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Activities and results

Antarctic marine heterotherms live, grow and reproduce in waters at a temperature constantly under 0°C,
having developed efficient adaptive answers that permit their survival. Besides the physical problem of ice
formation in the body, it must be considered that low temperatures thermodynamically impair all the
biochemical processes with the slowing down of all biological activities until a limit beyond which they stop
at all. Among these processes, the osmoregulatory system represents a very conspicuous part of the
energetic cost for basal metabolism in fish. The physiological osmoregulatory systems represent therefore a
crucial issue of the overall study of the adaptive evolution of Antarctic teleosts. Their adaptation allowed the
maintenance of efficient biological mechanisms for water, ion, nutrients and catabolites exchange between
the organism and its environment also in very unfavourable thermodynamic conditions such us the below
zero water of the Antarctic seas. The research activity carried out in the context of this project has allowed
to clarify various elements of the adaptation relative to these aspects. The study was focused on gill and
intestine of some species of Antarctic teleosts, organs specialized in the control and regulation of the hydro-
saline homeostasis. Fresh tissues were used for the analysis of the kinetic parameters of enzymatic and
carrier proteins involved in the osmoregulatory processes. Frozen and fixed tissues were used for the studies
of cellular localization and characterization of transporters and enzymatic proteins, for RNA and DNA
extraction and amplification and sequencing of specific proteins. The cloning allowed us to obtain sufficient
amount of protein for bio-structural analysis and the expression of transport and enzymatic protein in
heterologous systems. In this regard, the functional and structural characterization of the intestinal peptide
transporter of the Antarctic icefish Chionodraco hamatus (Ice-PEPT1) is in progress. The cDNA of this
transporter has been completely sequenced (Rizzello et al.,, GenBank accession number AY170828.2) and
expressed in the Xenopus laevis oocytes. The structural and functional characterization of this transporter
has allowed the identification of a particular region localized near the C-terminus of the carrier that appears
to be involved in its adaptation to cold. Inserting this specific region of the Ice-PEPT1 in a homologous
protein of a mammal (rabbit PEPT1) through mutagenesis experiments, we obtained some interesting results
(Rizzello et al., submitted) that could represent the rationale for the development of biotechnological
applications in different fields.

Bio-structural analyses were also performed to characterize the carbonic anhydrase (CA), a zinc-protein with
a key role in pH regulation and trans-epithelial ion translocation. These studies led to the complete structural
characterization of gill CA of the icefish C. hamatus [Rizzello et al., Protein Journal, 26(5): 335-348 (2007)].
The comparison of CA from the Antarctic organisms with the correspondents from temperate organisms
allowed us to identify the existing correlations between the differences in thermodynamic properties and the
primary and three-dimensional structure protein [Marino et al., Biophys. J., 93: 2781-2790 (2007); Chiuri et
al., Biophys J. 96(4):1586-96. (2009)].
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H - formation (PhD thesis, research fellowships, etc.)
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