot pri kontrolnih poskusih. Za študij neto sprememb površine plazmaleme smo uporabili patch-clamp metodo in merili kapacitivnost membrane (Cm). Cm je parameter povezan s površino plazmaleme. Po stimulaciji z inzulinom je bila hitrost naraščanja Cm 3 %/min, kar je bilo značilno manj kot hitrost naraščanja intenzitete fluorescence FM1-43 (4 %/min). Ti rezultati kažejo, da je z inzulinom povečana površina membrane v glavnem posledica povečanja hitrosti eksocitoze.  

Delovanje inzulina je povezano tudi s povečanjem koncentracije glukoze v citosolu. Za opazovanje dinamike glukoze v posamezni celici smo uporabili glukozni nano-senzor, beljakovino, ki veže glukozo in ima vezani dve različni varianti zelene fluorescirajoče beljakovine. Preliminarni rezultati kažejo od koncentracije glukoze odvisne spremembe v prenosu energije fluourescenčne resonance med obema fluorescirajočima beljakovinama (FRET; fluorescence resonance energy transfer) v posameznem 3T3-L1 fibroblastu. 

Hipofizne celice: molekularni mehanizmi uravnavane eksocitoze

Helena H. Chowdhury XE "Chowdhury HH” , Mateja Gabrijel XE "Gabrijel M" , Sonja Grilc XE "Grilc S" , Marko Kreft XE "Kreft M” , Tina Pangršič XE "Pangršič T” , Maja Potokar XE "Potokar M" , B. Rituper XE "Rituper B" , Matjaž Stenovec XE "Stenovec M" , Nina Vardjan XE "Vardjan N"  in Robert Zorec XE "Zorec R" 
Laboratorij za nevroendokrinologijo-molekularno celično fiziologijo, Inštitut za patološko fiziologijo, Medicinska fakulteta, Univerza v Ljubljani, Zaloška 4, SI-1000 Ljubljana, Slovenija & Celica, Biomedicinski znanstveni center, Stegne 21c, SI-1000 Ljubljana, Slovenija

Hipofizne celice sestavljajo prednji in srednji reženj hipofizne žleze. Zadnji reženj hipofize pa sestavljajo živčni končiči. V vseh teh strukturah ima eksocitoza posebno mesto pri sproščanju hormonov, ki se skladiščijo v mešičkih. Poznamo dve obliki eksocitoze, ki predstavlja fuzijo membrane mešička s plazmalemo. Pri konstitutivni eksocitozi se mešički spajajo s plazmalemo ves čas, pri uravnavani eksocitozi pa je za proces spojitve dveh membran potreben dražljaj. Pred desetletji je bilo postavljeno, da v vzdražnih celicah sproži uravnavano eksocitozo povečanje aktivnosti citosolne aktivnosti kalcija. A molekularni mehanizmi tega procesa so postali jasnejši z raziskavmi šele zadnji čas. Naše delo je usmerjeno v študij posameznih endokrinih hipofiznih celic, ki skladiščijo hormone v velikih elektronsko gostih mešičkih. Ko se pojavi dražljaj, se ti mešički premaknejo do plazmaleme, kjer lahko poteče eksocitoza. V zadnjem času je bilo najdenih kar nekaj molekul, ki so potrebne za potek tega procesa in predstavljajo fiziološko enoto, ki jo imenujemo eksocitotski modul. Katere so vse molekule, ki sestavljajo fiziološko subcelično enoto ali modul, ni povsem znano. A verjetno je, da imajo različne celice, ki imajo različne lastnosti sekrecije vsebine, različne eksocitotske module. Nekatere od sestavin teh modulov so verjetno univerzalne (npr. molekule “SNARE”), nekatere pa so specifične za določene tipe celic (nevroni, endocrine celice,…). Namen predavanja je izpostaviti dejstvo, da v posamezni hipofizni celici obstajajo multipli funkcionalni moduli uravnavane eksocitoze, ki imajo različne biokemijske in fiziološke lastnosti.

Spontani dogodki eksocitoze v izoliranih laktotrofih

Nina Vardjan XE "Vardjan N" , Matjaž Stenovec XE "Stenovec M" , Marko Kreft XE "Kreft M"  in Robert Zorec XE "Zorec R" 
Celica Biomedicinski Znanstveni Center, Ljubljana, Slovenija

Medicinska fakulteta, Univerza v Ljubljani, Ljubljana, Slovenija

Nedavno je bilo pokazano, da je izločanje vsebine mešička v mirujočih laktotrofih počasnejše (~3 min) v primerjavi s stimuliranimi laktotrofi (nekaj sekund). V naši študiji smo s pomočjo konfokalne mikroskopije nadalje opazovali spontana zlitja posameznih mešičkov s plazmalemo laktotrofov. Mešički, ki smo jih opazovali, so v svoji membrani izražali pH-senzorski protein spH, kar nam je omogočalo optično razločevanje med mešički, ki niso bili zliti s plazmalemo (ni fluorescence) in tistimi zlitimi s plazmalemo laktotrofov (zelena fluorescenca). Istočasno s spremembami fluorescence spH smo opazovali vstopanje barvila FM 4-64 v posamezni mešiček. 

Ob zlitju mešičkov s plazmalemo je prišlo do hitrega porasta intenzitete fluorescence spH (čas porasta fluorescence20-80% < 0.5 s), kar nakazuje hiter iztok protonov iz mešičkov. Opazili smo dva tipa spontanih dogodkov eksocitoze, dogodke tipa-I in tipa-II. Pri dogodkih tipa-I (n = 17) barvilo FM 4-64 ni vstopilo v mešičke. Signal, ki je sledil najvišji točki intenzitete fluorescence spH, je pri mešičkih z eksocitozo tipa-I bodisi upadel po enojni eksponentni funkciji s časovno konstanto ( 1.2 ± 0.2 s (n = 9) ali pa je ostal na najvišji točki. V prvem primeru se je fuzijska pora najverjetneje zaprla, medtem ko je v drugem primeru fuzijska pora v času snemanja ostala odprta proti zunajceličnemu prostoru (n = 8). Nasprotno je v primeru dogodkov tipa-II (n = 15) v mešičke po zlitju s plazmalemo vstopilo barvilo FM 4-64 (čas porasta fluorescence20-80% 3.0 ± 0.8 s). Signal intenzitete fluorescence spH je v večini teh primerov po zlitju mešička z membrano upadel po dvojni eksponentni funkciji s časovnima konstantama (1 1.9 ± 0.5 s in (2 31.1 ± 5.1 s (n = 12), kar nakazuje zaprtje fuzijske pore. Pri nekaterih dogodkih tipa-II (n = 3) je signal intenzitete fluorescence spH po zlitju mešička ostal visoko. Sklepali smo, da je fuzijska pora v teh primerih ostala odprta. Pri 4 od 36 analiziranih mešičkov smo opazili večkratne zaporedne spremembe v intenziteti fluorescence spH značilne za dogodke tipa-I. Predvidevamo, da se je pri omenjenih periodičnih dogodkih fuzijska pora prehodno odpirala.

Na podlagi naše študije lahko zaključimo, da je premer fuzijske pore pri dogodkih tipa-I manjši v primerjavi z dogodki eksocitoze tipa-II, saj omogoča izstop protonov iz mešička ne pa tudi vstop večjih molekul kot je FM 4-64 (Mw = 608 g/mol) v mešiček. Poleg tega lahko zaključimo, da se omenjena tipa spontanih dogodkov eksocitoze razlikujeta v kinetiki zapiranja fuzijske pore.

Dendritične celice kot cepiva za vzbujanje protitumorskih imunskih odzivov

Matjaž Jeras XE "Jeras M" , Martina Bergant and XE "Bergant M"  Urška Repnik XE "Repnik U" 
Center za tipizacijo tkiv, Zavod RS za transfuzijsko medicino, Šlajmerjeva 6, SI-1000 Ljubljana, Slovenija

e-mail: matjaz.jeras@ztm.si

   Dendritične celice (DC) so izrazito specializirane antigen predstavitvene celice, ki lahko izjemno učinkovito aktivirajo naivne, spominske in efektorske limfocite T. Nahajajo se tako v limfoidnih organih kakor tudi v večini nelimfoidnih tkiv. Nezrele DC, se v svojem mikrookolju odzovejo na nevarnost tako, da dozorijo. Gre za proces, med katerim pridobe sposobnost za nadziranje obsega in usmerjanje vrste imunskega odziva.    

   Potem, ko so razvili postopke, s katerimi lahko pripravimo veliko število DC in vitro, bodisi iz CD34+ hematopoietskih matičnih celic ali pa iz bistveno lažje dostopnih monocitov, so izvedli številne študije, v katerih so preučevali potencialno klinično uporabo celičnih cepiv na osnovi DC, ki lahko delujejo bodisi kot vzpodbujevalci ali pa zaviralci imunskih odzivov.
   Uspešnost imunske terapije rakavih obolenj je še vedno razmeroma skromna, kar lahko v veliki meri pripišemo dejstvu, da večinoma vsi, ki načrtujejo klinične študije s področja imunomodulacije ne upoštevajo oziroma zanemarjajo kompleksnost mehanizmov, s katerimi se tumorji lahko izognejo imunskemu nadzoru. Mednje najpogosteje sodijo: majhna imunogenost in spreminjajoče se izražanje za tumorje značilnih antigenov (TA); hitre mutacije genov, ki jih kodirajo; zmanjšano izražanje ali celo odsotnost molekul poglavitnega kompleks tkivne skladnosti (MHC) na tumorskih celicah (TC); tumorsko proizvajanje citokinov, ki zavirajo imunski odziv (VEGF, TGF-(, IL-10) ter imunosupresijsko oziroma tumorsko zaščitno delovanje bolnikovih lastnih imunskih regulatornih celic (podvrste limfocitov T: CD4+CD25+, CD8+CD28+, s trumorji povezani makrofagi in DC).  

   Za pripravo s TA opremljenih DC imamo na voljo več postopkov: transfekcijo z genetskim materialom iz tumorskega tkiva (DNA, cDNA, RNA, pomnožena mRNA), inkubacijo z lizati TC ali s tumorsko značilnimi sinteznimi peptidi ter elektrofuzijo TC in DC. Učinkovitost tako pripravljenih DC pa lahko še povečamo, če vanje vnesemo gene dejavnikov, ki vzpodbujajo protitumorsko imunost, npr. IL-18, CD40-L, ipd.  

   Predstavili bomo naše pristope in izkušnje povezane z izolacijo človeških monocitov iz periferne krvi ter s pripravo najprej nezrelih, nato pa, s pomočjo različnih dejavnikov dozorevanja tudi zrelih DC, in vitro. Posvetili se bomo tudi ugotavljanju fenotipov DC, preverjanju njihovih funkcionalnih sposobnosti ter nekaterim postopkom za njihovo opremljanje s TA. Naši rezultati predstavljajo osnovo za optimalno pripravo takšnih DC  in vitro, ki bi bile lahko klinično uporabne za aktivacijo specifičnih imunskih odzivov pri raku in avtoimunskih boleznih ali pa za načrtovano vzpostavitev tolerance na neujemajoče se antigene MHC pred presaditvijo alogenskih tkiv in organov. 

DOLOČANJE DELEŽA FUZIJE LIZOSOMOV V HIBRIDNIH CELICAH 

Mateja Gabrijel XE "Gabrijel M"  1, Marko Kreft XE "Kreft M”  1, 2 and Robert Zorec XE "Zorec R"  1, 2

1Celica Biomedicinski znanstveni center, Stegne 21c, SI-1000 Ljubljana, Slovenija 2Laboratorij za nevroendokrinologijo-molekularno celično fiziologijo, Inštitut za patološko fiziologijo, Medicinska fakulteta, Univerza v Ljubljani, Zaloška 4, SI-1000 Ljubljana, Slovenija

Hibridne celice, nastale z elektrofuzijo tumorskih in dendritičnih celic, predstavljajo obetajoče celično cepivo za zdravljenje rakavih obolenj. Pomembna stopnja v proizvodnji hibridomov je določanje deleža fuziranih celic (hibridomov). Namen naše raziskave je določiti delež hibridomov z merjenjem deleža zlitih lizosomov v hibridnih celicah. Lizosomi so dinamične strukture, ki se zlivajo med seboj in lahko pri tem povsem izmenjajo svojo vsebino ter komponente membran in imajo pomembno vlogo pri predstavitvi antigenov. Raziskave so pokazale, da pride do homotipične fuzije lizosomov tudi v hibridih nastalih s fuzijo dveh različnih celičnih tipov, zato lahko ta pojav pričakujemo znotraj hibridov dendritičnih in tumorskih celic. Delež zlitih lizosomov znotraj posameznih hibridnih celic smo izmerili s predhodnim obarvanjem celic z zelenimi in rdečimi lizosomalnimi barvili. Konfokalne slike, ki prikazujejo posamezni hibridom smo analizirali z računalniškim programom. Le ta določi kolokalizirane – rumene piksle kot tudi rdeče in zelene piksle v fluorescentni sliki. Iz dobljenih podatkov smo lahko izračunali delež zlitih lizosomov glede na vse rdeče in zelene lizosome. Rezultati kažejo, da je fuzija lizosomov dokaj obsežen dogodek, ki je odvisen od časa in temperature. Poleg tega nam dobljeni podatki lahko pomagajo pri optimizaciji pogojev za pripravo hibridomov, ki temelji na procesih predstavljanja antigenov. 

Tkivno inženirski pristop pri zdravljenju poškodb sklepnega hrustanca 

Nevenka Kregar Velikonja XE "Kregar Velikonja N"  1, Orjeta Bonaca XE "Bonaca O"  1, Elvira Maličev XE "Maličev E"  1, Sasa Puhar XE "Puhar S"  1, Ariana Barlič XE "Barlič A"  1, Miomir Knežević XE "Knežević M"  2, Matjaž Jeras XE "Jeras M"  2, Matej Drobnič XE "Drobnič M"  3 and Damjan Radosavljevič XE "Radosavljevič D"  3 

1 – Educell d.o.o., Ljubljana; 2 – Zavod RS za transfuzijsko medicino; 3 – Klinični center Ljubljana, Ortopedska klinika 

Sklepni hrustanec ima omejeno sposobnost celjenja. Najpogostejši rezultat različnih tehnik, ki naj bi spodbudile naravno celjenje hrustančnih lezij, je razrast veziva ali vezivnega hrustanca. Žal pa biomehanske značilnosti takega tkiva ne zadoščajo za normalno delovanje in v večini primerov takšno tkivo postopno propade. Brittberg in sodelavci so leta 1994 vpeljali novo celično tehnologijo, pri kateri so vsadili suspenzijo hondrocitov, namnoženih in vitro, pod zaplato iz pokostnice, prišite čez mesto poškodovanega hrustanca. Naslednjo generacijo tkivno inženirskih hrustančnih nadomestkov za zdravljenje kostno-hrustančnih poškodb s transplantacijo hondrocitov predstavljajo celični oz. tkivni konstrukti, pripravljeni in vitro s pomočjo različnih nosilnih biomaterialov. V zadnjem času je razvoj usmerjen k pripravi tkivnih nadomestkov, ki jih je mogoče vsaditi z manj invazivno ali artroskopsko kirurško tehniko, kar prizadeja manjšo škodo na sklepu in na odzvemnem mestu pokostnice. V Kliničnem centru v Ljubljani je bilo doslej z metodo vsaditve avtolognih hondrocitov zdravljenih več kot 100 bolnikov, od tega 70 bolnikov, od leta 2001 dalje, s hondrociti nasajenimi na kolagenskem nosilcu. Klinični rezultati kažejo 80-90 % izboljšanje predoperativnega stanja stanja bolnikov, odvisno od spremljajočih poškodb v sklepu, kar je primerljivo s podatki drugih skupin. Trenutno razvijamo tkivno-inženirske nadomestke na osnovi kolagena in alginata, ki bi omogočali vsaditev z manj invazivnim kirurškim postopkom. Tehnologija in vitro gojenja hondrocitov in njihove priprave za vsaditev zahteva stroga merila zagotavljanja in kontrole kakovosti. Eno pomembnejših področij le-tega so preiskave celičnega fenotipa in izražanja tkivno-specifičnih genov, kolagena II in agrekana, kot najpomembnejših komponent hialine hrustančne medceličnine. Imunsko dokazovanje teh proteinov se je izkazalo za nezanesljivo, zlasti zaradi navzkrižne reaktivnosti protiteles proti kolagenoma I in II. Kvantitativni PCR predstavlja veliko zanesljivejšo metodo za ugotavljanje izražanja tkivno specifičnih genov in ovrednotenje celičnega fenotipa. Kontrola kakovosti poleg preučevanja fenotipa zajema še: mikrobiološke kontrole, teste apirogenosti, test istovetnosti ter test viabilnosti celic v pripravku.
Korekcija kostnih defektov z uporabo tkivnega inženirstva avtolognih osteoidnih celic

Borut Sotošek XE "Sotošek B" # , Sonja Grilc XE "Grilc S" +, Marko Kreft XE "Kreft M” + in Robert Zorec XE "Zorec R" +
#Specialistična ordinacija za maksilofacialno in oralno kirurgijo, Tbilisijska 57B, Ljubljana, Slovenija; + Laboratorij za nevroendokrinologijo-molekularno celično fiziologijo, Inštitut za patološko fiziologijo, Medicinska fakulteta, Univerza v Ljubljani, Zaloška 4, SI-1000 Ljubljana, Slovenija & Celica, Biomedicinski znanstveni center, Stegne 21c, SI-1000 Ljubljana, Slovenija 

Izguba kosti je pogosta posledica poškodb, najrazličnejših prirojenih malformacij, infekcij, bolezenskih sprememb samih in tudi posledica odstranitvenih kirurških posegov uporabljenih za zdravljenje benignih ali malignih tumorjev. Transplantacija kosti z uporabo avtologne spongiozne, kortikalne ali kortikospongiozne kosti, homografta ali heterografta je pogost uporabljen kliničen postopek za reševanje teh posledic. Rekonstrukcija defektov kakršne koli etiologije se je v zadnjih destletjih bistveno izboljšala, kirurgija je razvila številne metode za nadomestitev izgubljenih anatomskih struktur, največja prepreka pri rekonstrukciji kraniofacialnih defektov pa je izguba kosti. Potencialna infekcija HIV in kontaminacija s prioni so poleg avitalnosti bistvena pomanjkljivost homolognih in heterolognih graftov. Avtologna kost je zlati standard, saj je osteoinduktivna, osteokonduktivna in vsebuje osteoblaste in osteoprogenitorne celice. Spongiozna kost ima visoko vsebnost osteogenih celic, visoko regenerativno sposobnost za razliko od kortikalne kosti, ki ima majhno vsebnost osteogenih celic, nizko vitaliteto in služi le kot kalup. Vendar je za odvzem avtologne kosti potreben dodaten kirurški poseg, kar se da atravmatski poseg, z visoko morbiditeto odvzemnega mesta in količinsko omejitvijo, kar sta veliki pomanjkljivosti tega postopka. Kirurgi številnih strok eksperimentirajo leta z različnimi nadomestki kostnine, da bi povečali sprejemljivost postopkov rekonstrukcije kosti in da bi zmanjšali kirurško morbiditeto in omejitve avtolognega prenosa kosti. Alternativne terapije uporabljajo rastne faktorje, anorganske materiale, kostne nadomestke in tkivno inženirstvo. Pri zdravljenju defekta v kosti, ki nastane po odstranitvi večje radikularne ciste, to je ciste dentogenega vnetnega izvora, smo uporabili avtologne kostne celice pridobljene s tkivnim inženirstvom. Ciste dentogenega izvora so pogoste patološke spremembe čeljustnic, nastanejo običajno ob apeksih avitalnih zob in dosežejo velikost nekaj cm. Manjše se običajno zdravi samo z izluščenjem, brez zapolnitve njihove votline. Pri večjih, pa brez zapolnitve votline pogosto pride do infekcije krvnega strdka, ki izpolni mrtev prostor kostne votline nastalem po odstranitvi ciste z dolgotrajnim celjenjem in defektom kostnih kontur z spremenjeno arhitekturo čeljustnic, predvsem alveolarnih grebenov. Za zdravljenje srednje velike radikularne ciste v zgornji čeljustnici smo po predhodni biopsiji lokalnih tkiv in disperziji tako pridobljenih celic, te v prvi fazi klonirali in jih nato v drugi fazi diferencirali z diferenciacijskimi faktorji v kostne celice na biološko razgradljivem matriksu, da smo dobili »kostne čipe« za lažjo manipulacijo. Po operativni odstranitvi ciste, smo kostno votlino napolnili s tako namnoženimi in diferenciranimi celicami na razgradljivih nosilcih. Zgodnji pooperativni rezultati so obetavni. 

Uporaba konfokalnega mikroskopa pri celični fiziologiji in bioinženirstvu

Marko Kreft XE "Kreft M” , Sonja Grilc XE "Grilc S" , Tina Pangršič XE "Pangršič T” , Maja Potokar in XE "Potokar M"  Robert Zorec XE "Zorec R" 
Celica, Biomedicinski znanstveni center, Stegne 21c, SI-1000 Ljubljana, Slovenija & Laboratorij za nevroendokrinologijo-molekularno celično fiziologijo, Inštitut za patološko fiziologijo, Medicinska fakulteta, Univerza v Ljubljani, Zaloška 4, SI-1000 Ljubljana, Slovenija

Fluorescenčna barvila so pomembno orodje pri fizioloških mikroskopskih meritvah. Konfokalni mikroskop ima v primerjavi z običajnim fluorescenčnim mikroskopom več prednosti. Ker konfokalna zaslonka zadrži vso svetlobo, ki izvira iz neostrega dela slike, detektor zazna le svetlobo iz ene ravnine v preparatu. Zato so konfokalne slike bolj kontrastne in bolj ostre. Če posnamemo slike večih zaporednih ravnin v preparatu, lahko računalnik rekonstruira tridimenzionalno sliko preparata. Tako lahko s konfokalnim mikroskopom spremljamo fiziološke procese v živem tkivu ali celicah brez fizičnega rezanja preparatov. S konfokalnim mikroskopom lahko zajemamo slike, ki so označene z več barvili. Za analizo kolokalizacije barvil v preparatih smo razvili računalniški program, ki omogoča samodejno pregledovanje velikega števila slik. S tem se izognemo pristranskosti raziskovalca pri analizi in pridobimo dovolj podatkov, ki omogočajo statistično vrednotenje. Merilo za kolokalizacijo je tista površina slike, ki pri obeh barvilih presega določeno pražno vrednost. Drugo merilo za kolokalizacijo je tudi Pearsonov koeficient korelacije med intenzitetama dveh barvil za vsako slikovno točko. Podoben pristop smo uporabili za ugotavljanje viabilnosti v bioinženirstvu kostnih implantov. Z analizo tridimenzionalnih slik smo ugotavljali pogostnost živih in nekrotičnih celic. Razvili smo tudi računalniški program, ki natančno sledi fluorescenčno označenim mešičkom v živih celicah. Za ozančevanje mešičkov smo uporabili fuzijsko beljakovino med zeleno fluorescenčno beljakovino in ANP (preproatrielni natriuretski peptid), ki se izloča iz celic. Računalniški program je prilegal dvodimenzionalno Gaussovo funkcijo na sliko pozameznega mešička. Uspešno smo sledili vsem označenim mešičkom v izoliranih astrocitih. 

Konfokalno mikroskopske raziskave uravnavane eksocitoze v astrocitih 

Matjaž Stenovec XE "Stenovec M"  1,#, Marko Kreft XE "Kreft M”  1,#, Tina Pangršič XE "Pangršič T”  1,#, Sonja Grilc XE "Grilc S"  1, in Robert Zorec XE "Zorec R"  1,#
#Celica d.o.o., Stegne 21, 1000 Ljubljana, Slovenija, 1Laboratorij za nevroendokrinologijo – molekularno celično fiziologijo, Inštitut za patofiziologijo, Medicinska fakulteta, Univerza v Ljubljani, 1000 Ljubljana, Slovenija

Astrociti so ne-živčne celice v centralnem živčnem sistemu, ki izločajo nevroaktivne molekule, kot je glutamat, najverjetneje z uravnavano ekoscitozo. Z namenom, da bi potrdili obstoj mehanizma uravnavane ekoscitoze v astrocitih smo predhodno raziskali sproščanje atrialnega natriuretičnega peptida (ANP) iz kortikalnih astrocitov v kulturi s pomočjo konfokalne mikroskopije (Kržan s sod., J. Neurosci. 23(5): 1580-1583, 2003). Astrocite smo transfecirali s plazmidom, ki je kodiral zapis za pro-atrialni natriuretični peptid in mutirano zeleno fluorescentno beljakovino (ANP.emd). Po transfekciji astrocitov z ANP.emd smo opazili številne fluorescentne organele v citoplazmi, najverjetneje posamezne sekretorne mešičke. V kolikor se atrialni natriuretični peptid izloči iz celic z uravnavno ekocsitozo v kateri se posamezni mešički zlivajo s palzemsko membrano, potem bo celotna intenziteta zelene fluorescentne beljakovine upadla, medtem, ko se bo bodo mešički zlivali s plazemsko membrano celice. Spremembo površine plazemske membrane smo opazovali s stirilnim fluorescentnim barvilom FM 4-64. Dodajanje ionomicina je povzročilo povečanje citoplazemske koncentracije prostih Ca2+ ionov, ta je povzročila povečanje intenzitete fluorescence FM 4-64, medtem, ko je fluorescenca ANP.emd upadla. Teh sprememb nismo opazili v zunajcelični raztopini brez Ca2+ ionov, kar kaže, da se je ANP sprostil iz astrocitov z uravnavano, od Ca2+-odvisno eksocitozo.

Na podlagi teh rezultatov smo se vprašali ali proženje uravnavane ekoscitoze vpliva na gostoto glutamatnih prenašalcev EAAT2 v plazemski membrani astrocitov. Uspešno odstranjevanje glutamata iz sinaptične špranje je odvisno tudi od gostote glutamatnih prenašalcev v plazemski membrani astrocitov. Raziskali smo vpliv eksocitoze na uravnavanje gostote glutamatnih prenašalcev v membrani astrocitov po transfekciji celic s plazmidom, ki je kodiral zapis za prenašalec ekscitatornih amino kislin 2 in mutirano zeleno fluorescentno beljakovino (EAAT2-EGFP). Ta konstrukt je obarval predvsem plazemsko membrano astrocitov. Izzvano ekoscitozo smo opazovali z barvilom FM 4-64. Dodajanje ionomicina je povzročilo povečanje citosolne koncentracije prostih Ca2+ ionov in močno povečanje fluorescence barvila FM 4-64 v plazemski membrani, kar je potrdilo obstoj uravnavne eksoscitoze v astrocitih. Sočasnega porasta fluorescence EAAT2-EGFP nismo opazili. Ti rezultati kažejo, da je hitra translokacija EAAT2-EGFP na plazemsko membrano astrocitov malo verjetna. Sočasno z zmanjšanjem intenzitete fluorescence EAAT2-EGFP se je povečala površina plazemske membrane izmerjena kot porast fluorescence FM 4-64, kar kaže, da na gostoto prenašalcev EAAT2-EGFP v plazemski membrani močno vpliva proženje od Ca2+-odvisne ekoscitoze mešičkov, ki ne vsebujejo EAAT2-EGFP prenašalcev. Mehanizem zniževanja gostote EAAT2-EGFP prenašalcev ni znan, a rezultati so v skladu s tem, da je potencial astrocitov za odstranjevanje zunajceličnega glutamata odvisen od njihovega fiziološkega stanja.
Laserska pinceta

Igor Poberaj XE "Poberaj I" 
Oddelek za fiziko, Fakulteta za matematiko in fiziko, Univerza v Ljubljani,1000 Ljubljana, Slovenija
Razvoj eksprimentalnih metod, ki omogočajo manipulacijo in karakterizacijo mikronskih in submikronskih sistemov je pomembno prispeval k razumevanju procesov v mikrosvetu. Ena izmed takšnih metod je laserska pinceta. Leta 1986 je Ashkin med preučevanjem vpliva močno fokusiranih laserskih žarkov na mikroskopske kroglice opazil, da laserski žarek kroglice ujame v točki blizu gorišča. Na tem principu delujo tudi sodobne laserske pincete, ki omogočajo natančno brezkontaktno manipulacijo mikronskih in submikronskih delcev ter merjenje sil, ki delujejo med njimi. Danes se laserske pincete uporabljajo v številnih raziskavah mikroskopskega sveta v biologiji in fiziki. 
V predavanju bo predstavljen fizikalni princip delovanja laserske pincete in primer izvedbe sodobnega  sistema, ki omogoča hkratno natančno manipulacijo nekaj sto delcev. Videli bomo, kako s pomočjo laserske pincete merimo interakcije med delci in si ogledali nekaj eksperimentalnih rezultatov s področja fizike koloidov, tekočih kristalov in merjenja sil med biološkimi molekulami.

Dvo-fotonska mikroskopija

Marjan Rupnik XE "Rupnik M"  

European Neuroscience Institute Goettingen, Germany, mrupnik@gwdg.de

Dvo-fotonski učinek je bil teoretično predstavljen že pred sedmimi desetletji, a je šele v zadnjem desetletju našel pot v mikroskopijo in postal del standardne raziskovalne opreme biomedicinskih laboratorijev. Glavne ovire napredka so bile bodisi premalo razvita tehnologija, predvsem računalnikov in laserjev, ter cena te opreme. Pri dvo-fotonski fluorescenčni mikroskopiji je valovna dolžina vzbujevalne svetlobe v infrardečem območju, torej posamezni fotoni ne vzbudijo fluorescence. Do ekscitacije pride zgolj takrat, ko fluorofor absorbira hkrati dva rdeča fotona, kar se zgodi le ob zelo velikem toku svetlobe, ki ga dosežemo z močnim laserjem. Laser velike moči pa ni združljiv z biološkim materialom, tako da je potrebno uporabiti ultrakratke pulze visoke intenzitete, tako da povprečna obremenitev vzorca s svetlobo ostane nizka. Presek dvo-fotonske ekscitacije je majhen, ker poteka zgolj v žarišču, kjer je pretok svetlobe največji. Poglavitne prednosti dvo-fotonske mikroskopije so dobra ločitev vzbujevalne svetlobe od emitirane fluorescence ter inherentna konfokalnost. Na žarišče objektiva sta omejena tudi bledenje fluorescence in poškodbe tkiva vezane na obremenitev s svetlobo. Predavanje se bo osredotočilo na uporabo dvo-fotonske ekscitacije za vitalno slikanje bioloških vzorcev. Predstavljene bodo poglavitne prednosti dvo-fotonske mikroskopije, zadnje novosti v razvoju metode in trenutne meje uporabnosti.
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