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Programme and Abstract Amendments

In this handout you will find amendments to the programme, additional posters, amendments to the abstracts and additional abstracts.  The programme amendments and a list of the additional posters are on pages 1 – 12, arranged by day.  The additional abstracts and abstract amendments are on pages 13 – 45, arranged by session.

Programme Amendments

Sunday 28th June

A4 - Replacement of mammalian models: the role of in vitro techniques with fish and invertebrates
09:00 Prof Tom Hutchinson (PML, UK)
The title of this talk will be “Role of in vitro techniques with aquatic animal cells for the environmental risk assessment of chemicals” (for abstract see page 17)
09:35 Dr Vicki Stone (Napier University)
The title of this talk will be “Cellular interactions of nanoparticles”
A5 General Animal Biology
This session is also organised by Kath Sloman (University of Plymouth)

The following talk has been withdrawn and will be presented as a poster instead (poster number A5.83)

16:00 Dr Jonathan Whittamore (University of Exeter)
The regulation of intestinal HCO3 -  secretion by marine fish: responding to changes in luminal osmotic pressure
 [A5.19]

This will be replaced with:

16:00 Dr Rod Wilson (University of Exeter)
Drinking in fish contributes to the global marine inorganic carbon cycle [A5.19] (for abstract see page 19) 
Monday 29th June

P1 MEMBRANE TRANSPORT IN BIOTIC AND ABIOTIC STRESS

The following talk has been withdrawn

11:45 Dr Frank Lanfermeijer (University of Groningen)
C3 : Chloride channels, Cadmium, and Calcium
 [P1.13]


P5 YOUNG SCIENTISTS IN PLANT BIOLOGY 
The 15.30 slot on Monday 29th June has been filled as follows:

15:30 Samir Karaca (Middle East Technical University)
Effects of Heat Stress on the Gene Expression Levels and Proteome Analysis of Heat Shock Proteins (Hsp1-Hsp2) in Melon Seedlings [P5.9] (for abstract see page 35 )
The 16:30 slot on Monday 29th June has been filled as follows:

16:30 Shanmugapriya Venkatachalam (Aberystwyth University) 
Identifying gene markers for defence and senescence in the BioFuel crop, Miscanthus [P5.12] (for abstract see page 36)
ADDITIONAL POSTERS AND POSTER AMENDMENTS FOR MONDAY 29TH JUNE
(For abstracts see pages 13 -45)
CSS – THE EVOLUTION OF EVOLUTION – WHAT WOULD YOU TELL DARWIN

CSS.23 Molecular evolution of the piscidin gene from teleosts through positive selection - Jorge M.O. Fernandes*, Jareeporn Ruangsri and Kiron Viswanath (Bodø University College)
CSS.24 XTH like activity: from green algae to vascular plants
Vicky Van Sandt, Jean-Pierre Verbelen and Kris Vissenberg (University of Antwerp)

CSS.25 Broadening and deepening the linkage between research and teaching
Peter Lumsden, Stuart Hampton-Reeves (University of Central Lancashire)


A4 – REPLACEMENT OF MAMMALIAN MODELS: THE ROLE OF IN VITRO TECHNIQUES WITH FISH AND INVERTEBRATES

The following poster has been withdrawn:

Dr Cliff Rankin (Huddersfield University)
Organ perfusion studies in fish; kidneys and gills [A4.17]
The following additional posters have been submitted:
A4.20
COMPARISON OF ESTROGENIC ACTIVITY OF 10 BENZOPHENONE DERIVATIVES IN HUMAN AND FISH IN VITRO REPORTER GENE ASSAYS
A. Cosnefroy1, F. Brion1, JM. Porcher1, P. Balaguer2 and S. Aït-Aïssa1
1INERIS, Unité d’Ecotoxicologie, BP2, f-60550 Verneuil-en-Halatte, France; 2INSERM U 896,
2 Institut de Recherche en Cancérologie de Montpellier, f-34298 Montpellier, France
A4.21 Zn toxicity to mussel hemocytes and gill cells in vitro
Alberto Katsumiti & Miren P. Cajaraville* 
Laboratory of Cell Biology and Histology, Department of Zoology and Cell Biology, Faculty of Science and Technology, University of the Basque Country. Sarriena z/g, E- 48940 Leioa, Basque Country, Spain. * 
A5 – GENERAL ANIMAL BIOLOGY

A5.82
Hepatic transcriptomics in response to hydrostatic pressure (3 MPa) in the shallow water teleost Oncorhynchus mykiss
J.M. Wilson (CIIMAR); A.F. Gonçalves (CIIMAR); J. Ings (University of Waterloo); A. Damasceno-Oliveira (CIIMAR); N. Aluru (University of Waterloo); M.M Vijayan (University of Waterloo); J. Coimbra (CIIMAR).
P1 – MEMBRANE TRANSPORT IN BIOTIC AND ABIOTIC STRESS

P1.36
Selective Metal Binding of Arabidopsis Cation Diffusion Facilitators
Zeenat Noordally1, Dorina Podar1, 2, Pawel Herzyk3 and Dale Sanders1
1University of York, Department of Biology, Area 9, York, YO10 5DD, UK, 2Faculty of Biology-Geology, Babes-Bolyai University, Cluj-Napoca, Romania, 3The Sir Henry Wellcome Functional Genomics Facility IBLS, Joseph Black Building, University of Glasgow, G12 8QQ, UK.
P1. 37 Optical contrast enhancement by decay shape analysis of fluorescence intensity decay curves
Frank Schleifenbaum1, Kirstin Elgass2, Marcus Sackrow2, Katharina Caesar1, Kenneth Berendzen1, Klaus Harter1, Alfred J. Meixner2
1 Center for Plant Molecular Biology, Department of Plant Physiology, University of Tübingen, 72076 Tübingen, Germany, 
2 Institute of Physical and Theoretical Chemistry, University of Tübingen, 72076 Tübingen, Germany
P1.38 Structure-function analysis of plant aquaporin AtPIP2;1 gating by divalent cations and protons
A. Grondin1, L. Verdoucq1 and C. Maurel1
1Biochimie et Physiologie Moléculaire des Plantes, Institut de Biologie Intégrative des Plantes, UMR 5004 CNRS, UMR 0386 INRA/ Montpellier SupAgro/ Université Montpellier 2, F-34060 Montpellier Cedex 1, France

P1.39 Investigation of Metal Specificity Determinants of Plant Cation Diffusion Facilitators
Dorina Podar1,2, Dale Sanders1
1 Department of Biology, University of York, Area 9, YO10 5DD, UK
2 Faculty of Biology-Geology, Babes-Bolyai University, Cluj-Napoca, Romania
 P1.40 GPCR-type G proteins are essential for normal growth and development in Arabidopsis
Gian-Enrico C. Freschet, Felix W. Jaffé, Billy M. Valdes, Jonathon G. Jerram, Lorraine E. Williams and Matthew J. Terry 
School of Biological Sciences, University of Southampton, SO16 7PX

P2 – FLOWERING AND REPRODUCTION
P2.18 Influence of photoperiod on growth, development, and sex expression of monoecious hemp  (Cannabis sativa L.)
Pierre Raulier (Université catholique de Louvain) 
P2.19 The uniflora:blind:self pruning triple mutant: a ‘tulip-like’ tomato plant
Muriel Quinet, Jean-Marie Kinet (Université catholique de Louvain) 
P5 – YOUNG SCIENSTISTS IN PLANT BIOLOGY
The following poster has been withdrawn:

Dr Heng Yin (Dalian Institute of Chemical Physics CAS)
A new method for identification the oligochitosan binding protein on tobacco plasma membrane [P5.29]
Additional posters:

P5.34 Factors affecting leaf emergence rate in winter wheat
Rim Baccar abd, Mariem Abichou ab, Tino Dornbusch a, Philippe Gate c, Bruno Andrieu ab 
a INRA, UMR 1091 EGC, F-78850 Thiverval-Grignon, France.
b AgroParisTech, UMR 1091 EGC, F-78850 Thiverval-Grignon, France.
c ARVALIS-Institut du végétal, chemin de la petite minière, 78280 Guyancourt, France
d Corresponding author. Email: rbaccar@grignon.inra.fr
P5.35 Medicago truncatula and Oryza sativa: different nuclear chromatin shapes
Nuno Geraldo1, Filipa Alves2, Rita Abranches1
1 Plant Cell Biology Laboratory, Instituto de Tecnologia Química e Biológica, Avenida da República, E.A.N., 2781–901 Oeiras; 2 Instituto Gulbenkian de Ciência, Rua da Quinta Grande, 6 2780-156 Oeiras, Portugal
P5.36 Identification and Characterisation of Mitogen-Activated Protein Kinase (MAPK) Docking Domains in Arabidopsis.
A.M. Winger, H. Hirt
Unité de Recherche en Génomique Végétale, 2 rue Gaston Crémieux, 91057 Evry, France.
P5.37 Manipulation of In vitro Adventitious Root Formation By Controlling The Expression Of A Retinoblastoma-Related (RBR) Protein
Yousef Al-Dlaigan1&2 and Andrew Fleming1
1 Department of Animal & Plant Sciences, Alfred Denny Building, University of Sheffield, Sheffield S10 2TN, UK.
2 Department of Plant Production, College of Food & Agricultural Sciences, King Saud University,  P.O.Box 2460 Riyadh 11451, SAUDI ARABIA.

P5.38 Identifying gene markers for defence and senescence in the BioFuel crop, Miscanthus
Shanmugapriya Venkatachalam, Paul Robson, Luis A. J Mur and Iain Donnison
Biorenewables and Environmental change Division, Institute of Biological, Environment and Rural Sciences (IBERS), Aberystwyth University, Plas Gogerddan, Aberystwyth, Ceredigion , U.K. SY23 3E
P5.39 Expression of functional human adenosine deaminase in plant cell suspensions and whole plants
Sanjeewa Singhabahu (University of East London)
P5.40 PRELIMINARY SELECTION OF PHOSPHATE SOLUBILISING PLANT GROWTH PROMOTING MICROORGANISMS
 1,2Fankem, H.; 2Ndongo Din; 3Nwaga, D.; 1Daniell, T.J. & 1*George, T.S. 
1SCRI, Invergowrie, Dundee, DD2 5DA, UK.
2University of Douala, Faculty of Science, Department of Plant Biology, Cameroon.
3University of Yaoundé I, Faculty of Science, Department of Plant Biology and Physiology, Cameroon.
1*Corresponding author and where work was conducted: SCRI, Invergowrie, Dundee, DD2 5DA, UK. Tel: +44(0)1382 562731, Fax: +44(0)1382 562426. E-mail: tim.george@scri.ac.uk
P5.41 A New Transporter Involved in Copper Homeostasis in Arabidopsis
Ilaria Zanardi, Edgar Peiter and Dale Sanders
University of York, Department of Biology, YO10 5DD, UK
P6 – MODELLING PLANT SYSTEMS – CELLS TO AGR0-SYSTEMS
P6.41
PASTAR: Tool for Image Analysis of Rice Panicle Structure
Yoshitsugu Hirose1, Mayuko Ikeda2, and Hidemi Kitano3
1. Fundamental Technology Research Center, Honda R&D Co., Ltd.
2. Graduate School of Bioagricultural Sciences, Nagoya University
3. Bioscience and Biotechnology Center, Nagoya University

Tuesday 30th June 

P4 PHOTOMORPHOGENESIS 

The programme has been changed and will now run as follows:

Session organised by Dr. Paul Devlin (Royal Holloway University) and Dr. Matthew Terry (University of Southampton)

Session sponsored by SEB Plant Development Group

Chair: Dr. Paul Devlin


09:00 Prof. Giltsu Choi (KAIST Korea)

Phytochromes coordinate hormone signalling to promote seed germination [P4.6]


09:50 Dr. Didier Combes (INRA - URP3F)

Impending effects of transpiration in blue light regulation of leaf growth [P4.2]


10:10 Refreshment break


Chair: Professor Brian Thomas


10:40 Dr. Chenato Lin (University of California Los Angeles)

Blue light suppression of CIB1 protein degradation in Arabidopsis [P4.3]


11:20 Dr. Irina Strizh (Faculty of Biology M.V. Lomonosov Moscow State University)

Superoxide production in the Arabidopsis root tip depends on light [P4.4]


11:40 Dr. Enrique Lopez-Juez (Royal Holloway University of London)

Regulatory processes underscoring the light control of shoot meristem activity and leaf initiation [P4.5]


12:10 Lunch


Chair: Professor Gareth Jenkins

13:40 Prof. Akira Nagatani (Kyoto University)

Structural basis of phyA-specific properties [P4.8]

14:20 Dr. Ida Ruberti (Institute of Molecular Biology and Pathology National Research Council Rome)

Regulatory networks for the shade avoidance response [P4.7]

14:50 Dr. Paul F Devlin (Royal Holloway University of London)

FHY3 and FAR1 mediate red light input to the Arabidopsis circadian clock [P4.10]

15:10 Refreshment break


Chair: Dr. Matthew Terry


15:40 Dr. Eve-Marie Josse (University of Edinburgh)

The bHLH transcription factor SPT and DELLA proteins act together to regulate cell size of Arabidopsis cotyledons in a GAdependant manner. [P4.9]

16:00 Prof. Christian Fankhauser (University of Lausanne)

Regulation of shade avoidance by a network of bHLH class transcription factors [P4.15] (for abstract see page 34)

16:50 Tribute to the career of Garry Whitelam — Prof. Brian Thomas

P5 YOUNG SCIENTISTS IN PLANT BIOLOGY

The following talk has been withdrawn and will be presented as a poster instead:
14:00 Mrs DLC Kumari Fonseka (Integrative Cell Biology Laboratory Durham University Durham DH1 3LE UK)
The Role of AtVAMP714 in Arabidopsis Development
 [P5.20]
C5P7 – LEAF FORM AND FUNCTION
15:40 Dr Uli Schurr (University of Juelich) [C5P7.16]
This lecture will now be presented by Dr Achim Walter (University of Juelich)  

ADDITIONAL POSTERS AND POSTER AMENDMENTS TUESDAY 30TH JUNE
(For abstracts see pages 13 – 45) 
A2. – MOLECULAR AND CELLULAR ASPECTS OF TISSUE ADAPTATION AND REPAIR

A2.19
Global gene expression profiling in rat brain exposed to hypobaric hypoxia and the effect of cobalt preconditioning.
Shrivastava K.1*, Bansal A*., Mustoori S.2
*Experimental Biology Division, Defence Institute of Physiology & Allied Sciences, DRDO, Lucknow Road, Timarpur,  Delhi-110054,India.
1* Medical Histology, Faculty of Medicine, M5, Department of Cell Biology, Physiology and Immunology
Neuroscience Institute, Universitat Autonoma Barcelona, Bellaterra 08193, Spain
2 Biologicals E Ltd. Hyderabad, India.
A3 – PROGRESS IN ION TRANSPORTING CELL RESEARCH: STUDIES ON INVERTEBRATE AND VERTEBRATE MODELS AND THEIR REGULATION

A3.24 Identification of a branchial organic anion transport protein (OATP) in the lamprey (Petromyzon marinus l.)
Wilson, J.M.(Ecofisiologia, CIIMAR) Bastos, E. (Ecofisiologia, CIIMAR), Reis-Santos, P.N. (Universidade de Lisboa), McCormick, S.D. (US Geological Survey)
A5 GENERAL ANIMAL BIOLOGY

A5.83 Intestinal HCO3- secretion by the seawater-adapted killifish (Fundulus heteroclitus)
J. M. Whittamore1, E. M. Mager2, R. W. Wilson1 & M. Grosell2
1School of Biosciences, University of Exeter, UK.
2RSMAS, University of Miami, USA.
A6 – GENERAL BIOMECHANICS
a6.69 Investigating Dynamic Architectural Heterogeneity in Skeletal Muscle: Preliminary Results
Emma F. Hodson-Tole, Constantinos N. Maganaris, Vasilios Baltzopoulos and Ian D. Loram
Institute for Biomedical Research in Human Movement and Health, Manchester Metropolitan University
A6.70 Aberrant tendon-properties cause abnormal limb-posture in Friesian dwarfs
Sander W.S. Gussekloo1*, Jerta Lankester2, Wim Kersten2, and Willem Back3 
1Experimental Zoology Group, Wageningen Institute of Animal Sciences, Wageningen University, Marijkeweg 40, 6709 PG Wageningen, The Netherlands. 2Division of Anatomy and Physiology, Department of Pathobiology, Faculty of Veterinary Medicine, Utrecht University, Yalelaan 1, NL-3584 CL Utrecht, The Netherlands. 3Division of Surgery, Department of Equine Sciences, Faculty of Veterinary Medicine, Utrecht University, Yalelaan 114, NL-3584 CM Utrecht, The Netherlands.
A7 – INTEGRATION OF ACTIVE AND PASSIVE CONTROL MEACHANISMS IN LOCOMOTION

A7.15 Ground Reaction Forces from a Crawling Soft-bodied Legged Animal: The Biomechanical Roles of Caterpillar Prolegs
Huai-Ti Lin, Barry Trimmer [Tufts University Biology, Medford, MA, USA]
A9 – PHYSIOLOGY ENERGETICS
The following poster has been withdrawn:
A9.18 Physiological energetics may contribute to competitive exclusion in African killfish (Aphyosemion spp.)
Dr David J McKenzie (CNRS Montpellier) 

and replaced with:
A9.18 Effects of metabolism on lifespan and anti-oxidant enzymes in laboratory mice
Duarte, L.C.,Vaanholt, L.M., Speakman, J.R. (University of Aberdeen)
C1 – PROTEIN FOLDING AND GENERAL MOLECULAR CELL BIOLOGY 

C1.18 Promoting the formation of an active synthetase/tRNA complex by a non-specific tRNA-binding domain
Chia-Pei Chang1, Grace Lin1, Shun-Jia Chen1, Wen-Chih Chiu1, Wen-Heng Chen2, and Chien-Chia Wang1*
1Department of Life Science, National Central University, Jung-li, 32001Taiwan, and 2Institute of Nuclear Energy Research, Taoyuan, 32546 Taiwan.
C1.19 Insight into the evolution of yeast valyl-tRNA synthetase
Wen-Chih Chiu, Chia-Pei Chang, and Chien-Chia Wang
Department of Life Science, National Central University, Jung-li 32001, Taiwan
C1.20 Mutation of the membrane-associated M1 protease APM1 results in distinct embryonic and seedling developmental defects 
WA Peer1, FN Hosein1, A Bandyopadhyay1, SN Makam1, MS Otegui2, GJ Lee1, JJ Blakeslee1, Y Cheng1, B Titapiwatanakun1, B Yakubov1, B Bangari1, AS Murphy1
1Department of Horticulture, Purdue University, West Lafayette, IN 47907 
2Department of Botany, University of Wisconsin, Madison, WI 53706
C1.21 Constitutive expression of a fungal glucose oxidase gene in transgenic tobacco confers chilling tolerance
Subbiyan Maruthasalam, Yi Lun Liu, Pei Ying Chen, Ching Mei Sun and Chin Ho Lin*  
Department of Life Sciences, National Chung Hsing University, Taichung, Taiwan, ROC. *Corresponding author: E-mail: chinho@dragon.nchu.edu.tw; Tel.: +886-4-22862511; Fax: +886-4-22862511
 
C1.22 Movement and remodeling of the higher plant endoplasmic reticulum.
L. Griffing1, I. Sparkes2, J. Runions2, and C. Hawes2
1 Dept. Biological Sciences, 3258 TAMU, Texas A & M University, College Station, TX 77843-3258
2 School of Life Sciences, Oxford Brookes University, Oxford, OX3 0BP, UK
C3 The Evolution of the Eukaryotic Cell
C3.11 Origin and diversification of clathrin mediated endocytosis 
Luigi Cibrario (University of Exeter)

C3.12 Inferring the phylogeny of the kinetoplastids; a comparative genomics study using maximal genome content when few taxa are available
Guy Leonard1, Peter Foster2, Jamie Stevens3, Thomas A. Richards1
1Centre for Eukaryotic Evolutionary Microbiology, School of Biosciences, University of Exeter, Geoffrey Pope Building, Exeter, EX4 4QD, UK.

2Department of Zoology, Natural History Museum, Cromwell Road, London, SW7 5BD, UK.

3School of Biosciences, University of Exeter, Geoffrey Pope Building, Exeter, EX4 4QD, UK.

C3.13 Tracing the early evolution of eukaryotic DNA replication
Yuan Liu, Thomas A. Richards and Stephen J. Aves
School of Biosciences, University of Exeter, Geoffrey Pope Building, Stocker Road, Exeter EX4 4QD
C5P7 – LEAF FORM AND FUNCTION

C5P7.35 Development patterns in wheat seeds
Chloe Steels, Mike Burrell and Andrew Fleming (The University of Sheffield)

C5P7.36 Growing large leaves from a small-leaf gene pool: evolution of leaf traits in Populus nigra
Jennifer DeWoody, Harriet Trewin, Gail Taylor (University of Southampton)
P3 – PLANT RESPONSES TO UVB 

P3.13 Various abiotic stressors are mediated via a G-protein-mediated cassette: implications for early development in Arabidopsis.
Katherine M. Warpeha (University of Illinois), K. Plachta (University of Illinois), D. Patel (University of Illinois), N. O. Kukuruza (University of Illinois), J. Botella (University of Queensland) & L.S. Kaufman (University of Illinois).  
SAT- CONSERVATION PHYSIOLOGY: ASSESSING AND FORECASTING THE RESPONSES OF ORGANISMS TO ENVIRONMENTAL CHANGE

SAT.25  Influence of oceanic and riverine nutrient fluxes on primary production dynamics in Ishikari Bay, oligotrophic subarctic coastal environmental of Japan. 
Julius I. Agboola1,3* Mario Uchimiya1 & Isao Kudo 1,2
1Graduate School of Environmental Science, Hokkaido University, Kita 10 Nishi 5,   Sapporo, 060-0810 Japan.
2Graduate School of Fisheries Sciences, Hokkaido University, Hokodate 041-8611, Japan.
3Global Land Project, Sapporo Nodal Office, Hokkaido University, Kita 9 Nishi, 8, Sapporo, 060 0809 Japan.

SAT.26 Impact of long-term exposure to hypercapnia on physiological functions of the velvet swimming crab, Necora puber
Small D1, Calosi P1*, White D2, Widdicombe S2, Spicer JI1
1Marine Biology and Ecology Research Centre
School of Biological Sciences, University of Plymouth,
Drake Circus, Plymouth, Devon PL4 8AA, UK.
2 Plymouth Marine Laboratory, Prospect Place, West Hoe, Plymouth PL1 3DH, UK

Wednesday 1st July


A1 - Biology of Elasmobranchs: from genes to ecophysiology and behaviour
The following talk has been withdrawn:

09:30 Ms Agnieszka K Dymowska (University of Alberta)
sAC mediated translocation of V-H+ -ATPase to the basolateral membrane in the Pacific spiny dogfish gill ionocytes.
 [A1.3]
C6 General Thermal Biology
The following talk has been withdrawn:

09:20 Mr Sedercor Melatunan (School of Biological Sciences University of Plymouth)
Physiological and shell microstructural responses of an intertidal periwinkle Littorina littorea  (Linnaeus, 1758) to ocean acidification and elevated  temperature [C6.2] 
SEBatGlasgow2009

Abstract Amendments

CSS – THE EVOLUTION OF EVOLUTION – WHAT WOULD YOU TELL DARWIN

CSS.23

Molecular evolution of the piscidin gene from teleosts through positive selection
 Jorge M.O. Fernandes*, Jareeporn Ruangsri and Kiron Viswanath (Bodø University College)

Piscidins are cationic antimicrobial peptides that play a major role in the innate immune response of bony fishes. To date, they have been found in several teleost species from the superorder Acanthopterygii and constitute a family of small peptides with an amphipathic α-helical structure. We have recently identified a piscidin gene in Atlantic cod (Gadus morhua), thus showing for the first time that piscidins are not restricted to evolutionarily modern teleosts. Nucleotide diversity was higher in the regions of the piscidin gene that code for the mature peptide and its pro-domain. To learn more about the mechanisms underlying this sequence diversity we have performed a maximum likelihood-based codon substitution analyses on the piscidin genes found thus far in 10 teleost species. Comparison of various models with or without positive selection revealed that certain sites of the piscidin gene are indeed under positive Darwinian selection. The amino acid substitutions observed in positively selected sites within the mature peptide change its charge or hydrophobicity. These changes can alter the amphipathic structure of piscidin and therefore may have a profound effect on its function. The excess of nonsynonymous substitutions identified in piscidins is likely to be associated with adaption to new habitats or rapidly evolving pathogens. 

* Corresponding author. E-mail: Jorge.fernandes@hibo.no (J.M.O. Fernandes). Tel.: +47 75 51 77 36. Fax: +47 75 51 73 49.

CSS.24 


XTH like activity: from green algae to vascular plants


Vicky Van Sandt, Jean-Pierre Verbelen and Kris Vissenberg (University of Antwerp)


Xyloglucan endotransglucosylase/hydrolase (XTH) is involved in the reorganisation of the cell wall during growth and development. 
The endotransglucosylase (XET) action in vivo at sites of plant growth is present throughout vascular plant evolution down to Selaginella as is the strong conservation of the XTH amino acid sequence. Here we examine the presence of XET activity in bryophytes and algae. 

Representatives of the different plant lineages were pressed onto a test paper and assayed for XET activity (Fry, 1997), visible as the incorporation of fluorescent signal onto the test paper. XET activity was found in the three major divisions of bryophytes. Moreover, activity was always seen at sites of growth of both gametophyte and sporophyte. In Chara the meristematic cell of each branchlet showed XET activity. The co-occurrence of growth and XET activity in Charophyta strengthens the hypothesis that embryophytes evolved from the charophyte algae. In parallel two putative XTH- encoding enzymes were identified in the genome of Physcomitrella, and in Chara a putative ancestral enzyme was detected. 

Phaeophytes, Rhodophytes and most Chlorophytes showed no detectable XET activity. Remarkably, a representative of the Ulvophyceae, however, showed a weak signal at the base of the thallus. 

So far we can conclude that XET activity is most likely restricted to the green plants. 

CSS.25 
Broadening and deepening the linkage between research and teaching
Peter Lumsden, Stuart Hampton-Reeves (University of Central Lancashire)

Many in Higher Education would attest to a tension between teaching and research, perhaps exacerbated by funding models. It is important to reduce this tension, as the subject of ‘research-informed teaching’ rises up the educational agenda, as staff face more diverse demands, and as student expectations rise. 

Most academics would probably claim that their teaching is informed by research, but what exactly does this mean?? Griffiths identifies three ‘types’ of teaching, a useful starting point to help staff examine their practice: 

a) Research-led: where students learn about research findings, these form the basis of curriculum content, and teaching may emphasise information transmission;

b) Research-oriented: where students learn about research processes as well as the knowledge achieved; 

c) Research-based: where students learn as researchers, the curriculum is largely designed around inquiry-based activities, and the division between teacher and student is minimised (Griffiths 2004, cited in Jenkins et al 2007; 28-29).

In the sciences, the first of these has often been the predominant model.

We have been actively promoting the second and third of these approaches to teaching, through projects aimed at raising awareness and encouraging practice. These include; the inception of an undergraduate research journal; an investigation of how students search for and make use of research material; an undergraduate internship scheme; and school-based publications articulating the way in which teaching and research are linked. 

The poster illustrates these projects, summarises perceptions of students and staff, and, as an example of ‘action research’, provides an opportunity for ‘live’ input from delegates.

Jenkins, A., Healey, M. and Zetter, R. 2007 Linking teaching and research in disciplines and departments. The Higher Education Academy, York.
A2. – MOLECULAR AND CELLULAR ASPECTS OF TISSUE ADAPTATION AND REPAIR

A2.19
Global gene expression profiling in rat brain exposed to hypobaric hypoxia and the effect of cobalt preconditioning.
Shrivastava K.1*, Bansal A*., Mustoori S.2
*Experimental Biology Division, Defence Institute of Physiology & Allied Sciences, DRDO, Lucknow Road, Timarpur,  Delhi-110054,India.
1* Medical Histology, Faculty of Medicine, M5, Department of Cell Biology, Physiology and Immunology
Neuroscience Institute, Universitat Autonoma Barcelona, Bellaterra 08193, Spain
2 Biologicals E Ltd. Hyderabad, India.
Ascent to high altitude by millions of people annually results in the risk of altitude sickness worldwide including acute mountain sickness (AMS), high-altitude pulmonary edema (HAPE), and high-altitude cerebral edema (HACE). HACE, the most severe form and if no intervention is implemented, death may result. Despite several studies, complete understanding of underlying mechanisms still remains elusive. This study was designed to better understand the mechanisms underlying hypoxia and chemical preconditioning by cobalt for 7days (12.5mg Co/kg b.w., oral) on rat (male, Sprague Dawley) brain using microarray. Rats were subjected to an altitude of 9142 m (6% O2) followed by monitoring of vascular leakage and edema by radiometric and histological analysis respectively. The cumulative effect of cobalt and hypoxia was also examined. A battery of core genes was identified by microarray that was shared by all three groups (hypoxia, cobalt, cobalt +hypoxia) and other distinct set of genes which were found only in one of the group. Some of the genes were confirmed by RT-PCR and a few were validated at transcriptional level. Pathway predictions were also performed using KEGG software highlighting certain pathways affected by these treatments. These results suggest that a number of endogenous molecular mechanisms may explain how preconditioning may protect against deleterious effects of hypoxia and may provide novel therapeutic targets for treatment of cerebral edema. The study also provides a clue to possible use of cobalt as a neutraceutical. 

A3 – PROGRESS IN ION TRANSPORTING CELL RESEARCH: STUDIES ON INVERTEBRATE AND VERTEBRATE MODELS AND THEIR REGULATION

A3.24 Identification of a branchial organic anion transport protein (OATP) in the lamprey (Petromyzon marinus l.)

Wilson, J.M.(Ecofisiologia, CIIMAR) Bastos, E. (Ecofisiologia, CIIMAR), Reis-Santos, P.N. (Universidade de Lisboa), McCormick, S.D. (US Geological Survey)

Ascent to high altitude by millions of people annually results in the risk of altitude sickness worldwide including acute mountain sickness (AMS), high-altitude pulmonary edema (HAPE), and high-altitude cerebral edema (HACE). HACE, the most severe form and if no intervention is implemented, death may result. Despite several studies, complete understanding of underlying mechanisms still remains elusive. This study was designed to better understand the mechanisms underlying hypoxia and chemical preconditioning by cobalt for 7days (12.5mg Co/kg b.w., oral) on rat (male, Sprague Dawley) brain using microarray. Rats were subjected to an altitude of 9142 m (6% O2) followed by monitoring of vascular leakage and edema by radiometric and histological analysis respectively. The cumulative effect of cobalt and hypoxia was also examined. A battery of core genes was identified by microarray that was shared by all three groups (hypoxia, cobalt, cobalt +hypoxia) and other distinct set of genes which were found only in one of the group. Some of the genes were confirmed by RT-PCR and a few were validated at transcriptional level. Pathway predictions were also performed using KEGG software highlighting certain pathways affected by these treatments. These results suggest that a number of endogenous molecular mechanisms may explain how preconditioning may protect against deleterious effects of hypoxia and may provide novel therapeutic targets for treatment of cerebral edema. The study also provides a clue to possible use of cobalt as a neutraceutical. 

A4 – REPLACEMENT OF MAMMALIAN MODELS: THE ROLE OF IN VITRO TECHNIQUES WITH FISH AND INVERTEBRATES
A4.1 Role of in vitro techniques with aquatic animal cells for the environmental risk assessment of chemicals

There is widespread interest in developing targeted testing strategies for the environmental risk assessment (ERA) of chemicals that may enter aquatic ecosystems.  One approach to meet this need is to use the chemical’s toxic mode of action (MOA) to guide in vivo testing needs, or suggest alternative assessment approaches.  In 2007, the European Centre for the Ecotoxicology and Toxicology of Chemicals (ECETOC; http://www.ecetoc.org) completed an in-depth review of this approach.  The report’s conclusions included support for the use of predictive methods (including in vitro screening) to prioritise in vivo environmental testing of chemicals (potentially involving amphibians, birds, fish and invertebrate species).  A ‘protein target’ approach was also recommended for in vivo testing of chemicals that are specifically intended to interact with target tissues in plants or animals (e.g. agrochemicals and pharmaceuticals).  In the log term, in vitro methods have the potential to make a significant contribution to ecotoxicology, with significant benefits likely to be gained in terms of animal welfare and efficient use of laboratory and economic resources.  This presentation will give an overview of the prospective development with aquatic species and utilization of such in vitro tools (including fish and insect cell systems), together with key research and validation needs.  

A4.19

An integrated approach to determine relative sensitivity of mammalian and fish cells: biochemical, cytogenetic and cellular studies
Awadhesh N. Jha

School of Biological Sciences, University of Plymouth, Plymouth, PL4 8AA

Email: a.jha@plymouth.ac.uk
From mammalian studies, it is becoming increasingly clear that origin and properties of cells influence toxic responses to environmental contaminants. With the exception of some cell specific cytotoxicities, it is generally assumed that there are no general differences in basal cytotoxic sensitivity of mammalian and fish cells under in vitro conditions. However a paucity of information pertaining to relative genotoxic responses exists in the literature. Using a range of chemicals and environmentally realistic contaminants with different modes of action (e.g. reference genotoxic chemicals, metals, pharmaceuticals and engineered nanoparticles), we have therefore tested the hypothesis that: compared to mammalian cells (e.g. Chinese hamster ovary or CHO-K1 cells), fish cells (e.g. EPCA1, RTG-2; GSFk-K1) exhibit differential sensitivity at the DNA and chromosomal levels (e.g. measurement of DNA strand breaks using the comet assay; micronucleus assay using Giemsa and anti-kinetochore staining). In general, whilst the mammalian cells exhibited similar sensitivity for cytotoxicity assays (e.g. neutral red retention assay), the measured genotoxic responses differed depending upon exposure scenario, end points measured and chemical properties of agents. In view of recent emphasis in elucidating the ‘mode of action’ of chemicals, care should therefore be taken while comparing and evaluating the genotoxic potential of chemicals under in vitro conditions on cells of phylogenetically different origin.         

A4.20
COMPARISON OF ESTROGENIC ACTIVITY OF 10 BENZOPHENONE DERIVATIVES IN HUMAN AND FISH IN VITRO REPORTER GENE ASSAYS
A. Cosnefroy1, F. Brion1, JM. Porcher1, P. Balaguer2 and S. Aït-Aïssa1
1INERIS, Unité d’Ecotoxicologie, BP2, f-60550 Verneuil-en-Halatte, France; 2INSERM U 896,
2 Institut de Recherche en Cancérologie de Montpellier, f-34298 Montpellier, France
Many pollutants are suspected to be endocrine disruptor compounds (EDCs) by interacting with estrogen receptors (ER). To evaluate estrogenic activity of chemicals, the use of in vitro stable luminescent reporter gene assays (luciferase reporter gene driven by an estrogen response element) is pertinent due to their reproducibility, rapidity and specificity. Since studies have shown some cross-species differences in the ligand binding domain of the ER, the use of fish cells seems to be relevant for risk assessment in fish. In this work, we compared in vitro estrogenic activity of 10 emergent aquatic pollutants, benzophenones derivatives (BPs) used as UV filters in personal care products or in plastics of food packaging, in three stable reporter gene assays : human MCF-7 cells with endogenous ERα (MELN), human Hela cells with rainbow trout (Oncorhyncus mykiss) ER (rtER) (HELN-rtER) and fish hepatoma (Poeceiliopsis lucida) PLHC-1 cells with rtER (PELN-rtER). The use of the three different cells models allowed us to compare the affinity of BPs on different ER (human versus rainbow trout) in different cells contexts. The results showed that, for active BPs (6 out of 10), estrogenicity was detected in all models but with different patterns of responses in terms of affinity of BPs for ERs (fish≥human) and of transactivation potency (partial/full agonists). We also show that BPs have higher relative estrogenic potency in fish than human models with PELN-rtER>HELN-rtER>MELN. These results suggest that BPs exhibit a heighten risk for fish and support the need to develop non mammalian assay systems to assess environmental EDCs.

Key words: Estrogen receptors, benzophenone, reporter gene, fish cells 
A4.21 Zn toxicity to mussel hemocytes and gill cells in vitro

Alberto Katsumiti & Miren P. Cajaraville* 
Laboratory of Cell Biology and Histology, Department of Zoology and Cell Biology, Faculty of Science and Technology, University of the Basque Country. Sarriena z/g, E- 48940 Leioa, Basque Country, Spain. * 

Zinc is an essential micronutrient that at low levels is necessary for regulation of cellular functions such as immunoregulation, growth and cytoprotection, acting in antioxidant and antiapoptotic mechanisms and also with anti-inflammatory roles.  However, at high concentrations it can be very harmful to cells. Mussels are widely used as sentinel organisms in monitoring pollution effects. Therefore, there is a considerable interest in the development of in vitro models from mussel species. The aim of the present work was to assess the effects of Zn on cell viability of mussel haemocytes and gill cells using the neutral red (NR) uptake assay and the XTT test. Cells were exposed 24 hours to nominal concentrations ranging from 0.48 ppb to 10,1 ppm of ZnCl2 and ZnO (in bulk and nanoparticle forms). ZnCl2 concentrations were confirmed by chemical analysis whereas, due to low solubility, cells were exposed to maximum concentrations of 0,145 ppm ZnO in bulk form and 0,03 ppm ZnO nanoparticles. Zn was not cytotoxic to haemocytes or gill cells at tested concentrations. Conversely, NR uptake was significantly increased in all exposures, generally in a non dose-dependent manner. In some experiments, mitochondrial XTT was also significantly increased in haemocytes. In conclusion, results suggest that Zn in different molecular and nanoparticle forms is not cytotoxic to mussel gill cells and haemocytes, causing an overall increased cell activity. 

Funded by EU 7th FP (project NanoReTox, ref CP-FP 214478-2), Spanish Ministry of Environment (project VertiTox, ref 018/RN08/02.1) and Basque Government through a grant to consolidated research groups.
A5 – GENERAL ANIMAL BIOLOGY
A5.19

Drinking in fish contributes to the global marine inorganic carbon cycle

R.W. Wilson1, F.J. Millero2, J.R. Taylor2, P.J. Walsh2,3, V. Christensen4, S. Jennings5 & M. Grosell2

1 School of Biosciences, University of Exeter, UK.
2 Rosenstiel School of Marine & Atmospheric Sciences, University of Miami, USA.
3 University of Ottawa, Ottawa, Ontario, Canada. 
4 Fisheries Centre, University of British Columbia, Vancouver, British Columbia, Canada.
5 Centre for Environment, Fisheries and Aquaculture Science, Lowestoft, and School of Environmental Sciences, University of East Anglia, Norwich, UK, 

The inorganic half of the marine carbon cycle includes biogenic reaction of seawater calcium and bicarbonate ions producing insoluble calcium carbonates (CaCO3) in the process of calcification. The majority of oceanic production of calcium carbonate is conventionally attributed primarily to marine plankton (coccolithophores and foraminifera in particular). However, marine teleost fish also produce precipitated carbonates within their intestines and excrete these at remarkably high rates. This is a by-product of drinking calcium-rich seawater, and active secretion of bicarbonate by the intestine. This plays important roles in a variety of physiological processes including osmotic and ionic regulation, acid-base balance and respiratory gas exchange. When CaCO3 excretion rates from individual fish are combined with estimates of global fish biomass it conservatively suggests they contribute 3-15 % of total oceanic carbonate production, with more liberal assumptions providing values 3 times higher than this. Fish carbonates have a higher magnesium content and solubility than traditional sources, likely yielding faster dissolution with depth. This may explain up to a quarter of the increase in titratable alkalinity within 1000 m of the ocean surface, a controversial phenomenon that has puzzled oceanographers for decades. We also predict that fish carbonate production may rise in response to future increases in environmental CO2 (in contrast to many other calcifying organisms), thus fish are likely to become an increasingly important component of the inorganic carbon cycle.
A5.82
Hepatic transcriptomics in response to hydrostatic pressure (3 MPa) in the shallow water teleost Oncorhynchus mykiss
J.M. Wilson (CIIMAR); A.F. Gonçalves (CIIMAR); J. Ings (University of Waterloo); A. Damasceno-Oliveira (CIIMAR); N. Aluru (University of Waterloo); M.M Vijayan (University of Waterloo); J. Coimbra (CIIMAR).

Hydrostatic pressure (HP) is known to affect physiological processes at the organismal and cellular levels. In the present study, a low-density targeted trout cDNA microarray (150 genes) was used to examine gene expression profiles during high hydrostatic pressure acclimation in the trout, a shallow water pressure-sensitive teleost fish. The microarray approach was specifically utilized to provide a “snap-shot” of the genetic responses to pressure changes. The targeted genes are representative of a range of physiological processes in trout, including growth and metabolism, ion and osmoregulation, stress adaptation, reproduction, and immune function. The large representation of genes with established roles in various physiological processes will provide us with a screening tool to identify genes and pathways modulated by pressure changes in rainbow trout (Oncorhynchus mykiss). Trout were subjected to a HP of 3 MPa (equivalent to 300 m depth) using a flow through hyperbaric chamber and sampled after 1 and 7 days with a parallel control group at 0.01MPa (1m depth). Eighteen genes were found to be differentially expressed; however, only a handful of these differences were related to HP. Notably, HP upregulated liver heat shock protein 70 gene expression which correlated with changes in hsp70 protein expression. We also found that arylalkylamin-n-acetyltransferase (AA-NAT), the rate limiting enzyme in melatonin production which is also an antioxidant, increases after 7 days. Future work will test the hypothesis that HP is an oxidative stressor in trout and that induction of hsp and AA-NAT expression is indicative of an adaptive response to cope with cellular stress.

The work was supported by FCT grant PTDC/MAR/64016 and 60365.
A5.83 Intestinal HCO3- secretion by the seawater-adapted killifish (Fundulus heteroclitus)
J. M. Whittamore1, E. M. Mager2, R. W. Wilson1 & M. Grosell2
1School of Biosciences, University of Exeter, UK.
2RSMAS, University of Miami, USA.
Marine teleost fish are osmoregulators maintaining the composition of their body fluids independent of the seawater environment. To achieve this homeostasis and avoid dehydration they continuously drink the surrounding water. The intestine therefore has a key role, responsible for the absorption of fluid and excretion of excess divalent ions from imbibed seawater. To help fulfil these functions it secretes substantial amounts of bicarbonate (HCO3-) into the intestinal lumen, producing a characteristically alkaline fluid (up to pH 9). Apical Cl-/HCO3- exchange significantly contributes to alkalinisation, with intracellular CO2 hydration supplying the majority (≥50 %) of HCO3- for secretion. To date, studies of intestinal HCO3- secretion have been focussed on a relatively small number of fish species. The present study therefore set out to investigate some of the in vitro characteristics of HCO3- secretion by the euryhaline killifish (Fundulus heteroclitus). Baseline rates of secretion were high (0.73 ±0.04 µEq cm-2 h-1, n = 42), and the application of mucosal DIDS reduced HCO3- secretion by 37 %, indicating a role for apical Cl-/HCO3- exchange. Removal of serosal HCO3-/CO2, and the substitution of serosal Na+ suggested that at least 65 % of HCO3- secretion was transepithelial, driven by a basolateral, Na+-dependent pathway. Preliminary cloning and sequencing analysis has revealed the presence of a killifish Na+-HCO3-cotransporter (NBC1) supporting this conclusion. The transcript predicts an amino acid sequence sharing > 80% homology with other known teleost sequences and contains putative conserved domains consistent with functional expectations for NBC1.  

A6 – GENERAL BIOMECHANICS
a6.69 Investigating Dynamic Architectural Heterogeneity in Skeletal Muscle: Preliminary Results
Emma F. Hodson-Tole, Constantinos N. Maganaris, Vasilios Baltzopoulos and Ian D. Loram
Institute for Biomedical Research in Human Movement and Health, Manchester Metropolitan University
Skeletal muscle architecture has been shown to vary between and within muscles, meaning that different regions of a muscle or muscle group may be better suited to developing force to meet different mechanical demands.  Understanding how different regions of a muscle are activated and interact has important implications for understanding how afferent feedback from structures such as muscle spindles may help control posture and co-ordinated movement.  B-mode ultrasound images of one region of a muscle are commonly used to non-invasively determine muscle fascicle architecture at rest and the changes which occur with activation.  A recently published tracking algorithm has been shown to be a valuable tool for quantifying sub-pixel changes in muscle contractile length (Loram et al., 2006 J. Appl. Physiol. 100: 1311-1323).  The algorithm tracks the movement of a linear array of markers placed on the image at points close to the deep and superficial aponeurosis of the muscle studied.  Here we present preliminary data extending the use of the algorithm by tracking a grid of markers to assess movement across the whole image of the muscle.  Ultrasound images from human lateral gastrocnemius (medial and lateral aspects) were simultaneously recorded (25 Hz) while the subject was upright and completing one of three tasks: Normal standing, passive ankle rotations and small voluntary isometric contractions.  Initial findings indicate differences in the displacement of grid markers placed over deep and superficial portions of each muscle view.  In addition, differences are also reported between movements within the medial and lateral views of the muscle.

A6.70 Aberrant tendon-properties cause abnormal limb-posture in Friesian dwarfs
Sander W.S. Gussekloo1*, Jerta Lankester2, Wim Kersten2, and Willem Back3 
1Experimental Zoology Group, Wageningen Institute of Animal Sciences, Wageningen University, Marijkeweg 40, 6709 PG Wageningen, The Netherlands. 2Division of Anatomy and Physiology, Department of Pathobiology, Faculty of Veterinary Medicine, Utrecht University, Yalelaan 1, NL-3584 CL Utrecht, The Netherlands. 3Division of Surgery, Department of Equine Sciences, Faculty of Veterinary Medicine, Utrecht University, Yalelaan 114, NL-3584 CM Utrecht, The Netherlands.
The distal joints in the equine limb are supported by the suspensory ligament (tendo interosseus) and the tendons of the deep and superficial digital flexor muscles. These tendons are located on the palmar side of the limb, and prevent overextension of the distal limb-joints when the limb is loaded during locomotion or standing. A genetic disorder in the Friesian breed, characterized by dwarfism (Friesian dwarfs), results in collapse of the distal limb-joints, indicating dysfunction of the supporting system. It is assumed that this dysfunction is the result of aberrant tendon-properties. We examined structural and mechanical properties of the tendons of Friesian dwarfs, and compared them with those of normal Frisian horses, and those of horses of similar size and bodyweight (ponies). This comparison showed differences in both structural and mechanical tendon-properties. The tendons of the Friesian dwarfs were relatively longer than tendons of other horses, resulting in more overextension of the joints. Additionally, the tendons show larger strains at equal loads than those of other groups, which is mainly caused by lower Young’s Moduli. This also contributes to the severe overextension observed in the dwarfs. A model was used to determine whether the aberrant tendon-properties alone could explain the severe overextension of the distal limb-joints. When normal tendon-properties were used in the model, normal limb-posture was predicted. When the aberrant properties of the Friesian dwarfs were used in the model, abnormal overextension of the distal limb-joints were predicted, indicating that failure of the supporting mechanism can be fully explained by differences in tendon-properties.

A7 – INTEGRATION OF ACTIVE AND PASSIVE CONTROL MEACHANISMS IN LOCOMOTION

A7.15 Ground Reaction Forces from a Crawling Soft-bodied Legged Animal: The Biomechanical Roles of Caterpillar Prolegs
Huai-Ti Lin, Barry Trimmer [Tufts University Biology, Medford, MA, USA]
Despite lacking a rigid skeleton, most lepidopteran larvae have well-developed limbs (the prolegs) that can be used for climbing in complex branched structures and on a variety of surfaces. Caterpillars therefore are excellent for examining the relationship between soft body deformation and substrate reaction forces during locomotion. In this study, we devised a method to measure the ground reaction forces (GRFs) in fifth instar Manduca sexta at all contact points during crawling. A multi-sensor array was built to accommodate the caterpillar step pattern and to simultaneously measure the GRFs exerted by each proleg in the direction of and normal to locomotion. By tracking proleg movements we could assign the reaction forces to each proleg bearing segment. 
During horizontal crawling different prolegs were found to have their own characteristic ground contact pattern with stereotypic crochet actions. All abdominal prolegs bear similar body weight during their entire stance phase except the terminal prolegs. Unlike in jointed legged systems, caterpillar prolegs do not generate thrust by pushing off the substrate. Instead, Manduca caterpillars use prolegs anterior to the 5th abdominal segment to pull themselves forward while posterior legs are producing decelerating forces. The counteracting GRFs effectively stretch the animal axially at specific phase of the crawling cycle. These findings could help to understand how soft-bodied animals interact with the substrate to control their body deformation. The functional roles of caterpillar prolegs also emerge from this study, providing mechanistic contexts for the evolution of caterpillars’ diverse “leggedness”. 

A9 – PHYSIOLOGY ENERGETICS

A9.18 Effects of metabolism on lifespan and anti-oxidant enzymes in laboratory mice
Duarte, L.C.,Vaanholt, L.M., Speakman, J.R. (University of Aberdeen)
The interrelationships between metabolic rate, body size, rate of radical oxygen species (ROS) production, ageing and lifespan are confused. We measured metabolism, longevity and anti-oxidant enzyme in laboratory mice to test the link between metabolism and ageing. Metabolism were estimated in 95 females by daily energy expenditure (DEE), from the doubly-labelled water method (DLW) and by resting metabolic rate (RMR), from oxygen consumption. Animals were subsequently divided in two groups. The first (N=37) were dissected when aged 11 months, and activity of super-oxide dismutase (SOD), glutathione-peroxidase (GPx) and catalase were measured in the liver. The second group (N=58) were kept until natural death to measure lifespan. Both RMR and DEE was highly correlated with body mass (BM) for the first group (F1,36=47.8, P<0.001; R2=0.58; F1,36=6.8, P=0.01; R2=0.16 respectively) as well as for the second group (F1,57=21.4, P<0.001, R2=0.28 for RMR; F1,57=46.4, P<0.001; R2=0.46 for DEE). Correlations between both SOD and GPx with RMR were negative/non-significant, but were positive/non-significant with residual-RMR. BM was marginally significantly negatively correlated with GPx (r2=–0.31, P=0.06) and with SOD (r2=–0.31, P=0.06), suggesting that the negative trend between enzyme activity and RMR is due to body mass effect.

Relationships between RMR and catalase were non-significant. Similar trends were observed for DEE.

Lifespan was non-significantly correlated with RMR (F1,57=0.87, P=0.36) but significantly negatively correlated with residual-RMR (R2=0.08, F1,57=4.83, P=0.03). The relationships between lifespan and DEE or residual-DEE were non-significant. These data suggest that individual differences activity energy expenditure may play a role in the ageing process.
C1 – PROTEIN FOLDING AND GENERAL MOLECULAR CELL BIOLOGY 

C1.18 Promoting the formation of an active synthetase/tRNA complex by a non-specific tRNA-binding domain
Chia-Pei Chang1, Grace Lin1, Shun-Jia Chen1, Wen-Chih Chiu1, Wen-Heng Chen2, and Chien-Chia Wang1*
1Department of Life Science, National Central University, Jung-li, 32001Taiwan, and 2Institute of Nuclear Energy Research, Taoyuan, 32546 Taiwan.
Previous studies showed that valyl-tRNA synthetase of Saccharomyces cerevisiae contains an N-terminal polypeptide extension of 97 residues which is absent from its bacterial relatives, but is conserved in its mammalian homologues. We showed herein that this appended domain and its human counterpart are both non-specific tRNA-binding domains (Kd ~0.5 μM). Deletion of the appended domain from the yeast enzyme severely impaired its tRNA-binding, aminoacylation, and complementation activities. This N-domain-deleted yeast valyl-tRNA synthetase mutant could be rescued by fusion of the equivalent domain from its human homologue. Moreover, fusion of the N-domain of the yeast enzyme or its human counterpart to Escherichia coli glutaminyl-tRNA synthetase enabled the otherwise “inactive” prokaryotic enzyme to function as a yeast enzyme in vivo. Different from the native yeast enzyme, which showed different affinities towards mixed tRNA populations, the fusion enzyme exhibited similar binding affinities for all yeast tRNAs. These results not only underscore the significance of non-specific tRNA binding in aminoacylation, but also provide insights into the mechanism of the formation of aminoacyl-tRNAs.

C1.19 Insight into the evolution of yeast valyl-tRNA synthetase
Wen-Chih Chiu, Chia-Pei Chang, and Chien-Chia Wang
Department of Life Science, National Central University, Jung-li 32001, Taiwan
Previous studies showed that cytoplasmic and mitochondrial forms of yeast valyl-tRNA synthetase (ValRS) are specified by the VAS1 gene through alternative initiation of translation. Sequence comparison suggests that the yeast cytoplasmic (or mature mitochondrial) ValRS contains an N-terminal appendage which acts in cis as a non-specific tRNA-binding domain (TRBD) and is absent from its bacterial relatives. We show herein that Escherichia coli ValRS can substitute for the mitochondrial and cytoplasmic functions of VAS1 by fusion of a mitochondrial targeting signal (MTS) and a TRBD, respectively. In addition, the bacterial ValRS gene can be converted into a yeast gene specifying both cytoplasmic and mitochondrial activities by fusion of a DNA sequence encoding both the MTS and TRBD. In vitro assays suggested that fusion of a non-specific TRBD to the bacterial enzyme significantly enhanced its tRNA-binding and aminoacylation activities. These results not only underscore the necessity of retaining a TRBD for functioning of a tRNA synthetase in yeast cytoplasm, but also provide insights into the mechanism of yeast ValRS gene evolution.

C1.20 Mutation of the membrane-associated M1 protease APM1 results in distinct embryonic and seedling developmental defects 
WA Peer1, FN Hosein1, A Bandyopadhyay1, SN Makam1, MS Otegui2, GJ Lee1, JJ Blakeslee1, Y Cheng1, B Titapiwatanakun1, B Yakubov1, B Bangari1, AS Murphy1
1Department of Horticulture, Purdue University, West Lafayette, IN 47907 
2Department of Botany, University of Wisconsin, Madison, WI 53706
Aminopeptidase M1 (APM1), a single copy gene in Arabidopsis, encodes a peripheral membrane metallopeptidase originally identified via its affinity for and hydrolysis of the auxin transport inhibitor 1-naphthylphthalamic acid (NPA).  Loss-of-function mutants are haplo-insufficient and show irregular and uncoordinated cell divisions throughout embryogenesis often resulting in embryo abortion and seedlings die at 5 dag. Quiescent center and cell cycle markers show no signals in apm1-1, and the ground tissue specifiers SHORTROOT and SCARCROW are misexpressed or mislocalized. apm1 alleles show defects in gravitropism and auxin transport. Gravistimulation decreases APM1 expression in auxin accumulating (lower) root epidermal cells.  Auxin treatment increases APM1 expression in the vascular cylinder. On sucrose gradients APM1 is observed in unique light membrane fractions not characterized by other subcellular markers. The light membrane fractions are enriched in sterols, glucosylceraminde, C24 and C26, and apm1 alleles show altered labeling with the styryl dye FM4-64. Electron microscopy shows APM1 signal at the margins of Golgi cisternae, plasma membrane, in select multivesicular bodies, at the tonoplast, in dense intravacuolar bodies, & in maturing metaxylem cells. Visualization by immunolocalization and N-terminal YFP fusions associates APM1 with BFA-sensitive endomembrane structures and the plasma membrane in cortical and epidermal cells. APM1 dimerization is required for APM1 function and subcellular localization.  NPA treatment abolishes protein localization and dimerization. The auxin-related phenotypes and mislocalization of auxin efflux proteins observed in the apm1 are consistent with APM1 biochemical interaction with NPA, and indicates that APM1 is the peripheral membrane protein target of high NPA concentrations.

C1.21 Constitutive expression of a fungal glucose oxidase gene in transgenic tobacco confers chilling tolerance
Subbiyan Maruthasalam, Yi Lun Liu, Pei Ying Chen, Ching Mei Sun and Chin Ho Lin*  
Department of Life Sciences, National Chung Hsing University, Taichung, Taiwan, ROC. *Corresponding author: E-mail: chinho@dragon.nchu.edu.tw; Tel.: +886-4-22862511; Fax: +886-4-22862511
Hydrogen peroxide (H2O2) is an important signal molecule involved in abiotic stress tolerance of plants. In this study, the effect of enhanced endogenous H2O2 production upon low temperature stress was explored by generating transgenic tobacco (Nicotiana tabaccum L. cv. SR1) lines constitutively expressing a glucose oxidase (GO) gene of Aspergillus niger by cauliflower mosaic virus (CaMV) 35S promoter. Glucose oxidase can oxidize the glucose in the presence of molecular oxygen to yield H2O2. Molecular analyses (PCR/Southern and western) of transgenic tobacco lines showed stable integration and expression of GO transgene in six independent transformants (T0) namely SR1-CaMV+GO-1, 2, 4, 5, 6 and 7 and the stable inheritance of transgene to their T1 and T2 progenies. Of them, three transgenic tobacco lines (SR1-CaMV+GO-1, 4 and 5) were selected based on the colorimetric assays for GO activity and H2O2 production and tested for their chilling tolerance potential. When exposed to varying chilling temperatures (0, +1, and -1 °C) for 12 h, the electrolyte leakage conductivity was significantly lower in the transgenic lines expressing GO than the non-transformed wild-type plants, in comparison to plants exposed to 25°C. Furthermore, most of the transgenic lines recovered faster and resumed normal growth when returned to normal (25 °C/16-h light) growth conditions after 12 h cold-stress. However, non-transgenic SR1 displayed serious chilling injuries such as necrosis of shoot tip, shoot and leaves, consequently leading to plant death. The enhanced chilling tolerance seen in transgenic lines could be attributed to elevated levels of total antioxidant activity, as evaluated by ferric reducing antioxidant power (FRAP) assay. Our results suggest the potential of GO expression for enhancing chilling tolerance in agronomically important crop plants.

C1.22 Movement and remodeling of the higher plant endoplasmic reticulum.
L. Griffing1, I. Sparkes2, J. Runions2, and C. Hawes2
1 Dept. Biological Sciences, 3258 TAMU, Texas A & M University, College Station, TX 77843-3258
2 School of Life Sciences, Oxford Brookes University, Oxford, OX3 0BP, UK
Using a novel analytical tool, this study investigates the relative roles of actin, myosin and Golgi bodies on form and movement of the endoplasmic reticulum (ER) in tobacco leaf epidermal cells. Expression of a truncated myosin-XI and drug-induced actin depolymerisation  produce a more persistent  network of ER tubules and larger persistent cisternae. The treatments differentially affect two persistent size classes of cortical ER cisternae, those greater than 0.3 square micrometers, and those smaller, called punctae. The punctae are not Golgi and ER remodeling occurs in the absence of Golgi bodies.  The treatments diminish the mobile fraction of ER membrane proteins, but not  the flow of mobile membrane proteins. The results support a new model whereby ER network remodeling is uncoupled from membrane surface flow, and the punctae are network nodes that act as foci of actin polymerization, regulating network remodeling through exploratory tubule growth and myosin-mediated shrinkage.

C3 The Evolution of the Eukaryotic Cell
C3.11 Origin and diversification of clathrin mediated endocytosis 
Luigi Cibrario (University of Exeter)
Endocytosis is a key mechanism which allows cells to internalise external particles and has been studied extensively in yeast and the metazoa. This work has focused upon clathrin-mediated endocytosis (CME) as it performs a central role in regulating synaptic activity in neurons. Because clathrin is universally present in eukaryote taxa, it is proposed that CME is an ancient eukaryote acquisition, potentially the first step in the evolution of endo-membranous organelles and therefore critical for eukaryote cell evolution. CME is a complex process where a wide range of molecular effectors mediate a series of synchronised sub-tasks. Here we investigate the origin and diversification of CME by outlining the molecular interactions which characterise its interactome and performing a taxonomically broad comparative genomic and phylogenetic study of its main components. Our results show that while a set of core components such as clathrin and AP2 protein families are universally present and diversified anciently, most of the known interactome is of relatively recent origin. We pinpoint three key stages in the origin and expansion of the CME interactome’s complexity. We predict that the last common eukaryote ancestor performed a basic form of CME, but the integration of CME with novel membrane bending mechanisms and actin cytoskeleton regulation arose in the last common ancestor of the animals, fungi and amoebozoans. Notably, increase in signal recognition specificity and modulation of dynamin activity at the later stage of vesicle formation arose in the last common metazoan/choanoflagellate ancestor. Together this data suggests that endocytosis is a highly diversified process across the eukaryotic phylogeny.    



C3.12 Inferring the phylogeny of the kinetoplastids; a comparative genomics study using maximal genome content when few taxa are available
Guy Leonard1, Peter Foster2, Jamie Stevens3, Thomas A. Richards1
1Centre for Eukaryotic Evolutionary Microbiology, School of Biosciences, University of Exeter, Geoffrey Pope Building, Exeter, EX4 4QD, UK.

2Department of Zoology, Natural History Museum, Cromwell Road, London, SW7 5BD, UK.

3School of Biosciences, University of Exeter, Geoffrey Pope Building, Exeter, EX4 4QD, UK.
Attempts to resolve the phylogeny of the human parasitic kinetoplastids has produced conflicting data. Here we describe a novel method of reconstructing species phylogeny using whole genomes and few taxa. We calculated a phylogeny for every gene family present in T. brucei to recover reliable gene markers for large scale analysis, indentifying 75 gene families. All 75 datasets were then concatenated resulting in an alignment of 36,278 characters and subjected to six different phylogenetic methodologies and alternative topology tests. We then constructed a reduced dataset with additional species in order to break the long-branch outgroup. Meanwhile eight trees showed evidence of reciprocal kinetoplastid paralogue rooting, negating the need for an outgroup and were analysed using the same methodologies. We then subjected all phylogenetic datasets to analyses with serial stripping of fast evolving sites. Throughout our results we recovered near total support for the monophyly of T. brucei and T. cruzi pinpointing the major branching order of the kinetoplastids. We then used these results to map gene loss events across the kinetoplastid phylogeny demonstrating, in contradiction to most models of parasite evolution, large scale gene loss coupled to the transition from an intracellular to an extracellular parasite.

C3.13 Tracing the early evolution of eukaryotic DNA replication
Yuan Liu, Thomas A. Richards and Stephen J. Aves
School of Biosciences, University of Exeter, Geoffrey Pope Building, Stocker Road, Exeter EX4 4QD
Most of our knowledge of eukaryotic DNA replication comes from genetic and biochemical studies of yeasts and animals. Yeasts and animals are known to belong to the opisthokonts, which represents only one of six eukaryotic supergroups; most eukaryotes in other supergroups have received little study with regard to DNA replication. Using comparative genomics and phylogenetic analysis, we have mapped ancient evolution patterns by pinpointing gains, losses and duplication events within over 70 DNA replication gene/protein components across 35 eukaryotes, covering five of six eukaryotic supergroups. Our studies have constructed a taxonomic distribution of the core DNA replication proteins across eukaryotes and identified ancient conserved protein components. We have revealed a potential model of the DNA replication machine in the last common ancestor of eukaryotes. These results will help to overcome current animal/fungal bias in DNA replication research and better describe the evolution of functional diversity of eukaryotic DNA replication.

C5P7 – LEAF FORM AND FUNCTION

C5P7.35 Development patterns in wheat seeds
Chloe Steels, Mike Burrell and Andrew Fleming (The University of Sheffield)
As one of the major cereal crops produced worldwide, wheat provides essential nutrients to a large proportion of the human population and their livestock’s. The wheat grain itself is a staple food source for many and has even been developed into a bio fuel. Therefore the ability to understand metabolic development patterns within wheat seeds and potentially increase specific metabolites such as lysine, an essential amino acid that humans cannot synthesise will have great benefits. Current techniques used to identify and quantify metabolites within developing wheat seeds destroy the cellular localisation and are not thought to represent all metabolites that occur at very low concentrations. Molecular advances clearly show that anatomically identical cells can expresses different enzymes within a tissue sample, but current metabolic analysis techniques do not seem to truly represent what would seem to be a non-uniform distribution of metabolites within wheat seeds. Can the use of Imaging Matrix Associated Laser Desorption Ionisation Mass Spectrometry (I-MALDI-MS) a technique which allows the visualization of the metabolic distribution within a tissue sample provide a solution to these problems? As a non-targeted approach this technique is highly sensitive allowing a wide range of metabolite variation to be detected across a tissue sample and can even estimates quantities occurring at a single cell level as low as a femtomolar. We will present results to show how the distribution of amino acid metabolism varies within the wheat seed during development.


C5P7.36 Growing large leaves from a small-leaf gene pool: evolution of leaf traits in Populus nigra
Jennifer DeWoody, Harriet Trewin, Gail Taylor (University of Southampton)
P1 – MEMBRANE TRANSPORT IN BIOTIC AND ABIOTIC STRESS

P1.36
Selective Metal Binding of Arabidopsis Cation Diffusion Facilitators
Zeenat Noordally1, Dorina Podar1, 2, Pawel Herzyk3 and Dale Sanders1
1University of York, Department of Biology, Area 9, York, YO10 5DD, UK, 2Faculty of Biology-Geology, Babes-Bolyai University, Cluj-Napoca, Romania, 3The Sir Henry Wellcome Functional Genomics Facility IBLS, Joseph Black Building, University of Glasgow, G12 8QQ, UK.
Cation Diffusion Facilitator (CDF) transporters are implicated in the translocation of transition metals across the cytoplasmic and intracellular membranes. Commonly referred to as Metal Tolerance Proteins (MTPs) in plants, they are distributed ubiquitously across all taxonomic groups. CDFs are known to transport a range of divalent metal cations, including Zn2+, Mn2+, Fe2+, Co2+, Ni2+ and Cd2+. The CDF family has been categorized into three metal groups based on their main substrate specificities: (i) zinc, (ii) iron/zinc and (iii) manganese. A zinc transporting CDF called YiiP, from Escherichia coli, is the only CDF member to have been crystallised. The crystal structure of YiiP has been used as a basis for homology modelling of two Arabidopsis thaliana MTPs, AtMTP1 and AtMTP11, which transport zinc and manganese respectively. Based on these models, amino acid residues have been identified in both transporters which may be implicated in the selective binding of their relative substrates. Site-directed mutagenesis of putative residues in the first intracellular loop and the C-terminal domain of AtMTP11 were performed and were found to not complement a Mn2+-sensitive yeast mutant pmr1Δ, as opposed to AtMTP11 wildtype which does complement pmr1Δ. Random mutagenesis of the zinc transporting AtMTP1 identified single, double and triple mutations which confer cadmium tolerance in the ycf1Δ mutant. The mutated residues are situated in the second and sixth transmembrane domains (TMDs), in the histidine-rich loop between TMDs four and five and in the C-terminal region. The residues identified may have a role in the recruitment or transport of the metal ion or in maintaining structural conformation of the transporter.

P1. 37 Optical contrast enhancement by decay shape analysis of fluorescence intensity decay curves
Frank Schleifenbaum1, Kirstin Elgass2, Marcus Sackrow2, Katharina Caesar1, Kenneth Berendzen1, Klaus Harter1, Alfred J. Meixner2
1 Center for Plant Molecular Biology, Department of Plant Physiology, University of Tübingen, 72076 Tübingen, Germany, 
2 Institute of Physical and Theoretical Chemistry, University of Tübingen, 72076 Tübingen, Germany

Background fluorescence deriving from subcellular compartments is a major drawback in high-resolution imaging of cells. We present a novel technique for contrast enhancement of a fluorescence image of over one order of magnitude. The method utilizes the shape characteristics of the fluorescence lifetime curve to determine undesignated background emission. Our approach enables the investigation of samples with high autofluorescence background, such as living plant cells, at high spatial resolution.
We investigated Arabidopsis thaliana seedling cells in their tissue environment, which express an eGFP fusion of the plasma membrane-bound marker protein LTI6b [1] to demonstrate the feasibility of our method.

[1]Cutler et al. (2000), Proc. Natl. Acad. Sci. USA 97, 3718-3723.

P1.38 Structure-function analysis of plant aquaporin AtPIP2;1 gating by divalent cations and protons
A. Grondin1, L. Verdoucq1 and C. Maurel1
1Biochimie et Physiologie Moléculaire des Plantes, Institut de Biologie Intégrative des Plantes, UMR 5004 CNRS, UMR 0386 INRA/ Montpellier SupAgro/ Université Montpellier 2, F-34060 Montpellier Cedex 1, France
Water channel proteins (aquaporins) of the Plasma membrane Intrinsic Protein (PIP) subfamily provide means for fine and quick adjustments of the plant water status (1). These adjustments require mechanisms that include the control of aquaporin gene transcription and protein abundance, stimulus-induced aquaporin subcellular relocalisation, and channel gating by reversible phosphorylation or by intracellular protons (H+). A molecular model for gating of PIPs by cytosolic H+ and divalent cations was derived from the atomic structure of spinach SoPIP2;1 in an open- and a closed-pore conformation (2). Here, we produced in Pichia pastoris the Arabidopsis AtPIP2;1 homolog, either wild-type (WT) or with mutations at residues supposedly involved in gating. Stopped-flow spectrophotometric measurements showed that, upon reconstitution in proteoliposomes, all forms function as water channels. First functional evidence for a direct gating of PIPs by divalent cations was obtained. In particular, cadmium and manganese were identified, in addition to calcium (Ca2+) and H+ as potent inhibitors of WT AtPIP2;1. Our data further show that His199, the previously identified site for H+ sensing (3), but also N-terminal located Glu31, and to a lesser extent Asp28, are involved in both divalent cations and H+-mediated gating (4). By contrast mutation of Arg124 rendered AtPIP2;1 largely insensitive to Ca2+ while remaining fully sensitive to H+. The role of these residues in binding divalent cations and/or stabilizing the open or closed pore conformations is discussed.

REFERENCES

1. Maurel, C., Verdoucq, L., Luu, D.T., and Santoni, V. (2008) Plant aquaporins : membrane channels with multiple integrated functions. Ann. Rev. Plant Biol. 59, 595-624
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P1.39 Investigation of Metal Specificity Determinants of Plant Cation Diffusion Facilitators
Dorina Podar1,2, Dale Sanders1
1 Department of Biology, University of York, Area 9, YO10 5DD, UK
2 Faculty of Biology-Geology, Babes-Bolyai University, Cluj-Napoca, Romania

Cation Diffusion Facilitators (CDFs), in plants known as Metal Tolerance Proteins (MTPs), are involved in the efflux of cations from the cytosol. Little is known concerning which domains and/or amino acid residues of the CDF proteins confer metal selectivity. We studied Zn/Co versus Zn selectivity by creating a number of chimeras between a barley CDF (HvMTP1), a Zn/Co transporter, and Arabidopsis thaliana AtMTP1, a transporter highly specific for Zn. The chimeras were constructed by exchanging different segments/amino acids within the intracytoplasmic histidine-rich loop located between the TMDs 4 and 5 of both proteins. This histidine-rich loop is present only in the CDFs within the Zn-group and its role has not yet been identified. Ionic selectivity of the chimeric constructs was assessed by heterologous expression in yeast (Saccharomyces cerevisiae) mutants deficient in different metal transporters. Results suggest that five amino acid residues located towards the N’ segment of the histidine-rich loop of AtMTP1 are involved in confining the specificity for Zn. Cellular localization in yeast of the chimeras was checked by fusion with GFP, being observed at the vacuolar membrane, similarly to the wild-type HvMTP1 and AtMTP1. Furthermore, investigation of AtMTP1 mutants arising from random mutagenesis suggests that amino acids within the TMD 3 and possibly TMD 4 might be responsible for defining the Zn specificity. It is possible that specific interactions between residues in the TMDs 3/4 and from the N’ segment of the histidine-rich loop are responsible for Zn-selectivity of AtMTP1 in comparison to HvMTP1.

 P1.40 GPCR-type G proteins are essential for normal growth and development in Arabidopsis
Gian-Enrico C. Freschet, Felix W. Jaffé, Billy M. Valdes, Jonathon G. Jerram, Lorraine E. Williams and Matthew J. Terry 
School of Biological Sciences, University of Southampton, SO16 7PX

GTG1 and GTG2 are G protein-coupled receptor-type G proteins that have been reported to function as ABA receptors in Arabidopsis (Pandey et al. 2009 Cell 136, 138-148). These membrane proteins have 8-9 predicted transmembrane domains and are highly conserved in plants, animals, and fungi. The two proteins are 91% identical at the amino acid level and appear to be functionally redundant. We have independently isolated gtg1gtg2 double mutants in Col and Ws backgrounds. In seedlings and immature plants, these new gtg1gtg2 double mutants, but not the single mutants, exhibit altered root and shoot phenotypes in comparison to wild type under a variety of conditions. The shoot phenotypes were light dependent. In the mature plant, fertility-related defects were observed. Analysis using GUS fusions showed that GTG1 and GTG2 have very similar expression patterns and are present throughout the plant. Microarray analysis has been used to compare gene expression in the wild type and double mutant in order to help establish the function of GTG1 and GTG2. We have identified differences in expression in genes important in cell wall function, amino acid metabolism and hormone response. Our observations currently suggest that GTGs may have functions in addition to a role in ABA signalling. 


P2 – FLOWERING AND REPRODUCTION
P2.18 Influence of photoperiod on growth, development, and sex expression of monoecious hemp  (Cannabis sativa L.)
Pierre Raulier (Université catholique de Louvain) 
Hemp (Cannabis sativa L.) is a naturally dioecious species. However, since the male plants cause technical problems during the harvest, breeders have created monoecious varieties. These varieties are composed of monoecious and female plants. Unfortunately, these varieties are unstable and male plants reappear after a few generations. A precise knowledge of the genetic determinism, the environment effect and the hormonal control of sex expression is lacking to solve this problem.

The first step to understand the underlying mechanism of sex expression is to set up an accurate description of the plant architecture and the floral development. In this study, five monoecious hemp varieties where grown under five different photoperiods. The flowering stage and the ratio between male and female flowers were recorded weekly, at each node of each plant. These data and observations were integrated in a general model of growth and development, including the axial growth, flower appearance and sex expression under the different photoperiods. All these characteristics were described chronologically for the different photoperiods. The main feature of this model is that growth, development and sex expression  are drastically affected by photoperiod: under short days, plants are small, and male flowers generally appear on the lower nodes after the apical growth has stopped. Under long days, male flowers appear on the uppermost part of the plant and the lower nodes never produce any flower. 

This model will be really convenient to investigate the effect of the different hormones on sex expression in subsequent experimentations.

P2.19 The uniflora:blind:self pruning triple mutant: a ‘tulip-like’ tomato plant
Muriel Quinet, Jean-Marie Kinet (Université catholique de Louvain) 

Tomato (Solanum lycopersicum L.) is an autonomous plant that produces inflorescences bearing usually from five to ten flowers and has a sympodial growth habit so that vegetative and reproductive phases alternate regularly.  In this species, different mutants have been shown to be affected in their flowering responses or their growth habit including uniflora, blind and self pruning. The uniflora mutant produces solitary, normal, fertile flowers instead of inflorescences and always flowers later than the wild type, the late-flowering character being observed in both the initial and the sympodial segments. The blind mutant is late-flowering, produces inflorescences containing one to three flowers sometimes fused and failed to develop axillary meristems. The SELF PRUNING gene controls the sympodial growth, a mutation in this gene induces the determination of the plant. We produced double and triple mutants using UNIFLORA, BLIND and SELF PRUNING as parents to contribute to the elucidation of the potential interaction between these genes. We observed that the uniflora: blind and uniflora: self pruning double mutants as well as the uniflora:blind:self pruning triple mutant were late flowering, produced solitary flowers instead of inflorescences and were determinate. Usually, the growth of the triple mutant ended after the initiation of a solitary terminal flower, the plant failing to produce axillary and sympodial axes.
P4 PHOTOMORPHOGENESIS 

P4.15
Regulation of shade avoidance by a network of bHLH class transcription factors

Patricia Hornitscheck, Séverine Lorrain and Christian Fankhauser

Since plants are sessile organisms it is of major importance that they adapt growth to changing light conditions. One well-studied phenomenon is the shade avoidance response. In high vegetational density the red:far-red (R:FR) ratio decreases, because photoactive pigments of neighbor plants absorb R light, whereas FR light is mainly transmitted and reflected. This change of light quality is detected by the R/FR-absorbing phytochromes (phyA-phyE in Arabidopsis) and leads to the shade avoidance response. At the phenotypical level, shade avoidance is characterized by elongation growth of stems and petioles at the expense of leaf development. In addition plants have elevated leaf angles (hyponasty), increased apical dominance leading to reduced lateral branching and flower early. At the molecular level shade rapidly upregulates the expression of several transcription factors including HFR1, ATHB2 and PIL1. 

The Phytochrome-Interacting Factors PIF4 and PIF5 interact with the light activated photoreceptor and promote growth responses under vegetational shade. In direct sunlight they interact with phytochrome resulting in rapid degradation of those bHLH class transcription factors. In shaded conditions the phytochrome photoequilibrium shifts towards the inactive form of the photoreceptor, which does not interact with PIF4 and PIF5. PIF4 and PIF5 thus accumulate in low R:FR and lead to elongation growth responses. The related bHLH class transcription factor HFR1 (long Hypocotyl in FR 1) limits excessive shade-induced responses. We have studied the relationship between PIF4, PIF5 and HFR1 during shade avoidance at the molecular and physiological levels.

P5 – YOUNG SCIENSTISTS IN PLANT BIOLOGY
P5.9
Effects of Heat Stress on the Gene Expression Levels and Proteome Analysis of Heat Shock Proteins (Hsp1-Hsp2) in Melon Seedlings.

Mehmet Cengiz Baloglu1, Samir Karaca1, Huseyin Avni Oktem1, Meral Yucel1
1 Department of Biological Sciences, Middle East Technical University, 06531 Ankara, Turkey

The responce of the heat shock proteins to heat stress was examined in leaves of seedling of Galia type Turkish melon (Cucumis melo L.).  14 days old melon seedlings were subjected to 38ºC and 40ºC for 6, 12 , 24, 48 and 72 hours to investigate short and long term effects of high temperature. Total RNA was isolated from stressed and non-stressed leaves of melon seedlings. The gene expression levels of Hsp1 and Hsp2 were examined by semiquantitative reverse transcription polymerase chain reaction (RT-PCR) technique. Arabidopsis 18S rRNA was used as internal control in multiplex PCR technique. 

Although relative expression levels of Hsp2 were higher in leaves under both 38ºC and 40ºC heat stresses, significant changes for expression levels of Hsp1 was obtained. Relative expression levels of Hsp1 were increased on 6 and 12 hours for both 38ºC and 40ºC heat stress applications in leaves. Expression levels of Hsp1 gradually decreased after 24 hours for both heat stress applications in leaves. Decrease of gene expression level of Hsp1 was also confirmed by quantitative PCR (qRT-PCR). Protein analysis was performed using two-dimensional gel electrophoresis (2-DE) with pH 3–10 immobilized pH gradient (IPG) strips. Protein spots obtained from stressed and non-stressed leaves and their internal amino acid sequences was detected from the soluble proteome.

Although it is nearly impossible to understand the whole heat shock mechanism of plants under heat stresses, this study was a step to learn about molecular background of heat shock responce.

Key words: Melon, heat stress, RT-PCR, gene expression, proteome
P5.12 Identifying gene markers for defence and senescence in the BioFuel crop, Miscanthus. 

Shanmugapriya Venkatachalam, Paul Robson, Luis Mur and Iain Donnison

 Biorenewables and Environmental change Division, Institute of Biological, Environment and Rural Sciences (IBERS), Aberystwyth University, Plas Gogerddan, Aberystwyth, Ceredigion , U.K. SY23 3E
 Miscanthus is highly promising bio fuel crops but there is little knowledge about the mechanism of responses to abiotic and biotic stress or senescence.  Programmed Cell Death is a self destructing cellular process triggered by external or internal factors and mediated through an active genetic program and plays a crucial role in defence responses in plants and also senescence.  IBERS has initiated a large scale breeding programme which is seeking to improve Miscanthus biomass production and stress tolerance. Biomass is strongly influenced by senescence which constitutes the final stage of leaf development and is critical for plants fitness as nutrients relocate from leaves to seeds or storage organs.  There is therefore an urgent need to identify genes which are associated with defence and senescence to inform our Miscanthus breeding programme. Molecular studies indicate that some common genes between senescence- associated and pathogen- induced cell death.  Informed by analyses undertaken in other plant species Miscanthus orthologues of the defence/senescence-linked genes, pathogenesis protein 1 (PR1), PR2 (-glucanase), PR4 (chitinase) and PR10 have been isolated. The expression of these genes is being examined following wounding and application of chemical defence signals in a range of Miscanthus genotypes.  Expression of these genes will be correlated with stress tolerance and progression to senescence.  Based on these data, appropriate promoters will be isolated which could have biotechnological applications in increasing stress tolerance or modifying senescence to increase biomass. 

P5.34 Factors affecting leaf emergence rate in winter wheat
Rim Baccar abd, Mariem Abichou ab, Tino Dornbusch a, Philippe Gate c, Bruno Andrieu ab 
a INRA, UMR 1091 EGC, F-78850 Thiverval-Grignon, France.
b AgroParisTech, UMR 1091 EGC, F-78850 Thiverval-Grignon, France.
c ARVALIS-Institut du végétal, chemin de la petite minière, 78280 Guyancourt, France
d Corresponding author. Email: rbaccar@grignon.inra.fr
Phyllochron is a determinant parameter in crop models. In wheat it is generally taken constant during growing season, but several authors report ontogenic changes. There are also reports of phyllochron changes with sowing date, interpreted as a photoperiodic response. However it has also been proposed that such behaviours are artefacts originating from the use of air temperature instead of that of the growing zone temperature. The aim of this research is to clarify this controversy.
Winter wheat Soissons was grown under field conditions in 2007/2008 and 2008/2009, each time at 3 densities and 2 contrasting sowing dates. Apex temperature was calculated based on soil temperature before stem extension and later on air temperature. Leaf emergence was monitored weekly to calculate the Haun Stage. Leaf initiation was monitored by plant dissection.
The relationship between leaf emergence and thermal time followed a broken line, with a first rate dependant on sowing date and a second rate dependant both on density and sowing date. The time at which the rate changed coincided with flag leaf initiation and was simultaneous for main stem and tillers. 
Phyllochron changed with sowing date independently of bias in the estimate of growing zone temperature. Our results point to an ontogenic change at the time of flag leaf initiation, and suggest that the fate of the primordium that will become the flag leaf is determined as soon as it is initiated. 

P5.35 Medicago truncatula and Oryza sativa: different nuclear chromatin shapes
Nuno Geraldo1, Filipa Alves2, Rita Abranches1
1 Plant Cell Biology Laboratory, Instituto de Tecnologia Química e Biológica, Avenida da República, E.A.N., 2781–901 Oeiras; 2 Instituto Gulbenkian de Ciência, Rua da Quinta Grande, 6 2780-156 Oeiras, Portugal
Medicago truncatula (Barrel Medic) and Oryza sativa (Rice) are model species for legumes and cereals respectively and have been used mainly for genetic and development studies. Here, we use both species as models to study chromatin organization in the interphase nucleus and the mechanisms that are involved in controlling heterochromatin and euchromatin distribution. Using a combination of immunochemistry and microscopic techniques we are addressing the question of why the nucleus chromatin organization in Medicago and Rice differs greatly despite the similar genome sizes. We show that Medicago nuclei have clear chromatin condensed foci, which correlate with DNA cytosine methylation (5-mC) and histone methylation (H3K27me2, H3K9me2) immunolabelling pattern. Rice has a more diffuse pattern of heterochromatin distribution and only H3K27me2 shows a localized distribution. Using chemical chromatin modifying agents which block DNA methylation (5-Aza) and histone deacetylation (TSA) we concluded that DNA methylation seems to have a determinant role in the formation and maintenance of the heterochromatin foci in Medicago. The epigenetic marks suffered changes with the addition of the drugs and unexpectedly H3K27me2 was upregulated in Medicago when hypoacetylation was induced with TSA. In Rice, the epigenetic heterochomatin and euchromatin marks are also affected to a similar extent as Medicago, despite the homogeneous chromatin distribution observed during the interphase. Overall our results revealed that during evolution different plant species adopted different strategies to silence and control global gene expression.

P5.36 Identification and Characterisation of Mitogen-Activated Protein Kinase (MAPK) Docking Domains in Arabidopsis.
A.M. Winger, H. Hirt
Unité de Recherche en Génomique Végétale, 2 rue Gaston Crémieux, 91057 Evry, France.
Studies of mammalian MAPK pathway components have identified a motif responsible for interaction of MAPKs and their targets (such as MAPK kinases and MAPK substrates). This motif, termed the D-site, follows the consensus (K/R)1-3-X1-6-φ-X-φ, and is found at sites separate to the active and phosphorylation sites of proteins. In addition to this D-site there exists another site in proteins, F-X-F-P, shown to interact with the MAPK at a different site than the D-site. It is as yet unclear whether these same sequences are responsible for MAPK:substrate interactions in plants. 

The aim of this study is to identify and characterise plant MAPK docking domains. This analysis utilizes known specific targets of Arabidopsis MAPKs 3, 4 and 6 in order to address the question of specificity of phosphorylation of a substrate by one MAPK and not another. Interaction and phosphorylation analysis of truncated and/or mutagenised targets was performed in order to characterize the region and specific amino acids responsible for the interaction with their respective MAPK. Preliminary results will be presented.

P5.37 Manipulation of In vitro Adventitious Root Formation By Controlling The Expression Of A Retinoblastoma-Related (RBR) Protein
Yousef Al-Dlaigan1&2 and Andrew Fleming1
1 Department of Animal & Plant Sciences, Alfred Denny Building, University of Sheffield, Sheffield S10 2TN, UK.
2 Department of Plant Production, College of Food & Agricultural Sciences, King Saud University,  P.O.Box 2460 Riyadh 11451, SAUDI ARABIA.
In vitro adventitious root formation is the phenomenon of regenerating secondary roots from tissue other than the pericycle. Classical literature indicates that this process of de novo organogenesis can be controlled by manipulating the exposure of tissue to plant growth regulators, notably auxin. The key element of adventitious root formation is the induction of a new apical meristem (stem cell niche) and a body of recent work suggests that a key cell cycle gene encoding Retinoblastoma-Related protein (RBR) plays a significant role in the formation/maintenance of the root apical meristem. The aim of this work was to investigate the interaction of plant hormones on de novo meristem formation in the context of different endogenous levels of RBR. We have used an inducible gene expression system to modulate the expression of an RBR gene at different time points during in vitro adventitious root formation. Overexpressing RBR suppressed stem cell initiation in response to auxin/cytokinin, leading to decreased formation of adventitious root formation. The mechanism underpinning this manipulation was investigated at molecular, histological and morphological levels.     



P5.38 Identifying gene markers for defence and senescence in the BioFuel crop, Miscanthus
Shanmugapriya Venkatachalam, Paul Robson, Luis A. J Mur and Iain Donnison
Biorenewables and Environmental change Division, Institute of Biological, Environment and Rural Sciences (IBERS), Aberystwyth University, Plas Gogerddan, Aberystwyth, Ceredigion , U.K. SY23 3E
Miscanthus is highly promising bio fuel crops but there is little knowledge about the mechanism of responses to abiotic and biotic stress or senescence.  Programmed Cell Death is a self destructing cellular process triggered by external or internal factors and mediated through an active genetic program and plays a crucial role in defence responses in plants and also senescence.  IBERS have initiated a large scale breeding programme which is seeking to improve Miscanthus biomass production and stress tolerance. Biomass is strongly influenced by senescence which constitutes the final stage of leaf development and is critical for plants fitness as nutrients relocate from leaves to seeds or storage organs.  There is therefore an urgent need to identify genes which are associated with defence and senescence to inform our Miscanthus breeding programme. Molecular studies indicate that some genes are common between senescence- associated and pathogen- induced cell death.  Informed by analyses undertaken in other plant species Miscanthus orthologues of the defence/senescence-linked genes, pathogenesis protein 1 (PR1), PR2 (-glucanase), PR4 (chitinase) and PR10 have been isolated. The expression of these genes is being examined following wounding and application of chemical defence signals in a range of Miscanthus genotypes.  Expression of these genes will be correlated with stress tolerance and progression to senescence.  Based on these data, appropriate promoters will be isolated which could have biotechnological applications in increasing stress tolerance or modifying senescence to increase biomass. 

P5.39 Expression of functional human adenosine deaminase in plant cell suspensions and whole plants
Sanjeewa Singhabahu (University of East London)

Adenosine deaminase deficiency (ADA) is a severe combined immunodeficiency, a fatal inherited disorder caused by mutations in a crucial gene on chromosome 20 which controls the development and function of immune cells. It is an autosomal recessive disorder representing 20% of the severe immune deficiency disorders (SCID). (Alessandro. 2004)

Although the treatment of ADA deficiency is carried out using polyethylene glycol conjugated adenosine deaminase from a bovine source, the treatment has a disadvantage of deleterious response in some patients. 

In order to explore the possibility of producing therapeutic levels of human ADA in transgenic plants, a human ADA cDNA has been inserted into suitable plasmids and used to transform tobacco cell cultures and whole plants. Heterologous expression of ADA gene will be measured using northern blot analysis, western blot analysis and ADA enzyme assays. Various constructs will be tested in order to increase expression. For example; construct with apoplast targeting signal sequence (PR1a), Construct with extensin signal sequence and Construct with KDEL ER targeting sequence.
P5.40 PRELIMINARY SELECTION OF PHOSPHATE SOLUBILISING PLANT GROWTH PROMOTING MICROORGANISMS
 1,2Fankem, H.; 2Ndongo Din; 3Nwaga, D.; 1Daniell, T.J. & 1*George, T.S. 
1SCRI, Invergowrie, Dundee, DD2 5DA, UK.
2University of Douala, Faculty of Science, Department of Plant Biology, Cameroon.
3University of Yaoundé I, Faculty of Science, Department of Plant Biology and Physiology, Cameroon.
1*Corresponding author and where work was conducted: SCRI, Invergowrie, Dundee, DD2 5DA, UK. Tel: +44(0)1382 562731, Fax: +44(0)1382 562426. E-mail: tim.george@scri.ac.uk

Most soils are deficient in forms of phosphate that are readily available to plants and therefore require the application of Phosphorus-based fertilizers to achieve and maintain high levels of productivity. With the increasing problems associated with the use of synthetic chemicals in agriculture, there has been an increasing interest in the use of native beneficial microorganisms to improve plant health and productivity while ensuring safety for human consumption and protection of the environment. Among the soil microorganisms, there are individuals that are able to solubilise various forms of precipitated phosphorus. This paper highlights the preliminary isolation and characterization of such microorganisms from soils samples collected in the five agro ecological zone of Cameroon. The halo-based technique is a quick way for screening a large number of phosphate solubilising isolates. It involves the measurement of the diameter of the microbial colony (n), that of the halo zone (z) or the zone of solubilisation, with the ratio z/n as an indicator for the isolate efficiency. Phosphate-solubilising microorganisms isolated in this way will be tested for their functionality in phosphate-deficient soils using laboratory assays, greenhouse experiments and field trials.
P5.41 A New Transporter Involved in Copper Homeostasis in Arabidopsis
Ilaria Zanardi, Edgar Peiter and Dale Sanders
University of York, Department of Biology, YO10 5DD, UK

Copper is both a micronutrient and a potentially toxic element. The metal is essential in iron uptake and is needed in plants for the correct working of enzymes such as plastocyanin, superoxide dismutase, cytochrome oxidase, ascorbate oxidase, diamine oxidase and phenol oxidase .Many previous studies have described the way in which copper ions can cross the plasma membrane, but nothing so far is known about the way in which copper is partitioned between intracellular compartments.

COPT5 is a putative copper transporter present in several proteomic analyses of the vacuolar membrane. COPT5 is part of a six-member family (COPT1–6) of putative Arabidopsis copper transporters which are able functionally to complement the growth defects and copper transport function in the yeast ctr1ctr3 mutant.

The function of COPT5 was investigated by comparing the effect of high concentrations of copper and of a copper-specific chelator (BCDS) on germination, root growth and development in wild type Arabidopsis and copt5 mutants. Preliminary results suggest that COPT5 plays a role in facilitating growth at extreme low copper concentration. Copt5 mutant plants show a short root phenotype when grown in presence of BCDS but no difference was observed on the phenotype in presence of high concentration of copper. These results may suggest that the COPT5 transporter is involved in the remobilization of copper in conditions of copper deficiency.

Intracellular localization studies have been conducted using COPT5-EYFP fusions and suggest that COPT5 might reside on an intracellular membrane other than the vacuolar membrane.

P6 – MODELLING PLANT SYSTEMS – CELLS TO AGR0-SYSTEMS
P6.41
PASTAR: Tool for Image Analysis of Rice Panicle Structure
Yoshitsugu Hirose1, Mayuko Ikeda2, and Hidemi Kitano3
1. Fundamental Technology Research Center, Honda R&D Co., Ltd.
2. Graduate School of Bioagricultural Sciences, Nagoya University
3. Bioscience and Biotechnology Center, Nagoya University
Rice panicle has a complicated structure which consists of many branches, and its branching pattern is strongly related with agronomically important traits such as grain number of panicle. It is important to demonstrate a relation between these structure and genotype. However, a great deal of labor is required for measurement of these quantitative parameters.

PASTAR (PAnicle STructure Analyzer for Rice) is developed for efficient and accurate measurement of structural traits of rice panicle using image analyzing methods. PASTAR automatically recognizes and identifies branches and grains from panicle image scanned by flatbed scanner, and saves the structural parameters as XML formatted text file. Various quantitative data of panicle traits can be calculated according to this file. PASTAR can output also 2D and 3D image of panicle models, which help us to understand panicle structure visually.
P3 – PLANT RESPONSES TO UVB 

P3.13 Various abiotic stressors are mediated via a G-protein-mediated cassette: implications for early development in Arabidopsis.
Katherine M. Warpeha (University of Illinois), K. Plachta (University of Illinois), D. Patel (University of Illinois), N. O. Kukuruza (University of Illinois), J. Botella (University of Queensland) & L.S. Kaufman (University of Illinois).  
Etiolated Arabidopsis thaliana seedlings, lacking a functional arogenate dehydratase3/prephenate dehydratase 1 gene (ADT3/PD1), lack ability to synthesize phenylalanine (Phe) and as a consequence, phenylpropanoid pigments. Low doses of ultraviolet (UV-C; 254 nm) radiation and other stressors are lethal, and low doses of UV-B cause damage to etiolated pd1 mutants, but not to wild type (wt) seedlings. Furthermore, exposure to stress causes damage to etiolated gcr1 (encoding a putative G-protein coupled receptor in Arabidopsis) and gpa1 (encoding the sole G-protein -subunit in Arabidopsis) mutants. Genetic experiments demonstrate that G and G1 and G2 proteins are not essential to all of the abiotic stress pathways, but only select stressors. UV-B has developmental importance only if sufficient Phe is available.  Addition of Phe to growth media restores wt levels of resistance and pigments to pd1 mutants for all stressors, not just UV. The data indicate that the G-protein signaling pathway is critical to providing protection from UV-B/UV-C, salt, heat and other stressors early in development and does so via the activation of PD1, resulting in the synthesis of Phe. Cotyledons of etiolated pd1 mutants have proplastids (compared with etioplasts found in wt and other ADT/PD family mutants), less cuticular wax, and fewer long chain fatty acids. Phe-derived pigments do not collect in the epidermal cells of pd1 mutants when seedlings are treated with UV, particularly at the cotyledon tip. There are additional proteins which may interact directly with the GCR1-GPA1-PD1 cassette that are involved in specific stress pathways as mediated by stress hormones.
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SAT.25  Influence of oceanic and riverine nutrient fluxes on primary production dynamics in Ishikari Bay, oligotrophic subarctic coastal environmental of Japan. 
Julius I. Agboola1,3* Mario Uchimiya1 & Isao Kudo 1,2
1Graduate School of Environmental Science, Hokkaido University, Kita 10 Nishi 5,   Sapporo, 060-0810 Japan.
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3Global Land Project, Sapporo Nodal Office, Hokkaido University, Kita 9 Nishi, 8, Sapporo, 060 0809 Japan.
We computed a ratio of riverine nutrient flux (RNF) to bottom nutrient flux (BNF) to determine the relative influence of oceanic and riverine nutrient fluxes on primary production dynamics in Ishikari Bay, oligotrophic subarctic coastal system. Across spring, summer and autumn seasons, RNF:BNF ratio was significantly greater than 1.0 for DIN and Si(OH)4 nutrients, especially in spring and autumn, suggesting that, for these nutrients, riverine (Ishikari River) nutrient significantly fueled autotrophic production in Ishikari Bay. However, PO4 nutrient flux ratios were significantly less than 1.0, especially in summer (0.1) and autumn (0.3), suggesting a possible bottom nutrient upwelling source. In spring, when ratio value was close to 1 (0.8), coupling of bottom (upwelling) and surface (river) is hypothesized since PO4 concentration of river end-member was lowest and suspended particulate matter (SPM) concentration highest across season.  While the influence of riverine nutrient fluxes significantly fuels autotrophic production in the Ishikari Bay, information on the importance of estuarine circulation in buffering the supply of PO4, not adequate in riverine nutrient is a significant insight in this study.

Keywords: Nutrients, phytoplankton, primary productivity, Ishikari Bay.

SAT.26 Impact of long-term exposure to hypercapnia on physiological functions of the velvet swimming crab, Necora puber
Small D1, Calosi P1*, White D2, Widdicombe S2, Spicer JI1
1Marine Biology and Ecology Research Centre
School of Biological Sciences, University of Plymouth,
Drake Circus, Plymouth, Devon PL4 8AA, UK.
2 Plymouth Marine Laboratory, Prospect Place, West Hoe, Plymouth PL1 3DH, UK
Anthropogenically induced ocean acidification (OA) is predicted to play a major role in shaping species biogeography and oceans’ biodiversity levels over the next century. In particular, calcifying marine organisms, including many key intertidal invertebrate species, are proposed to be amongst the most vulnerable to OA.  In this study we exposed individuals of the velvet swimming crab Necora puber to pH 8.00, 7.30 and 6.70 for 30 days to characterise the potential effect of long-term exposure to OA on its physiology and immune response.  For this reason, tolerance to heat (using CTmax as proxy), metabolic rates (using oxygen consumption as proxy), acid-base balance, carapace and chelae calcification levels, haemolymph [Ca2+] and [Mg2+], and immune response in terms of oxidative stress levels were characterised.  We showed that N. puber was able to effectively buffer its extracellular pH over the 30 days exposure to low pH/hypercapnia, whilst did not undergo net shell dissolution during the exposure period.  However, whole animal oxygen consumption decreased with hypercapnia.  In addition, we showed that while tolerance to elevated high temperatures, rates of calcification, and levels of oxidative stress were not affected by medium-term exposure to low pH/hypercapnia, levels of haemolymph [Ca2+] increased significantly and [Mg2+] marginally. Our results confirm that N. puber is tolerant to low pH/hypercapnia. Further, our findings lend support to the idea that intertidal species possess inherent high level of resilience to OA, thus making marine intertidal biota less vulnerable to OA when compared to those of other ecosystems.
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