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A1 – THE MULTIFUNCTIONAL GUT


A1.26

Influence of food ration, copper exposure and exercise on the energy metabolism of common carp (Cyprinus carpio)

P. Singh Kunwar, M. Eyckmans, C. Tudorache, R. Blust and G. De Boeck (University of Antwerp)

The present study was conducted to extend the understanding of the combined physiological effects of different food rations, exercise and sublethal levels of copper in common carp (Cyprinus carpio). Fish acclimated to low food rations (0.5% of body weight) and high food rations (5% of body weight) were exposed to 1µM copper for a period of 28 days and kept for a further 14 days in copper free water to examine their recovery. Measurements of oxygen consumption, ammonia excretion and ammonia accumulation in plasma and muscle was done at various time intervals during the experimental period. Overall, metabolic rate was significantly affected by food ration in both copper free and copper exposed fish. Ammonia accumulation in both plasma and muscle was significantly increased with increasing food ration and level of exercise. Accumulation of ammonia in muscle was observed after only 72 hours of exposure, suggesting that ammonia builds up rather slowly in muscle. There was a significant correlation between plasma ammonia, muscle ammonia levels and ammonia excretion rate. Influence of copper in terms of ammonia excretion and plasma ammonia was observed in high ration fish but low ration fish remained unaffected. This clearly indicates that ammonia metabolism was influenced by copper in this group of fish showing that during unfavorable environmental conditions a high amount of food supply may turn deleterious to fish. 


A1.27

Diurnal variations in drinking rate and intestinal CaCO3 production by a marine teleost

J.M. Whittamore, R.W. Wilson (University of Exeter)

Drinking is a fundamental part of the osmoregulatory strategy for teleosts occupying a hyper-osmotic environment such as sea water. The intestine has an established role in osmoregulation, and its ability to effectively absorb fluid from imbibed seawater is crucial to compensating for water losses to the surrounding environment. Along with the well documented process of solute-linked water transport (driven by NaCl cotransport), HCO3- secretion also benefits fluid absorption directly (via apical Cl-/ HCO3- exchange) and indirectly by precipitating luminal Ca2+ as CaCO3. By removing the osmotic influence of Ca2+ the gradient for water absorption is enhanced. In vivo experiments with the European flounder have shown that by elevating CaCO3 production the proportion of fluid absorbed from the intestine significantly increases from 47.2 ±3.5 to 72.6 ±4.8 %. To cope with changes in metabolic demand, drinking rates are likely to be augmented during periods of increased physical activity. While previous measurements of drinking rates have not considered possible diurnal variations we have found that intestinal CaCO3 excretion by the flounder varies more than 5-fold between day and night (4.9 ±1.7 and 27.4 ±3.9 μmol kg-1 h-1, respectively). To more precisely define the role of carbonate precipitation in intestinal fluid absorption, and better understand the daily osmoregulatory events in marine fish, the present study set out to try and corroborate diurnal variations in drinking rate with CaCO3 production in the European flounder.

 

A1.28

Proton ATPase expression gut of the lamprey, Petromyzon marinus
J.M. Wilson (CIIMAR); P.N. Reis-Santos (Institute of Oceanography UL); J.R. Taylor (RSMAS, University of Miami); S.D. McCormick (USGS); M. Grosell (RSMAS, University of Miami)
The lamprey Petromyzon marinus is an agastric parasitic feeder with a liquid diet of their host fish body fluids. The epithelium of the intestine is composed of typical absorptive enterocytes with a brush border membrane interspersed with clusters of ciliated cells. The ciliated cells presumably aid in the transit of the lampreys’ liquid diet. In the present work we used immunocytochemistry, immunoblotting techniques and in vitro ATPase activity measurements to characterize the distribution of the vacuolar proton pump (V-type H+-ATPase), Na+/K+-ATPase, and Na+:K+:2Cl- Cotransporter (NKCC) along the gut and at different life history stages (ammocoete larvae, post metamorphic juveniles, and in adults on their spawning migration). Enterocytes were found to express NKCC apically and Na+/K+-ATPase basolaterally similar to teleost fishes. Na+/K+-ATPase α subunit expression and activity decreased distally. Ciliated cells that are found in the anterior and mid intestine in all life history stages expressed H+-ATPase apically and did not express Na+/K+-ATPase basolaterally. In the distal intestine, ciliated cells were not present and H+-ATPase was localized to the subapical region of epithelial cells. The apical H+-ATPase may have a role in driving proton dependent cotransport or di,tri-peptides and possibly glucose via PEPT1 and SGLT1, respectively or possibly titration of secreted HCO3- which may be critical for reducing luminal osmotic pressure and thus contributing to water absorption.
 

A2 – INTEGRATING THE MECHANICS

AND ENERGETICS OF LOCOMOTION

A2.37

Regional patterns of activity in equine longissimus dorsi muscle are modulated by locomotor demands

P. Ritruechai (The Royal Veterinary College);

J.M. Wakeling (Simon Fraser University) 

The longissimus dorsi muscle (LD) is multi-segmentally innervated and so can receive different activation signals. The different signals have the potential to result in regional changes to the muscle function. The mechanical demands on the back can vary with changes in the inclination of travel and the rate of turning. The purpose of this study was to determine if the patterns of activity across the LD respond to changes in locomotor demands.

Five sound mares and three geldings were tested with eight bipolar surface EMG electrodes which were placed bilaterally, adjacent to the dorsal spinous process of the T14, T16, T18 and L2 vertebral segments. The horses were walked and trotted (1.7 ms-1and 3.8 ms-1 at 0º, 5º and 10º incline) on the treadmill then lunged at 5 m and 10 m radii (left, right). Strides were determined with foot mounted accelerometer on the right fore limb hoof. 

Waves of activation and deactivation occurred between regions and muscle activity was more prolonged at incline and of longest duration at T14. There were pronounced differences in EMG patterns between straight travel and lunging for walk. Patterns of activity alternated on the left and right sides, and were particularly related to the direction of turning at walk.

The patterns of activity across the LD thus differed, not only between gaits, but with the direction of travel and inclination. These results suggest that the function of the LD muscle responds to the locomotor demands in a regional manner.


A2.38

Changes in the skeletal muscle creatine kinase expression during cold acclimation in Carp 

L. McLean (Faculty of Veterinary Science, University of Liverpool); I. Young (Faculty of Veterinary Science, University of Liverpool); M. Doherty (School of Biomedical Sciences, University of Liverpool); D. Robertson (Faculty of Veterinary Science, University of Liverpool); A. Cossins (School of Biological Sciences, University of Liverpool); A. Gracey (University of Southern California); R. Beynon (Faculty of Veterinary Science, University of Liverpool); P. Whitfield (Faculty of Veterinary Science, University of Liverpool)
Common carp (Cyprinus carpio) have a well-developed capacity to modify muscle properties in response to changes in temperature. Understanding the mechanisms underpinning this response at the level of protein expression may provide fundamental insights into the molecular basis of adaptive processes in skeletal muscle.

Common carp (Cyprinus carpio) were kept at 30(C or 10(C for up to 42 days. Fish were sacrificed at 21 and 42 days and samples of white axial muscle removed and homogenised. Soluble extracts were then separated by one- and two-dimensional gel electrophoresis. Proteins were excised, digested with trypsin and identified by peptide mass fingerprinting using matrix-assisted laser desorption time-of-flight mass spectrometry (MALDI-ToF-MS) and de novo peptide sequencing using liquid chromatography- tandem mass spectrometry (LC-MS/MS). Over 30 proteins were characterized, predominantly by cross-species matching. Of particular note, large numbers of creatine kinase (CK) fragments were identified. The amount and number of these fragments increased in fish cooled to 10(C. Western blots for ubiqutinated proteins were carried out. These revealed a number of spots, readily mapped to the M2 and M3 isoforms of CK and their fragments that reacted to the antibody and an increase in ubiqutinated fragments in carp cooled to 10°C for 21days. These data are consistent with a cold-induced enhancement of proteolysis and a remodelling of cellular CK expression either through changes in relative isoform expression or in overall CK abundance. Could this be the result of stalled proteolysis due to limited ATP availability or even a mechanism to disrupt normal CK function?


A5 – GENERAL ANIMAL BIOLOGY


A5.67

High-speed decision-making as part of the archerfish’s daily routine

T. Schlegel, S. Schuster (Friedrich-Alexander-University Erlangen-Nuremberg)
Archerfish are famed for their unique skill to down insect prey with precisely aimed jets of water. But this ability and the features involved – like regarding water refraction – are not worth mentioning compared to the fish’s true talent! Just a brief glimpse at the insect’s initial movement parameters (such as height, direction and velocity) suffices the fish to accomplish a rather sophisticated computation, revealing the prey’s future impact position. Furthermore, our behavioural studies (using high-speed video monitoring) uncover that a mere 40 ms of observation time suffice the fish to elicit the adequate motor response: A quick C-shaped turn towards impact position precedes the appropriate acceleration in order to snatch the prey the very moment it touches the water surface. This response neither requires any priming of the underlying sensory or motor circuitry nor any a priori information that would allow the complexity of the task to be reduced. I will present our findings, leading to two major implications: (i) they severely restrict the underlying circuitry and (ii) enable its functional dissection in convenient behavioural and in vivo experiments, introducing Archerfish as a vertebrate system, shaped for top speed, in which a complex and plastic decision is performed by surprisingly small circuitry that can be studied at cellular resolution.


A5.68

Drifting navigators: fruit-catching fish choose optimal trajectories

P. Krupczynski, S. Schuster (University of Erlangen-Nuremberg) 

Animal navigators can reach a pinpointed goal over impressive distances using mechanisms that efficiently compensate deviations from their chosen course.

These mechanisms can be severely compromised when the navigator is drifted away in strong wind or water currents while its goal remains stationary. Keeping the heading centred at the goal would then send the animal on inefficient curved trajectories, considerably wasting time and energy. I will describe that a streamliving fish (Brycon guatemalensis) is able to select optimal trajectories towards stationary goals, starting in ways that are adapted to the drift the fish will expect en route.

This fish specializes in catching falling fruits and is capable of rapidly and efficiently navigating across rapidly flowing water towards non-drifting locations: the visually inferred later points of impact of falling fruits. The behavior appears to be initiated by basic teleost neuronal circuitry enabling comparative work on how evolution has

shaped this circuitry to aid higher-level navigational skills.

A5.69

On the feeding physiology of the hydrothermal vent crab Xenograpsus testudinatus (Decapoda, Brachyura)
M. Hu (IFM-GEOMAR)

This work investigated the feeding physiology of the shallow-water hydrothermal vent crab Xenograpsus testudinatus, endemic at Kueishan Island (Taiwan). This species is adapted to a sulphur-rich and, thus, potentially toxic environment. The animal is characterized by a specialized feeding behaviour, using zooplankton organisms which were killed by the toxic discharges from the vents as its main food source.

A characterization of digestive enzyme activities showed high proteolytic enzyme activities (9.2±3.3 U*min-1*g-1FM at 30°C) comparable in magnitude to those of the Antarctic krill Euphausia superba. This feature can be regarded as an adaptation to scarce and irregular food availability. Furthermore, digestive enzymes showed high stabilities in order to cope with the challenging abiotic factors of their extreme habitat (elevated temperature, pH variations and metal ions). 

Lipid analysis demonstrated the potential of this crab to store significant amounts of lipid (50-60% of mid gut gland DM). This feature can be seen as a physiological answer to prolonged starvation periods. The lipid reserves are mainly stored as triacylglycerides (TAG). The midgut gland fatty acid composition shows high amounts of MUFAs (mainly 16:0; 16:1(n-7); 18:1(n-9) and 18:1(n-7)). The occurrence of 18:1(n-9) in high numbers indicates carnivory. Furthermore, the presence of 16:1(n-7) and 18:1(n-7) trophic markers suggests a diet containing bacteria.

The findings of our study reflect highly specialized physiological properties and energetic strategies, making this hydrothermal vent crab able to survive in this extreme habitat.  


A5.70

Lead deposition gradients in shells of Helix aspersa exposed to mineral, atmospheric and anthropogenic sources of lead contamination

C. McNeil, J. Sneddon (Liverpool John Moores University)

Snail shell is established as a bio-accumulator of environmental lead however no data exist on lead deposition patterns along the shell body, or on differences in deposition patterns according to source of lead contamination & bioavailability measured by soil lead concentration (mg.kg-1), soil pH, and soil organic matter content & in two locations soil water concentration & plant concentration. Twenty snail shells were selected from hibernating clusters in October 2007. Locations were Puddington (Pb source: atmospheric pollution) mean height 28.9±1.47 mm; Leverhulme (pollution from lead shot) mean height 28.9±2.00 mm; Halkyn (pollution from mineral lead) mean height 26.5±7.01 mm. Washed shell samples (n=3) were drilled at four comparable sites on each shell: aperture, pre quiescent line, post quiescent line and apex. Lead concentration (ppm) was measured by ICP-MS. A clear lead concentration gradient existed in the shells (mean± sem ppm) from the apex (14.8±2.74) to the aperture (32.6±6.67: p<0.014 n=60).  There was no significant difference in mean shell lead concentration between locations. These findings are discussed within the context of bio-availability of lead in the environment at each location.    


A5.71

Functional development of the vascular system in larval shrimp Metapenaeus ensis
B. McMahon (The University of Calgary); K.H. Chu (Chinese University of Hong Kong); K. Tanaka (Kyorin University School of Medicine); J. Doyle (The University of Calgary); E. Mak (Chinese University of Hong Kong); C. Yu (The University of Calgary); M.A Nelson (The University of Calgary)

Sand Shrimp Metapenaeus ensis exhibit a full range of larval instars. The larvae are largely transparent and movements of the developing heart, gut and appendages can be seen clearly in living unrestrained animals and recorded using microscope and video-camera. Movement of body fluids, generated by locomotion, is visible in the later naupliar instars but patterns of circulation begin concomitantly with the initiation of heart-beat in the first protozoeal (PZ 1,-7th instar) larvae and can be visualised by the concomitant movement of large cells within the haemolymph. In PZ 1 haemolymph can be observed flowing anteriorly along the margins of the cephalothorax and is collected in one or more central sinuses flowing back to the pericardium. In PZ2, this circulation supplies the developing eyes and neural and neurohormonal systems. Circulation throughout the putative abdomen can also be seen at PZ1. Earlier reports suggest that the posterior aorta is not open this early in development and posteriorly directed flow apparently occurs through a large sinus surrounding the gut. Haemolymph returns to the pericardium via larger sinus systems in the periphery and enters the heart via paired ostial valves. After metamorphosis to the first mysid instar (M1) the complexity of the system gradually increases associated with the development of, first the posterior aorta and secondly with the development of segmental arteries in both the cephalothorax and abdomen. By post larval (PL1) development the heart has assumed a mostly adult configuration and haemolymph flow patterns can be observed within segments and through the developing gills.


A5.72

Cold-induced angiogenesis in fish skeletal muscle is inhibited by nitric oxide synthase blockade
F. Syeda, D. Hauton, S. Egginton (University of Birmingham)

Angiogenesis, the formation of new capillaries from a pre-existing capillary network, may occur in at least two ways: longitudinal division of capillaries is induced by luminal stimuli, while capillary sprouting requires perivascular stimuli. In mammals, angiogenesis may result from a mismatch in metabolic supply and demand. However, it has also been observed in oxidative (red) skeletal muscle of fishes acclimated to low temperatures. As metabolism is reduced but oxygen dissolved in water increases at lower temperatures, oxygen supply is unlikely to be limiting. We are investigating the cause of this counterintuitive increase in capillarity, and the mechanisms involved. Rainbow trout (140-260g) were acclimated to cold over a period of 8 weeks, where cooled blood will become more viscous, imposing a greater shear stress on vessel walls. The development of a practical and robust method for capillary identification was required in trout, with alkaline phosphatase being the most practical. This study confirmed that angiogenesis occurs in cold-acclimated trout; the capillary to fibre (C:F) ratio significantly increased in a week when the environmental temperature was reduced from 11(C (1.01(0.04; n=3) to 4(C (1.23(0.04; n=3; P<0.05). Reducing shear stress by nitric oxide synthase (NOS) blockade with L-NNA significantly reduced C:F from 1.23(0.04; n=3, to below control values (0.82(0.04; n=3), so NOS inhibition may induce capillary regression. This suggests that elevated shear stress induces angiogenesis, is important in maintaining vessel integrity, and that metabolic and mechanical stimuli of angiogenesis may not always be coupled. Supported by NERC.

A9 – NEUROBIOLOGY POSTER SESSION


A9.2

The olfactory pathway is into the frog (Xenopus laevis) brain, using MEMRI

R. Boistel (Muséum National d’Histoire Naturelle); B. Gillet (Laboratoire de RMN Biologique, ICSN); C. Po (Laboratoire de RMN Biologique, ICSN); A. Sebillod (WatchFrog S.A.S. RCS Evry 484 872 551
Code APE 731 Z ); P. Cloetens (European Synchrotron Radiation Facility); N. Pollet (Université Paris XI)

In terrestrial frogs, metamorphosis involves a shift in olfaction from sensing chemicals in water to detecting airborne odours. Some frogs such as Xenopus have an aquatic life and the structure of their olfactory organ is therefore the subject of considerable interest as genetic models. In adult Xenopus, the principal cavity is always filled with air, even when the frog is submerged. On the other hand, the vomeronasal organ is filled with fluid throughout life. Xenopus is reported to be able to find its way to new ponds over distances of several kilometres. The only available cue seems to be olfaction. This is supported by Du Plessis (1966) who suggested that one function of smelling airborne odours may be in locating pond habitats. Knowledge on the detection of odours from the air is lacking. We aim to investigate airborne olfaction in Xenopus laevis in vivo by a novel method, Manganese-enhanced MRI (MEMRI). We obtained a good T1 contrast in the afferent projection and the olfactory bulb during time. MEMRI proves to be useful and offers new perspectives as a molecular imaging method to visualize functional neural circuits in the brain in vivo.


C3 – CROSS–TOLERANCE TOWARDS ENVIRONMENTAL STRESS: MOLECULAR MECHANISMS AND ECOLOGICAL CASE STUDIES


C3.23

Changes in membrane phospholipids may provide a mechanistic explanation for the synergistic interactions between copper and freezing induced mortality in earthworms
A-M. Bindesbøl (National Environmental Research Institute, University of Aarhus); M. Bayley (University of Aarhus); C. Damgaard (National Environmental Research Institute, University of Aarhus); K. Hedlund (Lund University); M. Holmstrup (National Environmental Research Institute, University of Aarhus) 
At low temperature cell membrane functionality depends on adjustments of membrane phospholipid fatty acid (PLFA) composition. We here test the hypothesis that synergistic interactions between copper and freezing is due to copper-induced changes of PLFA composition of cell membranes in the freeze tolerant earthworm Dendrobaena octaedra. Copper levels and freezing temperatures were varied in a full factorial design. We measured PLFA composition, glycogen and glucose concentrations, which all are known to be of importance for freeze tolerance in D. octaedra. A highly synergistic interaction occurred between subzero temperatures and copper concentrations above 120 mg/kg dry soil. Copper had no effect on glucose or glycogen concentrations, but we observed a significant negative effect on the PLFA, 18:2w6,9, which previously has been shown to correlate with freeze tolerance. This supports our hypothesis that synergistic interaction between copper and frost may be due to membrane damage.


C5 - CLIMATE CHANGE: FROM GENES TO ECOSYSTEM (AND GENERAL THERMAL BIOLOGY)


C5.24

Freeze-tolerance and production of cryoprotectants in three geographically different populations of the enchytraeid Enchytraeus albidus
S. Slotsbo (National Environmental Research Institute, University of Aarhus); K. Maraldo (National Environmental Research Institute, University of Aarhus); A. Malmendal (Department of Chemistry, University of Aarhus); M. Holmstrup (Department of Chemistry, University of Aarhus)
The enchytraid, Enchytraeus albidus (Oligochaeta) is widely distributed from the high Arctic to temperate western Europe. It lives in moist and organically rich environments such as compost and decaying seaweed on beaches. E. albidus is shown to be freeze tolerant, with freeze tolerance varying extensively between Greenlandic and European populations. Two populations from Greenland (Nuuk and Zackenberg) survived -15°C, whereas only 30% of a German population survived this temperature. In response to freezing E. albidus rapidly synthesises glucose which probably acts as a cryoprotectant. The average glucose concentrations were similar in the three populations, when frozen at -2°C, approximately 50 µg glucose/mg tissue dry weight (DW). Glucose is mobilized from large glycogen reserves. The average glycogen concentration of worms from Zackenberg and Nuuk were about 300 µg/mg DW, but only 230 µg/mg DW in worms from Germany. Other putative cryoprotectants such as proline and alanine were slightly up-regulated as a result of tissue freezing. 

C5.25

A protein domain activated by carbon dioxide
P.M. Holliday, P.D. Townsend, M.J. Cann (Durham University)
Fundamental to the study of the biological impact of climate change is an understanding of the molecular mechanisms by which stress is detected. These molecular detection mechanisms subsequently signal to permit adaptive changes in the organism. One of the most significant stressors associated with climate change is an increased concentration of atmospheric carbon dioxide. Despite a growing literature on the effects of increasing carbon dioxide on the physiology of diverse organisms, little is known of the mechanisms by which carbon dioxide is directly sensed by the cell. Here we describe a protein domain found in all superphyla activated by carbon dioxide and discuss its role in the response of organisms to carbon dioxide stress.


C5.26

Drought strategies in Enchytraeidae (Oligochaeta) 

K. Maraldo (National Environmental Research Institute, University of Aarhus); H. Weber Ravn (National Environmental Research Institute, University of Aarhus); A. Malmendal (Department of Chemistry, University of Aarhus); M. Holmstrup (National Environmental Research Institute, University of Aarhus)

Climate change predictions suggest that years with extreme summer drought are likely to become more frequent. It is known from field studies that enchytraeids are highly sensitive to low soil moisture contents, but little is known about the drought physiology of these widespread and ecologically important soil organisms. The effect of desiccation was investigated both at the individual and the population level in Enchytraeus albidus and Enchytraeus crypticus. The first step was to identify the critical level of acute drought stress as well as critical long-term stress levels in both species. The next step was to identify different physiological mechanisms by investigating responses to drought in water content, the body fluid osmolality and osmoprotectants such as glucose and alanine. 

More than 50% of the worms were able to survive water potentials lower than -10 bar for seven days. Long-term (4 to 6 weeks) drought stress increased their sensitivity with a factor 10 compared to the acute exposure experiment. Both reproduction and population growth rate were significantly reduced at -0.08 bar and lower. E. albidus was capable of keeping its water content stable down to -17 bar, partly due to production and accumulation of osmolytes. The concentration of alanine was up-regulated with more 48% after four days of drought exposure. 

Even though enchytraeids display moderate physiological protection mechanisms in the short term, populations subjected to long-term drought stress can be severely reduced. The predicted future climate with more intense drought spells is therefore likely to have a negative impact on the distribution and populations of enchytraeids. 


P2 – GREEN PRODUCTS (BIOENERGY AND PHARMACEUTICALS)


P2.24

Identification of transcription factors regulating secondary metabolism in plants through the integration of functional genomics and metabolomics

B. Lebouteiller (John Innes Centre); L. Shintu 
(Institute of Food Research, NRP); A. Eschstruth  (John Innes Centre); M Philo (Institute of Food Research, NRP); I.J. Colquhoun (Institute of Food Research, NRP); C. Martin (John Innes Centre)

Transcription factors (TFs) bind to DNA sequences and, thereby, regulate the expression of genes involved in a particular pathway or process. Large families of TFs are defined by their characteristic DNA-binding domains within the protein sequence. In plants, some members of the R2R3-MYB and Apetala2 families are involved in regulation of different branches of secondary metabolism but many others regulators are still unknown.

Our goal is to identify them , starting from 39 candidate TFs in Arabidopsis thaliana, identified from the genome sequence, and defined as likely regulators of secondary metabolism. Our strategy to identify function for these genes is to manipulate their expression level and to measure the impact of such perturbations on plant metabolite content. Non-targeted metabolite profiling is performed in a relatively holistic fashion to screen for effects on unpredicted metabolic pathways as well as on the better defined pathways of secondary metabolism.

The production of the samples for metabolite analysis has been optimized from the growth conditions to the supply of adequate plant material. Lines over-expressing AtMYB4 already characterised in the laboratory have been used to validate the methodology. Taking advantage of the REGIA database of Arabidopsis thaliana TFs, a functional Coding DNA Sequence (CDS) was obtained for each transcription factor of interest and cloned in a binary vector. Each construct has been used to transform Arabidopsis thaliana. Lines over-expressing the regulatory gene as well as insertion knock-out mutants are being characterised,. Preliminary experiments have been conducted on two generations of transformants over-expressing 8 TF genes.


P2.25

Modulation of the production of rosmarinic acid by S. officinalis cell culture: a molecular approach  

D. Raffi (University of Pisa); M. Savona (CRA- Istituto Sperimentale per la Floricoltura); A. Bertoli  (University of Pisa); La Pistelli (University of Pisa); Lu Pistelli (University of Pisa); A. Rizzo (University of Milan); P. Berselli University of Milan); M.T.G. Giardi (Istituto di Cristallografia – CNR, Monterotondo Stazione); B. Ruffoni (CRA- Istituto Sperimentale per la Floricoltura) 

Lamiaceae and Boraginaceae species are very rich in rosmarinic acid (RA), an ester of caffeic acid and 3,4-dihydroxyphenyllactic acid. In addition to its antiviral, antimicrobial and anti-inflammatory activities the antioxidant property was considered in the present study for the production of  nutraceuticals  (E.C. Project FOOD-CT-2005-023044). 

In the present study a specific S. officinalis cell line (SOF2) was selected for the high antioxidant capacity of its hydroalcoolic extract which was characterized by a very high content of RA. Leaf explants gave rise to green calli after 5-6 weeks of culture in a modified MS medium supplemented with 1.81 µM 2,4-D and 2.32 µM Kinetin. The friable calli were cultured and disrupted by a continuous agitation of 100 rpm in the same liquid medium and then filtered (<500m) to synchronize the cell culture.

The antioxidant total capacity (DPPH test - EC50) and the total RA content were evaluated in calli and during the cell growth curve related to the developmental phase and to elicitors application. It become then interesting to initiate a molecular approach. Hydroxyphenylpyruvate reductase (HPPR) is the first specific enzyme involved in RA biosynthesis in Lamiaceae reducing 4-hydroxyphenylpyruvate to rosmarinic acid. The HPPR gene, and its related protein, have been cloned, sequenced and characterized in Coleus blumei suspension cultures (Kim et al. Plant Mol Biol., 2004). So far the identification of the omologous cDNA sequence of the HPPR enzyme in suspension cultures of Salvia officinalis can increase the knowledge of RA biosynthesis in this plant and act as a precocious marker of the antioxidant activity. 

CSS – SYSTEMS BIOLOGY


CSS.24

The quantitation and identification of solubilized membrane protein complexes from Arabidopsis thaliana using iTRAQ

P. Mathabe, N. Hartman, M. Segura, S. Hester, K. Lilley, P. Sadowsky, P. Dupree (University of Cambridge)

Proteins seldom carry out their functions independently; rather, they operate through a number of interactions with other proteins. To investigate protein-protein interaction in plants, we used a technique called ProCoDes (Proteomic Complex Detection using Sedimentation), which was developed in our laboratory. Solubilized membrane protein complexes from Arabidopsis thaliana were separated on the basis of their sedimentation coefficient in a sucrose gradient by rate zonal centrifugation and then analyzed by quantitave proteomics methods. Not only the composition, but also the relative abundance along the gradient of hundreds of proteins can be determined simultaneously with this method. To allow for the effective reduction of sample complexity, iTRAQ (isobaric Tags for Relative and Absolute Quantitation) labeled peptides were separated by cation exchange chromatography prior to an MS-based approach for relative quantitation in proteins. MASCOT, a search engine that uses mass spectrometry data to identify proteins from sequence databases was used to identify proteins. For the pilot experiment, 690 proteins were identified. To investigate the validity of the ProCoDes technique, we searched through 15 publicly available Protein- Protein Interaction (PPI) databases that predict or catalogue plant PPI based on information from multiple sources (Yeast 2 Hybrid, homology, gene expression). To identify the most relevant databases for the validation, we used our laboratory's gold standards; a manually curated list containing known protein complexes in plants. TAIR, IntACT and Pubmed proved to be the most suitable databases to search through. The presence of these gold standard complexes in the ProCoDeS dataset validates the technique for the screening of proteins in stable protein complexes.


CSS.25

Global control of cell cycle transcription by coupled CDK and network oscillators

D. Orlando (Duke University)

The transcriptional control of key cell-cycle regulators is important for the proper execution of cell-cycle events. Several studies have demonstrated that cyclin dependent kinases (CDKs) control periodic transcription of a few genes, suggesting that they may control transcription globally. Alternatively, models have been proposed in which a network of sequentially activated transcription factors (TFs) could produce a temporal program of transcription. Such networks might be capable of driving periodic transcription in the absence of inputs from the CDK oscillator.  To test this hypothesis, we uncoupled the transcriptional network from the CDK oscillator. We examined the dynamics of genome-wide transcription in synchronized populations of wild-type budding yeast cells and in mutant cells deleted for all S-phase and mitotic cyclins. Our results indicate that many of the genes identified as periodic in wild-type cells were mis-regulated in cyclin-mutant cells, suggesting that CDKs control the periodic expression of many genes. However, we also observed that nearly 70% of periodic genes expressed in all phases of the cell cycle were still activated on schedule in cyclin mutants, despite the fact that these mutants do not enter S-phase or mitosis.  Models integrating global TF localization studies with our transcription data indicate that persistent periodic transcription in the cyclin mutant is an emergent property of a transcription network that can function as an oscillator in the absence of extrinsic CDK controls. Our findings suggest that the temporal program of transcription during the cell cycle is controlled by coupled CDK and transcription network oscillators.


CSS.26

An integrated approach to the elucidation of new genes involved in the synthesis of cell wall in Arabidopsis thaliana
M. Segura, N. Hartmann, P. Dupree (University of Cambridge)

The synthesis of cell wall polysaccharides is not completely understood and many of its steps remain unknown. Experimental efforts have been hindered by the high number of genes to be tested, the fact that many relevant enzymes are membrane proteins and the difficulties in the measurement of their activity. 

An alternative to be exploited for discovery of new relevant proteins is their natural association into complexes of related function. This kind of interaction has been observed for example in the case of cellulose synthases of Arabidopsis.

The detection of membrane protein complexes from Arabidopsis could reveal uncharacterized enzymes involved in cell wall synthesis. This information can also provide prioritisation of genes for follow up experiments. 

Several experimental techniques are available for direct identification of interactions in mixtures of proteins. In our lab two techniques have been developed that allow the detection of proteins in organelles and complexes, LOPIT and PROCODES, respectively. The main advantage of these techniques is their non-targeted approach. No ‘bait’ is required allowing the analysis of interactions in a completely unknown protein sample. This feature makes LOPIT and PROCODES suitable for the characterization of organelle proteomes.

In this work the ability of our techniques to detect protein interactions is analyzed quantitatively. Gene expression is also explored as a predictor for the association of proteins into complexes. Alternatives and problems for an adequate synthesis of all data sources are discussed.


C1/P4 – CELL BIOLOGY OF PLANT DEVELOPMENT


C1/P4.34

The Arp2/3 complex of Arabidopsis as a universal actin organizer

Z. Pilat, J-P Verbelen, K. Vissenberg (University of Antwerp)

The actin cytoskeleton is essential for correct plant development. Among other functions it assists both tip growth and diffuse growth. The Arp2/3 complex is an important organizer of branched actin networks, and is ubiquitous in eucaryotes. Our aim is to improve the knowledge about the localisation of the Arp2/3 complex in vivo  in various conditions and tissues, and to further investigate the involvement of the Arp2/3 complex in plant cell growth regulation. 

We decided to explore ARPC3 and ARPC5, two subunits of the Arp2/3 complex in Arabidopsis thaliana. To monitor phenotypic changes, we established both inducible and constitutive overexpression lines. These plants manifested various abnormalities, including enhanced and reduced growth. To localize the subunits, GFP fusion lines were created. For the simultaneous visualization of actin cytoskeleton, the plants were retransformed with RFP-FABD (fimbrin actin-binding domain). This was done to confirm the preliminary results obtained with rhodamine-phalloidin staining of actin. Confocal-microscope observation revealed patterns varying from dots and spots to branched networks or loops of filaments in the cortical cytoplasm. Pattern of fluorescence changed with respect to organ, cell type and age, and was similar in the two different subunit-GFP fusions. Latrunculin B, an F-actin depolymerizing drug, was employed to analyze the dependence of the subunits localisation on an intact actin cytoskeleton. Application resulted in the recession of the GFP signal together with the cytoplasmic strands, and the dispersal in the cortical cytoplasm. However, patterns reappeared after a recovery period. 


C1/P4.35
Could vascular anatomy help understanding ABA signaling in tomato?

D. Rančić, S. Pekić Quarrie, S. Savić, R. Stikić
(Belgrade University)

The anatomy of tomato fruit pedicels plays an important role in understanding physiological events during fruit development, especially under drought conditions. The xylem hydraulic connection between shoot and fruits has previously been investigated, but contradictory conclusions were drawn about the presence of a flow resistance barrier in the pedicel. Xylem hydraulic resistance strongly depends on the number and radii of xylem vessels along the transport path and according to Davies et al. (2000), there may be hydraulic and chemical isolation of fruits from the rest of plant preventing ABA signaling. Since the anatomical characteristics of tomato fruit pedicels and their physiological significance remain unclear, we are now studying functional xylem vessels with appropriate dye tracer. In this paper we present methods for anatomical characterization of fruit pedicels of tomato in response to drought stress by using light and fluorescent microscopy.

Tomato commercial genotype was grown in cabinet conditions under two watering regimes (full and deficit irrigation). Fruit pedicels were collected in three stages of fruit development and an aqueous solution of eosin Y has been used to visualize the path of water movement through pedicel. Dye uptake studies suggested that in control and in drought affected plants large majority of xylem vessels are not functional in water transport. Reduced-irrigation treatment significantly altered number and width of functional xylem elements in the fruit pedicel, what indicate that drought modify xylem architecture and thus environmentally produced change in the hydraulic property of pedicel may affect development of fruit.

Key words: tomato, hydraulic resistance, xylem, fruit pedicel, microscopy

Davies WJ, Bacon MA, Thompson DS, Sobeih W, and Gonzales-Rodriguez L. 2000. Journal of Experimental Botany 51:1617.


C1/P4.36
Effects of deficit irrigation on growth and development of vegetative and reproductive organs in ABA-deficient tomato mutants 

I. Pećinar, D. Rančić, S. Savić, S. Pekić Quarrie, R. Stikić (University of Belgrade); Ian Dodd (The Lancaster Environment Centre)

Regulated deficit irrigation (RDI) and partial rootzone drying (PRD) are techniques to improve crop water use efficiency to save water. RDI applies less water than considered optimal to the entire rootzone, while in PRD water is distributed unevenly to the root system such that part is irrigated while the remainder is allowed to dry the soil. Soil moisture heterogeneity during deficit irrigation alters root-to-shoot signalling of abscisic acid (Dodd 2007).

Our previous results showed that regulated deficit irrigation (RDI) and partial root zone drying (PRD) had different effects on tomato plant and fruit growth:  when the same volumes of water were applied, the negative effects of deficit irrigation on fruit diameter and yield were less with PRD (Savić 2008). Since soil drying increases root ABA production, the possible role of ABA in these effects was tested in the same experimental system using ABA deficient tomato mutants. 

The tomato genotypes (wild type Alisa Craig,  flacca and  notabilis ABA deficient mutants) were grown in growth chamber conditions.  Parameters measured during plant development were: plant height, fruit diameter, fresh and dry weight of shoots, roots and fruits. Two way analysis of variance determined significant effects of  genotypes and treatments. Preliminary data show that PRD and DI reduced vegetative plant growth similarly while DI reduced generative organ growth more than PRD, compared to fully irrigated plants. That deficit irrigation decreased growth in both wild type and ABA-deficient plants mutants suggested that signals other than ABA were regulating growth. 

Key words: tomato mutants, partial root drying, regulated deficit irrigation, plant and fruit growth

[1] Dodd I. 2007. Soil moisture heterogeneity during deficit irrigation (PRD) alters root-to-shoot signalling of abscisic acid Functional Plant Biology 34(5) 439–448. 

[2] Savić S. ,Stikić S., Vucelić Radović B., Bogičević B., Jovanović Z., Hadži-Tašković Šukalović V. 2008. Comparative effects of regulated deficit irrigation (RDI) and partial root-zone drying (PRD) on growth and cell wall peroxidase activity in tomato fruits. Doi:10.1016/j.scienta.2008.03.009. (in press).
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A3.70

Inertial properties of body segments of the horse, Equus cabbalus

S. Nauwelaerts, W. Allen, N. Elvin, H. Clayton (McPhail Equine Performance Center, Michigan State University)
Knowledge of the inertial parameters of body segments of the horse is essential for the understanding of equine kinetics. Most studies use a restricted cadaver database to create regression models, while other studies failed in their attempt to use geometrical models to estimate shape and inertial parameters. We present pilot data from a study that is developing a method to determine individual inertial parameters as accurate as possible. The objective is to increase the size and diversity of the database on inertial properties. We are using data from horses of different ages (2 days old up to 25 years old) and different breeds (Standardbred, Thoroughbred, Arabian, Clydesdale, Quarterhorse) and comparing three methods for calculating the moments of inertia: (1) measurements using a trifilar pendulum, (2) geometric estimates based on two perpendicular pictures assuming uniform density and (3) regression models based on scaling factors for different breeds. When using method 1 and 2 on dummy segments, cylinders for which the moment of inertia (MOI) can be calculated, both methods show a slight overestimation. When applying the three methods on cadaver segments, the picture method overestimates in comparison to the pendulum method. Data based on previously reported scaling exponents (Buchner et al., 1997) compares poorly to the two other methods. Our aim is to develop an accurate method to obtain inertial parameters that will enable us to fine-tune our 3D musculoskeletal virtual model to the individual horse’s proportions. This will dramatically increase the reliability of dynamic analyses of horse locomotion.  


A3.71

Wet but not slippery - Non-Newtonian properties of the adhesive fluid in insects

J-H. Dirks, C. Clemente, W. Federle (University of Cambridge)

In many insects with smooth pads a two-phasic fluid is present between the adhesive pad cuticle and the surface. This fluid gives rise to capillary adhesion. Previous studies have shown that insects are capable of generating static friction. A model with a continuous film of Newtonian fluid between pad and surface would be inconsistent with the observed friction forces. However, it is known that many emulsions show non-Newtonian properties, i.e. they behave like solids under small shear stresses and only begin to flow above a certain yield point. We therefore hypothesized that insects have evolved their two-phasic adhesive secretion to prevent sliding.

To test this idea, we designed substrates of the same polymeric material, which either selectively remove the hydrophilic droplets from the pad emulsion, or leave them intact. Single-leg force measurements of stick insects (C. morosus) on these substrates confirmed that pads generated significantly higher friction per unit pad area when the droplets were present in the adhesive fluid.

Our results suggest that the two-phasic nature of insect pad secretion is an adaptation for combining capillary adhesion with resistance against sliding.


A3.72

Tendon architecture determines the function of the fibularis longus function during legged locomotion and jumping in birds

M.W.G. Propert, R. Truong, R. L. Marsh (Northeastern University)

The fibularis longus (FL) is one of the larger muscles in the shank of birds, and has been assumed by some to function mainly as an ankle extensor during legged locomotion (walking and running). However, this muscle can function at either the ankle or the tarsometatarsal-planageal (TMP) joint because of its branched tendon of insertion. The branch with the larger cross-section inserts on the tibial cartilage at the ankle. The second slimmer branch passes near the center of rotation of the ankle and has a digital flexor action via an insertion distal to the TMP joint. The tendon anatomy suggests that the effective moment arm of the FL at the ankle or the TMP will be influenced by the angle of both joints. Using the tendon excursion technique, we measured the effective moment arm of the FL at the ankle and TMP joints as a function of both angles and the load on the tendon. We also measured the joint angles used by guinea fowl during jumping and legged locomotion and characterized the function of the FL in vivo using electromyography and sonomicrometry. Our results indicate that the FL acts mainly as a toe flexor when active during legged locomotion. However, during jumping this muscle acts as an ankle extensor early in the jump and switches to toe flexion later in the takeoff phase. Our data also indicates that the FL likely participates in the elastic energy storage required to power the jump. Supported by NIH AR47337 and NSF IOB-0542795.


A3.73

Biomechanics and control of vocalisation in a non-songbird
C.P.H. Elemans (University of Utah/University of Southern Denmark); R. Zaccarelli (Institute for Theoretical Biology (ITB), Humboldt University); H. Herzel (Institute for Theoretical Biology (ITB), Humboldt University)

The neuromuscular control of vocalisation in birds requires complicated and precisely coordinated motor control of the vocal organ (i.e. the syrinx), the respiratory system and upper vocal tract. The biomechanics of the syrinx is very complex and not well understood. In this paper, we aim to unravel the contribution of different control parameters in the coo of the ring dove (Streptopelia risoria) at the syrinx level. We designed and implemented a quantitative biomechanical syrinx model that is driven by physiological control parameters and includes a muscle model. Our simple nonlinear model reproduces the coo, including the inspiratory note, with remarkable accuracy and suggests that harmonic content of song can be controlled by the geometry and rest position of the syrinx. Furthermore, by systematically switching off control parameters, we demonstrate how they affect amplitude and frequency modulation and we generate new experimentally testable hypotheses. Our model suggests that independent control of amplitude and frequency seems not possible with the simple syringeal morphology of the ring dove. We speculate that songbirds evolved a syrinx design that uncouples the control of different sound parameters and allows for independent control. This evolutionary key innovation provides an additional explanation for the rapid diversification and speciation of the songbirds.


A3.74

Kinematics and muscle function during landing flight in the pigeon (Columba livia)

A.M. Berg, A.A. Biewener (Harvard University)

When landing on a perch, a bird must decelerate and reach a very low velocity at the appropriate moment.  To investigate deceleration in  flapping flight, we studied landing flight in the pigeon (Columba livia, N=4) using high-speed video, EMG, and sonomicrometry.  Prior to landing,  the birds' body angle increased dramatically, resulting in a greater  frontal area, and thus an increase in drag.  The body angle increase  corresponded to an increase in the stroke plane angle (relative to the  horizontal), which shifted from being negative during level flight to  positive during landing.  The positive stroke plane angle suggests that  the wings were forcing air forward.  

Therefore, pigeons likely increase the rearward component of aerodynamic force in order to decelerate prior  to landing. Until the final landing wingbeat, the pectoralis and biceps tended to reach their shortest lengths simultaneously, reflecting the flexed wing posture observed at the end of downstroke.  In the final wingbeat of landing, the pectoralis shortened less and the stroke amplitude correspondingly decreased.  The biceps also shortened less in the final wingbeat, and continued to shorten after the pectoralis began to lengthen.  The biceps was active during lengthening and remained active until after it began to shorten.  This activation pattern may allow the production of high force at the elbow to accelerate the wing  when it reverses direction at the end of the downstroke.


A3.75

Different effect of surface energy and surface roughness on the traction force developed by female and male beetles Gastrophysa viridula
N. Hosoda (National Institute for Material Science); S.N. Gorb (Max Planck Institute for Metals Research)

Female and male of the leaf beetle Gastrophysa viridula have different types of tenent setae on the vental surface of their tarsi. To understand the functional mechanisms behind attachment systems, we studied the effect of surface energy and surface roughness on traction forces developed by females and males. Male produces higher force than female on the plane glass surface and has less influence of surface energy. In contrast, female has influence of surface energy on the traction force. The force becomes maximum on the surface with around 60º of contact angle of water droplet. Experimental results show that forces, developed by females, depend on the substrate surface energy. Male’s attachment is less influenced by the surface energy, but stronger by the surface roughness. We found critical roughness values for males between 40 nm and 80 nm with grain width of 0.9 µm. Above these critical values, male’s attachment system can become worse than female’s attachment system. Our results show that systems with different setal shape are differently influenced by geometrical and physico-chemical properties of the substrate.


A3.76

The effect of fine surface roughness on traction force generated by jumping spider Evarcha albaria (Salticidae, Araneae)


A. Miyajima (National Institute for Material Science/Shibaura Institute of Technology), N. Hosoda (National Institute for Material Science); H. Imai (Shibaura Institute of Technology)
The jumping spider walks on the various surfaces using tarsal claws, adhesive terminal setule on the scopula and spider silk. The terminal setule and silk play a major role in the adhesion on the plane surface. An adhesive force of single setule of the jumping spider was measured by AFM (Atomic Force Microscope) (Kesel and etc, 2003). However, an effect of fine roughness on a plane substrate on adhesive force was not reported.

In this paper, the effect of fine surface roughness on traction force by the jumping spider Evarcha albaria (Salticidae, Araneae) was studied. The fine structures on the surface were prepared between 30.3 nm to 462 nm of surface roughness (rms). The tip of asperity had a various radius of curvature R from 0.29 µm to 3.57 µm. Traction forces on the various surface roughness were measured using a load cell force transducer. The force was found between 1.7mN to 12.6mN of the median values. The lowest force by the jumping spider was observed on the plane surface. The force was increased linearly with increasing R until 1.7µm and decreased in more than the value of 2.1µm. A singular point with a high traction force of 12.6 mN existed at the surface with roughness of 30.3 nm (rms) and R of 586 nm. The results showed that a small number of the surface roughness had a large effect on getting a high traction force by jumping spider.


A3.77

Hind limb interarticular coordinations in lemurs (Microcebus murinus) maximal jump

F-R.Thevenet (CRIS, Université de Lyon); V. Bels (Muséum National d'Histoire Naturelle); K.M. Monteil (CRIS, Université de Lyon); P. Legreneur (CRIS, Université de Lyon) 

A common definition of jumping performance is the height reached by the system’s centre of mass (CM) during flight time, determined by the take-off velocity and it's orientation. In humans, jumping performance can be defined as a complex behaviour involving the co-ordination of multiple segments, i.e. a proximo-distal sequence of the lower limb joints (hip-knee-ankle)1. Relating to the structure-function relationships, performance would depend on musculo-skeletal architecture, as pelvis morphology2. Jumping task, playing a key role in locomotion (crossing of obstacles, flight of the predators, search for food) is performed in various contexts (trees, ground).

The purpose of this study was to characterize hindlimb coordinations in the prosimian Microcebus Murinus to determine the relation between morphology and performance.

Six grey mouse lemurs performed maximal jumps from a take-off immobile platform to their own nest. Each lemur was filmed in sagital plane. Uniplanar cineradiographs were collected in lateral view at 200 frames.s-1 (Blaser A504K camera; resolution: 1280x1024 pixels) in order to visualize joints and obtain angular excursions of limbs’ segments. These films were analyzed frame by frame to identify previously defined skeletal landmarks: (i) iliac crest, (ii)greater trochanter, (iii) lateral epicondyle of the femur, (iv) lateral malleolus, (v) tarso-metatarseal (TM) joint and (vi) metatarso-phalangeal joint (5th MT).

Jumping performance, quantified by the maximal height reached by the lemurs between the take-off platform and the nest was 0.48 ± 0.11m. This performance represented 3.75 ± 0.30 times the lemur’s body sizes. Mean impulsion time was 72 ± 6.7ms. At take-off, iliac velocity was 2.36 ± 0.65m.s-1 and oriented 55 ± 13 degrees with the horizontal plane. All hind limb's joints minimal angular positions differed significantly from initial position except for the hip. These results underlined that joints started with a flexion before extended during the push-off. (These results underlined that joints flexions preceded their extensions during the push-off.) Functionally, the extensor muscles crossing the TM, ankle and knee joints acted according to a stretch-shortening cycle. Moreover, the more distally was the joint, the longer was the eccentric phase (74%, 34% and 14% of impulsion time for MT, ankle and knee respectively). The analysis of interarticular coordinations pointed out a proximo-distal sequence of TM, ankle, knee and hip joints for all animals.

In spite of a five time weaker impulsion time than in humans, lemurs presented similar joints sequence. Consequently, we concluded that interarticular coordinations did not depend on primate musculo-skeletal characteristics for maximal jumping. Moreover, we estimate that mechanical constraints1 are sufficient to interpret this spatio-temporal organisation.

References:

1 Ingen Shenau van, GJ (1989) From rotation to translation: constraints on multi-joint movements and the unique action of bi-articular muscles. Human Movement Science 8, 301-337.

2 McNeil Alexander, R, 2003. Principles of animal locomotion. Princeton University Press, Princeton.


A3.78

Does the mechanical inhomogeneity of a swollen surface bound hydrogel affect cell behaviour?

P. Kuntanawat, C.D.W. Wilkinson, M.O. Riehle

(University of Glasgow)

In the past decade several substrate features such as matrix stiffness were found to affect cell behaviours. A system of surface bound hydrogel is perhaps one of the most commonly used. However its dimensional property has not been taken in account, and perhaps though to be negligible. We demonstrate that this ignored property may play a role in regulating cell behaviour due to the incredible water-absorbing property of the hydrogel. We found that the macroscopic polyacylamide rods (~12mm diameter, aspect ratio about 1) of which one end bound to the coverslips swelled inhomogeneously along their thickness after being immersed in HEPES buffer pH=8. The radius increment of the rods declined towards the clamped surface and were seen as having a U-shape. The degree of swelling was inversely proportional to the percentage of the bis-acrylamide crosslinker component in the gel (about 0.04-0.25%). In addition to the cell experiments, we observed some preferential behaviour of cell on the hydrogel wedge (maximum thickness of ~<500 µm). The trend of the projected area and the remained attaching percentage of hTert cells (Human fibroblast cell line) declined if plotted against the thickness of the gel. These observations suggest that the effective influence on the cell of the changed mechanical properties of the hydrogel due to its swelling which so far has not been reported.


A3.79

How Atelopus franciscus can communicate acoustically in a noisy and absorbent environment without tympanum?

R. Boistel  (Muséum National d’Histoire Naturelle/NAMC-CNRS UMR 8620); T. Aubin (NAMC-CNRS UMR 8620); P. Cloetens (European Synchrotron Radiation Facility); B. Gillet (ICSN, CNRS); P. Josset (l'Hôpital d'Enfants Armand Trousseau

Laboratoire d’anatomie Pathologie); N. Pollet (Université Paris XI) 

Atelopus franciscus is a diurnal bufonid species living in South-American tropical forests. As in many other frog species, males produce an advertisement call to defend their territory and attract females. Remarkably, A. franciscus lacks a tympanum. Thus, it is considered as an “earless” frog, anatomically deaf. In addition these frogs live in a sound constraining environment: along river banks in the forest, a noisy and absorbent habitat. How do they perform acoustic communication? To answer this question, we realised a study involving middle-ear functional anatomy, signal analyses, propagation and playback experiments. by Functional anatomy data were obtained through phase contrast synchrotron microtomography at ESRF and MRI microscopy obtained with a 9.4T vertical spectrometer. The species-specific coding of the signal, even if it is simple and based on a temporal parameter, is remarkably efficient. However, its efficiency is effective only at short-range (2-4 m). Finally, we showed that the middle-ear of A.franciscus does not present any particular adaptation, suggesting the existence of extra-tympanum pathways for the sound waves. 


A3.80

Development of postural stability in horses from newborn to one month old

S. Nauwelaerts, S. Malone, H. Clayton (McPhail Equine Performance Center, Michigan State University)
Motor control development is the sequential age-related process whereby coordination of locomotion, development of strength, posture control, balance, and perceptual skills change over time. Foals are born with relatively small muscle mass, different body proportions to adults and an immature motor control but are able to stand to nurse within a few hours after birth. Postural Sway Analysis (PSA) measures stability during standing. When a horse stands with its hooves stationary, gravity is counteracted by the net ground reaction forces under each hoof. The location of the net upward force, the center of pressure (COP), can be measured using a force plate. PSA tracks movements of the COP over a period of time. We performed PSA analyses on newborn foals just after they nursed for the first time then daily until they were one week old and weekly until they were one month old. Three measurements of postural sway were taken: amplitude of sway in both craniocaudal and mediolateral directions, mean sway velocities and mean frequency after fast fourier transformation (FFT). Preliminary results showed that newborns could not stand for more than ten seconds without having to perform sidesteps to regain their balance. Magnitude of the postural sway and velocities were variable over the first five days at which time all variables decreased markedly. Sway amplitudes decrease during the first five to seven days after birth, while the velocities and frequencies keep on decreasing for the first three weeks. Links between postural stability, conformation and morphology will be discussed.


A4 – PREDATOR/PREY INTERACTIONS


A4.14

Characterisation of the geometrical structure of the wood cricket habitat, the leaf litter

S. Morice, S. Pincebourde, J. Casas (Institut de Recherche sur la Biologie de l’Insecte) 

Any prey-predator interaction occurs in geometrically complex environment which plays an important role in success or failure of attack and escape strategies, e.g. by providing hiding places or by altering wind flow patterns. The focus of this study is the leaf litter in forest where crickets and spider predators live on. Crickets use air flow produced by running predators like spiders to escape but the background noise has not been quantified yet. Characterising background air flows over leaf litter surfaces, however, requires that we first determine the litter structural geometry. Litter consists of plants debris: leaves, needles and twigs which are little or not transformed and which accumulate on the forest floor. 

Different litter samples (size 0.5m x 1m) were scanned (3D) using a laser and we compared geometry of oak and beech, and pine and beech litters. The lasers aligned with a CCD line camera, allowed us determining microtopography of litter surface with a spatial resolution of 0.5mm. Images were analytically treated to obtain a Digital Model Elevation (DEM) of litter surface. In each DEM, 3 sample windows were extracted to be analyzed using spatial statistics methods. An experimental variogram was calculated, allowing us to identify interesting patterns in the spatial structure of the litter topography. In particular, we identified a spatial scale, of a few centimeters, which is homogenous and which corresponds both to the scale of a portion of a leaf and to the scale at which a whole sequence of a spider attack on a cricket can occur.

Keyword: cricket habitat, litter, DEM, spatial structure


A4.15

Mimicry, slow locomotion and the interrelation with visual perception of environment of dwarf Chameleons

R. Boistel (Muséum National d’Histoire Naturelle); B. Gillet (Laboratoire de RMN biologique
ICSN CNRS); P-A. Libourel (Muséum National d’Histoire Naturelle); V. Bels (Muséum National d’Histoire Naturelle)
Chameleon are arboreal lizards with nature’s elite crypsis (camouflage) and are able to change colour with highly specialized behavioural or ecological traits. However, the adaptive strategies in their foraging mode have not yet bee largely investigated. These lizards occupy different photic environment. The basal group of chameleons are mainly ground-dwelling and dwarf chameleons (Rhampholeon, Brookesia) with restrict coloration. Foraging mode is an important aspect of life history, often associated with traits such as locomotor mode, energy budget, risk of predation and reproductive effort. During the locomotion behaviour the risk of predation are increasing.

The aim of this work is to investigate kinematic and kinetic properties of highly specialised visual features during locomotion in arboreal and terrestrial environment. We show that a chameleon’s scan their environments by the large-amplitude saccadic eye movements. Although chameleons scan different environments by rapid, complex pattern, jumplike eye movements called saccades. Chameleon saccade timing is more complex than human saccade timing. Chameleons generally initiate saccades of eyes and locomotion of appendices asynchronously. Our results suggest that active scan eye can function as radar detection potential prey or predator. Since the anatomical arrangement of the orbit by microscopy MRI, in chameleons is very different from that in primates, and binocular fused vision is virtually absent.

Atelopus franciscus is a diurnal bufonid species living in South-American tropical forests. As in many other frog species, males produce an advertisement call to defend their territory and attract females. Remarkably, A. franciscus lacks a tympanum. Thus, it is considered as an “earless” frog, anatomically deaf. In addition these frogs live in a sound constraining environment: along river banks in the forest, a noisy and absorbent habitat. How do they perform acoustic communication? To answer this question, we realised a study involving middle-ear functional anatomy, signal analyses, propagation and playback experiments. by Functional anatomy data were obtained through phase contrast synchrotron microtomography at ESRF and MRI microscopy obtained with a 9.4T vertical spectrometer. The species-specific coding of the signal, even if it is simple and based on a temporal parameter, is remarkably efficient. However, its efficiency is effective only at short-range (2-4 m). Finally, we showed that the middle-ear of A.franciscus does not present any particular adaptation, suggesting the existence of extra-tympanum pathways for the sound waves. 


A11 – INSECT HOMEOSTASIS: A TRIBUTE TO SIMON MADDRELL FRS


A11.32

The effects of eicosanoid biosynthesis inhibitors on oxidative stress, antioxidant response and protein profiles in hemolymph of Galleria mellonella larvae

E. Büyükgüzel (Karaelmas University); P. Hyršl (Masaryk University); K. Büyükgüzel (Karaelmas University)
Effects of eicosanoid biosynthesis inhibitors (EBIs) esculetin, dexamethasone and phenidone on hemolymph concentrations of the oxidative stress indicator malondialdehyde (MDA), antioxidant enzyme (glutathione S-transferase (GST() and protein profiles of greater wax moth, Galleria mellonella (L.) seventh instar larvae were investigated. The insects were reared from first instars on artificial diets containing 0.001, 0.01, 0.1 and 1.0 g EBIs per 100 g of diets. MDA content was significantly increased in the presence of esculetin. Low concentrations of esculetin led to increased GST activity. Dexamethasone at concentrations of 0.001 and 0.01% significantly resulted in increased hemolymph MDA content. However, high dietary dexamethasone concentrations caused significant decrease in MDA content while these concentrations resulted in increased GST activity by about three-fold. Dietary phenidone led to increased MDA content and GST activity in the larvae. 

The quantity of the 45 kDa protein fraction from total 16 protein detected was increased with increasing esculetin concentrations. An increase after phenidone and dexamethasone exposure was detected only at 0.001 and 0.01% concentration. Other main hemolymph proteins such as ApoLP-I and storage proteins were not altered in larvae reared on diets amended with the EBIs. We suggest that 45 kDa protein may be an oxidative stress-related protein in hemolymph of G. mellonella. This is the first demonstration that antioxidative responses to a chemical exposure are modulated by a physiological system that includes eicosanoid biosynthesis.

KEY WORDS: Galleria mellonella, esculetin, malondialdehyde, glutathione S-transferase, hemolymph proteins 


C2 – CIRCADIAN CLOCKS


C2.28

The role of Casein kinase 1 in circadian timing in mammals 

Q-J. Meng (MRC Laboratory of Molecular Biology); L. Maywood (University of Manchester); W-Q. Lu (MRC Laboratory of Molecular Biology); J. Li (MRC Laboratory of Molecular Biology); M. Sladek (University of Manchester); M. Hastings (University of Manchester); A.S.I. Loudon (MRC Laboratory of Molecular Biology)

Casein kinase 1 plays a key role in the degradation pathway of mammalian PER proteins. Our recent studies suggest that wild-type CK1ε selectively targets PERIOD proteins and not CRYPTOCHROMES for degradation (Neuron 58(1), 2008).  To further address the relative role of CK1ε and δ, primary fibroblasts and organotypic tissue slices were isolated from different CK1ε mutant mice on a PER2::LUC background. These were then treated with a CK1 inhibitor (PF670, highly selective for both CK1δ and CK1ε). By PMT photon counting, we demonstrated that PF670 dose-dependently lengthened circadian period up to 32h in SCN, lung and fibroblasts from WT mice. CK1 inhibition also significantly lengthened period in cells and tissues derived from Tau mutant and CK1ε-/- mice. Using real-time fluorescence video microscopy, we confirmed in COS-7 cells that CK1 inhibition slows PER2 degradation, demonstrating that CK1 plays a central role in targeting PER2 for degradation in mammals.  Overall, our data demonstrate that inhibition of CK1 leads to lengthening of circadian period and reduced PER2 protein degradation, and that these effects occur in CK1ε knock-out cells and tissues. Our current studies aim to define relative contribution of CK1ε and Ck1δ in circadian timing.

C2.29

Role of sugar in Ca2+ signalling pathways in the Arabidopsis circadian clock
S. J. Baek (University of Cambridge)

The circadian clock controls fundamental aspects of plant physiology and development in plants. There are circadian oscillations in the cytosolic free calcium concentration ([Ca2+]cyt) which are abolished by sucrose. We are investigating the pathway by which sucrose abolishes circadian oscillations of [Ca2+]cyt to understand the regulation and function of the circadian Ca2+ signalling network


C4 - GLYCOSYLATION


C4.16

Characterisation of AtLEC35A and AtLEC35B, two LEC35 homologues from Arabidopsis thaliana potentially involved in N-glycosylation

R. Pattison, A. Amtmann (Glasgow University)

We are currently characterising two novel membrane proteins from Arabidopsis thaliana with putative involvement in lipid-linked oligosaccharide biosynthesis for N-glycosylation. The two proteins share homology to mammalian LEC35, which is essential for the utilisation of the dolichol monosaccharides, mannose-P-dolichol and glucose-P-dolichol, as sugar donors during the assembly of oligosaccharide-precursors for protein glycosylation. Although the precise role of LEC35 is unclear, it is known to act after the synthesis of dolichol monosaccharides in the cytoplasm but before their utilisation in the endoplasmic reticulum lumen. As a result lec35 mutant Chinese hamster ovary cells transfer Man5GlcNAc2 as opposed to Glc3Man9GlcNAc2 glycans to nascent N-glycoproteins. Here, we present data showing tissue-specific expression and ER-targeting of AtLEC35A and AtLEC35B. Although knockout and over-expresser transgenic plants are indistinguishable from wildtype in terms of morphology, transcriptional profiling revealed a clear molecular phenotype. Multiple changes in gene expression were observed including differential regulation of ER-stress and lipid-metabolism related genes consistent with defects in N-glycosylation and protein folding. Furthermore, mutants showed significant differences in the regulation of N-glycoprotein encoding genes compared to wild type. The data will be discussed with reference to a predicted block in dolichol monosaccharide utilisation.
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Arabidopsis MYB26/MALE STERILE 35 gene regulates secondary cell wall thickening in the anther endothecium and controls anther dehiscence
J. Song, C. Yang, Z. A. Wilson (University of Nottingham)
Anther dehiscence is a two-phase process involving lytic opening of the stomium and then retraction of the anther wall. During microspore maturation, cellulose and lignified thickenings are deposited in the anther endothecium, which is important in generating the forces required for dehiscence. 

MYB26/MALE STERILE 35 (MS35) acts as a key regulator in the process of lignified secondary thickening in the endothecium and subsequent dehiscence. The ms35 mutant fails to produce endothecial secondary thickening. MYB26 expression occurs early during endothecial development and is maximal during pollen mitosis I and the bicellular stage. Over-expression of MYB26 results in ectopic secondary thickening and changes in expression in several genes linked to secondary thickening, including IRREGULAR XYLEM 1 (IRX1), IRX3, IRX8, IRX12, NAC SECONDARY WALL PROMOTING FACTOR1 (NST1) and NST2. This indicates that MYB26 functions in a regulatory role in determining endothecial cell development and acts upstream of the lignin biosynthesis pathway. Immunolocalisation of pectin and xylan has provided further evidence for the role of MYB26 in the regulation of secondary wall development in the anther. 

AffymetrixTM microarray analysis was performed using isolated, precisely staged anthers from the ms35 mutant compared with the wild type, and, revealed a coordinated down-regulation of genes previously linked to secondary cell wall biosynthesis. It also suggested that a number of additional genes are involved, including several transcription factors and genes in ubiquitin-dependent protein degradation and phytohormone related pathways. These data and the potential role for MYB26 will be discussed.

P3.49

A High Resolution Spatiotemporal Expression Map Reveals Dominant Expression Patterns and Transcriptional Regulatory Modules

S.M. Brady (Duke University); D.A. Orlando (Duke University); J-Y. Lee (Boyce Thompson Institute for Plant Research); J. Y. Wang (Duke University); J. Koch (1524 Providence Glen Dr.); J. R. Dinneny (Temasek Lifesciences Laboratory, National University of Singapore); D. Mace (Duke University); U. Ohler (Duke University); P.N. Benfey (Duke University)

Transcriptional programs that regulate development are exquisitely controlled in space and time.  Elucidating these programs that underlie development is essential to understanding the acquisition of cell and tissue identity.  Microarray expression profiles of a high-resolution set of developmental time points, and of nearly all root cell types were used to create the most comprehensive spatiotemporal microarray expression map of an organ.  The cell-type specific signatures identified in this map often predict previously unknown cellular functions and a computational pipeline identified dominant expression patterns that demonstrate transcriptional similarity between disparate cell types.  Dominant expression patterns along the root’s longitudinal axis do not strictly correlate with previously defined developmental zones, and in many cases fluctuations in developmental time were observed.  Methods to combine spatial and temporal expression profiles will be presented.  These high resolution spatiotemporal patterns can be used to successfully infer transcriptional regulatory modules.  


P3.50

Glucose effects on Safflower (Carthamus tinctorius L.) pigments production by callus cultures

H. Shaker Bazarnov, F. Bernard, H. Pazvari Azar

(Shahid Beheshti University) 

Active compounds of safflower are red and yellow pigments. Safflower pigments have been shown to have pharmaceutical properties and are also safely used in food industry. The pigments production by tissue cultures is a good alternative to answer the needs of safflower trade. In this study the effects of glucose, putrescin and light were investigated on pigments production by callus tissues. For this purpose, calluses obtained from the culture of hypocotyls were treated by 30, 60, and 75g.L-1 glucose combined or not with 0.16mg.L-1 putrescin at 2000 or 8000 Lux of light intensity for 20 days. The absorbances at 517nm (red pigments), 403nm and 321nm (yellow pigments) of the methanolic extracts were measured by spectrophotometry. 

8000 Lux light intensity improved the pigments production but in a more intensive way for yellow pigments with absorbance at 321nm. Glucose also improved the raise of yellow pigments more specifically. 60g.L-1 glucose was the more effective concentration in regards to the inhibitory effect of higher dose on the growth of tissues. In this glucose condition, a synergic effect of putrescin was noted at 8000 lux. With the raise of pigments synthesis an increase of PAL activity and a decrease of total peroxidase activity were measured.

The use of glucose to improve the production of yellow pigments precursor of the carthamin red pigment may be considered benefitly.

Key words: secondary metabolites, carbohydrates, PAL, peroxidase, putrescin


