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QUESTION ONE 

(a) 	 Discuss the roles of the ions of the major elements K+, Na+ and Ca2+ in metabolic 
processes. In the discussion identify which ions are found within and outside the 
cells and their relative concentrations. [6] 

(b) 	 Discuss the following topics: 
(i) 	 Chelation therapy [3] 
(ii) 	 Imaging agents [3] 
(iii) 	 Zinc proteins as sensors [3] 

(c) 	 Describe the origin of CO toxicity in mammals, including a consideration of the 
nature of metalt-C0 bonding. [2] 

(d) 	 (i) Outline: the mechanism of the catalytic cycle of cytochrome P-450. [6] 
(ii) 	 Why m'ght Copper sensors be 'designed' to bind Cu(I) rather than Cu(II)? 

, [2] 

QUESTION TWO 

(a) 	 Discuss the stnIcture of the zinc metalloenzyme carboxypeptidase and outline the 
mechanism of its function.' [5] 

(b) (i) Draw ti}e structure of the porphine ligand. [2Y2] 
(ii) Show how the structure ofthe porphine ligand 

(l) has been modified in the chlorophyll molecule. [2] 
(2) differs from the corrin ring ligand in vitamin B12­ [1Y2] 
(3) is related to the heme structure. [1] 

(iii) Eukaryotic cells contain sub-compartments known as organelles_ Give 
functions ofthe following organelles: 
(1) Mitochondria [1] 
(2) Endoplasmic reticulum [1] 
(3) Peroxisomes [1] 

(c) 	 (i) What is the shape and make-up ofthe manganese complexes utilised in 
~m 	 ~ 

(ii) 	 Which features ofthe manganese suit it to function as a redox centre in 
PSII, as opposed to metals such as copper or nickel? [2] 

(d) 	 (i) What is meant by the term zwitterion? [1] 
(ii) 	 Describe what is meant by the term primary structure ofproteins? [1] 
(iii) 	 What tYPe of bonding between amino acid residues is most important in 

holding a protein or polypeptide in a specific secondary configuration? [1] 
(iv) 	 A globular protein in aqueous surroundings contains the following amino 

acid residues: methionine, lysine, and alanine. Which amino acid side 
chains would be directed toward the inside of the protein and which would 
be directed toward the aqueous surroundings? [3] 



QUESTION THREE 

(a) 	 Describe the characteristics of zinc that make it an important element in 
Biochemistry. ;Compare these characteristics to those of the other metals found in 
biological systems. [6] 

(b) 	 The 0-0 bond lengths in O2, K02 ( 0;), and Ba02 ( Oi-) are 1.21, 1.34, and 1.49 
A, respectively. These values provide reference data on the relation between 
bond length . and oxidation state. For the complexes [Co(CN)S(02)]3-, 
[(NH3)sCO(02)CO(NH3)st+, and [(NH3)sCO(02)CO(NH3)S]s+, the 0-0 bond 
lengths are 1.24, 1.47, and 1.30 A, respectively. Comment on the extent of Co to 
02 electron transfer (state number ofelectrons transferred) in each complex. [3] 

(c) 	 Early attempts to synthesise ~-carrying iron-porphyrin models were prevented 
by the forrnatic)fl of oxidised porphyrin dimers having a Il-O bridge between the 
iron atoms. 
(i) Suggest a reaction sequence to account for this observation giving 

products that include oxo-bridged dinuclear Fe (III) porphyrin species. [4] 
(ii) Outline three approaches that have been successfully employed to 

circumvent this problem. [3] 

(d) (i) What is the function of the metallo-biomolecule, nitrogenase? [2] 
(ii) Identify the meta1(s) that are at the active centres of nitrogenase. [1] 
(iii) Describe the essential features of the structure ofnitrogenase. [3] 
(iv) Describe the essential steps in the mechanism of the function of 

nitrogenase. [3] 



QUESTION FOUR 


(a) Discuss the uptake of 02 by myoglobin and haemoglobin and its 
(i) pH dependency [3] 
(ii) cooperative mechanism [3] 
(iii) effect ofpartial pressure ofO2 [3] 

(b) 	 One of the problems that has plagued synthetic Chemists in their attempts to 
prepare model compounds for cysteine-complexed metal ions in metalloproteins 
is the easy oxidation of the thiolate anions (RSl to RS-SR. Simple complexes 
with Cu2+-SR and Fe3+-SR bonds that might serve as models for cytochrome 
P-450 and the: ferredoxins are labile because of this reaction. Write balanced 
equations for the decomposition of [Cu(n~(SR)] and [Fe(m)Ln(SR)]. [2] 

(c) 	 (i) What role does Mg play in the functioning ofchlorophyll? [2] 
(ji) 	 Which other metal(s) are involved in photosynthesis in the functioning of 

chlorophyll? [1 Yz] 
(iii) 	 Chlorophyll has an absorption maximum at about 660 nm. Calculate the 

energy available from a photon light at this wavelength. [1 Yz] 
(iv) 	 What electron transfer systems are used in photosynthesis? [2] 
(v) 	 Describe the chemical processes that occur during the photosynthesis 

process. [2] 

(d) 	 (i) What do you understand by 'modelling' ofbio-molecules? [1] 
(ii) 	 Explain how cobalt complexes have provided the best general picture of 

acting as helpful 02 binding model systems. [4] 
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