Superoxide Ions  {O2-}

	Allotropes of Oxygen


An element, oxygen occurs as a diatomic element in which the oxygen atoms are connected by a double bond. The bond distance is 121 pm. Oxygen gas is colorless and odorless, but is pale blue in color as a liquid. Oxygen is paramagnetic, a property which can only be explained through molecular orbital theory. Oxygen combines with nearly all other elements on the periodic table. Oxygen will react with most metals to form oxides, with hydrogen to form water, and with nonmetals such as sulfur and fluorine. Oxygen is the second most electronegative element on the periodic table, next to fluorine. In most covalent bonds with oxygen the bonding electrons are shared unequally, resulting in a partial negative charge on the oxygen atom and a partial positive charge on the bonded atom. 
A second form of oxygen is the element ozone, which consists of triatomic molecules The two oxygen-oxygen bonds of the ozone molecule are the same and have a length of 128 pm. The longer bond length represents a lower bond order than in the oxygen diatomic molecule. As might be expected due to the heavier molecular weight, ozone boils at a higher temperature than molecular oxygen. Ozone molecules have a bent shape, a property which could be predicted from the dot structure. Unlike oxygen, ozone has a pungent odor. Ozone is much more chemically reactive than oxygen. Diatomic oxygen and ozone are examples of allotropes, or different forms of the same element.
	 
	Molecular Formula
	Molecular Shape
	Bond Length
	Boiling Point

	Oxygen
	O2
	Linear
	121 pm
	-183oC

	Ozone
	O3
	Bent
	128 pm
	-112oC

	Oxide, Peroxide, and Superoxide ions


As one might predict by the position of oxygen on the periodic table, oxygen can gain two additional oxygen atoms to form the oxide ion, and many compounds containing the oxide ion are known. Oxygen also forms the peroxide and superoxide ions. The formulas for these species are listed in the table below. The peroxide can be viewed as an oxygen molecule with two extra electrons. According to molecular orbital theory, these two electrons go into antibonding orbitals, reducing the bond order to one. Metals that can form ionic peroxides include the alkali metals, calcium, barium, and strintium. The superoxide molecule can be viewed as an oxygen molecule with an extra single electron and has a bond order of one and a half. Metals that can form ionic superoxides include potassium, rubidium, and cesium.
	
	Formula 
	Bond Order
	Bond Length
	Examples

	Oxide
	O2-
	n/a
	n/a
	MgO, CaO

	Peroxide
	O22-
	1
	149 pm
	H2O2, Na2O2, K2O2, BaO2

	Superoxide
	O2-
	1.5
	134 pm
	KO2, RbO2, CsO2


The superoxide anion is a partial reduction product of oxygen, formed by the removal of one of the unpaired electrons from its valence shell. Superoxide ions cause oxidation of sulphydryl groups of proteins, which can impair protein function. As a consequence, the cell has evolved mechanisms to deal with the production of this particular free radical. Superoxide ion removal is catalysed by superoxide dismutase, an enzyme which converts superoxide ions to hydrogen peroxide.

This reaction ensures the removal of superoxide ions, however, a downside of this particular reaction is the production of hydrogen peroxide, which too is a very strong oxidising agent. It is glutathione itself that aids in the removal of hydrogen peroxide via the glutathione peroxidase- catalysed reaction illustrated above.

Copper is the third most common transition metal present in living systems, after iron and zinc. It acts as a cofactor for proteins involved in essential biological processes such as respiration and photosynthesis. But copper can also have deleterious effects if present as a free ion in the cell. Indeed, it can react with superoxide ions leading to production of hydroxyl radicals, which can damage DNA, and kill the cell. Thus, nature has devised a range of systems for the transport of copper from the external medium to the target protein in the cell. In this project, we focus on the system LYS7/SOD1 from baker’s yeast, Saccharomyces cerevisiae. Superoxide dismutase (SOD1) converts superoxide ions (created by UV exposure, for example) to dioxygen and hydrogen peroxide (Eq. 1),
2 O2· + 2 H+ � O2 + H2O2 (Eq.1).
LYS7 is the specific Cu transporter for SOD1 (Figure 1). 
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LYS7 binds the reduced Cu at the membrane copper transport protein (CTR) and carries it to the target protein SOD1. Such transporters are called "chaperones".The goal of the project is to study the mechanism of copper transfer between LYS7 and SOD1. It is known that Domain II is mainly involved in the docking of LYS7 to SOD1. Thus, our interest is to determine the respective roles of Domain I and Domain III in the copper exchange from LYS7 to SOD1. We have cloned the genes of both proteins and expression systems for the domains have been constructed. 
