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Description


Summary from previous lecture • Biological systems offer a plethora of metal-binding units • Most important: Cys, His, Asp, Glu in proteins; phosphate groups on nucleic acids • Specialised sites have evolved for particular tasks
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Bio-Inorganic Chemistry Lecture 4 : Metal ion trafficking
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Overview a) Organisation of cells



b) What is homeostasis ? c) How metals move around a) Pumps and channels b) Iron enrichment: Siderophores c) Intracellular metal binding units: Metallochaperones, metallothioneins, and ferritin d) Metal transport in the blood: Transferrin



d) Regulation of metal ion homeostasis
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Quick reminder



http://www.portfolio.mvm.ed.ac.uk/studentwebs/session2/group29/diatox1.htm
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Homeostasis • The external environment of an organism might be prone to abrupt changes • The internal composition of body fluids and cell contents needs to be static • This maintenance of a stable internal environment is called homeostasis • This involves the maintenance of controlled levels for all chemical components 5



Iron homeostasis: The big picture



Formation of red blood cells
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http://cdc.gov/ncbddd/hemochromatosis/training/pathophysiology/iron_cycle_popup.htm



Prokaryotes and eukaryotes cell structure Nucleolus



• Eukaryotes: – All higher organisms, such as plants and animals – Fungi – Algae – ...



• Prokaryotes: Bacteria – Usually unicellular, but can be in larger assemblies www.windows.ucar.edu/.../ Life/cell_intro.html
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Components of cells • • • • • • • • •



Cell membrane Cytoplasma/cytosol Nucleus Mitochondria Endoplasmatic reticulum Ribosomes Golgi apparatus Structural units (filaments, tubuli) Vesicles, lysosomes, peroxisomes,… 8



www.hallym.ac.kr/~de1610/ histology/histo.html



If homeostasis does not work: Some genetic metal-related diseases • Hemochromatosis: Iron overload • Wilson’s disease: Copper overload • Menkes’ disease: Defect in copper uptake • Acrodermatitis enteropathica: Zinc deficiency • “Lethal milk” syndrome: Zinc deficiency caused by breast milk • Many of these diseases related to transporters 9



How are metal ion concentrations controlled ?



10



(Cell) membranes • Lipid bilayer • Embedded proteins • Lipid bilayer is impermeable to: – large molecules – ions



• Channels and pumps for transport are provided by membrane-spanning proteins



http://www.hallym.ac.kr/~de1610/histology/cell-3.jpg
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Transport of ions through membranes • Transport can be – Active: requires energy. Ions are “pumped” through membrane – Passive: no energy required, channels allow diffusion – Special case: Ionophores
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Active transport • Universal energy currency in biology: • • • •



ATP  ADP + Pi + Energy Proteins that catalyse this reaction are called ATPases Membrane spanning Several different families of ATPases Over 120 different ATPases in humans Uniport A



Symport A



B



Antiport A



B 13 Picture from Joyce J. Diwan (www.rpi.edu/dept/bcbp/molbiochem/ MBWeb/mb1/part2/4-transport.ppt )



Example: Ca2+ ATPase



• In muscle. Pumps Ca2+ from cytoplasm to sarcoplasmatic reticulum  muscle relaxes http://saturn.med.nyu.edu/~stokes/ani mation-2004.mpg



Toyoshima et al. Nature 405 (2000)
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Passive transport: Channels • • •



•



Channels can be always open, or can be gated by external stimulus No energy required, always in direction of concentration gradient Channels can be highly specific for individual metal ions, too Much faster than ATPases (106-107 s-1, compared to 100 s-1) 16



Gated channels: Fast transport for signal transduction • Acetylcholine receptor: Signal transduction between neurons:



From Lippard and Berg 17



Ionophores Valinomycin H3C
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Picture from Joyce J. Diwan www.rpi.edu/dept/bcbp/molbiochem/ MBWeb/mb1/part2/4-transport.ppt )
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Summary • • • •



Active and passive transport ATPases for active transport Uniport, symport and antiport Channels for diffusion with gradients



• Similar mechanism are in place for transport of 3d metal ions
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Special transport mechanisms for enrichment http://openlearn.open.ac.uk/mod/resource/ view.php?id=212504 • Iron has probably been used by primitive ancestral organisms before O2 evolved • After the “discovery” of photosynthesis: Fe(II)  Fe(III) and precipitation as Fehydroxide (Fe(OH)3) Fe2O3 • But: organisms have become dependent on Fe  Mechanisms for iron accumulation and storage have evolved 22 • Siderophores: “iron carriers”



Siderophores • Small Fe(III)-chelating molecules • Released by bacteria and fungi into their environment • Solubilise Fe(III) • Hydroxamates OH N • Catecholates O • Fe(III) complexes soluble • Extremely high stability: log K = 30-50 OH • Note: ligands bind Fe(III) in their deprotonated form OH 23
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A Ferrioxamine (Streptomyces)



Enterobactin (E. coli) log K’ (pH 7) = 25 24



Coelichelin



Tetrapeptide composed of 2x formyl-hydroxyornithine, threonine and hydroxyornithine. (Lautru, Deeth, Bailey and Challis, Nature Chemical Biology 2005)
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Iron acquisition by siderophores (simplified) Siderophore-receptor ATP-dependent



Solubilisation Fe(III) of Fe



Outer membrane periplasm Inner membrane



Siderophore is released



?



Fe(II)



Other possibility: Receptor reduces Fe(III) to Fe(II), which is taken up as such
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An aside: chelation therapy • Desferrioxamine B (Desferral®) against iron overload diseases (eg b-thalassemias, haemochromatosis)
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