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QUESTION ONE 

(a) 	 Transition metal ions are found in living organisms. 
(i) 	 Indicate which transition metals have a role in biological systems; 
(ii) 	 Briefly describe the biological functions of six of these metals. [10] 

(b) 	 Write ionic equations to show how serine acts as a buffer against the following 
added ions: 
(i) 	 OH-; 
(ii) 	 H30+. [2] 

OH 
serine 

(c) 	 (i) Write appropriate equations to describe the reactions that each of the 
following enzymes catalyse: 
(1) 	 Carbonic anhydrase; 
(2) 	 Carboxypeptidase. 

(ii) 	 The mechanism of action of carbonic anhydrase is best described in terms 
of a Zn-hydroxide mechanism. Give the mechanistic cycle of carbonic 
anhydrase indicating all the steps involved. [7] 

(d) 	 (i) What is the function of the metallo-biomolecule hemerythrin? 
(ii) 	 Identify the metal that is at the active centre of hemerythrin. 
(iii) 	 Describe the essential features of the structure of hemerythrin. 
(iv) 	 Describe the essential steps in the mechanism of the function of 

hemerythrin. [6] 

QUESTION TWO 

(a) 	 Describe the structure of any calcium-containing metallo-biomolecule. [3] 

(b) 	 (i) Describe the essential details ofthe structure ofVit B12. 
(ii) 	 How do Vit B12, Vit BI2T and Vit B12s differ? 
(iii) Give the 

(1) functions ofVit B12; 
(2) deficiencies of Vit B12; 
(3) sources ofVit B12. [l3] 

(c) Discuss the following topics: 
(i) Biomineralization; (ii) Iron proteins as sensors. [6] 

(d) Why are iron-sulphur proteins employed in redox catalysis? [3] 



QUESTION THREE 

(a) 	 Describe briefly how the biological roles of the alkali metals sodium and 
potassium differ from those of the alkaline earth metals magnesium and calcium. 

[8] 

(b) 	 (i) Draw the basic structure of the heme molecule in myoglobin. 
(ii) 	 Describe a molecule of haemoglobin. 
(iii) 	 Explain how the attachment of an O2 molecule to the first iron (II) in 

haemoglobin assists in activating the whole tetramer in the acquisition of 
four (4) molecules of 6xygen. 

(iv) 	 Describe the tense (T) and relaxed (R) conformations of haemoglobin. 
[10] 

(c) 	 Give a brief description of the following: 
(i) 	 isoelectric point; (ii) peptide bond; (iii) apoprotein. [3] 

(d) 	 Zinc proteins can act as transcription factors and contain so-called zinc fingers, 
typically involving the binding of zinc to histidine and cysteine amino acid-side 
chains. With the aid of structural diagrams describe the zinc sites in these 
proteins. [4] 

QUESTION FOUR 

(a) Explain the following terms: 
(i) The Bohr effect; (ii) Heme protein; 
(iii) Zwitterion; (iv) Primary structure of proteins. [6] 

(b) 	 Describe briefly, giving one example of each, the active sites of heme proteins 
which allow them to 
(i) 	 bind dioxygen reversibly; (ii) insert oxygen into substrates. [4] 

(c) 	 (i) Why might Cu sensors be 'designed' to bind Cu(I) rather than Cu(n)? 
(ii) 	 What is the shape and make-up of the manganese complexes utilised in 

PSII? 
(iii) 	 Which features of manganese suit it to function as a redox centre in PSII, 

as opposed to metals such as copper or nickel? [7] 

(d) 	 (i) What type of bonding between amino acid residues is most important in 
holding a protein or polypeptide in a specific secondary configuration? 

(ii) 	 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? 

(iii) 	 Provide an explanation for why the toxicity of mercury is greatly 
increased by the action of enzymes containing cobalamin. [8] 
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