7
4
2nd Problem Set, Chemistry 5.062, MIT
                                             
             Due 10/21/99


Department of Chemistry

Massachusetts Institute of Technology
Bioinorganic Chemistry

Chemistry 5.062, Fall Term, 2004
                 
     


Some more extra problems

1.
Why is a concentrated solution of [Co(H2O)6]3+ acidic? Calculate the pKa of this complex if a 0.1 M solution in water has a pH of 3.75.

2.
Consider a metallohydrolase that operated by the following mechanism:
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(a) Design an experiment using isotopic labels that would prove the involvement of the threonine residue in the catalytic mechanism.

(b) Design an experiment not using isotopic labels that would prove the involvement of the threonine residue in the catalytic mechanism.

(c) Discuss how by what experimental means you could use optical spectroscopy to investigate the kinetics of the reaction. You wish to determine the rate constant, activation parameters, and intermediates along the reaction pathway. Be specific in detailing your response. Include graphs of the kind of experimental data you expect to obtain and discuss how you will interpret the results in terms of models for the reaction mechanism.

3.
For each of the following questions, indicate whether the statement presented is TRUE or FALSE.  If FALSE, indicate why and supply a correct answer that uses the information provided.

(a)  Electron transfer between metallocenters in proteins, and between proteins, goes mostly by conduction down the polyamide chain of the protein..

(b)  The fact that the blue color of type I copper centers decreases by 100-fold when the protein is dissolved in 8 M urea proves that the color is due to distortions of the normally square-planar Cu2+ site, enforced by protein structure.

(c)
The fact that a pure [Fe2S2(SR)4]-containing ferredoxin in the reduced (paramagnetic) state yields, upon unfolding in 8 M urea, one Fe2+ and one Fe3+ ion, as judged by formation of one [Fe(bpy)3]2+ and one [Fe(tiron)3]9- complex per mole of protein, proves that the reduced protein center has one ferrous and one ferric site.  Tiron4- is specific for Fe3+; bpy is specific for Fe2+. 

(d) Not only do nucleic acids require monovalent and/or divalent cations to stabilize their structures but the specific cation is important in many cases.

(e)  The structural diversity of known metal centers in  metalloproteins is more complex than would be expected from a study of the self-assembly of complexes from low molecular weight components in aqueous solution.

4.
In order to estimate the concentration of free copper in cells, it was necessary to determine an upper limit of the number of copies of yeast Cu/Zn superoxide dismutase. Discuss how this experiment was carried out. Would the answer be helpful in making a similar determination of the free zinc ion concentration in cells, given the 1:1 stoichiometry of the two metals in the enzyme? What else would be required to make the determination? 

5.
Hydrogenases are bacterial enzymes that can interconvert H2 and H+. Some contain nickel and iron bridged by thiolate ligands and bound cyanide ions. This discovery has been the most significant link between bioinorganic and organometallic chemistry since coenzyme B12 was structurally characterized.

(a) Use library resources to investigate and draw a sketch of the structure of the active site showing all ligands to the metal atoms.

(b) The structure and reactivity pattern of the NiFe cluster in the resting state of the enzyme have been represented by assuming a NiFe(II,III) oxidation state assignment.  What experiments could you use to prove make such a determination? Give details. 

(c) In one proposed mechanism of H2 oxidation by the enzyme, H2 first binds to Fe in the form of a molecular hydrogen complex, which then undergoes heterolytic splitting. Give details of experiments that you might use to confirm such an assignment.

(d)   In a key step, hydride transfers to iron and a proton transfers to the adjacent cysteine thiolate ligand. This process is accompanied by de-coordination of the protonated cysteine thiol from Ni while remaining bound to iron.  Simultaneously, the cyanide ligand on iron binds with the nickel atom in a rare bridging binding mode.  After the H2 dissociation, the hydride bound to Fe can then be transferred to Ni, which should be a necessary preliminary for subsequent hydrogen atom or electron transport. Sketch these processes and suggest one good experiment by which they may be evaluated.

6.
Tuning the properties of metal centers in biology is a special property of protein and nucleic acid polymers. Give one real example in each of the following cases for how you might use site-directed mutagenesis in a protein to tune the property as indicated:

(a)
 Raise the redox potential of a 4-Fe/4-S ferredoxin cluster.

(b) Alter the iron-porphyrin center in myoglobin so that it serves as a peroxidase.

(c) Convert calmodulin into a protein that binds zinc(II) instead of calcium(II).

(d)
Abolish the ability of domain A of HMG1 to bind to cisplatin-modified DNA.

(e)
Abolish the ability of cytochrome c oxidase to pump protons.
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